CYCLIC CARBONATES AND TIHIOCARBONATES
CARL R. MHLOY

Onpiversity of Tllinois,

Ag a eompound earbonic acid exists
to a slight extent in equilibrinm with
its decomposition products, carbon
dioxide and water:

H,00, = HO + €O,

Pauling (1960:327) states that the
ratic of dissolved carbon dicxide
malecules to earbonic acid molecules
iy about 25 to 1. This would lead to
a true value for the iomization eon-
stant of ghout 2 x 10", Apparently,
then, carboniec acid is somewhat
stronger than acetic acid. The in-
stability of ecarbonic acid can Dbe
attributed to the fact that the mole-
clile Is a gem-diol, a type normally
decomposed with loss of water. In
spite of the ingtability of the acid
itself, many derivatives ean he pre-
pared through the nse of the an-
hydride, CO,, the double acid chlo-
ride, phosgene, COC1, and the
double amide, wurea, CO(NIL),.
Likewise the thioacids, monothioear-
bonie acid, HOCOSH, dithiocarbonic
acid, O0=C(8II},, and trithiocar-
honice acid, S==C{SH),, are unstable,
but their anhydeides, carbonyl sul-
fide, COS, and earbon disulfide, C8,,
are known as are the acid chloride,
thiophosgene, S=CCl,, and the
amide, thiourea, S—C(NH,),.

Phosgene was flrst prepared in
1812 by Sir Humphbrey Davy by the
combination of earbon monoxide and
chlorine in sunlight in the presence
of charcoal :

Navy Pler, Chicego

co + ClL —E—> COCl,.
I,

The name phosgene was chosen he-
canse the substance had its origin
in light. This method is still used
commercially, activated charcoal be-
ing used. The cast iron catalyst
chamber is thoromghly ecocled with
water before the gases are admitted.
About 80% conversion gecurs on the
fivst pass. In a second chamber the
process is completed at elevated tem-
peratures.

Typical of acid chlorides phosgene
will react with ammonia, water, and
aleohols, With a monofunetional al-
cohol, such as ethanol, the reaction
proceeds through the chlorocarbon-
ate (The chloroearbonates are also
narned chloroformates since they are
esters of the hypothetical acid, chlo-
roformic acid. CICOOH.) stage to
the diallcyl carbonate:

0ocl, + CH,0H — COCIOCH, + HCI

COCIOCH, + LHOIL —
CG(OC,IE:), 4 HCL

Aleohol is  added to comunercial
grades of chloroform to rewmove the
phosgene which results when the
chloroform stands in confact with
aiv. If the ethyl chlorocarbonate is
treated with ammonia instead of ex-
cess aleohol, nrethane results:

COCIOC T, + 2N, — CONH,0CH; -
NH,C1 wrethane
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If & glyveol be substituted for the
monofunetional aleohol in the reac-
tion with phosgene, a cyclie earbon-
ate is produeecd:
HOCH,CH,0H 4+ COClL, - (CH0),00
ethylene carbonaie

Nemirowsky {1883) was able to pro-
duce ethylene carbonate in good
yieid by passing a stream of phos-
gene through ethylene glycol at or-
dinary temperatnres and pressures.
The earhonate iy also produced from
ethyl chloroformate and the diso-
diumn derivative of glyeol:
NaOCH.OHL.ONa -+ COCIOGH, —

(CH,0),00 - C,H,.ONa 4 NaCl
This method was used by Allpress
and TTaworth (1924} to produce sug-
ar carbonates. TPor example Tructose,
in agueous solntion, reacts with atkyl
chloroformates at (°C. to produee
stigar carbonates such as monocar-
bomethoxyfructose dicarbonate:

CHg O\

| /070
r—C—0

—CH

CH,0C0,CH,
Under similar conditions glyeerol
yields monocarbomethoxyglyeerol
carbonate:

CHZOC0,CH,

CH—O
N\
c=0

CHo-0

These compounds are completely

Thiocarbonafes 147
hydrolyzed by acids, alkalis, and so-
dium alkylates.
The first thiocarbonates were report-
ed by Debus (1850) who prepared
diethylthioncarhonate, SC{OC;I15)2
by heating ethyl xanthate, Some
diethylthionthiocarbonate iz formed
at the same time:
C,HOC88Ns — C8 (0C.H;), -+
CS(0OC.H,;) 8CH,
He made the trithiocarbonate by the
action of thiophosgene on sodinm
ethyl mercaptide:
2 C.H,8Na 4 CS8CIL;, -» CS(8C.H,), +
2Null
Tt is apparent that five different
evelie thioearbonates can be derived
from ethylene or its symmetrical de-
rivatives:
CHQ-O.\
| ,C=5
CH -0

CHg~ S,
C=0
CH~ 0

CHar S,
| csS
CHo- 0
GHom S,
| ¢=0
CH S

CHa"‘ S N
"0=5
CH 5

With unsymmelrical derivatives or
with fuscd rings additional isomeric
forms may bhe dedaced.

Fomin (1935) showed that the
pinacol derivative of methyl xan-
thate, Me,C(OCE,Me)}C{OH)Me,, is
decomposed in the process of forma-
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tion without separation of COS and
with the evolution of MeSH to give
the stable tetramethylethylene thio-
carbonate ;

CH;

CH3 "'C"O\
C=S
CHa=C=0"

CH,

Stevens and Richmond (19417 Toiind
that the decomposition of 2,3-butyl-
ene glveol monoxanthate Ffollowed
two paths, one producing methyl
ethyl ketone, presumably through
the enol, and the other yiclding a
eyelie thioearbonate :
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In a series of papers Owen and co-
workers (Creighton and QOwen, 1960 ;
Igbal and Owen, 1960) have de-
seribed the preparation of a number
of cyelic trithiocarbonates derived
from sugars as well as from cyelo-
paraffins. The work herein deseribed
is an extension of that work to the
preparation of the monothicearbon-
ates derived from eyelohexane.

CHyCHCHOHOH; ——> [ CH,CH=C (OH)CH, |

0~C~SCH
§ A

Eﬂa?HFTHGHS_

0 0:

I
+CSH

I
SCH,

¥
cHS?H+CHCH3
|

0 0
\/
¢
3

l

CHaCH,COCH,  +

COS + CH,SH

EXPERIMENTAL

Hthylene monothicecarbonate can
be prepared by Reynold’s methed
(1958) in which a zolution of phos-
gene in cthyl acetate is added to a
mixture of mercaptocthanol and py-
ridine:
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COCl; + HSCH,CH,OH

A modification of this method was
used in the preparation of the two
igomeric  eyclohexena monothiccar-
bonates. Starting point for the cis
isomer was eyelohexanone. Bedonk-
ian’s method (1945) was used to
convert it into the enol acetate:

p-CH,CH,80,H
CH,0 4+ (CH.00) D — —— el

C,H,0C0CH,

The mixture of eyelohexanone (196
23, acetic anhyvdride (408 g) and
p-toluenesulfonte acid (2 g) was
heated for 9 hours under a 10 cm
colurmmn packed with Lessing rings.
The acetic scid was distilled off as
formed. The mixture was cooled,
200 wl of water added to decompose
uneaanged acetic anhydride, the oily
layer was washed with water and
then with 2N Na,CQ, solution. The
ester was exfracted with ether and
dried. Distillation at 29-33° (0.1
mm) gave a yield of about 50%.
Thioacetic acid converted the ey-
clohexenyl acetate into cis-diacetyl-
2-mercaptocyelohexanol ;

CJH,0C0CH, 4 CH,COSH —>
C. 11, (OCOCH,) SCOCH,
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C
sHsl.

A 25 g portion of the cnol acetate
was placed in a flask connected to
a reflux eondenser and 25 g of thio-
acetic acid and 2.5 g of glacial acetie
acid were added. Aster standing for
2 hours the mixture was heated on
the steam bath for 1.5 hours. Frac-
tional distillation at 1.5 mm pressure
rave 20 g boiling at 115-118°.

The diester was hydrolyzed to the
cis-2-mereaptocyelohexanol by a solu-
tion of hydrogen chloride in metha-
nol :

Cy {0COCH,) SCOCH, — C,H,,(0OH}EH

Hydrogen ehloride gas was passed
intc methanol until the comncentra-
tion, as determined by titration with
2N NaOH, was 169 g per 100 ml. A
5 g portion of the diester was mixed
wilh 20 ml of metkanol and 20 wml
of the HC1 solution. After standing
D days the methanol and hydrogen
chloride were removed under re-
dnced pressure. The hydroxythiol
distilled at 83-917 under a prossure
of 8 mm. The yielc. was T05%.

Condensation of the cis-2-mercap-
toeyelohexanol with phosgene led to
the c¢ig-cyelohexane monothiocarbon-
ate:

H
O\
cig~CeHy o (OM)SH + 00Cl, ~———> ~c=0
S
H



150

In a 100 ml flask were placed 1.6 g
of the hydroxythiol, 8 ml of toluene,
and & g of pyridiuc. The flagk was
cooled in an ice bath and 9.756 g of
a 12.5% solution of phosgene in
toluene added. A white precipiiate
of pyridine hydrochloride appeared
immediately, After 30 minutes a
second 9.75 ¢ portion of the phos-
gene solution was added. At the end
of an hour 10 ml of water was added
to decompose any excess phosgene.
A nitroprusside test for thiol sulfur
was negative. The product was ex-
tracted with ehloroform, washed
twice with 25 ml portions of 2N HC1
and once with water. After drying
the chloroform solution and remov-
ing the solveut nnder reduced pres-
sure, the product was obfained as
a colorless oil boiling between 88 and
80” at a pressure of 10 mm. Analy-
sig: found C = 53.22%, H = 6.40%,
8 =20.23%. (. H,,0, requires ¢ =—
53.15%, IL=26.37%, 3=—20.26%.
1.V, speetropraphic data:
e — 4187, A = 204.4m ,
mMax

The trans isomer was made from
eyelohexene which was first convert-
ed into the epoxide by the method of
Coleman and Johnstone (1941},

CHe + HOCU — CH (OH) G
CH, (OH)C1 4+ NaOH — CH0 +
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Cyclobexane oxide treated with IS
and KHS led to the trans-2-cyelo-
hexanol :

KUS
CoHO + H 8 ——— C,;H, (OH)ISH

A solution of 5.6 g of KOH in 40 ml
of ethanol was saturated with HLS
while the mixture was kept at G°C
in an ice bath. 9.8 ¢ of cyclohexene
oxide was then added to the KSH
solution. Hydrogen sullide was bub-
bled into the mixture, The tempera-
ture rose to 40° due to the heat of
the reaction but had returned to
roowm temperature after 30 minutes.
Water was added to the pale yellow
reaction mixture and the execess
KOH was neutralized with 100 ml
of N TI,30,. I8 was evolved and
& white precipitate appeared which
dissolved in cxcess water, The prod-
uet was extracted with ehloroform
and the chloroform solution dried
with anhydrous MegS80, After re-
moval ol the chloreform under re-
duced pressure the produet distilled
as a viseous water-white lignid at
71-72° (1.5 mm).

The trans-ecyclohexane monothie-
carbonate was cobtained from the
trans-2-mercaptoeyclohexanol by the

Nadl &+ H0 use of phosgene:
H
|O\
trans= CGHJ_Q(OH) SH 4+ C0Cl; — C=0
S/
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A 213 o portion of the hydroxythiol
was placed in a 100 m! flask with 4 ¢
of pyridine and 10 ml of toluene.
The mixture was cooled in an ice
bath and 13 g of a 12.5% sclutien
of phosgene in toluene added. After
standing 50 minutes another 13 g
portion of the phosgene solution was
added. The exeess of phosgene was
decomposed with 15 ml of water and
the produect extracted with toluene.
The toluche solution was washed
twice with 25 ml portions of 2N H(C!
and onee with 25 ml of water. The
tolucne solution was dried with
Mei0, and the solvent removed un-
der reduced pressure. The produet
digtilled at 80-86° under a pressure
of 5x 107 mm. On a second run the
material erystallized in the condenser
to give colorless needles melting at
27%. Analysis: found C — 53.10%,
11 == 6.82%, 8 = 20.25%,. (C.H,,0,8
requires C=253.15%, H —=6.387%,
8=-2026%. TU.V. spectrographic
daia: ¢ = 8184, Amax == 203.6 m »

The trans isomer is readily com-
verted into the trithioearbonate by
treatment with potassium  methyl
zanthate {potassium methoxymeth-
anethionothiolate), CS(SK)QCH,,
on heating under reflux for 3 hours
at 75°C.

H
Q

tp -

\ A
0=0 + CS(SK)OCH; —>
S
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The yield was 35% of the theoreti.
eal. Under similar treatment the cis
igomer underwent considerable de-
composition but did yield a few small
erystals of the bright yellow trithio-
carbonate.

Evidence that no inversion occurs
during condensation of the mercap-
toeyelohexanols with phosgene s
largely eireumstantial. First, trans
isomers almost universally melt high-
er than their eis equivalents. The
trans cyclohexancinonothiocarbonate
erystallized in the condenser during
digtillation while the eis form could
not be made to crystallize even by
eooling in liguid nitrogen or storage
in the refrigerator for several dayvs.
Second, the study of thermal stabil-
ity, which will be covered in a later
paper, conflrmed the belief that the
solid isomer was, indeed, the frans
form.

SUMMARY

Twoe new cyclic monothioearbon-
ates have been prepared from the
isomerie 2-mereaptoeyclohexanols by
treatment with phosgene. The eis
isomer is a ecolorless oil while the
trang isomer is a crystalline solid.
The trans isomer iz easily converted

H

m--

Mepe 171,5 =~ 173°
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in almost a theoretical yield into the
trithiocarbonate by heating with po-
tassium methyl xanthate.
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