
Iatu tlae~raa Damand Dhla-AIdat lawitlons of 
2.4.~-~(0c~c*rbony1~-1.3,5-rr~~Ln~ and 

2.4.6-~(wchylthio)-l,3,5-rrfrKLar,: ?yTtildla* 1xltrodueticm~ 

D*le L. liog*r*’ *nd Qun Dmg 

Dep*rtmmt of Chulatry 
Fur&a Univormlty 

u*st L4f*y*tt*, IH 67907 

(Recciwdh C’SA 30 Drctndxr 1987) 

Abrcract : A full iw*sti&*cion of rho wzop* of the perticipeion of 2.&.6- 

Ufi(*thoxyc*tbonyl)-1.3.5.crl8rlru (la) and 2.4.6.Ul(uthylchio)-1,3,5- 

trluin* (kb) in Invera* electron demand Dlrls-Al&r r**ctloru rutcebl* for 

tha preprr*cion of functlonalired 5.6.dlmbstltut*d pyrialdin*~ 1s 

&tall*d. The u** of th* rssulr1ng [t + 21 cyclodducta LS Imodl*ca 

pr*cursors to th* prrent 4.5.disub8tltutad pyrirldlnoo 1s descrlbsd. 

In recent efforts we h*v* d*t*llad the us* of l serl*s of lrrv*r** sleetron deeend Iti*lr 

Alder rt*ctions of *ltctron-dtflcl*nt h*c*rocytllc l radionrs in [b + 21 cycloe3dltfon r**ctlons 

ulch cl*ctron-rich dlmophllor comprlaing l genmwl approach to the lntroductlon of l full 

r*ng* of h*cero*routlc 8yscuu. Schow I. 2.16 

Thi* l ppro*ch has prov*n v*ll-sulc*d for rho introduction of highly wbstltut*d and highly 

functionalltcd h*tcroaromtlc l y*tru dlfflcult LO l m*mbl* by l lt*nutlv* methodology and 

cons*quantly has found l pplicrtion in eh* tot*1 synches*a of l range of rutur*lly occurring 

Mceri~ls. *-13 In b continued l xpior*tion of ch* inv*r** l l*ctron dound Dlolr-Alder r**cclona 

of hstarocycllc l r*dlbrns l nd in efforta to oxtend the 1.3.5.trlbrllu bpyrloldln* Dlcls-Alder 

tt*CClOn 3 CO th* tor*l synth**te of pyrlmidoblufc l c1d, 
15 

rho h*t*ro8rom*tlc 8egmenc of the 

blsomycln. equation 1, the pot*ncl*l MO of 2.~.6-trfoubrcftut~-l,~,5~Crl*xfn*e has b*cn und*r 

lnv*stig*tion. Hsreln, va &c*il our effort8 on th* lnv*~tlg*tlon of the scope of the :o l 2; 

cyclo*dd1tlon rerctlorv of 2.G.6-~(athoxyc*rbon)rl~-1.3.)-trlullu (1a)3’16 *nd 2.4.6. 

~(~thylthlo)-1.3,5.trl*zina (lb)l’ vlth *l*ctron-rich dlmophilar l ultable for the 

pr*p*ratlon of funcciorulis*d 5.6.dl*ubstitut*d pyrl*idirw*. equation 2. 

+ ml* p*per io Qdlc*t*d to Profemor C. C. Taylor on the occasion of 
hle 65th birthday. 

3379 
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14 + 21 Cyefoadditiarr Ib8etlow of 2,~.6-~(.t~c~rb~1)-~,3~5-t?~8~~ (lo). 

Ynufruo, l l*ctron-rich l lkynw. and maminor. electron-rich alkenw. war. found co parclcipat. 

In well-defirwd 11 + 21 cyciowtdition r~ectloru with 2 o.6.ull(~thoxyc~rbonyl).l.3,S-tr~~c~~ 

(la). Table I. In th* cam of ynaminm. th rooa tuprracuro 14 l 2) cyclo~ddltion reaction ia 

followed by l wbaaqusnt rofro Dlola-Alder roactlon (GO-100’C) with low of ethyl cymoformte 

and wIch dlrocc ~anorrtion of the 5-8ubltltut& 2.4-Plt(sthoxyc~rbonyl)-b- 

dl~lkyl~lnopyrim~dl~~. Scheme II (Table I. antrier L-2). 

Tha 11 + 21 cycloaddltlon reaction of la vlth l uafnm Zc-2h -u found co proceed (25- 

1OO’C) In conwntforul orsanlc l olvmts (CH$?f. dioxana. dlglyw. C~2Cl2) co provlda tha 

stable. Leolable 10 + 2) cyclo&duc~s vhlch only slumtehly and poorly un&rgo l retro Dials- 

Alder r*rctton d ftrul l routlr*tion to prowl& rhb 5.6-diwbetirutod 2.*- 

~t8thoxyc~rbonyl)pyri~idlru8, Schwa XII. The lnltlal [G + 21 cycloaddwt8 proved remarkably 

l teble and capable of purlficatlon by conventfoeal moana (silica go1 chroaato&raphy); Table I. 

l ntries 9.11. Initial atcupc* to thstully promote the recro Dlolr-Alder rwctlon (100-200’~. 

4 + I) “.t. only modestly l ccerrful and uwa haaperad by the l ub~~qucnt. problematic 

l romtlration atop (5 - 3) roqulriq the loos of rocondary amino (pyrrolldlno. morpholins); 

fable I. antrla 34-e and Ea. In the march for rmctlon condltlonr vhlch would propot* both 

the retro Dlmla-Alder roactlon and rubreqwnt l roaatiratlon. ch* l rporure of the l~olacml 
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dfo-. 101’C. 2L h 

dlo-. 101.C. 4 h 
4i MCI. lOl’C, 12 h 

Qt2Cl. *O’C. 12 h 
CH2C12. Qi3COOH. lOO*C. 11 h 

cH2C12. CU3cooH. lOO*C. 20 h 

dioxmn. 25’C. 2 h 
lOl’C, 16 h 

CnjCn * 82’C. 1S h 

CH2C12. CH3CQOH. ES’C, 20 h 

Q(2c12. 00.C. 2 h 
a(2Cl2. CH3C00H. 100.C. 11 h 

3c 

St 

dlo-. 1Ol’C. 12 h 
4pI WCl. 1Ol’C. 24 h 

QI2c12. 4O’C. f h 
CH2C12. cH3CooH. fOO’C. 12 h 

cH2c12. CH3coOH. 9O’C. 17 h 

CH2C12. CH3COOH. IOO’C. 20 h 

a2c12. cH3cooH. 90’C. lb h 

diglyme. 12O.C. G h 
NS’C. 24 h 

CH2c12, ai3CoOH. PO’C. 13 h 

a3CN. 82.C. 12 h 

dlo-. 101’C. 6 h 

dloxana, 6S’C. 12 h 

Qljac * 82*C. lb h 

dloxme. 101’C. 16 h 

3. 

4C 

4d 

3b 

83 
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73 

9s 

68 
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’ All products l xhibtt*d the expected or prwiwly rmport*d ‘H MtR. IR. 
cheracterlscfcb 

and c1/c1w 
conxf~tent with 

the TPd 
*tmccur*. 

l atlxfactory M(9 l xxtt marno lnforutlon. 
All m compoun& provfdrd 

chrwutography (5102). 
All ylrlds are barzd on pure macarla lrolaced by 

c Mallable corwrclally from FluL. Ireland. II. C:.; Andareon. P. 
C.; RMond. R.; Fittalrozu. 8. J.; XcC~nwy, G. J.; %lsinongs. S.; Vllcox, C. S. u 
thu. 1983. m. 1988. * The rorphollno and pyrrolidioo l na~inrs YMO prepared In benz~ns 
ulch the aid of the uootroplc r-al of water (2t.d.e.f): 
Irndwam. H. ; 

Stork, C.; 8rlrrol4ra. A.; 
Sautkovlc. J.: Torrell. R. 

r. A aolmular @iewes (2g.h): 
J., b. chu. 190. fi, 207; or with the aid o 

T-hi. K. ; Vestholnr, F. n. u 1971. 2. 1570. f 

Hathylem chlorido:rcotic acid (1:1) was wad as the roactfon solvent. g ZRe reection was 
flrrt conductad in wthylone c lorld, until the 10 + 21 Y~L corplrca (TU) before wzetlc acid 
(CH2C12:HOAc. 1:l) vam added. k The rea 
4 l d rho final $yrimidlru product 3. 

tlon product corulrtad of both the [I + 21 cycloadd~c~ 

co rrwtmt rfth a-tol\u~sulfonle 
139 of Se and 17@ of la ware laolacad. &8, of 9c w&a 1molat.d. 

xcfd 
The (4 + 2j cycloadduct wax lsolatod, then 8ubJactcg 
NWU (reflux). Rw yield ia baeod on cvo ataps. 
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l wiru [I + 2) cyclowlduct~ 4 to &B hydrochloric acid-dloruw (Table I, l ntrlos 34 snd Sa), 

catalytic enhydrous p-tolunueulfonic uld (Tab10 I. entrim 3d and 30). or scotfc &id (fable 

I. ontrIer 3b. Crb. and Sb) proved to catalyro both tha rotro Dhls-AL&r reaction roquirlng cha 

looa of ethyl cyanoformato and tba l baoqu*nt. final l outlraclon #top provldlry a rultebla 

two-step process for pyrlmidim goruratlon. TM8 tvo-‘top wqrwnc could ba reduced to the 

anticipated. ringle oporaclon by conducting the (4 + 2) cyclowidftlon roaction in wthylma 

chloride-acetic acid (l:l), thw providlnl reaction conditiona which do not hmpor the lntrlal 

[& + 21 cycloaddltlon reaction (lO*C) and which wtvo to fecllltete the l ubseqwnt rocro Dlels- 

Alder reectlon d final arwcl+ation atop (GO-IOO’C); table I. l ntriw 3~. La. SC. 6a, 7‘. 

and 8b. 

!ka‘m‘ II sewn‘ Ill 

A range of electron-rich (l.l-dlwthoxysthylaneu. u-vlnylpyrrolldln-2-one. md l.phanyl-1. 

crlmerhyl8llyloxy~thyl~~) and *l*ctron-bfleimt ldiuthyl l c~tylerudlc~rborylata, 

a-naphthoqulnona) rlkyner end l lkmms failed to react with la. 

14 + 21 Cycloadditfon lucticmr of 2.6.6-CCll(utbylthfo)-l.~,5~tr~#ino (lb). Ywlnw. 

nucl~ophlllc l lkynm. proved to ba the role nwloophlllc dlonephllem l fflclontly reactive co 

partlcfpata In productlvll [4 + 21 cyclo&dlcion rwctlow rich 2,0,6-Uli(wthylthlo)-1,3.S- 

trialno (lb), Tablo II. In contrast to prior l eudleo of the raactlon of ynulnos ulrh 1.3.S- 

crlarlnea lncludlng tha parent ring l yatar’ and 2.~,6-~(ethoxyc~rbony1)-1,3.S-tri~rlns.3‘ 

the lnltl~l ynmlne 1.3,s.trlarine [L + 21 cyclowklucts 7 pro-ad *table. lmol~tabl~ by standard 

chromarographlc techniques. and rourbbly rwfstant to charmolytlc recro Dlels-Alder rucclon 



with the lox* of wthylthlocyuute (Cli3ScI(I), Scbw II. Conmquontly. the I* + 2f 

~ycl~ddftfon of lb rltb )nrllux YJ bo cxrrlml out 4th the lntormdfxte lxot~tfon and 

chxrecterlrxtlon of the fnltlxl l.l,S~trlulrw 14 + 21 cycloxdduct 7 (IOO’C) xnd follow4 4th 

the wbmqurnc rhmmolytlc f150-23O*C) or acid-catalyzed (p-T&H, lOO*C) retro Dle11-Alder 

rmction. Alt*nutlv*ly. the thwmolytlc (6 + 2) cyclo&dltfon uy be cwrled out (1OO’C. 

ISO-23O’C) under condltionv vhich provlda the 6-xubstituted 5-dirlkyluino-2,4- 

~frhiorwthyl)py-rlmldlne 6 directly. Consistone vlth past obsenmtiorul* in vhich the 

prarencs of appropriately piecod l l~ctron~vlthdrmr~ subxtltuente xorwe to l c~lcrec~ the 

retro Diels-Alder r**ctlon of blcyclo[2.2.2jhox~n~x. blcyclo[2.2.2fhsxxdfsrus. end 

bicytlo[2.2.2)hoxxtrlerux; the clew H-oxfdrtlon of the thwmxlly stable (4 + 2J cyclo&d~cc ?b 

(6.5 l qutv &PM. -5 co 23.C. CX2C12) vlth _ gmmr*cion of the correepondlng 

~fwth~rusulfonyl) dorlvelve 9 preceded l low rerp~rrrur~ fs 25’Cl retro Dle1#-Alder 

rerctlon proceeding rlth the 108s of ~thenewlfonylcyuute (CH3SO2C44) d afforded 6.(g!.pr- 

dlb~nrylrPlno~-~-wthyl-2.4-~(ut~~xulfo~l)p~la!dl~ (10). l qwtlon 3. mu*. In contrmr 

to the the-1 stablltty of the (C + 2] cycloxdduct ?b which l uffara l retro Di*l~-~l&r 

reAction only At comperxturw of 150.23O’C. the rotto Dlelx-Alder raactlon of the corrwpondlng 

$&Lg(wt.humoulfmyl)dwl~~clvo 9 roxdlly occurs xt tomperawrox lwn thm 25-C. Flguro I. 

In concrmt to rho obxormtlonx vlth 1.3.5.trlulru’ l d Ia, wwmlnm falled to ccuc 

with lb, Fly* I. In wldltlon. the elwrron-&flclmt dluwphllex (p-naphthoquinona. dlwthyl 

l c~tylaedlearboxyl~t~~ failad to partlclpe~ la 14 + 21 cyclo&dltlen r*mtlonx rlrh lb. 

CM&-AkIuFbafbn: 

Frqumtba of t& ?uat 4.SDiwbsthmt~d Fyrfmidimrs. tducclvo dmsulfurir~tlon 

Wny nlck*l) of tJw 2.~-~~wrhylthio~p~lmldl~ [G + 2] cycloxdductx provibsx xn approach 

to th* prepu~tloa of the pu*nc 4.5-dimbatttuted pyrtrldlnw. In l r*pr*sontaclvr l xample. 
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1 2ac dloxena, lOl*C. 12 h bb 86. 
MF. 1OO’C. 15 h 

13S.C. 30 h 

dioxuw. 1Ol’C. 12 h 6a 76 
p-Tat. 101.C. 7 h 

Q(2c12. 25.C. 65 h -. . . 
13 kbar 

2bd dlglyn. 15O’C. 24 h bb 66f 
162.C. 26 h 

TIPR. 23O’C. 36 h 

dlRlyw. lSO*C. 16 h bb $136 
TIPR. 230%. 36 h 

3 2* 2 dloxan, lOl*C. 16 h ?a 93 

4 2b 2 dfRlyme. 1tO’C. 2(. h 
162’C. 2G h 

7b 69h 

’ All products exhibited rho l xpectod or provlourly reported %I #MR. II. and EI/CMS 
charactariatlco corulmtent rich tha l xmbligud l tincture. All na corpounda provibd 
l atl*fActory HRNS l xatt 1Ux inforution. All yielda ara baaed on pure ute?%ol isolated by 
shrwtography (SlO2). c Cawrclally avxllabla from F1h. 

Ireland. R. It.; Axxkrxon. R. C.; R&do&. R.; FfttxLMu. R. J.: )(CGarvey. G. J.; 
rndxi~np. Y~~COX. c. J. h. 1963. m. 19f8. l YIold baxed on NO rtepr: 
cyclo&dlrlon (930). rotro DIola-Al&r ractlon (928). Ylold baaed on two steps: 
cycloaddltlon (698). rotro Dio18-Al&r reaction (962). 6 Ylold based on tw xrmpx: 
cycloeddltlon (609). retro Dlolx-Al&r raxctlon (969). 23b of atart$ng lb recovarad. 

(3) 

11 

R-&l 

mcPRA 
o-an: 

. bs 

dlechyluino)-~-wchylpyrllidln* (11. G6b), l qwclon 4. The cua-atap dacxrboxylxrlon of the 

2.~-~(~thoxyc~rb~l)p~l~idiru (6 + 21 cycloadductm prwldos m l lt~matlvr approach to the 

pr*pxr4clon of rho parent O,S-dixubrtltuted pyriridizna. In a reprmwtativa wuplo. 

exhwxtlvo ethyl wtor hydrolyxim of 3b foliornd by xeld-cxtrlyxed dwarboxylatlon of the 

corrxxpondln6 dlcxrboxyllc acid provided ~-(~.~~d~benrylulno)-5-wthylp~L~Ldl~ (12. 52I). 
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bqntfuat.1 8‘ctton 
Proton nuclear ugnetic l pactra (IN #R&R) vor* mcordad on a Varlan a-200, C*nar*l Cloctrlc 

~~-300, or varim m-60 r~ctrmtar and chemical l hlfte are ropercad ln part* per million 

(ppm) r*latlr* to int*rnal t*truthyl*lfana (0.00 ppm). Infrared spectra (11) ure r*cord*d 

on a Perklo Rlwr 1620 or Porkln-lllmar Nodal 1800 FTIR ba Wr polhta (*ollb) and thln filu 

fiiquids). tilting point* (rp) mr* &t*rrirud on a Thoua Hoover caplllwy malting point 

apparatus and aa uncorroct*d. Rl*ctron impact Y** l ~ccr* (RIMS) and ch~ical lonltatton 

ma** spactra (CIltS) vora recorded on a Ftnnagur Go00 spectrowcor. Kleccron impact fEX> l nd 

ch*mlcal ionlrarlon (CI) high roaolutlon u*a spectra (HRJlS) vora r*cord*d on a Kr*co* M-50 

*p*ctrcaec*r. Flub chrartography (chroutoRraphy)21 vu pwformad on 230-400 rob l lltca 6*1. 

f*trahydrofuran (TW). other (Rt20). and dlglyeo (dlothylona Rlycol dlmathyl *th*r) var* 

dl*tlll*d from rodlum banxophenoru katyl. Mothyl*nr chlorfda (Cli2Cl2), chloroform (CHCl3). and 

l c*tonltrils (CHjCN) v*r* dl*till*d from pho*phorw p*ncoxlde. H*altyl*rw. dloxane. a.g- 

dlmachylfo-lda (WU). toluona. ayl*na. and crliaopropylbonx*n* (TIPS. Aldrich Chemical Co.) 

var. distillad fra caleiu hydride. Acatlc acid vaa dfstlllad owl: chrcdum trloxlb and 

l c*tlc l nhydclda. All l xtractlon and chroutoRraphlc l olvvnt*: *thy1 l th*r (tt20). *thy1 

l e*tat* (tttMc). arvl ha- vara diatlll*d prior to us*. All othar l olv*nta and reaR*nta vw* 

wad a* rocalvad from cor*rclal l ourca*. All Dial*-Alder raactlon* and oth*r r*actlons 

raquirfng mhydrow conditiona or an inert l tmo*ph*r* wera conductad under a po*ltlv* pr***urt 

of nitroRan or argon. 

t.4.6-~(*t&xyc*rbvmyi)-l.S,S-trfa*ti* (1‘). 1.3.5.frlarlna la ~a* propared folloving 

the procedure doocrlbed by 0tt.16 Neat achy1 cyanofonuto (5.0 (I* 50.5 rol) and hydrochloric 

l cfd (0.25 R. 6.85 mol. 5*) at rooo twaraua (68 h) afforded pura I* (1.26 R, 5.0 t 

thsor*tic*l, 85)). Np 170.5 - 17l.S.C (arhanol. white nmdlaa; llt. mp 165’C);16 lH NW. 

(CDC13. 300 )(Hr) 6 1.49 (9H, t. J - 7.2 HI. -OCH2Q3). 6.59 (6H. q. J - 7.2 Ht. -m2cH3); IR 

(Wr) Y_ 2980. 1705. 1625. 1330. 1465. 1380, 1235. LOlO. 9440, 860. 710 cm-l; KWS. r/R 

(relative lntwuly). 2980f + H. 2). 282(2). 253(13). 225(100). 197(32), 166(2). 152(6). 

125(21). 107(12), 98(10). 79(7?. 56(30); CW (2.mathylpropam). t/R 296(rr* + 1, baa*). 

2.6.6-~(utb~lthio~-l.3.~-cr~a~a (Lb). A l olutlon of tr~thlocyanurlc acid (2.54 g, 

IL.3 amlf in 1.0 I igwou* *odium hydroxlda (I3 ml., 63 mol. 3.0 l qulv) -a* tr*at*d vlth 

machyl lodid* (6.11 8. 63 -1. 3.0 l qulv) and the ra*ultlng r*actlon mixtur* vao l tlrrad at 

room campwaturc for 2 hour* during vhleh tin lb praclpltated frou the reactton eolutlon. 

Ethanol (25 l L) uao addad. rho l olld vu coll*cr*d by flltratlon. and va*had vith v*t*r (10 l L) 

and ehmol (10 ml.). Rocryrtalllration from l catfc acid affordad th* put‘ lb (2.76 8. 3.11 6 

th*or*tlcal, 88%) a* pal* y*llov no*dloa: rp 188-188.5.C (lit. mp 188Y~):~~ +4 NNR (cDc~~, 

300 tW) 6 2.52 (PH. a. -SCH3); 1R (Wr) Y_ 2926, 2843. 2399. l&77. 1410. 1321. l2LO. 980. 

856. 783 u-l; EfNS. a.4 (ralatlv* int*nalty) 219(W*. 100). 2o*(i3), 186(10), 1730). 158(50). 

131(2). llO(7). 99(26). 74(32); CIHS (2-wthylpropana). JR 220(1@ + 1. ba**). 

14 + 2) Cyclomddltloa Reacti- of 2,6.6-~(at~crr~P~)-l,S.i-tr~sln~ (la) rich 

EnADLnaB (Ic-2b). Canaral Prochare for rba heparatlon of 5.6-Dlsub*tltutad 2.4. 

~(*th~c~rbonyr)p~~~d~**: 2.4-&,&(athorycarbyl)-f~-6.7-dfhydrocyclapantapyr~idlne 

(3~). A l olution of 2.6.6-~(athoxycarbonyl)-l.3.5~triulrw (la. 53 l R, 0.16 mol) in 

rthylana chloride and l c*tlc acfd (l:l. 0.36 mL) undar argon va* troatad vlth 

morphollnocyclopent-l-•na (26. 55 mg. 0.36 rol. 2.0 squlv) at 25.C and tha r**ultlnR r*actlon 

l olutlon -a* varmd at 1OO’C (20 h). The cooled raactlon l lxtura vao dllutod vlch uthyl*na 

chlorl& (15 mL) ud va*had vith l aturat*d aqwow l odlm bicarbonate (2 x 1S rt). Th* l quou* 

l xtracta ver* vuh*d with rthylaru chlorlda (2 x 25 mL) and th* CooblMd organic extracts v*r* 

dried over poraaalw carbon&a. Flash chromatography (S102. 15 co x 1.2 cm. 608 Et20. 
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$*trol+w ether l tumtf afforded pure fe (27 rR. 17 q th4or4cic41. Mb) x4 4 ~414 y4110~ 011: 

1H N)(R 300 1 1.46 J - 1.1 (CDCl3, Mix) (31. C. Rx. -Ui2913). 1.17 (3H. c. J 7.6 Hx, - -Cn29,). 

2.23 (2H. J - 7.8 Hr. -Cli2912CH2-1. 3.21 p. (2H. J - 7.9 t. Hr. .a2Cx2Cn2-). 3.39 (2~. t. 

J-7.7 Hr. -“2CM2812-). 4.52 (2H. J - qe 7.6 Ht. - -a2QI3). 1.52 (2H. q. J 1.4 Hr. 

-0Qi2cH3f; IR (filn) You, 2961. 2932. 2855. 1743, 1572. 1557. 1601. 1381. 1239. 1197. 1121, 

1023 cr.1; erw. UR (rel4clw ht4Niq). 26X& + H. 1). 192(26). 16&O), l&6(7). 118(26). 

69(2O). 72(16). 65(6). 5?(18) ‘+5(100); CLKS (2.wthylprop4n4). I/a 26S(rr* l 1. b444); EIHRJIS. 

r/R c4lcd. for C13H16N20~ 264.1110, found 26&.1105. 

c444r41 tmX4duxo for a4 (4 + 

~(4tbo~C4r~~~)*l,~,~-Cr~4~~. (14) rpd 2,4.6-~(nrh~lthlo)-r.3.i-tr~81~ (lb): 2.4- 

~~4Cbo~c4t~yl)-6-(~.~-dl~oxylu~)-5-w~b~l~~fdLn. (3b). A 4olutlon of 2.4.6. 

~(4thoxyc4rbonyl)-l.3,5-triutrw (14. 1.22 (I, 4.11 rol) in dloxmm (10 rl) und4t 4rRon ~44 

cr4ac4d vlch l.~,~-dl~Nylulno-1-props (2b. 1.93 R, 8.22 lwsl, 2.0 4qulv)22 4c 25.c 4nd th4 

r44ulCln(l r44etion wlution “44 u4rnd 4c lOl*C (21 h). P4mov41 of th4 4olv4nt tp 4nd 

fl44h chrwtoRr4phy (SlO2, 15 cm x 4 a, 20-60) Et%-hax4n4 gc4dlmt 4lutlon) afforded pur4 

3b (1.69 g. 1.78 g thoorocla41. 958) 44 4 11&e or4ng4 oil: IH )IQt (COCl3, 300 mix) 6 1.39 (3~. 

t. J - 7.2 Ht. -QlzQi3). 1.12 13H. c. J - 7.2 Hx. -CH,a3). 2.36 (3H, x, -cH~). 4.~1 (2~. q. 

J - 7.2 Ht. -Qi2CH3), GAS (ZH, q. J - 7.2 Hr. -M2CH3), 6.73 (4~. 4. -a2ph), 7.32 (10H. . . 

RI); 13c m (COCl3. 300 HBx) 6 163.79 (-l;02Ct). 165.76 (-t02Rc). 163.66 (C-2). 157.93 (C-6). 

153.18 (C-*1. 136.94. 126.53. 127.90 4nd 127.61 (four C6H5). 116.26 (C-S). 62.07 (tvo -CH2Ph). 

52.42 (No -GH2QI3), 16.00 (-Q13). 14.06 (-Ql2CH3f. 13.97 (-pt2CH3)) IR (flk) Y_ 3029. 2962, 

2935, 1739. 1560. 1496. 1453. 1427. 1263. 1222. 1091. 700 c.-l; CIM. R/R (r414clv4 lnc4rulty). 

3(.2(3). 196(b), 146(i). lU(l6t. 116(3>. 106(43). 9l(lOOt, ?9(11). 77(15), 65(23). 51(11); cws 

(2.rtbylproputc). ~/a L344(rc* + I. b444): CIWS. &/Q c4lcd. for C25H27N3O4 436.2080. found 

634.2054. 

2.~-~(4t~c4rbonyl)-6-(l,ll-d~o~yl~l~)-5-nthyl~~ldfno (34). T4bl4 I. oncry 14: 14 

(53 01. 0.18 -1) 4nd l~~.~-dl4thyl~lno-l-propyxw (24, GO r(l, 0.36 ~01. 2 l qulv) 4ffordrd 

pure 34 (46 rR. 55 mR th4or4tlc41. 63b) 44 4 ~410 y4llor oil idmtlcal ln 411 eomp4r4blc 

r4rp4cc4 with l uchmclc ut4rl41: ‘. 1, turn KOC13. 300 Mix) 6 1.20 (6H. t. J - 7 Ht. 

-NCH29131. 1.41 (6H, C. J - 7.2 Hr. -OCii2G&3), 2.32 (3H, 4. -tX3). 3.% 2(4H. q. J - 7 Hr. 

-NEtl2CH3). 6.43 (2H. 9. J - 7.2 HZ, -0GH2CH3). G.&k (ZH, q, J - 7.2 Ht. -a2CH3); IR (film) 

Y ox 2961. 2936. 1736. 1565. 1526. 1502. 1632. 1379. 1236, 1176. 1066, 625 cr-l, 

2.4-~~oc~c4tbyl)-5.6.?.6-t4rr4h~drogu~aol~4 (34). T4blo I. rncy 64: 14 (54 46. 

0.18 ~1) utd 2f (61 mg. 0.37 -1. 2 4qulv) affordad pur4 30 (37 =(I. 51 mR th4orstic41. ?21): 

1H tMR (cm,. 300 FlNx) 6 1.63 (3H. C. J - 7.2 Hr. -CH,M3,. 1.49 OH. c. J - 7.2 Ht. -CH2u3). 

1.90 (4H, 1, -CH2m2912Q12-), 3.01 (2H. t, J - 6.1 Hz, -CH2Cn2CIi2M2-1. 3.06 (2H. t, J - 6.1 

Hx, *912W2CH2CH2-). 1.46 (2H, q. J - 7.2 HZ. *pt2CH3). 4.53 (2H. q. J - 7.2 Ht. -M2CH3): IR 

ffilm) Yux 2939. 2669. 1737. 1556. 1650. 1103. 1360. 1307. 1198. 1145, 1024. 866. 751 m-l; 

EMS. a/R (r414tlw lnt4Nlty). 276&. 131, 232111). 206(100). 17613). 160(10). 132(16), 

lOO(4). 92(l). 79(U). 6S(2). X(3); GINS (2-uthylprop4nc). dR 2?9(& + 1. b4m4); CIHRJIS. WR 

c4lcd. for C1&6N204 276.1267, found 276.1266. 

2.4-~(4t~e4rbon~l)-S~-6.7.@.9-t4tr4h~droc~eloh4pt4~~ld~ (31). T4bl4 1. 4ncry 74: 

14 (SO ‘6. 0.27 ml) 4nd 2R (69 mR, 0.54 mol. 2 4quiv) afforded pur4 3s (59 mR. 79 l 6 

ch4or4tlcxl, 75N): ‘H Iw;L (CDc13. 300 mx) b L&3 (IH. t, J - 7.6 Ht. -CM2a3). 1.46 (3H. t, 

J - 7.6 XX. -CH2~3). 1.76 (CM. 1). 1.96 (2H. i). 2.95 (2H. D). 3.21 f2H. l ). 4.&6 f2H, q. 

J - 7.6 Hr. -TJ12Cli3). 6.54 (W. q. J - 7.6 Nr. -M2CH3); II (film) Y_ 2962. 2930. 2856. 

1762. 4559. 1603. 1361. 1211. 1169, 1126. 1020. 863. 140 cr-l; EW, UR (rtl4tlv4 lnt4n4ltyf. 

292W+. 6). 277(2), 263(23). 217(4). 235(5), 220(100), 190(26). 172(N). 156(9). l&6(66), 



130(R). lld(23). 91(45). ??(27). 65(21), 55(35); Cw (2-wtWptopuu). I/S 293@ + 1, bw; 

IIHMS. r/a cifcd. for cl,H20m20C 292.1023. found 292.1423. 

2.4-~(~~LaSyl)-~-ghony;~~ldi~o (3b). Tab10 I. wcry 8a: la (69 mg. 0.23 ml) 

and 2b (87 q, 0.66 -1, 2 l qulv) affordad pure Jh (28 q. 69 Q thoor*tk41. 610 40 an 

ormga l olld: ql 114.115.C (ublt* nmd1.a. l rhuml-u~t~r); 1H Na (cDc13. 300 lOis) 6 1.L9 

OH. t. J - 7.1 3~. -En2=3). 1.50 (3%. C. J - ?.l Hr. -cX293>. 6.55 (2H. 9. J -7.1 HZ. 

-1312(X3). 6.57 (2H. q. J - 7.X Hz. -$X2(%3). 7.M (3H. I), 8.27 (2H. I). ~3.53 flit. a); IR WBr) 

vu1 2924. 2853. 1740. 1579. 1535. 1050. 1382. 1247, 1226. 1206. 1089. 1025. 72* a-l; EInS, 

p/a (r*laclva intmalty), 3Ol(rc, t H. 1). 256(G). 228(1OO). 200(9). 182(8). 155(32). 128(37), 

105(29). 664131). 77(37). 63(21, 51(N); GINS (2.wthylpropma), U’R 3Ol(M+ l 1, base): EIHRXS. 

P/f caled. for C16H1&0& 300.1110. found 300.1105. 

ir, Tmbla 1. oncry 9e: la (46 .I, 0.15 DOI) and 2c (42 06, 0.31 mol. 2 oqufv) afforded 

4c (U .1. 67 ay choor~tical. 660): ‘H )#R (COC13. 200 MHZ) 6 1.35 (9H. l . -0CH2M3). 2.00 

(3H. 9). 2.65 (6H. l ). 3.75 (6H. 1). 6.35 (61. m. -m2CH3); IR (film) wmx 3357, 2978. 2871, 

1719. 16&l, 1466. 1393. 1371, 1311. 1280. 866. ?fO cr-‘; EiNS, WR (r*lacfm Intmalty). &35(n+ 

l H. 2). 361(100). 28?(26). 266(21). 225(19). 220(16). 192(16). 136(90). 125(9). 120(l)). 

lOS(12). 97(11). 81(22). 70(M). 55(69); CIHS (2.rmhylpropano). WR 635W+ * 1. baaa): EIHRJLS. 

e/e caled. for C21H3ON6O6 636.2165. found 636.2166. 

4p, fable 1. entry 10a: la (53 q, 0.16 ml) and td (55 w. 0.34 mol. 2 equivf affordad 

4d (73 ‘8, 81 mg rhooretical, 911): lx tmR (C0c13, 300 NM.1 6 1.35 (PH. O. -0cH2a3). 1.95 

(3H. m). 2.6s (6H. m). 3.75 (6H. m). 4.35 (6H. l . -.oM2Qt3); IP (film) Y_ 3007. 2962, 28%. 

1719. 1667. 1657. 1372. 1270. 1117. 1021 cm-l; EMS, da (r.leclw intorulty). GSl(N+ + H. 1). 

377(12), 303(51, 253(k). 225(2&l. 197(121. 153(1OO), 138(10), 125(16). 108(M), 95123). 

86(23). 71(15), 67f55f. fS(27t; CWS (2.uthylpropumf. &R 451@ + 1. base): CIHRHS. e/R 

calcd. for C21H30N60, 651.2193. found 651.2168. 

Ir, Tabla I. snt~ lla: la (96 06, 0.32 101) and 2. (98 mg. 0.69 mol. 2 l qulv) afforbd 

44 (71 og, 165 rns theoretical. 699): lJ4 NnR (COc13. 300 KHx) C 1.35 (9H. D. -0wl2a3). 1.60. 

3.65 (17H. l ), 6.35 (613. P, -0pI2CH3); IR (fllr) Y_ 3606. 3363, 2960. 2676. 1722. l&.7. 1623. 

1665. 1370, 1321. 1266, 1195, 1086. 732 cr.‘; EMS. WR (relative intorutty), 379(26). 37$(27). 

306(U). 296(7). 280(6), 260(6). 253(N). 225(M). 160(17). 150(100). 136(6), 122(7). 110(S). 

E&(25). 79(12). ?0(32). 55(25); CWS (2.uthylpropana). r/R 449(w* + 1. bare); EIHRHS. do 

calcd. for C22H32N606 648.2322. found 648.2326. 

2.4-~(wtb~lthlo)-~-(~.~-dl~th~L~lno)-5-n~~l~~d~ (ia). Table II, entry 1: lb 

(66 mu. 0.20 mol) and 1-B.E-dlarhylamlno-1-propyno (ia. 65 mg. 0.60 mol. 2 l qulv) afforded 

pure Ra (65 .&. 52 "d th~or~tlcal. 86r): ln Nm (C0c13. 300 MHz) 6 1.17 (6H. c. J - ?.O Hr. 

*~2913)* 2.13 OH, s. -CHjf. 2.53 (3H, 8. -SCHj). 2.55 OH. . . -ScH3), 3.38 (W, q. 

J - 7.0 Hz, -cfi2CH3); IR (fllr) Y_ 2970. 2923. 2870. 1528. 1626. 1377. 1363, 1309. 1293, 

1179. 1066. 862. 802 a-l; EMS. #R (rmletivo lntonslty). 257fp. 37). 262(13). 228(100). 

216(63), 181(l). 171(2). 153(l). 112(16). 72(29); CIMS (2.wthylpropam). IL/R 258trc* t 1. 

baa*); EIHRJU, e/R calcd. for CllHl9R3S2 257.1020, found 257.1016. 

2.4-~(ucbyithio~-~-~~.l(-dlknllylulno~-5-wthylp~iridLn~ (Sb). Table I’I. entry 2: lb 

(55 q. 0.25 sol) and l-E,l-dfbmzylwlno-l-prop? (2b. 118 rg. 0.50 rot. 2 l q&v)22 

affordad pure 8b (63 4). 96 q chwx~clcal. 66N): ln Nm (COc13. 300 @Ok) b 2.10 (3H. ‘, 

-CH3). 2.33 (3H. . . -SCH3), 2.68 (IN. a. -SQlj), 4.66 (4H, l , -Q12Ph), 7.18 (10H. . . Ph): IR 

(fllrj Y- 3062. 3028. 2925, 1736. 1603. 1566. lS23, 1651. 1363. 1131. 1067, 958. 731 cm-l; 

RIPiS. L’n (r*latlv* lntm*lty) 38lCn’. 6). 355(6). 29O(lOO). 221(6), 189(S), 169fl.S). lblfll). 

131(2). 112(11). 91(51), 73(27). 65(7), 55(l); GINS (2.rchylpropmo). &) 362(n* t 1. baa*): 

EIlWlS. ufi calcd. for C21H23N3S2 381.1333. found 381.1339. 



3386 D. L Bma 4ad Q. DAM 

k Tab10 II. mtry 3: lb (44 q(. 0.20 rol) and 1-l.l-d~~thylrlno-1-propru (2a. 45 u, 

0.40 mol. 2 l qulv) affordad pur. 7a (62 q. 67 q th.or.tlcal. 93U): 1H mm (Cx13. 300 IaK) 

b 1.16 (3H. t. J - 7.1 Hr. -CH291,). 1.17 (3H. t. J - 7.1 Ux. -CH2m3). 1.89 (31. . . -CM,). 

2.22 (3H. ., -SCli3). 2.34 (3H. . . -3CH3). 2.36 (3H. . . -SQ13). 3.20 (4H. q. J - 7.1 Hz. 

-M2CH,,; IP (film) Y_ 2974. 2925. 1610. 1555. 1679. lCb2. 1320. 1249. 1166. 1086. 836 a-l; 

CIMS. ua (ralative fntwaslty), 33O(n+. 21). 315(100). 283(11). 257(3). 242(10). 2280). 

217(40). 210(11). 166(11). 143(20). 112(29). 99(16). 61(29). 74(29). 68(23). 56(33); CIHS (2. 

wthylpropww). W, 331& + 1. baa.); EIiWtS. V/I calcd. for C131i22N,S3 330.1007. found 

330.1006. 

& Table II. ontry I: lb (55 mg, 0.25 rol) and l-~.~-dl~nrylulno-l-pr~pyrw~~ (2b. 

116 06, 0.50 ml, 2 l qulv) afforded pura 7b (79 mg. 114 mg thaorotlcal. 690: +i NIU (CDC13. 

300 MHz) b 1.93 (3H. . . -Q(3), 2.23 (3H. . . -ScH3). 2.45 OH. a. -%X3). 4.27 (1H. d. 

J-15Hz. -WP’h) md 4.35 (1H. 6. J - 15 Ht. -wPh). 4.46 (LH, d. J - 16 Hz. -m) and 

6.66 (lH. d. J - 16 Hz. -m), 7.26 (LOH. . . Ph); IP (film) vmx 2925. 2653. 1734. 1605. 

1560. 1496. 1472. 1453. 1431. 1313. 1221. 1145. 1097. 909. 637. 732 cmml; KIHS. d, (rmlatlw 

lnt.nslty) 454(K+. 14). 439(79). 407(3). 361(1.5). 290(3). 223(l). 173(2). 144(2). 104(6). 

91(100). 65(3). 74(3). 69(5). 65(10). 55(b); CIHS (2-rthylpropan.), w, CSS(n* + 1. barn*): 

EIliTMS. p/a calcd. for C~JH~&SJ 454.1320. found 45k.1316. 

2.4-~(rt~lrulf~yl)-6-(~.~-di~luylu~no)-5-uthyl~Lfdln~ (10). A rolutlon of 7b 

(69 mg, 0.15 sol) in wthyloru chlorlda (0.76 mL) was treatad with B-chloroperbcnzolc acid 

(pCPM. 210 .a. 6.5 l qulv of 608) at -5’C. Tha r0~u1Cin~ reaction mixCur YU allowad to warm 

to 25.C (1 h) and fur&r l clrrod for 16 h. Tha raactlon mlxtura w)u treated ulth l aturacod 

aqua- *odium l ulflta (10 mL. 15 eln) and l rtractod with dlathyl ocher (3 x 20 mL). Tha other 

l xtract# wora r-hod vlth half l aturatad l quoour sodium blcarbonat~ solution (5 x 25 EL) and 

WM. drlad over magnoolum l ulfato. Plarh chrouto6raphy (6102, 15 cm I 1.2 cm. 401 *thy1 

acetat*-hmxana) afforded P** 2.4-~(wth~rw~ulfonyl)-6-(~.~-dl~~ylulno)-5- 

mochylpyrlmldlrw (10. 34.0 l g, 67.6 th~or~tlcal. 508) . . . llghhc yellow 011. ‘H IQOt (‘X13. 

300 IOk) 6 2.65 (3H. . . -CM,). 3.01 (31. . . -902CH3). 3.61 (3H. a. -SO2CH3). 6.63 (4H. . . 

-Cn2w * 7.20-7.37 (LOH. . . -Ph); IP (film) Y_ 3066. 2966, 2666, 2276. 2206. 1756. 1566. 

1541. 1526, 1461. 1456. 1366. 1341. 1161. 1146. 1096. 1051. 961. 941. 636. 756. 726 cm-‘; LIWi. 

U/I (relative incorulty) 446(& + H. 1). 354(17). 211(6). 169(l). 139(2). 115(l). 104(C). 

91(100). 77(3). 65(21). 57(3). 510); CIHS (2.mehylpropano). WI 446(N l 1. baa.). 

4-(~.~-Dlothyluloo)-5-ut~l~~ldLn~ (11). A l olutlon of 2.G-~(mchylthlo)-6-(~.~- 

diethylulno)-I-rthylpyrlmldlna ((a. 43 mg. 0.17 rol) ln aqua- dlorana (1 mL) was treated 

with Ranay nickel (1.46 g wt. 34 l qulv) 
19.20 

at 25’C and the rwultlry roactlon mlxtur~ YU 

warmed at LOL’C (20 h). The krvy nickel wu removed by flltratlon (ethyl acotata vaah) 

through &lit*. CkoUtography ($102, 1001 ethyl l cafata) afforded pure 4-(~.~.dlethylulno)- 

5-mathylpyrtildlru (11. 12.6 mg, 27.8 mg throretlcal. 46)) u . light y.llou 011. 1H NW! 

(CDC13. 300 IO(Z) 6 1.21 (3H. t. J - 7 HZ. -‘X293). 1.23 (3H. t. J - 7 HZ. -CH2M3). 2.27 OH. 

a. -CH3). 3.52 (GH. q. J - 7 Hr. -M2Clt3). 7.99 (1H. . . C4-H). 6.49 (1H. ‘. C2-H); IR (film) 

Y yx 2970. 2925. 2655. 1535. 1052. 1343. 1248. 1226. 953, 769 a-l. 

4-(~.~-Dl~Myl~)-5-wtbylp~lrldLn~ (12). 2.4-~(oLhoxycArbonyl)-6-(~.~- 

dlb.nryl~lno)-5-orrhylpyrlmldlrv (lb. 75 mg. 0.17 mol) “a. ttoatod with 1 I .qu.ous l odium 

hydroxlda (2 IL) and the raoultlng l olutlon w)u l t1rr.d at 25’C (4 h). The raactlon l lxturs 

YU diluted vlth vator (15 IL) end wanhad vlth dlothyl *char (2 x 15 mL). Th* .queow lay*r 

w.s l cldlf1.d to pH - 1. l tracted with ethyl acetate (2 I( 20 rt). and tha corblnad organic 

.xtract# Y.T. &lad ovar #odium l ulfata. Rmoval of cha rolwnc under reduced prerrure 

afforded the 6-(~.~-dlbonrylulno)-5-wchylpyrlmldln~~2.4-dlc~rbo~llc acid l # yollou rolld. A 



l olucim of th. r.oultly pyrimldlno dfurboxylic l ctil in 1:1 l coclc acid ud l etlc amhydride 

I).. vanud at 12O'C (30 h). Tha cooled r*actlon l lxtuto mm treatad rlth half l acur*tod 

.qwou, sodlu blcabmmto (15 mL) axl l xtrutod with *thy1 autata (20 al.. x 3). Tba c0din.d 

orgmlc extracts wwe ruhod r(dr half l aturetod +awua eodiu blembonato (15 rt x 3) end 

drl*d 0-t poeuolur cuboluu. ?lub chroutogaphy (Si02. 15 cm s 1.2 e.. 100) athy1 

acecat*) &for&d pura 4-(I.l-dL~myLrlno)-5-~~1~~1~~ (16. 26 m&, 50 q theoretical. 

52*> .* . pal. ymlla oil. In WIQ (CDCl), 300 MM=) b 2.30 (3n. 0. -Cn3). 4.82 f.4H. l , -M2Ph). 

7.30 (lOH, 1. -Ph). 6.07 (l&I, ., Us-X), 6.59 (Ul. . . C2-H); II (flls) Y_ 3029. 2924. 1709. 

1650. 1576, 1535. 1495. 1452. 1422. 1403, 1359. 1246. 1226. 1026. 953. 773 cm-l; Ru(S. u6 

(relative intwwlty). 29O(M+ + H. 3). 269(n+, 2). 196(100). 146(2). 106(17), 91(56), 79(3). 

65(13). 55(l); CLI(S (2-wtltylpropum). dR 290(11 + 1, barns); SI)pw. JR caled. for Cl9H1913 

269.1579. found 269.1579. 

Aeknwl*d6wntr. U* 6ratafully l ckncmlmlg* tha flnanclal support of the I~tfonal Inxtlcut0r of 

Haolch (CA 61966. 420%) end ?A0 Alfred P. Sloan Poumbtlon. 
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