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Soc. 2007, 129, 1921) is not compatible with sensitive functions such as an aldehyde or a nitro group.
Recently, we have reported the preparation of a highly chemoselective base TMP2Zn-2MgC12.2LiCl

far the directed 7incatinn of cencitinvie aronmatice and hetearoaromatice ((a) \Wiinderlich < H * Knochel



aromatic, heterearornatic or aliphatic hydrocarbons, preferably benzene, toluene, xylene, pyridine,
pentane, cyclohexane, hexane, heptane; hexamethylphosphorus triamide (HM,PA), CS2; or
combinations thereof. The inventive process for the preparation of a mixed Zn/Li amide comprises the
reaction in a solvent a primary or secondary aming with a lithium alkyl. Preferable comprises the
process for the preparation of a reagent having the ge R'R2N-ZnY LiY (I wherein , R2 are,
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1821) is not compatible with sensitive functions such as an aldehyde or a nitro group.

Recently, we have reported the preparation of a highly chemoselective base

TMP.Zn-2MgCl-2LICH for the directed zincation of sensitive aromatics and hetercaromatics

((a) Wunderlich, S. H.; Knochel, P. Angew. Chem. Int. Ed. 2007, 46, 7685. (b) Mosrin, M.;

Knochel P. Chem. Eur. J. 2009, DO 10.1002/chem.200801831). However, some eiectron-

poor functionalized arenes and heteroarenes still give with this reagent, unsatisfactory results

in terms of yields and reaction selectivity. Moreover, several activaled aromatics or



aldehydes; - aliphatic, alicyclic, aromatic or heteroaromafic ketones; alcohols and alcoholates,
including a hydroxyl group; - phenoles and phenolates; - aliphatic, alicyclic, aromatic or heteroaromatic
ethers; - aliphatic, alicyclic, aromatic or heteroaromatic peroxides; - hydroperoxides; - aliphatic,
alicyclic, aromatic or heteroaromatic amides or amidines; - nitriles; - aliphatic, alicyclic, aromatic or
heteroaromatic amines; - aliphatic, alicyclic, aromatic or heteroaromatic imines; -6- - aliphatic,

alicyclic, @é@?&%‘%‘&rﬁét%@tﬁﬁgq{%@té‘?uééllf)Qé%EWHS’é’}Qw@sﬂﬂé@Lﬂfé)H%ta|§H59§k9e?&m%ﬁ‘6@%gcﬂ‘e saits

thereof; - thioles and thiolates; - phosphonic acids ineluding the salts thereof; phOSphInIC aC|ds

includinghRSARNYSEIRRK: On R SRBFHRR APRRSINA G O STHS thErebr: inSUs H&HE
includingahersalistthese dodhe M basisdents vy e, bauneroctive residues: RELRZJREM/@(R‘]- via a

carbon aipMm A9, QYGHARTLA TodEn AICTE. A SWIULALP™S, 818 ANasphoTysAOR. Theetero
atoms in any structure containing hetero atoms, as e.g. heteroary enes or heteroaromatics, may
preferably be N, 0, S and P. When R1 and R2, or R3 and R4 can be part of a cyclic structure, it is to
be understaod thatRi anc B2 tegether, or R3 and R4 together, are a divalent saturated or
unsaturated, linear or branched alkyl, alkenylﬂ%ggl Wh h forms in connection with the nitrogen
atom of the amide a cyclic secondary amide Ye‘ sﬁch a cyclic amide is the amide of
TMPH. Furtrerr: the residues R1 and R2, and/or R3 and R4 can be part of a polymeric structure. The
nitrogen plog of ne-aimidis-e Gapneated oA palmiets bAckhons i may Ruen cagfain more

than one nitrogen atom for the formation of an amide according to the invention. The term "aryl" a

used herefFeféig 15'SIbstiTet 61 UHSUbstitlited EAIE 2 AV FBY  FeteToHIsT Oa Stivstitiited or
unsubstituted @i&e@aﬂarwz@omﬁe&mmg@ﬂ%éﬁf@@f@é@t@f@ﬁf@h@&@&&;}@amﬁ&a‘ﬁe}? istmeant.
Preferred rapgesf r both are 04-015 more rgrgfqrg Igt 04- CI %2 i%cl ﬁé}%g agd fused aryls with

Ve ﬂwr'& struglure] ahd W
or without'heteroat preferred ring size comprises ring atoms or example, we have

explored the preparaficon of meie saleetivendnd base ﬁihlhﬁ(?éo%%lmﬁé?ﬁ%sefé&fﬁéﬁrﬁétaiatlons at
25 C for the,directed zinsafion; ef-sensitive-ary|. and. hgterwyl substraes,) Jslaestr@at@l@m, urof
2,2,6,6-t tramet%ylgﬁendm %%TMP H&Wlth anu!:lg %f -40 to -1 foII wed by the
addition UiV, o' =30 ﬁw?p?%\ﬁbﬁ A3 pEeGeR f?% IR ©), stable
at room téﬁf‘pé%é?méﬂbsmé%ﬁé}i%)ﬁ lr CoHSTrasDIs TMP2Zav2MgC12.2LiC N@}lymmex hase $howed a
very good,chemosglectivity for the zincation at:28.Gofvarioys sensitive aromatics. and. heterocycles.

cordaining one or more heteroatoms, linear, branchad or cyclic, substiuted or unsubstituted

atkyl, alkenyl, alkynyl, or derivalives thereof, or H;

of as adduct with a sclvent.

R’ R? are cyclic and substituted by R®, and R that are, independently, selected from H,

substituted or unsubstituted aryl or heteroary! containing one of more helercatoms, lingar,
branched or oyciic, substifuted or unsubstituted alkyl, alkenyl alkynvl, or siivl derivatives
thereof, and R' and R* together, or R° and R together can be part of a cyclic or polymeric

structure; and wherein at least one of R' and R and at least one of R” and R is other than
H.

Preferable the reegent R'R'N-ZnY LiY (I} is 2,2,6,6-Tetramethylpiperide Zinc Chioride
Lithium Chloride or the solution of the reagent in a solvent. The solvent is polar and aprotic
Preferable is the solvent selected from oyclic, linear or branched mono or polyethars,
thioethars, armines, phosphines, and derivalives thereof containing one or more additional
hateroatoms selectad from O N, 5 and P, preferably tetrahydrofuran (THF ), 2-
methylistrahydrofuran, dibuty! ether, diethyl ether, tert- butyimethy! ether, dimethoxyethane,
dioxanes, preferably 1, 4-dioxane, tristhylamine, ethyidiisopropyl amine, dimethyisulfide,
dibutyisulfide, cyclic amides, preferably N- methy%};}y;m one (NMP}, N-ethyl-Z-pyrrolidone
(NEPY, N-butyl-Z-pyrrolidone (NBP); cyclic, linear or branched alkanes and/or alkenes

whersin one or more hydrogens ars replaced by = halogen, preferably dichloromethansg, 1,2-



Scheme 1: Preparation of 2,2,6,6-Tetramethylpiperidide Zinc Chloride Lithium Chloride
(TMPZnCI.LICI) (2) 7- 2: TMPZnCI-LiCl > 95% The inventive reagent could be used in a reaction
with an electrophile preferably for the deprotonation of any substrate which can form stabilized or
unstabilized carbaniones. Examples for the use of tJil@ reagent according to the invention are given in
the following tables. Table 1: Products Obtained by Regio- and Chemoselecfive Z ncation of Diazines

of Type %8 with TMPZ %I-‘ fﬂ(ﬁ:@ | lvi 29¢) and Quenching with Electrophiles 6 CIN,,, i
furoylll i&%p%%ﬁl\lyé%lilg For:i% eJCé J.”]%ﬁ%%g/%tf%gﬁflﬁ:%”'Hy%ggggjy%%ﬁ“% %M@QJ} ‘
aromatic, hetercaromatic or aliphalic hydrocarbons, preferably benzens ioluens, xylene,

pyriding, pentane, cyclohexane, hexane. heptane, hexamethyiphosphorus triamide (HMPAY,

C3s; or combinations theraof.

The inventive process for the preparation of 2 mixed Zrn/li amide comprises the reaction in &
D

solvent a primary or secondary amine with a lithium atkyl.

Freferable comprises the process for the preparation of a reagent having the gensera!l formula
RIRIN-ZnY LiY (1)

wherein

R', R* are, independently, selected from H, substituted or unsubstituted aryl or hatercary!

cortaining one or more heteroatoms, linear, branched or cyclic, substituied or unsubstiuted

atkyl. alkenyl, atkynyl, or silicon derivatives thersof, and R’ and R {ogether can be part of 2

cyclic or polymeric structure; and wherein at least one of B and R? iz other than H;

Y is selected from the group consisting of F; Cl Bry | CN; SON; NCO: HalD,, |, whereinn =3

or 4 and Hal iz selected from Cl, Br and I NOy; BF,, PFy Hi 2 carboxylate of the general

formula R'CO,; an alcoholate of the general formule OR™ a thiolate of the general formuia

SR R'P(0Y0y; or SCOR™ or SCSR™ 0,8R*, wherein n = 2 or 3; or NO,,, wherein n = 2 or 3;

and a derivative thereot:

wherein R is a substituted or unsubstituted aryl or hetercaryl containing one or more

hetaraaioms, lingar, branched or cyclic, substituted or unsubstituied atkyl, alkenvl, alliynyl, or

derivatives thereof, or H;

and the reaction is carried cut in & solvent of RTRN-H with R'LI in the presence of ZnY. and

X is defined as Y above.

X and Y are independently or both CI, Br or |, and preferably Cl. The lithium organyl reagent
is sec-butyl-Li and the solvent is selected from cyclic, linear or branched mono or polyethers,
thioethers, amines, phosphines, and derivatives thereof containing one or more additional
heteroatoms selected from O, N, S and P, preferably tetrahydrofuran (THF), 2-
methyltetrahydrofuran, dibutyl ether, diethyl ether, tert-butylmethyi ether dimethoxyethane,
dioxanes, preferably 1,4-dioxane, friethylamine, ethyidiisopropylamine, dimethylsulfide,
dibutylsulfide; cyclic amides, preferably N- methyl-2-pyrrolidone (NMP), N-ethyi-2-pyrrolidone
(NEP}, N-butyl-2-pyrrolidone (NBP); cyclic, linear or branched alkanes and/or atkenes
wherein one or more hydrogens are replaced by a halogen, preferably dichloromethane, 1,2-

dichicroethane, CCly; urea derivatives, preferably N,N'-dimethylpropyleneurea (DMPUY;



6allyi bromide----1 89d BcCl CK NCCI 711a190 INE 9 9 CO2Et 11b EtO2C g 7C CICI 911c77a
--7N'CO2Et -9 a Isolated, analytically pure product; Transmetalation performed with 1.1 equiv of
CuCN-2LiCl;

-5.

aromatic, hetero aromatic or aliphatic hydrocarbons, preferably benzene, toluene, xylene,

pyridine, pentane, cyciohexane, hexane, heptane; hexamethylphosphorus triamide {(HMPA),

CS.; or combinations thereof,

Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. All publications and other references mentioned herein are incorporated by
reference in their entirety.

As used herein, the terms “alkyl®, "alkeny!” and “alkynyl* refer to linear, cyclic and branched,

substituted and unsubstituted C,-C, compounds. Preferred ranges for these compounds are

Cy-Cyq, preferably C,-Cs (lower atkyl) and C;-Cyy and preferably C.-Cs, respectively, for

alkenyl and alkynyl. The term “cycloalkyl” generally refers to linear and branched, substituted

and unsubstituted Cs-Cyy cycloalkanes. Here, preferred ranges are Cs- Ci5, more preferably

C3-Cs.

Whenever any of the residues R', R?, R” and/or R* are substituted by a substituent, the

substituent may be selected by a person skilied in the art from any known substituent. A

person skilled in the art will select a possible substituent according to his knowledge and will

be able to select a substituent which will not interfere with other substituents present in the
molecule and which will not interfere or disturb possible reactions, especially the reactions
described within this application. Possible substituents include without limitation

- halogenes, preferably flucrine, chlorine, bromine and icdine;

- aliphatic, alicyclic, aromatic or heteroaromatic hydrocarbons, especially alkanes, alkylenes,
arylenes, alkylidenes, arylidenes, heteroarylenes and heteroarylidenes; carbonxylic acids
including the salts thereof;

- carboxyiic acid halides;

- aliphatic, alicyclic, aromatic or heteroaromatic carboxylilc acid esters;

- aldehydes;

- aliphatic, alicyclic, aromatic or heteroaromatic ketones;

- alcohols and alcoholates, including a hydroxyi group;

- phenoles and phenolates;

- aliphatic, alicyclic, aromatic or heteroaromatic ethers;

- aliphatic, alicyclic, aromatic or heteroaromatic peroxides;

- hydroperoxides;

- aliphatic, alicyclic, aromatic or heteroaromatic amides or amidines;

- hitriles;

- aliphatic, alicyclic, aromatic or heteroaromatic amines;

- aliphatic, alicyclic, aromatic or heteroaromaiic imines;



Obtained by palladium-catalyzed cross-coupling using Pd(dba)2 (3 mol %) and (o-furyO3P (6 mol % d
Transmetalation performed with 5 mol % of CuCN.2L1CIl. Scheme 2: Zincation of
3,6-Dichloropyridazine (3), 4,6-Dichloropyrimidine (6) and 2,6- Dichloropyrazine (9) using
TMPZnCI-LiCl (2; 1.1 equiv; 25 C) and Trapping with Electrophiles TMPZna.LiCl (2, 1.1 equiv),
THF,cN NCI 25 C, 30-45 minN --ClI LiCI-CIZrK E(r) CINH N -CI 3, 6,94, 7, 10 > 95% 5a-c, 8a-c,

lla-c: 71- e r| n erllch S. H.; Knochel, P.
Chem. Co?n%aé%o\éﬁé?t&gg% ?A%%%%%%S%‘?%ﬁgﬁ%éﬁlﬂ% gkfhe%h%/g%?npr °G Heterocycles 1990,
37, 2149: e@jf%@%@S Releding Bie saitHERMRNa, M. J. Org. Chem. 1991, 56, 4793 and pyrazines

(Turck A, ihrebavsn srdriic, L.; Pie, N.; Queguiner, G. J. Organomet. Chem. 1991, 412, 301)) are

cleanly zincate at 25 C sin the n%w b e TMP 'nCI-LiCl (2; Scheme 2 and Table 1). Thus, the

treatment B %’58 8%5’y’r’? auzdl'r‘? ?\f/ PZhCI-LiCl (2; 1.1 equiv, 25 C, 30 min) leads to the

zincated spb@w@l(m) agkizncladibe thespéd M@sz 4- quorobenzoyI chloride (after transmetalation

with CUCNiRLIGh-(KRoghak Polm Me CaiR- 1ReEKs: InGspliatR b eldd irfighi SR < 1988, 53, 2390) or
undergoaNeglshl (Negishi, E.; Acc, Chem. Res. 1982, 15, 340) cross- coupllng leading to the

expectecf Hiicts 5a-c in 83- 96% yields (entries 1-3 of Table 1). Zincations of other sensitive
heteroardinaticbstianehes naaglhe&xdme&&dtby theiadditon Rt RURENG IR iGE@xafbuis atom, an
4,6-dichl e (ﬁ)t yerte t C ngate eC| Si Tra |ng with
12 is furr%g%%%g r%e,ﬁo opyﬁﬁ%ﬁnne Sa%r:él %ﬁ% (Eé%tﬁ' %ﬁpé{eact?g?ﬁwﬁﬁ u%g%y (P ﬁ

transmet&%&tfé‘HW@ﬂjm@lt@E?@)a(Wﬁécﬁ%le p. heteroan/ enep OB@I@I@@“@@%WS{] P!F@fgb@hem,
1988, 535@39@) EQvides the 5-ketopyrimidine 8b in 71% (entry 5). An allylation (after addition of

CuCN.2Li I I dst e allyled ,_1,vat|v 8c in 89% ntr Slm arl 6- djchloro raz e (9)is
zmcated quantltatlve y Wit %I\/ﬁﬁéi ICEQ? f af P fe%ﬁ?‘ Jn)Q' g%é%‘&é?éa 9\% e or

undergoesd RidgattheN eyihiam; %d@gahemat%@dms&ztt iStL(BaI@)ﬂmsssewptmg vesam atlylatlon with
ethyl 2-(hyomapethvasiviain &Y UligfaswhidRaghaud ,c%ngégmsmhhé%ﬁ%gf& £6M) &atigr addition of

CuCN-2LIiCl) affording the expected products 11a-c in 72-90% yields (entrieS 7
amide a cycli¢ secondary amige. An example of such a cyclic amide is the am;de of TMPH,

Further, the residues R" and R?, and/or R® and R* can be part of a polymeric structure. The
nitrogen atom of the amide is the connected to a polymeric backbone which may even
contain more than one nitrogen atom for the formation of an amide according to the
invention.

The term "aryl" as used herein refers to substituted or unsubstituted C,-C,, aryl. By
“hetercaryl®, a substituted or unsubstituted C5-Cu,aryl, containing one or more heteroatoms
as B, O, N, S, Se, P, is meant. Preferred ranges for both are C,;-Cys, more preferably C4-Ciq,
and includes aryls and fused aryls with or without heteroatoms, A preferred ring size

comprises 5 or 6 ring atoms.

For example, we have explored the preparation of more selective zinc base which would
allow chemoselective metalations at 25 °C for the directed zincation of sensitive aryl and
heteroaryl substrates. The treatment of 2,26, 6-tetramethylpiperidine (1; TMP-H) with n-Buli
(1.0 equiv, -40 to -10 °C, 1 h) followed by the addition of ZnCl; (1.1 equiv, -10 °C, 30 min)
provides a ca. 1.3 M solution of TMPZnCI-LiCl (2), stable at room temperature (Scheme 1). in
constrast to TMP,Zn-2MgCl;-2LiCl, this complex base showed a very good chemoselectivity

for the zincation at 25 °C of various sensitive aromatics and heterocycles.

Scheme 1: Preparation of 2,2,6,6-Tetramethylpiperidide Zinc Chloride Lithium Chlioride
(TMPZnCELICH (2)



- 10 - Scheme 3: Zincation of Caffeine (12) using TMPZnCI.LiC1 (2; 1.1 equiv; 25C) and Trapping with
Electrophiles 0 Me MeN 0 O I N Me 12 TMPZnCI.LiCl Me (2. 1.1 equiv), THF, 250 5 mm Me 0 OMe N
Fii--.ZnX NN Me 13: X=CIitiCl ci (1.3 equiv) CuCNi2LiClI (5 mol%)

-7 -

1) r-Buli (1.C equiv)

>O< THF, -40 to -10 °C, 1 h >(j<

N 2} ZnCly (1.1 equiv), N

G THF, -10 °C, 30 min,
then 25 °C, 30 min

ZnCILiCl

1 2: TMPZnCI-LICE > 95%

The inventive reagent could be used in a reaction with an electrophile preferably for the deproionation

of any substrate which can form stabilized or unstabilized carbaniones.

Examples for the use of the reagent according to the invention are given in the following tables.

Table 1: Products Obtained by Regio- and Chemoselective Zincation of Diazines of Type 3,
6 and 9 with TMPZnCI-LiCH (2; 1.1 eguiv; 25 °C) and Quenching with Electrophiles



0 14a: 0 MeN ON Me 14b: Me El 74% Me N Ef-H-\ 69%002F1 N

-8 -
entry subsuate of electrophile product yield, %*
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‘ E N g
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7 = - 1 90
N T Vi
?OZH Cl_-N,_Cl
8 9 B L~ 87¢
' = 11b N
| Et0,C
(E’ Ci N Cl
9 9 /\CQZE; 11c | Nj 72¢

CO,EL



Brmy co2e (1.2 equiv) Other sensitive heterocycles such as purines ((a) Boudet, N; Dubbaka,
S. R.; Knoche!, P. Org. Lett. 2007, 10, 1715. (b) Tobrman, T.; Dvorak, D. Org. Lett. 2006, 8, 1291) can
be metalated as well under mild conditions (Scheme 3). Thus, caffeine (12) (Do, H-Q; KashifKhan R.
M.; Daugulis, 0. J Am. Chem. Soc. 2008, 130, 15185) undergoes a smooth zincation using
TMPZnCI-LiCI (2; 1.1 equiv 25 C, 5 min) furnishing the zinc species 13. Negishi (Negishi, E.; Acc.
Chem. Res,d282a4a ;@&mﬂng or trapping with ethyl 2- (bromomethyl)acrylate (V|II|eras J.;
Ramba d M. Org S nth. 9 6 220 (after addition of CUCN-2LICl) lead to the purine derivative
14a and 145%”?%% 8@}9rfﬁrér@§ %%é&l@@iﬁv ShiiGlie-dvantage of the zinc base 2 is that very
sensitive {ivetienbbyg ralipdisucbats\aaiitroogeecpiphmnheiaiardiet=a Zbnt|(Pspapd mzis P Knochel,
Angew. (gt;%p@/l t. Ed. 2002, 41, 1610). Thus, 2,4-difluoronitrobenzene (15) was converted to the
correspondlng zihc reagent 16 by treatment with TMPZnCI-LiCl (2; 1.1 equiv, 25 C, 45 min). A Negishi
(Negishi, FaNAEREi@Aian. AREMEBMiIths> meh s SIEdURING can be readily performed to furnish the
aryl derivative 17a in 92% yield (Scheme 4). Trapping with benzoyl chloride (after transmetalation with
CuCIN-3ciimKAocheLaRan\E!s, WD@'IEErQFBeideﬁz@GS)Tané?tch}Otbp@ﬁgﬂd}helﬁﬁ) 988,63, 2390)
provides the ketonedzh ing ?Mzm%'?gﬁféﬁ{g“‘ﬁﬁﬁw%ﬂ(% 'he lepborzanc.eriva 5%”%%7“ was
obtained in 90% yield. 25C)and Trapping with Electrophiles TI\/iPZnC -LICI'N 1.1 equiv),
F THF, 2500, 45 mit1% BgetramiiRe.CI-LiCI Pd(dba)2 (3 mol%), tfp (6 mol%),

TMPZAGELIC
Cle_ (2. 1.1 equiv), THF, Cle Civ N
\{i\N}cr 25 °C, 30-45 min \‘Q\I;~Ci E® i N\}C
= Licrcizn” g
3,69 4.7, 10 > 95% 5a-c, 8a-c,

11a-¢; 71-868%

Several sensitive heteroarenes such as pyridazines, (Wunderlich, S, H.; Knochel, P. Chem.
Comm. 2008, 47, 6387) pyrimidines {(a) Turck, A, Plé, N.; Quéguiner, G. Heterocycles 1990,
37, 2149. (b) Radinov, R.; Chanev, C.; Haimova, M. J. Org. Chem. 1991, 56, 4793 and
pyrazines {Turck A.; Trohay, D, Mojovic, L.; Plg, N.; Queguiner, G. J. Organomet. Chem.
1991, 412, 301)) are cleanly zincated at 25 °C using the new base TMPZnCH-LiCl (2; Scheme
2 and Table 1). Thus, the freatment of 3,6-dichloropyridazine (3) with TMPZnCI-LiCl (2; 1.1
equiv, 25 °C, 30 min) leads to the zincated species (4), which can be frapped with 1,, 4-
flucrobenzoy! chloride (after transmetalation with CuCN-2LICl) (Knochel, P.; Yeh, M. C. P;
Berk, S. C.; Taibert, J. J. Org. Chem. 1988, 53, 2390) or undergo a Negishi (Negishi, E.; Acc.
Chem. Res. 1982, 715, 340) cross-coupling leading to the expected products 5a-c in 83-96%
yields (entries 1-3 of Table 1}. Zincations of other sensitive heteroaromatics can be readily
achieved by the addition of TMPZnCI-LiCl (2). Thus, 4,6-dichioropyrimidine {8) is converted
within 45 min at 25 °C to the 5-zincated species. Trapping with | is furnishing the
iodopyrimidine 8a in 83% vyield (entry 4). Reaction with furoyl chicride {after fransmetalation
with CuCN-2LiCl) (Knochel, P.; Yeh, M. C. P; Berk, S. C.; Talbert, J. J. Org. Chem. 1988,
53, 2390) provides the 5-ketopyrimidine 8b in 71% (entry 5). An allylation (after addition of
CuCN-2LiCH) leads to the allyled derivative 8¢ in 89% (entry 6). Similarly, 2,6-
dichloropyrazine (9) is zincated quantitatively with TMPZnCi-LiCl (2; 1.1 equiv, 25 °C, 30 min)
and reacted with iodine or undergoes a Negishi (Negishi, E.; Acc. Chem. Res. 1982, 15, 340)
crass-coupling or an aliylation with ethyl 2-(bromomethyllacrylate {Villieras, J.; Rambaud, M.
Org. Synth. 1988, 66, 220) (after addition of CUCN-2LiCl) affording the expected products
11a-c in 72-90% yields (entries 7-9).



Cco2Et (1.3 equiv) 1) CuCN.2LiClI (1.1 equiv) 2) PhCOCI (2.0 equiv) NO 17a: 92% NO 17b: 84% 12
(1 A equiv) Other sensitive electron-poor arenes and heteroarenes are metalated as well using 2.
Thus, 2-chloro-3-nitropyridine (18) undergoes smooth metalafion with TMPZnCI.LIiClI (2; 1.1 equiv, 25
C, 45 min) furnishing the zinc species 19. Trappingqysing 3-bromocyclohexene (after addition of
CuCN.2LiCl) provides the pyridine 20 in 73% yield. Similarly, 4-fluoro-1-methoxy2-nitrobenzene (21)
was converted within 6 h at 25 'C to the corresponding zinc reagent 22. Quenching with ethyl
2-(bromomethyl)acrylate (Villieras, J.; Rambaud, M. Org. Synth. 1988, 66, 220) (after addition of
CuCN. 2L|CIJ)Feads to the allyied derlvatlve 23 in 67% vyield. Zincation of meth
5-nitrofur&§REBoxyaeS 108 CE &Rt Fharig 3&#’@6%&‘9’5@9121(§%1@q£§/5%%rnishes the
zinc species 25 in 30 Tripethgd With Aldabiermiggth 3- bromocyclohexene (after addition of CuCN-2LiCl)
gives the furan 26 in 72% vyield. Scheme 5: Zincation of 2-Chloro-3-nitropyridine (18),
4-Fluoro-1-methoxy-2-nitrobenzene (21) and Methyl 5-nitrofyr %é%-carboxylate (24) using

TMPZnCIL.LIiCI (2; 1.1 equiv, 25 C) and Trapping with Electrgp 12 -
tfp (6 moi%
/>‘E1
CI O
TMPZnCELICl ° (1.3 suiv)
Me (2, 1.1 equiv), Me equiv TN
N, THF.25°C. Me N Eq= ﬂU"‘C
)\ /> 5 min )\ | p—znx __| 14a: 74%
NT N _
\ _
Me
0
12 13: X=CI'LiCl Me
CuCN-2Licl Mey N
(5 mol%) A B
Br O&\h" N H
Epm
CO,E Me =2 ‘—\F
(1.2 equiv) 14k 69%  CO.Et

Other sensitive heterocycles such as purines ((a) Boudet, N; Dubbaka, S. R.; Knochel, P.
Org. Leit. 2007, 10, 1715. (b) Tobrman, T.; Dvorak, D. Org. Lett. 2006, 8 1291) can be
metalated as well under mild conditions {Scheme 3). Thus, caffeine {12) {Do, H-Q; Kashif-
Khan R. M.; Daugulis, O. /. Am. Chem. Soc. 2008, 7130, 15185) undergoes a smooth
zincation using TMPZnCI-LiCl (2; 1.1 equiv, 25 °C, 5 min) furnishing the zinc species 13.
Negishi {Negishi, E.; Acc. Chem. Res. 1982, 15, 340) cross-coupling or frapping with ethyi 2-
(bremomethyllacrylate (Villieras, J.; Rambaud, M. Org. Synth. 1988, 66, 220) (after addition
of CuCN-2LiCl) lead to the purine derivative 14a and 14b in 74 and 63% yields respectively.
A unique advaniage of the zinc base 2 is that very sensitive functional groups such as a
nifro group can be tolerated at 25 °C (1. Sapountzis, P. Knochel, Angew. Chem. Int. £d. 2002,
41, 1610). Thus, 2.4-diflucronitrobenzene {15} was converted to the corresponding zinc
reagent 16 by treatment with TMPZnCI-LiCl {2; 1.1 equiv, 25 °C, 45 min). A Negishi (Negishi,
E.; Acc. Chem. Res. 1982, 15, 340) cross-coupling can be readily performed to furnish the
aryl derivative 17a in 92% vyield (Scheme 4). Trapping with benzoyl chioride (after
transmetalation with CuCN-2LIiCl} (Knochel, P.; Yeh, M. C. P.; Berk, S. C.; Talbert, J. J. Org.
Chem. 1988, 53, 2390) provides the ketone 17b in 84% vyield. After trapping with 1,, the

iodobenzene derivative 17¢ was obtained in 90% vield.

Scheme 4. Zincation of 2,4-Difluoronitrobenzene (15) using TMPZnCI-LiCl {2; 1.1 equiv;



An aldehyde is also well tolerated ((a) Kneisel, F. F.; Dochnahl, M.; Knochel, P. Angew. Chem. Int. Ed.
2004, 43, 1017. (b) Gong, L.-Z.; Knochel, P. Synlett 2005), 267 Thus,
benzo[b]thiophene-3-carbaldehyde (27) can be converted to the zinc species 28 at 25 C using
TMPZnCI-LICI (2; 1.1 equiv) within 30 min. The formation of a subsequent carbon-carbon bond is also
easily carried out by a Negishi (Negishi, E.; Acc. Chem. Res. 1982, 15, 340) cross-coupling and a
Sonogashira ((a) Bengdentter, .. cée Arauj % >Cé . Schmitt, M.; Bourguignon, J. J. Tetrahedron
2007,9J 63, 12465. (b) m‘?}%ﬁj.?g go Vi’ﬁ ° fé‘%rﬁéﬁ. 2002, 4, 4697. (c) Sonogashira, K.: Tohda,
Y.; Hagihara, N. Tetrahedron Lett. 1975, 50, 4467. (d) Sonogashira, K. Comprehensive Organic
Synthesis Pergamon Press: New York, 1991, Vol. 3) reag i{%lg)giving the aryl heterocycles 29a-c in
63-92% yield. Scheme 6: Zincation of Benzo[blthiopheng-3aparbaldehyde{27) using TMPZnCI.L. Cl
(2; 1.1 equiv; 25 C) and Trapping with Electrophiles - 18p-(6Ra{eha)2 CE3 (F mol%), tfp (6 mom%), h

1)LS cF3 (1.3 equiv) (1.3 equiv) 1)12(11 equiv) 2) P "@o (6 mol/0), Cul, NEt3, 3)
Ph=H { CO,E
(1.3 equiv) F COLE
17a: 92%
TMPZnCHLICI
’foz (2, 1.1 egquiv}, NO2 , NO,
F THF, 25°C, F 1} CuCN-ZLICH
45 min (1.1 equiv) F
ZnX 23 PhCOCI O
: (2.0 equiv) !
F F F 0O
15 16: X=CI-LiCi 17h: 84%
NO,
1 {1.4 equiv) E)\ﬂ/?’

!

17¢: 90%

Other sensifive electron-poor arenes and heteroarenes are metalated as well using 2. Thus,
2-chloro-3-nitropyridine (18) undergoes smooth metalation with TMPZnCI-LiCl (2; 1.1 equiv,
25 °C, 45 min) furnishing the zinc species 19. Trapping using 3-bromocyclohexene (after
addition of CuCN-2LiCl) provides the pyridine 20 in 73% yield. Similarly, 4-fluoro-1-methoxy-
2-nitrobenzene {21) was converted within 6 h at 25 °C to the corresponding zinc reagent 22.
Quenching with ethyl 2-{bromomethyllacrylate (Villiéras, J.; Rambaud, M. Org. Synth. 1988,
66, 220) (after addition of CuCN-2LICl} leads to the aliyled derivative 23 in 67% vyield.
Zincation of methyl 5-nitrofuran-2-carboxylate (24) can also be readily carried out using 2
{1.1 equiv} and furnishes the zinc species 25 in 30 min at 25 °C. Allylation with 3-
bromocyclohexene {after addition of CuCN-2LiCl) gives the furan 26 in 72% vyield.

Scheme 5: Zincation of 2-Chloro-3-nitropyridine (18}, 4-Fluoro-1-methoxy-2-nitrobenzene
(21) and Methyl 5-nitrofuran-2-carboxylate {24) using TMPZnCI-LiCl (2; 1.1
equiv, 25 °C) and Trapping with Elecirophiles



(1.5 equiv) 2) Experimental Procedures and Analytical Data Typical Procedure 1: Preparation of the
reagent TMPZnCI-LiClI (2) A dry and argon flushed 250 mL Schlenk-flask, equipped with a magnetic
stirrer and a septum, was charged with freshly 2,2,6,6-tetramethylpiperidine (10.22 mL, 60 mmol)
dissolved in THF (60 mL). This solution was cooled o -40 C and n-BuLi (2.4 M in hexane, 25 mL, 60
mmol) was dropwise added. After the addition was complete, the reaction mixture was allowed to
warm up slowly to -10 C for 1 h. 7(1012(1.0 M in THE, 66 mL, 66 mmol) was dropwise added and the
resulting solution was stirred for 30 min at -10 C and then for 30 minat 25 C. T
removed under vacuum affordi\?g‘:ﬁ%@gi'sh solid. Freshly distited-PHF was theér-slowly added under
gorgple

vigorous stirring unHl the.salts = %@p telp gissolved. THe f ly prepared TMPZnClLia (2)
solution was titrated@o use*ar®s C with benzoic dgid usingefghienylazo)diphénylamine as
indicator. A concentratiori of 1.3 M in THE was obtairéd. - 12 eécditiand argon thished 10 mL
Schlenk-flask, equippeq with a magnetic stirringgbgg Qr&%@ septafffivals chargeglov\eigl;}nthe zinc base (2;
1.1 equiv). After setting the desired temperature (Table 1), a solution of the corresponding arene (1.0
mmol) in dry THF (2 mL) was dropwise added and stirred at the same temperature. The completion of
the metalation was checked by % n%u is of reaction aliquots guenched with a solution of 12 in dry
THF. Synthesis of 3,6-M%Ioro-4z!qdféwgazine 9. 3,6- iChrI@% ridazit¥g3) (149 mg, 1.0 mmol)
in THF (2 mL) was added-t8% sotiftieh ‘6 TMPZaSLLNC: (2) % I\ﬁ%‘TH 0.8%%R1, 1.1 mmol) at 2500
and the reaction mix as th&f stirred-at thi nperature-f %ﬂ accolding to TP 2. 12 (381 mg,

1.5 mmol) dissolved inidry THF (2 mL) was then Hropfiise %\%‘@J% 'the résulting mixture was stirred
for 0.5 h. The reaction mixture was quenched with a sat. aq. Na2S203 soldti ) and with a sat.

ag. NH401 solution (28'mL), extracted with diefiyitHer (3 x 50 mL) and ghiegover anhydrous
Na2SO04. After filtration, the solvgpnas gyaporated in vacua. Purification by flash-chromatography
(CH2CI2/n-pentane, 1:2) furnishedicompeund 5a (231 mg, §4%) ds a colourless solid. m.p.: 145.1

-146.6 C. 1H-NMR O%'zﬁecgfﬁ%%@ﬁ s, @ H)3GNMB (75 Mbkxy 16;1169.7, 153.9,

139.7, 105.4 MS ( T EI m/Z(o): 5) [M1/127 (23):-1 33—-5-,%21(1 19 (100), 86 (15), 84
( ) ZnX {5mol %) 26 72%

24
25; X=CI-LiCl

An aldehyde is alsoc well tolerated {{a} Kneisel, F. F.; Dochnahl, M.; Knochel, P. Angew.
Chem. Inf. Ed. 2004, 43, 1017. (b} Gong, L.-Z.; Knochel, P. Synleft 2005), 267 Thus,
benzo[bithiophene-3-carbaidehyde (27} can be converted fo the zinc species 28 at 25 °C
using TMPZnCl-LiCl (2; 1.1 equiv) within 30 min. The formation of a subsequent carbon-
carbon bond is also easily carried cut by a Negishi (Negishi, E.; Acc. Chem. Res. 1982, 15,
340) cross-coupling and a Sonogashira {(a) Benderitter, P.; de Araujo, J. X. Jr.; Schmitt, M.,
Bourguignon, J. J. Tetrahedron 2007, 63, 12465, (b) Kim, J. T.; Gevorgyan, V. Org. Lett.
2002, 4, 4697. (c) Sonogashira, K.; Tohda, Y.; Hagihara, N. Tefrahedron Lett. 1975, 50,
4467. {d) Sonogashira, K. Comprehensive Organic Synthesis Pergamon Press: New York,

1991, Vol. 3ireaction giving the aryl heterocycles 29a-c in 63-92% yield.

Scheme 6: Zincation of Benzo[b]thiophene-3-carbaldehyde (27) using TMPZnCI-LiCI (2; 1.1
equiv; 25 °C) and Trapping with Electrophiies



IR (ATR) )17 (cm-1): 3092, 3020, 1796, 1516, 1488, 1464, 1332, 1296, 1276, 1236, 1152, 1136, 1060,

1044, 992, 956, 900, 812, 764, 728, 672, 660, 628, 60

8, 588, 564 HRMS (El) for 04HCI2IN2

(273.8561): 273.8538. -15- 0 Cl 3,6-Dichloropyridazine (3) (149 mg, 1.0 mmol) in THF (2 mL) was

added to a solution of TMPZnCIiLiCl (2) (1.3 M in 'I;I§|\F
mixture was then stirred at this temperature for 30 min

0.85 mL, 1.1 mmol) at 25C and the reaction
according to TP 2. After cooling down to -20 C,

CuCN.2LiCl (1.0 M in THF, 1.1 mmol, 1.1 equiv) was ad}gi& aa}nd the resulting mixture was stirred for
30 min at this temperature. 4-Fluorobenzoyl chloride (347 m@,}z 0 mmol) wasothen slowly added and

the resulting mixture was allowed to warm up slowly to 1® (©rdte r

a sat. ag. NH4CI solution (20 mL), extracted with diethyl
Na2S04. After filtration, the solvent was evaporated in v
(CH2CI2/n-pentane, 1:1) furnished compound 5b (259

,,-f oAyMixtere was quenched with
(](5 andidri¢d over anhydrous
Urlflcatlonsby flashyghromatography

my, 9686¥ds a white splid. m.p.: 71.1 -72.6 C.
1 (s, 1H), 7.19-7.24 (m, 2 H). 13C-NMR (100
(éb 251 5, 139.6,

1H-NMR (400 MHz, cm@gp C% .83(m, 2 H), 7.5
MHz, CDCI3) 5: 187.4,c1674) (d 0

-F) = 258:® Hz),
130.4(d, J (C-F) & C-F) =

@&1\/& g%ﬂﬁ ‘¢16. m

Qz 432.8 (d, J (C-F) = 9.9 Hz),

) ,Ms (7 erEI) n/z (/o): 270 (11) [M1
123 (100), 95(1 58 159 1344, 1319,
( ) ( % i c \/RS *
27 28 X=CILiC} (1 3 equV} 29h- 87%
CHO
12) b (1.1 equiv) ;/ | N S——
j Pd{dba), T g
{3 mol%),
tfp {6 mol%), . £79
Cul, NEt, 29c: 63%
3) Ph—==—H
{1.5 equiv)

2) Experimental Procedures and Analytical Data

Typical Procedure 1: Preparation of the reagent TMPZnCI-LiCI (2):

A dry and argon flushed 250 mL Schienk-flask, equipped with a magnetic stirrer and a
septum, was charged with freshly 2,26 6-tetramethylpiperidine (10.22 mbL, 60 mmol)
dissolved in THF (60 mL). This solution was cooled to -40 °C and n-Buli (2.4 M in hexane,
25 mL, 60 mmol) was dropwise added. After the addition was complete, the reaction mixture
was allowed to warm up slowly to -10 °C for 1 h. ZnCi; (1.0 M in THF, 66 mLl., 66 mmol) was
dropwise added and the resulting solution was stirred for 30 min at -10 °C and then for 30
min at 25 °C. The solvents were then removed under vacuum affording a yelliowish solid.
Freshly distilled THF was then slowly added under vigorous stirring until the salts were
completely dissolved. The freshly prepared TMPZnCI-LiC! (2) solution was ftitrated prior to
use at 25 °C with benzoic acid using 4-(phenylazojdiphenylamine as indicator. A

concentration of 1.3 M in THF was obtained.

Typical procedure for the zincation of polyfunctionalized aromatics and heterocycles
with TMPZnCELICI (TP 2):



1256, 1237,1178, 1157, 1140, 1103, 1041, 1009, 967, 955, 909, 849, 841, 818, 795, 760, 753, 683,
659, 650, 645, 638, 633, 625, 620, 614, 606, 602. HRMS (El) for CL11H5C12FN20 (269.9763):
269.9762. Synthesis of 3,6-dichloro-4-(3-(trifluoromethyl)phenyl)pyridazine (5c): - 16 - then stirred at
this temperature for 30 min according to TP 2. qu(&il:_)a)Z (17 mg, 3 mol%) and P(o-fury1l)3 (14 mg, 6
mol%) dissolved in THF (2 mL), and mixed with 3- iodobenzomethyltrifluoride (354 mg, 1.3 mmol, 1.3

equiv) ese en URRRAISELYIA Gann deria Radsectiandpig iRy T seauling miuge wagsyrred for 1

h at 25 C. The reacfion mixture was then quenched with a sat. ag. NH4C1 solution (20 mL), extracted

with diSERIUBINERT S Xaseemh 1t rihedres B%% éﬁ—.hwr%w&ra’é%&em%mﬁr%ﬁﬁﬁdm@%ﬁyéwwas
evaporaredtmMa@uﬁmRluﬂftﬁfatt@rbbbreﬂﬁsimhweqﬂa@hmﬁ@m@ammemm W23 fnaished

compo C 0 asac Iourles sol Mo 93.0-94.9 C. iy DCI3) 5:
e A AR ST AR WA B R e e R R T s

131.5 (Y ﬁ@any&s:a%c@ Hﬁytingﬂm@)ﬁmm@ﬁmq@, gy ef .8 ﬁ@),‘&ﬂ%.? (q, J (C-F) = 3.8 Hz),
123.4 (q, J(CF) = 272.5 Hz). MS (70 eV, El) m/z (%): 294 (60), 292 (100) [M-i, 266 (17), 264 (25) 229

29, 208 (100, 704 4D AR 0101 130 291 123 25). 59010,

cl
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3,6-Dichloropyridazine (3} (148 mg, 1.0 mmol) in THF (2 mL)} was added to a solution of
TMPZnCELICI (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 °C and the reaction mixture was
then stirred at this temperature for 36 min according to TP 2. 1; (381 mg, 1.5 mmol) dissolved
in dry THF (2 mbL) was then dropwise added and the resulting mixture was stirred for 0.5 h.
The reaction mixture was guenched with a sat. ag. Na;5,0; solution {10 mL.) and with a sat.
aq. NH,CI solution (20 ml), extracted with diethyl ether {3 x 50 ml) and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated in vacuo. Purification by flash-
chromatography (CH:Clx/n-pentane, 1:2) furnished compound 5a {231 mg, 84%) as a
colourless solid.

m.p.: 145.1 - 146.6 °C.

'H-NMR (300 MHz, CDCL) &: 8.06 (s, 1 H).

BC-NMR (75 MHz, CDCI;) &: 159.7, 153.9, 139.7, 105.4.

MS (70 eV, El) m/z (%) 274 (95) [M™], 127 {23), 123 (10), 121 (10), 119 {100), 86 (15), 84
(43), 49 (8).

IR (ATR) v (cm™"): 3092, 3020, 1796, 1516, 1488, 1464, 1332, 1296, 1276, 1236, 1152,
1136, 1060, 1044, 992, 956, 900, 812, 764, 728, 672, 660, 628, 608, 588, 564.

HRMS (El) for C4,HCLIN, (273.8561): 273.8538.

Synthesis of (3,6-dichloropyridazin-4-yl}{4-fluorophenylimethanone (5b):



IR (AIR) i7; (cm-1): 3048, 2359, 1743, 1614, 1558, 1485, 1435, 1361, 1323, 1309, 1281, 1241, 1226,
1214, 1167, 1144, 1109, 1097, 1078, 1060, 1042, 1001, 933, 917, 903, 884, 803, 782, 755, 709, 697,
660, 645, 639, 632, 625, 620, 614, 606, 601 HRMS (El) for CL1H5C12F3N2 (291.9782): 291.9785.
Synthesis of 4,6-dichloro-5-iodo-pyrimidine (8a): g-l_:)ichloropyrimidine 6 (149 mg, 1.0 mmol) in THF
(2 mL) was added to a solution of TMPZnCI-LiClI (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25C and the
reaction mixture was then stirred at this temperaturefor 4g;min according to TP 2. 12 (381 mg, 1.5
mmol) dissolved in dry THF (2 mL) was then dropwise added and the resulting mixture was stirred for
0.5 h. The reaction mixture was quenched with-asat. ag- " NarS203 solution (10 mL) and with a sat. aq.
NH,CI solution (20 mL), extracted with dieth @ (3 X150 mjL.) and dried over anhydrous Na2S0O4.
After filtration, the solvent was evaporate# in vacuo. Puri iEAtion by flash-chromatography
(CH2CI2/n-pentane, 1:4) furnished compound 8a (227 mggB3%) as a colourless solid. - 17 - m.p.:
134.9-136.5 C. 1H NMR (300 MHz, CDCI3) 5: 8.65 (s, 1 H). 13C NMR (75 MHz, CDCI3) 5:166.6,
156.8, 98.9. MS (70 eV, El) m/z (%): 274 (100) [M], 239 (27), 97 (12), 83(12), 57(21). IR (ATR) i (cm):
2923, 285501000y dA8a386(3) 1349, 1396, A 214 ph0B0THO 12, 120 wAE3added HRMSo(Edpfornf
C4HCI2 73, ; . is.of (4,6-dichlo rimidin:S:-yN(furan-2-v thanone
60y 46 oo Rl e 148 g L il DL 5 oaL ek AT e
TMPZnCGhercH{?s{ 2B tNisitemreratugs IRfLSA mimasspraings CTahd. theakereisls mpwiriowas tHen stirred

at this temperatuse fer 4vminBeeording ool P 2. SN vwddGladed BricslbtieRdmiddiixtutebasl. 1

| lowly added at -20.C and t i ixt ' t th t for 30
i, Then a2 oAy IS R S AP S BB S0 RS
resulting sty ceidess aritbtive desitinanminiustowdy ©i2BeC tvertighty Shevie bz ion thixheeagaton
que”Cheﬁ’wMPe%%%tgﬁgn%é%t%oé%Qn AGONPLY) S¥iRGIe Y R JietvA SLheh P Bidh ] dried

over anhydrous Na2S04. After filtration, the solvent was evaporated in vacuo. Purification by
flash-chromatBYraphy ABRmLeYSERERELAES PP R midHERS B3 dBRoaRkERSERE Pf??%@??yf%). m.p.:
143.6- 145du6 PLiAfNMBH(400MdiHzh G et rap B8 ks CLibpahiEhém: 1) H)isB8d nyridd) 6l 66 (m, 1

H). 13C NMR (109MHiz, G Fr%%) %-1. 75.6, 158.8, 158.4, 150.8, 149.0, 130.9, 121.5, 113.5. MS (70 eV,
El) m/z (g/%)gzéz é A8 INAH 1@257i 433, 95 (100), 58(21), 43(33). IR (ATR)(crntl): 3133, 2969, 2359, 2340,

1738, 16W6P-1388! 154P 1©12, 1450, 1403, 1375, 1361, 1297, 1230, 1216, 1168, 1123, 1083, 1032,
956, 904183k R (308 MHZ 8D CBYL 574607883668 .2620,764:6(H0% HRME7(EL dar £8H4CO202

(241.965Q)k fURPPRD MHz, CDCLy) & 187.4, 167.0 (d. J (C-F) = 256.9 Hz), 156.3, 151.5, 1396,
132.8 (d, J (C-F) = 8.9 Hz), 130.4 (d, J (C-F) = 3.1 Hz), 127.7, 116.8 (d, J (C-F) = 22.6 Hz).
MS (70 eV, El) m/z (%): 270 (11) [M*], 123 (100), 95 (19).
IR (ATR) v (cm’): 3087, 2927, 2358, 1917, 1673, 1590, 1504, 1414, 1344, 1319, 1256,
1237, 1178, 1157, 1140, 1103, 1041, 1009, 967, 955, 909, 849, 841, 818, 795, 760, 753,
683, 659, 650, 645, 638, 633, 625, 620, 614, 606, 602.
HRMS (El) for C,;HsCI.FN,O (269.9763): 269.9762.

Synthesis of 3,6-dichloro-4-(3-(trifluoromethyl}phenyl)pyridazine {5¢):
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3,6-Dichloropyridazine (3) (149 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZnCI-LICl (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 °C and the reaction mixture was



- 18 - 4,6-Dichloropyrimidine 6 (149 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZnCI.LiCl (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 2500 and the reaction mixture was then stirred
at this temperature for 45 min according to TP 2. CUCN2LICI (1 N/l in THF; 0.05 mL, 5 mol %) was
then slowly added at -20 C. Ally! bromide (242 mg, 2.0 mmol) was then slowly added at -60 C. The
resulting mixture was then allowed to warm up slowly to 0 C for 4 h. The reaction mixture was

cuencheg i 5, VA SOUIRN GO EHAREE Wi et (G 30 1ml. g red

over anhydrous Na2S0O4. After filtration, the solvent was evaporated in vacuo. PUrification’ by

flash-chrofAdtbyraphyA OFMZCIHn-pthtahedisoyi@thisied Befas @ cdlburled8%olmi2d5 Mt 8996). 1H
NMR (300dWda-6M8i 518 8oBdd 3354 theh- BB BnBidIM., AL dd)id). QR 18elimrah st RS 4ifdbab ki 6.4 Hz,

4J=1.4Hz, 2 H). 13C NMR (75.MHz, CDCI3) 5:162.0, 155.8 0.9, 130. 18.2,34.0. MS (70 eV,
B0 i (0 PRI OIS (ooNe TE5 RS BULLS RSN A I, oD Gods, 1 ATER AR 2060
2360, 173%tue3%a3380n IBERCh4d5Yite6sat328, M348 Eaidion2@0 1R00edttB2ed Vg 1H80Yi089,

929, 906,130,574, 68 TmBH8: B2 6rifd Lo A0 I MSUENIDE 67 HOtP NE 4887 HPEBIARAO9A3.
Synthesis of 3,5-dichloro-2-iodopyrazine (11a): C 1 _CI 2,6-D|chloro%|ng§g) (149 mg, 1.0 mmol) in

THE (2 AR e Pry's SOITHRHOF PRIBARCIIRERSY @PaMThi e B38Rt: , 1121 TR 2500

and the reactionnich iS¢y 21 vag; (186he Sty @ctakbtinistesygigrature for 30 min according to TP 2. 12 (381 mg,
1.5 mmo}), « '§$ﬁ}@g i dryTHE (2 mL) was then dropwise added and the resulting mixture was stirred
for 0.5 h. The reaction mixture was quenched with a sat. aq. Na2S203 solution (10 mL) and with a sat.

aq. NHACT-YMRi 6H0OM Ha, CR&H GetiGith &Ry Fethef- 23 £50 ML) and dried over anhydrous
Na2SO4astemAtiatiomine sBant dragsevapaatediyp\gcup. Puridsatian by flash-(c-£9 = 33.0

colid, m B o R e G Mo ! ot (6 ), TN BIRG. abCia)
5:153.1, A¥6.2/A4H34).115.7. MS (70 eV, El) m/z (%): 274 (100) [Mt], 147 (75), 127 (18), 86 (32), 57

21), 44(RA- (R LATEN irkemel): 6 , 739 1 9 , ; 1274,
1930, 1237 1308 VL 1S4 1545 201 405 BAL 655, KOk €10 CA1. BOX HRMS (0D for

i i (055 B OO TRt Bt A A hormovrazin-2-rhbenzcate (L1b):

CI1\1CI IR (ATR) v (cm™): 3048, 2359, 1743, 1614, 1558, 1485, 1435, 1361, 1323, 1309, 1281,
1241, 1226, 1214, 1167, 1144, 1109, 1097, 1078, 1060, 1042, 1001, 933, 917, 903, 884,
803, 782, 755, 709, 697, 660, 645, 639, 632, 625, 620, 614, 606, 601.
HRMS (EI) for Cy4HsCl,F;N, (291.9782): 291.9785,

Synthesis of 4,6-dichloro-5-iodo-pyrimidine (8a):

Cl

4 6-Dichioropyrimidine 6 (148 mg, 1.0 mmaol) in THF (2 mbL} was added to a solution of
TMPZnCILICI (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 °C and the reaction mixture was
then stirred at this temperature for 45 min according to TP 2. 12 (381 mg, 1.5 mmol) dissolved
in dry THF (2 mL) was then dropwise added and the resulting mixture was stirred for 0.5 h.
The reaction mixture was quenched with a sat. ag. Na,S,0; solution (10 mL) and with a sat.
aqg. NH,Cl solution (20 mlL), extracted with diethyl ether (3 x 50 mL) and dried over
anhydrous Na,SQ,. After filiration, the solvent was evaporated in vacuo. Purification by fiash-
chromatography (CH:Cli/n-pentane, 1:4) furnished compound Ba (227 mg, 83%) as a

colourless solid.



EtO2C 2,6-Dichloropyrazine (9) (149 mg, 1.0 mmol) in THE (2 mL) was added to a solution of
TMPZnCI.LiCl (2) (1.3 M in THE, 0.85 mL, 1.1 mmol) at 25C and the reaction mixture was then stirred
at this temperature for 30 min according to TP 2, Pd(dba )2 (17 mg, 3 mol%) and P(o-fury1)3 (14 mg,
6 mol%) dissolved in THF (2 mL), followed by the a}(;}djtion of ethyl 4- iodobenzoate (359 mg, 1.3
mmol), were then transferred via cannula to the reaction mixture. The reaction mixture was stirred at
25 C for g"i)h \ggiba[ S8l 89. NHACI solution (20 mL), extracted with diethyl ether (3 x 50 mL) and
dried over hydrous Na2804 After filtration, the solvent was evaporated in vacuo. Purification by

flash-chrdh MR BINMUF SBSIn. feBEhés. 112))furn|shed compound llb (251 mg, 87%) as a colourless
solid. m.BCHMMR- 98 Mz, (LM R: (3604 SREIS) 5: 8.59 (s, 1 H), 8.14 (d, J = 8.6 Hz, 2 H), 7.84

06, B0 Y58 TS ek g BN I 80 L% B8 Ry s oty 296 ()
[Mt], 2701IRMATRGS38)1251 7928) 2288, (2800, IRISATRIG, (CHA4l): BEBH, 811@15 12885,123589,7D966,

1708, 1634, 1569, 1537, 1507, 1482, 1466,1446,1423, 1408,1366,1310,1283,1263,1190,1175,1140,

1131, 1114,1098, 1028, 1021, 1009, 915, 858, 843, 786, 758, 719, 698, 657, 634, 621, 616, 610, 602.
HRMS (Ef) for C4HCLIN, (273.8561); 273.8565.

Synthesis of (4,6-dichloropyrimidin-5-yi){(furan-2-yl)methanone (8b}:

4,6-Dichloropyrimiding 6 (149 mg, 1.0 mmol) in THF {2 mlL) was added fo a solution of
TMPZnCELICH(2) (1.3 M in THF, 0.85 mL, 1.1 mmol} at 25 °C and the reaction mixture was
then stirred at this temperature for 45 min according to TP 2. CuCN-2LIiCl (1.0 m solution in
THF, 1.1 mL, 1.1 mmol) was slowly added at -20 °C and the reaction mixture was stirred at
the same temperature for 30 min. Then, furan-2-carbonyl chloride (261 mg, 2.0 mmol) was
dropwise added at -20 °C and the resuiting mixture was allowed to warm up slowly to 25 °C
overnight. The reaction mixture was quenched with a sat. agq. NH,Cl solution (30 mL),
extracted with diethy! ether (5 x 30 mL} and dried over anhydrous Na,S0,. After filtration, the
solvent was evaporated in vacuo. Purification by flash-chromatography (CH,Cl./n-pentane
1:1) furnished 8b as a colourtess solid {172 mg, 71%).

m.p.: 143.6 - 145.4 °C.

'H NMR (400 MHz, CDCI;} 5: 8.88 (s, 1 H), 7.70 (m, 1 H), 7.28 {m, 1 H), 6.66 (m, 1 H).

C NMR (100 MHz, CDCI;) 6: 175.6, 158.8, 158.4, 150.8, 149.0, 130.9, 121.5, 113.5.

MS (70 eV, El) m/z (%): 242 (48) [M™], 167 (49), 95 (100), 58 (21}, 43 (33}

IR (ATR) v {cm™'): 3133, 2969, 2350, 2340, 1738, 1636, 1558, 1540, 1512, 1450, 1403,
1375, 1361, 1297, 1230, 1216, 1168, 1123, 1083, 1032, 956, 904, 888, 878, 815, 789, 781,
746, 738, 668, 626, 615, 609.

HRMS (El) for CgH4CLN,O, (2471.9650): 241.9653.

Synthesis of 5-allyl-4,6-dichloropyrimidine (8c):



HRMS (El) for C13H40CI2N202 (296.0119): 296.0119. - 20 - Synthesis of ethyl
2-((3,5-dichloropyrazin-2-yl)methyl)acrylate (11c): CINCI EtO2C 2,6-Dichloropyrazine (9) (149 mg, 1.0
mmol) in THF (2 mL) was added to a solution of IMP7nCI.LiCl (2) (1.3 M in THF, 0.85 mL, 1.1 mmol)
at 25C and the reaction mixture was then stirred aﬁ%hls temperature for 30 min according to TP 2. After
cooling down to -50 C, ethyl 2-(bromomethyl)acrylate (230 mg, 1.2 mmol) and CuCN-2LiCI (1.0 M
solution in THF, 5 drops) were added and the resulting mixture was allowed to warm up slowly to -20
C. The reaction mixture was quenched with a sat. aq. NH4CI solution (20 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous Nad Aﬁqr filtration, the solvent was evaporated in
vacuo. Purification by flash-chromatography (CH2C12/n-pentane, 1:3) furnished compound 11c (187
mg, 72%) as a colourless oil. 11-1-NMR (30 5:8.38(s,1H),6.34(s,1H),556(s, 1
H), 4.14 (q, J=7.1 Hz, 2 H), 3.92 (s, 2 H), 1.21 (t, J = Hz, 3 H). 13C-NMR (75 MHz, CDCI3) 5:
166.0, 151.5 146.8 145.0, 141.5, 136.0, 127.6 60.9, 36.7, 14.0. MS (70 eV, El) m/z (/0): 261 (100)
[Mt-H], 163 (10). IR (ATR) ii (cm-1): 2969, 2359, 1738, 1503, 1385, 1342, 1294, 1226, 1215, 1084,

gggﬁ%&%@&;@ Eﬁqﬁjzﬁé% 3640524, 6165098 16A3THIRMSHESHdor 10404 -l ACIANRM0f
b 0 oI MR T8 3o TG R e e ot g e 50 R RPRIoE PSR Lict
1.3 M mh‘EHEts@%amiﬂ:uslt&mmmetywafsra%edrw@smm@ow GPLB,ZuCN-2LICI (1 M in THF; 0.05

trimethy lsL HspHbing 2 BSHSHIINNS dded 934G TR MR 1335 (Admb-hahem ¢ aad e, reaction

mixture was then stirred at this temperature for max. 5 min. Pd(dba)2 (17" mg, 3 mol%) and P(o-fury1)3

(14 mg, SMbIRYHEHIRY - THE t%SH{L'jgéﬂ'deﬁﬁ(@’é‘Wﬁﬁ‘laéﬁWS 129 arm b Slowly 16 0 °C for

4 h. The reaction mixture was quenched with a sat. ag. NH,Cl solution (20 mlL), extracted

with diethyl ether {5 x 30 mL) and dried over anhydrous Na.SO,. After filtration, the solvent
was evaporated in vacuo. Purification by flash-chromatography (CH.Cly/n-pentane 1:2)
furnished 8c as a colourless soiid (215 myg, 89%).

'H NMR (300 MHz, CDCL) &: 8.64 (s, 1 H), 5.80-5.90 (m, 1 H), 5.08-5.18 (m, 2 H), 3.64 (dt,
*J=6.4Hz ‘U= 14Hz 2 H).

3C NMR (75 MHz, CDCl;) &: 162.0, 155.8, 130.9, 130.6, 118.2, 34.0.

MS (70 eV, El) m/z (%): 188 (70) [M'], 125 (22), 117 (44), 90 (59), 64 (35}, 49 (43), 41 (100).
IR (ATR) ¥ {om™'): 2969, 2360, 1739, 1639, 1539, 1513, 1435, 1406, 1375, 1348, 1313,
1280, 1200, 1162, 1129, 1090, 889, 929, 906, 838, 777, 687, 668, 627, 621, 616.

HRMS (El) for C;HsCI:N, (187.9908): 187.9913.

Synthesis of 3,5-dichloro-2-iodopyrazine (11a):

Clu _N_Cl

2,6-Dichloropyrazine (9) (149 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZnCI-LICH (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 °C and the reaction mixture was
then stirred at this temperature for 30 min according to TP 2. [; (381 mg, 1.5 mmol) dissoived
in dry THF (2 mL) was then dropwise added and the resulting mixture was stirred for 0.5 h.
The reaction mixture was guenched with a sat. aq. Na,3,0; sclution (10 mL) and with a sat.
ag. NH.CI solution (20 mlL), extracled with diethyl ether (3 x 50 ml) and dried over

anhydrous Na.SO;. After filtration, the solvent was evaporated in vacuo. Purification by flash-



- 21 - iodobenzene (310 mg, 1.3 mmol, 1.3 equiv) were then transferred via cannula to the reaction
mixture. The resulting mixture was stirred for 1 h at 25 C. The reaction mixture was then quenched
with a sat. ag. NH4CI solution (20 mL), extracted with diethyl ether (3 x 50 mL) and dried over
anhydrous Na2S04. After filtration, the solvent Wa§§vaporated in vacua. Purification by

flash- chromatography (OH2Cl2/ether, 1:1) furnished compound 14a (226 mg, 74%) as a colourless

350 (s, 310 S G RO TR S 2 CBIE e el oted ¢ 1 P P,

129.2, 126l7uress 60158.9. 29.8, 28.0. MS (70 eV, El) m/z (%): 304 (100) [M], 82(23), 67(13). IR (ATR)
7 (cm-1)irRB69,04 738, 11693646, 1605, 1569, 1538, 1473, 1454, 1430, 1408, 1374, 1288, 1229,

1216, 1 1074,.10 8, 977, 835, 803, 759, 749, 739, 730, 708, 685, 671, 650,
645, 63%%2%6@&%‘ fP%éggG%Jl;%-ﬁiM (ESI) for C14H13CIN402 (304.0727): 304.0722.
Synthes@ﬁfétmﬁ(ﬂ-l@kﬁlmﬁahm 2R d o8 B, 318 Z Aetrdhydro-1H-pu ri n-8- yl)methyl)acrylate (14b):
TMPZnGrbi b@%(%ﬁﬁﬂ/é&%%’c@ﬁ%d?&n? 1 mma) was F'i‘éqe%t 9 @B%”(é”

trimethy1-1H-purine- -dione 194 mg, 1.0 mmo at 25 g and the reaction
mixture Wad &\ §f|n(éa‘ at tRASRrparatat for Atdx. 5 Bfin1 Ak r%lm@ﬁ%wﬂﬁ? 5323 etRyr:

2-(bromompeshyhagryviage (288maueb. 21 mymothandscyG=26Ke 6k9 Bhsokitiomiy THF, 5 drops) were
added a up slowly overnight. The reaction mixture was
quenche'ﬁgm% LEQS E@Fﬂgl gg%?gﬁwzgﬁl_%g%grracted with diethyl ether (3 x 50 mL) and dried

over anhydrous Na2S04. After filtration, the solvent was evaporated in vacua. Purification by

flash-chrg ARt 4 @’ﬁﬁ]@ﬁl&r&}:é)%&'i‘iﬂ‘?%ﬁﬁ@?&%@ (34)(211 mg, 69%) as a colourless
solid. 1H MR (300 MHz, CDCI3) 5: 6.28 (s, 1 H), 5.49 (s, 1 H), 4.14 (9, J = 7.1 Hz, 2 H), 3.86 (s, 3

H), 3.70(s, 2 H), 3.45(s, 3 H), 3.29(s, 3 H), 1.21 (t, J= 7.1 Hz, 3 H). - 22 - 13C-NMR (75 MHz, CDCI3)
5:165.7, 155.1,151.4, 150.8,147.7, 135.0, 127.3, my%w\jl/m.s, 29.6, 29.3, 27.7, 14.0.

‘ N

Et0,C~ ™~

2,6-Dichloropyrazine (9) (149 mg, 1.0 mmol} in THF (2 mbL}) was added to a solution of
TMPZnCH-LICI {2) {1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 "C and the reaction mixture was
then stirred at this temperature for 30 min according to TP 2. Pd{(dba}, (17 mg, 3 mol%) and
Plo-furyl); (14 mg, 6 mol%) dissolved in THF (2 mlL), followed by the addition of ethyl 4-
iodobenzoate (359 mg, 1.3 mmol), were then transferred via cannula to the reaction mixture.
The reaction mixiure was stirred at 25 °C for 1.5 h. with a sat. ag. NH,CI solution (20 mL},
exiracted with diethyl ether (3 x 50 mL} and dried over anhydrous Na,50,. After filtration, the
solvent was evaporated in vacuo. Purification by flash-chromatography (CH.ClL/n-pentane,
1:2) furnished compound 11b (251 mg, §7%) as a colourless solid.

m.p.: 88.5 - 980.¢ °C.

"H-NMR (300 MHz, CDCI;) &: 859 (s, 1 H), 8.14(d, J=86Hz, 2 H), 7.84 (d, J= 86 Hz, 2
H}, 4.40(q, J=7.2Hz, 2H), 140 (t, /= 7.0 Hz, 3 H).

BC-NMR (75 MHz, CDCL) & 165.8, 150.1, 145.9, 142.0, 139.0, 131.6, 129.4 (2), 61.2, 14.3.

MS (70 eV, EI) m/z (%): 296 (32) [M"], 270 (24), 268 (38), 251 (100), 223 (26).

IR (ATR) ¥ (cm’'): 3086, 3005, 2985, 2359, 1966, 1708, 1611, 1569, 1537, 1507, 1482,
1466, 1446, 1423, 1408, 1366, 1310, 1283, 1263, 1190, 1175, 1140, 1131, 1114, 1098,
1028, 1021, 1009, 915, 858, 843, 7886, 758, 719, 698, 657, 634, 621, 616, 610, 602.

HRMS (El)} for Cy3H,ClN,0; (296.0119): 296.0119.



MS (70 eV, EI) m/z (%): 306 (78) [M], 260 (28), 232 (100), 219 (11), 67(13). IR (AIR)j7 (cm-1): 2998,
2056, 2358, 1719, 1697, 1658, 1548, 1497, 1448, 1426, 1402, 1362, 1340, 1293, 1253, 1215, 1162,
1112, 1033, 978, 960, 939, 894, 858, 831, 812, 759,

- 20 -

Synthesis of ethyl 2-((3,5-dichloropyrazin-2-ylimethyl)acrylate (11c):

Gl _N_ .Cl
N

M j/
EtO,C N

2.6-Dichioropyrazine (9) (149 mg, 1.0 mmol} in THF (2 mbL) was added to a solution of
TMPZnCi-LiCl {2) (1.3 M in THF, 0.85 mL, 1.1 mmo!) at 25 °C and the reaction mixiure was
then stirred at this temperature for 30 min according to TP 2. After cooling down to -50 °C,
ethyl 2-(bromomethyl)acrylate {230 mg, 1.2 mmol) and CuCN-2LICl (1.0 M solution in THF, 5
drops) were added and the resulting mixture was allowed 1o warm up slowly to -20 °C. The
reaction mixture was quenched with a sat. aq. NH,Cl solution (20 mL), extracted with diethyl
ether (3 x 50 mL) and dried over anhydrous Na,SQ0,. After filtration, the solvent was
evaporated in vacuo. Purification by flash-chromatography (CH.Cl/n-pentane, 1:3) furnished
compound 11c (187 mg, 72%) as a colouriess oil.

'H-NMR (300 MHz, CDCls) &: 8.38 (s, 1 H),6.34 (s, 1H), 556 (s, 1 H), 4.14 (g, J= 7.1 Hz, 2
H),3.92(s,2H), 1.21 (4, J=7.1Hz, 3 H).

PC-NMR (75 MHz, CDCL) & 166.0, 151.5, 146.8, 145.0, 141.5, 136.0, 127.6, 60.9, 36.7,
14.0.

MS (70 eV, El) m/z (%): 261 (100) [M'-H], 163 (10).

IR {ATR) v (cm™). 2069, 2359, 1738, 1503, 1385, 1342, 1204, 1226, 1215, 1084, 1013, 987,
954, 795, 764, 749, 667,621, 615, 608, 603.

HRMS (ESI) for CyeH;oCI:N0, (260.0116 (M™-H)): 261.0196.

Synthesis of 8-(4-chiorophenyl)-1,3,7-trimethyl-1H-purine-2,6{3H,7H}-dione (14a}:
O
N/
~
N
¥ <O
o} l? N

TMPZnCI-LICT (2) (1.3 M in THF, 0.85mL, 1.1 mmol) was added to a solution of 1,3,7-
trimethyi-1H-purine-2,6(3H,7H)-dione {12) (194 mg, 1.0 mmol} in THF {2 mL) at 25 °C and
the reaction mixture was then stirred at this temperature for max. 5 min. Pd{dba). {17 mg,
3 mol%} and P{o-furyl}; (14 mg, 6 moi%) dissoived in THF (2 mL), and mixed with 1-chloro-4-



743, 718, 693, 663, 641, 630, 602. HRMS (ESI) for C14H18N404 (306.1328): 306.1320.
Synthesis of ethyl 2',6'-difluoro-3'-nitrobiphenyl-4-carboxylate (17a): EtO2C NO2
2,4-Difluoro-1-nitrobenzene 15 (159 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZnCI.LICI (2) (1.3 M in THF, 0.85 mL, 1.1 mmel) at 25 00 and the reaction mixture was then
stirred at this temperature for 45 min according to TP 2. Pd(dba)2 (17 mg, 3 mol%) and P(o-furyl)3

(14 mg, .qpEALRSAYEME THRRJNL)TRUaWEHNY (heafdilpneh sl Aniadebanzealedss9 9. 1.3

mmol), were then transferred via cannula at -20C. The resultln%mlxture was allowed to warm up

slowly to@ﬁ%%v@?ﬁ@?ﬁ“*f’ﬂ% FXIHTB RSRUFEEE AT th e Huehcheddsvieralion: HEiURaHAS dfiion (20
mL), extraeiachaithvidieshsdtetlie NGB L5 migrad driedeavacarhyidratistiNa2Be4 3Ates filitatod, the

solvent vis PYaRalgeL I o Rusicatien by s chieBonienc GHRGRkeeptane.di2)

furnlsh compound 17a %) as a co ourless solid. m 1FI'N
CDCI3) fugitraimn dyniag rgfﬂlgf?éf@h%@#&:fﬁmﬁ 51 fgm%‘%dl—@@m?# 14a7(286mMa H),
4.40(q, Jraoy&83.031605ds4Qha) = 7.0 Hz, 2 H). 13C NMR (75 MHz CDCI3) 5:165.8, 162.5 (dd, J =

a2 = PRk S R & 28 (6T 7 B b P T8 (8 TR S e U A 5 1 e
Hz), 112H),(@62Xs 3.8)H3,39 £23 A)Hz), 61.3, 14.3. MS (70 eV, El) m/z (%): 307 (23) [W], 279 (48),

262 (100} c2hink-¢75 WHASE DA 12N 5523 14RAAIR) A/ (1 3: 338%, 4969 2399 Lok2y 165461589,
1567, 1535, 1510, 1472, 1404, 1368, 1341, 1304, 1286, 1269, 1215, 1185, 1170, 1148, 1127, 1103,

1070, 1050°1818; 848 879, 857, 824, 778. 756, 714, 702, 667, 636, 620, 607, 602
MS (70 eV, El) m/z (%): 304 (100) [M'], 82 (23), 67 (13).

IR (ATR) ¥ (cm''): 2969, 1738, 1694, 1646, 1605, 1569, 1538, 1473, 1454, 1430, 1408,
1374, 1288, 1229, 1216, 1180, 1108, 1090, 1074, 1030, 1008, 977, 835, 803, 759, 749, 739,
730, 708, 685, 671, 650, 645, 639, 632, 625, 620, 614, 606, 601,

HRMS (ESI) for C14H::CIN,O; (304.0727): 304.0722.

Synthesis of ethyl 2-((1,3,7-trimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-8-
yl)methyilacrylate (14b):

TMPZnCI-LICH (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) was added to a solution of 1,3,7-
trimethyl-1H-purine-2,6(3H,7H)-dione {12) (194 mg, 1.0 mmoi) in THF (2 mL) at 25 °C and
the reaction mixture was then stirred at this temperature for max. 5 min. After cooling down
to ~50 °C, ethyl 2-(bromomethyljacrylate (230 mg, 1.2 mmo!l) and CuCN-2LICI (1.0 M
solution in THF, 5 drops) were added and the resuiting mixfure was allowed to warm up
slowly overnight. The reaction mixture was quenched with a sat. aq. NH,Cl solution (20 mL),
extracted with diethyl ether (3 x 50 mL) and dried over anhydrous Na.SO,. After filtrafion, the
solvent was evaporated in vacuo. Purification by flash-chromatography (CH,Cl/ether, 1:1)
furnished compound 14b {211 mg, 69%} as a colourless solid.

'H-NMR (300 MHz, CDCl;) &: 6.28 (s, 1 H), 549 (s, 1 H), 414 (q, J=7.1 Hz, 2H), 3.86 (s, 3
H), 3.70 (s, 2 H), 3.45 (s, 3H), 3.29 (s, 3H}, 1.21{t, J=7.1 Hz, 3 H).



HRMS (El) for C15H14F2N04 (307.0656): 307.0651. Synthesis of
(2,6-difluoro-3-nitrophenyl)(phenyl)methanone (17b): 2,4-Difluoro-1-nitrobenzene 15 (159 mg, 1.0
mmol) in THF (2 mL) was added to a solution of IMPZnCI.LiClI (2) (1.3 M in THE, 0.85 mL, 1.1 mmol)
at 2500 and the reaction mixture was then stirred is temperature for 45 min according to TP 2.

CuCN.2Li0I (1.0 ro solution in THE, 1.1 mL, 1.1 mm0l) was slowly added at -40 CC and the reaction

mixture i SW_ I e f omin, T benzayl i 1 W2 mol)
was add\ggéd'ﬁ)gﬁigga}tmﬁ% and théqrgétﬁtigggrﬁ i’xtﬂg r@?ﬂle?sg (g‘l ov@‘ég% v%r?lf’i dﬁp%%v&@%&é)&g ’
overnight3 TRe42&c#8r ndixtird4ahs then quenchend with a sat. ag. NI-14C1 solution (20 mL),

extractedmetirdienyEgthes (4 X 36bmts) qod died oxeranhydmousiNagBady Adtar filtration, the_solvent
was evaporated in vacuo. Purification by flash-chromat%g/ra%g&a(%H2012/n- entane, 1:2) furnished
758

compounﬁzl%T&)zf %8?85%?%@?‘2%%&% d6ild: AP ?¥clq NM@B(SW HEA:OéDCIS)
5: 7.14-8.8360n1346).128¢, NMRB, (751 MH26€DGIR), 6:186.2746262 (ddo,) 804, 25z, 8B+, 26224 #4g), 153.7

(dd, J = d 5269 135.7,-135.1, 133.8, 130.2, 129.6, 129.1, 128.7 (dd, J = 2.1 Hz, J = 10.9
Hz), 128?@%?1%%’@%?’36:%%'1%.3%%?97’:%% Hz). MS (70 eV, El) m/z (%): 263 (52) [M1, 105 (100), 33
(77). IR (HRMSTEShH fonCatbdN q(306738816305. 183®, 1594, 1530, 1496, 1469, 1450, 1351, 1320,

1311, 1280, 1266, 1217, 1180, 1159, 1128, 1100, 1073, 1034, 1027, 1000, 970, 934, 862, 834, 828,

97, 774’S7ySn%thggjs" o7f0 ésthg?g",é-scﬁfluoro-li'-nitrobipheny¥-4-carhoxylate (17a):

FtO,C
2 F
NO,
F ‘

2,4-Difluoro-1-nitrobenzene 15 (158 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZnCI-LiCl (2) (1.3 M in THF, 0.85 mL, 1.1 mmol} at 25 °C and the reaction mixture was
then stirred at this temperature for 45 min according to TP 2. Pd{dba), (17 mg, 3 mol%) and
P(o-furyl)s (14 mg, 6 mol%,) dissolved in THF {2 mL), followed by the addition of ethyl 4-
iodobenzoaie (359 g, 1.3 mmol), were then fransferred wia cannula at -20°C. The resuiting
mixture was aliowed to warm up slowly 1o 25 °C overnight. The reaction mixture was then
quenchend with a sat. ag. NH,Cl solution (20 ml), exitracted with diethyl ether (3 x 50 mL)
and dried over anhydrous Na,S0,. After filtration, the solvent was evaporated in vacuo.
Purification by flash-chromatography (CH.Cl/n-pentane, 1:2) fumished compound 17a
{281 mg, 92%} as a colouriess solid.

m.p.: 850867 °C.

'H NMR (300 MHz, CDCl;) 6: 8.09-8.18 (m, 1 H), 8.15(d, J = 8.8 Hz, 2 H), 7.51 (d, J= 8.8
Hz, 2 H), 7.11-7.18 (m, 1 H), 4.40 (g, /= 7.0 Hz, 3 H), 1.40 (d, /= 7.0 Hz, 2 H).

*C NMR (75 MHz, CDCl;) &: 165.8, 162.5 (dd, J = 6.0 Hz, J = 260.1 Hz), 153.7 {dd, J = 6.0
Hz, J = 260.1 Hz), 131.2 (dd, J = 0.5 Hz, J = 3.9 Hz), 130.2 (dd, J = 1.8 Hz, J = 2.0 Hz},
129.7,126.6 (dd, J = 1.8 Mz, J=21.4 Hz), 120.2 (dd, J = 28.1 Hz, J = 1.8 Hz), 112.1 (dd, J =
4.3 Hz, J=24.7 Hz), 61.3, 14.3,

MS (70 eV, El) m/z (%): 307 (23) [M7], 279 (48), 262 (100), 216 (43), 188 (34), 44 (12).



668, 645, 638, 630, 626, 620, 614, 606, 601. HRMS (EI) for C13H7F2NO3 (263.0394): 263.0393.
Synthesis of 1,3-difluoro-2-iodo-4-nitrobenzene (17c): - 24 - 2,4-Difluoro-1-nitrobenzene 15 (159
mg, 1.0 mmol) in THF (2 mL) was added to a solution of TMPZnCI-LiCl (2) (1.3 M in THF, 0.85 mL, 1.1
mmol) at 25 00 and the reaction mixture was then gjrfed at this temperature for 45 min according to
TP 2.12(381 mg, 1.5 mmol) dissolved in dry THF é mL) was then dropwise added and the resulting

mixture iyed.for 0.5 h y 0L, mixt e d, wi . ag.. Na25203, sqlution (10
mL) and\i\%izégﬁat‘f fﬁf N r)r4 {Q%Iu%%% (%%LwS%% ed wit diga é;;} gtﬁgé’ (3%(1 @logm ’aﬁl%Bé;ied over
anhydrod§tNa2 3034 1 A8er fiedtibehthd2dslvent wds Bvapaiditaddn, viddiio . 1PTRifitzian By 1, 948,

flash-chrgf@gggr,a@ﬂy f%ﬂ;@é@%&%gp&%:&@ggﬁghgg?g@mpound 17c¢ (256 mg, 90%) as a

colourless solid.
HRMS (E1) for CysHq4F,NO, (307.0656): 307.0651.

Synthesis of (2,6-difluoro-3-nitrophenyl}(phenyl)methanone (17b):

o F
o
F

2.4-Difluoro-1-nitrobenzene 15 (159 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZnCI-LICl {2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 °C and the reaction mixture was
then stirred at this temperature for 45 min according to TP 2. CuCN-2LiCl (1.0 & solution in
THF, 1.1 mi, 1.1 mmol} was slowly added at -40 °C and the reaction mixture was stirred at
the same temperature for 30 min. Then, benzoyl chicride {281 mg, 2.0 mmol) was added
dropwise at -40 °C and the resulting mixture was allowed io warm up slowly to 25 °C
overnight. The reaction mixture was then guenchend with a sat. aa. NH,Cl sotution (20 mL},
extracted with diethyl ether (3 x 50 mL) and dried over anhydrous Na,80,. After filtration, the
solvent was evaporated in vacuo. Purification by flash-chromatography (CH.Cly/n-pentane,
1:2) furnished compound 17b (221 mg, 84%) as a colourless solid.

m.p.: 758 -77.2 °C.

*H NMR (300 MHz, CDCLy) 6: 7.14-8.31 (m, 7 H).

*C NMR (75 MHz, CDCl;) 6: 186.2, 162.2 (dd, J = 4.2 Hz, J = 262.4 Hz), 153.7 (dd, J = 9.0
Hz, J = 2699 Hz), 135.7, 135.1, 133.8, 130.2, 129.6, 120.1, 1287 (dd, J= 2.1 Hz, J = 10.8
Hz}, 128.5, 118.3(dd, J=21.8 Hz, J= 2.1 Hz).

MS (70 eV, Ely m/z (%): 263 (52) [M™], 105 (100}, 33 (77).

IR (ATR) v {(cm™"): 3100, 1912, 1738, 1675, 1619, 1594, 1530, 1496, 1469, 1450, 1351,
1320, 1311, 1280, 1266, 1217, 1180, 1159, 1128, 1100, 1073, 1034, 1627, 1000, 870, 934,
862, 834, 828, 797, 774, 759, 731, 705, 692, 683, 668, 645, 638, 630, 626, 620, 614, 606,
601,

HRMS {(El) for C43H;F:NO; (263.0394). 263.0393.

Synthesis of 1,3-difluoro-2-iodo-4-nitrobenzene (17c}):



m.p.: 46.1 -47.5 00. 1H NMR (300 MHz, CDCI3) 5: 8.12-8.17 (m, 1 H), 7.04-7.08 (m, 1 H) 13C NMR
(75 MHz, CDCI3) 5:165.6 (dd, J = 5.0 Hz, J = 252.6 Hz), 156.4 (dd, J = 6.9 Hz, J = 264.1 Hz), 127.7
(dd, J = 2.3 Hz, J = 10.3 Hz), 111.6 (dd, J = 4.2 Hz, J = 26.1 Hz), 74.3 (dd, J = 29.2 Hz, J = 1.9 Hz).
MS (70 eV, El) rniz (%): 285 (100) [M], 258 (17), 239 (19), 227 (17), 167 (25), 149 (66), 112 (58), 71
(11), 57(12), 44(12). IR (ATR)ji (cm-): 3098, 2996, 2855, 2359, 1916, 1739, 1602, 1584, 1529,
1463, 1425, 1336, 1301, 1277, 1218, 1147, 1105, 1011, 860, 827, 751, 698, 669, 621, 616. HRMS
(EI) for C6H2F2INO2 (284.9098): 284.9094. E

| NO,

2,4-Difluoro-1-nitrobenzene 15 (159 mg, 1.0 mmol} in THF {2 mL} was added to a solution of
TMPZNCILICH (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 °C and the reaction mixture was
then stirred at this temperature for 45 min according to TP 2. [; (381 mg, 1.5 mmol} dissolved
in dry THF (2 mL) was then dropwise added and the resulting mixture was stirred for 0.5 h.
The reaction mixture was quenched with a sat. ag. Na;$;0; solution (10 mL) and with a sat.
aq. NH4Cl solution (20 mL), extracted with diethyl ether {3 x 50 mL) and dried over
anhydrous Na,SO,. After filtration, the solvent was evaporated in vacuo. Purification by flash-
chromatography (CH.Cly/n-pentane, 1:1) furnished compound 17c (256 mg, 90%) as a
colourless solid.

m.p.: 46.1 — 475 °C.

'H NMR (300 MHz, CDCLy) &: 8.12-8.17 (m, 1 H), 7.04-7.08 (m, 1 H).

C NMR (75 MHz, CDCL;) &: 165.6 (dd, J = 5.0 Hz, J = 252.6 Hz), 156.4 (dd, J= 6.9 Hz, J =
264.1 Hz), 127.7 (dd, J= 2.3 Hz, J = 10.3 Hz), 1116 (dd, J= 4.2 Hz, J = 26.1 Hz), 74.3 (dd,
J=29.2Hz, J=1.9Hz)

MS (70 eV, El) m/z (%): 285 (100) [M"], 258 (17), 239 (19}, 227 {17), 167 (25), 149 (66), 112
(58), 71 (11), 57 (12), 44 (12).

IR (ATR) v (cm™'): 3098, 2926, 2855, 2359, 1916, 1739, 1602, 1584, 1529, 1463, 1425,
1336, 1301, 1277, 1218, 1147, 1105, 1011, 860, 827, 751, 698, 669, 621, 616.

HRMS (EI) for CsHF.INO, (284.9098). 284.9094.

Synthesis of 2-chloro-4-cyclohex-2-enyi-3-nitro-pyridine (20):

_NO,
»

N Ci

2-Chloro-3-nitropyridine (18) (159 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZnCI-LICI (2) (1.3 M in THF, 0.85 mL, 1.1 mmol} at 25 °C and the reaction mixture was



Synthesis of 2-chloro-4-cyclohex-2-eny1-3-nitro-pyridine (20): NO2 Cl - 25 - then stirred at this
temperature for 30 min according to TP 2. After cooling down to -50 C, 3- bromo-cyclohexene (192
mg, 1.2 mmol) and CuCN\Ii2LiCl (1.0 M solution in THF, 0.05 mL, 0.05 mmol) were added and the
reaction mixture was stirred for 1 h at the same temperature. The reaction mixture was quenched with
a sat. ag. NH4CI solution (20 mL), extracted with diethyl ether (3 x 50 mL) and dried over anhydrous

Na2S04, After fil h h
o B B A S 06 as
a colourfsedrasliglaneyersa(595519,C. A INMIR (BOB WHNZLERD C13) 8! sadicg BITHE 102 TH), 7.32

(1d93d 65015) H§n4&me@@34%@ggaqﬁe§@&m ke W stdadSof Ha, gk trl,‘i 5@5&; (ﬁeh th%AORLg 5—
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MHz, cnlsaﬁé gc fal%)s waiéugﬂiﬁédwi%% aﬁz%ﬁgk‘ﬁés %ileﬁﬁ?ﬁs](f%z"@f’%@?éf%% %0 ev, EI)
m/z (%)dml(ﬁlr[Mf{éH] SR 33BN 2ligd 00k 20848y 6B@8), 185(ADRS1 (45 ol 6h(3)s 165

31), 15 1589,
163, 10T (i ot t g5 s o B S U I b EIS ()

for C11E1P1ETRATH 257 04T V- DT NRRIS Sitha %l 3 agjpuriess solid.
2-(6-fluarop3-BrethoXy-2-1itrobenzyl)acrylate (23):  4-Fluoro-1-methoxy-2-nitrobenzene (21) (171 mg,

1.0 t aluti P I 3’2 1.1
mmtr)rll)ma(?[%g @F‘(‘ﬁé ?h@é%ﬁ%ﬁinﬁ%£43/§s “lglhg?? ﬁ[ﬁ%e’\ﬁ %?f%é?egn[()e)rﬁaﬁe grn 16 ﬁ&accortir%g_to TP 2.

After coolifigl@duiteio- 56 ¢ Hath 2 3t dtaoidin§ifdctthte! @36-fhgy £2 el dhd THENRLIC (1.0
M solutign, in gk, 3 d{pp.&j@/\(ﬁf’aa}ngdaat(né}mC;.;mdsthgﬁewityng mixture was stirred at the same

exttactoatM R M OB S Bk QU T ro e NG 3 e iradion e Solvent
was evapbratdddn vacua Purification by flash-chromatography (CH2C12/n-pentane, 1:3) furnished
compougd 230180 9.H72%e) RS acRlonliess ola @8y, 221 (100), 203 (48), 193 (48), 185 (20),

181 (45), 167 (32), 165 (31), 157 (21), 129 (29), 128 (31), 115 (21), 77 (35), 51 (22), 41 (34).

IR (ATR) v (cm™): 2930, 1589, 1539, 1446, 1361, 1347, 1231, 1137, 1041, 973, 918, 890,

855, 845, 757, 723, 691, 616.

HRMS (El) for CysHyCIN,O, (237.0431 [M*-H]): 237.0424 [M™-H].

Synthesis of ethyl 2-(6-fluoro-3-methoxy-2-nitrobenzyljacryiate (23}):

EtO,C OMe
NO,

4-Fiuoro-1-methoxy-2-nitrobenzene (21) (171 mg, 1.0 mmol) in THF {2 mL} was added to a
solution of TMPZnCI-LICI (2) (1.3 M in THF, 0.85 mlL, 1.1 mmol) at 25 °C and the reaction
mixture was then stirred at this temperature for 6 h according to TP 2. After cooling down to —
50 °C, ethyl 2-(bromomethybhacrylate (230 mg, 1.2 mmot) and CuCN-2LiCl (1.0 M solution in
THF, 5 drops) were added at -40 °C and the resulting mixture was stirred at the same
temperature for 1 h. The reaction mixture was quenched with a sat. ag. NH,Cl solution (20
mL}, extracted with diethyl ether (3 x 50 ml) and dried over anhydrous Na;S0.. Afier
filtration, the solvent was evaporated in vacuo. Purification by fiash-chromatography

(CH,Cly/n-pentane, 1:3) furnished compound 23 (188 mg, 67%) as a colourless oil.



1H-NMR (300 MHz, CDCI3) 6: 7.15 (m, 1 H), 8.89-8.93 (m, 1 H), 6.24 (s, 1 H), 5.31 (s, 1 H), 4.19(q, Jr
7.1 Hz, 2 H), 3.86(s, 3 H), 3.63 (bs, 2 H), 1.27(t, J= 7.1 Hz, 3 H). 13C-NMR (75 MHz, CDCI3) 6: 165.9,
154.3 (d, J = 243.6 Hz), 147.1 (d, J = 2.8 Hz), 136.2 (d, J = 0.8 Hz), 126.3(d, Jr 0.8 Hz), 120.0(d, J =
21.9 Hz), 117.6, 61.1, 56.7, 26.9(d, Jr 2.9 Hz), 14.1,,117.3, 111.7(d, J= 8.3 Hz), MS (70 eV, El) m/z
(l0): 283 (1) [M1, 237 (100), 209 (88), 192 (58), 166 (20), 149 (21), 133 (16), 121 (13), 99(11). IR
(ATR) i77.(qmrd); 359. 1738, , 1 8 /987,954, 795,
o a0 S B e i S i D i et S e of
methyl 3%&Yddhéx-D-b R Hhittothrdn DbarbdxRited(P$) 127 (1 J = 7.1 Hz, 3 H).

3C-NMR (75 MHz, CDCL,) &: 165.9, 154.3 (d, J = 243.6 Hz), 147.1 (d, J = 2.8 Hz), 136.2 (d,

J=0.8 Hz), 126.3 (d, J = 0.8 Hz), 120.0 (d, J = 21.9 Hz), 117.6, 117.3, 111.7 (¢, J = 8.3 Hz),
61.1, 56.7, 26.9 (d, J = 2.9 Hz), 14.1.

MS (70 eV, EI} m/z (%): 283 (1) [M7], 237 (100}, 209 (88), 192 (58), 166 (20), 149 (21), 133
(16), 121 (13), 99 (11).

IR (ATR) ¥ (cm™): 2969, 2359, 1738, 1503, 1385, 1342, 1294, 1226, 1215, 1084, 1013, 987,
954, 795, 764, 749, 667, 621, 615, 608, 603.

HRMS (ESI) for C1sH.,FNO; (283.0856); 283.0845.

Synthesis of methyl 3-(cyclohex-2-enyl}-5-nitrofuran-2-carboxylate (26):

ON_ o
| )—CO;Me

Methyl 5-nitrofuran-2-carboxylate (24} (171 mg, 1.0 mmol} in THF (2 mlL) was added to a
solution of TMPZnCI-LICI (2) (1.3 M in THF, 0.85 mL, 1.1 mmal) at 25 °C and the reaction
mixture was then stirred at this temperature for 30 min according to TP 2. After cooling down
to ~-50 “C, 3-bromocycichexene (209 mg, 1.3 mmol} and CuCN-2LIiC! (1.0 M solution in THF,
5 drops) were added and the resulting mixture was stirred for 1 h at this temperature. The
reaction mixture was quenched with a sat. ag. NH,Cl solution (20 mL), extracted with diethyl
ether {3 x 5G mi) and dried over anhydrous Na,50,. After filtration, the solvent was
evaporated in vacuo. Purification by flash-chromatography {CH.Cly/n-pentane, 1:2) furnished
compound 26 {179 myg, 72%) as a yellowish oil.

'H-NMR (400 MHz, CDCl;) 5: 7.20 (s, 1 H), 5.94 (m, 1 H), 5.56 (m, 1 H), 4.10 (m, 1 H), 3.92
{s, 3H), 2.67 (m, 3 H), 1.50-1.88 {m, 3 H).

BC-NMR (100 MHz, CDCl;) 6: 157.5, 142.6, 133.9, 130.4, 126.2, 120.1, 52.8, 32.2, 29.0,
24.6, 205

MS (70 eV, Ely m/z (%): 252 (2) [M"], 234 (100), 217 (55}, 146 (10).

IR (ATR) v (om'): 2938, 2356, 1729.35, 1629, 1594, 1532, 1502, 1435, 1398, 1338, 1288,
1226, 1206, 1110, 1091, 885, 925, 880, 848, 819, 799, 763, 725, 668, 634, 622.

HRMS (Ei) for C1;H3NO5 (251.0794). 251.0784.



Methyl 5-nitrofuran-2-carboxylate (24) (171 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZnCI.LICI (2) (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 00 and the reaction mixture was then
stirred at this temperature for 30 min according to TP 2. After cooling down to -50 'O,
3-bromocyclohexene (209 mg, 1.3 mmol) and Cug:&er”LiCI (1.0 M solution in THF, 5 drops) were
added and the resulting mixture was stirred for 1 h'at this temperature. The reaction mixture was
guenched with a sat. aq. NH4CI solution (20 mL), extracted with diethyl ether (3 x 50 mL) and dried
over anhydrous Na2S0O4. After filtration, the solvent was evaporated in vacua. Purification by
flash-chr&wrilrgisnl 3¢t dizerpaetivd phen il kenralPibinpbana-derbaidel ydedd % a yellowish
oil. 1H-NMR (400 MHz, CDCI3) 5: 7.20 (s, 1 H), 5.94 (m, 1 H), 5.56 (m, 1 H), 4.10 (m, 1 H), 3.92 (s, 3
H), 2.07 (m, 3 H), 1.50-1.69 (m, 3 H). 13C-NMR (100 MHz, PCIS) 6: 157.5, 142.6, 133.9, 130.4,
126.2, 120.1, 52.8, 32.2, 29.0, 24.6, 20.5. MS (70 eV, El) m/Z'(%0): 252 (2) [M+], 234 (100), 217 (55),
146 (10). IR (ATR) j7 (cm-1): 2936, 2356 .35, 1594, 1532, 1502, 1435, 1226, 1206, 1110,
1091, 985, 925, 880, 848, 819, 799, 76 IMS (EI) for C42a13N05 (251.0794):
251.0794. 1398, 622. 1338, 1288, - 27 -
2-(3-(trifluoromethyl)phenypbenzo[b]thiophene-3-c&tbaldehyde (29a): CF3 CHO
Benzol[b]thiophene-3-carbaldehyde (27) (162 mg, 1.0 mmol) in THF (2 mL) was added to a solution of
TMPZna-LiCl (Ez?z] 1.3Min THF, 0.85 mL, 1.1 mmol) at 25 C and. the rez&ction mixture was then stirred
at this tefpEARNE P8P SB it HLASEINGRI AP 2B dThd)2 [Py 3' Mbii6) Bhb"Be FGRPI39E4 mg, 6
mol%) disstlied af TMRA2GRLGIERY fhikdd witht-8=, i0dsbehzdmetinylbfjflato?itl 6 364 g tedatonol, 1.3
equiv) werg fhen ransiered via sepuladpdna reaction mikue e JesWEng Bixtye was sfiired for 1

h at 25 C. The reaction mixture was then quenched with a sat. ag. NH4CI solution (20'mL), extracted
with diethy/M&Her 8% Sty and drigpoferiitydiise KR SOA Arter MratiBRd tReXSsivet whs
evaporate@dpaaineRyritaionr bysastychromategraphyg(GhRerd/ mpentange ds3) fisnisheda

compound 29a (281.mg, 92%) as.a coloutless solid. m.p.: 102.8§- 104.2 C. 11-I-NMR (400 MHz,
SO0 & e DT AR (5 T o o LS (16D P COCIST AR o
158.0, 138igu36¢85 13317quaTasd 34t fosat (@ NG Gelzion 38T Mido sxinerred(qyih (Gath vt 3.8

H2), 126 §fgbrd((C-F)T 3B [Hahdl 48y 1RBr2adkdir{ls &0~ Aftéroiliatidie Like MSNER eYaEl) m/z

/0): 306 (97) [M1, 305 (100), 278 (12), 257 (13), 237 (28), 233 (18), 208 (29), 160 (13), 44(40),
(o) éva% rated3 i vgacuo). F?ur%cgatzl n by ﬂgs%)—cgrom(ato raphy((]Ci-)igglzln-(pen)tane, 1(:3§)furm(she2:i

compound 29a {281 mg, 92%) as a colourless solid.

m.p.: 102.8 - 104.2 °C.

"H-NMR (400 MHz, CDCl3) &: 10.02 (s, 1 H), 8.79 (m, 1 H), 7.45-7.87 (m, 7 H).

*C-NMR (100 MHz, CDCl,) &: 185.9, 158.0, 138.0, 136.8, 133.7, 132.4, 131.5 (q, J (C-F) =
33.0 Hz), 130.7, 128.5, 127.0 (g, J(C-F) = 3.8 Hz), 126.6 {g, J (C-F) = 3.8 Hz), 126.5, 126.2,
123.5{q, J{C-Fy= 2725 Mz}, 121.7.

MS (70 eV, EI} m/z (%): 306 (87) {M7], 305 (100}, 278 (12}, 257 (13), 237 {28), 233 {18), 208
(29}, 160 (13), 44 (40).

IR (ATR) v {cm’') 3088, 2866, 2359, 1926, 1745, 1669, 1590, 1520, 1483, 1459, 1438,
1421, 1392, 1351, 1325, 1310, 1288, 1265, 1217, 1178, 1156, 1118, 1097, 1092, 1073,
1051, 1018, 1000, 994, 966, 847, 933, 907, 868, 863, 812, 773, 754, 733, 703, 679, 653,
641, 633, 620, 608, 603.

HRMS (El) for C4gHgF;0S (306.0326): 306.0326.

Synthesis of 2-(4-chiorophenyl}benzo[bjthiophene-3-carbaldehyde (29b):



IR (ATR) i1 (cm-1): 3068, 2866, 2359, 1926, 1745, 1669, 1590, 1520, 1483, 1459, 1438, 1421, 1392,
1351, 1325, 1310, 1288, 1265, 1217, 1178, 1156, 1118, 1097, 1092, 1073, 1051, 1018, 1000, 994,
966, 947, 933, 907, 868, 863, 812, 773, 754, 733, 703, 679, 653, 641, 633, 620, 608, 603. HRMS (El)
for CL6H9F305 (306.0326): 306.0326. - 28 - ClI CHO Benzo[b]th ophene-3-carbaldehyde (27) (162
mg, 1.0 mmol) in THF (2 mL) was added to a solatféh-of TMPZnCI-LiCl (2) (2.3 MinTHF, 0.85 mL, 1.1
mmol) at 25 C and the reaction mixture was then stirred at this temperature for 30 min according to TP
2. Pd(dba)2 (17 mg, 3 mol%) and P(o-fury3 g/6mol%) dissolved in THF (2 mL), and mixed
with 1-chloro-4- iodobenzene (310 mg, w re then transferred via cannula to the
reaction mixture. The resulting mixture w d for 2at 25 'C. The reaction mixture was then
guenched with a sat. aq. NH4CI solution (20 mLQDI"é@tracted with diethyl ether (3 x 50 mL) and dried
over anhydrous Na2S0O4. After filtration, the solvent was evaporated in vacuo. Purification by
flash-chromatography (CH2CI2/n-pentane, 1:3) furnished compound 29b (236 mg, 87%) as a
colourless solid. m.p.: 99.7- 101.4 C. 1H-NMR (300 MHz, CDCI3) 6:10.02 (s, 1 H), 8.76 (d, J = 8.0 Hz,
1 H), 7.8Bgazqbitaiephpner -parpaldemaie (A7 6(FH2 186-NMRTP InHZICBCT8) svageddaddoor 137.8,
(1350? [ &%@iéﬁn&ﬁéf&ﬂﬁ@ﬁ(&i@@ﬂzlg% %&63&1#126 85 gﬂ% é‘i\%r@@ Wim@\én@m%g%e@)fge??z
2362, 19 i 3‘5‘)*5@'“& iﬁ)sﬁ% élﬂ f‘é’f?e’fig”f f%ﬁs“? ’i‘iéi %{6%‘9 f35’é*?%%@5 (1%@9 1187,
1161, 11351@1091;@@@4&@59 1626y, BohR]°97Y dis952:038 T846,2880), &‘r@i rﬁﬂ@d‘ﬂ%} T4By 7 0e4-698,
007, 036c886eAADIOHRMBAFIN T CITHICIOB 4202 P0G AL 0BT BUNNEHR Ohacion

2- (phenylethynyObenzo[b thiophene-3-carbaldehyde (29c); CHO Benzol[b]thiophene-3-carbaidehyde
(27) (163 "¢. 0" RfniGAY ”ﬂ—fﬁ"(??ﬁlﬂ%a%“ﬁ&ééé&& @6@%%?%@zﬁ&qmmrw(f@wﬁﬁmw
0.85 mL gldnonedlyigt 254 andiheCeastioonnixiuie wasrthesustitred @hihisttemperaiore fpadd min

accordlnngngg\%r1;%?%}0%1&&8?804‘ After filtration, the solvent was evaporated in vacuo.
Purification by flash-chromatography (CH,Cly/n-pentane, 1:3) furnished compound 29b

(236 mg, 87%) as a colourless solid.

m.p.: 99.7 — 101.4 °C.

'H-NMR (300 MHz, CDCl;) 5: 10.02 (s, 1 H), 8.76 (d, J = 8.0 Hz, 1 H), 7.83 (d, J = 8.0 Hz, 1
H), 7.42-7.54 (m, 6 H).

C-NMR (75 MHz, CDCl;) &: 186.2, 158.9, 137.8, 136.9, 136.4, 131.6, 130.3, 130.0, 129.2,
126.4, 126.0, 125.2, 121.6.

MS (70 eV, El) m/z (%) 272 (100} [M"], 237 (54}, 208 (34), 165 (12}, 118 (20), 104 (23).

IR (ATR) v (cm™): 3054, 2969, 2867, 2362, 1947, 1739, 1671, 1590, 1562, 1517, 1482,
1457, 1431, 1407, 1397, 1346, 1265, 1218, 1187, 1161, 1135, 1109, 1091, 1050, 1020,
1012, 971, 952, 938, 846, 830, 813, 748, 723, 716, 710, 698, 667, 638, 616, 610, 603.
HRMS (El) for C1sHsCIOS (272.0063): 272.0057.

Synthesis of 2-(phenylethynyl}benzo[b]jthiophene-3-carbaldehyde (29c):

CHO

Benzo[b]thiophene-3-carbaidehyde (27) (162 mg, 1.0 mmol} in THF (2 mL) was added tc a
solution of TMPZnCi-LICI (2} (1.3 M in THF, 0.85 mL, 1.1 mmol) at 25 °C and the reaction

mixture was then stirred at this temperature for 30 min according to TP 2. I, (381 mg, 15



- 29 - mmol) dissolved in dry THF (2 mL) was then dropwise added and the resulting mixture was
stirred for 0.5 h. To the solution of freshly generated in situ 2-iodobenzo[b]thiophene-3- carbaldehyde,
NEt3 (7 mL), Cul (8 mg, 4 mol/0), Pd(dba)2 (17 mg, 3 mol/0) and P(o-fury03 (14 mg, 6 mol%) in THF
(2 mL) and phenylacetylene (254 mg, 1.5 mol, 1.5 equiv) were successively slowly added. The
reaction mixture was stirred at rt for 2 h. The reactfoh mixture was guenched with a sat. aq. Na2S203
solution (10 mL) and with a sat. ag. NH4CI solution (20 mL), extracted with diethyl ether (3 x 50 mL)
and drief" 8R4 FRRGHFGUE A2 804 (ALY HESHRED FarsbRreALHRE VA AesHting B WA ation
by flash-sirematogdaphy [QHREO 1ntpentanesdiB) femishied conspound@ae:6kohingeE390s-ds a

e ey NN N A e S b e
135.9, 1854239.85 100 8) 128 5F1868L1 26% phenvipcepese1 264 o2 B5 80%. 1-MSIFO)NETE) rniz
(1)/0): 262,6LE93i{My Js 18w (38432 (KE3)e RO AL MixkB8 (433 HMR-EATR) A dr(0M): 2989reaction

mixture was quenched with a sat. ag. Na;3,0; solution {10 mL.) and with a sat. ag. NH,CI
solution (20 ml), exiracted with diethyl ether {3 x 50 mL) and dried over anhydrous Na,;S0,.
After filtration, the solvent was evaporated in vacuo. Purification by flash-chromatography
{CH.Cly/n-pentane, 1:2) furnished compound 29c¢ {165 mg, 63%) as a yellowish solid.

m.p.: 104.8 - 106.5 °C.

*H-NMR (400 MHz, CDCI;) & 10.47 (s, 1 H), 8.69 (m, 1 H), 7.77 (m, 1 H), 7.60 {m, 2 H),
7.38-7.51 (m, 5 H).

3C-NMR (100 MHz, CDCL;) &; 185.6, 138.9, 138.5, 135.9, 135.2, 131.8, 129.8, 128.6, 126.8,
126.5, 124.9, 121.6, 121.3, 102.9, 80.0.

MS (70 eV, EI) m/z (%) 262 (100) [M'], 234 (38), 232 (13), 202 (11), 180 {13).

IR (ATR) v (cm™): 2869, 2832, 2359, 2340, 2203, 1739, 1661, 1587, 1569, 1507, 1481,
1458, 1442, 1427, 1361, 1316, 1293, 1250, 1229, 1216, 1177, 1182, 1141, 1119, 1070,
1059, 1043, 1015, 997, 953, 918, 868, 748, 737, 697, 687, 668, 630, 621, 616, 610.

HRMS (El) for C47H,,08 (262.0452): 262.0459.



2832, 2359, 2340, 2203, 1739, 1661, 1587, 1569, 1507, 1481, 1458, 1442, 1427, 1361, 1316, 1293,
1250, 1229, 1216,1177,1162, 1141,1119, 1070, 1059, 1043, 1015, 997, 953, 918, 868, 748, 737, 697,
687, 668, 630, 621, 616, 610. HRMS (El) for C17F1100S (262.0452): 262.0459. - 30 - Claims A

reagent of the general formula
-30 -

Claims

1. A reagent of the general formuis
R'R'N-ZnY LiY (1)
wherain
R’ R? are, independently, selected from H, substituted or unsubstituted aryt or
heteroary! containing one or more heteroatoms, linear, branched or cyclic, substifuted
or unsubstitutad alkyl, alkenyl, alkynyl, or sily! derivatives thereof, and R and R?
togsether can be part of a cyelic or polymeric structure; and whersin at least one of R
and R’ is other than H;
Y is selected from the group consisting of F; CI Br b O BCN: NCG: Hat(O., | wherein
n =3 or 4 and Hal is seiected from Cf, Br and 1 NGs: BF,, PFRg H, 2 carboxyiate of the
general formula RO, an atooholate of the generat formula OR™ @ thiclate of the
ganearat formula SR RY PLOVD or SCOR™ or SCSR™, O.8R", whersinn = 2 or 37 or
MO, whersm n = 2 or 3; and a derivative thereof, wharsin R 15 2 substituled or
unsubstituted aryl or hetsroaryl containing one or more hetercatoms, finear, branched
or cyclic, substituted or unsubstitided atkyl, atkenyl, alkynyl, or derivatives thereof, or H;

or as adduct with & solvent,

A reagent according to claim 1 wharein R', R are cyolic and substituted by RY, and R

N

that are, independently, selected from M, substituied or unsubstituted aryl or hetercaryl
cm%am.img one or more helercatoms, linear, branched or cyclic, substituted or
unsubstituted alkyl, atkenyt, alkynyl, or silyl derivatives thersof, and R’ and R together,
or RY and R tagether can be part of a oyolic or polymeric structure; and wherein at

ieast one of R’ and R? and at least one of R” and R is other than H.
3. A raagent according to olaim 1 or 2 whareln

RIRIN-ZnY LY (I is
2,2.6,6-Tetramethyipiperide Zinc Chloride Lithium Chloride.

Sotution of the reagent according to claim 1 1o 4 wherein the solveni is polar and

=

aprotic



R1R2N7nY L1Y (I) wherein R'S R2 are, independently, selected from H, substituted or unsubstituted
aryl or heteroaryl containing one or more heteroatoms, linear, branched or cyclic, substituted or
unsubstituted alkyl, alkenyl, alkynyl, or silyl derivatives thereof; and R1 and R2 together can be part of
a cyclic or polymeric structure; and wherein at least one of ,R1 and R2 is other than Hi Y is selected
from the group consisting of F; CI; Br; li; ON; SONZNCO; Hal, wherein n = 3 or 4 and Hal is selected
from CI, Br and |; NO3; BF..; PF6; H; a carboxylate of the general formula R:t.02; an alcoholate of the
general formuky ORA 23 TRiEIRte OF 18! ge HEVEIMGITRIRS SIRY SRS @562 OF SEHWEESE'SRX; OnSFe,
wherein n = 2ipe3srerdN@riovherginmar? onditand a:derbative thereaf, wheteh Riigasubsiituted or
unsubstituted ary).or niteroan containing ane.or, more heteraploms. liRedy. branched or.cyglie.

yl, alkeny!, a ;

substituted or unsubstituted al Kynyi, or derivatives theredf, of H; or as adduct with a
solvent. 2.A réaigehitaecording 1o claift D WIS RS R arbeyd IR rdSeibstitifed by'R3, and R1 that
are, independentlyrselected from Ky substitited-erunsubstituted aryl.onhetercaryk coptaining one or
more heteroatoms, linear, branched or ¢ g:‘ic, s_gbs i%@tgg ogugn‘sfyb titute: aIk§L, alkenyt, alkynyi, or
sityl derivatives Rerser and RV And” ﬁ?iéﬁ%&ﬁér‘?’o RV gethercan bepart 6f & clic or
polymeric structire;-andwherein at'iédst ontrof FevandR2-aiitbat |éastione -of R3iamRNSther than
H. A reagent acegrding fo¢laim. 1-ar2 wherein RR2N-ZnY LI Q)is 2,2.6.6:Tetiamethylpiperide Zinc

Chloride Lithium Chloride. Solution of the reagent according to claim 'l to 3 in a solvent, 5.Solution of
the reagent acEoriifig 8 @I8FT9%M A RSN tHE SOTENE T polar 810 apiptiene 31<'e. Safution
according to claim:b ahereinthesolweatis:selected frarreycliny inear erbranches menoatc
poiyethers, thicethers, amines, phosphines, and.derivatives thereof, containing one or more additional
hetorontoms Std o 6, K& and B Srereribl Gt atoral (. B oty oAy drofuran,
dibutyl ether, 8i6thAyFsther ertibut(Gpisthyretsere diniéthoxyetfane! disxands ‘préferably 1,4-dioxane,
triethylamine, ethyldlisopropyt-amine, dimethylsulfide, dibutylsulfide; cyclic amides, preferably
Nmethyl-2-pyrrolidone (NMP), N-ethy1-2-pyrrolidone (NEP), N-buty1-2-pyrrolidone (NBP) cyclic, linear
or branched aikanes and/or alkenes wherein one or more hydrogens are replaced by a halogen,
preferably dichlorarmrethatie, & 2-diehioroethanesJ0014; aredederivatives, prefarablye solvent a

N,NI-dirnethylggqu&ggggpggggﬂ(:%pg%mﬂgr&gggacgigm%%g@gomaﬂc or aliphatic hydrocarbons, preferably

benzene, toluene, xylene, pyridine, pentane, cyclohexane, hexane, heptane; hexarnethylphosphorus
triamide (HMEin), CS2i or combinations thereof. 7. Process for the preparation of a mixed Znii amide
comprisifg re&cting: infa solventarpritnary:or:seeandary:amine avithearlithium alkyl. 8. Process for the
preparation of@ég@%g} D%y;gg he general formula R1R2N-ZnY LIM (I) wherein

wheregin

R' R’ are, independently, selected from H, substituted or unsubstituted aryl or

hetercary! containing orie or more heteroatoms, inear, branched or cyclic, substituted

or unsubstituted alkyl, alkenyl, alkynyi, or silicon derivatives thereof: and R and R*

together can be part of a cyclic or polymeric structure: and wherein at lsast one of R

and R? is other than H:

Y i selected from the group consisting of F; O Bry ) O SCN; NCO: Hal(y, | wherain

n=3or4and Hal is selected from CI Br and |, NOy;, BF, PR H a carbowylale of the

general formula R*CO,; an alcoholate of the general formula OR™, 2 thiotate of the

general formuia SR RP(0I0.: or SCOR™ or SCSR™ 0.8R" whersinn = 2 or 3, or

NGO, wherein n = 2 or 3 and a derivative thereol

[y

wherein R iz a substituted or unsubstituted aryl or heteroary! containing one or Mo
heteroatoms, linear, branched or cychic. substituted or unsubstituted allkid, alikenyl,
abioyrvt, or derivatives thereof, or H;

comprising the reaction in a solvent of R'R*N-H with R™Li in the presence of ZnY, and

X iz defined as Y shove.



R2 are, independently, selected from H, substituted or unsubstituted aryl or heteroaryl containing one,
or more heteroatoms, linear, branched or cyclic, substituted or unsubstituted sikyl, alkenyl, alkynyi, or
silicon derivatives thereof, and R' and R2 together can be part of a cyclic or polymeric structure: and
wherein at least one of Rm and R2 is other than Hi % is selected from the group consisting of F, Cl; Br;
[, ON; SON; NCO: Hal, , wherein n = 3 or 4 and Ha4s selected from Cl, Brand I; NO2; BF,2: PF6i H, a
carboxyigte of théggnelal formula RY0O2ian alcohoiate{of_th_e %eqergl formula %%x a thi(?late of the
general formula B/ BXB(6)02 o §E0WY 81 8¢ SRY 0 &R S WHEFEHH="2 613 56r N2, wherein n
= 2 or 3: and adenvatve:théreof, wherein P4 is a substituted or unsubstituted aryl or heteroaryi
containing one or more heteroatoms, linear, branched or cyclic, substituted or unsubstituted alkyl,
alkenyl, alkynyt, or derivatives thereof, or H; comprising the reaction in a solvent of RIR2N-H with WU
in the présence BF 7Y &id 3 1% detirddrasCr Blsover 2 39'¢G/PIGeddS decidiny {6334ih'8, wherein X
and Y are independeptly.or both Cl, Br or |, and preferably Cl. 10,Process according to any of the
claims 8 or 9, wherein the lithium organyl reagent is sec-butyl-Li. Process according to any of the
claims 8 to 10, wherein the solvent is selected from cyclic, linear or branched mono or polyethers,
thioethérk, amiiies: phosihines aadvdervaties theteolcotaining erie s moreidditibiial heteroatoms

selected from Q,.N; Srand . preterablydetrahydrofuran (Hikls2-methylietr-ahydrofuandibutyl ether,
diethyl ether, tert_ubu:t}ylm, thyt ether, dimethoxyethane, fg{ij‘?‘%xanes, preferably 1,4- dipfxane

triethylamine, €thyfiiSSp ep?%tﬁ?ﬁ?égfEWiWe?ﬁ?lgﬁmﬁée;8 GIItiaE SHHIEaRfides Joreferably N-
methyl-2-pyrrcﬁidodé’(MMFé);améﬁemy&WMdﬁé%IfNE%,emummodé@NBﬂmmyclic, linear or
branched alkagias,Aadior akenes wiberein one grmAEs yiogens AleJenlased.fy Ahalogen.

o

preferably dichloromethane, 1,2- dichloroethane, Cal; urea derivatives, preferably _
N,NI-dirriethylﬁfffﬁiﬁ@ngﬁﬁ‘éﬁ%EEE’SW@L?}E*é‘FBﬁ%ﬁE‘Pﬁiéf‘éi‘”éea%'ﬁ%‘ﬂ&i%féyéﬁﬁﬁ%tﬂ%@/&%%ﬁ preferably
benzene, toluenagxylerespyridinenpentaneyeyeiohexane; hexane;-leptatnechexaethylphosphorus
triamide (HMPA), C32; or combinations thereof, 12. Use of the reagent according to claim 1 to 6 in a
reaction with 4 LGt boRIE 13, (oe OTAR riasent ALcoring 1 et 116 G1or e ACBrstbnation of
any substrate 9tsich Cancford stabitized ‘6 enstabilizéd earanienes b4l Use of #ieaeagbat according
to claim 1 to 6.erthedermationof  3:6-dichlero-4-lodepwidagine. dimesthyipropyiensurea (DMPU);
(3,6-dichlorop [adizin-gfz&)r4-f1ugrqghen Om\gthgn@ong, e orefarabiv benos .
3,6-dichloro-4¥(§-?iﬁﬁ% rometRyNph %ﬁf)gﬁi?fd‘aﬁnéf; 86 AR oroSERBH- pyitiding e
(4,6-dichloropyrismidin:g-=y ) furan<2-yOmethanone, 5+ally|-4s6dichlorepyrimidine;sphorus

trismids (HMPAY, T35, or combinahions thareof,
12. Use of the reagent according to claim 1 1o 6 in a reaction with an electrophile.

13, Use of the reagent according fo claim 1 to 6 for the deprotonation of any substrate

which can form stabiized or unstabilized carbaniones,

4. Use of the reagent sccording to claim 1 o 6 {or the formation of
= 3. 8-dichioro-d-iodopyridazine,
o (3 6-dichloropyradizin-d-yl} 4-flucrophenyvlmsthanone,
s 3 6-dichicro-4-{3-{trifluoromethyliphenylipyridazine,
s 4 6-dichloro-5-iodo-pyrimidine,
s {4,6-dichloropyrimidin-5-yl}{furan-2-ylimethanone,
*» 5-agliyl-4,6-dichloropyrimidine,
+ 3,5-dichloro-2-iodopyrazine,
s ethyl 4-(3,5-dichloropyrazin-2-yl)benzoate,
o ethyl 2-({3 5-dichloropyrazin-2-yl)methyl)acrylate,
s 8-(4-chlorophenyl)-1 3,7 -trimethyl-1H-purine-2,6(3H,7H)-dione,



3,5-dichloro-2-iodopyrazine, ethyl 4-(3,5-dichloropyrazin-2-yl)benzoate, ethyl
2-((3,5-dichloropyrazin-2-yl)methyl)acrylate,
8-(4-chlorophenyl)-1,3,7-trimethyl-1H-purine-2,6(3H,7H)-dione, - 33 - ethyl
2-((1,3,7-trimethy1-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-8-yl)methyl)acrylate, ethyl
2',6'-difluoro-3'-nitrobiphenyl-4-carboxylate, (2,6—3’i uoro-3-nitrophenyl)(phenyl)methanone,
1,3-difluoro-2-iodo-4-nitrobenzene, 2-chloro-4-cyclohex-2-eny1-3-nitro-pyridine, eth¥l
2-(6-fluoro-3-nlethiRy! Z-HitrdsRE)Bav AR o fsthy B (EHEEHER BRI B St BRGtER I8 LBy late,
2-(3-(trifluoromethyiighery Qbeszebltnephered-caplighyge,
2-(4-chloropheny %n [%’:hi pZen -3-carhaldehyde or
- (phenylethy OB IBTORRL 8 S 2l e e arone.

+ 1,3-difluoro-2-iodo-4-nitrobenzene,

s 2-chloro-4-cyclohex-2-enyl-3-nitro-pyridine,

s ethyl 2-(6-fluoro-3-methoxy-2-nitrobenzyhacrylate,

+ methyl 3-(cyclohex-2-enyl)-5-nitrofuran-2-carboxylate,

* 2-(3-{triflucromethyl)phenylibenzo[blthiophene-3-carbaldehyde,

s 2-(4-chlorophenyl)benzo[blthiophene-3-carbaldehyde or

s Z-(phenylethynylibenzolblthiophene-3-carbaldehyde.



