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THEORETICAL PART

1. Overview

Carbon-carbon bond formation reactions are onbeftost important processes in chemistry
as they represent the key step for building morapiex molecules from simple precursors.
The addition of organometallic reagents to eledtiieg, such as aldehydes or ketones, is a
versatile method for the carbon-carbon bond foromafeq. 1, Scheme 1). In this area, main
group organometallics, such as lithium, magnesiboron and aluminum reagents have
played a major role since the Grignard reagent® iest used more than one hundred years
ago? In addition, in the past 30 years, a wide varigftgross-coupling methodologies using
organometallic reagents have been developed arsk tlbeoss-coupling reactions have
emerged among the most powerful and useful symwthatis for the C-C bond formation (eq.
2, Scheme 1J.Therefore developing methods to prepare the fanatized organometallic

reagents, such as Grignard and organozinc reaggusmes more important.

X
R*MX - R
* Rz)LRg’ R OR2 eq.l
X=0,N
1 2 Pd, Fe, Co, Ni, etc.

RV R? = alkyl, aryl, benzyl, allyl
X =Cl, Br, I, OTf, OPO(OEt),, OTs, etc.

Scheme 1Carbon-carbon formation from organometallic redge

1.1 C-H bond activation®
Recently, reactions that can substitute one presietl species, such as halides, with a simple
arene have appeared. These processes have beebeiess C-H bond activations, C-H

bond functionalization or direct arylatién.

1a) Handbook of Functionalized Organometalliésd.: P. KnochelWiley-VCH, Weinheim,2005 b) Main Group Metals in
Organic Synthesj€Ed.: H. Yamamoto and K. Oshima, Wiley-VCH, Weinhei#04 c) G. S. Silverman, P. E. Eds Rakita,
Handbook of Grignard Reagentslarcel Dekker:1996 d) Richey, Jr. H. G., EdGrignard Reagents: New developments
Wiley, New York: 1999 e) P. Knochel, W. Dohle, N. Gommermann, F. F.igele F. Kopp, T. Korn, I. Sapountzis, V. A.
Vu, Angew. Chen003 115 4438;Angew. Chem. Int. EQ003 42, 4302; f)Organolithiums: Selectivity for Synthesid.

J. Clayden, Elsevier Science/Pergamon, Amster@aog

2 For reviews on this topic, see Mletal-catalyzed Cross-coupling Reactipfs Diederich, P. J. Stang, Eds. Wiley-VCH:
New York, 1998; b) J. Hassa, M. Sevignon, C. GoEziSchulz, M. LemaireChem. Rev2002 102, 1359; c) Metal-
Catalyzed Cross-Coupling Reaction®! €. (Eds: A. de Meijere, F. Diederich), wiley-VCWeinheim,2004 d) Palladium
Reagents and Catalyst&d.: J. Tsuji, John Wiley & Sons, LtA004.

® Handbook of C-H Transformations: Application in @ric Synthesis, Vol. 1 and Vol(Ed.: G. Dyker), Willey-VCH,
Weinheim,2005

4 L-C. Campeau, K. FagnoGhem. Comm2006 1253.



1.1.1 Intermolecular arylation reaction

Transition metal-catalyzed cross-coupling reactiareswell recognized to be one of the most
powerful methods for carbon-carbon bond formatidhe palladium-catalyzed coupling of
aryl halides or their synthetic equivalents (sushrdlates, tosylates) with arylmetals is very
often employed in the synthesis of biaryl molecul€se prevalence of these reactions is
illustrated by the many processes involving palladithat bear the names of those who
discovered them, including the Kumada-Corriu, MakizHeck, Stille, Suzuki-Miyaura,
Sonogashira, Hiyama and Negishi reactiofecently, the direct arylation of electron-rich
heteroaromatic rings has begun to replace these tramitional techniques in specific cases.
In the direct arylation reactions, one of the ptisated arenes is substituted with a simple
arene, whereas in traditional cross coupling reastidual preactivated arenes are necessary
(Scheme 2).

Traditional Cross-Coupling Reactions Catalytic C-H Activation
Pd, Fe, Co,
AN Ni, Cu, etc. A X X
X catalyst
R P R~ o ] e y R+ P
= = N
R? Met Met=H | D 2
t P
Met = ZnX, B(OR),, X =Cl, Br,|  Insertion, exchange, _ ,
MgX, SnR OSO.R. etc transmetalation etc. the organometallic partner is
Si (dR) ef;: 20 = replaced with a simple arene
3 .

Pd (0) Catalytic C-H Activation

Catalytic Cycle
R-R'

Traditional Cross-Coupling Reactions

Catalytic Cycle
R-R'

RX reductive

reductive elimination

elimination

~

oxidative
addition

) electrophilic substitution
transmetalation or concerted insertion

R-Pd-R' / R-Pd-X 9y /\ > R-Pd-R'

Met'x Met'Rl I\ HX
.
%

Scheme 2Cross-coupling methods for preparation of bianglecules.

Appropriately functionalized aromatic substrateshsias phenols and aromatic carbonyl
compounds have been found to undergo a regiosedfctintermolecular arylation upon

2



treatment with aryl halides in the presence ofditton metal catalysts such as Pd, Rh and Ru
salts recently.A general catalytic sequence with a palladiumlystas outlined in Scheme 3.
The coordination of a given functional group to atah centre is determinant for an effective
coupling by C-H bond cleavage. Obviously the remctias a significant advantage since the

stoichiometric metalation of aromatic substratesotsrequired.
ArX

QN e
LH LH
ArPdX '\ AN —— > Ar
@ Pd™ " _pg(0) (j
-HX

Scheme 3 Pd-catalyzed and coordination assisted internutde@ryl-aryl couplingvia C-H

cleavage.

Arylation of 2-phenylphenold with aryl iodides is one of the first examples gwceed
according to the sequence given in Schemfi®xidative addition of Pd(0) to iodobenzene
results in PhPdIl, which coordinates with the phienokygen forming the intermediat®
Through C-H activation, the diarylpalladium intemfiege 3 is formed and it affords the
product4 after a reductive elimination. The use of a re&ti strong inorganic base, such as
CsCO0;, is important for a smooth coupling.

OH
oH Pd(OAC), O
I Cs,CO3, DMF O
©/ * O 100 °C
1 R =Me: 22 h, 69 %

R=0OMe:7h, 85%
l R = NO,, 44h, 73 %

2 3
Scheme 4Pd-catalyzed regioselective arylation of 2-phphghols.

5 a) J. Hassan, M.é&signon, C. Gozzi, E. Schulz, M. Lemaiil@hem. Rev2002 102, 1359; b) M. Miura, M. Nomuralop.
Curr. Chem2002 219, 211.

6 a) T. Satoh, Y. Kawamura, M. Miura, M. Nomufmgew. Chem. Int. Ed. Endl997, 36, 1740; b) T. Satoh, J. Inoh, Y.
Kawamura, M. Miura, M. Nomurd&ull. Chem. Soc. Jpii998 71, 1567.
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Benzylidene anilines, formed from benzaldehydes amtines, have been found to undergo
ortho arylation effectively when a ruthenium catalysttsas [RuGi(;7°-CsHe)]2 is used in the
presence of BCO; as basé.A polar solvent such as NMP is necessary. In rigstion, the
substrates have no acidic hydrogens and thabo-metalation seems to occuria

coordination of the neutral nitrogen to the metaitee (Scheme 5).

OMe O
Br /©/ [Ru], PPhg OMe
©/ + SN K,CO3z/ NMP N
120°C, 20 h O l

92 %

Scheme 5Ru-catalyzed arylation of benzylidene anilines.

Arylation of pyridines through C-H bond activatiosing aryl chlorides is achieved by using

the air-stable, electron-rich phosphine oxidesraigands in the presence of ruthenium. The
catalytic system derived from a sterically-hindeagihmantyl-substituted phosphine oxide has
proved to be highly efficient, tolerating a numbéimportant functional groups (Scheme®6).

% cl [RuCl, (p-cymene)], (2.5 mol %) O _

@Q + @ (1-Ad),PHO (10 mol %) Sy
K,CO3, NMP O

81-95 % O

Scheme 6Ru-catalyzed arylation of pyridines through C-¢hd activation.

1.1.2 Intramolecular C-C bond formationvia C-H activation

Palladium catalyzed C-H activation is a powerfubltéor the syntheses of biaryls from

tethered aryl halide and triflate substrates oétyp(Scheme 7). From a mechanistic point of
view, the cyclization proceeds through the oxidataddition of Pd(0) to the aryl halides or
triflates to gives-arylpalladium intermediate likBb. Electrophilic attack on the aromatic or

heteroaromatic ring leads to diarylpalladium spebie which after reductive elimination of

’s. Qi, Y. Ogino, S. Fukita, Y. Inou@rg. Lett 2002 4, 1783.
8 a) L. Ackermann, J. Spatz, C. J. Gschrei, R. BorrAlthammer,Angew. Chem. Int. EQ00] 45, 2619-2622; b) L.
AckermannQrg. Lett.2005 7, 3123.
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Pd(0), afford heterocyclesd (Scheme 7). This technique has proved to be useftihe
synthesis of six-membered heterocycles sudeasf’ and5g™

L

St Pd(0) Ry B

le " ‘ ,\/
= X

NV
R,
5d 5a

Scheme 7 Intramolecular biaryl bond formation and its apgiion in the total synthesis of

nature products.

Combining this coupling method with an asymmeteduction reaction, the enantiomerically

pure axially chiral biaryl alcohd can be easily prepared (Scheme'8).

':'
: o Lo C
Pd(OAC)Z, PPh3 )
Br

=~ Me @)
Me o NaOAc, DMA  Me O ‘ X Me HO
(;( 65 % ‘/ BHj -THF O
Me
Me Me Me

6
98 %, 92 % ee (after workup)

82 %, 99 % ee (after one crystallyzation)
Scheme 8Preparation of chiral biaryl alcohol.

°T. Harayama, H. YasudHBleterocycled 997, 46, 61.

0T Harayama, T. Akiyama, H. Akamatsu, K. KawanoAlde, Y. TakeuchiSynthesi®001, 444.

Ha. Bringmann, T. Pabst, P. Henschel, J. Kraus, KerBeE.-M. Peters, D. S. Rycroft, J. Connolly,Am. Chem. Soc.
200Q 122 9127.

12 a) G. Bringmann, M. Breuning, P. Henschel, J. Hgj©rganic Synthesj003 79, 72; b) G. Bringmann, J. Hinrichs; J.
Kraus, A. Wuzik, T. Schulz]. Org. Chem200Q 65, 2517.
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Five-membered rings are also readily synthesizéagukis coupling method, enabling the
production of dibenzo[b,d]fused heterocycles sueHibenzofuranga** and7b'*, carbazoles
7c*® and7d™® (Scheme 7, L = O, NR respectively) and relatedmmmds.

H Me  wme
o G0 WDy Sl
N H Me

7a 7b 7c 7d

Scheme 9Some important structures of dibenzofurans anoazales.

Using this type of intramolecular palladium-catagz C-H functionalization, substituted

oxindoles can be prepared fraathloroacetanilides in 78-97% yield (Scheme %0).
1-3 mol% Pd(OAC), O
2-6 mol % Ligand AN P'BU,

X 0 \
11 > Ri— @)
R @\N%CI 1.5 equiv NEt3 \7\[\\|
R2

toluene, 80 °C

25-6 h
Ligand

Scheme 10Preparation of oxindolesa C-H activation.

Formation of seven-membered ringa direct arylation is a more challenging task duéh®
ring strain’® Recently, Fagnou reported an approach to syntneslpcolchicine with the
direct intramolecular coupling of an aryl chloride the key step in the construction of the
biphenyl derivative8 (Scheme 113°

BW. S. Yue, J. J. LiOrg. Lett 2002 4, 2201.

143.-Q. Wang, R. G. HarveY¥etrahedror2002, 58, 5927.

15T, H. M. Jonckers, B. U. W. Maes, G. L. F. LemigBe,Rombouts, L. Pieters, A. Haemers, R. A. DommiSyalett2003
615.

18|, C. F. R. Ferreira, M.-J. R. P. Queiroz, G. KirsEatrahedror2003 59, 3737.

TE. J. Hennessy, S. L. Buchwadd Am. Chem. So2003 125 12084.

18 a) L. —-C. Campeau, M. Parisien, M. Leblanc, K. Fagnb Am. Chem. So2004 126 9186; b) M. Lafrance, N.
Blaquiere, K. Fagnouzchem. Commur2004 24, 2874 ; c) for examples with heterocyclic arenapting partners, see : C.
C. Hhughes, D. Traunefnger. Chem., Int. EQ002 41, 1569 and C. C. Hhughes, D. Traurnistrahedror2004 60, 9675.
19M. Leblanc, K. Fagnourg. Lett.2005 7, 2849.
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OMe MeO
MeO l Pd(OAG), (10 mol %) O. OMOM

MeO Ligand, K,CO3, DMA OMe

OMOM @)
cl O MeO
Me PR, 8 MeO
o} _N .
Me R =PhorCy allocolchicine
OMe

Ligand

Scheme 11Fagnou’s approach to allocolchicine by C-H adtorareaction.

Using Fagnou’s method, Traun®developed a highly efficient synthesis of rhazimila
featuring the formation of a strained nine-membeatad 9 through intramolecular coupling

of an unactivated pyrrole (Scheme 12).

Pd(OACc), (10 mol %)

kﬁo Me ‘ PCy,

N%

N ,

/N Me/

MOM Ij O 10mol%  MOM O
/

! 9: 47 % rhazinilam

Scheme 12Trauner’s approach to strained nine-membered ring
1.2. Preparation of organozinc and organomagnesiumeagents
1.2.1. Direct insertion of zinc or magnesium into i@anic halides

The direct insertion of zinc dust into organic HeB is the most general method for the
preparation of functionalized organozinc halidegndtional groups such as an ester, ether,
acetate, ketone, cyano, halide, primary and seaomdo, amide, sulfoxide, sulfide, sulfone
and boronic acid can be present during the formaicthe alkylzinc halide§ However, the
preparation of arylzinc iodides in THF from arydides can only be achieved by using highly
activated zinc powder (Rieke ZAYr requiring the presence of electron-withdrawimgups

in theortho- position of the aryl iodides, as well as by eledaiemperatures (Scheme $3).

20 A, L. Bowie, Jr., C. C. Hughes, D. Traunérg. Lett.2005 7, 5207.

2 Handbook of Functionalized Organometallics: Applioas in SynthesjsEd.: P. Knochel, Wiley-VCH, Weinheir@005

22 3) Organozinc ReagentEditors: P. Knochel, P. Jones, Oxford Universitggs; New York1999 b) R. D. Rieke, P. T. Li,
T. P. Burns, S. T. Uhnd, Org. Chem1981, 46, 4323; ¢) R. T. Arnold, S. T. KulenoviSynth. Commuri977, 7, 223.

B R. Ikegami, A. Koresawa, T. Shibata, K. TakahiOrg. Chem2003 68, 2195
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THF
FGR-X  * Zn FGR-ZnX
5-45 °C
X =1, Br;
FG = CO,R, CN, halide, (RCO),N, (TMS),N, RCONH, (RO)3Si, RSO, RSO,
R = alkyl, aryl, benzyl, allyl

Scheme 13Preparation of functionalized organozinc reagewgitzgibc insertion.

Recently, P. Knochel and co-workers have reporteteva protocol for the preparation of
functionalized aryl- and alkyl-zinc compounds usoammercially available Zn powder and
LiCl (1:1) in THF under very mild conditions (Scherti4)?*

O
| O 1. CuCN-2LiCl
©/ Zn ©/ Znl-Lict (20 mol%t) t-Bu
R
THF 2. t-BuCOCI (1.1 equiv.)
10a 10b 10c: 90 %
by using Zn (3 equiv.) at 50 C, 24 h : 5%
by using Zn-LiCl (1.5 equiv.) at 50 C, 24 h:97%
S Me\
CF3 CF3 >—S\ N-Me CFs3 Me
| Licl Me=Ns—( !
Znl-LiCl \ S N.
Zn Me S \ﬂ/ Me
THF 11 ] > S
.1 equiv.
10d 10e (1.1 equiv.) 10f: 91 %

by using Zn (2 equiv.) at 70 C, 24 h: 70%
by using Zn-LiCl (1.4 equiv.) at 25 C, 18 h: 96%

allyl bromide

l Znl-LiCl %
Zn /©/ (1.1 equiv.) /©/\/
EtO,C THF Et0,C CuCN-2LiCl EtO,C
10h

(0.4 mol %)

10g 10i: 94 %

by using Zn (2 equiv.) at 70 C, 24 h : < 5%
by using Zn-LiCl (1.4 equiv.) at 25 C, 24 h:98%

Scheme 14Insertion of Zn into aryl iodides with and withtduiCl.

A broad range of functionalized arylzinc iodidé$a-11f (Scheme 15) bearing an active
functional group such as aldehyde, ester, nitrileammide have been easily obtained with
excellent yields (92-95%). Furthermore, in the cadeactivated aryl and heteroaryl
compounds, the insertion of Zn into C-Br bond sogbossible {1g 11h). Interestingly, the

24 A, Krasovskiy, V. Malakhov, A. Gavryushin, P. Krim, Angew. Chem., Int. E@006 45, 6040.
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unactivated primary alkyl bromides can also be eot®d to the corresponding alkylzinc
reagents in the presencezof-LiCl (11i-11l, Scheme 155

Znl-LiCl :
T Znl-LiCl
£ni-Licl Znl-LiCl
EtO,C
OMe NC CN
11a: 93% 11b: 92 % 11c: 95 % 11d: 93 %
Znl-LiCl CO,Et
MeO A\ ZnBr-LiCl ﬂ
MeO CHO EtO,C
11e: 82 % 11f:83 % 11g: 91 % 11h: 92 %
icl ZnBr-LiCl CI(CH,)sZnBr-LiCl
E0;0(CH,)aZnr LiC @ (CHa)s DA znmeraic
11i: 95 % 11j: 83 % 11k: 93 % 111: 86 %

Scheme 15Preparation of functionalized organozinc halidssg Zn-LiCl.

However, for organomagnesium reagents, only sirpignard reagents can be prepaved

the direct insertion reaction due to the high réidecreactivity of magnesium towards many
functional groups. Using highly active magnesiuracfs as Rieke Magnesium), the direct
insertion of Mg into aryl bromide substrates comtag a nitrile, ester or chloride group has

been successfully achieved at very low temperdcheme 163°

t CO,'Bu
/@/COZ BU 1) Mg*, THE, -78 °C O O
Br

2) PhCHO, 86 %
OH

CN
/@/CN 1) Mg*, THF, -78 °C O O
Br

2) PhCOCI, 62 % I

Scheme 16Preparation of functionalized Grignard reagesiagiRieke Magnesium.

1.2.2 Halogen/zinc or halogen/magnesium exchangeaotion

% A, Krasovskiy, V. Malakhov, A. Gavryushin, P. K, Angew. Chem., Int. EQ006 45, 6040.

26 a) R. D. RiekeSciencel989 246, 1260; b) T. P. Burns, R. D. Riekk,0Org. Chem1987, 52, 3674; c) J. Lee, R. Velarde-
Ortiz, A. Guijarro, J. R. Wurst, R. D. Riek&, Org. Chem200Q 65, 5428; d) R. D. Rieke, T. =J. Li, T. P. Burns, SUhm,
J. Org. Chem1981 54, 4323; e) R. D. Rieke, M. S. Sell, T. Chen, J. D.vBrpM. V. Hansan, inActive Metals A.
Fuerstner, Ed., Wiley-VCH, Weinheirh995
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On the other hand, the halogen-metal exchangeioadtas been found to be the best way to
prepare highly functionalized reagents of consiolerasynthetic utility. The iodine-zinc
exchange reaction is a practical way for prepapiolyfunctional diorganozincs (scheme 17).
This method provides the general access to furaiied dialkylzincs’ such asl2ac, but

failed in the case of aromatic iodid@s.
1) CuX (0.3 mol %)
neat, 25-50 °C
FG-RCH,l+  Et,zZn (FG-RCH,),Zn

2) 50 °C, 0.1 mm Hg

=
o} @Tf
B—CH,|zZn < FG\//\\/»jzn X N Zn
/0 2 2

12a 12b 12¢

Scheme 17 Preparation of polyfunctional dialkylzincs usintalogen-metal exchange

reaction.
In 2004, P. Knochel and co-workers found that La@accan accelerate the exchange reaction

dramatically. The mild reaction conditions allow tompatibility with a range of sensitive

functionalities such as an aldehyde, ketone artHiszyanate (Scheme 1%).

_S
_C~
Zn CO,Et OMe N~
2 ©;
MeO,C 52Zn MeO,C Ezzn MeO,C : lz Zn

O OMe |
o OAc OAcC
S Zn
o)
O 7n O Me)J\g_y%2 4 Zn o Zn
2 H H 2
Scheme 18Preparation of polyfunctional diarylzinc reageintshe presence of Li(acac).

P. Knochel and co-workers have also shown thatlyifyimctionalized aryl- and heteroaryl-

magnesium halides can be readily prepared by usimgiodine-magnesium exchange

27 L. Micouin, P. KnochelSynlett1997, 327.

%Fora cobalt-catalyzed synthesis of organozingeets with zinc metal, see: H. Fillon, C. GosminRdrichon,J. Am.
Chem. Soc2003 125, 3867.

2 F. F. Kneisel, M. Dochnahl, P. Knoch&hgew. Chem. Int. EQ004 43, 1017.
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reaction®’ i-PrMgX (X = Cl, Br) was found to be the most coniemn exchange reagent.

Recently, a super exchange reagefmrMgCl-LiCl has been developed for preparing
organomagnesium reagents under milder conditffbigth this new reagent, the preparation
of the organomagnesium reagents obtaimiedthe bromine-magnesium exchange reaction

became also possible (Scheme 19).

F F
i-PrMgX PhCHO O O
Br MgR
X = i-Pr or CI-LiCl OH
by using i-Pr,Mg: 50%
by using i-PrMgCI-LiCl: 85%
(] M N pnero N
) B B
Bre N Br Br” >N~ “MgR Br” N
X = Cl or CI-LiCl OH

by using i-PrMgCl (2 equiv.): 42%
by using i-PrMgCI-LiCl (1.1 equiv.): 89%

Scheme 19Br/Mg exchange reactions in the presence of LiCl.

Various aryl bromides with fluoro-, chloro-, methoandtert-butyl ester group were readily
converted into the corresponding magnesium reaganhtgoom temperature using
PrMgClI-LiCl (Scheme 20).

F
cl |
MaX Br MgX
\MoX X A S
| _ - 2
“ o §
F

|
N MgX
MgX Br t-BuO O
- MgX
Cl |

=

X = CI-LiCI
Scheme 20 Preparation of Grignard reagents&a Br/Mg exchange reaction using
PrMgClI-LiCl.

s0 a) L. Boymond, M. Rottlander, G. Cahiez, P. Knochelgew. Cheni998 110, 1801;Angew. Chem. Int. EA998 37,
1701; b) G. Varchi, A. E. Jensen, W. D.ohle, A. RiEc KnochelSynlett2001, 477; c)
31 A. Krasovskiy, P. KnochelAngew. Chem. Int. E@004 43, 3333.
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Although the mechanism of the process is not eteml it is believed that the role of lithium
chloride is to activate-PrMgCl by increasing the nucleophilic charactertioé¢ isopropyl
group through the formation of magnesiate spedidgpe 13, leading to the ate-intermediate
of typel4 and finally to the organomagnesium species PhMgCl-15 (Scheme 21).

Cl cl
0o N — | Ol | — O
Cl LI\ Mg - i-PrBr {

N cl
cl ¢l

13 14 15

Scheme 21Lithium chloride activatesPrMgClvia the complexL3,

12



2. Objectives

Due to the utility of complex polycyclic heterocgsl as potential pharmaceuticals, the first
project involved the development of new methodsdostruct polycyclic heterocycles using
C-H activation reactions. The objectives for thisrkvare:

©: The development of a catalytic system for thestation of polycyclic heterocycles;
©: The extension of this catalytic system to donr@actions.

RS

K\/ ] —alkyl ﬂ\/ = Ph
) B KL e (L
RY -~ —’ O
R

R

Scheme 22Proposed synthesis of polycyclic heterocyeiasC-H activation.

Due to the expanded applications of organomagnesaagents in organic synthesis, the
second objective involves:

©: Access to stereoselectively prepafedctionalized alkenyl organomagnesium reagents
via /Mg exchange reaction using’rMgCl-LiCl,

© Access to regioselectively prepared polyfunctiopgtidylmagnesium reagentga a
Br/Mg exchange reaction using’rMgCl-LiCl.

exchange E*

R = ester, Cl, I, CN,

O c R1
Br Br 2
N —_— E N \
| = e T
~ - _ N/ N
N" OTs N~ ~OTs H

Br E;
OTs

X OTs ‘\

B — )
Br~ N~ Br E¥ N B

Scheme 23 Development of new methods to prepare alkenylresigmm and
pyridylmagnesium reagentga I/Mg or Br/Mg exchange.
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As previously mentioned, numerous organozinc re@genich as aryl and alkylzinc halides,
bearing active functional groups can all be pregpansing a zinc insertion or a l/zinc

exchange. However there are not too many effectigthods to prepare allylic zinc reagents

due to the specigroperties of the allylic system. Hence the thibjective of this work is:

©: To access the preparation of cycloallylic zinegents from readily available allylic

substrates;

©: The synthesis of complex compounds using thgsestpf allylic zinc reagents.

n
HO g
ZnCl o (R

Scheme 24 Development of new methods to prepare allylicczmeagents and

applications in organic synthesis.
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3. Preparation of Condensed N-Heterocycles by Chemoselective Benzylic C-H

Activations
3.1. Introduction: a catalytic approach for the functionalization of sp* C-H bond

The development of methodologies for the directfiomalization of relatively unreactive C-
H bonds has now become a major research féieH bond functionalization represents a
chemical process of broad synthetic potential, esisacch methodology facilitates the direct
formation of C-C and C-Z bonds (Z = O, N, B, St.etvithout utilizing prefunctionalized C-
X bonds (X = halogens, OTf, etc.). Although pionegrstudies on the activation of C-H
bonds by stoichiometric amounts of transition-metahplexes occurred in the early 1960s, it
was not until 20 years later that catalytic reatiinvolving the cleavage of C-H bonds were
achieved??

The high-energy barrier of C-H bond cleavage is @i when preceededia
cyclometalation, which is initiated by precoordioat of the metal complex to a carbon or
heteroatom in the molecule. This precoordinatiorals the metal centre to the vicinity of the
C-H bond to be broken. Among the transition metdlsyas shown that palladium(0) is
particularly suitable for this process, since thecpordination step can arise from the
oxidative insertion into carbon-halogen bond, festance also observed in the cross coupling
reactions. A sequence of oxidative addition andapalladation is a straightforward way for
assembling palladacycyles. The starting mater@lshiis purpose have to fulfil two structural
requirements: 1) a carbon-halogen bond (or altemaigita carbon-triflate bond) at a position,
where gf-hydrogen elimination is prohibited in the subsequstep after oxidative addition
(that is of course true for aryl halides) and 2}a@bon-hydrogen bond (either’spr sg-
centered) has to be in an appreciable distance fiwmhalide. Thus, 7-membered, 6-
membered and 5-membered palladacycles are reggkanigrated as reactive intermediates as
outlined in Scheme 2%.

%2 Recent reviews: a) F. Fakjuchi, N. Chatady. Synth. CataR003 345, 1077; b) V. Ritleng, C. Sirlin, M. Pfeffe€hem.
Rev 2002 102, 1731; c) S. Ma, Z. GlAngew. Chem. Int. EQ005 44, 7512; d) M. Tobisu, N. Chatasi\ngew. Chem. Int.
Ed. 2006 45, 1683.

% Handbook of C-H Transformations: Application in @nic Synthesis, Vol. 1 and Vol(Ed.: G. Dyker), Willey-VCH,
Weinheim,2005
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X
Pd(0) & HX
- -Pd (0)
Pd
H — H & — — n=1,2
n
n n

-Pd (0)

X
PAO) -HX od
H

QH — _
— domino processes

Scheme 25Palladacycles and their ring-size-dependent iregcfgeneral pictogram).

7-Membered and 6-membered palladacycles readilgngadreductive elimination to give 6-
membered and 5-membered rings as final productsreals the similar process to give 4-
membered carbocycles from 5-membered palladacydesess feasible, although not
completed ruled out, and restricted to specialxase

A number of intramolecular arylations that procegcdatalytic C-H activation of arenes have
been described (See the overviéHowever, fewer cases have been reported regarding
catalytic activation of spC-H bonds through cyclometalation.

Among those few cases, DyRereported the preparation of polycycles througheghmxy C-

H activation. The homo-coupling of three equivatenf 2-iodoanisolel6 generated the
terphenyl 17 in an excellent yield (Scheme 26). The reactioncpeded through the
palladacyclic intermediatd8 formed by direct C-H activation of the methoxylogp,
followed by addition of a second equivalent I8 and reductive elimination to form the
intermediatel9. A second cyclometallation led to paladacy2@® which reacted with the
third equivalentl6 to give intermediat@l1. After another cyclometallation step (formation of
the intermediate2?2) the domino process was completed by reductivenieition, which
simultaneously freed the active catalyst.

34a) M. Catellani, E. Motti, S. GhellGChem. Commur200Q 2003; b) L-C. Campeau, M. Parisien, M. LeblancF&gnou,
J. Am. Chem. So2004 126, 9186; c) L. —C. Campeau, M. Parisien, A. Jean,dgneu,J. Am. Chem. So2006 128 581;
d) M. Parisien, D. Valette, K. Fagnodi, Org. Chem2005 70, 7578; e) L-C. Campeau, P. Thansandote, K. FagDoyl,
Lett. 2005 127, 1857;

35 a) G. Dyker Angew. Cheml992 104, 1079Angew. Chem. Int. EA992 31, 1023; b) G. DykerChem. Ber1994 127,
739.
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l Pd(OAc),, BuyNBr, K,CO3 </\/>
OMe
B DMF, 100 °C, 3 days OMe
o
=
16 17: 90 %

I HH H
o i PIYT R
CH3 — (@) I >
[ ] o d"|

16
MeO
MeO
MeO
o
MeO
MeO Pd”
21 20

Scheme 26Dyker’s C-H activation at methoxy groups.

Dyker also reported a similar C-H activation of tirého-methoxy group of intermedia3
to form a palladacyclic intermediate4. *® The intermediate24 may then react with
vinyloromide 25 to afford the palladium(lV) intermediatg6, which would form the
palladium intermediate27 after reductive elimination. The following intraneclular
carbopalladation followed by-hydride elimination would provide the produ8a which,

upon isomerisation, produc@@b (Scheme 27).

36 G. Dyker,J. Org. Chem1993 58, 6426;
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Pd(OAC),, BusNBr

! Br
+ |
OMe

| K,CO3, DMF
OMe 100 °C, 82 %
25
‘ S Pd(0) @Pdl
=
7 “ome ‘/ 0
OMe OMe
23
|
‘ N
- P .
0”7 pdBr
OMe
27

o
=
e

OCHj

1.2

—_—

25

Scheme 27Dyker’s C-H transformation at methoxy groups.

isomerization

— = 28b

This type of C-H transformation is also feasibléhat notoriously unreactiviebutyl group, as

outlined in Scheme@8, to prepare benzocyclobutaffeThe reaction might proceed by the

direct C-H activation of intermedia®d, forming a palladacyclic intermediaB2, which may

undergo oxidative addition with iodobef8 to afford intermediat83. Subsequent reductive

elimination would lead t84, which would undergo another C-H insertion ancekthination

to afford 35. Product30 may be formed by reductive elimination 8. The formation of

compound32a by reductive elimination of32 was not observed probably because the

formation of the four-membered ring is slower thdme oxidative addition to another

iodobenzen®9 (Scheme 28).

7 G. Dyker,Angew. Chenl994 106, 117;Angew. Chem. Int. EA994 33, 103.
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t-Bu
@EI Pd(OAC)Z, BU4NBr, K2CO3 O
t-Bu DMF, 100 °C O
- (-
29 30: 75 %

-Pd(0) 32a
C{I Pd(0) o FdL Rd
t-Bu ‘ =
31 32 C{I
t-Bu

t-Bu t-Bu t-Bu Q
O Hi ]
SN - -— AN - Pd t-Bu
> (0 > (2
Pd IPd)<

30 35 34 33

Scheme 28C-H transformation at unreactit«dutyl group.

Recently, Baudoin reported a Pd-catalyzed C-H attm of gemdialkyl groups on bromo-
and iodobenzene to give olefins or benzylcyclobeseas are shown in Scheme®29.

%8 0. Baudoin, A. Herrbach, F. @ritte, Angew. Chem. Int. E200342, 5736.
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Me Me
Pd(OAc), (10 mol %), P(o-tol)3 (20 mol %) Me

Br K,CO3, DMF, 150 °C, 30 min, 60 %
\Pd(O) / - Pd(0)

Me Me
\( -HBr Me co,et

@\/\C02Et . @f g
Pd"Br Pd

N/ Pd(OAC), (10 mol %), P(o-tol)3 (20 mol %) N/

~
CO,Et > CO,Et
@E ? K,CO3, DMF, 150 °C, 30 min, @A 2
Br

-Pd(0)
_ CO.Et _ T
l Pd(0) \/~ 2
\ h T CO,Et
= \/ 2
\ / -HBr Pd ‘ N NF
~  a [——
D . > pg'H
Z>pd'Br \
- _CO,Et
e
Z Pd

Scheme 29Pd-catalyzed formation of olefins and benzocyatehes.

Q. Hu has also developed a new type of Pd-catalgreullative tandem reaction of 1, 2-
dibromobenenes with hindered Grignard reag86tbased on a Pd-catalyzed cross-coupling

reaction and spC-H bond activation strategy (Scheme %0).

H3C 1.5 % Pd,(dba); / 6 % t-BugP
X Br
R +  BrMg CH,
Z gy THF, 1t, 20 h
HsC
36: 2.5 equiv = -
C-H activation R o
- 5 L
CHg3
HsC
99 %

Scheme 30 Pd-catalyzed annulative tandem reaction of dilmoemzenes with Grignard
reagents.

%9 C. Dong, Q. HuAngew. Chem. Int. EQ00§ 45, 2289.
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3.2. Design of the starting materials for the prepation of polycyclic heterocyclesvia C-

H activation

Polycyclic heterocycles of typg&7 are found in various alkaloids such as mytomi€&nand (-
)-(S)-tylophorine. The mytomicine family is a groupf metabolites isolated from
Streptomiceshat has attracted much attention due to thegrgantitumoral and antibacterial
activity (Figure 1)*° (-)-(S)-Tylophorine and its analogs are phenarititializidine alkaloids,
many of which have been isolated from plants of thmily asclepiadaceae, including
members of the genuSylophora that are found in India and Southeast A¥iahese
compounds have been the targets of synthesis, itatthh, and antitumor evaluation in

many research grouf}s.
OCHs

0 OCONH, Hs€O }
‘ HoN OMe
f (D
': Me N NH N
; ()
HCO

Mitomycine C OCHs

N\ /

37:n=0,1

(-)-Tylophorine

Figure 1. Structures of mitomycine C and (-)-tylophorine.

The preparation of complex polycyclic heterocyclssich as mitomycine C and (-)-
tylophorine) is an important synthetic goal duethe application of these molecules as
potential pharmaceuticafé.One of the most efficient approaches for prepapotycyclic
molecules is to use domino- reacti§fi€specially attractive are such reaction sequences

which involve C-H activation reactiofid since such reactions tolerate the presence of

40Ww. A. Remers, R. T. In. DarAlkaloides: Chemical and Biological Perspecti$e W. Pelletier, Ed.; John Wiley & Sons:
New York,1998 Vol. 6, pp. 1-74.

41 A.N. Ratnagiriswaran, K. Venkatachalam, IndiaMe. Res1935 22, 433.

42 a) K. N. Rao, R. K. Bhattacharya, S. R. Venkatacha@ancer Lett 1998 128 183; b) E. Gellert, R. Rudzat}, Med.
Chem 1964 7, 361; ¢) W. Gao, W. Lam, S. Zhong, C. KaczmarekCDBaker, Y.-C. Chendgzancer ResearcB004 64,
678.

433) T.L. Gilchrist,Heterocyclic ChemistryLongman,1998 b) T. Eicher, S. Hauptmanithe Chemistry of Heterocycles
Wiley-VCH, 2003

44a) L. F. Tietze, N. RackelmanRure Appl. Chem2004 76, 1967; b) A. de Meijere, P. von Zezschwitz, S. Brésc.
Chem. Re=2005 38, 413; ¢) A. PadwaRure Appl. Chem2003 75, 47; d) B. BreitChem. Eur. J200Q 6, 1519; e) S. lkeda,
Acc. Chem. Re200(Q 33, 511.

45 a) F. Kakiuchi, S. Murai, Activation of C-H bondsatalytic reaction§op. Organomet. Chemi999 3, 47; b) G. Dyker,
Angew. Chem. Int. EA999 38, 1699; c) A. E. Shilov, G. B. Shul'pihem. Rev1997, 97, 2879; d) V. Ritleng, C. Sirlin,
M. Pfeffer,Chem. Rev2002 102 1731; e) C. Jia, T. Kitamura, Y. Fujiwarscc. Chem. Re2001 34, 633; f) C.-J. LiAcc.
Chem. Re2002 35, 533; g) S. Ma, Z. GlAngew. Chem. Int. EQO05 44, 7512.
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additional functionalities in the substrate. A rargf Ru?® Rh# Pt*® and Pd* catalyzed C-
H activations for heterocycle synthesis has regdrgken described.

We envisioned that the polycyclic systeB? could be assembled through a palladium
catalyzed intramolecular C-H activation reactiororf the retrosynthetic analysis 87, we
propose that a C-H activation Nfarylpyrrole39 and40 would afford heterocycles of type of
41 and42 respectively N-arylpyrrole derivatives of type afl arereadily available from 2-
halogen-aniline89 and 1,4-diketone38 (Scheme 31).

n=1 = N/ 39:n=0 RL )
o le 40:n=1 R

X=1,Br,Cl O

Scheme 31The retrosynthetic analysis for the formatiorpolycyclic molecules37.

4% 3) C.S.Yi, S. Y. Yun, I. A. Guzel. Am. Chem. So2005 127, 5782; b) C. S. Yi, S. Y. Yurd. Am. Chem. So2005
127, 17000; c) N. Chatani, T. Asaumi, S. Yorimitsu,lReda, F. Kakiuchi, S. Murall. Am. Chem. So2001, 123 10935; d)
F. Kakiuchi, S. MuraiAcc. Chem. Re2002 35, 826; e) L. AckermanrQrg. Lett.2005 7, 3123

47 a) B. DeBoef, S. J. Pastine, D. SandesAm. Chem. So2004 126, 6556; b) R. K. Thalji, J. A. Ellman, R. G. Bergmdn,
Am. Chem. SoQ004 126, 7192; c) K. L. Tan, R. G. Bergman, J. A. EllmdanAm. Chem. So2001, 123 2685; d) K. L.
Tan, A. Vasudevan, R. G. Bergman, J. A. Ellman, ASqlersQOrg. Lett.2003 5, 2131; e) K. L. Tan, S. Park, J. A. Ellman,
R. G. BergmanJ]. Org. Chem2004 69, 7329; f) H. M. L. Davies, Q. Jin, P. Ren, A. Y.\k&devsky,J. Org. Chem2002 67,
4165; g) R. K. Thalji, K. A. Ahrendt, R. G. BergmanAJ Ellman,J. Am. Chem. So2001, 123 9692.

48 a) J. A. Johnson, N. Li, D. SamdsAm. Chem. So2002 124, 6900; b) J. A. Johnson, D. Sam&sAm. Chem. Soc.

2000 122, 6321.

49 3) B. Sezen, R. Franz, D. Sam&sAm. Chem. So2002, 124 13372; b) B. D. Dangel, K. Godula, S. W. Youn S&zen,
D. Sames,). Am. Chem. So2002 124, 11856; c) J. L. Portscheller, H. C. Malinako@xg. Lett.2002 4, 3679; d) Q.
Huang, A. Fazio, G. Dai, M. A. Campo, R. C. Larodk,Am. Chem. So@004 126 7460; e) E. J. Hennessy, S. L.
Buchwald,J. Am. Chem. So2003 125 12084; f) D. Shabashov, O. Dauguldyrg. Lett.2005 7, 3657; g) A. R. Dick, K. L.
Hull, M. S. Sanford,. Am. Chem. So2004 126, 2300; h) V. G. Zaitsev, O. Daugulik, Am. Chem. So2005 127, 4156;

i) O. Daugulis, V. G. Zaitse\Angew. Chem. Int. EQO05 44, 4046; j) M. D. K. Boele, G. P. F. van Strijdonek,H. M. de
Vries, P. C. J. Kamer, J. G. de Vries, P. W. N. léin \L.eeuwen,). Am. Chem. So2002 124, 1586; k) D. Kalyani, N. R.
Deprez, L. V. Desai, M. S. Sanfordl, Am. Chem. So2005 127, 7330; I) M. A. Campo, Q. Huang, T. Yao, Q. Tian,(R.
Larock,J. Am. Chem. So2003 125 11506; m) C. Bour, J. Suffe@rg. Lett.2005 7, 653; n) L. -C. Campeau, M. Parisien,
M. Leblanc, K. Fagnou). Am. Chem. So@004 126, 9186; o) L. —C. Campeau, M. Parisien, A. Jean, agneéu,J. Am.
Chem. Soc2005 127, J. Am. Chem. So@006 128 581; p) T. Okazawa, T. Satoh, M. Miura, M. NomutaAm. Chem.
So0c.2002,124, 5286.
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3.3 Optimization of the reaction conditions

The first experiments were performed wWiNH(2-bromophenyl)-2,5-dimethylpyrrol@da with
Pd(OAc) (5 mol%) and various ligands in toluene in thespreee of a base for scavenging
resulting HBr was performed (10C, 20 h, Table 1). Preliminary experiments showeat t
polar solvents such as DMF led to complex reaatioxtures, whereas apolar solvents such as
toluene gave much better results. Strongly chejdigands such as dppe or dppp did not lead
to the formation o®H-pyrrolo[1,2-ajindole41la however PPh(10 mol%) led to4la with
45% conversion after 20 h at 160 (see entries 1-3 of Table 1). By replacingCRs; by
CsCOs (1.2 equiv), the conversion increased to 73% Ye#jr Sterically hindered ligands
such aso-TolsP or o-FurylsP led to mediocre conversions (entries 5 and 6f),neliolsP
afforded 27% conversion in the presence g€®; and 100% conversion by using C€s.
The best result was obtained wi#Tol3P in the presence of &30, giving 100% conversion

at 110°C within 12 h (compare entries 7, 8, 9 and 10erkstingly, a conversion of 67% was
observed by using the hindered phosphine 2-dicgsigiphosphino-2'tN,N-dimethylamino)
biphenyf° (entry 11).

Table 1 Pd-catalyzed cyclization of the pyrrole derivati89a leading to the tricyclic
heterocycletla

Br
C[ Me PA(OAC), (5 mol %) @j\/
)N§ ligand (10 mol %) Ng

base, 100 °C, 20 h

Me Me
39a 4la
Entry Ligand Base Conversion (%0)
1 dppe CgL0O; 0
2 dppp CsCOy 0
3 PPh K2CGOs 45
4 PPh CsCO; 73
5 o-TolsP CsCOs 0
6 o-FurylsP CsCOs 8

0D, w. Old, J. P. Wolfe, S. L. Buchwald, Am. Chem. Sot998,120, 9722.
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Table 1 (continued)

7 m-TolsP KoCOs 27

8 m-TolsP CsCO; 100

9 p-TolsP KoCOs 15

10 p-TolsP CsCO; 100°

11 PCy, CsCO; 67
Me,N

2 The conversion was determined by GC analysis adrdlyzed reaction aliquots®
Conversion after 12 h at 12G.

3.4 Preparation of the bromo or iodoN-arylpyrrole derivatives

The starting materials, bromo or io8ibarylpyrrole derivatives, were prepared by the tieac

of bromo- or iodo-anilines with 1,4-dicarbonyl cooymds (Paal-Knorr Synthesis) in the
presence of catalytic amount of Ts®HO.>* Bromo or iodo-anilines were prepared from the
corresponding anilines, which reacted with NB&.0 equiv) or iodine (1.0 equiv in the
presence of 1.0 equiv of A§Q,),> affording the monobromo or iodo-anilind9 in 90% to
100% vyields (Scheme 32). Treatment of 4-amino-benzacid ethyl ester or 4-amino-
benzonitrile with Bs (2.1 equiv) resulted in the dibromoanilid@a and 43b, which were
obtained in 95-96% vyield (Scheme 32).

L. Knorr, Chem. Ber, 1884 17, 1635.

52T, Yoshito, U. Naoto, K. Kazuya, N. Atsushi, Ayimi, A. Shunji, S. Motohiro, H. Keiji, N. Koichiral. Am. Chem. Soc
2002 124, 5350.

53 C. Liu, P. KnochelQrg. Lett 2005 7, 2543.
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NH,

NH,
NBS (1.0 equiv.) X
or, I, (1.0 equiv.), Ag,SO,
R R
R = COOEt, CN, NO, CF3 X=Br, |
36: 90-100 %
NH NH,
Br, (2.1 equiv.) Br Br
K,CO3 CH,Cl,
R R

43a: R = CO,Et, 95 %
43b: R=CN, 96 %

Scheme 32Preparation of monobromo, iodo and dibromoarsline

Only few 1,4-dicarbonyl compounds are commercialgilable, such as hexane-2,5-dione
38a and 1-phenylpentane-1,4-dio88b. Further 1,4-dicarbonyl compounds were prepared
through various methods according to the literstues shown in Scheme 33. Thus,
benzylation of the methylfuran anion derived fronethylfuran withn-BuLi, followed by
acidic hydrolysis of the furan function, providetemyl-hexane-2,5-dion@8cin 80%>* The
dione 38d was prepared from ethyl 3-oxopentanoate and Irghtopan-2-one in the
presence of Nal in 65% yiefd.The palladium(ll)-catalyzed oxidation (Wacker Oedicn) of

the 2-allylcyclohexanone and 2-allylcyclopentanoesulted in the formation of dion&8e
and38fin 56-59% yield?®

%M. Mondal, N. P. ArgadeTetrahedron Let2004 5695.

S5P. Chiu, M. P. Sanne$etrahedronl99Q 46, 3439.

5 T, Mitsudome, T. Umerani, N. Nosaka, K. Mori, TizMgaki, K. Ebitani, K. Kanedaingew. Chem. Int. EQ006 45,
481.
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HOAC/H,0 o

o 1) n-BuLi, - 78 °Ctort, 1 h o H,SOy4 (cat.)
~_—Me Me Bn Me
U 2) BnBr, -78 °C to rt U 100 °C, 5 h I

38c: 80 %

O

O O C|\)k Q 0
ve L~ R I N N

€ Nal (cat.), K,CO5

Me
acetone, reflux
(@]
38d: 65 %
(@] o
Wacker oxidation O
PdCl, (10 mol %) Me
Cu(OACc), (20 mol %) 0

n
38e: n=0; 56 %
38f: n=1;59%

Scheme 33Preparation of 1,4-dicarbonyl compounds.

With these anilines and 1,4-dicarbonyl compounds;ious functionalizedN-substituted
pyrroles were smoothy obtained in good to excellgalds by the use of the Paal-Knorr
reaction (Table 2). From tab® we can see that the bromoanilines always givel goelds
but iodoanilines give meager yields. This may be do the fact that the iodopyrrole
derivatives are less stable than the bromo ones.

Table 2 Preparation of the monobromo or monoiddiarylpyrrole derivative89 and44.
o)

2 R
NH, RZ R / \ R
RL R
I x A
X o 38 Me™ >y
or

Br X

R3—+

N
X
>~ . ij/
|
36 TsOH (cat) _—
oz

X=l or Br 39: X=Br, | 44
entry aniline dione pyrrole(%) entry aniline dione pyrrole(%)
NH» Me NH>
I % Me/Q\Me Br Me/Q\Me
| Br
(0]
CO,Et Me COEt
CO,Et CO,Et
1 36a 38a 39h: 40 2 36b 38a 39c 87
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Table 2 (continued)

11

13

NH,
I Me/Q\Me
|
CN
CN
36¢C 38a 39d: 48
NH,
| Me/Q\Me
|
CF3
CFs3
36e 38a 39f: 50
NH»
| Me/Q\Me
|
NO,
NO»
369 38a 39I: 45
Me EtO,C
(@]
CO,Et
0 Br
CO,Et
36b 38d 390 83
Me
o I\
N Me
o <>/Br
CO,Et
36b 38e 39q. 72
Me
© J/@ Me
Ph Br
O
COOEt
Ph
36D 38g 39s 75

10

12

14

NH,

T

CN

36d

Br
NH»

CF3

36f

36b

36d
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Table 2 (continued)

NH, Me,

Br o Ph/Q\Me Ph/Q\Me
Br Br
O
CO,Et
15 36h 38b 44a 95 16 36b 38b 44h: 89
NH, NH,
Br Ph/Q\Me Br Ph/Q\Me
Br Br
CFs Me (@]
CFs Me (@]
17 36f 38b 44c 81 18 36i 38b 44d: 75
Me CO,Et CO,Et

EtO,C

<
©

0
=
<
@
T
=

%
b

CF3
19 36h 38i 44e 90 20 36f 38i 44f. 82
CO,Et CO,Et

~

)
=0
<
©
T
oy
<
[v]

Q4
pvee!

CO,Et Me
21 36b 38i 449 72 22 36i 38i 44h: 85
NH> CO,Et Me, COzEt

@
=~
z
=
o =
)

o
Br M EtO,C
Ph N Me
Br ©
Br
Br
Br

23 36] 38i 44j: 83 24 36h 38j 44k: 81

% Isolated yield of analytically pure product.

Dibromo-N-arylpyrrole derivatives can also be prepared frdibromo-anilines with a 1,4-
dicarbonyl compound using the same procedure, eyt ¢cost much more time and require an
excess of 1,4-dicarbonyl compounds due to the hamde of the products and increased
formation of the byproduct of furans, which comenfrthe 1,4-dicarbonyl compounds. Thus,
treatment of dibromoaniliné3a andp-iodo-dibromoanilinet3b with hexane-2,5-dion88cin
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the presence of TsOH,8 (2 mol %) provided the dibromoarylpyrrofiéa respectively in
45% vyield and46b in 52% vyield (Scheme 34). The 2,5-symmetricallybstituted
dibromoarylpyrroled6ccan also be obtained in 50% vyield from the dibramiine43c.

(0]
L MGMG %Me
Br Br N
9] Br\©/8r
TsOH (cat.)
R
R

43a: R =CO,Et 46a: R = CO,Et, 50 %
43b: R =1 46b: R=1,52%
O
NH, e RS
Me Me
Br Br NMe N
o) Br Br
TsOH (cat.)
CN
CN
43c 46¢: 50 %

Scheme 34Preparation of 2,5-symmetrical and unsymmetddalomoarylpyrroles

Functionalized mono- or dibrontg-arylpyrrole derivatives also can be prepared fribwe
corresponding iodo compound using an I/Mg exchangdeus, by treating the iodN-
arylpyrrole39aawith i-PrMg-LiCl at -30°C for 2 h, the corresponding Grignard readgi9ab
was obtained. After transmetalation with CuCN-2Li@le Grignard reager@9ab reacted
with various acid chlorides providing ketones. Ketones of39h-j were obtained in 80-82%
yields according to this method. Furthermore, thigiard39ab can also be directly trapped
with dry DMF, providing the aldehyd&9k in 76% yield. Similarly, a selective 1/Mg
exchange of iodo-dibromi-arylpyrrole46b leads to the Grignaic After transmetalation
with CuCN-2LiCl and reaction with benzoyl chloridesulted in the formation of dibrom-
arylpyrrole46din 80% yield (Scheme 35).
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NBS 2 'V'e Me™ >\~ ~"Me
Br Br i-PrMg-LiCl
HOAC/CH,Cl, Br
76 % ZZ%'J;QO” -30°C, 2 h
' |
MgClI-LiCl
39aa: 92 % 39ab
Me N~ Me Me N~ Me Me N~ Me Me N~ Me
?Br iE/Br ?Br ?/Br
O™ Ph 0~ “tBu o~ “cy 0~ H
39h: 82 % 39i: 80 % 39j: 81 % 39k: 76 %
R oaCL M
Me/Q\/C 1) i-PrMgCI-LiCl Me l‘\l
Br | Br 2) CuCN-2LiCl Br Br
3) PhCOCI
' 0~ “Ph
46b 46d: 80 %

Scheme 35 Preparation of functionalized mono- or dibroia@rylpyrrole derivativessia

I/Mg exchange.

3.5 Scope of the C-H activation reaction and prepation of functionalized 9H-

pyrrolo[1,2-a]indoles

A broad range o®H-pyrrolo[1,2-a]indoles of typd1 can be prepared from the corresponding
iodo or bromoN-arylpyrrole derivatives under optimized reactianditions (Table 3). The
2-iodo- and 2-bromdn-arylpyrrole derivatives39b and 39c undergo smoothly the ring
closure, providing the tricyclic produdtlb respectively in 81% and 83% yield, showing that
the use of aryl iodides or bromides leads to simisults (entries 1 and 2 of Table 2). The
ester function is well tolerated in this ring closuThe cyano-substituted iodid®d and
bromide 39e also furnished the expected prodddic in respectively 70% and 60% yield
(entries 3 and 4) under the standard conditionflu®@romethyl-substituted substrates, which,
may be of interest for the preparation of pharmacally relevant heterocycles, react readily

and lead to the tricyclic productsld (77%) and4le (65%) (entries 5 and 6). Ketone and
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aldehyde functions are also well tolerated. Fornga, the ketone derivativeé®9h-j are

readily converted to the tricyclic productslf-h in 55-61% vyield (entries 7-9). Even an

aldehyde function is tolerated in this ring closprecess. Hence, heating the aldeh$flk in

the presence of Pd(OAcafforded the tricyclic compoundli in 55% vyield. Only a nitro-

substituent was complicated the reaction and fhedsthe9H-pyrrolo[1,2-a]indole4lj in

only 33% vyield (entry 11). With a strong electroondr such as NHas substituent, no ring

closure was observed (entry 12).

Table 3. Preparation 0®@H-pyrrolo[1,2-a]indoles of typd1 from anN-arylpyrroles of type39

Pd(OAc), (5 mol %) Me

Me
KR e i s
Cs,CO3 (1.2 equiv) \/\\

X Me 110°C, 12h
39 : 41: 33-86%
Entry Pyrrole of type&9 Product of typell Yield [%]?
Me JMe
= EtO,C
Etozc:@r\i; 2 %
X Me
1 3% X =1 41b 86
2 39c X = Br 83
Me Me
S NC
X Me
39d X =1 41c 70
4 39e X = Br 60
Me Me
VA FsC
FaC N; 3 N
I Me
5 39f 41d 77
FsC Me/ F3C Ve
O Oh
Br Me =
6 39¢g 41e 65
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Table 3 (continued)

) v LY

Me
M@
(@) @) —

Br Me
7 39h 41f 61
Me t-Bu Me
5 -
N o \/I\\l§
3 —
Br Me
8 39 41g 66
Me c-Hex }Vle
c-Hex .
N )@ NZX
_— (e}
O =
Br Me
9 39 41h 69
Me JMe
7\
= OHC
OHC N O'}'j
— \/\
Br Me
10 39k 41i 55
Me Me
/= O>5N
OZNQN; 2 N
| Me
11 39 41 33
Me
/=
H,N N /
Br Me
12 39m 0

%lsolated yield of analytically pure products.

Regioselective C-H activations have only been starstudied?’ Remarkably, when a 2,5-
unsymmetrical substrates like 2-ethyl-5-methyl-pyytole 39n was treated with Pd(OAg)

57 a) Kalyani, D.; Sanford, M. $rg. Lett.2005 7, 653; b) Kalyani, D.; Deprez, N. R.; Desai, L. 8anford, M. SJ. Am.
Chem. So2005,127, 7330; c) Desai, L. V.; Hull, K. L.; Sanford, M. & Am. Chem. So2004,126, 9542; d) Dick, A. R.;
Hull, K. L.; Sanford, M. SJ. Am. Chem. So2004,126, 2300.e) Buchwald, S. L.; Henneessy, B. Am. Chem. So2003,
125 12084.
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only the activation on the methyl group was obsgrard the tricyclic compoundla was
obtained in 75% vyield (entry 1 of Table 4). Mutbstituted pyrroles also led to excellent
selectivities. With an ester-substituted pyrrolegrithe selective C-H activation provided the
polyfunctionalized tricyclic compound4ll and 41m in 80-81% vyield (entries 2 and 3).
Tetracyclic compounds can also be prepared usiisggGkhH activation method. Thus, 2-
methyl-4,5,6,7-tetrahydr@H-indole  derivate 39q and 2-methyl-1,4,5,6-tetrahydro-
cyclopenta[b]pyrrole derivateé39r undergo a selective C-H activation, providing the
tetracyclic compoundd1n (64% vyield) andd1o (60% yield) under the standard conditions
(entries 4 and 5). Even for the substra®s which has much more active hydrogen in the
structure, the selective C-H activation of the mgetiroup resulted in the formation of the
product 41p in 57% vyield (entry 6). The substitution dwarylpyrrole also affects the
regioselectivity of the ring closure. For exam@eaatio of41qg:41r of 2:1 was obtained from
the reaction of 2,5-dimethyl-3-ethoxycarbonyl phesyrole derivative39t (entry 7). This
may result from an activation (acidification) oetproximity methyl group by the ester group.
The structure od1qwas determined by H-H NOESY NMR analysis (See grpmtal part).

Table 4. Chemoselective preparation@H-pyrrolo[1, 2-aJindoles of typd1 from pyrroles of

type 39.
. X Me Pd(OAC), (5 mol %)
RN = p-TolsP (10 mol %) r— [
\\}N _ . Wl
Cs,CO3 (1.2 equiv) )
R2 110°C, 12 h R
41: 57-81%
39
entry Pyrrole of typ&9 Product of typell Yield [%]?
Me =
S _N_/
Me
Br
1 39a 41a 75
Me —
=~ /) —CO,Et
EtOZCQN\/ EtO,C N 2
5 CO,Et Me
Me
2 39b 41b 80
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Table 4 (continued)

Me
S N_ .~ CO,Et
ve{ e {
CO,Et
Br

Me
Me
3 39c 41c 81
Me —
EtOZCQ = Eo,c— )N~
Br
4 39d 41d 64
Me _—
= Y
a L
5 39%e 41e 60
Me _—
= Y/
EtOZCQN / EtO,C N
Br Ph
Ph
6 39f 41f 57
CO,Et H CO,Et
/R EtO,C Ny—Me N\—Me
Me™ >\~ ~Me \ \ 7
N N
Br ‘ N + AN
- 7
|
COEt CO,Et CO,Et
7 39¢g 41q:41r=2:1 80

%lsolated yield of analytically pure product.

In the case of 2-phenyl-5-methyl-arylpyrrole detes the activation of the phenyl group was
found to be much faster than that of the methylugrand leads to the pyrrolo[1,2-
flphenanthridine ring system. Thus, tNearylpyrrole derivativel4a preferentially undergoes

a chemoselective activation of the phenyl ring othexr methyl substituent, leading to the
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pyrrolo[1,2-flphenanthridine derivativd5a in 93% vyield (entry 1 of Table 5). The ester
function is well tolerated in this ring closure. éllester substituent on both the arene and
pyrrole groups gives good vyields (83-86%; entries 52 6 and 7). Moreover, the
trifluoromethyl-substituted bromideklc and44f furnished the expected produdtsc and 45f

in 85-86% yield (entries 3 and 6). Even a ketonmelerated and ketonekld and44glead to

the productsA5d and 459 in 46-61% yield (entries 4 and 8). The pyrrdl8i, bearing a
hydroxyl group in the benzylic position, also gdke desired produetsi in 53% yield (entry

9).

Table 5. Preparation of pyrrolo[1,2-flphenanthridines yjie¢ 45 from pyrroles of typ&4

2 /RZ
Mel{?&{i>> Pd(OAG), (5 mol %) Me/é;\
p-TolzP (10 mol %)
R

N
X Br : L XX
i Cs,CO3 (1.2 equiv) R— P
gz
110°C, 12 h

Py,

45: 46-93%
44
entry Aniline Product Yield
/ \ 7\
M
TN Me™ N
o C
1 44a 45a 93
Me /N\/ Me /N\
@ ’ ®
CO,Et CO,Et
2 44b 45b 85
/ \ /\
M
€ \N Me N
ﬁj& ®
CF3 CF3
3 44c 45¢c 85
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Table 5 (continued)

6 44f
EtO,C

Me

=
Z
=

Br

o

CO,Et
7 449

EtO,C
\

Me

:

Br

a¥s

<

8 44h

45e
EtO,C

<

(]

~
inz

0O
e
w

45f
EtO,C

45h

61

83

86

84

46
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Table 5 (continued)

/
Me
\N Me N
Br

SN

Me OH Me OH

9 44 45i 53

% Isolated yield of analytically pure product.

In the case of the 2,5-unsymmetrically substituddsromo derivatives46, an interesting
stepwise cyclization is observed. Only the benzgiibstituent is activated leading to the 7-
membered ring 47, 62%). Forcing reaction conditions (12Q, 24 h) lead to a second
cyclization with the formation of the pentacyclionapound48ain 61% vyield (Scheme 36).
Under the same conditions, the pentaheterocycheponnds48b and48c are obtained from
the corresponding dibromo compound&c and 46d in 50-56% yield. These condensed

heterocyclic compounds are difficult to obt&ia conventional cross-coupling methods.
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D Pd(OAC), (5 mol %) Meﬂ\/Q Pd(OAC), (5 mol %)

N
Me N p-TolzP (10 mol %) p-TolzP (10 mol %)
Br : Br Br

O Cs,CO5 (1.2 equiv) Cs,CO3 (2.2 equiv)

110°C, 12 h 110°C, 24 h

CO,Et CO.Et COH
47 46a: 62 % 48a: 61 %
Me
ﬂﬂ oi(onc (5 ol
p-TolsP (10 mol %)
BrQ\V Br / N
U Cs,CO;3 (2.2 equiv) O —{
‘/ 110 °C, 24 h Me
CO,Et CO,Et
46¢ 48b: 56 %
/@\Q
Me N Pd(OAc), (5 mol %)
Br Br p-Tol3P (10 mol %) O
Cs,CO3 (2.2 equiv) O
110°C, 24 h
P ph O~ "Ph
46d 48c: 50 %

Scheme 36Preparation condenskdterocyclic compoundga domino C-H activation

reactions.

3.6 Mechanistic investigations

Several mechanisms have been proposed for dirgdatian reactions, including an
electrophilic palladation pathwa$,a carbopalladation (Heck-type) pathwagr a direct C-H
activation pathway’ All of these processes involve the formation ofigsmcycles. In our
case, the two rings (the aryl ring and pyrrole) aoé coplanar; a rotation has to take place
leading to an increased repulsion between the isudists R and R. Hence the formation of

palladacyclet9is greatly affected by the nature of the groupsu®l B (Scheme 37).

%8 a) B. S. Lane, M. A. Brown, D. Sames,Am. Chem. So2005,127, 8050. b) D. Trauner, C. C. Hughésigew. Chem.,
Int. Ed.2002 41, 1569. c) R. S. Shud, Am. Chem. So&971,93, 7116. d) E. J. Hennessy, S. L. BuchwdldAm. Chem.
So0c.2003,125, 12084.

M. Toyata, A. llangovan, R. Okamoto, T. Masaki, MaRawa, M. IharaQrg. Lett 2002 4, 4293.

60 a) E. J. Hennessy, S. L. BuchwaldAm. Chem. So2003,125 12084; b) J. Campora, E. Gutiérrez-Puebla, J.0pekz,

A. Monge, P. Palma, D. del Rio, E. Carmaofingew. Chem., Int. E@001, 40, 3641. c)J. Campora, J. A. Lépez, P. Palma,
E. Spillner, E. Carmon&ngew. Chem., Int. EA999 38, 147.
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PdBr Me

R2 2 2
1 R R
R I Pd©) R} e Al
</ N\ —N . —~ B r ~=
Br
Me Pd
49

Scheme 37Formation of palladacycles affected by the stistits R and R.

In order to probe the mechanism, various substit@teromoN-arylpyrrole derivatives were
investigated under the standard conditions anddbalts were summarized in Scheme 38.
These results showed that the nature of the gr&ipand R greatly affect the reaction.
Interestingly, when substraB®w was involved in this reaction, a complex heterte$0 was
obtained in 85% but failed of substra@u.

entry RO | RR |R°| R | Result ﬂ
/@\ 1 39u | Me H H H a Me™
Rl N R2| 2 39c | Me | Me | H| CQEt b Me Me
R3 Br 3 39n | Me Et H | CQEt b
4 | 39v | Et Et | H| CQEt a Me
5 39w | Me H Me | COEt C
P
R 6 39x | Me | Me | Me| COEt a Me”™ O
7 46¢ | Me Me | Br| CQEt a Me” o o

a: No desired product; bHGctivation reaction is observed; s5g- g5 oy
c: Provides a complex comub(60).

Scheme 38Summary of the results with different Bnd R groups.

Two plausible mechanisms can be envisioned fofdhmation of50. Once the intermediate
39ab is formed through oxidative addition, there are tpossible pathways in which the
reaction can further proceed. In the first pathwtag, intermediat@9ab reacts with another
molecule of 2-bromdN-arylpyrrole derivative39 to form the intermediat89alin a Heck-
like type reaction39al would give the product0 after an intramolecular arylation in the
presence of Pd(0) (pathway A). Alternatively, tleaation may proceeda the direct C-H
activation of intermediat®9ab, forming a palladacyclic intermedia®9b1®*, which may

undergo oxidative addition witB9 to afford the intermediat89b2% Subsequent reductive

o1 a). M. A.Campo, R. C. Larock., Am. Chem. So2002,124, 14326. b) Q. Huang, M. A. Campo, T. Yao, Q. TiBnC.

Larock,J. Org. Chem2004 69, 8251. c) G. Karig, , M.-T. Moon, N. Thasana,Gallagher,Org. Lett 2002 4, 3115. d) Q.
Tian, R. C. LarockQrg. Lett 200Q 2, 3329. e) R. C.Larock, Q. Tiad, Org. Chem2001, 66, 7372.

52 Ref. for palladium (IV) complex: a) A. J. Canty, Jatél, T. Rodemann, J. H. Ryan, B. W. Skelton, A. H.ité&/h
Oranometallics2004 33, 3466. b) M. Lautens, J.-F. Paquin, S. PiguelDdhimann,J. Org. Chem?2001, 66, 8127. c) M.
Lautens, S. PigueAngew. Chem., Int. EQ00Q 39, 1045. d)M. Lautens, J.-F. Paquin, S. Piguel, M. DahlmahnQrg.

Chem.2002 67, 3972. e) M. Catellani, F. Frignani, A. Rangoamgew. Chem., Int. EA997, 69, 119.

39



elimination would lead tdB39b3 which will give the product0 after an intramolecular

arylation (pathway B) (Scheme 39).
Me

=~ I\
;; Meﬂ ©oN [\

\ N m Me
39y Br Me Me | N—Me N~ Me
Pd (0)

N

39 Me
Pd (0 =
l © pathway A Br@ E O
E
ﬂ 39al E S0 E
Me

N

Me PdBr \\ Me Me@ Me@
N 39 Me N Me N
-HBr Pd
P
Br/

Ny—M
ﬁ /2 .

e
E M __
39ab pathway B d Me — N
E E BrPd
E= COZE'[ E

39b1 39b2 g 3ob3 |

Scheme 39The plausible mechanisms for the formatio®@f

Our results show that the activation of a methydstiiuent is not an easy process and that the
reaction is hampered by steric hindrance. Thessiderations led us to propose the following
tentative mechanism for the cyclization reactiohe N-(2-haloaryl)pyrrole derivativésla
first undergoes an oxidative addition of Pd(0) gatedin situ, leading to the Pd(Il) species
51b (Scheme 40). Concomitant C-H activation and Hxnalation provides the palladacycle
51¢ which, after reductive elimination, yields t@e-pyrrolo [1,2-a] indoleb1d.

/\
Me/Q\Me Pd(0) MeﬂMe Me/Qj
P

X PdX -HX N
N N R

5la 51b 51c 51d

Scheme 40Tentative mechanistic pathway for the ring clesur

On this basis, we suggest a plausible reaction amesim for the domino C-H activation

preparation of pentacyclic compound8a-c The process is most likely initiated by an

oxidative addition of Pd(0) to the dibromoarylpyerd6a resulting in the Pd(ll)-speciéRa

The formation of the carbon-carbon bond may procesd an electrophilic aromatic

substitution to give 8-membered palladacy&@2c which then undergoes a reductive

elimination affording the produet7 and regenerates the Pd(0)-species. The Pd(0)iorsert
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into the C-Br bond of the aryl bromide results in the formation of the Pd(Il)-spect.
Concomitant C-H activation and HX elimination prdes the palladacyclge2e which leads
to the pentacyclic compouriBa after reductive elimination (Scheme 41).

S8y

/ \
COZEt

48a
. ﬁj
N

\

C-H activation O Pd (0)
CSZC03 ‘
CO,Et
\ 52e oxidative addltlon
N

BrPd /\

| PdBr
CO,Et
52d
CO,Et
o . 52a
oxidative addition
electrophilic substitution

Pd(0)

\
N
CO Et
i > e
e N X
B | P Cs,CO; CO2E

Pd(0) Pd 52b
HBr

CO,Et
52¢c

Scheme 41A plausible reaction mechanism for the prepanatibpentacyclic compoundsa

domino C-H activation.
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3.7 Extending the C-H activation reaction

We have then focused our attention on the formatiormembered ring synthesis. Initially,
we focused on the compoubda since it can be easily prepared from the (2-biameoyl)
methanaminé3a Once we had the starting matebdl in hand, we tried the reaction using
the standard conditions. Unfortunately, the prodifctould not be observed. Interestingly,
when heating the compourd@®a under the standard conditions, the ring closucelypect42a

smoothly formed in 75% vyield (Scheme 42).
o)

Br Pd(OAc), (5 mol %)
Me)w p- T0I3P (10 mol %) Me
o™ byt
TsOH-H,O (cat.) ~

Cs,CO5 (1 2 equiv)

toluene, reflux

530 544 110°C, 12 h 55
Me Br O Me  Pd(OAc), (5 mol %) QO Me
ﬁ O @/&b p-Tol3P (10 mol %) @@I\[\;
TSOH-H,0 (cat.) Me Cs,CO3 (1.2 equiv) =
toluene, refulx 110°C, 12 h
37a 403 42a: 75 %

Scheme 42Formation of 6-membered ring through a Pd-catady@-H activation.

In order to investigate the scope of this typeeaiction, severdll-acyl-2,5-pyrrole derivatives
40b-d were prepared from the corresponding methyl estel the lithium amide of 2,5-
dimethyl-1H-pyrrole. Thus, treatment of 2-bromo-5-methoxybénzazid methyl esteb6a®
and 2-bromo-3,4,5-trimethoxy-benzoic acid methylee®6b with lithium amide of 2,5-
dimethyl-LH-pyrrole (which was generated from 2,5-dimethifd-pyrrole andn-BuLi), a
substitution reaction occurred and provided Kaacylpyrroles40b and40cin 81-84% yield.
The cycloalkenyl derivativéd0d was obtained by this method starting from 1-brd@wb2H-
naphthalene-2-carboxylic acid mett86¢*, which was obtained from-tetralone in 3 steps
(Scheme 43).

533, Ozaki, M. Adachi, S. Sekiya, R. KamikawaQrg. Chem2003 68, 4586.
54T, L. Gilchrist, M. A. M. Healy Tetrahedror993 49, 2543.

42



e ok
o, e O 2
MeO co,Me DMF COzMe

56a 40b: 84%
L
N Me
Me Me MeO Br
MeO CO,Me W —
MeO©COZMe NBS I I - N/
e
CH,Cl, MeO Br
N 2%12
OMe O Me
MeO OMe €
OMe 56b ! 40c: 81 %

o]
1) PBr3, DMF CO,Me U WS
2) NaClOZ, H202
3) CH3l, K,CO4

40d: 55 %
Scheme 43Preparation olN-acyI-2,5-pyrroIe derivatives.

Remarkably, under the standard conditions, theilseastailable amide<tOb and 40c were
both converted into the pyrrolo[1,2-b]isoquinolirgb-c in 75-81% yield. For the substrate
40d, milder conditions can be used. Thus, the anfifid was heated in the presence of
Pd(OAc) (5 mmol%) at 8C°C for 5 h affording heterocyck2d in 79% yield. The oxidized
naphthyl derivatives7 was also present in the crude reaction mixturgs(tban 5% as shown
by 'H-NMR analysis; Scheme 44).

R | Pd(OAc), (5 mol %) O Me
1 ‘ X b p-TolsP (10 mol %) Rs I\£\§
/ ——
Ry Me Cs,CO3 (1.2 equiv) R; <
Rs 110°C, 12 h R,
40b: R; = R, = H; Ry = OMe 42b: Ry =R, = H, R3 = OMe; 80 %
40c: R1= RZ: R3=OMe 42c: R1= R2= R3=OMe; 81 %
Pd(OACc), (5 mol %) ] \
Br O Me p-Tol3P (10 mol %)
D Cs,CO3 (1.2 equiv)
e g0, o1 e OO
40d 42d: 75 % 57:<5%

Scheme 44Preparation of pyrrolo[1,2-bJisoquinolines.
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Cycloalkenyl N-acylpyrroles undergo also the desired ring closiige starting materials
were prepared as shown in Scheme 45 from cyclionest58a-c Thus, the 2-bromo-
cyclohex-1-enecarboxylic acid ami&@8b was obtained in 4 steps according to the liteeatur
® Treatment of 2-bromocyclohex-1-enecarboxamB@b with hexane-2,5-dione in the
presence of TsOH4 (2 mol %) provided th&l-acylpyrrolamide60b in 79% vyield. TheN-
acylpyrrolamide60a and 60c were prepared from the same procedure in 40-818kdsyi
(Scheme 45).

O
(0] Me o\
o 1) PBrs, DMF Me
Me N Me
2) NaC|02, H202 ‘ NH2 0]
3) (COCl),, DMF (cat.) i Br TSOH-H,O (cat) O
4) HN(TMS), Br
n
58a:n=0 59a:n=0 e Amo
58c:n=2 59c:n=2 ‘n=1; 0)

60c:n=2;81%

Scheme 45Preparation of non-aromatiacylpyrrolessOa-c.

The N-acylpyrrolamides0a-cwere all converted to the tricyclic compour@lsa-cunder the

usual conditions in 74-85% vyield (Scheme 46).

Me/@\Me Pd(OACc), (5 mol %) o Me

N p-TolsP (10 mol %)
N
| o Cs,CO3 (1.2 equiv) ‘ \\
Br 110°C, 12 h n
n
60a:n=0 6la: n =0; 80%
60b:n=1 61b: n=1; 85%
60c:n=2 61c:n=2; 74%

Scheme 46Preparation of tricyclic heterocycles startingnfrnon-aromati®N-acylpyrroles.

3.8 Tandem reactions involving a Suzuki cross-couplg and a C-H activation

We have also investigated the performance of C4ivat@n reactions in conjunction with
Suzuki cross-couplings. The dibromoaryl pyrrd§ when treated with Pd(OAg)n toluene
did not give the desired C-H activation prod6@ However when dibromoarylpyrrolé4;
was treated with phenylboronic acid (1.1 equivjha presence of Pd(OAc)10 mol%) and

85 K. Ohe, K. Miki, T. Yokoi, F. Nishino, S. Uemur@rganometallics200Q 19, 5525.
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p-TolsP (20 mol%), the domino Suzuki cross-coupling anHl @ctivation product3a was
obtained in 65% vyield (after recrystallization).erfAmount of phenylboronic acid used in this
reaction is important. If an excess of phenylbaroacid (2.0 equiv) was used, the double
Suzuki cross-coupling product was formed instea@3zf If 0.9 equiv was used, the mono-
Suzuki cross-coupling compound and starting mdtédawas obtained without any trace of
63a When 3-methyloxyl benzeneboronic acid was usée, ¢ross-coupling and C-H
activation compounds3b was obtained in 89% vyield. Interestingly, when itieromo
substrate44k was treated with 3-methyloxyl benzeneboronic aciden these conditions, it

also afforded the desired prodé&cin 59% yield (Scheme 47).
CO,E
2Ht Pd(OAC), (5 mol %) CO,Et

/ \ p-TolzP (10 mol %) / o\

N Me Me N
o X
Cs,CO3 (1.2 equiv) O

110 °C, 12-15 h

44 62
EtO,C
CO,Et /o \

Pd(OAc), (10 mol %) Me N
4 & HO. OH  P-TolsP (20 mol %) O
N~ Me B
Br " Cs,CO3 (2.2 equiv) O
110°C, 12 h
R
: O
R

44
63a: R = H, 65 % (after recrystallization)
63b: R = OCH3 93 %
CO,Et EtOZC\
/ \ HO\ /OH /</
\ Me B Pd(OAc), (10 mol %) e
+ - 0,
Br Br @\ p-TolsP (20 mol %) OCH,
OCH; Cs,CO3 (2.2 equiv)
110°C, 12 h
44k 63c: 59 %

Scheme 47Domino-reactions involving a Suzuki cross-couplamgl a C-H activation.
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3.9 Conclusion

In conclusion, we have established a new type dfi @etivation reaction catalyzed by
Pd(OAc) andp-TolsP for the construction of complex condendétieterocycles. The key
step of this ring closure is a chemoselective mbicular C-H activation of a methyl group
at position 2 of a pyrrole ring. We also expendwad teaction to domino reactions to prepare

complexN-heterocycles in one pot.

46



4. Preparation of Functionalized Alkenylmagnesium Ragents and Polysubstituted

Pyridylmagnesium Reagents Using-PrMgClsLiCl
4.1 Introduction

Organomagnesium reagents are key organometalbcniediates for organic synthe&ig’
The stereoselective preparation of functionalizkeraylmagnesium reagents is an important
synthestic task, since these reagents are frequaséd in organic chemistry. Due to the
expanded applications of alkenylmagnesium reagémtorganic synthesis, numerious
methods were developed for their preparation.

A standard preparation of magnesium reagents iglitlieet insertion of magnesium into an
organic halidé®®®However, this method is not suitable for the prapan of functionalized
organomagnesium compounds due to competitive restuct several important functional
groups.®® Furthermore, the Mg-insertion into alkenyl iodidex bromides is not
stereoselective and provides BrfZ-mixture of alkenylmagnesium reagents (eq. 1, Seéhem
48)."° An important and highly useful synthetic reactionthe preparation of vinylmetals is a
metal-halogen exchange since the correspondingndlitlealides are convenient and easily
available synthons (eq. 2, Scheme 48).

Li, Mg > _ L/)
> i Li (MgX) @)

X

RLi, RMgX
>_< = @)
X Li (MgX)

Scheme 48The methods for the preparation of vinylmetals.

The alkenyl organiomagnesium reagents have becotypeaof valuable reagents in total
synthesis because of their unique properties. Rigcearofessor Shair and his group at

% (a) G. S. Silverman,. P. E. Eds Rakitlndbook of GrignardReagents; Marcel Dekket996 (b) Richey, Jr. H. G., Ed.
Grignard Reagents: New developmeméley, New York:1999 (c) P. Knochel, W. Dohle, N. Gommermann, F. Feisal,
F Kopp, T. Korn, I. Sapountzis, V. A. VAngew. ChenR003 115, 4438; Angew Chem. Int. E@003 42, 4302.

57 For recent appllcatlon see: (a) A. Klos, G. R. miman, S. M. Weinreh]. Org. Chem1997, 62, 3758. (b) D. F. Taber,
J. H. Green, J. M. Geremid, Org. Chem1997 62, 9342. (c) Y. Hayashi, H. Shinokubo, K. Oshima&trahedron Lett.
1998 39, 63 (d) A. Inoue, K. Kitagawa, H. Shmokubo, Kshima,J. Org. Chem2001, 66, 4333. (e) N. M. Heron, J. A
Adams, A. H. Hoveyda). Am. Chem. S0d997 119, 6205. (f) A. F. Houri, Z. Xa, D. A Cogan, A. H. keyda,J. Am.
Chem. Soc1995 117, 2943. (g) F. F. Fleming, V Gudipati, O. W. StethaOrg.Lett.2002 4, 659. (h) F. F. Fleming, Z
Zhang, Q. Wang, O. W. Stewadrg.Lett.2002 4, 2493.
® The use of activated magnesium (Rieke-magnesiumphaspecially broad reaction scope: (a) R. D. Rigkeiong, J.
Org Chem1991, 56, 3109. (b) R. DRieke,Sciencel989 246,126Q

(a) T. P. Burns, R. D. Riekd, Org. Chem1987 52, 3674. (b) I. Sapountzis, P. Knochéhgew. Chem. Int. Ed. Engl.
2002 41, 1610.

Op -Knochel, J. F. Normaritetrahedron Lett1986 27, 4431.

"L C. E. Tucker, T. N. Majid, P. KnochelJ., Am. Chem. Sot992 114, 3983.
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Harvard University completed the the synthesis %fGP263114%using a clever cascade
sequence initiated by the addition of vinyl Grighéb to the ketoné&6. The vinyl Grignard

65 was synthesized by Br/Li exchange on the vinylbam@4 followed by transmetalation
with MgBr,. With this event proceeding7, the stage was set for a subsequent anion-
accelerated oxy-Cope rearrangemeiat a chair-like transition state to generate an eight
membered ring in the formation 68, which gave rise to the complete [4.3.1]bicycletlud
CP-molecule9in a terminating Dickmann condensation (Scheme 49)

(0]
é,coovwe
"’//\
[ CgHis
I\ BULi I\ /
3 o 1. t-BulLi o 0 PMBO
MOMO., < - MOMO 4 66
C5Hg C5H9
Br 2. MgBr, BrMg toluene (0.01 M)
= =
-78°C-25°C
64 65
vomg, vomg, & 1
MeO \ -0 anion-accelerated A} (@)

O/ CsHy MeO._o/ ‘oy
NS / C8H15 C|'5| 9
E& oxy-Cope-rearrangement )= 81115

/O—’//i . ’f,/
BrMg OPMB BrMg” " —OPMB

67 68 o
MOMOO/\\O 09~ 00 )kcng
" /
Dieckmann 0 \C H #O
- . o o Of
condensation - .
o' I
"1CgH15 N
N \COOH
\OPMB

Scheme 49Shair’s route to CP molecule using an alkenyl nesgum reagent.

Alkenyl iodides react withi-PrMgBr, i-PrMgCl, i-PrMg or n-BusMgLi, leading to the
corresponding alkenylmagnesium halides after argl®#change. This exchange reaction is
slower than similar one using aryl iodides, whiaoiplies that either the use of more reactive
reagents or the presence of chelating groups woellddvantageous. A lot of functionalized
alkenylmagnesium reagents have been prepared frernorresponding alkenyl iodides using
an I/Mg exchange, such as the alkenylmagnesium ideo0a (i-PrMgBr, THF, -70°C, 12

2 a) C. Chem, M. E. Layton, S. M. Sheehan, M. D. Shaim. Chem. So200Q 122, 7424; (b) C. Chem, M. E. Layton,
M. D. Shair,J. Am. Chem. So&998 120, 10784.
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h), 70b (i-PrMgBr, THF, -20°C, 30 miny3, 70c (i-PrMgBr, THF, -20°C, 30 min}* 70d (i-
PrMgBr, THF, -30°C, 15 minJ°, 70e(i-PrMgCl, THF, -30°C, 30 min)’® 70f (i-Pr"Bu,MgLi,
0°C, 1 hy" and70g (i-PrMgCl, ether, -56C, 15 minJ¥Scheme 50).

o)
/ ‘ O O . \\D/Ph
=/ “Ph
AN ‘ o ‘ o~ ﬁko/\ BrMg. :
MgBr MgBr F3C~ “MgBr
70a 70b 70c 70d
>< Br MgCl
e o |
"Bu.Li X CO,Et
O%\KK WMg Bu,Li | 2
Lo _—
MgClI /
70e 70f 709

Scheme 50:The functctionalized alkenylmagnesium reagents iggee from an I/Mg

exchange.

For substrates without any chelating or electrotivevawing groups, such ag){1-iodo-oct-
1-ene71a more reactive reagents are needed. Recenthgroup have shown that an I/Mg-
exchange usingPr,Mg leads stereoselectively to alkenylmagnesium eetsy2a (Scheme
51).”° Unfortunately, the relatively high temperature feerforming this reaction (25 °C)
precludes the presence of functional groups. Ombgisates bearing a chelating oxygen atom

at the appropriate position undergo the I/Mg-exdesat low temperature.

i-ProMg M TsCN
g
I\/\C6H13n _— /\C6H13n NC\/\CGHB”
THF, rt, 18 h
7la 72a 73a

Scheme 51E-iodooctene undergoes the exchange reaction at texmperature.

Recently, our group have found that the complBxMgClI-LiCl (748 exhibits a dramatically
increased reactivity compared ikdrMgCl or i-Pr,Mg for performing halogen-magnesium
exchange reactiorf.This may be explained by the structuftéb of this reagent, which

3. Sapountzis, W. Dohle, P. Knoch€hem. Commur2001, 2068.

3. Thibonnet, A. Duchene, J.-L. Parrain, M. AbaribrOrg. Chem2004 69, 4262.
S Dissertation, Matthias Lotz LMU, Munich (Germang§02.

8V, A. Vu, L. Bérillon, P. KnochelTetrahedron Lett2001, 42, 6847.

" A. Inoue, K. Kitagawa, H. Shinokubo, K. OshirdaOrg. Chem2001, 66, 4333.
8\ A. Vu, I. Marek, P. KnocheBynthesis2003 1797.

® M. Rottlander, L Boymond, G. Cahiez, P. Knoclelprg. Chem1999 64, 1080.
80 A. Krasovskiy, P. KnocheAngew. Chem., Int. Ed. En@004 43, 3333.
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displays an extra negative charge at the magnesienter enhancing the nucleophilic
properties of the-Pr group (Scheme 52). The generatiorodho-bromophenylmagnesium
reagents/6 can be achieved conveniently with this type ofyezd. Thus, the reaction of 1,2-
dibromobenzen&5 with i-PrMgClI-LiCl was completed within 2 h at -8, leading to the
Grignard reagen?6. The Grignard reagerit6 was transmetalated with CuCN-2LiCl and
further reacted with PhCOCI and 3-iodo-2-cyclohegemne, providing the produc®&aand
77bin 84% and 86% yield respectively (Scheme’52)

cl O cr. EB
i-Pr-mMg Li = i-Pr-Mg [
Cl CI/
74a 74b

1) CuCN-2LiCl Br
2) PhCOCI
Br i_prmgCI-Licl Br ©
— 77a: 84 %
Br

o]
-15°C, 2h MgCl-LiCl

] Br
75 26 1) CuCN-2LiCl O
2 ®
0

77b: 86 %

Scheme 52Novel exchange reagemPrMgCl-LiCl.

4.2 Extension of the usage afFPrMgCIsLiCl in the preparation of alkenylmagnesium
reagents and synthetic applications

4.2.1 Stereoselective preparation of acyclic vinybdides

Alkenyl iodides, which are important starting méiky in organic synthesis, are usually
prepared by sequential reactions on alkynes, hyglrometalations of alkynes with various
metal hydrides, followed by iodolysis. 1-lodo-1-@fies can be prepared conveniemntiy
hydrometalations of alkynes in amti-Markovnikovfashion. Thus, th& isomers of79a and
79c were obtained in good yields (95% and 81% respelgli and excellent stereoselectivity
(E/Z > 99/1) from their corresponding alkynes usiBAL. %! TheZ isomers of79b and79d

81 B. M. Trost, M. T. RuddQrg.Lett.2003 5, 4599.
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can be prepared from the alkynes using Brown’s otéti{Scheme 53) respectively in yields
of 67% and 77%.

. <~
CLR DIBAL B AI{ 7 QR

I
79a, R = Et, 95 %, E/Z > 99/1

R 79¢, R = Cl. 81 %, E/Z > 99/1
- HO
— — | p—
R 2) H,0 R
78 R 79b, R = Et, 67 %, Z/E > 98/2

79d, R =Cl, 77 %, Z/E > 97/3
Scheme 53Steroselective preparation of terminal vinyl iodide

Interestingly, treatment of 6-chloro-1-iodo-hex+ie@9c with Nal resulted in 6-iodo-1-iodo-
hex-1-ene79e which can then be converted to some other funatived alkenyl iodides
through reaction with nucleophilic carbons. Thuge #xposure of iodid&9e to lithium
isobutyronitrile (formed by deprotonation of isojmanitrile with LDA) led to the desired
carbon-carbon bond formation. This reaction toolacel smoothly and gave rise to

functionalized alkenyl iodid&9f in 69% yield. The alkenyl iodidé9g was obtainedia the

same procedure in 81% vyield (Scheme 54).
H——CN
s
LDA |

Nal / acetone
Cl — I ] 79f, 69%, E/Z > 99/1
— 90 % — H%COOMe
! ' / COOMe
9 79e LDA —

I
799, 81 %, E/Z > 99/1

79c

Scheme 54Preparation of functionalized terminal vinyl iod&de

82 4. C. Brown, C. Subrahmanyam, T. Hamaoka, N. Ravindbafl. Bowman, S. Misumi, M. K. Unni, V. Somayadyjl, G.
Bhat,J. Org. Chem1989 54, 6068.

51



Internal alkenyl iodides, such @8h and79i, can be prepared from toluene-4-sulfonic acid 2-
iodo-allyl ester80%%, obtained from prop-2-yn-1-ol in two steps. Treaminof the iodide80
with the zinc reagen8l in the presence of catalytic amounts of CuCN-2la@brded the
alkenyl 79h in 63% yield. Exposure of the iodid@® to lithium isobutyronitrile, which was

formed by deprotonation of isobutyronitrile with AD provided the functionalized alkenyl

iodide 79iin 57% vyield (Scheme 55).
NC@ZnBr NC |
81

1) TMSCI, Nal CuCN-2LiCl (cat.) 79h, 63 %
HO |
N - Tsovl\ T

2) TsCl, Et3N H CN \/ |
80 - NC/\/&

LDA

79i, 57 %

Scheme 55Preparation of functionalized internal vinyl idds.

4.2.2 Stereoselective Preparation of Functionalizeficyclic Alkenylmagnesium Reagents
Usingi-PrMgClIsLiCl

With the reagent-PrMgCLLICl 743 the I/Mg-exchange of alkenyl iodid®a proceeded
at -25 °C or lower. This considerably enhancesfuhetional group compatibility and allows
conversion of a variety of functionalized alkenglides of type79 to the corresponding
Grignard species82 with retention of the double bond configuratiorheTreaction with
various electrophiles provides polyfunctional akenof type83 with good yields and
excellent stereoselectivity (table 7). Thus, thactn of E)-1-iodo-oct-1-ene9g E: Z =
99:1) withi-PrMgCI-LiCl (1.1 equiv) at —40 °C gives the copesding alkenylmagnesium
reagent82a which reacts with various electrophiles (aldehyd®F or PhSSPh) providing
the expected produc&3a-cwith an excellent stereoselectiviti:(Z = 99:1, entries 1-3 of
Table 7). Similarly, Z)-1-iodo-oct-1-enef9b (E:Z = 2:98) furnishes the correspondidg
alkenylmagnesium chlorid&2b, which after reaction with an aldehyde or a dislelf leads to
the cisproducts83d and83ein 69-70% vyields (entries 4 and 5). The mild reatitonditions
required for the I/Mg-exchange allow the preparatad functionalized alkenylmagnesium

compounds bearing a chlorid82¢ and 82d; entries 6 and 7), an iodid82e entry 8), a

83 I. Shinji; K. Takao; I. Yasutaka; O. Masaygynthesi4988 366.
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cyanide (entries 9, 13 and 14) or an ester (enlie$2). The expected produ@sf-n were

all obtained in satisfactory to good yields.

Table 6. Products of type33 obtained by the reaction of polyfunctional alkenggnesium
reagents with-PrMgClI-LiCl.

i-PrMgCI-LiCl E*
RN > R\/\ng RA~E
-40°C, 5-20 h
79 82 83
entry Grignard reageht electrophile Product of type 83 Isolated yi¢
(%)° (E/2)
1° Hex\/\ng EtCHO Hexv/Y\ 82 (99:1)
82a OH
83a
2° 82a DMF Hex_~~cuo 71 (99:1)
83b
3° 82a PhSSPh Hex-_~sph 70 (99:1)
83c
d — — .
4 Hex MaX PhSSPh HeX/ \Sph 69 (2:98)
82b 83d
d — .
5 82b EtCHO Hex@_/ 70 (2:98)
HO
83e
6° Q PhSSPh Q 75 (99:1)
Cl Cl
MgX SPh
82c 83f
7 — PhSSPh — 81 (3:97)
MgX SPh
cl Cl
82d 83¢g
a° Q' EtCHO | 84 (99:1)
MgX Et
HO
82e
83h
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C .
9 Q_< o EtCHO o 77 (99:1)
MgX Et
HO
82f
1 Allyl i 71 2
o Q_%COOMe yl bromide (98:2)
MgX
829
11° EtCH 2 1
82g CHO / coome 82 (99:1)
Et
HO
83k
1% 82g TsCN Q_< oM 75 (99:1)
CN
83l
i
0L | CC )OI
NC HO
CHO O
82h
83m
14 MgX CN EtCHO Et OHCN 70
|
82i 83n

aX = CI-LiCl. " Isolated yield of analytically pure produtfrhe exchange was performed at -
40 °C for 7 h. The exchange was performed at 4D for 40 h.® The exchange was
performed at -46C for 12 h.f The exchange was performed at 2@0for 5 h.

Interestingly, the Grignard reageB2j was obtained in excellent yield with retentiontioé

double bond configuration when (1-iodo-2-phenylyjrtrimethyl-silane 79j ®*was treated

with i-PrMgCLILIiCl at -30 °C. This type of Grignard reagent can be converdtg

corresponding copper reagent, which, if trapped VAhCOCI, provided the ketor&3o in

84 E. Negishi, T. Takahashl, Am. Chem. So:986 108 3402.
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81% vyield. In addition, this type of Grignard caa directly trapped with electrophiles, such

as TsCN, to furnish the nitrile compou8&8p in 77% yield (Scheme 56).

i-PrMgClI-LiCl

TMS

TMS —

— -30°C,2h
| MgCl

79] 82j

0 e

1) CuCN-2LiCl — O
2) PhCOCI o)
830: 81 %
TMSCN
TMS
CN
83p: 77 %

Scheme 56Preparation of Grignard reagéd#j via an I/Mg exchange.

Although a ketone group is usuaif/not compatible with the presence of a carbon-

magnesium bond, we have found that the correspgraliplated cyanohydrin derivativés

of 1-iodo-oct-1-en-3-on@4% can be readily converted into its correspondinggmeaium

species86. After transmetalation with CuCN-2LiCl, it reactedth 3-iodocyclohexane or
benzoyl chloride leading to the unsaturated dikes@Ya and 87bin 77% and 74% yields
after deprotection of the intermediate cyanohydi@nivatives with BuNF and HCI (2 M in

H,0) (Scheme 57).

O . .
)k/\ CsF(cat.) TMSO\/CN i-PrMgCI-LiCl TMSO N
Pent = I  TMSCN Pent/\/\l -40C,2h /\/\/\ -
’ Pent MgCI-LiClI
84:. E:Z=99:1 85: quant. 86
1. CuCN-2LiCl O
= O
' o Pent
e
3. BuyNF
TMSO N 4o N4H cl 87a: 77 %
. ' E:Z=99:1
Pent MgCI-LiClI
86 1. CuCN-2LiClI
2. PhCoCl Q
=
3. BuyNF Pent
4,2 N HCI o
87b: 74 %
E:Z=99:1

Scheme 57Synthesis of unsaturated diketo®&aand87h.

8 For exceptions, see: F.F. Kneisel, P. KnocBghlett 2002 1799.

% The silylated cyanohydri5 wasin situ prepared from 1-iodo-oct-1-en-3-08d by addition TMSCN in the presence of
catalytical amounts of CsF in dry GEN. Ref: S. S Kim, G. Rajagopal, D. H. SodgOrganomet. Chen2004 689, 1734.
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This method can be extended to the preparatiomrudtionalized dienic Grignard reagents.
The diene i0did®0, which was easily prepared from 3-phenyl-prop-2tyol 88 in 4 steps,
was treated with-PrMgCI-LiCl (1.1 eq) and the exchange reaction tptace, providing its
corresponding dienic magnesium reag®it The exchange was very fast and it was
completed at -78C within 10 min! The dienic magnesium reag8ftcould be trapped with
different electrophiles. Treatment of the Grignashgent91 with allyl bromide in the
presence of CuCN-2LIiCl (1 mol %) afforded the di@oenpound92a in 92% yield. The
diene species can be converted to the unsaturateddd2b in 88% yieldvia transmetalation

with CuCN-2LiCl and subsequent reaction with behzbjoride (Scheme 58).
|

3) Swern
@_\ 1) MeMgCl, Cul o Oxidation . _CO,Et
OH

VARP!
88 89 EtO~ Qkoa 90: 74% from 89
EtO |
allyl bromide XX -CO2E
MgCl 7 Me
i-PrMgCI-LiCl XX -COE 92a: 92 %
- 78 C, 10 min Me
1) CUCN-2LiCl o O
01
2) PhcOCl NN COE
O Me

92b: 88 %

Scheme 58Preparation of the functionalized dienic Grignagdgen®1.

4.2.3 Preparation of Cyclic Alkenylmagnesium Reageés via an lodine/Magnesium
Exchange

Our group has demonstrated that chiral 2-iodocykérg/l alcohol derivatives of typ83
readily undergo substitution reactions with zinger reagents (when OR is a leaving group),
giving chiral cycloalkene derivatives with goodewrcellentee®” Now we have found that
PrMgCI-LiCl reagents react at low temperature WiBa (-25 °C, 5 h) an®@3b (-40 °C, 12 h)

to give the corresponding alkenylmagnesium spe@#ssand 94b. Reaction with various

87 a) M. I. Calaza, X. Yang, D.Soorukram, P. Knocl@lg. Lett 2004 6, 529. b) M. | Calaza, E. Hupe, P. Knochelg.
Lett 2003 5, 1059; ¢) G. Varchi, C. Kofink, D. M. Lindsay, A. i, P. KnochelChem. Commur2003 396; d) F. Kneisel,
P. Knochel Synletf 2002 1799.
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electrophiles (B provides the corresponding chiral produ@sa-i in good to excellent yields
(see Table 8 and Scheme 59).

OR
| i-PrMgCI-LiCl ?R E ?R
! = Mgcl E
93a:n=1,-25"C,5h
: 93b, n =2, -40 °C, 12 h n n
93a:n=1 R = EtOCH, (EOM) 94a:n=1
93b:n=2 94b:n=2 95

Scheme 59Preparation of cyclic alkenylmagnesium reagergsn I/Mg exchange.

Thus, the allylation oB4a with allyl bromide proceeds readily in the preserf copper
additives, leading to the protected cyclopenta®®d in 91% yield (entry 1 of Table 8).
Similarly, the reaction of the cyclohexenol derivat94b with allyl bromide furnishes the
allylated produc®5gin 81% vyield (entry 7). All reactions proceed withmplete retention of
chirality (proved for allyl cyclohexenol derivativ@bj). Diphenyl disulfide reacts witB4a
and 94b, providing the thioether85b and 95h in 81-82% vyields (entries 2 and 8). After
transmetalation with CuCN-2LIiCl, an addition-eli@iion reaction with 3-iodo-2-
cyclohexen-1-one leads to the dienoBBc in 61% vyield (entry 3). Aldehydes like
benzaldehyde lead to 1, 3-diol derivatives sucB5as(89%) andd5i (84%) as a mixture of
diastereomers (foB5d: dr = 66: 34; for95i: dr = 80: 20). The acylation of the copper
derivative of94a proceeds in moderate yields, affording the unséddr enon®5e in 53%
yield (entry 5). The opening ®-tosylaziridin&® provides the amino-alcohol derivati9éf in
63% yield (entry 6).

Table 7: 2-Magnesium cycloalkenol derivatives and thearcteon with electrophiles.
OR

| | i-PrMgClI-LiCl ?R E' ?R
g 93a:n =1, -25°C, E:h @/Mgm @/E

" 93b, n = 2, -40 °C, 12 h n n

9%a:n=1 " R=FEtOCH,(MOE) 94a:n=1

93b:n=2 94b:n=2 95

Entry Grignard reagent Electrophile Product of t9pe  Yield (%)
1 Et0” O Allyl bromide Et0” O 91
@/MgCI-LiCI Q/v
94a 95a

88 (a) D. Enders, C. F. Janeck, J. RunsBynlet 200Q 641. (b) A. N. Vedernikov, K. G. Caulto@rg. Lett.2003 5, 2591.
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Table 7 (continued)

2

94a
94a
94a
94a

94a

Et0” O

©/M9CI-UCI

94b
94b

94b

PhSSPh

L,

PhCHO

PhCOCI

Allyl bromide

PhSSPh

PhCHO

82

61

89

53

63

81

80

84

58



Table 7 (continued)

10 EtO” O Allyl bromide Et0” O 82
@/MQCI-UCI 6/\/
94c 95j

% isolated yields of analytically pure products.

Interestingly, this approach can be extended tccyfoic exo-methylene dienéd6 and99.°°
The iododiene6 is converted smoothly to the corresponding magmesierivative97 (-40
°C, 4 h) in high yield. Its reaction with propiodahyde furnishes the dienic alcolgda in
91% vyield. Its addition tiN-tosylbenzaldimine gives the diene sulfonanfdbé in 85% yield.
After transmetalation with ZnBr a Negishi cross-coupling reaction with methyl 4-
iodobenzoate or 3-bromocyclohexenone in the presaicPd(dba) (5 mol%) and tri(2-
furyl)phosphine (tfp, 10 mol% ) provides the arybstituted dien®8cin 90% yield and the
conjugated trienon@8d in 70% yield respectively (Scheme 60).

CH;
1) ZnBr,
2) Pd(dba),, tfp cat.

OH GH,
98a: 91 % |@co Ve
2
EtCHO T ‘ O
CH CO,Me
CH, _ 2 98c:90%  °
i-PrMgClI-LiCl ij\
[ll -40°C, 4h MgCl-LiCl
CH
97 2
96 NTs
on p 1) ZnBr,

2) Pd(dba),, tfp cat.

CH, Br- i o)

Ph ©
98d: 70 %
NHTs
98b: 85 %

Scheme 60The reaction of dienic Grignard reag®twith different electrophiles.

8 These dienes are readily obtained by the Wittefiodtion of 3-iodo- and 2-iodo-cyclohexenone with,=PPh (rt, 12 h)
respectively in variable yields (84% 86 and 10% fo©99).
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A similar behaviour is observed from the di&®: Its reaction with-PrMgCI-LiCl (- 40 °C

4 h) provides the corresponding dienic Grignardjee&100, which undergoes a Pd-catalyzed
cross-coupling with methyl 4-iodobenzoate aftensraetalation with ZnBr leading to the
expected produd01lin 90% yield (Scheme 61).

CH»

CH CO,Me
2 i-PrMgCI-LiCl 1) ZnBr, CH,
| N MgClI
-40°C, 2 h 2) Pd(dba), ftp (cat.) ‘
99 100 I@COZMe 101: 90 %

Scheme 61Negishi cross-coupling reaction of dienic Grignegdgents 00

Because of the mild reaction conditions, this exgeastrategy can also be employed in
generatings-acylvinyl anion equivalents. The reaction of silgd cyanohydrirl02 with i-
PrMgCI-LiCl (-40°C, 2 h) provides the intermediate alkenylmagnesiaagentl03 which,
after transmetalation with CuCN-2 LiCl, allows acath acylation with benzoyl chloride or
cross-coupling with 3-iodo-cyclohex-2-enone, legdio the dionelO4ain 71% yield and

dionel04bin 76% yield after removal of the protecting grd@zheme 62).

1ycucN2ticl 9
2) PhCOCI ‘ O
o TMSO_ CN __ TMSO_ CN 3) TBAF,
TMSCN i-PrMgClI-LiCl 2 M HCl o
g | . | — 104a: 71 %
| CsF (cat) | -40°C,2h MgCl
102 103 0
‘H 1) CuCN-2LiClI
ij 3) TBAF,
© 2 M HCI ©
104b: 76 %

Scheme 62Generatg-acylvinyl anion equivalentgia an I/Mg exchange.
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4.3 Regioselective Functionalization of Dibromo andribromo Pyridines via a Br/Mg

Exchange

The functionalization of heterocycles using orgé&halm or organomagnesium intermediates
has attracted a lot of attention in recent y8aBirect metalatioffand halogen-magnesium
exchang® reactions have been used in the preparation obramd di-substituted pyridines.
Herein, we wish to report a selective stepwise reamion of 3, 5-dibromo-2-
tosyloxypyridine allowing the preparation of polgfttional trisubstituted pyridinesia a
regioselective bromine-magnesium exchange reactiom the course of preliminary
experiments we have noticed that 2-bromo-3-tosydgrigine 105 undergoes a very fast
bromine-magnesium exchange due to the inductivecefhf the tosyloxy group. Thus, the
bromopyridine 105 reacts with i-PrMgCIMIC|I at -30 °C within 7 h, providing the
corresponding pyridylmagnesium reag&f6 in more than 95% yield. The Grignard reagent
106 reacts with various electrophiles like DMF or pmmldehyde, leading to the expected
productsl07a(88%) andl07b (85%) (Scheme 63).

% (a) J. Clayden, Organolithiums: Selectivity fomesis. Tetrahedron Organic Chemistry Series,a&Peng,2002 Vol 23.

(b) T. L. Gilchrist, Heterocyclic Chemistry, Longmat998 (c) T Eicher; S. Hauptmann, The Chemistry of Hatgcles,
Wiley-VCH, 2003.

% (a) G. Karig, J. A. Spencer and T. Gallagi@ng. Lett 2001, 3, 835; (b) E. Arzel, P. Rocca, F. Marsais, A. Godand G.
QuéguinerHeterocycles1999 50, 215; (c) K. C. Nicolaou, Y. He, F. Roschangar, NKihg, D. Vourloumis and T. Li.,
Angew. Chem., Int. Ed. Engl998 37, 84; (d) F. Mongin, F. Trécourt and G. Quéguifi@trahedron Letf 1999 40, 5483;
(e) F. Mongin, A. —-S. Rebstock, F. Trécourt, G. Quiégr and F. Marsaisl. Org. Chem.2004 69, 6766; (f) H. Awad, F.
Mongin, F. Trécourt, G. Quéguiner and F. Marsa&trahedron Lett 2004 45, 7873

92 (a) L. Bérillon, A. Leprétre, A. Turck, N. Plé, @uéguiner, G. Cahiez and P. Knoch8jnlett,1998 1359; (b) F.
Trécourt, G. Breton, V. Bonnet, F. Mongin, F. Marsaisl G. Quéguinef,etrahedron Letf 1999 40, 4339; (c) F. Trécourt,
G. Breton, V. Bonnet, F. Mongin, F. Marsais and Gé@uiner,Tetrahedron200Q 56, 1349; (d) V. Bonnet, F. Mongin, F.
Trécourt, G. Breton, F. Marsais, P. Knochel and Géduiner Synlett,2002 1008; (e) J. J. Song, N. K. Yee, Z. Tan, J. Xu,
S. R. Kapadia and C. H. SenanayaReg. Lett, 2004 6, 4905; (f) A. Meana, J. F. Rodriguez, M. A. Sargjetlor and J. L.
Garcia-RuanaSynlett2003 1678.

% For the regioselective functionalization of hetgres using organometallics, see: (a) C. Stockddfer and T. Bach,
Synlett,2005 511; (b) S. Schroéter, C. Stock and T. Babitrahedron2005 61, 2245; (c) A. Spiess, G. Heckmann and T.
Bach, .Synlett,2004 131; (d) L. Green, B. Chauder and V. SniecklisHeterocyclic Chem1999 36, 1453; (f) A. C.
Kinsman and V. Sniecku$etrahedron Letf 1999 40, 2453.

94 2-Bromo-3-tosyloxypyridine(05) and 3,5-bromo-2-tosyloxypyri- dinel08) were prepared according to the literature: J.
Mathieu and A. Marsur&gynth. Commun2003 33, 409.
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DMF OTs

‘ N
-30°Ctort 2
N~ “CHO
OTs FPMGCILIC 0T
\ L 107a: 88 %
~
Br 30°c 7h N~ “MgcCl
105 106 EtCHO ‘ ~OTs
o e
-30°Ctort N
OH
107b: 85 %

Scheme 63Preparation of pyridylmagnesium reag&@6 via Br/Mg exchange.

The exceptional activity afPrMgCI-LiCl for performing a Br/Mg-exchange, combd with
the strong electron-withdrawing effect of the OTFstp, is responsible for this fast exchange
reaction. We have extended this exchange reactiod,3-dibromo-2-tosyloxypyridind08
and have found that the bromine substituent intjppsB undergoes a Br/Mg-exchange with
99:1 regioselectivity, showing the strong influerafethe tosyloxy group. In this case, the
exchange is even faster due to the inductive etiethe bromine atom in position 5 leading
to the corresponding magnesium reag#@9 at -30 °C within 2 h. The reaction of the
pyridylmagnesium reagentl09 with various electrophiles leads to polyfunctional

trisubstituted pyridines of typelOwith high yields (Scheme 64 and Table 9).
E* Br E

Br xBr i-PrMgCI-LiCl Br N MgCl | X
| | - -
~ P
N~ >OTs -30°C,2h N~ OTs N~ OTs
108 109 110

Scheme 64Exchange reaction on 3,5-dibromo-2-tosyloxypyrii

Thus, the trapping of Grignard reagdt9 with DMF affords the pyridylaldehyd&l10ain
88% yield (entry 1 of table 9). The addition of pimnaldehyde td.09 leads to the pyridyl
alcohol110bin 87% vyield (entry 2). The reaction ®09 with acid chlorides proceeds well if
the Grignard reagent has been transmetalated tcothesponding copper derivative through
a reaction with CuCN-2LiCl. Under these conditiothee ketoned10c (89%), 110d (83%)
and 110e (75%) are obtained (entries 3-5). In the preseatecatalytic amounts of
CUuCN-2LIiCl (2 mol%) the allylation ofl09 proceeds smoothly, affording the allylated
product110fin 93% vyield (entry 6). A CuCRLICI mediated cross-coupling with 3-iodo-2-

cyclohexenone, which occurga an addition-elimination mechanism, provides theidy
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enonell0gin 84% yield (entry 7). Finally, the direct reaxtiof 109 with tosyl cyanide gives
the cyano derivat&@10hin 71% yield (entry 8).

Table 8 Products of typel10 obtained by the reaction of the Grignard readddf with
various electrophiles.

E* Br E

Br Bl i-PrMgCI-LiCl Br X MgCl | X
| | - z
= Z N~ "OTs

N~ ~0OTs -30°C,2h N~ SOTs
108 109 110

Entry Electrophile Product of tydel0 Isolated yield (%)

1 DMF BKTin:CHO 88
| N” SOTs
110a
OH
N~ “OTs
110b
0
N OTs
110c
0
| N ots
110d

0
\ Br
N AN
c” N | | N
N~ oTs™ cl

110e

6° Allyl bromide Br X = 93
T,

2 EtCHO 87

3 PhCOCI 89
4° 2-FurylCOCI

83

75
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Table 8 (continued)

7° 9 84
ij\ Br X o
! | N~ OTs
110g
8 TSCN Br_ . CN 71
| N~ OTs
110h

2 Yield of analytically pure productS.The Grignard reagent has been transmetalateceto th
corresponding copper reagent with CUZINCI. © The reaction is performed in the presence
of 2 mol% of CuCNRLICI.

Products, such a410f, react again withi-PrMgCI-LiCl, providing the corresponding
pyridylmagnesium specigll at -30°C within 7 h. Addition of an electrophile such as 2
furylcarbonyl chloride or propionaldehyde furnistiee productl12a(75%) andl12b (80%)
(Scheme 65).

1) CuCN-2LiCl
o)
= = 2)
i-PrMgCl-LiCl 0 Cl
Br X g CIMg N S ‘
| 20°. 71 | — 112a: 75 %
) , P
N OTs N OTs
EtCHO
110f _ OH =
111
-30°Ctont i X
~
N~ >OTs
112b: 80 %

Scheme 65Further Br/Mg exchange on compouhtiof.

Interestingly, the products of typ&1l0 react well in Suzuki-Miyaura cross-coupling
reactions’” The treatment o£10cwith 3-methoxyphenylboronic acitL3in the presence of
Pd(dba) (5 mol%), trio-furylphosphine (tfp, 10 mol% ), tetrabutylammonilbromide (10
mol%) and KCO; (2.0 equiv, 2.0 M in water) refluxed in THF for 1 leading to the
arylated pyridinell4 in 90% yield (Scheme 66). Products of typ#0 can be readily
converted into pyrazolf3, 4- pyridines by heating with Nj#H»-H,O in toluene (80C, 4

h). These heterocycles are potential anti-can@ageutic agents since members of this class

% (a) N. Miyaura, A. SuzukiChem. Rey 1995,95, 2457; (b) G. A. Molander and B. Biolattd, Org. Chem 2003,68,
4302; (c) W. Yang, Y. Wang and J. R. Coffeg. Lett, 2003,5, 3131; (d) J. Witherington, V. Bordas, S. L. GadaD. M.
B. Hickey, R. J. Ife, J. Liddle, M. Saunders, D. &ith and R. W. WardBioorg. Med. Chem. Let2003,13, 1577.
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of heterocycles are kinase inhibitdfsThus, the treatment df10c with NH,NH.-H,O in
toluene at 80°C for 4 h produces the heterocydl&5ain 88% vyield. The Suzuki-Miyaura
cross-coupling and cyclization step can be combime@ one-pot procedure as shown,
starting with the bromopyridind10d, which is then submitted to a Pd-catalyzed cross-
coupling with the arylboronic acitl1l3 and subsequently to the reaction with JNH,-H,O,

leading to pyrazol$3, 4-4 pyridine115bin 77% overall yield (Scheme 66).

OCHg O
B(OH), Pd(dba),, tfp (cat.) O
Br
radRl e »e

- TBAB, K,CO; |
N~ OTs OCH, THF, 12 h N “OTs
110c 113 114: 90 %
NH,NH,-H,0 B
Br r
| A o | NN N
_ toluene, 80 °C, 4 h N~ N
N OTs H
110c 115a: 88 %
_ OCHs
N (e}
113, Pd(dba),, tfp (cat.) NH,NH,-H,O
Br
| X No TBAB, K,COj .
P THF, 12 h toluene, 80 "C, 4 h N
N OTs N H
115b: 77 %

Scheme 66Preparation of3,4-gpyridinevia one pot reaction.

This type of successive exchange can be extendiidbtomopyridinell6, which was easily

prepared from 3-hydroxy-pyridinga bromination withN-bromosuccinimide (Scheme 67).

OH TsCl, NEt3 Br
o X
N" 85% CH2CI2 |
78 % Br N Br

116
Scheme 67Preparation of tribromopyridinkL6.

% R. N. Misra, H. Xiao, D. B. Rawlins, W. Shan, K. Aeliar, J. G. Mulheron, J. S. Sack, J. S. TokarSkD. Kimball and
K. R. WebsterBioorg. Med. Chem. Lett2003,13, 2405.
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When treating 2,4,6-tribromo-3-tosyloxypyrididd 6 with i-PrMgCILICl at -78 °C, a very
fast and regioselective exchange was found. In ghesence of catalytic amounts of
CuCN-2LiCl (2 mol %), the allylation of the Grigrnikt17 proceeds smoothly, affording the
allylated productl18a in 93% yield. Direct trapping of the Grignaml7 with methyl
chloroformate provides the compouridl8b in 72% vyield. After transmetalation with
CuCN-2LIiCl, the GrignardL17 reacted with furan-2-carbonyl chloride leadingthe 4-
substitued dibromopyriding18cin 72% yield (Scheme 68).

Br MgCl
OTs , - =
- . OTs
‘ X i-PrMgCI-LiCl - ‘ SN R ‘ N OTs
~ 0 . —
Br N~ “Br -78 °C, 40 min Br N~ “Br Br N~ Br
116 117 118
COzMe
N OTs ‘ X OTs
\ P
Br N/ Br Br N Br
118a: 90 % 118b: 72 % 118c: 72 %

Scheme 68Regioselectively functionalized polybromopyridwia Br/Mg exchange.

The product of mono-addition such Bk8areacted again witiPrMgCI-LiCl, providing the
corresponding pyridylmagnesium specld® at -40°C within 1 h. Addition of an electrophile
such as allyl bromide or propionaldehyde furnisttesl productl20a(90%) andl120b (63%)
(Scheme 69). After transmetalation with ZpBx Negishi cross-coupling reaction with methyl
4-iodobenzoate took place in the presence of Pyi{dbanol%) and tri(2-furyl)phosphine (tfp,
10 mol % ), providing the 2-aryl-substituted pyndil20cin 60% yield (Scheme 69).
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allyl bromide - OTs

~
CuCN (cat.) Br N N

‘ “ OTs ‘ “ OTs - 120a: 90 %

—~
Br N/ Br -40°C, 1 h Br N MgCl

CH3CH,CHO

OTs
118a 119 ! | X
~
Br N
‘ OH
‘ 120b: 63 %
1. ZnBr,
| 2. Pd (0) |
Br™ "N~ “MgCl Brr N
|@C02Me CO,Me
119
120c: 60 %

Scheme 69Further Br/Mg exchange on compoutitBa

4.4 Conclusion

In summary, we have developed a stereoselectivethesis of polyfunctional
alkenylmagnesium compounds bearing various funatigroups using the new reagent
i-PrMgCI-LiCIl. We have also shown that the Br/Mg-exioe on a tosyloxy-substituted 3, 5-
dibromopyridine is highly regioselective due to tineuctive effect of the tosyloxy group.
The resulting polyfunctional trisubstituted pyridsn may be useful for the preparation of

pharmacologically relevant heterocycles.
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5. Preparation of Allylic Zinc Reagents and their Aoplications
5.1 Introduction

Methods that involve C-C bond formation with thetabéishment of two or more new
stereogenic centers are of considerable interestrganic synthesis. The reaction of allyl
metal reagents and carbonyl compounds has prowsnuseful in this regard’ Additional
synthetic versatility is that the homoallylic alalproducts are easily manipulated to other

useful synthetic intermediates by transformatiothefdouble bond (Scheme 70).
o]

PN

R* "H OH 05 ?H
= O
RZ/'\‘/\/ R2 P
Rl /HF:\/
Rl\/\/Met — 3,4-syn diastereomer
= o 14-SY! 2,3-syn aldol
OH
2* O3 OH
R H |
| RZW Rz/'\/vo
M = Zn, B, Si, Sn R! A1
Ti, Al etc. 3,4-anti diastereomer 2.3-anti aldol

Scheme 70The reaction of allyl metal reagents and carb@oyhpounds.

5.2 Preparation of acyclic and cyclic zinc reagents

5.2.1 Direct insertion of zinc to allylic bromides

Normally, allylic zinc reagents are prepared by thsertion of the zinc dust into the
corresponding allylic halides. Allyl bromide can benverted to allylzinc bromide in almost
quantitative yield (zinc, THF, 16C, 3 h)? But when treating substituted allylic bromides
such as 2-(bromomethyl)hexene with zinc dust utitkesame conditions, appreciate amounts
of Wurtzhomocoupling products were formed. At lower tenapare, the 2-cyclohexenylzinc
bromide121 can be obtained from 3-bromo-cyclohexene in 65&kdy”®

" a) W. R. Roush, in Comprehensive Organic SynthesisB. M. Trost, I. Fleming and C. H. Heathcock,
Pergamon, Oxford, 1991, vol. 2, pp. 1-53; b) P. ¢, in Comprehensive Organic Synthesis, ed. BT idst,
I. Fleming and C. H. Heathcock, Pergamon, Oxfo8811 vol. 1, pp. 211.

%M. GaudemarBull. Soc. Chim. Fr1962 974.

% M. Bellassoued, Y. Frangin, M. Gauden@ynthesis1977 205.
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THF, 10°C, 3 h

\/\ >
Br 7n N zngr
90 %
Br
THF, -10°C, 3-4 h ZnBr
O = O
121: 65 %

Scheme 71Preparation of allylic zinc reagentis direct insertion.

5.2.2 Masked allylic zinc reagents from a fragmentéon reaction

In order to avoid the formation ®¥urtzhomocoupling products, P. Knochel developed a new
fragmentation reaction of sterically hindered tagtihomoallylic alcohols to form allylic zinc
reagentsn situ (Scheme 72)°° This methodology has also revealed an excellenéstontrol

in the subsequent reaction with an aldehyde.
1) n-BuLi OH

OH
Rl\\‘Jz\/\ Z)ZL, Ban\/\ , N
R 3) PhACHO
Rl=RZ=i-Pr THF, r.t. 0%
THF, 70 °C, 70 %
THF-HMPA, 70 °C, 98 %
1_p2_
R™=R"=t-Bu THF, rt. 89 %

Scheme 72Formation of masked allylic zinc reagemssitu.

This method has been applied in a stereoseleciimeene cyclization to prepare a new kind
of spirobicyclic zinc reagent®? Thus, the ketonel22 is converted to an allylic zinc
alcoholate by the addition afBuLi followed by zinc chloride in the presenceanf aldehyde,
leading to the homoallylic alcohdl23 in 76 % vyield as one diastereoisomer (syn: anti <
2:98). The generation of highly substituted allyfionc reagents has also been exploited in
intramolecular ene reactions to form the spirodicycompound125in 60 % yield (Scheme
73).

100p jones, N. Millot, P. Knochelhem. Communi998 2405.
01p Jones, P. Knoch&hem. Communi998 2407.
102\, Millot, P. Knochel Tetrahedron lett1999 40, 7779.
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o}
1) n-BuLi, THF, 0 °C, 5 min
6Hl
_ 2) C6H11CHO, ZnClz,
-78°Ctort, 2h

123: 76 %
syn:anti<2:98

0
m 1) n-BuLi, THF, 0 °C, 5 min & .

- nC
))/ 2) ZnCl,, -78 °Ctort, 3 h ub H

2\

ZnCl
3) CuCN-2LiCl, 0°C
U 4) PhCOCI, 0°C, 2 h U

125: 60 %
syn:anti >98:2

Scheme 73Stereoselective zinc-ene cyclization.
5.2.3 Preparation of allylic zinc reagents from theorresponding Tin reagents

Recently, E. J. Corey and coworkers developed alLiSekchange to prepare 2-
cyclohexenylzinc chloride in their total synthesisSalinosporamide A2-Cyclohexenyl-tri-
n-butyltin 126, which was obtained from Pd(0) catalyzed 1,4-aoidiof tributyltin hydride to
1,3-cyclohexadien&®was sequentially transmetalated by treatment Wittguiv ofn-Buli

and 1 equiv of zinc chloride to form 2-cyclohexeaiyt chloridel27in THF solution.

Sn(n-Bu); , ZnCl
HSn(n-Bu)s 1) n-BulLi
Pd(PPhs)4 2) ZnCl,
126 127

Scheme 74Preparation of allylic zinc reagenti® Sn/Li exchange.

5.3 Applications of 2-cyclohexenylzinc chloride

103, Miyake, K. YamamuraChem. Lett1992 507.
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Salinosporamide Avhich bears a cyclohexene ring was recently disce by Fenical and
his group as bioactive products of a marine migganrsm that is wide distributed in ocean
sedimentg?* The challenge in the synthesis of this moleculeoisclosing thegg—lactone, but
rather the stereocontrolled assembly of stereodtgmat carbon 5 and 6. E. J. Corey
established a cyclohexenylzinc addition to contioth of these stereogenic centEfand

also worked well in S. J. Danishefsky’s synthé&s.

1IOH

0
n CO,Me AN

()
S‘i dr: 20:1 H

Salinosporamide A

CO,BU! /Y

OBn
S. J. Danishefsky

Scheme 75The key step t&alinosporamide Aising cyclohexenylzinc addition.

5.4 Preparation of the starting allylic chlorides

Allylic chloride can be easily prepared from therregponding allylic alcohol using
chlorination reagents, such as thionyl chloride ahtbrophosphonium iont&” which was
generatedhn situ by reaction of triphenylphosphine and carbon tétiaride.

Thus, the treatment of (-)-myrtenol with triphenydisphine in carbon tetrachloride provided
the corresponding allylic chloride28ain 73%. This method also suited for the prepanatib
3-chloro-1-methyl-1-cyclohexernE28d (the ratio 0f128d: 128d’ = 90 : 10) whereas the bad
result was obtained using thionyl chloride (théoraff 128d: 128d’ = 70 : 30)'%® 3-Chloro-

14R. H. Feling, G. O. Buchanan, T. J. Mincer, CKAuffman, P. R. Jensen, W. Fenicahgew. Chem., Int.
Ed. 2003 42, 355.

195 | R. Reddy, P. Saravanan, E. J. CodeyAm. Chem. So2004 126,6230.

1% A Endo, S. J. Danishefsky, Am. Chem. So2005 127,8298.

97 R. Appel,Angew. Chem., Int. EtD75 14, 801.

1981 carrillo-Marquez, L. Caggiano, R. F. W. JacksdnGrabowska, A. Rae, M. J. Toz€rg. Biomol.
Chem, 2005 3, 4117.
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cyclohexenel28b was prepared from cyclohex-2-enol using thionybdbe in 77 % yield
and 3-chloro-cyclopenteri28cwas obtained according to the literature from agehta-1,3-
diene in 80 % yield (Scheme 765.

CC|4, PPh3 Me /

_—

OH reflux Me Cl
128a: 73 %

OH cl
% SOCl, HCl(g) ©

128b: 77 % 128c: 80 %

Meﬁ//N /
M

OH

Cl
CCly, PPh3
Q1 © L
reflux, 60 % N\
M Me Me

e

128d 128d’

Scheme 76Preparation of allylic chlorides.

5.5 Preparation of allylic zinc reagents using zintiCl insertion

Initially, we treated the allylic chloridé28a with zinc dust and it gave the corresponding
allylic zinc reagentl29a as well as théNurtz homo-coupling products (20% from GC
analysis). But when the reaction was carried oglhépresence of LiCl (1.2 equiv), tiiéurtz
homo-coupling products were decreased to less3k@anThis result showed us that the LiCl
can active the zinc dust which has been provedeypteliminary results in our grodfand
hindered theNurtzhomo-coupling reaction. This procedure can be esgfally extended to
previously cyclohexenylzinc chloridé29a (84% vyield) and unknown allylic zinc reagents
such as cyclopentenylzinc chloridd20c 58% vyield), and the trisubstituted 3-methyl-
cyclohexenylzinc chloridel9d 55% yield) (Scheme 77).

1093, J. Tufariello, A. C. Bayer, J. J. SpadaralJAm. Chem. So&979 101,3309.
10 A, Krasovskiy, V. Malakhov, A. Gavryushin, P. K, Angew. Chem., Int. E@006 45, 6040.
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Me — Zn (2.5 equiv) Meﬁ/&%
THF, rt,30h Me ZnCl

Me cl 129
128a . . a .
Without LiCl: 20 % homo-coupling
with LiCl: less than 5 % homo-coupling
ZnCl
ZnCl ZnCl
Me
129b: 84% 129c: 58% 129d: 55%

Scheme 77Preparation of organozinc reageb®9a-d

5.6 Highly diastereoselective synthesis of homoallylic alcolso bearing adjacent

guaternary centers using trisubstituted allylic zirc reagents

The availability of these highly reactive allylicganometallics allows us to study their
diastereoselective reaction with various aldehyaled ketones. Preliminary results showed
that the reaction of 3-chloro-cyclohexeh28b with benzaldehyde under Barbier reaction
conditions provided poor diastereoselectivity (dr3:27). To our delight, when the reaction
was carried out using the allylic zinc reag&B86b, a good diastereoselectivity (dr = 90 : 10)
was observed (Scheme 78). When 1-methyl-1-cyclahgxanc chloridel29d was used, the

diastereoselectivity was increased (dr = 97: 3).

Zn (1.2 equiv) OH

Cl o
LiCl (1.2 equiv)
+ H X
THF, rt, 12 h H

128b
130a: 95 %; dr = 73: 27
ZnCl o OH
-78°C,1h
Oy T G
R % R
129b:R=H 130a: R = H, yield: 95 %
129d: R = CHj3 dr=90:10
130b: R = CHg, yield: 98 %
dr=97: 3

Scheme 78Poor diastereoselectivitss good diastereoselectivity.

113) G. W. Breton, J. H. Shugart, C. A. Hughey, BCBnrad, S. M. Peral&jolecules 2001, 6, 655.
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As shown in table 9, the reaction proceeds undeeedingly mild conditions and high yields
as well as excellent diastereoselectivities andpieta regioselectivity. Treatment of allylic
zinc reagentl29b with paraformaldehyde provides cyclohex-2-enylmaethl 130c in 94%
yield (entry 1 of Table 9). An amino function is Méolerated and does not require a
protection. Thus, 2-amino-5-chlorobenzaldehy@&b was directly converted to homoallylic
alcohol 130d without protecting the amino group in 94% yieldttwian excellent
diastereoselectivity (dr > 99 : 1, entry 2). Theopaliastereoselectivity observed with
pivalaldehyde showed that an aromatic substituenimportant in these addition reactions
(entry 3). Remarkablely, acetophenone and relatedonles always give excellent
diastereoselectivities and high yields (entrieO3-Regardless of the aryl substitution (entries
4, 5 and 7), the use of heterocyclic ketone (ef)ryof a ferrocenyl ketone (entry 7), of a
cyclic aryl ketone such as 6-methoxyl-1-tetraloeety 9) or a branched aryl ketone such as
2-methyl-1-phenylpropan-1-one (entry 10) high diespselectivities are obtained. With
cyclic allylic zinc reagent 129¢ when reacted with ketones also give high
diastereoselectivities (entries 11-13). Treatment mdole aldehyde with 3-
methylcyclohexenylzinc chlorid&29d, the heterocyclic allylic alcohd30pwas obtained in
87% vyield (entry 14). Interestingly, when the zireagent129d reacts with ketones, two
guaternary centers was generated in high diaseesmtivity. Thus, exposure of 2-
acetonaphthonelB81k) and p-bromo-acetophenonel31lg to 129d the allylic compounds
130gand130r were obtained in 99 % vyield as well as excellaastgreoselectivities (entries

15-16, dr > 98 :2).
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Table 9 Diastereoselective preparation of homoallylieodlal using allylic zinc reagents

ZnCl o -78°C, 1h R?—, OH
+ R2 .
RLL RLI X 3
- .~ R )
R® n
n
129 131 130: yield: 87-99%
Entry Allylic zinc  Aldehyde or Product of typel 30 d Yield"
reagent ketonel31 (%)?
ZnCl (CH20), @AOH
1 129b 13la 130c 94
NH,
OHC
Cl
2 129b 131b 130d >00:1 94
o) OH
Hkt-Bu tBu”
H
3 129b 131c 130e 68:32 96
o) H3C OH
H
Br Br
4 129b 131d 130f >90:1 96
o] H3C OH
H
CN NC
5 129b 131e 1309 >00:1 97
0 Et OH
1O o A \
\ / Et — T g
6 129b 131f 130h 97:3 95
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Table 9 (continued)

10

11

12

129b

129b

129b

129b

ZnCl

129c

129c

O
AI’OZSO\Q)k ArOzSO
Me

OSOLAr
131g Ar = 2,5-
Cl,CgH3

(@]
M
S

131h

O
MeO:%

131i

O
©)ki—Pr

131

131e

O

Me

131k

OSO,Ar

130 Ar = 2,5-CbC6H3

H,C OH
ey =

—r 3
Fe H

99:1

>08:2

96:4

>99:1

>99:1

>99:1

95

95

97

96

99
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Table 9 (continued)

- E,
H
13 129c¢ 131l 1300 >09:1 98
ZnCl (@) OH
T
{ X
oHs N TS
Ts
14 129d 131m 130p 95:5 87
HSC/COH
15 129d 131k 1309 >08:2 99
H s
Br 3
16 129d 131e 130r >08:2 99

2dr was determined by NMR analysidsolated yield of analytically pure products.
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The structures of homoallylic alcohol30i and 130j were determined by X-ray

crystallography (Scheme 79).

130j
Scheme 79Homoallylic alcohold30i and130jwith ORTEP plot.

In order to confirm the structure df30r, we prepared the other isom&82r’ using the
reaction of MeMgCl on the ketori82 (Scheme 80). The structure I80r was proved byH-
NMR and NOESY NMR analysis.

O
CH
L -20°C HO, y-7% HyC, OH
+ MeMgCl ———— = O \\‘ + :
Br overnight B HsC HsC
Br
132 130r'

(major) 130r

Scheme 80Preparation of another isomE3Or’.

When two active groups were involved, this typere&ction also shows an excellent
chemoselectivity. When the allylic zinc chlorid&2@b or 1299 reacted with 1-(4-ccetyl-
phenyl)-2,2-dimethyl-propan-1-ondd31n) and 4-acetyl-benzoic acid methyl estéB10,
only single productd30s and 130t were obtained in 95-96% yields. Interestingly, thg
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treatment of 2-acetyl-benzoic acid methyl estehvwaitylic zinc chloride 129b), the lactone

130uwas obtained in 97% vyield as well as an excell@dtdreoselectivity (Scheme 81).

o)
)k ZnCl
t-Bu | N +
_A__CHjs
O 130s: 96%
131n 129b S! 0
eoC HsC OH
e 0 -
2 A + Clzn -78°C, 1h /@/\@
_A__CHy @ —_— i
i MeO,C
1310 129¢ 130t: 95%
COzMe ZnCl (0)
+ -78°C. 1h YO CHs
CHj 3
5 $
131p 129b

130u: 97%

Scheme 81Chemo- and diastereoselective addition allyliczieagents to ketones.

Interestingly, a-substituted acetophenone also give excellent etesselectivities. Thus,
exposure of 2-chloro-1-phenyl-ethanob®lr to the allylic zinc reagent29b provided the
chloride substituted homoallylic alcoholl30v in 97% vyield and excellent
diastereoselectivities (dr > 98:2). Even 2-azidphnyl-ethanonel31s also gives azides
130w in excellent result (93% yield and dr = 99:1). Teempound of130w is a very
interesting structure since organoazides were exjag “click chemistry**? The 1,2,3-
triazoles ofl33aand133bcan be obtained in 85-90% yields with excellegigselective and
diastereoselectivities in the presence of CUCN-R[50nol%) in one pot (Scheme 82). The

structure ofl33bwas determined by X-ray crystallography.

124, c. Kolb, M. G. Finn, K. B. Sharples&ngew. Chem., Int. E@001, 40, 2004.
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R—. OH

o}
ZnCl .78°C, 1h %,
R TR
+ N
©)& © ©/H

131r: R =Cl 130v: R =ClI
129b )
131s:R=N3 130w: R =Nj

ZnCl

O [0}
®7 + + —
2) CuCN-2LiCl (5 mol %
X ) ( ) N, N— OH

CH3CN, rt, overnight N
131s: X = H 129b O ﬁ
131t: X = Br X

133a: X=H, Yield : 90%; dr >99 : 1
133b: X=Br, Yield : 85%; dr >95:5

7/
C1é6 cCi15
%@% 3
ci11
O
NT g7 Cio

cl4
Co1z ci3®

133b

Scheme 82 Preparation of 1,2,3-triazoles df33a-b from allylic zinc reagents and-
substituted acetophenones and X-ray crystallograph@3h.

The excellent diastereoselectivity can be explaimethe translation state &84

o) 3 2
)k . R ZnCl -78°C R//’OH
Ao = M
n R2

131: R = Aryl, alkyl ~ 129b:n=1;R®=H 131a-w
R?=H, Me 129¢:n=0,R%=H /
129d: n =1, R®=Me

134
Scheme 83Diastereoselective and regioselective reactionyofoalkenylzinc chloride with
carbonyl compounds.
When treating the allylic zinc reageb®9a with pivaldehyde, the allylic alcohdl35awas

obtained in 96% yield as well as excellent regiestlity and diastereoselectivity (dr > 98:2).
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To our surprise, when pivalonitrile was involved tims reaction, the regioselectivity was
converted (Scheme 84), providing the ketd3&b in 92% vyield after hydrolysis with HCI
(1.0M in water).

Me\/
Me\/'vIe Me —/ Me
t-Bu
NC—t-Bu ZnCl H B
A~ N\ o < -
rt, 4h then HCI (1.0 M) -78°C, 1h
HOY

135b: yield: 92 % 129a

135a: yield: 96 %;
dr > 98:2

Scheme 84The reaction o129awith pivaldehyde and pivalonitrile.

The structure o135awas conformed by by X-ray crystallography of iesidative 136

c21
Me\/lvIe
CH,
H
O A
0" “tBu
NO,
136

Scheme 85X-ray crystallography 0136.

5.7 Conclusion

In conclusion, we have described a convenient naetooprepare substituted allylic zinc
chloride using LiCl-mediated zinc dust insertiontb@ corresponding allylic chloride. This
approach avoids the formation of large amount ahdwwoupling products. These new allylic
zinc reagents undergo highly diastereoselectivetiaddto aldehydes or ketones leading to
homoallylic alcohols bearing adjacent quaternaryites in high regioselectivity and

diastereoselectivity. Extensions of this work anerently underway in our laboratories.
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6. Summary and Outlook

This work has been focused on the formation of dempolycyclic heterocycles using@-
H bond activation reaction. Furthermore, novel rodthfor preparation of alkenylmagnesium

and allylic zinc reagents were developed as wethas applications in organic synthesis.

6.1 Chemoselective Benzylic C-H Activations for thdPreparation of CondensedN-
Heterocycles

In the first project, the preparation of condendédeterocycles using 3pC-H bond
activation reaction was achieved in the presended¢O©Ac) (5 mol %),p-TolsP (10 mol %)
and CsCO; (1.2 equiv). Remarkably, the chemoselectivé 6pH bond activation was
observed in the case of 2,5-unsymmetrically sulistt monobromo derivatives.

Furthermore, the formation of pentaheterocyclic poonds using domino reaction was also

described.
Pd(OACc), (5 mol %)
@ p-Tol3P (10 mol %) RL N/
Cs,CO3 (1.2 equiv) )
R
110°C, 12 h 33-85 %
/ CO,Et
75 % 80 % 60 %
o /
Me Me N \ Me
N F3C
N O FsC N\ 3 Me
( = | P
n N7\
n=1,2,3 | =
CO,Et
74-85% 85 % 77 % 65 %
CO,Et l
CO,Et o7 ph
61 % 56 % 50 %

Scheme 86Preparation of condensdiheterocyclevia benzylic C-H activations.
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As an extension, the application to several interggarget molecules could be investigated
such as (+)-(S)-tylophorine and its analogs.
OCH3 OCH3 OCHg3

H3CO w H3CO HsCO \\
\;/ Br ‘ ) 0]
Q = Y

r\
/o |

H3CO H3CO HyCO™ 7
OCHs OCHj OCHs

Tylophorine analogs

Scheme 87Retrosynthetic analysis of Tyloporine analogs.

6.2 Preparation of Functionalized Alkenylmagnesium Reagnts and Polysubstituted
Pyridylmagnesium Reagents Using-PrMgCIsLiCl

With the reageni-PrMgCI-LiCl (11a), the I/Mg-exchange of alkenyliodides proceeded at
lower temperature. A variety of functionalized aligk iodides can be converted to the
corresponding Grignard species with retention efdbuble bond configuration. The reaction
with various electrophiles provides polyfunctioredkenes with good yields and excellent

stereoselectivity.

i-PrMgCI-LiCl £
R
R\/\| R\/\ng E
16 17
— CN cone
Et £
HO G
84% E:2=99:1 77 %, E: Z = 99:1 71%, E:Z=99:1 91 %
! MgClLicl 1. CUCN-2LiCl o
i- Li 2. Phcocl P
e \3 i-PrMgCI.-LiClI \ pent
N -40C,2h NC . BUNF I
TMSO™ TMSO 4.2 N HCl
o Pen 74 %, E: Z =99:1
E:Z=99:1

Scheme 88Preparation of functionalized alkenyl organomaiuma reagents.
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Furthermore, the functionalizedolysubstituted pyridylmagnesium reagents also ban
obtained from Br/Mg exchange usingrMgClI-LiCl. And a new method to prepare pyrazolo

[3, 4-8 pyridine was developed.

AN i-PrMgCI-LiCl X E*
BrnOOTS BrnOOTs
N

-30°C, 2h N
108 109
o) COOMe
Br X | o) Br | N o ‘ AN
/ ~ s
83 % 84 % 2%

113, Pd(dba)z, tfp (Cat.) NHZNHZHZO

‘\ O  TBAB, K,CO;

~
N~ OTs THF, 12 h

toluene, 80 °C, 4 h

77 %, one pot

Scheme 89 Preparation of the functionalizgablysubstituted pyridylmagnesium reagents

using Br/Mg exchange.
6.3 Preparation of Polysubstituted Allylic Zinc Reagens and their Applications.

A variety of allylic zinc reagents were prepared using direeLi&Zh insertion. And excellent
regioselective and diastereoselectivities were obtained when the alhyti reagents reacted

with aldehyde and ketones
ZnCl

ZnCl Zncl
ﬁ @ 0 @
ZnCl Me
129a: 70% 129b: 84% 129c: 58% 129d: 55%

o ZnCl

(o}
Ns 1)-78°C,1h
X 2) CuCN-2LiCl (5 mol %) N. N— OH
CHCN, rt, overnight N P
131s: X = H 129b O g
X

131t: X =Br

133a: X=H, Yield: 90 %; dr >99: 1
133b: X=Br, Yield : 85 %; dr >95:5

Scheme 90Preparation of polysubstituted allylic zinc reagents and thplicagions.
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EXPERIMENTAL PART

7. General Conditions

All reactions were carried out with magnetic stirring and, if amorsture sensitive, in flame-
dried glassware under nitrogen. Syringes were used to transfer reagehtglvents were
purged with nitrogen prior to use.

Solvents

Solvents were dried according to standard methods by distillatbm drying agents as stated

below and were stored under nitrogen.

CHCl5, toluene and Dimethylformamide (DMF) were predried over Cagd) and distilled
from Cal—iz@

Diethyl ether, 1, 2-dimethoxyethane (DME)and THF were continueously refluxed and
freshly distilled from sodium benzophenone ketyl under nitrogen.

Ethanol and Methanol were treated with Phthalic anhydride (25g/L) and sodium, heated
reflux for 6 h and distilled.

Pyridine andtriethylamine were dried over KOW, and distilled from KO,
Reagents

Reagents of >98% purity were used as obtained from Aldrich, Acrokaarwhster.
n-Butyllithium was used as a 1.5 M solution in hexane purchased by Chemetall.

CuCN-2LiCl solution (1.0 M/THF) was prepared by drying CUCN (869 ) mmol) and
LiCl (848 mg, 20 mmol) in a Schlenk flask under vacuum ford 140 °C. After cooling to
room temperature, dry THF (10 mL) was added and stirred contilyuonl the salts were

dissolved.

i-PrMgCl: A dry three-necked flask equipped with a nitrogen inlet, a dngpfiinnel and a
thermometer was charged with magnesium turnings (110 mmshall amount of THF was

added to cover the magnesium, and a solution of isopropyl @@l¢tD0 mmol) in THF (50
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mL) was added dropwise, keeping the temperature of the mixture B8IG® (water bath).
After the addition was complete, the reaction mixture was stirred1forh at room
temperature. The grey solution ePrMgCl was cannulated to another flask under nitrogen
and removed in this way from excess of magnesium. A yield of5%c80%6 ofi-PrMgCl was

obtained and thePrMgCl solution was titrated prior to use according to repoitechture**®

i-PrMgCI-LiCIl: A dry three-necked flask equipped with an nitrogen inlet, a dngpfinnel
and a thermometer was charged with magnesium turnings (110 rantblnhydrous LiCl
(200 mmol). A small amount of THF was added to cover the sgagm, and a solution of
isopropyl chloride (100 mmol) in THF (50 mL) was added dropvkeeping the temperature
of the mixture below 30 °C (water bath). After the addition was ¢empthe reaction
mixture was stirred for 12 h at room temperature. The grey solofio-PrMgCI-LiCl was
cannulated to another flask under argon and removed in thisrarayeikcess of magnesium.
A yield of ca. 85-90% of-PrMgCI-LiCl was obtained and thePrMgClI-LiCl solution was

titrated prior to use according to reported literature.

ZnBr, solution (1.0 M/THF) was prepared by drying ZpB83.78 g, 150 mmol) under
vacuum for 5 h at 120 °C. After cooling to room temperature,Tdi (150 mmol) was

added and stirred continuously until the salts were dissolved.
Chromatography

Thin layer chromatography (TLC) was performed using aluminiustepl coated with SO
(Merck 60, F-254). The spots were visualized by UV light andyastaining of the TLC plate
with the solution bellow followed by heating with a heat:gun

« KMnO4 (0.3 g), KCOs (20 g), KOH (0.3 g) in water (300 mL)

Flash column chromatography was performed using 885(0.04-0.063 mm, 230-400 mesh
ASTM) from Merck. The diameters of the columns and the amount afagél were

calculated according to the recommendation of W. C.Still.

13 (@) H. S. Lin, L. Paquett&ynth. Commuri994 24, 2503; (b) A. Krasoskiy, P. Knoch@ynthesi®006 5,
890.
4w, C. still, M. Khan, A. Mitra,J. Org. Chem1978 43, 2923.
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Analysis

Analytical data collection was done as follows:

Melting points were uncorrected and measured on a Blichi B-540 apparatus.
NMR spectra were recorded on a Bruker ARX 200, AC 300, WH 400, or AMX
600 instruments. Chemical shifts were given relative to GHTR4 ppm for'H
NMR, 77.0 ppm for*C NMR), DMSO-¢ (2.50 ppm for'H NMR, 39.4 ppm for

3C NMR), acetonel(2.04 ppm for'H NMR, 29.3 ppm for*C NMR). For the
characterization of the observed signal multiplicities the follgwabbreviations
were applied: s (single), d (doublet), dd (double doublet), dtb{dotriplet), t
(triplet), td (triple doublet), g (quartet), quint (quintet), m (tipt) as well as br
(broad).

IR spectra were recorded from 4000-400"cam a Nicolet 510 FT-IR, a Perkin-
Elmer 281 IR spectrometer, or a Perkin Elmer Spectrometer BX FT-IR-System
with a Smith Dura sampl IR Il ATR-unit. Samples were measuréereds neat
materials (neat) or as a film between potassium bromide plates (film) or as
potassium bromide tablets (KBr). The absorption bands are reportecgve
numbers (crit). For the band characterization the following abbreviations were
applied: br (broad), s (strong), m (medium), vs (very strong), sakyv

Gas chromatography (GC)was perfomed using a Hewlett-Packard 5890 Series I
(Column A: 2.5% phenylmethylpolysiloxane (HP Ultra 2) 12 .2 mm x 0.33
um). The compounds were detected with a flame ionization detector.

Mass spectroscopy:Mass spectra were recorded on a Varian MAT CH 7A for
electron impact ionization (El) and high resolution mass spectra GRM a
Varian MAT 711 spectrometers. Fast atom bombardment (FAB) sam@es w
recorded in either a 2-nitrobenzyl alcohol- or glycerine-matrix. Acidly, for

the combination of gas chromatography with mass spectroscopic deteati
GC/MS from Hewlett-Packard HP 6890/MSD 5973 was used (ColumB9%B:
phenylmethylpolysiloxane (HP 5) 30 m x 0.25 mm x Ou2®; Column C: 5%
phenylmethylpolysiloxane (HP 5) 15 m x 0.25 mm x (u&j.

Elemental analysiswas carried out on a Heraeus CHN-Rapid-Elementanalyzer in
the microanalytical laboratories of the Department Chemie und Bioehem

Ludwig-Maximilians Universitat, Munich.
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8. Typical Procedure (TP)

8.1 Typical procedure for preparation of bromo or bdo-N-arylpyrrole derivatives

Typical Procedure 1 (TP1)via Paal-Knorr reaction

NH, R R2 Rl\/@\/RZ
X 1 N
RJ\V o 38
| AN X
g R
36 TsOH- H,O (cat.) >
X=I or Br 39, X =Br, |

The mixture of bromoanilin@6, 1, 4-dione38 and catalytic amounts of TsOH®I (1.0 or
2.0 mol %) in toluene was heated in a flask equipped with a Deak-&tparatus for 2-5 h.
After cooling, the dark brown reaction mixture was concentrate¢acuo. Purification by

flash chromatography provided the desired prod8@ts

Typical Procedure 2 (TP2)via I/Mg exchange

Me/@ Me Me/@Me

N

. . E* N
Br i-PrMg-LiCl Br Br
-30°C
l MgClI-LiCl E
39aa 39ab 39

To a solution of 1-(2-bromo-4-iodo-phenyl)-2, 5-dimethd-pyrrole (1.880 g, 5.0 mmol) in
THF (10.0 mL) was slowly addeePrMgCI-LiCl (5.50 mmol, 3.5 mL, 1.55 M in THF) at —30
°C. After 2 h, THF (5.0 mL) and CuCN-2LiCl (5.0 mmol, B, 1.0 M in THF) was added
at this temperature and stirred for 15 min. Acid chloride (7.5 mnval added and the
reaction mixture was stirred at =30 °C for 1 h, then warmedawodtstirred for 1 h. Ag. N{
(5 ml) and water (10 mL) were added and the aqueous phase was extiticididthyl ether
(3%x25 mL). The organic fractions were washed with brine (10 mL)ddner NaSO, and

concentratedn vacuo Purification by flash chromatography provided the desired pro@dcts

8.2 Typical procedure for preparation of polycyclic heterocyclesvia C-H activation
reaction
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X Me Pd(OAC), (5 mol %)

RL /— R 0 1 -
i b N : p-TolzP (10 mol %) RL N/
Cs,CO3 (1.2 equiv) )
R
R2 110°C, 12 h

Typical Procedure 3 (TP3) The reaction was performed in a sealed tuber with a mixture of
bromo or iodoN-arylpyrrole derivatives39 (1.0 mmol), Pd (OAg)(11 mg, 5 mol%), trit-
tolyl)phosphine (30 mg, 10 mol%) and €3 (391 mg, 1.2 mmol) at 110 °C using toluene
(5.0 mL) as solvent for 12 h. After cooling to room temperature, WafemL) was added in.
The mixture was extracted with ether (3 x 30 mL). The combined extraceswashed with
brine, dried over N&O, and concentrateth vacuo Purification by flash chromatography
provided the desired produets.

8.3 Typical procedure for preparation of functionalzed acyclic alkenyl compounds

i-PrMgClI-LiCl E* R
R\/\I R\/\ng - s \/\E

79 82 83
Typical Procedure 4 (TP4) To a solution of alkenyl iodide& (0.5 mmol) in THF (0.2 mL)
was slowly added-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) at —-40. After 7 h,
a complete conversion to the Grignard rea@@was observed by GC-analysis of hydrolyzed
reaction aliquots. The solution of electrophile (0.55 mmol ;arAL of THF) was added in
directly or added after the Grignard reagent was transmetalated to copgentreath
CuCN:-2LICI. The reaction mixture was warmed to 25 °C and querashadual. The aqueous
phase was extracted with diethyl ether (3 x 10 mL). The organic fnactvere washed with
brine (10 mL), dried over N80, and concentratedn vacuo Purification by flash
chromatography afforded the pure product

8.4 Typical procedure for preparation of functionalzed cyclic alkenyl compounds

OR
| i-PrMgClI-LiCl ?R E" ?R
| - MgCl ——— E
93a:n=1,-25°C,5h
: 93b, n =2, -40 °C, 12 h n n
93a:n=1 R = EtOCH, (EOM) 94a:n=1
93b:n=2 94b :n=2 95
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Typical Procedure 5 (TP5) To a solution of 5-ethoxymethoxy-1-iodo-cyclopenté8a (1.0
mmol) or 6-ethoxymethoxy-1-iodo-cyclohexe®@b (1.0 mmol) in THF (0.3 mL) was slowly
addedi-PrMgCI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF) at lowmperatureq3a -25 °C
and93b: -40 °C). A complete conversion to the Grignard rea§édator 94b was observed by
GC-analysis of hydrolyzed reaction aliquots after 5 h (the exchang@38pror 12 h (the
exchange foP3b). The solution of electrophile (0.55 mmol in 0.5 mL of THRsnadded in
directly or added after the Grignard reagent was transmetalated to copgentreath
CuCN:-2LICI. The reaction mixture was warmed to 25 °C and querashadual. The aqueous
phase was extracted with diethyl ether (3 x 10 mL). The organic fnactvere washed with
brine (10 mL), dried over N80, and concentratedn vacuo Purification by flash
chromatography afforded the pure product.

8.5 Typical procedure for the performance of puncinalized pyridines:

+ Br E
Br xBr i-PrMgCI-LiCl Br N MgCl E | X
| | - -
~ P
N~ >OTs -30°C,2h N~ SOTs N~ OTs
108 109 110

Typical Procedure 6 (TP6) The solution of-PrMgCIFLiCl (1.55 M in THF, 0.55 mmol) was
slowly added to a solution of 3, 5-dibromo-2-pyridyl 4-metleyibenesulfonat&08 (204 mg,
0.5 mmol) in dry THF (1.5 mL) and the resulting mixture wiasexl at this temperature for 2
h to form the Grignard09 completely. The solution of electrophile (0.55 mmol in Ol5@h
THF) was added in directly or added after the Grignard reagentravesnetalated to copper
reagent with CuCN-2LiCl. The reaction mixture was warmed t6dQ@%nd quenched as
usual. The aqueous phase was extracted with diethyl ether (3 x)10IneLorganic fractions
were washed with brine (10 mL), dried over,8@&, and concentrateth vacuo Purification

by flash chromatography afforded the pure produ¢.

8.6 Typical procedure for the preparation of homodlylic alcohol:
ZnCl \

O 3
R2 -78°C, 1h ( R
RL + _ n /OHRz

129 130
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Typical Procedure 7 (TP7) The allyliczinc chloride (1.2 mmol) was added to the solution
aldehyde or ketone (1.0 mmol) in THF (2.0 mL) at “@8and the resulting mixture was
stirred at this temperature for 1 h. After quenching with water (10 the)reaction mixture
was extracted with ether (3 x 30 mL). The combined extracts were wasthedrine, dried
over NaSQO, and concentrateith vacuo Purification by flash chromatography (The silica gel

was buffered with 1% BN in pentane) provided the pure compound.
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9. Preparation of Condensed\-Heterocycles by spC-H Bond Activation Reactions

Synthesis of 1-(2-bromo-phenyl)-2,5-dimethytH-pyrrole (39a)
Br
Me
@b
Me - RHJ165F
It was prepared from 2-bromoaniline (3.440 g, 20.0 mmol)-t2ex@anedione (2.740 g, 24.0
mmol) and TsOH-kD (38 mg, 1.0 mol %) according T0°1. Reaction time: 2 h. Purification
by flash chromatography (eluent: pentane: ether = 100: 1) pro@@e.251 g, 85%) as a
colourless oil.
'H NMR (CDCk, 300 MHz): 7.72 (dJ = 8.0 Hz, 1 H), 7.40-7.46 (m, 1 H), 7.28-7.34 (m, 2
H), 5.94 (s, 2 H), 1.97 (s, 6 H);
3C NMR (CDCL, 75 MHz): 138.5, 133.3, 130.5, 129.8, 128.4, 12824.1, 105.6, 12.5;
IR (neat): 2918 (s), 1588 (m), 1524 (s), 1485 (vs), 1436 (V&) cm
MS (El, 70 ev): 251 (M (®'Br), 91%), 250 (M (®'Br)-H, 100%), 249 (M ("°Br), 91%), 248
(M* ("Br)-H, 100%), 168 (25%), 154 (69%), 83 (26%);
HRMS (El): calcd. for GoH1BrN (M, “Br): 249.0153found: 249.0134 (M, "Br).

Synthesis of 4-(2,5-dimethyl-pyrrol-1-yl)-3-iodo-bazoic acid ethyl este(39b)

EtO,C |
T
N™ N\

—

Me RHJ054G
It was prepared from 4-amino-3-iodo-benzoic acid ethyl €st.911 g, 10.0 mmol), 2, 5-
hexanedione (1.372 g, 12.0 mmol) and TsOMH19 mg, 1.0 mol %) according GP1.
Reaction time: 4 h. Purification by flash chromatography (eluesntgme: ether = 15: 1)
provided39b (1.480 g, 40%) as a brown solid, mp.: 80.2-80.6 °C.
'H NMR (CDCL, 300 MHz): 8.59 (d) = 1.8 Hz, 1 H), 8.13 (dd}; = 8.0 Hz,J, = 1.8 Hz, 1
H), 7.32 (dJ=8.0 Hz, 1 H), 5.93 (s, 2 H), 4.41 @z 7.1 Hz, 2 H), 1.93 (s, 6 H), 1.41 JtF
7.1 Hz, 3 H);
3C NMR (CDCl, 75 MHz): 164.4, 146.2, 140.6, 131.9, 130.3, 129%/.8, 106.3, 100.3,
61.6, 14.3, 12.8;

115y: Tobe, N. Utsumi, K. Kawabata, A. Nagano, K. AHda S. Araki, M. Sonoda, K. Hirose, K. Naemuda Am. Chem.
S0c.2002,124, 5350.
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IR (neat): 2915 (w), 1723 (s), 1590 (w), 1483 (s), 1395 (s);,cm
MS (EI, 70 ev): 369 (100%), 340 (15%), 324 (5%), 296 (5%), (16886), 154 (11%);
HRMS (EI): calcd. for GsH16INO,: 369.0226 (M), found: 369.0219 (M).

Synthesis of 3-bromo-4-(2,5-dimethyl-pyrrol-1-yl)-lenzoic acid ethyl estef39¢

EtOZC Br
CCr
1)

—

Me RHJ092G
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (2.44.@,ni@ol), 2, 5-

hexanedione (1.37 g, 12.0 mmol) and TsO¥H19 mg, 1.0 mol %) according BP1.
Reaction time: 2 h. Purification by flash chromatography (eluesntgme: ether = 10: 1)
provided39c(2.810 g, 87%) as a brown solid, mp.: 56.1-5€.9

'H NMR (CDCl, 300 MHz): 8.37 (dJ = 1.8 Hz, 1 H), 8.80 (ddl; = 8.0 Hz,J, = 1.8 Hz, 1
H), 7.35 (d,J = 8.0 Hz, 1 H), 5.93 (s, 2 H), 4.41 (= 7.1 Hz, 2 H), 1.94 (s, 6 H), 1.41 Jt=
7.1 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 164.6, 142.6, 134.4, 132.1, 130.5, 12928.3, 124.5, 106.2,
61.6, 14.3, 12.5;

IR (neat): 2979 (w), 1724 (vs), 1402 (s), 1283 (vs)'rm

MS (El, 70 ev): 323 (M (¢'Br), 100%), 321(M ("°Br), 100%), 294 (M (®'Br), 70%), 292
(M* ("Br), 70%), 198 (25%), 168 (62%), 154 (49%):

HRMS (EI): calcd. for GsH1BrNO, (M*, “Br): 321.0364, found: 321.0369 (M °Br).

Synthesis of 4-(2,5-dimethyl-pyrrol-1-yl)-3-iodo-bazonitrile (39d)

NC\©i| Ve
)N§
Me - RHJ059G

It was prepared from 4-amino-3-iodo-benzonitfifé2.440 g, 10.0 mmol), 2, 5-hexanedione
(2.370 g, 20.0 mmol) and TsOH® (19 mg, 1.0 mol %) according T?°1. Reaction time: 5
h. Purification by flash chromatography (eluent: pentane: ether %) Ifiovided39d (1.541
g, 48%) as a brown solid, mp.: 102.3-10Z8
'H NMR (CDCl, 300 MHz): 8.23 (dJ = 1.8 Hz, 1 H), 7.76 (ddl; = 8.1 Hz,J, = 1.8 Hz, 1
H), 7.37 (d,J = 8.1 Hz, 1 H), 5.94 (s, 2 H), 1.93 (s, 6 H);

118 c. Koradin, W. Dohle, A. L. Rodriguez, B. Schmid:Pochel, Tetrahedron2003 59, 1571.
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13C NMR (CDCls, 75 MHz): 146.7, 142.7, 132.7, 130.2, 127.7, 11618.9, 106.8, 101.0,
12.7;

IR (neat): 2915 (w), 2231 (w), 1481 (s), 1397 (s)’cm

MS (EI, 70 ev): 322 (100%), 321 (81%), 307 (3%), 193 (8%),(1296), 127 (11%);

HRMS (EI): calcd. for GsH11IN, (MY): 321.9967found: 321.9977 (M).

Synthesis of 3-bromo-4-(2,5-dimethyl-pyrrol-1-yl)-lenzonitrile (396

NC\C[Br Ve
S
Me - RHJ098G
It was prepared from 4-amino-3-bromo-benzonittie (1.970 g, 10.0 mmol), 2, 5-
hexanedione (1.370 g, 12.0 mmol) and TsOMH19 mg, 1.0 mol %) according GP1.
Reaction time: 2 h. Purification by flash chromatography (eluesntgme: ether = 10: 1)
provided39e(2.598 g, 94%) as a brown solid, mp.: 94.7-9&.2
'H NMR (CDCl, 300 MHz): 8.00 (dJ = 1.8 Hz, 1 H), 7.72 (ddl;, = 8.0 Hz,J, = 1.8 Hz, 1
H), 7.39 (dJ=8.0 Hz, 1 H), 5.94 (s, 2 H), 1.94 (s, 6 H);
3C NMR (CDCl, 75 MHz): 143.2, 136.7, 131.9, 131.4, 128.2, 1288.6, 114.0, 106.7,
12.5;
IR (Neat): 2915 (w), 2232 (m), 1487 (vs), 1400 (vs), 1380 ($).cm
MS (El, 70 ev): 276 (M (¥'Br), 72%), 275(M (*'Br)-H, 100%), 274 (M ("°Br), 75%),
273(M" (Br)-H, 100%), 261 (5%), 193 (11%), 179 (55%);
HRMS (EI): calcd. for GsH11BrN, (M, "°Br): 274.0106found: 274.0080 (M, "°Br).

Synthesis of 1-(2-iodo-4-trifluoromethyl-phenyl)-25-dimethyl-1H-pyrrole (39f)

F-C
3 Me
I

I —

Me RHJ087G
It was prepared from 2-iodo-4-trifluoromethyl-phenylamine (2.870 @0 Immol), 2,5-
hexanedione (1.370 g, 12.0 mmol) and TsO#®H19 mg, 1.0 mol %) according OP1.
Reaction time: 5 h. Purification by flash chromatography (eluentapenether = 100: 1)
provided39f (1.825 g, 50%) as a brown solid, mp.: 80.6-8C.2

117y, Tobe, N. Utsumi, K. Kawabata, A. Nagano, K. 8ba S. Araki, M. Sonoda, K. Hirose, K. Naemuda,Am. Chem.
Soc 2002 124, 5350.
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'H NMR (CDClk, 300 MHz): 8.20 (s, 1 H), 7.75 (d,= 8.1 Hz, 1 H), 7.38 (d] = 8.1 Hz, 1
H), 5.94 (s, 2 H), 1.94 (s, 6 H);

C NMR (CDClk, 75 MHz): 145.7, 136.5 (dc.r = 3.5 Hz), 131.9 (gl = 33.5 Hz), 130.0,
127.9, 126.2 (QJc-Fr = 3.5 Hz), 122.6 (gJc-Fr = 273.0 Hz), 106.5, 100.7, 12.8;

IR (neat): 2921 (m), 1599 (m), 1523 (w), 1491 (m), 1322 (s), 131a(S;

MS (El, 70 ev): 365 (M, 100%), 236 (14%), 222 (16%), 168 (6%);

HRMS (EI): calcd. for GsH11BrFsNI (M™): 364.9888found: 364.9887 (M).

Synthesis of 1-(2-bromo-5-trifluoromethyl-phenyl)-25-dimethyl-1H-pyrrole (399)
CF;

Me

N™ N\
Br =

Me RHJ149G
It was prepared from 2-bromo-4-trifluoromethyl-phenylamine (1.501 8, némol), 2,5-

hexanedione (0.860 g, 7.5 mmol) and TsO¥H12 mg, 1.0 mol %) according BP1.
Reaction time: 2 h. Purification by flash chromatography (eluentapenether = 100: 1)
provided39g(1.631 g, 82%) as a brown solid, mp.: 74.5-75.3 °C.

'H NMR (CDCl, 300 MHz): 7.86 (dJ = 8.8 Hz, 1 H), 7.50-7.60 (m, 2 H), 5.94 (s, 2 H), 1.95
(s, 6 H);

¥C NMR (CDCh, 75 MHz): 139.5, 134.1, 131.0 (d.r = 33.3 Hz), 128.8, 128.4, 127.5 (q,
Jo.r = 3.5 Hz), 126.5 (qlc.r = 3.5 Hz), 123.2 (qJc.r = 273.2 Hz), 106.4, 12.5;

IR (neat): 2920 (w), 1483 (s), 1433 (vs), 1338 (vs), 1174 (V&) cm

MS (El, 70 ev): 319 (M (®'Br), 82%), 318 (M (®'Br)-H, 100%), 317 (M ("°Br), 80%), 316
(M* ("Br)-H, 95%), 236 (9%), 222 (23%), 168 (15%);

HRMS (EI): calcd. for GaH11BrFsN (M™, Br): 317.0027found: 317.0005 (M, "°Br).

Synthesis of 1-(2-bromo-4-iodo-phenyl)-2,5-dimethylH-pyrrole (39aa)

.

Br —
Me RHJO39K

It was prepared from 2-bromo-4-iodo-phenylamine (1.790 g, 6.0 md@)hexanedione
(0.820 g, 7.2 mmol) and TsOH,@ (12 mg, 1.0 mol %) according TdP1. Reaction time: 2
h. Purification by flash chromatography (eluent: pentane: ether = 0frovided 39aa

(1.831 g, 81%) as a yellow oil.
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'H NMR (CDCl, 300 MHz): 8.06 (dJ = 1.8 Hz, 1 H), 7.74 (ddh= 7.9 Hz,J, = 1.8 Hz, 1
H), 7.01 (d,J= 7.9 Hz, 1 H), 5.92 (s, 2 H), 1.95 (s, 6 H);

13C NMR (CDCl;, 75 MHz): 141.4, 138.4, 137.5, 131.9, 128.3, 12508.0, 94.0, 12.6;

IR (neat): 2915 (w), 1483 (vs), 1499 (s), 1399(m), 993 (mj;cm

MS (El, 70 ev): 377 (M (*'Br), 100%), 375(M ("Br), 100%), 249 (20%), 167 (45%), 154
(39%), 83 (23%);

HRMS (EI): calcd. for G;H11BrIN (M*, "Br): 374.9120found: 374.9075 (M, "°Br).

Synthesis of [3-bromo-4-(2,5-dimethyl-pyrrol-1-yl)phenyl]-phenyl-methanone (39h)
o)

O
o

Br
Me RHJO52]

It was prepared from 1-(2-bromo-4-iodo-phenyl)-2, 5-dimefiipyrrole 39aa(1.880 g, 5.0
mmol), i-PrMgCI-LiClI (3.8 mL, 1.55 M in THF) and benzoyl chlori5 mmol) according
to TP2. Purification by flash chromatography (eluent: pentane: ether 31proVided the
pure producB9h (1.451 g, 82%) as a yellow oil.

'H NMR (CDCk, 300 MHz): 8.17 (dJ = 1.9 Hz, 1 H), 7.81-7.88 (m, 3 H), 7.61-7.68 (m, 1
H), 7.51-7.56 (m, 2 H), 7.41 (d,= 1.9 Hz, 1 H), 5.96 (s, 2 H), 2.01 (s, 6 H);

13C NMR (CDCl, 75.0 MHz): 194.1, 142.0, 138.8, 136.4, 134.5, 93230.3, 129.8, 129.6,
128.4,128.2, 124.6, 106.1, 12.5;

IR (neat): 2918 (w), 1698 (m), 1661 (s), 1594 (m), 1489 (m), 14011282 (vs) cit;

MS (El, 70 ev): 355 (M (®'Br), 100%), 353 (M ("°Br), 98%), 258 (10%), 168 (25%), 105
(51%);

HRMS (EI): calcd. for GoH16BrNO (M*, “Br): 353.0415found: 353.0403 (M, "°Br).

Synthesis of 6-(1-tert-butyl-vinyl)-3-methyl8H-3a-aza-cyclopentala]indene (39i).

O
Me
N™ N\
Br =
Me RHJ060J

It was prepared from 1-(2-bromo-4-iodo-phenyl)-2, 5-dimefibpyrrole 39aa(1.880 g, 5.0
mmol), i-PrMgCI-LiCl (3.8 mL, 1.55 M in THF) and 2, 2-dimethyl-pfopyl chloride (7.5
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mmol) according ta@ P2. Purification by flash chromatography (eluent: pentane: ether=10: 1)
provided the pure produB8i (1.336 g, 82%) as a white solid, mp.: 125.1-126.2 °C.

'H NMR (CDCl;, 300 MHz): 7.99 (dJ = 1.8 Hz, 1 H), 7.72 (ddl, = 7.9 Hz,J, = 1.8 Hz, 1

H), 7.31 (dJ = 7.9 Hz, 1 H), 5.92 (s, 2 H), 1.95 (s, 6 H), 1.37 (§)9

3¢ NMR (CDCls, 75 MHz): 207.0, 140.7, 139.8, 132.8, 130.1, 1282/.5, 124.5, 106.1,
44.4,27.9, 12.6;

IR (neat): 2963 (W), 1669 (s), 1592 (vs), 1494 (m), 1473 (vs)6 (891179 (s) cify

MS (El, 70 ev): 335 (M (¥'Br), 75%), 333 (M ("*Br), 74%), 276 (24%), 248 (100%), 167
(47%), 154 (35%);

HRMS (El): calcd. for GHo0BrNO (M*,Br): 333.0728found: 333.0715 (M, "°Br).

Synthesis of cyclohexyl-(3-methy8H-3a-aza-cyclopenta[a]inden-6-yl)-methanone (39))
o
Me

N™ N\
Br =
Me RHJ062J

It was prepared from 1-(2-bromo-4-iodo-phenyl)-2, 5-dimefiipyrrole 39aa(1.880 g, 5.0
mmol), i-PrMgCI-LiCl (3.8 mL, 1.55 M in THF) and cyclohexanecarbonokloride (7.5
mmol) according ta@ P2. Purification by flash chromatography (eluent: pentane: ethétH 1
provided the pure produ88j (1.458 g, 81%) as a white solid, mp.: 133.6-134.7 °C.

'H NMR (CDCl, 300 MHz):8.24 (dJ = 1.8 Hz, 1 H), 7.95 (dd; = 7.9 Hz,J, = 1.8 Hz, 1
H), 7.37 (dJ = 7.9 Hz, 1 H), 5.93 (s, 2 H), 3.10-3.30 (m, 1 H), 9% H), 1.20-1.93 (m, 10
H);

3C NMR (CDCl, 75 MHz): 201.6, 142.4, 137.6, 133.2, 130.7, 12827.9, 125.1, 106.2,
45.8, 29.3, 25.8, 25.7, 12.6;

IR (neat): 2932 (m), 1676 (s), 1592 (m), 1492 (m), 1394 (s), AP@M™*;

MS (El, 70 ev): 361 (M (3'Br), 100%), 359 (M ("°Br), 100%), 248 (34%), 167 (20%), 154
(10%);

HRMS (EI): calcd. for GHo-BrNO (M*, "°Br): 359.0885found: 359.0853 (M, "*Br).

Synthesis of 3-bromo-4-(2,5-dimethyl-pyrrol-1-yl)-lenzaldehyde (39k)

OHC
Me
; ﬁ

Br
Me RHJO53I
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It was prepared from 1-(2-bromo-4-iodo-phenyl)-2, 5-dimefiipyrrole 39aa(1.880 g, 5.0
mmol), i-PrMgCI-LiCl (3.8 mL, 1.55 M in THF) and DMF (1.0 mL) accorg to TP2.
Purification by flash chromatography (eluent: pentane: ether 9lfieltled the pure product
39k (1.084 g, 78%) as a yellow oil.

'H NMR (CDCl, 300 MHz):10.03 (s, 1 H), 8.22 (d= 1.9 Hz, 1 H), 7.94 (d}, = 7.9 Hz,J,
=1.7 Hz, 1 H), 7.46 (d] = 7.9 Hz, 1 H), 5.94 (s, 2 H), 1.96 (s, 6 H);

3C NMR (CDCl;, 75.0 MHz): 189.6, 143.8, 137.2, 134.1, 131.3, 12928.1, 125.5, 106.4,
12.5;

IR (neat): 2918 (w), 1697 (vs), 1594 (m), 1492 (s), 1397 (s), ()am’;

MS (El, 70 ev): 279 (M (¢'Br), 100%), 277 (M ("°Br), 98%), 182 ( 10%), 168 (40%), 154
(25%), 128 (8%);

HRMS (EI): calcd. for GsH1-BrNO (M*, “Br): 277.0102found: 277.0082 (M, "°Br).

Synthesis of 1-(2-iodo-4-nitro-phenyl)-2,5-dimethyllH-pyrrole (39I)

OZN\©fI Ve
N™ N\
Me - RHJ058G

It was prepared from 2-iodo-4-nitro-phenylamine (5.280 g, 20.0 lmrp 5-hexanedione
(2.740 g, 24.0 mmol) and TsOH® (38 mg, 1.0 mol %) according Td®°1. Reaction time: 5
h. Purification by flash chromatography (eluent: pentane: etherljIfiovided39l (3.080 g,
45.0%) as a brown solid, mp.: 114.8-115.2 °C.
'H NMR (CDCl, 300 MHz): 8.78 (dJ = 2.5 Hz, 1 H), 8.32 (ddl; = 8.5 Hz,J, = 2.5 Hz, 1
H), 7.43 (dJ=8.5Hz, 1 H), 5.95 (s, 2 H), 1.95 (s, 6 H);
3C NMR (CDCl;, 75 MHz): 148.3, 147.5, 134.5, 130.1, 127.7, 12408.9, 100.6, 12.8;
IR (neat): 2913 (w), 1594 (m), 1574 (w), 1518 (vs), 1476 (s), 1@)lcm’;
MS (El, 70 ev): 342 (100%), 341 (46%), 296 (17%), 168 (29%),(19%);
HRMS (EI): calcd. for GoH11IN2O, (M™): 341.9865found: 341.9877 (M).

Synthesis of 3-bromo-4-(2,5-dimethyl-pyrrol-1-yl)-phenylamine (39m)

HoN
2 Me
A

Br =
Me RHJO30K
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A mixture of 1-(2-bromo-4-nitro-phenyl)-2, 5-dimethyH-pyrrole (1.520 g, 5 mmol),
activated carbon (0.240 g, 20 mmol) and BeLO (144mg, 0. 5 mmol) in MeOH (20 mL)
was heated to reflux under nitrogen for 10 min. Hydrazine monoley@z mL, 20 mmol)
was slowly added and the mixture heated to reflux for 6 h. The csolation was diluted
with DCM (50 mL) and water (10 mL), and then filtered through celite organic layer was
separated, dried over p&0, and the solvent was removed under reduced pressure. The
residue was purified by column chromatography to §®m (1.056 g, 80%) as a white solid,
mp.: 109.5-110.6C.

'H NMR (CDCl;, 300 MHz): 7.02 (dJ = 8.8 Hz, 1 H), 6.98 (d] = 2.6 Hz, 1 H), 6.64 (ddl
=7.9HzJ,=2.6 Hz, 1 H), 5.89 (s, 2 H), 3.84 (bs, 2 H), 1.96(s);

13C NMR (CDCl;, 75 MHz): 147.4, 130.6, 128.9, 128.5, 124.7, 11818,.2, 105.0, 12.6;

IR (neat): 3480 (w), 3429 (w), 3382 (w), 3357 (w), 3342 (w), 28)61617 (m), 1601 (M),
1503 (s), 1404 (m), 1243 (m) ¢in

MS (El, 70 ev): 266 (M(*'Br), 100%), 264 (M("°Br), 100%), 249 (17%), 183 (29%), 169
(39%), 144 (34%), 91 (34%);

HRMS (EI): calcd. for GoH1aBrN, (M*, ™Br): 264.0262found: 264.0271 (M, "Br).

Synthesis of3-bromo-4-(2-ethyl-5-methyl-pyrrol-1-yl)-benzoic add ethyl ester (39n)

N
Br

COEt RHJ153H
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (8,220 mmol), heptane-

2, 5-dione (768 mg, 6.0 mmol) and TsOKCH5 mg, 1.0 mol %) according TdP1. Reaction
time: 4 h. Purification by flash chromatography (eluent: pentaher et 10: 1) provide@9n
(1.341 g, 80.0%) as a colourless oil.

'H NMR (CDCl, 300 MHz): 8.37 (dJ = 1.8 Hz, 1 H), 8.08 (dl; = 8.2 Hz,J, = 1.8 Hz, 1 H),
7.36 (d,J=8.2 Hz, 1 H), 6.00 (s, 2 H), 4.42 Jtz 7.1 Hz, 2 H), 2.13-2.40 (m, 2 H), 1.94 (s, 3
H), 1.42 (tJ=7.1Hz, 3H), 1.09 (] = 7.6 Hz, 3 H);

13C NMR (CDCl, 75 MHz): 164.6, 142.6, 134.8, 134.4, 132.0, 1308).3, 128.2, 124.6,
106.1, 104.4, 61.6, 20.1, 14.2, 13.0, 12.4;

IR (neat): 2971 (m), 1721 (vs), 1598 (m), 1495 (m), 1408 (m), {2&H0cm’;

MS (El, 70 ev): 337 (M (¥'Br), 56%), 335 (M ("*Br), 56%), 322 (100%), 292 (43%), 226

(8%), 198 (11%), 168 (54%);
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HRMS (EI): calcd. for GeH1sBrNO, (M*, “Br): 335.0521found: 335.0511 (M, "°Br).

Synthesis of  1-(2-bromo-4-ethoxycarbonyl-phenyl)-2thyl-5-methyl-1H-pyrrole-3-

carboxylic acid ethyl ester (390)

COzEt RHJ180H
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (0,9%.6 gimol), 3-0x0-2-

(2-oxo-propyl)-pentanoic acid ethyl ester (0.960 g, 4.8 mmol)Ta@H-HO (5 mg, 1.0 mol
%) according toTP1. Reaction time: 2 h. Purification by flash chromatography (eluent:
pentane: ether = 6: 1) provid88o(1.355 g, 83%) as a colourless oil.

'H NMR (CDCl, 600 MHz): 8.38 (dJ = 1.9 Hz, 1 H), 8.10 (dd}; = 8.1 Hz, J,= 1.9 Hz, 1
H), 7.34 (dJ=8.1 Hz, 1 H), 6.39 (s, 1 H), 4.41 @F 7.2 Hz, 2 H), 4.25 (g1 = 7.2 Hz, 2 H),
2.72-2.78 (m, 1 H), 2.44-2.50 (m, 1 H), 1.87 (s, 3 H)01t4) = 7.2 Hz, 3 H), 1.32 (] = 7.2
Hz, 3 H), 0.96 (t)J=7.6 Hz, 3 H);

3C NMR (CDCh, 150 MHz): 165.1, 164.4, 141.6, 141.1, 134.6, 13230.5, 129.4, 128.1,
124.2,111.6, 108.2, 61.8, 59.3, 19.4, 14.4, 141242, 12.1;

IR (neat): 2978 (w), 1723 (s), 1698 (vs), 1532 (m), 1494 (m), {&)Tm®;

MS (El, 70 ev): 409 (M (*!Br), 73%), 407 (M ("°Br), 72%), 394 ( 60%), 392 (58%), 380
(100%), 378 (100%), 212 (36%), 167 (33%);

HRMS (EI): calcd. for GeHxBrNO, (M*, “Br): 407.0732found: 407.0721 (M, "*Br).

Synthesis of 1-(2-bromo-4-cyano-phenyl)-2-ethyl-5-athyl-1H-pyrrole-3-carboxylic acid
ethyl ester (39p)

CN RHJ182H
It was prepared from 4-amino-3-bromo-benzonitrile (0.788 g, fblp 3-oxo-2-(2-0xo-

propyl)-pentanoic acid ethyl ester (0.960 g, 4.8 mmol) and THE&H{5 mg, 1.0 mol %)
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according toTP1. Reaction time: 2 h. Purification by flash chromatography (elysrttane:
ether = 3: 1) provide@9p (1.155 g, 80%) as a colourless oil.

'H NMR (CDCl, 600 MHz): 8.03 (dJ = 1.9 Hz, 1 H), 7.75 (ddly = 8.1 Hz, J,= 1.9 Hz, 1
H), 7.40 (dJ = 8.1 Hz, 1 H), 6.39 (s, 1 H), 4.24 (&)= 7.2 Hz, 2 H), 2.70-2.77 (m, 1 H), 2.41-
2.48 (m, 1 H), 1.87 (s, 3 H), 1.31Jt= 7.2 Hz, 3 H), 0.95 (1] = 7.2 Hz, 3 H);

13%C NMR (CDCk, 150 MHz): 164.9, 141.7, 141.4, 136.9, 131.9, 13127.9, 125.2, 116.3,
114.7,112.0, 108.6, 59.4, 19.3, 14.4, 14.2, 12.1;

IR (neat): 2977 (w), 2235 (m), 1694 (vs), 1532 (m), 1490 (m)21¢9) cm®;

MS (EI, 70 ev): 362 (M (3'Br), 62%), 360 (M ("°Br), 61%), 347 ( 40%), 345 (41%), 333
(99%), 331 (100%), 207 (36%), 193 (71%);

HRMS (El): calcd. for G/H17BrN,O, (M*, "Br): 360.0473found: 360.0470 (M, °Br).

Synthesis of 3-bromo-4-(2-methyl-4,5,6,7-tetrahydrindol-1-yl)-benzoic acid ethyl ester

(399)
a®,
Me

N
Br

COEt  RHJOO4I
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (0.94@® gnmol), 2-(2-

oxo-propyl)-cyclohexanone (0.739 g, 4.8 mmol) and TsQB-H15 mg, 2.0 mol %)
according toTP1. Reaction time: 2 h. Purification by flash chromatography (elyitane:
ether = 10: 1) provide89q (1.042 g, 72%) as a colourless oil.

'H NMR (CDCl, 600 MHz): 8.35 (dJ = 1.9 Hz, 1 H), 8.06 (dd}; = 8.1 Hz, J,= 1.9 Hz, 1
H), 7.34 (dJ = 8.1 Hz, 1 H), 5.83 (s, 1 H), 4.41 (= 7.2 Hz, 2 H), 2.44-2.58 (m, 2 H), 2.08-
2.23 (m, 2 H), 1.96 (s, 3 H), 1.66-1.79 (m, 4 H), 1.41 &,7.2 Hz, 3 H);

13C NMR (CDCk, 150 MHz):164.6, 142.5, 134.3, 131.8, 130.5, 12927.8, 127.5, 124.3,
117.2, 106.0, 61.6, 23.7, 23.3, 22.9, 22.3, 1£31;1

IR (neat): 2925 (m), 1721 (vs), 1598 (m), 1495 (m), 1244 (v&) cm

MS (EI, 70 ev): 363 (M (*'Br), 97%), 361 (M ("°Br), 100%), 335 ( 60%), 333 (62%), 254
(12%), 208 (11%), 181 (41%);

HRMS (EI): calcd. for GgHaBrNO, (M*, “Br): 361.0677found: 361.0675 (M, "°Br).

Synthesis of 3-bromo-4-(2-methyl-5,6-dihydratH-cyclopenta[b]pyrrol-1-yl)-benzoic
acid ethyl ester (39r)
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gl
Me

N
Br

COEt  RHJO14I
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (0.94@® gnmol), 2-(2-

oxo-propyl)-cyclopentanone (0.672 g, 4.8 mmol), and TsQE-K15 mg, 2.0 mol %)
according toTP1. Reaction time: 2 h. Purification by flash chromatography (elysrttane:
ether = 10: 1) provided89r (0.970 g, 70%) as a colourless oil.

'H NMR (CDCk, 300 MHz):8.36 (dJ = 1.9 Hz, 1 H), 8.05 (ddl, = 8.1 Hz, J,= 1.9 Hz, 1
H), 7.34 (dJ = 8.1 Hz, 1 H), 5.86 (s, 1 H), 4.41 (b= 7.2 Hz, 2 H), 2.30-2.71 (m, 6 H), 2.01
(s, 3H),1.41 (t)=7.2 Hz, 3 H);

3C NMR (CDCl, 75.0 MHz):164.6, 143.0, 137.7, 134.4, 132.1, 13129.7, 129.1, 125.8,
123.1, 102.9, 61.5, 28.5, 25.7, 25.1, 14.2, 12.8;

IR (neat): 2854 (w), 1718 (vs), 1597 (m), 1498 (m), 1227 (v&),cm

MS (El, 70 ev): 349 (M (¢'Br), 100%), 347 (M ("°Br), 98%), 321 ( 10%), 319 (10%), 268
(25%), 240 (23%), 194 (16%);

HRMS (EI): calcd. for G/H1gBrNO, (M, "®Br): 347.0521found: 347.0522 (M, "°Br).

Synthesis of 3-bromo-4-(2-methyl-5-phenethyl-pyrroll-yl)-benzoic acid ethyl ester (39s)

/\

N Me
AN \Br
= _

éOzEt RHJ041I
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (0.9260gmmol) 7-
phenyl-heptane-2,5-dione (0.979 g, 4.8 mmol) and Ts@®BI-{5 mg, 2.0 mol %) according
to TP1. Reaction time: 2 h. Purification by flash chromatography (elyemttane: ether =10:
1) provided39s(1.236 g, 75%) as a colourless oll.
'H NMR (CDCk, 300 MHz): 8.38 (dJ) = 1.9 Hz, 1 H), 8.06 (dd}; = 8.1 Hz,J, = 1.9 Hz, 1
H), 7.11-7.30 (m, 4 H), 7.00-7.08 (m, 2 H), 5.98-6.05 (n4)24.43 (q,d = 7.2 Hz, 2 H),
2.77-2.88 (m, 2 H), 2.41-2.65 (m, 2 H), 1.96 (s, 3 H)21tAJ = 7.2 Hz, 3 H);
3C NMR (CDCl, 75 MHz): 164.5, 142.4, 141.5, 134.4, 132.5, 13230.7, 129.3, 128.4,
128.3,125.9, 124.6, 106.3, 105.5, 61.7, 35.4,,281(B, 12.4;
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IR (neat): 2898 (w), 1698 (vs), 1619 (s), 1284 (vs)'rm

MS (El, 70 ev): 413 (M (*'Br), 10%), 411 (M ("*Br), 10%), 322 (100%), 320 (100%), 292
(8%), 168 (11%);

HRMS (EI): calcd. for G:HxBrNO, (M*, “Br): 411.0834found: 411.0848 (M, "°Br).

Synthesis of 1-(2-bromo-4-ethoxycarbonyl-phenyl)-3;dimethyl-1H-pyrrole-3-
carboxylic acid ethyl ester (39t)
0

—
O
.
Me Me

N
Br

CO,Et RHJ164H
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (§,220 mmol), 2-acetyl-

4-oxo-pentanoic acid ethyl ester (1.120 g, 6.0 mmol) and Ts&IH(H5 mg, 2.0 mol %)
according toTP1. Reaction time: 2 h. Purification by flash chromatography (elysrttane:
ether =3: 1) provide@9t (1.596 g, 81%) as a colourless ail.

'H NMR (CDCl, 300 MHz):8.37 (dJ = 1.9 Hz, 1 H), 8.09 (ddl;, = 8.1 Hz,J, = 1.9 Hz, 1
H), 7.30 (dJ = 8.1 Hz, 1 H), 6.38 (s, 1 H), 4.39 ()= 7.2 Hz, 2 H), 4.24 (g} = 7.2 Hz, 2 H),
2.19 (s, 3 H), 1.88 (s, 3 H), 1.39Jt= 7.2 Hz, 3 H), 1.31 (] = 7.2 Hz, 3 H);

3C NMR (CDCk, 75 MHz):165.4, 164.3, 141.1, 135.6, 134.6, 13230.3, 129.5, 128.0,
124.0,112.2, 107.9, 61.8, 59.3, 14.5, 14.2, 1P1X;

IR (KBr): 2979 (m), 1722 (s), 1697 (vs), 1538 (m), 1495 (m), 1410 1254 (vs) cnf;

MS (El, 70 ev): 395 (M (3'Br), 92%), 393 (M ("Br), 92%), 366 ( 100%), 364 (100%), 350
(31%), 348 (31%), 240 (29%), 168 (25%);

HRMS (EI): calcd. for GgHa0BrNO4 (M, "Br): 393.0576found: 393.0552 (M, "°Br).

Synthesis of 1-(2-bromo-phenyl)-2-methyltH-pyrrole (39u)

@Me

N

of
RHJ023G
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It was prepared from 2-bromoaniline (3.44 g, 20.0 mmol), 4-@manal’® (2.400 g, 24.0
mmol) and TsOH-kD (38 mg, 1.0 mol %) according Td°1. Reaction time: 2 h. Purification
by flash chromatography (eluent: pentane) provigea(4.012 g, 85%) as a colourless oll.
'H NMR (CDCk, 300 MHz):7.69 (ddJ:= 7.9 Hz,J, = 1.8 Hz, 1 H), 7.20-7.44 (m, 3 H),
6.60-6.64 (m, 1 H), 6.22 (,= 3.5 Hz, 1 H), 6.00-6.07 (m, 1 H), 2.04 (s, 3 H);

13C NMR (CDCk, 75 MHz):139.6, 133.3, 129.8, 129.6, 128.0, 12321.1, 108.0, 106.9,
12.1;

IR (neat): 2914 (w), 1653 (w), 1540 (w), 1489 (s), 1437 (m)PXBY cm’;

MS (El, 70 ev): 237 (M (¥'Br), 95%), 235 (M ("*Br), 100%), 154 (65%), 128 (10%), 115
(29%), 77(41%);

HRMS (El): calcd. for GiH1oBrN (M™, "Br): 234.9997found: 235.0001 (M, "*Br).

Synthesis of 3-bromo-4-(2,5-diethyl-pyrrol-1-yl)-bezoic acid ethyl ester (39v)

Me\/@\/Me

N
Br

COEt  RHJ137H
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (1,220 ghmol), octane-
3, 6-dione (0.852 g, 6.0 mmol) and TsOKH(19 mg, 2.0 mol %) according fB6P1.
Reaction time: 3 h. Purification by flash chromatography (eluesntgme: ether = 15: 1)
provided39v (1.575 g, 90%) as a colourless ail.
'H NMR (CDCk, 300 MHz): 8.37 (dJ) = 1.8 Hz, 1 H), 8.08 (dd}; = 8.2 Hz,J, = 1.8 Hz, 1
H), 7.37 (dJ = 8.2 Hz, 1 H), 5.98 (s, 2 H), 4.41 (= 7.2 Hz, 2 H), 2.12-2.32 (m, 4 H), 1.41
(t,J=7.2 Hz, 3 H), 1.09 (] = 7.2 Hz, 6 H);
3C NMR (CDCls, 75 MHz): 164.5, 142.6, 134.7, 134.4, 132.0, 1302R.2, 124.7, 104.4,
61.6, 19.9, 14.2, 13.0;
IR (neat): 2968 (m), 1721 (vs), 1598 (m), 1495 (m), 1416 (m), (2d0cm’;
MS (El, 70 ev): 351 (M (¥'Br), 30%), 349 (M ("*Br), 30%), 334 (100%), 306 (16%), 167
(12%);
HRMS (EI): calcd. for G/Ha0BrNO, (M, "Br): 349.0677found: 349.0656 (M, "°Br).

18T K. Hutton, K. W. Muir, D. J. Procte©rg. Lett 2003 5, 4811.
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Synthesis of 3-bromo-5-methyl-4-(2-methyl-pyrrol-1yl)-benzoic acid ethyl ester (39w)

@Me

Me Br

COEt  RHJ050J
It was prepared from 4-amino-3-bromo-5-methyl-benzoic acid ethyl @&8rmg, 3.5 mmol),
4-oxo-pentanal (525 mg, 5.25 mmol), and TsO#H8 mg, 1.0 mol %) according T©P1.
Reaction time: 3 h. Purification by flash chromatography (eluesntgme: ether = 10: 1)
provided39w (789 mg, 70%) as white solid, mp.: 56.9-57C7
'H NMR (CDCL, 300 MHz): 8.17 (s, 1 H), 7.92 (s, 1 H), 6.47 (s, 1 H366(s, 1 H), 6.06 (s,
1 H), 4.40 (9J =7.0 Hz, 2 H), 2.06 (s, 3 H), 1.94 (s, 3 H), 1.41&,7.0 Hz, 3 H);
3C NMR (CDCk, 75 MHz): 164.8, 142.4, 139.6, 131.58, 131.55, 63028.6, 124.2, 119.2,
108.9, 107.3, 61.6, 18.0, 14.3, 11.8;
IR (neat): 2903 (w), 1718 (vs), 1653 (m), 1559 (m), 1280 (s);cm
MS (El, 70 ev): 323 (M (3'Br), 100%), 321 (M ("°Br), 100%), 308 (86%), 306 (76%), 199
(39%), 168 (75%), 154 (97%);
HRMS (EI): calcd. for GsH1eBrNO, (M, "Br): 321.0364found: 321.0346 (M, "°Br).

Synthesis of 3-bromo-4-(2,5-dimethyl-pyrrol-1-yl)-5methyl-benzoic acid ethyl ester

(39%)
L
Me Me

N
Me Br

COEt RHJO10I
It was prepared from 4-amino-3-bromo-5-methyl-benzoic acid ethyl este32(igp 4.0
mmol), 2, 5-hexanedione (0.547 g, 6.0 mmol) and TsQ8-(8 mg, 1.0 mol %) according to
TP1. Reaction time: 2 h. Purification by flash chromatography (elyemitane: ether = 10: 1)
provided39x(1.280 g, 95%) as a brown solid, mp.: 80.0-80.8 °C.
'H NMR (CDCL, 300 MHz): 8.20 (dJ = 1.7 Hz, 1 H), 7.94 (s, 1 H), 5.95 (s, 2 H), 4.40)(q,
=7.2Hz, 2 H),2.02(s,3H),1.88(s,6H),1.40&,7.2 Hz, 3 H);
3C NMR (CDCk, 75 MHz): 164.9, 141.4, 140.0, 131.7, 130.6, 12625.0, 106.3, 61,6,
18.1, 14.3,12.2;
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IR (neat): 2918 (w), 1716 (vs), 1473 (m), 1392 (s), 1284 (v&) cm

MS (El, 70 ev): 337 (M (¥'Br), 100%), 335 (M ("°Br), 100%), 320 (16%), 306 (36%), 212
(19%), 168 (45%):

HRMS (EI): calcd. for GeH1sBrNO, (M*, “Br): 335.0521found: 335.0513 (M, "°Br).

Synthesis of 1-(2-bromo-4-ethoxycarbonyl-phenyl)-%ert-butyl-2-methyl- 1H-pyrrole-3-
carboxylic acid ethyl ester (39y)

Q  —
o
.

t-Bu \\N// Me
Br

COEt RHJ172H
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (§,220 mmol), 2-acetyl-
5, 5-dimethyl-4-oxo-hexanoic acid ethyl ester (1.370 g, 6.0 mamad TsOH-HO (19 mg,
2.0 mol %) according t@P1. Reaction time: 2 h. Purification by flash chromatography
(eluent: pentane: ether = 8: 1) providg@ly (1.918 g, 88%) as a white solid, mp.: 105.0-106.5
°C.
'H NMR (CDCk, 600 MHz): 8.34 (dJ = 1.9 Hz, 1 H), 8.08 (ddl; = 8.1 Hz,J,= 1.9 Hz, 1
H), 7.45 ((d,J = 8.1 Hz, 1 H), 6.46 (s, 1 H), 4.40 &= 7.2 Hz, 2 H), 4.25 (q) = 7.2 Hz, 2
H), 2.08 (s, 3 H), 1.40 (8= 7.2 Hz, 3 H), 1.32 () = 7.2 Hz, 3 H), 1.09 (s, 9 H);
3¢ NMR (CDCls, 150 MHz): 165.5, 164.3, 143.2, 141.6, 137.3, 1343.6, 131.7, 128.9,
125.8,111.5, 106.9, 61.8, 59.4, 32.5, 30.7, 13, 11.6;
IR (neat): 2979 (w), 1720 (s), 1699 (vs), 1574 (m), 1240 (v8) cm
MS (El, 70 ev): 437 (M (¥'Br), 14%), 435 (M ("*Br), 14%), 422 (100%), 392 (14%), 225
(4%);
HRMS (EI): calcd. for GiH.6BrNO4 (M, "Br): 435.1045found: 435.1029 (M, "°Br).

Synthesis of 1-(2-bromo-phenyl)-2-methyl-5-phenylH-pyrrole (44a).

Me /N\

Br\©
RHJO11K
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It was prepared from 2-bromo-phenylamine (344 mg, 2.0 mmol), lyppentane-1, 4-dione
(394 mg, 2.2 mmol) and TsOH,@ (8 mg, 2.0 mol %) according TP1. Reaction time: 2 h.
Purification by flash chromatography (eluent: pentane) providiéa (445 mg, 71%) as a
white solid, mp.: 96.9-98.5 °C.

'H NMR (CDCk, 300 MHz): 7.67 (dJ = 7.9 Hz, 1 H), 7.23-7.38 (m, 3 H), 7.07-7.20 (m, 5
H), 6.41 (dJ = 3.5 Hz, 1 H), 6.15 (d] = 3.5 Hz, 1 H), 2.08 (s, 3 H);

3C NMR (CDCL, 75 MHz): 139.0, 134.3, 133.31, 133.28, 131.6, 13129.6, 128.1, 128.0,
127.4,125.9, 124.4, 108.4, 107.4, 12.7;

IR (neat): 2913 (w), 1646 (w), 1602 (w), 1516 (m), 1482 (s), 18951022 (m) cnt;

MS (El, 70 ev): 313 (M (*'Br), 100%), 311 (M ("°Br), 100%), 230 (82%), 217 (85%), 154
(12%), 115 (29%):

HRMS (EI): calcd. for G/H1BrN (M*, "Br): 311.0310found: 311.0319 (M, "Br).

Synthesis of 3-bromo-4-(2-methyl-5-phenyl-pyrrol-1yl)-benzoic acid ethyl este(44b)
%
Me N
Br

COEt RHJ190G
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (1.220 gnfol), 1-
phenyl-pentane-1, 4-dione (0.968 g, 5.5 mmol) and Ts@®i{#0 mg, 1.0 mol %) according
to TP1. Reaction time: 4 h. Purification by flash chromatography (elyamnitane: ether = 20:
1) provided44b (1.709 g, 89%) as a brown solid, mp.: 92.3-93.6 °C.
'H NMR (CDCl, 300 MHz): 8.32 (dJ = 1.8 Hz, 1 H), 7.98 (ddl; = 8.2 Hz,J, = 1.8 Hz, 1
H), 7.29 (dJ = 8.2 Hz, 1 H), 7.05-7.17 (m, 5 H), 6.38 (& 3.4 Hz, 1 H), 6.13 (dd; = 3.4
Hz,J,=0.8Hz,1H),4.39 (l=7.1Hz, 2 H), 2.05 (d] = 0.8 Hz, 3 H), 1.40 (1] = 7.1 Hz,
3 H);
3C NMR (CDCl, 75 MHz): 164.6, 143.1, 134.5, 134.4, 133.0, 131®.4, 131.0, 129.2,
128.1, 127.5, 126.1, 124.4, 108.9, 108.0, 61.&,12.7;
IR (neat): 2903 (W), 1716 (vs), 1598 (m), 1496 (m), 1395 (s)) 12<) cm’;
MS (El, 70 ev):385 (M (*'Br), 100%), 383 (M ("Br), 100%), 276 (40%), 261 (36%), 230
(63%), 115 (21%);
HRMS (EI): calcd. for GoH1sBrNO, (M*, “Br): 383.0521found: 383.0499 (M, "°Br).
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Synthesis of 1-(2-bromo-4-trifluoromethyl-phenyl)-2methyl-5-phenyl-1H-pyrrole (44c).
o -
N Me
Br

CFs  RHJ024K
It was prepared from 2-bromo-4-trifluoromethyl-phenylamine (720 mgm3a@l), 1-phenyl-
pentane-1, 4-dione (630 mg, 3.6 mmol) and TsQB-k6 mg, 1.0 mol %) according idP1.
Reaction time: 4 h. Purification by flash chromatography (eluesntgme: ether = 10: 1)
provided44c (920 mg, 81%) as a white solid, mp.: 90.6-91.9 °C.
'H NMR (CDCk, 300 MHz): 7.93 (s, 1 H), 7.58 (dd, = 7.9 Hz,J, = 1.8 Hz, 1 H), 7.36 (d]
= 7.9 Hz, 1 H), 7.03-7.20 (m, 5 H), 6.39 (U5 3.5 Hz, 1 H), 6.15 (d] = 3.5 Hz, 1 H), 2.06
(s, 3H);
3C NMR (CDCh, 75.0 MHz): 142.5, 134.5, 132.9, 131.7 Ja;.r = 33.2 Hz), 131.5, 131.4,
130.5 (9, c-F = 3.3 Hz), 128.2, 127.5, 126.3, 125.1 Jg;.r = 3.3 Hz), 124.9, 122.8, 109.1,
108.2, 12.7;
IR (neat): 2914 (w), 1605 (w), 1519 (w), 1500 (m), 1389 (m), 13251316 (s), 1128 (vs)
cm™;
MS (El, 70 ev): 381 (M (3'Br), 100%), 379 (M ("°Br), 100%), 298 (54%), 285 (63%), 230
(10%), 115 (10%);
HRMS (EI): calcd. for GgH13BrFsN (M™, Br): 379.0183found: 379.0193 (M, "°Br).

Synthesis of 1-[3-bromo-4-(2-methyl-5-phenyl-pyrroll-yl)-phenyl]-ethanone (44d)
/ \
N Me
Br

Me” O RHJ071J
It was prepared from 1-(4-amino-3-bromo-phenyl)-ethanone (1.070 gniadl), 1-phenyl-
pentane-1, 4-dione (1.056g, 6.0 mmol) and TsQB:-H9 mg, 2.0 mol %) according T¢°1.
Reaction time: 3 h. Purification by flash chromatography (eluenttapen ether = 5: 1)
provided44d (1.327 g, 75%) as a yellow oil.
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'H NMR (CDCl, 300 MHz): 8.22 (dJ = 1.8 Hz, 1 H), 7.88 (ddl; = 7.9 Hz,J, = 1.8 Hz, 1
H), 7.32 (d,J = 7.9 Hz, 1 H), 7.05-7.20 (m, 5 H), 6.38 (b= 3.5 Hz, 1 H), 6.14 (d] = 3.5
Hz, 1 H), 2.60 (s, 3 H), 2.05 (s, 3 H);

3C NMR (CDCl, 75.0 MHz): 195.7, 143.2, 137.8, 134.4, 133.3, 93231.4, 131.2, 128.1,
127.8, 127.4, 126.1, 124.9, 109.0, 108.0, 26.6;12.

IR (neat): 2917 (w), 1687 (vs), 1593 (m), 1490 (m), 1388 (s)] 1&Bcm";

MS (El, 70 ev): 355 (M (*'Br), 100%), 353 (M ("°Br), 100%), 274(34%), 259 (43%), 230
(95%), 115 (30%);

HRMS (ESI): calcd. for GoHi/BINO (M*+H, "Br): 354.0494 found: 354.0483 (M+H,
Br).

Synthesis of 1-(2-bromo-phenyl)-2-methyl-5-phenylH-pyrrole-3-carboxylic acid ethyl
ester (44e).

Br\©
RHJO15K

It was prepared from 2-bromo-phenylamine (0.860 g, 5.0 mml), 3-g®eeX0-2-phenyl-
ethyl)-butyric acid ethyl ester (1.490 g, 6.0 mmol) and TsQ8:-K10 mg, 1.0 mol %)
according toTP1. Reaction time: 3 h. Purification by flash chromatography (elysitane:
ether = 10: 1) provided4e(1.721 g, 89%) as a colourless oil.

'H NMR (CDCk, 300 MHZz):7.68 (dJ = 7.9 Hz, 1 H), 7.07-7.40 (m, 8 H), 6.84 (s, 1 H), 4.34
(9,J=7.1Hz,2H), 2.35 (s, 3H), 1.40Jtz 7.1 Hz, 3 H);

3%C NMR (CDCl, 75.0 MHz):165.4, 138.0, 137.7, 133.8, 133.5, 1323D.8, 130.3, 128.3,
128.0, 127.9, 126.7, 124.0, 113.0, 109.8, 59.%,1.0;

IR (neat): 2978 (w), 1717 (vs), 1700 (m), 1559 (m), 1493 (s)) 12§ cm’;

MS (El, 70 ev): 385 (M (*'Br), 51%), 383 (M ("°Br), 51%), 354 (49%), 274 (9%), 230
(100%), 216 (11%), 128 (11%);

HRMS (EI): calcd. for GoH1gBrNO, (M, "®Br): 383.0521found: 383.0485 (M, "°Br).

Synthesis of 1-(2-bromo-4-trifluoromethyl-phenyl)-2methyl-5-phenyl-1H-pyrrole-3-
carboxylic acid ethyl ester (44f)
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EtO,C

/A

Br

CFs RHJ021K
It was prepared from 2-bromo-4-trifluoromethyl-phenylamine (1.208.@ mmol), 3-oxo-2-
(2-ox0-2-phenyl-ethyl)-butyric acid ethyl ester (1.490 g, 6.0 mrant) TsOH-HO (10 mg,
1.0 mol %) according tdP1. Reaction time: 3 h. Purification by flash chromatography
(eluent: pentane: ether = 8: 1) providédif (1.853 g, 82%) as a white solid, mp.: 81.3-82.7
°C.
'H NMR (CDClk, 300 MHz):7.92 (dJ = 1.8 Hz, 1 H), 7.59 (ddl, = 7.9 Hz,J, = 1.8 Hz, 1
H), 7.32 (dJ =8.8 Hz, 1 H), 7.11-7.20 (m, 3 H), 7.01-7.10 (m, 2 H31§s, 1 H), .4.32 (d]
=7.1Hz, 2 H), 2.32 (s, 3 H), 1.37 Jt= 7.1 Hz, 3 H);
3C NMR (CDCh, 75.0 MHz): 165.3, 141.1, 137.7, 133.9, 132J4.+= 33.2 Hz), 131.7,
131.4, 130.7Jcr= 3.3 Hz), 128.3, 128.0, 127.1, 1253 .£= 3.3 Hz), 124.7, 122.6){F=
273.1 Hz), 113.7, 110.4, 59.7, 14.5, 12.1;
IR (neat): 2986 (w), 1694 (vs), 1606 (m), 1379 (m), 1318 (Q318), 1318 (s), 1072 (vs)
cm™;
MS (El, 70 ev): 453 (M (®'Br), 36%), 451 (M ("°Br), 36%), 424 (40%), 342 (13%), 298
(100%), 228 (35%), 128 (37%);
HRMS (EI): calcd. for GiH17BrFsNO, (M*, "°Br): 451.0395found: 451.0357 (M, "°Br).

Synthesis of 1-(2-bromo-4-ethoxycarbonyl-phenyl)-Paethyl-5-phenyl-1H-pyrrole-3-
carboxylic acid ethyl ester (449)
EtO,C

3

{
Me N

Br

COzEt RHJ0O17K
It was prepared from 4-amino-3-bromo-benzoic acid ethyl ester (452.&mmnol), 3-oxo-2-
(2-ox0-2-phenyl-ethyl)-butyric acid ethyl ester (546 mg, 2.2 mmaotl TSOH-HO (7 mg, 2.0
mol %) according ta'P1. Reaction time: 3 h. Purification by flash chromatography (eluent:

pentane: ether = 2: 1) providddg (591 mg, 72%) as a yellow oil.
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'H NMR (CDCl;, 300 MHz):8.36 (s, 1 H), 8.03 (d&, = 7.9 Hz,J, = 1.8 Hz, 1 H), 7.31 (d]
= 7.9 Hz, 1 H), 7.00-7.25 (m, 5 H), 6.85 (s, 1 H), 442 = 7.1 Hz, 2 H), 4.35 (g1 = 7.1
Hz, 2 H), 2.36 (s, 3 H), 1.36-1.46 (m, 6 H);

3C NMR (CDCl, 75.0 MHz): 165.2, 164.2, 141.5, 137.6, 134.5, 83832.3, 131.8, 130.8,
129.2,128.1, 127.9, 126.9, 124.1, 113.4, 110.I7,6D0.5, 14.4, 14.2, 12.0;

IR (neat): 2933 (w), 1721 (s), 1700 (s), 1492 (m), 1449 (m), 13881@&714 (s), 1230 (vs)
cm;
MS (El, 70 ev): 457 (M (3'Br), 100%), 455 (M ("°Br), 100%), 428 (84%), 302 (43%), 274
(97%), 228 (95%), 128 (33%);

HRMS (EI): calcd. for GsHa-BrNO4 (M*, “Br): 455.0732found: 455.0741 (M, "°Br).

Synthesis of 1-(4-acetyl-2-bromo-phenyl)-2-methyl-Bhenyl-1H-pyrrole-3-carboxylic
acid ethyl ester (44h)
EtO,C

3

{
Me N

Br

Me™ "O RHJO70J
It was prepared from 1-(4-amino-3-bromo-phenyl)-ethanone (642 mgj)r8dl), 3-oxo-2-(2-
o0xo0-2-phenyl-ethyl)-butyric acid ethyl ester (893 mg, 3.6 mmol) Bs@H-HO (11 mg, 2.0
mol %) according ta'P1. Reaction time: 3 h. Purification by flash chromatography (eluent
pentane: ether = 2: 1) providddh (891 mg, 69%) as a yellow solid, mp.: 163.5-16€7
'H NMR (CDCl, 300 MHz):8.21 (dJ = 1.8 Hz, 1 H), 7.87 (ddl, = 7.9 Hz,J, = 1.8 Hz, 1
H), 7.28 (d,J = 7.9 Hz, 1 H), 7.03-7.20 (m, 5 H), 6.80(s, 1 H), 4.30)(g 7.1 Hz, 2 H), 2.59
(s, 3H),2.31 (s, 3H), 1.36 (m, 3 H);
3C NMR (CDCl;, 75.0 MHz): 195.5, 165.3, 141.8, 138.4, 137.7, 83833.4, 131.8, 131.2,
128.2, 127.99, 127.96, 127.0, 124.7, 113.6, 1B®3, 26.6, 14.5, 12.1;
IR (neat): 2982 (w), 1682 (vs), 1558 (m), 1411 (m), 1250 (v&);,cm
MS (El, 70 ev): 427 (M (3'Br), 100%), 425 (M ("°Br), 100%), 396 (84%), 382 (33%), 272
(60%), 230 (75%);
HRMS (EI): calcd. for GoHaoBrNO3 (M, "®Br): 425.0627found: 425.0598 (M, "°Br).

Synthesis of 1-[3-bromo-4-(2-methyl-5-phenyl-pyrroll-yl)-phenyl]-ethanol (44i)
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N Me
Br

Me™ "OH RHJ042K
The NaBH (98 mg, 2.6 mmol) was added to the solution of 1-[3-bron(@-#hethyl-5-
phenyl-pyrrol-1-yl)-phenyl]-ethanoné4d (789 mg, 2.2 mmol) in C¥DH (25 mL) at 0°C.
After the mixture was stirred for 2 h at this temperature, water (1) 0wak added and the
CH3OH was removedh vacuo Purification by flash chromatography (eluent: pentane: ether
=3: 1) provided44i (705 mg, 90%) as a yellow solid, mp.: 93.7-9%8
'H NMR (CDCl, 300 MHz):7.72 (ddJ; = 11.5 Hz,J, = 1.8 Hz, 1 H), 7.21-7.40 (m, 2 H),
7.07-7.21 (m, 5 H), 6.43 (d,= 3.5 Hz, 1 H), 6.17 (d] = 3.5 Hz, 1 H), 4.92 (g1 = 7.1 Hz, 1
H), 2.16 (bs, 1 H), 2.10 (s, 3 H), 1.54 {ds 7.1 Hz, 3 H);
3C NMR (CDChk, 75 MHz): 147.7, 137.8, 134.3, 133.3, 131.7, (130.30.8), (130.15,
130.10), 128.0, 127.4, 125.9, (125.1, 125.0), (12424,3), 108.4, 107.4, 69.1, 25.2, 12.7;
All the carbons of (130.9, 130.8), (130.15, 130.10), (12525.0), (124.4, 124.3) bearing
double pearks indicate that two diastereoisomers were involved.
IR (neat): 3266 (m), 2919 (w), 1600 (w), 1515 (m), 1494 (m), 1393:(nt;
MS (El, 70 ev): 357 (M (¥'Br), 100%), 355 (M ("°Br), 100%), 276 (24%), 260 (23%), 232
(60%), 217 (65%), 115 (22%);
HRMS (EI): calcd. for GH1gBrNO (M*, "*Br): 355.0572found: 355.0572 (M, "*Br).

Synthesis of 1-(2,4-dibromo-phenyl)-2-methyl-5-pheyt-1H-pyrrole-3-carboxylic acid
ethyl ester (44))
CO,Et

/A

N Me
Br

Br RHJO019K
It was prepared from 2, 4-dibromo-phenylamine (1.250 g, 5.0 mmBeabxo-2-(2-0x0-2-
phenyl-ethyl)-butyric acid ethyl ester (1.490 g, 6.0 mmol) &@H-HO (10 mg, 1.0 mol %)
according toTP1. Reaction time: 3 h. Purification by flash chromatography (elysnitane:
ether = 4: 1) provided4j (1.921 g, 83%) as a white solid, mp.: 103.5-105.2 °C.
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'H NMR (CDCl, 300 MHz): 7.80 (dJ = 2.6 Hz, 1 H), 7.45 (ddl; = 8.8 Hz,J, = 1.8 Hz, 1
H), 7.13-7.20 (m, 3 H), 7.02-7.11 (m, 3 H), 6.79 (s, 14831 (q,J = 7.1 Hz, 2 H), 2.31 (s, 3
H), 1.36 (t,J = 7.1 Hz, 3 H);

3C NMR (CDCk, 75 MHz): 165.3, 137.8, 136.9, 135.9, 133.8, 131188.80, 131.5, 128.2,
128.0, 127.0, 124.9, 123.2, 113.3, 110.1, 59.6,1®.0;

IR (neat): 2974 (w), 1694 (s), 1474 (s), 1420 (s), 1217 (s), M&j2m’;

MS (El, 70 ev): 465 (M (¢'Br®Br), 45%), 463 (M ("°Br®'Br), 90%), 461 (M ("°Br"*Br),
45%), 434 (85%), 418 (33%), 310 (65%), 274 (33%), 228 (10028)(34%);

HRMS (El): calcd. for GoH1/Bro,NO, (M*, “Br’°Br): 460.9626;found: 460.9620 (M,
Br"*Br).

Synthesis of 5-(4-bromo-phenyl)-1-(2-bromo-phenyl2-methyl-1H-pyrrole-3-carboxylic
acid ethyl ester (44k)
CO,Et
/ \

N Me

Br— ©/Br
RHJ031K

It was prepared from 2-bromo-phenylamine (0.860 g, 5.0 mmol),0322e(2-0x0-2-phenyl-
ethyl)-butyric acid ethyl ester (1.490 g, 6.0 mmol) and TsQB-K10 mg, 1.0 mol %)
according toTP1. Reaction time: 3 h. Purification by flash chromatography (elysrttane:
ether = 5: 1) provided4k (1.995 g, 86%) as a white solid, mp.: 95.8-96.7 °C.

'H NMR (CDClL, 300 MHz): 7.66 (dJ = 7.9 Hz, 1 H), 7.17-7.39 (m, 5 H), 6.95 (d> 8.8
Hz, 2 H), 6.82 (s, 1 H), 4.32 (4= 7.1 Hz, 2 H), 2.32 (s, 3 H), 1.37 Jt= 7.1 Hz, 3 H);

3C NMR (CDCl;, 75.0 MHz): 165.2, 138.4, 137.4, 133.6, 132.6, 23131.0, 130.7, 130.5,
129.3,128.4, 123.9, 120.8, 113.2, 110.2, 59.6,1¥.0;

IR (neat): 2974 (w), 1692 (s), 1566 (m), 1558 (m), 1479 (m), 141071226 (s) cA;

MS (El, 70 ev): 465 (M (¢'Br®'Br), 50%), 463 (M ("°Br®!Br), 99%), 461 (M ("°Br’*Br),
50%), 434 (85%), 418 (33%), 308 (99%), 274 (33%), 228 (10028)(34%);

HRMS (EI): calcd. for GoH1gBroNO, (M*+H, "*Br’®Br): 461.9704found: 461.9697 (M+H,
Br"*BIr).

Synthesis of 3-methylBH-3a-aza-cyclopenta[a]indeng41a)
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Me

N

RHJ167F
It was prepared from 1-(2-bromo-phenyl)-2,5-dimethipyrrole 39a according toTP3.
Purification by flash chromatography (eluent: hexane) provided144 mg, 85%) as a white
solid, mp.: 61.0-61.5 °C.
'H NMR (CDClk, 300 MHz): 7.34-7.44 (m, 2 H), 7.27 §t= 7.7 Hz, 1 H), 7.06 (] = 7.7 Hz,
1 H), 6.00-6.05 (m, 1 H), 5.94-5.99 (m, 1 H), 3.80 (s, 22H8 (s, 3 H);
3C NMR (CDCk, 75 MHz): 142.0, 135.3, 134.5, 127.2, 125.9, 142.5), 111.2, 110.4,
100.5, 28.8, 13.2;
IR (KBr): 2918 (w), 1614 (m), 1597 (m), 1489 (s), 1455 (vs)'rm
MS (El, 70 ev): 169 (M, 86%), 154 (100%), 139 (5%), 83 (27%);
HRMS (EI): calcd. for GoHiiN (M™): 169.0891found: 169.0884 (M).

Synthesis of 3-methylBH-3a-aza-cyclopenta[a]indene-6-carboxylic acid ethydster(41b)
Me

~I

N

_—

EtO:C RHJ057G
It was prepared from4-(2,5-dimethyl-pyrrol-1-yl)-3-iodo-benzoic acid ethyl est@®b

according toTP3. Purification by flash chromatography (eluent: hexane: ether = P0: 1
afforded41b (195 mg, 81%) as a white solid, mp.: 77.9-78.9 °C. Thiys 83% fronB9c.

'H NMR (CDClk, 300 MHz): 7.96-8.05 (m, 2 H), 7.35 @@= 8.0 Hz, 1 H), 6.03-6.05 (m, 1
H), 5.95-5.99 (m, 1 H), 4.37 (4,= 7.1 Hz, 2 H), 3.79 (s, 2 H), 2.56 = 0.9 Hz, 3 H), 1.40
(t,J=7.1 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 166.4, 145.4, 135.3, 135.2, 130.0, 121®34.6, 122.8, 112.5,
109.6, 101.4, 60.8, 28.4, 14.3, 13.1;

IR (neat): 2984 (w), 1704 (s), 1612 (m), 1600 (m), 1408 (s), {7dm™;

MS (El, 70 ev): 241 (M, 86%), 226 (33%), 212 (31%), 198 (32%), 168 (100%), 90 }(6%)
HRMS (EI): calcd. for GsH1sNO, (M™): 241.1103, found: 241.1113 (M

Synthesis of 3-methylBH-3a-aza-cyclopenta[alindene-6-carbonitrilg41¢)
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NC RHJ062G
It was prepared from 4-(2,5-dimethyl-pyrrol-1-yl)-3-iodo-benzomt8®d according toTP3.

Purification by flash chromatography (eluent: pentane: ether =)1&ffdrded41c (136 mg,
70%) as a white solid, mp.: 171.3-171.9 °C. The yield érom39e

'H NMR (CDCl, 300 MHz): 7.60 (s, 1 H), 7.56 (d,= 8.0 Hz, 1 H), 7.36 (d] = 8.0 Hz, 1
H), 6.03-6.07 (m, 1 H), 5.97-6.00 (m, 1 H), 3.77 (s, 2 H34s, 3 H);

3¢ NMR (CDCls, 75 MHz): 145.0, 136.2, 134.6, 132.6, 129.0, 12219.2, 113.2, 110.4,
105.4, 101.9, 28.3, 13.0;

IR (KBr): 2898 (m), 2220 (m), 1614 (s), 1565 (m), 1492 (s), 1&)tm®;

MS (El, 70 ev): 194 (M, 76%), 179 (100%), 164 (6%), 140 (5%);

HRMS (EI): calcd. for GH1oN2 (MY): 194.0844found: 194.0837 (M).

Synthesis of 3-methyl-6-trifluoromethyl-8H-3a-aza-cyclopenta[a)indeng41d)
Me

~I

N

_—

FsC RHJ089G
It was prepared from 1-(2-iodo-4-trifluoromethyl-phenyl)-2,5-dimettighpyrrole 39f

according toPT3. Purification by flash chromatography (eluent: pentane) affoddeb(182
mg, 77%) as a white solid, mp.: 63.0-633

'H NMR (CDClk, 300 MHz): 7.60 (s, 1 H), 7.55 (d,= 8.0 Hz, 1 H), 7.40 (d] = 8.0 Hz, 1
H), 6.04-6.06 (m, 1 H), 5.98-6.01 (m, 1 H), 3.81 (s, 2 F§64s, 3 H);

13C NMR (CDCk, 75 MHz): 144.5, 136.0, 134.8, 125.2 (g, = 3.9 Hz), 124.5 (QJc.r =
271.2 Hz), 124.6 (glcr = 32.3 Hz), 122.9 (2 x C), 112.5, 109.9, 101.5, 28%];

IR (KBr): 2918 (w), 1623 (m), 1573 (w), 1497 (s), 1410 (s), 188), 1282 (vs) ck;

MS (El, 70 ev): 237 (M, 67%), 222 (100%), 168 (26%);

HRMS (EI): calcd. for GaHioFsN (M™): 237.0765found: 237.0773 (M).

Synthesis of 3-methyl-5-trifluoromethyl-8H-3a-aza-cyclopenta[alindeng41¢6

F3C N

RHJ150G
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It was prepared from 1-(2-bromo-5-trifluoromethyl-phenyl)-2,5-dimefltipyrrole 39g
according toTP3. Purification by flash chromatography (eluent: pentane) affoddex(153
mg, 65%) as a white solid, mp.: 51.7-525

'H NMR (CDClk, 300 MHz): 7.54 (s, 1 H), 7.45 (d,= 7.7 Hz, 1 H), 7.33 (d] = 7.7 Hz, 1
H), 6.01-6.08 (m, 1 H), 5.95-6.00 (m, 1 H), 3.83 (s, 2 K§84s, 3 H);

13C NMR (CDCk, 75 MHz): 142.3, 139.4, 134.4, 130.0 (g,r = 32.3 Hz), 125.9, 122.8,
124.2 (q,dcr = 272.2 Hz), 119.5 (¢Jcr = 3.9 Hz), 112.2, 106.9 (dcr = 3.8 Hz), 101.3,
28.7,13.1;

IR (KBr): 2976 (w), 1629 (m), 1599 (m), 1500 (s), 1474 (vs), 1338 cm®;

MS (El, 70 ev): 237 (M, 77%), 235 (72%), 222 (100%), 168 (26%);

HRMS (EI): calcd. for GaHioFsN (M™): 237.0765found: 237.0772 (M).

Synthesis of (3-methylBH-3a-aza-cyclopentala]inden-6-yl)-phenyl-methanonet(f)

- 0
G
Me Ph RHJOSS!

It was prepared from [3-bromo-4-(2,5-dimethyl-pyrrol-1-yl)-phenylgpyl-methanone&9h

according toTP3. Purification by flash chromatography (eluent: pentane: ether = 4: 1)
afforded41f (167 mg, 61%) as a white solid, mp.: 105.4-106.0

'H NMR (CDCl, 300 MHz):7.89 (s, 1 H), 7.73-7.82 (m, 3 H), 7.54-7.60 Iri), 7.44-7.51

(m, 2 H), 7.41 (dJ = 8.3 Hz, 1 H), 6.03-6.09 (m, 1 H), 5.97-6.02 (m, 1 H343s, 2 H), 2.57
(d,J=1.0 Hz, 3 H);

13C NMR (CDCl, 75.0 MHz):195.7, 145.4, 138.2, 135.6, 135.3, 13231.8, 131.4, 129.7,
128.2, 127.8, 123.0, 112.7, 109.5, 101.7, 28.8;13.

IR (KBr): 3066 (w), 1645 (m), 1607 (s), 1595 (s), 1489 (m), 14y 1408 (s) cnt;

MS (El, 70 ev): 273 (M, 100%), 258 (50%), 196 (10%), 168 (86%), 105 (23%);

HRMS (EI): calcd. for GgH1sNO (M™"): 273.1154found: 273.1163 (M).

Synthesis of 6-(1-tert-butyl-vinyl)-3-methyl8H-3a-aza-cyclopentala]indene (41g9).

Me *BU RHJ061J
It was prepared from 6-(1-tert-butyl-vinyl)-3-mett8iH-3a-aza-cyclopentala]inden89i
according toTP3. Purification by flash chromatography (eluent: pentane: ether =1115:

afforded41g(167 mg, 66%) as a white solid, mp.: 142.4-148.8
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'H NMR (CgD¢, 400 MHz): 7.74 (s, 1 H), 7.71 (d= 8.2 Hz, 1 H), 6.87 (dl = 8.2 Hz, 1 H),
6.07-6.13 (m, 1 H), 5.97-6.03 (m, 1 H), 3.31 (s, 2 H)32<2 3 H), 1.31 (s, 9 H);

13C NMR (CgDs, 100.0 MHz): 205.0, 144.3, 135.4, 135.1, 132.2,22926.9, 122.5, 113.0,
109.3, 102.0, 43.9, 28.51, 28.49, 13.0;

IR (neat): 2952 (w), 1649 (s), 1609 (vs), 1569 (m), 1409 (vs) (4§ cm’;

MS (El, 70 ev): 253 (M, 32%), 196 (100%), 167 (30%), 153 (8%);

HRMS (EI): calcd. for G/H1gNO (M™): 253.1467found: 253.1459 (M).

Synthesis of cyclohexyl-(3-methy8H-3a-aza-cyclopenta[a]inden-6-yl)-methanone (41h).

—

N\ _N
Me

O

RHJ063J
It was prepared from cyclohexyl-(3-mett8#H-3a-aza-cyclopenta[a)inden-6-yl)-methanone
39j according toTP3. Purification by flash chromatography (eluent: pentane: ether = 10: 1)
afforded41h (192 mg, 69%) as a white solid, mp.: 134.0-13€.6
'H NMR (C¢D¢, 400 MHz): 7.87 (s, 1 H), 7.82 (d= 8.2 Hz, 1 H), 6.94 (d] = 8.2 Hz, 1 H),
6.07-6.13 (m, 1 H), 5.97-6.03 (m, 1 H), 3.33 (s, 2 H)PRBAO (m, 1 H), 2.22 (s, 3 H), 1.82-
1.96 (m, 2 H), 1.50-1.80 (m, 5 H), 1.10-1.32 (m, 3 H);
13C NMR (CgDs, 100.0 MHz): 201.0, 145.4, 136.0, 135.3, 131.3,.22926.3, 122.7, 113.3,
109.8, 102.2, 45.6, 30.0, 28.5, 26.4, 26.2, 13.1;
IR (neat): 2917 (w), 1668 (s), 1610 (w), 1593 (m), 1495 (m), 148Cni*;
MS (El, 70 ev): 279 (M, 26%), 264 (1%), 224 (4%), 211 (3%), 196 (100%), 168 (25%);
HRMS (EI): calcd. for GgH2:NO (MY): 279.1623found: 279.1609 (M).

Synthesis of 3-methylBH-3a-aza-cyclopenta[a]indene-6-carbaldehyde (41i)
\rN CHO

Me RHJ056I
It was prepared from 3-bromo-4-(2,5-dimethyl-pyrrol-1-yl)-benzaldel8@le according to
TP3. Purification by flash chromatography (eluent: pentane: ether %)ldfforded41i (108
mg, 55%) as a white solid, mp.: 111.1-111%&0
'H NMR (CDCL, 300 MHz): 9.92 (s, 1 H), 7.88 (s, 1 H), 7.79J¢ 8.1 Hz, 1 H), 7.45 (d]
=8.1 Hz, 1 H), 6.04-6.10 (m, 1 H), 5.95-6.03 (m, 1 H333s, 2 H), 2.57 (s, 3 H);
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3¢ NMR (CDCls, 75.0 MHz): 190.9, 146.7, 136.3, 135.4, 131.9,43126.2, 123.1, 113.2,
110.1, 101.9, 28.4, 13.2;

IR (neat): 2892 (w), 1683 (s), 1607 (s), 1567 (m), 1493 (s), (D0

MS (EI, 70 ev): 197 (M, 100%), 182 (90%), 168 (91%), 154 (16%), 139 (8%):

HRMS (EI): calcd. for G3H11NO (MY): 197.0841found: 197.0841 (M).

Synthesis of 3-methyl-6-nitro8H-3a-aza-cyclopentala]indeng41j)

"
o
O2N RHJ063G

It was prepared from 1-(2-iodo-4-nitro-phenyl)-2,5-dimethipyrrole 391 according to
TP3. Purification by flash chromatography (eluent: pentane: etherl) &fforded41j (70
mg, 33%) as golden crystals, mp.: 142.0-142.5

'H NMR (CDClL, 300 MHz): 8.19-8.25 (m, 2 H), 7.37 @z= 7.1 Hz, 1 H), 6.06-6.09 (m, 1
H), 6.00-6.02 (m, 1 H), 3.83 (s, 2 H), 2.55 (s, 3 H);

3C NMR (CDCl, 75 MHz): 146.6, 143.0, 136.4, 135.3, 124.8, 12321.5, 113.7, 109.4,
102.5, 28.5, 13.0;

IR (KBr): 2906 (w), 1620 (m), 1601 (m), 1574 (m), 1508 (s), 143&m™";

MS (El, 70 ev): 214 (M, 100%), 199 (76%), 167 (89%), 153 (35%);

HRMS (EI): calcd. for GoH1oN20, (MY): 214.0742found: 214.0753 (M).

Synthesis of 3-ethylBH-3a-aza-cyclopentalajindene-6-carboxylic acid ethydster (41k)
Et

N

EtOC RHJ154H
It was prepared from 3-bromo-4-(2-ethyl-5-methyl-pyrrol-1-yl)-benzaid &thyl estei39n
according toTP3. Purification by flash chromatography (eluent: pentane: ether %) 15:
afforded41k (179 mg, 70%) as a white solid, mp.: 66.5-6C5
'H NMR (CDClk, 300 MHz): 8.03 (s, 1 H), 8.01 (d,= 8.8 Hz, 1 H), 7.34 (d] = 8.8 Hz, 1
H), 6.05-6.10 (m, 1 H), 5.98-6.03 (m, 1 H), 4.37J&; 7.0 Hz, 2 H), 3.82 (s, 2 H), 2.95 (@,
=7.6Hz,2H),1.40 ({)=7.0Hz, 3H), 1.35 (] = 7.6 Hz, 3 H);
3C NMR (CDCl, 75 MHz): 166.4, 145.3, 135.4, 135.3, 130.1, 129%7.0, 124.6, 110.5,
110.0, 101.4, 60.8, 28.5, 20.6, 14.4, 13.0;
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IR (KBr): 2982 (m), 1710 (vs), 1602 (m), 1614 (m), 1489 (s)'tm
MS (El, 70 ev): 255 (M, 100%), 240 (44%), 226 (100%), 198 (23%), 167 (60%);
HRMS (EI): calcd. for GeH17NO, (M™): 255.1259found: 255.1252 (M).

Synthesis of 3-ethylBH-3a-aza-cyclopentala]indene-2,6-dicarboxylic acid idthyl ester

(411)

Et
CO,Et

\

EtO,C RHJ181H
It was prepared from 1-(2-bromo-4-ethoxycarbonyl-phenyl)-2-ethyl-5-ridtHypyrrole-3-
carboxylic acid ethyl esteB9o according toTP3. Purification by flash chromatography
(eluent: pentane: ether = 3: 1) afford&t (262 mg, 80%) as a white solid, mp.: 115.0-116.0
°C
'H NMR (CDCk, 600 MHz): 8.04-8.08 (m, 2 H), 7.45 @@= 9.0 Hz, 1 H), 6.46 (t) = 1.6
Hz, 1 H), 4.37 (9) = 7.2 Hz, 2 H), 4.27 (q] = 7.2 Hz, 2 H), 3.83 (s, 2 H), 3.34 )= 7.6
Hz, 2 H), 1.39 (tJ =7.2 Hz, 3 H), 1.34 (1 = 7.2 Hz, 3 H), 1.30 (1} = 7.6 Hz, 3 H);
3C NMR (CDCl, 150 MHz): 166.1, 165.3, 144.3, 135.9, 135.8, 1343D.3, 127.2, 126.2,
116.6, 111.3, 103.4, 61.0, 59.5, 28.3, 19.0, 143, 13.8;
IR (neat): 2971 (m), 1712 (vs), 1701 (vs), 1616 (m), 1490 (s} (Decn™;
MS (El, 70 ev): 327 (M, 74%), 312 (34%), 298 (53%), 282 (28%), 254 (100%), 20%0}2
180 (30%);
HRMS (EI): calcd. for GeH21NO, (M*): 327.1471found: 327.1477 (M).

Synthesis of 6-cyano-3-ethyBH-3a-aza-cyclopentalalindene-2-carboxylic acid ethyl
ester (41m)

Et
CO,Et

\

NC RHJ183H
It was prepared from 1-(2-bromo-4-cyano-phenyl)-2-ethyl-5-metkiypyrrole-3-carboxylic
acid ethyl esteB9p according tol P3. Purification by flash chromatography (eluent: pentane:
ether = 3: 1) afforded1m (227 mg, 81%) as a white solid, mp.: 174.1-17&.4
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'H NMR (CDCk, 600 MHz): 7.66 (s, 1 H), 7.65 (d,= 8.6 Hz, 1 H), 7.49 (d] = 8.6 Hz, 1
H), 6.48 (t,J= 1.6 Hz, 1 H), 4.28 (g1 = 7.2 Hz, 2 H), 3.85 (s, 2 H), 3.32 ()= 7.6 Hz, 2 H),
1.34 (t,J=7.2 Hz, 3 H), 1.29 (] = 7.6 Hz, 3 H);

3¢ NMR (CDCls, 150 MHz): 165.0, 144.1, 136.8, 136.0, 133.5, 13229.4, 118.8, 117.3,
112.2, 107.3, 103.8, 59.7, 28.3, 18.9, 14.4, 13.7,

IR (neat): 2979 (m), 2218 (s), 1694 (vs), 1612 (m), 1485 (8} cm

MS (EI, 70 ev): 280 (M, 84%), 265 (34%), 251 (73%), 235 (48%), 207 (100%), 192}§55%
HRMS (EI): calcd. for G7H16N20, (M™): 280.1212found: 280.1226 (M).

Synthesis of 6, 8, 9, 11-tetrahydr@H-indolo[1,2-a]indole-2-carboxylic acid ethyl ester
(41n)

—~I
_—

N

EtO,C RHJO05I
It was prepared from 3-bromo-4-(2-methyl-4,5,6,7-tetrahydro-indol-1gmgbic acid ethyl

ester39q according toTP3. Purification by flash chromatography (eluent: pentane: ether =
10: 1) afforded41n (180 mg, 64%) as a white solid, mp.: 127.0-12T.5

'H NMR (CDCL, 300 MHz):8.05 (s, 1 H), 8.04 (d,= 8.1 Hz, 1 H), 7.28 (d] = 8.1 Hz, 1

H), 5.94 (s, 1 H), 4.42 (¢}, = 7.1 Hz, 2 H), 3.84 (s, 2 H), 2.98 Jt= 5.6 Hz, 2 H), 2.62 (] =

5.6 Hz, 2 H), 1.89-2.04 (m, 2 H), 1.77-1.89 (m, 2 H)51(#4J = 7.1 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 166.5, 145.3, 134.8, 134.3, 130.2, 1263.1, 123.9, 121.8,
109.2, 101.5, 60.7, 28.5, 23.7, 23.3, 23.2, 22474;1

IR (neat): 2920 (w), 1706 (s), 1617 (m), 1498 (m), 1444 (m), 1&7ém®;

MS (El, 70 ev): 281 (M, 100%), 253 (M62%), 236 (10%), 208 (58%), 180 (53%);

HRMS (EI): calcd. for GgH1oNO, (MY): 281.1416found: 281.1396 (M).

Synthesis of tetracyclic heterocycle 410

N

EtO,C RHJO16l
It was prepared from 3-bromo-4-(2-methyl-5,6-dihydtd-cyclopenta[b]pyrrol-1-yl)-benzoic
acid ethyl esteB9r according tol' P3. Purification by flash chromatography (eluent: pentane:
ether = 10: 1) afforded10(159 mg, 60%) as a white solid, mp.:108.3-10€.0
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'H NMR (CDCl, 300 MHz): 7.97-8.02 (m, 2 H), 7.12 @,= 7.4 Hz,J, = 1.2 Hz, 1 H), 5.92
(t, J=1.7 Hz, 1 H), 4.36 (q] = 7.2 Hz, 2 H), 3.81 (s, 2 H), 2.91-3.00 (m, 2 H), 2.624qm,
2 H), 2.43-2.54 (m, 2 H), 1.39 @= 7.2 Hz, 3 H);

¥C NMR (CDCl, 75 MHz): 166.5, 144.4, 139.1, 134.3, 133.2, 13028.9, 127.0, 124.3,
108.6, 98.6, 60.7, 29.1, 29.0, 25.6, 24.6, 14.4;

IR (neat): 2852 (m), 1712 (s), 1614 (m), 1503 (s), 1269 (vs), 12545

MS (El, 70 ev): 267 (M, 70%), 239 (100%), 222 (10%), 211 (18%), 194 (63%);

HRMS (EI): calcd. for G/H17NO, (MY): 267.1259found: 267.1245 (M).

Synthesis of 3-phenethyBH-3a-aza-cyclopenta[alindene-6-carboxylic acid ethykester

(41p)

~I

Dby
EtO:C RHJ044]

It was prepared from 3-bromo-4-(2-methyl-5-phenethyl-pyrrol-1-yl)-benzoic ettigd ester
39saccording toT P3. Purification by flash chromatography (eluent: pentane: ether 2)10:
afforded41p (188 mg, 57%) as a yellow solid, mp.:69.0-7C.1

'H NMR (CDCk, 600 MHz):8.08 (s, 1 H), 8.05 (d,= 8.1 Hz, 1 H), 7.34-7.40 (m, 3 H),
7.25-7.33 (m, 3 H), 6.16 (d,= 2.9 Hz, 1 H), 6.05-6.09 (m, 1 H), 4.41 (o= 7.2 Hz, 2 H),
3.86 (s, 2 H), 3.26 (1] = 8.1 Hz, 2 H), 3.08 (] = 8.1 Hz, 2 H), 1.44 (] = 7.2 Hz, 3 H);

3C NMR (CDCh, 150 MHz): 166.3, 145.2, 141.2, 135.4, 130.1, 12828.3, 127.2, 127.0,
126.1, 124.7, 111.6, 109.9, 101.5, 60.8, 35.2,, 2831, 14.3;

IR (KBr): 2986 (W), 1698 (vs), 1619 (s), 1492 (vs), 1285 (vs):cm

MS (El, 70 ev): 331 (M, 11%), 286 (4%), 240 (100%), 167 (63%);

HRMS (EI): calcd. for GoH2:NO, (M™): 331.1572found: 331.1569 (M).

Synthesis of 3-methyl8H-3a-aza-cyclopentala]indene-1,6-dicarboxylic acididthyl ester

(41g) and 3-methyl8H-3a-aza-cyclopentalalindene-2,6-dicarboxylic acid idthyl ester
(41r)
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NOESY

Me/\ Me
— H >\VCOZEt
N + N
— —
COOEt
EtO,C EtO,C

419 Alr RHJ265H
It was prepared from 1-(2-bromo-4-ethoxycarbonyl-phenyl)-2,5-dimétHybyrrole-3-
carboxylic acid ethyl esteB9t according toTP3. Short flash chromatography (eluent:
pentane: ether = 1: 1) affordédake mixture of41qgand41r (251 mg, 80%41q: 41r = 2: 1) as
a white solid. Repeated purification by flash chromatography (elpentane: ether = 3: 1)
provided the more polar pure compoutidy as a white solid, mp.: 132.5-1330
The data for more polar compourdq (The structureofdlq was determined by H-H
NOESY):
'H NMR (CDCL, 300 MHz): 8.10 (s, 1 H), 8.05 (d,= 8.3 Hz, 1 H), 7.42 (d] = 8.3 Hz, 1
H), 6.43 (gJ = 1.0 Hz, 1 H), 4.37 (g1 = 7.2 Hz, 2 H), 4.28 (q] = 7.2 Hz, 2 H), 4.00 (s, 2 H),
2.54 (s,3H),1.39(1=7.2Hz,3H), 1.35({]=7.2 Hz, 3 H);
3C NMR (CDCl, 75 MHz): 166.1, 164.6, 144.7, 141.6, 135.2, 13027.2, 125.9, 124.0,
112.6, 110.6, 109.2, 61.0, 59.7, 30.4, 14.5, 14331,
IR (neat): 2975 (w), 1712 (vs), 1677 (vs), 1607 (m), 1580 (s)3 1@ cm;
MS (El, 70 ev): 313 (M, 52%), 284 (100%), 268 (21%), 240 (88%), 212 (24%), 16%0§32
HRMS (EI): calcd. for GgH1oNO4 (M™Y): 313.1314found: 313.1291 (M).

Synthesis of 3-methyl-pyrrolo[1,2-flphenanthridine(45a).
/

P
RHJ014K

It was prepared from 1-(2-bromo-phenyl)-2-methyl-5-pheiipyrrole 44a according to
TP3. Purification by flash chromatography (eluent: pentane) affod@ed215 mg, 93%) as a
white solid, mp.: 97.8-99.6 °C.

'H NMR (CDCl, 300 MHz): 8.35 (ddJ;= 7.9 Hz,J, = 1.8 Hz, 1 H), 8.27 (d] = 8.8 Hz, 1
H), 8.20 ((J=7.9 Hz, 1 H), 7.97 (ddl,= 7.9 Hz,J, = 1.8 Hz, 1 H), 7.40-7.50 (m, 2 H), 7.30-
7.39 (m, 2 H), 6.91 (d] = 3.5 Hz, 1 H), 6.45 (d] = 3.5 Hz, 1 H), 2.93 (s, 3 H);
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3¢ NMR (CDCls, 75 MHz):135.6, 130.1, 128.0, 127.6, 127.2, 1263%.4, 124.4, 123.8,
123.3, 122.9, 122.24, 122.21, 116.7, 113.7, 10BY;

IR (neat): 1517 (m), 1438 (m), 1337 (m), 733 (vs)'cm

MS (El, 70 ev): 231 (M, 96%), 230 (100%), 215 (2%), 202 (8%), 114 (15%);

HRMS (EI): calcd. for G/H13N (M™): 231.1048found: 231.1058 (M).

Synthesis of 3-methyl-pyrrolo[1,2-flphenanthridine7-carboxylic acid ethyl ester(45b)
/

M
Bes

COoEt RHJOO3H
It was prepared from 3-bromo-4-(2-methyl-5-phenyl-pyrrol-1-yl)-benzoid ettiyl ested4b
according toTP3. Purification by flash chromatography (eluent: pentane: ether:=1)15
afforded45b (258 mg, 85%) as a white solid, mp.: 118.0-1£@.0
'H NMR (CDCl;, 300 MHz): 8.99 (dJ = 2.0 Hz, 1 H), 8.18-8.29 (m, 2 H), 8.06 (dg= 9.0
Hz,J, = 2.0 Hz, 1 H), 7.90-7.95 (m, 1 H), 7.33-7.47 (m, 2 H886(d,J = 3.8 Hz, 1 H), 6.45
(dd,J; =3.8 Hz,J, = 0.8 Hz, 1 H), 4.44 (q] = 7.1 Hz, 2 H), 2.89 (s, 3 H), 1.45 {t= 7.1 Hz,
3 H);
13C NMR (CDCh, 75 MHz): 166.2, 138.4, 130.4, 128.53, 128.46, 82726.7, 125.7 (2 C),
125.0, 123.9, 122.7, 122.5, 122.2, 116.3, 114.6,5.(%1.1, 18.9, 14.4;
IR (KBr): 2976 (w), 1709 (vs), 1616 (m), 1519 (m), 1451 (m), 1371261 (s) ci;
MS (El, 70 ev): 303 (M, 100%), 274 (74%), 228 (51%), 129 (10%), 114 (13%);
HRMS (EI): calcd. for GoH17NO, (M™): 303.1259found: 303.1234 (M).
Synthesis of 3-methyl-7-trifluoromethyl-pyrrolo[1,2-flphenanthridine (45c).

/\

M
Bes

CFs RHJ025K
It was prepared from 1-(2-bromo-4-trifluoromethyl-phenyl)-2-methyl-5-phé#iypyrrole
44c according toTP3. Purification by flash chromatography (eluent: pentane: etherH 15
afforded45c¢ (258 mg, 85%) as a white solid: mp.: 152.7-158.6
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IH NMR (CDCl, 300 MHz): 8.46 (s, 1 H), 8.21 (d,= 8.8 Hz, 1 H), 8.08 (d] = 7.9 Hz, 1
H), 7.87 (d,J=7.9 Hz, 1 H), 7.60 (ddl; = 8.0 Hz,J, = 2.6 Hz, 1 H), 7.42 ()= 7.9 Hz, 1
H), 7.32 (tJ = 8.8 Hz, 1 H), 6.84 (d] = 3.5 Hz, 1 H), 6.42 (d] = 3.5 Hz, 1 H), 2.84 (s, 3 H);
3¢ NMR (CDCl;, 75 MHz): 137.3, 130.1, 128.8, 127.5, 126.8, 12%45.0 (q,J c.r = 33.0
Hz), 124.3 (9)) c.r = 272.0 Hz), 123.9 (G} o.r = 3.3 Hz), 123.3, 123.0, 122.22, 122.18, 120.9
(9, cr=3.3Hz), 116.8, 114.5, 101.5, 18.8;

IR (neat): 1611 (w), 1599 (w), 1518 (m), 1450 (m), 1344 (s), 18).11108 (vs) cif;

MS (EI, 70 ev): 299 (M, 100%), 298 (100%), 280 (5%), 228 (33%), 139 (10%), 114 J10%
HRMS (EI): calcd. for GgH1oFsN (M™): 299.0922found: 299.0900 (M).

Synthesis of 1-(3-methyl-pyrrolo[1,2-flphenanthridin-7-yl)-ethanone (45d)

Me™ O RHJO37K
It was prepared from 1-[3-bromo-4-(2-methyl-5-phenyl-pyrrol-1-yl)-phenyiipebne 44d
according toTP3. Purification by flash chromatography (eluent: pentane: ether = 2: 1
afforded45d (167 mg, 61%) as a brown solid, mp.: 180.0-18C.0
'H NMR (CDCl, 300 MHz): 8.81 (dJ = 2.6 Hz, 1 H), 8.15 () = 8.8 Hz, 2 H), 7.89 (d] =
8.8Hz,2H),7.42 (t)=7.9Hz, 1 H),7.33(1)=7.9Hz, 1 H), 6.85(d]=3.5Hz, 1H),6.42
(d,J=3.5Hz, 1 H), 2.84 (s, 3H), 2.64 (s, 3 H);
3C NMR (CDCl;, 75.0 MHz): 196.8, 138.4, 131.6, 130.4, 128.6, 82727.4, 126.7, 125.7,
124.2,123.8, 122.6, 122.3, 122.2, 116.3, 114.7,68,26.4, 18.9;
IR (neat): 2961 (w), 1681 (s), 1605 (s), 1517 (m), 1380 (m), 185&m*;
MS (El, 70 ev): 273 (M, 100%), 228 (50%), 215 (5%), 129 (10%), 114 (11%);
HRMS (EI): calcd. for GgH1sNO (M™): 273.1154found: 273.1131 (M).

Synthesis of 3-methyl-pyrrolo[1,2-flphenanthridine2-carboxylic acid ethyl ester (45e).
EtO,C

RHJO16K
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It was prepared from 1-(2-bromo-phenyl)-2-methyl-5-pheltpyrrole-3-carboxylic acid
ethyl estedldeaccording tol P3. Purification by flash chromatography (eluent: pentane: ether
= 15: 1) affordedt5e(251 mg, 83%) as a white solid, mp.: 148.8-15Q.0

'H NMR (CDCl, 300 MHz): 8.32 (tJ = 8.8 Hz, 2 H), 8.18 (d] = 7.9 Hz, 1 H), 7.98 (d] =
7.1 Hz, 1 H), 7.38-7.51 (m, 4 H), 7.35 (s, 1 H), 4.36)(9,7.5 Hz, 2 H), 3.22 (s, 3 H), 1.41 (t,
J=7.5Hz, 3 H),

13C NMR (CDCk, 75 MHz): 165.6, 134.6, 133.3, 133.0, 128.9, 12827.5, 126.13, 126.09,
124.7,124.4, 123.8, 122.4, 122.1, 117.8, 116.3,0,%9.8, 16.5, 14.5;

IR (neat): 2954 (w), 1689 (s), 1528 (m), 1412 (m), 1214 (v$)cm

MS (El, 70 ev): 303 (M, 91%), 274 (100%), 258 (10%), 228 (78%), 114 (12%);

HRMS (EI): calcd. for GogH17NO, (M™¥): 303.1259found: 303.1271 (M).

Synthesis of 3-methyl-7-trifluoromethyl-pyrrolo[1,2-flphenanthridine-2-carboxylic acid

ethyl ester (45f).
EtO,C

CFs RHJ023K
It was prepared from 1-(2-bromo-4-trifluoromethyl-phenyl)-2-methyl-5-phé&kipyrrole-3-
carboxylic acid ethyl ested4f according toTP3. Purification by flash chromatography
(eluent: pentane: ether = 3:1 affordéslf (319 mg, 86%) as a white solid, mp.: 154.2-156.1
°C.
'H NMR (CDClL, 300 MHz): 8.11 (s, 1 H), 7.89 (d,= 8.8 Hz, 1 H), 7.72 (d) = 7.9 Hz, 1
H), 7.51 (ddJ; = 7.9 Hz,J, = 1.8 Hz, 1 H), 7.39 (dd; = 8.8 Hz,J, = 1.8 Hz, 1 H), 7.10-7.23
(m, 2 H), 6.90 (s, 1 H), 4.30 (4= 7.1 Hz, 2 H), 2.84 (s, 3 H), 1.39 Jtz 7.1 Hz, 3 H);
13C NMR (CDCh, 75 MHz): 165.1, 136.1, 132.9, 128.8, 128.4, 12625.9 (q,J c.r = 33.2
Hz), 125.8, 123.9 (q] c.r = 272.0 Hz), 123.6 (4] c.r = 3.3 Hz), 123.55, 123.2, 122.1, 121.8,
120.6 (gJ c-r = 3.3 Hz), 117.6, 116.7, 103.3, 59.9, 16.2, 14.4;
IR (neat): 1605 (w), 1519 (w), 1389 (m), 1325 (s), 1316 (s), {1D8cm’;
MS (El, 70 ev): 371 (76%), 342 (100%), 326 (11%), 298 (33%),(2280);
HRMS (EI): calcd. for GiH16FaNO, (M*): 371.1133found: 371.1141 (M).
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Synthesis of 3-methyl-pyrrolo[1,2-flphenanthridine2, 7-dicarboxylic acid diethyl ester
(459).

EtO,C
/
Me N b /
YOS
=

COoEt RHJ018K
It was prepared from 1-(2-bromo-4-ethoxycarbonyl-phenyl)-2-methyl-5-pHgtndyrrole-3-
carboxylic acid ethyl ested4g according toTP3. Purification by flash chromatography
(eluent: pentane: ether = 3:1) affordéslg (315 mg, 84%) as a white solid, mp.: 187.3-189.1
°C.
'H NMR (CDCh, 300 MHz):8.78 (dJ = 1.8 Hz, 1 H), 8.02-8.12 (m, 2 H), 7.94 (d¢= 8.8
Hz,J,=1.8 Hz, 1 H), 7.79 (ddl; = 8.8 Hz,J, = 1.8 Hz, 1 H), 7.26-7.41 (m, 2 H), 7.17 (s, 1
H), 4.42 (qJ=7.1 Hz, 2 H), 4.34 (g1 = 7.1 Hz, 2 H), 3.06 (s, 3 H), 1.44 Jtz 7.1 Hz, 3 H),
1.41 (t,J=7.1 Hz, 3 H);
3C NMR (CDC;, 75.0 MHz): 165.8, 165.3, 137.3, 133.3, 132.2, 43029.1, 128.7, 128.2,
126.4, 126.0, 125.4, 124.1, 123.5, 122.3, 117.8,9,103.4, 61.1, 60.0, 16.5, 14.45, 14.37;
IR (neat): 2928 (w), 1716 (vs), 1703 (vs), 1526 (m), 1246 ()0 12s) cn;
MS (El, 70 ev): 375 (100%), 346 (83%), 330 (11%), 318 (13%),(22%0), 228 (80%);
HRMS (EI): calcd. for GsH21NO, (M*): 375.1471found: 375.1453 (M).

Synthesis of 7-acetyl-3-methyl-pyrrolo[1,2-flphenathridine-2-carboxylic acid ethyl

ester (45h)
EtO,C

Me” ~O RHJ044K

It was prepared from 1-(4-acetyl-2-bromo-phenyl)-2-methyl-5-ph&Rlypyrrole-3-
carboxylic acid ethyl ested4h according toTP3. Purification by flash chromatography
(eluent: pentane: ether = 2:1) affordésh (159 mg, 46%) as a white solid, mp.: 187.7-189.9
0

C.
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IH NMR (CDCh, 300 MHz):8.65 (dJ) = 2.6 Hz, 1 H), 7.98-8.06 (m, 2 H), 7.74-7.82 (m, 2
H), 7.25-7.40 (m, 2 H), 7.16 (s, 1 H), 4.34 Jqz 7.1 Hz, 2 H), 3.01 (s, 3 H), 2.61 (s, 3 H),
1.41 (t,J=7.1 Hz, 3 H);

3¢ NMR (CDCls, 75.0 MHz): 196.5, 165.2, 137.4, 133.3, 132.4,02928.8, 127.2, 126.5,
126.0, 124.1, 124.0, 123.6, 122.4, 122.2, 117.4,0,1103.5, 60.0, 26.4, 16.5, 14.5;

IR (neat): 2984 (w), 1700 (vs), 1678 (vs), 1604 (m), 1531 (m)7 12s) cn;

MS (EI, 70 ev): 345 (100%), 316 (99%), 300 (10%), 273 (16%),(2286):

HRMS (EI): calcd. for GoH1gNO3 (M™): 345.1365found: 345.1378 (M).

Synthesis of 1-(3-methyl-pyrrolo[1,2-flphenanthridin-7-yl)-ethanol (45i)

Me~ “OH RHJ045K
It was prepared from 1-[3-bromo-4-(2-methyl-5-phenyl-pyrrol-1-yl)-phenyigebl 44i
according toTP3. Purification by flash chromatography (eluent: pentane: ether =) 2: 1
afforded45i (146 mg, 53%) as a white solid, mp.: 144.8-14&8.9
'H NMR (CDCl, 300 MHz):8.25 (dJ = 2.2 Hz, 1 H), 8.16 (d] = 7.9 Hz, 1 H), 8.14 (d] =
8.8 Hz, 1 H), 7.94 (dd}; = 7.9 Hz,J, = 1.8 Hz, 1 H), 7.25-7.45 (m, 3 H), 6.88 {d5 4.4 Hz,
1 H), 6.42 (dJ=4.4 Hz, 1 H), 4.98 (g1 = 6.2 Hz, 1 H), 2.87 (s, 3 H), 2.00 (bs, 1 H), 1.55 (d,
J=6.2 Hz, 3 H);
3C NMR (CDCls, 75 MHz): 140.6, 134.7, 130.1, 128.1, 127.1, 1262%.3, 124.7, 124.3,
122.8, 122.26, 122.21, 120.4, 116.7, 113.6, 107, 25.3, 18.8;
IR (neat): 3308 (m), 2967 (w), 1518 (m), 1449 (m), 1526 (m), 77ents)
MS (El, 70 ev): 257 (MFH,0, 100%), 241 (6%), 228 (10%), 127 (13%);
HRMS (EI): calcd. for GgH:7NO (M™%): 275.1310found: 275.1287 (M).

Synthesis of 4-(2-benzyl-5-methyl-pyrrol-1-yl)-3,5ibromo-benzoic acid ethyl este(46a)
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Br Br

COzEt RHJO012H
It was prepared according 1. 4-Amino-3,5-dibromo-benzoic acid ethyl ester (1.615 g,

5.0 mmol), 1-phenyl-hexane-2,5-dione (1.14 g, 6.0 mmol) andHi8&D (20 mg, 2.0 mol %)
were dissolved in toluene (20 mL) and heated in a flask equippled Dean-Stark apparatus
for 3 h. After cooling, another part of 1-phenyl-hexane-2, 5-diorf4QLg, 6.0 mmol) was
added to the mixture and refluxed for 3 h. After cooling, the dieowib reaction mixture was
concentratedn vacuo.Purification by flash chromatography (eluent: pentane: ether =)30: 1
provided46a(1.322g, 55%) as a yellow oil.

'H NMR (CDCk, 300 MHz): 8.30 (s, 2 H), 7.15-7.21 (m, 3 H), 7.01-7.86 2 H), 6.01-6.05
(m, 1 H),5.93 (dJ=3.1Hz, 1 H),4.46 (g1=7.1 Hz, 2 H), 3.61 (s, 2 H), 1.97 (s, 3 H), 1.46
(t,J=7.1Hz, 3 H);

13C NMR (CDCk, 75 MHz): 163.3, 141.3, 138.5, 133.0, 132.8, 13128.9, 128.0, 127.8,
126.1, 126.0, 107.6, 106.7, 61.9, 33.6, 14.1, 12.0;

IR (KBr): 2981 (m), 1726 (vs), 1543 (m), 1399 (s), 1265 (vs),cm

MS (El, 70 ev): 479 (M (#'Br®'Br), 57%), 477 (M (¢'Br’°Br), 100%), 475 (M (“°Br"*Br),
57%), 400 (71%), 372 (31%), 167 (30%);

HRMS (EI): calcd. for GiHiBr,NO, (M*,°BrBr): 474.9783,found: 474.9766 (M,
"°Br"Br).

Synthesis of 2-benzyl-1-(2,6-dibromo-4-iodo-phenyb-methyl-1H-pyrrole (46b)

n
Me

N
Br Br

I RHJ058I
It was prepared according T1. 2, 6-Dibromo-4-iodo-phenylamifi€ (1.885 g, 5.0 mmol),
1-phenyl-hexane-2,5-dione (1.141 g, 6.0 mmol) and T8® (10 mg, 1.0 mol %) were
dissolved in toluene (20 mL) and heated in a flask equippedanitban-Stark apparatus for 3

1193, Chae, S. L. Buchwald, Org. Chem2004 69, 3336.
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h. After cooling, another part of 1-phenyl-hexane-2, 5-dione (1.1400gmmol) was added
to the mixture and refluxed for 3 h. After cooling, the dark browrcti@a mixture was

concentratedn vacuo.Purification by flash chromatography (eluent: pentane: ether = 30:

provided46b (1.460 g, 55%) as a yellow oil.

'H NMR (CDCl, 300 MHz): 7.94 (s, 2 H), 7.12-7.21 (m, 3 H), 6.98-7:85 2 H), 5.97 (dJ
=3.5Hz, 1 H), 5.87 (dl = 3.5 Hz, 1 H), 3.57 (s, 2 H), 1.94 (s, 3 H);

3C NMR (CDCl, 75 MHz): 140.5, 140.4, 138.7, 137.5, 131.2, 12928.1, 126.8, 126.1,
107.5, 106.6, 94.1, 33.7, 12.1;

IR (neat): 2907 (w), 1528 (m), 1450 (vs) ¢m

MS (El, 70 ev): 531 (M (®'Br’®Br), 100%), 454 (78%), 404 (10%), 327 (12%), 241 (11%):
HRMS (EI): calcd. for GgH13BraIN (M*-H, "°Br’®Br): 527.8459 found: 527.8437 (M-H,
°Br"Br).

Synthesis of 3,5-dibromo-4-(2,5-dimethyl-pyrrol-1-1)-benzonitrile (46c¢)

Me/@Me

N
Br Br

CN RHJ110G
It was prepared from 4-amino-3,5-dibromo-benzonitrile (5.5200¢) 2amol), hexane-2,5-
dione (4.790 g, 42.0 mmol) and TsOH@H(38 mg, 2.0 mol %) according TdP1. Reaction
time: 10 h. Purification by flash chromatography (eluent: pentaher et5: 1) providedi6c
(3.186 g, 45%) as a white solid, mp.: 13Z0decompose.
'H NMR (CDCk, 300 MHz):7.96 (s, 2 H), 5.97 (s, 2 H), 1.93 (s, 6 H);
13C NMR (CDCl, 75 MHz):142.7, 135.4, 127.1, 126.9, 115.3, 115071, 12.2;
IR (KBr): 2911 (w), 2238 (m), 1532 (s), 1471 (vs)tm
MS (El, 70 ev): 354 (M (®'Br’®Br), 100%), 259 (7%), 192 (16%), 179 (22%);
HRMS (EI): calcd. for GsHioBraN, (M*, "Br’®Br): 351.9211,found: 351.9191 (M,
"Br"Br).

Synthesis of [4-(2-benzyl-5-methyl-pyrrol-1-yl)-3,&dibromo-phenyl]-phenyl-methanone
(46d)
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RHJO62I

It was prepared from 2-benzyl-1-(2,6-dibromo-4-iodo-phenyl)-5-methiypyrrole (1.062 g,
2.0 mmol), i-PrMgCI-LiCl (1.5 mL, 1.5 M in THF) and benzoyl chloride §3mmol)
according toTP2. Purification by flash chromatography (eluent: pentane: ether %) 10:
provided the pure produd6d (0.825 g, 81%) as a white solid, mp.: 155.0-158&.9

'H NMR (CDCk, 300 MHz): 7.99 (s, 2 H), 7.83 (d,= 7.4 Hz, 2 H), 7.68 () = 7.4 Hz, 1
H), 7.56 (t,J= 7.4 Hz, 2 H), 7.13-7.22 (m, 3 H), 7.00-7.09 (m, 2 H)06&6.05 (m, 1 H), 5.94
(d,J=3.3Hz, 1 H), 3.65 (s, 2 H), 2.00 (s, 3 H);

3C NMR (CDCl, 75 MHz): 192.8, 140.9, 139.7, 138.6, 135.9, 13338.2, 131.1, 130.0,
129.0, 128.7, 128.1, 128.0, 126.2, 126.1, 107.8,7,(83.8, 12.2;

IR (neat): 2912 (w), 1663 (s), 1597 (m), 1261 (s)'¢tm

MS (EI, 70 ev): 509 (M (®*Br’®Br), 100%), 432 (38%), 430 (18%), 105 (32%);

HRMS (El): calcd. for GsHiBroNO (M*, "Br’®Br): 506.9833,found: 506.9844 (M,
"°Br"Br).

Synthesis of 3, 5-dibromo-4-[2-methyl-5-(4-methyl-nzyl)-pyrrol-1-yl]-benzoic acid
ethyl ester (46e)

Me
n
Me N
Br Br
COEL RHJO70H

It was prepared from 4-amino-3,5-dibromo-benzoic acid ethyl ested54,65.0 mmol), 1-p-
tolyl-hexane-2,5-dione (3.061 g, 15.0 mmol) and TsQB-KLO mg, 1.0 mol %) according to
TP1. Reaction time: 6 h. Purification by flash chromatography (elyemitane: ether = 20: 1)
provided46e(1.490 g, 61%) as a yellow oll.
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'H NMR (CDClk, 300 MHz): 8.27 (s, 2 H), 6.98 (d,= 8.0 Hz, 2 H), 6.91 (d] = 8.0 Hz, 2
H), 5.97-6.03 (m, 1 H), 5.87 (d,= 3.3 Hz, 1 H), 4.44 () = 7.1 Hz, 2 H), 3.53 (s, 2 H), 2.29
(s, 3H), 1.94 (s, 3H), 1.44 ¢t= 7.1 Hz, 3 H);

3C NMR (CDCk, 75 MHz): 163.5, 141.5, 135.52, 135.49, 133.1, 83231.4, 128.9, 128.7,
127.8, 126.2, 107.5, 106.7, 62.1, 33.2, 21.0, 1R21;

IR (neat): 2915 (w), 1723 (s), 1542 (m), 1514 (m), 1240 (v$),cm

MS (El, 70 ev): 493 (M (¥'Br®'Br), 51%), 491 (M ('Br"*Br), 100%), 489 (M ("°Br"*Br),
52%), 400 (36%), 372 (31%), 167 (30%);

HRMS (El): calcd. for GoH»Br,NO, (M*, "Br’°Br): 488.9939,found: 488.9925 (M,
Br"*Br).

Synthesis of 4-bromo-5-methyBH-4b-aza-dibenzo[e,glazulene-2-carboxylic acid ethyl
ester(47)

RHJO18H

It was prepared from-(2-benzyl-5-methyl-pyrrol-1-yl)-3,5-dibromo-benzoic acid ethyl ester
46a according toTP3. Reaction time: 12 h. Purification by flash chromatography (eluent:
hexane: ether = 20: 1) providdd (245 mg, 62%) as a white solid, mp.: 112.0-178.1

'H NMR (CDCl, 300 MHz): 8.33 (dJ = 1.9 Hz, 1 H), 8.20 (d] = 1.9 Hz, 1 H), 7.55-7.60
(m, 1 H), 7.28-7.34 (m, 2 H), 7.19-7.23 (m, 1 H), 5.89-§r852 H), 4.43 (qdJ, = 7.1 Hz,J,

= 1.7 Hz, 2 H), 3.71 (d] = 14.4 Hz, 1 H), 3.51 (dl = 14.4 Hz, 1 H), 2.15 (s, 3 H), 1.42 {t,
=7.1 Hz, 3 H);

3¢ NMR (CDCls, 75 MHz): 165.2, 142.0, 140.1, 139.2, 137.2, 13638.9, 131.5, 131.2,
130.4, 129.8, 129.2, 127.5, 127.3, 121.8, 109.3,11®%2.0, 33.5, 14.8, 14.2;

IR (KBr): 2978 (w), 1721 (vs), 1469 (m), 1229 (s)tm

MS (El, 70 ev): 397 (M(®'Br), 99%), 395 (M("°Br), 100%), 380 (17%), 286 (11%), 241
(89%), 228 (29%), 120 (47%);

HRMS (EI): calcd. for GiH1gBrNO, (M*,"*Br): 395.0521found: 395.0514 (M, "*Br).

Synthesis of pentacyclic heterocycle (48a)
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COoEt RHJ020H
It was prepared from 4-(2-benzyl-5-methyl-pyrrol-1-yl)-3,5-dibromo-be&naoid ethyl ester
46a (477 mg, 1.0 mmol), Pd (OA€X11l mg, 5 mol%), trig-tolyl)phosphine (30 mg, 10
mol%) and CgCO;(717 mg, 2.2 mmol) according TP3. Reaction time: 24 h. Purification
by flash chromatography (eluent: hexane: ether = 30:1) affod@ad193 mg, 61%) as a
white solid, mp.: 114.8-115°C.
'H NMR (CDCL, 300 MHz): 8.51 (s, 1 H), 8.00 (s, 1 H), 7.70Jd; 8.0 Hz, 1 H), 7.26-7.40
(m, 3 H), 6.06-6.12 (m, 2 H), 4.42 @~ 7.1 Hz, 2 H), 4.12 (s, 2 H), 3.90 (s, 2 H), 1.43 &,
7.1 Hz, 3 H);
3C NMR (CDCk, 75 MHz): 166.6, 141.3, 136.2, 135.8, 134.9, 1383.,.2, 130.3, 128.4 (2
x C), 127.4, 125.7, 125.6, 125.3, 123.0, 109.7,4,081.0, 34.5, 29.4, 14.3;
IR (KBr): 2977 (w), 1709 (vs), 1606 (m), 1500 (vs), 1269 (s)tm
MS (El, 70 ev): 315 (M, 100%), 286 (21%), 242 (77%), 135(10%), 120 (33%);
HRMS (EI): calcd. for GiH:7NO, (MY): 315.1259found: 315.1272 (M).

Synthesis of pentacyclic heterocycle (48b)

COEt RHJO72H
It was prepared from 3, 5-dibromo-4-[2-methyl-5-(4-methyl-benzyl)-pykrgl]-benzoic acid

ethyl estedd6e (295 mg, 0.6 mmol), Pd (OA£]7 mg, 5 mol%), trig-tolyl)phosphine (18 mg,
10 mol%) and C£0O; (411 mg, 2.2 mmol) according tdP3. Reaction time: 24 h.
Purification by flash chromatography (eluent: pentane: ether 4)28fforded48b (110 mg,

56%) as a white solid, mp.: 155.0-157@

'H NMR (CDCl;, 300 MHz): 8.44 (s, 1 H), 7.92 (d= 1.1 Hz, 1 H), 7.42 (s, 1 H), 7.15 (@,
= 8.1 Hz, 1 H), 7.03 (d] = 8.1 Hz, 1 H), 5.97-6.04 (m, 2 H), 4.36 (o= 7.1 Hz, 2 H), 4.00
(s, 2 H), 3.81 (s, 2 H), 2.31 (s, 3 H), 1.37(t 7.1 Hz, 3 H)

3C NMR (CDCl;, 75 MHz): 166.7, 141.4, 136.9, 135.8, 134.6, 13333.3, 131.1, 130.9,

129.1, 128.4, 125.66, 125.60, 125.4, 123.2, 1098,3, 61.0, 34.0, 29.4, 21.0, 14.4,
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IR (neat): 2979 (w), 1716 (vs), 1608 (m), 1499 (s), 1287 (v&) cm
MS (El, 70 ev): 329 (M, 100%), 314 (15%), 300 (15%), 256 (46%), 241 (13%);
HRMS (EI): calcd. for GoHigNO, (MY): 329.1416found: 329.1430 (M).

Synthesis of pentacyclic heterocycle (48c)

| N
O

O~ 'Ph RHJ059I

It was prepared from [4-(2-benzyl-5-methyl-pyrrol-1-yl)-3,5-dibromo-phieplyenyl-

methanonet6d (509 mg, 1.0 mmol), Pd (OAc)11 mg, 5 mol%), trig-tolyl)phosphine (30

mg, 10 mol%) and GEO; (717 mg, 2.2 mmol) according f6P3. Reaction time: 24 h.

Purification by flash chromatography (eluent: hexane: ether = 1&ffdrded48c (174 mg,

50%) as a white solid, mp.: 162.0-163@

'H NMR (CDCl, 300 MHz): 8.24 (s, 1 H), 7.80-7.89 (m, 3 H), 7.45-785 4 H), 7.26-7.40

(m, 3 H), 6.12-6.16 (m, 1 H), 6.06-6.12 (m, 1 H), 4.15 (&),23.93 (s, 2 H);

3C NMR (CDCl, 75 MHz): 195.9, 141.2, 138.3, 136.3, 135.9, 13438.9, 133.0, 132.1,

131.2,130.3, 129.8, 129.6, 128.5, 128.3, 127.8,4,225.3, 122.8, 109.9, 103.5, 34.5, 29.5;

IR (neat): 2924 (m), 1697 (s), 1657 (vs), 1593 (s), 1577 (m), 03)2zm;

MS (EI, 70 ev): 345 (M-H,, 100%), 315 (9%), 268 (9%), 240 (66%), 119 (8%):
HRMS (EI): calcd. for GsH;7NO (M"): 347.1310found: 347.1286 (M).

Synthesis of 3, 5, 11-trimethyl-12-(2-methyl-pyrroll-yl)-pyrrolo[1,2-flphenanthridine-
7,9-dicarboxylic acid diethyl ester (50)

COEt RHJ051J
The reaction was performed in a sealed tuber with a mixture of 3-bromedkiydrd-(2-
methyl-pyrrol-1-yl)-benzoic acid ethyl estd88w (322 mg, 1.0 mmol), Pd (OAc)11l mg, 5
mol%), tri(p-tolyl)phosphine (30 mg, 10 mol%) and &3 (391 mg, 1.2 mmol) at 110 °C
using toluene (5.0 mL) as solvent for 12 h. After cooling tomrdemperature, water (10 mL)
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was added in. The mixture was extracted with ether (3 x 30 mL). Thbiced extracts were
washed with brine, dried over B&0O, and concentrateth vacuo Purification by flash
chromatography (eluent: pentane: ether = 3: 1) provife@06 mg, 85%) as a yellow solid,
mp.: 73.0-75.0C.

'H NMR (CDCl, 600 MHz): 8.32 (s, 1 H), 7.96 (s, 1 H), 7.52 (s, 1649-6.52 (m, 1 H ),
6.33 (t,J = 3.1 Hz, 1 H), 6.25 (dd}; = 4.0 Hz,J, = 0.9 Hz, 1 H), 6.15-6.19 (m, 1 H), 5.08 (d,
J=4.0Hz, 1 H), 4.49 (q] = 7.1 Hz, 2 H), 4.40 (q] = 7.1 Hz, 2 H), 2.43 (s, 3 H), 2.42 (s, 3
H), 2.12 (s, 3 H), 1.89 (s, 3 H), 1.42Jt 7.1 Hz, 3 H), 1.37 (1= 7.1 Hz, 3 H);

3C NMR (CDCl, 150 MHz): 170.3, 160.0, 137.2, 135.6, 133.6, 132&..7, 129.7, 129.2,
128.3, 128.2, 127.7, 127.4, 127.0, 126.0, 125.7,4,1218.8, 114.3, 109.4, 108.1, 107.2, 62.1,
61.1, 20.2,17.4,15.2, 14.4, 14.0, 11.9;

IR (neat): 2978 (w), 1717 (vs), 1700 (vs), 1558 (s), 1216 (V&) cm

MS (El, 70 ev): 482 (M, 100%), 467 (19%), 453 (2%), 411 (8%), 241 (12%), 204 (9%);
HRMS (EI): calcd. for GoH31N204 (M™+ H): 483.2284found: 483.2270 (M+ H).

Synthesis of 1-(2-bromo-benzyl)-2,5-dimethylH-pyrrole (54a)
Br Me
o
Me = RHJ176F

It was prepared from 2-bromo-benzylamine (2.790 g, 15.0 mm&e&xanedione (1.881 g,
16.5 mmol) and TsOH-® (28 mg, 1.0 mol %) according tBP1. Reaction time: 3 h.
Purification by flash chromatography (eluent: pentane: ether =1)(Qffovided54a (3.500 g,
90%) as a white solid, mp.: 85.4-862.
'H NMR (CDCk, 300 MHz):7.56 (dJ = 7.9 Hz, 1 H), 7.06-7.21 (m, 2 H), 6.22 (= 7.9
Hz, 1 H), 5.89 (s, 2 H), 4.99 (s, 2 H), 2.11 (s, 6 H);
3C NMR (CDCl;, 75MHz):137.6, 132.3, 128.6, 128.0, 127.9, 12624,4, 105.7, 47.2, 12.2;
IR (neat): 2928 (w), 1462 (w), 1436 (m), 1408 (s), 1027 (W};cm
MS (El, 70 ev): 265 (M (®'Br), 48%), 263 (M ("°Br), 48%), 184 (100%), 169 (56%), 90
(34%);
HRMS (EI): calcd. for GaH14BrN (M*, "Br): 263.0310, found: 263.0327 (M °Br).

Synthesis of (2-bromo-phenyl)-(2,5-dimethyl-pyrroli-yl)-methanone (40
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Br O MeRHJ121G
It was prepared from 2-bromo-benzamide (2.000 g, 10.0 mmol), 2d&nbdione (1.370 g,

12.0 mmol) and TsOH-® (19 mg, 1.0 mol %) according foP1. Reaction time: 5 h.
Purification by flash chromatography (eluent: pentane: ether = gro¥jded 40a (1.200 g,
43%) as a brown solid, mp.: 58.0-59@.

'H NMR (CDCl, 300 MHz): 7.61 (ddJ; = 7.1 Hz,J, = 1.3 Hz, 1 H), 7.31-7.43 (m, 3 H),
5.84 (s, 2 H), 2.03 (s, 6 H);

13C NMR (CDCk, 75 MHz): 168.7, 138.3, 133.5, 132.1, 130.9, 129%7.5, 120.6, 111.7,
15.4;

IR (KBr): 2919 (w), 1690 (vs), 1588 (m), 1542 (m), 1355 (vs),61@&) cm';

MS (El, 70 ev): 279 (M (¢'Br), 17%), 277(M ("Br), 19%), 198 (9%), 185 (M('Br),
100%), 183 (M (“Br), 100%);

HRMS (EI): calcd. for GaH1.BrNO (M*, “Br): 277.0102found: 277.0106 (M, "°Br).

Synthesis of (2-bromo-5-methoxy-phenyl)-(2,5-dimeth-pyrrol-1-yl)-methanone (40b)

-
OCHs EéN—Ll OCHj4
[ :L N/
ONQ ?
Br

Br O © RHJO025H

To the solution of 2,5-dimethyiH-pyrrole (0.57 g, 6.0 mmol) in THF (10.0 mL) was
dropwise added-BuLi (2.0 M, 3.0 mL) at -78C under nitrogen. The resulting mixture was

allowed to stir at -7& for 30 min. The solution of 2-bromo-5-methoxy-benzoic acichyiet
ester (1.225 g, 5.0 mmol) in THF (5.0 mL) was added in aadesulting mixture was stirred
at -78°C for 1 h. The reaction mixture was allowed to warm to room ézatpre and stirred
for 2 h before it was quenched with ag NAhe reaction mixture was diluted with water and
extracted with ether (3 x 30 mL). The combined organic phase were waghedatine, dried
over NaSQO,, filtered, and evaporated. Purification by flash chromatography (elpentane:
ether = 8: 1) affordedOb (1.301 g, 84%) as a yellow oil.

'H NMR (CDCl, 300 MHz): 7.47 (dJ = 8.4 Hz, 1 H), 6.93 (d] = 3.1 Hz, 1 H), 6.89 (ddl
=8.4Hz,J,=3.1Hz,1H),5.84(s,2H),3.78 (s, 3H), 2.06 (8)6
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¥C NMR (CDCk, 75 MHz): 168.5, 159.0, 138.9, 134.2, 131.0, 1181%.0, 111.8, 110.9,
55.7, 15.4;

IR (KBr): 2960 (m), 2924 (m), 1695 (vs), 1593 (m), 1570 (m), 147&) cm’;

MS (El, 70 ev): 309 (M (3'Br), 7%), 307(M ("°Br), 7%), 228 (44%), 215 (M('Br), 99%),
213 (M ("*Br), 100%), 185 (10%);

HRMS (EI): calcd. for G4H14BrNO, (M, "Br): 307.0208found: 307.0218 (M, "°Br).

Synthesis of (2-bromo-3,4,5-trimethoxy-phenyl)-(2;8imethyl-pyrrol-1-yl)-methanone
(409

/ .
OCHj N OCHj
H3CO H3CO _
o} N/
H3CO ~ H5CO
Br O Br O RHJ044H

To the solution of 2,5-dimethyiH-pyrrole (0.57 g, 6.0 mmol) in THF (10.0 mL) was
dropwise added-BuLi (2.0 M, 3.0 mL) at -78C under nitrogen. The resulting mixture was
allowed to stir at -7& for 30 min. The solution of 2-bromo-3, 4, 5-trimethoxy-b®n acid
methyl ester (1.525 g, 5.0 mmol) in THF (5.0 mL) was addeahththe resulting mixture was
stirred at -78C for 1h. The reaction mixture was allowed to warm to room temperand
stirred for 3 h before it was quenched with aqg.sNFhe reaction mixture was diluted with
water and extracted with ether (3 x 30 mL). The combined organic phasevasted with
brine, dried over N&O,, filtered, and evaporated. Purification by flash chromatography
(eluent: pentane: ether = 3: 1) afforddat (1.331 g, 72%) as a yellow oil.

'H NMR (CDCl;, 300 MHz): 6.76 (s, 1 H), 5.83 (s, 2 H), 3.91 (s, 3 H373s, 3 H), 3.83 (s,
3 H), 2.05 (s, 6 H);

3% NMR (CDCk, 75 MHz): 168.4, 153.2, 151.4, 145.4, 133.4, 130H..7, 108.6, 108.1,
61.3, 61.1, 56.4, 15.3;

IR (KBr): 2938 (m), 1694 (vs), 1564 (m), 1349 (vs), 1289 (vs)icm

MS (El, 70 ev): 369 (M (®'Br), 5%), 367 (M ("°Br), 5%), 275 {}Br, 100%), 273 CBr,
100%), 230 (10%), 93 (5%);

HRMS (EI): calcd. for GeH1gBrNO4 (M, "Br): 367.0419found: 367.0421 (M, "°Br).

Synthesis of 1-bromo-3,4-dihydro-naphthalene-2-carxylic acid methyl ester (56¢)
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Br O Br
| 1) NaC|02, H202 COZCHg
DOEFT T 00

56¢ RHJ128H

Bromo-3, 4-dihydro-naphthalene-2-carboxylic acid

A solution of NaClQ(80% purity, 3.2 g, 28 mmol) in water (30 mL) was added drepwo a
stirred mixture of 1-bromo-3, 4-dihydro-naphthalene-2-carbaldéhY@e740 g, 20 mmol) in
CH3CN (20 mL), NaHPQ, (0.64 g) in water (10 mL) and 30% aqueouy®k(2.4 mL) in 2 h

at 0°C. The resulting mixture was stirred for 2 h at @ The mixture was poured into
saturated N#&O; aqueous solution (50 mL), and washed with ether (30 mL). Tlee phiase
was discarded. The aqueous phase was poured into 1 N HCbsdR@0 mL), and extracted
with ether (50 mL x 3).The extract was dried ovepd@,. The combined organic phase was
concentratedn vacuoto afford 2-bromo-1-cyclopentenecarboxylic acid (3.542 g, 70%) as a
white solid; mp.: 122.7-123%.

'H NMR (CDCL, 400 MHz):10.81-11.82 (bs, 1 H), 7.82-7.88 (m, 1 H), 772& (m, 2 H),
7.12-7.17 (m, 1 H), 2.80-2.91 (m, 2 H), 2.68-2.78 (m, 2 H);

3C NMR (CDCk, 100 MHz):172.7, 137.3, 133.3, 130.1, 129.4, 12928.5, 127.1, 127.0,
27.5, 27.3;

IR (neat): 2829 (vs), 1654 (s), 1554 (s), 1283 (s):.cm

MS (El, 70 ev): 254 (M (®'Br), 25%), 252 (M ("*Br), 25%), 155 (25%), 128 (100%);

HRMS (EI): calcd. for GiHgBrO, (M*, Br): 251.9786found: 251.9765 (M, "°Br).

Bromo-3, 4-dihydro-naphthalene-2-carboxylic acid meyl ester (56c¢)

The mixture of bromo-3,4-dihydro-naphthalene-2-carboxylic acid (1.2&0gmmol), CHI
(2.420 g, 10.0 mmol) andKO; (828 mg, 6.0 mmol) in DMF (15 mL) was stirred overnight.
The reaction mixture was diluted with ether (50 mL) and washddwater (20 mL x 3). The
organic phase was dried over JS&, filtered, and evaporated. Purification by flash
chromatography (eluent: pentane: ether = 6: 1) affobeq1.135 g, 85%) as a yellow oil.

'H NMR (CDCk, 300 MHz):7.60-7.79 (m, 1 H), 7.14-7.26 (m, 2 H), 7.0871®, 1 H), 3.77
(s, 3H), 2.74-2.81 (m, 2 H), 2.54-2.61 (m, 2 H);

3C NMR (CDCk, 75 MHz):167.9, 136.8, 133.1, 130.8, 129.6, 12877.1, 126.9, 125.2,
52.0, 27.5, 27.4;

IR (KBr): 2949 (w), 1719 (s), 1694 (s), 1596 (s), 1444 (m), 1433

120N, Miyaura, T. Ishiyama, H. Sasaki, M. Ishikawa, $&toh, A. Suzuki). Am. Chem. So&989 111, 314.
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MS (El, 70 ev): 268 (M (®'Br), 35%), 266 (M ("°Br), 35%), 235 (25%), 187 (20%), 155
(21%), 128 (100%);
HRMS (EI): calcd. for GoH1:BrO, (M*, "Br): 265.9942found: 265.9939 (M, "°Br).

Synthesis of (1-bromo-3,4-dihydro-naphthalen-2-yl}2,5-dimethyl-pyrrol-1-yl)-
methanone (40d)

Br Me\/b/Me
\ / Br (@] Me

o
M

56c a0d "° RHJ131H
To the solution of 2,5-dimethylH-pyrrole (0.57 g, 6.0 mmol) in THF (10.0 mL) was
dropwise added-BuLi (2.0 M, 3.0 mL) at -78C under nitrogen. The resulting mixture was
allowed to stir at -7& for 30 min. The solution of bromo-3, 4-dihydro-naphthalene-2-
carboxylic acid methyl est&6c (1.335 g, 5.0 mmol) in THF (5.0 mL) was added in and the
resulting mixture was stirred at -78 for 1h. The reaction mixture was allowed to warm to
room temperature and stirred for 3 h before it was quenched witNHg. The reaction
mixture was diluted with water and extracted with ether (3 x 30 ifihg. combined organic
phase were washed with brine, dried ovepd@, filtered, and evaporated. Purification by
flash chromatography (eluent: pentane: ether = 10: 1) affo4@ed(1.039 g, 63%) as a
yellow oil.
'H NMR (CDCk, 300 MHz): 7.65-7.72 (m, 1 H), 7.23-7.31 (m, 2 H), 7.1177(m, 1 H),
5.86 (s, 2 H), 2.98 (1 =8.3 Hz, 2 H), 2.73 (1 = 8.3 Hz, 2 H), 2.34 (s, 6 H);
3C NMR (CDCl, 75 MHz): 170.1, 136.1, 134.9, 132.3, 130.3, 12928.0, 127.3, 127.1,
123.5,111.6, 28.1, 27.4, 15.4;
IR (neat): 2921 (w), 1680 (s), 1543 (m), 1450 (w), 1361 (vs);cm
MS (EI, 70 ev): 331 (M (®'Br), 5%), 329 (M ("°Br), 5%), 235 (100%), 128 (80%);
HRMS (EI): calcd. for G/H16BrNO (M*, "°Br): 329.0415found: 329.0382 (M, "*Br).

Synthesis of 3-methyl-10H-pyrrolo[1,2-blisoquinolin5-one (423

O Me

oo
= RHJ120G
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It was prepared from (2-bromo-phenyl)-(2,5-dimethyl-pyrrol-1-yl)-metimen@0a 278 mg,
1.0 mmol), Pd (OAg)(11 mg, 5 mol%), tri(p-tolyl)phosphine (30 mg, 10 mol%) &sCO;
(391 mg, 1.2 mmol) according 3. Purification by flash chromatography (eluent: hexane:
ether = 20:1) afforded2a (148 mg, 75%) as a white solid, mp.: 83.8-8€3

'H NMR (CDCk, 300 MHz): 7.79 (dJ = 7.5 Hz, 1 H), 7.51-7.57 (m, 1 H), 7.38-7.44 (m, 2
H), 6.30-6.35 (m, 1 H), 6.07 (d,= 5.6 Hz, 1 H), 5.30-5.35 (m, 1 H), 4.76 (s, 1 H), A$73
H);

3C NMR (CDCl, 75 MHz): 171.2, 150.9, 146.0, 136.1, 133.0, 13129.6, 128.6, 125.1,
121.6,96.3, 77.1, 28.3;

IR (KBr): 2976 (w), 1703 (vs), 1633 (s), 1610 (m), 1467 (m), 1%y cm®;

MS (El, 70 ev): 197 (M, 10%), 182 (100%), 153 (4 5), 127 (12%);

HRMS (EI): calcd. for G3H11NO (MY): 197.0841found: 197.0821 (M).

Synthesis of 7-methoxy-3-methyEOH-pyrrolo[1,2-blisoquinolin-5-one (42b)

O Me

=~ RHJO26H

It was prepared from (2-bromo-5-methoxy-phenyl)-(2,5-dimethyl-pyrrdl-tagthanone
(40b, 308 mg, 1.0 mmol), Pd (OAc)Y11 mg, 5 mol%), tri(p-tolyl)phosphine (30 mg, 10
mol%) and CgLO; (391 mg, 1.2 mmol) according td@P3. Purification by flash
chromatography (eluent: hexane: ether = 3: 1) affortilnl(181 mg, 80%) as a white solid,
mp.: 147.7-149.6C.

'H NMR (CDCk, 300 MHz): 7.23 (dJ = 8.6 Hz, 1 H), 7.20 (d] = 2.2 Hz, 1 H), 7.04 (dd};

= 8.6 Hz,J, = 2.2 Hz, 1 H), 6.24-6.27 (m, 1 H), 5.99 {d& 5.8 Hz, 1 H), 5.25-5.27 (m, 1 H),
4.69 (s, 1 H), 3.75 (s, 3 H), 1.49 (s, 3 H);

3C NMR (CDCl, 75 MHz): 171.2, 160.3, 146.0, 143.3, 136.5, 13329.3, 122.4, 121.3,
107.4, 96.1, 76.7, 55.6, 28.2;

IR (KBr): 2972 (m), 1709 (vs), 1637 (m), 1615 (m), 1495 (s), 183% 1319 (vs) cim;

MS (El, 70 ev): 227 (M, 13%), 212 (100%), 197 (12%), 169 (6%);

HRMS (EI): calcd. for G4H13NO, (M™): 227.0946found: 227.0960 (M).

Synthesis of 7,8,9-trimethoxy-3-methytOH-pyrrolo[1,2-b]isoquinolin-5-one (420
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O Me
NN

=

H5CO

H5CO

OCH; RHJ045H
It was prepared from (2-bromo-3,4,5-trimethoxy-phenyl)-(2,5-dimethgigbyl-yl)-

methanone40¢ 368 mg, 1.0 mmol), Pd (OAc)11l mg, 5 mol%), tri(p-tolyl)phosphine (30
mg, 10 mol%) and GEOs (391 mg, 1.2 mmol) according t6P3. Purification by flash
chromatography (eluent: pentane: ether = 3: 1) affod(232 mg, 81%) as a white solid,
mp.: 75.5-78.6C.

'H NMR (CDCl, 300 MHz): 7.06 (s, 1 H), 6.34-6.45 (m, 1 H), 6.04Jc 5.9 Hz, 1 H),
5.21-5.31 (m, 1 H), 4.70 (s, 1 H), 3.99 (s, 3 H), 3.88 (), 3.87 (s, 3 H), 1.59 (s, 3 H);

13C NMR (CDCk, 75 MHz): 171.0, 155.3, 147.9, 146.1, 145.9, 13613%.36, 129.1, 127.3,
102.6, 95.5, 76.2, 60.97, 60.92, 56.3, 26.9;

IR (KBr): 2939 (w), 1715 (vs), 1634 (m), 1609 (m), 1479 (s), 1345 cm®;

MS (El, 70 ev): 287 (M, 19%), 272 (100%), 256 (6%), 242 (15%);

HRMS (EI): calcd. for GgH17NO4 (M™): 287.1158found: 287.1142 (M).

Synthesis of 9-methyl-6,12-dihydrdsH-benzo[f]pyrrolo[1,2-blisoquinolin-7-one (42d)

[\
N

o
RHJ133H

It was prepared from (1-bromo-3,4-dihydro-naphthalen-2-yl)-(2,5-dimetyrybpl-yl)-
methanonet0d (330 mg, 1.0 mmol), Pd (OAc)11 mg, 5 mol%), tri(p-tolyl)phosphine (30
mg, 10 mol%) and GE0Os(391 mg, 1.2 mmol) according TP3. Reaction temperature: 80

Me

°C. Purification by flash chromatography (eluent: pentane: ether =ffatjled42d (184 mg,
74%) as a yellow oil.

'H NMR (CDClk, 300 MHz): 7.07-7.36 (m, 4 H), 6.36-6.44 (m, 1 H), 6.05)(¢ 5.8 Hz, 1
H), 5.14-5.22 (m, 1 H), 4.64 (s, 1 H), 2.78-3.00 (m, 2 K§P2.62 (m, 1 H), 2.30-2.47 (m, 1
H), 1.57 (s, 3 H);

3C NMR (CDCl, 75 MHz): 173.9, 157.5, 145.5, 138.4, 135.4, 13030).4, 130.0, 128.83,
128.82, 126.8, 124.4,95.2, 77.8, 28.1, 27.2, 18.1;

IR (neat): 2927 (w), 1698 (vs), 1633 (m), 1566 (m), 1449 (m6 188 1320 (vs) cift

MS (El, 70 ev): 249 (M, 59%), 234 (100%), 220 (6%), 206 (25%), 102 (5%);

HRMS (EI): calcd. for G/H1sNO (MY): 249.1154found: 249.1158 (M).
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Synthesis of (2-bromo-cyclopent-1-enyl)-(2,5-dimejtpyrrol-1-yl)-methanone (603
o)

o NH, M MeﬂMe

| 1) NaClO,, H,0, 0 N
| 2) (COCI) | | ©
Br 2 Br TsOH (cat.) B
3) HN(TMS), 59a 60a  RHJO92H

2-Bromo-1-cyclopentenecarboxylic acid:A solution of NaCIQ (80% purity, 3.2 g, 28
mmol) in water (30 mL) was added dropwise to a stirred mixture-lwfoéhocyclopent-1-
enecarbaldehyd& (3.50 g, 20 mmol) in CECN (20 mL), NaHPO, (0.64 g) in water (10
mL) and 30% aqueous,B; (2.4 mL) in 2 h at 6C. The resulting mixture was stirred for 2 h
at 10°C. The mixture was poured into saturatedb®@; aqueous solution (50 mL), and
washed with ether (30 mL). The ether phase was discarded. The agieseswas poured
into 1 N HCI solution (200 mL), and extracted with ether (50 x1).The extract was dried
over NaSQ,. The combined organic phase was concentratedcuoto afford 2-bromo-1-
cyclopentenecarboxylic acid (3.418 g, 89%) as a white solid; 12@.7-123.8C.

'H NMR (CDCl, 300 MHz):11.44 (bs, 1 H, COOH), 2.83 (,= 7.7 Hz,J, = 2.5 Hz, 2 H),
2.65 (tt,J; = 7.7 Hz,J, = 2.5 Hz, 2 H), 1.96 (pend,= 7.7 Hz, 2 H);

13C NMR (CDCL, 75 MHz):169.5, 135.7, 131.4, 43.5, 32.8, 21.5;

IR (neat): 2488-3045 (bs), 1665 (vs), 1613 (vs), 1281 (v&) cm

MS (El, 70 ev): 192 (M (*'Br), 89%), 190 (M ("°Br), 89%), 145 (34%), 11 (100%), 83
(40%).

Spectral datas match with those reported in the liter&ture
2-Bromo-1-cyclopentenecarboxylic amide (59a)Oxalyl dichloride (9.810 g, 30.0 mmol)
was added to the solution of 2-bromo-1-cyclopentenecarboxyliqa&d0 g, 10.0 mmol) in
CH,Cl, (40 mL) at 0°C , 2-3 drops of dry DMF was added and the resulting mixuas
stirred for 4 h at this temperature. 1,1,1,3,3,3-Hexamethyl-dis#agehl g, 75 mmol) was
dropwise added at @ and the mixture was stirred at room temperature overnight. Cooled to
0 °C, methanol (15.0 mL) was added to the mixture and it was cstfme 3 h at room
temperature. Usual workup and purification by flash chromatogragbgnt: ether) afforded
61b (1.337 g, 70%) as a white solid, mp.: 146.0-14T.0

121 T Bekele, S. R. Brunette, M. A. Liptod, Org. Chem2003 68, 8471.
122K, Ohe, K. Miki, T. Yokoi, F. Nishino, S. Uemur@rganometallic200Q 19, 5525.
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'H NMR (CDCl, 300 MHz):6.06-6.74 (m, 2 H, Ni{ 2.82 (tt,J; = 7.7 Hz,J, = 2.5 Hz, 2 H),
2.67 (tt,J; = 7.7 Hz,J, = 2.5 Hz, 2 H), 1.92 (pend,= 7.7 Hz, 2 H);

13C NMR (CDCL, 75 MHz):166.0, 135.2, 125.1, 43.1, 33.5, 21.1;

IR (neat): 3330 (s), 3156 (s), 1657 (s), 1613 (vs), 1398 (V&) cm

MS (El, 70 ev): 191 (M (*'Br), 52%), 189 (M ("°Br), 51%), 175 (23%), 147 (9%), 110
(100%), 67 (88%);

HRMS (EI): calcd. for GHgBrNO (M*, "°Br): 188.9789found: 188.9767 (M, "Br).
(2-Bromo-cyclopent-1-enyl)-(2,5-dimethyl-pyrrol-1-\)-methanone (608 2-Bromo-1-
cyclopentenecarboxylic amidé9a (570 mg, 3.0 mmol), 2,5-hexanedione (684 mg, 6.0
mmol), and TsOH-tD (6 mg, 1.0 mol%) were dissolved in toluene (20 mL) amatdd in a
flask equipped with a Dean-Stark apparatus for 6 h. After coolingjdahe brown reaction
mixture was concentratad vacuo.Purification by flash chromatography (eluent: pentane =
10: 1) to provideé0a (322 mg, 40%) as crystals: mp.: 54.4-5%4

'H NMR (CDCh, 300 MHz):5.82 (s, 2 H), 2.70-2.85 (m, 4 H), 2.24 (s,)6H01-2.12 (m, 2
H);

3C NMR (CDCl, 75 MHz):167.6, 137.6, 129.7, 128.1, 111.0, 42400322.2, 14.7;

IR (neat): 2914 (w), 1677 (vs), 1615 (m), 1542 (m), 1361 (v&)cm

MS (El, 70 ev): 269 (M (®'Br), 18%), 267 (M ("°Br), 18%), 188 (6%), 175 {Br), 99%),
173 ((°Br), 100%), 95 (28%);

HRMS (EI): calcd. for G,H14BrNO (M*, “Br): 267.0259found: 267.0252 (M, "°Br).

Synthesis of (2-bromo-cyclohex-1-enyl)-(2,5-dimetlwpyrrol-1-yl)-methanone (60b):

/A
1) NaC|02, H202 0
| 2) (COCl), DMF (cat) [ - | ©
Br 3) HN(TMé)z Br TsOH-H,O (cat.)

59b 60b RHJO83H
2-Bromo-1-cyclohexenecarboxylic acidA solution of NaCIlQ(80% purity, 3.2 g, 28 mmol)

in water (30 mL) was added dropwise to a stirred mixture of 2-brgoh@hex-1-
enecarbaldehyd® (3.78 g, 20 mmol) in CECN (20 mL), NaHPO, (0.64 g) in water (10
mL) and 30% aqueous,B; (2.4 mL) in 2 h at 6C. The resulting mixture was stirred for 2 h
at 10°C. The mixture was poured into saturated,®@; aqueous solution (50 mL), and

washed with ether (30 mL). The ether phase was discarded. The agiaseswas poured

12333, Lian, A. Odedra, C.-J. Wu, R.-S. LiuAm. Chem. So2005 127, 4186.
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into 1 N HCI solution (200 mL), and extracted with ether &xmL). The combined organic
phase was dried over Pp&0O, and concentratedin vacuo to afford 2-bromo-1-
cyclohexenecarboxylic acid (3.501 g, 85%) as a white solidl ®2p0-103.0C.

'H NMR (CDCl, 300 MHz):11.14 (bs, 1 H, COOH), 2.56-2.67 (m, 2 H)6236 (m, 2 H),
1.62-1.75 (m, 4 H);

13C NMR (CDCL, 75 MHz):172.9, 129.6, 129.4, 38.0, 28.6, 23.9321.

IR (KBr): 2488-3055 (bs), 1687 (vs), 1672 (vs), 1248 (vs)tm

MS (El, 70 ev): 206 (M (3'Br), 33%), 204 (M, 33%), 125 (34%), 97 (35%), 79 (100%).
Spectral datas match with those reported in the liter&fure
2-Bromo-1-cyclohexenecarboxylic amide (59bYOxalyl dichloride (1.91 g, 15.0 mmol) was
added to the solution of 2-bromo-1-cyclohexenecarboxylic acid (1d)25.0 mmol) in
CH,Cl, (20 mL) at 0°C , 2-3 drops of dry DMF was added and the resulting mixtiae
stirred for 4 h at this temperature. 1,1,1,3,3,3-Hexamethyl-disga¢bdB83 g, 30 mmol) was
dropwise added at @ and the mixture was stirred at room temperature overnight. Cooled to
0 °C, methanol (10.0 mL) was added to the mixture and it was cstfme 3 h at room
temperature. Usual workup and purification by flash chromatogragbegrt: ether) afforded
59b (0.816 g, 80%) as a white solid, mp.: 163.0-16€.0

'H NMR (CDCk, 300 MHz):5.67-6.39 (m, 2 H, N§j 2.48-2.61 (m, 2 H), 2.27-2.41 (m, 2
H), 1.59-1.78 (m, 4 H);

13C NMR (CDCl;, 75 MHz):171.1, 134.3, 121.3, 36.4, 29.2, 24.1421.

IR (KBr): 3362 (m), 3171 (m), 2929 (m), 1638 (vs), 1620 (vs), 1392n";

MS (El, 70 ev): 205 (M (®'Br), 44%), 203 (M ("*Br), 43%), 124 (86%), 81 (100%):

HRMS (EI): calcd. for GH1oBrNO (M*, "°Br): 202.9946found: 202.9926 (M, "*Br).
(2-Bromo-cyclohex-1-enyl)-(2,5-dimethyl-pyrrol-1-y)-methanone (60b): 2-Bromo-1-
cyclohexenecarboxylic amid®b (612 mg, 3.0 mmol), 2,5-hexanedione (684 mg, 6.0 mmol),
and TsOH-HO (6 mg, 1.0 mol%) were dissolved in toluene (20 mL) andeldest a flask
equipped with a Dean-Stark apparatus for 4 h. After cooling, the danknlreaction mixture
was concentrateth vacuo.Purification by flash chromatography (eluent: pentane = 10: 1)
provided60b (668 mg, 79%) as crystals: mp.: 38.7-3%6

'H NMR (CDCh, 300 MHz):5.82 (s, 2 H), 2.50-2.58 (m, 2 H), 2.38-2.44 Zri), 2.31 (s, 6
H), 1.72-1.79 (m, 4 H):

13C NMR (CDCl;, 75 MHz):170.1, 134.9, 130.5, 124.5, 111.6, 36®23223.8, 21.3, 15.4;

124\, R. Baker, R. M. Coates, J. Org. Chd979 44, 1022.
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IR (neat): 2927 (m), 1684 (vs), 1543 (m), 1362 (vs)'rm

MS (El, 70 ev): 283 (M (*'Br), 15%), 281 (M ("°Br), 16%), 189 {'Br), 99%), 187 ((Br),
100%), 95 (34%), 79 (35%);

HRMS (EI): calcd. for GaH16BrNO (M*, “Br): 281.0415found: 281.0419 (M, "°Br).

Synthesis of (2-bromo-cyclohept-1-enyl)-(2,5-dimejpyrrol-1-yl)-methanone (600
o}

/ \

O NH2 )W Me/Q\Me
‘ 1) NaC'Oz‘ H202 o)
- @)
2 (COCI), DMF (cat.) Qig </\>[§ ©
Br Br Br
59c 60c

3) HN(TMS),

RHJ094H
2-Bromo-cyclohept-1-enecarboxylic acid A solution of NaClQ (80% purity, 3.2 g, 28
mmol) in water (32 mL) was added dropwise to a stirred mixture aob2w-cyclohept-1-
enecarbaldehyde (3.78 g, 20 mmol) inCN (20 mL), NaHPQO, (0.64 g) in water (10 mL)
and 30% aqueous,B, (2.4 mL) in 2 h at 6C. The resulting mixture was stirred for 2h at 10
°C. The mixture was poured into saturatech®@s aqueous solution (50 mL), and washed
with ether (30 mL). The ether phase was discarded. The aqueases whs poured into 1 N
HCI solution (200 mL), and extracted with ether (50 mL x 3)e Tbmbined organic phase
was dried over N&O, and concentratedn vacuo to afford 2-bromo-cyclohept-1-
enecarboxylic acid (3.635 g, 83%) as a white solid; mp.: 108545°C.

'H NMR (CDCl;, 300 MHz):11.40 (bs, 1 H, COOH), 2.80-2.93 (m, 2 H)02456 (m, 2 H),
1.70-1.81 (m, 2 H), 1.53-1.68 (m, 4 H);

13C NMR (CDCl;, 75 MHz):174.0, 135.2, 132.1, 42.9, 31.1, 31.05284.6;

IR (KBr): 2678-3055 (bs, s), 1687 (vs), 1626 (s), 1289 (vs};cm

MS (El, 70 ev): 220 (M (¥'Br), 25%), 218 (M ("Br), 25%), 139 (34%), 11 (30%), 93
(100%);

HRMS (EI): calcd. for GH11BrO, (M, "Br): 217.9942found: 217.9926 (M, "Br).
2-Bromo-cyclohept-1-enecarboxylic acid amide (59c)Oxalyl dichloride (1.91 g, 15.0
mmol) was added to the solution of 2-bromo-cyclohept-1-enecarloagid (1.095 g, 5.0
mmol) in CHCl, (20 mL) at 0°C , 2-3 drops of dry DMF was added and the resulting mixture
was stirred for 4 h at this temperature. 1,1,1,3,3,3-Hexamethydzhsié (4.83 g, 30 mmol)
was dropwise added at € and the mixture was stirred at room temperature overnight.

Cooled to 0°C, methanol (10.0 mL) was added to the mixture and it was sfiore8 h at
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room temperature. Usual workup and purification by flash chromatogrégbent: ether)
afforded59¢(0.926 g, 85%) as a white solid, mp.: 144.3-148.0

'H NMR (CDCl, 300 MHz):6.03 (bs, 1 H), 5.70 (bs, 1 H), 2.69-2.86 (rhl)22.32-2.49 (m,
2 H), 1.68-1.81 (m, 2 H), 1.53-1.67 (m, 4 H);

13C NMR (CDCl;, 75 MHz):172.3, 139.4, 124.7, 41.8, 31.9, 31.01285.0;

IR (KBr): 3378 (m), 3160 (m), 1638 (vs), 1613 (vs), 1409 (s)icm

MS (El, 70 ev): 219 (M (®'Br), 25%), 217 (M ("*Br), 25%), 138 (100%), 110 (95%), 95
(74%);

HRMS (EI): calcd. for GH1-BrNO (M*, “Br): 217.0102found: 217.0079 (M, "°Br).
(2-Bromo-cyclohept-1-enyl)-(2,5-dimethyl-pyrrol-1-\)-methanone  (60¢:  2-Bromo-
cyclohept-1-enecarboxylic acid amide (1.090 g, 5.0 mmol), Zx&tedione (1.140 g, 10.0
mmol), and TsOH-tD (10 mg, 1.0 mol%) were dissolved in toluene (20 mL) andeddata
flask equipped with a Dean-Stark apparatus for 4 h. After coolingjdahe brown reaction
mixture was concentratad vacuo.Purification by flash chromatography (eluent: pentane =
10: 1) provided0c(1.201 g, 81%) as a yellow oil.

'H NMR (CDCh, 300 MHz):5.81 (s, 2 H), 2.76-2.87 (m, 2 H), 2.39-2.51 Zri), 2.30 (s, 6
H), 1.60-1.85 (m, 6 H);

3C NMR (CDCl, 75 MHz):171.5, 139.8, 130.9, 128.5, 111.9, 4258331.3, 26.5, 25.1,
16.0;

IR (KBr): 2923 (m), 1684 (vs), 1627 (m), 1541 (m), 1364 (vs)'tm

MS (El, 70 ev): 297 (M (¥'Br), 11%), 295 (M ("*Br), 11%), 216 (45%), 200 (100%), 122
(40%), 93 (51%);

HRMS (El): calcd. for G4H1gBrNO (M*, "®Br): 295.0572found: 295.0570 (M, "*Br).

Synthesis of 5,6,7,8,9,10-hexahydro-pyrrolo[1,2-lsoquinoline (618

O Me

985
=~/ RHJO86H

It was prepared from (2-bromo-cyclohex-1-enyl)-(2, 5-dimethyl-pyrrgl}dmethanones0a
(282 mg, 1.0 mmol), Pd (OAg)11 mg, 5 mol%), tri(p-tolyl)phosphine (30 mg, 10 mol%)
and CgCOs3 (391 mg, 1.2 mmol) according PIII . Purification by flash chromatography
(eluent: hexane: ether = 3: 1) affordétla (171 mg, 85%) as a white solid, mp.: 108.2-109.0
0,
C.
'H NMR (CDCl, 300 MHz): 6.08-6.12 (m, 1 H), 6.00 @@= 5.8 Hz, 1 H), 5.13 (s, 1 H), 4.62
(s, 1 H), 2.11-2.29 (m, 4 H), 1.58-1.77 (m, 4 H), 1.37 (4);3
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3¢ NMR (CDCls, 75 MHz): 175.5, 162.6, 146.4, 135.1, 131.0, 12980, 79.1, 25.2, 22.8,
21.9, 21.6, 20.1;

IR (KBr): 2926 (w), 1690 (vs), 1658 (m), 1632 (m), 1310 (vs)'rm

MS (EI, 70 ev): 201 (M, 25%), 186 (100%), 158 (13%), 130 (9%):

HRMS (EI): calcd. for G3H1sNO (MY): 201.1154found: 201.1151 (M).

Synthesis of 3-methyl-5,6,7,8-tetrahydro-3a-aza-silacen-4-ong(61b)

O Me

O
=~ RHJO95H

It was prepared from (2-bromo-cyclopent-1-enyl)-(2, 5-dimethyl-pyrrgl-methanone0b
(268 mg, 1.0 mmol), Pd (OA£)11 mg, 5 mol%), tri(p-tolyl)phosphine (30 mg, 10 mol%)
and CsCO; (391 mg, 1.2 mmol) according f6P3. Purification by flash chromatography
(eluent: hexane: ether = 3:1) affordétb (149 mg, 80%) as a white solid, mp.: 90.0-9CO

'H NMR (CDClk, 300 MHz): 6.07 (dJ = 5.8 Hz, 1 H), 6.01 (d] = 5.8 Hz, 1 H), 5.08 (s, 1
H), 4.58 (s, 1 H), 2.23-2.57 (m, 6 H), 1.40 (s, 3 H);

13%C NMR (CDCls, 75 MHz): 174.6, 171.5, 146.4, 141.4, 134.6, 13945, 76.4, 27.9, 27.6,
25.4,25.1;

IR (KBr): 2926 (w), 1692 (vs), 1632 (s), 1316 (vs), 1295 (vs)icm

MS (El, 70 ev): 187 (M, 35%), 172 (100%), 158 (13%), 144 (42%);

HRMS (EI): calcd. for GoH1aNO (MY): 187.0997found: 187.0973 (M).

Synthesis of 3-methyl-5,6,7,8,9,10-hexahydro-3a-azgcloheptalflinden-4-one(61¢)

RHJ096H

It was prepared from (2-bromo-cyclohept-1-enyl)-(2,5-dimethyl-pyrrol-Imdihanones0c
(296 mg, 1.0 mmol), Pd (OAg)11 mg, 5 mol%), tri(p-tolyl)phosphine (30 mg, 10 mol%)
and CsCO; (391 mg, 1.2 mmol) according f6P3. Purification by flash chromatography
(eluent: hexane: ether = 3:1) afford@bc (160 mg, 74%) as a white solid, mp.: 99.0-10@0
'H NMR (CDCk, 300 MHz): 6.09-6.13 (m, 1 H), 5.99 @3= 5.8 Hz, 1 H), 5.10-5.14 (m, 1
H), 4.58-4.64 (m, 1 H), 2.22-2.46 (m, 4 H), 1.42-1.90 (H)61.38 (s, 3 H);
13C NMR (CDCL, 75 MHz): 175.8, 164.8, 146.7, 135.3, 134.3, 129489, 79.1, 30.9, 28.4,
26.9, 26.7, 25.0, 24.4;
IR (KBr): 2918 (w), 1686 (s), 1656 (m), 1631 (m), 1309 (s)'rm
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MS (EI, 70 ev): 215 (M, 21%), 200 (100%), 186 (2%), 172 (5%), 158 (2%), 130 (4%);
HRMS (EI): calcd. for G4H:7NO (M%): 215.1310found: 215.1306 (M).

Synthesis of 3-methyl-7-phenyl-pyrrolo[1,2-flphenathridine-2-carboxylic acid ethyl
ester (63a)
EtO,C

l RHJO073J

The reaction was performed in a sealed tuber with a mixture of di{@&dmo-phenyl)-2-
methyl-5-phenyliH-pyrrole-3-carboxylic acid ethyl ested4j (463 mg, 1.0 mmol),
benzeneboronic acid (146 mg, 1.2 mmol), Pd (QA22 mg, 10 mol%), tri¢-tolyl)phosphine
(60 mg, 20 mol%) and G8O; (717 mg, 2.2 mmol) at 110 °C using toluene (10.0 mL) as
solvent for 12 h. After cooling to room temperature, water (10wdg added in. The mixture
was extracted with ether (3 x 30 mL). The combined extracts were wasthedrine, dried
over NaSO, and concentratedn vacuo Purification by flash chromatography (eluent:
pentane: ether = 3: 1) provided the mixture of desired pro@8atand double Suzuki
coupling compound. The pure compourGBa was obtained (246 mg, 65%) after
recrystallization using ether and pentane as a white solid, 5f20-156.2C.

'H NMR (CDClk, 600 MHz): 8.32 (s, 1 H), 8.10 (d,= 8.8 Hz, 1 H), 8.06 (d] = 7.9 Hz, 1
H), 7.82 (dJ = 7.5 Hz, 1 H), 7.62 (d] = 7.1 Hz, 2 H), 7.53 (d] = 8.4 Hz, 1 H), 7.48 (1} =
7.1 Hz, 2 H), 7.39 () = 7.5 Hz, 1 H), 7.35 () = 7.1 Hz, 1 H), 7.28 (t} = 7.5 Hz, 1 H), 7.21
(s, 1H),4.36 () =7.1Hz, 2 H),3.08 (s, 3H), 1.43Jtz 7.1 Hz, 3 H);

3C NMR (CDCh, 150 MHz): 165.5, 139.9, 136.8, 133.7, 132.9, 1282B.7, 128.2, 127.4,
126.9, 126.12, 126.06, 126.0, 124.6, 123.9, 12p22.0, 121.9, 118.0, 116.1, 103.0, 59.8,
16.4, 14.5;

IR (neat): 2983 (w), 1687 (s), 1526 (m), 1442 (m), 1218 (s), (063m*;

MS (El, 70 ev): 379 (100%), 350 (95%), 334 (8%), 304 (53%),(2B80), 152 (15%);

HRMS (ESI): calcd. for GsHooNO, (M*+ H): 380.1651found: 380.1655 (M+ H).
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Synthesis of 7-(3-methoxy-phenyl)-3-methyl-pyrrold],2-fljphenanthridine-2-carboxylic
acid ethyl ester (63b)
EtO,C

! 0~ RHJO82J

The reaction was performed according to the procedure for preparat&8a &fom 1-(2,4-
dibromo-phenyl)-2-methyl-5-phenyllH-pyrrole-3-carboxylic acid ethyl esteid) (232 mg,
0.5 mmol), 3-methoxylbenzeneboronic acid (91 mg, 0.6 mmol),(®Akc), (11 mg, 10
mol%), tri(p-tolyl)phosphine (30 mg, 20 mol%) and C&s (359 mg, 1.1 mmol). Reaction
conditions: 110 °C, 20 h. Purification by flash chromatogyafgtuent: pentane: ether = 3: 1)
provided the desired produgBb (182 mg, 89%) as a white solid, mp.: 132.1-138.2

'H NMR (CDClk, 300 MHz): 8.43 (s, 1 H), 8.24 (d,= 7.9 Hz, 1 H), 8.17 (d) = 7.9 Hz, 1
H), 7.92 (d,J=7.9 Hz, 1 H), 7.62 (d) = 8.8 Hz, 1 H), 7.17-7.50 (m, 6 H), 6.94 W= 7.9
Hz, 1 H), 4.36 (q) = 7.1 Hz, 2 H), 3.89 (s, 3 H), 3.18 (s, 3 H), 1.43 &,7.1 Hz, 3 H);

13C NMR (CDCL, 75 MHz): 165.6, 160.1, 141.6, 136.98, 136.95, 0,3433.1, 129.9, 128.9,
128.4, 126.33, 126.26, 124.8, 124.2, 122.5, 12122,2, 119.5, 118.2, 116.3, 113.0, 112.7,
103.2,59.9, 55.4, 16.5, 14.5;

IR (neat): 2976 (w), 1691 (s), 1606 (m), 1580 (m), 1439 (m), 14pem";

MS (El, 70 ev): 409 (M, 100%), 380 (86%), 337 (19%), 292 (23%), 190 (10%);

HRMS (EI): calcd. for G/H23NO3 (MY): 409.1678found: 409.1661 (M).

Synthesis of 10-(3-methoxy-phenyl)-3-methyl-pyrrold,2-flphenanthridine-2-carboxylic
acid ethyl ester (63c)
EtO,C
/o

“r
O.
ORRCE.
RHJ048K

The reaction was performed according to the procedure for prepacdt@éda from 5-(4-
bromo-phenyl)-1-(2-bromo-phenyl)-2-methiH-pyrrole-3-carboxylic acid ethyl estet4k

(232 mg, 0.5 mmol), 3-methoxylbenzeneboronic acid (91 mgndnél), Pd (OAc) (11 mg,
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10 mol%), trip-tolyl)phosphine (30 mg, 20 mol%) and£©; (359 mg, 1.1 mmol). Reaction
conditions: 110 °C, 12 h. Purification by flash chromatogyaf@tuent: pentane: ether =4: 1)
provided the desired produgBc(121 mg, 59%) as a white solid, mp.: 157.9-158.5

'H NMR (CDClk, 300 MHz): 8.40 (dJ = 7.1 Hz, 1 H), 8.35 (s, 1 H), 8.30 @= 7.9 Hz, 1
H), 8.01 (ddJ; = 7.9 Hz,J, = 3.5 Hz, 1 H), 7.69 (dl= 7.9 Hz, 1 H), 7.19-7.58 (m, 6 H), 6.97
(dd,J1 = 7.9 Hz, = 2.6 Hz, 1 H), 4.42 (] = 7.1 Hz, 2 H), 3.94 (s, 3 H), 3.24 (s, 3 H), 1.47
(t,J=7.1Hz, 3 H);

3C NMR (CDCl, 75 MHz): 165.6, 160.1, 142.4, 138.8, 134.9, 1332.9, 128.8, 127.8,
127.5, 125.4, 125.1, 124.6, 124.0, 123.9, 123.@.8,2119.6, 118.0, 116.5, 113.0, 112.6,
103.2, 59.9, 55.4, 16.6, 14.5;

IR (neat): 2972 (w), 1696 (s), 1604 (w), 1580 (m), 1559 (m), 14141214 (vs) ci;

MS (El, 70 ev): 409 (100%), 380 (85%), 337 (14%), 292 (13%),(30%), 145 (15%);

HRMS (EI): calcd. for G/H23NO3 (MY): 409.1678found: 409.1697 (M).
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10. Preparation of Functionalized Alkenyl Organomagesium Reagents and

Polysubstituted Pyridylmagnesium Reagents UsingPrMgClsLiCl

Synthesis of E)-1-iodo-1-octene (79a)
/—/I

n-CeHiz  RHJ139B
To a solution of 1-octyne (2.75 g, 25 mmol, in 50 mL of dexane) was slowly added neat
DIBAL (2.85 g, 25 mmol ) and the temperature was kept beloWiC4 The reaction was
heated at 50C for 4 h, then cooled to rt and hexane was removed under vaculfn(20H
mL) was added and the solution was cooled to°&nd iodine (6.35 g, 25 mmol) in THF
(20 mL) was slowly added. The mixture was then warmed to rt chaoiger from brownish-
red to almost colorless. The reaction mixture was then quencherdmyise addition of 20%
sulfuric acid and was poured in a mixture of ice and 20% sulfuric &biel mixture was then
extracted with pentane, and the organic extracts were washed wiiimsibhdosulfate, sodium
bicarbonate solutions, dried (MgSO4), and the solvents were renmoveduo Purification
by flash chromatography (pentane) afforded the pure prd®aqt5.68 g, 95%) as a colorless
oil. GC and*H NMR analysis indicated 99% isomeric purig Z = 99:1).
'H NMR (CDCl, 300 MHz): 6.49 (dt); = 14.4 Hz,J, = 7.2 Hz, 1 H), 5.95 (dtl; = 14.4 Hz,
J, =1.5Hz, 1 H), 2.03 (dgl, = 8.4 Hz,J, = 1.5 Hz, 2 H), 1.18-1.44 (m, 8 H), 0.86Jt 6.9
Hz, 3 H);
13C NMR (CDCL, 75 MHz): 146.8, 74.2, 36.0, 31.5, 28.6, 28.3, 2240;
IR (film): 2926 (vs), 1606 (w), 1465 (m), 943 (m) ¢m
MS (El, 70 ev), m/z (%): 238 (M) 50%), 167 (35%), 154 (34%), 69 (100%).
Spectral data match those reported in the literafdre.

Synthesis of Z)-1-iodo-1-octene (79b)

n-cst\ RHJ155B
To a solution of 1-octyne (550 mg, 5 mmol) in anhydroud,@, was slowly added
HBBr,-SMe (5 mL, 1.0 M in CHCI,) and the mixture was stirred for 10 h. Water (0.9 mL)
and ether (2.5 mL) was added to the reaction mixtur€@t The reaction mixture was stirred
for about 20 min after the addition and more ether (25 mL) wasdaddhe organic layer was

washed with cold water, brine and dried (MghQAfter evaporation of the solvent under

1253, K. Stille, J. H. Simpsod, Am. Chem . So:987, 109, 2138.
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reduced pressure, the boronic acid was obtained in satisfactory pingtyooronic acid was
then dissolved in the mixture solvent of ether and tetrahydrofuranL(51:1) in a 25-mL
flask and cooled to 8C. Elemental iodine (13 mmol) was added and the mixture was stirred
for 8 h at 0°C. Aqueous sodium thiosulfate was added until iodine col@mapgeared; the
mixture was extracted with pentane, washed with brine and dried ov@©MBurification by
flash chromatography (pentane) afforded the pure protRlz(800 mg, 67%) as a colorless
oil. GC and*H NMR analysis indicated 98% isomeric puri§ Z = 2:98).

'H NMR (CDCk, 300 MHz): 6.11-6.19 (m, 2 H), 2.07-2.16 (m, 2 H), 1.1891(m, 8 H),
0.87 (t,J =6.9 Hz, 3 H);

3C NMR (CDCk, 75 MHz): 141.5, 82.1, 34.7, 31.6, 28.8, 27.9, 2240;

IR (film): 2926 (vs), 1610 (w), 1465 (w), 1285 (w) ¢m

MS (El, 70 ev), m/z (%): 238 (M) 52%), 167 (25%), 154 (30%), 69 (100%).

Spectral data match those reported in the literatdre.

Synthesis of E)-6-chloro-1-iodo-hex-1-ene (79c)
|

Cl RHJ148B
The reaction was carried out according to the procedure for preparatidt)-bfiqdo-1-
octene79a 6-Chloro-1-hexyne (2.33 g, 20 mmol), neat DIBAL (2.28 g,n2®ol) and j
(5.08 g, 20 mmol) afforded the produ&)<{6-chloro-1-iodo-hex-1-ené9c(3.98 g, 81%) as a
colorless oil. GC antH NMR analysis indicated 99% isomeric purify; € = 99:1).
'H NMR (CDCL, 300 MHz): 6.48 (dt), = 14.7 Hz,J, = 7.2 Hz, 1 H), 6.01 (dth = 14.7 Hz,
J=18Hz,1H), 351 {)=6.6Hz, 2H),2.07 (qd, =7.5HzJ,=1.2Hz, 1 H, 2H),1.75
(m, 2 H), 1.54 (m, 2 H);
13C NMR (CDCE, 75 MHz): 145.7, 75.1, 44.6, 35.2, 31.7, 25.5;
IR (film): 2937 (vs), 1606 (m), 1454 (m), 1230 (m), 947 (vs)'em
MS (El, 70 ev): 246 (M3'Cl, 33%), 244 (M, * Cl, 100%), 180 (9%), 167 (59%), 154
(32%), 127 (14%), 81 (52%);
HRMS (EI): calcd. for GH1oCll (M*, *Cl): 243.9516found: 243.9512 (M, *°CI).

1264, C. Brown, C. Subrahmanyam, T. Hamaoka,; N. Ravindba H. Bowman,; S. Misumi, M. K. Unni, V. Somayali.
G. Bhat,J. Org. Chem1989 54, 6068.
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Synthesis of Z)-6-chloro-1-iodo-hex-1-ene (79d)

Cl RHJ163B
The reaction was carried out according to the procedure for preparatiaf)-bfiodo-1-
octene. 6-chloro-1-hexyngb (291 mg, 2.5 mmol), HBBrSMe (2.5 mL, 1.0 M in CHCI,)
and b (1.7 g, 6.75 mmol) afforded the produd)-6-chloro-1-iodo-hex-1-en&9d (469 mg,
77%) as a colorless oil. GC afld NMR analysis indicated 97% isomeric purif: € = 3:
97).
'H NMR (CDCl, 300 MHz): 6.11- 6.23 (m, 2 H), 3.53 {t= 6.3 Hz, 2 H), 2.16 (q] = 7.2
Hz, 2 H), 1.80 (m, 2 H), 1.57 (m, 2 H);
13C NMR (CDCk, 75 MHz): 140.5, 83.0, 44.7, 33.8, 31.8, 25.1;
IR (film): 2939 (vs), 1610 (m), 1454 (m), 1297 (s), 1284 (s), By@ni’;
MS (El, 70 ev): 246 (M, 3'Cl, 16%), 244 (M, 3°Cl, 49%), 167 (35%), 154 (28%), 117
(13%), 81 (100%);
HRMS (EI): calcd. for GH1oCll (M*, *Cl): 243.9516found: 243.9521 (M, *°CI).

Synthesis of E)-1,6-diiodo-hex-1-ene (79¢e)
|

l RHJ153B
A mixture of E)-6-chloro-1-iodo-hex-1-en&9c (732 mg, 3.0 mmol), Nal (900 mg, 6.0
mmol) and acetone (5 mL) was stirred at 70 °C overnight. Aftelirgpto room temperature,
water (10 mL) was added. The aqueous phase was extracted with dibtry(3 x 10 mL).
The organic fractions were washed with brine (10 mL), dried ove®aand concentrated
in vacuo Purification by flash chromatography (pentane: ether = 100:1) yielsedroduct
79e (912 mg, 90%) as a colorless oil. GC &l NMR analysis indicated 99% isomeric
purity (E:Z = 99:1).
'H NMR (CDCk, 300 MHz): 6.47 (dt); = 14.6 Hz,J, = 6.6 Hz, 1 H), 6.00 (d] = 14.6 Hz, 1
H), 3.15 (t,J = 6.3 Hz, 2 H), 2.01-2.10 (m, 2 H), 1.70-1.85 (m, 2 F391(m, 2 H);
13C NMR (CDCL, 75 MHz): 145.6, 75.3, 34.8, 32.5, 29.1, 6.3;
IR (film): 2928 (s), 1605 (m), 1450 (m), 1219 (m), 1187 (m), @4Bcni*;
MS (El, 70 ev): 336 (20%), 209 (79%), 167 (94%), 81 (100%);
HRMS (EI): calcd. for GH1glo (M™): 335.8872found: 335.8894 (M).
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Synthesis of E)-8-iodo-2,2-dimethyl-oct-7-enenitrile (79f)
|

NC
RHJ190B

To a solution of isobutyronitrile (104 mg, 1.5 mmol) in FKB mL) was added LDA (1.5
mmol in 3 mL THF, It was prepared fromBuLi and HN{-Pr),) at —78°C and the mixture
was stirred for 1 h. Then, the solution#gf (336 mg, 1.0 mmol, in 1 mL THF) was added
and stirred at this temperature for 2 h. The reaction mixture was waomeom temperature
and stirred for 1 h, then quenched with JOH (aq). The aqueous phase was extracted with
diethyl ether (3 x 10 mL). The organic fractions were washed lwitie (10 mL), dried over
NaSO, and concentrateth vacuo Purification by flash chromatography (pentane: ether =
50:1) yielded the pure produt®f (191 mg, 69%) as a colorless oil. GC 2RdNMR analysis
indicated 99% isomeric puritfg(Z = 99:1).

'H NMR (CDCl, 300 MHz): 6.47 (dt); = 14.1 Hz,J, = 7.2 Hz, 1 H), 5.98 (dtl; = 14.1 Hz,

J, = 1.2 Hz, 1 H), 2.02-2.10 (m, 2 H), 1.36-1.51 (m, 6 H3O (s, 6 H);

13C NMR (CDCl;, 75 MHz): 145.9, 125.0, 74.8, 40.7, 35.7, 32.22286.6, 24.5;

IR (film): 2938 (vs), 2234 (m), 1606 (w), 1462 (m), 1207 (m), E)Tm?;

MS (El, 70 ev): 277 (11%), 180 (26%), 167 (58%), 150 (100%),(1236);

HRMS (EI): calcd. for GoH1elN (M™): 277.0327found: 277.0359 (M).

Synthesis of E)-8-iodo-2,2-dimethyl-oct-7-enoic acid methyl este{799)
|

MeOOC
RHJ185B

To a solution of methyl isobutyrate (174 mg, 1.5 mmol) HFT(3 mL) was added LDA (1.5
mmol, in 3 mL THF, It was prepared fromBuLi and HN{-Pr),) at —78°C and the mixture
was stirred for 1 h. Then, the solution”®e (336 mg, 1.0 mmol in 1 mL THF) was added and
the mixture was stirred for 2 h at this temperature. The reacticiimaiwas warmed to room
temperature and stirred for 1 h, then quenched with\laq). The aqueous phase was
extracted with diethyl ether (3 x 10 mL). The organic fractions werdedawith brine (10

mL), dried over NgSO, and concentrateth vacuo Purification by flash chromatography
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(pentane:ether = 25:1) yielded the pure prodisgt (224 mg, 81%) as a colorless oil. GC and
'H NMR analysis indicated 99% isomeric purify. € = 99:1).

'H NMR (CDCl, 300 MHz): 6.46 (dt); = 14.1 Hz,J, = 6.9 Hz, 1 H), 5.95 (dtl; = 14.1 Hz,

J, = 1.5 Hz, 1 H), 3.63 (s, 3 H), 1.98-2.06 (m, 2 H), 11480 (m, 2 H), 1.26-1.40 (m, 2 H),
1.13-1.23 (m, 2 H), 1.13 (s, 6 H);

13%C NMR (CDCl, 75 MHz): 178.4, 146.4, 74.5, 51.7, 42.2, 40.48388.7, 25.1, 24.2;

IR (film): 2938 (s), 1732 (vs), 1606 (W), 1473 (m), 1193 (s),6L(J, 948 (s) ciy;

MS (El, 70 ev): 311 (N+1, 0.7%), 251 (0.8%), 195 (3.3%), 183 (33.9%), 123 (100%32,
(77%);

HRMS (EI): calcd. for GiH20lO, (M™+H): 311.0508found: 311.0488 (M+H).

Synthesis of 4-(2-iodo-allyl)-benzonitrile (79h)
_ Nal, TMSCI TsCl OTs

j\OH :I(OH i :I(
80

1. i-PrMgCl-LiCl |

3. OTs
:( RHJ190C

I 80

2-lodo-prop-2-en-1-ol was obtained according to a literature procéduree mixture of 2-
iodo-prop-2-en-1-ol (2.13 g, 11.6 mmol), TsCl (2.43 g, 1@ol) and EN (1.74 g, 17.4
mmol) in CHCl, (25 mL) were stirred at 8C for 7 h. Then, the mixture was washed with
brine and dried (MgS£). The crude product was purified on silica gel, yielding the 2-
iodoallyl tosylate (3.33 g, 85%) as a colorless oll.

To a solution of 4-bromobenzonitrile (1.82 g, 10 mmol) inFTAO mL) was added the
PrMgCLLIiCl (5.5 mL, 2.0 M in THF, 11.0 mmol) at =13 and stirred for 4 h. ZnB(11.0
mL, 1.0 M in THF) was added and the reaction mixture was sttréluis temperature for 30
min. Then the solution of 2-iodoallyl tosylaf&.38 g, 10 mmol) in THF (5 mL), CuCN-2LiCl
(2.0 mL, 1.0 M in THF) and NMP (4 mL) were added subsequéatthe reaction mixture.
The reaction mixture was stirred at room temperature overnight thenclged with NECI
(aq) (5 mL). The aqueous phase was extracted with diethyl ether (3mL.)LOr'he organic

fractions were washed with brine (10 mL), dried ovep3@ and concentrateth vacuo

127’3 Irifune, T. Kibayashi, Y. Ishii, M. Ogaw8ynthesi4 988 367.
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Purification by flash chromatography (pentane: ether = 15: 1) yidltegure product9h
(1.690 g, 63%) as a colorless oil.

'H NMR (CDClL, 300 MHz): 7.60 (dJ = 8.1 Hz, 2 H), 7.31 (d] = 8.1 Hz, 2 H), 6.09-6.10
(m, 1 H), 5.84 (s, 1 H), 3.81 (s, 2 H);

13C NMR (CDCl;, 75 MHz): 143.2, 132.3, 129.7, 128.1, 118.7, 110(d,.2, 51.4;

IR (film): 2976 (w), 2228 (s), 1607 (m), 1504 (w), 1188 (m)’tm

MS (El, 70 ev): 269 (M, 78%), 142 (100%), 115 (81%);

HRMS (EI): calcd. for GgHgIN (M™): 268.9701found: 268.9726 (M).

Synthesis of 4-iodo-2,2-dimethyl-pent-4-enenitrilé79i)
|

L
RHJO77C

To a solution of isobutyronitrile (104 mg, 1.5 mmol) in FKB mL) was added LDA (1.5
mmol in 3 mL THF, prepared from-BuLi and HN{-Pr),) at —78°C and stirred for 1 h. Then,
the solution of 2-iodoallyl tosylaté838 mg, 1.0 mmol) in THF (1 mL) was added and the
mixture was stirred for 2 h at this temperature then quenched wii€INBQ). The aqueous
phase was extracted with diethyl ether (3 x 10 mL). The organic fnactvere washed with
brine (10 mL), dried over N80, and concentratedn vacuo Purification by flash
chromatography (pentane: ether = 25:1) yielded the pure pr@®u¢i34 mg, 57%) as a
solid; mp.: 36.9-37.5C.

'H NMR (CDClL, 300 MHz): 6.25-6.28 (m, 1 H), 6.03 @= 1.8 Hz, 1 H), 2.73 (d] = 1.3
Hz, 2 H), 1.44 (s, 6 H);

13C NMR (CDCl;, 75 MHz): 131.7, 124.1, 99.5, 53.9, 33.1, 26.8;

IR (KBr): 2977 (m), 2234 (m), 1611 (s), 1184 (s), 909 (vs)tm

MS (El, 70 ev): 235 (M, 100%), 167 (21%), 127 (10%), 108 (11%), 81 (32%);

HRMS (EI): calcd. for GH1oIN (M™): 234.9858found: 234.9844 (M).

Synthesis of (1-iodo-2-phenyl-vinyl)-trimethyl-silane (79j)

TMS

I RHJO06D
To a solution of trimethyl-phenylethynyl-silane (1.540 g, 8&ol) in dry hexane (20 mL)
was slowly added neat DIBAL (1.001 g, 8.9 mmol) and the temperatas kept below 40
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°C. The reaction was then heated at°80for 4 hr, and then cooled to rt and hexane was
removed under vacuum. THF (20 mL) was added and the solutionowbesi to -50°C, and
iodine (6.35 g, 25 mmol) in THF (20 mL) was slowly addBlde mixture was then warmed to
rt change color from brownish-red to almost colorless. The reactigtune was then
guenched by dropwise addition of 20% sulfuric acid and poutedaimixture of ice and 20%
sulfuric acid. The mixture was then extracted with pentane, and gamiorextracts were
washed with sodium thiosulfate, sodium bicarbonate solytimmg dried (MgS0O4), and the
solvents were removdd vacuo Purification by flash chromatography (pentane) afforded the
pure produc9j (2.192 g, 82%) as a colorless oil. GC dhINMR analysis indicated 95%
isomeric purity E: Z = 95: 5).

'H NMR (CDCk, 300 MHz): 7.19-7.52 (m, 6 H), 0.22 (s, 9 H);

13C NMR (CDCl, 75 MHz): 144.2, 139.1, 128.4, 128.2, 127.9, 111.8;

IR (KBr): 2957 (m), 1592 (m), 1488 (m), 1444 (m), 1247 (vs)'rm

MS (EI, 70 ev): 302 (M, 100%), 287 (9%), 185 (90%), 175 (21%), 73 (89%);

Spectral data match those reported in the literaltire.

Synthesis of E)-undec-4-en-3-ol (83a)
OH

According toTP4, the reaction was carried out witk){1-iodo-1-octene/9a (119 mg, 0.5
mmol), i-PrMgCI-LiCI (0.28 mL, 0.55 mmol, 2.00 M in THF) andopionaldehyde (0.55
mmol in 0.5 mL THF). Exchange conditions: -4, 7 h. Purification by flash
chromatography (pentane: ether = 3:1) afforded the pure pr88a¢v0 mg, 82% vyield) as a
colorless oil*H NMR analysis indicated 99% isomeric purify; € = 99: 1).

'H NMR (CDCl, 300 MHz): 5.61 (ddt}); = 15.5 Hz,J , = 6.6 Hz,J; = 0.9 Hz, 1 H), 5.41
(ddt,J; = 15.5 Hz,J, = 6.6 Hz,J3 = 1.3 Hz, 1 H), 3.94 (g] = 6.6 Hz, 1 H), 1.97-2.03 (m, 2
H), 1.17-1.60 (m, 7 H), 0.81-0.90 (m, 6 H);

13C NMR (CDCl;, 75 MHz): 132.7, 132.4, 74.5, 32.2, 31.7, 30.12298.8, 22.6, 14.0, 9.7;
IR (film): 3350 (vs), 2960 (vs), 1670 (w), 1464 (m), 966 (s)’cm

MS (El, 70 ev): 170 (M, 0.4%), 152 (11%), 141 (54%), 123 (26%), 85 (83%), 57 ()00%
Spectral data match those reported in the literattire.

128 Negishi, T. TakahashiJ, Am. Chem . Sot986 108 3402.
129\, Oppolzer, , R. N. Radinotelv. Chim. Actdl992 75, 170-3.
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Synthesis of E)-non-2-enal (83b)
0

)k¢¢\\/A\//\v/
H RHJ197B

According toTP4, the reaction was carried out witk){1-iodo-1-octene/9a (119 mg, 0.5
mmol), i-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) and MO0.75 mmol in 0.5 ml
THF). Exchange conditions: -4C, 7 h. Purification by flash chromatography (pentane: ether
= 30:1) afforded the pure produ&3b (50 mg, 71% vyield) as a colorless dH NMR analysis
indicated 99% isomeric puritfg(Z = 99:1).

'H NMR (CDCh, 300 MHz): 9.46 (dJ = 7.9 Hz, 1 H), 6.81 (dt}, = 15.5 Hz,J, = 6.6 Hz, 1
H), 6.08 (ddtJ; = 15.9 Hz,J, = 7.9 Hz,J; = 1.3 Hz, 1 H), 2.25-2.34 (m, 2 H), 1.20-1.52 (m, 8
H), 0.85 (t,J = 6.6 Hz, 3 H);

13C NMR (CDCl;, 75 MHz): 194.1, 159.0, 132.9, 32.7, 31.5, 28.77222.5, 14.0;

IR (film): 2928 (vs), 1697 (vs), 1421 (vs), 1308 (vs), 977 (s)icm

MS (El, 70 ev): 139 (M-H, 0.6%), 122 (6%), 111 (13%), 96 (35%), 70 (100%).

Spectral data match those reported in the literattfre

Synthesis of E)-oct-1-enylsulfanyl-benzene (83f)

[:1/5\49\/A\/A\//
RHJ145B

According toTP4, the reaction was carried out witk){1-iodo-1-octene/9a (119 mg, 0.5
mmol), i-PrMgCI-LiCl and diphenyl disulfide (120 mg, 0.55 mmoll ®kquiv.). Exchange
conditions: -40°C, 7 h. Quenched as usual and extracted with ether (3 x 30 ralpranic
fractions were washed with 2 N NaOH (10 ml) thoroughly and briGengL), dried over
NaSO, and concentratenh vacuo Purification by flash chromatography (pentane) afforded
the pure producB3f (86 mg, 78%) as a colorless otH NMR analysis indicated 99%
isomeric purity E: Z = 99:1).

'H NMR (CDCk, 300 MHz): 7.16-7.36 (m, 5 H), 6.16 (d = 14.8 Hz,J, = 0.9 Hz, 1 H),
6.03 (dt,J; = 14.8 Hz,J, = 6.6 Hz, 1 H), 2.19 (m, 2 H), 1.24-1.50 (m, 8 H), 0(83 = 6.6
Hz, 3 H);

3%C NMR (CDCl, 75 MHz): 137.8, 136.7, 128.9, 128.4, 126.0, 128%], 31.6, 29.0, 28.8,
22.6, 14.1;

IR (film): 2926 (vs), 1738 (w), 1584 (m), 1439 (m), 738 (s);

130H Ma, X. Lu,Chem. Comn989 14, 890-1.
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MS (EI, 70 ev): 220 (N, 83%), 149 (100%), 134 (31%), 116 (84%).
Spectral data match those reported in the literattire.

Synthesis of Z)-oct-1-enylsulfanyl-benzene (83d)

— RHJ160B

According TP4, the reaction was carried out witd){1-iodo-1-octene79b (119 mg, 0.5
mmol), i-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) andpdenyl disulfide (120
mg, 0.55 mmol, 1.1 equiv.). Exchange conditions: °@) 20 h. Quenched as usual and
extracted with ether (3 x 30 ml). The organic fractions were washe®witiNaOH (10 ml)
thoroughly and brine (10 mL), dried over 488, and concentrateth vacuo Purification by
flash chromatography (pentane) afforded the pure pro88dt(76 mg, 69% vyield) as a
colorless oil*H NMR analysis indicated 98% isomeric purify; = 2:98).

'H NMR (CDCl, 300 MHz): 7.08-7.29 (m, 5 H), 6.11 (d§ = 8.8 Hz,J, = 1.3 Hz, 1 H),
5.75 (dt,J; = 8.8 Hz,J, = 7.5 Hz, 1 H), 2.13-2.22 (m, 2 H), 1.17-1.14 (m, 8482 (,J = 6.6
Hz, 3 H);

3C NMR (CDCl, 75 MHz): 136.6, 133.8, 128.9, 128.7, 126.1, 123157, 29.1, 29.0, 28.9,
22.6,14.1;

IR (film): 2926 (vs), 1609 (w), 1585 (m), 1479 (s), 736 (s)’ecm

MS (El, 70 ev): 220 (M, 60%), 149 (100%), 134 (25%), 116 (67%), 110 (51%), 91 (12%),
69 (56%);

HRMS (EI): calcd. for GsH20S (MY): 220.1286found: 220.1302 (M).

Synthesis of Z)-undec-4-en-3-ol (83e)

OH
According toTP4, the reaction was carried out with){1-iodo-1-octene/9b (119 mg, 0.5
mmol), i-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) andopionaldehyde (0.55
mmol in 0.5 mL THF). Exchange conditions: -4, 20 h. Purification by flash
chromatography (pentane: ether = 3:1) afforded the pure pr@&®ec{59 mg, 70%) as a
colorless oil*H NMR analysis indicated 98% isomeric purify; = 2:98).

131X, Huang, X. Xu, W. ZhengSynth. Commuri999 29, 2399.
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'H NMR (CDCk, 300 MHz): 5.48 (ddt}; = 11.1 HzJ, = 7.5 Hz,J; = 0.9 Hz, 1 H), 5.33 (m,
1 H), 4.33 (m, 1 H), 1.97-2.13 (m, 2 H), 1.12-1.67 (m, 300GB7 (m, 6 H);

3C NMR (CDCl, 75 MHz): 132.7, 132.2, 69.1, 31.7, 30.4, 29.79287.7, 22.6, 14.1, 9.7;
IR (film): 3339 (vs), 2959 (W), 1658 (W), 1464 (m), 1007 (m)cm

MS (El, 70 ev): 170 (M, 0.4%), 152 (13%), 141 (51%), 123 (36%), 85 (87%), 81 (95%),
(100%);

HRMS (EI): calcd. for GiH2,0 (MY), 170.1671found: 170.1621 (M).

Synthesis of E)-(6-chloro-hex-1-enylsulfanyl)-benzene (83f)
Cl

O
RHJ152B

According toTP4, the reaction was carried out wifs)-6-chloro-1-iodo-hex-1-en@9c (122
mg, 0.5 mmol),i-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF), diphgrdisulfide
(120 mg, 0.55 mmol, 1.1 equiv.). Exchange conditions:°@07 h. Quenched as usual and
extracted with diethyl ether (3 x 10 mL). The organic fractions weréedawith 2 M NaOH
(10 mL) thoroughly and brine (10 mL), dried over,8@, and concentrateih vacuo
Purification by flash chromatography (pentane: ether = 100: 1) afféheéepure produc83f
(85 mg, 75%) as a colorless oilH NMR analysis indicated 99% isomeric purity: Z =
99:1).

'H NMR (CDCl, 300 MHz): 7.08-7.27 (m, 5 H), 6.09 (d¢ = 15.0 Hz,J, = 1.3 Hz, 1 H),
5.86 (dt,J; = 15.0 Hz,J, = 6.6 Hz, 1 H ), 3.47 ({ = 6.6 Hz, 2 H), 2.08-2.16 (m, 2 H), 1.68-
1.79 (m, 2 H), 1.44-1.56 (m, 2 H);

13C NMR (CDCl;, 75 MHz): 136.2, 135.8, 128.9, 128.7, 126.2, 124497, 32.2, 31.9, 26.2;
IR (film): 2936 (m), 1731 (w), 1583 (m), 1479 (s), 1439 (§)1 9m), 739 (vs) cm;

MS (El, 70 ev): 228 (M, *'Cl, 10%), 226 (M, *°Cl, 39%), 149 (100%), 134 (19%), 116
(58%), 59 (88%);

HRMS (EI): calcd. for G,H1sCIS (M, *Cl), 226.0583found: 226.0582 (M, *°ClI).

Synthesis of Z)-(6-chloro-hex-1-enylsulfanyl)-benzene (83g)
Cl

— RHJ148B
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According toTP4, the reaction was carried out with)-6-chloro-1-iodo-hex-1-en@9d (122
mg, 0.5 mmol)j-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) and denyl disulfide
(120 mg, 0.55 mmol, 1.1 equiv.). Exchange conditions:°@@®0 h. Quenched as usual and
extracted with diethyl ether (3 x 10 mL). The organic fractions weréedawith 2 M NaOH
(10 mL) thoroughly and brine (10 mL), dried over,88, and concentrateith vacuo
Purification by flash chromatography (pentane:ether = 100:1) affordegutieeproducB83g
(92 mg, 81%) as a colorless diH NMR analysis indicated 97% isomeric purigZ = 3:97).
'H NMR (CDCl, 300 MHz): 7.10-7.28 (m, 5 H), 6.16 (dk = 9.0 Hz,J, = 1.3 Hz, 1 H),
5.72 (dt,J; = 9.3 Hz,J, = 7.5 Hz, 1 H), 3.49 (t) = 6.6 Hz, 2 H), 2.17-2.26 (m, 2 H), 1.70-
1.81 (m, 2 H), 1.48-1.58 (m, 2 H);

3C NMR (CDCl;, 75 MHz): 136.2, 132.3, 129.0, 128.8, 126.3, 128478, 32.0, 28.2, 26.2;
IR (film): 2934 (m), 1731 (w), 1584 (m), 1479 (s), 1439 (s)'cm

MS (El, 70 ev): 228 (M, *'Cl, 15%), 226 (M, *°Cl, 44%), 149 (100%), 116 (45%), 110
(63%), 91 (37%);

HRMS (El): calcd. for GoH1sCIS (M*, *°Cl), 226.0583found: 226.0585 (M, *Cl).

Synthesis of E)-9-iodo-non-4-en-3-ol (83h)

ﬁ OH RHJ161B
According toTP4, the reaction was carried out wifB)-1, 6-diiodo-hex-1-en&9e (168 mg,
0.5 mmol),i-PrMgCI-LiClI (0.28 mL, 0.55 mmol, 2.00 M in THF) and prapaldehyde (0.55
mmol in 0.5 mL THF). Exchange conditions: -4, 7 h. Purification by flash
chromatography (pentane: ether = 4:1) afforded the pure pr88ic{112 mg, 84%) as a
colorless oil*H NMR analysis indicated 99% isomeric purif:Z = 99:1).
'H NMR (CDCl;, 300 MHz): 5.59 (dtJ); = 15.0 Hz,J, = 6.6 Hz, 1 H), 5.44 (ddtl; = 15.0
Hz,J, = 6.6 Hz,J3 = 1.3 Hz, 1 H), 3.95 (m, 1 H), 3.16 {t= 7.2 Hz, 2 H), 2.04 (4] = 7.2 Hz,
2 H), 1.74-1.86 (m, 2 H), 1.40-1.58 (m, 4 H), 0.8 &, 7.5 Hz, 3 H);
13C NMR (CDCL, 75 MHz): 133.5, 131.1, 74.3, 32.9, 31.0, 30.1929.7, 6.7;
IR (film): 3368 (vs), 2930 (vs), 1669 (w), 1455 (m), 966 (s)’cm
MS (El, 70 ev): 267 (M-H, 0.4%), 250 (30%), 239 (50%), 155 (14%), 81 (54%), 57%d)00
HRMS (EI): calcd. for GH16lO: 267.0246 (M-H); found: 267.0242 (M-H).
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Synthesis of E)-9-hydroxy-2, 2-dimethyl-undec-7-enenitrile (83i)

WMCN

/ RHJ193B
According toTP4, the reaction was carried out with){8-iodo-2, 2-dimethyl-oct-7-enenitrile
79f (139 mg, 0.5 mmol)j-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) and
propionaldehyde (0.55 mmol in 0.5 mL THF). Exchange camuiiti -40°C, 7 h. Purification
by flash chromatography (pentane: ether = 2:1) afforded the pure pB&i({80 mg, 77%) as
a colorless oil'H NMR analysis indicated 99% isomeric puris Z = 99:1).
'H NMR (CDCL, 300 MHz): 5.59 (dtJ; = 15.6 Hz,J, = 6.6 Hz, 1 H), 5.43 (ddtl, = 15.6
Hz,J,=6.6 Hz,J; = 1.3 Hz, 1H), 3.92-3.96 (m, 1 H), 2.04 {5 6.6 Hz, 2 H), 1.35-1.66 (m,
8 H), 1.30 (s, 6 H), 0.87 (t, J = 7.5 Hz, 3 H);
3C NMR (CDChk, 75 MHz): 133.3, 131.4, 125.1, 74.3, 40.8, 32.38380.1, 28.9, 26.63,
26.58, 24.6, 9.7;
IR (film): 3436 (vs), 2974 (vs), 2235 (m), 1730 (w), 1669 (w),34®), 968 (m) cri:;
MS (El, 70 ev): 208 (M-H, 0.1%), 192 (2%), 180 (100%), 162 (29%), 135 (32%), 85 [96%
HRMS (EI): calcd. for GsH2,NO: 208.1701 (M-H); found: 208.1681 (M-H).

Synthesis of E)-2,2-dimethyl-undeca-7,10-dienoic acid methyl est¢83))

NI CO0Me
/\ RHJ188B

According to TP4, the reaction was carried out witk){8-iodo-2, 2-dimethyl-oct-7-enoic
acid methyl este79g (155 mg, 0.5 mmol)i-PrMgCI-LiCI (0.28 mL, 0.55 mmol, 2.00 M in
THF) and allyl bromide (0.55 mmol in 0.5 mL THF). Exchangeditions: -40°C, 12 h.
Purification by flash chromatography (pentane: ether = 25:1) affordeg@ute produc83]
(80 mg, 71%) as a colorless oil. GC dMINMR analysis indicated 99% isomeric purig.Z
=99:1).

'H NMR (CDCl, 300 MHz): 5.73-5.86 (m, 1 H), 5.34-5.43 (m, 2 H), 4.9045(m, 2 H),
3.63 (s, 3 H), 2.64-2.79 (m, 2 H), 1.90-2.01 (m, 2 H)64L5B1 (m, 6 H), 1.13 (s, 6 H);

3C NMR (CDClk, 75 MHz): 178.5, 137.4, 131.4, 127.7, 114.7, 5483, 40.6, 36.7, 32.3,
29.8, 25.1, 24.4;

IR (film): 2935 (s), 1734 (vs), 1639 (w), 1154 (m), 969 (m), 91p¢m™*

MS (El, 70 ev): 224 (M, 0.1%), 192 (10%), 123 (11%), 102 (100%), 81 (48%);

HRMS (EI): calcd. for G4H240, (MY): 224.1776found: 224.1775 (M).
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Synthesis of E)-9-hydroxy-2,2-dimethyl-undec-7-enoic acid methygster (83Kk)
OH

\\/L\%7\¢/\V/\\/COOM9

/\ RHJO17D
According to TP4, the reaction was carried out witk){8-iodo-2, 2-dimethyl-oct-7-enoic
acid methyl este79g (155 mg, 0.5 mmol)i-PrMgCI-LiCI (0.28 mL, 0.55 mmol, 2.00 M in
THF) and propionaldehyde (0.55 mmol in 0.5 mL THF). Exchasaalitions: -40°C, 12 h.
Purification by flash chromatography (pentane: ether = 2:1) afforded thgprduci83k (99
mg, 82%) as a colorless oiH NMR analysis indicated 99% isomeric purifZ = 99:1).
'H NMR (CDCl, 300 MHz): 5.58 (dtJ); = 15.6 Hz,J, = 6.6 Hz, 1 H), 5.40 (ddtl; = 15.6
Hz, J,= 6.6 Hz,J; = 1.3 Hz, 1 H), 3.93 (] = 6.6 Hz, 1 H), 3.62 (s, 3 H), 1.99 ()= 7.2 Hz,
2 H), 1.12-1.59 (m, 6 H), 1.12 (s, 8 H), 0.86J( 7.2 Hz, 3 H);
3C NMR (CDCk, 75 MHz): 178.5, 132.9, 131.9, 74.4, 51.6, 42.25431.9, 30.1, 29.5,
25.2,25.1,24.3,9.7;
IR (film): 3498 (vs), 2970 (s), 1733 (s), 1194 (m), 1148 (s) cm
MS (El, 70 ev): 224 (M-H,0, 1%), 213 (15%), 192 (64%), 153 (76%), 102 (100%);
HRMS (EI): calcd. for GsH240, (M*-H20): 224.1776found: 224.1728 (M-H,0).

Synthesis of 8-cyano-2,2-dimethyl-oct-7-enoic acidethyl ester(83l)

NC. . ~_~__COOMe
RHJO16D

According to TP4, the reaction was carried out witk){8-iodo-2, 2-dimethyl-oct-7-enoic
acid methyl este79g (155 mg, 0.5 mmol)i-PrMgCI-LiCI (0.28 mL, 0.55 mmol, 2.00 M in
THF) and TsCN (0.55 mmol in 0.5 mL THF). Exchange cond#ieA0°C, 12 h. Purification
by flash chromatography (pentane: ether = 4:1) afforded the pure pB&1({¢8 mg, 75%) as
a colorless oil. GC antH NMR analysis indicated 99% isomeric purify € = 99:1).

'H NMR (CDCls, 300 MHz): 6.67 (dtJ); = 16.3 HzJ, = 6.9 Hz, 1 H), 5.29 (dt), = 16.3 Hz,
J,=1.8Hz, 1 H), 3.63 (s, 3 H), 2.15-2.22 (m, 2 H), 1.1%tYm, 6 H), 1.13 (s, 6 H);

13C NMR (CDCl;, 75 MHz): 178.2, 155.7, 117.4, 99.8, 51.7, 42.1.2433.0, 27.9, 25.1,
24.3;

IR (film): 2975 (m), 2223 (m), 1729 (s), 1633 (m), 1474 (m), @ALcm™*;

MS (EI, 70 ev): 210 (NHH, 1%), 194 (1%), 150 (52%), 134 (23%), 102 (100%);

HRMS (EI): calcd. for GoHaoNO> (M* +H): 210.1494found: 210.1464 (M+H).

Synthesis of 4-{2-[hydroxy-(2-iodo-phenyl)-methyljallyl}-benzonitrile (83m)
162



Ncm
|
OH | RHJO03D

According toTP4, the reaction was carried out with 4-(2-iodo-allyl)-benzonitrigh (135
mg, 0.5 mmolj-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) and Z}abenzaldehyde
(0.55 mmol in 0.5 mL THF). Exchange conditions: -4D, 5 h. Purification by flash
chromatography (pentane: ether = 1:1) afforded the pure pr88uc{170 mg, 91%) as a
colorless oil.

'H NMR (CDCl;, 300 MHz): 7.72 (dJ = 8.0 Hz, 1 H), 7.45 (d] = 8.1 Hz, 2 H), 7.38 (d] =
7.8 Hz, 1 H), 7.27 (1) = 7.1 Hz, 1H), 7.17 (d] = 8.1 Hz, 2 H), 6.91 (f} = 7.5 Hz, 1 H), 5.22
(s, 1 H), 5.28 (s, 1 H), 4.88 (s, 1 H), 3.40Jc5 15.6 Hz, 1 H ), 3.24 (dl = 15.6 Hz, 1 H),
2.16 (bs, 1 H);

3C NMR (CDCl, 75 MHz): 147.7, 144.6, 143.3, 139.5, 132.0, 13029.7, 128.6, 128.2,
119.0, 115.1, 110.0, 99.4, 79.1, 39.6;

IR (film): 3430 (vs), 2228 (s), 1647 (m), 1607 (m), 1434 (m),9LE0) cni;

MS (El, 70 ev): 375 (M, 10%), 357 (10%), 259 (67%), 231 (34%), 132 (100%);

HRMS (EI): calcd. for G/H14INO (M™¥): 375.0120found: 375.0144 (M).

Synthesis of 4-(1-hydroxy-propyl)-2,2-dimethyl-pen#-enenitrile (83n)
HO

Lon
RHJ084C

According toTP4, the reaction was carried out with 4-iodo-2, 2-dimethyl-pent-4-aiienit
79i (118 mg, 0.5 mmol,-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) and
propionaldehyde (0.55 mmol in 0.5 mL THF). Exchange commiti -40°C, 7 h. Purification
by flash chromatography (pentane: ether = 2:1) afforded the pure p&&ug9 mg, 70%)
as a colorless oll.

'H NMR (CDCl, 300 MHz): 5.29 (tJ= 1.2 Hz, 1 H ), 5.15 (s, 1 H), 4.10 (m, 1 H), 2.34X(d,
=14.6 Hz, 1 H), 2.18 (dl = 14.6 Hz, 1 H), 1.83 (bs, 1 H), 1.43-1.70 (m, 2 H)718 3 H),
1.36 (s, 3 H), 0.91 (1=7.5Hz, 3 H);

13C NMR (CDCL, 75 MHz): 146.5, 125.3, 114.6, 75.7, 42.5, 31.86287.4, 26.9, 9.8;

IR (film): 3436 (vs), 2975 (vs), 2235 (m), 1646 (w), 1456 (sP, @8), 913 (s) cnt;

MS (El, 70 ev): 167 (M, 1%), 152 (12%), 138 (62%), 111 (100%), 93 (65%);

HRMS (EI): calcd. for GoH17NO (M): 167.1310found: 167.1324 (M).
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Synthesis of 1,3-diphenyl-2-trimethylsilanyl-propemne (830)

0 e

o O RHJO11D

According toTP4, the reaction was carried out with (1-iodo-2-phenyl-vinyl)-trimetildne
79j (151 mg, 0.5 mmol)-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) at —4@for 4

h. After transmetalation with CuCN-2LiCl (0.55 mmol, 0.55,M.0 M in THF), benzoyl
chloride (0.7 mmol in 0.5 mL of THF) was added. The reactiottureé was stirred at —4C
for 1 h then warmed to rt and stirred for 1 h before quenching vaterwThe aqueous phase
was extracted with diethyl ether (3 x 10 mL). The organic fractvoer® washed with brine
(10 mL), dried over Ng&50O, and concentrateh vacuo Purification by flash chromatography
(pentane: ether = 6:1) afforded the pure pro@3ct(113 mg, 81%) as a colorless oil.

'H NMR (CDCl, 300 MHz): 7.66-7.71 (m, 2 H), 6.78-7.25 (m, 9 H), 0.Q19(sl)

3C NMR (CDCl, 75 MHz): 202.3, 147.3, 139.4, 136.5, 136.3, 13329.1, 128.7, 128.4,
128.2, -1.4;

IR (film): 2958 (m), 1646 (vs), 1597 (m), 1446 (m), 1225 (vs)'cm

MS (El, 70 ev): 280 (M, 100%), 265(92%), 203(32%), 191 (90%);

HRMS (EI): calcd. for GgH200Si (M"): 280.1283found: 280.1280 (M).

Synthesis of 3-phenyl-2-trimethylsilanyl-acrylonitile (83p)

TMS

CN RHJO010D
According toTP4, the reaction was carried out with (1-iodo-2-phenyl-vinyl)-trimesiidne
79j (151 mg, 0.5 mmol)i-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) and TSC
(100 mg, 0.55 mmol). Exchange conditions: °@0 4 h. Purification by flash chromatography
(pentane: ether = 6:1) afforded the pure pro@3¢t(77 mg, 77%) as a colorless oil.
'H NMR (CDCl, 300 MHz): 7.83-7.87 (m, 2 H), 7.41-7.63 (m, 3 H), 7.171(8!), 0.32 (s, 9
H);
13C NMR (CDCl;, 75 MHz): 154.2, 135.3, 130.7, 128.9, 128.7, 11913,5, -2.1;
IR (film): 2958 (w), 2188 (m), 1590 (m), 1568 (m), 1251 (s)’cm
MS (EI, 70 ev): 201 (M, 55%), 186(100%), 170(42%), 73 (43%):;
HRMS (EI): calcd. for GoH1sNSi (MY): 201.0974found: 201.0973 (M).
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Synthesis of 1-iodo-oct-1-en-3-one (84)

n-CsHyq
©) RHJ033D

A mixture of oct-1-yn-3-one (496 mg, 4.0 mmol), Lil (643 M mmol) and HOAc (4 mL)
was stirred at room temperature for 3 h. Water (10 mL) was addedeaadubous phase was
extracted with diethyl ether (3 x 10 mL). The organic fractions werdaedwith saturated
aqueous NaHC§) brine (10 mL), dried over N8O, and concentrateth vacuo Purification
by flash chromatography (pentane: ether = 15:1) afforded the préd(@27 mg, 92%) as a
white solid; mp.: 37.7-38.4C (lit. 36-37°C ). GC and'H NMR analysis indicated 99%
isomeric purity E: Z=99:1).

'H NMR (CDCl;, 300 MHz): 7.78 (dJ = 15.0 Hz, 1 H), 7.13 (dl = 15.0 Hz, 1 H), 2.47 ({]
=7.3 Hz, 2 H), 1.50-1.65 (m, 2 H), 1.18-1.35 (m, 4 H$6Qt,J = 6.9 Hz, 3 H)

13C NMR (CDCl;, 75 MHz): 197.5, 144.6, 98.6, 40.4, 31.3, 23.44223.9;

IR (KBr): 2955 (m), 1695 (m), 1675 (m), 1572 (m), 1466 (m), 955dmi";

MS (EI, 70 ev): 253 (M + 1, 0.4%), 196 (95%), 181 (100%), 153 (19%), 125 (46%).
Spectral data match those reported in the literattfre.

Synthesis of 3-(3-oxo0-oct-1-enyl)-cyclohex-2-eno(t&/a)
o)

WO
RHJO036D

TMSCN (75 mg, 0.75 mmol) was added dropwise to a solutidiriodo-oct-1-en-3-on&4
(126 mg, 0.5 mmol) and CsF (11 mg, 0.07 mmol) in drys@W (0.5 mL). The resulting
mixture was stirred continuously and the reaction conversionnvaastored by TLC. Water
(5 mL) was added after 1 h and the aqueous phase was extractedetvitth eiher (3 x 10
mL). The organic fractions were washed with brine (10 mL), dried NeSO, and
concentrateih vacuo GC and'H NMR analysis indicated a high purity of the product.
i-PrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00 M in THF) was wly added to a solution of the
corresponding silylated cyanhydrine derivatB®in THF (0.2 mL) at —40 °C. After 2 h, a
complete conversion to the Grignard reagg#tvas observed by GC-analysis of hydrolyzed
reaction aliquots. THF (1.0 mL) and CuCN-2LiCl (0.55 mn@ob5 mL, 1.0 M in THF) was
added at this temperature and stirred for 15 min. 3-lodo-cyclohex#Zd0.55 mmol in 0.5

185 Ma, X. LuJ. Org. Chem. 1992, 57, 709.
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mL of THF) was added and the reaction mixture was stirred contilyudusat —3°C. The
reaction minxture was warmed to 25 °C, TBAF (0.5 mL, 0.5 mrh@ M in THF) and HCI
(2.0 mL, 2 M in BO) were added. The mixture was stirred for another 2 h before theoadditi
of ag. NH (2 ml). The aqueous phase was extracted with diethyl ether (3reL10The
organic fractions were washed with brine (10 mL), dried oveiS@aand concentrateth
vacua Purification by flash chromatography (pentane: ether = 2:1) affdrgedure product
87a (85 mg, 77%) as a pale yellow solid; mp.: 52.9-5%4 GC and'H NMR analysis
indicated 99% isomeric puritfe(Z = 99: 1).

'H NMR (CDCk, 300 MHz): 7.17 (dJ = 16.2 Hz, 1 H), 6.47 (dl = 16.2 Hz, 1 H), 6.16 (s, 1
H), 2.59 (tJ =7.2 Hz, 2 H), 2.41-2.50 (m, 4 H), 2.01-2.10 (m, 2 KH611.67 (m, 2 H), 1.22-
1.36 (m, 4 H), 0.87 (1] = 6.9 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 200.0, 199.5, 154.2, 141.7, 132.9, 134110, 37.6, 31.3, 24.8,
23.7,22.4,22.0, 13.9;

IR (KBr): 2954 (m), 1691 (s), 1661 (s), 1605 (m), 1581 (m), 14§7cn;

MS (El, 70 ev): 220 (M, 11%), 191 (9%), 164 (95%), 149 (100%), 136 (43%), 121 (51%);
HRMS (EI): calcd. for G4H200, (MY): 220.1463found: 260.1451 (M).

Synthesis of 1-phenyl-non-2-ene-1,4-dione (87b)
W
=
o RHJ035D
According to the procedure for preparatior8@g, the reaction was carried out with silylated
cyanhydrine derivativ85 (0.5 mmol) in THF (0.2 ml)i-PrMgCI-LiCl (0.28 mL, 0.55 mmol,
2.00 M in THF) and benzoyl chloride (0.7 mmol in 0.5 miLTHF). Purification by flash
chromatography (pentane: ether = 3:1) afforded the pure pr8db¢B5 mg, 74%) as a pale
yellow oil. GC and'H NMR analysis indicated 99% isomeric puris Z = 99:1).
'H NMR (CDCl, 300 MHz): 7.90-8.00 (m, 2 H), 7.71 @z= 15.9 Hz, 1 H), 7.55-7.63 (m, 1
H), 7.44-7.52 (m, 2 H), 7.10 (d,= 15.9 Hz, 1 H), 2.66 (f] = 7.5 Hz, 2 H), 1.61-1.71 (m, 2
H), 1.22-1.39 (m, 4 H), 0.88 @,= 6.9 Hz, 3 H);
13C NMR (CDCh, 75 MHz): 200.2, 190.3, 137.8, 136.8, 133.8, 13328.83, 127.78, 42.4,
31.3, 23.4,22.4, 13.8;
IR (film): 2957 (m), 1701 (m), 1666 (s), 1597 (m), 1580 (m), 1@Bycm’;
MS (EI, 70 ev): 230 (M, 9%), 201 (14%), 174 (20%), 159 (51%), 131 (100%), 105 (89%);
HRMS (EI): calcd. for GsH1g0» (M™): 230.1307found: 230.1339 (M).
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Synthesis of E,E)-5-iodo-4-methyl-5-phenyl-penta-2,4-dienoic acidtbyl ester (90)
|

2) Swern |
AN oH Oxidation XX _COOEt
Me W
3) 6 O
88 Et0—P OEt 90
EtO RHJO83F

To a solution of oxalyl chloride (1.78 g, 14 mmol) in £&Hp (20 mL) at -78°C under
nitrogen was added dry DMSO (2.0 mL) and the resulting mixta® stirred for 5 min. The
solution of alcohoB8 (2.74 g, 10 mmol) in CpCl, (5.0 mL) was added and the mixture was
stirred for 20 min at -78C. Triethylamine (20 mmol) was added and the thick white mixture
was warmed to 8C and poured into water. The organic layer was washed with watéhend
aqueous layers were extracted with CH. The combined organic layers were washed with
water and dried over anhydrous JS@y. After removal of the solvent, the pale yellow oll
(2.791 g, 100%) was left. It was used without further purificatio

NaH (60% in oil, 560 mg) was added to the solution of dgthghosphoryl-acetic acid ethyl
ester (3.36 g, 15 mmol) in THF (20 mL) af® and the resulting mixture was stirred for 30
min. The solution of the crude aldehyde in THF (20 mL) was adioléde mixture and the
resulting mixture was stirred overnight at room temperature. Quendtred,Cl (ag.) (10
mL) and the aqueous phase was extracted with diethyl ether (3 x 20Tim organic
fractions were washed with brine (10 mL), dried ovep9 and concentrateth vacuo
Purification by flash chromatography (pentane: ether = 10:1) affordegulre producd0
(2.531 g, 74%) as a yellow solid, mp.: 37.9-3%6

'H NMR (CDCl, 300 MHz): 7.82 (dJ = 15.5 Hz, 1 H), 7.22-7.31 (m, 2 H), 7.10-7.22 (m, 3
H), 5.98 (dJ = 15.5 Hz, 1 H), 4.19 (&} = 7.1 Hz, 2 H), 1.74 (s, 3 H), 1.26 Jt= 7.1, 3 H);

13C NMR (CDCk, 75 MHz): 166.6, 150.0, 144.5, 137.1, 128.23, 128122.51, 122.50,
109.0, 60.5, 16.4, 14.3;

IR (film): 2980 (w), 1711 (vs), 1621 (s), 1442 (m), 1366 (m), 1@&), 1180 (vs) cim;

MS (El, 70 ev): 342 (M, 13%), 297 (11%), 268 (14%), 215 (100%), 187 (97%), 1Z%6
115 (70%);

HRMS (EI): calcd. for G4H1510, (MY): 342.0117found: 342.0116 (M).

Synthesis of E, E)-4-methyl-5-phenyl-octa-2,4,7-trienoic acid ethyéster (923
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\ CO,Et

RHJO86F
To a solution of E,E)-5-iodo-4-methyl-5-phenyl-penta-2, 4-dienoic acid ethyl eS6(171

mg, 0.5 mmol) in THF (1.5 mL) was slowly addeBrMgCI-LiCl (0.28 mL, 0.55 mmol, 2.00
M in THF) at —78°C. After 10 min, a complete conversion to @ngnard reagen®1 was
observed by GC-analysis of hydrolyzed reaction aliquots. Altginide (0.55 mmol in 0.5
mL of THF) and CuCN-2LiClI (1 drop) was added and the reactiotumeixvas warmed to 25
°C and quenched as usual. The aqueous phase was extracted withetheth(3 x 10 mL).
The organic fractions were washed with brine (10 mL), dried ove®aand concentrated
in vacuo Purification by flash chromatography (pentane: ether = 25: 1) aflotde pure
product92a(117 mg, 92%) as a colorless oil.

'H NMR (CDCh, 300 MHz): 7.88 (dJ = 15.5 Hz, 1 H), 7.14-7.32 (m, 2 H), 7.00-7.06 (m, 3
H), 5.91 (d,J = 15.5 Hz, 1 H), 5.59-5.73 (m, 1 H), 4.82-4.97 (m, 24}6 (9, = 7.1 Hz, 2
H), 3.31 (dJ=6.2 Hz, 2 H), 1.65 (s, 3 H), 1.24 Jt= 7.1 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 167.5, 146.0, 142.8, 142.7, 135.0, 12828.2, 128.0, 127.0,
118.6, 116.2, 60.2, 38.9, 16.1, 14.3;

IR (film): 2980 (m), 1711 (vs), 1617 (vs), 1443 (m), 1366 (m),718&), 1176 (vs) cify

MS (El, 70 ev): 256 (M, 27%), 228 (11%), 215 (84%), 183 (100%), 167 (97%), 1Z%{6
115 (70%), 91 (65%);

HRMS (EI): calcd. for G7H200> (M™): 256.1463found: 256.1488 (M).

Synthesis of 4-methyl-6-0x0-5,6-diphenyl-hexa-2,deahoic acid ethyl ester(92b)

RHJO87F
According to the procedure for preparatior9@f, the reaction was carried out with,E)-5-

iodo-4-methyl-5-phenyl-penta-2,4-dienoic acid ethyl es®ér (171 mg, 0.5 mmol),i-

PrMgCI-LiCI (0.28 mL, 0.55 mmol, 2.00 M in THF) at —78 for 10 min. THF (1.0 mL) and

CuCN-2LiCI (0.55 mmol, 0.55 mL,1.0 M in THF) was addedhad temperature and stirred

for 15 min. Benzoyl chloride (0.7 mmol in 0.5 mL of THF) wadded and the reaction

mixture was stirred at -4 for 1 h, then warmed to rt and stirred for 1 h. Aq.3X@Hml)
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and water (5 mL) were added and the aqueous phase was extracted Wwjthetletr (3 x 10
mL). The organic fractions were washed with brine (10 mL), dried &NeSO, and
concentratedn vacuo Purification by flash chromatography (pentane: ether = 4:1) afforded
the pure produc®2b (140 mg, 88%) as a yellow solid, mp.: 104.0-1&0

'H NMR (CDCk, 300 MHz): 7.82-7.90 (m, 2 H), 7.40-7.48 (m, 1 H), 7.1377(m, 8 H),
6.00 (d,J = 15.5 Hz, 1 H), 4.05 (d, = 7.1 Hz, 2 H), 1.97 (s, 3 H), 1.13Jt= 7.1 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 197.2, 166.5, 147.0, 142.9, 136.3, 13%33.7, 132.6, 129.9,
129.0, 128.7, 128.6, 128.3, 120.9, 60.4, 15.1,;14.1

IR (film): 2956 (w), 1712 (vs), 1664 (vs), 1627 (vs), 1450 (m¥3L4m), 1380 (m), 1366
(m), 1305 (vs), 1208 (m), 1188 (vs) ¢m

MS (El, 70 ev): 320 (M, 7%), 291 (11%), 215 (84%), 183 (100%), 167 (97%), 141 (67%),
115 (70%), 91 (65%);

HRMS (EI): calcd. for GiH2003 (M™Y): 320.1412found: 320.1416 (M).

Synthesis of 5-ethoxymethoxy-1-iodo-cyclopenter{@3a)

I
Q/ RHJO79B

Chloromethoxy-ethane (228 mg, 2.41 mmol) was slowly added swlution of 2-iodo-
cyclopent-2-enol (390 mg, 1.86 mmol) aneP¢)LNEt (311 mg, 2.41 mmol) in Gi€l, (4.0
mL) at - 20 °C and the reaction mixture was stirred for 1 h attémgperature and then
warmed to rt for 2 h. C4Cl, (10 mL) was added and the organic phase was washed with
brine (10 mL), dried over N80, and concentratedn vacuo Purification by flash
chromatography afforded the pure prod@@a (430 mg, 86%) as a colorless oil.

'H NMR (CDCk, 300 MHz): 6.30-6.35 (m, 1 H), 4.76 (s, 2 H), 4.58-4184 { H), 3.55-3.81
(m, 2 H), 2.40-2.55 (m, 1 H), 2.18-2.34 (m, 2 H), 1.84-1r851 H), 1.21 (tJ= 7.1 Hz, 3 H);
¥C NMR (CDCE, 75 MHz): 143.6, 96.4, 94.2, 86.6, 63.4, 32.8, 2990;

IR (film): 2931 (m), 1606 (w), 1391 (w), 1098 (s), 1036 (vs),2A04s);

MS (IE, 70 ev): 268 (M, 0.3%), 238 (9%), 222 (35%), 192 (100%), 111 (47%).

Synthesis of 6-ethoxymethoxy-1-iodo-cyclohexeri@3b)
o o7

I
o
RHJ092B
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According to the procedure for preparation98g, the reaction was carried out with 2-iodo-
cyclohex-2-enol (1.630 g, 7.3 mmol) aneP{,NEt (1.410 g, 11 mmol). Purification by flash
chromatography afforded the pure prode@b (1.910 g, 93%) as a colorless oil.

'H NMR (CDCk, 300 MHz): 6.52 (tJ = 4.0 Hz, 1 H), 4.77 (d1= 7.1 Hz, 1 H ), 4.73 (d] =
7.1 Hz, 1 H), 4.09 () = 4.2 Hz, 1 H), 3.74-3.84 (m, 1 H), 3.58-3.68 (m, 1 H}5-2.17 (m, 6
H), 1.20 (tJ = 7.1 Hz, 3 H);

13C NMR (CDCL, 75 MHz): 142.0, 99.0, 94.2, 77.1, 63.7, 30.0, 29730, 14.9;

IR (film): 2936 (s), 1629 (w), 1440 (w), 1391 (m), 1028 (vs)'cm

MS (El, 70 ev): 282 (M, 0.5%), 252 (4%), 236 (33%), 206 (99%), 125 (100%), 79 §98%

Synthesis of 1-allyl-5-ethoxymethoxy-cyclopenten@®5a)

o o7 ™
) _
RHJ100B

According toTP5, the reaction was carried out with 5-ethoxymethoxy-1-iodo-cyclepent

93a (268 mg, 1.0 mmol)j-PrMgCI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF) and allyl

bromide (1.5 mmol in 1.0 mL THF). Exchange conditions: *255 h. Purification by flash

chromatography afforded the pure prodesa (166 mg, 91%) as a colorless oil.

'H NMR (CDCk, 400 MHz): 5.79-5.90 (m, 1 H), 5.57-5.60 (m, 1 H), 4.9975(m, 2 H),

4.74 (d,J = 6.9 Hz, 1 H), 4.68 (d] = 6.9 Hz, 1 H), 4.56-4.59 (m, 1 H), 3.54-3.67 (m, 2 H),

2.75-2.96 (m, 2 H), 2.34-2.47 (m, 1 H), 2.11-2.28 (m, 21H}J5-1.85 (m, 1 H), 1.20 (f =

7.1 Hz, 3 H);

3C NMR (CDChk, 75 MHz): 142.8, 135.9, 128.9, 115.7, 94.2, 83%2632.9, 30.9, 30.0,

15.1;

IR (film): 2976 (m), 1738 (w), 1640 (m), 1391 (m), 1364 (m), 1099 039 (vs) crit;

MS (El, 70 ev): 181 (M-H, 0.2%), 141 (21%), 106 (95%), 91 (53%), 79 (62%);

HRMS (EI): calcd. for GiH170, (M*-H): 181.1229found: 181.1243 (M-H).

Synthesis of (5-ethoxymethoxy-cyclopent-1-enylsuligl)-benzene(95h)
2N

C‘)/\O
RHJ106B

According toTP5, the reaction was carried out with 5-ethoxymethoxy-1-iodo-cyclepent
93a (268 mg, 1.0 mmol)i-PrMgCI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF) and dignyl
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disulfide (240 mg, 1.10 mmol, 1.1 equiv.). Exchange conuhtie25 °C, 5 h. Purification by
flash chromatography afforded the pure pro®&ti (205 mg, 82%) as a colorless oil.

'H NMR (CDCI3, 300 MHz): 7.32-7.40 (m, 2 H), 7.14-7.26 (m, 3 5§9-5.75 (m, 1 H),
4.63 (d,J = 7.0 Hz, 1 H), 4.56-4.61 (m, 1 H), 4.55 (d= 7.0 Hz, 1 H), 3.43-3.57 (m, 2 H),
2.36-2.51 (m, 1 H), 2.13-2.31 (m, 2 H), 1.83-1.95 (m, 11H)7 (t,J = 7.1 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 137.8, 134.1, 133.7, 131.7, 129.0, 12941, 82.0, 63.1, 31.2,
30.6, 14.9;

IR (film): 2974 (m), 1738 (w), 1584 (m), 1477 (m), 1440 (m), 1(981042 (vs) ci;

MS (El, 70 ev), m/z (%): 250 (K 13%), 174 (100%), 147 (15%), 110 (14%);

HRMS (EI): calcd. for G4H1805S (M"): 250.1028found: 250.1031 (M).

Synthesis of 3-(5-ethoxymethoxy-cyclopent-1-enyl)clohex-2-enong95¢)
o}
/\O/\O
\

J RHJ103B

According toTP5, the reaction was carried out with 5-ethoxymethoxy-1-iodo-cyclepent
93a (268 mg, 1.0 mmol)i-PrMgCI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF), CuCNL¢I
(2.1 mL, 1.1 mmol, 1.0 M in THF) and 3-iodo-cyclohex-2-enoné4(2ng, 1.1 mmol).
Exchange conditions: -25 °C, 5 h. Purification by flash chrommapdtyy afforded the pure
product95c (144 mg, 61%) as a yellow oil.

'H NMR (CDCl, 300 MHz): 6.47 (tJ) = 2.7 Hz, 1 H), 6.08 (s, 1 H), 4.90 (dt,= 6.6 Hz,J
=2.2Hz,1H),4.75(d)=7.1 Hz, 1 H), 4.68 (d] = 7.1 Hz, 1 H), 3.49-3.67 (m, 2 H), 2.32-
2.70 (m, 6 H), 1.95-2.18 (m, 4 H), 1.20Jt 7.1 Hz, 3 H);

13C NMR (CDCI3, 75 MHz): 200.3, 152.9, 143.1, 140.1, 128484, 81.0, 64.0, 37.4, 31.3,
30.7, 26.6, 22.4, 14.9;

IR (film): 2972 (s), 1659 (vs), 1613 (vs), 1584 (m), 1448 (m)11(s), 1030 (vs) cify

MS (El, 70 ev), m/z (%): 236 ({1 0.1%), 206 (2%), 192 (2%), 160 (100%), 147 (11%), 133
(19%), 91 (51%);

HRMS (EI): calcd. for G4H2003 (MY): 236.1413found: 236.1435 (M).

Synthesis of (5-ethoxymethoxy-cyclopent-1-enyl)-phgl-methanol (95d)
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According toTP5, the reaction was carried out with 5-ethoxymethoxy-1-iodo-cyclepent
93a (268 mg, 1.0 mmol),-PrMgCI-LiClI (0.51 mL, 1.1 mmol, 2.16 M in THF) and
benzaldehyde (117 mg, 1.10 mmol, 1.1 equiv.). Exchange camlit25 °C, 5 h. Purification
by flash chromatography afforded the pure pro@&tt (221 mg, 89%) as a colorless oil. dr =
66:34 (determined by HPLC).

'H NMR (CDCl;, 300 MHz): 7.08-7.32 (m, 5 H), 5.62 (s, 1 H), 5.34 (5{)14.58 (d,J = 7.0
Hz, 1 H), 4.49 (dJ = 7.0 Hz, 1 H), 3.42 (q] = 7.1 Hz, 2 H), 2.25-2.40 (m, 1 H), 2.03-2.16
(m, 2 H), 1.67-1.79 (m, 1 H), 1.03 = 7.1 Hz, 3 H). The following signals are discernible
for the minor isomer: 5.58 (s, 1 H), 5.23 (s, 1 H), 4.60-4621 H), 4.51-4.52 (m, 1 H), 3.45
(9,J=7.1 Hz, 2 H);

3C NMR (CDCI3, 75 MHz): 145.1, 142.7, 132.8, 128.0, 12625.8, 94.2, 82.7, 71.9, 63.6,
31.2,29.9, 14.8.

IR (film): 3437 (s), 2932 (s), 1603 (w), 1493 (m), 1452 (m), 1()61029 (vs) ci;

MS (El, 70 ev), m/z (%): 247 (MH, 0.1%), 230 (0.2%), 172 (100%), 143 (10%), 105 (79%).

Synthesis of (5-ethoxymethoxy-cyclopent-1-enyl)-phgl-methanone (958
0 O

T HO
‘ O RHJ119B

According toTP5, the reaction was carried out with 5-ethoxymethoxy-1-iodo-cyclepent
93a (268 mg, 1.0 mmol)i-PrMgCI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF), CuCNL€I
(2.1 mL, 1.1 mmol, 1.0 M in THF) and benzoyl chloride (28, 1.5 mmol). Exchange
conditions: -25 °C, 5 h. Purification by flash chromatograpfigrded the pure produ®se
(144 mg, 61%) as a yellow oil.

'H NMR (CDCk, 300 MHz): 7.75-7.80 (m, 2 H), 7.47-7.54 (m, 1 H), 7.3%47(m, 2 H),
6.61 (t,J = 2.2 Hz, 1 H), 5.20-5.26 (m, 1 H), 4.83 (& 7.1 Hz, 1 H), 4.72 (] = 7.1 Hz, 1
H), 3.58 (q,J = 7.1 Hz, 2 H), 2.70-2.84 (m, 1 H), 2.39-2.52 (m, 1 H232.36 (m, 1 H),
1.93-2.05 (m, 1 H), 1.16 (3,= 7.1 Hz, 3 H);

3C NMR (CDCI3, 75 MHz): 193.0, 148.0, 144.6, 138.6, 132.29.0, 128.2, 94.7, 81.0,
63.2, 31.9, 30.7, 15.0;
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IR (film): 2974 (m), 1738 (w), 1651 (vs), 1447 (m), 1107 (m), 1¢97n’;

MS (EI, 70 ev), m/z (%): 201 (K OC,Hs, 1%), 187 (8%), 172 (100%), 157 (7%), 144 (9%),
105 (89%);

HRMS (EI): calcd. for GgH130, (M*-OC,Hs): 201.0916found: 201.0907 (M-OC,Hs).

Synthesis of N-[2-(5-ethoxymethoxy-cyclopent-1-enyl)-ethyl]-4-médtyl-
benzenesulfonamid€95f)
O\/O\/

.

According toTP5, the reaction was carried out with 5-ethoxymethoxy-1-iodo-cyclepent
93a(268 mg, 1.0 mmol)-PrMgClI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF) and 1-(iehe-
4-sulfonyl)-aziridine (217 mg, 1.1 mmol). Exchange conditie@8: °C, 5 h. Purification by

NHTs RHJ131B

flash chromatography (pentane: ether = 1:2) afforded the pure p@sfi(@tl4 mg, 63%) as a

colorless oil.

'H NMR (CDCl, 300 MHz): 7.70, (dJ = 8.2 Hz, 2 H), 7.26 (dl = 8.2 Hz, 2 H), 5.50-5.54

(m, 1 H), 5.00-5.10 (m, 1 H), 4.66 (@= 7.1 Hz, 1 H), 4.60 (dl = 7.1 Hz, 1 H), 4.40-4.48

(m, 1 H), 3.48-3.58 (m, 2 H), 2.93-3.17 (m, 2 H), 2.39 (8l)32.05-2.39 (m, 5 H), 1.65-1.81
(m, 1 H), 1.16 (tJ = 7.1 Hz, 3 H);

3C NMR (CDCl;, 75 MHz): 143.1, 140.3, 137.0, 131.9, 129.5, 129411, 83.8, 63.5, 41.9,

30.7,30.1, 28.4, 21.4, 15.0;

IR (film): 3279 (s), 2930(s), 1598 (m), 1495 (m), 1435 (m), 13281(50 (s) cnt;

MS (El, 70 ev), m/z (%): 280 (MCH,OCH,CHas, 8%), 263 (9%), 184 (60%), 155 (100%),
138 (12%), 108 (12%).

HRMS (EI): calcd. for GsH130, (M*-CoHe): 309.1035found: 309.0982 (M-C,He).

Synthesis of 1-allyl-6-ethoxymethoxy-cyclohexen@5g)
O/\O/\
%

According toTP5, the reaction was carried out with 6-ethoxymethoxy-1-iodo-cyclemex
93b (282 mg, 1.0 mmol)j-PrMgCI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF) and ally
bromide (1.10 mmol, 1.1 equiv.). Exchange conditions: -401Zh. Purification by flash
chromatography afforded the pure prod@st (159 mg, 81%) as a colorless oil.
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'H NMR (CDCls, 300 MHz): 5.70-5.86 (m,1 H), 5.56-5.65 (m, 1 H), 4.9855m, 1 H), 4.98

(t, J= 1.3 Hz, 1 H), 4.77 (d] = 7.1 Hz, 1 H), 4.66 (d] = 7.1 Hz, 1 H), 3.94 (s, 1 H), 3.54-
3.73 (m, 2 H), 2.77-2.82 (m, 2 H), 1.82-2.09 (m, 3 H), 4B (m, 3 H), 1.20 (1) = 7.1 Hz,

3 H);

3C NMR (CDChk, 75 MHz): 136.7, 136.1, 127.0, 115.8, 94.0, 7283638.6, 28.5, 25.3,
17.8, 15.0;

IR (film): 2975 (m), 1738 (w), 1639 (w), 1440 (m), 1391 (m), 1099, (1033 (vs) crt;

MS (El, 70 ev), m/z (%): 195 (MH, 0.1%), 166 (1%), 155 (10%), 120 (100%), 105 (21%),
79 (80%);

HRMS (EI): calcd. for GoH190> (M*-H): 195.1385found: 195.1390 (M-H).

Synthesis of (6-ethoxymethoxy-cyclohex-1-enylsulfgh-benzene(95h)

o o N
RHJ109B

According toTP5, the reaction was carried out with 6-ethoxymethoxy-1-iodo-cyclemex
93b (282 mg, 1.0 mmol)i-PrMgCI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF) and detyl
disulfide (240 mg, 1.10 mmol, 1.1 equiv.). Exchange conustie40 °C, 12 h. Purification by
flash chromatography afforded the pure pro®tt (214 mg, 81%) as a colorless oil.

'H NMR (CDCl, 300 MHz): 7.08-7.30 (m, 5 H), 6.07 &= 4.0 Hz, 1 H), 4.66 (d) = 7.1
Hz, 1 H), 4.58 (d, J = 7.1 Hz, 1 H), 3.98 (s, 1 H), 33488 (m, 2 H), 1.50-2.19 (m, 6 H), 1.07
(t,J=7.1Hz, 3 H);

3%C NMR (CDCl, 75 MHz): 136.9, 135.3, 132.8, 130.3, 128.9, 128442, 71.4, 63.2, 29.3,
27.0, 16.9, 14.9;

IR (film): 2933 (m), 1582 (m), 1478 (m), 1440 (m), 1106 (m),20&) cni;

MS (El, 70 ev), m/z (%): 264 (K 11%), 188 (100%), 173 (8%), 147 (12%), 110 (14%);
HRMS (EI): calcd. for GoH200.S (MY): 264.1184found: 264.1190 (M).

Synthesis of (6-ethoxymethoxy-cyclohex-1-enyl)-phghmethanol (95i)
-0 0 OH

m
~ RHJ111B

According toTP5, the reaction was carried out with 6-ethoxymethoxy-1-iodo-cyclemex

93b (282 mg, 1.0 mmol)j-PrMgCI-LiCl (0.51 mL, 1.1 mmol, 2.16 M in THF) and and
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benzaldehyde (117 mg, 1.10 mmol, 1.1 equiv.). Exchange ocomsliti-40 °C, 12 h.
Purification by flash chromatography afforded the pure pro®ct(212 mg, 81%) as a
colorless oil. dr = 80:20 (determined by GC). The two isomerdeaseparated by repeated
flash chromatography on silica gel.

Less polar isomer:

'H NMR (CDCl;, 300 MHz): 7.18-7.38 (m, 5 H), 5.87 (&= 3.5 Hz, 1 H), 5.23 (dJ = 6.6
Hz, 1 H), 4.68 (dJ = 6.6 Hz, 1 H), 4.49 (d] = 6.6 Hz, 1 H), 4.06-4.09 (m, 1 H), 3.67 {d&
7.1 Hz, 1 H), 3.43-3.58 (m, 2 H), 1.49-2.24 (m, 6 H)31(t1J = 7.1 Hz, 3 H);

3C NMR (CDCl;, 75 MHz): 143.0, 138.8, 131.3, 128.0, 126.7, 12882, 77.8, 72.0, 63.8,
28.6, 25.2, 18.2, 14.9;

IR (film): 3450 (s), 2932 (m), 1602 (w), 1492 (m), 1450 (m), 1(t@% 1031 (s) cn’;

MS (El, 70 ev), m/z (%): 262 (K 0.1%), 203 (3%), 186 (100%), 168 (11%), 157 (22%), 129
(21%), 105 (48%).

HRMS (EI): calcd. for GsH1s0(M*-C3H-0,): 187.1123found: 187.1100 (M-C3H-O>).

Synthesis of 1-iodo-3-methylene-cyclohexeli@o)
CH,

% I RHJ099C

To a solution of methyltriphenylphosphonium bromide (1.§88.3 mmol) in THF (15 mL)
was slowly addea-BuLi (2.2 mL, 3.3 mmol, 1.50 M in Hexane) at -78°C, then wadrno 0
°C and stirred for 1 h. The reaction mixture was cooled to - 78°Glamdy transfered to a
solution of 3-iodo-cyclohex-2-enone (666 mg, 3.0 mmol) in T@P mL) and stirred
overnight at room temperature. Quenched with,GlH(aq) and the aqueous phase were
extracted with diethyl ether (3 x 200 mL). The organic fractions washad with brine (20
mL), dried over NgSO, and concentrateth vacuo Purification by flash chromatography
(pentane) afforded the pure prod@ét(554 mg, 84%) as a colorless oil.

'H NMR (CDCh, 300 MHz): 6.79 (s, 1 H), 4.72 (s, 1 H), 4.65 (s, 1 HB0At,J = 6.2 Hz, 2
H), 2.29-2.35 (m, 2 H), 1.70-1.79 (m, 2 H);

13C NMR (CDCls, 75 MHz): 143.2, 139.9, 111.6, 100.8, 39.6, 294092

IR (film): 2937 (vs), 1676 (W), 1624 (s), 1589 (m), 1426 (m),5L83, 892 (s) cm;

MS (El, 70 ev), m/z (%): 220 (¥ 100%), 192 (0.2%), 127 (1%), 91 (15%), 77 (16%);
HRMS (EI): calcd. for GHgl (M™): 219.9747found: 219.9771 (M).

175



Synthesis of 1-(3-methylene-cyclohex-1-enyl)-propah-ol (98a)
CH,

SN

|
OH RHJ103C

To a solution of 1-iodo-3-methylene-cyclohexeédt(110 mg, 0.5 mmol) in THF (0.2 mL)
was slowly added-PrMgCI-LiCl (0.26 mL, 0.55 mmol, 2.16 M in THF) at - 40. After 4 h,
a complete conversion to the Grignard rea@@nwas observed by GC-analysis of hydrolyzed
reaction aliquots. The solution of propionaldehyde (32 mdy théol) in THF (0.5 mL) was
added and the reaction mixture was warmed to 25 °C and quenchedahsThg aqueous
phase was extracted with diethyl ether (3 x 10 mL). The organic fnactvere washed with
brine (10 mL), dried over N80, and concentratedn vacuo Purification by flash
chromatography (pentane: ether = 1: 3) afforded the pure pr88acft9 mg, 91%) as a
colorless oil.

'H NMR (CDCl, 300 MHz): 6.09 (s, 1 H), 4.76(s, 1 H), 4.75 (s, 1 H963t,J = 6.6 Hz, 1
H), 2.25-2.35 (m, 2 H), 2.06-2.19 (m, 1 H), 1.92-2.03 (rA1),11.50-1.76 (m, 4 H), 0.87 {,
=7.5Hz, 3 H);

13C NMR (CDCl;, 75 MHz): 143.6, 143.2, 125.2, 110.6, 77.3, 30188224.1, 23.0, 9.9;

IR (film): 3391 (vs), 2960 (vs), 1662 (s), 1607 (m), 1455 (m)'tm

MS (El, 70 ev), m/z (%): 152 (M 11%), 134 (4%), 123 (100%), 95 (55%), 77 (20%);
HRMS (EI): calcd. for GoH160 (MY): 152.1201found: 152.1203 (M).

Synthesis of 4-methyIN-[(3-methylene-cyclohex-1-enyl)-phenyl-methyl]-
benzenesulfonamid€98b)
CH,

NHTs  RHJ107C
The solution ofN-benzylidene-4-methyl-benzenesulfonamide (142 mg, 0.55 mmolHiR T
(0.5 mL) was added to the Grigna®d. The reaction mixture was warmed to 25 °C and
guenched as usual. The aqueous phase was extracted with diethy[3eth&@0 mL). The
organic fractions were washed with brine (10 mL), dried oveiSBaand concentrateth
vacua Purification by flash chromatography (pentane: ether = 1:2) affdrgedure product
98b (150 mg, 85%) as a white solid, mp: 127.1-12C7
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'H NMR (CDClk, 300 MHz): 7.61 (dJ = 8.4 Hz, 2 H), 7.03-7.22 (m, 7 H), 5.99 (s, 1 H), 5.02
(d,J=7.7Hz, 1 H), 4.90 (dl = 7.7 Hz, 1 H), 4.73 (s, 1 H), 4.68 (s, 1 H), 2.36 (l)31.40-
2.30 (m, 6 H);

3C NMR (CDCl, 75 MHz): 143.2, 142.5, 138.9, 138.8, 137.5, 12928.5, 127.7, 127.6,
127.3, 126.9, 111.7, 62.8, 30.2, 25.6, 22.5, 21.4;

IR (KBr): 3436 (s), 3290 (m), 1643 (w), 1599 (w), 1494 (m), 14%% 1435 (m), 1320 (m),
1160 (vs) crit;

MS (El, 70 ev), m/z (%): 353 (M 2%), 260 (3%), 198 (100%), 182 (19%), 167 (22%), 91
(43%);

HRMS (EI): calcd. for GiH23NO,S (MY): 353.1449found: 353.1463 (M).

Synthesis of 4-(3-methylene-cyclohex-1-enyl)-benzacid methyl ester(98¢
CH,

CO;Me RHJ109C

The solution of ZnBr (0.55 mL, 0.55 mmol, 1.0 M in THF) was added to the Gnid®7 at -
40 °C and warmed to T and stirred for 20 min. The solution of methyl 4-iodobere(h44
mg, 0.55 mmol) in THF (0.5 mL), Pd(dbg)Ll4.4 mg, 5 mol %) and tri(2-furyl)phosphine (12
mg, 10 mol%) were added in. The reaction mixture was stirred igher@t room temperature
then quenched as usual. The aqueous phase was extracted withediethy8 x 10 mL). The
organic fractions were washed with brine (10 mL), dried oveiS@aand concentrateth
vacua Purification by flash chromatography (pentane: ether = 1:2) affdheedure product
97¢(107 mg, 94%) as a white solid, mp: 59.3 - 61C7

'H NMR (CDClL, 300 MHz): 7.97 (dJ = 8.4 Hz, 2 H), 7.50 (d] = 8.4 Hz, 2 H), 6.67 (s, 1
H), 4.97 (s, 1 H), 4.92 (s, 1 H), 3.89 (s, 3 H), 251 &,5.7 Hz, 2 H), 2.36-2.42 (m, 2 H),
1.81-1.89 (m, 2 H);

3C NMR (CDCl, 75 MHz): 166.9, 145.8, 143.5, 138.1, 129.6, 12848.4, 125.0, 113.0,
52.0, 30.1, 27.3, 23.0;

IR (KBr): 2948 (s), 1718 (vs), 1601 (m), 1434 (m), 1289 (m), 1) tm";

MS (El, 70 ev), m/z (%): 228 (K 100%), 213 (7%), 197 (19%), 169 (22%), 154 (18%), 141
(23%);

HRMS (EI): calcd. for GsH160> (M™): 228.1150found: 228.1132 (M).
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Synthesis of 3-(3-methylene-cyclohex-1-enyl)-but@lal (98d)

H,C o
RHJ131C

The solution of ZnBr(0.55 mL, 0.55 mmol, 1.0 M in THF) was added to the GnidQ7 at -

40 °C and warmed to T and stirred for 20 min. The solution 3-bromo-cyclohex-2-enone (88

mg, 0.5 mmol) in THF (0.5 mL), Pd(dba)l4.4 mg, 5 mol %) and tri(2-furyl)phosphine (12

mg, 10 mol%) were added in. The reaction mixture was stirred ighe@t room temperature

then quenched as usual. The aqueous phase was extracted withetieth{3 x 10 mL). The

organic fractions were washed with brine (10 mL), dried oveiSBaand concentrateth

vacua Purification by flash chromatography (pentane: ether = 2:1) affdrgedure product

98d (66 mg, 70%) as a yellow oil.

'H NMR (CDCl, 300 MHz): 6.63 (s, 1 H), 6.10 (s, 1 H), 5.00-5.04 (r#{)22.54 (t,J = 6.0

Hz, 2 H), 2.23-2.41 (m, 6 H), 1.97-2.06 (m, 2 H), 1.71-11%92 H);

13C NMR (CDCL, 75 MHz): 200.4, 158.5, 143.4, 137.8, 131.9, 1281%.8, 37.5, 29.9, 25.7,

25.3, 22.54, 22.51;

IR (film): 2927 (m), 1706 (m), 1662 (s), 1187 (m)&m

MS (El, 70 ev), m/z (%): 188 (K1 100%), 173 (11%), 160 (32%), 145 (31%), 117 (53%);

HRMS (EI): calcd. for GsH160 (MY): 188.1201found: 188.1189 (M).

Synthesis of 4-(6-methylene-cyclohex-1-enyl)-benzacid methyl ester(101)

CH O
? CO.Me RHJ113C

1-lodo-6-methylene-cyclohexer®® was preparedccording to the procedure for preparation
of 1-iodo-3-methylene-cyclohexeré from methyltriphenylphosphonium bromide (1.18 g,
3.3 mmol) and 2-iodo-cyclohex-2-enone (666 mg, 3.0 mmol). giteeluct of 1l-iodo-6-
methylene-cyclohexen@9 was obtained in 10% yield as a colorless oil. Due to itsabfest
the dienic iodid®9 was used for the next exchange reaction immediately.

To a solution of 1-iodo-6-methylene-cyclohexedf® (60 mg, 0.27 mmol) in THF (0.1 mL)
was slowly addedPrMgClI-LiCl (0.15 mL, 0.30 mmol, 2.0 M in THF) at - 4G .°After 4 h, a
complete conversion to the Grignard readdi was observed by GC-analysis of hydrolyzed
reaction aliquots. The solution of ZnB.3 mL, 0.3 mmol, 1.0 M in THF) was added at -40
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°C and warmed to 8C and stirred for 20 min. The solution of methyl 4-iodobere¢z8 mg,
0.3 mmol) in THF (0.3 mL), Pd(dbaf8 mg, 5 mol%) and tri (2-furyl) phosphine (6 mg, 10
mol%) were added and the reaction mixture was stirred overnight mat teaperature then
guenched as usual. The aqueous phase was extracted with diethyi3eth&@0® mL). The
organic fractions were washed with brine (10 mL), dried oveiS@aand concentrateth
vacua Purification by flash chromatography (pentane: ether = 1:5) affdrgedure product
101 (55 mg, 90%) as a yellow oil.

'H NMR (CDClk, 300 MHz): 7.96 (dJ = 8.4 Hz, 2 H), 7.30 (d] = 8.4 Hz, 2 H), 5.78-5.82
(m, 1 H), 4.88 (s, 1 H), 4.64 (s, 1 H), 3.89 (s, 3 H), t4J = 6.2 Hz, 2 H), 2.26-2.33 (M, 2
H), 1.75-1.84 (m, 2 H);

3C NMR (CDCl, 75 MHz): 167.1, 146.6, 143.3, 139.8, 131.0, 12929.0, 128.5, 111.9,
52.0, 32.6, 26.6, 23.1;

IR (film): 2936 (m), 1724 (vs), 1608 (m), 1435 (m), 1277 (s),2L() cm’;

MS (El, 70 ev), m/z (%): 228 (K 82%), 213 (11%), 197 (12%), 169 (100%), 153 (13%),
141 (63%);

HRMS (EI): calcd. for GsH160, (M™): 228.1150found: 228.1133 (M).

Synthesis of 3-iodo-1-trimethylsilanyloxy-cyclohexX2-enecarbonitrile (102
TMSO CN
4

: ' RHJO013D

To a stirred solution of 3-iodo-cyclohex-2-enone (222 mg, 1.®end CsF (23 mg, 0.15
mmol) in dry CHCN (1 ml) was added dropwise TMSCN (149 mg, 1.5 mmol). Thdtheg
solution was stirred continuously and progress of the reactasnfallowed by TLC. After
purification by flash chromatography (pentane) the pure pro#ld2t(282 mg, 88%) was
obtained as a colorless oll.

'H NMR (CDClk, 300 MHz): 6.39 (tJ = 2.0 Hz, 1 H), 2.54 (dt}; = 6.2 Hz J, = 2.0, 2 H),
2.11-2.19 (m, 1 H), 1.75-1.98 (m, 3 H), 0.22 (s, 9 H);

13C NMR (CDC, 75 MHz): 136.3, 120.5, 104.4, 68.3, 38.6, 35.7820.3;

IR (film): 2958 (m), 2231 (w), 1629 (m), 1254 (m) ¢m

MS (El, 70 ev): 321 (M, 21%), 306 (30%), 279 (100%), 231 (19%), 194 (86%);

HRMS (EI): calcd. for GogH16INOSi (M*): 321.0046found: 321.0021 (M).

Synthesis of 3-benzoyl-cyclohex-2-enone (104a)
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O

© RHJ019D
To a solution of 3-iodo-1-trimethylsilanyloxy-cyclohex-2-enecaibbd@ 102 (161 mg, 0.5
mmol) in THF (0.2 ml) was slowly addeePrMgClI-LiCl (0.55 mmol, 2.00 M in THF) at —
40°C. After 2 h, a complete conversion to the Grignard reatf@®tvas observed by GC-
analysis of hydrolyzed reaction aliquots. THF (1.0 ml) and C@Ci€| (0.55 ml, 1.0 M in
THF) was added at this temperature and the mixture was stirred foin1Bemzoyl chloride
(0.7 mmol in 0.5 ml of THF) was added and the reaction mixturestimed at —48C for 1 h,
Then it was warmed to rt and stirred for another 1 h. TBAFr(0,3..0 M in THF) was added
and the mixture was stirred for 30 min, then HCI (1.0 ml, 2nMH}O) was added and the
stirring continued for another 2 h before the addition of agz (8Hnl). The aqueous phase
was extracted with diethyl ether (3 x 10 mL). The organic frastivere washed with brine
(10 mL), dried over Ng&50O, and concentrateih vacuo Purification by flash chromatography
(ether) afforded the pure produdd4a(71 mg, 74%) as a yellow oil.
'H NMR (CDCls, 300 MHz): 7.70-7.77 (m, 2 H), 7.53-7.60 (m, 1 H), 7.4077(m, 2 H),
6.22 (t,J = 1.8 Hz, 1 H), 2.66 (dt}; = 6.2 Hz,J, = 1.8 Hz, 2 H), 2.51 (t) = 6.6 Hz, 2 H),
2.07-2.18 (m, 2 H);
3C NMR (CDCk, 75 MHz): 200.0, 197.0, 155.8, 135.5, 133.4, 1322).5, 128.6, 37.8,
25.5,22.2;
IR (film): 2951 (m), 1680 (vs), 1658 (vs), 1448 (m), 1255 (m)‘tm
MS (El, 70 ev): 200 (M, 40%), 183 (15%), 171 (8%), 144 (10%), 105 (100%).

Spectral data match those reported in the literattire.

Synthesis of bicyclohexyl-1,1'-diene-3,3'-dion@.04b)
0

o RHJ021D
The solution of CUCN-2LiCI (0.55 ml, 1.0 M in THF) wadded to the Grignarti03 at -40
°C and stirred for 15 min. 3-lodo-cyclohex-2-enone (0.55 mmol5m@ of THF) was added

and the reaction mixture was stirred at 280 for 4 h at this temperature. The reaction

1337 Jin, P. L. Fuchsl. Am. Chem. Sot994 116, 5995.
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mixture was warmed to 25 °C and TBAF (0.5 ml, 1.0 M in TM@s added. After 30 min,
HCI (0.5 ml, 2 M in HO) was added and the mixture was stirred for another 2 h before the
addition of ag. NH(2 ml). The aqueous phase was extracted with diethyl ether (3 x L0 mL
The organic fractions were washed with brine (10 mL), dried ove®aand concentrated

in vacuo Purification by flash chromatography (ether) afforded the pure prddd4di (71

mg, 74%) as a white solid, mp: 100.5-10%0

'H NMR (CDCl, 300 MHz): 6.27 (s, 1 H), 2.50 (dk = 6.2 Hz,J, = 1.3 Hz, 2 H), 2.42 (1
=6.2 Hz, 2 H), 2.01-2.10 (m, 2 H);

3C NMR (CDCl;, 75 MHz): 199.6, 156.5, 128.0, 37.4, 25.8, 22.2;

IR (KBr): 2951 (w), 1663 (s), 1576 (w), 1263 (m) ¢m

MS (El, 70 ev): 190 (M, 95%), 162 (45%), 134 (100%), 119 (45%), 106 (49%).

Spectral data match those reported in the literatire.

Synthesis of toluene-4-sulfonic acid 2-bromo-pyridi-3-yl ester(105)

X OTs

~

N Br
A solution of 2-bromo-3-hydroxypyridine (3.480 g, 20 mmoBCT (4.19 g, 22 mmol), NEt
(2.420 g, 24 mmol) and DMAP (10 mol %) in g8, (60 mL) was stirred at room
temperature for 5 h. The reaction mixture was subsequently washedwaidr, 1 N
hydrochloric acid, and saturated sodium bicarbonate solution. Tlamiortayer was dried
over anhydrous magnesium sulfate, filtered, and concentrated. Theueresiés
chromatographed on silica gel (eluent: pentane: ether = 3: 1)dprg\i05 (5.58 g, 85%) as
a white solid; mp.: 64.5-653C.
'H NMR (CDCl, 300 MHz): 8.19 (ddJy = 4.9 Hz,J, = 1.8 Hz, 1 H), 7.69 (d] = 8.4 Hz, 2
H), 7.65 (ddJ; = 8.0 Hz,J, = 1.8 Hz, 1 H), 7.26 (dl = 8.4 Hz, 2 H), 7.19-7.24 (m, 1 H), 2.37
(s, 3 H);
3C NMR (CDCl, 75 MHz): 147.7, 146.3, 144.3, 136.5, 132.0, 1318.9, 128.6, 123.5,
21.7;
IR (KBr): 3072 (m), 1597 (s), 1570 (m), 1556 (vs), 1496 (vs), 883 1411 (vs), 1203 (vs),
859 (vs) cnt;
MS (EI, 70 ev): 329%Br, 6%), 327 (°Br, 6%), 155 (94%), 91 (100%);
HRMS (EI): calcd. for GoH1gBrNOsS (M*, "Br): 326.9525found: 326.9574 (M, "°Br).

134¢. J. Rao, P. Knochel, Org. Chem1991,56, 4593.
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Synthesis of 3,5-dibromo-2-pyridyl-4-methylbenzenesfonate (108

N” “OTs RHJ128D
A solution of 3, 5-dibromo-2-hydroxypyridine (5.060 g, 20 oinTsCl (4.190 g, 22 mmol),

NEt; (2.420 g, 24 mmol) and DMAP (10 mol%) in gE, (60 mL) was stirred at 6C
overnight. The reaction mixture was subsequently washed wittr wlalN hydrochloric acid,
and saturated sodium bicarbonate solution. The organic layer nexs aver anhydrous
magnesium sulfate, filtered, and concentrated. The residue was chromia¢ggoapsilica gel
(eluent: pentane: ether = 3: 1), providib@g8 (6.51 g, 80%) as a white solid; m. p.: 97.4-97.9
°C.

'H NMR (CDCl;, 300 MHz): 8.22 (dJ = 2.2 Hz, 1 H), 8.06 (d] = 2.2 Hz, 1 H), 7.94 (d] =
8.4 Hz, 2 H), 7.35 (d) = 8.4 Hz, 2 H), 2.44 (s, 3 H);

13C NMR (CDCls, 75 MHz): 153.2, 147.2, 145.7, 145.2, 133.7, 12928.8, 117.9, 112.0,
21.7,

IR (KBr): 3064 (w), 1598 (m), 1557 (m), 1418 (vs), 1375 (vs), 78) ¢m®;

MS (El, 70 ev): 343 (M- CsHa (3'Br"®Br), 40%), , 155 (50%), 91 (100%);

Anal. Calcd for C;oHgBroNOsS: C, 35.41; H, 2.23; N, 3.44;

Found: C, 35,28 2.01; N, 3.39.

Synthesis of toluene-4-sulfonic acid 2-formyl-pyrith-3-yl ester (1073

N OTs

N
O RHJ132D

i-PrMgCLLICl (1.55 M in THF, 0.55 mmol) was slowly added to w#wution of toluene-4-
sulfonic acid 2-bromo-pyridin-3-yl estd05 (164 mg, 0.5 mmol) in dry THF (1.5 mL) at -30
°C and the resulting mixture was stirred at this temperature for Zdmrtothe GrignardlL06
completely. DMF (1.0 mmol in 0.5 mL of THF) was added arel raction mixture was
warmed to 25 °C. After 1 h, saturated aqueoug@lkvas added and the aqueous phase was
extracted with diethyl ether (3 x 20 mL). The combined organic fraxtieere washed with
brine (10 mL), dried over N80, and concentratedn vacuo Purification by flash
chromatography (eluent: pentane: ether = 1:1) afforded the prt@dai(122 mg, 88%) as a
white solid; mp.: 104.5-105 .
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'H NMR (CDCl, 300 MHz): 9.89 (s, 1 H), 8.67 (dd, = 4.4 Hz,J, = 1.3 Hz, 1 H), 7.68-7.75
(m, 1 H), 7.71 (d) = 8.4 Hz, 2 H), 7.52 (ddl; = 8.4 Hz,J, = 4.4 Hz, 1 H), 7.30 (d] = 8.4
Hz, 2 H), 2.41 (s, 3 H);

13C NMR (CDCl, 75 MHz): 187.9, 148.5, 146.8, 146.5, 144.8, 1323,.2, 130.0, 128.5,
128.4, 21.7;

IR (KBr): 2847 (m), 1718 (vs), 1596 (m), 1578 (m), 1352 (vs)41(8), 889 (vs) ci;

MS (EI, 70 ev): 248 (M-CHO, 0.04%), 155 (51%), 139 (13%), 122 (57%), 91 (100%):;
Anal. Calcd. for Ci3H1:NO4S: C, 56.31; H, 4.00; N, 5.05;

Found: C, 56.34; H, 4.06; N, 5.03.

Synthesis of toluene-4-sulfonic acid 2-(1-hydroxyfppyl)-pyridin-3-yl ester (107b)

N OTs
OH RHJ127D

The solution of propionaldehyde (0.60 mmol) in THF (0.5 migs added to the Grignard
106 at -30°C and the reaction mixture was warmed to 25 °C. After 1 h the reauotidare
was guenched with saturated aqueousGlHThe agueous phase was extracted with diethyl
ether (3 x 20 mL). The combined organic fractions were washed wiate (10 mL), dried
over NaSO, and concentratedn vacuo Purification by flash chromatography (eluent:
pentane: ether = 1:2) afforded the prodlU@fb (130 mg, 85%) as a colorless oil.
'H NMR (CDCl;, 300 MHz): 8.38 (dJ = 4.9 Hz, 1 H), 7.70 (d] = 8.4 Hz, 2 H), 7.54 (d] =
8.0 Hz, 1 H), 7.29 (d] = 8.4 Hz, 2 H), 7.15-7.20 (m, 1 H), 4.46-4.50 (m, 13486 (bs, 1 H),
2.39 (s, 3 H), 1.41-1.68 (m, 2 H), 0.75J% 7.5 Hz, 3 H);
3C NMR (CDCl, 75 MHz): 155.1, 146.3, 146.2, 143.3, 132.4, 1303).1, 128.1, 123.2,
69.3, 29.9, 21.7, 9.4;
IR (film): 3345 (vs), 2927 (s), 1598 (s), 1418 (vs), 1377 (vs}:cm
MS (El, 70 ev): 306 (M H, 0.08%), 290 (7%), 278 (100%), 263 (9%), 155 (92%), 124
(53%), 91 (99%);
HRMS (EI): calcd. for GsH1eNO4S (M*-H): 306.0800found: 306.0807 (M-H).

Synthesis of toluene-4-sulfonic acid 5-bromo-3-forgt-pyridin-2-yl ester (1109

(@]
Br N H

=
N° OTs RHJ133D
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According to TP6, the reaction was carried out with 3, 5-dibromo-2-pyridyl 4-
methylbenzenesulfonat#08 (204 mg, 0.5 mmol)j-PrMgCILIiCl (1.55 M in THF, 0.55
mmol) and DMF (1.0 mmol in 0.5 mL of THF). Purification tigsh chromatography (eluent:
pentane: ether = 3:1) afforded the prodlt0a (158 mg, 88%) as a white solid; mp.: 86.7-
87.3°C.

'H NMR (CDCh, 300 MHz): 10.18 (s, 1 H), 8.46 (d= 2.7 Hz, 1 H), 8.32 (d] = 2.7 Hz, 1
H), 7.91 (dJ = 8.4 Hz, 1 H), 7.37 (d1 = 8.4 Hz, 1 H), 2.45 (s, 3 H);

3C NMR (CDCl, 75 MHz): 185.9, 156.3, 153.6, 146.2, 140.8, 13329.9, 128.8, 123.4,
119.1, 21.8;

IR (KBr): 3062 (m), 1697 (vs), 1596 (m), 1578 (s), 1430 (vs), V&R 724 (vs) cht;

MS (El, 70 ev): 293 (M (*'Br)-CsHa, 0.5%), 291 (M ("°Br)-CsHa, 0.5%), 265 (51%), 263
(52%), 155 (41%), 91 (100%);

Anal. Calcd for Ci3H10BrNO,S: C, 43.84; H, 2.83; N, 3.93;

Found: C, 43.16;2.76; N, 3.87.

Synthesis of toluene-4-sulfonic acid 5-bromo-3-(1ydroxy-propyl)-pyridin-2-yl ester (2-
45b)
OH

N OTs RHJ129D
According to TP6, the reaction was carried out with 3, 5-dibromo-2-pyridyl 4-
methylbenzenesulfonat&08 (204 mg, 0.5 mmol)j-PrMgCILIiCI (1.55 M in THF, 0.55
mmol) and propionaldehyde (0.60 mmol in 0.5 mL of THF). Featfon by flash
chromatography (eluent: pentane: ether = 1:2) afforded the pradQbt(168 mg, 87%) as a
white solid; mp.: 110.3-111T.
'H NMR (CDCl;, 300 MHz): 8.12 (dJ = 2.7 Hz, 1 H), 8.02 (d] = 2.7 Hz, 1 H), 7.91 (d] =
8.2 Hz, 2 H), 7.34 (d) = 8.2 Hz, 2 H), 4.87-4.91 (m, 1 H), 2.44 (s, 3 H), 212§ 1 H), 1.64-
1.82 (m, 2 H), 0.93 (11 = 7.5 Hz, 3 H);
3C NMR (CDCls, 75 MHz): 152.8, 147.2, 145.5, 140.3, 133.9, 1332.7, 128.7, 118.9,
68.9, 30.3, 21.7, 9.8;
IR (KBr): 3566 (vs), 3053 (m), 1595 (m), 1558 (m), 1372 (vs),718@), 669 (vs) cim;
MS (El, 70 ev): 386 (M, 0.01%), 358 (BY', 6%), 356 (Bf®, 6%), 294 (BY, 87%), 292 (B,
87%), 155 (89%), 91 (100%);
HRMS (EI): calcd. for GsH1sBrNO,4S (M*-H): 383.9905found: 383.9868 (M-H).
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Synthesis of toluene-4-sulfonic acid 3-benzoyl-5-bmo-pyridin-2-yl ester (1109

Br X o

|
N™ "OTs RHJ138D

According to TP6, the reaction was carried out with 3, 5-dibromo-2-pyridyl 4-
methylbenzenesulfonat#08 (204 mg, 0.5 mmol)j-PrMgCILiCl (1.55 M in THF, 0.55
mmol), CuUCN-2LiCl (0.55 mmol, 0.55 mL, 1.0 M in TH&hd benzoyl chloride (0.75 mmol
in 0.5 mL of THF). Purification by flash chromatography (elugentane: ether = 1:1)
afforded the product10c(192 mg, 89%) as a white solid; mp.: 102.5-168.1

'H NMR (CDCls, 300 MHz): 8.43 (dJ = 2.7 Hz, 1 H), 7.94 (d) = 2.7 Hz, 1 H), 7.54-7.71
(m, 5H), 7.43 (dJ=8.0 Hz, 2 H), 7.20 (d] = 8.0 Hz, 2 H), 2.35 (s, 3 H);

3C NMR (CDCl, 75 MHz): 190.5, 152.4, 150.5, 145.4, 142.2, 1353.0, 133.1, 129.7,
129.4, 128.5, 128.3, 127.5, 117.9, 21.5;

IR (KBr): 3060 (m), 1659 (vs), 1598 (s), 1572 (s), 1382 (vs), 1¢3B 689 (vs) cr;

MS (El, 70 ev): 369 (M (*'Br)-CsHa, 13%), 367 (M (“Br)-CsHas, 13%), 340 (14%),
288(31%), 155 (22%), 91 (100%);

Anal. Calcd for C;gH14BrNO,S: C, 52.79; H, 3.26; N, 3.24;

Found: C, 52.61,;2.90; N, 3.17.

Synthesis of toluene-4-sulfonic acid 5-bromo-3-(fan-2-carbonyl)-pyridin-2-yl ester
(1100

N "OTs RHJ163D
According to TP6, the reaction was carried out with 3, 5-dibromo-2-pyridyl 4-
methylbenzenesulfonat#08 (204 mg, 0.5 mmol)j-PrMgCILiCl (1.55 M in THF, 0.55
mmol), CUCN-2LiCI (0.55 mmol, 0.55 mL, 1.0 M in TH&hd 2-furoyl chloride (0.75 mmol
in 0.5 mL of THF). Purification by flash chromatography (elugentane: ether = 1:1)
afforded the product10d(176 mg, 83%) as a white solid; mp.: 133.0-13€.0
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'H NMR (CDCl;, 300 MHz): 8.42 (dJ = 2.2 Hz, 1 H), 8.01 (d] = 2.2 Hz, 1 H), 7.80 (d] =
8.4 Hz, 2 H), 7.65-7.66 (m, 1 H), 7.27 (ts 8.4 Hz, 2 H), 7.20 (dl = 4.0 Hz, 1 H), 6.58 (dd,
J1 = 4.0 Hz,J, = 1.8 Hz, 1 H), 2.40 (s, 3 H);

3C NMR (CDCl, 75 MHz): 177.1, 152.6, 151.3, 150.8, 148.2, 14584.2, 133.5, 129.6,
128.6, 126.7, 121.4, 117.8, 112.9, 21.7;

IR (KBr): 3079 (W), 1659 (vs), 1564 (w), 1584 (w), 1375 (vs), 1(s)6752 (vs) ci;

MS (El, 70 ev): 359 (M (3'Br)-CsH., 3%), 357 (M ("Br)-CsHa, 3%), 331 (M (*'Br)-C/Hs,
43%), 329 (M ("°Br)-C;Hs, 43%), 274 (5%), 155 (17%), 91 (100%);

Anal. Calcd for C;7H12BrNOsS: C, 48.36; H, 2.86; N, 3.32;

Found: C, 48.14; H, 2.86; N, 3.26.

Synthesis of toluene-4-sulfonic acid 5-bromo-3-(6htoro-pyridine-3-carbonyl)-pyridin-
2-yl ester(110¢

N OTs RHJO10E
According to TP6, the reaction was carried out with 3, 5-dibromo-2-pyridyl 4-
methylbenzenesulfonat®8 (408 mg, 1.0 mmol)-PrMgCILIiCl (1.55 M in THF, 1.1 mmol),
CuCN-2LiCI (1.20 mmol, 1.10 mL, 1.0 M in THF) and 6-dlleicotinoyl chloride (1.50
mmol in 1.0 mL of THF). Purification by flash chromatography aféatdhe producftl10e
(351 mg, 75%) as a white solid; mp.: 171.7-172.2
'H NMR (CDCl;, 300 MHz): 8.61 (dJ = 2.2 Hz, 1 H), 8.50 (d] = 2.2 Hz, 1 H), 8.07 (d] =
2.7 Hz, 1 H), 7.95 (dd}, = 8.4 Hz,J, = 2.2 Hz, 1 H), 7.67 (d] = 8.4 Hz, 2 H), 7.38 (d] =
8.4 Hz, 1 H), 7.27 (d] = 8.4 Hz, 2 H), 2.42 (s, 3 H);
3%C NMR (CDCl, 75 MHz): 188.5, 156.2, 152.5, 152.0, 151.0, 1464®.9, 139.1, 132.9,
130.5, 129.7, 128.4, 126.1, 124.4, 118.5, 21.7,
IR (KBr): 3058 (W), 1680 (vs), 1582 (vs), 1560 (w), 1421 (s), 188], 1175 (vs) cim;
MS (El, 70 ev): 406 (M ('Br*’CI)-CsHa, 3%), 404 (M (“Br*’Cl and®'Br*°Cl)-CsHa, 4%),
402 (M" ("Br*>Cl)-CsHa, 1%), 376 (12%), 323 (30%), 155 (29%), 91 (100%):;
Anal. Calcd for C1gH12BrCIN,O4S: C, 46.22; H, 2.59; N, 5.99;
Found: C.93; H, 2.30; N, 5.85.
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Synthesis of toluene-4-sulfonic acid 3-allyl-5-brom-pyridin-2-yl ester (110f)

Br X =

~

N~ OTs RHJ178D
According to TP6, the reaction was carried out with 3, 5-dibromo-2-pyridyl 4-
methylbenzenesulfonat#08 (204 mg, 0.5 mmol)j-PrMgCILiCl (1.55 M in THF, 0.55
mmol), allyl bromide (0.60 mmol in 0.5 mL of THF) and@N-2LiCI (2 mol%, 1QuL, 1.0 M
in THF). Purification by flash chromatography (eluent: pentane: ether )} afforded the
product110f(171 mg, 93%) as a colorless oil.
'H NMR (CDCls, 300 MHz): 8.11 (dJ = 2.7 Hz, 1 H), 7.92 (d] = 8.4 Hz, 2 H), 7.69 (d] =
2.7 Hz, 1 H), 7.33 (d) = 8.4 Hz, 2 H), 5.78-5.91 (m, 1 H), 5.07-5.20 (m, 2 H3}83(d,J =
6.6 Hz, 2 H), 2.43 (s, 3 H);
13C NMR (CDCls, 75 MHz): 154.4, 146.4, 145.3, 142.4, 134.1, 1332D.6, 129.2, 128.6,
118.4, 118.3, 33.5, 21.7;
IR (film): 2922 (m), 1640 (w), 1596 (w), 1557 (w), 1426 (s), 1376 1476 (vs), 1090 (s),
833 (s) cnf;
MS (El, 70 ev): 368 (M, 0.1%), 305 (M (3'Br)-CsH., 30%), 303 (M ("°Br)-CsHa, 30%),
288 (50%), 155 (11%), 91 (100%);
HRMS (El): calcd. for GsH1sBrNOsS (M*+H, ®Br): 367.9956 found: 367.9991 (M+H,
Br).

Synthesis of toluene-4-sulfonic acid 5-bromo-3-(3xo-cyclohex-1-enyl)-pyridin-2-yl ester
(1109

N OTs RHJ139D
According to TP6, the reaction was carried out with 3, 5-dibromo-2-pyridyl 4-
methylbenzenesulfonat&08 (204 mg, 0.5 mmol)j-PrMgCILIiCI (1.55 M in THF, 0.55
mmol), CuCN-2LIiCI (0.55 mmol, 0.55 mL, 1.0 M in THEBnd 3-iodo-cyclohex-2-enone
(0.60 mmol in 1.0 mL of THF). Purification by flash chromatquhy (eluent: pentane: ether
= 1:1) afforded the produdl0g(177 mg, 84%) as a white solid; mp.: 108.5-10€.3
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'H NMR (CDCl;, 300 MHz): 8.24 (dJ = 2.2 Hz, 1 H), 7.84 (d] = 8.4 Hz, 2 H), 7.73 (d] =
2.2 Hz, 1 H), 7.31 (d) = 8.4 Hz, 2 H), 6.01 (] = 1.3 Hz, 1 H), 2.64 (1) = 6.0 Hz, 2 H), 2.41
(t, J= 6.6 Hz, 2 H), 2.41 (s, 3 H), 2.00-2.10 (m, 2 H);

3C NMR (CDCl, 75 MHz): 198.3, 154.8, 152.2, 148.7, 145.7, 14038.7, 130.4, 129.7,
129.5, 128.6, 118.2, 37.1, 29.2, 22.9, 21.6;

IR (KBr): 2952 (w), 1671 (vs), 1596 (m), 1419 (s), 1375 (s), 118P ¢mi*;

MS (El, 70 ev): 359 (M (3'Br)-CsHa, 2%), 357 (M ("Br)-CsHs, 2%), 331 (M (*'Br)-CHs,
7%), 329 (M (3'Br)-C;/Hs, 7%), 266 (21%), 155 (17%), 91 (100%);

Anal. Calcd for C1gH16BrNO,4S: C, 51.19; H, 3.82; N, 3.32;

Found: C, 51.22;3.92; N, 3.22.

Synthesis of toluene-4-sulfonic acid 5-bromo-3-cyanrpyridin-2-yl ester (110h)

BrﬁCN

N” OTs RHJ137D

According to TP6, the reaction was carried out with 3, 5-dibromo-2-pyridyl 4-
methylbenzenesulfonat&08 (204 mg, 0.5 mmol)j-PrMgCILIiCI (1.55 M in THF, 0.55
mmol) and TsCN (0.60 mmol in 1.0 mL of THF). Purificatiog flash chromatography
(eluent: pentane: ether = 1:1) afforded the produéh (125 mg, 71%) as a white solid; mp.:
105.0-105.6C.
'H NMR (CDCL, 300 MHz): 8.50 (dJ = 2.4 Hz, 1 H), 8.10 (d] = 2.4 Hz, 1 H), 7.95 (d] =
8.4 Hz, 2 H), 7.37 (d) = 8.4 Hz, 2 H), 2.45 (s, 3 H);
3C NMR (CDCl, 75 MHz): 156.0, 152.8, 146.4, 145.4, 132.8, 12928.9, 117.3, 112.0,
103.1, 21.8;
IR (KBr): 3078 (w), 2243 (m), 1595 (m), 1550 (m), 1429 (vs), 1889, 1192 (vs), 823 (vs)
cm?;
MS (El, 70 ev): 290 (M (®'Br)-CsHa, 10%), 288 (M ("°Br)-CsHa, 10%), 155 (52%), 91

(100%);
Anal. Calcd for C;3H9BrN-OsS: C, 44.21; H, 2.57; N, 7.93;
Found: C, 44.24:2.56; N, 7.88.

Synthesis of toluene-4-sulfonic acid 3-allyl-5-(fuan-2-carbonyl)-pyridin-2-yl ester (1129

O
=
L
N~ OTs  RHJ182D
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According to TP6, the reaction was carried out with 3-allyl-5-bromo-2-pyridyl 4-
methylbenzenesulfonatel Of (184 mg, 0.5 mmol) andPrMgCILIiCl (1.55 M in THF, 0.55
mmol) at -30°C for 7 h to form the Grignaril1 completely. THF (1.0 mL) and the solution
of CuCN-2LiCl (0.55 mmol, 0.55 mL, 1.0 M in THF) were addat this temperature and
stirred for 15 min. 2-Furoyl chloride (0.75 mmol in 0.5 mL dfiF) was added and the
reaction mixture was stirred at —30 for 1 h, then warmed to rt and stirred for 1 h before
guenched with agq. ammonia (2 mL). The aqueous phase was extractelietinith ether (3 x
20 mL). The combined combined organic fractions were washed witke (D mL), dried
over NaSO, and concentratedn vacuo Purification by flash chromatography (eluent:
pentane: ether = 2:1) afforded the prodlit?2a(144 mg, 75%) as a colorless oil.

'H NMR (CDCL, 300 MHz): 8.71 (dJ = 2.2 Hz, 1 H), 8.14 (d] = 2.2 Hz, 1 H), 7.96 (d] =
8.4 Hz, 2 H), 7.66 (d) = 1.8 Hz, 1 H), 7.33 (d] = 8.4 Hz, 2 H), 7.26 (d] = 3.5 Hz, 1 H),
6.58 (dd,J; = 3.5 Hz,J, = 1.8 Hz, 1 H), 5.81-5.94 (m, 1 H), 5.04-5.15 (m, 2 H3¥23d,J =
6.6 Hz, 2 H), 2.41 (s, 3 H);

13C NMR (CDCls, 75 MHz): 178.9, 157.8, 151.8, 147.5, 146.8, 1434).8, 134.0, 133.5,
131.4, 129.5, 128.7, 126.5, 120.7, 118.1, 112.65,34..6;

IR (film): 2923 (w), 1647 (m), 1596 (m), 1566 (m), 1377 (s), 1089, 816 (s) ct;

MS (El, 70 ev): 383 (M, 0.01%), 319 (80%), 304 (93%), 290 (9%), 155 (9%), 91 (100%);
HRMS (EI): calcd. for GoH1gNOsS (M*+H): 384,0906found: 384.0908 (M+H).

Synthesis of toluene-4-sulfonic acid 3-allyl-5-(1ydroxy-propyl)-pyridin-2-yl ester
(112b

OH

X 0z

~

N OTs RHJ132F
The solution of propionaldehyde (0.60 mmol in 0.5 mL ofFjivas added to the Grignard
111 and the reaction mixture was warmed to 25 °C and quenched wittatedt aqueous
NH4Cl. The aqueous phase was extracted with diethyl ether (3 x 20Th&)combined
organic fractions were washed with brine (10 mL), dried oveiSBaand concentrateth
vacua Purification by flash chromatography (eluent: pentane: ether ¥ dfférded the
product112b(139 mg, 80%) as a colorless oil.
'H NMR (CDCl;, 300 MHz): 7.99 (dJ = 2.2 Hz, 1 H), 7.92 (d] = 8.4 Hz, 2 H), 7.57 (d] =
2.2 Hz, 1 H), 7.32 (d) = 8.4 Hz, 2 H), 5.78-5.94 (m, 1 H), 5.02-5.13 (m, 2 H3044.61 (m,
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1 H), 3.38 (dJ = 6.6 Hz, 2 H), 2.42 (s, 3 H), 2.25 (bs, 1 H), 1.61-mM92 H), 0.87 (tJ =
7.3 Hz, 3 H);

3C NMR (CDCh, 75 MHz): 154.9, 145.0, 143.5, 139.0, 137.9, 13434.2, 129.5, 128.6,
126.7,117.6, 72.8, 33.8, 31.8, 21.6, 9.8;

IR (film): 3411 (vs), 1714 (m), 1640 (m), 1597 (s), 1584 (s)614%), 1307 (m) ci;

MS (El, 70 ev): 347 (M, 0.01%), 330 (0.1%), 283 (49%), 268 (39%), 254 (100%%, 15
(15%), 91 (82%);

HRMS (EI): calcd. for GgH2oNO4S (M™+H): 348.1270found: 348.1259 (M+H).

Synthesis of toluene-4-sulfonic acid 3-benzoyl-5-(8ethoxy-phenyl)-pyridin-2-yl ester
(114

(‘)CH3

g
T °

N OTs RHJ172D
A mixture of toluene-4-sulfonic acid 3-benzoyl-5-bromo-pyridin-2egker110c (216 mg,
0.5 mmol), 3-methoxylbenzeneboronic acid (152 mg, 1.0 mmolpB'BL6 mg, 10 mol%),
Pd(dba) (14 mg, 5 mol%), tri (2-furyl) phosphine (12 mg, 10 mol%)TiHF (2.0 mL) and
water (0.5 mL) was refluxed under nitrogen for 12 h. Water (5.0 mL) adaed and the
aqueous phase was extracted with diethyl ether (3 x 20 mL). Thieireed organic fractions
were washed with brine (10 mL), dried over,8@, and concentrateth vacuo Purification
by flash chromatography (eluent: pentane: ether = 1:1) afforded thacprbt¥ (206 mg,
90%) as a white solid; mp.: 144.0-144G
'H NMR (CDCl;, 300 MHz): 8.57 (dJ = 2.7 Hz, 1 H), 7.97 (d] = 2.7 Hz, 1 H), 7.71 (d] =
7.1 Hz, 2 H), 7.65 (d) = 8.4 Hz, 2 H), 7.55 (t] = 7.5 Hz, 1 H), 7.40 () = 7.5 Hz, 2 H), 7.31
(t, J=8.0 Hz, 1 H), 7.17 (d] = 8.4 Hz, 2 H), 7.05 (d] = 8.0 Hz, 1 H), 7.0 () = 2.2 Hz, 1
H), 6.89 (ddJ; = 8.0 Hz,J, = 2.6 Hz, 1 H), 3.77 (s, 3 H), 2.34 (s, 3 H);
3C NMR (CDCl, 75 MHz): 192.3, 160.2, 153.1, 148.0, 145.3, 138%/.1, 136.3, 135.6,
133.8,133.7, 130.4, 129.9, 129.5, 128.6, 128.6,2219.5, 114.1, 112.9, 55.4, 21.7;
IR (KBr): 2968 (w), 1668 (vs), 1596 (vs), 1379 (s), 1428 (vs), 1(L8] 864 (s) cn;
HRMS calcd for GgHo:NNaGsS (M™+Na): 482.1038found: 482.1029 (M+Na);
Anal. calcdfor C;H21NOsS: C, 67.96; H, 4.61; N, 3.05;
Found: C, 67.86; H,9.MN, 2.95.
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Synthesis of 5-bromo-3-phenyltH-pyrazolo[3,4-b]pyridine (1159

RHJ155D

The mixture of toluene-4-sulfonic acid 3-benzoyl-5-bromo-pyridin-2ster110c (108 mg,
0.25 mmol) and hydrazine hydrate (0.1 mL) in toluene (1.0 mL)stieed at 8G°C for 4 h.
Water (5.0 mL) was added and the agueous phase was extracted with etiethy(3 x 20
mL). The combined organic fractions were washed with brine (10 drled over NaSO,
and concentrateth vacuo Purification by flash chromatography (eluent: pentane: ether =
3:1) afforded the produdt1l5a(60 mg, 88%) as a white solid; mp.: 205.5-20€0

'H NMR (DMSO-d;, 300 MHz): 8.78 (dJ = 1.8 Hz, 1 H), 8.62 (d] = 1.8 Hz, 1 H), 8.01 (d,
J=7.5Hz, 2 H), 7.38-7.54 (m, 3 H);

¥C NMR (DMSO-&;, 75 MHz): 151.4, 149.5, 142.6, 132.7, 132.5, 129.33.6, 126.9,
113.8, 112.5;

IR (KBr): 3430 (vs), 3195 (vs), 1596 (m), 1481 (m), 1371 (m), 1&36926 (s), 758 (s) cM
MS (El, 70 ev): 275 (M (*'Br), 100%), 273 (M ("Br), 100%), 246 (7%), 193 (7%), 164
(6%);

HRMS (EI): calcd. for GoHgBrNs (M, "Br): 272.9902found: 272.9903 (M, "Br).

Synthesis of 3-furan-2-yl-5-(3-methoxy-phenyltH-pyrazolo[3,4-b]pyridine (115b)
OCHjs

H RHJ176D
A mixture of toluene-4-sulfonic acid 5-bromo-3-(furan-2-carbonyl)-pyridiyl-2ster 110d
(211 mg, 0.5 mmol), 3-methoxylbenzeneboronic acid (152 mgnindl), TBAB (16 mg, 10
mol%), Pd(dbag)(14 mg, 5 mol%), tri (2-furyl) phosphine (12 mg, 10 mol%)YHF (2.0 mL)
and water (0.5 mL) was refluxed under nitrogen for 12 h. Hydrazine ley(@d& mL) was
added after the reaction mixture was cooled to room temperature anit weenrefluxed for
6 h. Water (5.0 mL) was added and the aqueous phase was extractediethighether (3 x

20 mL). The combined organic fractions were washed with brine (J0dried over NaSO,
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and concentrateoh vacuo Purification by flash chromatography (eluent: pentane: ether = 2:
1) afforded the produdt15b(112 mg, 77%) as a white solid; mp.: 198.0-19&5

'H NMR (DMSO-d;, 300 MHz): 8.89 (dJ = 1.3 Hz, 1 H), 8.65 (d] = 1.3 Hz, 1 H), 7.87 (s,

1 H), 7.30-7.46 (m, 3 H), 7.21 (d,= 3.1 Hz, 1 H), 6.98 (d] = 7.9 Hz, 1 H), 6.70 (s, 1H),
3.86 (s, 3 H);

3C NMR (CDCl, 75 MHz): 160.2, 152.2, 149.2, 148.2, 143.5, 13935.2, 130.5, 130.4,
127.9, 120.0, 113.5, 113.2, 112.1, 111.8, 108.8;55

IR (KBr): 3430 (s), 3132 (s), 1602 (s), 1509 (m), 1490 (m), 14761860 (s), 1219 (s) cm

MS (El, 70 ev): 291 (M, 100%), 262 (7%), 248 (11%), 219 (7%), 145 (12%);

HRMS (EI): calcd. for G7H13N30, (M™): 291.1008found: 291.1005 (M).

Synthesis of 2,4,6-tribromo-3-pyridyl-4-methylbenzeesulfonate(116)
Br

\OTs
»

Br ‘N 'Br RHJ124F

A solution of 2, 4, 6-tribromo-pyridin-3-ol (5.500 g, 1a1@mol), TsCl (3.810 g, 20 mmol),
NEt; (2.180 g, 22 mmol) and DMAP (10 mol %) in &, (60 mL) was stirred at 6C
overnight. The reaction mixture was subsequently washed wittr, wlalN hydrochloric acid,
and saturated sodium bicarbonate solution. The organic layer web aler anhydrous
magnesium sulfate, filtered, and concentrated. The residue was chromiag¢olgoapsilica gel
(eluent: pentane: ether = 3:1), providib@6 (6.254 g, 78%) as a white solid; m. p.: 103.0-
103.6°C.

'H NMR (CDClk, 300 MHz): 7.87 (dJ = 8.2 Hz, 2 H), 7.67 (s, 1 H), 7.36 (= 8.2 Hz, 2
H), 2.46 (s, 3 H);

3C NMR (CDCl, 75 MHz): 146.4, 143.9, 137.3, 137.1, 133.9, 1313).8, 130.0, 128.7,
21.8;

IR (KBr): 3090 (w), 1595(m), 1537(s), 1521(s), 1385(vs), 1312(k)P(vs) cn’;

MS (El, 70 ev): 483 (M ("Br’°Br"*Br), 1%), 302 (2%), 197 (6%), 155 (100%), 91 (62%).
Anal. Calcd for C;2HgBrsNOsS: C, 29.66; H, 1.66; N, 2.88

Found: C, 29.18;1.78; N, 2.88.

Synthesis of toluene-4-sulfonic acid 4-allyl-2, 6#romo-pyridin-3-yl ester (11839
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XN OTs

|
Br” "N” "Br RHJ129F

The solution of-PrMgCLILICI (1.55 M in THF, 1.1 mmol) was slowly added to a $an of
2, 4, 6-tribromo-3-pyridyl-4-methylbenzenesulfondt#6 (486 mg, 1.0 mmol) in dry THF
(3.0 mL) at -78°C and the resulting mixture was stirred at this temperature for ACtami
complete the formation of the Grignatd7. Allyl bromide (1.5 mmol in 1.0 mL of THF) and
the solution of CUCN-2LICI (1 mol%) were added in and the reactixture was stirred for
1 h then warmed to 25 °C. After 1 h the reaction mixuture was gednefth saturated
aqueous NRKCI. The aqueous phase was extracted with diethyl ether (3 x 20 The).
combined organic fractions were washed with brine (10 mL), driest Na&SO, and
concentratedn vacuo Purification by flash chromatography (eluent: pentane: etheld) 5
afforded the product18a(402 mg, 90%) as a white solid; mp.: 82.0-8&0

'H NMR (CDCL, 300 MHz): 7.87 (dJ = 8.2 Hz, 2 H), 7.37 (d] = 8.2 Hz, 2 H), 7.34 (s, 1
H), 5.70-5.90 (m, 1 H), 5.10-5.30 (m, 2 H), 3.53J¢;, 7.1 Hz, 2 H), 2.46 (s, 3 H);

3C NMR (CDCl, 75 MHz): 149.1, 146.3, 143.3, 137.4, 136.4, 133®.6, 130.0, 128.8,
128.7,119.6, 34.8, 21.8;

IR (KBr): 1595(m), 1566(m), 1528(m), 1407(s), 1375(s), 1179(s), (Bp8m™*;

MS (El, 70 ev): 447 (M (®'Br®Br), 1.5%), 292 (11%), 155 (100%), 91 (87%):;

HRMS (El): calcd. for GsH13BroNOsS (M*, °Br’®Br): 444.8983;Found: 444.8988 (M,
"°Br"Br).

Synthesis of 2,6-dibromo-3-(toluene-4-sulfonyloxyisonicotinic acid methyl ester(118b)

COOMe

N OTs

P

Br™ 'N° 'Br RHJ133F
Methyl chloroformate (0.75 mmol) was added directly to the Grgymaagentll?7 and
warmed to room temperature. After 1 h the reaction mixture was quendtiedaturated
aqueous NRCIl. The aqueous phase was extracted with diethyl ether (3 x 20 Thk).
combined organic fractions were washed with brine (10 mL), dried 0e@S®84 and
concentratedn vacuo Purification by flash chromatography (eluent: pentane: ethed)} 5
afforded the product18b (167 mg, 72%) as a white solid; mp.: 110.0-1PC0
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'H NMR (CDClk, 300 MHz): 7.82 (s, 1 H), 7.72 (d,= 8.2 Hz, 2 H), 7.34 (d] = 8.2 Hz, 2
H), 3.94 (s, 3 H), 2.45 (s, 3 H);

%C NMR (CDCl, 75 MHz): 162.6, 146.6, 141.5, 137.7, 137.5, 1328).2, 128.7, 128.5,
53.5, 21.8;

IR (KBr): 1727(vs), 1596(m), 1529(m), 1431(m), 1389(vs), 135002H8(s) cnt;

MS (El, 70 ev): 465 (M (®'Br®Br), 2%), 279 (3%), 155 (100%), 91 (87%):;

HRMS (El): calcd. for GsH11BroNOsS (M*, Br’®Br): 462.8725;Found: 462.8733 (M,
"°Br"Br).

Synthesis of toluene-4-sulfonic acid 2,6-dibromo-@&uran-2-carbonyl)-pyridin-3-yl ester
(1189

OTs

Br RHJ142F

The solution of CuCN-2LiCl (0.55 mmol, 0.55 mL, 1.0iMTHF) was added to the Grignard
reagentl17 at -78°C and stirred for 15 min. 2-Furoyl chloride (0.75 mmol in OI50h THF)
was added in and the reaction mixture was stirred at’€3for 1 h then warmed to rt and
stirred for 1 h before it was quenched with aq. ammonia (2 mL). Theoaguphase was
extracted with diethyl ether (3 x 20 mL). The combined organic fraxtieere washed with
brine (10 mL), dried over N80, and concentratedn vacuo Purification by flash
chromatography (eluent: pentane: ether = 5:1) afforded the prad8c(180 mg, 72%) as a
white solid; mp.: 153.5-154 .

'H NMR (CDCl, 300 MHz): 7.67 (ddJ; = 1.8 Hz,J, = 0.9 Hz, 1 H), 7.63 (d] = 8.2 Hz, 2
H), 7.57 (s, 1 H), 7.27 (d, = 8.2 Hz, 2 H), 7.19 (d] = 3.1 Hz, 2 H), 6.60 (dd}; = 3.1 Hz,J,

= 1.8 Hz, 1 H), 2.42 (s, 3 H);

3C NMR (CDCl, 75 MHz): 175.7, 150.6, 148.4, 146.5, 143.4, 14038.3, 137.8, 131.9,
130.0, 128.6, 127.4, 121.8, 113.1, 21.8;

IR (KBr): 1666(vs), 1560(m), 1522(m), 1460(s), 1391(vs), 1195(s)cm

MS (El, 70 ev): 501 (M (®'Br®Br), 0.2%), 346 (3%), 155 (88%), 91 (100%);

HRMS (El): calcd. for G/H11BroNOsS: 498.8725 (M, "°Br’®Br); Found: 498.8736 (M,
"°Br"Br).

Synthesis of toluene-4-sulfonic acid 2,4-diallyl-6romo-pyridin-3-yl ester (1203
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Br N N RHJ162F
The solution of-PrMgCLLICl (1.55 M in THF, 0.55 mmol) was slowly added to ausiain of
toluene-4-sulfonic acid 4-allyl-2, 6-dibromo-pyridin-3-yl esfeiBa (224 mg, 0.5 mmol) in
dry THF (2.0 mL) at -46C and the resulting mixture was stirred at this temperature fao1 h
complete the formation of the Grignard reagéa®. Allyl bromide (0.8 mmol ) and the
solution of CuCN-2LiCl (1 drop) were added at this temperatudeséirred for 1 h, then
warmed to rt and stirred for 1 h before it was quenched with aq. aan(® mL). The
aqueous phase was extracted with diethyl ether (3 x 20 mL). Thieireed organic fractions
were washed with brine (10 mL), dried over Na2S0O4 and concentrateduo Purification
by flash chromatography (eluent: pentane: ether = 10:1) afforded the pddDaf190 mg,
93%) as a white solid; mp.: 83.8-85Q.
'H NMR (CDClk, 300 MHz): 7.83 (dJ = 8.2 Hz, 2 H), 7.38 (d] = 8.2 Hz, 2 H), 7.21 (s, 1
H), 5.67-5.93 (m, 2 H), 4.85-5.20 (m, 2 H), 3.25-3.38 (Hl)42.47 (s, 3 H);
13C NMR (CDCk, 75 MHz): 155.6, 147.0, 146.2, 142.8, 138.8, 13838.11, 133.09, 130.2,
128.1, 127.4, 119.0, 117.1, 37.1, 34.1, 21.7;
IR (KBr): 2978 (w), 1638 (m), 1597 (m), 1583 (m), 1542 (m), 14€)9 1422 (s), 1179 (s)
cm™;
MS (El, 70 ev): 407 (M ("®Br), 30%), 252 (100%), 155 (54%), 91 (100%);
HRMS (EI): calcd. for GgH1gBrNOsS (M, "Br): 407.0191found: 407.0189 (M, "°Br).

Synthesis of toluene-4-sulfonic acid 4-allyl-6-brom2-(1-hydroxy-propyl)-pyridin-3-yl
ester(112b

OTs

\

Br N
OH RHJ130F

The solution of propionaldehyde (0.60 mmol in 0.5 mL ofFjivas added to the Grignard
119 and the reaction mixture was warmed to 25 °C and quenched wittatedt aqueous
NH4Cl. The aqueous phase was extracted with diethyl ether (3 x 20Th&)combined
organic fractions were washed with brine (10 mL), dried oveiS@aand concentrateh
vacua Purification by flash chromatography (eluent: pentane: ether ¥ dfférded the

product112b(134 mg, 63%) as a colorless oil.
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'H NMR (CDClk, 300 MHz): 7.83 (dJ = 8.2 Hz, 2 H), 7.39 (d] = 8.2 Hz, 2 H), 7.28 (s, 1
H), 5.65-5.84 (m, 1 H), 5.00-5.21 (m, 2 H), 4.40-4.53 (rh{)13.23-3.47 (m, 3 H), 2.46 (s,
3), 1.43-1.71 (m, 1 H), 0.75 &= 7.3 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 157.6, 147.6, 146.3, 141.3, 138.7, 13332.8, 130.2, 128.4,
127.9, 119.1, 69.7, 34.0, 30.0, 21.7, 9.6;

IR (KBr): 3457 (vs), 2934 (s), 1641 (m), 1596 (s), 1584 (s), 1541166 (m) cnf;

MS (El, 70 ev): 426(M ("Br), 0.5%), 398 (50%), 370 (9%), 240 (42%), 155 (100%), 91
(93%);

HRMS (EI): calcd. for GgH2:BrNO,S (M*+H): 426.0375Found: 426.0350 (M+H).

Synthesis of 4-[4-allyl-6-bromo-3-(toluene-4-sulfoyloxy)-pyridin-2-yl]-benzoic acid
methyl ester(1209

COOMe RHJ136F

The solution of ZnByr (0.55 mL, 0.55 mmol, 1.0 M in THF) was added to Grignaagent
119 at -40 °C and warmed to @ and stirred for 20 min. The solution of methyl 4-
iodobenzoate (144 mg, 0.55 mmol) in THF (0.5 mL), Pd@).4 mg, 5 mol%) and tri (2-
furyl) phosphine (12 mg, 10 mol%) were added in and the reaatiature was stirred
overnight at room temperature then quenched as usual. The aquaseats extracted with
diethyl ether (3 x 10 mL). The organic fractions were washed lwitie (10 mL), dried over
NaSO, and concentrateth vacuo Purification by flash chromatography (pentane: ether =
3:1) afforded the pure produt20c(151 mg, 60%) as a white solid, mp: 138.0-13&5

'H NMR (CDCls, 300 MHz): 7.70 (dJ = 8.2 Hz, 2 H), 7.41 (d] = 8.2 Hz, 2 H), 7.17 (d] =

8.0 Hz, 2 H), 6.87 (d]) = 8.0 Hz, 2 H), 5.00-5.60 (m, 1 H), 5.11-5.30 (m, 2 H383(s, 3 H),
3.61 (d,J=6.6 Hz, 2 H), 2.25 (s, 3 H);

3C NMR (CDCl, 75 MHz): 166.5, 152.3, 149.0, 145.6, 142.9, 1393.1, 133.1, 132.3,
130.1, 129.5, 129.3, 129.0, 128.8, 127.9, 119.£,51.5, 21.5;

IR (KBr): 3437 (vs), 1720 (vs), 1578 (m), 1540 (m), 1386 (s), 1(28p, 1176 (vs) ci;

MS (El, 70 ev): 503(M (®'Br), 48%), 501 (47%), 348 (97%), 316 (75%), 208 (100%), 91
(50%);

HRMS (EI): calcd. for GaHaBrNOsS (M, "Br): 501.0246; Found: 501.0246 {M°Br).
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11. Highly Diastereoselective Synthesis of HomoallylicAlcohols Bearing Adjacent

Quaternary Centers Using Trisubstituted Allylic Zinc Reagents

Synthesis of 2-chloromethyl-6,6-dimethyl-bicyclo[3..1]hept-2-ene (128a)

OH Cl

reflux
Triphenylphosphine (36.680 g, 140.0 mmol) was slowly addeal solution of 3(-) myrtenol
(15.200 g, 100.0 mmol) in carbon tetrachloride (140.0 mL) &edrésulting mixture was
refluxed for 5 h. After the mixture was cooled, the pentane (250.,0wak added in. The
suspension was filtered off and washed with pentane (100.0 mL)sdlhent was removed
under vacuum. Distillation (48C/2.0 mmHg) of the oil provided the compout@Ba(12.444
g, 73%) as a colourless oitp?° = -40 (c = 0.8, ChCl,).
1 H NMR (CDCl, 600 MHz): 5.60 (s, 1 H), 3.94-4.01 (m, 2 H), 2.41 {dt= 8.8 Hz,J, = 5.5
Hz, 1 H), 2.20-2.32 (m, 3 H), 2.06-2.11 (m, 1 H), 1.29B(kl), 1.16 (dJ = 8.8 Hz, 1 H), 0.82
(s, 3H);
13C NMR (CDCl;, 150 MHz): 144.1, 122.4, 48.6, 44.2, 40.4, 38.05331.2, 26.0, 21.1;
IR (neat): 2919 (m), 1650 (W), 1469 (m), 1429 (m), 1366 (m), 1256(3;
MS (El, 70 ev): 172 (M, 1%), 170 (3%), 126 (13%), 91 (100%), 79 (15%);
HRMS (EI): calcd. for GoH1sCl (*°Cl): 170.0862found: 170.0849 {°Cl).

Synthesis of 3-chloro-1-methyl-cyclohexene (128d128d’)

oA Cccl T

4, PPhg N

Triphenylphosphine (14.700 g, 56.0 mmol) was slowly adwe@ solution of 3-methyl-
cyclohex-2-enol (4.500 g, 40.0 mmol) in carbon tetrachloride (8. and the resulting
mixture was refluxed for 5 h. After the mixture was cooled, pentaneQ(1®0) was added in.
The suspension was filtered off and washed with pentane (50.0 rhk).sdlvent was
removed under vacuum. Distillation (4C€/3.0 mmHg) of the oil provided the compound
128d(3.130 g, 60%) as a colourless oil, as a ratio of 90: 10 neixtith 128d’. The mixture
was used in the subsequent step without further purification.

'H NMR (CDCl, 300 MHz): 5.50-5.60 (m, 1 H), 4.60-4.70 (m, 1 H), 1.8D82(m, 6 H),
1.68 (s, 3 H);
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13C NMR (CDCl, 75 MHz): 139.8, 122.6, 57.1, 32.0, 29.8, 23.7518.
IR (neat): 2934 (m), 1665 (m), 1444 (s), 1436 (w), 1222 () cm
MS (EI, 70 ev): 132 (M (*'Cl), 9%), 130 (3%), 95 (100%), 79 (29%), 67 (28%).

The spectral date is in accordance with that reported in the litefature.

Preparation of 2-cyclohexenylzinc chloride (129b)
Cl

Zn (5.0 equiv), LiCl (1.2 equiv) ZnCl
© THF, 0°C, 36 h, 84 % ©
Zinc dust*%(3.20 g, 50.0 mmol) and dry LiCl (500 mg, 12.0 mmol) wereeced with dry

THF (5.0 mL) and activated by addition of a few drops of 1,2-dilmethane and TMSCI. A
solution of 3-chloro-cyclohexene (1.17 g, 10.0 mmol) in THE.@ImL) was added in with

syringe pump at 8C within 2 h. The resulting mixture was stirred under nitroge@°C for
36 h. The zinc suspension was to be settled using centrifagkime. The concentration and
the yield were determined as follows:

Element iodine (254 mg, 1.0 mmol) was placed into a drynlOround-bottomed flask
equipped with a magnetic stirrer bar and septum under nitroggnTBF (5.0 mL) was
added withsyringe. The allylic zinc solution was added dropwise withinge until the red
colour disappeared. The volume of allylic zinc required can be remedthe following
equation used to determine the molarity of the solution.

Molarity of allylic zinc reagent = 1/volume of allylic zinc reagen

The concentration of allylic zinc reagent: 0.60 mol/l; volunid=0 mL; yield: 84%.

Preparation of 2-cyclopentylzinc chloride (129c)

Cl Zn (5.0 equiv), LiCl (1.2 equiv) ZnCl

ii THF, -10 °C, 40 h, 58 %

Zinc dust (3.20 g, 50.0 mmol) and dry LiCI (500 mg, 12uol) were covered with dry THF
(5.0 mL) and activated by addition of a few drops of 1, 2-dibrohaoet and TMSCI. A
solution of 3-chloro-cyclopentene (1.03 g, 10.0 mmol) in THE.0 mL) was added in with

syringe pump at -18C within 2 h. The resulting mixture was stirred under nitroged &fC

1857, carrillo-Marquez, L. Caggiano, R. F. W. JacksdnGrabowska, A. Rae, M. J. Toz€rg. Biomol.
Chem, 2005 3, 4117.
136 From Aldrich.
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for 40 h. The zinc suspension was to be settled using feggtrmachine. The concentration
and the yield were determined as the method shown above.
The concentration of allylic zinc reagent: 0.40 mol/l; volumid=b mL; yield: 58%.

Preparation of 1-methyl-1-cyclohexenylzinc chloridg€129d)

7 Zn (5.0 equiv), LiCl (1.2 equiv) ZnCl
@ ¥ @Me THF, -10 °C, 12 h, 55 % @
Me cl Me
Zinc dust (3.20 g, 50.0 mmol) and dry LiCI (500 mg, 12uol) were covered with dry THF
(5.0 mL) and activated by addition of a few drops of 1,2-dibrohayet and TMSCI. A

solution of 3-chloro-1-methyl-cyclohexene (mixture of 3-chloro-1-metlglahexeneand 3-
chloro-3-methyl-cyclohexene, 1.30 g, 10.0 mmol) in THF (1®0) was added in with

syringe pump at -18C within 2 h. The resulting mixture was stirred under nitroged @fC
for 12 h. The zinc suspension was to be settled using feggtrmachine. The concentration
and the yield were determined as the method shown above.

The concentration of allylic zinc reagent: 0.38 mol/l; volumid=b mL; yield: 55%.

Preparation of 2-methyl-6,6-dimethyl-bicyclo[3.1.1hept-2-enylzinc chloride (129a)

Me\& Zn (2.5 equiv), LiCl (1.2 equiv) Meﬁ/jﬂ{
Me al Me ZnCl

THF, rt, 30 h, 80%

Zinc dust (1.600 g, 25.0 mmol) and dry LiCl (500 mg,0l1&hmol) were covered with dry
THF (5.0 mL) and activated by addition of a few drops of libPednoethane and TMSCI. A
solution of 2-chloromethyl-6, 6-dimethyl-bicyclo[3.1.1]hept-Z2efl.710 g, 10.0 mmol) in
THF (10.0 mL) was added in with syringe pump at room temperattithin 2 h. The
resulting mixture was stirred under nitrogen at room temperature foh.40The zinc
suspension was to be settled using centrifuge machine. Thenttmn and the yield were

determined as the method shown above.

Synthesis of cyclohex-2-enyl-phenyl-methanol (130a)
OH

: RHJ142|
It was prepared from benzaldehyde (106 mg, 1.0 mmol) and 2heyaaylzinc chloride
129b (1.2 mmol) according tdP7. Purification by flash chromatography (eluent: pentane:
199



ether = 10: 1) provided the pure compout2Da (179 mg, 95%) as a colourless oil. dr =
90:10.

'H NMR (CDCl, 300 MHz): 7.20-7.40 (m, 5 H), 5.71-5.87 (m, 1 H), 5.2425(m, 1 H),
4.54 (d,J=6.2 Hz, 1 H), 2.40-2.56 (m, 1 H), 2.04 (s, 1 H), 1.9942m, 2 H), 1.64-1.80 (m,
2 H), 1.41-1.60 (m, 2 H);

13C NMR (CDCl, 75 MHz): 143.2, 130.5, 128.4, 128.3, 127.6, 12886, 43.2, 25.5, 24.2,
21.4;

IR (neat): 3372 (s), 2925 (m), 1493 (m), 1451 (m), 1015 (n);cm

MS (EI, 70 ev): 188 (M, 1%), 107 (100%), 79 (43%);

HRMS (EI): calcd. for GaH1s0 (M*-H): 187.1123found: 187.1144 (M-H).

Synthesis of (1-methyl-cyclohex-2-enyl)-phenyl-meémol (130b)

OH
HsC RHJ154

It was prepared from benzaldehyde (106 mg, 1.0 mmol) and 1-mettygidhexenylzinc

chloride (1.2 mmol) according P7. Purification by flash chromatography (eluent: pentane:

ether = 4: 1) provided the pure compour8db (198 mg, 98%) as a colourless oil. dr > 97:3.

'H NMR (CDCk, 300 MHz): 7.25-7.36 (m, 5 H), 5.86 (dt = 10.2 Hz,J, = 3.7 Hz, 1 H),

5.49 (d,J=10.2 Hz, 1 H), 4.48 (d = 2.2 Hz, 1 H), 1.99 (d] = 2.2 Hz, 1 H), 1.91-1.98 (m, 2

H), 1.81-1.91 (m, 1 H), 1.47-1.76 (m, 2 H), 1.17-1.27 (H),10.93 (s, 3 H);

13C NMR (CDCl, 75 MHz): 140.6, 133.7, 129.4, 127.9, 127.4, 128®8, 40.4, 29.7, 25.1,

23.7, 18.8;

IR (neat): 3439 (w), 2930 (m), 1493 (w), 1452 (m), 1186 (m), 16p2m®;

MS (El, 70 ev): 184 (M-H,0, 0.5%), 107 (100%), 96 (85%), 79 (59%), 67 (13%);

HRMS (EI): calcd. for G4H17 (MT-OH): 185.1330found: 185.1345 (M-OH).

Synthesis of cyclohex-2-enyl-methanol (130c)

~

It was prepared from formaldehyde (30 mg, 1.0 mmol) and cyclohexeaythloride (1.2
mmol) according ta@ P7. Purification by flash chromatography (eluent: pentane: ether ¥ 4: 1
provided the pure compourd®0c(100 mg, 89%) as a colourless oil
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'H NMR (CDCk, 300 MHz) 5.75-5.81 (m, 1 H), 5.53-5.59 (m, 1 H), 3.49 (dd: 6.3 Hz,J;

= 1.2 Hz, 2 H), 2.22-2.31 (m, 1 H), 1.92-2.00 (m, 2 H$611.79 (m, 3 H), 1.46-1.58 (m, 1
H), 1.32-1.41 (m, 1 H);

13C NMR (CDCl, 75 MHz): 129.5, 127.7, 67.0, 38.2, 25.5, 25.2920.

IR (neat): 3310 (bs), 2922 (s), 1447 (w), 1434 (w)'em

MS (El, 70 ev): 112 (M, 2%), 94 (43%), 81 (100%), 77 (8%);

HRMS (El): calcd. for GH1,0: 112.0888; found: 112.0894.

Synthesis of (2-amino-5-chloro-phenyl)-cyclohex-2agl-methanol (130d)

RHJ042J

It was from 2-amino-5-chloro-benzaldehyde (156 mg, 1.0 mmol) aogcldhexenylzinc
chloride (1.2 mmol) according TP7. Purification by flash chromatography (eluent: pentane:
ether = 1: 1) provided the pure compour80d (213 mg, 90%) as a white solid, mp.: 112.0-
112.5°C. dr > 99:1 (determined By NMR).

'H NMR (CDClk, 300 MHz): 6.97-7.08 (m, 2 H), 6.55 @@= 8.8 Hz, 1 H), 5.72-5.83 (m, 1
H), 5.17-5.29 (m, 1 H), 4.43 (d,= 7.9 Hz, 1 H), 3.00-4.31 (bs, 2 H), 2.61-2.74 (m, 1 H),
1.94-2.05 (m, 2 H), 1.69-1.93 (m, 2 H), 1.45-1.65 (m, 2 H);

3C NMR (CDCh, 75 MHz): 143.2, 130.4, 128.2, 128.00, 127.97, 82722.8, 117.9, 76.7,
39.6, 25.2, 24.9, 20.7;

IR (neat): 3384 (m), 3357 (m), 3162 (m), 1487 (s), 1420 (m), (20@m®;

MS (El, 70 ev): 219 (M-H,0, 100%), 191 (91%), 164 (48%), 140 (79%), 77 (29%);

HRMS (EI): calcd. for GsH1sCINO (M*-H): 236.0842found: 236.0852 (M-H).

Synthesis of 2,2-Dimethyl-1-(1-methyl-cyclohex-2-gt)-propan-1-ol (130e)

OH
|

t-Bu 3
H RHJ147I

It was prepared from pivaldehyde (86 mg, 1.0 mmol) and 2-cyclolgzxen chloride (1.2
mmol) accordingl P7. Purification by flash chromatography (eluent: pentane: ether =)10: 1
provided the pure compourd®0e(270 mg, 96%) as a colourless oil. dr = 78 : 32.

'H NMR (CDCl, 300 MHz): 5.84-5.94 (m, 1 H), 5.60-5.70 (m, 1 H), 3.08, (d = 6.2 Hz,J,

= 1.8 Hz, 1 H), 2.41-2.60 (m, 1 H), 1.31-2.07 (m, 7 HY10(s, 9 H). The following signals
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are discernible for the minor isomer: 5.79-5.89 (m, 1 H), 5.37-6mH(A H), 3.25 (tJ= 3.1
Hz, 1 H), 2.40-2.55 (m, 1 H), 1.31-2.07 (m, 7 H), 0.98(8).

3C NMR (CDCh, 75 MHz): 132.1, 162.4, 82.9, 36.3, 36.0, 30.442@5.0, 21.2. The
following signals are discernible for the minor isomer: 131.6,3,382.0, 38.6, 35.3, 27.1,
24.7,22.9,21.9.

IR (neat): 3479 (m), 2952 (s), 2931 (s), 1479 (m), 1362 (m), 109er(h

MS (EI, 70 ev): 168 (M, < 1%), 150 (< 1%), 111 (28%), 87 G)067 (79%);

HRMS (EI): calcd. for GiHi9 (M*-OH): 151.1487found: 151.1492 (M-OH).

Synthesis of 1-(4-bromo-phenyl)-1-cyclohex-2-enykeanol (130f)
HsC OH

Br RHJ138I

It was prepared from 4-bromoacetophenone (199 mg, 1.0 mmol) andakexehylzinc
chloride (1.2 mmol) accordingP7. Purification by flash chromatography (eluent: pentane:
ether = 6: 1) provided the pure compour3df (270 mg, 96%) as a colourless oil. dr > 99:1.
'H NMR (CDCL, 400 MHz): 7.42 (d) = 8.4 Hz, 2 H), 7.28 (d] = 8.4 Hz, 2 H), 5.85-5.97
(m, 1 H), 5.74 (dJ = 10.2 Hz, 1 H), 2.43-2.54 (m, 1 H), 1.87-2.00 (m, 2 H§2 (s, 1 H),
1.63-1.76 (m, 1 H), 1.55 (s, 3 H), 1.33-1.45 (m, 2 H), .28 (m, 1 H);

3C NMR (CDCl, 100 MHz): 146.1, 132.0, 130.9, 127.1, 125.9, 120527, 46.4, 27.9, 25.1,
24.2, 21.8;

IR (neat): 3440 (m), 2929 (m), 1589 (w), 1485 (m), 1394 (m), 107¢{3)

MS (El, 70 ev): 280 (M ("°Br), 0.05%), 201(100%), 199 (100%), 183 (7%);

HRMS (EI): calcd. for GsH1eBr (M*("Br)-OH): 263.0435found: 263.0438 (M("°Br)-OH).

Synthesis of 4-(1-cyclohex-2-enyl-1-hydroxy-ethybenzonitrile (130g)
RHJ152]
It was prepared from 4-acetylbenzonitrile (145 mg, 1.0 mmol) and ?logxenylzinc

chloride (1.2 mmol) according P7. Purification by flash chromatography (eluent: pentane:

ether = 2: 1) provided the pure compourdfg (220 mg, 97%) as a colourless oil. dr > 99:1.
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'H NMR (CDClk, 300 MHz): 7.55 (dJ = 8.3 Hz, 2 H), 7.49 (d] = 8.3 Hz, 2 H), 5.86-5.94
(m, 1 H), 5.72 (dJ = 10.5 Hz, 1 H), 2.43-2.53 (m, 1 H), 2.08 (s, 1 H), 118K (m, 2 H),
1.59-1.69 (m, 1 H), 1.54 (s, 3 H), 1.05-1.44 (m, 3 H);

3C NMR (CDCl, 75 MHz): 152.5, 132.3, 131.6, 126.0, 125.2, 11808.9, 75.7, 46.1, 27.8,
24.9, 24.1, 21.5;

IR (neat): 3481 (m), 2931 (m), 2227 (m), 1606 (m), 1372 (m3;cm

MS (El, 70 ev): 227 (0.5%), 146 (100%), 130 (8%), 102 (7%);

HRMS (EI): calcd. for GsHigNO (M*+H): 228.1388found: 228.1388 (M+H).

Synthesis of 1-cyclohex-2-enyl-1-(5-iodo-furan-2-)¢propan-1-ol (130h)

CHa
/
H,C OH

S/ RHJ183

It was prepared from 1-(5-iodo-furan-2-yl)-propan-1-one (250 mg, 1ndolmand 2-

cyclohexenylzinc chloride (1.2 mmol) according t&P7. Purification by flash

chromatography (eluent: pentane: ether = 5: 1) provided the pure cothp80h (316 mg,

95%) as a colourless oil. dr > 99:1.

'H NMR (CDClk, 600 MHz): 6.43 (dJ = 3.4 Hz, 1 H), 6.14 (d] = 3.4 Hz, 1 H), 5.80-5.86

(m, 1 H), 5.69-5.75 (m, 1 H), 2.54-2.60 (m, 1 H), 1.89-1196 2 H), 1.86 (q,) = 7.5 Hz, 2

H), 1.84 (s, 1 H), 1.68-1.74 (m, 1 H), 1.40-1.52 (m, 2H35-1.32 (m, 1 H), 0.79 (,= 7.5

Hz, 3 H);

3C NMR (CDCl;, 150 MHz): 163.4, 130.9, 125.8, 120.6, 109.6, 88731, 44.3, 30.4, 25.0,

24.1,21.9,7.8;

IR (neat): 3464 (m), 2932 (m), 1486 (m), 1456 (m), 1095 () cm

MS (El, 70 ev): 314 (M-H,0, 2%), 251 (100%), 221 (6%), 81 (9%);

HRMS (ESI): calcd. for @H15l04 ([M+FA-H]): 377.0250found: 377.0269 ([M+FA-H));
calcd. for;€H20l04 ([(M+FA-H]"): 391.0406found: 391.0429 ([M+FA-H).

Synthesis of allylic alcohol 130i
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Cl' RHJO78J
It was prepared from 3;6is(2,4-dichloro-benzenesulfonate)-acetophehdn&70 mg, 1.0
mmol) and 2-cyclohexenylzinc chloride (1.2 mmol) accordin@RY. Purification by flash
chromatography (eluent: pentane: ether = 6: 1) provided the pure cothpd@i (600 mg,
92%) as a white solid, mp.: 149.6-156@ dr > 99:1.
'H NMR (CDClk, 300 MHz): 7.78 (dJ = 2.6 Hz, 2 H), 7.53 (s, 4 H), 7.03 @= 2.6 Hz, 2
H), 6.85 (t,J = 2.6 Hz, 1 H), 5.85-5.96 (m, 1 H), 5.59 (ds 10.6 Hz, 1 H), 2.14-2.29 (m, 1
H), 1.50-2.00 (m, 4 H), 1.41 (s, 3 H), 1.19-1.36 (m, 1 Hj3.97 (m, 2 H);
3C NMR (CDCl, 75 MHz): 151.2, 149.0, 135.2, 134.1, 133.4, 1333.0, 132.1, 131.5,
124.7,118.3, 114.5, 75.3, 46.2, 27.9, 25.0, 20107;
IR (neat): 3559 (m), 2930 (s), 1612 (w), 1588 (s), 1452 (s), 14894, 1384 cn;
MS (El, 70 ev): 634 (M-H20, 0.5%), 571 (100%), 360 (20%), 145 (30%);
Anal. Calcd for C6H22Ciy0O7S,: C, 47.87; H, 3.40;
Found: C, 47.18;3.46.

Synthesis of ferrocene allylic alcohol 130j
H3C/’ OH

< RHJ151lI

It was prepared from acetylferrocene (228 mg, 1.0 mmol) and 2kspcdoylzinc chloride
(2.2 mmol) accordin@P7. Purification by flash chromatography (eluent: pentane: ether = 10:
1) provided the pure compour®0j (288 mg, 93%) as a red solid, mp.: 83.1-8&4 dr >
99:1.

137 prepared from 3,5-dihydroxyacetophenone and ZBlafiobenzenesulfonylchloride as usual.
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'H NMR (CsDs, 400 MHz): 5.81-5.88 (m, 1 H), 5.67-5.75 (m, 1 H), 4.2294m, 1 H), 3.99
(s, 5 H), 3.89-3.92 (m, 2 H), 3.86-3.88 (m, 1 H), 2.46-ZrB661 H), 2.09 (s, 1 H), 1.94-2.03
(m, 1 H), 1.76-1.85 (m, 2 H), 1.60-1.70 (m, 1 H), 1.4B(8l), 1.32-1.52 (M, 2 H);

¥C NMR (GsDs, 100 MHz): 128.7, 128.6, 68.6, 68.5, 68.1, 67.61687.8, 25.9, 25.5, 25.2,
22.6;

IR (film): 3545 (m), 2926 (m), 1446 (m), 1369 (m), 1318 (s)'cm

MS (El, 70 ev): 292 (M-H,0, 100%), 275 (10%), 225 (11%), 166 (9%), 121 (12%):
HRMS (EI): calcd. for GsHogFe (M-H,0): 292.0914; found: 292.0906 {MH,0).

Synthesis of 1-cyclohex-2-enyl-6-methoxy-1,2,3,44@hydro-naphthalen-1-ol (130k)
OH

e

H

Hsco/ RHJ139]
It was prepared from 6-methoxy-3, 4-dihydtbl-naphthalen-1-one (176 mg, 1.0 mmol) and
2-cyclohexenylzinc chloride (1.2 mmol) according fBP7. Purification by flash
chromatography (eluent: pentane: ether = 3: 1) provided the pure cochp8dk (250 mg,
97%) as a colourless oil. dr > 97:3.
'H NMR (CDCl, 400 MHz): 7.45 (dJ = 8.6 Hz, 1 H), 6.76 (ddl; = 8.6 Hz,J, = 2.7 Hz, 1
H), 6.59 (dJ = 2.7 Hz, 1 H), 5.57-5.67 (m, 1 H), 4.97-5.06 (m, 1 HJ63s, 3 H), 2.84-2.93
(m, 1 H), 2.55-2.75 (m, 2 H), 1.65-2.08 (m, 9 H), 1.44-11622 H);
3C NMR (CDCl, 100 MHz): 158.2, 139.7, 133.4, 128.9, 128.4, 12118.0, 112.7, 73.7,
55.0, 46.4, 33.1, 30.7, 25.3, 23.4, 22.3, 19.3;
IR (neat): 3446 (m), 2928 (s), 1607 (s), 1498 (s), 1253 (8) cm
MS (El, 70 ev): 240 (M-H,0, 100%), 225 (9%), 211 (22%), 199 (33%), 159 (24%);
HRMS (EI): calcd. for G7H200 (M*-H,0): 240,1514found: 240.1520 (M-H,0).

Synthesis of 1-cyclohex-2-enyl-2-methyl-1-phenyl-ppan-1-ol (130I)

J/OH

‘O H RHJ041J

It was prepared from 2-methyl-1-phenyl-propan-1-one (148 mg, 1.0olm@and 2-
cyclohexenylzinc chloride (1.2 mmol) accordingTiB7. This reaction was carried out at -30
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°C for 12 h. Purification by flash chromatography (eluent: pentaher et 100: 1) provided
the pure compounti30! (216 mg, 94%) as a colourless oil. dr > 99:1.

'H NMR (CDCl, 300 MHz): 7.22-7.47 (m, 5 H), 5.86-6.00 (m, 2 H), 2.8863(m, 1 H),
2.27-2.42 (m, 1 H), 1.83-2.03 (m, 2 H), 1.69-1.80 (m, 11H3 (s, 1 H), 1.42-1.60 (m, 2 H),
1.17-1.33 (m, 1 H), 0.91 (d,= 7.0 Hz, 3 H), 0.83 (dl = 7.0 Hz, 3 H);

3C NMR (CDCl, 75 MHz): 142.2, 131.3, 127.2, 126.6, 126.4, 128014, 41.6, 34.7, 25.2,
24.4,22.2,17.6, 16.8;

IR (neat): 3568 (W), 2933 (m), 1494 (w), 1468 (m), 1445 (m¥};cm

MS (El, 70 ev): 213 (M-OH, 1%), 187 (8%), 149 (100%), 105 (79%);

HRMS (EI): calcd. for GgHao (M*-H,0): 212.1565found: 212.1574 (M-H,0).

Synthesis of 1-(4-bromo-phenyl)-1-cyclopent-2-engthanol (130m)
HsC. OH

Q/H@
Br RHJ165I|

It was prepared from 4-bromoacetophenone (199 mg, 1.0 mmol) &ydldbentylzinc
chloride (1.2 mmol) according tBP7. Purification by flash chromatography (eluent: pentane:
ether = 10: 1) provided the pure compour8m (260 mg, 97%) as a colourless oil. dr >
99:1.

' H NMR (CDCh, 300 MHz): 7.43 (dJ = 7.9 Hz, 2 H), 7.31 (d] = 7.9 Hz, 2 H), 5.95-6.00
(m, 1 H), 5.71-5.76 (m, 1 H), 3.12-3.21 (m, 1 H), 2.14-2852 H), 1.74 (s, 1 H), 1.44-1.69
(m, 5 H);

3C NMR (CDCl;, 75 MHz): 146.5, 135.8, 130.9, 129.4, 127.0, 120%5, 57.2, 32.3, 29.1,
24.7;

IR (neat): 3458 (m), 2971 (m), 1611 (m), 1486 (s), 1075 (V&) cm

MS (El, 70 ev): 251 (M (®'Br)-OH, 1%), 249 (M ("°Br)-OH, 1%), 201 (100%), 183 (9%);
HRMS (EI): calcd. for GaH14Br (M*("Br)-OH): 249.0279found: 249.0282 (M("°Br)-OH).

Synthesis of 1-cyclopent-2-enyl-1-naphthalen-2-yittganol (130n)
HsC. OH

H RHJ163]

206



It was prepared from 1-naphthalen-2-yl-ethanone (170 mg, 1.0 mmoB-apclopentylzinc
chloride (1.2 mmol) according tBP7. Purification by flash chromatography (eluent: pentane:
ether = 6: 1) provided the pure compour8dn (236 mg, 99%) as a colourless oil. dr > 99:1.
' H NMR (CDCl, 300 MHz): 7.96 (s, 1 H), 7.80-7.87 (m, 3 H), 7.55 (#id= 8.8 Hz,J, =
1.8 Hz, 1 H), 7.42-7.50 (m, 2 H), 5.99-6.03 (m, 1 H)08335 (m, 1 H), 3.32-3.41 (m, 1 H),
2.17-2.40 (m, 2 H), 1.90 (s, 1 H), 1.65 (s, 3 H), 1.58 116, 2 H);

13C NMR (CDCls, 75 MHz): 144.9, 135.5, 133.1, 132.1, 129.7, 12827.6, 127.4, 125.9,
125.5, 123.8, 123.5, 75.9, 57.1, 32.3, 29.1, 24.8;

IR (neat): 3456 (m), 2969 (m), 1600 (w), 1505 (m), 1125 (m), 815h{2)

MS (El, 70 ev): 238 (M, 1%), 220 (23%), 205 (10%), 171 (100%), 155 (25%);

HRMS (EI): calcd. for G/H150: 238.1358found: 238.1322.

Synthesis of 1-cyclopent-2-enyl-1-phenyl-propan-1+¢1300)
HsC—, OH
NN

N
~

RHJ169I
It was prepared from 1-phenyl-propan-1-one (134 mg, 1.0 mmol) angtl@entylzinc
chloride (1.2 mmol) according TP7. Purification by flash chromatography (eluent: pentane:
ether = 10: 1) provided the pure compow3@o (200 mg, 99%) as a colourless oil. dr > 99:1.
' H NMR (CDCk, 300 MHz): 7.36-7.41 (m, 2 H), 7.28-7.34 (m, 2 H), 7.1237(m, 1 H),
5.97-6.02 (m, 1 H), 5.80-5.86 (m, 1 H), 3.20-3.35 (m, 12)0-2.38 (m, 2 H), 1.80-2.00 (m,
2 H), 1.44-1.66 (m, 2 H), 1.54 (s, 1 H), 0.68J( 7.5 Hz, 3 H);
3C NMR (CDCl;, 75 MHz): 144.9, 135.8, 129.5, 127.7, 126.0, 12885, 56.6, 34.2, 32.1,
24.8,7.9;
IR (neat): 3569 (M), 2934 (m), 1494 (m), 1446 (m), 1169 (m), 964751 (s) crit;
MS (El, 70 ev): 184 (M, < 1%), 135 (100%), 105 (12%), 77 (9%), 57 (33%);
HRMS (EI): calcd. for G4Hi7 (M*-OH): 185.1330found: 185.1305 (M-OH).

Synthesis of (1-methyl-cyclohex-2-enyl)-[1-(tolueré-sulfonyl)-1H-indol-3-yl]-methanol
(130p

RHJ186I
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It was prepared from 1-(toluene-4-sulfonght-indole-3-carbaldehyde (299 mg, 1.0 mmol)
and 1-methyl-1-cyclohexenylzinc chloride (1.2 mmol) accordingR@. Purification by flash
chromatography (eluent: pentane: ether = 2: 1) provided the pure cochp8dp (345 mg,
87%) as a white solid, mp.: 117.5-118@ dr = 95:5.

'H NMR (CDCl;, 600 MHz): 7.95 (dJ = 8.4 Hz, 1 H), 7.72 (d] = 8.4 Hz, 2 H), 7.58 (d] =
7.9 Hz, 1 H), 7.53 (s, 1 H), 7.26 (d, = 7.7 Hz,J, = 1.3 Hz, 1 H), 7.15-7.21 (m, 3 H), 5.82-
5.87 (m, 1 H), 5.40 (d] = 10.1 Hz, 1 H), 4.76 (dl = 1.8 Hz, 1 H), 2.31 (s, 3 H), 1.88-2.00
(m, 3 H), 1.79-1.87 (m, 1 H), 1.63-1.71 (m, 1 H), 1.50-1r&82 H), 1.25-1.32 (m, 1 H), 0.96
(s, 3 H);

13C NMR (CDCk, 150 MHz): 144.8, 135.2, 134.8, 133.2, 130.5, 12929.8, 126.8, 124.5,
124.4,123.0, 122.9, 121.1, 113.5, 74.4, 40.9,,&b2, 23.8, 21.5, 19.0;

IR (neat): 3562 (w), 2930 (w), 1598 (w), 1446 (m), 1363 (m), (&p6m™*;

MS (El, 70 ev): 395 (M, <1%), 300 (100%), 155 (28%), 91 (39%);

HRMS (ESI): calcd. for GHogNOsS ([M+FA-H]): 440.1532found: 440.1541 ([M+FA-H]

).

Synthesis of 1-(1-methyl-cyclohex-2-enyl)-1-naphtthen-2-yl-ethanol (130q)

HaC, OH

“/,! !HSC RHJ167I

It was prepared from 1-naphthalen-2-yl-ethanone (170 mg, 1.0 mmdl)lanethyl-1-
cyclohexenylzinc chloride (1.2 mmol) according t&P7. Purification by flash
chromatography (eluent: pentane: ether = 8: 1) provided the pure cothpdq (263 mg,
99%) as a colourless oil. dr > 99:1.

' H NMR (CDCk, 300 MHz): 7.96 (s, 1 H), 7.77-7.89 (m, 3 H), 7.68 (d#{,5 8.8 Hz,J, =
1.8 Hz, 1 H), 7.43-7.51 (m, 2 H), 5.81-5.94 (m, 2 H)72Z$, 1 H), 1.85-1.98 (m, 3 H), 1.75
(s, 3H),1.42-1.72 (m, 2 H), 1.11 (s, 3 H), 1.02-1.11 (id);1

3C NMR (CDCl, 75 MHz): 142.8, 132.6, 132.1, 131.9, 130.0, 12827.2, 126.2, 125.9,
125.8, 125.6, 125.5, 78.4, 43.0, 30.8, 25.3, 2B8%, 19.5;

IR (neat): 3470 (w), 2936 (m), 1599 (w), 1374 (m), 1125 (m), 816n(E)

MS (El, 70 ev): 248 (M-H,0, 1%), 171 (100%), 155 (15%), 177 (23%);

HRMS (EI): calcd. for GgHz1 (M*-OH): 249.1643found: 249.1639 (M-OH).

Synthesis of 1-(4-bromo-phenyl)-1-(1-methyl-cyclohe2-enyl)-ethanol (130r)
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3C, OH

H
Br RHJ155I

It was prepared from 4-bromoacetophenone (199 mg, 1.0 mmol) and h§Hhet
cyclohexenylzinc chloride (1.2 mmol) according t&P7. Purification by flash
chromatography (eluent: pentane: ether = 10: 1) provided the pureoodii30r (292 mg,
99%) as a colourless oil. dr > 98:2.

' H NMR (CDCl, 300 MHz): 7.40 (dJ = 8.8 Hz, 2 H), 7.31 (d] = 8.8 Hz, 2 H), 5.81-5.87
(m, 1 H), 5.67-5.72 (m, 1 H), 1.93 (s, 1 H), 1.78-1.93%rh), 1.59-1.77 (m, 2 H), 1.56 (s, 3
H), 1.36-1.53 (m, 1 H), 0.98 (s, 3 H), 0.93-1.92 (m, 1 H);

3C NMR (CDCl, 75 MHz): 144.2, 131.5, 130.3, 130.1, 129.0, 120%0, 42.7, 30.6, 25.0,
24.9, 23.2, 19.4;

IR (neat): 3476 (m), 2937 (m), 1589 (w), 1486 (s), 1368 (m), {&7ém®;

MS (El, 70 ev): 276 (M-H,0, 0.5%), 201 ¥Br, 100%), 199 Br, 100%), 185 (9%), 95
(21%);

HRMS (El): calcd. for GsHigBr (M* (“°Br)-OH): 277.0592;found: 277.0589 (M (“°Br)-
OH).

1-(4-Bromo-phenyl)-1-(1-methyl-cyclohex-2-enyl)-etanol (130r’)
HO, Me

Br RHJ086J

The solution of CKMgCI (0.44 mL, 2.5 M in THF) was added to the solutidrketonel32
(200 mg, 1.0 mmol) in THF (2.0 mL) at -2G and the resulting mixture was stirred overnight
at this temperature. Quenched as usual and purification by flash chgvapdty (eluent:
pentane: ether = 10: 1) provided the starting material ket88¢60 mg) and pure desired
compoundL30r’ (184 mg, 90%) as a colourless oil. dr = 80:20.

' H NMR (CDCl, 400 MHz): 7.40 (d) = 8.6 Hz, 2 H), 7.28 (d] = 8.8 Hz, 2 H), 5.75-5.82
(m, 1 H), 5.47-5.53 (m, 1 H), 1.42-2.00 (m, 6 H) 1.52 (8{).29-1.36 (m, 1 H), 0.93 (s, 3
H). The following signals are discernible for the minor isome31%.87 (m, 1 H), 5.67-5.72
(m, 1 H), 1.56 (s, 3 H), 0.98 (s, 3 H).

13C NMR (CDCl, 100 MHz): 144.9, 131.8, 130.8, 130.0, 129.2, 128120.4, 78.2, 42.7,
24.8, 24.6, 22.8, 19.3. The following signals are disc&nibr the minor isomer: 144.2,
131.5, 130.3, 130.1, 129.0, 120.5, 78.0, 42.7,,3bM, 24.9, 23.2, 19.4.
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IR (neat): 3471 (m), 2914 (s), 1729 (s), 1486 (m), 1471 (m} {39 cm™;

MS (El, 70 ev): 276 (M-H,0, 0.5%), 201 ¥Br, 100%), 199 Br, 100%), 185 (9%), 95
(21%);

HRMS (EI): calcd. for GsHi/Br (M* (“Br)-H,0): 276.0514found: 276.0519 (M (“°Br)-
H,0).

Synthesis of 1-[4-(1-cyclohex-2-enyl-1-hydroxy-etiyphenyl]-2,2-dimethyl-propan-1-
one (130s)
HsC OH

AT

O RHJ048J
It was prepared from 1-(4-acetyl-phenyl)-2, 2-dimethyl-propan-1-oner(2)4.0 mmol) and
2-cyclohexenylzinc chloride (1.2 mmol) according fBP7. Purification by flash
chromatography (eluent: pentane: ether = 6: 1) provided the pomeocmd130s (260 mg,
91%) as a colourless oil. dr > 99:1.
'H NMR (CDClk, 300 MHz): 7.68 (dJ = 8.5 Hz, 2 H), 7.43 (d] = 8.5 Hz, 2 H), 5.87-5.96
(m, 1 H), 5.71-5.81 (m, 1 H), 2.45-2.58 (m, 1 H), 1.86-2r@02 H), 1.80 (s, 1 H), 1.59-1.74
(m, 1 H), 1.58 (s, 3 H), 1.12-1.47 (m, 3 H), 1.34 (s, 9 H);
13C NMR (CDCh, 75 MHz): 208.6, 150.2, 136.3, 132.2, 127.9, 125289, 76.0, 46.3, 44.1,
28.1, 28.0, 25.1, 24.2, 21.8;
IR (neat): 3486 (bs, m), 2930 (s), 1668 (vs), 1604 (s), 1276 (%) cm
MS (El, 70 ev): 287 (M+H, 0.5%), 269 (0.5%), 229 (8%), 205 (100%), 148 (19%);
HRMS (EI): calcd. for GoH240 (M*-H,0): 268.1827found: 268.1845 (M-H,0).

Synthesis of 4-(1-cyclopent-2-enyl-1-hydroxy-ethyBenzoic acid methyl ester (130t)
HsC OH
ENGZEN

MeO,C RHJ162
It was prepared from 4-acetyl-benzoic acid methyl ester (178 mg, 1.0)namd 2-
cyclopentylzinc chloride (1.2 mmol) accordingT@7. This reaction was carried out in THF
(5.0 mL). Purification by flash chromatography (eluent: pentane: etl3rl¥ provided the
pure compound 30t (236 mg, 96%) a colourless oil. dr > 99:1.
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'H NMR (CDClk, 300 MHz): 7.96 (dJ = 8.5 Hz, 2 H), 7.49 (d] = 8.5 Hz, 2 H), 5.95-6.00

(m, 1 H), 5.72-5.77 (m, 1 H), 3.87 (s, 3 H), 3.17-3.251rhi), 2.10-2.33 (m, 2 H), 1.87 (s, 1
H), 1.46-1.65 (m, 2 H), 1.53 (s, 3 H);

3C NMR (CDCh, 75 MHz): 167.0, 152.7, 135.9, 129.3 (2 X C), 12425.2, 75.8, 57.1,

51.9, 32.2, 29.0, 24.6;

IR (neat): 3499 (m), 2951 (m), 1705 (s), 1609 (m), 1436 (m), (#0E1276 (vs) cnt;

MS (El, 70 ev): 228 (NFH,0, 1%), 179 (100%), 163 (8%), 137 (9%), 77 (9%);

HRMS (EI): calcd. for GsH1903 (MT+H): 247.1334found: 247.1349 (M+H).

Synthesis of 3-cyclohex-2-enyl-3-methy8H-isobenzofuran-1-one (130u)

O\_0 CHs

\
H
7 RHJ015J

It was prepared from 2-acetyl-benzoic acid methyl ester (178 mg, 1.0)namd 2-
cyclohexenylzinc chloride (1.2 mmol) accordingTiB7. This reaction was carried out at -78
°C for 1 h then warmed to room temperature for 1 h before quenchingvader. Purification
by flash chromatography (eluent: pentane: ether = 10: 1) providgouteecompound.30u
(221 mg, 97%) as a colourless oil. dr > 99:1.

'H NMR (CDCh, 300 MHz): 7.82 (dJ = 8.0 Hz, 1 H), 7.60 (t) = 8.0 Hz, 1 H), 7.45 (8] =
8.0 Hz, 1 H), 7.37 (dJ = 8.0 Hz, 1 H), 5.68-5.77 (m, 1 H), 5.60 @z 9.7 Hz, 1 H), 2.60-
2.72 (m, 1 H), 1.82-1.94 (m, 2 H), 1.67-1.79 (m, 1 H), %8 H), 1.36-1.62 (m, 2 H), 1.18-
1.32 (m, 1 H);

3C NMR (CDCl, 75 MHz): 170.0, 153.2, 133.8, 130.4, 128.8, 12675.6, 124.6, 121.5,
89.2,43.7,24.7, 24.3, 23.8, 21.8;

IR (neat): 2933 (m), 1750 (vs), 1597 (w), 1613 (w), 1466 (m)9X4®), 1116 (s) ch

MS (El, 70 ev): 229 (M+H, 0.5%), 147 (100%), 91 (35%);

HRMS (EI): calcd. for GsH170, (MT+H): 229.1229found: 229.1241 (M+H).

Synthesis of 2-chloro-1-cyclohex-2-enyl-1-phenyltgnol (130v)

©/H RHJ003J

It was prepared from 2-chloro-1-phenyl-ethanone (161 mg, 1.0 mmodl) 2n
cyclohexenylzinc chloride (1.2 mmol) according t&P7. Purification by flash
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chromatography (eluent: pentane: ether = 5: 1) provided the pure cochpddv (230 mg,
97%) as a colourless oil. dr > 99:1.

'H NMR (CDCk, 300 MHz): 7.28-7.51 (m, 5 H), 5.85-5.93 (m, 1 H), 5.7865(m, 1 H),
3.99-4.20 (m, 2 H), 2.70-2.82 (m, 1 H), 2.58 (s, 1 H), 280 (m, 2 H), 1.69-1.80 (m, 1 H),
1.29-1.66 (m, 3 H);

3%C NMR (CDCls, 75 MHz): 141.9, 131.1, 127.9, 127.1, 126.0, 12%49, 52.4, 44.3, 24.9,
24.3, 21.8;

IR (neat): 3550 (M), 1495 (m), 1446 (s), 1433 (m), 1054 (n);cm

MS (El, 70 ev): 219 (M-H,0, 0.1%), 155 (100%), 105 (8%), 91 (9%), 77 (32%);

HRMS (EI): calcd. for G4H1Cl (M*-OH): 219.0941found: 219.0924 (M-OH).

Synthesis of 2-azido-1-cyclohex-2-enyl-1-phenyl-ethol (130w)
N37/, OH

©/H RHJ009J

It was prepared from 2-azido-1-phenyl-ethanone (161 mg, 1.0 namdl2-cyclohexenylzinc

chloride (1.2 mmol) according tBP7. Purification by flash chromatography (eluent: pentane:

ether = 5: 1) provided the pure compour8dw (226 mg, 93%) as a colourless oil. dr > 99:1.

' H NMR (CDCk, 300 MHz): 7.20-7.50 (m, 5 H), 5.84-5.96 (m, 1 H), 5.7805(m, 1 H),

3.74 (s, 2 H), 2.57-2.71 (m, 1 H), 2.33 (bs, 1 H), 1.8®2m, 2 H), 1.62-1.75 (m, 1 H), 1.34-

1.49 (m, 2 H), 1.17-1.31 (m, 1 H);

3C NMR (CDCl;, 75 MHz): 142.4, 132.1, 128.1, 127.1, 125.6, 12383, 59.2, 43.7, 24.9,

24.0, 21.6;

IR (neat): 3547 (w), 2130 (vs), 1495 (w), 1446 (m)'tm

MS (El, 70 ev): 197 (M-H,0-Nz, 95%), 169 (100%), 115 (8%);

HRMS (ESI):calcd. for GsH1gN303 ([M+FA-H]"): 288.1348found: 288.1375 ([M+FA-HY));
calcd. for{gH,0N303 ((M+AA-H] ): 302.1505found: 302.1535 ([M+AA-H]).

Synthesis of 1-cyclohex-2-enyl-1-phenyl-2-(4-phenjd,2,3]triazol-1-yl)-ethanol (133a)

RHJ014J



The 2-cyclohexenylzinc chlorid&29b (2.0 mL, 1.2 mmol, 0.6 M in THF) was added to the
solution of 2-azido-1-phenyl-ethanone (161 mg, 1.0 mmol) anghgbenzene (153 mg, 1.5
mmol) in THF (2.0 mL) at -78C and the resulting mixture was stirred for 1 h at this
temperature. The solution of CuCN-2LiCl| (0.05 mL, 1.0 MTidHF) was added and the
reaction mixture was stirred overnight at room temperature. After quenaitimgvater (10
mL), the reaction mixture was extracted with L (3 x 30 mL). The combined extracts
were washed with brine and dried over,8@, and concentrateth vacuo Purification by
flash chromatography (eluent: pentane: ether = 10: 1 then etheg€l,GH1: 1) provided the
pure compound33a(325 mg, 94%) as a white solid, mp.: 161.0-162.5

'H NMR (CDCl, 300 MHz): 7.69 (tJ = 1.76 Hz, 1 H), 7.67 (s, 1 H), 7.20-7.42 (m, 9 H),
6.00-6.12 (m, 1 H), 5.91 (d,= 11.5 Hz, 1 H), 4.96 (d] = 14.1 Hz, 1 H), 4.80 (dl = 14.1
Hz, 1 H), 3.09 (s, 1 H), 2.74-2.87 (m, 1 H), 1.95-2.082rH), 1.68-1.82 (m, 1 H), 1.27-1.55
(m, 3 H);

13C NMR (CDCh, 75 MHz): 147.0, 141.2, 133.3, 130.5, 128.7, 12827.9, 127.3, 125.64,
125.58, 124.7, 121.1, 78.1, 58.6, 43.7, 25.0, 211 %;

IR (neat): 3345 (m), 2932 (m), 1469 (m), 1446 (m), 1084 (m3;cm

MS (El, 70 ev): 345 (M, 1%), 264 (34%), 218 (10%), 182 (12%), 159 (83%), 105 (100%)
HRMS (EI): calcd. for G;HzaNsO (M*): 345.1841found: 345.1847 (M).

Synthesis  of  1-(4-bromo-phenyl)-1-cyclohex-2-enyH&-phenyl-[1,2,3]triazol-1-yl)-
ethanol (133b)

OH

=
N\\ /Ni/,
N X0
Br RHJ019J

The 2-cyclohexenylzinc chlorid&29b (2.0 mL, 1.2 mmol, 0.6 M in THF) was added to the
solution of 2-azido-1-(4-bromo-phenyl)-ethanone (240 mg, 1.0onand ethynyl-benzene
(153 mg, 1.5 mmol) in THF (2.0 mL) at -78 and the resulting mixture was stirred for 1 h at
this temperature. The solution of CUCN-2LiCl (0.05 mL, 5%al.0 M in THF) was added
and the reaction mixture was stirred overnight at room temperaiétes. quenching with
water (10 mL), the reaction mixture was extracted with,@kK(3 x 30 mL). The combined

extracts were washed with brine and dried overSm and concentratedn vacuo
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Purification by flash chromatography (eluent: pentane: ether = fi@eriiether: CkCl, = 1:

1) provided the pure compoud@3b (400 mg, 94%) as a white solid, mp.: 157.0-158.5

'H NMR (CDCl, 600 MHz): 7.66 (dJ = 7.6 Hz, 2 H), 7.51 (s, 1 H), 7.32-7.41 (m, 4 H), 7.28
(t, J=7.5Hz, 1 H), 7.19 (d] = 7.6 Hz, 2 H), 5.99-6.05 (m, 1 H), 5.81 (ds 10.1 Hz, 1 H),
4.84 (dJ=14.1Hz, 1 H), 4.77 (d = 14.1 Hz, 1 H), 3.19 (s, 1 H), 2.68-2.76 (m, 1 H), 1.87
2.02 (m, 2 H), 1.64-1.75 (m, 1 H), 1.36-1.48 (m, 2 H), .18 (m, 1 H), ;

3C NMR (CDCh, 150 MHz): 147.2, 140.2, 133.8, 131.3, 130.3, 12828.1, 127.5, 125.6,
124.2,121.4,121.0, 77.9, 58.2, 43.8, 25.0, 24114,

IR (neat): 3327 (m), 2939 (m), 1609 (m), 1590 (m), 1487 (m), {#HH61005 (s) cA;

MS (El, 70 ev): 425 (M (*'Br), 1%), 423 (M ("Br), 1%), 342 (18%), 296 (6%), 183 (88%),
159 (100%), 130 (42%);

HRMS (EI): calcd. for GoHxBrNsO (M*, “Br): 423.0946found: 423.0926 (M, "Br).

Synthesis of 1-(6,6-dimethyl-2-methylene-bicyclo[B.1]hept-3-yl)-2,2-dimethyl-propan-
1-ol (135a)
Me\/lvIe
CH,

H

HO" “t-Bu RHJ106l, RHJ097I
It was prepared from 2, 2-dimethyl-propionaldehyde (86 mg, 1.O0olmmand ((6, 6-
dimethylbicyclo[3.1.1]hept-2-en-2-yl)methyl)zinc chloride (1.2 oimaccording toTP7.
Purification by flash chromatography (eluent: pentane: ether = 3: 1jdptb the pure
compoundl35a(200 mg, 90%) a colourless oil. dr > 99:d]° = -+8.4 (c = 0.5, CbCly).
'H NMR (CDCl, 600 MHz): 4.94 (s, 1 H), 4.62 (s, 1 H), 3.08)(5 5.4 Hz, 1 H), 2.57 (] =
7.5 Hz, 1 H), 2.47 (d) = 5.3 Hz, 1 H), 2.33 (d] = 5.0 Hz, 1 H), 2.22-2.29 (m, 1 H), 2.06-
2.14 (m, 1 H), 1.95 (q] = 5.5 Hz, 1 H), 1.63 (ddl; = 13.8 Hz,J, = 4.4 Hz, 1 H), 1.35 (d] =
10.2 Hz, 1 H), 1.23 (s, 3 H), 0.91 (s, 9 H), 0.72 (s)3 H
3C NMR (CDCh, 150 MHz): 153.7, 111.9, 83.6, 51.7, 41.4, 40.53386.4, 33.5, 25.77,
25.75, 25.6, 21.6;

IR (neat): 3532 (m), 2920 (s), 2948 (s), 1630 (M), 1479 (m), 14581364 (s), 1076 (s) ¢m
1.

MS (El, 70 ev): 222 (M, 1%), 189 (5%), 165 (8%), 147 (9%), 136 (39%), 121 (30%), 93
(100%), 69 (23%):;
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HRMS (EI): calcd. for GsH27;0 (M™+H): 223.2062found: 223.2077 (M+H).

Synthesis of 3,5-dinitro-benzoic acid 1-(6,6-dimett+-2-methylene-bicyclo[3.1.1]hept-3-
yl)-2,2-dimethyl-propyl ester (136)

Me\/lvIe
CH,
H
(@)
0" “t-Bu
O,N
NO; RHJ107I

A solution of 1-(6, 6-dimethyl-2-methylene-bicyclo[3.1.1]hepg#B2,2-dimethyl-propan-1-
ol 135a(44 mg, 0.2 mmol), 3,5-dinitro-benzoyl chloride (69 m@, ®mol), NEt (61 mg, 0.6
mmol) and DMAP (10 mol %) in C#l, (10 mL) was stirred at room temperature for 12 h.
The reaction mixture was diluted with ether (30 mL) and then washkdvater. The organic
layer was dried over anhydrous JS&, filtered, and concentrated. The residue was
chromatographed on silica gel (eluent: pentane: ether = 8: 1), prg€i86 (71 mg, 85%) as

a white solid; mp.: 171.5-172%€. [a]p*° = -59.2 (c = 0.5, CkCly).

'H NMR (CDCl, 300 MHz): 9.17 (tJ = 2.0 Hz, 1 H), 9.11 (d] = 2.0 Hz, 2 H), 4.93 (d] =

8.8 Hz, 1 H), 4.62-4.70 (m, 2 H), 2.92 It 8.5 Hz, 1 H), 2.06-2.34 (m, 3 H), 1.91-2.02 (m, 1
H), 1.69-1.82 (m, 1 H), 1.54 (d,= 9.7 Hz, 1 H), 1.19 (s, 3 H), 1.07 (s, 9 H), 0.70 ()3

3C NMR (CDCl, 75 MHz): 161.6, 150.5, 148.6, 134.7, 129.4, 12212.7, 87.5, 51.9, 40.9,
40.5, 36.2, 35.4, 32.9, 26.5, 26.1, 25.5, 21.8;

IR (neat): 2912 (m), 1719 (s), 1628 (w), 1542 (vs), 1482(w), AG0 1339 (vs), 1279 (s)
cm?;

MS (El, 70 ev): 401 (M-CHs, 0.5%), 330 (25%), 194 (80%), 105 (90%), 91 (100%);

Anal. Calcd for CyoH2sN2Oe: C, 63.45; H, 6.78; N, 6.73;

Found: C, 63.24; H56, N, 6.70.

Synthesis of 1-(6,6-dimethyl-bicyclo[3.1.1]hept-2re2-yl)-3,3-dimethyl-butan-2-one
(135b)
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Me\/'vIe

t-Bu

\ o}
RHJ1271

The ((6,6-dimethylbicyclo[3.1.1]hept-2-en-2-yl)methyl)zinc chlor{@0 mL, 1.2 mmol, 0.6
M in THF) was added to the solution of 2,2-dimethyl-propigiei{83 mg, 1.0 mmol) in THF
(2.0 mL) at 0°C and the resulting mixture was stirred for 0.5 h & @hen stirred for 4 h at
room temperature. The solution of HCI (2.0 mL, 1.0 M in water) agaed and the resulting
mixture was stirred for 1 h at room temperature. The reaction mixtureilméesd with water
(10 mL) and extracted with ether (3 x 30 mL). The combined extractswashed with brine
and dried over N&O, and concentrateth vacuo Purification by flash chromatography
(eluent: pentane: ether = 100: 1) provided the pure comp®@8bd (200 mg, 91%) as a
colourless oil. §]p?° = -31.8 (c = 0.9, CbCl,).

'H NMR (CDCl, 600 MHz): 5.25 (s, 1 H), 3.20 (d= 16.8 Hz, 1 H), 3.14 (d} = 16.8 Hz, 1
H), 2.36 (dt,J; = 8.8 Hz,J, = 5.7 Hz, 1 H), 2.13-2.30 (m, 2 H), 2.01-2.08 (m, 1 HY6 (t,J
=5.7 Hz, 1 H), 1.19-1.27 (m, 1 H), 1.24 (s, 3 H), 1.13(), 0.83 (s, 3 H);

3C NMR (CDCh, 150 MHz): 213.7, 142.3, 120.4, 46.2, 44.7, 44(85438.0, 31.8, 31.4,
26.5, 26.3, 21.0;

IR (neat): 2913 (s), 1710 (vs), 1603 (w), 1477 (m), 1364 (s), (£6n";

MS (El, 70 ev): 220 (5%), 177 (5%), 163 (10%), 135 (25%), 9%(RB7 (100%);

HRMS (EI): calcd. for GsH240 (M"): 220.1827found: 220.1818 (M).
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