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The reactions of oxaziridines 1 with carbon disulfide (2) and phenyl isothiocyanate (8) have been studied. 
With carbon disulfide, 2-n-alkyl- or see-alkyloxaziridines give alkyl isothiocyanates (quantitatively), carbonyl 
compounds, and sulfur. Similar reactions between 1 and 8 form carbodiimides 9, but under mild experimental 
conditions 1 and 8 react to yield considerable amounts of either and/or the thiadiazolidinethione isomers 10 and 
11. 2-tert-Butyloxaziridine If does not react with 2, but reacts with 8 to afford oxadiazolidinethione 12 and ox- 
adiazolidinone 13. 

In the preceding paper,l we reported the reactions of 
oxaziridines with a ketene, isocyanates, and a carbodi- 
imide, showing that the results are quite different from 
those of oxiranes and of aziridines. In the reactions, oxa- 
ziridines gave 1: 1 cycloadducts or unstable three-mem- 
bered intermediates, which further reacted with the cu- 
millenes to give stable heterocycles, with the release of 
carbonyl compounds. 

In the present study, the reactions with sulfur-contain- 
ing heterocumulenes such as carbon disulfide and an iso- 
thiocyanate are described. From one heterocumulene, in 
these reactions, another heterocumulene was obtained 
along with a carbonyl compound and sulfur uia unstable 
intermediates. The further reactions of the intermediates 
giving heterocycles were also observed. 

Such a characteristic difference caused by a sulfur 
atom, which is generally a good leaving group or easily ex- 
changeable with an oxygen atom, can be expected from 
the following reactions of the cumulenes. In the reactions 
with ethylene oxide, for example, carbon disulfide gives 
ethylene carbonate and ethylene trithiocarbonate2S3 and 
phenyl isothiocyanate gives 1,3-oxazolidin-%one4 9 5  or iso- 
cyanate t ~ i m e r , ~ , ~  though 1:l cycloadditions are observed 
in the reactions of propylene oxide,3 ethylene ~ u l f i d e , ~  or 
aziridines7v8 with carbon disulfide, aziridines with phenyl 
isothiocyanate,8 and ethylene oxide with N-acyl isothiocy- 
anate .5 

Results and Discussion 
Reaction with Carbon Disulfide. In the reaction of 2- 

n-alkyl- or 2-cycloalkyloxaziridine la,c,e,g,j with carbon 
disulfide (Z) ,  an isothiocyanate 3 was quantitatively ob- 
tained. The results are shown in Table I. 

The products were characterized by the strong infrared 
absorption band at  2120 cm-1 (N=C=S). They were 
identified and determined by glpc or by converting them 
into thiourea derivatives. No reaction was observed for 2- 
tert-butyloxaziridine If in refluxing carbon disulfide; and 
the rearrangement of the oxaziridine If to a-phenyl-N- 
tert-butylnitrone ( 5 )  occurred under severe conditions, but 
a small quantity of tert-butyl isothiocyanate was detected 
by ir and glpc. 

The reaction is assumed to proceed via a thiaziridine- 
thione intermediate 6 (Scheme I), which readily decom- 
poses into an isothiocyanate 3 and sulfur. A similar as- 
sumption has been proposed for the reactions of the oxa- 
ziridines with diphenylketene and with diphenylcarbodi- 
imide. The decomposition of the intermediate 6 occurs 
much faster than its further reaction with carbon disulfide 
because of the poor stability of the intermediate 6 caused 
by the sulfur atom in the ring and because of the low elec- 
trophilicity of carbon disulfide. In this reaction, an unsta- 
ble thioperoxy intermediate 7, a 1:1 cycloadduct of an ox- 
aziridine and carbon disulfide, is also possible, taking into 
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account the strong affinity of sulfur and oxygen along with 
a large ring strain of the intermediate 6. Such intermedi- 
ates having a sulfur-oxygen bond are known in many 
reactions, for example, synthesis of sulfinylimine from p -  
toluenesulfonamide and a sulfoxide via a 1,3-dioxa- 
2,4,6,54rithiazine intermediate.g 

3 + 4 + S, 

7 

The reason for no reaction of the oxaziridine I f  with 
carbon disulfide other than the rearrangement of If to an 
isomeric nitrone is apparently due to a combination of 
factors involving both the steric hindrance to addition by 
the bulky N-tert-butyl moiety and the low electrophilicity 
of carbon disulfide. 

Reaction with Phenyl Isothiocyanate. I t  is very inter- 
esting to observe whether an isothiocyanate will behave 
like carbon disulfide or an isocyanate in the reaction with 
oxaziridines. A carbodiimide should be given in the for- 
mer case and a 1:l cycloadduct in the latter. 

At l l O o ,  the reaction of 2-cyclohexyl-3-phenyloxaziri- 
dine (le) gave N-cyclohexyl-N’-phenylcarbodiimide (9e) 
with benzaldehyde and sulfur, showing that the reaction 
surely proceeded by such a mechanism as assumed in the 
reaction with carbon disulfide. Though carbonyl com- 
pounds and sulfur were quantitatively obtained in the 
reactions of other 2-n-alkyl- or see-alkyloxaziridines la- 
d,k, none of the corresponding carbodiimides were isolat- 
ed. This was because of polymerization of the resulting 
carbodiimides. 

The reaction was remarkably changed with a decrease 
in the reaction temperature. At go”, the reaction of these 
oxaziridines gave thiadiazolidinethione derivatives 10, 11, 
and benzaldehyde. That not only a considerable amount 
of sulfur was isolated but also benzaldehyde was obtained 
in more than 100% yield (calculated based on the reaction 
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R # t.Bu 

Table I 
Reaction of Oxaziridine with Carbon Disulfide 

R 
‘CpN-R” + S=C=S ----t R’’-X=C=S + RR’CO + s, R /  \ ./ 

0 2 3 4 
1 

Ph\ ,c 
r;’ ‘N-Ph + RR’CO + S, 
S,,/ 4 

\N- R” 

k 11 

I ---Yield, 5na 
0 
t Reactiona 

R R’ R” 3 4 time. hr s, RR’C=N-R” 
7 -0xaziridine (1) 

l a  
IC 
l e  
1g 
1j 
I f  
I f  
I f  

CHI 6 . 0  97 100 92 
n-C4Hg 7.0 55e 61e 84 
C-CeHu 7.5 84 90 82 
n-CaHg 5.0 84 98 100 
CHI 5.0 94 100 93 
t-C4Hg 30 .0  f 
t-CdHg 33.  Ob 3 8 0  

t-CdHg 7 . 0 ~  h h 95 

a Refluxed with excessive amount of 2. * At 70’ in a sealed tube, c At 100‘ in a sealed tube. d Yields of 3 and 4 were deter- 
mined by glpc. e Determined by distillation, f Unreacted I f  was recovered quantitatively. 0 Unreacted I f  was recovered. 

t-BuNCS, PhCHO, and t-BuN=CHPh were detected by ir and glpc but not isolated. 

between 1 mol of 1 and 2 mol of 8) indicates that the 
reactions include the path leading to a carbodiimide 9. 

R 
\C-N-R“ 

R”= t-Bu - 

isopropyl isothiocyanate, phenyl isothiocyanate, N-isopro- 
pyl-N’-phenylcarbodiimide, and sulfur. These products 
well supported the structure of 10d. The compound IOd 
was unchanged when it was heated in refluxing benzene or 
toluene, but rearranged to the isomer Ild (61% yield) 
when a catalytic amount of triethyl phosphite was added 
to the solution. A large amount of the phosphite caused 
desulfurization to give phenyl isothiocyanate (17%), iso- 
propyl isothiocyanate (17%), diphenylcarbodiimide (7%), 
the rearranged isomer lld (trace), and triethyl phosphite 
(64%). Reduction with LiAlH4 and acidic hydrolysis of the 
compound 10d gave N, N‘-diphenylthiourea and N-isopro- 
pyl-N’-phenylurea, respectively. The former may be 
formed via the rearranged isomer lld. 

PhNCS + z-PrNCS + z4PrXCNPh -t S, 
25% 34% 26% 61% 

# S 1 LiAlH, LiAlH, I1 
[lldl - PhNRCN’HPh 

/ /  32% 

0 
/ 

H’, H,O II 
Ph 2 \. /C 

I \Pu’-Pr-i - PhNHCNHPr-i 
S b  / 87% 

c, 

%-Ph 

recovered 
10d \ in refluxing ~ 

P(OEt), PhII or CH,Ph 

in PhH 

P(OEt)3 

17% 17% 7% 64% 

i 
lld - PhNCS + i-PrNCS + PhNCNPh + SP(OEt), 
61% 

The strucure of the major product of the reaction of the 
oxaziridine If with phenyl isothiocyanate, namely 2-tert- 
butyl-3,4-diphenyl-l,2,4-oxadiazolidine-5-thione (E), was 
also determined by spectral and analytical data. The 
minor product, 2-tert-butyl-3,4-diphenyl-l,2,4-oxadiazoli- 
din-5-one (13), is identical with the cycloadduct of the ox- 
aziridine and phenyl is0cyanate.l 

A possible reaction scheme to explain the products of 
the reaction of oxaziridines with phenyl isothiocyanate in- 
volves the formation of a thiaziridineimine intermediate 
14 with the release of a carbonyl compound 4. At higher 
temperatures the intermediate 14 thermally decomposes 
into a carbodiimide 9 and sulfur (Scheme 11) as postulated 
for the reaction of oxaziridines with carbon disulfide. At 
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Table I1 
Reaction of Oxaziridine with Phenyl Isothiocyanate 

\ 

+ PhNCS - C - N- R” 
R” \o/ 

8 
1 

10 11 12 13 

7- Conditionsa- 
r----0xaziridine (1) -. Moleratio Temp, Time,c ,-------- Yield, %--------- 

R R’ R“ 1:sb oc hr s d  108 11e 12d 13d 4 e  S , d  

CH3 1.0 110 3.0 191 90 
192 82 C-CoHii 1.0 110 3.0 58 

CHa 1.0 100 1.2 6 188 69 
CzHs 0.6 85 2.6 22 4 119 19 
n-CaHg 1.0 90 3.0 8 28 122 30 
i-C3H, 0.7 90 5.5 36 1 98 1 
C-CsHii 1.0 90 5.5 g 58 117 2 
t-C4Hg 1.0 105 2.0 68 19 
COCsHs 1.0 1151 7 . 0  h 
CHzCeHs 1 . 0  100 1 . 4  7 143 67 

a Relatively small amount of benzene was added. * 8: phenyl isothiocyanate. c Allowed to react until ir absorption of 8 
disappeared. Based on equimolar reactions. e Based on reaction between 1 mol of 1 and 2 mol of 8. Hence, the yield of 4 is 
200% when the reaction is completely equimolar. f Toluene was employed as a solvent. The product corresponding to 10e 
was detected by ir but could not be purified. h The oxaziridine l i  rearranged to 2,2-pentamethylene-5-phenyl-1,3,4-dioxazoline 
in 53% yield. 

Scheme I1 
r( Ph-N=C=S 

A 

9 + s, 14 

lower temperatures, the intermediate 14 is somewhat 
more stable and it reacts with an additional molecule of 
the isothiocyanate, giving thiadiazolidinethiones. The for- 
mation of two isomers can be explained in terms of the 
two paths shown in Scheme 111. The one is formed by the 
nucleophilic attack of the ring nitrogen atom to an iso- 
thiocyanate (path a )  and the other is formed by the attack 
of the imino nitrogen atom (path b). According to the fact 
that the thiadiazolidine 10d rearranged to the isomer lld 
in the presence of triethyl phosphite, possibility of the 
rearrangement of 10 to 11 during the reactions may not be 
excluded. The rearrangement is considered to be promot- 
ed by stabilization of the intermediate 15. 

k -Ph ] 
15 

In the reaction giving thiadiazolidinethiones, the equi- 
molar reaction forming a carbodiimide occurs simulta- 
neously. Therefore, it is reasonable that a carbonyl com- 
pound was obtained in more than 100% yield when i t  is 

L 

+ 
Ph-N=C=S 

1 
S -N-R” 

\c/ 
/N 

II 
Ph 

path a 1 
[I41 + PhNCS 
path b 4 

Scheme I11 

- 10 

- 11 

calculated on the basis of the reaction giving thiadiazoli- 
dinethiones. 

As an alternative mechanism, a 1:l cycloadduct inter- 
mediate instead of the three-membered intermediate can- 
not be excluded for these reactions. This possibility is al- 
ready mentioned in the reaction with carbon disulfide. 
Thermal decomposition and the further reaction of this 
intermediate will also lead to the reaction products. 

The reaction of 2-tert-butyloxaziridine If with phenyl 
isothiocyanate to yield the oxadiazolidinethione 12 can be 
rationalized by invoking the steric arguments used to ex- 
plain the reaction of If with isocyanates and a carbodi- 
imide.l The formation of the minor product 13 is ascribed 
to the replacement of a sulfur atom by an  oxygen atom of 
an oxaziridine during the reaction, as the ir spectrum of 
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the reaction mixture showed the formation of 13, and 
partly to the replacement during column chromatography. 

The difference from the reaction with carbon disulfide 
is due partly to the greater electrophilicity of the center 
carbon OT an isothiocyanate, which is less than that of an 
isocyanate and comparable with that of a carbidiimide or 
a ketene, and partly to slightly larger stability of the in- 
termediate 'I4 compared with the intermediate 6. 

Experimental Section 
Melting points (uncorrected), ir, nmr, and mass spectra, and 

glpc data were obtained on the same apparatus reported in the 
preceding paper.l Mass spectrometry was performed at  70 eV. All 
the reactions were carried out under a nitrogen stream in the ap- 
paratus reported previous1y.l 

Materials. Phenyl isothiocyanate was purchased from a com- 
mercial source. 

2-Alkyloxaziridine la-g,k and 2-benzoyloxaziridine li  were pre- 
pared by the procedures reported in the preceding paper1 and the 
oxaziridine l j  by Schmitz's method.12 Boiling point and yields of 
2-methyl-3,3-pentamethyleneoxaziridine (1  j) and 2-benzyl-3- 
phenyloxaziridine ( lk ) ,  which was used without distillation, are 
as follows: Ij, bp 63-64" (13 mm), 50%; lk, 84%. The data on the 
other oxaziridiries are described in the preceding paper.l The 
purities (active oxygen content: AO) were determined by iodome- 
try. 

A. Reaction with Carbon Disulfide. Reactions of the  Qxazir- 
idines la, Ig, and 14. A mixture of the oxaziridine la (8.1 g, 54 
mmol, A 0  90%) and carbon disulfide (2, 13.5 g, 178 mmol) was 
refluxed for 6 hr. After removal of the excess of 2, 1.62 g (93%) of 
sulfur precipitated and was filtered off. The filtrate was distilled, 
but N-methyl isothiocyanate (3a) and benzaldehyde were not 
separated satisfactorily; infrared spectra of the distillates indicat- 
ed absorption bands a t  about 2120 (N=C=S) and 1700 cm-1 
(CHO). Determination of the yields and identification were made 
by glpc on the combined distillates. 

The other two runs were carried out by the same procedure, 
starting with the oxaziridine l g  (6.0 g, 28 mmol, A 0  90%) and 
carbon disulfide (2, 10.0 g, 132 mmol), the oxaziridine I j  (5.0 g, 34 
mmol, A 0  86%), and 2 (8.7 g, 114 mmol), respectively. The 
amount of sulfur precipitated was 0.91 (100%) and 1.0 g (93%), 
respectively. 

Retention times of the products were identical with those of an 
authentic sample.13 Operating conditions of glpc were as follows: 
column, 4 mm x 2 m Apiezon Grease L 10% on Diazolid L 60-80 
mesh; carrier gas Hz, 34 ml/min; column temperature, 103 
(CH3NCS) and 145" (C~HQNCS) ;  retention time, 1.6 min 
(CHsNCS) and 3.7 min (CJ19NCS). 

Reaction of Qxaziridine IC and le. A mixture of the oxaziri- 
dine IC (40.2 g, 54 mrno!, A 0  94%) and carbon disulfide (2, 12.9 g, 
170 mmol) was refluxed for '7 hr. After removal of the excess of 2 
and of sulfur (1.45 g, 84%), the filtrate was treated with 40% 
NaHSOs and extracted (ether). The aqueous layer was treated 
with NaOH, extracted (ether), dried (NaZS04)! and distilled to 
give benzaldehyde (3.8 g, 66%). The ethereal solution was dried 
(NazS04) and distilled to afford n-butyl isothiocyanate (3c, 3.4 g, 
55%), hp 76" (26 mm): ir (neat) 2120 cm- l  (-NCS). Furthermore, 
the compound 3e was allowed to  react with n-butylamine to give 
N,N'-di-n-butylthiourea: mp 64.5-65.5"; ir (Nujol) 3290 (NH), 
1418 and 1215 (6-S), 1520 cm-1 (NH, CN). 

Anal. Calcc! for CsHzoNzS: C, 57.40; H, 10.70; N, 14.87. Found: 
C, 57.68; H,  10.79; S, 14.70. 

T ie  reaction of the oxaziridine l e  (10.0 g, 44 mmol, A 0  89%) 
with 2 (10.0 g, 132 mmol) was carried out as described above, and 
cyclohexyl isothiocyanate (3e,  5.2 g, 84%), benzaldehyde (4.2 g, 
go%), and sulfur (1.15 g, 82%) were obtained. The isothiocyanate 
3e was treated with cyclohexylamine to give N,N'-dicyclohexyl- 
thiourea (3e), bp 85" (7.5 mm), ir (neat) 2120 cm-I (-NCS), and 
thiourea, mp 185.5-187", ir (Nujol) 3210 (NH), 1413 and 1226 
(C=S), and 1505 cm-I (NH, CN) .  

Anal. Calcd for C13H24N~S: C, 64.95; H,  10.06; N, 11.65. 
Found: C, 64.94; H,  10.36; N, 11.79. 

Reaction of the Oxaziridine If. A mixture of the oxaziridine If 
(8.2 g, 45 mmol, A0 9870) and carbon disulfide (2, 11.0 g, 144 
mmol) was refluxed for 30 hr. The oxaziridine was recovered 
quantitatively by distillation. 

In a 25-ml glass tube, a mixture of the oxaziridine If (8.0 g, 44 
mmol, A 0  98%) and 2 (5.4 g, 71 mmol) was sealed and allowed to 
stand at  70" for 33 hr. The excess of 2 was removed and the resul- 

tant solid was filtered and recrystallized (hexane) to give a-phe- 
nyl-N-tert-butylnitrone (3.0 g, 38%): mp 74-75" (mixture melting 
point of the mixture of the product and an authentic sample14 
was not depressed); ir (Nujol) 1562 (C=N), 1192, and 1120 cm-I 
(NO); the spectrum was identical with that of the authentic sam- 
ple. 

Under severe conditions (loo", 7 hr),  6.8 g (95%) of the nitrone 
was obtained from the oxaziridine If (8.1 g, 40 mmol, A 0  88%) 
and the sulfide 2 (6.1 g, 80 mmol). 

B. Reaction with Isothiocyanate. Reaction of the  Oxaairi- 
dine la. To a solution of phenyl isothiocyanate (8, 10.0 g, 74 
mmol) in benzene (10 ml), the oxaziridine la (10.0 g, 52 mmol, 
A 0  70%) was added dropwise with stirring and allowed to react 
for 2 hr. The temperature of the mixture was maintained at  110". 
The mixture was distilled to give 7.5 g (191%) of benzaldehyde 
and a small amount of unreacted 8. The residue was chromato- 
graphed (basic aluminum oxide-benzene) to give 1.5 g (90%) of 
sulfur. 

At loo", 3.6 g (188%) of benzaldehyde, 0.8 g (69%) of sulfur, 
and 0.30 g (6%) of 4-methyl-2-phenyl-5-phenylimino-l,2,4-thiadi- 
azolidine-3-thione (1Oa) were obtained from the reaction between 
the oxaziridine la (6.1 g, 37 mmol, A 0  81%) and the isothiocyan- 
ate 8 (4.9 g, 36 mmol) for 1.2 hr. 

Thiadiazolidinethione IOa was obtained as pale yellow needles 
(from EtOH): mp 131-132.5"; ir (Nujol) 1610 cm-I  (C=N); mass 
spectrum m / e  299 calcd 299), 226 (M+ - CH3NCS), 194 

(PhNCSt ) .  
Anal. Calcd for C1bH13N3S2: C, 60.17; H, 4.37; N, 14.03. 

Found: C, 59.85; H, 4.10; N, 13.73. 
Reaction of the Qxaziridine le. The reaction of the oxaziridine 

le (11.0 g, 49 mmol, A 0  91%) with the isothiocyanate 8 (7.7 g, 57 
mmol) in 7 ml of benzene was carried out by the same procedure 
as above for 3 hr. The reaction mixture was distilled to give benz- 
aldehyde (5.0 g, 96%) and N-cyclohexyl-N'-phenylcarbodiimide 
(9e, 5.7 g, 58%), bp 80" (1 mm), ir (neat) 2140 cm-I (-N= 
C=N-). The residue was chromatographed (basic aluminum 
oxide-benzene) to give 1.3 g (8270) of sulfur. The compound 9e 
was treated with sodium methoxide in water-methanol to afford 
N-cyclohexyl-N'-phenylurea as colorless needles (from Et OH): 
mp 190-191"; 1r (Nujol) 3330 (NH), 1628 (C=O), 1547, 1320, and 
1308 cm-l  (NH, C N ) ;  mass spectrum m/e  218 (M+,  calcd 218), 

(PhNCNPht) ,  164 (M+ - PhNCS), 132 (PhNCNCHat),  135 

135 (M+ - CsHIl), 119 (PhNCO+). 
Anal. Calcd for C,~- ITRNPO:  C. 71.53: H, 8.31: N. 12.83. Found: _ _  _ _  - 

C, 71.31; H, 8.25; N, 12.76. 
Under milder conditions, 90" (5.5 hr), the oxaziridine le (11.1 g, 

51 mmol, A 0  93%) was allowed to react with the isothiocyanate 8 
(6.75 g, 50 mmol). The mixture was distilled to give 3.1 g (117%) 
of benzaldehyde, but none of the carbodiimide 9e. The residue 
was chromatographed (basic aluminum oxide-benzene) to give 
5.30 g (58%) of 2,4-diphenyl-5-cyclohexylimino-1,2,4-thiadiazoli- 
dine-3-thione ( l l e )  and 0.03 g (2%) of sulfur. The former was re- 
crystallized from ethanol to give colorless needles: mp 208-209"; ir 
(Nujol) 1630 cm-1 (C=N); mass spectrum m / e  367 ( M f ,  calcd 

Anal. Calcd for C ~ O H ~ ~ N ~ S Z :  C, 65.36; H, 5.76; X, 11.43. 
Found: C, 65.13; H, 5.81; N, 11.31. 

Reaction of the Qxaziridine lb .  The reaction of the oxaziri- 
dine l b  (8.0 g, 48 mmol, A 0  90%) and the isothiocyanate 8 (10.9 
g, 81 mmol) was carried out by the same procedure as above at  
85" for 2 hr. The solvent and benzaldehyde (5.1 g, 119%) were dis- 
tilled off and addition of hexane to the residue precipitated crys- 
talline solid. The solid was filtered and recrystallized (benzene- 
ethanol) to afford 0.2 g of sulfur and 2.8 g (22%) of 4-ethyl-2-phe- 
nyl-5-phenylimino-l,2,4-thiadiazolidine-3-thione (lob).  The fil- 
trate was chromatographed (basic aluminum oxide--benzene) to 
give 0.3 g of sulfur and 0.5 g (4%) of 2,4-diphenyl-5-ethylimino- 
1,2,4-thiadiazolidine-3-thione ( l l b ) .  The combined yield of sulfur 
was 19%. 

10b was obtained as colorless needles (from ethanol-benzene): 
mp 171-172"; ir (Nujol) 1615 cm-I (C=N); nmr (CDc13) 6 1.15 
(t, 3, J = 6.75 Hz, CH3), 3.31 (4, 2,  J = 6.75 Hz,  CHz), 6.7-7.5 
(m, 10, 2 Ph) ;  mass spectrum m / e  313 ( m f ,  calcd 3131, 286 (M+ 
- CHz=CHz), 226 (M+ - EtNCS), 194 (PhNCNPh+),  178 (M+ 
- PhNCS), 167 (M+ - 146), 146 (PhNCNEt+),  135 (PhNCS+). 

Anal. Calcd for C16H15N3S2: C, 61.31; H, 4.82; N, 13.41. 
Found: C, 61.25; H,  4.78; N, 13.35. 

l lb  was obtained as colorless flakes (from ethanol): mp 153- 
154" ir (Kujol) 1635 cm-l  (C=N); nmr (CDCl3) 6 1.29 (t, 3, J = 
6.75 Hz, CHa), 4.03 (9, 2, J = 6.75 Hz, CHz), 6.7-7.5 (m, 10, 2 
Ph);  mass spectrum m / e  313 (M+, calcd 313), 285, 225 (285 - 

367), 285 (Mf  - CGHiO), 194 (PhNCNPht) ,  141 (CsH11NCS+). 
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NCS), 194, 178, 167, 145 (PhNCNEtf - H),  135. Unassigned 
fragments correspond to  those from lob. 

Anal. Calcd for C16H1EN&: C, 61.31; H, 4.82; N, 13.41. 
Found: C, 61.29; H, 4.83; N, 13.41. 

Reaction of the  Oxaziridine IC. From the oxaziridine IC (7.3 g, 
37 mmol, A 0  90%) and the isothiocyanate 8 (5.0 g, 37 mmol), 2.4 
g (122%) of benzaldehyde, 0.35 g (30%) of sulfur, 0.50 g (8%) of 
4-n-  butyl-2-phenyl-5-phenylimino-1,2,4-thiadiazolidine-3-thione 
(lk), and 1.75 g (28%) of 2,4-diphenyl-5-n-butylimino-1,2,4- 
thiadiazolidine-3-thione ( l l c )  were obtained. The latter three 
compounds were separated by chromatography. 

1Oc was obtained as pale yellow needles (from ethanol): mp 
95-96'; ir (Nujol) 1610 cm-1 (C=N); mass spectrum m / e  341 
(M+, calcd 341), 285 (M+ - EtCH=CHz), 226 (M+ - BuNCS), 
206 (M+ - PhNCS), 194 (PhNCNPh+), 174 (PhNCNBu+), 167 
( M i  - 174), 135 (PhNCS'). 

Anal. Calcd for C1gH19N3S2: C, 63.31; H, 5.61; N, 12.30. 
Found: C, 63.10; H, 5.53; N, 12.11. 

l lc was obtained as colorIess needles (from ethanol): mp 115- 
116"; ir (Nujol) 1635 cm-1 (C=N); mass spectrum m / e  341 ( M f ,  
calcd 341), 285, 226, 206, 194, 174, 167, 135. The assignments for 
these fragments correspond to  those for 1Oc. 

Anal. Calcd for C1gH19N3Sz: C, 63.31; H, 5.61; N, 12.30. 
Found: C, 63.54; H, 5.39; N, 12.16. 

Reaction of the  Oxaziridine Id.-A mixture of the oxaziridine 
Id  (6.5 g, 38 mmol, A 0  95%) and phenyl isothiocyanate (8, 7.27 g, 
54 mmol) in benzene (10 ml) was allowed to react a t  90" for 5.5 
hr. Removal of the solvent precipitated 1.5 g of 4-isopropyl-2-phe- 
nyl-5-phenylimino-l,2,4-thiadiazolidine-3-thione (10d). The fil- 
trate was distilled to give 2.8 g (97%) of benzaldehyde and small 
amounts of Id and 8. The residue was chromatographed (basic 
aluminum oxide-benzene) to give 1.6 g of the compound 10d and 
0.1 g (1%) of 2,4-diphenyl-5-isopropylimin~-l,2,4-thiadiazolidine~ 
3-thione ( I l d ) .  The total yield of the compound 10d was 3.1 g 
(36%). 

10d was obtained as colorless needles (from ethanol): mp 
166.5-167'; ir (Nujol) 1612 cm-I  (C=N); nmr (CDCls) 6 1.07 (d, 
6, J = 6.5 Hz, 2 CH3), 3.4 (m, 1, J = 6.5 Hz, CH), 6.7-7.5 (m, 10, 
2 Ph);  mass spectrum m / e  327 ( M + ,  calcd 327), 285 ( M +  - 
MeCH=CHZ), 226 (M+ - PrNCS), 194 (PhNCNPh+), 192 (M+ 
- PhNCS), 167 (MA - 160), 160 (PhNCNPrl) ,  150 (285 - 135), 
135 (PhNCSt) ,  101 (PrNCSt) .  

Anal Calcd for C17HITN&: C, 62.35; H, 5.23; N, 12.83. 
Found: C. 62.20; H, 5.17; N, 12.89. 

f l d  was obtained as colorless needles (from ethanol): mp 
196.5-197"; ir (Nujol) 1635 cm-I  (C=N); nmr (CDC13) 6 1.37 (d, 
6, J = 6.6 Hz, 2 CH3), 5.4 (m, 1, J = 6.6 Hz, CH), 6.8-7.8 (m, 10, 
2 Ph);  mass spectrum m / e  327 (M+, calcd 327), 285, 226, 194, 192, 
167, 160, 150, 135, 101. These fragments correspond to those from 
10d. 

Anal. Calcd for C17H17N&: C, 62.35; H, 5.23; N, 12.83. 
Found: C, 62.63; H, 5.15; N, 12.68. 

Reaction of the  Oxaziridine If. The oxaziridine If (8.13 g, 46 
mmol, A 0  98%) and the isothiocyanate 8 (6.2 g, 46 mmol) were 
allowed to react a t  105" for 2 hr. Then the mixture was cooled to 
give a quantitative amount (14.5 g) of crystalline solid. A part 
(3.0 g) of the filtered solid was chromatographed (basic aluminum 
oxide-benzene) and 2.04 g (62%) of 2-tert-butyl-3,4-diphenyl- 
1,2,4-oxadiazolidine-5-thione (12) and 0.57 g (19%) of 2-tert- 
butyl-3,4-diphenyl-l,2,4-oxadiazolidin-5-one (13) were obtained. 
The filtrate was proved to contain small amounts of benzalde- 
hyde and N,N'-di-tert-butylcarbodiimide by ir and glpc. The ox- 
adiazolidinethione 12 was recrystallized from ethanol to afford 
colorless needles: mp 129-130"; ir (Nujol) 1295 and 1157 cm-1; 
nmr (cc14) 6 1.32 (s, 9, t-Bu), 5.93 (s, 1, CH), 7.1-7.4 (m, 10, 2 
Ph);  mass spectrum m / e  312 (M+,  calcd 312), 252 (M+ - COS), 
180 (PhX=CPh+), 161 (PhCH=NBu-t+). 

Anal. Calcd for c&~,~rU'os: C, 69.19; H, 6.45; N, 8.97. Found: 
C, 69.27; H, 6.39; N, 8.95. 

The oxadiazolidinone 13 was identical with an authentic sam- 
p1e.l 

Reaction of the Oxaziridine li. A solution of the oxaziridine l i  
(2.05 g, 6.5 mmol, A 0  93%) and the isothiocyanate 8 (1.22 g, 9.0 
mmol) in toluene (10 ml) was refluxed for 7 hr. The ir spectrum of 
the mixture showed the strong absorption of unreacted 8 and no 
absorption of the benzoyl group. The mixture was distilled to give 
0.65 g of 8 and 1.08 g (53%) of 2,2-pentamethylene-5-phenyl- 
1,3,4-dioxazoline, which is reported in the preceding paper.1 

Reaction of the Oxaziridine lk .  The reaction between the oxa- 
ziridine l k  (12.7 g, 50 mmol, A 0  83%) and the isothiocyanate 8 
(6.7 g, 50 mmol) a t  100" for 1.4 hr gave 3.8 g (143%) of benzalde- 
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hyde, 1.05 g (67%) of sulfur, and 0.65 g (7%) of 2-phenyl-4-benzyl- 
5-phenylimino-1,2,4-thiadiazolidine-3-thione (10k). The last com- 
pound was recrystallized from benzene-ethanol to give pale yel- 
low needles: mp 151.5-153.5'; ir (Nujol) 1612 cm-l  (C=N); mass 
spectrum m / e  375 (M+,  calcd 375), 343 (Mf - S), 240 (M+ - 

Anal. Calcd for C21H17N&: C, 67.17; H, 4.56; N, 11.19. 
Found: C, 66.89; H, 4.56; N, 10.99. 

Pyrolysis of the Thidiazolidinethione 10d. The compound 10d 
(800 mg, 2.45 mmol) was heated a t  180-190" (10 mm) in an appa- 
ratus equipped with a trap cooled with Dry Ice. The trapped liq- 
uid (600 mg) was identified and determined by glpc to contain 
165 mg (25%) of phenyl isothiocyanate, 84 mg (34%) of isopropyl 
isothiocyanate, and 99 mg (26%) of N-isopropyl-N-phenylcarbo- 
diimide. From the residue, 95 mg (61%) of sulfur was obtained. 

Treatment  of the Compound 10d with Triethyl Phosphite. 
The thiadiazolidinethione 10d (1.0 g, 3.1 mmol) and triethyl 
phosphite (50 mg, 0.31 mmol) in benzene (7 ml) was refluxed for 1 
hr. The solvent was removed in vacuo and the residue was solidi- 
fied. Recrystallization (ethanol) gave 610 mg (61%) of the rear- 
ranged product l l d .  

When the compound 10d (500 mg, 1.5 mmol) was treated with 
the phosphite (300 mg, 1.8 mmol) in benzene under similar condi- 
tions, an ir spectrum of the mixture indicated the formation of an  
isothiocyanate (ca. 2120 cm-I) .  The mixture was distilled and 
determined by glpc; phenyl isothiocyanate (42 mg, 17%), isopro- 
pyl isothiocyanate (30 mg, 17%), and triethyl thiophosphite (226 
mg, 64%) were obtained.'The residue showed the ir absorptions of 
a carbodimide (2150 cm-l)  and the rearranged product I ld .  The 
treatment of the residue with water gave 21 mg of N,N'-diphenyl- 
urea, which showed the formation of N,N'-diphenylcarbodiimide 
(7%) and 15 mg (3%) of l l d .  

Hydrolysis of the Compound 10d. To a solution of the com- 
pound 10d (400 mg, 1.2 mmol) in ethanol (15 ml), 3 ml of 12  N 
hydrochloric acid was added and the solution was refluxed for 5 
hr, extracted (ether), dried (NazSO4), and concentrated. The re- 
sultant solid was recrystallized (methanol) to give 190 mg (87%) 
of N-isopropyl-N'-phenylurea, which was identical with an au- 
thentic sample from phenyl isocyanate and isopropylamine. 

Reduction of the  Thiadiazolidinethione 10d. The compound 
1Od (500 mg, 1.5 mmol) was treated with LiAlHd (1.0 g) in reflux- 
ing ether for 5 hr, followed by hydrolysis, extraction (ether), 
drying (NazS04), and concentration. The resultant solid was re- 
crystallized (ethanol-benzene) to give 110 mg (32%) of N,N'-di- 
phenylthiourea, which was identical with an authentic sample. 
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Reaction of nitriles with nitrile sulfide intermediates, generated by thermolysis of 1,3,4-oxathiazol-2-ones, re- 
sulted in 1,2,4-thiadiazoles. The scope of this new synthesis of thiadiazoles was explored; highest yields are ob- 
tained with electrophilic nitriles and with aromatic nitrile sulfides. 

1,3-Dipolar cycloaddition reactions of nitrile oxides have 
been employed repeatedly in syntheses of heterocyclic 
compounds.lS2 Until r e ~ e n t l y , ~ . ~  nitrile sulfides have been 
unavailable for syntheses of N-S heterocycles via cycload- 
ditions. We have provided evidence that nitrile sulfides 
may be generated as reactive intermediates by thermol- 
ysis of 1,3,4-oxathiazol-2-ones and may be trapped in 1,3- 
dipolar cycloaddition reactions with acetylenes such as 
dimethyl acetylenedicarboxylate and ethyl propiolate.3%4 
We report here a new synthesis of 1,2,4-thiadiazoles uiu 
cycloaddition of nitrile sulfides to nitriles. 

Thermolysis of 5-substituted 1,3,4-oxathiazol-2-ones (1) 
in excess nitrile led to thiadiazoles 3 and, in several cases, 
to lesser amounts of by-products 4 (Scheme I, Table I). 
Competitive decomposition of the intermediate nitrile sul- 
fides produced sulfur and the nitrile derived from the ox- 
athiazolone. Although the thiadiazole reaction proceeds 
less readily than the analogous 1,3-dipolar cycloaddition 
of nitrile oxides to nitriles to give 1,2,4-0xadiazoles,~~~ 
under certain conditions reasonable yields of thiadiazoles 
may be obtained (Tables I and 11). Thus, decarboxylation 
of 5-phenyl-1,3,4-oxathiazol-2-one in 35 equiv of benzoni- 
trile at  190" gave 3,5-diphenyl-1,2,4-thiadiazole in 50% 
yield. The product and authentic material, prepared by 
iodine oxidation of thiobenzamide, gave identical ir spec- 
tra and gave an undepressed mixture melting point. Prod- 
ucts 3 and 4 were further characterized by mass spectrom- 
etry; the major fragmentation routes result in loss of RCN 
and R'CY (see Experimental Section), as found previous- 
ly8 for 3,5-disubstituted 1,2,4-thiadiazoles. 

Scheme I 

RFo N , s ) = o P I R c e F I  A,-CO, SI 

1 

RCN + S 
R'CN "XLR' I 3 + 

R'CN "--&-LR. [R'CEN -+ SI - 
4 

The cycloadditions of aromatic nitrile sulfides to ethyl 
cyanoformate proceeded especially well to give the ethyl 
3-aryl-1,2,4-thiadiazole-5-carboxylates 5a, 5b, and 5c 
(Scheme 11; the indicated yields are for isolated pure 
products). Hydrolysis of 5a and decarboxylation of the re- 

sultant acid gave the knowns 3-phenyl-1,2,4-thiadiazole 
(6) in 99% yield. 

Scheme I1 
1 2 5 O  kx>~ + NCC0,Et ---+ -co, 

Ar I, N 
I!,S)--CO,Et 

6 

By-product 4 (Scheme I) probably occurs uia cycloaddi- 
tion of R'CNS to R'CN. The R'CNS could form from 
reaction of atomic sulfur with R'CN10 (Scheme I) or from 
direct sulfur atom transfer between RCNS and R'CN. 
Yields of 3 were found to increase with greater excesses of 
nitrile, as expected, and with higher temperatures (Tables 
I and 11). Evidently, the rate of cycloaddition reaction to 
form thiadiazole increases more rapidly with temperature 
than the competing decomposition of nitrile sulfide to ni- 
trile and sulfur. The data of Table I reveal that the yields 
of thiadiazoles increase with more electrophilic nitriles 
and decrease with less electrophilic nitriles.ll Substituent 
effects in the oxathiazolones are similar. Because the yield 
of cycloaddition product 3 depends on the relative rates of 
cycloaddition and decomposition of the substituted nitrile 
sulfide, the absolute effects of substituents in the oxathia- 
zolones on the cycloaddition rate are not readily deter- 
mined. Thermolysis of 5-phenyl-1,3,4-oxathiazol-2-one at 
125" in chlorobenzene in the presence of 1 equiv of boron 
trifluoride etherate showed an eightfold rate enhance- 
ment, but the presence of boron trifluoride etherate re- 
sulted in lower yields of thiadiazole (Table 11) in the cy- 
cloaddition reaction.12 

Our new synthesis of 1,2,4-thiadiazoles allows ready 
preparation of 3,5-unsymmetrically substituted deriva- 
tives with no uncertainty about the position of the sub- 
stituents. Thus, both 3-phenyl-5-p-tolyl-1,2,4-thiadiazole, 
mp 115-116", and 5-phenyl-3-p-tolyl-l,2,4-thiadiazole, mp 
77.5-79", were prepared unambiguously. A previous re- 
port13 of the preparation of 3- (pr 5 - )  phenyl-5- (or 3-) p -  
tolyl-1,2,4-thiadiazole, mp 56", did not allow an exact 


