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PHOTOINDUCED REACTIONS—LXXIX
PHOTOCHEMISTRY OF 2-THIAZOLINESt
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(Received in Japan 24 September 1974; Received in the UK for publication 1 January 1975)

Abstract—Upon irradiation with light at 2537 A 2-alkyl-2-thiazolines (1) underwent rearrangement to N-
alkenylthioamides (2 and 3) as the major pathway and fragmentation to a nitrile and an episulphide as the minor one.
Evidence is provided for the intermediary formation of a valence bond isomer, N-thioacylaziridine, followed by its

photochemical transformation into N-alkenylthioamides.

The photochemical reactions of 5-membered
heteroaromatics have attracted attention of many work-
ers.” Among them, the photochemical rearrangement and
fragmentation reactions of type A compounds (c=0, S, or
NR) have been interpreted mostly in terms of one of three
types of valence bond tautomerization formally regarded
as [2 + 2] reactions (i, i, and iii in Scheme 1),>* although in
particular cases (c=S) some evidence has been provided
for the occurrence of type iv valence tautomerization.**

However, there have been fewer reports on the
photochemical reactions of partially hydrogenated 5-
membered heteroaromatics of type B (c=0, S, or NR). By
analogy with the photochemical [2 + 2] reactions of Scheme
1, type B compounds would be expected to undergo five
types of photochemical {2 + 2} reactions (i-v in Scheme 2). It
has already been known that reaction i occurs with
4,5-dihydrofurans,®2-pyrazolines,” and 2-thiazolines, reac-
tion iii with 2-thiazolines,’ 1,23-triazolines, and 2-
isoxazolines,” reactioniv with 2-isoxazolines,” and reaction
v with 2-isoxazolines.™  However, three-membered cyclic
compounds resulting from suchreactions cannot always be
isolated, but in many cases they undergo further
photochemical or thermal transformation into the final
products. Anexceptional case is found in the photochemical
rearrangement of 4,5-dihydrofurans whichgiveacylcyclop-
ropanes.’® In the present paper we describe studies of the
photochemical reactions of 2-thiazolines involving reac-
tions i and iii in full detail, and the photochemistry of
2-isoxazolines will be presented in the subsequent paper."'
(Hereafter the designation, reactioni, ii, etc. will be used for
the pathways in Scheme 2.)

Photolysis products of substituted 2-thiazolines. Several
2-alkyl-2-thiazolines 1a-1g were irradiated in acetonitrile
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tPart LXXVIIL, Ref. 1. Part of this work was presented in the
preliminary form.?

{The photochemical valence tautomerization of dihyd-
roheteroaromatics of type B(b=hetero atom) has also been
known."

with a low-pressure mercury lamp with Vycor housing
(mainly 2537 A). In most runs, after evaporation of the
solvent the residue was found by NMR analysis to consist
mainly of the starting material and its rearranged products,
N-alkenylthioamides 2 or/and 3. In the case of lc it
contained additionally benzyl cyanide. These products
were isolated by silica gel chromatography and their
structures determined on the basis of chemical and spectral
evidence or by direct comparison with authentic samples.
Among these products, N-vinylthioacetamide 2a was
unstable to heat (above 80°), but considerably stable under
irradiation conditions giving only a small amount of
polymeric product. The conditions and results of the
photolysis experiments are presented in Table 1.

In some cases, attempts were made to detect products
other than 2 and 3. Thus, ethylene sulphide was obtained
from 2-methyl-2-thiazoline 1a, propionitrile from 2-ethyl-
2-thiazoline 1b, and benzyl cyanide from 2-benzyl-2-
thiazoline 1c. The results indicate that 2-alkyl-2-
thiazolines 1 undergo two types of photoreactions,
rearrangement to N-alkenylthioamides, 2 and 3 and
[62+ 2] cyclo-reversion to an episulphide and a nitrile
(reaction iii), as shown in a general scheme below. Longer
wavelength light from a high-pressure mercury lamp
through Pyrex was ineffective to both types of reactions,
thus 1a was recovered unchanged under these conditions.

Although the synthesis of several N-alkenylthioamides
has been reported by Smith and Sullivan,” the present
photoreaction of 2-alkyl-2-thiazolines provides a new
synthetic method for them, especially for N-
vinyithioamides which are unknown to date. However,
2-thiazolines having a substituent allowing resonance
interaction with the thiazoline chromophore, such as 2-
phenyl-, 2-styryl-, 2{B-pyridyl)-, and 2-mercapto-2-
thiazolines, were inert to photolysis under similar
conditions. 2-Thiazoline itself underwent complex photo-

a——¢€ a—=_e€ [w2402]
[w2+0?)
| Al &=y —
b C¢d b\c/ n
m v
a e lodeo] | iv a e a -€
g LA D
~c & ~c”
a<e
il
by d
C
Scheme?2.

1245



1246

T.MaTsuUrRAand Y.I10

Table 1. Photolysisof 2-thiazolines

2-Thiazoline Irrad. conditions Products (% yield)®
4 N3 Concn. (M/1)* Time (hr) Thioamide Others % Recovered
5[ v b
S
1a 2-Me 0-25 87 2a (25) nd® nd
031 61 217 <~ @ 65
1b 2-Et 015 74 2b (25) nd 25¢
0-29% 66 2b (14) EtCN(3) 68
1¢ 2-PhCH, 0-15 62 2 (17) PhCH,CN(13) 68
1d 2,4-Me, 0-18 68 trans-2d (10) nd 21¢
cis-2d (10)
M
1e 2,5-Me, 0-25 72 trans-2d (8) nd 20°
cis-24 (8)
K NE)]
If 2,44-Me, 0-22 67 21 (10) 3¢ (12) nd 23¢
1g 2,5,5-Me, 018 70 A6 A7 od 20¢

*MeCN was used as solvent except T (Et,0). *Yields are based on the starting 2-thiazolines. “Not determined. °A
considerable amount of the recovered 2-thiazoline was lost during evaporation of the solvent, because a special care was

not taken.
NH 2a: R=Me, R,=R,=H NH
2: R=Et, R,=R;=H - R=
R, ). 2 R=PhCH,, R,=R,=H Q P 2:&;&
R. S R 2d: R=R,=Me, R,=H (cis and trans) R S Me °
2: R=R,=R,=Me
N

-584—(1:1&4‘“__{;'1!{

reactiontoyield an unexpected productinlow yield whichis
believed to be N-thioformyithiazolidine.

Mechanism. Thetransformation of 2-alkyl-2-thiazolines
1s, b, and ¢ into 2a, b, and ¢ respectively may proceed
through a biradical 4 formed by C-5-S bond fission*
followed by hydrogen shift from C4 to N (path A, Scheme
3). However, by analogy with the photochemical valence
tautomerization of 4,5-dihydrofuran(reactioni, Scheme 2),*
a mechanism involving a thioacylaziridine intermediate §,
which can be formed directly from 1a, b, and ¢ (path B,
Scheme 3), is also attractive.

The occurrence of the latter pathway (B} is evidently
demonstrated by the photorearrangement of two sets of
isomeric 2-thiazolines, 1d and 1e or 1f and 1g. Scheme 4
summarizes possible pathways for the photorearrangement

*The C-5-S bond is supposed to be the weakest bond inthe ring. A
zZwitterionic species (- = +, — in 4) may also be a candidate for the

intermediate.
N
CL =, -
S R N R
1a,b,c \T /
N
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a: R=

NH NH
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of these 2-thiazolines. Both 1d and le gave the same
products, trans-2d, cis-2d, and 3d, in a similar ratio.
Similarly, either 1f or 1ggave the same products, 2and 3f,in
nearly the same ratio. The results indicate that 1d and 1e (or
1f or 1g) should rearrange to the final products through a
common thioacetylaziridine 5d (or 5f) followed by cleavage
to a biradical species 4d (or 4f) and by subsequent
intramolecular hydrogen shift. It was also confirmed by
NMR analysis of the photolyzate that no interconversion
between 1d and 1e and between 1f and 1g takes place during
photolysis. This suggests that the thicacetylaziridine
formation must be an irreversible process.

There are two possible routes to the aziridine inter-
mediate 5, namely concerted [72 + o2) cycloaddition (path
B, Scheme 4) and stepwise pathway viaa a biradical species
suchas 16— 5or1- 4§ Theconcerted processismore
probable, since in the photolysis products from 1id
N-isopropenylthioacetamide 7d could not be detected,
which is the expected productif the biradical 6d is formed. It

r——:N Heshift | NH
' S’J\R s 7‘\11

Me, b: R=Et, ¢: R=PhCH,)

Scheme 3.
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hasbeen reported that the photochemical transformation of
4,5-dihydrofuran into formylcyclopropane involves in part
a concerted process.

In order to obtain further evidence for the intermediary
formation of the N-thioacylaziridine 5, we synthesized
N-thioacetylaziridine Safrom carboxymethyl dithioacetate
and ethylene imine by the procedure employed for the
synthesis of N-thioarylaziridine," and its chemical proper-
ties were examined. The aziridine $a was considerably
unstable, so that it could not be obtained in a pure state.
However, NMR analysis of the carbon tetrachloride extract
from the reaction mixture showed signals at = 7-42 (s, 3H,
Me) and 7-49 (s, 4H, CEZ—C/HZ)" besides signals of

N

I

impurities, indicating that it contained 40-65% of Sa.
Although 5a decomposed gradually even at — 20° to give a
complex mixture of products, the production of 2a was not
observed in the temperature range — 20° to 50°. Reaction of
$a with picric acid and thiophenol gave expectedly" the
picrate of 1la (nearly quantitatively) and N-(8-
phenylthioethyl)thioacetamide (8a, 65% yield), respec-
tively.

Irradiation of an ethereal solution of crude 5a at 2537 A
under cooling with ice-water gave 2a in 63% yield, while
under similar conditions without irradiation it showed no
significant change. A control irradiation experiemnt with 1a
under similar conditions showed that the conversion of 1a
into 2a was very slow compared with the phototransforma-
tion of 5a into 2a. Therefore, a pathway, by which 5a
rearranges to 2a via 1a can be ruled out.

\’7N
Me—C—SCH,COOH + —
I LX

SdRMe

In order to obtain more direct evidence for the formation
of the N-thioacylaziridine § during the photolysis of
2-thiazolines 1, attempts were made to trap Sa during
irradiation of 1a. After a solution of 1a in acetonitrile had
been photolyzed below 5° for a short time, the NMR
spectrum of aliquots was measured. Three sharp singlets
attributable to the methyl and methylene protons of Sa and
to the methyl protons of 2a were observed between 7 7-51
and 7-62. On further irradiation the intensity of the methyl
signal of 2a increased, while that of the methyl and
methylene signals of 5a remained constant. Addition of
thiophenol, which reacted with neither 1a nor 2a, to the
photolysate resulted in the formation of the adduct 8a.
Similarly the adduct 8b was obtained by treatment of the
photolysate of 1e with thiophenol, indicating the formation
of 5d.

The above results led us to conclude that the
photorearrangement of 2-thiazolines 1 proceeds via
N-thioacylaziridines 5 which are photochemically trans-
formed into N-alkenylthioamides 2 and 3.

EXPERIMENTAL

M.ps were uncorrected. NMR spectra were recordedona NEVA
EM-360 or T-60 spectrometer with TMS as an internal standard. IR,
UV and mass spectra were recorded onaJASCO IRS spectrometer,
a JASCO ORD/UV-5 spectrometer, and a Hitachi RMS-4
spectrometer, respectively. Vapour phase chromatography (VPC)
was carried out with a Shimadzu GC-2C using helium as carrier gas.
Column chromatography (CC) was carried out on Mallinckrodt
silica gel (100 mesh) and thin layer chromatography (TLC) on
Merck Kieselgel GF.;, using UV light and iodine vapour for
detection.

‘picrate

picric acid N
[—S_J\Me
€~ NH
S/)\Me

8a: R=H
8b: R = Me
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Preparation of 2-thiazolines. 2-Methyl-1a, 2-ethyl-1b, 2.5-
dimethyl-1e, 2,4,4-trimethyl-1f, 2,5,5-trimethyl-1g, 2-phenyl-, and
unsubstituted 2-thiazolines were prepared according to the
Wenker’s method," 2,4-dimethyl-2-thiazoline 1d according to the
method of Lowell and Helmkamp,"” and 2-benzyl-le, 2-(B-
pyridyl)-, and 2-styryl-2-thiazolines according to the method of
Kuhn and Drawert.'® The purity of the prepared 2-thiazolines was
over 98% by NMR, except 1d (96%). 2-Mercapto-2-thiazoline was
commercially available.

General procedure for irradiation and product isolati-
on. Irradiations were performed with an acetonitrile solution of 1
with a 10 W low-pressure mercury lamp (Vycor housing) under
nitrogen with external water cooling, unless otherwise specified.
After removing the solvent under reduced pressure, products were
isolated by CC and preparative TLC using benzene as eluent. For
volatile products special procedures were taken. In attempts to
recover the unreacted 2-thiazolines, it was found that they were
mostly hydrolyzed on silica gel during elution with chloroform-
acetone, reflecting their instability under acidic conditions.'”
Spectral properties of 2and 3, which are new compounds, except 3d
and 3,'* are summarized in Table 2.

N-Vinylthioacetamide 2a. From the photolysate of 1a (5-64 g,
220 ml, 87 hr), 1-39 g of 2a was isolated by CC (100 g silica gel, 1-91
benzene) and purified by TLC, b.p. 70° (bath temp.)/2 mm Hg
(Found: C, 47-56; H, 7-26; N, 13-93; S, 31-40. C.H,NS requires: C,
47-52; H, 6:98; N, 13-86; S, 31-65%).

A mixture of 360 mg of 2a, 50 ml 0-IN HCI, and a few drops of
MeOH was maintained at 56-60° for 4 hr. After cooling, the mixture
was extracted with 50 ml ether and the ethereal layer dried over
anhydrous Na,SO,. Evaporation of ether gave 115 mg (43%) of
thioacetamide, m.p. 112-114° (CHCl,-petroleum ether) [lit."®
113-114°), identical with an authentic sample (NMR and IR).
Acetaldehyde concurrently evolved was reacted with 24 -
dinitrophenylhydrazine - H,SO, reagent to give its 24 -
dinitrophenylhydrazone in 45% yield, m.p. 154-161° (EtOH) {lit.”
162°), identical with an authentic sample (IR). The above result
indicates that 2a has an enamine moiety.”

Ethylene sulphide. Thephotolysateof 1a(8-10g,220ml;61hratca
10°) was distilled through a Widmer fractionating column. From the
distillate (3-5 ml) up to 80°, ethylene sulphide was separated by VPC
(PEG 20M, 20%, 40-60 mesh, 0-5 atm cm* gauge, 50°) in 2% yield,
which was identified by VPC retention time and IR. The yield of 2a
and the recovered 1a were determined by UV analysis of the
photolysate.

N-Vinylthiopropionamide 2b. From the photolysate of 1b
(3-70 8,220 ml, 74 hr), 900 mg of 2b was isolated by CC (80 g silicage!,
1-3 1 benzene) and purified by TLC, b.p. %0° (bath temp.)/4 mmHg
(Found: C, 51-87; H, 7-84; N, 1190; S, 27-50. CsHoNS requires: C,
52-16; H, 7-88; N, 12-17; S, 27-79%).

Propionitrile. The photolysate of 7-31 g of 1bin 220 ml ether (66
hr) was evaporated through a Vigroux column to remove most of the
solvent. Distillation of a part of the residue afforded propionitrile,
identified by VPC retention time (Silicone DC 550; 0-4 atm/cm?®
gauge; at 60°) and IR. The yield (9%) was determined by VPC. From
the rest of the residue, ether was carefully removed under reduced
pressure, and the yields of 2b and the recovered tb were
determined by NMR, using 2-methyl-imidazole as an internal
standard.

N-Vinyithiophenylacetamide 2. From the photolysate of 1c
(6-01g,220 ml, 62 hr), 1-01 g of 2c and 0-75 g of benzyl cyanide were
successively isolated by CC (110 g silica gel, 1-3 1 benzene). Benzy!
cyanide was identical with an authentic sample (IR). Recrystallisa-
tion of 2¢ from ligroin gave colourless crystals, m.p. 91-5-92-5°
(Found: C,67-17; H, 6-00; N, 8-09; S, 18-30. C,cH,oNS requires: C,
67-78; H, 6-28; N, 791; S, 18:06%).

N-(cis-1-Propenyl)- and N-(trans-1-propenyl)thioacetamides
(cis- and trans-2d) and N-allylthioacetamide 3d. From the
photolysate of 1d (4-17 g, 200 ml, 68 hr), 420 mg of cis-2d, 420 mg of
trans-2d, and 40 mg of 3d were successively isolated by CC (80g silica
gel, 4-1 | benzene). Careful inspections of NMR spectra of the
photolysate and the CC fractions showed no signals attributed to le

*The authors wish to thank Professor P. A. S. Smith for sending
the IR chart for 3f.
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and expected for 7d. 3d was identical with an authentic sample
obtained by anindependent synthesis.”* Distillation of cis-2d gave an
oil, b.p. 80-90° (bath temp.)/3 mmHg, which crystallised on standing,
m.p. 40-42° (Found: C, 52-33; H, 8:01; N, 12-26; S, 27-92. C;H,NS
requires: C, 52:16; H, 7-88; N, 12:17; S, 27-79%). Distillation of
trans-2d gave an oil, b.p. 90-95° (bath temp.)/3 mmHg. (Found: C,
51-86; H, 8-02; N, 11-99; S, 27-53. C,H,NS requires: C, 52:16; H,
7-88; N, 12:17; S, 27-79%).

The photolysis of 1e (6-50 g, 220 ml, 72 hr) gave a similar resuit
(Table 1).

N -2- Methy! - | - propenylthioacetamide 2f and N - 2 - methyl -
allylthioacetamide 3t. NMR analysis of the photolysate of 1f (617
2,220 ml, 67 hr) showed no interconversion between 1f and 1g during
photolysis. From the photolysate 620 mg of 2 and 740 mg of 3 were
successively obtained by CC (silica gel 140 g, 5'5 1 benzene).
Distillation of 2f gave an oil, b.p. 55-65° (bath temp.)/2 mmHg
(Found: C, 55-55; H, 8:71; N, 10-64; S, 24-51. C¢H,,NS requires: C,
55-79;H,8:58; N, 10-85; S, 24-78%). Distillation of 3gavean oil, b.p.
85-100° (bath temp.)/4¢ mmHg, which was identical with an authentic
sample (IR)."*t

The photolysis of 1g (516 g, 220 ml, 70 hr) gave a similar resuit
(Table 1).

N-Thioformylthiazolidine. From the photolysate of 2-thiazoline
(5-00 g, 220 mi, 70 hr), 60 mg of the titled compound was obtained by
CC (silicagel 100g,2-11benzene)and TLC(50: 1 benzene-AcOH)as
anoil, b.p. 125-130° (bathtemp.)/3 mmHg. NMR (CDCl,) 7 0-68 (1H,
sharp signal with very fine splitting,~-CH=S),™ 5-19(2H, sharp signal
with very fine splitting, S-CH-N), 574-604 (2H, m,
SHC-N-CH,-CH,-), 6:68~6:96 (2H, m, -S-CH,~CH,-); IR vhe¥'
1480,1230, 1155, 1110cm ™" (<CS-N-);Z UV AESH 272 nm (e 15900);
m/e 133 (rel. int. 100, M™), 54 (57), 45 (70}, 28 (77). The spectral data
are consistent with the following structure. C- N—CH=S

(Found: C, 36-34; H, 5:45; N, 10-55; S, 47-82. C.H;NS requires: C.
36:09; H, 5:30; N, 10-52; S, 48-08%).

N-Thioacetylaziridine Sa. To a solution of carboxymethyl
dithioacetate** (300 mg) and sodium bicarbonate (190 mg)in water (1
ml) was added ethylene imine (0-16 ml) in water (1 ml) under
ice-cooling. The reaction mixture was extracted with CCL (total 10
ml) and the organic layer washed with ice-water, dried over
anhydrous Na,SO,, and immediately submitted to NMR analysis. It
showed two singlets at 7 7-42 (Me protons) and 7-49 (aziridine
protons)'’ in addition to many low-intensity signals owing to
impurities. For several preparations, the yield of Sa was estimatedto
be 20-30% and the purity of 5ain the CCL, extracts to be 40-65% by
NMR integration.

Reaction of 5a with picric acid. To 3 ml of the above CCL, extract
was added picric acid (100 mg) and the mixture refluxed for 3 hr,
giving a yellow precipitate which was separated by filtration and
recrystallised from benzene-EtOH to give 2-methyl-2-thiazoline
picrate (65 mg)in almost quantitative yield, m.p. 155-170°(lit."* 171°),
identical with an authentic sample (IR).

N-2-Phenylthioethylthioacetamide 8a. To S ml of the above CCl,
extract was added thiophenol (0- 1 mi) and the mixture stirred for 2 hr
at room temperature and for an additional 2 hr at 50-60°.
Evaporation of the solvent gave a yellow 0il (220 mg), from which 36
mg (65%) of 8a was isolated by preparative TLC (silica gel/CHCl;)
followed by distillation as an oil, b.p. 110-140° (bath temp.)/10™*
mmHg. NMR (CCL) r 1497 (1H, broad, NH), 2:53~2:95 (5H, m,
aromatic protons), 6-22 (2H, slightly split g, became slightly splitt by
adding D0, Jeu-cu = 6Hz, Jcu-wu = 6Hz, -NH-CH,-CH,-), 6-87
(2H, slightly split t, Jou-cu = 6Hz, -S-CH,~CH,-), 7-58 (3H, s,
CH~CS-); IR viex' 3300 (NH), 1535, 1150 (-CS-NH-), 740, 695
(Ph-) cm™" (Found: C, 56-67; H, 6-26; N, 6-46. C,oH,,NS, requires:
C, 56-86; H, 6:20; N, 6:63%).

Photolysis of N-thioacetylaziridine 5a. One-sixthof thereaction
mixture of carboxymethyl dithioacetate (325 mg), ethylene imine
(0-17 mi), sodium bicarbonate (210 mg), and water (2-S ml) as above
was extracted with0-4 ml CCL. NMR analysis of the extract showed
that it contained 5a in 40% purity. The rest of the reaction mixture
was extracted with S mlether, in which the content of $awas found to
be almost the same as in CCL. Three-fifth of the ether extract was
transferred into a quartz tube, sealed under nitrogen and irradiated
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externally (2537 A) under cooling with ice-water for 2 hr. NMR
spectra of the photolysate and the rest of the ether extractkept in the
dark were measured after evaporating ether at low temperature in
vacuo followed by dissolving the residues in CDCl;. Comparison of
the spectra indicated that on irradiation 46% of 5a ( 7-43 and 7-48)
was recovered and 67% of the reacted 5a was converted into 2a (7
7-48, 5-01-5-47). The NMR signals corresponding to 2-methyl-2-
thiazoline were not observed. 2a was isolated by preparative TLC
(silica gel, 50:1 CHCl-acetone), which was identical with an
authentic sample (IR). The yield (63%) was in good agreement with
that estimated from NMR analysis.

Acontrolexperiment with 1a(0- 1 mlin 10 ml ether) was carried out
under the same irradiation conditions. After evaporating the
photolysate at low temperature in vacuo, NMR analysis (CCL) of the
residue showed that it consisted of a large amount of the recovered
1a (ca. 97%), 2a (ca. 2%), and 5a (ca. 1%), demonstrating that the
photoreaction of 1a is very slow compared with that of 5a.

Trappingof 5a from the photolysateof 1a. A solutionof 1a(6-13g)
in220 ml acetonitrile was irradiated internally at 1-5°. Aliquotsof the
photolysate were withdrawn at time intervals 4, 13, and 23 hr. After
removing most of the solvent at room temperature in vacuo, each
residue wasanalyzed by NMR (CCL), which showed the signals of $a
at ¢ 7-51 and 7-57 and of 2a at 7-62. These signals appeared at
somewhat higher field than those measured in pure CCl,, probably
due to the solute-solute interactions. To the photolysate after 23 hr
irradiation was added thiophenol (2 ml) and the mixture stirred for 2
hratroomtemperature, then 2 hrat 55-66°. The solvent wasremoved
and the residue separated by preparative TLC (silica gel, CHC;) to
give 8a (100 mg) which was identical with an authentic sample (IR).
As a control experiment a mixture of 1a (28 x1) and 2a (28 mg) was
treated with thiophenol (28 u1) in 1 mi acetonitrile as above, to give
the starting materials but no 8a (TLC and NMR).

Trapping of §d from the photolysate of 1e. Similar treatment of
the photolysate of le (5:35 g) in 220 ml acetonitrile after 18 hr
irradiation with thiophenol (2 ml) yielded 8b (50 mg) as an oil, b.p.
150-165° (bath temp.)/10~* mmHg; NMR (CCL)  2-16 (1H, broad d,
Jnn-cu = THz, -NH-CH-), 2-45-3-02 (5H, m, CHs-), 527 (1H,
broad septet, became broad sextet on adding D,O. Jcu_nu = 7Hz,
Jen-cuy = 6-SHz, Jcu-cu, = 5:5SHz.-NH-CH(CH,)-CH.-, 6-87(2H,
d,Jenycn = 5-5Hz,-CH,~CH-), 7-74 (3H, s, CH,-CS-),8-72(3H, d,
Jencn = 6:5SHz, CH,-CH-); IR vha 3230 (NH), 1535, 1115
(CS-N), 740, 685 (Ph) cm™* (Found: C, 58-93; H, 6:94; N, 649,
C.:HsNS; requires: C, 58-65; H, 6:71; N, 6:22%).
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