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Abstract

Fluoro- and di-¯uoro allylic alcohols obtained from HFC-134a and HCFC-133a were transformed
through [3,3]-sigmatropic rearrangements into 3-¯uoro-4-halo-4-alkenoates with variable substitution at
the 2- and 3-positions. Ozonolysis of the haloalkenes a�orded the corresponding acyl halides which could
be trapped with nucleophiles to a�ord ¯uorinated succinic acid derivatives in which the two carboxylic acid
groups were di�erentiated. # 2000 Elsevier Science Ltd. All rights reserved.

Recently, we showed how 1-chloro-2,2,2-tri¯uoroethane (HCFC-133a) 1 could undergo a high
yielding dehydro¯uorination/metallation reaction to a�ord 1-chloro-1-lithio-2,2-di¯uoroethene
from which di¯uoroallylic alcohols 2 (2a and 2b, for example) could be prepared.1 In attempting
to de®ne the scope and limitations of the chemistry of this potentially important new ¯uorinated
building block, we reacted the di¯uoroallylic alcohols with a limited range of organolithium
reagents and found that they underwent stereoselective displacement of a single ¯uorine atom to
a�ord 3a±d; n-butyllithium, methyllithium and phenyllithium all reacted smoothly (Scheme 1).
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Scheme 1. Preparation of ¯uoroallylic alcohols. (i) n-BuLi, THF, ^78�C; (ii) R1CHO; (iii) H3O
+; (iv) R2Li, THF,

^78�C to rt, then H3O
+
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Excellent E-stereoselectivities were obtained in a one-pot procedure suggesting that we could
use these intermediates to prepare substituted succinate esters (5), with a ¯uorine atom at a tertiary
centre and with variable substitution at the 3-position, in a stereocontrolled manner using rear-
rangement methodology.2 Ozonolysis of the rearrangement educts 4 would a�ord reactive acyl
derivatives from which amides, esters and thioesters could be prepared. Substituted succinic acids
have found applications as components in metalloproteinase inhibitors,3 intermediates en route
to (^)-rocellaric acid4 and mycotoxic fumonisin B fragments.5 2,3-Di¯uoroderivatives (tartaric
acid analogues)6 formed the subject of some recent theoretical interest because of the possibilities
of intramolecular hydrogen bond formation involving the ¯uorine atoms. The proposed route
would complement the ¯uoropropionate aldol chemistry developed recently by Ishihara7 and
correspond to an (alkoxycarbonyl)alkylation of the corresponding enolate (Scheme 2). In the
di¯uoro series (from 2), our educts would correspond to acylation products of the di¯uoro-
propionate ester homoenolate equivalent reagent which Qing and co-workers8 attempted to synthe-
sise recently (disconnection b).

We therefore performed Johnson±Claisen9a and chelated ester enolate Claisen rearrange-
ments9b of the alcohols (Scheme 3); the former all occurred smoothly, as did the latter except
when alkoxyacetates of alcohol 3c were exposed to strong base (LDA). The rearrangement
occurred with the expected stereoselectivity2 but in low yield; de's for all substrates were ca. 90%.
In this case, we believe that allylic metallation competes with ester enolate formation and that

fragmentation with diene formation follows. The addition of an extra alkyl group at this position
(as in 3d for example) slows down the unwanted metallation su�ciently for the enolate to be
formed as the major pathway and rearrangement succeeds.

We were able to ®nd few examples of vinyl chloride, and no examples of vinyl ¯uoride, ozonolyses
in the literature.10 However, when we exposed the rearrangement educts to ozone,11 we found that
cleavage occurred readily in some cases and very slowly in others (Scheme 4, Table 1). When the

Scheme 2. Possible disconnections for ¯uorinated succinic acid derivatives

Scheme 3. (i) Triethyl orthoacetate, propionic acid, 140�C, 16 hours; (ii) BnOCH2COCl, pyridine, DMAP, DCM, rt;

(iii) LDA, THF, ^78�C then Me3SiCl; (iv) NH4Cl; (v) MeOH, EDC, DMAP, CH2Cl2
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reaction was performed in an alcohol solvent, we recovered the clean succinate esters in good
yield. Alternatively, we could run the ozonolysis in dichloromethane, work-up with triphenyl-
phosphine and isolate the acid chloride. An attempt to use polymer-supported phosphine was
completely unsuccessful with phosphine oxide being released from the resin.

Treatment of the crude acid chloride/phosphine oxide mixture with an alcohol, amine or thiolate
nucleophile allowed isolation of the succinates; only a solution of t-BuOH containing DMAP and
pyridine proved ine�ective. Ethyl glycinate (which had been converted to the free amine by pre-
treatment with triethylamine) intercepted the acid chloride in moderate yield, a reaction with
considerable scope for optimisation given the sophistication of modern methods of peptide
synthesis. Of particular interest are Weinreb amide 5f and thioethylester 5d because of their
potential for use in parallel synthesis of ketones following treatment with Grignard reagents,12 or
organozinc reagents13 in the presence of Pd(0) catalysts, respectively. The corresponding vinyl
¯uoride educt 6 obtained from HFC-134a also underwent cleavage to a�ord the less reactive acid
¯uorides after similar reaction times.14 Ozonolysis of the di¯uoro species 7 was also successful; a
slightly longer exposure to ozone was required but complete conversion to ester 8 was achieved,
although the isolated puri®ed yield was modest (27%).

Scheme 4.

Table 1

Representative ozonolysis experiments
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Surprisingly, we were unable to push the oxidations of 4c and 4d to completion; the reactions
appeared to stop after ca. 5 hours and no further disappearance of starting material occurred
even after 12 hours. Free acid groups are known to be compatible with ozone15 though ozonide
cleavage by phosphine is slow when the carboxyl group is present which may account for our
failure to isolate any identi®able products from the ozonolysis of 4c. Nevertheless, an acceptable
yield of ester product was obtained from 4d upon work-up.
In conclusion, this method allows the synthesis of di�erentially protected mono¯uorinated

succinic acid derivatives in which the level of substitution and type of functionality contained can
be varied. Both HCFC-133a and (though less conveniently) HFC-134a can be used as starting
materials for this interesting class of products, extending the range of ¯uorinated targets which
can be reached via building block methods16 signi®cantly.
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