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Abstract: Pd(O)-catal)zed a~,lation of the aryl-substituted a-allenic alcohols with ,~vpen, alent iodonium 
salts afforded substituted trans-epoxides Alternatively. arylation ~[ the alkyl-substituted a-a/lenic 
alcohols in the presence of K2COj afforded syn-d~ol cyclic carbonates and trans-epoxides in the 
presence of  Cs:CO~ © 1998 Elsevier Science Ltd. All rights reserved. 

Palladium-catalyzed arylation or alkenylation of allenes to form a-allylpalladium complexes, which 

undergo substitution by nucleophiles, is known. L2 However, in the absence of nucleophiles. 1,3-dienes are 

formed by [3-elimination of PdH from n-allyl palladium complexes. Thus in the case of c~-allenic alcohols. 

palladium-catalyzed arylation or alkenylation with a~'l or alkenyl halides afforded ]3-methyM~,[3-unsaturated 

carbonyl compounds. 3 In connection with our programs to utilize iodonium salts 4 in palladium-catalyzed 

coupling, 5 we have investigated the coupling of iodonium salts with c~-allenic alcohols and found that 

hydroxyl group adjacent to allenic moiety acts as a nucleophile to =-allylpalladium complexes and palladium- 

catalyzed arylation of aryl-substituted c~-allenic alcohols afforded trans-epoxides.  However, treatment of 

alkyl-substituted c~-allenic alcohols under the same conditions in the presence of K2CO3 as base resulted in the 

tbrmation ofsvn-diol cyclic carbonates and trans-epoxides with Cs2CO3 as base (Scheme 1 ).~ 
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The palladium-catalyzed phenylation of c¢-allenic alcohols 7 with diphenyliodonium tetrafluoroborate 

(2a) is summarized in Table I. s The phenyl-subsfituted c~-allenic alcohol l a  was reacted with 

diphenyliodonium tetrafluoroborate (2a) in the presence of Pd(OAc)2 (5 mol %) and Ph3P (0.2 equiv) as 

catalysts and K2CO3 or Cs2CO3 as base in DMF at 60 °C tbr 3 h to afford phenyl-substituted vinyl trans- 

epoxide 3a ~ as the sole product in 62°/3 or 600i, yields, respectively (entry' l). 9 The trans-epoxide was 

confirmed by the analysis of 300 MHz ~H NMR spectrum. Of the ligand other than Ph3P tested, dppe, dppp, 

and tri-o-tolylphosphine were not effective. ~° l Jnder the same conditions, 2-furyl- and 2-thienyl-substituted 

ct-allenic alcohols l b  and 1¢ afforded trans-epoxides 3b and 3e (entries 2 and 3). Surprisingly enough, in the 

case of alkyl-substituted allenic alcohols, we haxe found that file base is crucial in the formation of the 

product, Treatment of the alkyl-substituted c~-allenic alcohols ld  and Ph2I ~ BF4- (2a) with catalytic amounts 

of Pd(OAc)2 and Ph3P in the presence of K2C()3 as base, .syn-diol cyclic carbonate 4a s was obtained in 76% 

yield without formation of epoxides (entI)' 4). ltowever under the same conditions using the more basic 

Cs2CO3 trans-epoxide 3d was afforded (entry 5). For the formation of epoxides or carbonates the plausible 

mechanism is shown in Scheme 2. Presumabl>, when less basic K2CO3 was used, palladium-catalyzed 

arylation of allenic moiety would give =-allylpalladium complex, which in turn converted to carboxylate 

anion formed from K2CO3 and hydroxyl gruup followed by attack to n-allylpatladium complex 

stereoselectively in an internal substitution. For the isopropyl- and cyclohexyt-substituted allenic alcohols le 

and lf, conducting the reactions in the presence of K2CO3 provided cyclic carbonates 4b and 4e (entries 6 

and 8), whereas in the presence of Cs2('O3 1 e and I f gave/rans-epoxides 3e and 3f (entries 7 and 9). 
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Scheme 2 

Alternatively, we have examined the reaction of the other iodonium salts 2b and 2e with ot-allenic 

alcohols, which resulted in the formation of separable mixtures of trans-epoxides and cyclic carbonates, 

shown in Scheme 3. When the c~-allenic alcohol la was reacted with diaryl iodonium salt 2b, trans-epoxides 

3g and 3a were formed in the ratio of 58 : 27, which were readily separable by SiO2 column chromatography. 

Similarly, arylation of la  with 2-thienylphenyliodonium tctrafluoroborate (2c) gave 3h and 3a in the ratio of 

1 : 2. Finally, the alkyl-substituted ~x-allenic alcohol Id was arylated with iodonium salts 2b and 2c to afford 

separable mixtures of4a,  4d, and 4e. 
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Table 1. Pd-Catalyzed Phenylation ofc~-Allenic Alcohols (1) with Diphenyliodonium 
Tetrafluoroborate (2a) 

Entry Substrate Base Product Yield (%)~ 

H ~I,.O ~ O OH 
. . . .  P h / ~ ' ' ' "  Ph ph -1- -~///-..>- K, CO~ (Cs~CO3) £ 

H 
l a  3a 

o H  o II 
~ / /  K2CO3 (Cs?CO3) ~ /  "~->H "Ph 

lb  3b 

62 (60) b 

52 (63)b 

o H  
3 ( S ~ / /  K2CO3 (Cs2CO3) Ph 48 (5 l )b 

le 3e 

OH K,CO~ nCsHit Ph 76 4 . ~ . . ~ / /  = ;/)(,..~)" H 
nCsHll 

l d  4a 

5 ld Cs2CO~ nC5t-Ill " ~. Ph 65 
H 

3d 

OH H / ,  

6 - . . ~ / /  K2CO3 ~ P h  73 

l e  O 
4b 

. % , o ) .  
7 le Cs2CO~ "~ ~ Ph 59 

3e 

H / , 

8 ~ K2CQ ~ Ph 68 

I f  4c 

9 If Cs2C() 3 . Ph 62 

a Isolated yields, b The yields in parenthesis are the isolated yields conducted in the presence of ('s~('O~ 
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In s u m m a r y ,  pa l l ad ium-ca t a lyzed  arylat ion o f  a ry l - subs t i tu ted  ot-allenic a l coho l s  with hyperva lent  

i odon ium salts  in the  p r e sence  o f  K2CO3 or Cs2CO3 af forded  trans-epoxides. Alterna t ive ly ,  arylat ion o f  

a lky l - subs t i tu ted  ct-allenic a l coho l s  a f forded syn-dio l  cyclic ca rbona tes  in the  p re sence  o f  K2CO3 as base.  J l 

OH Pd(OAc) , ,  Ph3P 
+ A r i * P h B F  4- " Ph : Ar  

Ph ~ Cs2CO 3 or K2CO 3 ~t 

3a  2b  Ar  = p - M e O C 6 H  4 DMF,  60 °C. 3 h 
2 c  Ar  = 2-thienyl  3g  Ar  = p - M e O C 6 H  4 (58 %) 3 a  (27 %) 

3h  Ar  = 2- th ienyl  (22 %) 3 a  (44 %) 

+ 3a  

OH H / ~ , / H  A / , 1 , , , , , ~  Pd(OAc)2 '  Ph3P n C s H  1 , r 
nC5HIl  + ArI+PhBF4- K~CO 3. D M F  

l d  2 b  or 2c  60 °C, 3 h 

+ 4 a  

4d  Ar  : p - M e O C 6 H  4 (57 %) 4a  (24 %) 
4e  Ar  = 2- th ienyl  (28 %) 4a  (39 %) 

S c h e m e  3 
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