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A. Introduction

1. Overview

Modern life is unthinkable without the epochal a&s@ments that have been made in
chemistry and especially in organic chemistry. émnts of synthetics, glues, fuel, fuel
additives, dyes, pharmaceuticals, fertilizer anddfadditives chemistry is all-around. Still,
there is a significant demand for fundamental neteas well as for the development of new
and more efficient synthetic methods. Due to thighéi complexity of the target molecules
nowadays, the new processes should provide a higttibnal group tolerance, selectivity and
atom efficiency. A wide sphere of novel syntheses iound in 1849 by Franklahavho
synthesized diethylzinc as the first organometaiimpound. Since that time, organometallic
chemistry became an important and diverse parh@forganic and inorganic chemistry and
several nobel prizes have been awarded in thigl fafl research. In the beginning,
organolithiunf and organomagnesidrderivatives were mainly investigated and theysaite
very important intermediates for carbon-carbon bémunation? Organozinc reagents are
more stable and easier to handle, but therefor riemstive. For this reason, the interest in
organozinc compounds grew not before they wereddanmeact nearly quantitative with acid
chlorides and their reactivity was found to be tunable byliion of lewis acid$. More
recently, the discovery of transmetalation reactiavith various transition metal salfs
became the breakthrough in organozinc chemistrihese results have shown the diverse
reactivity in addition to an excellent functionabgp tolerance.

! (a) Frankland, ELiebigs Ann. Chenl848-49 71, 171; (b) Frankland, El. Chem. Sod848-49 2, 263.

2 (a) Schlenk, W.; Holtz, Xhem. Ber1917 50, 262; (b) Ziegler, K.; Colonius, H.iebigs Ann. Cheni93Q
479, 135.

3 Grignard, V.Compt. Rend190Q 130, 1322.

“(a) Li, B.; Wu, Z.; Gu, Y.; Sun, C.; Wang, B.; SHi Angew. Chem Int. E011, 50, 1109; (b) Shao, Z.; Peng,
F. Angew. Chem. Int. E@01Q 49, 9566; (c) Boyce, G.; Johnson Ahgew. Chem. Int. E@01Q 49, 8930.
®Klein, H.; Neff, H.Angew. Chenil956 68, 681.

® Marx, B.; Henry-Basch, E.; Freon, Bompt. Rendl967, 264, 527.

" Negishi, E.; King, A. O.; Okukado, N. Org. Chem1977, 42, 1821.

8 (@) Knochel, P.; Yeh, M., Berk, S.; Talbert,JJ.0rg. Chem1988 53, 2390; (b) Diibner, F.; Knochel, P.
Angew. Chem. Int. EA999 38, 379.



A. Introduction

2. General preparation of functionalized organomagasium

and organozinc intermediates

2.1. Metal insertion into organic halides

2.1.1. Magnesium insertion

The initiation of the organomagnesium chemistrysiseongly associated with the name
Grignard who generated organomagnesium compouadsxidative insertion of magnesium
into organic halides in 19F1The synthesis of those Grignard reagents is mag®lar and
aprotic solvents like THF or diethyl ether andliigstrated in Scheme 1.

Mg
R-X > R-MgX
THF or Et,0

R = organic moiety
X=Cl, Br, |

Scheme 1General reaction scheme for the generation of gn@ard reagent via oxidative insertion.

Due to the normally used reflux conditions, thectional group tolerance of this reaction is
very low and can be improved by the use of acttvdeeke magnesium (Mg*). Thereby,

stable functional groups likert-butylesters or nitriles are tolerated (Schem® 2).

® Grignard, V.Ann. Chim1901, 24, 433.

19 (a) Rieke, R.; Li, T.; Burns, T.; Uhm, $. Org. Chem1981, 46, 4323; (b) Burns, T.; Rieke, R. Org. Chem.
1987 52, 3674; (c) Rieke, RSciencel989 246, 1260; (d) Rieke, R.; Sell, M.; Klein, W.; Chen,, Brown, J.;

Hansan, M.Active Metals(Ed.: A. Fuerstner), Wiley-VCH, Weinheini995 (e) Lee, J.; Velarde-Ortiz, R.;
Guijarro, A.; Wurst, J.; Rieke, R. Org. Chem200Q 65, 5428.
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Br

O
Br

1) Mg*

COztBU
THF, -78°C _

2) PhCHO © Ph
OH
86%

1) Mg* CN
THF, -78°C _

2) PhCOCI Ph
Cul (cat)
0

62%

Scheme 2:Examples for the synthesis of Grignard reagent \Wieke magnesium (Mg*) and subsequent

reaction with electrophiles.

Even though the oxidative insertion provides a $engmd atom efficient route to magnesium

reagents, the functional group tolerance is stéifitricted and Rieke magnesium has to be

freshly prepared by the treatment of MgQGtith lithium in the presence of 20 mol%

naphthalene. Recently, Knochel and co-workers fotimel LiCl promoted insertion of

magnesium into aromatic or heteroaromatic chlorates bromides to be a very mild method

for the generation of highly functionalized magnesireagents (Scheme ).

BFD/ Br
PivO

Ph—_-S~_Cl
\

tBuO,C  CO,tBu

1) Mg, LiCl d
THF, 20 °C o Ph
2) PhCHO PivO

86%

CO,Et
1) Mg, LiCl s
THF, -30 °C Ph )
2) CUCN-2LiCl tBu0,C  CO,fBu
(cat)
CO,E

Br A 88%

Scheme 3:Examples for the generation of Grignard reagentthénpresence of LiCl and subsequent reaction

with electrophiles.

1 piller, F.; Appukkuttan, P.; Gavryushin, A.; HelM,; Knochel, PAngew. Chem. Int. EQ00§ 47, 6802.
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Even more sensitive functionalities are toleratethé magnesium insertion is made in the

presence of ZnGland the corresponding zinc reagent is formesltu (Scheme 4).

OMe
1) Mg, LiCl, ZnCl,
@EBF THF, 25 °C O
CO,Me 2) 4-iodoanisole CO,Me
Pd (cat)
89%
1) Mg, LiCl, ZnCl, CO,Et

THF, 25 °C EtO,C O

Et0,C—_O~_B
sz

2) CuCN-2LiCl (cat)
CO,Et 79%
Br

Scheme 4:Examples for the generation of zinc reagengésmagnesium insertion in the presence of LiCl and

subsequent reaction with electrophiles.

2.1.2. Zinc insertion

The zinc insertion is proceeding similarly to thagnesium insertion (Scheme 5). One of the
most important differences is the additional adiora of the zinc metal with 1,2-
dibromoethane and TMSCI, which is essential becafisiee passivated surfateGenerally,
the reaction times of the zinc insertion are longed almost all functional groups can be

tolerated"®

Zn, THF

R-X > R-ZnX
1,2-dibromoethane
TMSCI

R = organic moiety
X=Cl, Br, |

Scheme 5General reaction scheme for the oxidative zincrirms

12 (@) Gaudemar, MBull. Soc. Chim. Fr1962 5, 974; (b) Erdik, ETetrahedronl 987, 43, 2203.
13 Knochel, P.; Yeh, M.; Berk, S.; Talbert,JJ.0Org. Chem1988 53, 2390
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Even though this provides a general access to orgam reagents it was almost exclusively
limited to organic iodides in the beginning. Rietteveloped highly activated zinc metal,
which is freshly prepared in a reaction of Zn@lith lithium naphthalenide and therefore
much more reactiv€. In 2006, Knochel found another possibility for egig up the zinc
insertion by addition of LiCt* Thus, reaction times became shorter, reaction ¢emtyres
became lower and even the insertion into organmenies became accessible (Scheme 6).
Another important advantage is the influence ofltli@ on the solubility of the formed zinc

reagents.

| ZnI-LiCl O 1B
Zn 1) CuCN-2LiClI (20 mol%)
- . -
THF 2) tBuCOCI (1.1 equiv)
Zn (3 equiv) at 50 °C, 24 h: 5% 90%
Zn-LiCl (1.5 equiv) at 50 °C, 24 h: >98%
I Znl-LiCl
Zn allyl bromide (1.1 equiv)
- . -
THF CuCN-2LiClI (0.4 mol%)
CO,Et CO,Et CO,Et
Zn (2 equiv) at 70 °C, 24 h: <6% 94%

Zn-LiCl (1.4 equiv) at 25 °C, 24 h: >98%

Scheme 6:Examples for the preparation of arylzinc halideshie absence and in the presence of stoichiometric

amounts of LiCl.

2.2. Halogen/ magnesium exchange

Problems which occure due to the heterogeneoudioraconditions of metal insertion
reactions can be avoided with the halogen/ magmesnchange reaction that was first

observed by Prévost in 1931 as shown in Schefe 7.

14 (a) Boudet, N.; Sase, S.; Sinha, P.; Liu, C.; Kvakiy, A.; Knochel, PJ. Am. Chem. So2007, 129, 12358;
(b) Krasovskiy, A.; Malakhov, V.; Gavryushin, A.nikchel, PAngew. Chem. Int. EQ006 45, 6040.
% prévost, CBuUll. Soc. Chim. Fr1931, 49, 1372.
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N Et,0 X
©/\/\Br + EtMgBI’ - MgBI‘ + EtBr
20°C,12h

Scheme 7Bromine/ magnesium exchange with cinnamylbromid®dvost.

In 1971, Tamborski and Moore have shown that tHeges/ magnesium exchange highly
depends on the halogen as well as on the natuteeairganic compound that is usédhe
higher the polarizability of the halogen and theédo the bond strength of the carbon-halogen
bond, the higher is the reactivity as shown in $oh&. Therefore, the reaction with chlorines
only occures on highly activated substrates likiorchpentafluorobenzene. The dependency
of the reactivity on the number of electron withelirag substituents like fluorine was shown
by Knochel (Scheme 8Y.

F F X T t
F X EtMgBr F MgBr cl [25°c| 1n
E—— .
F F F F Br 0°C 1m!n
F F | 0°C |1 min
N Br iPrMgBr N MgBr n T t
Fow g Fn{)/ 5 |-78 °C[30 min
3 |-10°C| 1h
2 |25°C| 2h
1 |25°C| 3h

Scheme 8: Celerity of the halogen/ magnesium exchange reactiepending on the halogen and on the

substrate.

The further development of the iodine/ magnesiurcharge at low temperatures has shown
an excellent functional group tolerance beside@lgeactivity of the organometallic reagents
(Scheme 952

18 Tamborski, C.; Moore, Gl. Organomet. Chem 971, 26, 153.

7 Abarbri, M; Dehmel, F.; Knochel, Fetrahedron Lett1999 40, 7449.

18 a) Boymond, L.; Rottlander, M.; Cahiez, G.; Kndgle Angew. Chem. Int. EA998 37, 1701; b) Boudier,
A.; Bromm, L.; Lotz, M.; Knochel, PAngew. Chem. Int. ER00Q 39, 4415; c) Sapountzis, |.; Knochel, P.
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iPrMgX, THF
A -80to 25°C A E* A
FGﬁI - FG—!/\—MgX - FG—:/\—E
I\/ X = CI, Br I\/ I\/

FG = |, Br, CN, CO,R, CF3, NO,, C(O)Ph, N=CHR

Scheme 9:General reaction scheme for the iodine/ magnesivohange pointing out the functional group
tolerance.

At that time, the halogen/ magnesium exchange aonautivated substrates was restricted to
iodinated aryl or heteroarylcompounds which normally are more expensive assl $éable
than the corresponding brominated derivatives.d042 Knochel discovered a new method
for speeding up the bromine/ magnesium exchanghdoaddition of LiCl which breaks the
aggregatedPrMgCl (Scheme 10

iProMg or
F Br 25°C F MgX F
OH
X = iPr or CI-LiCl
with iProMg: 50%
with /PrMgCI-LiCl: 85%
iPrMgCl or
AN iPrMgCI-LiCl AN PhCHO AN
| — o g | b ‘ | —
Br~ N” >Br 0°C Br” N “MgX Br” "N
OH
X =Clor CI-LiCI

with iPrMgCl (2 equiv): 42%
with iPrMgCI-LiCI (1.05 equiv): 89%

Scheme 10Celerity of the bromine/ magnesium exchange readtiothe addition of LiCl.

Angew. Chem. Int. E®002 41, 1610; d) Knochel, P.; Dohle, W.; Gommermann, N.ekel, F.; Kopp, F;
Korn, T.; Sapountzis, |.; Vu, \VAngew. Chem. Int. E@003 42, 4302.

193) Bérillon, L.; Leprétre, A.; Turck, A.; Plé, NQuéguiner, G.; Cahiez, G.; Knochel, $nlett1998 1359; b)
Abarbri, M.; Dehmel, F.; Knochel, Hetrahedron Lett1999 40, 7449; c) Abarbri, M.; Thibonnet, J.; Bérillon,
L.; Dehmel, F.; Rottlander, M.; Knochel, $.0rg. Chem200Q 65, 4618.

2 Krasovskiy, A.; Knochel, PAngew. Chen2004 116, 3369:Angew. Chem. Int. E004 43, 3333.
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2.3. Directed metalation with amide-bases

2.3.1. Directed metalation with magnesium amides

The deprotonation of organic compounds is an elegaethod for the metalation as no
halogenated substrate is required. As organomagnesagents are kinetically weak bases
this method is limited to coordinating substrat®siides and coordinating functional groups
are used to minimize the intrinsic barrier and tealt up the aggregated organometallic
reagents! In 1989, Eaton reportaattho- and double-magnesiation on aromatics with Hauser
bases (RN\MgBr) and magnesium bisamides {{8,Mg) (Scheme 115

COyMe COoMe COsMe
excess TMP,Mg MgTMP 1) CO, CO,Me
> -
THF, 25 °C 2) CH,N,
81%
CONEt, CONEt, CONEt,
excess TMP,Mg MgTMP 1) CO, CO,Me
> -
THF, reflux  TMPMg 2) CHyN;  MeO,C
CONEt, CONEt, CONEt,
87%

Scheme 11Examples for directed metalation with magnesiunamisies by Eaton.

In 1995, Mulzer developed the regioselective maigties of mono- and disubstituted
pyridines with TMPMgCF? but due to the low solubility and the requiredgaquantity of
base the scope was quite narrow. The directed rsa&diom became more prevalent when
Knochel reported mixed lithium-magnesium amide baséiich are readily soluble and are
therefore used in stoichiometric amoufitd.he preparation of the first synthesized bases and

Z Baron, O.; Dissertation, Ludwig-Maximilians-Unisig&t Miinchen, 2006.

2 Eaton, P.; Lee, C.; Xiong, Y. Am. Chem. So&989 111, 8016.

% Schlecker, W.; Huth, A.; Ottow, E.; Mulzer,1.0rg. Chem1995 60, 8414.

24 (@) Krasovskiy, A.; Krasovskaya, V.; Knochel, Ahgew. Chem. Int. EQ006 45, 2958; (b) Lin, W.; Baron,
0.; Knochel, POrg. Lett.2006 8, 5673.
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some examples for the deprotonation of aromatic heteroaromatic substrates with
TMPMgCI-LiCl are shown in Scheme 12.

o NH hd
. . N . N
iPrMgCI-LiCl > MaCI-LiCl ~ A1
g T 25 \( g MgCI-LiCl
1to24 h
0.6 molar in THF 1.2 molar in THF
MgCI-LiCl MgCI-LiCl
ﬁN Br\(gN Brm Br
N/)\CI N/) N” MgClI-LiCl
-55°C,2h -55°C, 2h =25 °C, 30 min
MgCI-LiCl
» _
Cl N Cl N MgCI-LiCl Br MgCI-LiCl
25 °C, 5 min —25 °C, 20 min —25 °C, 30 min

Scheme 12: Preparation of mixed lithium-magnesium amide based some examples for the use of

TMPMgCI- LiCl in deprotonation reactions.

In continuation to this work it was shown that tiisamide TMBMg- 2LiCl has an improved

kinetic basicity even though its solubility is low@&cheme 135°

% (a) Clososki, G.; Rohbogner, C.; Knochel Adgew. ChenR007, 119, 7825:Angew. Chem. Int. EQ007, 46,
7681; (b) Rohbogner, C.; Wagner, A.; Clososki,Khochel, POrg. Synth2009 86, 374.

10
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1) nBuLi (1.0 equiv)
0 °C, 30 min
NH > TMP,Mg-2LiCl
2) TMPMgCI-LiCI
0°C, 30 min up to 0.7 molar
in THF

1) base
CO,tBu (1.1 equiv) | CO,tBu
25°C,1h

2) 1,
0°Ct025°C, 1h
TMPMgCI-LiCl: 7%
TMP,Mg-2LiCl: 80%

Scheme 13Preparation of TMMg- 2LiCl and its reactivity compared to TMPMgCI- LLiC

2.3.2. Directed metalation with zinc amides

The first directed metalation reactions with ziechases were published by Kondo in 1999.
The synthesis of TMPZnRi is shown in Scheme 14 and some examples for the

deprotonation of aryls and heteroaryls with subsagiodination in Scheme 5.

RQZn
Me N Me —» | Me N Me |

Me Il_ Me Me ZI Me
' RMR
R = tBu, Me

Scheme 14Synthesis of zincate bases published by Kondo.

% (a) Kondo, Y.; Shilai, H; Uchiyama, M.; Sakamofa,J. Am. Chem. Sod999 121, 3539; (b) Imahori, T.;
Uchiyama, M.; Kondo, YChem. Commur2001, 2450; (c) Uchiyama, M.; Miyoshi, T.; Kajihara,;YSakamoto,
T.; Otami, Y.; Ohwada, T.; Kondo, Y. Am. Chem. So2002 124, 8514.
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1) TMPZntBu,Li
(1-2 equiv)
THF, 25 °C
FG-Ar > FG-Ar-l
2) 1,
CO,Et CN
! L Eto,c S\ 1 _O<_CO,Et
O O
|
94% 92% 89% 71%

Scheme 15First directed metalation reactions with a zindadse published by Kondo.

If the deprotonation occuremttho to a bromine atom the corresponding benzyne wasdo

at 25 to 66 °C/ Moreover, these highly reactive zincates were awhpatible with very
sensitive heterocycles like 1,3,4-oxadiazole d¢irea and functional groups like aldehydes
and nitro groups. To achieve the directed metalaitiothose cases Knochel and co-workers
developed pathways using either iansitu method with TMPMg- 2LIiCl in the presence of
ZnCL?® (Scheme 16) or new bisamide zinc b4%€éScheme 17). These bases are even stable

at higher temperatures and can therefore be usiet uricrowave irradiation up to 120 3¢.

1) TMP,Mg-2LiCl N
(0.55 equiv) - D
Ny THF, 25 °C Noo! N SN
) Cry -
N 2) I, N N

without ZnCl,: traces 34%
with ZnCl, (0.5 equiv): 94% traces

\

Scheme 161n situ method with TMBMg- 2LiCl in the presence of Zngby Knochel.

" Uchiyama, M.; Kobayashi, Y.; Furuyama, T.; Nakaa8.; Kajihara, Y.; Miyoshi, T.; Sakamoto, T.; Kim
Y.; Morokuma, K.J. Am. Chem. So2008 130, 472.

% Dong, Z.; Clososki, G.; Wunderlich, S.; Unsinn; &, J.; Knochel, PChem. Eur. J2009 15, 457.

% (a) Wunderlich, S.; Knochel, Angew. Chem. Int. EQ007, 46, 7685; (b) Rohbogner, C.; Wunderlich, S.;
Clososki, G.; Knochel, Feur. J. Org. Chem2009 1781.

% Wunderlich, S.; Knochel, ®rg. Lett.2008 10, 4705.
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R ZnCl, (0.5 equiv) R

N-MgCI-LiCl > /N}Zn-ZMgCIz-ZLiCI

R' R 2
1) TMP,Zn-2MgCl,-2LiCl
(0.55 equiv)
O THF, 25 °C o

Ph ' Ph SPh

R ~

N—N N—N

2) PhSSO,Ph
75%

1) [tBu(iPr)N]oZn-2MgCl,
-2LiCl (0.55 equiv)
O THF, 25 °C Ph_ O

"~ - \ 7T/\7¢’
N-N N-N

2) CuCN-2LiCl (10 mol%)

BrA.’/ 88%

Me

Scheme 17:Synthesis of new bisamide zinc bases for the gdomraf bisheteroarylzinc reagents and

subsequent reaction with electrophiles.

The LiCl is an essential component for the solupibif these bases as already mentioned for
the metal insertion, the halogen/ magnesium exdahaanyd the directed metalation with
magnesium amides. Moreover, the Mg@icreases the kinetic basicf# However, in the
case of some electron-poor functionalized aromaticsl heteroaromatics the already
mentioned zinc bases reach their limits or havbeased at low temperatures. Recently, a
milder and more selective zinc base (TMPZnClI-LM#s published which is normally used
at ambient temperatuteand can be used up to 160 °C under microwave tionsf? The
preparation of this base and its reactivity comgace TMP.Zn-2MgCb- 2LICI is shown in
Scheme 18.

31 (a) Mosrin, M.; Knochel, POrg. Lett.2009 11, 1837; (b) Mosrin, M.; Bresser, T.; Knochel, ®rg. Lett.
2009 11, 3406; (c) Bresser, T.; Mosrin, M.; Monzon, G.;d¢hel, P.J. Org. Chem201Q 75, 4686; (d) Bresser,
T.; Monzon, G.; Mosrin, M.; Knochel, Rrg. Process Res. De201Q 14, 1299.

%2 Mosrin, M.; Monzon, G.; Bresser, T.; Knochel,Ghem. Commur2009 37, 5615.
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1) nBuLi (1 equiv)

> TMPZnCI-LiCI
2) ZnCl, (1.1 equi
N )ZnClz (1T equiv) 4 o 10 THE

TMP,Zn-2MgCl,-2LiCl

(0.55 equiv) O Zn2MgCl  CO,Et AT
> ©\/I2 2Licl —

THF,25°C, 4 h o~ o Pd (cat) 0~ 0

25°C,2h

0

TMPZnCI-LiClI _ | CE

(1.1 equiv) ©\/IZnC|L|CI \O 3 A
.

THF, 25 °C, 7 d or 0 e Pd (cat) 0 e)

mw, 80 °C, 1 h 25°C,2h

85%

TMP,Zn-2MgCl,-2LiCl NO NO,
(0.55 equiv) Cl N ZZn-ZMgCIZ @Br -

N 2LCl ——————= " Y

THF, -40 °C, 1.5 h CuCN-2LiCl N

(cat)

02 le\/j 80%
N7 NO,

Cl TMPZnCI-LiCl N I NO,
1.1 equiv ntiLi Br
(1.1 equiv) N @‘ Cl N
N~ '

THF, 25 °C, 45 min CuCN-2LiCI N~
(cat)

\

73%
Scheme 18Synthesis of TMPZnCI- LiCl and its reactivity comedrto TMBZn-2MgC)- 2LICl.

3. Functionalization of heterocycles

Condensed heterocycles gain importance due to apgiications in biological and material
science. Therefore, their functionalization is ative research field what is still affecting the

demand on new synthetic methdds.

¥ (a) Kienle, M.; Wagner, A. J.; Dunst, C.; KnochelChem. Asian. 2011, 6, 517; (b) Zhu, J.; Xie, H.; Chen,
Z.; Li, S.; Wu, Y.Chem. Commur2011, 47, 1512; (c) Kim, S. H.; Chang, Srg. Lett.201Q 12, 1868.

14



A. Introduction

3.1. Functionalization of the purine scaffold

Purine itself is a synthetic compound which was earim 1884* and synthesized the first
time 14 years later from uric aéidby E. Fischer (Scheme 19). Its naturally occuring

derivatives are omnipresent as it's part of the D&l of lots of co-factors.

uric acid purine

Scheme 19Purine synthesis by E. Fischer.

As a result of the vast quantity of biologicallytise compounds bearing this heterocyclic unit
the purine scaffold became an important class afmphacophores that has been extensively
explored in the last decad®s.For example, the 2-morpholino purire and the 2-
benzimidazolo purindl are potential kinase inhibitd¥sor display immunosuppress&ht
activity, the purine derivativll is a potential pharmaceutical for psychiatric diswss and

neurological diseases (Scheme 20).

% E. FischeBerichte der Deutschen Chemischen Gesellsdigs 17, 328.

% E. FischeBerichte der Deutschen Chemischen Gesellsdig9g 31, 2550.

% Reviews: (a) Legraverend, Metrahedron2008 64, 8585; (b) Braendvang, M.; GundersenBioorg. Med.
Chem.2007, 15, 7144, (c) Legraverend, M.; Grierson, D.Btoorg. Med. Chen006 14, 3987; (d) Rosemeyer,
H. Chem. Biodiv2004 1, 361.

37 Chen, D.; Nagaraj, H. K. M.; Williams, M. WO 20104494, 2010.

% Neagu, I.; Diller, D.; Kingsbury, C.; Bohnstedt, £.; Ohlmeyer, M. J.; Paradkar, V.; Ansari, N. US
20080214580, 2008.
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NH,
N/gN IN\
|
= = CFs
NN NN NN
X T
N N N
ONTON NTNTON Me” N OMe
O\) )\ @ Br
0
Cl OMe

Scheme 20Biologically active purine derivatives.

Large combinatorial libraries of several types obsituted purines have been prepared by
heterocyclizationg? direct C-H arylation? or by regioselective nucleophilic substitutions of
dihalopurines with amines in combination with cressipling reaction® For the
introduction of C-substituents to the 2-, 6-, angaoBitions of the purine moiety transition
metal-catalyzed cross-coupling reactions of puliradides are usually used as shown in

Scheme 21% Hereby, the functional group tolerance is restdcto methoxy- and fluorine-

substituents.
1) R'B(OH),, Pd (cat)
toluene, 100 °C
cl 2) R2B(OH),, Pd (cat) R
N toluene, 100 °C N
N AN \> ‘ N N \>_R3
)I\ Z 2J|\ “
c” >N" N 3) R3l, Pd (cat), Cul RZ°N" N
/k DMF, 160 °C /K
R =aryl
36-61%

Scheme 21General reaction scheme for the triple cross-cagmequence published by Hocek.

% (a) Kalla, R. V.; Elzei, E.; Perry, T.; Li, X.; @bel, A.; Yang, M.; Zeng, D; Zablocki, Bioorg. Med. Chem.
Lett. 2008 18, 1397; (b) He, R.; Ching, S. M.; Lam, ¥. Comb. ChenR00§ 8, 923; (c) Lin, X.; Robins, M. J.
Collect. Czech. Chem. Comm2@06 71, 1029.

0 (a) Cema, I.; Pohl, R.; Klepetava, B.; Hocek, MJ. Org. Chem201Q 75, 2302; (b)Cera, I.; Pohl, R.;
Klepet&ova, B.; Hocek, MJ. Org. Chem2008 73, 9048.

“l (@) Piguel, S.; Legraverend, NI. Org. Chem2007, 72, 7026; (b) Hocek, M.; Pohl, FBynthesi®004 2869;

(c) Hocek, M.; Hockova, D.; Dwdkova, H.Synthesi2004 889.
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1) nBuLi (1.1 equiv)
-78 °C
k)i > - t e

1 2
Thp 2) R'COR? (5-10 equiv)

X=H, Cl R, R2=H, CH3, CeHs
15-73% yield

Cl
1) LITMP (5 equiv)
e ﬁ
lN/ N )\
|
Rf

2) BusSnCl (5 equiv) Bu3Sn

100% yleld
HO._ R
| . . allyl
N 1) iPrMgCI (1.2 equiv) N N
NTX 0°C, 15 min N N
mﬁ ) - L e LY
N~ N 2) RCHO (3 equiv) N~ N N~ N
Bn Bn
X=Br, CI or Cul (25 mol%) R=H, aryl, alkyl 7-54%
allylX (1.5 equiv) 25-62%

2) RCHO (1.6 equiv)

Cl , , Cl
1) iPrMgCI (1.2 equiv)
NTX N\ 0°C, 15 min NTX N\
PP - Y
I~ N )N\ i N )N\
OH Me Me

Me~ Me
R=aryl, alkyl
48-85%
| 1) Zn powder aryl
NTX—N 25°C NTX N
mﬁ > - LY
N N 2) Ar-l (0.75 equiv) N N
R Pd (cat) R
R=Bn, THP, Rf 52-80%

Scheme 22Reported metalations of single positions of tharpuscaffold.

The opposite approach, coupling of metalated pudegivatives with appropriate C-
electrophiles, has been less developed and islordwn for single positions of the purine
scaffold (Scheme 22). The preparation and the ikggctof lithiated purines via

halogen/ lithium exchange or deprotonatférmagnesiated purinesia iodine/ magnesium

exchangé? and 6-zincated purinesa zinc insertiofi* have been reported.

2 a) Leonard, N. J.; Bryant, D. J. Org. Chem1979 44, 4612; b) Tanaka, H.; Uchida, Y.; Shinozaki, M.;
Hayakawa, H.; Matsuda, A.; Miyasaka, Them. Pharm. Bull1983 31, 787; c) Kato, K.; Hayakawa, H.;
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While the organolithium compounds are only stakleeay low temperatures and have low
functional group tolerance, the exchange reactwatis iPrMgCl and the Zn-insertion require
iodinated purines which can be exclusively synthesiunder harsh reaction conditions. Thus,
there’s still a lack of methodology for new and yeaamccessible multi or even full

functionalized purine derivatives with a high fuoaial group tolerance.

3.2. Functionalization of the benzgdf|[1,2,5]thiadiazole scaffold

The benzothiadiazole scaffold is part of many intgar compounds such as the muscle
relaxant tizanidine (Scheme 23) which is used lertteatment of chronical migraine and as
antispastic agefit. Moreover, it is a suitable building block for seasinducting polymers
and copolymef® as well as for printable organic semiconductorshéne 23) which find
application as organic thin film transistors (OTF®jganic photovoltaic cells (OPV), light-

emitting diodes (LED) or as fluorescent probestiorimaging?®

Tanaka, H.; Kumamoto, H.; Shindoh, S.; Shuto, Syasglaka, TJ. Org. Chem1997 62, 6833; d) Ghosh, A. K;
Lagisetty, P.; Zajc, B]. Org. Chem2007, 72, 8222.

3 a) Tobrman, T.; Dvigik, D.Org. Lett.2003 5, 4289; b) Tobrman, T.; D¥ék, D.Org. Lett.2006 8, 1291; c)

Kle¢ka, M.; Tobrman, T.; Dvi@k, D.Collect. Czech. Chem. Comm@00§ 71, 1221.

4 a) Stevenson, T. M.; Prasad, A. S. B.; CitinenR.J Knochel PTetrahedron Lett1996 37, 8375; b) Prasad,
A. S. B.; Stevenson, T. M.; Citineni, J. R.; Nyzani, Knochel, PTetrahedronl997 53, 7237.

%5 (a) Lovell, B. V.; Marmura, M. Xurrent Opinion in Neurologg01Q 23, 254; (b) Kamen, L.; Henney lII, H.
R.; Runyan, J. DCurrent Medical Research and OpinigQ08 24, 425.

6 (a) Zzheng, Q.; Chen, S.; Zhang, B.; Wang, L.; Tabg Katz, H. E.Org. Lett.2011, 13, 324; (b) Xu, E.;

Zhong, H.; Lai, H.; Zeng, D.; Zhang, J.; Zhu, Wang, Q.Macromol. Chem. Phy201Q 211, 651; (c) Clarke,

T.; Ballantyne, A.; Jamieson, F.; Brabec, C.; Ne/sb; Durrante, Xhem. Commur2009 89.

“"Sonar, P.; Soh, M. S.; Cheng, Y. H.; HenssleF, JSellinger, AOrg. Lett.201Q 12, 3292.

* Pu, K.-Y.; Li, K.; Liu, B.Adv. Funct. Mater201Q 20, 2770.
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tizanidine solution processable chromophore

Scheme 23:Examples for a biologically active bengfjlL,2,5]thiadiazole derivative and printable organi

semiconductor.

Despite their versatile use, only few methods fobe tirect functionalization of this
heterocycle have been reporf@dThe most common methods are the bromination
(Scheme 24) and the nitratr(Scheme 25) with further functionalization by sérmation

Br
Br, (1.8 equiv) _
- _ /S
SOClI;, (2 equiv) HBr, reflux, 1 h
@NHQ NEt; (4 equiv) ©:N 42%
- \S —_
NH, CH,Cl,, reflux, 5 h =N Br
89% Br, (6.4 equiv) R _ S
HBr, reflux, 3 h =N
Br
98%

Scheme 24 Synthesis of benzo][1,2,5]thiadiazole and its bromination reaction.

9(a) Du, J.; Xu, E.; Zhong, H.; Yu, F.; Liu, C.; Wd.; Zeng, D.; Ren, S.; Sun, J.; Liu, Y.; Cao, Bang, QJ.
Polym. Sci., Part A: Polym. Che2008 46, 1376; (b) Ju, J. U.; Jung, S. O.; Zhao, Q. HmKY. H.; Je, J. T.;
Kwon, S. K.Bull. Korean Chem. So2008 29, 335; (c) Lash, T. D.; Wijesinghe, C.; Osuma, A.Hatel, J. R.
Tetrahedron Lett1997 38, 2031; (d) Takagi, K.; Tomoeda, Mhem. Pharm. Buli198Q 28, 1909; (e) Komin,
A. P.; Carmack, MJ. Heterocycl. Chenl975 12, 829.

%0 pilgram, K.; Skiles, R. DJ. Heterocycl. Chen197Q 7, 629.

®l (@) Uno, T.; Takagi, K.; Tomoeda, Mhem. Pharm. Bull1l98Q 28, 1909; (b) Uno, T.; Takagi, K.; Tomoeda,
M. Chem. Pharm. Bulll978 26, 3896; (c) Komin, A. P.; Carmack, M. Heterocycl. Chenl.075 12, 829.
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of these

substituents.

benzof][1,2,5]thiadiazoles has also been reporfed.

/N\
o
N

Br

Br

Br

Br

— N\

~ 7

— N\

~_ 7

The synthesis of some ungymually functionalized
HNO; NO,
H,SO, _N,
10°C, 3 h =

1%
HNO, Br
H2804 OZN =N,
5°C,3h

Br

95%
HNO, Br
H2804 OZN =N

- - /S

25°C,2h O5N

Br

20%

Scheme 25Nitration of the benza][1,2,5]thiadiazole scaffold.

Usually, 4,7-dibromobenzdf[1,2,5]thiadiazole is used in cross-coupling reats to provide

the corresponding polymers or copolymers as shawnorfe example in Scheme 76.

%2 (a) Bijleveld, J. C.; Shahid, M.; Gilot, J.; Wierd. M.; Janssen, R. A. Adv. Funct. Mater2009 19, 3262;
(b) Sonar, P.; Singh, S. P.; Leclére, P.; Surin, Mzzaroni, R.; Lin, T. T.; Dodabalapur, A.; Setjer, A.J.
Mater. Chem2009 19, 3228; (c) Wunderlich, S. H.; Kienle, M.; Knoch&, Angew. Chem. Int. EQ009 48,
7256; (d) Jgrgensen, M.; Krebs, F.JCOrg. Chem2005 70, 6004; (e) Pilgram, K.; Zupan, M. Org. Chem.

1971, 36, 207.

3 (@) Lu, Y.; Chen, H.; Hou, X.; Hu, X.; Ng, S.-Synth. Met201Q 160, 1438; (b) Zoombelt, A. P.; Fonrodona,
M.; Wienk, M. M.; Sieval, A. B.; Hummelen, J. Canksen, R. A. Drg. Lett.2009 11, 903; (c) Melucci, M.;
Favaretto, L.; Bettini, C.; Gazzano, M.; Camaiddi; Maccagnani, P.; Ostoja, P.; Monari, M.; BarlilareG.
Chem. Eur. J2007, 13, 10046; (d) Zhang, M.; Tsao, H. N.; Pisula, W.ngaC.; Mishra, A. K.; Mullen, K.J.
Am. Chem. So007, 129, 3472; (e) Yao, Y.-H.; Kung, L.-R.; Hsu, C.-B.Polym. Res200§ 13, 277; (f) van
Mullekom, H. A. M.; Vekemans, J. A. J. M.; Meijdt, W.Chem. Eur. J1998 4, 1235.
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/S\
S S \
BuzSn SnBuj S, S S
NN — —
/N S\ Pd (cat) LY AW
N Br Br THF,90°C, 2d N
C12H25 C12H25

Scheme 26Example for the copolymerization of 4,7-dibromobafc}{1,2,5]thiadiazole.

4.  Objectives

As the purine scaffold is known for providing mabiologically active compounds the
development of a general process to build up futicfionalized purinesia organometallic
intermediates had to be accomplished. Thus, a tiergaol with a high functional group

tolerance should be created.

E2
N XN 1) TMP-base |\~ N 1) TMP-base |~ ~N
LY L= Pha
e " ke

NT N o) pt NT N
PG P

1) TMP-base
2)E®

E2
NN
ﬁl e
ES" >N N
PG
Scheme 27:General reaction scheme for the functionalizatidntte purine scaffoldvia organometallic

intermediates using TMP-bases.

The second project was to explore the functionatima of benzof][1,2,5]thiadiazole

derivatives for the development of new materials dlectronic and optic applications. The
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synthesis of a bisboronic acid used as a line&eltiror the fornation of a new covalent

organic framework (COF) based on benzothiadiazobellsl be explored.

B(OH),

/N\ > /N\
(s —— (L
N N

B(OH),

Scheme 28Synthesis of a benzd[1,2,5]thiadiazole derived linker for the geneoatiof a new covalent organic

framework with potential electronic properties.

Different substitution patterns should be invesedafor the application in the field of new

fluorescent benzothiadiazoloperylene dyes.

Scheme 29Synthesis of new benzgj[1,2,5]thiadiazoloperylene dyes.
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B. Results and Discussion

1. Functionalization of the Purine scaffold

As mentioned in a publication of Fu and Gtho calculated amongst others thé, palues

of 9-methyl-H-purine2 (Scheme 30) in DMSO, the acidity of the three @mnstis disparate
and therefore the regioselective deprotonation nrapresent a facile access to
polyfunctionalized purines. Though, the succeskinetionalization of positions 8, 6 and 2 of
one certain purine building block using organoniietahtermediates is complicated and
depends highly on the choice of the masked funatigroups A, B and C at these positions as

well as the protecting group (PG) of the puringcheme 30).

)i 37.3
N
\>—A N/\/[ A\
| Y 293
/I\BN 4 40.3 N/ N

Me
1 2

Scheme 30:General figure of a purine precursd) @nd calculated i, values of 9-methylHd-purine (2) in
DMSO.

1.1. Selection of the protection group

As most of the biologically active purine derivasy bear a ribofuranosyl (Rf) or
ribofuranosyl-like backbone at position 7 or 9 twld be important to use a protecting group
(PG) that is easily removed in the end of the fiametlization pathway without touching the
functional groups. Still, it has to be stable agaorganometallic reagents and further reaction
conditions with various electrophiles. Thus, it Wwbbhe possible to attach a functionalized and
therefore expensive group to the finally functioned purine building block, while this group
has not to be stable against organometallic reagent

4-Methoxybenzenesulfonyl (Mbs) is an interestingimpas PG due to its high stability in
acidic media. Unfortunatly, the deprotonation ofition 8 of the purine scaffold was not
achieved using either TMPZn- or TMPMg-bases (Tdblentry 1). The benzylic PG (Bn) has

a similar stability (entry 2) and purine derivasvbearing this PG could be metalated and

> Shen, K.; Fu, Y.; Li, J.; Liu, L.; Guo, Qetrahedror2007, 63, 1568.
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functionalized at position 8. Nevertheless, depratmn at position 6 was not achieved due to
the higher acidity of the benzylic protons. Therefahe copper intermediatereacts with

allylbromide providings in 55% yield (Scheme 31).

Table 1: Stability and reactivity of different protectionaymps (PGs).

Entry PG acidic cleavage reactivity towards TMP-bass
1 Mbs HBr reflux no deprotonation at position 8
2 Bn HBr reflux benzylic protons too acidic

3 MOM IN HCI deprotonation

4 THP HOAc/ NaOAc deprotonation

Mbs=4-methoxybenzenesulfonyl, Bn=benzyl, MOM=metjrorthyl, THP=2,2,3,3-tetrahydropyranyl.

6 1) TMP,Zn-2MgCl,-2LiCl
NTX—N 8 (1.2 equiv) allylBr (3 equiv) N
N A\ 0 N
&A//EN%SP“ THF, 25 °C, 15 min k >—SPh 25 °C, 30 min k >—SPh
N
I\Ph 2) CuCN-2LIiClI (1 equiv) Cu Ph N\ph
-15°C, 15 min
3 4 5. 55%

Scheme 31Deprotonation of the benzylic protons of the puidiegivative3.

Methoxymethyl (MOM) as PG is still quite stablendae removed more easily than before
mentioned PGs by usingvHCI or Lewis acids and the deprotonation and fumatlization
was readily achieved at positions 8 and 6 (ent’yy Ihe 2,2,3,3-tetrahydropyranyl group
(THP) is even more labile and therefore easy tavddentry 4). The deprotonation is equally
achieved but the yield concerning a reaction wittine was much lower and a cross-coupling
product could not be isolated due to the cleavddleeoPG® In summary, the MOM-PG was

chosen because of its concerted stability andixégct

% For deprotonation and functionalization compareagters B.1.2. and B.1.4.
%% Compare therefor: Chapter B.1.2. Table 2, enfri@sand Table 3, entry 3
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1.2. Successive deprotonation of purine derivativest positions 8 and 6

B TMPZnCI B B
6 (1.1 equiv) E*
NTXN NTX—N NN,
ﬂﬁ > iéE bz —— ] e
CTONTTN TMPRZn oSN c NN
PG  (0.6equiv) PG PG
6 7 8

Scheme 32:General reaction scheme for the zincation of pudegivatives of type6 at position 8 and
subsequent reaction with an electrophile.

The most acidic proton of the purine scaffold atsipon 8 can be abstracted with
TMPMgCI-LICl at -60 °C or with each TMP derived zinc base€a °C within 15 to 30 min
(Scheme 32). The mildest possible method by usM&4nCILiCl for the deprotonation and
subsequent reaction with iodine provides the iagithaompound8a-c in 60 to 98% vyield
(Table 2, entries 1-3). If TMPMg€LICI is used at low temperature the yield is onligtsly
affected (entry 2). This displays an alternative feactions that require magnesiated
intermediates but is restricted to substrates whebe a good solubility at low temperature
and bear stable functional groups. The brominatienth 1,2-dibromo-1,1,2,2-
tetrachloroethane proceeds under Barbier-condiforse 25 °C using TM§Zn-2LiCl
(entries 4-5) or after deprotonation with the moreactive bisamide zinc base
TMP,Zn-2MgCl,-2LiCl and subsequent reaction with the brominatiggnt mentioned above
(entry 6). The 8-brominated compourisf are obtained in 75% to 87% yield. SimilarBj
reacts withSphenyl benzenesulfonothioate under Barbier-comastiat O °C providing in
60% yield (entry 7). In contrast, the zincated rmtediate of6e does not react wits-phenyl
benzenesulfonothioate. To attach the thioetherhts MOM-protected derivative the 8-
lithiated intermediate was reacted with the elqatiie@ giving product8g in 40% yield
(entry 8). A copper(l)-catalyzed allylatib(L0 mol% CuCN-2LiCl) with allyl bromide (-50 to
25 °C, 10 h) leads to the 8-allylated puriBh)(in 84% yield (entry 9).

" Blomberg, C.; Hartog, FSynthesid977, 18.
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B. Results and Discussion

Table 2: Reaction of the zincated puridevith some electrophiles.

Entry starting material electrophile product yield, %°
Cl Cl
N N\ N™™S N\
|
1 mN/ N> P lN/ N>_ 98b
MOM MOM
6a 8a
LD L J o
2 N~ N B N~ N 80 (84
Bn Bn
6b 8b
Cl Cl
N™S N\ N™S N\
|
3 mN/ N> P mN/ N>_ 60b
THP THP
6C 8c
N X—N N
LA P
4 NT N (CCLBI), NT N 82°
Bn Bn
6b 8d
Cl Cl
N™ N\ NTX N\
B
5 L7 ’.“> (CCLBN), L N>_ ' 75
Bn Bn
6d 8e
Cl Cl
N™S N\ N™S N\
B
6 N2 'T‘> (CCLBN), A 'T‘>_ ] g7
MOM MOM
6e 8f
NN N“X—N
P Lo e
7 NN PhSQSPh N~ N 60°
Bn Bn
6b 3
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B. Results and Discussion

Table 2 continued

PR L L )—sen
8 NT N PhSQSPh N~ N 40
MOM MOM
6f 89
Cl Cl
Sty L0
o Ay T Ay 84
MOM MOM
6e 8h

? Isolated, analytically pure product; the yields parentheses were obtained after deprotonation with
TMPMgCLLICI (1.1 equiv) at -60 °C° 1) TMPZnCILICl (1.1 equiv), 25 °C, 1 h; 2),I(1.2 equiv), 25 °C, 1 1.

1) electrophile (1.0 equiv); 2) TMBn-2LiCl (0.6 equiv), 25 °C, 10 min® 1) TMP,Zn-2MgCh-2LiCl (1.1
equiv), 0 °C to 25 °C, 15 min; 2) electrophile (24uiv).® 1) electrophile (1.0 equiv); 2) TMBn-2LiCl (1.2
equiv), 0 °C, 10 min' 1) nBuLi (1.05 equiv), -78 °C, 30 min; 2) Ph$&Ph (1.3 equiv), to 25°C in 14 k1)
TMPZnCIMgCI,-LiCl (1.05 equiv), -50 °C, 30 min; 2) CuCN-2LiCIqIol%), 10 min; 3) electrophile (1.4
equiv).

Bisarylzinc reagents, which are obtaingid deprotonation with TMiZn base¥ or with
TMPMgCI-LICl and transmetalation with 0.5 equivalents ofCZn react very slow in Pd-
catalyzed Negishi cross-couplinG®, even at 50 °C (Scheme 33). Due to the long reactio
times a lot of starting material decomposes andyild drops to 35% for the example &if

Under microwave irradiation the product is obtainetraces only.

TMP,Zn-2MgCl,-2LiCl Pd(dba); (2 mol%)
N (0.6 equiv) N P(o-furyl)s (4 mol%) N
oy SO D
N” "N THF, 25°C, 15 min NN 2 Phl(1.2 equiv) N7 N
Bn Bn 50 °C, 20 h Bn
6d 8i: 35%

Scheme 33Preparation of a bispurinylzinc reagent and subseigeross-coupling reaction with iodobenzene.

The 8-zincated intermediates of typendergo Pd-catalyzed Negishi cross-coupling reasti
with Pd(dbay, P-furyl):*>° and aryl iodides within a few hours at 25 °C teegihe 8-arylated
compounds of typ8’ (Scheme 34).

%8 Prepared in the presence or absence of MgCl

%9 (@) Negishi, EAcc. Chem. Red.982 15, 340; (b) Negishi, E.; Valente, L. F.; Kobayad¥fi, J. Am. Chem.
So0c.1980 102, 3298.

 Farina, V.; Baker, S. R.; Benigni, D. A.; Sapifb Tetrahedron Lett1988 29, 5739.
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B. Results and Discussion

B TMPZnCI-LiCI Pd(dba), (2 mol%) B
N/%EN (1.1 equiv) /t P(o-furyl)s (4 mol%)
| b ZnCI > N Ar
C*N/ N> THF, 25 °C, 15 min C* Ar-l (1.2 equiv) * >
PG P s
6 7 g

Scheme 34General reaction scheme for a Negishi cross-cogi@irposition 8 with an aryl iodide.

If ethyl 4-iodobenzoate is used in this cross-cimgpteaction, the yield crucially depends on
the substituents B and C. If both positions bearaon, the cross-coupling produg is
isolated in 97% vyield (Table 3, entry 1). Similarlthe reaction of the 6-chloropurine
derivative6a provides8k in 91% yield (entry 2). If a THP protection groigpattached to the
6-chloropurine, the corresponding prod8ktts detected in traces, because of the deprotection
of this more labile protective group (entry 3). Thehloropurine derivativég reacts within

40 h to produce the 8-arylated compo@main 58% yield (entry 4), as the chloro-substituent
is partially substituted by TMP. At higher temperras this substitution reaction proceeds
faster than the cross-coupling reaction. Therefordy electrophiles which react at low
temperatures, as for example allylating agentsyigeohigh yielding reaction pathways. The
cross-coupling reaction of the 2,6-dichloropurirexivhtive 6h furnishes the corresponding
product8n in 62% vyield within 20 h (entry 5). The cross-cbag reaction of the 2-TMS-
purine derivativesi provides the purin8o in 52% yield, even though the starting material is
consumed within 3 h (entry 6). If, additionallychloro-substituent is attached at position 6
the corresponding produ8p is isolated in 91% vyield (entry 7). In summary,l@asg as the
substituent at position 6 (B) is a chloro atom, shbstituent at position 2 (C) can be either a

proton or a TMS-group without affecting the yieldtloe cross-coupling reaction.

Table 3: Negishi cross-coupling with ethyl 4-iodobenzoate.

Entry starting material product yield, %?
NN
0 OO
N . o7
MOM MOM
6e 8]
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B. Results and Discussion

Table 3 continued

Cl Cl
N XN
Nf:[ S Nﬁl \>—< >7COZEt .
2 N N N N 91
MOM MOM

6a 8k
Cl Cl
00 LT
3 NE N NN trace$
THP THP

58

6c 8l
D L —)com
cl”” N7 N clI” >N~ N
MO MOM

69 8m

cl cl
N N XN
Y T e
5 CI/I\N/ N CI/I\N/ N 62
MOM MOM

M

6h 8n
NN NN
0 W)
T™S” "N~ N ™S~ "N~ "N
MOM MOM

6 52
6i 80
cl Cl
NN NN
I)I \> l)j: \>_©7C02Et b
7 TMS)\N/ N TMS)\N/ N o1
MOM MOM
6j 8p

2 |solated, analytically pure product. Obtained by Pd-catalyzed cross-coupling reactisingi Pd(dba)
(2 mol%) and Rg-furyl); (4 mol%) as catalysf.Deprotected product is isolated in 75% yield.

Similar results are obtained when 4-iodoanisoleused for the Negishi cross-coupling
(Table 4). The main difference is observed whenpghene 6e without any substituents at
positions 2 and 6 is used as a substrate. Thetledygorresponding cross-coupling prod8gt
is isolated in 61% vyield (Table 4, entry 1). Congmhto the cross-coupling with ethyl 4-
iodobenzoate, almost the same results are achiedesh the 6-chloropuriné$) and the 2,6-
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B. Results and Discussion

dichloropurine derivative6h) are deprotonated and cross-coupled with 4-iockadeni The 8-
arylated compound8r and8s are produced in 95% and 71% vyield, respectivelyrigs 2-3).
Functional groups like thioethers are toleratedath positions, 2 and 6, during deprotonation
and cross-coupling reactions. Thereby, the readfdk provides the corresponding product
8t in 85% vyield (entry 4).

Table 4: Negishi cross-coupling with iodo-4-methoxybenzene.

Entry starting material product yield, %?
XN x—N
U L o—~)-ome
— ~
1 NT N N~ N 61°
MOM MOM
6e 8q
Cl Cl
Y OO
oM
2 L N> L7 N ¢ 95°
MOM MOM
6a 8r
Cl Cl
98 o
3 Cl)\N/ N Cl)\N/ N 1
MOM MOM
6h 8s
XN x—N
O WHO)-om
s”ONT N s N7 N
MOM MOM
4 85°
OMe OMe
6k 8t

2 |solated, analytically pure product. Obtained by Pd-catalyzed cross-coupling reactisingi Pd(dba)
(2 mol%) and Rg-furyl)s; (4 mol%) as catalyst.

Further attempts with arylbromides or heteroarytited as electrophiles for this cross-
coupling reaction failed.
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B. Results and Discussion

The deprotonation at position 6 of the purine sidffis achieved with TMPZnaliCl at

25 °C or with TMPMgCILICI at -20 °C, depending on the substrate (Sch@®)eSubsequent
reaction with iodine provides the 6-iodinated conmpads10a-cin 50% to 70% vyield (Table 5,
entries 1-3). Negishi cross-coupling reactions waitobenzene or ethyl 4-iodobenzoate give
the 6,8-bisarylated produci®d-f in 53% to 63% yield (entries 4-6).

TMPZnCI-LiCl MetX E

L A
1.3 equiv) or N E* N

NN ( N N

PR T T
2 N/ N TMPMgCI-LiCl N/ N N/ N
| H | I
mMom (1.3 equiv) MOM MOM

8 9 10

Scheme 35: Deprotonation of purine derivatives of tyf at position 6 and subsequent reaction with
electrophiles.

Table 5: Deprotonation and functionalization at positionféype 8 purines.

Entry starting material electrophile product yield, %?
|
NN N
L s NJ\/E \
SPh
N N P l “ N>_ 50b
MOM N )
MOM
89 10a
|
x—N
I\i/l \>—< :>—C02Et le)\IN\>—©7(_;o £t
2 N N | V7 2
MOM 2 N~ N o
. MOM
8 10b
N |
X C
I\i/l N OMe le)\iN\>—®7OMe
3 N~ N | z 60°
MOM 2 N~ N
MOM
8q 10¢
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Table 5 continued

NN
O oL
MOM. | kN/ N
8j MOM
10d
CO,Et
NN CO,Et
l/I\ OMe
5 N~ N NN 55" ¢
8q | N~ N
MOM
10e
CO,Et
CFs CO,Et
L0 S
| 3 y
6 Tus N N NTSN 5%
MOM |
| TMS)\N/ N
8u MOM
10f

2 |solated, analytically pure product. TMPZnCLLIiCl (1.3 equiv), 25 °C, 2 h® TMPMgCLLICl (1.3 equiv)
-20 °C, 20 min“ 1) ZnC} (1.5 equiv), -20 °C to 25 °C, 15 min; 2) Pd(db@ mol%), P6-furyl); (4 mol%), aryl
iodide (1.2 equiv).

The deprotonation at postition 2 of different 6j8udbstituted purine derivatives failed using
TMPZnCl bases, TMEZn bases, TMPMgdLiCl, TMP,Mg-2LiCl and
TMP,Mn-2MgCl,-4LIiCl as base at -20 to 25 °C. If no decompositwas observed the

reaction mixture was heated to 50 °C or was exptusedcrowave irradiation.
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B. Results and Discussion

1.3. Selection of the masked function at position 2

6 6
NN NN
2 I/j: > 2 I/i >
)\N/ N TMS/I\N/ N

6
N
A Ay
cl” >N N ( \
MOM MOM MOM

69 11 6i

nBu)3Sn

Scheme 36Different 2-substituted purine derivatives undensideration for the full functionalization pathway.

The 2-chloropurine derivatives have been reponeithé literatur and can be synthesizeml
2,6-dichloropurine which is commercially availaBteThe limitation has been already shown
in the chapter above (B.1.2. Successive deprotamati purine derivatives at positions 8 and
6) as the cross-coupling reaction with 2-chloro-@M-9H-purine 6g) is not as high yielding
as with other substrates. Moreover, the deprotonati the 8-arylated compour@m with
TMP,Zn-2MgCl,-2LiCl is not possible, because of the almost quante substitution of the
chlorine substituent which provides compodr#hin 2 h at 25 °C in 89% vyield (Scheme 37).
If a less sterically hindered base like a bispitide is used, the reaction is less efficient and

proceeds at higher temperature under formatiohetorresponding amirieb in 35% yield.

R
R

N+ Zn-2MgCl, NN

\ 22 2LiCl R R )'\/I \>—©—C02Et
NI COLEt R _ N”N" "N

P 2 R MOM

cl” >N N

MOM

8m

R
12a: R=CHg, 25 °C, 2 h, 89%
12b: R=H, 50 °C, 20 h, 35%

Scheme 37Substitution of the 2-chloro substituent with bisdes.

A high yielding procedure for the synthesis of 6ectb-9-THP-2-(tributylstannyl)-Bl-purine

is known in the literatur® The conversion of the tributylstannyl group toiemo-substituent

is easily achieved with iodine and known as wetdh@ne 38). On the one hand, this method
is easily adopted to synthesize 6-chloro-9-MOM#«ib(itylstannyl)-3H-purine (33 in 82%

®1 Unciti-Broceta, A.; Pineda de las Infantas, M.jlGaV.; Espinosa, AChem. Eur. J2007, 13, 1754.
%2 (a) Brun, V.; Legraverend, M.; Grierson, Detrahedron Lett2001, 42, 8161; (b) Taddei, D.; Kilian, P.;
Slawin, A.; Woollins, J. DOrg. Biomol. Chen2004 2, 665.
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B. Results and Discussion

yield and the corresponding iodinated compouse {n 90% yield. On the other hand, the
chloro-substituent cannot be reduced without clegthe carbon-tin bond. Therefore, the
only possible functionalization pathway is the IStdross-coupling at position 2, first. Thus,
cross-coupling reactions would be the only posgybibr functionalization at this position,

which is no improvement in comparison to the alygaatbwn methods.

1) TMPLi (5 equiv)
hexane:THF (1:1) Cl

Cl
Nl)\/[N\> -78 °C, 30 min )j: (1.5 equiv) R N)\/[N\>
kN/ N )\ /“\N/
|
R

2) nBu3SnClI (5 equw) (nBu)3Sn THF,25°C,1h N

-78°C, 1 h R

6a: R=MOM to25°Cin14h 13a: R=MOM, 82% 6e: R=MOM, 90%
6c: R=THP 13b: R=THP, Lit: 92% 14a: R=THP, Lit: 95%

p-1ICgH4OMe (1.2 equiv)

Pd(dba), (2 mol%)
P(o-furyl)s (4 mol%)

Cul (20 mol%)

ﬁ )
DMF, 80 °C. 12 h @

14b: 60%

Scheme 38: Synthesis of 6-chloro-9-MOM-2-(tributylstannylH9purine and further functionalizations at
position 2.

The synthesis of 6-chloro-9-Rf-2-(trimethylsilylH9purine is knowf® and can be adapted to
synthesize 6-chloro-9-MOM-2-(trimethylsilyl)F8purine 6j) in 60% yield (Scheme 39). The
selective reduction of the 6-chloro-substituenpassible before or after the cross-coupling
reaction at position 8. If the first step is thegiéhi cross-coupling and the second step is the
reduction, the overall yield amounts to 86% for firel product8o, whereas the other
pathway provides the same product in an overaltyoé 47%. Due to these results, we have
chosen the first described pathway for the follayifull functionalization of the purine
scaffold. Preliminary results for the iodinationpatsition 2 of the purine derivativgu with

silver salts were successful. The iodinated comgdiinwas obtained in 77% yield.

8 Kato, K.; Hayakawa, H.; Tanaka, H.; Kumamoto, Miyasaka, T Tetrahedron Lett1995 36, 6507.
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1) TMPLi (5 equiv)

hexane: THF (1:1) Pd/ C (40 wt%)
/l\/li -78°C,1h )i \ HCO,NH, (exc)
Lty Ay - Y
MOM

, 2) TMSCI (2-5 equiv) TMS MeOH
-78 °C, 1h 25°C,1h
6a:R=MOM ©25°Cin14h 6j: R=MOM, 60% 6i: 90%
6m: R=Rf 15: R=Rf, Lit: 83%
i) i)
Pd/C (20 wt%) 52%
HCO,NH, (2 equiv)
cl MeOH:THF (1:1)
NTX N 45 °C, 30 min N N
pp D CO,Et Sy D CO,Et
VIS 95% T™S” N~ N
MOM MOM
8p: 91% 8o
1) AgOTf (2.4 equiv)

NNA/N»_Q CHCl,, 25 °C, 30 min /j: >_Q
A -
MS N '}‘ 2) 15 (2.4 equiv) )\

MOM CF,

THF, 25°C,1.5h
8u 16: 77%
Scheme 39:Synthesisof 6-chloro-9-MOM-2-(trimethylsilyl)-#-purine 6j) and further functionalizations. i)

TMPZnCILIiCl (1.1 equiv), 25 °C, 15 min; Pd(dba2 mol%), P¢-furyl); (4 mol%), ethyl 4-iodobenzoate (1.2
equiv), 25 °C, 3-14 h.

1.4. Full functionalization of the purine scaffold

Starting from an appropriate 6-chloro-9-MOM-2-TMS8kpe derivative §j), a regioselective
functionalization of the purine scaffold was ackégwsuccessively at position 8, 6 andi2
zinc and magnesium intermediates which were gesraither by a direct zincation with
TMPZnCI-LiCPB"*?or by an I/ Mg exchange usitigrMgCl.

Starting from 6-chloropurine, 6-chloro-9-methoxymgdt2-trimethylsilyl-9H-purine j) is
prepared as described above (B.1.3. Selectioneafnidsked function at position 2). Thus, this
purine is readily metalated at position 8 using @ElI- LiCl within 15 min at 25 °C leading
to the zincated puringé7 (Scheme 40). lodolysis df7 produces the expected 8-iodopurine
(183) in 77% vyield (Table 6, entry 1). Copper(l)-catady allylatioff (5 mol% CuCN- 2LiCl)
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with 3-bromocyclohexene (-30 °C to 25 °C, 10 hieto the 8-allylated purind8b) in 91%
yield (entry 2). Pd-catalyzed acylations (Pd(®PK2 mol%)f* with 2-furoyl chloride or 3-
chlorobenzoyl chloride (0 to 25 °C, 6 h) provide tketonesl8c-d in 46% and 55% vyield,
respectively (entries 3-4). Negishi cross-coupliegction$>® with various aryl iodides using
Pd(dba) (2 mol%) and R¢-furyl)s (4 mol%) afford the 8-arylated puring8e-gand8p in 72-
91% yield (entries 4-9). An alkynyl group can als®introducediia Sonogashif& coupling

by preparing the iodid&8ain situ Its reaction withp-anisylacetylene (NEt(1.2 equiv), Cul
(4 mol%), Pd(dba) (2 mol%), Pé¢-furyl); (4 mol%), 25 °C, 3 h) leads to the 8-alkynylated

purinel8hin 75% yield.

e

6j

TMPZnCI-LiCl
(1.2 equiv)

THF

Me3S|
MOM 25 °C, 15 min

—_—m

\ g NJEN\ ,
/k)\/E - Me3Si/“\N/ '}1>—

Cl Cl
N XN E’ N XN
| S—2ZnCl—» P S—E!
~ ~
MesSi~ N~ N MesSi”” "N~ N
MOM MOM
17 18a-h, 8p
HCO,NH,
Pd/C, MeOH
45 °C, 30 min
ZnCl TMPZnCI-LiCl
AN (1.5 equiv)

Bl«e————

NN
\ 1
L
N™
MOM

Me;Si THF, 90 °C,  Me;Si
MOM 1-2h
21a- 20a: E' = m-C4H,OMe 19a: E' = m-CgH,OMe: 90%
I, 20b: E' = p-C4H,CO,Et 19b: E' = p-C4H,CO,Et: 95%
CsF
CH3CN/THF
130 °C, 12 h
2 2
iPrMgCl E
(1 5 equiv) N N
t e W e
)\ T “N A2
X CiMg~ "N” ) ES" >N "N
22a: E'= m-C6H4OMe 23a: E' = m-C4H,OMe 24a-h

E? = p-CgH4CO,Et: 80%
22b: E' = p-C4H,CO,Et
E? = p-CgH4Cl: 49%

E? = p-CqH,CO,Et
23b: E' = p-C4H,CO,Et
E? = p-CgH,Cl

Scheme 40General reaction scheme for the full functionalmabf the purine scaffold.

% Negishi, E.; Bagheri, V.; Chatterjee, S.; Luo,Miller, J. A.; Stoll, A. T.Tetrahedron Lett1983 24, 5181.
% Sonogashira, K.; Thoda, Y.; Hagihara, Tetrahedron Lett1975 4467.
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Table 6: Functionalization of position @ia zincated purind.7.

Entry

electrophile

product

yield, %

O

Q/com

COCl

3

OMe

s}

CO,Et

.

Cl
NTX
~

A

TMS® N

N

H—I
N
MOM
18a

cl
N

O
T™S” "N~ N
MOM

18b

cl
N O
xﬁ
~
™S~ N~ N y—Q
MOM ¢
18c

MOM Cl

18d

cl OMe
N
-0
T™MS” N~ N
MOM

18e

cl
NN
o
~
™S~ N~ N
MOM

8p

77

91°

55°

46°

7

91¢
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Table 6 continued

cl CFs
(T8O
7 'O | 8¢’
MOM
18f
cl NBu,
£SO
d
8 I@ | 74
MOM
189
ol
NN
L |)\/E \>%©—0Me
o = )om ol s
MOM
18h

2 |solated, analytically pure product.Obtained after addition of CuCN-2LiCl (5 mol%)Obtained by Pd-
catalyzed acylation reaction using Pd(BR{2 mol%).? Obtained by Pd-catalyzed cross-coupling reactsingu
Pd(dba) (2 mol%) and R¥-furyl); (4 mol%) as catalysf.Obtained froml8aby Pd-catalyzed coupling reaction
using NE% (1.2 equiv), Cul (4 mol%), Pd(dka2 mol%) and Ri-furyl)s; (4 mol%).

The chloro-substituent at position 6 is then rendousing a Pd-catalyzed reduction with
HCO;NH, (20 wt% Pd/ C, MeOH/ EtOH or MeOH/ THF, 45 °C, 36-min). Under these
conditions, the 6-chloropurinds88eand8p led to the dechlorinated produdi8a-bin 90-95%
yield (Scheme 40). Purines of tyft® are readily metalated at position 6. Thus, treatnoé
19a with TMPZnCI-MgC}- LiCl (1.5 equiv) leads to a complete zincation emchicrowave
irradiatior?® (sealed vessel, 90°C, 1h) providing the 6-zedapurine 20a (E'=3-
methoxyphenyl). The purin&9b, which proved to be more acidic at position 6 tlifa
reacts with TMPZnCI-LiCl (prepared in the absenéeMygCl,)® leading to20b (E'=4-
carbethoxyphenyl, 90 °C, 2 h). The resulting zieagents Z0a-b) react with a range of
electrophiles (Table 7). Thus, iodolysis produdes 6-iodopurinefla-b in 64-76% vyield
(Table 7, entries 1-2). The copper-catalyzed dilyla of 20b with ethyl (2-
bromomethyl)acrylaf€ leads to purin@i1cin 68% yield (entry 3). A range of aryl iodides

% The kinetic basicity of TMPZnCI- LiCl can be incsea by adding MgGI(1 equiv), see: Wunderlich, S. H.;
Knochel, PAngew. Chem. Int. E@007, 46, 7685.
67 (a) Rambaud, M.; Villiéras, Synthesid 984 406; (b) Villiéras, J.; Rambaud, Mrg. Synth1988 66, 220.
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bearing either electron-withdrawing substituentsO{&t, CF, CI), electron-donating
substituents (NBg) or a heterocyclic backbone (2-thienyl) undergagiiei cross-coupling
reaction$>° with 20a-b (25 °C, 8-40 h) affording the 2l@is-arylated purine®1d-i in 43-
64% vyield (entries 4-9)in situ generation of iodid@1b followed by a Pd-catalyzed cross-
coupling with N-allyl-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamftie affords the 6-
alkynylated purin€1j in 75% vyield (entry 10).

Table 7: Functionalization of position @ia zincated purine20a-h

entry electrophile product yield, ®

! OMe
N
-0
1 "2 T™s” N7 N o4

MOM
21a

|
NTX—N
2 I TMSXN/ N 76
MOM

21b
EtO,C

3 \/CQzEt N N@co Et 68’
Br 2
TMS)\N/ N
MOM

21c
CO,Et

OMe .
4 IOCOZEt NS N :/< 64
|
TMS/I\N/ N

MOM
21d

% patel, M. C.; Livinghouse, T.; Pagenkopf, BQrg. Synth2003 80, 93.
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Table 7 continued

5 IOCOZEt

CF;

e

NBU2

CO,Et

>:Z
4

N/
-z z

(@)

O

N

m

TMS

53

55°

62

55°
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Table 7 continued

Tos
N\/\
e f
10 N N 75
— / N™
- A Oom
~
T™MS” "N~ N
MOM
21

2 |solated, analytically pure product.Obtained after addition of CuCN-2LiCl (25 mol%)Obtained by Pd-
catalyzed cross-coupling reaction using Pd(gtmol%) and R¢-furyl); (4 mol%) as catalyst.Obtained from
22b by Pd-catalyzed coupling reaction using NEt5 equiv), Cul (4 mol%), Pd(dba2 mol%) and R{-furyl);
(4 mol%).

After having functionalized positions 8 and 6, waevé converted the 2-TMS-substituent of
21d and21g by treatment with,l (1.4 equiv, 1.1 CBCN:THF, microwave irradiation, sealed
vessel, 110 - 130 °C, 12 h) in the presence of @séquiv) to achieve the corresponding 2-
iodopurines 22a-b) in 49-80% vyield® Under these reaction conditions, the PG is not
cleaved, as observed for the reaction with silvédlubromethanesulfonate (Scheme 39).
I/ Mg exchange of22a-b with iPrMgClI (1.5 equiv, THF, -78 °C, 1 h) furnishes thky-
reagents23a-b. Their reaction with various electrophiles suchailgl bromides (Table 8,
entry 1), aldehydes (entry 2), immonium reag€nisntry 3) or a range of functionalized aryl
and heteroaryl iodides (entries 4-7) and the Sastuga cross-coupling of2a (entry 8)
provides the fully 2,6,8-substituted purines in®&B% yield.

% (a) Latouche, R.; Texier-Boullet, F.; Hamelin, Tetrahedron Lett.1991 32, 1179; (b) Furin, G. G.;
Vyazankina, O. A.; Gostevsky, B. A.; Vyazankin, ®l.Tetrahedronl988 44, 2675; (c) Clark, J. HChem. Rev.
198Q 80, 429.

O Kinast, G.; Tietze, L. FAngew. Chem. Int. EA976 15, 239:Angew. Cheml976 88, 261.
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B. Results and Discussion

Table 8: Functionalization of position 2via magnesiated purines 23a-b.

entry electrophile product yield, @6
CO,Et
Br OMe
1 \© NTX N\>_© 68
|
N” N
MOM
24a
CO,Et
cl CHO cl OMe
2 N 94
o S
N” N
OH MOM
24b
CO,Et
OMe
3 CRCO,; CH,NMe;" NTX N :< 86
\
MezN\/lkN/ N
MOM
24c
CO,Et
CF, OMe
D G
|
F,C
ASAE
MOM
24d
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B. Results and Discussion

Table 8 contiunued

CO,Et
OMe
5 |~er NS N\>_© 63°

—

NT N

MOM
Br

24e

Cl

| OM x—N
6 { } e N \>—®—002Et 58
N~ N
MOM
MeO
24f

CO,Et

Q OMe
7 — N N N\>_© 55°
— |
X N N
MOM

|
N~

8 TMS—= N7 N\ 76
| ~
N
A — 5

24h

2 |solated, analytically pure product.Obtained after addition of CuCN-2LiCl (25 mol%)Obtained after
transmetallation with ZnGI(1.6 equiv) by Pd-catalyzed cross-coupling reactising Pd(dba)(2 mol%) and
P(o-furyl); (4 mol%) as cataly$tObtained from22a by Pd-catalyzed coupling reaction using NEL5 equiv),
Cul (4 mol%), Pd(dba)2 mol%) and Rt-furyl)s (4 mol%).
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B. Results and Discussion

2.  Functionalization of the benzaof][1,2,5]thiadiazole and the

benzo[][1,2,5]oxadiazole scaffold

2.1. Functionalization of the benzdf|[1,2,5]thiadiazole scaffold via Zn-,
Mg- and Mn-Intermediates

The direct access to unsymmetrically substitutedzbfe][1,2,5]thiadiazole derivatives is
demanding and can be achiewed organometallic intermediates. Benfl,2,5]thiadiazole
(25" was readily magnesiated at position 4 with TMB- 2LiCI*° at -40 °C to give the
magnesiated intermediate within 14 h (Scheme4Tyansmetalation with Zngland Pd-
mediated Negishi cross-coupling reactiotiswith various aryl halides and iodothiophenes
provide the fluorescent compoun2Ba-hin 61 to 98% vyield (Table 9, entries 1-8). lodioat
gives the corresponding 4-halogenated comp@fnth 85% yield (entry 9).

1) TMP,Mg-2LiCl 1) TMP,Mg-2LiCl
(1.5 equiv) = (1.5 equiv) E’
_N_ THF, -40 °C, 14 h _N, THF, -40 °C, 14 h _N_
©:\ /S > ~ /S > ~ /S
25 26a-i: 61-98% E2 27a-c
27a: E'=CgH5
E2=Br, 55%

27b: E'=p-CzH5CO,Et
E2=CgHs, 74%

27¢: E'=p-C4HsCO,Et
E2=p-CgHsOMe, 84%

Scheme 41Successive deprotonation and functionalizatioroattipns 4 and 7.

Also, a second metalation at position 7 is achiewetd TMP,Mg-2LiCl (Scheme 41). The
organometallic reagent derived frdfic reacts with 1,2-dibromo-1,1,2,2-tetrachloroethame

give the 7-brominated compoun@7@ in 55% yield. Deprotonation of precursdéd and

™ (a) Michaelis, A.; Storbeck, QLiebigs Ann. Cheml893 274, 263. (b) Michaelis, A.; Erdmann, @hem.
Ber.1895 28, 2192.

2 Those results are mentioned for the sake of caeméss and have already been reported: Zimdars, S.;
Diploma Thesis, Ludwig-Maximilians-Universitat Mimen, Minchen, 2007.
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B. Results and Discussion

subsequent transmetalation with Za@&llowed by Negishi cross-coupling reactiéfswith
aryl iodides provides the 4,7-bis-aryl compourd¥b,c in 74 and 84% vyield, respectively.
Interestingly, all compounds which bear a phendlusit 26ef, 27¢) display a large Stokes
shift of 122 to 123 nm.

Table 9: Functionalization of benzo][1,2,5]thiadiazole at position 4.

entry electrophile product yield, %%

~ () S () o<
3 = 83
v (oo e 12
5 1—(_)ome OMe 74

\ /
6 IOOTBS OTBS 82




B. Results and Discussion

Table 9 continued

N/S\N
CF; \ CFs
0 s
269
N’S\N
CF, \ CFs
8 Br O O 61°
CF3 CFs
26h
.S,
NN
\ /
9 b @. 85
206i

?|solated, analytically pure produétObtained by Pd-catalyzed cross-coupling reactiith Rd(dba) (2 mol%{?
and P¢-furyl); (4 mol%) as catalysf.Obtained by cross-coupling reaction with 0.4 ecfithe electrophile’
Obtained by the reaction with (3.0 equiv).

5,6-Dibromobenza][1,2,5]thiadiazole 28)*° is magnesiated with TMPMgCI-Li&l at -
20 °C within 10 min followed by an iodolysis to pide compound29 in 48% yield
(Scheme 42).  Alternatively, a  Pd-catalyzed croagting of 28  with
trimethylsilylmethylzinc chlorid€ proceeds almost quantitative to give the benzdihimle
derivative30in 92% yield.

TMSCH,Zn-MgCl,

(4.0 equiv) 1) TMPMgCI
T™S Pd(OAC), (2 mol%) LiCl '
_N_ SPhos (4 mol%) Br _N (1.1 equiv) Br _N
s < L - s
N THF, 25°C, Br N THF,-20°C, Br N
™S 30: 92% 30 min 28 10 min 29: 48%

2) 1, (2.0 equiv)

Scheme 42Functionalization of 5,6-dibromobenzif[L,2,5]thiadiazole 28).

Metalation at position 4 of the benzothiadiazolaffatd can also be achieved by an oxidative

Mg-insertiot* when 4,7-dibromobenzd[1,2,5]thiadiazole 81)*° is used as substrate

3 Hosomi, A.; Shirahata, A.; Araki, Y.; Sakurai, H.Org. Chem1981, 46, 4631.
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B. Results and Discussion

(Scheme 43). Aftein situ transmetalation with Zngland a cross-coupling reaction with 4-

iodoanisole the 4,7-di-substituted compod2ds obtained in 58% yield.

1) Mg (1.25 equiv)

S LiCl (1.25 equiv)

N° N ZnCl, (1.25 equiv) N N
\/ THF,0°C, 2h -/
Br Br > Br O O OMe
2) p-ICgH4OMe (0.8 equiv)
3 Pd(dba), (2 mol%) 32: 58%

P(o-furyl); (4 mol%)

Scheme 43Functionalization of 4,7-dibromobenzfL,2,5]thiadiazole 81) via Mg-insertion.

Deprotonation oB1 at position 5 is achieved with TMFn-2MgCh-4LiCl.>*° The resulting
organomanganese reagent reacts with 1,2-dibroma;2;tetrachloroethane to give the 4,5,7-
triboromo compound33) in 70% vyield. This 4,5,7-tribromobenzji[L,2,5]thiadiazole 83) is
readily metalated with TMEZn-2MgCb-2LiCl (1.0 equiv, 25 °C, 3 h) and a Cu-catalyzed
acylation reactioh with 3-chlorobenzoyl chloride furnishes the tetiastituted
benzothiadiazole derivativés in 46% vyield. The keton84 was synthesized according to a
reported method?® and further reaction with hydrazine gives the éusigiadiazoloindazole
(36) in 65% vyield.

1) TMP,Zn-2MgCl,
2LiCl (1.0 equiv) Br
THF, 25°C, 3 h N

2) CuCN-2LiCl N
(50 mol%)

Br 1) TMP,Mn-2MgCl, Br 3-ch|9robenzoy| 35: 46%
N 4LCI (0.75equiv) E chloride
s = - = 1 (1.5equiv)
N= THF, 0°C, 3h N7 1erc,sh
Br 2)E° Br NN
31 33: E=Br, 70% N,oHy-H,0 \
34: E=COPh, 82% | (10.0 equiv) N Ph

/T~

N

EtOH/ CHCl,
(1:1) Br
60 °C, 10 h 36: 65%

Scheme 44Deprotonation of 4,7-dibromobenzfL,2,5]thiadiazole 81).
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B. Results and Discussion

2.2. Synthesis of a new covalent organic framework

2.2.1. Introduction

The first porous, crystalline, covalent organic nieork (COF) derived from 1,4-
benzenediboronic acid3() by selfcondensation was published in 2005 by YAy he
layered, hexagonal framework (COF-1) has a porenelier of about 1.5 nm and forms a
graphite like structure (Scheme 45). These poroasemals are under consideration for
applications like gas storaand optic& as they have an exceptional thermal stabilityva |

density and a high, permanent porosity.

o0
ISRRG
NP ON O~
BB BB &
B(OH), O.g-© 0.5-0 v ew
O \~ A
g A g &
o o o Gt
B. B B. B
- Ay o
58
050
|
COF-1

Scheme 45Self condensation of BDBA and the resulting streetoublished by Yaghi.

Recently, Bein characterized a COF structure wittmdopen pores which was obtained by

the co-condensation of a trigonal boronic ad8) (and a linear polyol39) as described in

" coté, A. P.; Benin, A. |.; Ockwig, N. W.; O’Keeffd.; Matzger, A. J.; Yaghi, O. MScience2005 310,
1166.

> Li, J.-R.; Kuppler, R. J.; Zhou, H.-Chem. Soc. Re009 38, 1477.

®Kobler, J.; Lotsch, B. V.; Ozin, G. A.; Bein, ACS Nan®009 3, 1669.
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Scheme 46/

(HO),B ‘ g B(OH),

Me
O HO OH
+ L
HO OH
(J e

B(OH),
38 39
anisole/ MeOH
(9:1)
120 °C, 5 min
/ \
_B B_
O Me
O (0]
OO 3O~
W, Ve &
OB BO
(0] (@)
Me OO OO Me
Me Me
(0] (0]

o 0
B B
W L
B-( O~ BTP-COF (I )E
Q Y,
BO OB
o el
OO Me Me “
Me Me

@) O

X %
Q Me O
OO IO~
Me O

_B /B_

\

Scheme 46Condensation reaction for the BTP-COF describeBdin.

""Dogru, M.; Sonnauer, A.; Gavryushin, A.; Knoctel, Bein, T.Chem. Commur2011, 47, 1707.
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B. Results and Discussion

In order to build up a COF with potential new etenical or optical properties, the synthesis
of a linear linker 40) based on the bena[l,2,5]thiadiazole scaffold was made up. The
connectiorvia co-condensation with the trigonal polydllj should form a COF as described

in Scheme 47.

R. _R
B~ 0

O "B
\ /
0°

Oo. .0 0._.0
B B

OH
HO
/N\ O OH H+ /N
CLs - o (L
O OH N
HO
OH

40 41 Q
o~ )~ o
/ \
R’B\O O/B\R

Scheme 47: General reaction scheme for the condensation ogactio form a COF with the
benzof][1,2,5]thiadiazole derived linke#).

pd

The formed honeycomb shaped (Scheme 48) layetssoCIOF could either stack in an AB-
fashion like graphite or an AA-fashion like boroitride. Thus, either cavities or channels

with a pore diameter of about 3.5 nm would be bupd
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OR OR

RO R
® )
0, 0
L O~ )0 L
g ’

@]
Py

B~0

O

O /o
OO0 O
onainl sl

RO

N_ _N
S

OR
Scheme 48Honeycomb-like structure of the BTD-COF.

2.2.2. Synthesis of 4,7-bis(4-(4,4,5,5-tetramethy|3,2-dioxaborolan-2-
yl)phenyl)benzof][1,2,5]thiadiazole as precursor for a COF

The Negishi cross-coupling of 4,7-dibromober{d],2,5]thiadiazole 31) with (4-
(trimethylsilyl)phenyl)zinc(ll) chloride-MgBrCl ueg PdCi(dppf) as catalyst has been
reported to afford the productd) in 55% vyield’® We found a combination of a similar zinc
reagent which was prepared in the presence of Wwith a more efficient Pd-catalyst
furnishing the desired compound within 3 h at 50r1@5% vyield (Scheme 49).
4,7-Bis(4-(trimethylsilyl)phenyl)benzo][1,2,5]thiadiazole 42) reacts almost quantitative
with ICI to give the corresponding bis-iodinatechqmound43 in 93% vyield. This step was

Bto, Y.; Kjima, Y; Suginome, M.; Murakami, Mdeterocycle996 42, 597.
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B. Results and Discussion

neccessary because the direct conversion to a iboamid was not successful as the
benzof][1,2,5]thiadiazole subunit was not stable whemvits exposed to BBror BCk. A
Suzuki cross-coupling with bis(pinacolato)diboramnishes the final product@) in 74%

yield.

T™MS
T™MS

. »

ZnCl-MgBrCI-LiCl (4 equiv)
/N\ /N\
N N

Me
,NO—P(tBu)Z PdCl, (0.05 mol%)
Me 2

Br
31 50 °C, 3h 42: 75%
TMS
ICI (excess)
CH,Cl,
0 °C, 10 min
3 5 20°C,2h
B |

® o o ®
B-B
N O O (4 equiv) N
CLe | - (L
N

z

Pd(OAC), (4 mol%)
PCy; (8 mol%)

O KOAG (4 equiv) O
dioxane, 80 °C, 24h

o0 40: 74% b 43:03%

Scheme 49Synthesis of the benzj[1,2,5]thiadiazole derived linkeA().
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B. Results and Discussion

2.3. New benzdf][1,2,5]thiadiazole and benzaf][1,2,5]oxadiazole based
perylene dyes

2.3.1. Introduction

Organic functional materials with electronic andicgd properties are of increasing interest in
science and technolodyespecially in cases where the variability andsineing of resources
are important features. Organic light emitting d@sd(OLEDs) or organic photovoltaic
devices based on extendaesystems of polycyclic aromatic or heteroaromatepounds
are of great interest, especially perylene monaémidnd bisimid&8 because of their high
chemical and photochemical stabilffyHowever, such systems exhibit strong tendencies fo
crystallization which is problematic for functionalaterials since the molecular packing,
which invariably determines the crystal latticen dee hardly predicted. Moreover, there are
interfering border effects between the crystallitéhe availability of amorphous organic
material§?would solve these problems.

2.3.2. Preparation of precursors for new benzag][1,2,5]thiadiazole and

benzol][1,2,5]oxadiazole based perylene dyes

To attach a benzd][1,2,5]thiadiazole or benzo][1,2,5]oxadiazole unit to a perylene core
with or without a spacer in between there are tvathyways which can be followed
(Scheme 50). The first possibility is the metalataf the heterocycle and subsequent cross-

coupling reaction with a halogenated perylene. $beond one is the condensation of a

" (a) Brabec, C. J.; Sariciftci, N. S.; Hummelen,Cl. Adv. Funct. Mater 2001, 11, 15; (b) Giines, S.;
Neugebauer, H.; Sariciftci, N. £hem. Rev2007, 107, 1324; (c) Gratzel, MNature2001, 414, 338; (d) Choi,
H.; Kim, S.; Kang, S. O.; Ko, J.; Kang, M.-S.; @ifd, J. N.; Forneli, A.; Palomares, E.; Nazeeragddil. K.;
Gratzel, M.Angew. Chem. Int. EQ008 47, 8259.

8 (a) Langhals, HHeterocycles1995 40, 477; (b) Langhals, Hdelv. Chim. Acta2005 88, 1309; (c) Li, C.;
Schéneboom, J.; Liu, Z.; Pschirer, N. G.; Erk,Herrmann, A.; Mullen, KChem. Eur. J2009 15, 878.

8 (a) Langhals, H.; Demmig, S.; Huber, Spectrochim. Acta988 44A 1189; (b) Langhals, H; Kollefrath, R.;
Lindner, J.Macromol. Repl1995 A32 415; (c) Langhals, H.; Gold, J. Prakt. Chem1996 338 654; (d)
Langhals, H.; Jona, WAngew. Chem. Int. EA998 37, 952.

82 (a) Saragi, T. P. I.; Spehr, T.; Siebert, A.; Foann-Lieker, T.; Salbeck, Them. Rev2007, 107, 1011; (b)
Silaghi, S. D.; Spehr, T.; Cobet, C.; Saragi, Tl.PWerner, C.; Salbeck, J.; Esser,NAppl. Phys2008 103,
043503/1.
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aminated heterocycle and an perylene anhydfide.spacer unit can be attached to the

heterocycle and/ or to the perylene.

=,/ Pd (cat)

ZnCl THF N
o O 25 to 50 °C ~ %
N

/N\X O /N\X perylyl bromide or perylyl iodide

olele NN
O g

H,N perylyl
or = | imidazole, 140 °C
S Y X=S,0
HN >~ Y =CH, N

R = 1-hexylheptyl
Scheme 50: Possible pathways for the attachment of the beljd¢2,5]thiadiazole or the

benzo][1,2,5]oxadiazole scaffold to perylenes via crossipling reaction or condensation.

For the direct cross-coupling with a halogenatedrylpee or benzoperylene the
benzof][1,2,5]thiadiazole derived zinc reagentsl and 47 are prepared as shown in
Scheme 51. Therefore, benap],2,5]thiadiazole 25) is metalated according to a procedure
described in a previous chapter (2.1. Functionatima of the benza[1,2,5]thiadiazole
scaffold via Zn-, Mg- and Mn-Intermediates) andnishes the zinc reaged4 with a
concentration of 0.8 in THF. The cross-coupling @4 with (4-iodophenyl)trimethylsilane
provides compound5 in 38% yield. The reaction of this compound wi@l bccurs almost
guantitative and gives the iodinated prodgin 93% yield. The complete metalatioia Mg
insertion in the presence of ZnrQ$ achieved in 2 h at 25 °C and leads to the magené7

with a concentration of 0.28 in THF. The cross-coupling reactions were perforraed5 °C

8 (a) Kaiser, H.; Lindner, J.; Langhals, Bhem. Ber1991, 124 529; (b) Langhals, H.; Demmig, S.; Fotrawa,
T. J. Prakt. Chem1991 333 733.
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under Pd catalysis with either Pd(db&2 mol%) and Rffuryl)s (4 mol%) for iodinated
perylenes or Pd(OAg)2 mol%) and SPhos (4 mol%) for brominated perg&&h

1) TMP,Mg-2LiCl (1.4 equiv)

_N, THF, -40 °C, 14 h _N,
N 2) ZnCl, (1.5 equiv) N
ZnCl
25
44:ca 0.2 M
i)
Mg (2 equiv)
LiCl (2 equiv)

_N_ ICl (exc) _N_ ZnCl; (2 equiv) _N,
N CH,Cl, N THF N
""" 0°C, 10 min l 25°C,2h l

TMS I ZnCl

45: 42% 46: 93% 47:ca 0.3 M

Scheme 51:Preparation of benzd[1,2,5]thiadiazol derived zinc reagents. i) TMRy-2LICl (1.3 equiv),
-40°C, 14 h; ZnGl (1.4 equiv), -40 to 25°C, 30 min, Pd(OAc)2 mol%), SPhos (4 mol%), (4-
iodophenyl)trimethylsilane (1.2 equiv), 25 °C, 10 h

The direct Negishi cross-coupling reaction of tiveezeagené4 with halogenated perylenes

(R=1-hexylheptyl) is shown in Scheme 52.

8 Purification and characterization of these cramspting products were performed by Andreas Walted a

Andreas Esterbauer.
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ZnCl

/N\
99 _ s
() —= 9
Pd(dba), (2 mol%) OO
P(o-furyl)s (4 mol%)

0O N e} 0] N (@]
I _N
(L
48 SN
49: 47%
i
O-__N__O ZnCl

/N\
~ /S
N 44

l Pd(OAc), (2 mol%)

SPhos (4 mol%)

Scheme 52Direct cross-coupling of the zinc reagddtwith perylene dyes.

When we found, that the obtained materials hadnaorghous morphology, a quantum yield
close to 100% and a quantitative Forster type gneagsfe?® from the benzothiadiazole unit
to the perylene chromophore, we synthesized a shhadiry of heterocyclic compounds
bearing an amine as functional group (Scheme 58JeTk)). Those compounds can be
condensed with different perylene anhydrides ta fout if and how the properties are

tuneable.

8 (a) Foerster, TNaturwiss.1946 33, 166; (b) Foerster, TAnn. Phys1948 2, 55.
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The zinc reagem4 which is derived fron25 reacts with 4-iodoaniline, 3-iodoaniline and 5-
iodopyridin-2-amine to give the compounsi2a-c in 45 to 52% yield (Table 10, entries 1-3).
Similarly, benzo§][1,2,5]oxadiazole§3) is metalated with TMPMQCI- LiCl (-5 °C, 14 h), and
funishes after transmetalation with Zpn@hd cross-coupling reaction the compoubdia-c in

43 to 47% vyield (entries 4-6).

1) TMP,Mg-2LiCl (1.4 equiv)
THF, -40 °C, 14 h

_N 2) ZnCl, (1.5 equiv) _N
o= o=
N 3) Pd(OAc), (2 mol%) N
SPhos (4 mol%)
25 Ar-l (1.3 equiv) = I} 52a-c
50 °C, 24 h H2N/\/

1) TMPMgCI-LiCI (1.6 equiv)

THF,-5°C, 14 h
_N 2) ZnCl, (1.7 equiv) _N
o o<
N 3) Pd(OACc), (2 mol%) N
SPhos (4 mol%)
53 Ar-1 (1.3 equiv) Z 3 bdac
50°C, 24 h X

X=N, CH

Scheme 53: Preparation of heterocyclic compounds bearing annanas functional group for further

transformation.

Table 10: Heterocyclic compounds bearing an aminesaunctional group derived from 25 and 53.

entry electrophile product yield, @
.S
N N
\
1 IONHZ NH2 61°
52a
S
NH, NN NH
* 0 0
52b
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Table 10 continued

SN
NN
—N =N
VAL Was o
52¢c
JON
NN
\N/
4 IONHQ NH2 59
54a
NN
NH, \ NH;
54b
JON
N
—N S G
6 |4<\:/)—NH2 N )—NH 54°
54c

2 |solated, analytically pure product. Obtained by Pd-catalyzed cross-coupling reactigth Wwd(OAc)
(2 mol%) and SPhos (4 mol%) as catalyst.

In addition, we synthesized 5-aminated beoglfd[2,5]thiadiazoles to see if and how the
connection of perylenes in this position affect® throperties of these new materials
(Scheme 54). Therefore, the readily available 4prednobenzaf][1,2,5]thiadiazol-5-amine
(55) was reacted with (4-trimethylsilyl)phenylzinc(hloride in the presence of a Pd catalyst
and provided the compourkb in 49% vyield. Afterwards, compourisb can be used for the
already described condensation reaction. Moreaverfound that the Negishi cross-coupling
is even possible, when the perylene is already eded to the 4,7-
dibromobenzaf][1,2,5]thiadiazol derivativeX7).2°

8 purification and characterization were performgdibdreas Walter.
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TMS

N’S\N ZnCl-MgX,-LiCl N\’S\/N
\

(3.5 equiv)
Br Br » TMS O O O T™S

Pd(OAC), (4 mol%)
NH, SPhos (8 mol%) NH,

55 56: 49%

NN Ph,Zn-2MgCl,-2LiCl

/S\
N N
\ o/
10 equiv
) aVa®

orviv] Pd(OAc), (4 mol%) ervivl
PEYY SPhos (8 mol%) peryly

57 58

\

Scheme 54Connection of the perylene core to position 5 afzmfc][1,2,5]thiadiazole.

3. Summary and Outlook

3.1. Functionalization of the purine scaffold

In summary, we have described a novel triple fumalization sequence of the purine
scaffold starting from the readily available 6-alolourine6j via 8-zincated, 6-zincated and 2-
magnesiated intermediates using either a selezingation with TMPZnClI- LiCl or an I/ Mg-
exchange triggered hyrMgCl. Our new functionalization approach of th&ipe skeleton
allows besides cross-coupling reactions, the pexdoce of novel functionalizations such as
allylations, acylations and aminomethylations. londusion, this new method offers a

general access to a large variety of highly fumalzed purine derivatives (Scheme 55).
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Cl 1) TMPZnCI-LiCl OMe
NN 2) C8-functionalization NN
- N\
A _ Ve : /ILi >
MesSi N N 3) reduction MesSi N N
MOM MOM
65%
1) TMPZnCI-LiCl
2) C6-functionalization
CO,Et CO,Et
1) 15, CsF
2) iPrMgClI
_____ OMe | = OMe
NN, 3) C2-functionalization NTX
PN PN
(NN MesSi”” "N~ N
NMe, MOM MOM
69% 64%

Scheme 55Full functionalization of the purine scaffold.

3.2. Functionalization of the benzothiadiazole anbenzofurazan scaffold

The metalation of all positions of the berdfil,2,5]thiadiazole scaffold using LiCl-
solubilized TMP-bases is demonstrated on varioubstsates. Thus, unsymmetrically
substituted benzothiadiazole derivatives and a mesed thiadiazoloindazole have been

prepared.
1) TMP,Mn-2MgCl, Br 1) TMP,Zn-2MgCl, B
4LiCl 2LiCl
° B °

S/N\ THF,0°C,3h Ny r THF,25°C,3h -

\ \ .

N= 2) (BrCLC), N= 2) CuCN-2LiCl

3-chlorobenzoyl
Br Br chloride
70%

Scheme 56: Examples for the synthesis of unsymmetrically fiowdlized benzal[1,2,5]thiadiazole
derivatives.
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B. Results and Discussion

Furthermore, the synthesis of a benzothiadiazoteretd linker for the formation of a new

COF was accomplished in a 3 step synthesis wittvarall yield of 52%.

N N N N
\S/ 3 steps 0 \ S/ 0
> \ /
Br B 52% S O O O o

Scheme 57Synthesis of the benzothiadiazole derived linket @sulting TEM pictures of the formed COF.

Benzo[f][1,2,5]thiadiazole and benz[1,2,5]oxadiazole were magnesiated with
TMP,Mg-2LiCl and TMPMgCI- LiCl and efficiently attached perylene and benzoperylene
building blocks by using a Pd-catalyzed cross-dogpl reactions. The resulting
bichromophores exhibit efficient FRET as indicatad high fluorescence quantum yields.
These new materials were obtained as amorphoudssatid are therefore of interest for
material science.
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B. Results and Discussion

Scheme 580ne example of an amorphous, fluorescent benzo#zialdperylene dye.
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C. Experimental Section

1. General Considerations

All reactions were carried out with magnetic stigriunder argon atmosphere in flame-dried
glassware if not indicated otherwise. Syringes Whiere used to transfer anhydrous solvents

or reagents were purged with argon prior to use.

Solventswere dried according to standard procedures hyldi®n from drying agents and
stored under argon.

CHClI, was continuously refluxed and freshly distillednfr@,Os.

DME was heated to reflux over and freshly distillezhirsodium benzophenone ketyl.

DMF was heated to reflux for 14 h over Gaahd distilled from Cak

Et,O was predried over Catand dried with the solvent purification system SEB-2 from
INNOVATIVE TECHNOLOGIES INC.

EtOH was treated with phthalic anhydride (25 g/L) andism, heated to reflux for 6 h and
distilled.

THF was continuously refluxed and freshly distilledrfr sodium benzophenone ketyl under

nitrogen.

Solvents for column chromatography were distillegdmpto use.

Reagents

Acid chlorides, liquid aldehydes, TMPH and NEtere distilled prior to use. All compounds
which were purchased from commercial sources weee without further purification. Pd/ C
(10% Pd, 50% wet with water) was purchased fronoA&rganics.

Following compounds were prepared according toditee procedures:
6-Chloro-9-(methoxymethyl)49-purine  6a),%” 9-benzyl-#H-purine 6b),%® 6-chloro-9-
(tetrahydro-2-pyranyl)9-purine 60,2  6-chloro-9-benzyl-Bi-purine  6d),°  9-

8 Maurer, H. K. Ph.D. Dissertation, Universitat Hellierg, Heidelberg, Germany, 1963.

8 Montgomery, J.; Temple, . Am. Chem. So961, 83, 630.

8 Robins, R.; Godefroi, E.; Taylor, E.; Lewis, Lackson, AJ. Am. Chem. So&961, 83, 2574.

“ Tromp, R.; Spanjersberg, R.; von Frijtag Drabbax&l, J.; IJzermann, A. Med. Chen005 48, 321.
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(methoxymethyl)-81-purin-6-amine, °* 2-chloropurin€> MOMCI solution in toluené?
benzof][1,2,5]thiadiazole  25),* 5,6-dibromobenza][1,2,5]thiadiazole 28),>° 4,7-
dibromobenzaf][1,2,5]thiadiazole  81),>°  (4-bromophenyl)trimethylsilan¥,  4,7-
dibromobenzaf][1,2,5]thiadiazol-5-aminex1).%®

Reactions were monitored by gas chromatography (&-MS) or thin layer
chromatography (TLC). The completion of deprotamadi was determineda quenching of
reaction aliquots with iodine. Microwave reactiomsre performed in sealed reaction vessels

under argon atmosphere with a high powered, foconsewave (Biotage initiator™ 2.5).

iPrMgClI-LiCl andiPrMgClI solutions in THF were purchased from Chemetalatkfurt/
Main, Germany).

nBuLi solution in hexane was purchased from Chemetall.

TMP ,Mg- 2LiCI?® solution (0.6v in THF) was prepared by the slow addition rBulLi
(4.26 mL, 2.35v in hexane, 10 mmol) to a solution of TMPH (1.411@, mmol) in THF
(10 mL) at -40 °C. After stirring for 30 min the xbire was warmed up to 0°C and
TMPMgCI-LIiCl (8.3 mL, 1.2 in THF, 10 mmol) was added dropwise. The resulting
mixture was stirred for 30 min, warmed up to 25a8@ the solvent was evaporated under
vacuum (10 mbar). THF was then added slowly under vigoroirsirsy until the salts were
completely dissolved.

TMPMgCI-LiCl ** solution (1.2x in THF) was prepared by the slow addition of TMPH
(17.8 g, 126 mmol) to aPrMgCl-LiCl solution (100 mL, 1.# in THF, 120 mmol) and
stirring of the resulting mixture at 25 °C for 3yda

TMP,Zn-2LIiCl solution (1.3v in THF) was prepared by the slow addition mBulLi
(4.26 mL, 2.35v in hexane, 10 mmol) to a solution of TMPH (1.411@, mmol) in THF
(10 mL) at -40 °C. After stirring for 30 min the xtire was warmed up to 0 °C and ZpCl
(5.0 mL, 1.0m in THF, 5.0 mmol) was added dropwise. The solutieas warmed up to
25 °C, the solvent was evaporated under vacuur ififar) and THF was added slowly

under vigorous stirring until the salts were congliedissolved.

L Fuji, T.; Saito, T.; Fujisawa, Heterocycle4 988 27, 1163.

92 Berliner, M.; Belecki, KOrg. Synth2007, 84, 102.

% Tsubata, Y.; Suzuki, T.; Miyashi, 7. Org. Chem1992 57, 6749.

% Itami, K.; Terakawa, K.; Yoshida, J.; Kajimoto, O.Am. Chem. So2003 125, 6058.
% Ppilgram, K.; Skiles, R. DJ. Heterocycl. Chenl974 11, 777.
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TMP ,Zn- 2MgCl,- 2LiCI*° solution (0.9v in THF) was prepared by the slow addition of
ZnCl, (5 mL, 1.0m in THF, 5 mmol) to a solution of TMPMQgCI-LiCl (8r8L, 1.2m in THF,

10 mmol) and stirring for 30 min at 25 °C.

PIP2Zn-2MgCl,-2LIClI  solution (0.4v in THF) was prepared similar to the
TMP,Zn-2MgCh- 2LICl solution by the slow addition oPrMgClI-LIiCl (7.3 mL, 1.3 in
THF, 9.5 mmol) to a solution of piperidine (0.851¢) mmol) in THF (10 mL). After stirring
for 7h at 25°C, ZnGI (5.0 mL, 1.0m in THF, 5.0 mmol) was added and the resulting
solution was stirred for 30 min.

TMPZnCI-MgCl ,- LIiCl solution (0.5v in THF) was prepared by the slow addition of ZnCl
(10 mL, 1.0m in THF, 10 mmol) to a solution of TMPMgCI-LiCl BmL, 1.2m in THF,

10 mmol) and stirring for 30 min at 25 °C.

TMPZnCI-LiCl 3 solution (1.2v in THF) was prepared by the slow addition rBulLi
(25 mL of a 2.4 in hexane, 60 mmol) to a solution of TMPH (8.486@, mmol) in THF
(60 mL) at -40 °C. The reaction mixture was allowedvarm up slowly to -10 °C within 1 h.
ZnCl, (66 mL, 1.0m in THF, 66 mmol) was added dropwise and the regukolution was
stirred for 30 min at -10 °C and then for 30 min2&t°C. The solvent was removed under
vacuum affording a yellowish solid. THF was themled slowly under vigorous stirring until
the salts were completely dissolved (ca 1 h).

CuCN-2LiCl solution (1.0v in THF) was prepared by drying CuCN (7.17 g, 80at)mand
LiCl (6.77 g, 160 mmol) in a Schlenk-tube underwam (10° mbar) at 140 °C for 6 h. After
cooling, dry THF (80 mL) was added and stirring wamtinued until all the salts were
dissolved (approx. 24 h). The slightly yellow sadatwas stored under argon.

ZnCl, solution (1.0m in THF) was prepared by drying ZnC(137 g, 100 mmol) in a
Schlenk-flask under vacuum (¥@nbar) at 140 °C for 6 h. After cooling, dry THFO@mL)
was added and stirring was continued until allssalere dissolved (approx. 5h). The
colorless solution was stored under argon over cutde sieves (4 A).
(4-Trimethylsilylphenyl)zinc(ll) chloride-MgBrClI-Li CI*® solution (0.354 in THF) was
prepared by drying LiCl (212 mg, 5 mmol) under vawu (10° mbar) at 140 °C. After
cooling Mg (146 mg, 6.0 mmol), THF (5 mL) and (dbrophenyl)trimethylsilane (917 mg,
4.0 mmol) were successively added. The mixture stiaed for 2 h at 25 °C, was canulate to

a solution of ZnGl (5 mL, 1.0m in THF, 5.0 mmol) and was stirred for 15 min at’25

% Rahman, M. J.; Yamakawa, J.; Matsumoto, A.; Enegza; Nishinaga, T.; Kamada, K.; lyoda, ¥.Org.
Chem.2008 73, 5542.
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Diphenylzinc(ll)- MgCII-LiCl  solution (0.5v in THF) was prepared by drying LIiCl
(318 mg, 7.5 mmol) under vacuum {lbar) at 140 °C. After cooling Mg (182 mg,
7.5 mmol), THF (5 mL) and iodobenzene (1.02 g,rbrfiol) were successively added. The
mixture was stirred for 2 h at 25 °C, was canutata solution of ZnGl(2.25 mL, 1.QM in
THF, 2.25 mmol) and was stirred for 30 min at 25 °C

Content Determination of Organometallic Reagents

Organzinc and organomagnesiunteagents were titrated againgin a 0.5m LiCl solution

in THF.Y

Organolithium reagents were titrated against menthol using ftfhanthroline as indicator
in THF.*®

TMP derived Mg and Zn bases were titrated against benzoic acid using 4-

(phenylazo)diphenylamine as indicator in TKF.

Chromatography

Flash column chromatography(FCC) was performed using silica @€l (0.040-0.063 mm)
from Merck.

Thin layer chromatography (TLC) was performed using Sgpre-coated aluminium plates
(Merck 60, F-254). The chromatograms were examiumeter UV light at 254 nm.

Analytical Data

NMR spectra were recorded on VARIAN Mercury 200, BRUKEXR 300, VARIAN VXR
400 S and BRUKER AMX 600 instruments. Chemical tshéfre reported asvalues in ppm
relative to the residual solvent peak of CEI@L : 7.25,6c: 77.0). For the characterization of
the observed signal multiplicities the following papviations were used: s (singlet), d

(doublet), t (triplet), g (quartet), m (multiplet} well as br (broad).

" Krasovskiy, A.; Knochel, FSynthesi€006 890.
% Lin, H.-S.; Paquette, ASynth. Commuri994 24, 2503.
% Hammett, L. P.; Walden, G. H.; Edmonds, S.IMAm. Chem. So&934 56, 1092.
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Mass spectroscopy High resolution (HR-MS) and low resolution (MSpestra were
recorded on a FINNIGAN MAT 95Q instrument. Electrampact ionization (El) was
conducted with an electron energy of 70 eV.

For the combination of gas chromatography with mgssctroscopic detection, a GC/MS
from HEWLETT-PACKARD HP 6890 / MSD 5973 was used.

Infrared spectra (IR) were recorded from 4500 tmo 650 cm' on a PERKIN ELMER
Spectrum BX-59343 instrument. For detection a SMSTBETECTION DuraSamR Il
Diamond ATR sensor was used. The absorption baed®ported in wavenumbers (¢n

Melting points (mp) were determined on a BUCHI B-540 apparatusaae uncorrected.

2.  Functionalization of the purine scaffold

2.1. Synthesis of compounds 3-16

Synthesis of 9-benzyl-8-(phenylthio)4-purine (3)

'\(Nj::%sph
Bn

In a Schlenk-tube TMEZn-2MgCh-2LiCl (2.6 mL, 0.95v in THF, 2.4 mmol) was added
within 1.5 h to a solution of 9-benzyH9purine 6d, 410 mg, 2.0 mmol) and Phg&Ph
(500 mg, 2.0 mmol) in THF (4 mL) at 0 °C and thesuléing reaction mixture was stirred for
10 min. After addition of Nhk{conef NH4Clsay (1:3, 10 mL) the reaction mixture was warmed
up to 25 °C, the aqueous layer was extracted WHBGEG (4 x 50 mL), the combined organic
layers were dried (MgSfpand the solvent was evaporatedsacuo Purificationvia column
chromatography (silicagel, GBI,/ MeOH gradient = 400:1, 400:2, 400:3, 400:4) yeel®-
benzyl-8-(phenylthio)-Bl-purine @, 380 mg, 60%) as a colorless solid.

mp (°C): 134-135.

IR (ATR) U (cm™): 3056 (w), 3030 (w), 3010 (w), 2970 (vw), 2474 (y\@B60 (m), 2342
(w), 1948 (vw), 1892 (w), 1806 (vw), 1738 (w), 15(&3, 1496 (w), 1468 (s), 1458 (m), 1444
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(m), 1424 (s), 1374 (s), 1354 (m), 1344 (s), 134p 1298 (vs), 1230 (s), 1222 (s), 1180 (m),
1130 (w), 1094 (m), 1074 (m), 1020 (w), 1000 (W§89w), 924 (m), 914 (w), 892 (w), 826
(w), 792 (w), 776 (w), 748 (m), 726 (s), 708 (mI6Es), 688 (s), 676 (M), 624 (W).

'H-NMR (300 MHz, CDCl3): & = 8.94 (s, 1H), 8.93 (s, 1H), 7.61-7.57 (m, 2H}677.41
(m, 3H), 7.40-7.31 (m, 5H), 5.50 ppm (s, 2H).

13C-NMR (75 MHz, CDCl3): &6 = 155.6, 153.5, 151.7, 145.7, 134.9, 134.3, 131239,
129.8,129.0, 128.4, 128.0, 127.2, 46.5 ppm.

MS (70 eV, EI): m/z (%) = 319 (17), 318 (83), 317 (54), 227 (Q9230), 167 (39), 92 (7),
91 (100), 65 (12).

HRMS (El): m/z calc. for [GgH14N4S] 318.0939; found: 318.0935.

Synthesis of 9-(1-phenylbut-3-en-1-yl)-8-(phenyltl)-9H-purine (5)

hi?::%sph
~ 0

In a Schlenk-tube TMEZn-2MgCh-2LiCl (1.3 mL, 0.95v in THF, 1.2 mmol) was added
dropwise to a solution of 9-benzyl-8-(phenylthid)-purine @, 318 mg, 1.0 mmol) in THF
(3.5 mL) and the resulting reaction mixture wasreati for 15 min. At -20 °C CuCN-2LiCl
(2.0 mL, 1.0m in THF, 1.0 mmol) was added dropwise and aftemi® allyl bromide
(0.26 mL, 3 mmol) was added. After warming up to°@5and further stirring for 30 min, a
mixture of NHconef NHaClsar (1:3, 10 mL) was added, the aqueous layer waseetl with
CH.CI; (3 x 30 mL), the combined organic layers were dl(daS0O,) and the solvent was
evaporatedin vacuo Purification via column chromatography (silicagel, &,/ MeOH
gradient = 400:0.5, 400:1, 400:2, 400:4) yieldedlphenylbut-3-en-1-yl)-8-(phenylthio)-
9H-purine 6, 196 mg, 55%) as a slightly yellow oil.

IR (ATR) 7 (cm™): 3058 (w), 3030 (w), 3008 (w), 2980 (w), 2920 (AR52 (vw), 1874
(vw), 1642 (w), 1582 (s), 1496 (w), 1454 (s), 1488 1372 (m), 1330 (s), 1302 (s), 1278 (s),
1234 (s), 1190 (m), 1180 (m), 1158 (w), 1116 (wW)94 (m), 1024 (m), 1000 (m), 992 (m),
960 (m), 912 (s), 846 (w), 832 (w), 790 (m), 770,(W46 (s), 714 (m), 696 (vs), 686 (vs), 652
(m), 616 (m).
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IH-NMR (600 MHz, CDCl3): & = 8.90 (s, 1H), 8.89 (s, 1H), 7.59-7.55 (m, 4H}577.41
(m, 3H), 7.37-7.34 (m, 2H), 7.33-7.30 (m, 1H), 5(88,J = 10.5, 5.7 Hz, 1H), 5.69-5.62 (m,
1H), 5.06-5.03 (m, 1H), 4.96-4.94 (m, 1H), 3.84%(h, 1H), 3.27-3.22 ppm (M 1H).
13C-NMR (150 MHz, CDCl3): 6 = 155.6, 153.6, 151.1, 145.7, 138.1, 134.2, 13433.4,
129.7,129.7, 128.8, 128.4, 127.8, 127.7, 118.%,&5.3 ppm.

MS (70 eV, El): miz (%) = 358 (62), 357 (44), 317 (39), 249 (239 (21), 228 (40), 227
(100), 131 (35), 130 (37), 129 (29), 91 (37).

HRMS (EI): m/z calc. for [GiH1gN4S] 358.1252; found: 358.1252.

Synthesis of 6-chloro-2-iodo-9-(methoxymethyl)19-purine (6e)

Cl

NN

)l\ “ \>
N" N
MOM

In a Schlenk-flask,l (950 mg, 3.75 mmol) dissolved in THF (4 mL) wasled dropwise to a
solution of 6-chloro-9-MOM-2-(tributylstannyl)F-purine (33 1.22 g, 2.5 mmol) in THF
(12 mL). After stirring the resulting reaction mixe for 1 h, NgS,03; solution (10 mL) and
EtOAc (50 mL) were added. The organic layer washedswith BO (30 mL) and NaCday
solution, was dried (N&QO,) and the solvent was evaporated vacuo Purification via

trituration with pentane yielded 6-chloro-2-iodq+@ethoxymethyl)-8i-purine 6e 730 mg,

90%) as a pale yellow solid.

'H-NMR (300 MHz, CDCls): § = 8.17 (s, 1H), 5.60 (s, 2H), 3.42 ppm (s, 3H).
3C-NMR (75 MHz, CDCl3): 5 = 152.9, 150.8, 145.0, 131.5, 117.2, 74.8, 57r.pp
MS (70 eV, El): m/z (%) = 325 (9), 324 (28), 296 (33), 294 (1a4®7 (7), 45 (16).
HRMS (El): m/z calc. for [GHCIIN4O] 323.9275; found: 323.9252.
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Synthesis of 9-(methoxymethyl)-Bl-purine (6f)

NN

L

kN/ N>
MOM

In a round bottom flask with reflux condeng&uONO (0.5 mL, 4 mmol) was added to a
solution of 9-(methoxymethyl)#3-purin-6-amine (558 mg, 2 mmol) in THF (10 mL). The
reaction mixture was refluxed for 3 tert-butyl nitrite (0.5 mL, 4 mmol) was added and the
mixture was refluxed for further 3 h. The solvewisre evaporateoh vacuo Purificationvia
column chromatography (silicagel, @1,/ MeOH gradient = 100:0, 100:1 to 30:1) yielded
9-(methoxymethyl)-Bi-purine 6f, 230 mg, 70%) as a pale yellow solid.

mp (°C): 87-88.

IR (ATR) v (cm™): 3102 (vw), 3044 (w), 2992 (w), 2948 (w), 2834 (WiB60 (vw), 1692
(w), 1596 (m), 1580 (s), 1504 (m), 1470 (w), 1486, (1418 (w), 1394 (m), 1356 (m), 1342
(m), 1304 (m), 1292 (m), 1256 (w), 1230 (m), 12&8,(1200 (m), 1178 (m), 1126 (m), 1088
(vs), 1018 (m), 936 (w), 922 (w), 908 (m), 892 (M4 (m), 754 (s), 658 (m), 636 (s), 606
(vw).

'H-NMR (300 MHz, CDCls): & = 9.17 (s, 1H), 9.01 (s, 1H), 8.24 (s, 1H), 5.642H), 3.38
ppm (s, 3H).

3C-NMR (75 MHz, CDCl3): 6 = 153.1, 148.8, 145.2, 133.8, 73.9, 57.3 ppm.

MS (70 eV, El):m/z (%) = 164 (8), 135 (11), 134 (100), 133 (3®,(5), 52 (7), 45 (86).
HRMS (EI): m/z calc. for [GHgN4O] 164.0698; found: 164.0697.

Synthesis of 2-chloro-9-(methoxymethyl)49-purine (69)

NN
L
clI”>N” N

MOM

In a round bottom flask NE{7.2 mL, 52 mmol) was added to a solution of Zsohpurine
(4 g, 26 mmol) in DME (300 mL). MOMCI (30 mL, 2@ in toluene, 60 mmol) was added
dropwise. The reaction mixture was stirred untie thtarting material was completely
consumed. KCO; (10 g) and HO (200 mL) were added. The solvents were evaporated
vacuq the crude solid triturated with EtOAc and thevsolk evaporated. Purificationia
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column chromatography (silicagel, @&,/ EtOH 20:1) yielded 2-chloro-9-(methoxymethyl)-
9H-purine Bg, 3.0 g, 58%) as a colorless solid.

mp (°C): 113-115.

IR (ATR) U (cm™): 3078 (w), 3058 (w), 2950 (w), 2838 (w), 2362 (@B40 (vw), 2280
(vw), 1736 (w), 1696 (w), 1664 (w), 1594 (m), 158), 1502 (m), 1444 (w), 1430 (m), 1402
(m), 1358 (s), 1342 (s), 1298 (m), 1234 (m), 1213, (1204 (s), 1180 (s), 1150 (s), 1110 (s),
1086 (vs), 1020 (s), 946 (w), 910 (s), 790 (m), &V 702 (m), 682 (m), 636 (M), 610 (vw).
'H-NMR (600 MHz, CDCl3): 5 = 9.01 (s, 1H), 8.24 (s, 1H), 5.61 (s, 2H), 3.4iQ(s, 3H).
3C-NMR (150 MHz, CDCls): & = 155.0, 153.5, 150.4, 145.9, 132.9, 74.1, 5718.pp

MS (70 eV, EI): m/z (%) = 200 (7), 198 (20), 170 (24), 169 (1%8184), 167 (36), 52 (5),
45 (100).

HRMS (El): m/z calc. for [GH7CIN,4O] 198.0308; found: 198.0309.

Synthesis of 2,6-dichloro-9-(methoxymethyl)4d-purine (6h)

Cl
MOM

In a round bottom flask #CO; (6.2 g, 45 mmol) was added to a solution of 2,6-
dichloropurine (1.89 g, 10 mmol) in DMF (20 mL). NWZI (7.5 mL, 2.0m in toluene,
15 mmol) was added dropwise. The reaction mixtuas wtirred until the starting material
was completely consumed,® (20 mL) was added. The solvents were evapolatedcuq
the crude solid triturated with EtOAc and the salvevaporated. Purificatiowia column
chromatography (silicagel, GBI,/ EtOH gradient = 100:0, 500:1 to 100:1) yielded®-2,
dichloro-9-(methoxymethyl)49-purine gh, 860 mg, 37%) as a colorless solid.

mp (°C): 126-127.

IR (ATR) v (cm): 3106 (w), 3084 (vw), 3014 (vw), 2970 (vw), 2946)(&846 (vw), 2836
(vw), 1834 (vw), 1696 (vw), 1596 (m), 1556 (s), 54@n), 1456 (w), 1442 (w), 1418 (w),
1396 (w), 1386 (w), 1360 (m), 1342 (m), 1310 (nR72 (m), 1254 (w), 1222 (s), 1182 (m),
1170 (s), 1138 (s), 1100 (vs), 1046 (w), 1024 @5K (m), 936 (w), 912 (s), 880 (s), 786 (s),
720 (m), 682 (w), 658 (w), 626 (m).
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'H-NMR (300 MHz, CDCl3): 6 = 8.27 (s, 1H), 5.61 (s, 2H), 3.41 ppm (s, 3H).

3C-NMR (75 MHz, CDCls): 6 = 153.6, 152.1, 145.7, 130.6, 74.7, 57.6 ppm.

MS (70 eV, El): m/z (%) = 232 (9), 212 (9), 211 (12), 204 (40)32R0), 202 (62), 201 (21),
196 (12), 45 (100).

HRMS (El): m/z calc. for [GHsCIN4O] 231.9919; found: 231.99109.

Synthesis of 9-(methoxymethyl)-2-(trimethylsilyl)-$H-purine (61)

NN
P
T™S” N~ N
MOM

In a round bottom flask Pd/ C (40 wt%) and HGB, (1.25 g, 35 mmol) were added to a
solution of the 6-chloro-9-(methoxymethyl)-2-(trithglsilyl)-9H-purine ©j, 2.5 mmol) in
MeOH (5 mL) at 45 °C. When the reaction startedcpealing (intensive bubbling) the
mixture was stirred for further 30 min until theding material was completely consumed as
monitored by TLC. The solution was filtered througglite®. After washing the cake with
EtOH (400 mL) and concentratioma rotary evaporation, the crude material was rediesbl
in CHCl, (100 mL) and the undissolved HGNXH, was filtered off. The solvents were
evaporatedn vacuo Purificationvia column chromatography (silicagel, EtOAc) yielded 9

(methoxymethyl)-2-(trimethylsilyl)-Bl-purine i, 550 mg, 90%) as a pale yellow oil.

IR (ATR) 7 (cm™): 3418 (brw), 2956 (w), 2900 (vw), 2830 (vw), 174@v], 1588 (m),
1562 (m), 1498 (w), 1442 (w), 1426 (w), 1396 (w364 (m), 1350 (m), 1330 (w), 1290 (w),
1246 (m), 1180 (m), 1092 (s), 1024 (w), 918 (m)3 88), 838 (vs), 756 (s), 696 (W), 670 (W),
658 (vw), 636 (M), 622 (w).

'H-NMR (300 MHz, CDCl3): 8 = 9.12 (s, 1H), 8.14 (s, 1H), 5.58 (s, 2H), 3.823H), 0.30
ppm (s. 9H).

13C-NMR (75 MHz, CDCls): & = 174.6, 150.9, 147.1, 144.7, 132.3, 73.6, 5.8, ppm.
HRMS (ESI): m/z calc. for [GoH1N4OSi+H'] 237.1166; found: 237.1166.
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Synthesis of 6-chloro-9-(methoxymethyl)-2-(trimethigsilyl)-9H-purine (6))

Cl
[
T™s” N~ "N
MOM
In a 1L Schlenk-flask equipped with a large stgrivar and septumBuLi (76.6 mL, 2.61m
in hexane, 200 mmol) was added to a solution of HMR8.25 g, 200 mmol) in THF
(100 mL) at -78 °C and the reaction mixture waseti for 1 h. Subsequently, a solution of 6-
chloro-9-(methoxymethyl)49-purine (7.94 g, 40 mmol) in THF (80 mL) was addiedpwise
within 1 h and the reaction mixture was stirred2dr. Then, TMSCI (21.7 g, 200 mmol) was
added dropwise within 20 min and stirred for 1 fteAaddition of NaHC@say (20 mL) and
NaClsar (20 mL) the mixture was slowly warmed up to 25 AGter addition of NHClsay
(500 mL) the aqueous layer was extracted with@H(3 x 200 mL). The combined organic
layers were dried (MgSfpand the solvent was evaporatedracuo Purificationvia column
chromatography (silicagel, pentane/ EtOAc gradeebtl, 4:1, 3:1) yielded 6-chloro-9-
(methoxymethyl)-2-(trimethylsilyl)-Bl-purine 6j, 6.50 g, 60%) as a bright yellow oil.

IR (ATR) U (cm): 2957 (w), 1708 (w), 1586 (m), 1540 (m), 1492 (8462 (w), 1360 (m),
1350 (m), 1307 (w), 1247 (m), 1183 (m), 1133 (n1Q1L(s), 1027 (w), 950 (w), 917 (w), 874
(m), 838 (vs), 776 (m), 759 (m), 650 (w).

'H-NMR (300 MHz, CDCls): & = 8.19 (s, 1H), 5.63 (s, 2H), 3.39 (s, 3H), 0.Tp(s, 9H).
13C-NMR (75 MHz, CDCl3): 6 = 175.6, 151.5, 150.1, 144.4, 130.1, 74.4, 51.B, ppm.

MS (70 eV, El): m/z (%) = 270 (20), 257 (24), 255 (71), 240 (2235 (41), 225 (28), 95
(32), 93 (100), 73 (88), 45 (99).

HRMS (EIl): m/z calc. for [GoH1sCIN4OSi] 270.0704; found: 270.0691.
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Synthesis of 9-(methoxymethyl)-2-((4-methoxyphenyhio)-9H-purine (6k)

MeO
T
S
MOM
4-Methoxy thiophenol (168 mg, 1.2 mmol) was addedat solution oftBuOK (224 mg,
2.0 mmol) in NMP (2 mL). After the mixture was stid for 5 min at 110 °C, 2-chloro-9-
(methoxymethyl)-81-purine 6g, 193 mg, 1.0 mmol) was added and the resultingurexwas
heated for 1 h. After cooling to 25 °C, EtOAc (3Q)nwas added, the organic layer was
washed with HO (3 x 15 mL) and NaGhy (15 mL). The organic layer was dried gS&y)
and the solvent was evaporaiadvacuo Purificationvia column chromatography (silicagel,
EtOAC) yielded 9-(methoxymethyl)-2-((4-methoxyph#ityio)-9H-purine 6k, 160 mg, 53%)
as a yellow oil.

'H-NMR (300 MHz, CDCl3): & = 8.87 (s, 1H), 8.03 (s, 1H), 7.55-7.50 (m, 2HP566.90
(m, 2H), 5.37 (s, 2H), 3.82 (s, 3H), 3.23 ppm (8).3

3C-NMR (75 MHz, CDCl3): & = 167.2, 160.6, 152.8, 149.1, 144.2, 137.2, 1312D).7,
114.6, 73.7, 57.7, 55.4 ppm.

MS (70 eV, El): m/z (%) = 304 (5), 303 (17), 302 (100), 301 (88)2 (6), 271 (19), 259 (7),
257 (23), 139 (7), 45 (27).

HRMS (El): m/z calc. for [G4H14N40,S] 302.0837; found: 302.0829.

Synthesis of 6-chloro-8-iodo-9-(methoxymethyl)19-purine (8a)

Cl
NN
mNﬁN\H
MOM

TMPZnCI-LiCl (0.92 mL, 1.1 in THF, 1.1 mmol) was added dropwise to a solutbre-
chloro-9-(methoxymethyl)49-purine 6a, 199 mg, 1.0 mmol) in THF (1.5 mL). After stirring
for 30 min, a solution of,1(305 mg, 1.2 mmol) in THF (4 mL) was added drogaesd the
reaction mixture stirred for 1 h. Then, a mixtufeN@,S;03(saif NH4Cl(sar) (1:2, 10 mL) was

added, the aqueous layer was extracted with E8 x 30 mL), the combined organic layers

were washed with Nagly solution (10 mL) and dried (N&Os). The solvent was evaporated
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in vacuo Purificationvia column chromatography (silicagel, pentane/ EtOAc2) yielded

6-chloro-8-iodo-9-(methoxymethyl)F8-purine 8a, 317 mg, 98%) as a beige solid.

'H-NMR (300 MHz, CDCl3): 6 = 8.71 (s, 1H), 5.61 (s, 2H), 3.42 ppm (s, 3H).

3C-NMR (75 MHz, CDCl3): 5 = 153.5, 152.3, 149.6, 133.7, 107.4, 76.0, 5718.pp

MS (70 eV, El): m/z (%) = 323 (20), 296 (28), 295 (9), 294 (98228), 197 (7), 169 (29),
168 (9), 167 (100), 77 (7), 45 (66).

HRMS (El): m/z calc. for [GHsCIIN4O] 323.9275; found: 323.9266.

Synthesis of 9-benzyl-8-iodo49-purine (8b)

NN
mNEN\H
Bn

Method A: TMPZnCI-LiCl (0.92 mL, 1.® in THF, 1.1 mmol) was added dropwise to a
solution of 9-benzyl-BI-purine Gb, 210 mg, 1.0 mmol) in THF (1.5 mL). After stirrirfigr
30 min, a solution of,l (305 mg, 1.2 mmol) in THF (2 mL) was added drogwvend the
reaction mixture stirred for 1 h. Then, a mixtufeN®,S;O3(satf NH4Cl(say) (1:2, 10 mL) was
added, the aqueous layer was extracted withGGH3 x 30 mL), the combined organic layers
were dried (MgS@ and the solvent was evaporated vacuo Purification via column
chromatography (silicagel, pentane{@&t 1:9) vyielded 8-iodo-9-benzylBpurine @b,
270 mg, 80%) as a colorless solid.
Method B: TMPMgCI-LiCl (0.95 mL, 1.16 in THF, 1.1 mmol) was added very slow to a
solution of 9-benzyl-B-purine @b, 210 mg, 1.0 mmol) in THF (4 mL) at -60 °C. After
15 min of stirring, a solution o%1(380 mg, 1.5 mmol) in THF (3 mL) was added drogwis
and the reaction mixture stirred for 2.5 h. Aftesrirup and purification as described above

8-iodo-9-benzyl-8i-purine is obtaineddp, 284 mg, 84%) as a colorless solid.

mp (°C): 211-213.

IR (ATR) v (cm™): 3066 (w), 3026 (w), 2360 (m), 2340 (m), 1894 (4§38 (m), 1578 (s),
1494 (m), 1468 (m), 1448 (m), 1436 (m), 1420 (8984 (s), 1364 (m), 1342 (s), 1328 (s),
1302 (s), 1294 (s), 1244 (s), 1218 (m), 1196 (mMp4i(s), 1132 (m), 1094 (m), 1072 (m),
1028 (m), 1002 (w), 984 (m), 922 (m), 908 (m), &§B8, 858 (w), 812 (m), 790 (m), 772 (m),
724 (vs), 692 (s), 672 (m), 648 (m), 622 (w).
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'H-NMR (300 MHz, CDCls): 6 = 9.08 (s, 1H), 8.95 (s, 1H), 7.35-7.31 (m, 5H485ppm (s,

2H).

13C-NMR (75 MHz, CDCl3): & = 152.8, 147.1, 136.4, 134.7, 128.9, 128.5, 12108,3, 49.0

ppm.

MS (70 eV, El): m/z (%) = 337 (5), 336 (41), 335 (18), 210 (16)92100), 208 (9), 104 (6),
92 (7), 91 (84), 65 (16).

HRMS (EI): m/z calc. for [GoHsIN4] 335.9872; found: 335.9859.

Synthesis of 6-chloro-8-iodo-9-(tetrahydro-BI-pyran-2-yl)-9H-purine (8c)

TMPZnCI-LiCl (1.0 mL, 1.Iv in THF, 1.1 mmol) was added dropwise to a solutdré-
chloro-9-(tetrahydro-a-pyran-2-yl)-H-purine 6c, 239 mg, 1.0 mmol) in THF (1.5 mL).
After stirring for 30 min, a solution of; (305 mg, 1.2 mmol) in THF (2 mL) was added
dropwise and the reaction mixture stirred for Then, a mixture of N&,O3/NH4Clsap) (1:2,
10 mL) was added, the aqueous layer was extracitbdGiH,Cl, (3 x 30 mL), the combined
organic layers were dried (Mg3Xand the solvent was evaporatedsacuo Purificationvia
column chromatography (silicagel, @El,) yielded 6-chloro-8-iodo-9-(tetrahydrd42pyran-
2-yl)-9H-purine @c, 220 mg, 60%) as a colorless solid.

mp (°C): 143-145.

IR (ATR) U (cm™): 3068 (W), 2970 (w), 2954 (w), 2938 (w), 2918 (8B40 (w), 2728 (W),
2594 (w), 2362 (vw), 2340 (vw), 1736 (vw), 1592)(VE568 (s), 1554 (s), 1444 (s), 1432 (s),
1406 (m), 1384 (s), 1352 (m), 1334 (m), 1314 (28QA(m), 1250 (s), 1224 (s), 1194 (m),
1174 (m), 1152 (s), 1124 (m), 1082 (s), 1062 (rO}aL(vs), 1008 (s), 998 (s), 960 (m), 930
(s), 912 (s), 864 (s), 822 (m), 788 (m), 702 (V@4 gvw), 660 (w), 626 (M), 618 (m).

'H-NMR (300 MHz, CDCls): & = 8.68 (s, 1H), 5.67 (dd,= 11.4, 2.4 Hz, 1H), 4.25-4.19 (m,
1H), 3.79-3.71 (m, 1H), 3.20-3.07 (m, 1H), 2.202(fn, 1H), 1.94-1.63 ppm (m, 4H).
3C-NMR (75 MHz, CDCls): & = 152.5, 151.6, 149.5, 134.3, 106.6, 87.4, 69838,224.6,
23.3 ppm.
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MS (70 eV, El): m/z (%) = 282 (27), 281 (6), 280 (100), 245 (ZBD7 (6), 118 (7), 99 (7), 91
(6), 85 (6).
HRMS (EIl): m/z calc. for [GoH10CIIN4O] 363.9588; found: 363.9580.

Synthesis of 9-benzyl-8-bromo-4d-purine (8d)

N
(e
NT N
Bn
TMP,Zn-2MgCh- 2LICl (1.7 mL, 0.76v in THF, 1.3 mmol) was added dropwise to a solution
of 9-benzyl-H-purine @b, 210 mg, 1.0 mmol) and 1,2-dibromo-1,1,2,2-tetladethane
(326 mg, 1.0 mmol) in THF (2 mL). After 15 min dfrang, a mixture of NHconc/ NH4Cl(say
(2:3, 10 mL) was added, the aqueous layer was a&ttawith EtO (3 x 30 mL), the
combined organic layers were dried (Mg$@nd the solvent was evaporatid vacuo

Purificationvia column chromatography (silicagel, g,/ MeOH gradient = 200:0, 200:1 to
100:1) yielded 9-benzyl-8-bromd-Bpurine 8d, 238 mg, 82%) as a colorless solid.

mp (°C): 130-131.

IR (ATR) U (cm™): 3028 (w), 2964 (vw), 2358 (vw), 2342 (vw), 1948njy 1892 (vw),
1738 (w), 1582 (s), 1494 (w), 1472 (s), 1448 (m)32 (s), 1410 (m), 1372 (m), 1348 (s),
1330 (m), 1304 (s), 1242 (s), 1178 (s), 1134 (WH8L(mM), 1074 (w), 1026 (w), 992 (w), 978
(W), 920 (w), 910 (m), 888 (W), 820 (w), 790 (W¥4 (W), 724 (vs), 692 (m), 676 (m), 624
(w), 604 (w).

'H-NMR (400 MHz, CDCl3): § = 9.05 (s, 1H), 8.99 (s, 1H), 7.37-7.31 (m, 5H%%ppm (s,
2H).

13C-NMR (100 MHz, CDCly): & = 152.9, 152.5, 147.2, 134.5, 134.3, 134.2, 12928.5,
127.9, 47.6 ppm.

MS (70 eV, El): m/z (%) = 290 (36), 289 (20), 288 (37), 287 ()9 (100),92 (13), 91 (87),
65 (28).

HRMS (El): m/z calc. for [GoH9BrNg4 288.0011; found: 287.9994.
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Synthesis of 9-benzyl-8-bromo-6-chloro49-purine (8e)

Cl
NN
mNﬁN\Hf
Bn

TMP,Zn-2MgCh- 2LICl (1.3 mL, 0.95v in THF, 1.2 mmol) was added dropwise to a solution
of 9-benzyl-6-chloro-Bl-purine  6d, 245mg, 1.0 mmol) and 1,2-dibromo-1,1,2,2-
tetrachloroethane (326 mg, 1.0 mmol) in THF (2 mAfter 15 min of stirring, a mixture of
NH3(conef NHaClsary (1:3, 10 mL) was added, the aqueous layer was@etd with E1O (3 X
30 mL), the combined organic layers were dried (Rgand the solvent was evaporaiad

vacua Purificationvia column chromatography (silicagel, pentane,CH gradient = 1:5 to
1:7) yielded 9-benzyl-8-bromo-6-chlordd9urine 8e 240 mg, 75%) as a colorless solid.

mp (°C): 87-88.

IR (ATR) 7 (cm™): 3028 (w), 2960 (w), 2942 (w), 2360 (m), 2342 (&P16 (w), 1890
(vw), 1736 (m), 1696 (m), 1586 (s), 1556 (s), 1489, 1464 (m), 1452 (s), 1434 (s), 1408
(m), 1374 (m), 1350 (m), 1326 (vs), 1242 (s), 1260 1192 (s), 1158 (m), 1144 (s), 1076
(m), 1024 (w), 1000 (m), 966 (vw), 940 (m), 892 (&8 (m), 814 (w), 788 (w), 772 (w),
724 (s), 704 (s), 692 (s), 674 (M), 638 (W).

'H-NMR (300 MHz, CDCl5): & = 8.75 (s, 1H), 7.36-7.31 (m, 5H), 5.49 ppm (s).2H
3C-NMR (75 MHz, CDCls): & = 152.2, 152.1, 149.5, 134.3, 134.1, 134.0, 12928.7,
128.0, 48.3 ppm.

MS (70 eV, El): m/z (%) = 324 (15), 323 (7), 322 (11), 245 (144 26), 243 (45), 92 (6), 91
(100), 65 (9).

HRMS (El): m/z calc. for [GoHsBrCINg 321.9621; found: 321.9617.
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Synthesis of 8-bromo-6-chloro-2-iodo-9-(methoxymett)-9H-purine (8f)

Cl
/hli)\/IN\>—Br
I~ >N~ "N
MOM

TMP,Zn-2MgCh- 2LICl (1.3 mL, 0.954 in THF, 1.2 mmol) was added dropwise to a solution
of 6-chloro-2-iodo-9-(methoxymethyl)F8purine 6e 325 mg, 1.0 mmol) and 1,2-dibromo-
1,1,2,2-tetrachloroethane (456 mg, 1.4 mmol) in TRIFL). After stirring for 1 h, a mixture
of NH3(concf NH4Clsar) (1:3, 10 mL) was added, the aqueous layer waseen with EiO (3
x 30 mL), the combined organic layers were driedy8@,) and the solvent was evaporaied
vacua Purificationvia column chromatography (silicagel, pentane/ EtOfadgent = 3:1 to
2:1) yielded 8-bromo-6-chloro-2-iodo-9-(methoxym@jOH-purine g8f, 348 mg, 87%) as a

colorless solid.

'H-NMR (300 MHz, CDCls): § = 5.60 (s, 2H), 3.44 ppm (s, 3H).

13C-NMR (75 MHz, CDCls): § = 153.8, 149.0, 134.3, 131.6, 11.1, 74.9, 57.8.ppm

MS (70 eV, El): m/z (%) = 404 (16), 402 (13), 376 (12), 374 (4BJ2 (35), 323 (15), 295
(13), 293 (40), 45 (100).

HRMS (El): m/z calc. for [GHsBrCIlIN4O] 401.8380; found: 401.8376.

Synthesis of 9-methoxymethyl-8-(phenylthio)d-purine (89g)

NN
l/Nj:’?—SPh
MOM

nBuLi (0.86 mL, 2.44v in hexane, 2.1 mmol) was added dropwise to a isolubf 9-
(methoxymethyl)-81-purine 6f, 328 mg, 2.0 mmol) in THF (10 mL) at -78 °C. AftEs min
of stirring, a solution of PhSSPh (651 mg, 2.6 mmol) in THF (2.6 mL) was added te
reaction mixture was slowly warmed up to 25 °C oigint. After addition of NHClsay
(20 mL), the aqueous layer was extracted with,CIH (3 x 40 mL), the combined organic
layers were dried (MgS{pand the solvent was evaporatedsacuo Purificationvia column

chromatography (silicagel, £2) yielded 9-methoxymethyl-8-(phenylthioHQurine @8g,

216 mg, 40%) as a colorless solid.
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mp (°C): 79-80.

IR (ATR) v (cm™): 2956 (w), 2936 (w), 2832 (w), 1704 (w), 1582 (1562 (s), 1462 (m),
1450 (s), 1440 (s), 1410 (m), 1392 (m), 1348 (N3R2.(s), 1286 (m), 1246 (s), 1232 (m),
1188 (m), 1140 (s), 1114 (vs), 1088 (m), 1060 (L8R4 (m), 1000 (w), 954 (w), 942 (w),
918 (s), 864 (w), 850 (w), 788 (w), 772 (m), 758)(v720 (m), 704 (m), 690 (m), 682 (M),
638 (w), 622 (w), 606 (vw).

'H-NMR (300 MHz, CDCly): & = 8.67 (s, 1H), 7.70-7.64 (m, 2H), 7.47-7.42 (H),35.64
(s, 2H), 3.40 ppm (s, 3H).

¥C-NMR (75 MHz, CDCls): 6 = 155.6, 154.0, 151.4, 148.5, 133.7, 131.6, 129786,
127.1, 73.7, 57.4 ppm.

MS (70 eV, EIl): m/z (%) = 308 (18), 307 (16), 306 (47), 277 (1B)6 (20), 275 (38), 265
(30), 263 (100), 45 (96).

HRMS (El): m/z calc. for [GsH11CIN4OS] 306.0342; found: 306.0336.

Synthesis of 6-chloro-8-(cyclohex-2-en-1-yl)-2-iod®(methoxymethyl)-H-purine (8h)

Cl
IO
I)l\N/ N
MOM

TMPMgCI-LIiCl (1 mL, 1.13v in THF, 1.13 mmol) was added dropwise to a prenhixe
solution of 6-chloro-2-iodo-9-(methoxymethylH9urine 6e 325 mg, 1.0 mmol) in THF
(I mL) and ZnG (1.0 mL, 1.0m in THF, 1.0 mmol) at -65 °C. After stirring for 3in,
CuCN-2LIiClI (0.1 mL, 1. in THF, 0.1 mmol) and 3-bromocyclohexene were ddde
successive and the reaction mixture warmed up t6C2%n 2 h. Then, a mixture of
NH3(concf NHaClsapy (1:3, 10 mL) was added, the aqueous layer was@en with E1O (3 X
30 mL), the combined organic layers were dried (RgSand the solvent was evaporaiad
vacua Purificationvia column chromatography (silicagel, pentaneCEt 3:1) yielded 6-
chloro-8-(cyclohex-2-en-1-yl)-2-iodo-9-(methoxymg9H-purine 8h, 340 mg, 84%) as a

colorless solid.

'H-NMR (300 MHz, CDCl3): § = 6.06-5.99 (m, 1H), 5.79-5.73 (m, 1H), 5.60 (d),23.97-
3.88 (m, 1H), 3.40 (s, 3H), 2.24-2.10 (m, 3H), 21084 (m, 2H), 1.79-1.64 ppm (m, 1H).
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3C-NMR (75 MHz, CDCls): 5 = 161.8, 154.5, 149.0, 130.8, 130.8, 124.3, 1187, 57.4,
35.5, 28.1, 24.5, 21.2 ppm.

MS (70 eV, El): m/z (%) = 406 (13), 404 (39), 375 (13), 374 (ZB)3 (19), 361 (28), 359
(23), 345 (14), 308 (15), 81 (14), 79 (14), 45 (100

HRMS (El): m/z calc. for [GsH14ClIN4O] 403.9901; found: 403.9892.

Synthesis of 9-benzyl-8-phenylH3-purine (8i)

NN
L0
NT N
Bn
TMP,Zn-2MgCh- 2LICl (2.2 mL, 0.9v in THF, 2 mmol) was added dropwise to a solutibn o
9-benzyl-H-purine 6d, 210 mg, 1.0 mmol) in THF (2 mL). After stirringorf 1 h, the
resulting solution was treated with Pd(dbé&8 mg, 5 mol%, 0.05 mmol), &furyl)s; (23 mg,
10 mol%, 0.1 mmol) and iodobenzene (225 mg, 1.1 lhnibe reaction mixture was stirred
at 45 °C for 14 h, NkClsay (10 mL) was added and the aqueous layer was ¢atrauith
CH.Cl; (3 x 30 mL). The combined organic layers weredl(iglgSQ;) and the solvent was

evaporatedn vacuo Purificationvia column chromatography (silicagel, @El,) yielded 9-

benzyl-8-phenyl-Bl-purine @i, 100 mg, 35%) as a colorless solid.

mp (°C): 119-120.

IR (ATR) v (cm™): 3034 (w), 2970 (vw), 2956 (vw), 2360 (w), 2342 (Wy38 (w), 1608
(m), 1586 (s), 1520 (vw), 1496 (w), 1480 (m), 1469, 1442 (m), 1422 (m), 1376 (m), 1364
(m), 1352 (s), 1298 (s), 1262 (m), 1250 (m), 1284, 1152 (w), 1100 (w), 1076 (w), 1026
(w), 1004 (w), 990 (w), 930 (w), 918 (m), 910 (rBR8 (w), 856 (w), 830 (w), 798 (m), 780
(s), 718 (vs), 694 (vs), 650 (w), 622 (w), 606 (vw)

'H-NMR (600 MHz, CDCl3): 6 = 9.19 (s, 1H), 9.03 (s, 1H), 7.69-7.68 (m, 2HF7#7.55
(m, 1H), 7.51-7.49 (m, 2H), 7.31-7.26 (m, 3H), 7007 (m, 2H), 5.59 ppm (s, 2H).
3C-NMR (150 MHz, CDCls): & = 156.5, 153.6, 152.3, 147.5, 135.8, 131.0, 12923.0,
128.9, 128.1, 126.7, 126.7, 47.0 ppm.

MS (70 eV, El): m/z (%) = 287 (14), 286 (82), 285 (70), 272 (1&)9 (24), 182 (18), 91
(100), 65 (10).

HRMS (EI): m/z calc. for [GgH14N4] 286.1218; found: 286.1217.
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Synthesis of ethyl 4-(9-(methoxymethyl)4d-purin-8-yl)benzoate (8))

N~ N
MOM

TMPZnCI-LiCl (4.6 mL, 1.2» in THF, 5.5 mmol) was added dropwise to a solutdrd-
(methoxymethyl)-81-purine 6e 820 mg, 5.0 mmol) in THF (7 mL). After stirringrf1 h, the
resulting solution was treated with Pd(dbé&8 mg, 2 mol%, 0.1 mmol), &furyl)s (46 mg,

4 mol%, 0.2 mmol) and ethyl 4-iodobenzoate (1.66.9,mmol). The reaction mixture was
stirred for 14 h, NEClsa (50 mL) was added, the aqueous layer was extrauitbdCH,Cl,

(3 x 100 mL). The combined organic layers were dir(#1gSQ,) and the solvent was
evaporatedn vacuo Purificationvia column chromatography (silicagel, EtOAC) yieldehye
4-(9-(methoxymethyl)-Bl-purin-8-yl)benzoateqj, 1.51 g, 97%) as a colorless solid.

mp (°C): 117-119.

IR (ATR) U (cm™): 2978 (vw), 2932 (vw), 2830 (vw), 2362 (vw), 2340vf, 1712 (s), 1654
(vw), 1608 (w), 1594 (w), 1586 (w), 1570 (w), 15@2v), 1484 (w), 1466 (w), 1436 (w),
1410 (w), 1392 (w), 1370 (m), 1350 (m), 1314 (m)82 (vs), 1256 (s), 1218 (w), 1172 (w),
1156 (m), 1126 (m), 1112 (s), 1088 (s), 1034 (V@148 (m), 964 (w), 936 (w), 926 (w), 914
(w), 906 (w), 886 (w), 868 (m), 854 (w), 828 (vWR2 (w), 778 (m), 764 (m), 718 (s), 696
(w), 656 (vw), 618 (vw), 608 (vw).

'H-NMR (600 MHz, CDCl3): § = 9.34 (s, 1H), 9.18 (s, 1H), 8.24-8.19 (m, 4HR65(s, 2H),
4.43 (q,J = 7.2 Hz, 2H), 3.60 (s, 3H), 1.43 ppmJt 7.2 Hz, 3H).

3C-NMR (150 MHz, CDCls): § = 165.7, 156.8, 154.4, 152.8, 147.7, 133.3, 1383R.0,
130.1, 129.8, 73.5, 61.5, 57.9, 14.3 ppm.

MS (70 eV, EIl): m/z (%) = 312 (18), 283 (13), 282 (64), 281 (7287 (17), 253 (13), 209
(17), 133 (11), 45 (100).

HRMS (El): m/z calc. for [GeH16N4O3] 312.1222; found: 312.1216.
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Synthesis of ethyl 4-(6-chloro-9-(methoxymethyl)49-purin-8-yl)benzoate (8k)

Cl

N~ N
MOM

TMPZnCI-LiCl (1.1 mL, 1.Qv in THF, 1.1 mmol) was added dropwise to a solutdré-
chloro-9-(methoxymethyl)43-purine 6a, 199 mg, 1.0 mmol) in THF (2 mL). After 15 min
of stirring, the resulting solution was treatedhmitd(dbay (8 mg, 1 mol%, 0.01 mmol), &
furyl)s (5 mg, 2 mol%, 0.02 mmol) and ethyl 4-iodobenzoéd8 mg, 1.2 mmol). The
reaction mixture was stirred for 5 h, MEsay (20 mL) was added, the aqueous layer was
extracted with ChKCl, (3 x 50 mL). The combined organic layers weredl{fgSQ,) and the
solvent was evaporateth vacuo Purification via column chromatography (silicagel,
pentane/ EtOAc = 5:1) yielded ethyl 4-(6-chlorordethoxymethyl)-&i-purin-8-yl)benzoate
(8k, 317 mg, 91%) as a colorless solid.

mp (°C): 142-144.

IR (ATR) 7 (cmi®): 2940 (vw), 2830 (vw), 1714 (s), 1612 (vw), 1592)(1566 (m), 1524
(vw), 1468 (w), 1448 (w), 1410 (w), 1388 (w), 1368, 1342 (m), 1294 (m), 1266 (s), 1254
(s), 1238 (m), 1186 (w), 1176 (w), 1142 (s), 108§ (1032 (m), 1014 (m), 948 (m), 916 (m),
868 (m), 852 (W), 794 (W), 770 (m), 738 (m), 718604 (w), 636 (vw), 620 (Vw), 608 (W).
'H-NMR (600 MHz, CDCly): & = 8.77 (s, 1H), 8.21-8.18 (m, 4H), 5.63 (s, 2H}24(q,
J=7.3 Hz, 2H), 3.58 (s, 3H), 1.42 ppmJt 7.3 Hz, 3H).

13C-NMR (150 MHz, CDCl3): 6 = 165.7, 155.7, 154.2, 152.2, 150.6, 132.9, 13231,.1,
130.0, 129.8, 73.9, 61.5, 57.8, 14.3 ppm.

MS (70 eV, EI): miz (%) = 348 (15), 346 (39), 317 (34), 316 (55 (92), 314 (97), 300
(20), 286 (10), 271 (12), 243 (14), 45 (100).

HRMS (El): m/z calc. for [GeH15CIN4O5] 346.0833; found: 346.0823.
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Synthesis of ethyl 4-(2-chloro-9-(methoxymethyl)49-purin-8-yl)benzoate (8m)

cl” >N~ N
MOM

TMPZnCI-LiCl (1.1 mL, 1.Qv in THF, 1.1 mmol) was added dropwise to a solubbr-
chloro-9-(methoxymethyl)49-purine 6g, 199 mg, 1.0 mmol) in THF (1 mL). After 15 min
of stirring, the resulting solution was treatednaitd(dba) (12 mg, 2 mol%, 0.02 mmol), &(
furyl)s (9 mg, 4 mol%, 0.04 mmol) and ethyl 4-iodobenzoéd8 mg, 1.2 mmol). The
reaction mixture was stirred for 24 h, MEsa) (20 mL) was added, the aqueous layer was
extracted with CHCI, (3 x 50 mL). The combined organic layers weredi(gSQ,) and the
solvent was evaporateth vacuo Purification via column chromatography (silicagel,
pentane/ EtOAc = 4:1) yielded ethyl 4-(2-chlorgr®ethoxymethyl)-8i-purin-8-yl)benzoate
(8m, 200 mg, 91%) as a colorless solid.

mp (°C): 142-143.

IR (ATR) U (cm™): 2986 (vw), 2946 (vw), 2362 (vw), 1716 (s), 1594) (1678 (m), 1522
(vw), 1482 (w), 1464 (w), 1452 (w), 1412 (m), 1396, 1364 (m), 1346 (s), 1312 (m), 1274
(s), 1252 (s), 1182 (w), 1168 (w), 1142 (s), 11@4,(1104 (s), 1082 (vs), 1034 (w), 1016 (s),
970 (vw), 932 (w), 910 (m), 874 (m), 856 (w), 794 ,(776 (s), 732 (m), 720 (m), 704 (m),
690 (w), 676 (w), 636 (w), 612 (m).

'H-NMR (600 MHz, CDCls): § = 9.02 (s, 1H), 8.25-8.23 (m, 2H), 8.20-8.18 (i, 8.62 (s,
2H), 4.44 (qJ = 7.2 Hz, 2H), 3.61 (s, 3H), 1.44 ppmJt: 7.2 Hz, 3H).

13C-NMR (150 MHz, CDCl3): 6 = 165.7, 156.4, 155.6, 154.7, 149.8, 133.1, 13232.0,
130.2, 129.7, 73.4, 61.5, 57.8, 14.3 ppm.

MS (70 eV, El): m/z (%) = 348 (17), 346 (48), 318 (24), 317 (496 (59), 315 (79), 301
(16), 287 (13), 271 (14), 243 (21), 45 (100).

HRMS (EIl): m/z calc. for [GeH15CIN4O3] 346.0833; found: 346.0824.
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Synthesis of ethyl 4-(2,6-dichloro-9-(methoxymethy49H-purin-8-yl)benzoate (8n)

Cl
i)j:hg—@coza
cl”>N” N

MOM
TMPZnCI-LiCl (6.6 mL, 1.0v in THF, 6.6 mmol) was added dropwise to a solubd2,6-
dichloro-9-(methoxymethyl)49-purine @h, 1.4 g, 6.0 mmol) in THF (9 mL). After 15 min of
stirring, the resulting solution was treated witth(dba) (69 mg, 2 mol%, 0.12 mmol), &(
furyl)s (56 mg, 4 mol%, 0.24 mmol) and ethyl 4-iodobenedatO g, 7.2 mmol). The reaction
mixture was stirred for 14 h, NBlsap (50 mL) was added, the aqueous layer was extracted
with CH,Cl, (3 x 100 mL). The combined organic layers wered(iMgSQ) and the solvent
was evaporated in vacuo Purification via column chromatography (silicagel,
pentane/ EtOAcC = 2:1) yielded ethyl 4-(2,6-dichl®@gmethoxymethyl)-BI-purin-8-
yhbenzoate&n, 1.4 g, 62%) as a beige solid.

'H-NMR (300 MHz, CDCls): & = 8.25-818 (m, 4H), 5.61 (s, 2H), 4.44 (gs 7.0 Hz, 2H),
3.61 (s, 3H), 1.44 ppm @,= 7.2 Hz, 3H).

¥C-NMR (75 MHz, CDClj3): 6 = 165.7, 156.4, 155.5, 153.1, 151.4, 133.3, 1313%).3,
130.1, 129.9, 74.0, 61.5, 58.0, 14.3 ppm.

MS (70 eV, El): m/z (%) = 382 (13), 380 (19), 352 (13), 351 (Z&BO (21), 349 (26), 335
(6), 274 (5), 45 (100).

HRMS (El): m/z calc. for [GeH14CloN4O3] 380.0443; found: 380.0437.

Synthesis of ethyl 4-(9-(methoxymethyl)-2-(trimethigilyl)-9H-purin-8-yl)benzoate (80)

NN
X Lo—Ocom
—
™S~ "N~ "N
MOM

TMPZnCI-LiCl (1.0 mL, 1.184 in THF, 1.2 mmol) was added dropwise to a solutdr®-
(methoxymethyl)-2-(trimethylsily)#d-purine 6i, 236 mg, 1.0 mmol) in THF (2 mL). After
15 min of stirring, the resulting solution was texh with Pd(dba) (12 mg, 2 mol%,
0.02 mmol), Pg-furyl)s (9 mg, 4 mol%, 0.04 mmol) and ethyl 4-iodobenzo&3d8 mg,

1.2 mmol). The reaction mixture was stirred for,3NHsClsay (20 mL) was added, the
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agueous layer was extracted with L (3 x 50 mL). The combined organic layers were
dried (MgSQ) and the solvent was evaporatén vacuo Purification via column
chromatography (silicagel, pentane/ EtOAc = 9:1¢lded ethyl 4-(9-(methoxymethyl)-2-
(trimethylsilyl)-9H-purin-8-yl)benzoate8o, 200 mg, 52%) as a beige solid.

The analytical data match those of compoRai

Synthesis of ethyl 4-(6-chloro-9-(methoxymethyl)-2trimethylsilyl)-9 H-purin-8-
yl)benzoate (8p)

cl
NTXN
I )en
~
™S~ "N~ N
MOM

TMPZnCI-LiCl (1.0 mL, 1.184 in THF, 1.2 mmol) was added dropwise to a solutbre-
chloro-9-(methoxymethyl)-2-(trimethylsilyl)¥®-purine  6j, 271 mg, 1.0 mmol) in THF
(2 mL). After 15 min of stirring, the resulting silon was treated with Pd(dbaj12 mg,

2 mol%, 0.02 mmol), Bfuryl)s (9 mg, 4 mol%, 0.04 mmol) and ethyl 4-iodobenzoate
(348 mg, 1.2 mmol). The reaction mixture was stireg 45 °C for 14 h, NkClsar) (20 mL)
was added, the aqueous layer was extracted wilCGKB x 50 mL). The combined organic
layers were dried (MgSfpand the solvent was evaporatedsacuo Purificationvia column
chromatography  (silicagel, isohexane/ EtOAc = 10:1yielded ethyl 4-(6-chloro-9-
(methoxymethyl)-2-(trimethylsilyl)-BI-purin-8-yl)benzoate8p, 380 mg, 91%) as a colorless
solid. The reaction was done also on 20 and 30 nscedk furnishing the desired compound

in 70% and 85% vyield, respectively.

mp (°C): 121-122.

IR (ATR) U (cm™): 2958 (w), 2902 (w), 1721 (m), 1552 (w), 1462 (&365 (W), 1346 (W),
1274 (m), 1242 (m), 1111 (m), 1090 (s), 1022 (vO1& (w), 961 (w), 912 (w), 869 (w), 840
(vs), 775 (m), 759 (m), 718 (m), 620 (w).

'H-NMR (400 MHz, CDCl3): & = 8.20 (s, 4H), 5.65 (s, 2H), 4.41 (7.1 Hz, 2H), 3.60 (s,
3H), 1.41 (tJ=7.1 Hz, 3H) 0.40 ppm (s, 9H).

3C-NMR (75 MHz, CDCl3): § = 175.3, 165.8, 154.9, 153.5, 149.5, 132.8, 13238.0,
129.9, 129.8, 73.8, 61.4, 58.0, 14.3, -1.9 ppm.
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MS (70 eV, EI): m/z (%) = 418 (55), 404 (100), 389 (64), 388 (=184 (100), 374 (72), 93
(57), 57 (46), 45 (83), 43 (56).
HRMS (EIl): m/z calc. for [GoH23CIN4O3Si] 418.1228; found: 418.1225.

Synthesis of 9-(methoxymethyl)-8-(4-methoxyphenyRQH-purine (8q)

NT N
MOM
TMPZnCI-LiCl (1.0 mL, 1.184 in THF, 1.2 mmol) was added dropwise to a solutdr®-
(methoxymethyl)-81-purine 6e, 164 mg, 1.0 mmol) in THF (2 mL). After 45 min stirring,
the resulting solution was treated with Pd(db@2 mg, 2 mol%, 0.02 mmol), &€uryl)s
(9 mg, 4 mol%, 0.04 mmol) and 4-iodoanisole (281 ng mmol). The reaction mixture was
stirred for 14 h, NClsa (20 mL) was added, the aqueous layer was extraatbdCH,Cl,
(3 x 50 mL). The combined organic layers were dridigSQ,) and the solvent was
evaporatedn vacuo Purificationvia column chromatography (silicagel, .8) yielded 9-

(methoxymethyl)-8-(4-methoxyphenylHGpurine 8q, 165 mg, 61%) as a colorless solid.

mp (°C): 164-166.

IR (ATR) 7 (cmi): 3002 (vw), 2942 (w), 2842 (vw), 1610 (m), 1594 (1572 (m), 1526
(W), 1474 (s), 1444 (m), 1420 (m), 1350 (s), 1348, (1302 (m), 1290 (m), 1252 (s), 1228
(m), 1212 (m), 1184 (s), 1156 (m), 1128 (m), 1089,(1036 (s), 1016 (m), 978 (W), 920 (m),
906 (m), 854 (s), 826 (M), 796 (M), 766 (s), 742, (104 (M), 664 (W), 644 (W), 636 (W).
IH-NMR (300 MHz, CDCl3): § = 9.10 (s, 1H), 8.97 (s, 1H), 8.09-8.04 (m, 2H)9?7.04
(m, 2H), 5.62 (s, 2H), 3.89 (s, 3H), 3.59 ppm (4).3

13C-NMR (75 MHz, CDCl3): 6 = 162.1, 156.8, 154.1, 152.3, 147.2, 133.6, 13120.9,
114.5, 73.2, 57.6, 55.5 ppm.

MS (70 eV, EI): m/z (%) = 270 (100), 240 (61), 239 (94), 227 (106 (11), 225 (25), 209
(10), 134 (11), 133 (12), 45 (81).

HRMS (EI): m/z calc. for [GsH14N4O;] 270.1117; found: 270.1109.
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Synthesis of 6-chloro-9-(methoxymethyl)-8-(4-methgphenyl)-9H-purine (8r)

Cl
IE/EEN\>—©~OMe
N" N
MOM

TMPZnCI-LiCl (5.6 mL, 1.184 in THF, 6.6 mmol) was added dropwise to a solutbré-
chloro-9-(methoxymethyl)49-purine 6a, 1.19 g, 6.0 mmol) in THF (9 mL). After 45 min of
stirring, the resulting solution was treated witth(dba) (69 mg, 2 mol%, 0.12 mmol), &(
furyl)s (56 mg, 4 mol%, 0.24 mmol) and 4-iodoanisole (1g697.2 mmol). The reaction
mixture was stirred for 2 h, Ni€lsay (50 mL) was added, the aqueous layer was extracted
with CH,Cl, (3 x 100 mL). The combined organic layers weredl{NaSQO,) and the solvent
was evaporateth vacuo Purificationvia column chromatography (silicagel, @, then
pentane/ EtOAc gradient=1:1 to 1:2) vyielded 6300M9-(methoxymethyl)-8-(4-
methoxyphenyl)-Bl-purine @r, 1.74 g, 95%) as a colorless solid.

mp (°C): 157-159.

IR (ATR) U (cm™): 2816 (w), 1614 (s), 1568 (s), 1530 (m), 1480 {440 (m), 1420 (m),
1400 (m), 1364 (m), 1348 (s), 1306 (m), 1252 (A (s), 1206 (m), 1180 (s), 1160 (s),
1140 (s), 1086 (vs), 1046 (s), 1024 (s), 962 (85 &), 870 (m), 844 (s), 814 (m), 784 (m),
744 (m), 718 (m), 704 (s), 646 (m), 618 (m).

'H-NMR (600 MHz, CDCls3): & = 8.74 (s, 1H), 8.10 (dl = 8.6 Hz, 2H), 7.07 (d] = 9.1 Hz,
2H), 5.63 (s, 2H), 3.91 (s, 3H), 3.59 ppm (s, 3H).

3C-NMR (150 MHz, CDCly): & = 162.3, 157.0, 154.4, 151.5, 149.6, 131.6, 1312D.3,
114.5, 73.9, 57.7, 55.5 ppm.

MS (70 eV, El): m/z (%) = 306 (29), 305 (16), 304 (100), 276 (25 (16), 274 (35), 273
(39), 261 (13), 259 (12), 45 (65).

HRMS (EIl): m/z calc. for [G4H13CIN4O,] 304.0727; found: 304.0721.
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Synthesis of 2,6-dichloro-9-(methoxymethyl)-8-(4-mboxyphenyl)-9H-purine (8s)

Cl
cl”>N" N
MOM

TMPZnCI-LiCl (8.8 mL, 1.25 in THF, 11 mmol) was added dropwise to a solutbR,6-
dichloro-9-(methoxymethyl)49-purine €h, 2.33 g, 10 mmol) in THF (10 mL). After 15 min
of stirring, the resulting solution was treatedhmitd(dbay (58 mg, 1 mol%, 0.1 mmol), &
furyl)s (46 mg, 2 mol%, 0.2 mmol) and 4-iodoanisole (2812 mmol). The reaction mixture
was stirred for 6 h, NkClisa (100 mL) was added, the aqueous layer was extrastth
CHClI, (3 x 200 mL). The combined organic layers wered|(iMgSQ) and the solvent was
evaporatedn vacuo Purificationvia column chromatography (silicagel, &El,) yielded 2,6-
dichloro-9-(methoxymethyl)-8-(4-methoxyphenylitgurine 8s 2.4 g, 71%) as a colorless
solid.

mp (°C): 179-181.

IR (ATR) 7 (cm™): 2362 (m), 2340 (m), 1740 (vs), 1610 (w), 1560 (8378 (W), 1458 (w),
1436 (w), 1424 (w), 1398 (w), 1366 (s), 1354 (914 (w), 1296 (w), 1262 (m), 1228 (m),
1218 (s), 1180 (m), 1158 (m), 1118 (w), 1082 (nB¥2A (w), 1020 (w), 964 (m), 882 (w), 840
(m), 802 (w), 742 (w), 666 (w).

'H-NMR (300 MHz, CDCls3): § = 8.08-8.03 (m, 2H), 7.06-7.02 (m, 2H), 5.57 (§),23.89
(s, 3H), 3.59 ppm (s, 3H).

3C-NMR (75 MHz, CDCl3): & = 162.4, 157.6, 155.7, 152.2, 150.1, 131.6, 1302%).0,
114.6, 74.0, 57.8, 55.5 ppm.

MS (70 eV, El): m/z (%) = 340 (22), 338 (34), 310 (11), 309 (138 (17), 307 (12), 295
(6), 293 (6), 133 (11), 45 (100).

HRMS (EI): m/z calc. for [G4H12CI2N4O,] 338.0337; found: 338.0327.
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Synthesis of 9-(methoxymethyl)-8-(4-methoxyphenyB-((4-methoxyphenyl)thio)-H-
purine (8t)

NN
X Lo—)ome
~
S
MOM

OMe
TMPZnCI-LiCl (1.5 mL, 0.7 in THF, 1.1 mmol) was added dropwise to a solutdr®-
(methoxymethyl)-2-((4-methoxyphenyl)thioH9purine 6k, 302 mg, 1.0 mmol) in THF
(2 mL). After 45 min of stirring the resulting stibn was treated with Pd(dbaj12 mg,
2 mol%, 0.02 mmol), P¢furyl)s (9 mg, 4 mol%, 0.04 mmol) and 4-iodoanisole (28f, m
1.2 mmol). The reaction mixture was stirred forhl4NHiClsay (20 mL) was added, the
agueous layer was extracted with L (3 x 50 mL). The combined organic layers were
dried (NaSO,) and the solvent was evaporatéad vacuo Purification via column
chromatography (silicagel, pentane/ EtOAc gradrehtl to 0:1) yielded 9-(methoxymethyl)-
8-(4-methoxyphenyl)-2-((4-methoxyphenyl)thioltPurine 8t, 345 mg, 85%) as an orange
solid.

'H-NMR (600 MHz, CDCls): & = 8.86 (s, 1H), 7.99 (dl = 8.6 Hz, 2H), 7.57 (d] = 8.6 Hz,
2H), 7.02 (dJ=9.1 Hz, 2H), 6.96 (d] = 8.6 Hz, 2H), 5.35 (s, 2H), 3.86-3.85 (m, 6HB3.
ppm (s, 3H).

13C-NMR (150 MHz, CDCl3): 6 = 166.0, 161.8, 160.4, 155.5, 154.9, 147.5, 13¥3,.1,
130.7, 121.0, 120.8, 114.5, 114.4, 73.2, 57.7,,553 ppm.

MS (70 eV, El): m/z (%) = 409 (40), 408 (100), 407 (79), 363 (39),(36), 57 (52), 55 (47),
44 (48), 43 (35), 41 (44).

HRMS (EI): m/z calc. for [G1H20N4O3S] 408.1256; found: 408.1252.
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Synthesis of 9-(methoxymethyl)-8-(3-(trifluoromethy)phenyl)-2-(trimethylsilyl)-9 H-

N
0
T™™S” "N~ N
MOM CF,

TMPZnCI-LiCl (9.14 mL, 1.0 in THF, 9.6 mmol) was added dropwise to a solutb®-
(methoxymethyl)-2-(trimethylsily)d-purine 6i, 1.9 g, 8.0 mmol) in THF (8 mL). After

purine (8u)

15 min of stirring the resulting solution was teshtwith Pd(dba) (92 mg, 2 mol%,
0.16 mmol), Pg-furyl)s (74 mg, 4 mol%, 0.32 mmol) and 1-iodo-3-(trifluovethyl)benzene
(3.05 g, 11.2 mmol). The reaction mixture was stirfor 24 h, NHClsay solution (50 mL)
was added, the aqueous layer was extracted witlCGKB x 100 mL), the combined organic
layers were dried (MgSO4) and the solvent was enapdin vacuo Purificationvia column
chromatography (silicagel, pentane/ EtOAc = 3:1) elded 9-(methoxymethyl)-8-(3-
(trifluoromethyl)phenyl)-2-(trimethylsilyl)-Bl-purine (6, 1.45 g, 48%) as a colorless solid.

mp (°C): 135-136.

IR (ATR) 7 (cmY): 3076 (vw), 2958 (w), 2902 (vw), 2840 (vw), 1620vjy 1574 (w), 1490
(vw), 1464 (w), 1434 (w), 1416 (m), 1368 (m), 13566, 1322 (m), 1296 (w), 1280 (m), 1262
(w), 1250 (m), 1216 (w), 1180 (m), 1166 (m), 1154),(1124 (s), 1110 (s), 1088 (s), 1034
(m), 928 (w), 912 (w), 840 (vs), 804 (s), 766 (M26 (M), 714 (w), 698 (m), 686 (W), 666
(vw), 652 (w), 624 (vw).

'H-NMR (400 MHz, CDCls): & = 9.27 (s, 1H), 8.46 (br, 1H), 8.36-8.34 (m, 1A)B5-7.83
(m, 1H), 7.73-7.69 (m, 1H), 5.69 (s, 2H), 3.643), 0.44 ppm (s, 9H).

¥C-NMR (100 MHz, CDCly): 6 = 174.7, 154.4, 153.0, 146.7, 132.8 1.1 Hz), 132.1,
131.7 (9,%Jc.F=33 Hz), 129.7, 129.6, 127.7 (blc.=4 Hz), 126.7 (q3Jc.F=4 Hz), 123.7 (q,
1Je.=272 Hz), 73.1, 57.9, -1.8 ppm.

HRMS (ESI): m/z calc. for [GsH19F3N4OSi+H'] 381.1353; found: 381.1350.
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Synthesis of 6-iodo-9-(methoxymethyl)-8-(phenylth)e9H-purine (10a)

|
NTX—N
'/t\ SPh
kN/ N>_

MOM
TMPZnCI-LiCl (1.2 mL, 1.Qv in THF, 1.2 mmol) was added dropwise to a solutdrd-
(methoxymethyl)-8-(phenylthio)¥®-purine 89, 272 mg, 1.0 mmol) in THF (10 mL). After
stirring for 1 h, a solution 0% 1(305 mg, 1.2 mmol) in THF (3 mL) was added dromnésd
the reaction mixture stirred for 1 h. Then, a migtof NaS;O3satfNH4Clsar (1:2, 10 mL)
was added, the aqueous layer was extracted with & x 30 mL), the combined organic
layers were washed with Nagi) solution (10 mL) and dried (MgSP The solvents were
evaporatedin vacuo Purification via column chromatography (silicagel, pentane/ EtOAc
gradient=3:1 to 2:1) yielded 6-iodo-9-(methoxymg)-8-(phenylthio)-#H-purine (@0a
200 mg, 50%) as a beige solid.

mp (°C): 106-108.

IR (ATR) U (cm™): 3042 (vw), 2994 (vw), 2932 (w), 2826 (vw), 1558, (444 (m), 1434
(s), 1416 (m), 1332 (m), 1314 (s), 1276 (m), 1288 1220 (m), 1180 (m), 1160 (w), 1126
(s), 1106 (vs), 1060 (s), 1026 (m), 974 (w), 932, @08 (s), 854 (M), 786 (w), 764 (m), 752
(vs), 702 (m), 688 (m), 638 (w), 620 (w).

'H-NMR (300 MHz, CDCls): & = 8.55 (s, 1H), 7.70-7.67 (m, 2H), 7.46-7.43 (iH),35.60
(s, 2H), 3.39 ppm (s, 3H).

¥C-NMR (75 MHz, CDCls): 6 = 154.6, 151.6, 138.7, 134.7, 133.4, 129.6, 12956,
119.3, 73.8, 57.4 ppm.

MS (70 eV, El): m/z (%) = 408 (24), 407 (16), 399 (13), 398 (HH2 (11), 391 (100), 109
(12), 91 (14), 77 (11), 45 (51).

HRMS (El): m/z calc. for [GsH11IN4OS] 397.9698; found: 397.9669.
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Synthesis of ethyl 4-(6-iodo-9-(methoxymethyl)+9-purin-8-yl)benzoate (10b)

|
N~ N
MOM

A solution of ethyl 4-(9-(methoxymethyl)FBpurin-8-yl)benzoate§j, 312 mg, 1.0 mmol) in
THF (10 mL) was added dropwise to TMPMQgCI-LiCl (in8, 0.94m in THF, 1.2 mmol) at
-20 °C. After stirring for 1 h, the resulting re@et mixture was added to a solution ef |
(2.0 g, 3.9 mmol) in THF (2 mL) at 0 °C and theusimin was stirred for 1 h. Then, a mixture
of N&S;Oz(satf NHaClsary (1:2, 20 mL) was added, the aqueous layer wasaeed with
EtOAc (3 x 50 mL), the combined organic layers weeshed with NaGda, solution (20 mL)
and dried (MgSG@). The solvents were evaporat@a vacuo Purification via column
chromatography (silicagel, pentane/ EtOAc = 1:1) elded ethyl 4-(6-iodo-9-
(methoxymethyl)-81-purin-8-yl)benzoatel(0b, 306 mg, 70%) as a beige solid.

mp (°C): 152-154.

IR (ATR) U (cm): 2936 (vw), 2832 (vw), 2362 (vw), 1716 (s), 1580),(@556 (s), 1522
(W), 1470 (m), 1434 (m), 1408 (w), 1386 (W), 1368,(1338 (M), 1266 (s), 1254 (s), 1228
(m), 1186 (w), 1168 (m), 1132 (m), 1088 (vs), 1G8%, 1014 (m), 912 (m), 870 (m), 848
(m), 792 (W), 776 (m), 768 (M), 732 (M), 716 (YBEM), 634 (vw), 616 (V).

IH-NMR (600 MHz, CDCl3): & = 8.68 (s, 1H), 8.24-8.20 (m, 4H), 5.61 (s, 2H}44(q,
J=7.3 Hz, 2H), 3.59 (s, 3H), 1.44 ppmJt 7.1 Hz, 3H).

13C-NMR (150 MHz, CDCl3): 6 = 165.7, 155.1, 152.2, 150.5, 138.1, 133.0, 1323D.1,
129.9, 121.6, 73.8, 61.5, 57.8, 14.3 ppm.

MS (70 eV, El): m/z (%) = 439 (14), 438 (62), 409 (17), 408 (108)7 (88), 393 (17), 239
(11), 238 (14), 221 (11), 207 (16), 45 (70).

HRMS (EI): m/z calc. for [GeH15IN4O3] 438.0189; found: 438.0182.
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Synthesis of 6-iodo-9-(methoxymethyl)-8-(4-methoxyenyl)-9H-purine (10c)

|
N~ N
MOM

A solution of 9-(methoxymethyl)-8-(4-methoxyphen9hi-purine 8g, 270 mg, 1.0 mmol) in
THF (10 mL) was added dropwise to TMPMQCI-LiCl (in8, 0.94m in THF, 1.2 mmol) at
-20 °C. After stirring for 1 h, the resulting re@et mixture was added to a solution ef |
(2.0g, 3.9 mmol) in THF (2 mL) at -20 °C and th&lusion was stirred for 3 h. Then, a
mixture of NaS,0s/ NH4Clsar) (1:2, 20 mL) was added, the aqueous layer waseett with
EtOAc (3 x 50 mL), the combined organic layers weseshed with NaGdy) (20 mL) and
dried (MgSQ). The solvents were evaporated vacuo Purification via column
chromatography (silicagel, pentanef@&t 1:1) vyielded 6-iodo-9-(methoxymethyl)-8-(4-
methoxyphenyl)-Bi-purine L0¢ 238 mg, 60%) as a beige solid.

mp (°C): 156-158.

IR (ATR) U (cm): 2956 (w), 2932 (w), 2832 (w), 1612 (m), 1562 (526 (m), 1466 (s),
1418 (m), 1358 (m), 1338 (m), 1296 (m), 1256 (244 (s), 1230 (m), 1184 (s), 1166 (m),
1138 (s), 1128 (s), 1090 (vs), 1038 (s), 1020 @6 (w), 914 (s), 856 (m), 842 (s), 790 (m),
768 (s), 742 (m), 694 (m), 644 (m), 610 (m).

'H-NMR (600 MHz, CDCls): & = 8.63 (s, 1H), 8.10-8.08 (m, 2H), 7.08-7.06 (1H),25.59
(s, 2H), 3.90 (s, 3H), 3.58 ppm (s, 3H).

3C-NMR (150 MHz, CDCls): § = 162.3, 156.3, 151.6, 150.6, 138.1, 131.7, 120282,
114.5, 73.9, 57.7, 55.5 ppm.

MS (70 eV, El): m/z (%) = 397 (15), 396 (100), 366 (21), 365 (ZH9 (12), 239 (11), 238
(9), 197 (7), 133 (12), 45 (30).

HRMS (EI): m/z calc. for [G4H13IN4O;] 396.0083; found: 396.0074.
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Synthesis of ethyl 4-(9-(methoxymethyl)-6-phenyl#9-purin-8-yl)benzoate (10d)

NTX—N
R CO,Et
N

N™ )
MOM

A solution of ethyl 4-(9-(methoxymethyl)FBpurin-8-yl)benzoate§j, 312 mg, 1.0 mmol) in
THF (10 mL) was added dropwise to TMPMQCI-LiCIl (in8, 0.94m in THF, 1.2 mmol) at
-20 °C. After stirring for 1 h, ZnGI(1.3 mL, 1.0 in THF, 1.3 mmol) was added, the
resulting reaction mixture was stirred for 30 mimdavarmed up to 25 °C. Then, Pd(dba)
(12 mg, 2 mol%, 0.02 mmol), &furyl)s (9 mg, 4 mol%, 0.04 mmol) and iodobenzene
(265 mg, 1.3 mmol) were added. The reaction mixiuae stirred for 14 h, Ndl(sar) (20 mL)
was added, the aqueous layer was extracted witdCGKB x 50 mL), the combined organic
layers were dried (MgSfpand the solvent was evaporatedracuo Purificationvia column
chromatography (silicagel, pentane/ EtOAc = 5:1¢lded ethyl 4-(9-(methoxymethyl)-6-
phenyl-H-purin-8-yl)benzoatel(0d, 245 mg, 63%) as a beige solid.

mp (°C): 156-157.

IR (ATR) 7 (cm®): 2954 (w), 2938 (w), 2908 (w), 2838 (vw), 1708 (588 (m), 1560 (m),
1498 (W), 1466 (w), 1442 (w), 1428 (w), 1410 (W368 (M), 1330 (m), 1282 (vs), 1254 (m),
1210 (m), 1184 (m), 1142 (m), 1126 (m), 1102 (8B2L(s), 1036 (m), 1018 (s), 980 (w), 954
(W), 934 (W), 914 (m), 874 (m), 864 (m), 854 (MJO7(s), 752 (m), 718 (m), 694 (s), 686 (M),
670 (M), 646 (W), 626 (W).

IH-NMR (400 MHz, CDCls): § = 9.07 (s, 1H), 8.94-8.92 (m, 2H), 8.28-8.23 (iH)47.61-
7.53 (m, 3H), 5.68 (s, 2H), 4.45 (@= 7.0 Hz, 2H), 3.62 (s, 3H), 1.45 ppm {t= 7.1 Hz,
3H).

13C-NMR (100 MHz, CDCl3): 6 = 165.8, 155.1, 154.7, 154.2, 152.4, 135.2, 13232.6,
131.2, 130.5, 130.0, 129.9, 129.8, 128.7, 73.4,6.6, 14.3 ppm.

MS (70 eV, El): miz (%) = 388 (26), 359 (9), 358 (46), 357 (1(®Y3 (10), 329 (13), 285
(6), 209 (9), 45 (23).

HRMS (EI): m/z calc. for [GH20N4O3] 388.1535; found: 388.1529.
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Synthesis of ethyl 4-(9-(methoxymethyl)-8-(4-methgphenyl)-9H-purin-6-yl)benzoate
(10e)

CO,Et

Lo
NT N
MOM
A solution of 9-(methoxymethyl)-8-(4-methoxyphen9hi-purine 8g, 270 mg, 1.0 mmol) in
THF (10 mL) was added dropwise to TMPMQCI-LiCI (in8, 0.94m in THF, 1.2 mmol) at
-20 °C. After stirring for 1 h, ZnGI(1.3 mL, 1.0 in THF, 1.3 mmol) was added, the
resulting reaction mixture stirred for 30 min andrmed up to 25 °C. Then, Pd(dpé&)2 mg,
2 mol%, 0.02 mmol), Bkfuryl)s (9 mg, 4 mol%, 0.04 mmol) and ethyl 4-iodobenzoate
(359 mg, 1.3 mmol) were added. The reaction mixiuae stirred for 14 h, Ndl(sar) (20 mL)
was added, the aqueous layer was extracted witdCGKB x 50 mL), the combined organic
layers were dried (MgSfpand the solvent was evaporatedracuo Purificationvia column
chromatography (silicagel, pentane/ EtOAc = 3:1lded ethyl 4-(9-(methoxymethyl)-8-(4-
methoxyphenyl)-Bl-purin-6-yl)benzoatel0e 230 mg, 55%) as a beige solid.

mp (°C): 158-159.

IR (ATR) U (cm™): 2996 (vw), 2940 (w), 2930 (w), 2846 (vw), 1712 (rhp14 (m), 1580
(m), 1558 (w), 1532 (w), 1476 (m), 1460 (m), 1448,(1380 (w), 1364 (w), 1326 (m), 1294
(m), 1274 (s), 1254 (vs), 1182 (m), 1170 (m), 144, 1098 (s), 1082 (m), 1038 (m), 1020
(m), 914 (w), 878 (w), 838 (w), 770 (m), 744 (Wwd6/(w), 642 (vw), 618 (vw).

'H-NMR (400 MHz, CDCl3): & = 9.05-9.01 (m, 3H), 8.24-8.22 (m, 2H), 8.18-8(fi 2H),
7.12-7.08 (m, 2H), 5.68 (s, 2H), 4.43 (= 7.0 Hz, 2H), 3.92 (s, 3H), 3.62 (s, 3H), 1.44mpp
(t, J=7.1Hz, 3H).

3C-NMR (100 MHz, CDCly): & = 166.3, 162.1, 156.4, 155.6, 151.7, 151.7, 13932.1,
131.5,131.1, 129.8, 129.7, 121.0, 114.5, 73.4,,@&L/.5, 55.5, 14.3 ppm.

MS (70 eV, EIl): m/z (%) = 419 (21), 418 (86), 389 (9), 388 (4373100), 373 (17), 359
(15), 315 (9), 300 (9), 159 (8), 45 (28).

HRMS (EIl): m/z calc. for [GsH22N404] 418.1641; found: 418.1640.
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Synthesis of ethyl 4-(9-(methoxymethyl)-8-(3-(trithloromethyl)phenyl)-2-(trimethylsilyl)-
9H-purin-6-yl)benzoate (10f)

CO,Et
CFs
N
IO
T™S” N~ N
MOM

A solution of 9-(methoxymethyl)-8-(3-(trifluoromethphenyl)-2-(trimethylsilyl)-3H-purine
(8u, 380 mg, 1.0 mmol) in THF (1 mL) was added drogme TMPMQgCI-LiCl (1.3 mL,
0.94m in THF, 1.2 mmol) at -20 °C. After stirring forh, ZnChL (1.3 mL, 1.0m in THF,
1.3 mmol) was added, the resulting reaction mixttrged for 30 min and warmed up to
25 °C. Then, Pd(dba)12 mg, 2 mol%, 0.02 mmol), &€uryl)s (9 mg, 4 mol%, 0.04 mmol)
and ethyl 4-iodobenzoate (359 mg, 1.3 mmol) wemdedd The reaction mixture was stirred
for 3h, NH,Clsay (20 mL) was added, the aqueous layer was extragtttd CH,Cl, (3 X
50 mL), the combined organic layers were dried (RgSand the solvent was evaporaiad
vacua Purification via column chromatography (silicagel, pentane/,Chi= 5:4) yielded
ethyl 4-(9-(methoxymethyl)-8-(3-(trifluoromethyl)phyl)-2-(trimethylsilyl)-H-purin-6-yl)-
benzoate10f, 280 mg, 53%) as a beige solid.

mp (°C): 148-149.

IR (ATR) U (cm™): 2958 (w), 2930 (vw), 2902 (vw), 2830 (vw), 1718, (598 (w), 1568
(m), 1506 (vw), 1464 (m), 1424 (w), 1388 (w), 1389, 1326 (s), 1296 (m), 1270 (vs), 1246
(s), 1214 (w), 1190 (w), 1172 (m), 1156 (m), 113} (L102 (vs), 1088 (s), 1074 (s), 1042
(w), 1020 (m), 918 (w), 910 (w), 882 (w), 844 (V8R2 (s), 808 (m), 774 (m), 758 (m), 728
(w), 694 (s), 670 (w), 652 (W).

'H-NMR (300 MHz, CDCls): & = 9.10-9.06 (m, 2H), 8.52 (br s, 1H), 8.45-8.42, (thi),
8.27-8.23 (m, 2H), 7.87-7.84 (m, 1H), 7.76-7.71 (), 5.72 (s, 2H), 4.44 (4} = 7.2 Hz,
2H), 3.66 (s, 3H), 1.45 (8,= 7.2 Hz, 3H), 0.49 (s, 9H) ppm.

13C-NMR (75 MHz, CDCl3): 6 = 174.0, 166.5, 154.6, 153.9, 150.8, 140.4, 138,
“Je.=1Hz), 131.9, 131.7 (q?Jc.==33 Hz), 130.0, 129.8, 129.7, 129.7, 129.6, 1215 (
3Jc.=4 Hz), 126.8 (RJc.r=4 Hz), 123.8 (q:Jc.=272 Hz), 73.2, 61.1, 57.8, 14.3, -1.7 ppm.
HRMS (ESI): m/z calc. for [GeH27F3N4OsSi+H'] 529.1877; found: 529.1872.
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Synthesis of ethyl 4-(9-(methoxymethyl)-2-(2,2,6 @tramethylpiperidin-1-yl)-9 H-purin-
8-ybenzoate (12a)

NN
SRS WE
N“ N~ "N

MOM

TMP,Zn-2MgCh- 2LiCl (0.8 mL, 0.8v in THF, 0.6 mmol) was added dropwise to a solution
of ethyl 4-(2-chloro-9-(methoxymethyl)8purin-8-yl)benzoate8m, 173 mg, 0.5 mmol) in
THF (1 mL). After stirring for 2 h, NkClsay (10 mL) was added, the aqueous layer was
extracted with ChLCl, (3 x 30 mL), the combined organic layers weredl{igSQ)) and the
solvent was evaporateth vacuo Purification via column chromatography (silicagel,
pentane/ EtOAc = 4:1) yielded ethyl 4-(9-(methoxyny8-2-(2,2,6,6-tetramethylpiperidin-1-
y)-9H-purin-8-yl)benzoatel2a 200 mg, 89%) as a yellow solid.

mp (°C): 193-195.

IR (ATR) 7 (cm®): 2968 (w), 2946 (w), 2872 (vw), 2362 (vw), 2340 [y@148 (m), 1712
(m), 1618 (w), 1600 (s), 1578 (w), 1546 (s), 158% (508 (w), 1472 (w), 1456 (w), 1418 (s),
1366 (M), 1336 (m), 1320 (W), 1278 (vs), 1254 (082 (w), 1158 (m), 1128 (m), 1106 (s),
1094 (s), 1068 (w), 1042 (w), 1014 (m), 992 (W)OqW), 940 (w), 914 (m), 880 (w), 870
(W), 856 (W), 788 (W), 776 (W), 738 (W), 710 (MBAB(W).

IH-NMR (300 MHz, CDCl): 5 =8.94 (s, 1H), 8.14-8.10 (m, 2H), 8.03-8.00 (m)2517 (s,
2H), 4.40 (qJ=7.1 Hz, 2H), 3.56 (s, 3H), 1.90-1.70 (m, 18H),11ppm (t,J=7.2 Hz, 3H).
13C-NMR (75 MHz, CDClj3): 6 = 166.0, 164.7, 148.3, 144.7, 133.5, 131.4, 12928.3,
120.0, 118.5, 72.9, 61.2, 57.4, 57.0, 53.4, 27473,114.3 ppm.

MS (70 eV, El): m/z (%) = 451 (40), 328 (27), 327 (100), 297 (26 (45), 268 (38), 232
(19), 171 (21), 69 (24), 45 (32).

HRMS (EI): m/z calc. for [GsH33NsO3] 451.2583; found: 451.2582.
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Synthesis of ethyl 4-(9-(methoxymethyl)-2-(piperidi-1-yl)-9H-purin-8-yl)benzoate (12b)

NN
| N CO,Et
A
N” N7 N
MOM

PIP,Zn-2MgC}- 2LIiCl (1.3 mL, 0.42x in THF, 0.6 mmol) was added dropwise to a solution
of ethyl 4-(2-chloro-9-(methoxymethyl)8purin-8-yl)benzoate8m, 173 mg, 0.5 mmol) in
THF (1 mL). After stirring for 2 h, the reaction xtire was heated to 50 °C for 20 h.
NH4Clsar) (10 mL) was added, the aqueous layer was extrazitedCH,CI, (3 x 30 mL), the
combined organic layers were dried (Mg$@nd the solvent was evaporatied vacuo
Purificationvia column chromatography (silicagel, pentane/ EtOAELH yielded ethyl 4-(9-
(methoxymethyl)-2-(piperidin-1-yl)49-purin-8-yl)benzoate 12b, 70 mg, 35%) as a pale

yellow solid.

mp (°C): 206-207.

IR (ATR) U (cm): 2931 (m), 2863 (m), 2830 (w), 2149 (m), 1704 {$36 (s), 1610 (m),
1545 (vs), 1532 (s), 1474 (m), 1456 (m), 1443 ()18 (m), 1398 (m), 1361 (m), 1320 (M),
1280 (s), 1272 (s), 1238 (s), 1200 (m), 1177 (MY6L(vs), 1071 (M), 1059 (m), 1016 (M),
1023 (m), 998 (m), 960 (w), 937 (w), 883 (w), 868),858 (m), 813 (w), 800 (W), 774 (s),
729 (w), 706 (m), 684 (m), 658(w).

'H-NMR (300 MHz, CDCls): & = 8.63 (s, 1H), 8.13-8.09 (m, 2H), 7.98-7.94 (1H),25.12
(s, 2H), 4.62-4.59 (m, 2H), 4.40 (@ 7.1 Hz, 2H), 3.68-3.65 (m, 2H), 3.52 (s, 3H), 11833
(br m, 6H), 1.40 ppm (11=7.1 Hz, 3H).

3C-NMR (75 MHz, CDCls): & = 165.9, 165.4, 162.7, 147.5, 145.0, 133.2, 131298,
128.4,117.8, 72.6, 61.2, 57.3, 49.6, 27.2, 2%%B ppm.

MS (70 eV, El): m/z (%) = 396 (13), 395 (49), 380 (27), 364 (1Z§2 (19), 351 (22), 350
(100), 323 (12), 322 (21), 294 (11), 45 (27), 44)(1

HRMS (EIl): m/z calc. for [G1H25N505] 395.1957; found: 395.1957.
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Synthesis of 6-chloro-9-(methoxymethyl)-2-(tributy$tannyl)-9H-purine (13a)

Cl

A

N
NS
(nBu)sSn” "N~ N

MOM

nBuLi (4.2 mL, 2.5M in hexane, 10.5 mmol) was added to a solution MPH (1.41 g,
10 mmol) in THF (2.6 mL) and hexane (1.3 mL) at ¢Z8and the reaction mixture was
stirred for 1 h. Subsequently, a solution of 6-ocbHO-(methoxymethyl)-Bl-purine @a,
397 mg, 2.0 mmol) in THF (3.5 mL) was added dropvésad the reaction mixture was stirred
for 1 h. ThennBusSnClI (2.71 mL, 10 mmol) was added dropwise andestifor 1 h. After
addition of NHClsay) (4 mL) the mixture was slowly warmed up to 25 °@hm 14 h. After
addition of NaHCQsar) (4 mL) the aqueous layer was extracted witfOE{3 x 20 mL). The
combined organic layers were dried (Mg$Cfiltered over celit® and the solvent was
evaporatedin vacuo Purification via column chromatography (silicagel, pentane/ EtOAc
gradient=6:1 to 4:1) vyielded 6-chloro-9-(methoxethyl)-2-(tributylstannyl)-&i-purine
(133 822 mg, 84%) as a bright yellow oil.

IR (ATR) 7 (cm™): 2954 (m), 2922 (m), 2872 (w), 2852 (m), 1582 (1936 (s), 1492 (W),
1464 (m), 1410 (w), 1394 (w), 1376 (w), 1338 (304 (w), 1246 (m), 1178 (s), 1134 (s),
1102 (vs), 1076 (m), 1046 (w), 1024 (m), 960 (W)29m), 918 (m), 876 (w), 858 (m), 794
(w), 764 (s), 694 (m), 668 (M), 650 (mM).

'H-NMR (600 MHz, CDCl3): & = 8.15 (s, 1H), 5.64 (s, 2H), 3.40 (s, 3H), 1.6891(m, 6H),
1.37-1.20 (m, 12H), 0.89 ppm (7.4 Hz, 9H).

¥C-NMR (150 MHz, CDCly): & = 182.6, 151.3, 149.5, 143.6, 129.9, 74.2, 57&92
(t, *Jc.si=11 Hz), 27.2 (BJc.si=28 Hz), 13.7, 10.7 ppm {t)c.s=173 Hz).

HRMS (ESI): m/z calc. for [GoH33CINsOSn+H] 489.1438; found: 489.1443.
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Synthesis of 6-chloro-9-(methoxymethyl)-2-(4-methgyohenyl)-9H-purine (14b)

Pd(dba) (12 mg, 2 mol%, 0.02 mmol), &furyl)s (9 mg, 4 mol%, 0.04 mmol), 4-iodoanisole
(280 mg, 1.2 mmol) and Cul (38 mg, 20 mol%, 0.20at)mvere successively added to a
solution of 6-chloro-9-(methoxymethyl)-2-(tributyéginyl)-H-purine  (3a 488 mg,
1.0 mmol) in DMF (4 mL) and the resulting reactionxture was stirred at 80 °C for 12 h.
After cooling to 25 °C, the solution was dilutedtivEtO (50 mL). The organic layer was
washed with HO (3 x 20 mL), was dried (N&QO,) and the solvent was evaporatedracuo
Purificationvia column chromatography (silicagel, pentane/ EtOAc2) and trituration with
pentane yielded 6-chloro-9-(methoxymethyl)-2-(44noetyphenyl)-H-purine (4b, 185 mg,

60%) as a white solid.

IH-NMR (300 MHz, CDCly): § = 8.47-8.42 (m, 2H), 8.19 (s, 1H), 7.00-6.95 (H),25.65
(s, 2H), 3.88 (s, 3H), 3.44 ppm (s, 3H).

13C-NMR (75 MHz, CDClj3): 6 = 162.0, 159.7, 152.9, 151.0, 145.3, 144.6, 1302B.0,
113.9, 74.4, 57.6, 55.4 ppm.

MS (70 eV, El): m/z (%) = 306 (27), 305 (14), 304 (85), 276 (17}5 (36), 274 (49), 273
(100), 239 (10), 225 (9), 45 (55).

HRMS (El): m/z calc. for [GsH13CIN4O;] 304.0727; found: 304.0722.

Synthesis of 2-iodo-8-(3-(trifluoromethyl)phenyl)-rine (16)

N

s

" N N
CFs

l, (609 mg, 2.4mmol) was added to a solution of @tfoxymethyl)-8-(3-
(trifluoromethyl)phenyl)-2-trimethylsilyl-Bi-purine  8u, 380 mg, 1.0 mmol) and AgOTf
(617 mg, 2.4 mmol) in CHEI(13 mL) and the resulting reaction mixture wagati at 1.5 h.
NaHCGO;sar (20 mL) was added, the aqueous layer was extraeitddCH,CI, (4 x 30 mL),

the combined organic layers were dried (MgB&nd were filtered over celfte The solvent
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was evaporated in vacuo Purification via column chromatography (silicagel,
pentane/ EtOAc = 3:1) vyielded 2-iodo-8-(3-(trifloonethyl)phenyl)-purine 16, 300 mg,
77%) as a white solid.

mp (°C): 249-254.

IR (ATR) 7 (cm™): 3064 (vw), 2938 (w), 2830 (br) 2782 (w), 2700 (8§62 (W), 1616 (W),
1586 (w), 1572 (m), 1520 (vw), 1464 (w), 1436 (V306 (w), 1338 (s), 1318 (s), 1274 (m),
1244 (w), 1226 (m), 1168 (m), 1112 (vs), 1094 {£)70 (m), 998 (vw), 938 (m), 924 (m),
862 (W), 846 (w), 808 (w), 788 (W), 728 (m), 704)(1890 (m), 666 (W), 652 (vw).

'H-NMR (400 MHz, CDs0OD/ CDCls): 5 = 8.74 (br s, 1H), 8.43 (br s, 1H), 8.36-8.34 rfr
1H), 7.80-7.78 (br m, 1H), 7.70-7.66 (br m, 1H).

13C-NMR (100 MHz, CD;OD/ CDCls): & = 181.7, 132.2 (cfJc.==33 Hz), 131.2 (br), 130.4,
129.6, 128.7 (BJc.=4 Hz), 124.8 (q°Jc.=4 Hz), 124.7 (q-Jc.=272 Hz), 119.1 ppm.

HRMS (ESI): m/z calc. for [G;HsF3IN4+H] 390.9662; found: 390.9658.

2.2. Full functionalization of the purine scaffold

2.2.1. Typical procedures 1-5

TP1: Typical procedure for the preparation of (6-cHoro-9-(methoxymethyl)-2-
(trimethylsilyl)-9 H-purin-8-yl)zinc(Il) chloride (17)

Cl
N
/Nl)i S—2zncl
N” N
MOM
In a Schlenk-flask equipped with a stirring bar aegptum TMPZnCI-LiCl (1.2 equiv, 1M
in THF) was added dropwise to aMml solution of 6-chloro-9-(methoxymethyl)-2-

TMS

(trimethylsilyl)-9H-purine @j, 1-30 mmol) in THF at 25 °C and stirred for 15 m&sulting in

a reddish-brown solution.
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TP2: Typical procedure for the reduction of the 6-tloropurine derivatives 18e and 8p

[pe
™S~ "N~ N
MOM

To a solution of the 6-chloropurine derivati¥8e or 8p (5-20 mmol) in EtOH/ MeOH (1:1)
or EtOH/ THF (1:1) at 45 °C were added Pd/ C (2@jviand HCQNH, (2 equiv). The
solution was slowly stirred at 45 °C. When the tieac started proceeding (intensive
bubbling) the mixture was stirred for further 30+6@h until the starting material was
completely consumed as monitored by TLC. The smiutias filtered through celfte After
washing the cake with plenty of EtOAc (400-750 mahd concentrationvia rotary
evaporation, the crude material was redissolve€kCl, (100 mL) and the undissolved
HCO,NH, was filtered off. After concentrationa rotary evaporation, the crude material was

purified by flash column chromatography.

TP3: Typical procedure for the preparation of (8-(4(ethoxycarbonyl)phenyl)-9-
(methoxymethyl)-2-(trimethylsilyl)-9H-purin-6-yl)zinc(ll) chloride (20b)

ZnCl

NN
oo
™S~ "N~ N
MOM
In a microwave-vessel equipped with a stirring &ad septum, ethyl 4-(9-(methoxymethyl)-
2-(trimethylsilyl)-9H-purin-8-yl)benzoate 10b, 1-10 mmol) was added to TMPZnCI-LiCl
(1.5 equiv, 1.0n in THF). After sealing the vessel, the reactionxtonie was stirred at 90 °C

for 2 h under microwave irradiation furnishing aywedark blue solution.
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TP4: Typical procedure for the preparation of 9-(méhoxymethyl)-8-(3-methoxyphenyl)-
2-(trimethylsilyl)-9 H-purin-6-yl)zinc(ll) chloride (20a)

ZnCl OMe
N
Y0
™S "N~ N
MOM

In a microwave-vessel equipped with a stirring &ad septum, ZngI(1.6 equiv, 1.01 in
THF) was added to TMPMQCI-LiClI (1.5 equiv, MOin THF) and stirred at 25 °C for 1.5 h.
9-(Methoxymethyl)-8-(3-methoxyphenyl)-2-(trimethi§s)-9 H-purine (9a 1-5 mmol) was
added. After sealing the vessel, the reaction miéxtwas stirred at 90 °C for 1 h under
microwave irradiation furnishing a very dark gressution.

TP5: Typical procedure for the I/ Mg-exchange at C2f the purine derivatives 23a-b

Ar?

)|\ \/ S—Ar!

CiMg” "N~ "N

To a solution of the 2-iodopurine derivati28a or 23b (1.0 mmol) in dry THF (10 mL), was
added dropwise a solution d@rMgCl (0.67 mL, 1.7& in THF, 1.2 mmol) at -78 °C. The
solution was stirred for 30 min at -78 °C priordacsecond addition aPrMgCl (0.3 mmol)

and further stirring for 30 min.

2.2.2. Synthesis of compounds 18a-24h

Synthesis of 6-chloro-8-iodo-9-(methoxymethyl)-2{imethylsilyl)-9 H-purine (18a)

Cl
NN
|)\/[ >l

TMS)\N/ N

MOM
6-Chloro-9-(methoxymethyl)-2-(trimethylsilyl)#¥®-purine  €j, 271 mg, 1.0 mmol) was

metalated according fBP1 and the resulting solution was added dropwise golation of §
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(330 mg, 1.3 mmol) in THF (1.5 mL) at O °C. Aftdirsng the reaction mixture at 25 °C for
1 h, NaS;03(sar) (10 mL) and NHClsar) (10 mL) were added, the aqueous layer was exttacte
with CH.CI, (3 x 30 mL). The combined organic layers wered(l&lgSQ,) and the solvent
was evaporated in vacuo Purification via column chromatography (silicagel,
isohexane/ EtOAc = 7:1) yielded 6-chloro-8-iodormethoxymethyl)-2-(trimethylsilyl)-Bi-
purine L8a 300 mg, 77%) as a slightly yellow solid.

mp (°C): 98-99.

IR (ATR) U (cm): 2955 (w), 2364 (w), 1741 (w), 1577 (w), 1547 (1325 (w), 1398 (w),
1361 (w), 1331 (w), 1290 (w), 1244 (m), 1201 (m)7T (w), 1136 (w), 1106 (m), 1045 (w),
959 (W), 917 (W), 874 (m), 843 (vs), 777 (m), 768 (

'H-NMR (400 MHz, CDCls): § = 5.60 (s, 2H), 3.39 (s, 3H), 0.37 ppm (s, 9H).

13C-NMR (100 MHz, CDCl3): 6 =175.6, 152.9, 148.3, 132.4, 106.7, 75.7, 52.0, ppm.

MS (70 eV, El): m/z (%) = 396 (8), 383 (16), 381 (47), 366 (1M1335), 351 (17), 269
(19), 95 (18), 93 (54), 73 (41), 45 (100).

HRMS (EIl): m/z calc. for [GoH14CIIN,OSi] 395.9670; found: 395.9664.

Synthesis of 6-chloro-8-(cyclohex-2-en-1-yl)-9-(mebxymethyl)-2-(trimethylsilyl)-9 H-
purine (18b)

Cl
L0
™S~ "N~ N
MOM
6-Chloro-9-(methoxymethyl)-2-(trimethylsily)¥®-purine  6j, 271 mg, 1.0 mmol) was
metalated according tdP1 and the resulting solution was cooled to -30 Y€ated with
CuCN-2LIiCl (0.05mL, 1. in THF, 5 mol%, 0.05mmol) and 3-bromocyclohexene
(193 mg, 1.2 mmol) and slowly warmed up to 25 °GteAstirring at this temperature for
12 h, NHClsap (10 mL) and NHone) (1 mL) were added, the aqueous layer was extracted
with CH,CI, (3 x 25 mL). The combined organic layers weredl(iglgSQ;) and the solvent
was evaporated in vacuo Purification via column chromatography (silicagel,
isohexane/ EtOAc = 15:1) vyielded 6-chloro-8-(cydri2-en-1-yl)-9-(methoxymethyl)-2-
(trimethylsilyl)-9H-purine (8b, 320 mg, 91%) as a colorless oil.
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IR (ATR) v (cm): 3029 (w), 2937 (w), 2837 (W), 2867 (w), 1740 (@534 (m), 1495 (w),
1461 (w), 1449 (w), 1431 (w), 1358 (m), 1246 (nPP4 (w), 1182 (w), 1138 (m), 1128 (m),
1084 (m), 968 (w), 917 (w), 896 (w), 874 (w), 83B) 805 (W), 776 (m), 75 (m), 722 (w),
702 (w), 624 (m), 637 (m).

'H-NMR (300 MHz, CDCls): & = 5.98-5.91 (m, 1H), 5.76-5.71 (m, 1H), 5.65 (s),23.94-
3.86 (m, 1H), 3.35 (s, 3H), 2.18-1.88 (m, 5H), 11782 (m, 1H), 0.34 ppm (s, 9H).

3C-NMR (75 MHz, CDCls): § = 174.0, 160.7, 153.0, 148.4, 130.2, 129.4, 1222, 57.3,
35.5,28.1, 24.4, 21.3, -1.9 ppm.

MS (70 eV, El): m/z (%) = 352 (35), 351 (23), 350 (100), 335 (Z)0 (23), 307 (52), 305
(27), 93 (67), 73 (45), 45 (71).

HRMS (El): m/z calc. for [GsH23CIN4OSi] 350.1330; found: 350.1328.

Synthesis of (6-chloro-9-(methoxymethyl)-2-(trimetklsilyl)-9H-purin-8-yl)(furan-2-
yl)methanone (18c)

Cl

N O
L
—
™S "N~ "N =0
MOM ¢

6-Chloro-9-(methoxymethyl)-2-(trimethylsily)#®-purine  6j, 271 mg, 1.0 mmol) was
metalated according tdP1 and the resulting solution was cooled to O °Catd with
Pd(PPh)s (25 mg, 2 mol%, 0.02 mmol), and furan-2-carborhjbdde (170 mg, 1.3 mmol)
and slowly warmed up to 25 °C. After stirring aisttemperature for 6 h, Ni&l(sar) (10 mL)
was added and the aqueous layer was extractedGHHCI, (3 x 25 mL). The combined
organic layers were dried (Mg3Xand the solvent was evaporatadsacuo Purificationvia
column chromatography (silicagel, isohexane/ Et&Ar1l) yielded (6-chloro-9-
(methoxymethyl)-2-(trimethylsilyl)-BI-purin-8-yl)(furan-2-yl)methanonel 8¢, 200 mg, 55%)

as a yellowish solid.

mp (°C): 119-120.

IR (ATR) v (cm): 3151 (w), 3121 (w), 2956 (w), 2899 (w), 1654 (1577 (w), 1546 (m),
1467 (m), 1447 (m), 1393 (m), 1375 (w), 1345 (W)51 (m), 1245 (m), 1189 (w), 1156 (w),
1138 (m), 1119 (m), 1085 (m), 1033 (w), 1021 (Wj6 gw), 948 (w), 920 (w), 881 (m), 839
(vs), 771 (s), 644 (w), 622 (w).
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'H-NMR (400 MHz, CDCl3): & = 8.23 (dd,J = 3.7, 0.8 Hz, 1H), 7.81 (dd,= 1.7, 0.7 Hz,
1H), 6.68 (ddJ = 3.7, 1.7 Hz, 1H), 6.12 (s, 2H), 3.40 (s, 3HA10ppm (s, 9H).

3C-NMR (100 MHz, CDCl): & = 178.2, 171.0, 152.3, 152.2, 150.7, 149.3, 148629,1,

126.0, 113.2, 74.6, 57.8, -2.0 ppm.

MS (70 eV, El): m/z (%) = 364 (33), 349 (42), 329 (30), 321 (32)9 (28), 269 (69), 95
(77), 93 (100), 81 (23), 73 (59), 45 (100).

HRMS (El): m/z calc. for [GsH17CIN4O3Si] 364.0758; found: 364.0758.

Synthesis of (6-chloro-9-(methoxymethyl)-2-(trimetklsilyl)-9H-purin-8-yl)(3-
chlorophenyl)methanone (18d)

cl
N O
xﬁ
™S~ N~ N
MOM cl

6-Chloro-9-(methoxymethyl)-2-(trimethylsilyl)¥®-purine 6}, 271 mg, 1.0 mmol) was
metalated according t©oP1 and the resulting solution cooled to 0 °C, treatéth Pd(PPh)4
(25 mg, 2 mol%, 0.02 mmol), and 3-chlorobenzoybdile (228 mg, 1.3 mmol) and slowly
warmed up to 25 °C. After stirring at this temparatfor 6 h, NHClsay) (10 mL) was added
and the aqueous layer was extracted with@H(3 x 25 mL). The combined organic layers
were dried (MgS@ and the solvent was evaporated vacuo. Purification via column
chromatography (silicagel, isohexane/ EtOAc = 2Q/itJded (6-chloro-9-(methoxymethyl)-
2-(trimethylsilyl)-9H-purin-8-yl)(3-chlorophenyl)methanond 8d, 187 mg, 46%) as a pale
yellow oil.

IR (ATR) 7 (cm®): 2957 (w), 1727 (w), 1665 (m), 1574 (m), 1544 (6956 (m), 1430 (W),
1371 (m), 1354 (w), 1235 (s), 1185 (m), 1140 (mR1 (m), 1081 (s), 982 (w), 848 (w), 934
(W), 877 (M), 841 (vs), 760 (s), 725 (M), 694 (684 ().

'H-NMR (400 MHz, CDCl3): 8 = 8.34-8.33 (m, 1H), 8.32-8.29 (m, H), 7.65-7.62, (LH),
7.51-7.47 (m, 1H), 6.07 (s, 2H), 3.38 (s, 3H), Oppn (s, 9H).

13C-NMR (100 MHz, CDCls): & = 183.7, 178.4, 152.6, 52.1, 146.7, 136.9, 1343.3,
131.1, 129.9, 129.6, 129.0, 74.7, 57.8, -2.0 ppm.
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MS (70 eV, El): m/z (%) = 408 (25), 393 (45), 365 (35), 269 (489 (62), 93 (67), 85 (38),
73 (36), 71 (64), 57 (100), 56 (36), 45 (51), 4B)(&1 (37).
HRMS (EI): m/z calc. for [G7H1sCI2N4O.Si] 408.0576; found: 408.0569.

Synthesis of 6-chloro-9-(methoxymethyl)-8-(3-methgphenyl)-2-(trimethylsilyl)-9H-
purine (18e)

cl OMe
-0
™S~ >N N
MOM
6-Chloro-9-(methoxymethyl)-2-(trimethylsilyl)¥®-purine  6j, 2.30g, 8.5 mmol) was
metalated according toP1 and the resulting solution was treated with Pd(gfB29 mg,
2 mol%, 0.17 mmol), Bfuryl)s (79 mg, 4 mol%, 0.34 mmol) and iodo-3-methoxyberze
(2.59 g, 11.1 mmol). After stirring the reactionxmoire at 45 °C for 14 h, NA&lsar (50 mL)
was added and the aqueous layer was extractedGHHCI, (3 x 50 mL). The combined
organic layers were dried (Mggand the solvent was evaporatadracuo Purificationvia
column chromatography (silicagel, pentane/ EtOAad@gnt =20:1, 10:1, 5:1) yielded 6-
chloro-9-(methoxymethyl)-8-(3-methoxyphenyl)-2ttethylsilyl)-9H-purine  (8e 2.3 g,
72%) as a colorless solid. The reaction was als@ @m 20 and 25 mmol scale furnishing the
desired compound in 67% and 65% vyield, respectively

mp (°C): 169-170.

IR (ATR) U (cm™): 2956 (w), 1739 (w), 1606 (w), 1581 (w), 1550 (4486 (w), 1352 (w),
1252 (m), 1138 (w), 1094 (m), 1079 (w), 1047 (mB4qw), 914 (w), 884 (w), 869 (m), 841
(vs), 791 (m), 778 (m), 758 (w), 728 (w).

'H-NMR (300 MHz, CDCls): 6 = 7.70-7.65 (m, 2H), 7.46-7.41 (m, 1H), 7.11-7(68 1H),
5.65 (s, 2H), 3.88 (s, 3H), 3.60 (s, 3H), 0.40 feOH).

3C-NMR (75 MHz, CDCls): & = 174.8, 159.9, 156.1, 153.6, 149.1, 130.1, 12929.5,
122.2,117.7, 114.7, 73.8, 58.0, 55.5, -1.9 ppm.

MS (70 eV, El): m/z (%) = 378 (32), 376 (88), 361 (67), 346 (BY5 (45), 341 (74), 331
(58), 296 (36), 73 (50), 45 (100).

HRMS (EIl): m/z calc. for [G7H21CIN4O,Si] 376.1122; found: 376.1119.
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Synthesis of 6-chloro-9-(methoxymethyl)-8-(3-(tritioromethyl)phenyl)-2-
(trimethylsilyl)-9 H-purine (18f)

% CFs
-0
™S~ N~ N
MOM

6-Chloro-9-(methoxymethyl)-2-(trimethylsilyl)#¥®-purine €], 271 mg, 1.0 mmol) was
metalated according tdP1 and the resulting solution was treated with Pd(gdlfa2 mg,
2mol%, 0.02 mmol), Bfuryl)3 (9mg, 4 mol%, 0.04mmol) and iodo-3-
(trifluoromethyl)benzene (354 mg, 1.3 mmol). Afstirring the reaction mixture at 45 °C for
14 h, NHClsay (10 mL) was added, the aqueous layer was extrasidd CH,Cl, (3 x
25 mL), the combined organic layers were dried (Rgand the solvent was evaporaiad
vacua Purificationvia column chromatography (silicagel, isohexane/ EtGA®:1) yielded
6-chloro-9-(methoxymethyl)-8-(3-(trifluoromethyl)phyl)-2-(trimethylsilyl)-H-purine (L8f,

370 mg, 89%) as a colorless solid.

mp (°C): 123.

IR (ATR) 7 (cmY): 2961 (w), 1602 (w), 1579 (w), 1544 (m), 1463 (1368 (W), 1328 (m),
1306 (m), 1263 (m), 1249 (m), 1128 (vs), 1106 1893 (s), 1079 (m), 914 (m), 877 (m), 845
(s), 815 (s), 773 (m), 729 (w), 702 (m), 689 (NH4Gw).

'H-NMR (400 MHz, CDCls): & = 8.43 (s, 1H), 8.33 (dI=7.87 Hz, 1H), 7.82 (dJ=7.87 Hz,
1H), 7.69 (tJ=7.87 Hz, 1H), 5.65 (s, 2H), 3.61 (s, 3H), 0.41 p(SMOH).

¥C-NMR (75 MHz, CDCly): & = 175.4, 154.4, 153.4, 148.6, 133.04@.~=1 Hz), 131.6 (q,
?Jc.F=33 Hz), 129.9, 129.6, 129.3, 127.8 (dc.~=4 Hz), 126.8 (g Jc.=4 Hz), 123.6 (g,
YJe.=272 Hz), 73.7, 57.9, -1.9 ppm.

MS (70 eV, El): m/z (%) = 414 (13), 399 (40), 384 (22), 383 (1BJ9 (38), 369 (25), 334
(20), 93 (44), 73 (31), 45 (100).

HRMS (El): m/z calc. for [G/H1sCIFsN4OSi] 414.0891; found: 414.0882.
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Synthesis of N,N-dibutyl-3-(6-chloro-9-(methoxymethyl)-2-(trimethylsilyl)-9H-purin-8-
ylaniline (18g)

cl NBu,
-0
TMS/“\N/ N
MOM

6-Chloro-9-(methoxymethyl)-2-(trimethylsilyl)¥9-purine 6}, 271 mg, 1.0 mmol) was
metalated according tdP1 and the resulting solution was treated with Pd(gdlfa2 mg,
2 mol%, 0.02 mmol), Bfuryl); (9 mg, 4 mol%, 0.04 mmol) and,N-dibutyl-3-iodoaniline
(431 mg, 1.3 mmol). After stirring the reaction moise at 45 °C for 3 h, NKl(say (10 mL)
was added, the aqueous layer was extracted witCGKB x 25 mL), the combined organic
layers were dried (MgS{pand the solvent was evaporatedracuo Purificationvia column
chromatography (silicagel, pentane/ EtOAc = 19:1jeldged N,N-dibutyl-3-(6-chloro-9-
(methoxymethyl)-2-(trimethylsilyl)-Bl-purin-8-yl)aniline (8g, 475 mg, 74%) as a yellow
solid.

mp (°C): 98-99.

IR (ATR) U (cm™): 2954 (w), 2934 (w), 2872 (w), 2360 (w), 2342 (WiY36 (w), 1606
(w), 1572 (m), 1548 (m), 1494 (m), 1464 (m), 146,(1398 (w), 1366 (m), 1348 (m), 1310
(w), 1286 (w), 1258 (m), 1244 (m), 1214 (m), 1200,(1158 (w), 1138 (m), 1098 (s), 1046
(m), 1012 (vw), 992 (vw), 962 (w), 912 (w), 878 (MB}YO (vs), 830 (s), 776 (s), 756 (m), 728
(m), 696 (m), 670 (w), 616 (w).

'H-NMR (300 MHz, CDCls): 6 = 7.36-7.28 (m, 3H), 6.82-6.79 (m, 1H), 5.68 (§),23.62
(s, 3H), 3.36-3.31 (m, 4H), 1.65-1.55 (m, 4H), 1431 (m, 4H), 0.99-0.94 (m, 6H), 0.42
ppm (s, 9H).

¥C-.NMR (75 MHz, CDCls): & = 174.1, 157.4, 153.6, 148.8, 148.3, 130.0, 12928.1,
116.5, 114.0, 112.6, 73.8, 57.9, 50.8, 29.3, 2183, -1.9 ppm.

HRMS (ESI): m/z calc. for [G4H3sCINsOSi+H'] 474.2450; found: 474.2448.
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Synthesis of 6-chloro-9-(methoxymethyl)-8-((4-methxyphenyl)ethynyl)-2-
(trimethylsilyl)-9 H-purine (18h)

Cl

ji)j[N»%@*OMe
T™S” N~ N
MOM

6-Chloro-9-(methoxymethyl)-2-(trimethylsilyl)#¥®-purine  €j, 271 mg, 1.0 mmol) was
metalated according fbP1 and the resulting solution was added dropwise golation of §
(300 mg, 1.2 mmol) in THF (1.0 mL) at 0 °C. Aftairgng the reaction mixture at 25 °C for
1 h, NEg (121 mg, 1.2 mmol), Cul (8 mg, 4 mol%, 0.04 mm&ty(dba) (12 mg, 2 mol%,
0.02 mmol), Pg-furyl)s (9 mg, 4 mol%, 0.02 mmol) and ethynyl-4-methoxytere (172 mg,
1.3 mmol) were successively added. After stirring tesulting mixture at 25 °C for 3 h,
NH.Clsan (20 mL) was added, the aqueous layer was extraatedCH,Cl, (3 x 30 mL), the
combined organic layers were dried (Mg$@nd the solvent was evaporatied vacuo
Purification via column chromatography (silicagel, isohexane/ Et@Atl) yielded 6-
chloro-9-(methoxymethyl)-8-((4-methoxyphenyl)ethi)a3-(trimethylsilyl)-9H-purine  (8h,
300 g, 75%) as a colorless solid.

mp (°C): 167-168.

IR (ATR) v (cm™): 2968 (w), 2935 (w), 2896 (w), 2836 (W), 2218 (4H05 (w), 1579 (W),
1544 (m), 1516 (m), 1456 (w), 1341 (w), 1296 (W354 (m), 1244 (s), 1202 (w), 1170 (m),
1133 (m), 1113 (s), 1079 (m), 1030 (m), 965 (w)7 9W), 841 (s), 828 (vs), 769 (m), 700
(m), 622 (m), 615 (m).

'H-NMR (400 MHz, CDCls): & = 7.58 (d,J = 9.0 Hz, 2H), 6.91 (d] = 9.0 Hz, 2H), 5.74 (s,
2H), 3.84 (s, 3H), 3.46 (s, 3H), 0.39 ppm (s, 9H).

3C-NMR (100 MHz, CDCl3): § = 175.9, 161.4, 151.4, 149.3, 139.6, 134.2, 13014.4,
112.0, 98.6, 77.0, 73.9, 57.9, 55.4, -1.9 ppm.

MS (70 eV, El): m/z (%) = 402 (38), 401 (32), 400 (96), 385 (£H5 (65), 55 (35), 95 (34),
93 (100), 73 (44), 45 (84).

HRMS (El): m/z calc. for [GgH21CIN4O,Si] 400.1122; found: 400.1114.
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Synthesis of 9-(methoxymethyl)-8-(3-methoxyphenyB-(trimethylsilyl)-9 H-purine (19a)

OMe
N
A
™S~ N~ N

MOM
6-Chloro-9-(methoxymethyl)-8-(3-methoxyphenyl)-Bittethylsilyl)-9H-purine (8¢ 5.87 g,
15.6 mmol) dissolved in MeOH/ THF (70 mL/ 70 mL) svaeduced according taP2.
Purification via column chromatography (silicagel, isohexane/ EtGAx1) afforded 9-
(methoxymethyl)-8-(3-methoxyphenyl)-2-(trimethyld)l9H-purine (9a 4.83 g, 90%) as a
white solid.

mp (°C): 116-117.

IR (ATR) U (cm™): 2998 (vw), 2956 (vw), 2898 (vw), 2836 (vw), 157#)( 1506 (vw),
1486 (W), 1464 (w), 1440 (w), 1426 (w), 1418 (WAX00 (vw), 1368 (w), 1354 (w), 1320
(w), 1288 (w), 1256 (w), 1246 (m), 1240 (m), 1284),(1212 (w), 1202 (w), 1182 (w), 1144
(w), 1110 (w), 1086 (m), 1054 (m), 1030 (m), 93&)¥910 (vw), 902 (w), 880 (w), 840 (vs),
794 (w), 782 (m), 768 (m), 754 (m), 726 (m), 690,672 (W), 662 (W), 620 (W).

'H-NMR (300 MHz, CDCl3): & = 9.21 (s, 1H), 7.69-7.65 (m, 2H), 7.44J& 7.9 Hz, 1H),
7.11-7.07 (m, 1H), 5.66 (s, 2H), 3.87 (s, 3H), I$13H), 0.41 ppm (s, 9H).

3C-NMR (75 MHz, CDCls): & = 174.0, 160.0, 156.1, 153.3, 146.1, 132.2, 1303D.0,
122.0, 117.6, 114.5, 73.2, 57.9, 55.5, -1.8 ppm.

MS (70 eV, El): m/z (%) = 343 (27), 342 (74), 341 (27), 327 (5R)2 (26), 311 (41), 297
(100), 212 (41), 89 (46), 73 (30), 45 (52).

HRMS (EIl): m/z calc. for [G/H22N40,Si] 342.1512; found: 342.1504.

Synthesis of ethyl 4-(9-(methoxymethyl)-2-(trimethigilyl)-9H-purin-8-yl)benzoate (19b)

N
Lo
T™S” "N~ N
MOM
Ethyl 4-(6-chloro-9-(methoxymethyl)-2-(trimethylgl)-9H-purin-8-yl)benzoate 8p, 8.0 g,
19 mmol) dissolved in MeOH/ EtOH (50 mL/ 50 mL) wasduced according taP2.

Purificationvia column chromatography (silicagel, isohexane/ EtGA1) yielded ethyl 4-
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(9-(methoxymethyl)-2-(trimethylsilyl)-8-purin-8-yl)benzoate 10b, 7.1g, 95%) as a
colorless solid.

mp (°C): 179-180.

IR (ATR) v (cm™): 2956 (w), 2937 (w), 2900 (w), 2832 (w), 1714 (1586 (w), 1575 (W),
1473 (w), 1461 (w), 1411 (w), 1361 (m), 13141 (4998 (w), 1271 (m), 1245 (m), 1184 (m),
1152 (m), 1105 (m), 1105 (m), 1084 (s), 1014 (V28 9w), 910 (w), 839 (vs), 776 (m), 756
(m), 718 (m), 700 (w).

'H-NMR (300 MHz, CDCls): & = 9.24 (s, 1H), 8.20 (s, 4H), 5.67 (s, 2H), 4.40)(= 7.2 Hz,
2H), 3.60 (s, 3H), 1.40 (8,= 7.1 Hz, 3H), 0.41 ppm (s, 9H).

3C-NMR (75 MHz, CDCl3): & = 174.7, 165.8, 154.8, 153.0, 146.8, 132.9, 13232.2,
130.0, 129.6, 73.1, 61.4, 57.9, 14.3, -1.8 ppm.

MS (70 eV, El): m/z (%) = 384 (79), 383 (25), 369 (61), 351 (3B (30), 338 (25), 337
(100), 89 (36), 73 (24), 45 (31).

HRMS (EIl): m/z calc. for [GoH24N4O3Si] 384.1618; found: 384.1620.

Synthesis of  6-iodo-9-(methoxymethyl)-8-(3-methoxygenyl)-2-(trimethylsilyl)-9H-
purine (21a)

' OMe
N
S
T™MS” N~ N

MOM
9-(Methoxymethyl)-8-(3-methoxyphenyl)-2-(trimethi{s)-9 H-purine 9 685 mg,
2.0 mmol) was metalated accordingTi®4 and the resulting solution was added dropwise to
a solution of 4 (609 mg, 2.4 mmol) in THF (2 mL) at 0 °C. Afteirghg the reaction mixture
at 25 °C for 1 h, Ng5,Oz(sar) (10 mL) and NHClsay (10 mL) were added, the aqueous layer
was extracted with C}l, (3 x 30 mL), the combined organic layers weredi(idgSQ;) and
the solvent was evaporated vacuo Purification via column chromatography (silicagel,
pentane/ EtOAc = 15:1) yielded 6-iodo-9-(methoxymyBt8-(3-methoxyphenyl)-2-
(trimethylsilyl)-9H-purine @1a 600 mg, 64%) as a colorless solid.

mp (°C): 164-166.
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IR (ATR) U (cm™): 3000 (vw), 2952 (vw), 2938 (vw), 2894 (vw), 2836V, 2364 (vw),
2340 (vw), 1736 (vw), 1606 (vw), 1590 (vw), 1570)(4538 (m), 1504 (w), 1484 (w), 1462
(w), 1444 (w), 1428 (w), 1414 (w), 1388 (w), 137%2)(1352 (w), 1324 (w), 1314 (w), 1288
(vw), 1246 (s), 1210 (m), 1188 (w), 1154 (w), 1148, 1120 (w), 1092 (s), 1078 (m), 1048
(m), 994 (vw), 952 (vw), 912 (w), 886 (m), 844 (v8BO (s), 794 (m), 768 (s), 758 (m), 730
(m), 692 (w), 668 (w), 658 (W), 624 (Vw).

'H-NMR (300 MHz, CDCls): § = 7.69-7.64 (m, 2H), 7.44 (§,= 8.1 Hz, 1H), 7.11-7.07 (m,
1H), 5.61 (s, 2H), 3.88 (s, 3H), 3.59 (s, 3H), Op@®n (s, 9H).

¥C-NMR (75 MHz, CDCl3): & = 175.3, 159.9, 155.2, 149.8, 136.8, 130.1, 129223,
121.2,117.5, 114.9, 73.8, 58.0, 55.5, -1.8 ppm.

MS (70 eV, El): m/z (%) = 468 (67), 453 (27), 438 (21), 423 (1B)2 (19), 341 (74), 185
(30), 73 (91), 69 (21), 45 (100).

HRMS (El): m/z calc. for [G/H21IN4O,Si] 468.0478; found: 468.0480.

Synthesis of ethyl 4-(6-iodo-9-(methoxymethyl)-24methylsilyl)-9 H-purin-8-
yl)benzoate (21b)

|
i)j:N\>—©—CozEt
™S~ N~ N
MOM

Ethyl 4-(9-(methoxymethyl)-2-(trimethylsilyl)49-purin-8-yl)benzoate  109b, 385 mg,
1.0 mmol) was metalated accordingTtB3 and the resulting solution was added dropwise to
a solution of 4 (440 mg, 1.7 mmol) in THF (1.5 mL) at 0 °C. Aftetirring the reaction
mixture at 25 °C for 30 min, N&Ossay (10 mL) and NHClsay (10 mL) were added, the
agueous layer was extracted with L (3 x 30 mL), the combined organic layers were
dried (MgSQ) and the solvent was evaporatéd vacuo Purification via column
chromatography  (silicagel, isohexane/ EtOAc = 15:1)yielded  ethyl 4-(6-iodo-9-
(methoxymethyl)-2-(trimethylsilyl)-Bl-purin-8-yl)benzoate 21b, 390 mg, 76%) as a

colorless solid.
mp (°C): 137-139.
IR (ATR) v (cm): 2984 (vw), 2954 (w), 2900 (w), 2840 (vw), 1718 (m$14 (vw), 1578

(W), 1560 (W), 1540 (m), 1516 (w), 1460 (w), 1426,(1408 (vw), 1386 (w), 1364 (), 1354
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(w), 1344 (m), 1296 (w), 1274 (s), 1252 (s), 124% (210 (m), 1180 (w), 1154 (m), 1124
(m), 1110 (m), 1090 (vs), 1034 (m), 1016 (m), 942, ©14 (w), 840 (vs), 798 (m), 774 (s),
760 (m), 746 (m), 718 (m), 698 (m), 690 (M), 66@YV642 (vw), 628 (W), 616 (m).

'H-NMR (400 MHz, CDCls): & = 8.22 (s, 4H), 5.63 (s, 2H), 4.44 (5= 7.2 Hz, 2H), 3.61 (s,
3H), 1.44 (tJ = 7.1 Hz, 3H), 0.41 ppm (s, 9H).

3C-NMR (100 MHz, CDCl3): & = 175.8, 165.8, 154.1, 149.7, 136.7, 132.7, 1330,0,
129.9, 121.7, 73.7, 61.4, 58.0, 14.3, -1.9 ppm.

HRMS (ESI): m/z calc. for [GoH23IN403Si+H'] 511.0657; found: 511.0652.

Synthesis of ethyl 4-(6-(2-(ethoxycarbonyl)allyl)-gmethoxymethyl)-2-(trimethylsilyl)-
9H-purin-8-yl)benzoate (21c)

CO,Et

)N|\ \/ N\>—©7002Et
™S~ N~ N
MOM
Ethyl 4-(9-(methoxymethyl)-2-(trimethylsilyl)43-purin-8-yl)benzoate  109b, 385 mg,
1.0 mmol) was metalated accordingTi®3 and the resulting solution cooled to -20 °C. After
dropwise addition of CuCN-2LiCI (0.25 mL, IMin THF, 25 mol%, 0.25 mmol) the mixture
was stirred for 15 min and ethyl 2-(bromomethylyéate®” was added. The reaction mixture
was slowly warmed to 25 °C (within 8 h) and quentbg the addition of NkClsar (20 mL)
and NHcone) (2 mL). The aqueous layer was extracted with,ClH (3 x 25 mL), the
combined organic layers were dried (Mg$@nd the solvent was evaporatied vacuo
Purificationvia column chromatography (silicagel, isohexane/ Et®@Acl) yielded ethyl 4-
(6-(2-(ethoxycarbonyl)allyl)-9-(methoxymethyl)-2i(hethylsilyl)-9H-purin-8-yl)benzoate
(21¢ 220 mg, 68%) as a pale yellow oil.

IR (ATR) 7 (cm™): 2980 (w), 2958 (w), 2904 (w), 1716 (s), 1636 (@615 (w), 1587 (m),
1566 (m), 1464 (w), 1369 (w), 1344 (w), 1272 ()48 (m), 1152 (m), 1094 (s), 1016 (m),
925 (m), 841 (vs), 778 (m), 722 (m), 700 (m), 688,(622 (m).

'H-NMR (300 MHz, CDCl3): 6 = 8.16 (s, 4H), 6.29 (s, 1H), 5.61-5.60 (m, 3H}144.34
(m, 2H), 4.29 (s, 2H), 4.19-4.12 (m, 2H), 3.573H), 1.41-1.36 (m, 3H), 1.22-1.17 (m, 3H),
0.32 ppm (s, 9H).
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13C-NMR (75 MHz, CDCl3): 6 = 174.0, 167.0, 165.9, 157.0, 153.5, 152.6, 13¥33.2,
132.3, 130.8, 129.9, 129.7, 126.4, 73.2, 61.3,,&¥8, 35.4, 14.3, 14.1, -1.9 ppm.

MS (70 eV, El): m/z (%) = 496 (72), 467 (28), 452 (40), 451 (1004 (62), 423 (85), 379
(34), 75 (31), 73 (94), 45 (70).

HRMS (EI): m/z calc. for [GsH32N4OsSi] 496.2142; found: 496.2140.

Synthesis of ethyl 4-(9-(methoxymethyl)-8-(3-methgphenyl)-2-(trimethylsilyl)-9H-
purin-6-yl)benzoate (21d)

CO,Et
OMe
N
-0
™S~ N~ N
MOM

9-(Methoxymethyl)-8-(3-methoxyphenyl)-2-(trimethiys)-9 H-purine 9 1.71 g,

5.0 mmol) was metalated accordingT®4 and the resulting solution was added dropwise to
a solution of Pd(dba)57 mg, 2 mol%, 0.10 mmol), P(o-furyljd6 mg, 4 mol%, 0.20 mmol)
and ethyl 4-iodobenzoate (2.42 g, 8.5 mmol) in diF (8 mL) at 25 °C. The reaction
mixture was stirred for 12 h, NBlsay (10 mL) was added, the aqueous layer was extracted
with EtOAc (2 x 20 mL), the combined organic layarere dried (Ng50O;) and the solvent
was evaporateth vacuo The crude material was purified by flash colunmmocnatography
(silicagel, isohexane/ Gi&l, gradient = 1:2, 1:3) to afford ethyl 4-(9-(methmethyl)-8-(3-
methoxyphenyl)-2-(trimethylsilyl)-8-purin-6-yl)benzoate1d, 1.56 g, 63%) as an off-white

powder.

mp (°C): 134-136.

IR (ATR) U (cm™): 2992 (vw), 2948 (vw), 2934 (vw), 2898 (vw), 2832vf, 1714 (m),
1572 (m), 1558 (m), 1484 (w), 1462 (w), 1412 (W39Q (w), 1362 (w), 1346 (w), 1282 (s),
1252 (m), 1214 (m), 1202 (w), 1188 (w), 1150 (W)3@ (m), 1104 (m), 1086 (m), 1052 (m),
1026 (m), 964 (vw), 916 (w), 888 (w), 854 (s), §#6), 790 (m), 780 (m), 762 (M), 728 (w),
702 (w), 676 (w), 664 (W), 624 (vw).
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IH-NMR (300 MHz, CDCls): § = 9.09-9.05 (m, 2H), 8.24-8.20 (m, 2H), 7.78-7(i4 2H),
7.47 (t,J = 8.1 Hz, 1H), 7.13-7.09 (m, 1H), 5.72 (s, 2H}2(qg,J = 7.1 Hz, 2H), 3.90 (s 3H),
3.63 (s, 3H), 1.42 ( = 7.1 Hz, 3H), 0.47 ppm (s, 9H).

13C-NMR (75 MHz, CDCl3): 6 = 173.4, 166.5, 160.0, 155.5, 154.8, 150.3, 1403#.,.8,
130.3, 130.1, 130.0, 129.8, 129.6, 122.2, 117.3,0017/3.4, 61.1, 57.9, 55.5, 14.4, -1.7 ppm.
MS (70 eV, El): m/z (%) = 491 (26), 490 (86), 489 (100), 476 (K85 (52), 460 (22), 459
(31), 446 (20), 445 (63), 45 (20).

HRMS (EI): m/z calc. for [GeH30N404Si] 490.2036; found: 490.2021.

Synthesis of diethyl 4,4'-(9-(methoxymethyl)-2-(tmethylsilyl)-9H-purine-6,8-
diyl)dibenzoate (21e)

CO,Et

Ethyl 4-(9-(methoxymethyl)-2-(trimethylsilyl)49-purin-8-yl)benzoate  109b, 385 mg,

1.0 mmol) was metalated according®®3 and the resulting solution added dropwise to a
mixture of Pd(dba) (12 mg, 2 mol%, 0.02 mmol), &furyl)s (9 mg, 4 mol%, 0.04 mmol)
and ethyl 4-iodobenzoate (470 mg, 1.7 mmol) in T@HAML). After stirring the reaction
mixture for 20 h, NHClsay (20 mL) was added, the aqueous layer was extragtbdCH,Cl,

(3 x 25 mL), the combined organic layers were d(MdSQ,) and the solvent was evaporated
in vacuo Purification via column chromatography (silicagel, isohexane/ EtGAS:1)
yielded diethyl 4,4'-(9-(methoxymethyl)-2-(trimethyyl)-9H-purine-6,8-diyl)dibenzoate
(21e 280 mg, 53%) as a colorless solid.

mp (°C): 184-186.

IR (ATR) U (cm™): 2982 (w), 2958 (w), 2903 (w), 1717 (s), 1584 (4§72 (m), 1464 (w),
1366 (w), 1342 (w), 1256 (s), 1247 (s), 1195 (n983 (m), 1159 (m), 1099 (s), 1087 (s),
1019 (m), 914 (w), 873 (m), 842 (vs), 817 (m), 18%W, 777 (m), 757 (m), 727 (m), 705 (m),
618 (w).
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'H-NMR (300 MHz, CDCls): & = 9.08-9.04 (m, 2H), 8.30-8.20 (m, 6H), 5.71 (d),24.47-

4.38 (m, 4H), 3.62 (s, 3H), 1.45-1.40 (m, 6H), Oppén (s, 9H).

13C-NMR (75 MHz, CDCl3): 6 = 173.9, 166.5, 165.9, 154.7, 154.3, 150.8, 14033.1,

132.5, 131.9, 130.0, 129.9, 129.8, 129.7, 129.8,&.4, 61.1, 57.9, 14.3, 14.3, -1.7 ppm.
MS (70 eV, El): m/z (%) = 532 (72), 531 (100), 517 (72), 502 (&)1 (33), 487 (82), 89
(32), 73 (38), 45 (68).

HRMS (EI): m/z calc. for [GgH32N4OsSi] 532.2142; found: 532.2206.

Synthesis of 9-(methoxymethyl)-8-(3-methoxyphenyB-(3-(trifluoromethyl)phenyl)-2-
(trimethylsilyl)-9 H-purine (21f)

CF3
OMe
Eﬁ“@
™S NZ N

MOM
9-(Methoxymethyl)-8-(3-methoxyphenyl)-2-(trimethiys)-9 H-purine 9% 342 mg,
1.0 mmol) was metalated accordingTiB4 and the resulting solution was added dropwise to
a solution of Pd(dba)12 mg, 2 mol%, 0.02 mmol), P(o-furylf9 mg, 4 mol%, 0.04 mmol)
and 1-iodo-3-(trifluoromethyl)benzene (462 mg, thihol) in THF (1 mL) at 25 °C. The
reaction mixture was stirred for 24 h, MBsa) (10 mL) was added. The aqueous layer was
extracted with EtOAc (2 x 20 mL), the combined arigalayers were washed with Na&d)
(20 mL) and dried (N&OQy). The solvents were evaporatedvacuo The crude material was
purified by flash column chromatography (silicageéntane/ ChCl, gradient = 4:1, 2:1) to
afford 9-(methoxymethyl)-8-(3-methoxyphenyl)-6-BH{uoromethyl)phenyl)-2-(trimethyl-
silyl)-9H-purine @1f, 268 mg, 55%) as an off-white powder.

mp (°C): 167-169.

IR (ATR) U (cm™): 3078 (vw), 3002 (vw), 2962 (vw), 2902 (vw), 2838, 1576 (m),
1494 (m), 1464 (w), 1442 (w), 1412 (w), 1340 (m§14 (m), 1302 (m), 1288 (m), 1262 (m),
1242 (m), 1216 (w), 1200 (w), 1188 (w), 1158 (nm)24 (s), 1112 (s), 1094 (m), 1072 (m),
1048 (w), 920 (w), 904 (w), 878 (m), 842 (vs), 808, 790 (m), 780 (m), 762 (w), 726 (w),
698 (m), 682 (w), 626 (vw), 610 (vw).

120



C. Experimental Section

'H-NMR (300 MHz, CDCls): & = 9.30 (s, 1H), 9.24 (dl= 7.8 Hz, 1H), 7.79-7.68 (m, 4H),
7.48 (t,J=8.3 Hz, 1H), 7.12 (m, 1H), 5.74 (s, 2H), 3.913Hl), 3.64 (s, 3H), 0.48 ppm (s,
9H).

¥C-.NMR (75 MHz, CDCls): 5 = 173.4, 160.0, 155.6, 154.8, 149.8, 137.0, 13833,.0
(?Jc.=33 Hz), 130.2, 130.1, 129.6, 129.0, 126°9-.(=4 Hz), 126.6 Pc.=4 Hz), 124.3
(MJcp=272 Hz), 122.1, 117.4, 114.8, 73.4, 57.9, 55.4, pbm.

YF-NMR (282 MHz, CDCls): & = -62.66 ppm.

MS (70 eV, El): m/z (%) = 487 (29), 486 (85), 485 (100), 472 (2441 (70), 456 (26), 455
(39), 450 (22), 448 (69), 89 (21), 45 (34).

HRMS (EIl): m/z calc. for [G4H25F3N4O,Si] 486.1699; found: 486.1676.

Synthesis of ethyl 4-(6-(3-(dibutylamino)phenyl)-§methoxymethyl)-2-(trimethylsilyl)-
9H-purin-8-yl)benzoate (219)

NBU2
NN
XLy~ Orcos
~
™S~ >N~ N
MOM

Ethyl 4-(9-(methoxymethyl)-2-(trimethylsilyl)43-purin-8-yl)benzoate  109b, 385 mg,

1.0 mmol) was metalated according®®3 and the resulting solution added dropwise to a
mixture of Pd(dba) (12 mg, 2 mol%, 0.02 mmol), &furyl)s (9 mg, 4 mol%, 0.04 mmol)
andN,N-dibutyl-3-iodoaniline (563 mg, 1.7 mmol) in THF (iL). After stirring the reaction
mixture 20 h, NHClsar (20 mL) was added, the aqueous layer was extragitedCH,Cl, (3

x 25 mL), the combined organic layers were driedy8@,) and the solvent was evaporaied
vacua Purificationvia column chromatography (silicagel, isohexane/ EtGA®:1) afforded
ethyl  4-(6-(3-(dibutylamino)phenyl)-9-(methoxymelthg-(trimethylsilyl)-9H-purin-8-yl)-
benzoated1g 365 mg, 62%) as a thick yellow oil. The reactwas also done on a 10 mmol

scale furnishing the desired compound in 62% vyield.

IR (ATR) 7 (cm™): 2956 (m), 2933 (w), 2873 (w), 1719 (m), 1600 (@568 (m), 1556 (m),
1494 (m), 1460 (m), 1398 (w), 1367 (m), 1339 (n®74 (s), 1245 (m), 1220 (m), 1186 (m),
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1155 (m), 1105 (s), 1091 (s), 1017 (m), 914 (W) 84), 777 (s), 758 (m), 722 (m), 699 (m),
622 (w), 614 (w).

'H-NMR (300 MHz, CDCl3): & = 8.43-8.40 (m, 1H), 8.33-8.19 (m, 5H), 7.39J)(§ 7.9 Hz,
1H), 6.80 (dd,J = 8.4, 2.6 Hz, 1H), 5.72 (s, 2H), 4.44 (o= 7.2 Hz, 2H), 3.64 (s, 3H), 3.42-
3.37 (m, 4H), 1.74-1.64 (m, 4H), 1.49-1.36 (m, 7HRN3-0.94 (m, 6H), 0.49 ppm (s, 9H).
3C-NMR (75 MHz, CDCls): & = 173.4, 166.0, 154.4, 153.4, 153.0, 148.3, 13733.6,
132.1, 129.9, 129.7, 129.6, 129.3, 117.3, 114.3,21173.2, 61.3, 57.8, 51.2, 29.6, 20.5, 14.4,
14.1, -1.7 ppm.

MS (70 eV, El): m/z (%) = 587 (25), 546 (13), 545 (37), 544 (1@D3 (13), 503 (10), 502
(32), 73 (13), 45 (15), 43 (14), 43 (12).

HRMS (El): m/z calc. for [GsH4sNsOsSi] 587.3292; found: 587.3290.

Synthesis of ethyl 4-(6-(4-chlorophenyl)-9-(methoxygethyl)-2-(trimethylsilyl)-9 H-purin-
8-yl)benzoate (21h)

Cl

/Nl \/ N»—@cqa

N

MOM
Ethyl 4-(9-(methoxymethyl)-2-(trimethylsilyl)49-purin-8-yl)benzoate  109b, 385 mg,
1.0 mmol) was metalated according®®3 and the resulting solution added dropwise to a
mixture of Pd(dba) (12 mg, 2 mol%, 0.02 mmol), &furyl)s (9 mg, 4 mol%, 0.04 mmol)
and chloro-4-iodobenzene (405 mg, 1.7 mmol) in T@AMML). After stirring the reaction
mixture for 8 h, NHClsay (20 mL) was added, the aqueous layer was extraeitdCH,ClI,
(3 x 25 mL), the combined organic layers were d(MdSQ,) and the solvent was evaporated
in vacuo Purification via column chromatography (silicagel, isohexane/ EtGA®:1)
yielded ethyl 4-(6-(4-chlorophenyl)-9-(methoxymedhy-(trimethylsilyl)-9H-purin-8-yl)-
benzoate {1h, 288 mg, 58%) as a colorless solid. The reactias also done on a 5 mmol

scale furnishing the desired compound in 52% vyield.

mp (°C): 145-146.
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IR (ATR) 7 (cm™): 3068 (vw), 2988 (vw), 2960 (vw), 2934 (vw), 2902§, 2830 (Vw),
2360 (vw), 2342 (vw), 1718 (m), 1614 (vw), 1576 (154 (w), 1520 (vw), 1490 (m), 1466
(w), 1444 (w), 1430 (w), 1416 (vw), 1404 (w), 13@0), 1368 (w), 1340 (w), 1318 (w), 1306
(w), 1290 (w), 1264 (s), 1248 (m), 1216 (w), 1200,(1186 (w), 1174 (w), 1158 (w), 1102
(m), 1090 (s), 1034 (w), 1016 (m), 958 (vw), 914,(880 (w), 842 (vs), 808 (m), 788 (m),
776 (m), 762 (m), 728 (w), 718 (m), 704 (w), 690,670 (w), 658 (vw), 630 (w), 622 (w).
'H-NMR (600 MHz, CDCl3): & = 9.06-8.90 (m, 2H), 8.34-8.18 (m, 4H), 7.61-7(49 2H),
5.72 (s, 2H), 4.45 (g} = 7.1 Hz, 2H), 3.64 (s, 3H), 1.45 Jtz 7.1 Hz, 3H), 0.47 ppm (s, 9H).
3C-NMR (150 MHz, CDCls): & = 173.8, 165.9, 154.4, 154.0, 150.7, 136.7, 13133.1,
132.4,131.2,130.0, 129.7, 129.4, 128.7, 73.24,6/.8, 14.3, -1.7 ppm.

HRMS (ESI): m/z calc. for [GsH27CIN4OsSi+H'] 495.1614; found: 495.1612.

Synthesis of ethyl 4-(9-(methoxymethyl)-6-(thiophe2-yl)-2-(trimethylsilyl)-9 H-purin-8-
yl)benzoate (21i)

S~

)N|\ \/ N\>—Q0025t
™S~ N~ N
MOM
Ethyl 4-(9-(methoxymethyl)-2-(trimethylsilyl)49-purin-8-yl)benzoate  109b, 385 mg,
1.0 mmol) was metalated according®®3 and the resulting solution added dropwise to a
mixture of Pd(dba) (12 mg, 2 mol%, 0.02 mmol), &furyl)s (9 mg, 4 mol%, 0.04 mmol)
and 2-iodothiophene (357 mg, 1.7 mmol) in THF (1)mAfter stirring the reaction mixture
for 40 h, NHClsa (20 mL) was added, the aqueous layer was extragitd CH,Cl, (3 X
25 mL), the combined organic layers were dried (Rgand the solvent was evaporaiad
vacua Purificationvia column chromatography (silicagel, isohexane/ EtGA®:1) yielded
ethyl 4-(9-(methoxymethyl)-6-(thiophen-2-yl)-2-(rethylsilyl)-9H-purin-8-yl)benzoate A1,
200 mg, 43%) as a yellow solid.

mp (°C): 171-172.

IR (ATR) 7 (cm®): 2983 (w), 2956 (w), 2938 (W), 2903 (w), 1723 (1575 (m), 1472 (W),
1421 (w), 1397 (w), 1363 (w), 1338 (w), 1273 8nD3T (m), 1185 (w), 1101 8m), 1086 (m),
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1037 (w), 1018 (w), 868 (m), 844 (vs), 838 (s), 809, 776 (m), 758 (m), 714 (s), 694 (m),
675 (W), 618 (w).

'H-NMR (300 MHz, CDCls): 6 = 8.74 (ddJ = 3.8, 1.1 Hz, 1H), 8.29-8.20 (m, 4H), 7.56 (dd,
J=5.0, 1.1 Hz, 1H), 7.24-7.22 (m, 1H), 5.68 (s, 2843 (q,d = 7.2 Hz, 2H), 3.60 (s, 3H),
1.43 (t,J = 7.2 Hz, 3H), 0.44 ppm (s, 9H).

3C-NMR (75 MHz, CDCls): & = 174.1, 166.0, 153.9, 153.9, 147.9, 141.3, 13832.3,
132.2, 130.3, 130.0, 129.7, 128.6, 127.4, 73.2, 6.8, 14.3, -1.8 ppm.

MS (70 eV, El): m/z (%) = 466 (87), 465 (58), 451 (63), 436 (4835 (65), 433 (36), 421
(88), 393 (40), 89 (37), 73 (49), 45 (100).

HRMS (EI): m/z calc. for [GsH26N403SSi] 466.1495; found: 466.1483.

Synthesis of ethyl 4-(6-(3¥N-allyl-4-methylphenylsulfonamido)prop-1-yn-1-yl)-9-
(methoxymethyl)-2-(trimethylsilyl)-9H-purin-8-yl)benzoate (21))

Ethyl 4-(9-(methoxymethyl)-2-(trimethylsilyl)49-purin-8-yl)benzoate  109b, 385 mg,

1.0 mmol) was metalated accordingTiB3 and the resulting solution was added dropwise to
a solution of 4 (380 mg, 1.5 mmol) in THF (1.0 mL) at O °C. Aftetirring the reaction
mixture at 25 °C for 1 h, Ng{152 mg, 1.5 mmol), Cul (8 mg, 4 mol%, 0.04 mm&¥l(dbay

(12 mg, 2 mol%, 0.02 mmol), &furyl)s (9 mg, 4 mol%, 0.04 mmol) and-allyl-4-methyl-
N-(prop-2-yn-1-yl)benzenesulfonamide (172 mg, 1.3of)mvere successively added. After
stirring the resulting mixture for 1 h NBlsay (20 mL) was added, the aqueous layer was
extracted with ChLCl, (3 x 30 mL), the combined organic layers weredl{igSQ)) and the
solvent was evaporateth vacuo Purification via column chromatography (silicagel,
isohexane/ EtOAc  gradient=10:1, 9:1, 8:1) vyieldedethyl 4-(6-(3-N-allyl-4-
methylphenylsulfonamido)prop-1-yn-1-yl)-9-(methoxgthyl)-2-(trimethylsilyl)-H-purin-8-
yhbenzoateZ1j, 472 mg, 75%) as a thick colorless oil.
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IR (ATR) U (cmh): 2958 (w), 2874 (vw), 2366 (vw), 2238 (vw), 1718)(h644 (vw), 1614
(vw), 1580 (m), 1522 (vw), 1464 (w), 1428 (w), 1400, 1392 (w), 1346 (s), 1328 (m), 1272
(s), 1248 (m), 1214 (w), 1180 (m), 1160 (s), 1094 1068 (w), 1050 (w), 1032 (w), 1016
(m), 994 (w), 930 (W), 912 (w), 896 (w), 842 (VB),2 (m), 778 (m), 756 (M), 724 (m), 704
(m), 692 (m), 664 (s), 624 (mM).

'H-NMR (300 MHz, CDCls): & = 8.23 (s, 4H), 7.91-7.78 (m, 2H), 7.16-7.11 (H),25.93-
5.76 (m, 1H), 5.66 (s, 2H), 5.55-5.44 (m, 1H), 5835 (m, 1H), 4.51 (s, 2H), 4.44 (q,
J=7.1Hz, 2H), 4.04-4.02 (m, 2H), 3.61 (s, 3HLL(s, 3H), 1.44 (t) = 7.1 Hz, 3H), 0.42
ppm (s, 9H).

3C-NMR (75 MHz, CDCls): & = 174.5, 165.8, 154.8, 153.0, 143.2, 139.2, 13532.9,
132.6, 131.8, 130.0, 129.7, 129.5, 127.7, 120.4,,911.6, 73.3, 61.4, 57.8, 49.4, 37.1, 23.8,
21.2, 14.3, -1.8 ppm.

HRMS (ESI): m/z calc. for [GoH37/Ns0sSSi+H] 632.2357; found: 632.2368.

Synthesis of ethyl 4-(2-iodo-9-(methoxymethyl)-8-(@ethoxyphenyl)-AH-purin-6-
yl)benzoate (22a)

CO,Et
OMe
N
0
i
MOM

A microwave vial was charged with CsF (335 mg, rArfol) which was dried under high
vacuum (10 mbar) at 120 °C for 3 h. Ethyl 4-(9-(methoxyme)H8d(3-methoxyphenyl)-2-
(trimethylsilyl)-9H-purin-6-yl)benzoatg21d, 543 mg, 1.1 mmol),»1(419 mg, 1.65 mmol),
THF (5 mL) and CHCN (5 mL) were successively added. The microwaw wias sealed
and the reaction mixture was stirred under micrevavadiation at 110 °C for 12 h. The
excess iodine was quenched with8&s(sary (5 mL) and the mixture was diluted with EtOAc
(5 mL). The aqueous layer was extracted with Et@Ag 5 mL), the combined organic layers
were washed with Nagl,) (10 mL) and were dried (N80O,). After concentratiorvia rotary
evaporation, the crude mixture was purified by Hlalumn chromatography (silicagel,
isohexane/ CkCl, = 1:6) to afford ethyl 4-(2-iodo-9-(methoxymeth$)(3-methoxyphenyl)-
9H-purin-6-yl)benzoateA2a 484 mg, 80%) as a white powdery solid.
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mp (°C): 164-165.

IR (ATR) 7 (cm™): 3006 (w), 2980 (w), 2970 (w), 2942 (w), 2908 (®B38 (vw), 1706
(m), 1568 (m), 1556 (m), 1486 (m), 1464 (w), 1383, (1368 (w), 1352 (w), 1320 (s), 1304
(m), 1274 (s), 1246 (vs), 1210 (m), 1188 (m), 116¥, 1136 (s), 1126 (s), 1102 (s), 1080
(m), 1046 (s), 1020 (m), 948 (m), 910 (m), 892 (880 (m), 872 (m), 848 (w), 796 (m), 772
(s), 728 (w), 702 (m), 696 (M), 670 (w), 654 (M)BEVW).

'H-NMR (600 MHz, CDCls): & = 8.94 (d,J = 8.4 Hz, 2H), 8.18 (dJ = 9.0 Hz, 2H), 7.72
(ddd,J=7.2, 1.2, 0.6 Hz, 1H), 7.69 (dd= 2.4, 1.2 Hz, 1H), 7.48 (f]= 7.8 Hz, 1H), 7.13
(ddd,J=8.4, 3.0, 1.2 Hz, 1H), 5.62 (s, 2H), 4.42 Jc 7.2 Hz, 2H), 3.90 (s, 3H), 3.60 (s,
3H), 1.43 (tJ = 7.2 Hz, 3H) ppm.

3C-NMR (150 MHz, CDCly): & = 166.2, 159.9, 156.2, 156.0, 153.8, 138.6, 13230.8,
130.2, 129.9, 129.7, 129.4, 122.2, 118.9, 117.5,0,773.5, 61.2, 57.8, 55.5, 14.3 ppm.

MS (70 eV, El): m/z (%) = 544 (13), 513 (18), 418 (11), 388 (B87 (35), 58 (33), 45 (24),
44 (13), 43 (100).

HRMS (EI): m/z calc. for [GsH21IN4O4] 544.0607; found: 544.0594.

Synthesis of ethyl 4-(6-(4-chlorophenyl)-2-iodo-9afethoxymethyl)-9H-purin-8-
yl)benzoate (22b)

Cl

)N|\ \/ N\>—©7002Et
I~ >N~ "N

MOM
A microwave vial was charged with CsF (304 mg, rariol) which was dried under high
vacuum (10 mbar) at 120 °C for 3 h. Ethyl 4-(6-(4-chlorophBr8:(methoxymethyl)-2-
(trimethylsilyl)-9H-purin-8-yl)benzoate 2A1h, 494 mg, 1.0 mmol), 2l (355 mg, 1.4 mmol),
THF (1 mL) and CHCN (1 mL) were successively added. The microwaw wias sealed
and the reaction mixture was stirred under micrevavadiation at 110 °C for 12 h. The
excess iodine was quenched with,88ssar) (5 mL) and the solution was diluted with EtOAc
(5 mL). The aqueous layer was extracted with EtQ\e 5 mL), the combined organic layers
were washed with Nagl,) (10 mL) and were dried (N80O,). After concentratiorvia rotary

evaporation, the crude mixture was purified by Hlalumn chromatography (silicagel,
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C. Experimental Section

isohexane/ EtOAc = 10:1) to afford ethyl 4-(6-(4arbphenyl)-2-iodo-9-(methoxymethyl)-
9H-purin-8-yl)benzoateA2b, 266 mg, 49%) as a white powder.

mp (°C): 162-164.

IR (ATR) v (cm): 3074 (vw), 2982 (w), 2938 (w), 2906 (w), 2874 (y@B18 (vw), 1726
(s), 1586 (m), 1566 (s), 1554 (m), 1492 (m), 14M§, (1462 (w), 1444 (w), 1434 (w), 1400
(m), 1376 (w), 1366 (w), 1342 (w), 1316 (m), 1292),(1274 (s), 1250 (s), 1228 (m), 1196
(m), 1180 (m), 1156 (w), 1140 (m), 1126 (m), 11&p (098 (m), 1080 (vs), 1036 (m), 1014
(m), 966 (m), 940 (m), 876 (m), 866 (w), 838 (mP48w), 794 (m), 774 (m), 716 (m), 694
(m), 666 (w), 656 (w), 628 (w).

'H-NMR (300 MHz, CDCls): § = 8.79 (d,J = 7.8 Hz, 2H), 8.21 (s, 4H), 7.76 (@= 8.4 Hz,
2H), 5.58 (s, 2H), 4.43 (d,= 6.9 Hz, 2H), 3.59 (s, 3H), 1.44 ppmJt 6.9 Hz, 3H).

¥C-NMR (75 MHz, CDCls): & = 165.7, 155.8, 154.5, 154.0, 137.9, 132.9, 132322,
131.3,130.2, 130.0, 129.7, 128.8, 119.3, 73.4,@&.7, 14.3.

MS (70 eV, El): m/z (%) = 548 (48), 520 (17), 518 (49), 517 (1&9H1 (18), 130 (11), 128
(18), 127 (11), 45 (81).

HRMS (El): m/z calc. for [GaH1sClIN4O5] 548.0112; found: 548.0105.

Synthesis of ethyl 4-(2-(cyclohex-2-en-1-yl)-9-(nmedxymethyl)-8-(3-methoxyphenyl)-#-
purin-6-yl)benzoate (24a)

CO,Et
OMe
N
o \%( §
~
N~ N
d MOM

Ethyl 4-(2-iodo-9-(methoxymethyl)-8-(3-methoxyph&9H-purin-6-yl)benzoate A4
544 mg, 1.0 mmol) was magnesiated accordingT®b and a solution of CuCN-2LiCl
(2.65 mL, 1.0v in THF, 1.65 mmol) was added dropwise to the reaanixture at -78 °C.
The solution was warmed up to -40 °C and 3-bromiotyxene (322 mg, 2.0 mmol) was
added dropwise. The reaction mixture was warmetbupO °C within 3 h and quenched with
NH4Clsaiy NHz(conc) (9 mL/ 1 mL). The aqueous layer was extracted ®WHDAC (2 x 10 mL),
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C. Experimental Section

the combined organic layers were washed with Nadl0 mL) and were dried (N&Oy).
After concentratiorvia rotary evaporation, the crude mixture was purifigdflash column
chromatography (silicagel, isohexane/ EtOAc graieR7:4, 21:4) to afford ethyl 4-(2-
(cyclohex-2-en-1-yl)-9-(methoxymethyl)-8-(3-methgkenyl)-H-purin-6-yl)benzoat Z4a
342 mg, 69%) as a pale yellow powdery solid.

mp (°C): 145-147.

IR (ATR) U (cm): 3022 (vw), 2986 (w), 2930 (W), 2910 (w), 2890 (@336 (W), 1714 (s),
1610 (vw), 1578 (s), 1558 (m), 1510 (w), 1478 (66 (m), 1448 (w), 1424 (w), 1406 (w),
1366 (m), 1354 (m), 1314 (m), 1282 (vs), 1248 1836 (s), 1216 (m), 1206 (m), 1182 (m),
1154 (m), 1126 (m), 1100 (s), 1086 (s), 1048 (ndR8L(s), 972 (w), 962 (w), 908 (m), 896
(m), 876 (m), 860 (w), 816 (w), 796 (m), 776 (mp87(m), 734 (w), 716 (w), 700 (s), 666
(m), 650 (w).

'H-NMR (300 MHz, CDCl3): & = 9.05-9.03 (m, 2H), 8.23-8.21 (m, 2H), 7.76-7(i#8 2H),
7.50-7.47 (m, 1H), 7.12 (ddd= 8.4, 2.7, 0.9 Hz, 1H), 6.16-6.13 (m, 1H), 5.9965(m, 1H),
5.69 (s, 2H), 4.43 (q) = 7.2 Hz, 2H), 3.95-3.91 (m, 4H), 3.63 (s, 3H),12327 (m, 1H),
2.22-2.10 (m, 3H), 2.03-1.97 (m, 1H), 1.83-1.76 tid), 1.44 ppm (tJ = 7.2 Hz, 3H).
¥C-NMR (75 MHz, CDCls): & = 167.2, 166.5, 159.9, 156.1, 155.6, 152.0, 14032,.9,
130.3, 130.1, 129.8, 129.6, 129.1, 129.0, 127.2,112117.1, 114.9, 73.3, 61.1, 57.8, 55.5,
44.7, 28.8, 25.0, 21.6, 14.3 ppm.

MS (70 eV, El): m/z (%) = 500 (6), 499 (31), 498 (100), 497 (¥H?9 (8), 453 (13), 432 (6),
425 (7), 349 (7), 45 (12).

HRMS (EIl): m/z calc. for [GoH30N4O4] 498.2267; found: 498.2258.
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Synthesis of ethyl 4-(2-((3-chlorophenyl)(hydroxy)rathyl)-9-(methoxymethyl)-8-(3-
methoxyphenyl)-dH-purin-6-yl)benzoate (24b)

CO,Et

cl % OMe
NN
OH MOM

Ethyl 4-(2-iodo-9-(methoxymethyl)-8-(3-methoxyph&a§H-purin-6-yl)benzoate 224
544 mg, 1.0 mmol) was magnesiated accordingR6 and 3-chlorobenzaldehyde (281 mg,
2.0 mmol) was added dropwise. The mixture wasestifior 2 h and the temperature was
slowly risen to 0 °C. The reaction mixture was gtrerd with HO (10 mL) and the aqueous
layer was extracted with EtOAc (2 x 10 mL). The tamed organic layers were washed with
NaClsa (10 mL) and were dried (N80O,). After concentratiorvia rotary evaporation the
crude mixture was purified by flash column chrongaéphy (silicagel,
isohexane/ EtOAc =1:2) to afford ethyl 4-(2-((3arophenyl)(hydroxy)methyl)-9-
(methoxymethyl)-8-(3-methoxy-phenylBpurin-6-yl)benzoate 24b, 524 mg, 94%) as a

white powder.

mp (°C): 134-136.

IR (ATR) U (cm): 3434 (br, w), 3068 (w), 2990 (m), 2938 (m), 2883, (2360 (m), 2336
(m), 1738 (w), 1722 (m), 1712 (m), 1692 (m), 1588,(1574 (m), 1462 (m), 1354 (m), 1328
(W), 1274 (vs), 1244 (s), 1212 (m), 1186 (m), 1169, 1102 (s), 1056 (m), 1020 (m), 904
(m), 872 (w), 850 (W), 786 (W), 776 (m), 764 (m287(m), 706 (m), 690 (m).

'H-NMR (300 MHz, CDCl3): & = 9.01 (dJ = 8.4 Hz, 2H), (d) = 8.4 Hz, 2H), 7.78-7.68 (m,
3H), 7.58 (dt,J=7.2, 1.8 Hz, 1H), 7.49 (1= 7.5 Hz, 1H), 7.33-7.20 (m, 2H), 7.13 (brd,
J=8.4Hz, 1H), 6.04 (s, 1H), 5.67 (m, 2H), 5.2%,(lH), 4.45 (q,) = 7.2 Hz, 2H), 3.91 (s,
3H), 3.58 (s, 3H), 1.46 ppm @= 7.2 Hz, 3H).

3C-NMR (75 MHz, CDCls): & = 166.2, 162.7, 159.9, 156.7, 156.0, 151.7, 1443B.0,
134.0, 132.4, 130.1, 130.0, 129.7, 129.7, 129.8,412127.6, 126.8, 124.7, 122.1, 117.3,
114.9, 74.7, 73.6, 61.2, 57.9, 55.4, 14.3 ppm.

HRMS (ESI): m/z calc. for [GoH27CIN4Os+H'] 559.1748; found: 559.1751.
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Synthesis of ethyl 4-(2-((dimethylamino)methyl)-9+fiethoxymethyl)-8-(3-
methoxyphenyl)-dH-purin-6-yl)benzoate (24c)

CO,Et

OMe

N
DR />

MezN N/ N

MOM
Ethyl 4-(2-iodo-9-(methoxymethyl)-8-(3-methoxyph&a§H-purin-6-yl)benzoate 224
544 mg, 1.0 mmol) was magnesiated accordingR8& and ZnC} (1.65 mL, 1.0m in THF,
1.65 mmol) was added dropwise to the reaction mexai -78 °C. The solution was warmed
up to 0 °C within 1 h. The reaction mixture was edldropwise to a solution df-methyl-N-
methylenemethanaminium 2,2,2-trifluoroacetite (2.0 mL, 1.0 solution in CHCl,,
2.0 mmol) at 0 °C, was stirred for 2 h and thennghed with HO (10 mL). After extraction
of the aqueous layer with EtOAc (2 x 10 mL), thentaned organic layers were washed with
NaClsa (10 mL) and were dried (N&Os). After concentratiorvia rotary evaporation, the
crude mixture was purified by flash column chrongaaphy (silicagel, EtOAc/ MeOH = 9:1)
to afford ethyl 4-(2-((dimethylamino)methyl)-9-(nmeixymethyl)-8-(3-methoxyphenyl)F8
purin-6-yl)benzoate24c 406 mg, 86%) as an orange powdery solid.

mp (°C): 120-121.

IR (ATR) U (cm): 3096 (vw), 3070 (vw), 2976 (w), 2936 (w), 2820 (RY70 (w), 1714
(s), 1578 (s), 1558 (m), 1508 (w), 1484 (m), 149, (1354 (m), 1336 (m), 1314 (m), 1280
(vs), 1256 (s), 1238 (s), 1208 (m), 1182 (m), 1{&H 1124 (m), 1100 (s), 1086 (s), 1046 (s),
1026 (s), 976 (w), 910 (w), 896 (w), 868 (m), 869),(798 (w), 772 (m), 758 (m), 736 (m),
722 (w), 700 (s), 672 (m).

'H-NMR (300 MHz, CDCls): 9.05-9.01 (m, 2H), 8.24-8.20 (m, 2H), 7.77-7.73 BH), 7.49

(t, J=8.0 Hz, 1H), 7.13 (ddd} = 8.4, 2.6, 1.0 Hz, 1H), 5.72 (s, 2H), 4.42J¢, 7.1 Hz, 2H),
4.07 (s, 2H), 3.92 (s, 3H), 3.61 (s, 3H), 2.56(), 1.43 ppm (tJ= 7.1 Hz, 3H).

190 @) Ahond, A.; Cavé, A.; Kann-Fan, C.; Husson, d¢te;Rostolan, J.; Potier, B. Am. Chem. So968 90,
5622; (b) Holy, N.; Fowler, R.; Burnett, E.; LoreR. Tetrahedronl979 35, 613.

130



C. Experimental Section

13C-NMR (75 MHz, CDCl3): 6 = 166.4, 159.9, 156.1, 155.9, 152.2, 139.8, 1323D.1,
130.0, 129.8, 129.6, 129.5, 122.1, 117.2, 114.98,65.4, 61.1, 57.5, 55.5, 45.3, 14.3 ppm.
MS (70 eV, EI): m/z (%) = 474 (0.5), 433 (28), 432 (100), 402 @)1 (10), 388 (10), 45 (9).
HRMS (EI): m/z calc. for [GeH29NsO4] 475.2220; found: 475.2140.

Synthesis of ethyl 4-(9-(methoxymethyl)-8-(3-methgphenyl)-2-(3-(trifluoromethyl)-
phenyl)-9H-purin-6-yl)benzoate (24d)

CO,Et

OMe
N
U0
F;C =
3 N N
MOM

Ethyl 4-(2-iodo-9-(methoxymethyl)-8-(3-methoxyph&r9H-purin-6-yl)benzoate 2A2a
544 mg, 1.0 mmol) was magnesiated accordingR8& and ZnCj (1.65 mL, 1.0m in THF,
1.65 mmol) was added dropwise to the reaction mexai -78 °C. The solution was warmed
up to -20 °C within 1 h, Pd(dbajl17 mg, 3 mol%, 0.03 mmol), &€uryl)s (14 mg, 6 mol%,
0.06 mmol) and 3-iodobenzotrifluoride (505 mg, h&hol) were added. The solution was
stirred for 4 h at 25 °C. #0 (10 mL) and EtOAc (10 mL) were added, the aquéayesr was
extracted with EtOAc (2 x 10 mL), the combined arigalayers were washed with Na&d)
(10 mL) and were dried (N80O,). After concentrationvia rotary evaporation the crude
mixture was purified by flash column chromatogragséilicagel, isohexane/ GiEl, = 1:2) to
afford ethyl 4-(9-(methoxymethyl)-8-(3-methoxyph&r3-(3-(trifluoromethyl)phenyl)-8i-
purin-6-yl)benzoate24d, 370 mg, 65%) as a white powdery solid.

mp (°C): 153-154.

IR (ATR) U (cm): 2984 (vw), 2958 (vw), 2936 (vw), 2906 (vw), 1716)( 1600 (w), 1580
(m), 1560 (m), 1506 (vw), 1486 (w), 1472 (w), 1448, 1404 (w), 1380 (w), 1368 (m), 1350
(w), 1324 (s), 1280 (vs), 1242 (s), 1216 (m), 1{7), 1160 (m), 1110 (s), 1098 (s), 1050
(m), 1022 (m), 958 (vw), 916 (w), 900 (w), 872 (WH2 (w), 836 (vw), 802 (w), 790 (w), 774
(m), 754 (w), 730 (w), 694 (m), 674 (m).

131



C. Experimental Section

'H-NMR (600 MHz, CDCls): § = 9.13 (d,J = 8.4 Hz, 2H), 8.93 (s, 1H), 8.88 (#l= 7.8 Hz,
1H), 8.27 (dJ = 8.4 Hz, 2H), 7.79 (bd] = 7.8 Hz, 1H), 7.77 (dd] = 2.4, 1.8 Hz, 1H), 7.75
(bd,J = 7.8 Hz, 1H), 7.66 (t) = 7.8 Hz, 1H), 7.51 () = 7.8 Hz, 1H), 7.15 (ddd, = 8.4, 3.0,
1.2 Hz, 1H), 5.77 (s, 2H), 4.44 (4= 7.2 Hz, 2H), 3.93 (s, 3H), 3.69 (s, 3H), 1.45mpfi,
J=7.2 Hz, 3H).

13C-NMR (125 MHz, CDCl3): & = 166.4, 159.9, 156.9, 156.6, 156.3, 152.2, 13938.9,
132.2, 131.4, 131.0 (§Jc.r = 33 Hz), 130.2, 130.1, 129.9, 129.8, 129.7, 12926.6 (q.°Jc.
F =4 Hz), 124.9 (2Jcr = 4 Hz), 124.2 (qXJc.r = 272 Hz), 122.1, 117.3, 114.9, 73.5, 61.1,
57.9, 55.5, 14.3 ppm.

YF-NMR (282 MHz, CDCly): & = -62.6 ppm.

HRMS (EI): m/z calc. for [GoH2sF3N4O4+H'] 563.1906; found: 563.1896.

Synthesis of ethyl 4-(2-(4-bromophenyl)-9-(methoxysathyl)-8-(3-methoxyphenyl)-H-
purin-6-yl)benzoate (24€)

CO,Et

OMe
%@
Iony

MOM

Br

Ethyl 4-(2-iodo-9-(methoxymethyl)-8-(3-methoxyph&§H-purin-6-yl)benzoate 224
544 mg, 1.0 mmol) was magnesiated accordingR6 and ZnC} (1.65 mL, 1.0v in THF,
1.65 mmol) was added dropwise to the reaction mexai -78 °C. The solution was warmed
up to -20 °C within 1 h, Pd(dbajl7 mg, 3 mol%, 0.03 mmol), &furyl); (14 mg, 6 mol%,
0.06 mmol) and 1-bromo-4-iodobenzene (438 mg, Ir®h were added at -20 °C. The
solution was stirred for 4 h at 25 °C,® (10 mL) and EtOAc (10 mL) were added. The
agueous layer was extracted with EtOAc (2 x 10 nth combined organic layers were
washed with NaGday (10 mL) and were dried (N&8Qs). After concentrationvia rotary
evaporation the crude mixture was purified by flagflumn chromatography (silicagel,
isohexane/ CkCl, gradient=1:2 to 1:3) to afford ethyl 4-(2-(4-brophenyl)-9-
(methoxymethyl)-8-(3-methoxyphenylH9purin-6-yl)benzoate 24 361 mg, 63%) as a

white powdery solid.
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mp (°C): 190-194.

IR (ATR) U (cm™): 3784 (vw), 3698 (vw), 2988 (W), 2942 (w), 2830 jy®360 (vw), 1714
(m), 1582 (m), 1562 (m), 1486 (m), 1462 (m), 13@§, (1366 (m), 1314 (m), 1280 (vs), 1254
(m), 1242 (s), 1214 (m), 1194 (w), 1162 (w), 1188,(1100 (s), 1070 (m), 1050 (m), 1022
(m), 1012 (m), 952 (w), 920 (w), 890 (w), 880 (BES (W), 836 (w), 774 (m), 730 (w), 714
(w), 698 (m), 674 (W).

'H-NMR (600 MHz, CDCls): & = 9.09 (d,J = 8.4 Hz, 2H), 8.52 (d) = 9.0 Hz, 2H), 8.23 (d,
J=9.0 Hz, 2H), 7.77 (d) = 7.2 Hz, 1H), 7.75 (bs, 1H), 7.64 (@= 9.0 Hz, 2H), 7.49 (t,
J=7.8Hz, 1H), 7.13 (dd] = 7.8, 2.4 Hz, 1H), 5.70 (s, 2H), 4.43 (&5 7.2 Hz, 2H), 3.92 (s,
3H), 3.66 (s, 3H), 1.44 (8,= 7.2 Hz, 3H) ppm.

3C-NMR (125 MHz, CDCly): & = 166.4, 159.9, 157.4, 156.3, 156.2, 152.0, 14037.0,
132.1, 131.6, 130.1, 130.0, 129.8, 129.7, 129.9,612124.8, 122.1, 117.2, 114.9, 73.4, 61.1,
57.9, 55.5, 14.3 ppm.

HRMS (ESI): m/z calc. for [GoHos BrN4O4+H'] 573.1137; found: 573.1132.

Synthesis of ethyl 4-(6-(4-chlorophenyl)-9-(methoxyethyl)-2-(4-methoxyphenyl)-H-
purin-8-yl)benzoate (24f)

NTX—N
| \>—@002Et
“ N
N |
@ MOM
MeO

Ethyl 4-(6-(4-chlorophenyl)-2-iodo-9-(methoxymeth@H-purin-8-yl)benzoate 20,
548 mg, 1.0 mmol) was magnesiated accordingR& and ZnC} (1.65 mL, 1.0m in THF,
1.65 mmol) was added dropwise to the reaction mexai -78 °C. The solution was warmed
up to -20 °C within 1 h, Pd(dbajl17 mg, 3 mol%, 0.03 mmol), &€uryl); (14 mg, 6 mol%,
0.06 mmol) and l1-iodo-4-methoxybenzene (416 mg,nin®l) were added at -20 °C. The
solution was stirred for 12 h at 25 °C,H (10 mL) and EtOAc (10 mL) were added. The
agueous layer was extracted with EtOAc (2 x 10 nth combined organic layers were
washed with Naday (10 mL) and were dried (N80Os). After concentrationvia rotary

evaporation the crude mixture was purified by flagflumn chromatography (silicagel,

133



C. Experimental Section

isohexane/ EtOAc = 21:4) to afford ethyl 4-(6-(4esbphenyl)-9-(methoxymethyl)-2-(4-
methoxyphenyl)-Bl-purin-8-yl)benzoate24f, 307 mg, 58%) as an off-white solid.

mp (°C): 234-236.

IR (ATR) U (cm™): 2980 (W), 2958 (vw), 2936 (w), 2904 (vw), 2874 [y @834 (vw), 1722
(s), 1610 (w), 1586 (s), 1556 (m), 1514 (w), 1461),(1476 (w), 1452 (w), 1432 (w), 1398
(m), 1370 (s), 1346 (m), 1300 (m), 1264 (s), 12&),(1218 (m), 1210 (m), 1188 (w), 1178
(w), 1162 (s), 1098 (s), 1086 (s), 1076 (s), 1084 (L014 (m), 960 (w), 950 (vw), 912 (m),
880 (w), 872 (w), 848 (m), 842 (m), 820 (w), 80, (78 (m), 748 (w), 726 (m), 718 (m),
706 (m), 690 (m), 648 (W), 638 (Vw).

'H-NMR (600 MHz, CDCls): & = 9.00 (d,J = 8.4 Hz, 2H), 8.60 (dJ = 9.0 Hz, 2H), 8.27 (d,
J=9.0 Hz, 2H), 8.24 (d) = 8.4 Hz, 2H), 7.55 (dJ = 8.4 Hz, 2H), 7.04 (dJ = 9.0 Hz, 2H),
5.70 (s, 2H), 4.45 (Gl = 7.2 Hz, 2H), 3.91 (s, 3H), 3.67 (s, 3H), 1.45 pfprd = 7.2 Hz, 3H).
3C-NMR (125 MHz, CDCl): & = 165.9, 161.6, 158.6, 156.1, 154.2, 152.5, 13733.6,
133.0, 132.3, 131.2, 130.8, 130.0, 129.8, 129.8,8,2128.7, 113.8, 73.3, 61.3, 57.8, 55.4,
14.3 ppm.

MS (70 eV, El): m/z (%) = 630 (24), 529 (22), 528 (67), 500 (499 (37), 498 (35), 497
(100), 484 (12), 483 (11), 349 (17), 175 (16), 35)(

HRMS (EIl): m/z calc. for [GgH25CIN4O4] 528.1564; found: 528.1560.

Synthesis  of  ethyl 4-(9-(methoxymethyl)-8-(3-methgphenyl)-2-(pyridin-4-yl)-9H-
purin-6-yl)benzoate (249)

CO,Et

OMe
(-
SN
N MOM
Ethyl 4-(2-iodo-9-(methoxymethyl)-8-(3-methoxyph&r9H-purin-6-yl)benzoate 223
544 mg, 1.0 mmol) was magnesiated accordingR& and ZnCj (1.65 mL, 1.0m in THF,

1.65 mmol) was added dropwise to the reaction mexai -78 °C. The solution was warmed
up to -20 °C within 1 h, Pd(dbajl17 mg, 3 mol%, 0.03 mmol), &€uryl); (14 mg, 6 mol%,
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0.06 mmol) and 4-iodopyridine (380 mg, 1.8 mmolysvadded at -20 °C. The solution was
stirred for 4 h at 25 °C. #0 (10 mL) and EtOAc (10 mL) were added. The aquéayer was
extracted with EtOAc (2 x 10 mL), the combined arigalayers were washed with Na&)
(10 mL) and were dried (N8O,). After concentratiornvia rotary evaporation, the crude
mixture was purified by flash column chromatograpfigilicagel, CHCI,/ EtOAc
gradient = 5:1, 1:1) to afford ethyl 4-(9-(methoxgtimyl)-8-(3-methoxyphenyl)-2-(pyridin-4-
yl)-9H-purin-6-yl)benzoate2dg, 268 mg, 55%) as a white solid.

mp (°C): 147-148.

IR (ATR) v (cm™): 3444 (vw), 3070 (vw), 2988 (vw), 2936 (W), 2906wy 2832 (vw),
2360 (vw), 2342 (vw), 2332 (vw), 1712 (m), 1692 (588 (s), 1580 (m), 1562 (m), 1510
(w), 1488 (m), 1474 (m), 1466 (M), 1426 (w), 1446,(1354 (m), 1322 (w), 1274 (vs), 1238
(s), 1212 (m), 1186 (m), 1154 (m), 1104 (s), 1086 1030 (m), 1020 (m), 902 (m), 872 (m),
850 (w), 812 (vw), 786 (m), 776 (m), 764 (m), 728)(706 (m), 690 (m).

'H-NMR (300 MHz, CDCls3): & = 9.11 (d,J = 8.7 Hz, 2H), 8.81 (d] = 4.2 Hz, 2H), 8.50 (d,
J=6.0 Hz, 2H), 8.23 (d) = 8.7 Hz, 2H), 7.78 (m, 2H), 7.50 (t= 8.1 Hz, 1H), 7.15 (ddd,
J=8.4, 2.7, 0.9 Hz, 1H), 5.75 (s, 2H), 4.43 J&; 7.2 Hz, 2H), 3.92 (s, 3H), 3.68 (s, 3H),
1.44 ppm (tJ = 7.2 Hz, 3H).

3C-NMR (75 MHz, CDCl3): & = 166.3, 160.0, 157.0, 156.2, 155.9, 152.2, 150455,
139.7, 132.3, 130.6, 130.2, 129.8, 129.7, 129.2,212122.1, 117.4, 115.0, 73.6, 61.2, 57.9,
55.5, 14.3 ppm.

HRMS (ESI): m/z calc. for [GgH2sNsO4+H'] 496.1985; found: 496.1975.
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Synthesis of ethyl 4-(9-(methoxymethyl)-8-(3-methgyphenyl)-2-((trimethylsilyl)-
ethynyl)-9H-purin-6-yl)benzoate (24h)

CO,Et
OMe

N
YT > />

~

N

TMS/N )

MeO

Pd(dba) (17 mg, 3 mol%, 0.03 mmol), &furyl)s (14 mg, 6 mol%, 0.06 mmol), Cul (6 mg,
3 mol%, 0.03 mmol), NEt (122 mg, 1.2 mmol) and trimethylsilylacetylene (88,
1.0 mmol) were successively added to a solutioatlo§l 4-(2-iodo-9-(methoxymethyl)-8-(3-
methoxyphenyl)-Bl-purin-6-yl)benzoate 22a 544 mg, 1.0 mmol) in THF (10 mL). The
solution was stirred for 24 h and:® (10 mL) was added. After extraction with EtOAcX?2
10 mL), the combined organic layers were washel WdClsa) (10 mL) and dried (N&SOy).
The solvents were evaporatedvacuo Purificationvia column chromatography (silicagel,
isohexane/ CkCl, =1:1)  yielded ethyl 4-(9-(methoxymethyl)-8-(3-rhekxyphenyl)-2-
((trimethylsilyl)-ethynyl)-H-purin-6-yl)benzoate24h, 388 mg, 76%) as an off-white solid.

m.p (°C): 175-177.

IR (ATR): 3000 (vw), 2984 (vw), 2964 (vw), 2940 (vw), 2836&wvjy 2164 (vw), 1720 (m),
1612 (w), 1586 (w), 1572 (m), 1560 (m), 1468 (m)34 (w), 1400 (w), 1360 (s), 1308 (w),
1276 (s), 1252 (m), 1210 (w), 1180 (w), 1152 (n)24 (w), 1104 (m), 1086 (m), 1058 (w),
1032 (m), 996 (w), 916 (w), 900 (w), 866 (s), 844)( 794 (m), 772 (s), 758 (m), 730 (m),
722 (w), 702 (m), 696 (M), 674 (w), 646 (w).

'H-NMR (CDCl 3, 600 MHz): & = 9.00 (d,J = 9.0 Hz, 2H), 8.21 (d) = 9.0 Hz, 2H), 7.75
(ddd,J = 7.8 Hz, 1.2 Hz, 0.6 Hz, 1H), 7.72 (dbs 2.4 Hz, 1.2 Hz, 1H), 7.48 (,= 8.4 Hz,
1H), 7.13 (ddd,) = 8.4 Hz, 3.0Hz, 1.2 Hz, 1H), 5.69 (s, 2H), 4.42X= 7.2 Hz, 2H), 3.90 (s,
3H), 3.61 (s, 3H), 1.43 (§,= 7.2 Hz, 3H), 0.36 ppm (s, 9H).

3C-NMR (CDCl3, 125 MHz): § = 166.3, 159.9, 157.0, 155.3, 152.8, 145.5, 13932,3,
130.2, 130.1, 130.0, 129.7, 129.6, 122.2, 117.4,9,1103.5, 92.1, 73.3, 61.1, 57.6, 55.5,
14.3, -0.2 ppm.

HRMS (ESI): m/z calc. for [GgHz1N404Si+H] 515.2115, found: 515.2104.
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3.  Functionalization of the benzof][1,2,5]thiadiazole and

benzo[][1,2,5]oxadiazole scaffold

3.1. Functionalization of the benzgf][1,2,5]thiadiazole scaffold via Zn-,
Mg- and Mn-Intermediates

Synthesis of 5,6-dibromo-4-iodobenzq][1,2,5]thiadiazole (29)

BrjiSjN\

S

Br N

In a Schlenk-tube TMPMg@aliCl (1.0 mL, 1.1m in THF, 1.1 mmol) was added dropwise to
a solution of 5,6-dibromobenzi[1,2,5]thiadiazole 28, 294 mg, 1.0 mmol) in THF (4 mL) at
-20 °C. After stirring at this temperature for 1@, (2.0 mL, 1.0m in THF, 2.0 mmol) was
added dropwise and the reaction mixture was slavdymed up to 25 °C in 5 h. NBl(say
(10 mL) and Ng5;0s3(sar) (5 mL) were added, the aqueous layer was extracitddCH,Cl, (3

x 30 mL), the combined organic layers were driedj8@,) and the solvent was evaporated

vacuo The crude residue was purified by flash chromaplgy (silicagel,

pentane/ BEO = 200:1), providing the compou2® (200 mg, 48%) as a yellow solid.

mp (°C): 171-172.

IR (ATR) v (cm™): 3066 (vw), 2922 (w), 2852 (vw), 1712 (w), 1560 (%72 (m), 1418
(m), 1368 (w), 1330 (w), 1296 (w), 1244 (w), 1230, (1176 (w), 1160 (w), 1118 (w), 1104
(m), 1096 (m), 964 (w), 952 (m), 908 (m), 876 (BYS (vs), 840 (s), 758 (w), 734 (w), 718
(m), 682 (w), 622 (w).

'H-NMR (300 MHz, CDCl3): 5 = 8.38 (s, 1H) ppm.

3C-NMR (75 MHz, CDCl3): 5 = 156.2, 150.7, 135.5, 126.2, 124.6, 95.8 ppm.

MS (70 eV, EIl): m/z (%) = 422 (56), 420 (100), 418 (53), 214 (28)2 (23), 133 (19), 128
(42), 127 (33), 80 (20), 43 (22).

HRMS (El): m/z calc. for [GHBr2IN,S] 417.7272; found: 417.7274.
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Synthesis of 5,6-bis((trimethylsilyl)methyl)benzdf][1,2,5]thiadiazole (30)

/N\

In a Schlenk-tube TMSCIMgCI (3.39 mL, 1.184 in EtO, 4.0 mmol) was added dropwise
to dry ZnC} (550 mg, 4.0 mmol) in THF (4 mL) at O °C and thixture was warmed up to
25 °C. 5,6-Dibromobenzo][1,2,5]thiadiazole 28, 294 mg, 1.0 mmol), Pd(OAc)(5 mg,

2 mol%, 0.02 mmol) and SPhos (16 mg, 4 mol%, 0.8@bihwere successively added. After
stirring for 30 min, NHClsay (10 mL) was added, the aqueous layer was extraetdd
CH.CI, (3 x 30 mL), the combined organic layers were dliglgSQ,) and the solvent was
evaporatedn vacuo The crude residue was purified by flash chromatolgy (silicagel,

pentane/ EO = 100:1), providing the compou@ (283 mg, 92%) as a colorless solid.

mp (°C): 90-91.

IR (ATR) U (cm™): 2954 (w), 2898 (vw), 1492 (w), 1458 (w), 1420 (W}00 (w), 1268
(w), 1246 (m), 1160 (w), 1140 (m), 1084 (w), 886),(868 (m), 834 (vs), 820 (s), 778 (m),
758 (W), 712 (W), 694 (m), 664 (W).

'H-NMR (300 MHz, CDCls): & = 7.53 (s, 2H), 2.24 (s, 4H), 0.04 (s, 18H) ppm.

3C-NMR (75 MHz, CDCls): & = 153.6, 142.7, 117.7, 25.5, -1.4 ppm.

MS (70 eV, El): m/z (%) = 308 (11), 295 (6), 294 (11), 291 (43),(%), 73 (100), 45 (17), 43
(12).

HRMS (El): m/z calc. for [G4H24N2SSh] 308.1199; found: 308.1192.

Synthesis of 4-bromo-7-(4-methoxyphenyl)benzd[1,2,5]thiadiazole (32)

N

N N
\

In a Schlenk-tube dry LiCl (106 mg, 2.5 mmol), Mgl (mg, 2.5 mmol), ZnGI(2.5 mL, 1.0m

in THF, 25mmol) and THF (5mL) were successivehdded. At 0°C 4,7-
dibromobenzdag|[1,2,5]thiadiazole 81, 588 mg, 2.0 mmol) was added and the reaction
mixture stirred for 2 h. The resulting brown sabutiwas canulated to a mixture of Pd(dba)
(30 mg, 2 mol%, 0.04 mmol), &furyl); (16 mg, 4 mol%, 0.08 mmol) and 4-iodoanisole
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(374 mg, 1.6 mmol) in THF (2 mL). After stirring @6 °C for 5 h, NHCl(say) (20 mL) was
added, the aqueous layer was extracted withGGH3 x 40 mL), the combined organic layers
were dried (MgS@) and the solvent was evaporated/acuo The crude residue was purified
by flash chromatography (silicagel, pentaneCEt 50:1), providing the compound?2
(300 mg, 58%) as a yellow solid.

mp (°C): 133-136.

IR (ATR) U (cm™): 3048 (vw), 2990 (vw), 2934 (vw), 2896 (vw), 2836v), 1896 (vw),
1608 (m), 1530 (w), 1508 (m), 1482 (m), 1462 (W)54 (w), 1438 (w), 1342 (vw), 1308 (w),
1282 (m), 1272 (w), 1248 (s), 1180 (s), 1152 (w14 (w), 1084 (w), 1030 (s), 972 (vw),
942 (w), 930 (w), 880 (s), 838 (m), 826 (vs), 786,(732 (w), 654 (vw), 628 (vw).

'H-NMR (300 MHz, CDCls): 6 = 7.91-7.84 (m, 3H), 7.52 (d,= 7.5 Hz, 1H), 7.09-7.04 (m,
2H), 3.90 (s, 3H) ppm.

¥C-NMR (75 MHz, CDCl3): & = 160.1, 153.9, 153.2, 133.6, 132.3, 130.3, 129474,
114.1, 112.2, 55.4 ppm.

MS (70 eV, El): m/z (%) = 323 (16), 322 (100), 321 (15), 320 ()7 (35), 305 (35), 279
(20), 277 (21), 198 (26).

HRMS (El): m/z calc. for [GsHsBrN,OS] 319.9619; found: 319.9615.

Synthesis of 4,5,7-tribromobenza]][1,2,5]thiadiazole (33)

/S\

N N
\
BrAQ—Br

Br

In a Schlenk-tube TM#MN-2MgCL-4LiCl (7.5 mL, 0.5m in THF, 3.75 mmol) was added
dropwise to a solution of 4,7-dibromobend{l,2,5]thiadiazole 81, 1.47 g, 5.0 mmol) in
THF (5 mL) at 0 °C. After stirring at this tempareg for 3 h, (BrGIC), (7.5 mL, 1.0m in
THF, 7.5 mmol) was added dropwise and the reaatnixture was slowly warmed up to
25 °C in 5 h. NHClsay (20 mL) was added, the aqueous layer was extragtadCH,Cl, (3 x
40 mL), the combined organic layers were dried (RgSand the solvent was evaporaiad
vacuo The crude residue was purified by flash chromaplgy (silicagel,

pentane/ BEO = 100:1), providing compour#B (1.3 g, 70%) as a yellow solid.
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mp (°C): 153-154.

IR (ATR) v (cm™): 1736 (vw), 1570 (w), 1540 (vw), 1508 (vw), 1488) (1478 (w), 1452
(w), 1368 (vw), 1302 (w), 1294 (w), 1260 (vw), 12@R), 1184 (w), 1138 (w), 1124 (w), 972
(m), 940 (w), 878 (vs), 864 (m), 844 (m), 750 (690 (w).

'H-NMR (300 MHz, CDCl3): 5 = 8.08 (s, 1H) ppm.

3C-NMR (75 MHz, CDCl3): 6 = 153.5, 153.0, 135.9, 127.1, 116.6, 113.7 ppm.

MS (70 eV, EIl): m/z (%) = 376 (32), 374 (100), 372 (97), 370 (AY5 (15), 293 (29), 291
(14), 216 (18), 214 (19), 58 (24), 43 (67).

HRMS (EIl): m/z calc. for [GHBrsN,S] 369.7411; found: 369.7413.

Synthesis of (3-chlorophenyl)(4,6,7-tribromobenza][1,2,5]thiadiazol-5-yl)methanone
(35)

In a Schlenk-tube TMEZn-2MgCl,-2LiCI (2.0 mL, 0.5 in THF, 1.0 mmol) was added
dropwise to a solution of 4,6,7-tribromobendfi,2,5]thiadiazole 83, 373 mg, 1.0 mmol) in
THF (1 mL). After stirring for 3 h, CuCN-2LiCI (0L, 1.0m in THF, 50 mol%, 0.5 mmol),
3-chlorobenzoyl chloride (263 mg, 1.5 mmol) werecassively added at -15 °C and the
reaction mixture stirred for 3 h. NBlsay (20 mL) and NHconc) (5 mL) were added, the
aqueous layer was extracted with L (3 x 40 mL), the combined organic layers were
dried (MgSQ) and the solvent was evaporaiedvacuo The crude residue was purified by
flash chromatography (silicagel, pentanefEt 20:1), providing the compourdb (233 mg,
46%) as a yellow solid.

mp (°C): 195-198.

IR (ATR) U (cmi): 3096 (w), 3072 (w), 2930 (w), 2872 (w), 1748 (&J22 (m), 1680 (s),
1644 (m), 1622 (m), 1588 (m), 1570 (m), 1466 (W8 (m), 1422 (m), 1380 (m), 1370 (m),
1346 (w), 1278 (m), 1264 (vs), 1246 (vs), 1188 {72 (s), 1132 (s), 1074 (m), 1052 (m),
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1000 (w), 968 (w), 942 (w), 908 (m), 884 (s), 849,(810 (m), 788 (m), 758 (s), 738 (vs),
720 (s), 672 (s), 604 (w).

'H-NMR (300 MHz, CDCls): & = 7.89-7.88 (m, 1H), 7.74-7.71 (m, 1H), 7.66-7(68 1H),
7.49-7.46 (m, 1H) ppm.

¥C-NMR (75 MHz, CDCl3): & = 190.7, 153.1, 151.4, 141.8, 135.7, 135.6, 13430.6,
129.5, 129.4, 128.0, 123.8, 118.8, 111.3 ppm.

MS (70 eV, EI): m/z (%) = 510 (28), 433 (55), 431 (78), 429 (38)1 (16), 399 (16), 141
(31), 139 (100), 111 (65), 75 (35).

HRMS (El): m/z calc. for [GsH4BrsCIN,OS] 507.7283; found: 507.7275.

4-bromo-6-phenyl-8H-[1,2,5]thiadiazolo[3,4g]indazole (36)

N~NH
/
(O A
N
Br

In a round bottom flask, M- H,O (0.5 g, 10.0 mmol) was added dropwise to a swiutf
(4,7-dibromobenza@][1,2,5]thiadiazol-5-yl)(phenyl)methanone34, 398 mg, 1.0 mmol) in
EtOH/ CHCE (6 mL each). The reaction mixture was stirred®at® for 10 h, the solvent was
evaporatedn vacuoand the crude residue was purified by flash chtography (silicagel,
isohexane/ EtOAc gradient = 5:1 to 3:1), providihg compound36 (214 mg, 65%) as a

yellow solid.

mp (°C): 270-272.

IR (ATR) U (cmY): 3264 (m), 1746 (vw), 1610 (vw), 1516 (vw), 1496)(4446 (w), 1396
(w), 1362 (m), 1338 (w), 1274 (vw), 1246 (w), 12@0), 1140 (vw), 1112 (w), 1104 (w),
1074 (w), 978 (w), 888 (m), 870 (vs), 838 (m), {64, 718 (s), 694 (s), 674 (m), 634 (W).
'H-NMR (400 MHz, d6-DMSO0): § = 8.47 (m, 1H), 7.99-7.90 (m, 2H), 7.63-7.45 (rh))3
ppm.

MS (70 eV, El): m/z (%) = 333 (16), 332 (100), 331 (20), 330 (B29 (5), 218 (9), 164 (5),
77 (15).

HRMS (El): m/z calc. for [GsH;BrN,S] 329.9575; found: 329.9566.
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3.2. Synthesis of the BTD-COF precursor 40

Synthesis of 4,7-bis(4-(trimethylsilyl)phenyl)benz][1,2,5]thiadiazole (42)

/S\

N N
N/

In a 250mL  Schlenk-flask  bis(dert-butyl(4-dimethylaminophenyl)phosphine)
dichloropalladium(ll) (28 mg, 0.04 mmol) and 4, Bahimobenzaf|[1,2,5]thiadiazole 31,
1.47 g, 5.0 mmol) were successively added to aisalwf (4-(trimethylsilyl)phenyl)zinc(l1)
chloride (36.4 mL, 0.5 in THF, 20 mmol) and the resulting greenish reactnixture was
stirred at 50 °C for 3 h. After addition of N@lsa; (100 mL), the aqueous layer was extracted
with CHyCI, (3 x 200 mL), the combined organic layers werediMgSQ) and the solvent
was evaporatedn vacuo Purification via column chromatography (silicagel, pentane)
afforded 4,7-bis(4-(trimethylsilyl)phenyl)benzif[1,2,5]thiadiazole 42, 1.6 g, 75%) as a
bright yellow solid.

mp (°C): 151-153.

IR (ATR) v (cm): 3016 (w), 2952 (w), 2894 (w), 1554 (w), 1480 (@400 (w), 1247 (m),
1095 (w), 837 (vs), 818 (s), 813 (s), 757 (m), {@), 691 (w).

'H-NMR (300 MHz, CDCls): & = 7.96-7.92 (m, 4H), 7.79 (s, 2H), 7.73-7.70 (iH)40.34
ppm (s, 18H).

13C-NMR (75 MHz, CDCls): § = 154.2, 140.8, 137.8, 133.7, 133.5, 128.5, 128.1, ppm.
MS (70 eV, El): m/z (%) = 434 (10), 433 (32), 432 (79), 419 (1418 (40), 417 (100), 202
(14), 201 (35), 73 (18), 57 (10).

HRMS (EI): m/z calc. for [G4H2sN2>SSp] 432.1512; found: 432.1509.
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Synthesis of 4,7-bis(4-iodophenyl)benzd[1,2,5]thiadiazole (43)

In a 500 mL round bottom flask 4,7-bis(4-(trimesigl)phenyl)benzaf][1,2,5]thiadiazole
(42, 10 g, 23 mmol) was dissolved in g, (200 mL) and cooled to 0 °C. ICl| (2.0 mL,
excess) was added dropwise and the reaction mixtaeestirred at 0 °C for 10 min. After
warming up to 25 °C the solution was stirred fortier 2 h. Filtration afforded 4,7-bis(4-
iodophenyl)benzaj[1,2,5]thiadiazole 43, 11.6 g, 93%) as a yellow solid.

mp (°C): 214-218.

IR (ATR) U (cm®): 2920 (w), 2851 (w), 1586 (w), 1552 (w), 1472 (1302 (w), 1116 (w),
1102 (w), 1060 (w), 1006 (m), 972 (w), 943 (w), §88, 849 (w), 806 (vs), 710 (w).
'H-NMR (300 MHz, CDCl3): 6 = 7.90-7.85 (m, 4H), 7.76 (s, 2H), 7.73-7.68 ppm 4H).
3C-NMR (75 MHz, CDCl3): 6 = 153.8, 137.8, 136.7, 132.6, 131.0, 127.9, 9818.p

MS (70 eV, El): m/z (%) = 542 (6), 541 (21), 540 (100), 288 (2B6 (9), 143 (6).

HRMS (EI): m/z calc. for [GgH10l2N2S] 539.8654; found: 539.8650.

Synthesis of 4,7-bis(4-(4,4,5,5-tetramethyl-1,3,dakaborolan-2-yl)phenyl)benzo
[c][1,2,5]thiadiazole (40)

PN

NN
O\ /O
o~ Y )4 )"
o o)

In a 250 mL Schlenk-flask equipped with a bigrstg bar KOAc (4.9 g, 50 mmol) was dried
under high vacuum (10mbar) at 100 °C. After successive addition of digkane (100 mL),
4,7-bis(4-iodophenyl)benzd[1,2,5]thiadiazole 43, 5.4 g, 10 mmol), and 4,4,4',4'5,5,5'5'-
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (10.2 g,rol) the reaction mixture was degassed
for 30 min. Pd(OAg) (90 mg, 0.4 mmol) and P(Cy{220 mg, 0.8 mmol) were added and the
resulting greenish reaction mixture was stirrefGatC for 24 h. After addition of NaHGa)
(100 mL) the aqueous layer was extracted witfOE#4 x 200 mL), the combined organic
layers were dried (MgS{p and the solvent was evaporaiadvacuo Recrystallization from
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Et,O afforded 4,7-bis(4-(4,4,5,5-tetramethyl-1,3,2x@iborolan-2-yl)phenyl)benzd[1,2,5]
thiadiazole 43, 4.1 g ,74%) as a bright yellow solid.

mp (°C): 184-186.

IR (ATR) U (cm™): 2975 (w), 1609 (w), 1550 (w), 1519 (w), 1396 (M358 (vs), 1320 (m),
1294 (m), 1214 (w), 1143 (s), 1122 (m), 1105 (n®B4 (m), 1020 (w), 961 (w), 890 (w), 856
(m), 821 (s), 744 (w), 657 (m).

'H-NMR (600 MHz, CDCl3): § = 8.00-7.95 (m, 8H), 7.80 (s, 2H), 1.37 ppm (24
3C-NMR (150 MHz, CDCls): § = 154.0, 140.0, 135.0, 133.5, 128.5, 128.2, 8349 ppm.
MS (70 eV, El): m/z (%) = 542 (10), 541 (34), 540 (100), 539 (441 (14), 440 (11), 341
(24), 340 (22), 339 (9).

HRMS (EIl): m/z calc. for [GoH34B2N204S] 540.2425; found: 540.2419.

3.3. Synthesis of perylenedye precursors

3.3.1. Typical procedures 6-8

TP6: Typical procedure for the synthesis of reagerd4

/S\

N N
\ /
OZnCI

In a Schlenk-tube TMiMg-2LIiCl (23.0 mL, 0.6v in THF, 13.8 mmol) was added dropwise
to a solution of benzg[[1,2,5]thiadiazole 25, 1.4 g, 10 mmol) in THF (10 mL) at -40 °C.
After 14 h of stirring at -40 °C, Zng[(15 mL, 1.0m in THF, 15 mmol) was added dropwise.
Further stirring at -40 °C for 30 min and warmingto 25 °C provides the zinc reagddtin

ca 85% vyield as a dark brown solution (f.2h THF).
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TP7: Typical procedure for the synthesis of reagend7

/S\
NN

\

In a Schlenk-tube LiCl (170 mg, 4.0 mmol) was driewler vacuum (I®mbar) at 140 °C.
After cooling, Mg (97 mg, 4.0 mmol), Zng(4.0 mL, 1.0m in THF, 4.0 mmol) and 4-(4-
iodophenyl)benza][1,2,5]thiadiazole 46, 676 mg, 2 mmol) were successively added. The
reaction mixture was stirred for 2 h at 25 °C. Qation to a second Schlenk-tube furnishes
the zinc reagert7 in ca 80% yield as a dark brown solution (@.80 THF).

TP8: Typical procedure for the metalation of benzof][1,2,5]oxadiazole (51)

/O\

N N
\ /
OZnCI

In a Schlenk-tube TMPMg@liCl (1.7 mL, 1.2m in THF, 2.0 mmol) was added dropwise to
a solution of benza][1,2,5]oxadiazole §1, 220 mg, 1.8 mmol) in 2 mL THF at -5 °C. After

14 h of stirring, ZnGl (2.1 mL, 1.0m in THF, 2.1 mmol) was added dropwise. Further
stirring at -5 °C for 30 min and warming up to Z5 frovides the desired zinc reagent in ca
80% yield as a dark brown solution (0:25n THF).

3.3.2. Synthesis of compounds 45-58

Synthesis of 4-(4-(trimethylsilyl)phenyl)benzaf|[1,2,5]thiadiazole (45)

/S\
N N

\ /

Pd(dba) (35 mg, 2 mol%, 0.06 mmol), &€uryl)s (28 mg, 4 mol% 0.12 mmol) and (4-
iodophenyl)trimethylsilane (1.24 g, 4.5 mmol) werecessively added to the zinc reagkht
prepared byfP6 (15 mL, 0.2v in THF, 3 mmol). After stirring at 25 °C for 24 the reaction
mixture was quenched by the addition of JIHsar) (10 mL). The aqueous layer was extracted

with CH,CI, (3 x 30 mL), the combined organic layers were dl(iglgSQ,) and the solvent
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was evaporatedn vacuo Purification via column chromatography (silicagel, pentane)
afforded 4-(4-(trimethylsilyl)phenyl)benzo[c][1,2tBiadiazole 45, 355 mg, 42%) as a bright
yellow solid.

mp (°C): 120.6-122.4.

IR (ATR) U (cm™): 3058 (W), 1946 (w), 1912 (w), 1874 (w), 1798 (4]27 (w), 1656 (w),
1595 (w), 1580 (w), 1537 (w), 1491 (w), 1474 (W312 (w), 1377 (w), 1351 (w), 1168 (w),
1064 (w), 1003 (w), 896 (m), 850 (m), 834 (m), §&H, 799 (vs), 751 (s), 713 (w).

'H-NMR (300 MHz, CDCls): & = 8.01-7.97 (m, 1H), 7.91-7.88 (m, 2H), 7.71-7(66 4H),
0.32 ppm (s, 9H).

3C-NMR (75 MHz, CDCls): & = 155.6, 153.6, 140.9, 137.7, 134.7, 133.6, 12928.5,
127.7, 120.6, -1.1 ppm.

MS (70 eV, El): m/z (%) = 286 (3), 285 (5), 284 (22) [M272 (2), 271 (9), 270 (19), 269
(100), 253 (2), 239 (6), 135 (4).

HRMS (EI): m/z calc. for [GsH1N2SSi] 284.0803; found: 284.0799.

Synthesis of 4-(4-iodophenyl)benzo][1,2,5]thiadiazole (46)

In a round bottom flask ICI (2 mL) was added drogmvito a solution of 4-(4-
(trimethylsilyl)phenyl)benzaj][1,2,5]thiadiazole (284 mg, 1 mmol) in GEl, (2 mL) at 0 °C
and stirred for 3 h. The reaction mixture was qhedc by the addition of N&Ozsay
(10 mL). The aqueous layer was extracted with,@IKH(3 x 30 mL), the combined organic
layers were dried (MgSfpand the solvent was evaporaiadsacuo Purificationvia column
chromatography (silicagel, pentanef@&t 200:1) afforded 4-(4-iodophenyl)-
benzof][1,2,5]thiadiazole 46, 316 mg, 93%) as a bright yellow solid.

mp (°C): 71-73.

IR (ATR) v (cm™): 3063 (w), 3014 (w), 2953 (W), 2894 (W), 1594 (4544 (w), 1482 (w),
1408 (w), 1381 (w), 1249 (m), 1130 (w), 1107 (W99 (w), 895 (w), 840 (s), 823 (s), 803
(s), 756 (vs), 723 (m), 696 (m), 678 (m).
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'H-NMR (300 MHz, CDCls): & = 8.06-8.00 (m, 1H), 7.90-7.85 (m, 2H), 7.72-7g@pm (m,
4H).

3C-NMR (75 MHz, CDCls): & = 155.6, 153.2, 137.8, 136.8, 133.4, 131.0, 129%..6,
121.0, 94.5 ppm.

MS (70 eV, El): m/z (%) = 339 (15), 338 (100), 212 (10), 211 (57)8 (15), 165 (7), 152
(9), 140 (12), 58 (11), 43 (39).

HRMS (EIl): m/z calc. for [G.H7IN,S] 337.9375; found: 337.9370.

Synthesis of 2-(4-benza][1,2,5]thiadiazol-4-ylphenyl)-9-(1-hexylheptyl)anhra[2,1,9-
def;6,5,10d'e'f']diisoquinoline-1,3,8,10-tetraon (49)

N’S\N
SO« =
N Q.Q 2959
0] @]

Pd(dba) (12 mg, 0.02 mmol), Bffuryl)s (9 mg, 0.04 mmol) and 2-(1-hexylheptyl)-9-(4-
iodophenyl)anthra[2,1,9-def;6,5,10-d'e'f']diisoculine-1,3,8,10-tetraone 48, 100 mg,
129 umol) were successively added to the zinc readgémpirepared byfP6 (4.3 mL, 0.2v in
THF, 0.85 mmol). After stirring at 25 °C for 24 tme reaction mixture was quenched by the
addition of NHClsar) (5 mL). The aqueous layer was extracted withCIH(3 x 30 mL), the
combined organic layers were dried (Mg¥@nd the solvent was evaporatadvacuo The
crude solid was dissolved in GEl, and precipitated with MeOH. Filtration afforded
2-(4-benzof][1,2,5]thiadiazol-4-ylphenyl)-9-(1-hexylheptyl)dmi[2,1,9def6,5,10d'e'f]-
diisoquinoline-1,3,8,10-tetraod9, 47 mg, 47%) as a bright red solid.

mp (°C): > 300.

IR (ATR) U (cm): 3476 (w), 2956 (m), 2926 (m), 2857 (m), 1696 (H60 (s), 1594 (s),
1578 (m), 1543 (w), 1512 (w), 1483 (w), 1466 (w34 (w), 1406 (m), 1352 (s), 1254 (s),
1178 (m), 1138 (w), 1126 (w), 1111 (w), 1067 (wP24 (w), 965 (w), 900 (w), 874 (w),
864 (m), 841 (w), 810 (s), 793 (m), 746 (m), 726, @38 (w).

'H-NMR (600 MHz, CDCls): & = 8.74-8.64 (m, 8 H), 8.18 (dl=8.3 Hz, 2 H, 8.05 (d,
J=8.8Hz,2H),7.81(d=7.1Hz, 2H),7.73 (m, 2 H), 7.53 @ 8.2 Hz, 1 H), 5.23 -5.16
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(m, 1H), 2.29-2.23 (m, 2 H), 1.92-1.83 (m, 2 H)3%1.19 (m, 16 H), 0.83 ppm (t,
J=7.0 Hz, 6 H).

13C-NMR (100 MHz, CDCl3): & = 163.6, 135.3, 132.0, 130.3, 129.6, 128.8, 128284,
123.1, 54.8, 32.4, 31.8, 29.7, 29.2, 26.9, 22.6) ppm.

MS (70 eV, El): m/z (%) = 783 (36), 600 (100).

HRMS (EI): m/z calc. for [GoH42N4O4S] 782.2927; found: 782.2845.

UV/VIS (CHCI3): Amax(€) = 315.9 (17400), 352.0 (10500), 459.1 (19100).@952700),
527.4 nm (87900).

Fluorescence (CHG): Amax (Ire) = 534.2 (1.00), 576.8 (0.51), 625.1 nm (0.12).

Synthesis of 8-(benza][1,2,5]thiadiazol-4-yl)-2-(1-hexylheptyl)-H-perylo[3,4-
cdlpyridine-1,3(2H)-dione (51)

Pd(OAc) (5 mg, 0.02 mmol), SPhos (16 mg, 0.04 mmol) artdno-2-(1-hexylheptyl)-Hi-
perylo[3,4¢cd|pyridine-1,3(24)-dione 60, 63 mg, 0.13 mmol) were successively added to the
zinc reagené4 prepared byTP6 (4.3 mL, 0.2v in THF, 0.85 mmol). After stirring at 25 °C
for 24 h, the reaction mixture was quenched byattaition of NHClsa) (5 mL). The aqueous
layer was extracted with GBI, (3 x 30 mL), the combined organic layers were dirie
(MgSQy) and the solvent was evaporaiadvacuo Purificationvia column chromatography
(silicagel, CHCI,) afforded a red solid which was dissolved inCH and precipitated with
MeOH. Filtration  provided 8-(benzd[1,2,5]thiadiazol-4-yl)-2-(1-hexylheptyl)H-
perylo[3,4€d|pyridine-1,3(2H)-dione 61, 39 mg, 47%) as a red solid.

mp (°C): 184-185.

IR (ATR) 7 (cm™): 3050 (w), 2953 (m), 2924 (s), 2855 (m), 1688 {§50 (s), 1616 (W),
1592 (s), 1576 (s), 1542 (w), 1507 (w), 1487 (W58 (m), 1434 (w), 1349 (w), 1374 (w),
1352 (s), 1295 (m), 1247 (m), 1214 (w), 1174 (W)34 (w), 1105 (w), 1028 (w), 980 (W),
902 (w), 854 (m), 841 (m), 808 (s), 752 (s), 726, GBS (W), 668 ().
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'H-NMR (600 MHz, CDCls): 5 = 8.59-8.47 (m, 3H), 8.39 (m, 3H), 8.17 (dd; 8.7, 1.2 Hz,
1H), 7.84-7.80 (m, 1H), 7.77-7.72 (m, 2H), 7.63J¢; 8.4 Hz, 1H), 7.47 (m, 1H), 5.24-5.17
(m, 1H), 2.31-2.22 (m, 2H), 1.91-1.83 (m, 2H), 2400 (m, 16H), 0.83 ppm @,= 7.0 Hz,

6 H).

¥C-NMR (100 MHz, CDCl3): & = 165.1, 164.1, 155.1, 154.3, 138.1, 136.8, 13633.2,
132.8, 132.0, 131.1, 130.3, 129.8, 129.7, 129.9.412129.1, 128.8, 128.3, 127.0, 126.5,
123.7, 123.0, 121.6, 120.4, 120.3, 54.4, 32.4,,208, 27.0, 22.6, 14.1 ppm.

MS (70 eV, El): m/z (%) = 637 (42), 455 (100).

HRMS (EI): m/z calc. for [GiH39N30,S] 637.2763; found: 637.2751.

UVIVIS (CHCI 3): Amax (€) = 314.0 (15600), 489.5 (37500), 513.3 nm (38400).
Fluorescence (CHG)): Amax= 557.3 nm.

Synthesis of 4-(benza][1,2,5]thiadiazol-4-yl)aniline (52a)

S
N N

\ /

Pd(OAc» (14 mg, 2 mol%, 0.06 mmol), SPhos (49 mg, 4 molecl2 mmol) and 4-
iodoaniline (855 mg, 3.9 mmol) were successivelgeatito the zinc reaged# prepared by
TP6 (15 mL, 0.2v in THF, 3.0 mmol). After stirring at 50 °C for 2¥ the reaction mixture
was quenched by the addition of MHsa) (15 mL). The aqueous layer was extracted with
CH.CI; (3 x 50 mL), the combined organic layers were dliiglgSQ,) and the solvent was
evaporatedn vacuo Purificationvia column chromatography (silicagel, gt,) afforded 4-

(benzof][1,2,5]thiadiazol-4-yl)aniline%2a 415 mg, 61%) as an orange solid.

mp (°C): 132-133.

IR (ATR) 7 (cm): 3441 (w), 3349 (w), 3216 (W), 2924 (w), 2853 (WJ38 (W), 1627 (m),
1608 (m), 1541 (w), 1512 (s), 1479 (m), 1327 (WB91 (m), 1276 (m), 1181 (m), 1167 (w),
1124 (m), 1078 (w), 894 (w), 827 (m), 802 (s), 188).

'H-NMR (400 MHz, d6-DMSO): § = 7.94-7.88 (m, 1H), 7.76-7.67 (m, 4H), 6.72-6(68
2H), 5.40 ppm (br s, 2H).
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13C-NMR (100 MHz, d6-DMSO0): 6 = 155.3, 152.8, 149.2, 134.0, 130.3, 129.9, 12823,9,
118.3, 113.6 ppm.

MS (70 eV, El): miz (%) = 229 (5), 228 (15), 227 (100), 226 (1B)1 (5), 194 (5), 181 (4),
168 (3), 140 (4), 114 (5).

HRMS (El): m/z calc. for [GoHgN3S] 227.0517; found: 227.0517.

Synthesis of 3-(benza][1,2,5]thiadiazol-4-yl)aniline (52b)

Pd(OAc» (14 mg, 2 mol%, 0.06 mmol), SPhos (49 mg, 4 moleel2 mmol) and 3-
iodoaniline (855 mg, 3.9 mmol) were successivelgeallto the zinc reageA? prepared by
TP6 (15 mL, 0.2v in THF, 3 mmol). After stirring at 50 °C for 24 the reaction mixture
was quenched by the addition of M. (15 mL). The agueous layer was extracted with
CH.Cl; (3 x 50 mL), the combined organic layers were dliiglgSQ)) and the solvent was
evaporated in  vacuo Purification via column chromatography (silicagel,
pentane/ EtOAc = 3:1) afforded 3-(bendl,2,5]thiadiazol-4-yl)aniline §2b, 414 mg, 61%)

as an orange solid.

mp (°C): 93-95.

IR (ATR) U (cmY): 3435 (m), 3346 (m), 3214 (w), 3041 (w), 1738 (4§23 (m), 1607 (m),
1582 (m), 1541 (w), 1494 (w), 1478 (m), 1454 (n§31 (W), 1288 (W), 1247 (w), 1165 (m),
994 (w), 908 (w), 881 (w), 850 (m), 827 (m), 813 (78 (s), 760 (vs), 698 (s).

'H-NMR (400 MHz, d6-DMSO): 5 = 8.03 (dd,J = 8.6, 1.4 Hz, 1H), 7.78-7.71 (m, 2H),
7.18-7.14 (m, 2H), 7.05-7.03 (m, 1H), 6.67-6.64 {id), 5.20 ppm (br s, 2H).

13C-NMR (100 MHz, d6-DMSO): § = 155.1, 152.8, 148.7, 137.5, 134.4, 130.1, 1209,5,
119.9, 116.8, 114.6, 114.0 ppm.

MS (70 eV, El): m/z (%) = 229 (4), 228 (11), 227 (100), 226 (2201 (5), 200 (3), 199 (3),
194 (2), 181 (3), 140 (3), 114 (3).

HRMS (EIl): m/z calc. for [G:HgN3S] 227.0517; found: 227.0503.
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Synthesis of 5-(benza][1,2,5]thiadiazol-4-yl)pyridin-2-amine (52c¢)

S

N N
\
<\ />_< /)—NH,
\ N

Pd(OAc» (14 mg, 2 mol%, 0.06 mmol), SPhos (49 mg, 4 molecl2 mmol) and 5-
iodopyridin-2-amine (885 mg, 3.9 mmol) were suctoedg added to the zinc reagedd
prepared byrP6 (15 mL, 0.2v in THF, 3 mmol). After stirring at 50 °C for 24 tie reaction
mixture was quenched by the addition of /sy (15 mL). The aqueous layer was extracted
with CH,ClI, (3 x 50 mL), the combined organic layers were d(ilgSQ,) and the solvent
was evaporateth vacuo Purificationvia column chromatography (silicagel, EtOAc) afforded
5-(benzog][1,2,5]thiadiazol-4-yl)pyridin-2-amine52¢ 360 mg, 53%) as a red solid.

mp (°C): 195-197.

IR (ATR) 7 (cm™): 3451 (w), 3292 (w), 3158 (w), 1640 (s), 1628 (K05 (m), 1594 (m),
1554 (w), 1545 (w), 1506 (m), 1482 (s), 1414 (882 (m), 1355 (w), 1316 (m), 1272 (m),
1146 (w), 1131 (w), 1020 (w), 895 (w), 852 (w), 8&T), 805 (s), 755 (vs).

'H-NMR (400 MHz, d6-DMSO): & = 8.60 (dd,J=2.5, 0.7 Hz, 1H), 8.03 (dd]= 8.6,
2.5 Hz, 1H), 7.98-7.93 (m, 1H), 7.75-7.70 (m, 269 (dd,J = 8.7, 0.7 Hz, 1H), 6.25 ppm
(br's, 2H).

3C-NMR (100 MHz, d6-DMSO): § = 159.6, 155.1, 152.6, 148.2, 137.4, 131.4, 131P8,5,
120.7, 119.0, 107.5 ppm.

MS (70 eV, EI): m/z (%) = 229 (11), 228 (100), 227 (21), 201 (20O (7), 69 (8), 57 (10),
55 (10), 43 (8), 41 (6).

HRMS (EIl): m/z calc. for [GiHgN4S] 228.0470; found: 228.0461.

Synthesis of 4-(benza][1,2,5]oxadiazol-4-yl)aniline (54a)

/O\

N N
\ /

Pd(OAc) (7 mg, 2 mol%, 0.03 mmol), SPhos (25 mg, 4 mol%60nmol) and 4-iodoaniline
(372 mg, 1.7 mmol) were successively added to the reagent prepared ByP8 (5.6 mL,
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0.25m in THF, 1.4 mmol). After stirring at 50 °C for 2¢4 the reaction mixture was quenched
by the addition of NEClsay (10 mL). The aqueous layer was extracted with @ (3 x
30 mL), the combined organic layers were dried (Rgand the solvent was evaporaiad
vacua Purificationvia column chromatography (silicagel, pentane/ EtOAELH afforded 4-

(benzof][1,2,5]oxadiazol-4-yl)anilineR4a 175 mg, 59%) as an orange solid.

mp (°C): 115-117.

IR (ATR) U (cm): 3453 (w), 3364 (m), 3217 (w), 1626 (m), 1603 (H44 (w), 1510 (s),
1447 (w), 1423 (w), 1373 (w), 1302 (m), 1276 (m)/& (w), 1141 (w), 1016 (w), 892 (w),
871 (w), 836 (m), 815 (m), 797 (s), 754 (vs).

'H-NMR (400 MHz, d6-DMSO): § = 7.82-7.79 (m, 3H), 7.65-7.56 (m, 2H), 6.72-6(69
2H), 5.58 ppm (brs, 2H).

3C-NMR (100 MHz, d6-DMSO): § = 150.1, 149.7, 148.2, 133.2, 129.3, 129.1, 12B23,6,
113.8, 112.1 ppm.

MS (70 eV, El): m/z (%) = 212 (13), 211 (100), 210 (7), 194 (82110), 181 (53), 179 (7),
155 (11), 154 (10), 153 (9), 127 (10).

HRMS (EI): m/z calc. for [GoHgN3O] 211.0746; found: 211.0741.

Synthesis of 3-benza@][1,2,5]oxadiazol-4-yl)aniline (54b)

N

N NH,

Pd(OAc) (7 mg, 2 mol%, 0.03 mmol), SPhos (25 mg, 4 mol%60nmol) and 3-iodoaniline
(372 mg, 1.7 mmol) were successively added to the reagent prepared ByP8 (5.6 mL,
0.25m in THF, 1.4 mmol). After stirring at 50 °C for 2¢4 the reaction mixture was quenched
by the addition of NEClsay (10 mL). The aqueous layer was extracted withhy@ (3 x
30 mL), the combined organic layers were dried (RgSand the solvent was evaporaiad

vacua Purificationvia column chromatography (silicagel, pentane/ EtOA:H afforded 3-

benzof][1,2,5]oxadiazol-4-yl)anilineg4b, 160 mg, 55%) as an orange solid.

mp (°C): 95.8-97.4.
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IR (ATR) 7 (cm®): 3400 (w), 3301 (w), 3196 (W), 1738 (w), 1637 (4502 (m), 1583 (m),
1545 (w), 1489 (w), 1459 (w), 1433 (w), 1311 (WR9T (W), 1248 (w), 1140 (w), 1018 (w),
994 (w), 988 (W), 889 (W), 870 (m), 859 (m), 78% @46 (vs), 694 (S).

IH-NMR (400 MHz, d6-DMSO): § = 9.96 (dd,J = 8.8, 1.0 Hz, 1H), 7.71-7.64 (m, 2H),
7.23-7.16 (m, 2H), 7.12-7.09 (m, 1H), 6.70-6.67 L), 5.30 ppm (br s, 2H).

13C-NMR (100 MHz, d6-DMSO0): 6 = 149.6, 149.1, 148.2, 135.4, 133.0, 129.7, 1228 5,
115.6, 114.8, 114.4, 113.4 ppm.

MS (70 eV, El): m/z (%) = 212 (10), 211 (76), 182 (16), 181 (1a0j9 (9), 168 (11), 154
(17), 153 (8), 149 (8), 127 (12).

HRMS (EI): m/z calc. for [G:HgN3O] 211.0746; found: 211.0737.

Synthesis of 5-(benza][1,2,5]oxadiazol-4-yl)pyridin-2-amine (54c)

/O\

N N
\
<\ /> §  )—NH,
\ N

Pd(OAc» (7 mg, 2 mol%, 0.03 mmol), SPhos (25 mg, 4 mol%060nmol) and 5-
iodopyridin-2-amine (375 mg, 1.7 mmol) were sucoedg added to the zinc reagent
prepared byTP8 (5.6 mL, 0.25 in THF, 1.4 mmol). After stirring at 50 °C for 24 the
reaction mixture was quenched by the addition oGl (10 mL). The aqueous layer was
extracted with ChCl, (3 x 30 mL), the combined organic layers weredl{igSQ,) and the
solvent was evaporated vacuo Purificationvia column chromatography (silicagel, EtOAc)
afforded 5-(benza@][1,2,5]oxadiazol-4-yl)pyridin-2-aminebédc 160 mg, 54%) as a red solid.

mp (°C): 166.9-168.8.

IR (ATR) U (cm): 3414 (m), 3322 (w), 3118 (m), 1653 (s), 1612 (OO (s), 1545 (W),
1505 (vs), 1395 (s), 1372 (m), 1334 (w), 1322 (2298 (m), 1269 (m), 1139 (m), 1081 (w),
1011 (w), 889 (w), 872 (w), 815 (w), 797 (m), 759,744 (s), 713 (w), 661 (w).

'H-NMR (400 MHz, d6-DMSO): 5 = 8.69-8.68. (m, 2H), 8.06 (dd= 8.7, 2.6 Hz, 1H), 7.87
(dd,J=8.9, 0.7 Hz, 1H), 7.71 (dd,= 6.9, 0.8 Hz, 1H), 7.62 (dd,= 8.9, 6.9 Hz, 1H), 6.60
(dd,J=8.7, 0.7 Hz, 1H), 6.41ppm (br s, 2H).

13C-NMR (100 MHz, d6-DMSO): § = 160.1, 149.6, 148.0, 147.9, 136.3, 133.2, 12198,9,
118.6, 113.0, 107.9 ppm.
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MS (70 eV, El): m/z (%) = 213 (15), 212 (100), 196 (9), 185 (82111), 155 (17), 142 (8),
128 (8), 57 (8).
HRMS (EIl): m/z calc. for [GiHgN4O] 212.0698; found: 212.0690.

Synthesis of 4,7-bis(4-(trimethylsilyl)phenyl)benz][1,2,5]thiadiazol-5-amine (56)

/S\
N N
\ /
NH,

Pd(OAc» (5 mg, 4 mol%, 0.04 mmol), SPhos (33 mg, 8 mol%@)80mmol) and 4,7-
dibromobenzdg][1,2,5]thiadiazol-5-amine (309 mg, 1.0 mmol) werdded successively to a
solution of (4-(trimethylsilyl)phenyl)zinc(ll) chiide (7.3 mL, 0.5% in THF, 4.0 mmol) and
the resulting reaction mixture was stirred at 40fo€ 13 h. After addition of NBClsa
(10 mL), the aqueous layer was extracted with,CIH (4 x 40 mL), the combined organic
layers were dried (MgSfpand the solvent was evaporatedracuo Purificationvia column
chromatography (silicagel, pentane/ i = 4:1) afforded 4,7-bis(4-
(trimethylsilyl)phenyl)benzaf][1,2,5]thiadiazol-5-amine 54, 220 mg, 49%) as a bright

yellow solid.

mp (°C): 235-236.

IR (ATR) U (cm™): 3440 (vw), 3344 (w), 2954 (w), 2896 (vw), 1620 (594 (m), 1548
(w), 1508 (vw), 1416 (w), 1382 (w), 1358 (w), 1386w), 1276 (w), 1248 (m), 1176 (w),
1126 (w), 1090 (w), 884 (w), 834 (vs), 816 (vs)216), 752 (m), 730 (m), 722 (m), 692 (w),
632 (w.)

'H-NMR (300 MHz, CDCls): 6 = 7.93-7.89 (m, 2H), 7.75-7.70 (m, 4H), 7.63-7(60 2H),
7.30 (s, 1H), 4.26 (br s, 2H), 0.35 ppm (s, 18H).

3C-NMR (75 MHz, CDCls): & = 156.5, 149.4, 144.0, 140.9, 140.2, 137.5, 1353%.2,
133.8, 133.6, 129.3, 128.4, 122.9, 111.5, -1.1, ppm.

HRMS (ESI): m/z calc. for [GsH29N3SSb+H'] 448.1693; found: 448.1702.
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