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Abstract: A simple, efficient one-flask procedure for the large-
scale preparation of 3-carbomethoxy-3-sulfolene from trimeth-
ylphosphonoacetate is described. The procedure incorporates a
cheap and simple sulfide to sulfone oxidation using Oxone®. No
chromatography or intermediate purification steps are involved and
the product is isolated by crystallisation.
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3-Carbomethoxy-3-sulfolene (8) isavery useful template
for the construction of functionalised masked dienes. In
our synthetic studies towards various alkaloids we have
exploited the highly selective prenylation of itsdianion, to
provideflexible 2,3-substituted diene precursorsfor usein
inverse demand intramolecular Diels-Alder reactions.*®
Although 3-carbomethoxy-3-sulfolene is commercially
available it is prohibitively expensive. A neat synthetic
route was published by Mclntosh and Sieler some time
ago and initialy we used this to prepare small quantities
of the compound.” We found that each step of the route
was effective, but overall it was very labour intensive and
expensive to carry out the preparative sequence on alarge
scale. We identified the main problems as being: the
mixed ester starting material 1a was expensive; isolation
and distillation of intermediates 3a and 7 were very time
consuming and there were significant material losses dur-
ing these operations; the final oxidation procedure used
m-CPBA which is expensive for large-scale work and re-
quires a cumbersome workup.

We required a procedure that would enable us to prepare
>100g batches of material routinely without the commit-
ment of time consuming and technically demanding ex-
perimental work. Our aim at the outset was to convert the
literature synthesis into a one-flask procedure, avoiding
isolation of any intermediates. Since 3-carbomethoxy-3-
sulfolene is highly crystalline, we hoped that we would
also be able to avoid any purification procedures, apart
from crystallisation of the final product.

Our study began by carefully monitoring (*H NMR and
GC-mass spectrometry) the progress of each step of the
synthetic process reported by Mclntosh and Sieler. Reac-
tion of 1a with excess paraformaldehyde in methanol at
reflux progressed slowly, but the phosphonate was even-
tually converted completely (~20 h) to a mixture contain-
ing mainly 2a together with a smaller amount of vinyl
phosphonate 3a. We found that the cheaper reagent, trim-
ethyl phosphonoacetate 1b, reacted faster than 1a, but if it

was added too quickly compound 9b was formed in sig-
nificant amounts. The formation of this by-product was
avoided by slow addition of 1b to a solution of paraform-
aldehyde (2 equivalents) over aperiod of 3 hours. There-
action was found to be complete after 5 hours, but we
normally found it convenient to leave this step of the pro-
cess overnight.

To convert methyl ether 2a into vinyl phosphonate 3a the
methanol solvent was replaced by toluene and the mixture
heated at reflux with a catalytic quantity of p-toluene sul-
fonic acid. We found that after 4 hours at reflux, the mix-
tures formed from either 1a or 1b had been converted
cleanly into either 3a or 3b respectively, and GC/ GC-
mass spectrometry indicated that the material formed
would be clean enough to use directly in the next step of
the procedure. We thought that it would be useful to avoid
the change of solvent from methanol to toluene during this
first step, so we carried out a range of experiments using
toluene, toluene/methanol and toluene/acetic acid mix-
tures. These trial reactions were also studied at different
temperatures. However, in al cases, even using 50%
methanol/toluene, the rate of formation of 2a was reduced
and significant quantities of by-products were formed.
The most prominent of these was 9a, formed by reaction
of 2a or 3a with la. Thus, after much experimentation it
was apparent that the dlight practical inconvenience of
changing solvents from methanol to toluene during the
preparation of 3a was worth accepting in order to maxi-
mise the efficiency of its formation.

In the next step of the Mclntosh and Sieler sequence
2,5-dihydroxy-1,4-dithiane was cracked, at reflux in
dichloromethane, then a solution of distilled 3ain dichlo-
romethane was added to the a-mercaptoacetal dehyde pro-
duced. Instead, we ssimply allowed the toluene solution
from the formation of 3b (or 3a) to cool to about 50 °C,
then added 2,5-dihydroxy-1,4-dithiane directly and al-
lowed it to react for 3 hours. After thistimethevinyl phos-
phonate had completely disappeared (by GC) and a TLC
spot corresponding to dihydrothiophene 7 was the only
significant product detected. We particularly wanted to
avoid isolation of thisintermediate, because of the stench
associated with the work-up procedure. Aninitial attempt
to oxidise the thiophenein situ did not provide avery high
yield of the sulfolene. However, simply washing the tolu-
ene solution with dilute HCI prior to the oxidation step
caused a dramatic improvement. We were able to detect
some of the intermediate 6a in the reaction mixture prior

Synthesis 1999, No. 4, 507-509 ISSN 0039-7881 © Thieme Stuttgart - New York

Downloaded by: University of Liverpool. Copyrighted material.



508 J. Leonard et al.

SHORT PAPER

CO,;Me a) CO,;Me
(RO)ZOP——/ - . (RO),0P
OMe
la, R=Et 2a, R=FEt
1b, R =Me 2b, R =Me
b) l
One-Flask
Overall 55% CO,Me
(RO),0OP
3a, R=Et
£O:Me 3b, R = Me
[ X Ho.__S
5. T
s” SoH
8 ©)
o\j\
sH 2
d)
COM RO(OR),
; 2Me HOZ \ _CO,Me
B S E—
S S
7 6a, R =Et
6b, R = Me
CO,Me
(RO),0P CO,Me
9a, R = Et PO(OR),
9b, R = Me

Reagents and conditions: a) paraformaldehyde/piperidine (cat.)/
MeOH/reflux, 24 h; b) Toluene/TsOH/reflux, 4 h; ¢) i. Toluene/Et;N/
reflux, ii. HCI wash; d) Toluene/agueous Oxone/vigorous stirring

Scheme

to the acid wash and this may have been responsible for
the low yield.

The use of m-CPBA is prohibitively expensive on alarge
scale and removal of the m-chlorobenzoic acid by-product
can be problematic. We therefore sought an alternative
cheap oxidising agent, which could be used to oxidise the
dihydrothiophene before isolation from the toluene solu-
tion. A variety of oxidising agents are commonly em-
ployed to convert sulfides to sulfoxides. Oxone®
(potassium peroxymonosulfate
(2KHSO5.KHSO,.[K,S0,]) isacheap reagent and conve-
nient to use. Trost and Curran reported sulfide to sulfone
oxidations using Oxone in methanol and this methodolo-
gy should probably be more widely exploited. 8¢ In some
cases catalysts have been required to activate the re-
agent.®*P We wanted to oxidise dihydrothiophene 7 in situ
in toluene and we found that simply stirring a two phase
mixture of the toluene solution with aqueous Oxone
brought about a clean transformation to the sulfolene 8.
Furthermore, following subsequent extraction and evapo-
ration of the toluene solution, 3-carbomethoxy-3-sul-
folene was isolated by simple crystallisation from ethanol
in 55% overal yield. The procedure works just as well
with the cheaper trimethyl phosphonoacetate starting ma-

terial 1b and has been carried out on various scales up to
200 g.

Thus, we have developed a very simple and cheap one-
flask method for the preparation of 3-carbomethoxy-3-
sulfolene, which can be carried out on any scale. No chro-
matography or intermediate purification steps are in-
volved, the procedure does not require a high level of
technical skill and can indeed be carried out with very lit-
tle attention in less than two days.

3-Carbomethoxy-3-sulfolene

A stirred suspension of paraformaldehyde (6 g, 0.20 mol) and pipe-
ridine (1.3 mL, 1.5 g, 0.018 mol) in MeOH (100 mL) was heated at
reflux for 1 h. A solution of trimethylphosphonoacetate (18.6 g,
0.1 mol) in MeOH (100 mL) was then added over 3 h. Aftera
further 2 h at reflux, GC analysis indicated that all the starting
material had reacted and the solution contained a mixture of vinyl
phosphonate 3b and methanol adduct 2b. Most of the MeOH was
then removed by rotary evaporation and the residue was dissolved
in toluene (200 mL). p-Toluene sulfonic acid monohydrate (0.3g,
0.0016 mol) was added to the mixture and it was heated under reflux
in a Dean—Stark apparatus for 5 h. During this time solvent (~2 mL
aliquots) was removed from the collecting leg of the Dean—Stark
apparatus at intervals, until atotal of 50 mL had been removed over
about 3 h. After 4 h GC analysis indicated complete conversion of
the original mixture to the vinyl phosphonate 3b. The mixture was
then allowed to cool to about 50 °C prior to the addition 2,5-dihy-
droxy-1,4-dithiane (8.0 g, 0.053 mol) and Et;N (18 mL, 0.25 mol).
After 4 h, al the vinyl phosphonate 3b had disappeared (by GC).
The mixture was then allowed to cool to r.t., and washed with 2M
HCI (3 x 100 mL). The acid sol ution was back-washed with CH,Cl,
(2 x 30 mL) and the combined organic extracts were then cooled in
anicebath and stirred vigorously. A solution of Oxone (92.2 g, 0.15
mol) in H,O (400 mL) was then added over about 30 min and stir-
ring was continued for a further 30 min. The toluene was then sep-
arated from the aqueous layer and the aqueous layer was extracted
with CH,CI, (2 x 50 mL). The combined organic extractswere dried
(MgS0O,) and the solvent was evaporated. 3-Carbomethoxy-3-sul-
folene (8) (8.43 g, 48% yield) crystallised from EtOH, and afurther
1.30 g was obtained upon concentration of the mother liquor (total,
9.73 g, 55% yield).

Mp: 64 °C (Lit.,"® 57-58 °C).

IR(thin film): vy, = 1721, 1313, 1268, 1214, 1133, 1073 cm'™.

!H NMR (300 MHz, CDCly): § = 3.81 (s, 3H, CO,Me), 3.96-4.04
(M, 4H, 2-H,, 5-H,), 6.98-7.04 (m, 1H, 4-H).

13C NMR (75 MHz, CDCl,): 6 =522, 54.7, 57.4, 129.3, 133.5,
162.2.

MS (NHa, Cl): m/z= 194 [M+NH,]* (100%).

HRMS: m/z calc for CsHgO,S+NH, (M+NH4)*: 194.0487. Found:
194.0488.

Anal. Calc for CiHgO,S (176): C, 40.87; H, 4.58. Found: C, 41.09;
H, 4.56.

Acknowledgement

Wewould liketo thank Dr. M. Stuckey at the University of Salford
for NMR spectra and Mrs. R. Howarth for GC-mass spectra. We
also thank Glaxo-Wellcome Research and Development for a stu-
dentship (ABH).

Synthesis 1999, No. 4, 507-509 ISSN 0039-7881 © Thieme Stuttgart - New Y ork

Downloaded by: University of Liverpool. Copyrighted material.



SHORT PAPER A Practical Large-Scale Synthesis of 3-Carbomethoxy-3-sulfolene 509

References

(1) For reviews on the preparation and substitution of substituted
sulfolenes see:
a) Leonard, J.; Hague, A. B.; Knight, J. A. In Organosulfur
Chemistry, Vol. 2; Page, P.C.B., Ed. Academic: 1997; pp
229-293.
b) Chou, T. S,; Tso, H. W. Org. Prep. Proced. Int. 1989, 21,
257.

(2) Leonard, J; Fearnley.; S. P.; Hickey, D. M. B. Synlett 1992,
272.

(3) Leonard, J.; Appleton, D. A.; Fearnley, S. P. Tetrahedron Lett.
1994, 35, 1071.

(4) Leonard, J; Fearnley, S. P.; Finlay, M. R.; Knight, J. A_;
Wong, G. J. Chem. Soc., Perkin Trans.1 1994, 2359.

(5) Leonard, J.; Fearnley, S. P.; Hague, A. B.; Jones, M. F.;
Wong, G. Tetrahedron Lett. 1997, 38, 3067.

(6)
@)

®

©)

Leonard, J.; Hague, A. B.; Jones, M. F.; Tetrahedron Lett.
1997, 38, 3071.

a) Mclintosh, J. M.; Sidler, R. A.; J. Org. Chem. 1978, 43,
4431.

b) Mcintosh, J. M.; Sieler, R. A.; Can. J. Chem. 1978, 56, 226.
(Also available from Fluka Chemical Company).

a) Trost, B. M.; Curran, P. Tetrahedron Lett. 1981, 22, 1287.
b) Trost, B. M.; Braslaw, R. J. Org. Chem. 1988, 53, 532.

c) Shepherd, T. A.; Jungheim, L. N.; Baxter, A. J. Bioorg.
Med. Chem. Lett. 1994, 1391.

d) Lee,H. W.; Lee, W. B.; Leg, I-Y. C. Bull. Korean Chem.
Soc. 1994, 6, 448.

a) Greenhalgh, R. P. Synlett 1992, 3, 235.

b) Webb, K. S. Tetrahedron Lett. 1994, 35, 3457.

Article Identifier:
1437-210X,E;1999,0,04,0507,0509,ftx,en; PO5599SS. pdf

Synthesis 1999, No. 4, 507-509 ISSN 0039-7881 © Thieme Stuttgart - New Y ork

Downloaded by: University of Liverpool. Copyrighted material.



