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to give yellow colors: R. M. Fink, R. E. Cline, C. McGaughey, and K.
Fink, Anal. Chem., 28, 4 (1956).
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and |. Ortega, J. Am. Chem. Soc., 73, 1564 (1950). Ethyl 8,3-dimethyl-
thicacrylate has uv max (EtOH) 232 and 265.5 nm: L. B. Bos and J. F.
Arens, Recl. Trav. Chim. Pays-Bas, 82, 157 (1963)].

(20) For cinnamamide, the uv max (EtOH) is 269 nm (¢ 26,300) [G. Tsatsas,
Bull. Soc. Chim. Fr., 1011 (1947)], while for cinnamylurea uv max
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(EtOH) is 288 nm (e 28,200) [R. E. Stuckey, J. Chem. Soc., 207 (1949)].

(21) D. Shugar and J. J. Fox, Biochim. Biophys. Acta, 9, 199 (1952).

(22) C. Janion and D. Shugar, Acta Biochim. Pol., 7, 308 (1960); J. J. Fox, N.
C. Miller, and R. J. Cushley, Tetrahedron Lett., 4927 (1966).
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(24) H. A. Lozeron, M. P. Gordon, T. Gabriel, W. Tautz, and R. Duschinsky,
Biochemistry, 3, 1844 (1964),

(25) These measurements are subject to considerable error because of the
complexity of the reaction mixture.

(26) The extinction coefficients were estimated by assuming 100% conver-
sion to enolate anion.

(27) The sample also contains tetramethylammonium cations, mesylate an-
ions, and DMSO-hs. Although it integrates correctly, this resonance may
not be due to the NCH3 group. This resonance could be hidden under
one of the others.

(28) N-Methylimidazolidone was prepared from imidazolidone by reaction
with sodium hydride and methyl iodide in dimethylformamide. It was
crystallized from toluene, mp 112-113.5°. A. N. Smirnov and I. F. Spas-
skaya found mp 114° from CCly [Zh. Obshch. Khim., 35, 178 (1965)]
and A. M. Fusco, G. J. Del Franco, and E. J. Aranaff report mp 116~
116.5° for a vacuum-sublimed sample [J. Org. Chem., 31, 313 (1966)].

(29) These latter two were probably present in the starting material, which
had been exposed to air several times prior to use.

(30) This product consists of both 14a and 14b ('H NMR). Apparently 14a
was produced by a facile exchange which took place when absolute
ethanol was added to the crude reaction mixture.

(81) In all likelhood 5 was formed by the action of adventitiotious moisture
on the reaction mixture. An alternative, however, is that this came
about by the action of methoxide on 14b, a reaction reported by S.

H‘Unig, Angew. Chem., Int. Ed. Engl., 3, 548 (1964).

(32) The 'H NMR spectrum was obtained on a mixture of the two products.
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N-Sulfonyliminothiaziridines (e.g., 2), generated by thermolysis of 4-alkyl-5-sulfonylimino-1,2,3,4-thiatriazo-
lines (e.g., 1) react with ketenes, isocyanates, carbodiimides, and isothiocyanates to give five-membered heterocy-
clic compounds (6, 7, 8, and 9) in good yields. Structure assignment was essentially based on independent synthe-
sis and on comparison of the 13C NMR data with those of pertinent model compounds from the chemical litera-

ture.

Recently, we reported that thiaziridinimines or their
ring-opened dipolar species are formed as intermediates in
the synthesis of sulfonylcarbodiimides by thermal decom-
position of 4-alkyl-5-sulfonylimino-1,2,3,4-thiatriazolines
(e.g., 1 — 2 — 3).2 Although 2 was too unstable to be isolat-
ed, it could be efficiently trapped with unsaturated sys-
tems. Thus, enamines and ynamines produced 4-ami-
nothiazolidines (e.g., 4) and 4-aminothiazolines (e.g., 5), re-
spectively. Keto-stabilized phosphorus ylides also trapped
the thiaziridinimines to give thiazolines by loss of tertiary
phosphine oxides.?

Since 4-alkyl-5-sulfonylimino-1,2,3,4-thiatriazolines are
readily obtained in good yields from the reaction of sulfo-
nyl isothiocyanates with alkyl azides at room temperature,?
their decomposition in the presence of unsaturated systems
provides a new entry into synthetic heterocyclic chemistry.
The present phase of our work involves the use of heterocu-
mulenes as trapping reagents for 2.

Reaction Products. When 1-benzyl-5-tosylimino-
1,2,3,4-thiatriazoline (1) was decomposed at 60-80° in the
presence of ketenes, isocyanates, carbodiimides, and iso-
thiocyanates, compounds 6, 7, 8, and 9 were obtained in
reasonably good yields. The results are summarized in
Table 1.

The NMR spectra of the crude reaction mixtures indi-
cated that single products were formed in all cases, except
for the reaction of diphenylketene with 1, which gave 10
(9%, mp 221-223°, C=N at 1525 cm~!) and 11 (16%, mp

[PhCHN—S ]
\/
c
IILT
N=N _. s
PhCH._,I\/I\ /\s = I —> PhCH,N=C=NTs
¢ * | PACHN, | S 3
| N\
NTe ¢
1 i
- NTs d
2
c=oN Ve \CECN<
~ ~n
N N
— —~
_\—\—/C—C\i \/C=C\/
PhCHZN\C P PRCHLN, P
I I
NTs NTs
4 5

234-238°, C=N at 1535 cm™!) in addition to 6a (major
product). Compound 10 results from cycloaddition of 2
with 3 (formed as side product) and compound 11 is for-
mally the cycloaddition product of 2 with tosyl isothiocyan-
ate. We assume that tosyl isothiocyanate is formed in this



Trapping of Thiaziridinimines with Heterocumulenes

R
0 0] R
N N, S
/C—-C\——R /C—N\
PhCJ{-IzN\C /S PhCHzN\ C/S
| |
NTs NTs
6 7
RN N /R RN \'
N
/C—N\ /CS_ES\
PhCH2N\ /S PhCH2N< 5}8
C C
| I
NTs NTs
8 9
TsN CH,Ph TsN
NS AN
o /C—S\
/ \
PhCHzN\C /S PhCH2N\ C/S
| |
NTs NTs
10 1

particular case by cycloreversion of 1 during the reaction
conditions.
] ——— TsN=(=8 > 11
-PhCH,N,

The structures of the adducts were fully supported by el-
emental analyses, spectral data; and independent syntheses
(see below). The presence of an exocyclic C=NT's bond in
all the adducts is apparent from the broad and strong ir ab-
sorptions at ca. 1530 cm™! (see Table I)? and also from the
13C NMR spectra (see below).

Independent Syntheses. Since in principle the thiaziri-
dinimine 2 can add to heterocumulenes in 12 different
ways, we have focused on the regiochemistry of the addi-
tion products. An independent synthesis of 6a was realized
by treating N-benzyl-N’-tosylthiourea (12) with a-chloro-
diphenylacetic acid (13) in the presence of pyridine as cata-
lyst.*

PhCH,NHCNHTs + Ph,C—COOH P_y>
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In the thiadiazolidinone series 7, the three-step proce-
dure of Ottmann and Hooks® was utilized to prepare 7b
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Table 1
Synthesis of Heterocycles from 1 and Heterocumulenes?®
Yield
Method Method Ir, C=N,
Compd R Al B? Mp, °C em™!
6a Ph 3254 142143 1540
6b {~-Buand CN 40° 156-157 1565
7a Et 66 112-115 1535
T #»n-Bu 77 50 117119 1535
7c Ph 63 25 160-161 1540
7d  p-MeOCgH, 81 141.5-142.5 1550
Te p-CIC.H, 69 17 140-141.5 1540
8a c-C,Hy, 90 103-105 1540, 1655
8b PhCH, 82 146-147 1525, 1675
8c Ph 86 147.5-149 1528, 1649
9a Me 72 168170 1500, 1645
9b #»n-Bu 93 101-102.5 1500, 1645
9¢ PhCH, 88 40 161-162 1510, 1642
9d Ph 84 137-138.5 1503, 1627
1640
9¢ p-MeCgH, 92 144-146 1510, 1628
9 p-CIC.H, 50 162-164 1510, 1638

@ Reactions carried out with a tenfold excess of heterocumulene
in the absence of solvent. ® Reactions carried out with 1 equiv of
heterocumulene (0.01 mol) in CCly or benzene (50 ml) as solvent.
¢ The yield of 6b was 70% when 3 equiv of tert-butyl cyanoketene
was used. ¢ Satisfactory analytical values (£0.3% for C, H, N) were
reported for all compounds tabulated except 8b,c and 9a, for which
m/e values for the parent ion (£0.3 millimass units) were given.
Ed.

and 7c. Thus, the S-chloroisothiocarbamoyl chloride 14,
obtained by chlorination of benzyl isothiocyanate, was
treated with n-butyl isocyanate or phenyl isocyanate to
give the corresponding S-(chlorocarbonylamino)isothiocar-
bamoyl chloride 15. Upon treatment with tosylamide, 15
was converted into 7b and 7e, respectively.

Finally, the structure of 8 was easily proven by acid hy-
drolysis of 8¢, giving 7¢ in 94% yield.

13C NMR Analysis. For convenience in discussing the
13C NMR data, the atoms comprising the five-membered
rings are all numbered in the same manner as shown in
structure 9. The absorption values are summarized in
Table II. Since the chemical shift value of the C3 atom of
adduct 9 would provide diagnostic proof for the assigned
structure, we have prepared three model compounds (16,
17, and 18) whose structures have been unambiguously set-
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tled. 3-Benzylimino-4-benzyl-1,2,4-dithiazolidin-5-one (16,
mp 93-94°) and 3-benzylimino-4-benzyl-1,2,4-dithiazoli-
dine-5-thione (17, mp 68-69°) were prepared by the meth-
ods of Freund,®? whereas 3,5-bis(phenylimino)-4-benzyl-
1,2,4-dithiazolidine (18) was obtained during our research
on the reaction of benzyl azide with phenyl isothiocyanate.
Its symmetric structure is apparent from the 13C NMR
data and also from an X-ray analysis reported by Revitt.?
The Cs atom absorptions of 9 at ca. § 150 correspond
with those of the model compounds 16-18 (see Table II). If
addition of 2 would have occurred onto the C=N bond of
the isothiocyanate to give 19,10 the C3 atoms would reso-
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Table I1
13C NMR Data of the New Heterocycles?®

Compd Cz Cy PhCHNC Other shift values
6a 174 .4 165.8 47 .4 C, at 67.2
6b 167.2° 163.6° 48.2 C, at 59, C=N at 114.5, (CH,),C at 25.2 and 41.3
Ta 152.1 164.6 48.3¢ CH;CH, at 40.1 .
To 152.4 164.5 48.4 C,H,CH, at 44.8
Te 150.5 163.8 48.5
8a 144.5 167.3 48.5
8b 147.9 167.2 48.8° PhCH,N== at 51.8, PhCH, in position 2 at 57.1°
8c 142.1 166 49.1
9b 148.6 166.1 51.9 C,H,CH, at 53.6
9¢ 150.5 166.1 52.2¢ PhCH,N== at 57.1¢
9d 152.5 166.4 52.2¢ )
10 147.6 164.9 49.9¢ PhCH, in position 2 at 55.1°
11 167.3 167.3 52.1 )
16 148.5 169.2 50.15 PhCH,N= at 54.3¢
17 154.6 193.9 53.1 PhCH,N== at 56.2¢
18 153.5 153.5 51.1

a All the spectra (6 values in parts per million from Me4Si) were recorded in CDCl3 except those of 6a (C¢Ds) and 11(DMSO-dg). ? The
reversed assignment is possible. ¢ LJc.u = 142-144 Hz. ¢ 1Jc_y = 133-135 Hz.

nate at ca. 6 171-175 ppm. This is calculated from the Cg
absorption values of 7a-c by use of the empirical relation-
ship of Kalinowski and Kessler:1! éc—g = 1.45 c—0 — 46.5
ppm.
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Measurement of the coupling constant lJc_yg for the
benzyl methylene groups in 9¢ further substantiates its
structure. Indeed, the value of 1J¢_g is known to be related
to the extent of charge localization on the nitrogen atom.!?
In structure 9¢, the imine CHy group in position 3 (6 57.1
ppm) exhibits a coupling constant of 133 Hz whereas the
CH; group at the 4 position has 1Jc_y = 143 Hz. This crite-
rion was further used to assign structure 10 to one of the
side-products from 1 and diphenylketene, 'Jc_y being 143
Hz for both CHj groups.

From the viewpoint of 3C NMR spectroscopy, it is inter-
esting to compare the C=NTs, C=0, and C=S carbon ab-
sorptions at the 5 position of 9¢, 16, and 17. Whereas the
chemical shift value of C=NTs (§ 166 ppm) is comparable
with that of C=0 (6 169 ppm) in this homologous series,
the C==S absorption in 17 is found at lower field (6 193.9
ppm). This value, however, is in good agreement with the
estimated value (8 198.5 ppm) obtained by applying the
empirical equation of Kalinowski and Kessler.!!

After our work had been completed, Neidlein and
Salzmann!? also reported on this topic, apparently without
knowledge of our previous work.?

It is also interesting to note that the first thiaziridine de-
rivative 20 has been isolated recently in 43% yield by Quast
and Kees'* from the reaction of N-sulfonyl-tert-butyla-
mine and tert-butyldiazomethane.

t-BuN—=80,
C
/\
t-Bu H
20

Experimental Section

The ir spectra were taken on a Perkin-Elmer Model 157G spec-
trometer. Proton NMR spectra were recorded with a Jeol MH-100
or Varian XL-100 spectrometer using Me4Si as an internal refer-
ence. For 13C NMR spectra, the X1.-100 apparatus was equipped
with a device for pulsed Fourier transform operation.

1-Benzyl-5-tosylimino-1,2,3,4-thiatriazoline (1) was prepared as
reported® by the reaction of benzyl azide with 1 equiv of tosyl iso-
thiocyanate in CCly at room temperature.

General Procedure for the Preparation of 6, 7, 8, and 9.
Compound 1 (0.01 mol) was thermolyzed at 60° in the presence of
a tenfold excess of heterocumulene for 2 hr and then heated at 80°
for another 1 hr. The excess of heterocumulene was distilled off in
vacuo and the residue was crystallized from ether (7 and 8) or from
MeOH (9).

For the reaction of 1 with diphenylketene, the residue, after
evaporation of the solvent, was fractionally crystallized from
MeOH to give 6a, 10, and 11.

In the case of 6b, tert-butyl cyanoketene was first generated in
situ by thermolysis of 2,5-di-tert-butyl-3,6-diazidobenzoquinone
(1 g) in dry benzene (30 ml) as reported by Moore and Weyler.1®
After cooling to room temperature, the thiaziridinimine precursor
1 (2.3 g) was added and the solution was heated at 70° for 2 hr.
The solvent was removed in vacuo, and the residue was dissolved
in ether or methanol {30-40 ml) and then cooled to give 6b.

Independent Synthesis of 6a. Equimolar amounts (0.006 mol)
of 12 and 13 were dissolved in CCly (10 ml) containing 0.5 ml of
pyridine. The solution was heated to reflux for 72 hr. After cooling
to room temperature, 20 ml of CCly was added to the heterogene-
ous mixture and the CCly layer was separated and dried over
MgSO,. After removal of the solvent, the residue was crystallized
from MeOH to give white crystals of 6a in 72% yield.

Independent Synthesis of 7b and 7e¢. Nearly 1 equiv of chlo-
rine was added to a solution of benzyl isothiocyanate (0.03 mol) in
dry pentane (20 ml) at ca. —10°. After the excess of chlorine was
removed in vacuo at 0°, the residue (14) was dissolved in dry pen-
tane. To this solution phenyl isocyanate (0.03 mol) in pentane was
added dropwise at ca. 10° during a period of 30 min. The mixture
was allowed to react for another 1.5 hr and the slurry (containing
15) was then dissolved in THF (100 ml!). To this solution tosylam-
ide (0.03 mol) in THF (25 ml) containing 6 g of NEt; was added
with stirring at room temperature. After a reaction time of 2 hr,
the precipitate (NEtz3-HCl) was removed by filtration and the
mother liquor was evaporated in vacuo to give a yellow oil (7b)
which was crystallized from MeOH (10 ml), overall yield 56%.

Compound 7b (overall yield 35%) was obtained in a similar man-
ner by using n-butyl isocyanate instead of phenyl isocyanate.

Acid Hydrolysis of 7c. A solution of 7¢ in ethanol (0.5 g in 20
ml) containing 5 ml of HySO4 was heated at reflux for 1 hr. The
precipitate was filtered off, washed with water, dried, and crystal-
lized from MeOH-CHC];, yield 94%.

Synthesis of 18. A mixture of phenyl isothiocyanate (0.1 mol)
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and benzyl azide (0.2 mol) was heated at 100° until gas evolution
ceased (72 hr). Addition of ether furnished 18 (55%) which was
crystallized from ether—petroleum ether, mp 151-153°, ir (KBr)
1610 em™t, -
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2-Chloro-3,4-dihydro-3-oxo- 2H 14- benzothiazines have been shown to react with triethyl phosphite in a Mi-
chaelis—Arbuzov manner to give the 2-phosphonates. These latter compounds react readily with aldehydes and
ketones to give the 2-alkylidene derivatives. The olefins from aldehydes are assigned the Z stereochemistry on the

basis of NMR data.

The reaction of various a-halocarbonyl systems with
phosphorus nucleophiles has been well investigated. «-
Haloamides normally react with trialkyl phosphites in a
Michaelis-Arbuzov fashion to give phosphonates unless
special structural requirements are met.!-¢ Although the
possible influence of an a-thioether group in this reaction
has not been reported previously, an w«-thioether group
generally is believed to enhance SN2 reactivity,” which is
the usual mechanism of the Michaelis—Arbuzov reaction.

We now wish to report on the reaction of triethyl phos-
phite with 2-chloro-3,4-dihydro-3-oxo-2H-1,4-benzothia-
zines (2), a cyclic a-haloamide system bearing an «-thioeth-
er linkage, and on the utility of the products of this reac-
tion in a new general route to alkylidene benzothiazines.

Results and Discussion

Reaction of 2 with Triethyl Phosphite. The three
chlorobenzothiazinones 2a-c¢ were obtained from treat-
ment of the corresponding 1 with 1 equiv of sulfuryl chlo-
ride. Reaction of 2 with neat, excess, refluxing triethyl
phosphite gave the analogous phosphonate (Michaelis—
Arbuzov product) in good yield. The structure of 3 is con-

S . 8
O = e
T 0 N S0

R R
1 2

a, R=H

b, R = Me

[+ R = CHQCOgEt

IPO(OEt);
R
3

firmed in each case by the observation of an infrared band
for the amide carbonyl group at 1660-1675 cm™! and a 'H
NMR signal for the 2-H as a doublet at § 4.57-4.35 with
Ju_p = 21.2-22.6 Hz.

Thus, in this case the presence of an a-thicether group



