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Abstract

A new facile method for monoacylation of diois has been developed. A variety of cyclic and acyclic diols, in
particular 1,2-diols, was selectively monobenzoylated in good yields by their reaction with benzoyl chloride in
the presence of a catalytic amount of dimethyltin dichloride and inorganic bases.
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drawbacks Namely, A must b pared b heatmg with a long reaction time in advance to
the benzoylation because of the slow dehydration reaction between 1 and dibutyltin oxide.
This imposes the use of more than an equimolar amount of dibutyltin oxide which will
complicate the purification process of the products and make the large-scale production of
monobenzoylated products 2 difficult. Recently, a microwave irradiation method has been
reported to reduce the amount of dibutyltin oxide. However, this method still possesses
disadvantages that a microwave apparatus is required and the irradiation conditions might be
drastic {10-12]. Moreover, dibenzoates 3 are often formed as by-products in the benzoylation
of 1 using dibutyltin oxide.
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We report herein a very convenient method for the monobenzoyiation of 1 which is
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mild conditions. Our method is also characterized by the high yields of 2 and an excellent
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oxide and inorganic bases” like K2COs3 in organic solvents” such as tetrahydrofuran. A
typical reaction is exemplified by the benzoylation of trans-1,2-cyclohexanediol 1a to give
the monghenzovlated nroduct 2a in 99% vield without anv formation of the dibenzoate 3a
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(eq 2). The reaction pr ocedl.,res were very simple and easy. That is, to a tetrahydrofuran (5
mL) solution of 1a (1 mmol) were added a catalytic amount of dxmﬂthvltm dlchlonde (0.01

mmol), solid K2CO3 2.0 mmol) and benzoyl chlor1de (1.2 mmol), successxvely, at room
temperature. After stirring the mixture at room temperature until 1a disappeared (checked
by thin layer chromatography), the mixture was poured onto water and the organic portion
was extracted with CHyCl,. After evaporation of the solvent, a residue was obtained and
confirmed by NMR to be pure 2a (>99%).
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Our method is applicable to other 1,2- and 1,n-diols such as 1b-h under similar reaction
conditions. The results are summarized in Table 1. As shown in Table 1, monobenzoylation
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than 1,2-diols were slowly monobenzoylated in moderate yields (runs S and 7). Those yields
were imnrm.fed by mingl rger amount (0.1 equiv.) of dimethyltin dichloride (runs 6, 8-10).

iol 1 o

quiv.) O h
i took place only at the 2-hydroxyl group (eq 3),
while that of 1j preferentlally occurred at the less substituted site to give 2j in good yield
with a small amount of 2j' (eq 4).
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dichloride.
(2) Commercially available sodium carbonate gave relatively lower yields (~ 90%) of monobenzoylated product.
(3) Methylene chloride was usable instead of tetrahydrofuran.



Table 1. Monobenzoylation of Diols 1a-h catalyzed by Dimethyltin Dichloride?

. ; b)
Run Diol (CH;3),SnCl, Reaction time Yield(%)™ of
1 Equivalent to 1 hr 2 3
1 1a 0.01 5 2a 99 3a O
2 \/\ 0.01 12 2b 99 3 0
b
OH
3 N 0.01 12 2% -100 3 0
1c
s go™\OH 0.01 12 2d <100 3d 0
1.4
i
5 HO _~_OH 0.01 12 2% 679  3e trace
le
6 le 0.1 12 2 gg® le 46
7 A~ _~_ ~OH 001 1?2 2 519 I O
HO™ " 0.01 12 2f 51 IfF O
if
8 1f 0.1 12 2of 659 If 0
9 HO(CH,)sOH 0.1 12 2g 469 3g 57
1g
10 HO(CH,)sOH 0.1 12 2h 489 3h 42
1h
a) The amount of benzoyl chioride used was 1.2 equivalent to diols. b) Isolated yield
¢) The starting diol remained
A PhCOCI (1.2 equiv.) OH OBz
T (CH3),SnCl, (0.01 equiv.) OBz OH @
Ph/l\/OH ) Ph)\/ + Ph)\/ “)
K,CO; (2 equiv.) )
1j r.t. 12hr % 2
in THF 959, 90% 5%
The advantace of our method is its hig dinl calectivity Far evamnle 1a wac eelectivelv
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benzoylated even in the presence of 5 molar equivalent of n-butanol to give 2a in 89% yield
withgut the f_rma ion of n-butyl benzoate (eq 5). Thus, n-butanol was inert under these
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The selectivity in our method was also exemplified by a competitive reaction between 1,2-
diol and 1,3-diol.* That is, the addition of benzoyl chloride to an equimolar amount of 1d
and le in the presence of K2CO3 and a catalytic amount of dimethyltin dichloride exclusively
gave benzoylated product 2d in 92% yield with a small amount of 2e (7% yield) (eq 6),

y 2 1I
suggesting that the benzoylation is highly selective to 1,2-diols. These selectivities should be
very useful for the synthetic utilization of this method.

OBz
OH oo
HO/\/UH g iV
PhCOCI(1.0 mmol; 1.0 equiv.) 2d
1d CH-),SnCl, (0.01 mmol; 0.01 equiv 925
(1.0 mmol) L 372 24 » VUL CQUiY. ) 92% )
+ | K,CO; 2.0 mmol; 2equiv.) |+
HO._~_ OH J rt. 12hr | HOOBe
1a in THF 2@
(1.0 mmol) 9% 7%

Although the reasons behind those reactivities and selectivities are not clear yet,
undoubtedly the proposed method is not only very convenient for monoacylation of diols but
also worthwhile from the viewpoint of environmental pollution since the catalytic amount of
dimethyltin dichloride is enough to complete the monobenzoylation” and the reaction can be
achieved by very simple procedures under mild conditions. Further studies on the
mechanistic aspects and asymmetric application are now under investigation.

References:
[1] Wilkinson S G: Alcohols. In: Stoddart J F, editor. Comprehensive Organic Chemistry. Pergamon Press:

1Q7Q- Unl 1. e £870Q_70A
1747, VUL 1. PP 21777V,

[2] Greene T W, Wuts P G M. Protective Groups in Organic Synthesis: Second Ed: John Wily & Sons, 1991.
[3] Orita A, Mitsutome A, Otera J: J. Org Chem. 1998:63:2420-2421.

[4] Tanino K, Shimizu T, Kuwahara M, Kuwajima I: J. Org. Chem. 1998;63:2422-2423.

[5] Hanessian S, David S Tetrahedron 1985;41:643-663 and references c1ted therein.

[6] Ricci A, Roelens S, Vannucchi A: J. Chem. Soc. Chem. Commun. 1985;21:1457-1458.

[7] Roelens S: J. Chem. Soc. Perkin Trans 1T 1988:1617-1625.

8] Reginato G, Ricci A, Roelens S, Scapecchi S: J. Org. Chem. 1990;55:5132-5139.

[9] Roelens S. J. Org. Chem. 1996;61:5257-5263.

NURIViIS DL O b oaalidl, 2 L0070

[10] Morcuende A, Valverde S, Herrad6n B: Synlett. 1994:89-91.
[11] Herrad6n B, Morcuende A Valverde S: Synlett 1995 455-458.

rimAal v a P VB ¥4 o o

[12] Morcuende A, Ors M, Valverde S, Herradén B: J. Org. Chem. 1996;61:5264-52

(4) The benzoylation of a mixture of an equimolar amount of 1,2-diols 1a and 1d afforded 2a and 2d in 44% and 55% yiclds,
respectively.

(5) The catalytic cycle of tin reagent can bc explained in terms of the benzoylation of dimethylstannylene acetals similar to A
foliowed by the reaction of the resuiting benzoylated aikoxytin intermediates with i 1o regenerate the acetais.



