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ABSTRACT

The literature on dithiols has been reviewed, with emphasis on the

stereochemistry cf vicinal dithiols,

In part I, the syntheses of several substituted cyclic carbonates
and thiocarbonates are described, and the reactions of these compounds
with metal alkyl xanthates to give, in most cases, the cyclic trithiocarbo-
nates are also reported. The mechanisms of these rcactlons are discussed

in the context of previous work in this field, which is briefly reviewed.

Four substituted ethylene thiocarbonates were prepared, two from
cis-2,3-epoxybutane, and two (in optically active form) from L-(+)-dimethyl

tartrate.

A potential route to meso- or DL-butane-2,3-diol from trans-1l,4-
dibromebnt—2-ene was develcped. The synthesis of tThe complete seriez of
bis(benzvliawrmethyljethylene thiccarbonates is rsported, the trars-

- e ? e

compounds from cis-2-butene-1l,4-diol, and the cis- ccmpounds from trans-

1,4~dibromobut-2-zne.

The gyathesas of Eég:ﬂ,5-cyclohexano—l,3—oxathiolan—2~thione and
EEE;H,S—cchohexano—l,3—dithiolan~2—one are described, and the reactions
of these compoundz and also of cis~ and trans-2-mercaptccyclohexanol and
of cis-cyclojnane-1,2-dithiol with xanthate are also reported. Cyclohexenc
sulphide wzs obtained from itrans-4,5-cyclohexrano-l,3-oxathiolan-2-one by
heating iv with base, thus proving the intermediacy of tThe episulphide in

the xanthate machaniam.

The poeraratioa of three decalin trithiocarbonates from 2 cis- and

trans-A2-occtslin mixture via the dithiols is described.

Ln part 1Z, the investigation of a potential routs to dithiols via
trans-2-{phenyvliminccarbamoylihio)cyclohexyl acetate iz described. Treatment
with base uunexpectedly gave Ezigi—z—phenylimino—u,5—cycl.ohexano—l,S—dithiolan7
an authentic sample of which was prepared via the trithiocarbonate methyl
iodide salt. The results from the corresponding cis- series are also

reported.
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DITHIOLS

Ethane dithiol was prepared in 1840 by L8wig and Weidmanl by treating
ethylene chloride with an alecoholic hydrogen sulphide/potassium sulphide
solution in the absence of ajr, and several metal salts were prepared from
the dithiol. The treatment of a dihalide with an alkali metal hydrogen
sulphide remains one of the easiest methods for preparing simple dithiols.

An upsurge of interest in dithiols occurred towards the end of the Second
World War, when it was discovered that they were cffective antidotes for
arsenicals; more recently, considerable interest is being shown in their
biochemical properties. Dithiols have been reviswed by Owen2; Reid® and
PataiL+ have sections on dithiols; and Field5 has discussed them in nic preview

of recent synthetic organic sulphur chemistry.

Dithiols can be broadly clzssifind into thres wmain types:
(a) acyclic 2liphatic,
(b) cyclic aliphatic,

(c) aromatie,

The aliphatic dithiols can be fuvther divided iuto gem di-(1), vicinel di-

(2) and o, di-(3).

R SH ?H SH ‘ §H §|-|
’>< Rl--—- l'l:-———-t;:m R4 R|R2C“‘ (:R3R4)ﬁ‘-CQ5R(\
(1) (2) (3)

n>0; R,R usually !l
aty Y

PREPARATION OF DITHIOLS

6 . . \ - - .
Wardell™ has reviewed the preparative methods for thiols, and in

theory, any one of these methods can be applied %o dithiols, but in



practice, there are often problems due to neighbouring group effects,

as discussed by Owenz.

T. From dihalides

(a)_by direct displacement

Hall and Reid prepared the series of a,w dithiols HS(CHz)nSH up to
n = 12 from the corresponding dibromides by treatment with ethanolic
sodium hydrogen sulphide, but found very poor yields for n = 4,5 due te
preferential intramolecular displacement of the second bromide icn te give
the cyclic sulphide., Halide displacement is the oldest mcthod,l and a
generalisation of this method, with aryl or zlkyl substituents, wes reportedg.
giving seven examples. Viecinal dithiols have been synthesised by Pavlie
;EHE_ from the dibromide by ment with sedium hydrogen sulphide and
hydrogen , sulphide under prassure. 'These authors found this methed failed
for dimercaptopropionic  acid, dimercaptosuccinic ester, and 2,3-dimercap-
tobutanol, the major reaction being elimination of the halogen acid oo
reduction of the dihalide by the thiolating cgent. Putrun'kinlo described
the preparaticn of a series of dithiol sulphonatszs from the unsaturated
sulphonate by bromination, fcllowed hy displacement by SH, and obtained
the thiol in high purity via the lead sait. Disodiuin disulphide (Na S )
has also been used as the thiclatring agent for the preparation of ethane
dithiol from the dibromide in 74% yieldll. More recently, Eliel §§_§£.12
reported a stereoselective synthegis which is particularly suited to the
preparation of sterically hindered thiols, or of a particular diastereomar.
This involved conversion of 4 dihalide or disulphonate ester to a di-(t)
or polysulphide by displacement with disulphide ion, followed by lithium

aluminium hydride reduction to the dithiol (5), In particular, 2-methyl-

2,4~dibromopropane was converted to the dithiol in respectable yield,
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S

L] . /
X = (CHpp~ X —D925:9H20 _ (cH,), | LAH. HS — (CHa)n-SH
581 DMF ~ s

<)

(4) (5)

(b} via dithiolacetates

Pavlic13 modified the dihalideroute by displacing the halogens with
thiolacetic acid, followed by hydrolysic of the dithiolacetate, to give
vicinal dimercaptocarboxylic acids. The route via the thiolacetate is
often more convenient than preparing the dithiol divectly. It has been
used to prepare the B-glucoside of 2,3-dimercnptopropanol,lLlL the 2,3-
dimercaptopropyl efhers of glycerol (u_and B) and glycollic acidls, dithiol

16,17

derwvatives of polyhydric alcohols, and polymethoxydithiols.l8 The

. 19 19,2
methane sulphonates (lower yields)™ ™, omr the p~toluene sulphonates™ ’
have also bzen treatad with potassium thiclzcetate, instead of the

. . 4-14 . _ ‘s
dlbr'onudel1L , tc give the dithiolacetarte.

{¢) via dithiourethanes

21
Braun“~ treated diiodides with dithicrarbamates to give the bisdithio-

vrethane (6), whinzh on alkaline hydrolysis yieidad the dithiol.

Polymethylene dithiols up to dcdecane were prepared by alkaline hydro-
e . . . L Vs 22 .
lysis of the corresponding diisothiuronium dihydrohalide salts (7)°°, which
vicre previously prepared from the dihalide Ly irealment with thiourea in

ethanol.23
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X" H,N NH2 X~
2 -5 —(CH)-S-C7
/ \

(7)

Cossar EE‘E&}ZH have developed an improved route for simple dithiols
that eliminrated intermediate handling stages. The diisothiuronium salt
was prepared in a high boiling solvent, and then cleaved with a high boiling
amine, the dithiol being distilled off. Yields of HS(CH22§H were 58,
78 and 80% for n = 3, 4 and 5 respectively. Ethane dithiol could not be
prepared hy this method due to opening of the intermediate episulphide to
give cther p%oducts; instead, these authors prepared it by reaction of

ethyl 2-uercaptoethyl carbonate (8) with ammonium hydrogen sulphide,

Q B~ _s_  ~SH
C;“i:CCGLH?CHdSH —D'H2C—CH2 —>HS"CH2;CH2 ~3H
70-30 %o
(8)

7 . . . s
Hall and Reia’' used the iscthiuronium rcute to prepare the «,w dithiols

where n = Y4, § after direct displacement gave mostly the cyclic sulphides.

(e) via Zunte salts

Di-2-cnlevepropyl sulphide (9) was treated with sodium thicsulphate
to give a mixturs of Bunte salts, formed because of cyclic sulphonium ion
participatica.zs Subsequent hydrogenation over a cobalt pentasulphide
catalyst gave a good yield of the corresponding isomeric dithiols, bis-1-
methyl-2-mevcaptoethyl sulphide and bis-2-methyl-2-mercaptoethyl sulphide,

together with o little pentane-l,2-dithiol and possibly some l-methyl-2-

mercaptoethyl Z~zethyl-2-mercaptoethyl sulphide,
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+
_CHaCHCIMe Me —5'CH2CH(Me )S-S03Na
S\ —c S\—CH Na;5,04 +
CHaCHCIMe C/H2 o —SCH(Me)CH2S-SO3Na
(9)

II trom episulphides

Meade and Woodward26 first described the opening of ethylene sulphide
with hydrogen sulphide to give ethane dithiol in 50% yield, and suggested |
this as a new route to vicinal dithiols, since the episulphides are
normally readily available from the epoxides. Culvenor27 prepared cyclc-
pentane~ and cyclohexane-1,2-dithiol by opening the appropriate episulphide
with &ii. Fecently, the sulphurating'properties of the sulphuratad hydride
NaBH233 have been used te convert episulphides tc dithiolsQS, although
substituents can intefere. An intermediate polysulphide is First rormed,
which on reaunciticn with 1ithium aluminium hydride gives the dithiol.
Episulphide {10) gave only trans-stilbene, (11) and (12) gave the 1,2-

dithiols in 85% and 53% yields respectively, and (13) gave only polymeric
y p y Y PoLy

material.
Ph_ H o Ph PhOCH,
~ (‘“‘-- w7 \C__ .
~ M /C__“CHZ / /CHz HQC \,Hz
H/ o \P‘n ¥ \S/ H \S \S/
(10) (11) (12) (13)

I1I Reaction of unsaturated carbon-carbon bonds and thiolacetic acid

Additinn of thiolacetic acid to monosubstituted acetylene occurs

. . . . 29
Uabnormally" t¢ give a mixture of mono~ and 1,2-di- adducts ~. Treatment
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of the moncadduct with thiolacetic acid gives the diadduct, although not
all the monoadduct is converted. Equimolar amounts of hex-l-yne and

thiolacetic acid, and ascoridole as catalyst, gave mono- (40%) (14) and
di- (25%) (15) adducts. Hydrolysis of the diadduct with ethanolic semi-

carbazide hydrochloride gave hexane-1,2-dithiol (16).

AcsY
CiHi—C2CH — " C4Hi—CH=CHSAC + C4Hi—CHSAc—CHaSAC
(15)

(14}
' HoN-NH-CO:NH»5-HCI
ACSH.L\,1 r 2
—— EtOH

CaHyCHSHCH2 SH

(16)

30

Ouon and Sultanbawa™  have studied the addition of thiolacetic acid
to propiolic and acetylene dicarboxylic acids, aud to their methyl ethers.
Jery little diadduct was obtained from the propiolic acid, but its methyl
eater gave a reascngble quantity, which was hydrolysed to the dithiol. The
acetyienic diacid was similarly converied tc «,o'-dimercapteosuccinic acia
{3.7), which could not be obtained from a:a'-dihalegenosuccinic acid by

- g 3L qna , - - Ve

replacement reactions . (The reacticn with sodium hydrogen sulphide gave

fumaric acid.)

H 0 ;C—CH—CH~CO2H
SH SH

(17)

An attempt to produce vinyl thiolacetate from acetylene, thiolacetic
acid and hydroquincne gave l,l-dithioacetyl ethane, regardiess of catalyst
32

or temperature, in vields of up to 22% ~, Use of a radical initiator (azobis-

isobutyronitrile) gave the 1,2-diadduct in 44% yield.
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Iv From trithiocarbonates

Cyclic trithiocarbonates have been reduced by lithium aluminium

27,33,34,35 6,37

hydride or hydr'olysed3 to the corresponding 1,2-dithiol.
Culvenor and Davies36 found problems due to the low solubility of cyclo-
hexene trithiocarbonate in ethanol, although propylene and isobutylene
trithiocarbonates were hydrolysed readily under alkaline conditicns.
2-Aminoethanol has been used as the hydrolysing agent37, and gave cvclo-
hexane-1,2-~dithiol (75%), ethane dithiol (80%) and also ethane dithicl (7%}

from 1,3-dithiolan-2-one (18).

S\_ HoNCHaCHoOH S—SH CiHa-CHa  CHx-Ciiy
e i I .
14 N H"N S H_N S

Yy
CHz-THz
' H.S
R H-N_ 0 T 2

Ul £
CHs—S CHaSH CHy-S
(18)
Alkylene dihalides, on ireutment with scdium trithiocarbonate give

the ditrithiocarbonate salts, which on acidification losz carbcn disul-

phide to give the dithiolgg.

wt
—== H S5—R—SH

Cl-R—Cl + 2Nuzcsg~+>-.\1a*§g—s—n—s—g S Mart -
S S
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\Y Miscellaneous preparations

I
Pflugfelder> 210

described a surprising preparation of ethane
dithiol (19) and propane-1,2-dithiol (20) from the corresponding 1,3-
oxathiolan-2-ones. The patent39 suggests this is a general method, and

quoted the following examples:

R R :
O¥- l) NH3/, HaS ___SH {129} R=H 62010
~0C =

S

(g ‘n - '
2)H 504 -—ar (20) R=Me 63°%,

1,3-Dimercaproisopropyl derivatives (21) were synthesised from the
s N . S A
dithiane (22}, where R is alkyl or mercaptecalkyl ~. In the latter case,
these were prepared from dithiane (23) by rezction with RX, such as chlore-
acetic acid. Treatment of the dithiane with mercury II chloride opened

the ring; the salt waz then treated wi-h hydrogen suiphide to give the

free thiol,

5
5= Hal~ Hg —_\>-SR
Ph=( >>5¢ Nk'HBr————=~Ph~< = 5—/
S— NH, S— HaS

(23) (22)
RSCH(CH,SH),

(21)
. - . B2 . . ‘a s e e
Wieber and Schinidht = prepared interesting silicon containing dithiols
from monochlerotrimethylchlorosilane (2u4) using cthane dithicl, and also

oropane dithiol.
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e Me S—CH Me
) HSCH,CHASH  \ 2\
ClCHSicH M8 Y/ CHy B e 1S iCH2SCH,CH,SH
Me EtzN /\ / !
Me CH'Z"“S Me .
(2n)
H20
hllle i\l)le
HSCHzCH;SCH;%()?PCH;SCH:CHQSH
Me Me

. 43 . s . s .
A South African patent describes the reacition of cis,cis-L, 5~
cyclooctadiene with thiol acetic acid to give the bicthiolacztate, which
on hydrolysis gave 1l,4(or S)-cyclcoociane dithicl. The substitutzd cycle-

L
butane-1,3~dithicne (25) has been reduced to the dithiol (26)4}.

R S R !
& ’ NabHg4 Ri Srl
S// R| H RI
R SH R
(25) (25)

STEREOCHEMISTRY OF VICINAL DTIHIOLS

The principles which apply to the stereochemistry of vicinal
dithiols and of vicinal dicls are similar. Thus in symmetrical acyclic
systems, the terms meso and racemic may be applicable, whilst alicyclic
dithiols can exist in cis or trans forms. Very few optically active vicinal
dithiols are known. L-(+)-2,3-butane dithiol was synthesised from
D-(-)~2,3-butanediol by Corey and Mitra45. The diol was converted to the

D-(+)-di~p-toluene sulphonate which was reacted with potassium thiocyanate
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to give the L-(+)-dithiocyanate. Treatment of this with hydrogen
iodide and phosphorus gave the L(-)-dithiocarbonate (27), which was

reduced by lithium aluminium hydride to give the L-(+)-dithiol (28).

Me H < Me
J[ N H——SH
ot < HS—~H
H Me
(27) (28)

Anisuzzanan and Owen46 prepared (R) and (S)-2,3-dimercaptcpropznol,

Gevecke et al. prepared a mixture of meso- and DL-2,3-dimercapte-

. . 20 ; ;
suceinic acid by the method of Owen and Sultanbawa , which was fracticnaliy
crystaliisea to give the twe isomers; the less soluble and higher melting

was assigned to be tiwe meso fora, and this was proved chemically as

follows:

COQH CO’)H
H—t=SH . M Me N A T e
T L 5S ¥ s i
CO2H H,,% \\\\\\\H H"//x, P LO2H ?,Cgr}

} HO, L ) CO2H HOoC H b (29)

O/ 14,0 A

Me Me TOH/HL0

COzH / < (no anhydride) COaH
H—r—5Ac M) H——SAc
H —--SAc AN AcS——H

C .
COzH g 05 CO2H

The DL foem (29) was resolved into the (+) and (~) optically active

isomers, via the brucine salt, thus proving the configuration of the
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more soluble, lower melting form to be DL,

Very few preparations of alicyclic cis-dithiols have been described
in the literature,the earliest being that of Bateman g}_§£&8 in which
excess of a cyclic olefin was treated with sulphur at 1400, and the crude
product subsequently reduced. No details were given for cyclohexane dithiol
but its trithiccarbonate was prepared aund found to be different from the
known trans isomer, thus identifying the dithicl as cis (30). Other authors

gave details, and reccrded a yield of 1059,

(et (Y S (L
O ==L

o
14C

(not isolated) (30)

The aff=ct of zinz oxide on this weaction Lias been studiedSO, its
pre-enca increasing the reaction rate but resulting in mainly trans
addition cf sulpbur:in its absence, a radical chain mechanism gives low
rates of cis addition. The disadvantages of this type of reaction are
that yields are low, and an excess of the olefin i3 required. A modifi-
cation of this reacticn involving "activated” sulphur resulted in selective
and stereospecific sulphuration of certain clefins in 80'- 90% yieldsSl
Bicyclo]QQl]hept—Q—ene and 5—ethylidenebicynloIQQl]hept—Q—ene were treated
with a slurry of sulphur in dimethylformezmide, "activated" by treatment
with ammonia at 350, to give the trithioderivatives (31) and (32) in
80% and 71% yields respectively. The trithio compound (31) was reduced
by sodium in liquid ammonia to the dithiol (23); a coaversion of olefin
to dithiol of 60% (based on sulphur) but,unfortunately, excess olefin

is still required.
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~«
H \S l)NolNH:,(Iq)
(32) 2)NH4CI

(31) (33)

An interesting stereoselective conversion of cyclohexane 1,1-dithiol

=)
(34) into cis-cyclohexane 1,2-dithicl has been reporiedb‘, The intermediate

\u

bisthiolacetate was a mixture of the cis- (35), 8u%, and trans~, 15
isomers, but was inseparable. The isomeric dithiols were, however,
separated by distillation to give the cis-dithiol in 41% yield frewm the
bisthiolacetate. cis-Cyclopentane-1,2-dithicl (66%) was prepared in a

similar manner,

l_i
1 -~ '

A TTNG-SAC ANE N
SH D AcCLPy |/S' C acsH ( \f’ " LAH [\)
—_— l —— 1 —_— A
2) A 254 o
H ¥
(34) {35)

A common route to dithicls involves reduction of the trithiccarberate,
but most reported preparations of cis-cyclohexene trwithiocarbonate (36)

48’49. A general, and novel,

involve reaction of the dithiol itself
synthesis was reported by Okazakil g£_§;;§3 Cyclohezene was photolysed
with S5-phenyl-1,2.,4-dithiazole-3-thione to give the 1,3-cycloaddition
product (37}, which was then hydrolysed to give the cis~trithiocarbonate

The 1,3-cycleaddition products were cbtained from cyclopentene, cyclo-

hexene and cyclooctene in o4, 62 and 60% yields. Although these authors
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did not reduce the trithiocarbonates, it is one of two recorded
syntheses of a cis-trithiocarbonate that does not use the cis-dithiol
as starting material. BYBhme and MﬁllerL+9 prepared cis-cyclohexene trithio-

carbonate from the 1,3-dithian (38), which was prepared from cyclohexene.

S ' S, H S
N\ H Nt \+
Je=Neph —e CNeph == CN=ceh
s g " S ~ 5 &y
(37)
S sq S O !/\/s\ =N
/Ch2 — | =G~ e /C Ton
S 4 NS N
24% H
(38)

Ali g}_g},su have developed a povertial general route to cis-dithicls
The preparation of a cis-dithiol by intermolecular displacement on a trans-
2-(alkylthic)cyclohexyl toluenc~p-sulphonate is unlikely to proceed,
neighbouring group participation le~ding, through an iniermediate epi-
sulphonium ion, to the Efigﬁ~difhiol. These workers accordingly prepared
trans-2-benzylsulphonylcyclohexyl toluenejg—sulphonate (39) and convaried
it into cis-2-(benzylthio)cyclohexyl benzyl sﬁlphone {(40) with potassium
thiobenzoate, ILithium aluminium hydride reduction unfortunately failed <o

peduce the sulphone functiecn, but the synthesis still remains as a

potential route to cis-dithiols.,
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OTs ~S-CO-Ph
it 502CH2Ph '"J”SO2'CH2Ph

(39) (40)

Alicyclic traps~-dithiols are much more readily available than the

correspending cis-isomers. They can be prepared directly by opening of

A . .
episulphide with SH 7, by reduction of tPltthCanOHateS3u, and by base

hydroiysis of trithiucarbonate336’37

trans-Cyclohexane-1,2-dithiol has
been prepared in highest yield (90%) by the reduction of the trithiocar-
bonateau. Reduction of trans-1,2-dithiocyanatocycloherane to give the
episulpbida, alzoe gave the dithiol (10%) as a byproductSS. Other trans-
1,2-dithiols prepared by reduction of trithiocarbonates inczlude derivatives

~

of cyclopenfanesq, tetralin33, and cyclohex—u-ene30

0-alkyl zanihate salts with epoxide55 and episulphidess. The mechanism

for the forpation of trithiocarbonates from epoxides via episulphides was

p . . . 56 .
First outlined by Culvenor et al. ~, but the stereochemical aspects were

~

[~
. - . 57 . .. .
First correctly formulated by Creighton and Owen in tneir work on

-

terminal sugar enoxides, the reaction proceeding via the episulphide with

an overall inverzicn of configuration as shown below:

o, | ?
HC. w0 CCHC--—O HC-—20 Me HC-0-CS CMe
P e T T T <
CHa LH:D%OMG CHa=S¢ H,C—5

)

S



: '?. i :
CH  Meo-css™ §S~CH MeQd _S—CH S—CH
I ———= I = = | =< ]
CH, MeO‘%)S-CHa s~ “5—CH, S—CH,
S

A polar solvent is essential for the formation of trithiocarbonates;
trans-cyclohexene trithiocarbonate was obtained in only 3.5% yield from
the epoxide using 082 and a tertiary amine undew pressuresa. A pelar
solvent assists the opening of the intermediate episulphide. Other cyclic

trithiocarbonates prepared from the corresponding epcxides are those based

on cycloheptane (41)59 and trans-decalin (42)54.

; S ,f*\li//“\~ S,
\_ } \.-(‘
( s s
/S ! .
.:"S \\/I:_x:l § 17 5
(41) (n2)

trans~Cyclohexene trithiocarbonate has also been prepared by the

. s ;i on59 o)
action of Q-alkyl xanthate zalts on thiocarbonates (43)-{48)7" and (49;77,
although only (47)-(49) gave & high yield. The mechanisms of trithic-
carbonate formation frcm these compounds will be discussed in the results
section, Other preparations of trans-cyclohexene trithiocarbonate were
. - G 1
from 2-(2;4~dinitrophenylthio)cyclohexanol (50)6 » trans-2-chlorocyclo-

55 . i . 427
hexanol™ ™ and from trans-2-chlorocyclonhexane thicl .
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7) (48) (49)

OH
s NO,
NO,

(50)

Igbal =znd C-'.-Jen34 found cyclopenténe trithiocarbonarte to be readily
available from the episulphide, but the epoxide only gave trans-2-
mercaptocyclopentanol, because the necessary intermediate for trithio-
carborate formation (51) contains two trans-fused five membared rings,
and is not formed because of strain, 3,4-Epoxytetrahydrofuran, 3,4~
epoxytetrahydrothicophene and 1,2-epoxyindane similarly failed to give

~

e s 33
trithiocarbonaies .,
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PREPARATION OF GEM DITHIOQLS

a7 B e T P gt P it e o e s e e F et 3 e et o
~

. . . . \ 62 .
This route was first used by Cairns et al. who treataed aldelyder
and ketones with hydrogen sulphide under pressure, and confirmed the

structures by the fcllowing reactions:

- LAH e Aca0
RoCHSH=—— RaCISH),; ————=R,(C(SAd,

Certain aldehydes give good yields under pressure, but other carbonyl
compounds require pressures of 7,500 - &,500 atmespberes. A modification

of this method63 gave the first crycstalline gem dithiol, 2,2-dimercapto-l,3-
diphenyl propane, by the combined action of hydrogen chloride and

hydrogen suliphide on dibenzyl ketone at atmospheric pressure. Préviously,
these conditions had been reported as giving thiones, which then trimerizedﬁu,
probably due to alkaline work up. Campaigne and Edwavdses found the wear-
tion to be less general than might be expected; only three out of twelva
alkyl ketones giving a gem dithiol., One of these was 1,3-di~p-chloro-
phenyl-2-propanone; 2-indanone gave the trithione, others, for example

1,1-diphenyl-2-propanone, the o,B-unsaturated sulphide, phenyl-2-indanone

the enethiol and 1,3-~di-p-nitrophenyl-2-propanone did not react. About
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the same time, Magnusson66 found several ketones that give trimers of
the thione or did not react under these conditions. Fluorinated or
chlorinated aldehvdes and ketones which gave stable gem diols were found
to give the gem hydroxythiol or treatment with hydrogen sulphide67.
1,3-Dichlore~1,1,3,3-tetrafluoro-2-merczpto-2-propanol was prepared from
sym-dichlorotetraflucrc acetone in 81% vield at 30°, but in lower yield
at room temperature. Cyclopentanone ancd cyclchexanone were converted

to the 1,1-dithiols by hydrogen sulphide in a polar solvent with morpholine
as a catalystss. The conversion of l-morpholinceyclohexene (52) to
cyclohexane 1,1-dithiol by hydrogen sulphidebg, suggests that whe?e
catalysis is by a primary or seccndary emine, thz conversion of ketones

to gem dithiols proceeds via the enam.ine.

A search for l-methyl pyridines having a sulphur functional group
in the 4 position, for use as potentisl antiradiation compounds led to
the treatment of l-methyl-li-piperidone (53) with hydrogen chloride and
hydrogen sulphide, and gave the trimer of the corresponding thioketone.70
Conversion of the starting material (53) to the gem diol hydrochloride
{(54), followed by reaction with hydrogen sulphide in isopropyl alcohol
gave the desired dithiol as the hydrochloride salt (55). The dithiol
hydrate (58) was obtained by reacticn of (53) with hydrogen sulphide in

isopropyl alcohol.
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HS. SH
Ha3 | _H20
(56)
N HCI, N
HaS .
Me H20 o oH - e
(53) \ . (55)
T-HC!
Me
(54)

The base catalysed reaction of ketones with hydrogen sulphide has
been evaluated cn *the basis of the effects of different amines and solvent
systems7l. Thiones are sometimes isolated as the sole product, or as a
hypreduct, and ave usually formed by elimination of hydrogen sulphide from
the dithiol on distillation. From monoketonas, the yields are generally low,
with the exceptlon of cyclic ketones. Ammonii, and primary and secondary
amines, were found tc be suitable general caialysis, but a tertiary amine,
triethylamine, gave no, or poor yields, evea with cyclohexanone; the partial
success was atiributed in this case to the known complex between triethyl-
ainine and cyclohexanone. 1,3-Diketones were found to give the mono-

thicketones, for example, 2-mercapto-2-pentenz-%-one (57) was formed

firom acetyl acetomne.

@ Q Q
Me-CrCHy Crde ——E2 e MeC-CH=C Me

amine SH

{57)
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It was also found that 1,2-diketones were reduced quantitatively to the
monoketone by hydrogen sulphide, but with an amine present, the hydroxy
ketone is formed. The cycle of gem dithiol to thioketone to gem dithiol
has been confirmed in the case of cyclchexane 1,l-dithiol. Heating
eliminates nydrogen sulphide to give the thione and the gem dithiol can be
regenecatec by adding hydrogen sulphide72. A more thorough study
of the coaversion of ketones to gem dithiols with hydrogen sulphide has been
made73. 1-Methyl cyclohexanone in ethanol at 0%¢c gave the 1,1-dithiol (58)
but cyclohexanone gave the trimer (59). At -5500, cyclohexanone also
gave the dithiol, the reaction proceeding via the intermediate alkoxy
thiol (60), which was proved by isolating the 2,4-dinitrochlorcbenzene

derivative (61) .

\
/
U
T
5
w

(58) (59)
SH SH
/\'\\ /O - ;
~72 HzS,ROH OR HaS,ROH - \QLSH
- .- £ Lo
HC 1~ 55°45 min \ HCI,=55% 15 min L o
~
(60)
/
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Bleische and Mayer74 have studied the acid catalysed conversion of
aliphatic ketones and B-ketoacids to the corresponding gem dithiols with

hydrogen sulphide at atmospheric pressure.

(b) from enamines and ketimines
Ketimines (62) and enamines (62) can usually be prepared from the
parent katones, and provide a petentialiy useful route to gem dithiols

when the parent ketone fails to react.

R. . R
~C=NH =N
O'Ht l \R
2 H R
(62) (863)
.75

Nomura and Takeuchi =~ first described the treatment of cnamines with hydrogen

sulphiae, and reported the products To Li thioketones. This reaction was

R 68,69 tm . .
later found to give ger dithiols™ "? 7, &lmnie alivhatic ketones can be

converted Lo gem dithiols via the ketimia~., hut stericalily hindered keiones,
¢

such as dicyclchexyl ketone, do not give ketimines. Generally, treatment

1

of the ketimine with hydrogen sulphide & temperatures between -40° and 0°

followed by acidification, gives the gem dithiol, sometimes in good ylcld
76 . , PP .

Magnusson — prepsred 2,2-dimercapto-3.3-dimethyl butane, which has a

. . Q . " .. .
meltiag point of 200 by this routs. The corditions of Nemura and
. .75 ! . <. , .
vakeuchi ~ were used on l-morphecline cycicherzane (52) and l-morpholino

I e e s X 59
cyclopentane (64) and gave the gem dithiol in both cases 7. It was suggested
that this is the best route for the preparation of gem dithiols, even
. 2 ‘s 69 s .

though 3-morpholino-A"-cholestene gave the trithione 7, this last reaction
being ascribed to a change in solvent. Enamines were found tc give similar
results, and the substituted cyclohexane 1,i-dithiol (65} bas been prepared

by this route78,
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™\ —\ ;
J O\ /N@ S

(52) (6u4) (65)

[ heey- AP csgunipasit iy DU =S MRV ey

Tetra and pentathiane rings (66) (prepared frcm ketones by reaction
with ammonium polysulphide7u) have been reduced to gem dithiols {(67)
with zinc and hydrochloric acid but lithium aluminium hydride gave the

monothiol (68)80.

R H
_ 1;wa_ (68)
\J\“/«/”ﬂ R 5H
R\ /S 5’\ /R -
I/C\ IC\
R — R N
5—(5), QW_I
\\
(66) \’C.:, F‘\-’\I’S I
,/L‘\.‘ \67)
R SH

AROMATIC DITHIOLS

The preparation of avomatic dithiols is not necessarily straight
forward, due to the activating or deactivating effect of substituents
already present., Thiolation on the substituent groups themselves 1is
straight forward. Bis(mercaptomethyl) compounds are prepared from the
corresponding bis(halomethyl) compounds by trestment with two moles of

a thio compound, such as thiourea, dithiocarbamates, xanthate, and the
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. . 81 .
mercapto compourd obtained by hydrolysis or ammonolysis ~. Bis(chloro-
methyl)durene (69) was converted to bis(mercaptomethyl)durene (70)

via the dithiuronium compound.

’ Me . Me
CiCH2 N Me HSCH, Me
Me ="~ ~CH,Cl Me CH,SH
I\lAe Me
(69) (70)

Geuerally, arometic dithiols can be prepared by redoction of

. . W . 82 . RRPRIN .
disulphonyl chlorides ~, and by dealkylation of bis(alkyl) thiobenzenes

. . c e e .83 —
with sodium in 1lizuid ammonia ~. In the second method, the thioether
is prewared from the arcmatic dibromo compound, and is especially useful
if the dibromide is more accsssible than the corvesponding sulphoaic acid
or sulphonyl chileride, One method for the preparation of the thioethers

. . - . . . . 8h
involves reaction of the dibromides with cuprous mercaptides

Some aryl halides can undergo direct nucleophilic repiacement of
halogen, but thesc reactions only proceed if strong electron withdrawing
groups are present in the compound. Thus the best route for the preparation

. _ , , . . 85
of 2,5-dimercarte phthalic acid was found to be as showm in the scheme
(direct conversion of (71) to (72) with copper and potassium hydrogen
sulphide gave an impure product), This was an evaluative study to find
the best ronte for a bifunctional system, This scheme also illustrates

‘the conversion of phenols using dialkylthiocarbamoyl chloride, and a

modified Newman-Kwart rearvangement,



CO2H COzH COQEt
UNaOAcCu EtOH oy
2)HOAc HO ~
COH COH CO.Et
(71)
Me,N-CS-Cl
CO-H CO2EL COEL
SH SCONMe, N OCSNMe,
KOH (_’__‘__A_ l
HS Me,N-CO-5~ Me,N-CS0
COH COEt COLEL
(72)

Diamines can be converted, via the diazonium salt, with thiourea

. . 86 e A A
to the corresponding dimercapto comwounds ~. Thiophenol has been couverted

iy J
87

to 1,4-dimercaptobenzene via the salphonyl chioride in low (22%) yield
: 88 N . N - .

Kurth et al. preparad three subscituted mercapto henzenes from subs-

tituted resorcin (73) via the Q-aryl thiocarbamates, which were cenverted

to the S-aryl thiocarbamates, and hydrolysed to give the dithiols,

-OH
| R=Me,Et.C OxMe

OH

(73)
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Benzene-1,2-dithiol has been conveniently synthesised via the

trithiocarbonate (74)89:—

SH S\ . S ) SH
NaNOa/AcOH | N CS2/220 \_Si)KOH
N r\f / 2HCl
MH2 S SH
77% 79% 93%
(74)

More vecently, anthranilic acid has been converted to benzene-1,2-dithiol

. - 30
via the tetrafluvorcherate salt :-

L5\ ~COCH g
["’ Y iecshyONOCS 2/ i-CaHNOH m/ \}/H

it
~ " ; ~dict th 7N\
N3 ‘NH2 dioxan/ L2 dichloroethane \7\3 OC5HH

(not isclated)

~

HEFy

¢ther

= ~SH Na/NH3 = \l/S\ -

80-85% 66%
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BIOCHEMISTRY OF DITHIOLS

Macromolecular dithiols are relatively common in nature, an example
being thioredoxin, a dithiol protein, which was isolated from Baker's yeastgl,
and functions in the transport of electrons from reduced nicotinamide
adenine dinucleotide phosphate (NADPH) to ribonucleotides in the bio-
synthesis of 2'-deoxyribonucleotides. By contrast, very few low mole-
cular weight dithiols have been discovered. The best known of these is

dihydrolipoic acid {76), the reduced form of a-lipoic acid (75)92:93'

This disulphide-dithiol cofactor is covalently bound to one of the

enzymes in 2 multienzyme system which catalyses oxidative decarboxyls-
a3
ation cf a-keto acids: As its reduced form (76), it exists as a
constrained dithiol system, which readily undevgees oxidation to an
intramolecular disulphide. This transforsaticn is the key to the use
of dithiols in binlogical systems, the oxidshion potential of such
a process being much lower than comparabie intervmolecular procasses, for
example, cysteine to cystine. o-Lipoic acid was first isclated by
UL ‘ vt s . .

Peed et al.” ', and the structure of the cxidised form (75) was cstablished

Qs
by Bullock et al,

2,2'-Dimercaptoisobutyric acid (77) was isolated from asparagus
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by Jansen96, who proved the structure by Raney nickel desulphurisatiom,
and by reaction with formaldehyde. The dithicl acid was synthesised from

the 2,2'-diiodocompound via the dithiolacetate97.

'CHCO2H
N Me
HSCHay o
/ﬁHCOgH
HSCHa Maco
/S - : H;\
77 CH2 CHCO2H

S"‘"CHQ/

More recently the structuwre of 2-dimethylamincpropane-1,3-dithiol
I»]

e . . . . . - . LN
(dihydronercistoxin) (78), isolated from marine anelid, was determined 7y

. s . - s A 99
the first synthesis was of its oxalate by iHagiwara et al™”.

N—CH
Me/  NCH,SH

(78)

o . e i . . 100

The recognition of dithiol centres in proteins led to the develnp-
ment of 2,3-dimercaptopropanol (Britizh Anti Lewisite, BAL) as an antidote
. .. 101 ve s ,
fuy argenlc polsoning . Cyclic dithioarsenites are much more stable
than acyelic analogues derived from monothiols, and this formed the basis

of the chemotherapeutiz use of BAL tc remcve arsevic from the body, since



the dithiol abstracts the metal from the less stable compounds formed between
it and the protein thiols. The O-glucoside (BAL-intrav)(79) was found
to be particularly effectivelu; it was less toxic than BAL, and could

be administered intravenously, being water soluble.

CH,OH
H A0 .
i OCH,CHSHCH,SH
OH H H .
HO N-
H O
(79)

Almost any dithiol will complex with arsenic, and other metels,
mere efficiently than a monothiol but in chemothierapeutic appiications,
many dithiols are very toxic in their own vright. A major application
of dithiocls in biochemical studies has been cheir use in protecting
protein thiols from disulphide formation. Clelandlo2 developed the use
of dithiothreitol (Cleland's reagent), and its isomer, dithiocerythritol,
in this field. Dithiothreitol has a very low redus potential, -0,33
volts at pH 7, and is capable of not only maintaining thiols in the reduced
state, but also of reducing .lsulphides guantitatively. The other
advantages are that it is water solukle, not readily air oxidised, and
has little odour. Since the original report, this reagent has growm mooe
and more popular, and there are ncow numerous recorded instances of its

uce in bilochemical studies.

The use of dithiols in bicchemistry has commercial applications;
103 . . s P .
a patent describes the use of 1,4-dimercapto-2,3-butane diel as the

reducing agent in human hair waving preparations.
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USES OF DITHIQOLS

Propane-1,3-dithiol and ethane-1,2-dithiol have often been used
to form dithioacetals, and this area has been reviewedlou. These
dithioacetals are used as a carbonyl protection group, for the reduction
of carbonyl groups, as a methylene blocking group, and as intermediates
in the preparaticn of complex hydrocarhons, olefins, aldehydes and
ketones. Steroidal dithiol acetals have been converted back to the ketone
via the disulphoxide (80)105, which is hydrolysed to the ketone by aqueous

base,

(80)

Theve are many instances of specific dithiols being uced in synthesis;

one intercsting example is the use of benzene-1,2-dithiol in the synthesis

. . . . . 4106
of aromatic and aliphatic l-deutericaldehydes (BL)l 1-

/\ ! - -

= SH X 1B ,f’/ l S\<H (c@Hs):;EL ClOoy
I+ R-cH=0 ol B -

X SH S
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S*')>—~R LADy ><
S or Na BD4

Chloramine T,

0
R—C7  (s1
D )

Industrially, pelymercaptans have potential uses, and have been

prepared by reaction of dithiols with polymethylene dihalidele7, poly~

epoxideslos, acetylenes under free radical conditionslog’llo and bis(sul-

|
phenylthiocarbamates).*ll The reaction of polydimercaptans with halo-

: . . L. 112 . . Y cops e 113,114
hydrins or cyclic oxides , and oxidative coupling of dithiols i also
gilve polymers. Another application has been the use of dithiols as cross
1

o e 115
iinking agents in the vulcanisation of mibher 7.

Mention bas alreedy been made of the reacticn of 2,3-dimercapto-
propanol wiih arsenicals, but it has long teen known that dithiols
form OumDTeXLs with wmany metals, ethane dithiol heing first isolated as
. . R . 116 . et o
its lead complex, An early study isolated dithiol complexes of metals
such as iron, lead, and tin, and subsequent: workers realised the analytical
arplications of such complexes. Toluene-3,4-dithiol,, which can be stored
as its zinc complex (treatment with dilute acid or base releasing the
free thiol), was developed as a general ansiytical reagent for qualitative

. . 117-
analysis of metals such as copper, cobalt. =ismuth, thallium and antlmony

121 122 , .
. Hoyer et al. "have receuily veviewed the use of unsaturated 1,2-

dithiolato ligands as analyitical reagents for the photemetric determina-

tion of transition metals in trace amounts

The tremendous growth in the ligand chemistry of transition metals

.

has resulted in the discovery of some potentially useful complexes.
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t
.- . 123 .
For example, Miles and Wilson found certain metal salts of the general
type shown below (82) to be semiconducting, one of the best in this
respect being tris(0O-phenylenediamine) nickel bis(ethenedithiolato)

nickelate.

+ n-
‘R N R S
\R wa I
R S
[ 2 2
(82)

Generally, in complex studies, the dithiolato ligands are unsaturated, for
example toluepe dithiol and maleonitrile dithiol, the reason for this
being that clectron “ransfer reactions are facilitated. Fecent studies
. § s 12y
include the dithicla*to complexes of molybdenum and tungsten , and
o s s . . . 125 .126
complexes ¢f indium with bidentate sulphur ligands . Uri reported
the development of new a-dithiodiketone chelates, particularly his(stilbensa~
dithiolate) nickel as antioxidants that combine in a unique way the

proparities of free radical acceptors, peroxide decomposers, and

Pinally, lead complexes of dithiols have been used in the preparation

of cyclic Sulphide3127:—

. R s -
HS(CH 2), SH + Pb(OAC); (aq) == PB[S(CHa)S] —=PbS  + ‘S (CHa2)n
CoHe S../

n = 3,4,5,6
The advantage of this method is that the two sulphur atoms are held close

together, and polysulphide formation is eliminated.
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PART 1 THE SYNTHESIS OF SOME CYCLIC THIOCARBONATES AND THEIR REACTION

WITH POTASSIUM METHYL XANTHATE

INTRODUCTION

Kardouche and Owen59 have obtained cyclic trithilocarbonates from
cyclic carbonates and thiocarbonates, prepared from 1,2-diols, by reaction
with 0-alkyl xanthate salts. The cis-butane carbonate (1) afforded the
trans-trithiocarbonate (2) in 18% yield, in accord with the expectation
that attack by xanthate would initially give the cis-episulphide, as shown
below; the subseqﬁent reaction of this compound proceeds with inversion
of configuration at one carbon atom, as shewn by Creighton and Owen

o

The DL-carbonatz (3) was found to give the cis-trithiocarbonate (4) in 34%

yield, by the same mechanism.

S-CS:OMe




u1i.

S o) S-CS-OEt
N >< -
a o~ "0 O  0:COSCSOEt

A L

— ~ -~

(3) ) (5) (8)

The low yizlds of trithiccarbonates obtained from (1) and (3) were
ascribed by these workers to competitive attack on the carbonyl group,
which leads to intermediates of types (5) and (5). The mixed anhydride
(6) is probably =asily solveclysed to give the diocl, and this leads to

loss of substrate,

In order to confirm this view, cis- ard trans-#,5-aimethyl-1,3-
dioxolan~2~thione, (7)and (8), were prepared, and as expected, because
of the lower nuclecphilic susceptibility of the thiocarbonyl group, the

vields of tritii.ccarbonate were higher.

H ooH
\\ =' — O \\‘?;z,/' 5
>_-: 5 :l\ /*—‘-O
g
4 H
(7 (%) (N (10)

The dithiocarbonates (9) and (10) gave back the parent trithio-
carbonate in almost quantitative yield .on reaction with xanthate. Attack
at the alkyl position, with inversion of configuration, followed by
loss of carbonyl sulphide and cyclisation, would lead to the trithio-
carbonate of opposite configuration; Kardouche and Owen therefore

concluded that fission of the carbon-sulphur bond must be difficult, and
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is overshadowed by attack on the carbonyl group, which leads to the tri-

thioccarbonate of the observed configuration:

H s ccsort ~H5C0SCS0E N H o
—_—— e ——— /"
H S

— —_— /_
- ///%§F{ FaaS)

These autheors alsc reacted Eiffu,S—Gyclohexano—l,B-dioxolan—Q—one
(11} and cis-4,S-cyclohexano-1,3-dioxolan-2-thione (12) with xanthate,
and both were found tc give the trans-tiithiocarbonate in 29% and 60%
yield respectively; the stereochemical result being the same as that
observed with the cis-carbonate (1) and the cis-thiocarbonate (7). The
corresponding trans-compounds {13) and (1%} alsc gave the trans-trithio-
carbecnate, but in low yield; this must be formed by a different mechanism
since the normal mechanism (attack at the "aikyl" position) would require
the formation of the non-existent trans-1,Z-epithiocyclohexane. Attack
at the alkyl position would, therefore, be reon-productive of the cis-
trithiocarhbonate, and the formation of tha irans-trithiocarbonate must
arise from attack at the carbonyl or thiocachonyl group to give intermedia-

tes similer to (8) which amongst other reactions can form some
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1,2-epoxycyclohexane and hence the trans-trithiocarbonate. This mechanism
was supported by the lower yield from the thiocarbonyl compound (13),

5%, compared with 12% from the carbonyl compound (14).

@)
O\_ \_
o 0
(11) (i2)

O\_ ~“5CSOR (\I/ SCSOR » <0 CX5CSOR
X ——e= ><: - i
& \/L~ ‘O/ X

~-0 ~ 0"
(13) X=95
(14) X=0 /
S N
Yo e (o
~~g’ N

128 . .
Kardouche has discussed thc above mechanism much more thoroughly and

has considered the alternative pathwavs in greater detail.

33 s . ‘s
Kyaw and Owen suggasted a mechanism [or the reaction of dithiols
vith sodium methyl xanthate, which proceeds by way of intermediates of
type (15), In contrast, the reaction of the episulphide leads to

intermediates of type (16).
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= (15)
\H S
\‘S
£} s
H
H -/
™~ > OMe
7}5 — C/\ (16\
e )

gl

Nucleophilic attack will occur much more readily in intermediate
(16)., but these anthors found the relative ease of attack was not critical
when the highly strained trans-function has to be formed between two
five-memberad rings, cyclopentene sulphide giving the trans-trithiocar-
bonate, ana tranc-cyclopentane-l,2-dithiol failing to do so, even after

prolonged heating.

In the preseat investigation, the mechanism of formation of cyclic
trithiocarbonates firom cyclic carbonates and thiocarbonates- has been
investigated fucther by the synthesis, and reaction with xanthste, of a

wider vawiety of thiocarbonates, hydroxythiols and dithiols.

Synthesis of trans-!4,S5-dimethyl-1,3~oxathiolan-~-2-thicne, teans-4%,5-dimethyl-

-1,3-oxathiolan-2-cne, (145,5R)-U,5-dimethyl-1,3-oxathiolan-2-thione and

(4g,5R)~1t,E~dimethvi-1,3-oxathiclan-2~one, and their reactidns with

potassium methyl xanthate

The following reactions leading to DL-threo-3-mercaptobutan-2-ol
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(17) were carried out. Methyl l-bromoethyl ketone (18) was prepared by
brominating methyl ethyl ketone (19), according to the procedure of
Catch g}_gi;}2g; borohydride reduction of the bromoketone gave DL-threo-
3-bromobutan~2-cl (20), Treatment of the bromohydrin (20) with potassium
hydroxide gave cis-2,3~epoxybutane (21), which was opened with hydrogen

sulphide, by the method of Price and Kirklso, to give the hydroxythiol (17).

Me Me Me Me H Me
H s _ H Br0 H——Br 0 H——0H
FO ' =0 ~ HO——H Me ~ Sy HS=—1—H
Me Me Me Me
(19) (18) (20) (21) (17)

Reaction <i +whz hvdrorythicl (17) with sodium ethyl xanthate gave a mixture

of cis-4,5-dimethyl-1,3-dithiolan-2-thione (%), and the trans-isomer (2).

N i s
T\ - g
3 S/r_ //%?\{Yr_

H H
) (2)

t this stage, 1t was realised that the cis-epoxide was not stereo-
chemically puce, and gas-liguid chromatography showed different: samples of

the epoxide to contain between 20% and 40% of trans-2,3-epoxybutane (22).
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A sample of the trans-epoxide was prepared from an authentic sample of
DL-butane~2,3~diol (23)., The diol was converted to DL-2,3-diacetoxy
butane (24) by the method of Lucas and GarnerlBl, which on treatment with
hydrochloric acid and hydrogen chloride gave the expected product, DL-
erythro~3-chlorobutan-2-ol (25)131, and also DL-erythro-3-chloro-2-acetoxy
butane (26). Reaction of a mixture of (25) and (26) with potassium hydro-
xide gave the trans-epoxide.Gas-liquid chrgmatography showed this trans-
gpoxide to contain 5% of the cis-isomer, and confirmed the impurity in

the original cis-epoxide to be the trans-isomer (2 metre, 15% Carbowax
column, 100°; retention times: cis- 63 and trans- 57 seconds). Gas-

liquid chromatography of the bromohydcin fermed in the berohydride reduc-

tion showed the presence of at least 27% of tne erythro-isomer.

Me Me Me Me
H——0H H '—1"—‘OAC H---+~CAc & ..._:.__.OH
HC——H AcO-~—H H-J{— ! H—{-—C!
Me Me Me Me
(23) (2y) (265 (25)

A sample of the cis-epoxide (98% pure, by g.l.c.) was ohtained from

the mixed epoxides by fractional distillation tnrough a 30 =m column packed
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with helices, and employing a very high reflux ratio, one drop of distillate
being collected every seventy seconds. The cis-epoxide was opened with
hydrogen sulphide to give the pure hydroxythiol (17), and also a quantity

of meso~ (27), and DL-trans, irans-3,3'-dithiobis(butan-2-ol), which was

formed by oxidation during work up. The disulphide structure (rather
than a monosulphide formed by cpening of the cis-epoxide by the hydroxy-

thiol) was confirmed by its mass spectrum.

Me._ _-OH HO~_ _Me

Me S——57" Mo

~
M
~1

~

Cyclic carbonates and thiocartouztes have usually been prepav=d by
reaction of diols, hydroxythiols, and dithicls with phesgene and with
thiophosgene, although ethyl carbonate has also been used to prepare cvciic

.128 . . .
carbonates . Generally, thc yields from thess preactions are reasonanle
(50-60%), although cis-2-mercaeptocycliohexanol fziled e react with thio-

. 128 .. 132 s - \
phosgene . Corey and Winter used N,N-thiocarbouyldiimidazole (28)
as an alternative to thiophosgsne in the synthesis of five-membered ring
thiocarbonates. Early in this work, the reactions of phosgene and thic-
phosgene with the stereochemically impure hydroxythiol (17) were studied,
but these reagents were found to be inconvenient to use, and accordingly
it was decided to use the diimidazole reagent (28) instead, 2-Mercaptoetha-
nol (29) was chosen as a model compound, and gave 1,3-oxathiolan-2-thione

. I 133 A . - (n

(30} in 84% yield, Jones and Andreades reported the synthesis cf (30)

from the lead salt of the hydroxythiol and thiophosgene in U46% yield,

but also found that all fractions contained 5% of the isomer, 1,3-dithiolan-
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-2-one (31). In the preparation involving the diimidazole reagent, no

peak was detectable at 1672 cm"l in the infra-red spectrum, indicating a

high degree of purity.

ANy o NN
/_S /-O
SH S S
(28)X=5 (29) (30) (31)

(32)X=0

The preparation of N,N'~carbonyldiimidazole (32) was reported by

3 . . . .
Staab , but an attempt to repeat this failed, presumably because (32) is
more sensitive to moisture, and it was therefore concluded that selective
cxidation of the thiocarbonyl compounds would prove to be an adequate

N . A . : 135
route to carhonyl compounds, as first described by Challenger et al,
for the oxidztion of trithiocarbonates, and found to give high ylelds hy

1 A "
other workersla“o 13,-

N,N'-carbonyldiimidazole is now commercially avail-
able, and its use in the synthesis of cyclic carbonates firom diols has

B . . . 138 .. ot e s
been reported wracently to give high yields , and it is prcbable that this

now represents the best synthetic route for such compounds.

The pure hydroxythiol (17) was treated with the diimidazole
reagent (28) t» give trans-4,5-dimethyl-1,3-oxathiolan-2-thione (33) in
93% yield; rezction of thiz with mercuric acetate gave twan3-U4,5-dimethyl-
1,3~oxathiolan-2-one (34) in 60% yield, an overall conversion of 56%

from the hydrocxzythiol.
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0 igll o) : 0 0
: S/' ; s/_ : < e
H
(33) (34) (35) . (35)

The fwo ¢is—-thiocarbonates, (35) and (36) were synthesised in
optically active forms, (4S,5R)~4,5-dimethyl-1,3-oxathiolan-2-thione and
(HS,SR)nH,Snéimethyl-l,3—oxathiolan—2—one respectively, from L-(+)-butane-
2,3~djol ?37), which was prepared from L-(+)-dimethyl tarteate (28).

The tartrate was converted to L-(-)dimethyl-2,3-O-isopropylidene tartrate
(39) by vezction with 2,2-dimethoxypropane using the methcd of Carmack
and Kelleyleg; raduction of this, following the procedure of Feitho,
gave Le(+)-Z,3-0-isopropylidenethreitol (40). The optically active
threitol was converted to the butane diol (37) by following the route uzed
14,

by Rubin et al.

proceeding via the ditosylate (1) and +the diiodide
(42). It hAad been originally hoped that the ditosylate (L1) weuld be
reduced by lithium aluminium hydride to give L-O-isopropylidenebutane-
2,3~diol (423) lirvectiy, but this reaction in fact gave Li-{(+)-2~iso-
propoxybutan-2-ol (44), a compound which has been reported as a derivative
of butane~2,3  dlol which had been prepared by fermemtation of sucrose’ 2.
Rubin et al,lqi reported that Raney ﬁickel reduction of the ciiodide to
give O-isoproupylidenebutane-2,3-diol gave a product which contained

water as the moin Impurity, and which was difficult to remove. In view
of this it was decided to use methanol as the solvent, and potassium

acetate as a base to remove the hydrogen iodide produced, The expected

product (43), hewever, Fformed an azeotrope with methanol, and during
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fractional distillation the isopropylidene function was lost, and the

diol (37) itself was isolated in U47% yield.

CO2Me
H~——0H
HO -——H
COQMG
(38)
Me TsOCH,
H—‘—“OCH(Me)g D
HO—TH TsOCH
Me S 2
(44)
Me ICH,
H—-0H
HO——H
R ICHa
Me
(37) (43) (42)

The dicl (27) was converted to L-(+)-2-phenyl-i,5~dimethyl-1,3-
dioxolane (45) Ly the method of Gagnaire and Robertlusg treatment of

this with ¥-bromosuccinimide in carbon tetrachloride, as described by

L
}4, gave (2R, 3S)-2-bromo-3-benzyloxy butane (46), which

Seeley and Mcilweel
on reaction with potassium hydroxide gave the E£§§§fepoxide= {28,35)-2,3~
epozybutane (47). The crude epozide was examined by gas-liquid chromato-
graphy, and was found to contain less than 2% of the cis-isomer, together
with some other impurity, probably ethylene glycol, The crude epoxidé =
opened immediztely with hydrogen sulphide to give the hydroxythiol (48),

which was not isolated, but reacted with the diimidazole reagent to give

the thiocarbonate (35) in 11.5% yield, based on the epoxide, Reaction
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of (35) with mercuric acetate gave the thiocarbonate (36) in 58% yield.

The yield from this last step was almost certainly low because of the

scale of the reaction,

Me H
H——OH \V/OX*H i _>
h

B Y

- -
|40‘T H 0
Me H
(37) (45)
Me ~_ nH
H——OH!
IH——‘SH - V/:
L Me .
(48) {(47)
f
kH !
~3-90 SN0,
s —— o
//ﬁ\s '/;,les
(35) {3R)

The reactions of the four thiocarbonates (33)-(3%) with potassium
\ . . ; o
methyl xanthate were carried out in sealed tubes at 64-66 £for four days.
The trithiocarbonates formed, and the yields, are summarised in

Table I.
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Table I
Thiccarbonate Trithiocarbonate formed Yield
(33) trans 81%
(34) ! >.=O trans 76%
/’)_-3-.\5
i
H
O\_
(35) S cis 46%
A~g”
H
H
~U.-0
(36) T >—-‘O cis 86%
}

Reactions of this type had previously been carried out.128 without
taking any precoutions to exclude air. Early in the present work, they
were carried out in the same way, and were found to give locw yields, or
in the case of {233), no trithiocarbonate at all. The sealed tube method
not only allows the reaction to be carried out on a small scale, but gives
good yields, alwos*t certainly because oxygen is excluded frem the system
by methanol vapcuv when the tube is sealed. The above four reactions
all prcceaded with retention of configuration, the preducts being confirm-
ed as pure isomcrs by p.m.r. spectroscopy for (33), (34) and (36), and
by melting points and mixed melting points for all four. It is likely
that the lower vield (46%) from (35) is a spurious result; if (33) and
(34) give comparable ylelds, within the errors imposed by the small scale,

(35) should give a similar yield to that from (36).
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For the trans-compounds (33) and (34), attack at the ring-oxygen
site would lead, via loss of carbonyl sulphide and cyclisation, to the

trithiocarbonate of opposite configuration:

AS)
H ~HsC-0Me
N\ )
/_x —————p
5 SENGT
H H
(33) X=5
(34) X=0

As previcusly discussed, Kardouche and Owen59 concluded that fission
of the carbon-sulphur bond is difficult, and is overshacowed by other
mechanisms in *he cas2 of the dithiol carbcnates (9) and (10), and there-
for for (23} and (34), the only likely source of trithiocarbonace is via

attack on the carbonyl or thiocarbonyl group:

H
Ny O><S'CS~OM9 O-CX-S-CS OMe
4 ~S X 5~
H
(33)X=9 H

T

O
bl

w

The trauns-thiocarbonate (8) gave a higher yield of trithiocarbonate
than the trans-carbonate -(3) because the lower susceptibility of the
thiocarbonyl proup to nucleophilic attack reduced the likelihood of non-

productive competitive attack on the thiocarbonyl groupsg. It would
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“herefore be expected that (33) and (25) would give an appreciable
quantity of the trithiocarboqate of opposite configuration, arising from
attack at the ring-oxygen site, but this was not the case. The reason

for this behaviour must be that, as only one site is available for attack
at the ring, instead of two as in (8) and (3), the probability of success-
ful attack is lower anyway; also, the thiocarbouyl group probably does
not differ iﬁ its nucleophilic susceptibility from the carbonyl group as
much as expected, Tnis difference produced an effect in the yields from
(3) and (8), but in the case of (33) and (34), it appears not to play

an important recle in the reaction mechanism.

DL~threo-3-iercaptobutan-2-ol {17) was reacted with sodium ethyl
»anthate to give the Eggégftrithiocavbnnate in low yield. It was
previcusly mentioned (p 45 that a mixture of the isomeric hydroxythiols gave
a mixture of the EEET and trans-trithiocarbonates on reaction-with xanthate,
=nd although the reaction was not actually carrlcd'out, it is expected
that the erythro-hydroxythiol (48) would give the cis-trithiocarbonate.
Hydroxyl functions are very pcor leaving groups, and the hydroxythiols
must react by attack of thiol on xanthate, as proposed by Kyaw and Owen33
for the 1eaction of dithiols. Inversion of configuration occurs when the

cplsulphide intermediate is formed, followed by a second when this is

opened by xanthate, resulting in an overall vetention of configuration.

(17)
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H ocss WH
™Ng- %
s H

The reaction of (17) was carried out under zerobic conditions, and the
Jow yield is almost certainly caused by sulphide formation, although no
specific attempts ware made to isolate such products.

Synthesis of cis~ and irans-bis(benzyloxvrethyl)ethylene carbonates and

thincarbonates ond their reaction with poftassium methyl xanthate

The original purpose of this part of the present investigation was
to prepare a stereochemically pure butane-2,3-dicl from trans-1,4-dibromo-
2-putene (49). A potential route for the preparation of either meso-

(53) or DL-butane-2,3-diol (23) from either the trans-olefin (49) or cis-
2-butene-1,4-diol (51) was developed, cis- {5%2) and trans-1,4-Dibenzyl-
ory-2,3~epoxybutane (53) were prepared, and the carbonates and thio-

—arbonates synthesiéed from these.

BrCH» I/CHz OH

= |
L\\CHQOH

CH2Br

(493 (51)
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Me . Me
H——0OH H——OH
H~——OH HO——H

Me Me

(50) (23)

The trans-olefin (49) was converted to trans-1,%-dibenzyloxy-
2-butene (54) by the procedure of Kiss and Sirchman® ™ using sodium and
benzyl alcohol; reaction of this olefin with performic acid, following
the ﬁethod used by Roebuck and Adkins146 on cyclohexene, gave meso-l,4-
dibenzyloxybutane-2,3-diol (55) in 75% yield. Treatment of this diol
with 2,2-dimethoxypropane gave meso-1l,4-dibenzyloxy-2,3-Q-isopropylidene-
butane— 2, 3-diol (56) in 52% yield, which on reduction using a pallediwni-
charcoal catalyst, yielded 2,3--0-isopropylidene-crythritol {57). Ccmpound
(57) was not iéolated, but was converted teo erythfitol (58), for identi-
fication purposes, by stirring with acid jon-exchangz resin.  The isopro-
pylidene compound (57) could be converted through to meso-butane-2,3-dinl
by the route previously described for the peeparation of L-(+)-butane-
2,3-diol (37), i.e. via the di-p-toluenesnlphonate, the diiodide, and
reduction, followed by removal of the isopropylidene function. Erythri-
tol was converted to its tetra acetate {59) for comparison with an

authentic sample.

BrCH, PhCH,OCH, PhCH,0CH,
— \ e H——0H

(49) (54) (55)
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CH2OCH2Ph CH2OH CH2OH CHQOAC
H——0 H——0 H—t—CH H——0Ac
H____O><————c> H—t— X H—l—oH —_— H—LOAc

CH20CH2Ph CH,0H CH,OH CH,0AC

(56) (57) (58) (59)

Treétment of the olefin (54) with permanganate, after the method
of Clarke and Owen147, gave the DL-isomer of (55); subsequent reaction
of this in the manuer cutlined above would give DL-butane-2,3-diol. cis-
2-Butena-l,4~diol {51), purified via its dibenzoate (60), was converted
to cis-l,4-dibenzyloxy-2-butene (61) by stirring with benzyl bromide and
powdered potassium hvdroxide; reactiun of this clefin with performic acid

would ultimately lead to DL-butane~2,3-dicl, and treatment with permanganate

would lead to the mesc-diel,

0
r//CHgO&Ph ' [::CHQOH [::CHQOCHgPh
L\\CHQO%Ph CH,OH CH20CH,Ph
(60) | (51) (61)

The trans-dibenzyloxy olefin {(54%) was reacted with m-chloroperben-
zoic acid to give the knownl45 trans-1,4-dibenzyloxy-2,3-epoxybutane (53).

The corresponding cis-epoxide (52) was prepared from the cis-olefin (61)
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using the same reagent, except that carrying éut the reaction in refluxing
ether was more successful than at room temperature, very little olefin
reﬁaining as impurity after one day in the first case. The trans-epoxide
(53) was opened with hydrogen sulphide to give 1,4-di-O-benzyl-2-thicery-
thritol (62), which was not isolated but treated with thiocarbonyldiimida-
zole to give cis-4,5-bis(benzyloxymethyl)-1,3-oxathiolan-2-thione (63).
The meso-diol (55), which was also prepared by acid catalysed hydrolysis
of the trans-epoxide (53), on treatment with thiocarbonyidiimidazole geve
cis-4,5-bis(benzyloxymethyl)l,3-dioxolan-2-thione {64). Reaction of (63)
and (64) with mercuric acetate gave cis-u,5-bis(benzyloxymethyl)-1,3-
oxathiolan-2-one (65) and cis-4,5-bis(benzyloxymetiayl)-1,3-dioxolai-2-

one (66) respectively.

The same sequence of vreactions on the cis-epoxide (52) led to irans-
4,5-bis(benzyloxymethyl)-1,3-oxathiolan-2-thicne (67) via 1,4-di-O-benzyl-2-
thiothreitol (68), trans-4,5-bis(benzyloxymechyl)-1,3~-dioxolan-2-thione
(69) via DL~1,4-dibenzyloxybutana-2,3-diol (70), irans-4,5-bis(benzyvloxy-
methyl)-1,3-oxathiolan-2-one (71) and trags-%,5-bis(benzyloxymethyl)-1.3-

dioxolan-2-one (72).

ROCH. ROCHa ROCH,  RrocHAH g
e \LO\ e H—-OH _ _ \-g
= \ H—--SH s/
(54) (53) (62) (62)
CH20R - ROCH,- K ROCH  H o ROCHA 4
H—— OH \" pU —
H——0H /zx\o 0 ~s"
CH,0rR ROCHz" H ROCH, 10 ROCH;” |
(55) (64) . (66) (65)

R=PhCHa»
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Reaction of the trans-epoxide (53) with sodium methyl xanthate

produced some surprising results. At the reflux temperature, no teithio-
carbonate was isolated, but at lower Temperatures, cis-u4,5-bis(benzyloxr-
nmethyl)-1,3~dithiolan-2-thione {73) was isovlated in varying yields. These

results are summarised in Table IIL,

Table 11

O

ote
3

Temperature 20 31 L0 49 Bl4.5 60-63

% Yield 11 34 51 50 0 52

|

% Sealed tube, potassium methyl xanthate.

The trithiocarbonate {73) was itself reacted with potassium methyl
xanthate at the reflux temperature, and no starting material was recovered.
In the case of the reaction of the epoxide in a sealed tube, it is probable

that at the moment of sealing, most of the oxygen in the tube has been

excluded by methanol vapour, and it is therefore probable that at higher
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temperatures oxygen plays a significant part in the destruction of the
trithiocarbonate. Reaction of the cis-epoxide (52) with potassium

methyl xanthate in a sealed tube gave Eggggju,S—bis(benzyloxymethyl)—
1,3-~dithiolan-2-thione (74) in 79% yield; under aerobic conditions the
yields obtained were 76% at 450, and 3% at the reflux temperature. The
cis- and trans-irithiccarbonates (73) and (74) were treated with mercuric
acetate to give cis-4,5-bis(benzyloxymethyl)-1,3~dithiolan~-2-one (755

and trans-4,5-bis(benzyloxymethyl)-1,3~dithiolan-2-one (76) respectively.

ROCH,, ROCH H ¢ ROCH, H ¢
— e /0
HOR ROCH 1y > | ROCH,,/,"E,\ >
(53) (73) (75)
CH,0R ROCHG s ROCH, H .
L L = T T
CHOR ROCH R > ROCH,~ 55
(52) (78) (76)
CHL0R
H—-OH
:"""‘Cl
CH20R

7y R=PhCH,
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Reaction of the trans-epoxide (53) with dilute hydrochloric acid

gave the erythﬁo-chlorohydrin (77), and traces of the meso-diol (55).

The reactions of the ten thiocarbonates and carbonates, (63)-(67),

(69), (71), (72), (75) and (76), the chlorchydrin (77) and the meso-

diol (55) with potassium methyl xanthate were carried out at the reflux

temperature in sealed tubes,

In addition, the reacticns of the cis- and

trans-thiocarbonates (64) and (69) with potassium methyl xanthate were

. . o o
carried out under aercbic conditions at 43°.

veactions are summarised in Table III.

The results of all these

Table
Starting material Temp. Time Trithio- Yield Other
(days) carbonate products
n\‘\_}—ll O
(63) /1/ >—-S 6u-56° Y cis 77%
)
R™H
H
RSy
(67) /j\/-'S 64-66°" 4 trans 30%
RETS
H
R~y
(65) 0 61-66° Y cis 87%
P/) ~5
T H
H
R O\h .
(71) /r() 64~65 L trans 9u%
R7ETS
H
R (3\» .
(s4) /rS " B4-65 y trans trace
R//Ll 0

R= PhCH20CH;



Table III/continued

62.

Starting material Temp., Time Trithio- Yield Other
(days) | carbonate products
R H
(69) 0\_C 6U-66° 4 cis trace | DL-diol (70)
\
R//E\‘O
H
R\\ﬁ/’o\;

£66) . /-O 64-66° Y - - |meso-diol (55)

R0
H
=3 e

(72) i}o 64-66° m - - DL-diol (70)
pE0
R H S\\

(75) \Y/ /0 64-66° 4 cis 76%

~=5
R™H
R

(76) /: ‘:n 64-66° 4 trans 71%

R "g\f’
H
R g-0H

(55) 64-66° 4 - - recovered (55)
3 ~0H
Ry

H
R3O}
(77) /Ii 6466 Y cis NE%
-Cl
R4
R H O\_

(s4) ‘/-5 13° 13 - - cis~carbonate
R H‘O (66)
R\\%L’CK

(69) }=S 43° 16 - - DL-diol (70)

=~0
R™H

R=PhCH20CH,
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Both carbonates, (66) and (72), gave no trithiocarbonate, the major
product being the corresponding diol. The corresponding butane carbonates
(1) and (3), gave the trithiocarbonates by attack of xanthate at the alkyl
oxygen site, the low yields being ascribed to non-productive competitive
attack on the carbonyl groupsg. In the case of (66) and (72), there are
increased steric effects at the alkyl oxygen site, and the net result is
for the majority of attack to occur on the carbonyl group, attack at the
alkyl oxygen site no* being detected, and the diols are formed by solvoly-

sis of intermediates such as (78).

ROCH, _0 e —S'CS'OMGROCHE ’_q S-CSOMEOCHZ O-CO'S'CS‘OMe
/=3 — G
0 o° 0 P -
ROCH4 ROCHz2 ROCHy" o)
(78)
R=PhCH2

In +the sealed tube reactions, the twe monothiocarbonates (64) and
(28) both gave traces of the trithiccarbonate of opposite configuration.
This can be explained by the lower susceptibility of the thiocarbonyl
group to nucleophilic attack resulting ir a bigher rate of attack at the
alkyl oxygen site, as is the case in the corresponding butane compounds,
resulting in a detectable quantity of trithiocarbonate, although the

najor products were again the diols.

ROCH~ o ROCH~ Y s.cs0Me  ROCH;
>:S—---—--—-—c> B e —

ROCH> ) ROCHy f~0-CS0"  ROCH;

(64)
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R\ H

'I// H

R=PhCH2

In the reaction carried out at 430, the géﬁ;thiocarbonate (64) gave,
most surprisingly, the cis-carbonate (68) in 75% yleld; in a repeat
experiment, a lower vield of carbonawe, and the meso-diol were obtained.
The trans-thiocarbonate (69) gave the oxpected DL-diol as the major
product. The likely mechanism for the formation of (66} involves attack
of xanthate on the thiocarbonyl group to give intermediate (79), which at
43° does nct veant further, except perhaps tn be partly solvolysed to
the diol. until the reacction is worked up fdilvtioa with water, and extrac-
tion with dichloromethane), when the hewmithiocacetal (80) is formed, which
elimirates hydrogen sulphide to give the cachonate. It is suspected that
some of the intermediates in this reaction wece isolated by chrematography;
two bands having a higher R,F. than the carborate were found on attemp-

ted vepurification to give further small quantities of the carbonate.

H
ROCHz\H o\ ROCHz\\%/O S.CS-OMe
—S = — — e
g /ﬁL\O >
ROCH>” H ROCH, H
(79)

ROCHA_0.c5:5-CSOMe

I

ROCH,” 1

———c= diol
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“OH
ROCH_H ROCH,H } ROCH
AL sc5:0Me -0 o N0
o SH 0 SH /
ROCH," ROCH>” 1 ROCH2" H
(80)
R=PhCH,

As expected, the two dithiocarbonates (75) and (76) reacted to give
trithiocarbonate with retention of configuraticn. The mechanism of this
reaction must be the same as in the rorresponding butane compounds; the
only differencc is that the yields frcm (75) and (76) are substantially
less than theoretical. The most pronable erplanation is that the bulkiness
of the substituent groups reduces the rats of episulphide formation, and
therefore increases thc degree of solvolysis that occurs, and hence
reduces the yield of trithiocarbonate, i.e. the step from (81l) to (82)

wecurs more slewly than the butane equivalent.

R H R H

R Hg R fHs™
/S'CS'OMQ — (81)
577 S-CO-S-CS-OMe

<

%7"\R
R ~H R H
(82)

R=PhCH,OCH,
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The two other dithiocarbonates (63) and (67), and the monothio-
carbonates (65) and (71) all reacted to give trithiocarbonates, with
retention of configuration, in'high yield. The mechanisms for the for-
mation of trithiocarbonates from these compounds is the same as that
previously discussed for the corresponding butane thiocarbonates, invol-
ving attack on the carbonyl or thiocarbonyl group, and therefore the
presence c¢f bulky substituent groups will not affect the mechanism of
reaction, other than perhaps increasing slightly the solvolysis of inter-

mediates,

The meso-diol (55) was also treated with xanthate, and as expected
no trithiocarbonate was isolated, only starting material being isplated
from the reaction. The erythro-chlorohydrin (77) gave the cis-trithio-
carbonete in 46% yield, which is a relatively high yield from a chlcro-

hyderin,

The reaction of these substituted thiocarbonates with xanthate has
provided further insighlts into the mechanisms of such reactions, and of
special interest has been the effect of bulky substituents on attack at
the alkyl cxvgen site. The isolation of dicls from various reacticns has
been facilitaied by their crystalline nature; they are almest certainly -
formed in the butane carbonate reactions, but the isolation, and especially

the characterication of small quantities of liquid diols present difficulties.

Synthesis of some cyclohexanothiocarbonates and related compounds and

their reactions with xanthate

As mentioned in the introduction (p 42), Kardouche and Owensg, and
also Meloyso, have described the reactions of some cyclohexanothiccarbo-
nates and carbonates with xantﬁate to give the trans-trithiocarbonate. It
was pointed cut that for steric reasons, the trans-compounds must react

by a different mechanism from that of the butane thiocarbonates, and in
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order to elucidate this further, some of the previously unknown cyclo-
hexanothiocarbonates were synthesised, and their reactions with potassium
methyl xanthate studied. Other aspects of the possible mechanisms were
studied and the reactions of some hydroxythiols and dithiols with xenthate

were also carried out.

cis~2-Mercaptocyclohexanol (83) was prepared from cyclohexanone (84)
via cyclohexenyl acetate (85) and cic-diacetyl-2-mercaptocyclohexanol (86).
The preparation of the diacetate (86} preseunted unexpected difficulties.

' I
Behringer and K|czyl'8

found activation of the cyclohexenyl acetate with
oxygen to be necessary before reaction with the thiolacetic acid; Meloy60
added a trace of acetic acid and reported the reaction to proceed satis-
factorilv. These methods,and the us2 of an old sample of (85), failed

in the present work until evantually @ rcasonable yield was obtained. This
behaviour suggests the reaction is a radical one and it is possible that
tihe use of a redical initiator would eliminate ipregularities in the yield.
In contrast. Goodman gz;ik.lug found the reaction of cyclopentenyl acetate
with thiolacetic acid to proceed smocthly, and in good yield, without any

prior activation. The hydrcxythiol (83) was obtained from the diacetate

by the method described by Meloy60 using methzanolic hydrogen chloride.

2 OAc [A\TOAC OH
| ~~ ~SAc SH

(84) (85) (85) (83)
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Treatment of the hydroxythiol (83) with thiocarbonyldiimidazole gave
gé§;4,5~cyclohexano~l,3—oxathiolan—2—thione (87) in good yield; Kardouche
was unable to prepare (87) from (83) using thiophosgene as the reagent.
trans-U4,5-Cyclohexano-1,3-oxathiolan-2-thione (88) was similarly prepared
from trans-2-mercaptocyclohexanol (89), Treatment of the dithiocarbonate
(87) with mercuric acetate gave cis-4,5-cyclohezano-1,3~oxathiolan-2-one
(90); in this reaction, decomposition was the main result,only 19% of the
desired product being isolated at the second atitempi. This was the only
thiocarbonylthiocarbonate to do this in the present work; normally yields

in excess of 80% were obtained.

OH O
———— e e 00 __ S —_—— - ﬁ/ ' s
SH \~5

(83) (87) (30)
OH oS0 '
~sH I‘S’“
(89) (38)

cis~Cyclohexane-1,2--dithiol kgl) was prepaved by the method of Bate-
man EE_§£'48 by reacting au excass of cycliohexene (92) with sulphur at
1400, and reducing the resulting trisulphide with lithium aluminium hydride
The ciswtrithiocarbonate (93} was prepared from the dithiol by reaction
with thiocarbonyldiimidazole; treatment of (93) with mercuric acetate gave

cis-U4,5~-cyclohexano-1,3~dithiolan~-2-one (94).

O—Ch— -l

(92) (91) (93) (o)

128
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In the present work, the reactions of thiocarbonates (87), (90)

and (94), hydroxythiols (83) and (89), and the cis-dithiol (91) with

O-methyl xanthate were carried out. The action of xanthate on trithio-

carbonate (95) was also studied. The results of these reactions, and the

reactions of the other cyclohexanothiocarbonates with O-alkyl xanthates

already réported in the literature are summarised in Table IV.

All

reactions were carried out under reflux conditions, and no precautions werza

taken to exclude air, except where stated.

Table IV
Starting material Trithic-- Yield | Solvent Reflux Reference
carbonate (days)
formed
N
(1) Q trans 29% E+0il 1 59
P
)
O\
(1) —0 trans 12% StOH 4 59
=<0 !
o\__
(12) - S trans 60% E{OH 4 59
0
o\_
(13) /,_S trans 5% EtCH I 59
~~0
o\
(30) jou trans |v,small MeOH 8 hrs 60
-
S
0
(30) \%:O trans ? trace MeCH 4 -
4 '




Table IV /continued
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Starting material Trithio- Yield | Solvent | Reflux | Reference
carbonate (days)
formed
N
(96) /F_o Ttrans 100% MeOH 6 hrs 60
~-5
/‘\r_’,o\ :
(87) [\/l\ —S trans 9% MeOH 1 -
=
S
YA
(87) L\\‘//L /:IS trans 17%* MeOH I -
S
//\\,/()\
(88) | =S trans 100% | EtoH 1. 128
-~S
(9u) ' i }_O cis u8% MeOH I -
~ G
~ - D
Y
(97) [/ | =0 trans 97% EtOH 1t 59
AN ~5
g
(95) \/: S trans 92% MeOH t -
”*S,
SH
(e1) cis 81% MeOH 32 -
SH
SH
(91) cis 95% H,0 13 49
~ -SH 2 i
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Table 71V /continued

Starting material Trithio- Yield | Solvent Reflux | Reference
: carbonate (days)
formed
SH
(98) trans 65% ¥eOH st 33
"'SH
OH
(83) | trans . 14% MeOH u3 -
SH !
OH
(89) trans 5u% MeOH L -
~SH |
I
I
% sealed tube *% pocm tamperature

~

Kar'douchelCZU attempted to isomerise the ¢i3- and trans-thiocarborates
(12) and (13) to (80} and (96) with potassium lodide, accovding to the
methed us2d by Jones and Andreadesla3 on l.l-oxathiolan-2-thione; isomer-
isation coulr have been a possible mechanistic route for those compounds .
In the present work, the isomerisation oif the trans-dithiocarbonate (88)
+o (977 was attempied, but heating in carbon tetrachloride, or in refluxing
ethanol, or treatment with sodium ethovide in refluxing ethanol produced
no change. These compounds must therefore react as they are; isomerisa-
tion before reaction cannot occur to any significant extent. The reaction
of the trans-trithiocarbonate (95) with xanthate was carried out in order
to confirm the stability of this compound uvnder reflux conditions.
Unlike cis-4,5-bis{benzyloxymethyl)-1,3-dithiolan-2-thione (73) (p 59),
the trithiocarbonate was essentially recoverzd, thus precluding any loss
of yield by the destruction of the product. The reaction cf cyclohexanol

with xanthate although it could not possibly give any trithiocarbonate,

gave very little extractable material, thus proving that hydroxy groups



are not displaced by 0-alkyl xanthates. This was also supported by the
recovery of meso-1,4-dibenzyloxybutane - 2,3~-diol when it was treated with

xanthate in a sealed tube, as previously mentioned (p 66).

In the various schemes shown below, on going steps only are shown,
in principle at least, all steps are reversible. In general, it has been
assumed that if there is a choice, collapse of an intermediate leads wo the
formation of a thiocanion in preference to an oxyanion,Kardouche and Owen59
concluded that fission of carbon-sulphur bonds was difficult, and therefore,

these bonds have generally heen assumed to remain uanbroken, or once formed

are not opened again.

2
Ka:odouchel"8 suggested the most likely mecnanism for the reacticn of
dithiocarbonate (88) involved attack on the thiocarbenyl group to give ihe
cyeclic intermediate (99), followed by formation of the cyclohexene sulphide,

which is converted to the trans-trithiocarbonate.

N N0 s Cs-0Et
o [ T
~~S =g’ 7S
(88) (99) \
£.0-C5+5CSOEt |
N o s
o

The alternative mechanism involved breaking the carbon-sulphur bond
to give the cis-intermediate (100) (breaking the carbon-oxygen bond
would lead to the cis-trithiocarbonate) which would lead to the isomeric
cis~dithiocarbonate (87) from which the trans-trithiocarbonate might be
formed by attack on the carbon-oxygen bond. Kardouche ruled this second

mechanism out on the grounds that it required fission of a carbon-sulphur
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bond in preference to fission of a carbon-oxygen bond in the first stage,
but the reverse choice in a later stage. In the present work (87) was

found to give the trans-trithiocarbonate in only 9% yield under the same
conditions. The 1.00% yield of trans-trithiocarbonate from (88) effecti-

vely rules out the second pathway.

0 0-CSS o
N Q —es —_———ae
(T~ (X 9t
-5 $-CS-OEt 5 CS-OEt

(100}

(L — (XS

(87}

Meloyeo obtaiined 100% yield of trans-trithiocarbonate from the
nonnthiocarbonate (96) and this must be formed by the same mechanism as
in the case of (88), i.e. via the episulphide. The involvement of the
cpisulphide as an intermediate was confirmed by heating (96) with sodium
carbonate; traces of episulphide were detactsd (nasal analysis), although
because of its relatively high boiling point, mcst of the episulphide
was presumably converted te polymeric products. Miles and Owen150 reported
the formation of cyclchexene sulphide from trains-2-mercaptccyclohexyl
acetate in 70% yield by steam distillation with aqueous sodium carbonate

under reduced pressure. Attack at the ring site of (96) could also occur,
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but the reaction via the episulphide is probably fast, and therefore no

cis-trithiocarbonate is detected in the product.

0 >

NS

For the two corresponding cis-compounds, the mechanism must be

different.y the steresochemistry of the intermediate (101l) cannot allow

episulphide formation.

0-CX-5CsSOR

(L= WEEL
57 s/ KT S

(87)X=5

(801 4=0 (101)

Attack at the carbonyl group in (90), or the thiocarbonyl group in

(87) would -+ihervefore lead to loss of substrate due to solvolysis of inter-
mediate (101). If attack at the ring site was important, the yield would

have been high, bacause the reaction pathway is short.

+5CSOR .5:CS-OR .
o — O\ e (j’\s\*'s
S-CO0 5~ s




75.

Melay60 described the yield of trans-trithiocarbonate from (90)
as "very small", This could have arisen from the presence of a small
amount of trans-thiocarbonate (96); this reaction was repeated in the
present work and a similar result was obtained even though the reaction

time was four days rather than six hours.

The yield of trans-trithiocarbonate from the cis-thiocarbonyl
compound (87) was 9% under the normal reflux conditions, but in a sealed
tube reaction the yield was 17% based on consumed starting material. This
result iliustrates two important aspects of these mechanisms, The first
is that in the absence of air, intermediate (101) which is in equilibrium
with starting material, is not all destroyed by further reaction. Secondly,
the only possible route for trithiocarbonate formation must be via attack
on the oing oxygen site and although this must occur very slowly (the
non-consumption of ail the starting material illustrates this) there is now
no fast competitive episulphide formation to overshadow ii:. The other
possibility to be ccnsidered was the existence of at least 10% of the
trans-isomer in the cis- 2 -mercaptocyclohexanol used to prepare both thio-
carbonates (87) and {(90). This was ruled out on two counts; firstly, (90)
did not give 2.0% of the trithiocarbonate, and secondly, a 100 Mhz p.m.r.
spectrum run on the cis-2-mercaptocyclohexanol showed no peaks due to
the trans-isomer, whereas an artificial mixture containing about 30% trans-
isomer did so. This does not rule out the presence of a little of the
Egéggfisomev, but as far as thiocarbonate (87) is concerned, the part

played in the trithiocarbonate formation is negligeable,

The trans-dithiol carbonate (97) was reported by KXardouche and Owen59
to give the lrans-trithiocarbonate almost quantitatively. By analogy with
the butane compounds, this proceeds by attack on the carbonyl group and

via the episulphidel28:
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S S\ ,SCSOEt -

(97)

$:CO-5-CS-OEt

\
>
hid

(Breaking of the carbon-sulphur bonds, which has beeu ruled out by

. 5 ; . Coys
Kardouche and Owen g’ would lead to the cis-trithiocarbonate.)

The cis-isomer, which gave a 40% yield of cis-trithiocarbonate,
must proceed by a different mechanism since the one illustrated above
would require the formaticn of the non-existent Eggggjepisulphide.‘ The
only possible way for cis-tritvriocarbonate to form must be by way of the
thicanion (102) which is then solvolysed to give the dithiol or give the
dithioanion directly, The mechanism from then on is as proposed.by Kyaw

33

and Owen ", The lower yield compared with the trans-isomer must be due

to the longer mechanistic pathway and consequently loss of substrate by
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solvolysis followed by disulphide formation.

NI 5\ ,5-CS-OMe
/_O ——— _
S ~s” 0

(o)

SH -5

SH ~ 800 S-(S-OMe
(91) Sy

As expected, the cis-iithicl (91) gave a higher yield (81%) of

cis-trithiocarbonate than the cis~dithiolcarbonate (S4).

The two hydroxythiois (83) and (89) both gave the trans-trithio-
carbonate, The possibility of displacement of hydroxyl group playing a
significant part in the mechanism was ruled out when cyclohexanol failed
to react with xanthate. Rreaking of the carbon-sulphur bond having been
muled out in several mechanisms previously discussed, the mechanism of
reaction must involve attack of thicanion on xanthate itself, followed by

cyclisation to give intermediate (103). For the trans-hydroxythiol, this
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can collapse to give (104), which has the correct stereochemistry for epi-

sulphide formation, and hence yield the trans-trithiocarbonate.

O~ Ul UL

-S‘C OMe (103)
S
g ‘ 0-CO-S~
\a-S-:F—— /A\\‘}S e W—— _
“\S/— - .S
(1om)

in the case of the cis-compound (¢3), the intermediate (105) corres-
ponding to (104) has the wrong stereochemistry for episulphide formation.
The trans-trithiccarbonate must, therefore, e formed by displacement of
s s ; Y %

the €-CS,8 group and cyclisation:

0-CS S S CS0OMe

=S
T

(105)
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A relatively low yield of EEEEEftritﬁiocarbonate (14%) was
obtained from (83); +this must be caused by side reactions (possibly air
oxidation). Whereas (104) would react very rapidly to give the episulphide,
further attack of xanthate on (105) must be a slow process. Although
recovery of unused starting material was not attempted due to isolation
problems, it is possible that unconsumed cis-hydroxythiol remains at the

end of the reaction,

Finally, two of the reactions listed in table IV gave a further
viewpoint to the mechanisms of formation of trithiccarbonates from thio-
carbonates. The reaction of the trans-hydroxythicl (89) was carried out
in the normal way, and after extraction of the product the aquevus residues
were left for one week and then re-extracted to yield a further 1l mg of
trithiocarbonate. As this represented ~0.3% of the yield, this result is
not too significant. However, when the trans-trithiocarbonate (95) itcelf
was reacted with xanthate only 76% of the starting material was rcecovered
on normal work-up; one day later a furcher 16% was extracted from the
aqueous layer. This result suggests that some of the trithiocarbonate was
present in the final reaction mixturz as a water soluble anion, and this
only came out of soluticn when the conceuntration of the free trithiocar-
bonate was reduced, Several thiocarbonates have been reported to give the
trans-trithiocarbonate in 100% yielid; it is, therefore, uncertain how
important this result is, especially as previous workers have never reported

re-extraction of aquecus residues after some time has passed.

In conclusion, some general tendencies in the reactions of cyclo-

hexanothiocarbonates with xzanthate can be outlined:

(1) Once a carbon-sulphur bond is formed in a reaction, it appears not
to be broken unless deing so results in the formation of the episul-

phide, Similarly, carbon-sulphur bonds in the starting materials
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are not broken.

(2) The carbonyl group is attacked in preference to the two ring

oxXygen sites.

(3) If only one ring oxygen site is available, attack proceeds mainly

at the carbonyl or thiocarbonyl group.

(4) The longer the mechanistic pathwav, the lower the final yield of

trithiocarbonate because of solwvolysis of intermediates.

Studies on the Synthesis of Decalin Thiocarbonates

The decalin system is of especial intevest in the thiocarbonate
field recause it is ccnformationally less fiexible than the cyclohexane
ring, Kardouche and Owen59 have reported the preparation of the cyclic
carbonate (106) and thiocarbonate (107} {rom trans-decalin-2a,3a-diol,
but trans-decalin-Za,2g-diol failed to give the corrvesponding trans-
fused esters. Howsver, the trans-decalin-2R,3c-trithiocarbonate (108)
and the dithiocarbonate (109) were prepared by these authors from the 2,3-
epoxide, In the present work, the preparuticn cf some other decalin

thiocarbonates was attempted.

H H H
H
L7 ! \\ ~/~ S
ray N
M 0 A #i S Ny,
H
(108) X=0 (108) X=S

(107)X=S (109) X=0
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Following the success of thiocarbonyldiimidazole in preparing
cis-U4,5-cyclohexano-1,3-oxathiolan-2-thione, it was hoped that the reagent
would prove as useful in preparing 28,3a-(thiocarbonyloxythio)-trans--
decalin (110) from 2B-hydroxy-3a-mercapto-trans-decalin (111). Treatment
of the hydroxythiol with the reagent at room temperature, in refluxing chlo-
roform, and in refluxing xylene all failed to give the desired product.

This result is not too surprising; the desired product would require the
cyclohexane ring involved to assume a boat conformation and corresponds

with the failure of E£§E§;decalin—25,3a—diol to react with thiophosgenesgg
In each of the three attempts, several products were isolsted and p.m.x.
spectra indicated that-all contained the imidazole group. Only one of ithese
prcducts was both stable enough and prescent in sufficient quantity to

be fully characterised and was identified as 2B-hydroxy-3o-(imidazoiyi-1-
thiocarbonylthio)-trans-decalin (112). The instezbility of some of tue other
products suggests the presence of free thiei groups; repurificaticn on

t.1l.c, would therefore result in some disulphide formation,

H SH
(111) (110) (112)

trans-A%-Octalin (113}, prepared by reaction of trans-A%-octalin

. . 150
dibromide (114) with zinc dust according to the method of Johnson et al was

51

reacted with activated sulphur using the method of Shields and Kurtz ™,

to give the trithiocompound (115). A small quantity of this product was
retained for characterisation; however, on repurification it appeared to

throw  out sulphur. The crude trithiocompound was veduced with lithium
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aluminium hydride to give the dithiol (116), "which was immediately treated

with thiocarbonyldiimidazole to give the crude trithiocarbonate (117).

H Br H

(11u) (113)

H

(116) \\\\\ (125}

(117)

The crude trithiocarbonate was purified by t.l,c, and found to
consist of three major yellow components. Two of these were definitely
identified as decalin triithiccarbonates whilst the third had only a
melting point recorded. Although at first sight surprising, this.result
has a logical explanation. EzggngZ—Octalin was preparcd by the route or
Johnson gzngi.,lSl who condensed butadiene with p-benzoquinone to give
(118), which on zinc dust reduction gave (119). Previcus preparations had
involved isomerisation of (119) to its trans-isomer with base, a process
which had been assumed to be complete but in fact led to impure trans-

151

A*-~octalin. Jchnson et al,’ allowed the isomerisation to occur during

the Huang-Minlon reduction of (119) to give a mixture of (113) and its
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cis-isomer (120). Purification via the dibromide gave pure trans-A2-octalin.

H
0 o] //
— \1 ——em H (113)
Qi] HoT
0 O H
(118) (119) <<:\ X

{1.20)

In the present work, the residues from a purification by this method
were used as source material. Repeated recrvstailisation of this residue

gave a sample with melting point 60-£2° (lit.,151

g1 -85.5%), and it liad
been hoped that the amount of impurity present was smell. The presence of

substantial gquantitizs of the cisfﬂz—ocfalin therefore led to tue formetion

of two other triihiocarbonates (121) aud (1.22). \

(121) (122)

The low resolutlon mass spectra of compounds {117) and (121) or

(122) were recorded and the relative abundances of the different ions are

128

given in table V, along with those reported for compound (108)
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Table V
Compound (121/122) | (117) ] (108) (121/122) | (117) (108)'
m/e m/e
oy (M) 100 100 100 | o4 29 26 13
168 13 - g || 93 21 28 25
139 12 - - 92 21 oy 23
135 10 60 43 || 91 23 37 25
134 30 iy 36 || 81 16 22 19
121 13 31 61 || 79 28 39 30
119 9 - 9 || 77 11 19 -
105 - 10 - 76 - 13 i
99 - - 11 67 32 53 ng
% - - 16 || s5 - 19 20
95 21 33 73 || w1 15 w6 | m Aj

3

he structures assigned to *the two trithiocarbonates (121) or (127)

. - . . . 128 .
and (117) were based on the fragmentation patterns. Kardouche suggeateq
the following mechanisms to account for the peaks in the mass spectrum of

(108):

m/e 79
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For the trans-28,3a-trithiocarbonate (108), the cyclohexane cing is
in the skew-boat conformation. Similarly in the cis-28,3B-trithiocarbonate
(121), the second ring is in the beat conformation, whereas in the trans-
28,3B-~trithiocarbonate (117) the chair form of the cyclohexane riug is only
slightly distorted. The effect of these conformations show in the mass
spectra, The peak at m/e 168 is present in all thres spectra but in the
case of (117) it is very small, This suggests that the major fragmeniaticn
is by the second pathway resulting in larger m/e 135 and 134 peaks than
in the other two spectra and fhis can only be explained on the basis of
ring strain, (117) being the least strained trithiocarbonate. Both (321}
(or (122)) and (108) have slightly more strained conformations and their

fragmentation patterns correspoad reasonably well,

The preparation of these irithiocarbonates has demonstrated the usciul-
ness of the olefin-sulphur method for preparing cis-dithiols and especially
its application to limited quantities of olefin. The failure to prepare
the dithiocarbonate (110) has illustrated the greater degree of rigidity
in the decalin system and the limitations it imposes on thiocarbonate

preparations,
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PART 2 STUDIES ON A POTENTIAL ROUTE TO CIS DITHIOLS

There is no method at present available for the stereospecific
synthesis of alicyclic cis-dithiols in good yields. Goodman'gz_gi.lqg
reported the synthesis of cis-2-mercaptocyclopentanol (1) from trans-
cyclopentane-1,2-diol (2) via the mono(phenylthiourethane) (3) which
gave the phcaylimino compound (4) on treatment with thionyl chloride;
hydrolysis of (4) gave the thiocarbonate (5) which was reduced to the
hydroxythiol, Ali 2;_3},54 prepared the phenyldithiourethane {6) from
Eggg§f2~mercapfocyclohexanol (7) but this gave the monothio compound (8)
on treatmené with thionyl chloride instead of the hoped for cis-dithio
the acetate of
compound (3). In the present work, the reactions of ,(6) and its cis-

isomer with base were studied and authentic samples of (9) and its trans-

isomer ware prepared.

/- Of1 0-CS-NHPh 0.
< ‘ ——— O/ —_—— \"' N-
) =N-Ph
N e WQH t:-4

(2) (3) (1)

(L — I

(1) (5)
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(e e (T (T

(71 (6) (8) (9)

trans~2~(Phenylthiccarbamoylthio)cyclcheryl azetate (10) and trans-
Q—Eacetylthio)(phenylimino)—methylthié]cyclohexyl acetate (11) were pre-

pared from trans-2-(phenylthiocarbamoylthio)cyclohexanol (12) by reaction
152

L]

. . . . . g . 54
with acetic anhydride in pyridine by the methoed cof All et al. Owen
described the treatment of (10) with warm ethanolic poiassium hydroxide

solution to give a cyclisation prcduct which was =xpccted to have the

structure (9) or (12). If {9) were Focrmed, this would be a potential route

to cis~dithiols. This reaction was repeated in the present work,and the

same product was obtained from the diacetate (11).

S:CS-NHPh

- OH

(12) \ |SAC
(/;/J’SPC NHPh (/“\T43C=NHPh

~0Ac OAc

(10) (1



88.

Goodman et al.149 hydrolysed the phenyiimino compound (4) by heating

it with 50% acetic acid at 80° for four hours, and it was expected that

the cyclisation product, if it had structure (9) would be similarly hydro-
lysed, Under the same conditions, the cyclisation product was recovered,
and it was concluded that structure (13) was the correct one. Reaction

of (13) with mercuric acetate was expected to give the carbonyl compound
(14) but repeated reactions only once gave a product with a carbonyl stretch
in the infra-red spectrum, This was later identified 2s an adduct betwsen
mercuric acetate and the sulphides (15) on the evidence of the mass spectrum
and analysis. These adducts are well known and mercuric acetate has heen

used to separate mixturesof sulphides.ls3

N S\_ 0 [/’J\\,/ S\/\)

!
. /
Ph 5 —g

(1)

-~
[
(2]
~

It was now decided to repeat the hydrolysis of the cyclisation product
under more vigorous conditions. Reaction with a mixture of hvdrochloriz
and acetic acids at 100° for threce days gave trans-4,5-cyclohexano-1,3-
dithiolan-2-one (16) in 83% yield. This indicated that the cyclisation
product was in fact trans-2-phanylimino-4,5-cyclohexano-1,3-dithiolan

(17), a surprising stereochemical result which was substantiated by an

independent synthesis described later.

Two possible mechanisms can be proposed and these are outlined below.
In both cases, the loss of acetate occurs rapidly, to give the sulphonium

ion intermediate (18) in the one case and (13) in the other. Rearrangement
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of (13) to the observed product iz unlikely to occur readily, whilst intra-

molecular opening of (18) would rapidly give the observed product.

The

poscibility arises in the sulphonium ion route thot alternative displace-

ment of acetate to give (9) could also occur.
under the conditions used, this
the sulphonium ion mechanism is more likely as

correct product fairly rapidly.

?P!

second possibility dees

It is probable however, that
not arise and

it would give the

5~ N S-C=N-Pr -\, oM
—— J —e | S-C=N-Ph
'\ - OAc --0AC S~
(18)

/Sv’

5 (I/J‘ g
Ph

"~

(13)

.

S‘C -N-Ph
:SH
it

l
/‘~‘

r//\\V/’S N Ph
S

(17)

K, 100°

/

S
I \—o
\«-/l ‘5
(1e)
NPh

(9)
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The yellow diacetate (11l) reacts in the same way, after deacetyl-

ation (loss of yellow colouration occurs very rapidly on addition of base).

In order to try and obtain (9) from the cyclisation reaction a variety

of other conditions were employed and these are summarised in Table VI,

When these reactions gave a cyclisation product it was identified as (17)
on the basis of spectral and melting point informatiecm.
Table VI
Starting Conditions Cyclisatidn Recoverad Other
material ’ product starting products
material
(10} DMSO, lOOO, 2 hrs ves trazes
(10) DMSO, 95°, 3 days 39% yes -
(10) KOAc, EtOH, 12 hrs - yes -
(10) XOAc, EtOH, 500, 3 days - ves traces
(10) KOAc, EtOH, refluwx, " - - phenylthiourethans
(10) 7S.CS.0Me, room - yes (not ident-
temp., 2 days ified)
(10) "S.CS.0Me, reflux, - - Ph.NH.CO.0MNe
4 days and Fh.NI.(05.0M
(11) DMSO, 80-9C°, lday - - many

The formation of the trans-product (17) from the trans-phenylthio-

urethane made it important to study the cis series. c¢is-2- EAcetylthio)

{phenylimino)—methylthio]cyclohexyl acetate (19) was prepared by the

. . 54 .
procedure described by Ali et al.” for the trans-compound, cis-2-Mercaptc-

cyclohexanol (20) was treated with phenylisothiocyanate to give cisz-2-

(phenylthiocarbamoylthio)cyclohexanol (21) which on reaction with (excess)

acetic anhydride gave the diacetate (19),

Use of less than the required

amount of acetic anhydride in this reaction gave cis-2-(phenylthiocarba-

moylthio)cyclohexyl acetate (22), which was also obtained from (19) by

-
<
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partial deacetylation using dilute hydrochloric acid.

OH OH OAc
SH S-CS'NHPh S—g=NPh
SAc

(20) (21)\ / (19)
Yy ”/

//\/\['S'CS'NHPh

~

OAc

The monogcetate (22) was found to have a wide melting point range;
che same effect was observed in both samples. At first the presence of

I

come trans-iscmer in ihe hydroxythiol (20) vas suspected but the p.m.r.

enperiment reported on p /5 suggested this was not so. Also, slow crystal-
lisation of (22) gave a sample with melting pnint range 105-110°; but
on recrystallisation this fell to 8g-94°. It was, therefore, concluded

that this compound was dimorphous,

Treatment of the cis-monoacetate (22) with base under the conditions
of Owenls2 gave phenylthiourethane (23) in 37% yield, and also the hydroxy
compound (21). The cis-diacetate (19) behaved in a similar manner.

Rapid deacetylation (loss of colour) occurred cn addition of base and on
work up., phenylthiourethane was obtained in 72% yield along with traces

of the hydroxy compound (21} and other products. This deacetylation and
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decomposition of the cis-compounds is not entirely unexpected, The stereo
chemistry is unfavourable for cyclisation and if loss of the C-acetyl group
occurs as fast as the S-acetyl group is lost from (19), very little - if
any - cyclisation could take place. In the case of the trans-compound,

cyclisatinn occurs readily and normally faster than the competitive deace-

tylation,
-QAc OAc
§ —c ' + PhNH-CS-OEt (23)
-~5-C-MHPh S
"OEt \
OH
SH

In view of the unexpected result of the cyclisation in the trans-
series it was considered desirable to synthesise both the cis- and the
trans-phenylirine compounds by an independent route. Mayer and Sc’tlaej'fer-ltsLlr
reported the preparation of the methyl iodide salt of ethylene trithio-
carbonate {24) yhich on treatment with analine yielded the amine salt
(25). In the present work, under the same conditions frans-cy-lohexene
trithiocarbonatas failed to give any methyl iodide salt, but the use of
dichloromethane instead of nitromethane gave reasonable quantities of
trans~",5-cynlohexano-1,3~dithiolan-2~thione methyl iodide (26). Analysis
figures for this compound indicated the presence of four additional methyl
iodide molecules of crystallisation, which explained the low yield, and
also the failure of (26) to recrystallise from ethanol or any other solvent.
In most cases, recrystallisation attempts resulted in precipitation of the
trithiccarbonate. Treatment of the salt (26) with aniline, followed by

45-cyclohexano

immediate base hydrclysis gave EEEBEXQ—phenylimino—l,3—dithiolan (17),

which was identical in every respect with samples prepared by base
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cyclisation of the monoacetate (10),

S Se 4
\: *SMe S=N-Ph
(2u) (25)
> + [‘ 5\¥_4' } - ,,5\¥
SMe —= NP | =] JoNFh
~\S _ L ‘\S H.’__ L ~‘S
I i
(26} » (17)

45-cyclohexano

A sample of cis-?-phenylimino-1,3-dirhiolan (9} was prepared by the
same route from cis-cyclohexene trithiocarbonate via the cis-methyl iodide
salt which was shown by analysis to also contain methyl jodide molecules
of crystallisatien., The amine selc was again nct isolated, but hydrolyscd

directly to the final product.

S S
J-she CE \/:Nph
S I - S

(28) ' (9)
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Jones155 has reported the preparation of (9) in good yield from
cis-cyclohexane-1,2-dithiol and phenyl isothiocyanate. This preparation
was repeated in the present work, but was found to give a poor yield of
the expected product, along with a little (5%) of cis~-cyclohexene trithio-
carbonate and substantial quantities of diphenyl thiourea. The good yield
reported by Jones is probably normal for this reaction since ethane dithiol
has been reported tc react with phenyl isothiocyanate to give 2-phenyl-
iminc~1,3-dithiolan in 80% yield.156 The majority of the diphenyl thiourea

157

formed had the correct melting point 154-155° but a small sample had
a melting pcint of 167-158.5°. This sample had the correct M ion in the
mass spectrum, the only possibilities are that it is either a different
crystalline form o» that it is a dimer. The phenyliminc compound (9) is
Formed in this reacticn by displacemeni of ~SH from the isothiocyanate;

the trithiocarbonate is presumably formed by displacement of PhNH followed

by cvelisation,

As a final part of this work, the mass spcotra of two different
samples or both the cis-phenylimino compound (39} and the trans-isomer (17)
were run. One sample of each (9a) and (17a) was prepared by the methyl
iodide salt route; the other cis-sample (9b) was that prepared from the
cis-dithiol Ly Jones and the second trans-sample (17b) was that made by
base cyclisation of the monoacetate (10)}. The details of these spectra
are summarised in table VII; all peaks with relative abundancies of less

than 5% have been omitted.

Table V1L
Sample 9a 9b 17a 17b
Temperature 30° 70° 30° 30°
m/e Relative abundanciaes
2u9 35 U5 70 17
194 11 5 - -




Table VII/continued...
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167 - - 10 9
149 i7 - - -
146 27 29 - -
135 24 3. a5 100
114 - - 31 3u
105 8 - - -
103 5 5 - -
97 - - 5 -
93 - 7 - -
a1 172 - - -
85 - - - 6
31 200 106 100 83
80 11 S 56 66
77 38 35 34 35

The two zamples of each isomer have ba=zi.ally che same spectrum, but
there are differences between the two isomers. The cis-compound (9) shows
& velatively strong peak at m/e 146 that the trans-samples do mnot show;
on the other hand the trans-compound (17) exi:ibits a strong peak at m/e
114 that is not shown by the cis-compound. The other differences are
that the trans-speclra show stronger peaks af m/e 135 and m/e 80. These
could be explained by the following fragmentation patterns, shown below

for the trans-compound (17).



+
(S=C=NPh . "
—_— '\ — ,:‘\S + Ph—N:C:S
' S mie135

~HS’

X

9!
\, )

m/e S

The peak at m/e 146 can be explained as follows:-

4 ,
- <4
é h é¥NPh N
| N (7 PoTE L
S \‘-/\\~S

m/e 146
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EXPERIMENTAL SECTION

Bracketed numerals, preceeded by the letter "N", refer to the
page number in the laboratcry notebooks. Where the experiment has

been repeated, the yield quoted refers to the first page number given.

Infra-red spectra were recorded on Perkin-Elmer 700 or 157G
instruments. P.m.r. spectra were determined in deuteriochloroform solu-
tion on a Varian T-6C machine using tetramethylsilane as an internal
reference, Optical rotations were determined cn a Perkin-Elmer 14l
polarimeter in a L dm tube, and Mass Specira were determined on an A.E.I.
M.S. 8 iustrument. Melting points were determined on a Xofler block

and are uvncorrected.

The adscrbent for thin layer chromatography (t.l.c.) was Kieselgel
CF25u (£. Merck Ltd.). The developing uolvent used was dichloromethane,
uniess otherwisc spacified. Organic scluticne were dried over magnesium

sulphste, unless otherwise stated, and sclvents were removed under reduced

pressure. Petroleum refers to the fracrtion bH.p. 10-607.

Aivbreviations

G.l.c. : Gas-~liquid chromatogiraphy
T.H.F. : Tetrahydrofuran
D.M.F. : N,N-dimethylformamide

In p.m.r. spectra : s (singlet), m (multiplet, d (doublet).

dd (double doublet), t (triplet), q (quartet).
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PART 1 THE SYNTHESIS OF SOME CYCLIC THIOCARBONATES AND THEIR REACTION

WITH POTASSIUM METHYL XANTHATE

The following general procedures were employed in this part of

‘the present work.

(i) Reactions with xanthate

fhesz »eactions were carried out, generally under reflux conditions
with the reagents described in each case. Work up consisted of cooling

the reaction mixture, diluting with water, extracting with dichlorcmethane,
drying the combined extracts, and concentrating under reduced pressure

to give the érude product, Normally, purification by t.l.c., with dichlo-
romethane as the developing solvent, unless otherwise stated. gave the

pure product,

4

(ii) Reactionns with N N'-thiocarbonyldiimidazole

After the reaction was complete, the reaction mixture was washed
with water, dilute hydrochloric acid, water again, thsn dried and con-
centrated to give the crude product. T.l.c., with dichloromethane as the

developing solvent, unless otherwise stated, gave the pure preduct.

(iii) Reactions with mercuric acetate

A mixtire of the starting material, glacial acetic acid, and
mercuric acetate was stirred at 40-50° for 40-50 minutes, cooled, diluted
with dichloromethane, and filtered. The filtrate was evaporated to
dryness, water added, and the mixture extracted with dichloromethane. The
combinad extracte were washed with sodium bicarbona{e solution, dried,
conceantrated, and the residue purified by t.l.c., with dichloromethane as

the developing solvent, unless otherwise stated, to give the pure product.
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Synthesis of trans-4,5-dimethyl-1,3-oxathiolan-2-thione, trans-4,5-dime-

thyl-1,3-oxathiolan-2-one, (4S,5R)-U4,5-dimethyl-1,3-oxathiolan-2-thione

and (u4S,5R)-4,5-dimethyl-1,3~oxathiolan-2~one, and their reactions with

potassium methyl xanthate.

Methyl l-bromoethyl ketone (N 169, 3, 11, 55, 57, 111, 123)

This compovnd was prepared by the method of Catch_gg.gl.lzg Bromine
(610 g) was added dropwise to a stirred mixture of methyl ethyl ketone
{473 g), water (950 g) and potassium chlorate (114 g). The heavy layer
of crude products was distilled under reduced pressure to remove unreac-
ted ketone. Redistillution of the crude product through a packed column
under nitrogen gave methyl l-bromoethvl ketone (434 g; uu4%), b.p. 78-82°

129

at 125 meHg (lit.,~ " 70° at 70 mmHg).

DL-threo-4-Bromobutan-2-~ol (¥ 57, 7, 15, 23, Lo, 113, 125, 171)

The procedur: described by Kardouvhcm8 was followed, Potassium
borohydride (28.8 g) in water (400 ml) was added dropwise to a stirred
mixture of methyl Ll-bromoethyl ketone (190 g} and methanol (400 ml), and
the temperature kept below 20°. After the oddition was complete, the
mixture was left at rocom temperature for 30 minutes and then neutralised
with dilute sulphuric acid, The reaction mixturs was saturated with
sodium chloride and extracted with ether. +The combined extracts were
dried, concentrated and distilled under reduced pressure to give the

158 500 at

title product {(125.7 g; 63%), b.p. 56-58° at 1u mmHg (lit.,
13 mmHg), (G.l.c., 15% carbowax on chromosorb W, 2 metre, 1800, showed

the presence of the erythro-isomer),
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cis-2,3-Epoxybutane (N 57, 21, 29, 39, 115, 127, 175)

DL-threo-3-Bromobutan-2-ol (125.7 g) was added dropwise to a stirred
solution of potassium hydroxide (202 g) in water (95 ml) at 90-95°. The
erude product distilled over at ~ 60° (57.7 g; 98%) and Qas redistilled
to give the pure epoxide, the fraction boiling at 58-60.5° being collected

159

(1it,,~>° 59.9-60.4°),

G.l.c. analysis (15% carbtowax on chromoscrb ¥, 2 metre column, 1000)
showed the above epoxide to contain a substantial amount of the trans-

epoxide (retention times: cis-63 and trans- 57 seconds).

DL-threo- and erythro-3-Mercaptobutan-2-ol (N 31, 25, 43, 47, 51, £5,59,

71, 131)

The procedure used by Price and Kirkl3o was followed, A mixture of
cis- and trans-2,3-epoxybutane was added dropwise to & stirred solution of
potassium hydrexide (4,8 g in ethanol (63 ml) saturated with hydrogen
sulphide at 0°., After the additicn was compilete, the mixture was left
at 0° for 30 minutes, and then overnight at room vemperature. The reantion
mixture was acidified with ditvte sulphuric acid after diluting with water
(100 ml), extracted with dichlorcmethane (3 x 50 ml), the combined extracts
washed with sodium bicarbonate solution, dried and concentrated. Distil-
lation of the residue gave the title product (4.5 g; 51%), b.p. 65-66"

130

at 22 mmHg (1it., , 73.5-71.0° at 31 mmHg ) .

cis~ and trans-4,5-Dimethyl-1,3~-dithiolan-2-thione from DL-thrco- and

erythro~3-mercaptobutan-2-cl (N 61),

The mixed 3-mercaptobutan-2-ols (0,7 g) aud a mixture of carbon
disulphide added to a solution of sodium (1.15 g) in ethanol (70 ml) were

rcfluxed for 53 hours. Work up according to the general procedure, t.l.c.
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(ether/petroleum (1:2)), and fractional crystallisation gave trans- and

(cis- + trans)-4,5-dimethyl-1,3-dithiolan-2-thione, 70 mg and 160 mg

respectively (230 mg; 23%), trans—- m.p. 3H—Hlo, depresses m.p. of
authentic cis-isomer to below room temperature (210), T: trans- 5.83 (2H,

m), 8.u3 (SH, d, Me); cis- + trans- 5.83 + 5.50 (2H, m), 8.43 and 8.50

2
(6H, m, Me) (lit.,:'“8 trans- 5.87 (2H, m), 8.39 (6H, d) cis- 5.50 (2H, m),

8.u8 (6H, d)).

DL~-2,3-Diacetonybutane (N 95, 146)

The prccedure described by Lucas and Garnerlsl was followed. DL-But-
ane-2,2-diol {supplied by Professor Owen, 6.7 g) and dry pyridins (30.0 g)
were stirred together and acetic anhydride (16.9 g) added slowly, the
temperaiure of the reaction mixture being maintained below 50°, Stirring
was continued overnight, and distillation under reduced pressure gave

) X . o _ .. 131 .
DL-2,3-diacetexvbutans (8.0 g3 62%) b.p. 89-92° at 17 mmHg (lit., 82.1-
82.2° at 10 mnHg). A further quantity was crystallised from the undis-

. . . . =0
tilled residuc end recrystallised from ether (1..63 g; 13%) m.p. 32-35.

DL-erythro-3-Chlorobutan-2-ol (N 101, 149)

The methcd of Lucas and Gould160 was used. DL-2,3-diacatoxybutane
(9.0 g) was dizsolved in concentrated hydrochloric acid (13 wl). Dry
hydregen chleride gas was passed into the stirred solution at -10% until
4,98 g had been added, The mixture was left for four days then poured
onto sodium bicarbonate (24,0 g) with stirring. The mixture was filtered,
the solid washed with ether and the aqueous layer extracted with ether
(total volume 250 ml)., The combined extracts were washed with sodium
bicarbonate solution, dried, and concentrated. Distillation gave the

160

title product (2.28 g; 41%) b.p. 70-74° at 61 mmHg (lit., - 70-72.5° at
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30 mmHg), and DL-erythro-3-chloro-2-acetoxybutane (1.15 g; 15%) b.p. 86-

160

87° at 32 mmHg (1it., - 70-72.5° at 30 mmHg).

trans-2,3-Epoxybutane (N 105)

A solution of potassium hydroxide (8.5 g) in water (4.5 ml) was heated
to 90-100° and a mixture of DL~erythro-3-chlorobutan-2-ol (2.02 g) and
DL-erythro-3-chloro-2-acetoxybutane (0.84 g) was added dropwise and the
crude product (0.67 g; 39%) distilled over at ™~ 60°. The crude product
was redistilled and a middle fraction collected to give a small sample

of pure (95% by g.l.c.) trans-2,3-epoxybutane.

cis-2,3-Epoxybutane (N 127)

Pure (98% by g.l.c.) cis-2,3-epoxybutane was obtained from the mixed
epoxides by fractional distilliation through a 30 cm column packed witn
helices and emplecying a high reflux ra*tic which gave zarly fractions =»ich

in trans-epoxide and left a residue cf the pure cis-epoxide.

DL~-threo-3-Mercaptobutan-2-c1 (N 129, 159)

This compound was prepared in the same way as previously described
for the mixed isomers from cis-2.3-epoxybutane (6.0 g). Work up and
distillation gave the title product (2.69 g; 31%) b.p. 66.5-67° at 20 mmig
v : 3380 (OH), 2560 (SH), 1167 and 930 cm—l (film) and a mixture of

max.

meso- and DL-trans, trans-3,3'-dithiobis(butan-2-0l) b.p. 122° at 0.6 mmHg ,

Voox, 3360 (OH), 1102, 992 and 920 em™ L (film), T: 5.82-6.58 (2H, m),
Ha 3

6.75-7,55 (2H, m), 7.15-7.82 (2H, m, OH, exch.), 8.72 (12H, m, Me), m/e
210 (M+, 100), 174 (22), 133 (18), 120 (69), 105 (33), 89 (u0), 88 (29),

87 (53), 81 (33).
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N,N'~Thiccarbonyldiimidazole (N 467, 73, 83, 156, 166, 191, 408)

The method described by Staab and Walther161 was followed, Thio-~
phosgene (12,3 g) in dry benzene (80 ml) was added dropwise to a stirred
mixture of imidazole (29.0 g) and dry dichloromethane (200 ml) at room
temperature. Stirring was continued for one hour after the addition was
complete; the mixture was filtered, the solid material washed with a
little dichloromethane and the filtrate concentrated under reduced pressure
to give the crude product (17.7 g; 93%). The reagent was normally used
in the crude state, but a portion was recrystallised from dichloromethane/

61

,
petrolevm to give the pure product, m.p. 97-99° (1it.,” 105-106°).

1-3-Oxathiolan-2-ihione (N 89, 81, 83)

A solution of N,N'-thiocarbonyldiimidazole (3,0 g) in dry dichloro-
methane (F0 wl} was added to a mixture of 2-mercaptoethanol (1.0 g) and
pyridinz (6. g} ir dry dichloromethane (30 ml) and the whole stirred
for 2 days, Usual work up gave the title compound (1.65 g, 64%) (cilj,

Y : 13s0, 1280, 1072, 1018, 233, and 752 cm—l (film).

max.

trans-4,5-Diincthyl-1,3-oxathiolan~2~thione (N 128, 145, 151)

< 4

N,N'+=Thiorarbonyldiimidazole (2.1 g) in dry dichloromethane (32 ml)
was added dreopwise to a stirred mixture of DL-threo-3-mercaptobutan-2-ol
(1.0 g), pyridine (6.2 g) and dry dichloromethane (25 ml) end stirring

continued evernight. Usual wark up gave trans-4,5-dimethyl--1,3-oxathiolan-

. . -1
-2-thione (1.5L g; 94%), (oil), Viax 1388, 1340, 1203, 1083, and 907 cm

(fiim), T: 4.83-5.53 (1H, m), 5.80-6.47 (1H, m), 8.45 (6H, t, Me) (Found:

C, 40.84; H, 5.59; S, 43.43, C_H 08, requires C, 40.53; H, 5.44; S,

2
43,28%),
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trans-4,5-Dimethyl~1,3~oxathiolan-2-one (N 131, 151, 165)

A mixture of trans-4,5-dimethyl-1,3-oxathiolan-2-thione (0.34 g) and
glacial acetic acid (18 ml) was reacted with mercuric acetate (1.8 g)

according to the general procedure. 7T.l.c. (petroreum/ether (4:1)) gave

pure trans-4,5-dimethyl-1,3-oxathiolan-2-one (0.20 g; 66%) (oil),

Vo’ 1723, 1345, 1255, 958 and 751 cm—l (£ilm), t: 5.33-5.87 (1H, m),

5.97-6.63 (1H, m), 8.52 (6H, d, Me) (Feund: C, %#5.563 H, 6.07; S, 24.2u4.

C5H802S requires C, 45.43; H, 6.10; 5, 24.26%).

L-{-)-2,3-0-Isopropylidene dimethyl tartrate (¥ 295, 2u9, 271, 451)

The method of Carmack and Kelleylag was fcllowed. (+)-Dimethyl
tartrats (Koch-Light, 5.0 g), p-tolnenesulphonic acid (100 mg), 2,2-dime-
thoxypropane (3.5 g) and dry benzene (1l ml) were refluxed together over-
night. The lower boiling fractions, including the benzene-methanol
azeotrope werz removed by distillation through a Vigreux column. The
catalvst was neutralised with sodium carbonate and the reaction mixture

distilled under vacuvm to give the title compound (5.8 g; 94%), b.p. 100°

139

at 0.5 mmeHg (lit.,
139

82-90° at 0.02 mmig), [e]2! - u4.2° (c = 5.45, CHCL,)

o

(iit., [@]37 -~ 49.4 (neat liquid)).

L-(+)-2,3-0-Isopropylidenethreitol (N 305, 233, 480)

The procedure described by Feitiqo was used. A suspension of lithium
aluminium hydride (10 g) in dry ether (120 ml) was refluxed with stirring
for 30 minutes. A solution of L(-~)-2,3-0-isupropylidene dimethyl tartrate
(26.3 g) in ether (120 ml) was added dropwise. After the addition was
complete, refluxing was continued for a further 21 hours. After cooling

to OO, ethyl acetate (v 70 ml), followed by water (10 ml), sodium hydroxide
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solution (4N, 10 ml) and water again (10 ml) were cautiously added.
The solid material was filtered off, and thoroughly extracted with ether
(Soxhlet), The combined ether solutions were dried, and concentrated

under reduced pressure. Distillation under vacuum gave the title product

)
(16,0 g, 82%), b.p. 95-98° at 0.3 mmHg (lit.,l}o 96-96.5 at 0.5 mmHg,
m.p. 49.5-51°), [a]23°0 + 5.2 (c = 4,99, cHCLy) (Lit.,""0 [4]20 + w1

(c = 5, CHéls)).

L-(-)-1,4-Ditosyl-2,3-C~isopropylidenethreitel (N 259, 313, 481)

tH -
The conditions of Rubin et al.l 1 were used. L-(+)-2,3-0-Isopropyl-

idenethrecitol (13.1.7 g) in pyridine (85 ml ) was ccoled to -10°, and
recrystallised p-toluenesulphonyl. chicride (33.0 g) was added in one
portion, The flask was shaken until the mixture was almost homogeneous
when violent shaking produced a precipitate. The mixture was left over-
night at 0°. Hater (20C ml) was added, aud the reaction agein left
overnight at 0%, The solid was filtered off snd weshed with 90% ethanol.
Recrystallication from ethanol gave pure L-{-)-1,4-ditosyl-2,3-0-iso-

'l
propylidencthreitol (3.1 g; 89%), m.p. 90.5-91.5° (lit.,lll 90—920),

: ; ., 138
[+]2%°0 - 10.5 (e = 5.27, CHCLly) (1427

v 2% _ ! -
te]3% - 12.4 (e = 5, CHCLY)).

I~ {+)~2-Isopropoxybutan-3-oi (W 267)

The procedure reported by Schmid and KarrePlGQ for the reduction of
a sugar tosylate was followed, L-(-)-1,4-Ditusyl-2,3-0-isopropylidene-
threitol (30 g) was dissolved in excess dry benzene and the solution con-
centrated to 35 ml. Ether (120 ml) and lithium aluminium hydride (5.2 g)
were added, and the mixture refluxed overnigit. A further quantity

(2.5 g) of the hydride was added and refluxing continued for a further
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24 hours. The reaction mixture was ccoled to Oo, ethyl acetate and then
water cautiously added followed by sodium hydroxide solution and then
more water., The solid material was filtered off, washed with ether; the

combined ether solutions were dried, concentrated and distilled to

give L~(+)-2-isopropoxybutan-3-ol (4.5 g; 54%), b.p. 140-111°, ngl'S
1.4129, [a]%“ +68.9 (c = 4.85, CHCl), v__ & 3425 (OH),1118 and 940 —

(film), t: 6.00-7.08 (3H, m), 6.27 (1H, m, OH, exch.), 8.88 (12H, m).

L-(-)-1,4-Didesoxy-1,4~diiodo-2,3-0~isosropylidenethreitol (N 314, 279,

482)

The methcd of Rubin et al:}4l was used. L-(-)-1,4-ditosyl-2,3-0-
izopropylidenethreitol (43.4 g), sodiun indilde (65.0 g), and acetone
(200 ml) were refluxed together for 5% hours. Sedium p-toluenesulphonate
vias removed by filtration and washed with aceioune, The filtrate and
washings werz combined, ccncentrated, wmixed with water (250 ml) and ex-
tractad with dichloromethane (1 % 100, 2 x 50 wl). The combined extracts
were washed with thiosulphate solution (0.1 W. 50 ml), then water (1 x
100, 1 x 60 ml), dried and concentrated tc give the crude product (35.0 g;
59%). Distiliation of the crude product under racuum gave the pure

1

title product (25.2 g; 73%), b.p. 108" at 0.78 mmHg (1lit., L 80-82° at

14

[

(1,05 mmHg), [a]2* 0 - 1 for D isomer,

D
[“]D +17.57 (¢ = 8.5, MeOH)).

6.9 (c = 8.28, MeCH) f(1lit.,

L-{+)-Butane-2,3-diol (N 331)

Potassium acetate (16.0 g) in dry methencl (100 ml) was added to a
solution of L-(-)-1,4~didesoxy-1,4~diiodo~2,3--0-isopropylidenethreitol
(22.4 g) in methanol (100 ml). Raney nickel (v~ 7 g) was added and the
mixture hydrogenated at atmospheric pressure., When approximately the

theoretical uptake had Leen reached (2610 ml), the reaction mixture was
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filtered to remove the catalyst and distilleé. This distillate was
fractionally distilled through a 40 cm Vigreux column to remove most

of the methanol. The residual solution was diluted with ether (150 mi),
molecular sieve (4A, 150 g) added, and the mixture left for 1 week. The
molecular sieve was removed by filltration, washed with ether and the
combined ether solutions concentrated and then distilled under reduced
pressure to give L-(+)-butane-2,3-diol (2.46 g; 47%) b.p. 84-86° at

141 R

15 mmHg (lit., n 1709), {2]23°0 + 19.8 (c = 3.8, CHCl,) (1lit.,
D 3

[«]25 + 12.4).

L-(+)-2-Phenyl-4,5-dimethyl~1l,3~dioxolan (N 400)

The procedure of Gignalre and Robertl43 was followed. L-(+)-Butene-

2,3-diol (2.19 g), benzaldehyde (5.1 g) and sulphuric acid (N, 2 dropz)
were stirred together at ~a5° for 16 hours. The reaction mixture was
cooled, diluted with ether (15 ml), washed wath saturated aqueous sodiun
bicarbonate and the aqueous layer extracted with ether (10 ml). The
combined ether solutions were washed with a solution of sodium metabi-
sulphite (4.0 g) in water (10 ml), and the aqueous layer again extracted
with ether. The combined ether soluticns were deied, concentrated under
reduced pressure and distilled under vacuum to give L-(+)-2-phenyl-i,5-

. . ; . 143
dimethyl-1l,3~dioxolan (3.74 g; 85%), b.p. 55-56° at 0.13 mmHg (llt.,il

i

o f 2 . 1 o . - o RaXa
119° at 19 mmilg), [o]2*5 +32.0 (c = u.87, CHCLZ), v__ @ 1495, 1233,
970 and 775 em * (£ilm), t: 2.6 (5H, m, Ph), 4.02 (1H, s), 6.18 (2H, m),

8.67 (6H, m, Me).

(2R, 3S)-2~Bromo-3-benzoyloxybutane (N 401)

Ll
The method described by Seeley and McElweel+f was used. L-(+)-2-

Phenyl-4,5~dimethyl-1,3-dioxolan (3.53 g) was added dropwise to a slurry
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of N-bromosuccinimide (3.60 g) in carbon tetrachloride (41 ml) cooled in
an ice bath. The mixture was stirred in the dark for 1 day at room
temperature, filtered, the filtrate washed with saturated aqueous bicarbo-
nate solution (20 ml), dried (sodium sulphate) and concentrated under
reduced pressure to give the crude title product (5.47 g; 107%).

A

(28,3S)~trans-2,3-Epoxybutana (N 433)

Crude (2R,3S)-2-bromo-3-benzoyloxybutane (5.12 g), sodium hydroxide
(1.9 g) and ethylene glycol {14.2 ml) were slowly heated to 140° and the
volatile products collected. G.l.c. (2 metre column, 15% carhcwax on
chromosorb W, 100°) showed these tc consist of a little ethylene giyool,

less than 2% of the cis-epoxide and (28,3S)-trans-2,3-epoxybutane (0.5% g

37%), t: 7.28 (2H, m), 8,70 (6H, 4, Me),.

(28, 3R)-3~Mercaptobutan-2-ol (N 43s)

This was preparad as previously described for the mixed isomers (p 101 )
from (25,3S)~trans-2,3-epoxybutare (0.48 p) to give the crude product

(124 mg; 17%).

(4S,5R)-4,5-Dimethyl~1,3-ozathiolan-2~thione (N 436)

Crude (2S,3R)-3-mercaptobutan-2-ol (124 mg), pyridine (0.76 g), and
dry dichloromethane (3.1 mi) were stirred together at room temperature
and a solution of N,N'-thiccarbonyldiimidazole (0.25 g) in dry dichloro-
methane (4 ml) added over 4 minutes. Stirring was continued overnight

at room temperature. Usual work up gave (45,5R)-4,5-dimethyl-1,3-oxathio--

lan-2-thione (116 mg; 67%), (oil) Yookt 1144, 834 and 750 v::m“l (film)

T 4.45-5.15 (1H, m), 5.72-6.32 (11, m), 8.5L (6H, ©, Me) (Found: C, 40.58;

H, 5.20; S, 43.43. CSHSOSQ requires C, 40.53; H, 5.u44; S, 43,28%).
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(4S,5R)=4,5-Dimethyl-1,3-oxathiolan-2-one (N 4€1)

(4S,5R)~4,5-Dimethyl-1,3-oxathiolan-2-thione (57 mg) in glacial
acetic acid (2.5 ml) was reacted with mercuric acetate (245 mg)

according to the general procedure to give (43, 5R)-U4,5-dimethyl-1,3-

oxathiolan-2-one (29 mg; 57%) (o0il), Vong 1730, 1190, 1106 and 953 —
Lt

(film), T: 4.83-5.43 (1H, m), 5.73-6.47 (1H, m), 8.57 (6H, dd, Me)
(Found: C, 45,843 H, 6.1i; S, 22.76. CSHSOQS requires C, 45.43; H, 6.10;

S, 2U4,26%),

trans~4,5-Dimethyl-1,3-dithiotan-2~thione from trans-4,5-dimethyl-1,3-

oxathiolan-2-thiore (N 462)

Carbon disulphide (0.53 ml) was added to a solution of potassium hy-
droxide (0.335 g) in dry methanol (5.7 ml)} and 0.9 ml of this mixture
was added to the starting material (22.5 amg) In a glass tube which was
sealed ard heatasd at 64-66° for U days. Usuzl wowk up gave trans-4,5-
dimethyl~-1,3-dithislan-2-thione (21 myg, 21%) which was crystallised from

ether/petroleum and recrystallised from petroleum {(b.p. 60—800), m.p.

39—%10, m.m.p. with authentic sample 33-u3°, <: 5.90 (2H, m), 8.43 (6H,

128

d, Me), (lit., 5.27 (20, m), 8,39 (6H, deiormad d4)).

K

trans-—4,5-Dimethyl-1,3-dithiolan-2-thione from *rans-4,5-dimethyl-1,3-

gﬁgthiolan—Q—one (N u6u)

Carbon disulphide (0.53 ml) was added to a solution of potassium
hydreoxide (0.330 g) in dry methanol (5.5 ml) and 0.56 ml of this mixture
added to the starting material (9.0 mg) in a glass tube which was sealed
and heated at 64-86° for 4 days., Usual work up gave trans-4,5-dimethyl-
1,3~dithiolan-2~thione (10.2 mg; 76%), which was crystallised and
recrystallised from petroleum (b.p, 60—800), m.p. 40.5—420, m.m,p. with

an authentic sample 40.5-42° 1. 5,85 (2H, m), 8.38 (6H, d, Me) (lit.t28
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5.87 (2H, m), 8.39 (6H, deformed d)}).

cis-U4,5~Dimethyl-1,3-dithiolan-2-thione from (4S,5R)-4,5-dimethyl-1,3-

oxathiolan-2~thione (N 457)

Carbon disulphide (0.52 ml) was added to a solution of potassium
hydroxide (0.330 g) in dry methanol (5.7 ml) and 0.56 ml of this mixture
added to the starting material (11.3 mg) in a giass tube which was scaled
and heated at 64-66" for 4 days. Usual work up gave cis-4,5-dimethyl-
1,3~dithiolan~2-thione (5.7 mg; 146%) which was crystallysed from ether/

petroleum m,p. 41—420, m.m,p. with trans-isomer < 22°

cis~U,5-Dimethyl-1,3-dithiolan-2-thione from (4S.5R}-4,5-dimethyl-1.3-

oxathiolan-Z2-one (N 463)

Carbon disulphide (0.53 wml) was added to a sclution of potassiuu
hydroxide (0.335 g) in dry methsne (5.7 ml) and G.28 wml. of this mixture
added to the starting material (5.0 mg) in a glass tube, which was sealed
and heated at 64-66° For 4 days. Uszual work up and t.l.c. (dichloromethane/
petroleum (3:1)) gave cis-N,5-dimethyl-l,3-dithiclan-2-thione (4.8 mg;

87%) which was recrystallisca from petroleum (b.p. 60-807) m.p, uO.S—HQO,
. . -0 - | ., 128
m.m.p. with trans-isomer < 22,57, T: 5.5% (2H, m), 8.52 (6H, 4, Me) {1itl]

5.50 (2H, m), 8.48 (6H, deformed d)).

trans-4,5-Dimethyl-1,3-dithiolan-2-thione from DL-threo-3~-mercaptobutan-

2-01 (N 133)

Carbon disulphide (5 g) was added to a solution of sodium (1.15 g)
in ethanol (25 g), the mixture added to the starting material (0.6 g)
and the whole refluxed for 7 days. Usual work up gave trans-4,5-dimethyl-
1,3-dithiolan-2-thione (29.% mgy 3%) m.p. 41.5-142°

, m.n.p. with an
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‘ .. 128
authentic sample 39.5-41.5°, T: '5.87 (2H, m), 8.41 (6H, 4, Me) (Lit.}

5.87 (2H, m), 8.39 (6H, deformed d)).

Synthesis of cis- and trans-bis(benzyloxymethyljethylene carbonates and

thiocarbonates, and their reaction with potassium methyl xanthate

trans-1,Y4-Dibenzyloxy-2-butene (N 357, 251, 277, 315)

The procedure of Kiss and SirchmanJ'%S was followed. Sodium (2.3 g)

was dissolved in benzyl alcohol (L20 ml), the solution diluted with
dioxan (30 ml) and trans-1,%-dibromo-2-butene (supplied by Professor
Owen, 10.7 g) added. After 10 minutes, the recacticn mixture was heated
on a steam bath for 3 hours. Solid mwarcerial was filtered off, the dioxan
removed under reduced prassure and the residue distilled under vacuum to

g
give the title product (12.1 g; 90%), b.p. 160-161° at 0.5 mmHg (litJ.'jJ

120
D

inl ]!l[.;
203-205° at 5 mmHg), n-' L.5469 (1it7,” n2’ 1.5519).

2o

Meso-1,4-Dibensyloxybutane-2,3-diol (i) (¥ &85, 483)

)

L&
" on cyclohexene was employed.

The method used by Roebuck and Adkins
Hydrozen pervoxide (30%, 4.3 ml) was added to formic acid (90%, 18.4 ml),
and trans-1,4-dibenzyloxy-2-butene (8.0 g) addad with stirpring. When a
uniform emulsion had formed, the reactilcn mixiture was heated to 50° and
stirved at 40° overnight. A small quantity of aqueous sodium metabisul-
phite solution was added, and the water and formic acid remcved under
reduced pressure. A solution of sodium hydroxide (2.7 g) in water (5.3 ml)
was added so that the temperature remained beicw 45°, The reaction mix-

+ure was diluted with water (25 ml) and extracted with dichloromethane

(60 ml). The extracts were washed with dilute hydrochloric acid, then



with aqueous sodium bicarbonate solution, dried, and concentrated to
dryness under reduced pressure. The crude product was recrystallised
from ether/petroleum to give pure meso-1,4-dibenzyloxybutane-2,3-diol-

163

(6.75 g3 75%) m.p. 57.5-58.5° (Lit., > 56-57°).

meso-1,4-Dibenzyloxy~0-iscpropylidenebutane-2,3-diol (N 489)

meso-1,4-~Dibenzyloxybutane-2,3-diol (5.0 g), p-toluenesulphonic
acid monohydrate (0.2 g), 2,2-dimethoxypropanc (3.0 g) and dry benzeno
(12 ml) were refluxed together for 5 hours, the henzene-methanol
azeotrope being slowly removed from the top of a small column. The
reaction mixture was cooled, the catalyst neutralised with sodium cavbon-
ate (0.3 g), excess dimethoxypropanc and benzene removed under reduced
pressure and the residue distilled to give meso-1l,4-dibenzyloxy-0-iso-
propylidenebutane—Q,3—diol:(2.9 g; 51%), b.p. 184-186° at 0.75 mmHg ,
v i 1227, 1111, 957 and 317 cm_l (£ilm), r: 2.7 {10H, s, Ph), 5.47

max

(4H, s), 5.4-5.77 (2H, m), 6.47 (4H, m), 8.52 (SH, d, C(Me),).

Erxythritol (M 508)

~-O-isopropylidene
meso-~1,4~Dibenzyloxybutanz-2,3~diol (1.15 g) In ethanol (10 ml) was

hydrogenated at atmospheric pressure with 10% pzailadium on charccal as

a catalyst., After approximately the theoretical uptake had cccurred

(149 ml), the reaction mixture was filtered and stirred for 8 days with
acid ion-exchange resin (IR 120, 8 g), then filtered and concentrated
under reduced pressure. The cooled residue was triturated with ether,

and the solid recrystallised from ethanol to give pure erythritol (0.28 g;.

157

69%), m,p. 118.5-120° (1it,,””’ 121,57).

1,2,3,4-Tetraacetyleryvthritol (N 511)

Erythritol (0.1 g), acetic anhydride (0.37 z) and pyridine (0.7 g)
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were stirred together at room temperature overnight. The reaction mixture
was concentrated under reduced pressure, and the residue crystalliéed

from ethanol. Recrystallisation from ethanol gave the-pure title compound
(177 mg; 75%) wm.p. 85.0—85.50, m.m.p. with an authentic sample (supplied

by Professor Quwen) 82,5-84°,

DL-1,4-Dibenzyloxybutane-2,3-diol (i) (N uu7)

The procedure of Clarke and Owen’w7 was used. A solution of potas-
sium permanganate {0.518 g) and magnesium sulphate (anhydrcus, 0,392 g)
in water (10 ml) was added over 110 minutes to a solution of trans-1,u4-
dibenzyloxy-?-butene (1,1 g) in ethanol (8 ml) at between -10° and -15°,
Sodium metabisulphitevsolution was added until no more manganese dioxide
remainad, and the reaction mixture extracted with dichloromethane (3 x
10 ml), The combined extracts were dried, concentrated and t.;.c. (dichlo~
romethane) gave the crude product. A cecond purification by t.l.c.
(methanol) gave crystalline material which after t.l.c., (ether) and re-
crystollisatizn from ether/petroleum gave the pure title product (0.317 g;

63

.
26%) m.p. 61.5-62,5° (Lit.,” " 61.5-62.57).

cis-2-Butene-i.%-diol dibenzoate (¥ 347)

cis-2-Butene -1,4~diol (Commercial, 50.0 g) and dry pyridine (180 g)
wera mixed, benzoyl chloride (314 g) cautiously added and the reaction
mixture left at room temperature overnight., Water (300 ml) was added,
and the mixture extracted with dichloromethane (total 600 ml). The
combined extracts were dried and concentrated under reduced pressure.
Residual pyridine was removed at the oil pump and the crude product
crystallised from n-butanol. Final traces of pyridine were removed by
washing a dichloromethane solution with dilute hydrochloric acid and

concentrating to give the title product (130 g; 77%). Recrystallisation,
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three times from ethanol and once from petroleum (b.p. 60—800) gave pure

leu

cis-2-butene-1,4-diol dibenzoate m.p. 65.5-66.5° (1lit., 65-66°).

cis~2-Butene-1,4~diol (N 423, 365, 405)

cis-2-Butene-1,4-diol dibenzoate (35.0 g) was covered with dry
methanol (150 mi) and traces of sodium metal added until the solution was
basic to phenolphthalein, The mixkture was stirred overnight, neutralised
with dilute hydrochloric acid and concentrated under reduced pressure.
Distillation of trhe residue gave pure cis-2-butene-1,4-diol (8.33 g; 80%)

16

b.p. su-3s° at 0,352 mmHg (1lit., H 101-102° at 2 mmHg) .

cis-1,t-Dibenzvloxy-2-butene (N Uiy)

cis~2-Butene-1,4-~diol (8.0 g), dry benzene (100 ml), benzyl bromide
(60 g) 204 powdered potagssium hydroxide (17 g) were stirred tegether
at room tempsziotuve fon 5 days. The reaction minture was diluted with
benzene (100 ml) and then washed with 100 ml quantities of water, hydro-
chloric acid {C.1 N), aquecus sodium bicarbonate solution and watep
respectively. The reaction mixture was dried (sodium sulchate), the benzene
removed under veduced pressure and the residue distilled to give the

165

crude product (18.95 g; 78%) b.p. 146° at 0.08 mmilg (lit., 137-139°

at 1 mmHg). T.l.~. {dichloromethane) gave pure cis-1,4~dibenzyloxy-2-

20

I
butene, nB 1.,5487,

trans~1,4-Dibenzyloxy-2,3~epoxvbutane (N 359, 273, 289, 308, 339, 434)

The method of Kiss and Sivchmanlu5 was followed, except that m-
chloroperbenzoic acid was used instead of monoperphthalic acid. trans-
1,4-Dibenzylovy-2-butene (5.0 g), m-chloroperbenzoic acid (5.0 g) and

dry ether {100 ml) were stood together at -7° for 2 weeks and then at
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room temperature For 10 days. Excess peracid was destroyed by washing
the reaction mixture wifh aqueous sodium sulphite solution, the ether
layer shaken vigorously with aqueous sodium bicarbonate solution, washed
with water, dried, and concentrated under reduced pressure, The residue

was distilled to give the title compound contaminated with a little of

145

2

the starting material (4.32 g; 81%) b.p. 160-170° at ~0.1 mmHg (lit.

b.p, 236-238° at 2 mmHg).

cis~1,4~Dibenzyloxy-2,3-epoxybutane (N 507, 466)

cis-1,i-Dibenzyloxy-2-butene (1.5 g), m-chloroperbenzoic acid (1.6 g)
and dry =thexr (25 ml).were refluxed together for 27 hours. Afier this

time, *he reactlion was almost complete (t.l.c.), and further refluxing
produced 210 change.. Work up as for the trans-compound and t.l.,c. (dichloro-

methane) gave the title compound contaminated with a little starting

material (1.3% gy 87%), Repurification by t.l,c. (dichlcremethana) gave

pure cis-1.%-dibenzyloxv-2,3~epoxybutane, (oil), Voax, 1502, 1315, 758

1. . . < N .
and 720 &m © Yseln), T: 2,63 (10H, s, aromatic), 5.42 (4H, s}, 6.37 (4, m),

6.68 (2H, my,

1,4~Di-C~banzyl-2--thicerythritol (N 317, 291, 297)

A solutron of potassium hydroxide (1.38 g) in ethanol (17 ml) was
saturated with hydrogen sulphide at o°. trans-1,4-Dibenzyloxy~2,3~
epoxybutane (1,38 g) was added dropwise over a period of 130 minutes
with hydrogen sulphide bubbling through the solution, Stivring was
continued for a further 30 minutes at Oo, the system sealed, and stirring
continued overnight at room temperature. The reaction mi:xture was
diluted with water (25 ml), acidified with dilute sulphuric acid and
extracted with dichleromethane (3 x 25 ml), The combined extracts were

washed with aqueous sodium bicarbomate solution (5%, 15 ml), dried and
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concentrated to give crude 1,4-di-O-benzyl-2-thioerythritol (2.47 g; 76%.
based on active SH). Distillation of a portion of the crude product
failed to give a pure sample (64% pure, based on active SH), Voo

3uu0 (OH), 2580 (SH), 755 and 717 cm—l (film), T: 2.6 (1OH, s, aromatic),

5.4 (4H, d4), 5.82-6,55 (5H, m), 6.85 (2H, m), 7.15 (1H, m, exch.).

cis-%,5~Bis(benzylioxymethyl)-1,3-oxathiolan-2-thione (N 319)

Crude 1,4-di-0O-benzyl-2-thiocerythritol (= 1.31 g), pyridine (13 ml)
and chloroform (25 ml) were stirred together at 0°, and a solution of
H,N'~thiocarbenyldiimidazole (1,96 g) in chloroform (25 ml) added
dropwise and_stirring continued overnight at room temperature. Usual
work up and t.1l,c, (dichlorcmethane/petroleum (5:1)) gave the crude
product which was recrystallised from ether/petroleum to give pure cis-
4,5~bis(benzyloxymethyl)—l,3—oxathiolan—2—thioqe (0.643 g3 43%), m,p. 53-

o)

557, v
Lax

4,83 (iH, a), 5.57 (4, d), 5.67-6.53 (5H, m), (Found: C, 73,273 H,

; 1500, 1199, 1110 and 715 cm“l {soln), T: 2,68 (I1CH, =, aromatic),
5.57; S, 17.23. C. H. 0.S. requires C, 63.30; H, 5.59; S, 17.79%%).

“1920"3"2

meso- L,4-Dibenzyloxybutane~2,3~diol (ii) (N 460, 355, 369)

trans-1,"-Dibenzyloxy-2,3~epoxybutane (420 mg), water (5 ml),dioxan
(6 mL) and per«hloric acid (70%, 1 drop) were refluxed together for 4
days. The veaction mixture was cooled, diluted with water (10 ml) and
extracted with dichloromethane. The combined extracts were dried, con-
centrated under reduced pressure and triturated with petroleum/ether to
give the crude product. Recrystallisation from ether/petroleum gave
the pure diol {332 mg; 74%), m.p. 55—570, identical with the sample

prepared previcus)y from trang-l,4-dibenzyloxy-2-butene.
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cis~4,S—Bis(benzyloxymethyl)—l,3~dioxolan—2—fhione (N 379, u456)

A solution of N,N'-thiocarbonyldiimidazole (0,39 g) in dry dichlo-
romethane (8 ml) was added dropwise to a stirred solution of meso-1,4-
dibenzyloxybutane-2,3~diol (322 mg) in dry dichloromethane (8 ml) and
the mixture stirred overnight at room temperature. Usual work up gave
the title product which was further purified by t.i.c, (ether/petroleum
(1:1)) and recrystallisation from ether/dichloromethane gave pure

cis-t,5-bis(benzyloxymethyl)-1,3~dioxolan-2-thione (325 mg; 89%), m.p.

-
lO7.5~108.50, vmax: 1502, 1293, 1110, 926 and 716 cm ~ (soln), tT: 2,67
(10 H, s, aromatic), 5.00 (24, m), 5.48 (4H, =), 6,2 (4H, m) (Found:

c, 66.51; H, 5.83; S, 9.31, C. _H,

19%00%5 requires C, 66,30; H, 5,85;

0y
S, 9.31%).

cis-t,5-Bis(benzyloxymethylL)-1,3~oxathiolan-2-one (N 333)

1

cis-U4,5-bis(Benzyloxymethyl)-1,3-cxathiolan-Z-thione (354 mg} in
glacial acetic acid (13 ml) was veacted with mercuric acetate (L.0 g acconrdiug

to the general procedure. The product (274 mg; #1%) was rectystallised

from ether/petroleum to givs pure gé;—u,S—bis(benzyloxymethyl)—1,3—

oxathiolan-2-one, m.D. 5175’4,60, Vst 1737, 1100, 715 and 682 em™> (soln),

t: 2.63 (1OH, s, aromatic), 5.15 (1M, q), 5.7 (4H, d}, 5.75-6,48 (SH, m)
(Found: C, 66,443 H, 5.88; 3, 9.32, ClgHQOOuS requires C, 66.26; H, 5,85;

S, 9.31%),

cis-lit 5-Bis(benzyloxymethyl)-1,3-dioxolan~2-one (N 398)

cis-U4,5-bis(Benzyloxymethyl)-1,3~-diozolan-2-thione (500 mg) in
glacial acetic acid (5.3 ml) was reacted with mercuric acetate (140 ng) according
to the general procedure to give the title product. Recrystallisation

from dichloromethane/petroleum gave pure cis-4,5-bis{benzyloxymethyl)-1,3~
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dioxolan-2-one (110 mg; 83%), m.p. 70-72.50, Voax® 1805, 1513, 1193
and 742 cm“l (soln), v: 2.68 (10H, s, arcmatic), 5.20 (2H, m), 5.52
(4H, s), 65.25 (4H, m) (Found: C, 69.49; H, 6.34. C19H2005 requires
C, 69.50; H, 6.14%),

1,4-Di-0~benzyl-2-thiothreitol (N 468)

A solution of potassium hydroxide (C.7 g} in dry ethanol (7.7 ml)
was saturated with hydrogen sulphide at OOC, and cis-1,4-dibenzyloxy-2,3-
apoxybutane (1,0 g) added over 5 minvtes. Stirring was continued for
1 hour at 0° and then overnight at voom temperature. Work up as for 1,4-
di-O-benzyl-2-thicerythritol gave crude 1,U-di-0O-benzyl-2-thiothreitol

(L.CL g) 32%, based on active SH).

trans-4,5~Bis(bhenzyloxymethyl)~1,3~oxathiclan-2-thione (N 469)

A solution of If,W'-thiocarbonyldiimidazolie {U.79 z) in dry dichloro-

methane (1% ml) was added dropwise to a stirred solution of crude 1,4-di

1t

O-benzyl-2-thiothreitol (1.0 g

g = 0,352 g pure) in dry dichloromethane

(15 m1) and stirring continued overnight. Usual work up, followed by t.l.c.
. ) . . o

{dichloromethana/patroleun (1:2)), then t.l.c., {petvoleum b.p, 80-100"/

ether (4:1}) gave pure trans-4,5-bis{Bensyloxymethyl)-1,3-oxathiolan-2-

. 1327, 1217, 759 and 719 em * (Film),

thione (172 mg; 43%), (oil), Voax

t: 2,62 (10H; s, aromatic), 4.83 (lH, m), 5.42 (4H, t), 5.87 (1H, m),
6.1-6.47 (4, m) (Found: C,63.32; H, 5.35; 5, 17.68. C H, 0.S
requires C, 63.30; H, 5.593 S, 17.79%).

DL-1,4-Dibenzyloxybutane-2,3-diol (ii) (N 471)

cis~1,u~Dibenzylory~2,3-epoxybutane (129 mg), water (5 ml) dioxan

(7 ml) and perchloric acid (70%, 1 drop) weie refluxed together for
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n days. Work up as for the meso-diol gave the title product which was
crystallised from ether/petroleum (b.p. 60-80°) to give pure DL-1,u4-
dibenzyloxybutane-2,3-diol (75 mg; 55%) m.p. 60—620, m.m,p. with an

authentic sample, 60-61,5°,

;rans—#,SvBis(benzyloxymethyl)—l,3—dioxolan—2—thione (N 500, u52, u472)

A solution of N,N'-thiocarbonyldiimidazole (160 mg) in dry dichlo-
romethane (™ ml) was added dropwise to a stirred solution of DL-1,4-
dibenzyloxybutane-2,3-diol (41.5 mg) in dry dichloromethane (4 ml) and
stirring continued overnight at room temperature. Usual work up,with the
omission of the washing of the dichloromethane layer with dilute hydro-

chioric acid, gave the title product (46.9 mg; 99%). Recrystallisation

from dichloromethane/petroleum (b,p. 60-80°) gave pure trans-4,5-bis

(benzyloxymethyl)-1,3-dioxolan-2~-thione, m.p. 68.5—700, Vst 1286, 1121,

1025 and 10 ¢m © {scln), t: 2.67 (10H, s, aromatic), 5.C8 (2H, m), 5.u2

(4H, s, 6,32 (4H, m) (Found: C, 66.14; H, 5.58; S, 9.2L. S

C19H2004

requires C, ¢6,26; H, 5.85; S, 9,31%),

trans-i,5-Bis-{benzyloxymethyl)-1,3~oxathiolan-2-one (W 175)

trans-4.5 -bis(Benzyloxymethyl)-1,3-oxathiolan-2-thione (68.6 mg) in

glacial acetic acid (2.5 ml) was reacted with mercuric acetate (LS4 mg)
according to the general procedure to give the title product. Repurifi-

cation (three times) by t.l.c. (dichloromethane) gave pure irans-4,5-

bis(benzyloxymethyl)-1,3-oxathiolan-2-one (45.7 mg; 70%), (cil), Vg’

1742 and 10%5 cm—l (soln), Tv: 2,62 (10H, s, aromatic), 4,92-5.3% (1H, m),
5,38 (4H, s), %.92 (1H, m), 6.33 (4H, m) (Found: C, 66.16; H, 5.83;

s, 9,03, C19H20048 requires C, 66.26; H, 5.85; S, 9.31%).

H
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trans-4,5-~Bis(benzyloxymethyl)-1,3-~dioxolan-2-one (N 473, 512)

trans-4,5-bis(Benzyloxymethyl)-1,3-dioxolan-2-thione (38,6 mg) in
glacial acetic acid (1.5 ml) was reacted with mercuric acetate (140 mg)
according to the general procedure. The crude crystalline product was
recrystallised from ether/petroleum (b.p. 60-80°) to give pure trans-i4,5-

bis(benzyloxymethyl)-1,3-dioxolan~-2-one (32.3 mg; 88%), m.p. 88-90°,

&

Voo 1757 cmﬁl (seln), t: 2.63 (10H, s, aromatic), 5.13-5.5 (2H, m),

5,38 (4H, s), ©.32 (4H, m) (Found: C, 69.51; H, 6.35. H requires

C1 o200

1, 59,503 H, 5.1u%).

Reactions of trans-l,4-dibenzyloxy-2,3-epoxybutane with methyl xanthate

salts

(i) at room temperature (N 353)

Carbton disnlphide (0,3 ml) was added to a solution of sodium (0.08%5 g)
in dry netnanol (10 nl), the starting material (0.4 g) addad, and the
reaction mixture stocd at rcom temperature (%200) for 6 days. Usual work
up gave slightly impure trithiocarbonate, which, after repurification by
t,l,c, (ether/patroleum (L:i4)), crystallised out on standiag under petrol-
eum at 0°, Recvystallisation from dichloromethane/petrcleun gave pure

cis-4,5-bis(benzyloxnymethyl)-1,3-dithiolan-2-thione (55,8 wg; 11%), m.p.

67,5-68,5, v 1501, 1079, 889 and 709 cm © (soln), t: 2.63 (1O0H, s,

Tl

aromatic), 5.07-5.6 (2H, m), 5.43 (4H, s), 5.73-6.57 (4H, m) (¥Found:

C, 60.42; H, 5.363 S, 25.72. C, H 0,S, requires C, 60.60; H, 5.35;

“19°°20 3

S, 25,55%),

(ii) at 31° (¥ 375)

———

Carbon disulphide (0,3 ml) was added to a solution of sodium (0.09 g)
in dry methanol (10 ml), the starting material (140 mg) added and the

. . .0 . . e s
mixture stirred at 3L for 4 days., Usual work up gave cis~#,5-bis(benzyl-
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oxymethyl)«~1,3-dithiolan-2-thione (63.4 mg; 34%).

(iii) at 46° (N 373)

Carbon disulphide (0,3 ml) was added to a solution of sodium (0.09g)
in dry methanol (10 ml), the starting material (150 mg) added, and the
mixture stirred at 40° For 4 days. Usual work up gave the same cis-

trithiocarbonate (102 mg; 51%).

(iv) at 49° (N 383)

| Carbon disulphide (0,3 ml) was added to a solution of sodium (0.09g)
in dry methanol {10 ml), the starting material (112 mg) added, and the
mixture stirred at 439° Fop 4 days., Usual werk up gave the same cis-

trithiocarbonate (73.8 mg; 50%),

(v) at 84,5% (N 367)

Carbon disuiphide (0.7 ml) was added to a sclution of sodium (0.21g)
in methanol (25 ml), Starting material (1.0 g) was added, and the
reacticn mixture r=fluxed for U4 days and then lefit for 10 days at room

temperature, MNo trithiocarbonate was isolated on usual work up.

(vi) at 60-63° in a sealed tube (N 487)

Carbon disulphide ( 0,53 ml) was added e a solution of potassium
nvdcoxide (332 mg) in dry methanol (5.% ml}, and 0.97 ml of this mixture
added to the starting meterial (33.7 mg) in a glass tube, which was
sealed and heated at 60-63° for 4 days. Usual work up, and t.l.c. (chloro-

form) gave the cis-trithiocarbonate (23.3 mg; 52%).

Reaction of cis—u,S—bis(benzy;oxymethyl)—;:3—dithiolan~2—thione with sodium

methyl xanthate (N 385)

Carbon disulphide (0,3 ml) was added to a solution of sodium (0.09 g)

in dry methanol (10 ml), the starting material (30 mg) added, and the
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mixture refluxed for 3 days, On usual work up, no trithiocarbonate was

recovered,

Reactions of cis-1,4-dibenzyloxy~2,3-epoxybutane with methyl xanthate

salts

(1)  at 45° (N u70)

Carbon disulphide (0.4 ml) was added to a solution of sodium (0.12 g)
in dry methancl (13 ml), the starting material (211 mg) added and the
mixture stirred at 45° for 4 days. Usual work uprgave the trans-trithio-
carbonate, Repurification by t.l.c, (ether/petroleum (1:3)) gave pure

transe-4.5-bis(benzyloxymethyl)-1,3-dithiolan-2-thione (213 mg; 76%),

: 1494, 1076 and 870 cm"l (soln), t: 2.58 (10H, s, aromatic),
5,27~5,7 (24, m), 5,40 (u4H, s), 5.,97-6.48 (4H, m) (Found: C, 60.61;

H, 5,243 S, 25,72, €, H, 0,5, vequires C, 60.50; H, 5.35; S, 25.55%),

- v
(ii) at s5.5 (N 477)

Carbon disulpbide (2.0 ml) was added to a solution of swdium (57 mg)
in dry methanol {5.6 ml), the starting material (225 mg) added., aund the
mixture refluxed for 4 days, Usual work up, and several repurifications
by t.l.c, (chlevcform) gave a small gquantity of yelliow matarial, identi-
fied as trithlocarbonate by comparative t.l.c., and assumed to be trans-

on the basis of the previous reaction (9.4 mg; 3%).

(iii) at 60-53° in a sealed tube (N 486, 509)

Carbon disulphide (0,53 ml) was added to a solution c¢f potassium
hydroxide (332 mg) in dry methanol (5.5 ml) and 0.76 ml of this mixture
added to the starting material {26.4 mg) in a glass tube, which was
sealed and heated at 60-63° for 4 days. Usual work up, and t,l.c. (chloro-

form)gave the trans~trithiocarbonate (27.5 mg; 79%).
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cis-4,5-Bis(benzyloxymethyl)-1,3-dithiolan-2-one (N 396)

cis-4,5-bis(Benzyloxymethyl)-1,3~dithiolan-2-thione (131 mg) in
giacial acetic acid (5.3 ml) was reacted with mercuric acetate (504 mg)
according to the general procedure to give the title product which was

crystallised from ether/petroleum to give pure cis-U4,5-bis(benzyloxy-

methyl)-1,3~dithiolan-2-one (107.8 mg; 86%) m.p. 69—700, Vax’ 1729;

1663, 1645, 1510, 970 and 884 cmpl (scln), t: 2.65 (lOH, s, aromatic),

5,37-5.8 (2H, m), 5.48 {(4H, s), 5.97-6.% (4H, m) (Found: C, 63.40;

H, 5.65; S, 17,93, C, _H, 0.5 requires C, £€3.3C; H, 5.59; S, 17.79%).
19 207372

trans-4,5-~Bis(benzylonymethyl)-1,3~dithiolan-2-cne (N 510, 474)

rrans-~4,5-bis(Benzyloxymethyl)~1,3-dithioian-2-thione (231.6 mg)
in glacial acetic acid (9 ml) was reacted with mercuric acetate (912 mg)

according to the general procedure to give pure trans-l,S5-bis(benzyl-

oxymethyl)-l,3-dithiclan=-2Z-one (97.4 mg; 44%), (oil), Ve 1711, 1851, 11il.
~1

ggt, 783 and 722 ¢ ~, t: 2,65 (10H, s

, aromatic), 5.43 (4H, s), 5.43-
5.97 {2H, m}, 6.1-8.53 (4}, m), (Found: =, 62,98; H, 5.56; S, 17.97.
ClQHQOOBSQ requives C, 63.30; H, 5.59; S, 17.79%).

erythro~l,4-Dibenzyloxy-2-chlorobutan-3-o0l (N 4u2)

trans-1,4-Dibenzyloxy~2,3~epoxybutane (4.0 g), dioxan (60 ml),
hydrochloric acid (2N, 15 ml) and water (& ml) were stirred together at
room temperature fér 17 days., The reaction mizture was diluted with
water (V10 ml) and extracted with dichloromethane (4 =z 10 ml). The
combined extracts were dried and concentrated to give the crude product
(3,58 g; 79%). Purification by t.l.c. (dichloromethane) gave pure

erythro-l,4-Dibenzyloxy-2-chlorobutan-3-ol, {oil), v ___ : 3450 (OH), 1222,

max

1113, 760 and 720 em ¥ (£ilm), t: 2.6 (1OH, s, avomatic), 5.37 (uH, d),
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5.68-6.38 (5H, m), 7,18 (1H, m, exch); and meso-l,4-dibenzyloxybutane-

2,3~diol (133 mg, 3%) m.p. 56-58°,

For the following reactions with potassium methyl xanthate,
the reagent solution used consisted of carbon disulphide (1,06 ml) added
to a solution of potassium hydroxide (0.472 g) in dry methanol (11.0 ml).
A quantity of this solution was added to the starting material in a glass
tube, which was sealed and heated at 64-66" for U days. Usual work np

gave the product(s).

Reaction of cis~U4,5-bis(benzyloxymethyl)-1,3~-oxathiolan-2-thione with

potassium methyl xanthate (N 499)

The starting material (31.5 mg) was reacted with the reagent
solution (0.91 ml) by the general method to give cis-4,5-bis(benzyloxy-
mathyl)el,3~dithiolan-2~thione (25.3 mg; 77%), m.p. 58-70°, m.m.p.
with an authentic sample 66.5—580, p.n.r, spectrum identical with that

of an authentic sample,

Reaction of trans—H,S—bis(beq;z}oxymethyl)—3,3~oxathiolan—2~thione with

potassium methyl xanthate (N 504)

The starting material (39.5 mg) was reacted with the reagent soclution
(1,14 ml) by the general method :to give trans-U4,5-bis(benzyloxymethyl)-
1.3-~dithiolan-2~thione (38.8 mg: 90%), p.m.r. spectrum identical with

that of an authentic sample,

Reaction of cis-lt,5-bis(benzyloxymethyl)-1,3-oxathiolan-2~one with potassiun

methyl xanthate (N 496)

Starting material (22,3 mg) was reacted with the reagent solution
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(0.64 ml) by the general method to give cis-4,5-bis(benzyloxymethyl)-1,3-
dithiolan~2-thione (21.2 mg; 87%), which was recrystallised from dichloro-

methane/petroleum, m.p. 68—69.50, m.m.p. with an authentic sample, 66-68°.

Reaction of trans-4,5-~bis(benzyloxymethyl)-1,3 ~oxathiolan-2-one with

potassium methyl xanthate (N 503)

Stariting material (9.3 mg) was reacted by the general method with
the reagent solution (0.27 ml) to give trans-4,5-bis(benzyloxymethyl)-
1,3-dithivlan-2~thione (9,6 mg; 94%), p.m.r. spectrum identical with

that of an authentic sample,

Reaction of cis-'t,5-bis(henzyloxymethyl)-1,3-dioxolan-2-thione with

potassium methyl xanthate (11 493)

Starting material (145 mg) was reacted with *the reagent solution
(0.42 m}) according 1o the general method to give a trace of irithio-
carbonate (assumad tc be cis- ) and meso-1,4-dibenzyloxybulane-2,3-

diel (4.5 mg, 35%), identified by ccemparative t.l.c. @ichlorometrhane]).

Reaction of trans-4,5-bis(benzyloxymethyl)-1,3-dioxolan-2-thione with

potassium methyl xanthate (N 502)

Starting waterial (32,6 mg) and the reagent solution (0.95 ml) were
reacted together by the general method to give a trace of trithio-
carbonate (assumed to be trans-) and DL-1,4-dibenzyloxybutarc-2,3-diol
(2.9mg; 10%) which was recrystallised from ether/petroleum, m.p, 61~

62.50, m.m.p, with an authentic sample 60.5-62.5°,

Reaction of cis-4,5-bis(benzyloxymethyl)-1,3-dioxolan-2-one with potassium

methyl xanthate (N 506, 497)
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Starting material (8.1 mg) and the reagent solution (0.24 ml)were reacted
according to the general method to give meso-i,4-dibenzyloxybutane-

2,3-diol (3.2 mg; 43%) m.p. 57-58.5°.

Reaction of trans-4,5-bis(benzyloxymethyl)-1,3-dioxclan-2-one with pota-

ssium methyl xanthate (N 501)

Starting material (9.6 mg) was reacted by the general method with
the reagent solution (0.28 ml) to give DL-1,4-dibenzyroxybutane-2,3-
diol (1.6 mg; 18%) which was crystallised from erther/petroleum, m.p.

55—570, m.m.p. with an authentic sample 53-567,

Reaction of cis-4,5-bis(benzyloxymethyi)-1,3-dithiolan-2-one with

potassium methyl xanthate (N 488)

Starting material (34.8 mg) and +vhe reagent sclutlon (llO ml) weos
reacted according to the general method to give cis-4,5-bis(benzyloxy-
methyl)-1,3-dithiolan-2-thiocne (27.9 mg; 75%), which was crystallised trom
dichloromethane/petroleum, m.D. 68.5—70.50, m.m,p. with an authentic

sample 66,5-68.0°,

Reaction of trans-4,5-bis(benzyloxymethyl)-1,3~dithiolan-2~one with

potassium methyl xanthate (N 5385)

Starting material (18.7 mg) was reacted with the reagent soluticn
(0.54 ml) according to the general procedure to give trans-4,5-bis(benzyl-
oxymethyl)-1,3-dithiolan-2~thione (13.9 mg; 71%), p.m.r. spectrum

identical with that of an authentic sample.

Peactlon of meso-1,h-dibenzyloxybutane-2,3-diocl with potassium methyl

xanthate (M 495)
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Starting material (36,7 mg) and the reégent solution (1,06 ml)
were reacted by the general method to give recovered meso-1,4-dibenzyloxy-

butane-2,3-diol (32.1 mg; 88%),

Reaction of erythro-3-chloro-l,4-~dibenzyloxybutan-2-ol with potassium

methyl xanthate (N 494)

Starting material (23,5 mg) was reacted with the reagent solution
by the general method to give cis-u4,5-bis(benzyloxymethyi)-1,3-dithiclan-
2-thione (12,7 mg; 46%), p.m.r, spectrum identical with that of an

authentic sample.

Reaction of cis-4,5-bis(benzyloxymethyl)-1,3-dioxolan-2-thione with scaium

methyl zanthate at 113% (N 39, L59)

Carbon disulphide (0.2 ml) was added to a celution of sedium (2.1 g)
in dry methanol (10 ml) and the mixture added to the starting material
(54 mg) and the whole stirred at 43° Ffor 13 days. Usual work up gave cis-
4,5-bis(benzyloxymethyl)-1,3-dioxolan-2-cnz (38.6 mg; 75%) which was
recrystallised from dichlovomethane/petroleun(®.p. 50-80)and then from
dichloromethane/petroleun, m.p. 7l~73.50, in.m.p. with an authentic
sample 68.5-71.5°. A further quantity (3.8 mg; 7.5%) was isolated oun

crystallisation of two faster running t.l.c. bands,

Reaction of trans-/,5-bis(benzyloxymethyl)-1,3-dioxolan-2-thione with

sodium methyl xanthate at %g? (N u58).

Carbon disulphide (0.3 ml) was added to a solution of sodium (0.1 g)
in dry methanol (10 ml), the starting material (17 mg) added and the
mixture stirred at 43° for 16 days, Usual work up gave DL-1,4-dibenzyl-

oxybutane-2,3-diol (7,2 mgy 48%) which was crystallised from ethevr/
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petroleum(b.p. 60—800L m.p. 60.5—62.50, m.m.p. with an authentic sample

60.5—61.50. No traces of the trans-carbonate were detected.

Synthesis of some cyclohexane thiocarbonates and related compounds and

their reactions with xanthate

Cyclohexenyl acetate (N 71)

The procedure used by Bedoukianl66 was Followed., A mixture of cyclo-
hexanone (205 g), acetic anhydride (428 g5 and Ertoiuenesulphonic acid
(2 g) was heated for 6 hours at 125°. The reaction mixture was cooled and
diluted with water (200 ml). Tﬁe organic layer was washed with water,
aqueous sodium carbonate solution {5%), extracted with ether, and the
combined extracts dried and conceutrated. The residue was distilled to
166

give cyclchexenyl acetate (52,3 g; 19%) b.p. 78-20° at 19 mmHg (1it.,

74-76° at 17 mmHg ) .

cis-Diacetyl-2-mercaptocyclohcxanol (N 203, 73, 7S, 99, 109, 117, 1.3, 157

=

158, 174)
. - . ] . e . e
The method of Behringer and Kley was used. Alr was passed through

cyclohexenyl acetate (14,5 g) overnight, thiolacetic acid (16 mi) added,
the mixture stood at rocm temperature for 2 hours, and then refluxed for
2 hours, Fractional distillation gave the title product (9,2 g3 41%)

128 .
b.p. 100-103° at 0.9 mmig (lit., 97-98° at 0.3 .mmHg).

cis-2-Mercaptocyclohexanol (1 206, 176, 162, 75)

The procedure described by Meloy60 was followed. A mixture of
cis~diacetyl-2-mercaptocycloheranol (9.0g), methanol (15 ml) and methanolic

hydrogen chloride (10% by weight, 63 ml) were stood together at room
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temperature for 5% days. The methanol and hydrogen chloride were removed
under reduced pressure, and fractional distillation gave the title
compound (4.2 g3 76%), b.p. #2-43.5° at 0.13 mmig (1it.,%° b.p. 89-91°

at 8 mmHg).

cis-U4,5-Cyclohexano-1,3~oxathiolan-2-thione (N 217, 87, 179, uou)

A solution of §}§f—thiocarbonyldiimidazole (2.0g) in dry dichloro-
methane (35 ml) was added dropwise to a stirred mixture of cis-2-
mercaptocyclohexanol (2.03 g), pyridine (10 ml) and dry dichloromethone
(25 ml) and stirring continued overnight at room temperature., Usual
work up gave a slightly impure product (2.60 g; 90%) which on repurifi-
cation by t.l.c. (run 4 times in petiroleum then once in petroleun/=ther

(1:1))gave pure cis-4,5-cyclohexano-1,3-oxathioclan-2-thione (oil),

Voo, 1280, 1200, 1073, 950 and 756 em b (Film), T: %.93 (1H, m), 6.10

(1H, m), 7.20-9.27 {8H, m) (Found: C, 48.43: H, 5.71; S, 36.51,
CH .08, requires C, 48.24; I, 5.78; S, 35.80%).

trans-4,5-Cyclohexano-1,3-oxathinlan-2-thione (N 255)

‘trans-2-Mercaptocyclohexanol {supplied by Professcr Owen, 109 mg)
was stirred with pyridine (C,5 mi) «nd dry dichloromethane (5 mi). A
solution of ¥,N'~-thiocarbonyl diimidazole (0.25 g) in dry dichioromethane
(5 ml) was added dropwise and stirring continued overnight at room temp.
Usual work up gave the title product (131.2 mg; 91%) m.p. 58,5-60.5°

167

(1it.,” "' 58-59°),

cié—u,5~Cyclohexano—l,3—oxathiolan—2—one (N 425, 418)

cis-i,5-Cyclohexano-1,3~oxathiolan-2-thione (302 mg) in glacial

acetic acid (8 ml) was reacted with mercuric acetate (540 mg) according
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to the general procedure and t.l.c, (dichloromsthane/petroleum (1:1))

gave the pure title product (52.5 mg; 19%), Voax 1750, 1715, 1167, 982
- -1
and 944 em b (Lit.,°° v i 1754, 1715 (sh), 1159, 1071 and 975 cm

(soln}),

cis-Cyclohexane-l,2~-dithiol (N 103, 404, u28)

ito
The method used by Bateman §£'§;34u on octene was followed. Cyclo-

hexene (102 g) and sulplhiur (13.9 g) were heated at 120-150° for 5 hours
In an autoclave, coling was allowed to Take place overﬁight. The
recaction mixtuve was removed from the cutoclave with dry T.H,F. (100 ml),
filtered and the filtrate added dropwise to lithium aluminium hydride

(10 z) in dry T.H.F, (250 ml) over 4 hours., Stirring was continued over-
night, followed by refluxing for 33 hcurz. The reaction mixture was
cooled, ethyl acetate. followed by water was cautiously added, filtered,
the filtrate dried and concentrated under reduced pressure. Fractional
distillaticn of the residue gave cis-cjcloherane-1,2-dithjol (5.6 g; 18%)

49 17.5

b.p. 16-51% at 0,16 mmg (lit., ° 99-1007 av 0.9 mmhHg), n} 1.55490

L
(1it,, 9 1

¢is-4,5-Cyclchexano-l,3~dithiolan-2~-thione (N 119, 213)

A solution of N,N'-thiocarbonyldiimigzscie (0.8 g) in dry dichloro-
methane (12 ml) was added dropwise to a stirred mixture of cis-cyclohexane-
1,2-dithiol (0.26 g), pyridine (4 ml) and dry dichloromethane (8 ml)
and stirring was continued overnight at roecm temperature. Usual work
up gave the crude title compound (0.27 g; 32%) which was recrystallised
three times from ether/petroleum to give pure cis-U,5-cyclohexano-1,3-

19

dithiolan~2-thione m.p. 100.5-101.5° (1it., = 98-99°),
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cis-l,5-Cyclohexano-1,3-dithiolan-2-one (N 231, 215)

cis-l,5-Cyclohexano-1,3~dithiolan-2~thione (0.375 g) in glacial
acetic acid (29 ml) was reacted with mercuric acetate (2.9 g) according

to the general procedure to give pure cis-u4,5-cyclohexanc-1,3-dithiolan—

-2-one (0.28 g; 82%) (oil), Vinax 1716, 1641, 1283, 1003, 874 and
755 em™t (Film) t: 5.75 (2 H, m), 7.40-8.90 (8H, m)({Found: C,48.47; H,5.95;
S, 36.56. C7HlOOS2 requires C, 48.24; H, 5.78; S, 36.80%).

Reaction of cis-4,5-cyclohexano-1,3-oxathiclan-2-one with potassium

methyl =anthate (N 427)

Carbon disulphide (0.13 ml) was added to a solution of potassium
hydroxide (0.1 g) in dry methanol (3.2 ml), starting material (50 my)
added, and the mixture refluxed for 4 days. Usual work up, followed by
repurificaticn by t.l.c. (dichioromethane/petroleum (1:1)) gave a swall
quantity of yellow material, identified aé cycloliexane trithiocarhonate
by t.l.c, comparison with an authentic samplc and assumed to be the

trans-isomer,

trans-i4,5-Cyclohexano-1,3-dithiclan-2-thicne from cis-U,5-cycloherano-

1,3-oxathiolan-2-thione

(i) (¥ 221, 91, 196, 237, 243)

Carbon disulphide (0,63 ml) was added to a solution of potassium
hydroxide (0.53 g) in methanol (4% ml), the starting material (0.4 g)
added, the mixture left overnight at room temperature and then refluxed.
Usual work up .gave trans-4,5-cyclohexano-1,3-dithiolan~2-thione (39.8 mg s
9%) which was recrystallised from dichloromethane, m.p. 169.5-170.5°

59

(1it.,>” 162-170°).
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(ii) (W 488)

Carbon disulphide (0.53 ml) was added to a solution of potassium
hydroxide (0.33 g) in dry methanol (5.5 ml) and 0.46 ml of this mixture
added to the starting material (9.8 mg) in a glass tube, which was

caled and heated at 60-63° for U dayvs. Usual work up gave the trans-
trithiocarbonate (1.2 mg; 11%),which was recrystallised from chloroform/
petroleum m.p, 168.5-170%, and recovered starting material (3.4 mg),
an overall yield of trithiocarbonate of 17%, based on consumed starting

material,

cis-u4,5-Cyclohexano-1,3-dithiolan-2-thione from cis-4,5-cyclohexano-

1,3-dithiolan-2-one (N 235)

Carbon disuiphide (0.63 ml) was 2dded to a solution of potassium
hydroxide (0.53 g) in dry methanol. This sclution was added to the
starting material (0.28 g), and the mixture refluxed for 4 days. Usual
work up and ~rystallisation from dichlcromethane/petroleum gave the pure
cis-trithiccarbonate (0.12 g; 40%) m.p. 102-103°; m.m.p. with an authentic

sample 98~lOO.50. T.l.c. (dichloromethane/petroleum (L:1)) of the residue

gave a further quantity (24.1 mg, 8%),

Reaction of trans-4,5-cyclohexanorl,3-diithiclan-2-thione with potassium

methyl xanthate (¥ 386)

Carbon disulphide (1,0 ml) was added to a solution of potassium hydro-
xide (0.6 g) in dry methanol (10 ml). Starting material (255 mg) was
added and the mixture refluxed for 4 days. Usual work up gave recovered
starting material (193 mg, 76%) and after standing for 1 day, the aqueous
residueswere re-exirvacted to give a further quantity of the starting

material (42 mg; 15.5%) m.p. 168,5-170°.
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cis-4,5-Cyclohexano-1,3-dithiclan-2-thione from cis-cyclohexane-1,2-

dithiol (N 349)

Carbon disulphide (1.0 ml) was added to a soclution of potassium
hydroxide (0.6 g) in dry methanol (10 ml) and this sclution added to the
starting material (239 mg) and the mixture refluxed for 90 hours. Usual
work up gave the crude cis-trithiocarbonate, which was roughly purified
by passage down a small column (dichloromethane/silica) and recrystallised
from dichloromethane/petroleum to give the pure title product (232 mg;

49

£1%) m.p. 100-101° (lit., ~ 98-99°).

trans—4,5~Cyclohexano- 1,3~dithiclan-2-thicne from cis-2-mercaptocyclo-

hexanol (N 315)

Carbon disulphide (1.0 ml) was added to a solution of potassium
hydroxide (G.6 g) in dry methanol (1C wml). Starting wmaterial (150 mg)
was addad and the mixture refiuxed for "2 days. Usual work up gave the
crude product which was purified by passage down & small column (dichloro-
methane/silica) and then by t.l.c. (ethec/petroleum (1:1)) to give the
purs EEQEEftrithiocarbonate {(27.5 mgy 14%) identified as trans- by

cemparative t.l.c. (ether/petroleum (1:1)} with authentic samples of

cis- and trans—trithiocerbonates.

trans-lt,5~Cyclohexano-1,3~-dithiclan-2-thione from trans-2-msrcaptocyclo-

hexanol (N 373)

Carton disulphide (2.0 ml) was added to a solution of potassium
hydroxide (1,2 g) in dry methanol (22 ml), starting material (342 mg)
added and the whole refluxed for 4 days. Usual work up gave the trans-

trithiocarbonate (314 mg; 64%), m.p. 168-170°, After standing for 1 week

the aqueous residues were re-extracted to give a further quantity of
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the title product (1 mg, 0.2%).

Attempted isomerisation of trans—H,S—cyclohexano—l,3—oxathiolan—2—thione

(N 257)

(i) Heating a sample in carbon tetrachloride in a sealed n.m,r. tube

at 60° for 2 days produced no change in the p.m.r. spectrum.

(i1) Refluxing the starting material (23.3 mg) in ethanol (5 ml) for

9 hours produced no change in the p.m.r. spectrum.

(iii) Refluxing the starting material (54 mg) with a soluticn of sodium
hydroxide (3.4 g) in dry ethanol (5 ml) for 30 hours, work up as for
xanthate reactions, and t.,l.c. (dichloromethane/petroleum) gave nsne

of the isomerisation product, trans-4,5-cycloherann-1,3-dithiolan-2-one.

Reaction of cyclohexanol with potassium methyl xanthate (N 417)

Carbon disulphide (6.0ml) was added tc a solution of potassium hydro-
xide (3,5 g) in dry methanol (64 mi), cyclohexanci (L.0 g) added, and the
mixture refluxed for 4 days. Usual work up gave only a small quantity
of extractable material, which was shown by t.l.c. (dichloromethane) to
consists of several bands, none of which was present in sufficient

quantity for identification,

Cyclohexene sulphide from trans-4,5-cyclohexano-1,3~-oxathiolan-2-one

(N m9l, 440, 4u43).

Starting material (0. 47 g) and pctassium carbonate (100 mg) were
heated up to 200° and the volatile products collected in a cold trap
(1iquid nitrogen), On warming, cyclohexene sulphide was identified as

the product by its smell, Insufficient product was formed for further



characterisation.

Studies on the Synthesis of Decalin Thiocarbonates

Attempted preparation of 28,3u-(thiocarbonyloxythio)-trans-decalin

(N 207, 192, 245, 431)

A solution of N,N'-thiocarbonyldiimidazole (0.64% g) in dry dichlo
romethane (15 ml) was added dropwise to a stirred mixture of 28-hydroxy
3o-mercapto-irans-decalin (0.5 g), pyridine (19.0 g) and dry dichlorome-
thane (10 ml}). Stirring was continued overnight at room temperature an
usual work up, 7ollowed by t.l.c. (dichloromethane/ether (1:1)) gave a
yeliow peroduct, which on repurification by t.Ll.c. (dichloromethane/ethe
(1;4)) gave four separate vellow bands, one of which was rccrysvaliised

from dichlororethans and identified as 2f-hydroxy-3a-(imidazoclyl-l-thio

135.

d

r

carbonyithio})~trans-decalin (69,5 mg; 9%), m.p. 150-151,5°, Voo’

3250 (GH), X281, 12230, 1079 and 857 em (mull), <: 1,43 (LH, s}, 2.13

(1H, s), 2.82 (1H, s), 5.77 (LH, m), 7.35 (1H, s, OH, exch), 7.20-9.77
(148, m) (Found: C, 56.81; H, 6.68; N, 9.37; §, 21.42. C ,H, I, 0S,
requires G, 55,725 H, 6.80; N, 9.45; S, 21.16%).

trans- and cis—é?-@ctalin (I u32)

151
The procedure of Johnscn et al, was followed, Impure irans-
2 . .. . N ~
A“-octalin dibromide (supplicd by Professor Owen, 9.9 g) was added over

3 minutes to a slurpry of zinc dust (17.6 g) in dry ethanol (78 ml) and

stirring continued for 1 hour at room temperature and then for a further -

e O . . . .

2 hours at 70-757. The reacticn mixture was left overnight, diluted
with ether (3% wi) and filtered. The ether layer was washed with water
then with saturaited aqueous scodium chleride solution, dried (CaClz),

concentrated and distilled to give the title products (2.75 g; 60%)

2
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151

b.p. 112-114° at 250 mmHg (lit., for trans-isomer b.p. 59° at 8 mmHg) .

28,3R~Dimercapto-~trans-decalin, 2B,3B-dimercapto-cis-decalin, and 2d,30-

dimercapto-cis-decalin (N 446, Lll)

The procedure used by Shields and Kurtzsl on norbornene was followed.
Amcrpheus sulphur (0.5 g), stirred in dry D.M.F. was *treated by bubbling
ammonia through the solution at n30° until it turned blue. trans- and
EEEfAZ—Octalin (1.2 g) was added and the mixture stirred at 110° for
1 day. The reaction mixture was left for 2 days, diluted with water
(20 ml) and extracted with dichloromethane (2 x 20, 2 x 10 ml), The
combined efitracts were dried and concentrated to give the crude trithioc
compounis (0,77 g; 37%). The crude product (0.77 g) in dry ether (150 mi)
ﬁas addzd drvopwise to a stirred suspension of lithium aluminium hydride
(2,7 g) in de7 ether (50 ml) and the mixture refluxed cvernight. Ethyl
acetate (vl mi) was added, followed by water (v 2 ml) and tne reaction
mixture acidified with dilute hydrochloric acid. The reaction mixture
was extracted with ether (total 200 ml) and the combined extracts washed
with aquecus sedium blcarbonate solution, dried and concentrated to give

the crude Tniols, a golden yellow oil (0.18 g3 27%).

28,36~ (Thiccavbonyidithio)-trans-decalin, 28,33-(thiccarirnyldithio)cis-

A solutilon of N,N'-thiccarbonyldiimidazole (0. 4 g} in dry dichlorc-
methane (1% ml) was added to a stirred solution of the crude dacalin
dithiols (0,18 g) in dry dichloromethane (5 ml). Stirring was continued-
overnight at room temperature, and usual work up gave a small quantity
of the mixed trithiocarbonates., Repurification by t.l.c, (ether/petroleum

(1;3)) gave trace amounts of 28,38-{thiccarbonyldithio)-trans-decalin
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m.p. l74.5~l770, 28,38-(thiocarbonyldithio)-cis~-decalin and 2a,3a-(thio-

carbonyldithio)-cis~decalin, m.p.s 115-122° and 164-166°. The mass

spectra of the trans compound and one of the cis-isomers were recorded,

and have been reported on p 8h.



PART 7  STUDIES ON A POTENTIAL ROUTE TO CIS-DITHIOLS

trans—2--(Phenylthiocarbamoylthio)cyclohexyl acetate and trans—?—[ﬂacety;—

thio)(phenylimino)-methylthio]cyclohexyl acetate (N 177, 202, 275)

The method cf Ali gﬁ_g},su was followed. A mixture of trans-2-
(pheny]thiocarbamoyithio)cyclohexanol (supplied by Professor Owen, 2.3 g)
acetic anhydride (4.5 g) and pyridine (2.6 g) was heated on a steam
bath for 35 minutes. The mixture was left at room temperature for a
further 4% hours, concentrated at the oil pump and fractionally crystal-
lised from carbon tetrachloride/petroleum to give trans-2-(phenylthio-
carbamoylthiooyclohexyl acetate (0.248 g3 9.3%) m.p. 132-123.5° (li’t.,54
136”). Further concentration and crystallisation from methanol gave
purc 1253§”2—[(acetylthio){phenylimino)—methylthio]cyclohexyl acetate

5%

(0.657 g3 21.7%) m.p. 89-90.5° (lit.,o 920) and a furthev amount slightly

centamianated with the wmonoacetate (0.26 g, 8.6%).

trans-2-rhenyvlinine-4,5-cyclohexano-1,3-dithiolan

(i)  frem crens-2-{phenylthiocarbamoylthic)cyclohexyl acetate (N 281,

181, 203, 253)

: - 152 . . . .
The procadure of Owen was followed. Potassium hydiroxzide solution

(N, ethanclic, 2.2 ml) was added to a heated solution of the starting
material (0.5625 g) in ethanol (9 ml). After standing overnight, water
(7 ml) was added, the white sticky solid filtered off and recrystallised
from aqueous me=thanol to give EEEE:TQ—phenylimino—u,5—cyclohexano—l,3—
152

dithiolan (0.272 g; 54%) m.p. 110-110.5° (1it.,

(&3]

108°) v : 1578,
max

964, 950, 788 and 719 cm * (muil), T: 2.38-3.15 (SH, m), 6.4 (2H, m),

7.45-8.78 (8H, m) (Found: C, 62,72; H, 6.13; N, 5.35; &, 25.35.

C13H15NS2 requires C, 62.61; H, 6.06; N, 5.62; S, 25.71%).
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T,l.c. (dichloromethane) of the residue gave a further quantity of
the title product {57 mg, 11%) and phenylthiourethane (40 mg, 11%) m.p.
157

63.5-65.5° (Lit., 71-72°).  The mass spectrum of the title product

was recorded and has been reported on p S9H4.

(ii) from trans-2-[(acetylthio)(phenylimino)-methylthio]cyclohexyl

acetate (N 180, 197)

Ethanolic potassium hydroxide solution (N, 1.5 ml) was added to
a heated solution of the starting material (0.358 g) in ethanol (6 mi).
The reaction mixture turned colcurless immediately and was left overnight
at room temperature, Work up as for the previous preparation gave the
crude title product (0.165 g; 68%) which was recrystallised from zquecus
methanol to give the pure prnduct m.p. 105-107° and a little phenyl-

thiourethane,

Attempted oxidation of trans-2-phenyliminc-U4,5-cyclohexano-1,3-dithiolan

(N 186, 185, 198, 204, 209, 219)

trans-2-Phenylimino-4,5-cyclohezano-1,3~dithiolan (77.6 mg) in
glacial acetic acid (2.5 ml) was reacted with mercuric acetate (0.255 g)
at 40-45° for 45 minutes. The reaction mixture was cocled, diluted with
dichloromethanz, filtered, and the filtrate concentrated to dryness. The
residue was diluted with water and the solution extracted with dichloro-
methane, The combined extracts were washed with aqueous sodium bicar-
bonate solution, dried, and concentrated tc give the crude product.
Recrystallisation from methanol gave a pure product,'identified as an
adduct between mercuric acetate and 3,4-6,7-dicyclohexano-1,2;5-trithiepan
(5 mg), m.p. 153—40, Voax' 1741, 1256, and 1058 cm~l {(mull). The main
peaks in the mass spectrum appeared at m/e 488 (20), 193 (u9}, 1un

(20), 133 (77), 112 (74), 81 (100), 79 (u8),
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Hydrolysis of trans-2-phenylimino-4,5-cyclohexano-1,3-dithiolan (N 285,

247)

The starting material (100 mg), glacial acetic acid (12.6 ml)
water (12.6 ml) and concentrated hydrochloric acid (2.7 ml) were heated
together at 100° for 70 hours. The reaction mixture was cooled, diluted
with water (20 ml) and extracted with dichloromethane (1 x 40, 2 x 20 ml).
The combined sxktracts were dried and concentrated. T.l.c. (dichloromethane)
of the residue gave trans-4,5-cyclohexano-1,3-dithiolan-2-one (58.2 mg;
83%) m.p, lO9~llO.50, m.m.p. with an authentic sample 108-110.5° (Found:
C, 48,123 H, 5,76, <Calculated for C_H.  _0S, C, 48.24; H, 5,78%),

710772

Attempted cyclisationsoi trans-2-(phenylthiocarbamoylthio)cyclohaiyl.

acetate

(1) 187)

(N

The stasting material (174.1 mg) in dry D.M.S.0, (0.5 mi) was heated
at 100-102° fer 2 hours, Water (4 ml) was added and the solid material
filtered off; concentration of the filtrate gave a furtiier quantity.
Infra-red spectra showed both these solids to consist of starting mat-
erial and traces of.EEEEE—Q—[(acetylthio)(phenylimino)—methylthié}chlo—

hexyl acetate,

(1) (N 138)

The starting material (68 mg) was heated in dry D.M.S.0., at ~g5°
for 33 days. Concentration of the reaction mixture and t.1.c. (dichloro-
methane/petroleun (i:1)) gave starting material and trans-2-phenylimino-
I4,5-cyclohexano-1,3~dithiolan (18,7 mg; 34%) which was sublimed to give

a very pure sample m.p. 109, 5-110°
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(iii) (N 208)

Potassium acetate (0.1 g) was added to a heated solution of the
starting material (291.4% mg) in ethanol (8 ml). The mixture was shaken
and left overnight at room temperature. The crystals formed were
filtered wff and were identified as starting material. Concentration

of the fliltrate gave mcore starting material.

(iv) (N 211)

Fotassium acetate (0.06 g) and starting material (170.7 mg) were
atirred in =thanol (8 ml) at 40-50° for 3 days and then left overnight
at room ten@erature. Water (20 aml) was added, and starting material
filtered off, Concentration of the filtrate gave more starting material,

contaminated with traces of other products.

(v) {N 202

Starting material (392 mg) and potassium acetate (0,14 g) were
refluxed in ethanol (7 ml) for 3 days and then left at rocom temperature
for a furiher 24 hours. The reaction mixture was extracted with dichloro-
methane (2 ¥ 15 mL) after diluting with water (5 ml) and the combined
extracts driled and concentrated. T.l.c. (dichloromethane) showed the
vresenca of four products, the major one being phenylthiourethane (46.2 mg,

19%), identified from its p.m,r. spectrum,.

(vi) (W 2u1)

Carbon disulphide (0,63 ml) was added tc a solution of potassium
hydroxide (0.53 g) in methanol (15 ml), starting material (79 mg)
addad, and the mixture stirrved at room temperature for 3 days, The

reaction mixture was diluted with water (20 ml), extracted with dichloro-—
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methane (3 x 10 ml) and the combined extracts dried and concentrated.
T.l.c. (dichloromethane) of the residue gave mostly starting material,

and an unidentified product.

(vii) (N 299)

Carbon disulphide (0,8 g) was added to a soiution of sodium (0.15 g)
in methanol (8 ml), starting material (100 g) added and the mixture
refluxed for 3% days, Work up as for (vi) gave two main products which
were repurified by t.l.c. (dichlecromethane/petrcleum (4:1)) to give
small quantities of O-methyl N-phenylthiocarbamate m.p. 93,5-04°
157 o)

977, Viax' 3390 (NH), 1800, 1520, 1205, L1153 and 1065 cm—l

(soln), (Found: C, 63.80; H, 6.00:; N, 9.05, Calculated for CquNGo

(Lit.,
C, 63,563 H, 6,003 N, 9.27%) and methyl carbanilide m.p. 16 .,5-17° (lit.%b7
47°)y, v i 3430, 3320, 1725, 1605, 1528, 1326, 1230 and 1083 en t

(soln) (Found: C, 57.97; H, 5.463 N, 6.32. C(Calculated for C8H9NO3

C, 57.48; H, 5.43; N, 8,38%).

Attempted thermal cyclisation of trans-2-{{acetyithio){phenylimino)-

methylthio]cyclohexyl acetatne (N 189)

Starting material (0.263 g) was stirred in D.M.S.0. (1 ml) at
80-90° for 1 day. Water (i ml) was added and the reaction mixture
extracted with dichloromethane {(total 10 ml). The ~ombined extracts
were dried and concentrated; t.l.c. (dichloromethane) of the residue

shovwed the presence of many products.

cis-2~(Phenylthiccarbamoylthic)eyclohexanol (N 321)

. 54
The procedure used by Ali et al.  for the trans—~ compound was

followed, A solution of phenylisothiocyanate (1.05 g) in dry benzene
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(3 ml) was added dropwise over 10 minutes to a stirred mixture of cis-
2-mercaptocyclohexanol (1,0 g), triethylamine (0.1 g) and dry benzene
(6 ml), Stirring was continued overnight at room temperature. The
reaction mixture was concentrated to an oil and stored'overnight under
benzene/petrcleum at 0°. Trituration gave a precipitate which was
filtered off, washed with petroleum and recrystallised from carbon

tetrachioride to give pure cis-2-(phenylthiocarbamoylthio ) cyclohexanol

(1.21 g; $0%) m.p. 135—137.§ivmax: 3370 (OH), 3200 (NH), 1559, 1332, 1046
and 708 cmhl (mull), t: O0.42 (1H, m, NH, exch), 2.43 (54, m, aromatic),
5.63 (24, m), 7.57 (1H, m, OH, exch), 7.67-8.83 (8H, m) (Found:

C, 58,563 H, 6,06; N, §.23; S, 24.22. C,4H NOS, requires C, 58.39;

H, 6.4y If, 5.2u4; S, 23.98%).

Eﬁs~2—RAcetylthio)(phegz;imino)~methylthio]cyclohexyl acetate (N 325)

The method described by Ali EE_gifsu for the trans-compcund was
used. A ixture of cis-2-(phenylthiocarbamoylthic)eyclohaxancl (1.0 gj,
pyridine (1.1 g) and acetic anhydride (2.0 g) was heated on a steam bath
for 12 minutes and then left overnight at room temperatucre. Addition
of petrolcum gave the title product as an oil (0.75 g; 58%), A portion

was further purified by t.l.c. (dichloromethane) and recrystallised from

ether/petroleun o give pure cis—Q—I(acetylthio)(phenylimin;)mmethylthio]

cyclohexyl acetale m.p. 115—1170, Vmax: 1726, 1702, 1599, 1495, 1233, 1163,
1081 aand 713 cm"l (soln), t: 2.32-2.88 (5H, m, arcmatic), 4.63 (1H, m),
5,82 (1H, m), 7.88 (3H, s, SAc), 7.93 (3H, s, OAc), 7.75-8.58 (8H, m,)

(Found: C, 57.78; H, 5.86; N, 4,015 S, 18.60. C_ _H_NO_S

171151108, requires

2
c, 58.09; H, 6.02; N, 3.99; S, 18,25%).

cis-2-(Phenyl*hiocarbamoylthio)cyclohexyl acetate
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(i)  from cis-2-(phenylthiocarbamoylthio)cyclohexanol (N 3u43)

Starting material (233 mg) and pyridine (0.8 ml) were stirred
together at room temperature and 1 ml of a mixture of acetic anhydride
(0.445 g) and pyridine (10 ml) added dropwisez over four hours and
stirring continued overnight. The reaction mixiure was diluted with
water (20 ml), extracted with dichioromethane (total 70 ml) and the
combined extracis dried and concentrated. T.l.c. (dichloromethane) gave
starting material (89,5 mg) and the title preduct (60.9 mg; 37% based

on consumed starting material), which was recrystallised from ether/petrol-

eum to give pure Eis:?—(phenylthiocarbamoylyﬁ}o}Cyclohexyl acetate m.p.

1

86-99°, v 3355 (WH), 1731, 1601, 1503, 1246, 1038, and 711 cm

max’

(soln), t: 1.05 (1H, m, NH), 2.55 (5H, m, arcmatic), &.70 (1H, m),
5,67 (1H, m), 7.95 (3i, s, OAc), 7.70-8.70 (8H, 1) (Found: C, 58.28;

t

fH, 6,143 N, #.43; S, 20.50. ClSngNOQSQ requires C, 58.22; H, 6.19; N, .

4.53; S, 20.73%).

(ii) from cis—Z—r(aceﬁl;thio)(phenylimino}~methz}3§iglgyclohexyl acetate

{1 351, 388)

A solution of the starting material (9.51 g) in chloroform (5 ml)
was shaken with hydrcochloric acid (~3N, 8 ml) until the deep yellow
colour had faded to a pale yellow (3C minuvtes). The chloroform layer
was washed with agueous sodium bicarpbonate solution, dried and concen-
trated to an oil. T.l.c. (dichloromethane) and recrystallisation from
ether/petroleum/carbon tetrachloride gave cis-2-(phenylthiocarbamoylthio)
cyclohexyl acetate (0.304 g; 67%) m.p. 85—93.50, p.m.r. and infra-red

spectra identical with those of an authentic sample.

Reaction of cis-2-(phenylthiocarbamoylthio)cyclchexyl acetate with base

(i1 u1s)
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Starting material (115 mg) was dissolved in warm ethanol (2.0 ml),
ethanolic potassium hydroxide solution (N, C.5 ml) added and the mixture
left overnight at room temperature. Water (25 ml) was added and the
reaction mixture extracted with dichloromethane (total 25 ml). The
combined extracts were dried, concentrated and t.l.c. (dichloromethane)
gave phenylthiourethane (25 mg, 37%) and cis-2-{phenylthiocarbamoylthio)
cyclohexanol (46 mg; 46%) m.p, léO—ZO; both compounds were identified by

their infra-red and p.m.r, spectra.

Reaction of cis—2~f(acetyltnio)Qphenylimino)—meﬁhylthio}cyclohexyl

acetate with base (N 335)

Starting material (214 mg) was dissolved in hot ethanol (4 ml)
and ethanolic potassium hydroxide sclution (W, 1.5 ml) added. The reac-
tion mixture was left overnight at rcom temperature, water (10 ml) added,
and after 4 hours at OO, phenylthicurethanz (3L mg) was filtered off.
The filtrate was extracted with dichloromethane (3 x 5 ml) and the combined
evtracts dried, znd concentrated., T.l.c. {dichloromethane) of the residue
gave more phenyltnlourethane (35 mg; total 78 mg, 72%) m.p. 68-69° and
a small gquantity of cis-2-(phenylthiocarbamcylthio)cyclohexanol (15.5 mg,

8%) identified by t.l.c. comparison with ar authentic sample.

trans-4,5-Cyclohexano-1,3-dithiolan-2-ihinne methyl iodide (N 476, 311,

329, 341, 381)

trans-i,5-Cycloherano-1,3~dithiolan-2-thione (0.5 g) was dissolved
in dry dichloromethane (6 ml); methyl iodide (0.75 g) was added and the
mixture left for 1L week. The dark red crystals were filtered off,
washed with a little benzene to remove traces of unreacted trithio-

carbonate and dried te give trans-i,b-cyclohexano-l,3-dithioclan-2-

thicne methyl iodide (0.304 g; 3u4%), m.p. 123-125°, (Found: C, 16.32;
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Y

H, 2.243; S, 19.75; I, 66.58. CBHlSSSI.ucHSI'requires C, 16.01; H, 2.80;
S, 10.69; I, 70.50%). Attempts at recrystallisation resulted in

disproportionation.

trans-2-Phenylimino-4,5-cyclohexano-1,3~dithiolan (N 361)

E£§E§;4,5—Cyclohexano—l,3—dithiolan—2—thione methyl iodide (52.2 mg )
was covered with methanol (1.5 ml), aniline (M40 mg) added and the
reaction mixture left over the week-end. Ether (3 ml) and a trace of
petroleum, were added and the solution was washed with sodium hydroxide
solution (v2N, 8 ml); the ether layer was separated and the aqueous layer
extracted with ether (5 ml). The combined ether solutions were dried,
concentrated and t.l.c. (dichloromethaue) gave the title product (8.5 mg;

o . e R .
10-1117, m.m.p. i08-111", infra-red and p.m.r. specira ident-

|

50%) m.p.
ical with those of the sample prepared from trans-2-(phenylthiocarbamoyl-
thio)cyelohexyl acetate; and 32325—4,5-cyclchexano-l;S—dithiolan—ﬁ—one

(6.2 mg; 52%), identified from its infrared spectrum. The mass spectrum

of trans-2-phenylimino-4,5-cyclohexano--1,3-dirhiolan was recorded and

has been reported on p 4.

cis-4,5-Cyclohevano-1,3-dithiolan-2-thicne methyl iodide (i 363)

cis-4,5-Cyclohexano-1,3-éithiolan-2-thione (236 mg) was dissolved
in dry dichloromethane (3 ml), methyl iodide (0.36 g) added and the
mixture left for several doys. The dark red crystals were filtered off
and further crops obtained by cautious addition of petroleum and leaving
overnight, but this process was not carried out to completion. The

crystals were dried to give cis-U,5-cyclohexano-1,3-dithiolan-2-thione

methyl iodide (103 mg; 16%) m.p. 86-88° (Found: C, 21.33; H, 2.87;

S, 21,87, C8H13831 raquires C, 28.91; H, 3.94; 3, 28.95, C8H13831'

l.SCHSI requires C, 20.93; H, 3,23; S, 17.6%).
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cis-2-Phenylimino-4,5-cyclohexano-1,3-dithioian

(i) (N 371)

cis-4,5-Cyclohexano~l,3-dithiolan-2-thione methyl iodide (43 mg)
was covered with dry methanol (1.0 ml), aniline (50 mg) added and the
mixture left overnight at room temperature. The mixture was diluted
with ether (3 ml}, shaken with dilute aqueous sodium hydroxide solution
(~2H, 8 ml) and the aqueous layer extracted with ether (12 ml). The
combined ether sclutions wers dried aud concentrated and t.l.c. (dichloro-
methane) gave the crude product (12.Z mg; 37%). Repurification by

t.l.c. (ether/petroleum (1:;1)) and recrystallisation from ether/petroleum

gave pure cis-2-phenylimino-4%,5-cyclohexano-1,3~dithiclan m.p. 1OL.5-

. . -0 - -1
loao, m.m.p. with trans-isomer 70-7h", Voot 1584, 1436, 959 and 711 cm .

j=3

(soln), t: 2.43-3.27 (5H, m, arvomatic), 5.97 (2H, m), 7.7-8.67 (8H, m),

(4]

(Found: C, 52.863 i1, 6.03; I, 5.5%; 5, 25.24, C,H NS? requires

el
13 15 2

C, 62.61; M, 5,063 N, 5.62; S, 25.71%). The mass spectrum was recorded

and hasz been rzportad on p 94,

(ii) (N u1e, 103)

cis-Cycloherane-1,2-dithiol (24C mg) 2nd phenylisothiocyanate
(n 0.4 g) were heated at 150-155° for 30 minutes and then allowed to
cool for 1 hour. Trituration with petroleum, cooling to 0° and
filtering, gave a little diphenylthioures. The filtrate was concentra-
ted and t.l.c. (dichloromethane) gave thrac miin products which were
repurified by t.l.c, (ether/petroleum (various proportions)) to give
cis-k,5-cyclohexano-1,3~dithiolan-2-thione, recrystallised from ether/
petroleum (15.9 mg; 5%) m.p. 99~lOOO, m.m.p. with an authentic sample
98.5—lOOO; clis-2-phenylimino-t,5-cyclohexano-1,3-dithiolan, recrystallised

from aguecus methanol, (30.4 mg; 8%) w.p. 100-1020, m,m.p, with an
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authentic sample 98.5—1020, and diphenylthiourea, recrystallised from

57 154-155°). A small

;
aqueous methanol (170 mg) m.p. 153-154° (1lit.,™
quantity of diphenylthiourea (42 mg) m.p. 167.5-168.5° was also isolated

m/e 228 (MT) (14), 194 (16), 135 (71), 93 (100), 77 (6u4).



2.

b,

7

9.

10.

131,

12.

13,

14,

| acd
(%3]
]

REFERENCES

C. LBuig and S. Weidman, Annalen, 1840, 36, 322.

L.N. Owen, Organic Sulfur Compounds, Ed. N. Kharasch, Pergamon

Press, New York, 1961, ch. 18.

E.E. Reid, Chemistry of Bivalent Sulphur, Vol. I, Chemical
D-

ublishing Co., New York, 1952, ch. 1.

The Chemistry of the thiol group, Ed. S. Patai, John Wiley and

Soneg, London, 1974, Part T.

J.L. Wardell, The Chemistry of the thiol group, Ed. S. Patai,
John Wiley and Sons, London, 187%, Part I, ch. W.

W.P. Hell and R.E. Reid, J. Amer. Chem. Soc., 1943, 65, Lu66.

Brit., %79, 971.. Chem. Abs., 1947, 4l, 2077.

A A, Pavlic, W.A. Lazier and K.K. Signaigo, J. Org. Chem., 1949,

14, 54,
A, 5

V.E. Putrun'kin, Tr. Sovesch. po.kompleksonun Akad. Fupk.SESR,
Ural'sk. Filial, Sverdlovsk, 1958, 20. Chem. Abs., 1462. 57, 16374.

L, Erandsma and H.E. Wijers, Ree. Trav. Chim., 1963, 82, §8.

E.L. Eljel, V.S. Rao, S. Smith,and R.O. Hutchins, J. Org. Chem.,
1975, 1O, 524.

A.A. Paviic, U.S. 2,408,094. Chem. Abs., 1947, ul, 775,

J.¥. Danielli, M. Danielli, J.B. ¥raser, P.D. Mitchell, L.N. Owen,

and G. Shaw, Bilochem. J,, 1847, 41, 325.



15.

16.

17.

18.

19.

20,

21.

22,

23,

25,

27.

N
o

30!

R.M. Evans and L.N. Owen, J. Chem. Soc., 1949, 244,

151.

R.M. Evans, J.B. Frassr, and L.N. Owen, J. Chem. Soc., 1949, 2us.

N.S. Johary and L.MN. Owen, J. Chem. Soe., 1955, 1292,

L,W.C. Miles and L.N. Owen, J. Chem. Soc., 1950, 2934,
J.H. Chapman and L.N, Owen, J. Chem. Soec., 1550, 579.

P. Bladon and L.N. Owen, J. Chem. Soc., 1950, 585

J.v. Braun, Chen. Ber,, 1909, 42, 4188.

C.H. Grogan, L.M. Rice, and E.E. Reid, J. Org. Chem., 13955, 20,
50,

C,H. Grogan, L.M. Rice and M.X. Sullivan, J. Org. Chem., 1953,
18, 728.

B.C. Cossar, J.0. Fournier, D.L. Fields, and D.D. Reynolds,

J. Org. Chem., 1962, 27, 93,
R.T. Wragg, J. Chem. Soc, {C), 1969, 2502,
E.M, Meade and F.N. Yoedward, <. Chem. Scc., 1948, 1894,

¢.,C.J, Culvenor, W, Davies, and N.S. Heath, J. Chem. Soc,.,

1949, 282.

J.M, Lalancette and M. Laliberte, Tetrahedron Letters, 1973,
16, 1401.

H. Bader, L.C. Cross, I. Heilbron and E.R.H. Jones, J. Chem. Soc.,

1949, 619.

L.N, Owen and M.U.S. Sultanbawa, J. Chem. Soc., 1949, 3109.



31.

32.

33.

KT

35.

36.

37.

38.

39.

40.

4.

43,

4y,

46,

b7.

A. Rcsenheim and W. Stadler, Chem. Ber., 1905, 38, 2687.

N.P. Petukhova and E.N. Prizelhaeva, Zh. Org. Chim., 1966,
2, 1947,

M. Kyaw and L.N. Owen, J. Chem. Soc., 1965, 1298.
S.M. Igbal and L.N. Owen, J. Chem. Soc., 1960, 1030.
C.G. Overberger and A. Drucher, J. Org. Chem., 1964, 29, 360.

C.C,J. Culvenor and W. Davies, Austral. J. Sei. Research Ser. A,

1948, 1, 236.

T. Tapuchi, Y. Kiyoshima, O. Komori, and M. Mori, Tetrahedron

retters, 1969, u4l, 3631.

D.J. Martin and C. Greco, J. Org. Chem., 1968, 33, 1275,

8. Pflugfelder, ¥r., 1,431,717. Chem. Abs., 1968, 55, 13545,

B. Pfivgfeider, Ind. chim. belge., 1967, 32, 691.

N.M. Lysenko, Ukr. Khim. Zh., 1984, 30, 732.

M. Wieter ond M. Schmidt. Chem. Ber., 1963, 96, 10193.

S. African, 71 07, 767. Chem. Abs., 1973, 78, 137318,

U.S. 2,506,717. Chem. Abs., 1970, 72, 132152,

E.J. Corey and R.B. Mitra, J. Amer. Chem. Soc., 1552, 84, 2938.
A.K.M. Anisuzzaman and L.N. Owen, J. Chem. Soec. (C), 1967, 1021.

M. Gerscke, E.A.H. Freidheim, and A. Brossi, Helv, Chim, Acta.,

1961, li4, 955,



ng,

49,

50.

51,

52,

54,

60.

[e}]
1~

L. Bateman, R.W. Glazebrook, C.G., Moore, . Porter, G.W. Ross,

and R.W. Saville, J. Chem. Soe., 1958, 2838,
H. BShme and 0. Miller, Chem. Ber., 1965, 98, 1455,

J.R, Wolfe, T.L. Pugh, and A.S. Kiiliaun, Rubber Chem. Technol.,
1968, 41, 1329,

T.C. Shields and A.N. Kurtz, J. Amer. Chem. Soc., 1969, 91,
5415,

J.D, Willet, J.R. Grunwell, and 3.A. Berchtold, J. Org. Chem.,
1968, 33, 2297.

R. Okazaki, K. Okawa, and N, Inamotc, J.C.S. Chem. Comm,, 1971,

843,

Md, E. Ali, N.G, ¥Xardouche, and L.H. Owen, J.C.S. Perkin I,
1975, 7u8.

M. Mousseron, R. Jacquier, M. HMousseron-Tanet, and R. Zagdoun,

Bull, Soc. chim. France, 1952, 1C42.

C.C.J. Culvenor, W. Davies, and X.H. Maucacker, ., Chem, Soc.,

1346, 1050.
A.M. Creipghton and L.N. Owen, J. Chem. Soc., 1960, 1024,

J.A. Durden, H.A. Stansbury, and W.H. Catlette, J. Admer. Chem.
Soe., 1980, 82, 3082.

N.G. Kardouche and L.N. Owen, J.C.S., Perkin I, 1975, 754.

C.R. Meloy, Trans. Illinois State Acod. Sei., 1363, 56, 1465
Research Report, Imperial College, 1962 and personal

communication.

C.C.J. Culvenor, W. Davies, and W.E. Savige, J. Chem. Soc.,
1952, hugo,

153.



62.

B,

65,

66,

B7.

68,

69.

70.

71.

72.

73,

T4,

75,

73.

79,

154,

T.L. Cairns, G.L. Evans, A.W. Larchar, and B.C. McKusick,

J. Amer. Chem. Soc., 1952, 74, 3982

G.A. Berchtold, B.E. Edwards, E. Campaigne, and M, Carmack,
J. Amer. Chem. Soc., 1959, 81, 3148.

E. Campaigne, Chem. Rev., 1946, 39, 1.

E. Campaigne and B.E. Edwards, J. Org. Chem., 1862, 27, 376€0.
B. Magnusson, Acta. Chem. Scand., 1962, 16, 772,

J.F. Harris, J. Org. Chem., 1960, 25, 2259.

J. Jentzsch, J. Fabian, and R. Mayer, Chem. Bzr., 1962, 95, 176k,
C. Djerassi and B. Tursch, <. Org. Chem., 1962, 27, 1041.

H. Barrera and R.E. Lyle, J. Org. Chem., 1962, 27, 641,

. Hiller, M. Nitzsclke, and J. Jenczsch, Angew. Cher.

Tnt. Ed., 1963, 2, 370.

=
=
0
~
D
'3
O

J. Morgenstern and E. Mayer, J. prakt. Chen., 1366, 3u, 116.

()

M. Demuynck and J. Vialle, Pull. Sne. chim. France, 1967, 4, 121%.
S. Bleisch and R. Mayer, Chiem. Ber., 1967, 100, 93,

Y. Nomura and Y. Takeuichi, Bull. Chem. Soc. Japan,

1960, 33, 1743.
B. Magnusson, dcta. Chem. Seand., 1963, 17, 273.
B. Magrusson, Acta. Chem. Scand., 1962, 16, 1536,

M. Demuynck and J. Vialle, Bull. Soc. chim. France, 1962, 2126,

B. Magnusson, Aecta. Chem. Scand., 1959, 13, 1031.



4=

w
(2]

155.

F.0. Bobbio and P.A. Bobbio, Chem. Ber., 1965, 98, 998.
Brit. 783, 540. Chem. Abs., 1958, 52, 6403.
W.H. Mille and R.E.D. Clark, J. Chem. Soe., 1936, 175.

R. Adams and A. Ferretti, J. dmer. Chem. Sce., 1959,
81, 4939,

R. Adams and A. Ferretti, J. Amer. Chem. Soc., 1959, 81, 4927.
L, Field and R. Englehardt, J. 2rg. Chem., 1970, 33, 3647,

B.U., Koplova, M.N. Khasanova, and R.X.H. Freidlura,

Bull, Acud. fei, USSR, 1970, 582.

C.S. Marvel and P.D. Caesar, <. Amner. Chem. Soc.,
1951, 73, 1097.

H.J. kurth, U. Kraatz, and F. Voste, Chem. Ber., 1973;
106, 2119.

S. Hinig and E. Flechenstein, Anncler, 1970, 738, 192.

b
KO
~3
fo)]

“
4=

~1
-

T. Degani and R. Fochi, Synthesis,

P.G. Porque, A. Baldesten, and P. Peichard, . Biol. Chem.,

1970, 2u5, 2263,

L,J, Reed, Organic Sulfur Compounds, rd. M. Kharasch, Pergamon

Press, New York, 1961.

A.L. Fluharty, The Chemistry cf the thiol group, Ed. S. Patai,

Part 2, Interscience, London, 1974, ch. 13,

L.J. Reed, . DeBusk, I.C. Gunsalus, and C.S. Hornberger,

B.G
Seience, 1951, 114, 93,

M.W. Pullock, J.A. Brockman, E.L. Patterson, J.V, Pierce, and

E.L. Stokstad, . Amer, Chem, Soc., 1952, 74, 3455,



96.

97.

98.

93,

100,

101,

102,

103,

RROLIN

105.

1CE.,

107,

108,

E.F. Jansen, J. Biol. Chem., 1948, 176, 657,

L. Schotte and H. Strom, 4cta. Chem. Scand., 1956,
10, 687.

J. Okaichi and Y. Hashimoto, Agr. Biol., Chem.,
1962, 26, 224.

H. Hagiwara, M. Numata, K. Konishi, and Y., Oka, Chem. and

Pharm, Buil. (Japan), 1965, 13, 253.

L.A, Atocken and R.H.S, Thompsorn, RZochem. J., 1946, 40, 529.
L.A, Stocken and R.H.S. Thompson, Biochen J., 1946, 40, 535.
W.W., Cleland, éiochemistry, 1064, 5, us0.

U,5., 3,459,188. Chem. Abs 1963, 71, 8Lu60.

R.K. Olsen and J.0. Currie in "The Chemictry of the thiol group”,

Ingl

1. S, Patai, Part 2, Interscience, fondon, 1574, ch 12,
P,R, Heaton, J.C.8, Chem. Comm., 1971, 750,
I. Degani and R. Fochi, Synthesis, L97G, 75Y.

J.R. Meadow and E.E. Reid, J. Awer. Cherm. Soe., 1934, 56,

2177,

Brit,, 730, 670. Chem. Abs., 1855, 49, 15285,
u.s., 3,717,618, Chem. Abs., 1973, 78, 125663,
u.Ss., 3,954,723, Chem. Abs., 1976, 85, B4uLE,

N, Kobayashi and T. Fujisawa, J. Polym. Sei., Polym., Chem. Ed.,
1973, 11, 545,

U,s., 3,047,544, Chem. Abs., 13863, 58, 1616,

156.



113.

11y,

115.

116.

123,

124,

125,

1283.

N. Kobayashi, A. Osawa, and T. Fujisawa, J. Polym. Set.,
J. Polym. Chem. Ed., 1873, 11, 5H5.

U.S., 3,294,760. Chem. Abs., 1967, 66, 46785.

Cc.M. Hull, L.A. Weinland, S.R. Olsen, and W.G. France,
Ind. Eng. Chem., 1948, 40, 5183.

E.S$.G. Barron, Z.B. Miller, and G. Valnitsky, Btochem, J.,
1947, 4, 62,

R.E.D. Clark, Analyst, 1957, 82, 173.
R.E.D. Clark, Analyst, 1957, 82, 182.
R.E.D. Clark, Analyst, 1957, 32, 760,

R.E.D. Clark, Analyst, 1958, 83, 396.

R.E,D. Ciavk and C.E.Tamale-Ssaly, Aiaiyst, 1953, 84, 16.

F. Hoyer, W. Dietzsch, and R. Heber, Wiss. Z. Karl-Marx Univ.,

Leipzig, mach-Naturwiss. Reitne, 1975, 4, 429.

M.G. Miles and J.D. Wilson, Inorg. Chem., 1975, 14, 2357.

A, Nieuwpoort, Report 1975, INIS-mi-2016, [NIS Atom index,

1976, 7 Abstract No. 224900, Chezm, Apst., 1976, 85, 71519.

A.¥. Bernaz, Diss. Abstr. Int. B, 197%, 35, 1193.
N. Uri, Isr. J. Chem., 1970, 8, 123,

R.H. Cragg and A.F. Weston, Tetrahedron Letters, 1973, 655.

N,G. Kardouche, Ph.D, Thesis, London, 1974,

J.R. Catch, D.F. Elliot, D.H. Hey,and E.R.H. Jones,

J. Chem. Soc., 1848, 72,

157.



130.

131.

132.

133.

134.

135,

136.

137,

139,

140,

141,

1H4,

1ns,

lue,

C.C. Price and P.F. Kirk, J. Amer. Chem. Soc., 1953, 75, 2396.

H.J. Lucas and H.K. Garner, J. Amer. Chem. Soc., 1948, 70, 990.

E.J. Corey and R.A.E. Winter, J. Amer. Chem. Soc., 1963,

85, 2677.

F.N. Jones and S. Andreades, J. Org. Chem., 1969, 34, 301l.

H.A, Staab, Annalen,, 1957, 608, 75.

B.F, Challenger, E.A. Mason, E.C. Holdsworth, and E. Emett,
J. Chem. Soe., 1953, 292.

7

T.J. Adley, A.K.M. Anisuzzaman, and L.N. Owen, J. Cnem. Soc.

(c), 1967, 807,

158,

M.V. Jesudason and L.N. Owen, J. Chem. Sve. Ferkin I, 1974, 2024.

J.P. Xutney and A.H. Ratcliffe, Synth. Commun., 1875, 5, 47,
M. Carmack and C.J. Keliey, J. Crg. Chem., 1368, 33, 2171.

P.W., Feit, J. Med. Chem., 1964, 7, 1k,

L,J. Rubin, H.A. Lardy, aad H.0.L. Fischer, J. Amer. Chem.
Soc., 1952, T4, 425,

C.H. Chappell, JTowa State Coll. J. Sei., 1936, 11, U5,

D, Gagnaire and J.R. Rohert, Bull. Soe. chim. France, 1965, 3545,

D.A. Seeley and J. HcElwee, J, Org., Chem., 1973, 38, 1691,

J. Kiss and F, Sirchman, Helvetza, 1960, u3, 334,

A. Roebuck and H. Adkins, Org. Synth. Coll. Vol.,
1955, 3, 217. '



1u7,

1u48.

149.

156,

e
[#y]
(€]

-
(8.1
e}

160.

161.

159,

M.F. Clarke and L.N. Owen, ¢. Chem. Soc., 1949, 315.
V.H. Behringer and W. Kley, Annalen., 1955, 595, 167.

L. Goodman, A. Benitez, C.D. Anderson, and B.R. Baker,
J. Amer. Chem. Soc., 1958, 80, 6582.

L.W.C. Miles and L.N. Owen, . Chem. Soc., 1952, 817.

W.S. Johnson. V.J. Bauer, J.L. Mergrave, M.A. Frisch, L.H.

Dreger, and V.N. Hubbard, J. Amer, Chen. Soc., 1961, 83, 606.
L.N. Owen, unpublished results.

S.F. Birch and D.T. McAlian, J. Iust. Petroleunm,
1951, 37, 4u3,

R. Mayer and K. Schifer, J. prakt. Chem., 1964, 25(4), 279.

C. Joues, Third Yoar Research Report, ILmperial College,

I.cndon, 1375,
Fr. 1518655, Chem. Abs,, 19. 70, 115148,

Dictionary of Organic Compounds, Eyre and Spottiswoode,

fhondon, 1865.
Y. House, J. Amer, Cnem. Soc., 1955, 77, 5086.

C.E. Wilcon and H.J. Lucas, . Amer. Chem. Soc.,

1936, 58, 2396,
H.J. Lucas and C.W. Gould, J. dmer. (hem. Soc., 1941, 63, 2541,
H.A. Staab and G. Walther, Annalen., 1962, 657, 98.

H. Schmidt and P. Kavrer, Helv. Chim. A=ta., 1949, 32, 1371.

P.W. Fait and D.T. MHielson, J, Med. Chem., 1967, 10(5), 927.



165.

166.

C.S. Marvel and C.H. Young, J. Amer. Chem. Soc., 1951,
73, 1066.

W. Reppe and Co-workers, Annalen, 1955, 596, 1.

P.%. Bedoukian, J. Amer, Chem. Soc., 1945, 67, 1430,

G.A. Razuvaev, V.S. Etlis, and L.N. Grobov, J. Gen. Chem.

(U.S.S.R.}, 1963, 33, 1335.

160.



