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Various carboxylic esters were obtained in high yields from
free carboxylic acids and several alcohols including bulky ones
by using 0,0'-di(2-pyridyl) thiocarbonate and a catalytic amount
of DMAP.

Recently, the total synthesis of Taxol was completed by
achieving the dehydration condensation reaction between a side-
chain, a protected phenylisoserine, and 7-TES baccatin III by
using 0,0"-di(2-pyridyl) thiocarbonate (DPTC) (Scheme 1).1

PMP

a) DPTC (6.0 eq.), DMAP (2.0 cq.), toluene, 73 °C, 95% based on 93%
conversion.,

Scheme 1. Synthesis of protected taxol by coupling reaction.

Concerning the above dehydration condensation reaction, a
combined reagent DPTC-DMAP proved to be quite effective
compared with the conventional combination to use DCC with
DMAP,2 N-alkyl-2-halopyridinium salts with (nalkylammcs,3
di(2-pyridyl) carbonate (DPC) with DMAP,4 etc. In model
studies, dehydration condensation between Taxol side-chains and
cyclohexanol using DPTC-DMAP also gave the corresponding
esters in high yields in every case (Table 1). This outcome
prompted us to study on applicability of this carboxylic ester-
forming reaction, and we would like here to report several results
of this reagent system.

Table 1. Yields of the cyclohexyl esters of side-chains

R, O Reagent (6eq.)
DMAP (2 ¢q) /\/R
D »O/O O/O
Rz Toluene, 70 °C

6Heq. 1

€q.
BzHN (o] ji ﬁ
Reagent OH Bz OH BzN)\ OH BzN&

DPTC quant. quant. quant. 12%

DPC quant. 96% 82% 60%

pee 60% * 55% 42% 51%
4At room temperature.

In the first place, the condensalion reaction between
equimolar amounts of 3-phenylpropionic acid (1) and
cyclohexanol (5) in toluene using DPTC (1 eq.) and DMAP (0.1
eq.) was tried, and the corresponding ester was obtained in 83%
yield. After screening several reaction conditions, it was found
that the desired ester was obtained in almost quantitative yield
when amounts of the carboxylic acid and DPTC were increased to

Table 2. Esterification using DPTC and DMAP

o DPTC (2 eq.)
RioH T HOR RROFI'
AP (0.1
2eq. s DMAP (0.1 eq.)
Entry  Carboxylic Acid  Alcohol  Solvent Temp. Yield/%
o
f
1 P N OH 1 " O’O 5 Toluene rt. 96 (98)
2 1 H(Ir 6 PhCl reflux 91
3 1 HO& 7 PhCl reflux 85

o]
4 2 g/ 6 PhCl reflux 85
Pyt o H
Ho’S( 7 Toluene ri. 86

Rh 1 99
6 2 HO™Ph 8 Toluene r.L

L
7 2 HOE7< 9 Toluene rt 957 (91)FE
8 2 H% 10 Toluene rt  g4°
9 2 - % 11 Toluene r.t. 95d
10 2 H%\g 12 Toluene rt  93¢(g9)fh

- ol i -
11 2 13 Toluene rt.  95(97)
12 2 HO@ 14 PhCl reflux quant.
13 2 L LPnIs POl reflux 84

h
14 Ph\ﬁoH 3 HOiPh 8 Toluene rt. 79
Ph
i 22 g luene 70°C 919
157 (EtO) OH H Toluene 91
2F\|/:

16

aFour tenths eq. of DMAP were used. bpiastereomeric ratio: 83/17,
CDiastereomeric ratio; 64/36. 9Diastereomeric ratio was not determined.
CDiastercomeric ratio: 53/47. The reaction was carried out in Et20 using
1.1 eq. of the carboxylic acid and 1.1 eq. of DPTC. £Diastereomeric ratio:
86/14. NDiastereomeric ratio: 54/46.

2 mol equivalents (Table 2, Entry 1, 96%).

Further, the corresponding esters were obtained in high yields
even in cases of using bulky alcohols 7-13 (Entries 5-11 and 14)
under similar reaction conditions. The desired ester was obtained
in 91% yield when condensation reaction between carboxylic acid
1 and 2,4-dimethy!-3-pentanol (6) was carried out in refluxing
chlorobenzene (Entry 2) while the yield decreased to 38% at room
temperature probably because of low reactivity of the alcohol.
The esterification reactions of carboxylic acid 1 with 3,3-
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dimethyl-2-butanol (7) and 2-phenylpropionic acid (2) with 2,4-
dimethyl-3-pentanol (6) in refluxing chlorobenzene also gave the
corresponding esters in 85% yields, respectively (Entries 3 and
4). It is noteworthy that the condensation reaction gave the
desired esters in high yields even in the cases of using 1-
adamantanol (14) and 2-methyl-1-phenyl-2-propanol (15) having
tertiary hydroxyl groups (Entry 12, quant.; Entry 13, 84%). As
shown in Entry 15, dehydration condensation between 2-
diethoxyphosphorylpropionic acid (4) possessing a phosphonate
group and a functionalized alcohol 16 afforded the corresponding
ester in 91% yield in toluene at relatively high temperature (70 °C)
by using DPTC and a catalytic amount of DMAP.

According to the present method, acylation of the hydroxyl
group of bulky 8-membered ring compound 17 with pyruvic acid
gave the corresponding ester 18 in quite high yield as shown in
Scheme 2 whereas the ester 18 was not obtained at all when the
combination of DCC with DMAP was employed as a coupling
reagent although the reaction conditions were similar.

O DPTC(I2¢eq.) \“j\
% OH DMAP (3 eq.)
+ T
Toluene, 70 °C

]2 eq. 91%
Scheme 2. Esterification of pyruvic acid with a bulky alcohol.

In order to improve the efficiency of this condensation
reaction, the use of nearly equimolar amounts of carboxylic acids,
alcohols and DPTC was examined. The reaction between
carboxylic acid 1 (1.1 eq.) and alcohol 5 (1.0 eq.) was tried in
the presence of DPTC (1.1 eq.) and DMAP (0.1 eq.) under
several reaction conditions. At last, the reaction turned out to
proceed smoothly to give the desired ester in the highest yield
when diethyl ether was used as a solvent (Table 2, Entry 1,
98%). Under the same reaction conditions, the corresponding
esters were also obtained from nearly equimolar amounts of
carboxylic acid 2 and alcohols 9, 12 and 13 in 91%, 89% and
97% yields, respectively (Entries 7, 10, 11).

S. Kim et al. reported that several 1,2- or 1,3-diols reacted
with 1,1'-thiocarbonyldi-2,2'-pyridone, an isomer of DPTC, to
afford the corresponding cyclic thionocarbonates in high yields.3
Then it was generally thought that our procedure would also
produce various cyclic thionocarbonates. However, diacylation
proceeded exclusively when cis-cylopentanediol (19) was treated
with carboxylic acid 1 (2.2 eq.), DPTC (2.2 eq.) and DMAP
(0.1 eq.) affording the corresponding diester 20 in 90% yield
without forming the cyclic thionocarbonate 21, which was
obtained in 84% vyield in the absence of carboxylic acid 1
(Scheme 3). Further, selective monoacylation of the secondary

s 1(22eq)
DPTC (2.2 eq.) DPTC (2.2 eq
DMAP (0.1 eq.) Hﬂj SOH DMAP (0. l eq. ) ROC OR
EnO, rt. Et,O, 1.
21 5% 19 9% 208 =CH,CH,Ph
1(1.1eq)
DPTC (1.1 eq DPTC (1.1 eq.)
DMAP (0.1 eq 4 DMAP (0.1 ¢q)
No Reaction Oxi O><i
Et;0, r.t. Elzo r.i
23; R = CHCHoPh

Scheme 3. Acylation of diols.
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hydroxyl group of 2-methyl-2 4-pentanediol (22) was attained by
using carboxylic acid 1 (1.1 eq.), DPTC (1.1 eq.) and DMAP
(0.1 eq.) under the similar reaction conditions to produce the
corresponding monoester 23 in 80% yield instead of the expected
cyclic thionocarbonate.

Next, an intermediate of this esterification was studied by
taking the reaction between equimolar amounts of 2-
phenylpropionic acid (2) and 2,4-dimethyl-3-pentanol (6) in
CDCl; in the presence of DPTC (1 eq.) and a catalytic amount of
DMAP, The reaction sequence was followed by !H and 13C
NMR, and it was shown that i) both the disappearances of the
carboxylic acid and DPTC, and the formation of the 2-pyridyl
ester and HOPy (2-hydroxypyridine or 2-pyridone) proceeded
rapidly, and ii) the reaction of thus formed pyridyl ester with the
alcohol proceeded sluggishly to give the reaction product and
HOPy. This observation suggests that the initially formed
pyridyl esters of carboxylic acids may be the key intermediates in
the above esterification.6

(fast)

DMAP GQ
" % Hol
'jion Q ioQ cpcl, P"\IJ + Py
(DPTC)

(slow)
6
DMAP H;;/
=
o’@ - ‘f("\’“
H H pﬁ/ﬁko\l/ + HOPy
(HOPy)

Scheme 4. NMR study on reaction system.

A typical experimental procedure was as follows: to a mixture
of 2-phenylpropionic acid (2) (32.8 mg, 0.218 mmol),
diphenylmethanol (8) (20.1 mg, 0.109 mmol), and DMAP (1.3
mg, 0.011 mmol) in toluene (0.7 ml) was added DPTC (50.9
mg, 0.219 mmol). After stirring for 1 h at room temperature, the
reaction mixture was concentrated and the crude product was
purified by preparative thin layer chrom ‘nnraphy to afford the
corresponding ester (34.1 mg, 99%).

Thus, it is noted that various esters were obtained in high
yields by condensation reaction between free carboxylic acids and
alcohols including highly hindered ones in the presence of DPTC
and a catalytic amount of DMAP.
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