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Summary: Reaction of primary-secondary diols with 
acetyl chloride in dichloromethane in the presence of 2,4,6- 
collidine, NJV-diisopropylethylamine, or 1,2,2,6,6-pen- 
tamethylpiperidine (PMP) leads to the corresponding 
primary monoacetates simply, conveniently, and in good 
yields. In this way, other acyl chlorides, sulfonyl chlorides, 
and silyl chlorides in place of acetyl chloride also react 
with primary hydroxyl group selectively. 

Acylation of alcohols is one of the most fundamental 
transformations in organic chemistry. Often selective 
acylation of the primary hydroxyl group of a primary- 
secondary diol is required, in particular, selective acety- 
lation of hydroxyl groups in carbohydrates, in addition to 
being of theoretical interest, has great practical utility. 
Several sophisticated and relatively expensive reagents 
have been developed for this purpose; some of the most 
useful examples include triphenylphosphine-diethyl azodi- 
carboxylate,' 2,2'-bipyridyl-6-yl carboxylates-cesium flu- 
oride,2 N-a~etylimidazole,~ ethyl acetate-alumina? and 
enzymatic acetylation.5 In another approach, for the 
introduction of an acetyl group particularly a t  the primary 
hydroxyl group, the sugar alcohol is per(trimethylsily1)- 
atede to get the fully protected trimethylsilyl derivative 
which, on treatment with pyridine-acetic anhydride-acetic 
acid' followed by removal of trimethylsilyl groups at  the 
secondary positions, provides the corresponding monoac- 
etate. 

In this paper we wish to describe an extremely simple 
but powerful procedure for selective acetylation of the 
primary hydroxyl group in a series of structurally diverse 
primary-secondary diols, occurring with the use of acetyl 
chloride in the presence of sterically hindered amine. 

The substantial difference of reaction rates between 
primary and secondary alcohols prompted us to examine 
selective acetylation of a primary-secondary alcohol. At 
first, we chose to investigate the selectivity in the acety- 
lation of al:l mixture of l-octanol and 2-octanol with acetyl 
chloride in the presence of a variety of amines. Some of 
our results, summarized in Table I, strongly suggest a 
crucial role for the steric hindrance of amine on the 
selectivity of the reaction. The use of 2,4,6-collidine, N,N- 
diisopropylethylamine, or 1,2,2,6,6-pentamethylpiperidine 
(PMP) gave 1-octyl acetate highly selectively and in good 
yield. 

In order to explore the generality and scope of the above 
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Table I. Selective Acetylation of 1-Octanol 

-OH + Y  
(0.5 mmol) OH (0.5 mmol) 

AcCl (0.5 "01) CHzC1, 
Base (la0 -78OC (3h)+25'C (Ih) 

-0Ac + 7 
OAc 

I 
~~ 

yield' ( % ) prim. 
acetate + sec acetate 

ratiob prim. 
acetaksec acetate base 

pyridine 89 
c o 11 i d i n e 91 
DABCO 91 
quinuclidine 66 
EtaN 58c 
i-Pr2EtN 90 
PMP 71 

87.512.5 
99.1:o.g 
90.010.0 
97.2:2.8 
97.0:3.0 
99.60.4 
99.60.4 

a Yield of isolated, purified product. * GLC analysis. Some 
byproducta were produced. 

selective acetylation by sterically hindered amine, the 
acetylation was examined with various structurally diverse 
primary-secondary diols and polyhydroxyl compounds. 
Several features of the results shown in Table I1 deserve 
comment, as follows: (1) 1,2-, 1,3-, and 1,4-diols were 
acetylated selectively. (2) Although both 2,4,6-collidine 
and N,N-diisopropylethylamine can be employed suc- 
cessfully as bases in all cases, the former generally affords 
superior results. For instance, cis diols were also acetylated 
selectively in the presence of 2,4,6-collidine, but the use 
of i-PrzEtN created some secondary monoacetate and 
diacetate (entry 5). In this case, the selectivity of 
acetylation was lost probably because internal proton 
transfer took place between primary alkoxide and sec- 
ondary alkoxide by such a strong base as i-Pr2EtNs8 (3) 
Although the intrinsic polarity of most polyhydroxyl 
compounds greatly narrows the choice of the solvent, 2,4,6- 
collidine can dissolve most of these compounds and give 
high selectivity (entries 6 and 7). 

As a logical extension of this methology, we further 
investigated the effect of sterically hindered amines for 
acylation of primary-secondary alcohols with other acyl 
chlorides with the exception of acetyl chloride and similar 
applications for sulfonylation and silylation. The results 
are shown in Table 111. The use of acyl chloride, sulfonyl 
chlorides, and silyl chlorides in the presence of 2,4,6- 
collidine or i-PrzEtN permitted highly selective reaction 
at  the primary position in preference to the secondary one 

(8) It wasproved bycontrolexperimentathataninternalacetyltranafer 
between primary hydroxyl group and secondary hydroxyl group did not 
occur in the acetylation of 1,2-O-isopropylidene-~-xylofu1auoea in the 
preaenceof i-Pr&N,asfollow: the treatmentof theprimarymonoaoetate 
of 1,2-0-isopropylidena~-xylofur~oea with i-PrpEtN at -78 OC for 4 h 
had no reaction, and acetylation of the primary monoacetate with acetyl 
chloride in the preeence of i-PqEtN gave only a mixture of the primary 
monoacetate and the diacetate. 
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Table 11. Selective Acetylation of the Primary Hydroxyl Group of Primary-Secondary Alcohols 
AcCl (1.2 eq) 

9 H  Base (2.0 eq) 9 H  
--.CH-CH20H - --.CH-CH20Ac 

entry alcohol base yield of prim. monoacetate4 ( % ) ratiob prim. monoacetate:diacetate 

CHzClz, -78OC 

1 -OH i-PrzEtN 99 99.60.5' 
+ collidine 90d 99.1:o.g 

Y 
OH 

2 i - P r 8 t N 72 
L O H  collidine 92 

collidine 97 
L O H  

L O H  collidine 92 

3 i-PrzEtN 88d 

i-PrzEtN 86d 4 

5 i-PrzEtN 
collidine 

HO 

29 
91 

88 

98.7:1.3 
99.2:o.a 

99.40.6 
98.91.1 

95.7:4.3 
98.61.5 

47.2:52.8@ 
>991 

collidind 

HO"' "'OH 
OH 

7 75 

0 Yield of isolated, purified product. * GLC analysis. Secondary monoacetate. 1.0 equiv of AcCl wae added. @ Secondary monoacetate was 
formed in 20% yield. f The reaction was run in collidine as a solvent a t  -40 OC for 3 h and a t  25 OC for 1 h. e No secondary acetates were formed 
in a detectable amount. 

Table 111. Selective Reactions of 1-Octanol 

-OH + -  

(0.5 mmol) OH (0.5 mmol) 

CH2Cl2 
Base ( l s 0  -78OC (3h)+25'C (lh)  
RCl (0.5 mmol) 

-OR + 
OR 2 

I 
1 

Pyridine collidine i - P r 8 t N PMP 
yieldo selectivityb yieldo selectivityb yieldo selectivityb yield' selectivityb 

RClR ( % ) 1 + 2  ( % I  1 ( % ) 1 + 2  (%) 1 ( % ) 1 + 2  (%) 1 ( % ) 1 + 2  1 
PhCO 87 88.2 
MeCO 89 87.5 
PrCO 98 81.6 
cl&co >99 52.3c 
MeSOz 64d 82.4' 
TS 87d 81.3e 
TMS 67 58.5 
TBDMS 52 97.3 

64 
90 
99 
95 
75d 
47d 
81 
50 

98.2 
99.1 
93.5 
76.6' 
91.2' 
97.4e 
63.8 
98.6 

30 95.4 
90 99.6 71 99.6 
36 88.8 
94 91.5' 93 92.8' 
94d 94.6' >99d 94.4 
1Od 97.8 

>99 70.5 85 81.1 
13 95.8 

0 Yield of isolated, purified product. GLC analysis. *H NMR analysis. The reactions were run at  -78 OC for 3 h and at 25 OC for 1 day. 
e HPLC analysis. 

in all cases. The use of PMP was most effective for the 
selective reaction with Cl&COCl and sterically unhindered 
chlorides like AcCl, MsC1, and TMSC1. Although the 
selectivities of acylation and sulfonylation, respectively, 
were not influenced by alkyl moieties of acyl chloride and 

sulfonyl chloride in the presence of pyridine, silylation by 
tert-butyldimethylsilyl chloride (TBDMSC1) in the pres- 
ence of pyridine was much more selective than that by 
trimethylsilyl chloride (TMSCI). 

For an understanding of the mechanism of selective 
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acylation reactions with sterically hindered bases, the role 
of bases in acyl-transfer reaction has to be discussed in 
detail: As Br6nsted bases R3N, they can produce an anion 
RlO- from a substrate RIOH. This anion is a better 
nucleophile than RlOH and therefore reacts more rapidly 
with the electrophilic acylating reagent R2COC1. The 
extent of general base catalysis depends upon the relative 
basicities of R3N and RlO- upon the position of the acid- 
base equilibrium. In the case of sterically hindered tertiary 
amines like i-Pr2EtN and PMP, primary alkoxide R1O- 
can be selectively produced in this initial process. Even 
in the case of the acyl chloride/2,4,6-~ollidine system the 
same mechanism is s u p p ~ r t e d . ~ J ~  

It is noted that 2,4,6-collidine is a mild and sterically 
hindered base, and hence acetyl chlorides are able to 
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acetylate various alcohols including polyhydroxy1 com- 
pounds with a high degree of selectivity at low temperature 
without the need of added 4-(dimethylamino)pyridine 
(DMAP).lO This makes the present esterification useful 
for the selective protection of various hydroxyl compounds. 
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