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Abstract: The thionation of w-hydroxy amides with Lawesson's reagent [LR: 2,4-
bis(p-methoxyphenyl)-1,3,2,4-dithiaphosphetane-2,4-disulfide] is described. The
trezltmeni of 3-hydroxy amides I with LR exclusively gave thicenamides 2 in fair
tment of 4- hydroxy amides § with LR yielded sulfur-containing
hctcrmyclex such as tetrahydrothiophene-2-imines 6 and tetrahydrothiophene-2-
thxone 7a througjh cyclization of imermediares 4-mercapto amides 8. The 5-
nvuxw\) amides 13 also reacted with LR (o afford teimnnyuroihiopyrﬁne 2-thione
14 as the the sole product. © 1999 Elsevier Science Ltd. All rights reserved.
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The use of 2,4-bis(p-methoxyphenyl)-1,3,2 4-dithiaphosphetane-2,4-disulfide, commonly known as
Lawesson's reagent (LR), for the chemical conversion of carbonyls to thiocarbonyl compounds has been well
investigated.] LR has also been utilized in the synthesis of five- and six-membered phosphoms-2 and sulfur-
containing heterocycles.? Recently, we have reported the direct conversion of alcohols into thiols by treatment
of the alcohols with LR# and novel routes 1o sulfur—conlu'minv heterocycles by the reaction of the substrate with
two functional groups such as @-N-acylamino alcohols,” w-hydroxy amides,0 and w-keto amides.” In this

substrates containing two functional

groups, ®w-hydroxy
The treatment of 3-phenyi-3-hvdroxypropionamides ia-i with an equimolar amount of LR in toluene

under reflux for 30 min afforded thiocnamides 2a-i in fair yields.8 The yield of 2a dropped to half when a 0.5
equimolar amount of LR was used. Neither the thionation of the amide group nor dehydration was observed
using a 0.25 equimolar amount of LR. These results suggest that the formation of 2 can be explained in terms
of the thionation of amide function and dehydration. The latter process probably involves initial conversion of
the hydroxy to a thiol group, followed by loss of hydrogen sulfide to give the final products 2 (Scheme 3),
ce LR also has dehydrating effect on alcohols through thiols. 4.9 The structures of the thioenamides 2 were
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heir spectroscopic properties, elemental analyses, and chemical evidence. The 1H

NMR spectra of 2 showed two olefinic pmtom around 8 6.64-7.18 (d) and 7.66-7.98 (d) with the same
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coupling constant of 14.6-15.1 Hz, suggesting an £-configuration for tf
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1e corresponding thioenamides 2. The
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thioenamide 2a thus obtained was treated with Mel to give N,4-diphenyl-2-methylthio-1-azabuta-1,3-diene (4)

in almost quantitative yield. The thioenamides 2e and h were confirmed by direct comparison of their IR and
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NMR spectra with those of authentic materials, which were independently prepared by thionation of

ihe
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corresponding cinnamamides 3e and h with LR. On the other hand, the reaction of 3-hydroxybutyramides 1j-
k with LR under similar conditions as des‘cribed above leads to intractable mixtures.
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Table 1. Yields of Cinnamthioamides 2 in the Reaction of 3-Hydroxy-Amides 1
with LR 0 000O0O0O0O0OOOO
Molar ratio
R! R2 LR/1 Yield (%)C of 2
la Ph H i .94
1ab 1 60
1a 0.5 48
1a 0.25 trace
1b p-ClCgll4 H 1 89
l¢ p-MeCgHg4 H 1 69
1d Ph Me 1 77
1e PhCH2 H 1 97
if Buf H 1 AY
1g Pri pri I 99
1 h PhCH2 PhCH2 1 58
i -(CH2)2- O-(CH2)2- 1 86

dRCdCthﬂ conditions: Reflux in toluene for 30 min. bReflux for 10 min.
Clsolated yield.
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The Treatment of 4-phenyl-4-hydroxybutyramides 5§ with an equimolar amount of LR gave
limema Y temmlimnc £ nemd/ | PRSP DA e Y R o il

tetrahydrothiophene-2-imines 6 and/or tetrahydrothiophene-2-thione 7a. Interestingly, upon reatment of 5 with

0.5 equiv. of LR, 4-mercapto amides 8a-c¢ were isolated along with 6a-c and 7a. The 4-mercapto amide 8¢
thus obtained was treated with 0.5 equiv. of LR under the same conditions to yield the imine 6c and thione 7a
in 33 and 39 % yields, respectively. The imine 6¢ further reacted with 0.5 equiv. of LR to yield the thione 7a
in 80 % yield. On the other hand, the 4-hydroxy amides 5f-g, which are substituted with an alkyl group at 4-
position, were treated with LR to give various products such as tetrahydrothiophene-2-thione 7b, the
dehydration products such as the alkenylthioamides 9f-g, 11f-g and the alkenylamides 10g, 12g as shown in
Table 3. The structures of 6- 12 were determined by elemental analyses as well as their spectroscopic
properties. The treatment of the 4-hydroxycapronamides 5f-g with LR gave unseparable mixtures.
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15% (from 13b)

Scheme 2
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Table 2. Yields of Products 6-8 in the Reaction of 4-Hydroxy-Amides 5a-e
with LR.&
Molar ratio Yield (%)b
R! R2 LR/5 6 7a 8
Sa Ph H 1 51 33 -
Sa 0.5 325 11
§b p-Tol H 1 49 48 -
5b 0.5 35 5 9
S5¢ p-CiICeH4 H 1 45 52 -
Sc 0.5 37 5 8
5d PhCH?2 H ! 32 - -
5d 0.5 30 - -
S5e PhCH2 PhCH?2 1 - 22 -
Se 0.5 - 10 -

aReaction conditions: Reflux in toluene for 30 min. Dlsolated yield.

Table 3. Yields of Products 7b, 9f-g, 10g, 11f-g and 12g in the Reaction of
4-Hydroxy-Amides 5f-g with LR 4

Molar ratio Yield (%)b o
R! R2 LR/5 76 9 10 11 12
5T 1 p-Tol 1 51 5
5f 0.5 tr. 29 12
Sg PhCH2 PhCH? | i8 15 -
5g 0.5 12 31 26

aReaction conditions: Reflux in toluene for 30 min. Plsolated yield.

A reasonable mechanism for the formation of the tetrahydrothiophene-2-imines 6, tetrahydrothiophene-

2-thione 7 and 4-mercapto amides 8 is depicted in Scheme 3. On the basis of these findings, the hydroxy

elimination of hydrogen sulfide yields the imines 6, which then undergo further thionation to form the thiones
(path a). The mercapto thioamides DT, which involve a secondary amino function, undergo ring ciosure by the

nucleophilic attack of SH on the thioamide carbon, followed by elimination of the amines to give 7 (path b).
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When the 5-hydroxy amides 13 were treated with LR, moderate quantities of tetrahydrothiopyrane-2-
thione 14 were obtained by flash chromatography. The formation of 14 can be explained by a similar pathway
as for the formation of 7.

The o-(1-hydroxyalkyl)benzamides 15a-b were treated with LR to give complex mixtures from which

the dihydro-2-benzothiophene-1-imines 16 were isolated, but in low yields as the only isolable product. Other
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Table 4. Yields of Dihydro-2-benzothiophene-1-benzylimines 16 in the

Reaction o-(1-Hydroxyalkyl)benzamides 15a-b with LR.2
A H

Molar ratio
R LR/1S Yield of 16 (%)°
15a Me 2 g
15a 1 18
15b Ph 2 11
15b 1 17

aReaction conditions: Reflux in toluene for 30 min. Plsolated yield.

Table 5. Yields of Phthalides 17 in the Reaction of o-(1-Hvdroxvalkvllbenzamides
- s . 2 WIS Av s i IR Ny Ll NN W AN AR s \l 48 NN “an l/l.l\/ “ ANEAW D

[ES S B AL U a

15¢-e with LR .4

Molar ratio  Reflux time
R R! R2 LR/15 (h) Yield of 17 (%)

15¢ PhCH?2 Buf H l 0.5 26

- 3 80
15d Ph PhCH? H I 0.5 6
15d 0.5 0.5 48
15d - 0.5 trace
15e PhCH2 Et Et - S 66

AReaction conditions: Reflux in toluene for 30 min b]cnlagpd vield

AT aliUi LN IIaS. SxLiauAs i NS asadaa, A AR

EXPERIMENTAL

Melting and boiling points are uncorrected. The IR spectra were measured using a Hitachi 260-30 or JASCO
FT/IR-300 spectrophotometer. The 'H and 13C NMR spectra were recorded on a JEOL FX 90Q (90 MHz) or
JEOL-EX-270 (270 MHz) spectrometer using CDCI3 as the solvent and tetramethysilane as the internal
standard. / Values are given in Hz.

Reaction of w-hydroxy amides 1, 5, 13 and 15 with LR: General procedure.

A solution of w-hydroxy amides 1, 5, 13 and 15 (2 mmol) and LR (2 mmol), unless otherwise noted, was
heated to reflux under argon for 30 min. After removal of the solvent, the residue was chromatographed on a
silica-gel column with toluene-ethyl acetate 50:1-4:1 to give the products 2, 6-i2, 14, and i6-17. The
structures of the phthalides 17 were confirmed by a comparison of the spectral data cited in the literature. 7

N-Phenylcinnamthioamide (2a): mp 134-135 ©C (lit.! 134 0C); IR(KBr) 3260, 1625 cm™!; IH NMR 8§
7.00 (1H, d, J=15.1), 7.25-7.70 (11H, m), 7.96 (1H, br d); 13C NMR 8 124.2, 127.1, 128.2, 128.9, 129.1,

130.1, 134.9, 138.2. Methylation of cinnamthioamide 2a with Mel: To a solution of cinnamthioamide 2a (1
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aceione (5 mij was added and then the mixture was stirred at room temperature for 5 h.
azabutadiene 4 in 97% yield.

N,4-Diphenyl-2-methyithio-I-azabuta-1,3-diene (4): mp 87-88 0C; IR(KBr) 1620 cm™!; iH NMR 3
2.49 (3H, s), 6.70 (1H, d, J=16.6), 6.78-7.44 (11H, m); 13C NMR § 12.9, 120.9, 121.2, 123.6, 127.5,
128.7, 128.8, 129.3, 135.3, 137.8, 150.5, 164.1. Anal. Calcd. for C1gH15NS: C, 75.85; H, 5.97; N, 5.53.
Found: C, 75.64; H, 5.91; N, 5.47.

N-p-Chlorophenylcinnamthioamide (2b); mp 193-194 9C; IR(KBr) 1625 ecm-1; TH NMR § 7.16 (1H,
d, J=15.1), 7.10-8.00 (9H, m), 7.97 (1H, d, J=15.1); 13C NMR & 126.0, 129.0, 129.6, 129.8, 130.8,
136.1, 138.9, 144.2, 187.7. Anal. Calcd. for C15H12NSCl: C, 65.81; H, 4.41; N, 5.12. Found: C, 65.68;

M AWI™ N SNO
iy, .50, 1%, J.ur.

7w Toleulainnn smthinnmida (Pate snm FEY_TE2 OF% IR/LTI 21E0 1£7E nma-1. 117 ANIAAD S 3 A2 7217
N-p- xu-;uuuuauuluu mMHGe (20)0 P 152-155 YO IRIK Oy 515U, 1645 cmi™?) i NMR O 2.45 (51, §),
FAaraYe) Ty 1 r 1L % - ( -~ 7 m Fal £ ¥ 1 ~ Fanl Ty A S fal Pl ~ o~ 0 Yy = M\~
5.5¢ ,d, J=15.1), 7.13-8.26 (1GH, m), 9.10 (iH, br s). Anai. Caled. for C1gH15NS: C, 75.38; H, 5.97;

N-MethyI-N-phenylcmnumlhmamlde (Z(I): mp 117-118 0C; IR(KBr) 1620 cm-1; IH NMR 8 3.87 (3H,
5), 6.64 (1H, d, J=15.1), 7.16-7.59 (10H, m), 7.93 (1H, d, J=15.1); 13C NMR & 45.8, 126.1, 127.8, 128.3,
128.6, 129.4, 129.8, 135.4, 143.4, 145.3, 195.4. Anal. Calcd. for C16H15NS: C, 75.85; H, 6.36; N, 5.53.
Found: C, 75.62; H, 6.07; N, 5.43.

N-Benzylcinnamthioamide (2e): mp 115-116 °C; IR(KBr) 3200, 1635 cm~!; IH NMR § 4.94 (2H, d,
J=5.4), 6.82 (1H, d, J=15.1), 7.22-7.54 (61, m), 7.82 (1H, d, /=15.1); 13C NMR & 50.3, 127.4, 128.0,
128.1, 128.4, 128.9, 129.9, 134.8, 136.3, 142.0, 194.6. Anal. Caled. for C1gH15NS: C, 75.85; H, 597, N,

,,,,,,,,,,,, ~ IO

Z',

AL I 1‘\) 10 0N, IR N I 100 =t ey wrnan 1 £ 4 /A1 Y
HI ll()d""ut \4') ln]) 120-147 YO, IK(INDTI) J2U4U, 105U Il ) i1 NIVIK O 1.04 (¥11,

m {
s), 6.76 (1H, d, /=15.1), 7.10-7.56 (6H, m), 7.67 (1H, d, J=15.1); 13C NMR 8 29.0, 55.9, 127.8, 128.8,
129.5, 130.1, 135.0, 139.7, 193.7. Anal. Caled. for C13H17NS: C, 70.19; H, 7.81; N, 6.39. Found: C
71.00; H, 7.89; N, 6.36.

N,N-Di-iso-propylcinnamthioamide (2g): mp 114-115 0C; IR(KBr) 1615 cm1; 1H NMR & 1.39 (6H,
d, J=11.2), 1.46 (6H, d, J=11.2), 3.94-4.40 (2H, m), 7.18 (1H, d, /=15.1), 7.20-7.57 (5H, m), 7.76 (1H, d,
J=15.1); I3C NMR & 19.3, 22.6, 50.0, 53.7, 127.4, 128.7, 129.1, 135.8, 142.1, 195.1. Anal. Calcd. for
C15H21NS: C, 72.88: H, 8.56: N, 5.66. Found: C, 72.91; H, 8.66; N, 5.64.

N,N-Dibenzylcinnamthioamide (2h): mp 117-119 ©C: IR(KBr) 1620 cm™1; TH NMR 8, 4.84 (2H, s),
A2 /MHLY A 71 1L A T.1A Ay 70M0Q 7 AQ (1KLT )Y 707 7103 A J_ 1A £\, ]’Jlf‘ AMD S 8§20 19K 1
SO LT, D), 7P MR Uy ), T ATJOT T O B, dL ), U7 BT Ry Uy =10 ), INIVAIN U JJ.0, 14LJ.h,
1™ 17" O 1YW N TGO Ty NAY Y F e TNV 19 1 A 1o~ 1 A A 1N~ . | ™ Fa e | l-.\](\,
12 L2708, 1LB.U, T LO./, 1YL, 1LY.0, 130.1, 120.4, 123D./7, 140.4, 17/.0, Anal. L,d (.0 IO 2321 NDC

0.4 : kN
C, 80.43; N, 6.16; N, 4.08. Found: C, 80.44; H, 6.18: N, 4.10.
N-Morpholinocinnamthioamide (2i): mp 106-107 9C; IR(KBr) 1615 cm'i; 1 NMR & 3.50 (6H, m),
4.10-4.60 (2H, m), 7.05 (1H, d, J=15.1), 7.12-7.60 (5H, m), 7.68 (1H, d, J=15.1); 13C NMR & 50.3, 66.4,
125.0, 127.6, 128.8, 129.5, 135.3, 143.2, 195.7. Anal. Caled. for C13H5NOS: C, 66.92; H, 6.48; N, 6.00.
Found: C, 66.39: H, 6.46; N, 5.89.
5-Phenyldihydrothiophene-2-phenylimine (6a): bp 180 9C/3 Torr; mp 61.5-63 OC; IR(film) 1625
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,\..,.-1 ILI AIRAD R 2 (WL D Q1 (DL wa) DMLY V& /DL casd A QT 7110 A JT_& A 0O QY £ Q& 7T &N F1NLT ..\
il 7, T NIV U LWL 01 LLrg, B, & TUR0L L (e, T, .00 (i, G, 7v=0.4, 7.0), U.7I0-1.0U (1un, ),
‘QI\ ATR &Y < Y- 'Al\t ©® 4 TN t ™ oA 4 1 N A 1M O 10~ . YANEAY ~, N ke N ™~ 4N A b 3 N 1 »
YU INIVIK O 30.0, 4U.0, D4.8, 14U, 124.4, 1274, 12706, 128.7, 149U, 1539.0, 1D2.1, 174.Y, Anal. Laica
for C16H1sNS: C, 75.85; H, 5.97; N, 3.53. Found: C, 75.70; H, 5.92; N, 5.39,

5-Phenyldihydrothiophene-2-thione (7a): bp 182 ©C/2 Torr; mp 44-45 OC; IR(KBr) 1290, 1260, 1180,
1140, 1100 cm-1; TH NMR § 2.29-3.00 (2H, m), 3.06-3.48 (2H, m), 5.28 (1H, dd, J=5.4, 9.8), 7.24-7.45
(5H, m); 13C NMR § 39.5, 55.7, 61.2, 127.4, 128.3, 128.9, 138.0, 245.1. Anal. Caled. for C1gH10S2: C,
61.86; H, 5.15. Found: C, 61.89; N, 5.19.

N-(3-Mercapto-3-phenylbutyrylaniline (8a): oil; IR(film) 3440, 1675 cm~!; |H NMR & 1.91 (1H, d,
J=6.3), 2.05-2.78 (4H, m), 3.89-4.04 (1H, m), 6.96-7.68 (10H, m); 13C NMR 8§ 35.1, 35.3, 43.2, 1199,
1202, 1268, 127.4, 1287, 1289 1378 1438 1704

d—rFa iy iy LI 0.0, U0, LN T

5-p enyldlhydrothlophene 2-p-tolylimine (6b): bp 210 °C/3 Torr; IR(ﬂlm) 0 cm-1; TH NMR &

ey

28\1m),2/y i

3 (ZH, m), 4.80 (iH, dd, /=5.4, i{.

tn

~
3.4
e
3.

J, 35.6, 40.5, 34.7, 120.0, 125.2, 127.4, 127 .8, 128.6, 129.6, 134.0, ‘139.7, 149.5, 174.4. Anal.
Caled. for L17H17NS C, 76.36: H, 6.41, N, 5.24. Found: C, 76.37; 1, 6.48; N. 5.00.
N-(3-Mercapto-3-phenylbutyry!)-p-toluidine (8b): oil; IR(film) 3300, 2540, 1655 cm~!; IH NMR §
1.88 (1H, d, /=5.9), 2.27 (3H, s), 2.05-2.18 (4H, m), 3.80-4.08 (1H, m), 6.95-7.40 (9H, m), 8.05 (1H, br
s); 13C NMR § 207, 35.2, 43.2, 120.1, 126.7, 127.3, 128.6, 129.2, 133.7, 135.2, 143.8, 170.4. Anal.
Caled. for C17H19NOS: C, 71.56; H, 6.71; N, 491. Found: C, 71.51; H, 6.60; N, 4.71.
S5-Phenyldihydrothiophene-2-p-chlorophenylimine (6¢): bp 220 0C/3 Torr; IR(film) 1630 (.m‘1 IH

NMR § 2.04-2.72 (2H, m), 2.77-3.26 (2H, m), 4.80 (1H, dd, /=54, 10.3), 6.94 (2H, d, J=R.8), 7.10-7.48

(7H, m); 13C NMR § 355, 40.5, 54.9, 1215, 127.3, 127.8, 128.6, 129.0, ‘.2\9.5,"39 3, 1504, 175.8.
Anal. Caled. for C16H14NSCl: C, 66.77; H, 4.90: N, 4.87. Found: C, 67.04; H, 5.14; N, 4.85. A solution of
the product 6¢ (0.5 mmol) and LR (0.25 mmol) in toiuene (30 mi) was heated under refiux for 15 min under
the same conditions to give 7a (80%).

N-(3-Mercapto-3-phenylbutyryl)-p-chloroaniline (8c¢): mp §7-89 ©C; IR(KBr) 3270, 3200, 2550,
1665 cm™1; TH NMR 8 1.93 (1H, d, /=5.8), 2.20-2.42 (4H, m), 3.90-4.11 (1H, m), 7.18-7.46 (10H, m);
13C NMR § 35.0, 35.3, 43.2, 121.2, 126.8, 127.5, 128.8, 128.9, 138.3, 143.7, 170.3. Anal. Calcd. for
C16H16NOSCI: C, 62.85; H, 5.23. N, 4.58. Found: C, 62.94; H, 5.28; N, 4.55. The compound 8¢ was
treated with 0.5 equiv. of LR under the same conditions for 15 min to give 6¢ (33%) and 7a (39%).

S-Phenyldihvdrothiophene-2-benzylimine (6d): bp 180 OC/3 Torr; IR(film) 1630 cm~ 1. Iy NMR &

Al i - ~ 7 7 = = == -
1T O2 D LA MLT oy D LAO_2T W) ALY wany A A2 (DL e oy 4 709 /10T A J.AQ QY 7799 7 A8 {1NIT ;) 13{‘
L.75-2.0% (£, My, 2.0%-5.UY (o1, i), .90 (21, OF §), 4,70 (111, GG, v=4,.7, 2.0, /.£4-7.03 (1urny, iy, ~
ATRATY S A8 O 2 () cA & L1 A 1NL O 197 £ 1177 O 1950 N1 170 A 170 7 1200 & 1 AN N 177 A Al MNalad
INIVIIN O 20,7, 2707, J=+.0, Ul. 4, 1L0.0, 12/7.3, 127.0, 1L0.U, 1L0.+4, 1£0.7, 127,30, 194J.\J, 17WU.S4,. AlldL, Calvud,
for C17H17NS: C, 76.38; H, 6.41; N, 5.24. Found: C, 76.16; I, 6.43; N, 5.19.

5-Methyl-5-phenyldihydrothiophene-2-thione (7b): bp 185 0C/3 Torr; IR(film) 1305, 1260, 1155,
1075 cm~1; TH NMR & 1.98 (3H, s), 2.52-2.63 (1H, m), 2.81-2.92 (1H, m), 3.21-3.30 (2H, m), 7.25-7.50
(5H, m); 13C NMR & 298, 44.5, 53.5, 69.2, 125.9, 127.6, 128.7, 143.8, 145.0. Anal. Calcd. for
C11H1282: C, 63.41; H, 5.81. Found: C, 63.29; H, 5.76.

N-p-Toly-4-phenyl-2-butenylthioamide (9f) and N-p-tolyl-4-phenyl-3-butenylthioamide (11f):
The two isomery could not be completely separated. oil; IR(film) (a mixture of 9 and 11f) 1650, 900 cm~ 1

1H NMR § (for 9f) 2.15 (3H, br s), 3.86 (2H, d, /=7.3), 6.02 (1H, dt, J=1.3, 7.3), 7.17-7.52 (9H, m); &

If.il“i/if’) "\
L1101 11) .09 1O

o8

&Y TT Qe 20D ML aa N 2 Q 2 1g Y 8N /1 A JT.1 N\ & 28 711 A I—1 M\
} 1, 5), 0) .72 {zri, 111y, O RN , My, J.40 (i, G, v=108J), J.20 (i, G, v=1.u),
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ibenz yl 4- phe I-2-butenylthioamide (9g): bp 222 0C/3 Torr; IR(film) 1600, 1200, 1155,
I, 'H NMR & 1.98 (3H, d, J=1.0), 3.90 (2H, d, /=6.8), 4.75 (2H, s), 5.36 (2H, s), 5.98 (1H, dt,
J=1.0, 6.8), 7.13-7.42 (15H, m); 13C NMR § 16.5, 44.8, 53.6, 55.6, 204.5 and aromatic and olefinic carbon

peaks. Anal. Caled. for C25H25NS: C, 80.80; H, 6.78; N, 3.77. Found: C, 81.12; H, 6.66; N, 3.57.
N,N-Dibenzyl-4-phenyl-2-butenylamide (10g) and N,N-dibenzyl-4-phenyl-3-butenylamide
(12g): The two isomers could not be completely separated. bp 256 ©C/3 Torr; IR(film) (a mixture of 10g and
12g) 1650, 1605, 900 cm~1; TH NMR & (for 10g) 1.98 (3H, d, J=1.0), 3.38 (2H, d, J=6.6), 4.50 (2H, s),
4.63 (2H, s), 6.05 (1H, br t, /=6. 6) 7.04-7.51 (1511, m); 6 (for 12g) 2.52-2.59 (2H, m), 2.92-2,99 (2H, m),
5 d. for

11

-

- ™ Do

6-Phenyitetrahydrothiopyrane-2-thione (14): bp 180 ©C/Torr; IR(film) 1240, iiéﬁ, 1140, 1045 cm};
1H NMR § 1.91-2.63 (4H, m), 2.99-3.41 (2H, m), 4.44-4.59 (1H, m), 7.33 (5H, s); !3C NMR § 23.2, 30.7,
49.0, 52.%8, 127.6, 128.1, 128.8, 139.0, 241.7. Anal. Caled. for C11H12S2: C, 63.45; H, 5.81. Found: C,

63.56; H, 5.85.
3-Methyldihydro-2-benzothiophene-1-N-benzylimine (16a): oil; IR(film) 1625 cm™l; 1H NMR §
1.71 (3H, d, J=6.8), 4.66 (2H, s), 4.83 (1H, g, /=6.8), 7.15-7.55 (RH, m), 7.94-8.04 (1H, m); I3C NMR &
23.1, 46.8, 60.7, 123.3, 124.0, 126.7, 127.7, 127.8, 128.3, 130.8, 137.2, 139.6, 149.1, 167.1; MS m/z 253

(M), 148, 130.
3-Phenyldihydro-2-benzothiophene-1-N-benzylimine (16b): oil; IR(film) 1625 cm- 1. 1TH NMR &
R

4.69 (2H. $). 5.87 (1H. s). 7.05-7.81 (13H. m) m): 13C NMR § 56.4, 60.3, 123.5, 125
HTT &Ly Sy .U \2Edy Sy 1N VLD Ry ani g, O [S 20 W4 Ad, dlijy INIVIIN U V. | R N ,) Xt
1™ A 1" N 140 1 170D D A A X 9] ,4 1O Y 19%1 -y ey Ny 1M 1 1AM M 1 A0 N 1270 ’\_ ALY . LR W4 Ill*\
126.9, 128.0, 128.1, 128.3, 128.4, 1289, 131.3, 137.2, 139.1, 140.3, 148.0, 168.3; MS m/iz 315 (M™),
224, 210, 192.

Thionation of cinnamamides 3¢ and h.

A solution of cinnamamides 3e, h (1 mmol) and LR (0.5 mmol) in toluene (50 ml) was heated to reflux
under argon for 15 min. After removal of the solvent, the residue was chromatographed on a silica-gel column
with toluene-ethyl acetate {9:1) to yield the corresponding cinnamthioamides 2e (82%) and 2h (73%).
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