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Abstract - The reaction of C-butyl hypochlorite with different 
tlriocarhonvl comoounds has been studied. Primarv thioamides 
la-c give i,2,4-ihiadiazole derivatives: N-Phenilthiourea 4a 
=a 5-imino-4-phenyl-3-phenylamino-4,5-dihydro-l,Z,li-thia~a- 
zoline 3. Secondary and tertiary thioamides 2a-d, N-met+yl-2- 
thiopyrrolidinone 1‘ N,N'-dicyclohexylthioure~~~ N,N,N -tri- 
cnethyltltiourea %, 5-ethyl- 

k 
-phenylthiobarbituric acid.& xan- 

thione 2, Michler's keton & thiocoumarin f3, O-ethylthioben- 
Toate z1 O,O-diphenylthiocarbonate E , di_P-tolyl and o-phenyl- 
ene trithiocarbonates 2 and 12 have all afforded the oxygen 
analogues. h,N-Dimethyl-S-phenyldithiocarbonate 6 produces a 
mixture of di-, tri-, and tetrasulfides, A mechGism for the 
)(:=s.-e >C=O transformation is suggested in accordance with the 
zurd and Soft &ids and Bases (HSAB) principle. 

Tl~e transformation of thiocarhonyl com- 

pottntis to their corresponding oxygenana- 

loc%'rs b;+s received considerable atten- 

tion durilrg recent years. Different meth- 

ods are known, including sodium nitrite 

anrt h;-rritros;tmines in aqueous acid solu- 

tion,' I7 potnshiurr,-t-butoxide,3 sodium 

ethaxidc,3 sodium hydroxide under condi- 

tions ot’ phase transfer catal.ysis,3 DMSO/ 

wlds, I5 DMSO/I, ,’ his-(; -methoxyphenyl) 

trlluroxidc,7 lwnzene seleninic anhydri- 

th?,e diaryl- and dimethyl selenoxide"" 

and Ag+ in dioxane/uater.ll IL2 Recently, 

trimeti~ylp~~ospf~~dt? al&d iron pentacarho- 

rryi have also hecn used for this trans- 

t’ornl;-rt Ion.‘3 

111 recelrt papers1 *a*C* the HSAR prin- 

ciple’” ~3% inCroduced for an understand- 

itle oi’ the ;C=S -+yC=O transformation, 

assuming tl~lt the borderline (soft) ‘NO 

sprcies attacks the soft sulfur of the 

tttiot-or-tony1 ~:ro~p,~~and hy subsequent 

hydrolysis the carbonyl compound is pro- 

duced. As a continuation of this *'or-k, 

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 Cl’, the borderline soft aci6d. 

It should be noticed that t-BuOCl is of 

relatively high stability and easy to 

prepare.>' 

Literature search revealed that in a 

recent patentI some thfoureas havebeen 

transformed into their corresponding ox- 

ygen analogues using t-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 t-BuOU 

in anhydrous tetrachloromethane for a 

variety of thiocarbonyl compounds. Mech- 

anisms for the formation of 1,2,4-thia- 

diazoles and for the >C=S-->CsO trans- 
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formation are presented. The lli NFfR spectrum of u shows the 

shift8 of the aromatic hydrogens center- 
RESULTS AND DISCUSSION 

ed at 6 7.5, 8, and 8.33 in the ratio 

Primary thioamides la-c react with 3:1:1, respectively. All other spectro- 

C-BuOCl in anhydrous Ccl, togive 1,2,4- scopic data are also consistent withthe 

thiadiazole derivatives 13a-c of which structures22 of u, u and j&. 

2 and 2 are known20*z' andare identf- For the formation of u from 1 it is 

cal in all aspects with authentic samp- suggested that the first step is a soft- 

les. High yields of B and 2 are found soft interaction between Cl* and the thio- 

R ! NH -- 2 
c-3uoc1, RJ-- 

carbonyl group (Scheme l), *and different 

i f" 
mechanisms for the subsequent formation 

of 12 are then envisaged (e&2. Routes A 
1 a R 

and/or B). It should be noted that the 
13 

2: R = Ph nitrile (RCN) is always observed inthese 

br R =-Q-W 
reactions. 

$_: R = CH, 
The reaction of secondary and tertiary 

thioamides Za-d with t-BuOC1 affords&&r 

(2 93%), whereas * is isolated in 52% 
oxygen analogues (Table II). 

yield (Table I), 
The thiolactam N-methyl-2-thiopyrroli- 

In M.S. the molecular ion8 are always 
dinone 2 gives the known oxygen analogue 

observed and the loss of nitrile follow- 
in 42% yield (Table II) besides thekllMi 

ed by sulfur expulsion are also typical 
3,3-dichloro derivatives ikt"(l@)and 1162 

fragmentations. (7%). 
y ,Cf 

a: R = Ph 

2: R = +NOx 

c: R = CH, 

Scheme 1 

; 
R-C-NH2 

t-IiuoCl 
-t-BuOH 

1 

Route B 



The reaction of r-bulyl h~hio~te with thiocarbonyi compound I??‘1 

M.S. for _l& shows the molecular ion 

(Mt, 50%) at m/e 167, 169, and 171 with 

the isotopic ratio of two chlorineatoms, 

m/e 132 (Mt-Cl', loos), and m/e 110 (Mt- 

CHsNCO, 40%). 

The structural proofs of J4i& arebased 

on precise mass measurement for Mf, 183 

(Exp,) and other spectroscopic analyses: 

MS shows m/e 183,185,187 (~~4l~)~th isoto- 

pit ratio of 2 chlorineatoms,m~ 148 (Mf-Cl, 

100%) and m/e 105 (36%). 'H NMR (CDCls) 

shows peaks at 2.8-3.1 (2H, t) H4, 3.25 

(3M, s) for the methyl group hydrogens, 

and 3.5-3.8 (2H, t) H5. The IR spectra 

show peaks assigned to thioamide &C-N< 

(tj2j em-', s) and )c=S (1175 ca~-').~' 

Somethioureaderivatives were subject+ 

ed to this study. Thus, N-phenylthfourea 

5 reacts with ?-BuOCl to give theknown 

5-imino-4-phenyl-3-phenylamino-4,5-dihy- 

dro-l,Z,&thiadiazoline _L1 2s*26 in 46% 

yield. Both N,N'-dicyclohexylthiourea 

-Fh 

8 
Ph-h-H-C-NH= 

t-BuOCl )- 

$t& and 9,N,N' -trimethylthiourea & af- 

ford the oxygen analogues (Table II). 

N,N,N',S'-Tetramethylthiourea gives a 

complicated mixture which has not been 

identified. 

5-Ethyl-5-phenylthiobarbituric acid 2 

reacts with t-BuOCI to give its oxygen 

anaiogue in lol; yield (Table II), while 

it is stated that under other conditions 

the N-chlorinated derivatives can be i- 

solated.27 

The reaction of N,N-dimethyl-S-phenyl- 

dithiocarbamate a with t-EuOCl produces 

a mixture of 51% diphenyldisulfide 16a 

besides traces of tri- and tetrasulfides 

t6b and c, and dimethylcarbamoyldimethyl- 

thiocarbomoyl disulfide x (17% yield)?"2* 

Ph s F N/CH3 t - EUOCI. 
w-m 

6 \CHa 
Ph..(S)n-Ph + 

16 

CH3-xN 1 s s j N,CH3 .w____ 
a: n = 2 

w’ ,1 'CHs 
b:n=3 
2s n=4 

MS for 16b shows peaks at fa/e 250 (Mt), 
218 (M+-S), 141 (Ph-S-S*), and 109 

(Ph-S* ). MS for 16~ shows peaks at m/e - 
282 IN?, 3%), 250 (Mt-S, 2?%) 218 

(Mt-2S, 91%), 186 (M?-3S, 5%, m/e 141 

(Ph-s-s+, 45%),and 109 (Ph-S+, 100%). 

MS for lJ_ ehows peaks at "it! 224 (M?, 

4%). 192 (Mf-S, Zj%), 88 (MeeNCS', g6%), 

and 72 (MeeNCO*, 100%). 'H NMR (CDCls) 

for B shows peaks at 3 (6X, a) 2CHs at- 

tached to N-CO, 3.44 (3H, s), and 3.5 

(3H, 5) 2CHs attached to S&S splitted 

due to hindered rotation around the N-C 

bond. Its IR shows peaks assigned toN-H 

stretching (3330 cm-'), C=O (1665 cm-') 

and >N-&zS (1500 cm-').2s*28 

Two thioketones have been investigated: 

Xanthione CLrj? gives the oxygen analogue 

in quantitative yield, whereas Michler's 

thiaketone z produces its oxygen ana- 

logue in 60% yield (Table II), besides 

3,3'-di~hloro-4,4'-bis(dimethylami~o)- 

benzophenone E in 30% yield. 

The structural proofs of _l& are based 

on precise mass measurement of Mf 336, 

IR, NMR, and MS (Exp.) 

Thiocoumarin 2 produces 64% of couma- 

rin (Table XI) and 20% of 3-chlorocou- 

marin 3. O-Ethyl thiobenzoate 2 on 

treatment with t-BuOCI gives excellent 

yield of ethyl benzoate (Table II),while 

the reaction of both ethyl dithiobenzo- 

ate and dithiobutyrolactone with t-BuOCl 

give complicated reaction mixtures, 

The reaction of thiocarbonateswith t- 

BuOCI is not simple. O,O-Diphenyl thio- 

carbonate 0 produces the oxygen analo- 

gue (38%, Table II) and phenol (33%). 

Similarly, df+-tolyl-trithiocarbonate 

z gives the oxygen anaiogue in low 

yield (33% , Table II) besides unidenti- 
fied products. 0-Phenylene trithiocarbo- 

nate E yield 55% of the oxygen analogue 

(Table II). 

In order to elucidate they->Otmrm- 

formation the reaction of xanthione, & 

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 2 with t-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 Cl' on the soft sulfur 

in the thiocarbonyl function under the 

formation of the intermediate I. Subse- 

quent attack of L-BuO- gives II. The 

product is then formed through anintra- 

molecular rearrangement accordingtothe 

following tentative scheme: 

R\ 0 
,c-s L R e \c -S-Cl 

t- 
R' I?" 

I 

+ S + HCl + < 

II 

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 t-butyl bromide is 

proven by GLC. 

EXPERIMENTAL 

'H NW? spectra were recorded at 60MHz 

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 707OF spectrometer 

operating at 70 eV using direct inlet. 

Microanalyses were carried out byLsvens 
Kemiske Fabrik, DK-2750 Ballerup (Micro- 
analytical Lab.).The starting compounds 
were prepared according to knownmethods 
or were COmmerCially available. 

The >c=S - 7C=O Transf'onnation 

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 x=S compound in 10 

ml dry CC14 while stirring under nitro- 

gen atmosphere at room temp. The reac- 

tions were monitored by TkC. 
After the appropriate time, the reac- 

tion mixture is evaporated on silicagel 

and separated by column chromatography 
using CHzCla as eluent followed by 2% 

MeOH/CH2C12. Always elemental sulfur S, 
was separated as the first fraction ex- 

cept in the case of thiocarbamates 6. 
where no sulfur was separated. In case 
of thioamides and thiourea derivatives 
the reaction mixture is neutralized at 
first with NaHC03 solution and extract- 

ed with CHoC12. 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. 

3,3LDichloro-K-methyl-2_thiopyrrolidi- 
none 14b: -- 

Mt = 182.967 (Calc. 182.968). 

The reaction of N,N-dimethyl-S-phenyl 
dithiocarbonate 5 with t-BuOCl 

As the general procedure. Reaction 

time 2 hrs at r.t. Diphenyldisulfide l6a 

identical with authentic 5, is isolr 

ted in 51%. Traces of diphenyltetrasul- 

fide a, in all respects identical 

with authentic &, is also isolatedbe- 

sides of a, the diphenyltrisulfide 

(from MS and TLC). Compound ~"*" was 
isolated in 19% yield. 

3.3'-Dichloro-4.4'-bis(dimethylamino-) 
benzophenone 18 -: 

Waxy. Mt = 336.079 (Calc. 336.0.3). 

'H NMR (CDCl,): 2.9 (12H, s) -CH3, 6.9 

and 7.03 (2H1 s), 5,5'H, 7.47-7.8 (4H, 
m), 2.2 ,6,6 H. MS: 336 ($9 JO@;), 301 

(11p);cit2 (43%, 167 (17%). IR: 1650- 
Ctll . 

I. TABLE Reaction of primary thioamides la-c with t-BuOCl under formation 01 
1,2,4-thiodiazoles 13a-c 

Thioamide 
Reaction time 

(min) 
Product mp FC) Yield (%) 

la - 

lb 
- 

IC 
- 

5 & 89 (lit.90)" 98 

210-211 5 2' 97 

b ' 5 J& (liquid) 52 

' Analyses. Found: C 50.931 H 2.62, N 16.93, s 9.71. Calc.: c 51.22, 
H 2.46, N 17.06, s 9.77 % 

' Exothermic 

c B.p. 140-145 OC.2' 
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TABLE 11. Experimental data f‘or the transformation 

Starting RI R' 
React.time React.temp. Yield 

(hrs) ("C) (%) 

2a Ph NH-Ph 3 40 - 95 

2h Ph-CH; NH-CHe-Ph 1 40 - 87 

2c Ph - N(CHs)e 1 40 88 

2d b Ph - -N3 1 40 94 

2 D-CHs l/2 25 42 ' 

4h ' - CsH,l NH HS-Ce H, 1 l/6 25 81 

4c a - (CHs)eN HN-CHs l/2 22 40 

i * ,b 8 40 10 

2" l/6 25 100 

2" I -(cH~ )z~~e~l CkHaN(cHs)z-;1 5 25 60 = 

8 D l/2 25 64 ’ 

2 Ph 0-CeHg 2 40 93 

10 Ph-0 0-Ph 2 - 25 38 = 
11 D i 4 - -CHsCsHdS S-CsH,CH,+ 25 33 

12 2 - 25 55 

-Few drops of' absolute ethanol were added to increase the solubility. 
'Excess (50%) of t-BuOCl uas used. 
'Hy-products have also been isolated and characterized (Text). 

3-Chlorocoumarin 9: e. Q, 2132 (1978). 

Hp. 121 'i (lit.122-3).27 'H NMR 
(CDCl,): 6 7.72 (lH,s) vin lit H, 7.50- 
6.95 (4H,m) Ph. MS: 180 (MT lOO%), 152 
(48%), 123 (38$.), and 89 (5;%). 
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