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Abstract.- Pd(0)-Catalyzed allylation of five-membered ambident heterocycles beanng NH-CO and NH-CS moieties obey
the regioselectivity rules N>O, S>N, NH-CO>NH-CS

INTRODUCTION

The Pd(0)-catalyzed allylation of heterocyclic systems bearing ambident nucleophiles 1s a topic of
increasing interest Thus, regioselective N-9 allylation of purines, at the imidazole part of the molecule, 1s a key
step 1n the preparation of carbanucleosides 1-7 Other ambident heterocyclic 5-membered rings possessing a
tautomeric or mesomeric aromatic structure that have been allylated under Pd(0) catalysis include imidazole,2.8
indole (C-3 allylation under thermodynamic control and N-allylation under kinetic control),%10 tetronic acids
(C-allylation under thermodynamic control),11 and ascorbic acid (vitamin C) (C-allylation) 12

On the other hand, sulfur nucleophiles are not popular 1n Pd(0)-catalyzed allylation chemistry, possibly
due to the belief that the pronounced thiophilicity of palladium could poison the catalytic systems However,
Trost and Scanlan have described a Pd(0)-catalyzed synthesis of allyl sulfides!3 and also two scattered
examples of allylations at sulfur under Pdl4 and Ni15 catalysis have been reported

RESULTS

We have studied the Pd-catalyzed allylation of several 5-membered heterocyclic ambident systems bearing
a nucleophilic sulfur atom, 1e 2-thioxothiazolidin-4-one (rhodanine), 2, thiobenzoxazolone, 3,
thiobenzothiazolone, 4, thiobenzimidazolone, 5, and 3(5)-mercapto-1,2,4-triazole, 7 Also, the related 1,2,4-
triazole, 6, 1s included 1n our study Cinnamyl ethyl carbonate, 1a, has been selected for most of our
experiments for its high regioselectivity

Our results are collected 1n the table and in the scheme Rhodanine, 2, bears an amide and a thioamuide
group Its reaction with 1a affords only product 8, derived from allylation at the nitrogen atom (Run 1)
Compounds 3-5 all possess the thioamde group, and 1n all cases (Runs 2-4) sulfur 1s allylated to afford
products 9, 11 and 12 When two equvalents of 1a are introduced, as 1n run 5, the allylation occurs at sulfur
and 1n one mtrogen atom (product 13) rather than at both mtrogen atoms (product 14) With no exception the
regioselection rule is S>N

We wanted to study 3(5)-mercapto-1,2,4-tnazole, 7, and before that we selected 1,2,4-tnazole, 6, for
preliminary studies Tnazole 6 was efficiently allylated with several mixed allyl ethyl carbonates, 1a-d, to
afford compounds 15a-d (Runs 6-10) In all cases reaction took place at N-1 as normally occurs under non
metal catalyzed conventional alkylation conditions Mercaptotnazole 7, when treated with 1 5 equivalents of
1a, afforded 16 as the main product (Run 11) The treatment of 7 with two equvalents of 1a produced a
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muxture of compounds allylated at both S and N nucleophilic centers, namely 17 and 18 Again, a ugh
regioselectivity favouring sulfur over nitrogen centers 1s observed
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Table - Allylation of Compounds 2-7 with allyl ethy! carbonates 1a-d
1 Pda THF temp tme  Product Allylation
(mmole} (mmole} (mL) (%)
1a(i20) A(05) 25 n 16h  8(63) N>O
NHCO > NHCS
1a(70) B(035y 25 t i6h  9(76), S>N
16(3)
1a(70) B(035) 25 rt 16h 11(52) S>N
1a(70) B(035) 25 it 16h 12(36) S§>N
1a(140) B(035) 25 1t 24h  13(52), S>N
14(7)
1a(284) A(07) 50 Reflux 15h 15a(47) N-1>N-+4
1b(150) A(084) 45 Reflux 96k  15b(22) N-1>N4
1b(77) B(038) 40 Reflux 15h 15b(78) N-1> N4
1e(16 6) B(072) 45 Reflux 3h 15¢(81) N-1>N+4
1d(89) B(036) 30 Reflux 3h 15d(8¢) N-1>N4
1a(i150) B(046) 25 Reflux 3h 16(36), S>N,
17(20), N-1=N-2
18(18)
1a(110) B(025) 30 Reflux 3h 17(47), N-1 =N-2
18(34)

a A Pd(acac)2/PPh3 (1 4), B Pd(PPh3)4

Sulfide 12 was recovered after refluxing for 48 h in THF 1n the presence of Pd(PPh3)4 More

interesting, the N-cinnamylthioamide 14 was also recovered after the same treatment These facts suggest that
the major reactivity of S over N nucleophilic centers 1s kinetically controlled
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All N-cinnamyl derivatives present a doublet at d 4 8-5 2, whereas S-cinnamyl denvatives exibit the
doublet at 3 9-4 2 Furthermore, the signals for the S-CH? appear 1n 13C-NMR at 34-36 whereas those for N-
CHp appear above 45 Assignments of structures when regioisomers based on two different mtrogen atoms are
possible, were made on the basis of the 13C-NMR spectra with the program Selective Distorsionless
Enhancement by Polarization Transfer (SDEPT) developed by Sadnchez-Ferrando and coworkers in our
Department 16 As 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 cinnamyl olefimc carbon atoms) showed 1ts signal enhanced
by polanzation transfer (SDEPT effect) Also, by pulsing of the N-CH2 protons of compound 18 only the
coupled C-5 showed positive SDEPT effect Should the isomeric structure 19 have been the real one, SDEPT
effect for signals due to both nng carbon atoms would have been observed A similar technique (Selective
INEPT) has been recently reported 17

FINAL REMARCK
When this work was already fimished Prof Denis Sinou informed us that he and lus coworkers had
obtained results simlar to those here described We are indebted to am for this commumnication 20

EXPERIMENTAL

3-Cinnamyl-2-thioxothiazolidin-4-one, 8 (Run 1) (General procedure) A degassed solution of Pd(acac)2
(0 152 g, 0 5 mmole), tiphenylphosphine (0 525 g, 2 0 mmole) and cinnamyl ethyl carbonate, 1a, (2475 g,
12 0 mmole) in anhydrous THF (10 mL) was poured under argon into a degassed solution of 2-
thioxothiazolidin-4-one (1 332 g, 10 0 mole) A yellow solid was formed The mixture was stirred for 16 h and
the solid filtered off m p 229-230C (d ), IR(KKBr) 1714 cm~! Anal Calcd for C42H34N202P2PdS4 =

((C3H2NOS2)2Pd(P(CeH5)3)2) C, 56.34; H,383, N, 3 13, S, 1432 Found C, 5628, H, 3.78, N, 3 20,

S, 1432 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 (diethyl ether), IR(KBr)- 1726 em-1; 1H-NMR (CDCI3) 400 (s, 2H),
476 (d, J =65 Hz, 2H), 6 18 (dt, J = 16 3 and 6 5 Hz, 1H), 6 74 (d, J = 16 3, 1H), 7 34 (m, 5H), 13C-
NMR (CDCI3) 352,459, 1204, 1263, 1279, 1283, 1352, 1358, 173 2, 200 5, MS(m/e) 249(M, 11),
158(100), 115(68), 91(21) Anal Caled for C12H1iNOS2 C, 5780, H,445,N, 562, S, 2572 Found C,
5758,H,437,N, 563, S, 2563

2-(Cinnamylthio)benzoxazole, 9, and 3-cinnamylthiobenzoxazolone, 10 (Run 2) These compounds were
obtained as for 8 After filtration of a Pd complex, the solution was evaporated and the residue
chromatographed to afford 9 o1l contaminated with a carbonyl contaiming impunty, 1H-NMR(CDCI3) 4 12
(d,J =66 Hz, 2H), 635 (dt, ] = 154 and 6 6 Hz, 1H), 6 75 (d, J = 154 Hz, 1H), 7 1-7 8 (m, 9H), 13C-
NMR (CDCI3) 347,1097,1183,1231, 1237, 124 1, 1263, 1277, 1284, 1342, 136 2, 141 9, 151 8,
164 2, MS(m/e) 267(M, 15), 117(100), 115(40), 10: m p 134-6C, 1H-NMR (CDCI3) 502(d,J =61 Hz,
2H), 628 (dt J = 157 and 6 1 Hz, 1H), 672 (d, J = 157 Hz, 1H), 7 1-79 (m, 5H), 13C-NMR (CDCl3)

478, 1096, 1103, 1203, 1242, 1248, 128 2, 128 5, 131 5, 1323, 1347, 135 5, 147.0, 180 7, MS(m/e)

267(M, 16), 176(30), 117(100), 115(50), 91(17) Anal Calcd for C1gH13NOS C, 7188, H, 490, N, 5 24,
S, 1199 Found C,7127,H,495N,527, S, 1128

2-(Cinnamylthio)benzothiazole, 11 (Run 3) This compound was obtained as for 8 A solid, probably bis(2-
mercaptobenzothiazole-2-thiolate)bis(triphenylphosphine)palladium(Il), m p 230-1C (Lit 8 m p 248C) was
separated by digestion 1n dichloromethane and filtered off The solution was evaporated to afford 11 , m p 60-1
C (dhethyl ether-pentane), 1H-NMR (CDCI3) 411 (d, J = 6 8 Hz, 2H), 6 27 (dt, J = 157 and 6 8 Hz, 1H),
664 (d, J = 157 Hz, 1H), 7 10790 (m, 9H), 13C-NMR (CDCI3) 359, 1208, 1214, 123 4, 124 1,
1259, 1263, 1277, 1284, 1341, 1352, 136 2, 153 1, 166 0, MS(in/e) 283(M, 40), 117(100), 115(45),
91(14) Anal Caled for CjgH]13NS2 C, 6781, H, 462, N, 492, §, 2263 Found C, 6707, H, 465, N,
528, 85,2311

2-(Cinnamylthio)benzimidazole, 12 (Run 4) This compound was obtained as for 8 No precipitate was

observed The solvent was evaporated and the residue digested in chloroform to give insoluble
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thiobenzimidazolone, §, (0 275 g, 26% recovery) Compound 12 precipitated by concentrating the chloroform
solution and had m p 176-7C (Lit 19 m p. 172-3C); 1H-NMR (dg-acetone) 4.13 (d, J = 59 Hz, 2H), 6 41
(dt, ] = 148 and 5.9 Hz, 1H), 6.70 (d, J = 14 8 Hz, 1H), 7 00-7 52 (m, 9H), 11 37 (broad s, 1H), 13C-
NMR (de-acetone) 36.3, 1149, 123 4, 125.2, 1273, 1287, 129.5, 1379, 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 minor amounts of a N-cinnamyl denvative (8 = 5 03) were detected
1-Cinnamyl-2-(cinnamylthio)benzimidazole, 13, and 1,3-dicinnamylthiobenzimidazolone, 14 (Run 5) These
compounds were prepared as for 12 No precipitate was observed n the reaction medium. The reaction solvent
was evaporated and the residue was chromatographed through a silica-gel column to afford 14 mp 162-3C
(ethyl acetate-hexane), IH-NMR (CDCI3) 519 (d, J = 52 Hz, 4H), 632 (dt, J = 13 9 and 5.2 Hz, 2H), 6 65
(d, J = 139 Hz, 2H), 7 10-7 30 (m, 14H), 13C-NMR (CDCI3) 470, 1094, 1225, 1229, 126 4, 1278,
1284, 1319, 133 5, 136 0, 169 0; MS(m/e) 382(M, 11), 117(94), 115(100). Anal Caled for C25H22N2S
C,7849, H, 580, N, 732, S,838 Found C, 7841; H, 575, N, 731, §,807, 13 mp 90-1C (ethyl
acetate-hexane), 1H-NMR (CDCI3) 422 (d,J =73 Hz, 2H),487(d,J =61 Hz,2H), 621 (dt, ) = 159
and 6 1 Hz, 1H), 638 (dt, J = 159 and 73 Hz, 1H), 646 (d, J = 159 Hz, 1H), 6 63 (d, J = 159 Hz, 1H),
7 10-7 30 (m, 13H), 766 (d, ] =9 1 Hz, 1H), 13C-NMR (CDCI3) 355,458, 1090, 1183, 1219, 1220,
1226, 1240, 1263, 1276, 1279, 1284, 1329, 1337, 1357, 1359, 1363, 143 5, 151 0, MS(m/e)
382(M, 11), 291(32), 117(92), 115(100), 91(50) Anal. calcd for C25H22N2S C, 78 50, H, 580, N, 7.32
Found C,7751,H,579, N, 7 00; and a Pd complex of unknown structure

1-Cinnamyl-1.2 4-tnazole, 15a (Run 6) A solution of Pd(acac) (0 22 g, 0 7 mmole) and tnphenylphosphine
(075 g, 2 8 mmole) in anhydrous THF (20 mL) was added under stirnng and 1n an argon atmosphere over a
solution of 1,2,4-triazole (1 0 g, 14 2 mmole) 1n anhydrous THF (20 mL). To this solution cinnamyl ethyl
carbonate, 1a, (5 85 g, 28 4 mmole) 1n anhydrous THF (10 mL) was finally added The mixture was refluxed
for 15 h The solvent was evaporated and the residue was chromatographed through a stlica-gel column to
afford a mixture of triphenylphosphine and 3,3-dicinnamylpentane-2,4-dione and a mixture of 15a and
triphenylphosphine oxide (28 g) To the last mixture contamning 15a, a solution of 758% wet
naphthalenedisulfonic acid (2 88 g, 7 6 mmole) 1n ethanol was added After keeping 1n the refrigerator a salt
(22 g, 47 %) of stoichiometry 1,5-NDSA 15a = 1 2 precipitated and it was filtered off mp 230-3C, 1H-
NMR (dg-DMSO) 512 (d, J = 5.0 Hz, 4H), 6 44 (dt, J = 16 0 and 50 Hz, 2H), 6 75 (d, J = 16 0 Hz, 2H),
7 28-745 (m, 12H), 800 (d, J = 7 5 Hz, 2H), 8 50 (s, 2H), 891 (d, ] = 8 5 Hz, 2H), 9 25 (s, 2H) The salt
was partitioned with aqueous sodium hydrogen carbonate and dichloromethane The orgamic layer was washed
with water, dned and evaporated to afford 15a, m p 58-60C, 1H-NMR (CDCl3) 503 (d, J = 5 0 Hz, 2H),
639 (dt,J =160 and 50 Hz, 1H), 661 (d, J = 16 0 Hz, 1H), 7 25-7 50 (m, 5H), 8.03 (s, 1H), 8 19 (s,
IH) Anal Caled for Cy1H) N3 C, 7133, H, 598, N, 2268 Found C, 71 56, H, 6 03, N, 22 67
1-(2-Cyclohexen-1-yl)-1.2.4-triazole, 15b (Run 8) This compound was prepared as for 15a The reaction
solvent was evaporated and a solution of 78 5% wet naphthalene-1,5-disulfonic acid (1 91 g, SO mmole) 1n
ethanol (10 mL) was directly added to the residue The salt (1 65 g, 78%) (1,5-NDSA 15b =1 2) precipitated
and was filtered off m p 182-4C; 1H-NMR (dg-DMSQ) 1 47-2 25 (m, 12H), 4 96-5 28 (m, 2H), 5 62-6 25
(m, 4H), 734 (d, J =70 Hz, 1H), 746 (d, } = 70 Hz, 1H), 793 (dd, J = 70 and 1 3 Hz, 2H), 841 (s,
2H), 887 (dd, J = 70 and 1 3 Hz, 2H), 906 (s, 2H) Anal Caled for C26H30N606S2 C, 53 23, H, 5 15,
N, 1432 Found C, 5307, H, 509, N, 14 17 Free 15b, oil, 1H-NMR (CDCI3) 147-231 (m, 6H), 480-
590 (m, 1H), 570-591 (m, 1H), 6.06-6 28 (m, 1H), 794 (s, 1H), 8 12 (s, 1H)

1-Allyl-1,2.4 tnazole. 15¢ (Run 9 This compound was prepared as for 15b Naphthalene-1,5-disulfonate of
15¢ (1 2 stoichiometry) m p 189-192C, 1H-NMR (dg-DMSO) 491 (d, J = 50 Hz, 4H), 509-537 (m,
4H), 581-6 44 (m, 2H), 742 (dd, J = 7.0 and 7 OHz, 2H), 796 (dd, J = 70 and 1 3 Hz, 2H), 8 37 (s, 2H),
887(dd, J =70and 13 Hz, 2H), 9 03 (s, 2H) Anal Calcd for CooH22N606S2 C, 4742, H, 438, N,
16 59 Found C, 4720, H, 429, N, 16 25 Free 15c, o1l, 1H-NMR (CDCI3) 469 (d, J = 50 Hz, 2H),
503-534 (m, 2H), 569-6 17 (m, 1H), 784 (s, 1H), 797 (s, 1H)
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1-(2-Methylallyl)-1.2.4-tnazole, 15d (Run 10) This compound was prepared as for 15b Naphthalene-1,5-
disulfonate of 18d (1 2 stoichiometry) 199-202C, 1H-NMR (dg-DMSO) 1 66 (s, 6H), 4 76(s, 2H), 4 84 (s,
4H), 500 (s, 2H), 743 (dd J = 70 and 7.0, Hz, 2H), 797 (dd, J = 70 and 1.3 Hz, 2H), 837 (s, 2H), 8 87
(dd J =70 and 1.3 Hz, 2H), 903 (s, 2H) Anpal Calcd for C2o2H26N606S2 C,4943, H, 490, N, 1572
Found C, 4911, H, 483, N, 1561 Free 15d, oil, IH-NMR (CDCI3) 1.59 (s, 3H), 461 (s, 2H), 4 75 (s,
1H), 491 (s, 1H), 784 (s, 1H), 797 (s, 1H)
3(5)-(C 0)-1.2.4-tnazo - -5-(cinnamylthio)-1,.2. 4-tnazole, 17, and 1-c1 -3-
cinpamylthio)-1.2.4-tniazole, 18 (Run 11) Compounds 16-18 were prepared as for 18b. The reaction
solvent was evaporated and the residue chromatographed through a column of silica gel to afford, in elution
order 17: m.p. 53-5C (dtethyl ether), 1H-NMR (CDCI3) 400(d, J =73 Hz, 2H), ,4.83 (d,J =61 Hz,
2H), 6 19 (dt, J = 159 and 6 1 Hz, 1H), 6.26 (dt, ] = 159 and 73 Hz, 1H), 6 51 (two d, J = 159 Hz, 2H),
720-7 38 (m, 10H), 793 (s, 1H), 13C-NMR (CDCI3) 36.3, 50.6, 1219, 123 4, 126.3, 126.5, 127 7,
1280, 1284, 1338, 1341, 1355, 1360, 1509, 1514 Anal Calcd for C20H19N3S. C, 7204, H, 574,
N, 1260 Found C,7209; H,571, N, 12.60, 18 m p 83-5C (diethyl ether), IH-NMR (CDCI3) 390 (d,J
=73 Hz, 2H), 484 (d, ] = 6 7 Hz, 2H), 6 26 (dt, J = 159 and 6.7 Hz, 1H), 6.29 (dt, J = 159 and 7.3 Hz,
1H), 653 (d, J = 159 Hz, 1H), 659 (d, J = 159 Hz, 1H), 7 14-732 (m 10H), 803 (s, 1H), 13C-NMR
(CDCI3). 345,517, 1216, 1247, 1262, 126 5, 1273, 128 2, 1283, 128.5, 1328, 1349, 1353, 1364,
143 5, 1601 Anal. Caled for CooH19N3S C, 7204, H, 574, N, 12.60 Found C, 72.00, H, 572, N,
1269, 16 mp 124-5C, IR(KBr) 3114-2715 (broad) cm-1, 1H-NMR (d4-Methanol) 3 88 (d, J = 6 3 Hz,
2H), 623 (dt, J = 16.3 and 63 Hz, 1H), 6 52 (d, J = 16 3 Hz, 1H), 7 13-7 38 (m, 5H), 8 25 (s, 1H), 13C-
NMR (dg-DMSO0). 340, 1252, 126 1, 127 5, 1284, 132.3, 136 2. Anai Calcd. for C11H{N3S C, 60 80,
H, 510, N, 19.34. Found C,6072, H,503, N, 1925
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