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Summery: Trrmethysllyl esters 1 OI heterocydlc carboxyik sddr having lhe OSWI QrCMJp In the 
oqosttion lo an ache nilrogen alom read wilh aldehydes or ketones lhrough ipso subslllutlon 
of the ester group lo ~lve (frknelhylri(oxy)~aLyl~su~l~ul~ heterocydk pcoductr In good 
yields. 

EleclrophWc rubelll~lbn 01 helerocyclk compounds ham an aMe nllmQen Is only possMe In e%@onal 

cases as a result d the strong Meractlon behveen lhe ebdrophlb and the bask nMogsn atom. In oonbut. Vn 

CocrespondhQ )j.oxJdes generally read wllh both nudeogh(res and elecl~ophUes to furnish s&elMkm of 

additbn products In good yleld~.~ A (urther possbilily lor ebdrophllk s&stiluliOn of helerOc@M with azln@~ 

nitrogen alorns k the ipso substilulbn of the corresponding lrimelhykllyl flMS)~subsliluled w.’ A 

dkadvanlsge of this reacton. however, k the lad that some of Ihe rsquked halerocycles are ody dlfR&Uy 

accesslbk? and must oflen be prepared by silylalbn 01 or~anomalaUk compounds. 

We have observed Ihe IormaMn of 2Mrnelhykllylpyr~ on healing trirnHhy+Myi *.pyrldinecamr).B 

Shce helerocycllc carboxyllc adds are usually easily sccesdbk by the oxldsllon of alkyl~substlluled -3. we 

have invcsllgaled the pyrolysis d olher helerocycllc lrlrnelhykllyl -les as a posslbIe me&od for lhe 

preparalbn of TMSsubs~l~uled helerocyclee. However. only In lhe case of lhe conversIon d la lo l.IMw~lhyi- 

Jlylpytldlne we were able lo oblaln a maximal yield 01 40%; the pyrolyses 01 other helerocydk bkwlhyld)yl 

carboxylales Qave markedly lower yiddr d the TMSrubslMed heterocycies Thus, the method le not ULlbk (or 

the preparalbn of TMS~rubslilv(edh&rocycbs. 

It k highly probable lhal the pyrolyslr d hebmqdk trimelhylsuyl carboxylates proceeds IhnnJQh hela0yl 

anions.’ which are known to be the dedshm Intermadlales In bese.csldyzed cModesilylalione.4a II thus seemed 

wofthwhHe to perform Ihe pyrdysk of heterocydc (rimethysllyi arboxyiater in the presence of elect- wt~lch 

shhwld then read directly with Ihe anionIc Intermedalee kmnad &l&t. 

Hammkk 01 al.6 have InvesliQaled the decarboxylallon 01 helerocydk carboxylk adds in the pr esulaofcarbon 

ebclrophlles and, in many caoes. have found lhal decarboxylallon occurs wilh Mm lntroductbn d the 

ebUrophM al the ipso+osilion (Hammock reaction). Allho@ the Hammick reaction CI\ be w wilh a 

w(de range d hehmcydk carboxyllc adds. many examples are also known where lhe reectkm WI completely, 

such as wllh 4-pyrlmldlne. end 2.lhbzdecarboxylxz adds.ga ~whece~Q~¶rkOlOve~poocprodud~,ruch 

as wilh 2gyd mldheauboxylic crcid N&d@ or 3-pyridazlnecarboxytic a&l.* 

’ Dedkaled lo F%&tuor Edwad C. Tayior on lhe occasion d hk 65lh bkthday 
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SubtrtuUoe of hcUmcydic vmClhylsily1 arboxylares 
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TM&ybMyl 2-p l-orldr (11) rapraaanta m IntwsIlng uampcr of Me rendon of 

halefoCydiC~uboxyid88brlhadhcuMiondther~ nwchvlbm(UJOnOxt~-ti 

rataoI~d2-~xyUcaddl~xJdebl6OUmu h@harthn(Md2-P 

acid.13 Tha Iyc(kcl of 11 wial tiuuakbhycla (2a) to form 2 .@hsny(trhw(hylrlbxymethyl)-pyridine l*xJda (12) 

lakuplatx~@Candbcanplasdatl2O%wlthln 4how~Inamtrast,1areaclrwtlhhala~~on(y 

atabovr180~(a~lOha~1800Ca3896ybldd3r~be~t~by1HNMRrpedro~).Compavld12b 

hybolyrad to 13 by rBwol and a alatylk amount 01 HCJ. Thus, Um #tar- h reacllvity belween la md 11 

wilhknrlbhydr(2a)barWnlycomparabbwlththatinlhe~oflandll. 

12 162%1 13 (95%) 

Muhanbm kr tha Ipro Sum ol Matorocydk Trimathylallyl Carboxylatos 

Fromthapohtaofv4awdraacUon axx!Mona ancl producl kxmalkn, the reacMns of hefarucydk I- 

~~~-- uecomprrabbonlheonahandwfththereac!bnsoffhaa~~pondlng 

hrtarocydlc clvboxyik aMr (Hsmmldc reacllon) and on the olhar hand with those of heterocydk trimsmyoy( 

compounus.6 

For the Hamrnldc reacllon II la awmad lhat the decarboxylaUon proceeds from Ihe prolonaled lonn Cd lb 

helerocycb (0.Q. from lhe pyrldinhrm oatl) whaceby the helaryl ardor-i lorrnd Is wetl 8tabJirsd a8 an yt@e8 tl has 

bean stumm for many oxampbs ma1 Ihe decarboxytal~nr 01 quatrmary nitrogen helerocyckn (N-v 

sails. NVoxldw. ok.) are considwabty mom rapid than lhcw 01 nonqualernary compounds.‘3*14 In the 

c.arboderl)ylrUon of helerocyckts wilh trlmalhyWyl groups In lhe a-posllkx lo a bask nllfogen atom8-1s, an 

htaraction b auumecY to lake plaat bolwaen (ha carbon dectrophile and lhe ttng ntlrogen atom with urbrequent 

dNachmml d Iha lrlmethylsllyl group from Uw quatamired IntermedIate lo form an yUde whkh lhan reacis 

rapldly with lha abclrophlb under C-C couplkrg. 

Comparallva reactlonr of 2.. 3.. and 44rime4hybityl pyri&wr wilh aldehydw have shown lhal Uw 3- and 4. 

isomera road well undw base calnIy& bul not in the absenca of ~ha bass.’ whereas lhe 2-bomef resctr wllh Ihe 

carbonyl compowd at higher temperaluea avan h lhe absance of the ba~.~*‘~ This resti. as well as lhal from 

tha dec.arboxyiaUon rwullon. can k uplaW& In terms 01 an aariy aqullibrlum d lhe quaternary IntanneUalr 

from 24rimathyWylpyrldlna nd the carbonyl compound Thts inWmed*te undergoas miQratbn of the sityi QWup 

lo ghm lha yilda 14 lwhkh lhan reacta with furlher ca&onyl compound lhrough the inlermw%ales shown In the 

m&Son sdwma to hrmlsh the obsarwd produclr. 
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COmpudVO C&bode6ilyhliw of Heterocyck TrimethyWtyt Carboxylates 4th Aldehydes 2 

(MOlaf Ratb 1:2. React&l Time 10 h) 
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The qo&nmW resuftr Now the toilow@ reactwty sews tar the rrnc!ions d hetwocyck trtmethylJtyi 

carboxytatu with Jdshydes to be deukmci: 



HMDS (32.3 Q. 0.20 motj wu @owty addad dropwiw lo me rttnad carboxytic acM (24.9 9.0.20 mot) al room 

lemperalur0 undu M aMydroll -0. The mixture then wg 8towty warmed unlU a v(o(bnl gar m 

ocaxr~.Anu~rtMng~hlghw~rtue,abQdute~~~ocn.pent~w~~lothrcookd 

mixlure. The pradpttalr wu separated by Wtratlon. lha tIllrat wu avaporrted. and lhe rrJdua purttbd bv 

dbblatlocr. ~wnvltrr nd l H NMR w d the cdotlsu 0ib oolaaed ware amktent wllh the expeclad ma 

v: la (35.7 Q. 91%), b.p. 48°C/0.01 ton (Ill. (24) b.p. 91°C/210rr). 

from lb (37.7 g. 9796). b.p. 46°C/0.01 ton. 

y 1C (38.4 Q. 96%). b.p. 41°C/0.005 Ion. (Ill. (2!5) b.p. 92OC/O.O2 lorr). m.p. 36OC. 

m 5 (a.0 Q. 92%). b.p. 1 @C/l 1 Ion. 

and Hm 7 (29.8 Q. 91%). b.p. 93°C/0.001 

ton. m.p. 644S°C. 

lot-r. m.p. 6344OC. 

and Hm 9 (7.7 g, 79%). b.p. 10!i°C/9 

~-1 Wthod tar UU tp.0 (i&UltuttOrI ol th. Hotrotydk lrim.thyf~ityl Carb~xyi~W 1, 5, 7. and 9 

*r((h -.hydo M or CWhonyt Kotoru (20) to fMmethyWoxy8lky+oubWtutod Hetarrcm 3,5,8, and 10 

The starling malarlab wue stirred and heated h a round&llom MC equlppad wtth a septum-O&II on ona rmk. 

a nqneltc olkru. ratlux m wtth a bubbk anmter (pur9ed with ntlrogen). md a dryh9 tub0 (rlcrornl, 

Merck). For reactton axuHUonr. soa Tabba I and II. The progreaa d the reaction was monItored by ‘H NMR. For 

workup. VW roWion mtxlurr was drawn out ol the ttadc tih a ryvtqa lhrou@ the raptum, poured in10 a (hmr- 

drbd dltl#aWn appualw under nllrogen. and hacMnat8d in vacua. Ektmental and ‘H NMR anaty5O6 Of IhO 

compound4 o&&nod were a~~Menl vul(h lhe expected data 
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m: Jr (9.56 0). b.p. TB°C/O.OO1 lofr (IIt. (26) 

b.p. @S°C/o~ &r). 

~ a @.4g 0). bp. 1 Nt°C/‘O.O~ Wr. 

m St (D.04 a. b.p. &2%jOXX41 Wr. 

m 30 (B.1 a). b.p. 130~/0.001 ton. 

m 6a (5.19 g). b.p. 78~/0.001 tar. 
~6b(603g),b.p. 123°C/0.00510rr.m.p.S-&k 

p b (3.07 g), b.p. lSJ%/O.OOl ton. 

~ BP (3.48 g). b.p. 85°Cf0.Wr ton. m.p. 45-47%. 

L Ob (4.69 9). b.p. 124°C/0.001 tar. 

Q 8d (4.11 g). b.p. 1 10°C/O.ml ton. m.p. g). 

64% 

f1Q (1.7Og). bp. 140.142%/8toff. m.p. 30W°C. 

amnuJ&mrlod*theHydrdyrrwoftho(lrltnanybHoxyalkhuuona 3b,* (a6 mtnol) wtttt Ethanol 

(100 ntq 8118 FyriiWum Tflflwr- 8a Catdym: 

frrwn Dtph~ty+yfldl1k2-yl)methnfd (0) (1.26 g. 96%). m.p. 10&107% Pt. (27) 105°CT 

~From11(4.23g,20.0mmoi)andbenu#clhydr(2r) 

(4.24 g. 40.0 mfnd) uUogou$ lo the goneral method kr the @so -oowtwoey*- 

cuboxy(rtee. YWd Mu 17 h at edoc and 4 h al 120°C: 12 a8 ydowbh CU (3.39 g. 62%). b.@ ll6%/0.001 Urr. 

m.p. 69MC ( dotumhaed In a undo 8eabod tub). ‘H NMR (CDC$ TMS ox!.) 0.W (r,@ti,S(CH&). 8.46 

(l,lH.PhC@, B.9&7.lW (m.&l.Ph.3-.4~.S+Q, 8.og%?3 (m.1 H.&H). 

m C&al br C15HlgN02Si: C. 690; H. 7.00; N, 5.13. Wmd: C. 86.65; H.8.80; N. 5.20. 

~12(1.37g.5.0mnd),bVund(50ml),YK1(IWOIdHaw. 

heatedundurMuxkx3h,IhereWhgsduUonw~ axunntt8ldhrroWonwaporator,vd~~purMsd 
by rY Mm ethnnot/n-pomana (I: I) to yW 13 8a ye&mu aystalr (0.96 g. ssn), m.p. 165.166% ilit 
(26) m.p. tc#tl67%). 
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