1862 Vol. 20 (1972)

Chem, Pharm, Bull, . :
[20(%;?1862 fﬁz‘!s(l 533712)] | _ | UDC 547.496.3.04 : 547.484. 3. 04

S-Alkylthioisothioureas. ILD Reactions of S-Alkylthioisothioureas with
Some Active Methylene Compounds and Secondary Amines

Osamr Axr and YasusHr NAKAGAWA
Research and Development Division, Takeda Chemical Ind., Ltd.»
(Received December 27, 1971)

. S-Alkylthioisothioureas were found to react with various active methylene compounds
and secondary amines to give alkylthiomethylene derivatives and sulfenamides, respec-
tively.

- We have recently described the synthesis of S-alkylthioisothioureas and their reactions
with various kinds of thiol compounds.® The fact that the reaction of S-alkylthioisothioureas
with thiol compounds results in the facile formation of unsymmetrical disulfides which are
generally accessible only with difficulty prompted us to explore a new alkylthiation of various
compounds with S-alkylthioisothioureas. In this paper will be described the reaction of
S-alkylthioisothioureas with some active methylene compounds and secondary amines.

Reactions with Active Methylene Compounds

The alkylthiation of active methylene compounds with S-alkylthioisothioureas has not
been reported, although a few methods?*® are available for the alkylthiation of active
methylene compounds with other reagents. We found that the reaction of S-alkylthioiso-
thioureas (1) with acetylacetone (2) proceeds readily in ether to give mono-alkylthiated com-
pounds, 3-alkylthiopentane-2,4-diones (3—8), in good yields. This reaction was extended to
various kinds of 1 and active methylene compounds. Cyanoacetamide (7, Ry=CN) and
malonodiamide (8, Rg=CONH,) gave, on the other hand, the di-alkylthiated compounds
(9—12) and the mono-alkylthiated compounds were not observed. These reactions are
briefly shown in Chart 1 and the results are summarized in Tables I and II. It may be con-

sidered that the difference between the mono- and di-alkylthiations depends partly on the
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TasrLe I. 3-Alkylthiopentane-2,4-diones

R1X~— ,COCH,
& >~CHZS~CH
Ro/ == “COCH,
Analysis (%)
No. R, R, I\on}:;)) Y(i(;: §1 Formula Caled. Found
N T

C H S C H S

3 H H 50— 53 67 Cy,H,,0,5 64.87 6.34 1442 64.75 6.17 14.30
4 21 H 36— 38 52 C,,H,;0,SCl 55.91 5.08 56.01 4.92
5 4-Cl H 53— 55 62 C,,H,;0,SC1 55.91 5.08 12.44 56.12 5.15 12.29
6 2-C1  6-CJ 100—102 82 CioH,,0,5Cl,  49.44 4.15 11.01 49.26 4.01 11.48
Tasre II. Dialkylthiated Compounds
Ry
R, — C
2/\<_>-CHZS/ \CONH,
Analysis (%)
No. R, R, P Y(l;eld Formula Calcd. Found
, Q) (%) _ Caled.
C H N S C H N S
9 H CN 118—120 95 C;H,,ON,S, 62.16 4.90 8.52 19.52 62.11 4.87 8.42 19.50
10 H CONH, 214—216 41 C,H,O,N,S, 58.93 5.23 8.08 18.50 58.82 5.25 7.84 18.33
11 2-C1 CN 124126 75 C,,H,,0N,S,Cl, 51.38 3.55 7.05 51.47 3.37 7.11
12 4C1 CN 115—117 40 C,;H,,ON,S,Cl, 51.38 3.55 7.05 50.74 3.68 6.99

reactivities of the active methylene compounds, but the mechanism leading to different
products has not been well understood.”

As an extension of this facile alkylthiation some heterocyclic compounds bearing an
active methylene group were investigated. Thus the reaction of 1 with 1,2-diphenylpyrazoli-
dine-3,5-dione (13) and 1-phenyl-3-methylpyrazol-5-one (14) in aqueous ethanolic solution

HZ?—(I:O
OC N-CgHs
\N/
13 (’:eHs , OH~ RS_(,:H-.(;"O
OC N-CeHs
N/
|
NH HoC—C~CH CoHs
RSSC HC1 — 15—23
\NHz Oci N;\I
1 14 (I:GH5 , OH~ RS—(EH-(;,:—CHs
> OC N
\N/
(l:GHf’
24--27
Chart 2 '

7) It has been reported that the reaction of benzyl benzenethiosulfonate with acetylacetone afforded
3,3-dibenzylthiopentane-2,4-dione while cyanoacetamide gave mono-benzylthioacetamide.¥ No clear
explanation appeats to be available for these different results.
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afforded 1,2-diphenyl-4-alkylthiopyrazolidine-3,5-diones (15—23) and 1-phenyl-3-methyl-4-
alkylthiopyrazol-5-ones (24—27), respectively, in good yields (Chart 2), and the results are
summarized in Tables IIT and IV.

Tasre I1I. 1,2-Diphenyl-4-alkylthiopyrazolidine-3,5-diones

RS-CH-CO
!
OC N-C.Hj
N_._/

|
CoH,
Analysis (%)
No. R mp Yoleld Formula Calcd. Found
(°C) (%) PSSR e
C H N C H N
15 C/H,CH,CH, 149—150 32 CyH,,0,N,S 71.11 5.19 7.21 71.01 5.04 7.14
16 CyH,CH, 173—175 17 CypH150,N,S 70.56 4.85 7.48 70.43 4.53 7.43
17 HOCH,CH, 152 28  C;H,,O,N,S 62.17 4.91 8.53 62.40 4.86 8.53
18 4-CH,0-CH,CH, 130—133 55 CyH;,O,N,S 68.46 4.74 6.94 68.01 5.02 6.70
19  2,6-diCIC;H,CH, 203—205 30  C,H,,O,N,SCl, 59.59 3.63 6.31 59.57 3.92 6.19
20 4-CICH,CH, 159—160 52 CyoH,,0,N,SCl 64.61 4.19 6.84 64.24 4.23 6.49
21 2-CICH,CH, 133—134 58  C,.H,,O,N,SCl®  67.03 4.50 6.25 67.32 4.49 6.21
22 #-CH, 290—292 57 CeH;,0,N,SNa»  62.06 4.91 8.04 61.66 4.98 7.99
23 #»-CH, 270 56  C;oH,,0,N,SNa9d 59.98 5.56 7.36 60.09 5.58 7.27

4) CyH,ON,SCI1/2CH, ) NaSalt ¢ Na-SaltH,0

Tasie IV, 1-Phenyl-3-methyl-4-alkylthiopyrazol-5-ones

RS-CH-C-CH
oC N
\N/
Eolls
Analysis (%)
No. R mp  Yield g Caled. Found
(°C) (% PR GRY —_—
c H N ¢ H N
24 C,H,CH, 176—178 49  C,H,,ON,S 68.88 5.44 9.45 69.19 539 9.22
25  2-CIC,H,CH, 202—204 75 C,H,ON,SCI  61.71 457 8.46 62.04 451 8.41
26 9-FC,H,CH, 178—179.5 76  C,;H,,ON,SF 10.20 8.91 10.37 8.88

27  2,6-diCICH,CH, 193—194 74  C,H,,ON,SCl, 55.89 3.86 7.66 56.00 3.96 7.41

a) S:Caled.. b)) S: Found

Reactions with Secondary Amines

From the results of ready formation of unsymmetrical disulfides® and facile alkylthia-
tion of active methylene compounds it appeared to us that 1 might react with secondary
amines to give sulfenamide derivatives. The sulfenyl reagents currently available for the
synthesis of sulfenamides are sulfenyl chlorides, sulfenyl thiocyanates and thiol sulfonates.$-19

8). E. Riesz, Bull. Soc. Chim. France, 1966, 1449.
9) N. Kharasch, S.J. Potempa and H.L. Wehrmeister, Chem Rev.; 39, 269 (1946).
10) C. Brown and B.T. Grayson, Mechanism of Reactions of Sulfw Compounds 5, 93 (1970).
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The instability of these sulfenyl reagents, however, restricts their utility and no satisfactory
method for the preparation of aralkyl sulfenamides has so far been found.'V

When an excess of secondary amine such as morpholine, piperidine, N-benzylpiperazine
and dibenzylamine was added to a solution of 1 in methanol at room temperature insoluble
substances, aralkyl sulfenamides (28—31), separated immediately. The structural assign-
ment of the products was made on the basis of the elemental analyses, IR and NMR spectral
data; the compound 28, for example, showed the IR absorptions at 700 and 770 cm™ (mono-
substituted aromatic system) and no absorption at the region of 1650 cm=! (C=N stretching
of isothiourea) was observed. The NMR spectrum showed benzylic methylene protons
at 6 8.92 ppm as a singlet.” The compounds obtained in these reactions were summarized
in Table V. “ ,

Similarly, when 1 was treated with piperazine and N-phenylpiperazines, N,N'-bis-aralkyl-
thiopiperazine and N-phenyl-N'-aralkylthiopiperazine derivatives were obtained respec-
tively in good yields (Chart 8).  The results were summarized in Tables VI and VIL

R
HN
\R Rl — /R
g/f >—CHzS—N
= \R
28—31 (Ry, Re=H)
N
Riyy— NH HN NH R .
-CH.SSC HClT - N—/ 1>,€“>_ S N {*ﬁ% 1
Rs =1 \NH: sz___ CHzS—N\_/N SCH: R,
3237
VN _—/Xl 2
HN N-{ >—-Xz R pe
N’ e s VAN e
, ;{ >-CH25~N N-¢ >—x2
122 e N’ e
| 38—52
Chart 3
TaBLe V. N-Benzylthioamines
—_ /R
{ >~CH25—N
P \R
. Analysis (%)
No. - N/ (I?CP) S?;I)d Formula Calced. Found
\R o
CcC H N S C H N S
28 N O 74—76 60 C,H,,ONS 63.12 7.22 6.69 15.31 62.92 7.15 6.29 15.15
N
29 N > 30—32 20 C,H,NS 6951 826 6.75 15.48 69.54 8.16 6.63 15.24
N e
30 N NCH,CH, 64—66 60 C,H,N,S 7243 7.43 9.38 7257 750 9.34
Nee .

31 N(CH,CH,), 83—85 37 C,H,NS 7895 6.62 4338 10.05 78.95 6.69 4.33 10.11

11) One simple aralkyl sulfenamide was synthesized!?'® by means of benzyl benzenethiosulfonate but
this procedure is accompanied, as pointed out,!® by the amine salt of the sulfinic acid which is difficult
to be separated from the desired compound. -

12) J.E. Dunbar and J.H. Rogers, J. Org. Chem., 31, 2842 (1966).

13) S. Hayashi, M. Furukawa, Y. Fujino and H. Matsukura, Chem. Pharm. Bull. (Tokyo), 17, 954 (1969).

14) N.E. Heimer and L. Field, J. Org. Chem., 35, 3012 (1970).
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TasLe VI. N,N’-Bis-benzylthiopiperazines

Riy — R
X NCHS-N  N-SCHe— X
R2X=> crs-N  N-scH-( e,

Analysis (%)

No. R, R, mp Yeld poua  Caled. Found
(0 (%) P G
C H N S ¢ H N S

32 H H 149150 35 C,H,N,S,  65.41 6.70 8.49 19.40 65.44 6.52 8.23 18.07
33 2-Cl H 134136 43 C,H,N,S,Cl, 54.12 5.04 7.01 16.05 54.10 5.01 6.88 15.52
34 4Cl H 157168 49  CyH,N,S,Cl, 54.12 5.04 7.01 16.05 54.59 4.97 6.94 15.91
35 2.l 6-Cl 140—141 61 C,HN,S,Cl, 46.17 3.36 5.94 13.64 45.64 3.74 5.74 14.32
36 4-(CH),CH H  133—135 70 C,H,N.S, = 69.99 26  15.45 69.57 8.34  15.33
37 4-(CH),C H  172—1738 57 CuHy,N,S,  70.53 8.65  15.48 70.47 8.47  14.54

Tasre VII. N-Benzylthio-N’-phenylpiperazines
/Xl

RIX ——> CH:S- N N—<>—Xz

Analysis (%)

(‘D 0 ‘_c(’izl)d Formula Calcd. Found

Y e e

¢cC H N S C H N S

38 H H H H 100—-100.5 33 C,HyN,S 71.79 7.08 9.85 11.28 71.82 6.97 9.74 11.13
39 H H H Cl 100—100.5 27 C, I—I N,SCl 64.03 6.06 8.78 64.32 5.75 8.53

40 H H CH 8-—87 61 C.,H, N SC1 64.03 6.06 8.78 10.05 64.25 6.01 8.65 10.11
41 H H CC 124—125 77 C;H;N,SCl, 57.79 5.13 7.92 9.07 58.04 5.20 7.87 9.00
42 2-Cl H H C 60 35 C H 2901 57.79 5.13 7.92 9.07 57.30 5.29 7.56 9.65
43 3-Cl H HAO 105 55 C, H N,SCla  57.79 5.13 7.92 9.07 53.04 5.12 8.01 8.91
44 4-Cl H HCO 132 11 C,,H, N SCl,  57.79 5.13 7.92 58.18 5.22 7.97

45 3-Cl H ad 110—111.5 73 C; H N,SCl;  52.65 4.41 7.22 52.87 4.33 7.15

46 4-Cl H C1C 115—118 57 C,H, N SCl;  52.65 4.41 53.10 4.54

47 2-F H H 75 24 C, H sNg S(‘IF 60.81 5.39 8.33 9.55 60.81 5.55 8.31 9.67
48 2-F H CCl 85—87 73 Cy H N SCLE 7.54 8.63 7.41 8.87
49 2-Cl 6-ClLCl CI  97—98 54 C, I—I ’\T SCl 48.35 3.81 6.63 7.59 48.18 3.71 6.34 8.21
50 4-CH,O0 H H CI 113—114 58 C, HZ ONgSCI 61.96 6.07 8.02 9.18 62.07 6.09 8.00 9.12
51 4-(CH,;);CH H Cl 160—161 80 C,H,,N,SCl 67.26 7.25 7.47 67.25 7.18 7.13

In the previous paper® we reported that the reaction of 1 with dimethylamine gave
symmetrical arakyl trisulfides. In this case thiourea and dicyandiamide (54) were isolated
as by-products, while in the sulfenamide formation described above only thiourea was iso-
lated. The reaction of 1 with dimethylamine to yield symmetrical trisulfides would be rea-
sonably accounted for by the mechanism which is depicted by the scheme in Chart 4. Aralkyl-
dithio anion (58) which is initially formed by the reaction of 1 with dimethylamine attacks
the starting material (1) to form symmetrical trisulfide. Cyanamide formed in this reaction
was isolated as its dimer, dicyandiamide (54), which was proved to be identical with an authen-
tic sample by the comparison of the IR spectrum. However the reaction of 1 with mor-
pholine, piperidine and piperazines afforded only aralkyl sulfenamides and no trisulfides
formation was observed. At present we have no definite explanation to account for these
different results.

NII-Electronic Library Service



No. 9 1867

| R
BN,
e “R ' NH
o ArCH,SS)) + (NH,CN) ———= H,N-CZ
Arcs$;Cl (ArCH, (NH, N TNNH-CN -
. 53 K 54
NH -NH,CSNH
ArCH,S-S-¢” T
a rCHS S C\NH;\‘“" ArCH,SSSCHAr
R

In

R
Ar CH,S-S-C7 H ArCH,S-N{ 4+ NH,CSNH,
\_ NH, R
1
Chart 4
Experimental

All melting points are uncorrected. IR spectra were obtained with a Hitachi-215 Spectrophotometer
and NMR spectra with a Varian A-60 spectrometer using TMS as internal standard.

3-Benzylthiopentane-2,4-dione (3) a) A saturated aqueous solution of NaHCO, was added to a
solution of S-benzylthioisothiourea hydrochloride (1a; 5.0 g) in H,O (50 ml) and the separated oil was extrac-
ted with ether (20 mlx 2) and dried over MgSO,. To this ethereal solution was added acetylacetone (2.1 g),
and the mixture was heated under reflux for several minutes. The precipitated thiourea was filtered off.
The filtrate was evaporated and the residual oil was kept for several hours under cooling for crystallization.
Recrystallization from aqueous MeOH gave 3-benzylthiopentane-2,4-dione, mp 50—53° (Lit., mp 54—56°%)
NMR (in CDCly); 6 2.45 (s, 2CH,), 3.82 (s, CH,) and 7.28 ppm (s, aromatic).

b) A solution of la (23.4 g) and acetylacetone (10.0 g) in 75% EtOH (100 ml) was treated with 5%
NaHCO; solution (150 ml), and the reaction mixture was heated under reflux for 5 min. The mixture was
kept overnight in a refrigerator, the precipitates were collected and recrystallized to give 3 (21.0 g), identi-
fied with the specimen obtained by the procedure a) by the mixed melting point measurement. Other
mono-benzylthiated compounds obtained by similar procedures are summarized in Table I.

Bis-benzylthio-malonodiamide (10)——A solution of malonodiamide (3.0 g) and la (2.3 g) in 759, EtOH
(50 ml) was treated with 59 NaHCO; solution (15 ml), and the mixture was heated under reflux for 10 min.
The solution was kept overnight in a refrigerator, the separated precipitates were collected and recrystallized
from EtOH to give bis-benzylthio-malonodiamide, mp 214—216° (decomp.). Other dibenzylthiated coms-
pounds obtained by a similar procedure are summarized in Table II.

1,2-Diphenyl-4-(2,6-dichlorobenzylthio)pyrazolidine-3,5-dione (19)——A solution of 2,6-dichlorobenzyl-
thioisothiourea hydrochloride (4.5 g) and 1,2-diphenyl-pyrazolidine-3,5-dione (3.9 g) in EtOH (100 ml) was
treated with a solution of K,COj4 (2.1 g) in H,O (20 ml), and tle mixture was heated under reflux for 30 min.
After cooling the precipitates were collected. Recrystallization from aqueous EtOH gave potassium salt
of 1,2-diphenyl-4-(2,6-dichlorobenzylthio)pyrazolidine-3,5-dione, mp 270—272° (decomp.), in 50% yield.
Anal. Caled. for Cy,H,;;0,N,SCLK: C, 54.88; H, 3.14; N, 5.81. Found: C, 54.78; H, 3.12; N, 5.76. Acidi-
fication of the aqueous solution of the salt gave 1,2-diphenyl-4-(2,6-dichlorobenzylthio)pyrazolidine-3,5-
dione, mp 203—205°. Compounds obtained by a similar procedure are summarized in Table III.

1-Phenyl-3-methyl-4-benzylthiopyrazol-5-one (24) A solution of 1-phenyl-3-methyl-pyrazol-5-one
(0.5 g) and 1a (0.65 g) in 80%, EtOH (20 ml) was treated with powdered N. aHCO; until the pH of the solution
reached 8.0. The reaction mixture was heated under reflux for 5 min, and left for several hours in a refri-
gerator. The precipitates were collected and recrystallized from aqueous MeOH to give 1-phenyl-3-methyl-
4-benzylthiopyrazol-5-one, mp 176—178°. NMR (in CDCly); 6 2.17 (s, CH,), 3.85 (s, CH,) and 7.00—7.80
ppm (m, aromatic). Compounds obtained by a similar procedure are summarized in Table IV.

N-Benzylthio-morpholine (28) To a solution of morpholine (3.8 g) in H,O (10 ml) was added a solution
of 1a (5.0 g) in 209 MeOH (60 ml). The mixture was stirred for 30 min under ice-cooling. The crystalline
precipitates were collected and recrystallized from MeOH to give N-benzylthio-morpholine, mp 74—76°
(Lit.,'» mp 74—76°). NMR (in CDCl;); 6 2.92 and 3.60 (m, morpholine), 3.92 (s, CH,) and 7.30 ppm (s,
aromatic).

Bis-(4-isopropylbenzylthio)piperazine (36) To a solution of piperazine 6H,0 (2.5 g) in MeOH (10 ml)
was added a solution of S-4-isopropylbenzylthioisothiourea hydrochloride (14¢) in MeOH (10 ml). The
mixture was stirred for several minutes at room temperature. The separated solid was collected and recrystal-
lized from EtOH to give bis-(4-isopropylbenzylthio)piperazine, mp 133—135°. NMR (in CDCl,); 6 1.16
and 1.27 (s, gem-CH,), 2.80 (m, CH), 3.10 (s, piperazine), 3.95 (s, CH,) and 7.23 ppm (s, aromatic)

.
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N-Benzylthio-N’-(2-methylphenyl)piperazine (52) To a solution of 1a (2.34 g) in 309% MeOH (50 ml)
was added a solution of N-(2-methylphenyl)piperazine (3.50 g) in MeOH (20 ml) under ice-cooling. The
reaction mixture was stirred for 30 min, the precipitates were collected and recrystallized from aqueous
MeOH to give N-benzylthio-N’-(2-methylphenyl)piperazine (2.2 g, 74.0%), mp 56—58°. NMR (in CDCl,);
8 2.27 (s, CH,), 2.80—3.25 (m, piperazine), 3.98 (s, CH,), and 6.90—7.50 ppm (m, aromatic). Aual. Caled.
for C,sH,,N,S: C, 72.43; H, 7.43; N, 9.38. Found: C, 72.19; H, 7.25; N, 8.90. Other sulfenamides obtained
by a similar procedure are summarized in Tables V, VI, and VII.
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