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10 Theoretical Part

1. Introduction

1.1. Overview

“Many new synthetic processes have been discovased result of a perceived need in
connection with specific problems involving novetomplicated structures and a deliberate
search for suitable methodologyThose words oE. J. Coreypoint out the issues organic
chemists have been facing for the past decadegondsto the need of an ever-growing
agrochemical and pharmaceutical industry for nefficient, and environmentally friendly
methodologies to perform chemical transformatioAsaong these transformations, the
creation of a carbon-carbon bond is certainly & ¢neatest importance, as it constitutes a
unique tool for the construction of complex molesul

The synthesis of diethylzinc bijrankland in 1849' and the remarkable work of
Grignard on organomagnesium reagérttave paved the way for the development of modern
organometallic chemistry. Nowadays, organometalpecies are among the most powerful
tools offered to organic chemists as, dependinthervery nature of the metal, reactivity and
selectivity can be tuned. For instance, organalithireagents, though highly reactive, are
hardly compatible with sensitive functional growgrsl present a poor selectivity, whereas the
use of less reactive species, such as organoZing,or —boron reagents, increases the
tolerance towards functionalities, but often regsitransition metal catalysts to perform the
reaction efficiently.

1.1.1. Allylic Zinc reagents

Allylmetals

Allylic organometallic species have been thorougdtlydied since the 1960s. At first,

efforts were put on the structural determinatioralbflmetals, e.g. the stereochemistry of the

! (a) Frankland, ELiebigs Ann. Chenml848-9 71, 171. (b) Frankland, Bl. Chem. Sod.848-9 2, 263.
2 (a) Grignard, VCompt. Rend. Acad. Sci. Pafi90q 130, 1322. (b) Grignard, VAnNn. Chim1901, 24, 433.
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double bond or 1,3-transposition of metals on thdi@system?® But a few years later, the
discoveries of Gaudemaf Heathcock Hoffmann® and Yamamai’ showed that the
stereocontrol of the C-C bond formation in the tescof allylmetals with aldehydes or
ketones could be achieved. For instan¢tgathcock noticed that theHiyama (E)-
crotylchromium reagefit undergoes highlyanti-selective addition to aldehydes. Later,
Hoffmann found that Z)-crotylboronates were leading ®ynhomoallylic alcohols in a
stereoselective manner, aWdshinori Yamamotdiscovered that crotyltins, regardless of the
geometry of the double bond, were producsygthomoallylic alcohols under Lewis acid

catalysis (Scheme 2f

PhCHO OH
Me™ " gn(n-Bu)s Ph)\‘/\
BF3; OEt; (2 equiv.) Me
CH,Cl,
-78°C to 0 °C 90 %; dr =99: 1

Scheme 1Stereoselective reaction of crotyltin reagenthaitiehydes.

These discoveries paved the way for a dramatic ldgreent of the allylmetals
chemistry, particularly in the field of stereoregtagld synthesis of nonrigid complex
molecules, such as macrolides, or polyether aritisid Indeed, the reaction of allylic
organometallics is synthetically analogous to tlimlaaddition of metal enolates, since the

resulting homoallylic alcohols can be easily cotegrto aldol products (Scheme '3).

% For reviews, see: (a) Courtois, C.; Miginiac, 1. Organomet. Chenl974 69, 1. (b) Benkeser, R. A.
Synthesisl971 347. (c) Schlosser, MAngew. Chem. Int. Ed. Engl974 13, 701. (d) Mikhailov, B. M.
Organomet. Chem. Rev., Sectl®/2 8, 1. (e) Chan, T. H.; Fleming, Synthesis 979 61. (f) Hill, E. A. J.
Organomet. Cheni975 91, 123. (g) Biellmann, J. F.; Ducep, J.@rg. React. (N.Y )982 27, 1. (h) Miginiac-
Groizeleau, L.; Miginiac, P; Prevost, Compt. Rend1965 5, 1442. (i) Andrac, M.; Prevost, CBull. Soc.
Chim. Fr.1964 2284.

* Gaudemar first studied the stereochemical outanfitiee addition of propargyl- and allenylboronates
carbonyl derivatives: (a) Favre, E.; Gaudemar,JMOrganomet. Chemi974 76, 297. (b) Favre, E.; Gaudemar,
M. J. Organomet. Chem 974 76, 305. (c) Favre, E.; Gaudemar, 81.0rganomet. Chem975 92, 17.

®Buse, C. T.; Heathcock, C. Hietrahedron Lett1978 1685.

® Hoffmann, R. W.; Zeiss, H.-Angew. Chem. Int. Ed. Engl979 18, 306.

"'Yamamoto, Y.; Yatagai, H.; Naruta, Y.; MaruyamaJKAm. Chem. So&98Q 102, 7107.

8 Okude, Y.; Hirano, S.; Hiyama, T.; Nozaki, H.Am. Chem. So&977, 99, 3179.

° For recent examples, see: (a) Langkopf, E.; Sehji2z. Chem. Rev1995 95, 1375. (b) Weinreb, S. M.
Heterocycl. Cheml996 33, 1429. (¢) Marshall, J. Chem. Rev1996 96, 31. (d) Marshall, J. A.; Luke, G. P.
J. Org. Chem1991, 56, 483.

19 For reviews, see: (a) Yamamoto, Y.; MaruyamaHKtereocycle4982 18, 357. (b) Hoffmann, R. WAngew.
Chem. Int. Ed. Engl1982 21,555. (c) Yamamoto, YAcc. Chem. Resl987 20, 243. (d) Yamamoto, Y.
Aldrichim. Acta.1987, 20, 45.
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Furthermore, allylmetal additions present otheraa®&ges compared to the standard aldol
condensation, since the double bond present inhtmoallylic alcohols can be readily
transformed into an aldehydeia ozonolysis;' be homologated tos-lactone via
hydroformylation*? or be selectively epoxidized to introduce anottdiral center
Therefore, the reaction of allylic organometallesies with various electrophiles, such as
aldehydes, ketones, imines, Michael acceptors,nalkyand alkenes (ene substrates), has
become one of the most useful procedure for cdmgolthe stereochemistry in acyclic

systems.
A OH H
i. Og; ii. PPh3
Rz)\/&o
Rl
Rz/\/\M OH CO, H,
PAOAcK, L g o
Rl)\/\ 2 o
R? 1
i PdCl,, CuCl )
I 21 u 2
Rl)kH J H,0, O, m-CPBA OH
1
OH Me R ,
R
N R! o)
R2SNE R?
oM

Scheme 2Comparison between the addition of allylmetals anéldol reaction.

Various allylmetals have found applications in engasynthesis. Among them, allylic
magnesium, -boron, -silicon, -tin and -zinc reagdmve proven to be the most commonly
used. Allylic Grignard reagents are known to repetdominantly at the-position with

aromatic and aliphatic aldehydes, leading to theresponding secondary homoallylic

Y For a recent review on ozonolysis and its appboatin synthesis, see: Van Ornum, S. G.; ChampRaM.;
Pariza, RChem. Rev2006 106, 2990.

12 See: (a) Falbe, Larbon monoxide in Organic SynthesBpringerVerlag: New York, 1970yew Syntheses
with Carbon MonoxideSpringer Verlag: New York, 1980. (b) Agbossou, Earpentier, J-F.; Mortreux, A.
Chem. Rev1995 95, 2485. (c) El Ali, B.; Okuro, K.; Vasapollo, G.;lger, H.J. Am. Chem. S0d996 118
4264. (d) Granito, C.; Troisi, L.; Ronzini, Heterocycle®004 63, 1027.

13 For recent reviews, see: (a) Xia, Q.-H.; Ge, H.X@, C.-P.; Liu, Z.-M.; Su, K.-XChem. Re\2007, 107,

1603. (b) McGarrigle, E. M.; Gilheany, D. Ghem. Rev2005 105, 1563. (c) Lane, B. S.; Burgess, ®hem.
Rev.2003 103 2457.
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alcohols® They were also found to react with aldimines, wmfiog homoallylamines

containing one stereocenter in high yields (Schajrié

H NH,
_~_MgBr OMe =
THF, 25 °C, 2 min OMe

76 %

Scheme 3Addition of allylic magnesium reagents to imines.

This reaction could be extended to imines contginime stereocenter at the
position. In this case, the nature of the subsgtitue.g. its bulkiness or its chelating hability,
played an important role on reaction diastereofasbectivity. Thus, when iming, bearing a
phenyl group im-position, was treated with allylmagnesium chlorittee Cram product was
obtained preferentiall}’> On the contrary, when the substituent was an glkas in the case

of imine 2, the chelation product was formed predomindf($cheme 4).

En . MeCl Ph Bh
MeAWH - Mew + Mew
No oy _Et728 S NHi-Pr NHi-Pr
1 94 % Cram anti-Cram
70 : 30

PN PN PN

O OMe /\/MgCI O OMe O OMe
: i = AN
Me” Me” Yt MeT
N p E,O NHi-Pr NHi-Pr
1-Pr _ o o
78°Cto0°C non-chelation chelation
2 88 % (Cram)
21 : 79

Scheme 4Addition of allylmagnesium chloride to imines biegra stereocenter at theposition.

14 (@) For a review, see: Kleinmann, E. F.; VolkmaRn,A. In Comprehensive Org. SynttHeathcock, C. H.,
Ed.; Pergamon: Oxford, 1990, Vol. 2, p 975. (b) tH&r. J.; Kanai, K.; Thomas, D. G.; Yang, T-K. Org.

Chem.1983 48, 289.

15 (@) Yamamoto, Y.; Nishii, S.; Maruyama, K.; Komat§.; Ito, W.J. Am. Chem. Sod986 108 7778. (b)
Yamamoto, Y.; Komatsu, T.; Maruyama, K.Am. Chem. So&984 106, 5031.

8 yamamoto, Y.; Ito, WJ. Chem. Soc., Chem. Commi:835 814.
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Allylic magnesium reagents were also successfudlduin “ene” reactions, providing
a new tool for the construction of cyclic moleculds good example is th®©ppolzefs
synthesis of (+A%*.capnellend/® where two successive intramolecular type-I-
"magnesium-ene" reactions were used to build ssetectively the bicyclic core of the

molecule (Scheme 5).

i. Mg powder, Et,O

Me ii. 60 °C, 23 h
Z iii. acrolein SOCl, Et,0
N 57 % 72 %
Me e Cl

i. Mg powder, Et,O
ii. rt, 20 h
iii. O,

70 %; cis: trans = 3: 2

Scheme 5(+)-A°**?-capnellene synthesis by Oppolzéa a “magnesium-ene” reaction.

Allylic boron reagents have proven to be highlyigént tools in forming new C-C
bond since it was found that triallylboron reactishvaldehydes to afford the corresponding
homoallylic alcohols upon hydrolyst&.Allylboranes or the more configurationally stable
allylboronates react with various aldehydes toraffihe corresponding homoallylic alcohols
in high yields and with good diastereoselectivilyhe stereochemistry of the resulting
products can be rationalized by considering a sxalmered cyclic transition state suchfas
or B (Scheme 6).

" Oppolzer, W.; Battig, KTetrahedron Lett1982 4669.

18 Oppolzer also applied this intramolecular "magmesene” reaction to the synthesis of other nafuradiucts,
see: (a) Oppolzer, W.; Strauss, H. F.; Simmong?.Detrahedron Lett1982 4673. (b) Oppolzer, W.; Pitteloud,
R.J. Am. Chem. So&982 104, 6478. (c) Oppolzer, W.; Begley, T.; Ashcroft, Petrahedron Lett1984 825.
(d) Oppolzer, W.; Jacobsen, E. Tetrahedron Lett.1986 1141. (e) Oppolzer, W.; Cunningham, A. F.
Tetrahedron Lett1986 5467.

19 Mikhailov, B. M.; Bubnov, Yu. Nlzv. Akad. Nauk. SSSR, Ser. KHi®64 1874,
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OH
RCHO H
Me” "MLn Me I mn | —— R/'\/\
HR © e
A anti
OH
RCHO T
- % R
e\ Min M | —— RS
Me R Me
B syn

Scheme 6Cyclic transition state for the addition of allydtals to aldehydes.

Later, enantiopure allylic boron reagents, bearamgral auxiliaries as the boron
ligands, were prepared and reacted with aldehyalgiekd the expected alcohols in both good
diastereoselectivities and enantioselectivitiesusThthe 3-amino-2-borneol derived allylic
reagent3 afforded hex-5-en-3-ol in 92 % yield and 92 &€& when reacted with propanal
(Scheme 75° Similarly, other boron ligands displayed both ietting diastereoselectivities

and enantioselectivities. Among them, @pinene, (+)-limonene, ({)-pinene, (+)-

longifolene, and tartrate esters have been extelysised 2
Me\/Me Ms
N Me” “CHO OH
Me
3 92 %; 92 % ee
03@ 1. LICHCI, o PhCHO ('3H
; THF, -100 °C ' BF3 OEt,
~ SN N
SoBgS B0y - Ph™ X" siMes
2. TMSCH2MgBr SiMe, z2
1100 °C to -78 °C -8%¢C 72 %; E: Z > 30: 1
70% 95 % ee

Scheme 7Enantioselective addition of allylboron reagentaldehydes.

*° Reetz, M. T.; Zierke, TChem. Ind198§ 663.

2L (a) Brown, H. C.; Jadhav, P. K. Am. Chem. Sod.983 105, 2092. (b) Brown, H. C.; Baht, K. 9. Am.
Chem. Socl1986 108 293. (c) Brown, H. C.; Jadhav, P. K.; Baht, KJSAm. Chem. So@988 110, 1535. (d)
Brown, H. C.; Jadhav, P. K. Org. Chem1984 49, 4089. (e) Garcia, J.; Masamune,JSOrg. Chem1987, 52,
4831. (f) Roush, W. R.; Wallts, A. E.; Hoong, L. K.Am. Chem. So&985 107, 8186. (g) Roush, W. R.; Banfi,
L.; Park, J. C.; Hoong, L. Kletrahedron Lett1989 30, 6457.

% peng, F.; Hall, D. GJ. Am. Chem. So2007, 129, 3070.
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Allylsilanes and allylstannanes have been also nsitely used as allyl anion
equivalents for the last decadés® The regioselectivity observed when they are rehafi¢h
electrophiles has been rationalised consideringntieemediate formation of carbeniums ions,
which are hyperconjugatively stabilised by the oargilicon or carbon-tin bond in thg

position (Scheme 8.

E\/\

®
_~MR; Ece~MR;
- RgMX

Scheme 8Formation of a carbenium ion in the case of algilicon and tin reagents.

The addition of trialkylallylsilanes to aldehydeadaketones is induced either by
stoechiometric amounts of Lewis acids or by cai@lytiantities of fluoride ion’, and can be
performed intermolecularly and intramoleculayThus, treating allylsiland with TBAF led

to theexomethylene-cyclopentanél(Scheme 952

TBAF (3 equiv.)

ONYSIMG:;

4 5:90 %

THF, 55°C, 2 h

Scheme 9lntramolecular addition of allylsilanes to aldebkgd

% (a) Fleming, I.; Dunogues, J.; Smithers, ®g. React. (N.Y.1989 37, 57. (b) Eaborn, R.; Boot, W. In
Organometallic compounds of the Group IV ElemeMacDiarmid, A. G., Ed.; Marcel Dekker, New-York,
1968, Vol. 1, Part 1.

% For reviews, see: (a) Giese, B. Radicals in OgmttS: Formation of C-C Bonds. 1@rg. Chem. Series
Baldwin, J. E., Ed.; Pergamon Press: Oxford, 1p888-102. (b) Curran, D. Bynthesid4988 489.

% (a) Wierschke, S. G.; Chandrasekhar, J.; Jogeseh, J. Am. Chem. So&985 107, 1496. (b) lbrahim, M.
R.; Jorgensen, W. L1. Am. Chem. S0d.989 111, 819. (c) White, J. C.; Cave, R. J.; DavidsonREJ. Am.
Chem. Socl988 110, 6308.

% (@) Sakurai, HPure Appl. Chem1982 54, 1. (b) Yamamoto, Y.; Sasaki, N. Btereochem. of Organomet.
and Inorg. CompdsBernal, I., Ed.; Elsevier: Amsterdam, 1989; V&].p 363. (c) Hosomi, A.; Shirahata, A.;
Sakurai, H.Tetrahedron Lett1978 19, 3043. (d) Colvin, E. WSilicon in Organic SynthesiButterwoths:
London, 1981. (e) Weber, W. Bilicon Reagents for Organic SynthesSgringer: Berlin, 1983. (f) Fleming, .
In Comprehensive Organic Synthedisost, B. M.; Flemming, |. Eds; Pergamon Pressfo@l, 1991, Vol. 2, p
563.

27 (a) M4jetich, G. InOrganic Synthesis, Theory and applicatiohiidlicky, T., Ed.; JAI Press Inc.: London,
1989, Vol. 1, ppl73-240. (b) Schinzer, Bynthesis1988 263. (c) Schinzer, D.; Allagriannis, C.; Wichmai
Tetrahedronl988 44, 3851.

% (a) Lee, T. V.; Ronden, F. $etrahedron Lett199Q 31, 2067. (b) Sarkar, T. K.; Andersen, N. Fetrahedron
Lett. 1978 19, 3513.
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Hosomi and Sakurai also found that allylic silicon reagents react hwitlichael

acceptors in the presence of TiGeading to the 1,4-addition products (Scheme?10).

(@]
(@]
/\/SiMe3
. TiCly (1 equiv.) AN
1.1 equiv.
(1.1 equiv.) -78°Cto- 30 °C
82 %

Scheme 10Michael addition of allylsilanes t@,3-unsaturated ketones.

The reaction of allylstannanes with electrophilashsas aldehydes, ketones, acetals,
imines, or iminium ions has proven to be a verydnmiethod for the formation of carbon-
carbon bond? One advantageous feature is that the stereochemit@me of allylic tin-
ketone condensation reactions can be tuned by ubffegent additivesBaba reported in
2003 that various allylstannanes reacted with awahge of ketones to afford either trdi

products or theynproducts, depending on the additive used (Schah#& 1
o}

Me B Br
' Ph Ph
X Br
@/\/\SnBUS P . P
MeCN, 25 °C, 3 h HO Me Mé OH

additive

anti syn

additive = SnCl,; 84 %; anti: syn =93: 7
additive = BF3' OEt,; 83 %; anti: syn = 13: 87

Scheme 11Effects of additives on the stereoselectivitytef tondensation of cinnamylstannanes and ketones.

Allylic zinc reagents

Gaudemareported in 1962 that the direct insertion of Zimwarious allylic bromides

afforded the corresponding allylzinc bromides indmate to good yield. This insertion is

2 Hosomi, A.; Sakurai, HI. Am. Chem. So&977, 99, 1673.

% For recent reviews, see: (a) Gung, B.O¥g. React. (N.Y2004 64, 1. (b) Marshall, R. LSci. Synth2003 5,
573.

31yasuda, M.; Hirata, K.; Nishino, M.; Yamamoto, Baba, A.J. Am. Chem. So2002 124, 13442.

32 Gaudemar, MBull. Soc. Chim. Fr1962 974.
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very sensitive to the reaction temperature, asotieghin Scheme 12. When cinnamyl bromide
was reacted with zinc in THF between — 15 °C arfsl %€, the corresponding allylic zinc
reagent was formed in 70 %, but when the reactias performed at room temperature, only

Wurtzcoupling products were observed.

Zn, THF
S ,
@MBr x ZnBr
-15°Cto-5°C
2h 70 %
Zn, THF

\ -
@AABV Wurtz coupling products
25°C

Scheme 12Preparation of cinnamylzinc bromide ®audemar

Later, allylic zinc reagents formeth situ were found to react with carbonyls
derivatives, leading to the corresponding homaallgicohol in high yieldsLucheespecially
showed that this reaction could also be performeatjueous media under Barbier conditions,

with THF as cosolvent (Scheme £37*

PhCHO OH
/\/Br _ MPh

Zn
sat. NH4Cl,q, / THF guantitative

Scheme 13Addition of allylic zinc reagents to aldehydesaigueous media.

In 1992 Knochelreported that allylic zinc reagents could alsgiepared from allylic
mesylates or allylic phosphates, with a minimunmfation of homocoupling products. Under
Barbier conditions in the presence of zinc (cag@e) and a catalytic amount of Lil (20 mol
%), the allylic phosphate and benzaldehyde reacDMA or DMPU, leading to the
corresponding homoallylic alcohol in high yield t@me 14)°

¥ (a) Luche, J. L.; Damiano, J. €. Am. Chem. So&98Q 102, 7926. (b) Sprich, J. D.; Lewandos, G.li%rg.
Chim. Actal983 76, L241. (c) For a review of sonochemistry, see:ham, C.; Einhom, J.; Luche, J. L.
Synthesid 989 787.

3 (a) Patrier, C.; Luche, J. lI. Org. Chem1985 50, 910. (b) Petrier, C.; Einhom, J.; Luche, Jletrahedron
Lett. 1985 26,1449. (c) Einhom, C.; Luche, J. L. Organomet. Chemi987, 322, 177.

% Jubert, C.; Knochel, B. Org. Chem1992 57, 5425.
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PhCHO OH
MeWOP(O)(OEt)z o /Y\
Me Zn (2 equiv.) Me Me
Lil (20 mol %)
DMPU, 25 °C, 12 h 95 0%

Scheme 14Formation of allylic zinc species from allyl phdstes and their addition to PhCHO.

Nakamuramade a breakthrough in 1998, when he found thatcttindensation of
allylic zinc halides to alkynyl ketones could befpemed enantioselectively using a lithiated

bisoxazoline as ligand (Scheme £5%).

(@]
O = O t-Bu)\ (/
ZnBr \ J AN HO |
OWO P g/m | on
S/N\ NJ/ . R Ph . FBUT
PH Li bp (1.05equiv) S/ THF, -25°C, 120 h Ph
(1.1 equiv.) 89 % 95.4 % ee

Scheme 15Enantioselective addition of allylzinc reagentsatiynyl ketones.

Allylic zinc reagents were also found to react withines. In the case of cyclic
aldimines, the addition could be accomplished ireaantioselective manner, as described by
Nakamura(Scheme 165’

O (@)
=
vy CL
N_ N~/
i-Pr Zn i-Pr

THF, - 70 °C

NH

/

(1.1 equiv.) 72 %; 95 % ee

Scheme 16Enantioselective addition of allylzinc reagentsyalic aldimines.

% Nakamura, M.; Hirai, A.; Sogi, M.; Nakamura, E.Am. Chem. So&998 120, 5846.
3" Nakamura, M.; Hirai, A.; Nakamura, E. Am. Chem. So&996 118 8489.
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Allylic zinc species were also successfully usedhtramolecular “zinc-ene” reactions.
Thus, after transmetalation of an appropriate iallyhagnesium derivative with ZnBr
Klumppsynthesized several oxygen- and nitrogen-contgihiterocycles (Scheme ).

1. Mg
VQ)L 2. ZnBr, J//\OJV
g SnM
cl X 3.CISnMes i

57 %

Scheme 17Heterocycles synthesis via an intramolecular “zne” reaction.

Later, Oppolzerreported that allylic zinc reagents could be prega situ from allyl
acetates under palladium catalysis, and subseguentlergo an intramolecular “zinc-ene”

reaction, leading to the corresponding carbocy@eseme 185°

PhO,S,  SO,Ph PhO,S_ SO,Ph PhO,S

_ N N
Et,Zn (5 equiv.)
V. \ Pd(PPh3z), (5 mol %) NH4CI
AcO

SO,Ph

ZnEt
Et,0, 35 °C, 90 min \ N Me

79 %; cis: trans = 86: 14
Scheme 180ppolzefs palladium-catalysed “zinc-ene’reaction.

Gaudemarshowed that allylic zinc halides reacted as wéthwalkynes®® In the case
of monosubstituted alkynes or enynes, a metalatcmurs prior to the addition, leading to a
bismetalated species (Scheme “Q)ater, Miginiac reported that this addition could also be

performed intramoleculari{?

3 van der Louw, J.; van der Baan, J. L.; Stieltjés, Bickelhaupt, F.; Klumpp, G. Wretrahedron Lett1987,
28, 5929.

% (a) Oppolzer, W.; Schroder, Hetrahedron Lett.1994 35 7939. (b) Oppolzer, W.; Flachsmann, F.
Tetrahedron Lett1998 39, 5019. (c) Oppolzer, W.; FlachsmannHelv. Chim. Act&2001, 84, 416.

0 (@) Frangin, Y.; Gaudemar, NBull. Soc.Chim. Fr1976 1173;C. R. Acad. Sci. Paris, Sér.1974 885. (b)
Frangin,Y.; Favre,E.; Gaudemar, B. R.Hebd. Seances Acad. Sci. S20.976 282, 277.

“! Bellaesoued, M.; Frangin, Y.; Gaudemar,MOrganomet. Chem 979 166, 1.

2 Courtois, G.; Masson, A.; Miginiac, C. R. Acad. Sci. Paris, Sérk978 286, 265.
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1. CeHyg—=—H
T;FB:;O °c, 24 h olus
/\/ZHBI’ ! ! N\KD
2. D,0 D
70 %

Scheme 19Addition of allyl zinc bromide to alkynes.

Finally, Normant and Knochel reported the addition of allylic zinc reagents to
alkenylmagnesium species leadinga a “metalla Claisen” rearrangement, to bimetallic
intermediates that could subsequently be quenctirdvarious electrophile® Thus, allyl
zinc bromide reacted with vinylmagnesium bromidéliF at O °C to afford the pure (%)-

upon quenching with (7-acetoxyheptylidene)maloiigtheme 20§*

L /\MgBr

OAc
THF,0°C, 1h
/\/ZnBr ’ ’ /\/\)/I)
= = =

2. Et02C H

EtO,C  (CH,)sOAC 6:80 %

THF, 120 °C, 30 min

Scheme 20Addition of allylzinc bromide to vinylmagnesiumdmides.

1.1.2. Cross-coupling reactions

Palladium- and nickel-catalyzed cross-couplings

Transition metal-catalyzed cross-coupling reactibage been playing an important

role in organic synthesis for the last 30 years] have therefore been successfully used in

“3 (@) Knochel, P.; Normant, J. Fetrahedron Lett1986 27, 1039. (b) Knochel, P.; Normant, J.Tetrahedron
Lett. 1986 27, 1043. (c)Knochel, P.; Normant, J. Fletrahedron Lett.1986 27, 4427. (d) Knochel, P.;
Normant, J. FTetrahedron Lett1986 27, 4431. (e) Knochel, P.; Xiao, C.; Yeh, H. C. Retrahedron Lett.
1988 29, 6697. (f) Knochel, P.; Yeh, M. C. P.; Xiao, Organometallics1989 8, 2831. (g) Knochel, P.;
Normant, J. FTetrahedron Lett1986 27, 5727. (h) Marek, I.; Lefrancois, J. M.; Normadt,F. Tetrahedron
Lett. 1991, 32, 5969. (i) Marek, I.; Normant, J. Fetrahedron Lett1991, 32, 5973.

*“ Tucker, C. E.; Rao,.9\.; Knochel, PJ. Org. Chem199Q 55, 5446.
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many natural product synthes8sAmong them, the very general and selective palfadi
catalysed Stille (involving organotin reagents) &wruki-Miyaura (involving boronic acids
or esters) couplings have been particularly populdher cross-couplings, using different
metal species have been developed, offering chemistv methods to achieve C-C bond
formations. For instance, the palladium-catalyzéghhkha- (organosilicon reagents), Negishi-
(organozinc reagents), Sonogashira- (alkynylcoppeagents), or the nickel-catalyzed
Kumada-Corriu-reaction (organomagnesium reageiatg® proven to be highly valuable tools
in organic synthesi&

All the palladium- or nickel-catalyzed cross-coupglireactions have the particularity
to share a common mechanism pathway (Scheme 21).

ML,
R1-Mm?

< Rl_Rl

1

R(_ad_u Ctl\-/e Oxidative addition
_elimination
L/,,,I\(/:Il).‘\\Rl Ly X
L/ \RZ L/ \RZ
8 7

Transmetallation ML = Pd. Ni

M2X RLM? M? = Mg, Zn, B, Cu, Sn, Si
X=1,Br, Cl, F, OTf, OTs
Rl, R? = alkyl, alkenyl, alkynyl, aryl

Scheme 21Catalytic cycle of the palladium- and nickel-cgtld cross-coupling reactions

5 For a few examples, see: Nicolaou, K. C.; Soren&enl., Classics in Total Synthesi¥erlag Chemie,
Weinheim,1996

% (a) Handbook of Functionalysed Organometalli¢Editor: P. Knochel), Wiley-VCH, Weinhein2005 (b)

Metal Catalyzed Cross-Coupling ReactipiiEditors: A. de Meijere, F. Diederich), Wiley-VCHVeinheim,

2004 (c) Transition Metals for Organic Synthesi€™ Ed., (Editors: M. Beller, C. Bolm), Wiley-VCH,
Weinheim, 2004 (d) Handbook of Organopalladium Chemistry for Organyntesis (Editor: E. Negishi),
Wiley-Interscience, New-York2002 (e) Tsuji, J.Transition Metal Reagents and Catalysts: Innovation

Organic SynthesjaViley, Chichester]1995
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The first step usually involves the situ reduction of the catalyst precursor-(M)L 4
to the reactive species {@)L,. This step is followed by an oxidative additiontte C-X
bond of the electrophile 4X, affording the compleX. Subsequent transmetallation leads to
complex8 which, upon a reductive elimination, provides thiess-coupling product 'RR?,
and regenerates the active cataly$(QyL,.

Alternatively, metal(0) complexes, such as Pd@Por Ni(COD), can also be used.
In this case, no preliminary reduction is required.

Among the factors influencing the catalysis efficig, the nature of the ligand L plays
an essential role. For instance, electron-richniitgafacilitate the oxidative addition step,
whereas electron-poor ligands enhance both therratallation and the reductive elimination
steps. Thus, when the determining-rate step ioxmative addition (aryl chlorides used as
electrophiles for example), electron-rich ligande aore advantageous and enhance the

reaction rate.
New trends in cross-coupling: iron-and cobalt-cgtadd transformations

Although palladium- and nickel-catalyzed cross-dimgpreactions are very efficient
and tolerant towards most organic functionalitiedsawbacks, such as cost (palladium
precursors and ligands) or toxicity (nickel saltsjnain?’ On the opposite, iron salts are
cheap and display no specific toxicity. Furthermadine iron catalysis offers two advantages:
it does not require additional ligands, and is esfficient at low temperaturd&?*°

The pioneering discoveries were achieved in 197Hieniochi found that iron salts
could efficiently catalyze the C(3pC(sf) cross-coupling reaction between alkenyl bromides
and alkylmagnesium bromides (Scheme 2ZJhis reaction proceeded diastereospecifically,

but required a huge excess of the electrophile.

ZBr
(3 equiv.)
el NNNF
FeCI3
THF, 25 °C

Scheme 22Kochi's iron-catalyzed C(SpC(sp) cross-coupling reaction.

“"Eirstner, A.; Leitner, A.; Méndez, M.; Krause,HAm. Chem. So2002 124, 13856.

8 For reviews, see: (a) Bolm, C.; Legros, J.; LehPai; Zani, L.Chem. Rev2004 104, 6217. (b) Martin, R.;
Furstner, AChem. Lett2005 34, 624.

9 Oestreich, MNachr. Chemi®004 52, 446.

%0 (a) Tamura, M.; Kochi, Bynthesid971, 303. (b) Tamura, M.; Kochi, J. Am. Chem. So&971, 93, 1487.
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In 1998,Cahiezreported that the use of a polar cosolvent likemN&duld improve this
C(sp)-C(sp) cross-coupling: the scope of which was extended to primary, seagnend

even tertiary alkylmagnesium reagents (Scheme 23).

xR
RMgBr @/V

3 Fe(acac); (1 mol %)
R=n- s +CSP)  THE/NMP

-5°Cto0°C

64-88 %

Scheme 23Effect of NMP of iron-catalyzed cross-couplings.

The iron-catalyzed cross-coupling of arylmagnesitgagents with alkenyl halides
proved to be a sluggish reactinuntil Molander found that Fe(dbrg)in DME was an
effective catalyst for this transformatiohLater, Knochelcould successfully extend this aryl-
alkenyl cross-coupling to functionalized arylmagoes reagents? and was also able to
perform the first iron-catalyzed aryl-aryl crossipting between aryl iodides and

functionalized arylcopper reagents (Scheme®24).

R/~
1.i-PrMgCl Q'
\_/ N\ / Fe(acac), N\ 7 \ 7/

2. CuCN-2LiCl

THF, - 20 °C (10 mol %)
THF / DME up to 93 %
25-80 °C

Scheme 24Knochels iron-catalyzed aryl-aryl cross-coupling reaction

In 2002, Furstner made a breakthrough when he found that alkylmagmebalides

could react with aryl chlorides, triflates or tosts upon iron catalysis, leading to the

°l Cahiez, G.; Avedissian, hynthesid4998 1199.

*2Neumann, S. M.; Kochi, J. K. Org. Chem1975 40, 599.

>3 Molander, G. A.; Rahn, B. J.; Shubert, D. C.; Ben8. ETetrahedron Lett1983 24, 5449.

> Dohle, W.; Kopp, F.; Cahiez, G.; Knochel, $nlett2001, 1901.

% Sapountzis, I.; Lin, W.; Kofink, C. C.; Despotopow C.; Knochel, PAngew. Chem2005 117, 1682;
Angew. Chem. Int. EQ0Q5 44, 1654.



Theoretical Part 25

corresponding cross-coupling products in high Wé?d® The high chemoselectivity of this
reaction made it possible to successively coupgepyridine derivatived with two different
alkylmagnesium reagents (Scheme 25). The efficieckiis cross-coupling was assessed, as

it has been successfully applied to the synthdsisimerous natural products.

n-HexMgBr
MeOZC@OTs |\/|e0264<j>7c€H13
Fe(acac);
(5 mol %)
THF / NMP 83 %
0°Ctort, 10 min
1. sec-BuMgBr
N 2. n-Cy4HogMgBr | A
| CyyH N/
= n-
cl” N oTi Fe(acac); (cat.) 17
THF / NMP
0 °C, 8 min
9 71 %

Scheme 25Chemoselective iron-catalyzed cross-coupling.

The cobalt catalysis presents the same advantaige sen (low cost of the catalysts
and ligand-free catalysis), and is therefore anekswt complement to the iron-catalyzed
cross-coupling reactions.

Kharasch who could successfully couple alkyl- and aryl megjum reagents with
various vinyl bromides in the presence of Co@Bl mol %), was the first to report the use of

cobalt as a catalyst in 1943 (Scheme’36).

%% (a) Furstner, A.; Leitner, AAngew. Chen2002 114, 632;Angew. Chem. Int. E@002 41, 609. (b) Scheiper,
B.; Bonnekessel, M.; Krause, H.; FurstnerJAOrg. Chem2004 69, 3943.

*’ (a) Furstner, A.; De Souza, D.; Parra-Rapada)énsen, J. TAngew. Chen2003 115, 5516;Angew. Chem.
Int. Ed.2003 42, 5358. (b) Furstner, A.; Leitner, Angew. Chen003 115 320;Angew. Chem. Int. EQ003

42, 308. (c) Seidel, G.; Laurich, D.; Firstner, A.Org. Chem2004 69, 3950. (d) Scheiper, B.; Glorius, F.;
Leitner, A.; Furstner, AProc. Natl. Acad. Sci. U.S.2004 101, 11960. (e) Lepage, O.; Kattnig, E. Firstner, A.
J. Am. Chem. So2004 126, 15970.

%8 (a) Kharasch, M. S.; Fuchs, C. F.Am. Chem. S0d.943 65, 504. Cobalt was also found to catalyse the
homocoupling reaction of arylmagnesium reagentsKtimarasch, M. S.; Fields, E. K. Am. Chem. So0d94],

63, 2316.
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/\Br

@MgBr (2 equiv.) @/v/

CoCl, (5 mol %)
Et,O

75 %

Scheme 26Kharaschs cobalt-catalyzed cross-coupling.

Nonetheless, the major developments in the field cobalt-catalyzed coupling
reactions occurred in the late 1990s, wikkahiezfound that the use of NMP as a cosolvent
had a dramatic effect, and could therefore coupkgl-a alkenyl-, and aryl magnesium
reagents with alkenyl bromides in high yiefdg-he important role played by NMP was once
again illustrated the same year, whémochelreported that CoGlcould efficiently catalyze
the cross-coupling reaction of alkenyl iodides afidyl zinc halides in a 5: 2 THF: NMP
solvent system (Scheme 27).

c TN
PivO.__~__Znl PVO._~ e
CoCl, (26 mol %)

THF-NMP (5: 2)
55°C, 4 h 77 %

Scheme 27Knochels cobalt-catalyzed alkenyl-alkyl cross-coupling.

Another important development occurred in 2002, w@shimaextended the scope of
the cobalt-catalyzed cross-coupling to the fornmatié C(sp)-C(sp’) bonds, through the use

of reactive allyl- or benzyl magnesium reagenthédee 28!

Me\/Me
AN = Oct

CoCl,(dppp) (cat.)

[0}
THF, -20 °C, 2 h 90 %

Scheme 280shimas cobalt-catalyzed C(sp3)-C(sp3) cross-coupling.

9 Cahiez, G.; Avedissian, Hetrahedron Lett1998 39, 6159.

%0 Avedissian, H.; Bérillon, G.; Cahiez, G.; KnochelTetrahedron Lett1998 39, 6163.

®1 (a) Tsuji, T.; Yorimitsu, H.; Oshima, KAngew. Chem2002 114, 4311;Angew. Chem. Int. EQ002 41,
4137. (b) Ohmiya, H.; Tsuji, T.; Yorimitsu, H.; Qsta, K. Chem. Eur. J2004 10, 5640.
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Ultimately, Knochelreported a cobalt-catalyzed aryl-aryl cross-caupliwith which
aryl bromides, chlorides, fluorides and even taggdaeacted with functionalized aryl copper

reagents in a straightforward manner (Schemé29).

x o MeOOCu(CN)MgCI O
i \)kph i
= Co(acac), (7.5 mol %) O Ph
TBAI (1 equiv.)
p-fluoro-styrene (20 mol %)
DME: THF: DMPU (3: 2: 1)

X =Br, Cl, F, OTs X =Br; 89 %

X =CI; 98 %
X=F; 98 %
X=0Ts; 82 %

Scheme 29Knochels cobalt-catalyzed aryl-aryl cross-coupling.

Similarly, the cobalt catalysis proved to be higleffficient in allylation reactions.
Thus,Knochelshowed in 1996 that dialkylzinc reagents, as aelthe less reactive alkylzinc
halides reacted stereoselectively with allylic cides, -bromides or —phosphates to afford the

Sw2-products in high yields (Scheme 36).

Me

geranyl chloride n-Pent

Me Me
0,
Pent,Zn | CoBr; (10 mol %) 90 %, > 98: 2 (E)
THF, - 10 °C, 30 min

Me

N

neryl chloride | n-Pent
Me”~ “Me
89 %, > 98: 2 (2)

Scheme 30Stereoselective cobalt-catalyzed allylation ofldiinc reagents.

%2 (@) Korn, T. J.; Knochel, Angew. Chen2005 117, 3007;Angew. Chem. Int. EQ005 44, 2947. (b) Korn,

T. J.; Schade, M. A.; Wirth, S.; Knochel, ®rg. Lett.2006 8, 725. (c) Korn, T. J.; Schade, M. A.; Cheemala,
M. N.; Wirth, S.; Guevara, S.; Cahiez, G.; KnochrlSynthesi2006 21, 3547.

% Reddy, K.; Knochel, PAngew. Cheni996 108 1812:Angew. Chem. Int. Ed. Engl996 35, 1700.
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A few years later,Oshima found that cobalt salts associated with a bidentat

phosphine ligand were a good catalytic system far teaction of allylic ethers with

arylmagnesium reagents. Under these conditionsn evg@ unsaturated aldehyde dialkyl

acetals reacted to give either the mono- or theublstituted coupling products (Scheme %1).

SiMe, Me3SiCH,MgCl
(3 equiv.)
A SiMe3z
CoCl,(dpph)

(5 mol %), Et,0,

reflux, 48 h
94 %

OMe Me3SiCH,MgCl OMe

(1.5 equiv.) .
X OMe X SiMe;
CoCl,(dpph)

(5 mol %), Et,0,
20°C,35h

85 %

dpph = thP(CHz)GPPhZ

Scheme 31Cobalt-catalyzed cross-coupling between Grignaedjents and aldehyde dialkyl acetals.

Finally, Gosminidescribed the direct cobalt-catalyzed allylationaoyl bromides or

chlorides with allyl acetate (Scheme 32)This reaction could even be extended to the

vinylation of aryl halides with vinyl acetaf8.

Ar-Cl

/\/OAC
/\/Ar
CoBr; (cat.)
Mn, FeBr,,
14-83 %
MeCN / Py
50 °C

Scheme 32Gosminis allylation of aryl chlorides.

® Yasui, H.; Mizutani, K.; Yorimitsu, H.; Oshima, Retrahedror2006 62, 1410.
% Gomes, P.; Gosmini, C.; PérichonQlg. Lett.2003 5, 1043. (b) Gomes, P.; Gosmini, C.; Périchod, Drg.

Chem.2003 68, 1142.

 Amatore, M.; Gosmini, C.; Périchon, Bur. J. Org. Chem2005 989. (b) Gomes, P.; Gosmini, C.; Périchon,

J. Tetrahedror2003 59, 2999.
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1.2. Obijectives

As described previously, allylic zinc reagents offery interesting synthetic possibilities.
Nonetheless, their preparation is complicated key firmation of homocoupling products.
Thus, in a first project, efforts will be made tod a new and convenient method for the
synthesis of these reactive organometallics, ard ubsequent reaction with electrophiles
will be studied. Especially interesting is to kndfwthe reaction of substituted allylic zinc
reagents with aldehydes or ketones can be performedliastereoselective manner (Scheme
33).

o)
3 R . RE
R2 R® OH

diastereoselective reaction ?

Scheme 33Reaction of allylic zinc reagents with carbonytidatives.

In a second project, new cobalt- and iron-catalyzeshsformations will be
investigated; for instance the reaction of alkesnytlienyl sulfonates with arylcopper reagents
in the presence of iron salts, and the cobalt-gatal allylation of diarylzinc reagents
(Scheme 34).

Rl
EG RZJ\/\X N
X R2 X
\ /&N | —FG
2 [Co]” =

Scheme 34Cobalt-catalyzed allylation of diarylzinc reagents

Finally, in a third project, aryl phosphates wille binvestigated as potential
electrophiles in a nickel-catalyzed aryl-aryl crassipling with functionalized

arylmagnesium reagents (Scheme 35).
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O
FG.(= FG.(—
QOP(O)(OEt)z o N

Scheme 35Nickel-catalyzed aryl-aryl cross-coupling betweeyl phosphates and arylmagnesium reagents.
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3. LiCl-mediated preparation of allylic zinc reagerts and their reaction

with electrophiles

3.1. Introduction

The stereoselective generation of quaternary cetgesne of the major challenges in
asymmetric synthesf.The addition of highly substituted allylic organetallics to carbonyl
derivativé® offers a straightforward synthesis of homoallydilcohols bearing quaternary
centers. To be efficient, this approach requiresoavenient preparation of the allylic
organometallic§? Although allylic lithium and magnesium reagents highly reactive, they
are difficult to prepare and unstatfeOn the opposite, allylic zinc reagents are muchemo
readily available. Thus, allylzinc bromide is preéd in high yield by the direct insertion into
allyl bromide®* Nonetheless, the zinc insertion to substitutedliallbromides is less
satisfactory and increased amounts of homocouplprgducts are formed. Thus,
cyclohexenylzinc bromide can only be prepared ir?65ield via the direct zinc insertioff
Recently, Knochel reported a LiCl-mediated insertion of zinc dustoiralkyl, aryl, and
heteroaryl iodides, leading to the correspondinganozincs in good yield$. Therefore, it
was envisioned that the combination of zinc andl la@uld promote the direct insertion into
allylic substrates, and maybe limit the amount@hlocoupling products formed.

7 (a) Corey, E. J.; Guzman-Perez, Angew. Chem. Int. EAL998 37, 388. (b) Christoffers, J.; Mann, A.
Angew. Chem., Int. EQ001, 40, 4591. (c) dAugustin, M.; Palais, L.; Alexakis, AAngew. Chem. Int. EQ005
44, 1376. (d) Sklute, G., Amsallem, D., Shabli, Aarghese, J. P., Marek,J. Am. Soc. Chen2003 125,
11776. (e) Sklute, G., Marek,J. Am. Soc. Chen2006 128 4642. (f) Breit, B.; Demel, P.; Studte, Engew.
Chem. Int. EJ2004 43, 3785. (g) Li, H.; Walsh, P. J. Am. Soc. Cher2004 126 6538. (h) Kennedy, J. W. J,;
Hall, D. G.J. Am. Chem. So2002 124, 898. (i) Denmark, S. E.; Fu, J. Am. Chem. So2001, 123 9488. (j)
Denmark, S. E.; Fu, Drg. Lett.2002 4, 1951. (k) Heo, J.-N.; Micalizio, G. C.; Roush, W..Org. Lett 2003
5, 1693.

% For allylmetal additions, see : (a) Chemler, S.FRush, W. R. IModern Carbonyl ChemistnOtera, J., Ed.;
Wiley-VCH: Weinheim, 2000; Chapter 10. (b) DenmaBkE.; Almstead, N. G. IModern Carbonyl Chemistry
Otera, J., Ed.; Wiley-VCH: Weinheim, 2000; Chapidr. (c) Stereoselective Synthesis, Methods of Organic
Chemistry(Houben-Weyl), ed. E21; Helmchen, G., Hoffmann, Rulzer, J., Schaumann, E., Eds.; Thieme:
Stuttgart 1996; Vol. 3. (d) Thadani, A. N.; Bat&, A. Org. Lett.2002 4, 3827. (e) Li, S. W.; Batey, R. A.
Chem. Commur2004 1382.

% (a) Czernecki, S.; Georgoulis, Bull. Soc. Chim. Fr1968 3713. (b) Yamamoto, Y.; Asao, iChem. Rev.
1993 93, 2207. (c) Marshall, J. AChem. Rev200Q 100 3163. (d) Denmark, S. E.; Fu,Ghem. Rev2003
103 2763. (e) Chabaud, L.; James, P.; LandaisEdt. J. Org. Chem2004 3173. (f) Lipshutz, B. H.;
Hackmann, CJ. Org. Chem1994 59, 7437. (g) Fustner, A.; Voigtlander, Bynthesis200Q 975. (h) Roush,
W. R. in Comprehensive Organic Synthedis]. B. M. Trost, I. Fleming and C. H. Heathcoclergamon,
Oxford, 1991, vol. 2, pp. 1-53. (i) Kim, J. G.; Cankt. H.; Walsh, P. Drg. Lett.2006 8, 4413.

0 Schlosser, M.; Desponds, O.; Lehmann, R.; MoretRBuchschwalbe, Gietrahedron1993 49, 10175.

"I Bellassoued, M.; Frangin, Y.; Gaudemar, 3§nthesis1977, 205.

2 Krasovskiy, A.; Malakhov, V.; Gavryushin, A.; Krieel, P.Angew. Chem., Int. E@006 45, 6040.
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3.2. LiCl-mediated preparation of allylic zinc reagents

Recently, a LiCl-mediated direct insertion of zipewder to cyclic allylic chlorides
has been developed in our groupHigngjun Renwhich led to the corresponding allylic zinc
reagents in 55-84 % yield. These organometallics were found to add diastetectvely to
various carbonyl derivatives, leading to the cqroegling homoallylic alcohols bearing

adjacent quaternary centers (Scheme 36).

cl Zn (5.0 equiv), LiCl (2 equiv) ZnCl
© THF, 0°C, 36 h ©

84%
ZnCl

ZnCl ZnCl

Me
58% 55% 70%

0
zZncl Br@—( Me, OH
f Me P

Me\

Me -78°C,1h Br

99 %:dr>98:2

Scheme 36Diastereoselective addition of cyclic allylzindatides to carbonyl derivatives accordingRenand

Knochel

Thus, it was envisioned to extend this methodoltgyinear allylic chorides or
phosphates. The study started with the readilylaviai cinnamyl phosphafé which was
treated with zinc (3 equiv.) and LiCl (3 equiv.) TiHF at 25 °C. After 18 h, the conversion
was complete and titration by iodolysis indicatbdttthe corresponding allylic zinc species
10 was formed in 72 % yield (Scheme 37). Importamly,homocoupling was formed during

the process. When the same reaction was carrieith tlie absence of LiCl, the insertion still

3 (a) Ren, H. Ph.D thesis, LMU Miinchen. (b) Ren,Blnet, G.; Mayer, P.; Knochel, B. Am. Chem. Soc.
2007, 129, 5376.

" prepared from the corresponding alcohol accortbnglowotny, S.; Tucker, C. E.; Jubert, £.Org. Chem.
1995 60, 2762.
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occurred, but less efficiently (52 % yield by iogsik), and homocoupling products could be
detected by GC (between 5 % and 10 % vyield). Srigjlavthen the amount of zinc and LiCl
were diminished to 1.5 equiv. compared to the ghligbsphate, the rate of the insertion

dropped and only 60 % conversion were achieved 2fdn at room temperature.

Zn (3 equiv.)
LiCl (3 equiv.)

.
Ph” " OP(0)(OEY), Ph™ "> ZnOP(0)(OEY),

THF, 25 °C, 18 h
10: 72 %

Scheme 37LiCl-mediated direct zinc insertion to cinnamylgsiphate.

This procedure was then successfully extendedher allylic zinc reagents (Scheme
38). When cinnamyl chloride reacted with zinc (8iigg and LiCl (3 equiv.) in THF at room
temperature, the allylzinc reagetit was formed within 1 h in 78 % yield. Likewise, rsiiag
from diethyl myrtenyl phosphat@,the corresponding zinc specié® was formed in 61 %
yield (25 °C, 48 h). Under the same conditions, Zime reagentd3 and 14 were prepared
from (E)-1-chloro-4-methylpent-2-ene andgj¢3-chloroprop-1-enyl) cyclohexane in 63 %
and 65 % vyield respectively. Finally, the subsétuallylzinc specie5 and16 could also be

obtained in moderate yield (70 % and 63 % yielgheetively) from the corresponding allylic

phosphates.
Me\/lvIe
Me X
PPN —~~ZnOP(O)(OEY), Y e
Ph ZnCl N Me
11: 78 % 12: 61 % 13: 63 %
Me Th
N NS
ZnCl Ph)\AZnOP(O)(OEt)z Hvznop(oxoa)z
SiMez
14: 65 % 15: 70 % 16: 63 %

Scheme 38LiCl-mediated preparation of allylic zinc reagents

> Araki, S.; Hatano, M.; Butsugan, ¥. Org. Chem1986 51, 2126.
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3.3. Diastereoselective reaction of allylic zinc egyents with aldehydes and

ketones

With these organozincs in hand, their reaction wdhbonyl derivatives was studied
(Scheme 39 and Table 1). When cinnamylzinc phosp{i) reacted with benzaldehyde in
THF at - 78 °C, the correspondiagti homoallylic alcoholl7 was obtained in 96 % yield and
with a good diastereoselectivity (dr = 94: 6) witli h (Scheme 39). Interestingly, no relevant
difference in yield or diastereoselectivity was @yed when cinnamylzinc chloridé) was

used instead dfG; in this casel7 was prepared in 97 % yield and a dr = 98" 4.

PhCHO Ph

Ph™ "> 7nx NS

THF, - 78°C, 1 h OH

17: 95 %; dr = 94: 6; X = OP(O)(OEY),
97 %; dr=94: 6; X =ClI

Scheme 39Reaction of cinnamylzinc reagerit8 and11 with benzaldehyde.

Similarly, the zinc reageni2 reacted with 5-iodo-furan-2-carbaldehyde under the
same conditions to afford the alcoldd in high yield as a single diastereoisomer (95 965 d
98: 2; entry 1 of Table 1¥° When 4-methyl-pent-2-enylzinc chlorid&3j reacted with 4-
bromobenzaldehyde in THF at - 78 °C, alcoli8l was obtained quantitatively, but as a

mixture of 2 diastereocisomers (99 %; dr = 86: T1r\e2).

Table 1.Reaction of allylic zinc reagents with carbonytidatives?

Entry Allylic zinc Electrophile Product Yield (%)°

reagent

.o o©
T )4
Me

1 12 18, dr=98:2 095
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Br Me

99

11

. )
o
OH

99

10

MeO @

98

10

TsO ©
P
OH

92

14

e
=
OH

86

11

96

11

O
e

25 dr=99: 1

93
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o O
O | e
Me oH

9 11 26;dr=99:1 95
: @
F:C~ "Me FsC N
10 11 27,dr=99:1 77

& Unless stated otherwise, all reactions were ahmwigt with 1 mmol of ketone and 1.2 mmol of allylic
reagent at — 78 °C for 1 hisolated yield of analytically pure compounds.

The reaction of the previously prepared allylicczieagents with ketones was then
studied (Table 1). Substituted acetophenones mkacigh 10 or 11 affording the
corresponding homoallylic alcoha§-22 with good diastereoselectivities (yields > 90 %; d
> 98: 2; entries 3-5)" Likewise, when 3-cyclohexyl-prop-2-enylzinc chttei(L4) was added
to 4-bromo-acetophenone, the corresponding alcbbating a quaternary cente23] was
obtained as one single diastereoisomer (86 %; d7>3; entry 6). The reaction of
cinnamylzinc chlorideX1) with various methyl alkyl ketones proceeds digesieelectively as
well. Thus, the addition of 3-methyl-butan-2- orde,cyclopropyl -ethanone, 1-cyclohexyl-
ethanone or even 1,1,1- trifluoro-propan-2-onélded to the corresponding alcohols with dr
> 99:1 @4-27, 77-99 % vyield; entries 7-10). Noteworthy, whenmamylzinc chloride was
reacted with 1- cyclopropyl -ethanone at O °C, ribgction proved to be less selective, as the
homoallylic alocohol 25 was isolated in 92 % and dr > 92: 8. Finally, whi&én
trimethylsilanyl-ethanone was reacted with organoiil, the corresponding tertiary alcohol
(28) was obtained in good yield (93 %; dr > 97: 3) ama Brook rearrangeméfitwas
observed (Scheme 40).

% (a) Brook, A. G.J. Am. Chem. So&958 80 1886. (b) Brook, A. GAcc. Chem. Red4974 7, 77. (c) Page, P.
C. B.; Klair, S. S.; Rosenthal, Shem. Soc. Re%99Q 19, 147.
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o)
Me” “SiMeg Ph
AN Me,Si %
Ph” X""zncl 3 \(\/
THF, -78°C, 1 h Mé OH
11 28:93 %; dr=97: 3

Scheme 40Reaction of cinnamylzinc phosphate with 1-trimésignyl-ethanone.

When linear methyl alkyl ketones were used as phbiles, the diastereoselectivity
dropped, and only inseparable mixtures of diasteoeeers could be isolated (Scheme 41).
Thus, with butan-2-one as electrophile, alcd®®ivas obtained in 95 % yield with a dr = 61
39. When 2-octanone was used instead, the corrdsppalcohol 80) was isolated as a 1: 1
mixture of diastereosisomers.

0
L Ph
/\/\ Me R R = /
Ph ZnOP(O)(OEt), > >\/\/
THF, - 78°C, 1 h HO Me
10 29:959%:; dr=61: 39; R =Et

30: 89 %; dr = 50: 50; R = n-Hex

Scheme 41Unselective reaction of alkyl methyl ketones withnamylzinc phosphatt0.

The determination of the structures of the homdallgicohols resulting from the
addition to aromatic ketones could be readily disabd by literature comparisdn In the
case of the methyl alkyl ketones, no direct assgmroould be made, and the alcohsand
27 were converted to the tetrahydrofuré88®&and 34 in a two-step procedure (Scheme 42).
First, the homoallylic alcohols were converted he tliols31 and 32 via a hydroboration-
oxidation sequence, and subsequent cyclizationaghgeved with MsCI in the presence of
EtsN in CHyCI; (the stereochemistry 88 and34 was confirmed by NOESY).
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38
Ph 1. BH3'M0628 Ph MsCl, EtsN B
- THF, 25°C, 4 h - DMAP, Ch,Cl, -0
R P R Me
N = \‘\(\/\OH g -
Me" oH 2.NaBO34H,0 M€ oy P
NaOH
24: R =i-Pr 31:84%; R=i-Pr 33: 69 %; R =i-Pr
27:R=CF; 32:37%; R=CF3 34: 47 %; R = CF5

Scheme 42Synthesis of tetrahydrofuraB8 and34.

The structures thus found confirmed that the aolditf these allylic zinc reagents to

carbonyl derivatives occurda a cyclic chair-like transition state, in which tregge group

(Ry) is preferentially oriented in the pseudo-equalquosition (Scheme 43).

Rs
Rl\[/t\anCI
R{

Scheme 43Postulated cyclic chair-like transition state.

When alkyl vinyl ketones were added to the cinnaing reagentlO in THF at -78
°C, the diastereoselectivity observed in the coading homoallylic alcohols depended of
the level of substitution of one of the two moist{&cheme 44). Thus, whéag reacted with
B-ionone, alcohoB5 was obtained with dr = 66: 34 in 73 % vyield. leingly, when 2-iodo-

cyclohex-2-enone was used as electrophile instigdalcohol36 was obtained with good

diastereoselectivity (94 %; dr > 99: 1).
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Me
Me (@]

Me\/ “ vj
Me ‘ /N

| Me Me Me

" "l

ph™ 7

35; 73 %; dr = 66: 34

e
Ph” X >ZnOP(O)(OEt), ———  THF,-78°C, 1h

10

36: 94 %; dr =98: 2

Scheme 44Reaction of cinnamylzinc phosphdt@with methyl vinyl ketones.

The trimethylsilyl-substituted allylic zinc reagent was then treated with 4-
bromoacetophenone under the same conditions tih 8 substitution could affect the high
selectivity this addition displayed so far. In tloigse, the corresponding homoallylic alcohol
bearing a vinylsilyl functionality37) was obtained in good yield as a single diastsmener
(93 %; dr = 98> 2). Unfortunately, in this cases #xact structure of the product could not be

assessed with certainty (Scheme 45).

o)
Me
Ph Br Ph
Br
H X" >Zn(0O)P(OEY), <
SiMes THF, - 78°C, 1h Me OH SiMe;
16 37:93 %; dr=98: 2

Scheme 45Diastereoselective reaction of organozlonith 4-bromo-acetophenone.

"7 All desilylation attempts failed, preventing amyneparison with the known desilylated alcohols; Ssp, F.;
Kusakabe, M.; Kobayashi, ¥. Chem. Soc., Chem. Commu884 1130.
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Finally, the zinc reageritO appeared to react with imines as well. Thus, whevas
treated with N-benzylidene-4-methyl-benzenesulfonamide in THF &8 °C, the
correspondingynamine38 was obtained in 74 % within 1 h (98 > 2; Schemg’26

T
N‘ S
H
= ‘ |'3h
Ph™ "> 7n0OP(0)(OEY), X N
THF,-78°C,1h NHTs
10 38: 74 %; dr = 98: 2

Scheme 46Addition of cinnamylzinc phosphaf to imines.

3.4. Reaction witha-chiral ketones

3.4.1. Reaction witha-chiral cyclohexanones

In the previous chapter, it has been shown thgli@altinc reagents, prepared by the
LiCl-mediated direct insertion of zinc to allylitlorides or phosphates, react with carbonyl
derivatives in a diastereoselective manner. Togdtigate the possibility of controlling three
adjacent stereocentrem this allylmetal addition, it was envisioned todfuihe condensation
of allylzinc reagents with varioug-substituted ketones. As cyclic ketones constitutee
rigid systems, it was decided to start the study wisubstituted cyclohexanones (Scheme 46
and Table 2). Thus, cinnamylzinc phosphdi® (vas treated with 2-methyl-cyclohexanone;
after 1 h, the reaction was complete and the hdgiigadlcohol 39 was isolated in 90 % vyield

as a single diastereoisomer (dr > 99: 1; Scheme 47)
o}

@MG
OH
Ph™ "> Zn0P(0)(OEN), Q\‘/\
THF,-78°C,1h Me Ph
10 39: 90 %; dr = 99: 1

Scheme 47Diastereoselective addition of allylic reagé&ftto 2-methyl-cyclohexanone

'8 Stereochemistry determined by literature comparistiyabe, H.; Yamaoka, Y.; Naito, T.; Takemoto,JY.
Org. Chem2003 68, 6745.
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This reaction could then be extended to varioasiral cyclohexanones, regardless of
the substitution pattern in theposition of the keto function. Thug;methoxy cyclohexanone
reacted smoothly withO, leading to the corresponding homoallylic alcof#tl) in 87 % yield
and dr > 99: 1 (entry 1 of Table 2) within 1 h ai8-°C. Likewise, larger substituents like an
a-acetoxy or aru-benzyloxy group led to the corresponding homoigllglcohols41 and42
in both good yields and diastereoselectivitiesr{eat2 and 3). Under the same conditions, 3-
(2-oxo-cyclohexyl)-propionitrile reacted with thencamylzinc reagentO to afford, within 1
h at — 78 °C, compoundl3, whose structure was confirmed by X-ray analyd8&s%o; dr > 99:

1; entry 4, see Experimental Part).

Table 2.Reaction of allylic zinc reagents with cyctiesubstituted ketonés.

Entry Allyl zinc ketone Product Yield (%)°

reagent

OMe OH

O
()
%

E)Me Ph

1 10 40 dr=99: 1 87

OAc OH

o
()
)

OAc Ph

2 10 41; dr=99: 1 8%

OBn <OH

o
(
)

E)Bn Ph

3 10 42: dr=98: 2 90

CN H

i O
@)
= i)

>

4 10 43 dr=99: 1 9
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Ay | L

S

45, dr=99:1 87

or
: \T/*s

Ph Ph

46, dr=299:1 26

(o]
Me

e}
é/Ph
O lw

47 dr=99: 1 75

O
O
O

TS
e

P
oM O@OH
MeO Ph Me

9 15 48; dr = 86: 14 90

% Unless stated otherwise, all reactions were chroigt with 1 mmol of ketone and 1.2 mmol of allylimc
reagent at — 78 °C for 1 hisolated yield of analytically pure compoun@Structure proved by X-ray analysis.

Similarly, other heteroatom-substituted cyclohexa®reacted smoothly with allylic
zinc reagentd&0 and11. Thus, the chloro- and thiophenyl subsituted hdiylo@alcohols @4
and45) were both isolated in 73-87 % yield (dr > 98eRfries 5 and 6). Interestingly, when
2-phenyl-cyclohexanone reacted with cinnamylzinogghatel0 under the same conditions,
the corresponding homoallylic alcohdl6) could only be isolated in 26 % vyield (dr > 98: 2;
entry 7). This may be explained by the competitieprotonation of the benzylic protanto
the keto function. Noteworthy, 2-methyl-cycloperdaa led to the alcohel7 in 75 % as a
single diastereoisomer when reacted vii€h(dr > 99: 1; entry 8). The substitution pattern on
the allylic system is important and a decreasedteliaoselectivity was observed when the
substituted-allylic reagerit5 reacted with 2-methoxy-cyclohexanone, leadingh® dlcohol
48 in 90 % with dr = 86: 14 (entry 9). Finally, it isteresting to notice that this addition is
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only selective withu-substituted ketones; indeed, when cinnamyl zingrade 11 was treated
with 3-methyl cyclohexanone, only a 1: 1 mixturedaistereoisomers could be isolated.

The selectivity observed in this reaction can kemalised by considering a cyclic
chair-like transition state, where the allylic zireagent approaches from the sterically less
crowded side (Scheme 48).

Scheme 48Postulated cyclic chair-like transition state.

The prepared alcohols proved to be valuable bulditocks for the preparation of
polycyclic systems. Thus, when 2-allyl-cyclohexamavas added to cinnamylzinc phosphate
(20), the alcohol49 was obtained in 83 %, as a single diastereoisofder> 99: 1).
Subsequent metatheSisvith the Grubbs Il catalyst (5 mol $)ed to the bicyclic alcohd0
in 93 %, whose structure was confirmed by X-raylysia (Scheme 49).

O
= Grubbs Il catalyst Ph
- OH (5 mol%), CH,Cl, | OH
Ph™ " >ZnOP(O)(OEY), ! S (j@
THF,-78°C,1h X~ PN 25°C,5h =
H
10 49:83 %; dr=99: 1 50: 93 %; dr=99: 1

Scheme 49Preparation of bicyclic alcoh&l0 and its ORTEP representation.

¥ For a review on Ring-Closing Metathesis, see: GBsulR. H.; Miller, S. J.; Fu, G. @cc. Chem. Re4995
28, 446.

8 (a) Trnka, T. M; Grubbs, R. Hcc. Chem. Re€001, 34, 18. (b) Chatterjee, A. K.; Grubbs, R. @Ig. Lett.
19991, 1751.
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Likewise, it was possible to synthesize spiro-tegdaofurans in a two-step procedure
starting from the homoallylic alcohol40 and 42 (Scheme 50). After a hydroboration-
oxidation sequence, the corresponding didlend52 were cyclized by the action of MsCl in
the presence of B, leading to the spiro-compound8 and 54 in 55-78 % yield (the
structure ob4 was confirmed by X-ray analysis).

1. BH3-Me,S MsClI, EtsN,

Ph
THF, 25 °C, 4 h on  PMAP, CHCly ‘ %
2. NaBO3-4H,0 = 2
NaOH OMe Ph OMe
40 51:83%;dr=99: 1 53: 55 %; dr=99: 1
1. BH3-Me,S MsCl, EtzN,
| OH THE, 25 °C. 4 h DMAP, CH,Cl, Ph
Z N > : ‘/O
OBn Ph 2. NaBO3-4H,0 OBn Ph B
NaOH OBn
42 52: 77 %; dr =98: 2 54: 78 %; dr = 98: 2

Scheme 50Preparation of spiro-tetrahydrofurasdand54.

Finally, the alcohols that were prepared underveesglective epoxidation directed by
the free OH grouf® Thus, the homoallylic alcoh®9 was treated wittm-CPBA to yield the
corresponding epoxide5 in 82 %, as a single diastereoisomer. Subsequéii L.-mediated
opening of the epoxide led to the did, bearing four contiguous stereocenters with aneeffi

configuration (Scheme 51).

m-CPBA LAH, Et,O OHOH
NaH2PO4 0 OC 1h |~ <
: ) ; \‘/\Me
CHyCl2, 25°C  Me Ph Me Ph

55: 82 %:; dr = 99: 1 56: 95 %; dr=99: 1

Scheme 51Selective epoxidation of homoallylic alcolg9.

81 See: Houk, K. N.; Liu, J.; DeMello, N. C; Condrggk. R.J. Am. Chem. So&997, 119, 10147.
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3.4.2. Reaction with acyclia-chiral ketones

The reaction of allylic zinc reagents with acyctiesubstituted ketones was then
studied. Thus, cinnamylzinc chloridd was treated with 3-chloro-butan-2-one in THF a8—
°C. After 1 h, the homoallylic alcoh&l7 was isolated in 83 %, as a single diastereoisddrer
=98: 2; Scheme 52).

o)
Me
Me)K( Cl Ph
Ph " zncl cl . Me™ S
THF,-78°C, 1 h HO Me
11 57:83 %; dr=98: 2

Scheme 52Reaction of cinnamylzinc chloride 11 with 3-chldyatan-2-one.

Other 3-halo-butan-2-ones reacted with under the same reaction conditions.
Remarkably, the corresponding homoallylic alcohstse not isolated; instead, epoxifi@
was obtained in good yield (Scheme 53). Likewis®syloxy-butan-2-one led to epoxiég,
when reacted with cinnamylzinc chloridd. In this case, the observed selectivity can be

explained considering the Cornforth motfel.

(0]

Me

Me& Cx e H o ph

X ~ ~ <
Ph/\/\ZnC| X Me/O_//\/ Me\\“w

) A o' =~

THF,-78 °C,1h clzn-© Me Me

11 58: 83 %; dr=98: 2; X =Br

86 %; dr=97:3; X =1
90 %; dr=99: 1; X =0Ts

Scheme 53Diastereoselective formation of epoxbig

82 (a) Cornforth, J. W.; Cornforth, R. H.; Mathew, K. J. Chem. Sod 959 112. (b) Evans, D. A; Siska, S. J.;
Cee, V. JAngew. Chem. Int. E@003 42, 1761. (c) Cee, V. J.; Cramer, C. J.; Evans, Dl.AAm. Chem. Soc.
2006 128 2920.
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When non-halide groups like Ph or SPh were usedulistituents, the reaction
afforded the corresponding homoallylic alcoholshigh yields, but with lower selectivity
(Scheme 54). Thus, the alcots was isolated in 87 % with a dr = 91: 9. Under shene
conditions, the thiophenyl-alcoh60 was obtained in almost quantitive yield, as a omixtof

two diastereoisomers (96 %; dr = 81: 19).

0
Me
Me)K( R Ph
R R - —
Ph” " zncl - Mme g
THF, - 78°C, 1 h HO Me
11 59: 87 %;dr=91: 9; R=Ph

60: 96 %; dr =81: 19; R = SPh

Scheme 54Reaction of cinnamylzinc chloridel with a-substituted butanones.

3.4.3. Application to enantioenricheda-chiral ketones

This diastereoselective allylmetal addition couldoabe successfully applied to
enantioenriched-chiral ketones, leading to the corresponding hdlylaaalcohols without
loss of stereoselectivity. Thus, wherB22-methoxy cyclohexanofie((2S)-2hy 94 %ed was
treated with cinnamylzinc phosphat&0f at — 78 °C for 1 h, the corresponding alcohol
(2S5,1R,1°5)-40 was obtained in 81 % (dr > 99: 1; 94 é¢ Scheme 55). Likewise, the
reaction of (®)-3-tosyloxy-butanorfé with 11 led to the enantioenriched epoxis@ which,
upon treatment with LiAllj afforded the homoallylic alcoh@B in good yield (87 %; dr > 99:
1; 99 %ee Scheme 54). This result contrasts with the direetction of butanone with
cinnamylzinc chlorideX1) that displays a poor diastereoselectivity (drl= 89, see Scheme
41.

& Prepared by the PDC oxidation of the commerciallgilable (&)-methoxy-cyclohexan-&)-ol.
& Preparared from the commercially availablB)(£3R)-butan- 2,3-diol in a two step sequence: monotdsyh
and PDC oxidation.



Theoretical Part 47

o}
OMe
(2S)-2b
S (94 % ee)
Ph” " ZnOP(O)(OEt), “
THF,-78°C,1h :

10 ’ ’ OMe Ph
(2S,1R,1°S)-40: 81 %;
dr=99:1;94 % ee

o}
Me
1. MG)KK
OTs
(99 % ee) f’h
THF,-78°C,1h Et
Ph” " zncl W
2. L|A|H4, Etzo, rt Me OH
11 (3R,4S)-29: 87 %;

dr=99:1; 99 % ee

Scheme 55Enantioselective preparation of homoallylic alciob@

3.5. Direct “zinc-ene” reaction from allylic chlorides

The stereochemistry control in C-C bond formatisromne of the major challenges in
organic synthesis. “Metallo-ene” reactions haveady shown that they were powerful tools
to achieve stereocontrol in cyclic molecules. Thaye therefore found many applications in

the synthesis of naturally occurring substancebédBe 5618383985

Me MMG OH
Me
Me/K )\Me Ho?%)

OH Me

(-)-erythrodiene (+)-spirojatamol chokol-A

Scheme 56Natural products prepareth a "metallo-ene" reaction according@ppolzer

8 Chalker, J. M.; Yang, A.; Deng, K.; Cohen,rg. Lett.2007, 19, 3825.
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Although “magnesium-ene” reactions could be diseathrried out from allylic
chlorides, “zinc-ene” cyclisations have been saafdrieved by generating situ the adequate
allylic zinc species, eitheria transmetallatiof? or via a Pd(0) catalysi$ Since the LiCl-
mediated direct insertion of zinc to allylic chides or phosphates proved to be an efficient
and convenient tool for preparing allylic zinc sigs¢ it was envisioned to perform a direct
“zinc-ene” reaction from allylic chlorides that widuead to stereoselectively defined carbo-
and heterocycles.

The required starting allylic chlorides were preghrin high vyields from the
corresponding aldehydeia a two-step sequence: addition of vinylmagnesiurtorate,
followed by a treatment with thionyl chloride (Sahe 57). Noteworthy, these chlorides were
generally not obtained as a single compound, butrasnseparable mixture of allylic

chlorides. This did not prove to be a problem a&sghbsequent zinc insertion led to a single

zinc species.
1. Z “MgCl
THF, - 20 °C Zn, LiCl
RS0 RN"c + RTY™S ———— R “zncl
2. SOCl, Cl THF, 25 °C
Et,0, 25 °C

Ts
61 62 63
[\Am N @\/\AC'
PN @EO\?/ N
Ts
64 65 66

Scheme 57Synthesis of the starting allylic chlorides.

When allyl chloride61 was treated with zinc (6 equiv.) and LiCl (3 equim THF at
25 °C, the reaction was complete within 20 h armbsquent quench with iodine afforded the
cis-cyclopentan&7in 71 % yield (dr = 99: 1, Scheme 58).
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Zn (6 equiv.) - 2, THF /?
LiCl (3 equiv. -20°
N g (3 equiv.) 20 °C E>1
THF, 25 °C, 20 h ZnCl I
61 67:71%;dr=99: 1
Ph Vi
(o]
68: 63 %; dr=99: 1 69: 67 %; dr=99: 1

Scheme 58Diastereoselective "zinc-ene" reactions.

Likewise, the intermediate zinc species could benghed with benzoyl chloride (after
transmetallation with CuCN-2LIiCl) or allyl bromidander copper catalysis), leading to the
cyclopentane derivative88 and 69 in 63 % and 67 % yield respectively and dr > 99: 1
Interestingly, 69 led to the bicyclic specieg0 via a metathesl€ reaction (Scheme 59).
Finally, it is important to notice that only theatiged alkylzinc reagent could be observed
during the reaction, which indicates that the ®ation step was quicker than the zinc
insertion itself.

Grubbs Il catalyst

/é (5 mol %) H
[><\—// CH,Cl,, 25 °C -

69 70: 79%; dr=99: 1

Scheme 59Synthesis o70via a metathesis reaction.

Thecis-selectivity observed can be rationalised by thdicghair-type transition state
depicted in Scheme 60.
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Scheme 60Tentative cyclic chair-like transition state.

The intramolecular “zinc-ene” reaction with alkyneas then studied. Thus, when the
allylic chloride 62 was treated with zinc (6 equiv.) and LiCl (3 equimn THF at 25 °C, the
corresponding cyclic organozinc species formed shipaowithin 40 h. This alkenylzinc
reagent could then be quenched with various elelties, such as iodine or allyl bromide, to
afford the cyclic compoundgl and72 in 64 % and 61 % yield respectively (Scheme 61).
Compound 72 could then be reacted in a metathesis reaéliao, yield the bicyclic

vinylsilane73in 84 % vyield.

2n (6 equiv) \> I, THF N
. n (6 equiv.
Me3SI\/\/\A LIC) (Bequiv) — e 20 7<|
¢l o % _ .
THF, 25°C, 40 h SiMes SiMej
62 71: 64 %
allyl bromide
CuCN-2LiCl
(10 mol %)
0°Cto25°C
A / Grubbs Il catalyst
(5 mol %) @
SiMe;  CH,Clp, 25°C SiMeg
72: 61 % 73:84 %

Scheme 61Cyclisation with alkynes.

This reaction was then used to prepare differetégrbeycles. Thus, the LiCl-mediated

direct zinc insertion to allylic chloridé3 led to the corresponding cyclic organozinc species
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within 40 h at 25 °C. Subsequent quench with iodinallyl bromide afforded the substituted
cis-piperidines74 and 75 in 74 % and 73 % yield respectively (dr = 95: Bh&me 62).
Likewise, tetrahydro-B-pyran derivative76 could be synthesised starting from allylic
chloride64 in 65 % (dr = 93: 7). In this case, the zinc itiserwas achieved within 15 h at
room temperature but the subsequent intramolecytdisation required another 55 h to go to
completion. Furthermore, treatment of piperiditiewith Grubbs Il cataly§? (5 mol %) led
smoothly to the tetrahydroiosoquinolii&ain almost quantitative yield, extending the scope

of the reaction to the formation of bicyclic hetaromatics.

Zn (6 equiv.) = - o
NCI LiCl (3 equiv.) ZnCl E
4
X~ " THF, 25°C, 40-70 h X X
63: X =NTs —
64: X=0

N N
o A A

74: 74 %; dr=95: 5 75: 73 %; dr = 95: 5 76: 65 %; dr=93: 7

/
7

Grubbs Il catalyst
(5 mol %)
75

CH,Cl,, 25°C, 1 h
75a: 95 %; dr =95: 5

Scheme 62Preparation of piperidine and tetrahydropyranwdgives.

Finally, this direct intramolecular “zinc-ene” ré@n was applied to the synthesis of
tetrahydroquinoline derivativesr7 and 78, and to the preparation of substituted
dihydrochromené&9 from the allylic chloride$5 and66 (Scheme 63). Interestingly, in this

case, the stereochemistry was inversed andréms compounds were obtained. This result
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can be rationalised by considering that the cindatayived zinc reagents exist in th){

form in the cyclic chair-like transition state degeid in Scheme 63.

. N N
S Zn (6 equiv.) \' et \'
‘ TN LiCl (3 equiv.) . @j‘\\\\zna C@N\E
oz =
X THF, 25°C, 40 h X X

—= H
- bZnCI
B N 3 L/ 7
. X
@fj ~ m\w Me j,\\\\l !
Pz (0]

A N C[o - -

Ts Ts
77:70 %; dr=98: 2 78: 68 %; dr = 98: 2 79: 64 %; dr = 82: 18

Scheme 63Preparation of heterocycl&g-79 and ORTEP representation¢s.

3.6. Conclusion

In this section, it has been shown that allylicczieagents could be readily prepared
from the corresponding allylic chlorides or phodelkausingvia a direct LiCl-mediated
insertion of zinc. These organometallics then egtith various carbonyl derivatives, under
very mild conditions (1 h at — 78 °C), to yield t@responding homoallylic alcohols in good
yields in a very diastereoselective manner. THidzahc addition could even be extended to

a-chiral ketones, leading to alcohols with threeirted stereocentres. Finally, it was possible
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to carry out a direct “zinc-ene” reaction from &tychlorides, leading diastereoselectively to

various carbo- and heterocycles in moderate to gasds.
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4.  New transition metal-catalyzed cross-coupling reaain

4.1. Highly stereoselective cobalt-catalyzed allylation of functionalized

diarylzinc reagents

Palladium-, nickel- and copper-catalyzed cross-tingp between allylic substrates
and organometallic reagents are among the mostulussdictions catalyzed by transition
metals’® Less attention, though, was given to other trawsitmetals, particularly to
cobalt®*®°®” Furthermore, numerous natural products or molscofe@oharmaceutical interest
present an allyl-aryl core (Scheme 64), which iemfiynthesized by the addition of an aryl
lithium species to an allyl bromide. This methodpugh efficient, presents a very low
tolerance toward functional groups. Thus, it wasidkd to investigate an allylation reaction

with which functional groups could be tolerated.

Surangin B Schweinfurthin A; R =H
Schweinfurthin B; R = Me

Scheme 64Molecules of intrests presenting an allyl-aryleor

Recently, a stereoselective cobalt (ll)-catalyzedss-coupling reaction between

alkylzinc halides or dialkylzinc reagents and adflydhlorides or phosphates was described. It

8 (a) Tamao, K. In: Trost, B. M., Fleming, . andtteaden, G., Editorsomprehensive Organic Synthedisl.

3, Pergamon, Oxford (1991) Chapter 2.2.10.4. (njiT3. Palladium Reagents and Catalys@¥iley, Chichester
(1995). (c) Negishi, E. and Liu, F. In: Negishi, Editor,Handbook of Organopalladium Chemistry for Organic
SynthesisWiley, New York (2002) Chapter 111.2.9 and Chapt#.2.10. (d) Takahashi, T. and Kanno, K. In:
Tamaru, Y., EditorModern Organonickel ChemistrViley-VCH, Weinheim (2005) Chapter 2.3. (e) Shimit
R. and Hayashi, T. In: Tamaru, Y., Editdlodern Organonickel ChemistrViley-VCH, Weinheim (2005)
Chapter 9.2. (f) Magid, R. MTetrahedron1980 (36), 1901-1930. (g) Lipshutz, B. H. and SengufteDrg.
React. 1992 41, 135-631. (h) Karlstrom, A. S. E. and BackvalkEJ.In: Krause, N., EditorModern
Organocopper ChemistryWiley-VCH, Weinheim (2002), 259-288. (i) Yorimits H.; Oshima, K.Angew.
Chem., Int. Ed2005 44, 4435.

8" Mizutani, K.; Yorimitsu, H.; Oshima, KChem. Lett2004 7, 832.
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led exclusively to the \&@-substitution products with full retention of thiouble bond
configuration®® It was therefore envisioned to extend this mettwmdhighly functionalized
diarylzinc reagents, which can be obtained fromdbeesponding aryl iodideda a direct

iodine-zinc exchand@ (Scheme 65).

i-PryZn Rr1 X
(0.6 equiv.) ):F
Li(acac) 2 —\ FG
\_// —
\_/ NMP, 0-25 °C, 2 [Co]" R2
8-18 h

Scheme 65Cobalt-catalyzed allylation of diaryl zinc reagent

First, geranyl chloride was treated with diphenyizin the presence of a cobalt(ll)
salt. A systematic study showed that the besttestdre obtained when geranyl chlori®®,(
1 equiv.) was treated with diphenylzir@5( 1.3 equiv.) in NMP, in the presence of Co(agac)
(10 mol % ; Table 3). In this case, the reactiors wamplete within 1 h, yielding=}-(3,7-
dimethyl-octa-2,6-dienyl)-benzen85) in 87 % yield. Interestingly, when the reactioasv
performed in THF, the amount of homocoupling pradacreased and the conversion was
only 65 % after 1 h at 0 °C.

Table 3. Optimisation of the reaction conditions.

S Ph,Zn (85, 1.3 equiv.)
Cl [Co] catalyst Ph

| Solvent, 1 h, 0 °C |
Me Me Me Me

80 95

8 Kneisel, F. F.; Dochnahl, M.; Knochel, Ragew. Chem. Int. EQ004 43, 1017.
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Entry Catalyst Solvent Conversion (%)?
1 CoBp (10 mol %) NMP 50
2 Co(acag) (2.5 mol %) NMP 24
3 Co(acacg) (5 mol %) NMP 75
4 Co(acag) (10 mol %) NMP 100 (52 82)
5 Co(acag) (10 mol %) THF 65
6 Ni(acac) (1 mol %) NMP 39

2 GC conversion after 18.0.65 equiv. of PZn was used® 1 equiv. of PZn was used® Large amounts of
homocoupling product were observed.

The reaction of the functionalized zinc reag86twith geranyl chloride was then
investigated. Under the same conditions, the beaZ&was isolated in 72 % (entry 1 of
Table 4). This reaction proceeded similarly whea timc reagen86 was formed in a two-
step procedure (an iodine-magnesium exch&hgeollowed by a transmetallation with 0.5
equiv. of ZnBp), yielding 96 in 69 % vyield. Other functionalities are also tated in these
cross-couplings. Thus, the diarylzinc reag@mt bearing a cyano functionality, reacted
smoothly with geranyl chloride affording the beniole 97 in 75 % vyield (entry 2). In a
similar manner, di(3-trifluoromethyl-phenyl)zind88), and di(2-bromo-phenyl)zinc89)
reacted with geranyl chloride, leading to tlg-fienes98 and99 in 87 % and 72 % yield
respectively (entries 3 and 4). Even the bulkierczieagent dinaphthylzin®9@) reacted
smoothly under these conditions conditions, leadinthe expected dierl0in 82 % yield.
Interestingly, when we performed this allylationthwineryl chloride 81), only (2)-dienes
were obtained, showing that the configuration o tthouble bond has been preserved
throughout the process. Thus, when neryl chlorides weacted with the functionalised
diarylzinc reagent88, 91 and92, the correspondingZj-dienes101-103 were isolated in 76-
78 % yield (entries 6-8).

8 Recent review : Knochel, P.; Dohle, W.; Gommermaxn Kneisel, F. F.; Kopp, F.; Korn, T.; Sapoustzi;
Vu, V. A. Angew. Chem. Int. E&ngl.2003 42, 4302.

% For recent advances in halogen-magnesium exchaage,a) Krasovskiy, A.; Knochel, Rngew. Chem. Int.
Ed. 2004 43, 3333. (b) Liu, C. -Y.; Knochel, PQrg. Lett.2005 7, 2543. (¢) Ren, H.; Krasovskiy, A.; Knochel,
P.,Chem. Commur2005 543. (d) Ren, H.; Krasovskiy, A.; Knochel, Brg. Lett.2004 6, 4215.
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Table 4. Reaction of allylic chlorides and phosphates viutictionalized diarylzinc reagents.

O
Zn
2

RMX
R2 Rl —FG
_ \ 7/
2
Co(acac), R
(10 mol %),
NMP, 0°C

X = Cl, OP(O)(OEt),

Entry Allyl chloride or Diarylzinc reagent Product | Yield® (%)
phosphate
1 Geranyl chloride&0) FG =p-CO:Et (86) 96 72 (69%
(> 98 %E)
2 80 FG =m-CN (87) 97 75
(> 98 %E)
3 80 FG =m-CF3(898) 98 87
(> 98 %E)
4 80 FG =0-Br (89) 99 72
(> 98 %E)
5 80 Dinaphthylzinc 90) 100 82
(> 98 %E)
6 Neryl Chloride 81) 88 101 78
(> 98 %2)
7 81 FG =p-COMe (91) 102 76
(> 98 %2)
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8 81 FG =m-Br (92 103 76

(> 98 %2)
9 Geranyl phosphaté®) 91 104 68

(> 98 %E)
10 82 FG = mOMe (93 105 71

(> 98 %E)
11 82 FG =p-OPiv 04) 106 64

(> 98 %E)
12 Neryl phosphate8d) 88 107 70

(> 98 %2)
13 83 90 108 73

(> 98 %2)
14 83 93 109 77

(> 98 %2)
15 Cinnamyl phosphate34) 91 110 67

(> 98 %E)

2 |solated yield of anatically pure compoufidShe zinc reagent was prepared through an |-Mg angé,
followed by a transmetallation with ZnB(0.5 equiv.).

This allylic reaction was then extended to the neasily available allylic phosphates.
Thus, when di(4-methylcarbetoxy-phenyl)zirgd) reacted with geranyl phosphag?) , the
expected)-dienel04 was obtained in 68 % yield. In a similar mannkee, dienel05and the
pivalate 106 were isolated in 64-71 % yield (entries 10 and Ur)der the same conditions,
neryl phosphate8@) led to the Z)- dienesl07-109in moderate to good yields (entries 12-14).
When cinnamyl phosphat84) reacted witl®1, the configuration of the double bond was also
retained, leading to the expected prodilfdin 67 % yield (entry 15).
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Diheteroarylzinc reagents could also be used astsabs. Thus, di(5-iodo-thiophen-
2-yl)zinc (111) was preparedia a direct iodine-zinc excharffeand reacted with geranyl
chloride @0), yielding the expectedE}-dienell3in 77 % (Scheme 66). In a similar manner,

the thiophene derivativé14 was formed in 78 %, showing that a keto functioasvalso

IS Me
<I\@%ZH N S
11 e
Me ‘
X Cl Me

1
Co(acac), Me

tolerated.

_ (10 mol %), 113:77 %
NMP, 0 °C Me
Me Me S S @)
80 \
SX\/ / e
S |
Zn
<Me \\\)% Me Me
114 :78 %
11la

Scheme 66Reaction of geranyl chloride with diheteroarylzieagents.

This cross-coupling reaction was finally applied am expedient synthesis of
Nocarasin G} a metabolite from the Actinomycel¢ocardia Brasiliensisexhibiting some
cytotoxic activity (Scheme 67). After a regiosebeetiodination of 3-hydroxy-benzoic acid
(1195, and subsequent methylation with dimethyl sulfateacetone, the corresponding
methyl-4-iodo-3-methoxy-benzoatgl®) was obtained in 60 %. A direct I-Zn exchange with
i-Pr.Zn and Li(acac) in NMP (20 °C, 12 h) afforded tloereponding diarylzinc reageritX7)
which reacted with geranyl chloride in the presenteCo(acac) (10 mol %) leading to
Nocarasin C118) in 78 % yield.

1 Tsuda, M.; Nemoto, A.; Komaki, H.; Tanaka, Y.; é&m, K.; Mikami, Y.; Kobayashi, J. Nat. Prod.1999
62, 1640.
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i-ProZn (0.6 equiv.),

OH I Li(acac) (10 mol %), Zn
1. 1, KI, NH
2 OMe NMP,25°C,12h °_OMe
25 °C, 3h
2. Mest4, KzCOg,
CO,H acetone, reflux, |
12 h COsMe CO,Me
115 116 : 60 %

geranyl chloride,
Co(acac), (10 mol %),

NMP, 0 °C, 3 h
I\‘/Ie ?Me
\v\©
=
~Cco,Me

Me Me

Nocarasin C (118) : 78 %

Scheme 67Synthesis of Nocarasin C.

In summary, a cobalt-catalyzed allylation reactioh diarylzinc reagents was
developed. Under the reaction conditions, the ecosplings were highly stereoselective, and
provided the §2 products with retention of the double bond camfagion. Functionalities
like an ester, a ketone, or a nitrile were perfetdlerated, which makes this cross- coupling

particularly attractive for the synthesis of polyétional target molecules.

4.2. lron-catalyzed cross-coupling between alkenyl andidnyl sulfonates and

functionalized arylcopper reagents

Palladium- and nickel-catalyzed cross-coupling tieas have been extensively used

6

for forming new carbon-carbon bonds between € (senters®? Recently, iron- and cobalt-

catalyzed reactions have also been repdfte¥’* Whereas arylmagnesium derivatives react

92 (a) Cross-Coupling Reactions. A Practical Guidlep. Curr. Chem2002 219. (b)Transition Metals for
Organic SynthesiéEds. Beller, M.; Bolm,C.) Wiley VCH, Weinheirh998

9 (a) Tamura, M.; Kochi, J. KJ. Organomet. Chem971,31, 289. (b) Tamura, M.; Kochi, J. KBull. Chem.
Soc. Jpnl97], 44, 3063. (c) Kochi, J. KAcc. Chem. Red4974 7, 351. (d) Smith, R. S.; Kochi, J. Kl, Org.
Chem.1976 41, 502. (e) Cahiez, G.; Marquais, ure Appl. Chem1996 68, 669. (f) Fakhfakh, M. A,;
Franck, X.; Hocquemiller, R.; Figadere, B.,Organomet. Cher2001, 624, 131. (g) Hocek, M.; Dvorakova, H.,
J. Org. Chem.2003 68, 5773. (h) Hoélzer, B.; Hoffmann, R. WGChem. Comm2003 732. (i) Ojo, M.;
Murakami, Y.; Aihara, H.; Sakuragi, R.; Baba, Y.pstdmi, A., Angew. Chem. Int.EAR00L 40, 621. (j)
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with aryl halides to give homocoupling products,whas found that the corresponding
arylcopper derivatives give mainly the desired srosupling products>® It was therefore
envisioned to investigate an iron(lll)-catalyzedss-coupling between the alkenyl triflates
and nonaflated19-122and the functionalized arylcopper derivativieg3-130 prepared from
the corresponding arylmagnesium derivati¥%e8.As depicted in Scheme 68 and Table 5, the
cross-coupling reaction occurs readily in DME at’@5leading to product$31-142in 54-90

% yield.

Fe(acac)s = /‘
3 OSOZRl (10 mol %) R3 g

MgCl —Cu(CN)MgCI + I
\ 7 W | P

THF, - 20 °C R?>” “R? DME, 25 °C RZ R

119 : R'=CF; ; R?=Ph ; R®=H 56-90%
120 : R'=C,Fq ; R?=Ph; R®=H
121 : R'=C,Fg ; R?=H; R®=H

Scheme 68lron-catalyzed cross-coupling between alkenylandtes and functionalized arylcopper reagents.

Thus, the alkenyl triflate119* reacted with phenylcopperlZ3 to afford the
corresponding tri-substituted alkeb®1in 86 % yield within 1 h at room temperature (gritr
of Table 5). Interestingly, alkenyl nonaflat?(® showed a similar reactivity towards
arylcopper reagents. Thus, wh&R0 was treated with phenylcopper2@) in the presence of
Fe(aca® (10 mol %), 2,2-diphenylvinylbenzend 31) was isolated in 81 % (entry 2).
Remarkably, electron-poor arylcopper derivativested well with the corresponding alkenyl
sulfonates to provide the expected products in geelds. Thusp-carbethoxy-phenylcopper
(124) underwent a smooth cross-coupling reaction witlate 119 producing ethyl 4-(2,2-
diphenylvinyl)-benzoate 182 in 77% vyield (entry 3). Under these conditions; 3
trifluoromethyl-phenylcopper1@5 reacted with119 to afford the expected alkerd&3 in
74% vyield (entry 4). A cyano functionality was alsierated as the copper derivativ26

Nakamura, N.; Hirai, A.; Nakamura, El, Am. Chem. So2001, 122 978. (k) Alvarez, E.; Cuvigny, T.; du
Penhoat, C. H.; Julia, MTetrahedron1998 44, 119. (I) Finandanese, V.; Marchese, G.; Martvia,Ronzini,
L., Tetrahedron Lett1984 25, 4805. (m) Nakamura, M; Matsuo, K.; Ito, S.; Nakam E., J. Am. Chem.Soc.
2004 126, 3686. (n) Nagano, T.; Hayashi, Drg. Lett.2004 6, 1297. (0)

% Prepared by treating 2,2-diphenylacetaldehyde With equiv. of t-BuOK in refluxing THF for 4 h and
guenching of the resulting enolate wifphenyl-bis-(trifluoromethanesulfonimide) (Ph-N) f

% Prepared by treating 2,2-diphenylacetaldehyde With equiv. of t-BuOK in refluxing THF for 4 h and
guenching of the resulting enolate with nonafluatalbesulfonyl fluoride (Nf-F).
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reacted with the alkenyl nonaflal0 to give the expected cross-coupling prodd@&4j in
56% vyield (entry 5). Likewise, electron-rich arybper reagent, such as 4-methoxy-
phenylcopper ¥27) or the bulkier 2-methyl-phenylcoppef28) reacted smoothly with
alkenyl sulfonatel 19, leading to the corresponding tri-substituteceafls135and136in 78

% and 59 % respectively (entries 6 and 7).

Under the same conditions, the cross-coupling afylvinonaflat&® (121) with
functionalised arylcopper reagents provided theresmonding functionalized styrene
derivatives in 62-71 % yield (entries 8-10). Thps;arbethoxyphenylcopped 24) reacted
within 30 min with121 leading to the desired ethyl 4-vinylbenzoat87 in 64% vyield. In
contrast, 22 h were required for the reaction oaphthylcopperl29 with 121to complete,
providing 1-vinylnaphthalenel88) in 71 % yield. It is interesting to notice thdthaugh aryl
sulfonates showed little reactivity towards arylpep reagents’ here alkenyl sulfonates
prove to be much more reactive under these comgitifollowing the general tendency

(alkenyl halides are more reactive than aryl halitecross-couplings).

Table 5.Reaction of functionalized arylcopper reagent$aikenyl and dienyl sulfonatés.

Entry Alkenyl Aryl copper reagent Product Yield (%)"
sulfonate
Ph
>=\ @Cu(CN)MgCl |
Ph  OTf Ph™ "Ph
1 119 123 131 86"
Ph
Ph o ONf
2 120 123 131 81°
CO,Et
EtOZCOCu(CN)MgCI |
Ph™ “Ph
3 119 124 132 79

% prepared according to: Lyapkalo, I. M.; Webel, ReiRig, H-U.Eur. J. Org. Chenm2001, 4189.
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F3C /(©\CF3
@—Cu(CN)MgCI Ph”™ “Ph
4 119 125 133 74 (41, 59)
NC /(Q\CN
@CU(CN)MQC| Ph Ph
5 120 126 134 56
OMe
MeOOCu(CN)MgCI /(©/
Ph Ph
6 119 127 135 8
Me
GCU(CN)MgCI |
Me
Ph Ph
7 119 128 136 59
CO,Et
1 |
8 121 124 137 64
S cimen | S
9 121 129 138 71
Br.
@—(:u(CN)Mga | Br
10 121 130 139 62
ONf FsC
11 122 125 140 od
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12 122 124 141 86

13 122 129 142 72

% Unless stated otherwise, all reactions were aharoet on a 1 mmol scale using 2.8 equiv of arylespp
derivative and 10 mol% of Fe(acgc) Isolated yield of analytically pure produ€tReaction carried out with 2
equiv of arylcopper reagent;Isolated yield when 2.8 equiv of arylmagnesiumodhle was used instead of
arylcopper derivative? GC conversion after 4 h in the case where no Befais used; Reaction carried out
with 1.4 equiv of arylcopper reagent.

Finally, this cross-coupling reaction could also gerformed with dienyl sulfonate
1227 yielding the corresponding dien&d40-142 in good vyields. Thus, when nonaflatg2
was reacted with 3-trifluoromethyl-phenylcopp&R®, the expected cross-coupling product
140 was isolated in 90% vyield (entry 11). Ethyl 4-©juéxa-1,5-dienyl-benzoatd41) was
obtained under the same conditions in 86% yieldryeh?), and 1-naphthylcoppelZ9),
when treated witi22, led to the corresponding diehé2in 72 % vyield (entry 13).

In summary, it has been shown that alkenyl sulematact with functionalized
arylcopper reagents in the presence of Fe(aaagJer mild conditions (25 °C). This cross-
coupling could also be applied to dienyl sulfonatédsading to the corresponding
functionalized dienes. Thus, iron salts have praeebe a good alternative to palladium- and
nickel-catalyzed cross-coupling reactions, as tlagpear to be efficient, cheap, and

environmentally safe catalyst.

" Obtained from 2-cyclohexenonré treatment with LDA and Nf-F.
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4.3. Nickel-catalyzed cross-coupling between aryl phospltes and

arylmagnesium reagents

Transition metal-catalyzed cross-coupling reactibase been widely used for the
formation of carbon-carbon and carbon-heteroatomdbo Thus, palladium and nickel
catalysts have been successfully used with a veidge of electrophiles (aryl halides, triflates,
tosylates, carbamates) and organometallic reademgnesium, zinc, tin or borofj In
1981,Kumadareported the cross-coupling of various organorhesalith aryl phosphates in
the presence of Ni(acacf Nonetheless, these cross-couplings required leagtion times
(6-16 h) and high loadings of both catalyst (5 ®i@l and organometallic species (up to 3
equiv.). Therefore, it was envisioned to invesegah improved cross-coupling between aryl
phosphated 143147 and various arylmagnesium reagentst&155), leading to the

corresponding biaryls (Scheme 69).

o Ar—MgX
I
Ar'—=0—P(OEt), Arl—Ar?
[Ni]°

Scheme 69Nickel-catalyzed cross-coupling between aryl phases and arylmagnesium reagents.

In early experiments, the nickel-catalyzed reactdril-naphthyl diethyl phosphate
(143 with phenylmagnesium chloridel48) was studied. Screening of several catalysts,
solvents and reaction conditions showed that optiesults were obtained with Ni&tppe)
(2 mol %) in diethyl ether at 25 °C. Under thesadittons using phenylmagnesium chloride
(1.2 equiv.), the conversion was complete withinnd@ yielding 1-phenylnaphthalen&56)
in 92 % (entry 1 of Table 1). Importantly, the sareaction could be carried out at -20 °C
overnight affording 1-phenyl naphthalene in 87 %ldi This reaction was then extended to
other arylmagnesium reagents obtained from theespanding aryl iodides or bromideis a

bromine- or iodine-magnesium exchafige’ The first attempts to coupl@é43 with 3-

% (a) Hayashi, T.; Katsuro, Y.; Okamoto, Y.; Kumadih, Tetrahedron Lett1981, 22, 4449. For the nickel-
catalysed cross-coupling of organic halides witig@ard reagents, see : (b) Tamao, K.; SumitaniKkimada,

M. J. Am. Chem. So&972 4374. (c) Tamao, K.; Sumitani, K., Kiso, Y.; Zeaylashi, M.; Fujioka, A.; Kodama,
S-l.; Nakajima, I.; Minato, A.; Kumada, MBull. Chem. Soc. Jph976 1958. (d) Corriu, R. J. P.; Nasse, J. P.
Chem. Commurl972 144.

% Aryl phosphates are readily prepared in high wdtom the corresponding phenol derivativés treatment
with NaH (1.2 equiv.) in THF, followed by diethyhiorophosphate (1.2 equiv.).
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trifluoromethyl-substituted phenylmagnesium reag@d®) were unsuccessful though. Thus,
the expected 1-(3-trifluoromethyl-phg¢mdphthalene 157),
homocoupling product could be observed. It was tkamisioned that isopropyl iodide

instead of only the

(resulting from the exchange reaction) could iresf This proved to be true, as the desired

product157 could be isolated in 80% yield, when this iodidaswemovedn vacuoprior to

coupling reaction (Scheme 70 and entry 2).

Table 6. Nickel-catalyzed reaction of functionalized arybmasium reagents with aryl

phosphate8.
Entry Aryl phosphate Aryl magnesium Product Yield
reagent (%)°
R —
OP(O)(OEY), Ar
2 143 149 R =m-Ck; 157 Ar = mCFR;CgHg4 80
158 Ar = 3,5-
3 143 150 R = 3,5-(Ck); (CFs)2CeH3 72
4 143 151 R =3,4-k 159 Ar = 3,4-RCgH3 64
5 143 152 R = 3,5-h 160 Ar = 3,5-RCgH3 54
6 143 153 R =p-CFs 161 Ar = p-CF;CgHa 42
7 143 154 R =p-F 162 Ar = p-FCsH, 35
8 143 155 R =p-OMe | 163 Ar = p-OMeGsH4 8%
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o
K?)
U

OP(O)(OEt), h
9 144 148 164 64

&

p-OMeCgH,
10 144 155 165 70°
§j%op(0)(oa)2 @—Ph
MeO MeO
11 145 148 166 80"
|v|e04<j>—op(0)(oa)2 MeOOPh
12 146 148 167 8%
§j%op(0)(0|zt)2 @—Ph
FsC FsC
13 147 148 168 6%

# Unless stated otherwise, all reactions were ahroiet on 1 mmol scale using 2 equiv. of arylmagmasi
chloride and 1 mol % of NiGldppe).” Isolated yield of anatically pure produtt.2 equiv. of Grignard reagent
were used” The reaction was carried out at -20 °C overnityBtmol % of NiCh(dppe) was used.

Other electron-deficient arylmagnesium reagentsteghwell under these conditions.
Thus, reaction of 3,5-bis-trifluoromethyl-phenylm&gium chloride {50 with the phosphate
143 led to the expected naphthalene derivalig8in 72 % yield (entry 3). Likewise, the di-
substituted phenylmagnesium reagetfid and152 afforded the cross-coupling produdts9
and 160 in 64% and 54 % yield respectively when they re@otvith the phosphat&43
(entries 4 and 5). Interestingly, the electron-ppara-substituted arylmagnesium reagents
(153 and 154 led to mediocre results. Thus, the reaction dfifisoromethy-phenyl
magnesium chloridelf3) with 143 afforded the expected produlBl in 42 % yield (entry
6). Under the same conditions, the flurophenyl-tiaglenel62 was obtained in 35% vyield
(entry 7).
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i. I-PrMgCI-LiCl,

CF
FsC -20°C, 2h 3
o W,
i. 148
: FsC
1 . 0
(2 equiv.) (1 equiv.) > 90 % (GC)
OP(O)(OEt), + traces of 157
NiCl,(dppe)
(2 mol %),
Et,0, 25 °C
i. iPrMgCI-LiCl,
-20°C,2h
ii. evaporation in OO
FsC vaccuo of i-Prl
@' a
i 148 S
(1 equiv.) CF;
(2 equiv.)
OP(O)(OEt),
157 : 80%
NiCl,(dppe)
(1 mol %),

Et,0, 25 °C, 2 h

Scheme 70Influence of the presence iePrl on the reaction.

Electron-rich magnesium derivatives could also bgedu Thus, 4-methoxy-
phenylmagnesium bromidel}5 reacted readily with143 leading to the expected
methoxyphenyl-naphthalerd®3in 82 % yield (entry 8).

Electron-rich aryl phosphates prove to react lesslyeunder these conditions. Thus,
36 h are required for the reaction of 5-benzo[liédlyl diethyl phosphate144) with
phenylmagnesium chloride, leading to the expectedsecoupling product64in 64% vyield
(entry 9). The reaction time could nonethelesshmetened using a larger amount of catalyst.
Thus, 5-(4-methoxyphenyl)-benzo[1,3]dioxols) could be obtained in 70% yield within 3
h using 3 mol % of the catalyst (entry 10). Unde same conditions, 3-methoxy-phenyl
diethyl phosphatelé5 and 4-methoxy-phenyl diethyl phosphalel), when reacted with
phenylmagnesium chloride48, led to the corresponding biaryd$6 and167in 80 % and 82
% vyield respectively (entries 11 and 12). The etecteficient aryl phosphat&47 reacted
also readily to give the expected cross-couplingdpct 168 in 69 % vyield (entry 13).
Interestingly, the reaction of 4-bromophenyl di¢timhosphate 169 with 1.2 equiv. of

phenylmagnesium chloridel48 is chemoselective; thus, when the cross-coupiias
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carried out at 0C for 1 h in diethyl ether, the bromide reactedfgmentially to yield the
biphenyl phosphatd70 in 72 % vyield (Scheme 71). Nonetheless, when #setion was
performed with 4-chlorophenyl diethyl phosphatelyom mixture was obtained, where the
major product was [1,1';4',1"|terphenyl. Finaliy,is important to notice that this cross-
coupling is very sensitive to steric hindrance. §hmeaction of mesithylmagnesium bromide
(171 with phosphatel43 did not proceed, and only traces of cross-coupfirgduct were
observed when 2-tolyl diethyl phosphal&?) was reacted with phenylmagnesium chloride

(149.

Ph—MgCl
(1.2 equiv.) (”)
Br@OP(O)(OEt)Z Ph@O—P(OEt)Z
NiCl,(dppe)
(1 mol%)
169 EtZO, 0 OC, 1h 170 : 72%

Scheme 71Chemoselective cross-coupling with phospti#i@

In summary, an improved nickel-catalyzed cross-togpof aryl phosphates with
arylmagnesium reagents was developed. Under mihdlitons, a few functionalities were

tolerated, and the corresponding biaryls were abthin moderate to good yield.
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5. Summary and outlook

5.1. LiCl-mediated preparation of allylic zinc reagentsand their reaction with

electrophiles

In a first part, it has been shown that variouglializinc reagents could be efficiently
and conveniently prepared from the correspondityi@achlorides or phosphates under very
mild conditions. Thus, cinnamylzinc chloridel could be obtained in 78 % within 1 h,

without the formation of homocoupling products (Sate 72).

Zn (3 equiv.)

LiCl (3 equiv.)
ph "¢ - P " zncl

THF, 25°C, 1 h

11: 78 %

Scheme 72Preparation of cinnamylzinc chlorid4.

The reaction of these highly reactive organomesllwith various carbonyl
derivatives was then found to be highly diastersasiee, affording the corresponding

homoallylic alcohols in high yield in a setereogotied manner (Scheme 73).

0
)k Ph I:QS
R “Rs : > 7ZnCl
Pz oy~ Ph—// =g
THF, - 78°C, 1 h HO Rs R/

Scheme 73Addition of allylic zinc reagents to carbonyl dexdives.
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This addition could even be extended to cyclic aogtlic a-chiral ketones, leading to
the corresponding alcohols with good diastereoseiges. Thus,a-acetoxy-cyclohexanone
reacted smoothly with cinnamylzinc phospha€eto yield alcoholdl as a single compound
(Scheme 74).

O

_OAc
e
©/\A2nop(0)(oa)2 - Y\
THF, -78°C, 1 h OAc Ph

10 41:83%;dr=99: 1

Scheme 74Preparation of homoallylic alcohdll, and its ORTEP representation.

Finally, “zinc-ene” cyclisations could be performédectly from allylic chlorides,
leading to the corresponding carbo- and heterosy{&eheme 75).
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72
. N X
Zn (6 equiv.) B \'
. . /\/ r

E\ACI LiCl (3 equiv.) 7nCl [j/\/\

'?‘/\/ THF, 25 °C, 40 h N Ci%CN'IZ('J-/iC' N

|
Ts Ts ( mo 0) Ts
63 75:73%;dr=95:5

Grubbs Il catalyst
(5 mol %), CH2C|2
25°C,2h

75:95%:dr=95:5

Scheme 75Formation of heterocycles via a "zinc-ene" cyclma

5.2. Highly stereoselective cobalt-catalyzed allylation of functionalized

diarylzinc reagents

In a second project, a cobalt-catalysed allylatieaction of diarylzinc reagents was
developed. Under the reaction conditions, the ecosplings were highly stereoselective, and
provided the §2 products with retention of the double bond camfagion. Functionalities
like an ester, a ketone, or a nitrile were perfetiilerated (Scheme 76). This cross-coupling

was also applied to the expedient synthesis of NeoaC.
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Me
NS /\/CFg

geranyl chloride \
5

e | Me OMe
Co(acac), Me Me X
@Zn — (Nll\(jl:‘;' 2/2 98: 87 % (> 98 % E)
2 , Me | CO,Me
80 X Me~ ~Me
neryl chloride ‘ CFs Nocarasin C
Me Me

101: 78 % (> 98 % 2)

Scheme 76Stereoselective allylation of diarylzinc reagents.

5.3. Iron-catalyzed cross-coupling between alkenyl andidnyl sulfonates and

functionalized arylcopper reagents

In a third project, it has been shown that alkeswfonates react with functionalised
arylcopper reagents in the presence of Fe(acacler mild conditions (room temperature).
This cross-coupling could also be applied to dieswfonates, leading to the corresponding

functionalized dienes (Scheme 77).

EtOZC@Cu(CN)MgCI
ar ases™

Fe(acac); (10 mol %), DME, 25 °C, 1 h

122 141: 86 %

Scheme 77Preparation of dieng41
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5.4. Nickel-catalyzed cross-coupling between aryl phospltes and

arylmagnesium reagents

Finally, in a fourth project, an improved nickelt&igzed cross-coupling of aryl
phosphates with arylmagnesium reagents was dewkldgader mild conditions, a few

functionalities were tolerated, leading to the esponding biaryls (Scheme 78).

O Ly

OP(0)(OEY), NiClz(dppe), THF, 25 °C, 30 min O
|
OMe
143 163: 82 %

Scheme 78Preparation of biaryl63
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6. General considerations

Unless otherwise stated, all reactions were camigidwith magnetic stirring and, if air or
moisture sensitive, in flame-dried glassware andeunargon. Syringes used to transfer

reagents and solvent were purged with argon poioise.

Solvents

Solvents were dried according to standard methgdslistillation over drying agents as
follows: dichloromethane, DMF, NMP and pentane (@aHHF, diethylether and DME
(Na/benzophenone), toluene (Na), methanol, ethandl isopropanol (Mg), pyridine and
triethylamine (KOH).

Reagents

Reagents of > 98% purity were used without furgnanification. The following reagent were
prepared according to literature procedures: dietinnamyl phosphat& diethyl myrtenyl
phosphaté®>  1-chloro-4-methyl-pent-2-erf&®  ((E)-3-chloroprop-1-enyl)cyclohexart&:
diethyl (3-phenyl-2-trimethylsilanyl-allyl) phosptegt®® 2-iodo-cyclohex-2-enon&> N-
benzylidene-4-methyl-benzenesulfonamitfe, 2-benzyloxy-cyclohexanorn& 2-
phenylsulfanyl-cyclohexanor® 3-iodo-butan-2-on&?’ hex-5-enal® 6-trimethylsilanyl-

hex-5-ynal’®  N-allyl-4-methyl-N-(3-oxo-propyl)-benzenesulfonamid®,  3-allyloxy-

19 Chan, T. H.; Mychaljlowskij, W.; Ong, B. S.; Hargp. N.J. Org. Chem1978 43, 1526.

191 gmith, J. G.; Drozda, S. E.; Petraglia, S. P.n@uN. R.; Rice, E. M.; Taylor, B. S.; Viswanath&h,J. Org.
Chem.1984 49, 4112.

192 prepared according to refernce 68 starting freerctirresponding alcohol: Shipman, M.; Thorpe, H. R.
Clemens, |. RTetrahedronl998 54, 14265.

193 william, A. D.; Kobayashi, YJ. Org. Chem2003 67, 8771.

194 Masquelin, T.; Obrecht, BBynthesid 995 3, 276.

1% Demaele, D.; D"Angelo, Tetrahedron Lett1989 30, 345.

1% Hannaby, M.; Warren, Seerahedron Lett1986 27, 765.

197 Barluenga, J.; Martinez-Gallo, J. M.; Najera, Yus, M. Synthesid 986 8, 678.

198 Meyer, C.; Marek, I.; Courtemanche, G.; Normant.Jetrahedronl 994 50, 11665.

19 Witulski, B.; BergstraRer, U.; GoRmann, Wetrahedror200Q 56, 4747.

10 parsons, A. F.; Pettifer, R. M. Chem. Soc., Perkin Trans1998 651.
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propionaldehydé!  N-allyl-N-(2-formyl-phenyl)-4-methyl-benzenesulfonamidé, neryl
chloride’® geranyl phosphat@,neryl phosphat&, methyl 4-iodo-3-methoxy-benzoat& and

vinyl nonaflate***

CUCN2LiCI*** solution (1.0 M) was prepared by drying CUCN (886, 10 mmol) and LiCl
(848 mg, 20 mmol) in a Schlenk flask under vacuonbfh at 140°C. After cooling to rt, dry

THF (10 mL) was added and stirring was continuetd tive salts were dissolved.

Organolithium reagents:
n-Buthyllithium was used as 1.5 M solution in hexg@aemetall).
t-Buthyllithium was used as 1.5 M solution in peg§@hemetall).

Organozinc reagents:

PhZn was prepared by Mg/Zn exchange from PhMgBr AnBr,, as a solution in
toluene (1 M).

i-Pr,Zn*® was prepared by Mg/Zn exchange frefarMgBr and ZnBj, as a solution in
diethyl ether (5-7 M).

Content determination of organometallic reagent:
Organolithium and organomagnesium solutions weratéid according to the Paquette or
Krasovskiy procedures/**® The concentration of organozinc solutions weremteined by

back titration of iodine with an aqueousJSg03; solution.

Chromatography

Thin layer chromatography (TLC) was performed usahgminium plates coated with SiO

(Merck 60, F-254). The spots were visualized by lijht and by treating the plate with

different solutions:

" Farquhar, D.; Cherif, A.; Bakina, E.; Nelson, JJAMed. Cheml1998 41, 965.
“2Mahmud, H.; Lovely, C. J.; Dias, H. V. Retrahedror2001, 57, 4095.

13 gpeicher, A.; Kolz, J.; Sambanje, R.Synthesi®002 17, 2503.

14| yapkalo, I. M.; Webel, M.; ReiRig, H-UEur. J. Org. Chen2001, 4189.
15p Knochel, M. C. P. Yeh, S. C. Berk, J. Talb&rQrg. Chem1988 53, 2390.
18 Boudier, A., PhD Thesis, LMU Miinche2Q01

17 1in, H. S.; Paquette, L. A8ynth. Commuri994 24, 2503.

18 Krasovskiy, A.; Knochel, FSynthesi®006 5, 890.



Experimental Part 79

*« KMnOy4 (3 g), KCOs (20 g), KOH (0.3 g) in water (300 mL)

e Phosphomolybdic acid (10 g) in absolute ethandd (hl)

e Cerium molybdate: phosphomolybdic acid (5 g), Cels@ g), conc. HSO,
(12 mL) in water (230 mL).

Flash column chromatography was performed using 66000.040-0.063 mm; 230-400 mesh
ASTM) from Merck and the amount of silicagel waslcotted according to the

recommendations of W. C. Sth®

Analytical data

Melting points were uncorrected and measured on a Bichi B-548rafys.

NMR spectra were recorded on a Varian Mercury 200, MRBS and on a Bruker ARX 300,
AMX 600 instruments. Chemical shiftd/ppm) were given relative to CD£(7.26 ppm, for
'H-NMR, 77.0 ppm for*C-NMR).

For the characterization of the observed signaliplidities the following abbreviations were
applied: s (singlet), d (doublet), dd (doublet detih dt (doublet triplet), t (triplet), q
(quartet), m (multiplet) and br (broad).

Infrared spectra were recorded from 4000-400'com a Nicolet 510 FT-IR or a Perkin-
Elmer 281 IR spectrometer or BX FT-IR System witBraith Durasampl IR 1I, ATR unit in

substance. Samples were measured either as neat arfilm between sodium plates for
liquids and as potassium tablets for solids. Theogition bands were reported in wave

numbers {/cm™).

Optical rotations were measured on a Perkin-Elmer 241 polarimeter.

Mass spectroscopymass spectra were recorded on a Finnigan MAT 86 Finnigan 90
instrument for electro impact ionization (El). Highsolution mass spectra (HRMS) were
recorded on the same instruments. Fast atom bomieatd FAB) samples were recorded in

either a 2-nitrobenzyl alcohol or a glycerine-matri

H9.gtjll, W. C.; Khan, M.; Mitra, AJ. Org. Chem1978 43, 2923.
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Determination of the enantiomeric excess

Gas chromatography(GC) was performed on the following columns:

* Chiraldex B-PH, Astec, G0112-18 (30.0 m x 250 x 0.00um),

* Chirasil-L-val, Varian, CP7495 (25.0 m x 2ffh x 0.12um),

* Chirasil-Dex CB, Varian, CP7502 (25.0 m x 35 x 0.25um),
12.10 psi, 2.8 mL/min, Hflux.

» TFA-y-Cyclodextrin, Astec, G 9105-18 (30.0 m x 3%t x 0.00um)
10.86 psi, 2.1 mL/min, Hflux.
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7. Preparation and reactions of allylic zinc reagents

7.1. Typical Procedures (TPs)

7.1.1. Typical procedure for the formation of allylzinc reagents from allylic chlorides

or phosphates (TP1):

LiCl (105 mg per mmol of substrate, 2.5 equiv.) viaed at 450 °C for 3 min under high

vacuum in a 25 mL Schlenck tube, before zinc d280 (mg per mmol of substrate, 3 equiv.)
was added. The mixture was heated at 450 °C fahan® min under high vacuum, before
THF (0.5 mL per mmol of substrate) was added. Zs tha&n activated with DBE (0.02 mL

per mmol of substrate) and TMSCI (0.01 mL per mofatubstrate) successively. A solution
of the allylic chloride or phosphate in THF (1 merpmmol of substrate) was then added to
the Zn suspension at 25 °C, which was furtherestiat the determined temperature until the
reaction was complete (as determined by GC analyEie solution was then centrifuged and

titrated by iodolysis to determine the yield.

7.1.2. Typical procedure for the reaction of allylic zincreagents with aldehydes, ketones

or imines (TP2):

A solution of the aldehyde or ketone (1 mmol) inHKL.5 mL) was added dropwise to a
solution of the allylic zinc reagent (1.2 mmol)-a#8 °C. The resulting solution was further
stirred at this temperature until the completionhef reaction (determined by TLC and-or GC
analysis). The reaction was subsequently quenchigdwater (1 mL), and extracted several
times with diethyl ether. The organic phases wepenlined, dried over MgSQ and

concentrated to afford a crude product, which wagfipd by flash chromatography.
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7.1.3. Typical procedure for the intramolecular “zinc-ene” reaction (TP3):

To a pre-activated suspension of zinc powder (8@0 2.2 mmol) and LiCl (210 mg, 5
mmol) in THF (1 mL), was added a solution of thé/led chloride (or mixture of allylic
chlorides) (2 mmol) in THF (2 mL) at 25 °C. The uki®ig solution was stirred at this
temperature until the reaction was complete (asrdetbed by GC analysis). The solution was

subsequently centrifuged, and the clear solutiansfierred to a flame-dried Schlenk tube.

7.2. Experimental section:

Preparation of cinnamylzinc phosphaté)(

WZnOP(O)(OEt)Z

Prepared from cinnamyl phosphate (2.70 g, 10 mmaoiy, dust (2.00 g, 3 equiv.), LiCl (1.10
g, 2.5 equiv.), and THF (15 mL) accordingTiBl1 (reaction time: 18 h at 25 °C). Titration by

iodolysis indicated a concentration of 0.47 M (72 %

Preparation of cinnamylzinc chlorid&1):

Prepared from cinnamyl chloride (1.53 g, 10 mmzih¢ dust (2.00 g, 3 equiv.), LiCl (1.10 g,
2.5 equiv.), and THF (15 mL) according T®1 (reaction time: 1 h at 25 °C). Titration by

iodolysis indicated a concentration of 0.52 M (78 %
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Preparation of (R)-(-)-myrtenylzinc phosphatel P):

M
Me—/ €

Mmop(oxomz

Prepared from phosphoric acid 6,6-dimethyl-bicy8ld[1]hept-2-en-3-ylmethyl ester diethyl
ester (2.88 g, 10 mmol), zinc dust (2.00 g, 3 equbiCI (1.10 g, 2.5 equiv.), and THF (15
mL) according toTP1 (reaction time: 48 h at 25 °C). Titration by iogké indicated a
concentration of 0.41 M (61 %).

Preparation of 4-methyl-pent-2-enylzinc chlorid&)(

Me

|
Yz ZnCl
Me/\/\/

Prepared from 1-chloro-4-methyl-pent-2-ene (1.19@mmol), zinc dust (4.00 g, 6 equiv.),
LiCl (1.10 g, 2.5 equiv.), and THF (15 mL) accomglito TP1 (reaction time: 15 h at 40 °C).
Titration by iodolysis indicated a concentratior0o42 M (63 %).

Preparation of 3-cyclohexylprop-2-en-1-vlzinc clider (14):

O/vzm:l

Prepared from §)-3-chloroprop-1-enyl)cyclohexane (1.59 g, 10 mmaihc dust (2.00 g, 3
equiv.), LICl (1.10 g, 2.5 equiv.), and THF (15 m&gcording torP1 (reaction time: 20 h at
25 °C). Titration by iodolysis indicated a concatitbn of 0.43 M (65 %).
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Preparation of 3-phenyl-but-2-enylzinc phosphats:(

Me
©)\/\ZnOP(O)(OEt)2

Prepared from phosphoric acid diethyl ester 3-phbuai2-enyl ester (2.85 g, 10 mmol), zinc
dust (2.00 g, 3 equiv.), LiCl (1.10 g, 2.5 equiand THF (15 mL) according fBP1 (reaction
time: 15 h at 40 °C). Titration by iodolysis indied a concentration of 0.46 M (70 %).

Preparation of 3-phenyl-2-trimethylsilanyl-prop-@y&zinc phosphatel):

"> ZnOP(0)(OE),
SiM83

Prepared from phosphoric acid diethyl ester 3-ph2dyimethylsilanyl-allyl ester (3.42 g, 10
mmol), zinc dust (2.00 g, 3 equiv.), LiCl (1.102)5 equiv.), and THF (15 mL) according to
TP1 (reaction time: 24 h at 40 °C). Titration by ioggb indicated a concentration of 0.42 M
(63 %).

Preparation of (1R*)-(2S*)-diphenyl-but-3-en-1-4l7j:

Prepared from benzaldehyde (107 mg, 1.0 mmol) anmthmylzinc phosphate(, 1.2 mmol)
according toTP2. Purification by flash chromatography (eluent: toee: ether = 9: 1)
provided the pure compourdd (214 mg, 96 %) as a colourless oil. dr = 94: 6.

'H-NMR (CDCl 3, 300 MHz) & / ppm = 7.03-7.25 (m, 10 H), 6.19-6.33 (m, 1 H)},855.30
(m, 2 H), 4.86 (dJ = 7.9 Hz, 1 H), 3.52-3.60 (m, 1 H) 2.10-2.35 (bt $).
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¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 142.1, 140.9, 138.1, 128.6, 128.6, 12827.7,
126.9, 126.8, 118.7, 77.5, 59.5.

IR (neat): vicm™ = 3417, 3063, 3029, 2907, 1637, 1601, 1493, 1459]1, 1027, 917, 848,
760, 696.

MS (El, 70 ev): m/z (%) = 206 (3), 118 (100), 115) 207 (55), 79 (41), 77 (18).

HRMS (EI): calcd. for [GeH160 — HO]™: 206.1096; found: 206.1127.

Preparation of (5-iodo-furan-2-y)-(3-methyleneymm[3.1.1]hept-2-yl)-methanollg):

Me\/'vIe
CH,

H
N O
HO' " \/l
H \\\//

Prepared from 5-iodo-furan-2-carbaldehyde (222 in@,mmol) and (IR)-(-)-myrtenylzinc
phosphate 12, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent:
pentane: ether = 7: 3) provided the pure compdi(B40 mg, 95 %) as a yellow oil. dr >
99: 1.

'H-NMR (CDCl 3, 300 MHz). & / ppm = 6.50 (dJ = 2.6 Hz, 1 H), 6.24 (d] = 2.8 Hz, 1 H),
4.90 (dt,J=7.1 Hz,J= 1.8 Hz, 2 H), 4.47 (d] = 9.7 Hz, 1 H), 2.82-2.97 (m, 2 H), 2.52t,
= 5.4 Hz, 1 H), 2.25-2.36 (m, 1 H), 1.91-2.02 (nH)] 1.44-1.53 (m, 1 H), 1.29 (s, 3 H), 1.25
(d,J=10.5 Hz, 1 H), 0.78 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 160.7, 151.6, 121.1, 112.3, 111.4, 87242,752.6,
41.6, 40.7, 40.3, 27.8, 26.8, 26.0, 21.8.

IR (neat): vicm* = 3407, 3072, 2976, 2917, 2868, 1632, 1484, 14383, 1368, 1260, 1195,
1102, 1030, 1009, 911, 881, 784, 753.

MS (El, 70 ev): m/z (%) = 358 (1), 340 (2), 224 (823 (100), 222 (7), 136 (17), 93 (35), 92
(19).

HRMS (EI): calcd. for [GsH10lO]": 358.0430; found: 358.0411.

[e]o (c = 0.0099 g.mL, CHCI3) = - 19.6
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Preparation of (R*)-(35*)-2-(4-bromo-phenyl)-3-phenyl-pent-4-en-2-80}:

Prepared from 4-bromoacetophenone (199 mg, 1.0 jremdl cinnamylzinc chloridel(, 1.2
mmol) according tad'P2. Purification by flash chromatography (eluent: toewe: ether = 8: 2
+ 1 % EgN) provided the pure compou2® (315 mg, 99%) as a colourless oil. dr > 99: 1.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.42 (dJ = 8.5 Hz, 2 H), 7.05-7.32 (m, 7 H), 6.07-
6.17 (m, 1 H), 5.08 (d] = 10.3 Hz, 1 H), 4.96 (d,= 17.1 Hz, 1 H), 3.58 (d, = 8.8 Hz, 1 H),
2.00 (brs, 1 H), 1.43 (s, 3 H).

13C-NMR (CDCls, 75 MHz): & / ppm = 145.4, 139.8, 137.0, 130.8, 129.5, 12827.5,
127.0, 120.6, 118.4, 76.0, 61.8, 28.4.

IR (neat): vicmi' = 3560, 2974, 2924, 1638, 1598, 1486, 1452, 13944,10808, 920, 743.
MS (El, 70 ev): m/z (%) = 319 (2), 317 (2), 301 (7299 (79), 223 (16), 221 (16), 201 (60),
199 (61), 143 (100), 119 (29), 105 (22), 91 (14).

HRMS (EI): calcd. for [G/H1gBrO + HJ": 317.0541; found: 317.0555.

Preparation of (R*)-(35*)-2-(4-methoxy-phenyl)-3-phenyl-pent-4-en-2-aL):

MeO @

—
Me” bH

Prepared from 4-methoxy-acetophenone (150 mg, Irbllnand cinnamylzinc phosphate
(10, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent: jo@e:
ether = 8: 2 + 1 % EN) provided the pure compourd (262 mg, 98 %) as a colourless oil.
dr > 98: 2.
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'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.20-7.32 (m, 5 H), 7.10-7.16 (m, 2 HBe8(d,J =
8.8 Hz, 2 H), 6.10-6.23 (m, 1 H), 5.10 (did= 10.6 Hz,J = 1.8 Hz, 1 H), 5.00 (dd] = 15.9
Hz,J=1.8 Hz, 1 H),3.84 (s, 3 H), 3.63 (= 8.8 Hz, 2 H), 2.00 (s, 1 H), 1.47 (s, 3 H).
¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 158.2, 140.2, 138.5, 137.5, 129.6, 1284%.7,
118.0, 113.0, 76.0, 62.1, 55.2, 28.5.

IR (neat): vicmi® = 3496, 3061, 2975, 2932, 1610, 1583, 1511, 1827, 1246, 1176, 1031,
916, 832, 700.

MS (El, 70 ev): m/z (%) = 269 (11), 251 (100), 173 (@1 (10), 151 (62), 143 (14), 135 (3),
105 (4), 84 (5).

HRMS (EI): calcd. for [GgH200,— OHJ': 251,1436; found: 251.1425.

Preparation of (R*)-(3S*)-toluene-4-sulfonic acid 4-(1-hydroxy-1-methyl-Banyl-but-3-

enyl)-phenyl ester2?):

Prepared from toluene-4-sulfonic acid 4-acetyl-pheester (291 mg, 1.0 mmol) and
cinnamylzinc phosphate 19, 1.2 mmol) according toTP2. Purification by flash
chromatography (eluent: pentane: ether = 1: 1 + Et§{) provided the pure compourg®
(377 mg, 92 %) as a colourless oil. dr > 97: 3.

'H-NMR (CDCl 5, 300 MHz). & / ppm = 7.72 (dJ = 8.3 Hz, 2 H), 7.33 (d] = 8.1 Hz, 2 H),
7.21-7.30 (m, 5 H), 7.05-7.11 (m, 2 H), 6.93 J&5 8.8 Hz, 2 H), 6.05-6.19 (m, 1 H), 5.08
(dd,J = 10.2 Hz, J = 1.6 Hz, 1 H), 4.94 @z 17.2 Hz, 1 H), 3.55 (d = 9.0 Hz, 1 H), 2.48
(s, 3 H), 2.02-2.05 (m, 1 H), 1.46 (m, 3 H).

13C-NMR (CDCl3, 75 MHz): 5 / ppm = 148.5, 145.5, 139.9, 137.2, 132.7, 12979.7,
128.8, 128.4, 127.2, 127.2, 121.8, 118.6, 76 3},616.5, 28.3, 22.0.

IR (neat): vicm* = 3555, 3063, 2968, 1638, 1597, 1497, 1452, 18697, 1172, 1148, 1093,
994, 873, 852, 812, 700, 668.
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MS (EI, 70 ev): m/z (%) = 355 (2), 290 (26), 207 (1B»5 (82), 92 (11), 91 (100), 65 (15),
43 (5).
HRMS (EI): calcd. for [G4H240,S— OHJ': 391.1368; found: 391.1367.

Preparation of (R*)-(35*)-2-(4-bromo-phenyl)-3-cyclohexyl-pent-4-en-2-8B:

Prepared from 4-bromo-acetophenone (200 mg, 1.0 Ijmamal 3-cyclohexylprop-2-en-1-
ylzinc chloride (1, 1.2 mmol) according ta@P2. Purification by flash chromatography
(eluent: pentane: ether = 8: 2 + 1 %NBtprovided the pure compou23 (277 mg, 86 %) as
a colourless oil. dr > 97: 3.

'H-NMR (CDCl 3, 300 MHz). § / ppm = 7.44 (dJ = 8.6 Hz, 2 H), 7.31 (d] = 8.6 Hz, 2 H),
5.74 (dt,J = 17.0 Hz,J = 10.3 Hz, 1 H), 5.12 (dd,= 10.2 Hz,J = 2.3 Hz, 1 H), 4.97 (dd} =
17.0 Hz,J = 2.3 Hz, 1 H), 2.09 (dd}, = 10.4 Hz, J = 2.2 Hz, 1 H), 1.92 (s, 1 H), 1.4681(m,

7 H), 0.83-1.33 (m, 9 H).

3C-NMR (CDCl3, 75 MHz): 6 / ppm = 146.3, 135.8, 130.8, 127.6, 120.6, 118539, 62.5,
37.3,34.0, 29.4, 27.4, 26.8, 26.6, 26.3.

IR (neat): vicmi' = 3564, 2922, 2850, 1484, 1448, 1396, 1076, 1908, 821.

MS (El, 70 ev): m/z (%) = 202 (7), 201 (100), 199 )(9R25 (10), 123 (8), 97 (22), 95 (16),
81 (17), 43 (79).

HRMS (FAB): calcd. for [GH23BrO— OHJ": 305.0905; found: 305.0906.

Preparation of (8%)-(35*)-2,3-dimethyl-4-phenyl-hex-5-en-3-d24):

L

e

Me OH
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Prepared from 3-methyl-butan-2-one (86 mg, 1.0 mirant cinnamylzinc chloridelq, 1.2
mmol) according ta'P2. Purification by flash chromatography (eluent: taewe: ether = 8: 2
+ 1 % EgN) provided the pure compour2d (196 mg, 96%) as a colourless oil. dr > 99: 1.

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.22-7.38 (m, 5 H), 6.39 (dt= 17.2 Hz,J = 9.9 Hz,
1H),519(ddJ=10.2HzJ=19Hz, 1H),5.13 (ddd,=17.2HzJ=1.8 HzJ=0.7 Hz, 1
H), 3.46 (dJ = 9.6 Hz, 1 H), 2.00 (hepl,= 6.8 Hz, 1 H), 1.40 (br s, 1 H), 1.02 (& 6.9 Hz,
3 H),0.96 ¢, J =6.8 Hz, 3 H), 0.95(3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 142.1, 138.1, 129.6, 128.5, 126.7, 117613, 57.9,
34.3,20.4,17.8, 17.1.

IR (neat): vicm* = 3480, 3074, 3027, 2976, 2962, 2877, 1636, 16011,14470, 1452, 1387,
1376, 1156, 1080, 1001, 912, 734.

MS (El, 70 ev): m/z (%) = 161 (3), 119 (8), 118 (87}.7 (28), 115 (14), 91 (9), 87 (100), 69
(27).

HRMS (EI): calcd. for [G4H200 - OHT': 187.1487; found: 187.1466.

Preparation of (8*%)-(35*)-2-cyclopropyl-3-phenyl-pent-4-en-2-&%):

Prepared from 1-cyclopropyl-ethanone (85 mg, 1.0ofh@nd cinnamylzinc chloridel(, 1.2
mmol) according tad'P2. Purification by flash chromatography (eluent: toewe: ether = 8: 2
+ 1 % EgN) provided the pure compou2® (188 mg, 93%) as a colourless oil. dr > 99: 1.

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.23-7.39 (m, 5 H), 6.44 (dt= 16.9 Hz,J = 9.9 Hz,
1 H), 5.15-5.26 (m, 2 H), 3.44 (d= 9.4 Hz, 1 H), 1.33 (s, 1 H), 1.11 (s, 3 H), 0(8&5 (m,
1 H), 0.28-0.47 (m, 4 H).

3C-NMR (CDCl3, 75 MHz): 6 / ppm = 140.9, 137.8, 129.4, 128.1, 126.6, 117274, 62.1,
24.3,19.5,1.1, 0.8.
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IR (neat): vicm* = 3570, 3475, 3082, 3006, 2977, 2932, 1636, 16013,14462, 1418, 1372,
1307, 1138, 1020, 915, 734 ¢m

MS (El, 70 ev): m/z (%) = 128 (1), 119 (3), 118 (297 (13), 115 (10), 86 (3), 85 (52), 67
(4), 43 (100).

HRMS (EI): calcd. for [G4H180 — HO]": 184.1252; found: 184.1264.

Note: The same reaction carried out at 0 °C affordedin 92 % vyield and 92: 8

diastereoselectivity.

Preparation of (8*%)-(35*)-2-cyclohexyl-3-phenyl-pent-4-en-2-A2§):

Prepared from 1-cyclohexyl-ethanone (127 mg, 1.®thand cinnamylzinc chloridel(, 1.2
mmol) according ta'P2. Purification by flash chromatography (eluent: taewe: ether = 8: 2
+ 1 % EgN) provided the pure compou2® (231 mg, 95%) as a colourless oil. dr > 99: 1.

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.21-7.37 (m, 5 H), 6.37 (dt= 17.2 Hz,J = 9.9 Hz,
1H),5.18 (ddJ=10.2HzJ=19Hz, 1 H),5.10 (dd,=17.2 HzJ= 1.6 Hz, 1 H), 3.47 (d,
J=9.7 Hz, 1 H), 1.58-2.06 (m, 6 H), 0.94-1.58 @), 0.91 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 141.9, 137.9, 129.4, 128.2, 126.4, 1185%, 57.3,
44.5, 27.8, 26.7, 26.7, 21.5.

IR (neat): vicm* = 3477, 3072, 3027, 2976, 2903, 2852, 1635, 1600),14461, 1378, 1062,
909, 746, 701 cih

MS (El, 70 ev): m/z (%) = 161 (4), 128 (6), 127 (68).9 (9), 118 (100), 117 (25), 115 (13),
109 (37), 83 (40), 43 (30).

HRMS (EI): calcd. for [GH240 — HO]™: 226.1721; found: 226.1716.
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Preparation of (8%)-(35%-1,1 1-trifluoro-2-methyl-3-phenyl-pent-4-en-2{&7):

Prepared from 1,1,1-trifluoro-propan-2-one (111 rh@) mmol) and cinnamylzinc chloride
(11, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent: jo@e:
ether = 9: 1 + 1 % BIN) provided the pure compoura¥ (177 mg, 77 %) as a colourless oil.
dr>99: 1.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.24-7.39 (m, 5 H), 6.29-6.44 (m, 1 Hp&(dd,J =
10.2 Hz,J = 1.3 Hz, 1 H), 5.18 (ddd}, = 17.0 Hz,J = 1.4 Hz,J = 1.1 Hz, 1 H), 3.65 (d] =
9.0 Hz, 1 H), 2.21 (br s, 1 H), 1.28 (b= 1.1 hz, 3 H).

3C-NMR (CDCl3, 75 MHz): 5 / ppm = 138.9, 135.6, 129.2, 128.5, 127.3, 126,1 £ 286.9
Hz), 118.6, 76.8 (q] = 26.6 Hz), 55.1, 20.6 (m).

IR (neat): vicmi® = 3452, 3083, 2982, 2936, 1639, 1602, 1492, 1384, 1251, 1176, 1120,
1091, 996, 924, 751, 706 &m

MS (El, 70 ev): m/z (%) = 230 (5), 118 (17), 117 (L0016 (9), 115 (37), 91 (17), 65 (4), 43
(12).

HRMS (EI): calcd. for [GoH13Fs0]": 230.0918; found: 230.0895.

Preparation of (25*)-(35*)-3-phenyl-2-trimethylsii-pent-4-en-2-0lZ8):

Prepared from 1-trimethylsilanyl-ethanone (117 rhd@ mmol) and cinnamylzinc chloride
(11, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent: jo@e:
ether = 9: 1 + 1 % EN) provided the pure compoura8 (218 mg, 93 %) as a colourless oil.
dr>97: 3.
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'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.19-7.38 (m, 5 H), 6.31-6.45 (m, 1 H}.(5.23
(m, 2 H), 3.41 (dJ = 9.7 Hz, 1 H), 1.28 (br s, 1 H), 1.14 (s, 3 HR(s, 9 H).

3C-NMR (CDCl3, 75 MHz): 5 / ppm = 140.8, 138.6, 129.2, 128.3, 126.6, 116718, 58.7,
22.8,-2.8.

IR (neat): v/em™ = 3523, 3075, 2954, 2899, 1634, 1600, 1491, 14808, 1245, 1079, 887,
834, 700.

MS (El, 70 ev): m/z (%) = 234 (1), 233 (3), 220 (12)9 (70), 129 (74), 118 (51), 117 (100),
115 (35), 101 (65), 91 (21), 76 (17), 75 (31), Z8)( 43 (30).

HRMS (EI): calcd. for [G4H2,0Si + HJ': 235.1518; found: 235.1479.

Preparation of (8*)-(3S*)-2-isopropyl-2-methyl-3-phenyl-tetrahydrofuradsj:

BH3-Me,S (1.8 mL, 19 mmol, 3 equiv.) was added at roompemature to a solution of
homoallylic alcohol24 (1.20 g, 6.0 mmol) in dry THF (20 mL). The resuodfisolution was
stirred at 25 °C under nitrogen for 4 h, then itswpenched with water (7 mL) at 0 °C.
Sodium perborate (8.50 g, 55 mmol, 9 equiv) and Ng®@.2 g, 55 mmol, 9 equiv) were
subsequently added, and the reaction mixture watetig¢o 45 °C for 4 h. The phases were
separated and the aqueous phase was extracteBtyithThe combined organic phases were
dried over MgS(@ and concentrateith vacuo Purification by flash chromatography (eluent:
ether + 1 % EN) provided (46*)-(35%)-4,5-dimethyl-3-phenyl-hexane-1,4-did@1, 1.101 g,

84 %) as a colourless oil. dr > 99:1.

'H-NMR (CDCl 3, 300 MHz). § / ppm = 7.21-7.36 (m, 5 H), 3.48-3.60 (m , 1 HR®B3.42
(m, 1H), 2.95 (ddJ = 11.1 Hz,J = 3.6 Hz, 1 H), 2.11-2.25 (m, 1 H), 1.89-2.09 @rH), 1.44
(br's, 2 H), 1.02 (dJ = 6.7 Hz, 3 H ), 0.95( J = 6.9 Hz, 3 H), 0.91 (s, 3 H).

13C-NMR (CDCl3, 75 MHz): 3 / ppm = 141.8, 129.6, 128.2, 126.6, 76.4, 61.52,484.0,
31.8, 20.7, 17.8, 17.0.

IR (neat): viem = 3317, 2966, 2912, 2877, 1601, 1451, 1364, 11684, 1031, 931, 733,
700.
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MS (EI, 70 ev): m/z (%) = 189 (2), 161 (32), 136 (18)8 (100), 117 (31), 105 (18), 91 (16),
87 (58), 69 (11), 43 (26).
HRMS (EI): calcd. for [G4H2,0,]": 222,1620; found: 222.1607.

Mesyl chloride (0.5 mL, 6.5 mmol, 1.5 equiv) waglad at O °C to a solution of the digil
(0.90 g, 4.1 mmol), BN (1.1 mL, 8 mmol, 2.0 equiv) and DMAP (30 mg) itH£Cl, (15
mL). After 90 min, water was added and the aqueguhmse extracted with GBl,. The
combined organic phases were dried over Mg®@d concentrateid vacuo Purification by
flash chromatography (eluent: pentane: ether 2p&e pure tetrahydrofura888 (571 mg, 69
%) as a colourless oil. dr > 99:1.

'H-NMR (CDCl 3, 600 MHz). & / ppm = 7.19-7.32 (m, 5 H), 4.06-4.11 (m, 1 HB.(q,J =
8.1 Hz, 1 H), 2.25-2.40 (m, 2 H), 1.88 (hept 6.8 Hz, 1 H), 1.00 (d] = 6.8 Hz, 3 H), 0.95
(d,J=6.9 Hz, 3 H), 0.79 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 142.4, 128.6, 128.1, 126.2, 87.3, 65.53,585.5,
33.7,19.0,18.3,17.1.

IR (neat): vicmi* = 3029, 2964, 2875, 1603, 1495, 1453, 1386, 18022, 1052, 852, 767.
MS (El, 70 ev): m/z (%) = 167 (3), 162 (6), 119 (1D)8 (100), 117 (59), 91 (13), 65 (2), 43
(17).

HRMS (EI): calcd. forfC14H200 + H]": 205.1592found: 205.1584.

Preparation of (2R-(39)-2-methyl-3-phenyl-2-trifluoromethyl-tetrahydrofur 34):

BH3-Me,S (1.8 mL, 19 mmol, 3 equiv.) was added at roompemature to a solution of
homoallylic alcohol27 (1.40 g, 6.0 mmol) in dry THF (20 mL). The resodfisolution was
stirred at 25 °C under nitrogen for 4 h, then itswpenched with water (7 mL) at 0 °C.
Sodium perborate (8.50 g, 55 mmol, 9 equiv) and Ng@.2 g, 55 mmol, 9 equiv) were
subsequently added, and the reaction mixture watetié¢o 45 °C for 4 h. The phases were

separated and the aqueous phase was extracteBty@hThe combined organic phases were
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dried over MgS(@ and concentrateith vacuo Purification by flash chromatography (eluent:
pentane: ether = 6: 4 + 1 %3sN) provided (R*)-(35*)-5,5,5-trifluoro-4-methyl-3-phenyl-
pentane-1,4-diol32, 554 mg, 37 %) as a white solid. dr > 99:1.

'H-NMR (CDCl 3, 300 MHz). 5 / ppm = 7.20-7.34 (m, 5 H), 3.57 (quind = 5.3 Hz, 1 H),
3.22-3.41 (m, 1 H), 3.18 (dd,= 10.1 Hz,J = 3.8 Hz, 1 H), 2.11-2.25 (m, 1 H), 2.16-2.50 (m,
3 H), 2.01-2.13 (m, 1 H), 1.27 (br s, 3 H).

13C-NMR (CDCl3, 75 MHz): 5 / ppm = 139.1, 129.5 (br), 128.4, 127.3, 126.5)(g,287.2
Hz), 75.9 (qJ = 26.4 Hz), 60.6, 47.1, 32.6, 19.8 (m).

IR (neat): vicmi® = 3335, 3119, 2888, 1604, 1488, 1455, 1297, 12428, 1168, 1132, 1037,
706, 669.

MS (El, 70 ev): m/z (%) = 137 (2), 136 (23), 135 (1B)8 (37), 117 (19), 106 (9), 105 (100),
91 (51), 43 (10).

HRMS (EI): calcd. for [GoH15F:0, — H,0]": 230.0918; found: 230.0906.

Mesyl chloride (0.16 mL, 1.5 equiv) was added 4CQto a solution of the di@2 (345 mg,
1.4 mmol), E4N (0.4 mL, 2.0 equiv) and DMAP (8 mg) in GEl, (3 mL) and E{O (3 mL).

After 40 min, water was added and the aqueous péesacted with EO. The combined
organic phases were dried over MgS@nd concentrateth vacuo Purification by flash
chromatography (eluent: pentane: ether = 98: 2ptire tetrahydrofuraB4 (151 mg, 47 %)

as a colourless oil. dr > 99:1.

'H-NMR (CDCl 5, 300 MHz): § / ppm = 7.23-7.40 (m, 5 H), 4.19-4.29 (m, 1 Hp4(q,J =
8.0 Hz, 1 H), 3.73 () = 8.6 Hz, 1 H), 2.37-2.48 (m, 2H), 0.99 {5 1.1 Hz, 3 H).

13C-NMR (CDCl3, 75 MHz): & / ppm = 138.4, 128.8, 128.4, 127.3, 127.0J(g,286.2 Hz),
84.2 (q,J = 27.4 Hz), 68.6, 48.3, 32.8, 18.5 (m).

IR (neat): vicm* = 3034, 2994, 2952, 2885, 1604, 1495, 1456, 18886, 1208, 1179, 1117,
1084, 1044, 916, 883, 773, 700.

MS (El, 70 ev): m/z (%) = 231 (4), 230 (29), 161 (11)8 (100), 117 (96), 115 (13), 91 (17),
43 (7).

HRMS (EI): calcd. for [GoH13F:0]": 230.0918; found: 230.0914.



Experimental Part 95

Preparation of 2-iodo-1-(1-phenyl-allyl)-cyclohexeRol (36):

Prepared from 2-iodo-cyclohex-2-enone (222 mg, rhriol) and cinnamylzinc phosphate
(10, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent: jo@e:
ether = 8: 2 + 1 % BIN) provided the pure compourd® (322 mg, 94 %) as a colourless oil.
dr > 98: 2.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.43-7.50 (m, 2 H), 7.21-7.35 (m, 3 HEH(dd,J =
5.3 Hz,J = 3.3 Hz, 1 H), 6.37-6.51 (m, 1 H), 5.36 (dds 10.2 Hz,J = 1.8 Hz, 1 H), 5.30
(ddd,J = 17.1 HzJ = 1.7 Hz,J = 0.8 Hz, 1 H), 3.95 (d] = 9.4 Hz, 1 H), 2.24 (s, 1 H), 2.11-
2.22 (m, 1 H), 1.86-2.04 (m, 2 H), 1.52 (m, 2 HR71.42 (m, 1H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 143.7, 139.8, 135.9, 128.9, 128.0, 1261%.8,
111.7,74.7,59.4, 32.5, 29.4, 18.7.

IR (neat): vicm* = 3535, 3060, 3028, 2933, 2867, 1633, 1600, 1285], 1327, 1165, 1084,
1048, 978, 964, 916, 749, 698.

MS (El): m/z (%) = 224 (5), 223 (100), 118 (29), 117 @&),(14), 95 (7).

HRMS (EI): calcd. for [GsH1710]": 340,0324; found: 340.0333.

Preparation of 2-(4-bromo-phenyl)-3-phenyl-4-trimgsilanyl-pent-4-en-2-0l37):

/\
Me OH SiMes

Prepared from 4-bromo-acetophenone (200 mg, 1.0l)remd 3-phenyl-2-trimethylsilanyl-
prop-2-enylzinc phosphatel@ 1.2 mmol) according toTP2. Purification by flash
chromatography (eluent: pentane: ether = 8: 2 + Et{{) provided the pure compourdy
(361 mg, 93 %) as a colourless oil. dr > 97: 3.
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'H-NMR (CDCl 3, 300 MHz) & / ppm = 7.32 (dJ) = 8.6 Hz, 2 H), 7.07-7.13 (m, 3 H), 7.04
(d,J = 8.6 Hz, 2 H), 6.95-7.01 (m, 2 H), 6.47 (dds 2.4 Hz,J = 0.8 Hz, 1 H), 5.79 (d] =
2.5 Hz, 1 H), 3.91 (s, 1 H), 2.15 (br s, 1 H), 1(853 H), -0.04 (s, 9H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 151.3, 147.3, 138.8, 130.7, 130.2, 121X.7,
127.0, 126.5, 120.2, 77.3, 59.0, 29.2, -1.6.

IR (neat): v/em™ = 3561, 3060, 3027, 2955, 2895, 1592, 1487, 13287, 1080, 1008, 946,
833, 757, 699, 602.

MS (El): m/z (%) = 202 (9), 201 (96), 199 (100), 175 (5159 (14), 135 (14), 111 (18), 109
(12), 81 (16), 73 (66), 43 (76).

HRMS (FAB): calcd. for [GoH2sBrOSi - OHT: 371,0831; found: 371.0829.

Preparation oN-(1,2-diphenyl-but-3-enyl)-4-methyl-benzenesulforigen38):

Ph
'\/

NHTs

Prepared fromN-benzylidene-4-methyl-benzenesulfonamide (260 mg) fnmol) and
cinnamylzinc phosphate 19, 1.2 mmol) according toTP2. Purification by flash
chromatography (eluent: pentane: ether = 1: 1 + Et{{) provided the pure compourd8
(280 mg, 74 %) as a white solid. dr > 98: 2.

mp (°C) = 147.7-148.6

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.39 (dJ = 8.3 Hz, 2 H), 7.23-7.29 (m, 3 H), 7.04-
7.18 (m, 5 H), 6.88-7.02 (m, 4 H), 5.74-5.89 (nH)l 5.01-5.05 (m, 1 H), 4.91 (di,= 17.0
Hz,J= 1.3 Hz, 1 H), 4.76 (d] = 6.0 Hz, 1 H), 4.55 (ddl = 7.5 Hz,J = 6.2 Hz, 1 H), 3.56 (t,
J=8.0 Hz, 1 H), 2.36 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 142.9, 138.9, 138.3, 137.1, 136.3, 12928.8,
128.4,127.8, 127.8, 127.4, 127.4, 127.1, 118.%,6B.5, 21.4.

IR (neat): vicm* = 3332, 3030, 2927, 1634, 1599, 1494, 1456, 143D0, 1151, 1088, 1058,
960, 910, 807, 759, 697, 668.

MS (EI): m/z (%) = 262 (5), 261 (15), 260 (100), 155 (31),(59), 57 (10).

HRMS (EI): calcd. for [GaH23NO,S + HJ': 378.1528; found: 378.1531.
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Preparation of 2-methyl-1-(1-phenyl-allyl)-cyclotzol (39):

Prepared from 2-methyl-cyclohexanone (450 mg, shibfhand cinnamylzinc phosphate)(
5 mmol) according tdP2. Purification by flash chromatography (eluent: jo@e: ether = 8:
2 + 1 % E4{N) provided the pure compoud® (824 mg, 90 %) as a colourless oil. dr > 99:1.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.28-7.33 (m, 4 H), 7.19-7.27 (m, 1 HR3(dt,J =
16.9 Hz,J = 9.8 Hz, 1 H), 5.11-5.25 (m, 2 H), 3.69 & 9.5 Hz, 1 H), 1.61-1.72 (m, 1 H),
1.34-1.60 (m, 9 H), 1.03 (d,= 6.1 Hz, 3 H).

3C-NMR (CDCl3, 75 MHz): 6 / ppm = 140.9, 137.9, 129.1, 128.2, 126.5, 118429, 57.5,
35.5, 32.6, 40.0, 24.6, 21.7, 15.4.

IR (neat): vicmi* = 3570, 3077, 2925, 2858, 1633, 1601, 1492, 14806, 963, 915, 725,
700.

MS (El, 70 ev): m/z (%) = 213 (100), 172 (2), 102.(3)

HRMS (EI): calcd. for [GeH2,0 — OHJ: 213.1643 ; found: 213.1635.

Preparation of 2-methoxy-1-(1-phenyl-allyl)-cycloda@ol @0):

OH
: A
OMe Ph

Prepared from 2-methoxy-cyclohexanone (128 mg,mn@ol) and cinnamylzinc phosphate
(10, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent: jo@e:
ether = 8: 2 + 1 % EN) provided the pure compoud® (214 mg, 87 %) as a colourless oil.
dr > 99:1.

'H-NMR (CDCl 5, 300 MHz). & / ppm = 7.30 (d = 4.4 Hz, 4 H), 7.16-7.25 (m, 1 H), 6.29-
6.43 (m, 1 H), 5.15 (ddl = 10.1 Hz,J = 1.6 Hz, 1 H), 5.09 (ddd,= 17.1 Hz,J = 1.6 Hz,J =
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0.9 Hz, 1 H), 3.80 (d) = 9.0 Hz, 1 H), 3.32 (s, 3 H), 2.90 (dbiz 8.5 Hz,J = 3.9 Hz, 1 H),
2.28 (s, 1 H), 1.29-1.83 (m, 7 H), 1.05-1.12 (ni{)1

3C-NMR (CDCl3, 75 MHz): 6 / ppm = 141.0, 137.9, 129.6, 128.1, 126.4, 117916, 75.2,
55.9, 55.6, 31.0, 24.6, 22.2, 21.2.

IR (neat): v/cm* = 3488, 3079, 2934, 2862, 2824, 1635, 1601, 14832, 1091, 1065, 994,
976, 911, 747, 702.

MS (El, 70 ev): m/z (%) = 229 (100), 215 (51), 193)(3L02 (70).

HRMS (EI): calcd. for [GeH220, — OHJ™: 229.1592 ; found: 229.1585.

Note When the reaction was carried out wittSf2nethoxy-cyclohexanone (94 &€, the

resulting alcoho(2S,1R,1°S)-40 was obtained in 81 % as a single diastereoisodner 99: 1;
94 % ee; §]p (c = 0.0198 g.mL', CHCE) = -70.9).

Preparation of 2-hydroxy-2-(1-phenyl-allyl)-cycloty acetate 41):

Prepared from 2-oxo-cyclohexyl acetate (156 mg, ririol) and cinnamylzinc phosphate
(10, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent: jo@e:
ether = 1: 1 + 1 % BEN) provided the pure compourdd (228 mg, 83 %) as a white solid. dr
>909:1

mp (°C) = 101.3-102.2.

'H-NMR (CDCl 3, 300 MHz) & / ppm = 7.19-7.35 (m, 5 H), 6.31-6.44 (m, 1 H}155.23
(m, 2 H), 4.61 (ddJ = 9.5 Hz,J = 4.6 Hz, 1 H), 3.59 (d] = 9.4 Hz, 1 H), 2.12 (s, 3 H), 2.00
(s, 1 H), 1.37-1.88 (m, 7 H), 1.14-1.21 (m, 1 H).

13C-NMR (CDCl3, 75 MHz): § / ppm = 170.1, 140.1, 137.1, 129.1, 128.4, 12518,5, 75.1,
74.5,57.5,32.5, 27.2, 22.4, 21.5, 20.7.
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IR (neat): vicm* = 3406, 3072, 3032, 2936, 2856, 1708, 1604, 12820, 1272, 1251, 1144,
977, 708.

MS (El, 70 ev): m/z (%) = 275 (100), 257 (6).

HRMS (EI): calcd. for [G/H2,03 + H]™: 275.1647 ; found: 275.1642.

Preparation of 2-benzyloxy-1-(1-phenyl-allyl)-cybkxanol 42):

OH
: A
OBn Ph

Prepared from 2-benzyloxy-cyclohexanone (205 m@,mmol) and cinnamylzinc chloride
(11, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent: jo@e:
ether = 8: 2 + 1 % EN) provided the pure compoud@ (290 mg, 90 %) as a colourless oil.
dr>99:1.

'H-NMR (CDCl 3, 300 MHz): 5 / ppm = 7.17-7.44 (m, 10 H), 6.31-6.46 (m, 1 H}5(ddd,
J=10.2 HzJ=1.9 Hz,J=0.7 Hz, 1 H), 5.06 (ddd,= 17.1 HzJ = 1.9 Hz,J = 1.1 Hz, 1 H),
4.64 (d,J=11.3 Hz, 1 H), 4.35 (dl = 11.3 Hz, 1 H), 3.82 (d| = 8.7 Hz, 1 H), 3.28 (dd] =
8.1 Hz,J=3.9 Hz, 1 H), 2.44 (br s, 1 H), 1.08-1.92 (nH)8

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 141.0, 138.7, 138.8, 129.6, 128.4, 128215,
127.5, 126.4, 116.7, 78.6, 75.3, 70.0, 55.8, 355, 22.0, 21.3.

IR (neat): vicm* = 3559, 3064, 3029, 2934, 2861, 1635, 1601, 12982, 1385, 1160, 1073,
1028, 912, 735, 697.

MS (EI, 70 ev): m/z (%) = 305 (58), 277 (2), 207 (4).

HRMS (EI): calcd. for [GoH260, - OH]™: 305.1905 ; found: 305.1903.

Preparation of 3-[2-hydroxy-2-(1-phenyl-allyl)-cetlexyl]-propionitrile 43):
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Prepared from 3-(2-oxo-cyclohexyl)-propionitrile5@L mg, 1.0 mmol) and cinnamylzinc
phosphate 10, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent:
pentane: ether = 6: 4 + 1 %3N) provided the pure compoud® (247 mg, 92 %) as a white
solid. dr > 99:1.

mp (°C) = 70.9-72.9.

'H-NMR (CDCl 3, 300 MHz). § / ppm = 7.30-7.34 (m , 2 H), 7.22-7.29 (m, 3 HR%(dt,J =
16.9 Hz,J =9.8 Hz, 1 H), 5.23 (ddl = 10.1 Hz, J = 1.5 Hz, 1 H), 5.18 (= 17.0 Hz, 1 H),
3.73 (d,J = 9.6 Hz, 1Hz), 2.38-2.45 (m, 1 H), 2.19-2.29 @rH), 1.63-1.72 (m, 1 H), 1.36-
1.60 (m, 9 H), 1.14-1.23 (m, 1 H).

¥3C-NMR (CDCl3, 75 MHz): 6 / ppm = 140.3, 137.2, 128.9, 128.6, 126.8, 12013,5, 74.9,
56.6, 39.5, 32.7, 26.5, 25.4, 23.0, 21.7, 15.4.

IR (neat): vicm* = 3491, 3085, 2950, 2922, 2865, 2256, 1636, 16832, 1452, 1170, 1068,
920, 704.

MS (EI, 70 ev): m/z (%) = 270 (74), 252 (100), 239)(1102 (6).

HRMS (EI): calcd. for [GgH23NO + H]™: 270,1858 ; found: 270.1857.

Preparation of 2-chloro-1-(1-phenyl-allyl)-cyclotaol @4).

Prepared from 2-chloro-cyclohexanone (133 mg, Infbipand cinnamylzinc phosphat&0(
1.2 mmol) according td P2. Purification by flash chromatography (eluent: jome: ether =
85: 15 + 1 % EN) provided the pure compourdd (182 mg, 73 %) as a colourless oil. dr >
99:1.

'H-NMR (CDCl 3, 300 MHz) & / ppm = 7.22-7.43 (m, 5 H), 6.30-6.45 (m, 1 HR&(dd,J =
10.1 Hz,J = 1.5 Hz, 1 H), 5.17 (dt] = 17.0 Hz,J = 1.3 Hz, 1 H), 3.91 (d] = 8.8 Hz, 1 H),
3.80-3.89 (M, 1 H), 1.88-2.13 (m, 4 H), 1.40-1.74 6 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 139.8, 136.6, 129.5, 128.3, 126.9, 118458, 67.1,
57.0, 32.6, 31.3, 24.7, 20.5.
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IR (neat): v/em™ = 3559, 3080, 3031, 2939, 2863, 1636, 1601, 14828, 1368, 1065, 980,
917, 849.

MS (El, 70 ev): m/z (%) = 214 (1), 135 (8), 133 (28 (100), 97 (12).

HRMS (EI): calcd. for [C15H,CIO — OHJ: 250,1124 ; found: 250,1136.

Preparation of 1-(1-phenyl-allyl)-2-phenylsulfarggelohexanol 45):

OH
: A
SPh Ph

Prepared from 2-phenylsulfanyl-cyclohexanone (20§, .0 mmol) and cinnamylzinc
chloride (1, 1.2 mmol) according t@P2. Purification by flash chromatography (eluent:
pentane: ether = 8: 2 + 1 %3HN) provided the pure compountb (281 mg, 87 %) as a
colourless oil. dr > 99:1.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.48-7.84 (m, 2 H), 7.39-7.46 (m, 2 HR277.39
(m, 6 H), 6.37-6.51 (m, 1 H), 5.22-5.32 (m, 2 H12(d,J = 9.5 Hz, 1 H), 3.35 (br s, 1 H),
2.42 (s, 1 H), 1.85-2.08 (m, 2 H), 1.51-1.74 (n4)51.26-1.39 (m, 1 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 140.5, 137.3, 135.9, 130.9, 129.4, 12828.2,
126.7, 126.4, 118.3, 74.7, 56.0, 55.3, 33.4, 3tB3, 21.6.

IR (neat): vicm* = 3553, 3060, 3028, 2931, 2858, 1634, 1600, 15832, 1480, 1448, 1440,
1364, 1088, 916, 732, 689.

MS (El, 70 ev): m/z (%) = 324 (2), 208 (12), 207 (30089 (11), 117 (18), 115 (12), 110
(10), 97 (32), 69 (20).

HRMS (EI): calcd. for [GiH240ST: 324,1548; found: 324.1561.

Preparation of 2-phenyl-1-(1-phenyl-allyl)-cyclolzol 46):
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Prepared from 2-phenyl-cyclohexanone (174 mg, Intbihand cinnamylzinc phosphate)(
1.2 mmol) according tdP2. Purification by flash chromatography (eluent: jome: ether =
8: 2 + 1 % E4N) provided the pure compoud® (76 mg, 26 %) as a colourless oil. dr > 99:1.

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.19-7.50 (m, 8 H), 7.02-7.06 (m, 2 HRB(dt,J =
16.9 HzJ=9.9 Hz, 1 H), 5.17 (dd) = 10.1 HzJ=1.7 Hz, 1 H), 5.04 (dd = 16.9 HzJ =
0.9 Hz, 1 H), 3.40 (d) = 9.7 Hz, 1 H), 1.95 (qd} = 13.5 Hz,J = 3.8 Hz, 1 H), 1.87 (s, 1 H),
1.48-1.85 (m, 6 H), 1.16-1.25 (m, 1 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 144.2, 140.2, 137.8, 130.0, 129.7, 12129,
126.5, 126.1, 118.8, 75.4, 59.2, 50.1, 34.3, 366}, 21.4.

IR (neat): vicm™ = 3556, 3080, 2943, 2859, 1631, 1600, 1499, 14280, 1136, 916, 760,
704.

MS (El, 70 ev): m/z (%) = 176 (6), 175 (100), 118)3BL7 (16), 115 (11), 91 (40).

HRMS (EI): calcd. for [GiH240]": 292,1827; found: 292.1818.

Preparation of 2-methyl-1-(1-phenyl-allyl)-cyclopanol 47):

e
s
Mé  Ph

Prepared from 2-methyl-cyclopentanone (98 mg, Infbipand cinnamylzinc phosphat&0(
1.2 mmol) according tdP2. Purification by flash chromatography (eluent: jo@e: ether =
8: 2 + 1 % EN) provided the pure compourt¥ (172 mg, 75 %) as a colourless oil. dr >
99:1.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.20-7.39 (m, 5 H), 6.30-6.48 (m, 1 H)./55.29
(m, 2 H), 3.47 (dJ) = 9.6 Hz, 1 H), 1.82-1.98 (m, 1 H), 1.36-1.80 (frH), 1.02 (dJ = 6.0
Hz, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 141.3, 138.1, 128.8, 128.2, 126.5, 11939), 58.5,
40.0, 36.6, 32.1, 20.9, 13.5.

IR (neat): vicm* = 3567, 3076, 2945, 2862, 1636, 1601, 1492, 14877, 960, 913, 731,
700.

MS (El, 70 ev): m/z (%) = 199 (100), 117 (1), 102.(3)

HRMS (EI): calcd. for [GsH200 — OHJ': 199.1487 ; found: 199.1481.
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Preparation of 2-methoxy-1-(1-methyl-1-phenyl-gHgi/clohexanol 48):

OH
S N
MeO pPh Me

Prepared from 2-methoxy-cyclohexanone (130 mgpinil) and 3-phenyl-but-2-en-1-ylzinc
phosphate 15, 1.2 mmol) according #P2. Purification by flash chromatography (eluent:
pentane: ether = 8: 2 + 1 %3HN) provided compound8 (234 mg, 90 %) as a colourless oil.
dr = 86:14.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.42-7.56 (m, 2 H), 7.14-7.33 (m, 3 HR%(dd,J =
17.5Hz,J=11.0Hz, 1 H), 6.70 (dd,= 17.5 HzJ = 11.0 Hz, 1 Hminor isomey, 5.17-5.30
(m, 2H, minor isomey, 5.08 (ddJ=11.0 HzJ=0.8 Hz, 1 H), 4.93 (ddJ = 17.5HzJ=0.8
Hz, 1 H), 3.25 (ddJ = 11.0 Hz,J = 4.8 Hz, 1 Hminor isome), 3.23 (s, 3 Hminor isomey,
3.18 (s, 3 H), 3.16 (dd,= 10.9 HzJ = 4.7 Hz, 1 H), 2.50-2.55 (m, 1 IFhinor isome), 2.43-
2.48 (m, 1 H), 1.84-1.96 (m, 1 H), 1.62-1.71 (nH)} 1.62 (s, 3 Hminor isomey, 1.58 (s, 3
H), 0.87-1.55 (m, 5 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 147.1rqinor isome), 145.8, 145.2, 144.In(inor
isome), 128.4, 127.8 rfinor isome), 127.4 (ninor isomey, 127.2, 125.6, 113.4minor
isome), 112.0, 81.6 rhinor isomey, 81.2, 77.8, 55.1, 55.0mfnor isome), 52.1 (inor
isome)d, 51.9, 32.3 rinor isome), 32.2, 26.5, 26.4nfinor isomey, 23.8, 21.9, 21.4nginor
isome), 21.2.

IR (neat): vicm™ = 3516, 2936, 2860, 2824, 1631, 1600, 1444, 13193, 1096, 981, 965,
913, 750, 700.

MS (El, 70 ev): m/z (%) = 133 (23), 129 (100), 9146

HRMS (EI): calcd. for [G/H240,]": 260.1776 ; found: 260.1801.

Preparation of 2-allyl-1-(1-phenyl-allyl)-cyclohexa (49):

OH
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Prepared from 2-allyl-cyclohexanone (415 mg, 3.0afimand cinnamylzinc phosphat&Q(
3.8 mmol) according t@P2. Purification by flash chromatography (eluent: taee: ether =
85: 15 + 1 % EN) provided the pure compourd® (622 mg, 83 %) as a colourless oil. dr >
99:1.

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.22-7.40 (m, 5 H), 6.30-6.46 (m, 1 HB&5.85
(m, 1 H), 4.99-5.31 (m, 4 H), 3.85 (@= 9.4 Hz, 1 H), 2.65-2.78 (m, 1 H), 1.97-2.12 (i,
H), 1.28-1.71 (m, 9 H), 1.04-1.21 (m, 1 H).

¥C-NMR (CDCl3, 75 MHz): & / ppm = 140.7, 138.1, 137.7, 129.2, 128.2, 12618.2,
115.6, 75.2, 56.9, 40.1, 33.5, 32.7, 26.8, 23.18.21

IR (neat): vicmi* = 3568, 3075, 2929, 2860, 1638, 1600, 1492, 14537, 996, 952, 908,
736, 703.

MS (El, 70 ev): m/z (%) = 239 (57), 102 (4).

HRMS (EI): calcd. for [GgH240 — OHJ': 239.1800 ; found: 239.1795.

Preparation of 5-phenyl-1,3,4,5,8,8a-hexahydro-2hhthalen-4a-o0l50):

Homoallylic alcohol49 (256 mg, 1 mmol) in CKCl, (5 mL) was added to a solution of

Grubbs Il catalyst (43 mg, 5 mol %) in @El, at 25 °C. The reaction mixture was stirred at
this temperature for 5 h. Water (5 mL) was added] the reaction was extracted with

CH.Cl,. Concentration, followed by flash chromatographyifpcation (eluent: pentane: ether

=85: 15+ 1 % EN), yielded the alcohdO0 as a white solid (213 mg, 93 %). dr > 99:1.

mp (°C) = 58.9-60.8.

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.19-7.38 (m, 5 H), 5.87-5.95 (m, 1 HE55.59
(m, 1 H), 3.36-3.41 (m, 1 H), 2.01-2.09 (m, 2 HH71.84 (m, 1 H), 1.20-1.59 (m, 8 H), 1.02
(brs, 1 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 140.5, 130.1, 128.9, 128.0, 127.6, 126973, 53.6,
40.3, 37.1, 29.5, 29.1, 26.0, 21.7.
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IR (neat): vicmi* = 3561, 3020, 2917, 2851, 1443, 983, 950, 831, 768.

MS (El, 70 ev): m/z (%) = 228 (3), 131 (11), 130 (6128 (16), 116 (18), 115 (100), 98 (20),
91 (24), 83 (13), 77 (23), 70 (23), 65 (12), 39)(30

HRMS (EI): calcd. for [GeH200]": 228.1514 ; found: 228.1504.

Preparation of 6-methoxy-4-phenyl-1-oxa-spiro[4€giane %3):

%

OMe

BH3-Me,S (0.90 mL, 9.5 mmol) was added at 25 °C to a soludbf homoallylic alcoho#0
(643 mg, 2.6 mmol) in dry THF (10 mL). The resuitisolution was stirred at 25 °C under
nitrogen for 4 h, then it was quenched with watem(L) at 0 °C. NaB@4H,0O (4.20 g, 27
mmol) and NaOH (1.10 g, 27 mmol) were subsequeatdhed, and the reaction mixture was
heated to 45 °C for 3 h. The phases were sepamatbthe aqueous phase was extracted with
Et,O. The combined organic phases were dried over Mg&@d concentrateth vacuo
Purification by flash chromatography (eluent: ethet % EtN) provided 1-(3-hydroxy-1-
phenyl-propyl)-2-methoxy-cyclohexandl (575 mg, 83 %) as a colourless oil. dr > 99:1.

'H NMR (CDCk, 300 MHz):8 / ppm = 7.19-7.34 (m, 5 H), 3.37-3.62 (m, 2H),13(8d,J =
10.4 Hz,J=4.4 Hz, 1 H), 3.28 (s, 3 H), 2.68 (db7 10.4 HzJ=4.4 Hz, 1 H), 2.40 (d] =
1.7 Hz, 1 H), 2.23-2.36 (m, 1 H), 2.17 (br s, 1 H){7-2.01 (m, 3 H), 1.25-1.69 (m, 5 H),
0.80-1.01 (m, 1 H)

13C NMR (CDChk, 75 MHz): 8 / ppm = 141.7, 129.5, 128.0, 126.4, 79.4, 75.72,684.9,
49.4, 32.2, 29.2, 24.8, 23.0, 20.8.

IR (neat): vicm™ = 3400, 3029, 3935, 2862, 2824, 1600, 1494, 14696, 1034, 982, 952,
768, 704.

MS (El, 70 ev): m/z (%) = 173 (1), 129 (100), 118)(1805 (11), 97 (25), 91 (8), 69 (14).
HRMS (EI): calcd. for [GeH2403 + H]": 265.1804; found: 265.1800.

Mesyl chloride (0.25 mL, 3.2 mmol) was added aCQ@ a solution of the did1 (500 mg,
1.9 mmol), E4N (0.6 mL, 4 mmol) and DMAP (12 mg) in GBI, (10 mL). After 90 min,
water was added and the aqueous phase extracte@€Cl,. The combined organic phases
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were dried over MgS§) and concentrateth vacuo Purification by flash chromatography
(eluent: pentane: ether = 7: 3) afforded the pyieoscompounds3 (258 mg, 55 %) as a

colourless oil. dr > 99:1.

IH NMR (CDCl, 300 MHz):8 / ppm = 7.19-7.38 (m, 5 H), 3.93-4.11 (m, 2 HR73(dd,J =
11.5 Hz,J = 7.7 Hz, 1 H), 3.51 (s, 3 H), 2.99 (dts 11.3 Hz,J = 4.4 Hz, 1 H), 2.33-2.49 (m,
1 H), 2.18-2.32 (m, 1 H), 1.97-2.09 (m, 1 H), 1276 (m, 5 H), 0.92-1.11 (m, 1 H), 0.45-
0.61 (M, 1 H).

13C NMR (CDCl, 75 MHz):6 / ppm = 139.8, 128.7, 128.1, 126.5, 85.2, 80.62,6566.6,
46.8, 31.8, 30.7, 26.4, 24.0, 21.1.

IR (neat): vicm* = 3028, 2934, 2861, 2819, 1603, 1496, 1452, 18792, 1100, 1060, 1040,
978, 768, 700.

MS (El, 70 ev): miz (%) = 247 (5), 246 (26), 173 (26)8 (100), 117 (37), 91 (13), 57 (13),
39 (12).

HRMS (EI): calcd. for [GeH2,0,]": 246,1620; found: 246.1614.

Preparation of 6-benzyloxy-4-phenyl-1-oxa-spirold€eane $4):

BH3-Me,S (0.90 mL, 9.5 mmol, 3 equiv.) was added at 25¢F@ solution of homoallylic
alcohol42 (1.04 g, 3.2 mmol) in dry THF (15 mL). The resudfisolution was stirred at 25 °C
under nitrogen for 4 h, then it was quenched wigtterw (5 mL) at 0 °C. NaB&4H,0 (4.20 g,

27 mmol, 9 equiv.) and NaOH (1.10 g, 27 mmol, ieguvere subsequently added, and the
reaction mixture was heated to 45 °C for 4 h. Thasps were separated and the agueous
phase was extracted with,Bt The combined organic phases were dried over Mg&a
concentratedn vacuo Purification by flash chromatography (eluent: et 1 % E{N)
provided 2-benzyloxy-1-(3-hydroxy-1-phenyl-propghelohexanol52 (840 mg, 77 %) as a

colourless oil. dr > 99:1.
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'H NMR (CDClk, 300 MHz):8 / ppm = 7.43 (dJ = 4.4 Hz, 4 H), 7.20-7.41 (m, 6 H), 4.64 (d,
J=11.2 Hz, 1 H), 4.31 (dl = 11.2 Hz, 1 H), 3.39-3.62 (m, 2 H), 3.36 (dd; 10.5 Hz,J =
4.4 Hz, 1 H), 3.05 (dd] = 10.1 Hz,J = 4.3 Hz, 1 H), 2.48 (d] = 1.5 Hz, 1 H), 2.25-2.41 (m,
1 H), 1.84-2.06 (m, 4 H), 1.32-1.77 (m, 5 H), 0B&8 (m, 1 H).

13C NMR (CDCl;, 75 MHz):5 / ppm = 141.6, 138.7, 129.5, 128.4, 128.1, 12128,5, 126.5,
78.5, 75.8, 69.4, 62.2, 49.5, 32.4, 29.5, 25.8),2%).8.

IR (neat): vicmi* = 3388, 3029, 2935, 2862, 1601, 1495, 1452, 10828, 975, 871, 731,
698.

MS (El, 70 ev): m/z (%) = 323 (1), 322 (2), 206 (305 (24), 105 (13), 91 (100), 65 (3).
HRMS (EI): calcd. for [GoH2604]": 340.2038found: 340.2041.

Mesyl chloride (0.25 mL, 3.2 mmol, 1.5 equiv.) vaakled at 0 °C to a solution of the cb@
(782 mg, 2.3 mmol), BN (0.60 mL, 4 mmol, 2.0 equiv.) and DMAP (12 mg)Gi,Cl, (10
mL). After 90 min, water was added and the aqueguhmse extracted with GBl,. The
combined organic phases were dried over Mg®@d concentrateid vacuo Purification by
flash chromatography (eluent: pentane: ether =)%ffbrded the pure spiro-compoubd
(578 mg, 78 %) as a white solid. dr > 99:1.

mp (°C) = 72.2-73.5.

'H NMR (CDClk, 300 MHz):5 / ppm = 7.28-7.49 (m, 5 H), 7.14-7.27 (m, 3 H9267.01 (m,

2 H), 4.82 (dJ=12.0 Hz, 1 H), 4.53 (dl = 12.0 Hz, 1 H), 3.95-4.12 (m, 2 H), 3.84 (dc
11.0 Hz,J = 7.7 Hz, 1 H), 3.24 (ddl = 11.0 Hz,J = 4.5 Hz, 1 H), 2.17-2.44 (m, 2 H), 2.02-
2.14 (m, 1 H), 1.25-1.82 (m, 5 H), 0.84-1.14 (n{)1.0.40-0.57 (m, 1 H).

13C NMR (CDCl;, 75 MHz):5 / ppm = 140.1, 138.9, 128.6, 128.4, 128.1, 12R0,5, 126.4,
85.2, 78.8, 70.3, 66.7, 47.0, 32.8, 31.3, 27.11,2211.2.

IR (neat): v/em* = 3492, 3028, 2940, 2888, 2856, 1495, 1454, 11497, 1047, 729, 704.
MS (El, 70 ev): m/z (%) = 323 (16), 322 (68), 231)2173 (18), 118 (100), 117 (43), 98
(17), 91 (93), 67 (12).

HRMS (EI): calcd. for [GoH2607]": 322,1933; found: 322.1930.

Preparation of 2-methyl-1-(oxiranyl-phenyl-methgljelohexanol 5):

I@Ie Ph
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To a stirred solution 089 (460 mg, 2 mmol) and NaRO, (780 mg), in CHCI,, was added

m-CPBA (630 mg of 70-75 % pure) at 25 °C. The resgltmixture was stirred at this
temperature overnight. Addition of water, followkd extraction with CHCl,, gave a crude,

which afforded the pure epoxid&5 (405 mg, 82 %) after purification by flash
chromatography (eluent: pentane: ether = 7: 3. @9: 1

'H NMR (CDCl, 300 MHz):8 / ppm = 7.24-7.36 (m, 5 H), 3.50-3.55 (m, 1 Hy4(dd,J =
4.8 Hz,J=4.1 Hz, 1 H), 2.65 (d] = 9.1 Hz, 1 H), 2.46 (br s, 1 H), 2.43 (dds 4.8 Hz,J =
2.8 Hz, 1 H), 1.94-2.06 (m, 1 H), 1.23-1.76 (m, )7 H00-1.16 (m, 1 H), 0.96 (d,= 6.4 Hz,
3 H).

3C NMR (CDChk, 75 MHz): & / ppm = 138.5, 129.2, 128.3, 127.0, 76.2, 55.82,586.7,
36.2, 33.1, 30.6, 24.8, 21.6, 15.2.

IR (neat): vicmi* = 3520, 3030, 2934, 2858, 1601, 1492, 1450, 18880, 967, 851, 700.
MS (El, 70 ev): m/z (%) = 247 (24), 229 (12).

HRMS (EI): calcd. for [GoH2,0, + H]™: 247.1698; found: 247.1694.

Preparation of 1-(2-hydroxy-1-phenyl-propyl)-2-mgthyclohexanol $6):

i v

2 L

.\ f.\.__.'\j
e e
o l
o o §

To a stirred solution of epoxides (335 mg, 1.4 mmol) in diethylether (6 mL), was edd
LiAIH 4 (160 mg, 4.2 mmol) at 0 °C. After 90 min at rooemperature, the reaction was
carefully quenched with water (5 mL) and extrackgith diethyl ether. The organic phase was
dried over MgS@ concentrated and purifiada flash chromatography (eluent: pentane: ether
=1:1) to yield the diob6 (321 mg, 95 %) as a white solid. dr > 99: 1

mp (°C) = 140.5-141.8.
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'H NMR (CDClk, 300 MHz):5 / ppm = 7.19-7.38 (m, 5 H), 4.45-4.58 (m, 1 H1L9%3.41 (m,
2 H), 2.95 (dJ = 10.3 Hz, 1 H), 2.17-2.27 (m, 1 H), 1.72-1.88 (irH), 1.51-1.70 (m, 3 H),
1.25-1.38 (m, 2 H), 0.94-1.18 (m, 5 H), 0.92 (&, 6.0 Hz, 3 H).

13C NMR (CDChk, 75 MHz): 8 / ppm = 139.9, 128.2, 128.2, 126.7, 77.8, 69.46,587.0,
31.8, 30.8, 25.6, 23.7, 21.5, 15.3.

IR (neat): viem* = 3216, 2979, 2925, 2851, 1492, 1447, 1377, 11032, 960, 768, 704.
MS (El, 70 ev): m/z (%) = 186 (6), 119 (10), 118 (La0L7 (24), 95 (8), 91 (8).

HRMS (EI): calcd. for [GeH240; — H,O]™: 230.1671; found: 230.1665.

Preparation of 2-chloro-3-methyl-4-phenyl-hex-53&nt (57):

Cl  Ph
- N

Me ~
HO Me

Prepared from 3-chloro-butan-2-one (107 mg, 1.0 fhamal cinnamylzinc phosphat&Q 1.2
mmol) according ta'P2. Purification by flash chromatography (eluent: taewe: ether = 7: 3
+ 1 % EgN) provided the pure compould (186 mg, 83 %) as a colourless oil. dr > 98: 2.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.21-7.38 (m, 5 H), 6.21-6.36 (m, 1 HR(®5.27
(m, 2 H), 4.16 (gJ = 6.7 Hz, 1 H), 3.78 (d1 = 9.5 Hz, 1 H), 1.56 (br s, 1 H), 1.54 (&5 6.7
Hz, 3 H), 1.09 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): 6 / ppm = 140.6, 136.5, 129.3, 128.5, 126.8, 118635, 61.1,
56.4, 20.1, 19.9.

IR (neat): vicm* = 3610, 3472, 3079, 2985, 2941, 1636, 1600, 12932, 1379, 1238, 1135,
1092, 1075, 1027, 985, 918, 747, 700.

MS (El, 70 ev): m/z (%) = 118 (100), 117 (30), 107, &3 (12).

HRMS (El): calcd. for [GaH1,0°°CI]*: 224.0968 ; found: 224.0972.

Preparation of 2,3-dimethyl-2-(1-phenyl-allyl)-caire 68):

H Ph
Me""W
o” =

Me
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From57:

NaOH (0.5 mL of a 2 M solution in water) was ad@®5 °C to a solution of 2-chloro-3-
methyl-4-phenyl-hex-5-en-3-057, 224 mg, 1 mmol) im-PrOH (5 mL). The reaction mixture
mixture was stirred at room temperature for 1 lentdiluted with water and extracted with
diethyl ether. The organic extracts were combirtgted over MgS@® and concentrateth

vacuoto yield58 as colourless oil (181 mg, 96 %).

From 3-bromo-butan-2-one:

Prepared from 3-bromo-butan-2-one (152 mg, 1.0 ranadl cinnamylzinc chloridel, 1.2
mmol) according ta'P2. Purification by flash chromatography (eluent: jo@e: ether = 95: 5
+ 1 % EgN) provided the pure compould® (156 mg, 83 %) as a colourless oil. dr > 98: 2.

From 3-iodo-butan-2-one:

Prepared from 3-iodo-butan-2-one (1.40 g, 7.1 mmokl cinnamylzinc chloridel(, 8.5
mmol) according ta'P2. Purification by flash chromatography (eluent: jo@e: ether = 95: 5
+ 1 % EgN) provided the pure compou@® (1.15 g, 86 %) as a colourless oil. dr > 97: 3.

From toluene-4-sulfonic acid 1-methyl-2-oxo-proester:

Prepared from toluene-4-sulfonic acid 1-methyl-2-@xopyl ester (245 mg, 1 mmol) and
cinnamylzinc chloride X1, 1.2 mmol) according toTP2 (REVERSE ADDITION).
Purification by flash chromatography (eluent: peetaether = 95: 5 + 1 % ) provided the

pure compoun&®8 (170 mg, 90 %) as a colourless oil. dr > 99: 1.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.22-7.39 (m, 5 H), 6.01-6.16 (m, 1 H).65.26
(m, 2 H), 3.36 (dJ = 8.5 Hz, 1 H), 3.07 (q] = 5.5 Hz, 1 H), 1.33 (d] = 5.5 Hz, 3 H), 1.22
(s, 3 H).

13C-NMR (CDCl3, 75 MHz): & / ppm = 140.8, 136.9, 128.4, 128.4, 126.7, 116284, 57.0,
56.6, 15.2, 13.9.

IR (neat): vicmi* = 3064, 3001, 2929, 1638, 1602, 1492, 1452, 1384, 918, 870, 754, 700.
MS (El, 70 ev): m/z (%) = 146 (2), 145 (11), 128 (1R)}8 (10), 117 (100), 115 (26), 91 (11).
HRMS (EI): calcd. for [GaH160]": 188,1201; found: 188.1183.
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Preparation of 3-methyl-2,4-diphenyl-hex-5-en-35$):

Ph Ph
N

Me A
HO Me

Prepared from 3-phenyl-butan-2-one (149 mg, 1.0 hhamad cinnamylzinc chloridel(, 1.2
mmol) according tad'P2. Purification by flash chromatography (eluent: taeie: ether = 9: 1
+ 1 % EgN) provided compoun89 (232 mg, 87 %) as a colourless oil. dr = 91: 9.

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.12-7.35 (m, 10 H), 6.38-6.46 (m, 1 HR7(d,J=
10.2 Hz, 1 H), 5.12 (d] = 17.2 Hz, 1 H), 3.47 (d, = 8.3 Hz, 1 H), 2.88 (g1 = 7.1 Hz, 1 H),
1.62 (d,J = 1.3 Hz, 1 H), 1.40 (dl = 7.1 Hz, 3 H), 0.94 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 144.0, 141.6, 138.2, 129.1, 129.1, 1282%.9,
126.5, 126.3, 118.4, 76.1, 57.4, 46.0, 23.0, 15.9.

IR (neat): vicm®* = 3576, 3551, 3501, 3074, 3025, 2974, 2911, 28635, 1600, 1581, 1491,
1452, 1374, 1139, 1076, 916, 907, 740, 703.

MS (El, 70 ev): m/z (%) = 234 (2), 161 (13), 149 (69)8 (55), 105 (44), 91 (29), 57 (23),
43 (100).

HRMS (EI): calcd. for [GoH2,0 - OHJ": 249.1643 ; found: 249.1649.

Preparation of 3-methyl-4-phenyl-2-phenylsulfangkib-en-3-ol §0):

Prepared from 3-thiophenyl-butan-2-one (180 mg,mmol) and cinnamylzinc chloridd 1,
1.2 mmol) according tdP2. Purification by flash chromatography (eluent: jome: ether =
8: 2 + 1 % E4N) provided compoun@0 (286 mg, 96 %) as a colourless oil. dr = 81: 19.

'H-NMR (CDCl 3, 300 MHz). & / ppm =major isomer 7.20-7.47 (m, 10 H), 6.30-6.44 (m, 1
H), 5.15-5.25 (m, 2 H), 3.98 (d,= 9.6 Hz, 1 H), 3.51 (q] = 6.9 Hz, 1 H), 1.76 (br s, 1 H),
1.41 (d,J = 6.9 Hz, 3 H), 1.08 (s, 3 Himinor isomer 7.17-7.57 (m, 10 H), 6.36-6.53 (m, 1
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H), 5.10-5.23 (m, 2 H), 3.51-3.62 (m, 2 H), 2.734($), 1.45 (d,J = 7.0 Hz, 3 H), 1.08 (s, 3
H)

3C-NMR (CDCl3, 75 MHz): & / ppm =major isomer 141.3, 137.2, 135.8, 131.6, 129.3,
128.9, 128.4, 126.8, 126.7, 118.1, 76.2, 57.0,,54271, 16.8minor isomer 141.3, 137.6,
136.0, 131.3, 129.5, 120.0, 128.1, 126.8, 126.8,2,775.8, 57.2, 55.7, 22.1, 18.1.

IR (neat): vicm* = 3580, 3472, 3074, 3060, 3026, 2976, 2934, 28625, 1600, 1584, 1492,
1478, 1452, 1440, 1379, 1137, 1085, 1070, 1023, ®B& 746, 700, 690.

MS (El, 70 ev): m/z (%) = 298 (0), 181 (62), 180 (9%3 (16), 138 (57), 117 (26), 115 (22),
91 (17), 71 (24), 57 (22), 43 (100).

HRMS (EI): calcd. for [GgH2,0ST: 298,1391; found: 298.1404.

Preparation of 3-methyl-4-phenyl-hex-5-en-328)¢

Ph

Eto -
HO Me

LiAIH 4 (55 mg, 1.5 mmol) was added at once to a solwfdh3-dimethyl-2-(1-phenyl-allyl)-
oxirane 68, 100 mg, 0.5 mmol) in diethyl ether (3 mL). Thacton mixture was stirred at
25 °C overnight, then carefully quenched by additd water (3 mL) at 0 °C. Subsequent
extraction with diethyl ether, and purificationa flash chromatography (eluent: pentane:
ether = 8: 2 + 1 % BMN) provided the pure compou2® (84 mg, 88 %) as a colourless oil. dr
>90: 1.

'H-NMR (CDCl 5, 300 MHz). § / ppm = 7.19-7.34 (m, 5 H), 6.28-6.40 (m, 1 HN%5.22
(m, 2 H), 3.31 (dJ = 9.6 Hz, 1 H), 1.53 (4l = 7.5 Hz, 2 H), 1.45 (s, 1 H), 1.06 (s, 3 H), 0.93
(t,J=7.5Hz, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 141.3, 137.8, 129.2, 128.3, 126.6, 11745], 60.0,
32.5, 24.3, 8.0.

IR (neat): vicm* = 3467, 3076, 3028, 2970, 2938, 2881, 1636, 16892, 1452, 1377, 1155,
995, 910, 740, 700.

MS (El, 70 ev): m/z (%) = 174 (13), 173 (100), 131 (3

HRMS (EI): calcd. for [GaH160 — OHJ': 173.1330; found: 173.1324.
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Note T When butan-2-one (1 mmol) and cinnamylzinc cler{L1, 1.2 mmol) were reacted
together according tdP2, compound29 was obtained in 93 % yield as a mixture of 2
diastereoisomers (dr = 61: 39).

Note 2 When (&R)-toyloxy-butanone (99 %€ was reacted with cinnamyzinc chloridEgL),
and the resulting epoxide was opened with LiAlthe alcohol(3R,4S)-29 was obtained in 87
% as a single diastereoisomer (dr > 99: 1; 99 %[@e; (c = 0.0182 g.mL}, CHCL) = -
101.2).

Preparation of 8-chloro-octa-1,6-dierd)

ZMgCl
1. g cl
THF, -20 °C, 30 min P N e~
MO = Cl + = =
2. SOCl,, Et,0
25°C,3h, 58% I: 88 % I: 12 %

A solution of hex-5-enal (1.97 g, 20 mmol) in THF5(mL) was added dropwise to a solution
of vinylmagnesium chloride (17.0 mL of a 1.7 M d@ua in THF, 29 mmol) in THF (20 mL)
at — 20 °C. After 30 min, the reaction was quenchik a saturated N}Cl| solution (10 mL).
Aqueous HCI was then added until the magnesiurs sadte dissolved, and the phases were
separated. The organic phase was then extractdd diethyl ether before the combined
organic phases were dried over MgS(dd concentrated to afford an oil, which was pésse
through a short pad of silica gel (eluent: dietyier).

The crude allylic alcohol was then diluted in dretdyl ether (50 mL), before thionyl
chloride (30 mmol) was added dropwise at 25 °CelABt h at this temperature, water (5 mL)
was carefully added and the resulting solution essacted with diethyl ether. The combined
organic phases were dried over MgSQand concentrated. Purification via flash
chromatography (eluent: pentane) afforéédhs a mixture of two allylic chlorides (1.68 g, 58
%, 1: 1l =88: 12).

'H-NMR (CDCl 3, 300 MHz). § / ppm = 5.56-5.95 (m, 3 H), 4.93-5.09 (m, 2 HP%(d,J =
6.8 Hz, 2 H), 2.03-2.15 (m, 4 H), 1.44-1.57 (m,2 H
13C-NMR (CDCl3, 75 MHz): & / ppm = 138.4, 135.7, 126.2, 114.7, 45.4, 33.14,348.0.
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IR (neat): vicmi* = 3078, 2977, 2930, 2858, 1667, 1640, 1440, 12499, 964, 911, 677.

MS (El, 70 ev): m/z (%) = 144 (2), 109 (21), 108 (383 (68), 81 (23), 80 (27), 79 (100), 78
(15), 77 (13), 67 (53), 55 (12), 54 (17), 53 (4D),(24).

HRMS (EI): calcd. for [GH1zCl]": 144.0706; found: 144.0713.

Preparation of (8-chloro-oct-6-en-1-ynyl)-trimettsilane 62):

Cl

/\
o 1. © MgCl P Cle "~

~ THF, -20 °C, 30 min
+
— SiMe3 2. SOClz, Etzo _ — SiMe3

o SiMe3
25°C,3h, 52%

1: 92 % I1: 8 %

A solution of 6-trimethylsilanyl-hex-5-ynal (3.37, @0 mmol) in THF (15 mL) was added
dropwise to a solution of vinylmagnesium chlorid€.0 mL of a 1.7 M solution in THF, 29
mmol) in THF (20 mL) at — 20 °C. After 30 min, theaction was quenched with a saturated
NH4CI solution (10 mL). Aqueous HCI was then addediluhie magnesium salts were
dissolved, and the phases were separated. Theioqgaase was then extracted with diethyl
ether before the combined organic phases were dviedMgSQ and concentrated to afford
an oil, which was passed through a short pad icbsgel (eluent: diethyl ether).

The crude allylic alcohol was then diluted in dretdyl ether (50 mL), before thionyl
chloride (30 mmol) was added dropwise at 25 °CelABt h at this temperature, water (5 mL)
was carefully added and the resulting solution essacted with diethyl ether. The combined
organic phases were dried over MgSQand concentrated. Purification via flash
chromatography (eluent: pentane) affor@@das a mixture of two allylic chlorides (2.23 g, 52
%, 1: 1l =92: 8).

'H-NMR (CDCl 3, 300 MHz) & / ppm = 5.60-5.86 (m, 2 H), 4.05 (dbz 6.8 Hz,J = 0.7 Hz,
2 H), 2.14-2.30 (m, 4 H), 1.57-1.69 (m, 2 H), 0(&79 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 134.9, 126.7, 106.8, 85.0, 45.2, 31.07,210.2, 0.1.
IR (neat): vicmi* = 2957, 2902, 2864, 2175, 1167, 1442, 1327, 1988, 837, 759, 638.
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MS (EI, 70 ev): m/z (%) = 214 (0), 199 (2), 179 (1853 (9), 109 (11), 106 (20), 105 (30),
95 (35), 93 (100), 91 (14), 73 (51), 67 (11).
HRMS (EI): calcd. for [G1H1CISi]™: 214.0945; found: 214.0920.

Preparation oN-allyl-N-(5-chloro-pent-3-enyl)-4-methyl-benzenesulfonan{e®:

1) . Cl
?O THF, -20 “C, 30 min Nc' s P
/\/ /\/
N 2. S(?)CIz, Et,O '\\l N/\/
Ts 25°C,3h, 47 % Ts |
Ts
I: 83 % I1: 17 %

A solution of N-allyl-4-methylN-(3-oxo-propyl)-benzenesulfonamide (5.36 g, 20 mnol
THF (15 mL) was added dropwise to a solution of/immagnesium chloride (17.0 mL of a 1.7
M solution in THF, 29 mmol) in THF (20 mL) at — 2C. After 30 min, the reaction was
guenched with a saturated NE solution (10 mL). Aqueous HCI was then addedluhe
magnesium salts were dissolved, and the phasessepegated. The organic phase was then
extracted with diethyl ether before the combineghaic phases were dried over MgSind
concentrated to afford an oil, which was passedutin a short pad of silica gel (eluent:
diethyl ether).

The crude allylic alcohol was then diluted in dretdyl ether (50 mL), before thionyl
chloride (30 mmol) was added dropwise at 25 °CelABt h at this temperature, water (5 mL)
was carefully added and the resulting solution esgacted with diethyl ether. The combined
organic phases were dried over MgSQand concentrated. Purification via flash
chromatography (eluent: pentane: diethyl ether 2)&fforded63 as a mixture of two allylic
chlorides (2.95 g, 47 %; Il =83: 17).

'H-NMR (CDCl 3, 300 MHz). 5 / ppm = 7.69 (dJ= 8.3 Hz, 2 H), 7.30 (d] = 8.5 Hz, 2 H),
5.55-5.72 (M, 3 H), 5.11-5.23 (m, 2 H), 3.98 (bd &, 5.3 Hz, 2 H), 3.80 (br d,= 6.4 Hz, 2
H), 3.14-3.23 (m, 2 H), 2.42 (br s, 3 H), 2.25-2(8% 2 H).

13C-NMR (CDCl3, 75 MHz): § / ppm = 143.3, 137.0, 133.1, 131.5, 129.7, 1283, 1,
118.9, 50.8, 46.5, 44.8, 31.3, 21.5.
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IR (neat): vicm™ = 2925, 2868, 1644, 1598, 1495, 1445, 1420, 18384, 1252, 1153, 1090,
972, 923, 815, 741, 659.

MS (El, 70 ev): m/z (%) = 314 (0), 313 (0), 278 (826 (8), 225 (19), 224 (49), 155 (46), 92
(11), 91 (100), 68 (25), 65 (15).

HRMS (EI): calcd. for [GsH20CINO,S]": 313,0903; found: 313.0913.

Preparation of 5-allyloxy-1-chloro-pent-2-erg):

1 Z “Mgcl
o . Cl
fo THF, -20 “C, 30 min Nc' .\ f\/
% =
o 2.s0Cl, Et,0 o P
25°C, 3 h, 60 %
I: 90 % 11: 10 %

A solution of 3-allyloxy-propionaldehyde (2.28 g0 2nmol) in THF (15 mL) was added
dropwise to a solution of vinylmagnesium chlorid€.0 mL of a 1.7 M solution in THF, 29
mmol) in THF (20 mL) at — 20 °C. After 30 min, theaction was quenched with a saturated
NH4CI solution (10 mL). Aqueous HCI was then addediluihie magnesium salts were
dissolved, and the phases were separated. Theioqgaase was then extracted with diethyl
ether before the combined organic phases were dviedMgSQ and concentrated to afford
an oil, which was passed through a short pad icbsijel (eluent: diethyl ether).

The crude allylic alcohol was then diluted in drietdyl ether (50 mL), before thionyl
chloride (30 mmol) was added dropwise at 25 °CelABt h at this temperature, water (5 mL)
was carefully added and the resulting solution exgsacted with diethyl ether. The combined
organic phases were dried over MgSQand concentrated. Purification via flash
chromatography (eluent: pentane: diethyl ether =®5afforded64 as a mixture of two
allylic chlorides (1.93 g, 60 %; Il =90: 10).

'H-NMR (CDCl 3, 300 MHz): § / ppm = 5.63-6.00 (m, 3 H), 5.29 (dbz 17.2 HzJ = 1.6
Hz, 1 H), 5.19 (dgJ = 10.6 Hz,J = 1.5 Hz, 1 H), 4.05 (dd},= 6.7 Hz,J = 0.7 Hz, 2 H), 3.99
(dt,J=5.6 Hz,J = 1.4 Hz, 2 H), 3.50 (] = 6.7 Hz, 2 H), 2.34-2.42 (m, 2 H).

3C-NMR (CDCl3, 75 MHz): 8 / ppm = 134.7, 132.2, 127.7, 116.9, 71.8, 69.22 4%.5.
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IR (neat): vicmi' = 3081, 2856, 1168, 1647, 1479, 1443, 1421, 18252, 1103, 992, 966,
924, 677.

MS (El, 70 ev): m/z (%) = 160 (0), 125 (2), 89 (1},(@), 53 (2), 41 (100).

HRMS (EI): calcd. for [GH1zCIO]": 160.0655; found: 160.0645.

Preparation of 1-allyloxy-2-(3-chloro-propenyl)-lzeme 65):

THF, -20 °C, 30 min
@\AO ©j\ﬂcl
o F 2. SOCl,, Et,O o F

25°C, 3 h, 69 %

A solution of 2-allyloxy-benzaldehyde (3.24 g, 20mwol) in THF (15 mL) was added
dropwise to a solution of vinylmagnesium chlorid€.0 mL of a 1.7 M solution in THF, 29
mmol) in THF (20 mL) at — 20 °C. After 30 min, theaction was quenched with a saturated
NH4CI solution (10 mL). Aqueous HCI was then addediluhie magnesium salts were
dissolved, and the phases were separated. Theioqgaase was then extracted with diethyl
ether before the combined organic phases were dviedMgSQ and concentrated to afford
an oil, which was passed through a short pad ichsijel (eluent: diethyl ether).

The crude allylic alcohol was then diluted in dretdyl ether (50 mL), before thionyl
chloride (30 mmol) was added dropwise at 25 °CelABt h at this temperature, water (5 mL)
was carefully added and the resulting solution essacted with diethyl ether. The combined
organic phases were washed with a saturated Nat$GlOtion, brine and water, dried over
MgSOy, and concentrated to affoéd, which was not further purified (2.88 g, 69 %).

'H-NMR (CDCl 3, 300 MHz). § / ppm = 7.45 (dd] = 7.7 Hz,J = 1.7 Hz, 1 H), 7.19-7.26 (m,
1 H), 6.84-7.07 (m, 3 H), 6.37 (dt= 15.7 Hz,J = 7.3 Hz, 1 H), 6.01-6.15 (m, 1 H), 5.43 (dq,
J=17.3 Hz,J = 1.6 Hz, 1 H), 5.31 (dg] = 10.5 Hz,Jd = 1.4 Hz, 1 H), 4.55-4.61 (m, 2 H),
4.27 (ddJ = 7.3 Hz,J = 1.1 Hz, 2 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 155.9, 133.2, 129.2, 129.1, 127.3, 125%5.2,
120.9, 117.5, 112.3, 69.2, 46.1.
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IR (neat): vicm* = 3076, 3033, 2953, 2866, 1648, 1597, 1580, 12852, 1440, 1423, 1330,
1294, 1240, 1223, 1108, 1017, 996, 967, 924, 740, 6

MS (El, 70 ev): m/z (%) = 210 (26), 208 (85), 1739569 (19), 167 (65), 145 (38), 133
(17), 132 (100), 131 (28), 104 (23), 103 (89), 93)( 77 (41), 41 (30).

HRMS (EI): calcd. for [G2H13CIO]": 208.0655; found: 208.0649.

Preparation oN-allyl-N-[2-(3-chloro-propenyl)-phenyl]-4-methyl-benzendsubmide 66):

1 7 Mgl
THF, -20 °C, 30 min
G Moo,
NN 2. SOCl,, Et,0 NN
Ts 25°C. 3h, 65% Ts

A solution of N-allyl-N-(2-formyl-phenyl)-4-methyl-benzenesulfonamide 68 20 mmol)
in THF (15 mL) was added dropwise to a solutiowiaf/imagnesium chloride (17.0 mL of a
1.7 M solution in THF, 29 mmol) in THF (20 mL) at20 °C. After 30 min, the reaction was
guenched with a saturated MH solution (10 mL). Aqueous HCI was then addedluhe
magnesium salts were dissolved, and the phasessspegated. The organic phase was then
extracted with diethyl ether before the combineghaoic phases were dried over MgSdnd
concentrated to afford an oil, which was passedutin a short pad of silica gel (eluent:
diethyl ether).

The crude allylic alcohol was then diluted in dretdyl ether (50 mL), before thionyl
chloride (30 mmol) was added dropwise at 25 °CelABt h at this temperature, water (5 mL)
was carefully added and the resulting solution essacted with diethyl ether. The combined
organic phases were dried over MgSQand concentrated. Purification via flash
chromatography (eluent: pentane: diethyl ether 2)&fforded66 as colourless oil (4.70 g,
65 %).

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.50-7.64 (m, 3 H), 7.24-7.33 (m, 3 H}L67(td,J =
7.8 Hz,J=1.4 Hz, 1 H), 6.88 (dl = 15.7 Hz, 1 H), 6.72 (d, = 7.9 Hz, 1 H), 6.19-6.31 (m, 1
H), 5.63-5.81 (m, 1 H), 4.92-5.06 (m, 2 H), 3.8291(m, 4 H), 2.45 (s, 3 H).
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¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 143.7, 137.0, 136.0, 132.2, 129.8, 12929.4,
128.6, 128.4, 127.9, 127.9, 126.8, 126.6, 119.8,%%6.4, 21.6.

IR (neat): vicm* = 3086, 3068, 2962, 2923, 2865, 1644, 1598, 121848, 1348, 1248, 1158,
1091, 1055, 972, 944, 861, 727, 660, 571.

MS (El, 70 ev): m/z (%) = 326 (3), 208 (100), 207 6206 (17), 171 (37), 170 (21), 156
(44), 130 (23), 115 (25), 91 (54).

HRMS (EI): calcd. for [GgH20CINO,S - CIJ': 326,1215; found: 326.1213.

Preparation of 1-iodomethyl-2-vinyl-cyclopentaie&)(

N

Prepared from 8-chloro-octa-1,6-dier@l,(290 mg, 2.0 mmol), zinc (800 mg, 12.2 mmol)
and LiCl (210 mg, 5 mmol) according #dP3 (reaction time: 20 h at 25 °C). The resulting
zinc reagent was treated with iodine (506 mg, 2 MmmmoTHF (2 mL) at — 30 °C. After 30

min, the reaction was quenched with water (2 mhyj axtracted several times with diethyl
ether. The combined organic phases were dried BgS0O, and concentrated to yield the
crude product. Purification by flash chromatogragiuent: pentane) provided the pure

compounds7 (335 mg, 71 %) as a colourless oil. dr > 98: 2.

'H-NMR (CDCl 3, 300 MHz). & / ppm = 5.62-5.77 (m, 1 h), 5.02-5.17 (m, 2 H)233.17 (m,
2 H), 2.63-2.75 (m, 1 H), 2.28-2.43 (m, 1 H), 1560 (m, 5 H), 1.30-1.46 (, m, 1 H).
3C-NMR (CDCl3, 75 MHz): § / ppm = 137.6, 115.7, 47.3, 47.0, 31.6, 31.1, 238

IR (neat): vicmi* = 3076, 2954, 2869, 1637, 1452, 1423, 1300, 1996, 912.

MS (El, 70 ev): m/z (%) = 236 (7), 110 (8), 109 (99),(14), 67 (100), 55 (21), 40 (12).
HRMS (EI): calcd. for [GH13l] : 236,0062; found: 236.0060.
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Preparation of 1-phenyl-2-(2-vinyl-cyclopentyl)-atione 68):

N o

Prepared from 8-chloro-octa-1,6-dier@l,(290 mg, 2.0 mmol), zinc (800 mg, 12.2 mmol)
and LiCl (210 mg, 5 mmol) according idP3 (reaction time: 20 h at 25 °C). The resulting
zinc reagent was treated with CuCN-2LIiCI (1.5 mLaof M in THF) at — 30 °C. After 30
min, benzoyl chloride (282 mg, 2 mmol) in THF (1 )vas added and the reaction was
warmed up to 25 °C over 2 h, then quenched witlem@ mL), and extracted several times
with diethyl ether. The combined organic phasesvdered over MgS@and concentrated to
yield the crude product. Purification by flash amatography (eluent: pentane: ether = 95: 5)
provided the pure compouled (269 mg, 63 %) as a colourless oil. dr > 98: 2.

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.90-7.97 (m, 2 H), 7.50-7.57 (m, 1 H}177.48
(m, 2 H), 5.70-5.82 (m, 1 H), 4.93-5.02 (m, 2 HPB(dd,J = 16.7 Hz,J = 6.2 Hz, 1 H),
2.69-2.83 (m, 2 H), 2.51-2.63 (m, 1 H), 1.51-1.8% § H), 1.27-1.40 (m, 1 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 200.3, 139.6, 137.4, 132.7, 128.5, 12B1@,8, 46.6,
40.2, 39.3, 30.8, 30.8, 23.0.

IR (neat): vicmi* = 3069, 2951, 2871, 1683, 1637, 1599, 1448, 1299, 911, 751, 688.
MS (El, 70 ev): m/z (%) = 215 (2), 214 (11), 171 (¥30 (32), 105 (100), 77 (15).

HRMS (EI): calcd. for [GsH180]": 214,1358; found: 214.1360.

Preparation of 1-but-3-enyl-2-vinyl-cyclopenta®®)(

Y,
1

Prepared from 8-chloro-octa-1,6-dier&, (290 mg, 2.0 mmol), zinc (800 mg, 12.2 mmol)
and LiCl (210 mg, 5 mmol) according #dP3 (reaction time: 20 h at 25 °C). The resulting
zinc reagent was treated with allyl bromide (242, ®gmmol) in THF (1.5 mL) and

CuCN-2LIiCl (0.2 mL of a1 M in THF) at — 30 °C. Theaction was subsequently warmed up
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to 25 °C within 1 h, quenched with water (2 mL)daxtracted several times with diethyl
ether. The combined organic phases were dried \gS0O, and concentrated to yield the
crude product. Purification by flash chromatogragluent: pentane) provided the pure

compounds9 (201 mg, 67 %) as a colourless oil. dr > 98: 2.

'H-NMR (CDCl 3, 300 MHz): § / ppm = 5.67-5.92 (m, 2 H), 4.86-4.99 (m, 4 HR(®3.39
(m, 1 H), 1.16-1.19 (m, 11 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 140.1, 139.3, 114.0, 113.8, 47.0, 43.38,321.4,
30.4, 30.4, 23.0.

IR (neat): v/em* = 2953, 2921, 2852, 1743, 1462, 1376, 721.

MS (El, 70 ev): m/z (%) = 153 (7), 152 (6), 151 (825 (21), 111 (40), 71 (59), 69 (67), 57
(100).

HRMS (EI): calcd. for [GiH1g + H]": 151.1487 ; found: 151.1479.

Preparation of 2,3,3a,4,5,7a-hexahydro-1H-ind&0 (

To a solution of Grubbs Il catalyst (43 mg, 5 mol ¥h CH,CI, (5 mL), was adde@9 (150
mg, 1 mmol) in CHCI, (10 mL) at 25 °C. The reaction mixture was stiraethis temperature
for 2 h. Water (5 mL) was added and the reaction @xracted with CkCl,. The organic
phases were combined, dried over MgSQconcentrated. Purificationvia flash

chromatography (eluent: pentane) afford@ds a colourless oil (96 mg, 79 %). dr > 98: 2

H-NMR (CDCl 3, 300 MHz): & / ppm = 5.61-5.71 (m, 2 H), 2.28-2.41 (m, 1 H182.14
(m, 11 H).

%C-NMR (CDCl3, 75 MHz): & / ppm = 131.2, 126.2, 39.4, 36.7, 32.3, 30.8, 25491, 23.3.

IR (neat): vicm™ = 2953, 2935, 2832, 1459, 1371, 721.

MS (El, 70 ev): m/z (%) = 123 (4), 122 (39), 107 (123 (44), 93 (56), 91 (17), 81 (62), 80
(71), 79 (100), 77 (28), 67 (20), 53 (13), 41 (20).

HRMS (EI): calcd. for [GH14": 122,1096; found: 122.1092.
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Preparation of [iodo-(2-vinyl-cyclopentylidene)-rhell-trimethyl-silane 71):

N
7/|
N
SiMe;

Prepared from (8-chloro-oct-6-en-1-ynyl)-trimettsylane 62, 430 mg, 2.0 mmol), zinc (800
mg, 12.2 mmol) and LiCI (210 mg, 5 mmol) accordiogd P3 (reaction time: 40 h at 25 °C).
The resulting zinc reagent was treated with iodb@® mg, 2 mmol) in THF (2 mL) at — 30
°C. After 30 min, the reaction was quenched withew& mL), and extracted several times
with diethyl ether. The combined organic phasesvdered over MgS@and concentrated to
yield the crude product. Purification by flash amatography (eluent: pentane) provided the

pure compoundl (392 mg, 64 %) as a colourless oil. dr > 98: 2.

'H-NMR (CDCl 3, 300 MHz). 8 / ppm = 5.66-5.81 (m, 1 H), 5.01-5.15 (m, 2 H}533.54
(m, 1 H), 2.26-2.50 (m, 2 H), 1.65-1.97 (m, 4 HR®&(s, 9 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 163.8, 137.3, 114.7, 102.1, 57.8, 33.54,326.0,
1.1.

IR (neat): vicm™ = 3080, 2954, 2871, 1707, 1635, 1594, 1449, 14304, 1248, 912, 876,
835, 756, 693, 622.

MS (El, 70 ev): m/z (%) = 306 (8), 185 (33), 179 (343 (32), 71 (27), 70 (20), 69 (47), 67
(12), 57 (100), 56 (18), 55 (44), 43 (19).

HRMS (EI): calcd. for [G1H10ISi]": 306,0301; found: 306.0289.

Preparation of trimethyl-[1-(2-vinyl-cyclopentylide)-but-3-enyl]-silane??):

3

N
SiMesz

Prepared from (8-chloro-oct-6-en-1-ynyl)-trimettsflane 62, 430 mg, 2.0 mmol), zinc (800
mg, 12.2 mmol) and LiCI (210 mg, 5 mmol) accordiod P3 (reaction time: 40 h at 25 °C).
The resulting zinc reagent was treated with alhgnbide (242 mg, 2 mmol) in THF (1.5 mL)
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and CuCN-2LiCl (0.2 mL of a 1 M in THF) at — 30 °The reaction was subsequently
warmed up to 25 °C within 1 h, quenched with wé2emL), and extracted several times with
diethyl ether. The combined organic phases weezldhver MgS@and concentrated to yield

the crude product. Purification by flash chromaapinry (eluent: pentane) provided the pure

compoundr2 (269 mg, 61 %) as a colourless oil. dr > 98: 2.

'H-NMR (CDCl 3, 300 MHz). & / ppm = 5.66-5.84 (m, 2 H), 4.86-4.99 (m, 4H HR®3.39
(m, 1 H), 2.99 (dd) = 15.8 Hz,J = 6.4 Hz, 1 H), 2.77 (dd] = 15.7 Hz,J = 5.7 Hz, 1 H),
2.30-2.45 (m, 2 H), 1.52-1.88 (m, 4 H), 0.12 ($)9

3C-NMR (CDCl3, 75 MHz): 6 / ppm = 156.5, 140.9, 138.0, 129.0, 114.0, 114617, 36.6,
32.9,32.8,24.1, 0.0.

IR (neat): vicmi* = 2954, 2831, 1707, 1633, 1598, 1403, 1246, 918, 835.

MS (El, 70 ev): m/z (%) = 220 (10), 192 (14), 177 (1B47 (22), 146 (100), 118 (43), 117
(52), 105 (24), 91 (30), 74 (41), 73 (60), 45 (35).

HRMS (EI): calcd. for [G4H24Si]™: 220.1647 ; found: 220.1632.

Preparation of trimethyl-(2,3,5,7a-tetrahydro-1iden-4-y)-silane 13):

j SiMe3

To a solution of Grubbs Il catalyst (34 mg, 5 mal #% CH,Cl, (5 mL), was added?2 (170
mg, 0.8 mmol) in CkCl, (10 mL) at 25 °C. The reaction mixture was stiradthis

temperature for 2 h. Water (5 mL) was added andr¢hetion was extracted with GEl..
The organic phases were combined, dried over Mg@&@dcentrated. Purificationa flash
chromatography (eluent: pentane) afford@as a colourless oil (125 mg, 84 %). dr > 98: 2

'H-NMR (CDCl 3, 300 MHz): & / ppm = 5.74-5.91 (m, 2 H), 2.24-2.83 (m, 5 HR6L2.09
(m, 1 H), 1.56-1.88 (m, 2 H), 1.13-1.31 (m, 1 HLD(s, 9 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 152.7, 128.7, 125.8, 123.6, 42.1, 32.36,380.3,
23.8,-0.7.

IR (neat): vicmi* = 3024, 2952, 2895, 2867, 1661, 1621, 1415, 12840, 875, 829, 749.
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MS (El, 70 ev): m/z (%) = 194 (1), 193 (3), 192 (2177 (8), 119 (17), 118 (100), 117 (28),
73 (38).
HRMS (EI): calcd. for [GoH20Si]™: 192,1334; found: 192.1335.

Preparation of 3-iodomethyl-1-(toluene-4-sulfordf4nyl-piperidine {74):

X
8
N
Ts
Prepared fromN-allyl-N-(5-chloro-pent-3-enyl)-4-methyl-benzenesulfonam({@8, 630 mg,
2.0 mmol), zinc (800 mg, 12.2 mmol) and LiCl (21§,/6 mmol) according tdP3 (reaction
time: 40 h at 25 °C). The resulting zinc reagens waated with iodine (506 mg, 2 mmol) in
THF (2 mL) at — 30 °C. After 30 min, the reactiomsmuenched with water (2 mL), and
extracted several times with diethyl ether. The lbim@d organic phases were dried over
MgSO, and concentrated to yield the crude product. Ratibn by flash chromatography

(eluent: pentane: ether = 8: 2) provided comporth@01 mg, 74 %) as a pale yellow solid.
dr =95: 5.

mp (°C) = 102.3-103.9.

IH-NMR (CDCl 5, 300 MHz). & / ppm = 7.67 (dJ = 8.2 Hz, 2 H), 7.33 (d] = 8.4 Hz, 2 H),
5.63-5.78 (M, 1 H), 5.04-5.17 (m, 2 H), 3.29-3.44 @ H), 3.21 (tJ = 9.7 Hz, 1 H), 3.10
(ddd,J=9.8 HzJ=4.8 Hz,J=0.8 Hz, 1 H), 2.90 (dd} = 11.7 HzJ = 2.9 Hz, 1 H), 2.72-
2.83 (M, 1 H), 2.46 (s, 3 H), 2.31-2.34 (m, 1 HR®2.22 (m, 1 H), 1.64-1.77 (m, 2 H).
13C-NMR (CDCl3, 75 MHz): 6 / ppm = 143.6, 138.6, 133.3, 129.7, 127.7, 114806, 44.7,
42.0,41.5, 26.7, 21.5, 4.6.

IR (neat): vicm® = 3069, 2976, 2923, 2845, 1637, 1597, 1468, 14304, 1334, 1289, 1157,
1089, 914, 752, 659.

MS (El, 70 ev): m/z (%) = 405 (8), 279 (16), 278 (8899 (11), 198 (84), 155 (87), 95 (15),
91 (100), 67 (15), 65 (15), 42 (17).

HRMS (EI): calcd. for [GsH20INO,S]™: 405,0259; found: 405.0243.
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Preparation of 3-but-3-enyl-1-(toluene-4-sulfordydnyl-piperidine {5):

Prepared fromN-allyl-N-(5-chloro-pent-3-enyl)-4-methyl-benzenesulfonam({@8, 630 mg,
2.0 mmol), zinc (800 mg, 12.2 mmol) and LiCl (21§,/6 mmol) according tdP3 (reaction
time: 40 h at 25 °C). The resulting zinc reagens waated with allyl bromide (242 mg, 2
mmol) in THF (1.5 mL) and CuCN-2LiCI (0.2 mL of aM.in THF) at — 30 °C. The reaction
was subsequently warmed up to 25 °C within 1 hngled with water (2 mL), and extracted
several times with diethyl ether. The combined prgghases were dried over Mg&Sénd
concentrated to yield the crude product. Purifaratibby flash chromatography (eluent:
pentane: ether = 9: 1) provided compoud469 mg, 73 %) as a colourless oil. dr = 95: 5.

'H-NMR (CDCl 3, 300 MHz): 5 / ppm = 7.64 (dJ = 8.3 Hz, 2 H), 7.32 (d] = 8.4 Hz, 2 H),
5.66-5.82 (m, 2 H), 4.92-5.06 (m, 4 H), 3.21-3.89 { H), 3.21 (ddJ = 11.5 Hz,J = 6.4 Hz,

1 H), 2.74-2.84 (m, 2 H), 2.43 (s, 3 H), 2.09-2(&8 2 H), 1.94-2.07 (m, 1 H), 1.67-1.81 (m,
3 H), 1.41-1.52 (m, 1 H), 1.21-1.34 (m, 1 H).

3C-.NMR (CDCl3, 75 MHz): 5 / ppm = 143.3, 138.3, 138.2, 133.3, 129.6, 12114.7,
114.8,48.1, 44.5,41.0, 37.4, 31.1, 27.4, 26.3.21

IR (neat): v/em™ = 3076, 2977, 2927, 2845, 1640, 1598, 1467, 18836, 1159, 1092, 996,
911, 816, 733.

MS (El, 70 ev): m/z (%) = 320 (3), 319 (14), 278 (12]7 (21), 276 (100), 262 (36), 164
(54), 155 (41), 91 (38).

HRMS (EI): calcd. for [GgH2sNO,ST™: 319.1606 ; found: 319.1612.

Preparation of 2-(toluene-4-sulfonyl)-1,2,3,4,48.8a-octahydro-isoguinoling%):
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To a solution of Grubbs Il catalyst (43 mg, 5 mol ¥h CH,CI, (5 mL), was added5 (310
mg, 0.97 mmol) in CBCl, (10 mL) at 25 °C. The reaction mixture was stiragdthis
temperature for 2 h. Water (5 mL) was added andre¢hetion was extracted with GEl..
The organic phases were combined, dried over Mg8@nhcentrated. Purificationa flash

chromatography (eluent: pentane) afford&das a colourless oil (268 mg, 95 %). dr =95: 5

'H-NMR (CDCl 3, 300 MHz). § / ppm = 7.63 (dJ = 8.3 Hz, 2 H), 7.30 (d] = 8.5 Hz, 2 H),
5.59-5.67 (m, 1 H), 5.41-5.50 (m, 1 H), 3.08-3.88 2 H), 2.82 (ddJ = 11.5 Hz,J = 3.8 Hz,

1 H), 2.61-2.72 (m, 1 H), 2.43 (s, 3 H), 1.52-2(48 8 H).

3C-NMR (CDCl3, 75 MHz): 6 / ppm = 143.2, 133.5, 129.6, 129.5, 127.6, 124954, 45.0,
33.3,32.8, 29.3, 24.0, 23.2, 21.5.

IR (neat): vicm* = 3016, 2924, 2882, 2853, 1649, 1599, 1494, 12848, 1337, 1158, 1089,
901, 740, 659.

MS (El, 70 ev): m/z (%) = 293 (6), 292 (13), 291 (7223 (12), 198 (12), 155 (34), 136
(100), 109 (27), 105 (24), 91 (37), 79 (14).

HRMS (EI): calcd. for [GeH21NO,S]": 291,1293; found: 291.1294.

Preparation of 3-iodomethyl-4-vinyl-tetrahydropya):

X

jA|

O

Prepared from 5-allyloxy-1-chloro-pent-2-er,(320 mg, 2.0 mmol), zinc (800 mg, 12.2
mmol) and LiCl (210 mg, 5 mmol) according T&°3 (reaction time: 70 h at 25 °C). The
resulting zinc reagent was treated with iodine (8@ 2 mmol) in THF (2 mL) at — 30 °C.

After 30 min, the reaction was quenched with w@§2emL), and extracted several times with
diethyl ether. The combined organic phases weeddwer MgSQ@and concentrated to yield

the crude product. Purification by flash chromaapdry (eluent: pentane: ether = 98: 2)
provided compound6 (328 mg, 65 %) as a colourless oil. dr > 93: 7.
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'H-NMR (CDCl 3, 300 MHz): § / ppm = 5.82-5.97 (m, 1 h), 5.07-5.21 (m, 2 H§633.98 (m,

2 H), 3.48-3.67 (m, 2 H), 3.28 ,= 10.0 Hz, 1 H), 3.15 (ddd,= 9.8 HzJ= 4.7 HzJ= 1.2
Hz, 1 H), 2.54-2.67 (m, 1 H), 2.00-2.13 (m, 1 HH&1.69 (m, 2 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 138.2, 116.1, 69.8, 66.9, 42.4, 41.4, 25.4.

IR (neat): vicmi! = 2956, 2847, 1636, 1452, 1422, 912.

MS (El, 70 ev): m/z (%) = 252 (10), 209 (13), 1112009 (17), 107 (17), 97 (26), 95 (49),
85 (23), 83 (28), 81 (53), 79 (28), 71 (41), 69)(¥ (61).

HRMS (EI): calcd. for [GH1310]": 252.0011 ; found: 252.0014.

Preparation of 3-iodomethyl-1-(toluene-4-sulford4nyl-1,2.3.4-tetrahydro-quinolin& 7):

~
©\/j/\l
N

Ts

Prepared fromN-allyl-N-[2-(3-chloro-propenyl)-phenyl]-4-methyl-benzendsnbamide 66,
722 mg, 2.0 mmol), zinc (800 mg, 12.2 mmol) andIL®10 mg, 5 mmol) according tBP3
(reaction time: 40 h at 25 °C). The resulting zieagent was treated with iodine (506 mg, 2
mmol) in THF (2 mL) at — 30 °C. After 30 min, theaction was quenched with water (2 mL),
and extracted several times with diethyl ether. Etimbined organic phases were dried over
MgSO, and concentrated to yield the crude product. Ratibn by flash chromatography
(eluent: pentane: ether = 9: 1) provided comporin@632 mg, 70 %) as a pale yellow solid.
dr>97: 3.

mp (°C) = 72.7-73.9.

'H-NMR (CDCl 3, 300 MHz). § / ppm = 7.82 (dJ = 8.1 Hz, 1 H), 7.50 (d] = 8.4 Hz, 2 H),

7.19-7.24 (m, 3 H), 7.09-7.12 (m, 2 H), 4.97-5.4% 8 H), 4.35 (dd) = 13.8 Hz,J = 3.8 Hz,

1 H), 3.21-3.28 (m, 2 H), 3.00-3.04 (m, 1 H), 2(88,J = 10.3 Hz,J = 7.0 Hz, 1 H), 2.39 (s,
3 H), 1.20-1.27 (m, 1 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 143.9, 138.5, 136.4, 136.1, 129.9, 12978.6,

127.3,127.1, 125.2, 124.7, 118.9, 50.8, 47.9,,38.%, 8.3.
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IR (neat): vicm™ = 3065, 3029, 3000, 2925, 2856, 1636, 1597, 15284, 1448, 1345, 1192,
1163, 1089, 1064, 992, 813, 763, 658.

MS (El, 70 ev): m/z (%) = 454 (20), 453 (100), 173)(7171 (51), 170 (96), 156 (25), 144
(20), 143 (20), 130 (58), 115 (15), 104 (45), 99)(57 (10).

HRMS (EI): calcd. for [GoH20INO,S]": 453,0259; found: 453.0256.

Preparation of 1-[1-(toluene-4-sulfonyl)-4-vinyl213,4-tetrahydro-quinolin-3-yl]-propan-2-
one (78):

~
: Me
LYY
N

Prepared fromN-allyl-N-[2-(3-chloro-propenyl)-phenyl]-4-methyl-benzendsnbamide €6,
724 mg, 2.0 mmol), zinc (800 mg, 12.2 mmol) andIL{&10 mg, 5 mmol) according BP3
(reaction time: 40 h at 25 °C). The resulting zieagent was treated with CuCN-2LICl (1.5
mL of a 1 M in THF) at — 30 °C. After 30 min, adethloride (158 mg, 2 mmol) in THF (1
mL) was added and the reaction was warmed up #&&2%er 12 h, then quenched with water
(2 mL), and extracted several times with diethyleet The combined organic phases were
dried over MgS® and concentrated to yield the crude product. Ratibn by flash
chromatography (eluent: pentane: ether = 1. 1)igeavcompound8 (510 mg, 69 %) as a
white solid. dr > 97: 3.

mp (°C) = 111.4-112.8.

'H-NMR (CDCl 5, 300 MHz) & / ppm =7.82 (d,J = 8.2 Hz, 1 H), 7.59 (d] = 8.3 Hz, 2 H),
7.14-7.25 (m, 3 H), 7.03-7.08 (m, 2 H), 4.84-5.8% 8 H), 4.16 (ddJ = 13.5 Hz,J = 3.8 Hz,

1 H), 3.28 (dd,J = 13.5 Hz,J = 9.6 Hz, 1 H), 2.90 (] = 8.3 Hz, 1 H), 2.48 (ddl = 17.9 Hz,
J=4.2Hz, 1 H), 2.37 (s, 3 H), 2.28 (db= 17.9 Hz,J = 8.6 Hz, 1 H), 2.11 (s, 3 H), 1.91-
2.05 (m, 1 H).
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¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 206.5, 143.6, 139.7, 136.7, 136.3, 13049.5,
129.4,127.4,127.0, 124.7, 123.8, 117.9, 48.%,41A.3, 31.4, 30.4, 21.5.

IR (neat): v/em* = 2928, 1712, 1485, 1347, 1160, 1060, 932, 768, 66

MS (El, 70 ev): m/z (%) = 369 (1), 326 (6), 301 (18)5 (17), 214 (100), 196 (14), 172 (36),
171 (44), 170 (94), 157 (21), 156 (98), 155 (2@)0 143), 91 (27).

HRMS (EI): calcd. for [GiH23NOsST: 369,1399; found: 369.1403.

Preparation of 3-iodomethyl-4-vinyl-chromarfy:

~
e
@]

Prepared from 1-allyloxy-2-(3-chloro-propenyl)-bene 65, 420 mg, 2.0 mmol), zinc (800
mg, 12.2 mmol) and LiCI (210 mg, 5 mmol) accordiog@ P3 (reaction time: 40 h at 25 °C).
The resulting zinc reagent was treated with iodb@® mg, 2 mmol) in THF (2 mL) at — 30
°C. After 30 min, the reaction was quenched witliew#& mL), and extracted several times
with diethyl ether. The combined organic phasesvdered over MgS@and concentrated to
yield the crude product. Purification by flash amatography (eluent: pentane: ether = 95: 5)
provided compound9 (384 mg, 64 %) as a colourless oil. dr = 82: 18.

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.02-7.18 (m, 2 H), 6.79-6.94 (m, 2 HY%5.89
(m, 1 H,minor isomey), 5.65-5.79 (m, 1 H), 5.14-5.34 (m, 2 H), 4.30,(@d 11.1 HzJ=2.9
Hz, 1 H), 4.25 (ddd) = 10.9 Hz,J = 3.2 Hz,J = 1.3 Hz, 1 Hminor isomey, 3.95-4.06 (m, 1
H), 3.67-3.74 (m, 1 Hminor isome), 3.08-3.44 (m, 3 H), 2.41-2.55 (m, 1 Mjnor isomey,
1.84-1.98 (m, 1 H).

13C-NMR (CDCl3, 75 MHz): § / ppm = 153.9, 153.81(inor isome}, 139.7, 136.2rfinor
isomep, 130.3, 128.1 rhinor isome), 128.0, 127.7, 122.7minor isome), 120.7, 120.6
(minor isomey, 119.1 (ninor isome), 118.5, 116.7, 116.6n(nor isome), 68.2, 66.4 finor
isomel), 45.3, 43.81fiinor isomey), 39.3 (minor isomey, 38.4, 7.0, 3.7rQiinor isomey.

IR (neat): vicm* = 3076, 2974, 2918, 2875, 1638, 1607, 1582, 14861, 1221, 1184, 1051,
920, 752.
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MS (El, 70 ev): m/z (%) = 300 (68), 174 (9), 173 (30%7 (16), 145 (27), 132 (14), 131
(100), 128 (28), 115 (25), 77 (27), 41 (42).
HRMS (EI): calcd. for [GoH1310]™: 300,0011; found: 300.0029.
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8. Cross-coupling reaction

8.1. Typical Procedures (TPs)

8.1.2. Typical procedure for the formation of diarylzinc reagents via an I/Zn-exchange
(TP4):

In a dry nitrogen-flushed Schlenk tube equippedhwitseptum and a magnetic stirring bar,
the iodoaryl derivative (2.60 mmol) and dry Li(acé®5 mg) were dissolved in dry NMP (3.0
mL) and cooled to 0 °C. ThemPrZn (0.27 mL, 5.9v solution in E(O, 1.59 mmol,0.6
equiv.) was added dropwise. The reaction mixtures Wapt stirring at 25 °C until the

exchange reaction was complete (GC monitoring).

8.1.3. Typical procedure for the cobalt-catalyzed reactiorof allylic chlorides or

phosphates with diarylzinc reagents (TP5):

In a dry nitrogen-flushed Schlenk tube equippedhwitseptum and a magnetic stirring bar,
the allylic chloride or phosphate (1 mmol) and @a» (27 mg, 10 mol %) were dissolved
in dry NMP (0.5 mL) and cooled to 0 °C. Then, theshly prepared diarylzinc reagent (1.3
mmol) was added dropwise. The reaction mixture kegd stirring at 0 °C, until the reaction
was complete (GC monitoring). Saturated agueougONiMas added, and the mixture was
extracted several times with Bt The organic layer was dried (Mgg@nd the volatiles
removedin vacuo(CAUTION: it may be necessary to heat (50 °C) whalvaporating under
high vacuum). The product was purified by flashuooh chromatography.
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8.1.4. Typical procedure for the iron-catalyzed cross-coufing between alkenyl

sulfonates and arylcopper reagents (TP6):

Version A

A 25 mL flame-dried Schlenk tube flushed with argeas charged with the arylmagnesium
reagent (2.9 mmol) and cooled to —20 °C. Subsefeatsolution of CuCReLICI (2.8
mmol, 2.8 mL of a 1 M solution in THF) was addedi dhe reaction mixture was stirred for
20 min. A solution of the alkenyl triflate or ndlee (1 mmol) and Fe(acac)38 mg, 0.1
mmol) in DME (3 mL) was added at once at -20 °C dredreaction mixture was stirred at 25
°C for 1h. The reaction was quenched with a sadratjueous NiLI solution, and extracted
several times with diethyl ether. The combined nrgahases were successively washed with
a NH,OH: NH,CI (2: 1) solution and brine, then dried over MgSfdd concentrated under

reduced pressure. Purification was accomplish@flash chromatography.

Version B

A 25 mL flame-dried Schlenk tube flushed with argeas charged with the aryl iodide (2.9
mmol), DME (5 mL) and cooled to —20 °C. Isopropyfmmasium chloride (2.9 mmol, 1.33
mL of a 2.1 M solution in THF) was then slowly addend the reaction mixture was stirred at
—20 °C until GC analysis of reaction aliquots iradéd complete exchange. Subsequently, a
solution of CuCNRLICl (2.8 mmol, 2.8 mL of a 1 M solution in THF)as added and the
reaction mixture was stirred for 20 min. A solutioh the alkenyl triflate or nonaflate (1
mmol) and Fe(acag)38 mg, 0.1 mmol) in DME (3 mL) was added at oate20 °C and the
reaction mixture was stirred at 25 °C for 1h. Thaction was quenched with a saturated
agueous NBCI solution, and extracted several times with dietether. The combined
organic phases were successively washed with zZONHNH,CI (2: 1) solution and brine,
then dried over MgS® and concentrated under reduced pressure. Pupficaivas

accomplishedia flash chromatography.
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8.1.5. Typical procedure for the iron-catalyzed cross-couling between dienyl

nonaflates and arylcopper reagents (TP7):

A 25 mL flame-dried Schlenk tube flushed with nifem was charged with the aryl iodide
(2.5 mmol), DME (5 mL) and cooled to —20 °C. Isgpylmagnesium chloride (1.5 mmol,
0.71 mL of a 2.1 M solution in THF) was then slovegded and the reaction mixture was
stirred at —20 °C until GC analysis of reactiongatits indicated complete exchange.
Subsequently, a solution of Cu@\liCl (1.4 mmol, 1.4 mL of a 1 M solution in THF)as
added and the reaction mixture was stirred for 2@ W solution of the dienyl nonaflate (1
mmol) and Fe(acag)38 mg, 0.1 mmol) in DME (3 mL) was added at oate20 °C and the
reaction mixture was stirred at 25 °C for 1h. Thaction was quenched with a saturated
agueous NBCI solution, and extracted several times with dietether. The combined
organic phases were successively washed with zZONHNH,CI (2: 1) solution and brine,
then dried over MgS® and concentrated under reduced pressure. Pupficaivas

accomplishediia flash chromatography.

8.1.6. Typical procedure for the preparation of aryl phosphates from the corresponding
phenol derivatives (TP8):

In a dry nitrogen-flushed flask equipped with atsgpand a magnetic stirring bar, the phenol
derivative (1 equiv.) was added dropwise to a sasipe of NaH (60 % in oil, 1.2 equiv.) in
dry THF (2mL / mmol) at 0 °C. After the evolutiori gas ended (about 30 min), diethyl
chlorophosphate (1.2 equiv.) was slowly added, taedeaction mixture was stirred at 25 °C
overnight. The resulting solution was diluted witlater and diethyl ether, extracted two
times. The organic phases were combined, dried dg&04, and concentrat@dvacuo The

pure aryl phosphates were obtained via flash coladnmamatography.



134 Experimental Part

8.1.7. Typical procedure for the nickel-catalyzed cross-aapling between aryl

phosphates and arylmagnesium reagents (TP9):

Version A

A 10 mL flame-dried Schlenk tube flushed with nijem was charged with the
arylmagnesium reagent (2 mmol). The solution waapexated under high vacuum until
dryness (typically 2 h or 3 h), and the residue diasolved in diethyl ether. The resulting
solution was then added dropwise to a solution hed aryl phosphate (1 mmol) and
NiClx(dppe) (1 mol %, 5 mg) in diethyl ether (2 mL) & ZC. The reaction mixture was
stirred at this temperature until GC analysis @fct®n aliquots indicated completion of the
reaction. The reaction was quenched with a sati@geeous NECI solution, and extracted
several times with diethyl ether. The combined oig@hases were washed with brine, dried

over MgSQ and concentrated. Purification was achieviadlash chromatography.

Version B

A 10 mL flame-dried Schlenk tube flushed with ngjem was charged with the aryl iodide or
bromide (2 mmol) and cooled to —10 °C. SubsequeRByMgCI-LiCl (2.1 mmol, 1.35 mL of

a 1.6 M solution in THF) was slowly added and thaction mixture was stirred at -10 °C
until GC analysis of reaction aliquots indicatedngdete exchange. The resulting mixture was
then evaporated under high vacuum until drynegsd@ly 2 h or 3 h), and the residue was
dissolved in diethyl ether. The resulting solutieas then added dropwise to a solution of the
aryl phosphate (1 mmol) and Nppe) (1 mol %, 5 mg) in diethyl ether (2 mL) & ZC.
The reaction mixture was stirred at this tempegatumtii GC analysis of reaction aliquots
indicated completion of the reaction. The reactieas quenched with a saturated aqueous
NH,4CI solution, and extracted several times with diedther. The combined organic phases
were washed with brine, dried over Mg&Sénd concentrated. Purification was achievied

flash chromatography.
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8.2. Experimental section

Preparation ofE)-ethyl-4-(3,7-dimethyl-octa-2,6-dienyl)-benzoa®&)

Me

. ‘ “

‘ = CO,Et
Me/\Me

Prepared according P5 from geranyl chloridég0 (172 mg, 1 mmol), Co(acad)27 mg, 10
mol %) and di(4-ethylcarbetoxyphenyl)zir@6 (1.3 mmol, prepared according TP4:
reaction time = 8 h at 25 °C). Purification by Hashromatography (eluent: pentane: ether =
98: 2) yielded6 as a colourless oil (205 mg, 72 %).

'H-NMR (CDCl 3, 400 MHz): 5 / ppm = 7.88 (dJ = 8.2 Hz, 2 H), 7.16 (d] = 8.6 Hz, 2 H),
5.22-5.27 (m, 1 H), 5.00-5.04 (m, 1 H), 4.28 Jcs 7.0 Hz, 2 H), 3.33 (d] = 7.4 Hz, 2 H),
1.96-2.07 (m, 4 H), 1.63 (d,= 1.2 Hz, 3 H), 1.61 (dl = 1.2 Hz, 3 H), 1.53 (s, 3 H), 1.31 {,
=7.0 Hz, 3 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 165.7, 146.2, 136.1, 130.5, 128.6, 12127.0,
123.1,121.0, 59.7, 38.6, 33.2, 25.5, 24.7, 167,,113.3.

IR (neat): v/em* = 2968, 2913, 1711, 1605, 1442, 1366, 1252, 117@], 1029, 769.

MS (El): m/z (%) = 286 (8), 243 (16), 241 (24), 218 (2239 (22), 145 (61), 143 (31), 123
(81), 69 (100).

HRMS (EI): calcd. for [GoH260,]": 286.1933; found: 286.1922.

Preparation ofH)-3-(3,7-dimethyl-octa-2,6-dienyl)-benzonitril®7):

Me
\v\©/CN
;\
Me/ Me
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Prepared according TP5 from geranyl chloridég0 (172 mg, 1 mmol), Co(acad)27 mg, 10
mol %) and di(3-cyanophenyl)zir87 (1.3 mmol, prepared accordingT®4: reaction time =
8 h at 25 °C). Purification by flash chromatogragélyent: pentane: ether = 98: 2) yield&t

as a colourless oil (180 mg, 75 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.24-7.42 (m, 4 H), 5.17-5.26 (m, 1 HP&45.05
(m, 1 H), 3.30 (dJ = 7.1 Hz, 2 H), 1.94- 2.12 (m, 4 H), 1.62 (s, 3 Hp1 (s, 3 H), 1.53 (s, 3
H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 142.2, 136.8, 131.9, 130.8, 130.7, 12828.0,
123.0, 120.3, 118.1, 111.3, 38.6, 32.7, 25.4, 24677, 15.2.

IR (neat): v/em* = 3379, 2968, 2924, 2230, 1600, 1582, 1482, 14349, 1096, 792.

MS (EI): m/z (%) = 239 (1), 196 (4), 171 (6), 156 (7), 1238), 69 (100).

HRMS (EI): calcd. for [G/H21N]": 239.1674; found: 239.1661.

Preparation ofH)-1-(3,7-dimethyl-octa-2,6-dienyl)-3-trifluoromethligenzene 8):

Prepared according TP5 from geranyl chloridég0 (172 mg, 1 mmol), Co(acad)27 mg, 10
mol %) and di(3-trifluoromethyl phenyl)zin88 (1.3 mmol, prepared according TP4:
reaction time = 8 h at 25 °C). Purification by Hashromatography (eluent: pentane) yielded
98 as a colourless oil (246 mg, 87 %).

'H-NMR (CDCl 3, 600 MHz): § / ppm = 7.38-7.43 (m, 2 H), 7.31-7.37 (m, 2 HR&5.33
(m, 1 H), 5.06-5.11 (m 1 H), 3.41 @= 7.6 Hz, 2H), 2.05-2.18 (m, 4 H), 1.72 {c& 1.0 Hz,
3 H), 1.68 (s, 3 H), 1.60 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 142.9, 137.5, 131.9, 131.8, 130.8)(g, 32.5 Hz),
128.9, 125.5 (q) = 272.6 Hz), 125.2 (m), 124.2, 122.8 (m), 1222.9334.2, 26.7, 25.8,
17.9, 16.5.

IR (neat): vicmi* = 2968, 2913, 1442, 1366, 1328, 1156, 1115, 824, 6
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MS (EI): m/z (%) = 282 (2), 239 (5), 159 (6), 123 (25),(&00).
HRMS (EI): calcd. for [GH,1F3]": 282.1595; found: 282.1608.

Preparation ofH)-1-bromo-2-(3,7-dimethyl-octa-2,6-dienyl)-benz€86):

Me Br
\/\@
;\
Me/ Me

Prepared according TP5 from geranyl chloridé&0 (172 mg, 1 mmol), Co(acad)27 mg, 10
mol %) and di(2-bromophenyl)zir&9 (1.3 mmol, prepared accordingT®4: reaction time =
8 h at 25 °C). Purification by flash chromatograpl®uent:. pentane) yielde@9 as a
colourless oil (211 mg, 72 %).

'H-NMR (CDCl 3, 400 MHz): & / ppm = 7.53 (dJ = 7.4 Hz, 1 H), 7.21-7.24 (m, 2 H), 7.02-
7.08 (m, 1 H), 5.27-5.33 (m, 1 H), 5.08-5.14 (ni)] 3.45 (dJ = 7.4 Hz, 2 H), 2.04-2.17 (m,
4 H), 1.71 (d) = 0.8 Hz, 3 H), 1.69 (dl = 1.2 Hz, 3 H), 1.61 (s, 3 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 141.1, 137.5, 132.8, 131.8, 130.2, 121H..6,
124.9, 124.4, 121.5, 40.0, 34.8, 26.8, 26.0, 1156(.

IR (neat): v/em* = 2968, 2913, 1604, 1500, 1442, 1366, 1101, 769.

MS (El): m/z (%) = 294 (2), 292 (2), 251 (9), 249 (9), 143), 144 (87), 143 (23), 129 (47),
128 (19), 123 (100), 69 (78).

HRMS (EI): calcd. for [GeH21Br]™: 292.0827; found: 292.0831.

Preparation ofH)-1-(3,7-dimethyl-octa-2,6-dienyl)-naphthaleri®Q):

Me =
‘\
;\
Me/ Me
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Prepared according TP5 from geranyl chloridég0 (172 mg, 1 mmol), Co(acad)27 mg, 10

mol %) and dinaphthylzin@0 (1.3 mmol, prepared according T®4: reaction time = 8 h at
25 °C). Purification by flash chromatography (elugentane) yielded00 as a colourless oll
(218 mg, 82 %).

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.92-7.98 (m, 1 H), 7.73-7.80 (m, 1 HB37(d,J =
7.4 Hz, 1 H), 7.38-7.47 (m, 2 H), 7.23-7.36 (m, R 5130-5.38 (m, 1 H), 4.98-5.07 (m, 1 H),
3.71 (d,J = 6.7 Hz, 2 H), 1.95-2.11 (m, 4 H), 1.71 §& 1.5 Hz, 3 H), 1.58 (s, 3 H), 1.51 (s,
3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 138.0, 136.6, 134.1, 132.4, 131.7, 128%%.8,
125.9, 125.9, 125.8, 125.7, 124.5, 124.3, 123.10,81.9, 26.9, 25.9, 18.0, 16.5.

IR (neat): vicmi' = 3045, 2966, 2913, 2853, 1597, 1510, 1440, 18386, 790.

MS (El): m/z (%) = 264 (37), 196 (18), 195 (98), 193 (381 (24), 167 (45), 166 (42), 165
(99), 153 (100), 141 (59), 123 (85), 69 (51).

HRMS (El): calcd. for [GoH24]": 264.1878; found: 264.1886.

Preparation of4)-1-(3,7-dimethyl-octa-2,6-dienyl)-3-trifluoromethlpenzene 101):

Me

CF3

Me Me

Prepared according fBP5 using neryl chloridé81 (174 mg, 1 mmol), Co(acac)28 mg, 10
mol %) and di(3-trifluoromethylphenyl)zin88 (1.3 mmol, prepared according TP4:
reaction time = 8 h at 25 °C). Purification by Hashromatography (eluent: pentane) yielded
101as a colourless oil (219 mg, 78 %).

'H-NMR (CDCl 3, 400 MHz) & / ppm = 7.41-7.44 (m, 2 H), 7.33-7.39 (m, 2 HR&5.32
(m, 1 H), 5.10-5.15 (m 1 H), 3.40 @z= 7.6 Hz, 2 H), 2.07-2.17 (m, 4 H), 1.76 {5 1.0 Hz,
3 H), 1.67 (s, 3H), 1.60 (s, 3H).
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13C-NMR (CDCls, 75 MHz): & / ppm = 143.0, 137.5, 132.1, 131.9, 130.8)(g, 31.4 Hz),
128.9, 125.2 (m), 124.5 (4,= 272.6 Hz), 124.1 122.9, 122.8 (m), 34.1, 32827225.9, 23.6,
17.8.

IR (neat): vicm! = 2968, 2913, 1442, 1366, 1328, 1156, 1115, 824, 6

MS (EI): m/z (%) = 282 (3), 239 (7), 212 (7), 197 (6), 13% 69 (100).

HRMS (EI): calcd. for [GH21F3]": 282.1595; found: 282.1586.

Preparation of4)-methyl-4-(3,7-dimethyl-octa-2,6-dienyl)-benzoéi@®2):

Me Me CO,Me

Prepared according fbP5 using neryl chloridé81 (174 mg, 1 mmol), Co(acac)29 mg, 10
mol %) and di(4-methylcarbetoxyphenyl)zi®d (1.3 mmol, prepared according TdP4:
reaction time = 8 h at 25 °C). Purification by Hashromatography (eluent: pentane: ether =
98: 2) yieldedl02 as a colourless oil (207 mg, 76 %).

'H-NMR (CDCl 3, 400 MHz): 5 / ppm = 7.87 (dJ = 8.2 Hz, 2 H), 7.17 (d] = 8.2 Hz, 2 H),
5.20-5.34 (m, 1 H), 5.02-5.13 (m, 1 H), 3.82 ($§)33.32 (d,J = 7.5 Hz, 2 H), 1.97-2.14 (m,
4 H), 1.68 (s, 3 H), 1.61 (s, 3 H), 1.54 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 166.1, 146.4, 136.1, 130.8, 128.7, 1212%.7,
123.0, 121.7, 50.9, 33.1, 31.0, 25.5, 24.7, 2564.1

IR (neat): vicmi' = 2968, 2914, 1711, 1605, 1442, 1292, 1174, 1164,

MS (El): m/z (%) = 272 (32), 241 (32), 229 (57), 201 (39 (34), 145 (41), 143 (84), 123
(42), 69 (100).

HRMS (EI): calcd. for [GgH240;]": 272.1776; found: 272.1788.
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Preparation of4)-1-bromo-3-(3,7-dimethyl-octa-2,6-dienyl)-benzdtwf3):

Me

Br

Me Me

Prepared according tBP5 using neryl chloridé1 (172 mg, 1 mmol), Co(acac]27 mg, 10
mol %) and di(3-bromophenyl)zirg2 (1.3 mmol, prepared accordingT®4: reaction time =
8 h at 25 °C). Purification by flash chromatograplejuent. pentane) yielde#l03 as a
colourless oil (222 mg, 76 %).

'H-NMR (CDCl 3, 400 MHz): & / ppm = 7.20-7.27 (m, 2 H), 6.98-7.10 (m, 2 H).&5.26
(m, 1 H), 5.02-5.09 (m, 1 H), 3.24 @= 7.2 Hz, 2 H), 1.98-2.11 (m, 4 H), 1.68Jt 1.4 Hz,
3 H), 1.61 (s, 3 H), 1.54 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 144.4, 137.3, 132.1, 131.6, 130.1, 129472,
124.2,123.1, 122.7, 34.0, 32.2, 26.8, 26.0, 2/ R.

IR (neat): vicmi* = 2968, 2914, 1596, 1576, 1500, 1442, 1366, 18P0,

MS (EI): m/z (%) = 294 (11), 292 (12), 251 (7), 249 (8351(7), 144 (20), 143 (33), 129
(322), 128 (21), 123 (30), 69 (100).

HRMS (EI): calcd. for [GeH21Br]™: 292.0827; found: 292.0832.

Preparation ofE)-methyl-4-(3,7-dimethyl-octa-2,6-dienyl)-benzoéi®4):

I\‘/Ie
M@
=
| ~Co,Me
Me/\ Me

Prepared according foP5 using geranyl phospha82 (290 mg, 1 mmol), Co(acac])29 mg,

10 mol %) and di(4-methylcarbetoxyphenyl)ziat (1.3 mmol, prepared according T&4:
reaction time = 8 h at 25 °C). Purification by Hashromatography (eluent: pentane: ether =
98: 2) yieldedl04 as a colourless oil (185 mg, 68 %).
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'H-NMR (CDCl 3, 400 MHz): 5 / ppm = 7.94 (dJ = 8.0 Hz, 2 H), 7.24 (d] = 8.5 Hz, 2 H),
5.29-5.35 (m, 1 H), 5.06-5.13 (m, 1 H), 3.90 ($§)33.40 (d,J = 7.0 Hz, 2 H), 2.03-2.16 (m,
4 H). 1.70 (s, 3 H), 1.68 (d,= 1.0 Hz, 3 H), 1.60 (s, 3 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 167.4, 147.6, 137.4, 131.8, 129.9, 128%..9,
124.3,122.2,52.2, 39.9, 34.5, 26.7, 26.0, 1%6%.1

IR (neat): v/em* = 2968, 2913, 1711, 1605, 1500, 1442, 1366, 12924, 1101, 769.

MS (El): m/z (%) = 272 (20), 241 (29), 229 (42), 204 (03 (17), 202 (16), 201 (14), 189
(28), 171 (20), 149 (12), 145 (39), 143 (41), 129)( 123 (100), 69 (79).

HRMS (EI): calcd. for [GgH240;]": 272.1776; found: 272.1778.

Preparation off)-1-(3,7-dimethyl-octa-2,6-dienyl)-3-methoxy-benedh05):

Me
\/\@/OMe
;\
Me/ Me

Prepared according P5 using geranyl phospha8 (291 mg, 1 mmol), Co(acac)27 mg,

10 mol %) and di(3-methoxyphenyl)zi®8 (1.3 mmol, prepared according T®4: reaction
time = 12 h at 25 °C). Purification by flash chraomgaphy (eluent: pentane: ether = 99: 1)
yielded105as a colourless oil (175 mg, 71 %).

'H-NMR (CDCl 3, 400 MHz). & / ppm = 7.17-7.23 (m, 1 H), 6.78 (@= 7.6 Hz, 1 H), 6.71-
6.76 (M, 2 H), 5.32-5.38 (m, 1 H), 5.08-5.15 (nH)1.3.80 (s, 3 H), 3.34 (d,= 7.1 Hz, 2 H),
2.02-2.17 (m, 4 H), 1.71 (s, 3 H), 1.69 Jds 0.9 Hz, 3 H), 1.61 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 159.9143.7, 136.6, 131.7, 129.5, 124.5, 123.0,
121.0, 114.4, 111.1, 55.4, 39.9, 34.4, 26.9, 26/, 16.4.

IR (neat): vicmi* = 2968, 2913, 1605, 1500, 1442, 1292, 1230, 1894,

MS (EI): m/z (%) = 244 (29), 201 (24), 176 (17), 175 (10m4 (14), 173 (26), 161 (18), 160
(25), 159 (17), 123 (85), 122 (18), 121 (31), 63)(31 (30).

HRMS (EI): calcd. for [G/H240]": 244.1827; found: 244.1822.
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Preparation of K)-2,2-dimethyl-propionic acid 4-(3,7-dimethyl-o@a6-dienyl)-phenyl ester

(106):
I\‘/Ie
\/\@
| Z > 0Piv
Me/\ Me

Prepared according P5 using geranyl phospha8? (290 mg, 1 mmol), Co(acacd)26 mg,

10 mol %) and di(4-pivaloxyphenyl)zir#4 (1.3 mmol, prepared according T®4: reaction
time = 8 h at 25 °C). Purification by flash chroowiphy (eluent: pentane: ether = 98: 2)
yielded106 as a colourless oil (201 mg, 64 %).

'H-NMR (CDCl 3, 400 MHz): 5 / ppm = 7.16 (dJ = 8.3 Hz, 2 H), 6.95 (d] = 8.6 Hz, 2 H),
5.29-5.36 (m, 1 H), 5.07-5.14 (m, 1 H), 3.34 Jd; 7.3 Hz, 2 H), 2.02-2.16 (m, 4 H), 1.67-
1.70 (m, 6 H), 1.60 (s, 3 H), 1.35 (s, 9 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 177.5, 149.3, 139.3, 136.7, 131.7, 12921.4,
123.0, 121.4, 39.9, 39.3, 33.7, 27.4, 26.8, 26/(9,116.3.

IR (neat): vicmi* = 2968, 2913, 1726, 1605, 1500, 1442, 1366, 12924, 1101, 769.

MS (El): m/z (%) = 314 (36), 271 (14), 230 (13), 187 (1?2 (19), 161 (100), 160 (11), 147
(11), 123 (81), 122 (13), 107 (22), 85 (13), 69)(B¥ (57).

HRMS (EI): calcd. for [GiH300;]*: 314.2246; found: 314.2238.

Preparation of4)-3-(3,7-dimethyl-octa-2,6-dienyl)-benzonitril&Q7):

Me

CN

Me Me

Prepared according TP5 using neryl phospha&3 (291 mg, 1 mmol), Co(acad)28 mg, 10
mol %) and di(3-cyanophenyl)zir@8 (1.3 mmol, prepared accordingT®4: reaction time =

8 h at 25 °C). Purification by flash chromatogragélpent: pentane: ether = 98: 2) yielded
107 as a colourless oil (169 mg, 70 %).
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'H-NMR (CDCl 3, 600 MHz). & / ppm = 7.37-7.41 (m, 2 H), 7.27-7.35 (m, 2 H}%5.23
(m, 1 H), 5.01-5.06 (m, 1 H), 3.30 @= 7.6 Hz, 2 H), 2.01-2.08 (m, 4 H), 1.70 (s, 3 HBO
(s, 3H), 1.54 (s, 3 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 142.2, 136.9, 131.9, 131.0, 130.9, 12828.0,
122.8,121.0, 118.1, 111.3, 32.5, 31.0, 25.4, 227, 16.6.

IR (neat): vicmi* = 3379, 2968, 2913, 2230, 1500, 1442, 1366, 998, 8

MS (EI): m/z (%) = 239 (19), 196 (11), 171 (11), 156 (123 (20), 69 (100).

HRMS (EI): calcd. for [G/H21N]": 239.1674; found: 239.1681.

Preparation of4)-1-(3,7-dimethyl-octa-2,6-dienyl)-naphthalerd®®):

Me

L0

| O
Me Me

Prepared according TP5 using neryl phospha&3 (289 mg, 1 mmol), Co(acad)26 mg, 10

mol%) and dinaphthylzin®0 (1.3 mmol, prepared according T¢4: reaction time = 8 h at
25 °C). Purification by flash chromatography (elugentane) yielded08 as a colourless oll
(181 mg, 68 %).

'H-NMR (CDCl 3, 600 MHz). & / ppm = 7.95 (dJ = 8.2 Hz, 1 H), 7.76 (d] = 7.8 Hz, 1 H),
7.62 (d,J = 8.2 Hz, 1 H), 7.36-7.44 (m, 2 H), 7.31Jt 7.8 Hz, 1 H), 7.25 (d] = 7.1 Hz, 1
H), 5.32-5.36 (m, 1 H), 5.09-5.13 (m, 1 H), 3.71 J& 7.1 Hz, 2 H), 2.15-2.19 (m, 2 H),
2.06-2.11 (m, 2 H), 1.68 (d,= 1.1 Hz, 3 H), 1.62 (s, 3 H), 1.56 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 138.1, 136.7, 134.1, 132.3, 132.0, 128%%.8,
125.9, 125.9, 125.8, 125.6, 124.4, 124.2, 123.2, 3.7, 26.7, 26.0, 23.6, 17.9.

IR (neat): vicmi* = 2968, 2913, 1605, 1500, 1442, 1366, 1328, 1262,

MS (EI): m/z (%) = 265 (26), 264 (100), 195 (57), 194 (IB3 (96), 181 (28), 179 (91), 166
(29), 165 (78), 153 (70), 141 (50), 123 (21), 69)(3

HRMS (EI): calcd. for [GoH24]*: 264.1878; found: 264.1893.
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Preparation of4)-1-(3,7-dimethyl-octa-2,6-dienyl)-3-methoxy-benedh09):

Me
XX

/\/OMG

| O
Me Me/

Prepared according TP5 using neryl phospha&3 (290 mg, 1 mmol), Co(acad)27 mg, 10
mol %) and di(3-methoxyphenyl)zir®8 (1.3 mmol, prepared accordingT®4: reaction time
=12 h at 25 °C). Purification by flash chromatgdna (eluent: pentane: ether = 99: 1) yielded
109as a colourless oil (188 mg, 77 %).

'H-NMR (CDCl 5, 400 MHz): & / ppm = 7.20 (tJ = 7.6 Hz, 1 H), 6.79 (d] = 7.5 Hz, 1 H),
6.71-6.76 (m, 2 H), 5.30-5.36 (m, 1 H), 5.11-5.48 { H), 3.80 (s, 3 H), 3.33 (d,= 7.2 Hz,

2 H), 2.06-2.17 (m, 4 H), 1.75 (s, 3 H), 1.69 (${)31.62 (s, 3 H).

13C-NMR (CDCl3, 75 MHz): & / ppm = 159.9, 143.7, 136.6, 132.0, 129.5, 12428.8,
121.0, 114.4, 111.1, 55.4, 34.3, 32.2, 26.8, 2807, 17.9.

IR (neat): vicmi' = 2968, 2913, 1604, 1596, 1499, 1442, 1328, 12220, 1101, 824.

MS (El): m/z (%) = 244 (76), 201 (39), 187 (15), 176 (175 (94), 174 (44), 173 (100), 161
(33), 160 (37), 159 (50), 123 (42), 122 (28), 124)( 69 (94).

HRMS (EI): calcd. for [G/H240]": 244.1827; found: 244.1841.

Preparation of4)-4-methyl-(3-phenyl-allyl)-benzoatd 10):

L
ZSco,Me

Prepared according foP5 using cinnamyl phospha&t (270 mg, 1 mmol), Co(acac)28

mg, 10 mol %) and di(4-methylcarbetoxyphenyl)zBic (1.3 mmol, prepared according to
TP4: reaction time = 8 h at 25 °C). Purification bgsth chromatography (eluent: gradient
ranging from pentane: ether = 99: 1 to ether) @ell0as a colourless oil (168 mg, 67 %).
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'H-NMR (CDCl 3, 400 MHz): & / ppm = 7.99 (dJ = 7.9 Hz, 2 H), 7.28-7.39 (m, 6 H), 7.19-
7.25 (m, 1 H), 6.47 (dl = 15.9 Hz, 1 H), 6.34 (df,= 15.9 HzJ = 6.7 Hz, 1 H), 3.91 (s, 3 H),
3.60 (d,J=7.0 Hz, 2 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 167.3, 145.8, 137.4, 132.0, 130.1, 12828.8,
128.4, 128.3, 127.6, 126.4, 52.3, 39.5.

IR (neat): vicm* = 2968, 2914, 1711, 1605, 1500, 1442, 1366, 18282, 1252, 1174, 1101,
1029, 769.

MS (El): m/z (%) = 253 (14), 252 (80), 237 (12), 221 (1®4 (18), 193 (100), 192 (12), 191
(13), 178 (26), 115 (35).

HRMS (EI): calcd. for [G/H160,]": 252.1150; found: 252.1149.

Preparation offf)-2-(3,7-Dimethyl-octa-2,6-dienyl)-5-iodo-thiophefil J):

Me
‘\ S
|

Me/\ Me

Prepared according fbP5 using geranyl chlorid80 (173 mg, 1 mmol), Co(acac}28 mg,

10 mol %) and di(5-iodo-thiophen-2-yl)zintl1 (1.3 mmol, prepared according Td°4:
reaction time = 8 h at 0 °C). Purification by fladiromatography (eluent: pentane) yielded
113as a colourless oil (268 mg, 77 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.06 (dJ = 3.9 Hz, 1 H), 6.47-6.51 (m, 1 H), 5.33-
5.41 (m, 1 H), 5.09-5.17 (m, 1 H), 3.52 (= 7.2 Hz, 2 H), 2.02-2.20 (m, 4 H), 1.72 (d, J =
1.1 Hz, 3 H), 1.71 (s, 3 H), 1.63 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 151.6, 138.0, 136.9, 131.9, 125.8, 12423,7, 70.1,
39.8, 28.9, 26.7, 26.0, 18.0, 16.3.

IR (neat): vicmi' = 3480, 2968, 2913, 1711, 1499, 1442, 1366, 18281, 908, 824, 769.

MS (El): m/z (%) = 346 (24), 303 (28), 277 (13), 251 (Z%)3 (21), 150 (39), 135 (56), 123
(78), 69 (100).

HRMS (EI): calcd. for [G4H10lS]": 346.0252; found: 346.0264.
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Preparation off)-1-[5-(3,7-Dimethyl-octa-2,6-dienyl)-thiophen-2hdthanone 114):

Me
WO
; \ % Me
|
Me/\ Me

Prepared according foP5 using geranyl chlorid80 (172 mg, 1 mmol), Co(acac]27 mg,
10 mol %) and di(5-ethanone-thiophen-2-yl)ziri2 (1.3 mmol, prepared according T®4:

reaction time = 5 h at 0 °C). Purification by fladfromatography (eluent: pentane: ether
98: 2) yieldedl14 as a colourless oil (198 mg, 76 %).

'H-NMR (CDCl 3, 400 MHz): & / ppm = 7.55 (dJ = 3.6 Hz, 1 H), 6.81-6.84 (m, 1 H), 5.35-
5.43 (m, 1 H), 5.07-5.16 (m, 1 H), 3.55 &5 7.7 Hz, 2 H), 2.52 (s, 3 H), 2.02-2.20 (m, 4 H),
1.71 (brs, 6 H), 1.62 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 190.7, 155.6, 142.4, 138.7, 133.1, 1312%.5,
124.2,121.1, 39.8, 29.4, 26.7, 26.7, 25.9, 1%6%.1

IR (neat): vicm™* = 2968, 2913, 1664, 1499, 1442, 1366, 1328, 129211908, 824, 769,
631.

MS (El): m/z (%) = 262 (18), 219 (16), 194 (51), 179 (281 (29), 140 (20), 123 (36), 69
(100), 43 (63), 41 (47).

HRMS (EI): calcd. for [GeH220S]: 262.1391; found: 262.1377.

Preparation of Nocarasin CX8):

I\‘/Ie ?Me
\/\@
=
| ~Cco,Me
Me/\ Me

Prepared according fdP5 using geranyl chlorid80 (172 mg, 1 mmol), Co(acac]27 mg,
10 mol %) and di(2-methoxy-4-methylcarbetoxyphenyi¢ 117 (1.3 mmol, prepared
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according tolrP4: reaction time = 8 h at 25 °C). Purification bgsih chromatography (eluent:
pentane: ether = 98: 2) yieldéd8as a colourless oil (230 mg, 76 %).

'H-NMR (CDCl 3, 400 MHz): § / ppm = 7.60 (ddJ = 7.7 Hz,J = 2.1 Hz, 1 H), 7.52 (d] =
1.4 Hz, 1 H), 7.21 (d) = 7.7 Hz, 1 H), 5.26-5.36 (m, 1 H), 5.03-5.16 (H), 3.92 (s, 3 H),
3.91 (s, 3H), 3.38 (d, J = 7.7 Hz, 2 H), 2.03-2119 4 H), 1.70 (br s, 6 H), 1.62 (s, 3 H).
3C-NMR (CDCl3, 75 MHz): & / ppm = 167.5, 157.4, 137.2, 136.0, 131.7, 12928.0,
124.5,122.3, 121.6, 111.0, 55.7, 52.2, 40.0, 2866, 25.9, 17.9, 16.3.

IR (neat): vicm™ = 2968, 2913, 1711, 1605, 1500, 1442, 1328, 12%211174, 1120, 1101,
1029, 824, 769, 631.

MS (El): m/z (%) = 302 (13), 271 (19), 259 (15), 201 (3099 (20), 174 (26), 173 (36), 159
(30), 124 (12), 123 (100), 122 (17), 69 (45), 44)(2

HRMS (EI): calcd. for [GoH2603] *: 302.1882; found: 302.1854.

Preparation of trifluoro-methanesulfonic acid 2ighdnyl-vinyl ester 119):

OTf

A solution of diphenyl acetaldehyde (2.00 g, 10:20t) andt-BuOK (1.49 g, 13.3 mmol) in

dry THF (30 mL) was refluxed for 2 IN-phenyl-bis(trifluoromethanesulfonimide) (6.2 g,
17.4 mmol) was subsequently added af@ The reaction mixture was stirred at this
temperature for 1 h, and another hour at 25 °CerAdtldition of water, extraction with diethyl
ether, and concentration vacuq the crude compound was filtered off and washetth wi
pentane. The filtrate was concentrated under reblymessure and purified via flash

chromatography (eluent: pentane) to yigl® as a colourless liquid (2.47 g, 74 %).

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.35-7.47 (m, 6 H), 7.23-7.33 (m, 4 HP67/(s, 1
H).

¥C-NMR (CDCl3, 75 MHz): § / ppm = 137.4, 135.0, 132.7, 131.8 (m), 130.5,82929.6,
129.5, 129.3, 129.2, 119.4 (= 321.0 Hz).

% NMR (CDCls, 75 MHz): & / ppm = - 72.66.



148 Experimental Part

IR (neat): vicm* = 1650, 1215, 1145, 952.

MS (El): m/z (%) = 330 (2), 329 (4), 328 (23), 196 (13951(75), 168 (13), 167 (100), 166
(20), 165 (64), 152 (25), 64 (5).

HRMS (EI): calcd. for [GsH11F:0sS]": 328,0381; found: 328.0390.

Preparation of nonafluoro-butane-1-sulfonic ac@tdiphenyl-vinyl ester¥20):

ONf

A solution of diphenyl acetaldehyde (2.00 g, 10/2at) andt-BuOK (1.49 g, 13.3 mmol) in
dry THF (30 mL) was refluxed for 2 h. Nonafluoroané-1-sulfonyl fluoride (3.1 mL, 17.3
mmol) was subsequently added &@over 10 min. The reaction mixture was stirredhat
temperature for 2 h, then refluxed for 18h. Aftddiion of water at OC, extraction with
diethyl ether, and concentration vacuq the crude compound was purified via flash
chromatography (eluent : gradient ranging from @eatto pentane: ether = 8: 2) to yiékD

as a colourless liquid (2.43 g, 50 %).

'H-NMR (CDCI 3, 300 MHz). & / ppm = 7.25-7.46 (m, 10 H), 7.11 (s, 1 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 135.4, 133.8, 132.6, 131.1, 128.5, 121H..6,
127.3 (carbons bearing fluorides are eluded andcawibbons are missing due to overlap).

% NMR (CDCls, 75 MHz): § / ppm = -79.6, -108.7, -120.0, -124.8.

IR (neat): vicm™ = 3103, 3061, 3031, 1640, 1496, 1427, 1352, 12284, 11989, 1142,
1125, 1016, 950, 760, 696.

MS (El): m/z (%) = 478 (4), 385 (5), 196 (14), 195 (7581(19), 167 (100), 166 (21), 165
(61), 152 (28), 69 (8).

HRMS (EI): calcd. for [GgH11F9OsS]": 478,0285; found: 478.0294.
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Preparation of cyclohexa-1,5-dienyl nonafluorobetarsulfonate122):

ONf

A solution of cyclohex-2-enone (1.30 mL, 13 mmaldry THF (15 mL) was added dropwise
to a solution of LDA (prepareid situ, 14.4 mmol) in THF (20 mL) at - 7&. After 30 min at
this temperature, nonafluorobutane-1-sulfonyl fider (3.60 mL, 20 mmol) was added
carefully, and the reaction mixture was furtherrst at 0°C for 3 h, and at 25 °C overnight.
The solvent was removed under reduced pressurethencesidue was dissolved in diethyl
ether. The resulting organic phase was washed twitte water, dried over MgS{) and
concentratedin vacuo Purification via flash chromatography (eluent 001% pentane)
afforded122as a colourless oil (3.70 g, 75 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 5.93 (dtJ = 10.4 Hz,J = 4.0 Hz, 1 H), 5.76 (dd} =
10.4 Hz,J = 2.0 Hz, 1 H), 5.62 (tdl = 4.4 Hz,J = 2.0 Hz, 1 H), 2.28-2.38 (m, 2 H), 2.12-2.22
(m, 2 H).

3C-NMR (CDCls, 75 MHz): 8 / ppm = 147.0, 132.3, 121.8, 115.5, 22.4, 22.2bmas
bearing fluorides are eluded).

% NMR (CDCls, 75 MHz): & / ppm = -79.7, -108.7, -119.9, -124.8.

IR (neat): viem* = 2928, 1422, 1356, 1240, 1203, 1144, 892.

MS (EI): m/z (%) = 378 (3), 131 (2), 95 (16), 69 (18),(88), 65 (11), 41 (100).

HRMS (EI): calcd. for [GoH7F9OsS]": 377,9972; found: 377.9963.

Preparation of 1,1,2-triphenylethedsS{):
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Prepared usindg19 (331 mg, 1 mmol), PhMgCI (1.4 mL of a 1.5 M sodutiin THF, 2.2
mmol), CuCN-2LIiCl (2.2 mL of a 1 M solution in THFFe(acag) (38 mg, 10 mol %)
according toTP6 Version A(reaction time: 1 h at room temperature). Puriftsa by flash

chromatography (eluent: pentane) yield&d as a colourless oil (221 mg, 86 %).

Alternatively prepared using20 (478 mg, 1 mmol), PhMgCl (1.4 mL of a 1.5 M sabutiin
THF, 2.2 mmol), CuCN-2LIiCl (2.1 mL of a 1 M solutiin THF), Fe(acag)(38 mg, 10 mol
%) according toTP6 Version A (reaction time: 1 h at 25 °C). Purification by sitea

chromatography (eluent: pentane) yield&d as a colourless oil (208 mg, 81 %).

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.20-7.28 (m, 8 H), 7.11-7.16 (m, 2 HN177.09
(m, 3 H), 6.93-6.97 (m, 2 H), 6.89 (s, 1 H).

¥C-.NMR (CDCl3, 75 MHz): 5 / ppm = 143.9, 143.0, 140.8, 137.8, 130.8, 13049.0,
128.6, 128.6, 128.4 , 128.0 , 127.9, 127.8, 127.2.

IR (film) : viemi* = 3055, 3022, 1949, 1598, 1492, 1445, 1222, 762, 695, 588.

MS (El, 70 ev): m/z (%) = 256 (100), 255 (24), 242)(1178 (25).

HRMS (EI): calcd. for [GoH1¢]*: 256.1252; found: 256.1256.

Preparation of ethyl 4-(2,2-diphenylvinybenzofi82):

Prepared using19 (331 mg, 1 mmol), ethyl 4-iodo-benzoate (800 m§, &@mol),i-PrMgCl
(2.0 mL of a 1.5 M solution in THF, 3 mmol), CuCNi2l (2.9 mL of a 1 M solution in
THF), Fe(acag)(38 mg, 10 mol %) according TP6 Version B(reaction time: 90 min at 25
°C). Purification by flash chromatography (elugrgntane: diethyl ether = 96: 4) yield&82

as a colourless oil (278 mg, 77 %).
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'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.72 (dJ = 8.4 Hz, 2 H), 7.21-7.28 (m, 8 H), 7.08-
7.13 (m, 2 H), 6.99 (d] = 8.6, 2 H), 6.91 (s, 1 H), 4.25 @= 7.1 Hz, 2 H), 1.27 (1 = 7.1
Hz, 3 H).

3C-NMR (CDCl3, 75 MHz): 5 / ppm = 166.4, 144.9, 142.9, 142.0, 139.8, 1302%.3,
129.2,128.7, 128.3, 128.3, 127.9, 127.8, 127.7,1150.8, 14.3.

IR (film) : v/em* = 2980, 1715, 1604, 14445, 1367, 1276, 1180, 1883, 762, 700.

MS (El, 70 ev): m/z (%) = 328 (100), 283 (18), 258)4£39 (14).

HRMS (EI): calcd. for [GsH200,]*: 328.1463; found: 328.1455.

Preparation of 1-(2-(3-(trifluoromethyl)phenyl)-hgnylvinyl)benzenel33):

Prepared usin19 (331 mg, 1 mmol), 1-iodo-3-trifluoromethyl-benzgf@®0 mg, 2.9 mmol),
i-PrMgCl (2.0 mL of a 1.5 M solution in THF, 3 mmolPuCN-2LIiCl (2.9 mL of a 1 M
solution in THF), Fe(acag)38 mg, 10 mol %) according 16 Version B(reaction time: 90
min at 25 °C). Purification by flash chromatograpfgejuent: pentane) yieldeti33 as a
colourless oil (241 mg, 74 %).

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.21-730 (m, 9 H), 7.16-7.19 (m, 2 H),87013 (m,

3 H), 6.90 (s, 1 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 145.0, 143.1, 140.0, 138.5, 132.9)g; 1.2 Hz),
13.7 (9,J = 32.3 Hz), 130.5, 129.2, 129.1 (b= 36.4 Hz), 128.7, 128.3, 128.2, 128.0, 126.8,
126.7 (qJ = 4.1 Hz), 126.6 (q] = 272.3 Hz), 123.5 (q} = 4.1 Hz).

IR (film) : viemi* = 3059, 3028, 1600, 1493, 1446, 1331, 1166, 11284, 880, 697.

MS (El, 70 ev): m/z (%) = 324 (100), 283 (10), 258)(1178 (11).

HRMS (EI): calcd. for [GiH1sF3]: 324.1126; found: 324.1118.
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Preparation of 3-(2,2-diphenyl-vinyl)-benzonitr{te34):

Prepared using.20 (478 mg, 1 mmol), 3-iodo-benzonitrile (664 mg, 2m@nol), i-PrMgCl
(2.0 mL of a 1.5 M solution in THF, 3 mmol), CuCNMi2l (2.9 mL of a 1 M solution in
THF), Fe(acag)(38 mg, 10 mol %) according TP6 Version B(reaction time: 6 h at 25 °C).
Purification by flash chromatography (eluent: pestadiethyl ether = 99: 1) yieldekB4 as a
colourless oil (157 mg, 56 %).

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.22-7.32n, 9H), 7.19-7.21r, 1H), 7.11-7.16r,
2H), 7.05-7.111f, 2H), 6.83 §, 1H).

3C-NMR (CDCl3, 75 MHz): 5 / ppm = 145.8, 142.9, 139.7, 139.1, 134.0, 1333).5,
130.3, 129.5, 129.3, 129.1, 128.7, 128.6, 128.8,11225.8, 112.6.

IR (neat): v/em* = 3435, 3056, 2228, 1616, 1491, 1444, 796, 765, 70

MS (El, 70 ev): m/z (%) = 283 (2), 282 (21), 281 (L0280 (35), 266 (19), 253 (11), 204
(13), 203 (19).

HRMS (EI): calcd. for [GiH1sN]": 281.1204; found: 281.1186.

Preparation of 1-(2-(4-methoxyphenyl)-1-phenyivibgnzenei35):

l OMe

Prepared using19 (331 mg, 1 mmol)p-OMe-GHsMgBr (1.8 mL of a 1.5 M solution in
THF, 2.8 mmol), CuCN-2LiCl (2.8 mL of a 1 M solutien THF), Fe(acag)(38 mg, 10 mol
%) according toTP6 Version A (reaction time: 1 h at 25 °C). Purification by sfa
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chromatography (eluent: pentane: diethyl ether £)9ielded135 as a colourless oil (224
mg, 78 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.21-7.29 (m, 7 H), 7.18-7.20 (m, 1 H}227.16
(m, 2 H), 6.88 (dJ = 8.6 Hz, 2 H), 6.84 (s, 1 H), 6.59 (b= 8.6 Hz, 2 H), 3.67 (s, 3 H).
3C-NMR (CDCl3, 75 MHz): & / ppm = 158.8, 144.0, 141.0, 141.0, 131.2, 1303).5,
129.1, 128.5, 128.0, 127.8, 127.7, 127.6, 113.%.55

IR (film) : vicmi* = 3436, 2993, 2837, 1602, 1509, 1493, 1442, 13235, 1178, 1036, 878,
702, 692.

MS (El, 70 ev): m/z (%) = 286 (100), 165 (15).

HRMS (EI): calcd. for [GiH1g0]": 286.1358; found: 286.1341.

Preparation of 1-methyl-2-(2,2-diphenylvinyl)benedh36):

Be

Prepared usin19 (331 mg, 1 mmol), 2-iodo-toluene (632 mg, 2.9 mmePrMgClI (2.0 mL
of a 1.5 M solution in THF, 3 mmol), CuCN-2LiClI 2mL of a 1 M solution in THF),
Fe(aca@ (38 mg, 10 mol %) according t6P6 Version B(reaction time: 3 h at 25 °C).

Purification by flash chromatography (eluent: peejayielded136 as a colourless oil (241
mg, 79 %).

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.19-7.30 (m, 6 H), 7.09-7.14 (m, 3 HP&7.03
(m, 2 H), 6.90-6.97 (m, 1 H), 6.89 (s, 1 H), 6.7.8@(m, 2 H), 2.23 (s, 3 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 144.0, 143.8, 140.7, 137.4, 137.3, 13130.2,
130.1, 128.6, 128.5, 128.5, 127.9, 127.7, 127.8,2,225.6, 20.7.

IR (film) : v/em* = 3058, 3019, 1949, 1598, 1492, 1445, 1222, 762, 95.

MS (El, 70 ev): m/z (%) = 271 (23), 270 (100), 269, 6 (12), 255 (43), 254 (14), 253
(16), 252 (14), 239 (12), 193 (10), 192 (19), 192)( 179 (33), 178 (29), 126 (14), 91 (6).
HRMS (EI): calcd. for [GiH1g]": 270.1409; found: 270.1411.
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Preparation of ethyl 4-vinylbenzoatE3{/):
O>\ <> /
EtO

Prepared usind21 (655 mg, 2 mmol), ethyl 4-iodo-benzoate (1.60 .§, mmol),i-PrMgCl
(2.9 mL of a 2.1 M solution in THF, 6.1 mmol), Cu&\iCl (5.8 mL of a 1 M solution in
THF), Fe(acag)(76 mg, 10 mol %) according TP6 Version B(reaction time: 45 min at 25
°C). Purification by flash chromatography (elugrgntane: diethyl ether = 99: 1) yield&87

as a colourless oil (226 mg, 64 %).

'H-NMR (CDCl 3, 300 MHz): 5 / ppm = 7.93 (dJ = 8.4 Hz, 2 H), 7.38 (d] = 8.6 Hz, 2 H),
6.68 (dd,J = 17.7 Hz,J = 10.8 Hz, 1 H), 5.79 (dl = 17.7 Hz, 1 H), 5.31 (d] = 10.8 Hz, 1
H), 4.30 (qJ = 7.1 Hz, 2 H), 1.32 (] = 7.1 Hz, 3 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 194.3, 166.4, 141.8, 136.1, 129.8, 12516,4, 60.9,
14.3.

IR (film) : vicmi* = 3418, 2982, 2918, 1715,1608,1275, 1105.

MS (El, 70 ev): m/z (%) = 176 (33), 148 (27), 131@},QL03 (27), 77 (24)

HRMS (EI): calcd. for [GiH1,0,]": 176.0837; found: 176.0849.

Preparation of 1-vinylnaphthalentE38):

b

Prepared usin@21 (330 mg, 1 mmol), 1-iodo-naphthalene (765 mg, 3atym-PrMgCl (1.5
mL of a 2.1 M solution in THF, 6.1 mmol), CuCN-2Li@.8 mL of a 1 M solution in THF),
Fe(acaq (38 mg, 10 mol %) according fbP6 Version B(reaction time: 22 h at 25 °C).
Purification by flash chromatography (eluent: peejayielded138 as a colourless oil (109
mg, 71 %).
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'H-NMR (CDCl 3, 300 MHz). & / ppm = 8.04 (dJ = 7.9 Hz, 1 H), 7.75-7.79 (m, 1 H), 7.71
(d,J=8.4 Hz, 1 H), 7.55 (d] = 7.1 Hz, 1 H), 7.36-7.46 (m, 4 H), 5.72 (dc; 17.3 Hz,J =
1.5 Hz, 1 H), 5.40 (dd] = 10.9 HzJ = 1.6 Hz, 1 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 136.0, 134.8, 134.0, 131.5, 128.9, 128%%.4,
126.1, 126.0, 124.1, 124.0, 117.5.

IR (film) : v/em* = 3048, 2922, 2852, 799, 776.

MS (El, 70 ev): m/z (%) = 154 (88), 153 (100), 152)6L51 (13).

HRMS (EI): calcd. for [GoH1o]*: 154.0783; found: 154.0774.

Preparation of 1-bromo-3-vinylbenzeri9):

Br
oY

Prepared usind21 (655 mg, 2 mmol), 1-bromo-3-iodo-benzene (1.675§ mmol), i-
PrMgCl (2.9 mL of a 2.1 M solution in THF, 6.1 mmoCuCN-2LIiClI (5.8 mLofa 1 M
solution in THF), Fe(acag)76 mg, 10 mol %) according TP6 Version B(reaction time: 4
h at 25 °C). Purification by flash chromatographgiuént: pentane) yielded39 as a
colourless oil (226 mg, 62 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.48 (t) = 1.6 Hz, 1 H), 7.30 (d] = 7.9 Hz, 1 H),
7.24 (d,J=7.7Hz, 1 H), 7.11 (| = 7.7 Hz, 1 H), 6.57 (dd] = 17.7 Hz,J = 10.8 Hz, 1 H),
5.68 (d,J = 17.7 Hz, 1 H), 5.22 (d,= 10.8 Hz, 1 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 138.7, 134.5, 129.6, 128.0, 128.1, 1234,.7,
114.4.

IR (film) : v/cmi* = 3088, 3060, 3010, 2988, 2922, 1592, 1560, 14442, 1199, 1073, 987,
913, 786.

MS (El, 70 ev): m/z (%) = 184 (89), 182 (90), 103 L0007 (44), 85 (49), 83 (43), 77 (73),
71 (62), 55 (51)

HRMS (EI): calcd. for [GH-Br]": 181.9731; found: 181.9726.
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Preparatin of 1-(cyclohexa-1,5-dienyl)-3-(trifluonethyl)benzenel@40):

O CF3

Prepared usin22 (378 mg, 1 mmol), 1-iodo-3-trifluoromethyl-benzg@dd 0 mg, 1.5 mmol),
i-PrMgCl (1.0 mL of a 1.5 M solution in THF, 1.5 mijoCuCN-2LIiCl (1.4 mL of a 1 M
solution in THF), Fe(acag)X38 mg, 10 mol %) according {oP7 (reaction time: 5 h at 25

°C). Purification by flash chromatography (elugméntane) yielded40 as a colourless oll
(203 mg, 90 %).

'H-NMR (CDCl 3, 300 MHz). § / ppm = 7.54 (s, 1 H), 7.30-7.52 (m, 3 H), 6.28, @= 9.7
Hz,J = 1.8 Hz, 1 H), 6.06 (tt] = 4.6 Hz,J = 1.3 Hz, 1 H), 5.98 (dtd} = 9.7 Hz,J = 4.3 Hz,J
= 0.9 Hz, 1 H), 2.23-2.33 (m, 2 H), 2.09-2.19 (nHR

3C-NMR (CDCl3, 75 MHz): § / ppm = 141.8, 135.3, 131.5 (@= 32.2 Hz), 129.2, 129.0,
128.8, 125.4, 124.8, 124.6 (b= 272.3 Hz), 123.8 (4} = 4.1 Hz), 122.5 (q] = 4.1 Hz), 23.2,
22.2.

IR (film, cm™) : 3065, 3033, 1600, 1493, 1446, 1331, 1127, 1884, 701.

MS (El, 70 ev): m/z (%) = 224 (82), 223 (32), 209)(5883 (87), 155 (100).

HRMS (EI): calcd. for [GsH1iFs]": 224.0813; found: 224.0839.

Preparation ofethyl 4-(cyclohexa-1,5-dienyl)benedhfi1):

Prepared using22 (378 mg, 1 mmol), ethyl 4-iodo-benzoate (415 m§, hmol),i-PrMgCl
(2.0 mL of a 1.5 M solution in THF, 1.5 mmol), Cu&\iCl (1.4 mL of a 1 M solution in
THF), Fe(acag) (38 mg, 10 mol %) according f6P7 (reaction time: 30 min at 25 °C).
Purification by flash chromatography (eluent: pestadiethyl ether = 99: 1) yieldedi1 as a
colourless oil (193 mg, 84 %).
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'H-NMR (CDCl 3, 300 MHz): 5 / ppm = 7.92 (dJ = 8.4 Hz, 2 H), 7.36 (d] = 8.4 Hz, 2 H),
6.26 (dgq,J = 9.7 Hz,J= 1.8 Hz, 1 H), 6.09-6.11 (m, 1 H), 5.93-6.01 (nH), 4.30 (qJ=7.1
Hz, 2 H), 2.23-2.33 (m, 2 H), 2.09-2.19 (m, 2 HB2(t,J = 7.1 Hz, 3 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 166.9, 145.3, 135.6, 130.1, 129.2, 12835.5,
125.4, 125.3, 61.2, 23.3, 22.2; 14.7.

IR (neat): v/em* = 3430, 3040, 2982, 2937, 1714, 1607, 1282, 11898, 1023, 771.

MS (El, 70 ev): m/z (%) = 228 (100), 200 (10), 182)3L55 (87), 153 (19), 128 (10).
HRMS (EI): calcd. for [GsH1607]*: 228.1150; found: 228.1135.

Preparation of 1-(cyclohexa-1,5-dienyl)naphthal€é):

Prepared using22 (378 mg, 1 mmol), 1-iodo-naphthalene (380 mg, rhrol), i-PrMgCl
(2.0 mL of a 1.5 M solution in THF, 1.5 mmol), Cu&\iCl (1.4 mL of a 1 M solution in
THF), Fe(acag) (38 mg, 10 mol %) according t6P7 (reaction time: 12 h at 25 °C).
Purification by flash chromatography (eluent: peedayielded142 as a colourless oil (150
mg, 73 %).

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.91-7.97 (m, 1 H), 7.72-7.79 (m, 1 HE87(d,J =
8.0 Hz, 1 H), 7.33-7.42 (m, 3 H), 7.24 (dds 7.0 Hz,J = 1.3 Hz, 1 H), 6.05 (dd} = 9.7 Hz,
J=1.3Hz, 1 H), 5.82-5.92 (m, 2 H), 2.29-2.39 gH), 2.18-2.28 (m, 2 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 140.8, 136.7, 134.1, 131.8, 128.8, 128%..7,
126.4, 126.4, 126.1, 126.0, 126.0, 125.9, 125.8, 22.4.

IR (film) : vicmi* = 3486, 3037, 2933, 2870, 2822, 799, 776.

MS (EI, 70 ev): m/z (%) = 207 (15), 206 (100), 208)AL78 (53), 165 (49).

HRMS (EI): calcd. for [GeH14]: 206.1096; found: 206.1078.
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Preparation of diethyl naphthalen-1-yl phosphaés):

O. O

EtO/'\D
OEt

Prepared according t6P8, using 1-naphthol (2.90 g, 20 mmol), NaH (890 mica 0 %
suspension in oil, 22 mmol), and diethyl chloropgitage (3.20 mL, 22 mmol). Purification
by flash chromatography (eluent: pentane: diettiyee= 2: 8) yielded43as a red oil (4.50
g, 81 %).

'H-NMR (CDCl 3, 300 MHz). & / ppm = 8.06-8.13 (m, 1 H), 7.72-7.79 (m, 1 H577(dd,J =
8.0 Hz,J = 0.9 Hz, 1 H), 7.37-7.49 (m, 3 H), 7.32.1 = 8.0 Hz, 1 H), 4.10-4.25 (m, 4 H),
1.25@dt,J=7.1 HzJ=1.1 Hz, 6 H).

13C-NMR (CDCl3, 75 MHz): & / ppm = 147.1 (d) = 7.0 Hz), 135.1, 128.1, 127.0, 126.8.1d,
= 7.0 Hz), 126.7, 125.9 (d,= 1.8 Hz), 125.2 (d] = 1.2 Hz), 122.0 (dJ = 1.2 Hz), 115.2 (d,
J=2.9 Hz), 65.1 (d) = 6.5 Hz), 16.5 (dJ = 6.5 Hz).

IR (neat): vicm! = 2958, 2872, 1671, 1445, 1376, 1242, 1156, 102082, 923.

MS (EI, 70 ev): m/z (%) = 281 (13), 280 (100), 258)(1224 (28), 154 (10), 144 (52), 115
(30).

HRMS (EI): calcd. for [G4H1704P]": 280.0864; found: 280.0857.

Preparation of phosphoric acid benzo[1,3]dioxollester diethyl esterlé4):

Q

R—-OEt

(0]

-

Prepared according P8, using benzo[1,3]dioxol-5-0l (2.80 g, 20 mmol),HNéB80 mg of a
60 % suspension in oil, 22 mmol), and diethyl cbptrosphate (3.20 mL, 22 mmol).
Purification by flash chromatography (eluent: dygtather) yieldedl44 as a colourless oll
(5.01 g, 91 %).
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'H-NMR (CDCl 3, 300 MHz): § / ppm = 6.66-6.69 (m, 1 H), 6.63 (s, 1 H), 6.5816(m, 1
H), 5.88 (s, 2 H), 4.07-4.19 (m, 4 H), 1.28 @l 7.1 Hz,J = 1.1 Hz, 6 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 148.5, 145.5 (d,= 7.0 Hz), 145.1 (d) = 1.8 Hz),
112.7 (d,J = 5.3 Hz), 108.3 (d] = 1.8 Hz), 102.9 (dJ = 4.7 Hz), 102.1, 65.0 (d,= 5.9 Hz),
16.4 (d,J = 7.0 Hz).

IR (neat): vicmi® = 2985, 2909, 2782, 1634, 1613, 1503, 1483, 12384, 1273, 1245, 1174,
1127, 1021, 885, 802.

MS (El, 70 ev): m/z (%) = 275 (7), 274 (64), 218 (73)0 (18), 138 (100), 137 (34).

HRMS (EI): calcd. for [GiH1506P]": 274.0606; found: 274.06009.

Preparation of phosphoric acid diethyl ester 3-megiphenyl esterl45):

Q
p-OEt

()aon

MeO

Prepared according P8, using 3-methoxy-phenol (2.50 g, 20 mmol), NaH)(&%g of a 60
% suspension in oil, 22 mmol), and diethyl chlorogpphate (3.20 mL, 22 mmol). Purification
by flash chromatography (eluent: diethyl ether)dae 145as a colourless oil (4.70 g, 90 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.17-7.24 (m, 1 H), 6.64-6.84 (m, 3 HY.44.26
(m, 4 H), 3.77 (s, 3 H), 1.34 (dt= 7.1 Hz,J = 1.0 Hz, 6 H).

13C-NMR (CDCl3, 75 MHz): & / ppm = 161.0, 152.0 (d, = 6.5 Hz), 130.4 (dJ = 1.2 Hz),
112.4 (dJ=4.7 Hz), 111.1 (d) = 1.2 Hz), 106.5 (d] = 5.3 Hz), 64.9 (dJ = 5.9 Hz), 55.8,
16.4 (d,J = 6.5 Hz).

IR (neat): vicm* = 2984, 2940, 2911, 2839, 1606, 1590, 1491, 14324, 1370, 1268, 1192,
1143, 1023, 1000, 980, 851, 770, 685.

MS (El, 70 ev): m/z (%) = 261 (10), 260 (100), 242)1232 (15), 231 (15), 217 (25), 204
(20), 203 (11), 134 (85), 124 (52), 119 (17), 98)(1

HRMS (EI): calcd. for [GiH170sP]": 260.0814; found: 260.0802.
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Preparation of phosphoric acid diethyl ester 4-megiphenyl esterl(46):

O\
\p/OEt

7\
MeOOo OFEt

Prepared according P8, using 4-methoxy-phenol (2.50 g, 20 mmol), NaH)(&%g of a 60
% suspension in oil, 22 mmol), and diethyl chlorogpphate (3.20 mL, 22 mmol). Purification
by flash chromatography (eluent: diethyl ether)dae 146 as a colourless oil (4.32 g, 83 %).

'H-NMR (CDCl 5, 300 MHz). § / ppm = 7.12 (dJ = 8.4 Hz, 2 H), 6.40 (d] = 9.3 Hz, 2 H),
4.12-4.25 (m, 4 H), 3.75 (s, 3 H), 1.32 (bi & 7.1, 6 H).

3C-NMR (CDCl3, 75 MHz): 5 / ppm = 157.3 (dJ = 1.2 Hz), 144.7 (d] = 7.0 Hz), 122.2 (d,
J=4.1), 115.0, 64.8 (d,= 5.9 Hz), 55.9, 16.4 (d,= 6.5 Hz).

IR (neat): vicm* = 3496, 2985, 2936, 2910, 2839, 1596, 1503, 12a84, 1272, 1250, 1203,
1101, 1022, 953, 935, 834, 758, 693.

MS (El, 70 ev): m/z (%) = 261 (9), 260 (100), 245, (232 (23), 231 (2), 217 (6), 204 (40),
134 (7), 124 (50), 123 (18), 109 (16).

HRMS (EI): calcd. for [GiH170sP]": 260.0814; found: 260.0803.

Preparation of phosphoric acid diethyl ester 3umifomethyl-phenyl ested 47):

Prepared according P8, using 3-trifluoromethyl-phenol (1.62 g, 10 mmai)aH (440 mg
of a 60 % suspension in oil, 11 mmol), and diettiflorophosphate (1.6 mL, 11 mmol).
Purification by flash chromatography (eluent: pestadiethyl ether = 2: 8) yieldet47 as a
colourless oil (2.51 g, 85 %).

'H-NMR (CDCl 3, 300 MHz); § / ppm = 7.34-7.45 (m, 4 H), 4.10-4.23 (m, 4 HRAL@t, J =
7.1 Hz,J= 1.1 Hz, 6 H).
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3C-NMR (CDCl3, 75 MHz): 5 / ppm = 151.3 (dJ = 6.5 Hz), 132.6 (q] = 32.9 Hz), 130.7,
123.9 (dtJ = 4.7 Hz,d = 1.2 Hz), 123.8 (q) = 272.3 Hz), 122.1 (m), 117.6 (m), 65.2 Jc&&
5.9 Hz), 16.4 (dJ = 6.5 Hz).

IR (neat): vicm* = 3498, 2988, 2936, 2914, 1596, 1493, 1448, 18886, 1277, 1212, 1166,
1126, 1024, 887, 797, 697.

MS (El, 70 ev): m/z (%) = 298 (29), 255 (18), 172)7262 (100), 99 (28).

HRMS (EI): calcd. for [GiH14Fs04P]": 298.0582; found: 298.0557.

Preparation of 1-phenyl-naphthaled®&®):

Prepared according P9 Version A using143 (285 mg, 1 mmol), PhMgCI (0.8 mL of a 1.5
M solution in THF, 1.2 mmol), and Nigtppe) (5 mg, 1 mol %). Purification by flash

chromatography (eluent: pentane) yield& as a colourless oil (177 mg, 87 %).

'H-NMR (CDCl 3, 300 MHz): 5 / ppm = 7.81 (dJ = 8.0 Hz, 2 H), 7.76 (d] = 8.0 Hz, 1 H),
7.28-7.46 (m, 9 H).

3C-NMR (CDCl3, 75 MHz): 5 / ppm = 141.2, 140.7, 134.2, 132.1 130.5, 1288.6.228.1
127.7 127.4 126.5 126.4, 126.2 125.8.

IR (neat): vicmi* = 3055, 2923, 1948, 1591, 1507, 1493, 1394, 80D, 759, 701, 615.

MS (EI, 70 ev): m/z (%) = 205 (15), 204 (100), 208)(5L01 (25).

HRMS (EI): calcd. for [GeH12] - 204.0939; found: 204.0933.

Preparation of 1-(3-trifluoromethyl-phenyl)-naphtrae (L57):

O CF3
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Prepared according tdP9 Version Busing 143 (284 mg, 1 mmol), 3-trifluoromethyl-
iodobenzene (546 mg, 2 mmabRrMgClI-LiCl (1.3 mL of a 1.5 M solution in THF,rBmol),
and NiCh(dppe) (5 mg, 1 mol %). Purification by flash chetography (eluent: pentane)
yielded157 as a colourless oil (218 mg, 80 %).

'H-NMR (CDCl 5, 300 MHz) 5 / ppm = 8.82 (t] = 8.4 Hz, 2 H), 7.66-7.73 (m, 2 H), 7.56-
7.63 (M, 2 H), 7.26-7.55 (m, 5 H).

13C-NMR (CDCls, 75 MHz): & / ppm = 141.9, 139.0, 134.2, 133.8 Jg= 1.2 Hz), 131.7,
131.2 (g,J = 32.3 Hz), 129.1, 128.8, 128.8, 127.5, 127.2 {dd,7.6 Hz,J = 4.1 Hz), 126.9,
126.4, 125.8, 125.7, 124.6 ({7 272.3 Hz), 124.5 (dd,= 7.6 Hz,J = 3.5 Hz).

IR (neat): vicm* = 3061, 2926, 2855, 1932, 1592, 1509, 1396, 18368, 1162, 1111, 1092,
1072, 1020, 798, 772, 702, 620.

MS (EI, 70 ev): m/z (%) = 273 (13), 272 (100), 252)(1203 (46), 202 (36).

HRMS (El): calcd. for [GH11F3]": 272.0813; found: 272.0821.

Preparation of 1-(3,5-bis-trifluoromethyl-phenybghthalenel(58):

FsC I CF3

Prepared according tdP9 Version Busing 143 (286 mg, 1 mmol), 1-bromo-3,5-bis-

trifluoromethyl-benzene (586 mg, 2mmol)PrMgCI-LiCl (1.3 mL of a 1.5 M solution in
THF, 2 mmol), and NiGl(dppe) (5 mg, 1 mol %). Purification by flash chmatwgraphy
(eluent: pentane) yieldetb8as a white solid (242 mg, 71 %).

mp (°C) = 53.6-55.9.

'H-NMR (CDCl 3, 300 MHz): 5 / ppm = 7.82-7.96 (m, 5 H), 7.62 (db= 8.0 Hz,J = 0.9 Hz,
1 H), 7.32-7.52 (m, 4 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 143.3, 137.3, 134.2, 132.1 {g= 33.5 Hz), 131.4,
130.6 (m), 129.5, 129.0, 127.8, 127.4, 126.7, 12B%.2, 123.9 (q] = 272.3 Hz), 121.6 (m).
IR (neat): vicm* = 3063, 2922, 1814, 1620, 1510, 1469, 1406, 188&2, 1178, 1121, 1105,
1064, 900, 803, 774, 684.
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MS (El, 70 ev): m/z (%) = 341 (18), 340 (100), 274) 202 (16).
HRMS (EI): calcd. for [GgH10Fg] - 340.0687; found: 340.0683.

Preparation of 1-(3,4-difluoro-phenyl)-naphthalé¢h&9):

(I,

F

Prepared according ta@P9 Version B using 143 (280 mg, 1 mmol), 4-bromo-1,2-
difluorobenzene (387 mg, 2mmoi}PrMgCI-LiCl (1.3 mL of a 1.5 M solution in THF, 2
mmol), and NiCi(dppe) (5 mg, 1 mol %). Purification by flash chagraphy (eluent:
pentane) yielded59as a colourless oil (153 mg, 64 %).

'H-NMR (CDCl 5, 300 MHz). § / ppm = 7.82-7.98 (m, 3 H), 7.18-7.59 (m, 7 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 150.5 (dJ = 248.8 Hz), 150.3 (d] = 247.1 Hz),
138.4, 138.0 (m), 134.2, 131.7, 128.8, 128.7, 12826.8, 126.5 (m), 126.4, 125.8, 125.7,
119.4 (dJ = 16.4 Hz), 117.5 (ddl = 17.0 HzJ = 1.2 Hz).

IR (neat): vicm* = 3050, 2926, 1932, 1618, 1603, 1517, 1503, 16487, 1392, 1308, 1266,
1200, 1118, 800, 776, 766, 654.

MS (El, 70 ev): m/z (%) = 240 (100), 239 (52), 238)420 (13), 119 (11).

HRMS (EI): calcd. for [GeH1oF] 1 240.0751; found: 240.0745.

Preparation of 1-(3,5-difluoro-phenyl)-naphthalé¢h&0):

FF
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Prepared according t@P9 Version B using 143 (282 mg, 1 mmol), 4-bromo-1,3-
difluorobenzene (387 mg, 2mmoi}PrMgCI-LiCl (1.3 mL of a 1.5 M solution in THF, 2
mmol), and NiCj(dppe) (5 mg, 1 mol %). Purification by Flash Chetagraphy (100 % n-
pentane) yielded60as a white solid (130 mg, 54 %).

mp (°C) = 82.3-83.8

'H-NMR (CDCl 3, 300 MHz). § / ppm = 7.85-7.98 (m, 3 H), 7.46-7.59 (m, 3 HR927.45
(m, 1 H), 7.01, 7.12 (m, 2 H), 6.86-6.97 (m, 1 H).

13C-NMR (CDCl3, 75 MHz): & / ppm = 163.3 (dJ = 248.8 Hz), 163.1 (d] = 248.8 Hz),
144.4 (m), 138.3, 134.2, 131.4, 129.0, 128.8, 122B.9, 126.5, 125.7, 125.6, 113.6 &
8.2 Hz), 113.3 (d) = 8.2 Hz), 103,1 () = 25.2 H2z).

IR (neat): vicm* = 3086, 3059, 2854, 1622, 1591, 1508, 1448, 14286, 1332, 1225, 1112,
1024, 985, 887, 859, 800, 774, 692, 641.

MS (El, 70 ev): m/z (%) = 241 (15), 240 (100), 239)&38 (42), 220 (10), 119 (11).
HRMS (EI): calcd. for [GeH10F] " 240.0751; found: 240.0757.

Preparation of 1-(4-trifluoromethyl-phenyl)-naphtrse (61):

CF3

Prepared according tdP9 Version Busing 143 (285 mg, 1 mmol), 4-trifluoromethyl-
bromobenzene (450 mg, 2mmoi)PrMgCI-LiCl (1.3 mL of a 1.5 M solution in THF, 2
mmol), and NiCi(dppe) (5 mg, 1 mol %). Purification by flash chagraphy (eluent:
pentane) yielded61as a colourless oil (113 mg, 42 %).

'H-NMR (CDCl 3, 300 MHz): § / ppm = 7.81 (tJ = 8.0 Hz, 2 H), 7.58-7.75 (m, 3 H), 7.27-
7.55 (m, 6 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 144.9 (m), 139.1, 134.2, 131.7, 130.8,929,J =
32.3Hz), 128.8, 128.8, 127.4, 126.8, 126.4, 125196,7, 125.6 (m), 124.8 (4= 272.3 Hz).
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IR (neat): vicm* = 3061, 2926, 2855, 1932, 1396, 1330, 1268, 12462, 1110, 1092, 1072,
798, 772, 702.

MS (El, 70 ev): m/z (%) = 273 (14), 272 (100), 202)202 (33).

HRMS (EI): calcd. for [G/H11F3]": 272.0813; found: 272.0822.

Preparation of 1-(4-fluoro-phenyl)-naphthalethé2):

=

Prepared according P9 Version Busing143 (280 mg, 1 mmol), 4-fluoro-bromobenzene
(350 mg, 2mmol),i-PrMgCI-LiCl (1.3 mL of a 1.5 M solution in THF, tghmol), and
NiClx(dppe) (5 mg, 1 mol %). Purification by flash chiatwgraphy (eluent: pentane) yielded
162 as a white solid (78 mg, 35 %).

mp (°C) = 71.7-73.3.

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.73-7.86 (m, 3 H), 7.28-7.47 (m, 6 H)5¢7.15
(m, 2 H).

3C-NMR (CDCl3, 75 MHz): 5 / ppm = 162.7 (dJ = 245.9 Hz), 139.6, 137.1, 134.2, 132.0
(d,J=8.2 Hz), 128.7, 128.2, 127.4, 127.4, 126.5,22626.2, 125.7, 115.6 (d= 21.1 Hz).

IR (neat): vicm* = 3067, 3045, 2958, 2921, 2851, 1934, 1604, 1588], 1502, 1395, 1215,
1156, 1094, 1014, 836, 799, 778, 658.

MS (El, 70 ev): m/z (%) = 223 (12), 222 (100), 220)6220 (37), 218 (5), 202 (3).

HRMS (EI): calcd. for [GeH11F]": 222.0845; found: 222.0839.
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Preparation of 1-(4-methoxy-phenyl)-naphthalel®@3):

OMe

Prepared according toTP9 Version A using 143 (281 mg, 1 mmol), 4-
methoxyphenylmagnesium choride (1.5 mL of a 0.8 ®lutson in THF, 1.2 mmol), and
NiClx(dppe) (6 mg, 1 mol %). Purification by flash chietography (eluent: pentane: diethyl
ether = 98: 2) yielded63as a white solid (192 mg, 82 %).

mp (°C) = 114.6-116.2.

'H-NMR (CDCl 35, 300 MHz) § / ppm = 7.78-7.86 (m, 2 H), 7.74 @= 8.4 Hz, 1 H), 7.29-
7.45 (m, 6 H), 6.95 (d] = 8.4 Hz, 2 H), 3.80 (s, 3 H).

13C-NMR (CDCl3s, 75 MHz): 5 / ppm = 159.4, 140.3, 134.3, 133.6, 132.3, 13178.7,
127.73, 127.3, 126.5, 126.3, 126.1, 125.8, 11418.5

IR (neat): vicm* = 3044, 2992, 2952, 2832, 1894, 1832, 1608, 15524, 1438, 1284, 1240,
1174, 1106, 962, 802, 780, 586, 436.

MS (EI, 70 ev): m/z (%) = 235 (15), 234 (100), 218)(2L89 (17).

HRMS (EI): calcd. for [G/H140]": 234.1045; found: 234.1033.

Preparation of 5-phenyl-benzo[1,3]dioxols4):

(0]

-0

Prepared according P9 Version Ausing144 (272 mg, 1 mmol), PhMgCI (1.35 mL of a
1.5 M solution in THF, 2 mmol), and Nigtppe) (15 mg, 3 mol %). Purification by flash
chromatography (eluent: pentane: diethyl ether =199ielded164 as a pale yellow oil (125

mg, 64 %).
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'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.40-7.46 (m, 2 H), 7.28-7.36 (m, 2 HY.977.26
(m, 1 H), 6.95-7.00 (m, 2 H), 6.79 (dbl= 7.5 Hz,J = 1.3 Hz, 1 H), 5.91 (s, 2 H).

3C-NMR (CDCl3, 75 MHz): & / ppm = 148.5, 147.5, 141.3, 136.0, 129.1, 1212%.3,
121.0, 109.0, 108.1, 101.5.

IR (neat): v/em™ = 3006, 2957, 2907, 2839, 1606, 1578, 1526, 14885, 11413, 1345,
1280, 1186, 1032, 930, 887, 818.

MS (El, 70 ev): m/z (%) = 199 (12), 198 (100), 190)(3L39 (31).

HRMS (EI): calcd. for [GsH1007]": 198.0681; found: 198.0678.

Preparation of 5-(4-methoxy-phenyl)-benzo[1,3]diex@.65):
)

Lo

Prepared according toTP9 Version A using 144 (272 mg, 1 mmol), 4-

methoxyphenylmagnesium chloride (2.6 mL of a 0.8sMution in THF, 2.1 mmol), and
NiClx(dppe) (15 mg, 3 mol %). Purification by flash ametography (eluent: pentane: diethyl
ether = 99: 1) yielded65as a pale yellow oil (159 mg, 70 %).

'H-NMR (CDCl 3, 300 MHz). & / ppm = 7.33-7.40 (m, 2 H), 6.84-6.96 (m, 4 HY&(d,J =
8.4 Hz, 1 H), 5.90 (s, 2 H), 3.76 (s, 3 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 159.3, 148.4, 147.0, 135.7, 134.0, 1282%).5,
114.6, 108.9, 107.8, 101.4, 55.7.

IR (neat): vicm* = 3074, 3038, 3005, 2905, 2840, 2535, 2039, 16865, 1444, 1345, 1276,
1250, 1222, 1184, 1032, 1012, 930, 887, 823, 834, 6

MS (El, 70 ev): m/z (%) = 229 (15), 228 (100), 213)(6185 (14), 155 (7), 114 (5).

HRMS (EI): calcd. for [G4H1,04]": 228.0786; found: 228.0797.

Preparation of 3-methoxy-biphenyll§6):

MeO
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Prepared according P9 Version Ausing145 (260 mg, 1 mmol), PhMgCl (1.4 mL of a 1.5
M solution in THF, 2.1 mmol), and Nigtppe) (16 mg, 3 mol %). Purification by flash
chromatography (eluent: pentane: diethyl ether =28ielded166 as a colourless oil (148
mg, 80 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.47-7.53 (m, 2 H), 7.31-7.38 (m, 2 HR227.30
(m, 2 H), 7.07-7.12 (m, 1 H), 7.03-7.06 (m, 1 HY%$6.84 (m, 1 H), 3.77 (s, 3 H).

3C-NMR (CDCl3, 75 MHz): 5 / ppm = 160.4, 143.2, 141.5, 130.2, 129.1, 121H..8,
127.6,120.1, 113.3, 113.1, 55.7.

IR (neat): vicmi® = 3059, 2956, 2937, 1598, 1572, 1477, 1420, 12241, 1177, 1169, 1053,
1037, 1019, 862, 850, 787, 694.

MS (EI, 70 ev): m/z (%) = 184 (100), 169 (37), 145)6.39 (22), 115 (18).

HRMS (EI): calcd. for [GsH120]": 184.0888; found: 184.0885.

Preparation of 4-methoxy-biphenyll§7):

Prepared according P9 Version Ausing146 (260 mg, 1 mmol), PhMgCl (1.4 mL of a 1.5
M solution in THF, 2.1 mmol), and Nigtppe) (16 mg, 3 mol %). Purification by flash
chromatography (eluent: pentane: diethyl ether =29&ielded167 as a white solid (151 mg,
82 %).

mp (°C) = 86.3-89.1

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.42-7.51 (m, 4 H), 7.30-7.38 (m, 2 HY977.26
(m, 1 H), 6.90 (d) = 8.8 Hz, 2 H), 3.78 (s, 3 H).

¥C-NMR (CDCl3, 75 MHz): 5 / ppm = 158.1, 139.8, 132.8, 127.7, 127.1, 12%2A.6,
113.2, 54.3.

IR (neat): vicm™ = 3066, 3034, 2908, 1607, 1523, 1489, 1270, 12322, 1036, 834, 761,
689, 550.

MS (El, 70 ev): m/z (%) = 184 (100), 169 (52), 142)5139 (12), 115 (35).

HRMS (EI): calcd. for [GsH120]": 184.0888; found: 184.0883.
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Preparation of 3-trifluoromethyl-biphenw§8):

F3C

Prepared according foP9 Version Ausing147 (298 mg, 1 mmol), PhMgCl (0.8 mL of a 1.5
M solution in THF, 1.2 mmol), and NigHppe) (6 mg, 1 mol%). Purification by flash

chromatography (eluent: pentane) yield&®as a colourless oil (153 mg, 69 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 7.85-7.89 (m, 1 H), 7.77-7.82 (m, 1 HB5¢7.67
(m, 4 H), 7.38-7.54 (m, 3 H).

13C-NMR (CDCl3, 75 MHz): § / ppm = 142.4, 140.2, 131.6 (= 32.2 Hz), 130.8 (g1 = 1.2
Hz), 129.6, 129.4, 128.4, 127.6, 124.6]g,272.3 Hz), 124.4 (G} = 1.2 Hz), 124.3 (m).

IR (neat): v/em* = 3061, 2926, 1330, 1268, 1246, 1162, 1110, 10922, 798, 772, 702.
MS (EI, 70 ev): m/z (%) = 223 (15), 222 (100), 20}, (83 (11), 152 (12).

HRMS (EI): calcd. for [GsHoFs]": 222.0656; found: 222.0654.

Preparation of phosphoric acid 4-bromo-phenyl aditgthyl ester169):

O,
R-OFEt
BrOO OFEt

Prepared according P8, using 4-bromophenol (3.50 g, 20 mmol), NaH (88paha 60 %
suspension in oil, 22 mmol), and diethyl chloropgiiage (3.20 mL, 11 mmol). Purification
by flash chromatography (eluent: pentane: ether? $ielded169as a colourless oil (5.13 g,
81 %).

'H-NMR (CDCl 5, 300 MHz) & / ppm = 7.37 (dJ = 8.4 Hz, 2 H), 7.01-7.07 (m, 2 H), 4.07-
4.20 (m, 4 H), 1.28 (df] = 7.1 Hz,J = 1.1 Hz, 6 H).

3C-NMR (CDCl3, 75 MHz). § / ppm = 150.2 (dJ = 6.5 Hz), 133.1, 122.2 (d,= 4.7 Hz),
118.2, 65.1 (dJ = 5.9 Hz), 16.4 (d] = 6.5 Hz).
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IR (neat): vicm* = 3094, 2984, 2933, 2910, 1583, 1484, 1444, 18340, 1273, 1215, 1164,
1097, 1011, 951, 923, 831, 778, 745, 632.

MS (El, 70 ev): m/z (%) = 310 (73), 308 (71), 282)3280 (29), 184 (50), 182 (49), 174
(95), 172 (100).

HRMS (EI): calcd. for [GoH14BrO4P]": 307.9813; found: 307.9807.

Preparation of diethyl biphenyl-4-yl phosphat@Q@):

Prepared according foP9 Version Ausing169 (310 mg, 1 mmol), PhMgCl (0.8 mL of a 1.5
M solution in THF, 1.2 mmol), and Nigtppe) (5 mg, 1 mol %). Purification by flash
chromatography (eluent: pentane: diethyl ether ¥)3yielded170 as a colourless oil (220
mg, 72 %).

'H-NMR (CDCl 3, 300 MHz): & / ppm = 751-7.59 (m, 4 H), 7.24-7.48 (m, 5 H), 744133 (m,

4 H), 1.37 (dtJ=7.1 Hz,J =1.0 Hz, 6 H).

3C-NMR (CDCl3, 75 MHz): § / ppm = 150.2 (dJ = 6.8 Hz), 138.1, 132.6,28.8, 128.3,
127.3,127.0, 120.2 (d,= 4.9 Hz), 64.6 (d) = 6.1 Hz), 16.1 (d) = 6.6 Hz).

IR (neat): vicm™ = 3495, 3033, 2984, 2910, 1606, 1516, 1484, 12217, 11165, 1052,
1009, 952, 928, 763.

MS (El, 70 ev): m/z (%) = 307 (12), 306 (100), 278)250 (33), 180 (21), 170 (67), 141
(13).

HRMS (EI): calcd. for [GeH1904P]": 306,1021; found: 306.0999.
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9. Appendix

9.1. X-ray Data

2-Hydroxy-2-(1-phenyl-allyl)-cyclohexyl acetate 41):

Crystal Data

Formula
Formula weight
Crystal system
Space group

[a, b, c] &)

[a, B, v] (deg)

V (A3

Z

Deatc (g.cm®)

M (Mox,) (mm™)
F (000)

Crystal size [mm]

Data Collection

Temperature (K)
Radiation (Mq.) (A)

Omin, Omax (deg)

Dataset

Tot., Uniq. Data, R:
Observed data [I > 2.6(1)]

Refinement

Nref; N ar

R,wR, S

Max. and av. shift/error

Min. and max. resd. dens. &?)

G7H2203

274.36
Monoclinic
P21/n (No. 14)

[7.5516(2), 11.5133(3), 17.1622(5)]

[90, 98.1398(15), 90]
1477.11(7)
4
1.234
0.083
592
0.10 X 0.16 X 0.25

200
0.71073

3.3,27.5

-9:9; -14: 14, -22: 22
6439, 3366, 0.020
2598

3366, 186

0.0442, 0.1244,1.04
0.00, 0.00

-0.27, 0.27
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CCDC 66451 tontains the supplementary crystallographic datahis paper and is available
free of charge from the Cambridge Crystallograjibata Centre.

3-[2-Hydroxy-2-(1-phenyl-allyl)-cyclohexyl]-propionitrile (43):

OH —
~, Ph
"{
CN
Crystal Data
Formula G@gH23NO
Formula weight 269.38
Crystal system Orthorhombic
Space group Pna21 (No. 33)
[a, b, c] &) [12.8059(4), 8.5365(3), 14.3248(6)]
V (A3 1565.95(10)
Z 4
Deac (g.cm®) 1.143
M (Mok,) (mmni?) 0.070
F (000) 584
Crystal size [mm] 0.16 x 0.20 x 0.25
Data Collection
Temperature (K) 200
Radiation (M) (A) 0.71073
Omin, Omax (deQ) 3.2,25.0
Dataset -15: 15; -10: 10; -17: 16
Tot., Uniq. Data, R: 2598, 2598, 0.000
Observed data [I > 2.6(1)] 2285
Refinement
Nref; N ar 2598, 274
R, WwR, S 0.0352, 0.0839, 1.03
Max. and av. shift/error 0.00, 0.00
Flack x 1.80(16)
Min. and max. resd. dens. &?) -0.12,0.11

CCDC 66451&ontains the supplementary crystallographic datahis paper and is available
free of charge from the Cambridge Crystallograjibata Centre.
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5-Phenyl-1,3,4,5,8,8a-hexahydro-2H-naphthalen-4a-($0):

Crystal Data

Formula GeH200

Formula weight 228.33

Crystal system Triclinic

Space group P-1 (No.2)

[a, b, c] &) [6.2381(2), 10.5891(3), 11.1078(3)]
[a, B, Y] (deQ) [114.8952(16), 103.5047(16), 96.4693(18)]
V (A3 628.37(3)

Z 2

Deatc (g.cm®) 1.207

M (Mok,) (mmi?) 0.073

F (000) 248

Crystal size [mm] 0.09 x0.13x0.21

Data Collection

Temperature (K) 200
Radiation (M) (A) 0.71073
Omin, Omax (deQ) 3.5,275
Dataset -8: 8; -13: 13; -14: 13
Tot., Uniq. Data, R; 5439, 2866, 0.017
Observed data [I > 2.6(1)] 2300
Refinement
Nref, Npar 2866, 234
R,wR, S 0.0420, 0.1159, 1.05
Max. and av. shift/error 0.00, 0.00
Min. and max. resd. dens. &?) -0.17,0.22

CCDC 66451%ontains the supplementary crystallographic dataéhis paper and is available
free of charge from the Cambridge Crystallograjibata Centre.
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6-Benzyloxy-4-phenyl-1-oxa-spiro[4.5]decanesd):

Crystal Data
Formula GoH2602
Formula weight 322.44
Crystal system Monoclinic
Space group P21/n (No. 14)
[a, b, c] &) [11.1290(3), 5.8900(2), 27.1429(7)]
[a, B, Y] (deQ) [90, 97.6503(17), 90]
V (A3 1763.38(9)
Z 4
Deatc (g.cm®) 1.214
M (Mok,) (mmni?) 0.076
F (000) 696
Crystal size [mm] 0.13x0.18 x0.25
Data Collection
Temperature (K) 200
Radiation (M) (A) 0.71073
Bmin, Omax (deg) 3.5, 26
Dataset -13: 13; -7: 6; -33: 33
Tot., Uniq. Data, R 6222, 3449, 0.022
Observed data [ > 2.8(1)] 2598
Refinement
Nref, Npar 3449, 321
R, WK, S 0.0404, 0.1052, 1.04
Max. and av. shift/error 0.00, 0.00
Min. and max. resd. dens. &?) -0.18, 0.16

CCDC 66452@ontains the supplementary crystallographic dataéhis paper and is available
free of charge from the Cambridge Crystallograjibata Centre.
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1-(2-Hydroxy-1-phenyl-propyl)-2-methyl-cyclohexanol(56):

i "
LS
. Feapl

I_r.-_::.‘_,,d A

, : -,

. {

H OH
QHV Me
2 Ph
H Me
Crystal Data
Formula GeH2402
Formula weight 248.36
Crystal system Tetragonal
Space group P-421c (No. 114)
[a, b, c] &) [19.0785(3), 19.0785(3), 8.4534(2)]
V (A3 3076.95(10)
Z 8
Dca|c (gcm3) 1072
M (Mok,) (mmni?) 0.069
F (000) 1088
Crystal size [mm] 0.15x 0.20 x 0.23
Data Collection
Temperature (K) 200
Radiation (M) (A) 0.71073
Omin, Omax (deg) 3.2, 25
Dataset -22: 22;-22: 22; -10: 10
Tot., Uniq. Data, R 20071, 2695, 0.044
Observed data [I| > 28(1)] 2404
Refinement
Nref, Npar 2695, 166
R, wR, S 0.0645, 0.2046, 1.08
Max. and av. shift/error 0.00, 0.00
Flack x -1.00( 2)
Min. and max. resd. dens. &?) -0.46, 0.47

CCDC 66452Xontains the supplementary crystallographic dataéhis paper and is available
free of charge from the Cambridge Crystallograjibata Centre.
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1-[1-(Toluene-4-sulfonyl)-4-vinyl-1.2.3.4-tetrahydo-quinolin-3-yl]-propan-2-one:

X
: Me
LYY
N

Ts
Crystal Data
Formula G1H23NO3S
Formula weight 369.48
Crystal system Monoclinic
Space group P21/c (No. 14)
[a, b, c] &) [8.4209(2), 16.3335(4), 14.0636(4)]
[a, B, Y] (deQ) [90, 101.5655(16), 90]
V (A3 1895.07(8)
Z 4
Deac (g.cm®) 1.295
M (Mok,) (mmni?) 0.191
F (000) 784
Crystal size [mm] 0.13x0.20 x 0.22
Data Collection
Temperature (K) 200
Radiation (M) (A) 0.71073
Omin, Omax (deQ) 3.2,27.5
Dataset -10: 10; -19: 21, -18: 18
Tot., Uniq. Data, R: 8296, 4328, 0.035
Observed data [I > 2.6(1)] 2838
Refinement
Nref; N ar 4328, 327
R,wR, S 0.0447,0.1201, 1.03
Max. and av. shift/error 0.00, 0.00

Min. and max. resd. dens. &?) -0.33,0.19
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Work Experience

2004 Actelion Pharmaceuticals

6 months Medicinal Chemistry Department, Alschwil, Switzerth
“Inhibitors of Plasmepsine Il : Potential Antitagal Agents”

Key words : cross-coupling reactions, parallel bgses, SARs.

2002-2003 GlaxoSmithKline

12 months Medicinal Chemistry 2 Department, Stevenage, UK

“New Glucocorticoids Agonists for Inhaled TreatmehiAsthma”

Key words : parallel synthesis, SARSs.
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