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Summary. Efficient three-step syntheses of a-chloro keto acids la_c from o- 
alkenoic acids 2 and o-alkenyl alcohols 2. are described, proceeding via 
epoxidation/chloride-mediated epoxide ring opening/Jones oxidation protocols. 

As part of a program aimed at the synthesis of medium-sized carbocyclic 

rings via transannular condensation reactions within macrocyclic keto 

lactones,' we required efficient access to a series of a-chloro keto acids la_ 

C. While a number of methods are available for the preparation of a-chloro 

ketones,2 few are of general utility in the synthesis of primary a-chloro 

ketones. In addition, there is a dearth of synthetic approaches to a-chloro 

keto acids. Previously, we reported the only synthesis of lo-chloro+- 

oxodecanoic acid (le) to date, proceeding via a route that employed a Ti(II1) 

ion/peroxide-mediated radical addition reaction as the key step.' 

Unfortunately, this route is somewhat inconvenient on a large scale and is 

only of moderate efficiency. ll-Chloro-lo-oxoundecanoic acid (a) has been 

reported,3 but it was prepared in less than 20% overall yield via a five-step 

protocol that required the use of hazardous diazomethane. Compound & has 

not previously been described. 

In this Letter we report new convenient and efficient three-step 

syntheses of chloro keto acids la_c that are amenable to the large scale 

synthesis of these target compounds. To our knowledge, this 

epoxidation/regioselective chloride-mediated epoxide ring opening/oxidation 

protocol has not previously been reported for the conversion of an alkene to 

an a-chloro ketone. There may be considerable demand for this new 

methodology. For example, the potent alkylating ability of chloromethyl 

ketone derivatives of fatty acids has made them attractive as specific enzyme 

active-site-directed inhibitors.3 In addition, these compounds should prove 

useful as intermediates in the synthesis of a variety of other o- 

polyfunctional carboxylic acids.2'3 We have already established their utility 

in the construction of macrocyclic keto lactones.' 

In initial studies (see Scheme 1),4 epoxidation 

acids 2b.c5 gave the epoxy acids 5b.c. Regioselective 
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(mCPBA) of o-alkenoic 

opening of the epoxide 
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ring in 5b,c (2M aq. HCl/DMF8) gave predominantly the requisite chlorohydrins 

6b.c, contaminated with small amounts of the regioisomers 7b,c. These 

products could be separated by careful column chromatography. Jones 

oxidation' of 6b.c gave the target a-chloro keto acids Ib.c. For convenience, 

the mixtures of regioisomeric chlorohydrins 6b.c and 7b.c could be carried 

through the Jones oxidation step without prior separation. The oxidation 

Scheme 1 [b: n=8; c: n=g] 
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(id mCPBA (1.4 eq.), acetone, 25'C, 48 h. (ii) 2M Aq. nC1 (1.1 eq.), 
25C, 3 h. (iii) CrO, (1.1 eq.), aq. li,SOc, acetone, 25%~~ 5 h. 

DMP, 

products of the minor regioisomeric chlorohydrins 7b.c were readily separated 

from the chloro keto acids m by recrystallization from ether/hexane. 

This approach to a-chloro keto acids Ib.c was moderately efficient (3 steps 

and 36-50% overall yield from 2), and was amenable to the preparation of 

multigram quantities of 1. However, the presence of the carboxyl function 

caused some difficulties during the separation of the epoxy acids m from 

the m-chlorobenzoic acid byproduct of mCPBA epoxidation; careful 

recrystallization from cold (-4O'C) acetone followed by column chromatography 

was required. 

Scheme 2 [a: n=7; &: n=S] 
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a Reaction performed in asatone (reaction'(i)). bReaction performed in CH$X, (reaction 

(ii)). Via route A. Via route B. 
after column chromatography. 

Yields are of purified m,ixtures of2 and&Q 
The ratio of 9:s was established by H NMR SpeCtrOSCOpy. 

(i) mCPBA (I.4 eq.), acetone, 25%, 48 h. (ii) mCP8A (l.leq.), CIi,Cl,, 25'C, 12 h. (iii) 
ZMAq. Hcl (l.leq.), DMF, 25'c, 3 h. (iv) LiCl (1.6 eq.), CFf3COOH (3 eq.), THF, 25 C, 
6 h. (v) CrO3 (3.3 eq.), aq. H2S04, acetone, 25'C, 5 h. 
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An alternate route was, therefore, devised that would introduce the 

carboxyl function during the final step (Jones oxidation) of the synthetic 

sequence (see Scheme 2).4 Epoxidation (mCPBA) of commercially available and 

inexpensive o-alkenyl alcohols 3a.b afforded the epoxy alcohols 8a,b: the 

use of CHzCl, rather than acetone as the reaction solvent led to considerably 

improved yields of 8a.b. The absence of a carboxyl group in 8a.b greatly 

facilitated removal of the m-chlorobenzoic acid byproduct, which was achieved 

by a simple aq. NaHC03 wash. Regioselective opening of the epoxide ring in 

8a.b (2M aq. HCl/DMF, route A) gave the requisite chlorohydrins 9a.b, 

contaminated with small amounts of chromatographically inseparable 

regioisomeric chlorohydrins 1Oa.b. Jones oxidation of these mixtures of 

chlorohydrins afforded the requisite o-chloro keto acids la.b: again the 

oxidation products of the chlorohydrins 10a.b were readily removed by 

recrystallization. The three-step reaction sequence could be performed on a 

10 to 20 g scale without purification of any intermediates (see Scheme 3, 

route A): the overall yields of chloro keto acids 1 from o-alkenyl alcohols 

3 were 58% (la) and 64% (lb). 

Scheme 3 [a: n=7; &: n=8] 

la: 58% from 3aa - 
3: 64% from 2 

3a,b la: 80% from 3aa - 
lb: 82% from 3ba - - 

' Yields are of purified products after recrystallization from 
ether/hexane. synthetic intermediates were isolated but not purified. 

(i) mCPnA (1.1 eq.), CH$lZ, 2S°C, 12 h. 
25 C, 3 h. 

(ii) 2M Aq. HCl (1.1 eq.), 
(iii) CroJ (3.3 eq.), aa. H$O,+, acetone, 25'C, 5 h. 

DMF, 

(1.6 eq.), cH3coon (3 eq.), THF, 25 c, 6 h. 
(iv) LiCl 

A further refinement of this synthetic methodology exploited a new 

highly regioselective epoxide opening reaction." Treatment of epoxy alcohols 

8a.b with LiCl/AcOH/THF (see Scheme 2, route B) gave the requisite 

chlorohydrins 9a.b in excellent yields and with very high regioselectivity. 

Incorporation of this protocol into the three-step epoxidation/epoxide ring 

opening/oxidation reaction sequence (see Scheme 3, route B) (without 

purification of intermediates) afforded the chloro keto acids la.b in 80% and 

82% overall yields, respectively, from o-alkenyl alcohols u (after 

recrystallization from ether/hexane). This constitutes an extremely 

efficient entry to the target chloro keto acids. 
11 

The use of chloro keto 

acids la_c in the synthesis of macrocyclic keto lactones and medium-sized 

carbocyclic rings is underway, and will be reported in due course. 
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