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1. CDI, THF, 23°C (83-91%) j)\
R1'OH R1O R2
2. R2MgX 3, THF, 0 to 23°C (31-95%)
1 4
R = alkyl, benzyl, cyclohexyl 15 examples
R = alkyl, aryl

The reaction of Grignard reagents with alkyl imidazolecarboxylates, which were prepared from alcohols
with carbonyl diimidazole, gave the corresponding esters in good to excellent yields. This method
conveniently provides esters from alkyl halides and alcohols pgathbon chain extension.

Introduction chloroformates to produag-diazocarbonyj3-ketoesters.How-
ever, there are few reports on the syntheses of esters from the
Esters are inVariany Synthesized from the condensation reaction of chloroformates with alky| and ary| Grignard
reaction of an alcohol with the corresponding carboxylic acid. reagent$. Such condensation reactions invariably provide the
There are numerous methods for this transformation that aredesjred esters, only in low yields due to the concomitant
known and well-establishedDuring the course of our studies  formation of tertiary alcohols derived from the triple addition
toward the synthesis of a variety of resorcylate natural products, of the Grignard reagefSt.In these cases, yields of the esters
we became interested in an alternative synthesis of esters fromyere improved by converting the chloroformates to the corre-
the alkoxycarboxylation reaction of Grignard reagents that were sponding acy! tributylphosphonium chlorides or pyrazole-1-
prepared from the corresponding alkyl halfé/e considered  carboxylated. To the best of our knowledge, there is only one
using alkyl chloroformates in this regard. However, such report on the addition of phenylmagnesium bromide to methyl
transformations have two major drawbacks. First, the SythSiS1-imidazo|ecarboxylate, which gave methyl benzoate in 51%
of chloroformates from alcohols requires the handling of yield 8 This observation encouraged us to develop a simple two-

phosgene or bis(trichloromethyl) carbon#tdditionally, chlo- step method for the preparation of esters from alcohols, Grignard
roformates are inconvenient to handle and are usually preparedeagents, and carbony! diimidazole (CDI).

and directly allowed to react in sifi4. The reactions of

chloroformates with alkynylmetallic reagents have been widely Results and Discussion

used to synthesize the corresponding 2,3-alkynyl eétack. . )

ditionally, o-diazocarbonyl compounds have been metalated A range of 1-imidazolecarboxylat@; which were_preparged
using Grignard reagents and subsequently allowed to react withPY the reactions of primary and secondary alcotialsth CDI
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Esters from Alkyl Halides and Alcohols

TABLE 1. Synthesis of 1-Imidazolecarboxylates 2 from Alcohols 1
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TABLE 2. Synthesis of Esters 4 by the Reaction of

and CDI 1-Imidazolecarboxylates 2 with Grignard Reagents 3
Yield il Yield
Entry Alcohol Product (%)* Entry c';:,;'y‘:;e Grignard reagent Ester (%)
0 0
X A :
1 Ph~"""0H la P07 SIm 2a 923 1 2a PhMgCl 3a Ph(CHz);0” ~Ph 4a 95
o]
i 2 2a BuMgCl 3b Ph(CH);0” "Bu 4 85
2 Ph” ™ OH 1b Ph” 0" im 2b 83 0
Me Me O 3 2a iPrMgCl 3c Ph(CHz)so)kIPf 4c 96"
o
3 Ph/\/kOH 1c Ph/\)\OJ\Im 2 85 L
4 2a BuMgCl 3d Ph(CH;);0” ~tBu 44 94
Et Et O O(CH,)sPh
Me;N MgBi MezN*< H
4 Et” OH 1d Et)\OJ\Im 20 91 5 2a e WA o 4 o
M MeO O

/©)LO(CH2)3Ph
MeO a 65
Mgl 0o

Q@
OJ\ Im 2e 83 6 2a
o}
o @ 5 Ph(CHz)so)‘\C/s w50

leO
MeO' 3f
S

OH Im 7 2a
6 Me)\/\OTBS 1f Me)\/\OTBS 2f 92 MeO Meo O
MgCl O(CHy)sPh
)OJ\ MeO MeO’
OH O Im O O 8 2a Me” “0TBS  3h Me” “OTBS 4h 31
7 Me OMe 1g Me OMe 2g 86 0
. . 2b PhMgCl 3a BnoJ\ph 4 94
a All compounds were obtained analytically pure after aqueous work up. e o
Im = 1-imidazolyl.
y 10 2¢ PhMgCl 3a Pn/\)\OJ\Ph 4 92
SCHEME 1. Synthesis of 1-Imidazolecarboxylates 2 from Me O
Alcohols 1 and their Reaction with Grignard Reagents 3 to 11 2 iPrMgCl 3c e
Form Esters 4 B o
3 equiv CDI, THF 0} 12 2d PhMgCl 3a Et)\oJ\Ph a o
R'-OH
© 23°C, 14 h R1O)J\Im CL 1
13 2e PhMgCl 3a 0~ “Ph 4m 95
1 2 o
1 Lo 07 >Ph
equiv R*MgX 3, 14 2 PhMeCl 3a Me” " oteS a8
THF, 0° to 23°C, 14 h o
)LO o]
Ph
)?\ 15 2g PhMgCl 3a Me/'\/u\OMe 40 65
R'0” "R2 a After aqueous workup.

4
4gin good to excellent yields. The required Grignard reagent

(3 equiv) in THF, were obtained as analytically pure compounds 3h was prepared from the corresponding aryl iodine through
in good to excellent yields after aqueous workup (Table 1). The iodine/magnesium exchange under Knochel conditié#sThe
reaction of Grignard reagertiswith the 1-imidazolecarboxylates ~ reaction of Grignard reagei@h with 1-imidazolecarboxylate
2 was optimized for the condensation of 1-imidazolecarboxylate 2a gave este#h in 31% yield (entry 8). The conversion of
2a with phenylmagnesium chloride8§ Scheme 1). Superior ~ primary-, secondary-, and sterically demanding tertiary-alkyl
yields of ester4a (95%) were obtained when the Grignard Grignard reagent8b—3d also gave the este#th—4d in good
reagent3a was added to 1-imidazolecarboxylé?a at 0 °C, yields (entries 24). In contrast to these successes, the use of
and the reaction mixture was subsequently warmed t6@3  vinyl and allyl Grignard reagents gave complex intractable
over 14 h. Phenylmagnesium chlori®s) could even be added ~ reaction mixtures.
at room temperature to obtain estierin comparable yields. In A variation of the alcohol component was next examined
contrast, the use of zinc- and lithium-centered organometallic (Table 2). The reaction of the benzyl derivati2e gave ester
reagents was unsatisfactory and gave little of the desired esters
4. (10) The preparation of the Grignard reag@ht and the aryl iodine
The scope of the reaction with variation in the Grignard fggcgﬂz‘;roggg |Cn?$m:tricoﬁ"y available starting materials is described in
reagent was investigated. 1-lImidazolecarboxyzaewas al- (11) (a) Krasovskiy, A.; Straub, B. F.; Knochel, Rngew. Chem., Int.
lowed to react with a range of Grignard reage3as 3h (Table Ed-éogfri 4\'"|>l elt?% o(g%(;ri%qiggegkiggﬁé\l/-é) N%‘gﬁg.;\lfve?(éjé;rr?r?\g?rggﬁn
2). T_he reaction o2awith phenyl- (entry 1),_ electron-rich aryl- N Kneigél, F. F.: Kopp. .. Kom. T.. Sapountzis, I.: Vu. V. Angew.
(entries 5 and 6), as well as heteroaryl Grignard reagents (entrychem., int. Ed2003 45, 4302. (d) Boymond, L.; Rottfader, M.; Cahiez,
7) were successful and gave the desired egtarde, 4f, and G.; Knochel, PAngew. Chem., Int. EQ.99§ 37, 1701.

J. Org. ChemVol. 71, No. 11, 2006 4303



]OCAT’tiCle Werner and Barrett

4i in 94% vyield (entry 9). The reaction of the secondary 3-Phenyl-1-propyl Benzoate (4a}2 General Procedure for the
1-imidazolecarboxylate2c—2g with phenylmagnesium chloride ~ Formation of Esters 4. PhMgCI @& 0.37 mL, 0.74 mmol, 2 M
(Sa) gave the Corresponding estdﬂand4|_4o in good y|e|ds in THF) was added drOpW_ise with Stirring to l-imida20|ecarquy|ate
(entries 10 and 1215). Although the reaction of 1-imidazole- 2&(167 mg, 0.725 mmol) in dry THF (5.0 mL) at"C. The reaction
carboxylate 2¢ with iso-propylmagnesium chloride3¢) is mixture was warmed to 23C over 14 h, poured on ice, and

. ; . X . - X extracted with EO (3 x 10 mL). The organic layers were
sterically quite demanding, estér was obtained in 86% yield combined, dried (MgSg), and rotary evaporated to afford ester

_(entry 11)_. Hovv_ever, no_conversion was o_bserved yvith further 44 (165 mg, 95%) as a colorless oil: IR (neat) 1719, 1452, 1380,
increase in steric bulk witkert-butylmagnesium chloride3¢). 1115 cnt!; *H NMR (300 MHz, CDC}) 6 2.04-2.13 (m, 2H),
Especially remarkable is the reaction of 1-imidazolecarboxylate 2.77 (t,J = 7.6 Hz, 2H), 4.32 (tJ = 6.5 Hz, 2H), 7.18-7.29 (m,
2g to give estedo (entry 15, 65%), a reaction in whichy&b 5H), 7.39-7.44 (m, 2H), 7.527.56 (m, 1H), 7.99-8.02 (m, 2H);
elimination to form methyl crotonate or addition to the methyl *C NMR (75 MHz, CDC}) 6 30.2, 32.2, 64.1, 125.9, 128.2, 128.3,
ester were not observed. 128.4, 129.4, 130.2, 132.8, 141.0, 166.5; LRMS (CI,JNB58

In summary, we have developed a simple two-step procedure(SI%; (M + NHa™), 231 (61%; (M+ H)™), 135 (40%), 118

0 . . .
to prepare esters from alcohols, CDI, and a Grignard reagent.glgqgg))HAgégs_Camd for G021 C, 79.97; H, 6.71. Found: C,
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