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Absbaet.- W(O)-Catalyzed allylatlon of five-membered amhdent heterocycles bexmg NH-CO and NH-C.9 motehes obey 

the regoselectwty rules N>o, S>N, NH-C-NH-CS 

INTRODUcTION 
The Pd(O)-catalyzed allylatlon of heterocychc systems beanng ambldent nucleophlles 1s a topic of 

mcreasmg interest Thus, regoselective N-9 allylation of purmes, at the lmldazole part of the molecule, 1s a key 
step m the preparation of carbanucleosldes l-7 Other ambldent heterocychc Smembered rmgs possessmg a 
tautomenc or mesomenc aromahc structure that have been allylated under Pd(0) catalysis include lmldazole,2~8 
mdole (C-3 allylahon under thermodynanuc control and N-allylahon under kmetlc control),9710 tetromc acids 

(C-allylation under thermodynanuc control), 11 and ascorbic acid (vttamm C) (C-allylation) 12 

On the other hand, sulfur nucleophlles are not popular m Pd(O)-catalyzed allylahon chemistry, possibly 
due to the belief that the pronounced thlophlhclty of palladium could poison the catalytic systems However, 
Trost and Scanlan have described a Pd(O)-catalyzed synthesis of ally1 sulfidesI and also two scattered 

examples of allylahons at sulfur under Pd14 and Nil5 catalysis have been reported 

RESULTS 
We have studied the Pd-catalyzed allylation of several 5membere.d heterocychc ambldent systems bearmg 

a nucleophlltc sulfur atom, 1 e 2-thloxothlazolldm-4-one (rhodamne), 2, thlobenzoxazolone, 3, 
thlobenzothlazolone, 4, thlobenzlmldazolone, 5, and 3(S)-mercapto-1,2,4tnazole, 7 Also, the related 1,2,4- 
tnazole, 6, 1s included m our study Cmnamyl ethyl carbonate, la, has been selected for most of our 
expenments for Its high regioselechvity 

Our results are collected m the table and m the scheme Rhodanme, 2, bears an amide and a thloanude 
group Its reaction with la affords only product 8, denved from allylatlon at the nitrogen atom (Run 1) 
Compounds 3-5 all possess the thloamlde group, and m all cases (Runs 2-4) sulfur 1s allylated to afford 

products 9, 11 and 12 When two equivalents of la are Introduced, as m run 5, the allylatlon occurs at sulfur 
and m one nitrogen atom (product 13) rather than at both mtrogen atoms (product 14) With no exception the 
regloselectlon rule 1s S>N 

We wanted to study 3(5)-mercapto- 1,2,4tnazole, 7, and before that we selected 1,2,4tnazole, 6, for 
prehmmary studies Tnazole 6 was efficiently allylated with several mixed ally1 ethyl carbonates, la-d, to 
afford compounds 15a-d (Runs 6-10) In all cases reactron took place at N-l as normally occurs under non 
metal catalyzed conventronal alkylatlon condltlons Mercaptotnazole 7, when treated with 1 5 eqmvalents of 
la, afforded 16 as the mam product (Run 11) The treatment of 7 with two equivalents of la produced a 
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mixture of compounds allylated at both S and N nucleophlhc centers, namely 17 and 18 Agam, a high 
regloselectwty favounng sulfur over mtrogen centers IS observed 

2 8 

.” /-f 
/ IJh 

9 (major) 1 0 (minor) 

1 3 (major) 14 (minor) 

a R = Ph-CH=CH-CH,- 

b 

u / 

C CH,=CH-CH,- 

d CH,=C(C&)-CH,- 
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Scheme For expenmental condltlons see table 

Table - Allylatlon of Compounds 27 with ally1 ethyl carbonates la-d 
Run 

1 

2-i 

(mmole) 
2( IO 0) 

1 
(mmole) 
la(l2 0) 

Pda 

@mole) 

A(0 5) 

THF 

WJ 
25 

temp time 

rt 16h 

li 16h 

It 16h 
Ii 16h 

rt 24h 

Reflux 1Sh 

Reflux %h 
Reflux 15h 
Reflux 3h 
Reflux 3h 

Reflux 3h 

2 3(7 0) la(7 0) B(0 35) 25 

3 W 0) la(7 0) B(0 35) 25 
4 5(7 0) la(7 0) B(0 35) 25 
5 5(7 0) la( 14 0) B(0 35) 25 

6 6( 14 2) la(28 4) A(0 7) 50 
7 6( I4 0) lb( 15 0) A(0 84) 45 
8 6(7 2) lb(7 7) B(0 38) 40 
9 6( 14 5) lc(l66) B(0 72) 45 
10 6(7 2) ld(8 9) B(0 36) 30 
I1 7(9 9) la( 15 0) B(0 46) 25 

12 714 9) la(l1 0) B(O25) 30 

a A Pd(acachlPPh3 (1 4), B Pd(PPh314 

Reflux 3h 

Product 

(%I 
W63) 

9(76), 
l@(3) 
ll(52) 
12(36) 

13(52), 
14(7) 
15a(47) 
15b(22) 
15b(78) 
15c(81) 
15d(86) 

16(36), 
17(20), 
18( 18) 

17(47), 
lS(34) 

Allylahon 

N>O 
NHCO > NHCS 

S>N 

S>N 
S>N 
S>N 

N-l > N-4 
N-l > N-4 
N-l > N-4 

N-l > N-4 
N-l > N4 
S > N, 
N-l = N-2 

N-l = N-2 

Sulfide 12 was recovered after refluxmg for 48 h m THF m the presence of Pd(PPh3)4 More 

mterestmg, the N-cmnamylthloamlde 14 was also recovered after the same treatment These facts suggest that 
the major reachv~ty of S over N nucleophrhc centers IS kmetlcally controlled 
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All N-cmnamyl denvahves present a doublet at d 4 8-5 2, whereas S-cumamyl denvatives exhlblt the 
doublet at 3 94 2 Furthermore, the signals for the S-cH2 appear m 13C-NMR at 34-36 whereas those for N- 
cH2 appear above 45 Assignments of structures when regolsomen based on two tiferent nitrogen atoms are 

possible, were made on the basis of the 13C-NMR spectra with the program Selective Dlstorslonless 
Enhancement by Polanzatton Transfer (SDEPT) developed by Stichez-Ferrando and coworkers m our 
Department 16As an example, by selective pulsing of the S- and the N- methylene protons of compound 17 
only the coupled C-5 carbon atom (apart from the cumamyl oletimc carbon atoms) showed its signal enhanced 
by polanzatlon transfer (SDEPT effect) Also, by pulsing of the N-CH2 protons of compound 18 only the 

coupled C-5 showed positive SDm effect Should the lsomenc structure 19 have been the real one, SDEPT 
effect for signals due to both nng carbon atoms would have been observed A similar techmque (Selective 

INEPT) has been recently reported 17 

FINAL REMARCK 
When this work was already fimshed Prof Denrs Smou mformed us that he and his coworkers had 

obtamed results smnlar to those here described We are indebted to hrn for thus commumcahon 20 

E!mERIMENTAL 
3-Cmnamvl-2-thloxothlazohdm4one. 8 (Run 1) (General mocedurel A degassed solution of Pd(acac)2 

(0 152 g, 0 5 mmole), tnphenylphosphme (0 525 g, 2 0 mmole) and cmnamyl ethyl carbonate, la, (2 475 g, 
12 0 mmole) m anhydrous THF (10 mL) was poured under argon mto a degassed solution of 2- 
thloxothlazohdm4one (1332 g, 10 0 mole) A yellow solid was formed The nuxture was stirred for 16 h and 
the solid filtered off m p 229-230C (d ), IR(KBr) 1714 cm-1 Anal Calcd for C42H34N202P2PdS4 = 

((C3H2NOS2)2Pd(P(CgH5)3)2) C, 56.34; H, 3 83, N, 3 13, S, 14 32 Found C, 56 28, H, 3.78, N, 3 20, 

S, 14 32 The filtrate was evaporated and the residue was chromatographed through a column of silica-gel to 
afford 8 (1 571 g, 63%), m p 90-1C (dlethyl ether), IR(KBr) 1726 cm-l; lH-NMR (CDC13) 4 00 (s, 2H), 

4 76 (d, J = 6 5 Hz, 2H), 6 18 (dt, J = 16 3 and 6 5 Hz, lH), 6 74 (d, J = 16 3, lH), 7 34 (m, 5H), 13C- 
NMR (CDCl3) 352,459, 1204, 1263, 1279, 128.3, 1352, 1358, 173 2,2005, MS(m/e) 249(M, 11), 

158(100), 115(68), 91(21) && Calcd for C12HllNOS2 C, 57 80, H, 445, N, 562, S, 2572 Found C, 

5758, H, 437, N, 563, S, 2563 
2-(Cmnamvltluo)benzoxazole, 9, and 3-cmnamvlthrobenzoxazolone. 10 (Run 2) These compounds were 
obtained as for 8 After tiltratlon of a Pd complex, the solution was evaporated and the residue 
chromatographed to afford 9 011 contammated with a carbonyl contiumng lmpunty, lH-NMR(CDC13) 4 12 

(d, J = 66 Hz, 2H), 635 (dt, J = 154 and 66 Hz, lH), 675 (d, J = 154 Hz, lH), 7 l-78 (m, 9H), 13C- 
NMR (CDC13) 347, 109 7, 1183, 123 1, 123 7, 124 1, 126 3, 1277, 1284, 134 2, 136 2, 1419, 1518, 

164 2, MS(m/e) 267(M, 15), 117( lOO), 115(m), 10: m p 134-6C, lH-NMR (CDCl3) 5 02 (d, J = 6 1 Hz, 
2H), 6 28 (dt J = 15 7 and 6 1 Hz, lH), 6 72 (d, J = 15 7 Hz, lH), 7 l-7 9 (m, 5H), 13C-NMR (CDCl3) 

47 8, 109 6, 110 3, 120 3, 124 2, 124 8, 128 2, 128 5, 131 5, 132 3, 134 7, 135 5, 147.0, 180 7, MS(m/e) 
267(M, 16), 176(30), 117( 100). 115(50), 91( 17) &! Calcd for Cl6Hl3NOS C, 7188, H, 4 90, N, 5 24, 

S,l199 Found C,7127,H,495,N,527,S,ll28 
2-(Cmnamvltho)benzothlazole. 11 (Run 3) This compound was obtained as for 8 A solid, probably bls(2- 
mercaptobenzot~azole-2-th~olate)b~s(tnplad~um(II), m p 230-1C (ht l8 m p 248C) was 
separated by digestion m hchloromethane and filtered off The solution was evaporated to afford 11 , m p 60-l 
C (dlethyl ether-pentane), lH-NMR (CDC13) 4 11 (d, J = 6 8 Hz, 2H), 6 27 (dt, J = 15 7 and 6 8 Hz, lH), 
6 64 (d, J = 15 7 Hz, lH), 7 10-7 90 (m, 9H), 13C-NMR (CDCl3) 35 9, 120 8, 1214, 123 4, 124 1, 

125 9, 126 3, 127 7, 128 4, 134 1, 135 2, 136 2, 153 1, 166 0, MS(mle) 283(M, 40), 117(100), 115(45), 
91(14) && Calcd for Cl6Hl3NS2 C, 6781, H, 462, N, 492, S, 2263 Found C, 6707, H,465, N, 

528, S, 23 11 
2-(Cmnamvlthlo)benzlmldazole. 12 (Run 4) This compound was obtamed as for 8 No precipitate was 
observed The solvent was evaporated and the residue digested m chloroform to give msoluble 



Pd(O)-Catalyzed allylatlon of 5-membered ambldent heterocycles 1469 

thlobenumldazolone, 5, (0 275 g, 26% recovery) 
soluhon and had m p 1767C (Lit 19 

Compound 12 prec~pltated by concentratmg the chloroform 
m p. 172-3C); lH-NMR (dg_acetone) 4.13 (d, J = 5 9 Hz, 2H), 6 41 

(dt, J = 148 and 5.9 Hz, lH), 6.70 (d, J = 148 Hz, lH), 700-7 52 (m, 9H), 1137 (broad s, lH), 13C- 
NMR (d6-acetone) 36.3, 1149. 123 4, 125.2, 1273, 1287, 129.5, 137 9, 150.9; MS(m/e) 266(M, 27), 

175(23), 117(100), 115(57) The residual chloroform solution was evaporated and the residue was 

chromatographed More 12 and mmor amounts of a N-annamyl denvahve (6 = 5 03) were detected 

1-Cmnamvl-2-(cumamvlthio~benzmudazole. 13. and 13~cmnamvlthlobennrmdazolone. 14 (Run 5) These 

compounds were prepared as for 12 No preapltate was observed m the reachon medmm. The reachon solvent 
was evaporated and the readue was chromatograpbed through a nhca-gel column to afford 14 m p 162-3C 
(ethyl acetate-hexane), lH-NMR (CDCl3) 5 19 (d, J = 5 2 Hz, 4H), 6.32 (dt, J = 13 9 and 5.2 Hz, 2H), 6 65 

(d, J = 13 9 Hz, 2H), 7 10-730 (m, 14H), 13C-NMR (CDCl3) 470, 109,4, 1225, 1229, 1264, 1278, 
1284, 1319, 133 5, 136 0, 169 0; MS(m/e) 382(M, ll), 117(W), 115(100). m Calcd for C25H22N2S 

C, 7849, H, 580, N, 732, S, 838 Found C, 7841; H, 575, N, 731, S, 807, 13 mp 90-1C (ethyl 
acetate-hexane), IH-NMR (CDCl3) 4 22 (d, J = 7 3 Hz, 2H), 4 87 (d, J = 6 1 Hz, 2H), 6 21 (dt, J = 15 9 

and 6 1 Hz, IH), 6 38 (dt, J = 15 9 and 7 3 Hz, lH), 6 46 (d, J = 15 9 Hz, lH), 6 63 (d, J = 15 9 Hz, lH), 
7 10-7 30 (m, 13H), 766 (d, J = 9 1 Hz, lH), 13C-NMR (CDC13) 35 5,45 8, 109 0, 118 3, 1219, 122 0, 

122 6, 1240, 1263, 1276, 1279, 1284, 1329, 133 7, 1357, 1359, 1363, 143 5, 151 0, MS(m/e) 
382(M, 1 l), 291(32), 117(92), 115(100), 91(50) &@. calcd for C25H22N2S C, 78 50, H, 5 80, N, 7.32 

Found C, 77 51, H, 5 79, N, 7 00; and a Pd complex of unknown structure 
1-Cmnamvl- 1.2,~tnazole. 15a (Run 6) A solution of Pd(acach (0 22 g, 0 7 mmole) and tnphenylphosphme 

(0 75 g, 2 8 mmole) m anhydrous THF (20 mL) was added under stlmng and m an argon atmosphere over a 
solution of 1,2,4-tnazole (1 0 g, 14 2 mmole) In anhydrous THF (20 mL). To this solution cmnamyl ethyl 
carbonate, la, (5 85 g, 28 4 mmole) m anhydrous THF (10 mL) was finally added The nuxture was refluxed 

for 15 h The solvent was evaporated and the residue was chromatographed through a sdwa-gel column to 
afford a mixture of tnphenylphosphme and 3,3-dlcmnamyipentane-2,4dlone and a mixture of 15a and 
tnphenylphosphme oxide (2 8 g) To the last mixture contammg 15a, a solution of 75 8% wet 
naphthalenedlsulfomc acid (2 88 g, 7 6 mmole) m ethanol was added After keeping m the refngerator a salt 

(2 2 g, 47 %) of stolchlometry 1,SNDSA 15a = 1 2 preclpltated and it was filtered off m p 230-3C, lH- 
NMR (d6-DMSO) 5 12 (d, J = 5.0 Hz, 4H), 644 (dt, J = 160 and 50 Hz, 2H), 675 (d, J = 16 0 Hz, 2H), 

7 287 45 (m, 12H), 8 00 (d, J = 7 5 Hz, 2H), 8 50 (s, 2H), 8 91 (d, J = 8 5 Hz, 2H), 9 25 (s, 2H) The salt 
was partltloned with aqueous sodmm hydrogen carbonate and dlchloromethane The orgamc layer was washed 
with water, dned and evaporated to afford 15a, m p 58-6OC, lH-NMR (CDC13) 5 03 (d, J = 5 0 Hz, 2H), 

6 39 (dt, J = 16 0 and 5 0 Hz, lH), 6 61 (d, J = 16 0 Hz, lH), 7 25-7 50 (m, 5H), 8.03 (s, lH), 8 19 (s, 
IH) Anal Calcd for Cl lH1 lN3 C, 7133, H, 5 98, N, 22 68 Found C, 7156, H, 6 03, N, 22 67 

I-(2-Cvclohexen-1-vl)-1,2,4tnazole, lsb (Run 8) This compound was prepared as for 15a The reactlon 
solvent was evaporated and a solution of 78 5% wet naphthalene-1,5dlsulfomc acid (1 91 g, 5 0 mmole) In 

ethanol (10 mL) was directly added to the residue The salt (1 65 g, 78%) (1,5-NDSA 15b = 1 2) preclpltated 
and was filtered off m p 182X; lH-NMR (Q-DMSO) 147-2 25 (m, 12H), 4 96-5 28 (m, 2H), 5 62-6 25 

(m,4H),734(d,J=70Hz,lH),746(d,J=70Hz,lH),793(dd,J=70and13Hz,2H),841(s, 
2H), 8 87 (dd, J = 7 0 and 13 Hz, 2H), 9 06 (s, 2H) Anal Calcd for C26H30N606S2 C, 53 23, H, 5 15, 
N, 1432 Found C, 53 07, H, 509, N, 14 17 Free 15b, oil, IH-NMR (CDCl3) 147-231 (m. 6H), 480- 

5 90 (m, lH), 570-S 91 (m, lH), 6.06-6 28 (m, lH), 794 (s, lH), 8 12 (s, 1H) 
1-Allvl-1.2.4tnazole. 15~ (Run 9) This compound was prepared as for 15b Naphthalene-1,9dlsulfonate of 
15~ (1 2 stolchlometry)_ m p 189-192C, lH-NMR (&-DMSO) 491 (d, J = 50 Hz, 4H), 5 09-537 (m, 

4H), 5 81-6 44 (m, 2H), 7 42 (dd, J = 7.0 and 7 OHz, 2H), 7 % (dd, J = 7 0 and 13 Hz, 2H), 8 37 (s, 2H), 
8 87 (dd, J = 7 0 and 13 Hz, 2H), 9 03 (s, 2H) Anal Calcd for C2OH22N606S2 C, 47 42, H, 4 38, N, 
16 59 Found C, 47 20, H, 4 29, N, 16 25 Free 15c, 011, lH-NMR (CDC13) 4 69 (d, J = 5 0 Hz, 2H), 

503-534 (m, 2H), 569-6 17 (m, lH), 784 (s, IH), 7 97 (s, 1H) 
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1-(2-Methvlallvl)-1.2.4tnazole. 15d (Run 10) This compound was prepared as for 15b Naphthalene-1,5 
&sulfonate of lsd (12 sto1chlometry) 199-m. lH-NMR (Q-DMSO) 166 (s, 6H), 4 76(s, 2H), 4 84 (s, 
4H), 5 00 (s, 2H), 7 43 (dd J = 7 0 and 7.0, Hz, 2H), 7 97 (dd, J = 7 0 and 1.3 Hz, W), 8 37 (s, 2H), 8 87 
(dd J = 7 0 and 1.3 Hz, 2H), 9 03 (s, 2H) &&I Calcd for C22H26N606S2 C, 49 43, H, 4 90, N, 15 72 
Found C, 49 11, H, 483, N, 1561 Free l&i, 011, lH-NMR (CDC13) 1.59 (s, 3H), 461 (s, 2H), 475 (s, 
lH), 4 91 (s, lH), 7 84 (s, lH), 7 97 (s, 1H) 
3(S)-(CmnamvlQuo)- 1.2.4tnazole. 16. l-c1mmmvl-5-(cmnamvltio~-l.2.4-tnazole. 17. and 1-cmnamvl-3- 
(clnnamvlthro)-1.2.4tnazole. 18 (Run 11) Compounds 16-18 were prepared as for Mb. The reaction 
solvent was evaporated and the residue chromatographed through a column of s111ca gel to afford, 1n elutlon 
order 17: m.p. 53X (dlethyl ether), lH-NMR (CDCl3) 4 00 (d, J = 7 3 Hz, 2H), ,4.83 (d, J = 6 1 Hz, 
2H), 6 19 (dt, J = 15 9 and 6 1 Hz, lH), 6.26 (dt, J = 15 9 and 7 3 Hz, lH), 6 51 (two d, J = 159 Hz, 2H), 
7 20-738 (m, IOH), 793 (s, lH), 13C-NMR (CDC13) 36.3, 50.6, 121 9, 123 4, 126.3, 126.5, 127 7, 
1280, 1284, 133 8, 134 1, 135 5, 1360, 150 9, 1514 & Calcd for C2OHlgN3S. C, 72 04, H, 5 74, 
N, 12 60 Found C, 72 09; H,571, N, 12X0,18 m p 83X (diethy ether), lH-NMR (CDC13) 3 90 (d, J 
= 7 3 Hz, 2H), 4 84 (d, J = 6 7 Hz, 2H), 6 26 (dt, J = 15 9 and 6.7 Hz, lH), 6.29 (dt, J = 15 9 and 7.3 Hz, 
lH), 653 (d, J = 15 9 Hz, lH), 659 (d, J = 159 Hz, lH), 7 14-732 (m lOH), 803 (s, lH), 13C-NMR 
(CDC13). 345, 51 7, 1216, 1247, 1262, 1265, 1273, 1282, 1283, 128.5, 1328, 1349, 135.3, 1364, 
143 5, 160 1 && Calcd for C2OH19N3S C, 72 04, H, 5 74, N, 12.60 Found C, 72.00, H, 5 72, N, 
12 69, 16 m p 124-5C, IR(KBr) 31142715 (broad) cm- l, lH-NMR (d4-Methanol) 3 88 (d, J = 6 3 Hz, 
2H), 6 23 (dt, J = 16.3 and 6 3 Hz, lH), 6 52 (d, J = 16 3 Hz, lH), 7 13-7 38 (m, 5I-Q 8 25 (s, lH), 13C- 
NMR (Q-DMSO). 34 0, 125 2, 126 1,127 5,128.4, 1323, 136 2. Anal Calcd. for Cl lH1 lN3S C, 60 80, 
H, 5 10, N, 19.34. Found C, 60 72, H, 5 03, N, 19 25 
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