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Tbewbodi%%opomxfultb%t%eeaxkyr%dic%l%~be~~ ingoodyield%vithgoa3 

liKm%llyl%tion cxxltro1. aau? 3-p%xlten-2-1 atxi 2-cycl~l-yl &riv%tiQ%% are efficient 

allyla~agent% %% %lmi%l inrun% &ll,13-17 %lkil9. Evendiallyl%tedprodoct% with tm %ecowky 

mlicale in the actiwmd C&XXI atan %LW ewllyobWn%d kn%13-16). TM.% is mmutnmml am3 

indicate% the p>saibilitie% of thepeUadiunc%tdlpledallylatim. 

B%rbimicrurid affordedtlm ~l~y~~~~U~S~g(~l).~ t2dadiazi.w dioxide 

Z%fforded tb%%uyl derivative% 100 11 fAahw& th3yield8lBcemtgood (Run 2)‘ Both hand 
3bwere efficientlyeLlylated(BMa 34) u&r averiety ofexpednmtal conditione. 

The lmst xmwkeble echimmmt frtn tbe.viewpoint of ths category‘of tim subetrate% is the 

allylation of tetronic acid, 4, md it% 3-metlyl d%rlv%tive, 5, for which nb u%eful c-alkylatim 

h%d been prtimly de%cribed. For 4 no control of the amoallylstion could be %chkmd with 

prfmary agents (rut3 12) altIm@ it aaa achiev%d for eecoadary ows (Run% 13-17). The 3actme 5 wm 

Ck&yellyletedbotb~ith 8pIh%?U7dl?ith& eeoandarJr&lybtingagent @UN IBand 19). 

For Ekklrm'e acid, 6, a@.n a good all.ylation w%% %cbi%v%d but lack of control wa@ again 

~~.~ly,thc~liaedicme7~trsatedwith2-~tenrglacatatetoaffatda~e 

oftb% tbre%po%sibledi%llyl%tionpd-e, 26, 27amim, wbicbwer% %ep%rated%ndidentlfied. 

severel different exprimntal cmdftias wre ameiderad a% indicated in the table: eolwnt 

(tolu?ne %nd nw), m%ly%t GmIc%c)2/tri~l~ exi Wm%)2n*ts 

(~~l~)e~), %ctiQation of the pdicarbmyl calpmd in the fosm of triJ%%thyl%ilyl 

etbar,lBavinggrcupintbedlly~~agent(~~teotethyl~~te)endthe~ofbaea 

(DBu)or it% absence. Fmm th% re%uk% presented in tlm tableno gaaetal treml emetg%% inorderto 

defiw tha best %%t of eqnMm%ot%.l conditial%. wm?ver,we~eQethegiveneaqmr~t%l 

caditionec!ouldbea~e~pintfor%ny%ub%trate oftbtypa~i.dac~ differew f?xm 

thDee8~~ 

Inordertobrtmdexl the scope of tbi3 pal~unbrsedmethaf of allyl%timofj@"dic%=bonylG?%d 
tatated)~rehaPe~o~two~eionsofthe~y~icchsfneinc~l8and 

23.Zhe~tedcDIDbutrmoLiQa29and30~obtaiaedinnaarlyqurmtitativr,pields~Pd- 

C ~atalyeis ae imiiceted. Although uo more ation mte have been @owed, t&we 

collectedinthi%p%pertogetb%rwitbtho%e4Yqotibyus el%ewk4*5 ilxiicate that tIn3 pre%%nt 

method of %llyletim %kuld be considered a% weful. for the intitim of allylic aa well a% 
aaturatedprimmysad%eam&ytx~Bcal%8ttbeectivated carbonatariofhighlyacldtc crclic~- 

dicflrbc&andrelat%d~* 
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PalladiumcatalyuwlC-auylation 7209 

. 5+f&&mwl~.4,6-uLms. 

12, 

8, and 1,5,!i-tri~~~2.b.btticaa, 9. (mn 

A mtxture of b&&uric acid, 1, (0.64 g, 5 mol), DHf (0.761 gr 5 maoI) cmd plllpkwrs = (25 

mt)~sstFrrcd~arsoaa~foe1-2~.Ihsn,abdiathefo~~onfar~addal 

W(n) acetylmetamta (0.077 g, 0.25 ml), triphenylphoephirra (0.262 g, 1 nmol) Qd CinnaDlgr 

acetate (0.810 g, 5 ml). lb ndxtm ma imlemed in an oilbathat 7s Bd kepttmderumgneti~ 

stirring for 89h. 'EbereactlonwssapaftoredbgaC. TUmcooledi&xturews dilutedpithetbyl 

acetate cad partitioaedwith O.lNRCl.The orgmic lx&r RLL~ wshed to neutrality, dried end 

ew&%Kated. 'Ibe raaidua TIma c&rawkte tImlgIl ailia? gel. Iha follarlag pcoauct8 were 

isolated: 

9 (8%): m,p. 157-8C; rg(gBr): 3215, 1746, 1725, 1678 cm?; lH-?MR(IHW-d& d 2.85 (d, J 7.4 Hz, 

4ii), 4.52 (d, .I 5.9 Hz, 29), 5.74-6.70 (m, 6a), 7.24 (a, lsH), 11.76 (8, l3); lX-MWEl3):d 

41.2, 42.9, 57.7, 121.2, 121.8, 126.3, 126.5, 127.8, 128.5, 135.2, 135.8, 136.0, 136.2, 149.2, 

170.9, 17l.1, ; MS (c&s&al ianiprtion with aummh): m/e 494(M+l8). Q&cd. for C3&&03: C, 

78.13; H, 5.92; N, 5.88. Found: C, 78.Ol; Ii, 5.93; N, 5.97. 

8 (15%): m,p. 226-8C; IR(KBr): 3205, 3085, 1758, 1720, 1686 cm-'; lFf+R(lX'30~&): d 2.79 (d, J 7.2 

Hz, MI, 6.04 (dt, J 7.2 and 16.1 Rz, af), 6.51 (d, J 16.1 Hz, ZH), 7.29 (8, log), 11.50(s, 2rf); 

lX+B(MSO-&): d 55.6, 122.5, 126.1, 127.6, 128.5, 134.2, 136.3, 149.6, 17l.8; W: m/e 360(X, 

71, 117(82), 115(100), 91(78). Culcd. for C+&?203: C, 77.30; H, 5.59; N, 7.77. EaxxI: C, 73.03; 

B, 5.68; N, 7.51. 

llw? SfBm in&&d we8 wed for iillylatims of 2, h, and 4-7 perfornred under the con&time 

imiicatedin the t&l&The followingcampadlewre~ted:. 

4"cilmw1-3,~*1-2E-1,2.6-t~ l.ldiadda, m oil; IR(ml3~: 3340, 1600, 1510, 

1320, 1200, 1170 cm-l; lH-IMI(CE13): / 2.23 (a, 6H), 3.16(d, J 4 Hz, 2RI, 6.1-6.3(m, 2@, 7.1- 

7.4(m, nr). 

2-Chmwl-3,Himetb=l-2K-l,2.6-~ 1.1~. 11: a.p. 7+8X; 1[B(KIhc): '1577, 1512, 
1394, 13l6, 1169 cm-l; lH-Mk(QlQ3):d 2.26(s; 381, 2.3(s, 3@, 4.63(6, J 5.3 Hz, 2i0, 5.72(s, 

Ui), 6.21(dt, J 15.8 land 5.3 E, l10, 6.62(d, J 15.8 Hz, la), 7.31(s, 5B); 13C-=(cIIc13):d 20.4, 

25.4, 47.4, 102.9, 123.2, 126.6, 128.3, 128.6, 134.1, 135.7, 157.6, 172.9; Pss: a&27604, 91, 

117(lC0), 115(45), 91(18). Caled. for ~4H16N202S: C, 60.85; 8, 5.83; N, 10.14; S, 11.60. Found: G, 

60.7l; H, 6.24; N, 9.94; S, 11.11. 

2+hx=Fl-l,fcpcrd*napadiare. 12: m.p. 160-2C; KlmBr): 36O@~(broad),1568,1364 0-l; lE- 
IQ~R(CUU~): d 1.86-2.21(m, 210, 2.2~2.64(n, 410, 3.29@, 6.6 Hz, =I, 6.2Wt, J 6.6 fd 15.8 & 

re;), 6.58(d, J 15.8 BG, IHI, 7.15-7.3O(m, 5F0; 13C-W~): d 20.4, 24.9, 32.3 (breed), 112.4, 

125.5, 126.5, 228.3, 128.6, 128.9, 137.4; KS: n/e 228(& f4), m(22), 172(31), 157(23), 137(10@, 

128(N), 129(33), 115(52), lOh(#)), 91(37), 77(n). med. far Clfi602: es 78*92; a, 7.06. -: 

c, 79.12; H, 7.16. 

2.2*@missY1-1,3-c~elohm!um&m. u: m.p. IlO-1C; IR(K&): 1721, 1695 c&-l; Uma(C3XX3):i 
1,6!k2,05(m, 2~1, 2.%(t, J 6.6 E, 4a), 2.72(d, 7.9 fb;, 2@, 5.%(dt, J 7.9 and 15.8 m, a), 

6.43(d, J 15.8 ai, 2f1), 7.26(s, lOa); 13C#II<cDQL?I): I 16.4, 40.0, 40.1, 68.6, I23.6, 126.1, 
127.4, 128.4, 134.2, 136.8, 2lO.4; BB: m/e 344(X& 11, X8(35), 117(66), 116(22), 115(loO), 91(93), 
77(u). c&d. for C2&&: C, 83.69; B, 7.02. Ibmd: C, 83.59; E, 7.01. 
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2-(3-penten-2T1)-1,~1~one, 14: m.p. 106-8~; r.Nxak): 3300-23OO(broad), 1563 cm-l; 3.!i- 

m(m3): d (ketoceml) l.l6(d, J 6.6 HZ, 381, 1.69-1.83(m, 381, 1.83-2.13(m, 2W, 2.X+2.56(m, 

4~), 3.6-4.1(r, II?), 5.66.0(m,'21fI, 6.95(13, I@; 1=(~3): d (b-1) 17.3, 17.5, 17.7, 

18.5, 20.6, 30.2, 33.0, 38.0, 38.9, 39.2, 73.3, 118.7, 124.6, 125.8, 132.6, 135.2, 185.8, 205.9, 
206.1; m8: m/&80@, 22), 165(20), 151(80), 209(55), 95<27>, 79(23), 69@8), 67(31), 55(644), 

43(59), 41(100). calcd. for %1$602: C, 73.30: B, 8.95. Fat&: C, 73.52; H, 9.29. 

3,3-M&xw~yl-3X,!SK-furan-2.~~, 16: m.p. 99-WC; IB(KJk): 1806, 175' cm-'; llf+=(~3):6 

2.72(d, J 7.9 fhr, @I, 4.35(s, atI), 6.03(dt, J 7.9 Bd 15.8 Hz, za), 6.52(d, J 15.8 =, 2Enr), 

7.28(s, NE); 13~-1a@xn~):~ 38.2, 54.4, 73.1, 120.8, 126.3, 127.9, 128.5, 236.0, 136.2, 175.7, 
210.0; Es: m/e 332(M, 131, 219(50), 128(55), 117(92), 116(30), 115WlO), 91@8). Cakd. for 

~2~112~03: c, 79.50; E, 6.06. Faund: C, 79.43; H, 6.30. 

4+Ydrow3-(3-rn?nten-2-Yl)-5li-~2-one, 17: a.p. 

1608 cm-l; 

118-2Oc; IR(KRr): 3400-2400 &roed), 1701, 
lE-R#(CDCl,):d 1.3O(d, J 6.7 Hz, 381, 1.89&i, 3 1.3 and 4.0 Kz, 3@, 3.063.48(1x1, 

IZ), 4.41-4.75(m, 28), 5.38-5.96(m, 2111, 8.5@road 8, LH); 13C-@WXl3):d 17.7, 18.4, 31.0, 

67.5, 104.6, 124.9, 132.6, 173.6, 177.6; ELS: m/e 168& 111, 153(25), 135(47), 111(40),. lOl(lOO), 

9'j(63), 7g(38), 69(87), 68(29), 67(55), 53(21), 41(72). Calcd. for w203: c, 640~'; H* '-lg. 

paa: c, 64.41; H, 6.91. 

3,3_(M-~~2~1)-3a,~~2,~~, I.8 (mixture of i8anersl: oil; IR(fih): 1790, 1745, 

975 cm-l; I.H+R(CIXZ~~):~ 0.8-1.35(m, 6H), 1.4~1.83(m, @I, 2.30-2.95 (m, 281, 4.15-4.35(m. Ze), 

5.05-5.75 (m, 4H). lhie mixture ‘1588 h+ogewxted without further pud.fioatQn t0 the oxok~~~de 

29. 

3-(2+ckwxew1-y1)~5H-~2~, 19: m.p. 167-9C; INK&): 34OQ-24oob=l~, 17l4, 

1600 al-l; W(C~ICL~): d 1.46-2.O(m, 41i), 2.W2.3(m, ZR), 3.05-3.35(m, I.@, 4+57(% m), 5.7% 

6.29(m, ZH), 7.73(broad S# III); lX+WC5$JO): d 23.2, 25.61 28.2, 31.8, 67.8, 104.3, 128.61 

129.3, 174.9, 177.7. calcd. for Clfi203: C, 66.65; H, 6.n. hnd: C, 66.36; H, 7.06. 

3,3_(m-2~~1~1)-~,~~2,~~, 20: m.p. 88+X$ lR@Br): 1796, 1748 on-'; 1R- 

HB(CDQ~): d X.14-2.17(m, iai), 2.n-3s2fm, 210, 4.31-4.46(m, 2R), 5.17-6.06(m, 4H); 1X- 

N~B(CDIX~): d 21.5, 23, 24, 25, 38.5, 58, 73, 124, 132, 175, 211 (-st of * P@= m doQbl@, 

thuBindi~tingEba~ of mfe than one Feomer). cnlod. for c+2&: c, 73.82; H, 7.74. 

FouIYk c, 73.66; H, 7.64. 

3-wmam+3_ma~1-3&5~~2,4-dione~ 21: m.p. 93-4C; IB(KlhrI: 1796, 1749 em-l; lE-SEGOCl3): 

$ 1.38(s, 3ri), 2.7(d, J 7.2 Ifi, Za), 4.27, 4.48, 4.54 a& 4.75 fAB system, 2Z), t;.OZ(dt, J 7.2 and 

14.3 HZ, lir), 6.52(d, J 14.3 EZ, Ur), 7.29&, 5H); 13C-rHt(cDc13):d 19.0, 39.4, 48.8, 72.4, 121.1, 

126.3, 127.9, 128.5, 135.8, 136.2, 177.0, 209.8. Calcd. for ql%403: C, 73.Oj; H, 6.13. RN& C, 

72.%; II, 6.19. 

~l~-L(~l-~~l-~,58-2.4-dfan>~-~~~~~~l-2- 

mtetrs&+ofuran. 22: m.p. 18E+lC; XR(KBr): 3363, 1770, 1752 IX-'; mfm3+wm:: 
1.40(- s, ~a), 2.8 (m d, J E. 6.7 and 6.7 Hz, 4H), 4.39(d, J E. 10.8 a, m)s 4a66td, J EL??* 

10.8 a, IJI), 4.g(s, la), 5.7&6.86(m, 410, 7.2(6, 10~); PLS: m/e 460(& 2)~ 117(100), 115(27)* 

3-(2~~l~l)-~~l-~,ZB-haae2.lrdi*xu!, 23 QBixtwe of iaorers): oil; IB(filai): 

1800,175O an-l; IIH~B(~~I~): d 1.31(11, 3~1, X.35-2.2O(m, 6@,,2.45-2.806, I@, 4.52 (hPtf= 

doublet, imrer part of 811 AB Bystem, za), 5.3~5.65(m, la), 5,25-6.056m,. Uf); 13WWm31:d 

16.1 and 16.4, 21.4 and 21.7, 23.1, 24.1 and 24.6, 42.2, 50.6 epd 50.8, 72.4, 123.6 tmd 123.7, 
131.8 and 132.1, 176.8 209.7. 'J&h mixture was hydrogenated withmlt furthr pwification to w 

ambutanolide 30. 
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5-CkmaPpl-2,2~~l-l+lhxm-4*&d&me, 24: ar.p. lo%C (ut.= a.p. 1oesc); W=kk 17% 

1740 ail-l; IHS(QXJI~):~ 1.73(s, 3~0, l.f8(s, 3~1, 3.04Ud, J 3.2 md 6.7 Eb;, a0, 3.65(t, J 3.2 

k, nr), 6.23(dt, J 6.7 mxl 16.0 Ez, lE), 6.63(6, J 16.0 Ek, UB), 7.*7.46(% w); 1==(=3): 

d26.7, 28.3, 29.5, 46.5, 104.9, 124.1, 126.2, 127.5, 128.4, 134.4, 136.8, 164.9; 13s: c/a m(K 

lo), 158(33), 130(70), 129(W), X%(40), 115(35), 43(41). 

S.FM~l~3.31,~~,~~, 25: m.p. 131C; IR(KBr): 1765, 1735 an-'; lE 

m(m3): i 1.55(s, 6a), 2.97(d, J 7.3 HZ, 4H), 6.08(dt, J 7.3 and 16.0 &i za), 6.58(d, J 16.0 

a, 2~), 7.1&-7.41(m, lQ[); 13C+Wt(QlCl3): d 29.6, 41.9, 56.2;105.7, 121.7, 126.2, 127*8, 128.5, 

135.8, 136.2, 168.4; IS: m/e 302(30), 300(25), 290(27), zOS(loO), 155(23), 141(25), 129(42), 

128(60), n7(91), 91(64). wed. for +,&04: C, 76.57; H, 6.43. paad: C, 76.26; B, 6.37. 

4.4-M-(2-buten-l~l)-1.2~~l~~idCne-3.Fdiaae, 26 (qbture of tw iaats 88 dete&~& 

by m): oil; IB(filim): 1758, 1725 as-'; uElea(Can,):d 1.54(d, J 5.4 Hz, 381, 2.'Wd, J 5.9 Hz, 

2~), 5.085.87(m, Wr), 6.95-7.37(r, 1OIi); 13C-NW(CfXZ3):d 17.8, 38.4, 55.8, 122.8, 123.5, 126.6, 

128.8, 131.3, 136.0, 172.8. Calcd. for G&$?202: C, 76.64; Ii, 6.7l; N, 7.77. Forad: C, 76.61; H, 

6.97; N, 7.67. 

4-(2-~t~l~~)-4-(3-buten-2-pl)-l,2~~l~~lidirur3,Miooe, 27 &sure of two irsawn~ 88 

detexmiwd by GUI): oil; IR(film): 1755, 1721 CI-I; lH@(CCC13): d 1.2(d, J 7.2 Hz, 381, 1.53(d, 

J 6 &, Be), 2.49-2.97(m, 3E), 4.97-6.2l(m. 5K), 7.02-7.50(=, lC@; 13C-HEB(~3): 4 15.7, 17.8, 

37.6, 44.0, 57.6, 117.4, 122.6, 123.6, 126.5, 128.7, 131.3, 135.7, li7.4, 172.2, 172.5. Cahh for 

C23H24Nzo2: C, 76.64; R, 6.n; N, 7.77. Found: C, 76.93; h, 7.07; N, 7.46. 

4,4-m-(3autea-2-pll)-1.2-dipktlylwrazolidiae-3,~~, 28: oil; lHR(cDc13): d 1.19(d, J 6.6 

HZ, 6~), 2.66-3.ll(m, 2111, 4.97-5.33(r, 4~1, 5.72-6.26(m, 210, 7.03-7&b, l(XfI. Ilk m&.l mt 

available pre~~tedaryfvrtbw characterization. 

2-(2-cYclexlen-r-Yl~cycl~l.3-diQw?. 15. (mm 11). 

A mixture of ~dGibe)~ (0.160 g, 0.275 nu& and ~(~l~)e~ (0.223 g, 0.55 

mo~l)waepurgedwithargcx~The followingccqxxmdewexeaddedintb3 indicated ordar endvia 

q%iDge: antrpdnxle tolwne (15 E&I, s&O (1.008 g, 5.5 ma011 in 8&ydrwl to1uene (5' m&L) sod 2- 

cyclobx~~~-l-y1 ethyl carbonate (1.883 g, 11 nrnol). lbe abture was immrsed in cm oil bath at 90- 

95C wd ~88 stirred for 311 (GiiZ nnaitoring). The Bolventwaa evapxated ai%i the residue WBB 

chrcmetogra~ through a silica gel coluun. wenzyIcIewxetooe WIR ekted first (0.089 g, 69% 

recovered) gad product 15 USE eluted secaxi. 15: r.p. 138-9C; IB(KPx): 34OW200 (broad), 1563 cm' 

l; l&rw~(cDcl~): d 1.0&2.58(m, 12i0, 3.51-3.92(m, lE), 5.67-6.27(m, 28), 7.15(8, lH); UC- 

IW(CDC~~):~ 20.6, 21.5, 24.9, 28.2, 29.2, 30.4, 36.5, 118.2, 130.6, 132.3, 172.5, 197.4; IS: mle 

19204, 151, 91(23), 77(22), 55(27), 53(40), 43(x)), 42(65), 41(100). Calcd. for %fi602: C, 74.97; 

H, 8.39. Fouul: C, 74.66; H, 8.63. 

3.3-M-(2-1=ntvlEBSi-~22,irdime. 29 Wxtwe of iwxmre aa deter&~&by Qc), 

A mixture of 18 (0.185 g), abeolute ethanol (15 a&) and 5% IV-C (37.mgs) was ahdasd in a 

lq+ogena~unwtheabsortiQlof~eeased.~odrtuteaas filteredthrougb 

celite, aal the solvent ~ABB evaporated to afford 0.187 g (100% yfald) of 29: oil; IR(film): 1802, 

1749 cm-+ lE-IW(QKl3): d 0.7l-l.l4(m, 12E), 1.14-1.62(m, 810, 1.87-2.41(m, 210, 4.39(e, 2H); 

13C-Nb%t(CIX13):6 13, 14, 20, 23, 27, 33, 34, 36, 39, 59, 73, 176, 212 (eo~a of these peaks Bhaaed 

du&citythu#indicatingthe presence of isaners). Calcd. for f.$4E2403: C, 69.96; H, 10.06. Foun;l: 

C, 69.68; B, 10.15. 



7212 M. PRAr et al. 

It UM prepwed a8 above for 29. cmpomd 30: m,p. 83-4c; l.R(Xnr): 1787, 1748 4xr+I- 

HB(CDCl3): d l.O-1.3(n, 38), 1.3(e, 3I7), 1,4-Z.O(m, 8ii), 4.49 end 4.%(wntreI pert of tbs A8 

spa&q Za); 13Cd@R(CDCl3): d 17.0, 25.7, 26.1, 26.2, 27.1, 27.5, 44.5, 51.5, 72.7, 177.0, 211.0. 

Celal, for %$+603: C, 67.32; H, 8.22. Pomd: C, 66.62; B, 7.93. 
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