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Akxtract-Upon irradiation with light at 2537 A 2-alkyl-2-thiazolines (I) underwent rearrangement lo N- 
alkenylthioamides (2 and 3) as the major pathway and fragmentation 10 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 S-membered 
heteroaromatics have attracted attention of many work- 
ers.’ Among them, the photochemical rearrangement and 
fragmentation reactions of type A compounds (Go, S, or 
NR) have been interpreted mostly in terms of one of three 
types of valence bond tautomerization formally regarded 
as [2 + 21 reactions (i, ii, and iii in Scheme I),‘.’ although in 
particular cases (OS) 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 (~0, S, or NR). By 
analogy with the photochemical [2 + 21 reactions of Scheme 
1, type B compounds would be expected to undergo five 
typesofphotochemical[2 + 2]reactions(i-vinScheme2).It 
has already been known that reaction i occurs with 
4,5dihydrofurans,62-pyrazolines,’andZthiazolines,%eac- 
tion iii with 2-thiazolinesz 1,2,3-triazolines,” and 2- 
isoxazolines,~reactionivwith2-isoxazolines,9andreaction 
v with 2-isoxazolines.*S However, three-membered cyclic 
compounds resulting from such reactions cannot always be 
isolated, but in many cases they undergo further 
photochemical or thermal transformation into the linal 
products. Anexceptional case is found in the photochemical 
rearrangementof4,5dihydrofuranswhichgiveacylcyclop- 
ropanes.6 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,reaction i, ii,etc. will be used for 
the pathways in Scheme 2.) 

Photolysis products of substituted 2-thiarolines. Several 
2-alkyl-2-thiazolines la-lg were irradiated in acetoaitrile 

* + 

Scheme 1. 

tPart LXXVIII, Ref. 1. Part of this work was presented in the 
preliminary form.* 

SThc photochemical valence tautomerization of dihyd- 
roheteroaromatics of type B(b= hetero atom) has also heen 
known.” 

with a low-pressure mercury lamp with Vycor housing 
(mainly 2537A). 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 80’9, 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 la, propionitrile from Z-ethyl- 
2-thiazoline lb, and benzyl cyanide from 2-benzyl-2- 
thiazoline le. The results indicate that 2-alkyl-2- 
thiiolines 1 undergo two types of photoreactions, 
rearrangement to N-alkenylthioamides, 2 and 3 and 
[u2+ a21 cycle-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 la 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- 
vinylthioamides 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-(/3-pyridyl)-, and 2-mercapto-2- 
thiazolines, were inert to photolysis under similar 
conditions. 2-Thiazoline itself underwent complex photo- 

Scheme?. 
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Table 1. PhotoIysisof 2-thiazotines 

2-Thiazoline Irnui. conditions 
Concn. (MIIY^ Time (hr) Thioamide 

Products (% yield)” 
Others % Recovered 

la 2-Me 0.25 87 2s (25) nd nd 

0.31 61 h(17) ‘s” (2) 65 

lb 2-Et 0.15 74 2b (25) nd 25* 
0.29 66 2b (14) EtCN(9) 68 

lc 2-PhCH, 0-1s 62 2c (17) PhCHXN(13) 68 
Id Z&Me2 0.18 68 rrans-2d (IO) nd 216 

cis-2d (10) 
3d (1) 

le 2,5-&l o-25 72 fmns-2d (8) nd 206 
cis-2d (8) 
36 (3) 

If 2,4,4-Me, 0.22 67 21 (10) 3f (12) nd 
lg 2,5J-Me, 0.18 70 Zf (16) 3f (17) nd 5 

‘MeCN was used as solvent except t (Et,O). bYields are based on the starting 2-thiazoliies. ‘Not determined. dA 
considerable amount of the recovered 2-thiazoline was lost during evaporation of the solvent, because a special care was 
not taken. 

2s: R=Me, R,=R2=H 
NH 2b: R=Et, R,=R,=H 

2~: R=PhCH,, R,=R,=H 
3d: R=H 

R 2d: R = R, = Me, R, = H (cis and trans) R 
31: R=Me 

2k R=R,=R,=Me 

-ia 

reaction to yieldanunexpected product inlow yield whichis 
believed to be N-~Ofo~ylth~Ii~~c. 

Mechanism. Thetransformationof 2-alkyl-2-thiazoiines 
la, b, and c into 2a, b, and c respectively may proceed 
through a biidical 4 formed by C-S-S bond fission’ 
followed by hydrogen shift from C-4 to N (path A, Scheme 
3). However, by analogy with the phot~he~~ valence 
tautomerizationof 4,5dihydrofuran(reactioni,Scheme2), 
a mechanism involving a thioacylaziridine intermediate 5, 
which can be formed directly from la, b, and c (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, ld and le or 11 and lg. Scheme 4 
s~~zes~ssibiepathwaysforthephotore~angement 

‘TheC-S-Sbondis supposed tobe theweakestbond intheting. A 
zwitterionic species (. = +, - in 4) may also be a candidate for the 
intermediate. 

- JgR + J--J* 
2 3 

of these 2-thiazolines. Both Id and le gave the same 
products, transGd, cis-Zd, and 3d, in a similar ratio. 
Similarly,eitherlforlggavethesameproducts,2fand3f,in 
nearly the same ratio. The results indicate that ld and le (or 
If or lg) should rearrange to the final products through a 
common ~i~cetyi~~ne 5d (or Sf) followed by cleavage 
to a biradical species 4d (or 4f) and by subsequent 
intramolecular hydrogen shift. It was also confinned by 
NMR analysis of the photolyzate that no interconversion 
between Id and le and between If and lg takes place during 
photolysis. This suggests that the ~i~cety~dine 
formation must be an irreversible process. 

There are two possible routes to the aziridine inter- 
mediate 5, namely concerted [7r2 t a21 cycloaddition (path 
B, Scheme8 and stepwise pathway via a a biradical species 
suchas 1+6-+5or 1~4~5.~econce~~pr~essismo~ 
probable, since in the photolysis products from ld 
N-isopropenylthioacetamide 7d could not be detected, 
whichistheexpectedproductifthebiradical6disformed. It 

R 

G/‘i p: R=Me, b: R=Et,c: R=PhCH,) 

S R 

Ww 

Scheme 3. 
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‘Me 

Me 

I-- * JMe 

d,e: RI = Me, R2 = H 
f,g: RI = R2 = Me 

H-•m 

P 

Me 

I- ’ JMe 
7d 

+ 

R, 

Scheme 4. 

has been reported that the photochemical transformation of 
4$dihydrofuran into formylcyclopropane involves in part 
a concerted process.H 

In order to obtain further evidence for the intermediary 
formation of the N-thioacylaziridine 5, we synthesized 
N-thioacetylaziridine Sa from carboxymethyldithioacetate 
and ethylene imiie by the procedure employed for the 
synthesis of N-thioarylaziridine,‘3 and its chemical proper- 
ties were examined. The aziridine Sa was considerably 
unstable, so that it could not be obtained in a pure state. 
However, NMR analysis of the carbon tetrachlorideextract 
from the reaction mixture showed signals at r 7.42 (s, 3H, 
Me) and 7.49 (s, 4H, CE$CTI)” besides signals of 

‘; 
impurities, indicating that it contained 40-65% of Sa. 
Although Sa 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 
k with picric acid and thiophenol gave expectedly” the 
picrate of la (nearly quantitatively) and N-(g- 
phenylthioethyl)thioacetamide @a, 65% yield), respec- 
tively. 

Irradiation of an ethereal solution of crude Sa 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 la 
under similar conditions showed that the conversion of la 
into 2a was very slow compared with the phototransforma- 
tion of Sa into 2a. Therefore, a pathway, by which Sa 
rearranges to 2a via la can IX ruled out. 

In order to obtain more direct evidence for the formation 
of the N-thioacylaziridine S during the photolysis of 
2-thiazolines 1, attempts were made to trap Sa during 
irradiation of la. After a solution of la in acetonitrile had 
been photolyzed below 5” for a short time, the NMR 
spectrum of ahquots was measured. Three sharp singlets 
attributable to the methyl and methylene protons of Sa and 
to the methyl protons of 2a were observed between T 7.51 
and 7.62. On further irradiation the intensity of the methyl 
signal of 2s increased, while that of the methyl and 
methylene signals of Sa remained constant. Addition of 
thiophenol, which reacted with neither la nor 2a, to the 
photolysate resulted in the formation of the adduct 8p. 
Similarly the adduct 8b was obtained by treatment of the 
photolysate of le with thiophenol, indicating the formation 
of Sd. 

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. 

-AL. 

M.ps were uncorrected. NMR spectra were recorded on a NEVA 
EM-360 or T-60 snectrometer with TMS as an internal standard. IR. 
UV and mass spe&a were recorded on a J ASCO IRS spectrometer, 
a JASCO ORD/UV-5 spectrometer, and a Hitachi RMW 
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 Mallinckkdt 
silica gel (100 mesh) and thin layer chromatography (TLC) on 
Merck Kieselgel G%, using UV light and iodine vapour for 
detection. 

R 

Me-C-SCHICOOH + 
Yj 

/\- TZMe 

50: R=H ’ 
Pbs” 

&I: R=Me ’ PhITIMe 

&: R=H 
8b: R=Me 
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Preparation of 2-thiazolines. 2-Methyl-la, S-ethyl-lb, 2J- 
dimethyl-le, 2,4.4-trimethyl-If, 2,5,5-trimethyl-lg, 2-phenyl-, and 
unsubstituted 2-thiiolines were prepared according to the 
Wenker’s method,” 2.4dimethyl-2-thiioline Id according to the 
method of Lowell and Helmkamp,” and f-benzyl-lc, 2-(fi- 
pyridyl)-, and 2-styryl-2-thiazolines according to the method of 
Kuhn and Drawert.16 The nuritv of the urenared 2-thiazolines was 
over 98% by NMR, except Id (%%). 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 IO W low-pressure mercury Iamp (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 2 and 3, which are new compounds, except 3d 
and Jf,” are summarized in Table 2. 

N-Viaylthioacetamide 2a From the photolysate of la (5648, 
220 ml, 87 hr), I.39 g of 2a was isolated by CC (100 g silica gel, I.9 1 
benzene) and put&d by TLC, b.p. 70” (bath temp.)/Zmm Hg 
(Found: C. 47.56: H. 7.26: N. 13.93: S. 3140. C.H,NS reauires: C. 
47.52; H, 698; N. i3.86;’ S,‘31.65%j: - 

A mixture of 360 mg of Ls, 50 ml O.lN 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 Na2S0,. Evaporation of ether gave 1 I5 mg (43%) of 
thioacetamide, m.p. 112-l 14” (CHCl,-petroleum ether) [lit.‘* 
113-1140], identical with an authentic sample (NMR and IR). 
Acetaldehyde concurrently evolved was reacted with 2,4 - 
dinitrophenylhydrazine - H,SO. reagent to give its 2,4 - 
dinitrophenylhydrazone in 45% yield, m.p. 154-161” (EtOH) cit.” 
162”], identical with an authentic sample (IR). The above result 
indicates that 21 has an enamine moiety.2o 

Efhylenesulphide. Tbephotolysateof 1r(8~10g,220m1;61 hratca 
10”) was distilled through a Widmer fractionating column. From the 
distillate (3.5 ml) up logo”, ethylene sulphide w&separated by VPC 
(PEG 2OM. 20%. 40-60 mesh. 0.5 atm cm-* aauxe. 50”) in 2% vield. 
which was identified by VPCretention timeandlR. The yield-of 2a 
and the recovered la were determined by UV analysis of the 
photolysate. 

N-Vinylthiopmpionamide 2b. From the photolysate of lb 
(3~70g,220m1,74hr),900mgof2bwasisolatedbyCC(80gsilicagel, 
I.3 1 benzene) and purified by TLC, b.p. 90” (bath temp.)/4 mmHg 
(Found: C, 51.87; H, 7.84; N, 1190; S, 27.50. C,HeNS requires: C, 
52.16; H, 7.88; N, 12.17; S, 27.7%). 

Prupionitrife. The photolysate of 7.31 g of lb in 220 ml ether (66 
hr) was evaporated through avigroux column toremove 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 lb were 
determined by NMR, using 2-methyl-imidazole as an internal 
standard. 

N-Vinylthiophenylacetamide 2c. From the photolysate of lc 
(6.01 g, 220 ml, 62 hr). 1 .Ol I( of 2c and 0.75 JZ of benzvl cvanide were 
&cce&ely isolated by Cc (I 10 g silica g& I .3 I bekne). Benzyl 
cyanide was identical with an authentic sample (IR). Recrystallisa- 
tion of 2c 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,oH,,NS requires: C, 
67.78; H, 6.28; N, 7.91; S, 18.06%). 

N-(cis-l-Propenyl)- and N4trans-I-propenyl)thioacetamides 
(cis- and rrark-2d) and N-allylthioacer~mi~e 3d. From the 
nhotolysate of Id (4.17 a, 200 ml, 68 hr). 420 ma of cis-2d. 420 me of 
irans-2d,and40mgof3dweresuccessiv;lyisolatedbyCC(80gsiTica 
gel, 4.1 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 31. 

and expected for 7d. 3d was identical with an authentic sample 
obtainedbyanindependentsynthesis.”Distillationofcis-2dgavean 
oil,b.p.80-9O’(bathtemp.)/3mmHg,whichcrystallisedonstanding, 
m.p. 40-4t”(Fotmd: C, 52.33; H, 8.01; N, 12.26; S, 2792. C,HeNS 
requires: C, 52.16; H, 7.88; N, 12.17; S, 27.7%). Distillation of 
trans-2d gave an oil, b.p. W-95” (bath temp.)/3 mmHg. (Found: C, 
5186; H, 8.02; N, 1199; S, 27.53. C,H,NS requires: C, 52.16; H, 
788; N, 12.17; S, 27.7%). 

The photolysis of le (6.50 g, 220 ml, 72 hr) gave a similar result 
(Table 1). 

N - 2 - Methyl - I - propenylfhioacetamide 21 and N - 2 - methyl - 
allylthioacetamide 3f. NMR analysis of the photolysate of If (6.17 
g,ZZOml,67hr)showednointerconversionbetween lfandlgduring 
photolysis. From the photolysate 620 mg of 2f and 740 mg of 31 were 
successively obtained by CC (silica gel I40 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%).Distillationof3fgaveanoil,b.p. 
85-100” (bath temp.)/4 mmHg. which was identical with an authentic 
sample (IR).‘*.+ 

The photolysis of lg (5.16 g, 220 ml, 70 hr) gave a similar result 
(Table I). 

N-‘Ibioformylfhiazolidine. From the photolysate of 2-thiazoline 
(5~OOg,220ml,70 hr).6Omgof the titled compound wasobtained by 
CC(silicage1 lOOg,Z~l lbenzene)andTLC(50: I benzene-AcOH)as 
anoi1,b.p. 125-130”(bathtemp.)/3 mrnHg.NMR(CDCl,)~0~68(1H, 
sharpsignal withvery fine splitting,CIj=.QZ’ 5~19(2H,sharpsignal 
with very fine splitting, S-Cl$-N), 5.74-6.04 (2H. m, 
SHC-N-C&CH,-), 668-6.96 (ZH, m, -S-CH,-CH,-); IR v:P: 
1480,1230,1155,1110cm~‘(CS-N-);aUVA~”272nm(r 15900); 
m/e 133 (ret. int. 100, M’). 54 (57). 45 (70), 28 (77). The spectral data 
are consistent with thefollowingstructure. N--CH=S 

C-J 
(Found: C. 36.34; H, 5.45; N, 10.55; S. 47.82. C.kNS requires: C. 
36.09; H. 5.30; N, 10.52; S, 4808%). 

N-Thioacetylaziridine So. To a solution of carboxymethyl 
dithioacetate”(300 mg) and sodium bicarbonate (190 mg)in water (I 
ml) was added ethylene imine (0.16 ml) in water (1 ml) under 
ice-cooling. The reaction mixture was extracted with CCL (total IO 
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 T 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 5s was estimated to 
be 20-30% and the purity of 5s in the CCL extracts to be 40-65% by 
NMR integration. 

Reaction of 51 with pick acid. To 3 ml of the above CCLextract 
was added pick 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(65mg)inalmostquantitativeyield,m.p. 155-170”[1it.“171”], 
identical with an authentic sample (IR). 

N-2-Phenylthioethylthioacetamide 8s. To 5 ml of the above Ccl, 
extract was added thiophenol(0. I ml) and the mixture stirred for 2 hr 
at room temperature and for an additional 2 hr at 50-W. 
Evaporation of the solvent gave a yellow oil (220 mg),from which 36 
mg (65%) of lb was isolated by preparative TLC (silica gel/CHCl,) 
followed by distillation as an oil, b.p. 110-140” (bath temp.)/lO-’ 
mmHg. NMR (CCL) T I97 (IH, broad, NH), 2.532.95 (5H, m, 
aromatic protons), 6.22 (ZH, slightly split q, became slightly split t by 
adding D,O, JCHKH = 6Hz, JCH_NH = 6Hz, -NH-CH,-CH,-), 6.87 
(2H. slightly split t. JCHCH = 6Hz, -S-CH,CH,-), 7.58 (3H. s, 
CH,-CS); IR vz’ 3300 (NH), 1535, I I50 (-CS-NH-), 740,695 
(Ph-) cm-’ (Found: C, 56.67; H, 6.26; N, 6.46. C,,,H,,N& requires: 
C, 5686: H, 6.20; N, 6.63%). 

Photolysis of N-thioacetylaziridine 51. One-sixth of the reaction 
mixture of carboxymethyl dithioacetate (325 mg), ethylene imine 
(0. I7 ml), sodium bicarbonate (210 mg), and water (2.5 ml) as above 
wasextractedwith0~4mlCCl,.NMRanalysisof theextract showed 
that it contained !ta in 40% purity. The rest of the reaction mixture 
wasextractedwith5mlether,inwhich thecontentof Sawasfound 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 (2537A) under cooling with ice-water for 2 hr. NMR 
spectra of the photolysate and the rest of the ether extract kept in the 
dark were measured after evaporating ether at low temperature in 
uocrw followed by dissolving the residues in CDCI,. Comparison of 
the spectra indicated that on irradiation 46% of Sa (T 7.43 and 7.48) 
was recovered and 67% of the reacted 5s was converted into t (T 
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, 5O:l CHCI,-acetone), which was identical with an 
authentic sample (IR). The yield (63%) was in good agreement with 
that estimated from NMR analysis. 

Acontrolexperimentwith lr(0.1 mlin 10mlether)wascarriedout 
under the same irradiation conditions. After evaporating the 
photolysateatlow temperature in c;ocuo,NMRanalysis(CCL)of the 
residue showed that it consisted of a large amount of the recovered 
la (ca. 97%), t (ca. %), and Sa (ca. I%), demonstrating that the 
photoreaction of la is very slow compared with that of Sa. 

Trappingof5afromfhephofolysafeojla. Asolutionof la(6.13g) 
in22OmIacetonitrile wasirradiatedintemallyat 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 uacuo, each 
residuewasanalyzedbyNMR(CCL),whichshowedthesignalsofSa 
at T 7.51 and 7.57 and of 21 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,then2hrat55-66e.Thesolventwasremoved 
and the residue separated by preparative TLC (silica gel, CHCI,) to 
give 8a (108 mg) which was identical with an authentic sample (IR). 
As a control experiment a mixture of la (28 ~1) and h (28 mg) was 
treated with thiophenol(28 pl) in I ml acetonitrile as above, to give 
the starting materials but no & (TLC and NMR). 

Trapping of Sd from the photolysote of le. 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. 
l50-165”(bathtemp.)/10~‘mmHg;NMR(CCI,) r2*16(lH, broadd, 
J NH-CH = 7Hz, -NH-CH-), 2.45-3.02 (SH, m, Cd&), 5.27 (IH, 
broad septet, became broad sextet on adding DO. JCH-NH = 7Hz, 
J CH-CH, = 6.5Hz, JCHCH~ = S.SHz.-NH-CH(CH,)-CHr, 6.87 (2H, 
d, Jc+cH = S~SHz,-CHzCH-),7~74(3H,s,CH,-CS-),8~72(3H,d, 
J eH,_c” = 6.5Hz, CH,CH-); IR V= 3230 (NH), 1535, I II5 
&S-N), 740, 685 (Ph) cm-’ (Found: C, 58.93; H, 694; N, 6.49. 
C,,H,,N!$ requires: C, 58.65; H, 6.71; N, 6.22%). 
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helpful discussion. 

REFERENCFS 
‘I. Saito, M. Yamane, H. Shimazu, T. Matsuura and H. J. 
Cahnmann, to be published. 

“r. Matsuuraand Y. Ito, C/tern. Comm. 8% (1972); Symposium on 
Photochemistry, Osaka (1972). 

%A. Lablache-Combier and M.-A. Remy, Bull. Sot. Chim. Fr. 679 
(1971); bA. Couture and A. Lablache-Combier, Tetrahedron 27, 
1059(197l);Chem. Comm891(1971);andreferencescitedtherein. 

‘E.E.vanTamelenandT.H.Whitesides,J.Am. Chem.Soc.93,6129 
(1971); and references cited therein. 

“H. Wynberg, R. M. Kellogg, H. van Driel and Cl. E. Beekhuis, J. 
Am. Chem. Sot. 89, 3501 (l%7); bM. Ohasbi, A. Iio and T. 
Yonezawa, Chem. Comm. I I48 (1970); ‘M. Kojimaand M. Maeda, 
Ibid 386 (1970); dM. Maeda and M. Kojima, Tetrahedron Letters 
3523 (1973) See also Ref. 3a. 

~D.W.Boykin,Jr.andR.E.Lutz,./.Am.Chem.Soc.86,5@46(1%4); 
“J. Wiemann, N.Tboaiand F. Weisbuch, Tetrahedron Letters,2983 
(1%5);Bull.Soc.Chim.Fr.575(1%6);’D.E.McGreer,M.G.Viaje 
andR. S. McDaniel, Can. J. Chem.43, 1417(1%5);dH.Hiraokaand 
R. SrinivasaQ Am. Chem. Sot. %,2720(1968;‘A.G. Anastassiou 
and R. P. Cellura, Chem. Comm. 1522 (1969); ‘P. Scrii, D. 
Hourdinand J. Wiemann, ComprRendAcad Sci. 268C, 178( 1969); 
‘P. Scribe, D. Hourdin and J. Wiemann, TermhedronLcfrers 4375 
(1970);bH. Wanthoff, Chem. Ber. lgI$748(1972);‘P. Scribe,M.R. 
Monot and J. Wiemann. Tetrahedron L&rem 5157 (1%7); ‘S. J. 
RhoadsandC.F.Brandenburg,.J.Am. C/tent. Soc.93,5885(1971): 
LW.G.DaubenandG.W.ShaBer,J.Org.Chem.34,23Ol(l%9). 

‘H.J.RosenkrunzandH.Schmid, Helu.Chim.AcraSl, 1628(1%8). 
&P. Scheiner, 1. Am. Chem. SIC. 90, 988 (1968); Tetrahedron, 24, 

275711968): bB.HaltonandA. D. Woolhouse. TetmhedmnL&eM 
4877 (IWl); and references cited therein. 

“r. Matsuura and Y. Ito, Termhedmn Letters 2283 (1973); bH. 
Giezendanner, M. MCky, B. Jackson, H.-J. Hansen and H. 
Schmid, Helo. Chim. Actu 55, 745 (1972); “r. Mukai and H. 
Sukawa, Tetrahedron Letters 1835 (1973). 

‘Tar a review see T. Matsuura and Y. Ito, Hekrocycles, to be 
published. 

“T. Matsuura and Y. Ito, Tetmhedmn, a subsequent paper. 
“P.A.S.SmithandJ.M.Sullivan,J.0rg.Chem.26,1132(1%1). 
“Y.Iwakura,A.NabeyaandT.Nishiguchi,lbid32,2362(1%7). 
“H. Wenker, J. Am.-Chem. Sot. g?, 1079 (1935). 
‘3. R. Lowell and G. K. Helmkamo. Ibid 88. 768 (1966). 
‘“R. Kuhn and F. Drawer& Ann. 556, 55 (1954). ’ 
“For example, K. Linderstrom-Lang and C. F. Jacobson, J. Bfol. 

Chem. 137, 443 (1941). 
“‘The Merck Index, 18th Ed. p. 1014 (1968). 
“0. L. Brady and G. V. Elsmil, Analyst 51, 77 (1926). 
ME. J. Stan&is and W. Mass, 1. Org. Chem. 38, 2156 (1965). 
*‘W. Walter and R. F. Becker, Tetrahedron 28, 1705 (1972). 
“K. Nakanishi, Infrared Absorption Spectroscopy-Practical-, 

Nankodo. Tokyo, p. 54 (1%2). 
*‘K.A.JensenandC.Pedersen,AcruChem.Scund. 15,1087(1%1). 


