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Ah&n& Reaction of chiraf allylic and dienylic cyclic carbonates with various nucleophiles 
in the presence of (PPh,),Pd as a catalyst afforded Q-. y-. or s-substituted products with 
high regio-, (E)-stereo-, and diastereoselectivity depending on nucleophiles. 

Reaction of allytic compounds with various nucleophiles catalyzed by palladium complexes via 

n-allylpalladium complexes has been well established as an important synthetic method for C-C, C-N. 

C-O, and C-S bond formations in inter- and intramolecular reactions.’ Acyclic allylic carbonates were 

found to be valuable substrates for palladium-catalyzed nucleophilic substitution by Tsuji.’ Recently, we 

have reporu# neutral alkylation of soft carbon nucleophiles with chiral allylic cyclic carbonates catalyzed 

by (PPh,).Pd.3b We have explored palladium-catalyzed nucleophilic substitution of allylic and dienylic 

cyclic carbonates with carbon, oxygen, and sulfur nucleophiles. which resulted in high regio- and 

diastereoeelective substitution depending on nudeophiles. 

The results of the reactions of allylic and dienylic cyclic carbonates with nucleophiles are 

summarized in Table 1. The optically active cyclic carbonatel’mactedwithPhOHinthepresenceofEt.,N 

and sodium benzenesulfinate in refluxing THF for 1 h in the presence of (PPh,),Pd (5 md%) to give the 

(E’)-aflylic alcohols 4a and 4b. respectively, as a sole product (entries 1 and 2)” However, sodium 

thiophenoxide attacked proximal’ to oxygen atom with inversion to afford the rhtco-ghydroxy sulfide S6 

(entry 3) contrasting the regioselectivity associated with palladium-catal@ S-alkylation of acyclic 

carbonates.’ Presumably, in this particular system the substitution was proceeded by internal attack of 

thiophenoxide to carbon via n-allylpalladium complex with net inversions In our control experiment, only 

&protected did and the starting material 1 were isolated from the reaction of 1 with NaSPh (2 equiv) in 

THF at reflux for 1 h without Pd(O)-catalyst. Thus, the possible non-palladium substitution reaction was 

eliminated. It is also notable that the problem of catalytic poisoning with thiophenoxide was avoided in this 

system.’ For the (E)-dienylic cyclic carbonate 2’q dimethyl malonate under neutral conditions in the 

presence of (PPh,),Pd afforded y-alkylated product @ as a major product with high cliaskxeosektivity 

(- !B%) along with a minor &-alkylated compound in the ratio of 6 : 1 (entry 4). This is in contrast to the 

E-alkylation with dienylic acetate and sodium n&mate mpcnted by -1’ ‘*?urd Trost. u w(O)catalyzd 

substitution reaction of (E)dienylic cyclic carbonate 2 with PhOH in the presence of Et,N and NaSqPh 

provided complete regioselective introduction of these nucleophiles to s+osition to afford the (E. E)- 

dienylic alcohcds 7r and 7b (entries 5 and 6). The (E, E)dienylic ester 3~ with sodium thiophenoxide 

yielded # (entry 7). Rnally. reaction of 3b with dimethyl malonate afforded the adduct 96, which was 

introduced a quaternary center at y-position with high diastereoseleetivity (- 92%) (entry 8). The typical 
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procedure is as follows. To a stitred solution of the allylic cyclic carbonate 1 (258 mg. 1.10 mmol) in dry 

THP (4 mL) under nitrogen atmosphere was added sodiwn betuenesulfinate (388 mg. 2.20 mmol) and 

(PPh,).,Pd (63 mg, 5 mol%). After stirring for 10 min at teflux, the reaction mixture was cooled and THP 

was evaporated. The crude pmduct was purified by SiO* column chromatography (EtOAc/hexanes 1: 1, 

R, = 0.19) to afford 4b (290 mg, 80%). 

Table 1. Regicselective Palladium-Mediated Substitution of Allylic and Dienylic Cyclic CarhmWes. 

Ently substrate Nucleophile Product Yield(9b)b [al? in CHCls 

m 
1 BnOm 4 O+ phow(2) BnOm X 79 

lb 
4s x=oPh 

2 
1 

NaSO$h(2) 4b X=SO#h 80 

_OH 
3 1 NaSPh(2) 

4 BnOh “> OH 

O+ 
Cf$(CO#e)d 1) BnOm 85 

ZI 2 EH(C4Me)2 
6y-: e-=6: 1 

,oH 
5 2 phOH(2Y&N(2) BnOA 

7a x=0< 

X 83 

NaStWh(2) 

,6 BnO&%tMe NaSPh(2) 

3a R,iH 

BnOGlQMe z 

8Ph 
OH 

8 3b R, = Me Cf$(CO&e),(l) BnO 

sd Rt=Me 

-1.72 
(c 0.64) 

+2.03 
(c 0.74) 

-4.71 
(c 1.50) 

+I.74 
(c 0.35) 

+9.52 
(c 0.21) 

-10.27 
(c 0.19) 

-2.60 
(c 0.73) 

With (lFl&Pd (5 mol%). 7HF. tdlux, 1 h. The molar cquivalatta ate given in pmdmca. be yidda arc isdlllcd yiddr. 
Thedi~~harbrrnfamdtokllarlypafoct(>9996)judgsdby’HNMRspeccnrmcmdOC-MSmdydsdIhe 
aceme of 5. Tbc GLC imdyais wa pafoamed us@ Hewlett Packxd 5880 GC rystan (column: Hewlen Packard SE-54.0.2 
mm x 16 mm. oven temp.: 150+300 “C. cmia gas: N,. 1.0 mL /min. injcctim tv: 280 ‘C). Tile retahtion time of 
rbcnacatcdSwas7.95min. tidi mtcaxadcctivityof9waadctaminal -92%by’HNMRaudysiswithEu(hfc),md 
cqiUaryGLCm1dysisdtheaatatcaf9. 

To establish the relative stereochemistry of the newly introduced C-S bonds in 5 and 8, the 

p-hydroxy sulfides 5 and 8 were converted’* to the corresponding vinyl rrans-epoxides 10” and 1 16, 

respectively, by treating with trimethyloxonium tetrafluorohotate followed by 10% aquous NaOH. The 

rrmepoxides were inferred from ‘H NMR (200 MHz) coupling constants of the two vicinal protons of 

the epoxides.‘“Ahernatively, the epoxide 10 was returned to the fhreo compound 5 by the reaction’6 with 

PhSH (Scheme 1). 
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[also = - 10.9 (c 0.11. CHcl,) 

Bno~C+ 

8 
[al*, = 40.5 (c 0.19. CHct,) 

Reagents: (a) MsOBF,( 1 equiv), CH&I, rt. 2 h (b) 10% NaOH (aq.), rt, 30 min (c) PhSH, 

Et,N, MeOH, rt, 1 h. 

Scheme 1. 

On the other hand, to deduce the relative stereochemistry of C-C bond in 6. the compound 6 was 

converted to the carbonate followed by cycloprqanation” to afford 1 26 of which structure was confirmed 

fnxn the coupling constant (J = 7.0 Hz, harts coupling) of ‘H NMR (200 MHz) (Scheme 2). 

J = 7.0 Hz 
OH 
= 

BnOW 8’>BnG 

&t(CO$4=), 

6 12 

[a]25D = + 18.3 (c 2.4. CHCt,) 

Reagents: (a) EtOCOCl, DMAP. pyridine. rt. 1 h (97%) (b) W,(dba);CHCl,, dppe. THF, rt. 6 h 

(61%). 

Scheme 2 

In summary, using allylic and dienylic cyclic carbonates as substmtes. Pd(O)-catalyzed reaction 

with nucleophiles afforded a-. y-. or E- substituted products with high rcgic+ and diastereose lectivity. 
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lkapcQmldataofalltbecampoundsdeaaibedgcin qpcmcnt with asaim stmcture. 8daxai spectral aad physical 
~rve~fdlows. 5: TLC;SiO,BtOAc!bc~l:3 R,=0.48. ‘HNMR(300MH~ClXl382,50@9,1H. 
OH). 3.58 (d. 2H. I = 4.8 Hz). 3.78 (dd. IH. J = 9.2, 5.2 Hz). 3.90 (m.lH). 4.56 (a. 2H). 5.04 (dd. 1H. J = 17.0. 1. I 
Hz). 5.12(W 1H. I= 10.1.1.1 H&5.87 (ddd. IH, J = 17.0. 10.0.9.2 HZ). 731 (m.8H). 7.43 (m. 2H). lR(ncat) 3450, 
1640. 1585. 1495 an”. 61 TLC; SiO,. WAC / hexnnca 1 : 2 R ,=03l.‘HNMR(300MHzCM31362.~0(bs,lH). 
3.35 (m. 1H). 3.50 (m. 3H). 3.69 (8.3H). 3.70 (a, 3H). 430 (m. 1H). 4.55 (8. 2H). 5.10 (m. H-l). 5.60 (m. 2H). 5.80 
(m. w), 7.35 (8, %). 8~ TLC; SiO,. EtOAc 1 huplea 1 : 2 R, = 0.41. ‘H NMR (300 MHZ, CDCl,) 6 2.60 (d, IH, J 
= 43 Hz OH). 3.60 (d. ZH, J = 5.3 Hz). 3.73 (s. 3H). 3.85 (dd. W, J = 9.1.5.2 Hz). 4.05 (m. 1H). 4.55 (8. 2H). 5.74 
(d. lH. I = lS.4Hz). 5.9S(d. lH./= 112. 10.7 Hz).6.15(dd. 1H. J = 15.2.9.1 Hz). 7.18(dd. 1H. J = 15.4.9.1 Hz). 
7.35 (8.5H). 9: TLC; SiO, EtOAc I bcxancd 1 : I R, = 0.43. ‘H NMR (200 MHz. CDCi& 6 138 (s, 3I-i). 2.50 (ba. 
lH. OH). 3.35 (dd. 1H. J = 9.3.6.7 Hz). 3.45 (dd. 1H. J = 93. 3.4 Hz). 3.50 (a. 1H). 3.65 (a. 3H). 3.67 (II. 3H). 3.75 
(&3H), 430 (m. 1H). 4.60 (s. 2H). 5.50 (dd. 1H. J = 16.2.7.0 Hz). 5.80 (dd. IH. J = 16.2. 1.0 Hz), 6.00 (d. 1H.J = 
16.0 Hz).6.80 (d. 1H. J = 16.0 Hz). 7.35 (8. SH). IR(ttca) 3600. 1735. 1705 cm”. IO: ‘H NMR (200 MHz, cDQ3 6 
3.10 (ddd. 1H. J = 53.3.2, 2.1 Hz). 3.28 (dd, 1H. J = 7.2, 2.1 Hz). 3.53 (dd. 1H. J = 11 .S. 53 Hz). 3.76 (dd, 1H. J = 
11.5.3.2 Hz). 4.59 (s. 2H). 530 (dd. IH. J = 9.5,2.1 Hz). 5.49 (dd. IH, J = 17.2.2.1 Hz). 5.58 (ddd. 1H. J = 17.2.9.5. 
7.2 Hz). 7.35 (s. 5Hk 11: ‘H NMR (200 MHz. CDCI,) 6 3.16 (ddd, 1H. / = 5.1.3.1. 2.0 Hz), 338 (dd. J = 7.6.2.0 
Hz). 3.58 (dd. 1H. J = 11.5. 5.1 Hz). 3.75 (s. 3H). 3.76 (III, IH). 4.59 (a. 2H). 5.81 (dd. 1H. J = 15.3.7.6 Hz). 5.93 

(d. 1H. J = 15.3 HZ). 6.50 (dd. 1H. J = 153. 11.0 HZ). 7.25 (d. IH. I= 15.3 HZ). 735 (a. 5H) 12: TLC; SiO, SAC I 
bamca 1 :2 R, = 0.63. ‘H NMR (200 MH& CDU ,) I 2.72 (dd. IH. I = 8.1.7.0 Hz). 2.76 (dd, 1H. J = 8.1. 7.0 Hz). 
3.74 (8. 3H). 3.7s (8, 3H). 3.98 (dd, 2H, J = 7.8, 1.6 HZ). 4.48 (a, 2H). 5.16 (m, 1H). 5.21 -5.50 (m. 3J-Q 5.90 (dt. 
IH. J = 15.6.6.1 Hz). 734 (s. SH). (z&14: ‘H NMR (200 MHZL CDCla 6 3.38 (dd, 1H. J = 6.1.4.4 Hz). 3.50 (dd. 
1H. J = 6.9.4.4 Hz). 3.58 (dd. 1H. J = 11.2. 6.1 Hz). 3.71 (dd. 1H. J = 11.2.4.4 Hz), 4.60 (1. W). 537 (dd. 1H. J = 
10.2, 2.2 HZ). 5.51 (dd. IH, J = 17.2, 2.2 Hz), 5.70 (d&I. 1H. J = 17.2. 10.2. 6.9 Hz). 7.35 (8. SH). (t)-15: ‘H NMR 
(300 MH% CDCIP, 6 3.55 (dd. 1H. J = 9.7.6.0 Hz). 3.68 (dd. 1H. J = 9.7.33 Hz). 3.T7 (dd 1H. J = 8.8.7.3 Hz). 3.87 
(m. 1H). 4.50 (s. 2H). 5.01 (dd. IH. J = 17.1. 1.5 Hz). 5.03 (dd. IH. J = 10.5. 1.5 Hz). 5.75 (&Id. 1H. J = 17.1. 10.1. 
8.8 Hz). 7.40 (m. 1OH). 
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