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Abstract: ln-situ activation of a variety of allylic alcohols by hexachlorophmphazeaae (or oxalyl chloride) 
followed by Pd(O) catalysed reactions with lithio dime~hyl malonate leads to the regio and stexeoselective 
alkylations in god yields. © 1997 Elsevier Science Ltd. 

Carbon-carbon bond formation via n-allyl palladium intermediates is now a well established 2 procedure 

in organic synthesis. These x-allyl palladium intermediates are generally formed from allyl derivatives of  the 

corresponding allylic alcohols. These derivatives are used in the form of  acetates 2, carbonates 3, carbamates 4, 

phosphates 5 and related compounds 6 which are obtained from the corresponding allylic alcohols. AUylic 

alcohols themselves are rarely used 7 for such reactions due to the basic nature of  the reaction medium. Recently 

Kocovsl~ et al s have reported a novel in sire activation of  allylie alcohols by triphenyl boron followed by their 

reaction with lithio diethyl malonate under Pd(0) catalysis leading to C-C bond formatiom in moderate to good 

yields. These reports prompted us to find some alternate reagents which could activate 2 or 3 molecules of  

allyllc alcohols per one molecule of  the activating agent. For this purpose, we chose three reagents viz. oxalyl 

chloride, methyltriehloroisilane and hexaehlorophosphazene (HCP). It was expected that allylic alcohols under 

basic conditions would he activated by these reagents to generate intermediates I-III (Scheme 1) which could 

undergo allylic C-C bond formations with compounds such as dimethyl malonate. 

While reactions of  I and III were clean and good yields of  the final products were obtained, reactions 

with II were not encouraging. Thus, for example, reaeton of  II, derived from parent allyl alcohol, with sodio 

dimethyl malonate in the presence of  Pd(0) gave the corresponding alkylated product in only 12% yield. We, 

therefore, did not pursue our studies with MeSiCIa. Results with the other two reagents are munmafised in the 

Table 1. It is clear that the high reactivity of  oxalyl chloride and the high oxophilic character of  phosphorous in 

HCP were responsible for the success of  such alkylations. It was generally observed that activation of  allylie 

alcohols via their sodium salts (prepared from Nail) with oxalyl chloride, MeSiCh or HCP followed by the Pd 

catulysed alkylation was less clean and less yielding than the eorrespor~ding rea~ions ~ out on lithium 

salts prepared using n-BuLi. Thus, for example, geraniol upon treatment with Nail  and oxalyl chloride followed 

by its reaction with sodio dimethyl malonate gave a complex mixture of  products along with 40% of  the 
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unreacted starting material. But when Nail  was replaced by n-BuLi it led to a cleaner reaction yielding 68% of  

the desired product using oxalyl chloride and 60% using HCP. Even the parent allyl aclohol gave only 60% of  

the desired alkylated product in refluxing THF in 5hrs when used as its sodium salt whereas the lithio derivative 

yielded 85% of  the product in only 3 hrs. This led us to use n-BuLi for the activation ofallylic alcohols 

(coc~ //,.../o.~.o.~... ~ 
0 I .,aH~... E 

~ x , , , . , . O -  Li + MeSiCI3 ~ N , , / . O ,  s f O v ~  r- 
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HCP r- ~ x . . / O , p ~ N , , ~ p / O ~  

el" II I \C1 
N.~ ~ N  III ~ "C1 Where E =-COOMe 

S c h e m e  1 

throughout the present study. It was also generally observed that oxalyl chloride was a better activator than 

HCP. Thus, when allyl alcohol was used a mixture of  6.8:1 of  monoalkylated and dialkylated products was 

obtained using HCP. Whereas with oxalyl chloride formation of a 17:1 ratio of  the same products was 

observed. Further, even this small amount of  formation of  the dialkylated product could be completely 

suppressed if the reaction mixture was highly diluted. A general experimental procedure is outlined in the 

reference section. 9 

To assess the stereochemical behaviour of  the reaction when alkylation was carried out with optically 

pure allylic alcohol IV l° {[~t] 25 D = + 7.53 ° (C=2, CHCI3)} using oxalyl chloride the corresponding alkylated 

product V was obtained in 61% chemical yield with retention of  configuration as indicated by the sign of  

rotation [Ct]25D = +19.3 ° (C=2, CHCI3). The enantiorneric purity of  the starting alcohol and the alkylated 

product are more or less same (~ 27%) H thereby indicating that under the present reaction conditions there is 

no loss of  optical activity on account of  facial isomerisation of  the resultant Pd-rl 3 complexes, m2 

E 
Phi, ,'OH n-BuLi/O~lylchlorkl~. PhN~,,,~, ~ 

Na+H.~x~EE / Pd(0) E 

IV V 

In summary we believe that the two procedures developed by us are useful variations of  the literature 

procedures for Pd(0) catalysed in sire alkylations of  allylic alcohols. We believe that among the two procedures 

the one utilising oxalyl chloride should find use in organic synthesis since the by products are water soluble and 

the yields are higher. 
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Table 1: Palladium Catalysed Allylic Substitution via in situ Activation of AllyHc Alcohols 

S .No 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Allylic Alcohol Alkylated Product # 

E / , , / o .  ~, / ' ,~ 

'~x/X/°~ , ~ ~ ~  

OH E 

E 
P h ~ O H  P h ~  E 

OH E E 

Ph NC Ph 

N C ~  N ~  E:Z ratio=78:22 o. x,.~ 

Reaction with HCP: 
Yield (%)/Time (hr) 

Reaction with 
Oxalyl Chloride: 

Yield(%)/Time (hr) 

68/3 o) 84/3 oi) 

66/3 79/2 

63/3 

62/4 74/3 

60/3 68/2 

59/4 

65/4* 63/4* 

70/2 

64/3* 

68/3 

# E: -COOMe. (i) 10% of tim dimer Le. ~ was also formed. (ii) 3% of the din~r was formed. 

* Yield is based on the recovered starting material. 



8424 

Acknowledgement: We thank the Department of Science and Technology and the Council of Scientific and 

Industrial Research, New Delhi for financial support. 

References: 

1. Part 10 'General synthetic Methods'. For part 9, see Pitre, S.V.; Ram Reddy, M.V. and Vankar, Y.D. 
J. Chem. Res. (submitted). 

2. (a) Trust, B.M. and Verhoeven T.R.J. Am. Chem. Soc. 1980, 102, 4730. (b) Tsuji, J. Synthesis 1990, 
739. (c) Trost, B. M. PureAppl. Chem. 1992, 64, 315. 

3. (a) Trost, B.M.; Hung, M.-H. 3. Am. Chem. Soe.,1983, 105, 7757. (b) Tsuji, J.; Shimizu, I.; Minami, I.; 
Ohashi, Y.; Sugihara, T. and Takahashi, K. J.Org.Chem. 1985, 50, 1523. 

4. (a) Minami, I.; Ohashi, Y.; Shimizu, I. and Tsuji, J. Tetrahedron Lett. 1985, 26, 2449. (b) Hayashi, T.; 
Yamamoto, A. and Ito, Y. Tetrahedron Lett. 1987, 28, 4837. 

5. (a) Ziegler, F.E.; Kneisley, A. and Wester, R.T. Tetrahedron Lett. 1986, 27, 1221. (b) Ziegler, F.E. 
and Wester, R.T. Tetrahedron Lett. 1986, 27, 1225. 

6. (a) Tsuji, J.; Kobayashi, Y.; Kataoka, H. and Takahashi, T. Tetrahedron Lett. 1980, 21, 1475. (b) 
Schenck, T.G. and Bosnich, B. 3. Am. Chem. Soc 1985, 107, 2058. (c) Auburn, P.R.; Wheland, J. and 
Bosnich, B. 3. Chem. Soc.,Chem.Commun. 1986, 146. (d) Ono, N.; Hamamoto, I.; Kamimura, A. and 
Kaji, A. 3. Org. Chem.1986, 51, 3734. (e) Tamura, R.; Kai, Y.; Kakihama, M.; Hayashi, K.; Tsuji, M.; 
Nakamura, T. and Oda, D. J. Org. Chem. 1986, 51, 4375. (f) Tamura, IL; Kato, M.; Saegusa, K.; 
Kaldhanm, M and Oda, D. J. Org.Chem. 1987, 52, 4121. (g) Tarnura, R.; Kamimura, A. and Ono, N. 
Synthesis 1991, 423. (h) Trost, B.M.; Schmuff, N.R.; Miller, M.J. 3. Am. Chem. Soc.1980, 102, 5979. 
(i) Star~, I.; Zajicek, J. and KocovskS', P. Tetrahedron 1992, 48, 7229 and references cited therein. 

7. (a) Bergbreiter, D.E. and Weatherford, D.A.J. Chem. Soc., Chem. Commun. 1989, 883. 
(b) Bergbreiter, D.E. and Weatherford, D.A. 3. Org. Chem. 1989, 54, 2726. (c) For other related 
examples see Hata, G.; Takahashi, K. and Miyake, A. 3. Chem. Soc.,Chem. Commun. 1970, 1392 and 
Atkins, K.E.; Walker, W.E. and Manyik, R.M. Tetrahedron Lett. 1970, 3821. 

8. (a) Star), I.; Star~t, I.G. and Kocovslo), P. Tetrahedron Lett. 1993, 34, 179. (b) Star~, I.; Star,i, I.G. 
and, Kocovslo) P. Tetrahedron 1994, 50, 529. 

9. To a stirred solution of  an allylic alcohol (4 mmol) in TI-IF (2 ml) at 0°C, 2.86 ml of  1.4 M n-BuLi (4 
mmol) is added dropwise at 0 °C. After stirring the reaction mixture for 5min. at the same temperature 
2 mmol (85 ixl) of  oxalyl chloride [or a THF solution of  HCP (1.4 mmol)] is added rapidly. The 
cloudy white reaction mixture is stirred for 10 ~ at 0 °C). A mixture of  Ph3P (104 rng, 10 mol%) and 
~eshly prepared Pd(0) (5 mol%, 230 mg) are added to the reaction mixture and while warming sodium 
salt ofdiethyl malonate (4 mmol) (prepared from Nail and diethyl malonate, 1.1 : 1), is added rapidly. 
The resultant mixture is refluxed for the time indicated in the Table 1. Usual work up with diethyl ether 
after the removal of  THF gave a crude product which was purified by column chromatography. 

10. The optically active alcohol IV was prepared by enzymatic resolution of  the corresponding acetate 
using pig liver acetone powder (cf. Vankar, P.S.; Bhattacharya, I. and Vankar, Y.D. Tetrahedron: 
Asymmetry 1996, 7, 1683 and references cited therein) and compared the rotation with the literature 
(el. Kenyon, J.; Partridge, S.M. and Phillips, H. J. Chem. Soc.1936, 85 and Star~, I. and Kocovslo), P 
3. Am. Chem. Soc. 1989, 111, 4981) data and then assigned the absolute configuration and the 
enantiomeric purity. 

11. The alkylated product and its optical purity was compared with the literature data (of. Star), I. and 
Kocovsk~, P. J. Am. Chem. Soc. 1989, 111, 4981). 

12. Granberg, K.L. and Backvall, J.-E. J. Am. Chem. Soc. 1992, 114, 6858. 

(Received in UK 5 September 1997; accepted 26 September 1997) 


