Fetrahedron Vol 39, No 10, pp 1729 10 1734, 1983
Prnted w Great Bntam i§

0040-4020/83/101729 06303 00.0
" 19R3 Pergamon Press Ltd

THE REACTION OF (~BUTYL HYPOCHLORITE WITH THIOCARBONYL COMPOUND
- A CONVENIENT METHOD FOR THE 2>C=S8 -+ >C=0 TRANSFORMATION

M.T.M.El—WASSIMY,* K.A,JORGENSEN AND S,-0,LAWESSON

Department of Organic Chemistry, Chemical Institute,
University of Aarhus, DK-BOOO Aarhus €, Denmark

{Received in UK 1 February 1983)

Abstract - The reaction of l-butyl hypochlorite with different
thiocarbonyl compounds has been studied, Primary thioamides
la-c give 1,2,4-thiadiazole derivatives, N-~Phenylthiourea #4a
gives S-imino-L.phenyl~3-phenylamino-4,5~dihydro~1,2,5-thiadia-
zoline 15. Secondary and,tertiary thicamides 2a-~-d, N-met?yl~2-
thiopyrrolidinone 3, N,N -dicyclohexylthiourea 53, Ny,N,N ~tri-
methylthiourea A¢, S5-ethyl-3-phenylthiobarbituric acid.3, xan-
thione 7a, Michler's ketone®*Zb, thiocoumarin 8, O~ethylthioben-
voute 9, 0,0-diphenylthiocarbonate 10, di-P-tolyl and o-phenyl-

ene trithiocarbonates 11 and 12 have all afforded the oxygen
analogues. N,N-Dimethyl-S-phenyldithiocarbonate § produces a
mixture of diw, tri-, and tetrasulfides, A mechanism for the
=8 —->C=0 transformation is suggested in accordance with the
Hard and Soft Acids and Bases (HSAB) principle.

The transformation of thiocarbonyl com-
pounds to their corresponding oxygen ana-
topues has received considerable atten-
tion during recent years., Different meth-
ods are known, including sodium nitrite
and N-nitrosamines in agueous acid solu-
tion,''? potassium-l-butoxide,? sodium
ethoxide,® sodium hydroxide under condi-
tions ot phase transfer catalysis,> DMSO/
acids,**® DMSO/I,," bis-(; -methoxyphenyl)
telluroxide, henzene seleninic anhydri-
de,® diaryle and dimethyl selenoxide®'3°
and Ag' in dioxane/water.'!''? Recently,
trimethylphosphide and iroun pentacarbo-
nyl have also been used for this trans-
tormation,!?

In recent papers!'?''* the HSAB prin-
ciple'®™ was introduced for an understand-
ing ot the >C=S —+=>C=0 transformation,
assuming that the borderline {(soft) "NO
species attacks the soft sulfur of the

thiovarbonyl group,®and by subsequent
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hydrolysis the carbonyl compound is pro-
duced. As a continuation of this work,
we feel prompted to study reactions of
other soft acids with thiocarbonyl com-
pounds, It was thus decided to investi-
gate t-butyl hypochlorite (t-BuOCl}, a
source of €1, the borderline soft aczz.
It should be noticed that {-BuOCl is of
relatively high stability and easy to
prepare,*”’

Literature search revealed that in a
recent patent18 some thioureas have been
transformed into their corresponding ox-
ygen analogues using {=-BuOCl, N-Bromo-
succinimide converts the same substrates
mainly to the corresponding carbodiimi-
des beside small yield of urea deriva-
tives,}®

This paper presents the transformation
of thiocarbonyl compounds into the cor-
responding oxygen analogues using (-BulQ
in anhydrous tetrachloromethane for a
variety of thieccarbonyl compounds, Mech~
anisms for the formation of 1,2,4«thia-

diazoles and for the 2C=S8 —»2>Cz0 transw
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formation are presented,.

RESULTS AND DISCUSSION

Primary thiocamides Ja-c react with
t-BuOCl in anhydrous CCl, to give 1,2,4~
thiadiazole derivatives 13a-c¢c of which
13a and ¢ are known®°*?! and are identi-
cal in all aspects with authentic samp-
les. High yields of 13a and b are found

i
R~ C~NHj

¢t -BuOC} R;Z;;g\
R

13

a: R = Ph
bi R = < )~NO;
ct R = CHs

(> 93%), whereas
yield {Table 1).

In M.S.
observed and the loss of nitrile follow-

13c is isolated in 52%
the molecular ions are always

ed by sulfur expulsion are also typical

fragmentations,

t
s
Mt =R=CN . ‘R_<}J D R-cn?
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The *H NMR spectrum of 13a shows the
shifts of the aromatic hydrogens center-
ed at & 7.5, 8, and 8.33 in the ratio
3:1:1,
scopic data are also consistent with the

structures®® of 13a, 13b and 13c.

For the formation of 13 from 1 it is

respectively. All other spectro=-

suggested that the first step is a soft-
and the thio-
carbonyl group (Scheme 1), ‘and different

soft interaction between C1'

mechanisms for the subsequent formation
of 13 are then envisaged (€.¢. Routes 4
and/or B)., It should be noted that the
nitrile (RCN) is always observed in these
reactions,

The reaction of secondary and tertiary
thicamides 2a-d with ! ~BuOCl affords their
oxygen analogues (Table II).

The thiolactam Ne~methylw2wethiopyrroli-
dinone 3 gives the known oxygen analogue
in 42% yield {Table II) besides theknown
3, 3=dichloro derivatives 14a®® (10%) and 14
(7%) .

(O ci&

CH
138 3
100% 3 14
a: R = Ph az X =
p_:xa:—C}--No2 b: X = S
ct R = CH;
Scheme 1
R-Cw-NHy T BuOH R-C\\
' NH
~HC1
-HC1 ! Route B
Route A
@
S S
{ /S /NH i
R-C=N—-S == R«( == R=C, R- C~R
\W© \}q &S_Nﬂ/

tor
R-C=

/ 3
~ R
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The reaction of -butyl hypochlorite with thiocarbony! compound

M.S. for 1l4a shows the molecular ion
(M*, s0%) at mje 167, 169, and 171 with
the isotopic ratio of two chlorine atoms,
mje 132 (M¥-C1°, 100%), and m/e 110 (Mi-
CH3 NCO, 4O%).

The structural proofs of 14b are based
on precise mass measurement for M?, 183
{Exp.) and other spectroscopic analyses:
MS shows m /e 183,185, 187 (MY 41%)with isoto-
ple matio of 2 chlorine atoms,ng 148 (Mi-c1,
100%) and m/e 105 (36%). *H NMR {CDCly)
shows peaks at 2.8-3.1 {(2H, t) H4, 3.25
{3H, s) for the methyl group hydrogens,
and 3.53~3.8 (2H, t) H5, The IR spectra
show peaks assigned to thioamlde g2C-N
(1525 em™', s) and 2C=S (1175 cm™}).?*

Some thiourea derivatives were subject-
ed to this study. Thus,

4a reacts with {-Bu0Cl to give the known

Nephenylthiourea

5~imino-4~phenyl-3-phenylamino=-4,5~dihy-
dro-1,2,4~thiadiazoline 15 2®'2% in L46%
yield. Both N,N'-dicyclohexylthiourea
Ph
~ -Fh

ﬁ t -BuOCl y \
PheNHeCmNHy — it Hﬁﬁé‘

42 15

4b and N,N,N’wtrimethylthicurea he af-
ford the oxygen analogues (Table II),
N,N,N',N'-Tetramethylthiourea gives a
complicated mixture which has not been
identified,

5-EthyleS5~-phenylthiobarbituric acid 3
reacts with L -BuOCl to give its oxygen
analogue in low yield (Table I1)}, while
it is stated that under other conditions
the N-chlorinated derivatives can be i-
solated.?”

The reaction of N,N-dimethyl-S~phenyl-
dithiccarbamate & with [-BuOCl produces
a mixture of 51% diphenyldisulfide 16a
besides traces of tri- and tetrasulfides
16b and ¢, and dimethylecarbamoyldimethyl~
thiocarbomoyl disulfide 17 {17% yield)?®2®

CH

i 3 -
Phe$=C-N] L=BuOCL py (s) -Pn +
] ‘CHa 18
CH I I CH a: n = 2
3 SNeCoSn§=CaNT 72 =3
cHy” cH 2:n =3
3 17 2 gy n =4
MS for 16b shows peaks at mj/g 250 {M?},

218 {M¥.8), 141 {Ph-S.5"), and 109
{(Pn«S8" )}, MS for 16c shows peaks at &jfe
282 (M¥, 3%), 250 (m¥.s, 21%) 218
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(Mt-2s, 914), 186 (M*-3s, s%, m/je 141
(Ph-S~§', 45%), and 109 {Ph.S", 100%).
MS for 17 shows peaks at m/e 224 {(M¥,
4%), 192 (M!-s, 25%), 88 (Me,NCS', 56%),
and 72 {Me;NCC', 100%), 'H NMR {CDCl;)
for 17 shows peaks at 3 (6H, s) 2CH; at-
tached to N-CO, 3.44 (3H, s}, and 3.5
{(3H, s) 2CH; attached to N-CS splitted
due to hindered rotation around the N-C
bond. Its IR shows peaks assigned to N-H
stretching (3330 em™ '), C=0 (1665 cm™})
and >N-C=5 (1500 cm™?),22:28

Two thioketones have been investigated:
Xanthione 7a gives the oxygen analogue
in gquantitative yield, whereas Michler's
thioketone 7b produces its oxygen ana-
logue in 60% yield {(Table II), besides
3,3  =dichloro-4,4  —bis{dimethylamino }-

benzophenone 18 in 30% yield.

CH, g CHs
>w ¢ v
CH, CH,
c1 CL
18

The structural proofs of 18 are based
on precise mass measurement of M? 3136,
IR, NMR, and M$ (Exp.)

Thiocoumarin 8 produces 64% of couma-
rin {(Table II) and 20% of 3-chlorocou=
marin 19, O-Ethyl thiobenzoate 9 on
treatment with 1 -BuOCl gives excellent

yield of ethyl benzoate (Table II),while

0o
19
the reaction of both ethyl dithiobenzo-
ate and dithiobutyrolactone with { ~BuOCl
give complicated reaction mixtures.

The reaction of thiocarbonates with -
BuOCl is not simple. 0,0-Diphenyl thiow-
carbonate 10 produces the oxygen analow~
gue (738%, Table II) and phenol (33%).
Similarly, di-f~tolyl=-trithiocarbonate
11 gives the oxygen analogue in low
vield (33% , Table I1) besides unidenti-
fied products, O-Phenylene trithiocarbo-
nate 12 yield 55% of the oxygen analogue
{Table I1).

In order to elucidate the DS — =0 tans.
formation the reaction of xanthione, Ja

was performed in the presence of a free
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radical inhibitor: hydroquinone; the re-
action is found to give the same yield
as before. Furthermore, ESR analyses of
the reactions of 2d and 3 with ¢-BuOCl
did not indicate the presence of radi-
cals,

The first step in the reaction is thus
suggested to be the attack of the soft

chlorinium ion C1' on the soft sulfur
in the thiocarbonyl function under the
formation of the intermediate I. Subse-
quent attack of t{-BuO~ gives II. The

product is then formed through an intra-
molecular rearrangement according to the

following tentative scheme:

R

® R &
Scas G X-s-c1
R R

N = i
étl'ﬂ —_— RI/C—0+D+HC1+\

Hs C- !é-n
IH,\H
1I

In the reaction mixture elemental sulfur
and HCl are detected, The presence of i-
sobutylene is shown by bubling the gas
into a solution of HBr in acetic acid
and the presence of !-butyl bromide is

proven by GLC,

EXPERIMENTAL

1H NMR spectra were recorded at 60 MHz
on a Varian EM360 spectrometer. TMS was

sed as internal standards., ESR spectra
were recorded on a Varian E3 EPR spec-
trometer. IR spectra were recorded on a
Bechman IR-18 spectrometer. MS were re-
corded at a Micromass 7070F spectrometer
operating at 70 eV using direct inlet.

Microanalyses were carried out by Levens
Kemiske Fabrik, DK-2730 Ballerup (Micro-
analytical Lab.). The starting compounds
were prepared according to known methods
or were commercially available,

The >C=S — DC=0 Transformation

General Procedure. If not otherwise
stated, t-BuOCl solution (10 mmole in 5
ml dry CCl,) is added dropwise to a so-
lution of 10 mmole >C=S compound in 10
ml dry CCl, while stirring under nitro-
gen atmosphere at room temp. The reac-
tions were monitored by TLC

After the appropriate tlme, the reac-
tion mixture is evaporated on silicagel
and separated by column chromatography
using CH,Clz as eluent followed by 2%
MeOH/CH,Clp . Always elemental sulfur Sg
was separated as the first fraction ex-
cept in the case of thiocarbamates g.
where no sulfur was separated. In case
of thioamides and thiourea derivatives
the reaction mixture is neutralized at
first with NaHCO3; solution and extract-
ed with CH;Cl;. The organic layer is
dried with anh, MgSO,, evaporated and
then subjected to the column chromato-
graphy. Tables I and II indicate the re-
actions and yields. The products are sub-
jected to spectroscopic analyses and mp
measurements,

3,31Dichloro-N-methyl-2-thiopyrrolidi-
none 14b:

MY - 182,967 (Calc. 182.968).

The reaction of N,N-dimethyl-S-ph
dithiocarbonate 6 with ! -BuOCl

enyl

As the general procedure. Reaction
time 2 hrs at r.t, Diphenyldisulfide 16a
identical with authentic 16a, is isola-
ted in 51%. Traces of diphenyltetrasul-
fide 16¢c, in all respects identical
with authentic 16¢, is also isolated be-
sides of 16b, the diphenyltrisulfide
(from MS and TLC). Compound 202%:2°
isolated in 19% yield.

was

3,3-Dichloro=4,4'-bis(dimethylamino-)
benzophenone 18:

waxy. M! = 336.079 (calc. 336.03),
'H NMR (CDCl,3): 2.9 (1211, s) -CHy, 6.9
and 7 o; (2Hy s), 5, 5‘H, 7.47-7.8 (4H,
m), 2,2°,6, 6'1. Ms: 336 (M:, 100%), 301
(17%). 182" (43%, 167 (17%). IR: 1650
cm~! >c=0.

TABLE 1I.

Reaction of primary thioamides la-c with ?-BuOCl under formation of

1,2,4-thiodiazoles 13a-c

Thioamide Reacz;‘;:)ti"‘e Product mp () Yield (%)
la 13a 89 (1it,90)2° 98
1b 13b * 210-211 93
e 5° 13c (liquid) © 52
* Analyses. Found: C 50.93, H 2.62, N 16.93, S 9.71. Calc.: C 51.22

H 2,46, N 17,06, S 9.77 %

Exothermic

140-145 C, 2!

o

B.p.



The reaction of ¢-butyl hypochlorite with thiocarbonyl compound 1733
1
TABLE 1I, Experimental data for the R! =C-R® —~ R} -=C-R® transformation
React, time React.temp. Yield
. 1 2
Startlng R R (hI‘S) (oc) (%) _

2a Ph NH-Ph 3 Lo 95

2b Ph-CH; NH-CH, -Ph 1 40 87

2¢ Ph N(CHj; )2 1 40 88

24 ° Ph - P 1 4o 94

3 [y-cna 1/2 25 42 ©

4b * Ce Hy y NH HN-Ce H; 1/6 25 81

be * (CH3 )2 N HN-CHj, 1/2 22 40

0 -
. P
- a b
37, 8 4o 10
Etézzﬁﬂ

7a"® (:j:;I:j 1/6 25 100

76 ® £ ~(CH3 )oNCsHs  CsHaN(CHj)o-p 5 25 60 ¢

8° @f\ 1/2 25 6k ©

o-

9 Ph 0-C, Hg 4o 93
10 Ph-0 0-Ph 25 38 ¢
11 ® i ~CH;CeHa S S-Cg Hy CHy -p 4 25 33

S

12 E:]: N 2 25 55

12 W

Few drops of’

absolute ethanol were added to increase the solubility.
bxgess (50%) of t-BuOCl was used.

¢ By-products have also been isolated and characterized (Text).

3=Chlorocoumarin 19:

Mp. 121 % (1it.122-3).27 'H NMR
(cDC1,): & 7.72 (1H,s) v1ny11c H, 7.50-
6.95 (4H,m) Ph, MS: 180 (M:, 100%), 152
(48%), 123 (38%), and 89 (55%).

Acknowledgements - Thanks are expressed
to DANIDA for the post-doctoral fellow-
ship to one of us (M.T.M.E1.W). Thanks
are also expressed to Grindstedvarket,
Aarhus, for the sample of 5-ethyl-5-
phenyl thiobarbiturate.

REFERENCES

1. K.A,Jergensen,
S.-0.Lawesson,

(1982).

2. K.A,Jorgensen,

A.-B.A.G.Ghattas and
Tetrahedron 38, 1163

M.T.M.El-Wassimy and
S.-0.Lawesson, ibid, in press.

3. H.Singh, P,Singh and N.Malhotra, J.
Chei.Soc,,Perkin I 2647 (1981).

4, M.Mikolaczyk and J.Luczak, Synthesis
bo1 (1974).

Chem.&Ind. (London) 701
6. idem, Synthesis 114 (1975).

7. D.H.R.Barton, S.V.Ley and C.A.,Mer-
holz, Chem.Comm. 755 (1977).

8. N.J.Cussans, S,V.Ley and D.H.R.Bar-
ton, J.Chem,Soc.,Perkin I

9. M.Mikolajczyk and J.Luczak,

5. idem,

J.0rg.,

(1974).

1650 (1980).

10.

11,

12,
13.

14,

17.

18,

21,

Chem. 43, 2132 (1978).

S.Tamagaki, I.Hatanaka and S.Kozuka,
Bull.Chem, Soc,Japan 50, 3421 (1977).
W.Ried and W.von der Emden, Angew.
Chem, 72, 268 (1960).

6h2, 128 (1961),
S.Ayral-Kaloustian and W,.C.Agosta,
Synth.Comm. 11, 1011 (1981).
K.A.Jergensen and S.-0,Lawesson,
Chemica Scripta 20, 227 (1982),

T.L.Ho, Hard and Soft Acids and Ba-
ses Principle in Organic Chemistry,
Academic Press (1977).

idem, Lieb,Ann.Chem.

R.G.Pearson, Hard and Soft Acids
and Bases, Dowden, Hutchinson and
Ross, Inc,, Stroudsbury, Pennsylva-
nia (1973).

M.Anbar and D.Ginsburg,
54, 927 (1954).
T.Kodama, M,Nakabayashi, O.Takashi-
ma, Y.Bando and M.Komatsu, Jagan
Kokai 75, 13, 355 (Ci. 16C 781,7)
{1975)3 thr. C.A. 83, 96797C (1975),

S.Furumoto, on Kagaku Zasshi
(h) 359 (197d§7‘?3?§'6‘x“737-
34714h,

M.W.Cronyn and T.W.,Nagakawa,
Chem, Soc. 74, 3693 (1952).

V.W.Walter, Ann. 633, 35 (1960).

Chem,Rev.

J.Amer,



1734

R2,

23.

24,

% NB!

M. T. M. EL-WassiMy ¢f al.

H,J.Emeléus, A.Haas and N, Sheppard,
J.Chem,Soc. 3168 {1963},

H,Eilingsfeld, M,Seefelder and H,
Weidinger, Chem.Ber. 96, 2899 (1963}

D,H.Williams and I.Flemming, "Spec=-
troscopic Methods in Orpanic Chemi-
stry", 3rd ed. (1980), McGraw-Hill,
London,

Correction - please read on p,t,
Abstract, line 8, *Michler's thio-
ketone! instead of 'Michler's ke~
tonet,

25. D.S,Hector, Chem,Ber. 22, 1176

26.

27.

28,

29.

(1889),
A,R,Butler, C.Glidewell and D.C.
Liles, Acts Cryst. B34, 3241 (1978).
S,J.Barer, U.S. 3, 919, 232 {1975);
thr, C.A. 8%, 595hoy.

E.C.Gregg,Jr., J.Amer,Chem,Soc. 74,
3691 (1952},

L,A,Brooks and R.T.O0'Chaughnessyj
Fr. 1.381.692 {(c1.401, C 07 cd)
{1964); thr, C.A. 62, 9024b (1965).




