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The esterification of carboxylic acids is a well-established
reaction and many usetul methods have been reported in the
literature." Among them the use of phosgene (diphosgene)*
or its derivatives is the most common, but it is toxic and
required for prolonged reaction time or the use of excess
base. Several tvpes of active carbonates derived trom phos-
gene (or its equivalents) and N-hydroxysuccinimide,® V-
hydroxyphthalimide.* 1-hydroxybenzotriazole® and 2-
hydroxypyridine® have been utilized for the preparation of
carboxylic esters avoiding these limitations. Active ureas
containing imidazole” or its activated salt.® |.2-benzisox-
azol-3-0l.> and 3,5-dioxo-4-methyl-1.2 4-oxadiazolidine'®
have been also useful for the esterification of carboxylic
acids. However, it is requisite to use 2 equiv of active moiety
for the preparation of active carbonates or ureas from phos-
gene or its equivalents. Synthetic utility of active moiety for
the preparation of carboxylic esters is further extended to the
selective acylation of diols and some methods involving
active esters or amides have been developed. The direct con-
densation of carboxylic acids and diols using diethyl azodi-
carboxylate'' atfords to give the corresponding hydroxy
esters, but yields are low in case of secondary-secondary
diols. The use of alternative reagents such as dialkyl acyl-
phosphonate."?  1-(benzoyloxy)benzotriazole,'" 3-acyl-1.3-
thiazolidine-2-thione." acetylimidazole,'* and acid chloride'®
for the acylation of diols shows high selectivities, but it
required for additional step to convert carboxylic acids into
the corresponding active esters or amides.

[n connection with our study on the synthetic utility of
active carbamoy] chloride'” we now wish to report the use of
N-benzyl-2-(6-methy }pyridinecarbamoyl chloride 1 for the
direct esterification of carboxylic acids and selective ben-
zoylation ot diols. The reagent 1 was prepared in 97% vield
by addition of an equimolar 2-benzylamino-6-methylpyri-
dine 3 and triethylamine in methylene chloride to a solution
of one-third equivalent of bis(trichloromethyl) carbonate' 2
in methylene chloride (Scheme 1). The reagent 1 was sepa-
rated by dissolving in anhydrous tetrahydrofuran after evap-
oration of methylene chloride. followed by filtering off
triethylamine hydrochloride. The puritication of the crude
filtrate by silica gel column chromatography or Kugelrohr
vacuum distillation (bp 145-153 °C/0.10 mmHg) atforded to
give 1 and showed no sign of decomposition when kept for
three months in a refrigerator.

The etfect of some bases was examined for the esterifica-
tion of carboxylic acids with 1 and triethylamine to find out
an optimum condition. Without additional base the reaction
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of phenylacetic acid, benzyl alcohol, and 1 with triethy-
lamine gave benzyl phenylacetate in only 38% vield after 24
h. Addition of bases such as pyridine (1 equiv). triethy-
lamine (1 equiv). 1.8-diazabicyclo[5.4.0]undec-7-ene (0.5
equiv), and tetramethylguanidine (0.5 equiv) eftected a
small increase in the rate of esterification and thus benzyl
phenylacetate was obtained in 73%. 73%. 60%. 68% yield.
respectively. atter 24 h. However, subsequent addition ot 0.1
equiv of 4-dimethylaminopyridine {DMAP) exceedingly
accelerated the rate of esterification and benzyl phenylace-
tate was obtained in 92% yield after 0.7 h. Thus, the esterifi-
cation of carboxylic acids using 1 proceeded smoothly in the
presence of 1 equiv of triethylamine and 0.1 equiv of DMAP
in contrast with diphosgene reagent which required 5 equiv
of pyridine for the preparation of carboxylic esters. The rate
enhancement is presumably due to the initial formation of
activated N-acylpyridinium salt between 1 and DMAP.
Various carboxylic esters were efficiently prepared in high
yields by this method (Table 1}. The reaction of the most pri-
mary/secondary aliphatic carboxylic acids {4a-dec, 4l-4n)
and alcohols with 1 gave the corresponding esters within 1.5
h with the recovery of 3. There were not observable side
products such as the corresponding amide and carbamate in
contrast with active carbonate or urea reagents which
afforded to give the corresponding active esters or amides in
some cases. However., the steric hindrance of carboxylic
acids and alcohols influenced fairly on the yields and thus
the treatment of trimethylacetic acid/benzyl alcohol (4d)
with 0.5 equiv of DMAP gave benzyl trimethylacetate in
60% yield after 24 h. Furthermore, the reaction of benzoic
acid/rert-butanol (dg) with 0.1 equiv of DMAP didn’t pro-
ceed at all and 1 was recovered in 94% yield atter 24 h. It is
interesting to note that reaction pathway of esterification of
substituted benzoic acids depends largely on the nature of
substituents. The reaction of p-chlorobenzoic acid (4h) or p-
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Table 1. Preparation of carboxylic esters using 1

Lnlry RCOOL1 R'OH Lquiv of Reaction  Isolated
4 R R’ DMAP time. h vield. %°
a CHsCH: C:Hs:CH- 0.1 | 92(92)
b {CH:)»CH 0.1 | 93(92)
¢ (CH:»:CH -CsHy 0.1 1.3 94(93)
d (CH:»C C:Hs:CH: 0.3 24 6()

e CyHs CHCH- 0.1 5 8921
f {CH:)»CH 0.3 16 92(97)
e {CH:%C 0.1 24 9
h  p-Cl-C:H, CHCH» 0.1 : 92(94)
i p-O.N-CiH, CHCH» 0.1 2 97(93)
i pCH:O-CiHy  CH;CH: 0.1 24 33
0.2 24 /4
k HOOC(CH:)  CH:CHY 0.2 2 9091
1 CeH:CO{CH:): (CH;)»CH 0.1 0.3 91(93)
m C:H:CONHCH. CH;CH- Q0.1 0.3 92( 93)
n  CH;CH(Bn) C+HsCH, 0.1 1.5 89(93)

“2 equiv ol ethyl alcohol were used. “All products were purified by silica
gel column chromatography and gave satislactory spectral data. The
numbers in parentheses indicate the recovery vield ot 2-benzyvlamino-6-
methvipyridine. "Recovery vield of  A-benzyvl-2-(6-methy]pyridine-
carbamoyl chloride. “1.8 equiv of p-methoxybenzoic acid were used.

Table 2. Selective benzovlation of diols with |

Product, 1solated vield %

Fntry Diol Rl;:;.u%u ["ben- 2% ben-  diben-
zoate § zoate 6 zoate 7
a  HO(CH:)»OH 3 83 11
b  HO(CH:ROH 3 74 22
¢ CH:CH{OH)YCH.»OH 35 877 44 6
d C:H:CH{OH)CH.OH 6 79 7 ]

“TH NMR (300 MHz} vield.

nitrobenzoic acid (4i) having clectron withdrawing group
and cthyl alcohol with 0.1 cquiv of DMAP gave the corre-
sponding csters in 92% and 97% vicld. respectively. within 3
h. However. the reaction of p-micthoxybenzoic acid (4j) hav-
ing clectron donating group and cthy1 alcohol with 0.1 cquiv
of DMAP gave a mixture of cthyv] p-mcthoxybenzoale and p-
mcthoxybenzoic anhvdride. which converted into the corre-
sponding cster slowly. in 23% and 63% vicld. respectively.
after 4 h. Thus. 1.8 cquiv of p-mcthoxyben~oic acid and 0.2
cquiv of DMAP were required for the cthyvl p-mcthoxyben-
zoatc formation in high vicld because reaction procecded via
the intcrmediary ol carboxyvlic anhvdride as a major path-
Way.

The cslerification of aromatic carboxylic acids using 1
proceeded more sluggish than that of aliphatic carboxylic
acids. We anticipated that this would allow sclective benzoy-
lation of unsymmetrical diols at the Iess hindered site. As
shown in Tablc 2. the primary hvdroxyl groups of the diols
were sclectively benzovlated in high vields. The reaction of
1. 2-cthancdiol with cquimolar amounts of benzoic acid and
tricthylaming using 1 in the presence of 0.1 equiv of DMAP
gave 83% of the monobenvoate (Sa) along with 11% of the
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dibenzoate (7a). However. betier selectivitics were obscrved
in the bensoylation of unsymmetrical diols such as 1.3-
butancdiol and 1-phenyl-1.2-cthancdiol. The trcatment of
1.3-butancdiol with equimolar amounts of benvoic acid and
tricthylamine using 1 in the presence of 0.1 ¢quiv o DMAP
gave 91% of the monobenroate (Se/6e. 96/4 mixture of the
primary monobenzoate and the sccondary monobenzoate.
determined by 300 MHz NMR analyvsis) along with 6% of
the dibenvoate (7¢).

In conclusion. the present method provides an elficicnt
method for the preparation of carboxyvlic esters and shows
high sclectivity toward the dircct benzovlation of diols. The
rcagent 1 is convenicntly preparcd. very stable. and therelore
would be utilized in many svathetic applications.

Experimental Section

Melting points were determined on Mcl temp [ and arc
uncorreeted. 'H NMR spectra were recorded with a Varian
EM 360L (60 MHz) or IMN-LA 300 (300 MHy) using CDCl;
as a solvent. FT-IR spectra were recorded with a Bruker vee-
tor 22 spectrometer. Mass spectra were measured with VG-
TRIO 2 GC/MS (low resolution) or JMS AXS05WA (high
resolution). Tle was carricd out on a Merek silica gel 60F-
2354 and silica gel (silica gel 60. E. Mcrck. 0.063-0.200 mm)
was uscd lor column chromatography.

Preparation of NV-benzyl-2-(6-methylpyridinecarbam-
oyl chloride 1. To a bis(trichloromethy1) carbonate (1.2493
g. 4.21 mmol) in methylene chloride (20 mL) was added a
mixture solution of 2-benzy lamino-6-methy lpyridine (2.3792
g. 12.0 mmol) and tricthylamine (1.67 mL. 12.0 mmol) in
mcthylenc chloride (16 mL) over a period of 15 min at 0 °C.
Aller 15 min cooling bath was removed and stirring was
continucd for an additional 0.5 h. Mcthylene chloride was
cvaporated under vacuum and the mixture was dissolved in
anhydrous tctrahydrofuran (40 mL). followed by filicring off
tricthylamine hydrochloride. The crude product was purificd
by silica gel column chromatography using 20% EtOAc/n-
hexane as an cluant 1o afTord 1 (3.0347 g. 97%) as a color-
less oil: bp [43-133 °C/0.10 mmHg: 'H NMR (300 MHx.
CDCly) 6 7.54 (dd. J, = 7.8../~=78 Hz. IH). 7.21-7.31 (m.
5H). 7.08 (d..J=7.6 Hz 1H). 6.88-7.01 (m. lH). 5.16 (s.
2H). 2.55 (s. 3H): “C NMR (75 MHz CDCly) & 1585,
152.6. 149.0. 138.2. 1358, 1285, 1283, 1278. 122.0.
1201, 54.5. 24.2: FT-IR (fillm) 3032, 1731 (C=0). 1597.
1496, 1435, 1372, 1195, 743. 701 ¢m™" MS m 2 (%) 262
(M +2.4). 260 (M. 12). 225 (17). 197 (100). 182 (4). 91
(25). HRMS Caled for CyH;;CIN-O 260.0762. Found
2600721,

Preparation of isopropyl phenylacetate 4b. (General
procedure) To a phenylacctic acid (272.3 mg. 2.0 mmol) in
methyvlene chloride (3 mL) was added tricthylamine (279
HL. 2.0 mmol) by microsyringe at room emperature. Afler 2
niin a solution of 1 (321.4 mg. 2.0 mmol) in methylenc chlo-
ride (3 mL) was added to the reaction mixture. followed by
1isopropy | alcohol (153 gL, 2.0 mmol) and DMAP (24.4 mg,
0.2 mmol). After being stirred for | h. the reaction mixture
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was extracted with methy lene chloride (3 x 20 mL). washed
with 0.1 N-HCI (30 mL). and sat. NaHCOs (30 mL). The
organic phascs were dricd over anhydrous MgSO.. filtered.
and cvaporated 1o dryness under vacuum. The residuc was
purificd by silica gel column chromatography using 20%
E1QAc/n-hexance as an cluant 1o give 4b (331.3 mg. 93%)
with the recovery of 3 (364.8 mg. 92%). 'H NMR (CDCls) §
7.24 (br 5. 5H). 4.93 (sepiet. J = 6.0 Hz 1H). 3.60 (s. 3H).
123 (d. /=6.0 Hs 6H): FT-IR (film) 3036, 2983, 1728
(C=0). 1455. 1375.1266. 1107. 739 cm™.

Sclective benzoylation of 1-phenyl-1,2-cthanediol. To a
stirred solution of benzoic acid (236.3 mg. 2.1 mmol) and
tricthylamine (293 L. 2.1 mmol) in methylene chloride (3
mL) was added 1 (321.4 mg. 2.0 mmol) in methylene chlo-
ride (3 mL). followed by 1-phenyl-1.2<cthancdiol (276.3
mg. 2.00 mmol) and DMAP (24.4 mg. 0.2 mmol) at room
temperaturc. Afier being stirred for 6 h. the reaction mixture
was extracted with methylene chloride (3 x 20 mL). washed
with 0.1 N-HCI (30 mL). and sat. NaHCO; (30 mL). The
organic phascs were dricd over anhydrous MgSOy. filiered.
and cvaporated te dryvness under vacuum, The crude product
was subjecled to silica gel column chromalography using
20% EtOAc/n-hexanc as an cluant to aflord the primary
mencbenrzoale Sd (383.0 mg. 79%). thc sccondary
monobenzoale 6d (343 mg. 7%). and the dibenzoale 7d
(363 mg. 8%). 2-(Benzoyloxy)-1-phenylethanol (primary
monobenzoale): mp 64-63 °C (lit.? 63-66 °C): Ry=0.44
(30% EtOAc/#-hexane). 'H NMR (300 MHz. CDCls) §8.04
(d. /=83 Hz. 2H). 7.54-7.56 (m. 1H). 7.31-7.45 (m. 7H).
503 (dd. /1=79. J-=38 Hz 1H). 446 (dd. .J,=116.
J-=39 Hz 1H). 437 (dd. .Jy = 11.6..J.= 7.8 Hz. 1H). 3.25
(s. 1H). FT-IR ([ilm) 3427 (broad OH). 3062. 1714 (C=0).
1602. 1451, 1278. 1068. 699 cm™". 2-(Benzoyloxy)-2-phe-
nyvlcthanol (sccondary monobenzoalc): oil: Ry=0.33 (30%
EtOAc/n-hexane): 'H NMR (300 MHz. CDCl3) 8 8.09-8.11
(m. 2H). 7.35-7.36 (m. 1H). 7.31-7.44 (m. 7H). 6.10 (dd.
Jy=7.5.J-=40 Hz TH). +.01-4.05 (m. 1H). 3.93-3.95 (m.
TH). 2.06 (s. 1H): FT-IR (film) 3417 (broad OH). 2933.
1714 (C=0). 1601. 1452, 1270. 1114. 700 cm™". 1.2-Bis
(benzoyloxy)-1-phenylethane  (dibenzoate): mp 92-94 °C
(1it. ¥ 9193 °C): Ry = 0.60 (30% E1QAc/n-hexane): 'H NMR
(CDCly) § 7.65-8.04 (m. 4H). 6.97-7.53 (m. 11H). 6.24 (L.
J=6.0Hz. 1H). 4.55(d. .7 = 6.0 Hz. 2H): FT-IR (film) 3056.
1722 (C=0). 1602. 1432, 1265. 1110. 738 cm™.

2-(Benzovloxy)-1-cthanol (Sa). 'H NMR (CDCls) 8 7.90-
8.22 (m. 2H). 7.20-7.71 {m. 3H). 4.32-4.62 (m. 2H). 3.62-
4.15 (m. 2H). 2.87 (s. 1H): FT-IR (film) 34354 (broad OH).
3036, 2956, 1716 (C=0). 1602, 1432, 1267. 1122, 1070. 738
Clﬂ_l.

1,2-Bis(benzoyloxy)cthane (7a). 'H NMR (CDCLy) &
7.81-8.22 (m. 4H). 7.15-7.64 (m. 6H). 4.54 (s. 4H): FT-IR
(film) 3054, 2986, 1721 (C=0). 1602. 1452, 1265. 1098.
738 cm™,

3-(Benzovloxy)-1-propanol (Sb). 'H NMR (CDCly) &
7.82-8.12 (m. 2H). 7.17-7.60 (m. 3H). 4.46 (1../=6.0 Hz.
2H). 3.79 (1. J=6.0 Hz. 2H). 2.92 (5. IH). 2.02 (quintct.
J = 6.0 Hz. 2H): FT-IR (film) 3454 (broad OH). 3053. 2963.
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1716 (C=0). 1602. 1452.1267. 1121. 1071. 739 cm™.
1,3-Bis(benzoyloxy)propane (7b). 'H NMR (CDClz) &
781-8.10 (m. 4H). 7.13-7.34 (m. 6H). 446 {{. /=60 Hz.
4H). 2.25 (quintet. ./ = 6.0 Hz. 2H): FT-IR (film) 3059. 2967.
1718 (C=0). 1602. 1452. 1268. 1110. 738 cm™".
4-(Benzoyloxy)-2-butanol (S¢). 'H NMR (CDCls. 300
MHz) 8 8.03 (d. =83 Hz. 2H). 7.53-7.56 (m. 1H). 7.41-
744 (m. 2H). 4.54-4.59 (m. 1H). 4.37-4.41 (m. |H). 3.97-
399 (m. TH). 3.87 (s. 1H). 1.89-1.93 (m. 2H). 1.26 (d.
J=6.3 Hz. 3H): FT-IR (film. 96/4 mixturc of 5¢/6¢) 3418
(broad OH). 3061. 2969. 1715 (C=0). 1602. 1452. 1383.
1279, 1116, 1071, 1027.912. 713 cm ™",
3-(Benzovloxy)-1-butanol (6¢). 'H NMR (CDCls. 300
MHz) 8 8.03 (d. J =83 Hz. 2H). 7.53-7.56 (m. |H). 7.41-
7.44 (m. 2H). 3.36-3.37 (m. 1H). 3.64-3.73 (m. 2H). | .84-
1.87 (m. 2H). 1.40 (d../ = 6.3 Hz. 3H). 2.34 (s. LH).
1,3-Bis(benzoyloxy)butane (7¢). 'H NMR (CDCly) &
7.87-8.23 (m. 4H). 7.20-7.72 (m. 6H). 5.40 (sextet. J = 6.0
Hz. 1H). 4.46 (1. ./ =6.0 Hz. 2H). 2.23 (q. ./ = 6.0 Hz. 2H).
1.52 (d. /= 6.0 Hz 3H): FT-IR (lilm) 3055. 2985. 1716
(C=0). 1602. 1452 1266. 1112, 739 cm™.
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