
TetrahcdronLau~. Vol. 35. No. 18. pp. 2961-2964. 1994 
Else&r Science tta 

RilUdillOrulBriWiIl 
OMO-4039194 S6.OOtO.tXl 

0040-4039(94)EO428-2 

Methyl a,~-Dichloro-Esters by Oxidation-Chlorination 
of Cyclic Acetals with Trichloroisocyrnuric Acid. 

Fhnco Bellwia, Monica Boni, Fhnco Ghelfi* and Ugo M. Pagnoni 

Dipartimento di Chimica dew Univefsi* Via Campi 183, I-41 100, Modem (Italy) 

Abdact Methyl cechlon-~ or a,adichloroastars are cbtained in excellent yields by oxidation 
chlorination of 2-alkyl-4,S-dimethyl- 1,3-dioxolanes with trichl~socyanuric acid 

Esters of a,a-dichloro-carboxylic acids are use&l intemu&tes in the preparation of a-chloro-esters1 
and of glycidic esters,2~3 through the Darzens reaction. General procedures for the synthesis of these 
dihaloeaters have been till now limited to the alkylation of dichloroacetates3 and to the Hell-Volhard-Zelinakii 
chlorination of carboxylic acids.5 However, the former method, though being more versatile, follows a very 
complicated procedure and the second one uses drastic reaction conditions. A preparation of a,a-dihaloesters 
by halogenation of ketene thioacetals has been alao reported, but without experimental detaih~ and yields.5 

Recently, we set up an efi&tive and practical synthetic route to methyl a,a-dihaloesters through a 
simuhaneous oxidation-chlorination of 2-( 1-chloroalkyl)-4-methyl-1,3-dioxolanes with trichloroisocyamuic 
acid (TCIA) in dimethylfonuamide (DMF) under mikt conditiona 

Though a-chloro-acetals are easily prepared,’ a more straight and appealing procedure to methyl a- 
chloro- or a,a-dichloro-eaters would start l%om simple acetals, by-passing the a-chloro-acetaB preparation 
step. As far as we know, the formation of small amounts of a-halo- and a,a-dibalo-esters has been observed 
only in a few examples of cyclic acetal oxidation with NBS* or TCIA,9 the simple eaters being the main 
products. Now we report that excelhmt yields of a,a-dichloro-esters can be easily obtained on treating 2-alkyl- 
4,5-dimethyl-l,3-dioxolanes with TCIA in DMF. 

Since a mixture of a,cz-dichloro-esters is generated in these tran&~mrations (see figure), we preferred to 
proceed by a transesteritication with methanol, to isolate the a,a-dichloro-carboxylic acids as methyleaters. 
Early triala of oxidation-chlorination with TCIA on some hexanal cyclic acetaks showed a marked steric effect 
on the course of the reaction. To When just one aJl@ group at the C-4 position of the dioxolane ring (entries 1 
and 2) is indeed present, the formation of the a,a-dichloro-ester occurs together with a small amount of simple 
ester; when instead both C-4 and C-5 positions are alkylated, the transformation to a,u-dichloro-ester is 
complete (entries 3,4,5 and 6.). 

The reaction is strongly exothermic and a temperature control is strictly required to avoid a violent and 
dangerous overheating. The beat procedure is to drop the acetal in the reaction flask thermostatted at -10 “C, 
so that the internal temperature does not exce& +5 OC. 
A number of acetals afford very excellent yiekia of methyl a,a-dihalo-eaters (Table) by this oxidation- 
chlorination procedure. Substrates carrying only one hydrogen atom at the carbon adjacent to the acetahc 
function (entries 8 and 9) give a-chloro-esters. 

Being not attacked by TCIA under the reaction conditions, both esters and a-chloro-eaters are ruled out 
as intermediates in these cyclic acetal tratd0mWiOOS. 8 
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As already suggested in our prewious work6 the key step in the process is the formation of a &&ng 
dioxenium ion by hydride abstraction promoted by the protonated TCIA 1 1 The ring of the 1,3-dioxolan-2- 
ylium cationI is usually opened by a nucleopbile at C4 or C-S position, however, when these positiona are 
sterically bindered, the IS of the c&km becomes so long that a &proton elimiz&on to ketone aeetal13 is 
prefkrednttptnttercompormdtollykreaditychEoriaaXedgiving~toanew~x~ion~4byaB 
hydrogen elimination and a a&sequent ~~~ afFbrda the a,a-di&loro-eat=_ 

The here described procedure from cyclic acetals provides a,a-dicbloro-e@rs easily and with 
s&&icantiy higher yields tlum any previollaly reported metbod;3r5 owing to the low amounts of sohat used, 
it is alao suitable to be solled up to iarge preparations. 

Substrates, reagents and solvents are standard grade commer& products, and were used without further 
purification. Tbc dimethylacetala were prepared accordiug to reported proceduras.6 

Geuer8lproeedure fortbe oxidation-cMorin8tion of2-a~~*l~os~n~ vtwi+IxBAa- 

The reacfion musf be per@rmed m&r a horxi and behd a s&k@ s?riefd In a timse-n&& round bottom 
flask (100 mL) &ted w&b a condcaser, a dropping fimnel and a tbermomet er, TGlA (97%, ZO,lZg, 84 mmol) 
was dis.soh~I in DMF (40 mL). The stirred sob&m was thermostatted at -IO OC! and the 2-a&y&4,5-dim~tbyl- 
1,fdioxolane (80 mmol) added tlmpwise so that temperature did not exceeded +5 ‘XI Owing to oyamuric acid 
pr~~tio~ the mkture alowly became semi-solid, The mixture was left at +5 “C fbr B-24 h and tba diluted 
witb 1:l diethyl ether/petrokwn ether (30-50 “C) (23 mL.) and H20 (5 mL); Na2S205 was slowly added till 
complete depletion of the oxidikg power. Tbe a&d was filtered off and waabed with I:1 &ethyl 
~~/p~oi~ et&r (30-50 “C) (2 x 35 mL). The culleoted organic phasea were wasbed witb H20 (2 x 20 
mL), dried and neutral&& over solid Na2CO3, and concentrated on a rotary evaporator. 
S’ciaf caves.- a) in the case of 2-benzyl-4-methyl-1,fdioxolrme (entry 7) the reaction time was 48 h; b) in 
the case of Z(ptat-3-y1)4,5-~-1,3-dioxofaae (entry 8) and 2-cyc~~-4,5-dimethyI-1,3-dioxolane 
(entry 9) 56 mmoles of TCXA were used. 

General preeedure for the ~~~s~~r~~~on to methyl a,a-di&lora-e&tra.- III a 100 mL. routed bottom 
tlaak, LiOCH3 was prepared by cautiously adding LiH (24 mmol) to CH3OH (80 mL). When efkvescence 
ended, the mixture was thermostatted at +5 OC and the a,a-d&&-esters (80 mmol) were added all at once. 
The solution was stirred for 3 h and then diluted with CH2Cl2 (40 mL} and washed with aq. 2.5 % HCl 
solution (80 mL). The aqueous phase was extracted agpin with CH2Cl2 (2 x 20 mL$. The orgaaic extracts 
were colkted, dried and netLtrafized over solid Na2CX33. A&r so&e& evaporation, the reaofton products 
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TABLE: Rqmatkm of a-Chloro- or a,a--Methyl-mers 
by Reaction of Cyclic Acetab with TCXA 

!hlbs&ate 

-=-CT -Q--3 

1 a IO 

YkW 
% 

84 (7) 

88 (7) 

96 

94 

90 

94 

95 

OOCHl 95 

a) In parenthesis the yielda ofuuchlo~d esta arei reporttd. 
b) 17% ofrecavered untmnsesteridiad 3 -chho+ut-2-yl) 2-chloro-2-dyibmanoate. 



were isolated and puriiied by dist&tia under reduced pressure. They were compared by GC-MS with 
authentic samples prepared by a di&rent route.6 
Special cae.- For the trmseaterjiication to methyl 2-chloro-2-ethylbutaoate a stoichiometric amount of 
LiOCH3 was used and the reaction worked-up afkr 36 h. 
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