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Indoles are oxidatively coupled with various cyclic and acyclic thioureas using icdine to give rise to 3-(2-imida- H
zolin-2-ylthio)indole, 1-30, 32 and 36-40. Similar products 33, 34 and 35 are respectively obtained from benz{g]-
indole, 1, 6, 6-trimethyl-4,5,6,7-tetrahydroindole and 7-azaindole, while alkylation of 3-mercaptoindole 44 with
chloromethyl imidazoline leads to 31. Among the products se obtained, 3-(2-imidazo!in-2-yithio)indole is a potent
vasozonstrictor and the hydrochloride salt forms the active ingredient of Varsyl@)° " 3-Mercaptoindole (44) readily obtain-
ed by alkali treatment of S-(3-indoiyl)isothiourea (36) is converted into amine derivatives 47 and 52 and to the acids
53-55. Acid-catalysed cyclisation of 55 affords the expected thiopyranone (57), as well as the interesting isomeric
ketone (58). A mechanism is proposed for this novel rearrangement, 3-Mercaptoindole (44) is also converted to «-methyl-
aminoacid (64) via'the hydantoin (63). 3-Mercaptoindole-2-carboxylic acid (65) obtained from 10 is transformed to a
variety of methylated derivatives 66-72. The amino acid 73 arising by the action of ethylenimine on 65 is esterified

to 76 and cyclised: to the condensed -thiazepinone an.

coupling of indole and thiourea to form S-(3-in-

dolyl)isothioureal, the well-known pharma-

cological properties of indole derivatives and

the profound cardiovascular effects of imidazolines

; (antihypertensives—clonidine, tolazoline; and vaso-

constrictors—xylometazoline, oxymetazoline) prom-

pted us to condense indole oxidatively with cyclic thio-

ureas like ethylenethiourea and hexahydropyrimidi-

nethione. The study led to the discovery of a potent

vasoconstrictive agent. The ready availability of 3-

_ mercaptoindoles from such condensation products

by alkaline hydrolysis further provided an opportu-

ity to explore their chemistry. The results of these
endeavours are presented in this paper.

Oxidative coupling of indole and ethylenethiourea

with iodine and potassium iodide afforded the hydrio-

dide salt of 1 in 899 yield according to Scheme 1.

The hydriodide salt was converted into the HCI

$ salt on an ion exchange column or through the base.

i Otbher salts were also prepared. Since 1 showed con-

siderable vasoconstrictive properties?, structural

- changes were made on 1 by adding substituents at
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fRegistered trade name of hydrochloride formﬁ!atio.n,
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610 from CIBA-GEIGY Research
Centre. :

e e e o e e

varicus positions. Further manipulations involved
replacement of the imidazoline ring by tetrahydropy-
rimidine, One product 16 (Table 1)so obtained was
found to have good antihypertensive activity in the
renal rat. Hence further changes were caried out,
replacing the imidazolinering 6f 1 by tetrahydrodiaze-
pine and hexahyrodiazocine residues. Compounds
1 to 25 thus prepared are listed in Table 1. A few
other minor or major structural changes led to mole-
cules 26 to 40 whose physical properties are shown in
Table 2. Compounds 36 to 40 were prepared as
acyclic analogues of 1 for structure-activity relation-
ship studies. 31 was obtained by alkylating 3-mercap-
toindole (44) with 2-chioromethylimidazoline. 41
which represented a considerable deviation from 1
. was made using 2-chloroquinoline-4-carboxylic acid
and ethylene thiourea but a similar reaction with 2-
chlorobenzthiazole and 2-chlorobenzoxazole failed.
An attempted esterification of 10 led to the tetracyclic
lactam 42. Efforts to convert 1 to a similar tetracyclic
system by means of a Mannich-type reaction with
formaldehyde did not succeed. ‘
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TABLE 1-— CycrLiC S-(3-INDOLYL)ISOTHIOUREAS

adwea s
. >~ N R }f—'(CHQ)n
| 1

R

Compound No. R R, R, R; "
1 H H H H 1
1.HI
1.HCI
1 .Maleate.H,O
1.CH,SO.H
1.1H,50,
1.BNO,

2 .HI H Me H H 1.
3.HI H H H Me 1
4 HI H Ph H H - 1
5 H Co.H H H i
‘5 HI . )

5 .HCLH;0

6 HI Me Me H H 1
6 .HCL 12 H,0O

7 HI Me Me H Me 1
8 .HI ) H H H H 2
8 .HCl .H.,O H H H H 2
9 .HI H Me H H 2

10 .HI H Co,H H., H 2

11 .HJ H Br H 2

12 .HI H Ph H H 2

13 .H1 H H H Me 2

14 HT H COo,H OMe H 2

15.H) Me CO,H H H 2

16 .HI "H COo,H H Me 2

17 .HI® Me Me H H 2

18 .HI Me - Me H Me 2

19 .HJ H CO,H OMe Me 2

20 .HI H H H H 3

21 HI H Me H H 3

22 .HI H CO,H H H 3

23 .HI H H Br H 3

24 .HI Me Me H H 3

25 HI - Me Me H H 4

R3
Yi’/el)d ‘Mol..formula Encp) N (%)
AN °

Calc. Found

C.:HiNGS 118-22 19.35 1943

89 C,;H,;N;S.H1 221-23 12.17 1214
C,:1H ;NS . HCI 234-36 16.56  16.81
C;:HN;S.CH, 0, 122 11.96 11.88

H,0

CuHN;S.CH,SO:H 234-35 13.42 13.39
C:H;;N;S.H,S0, 178-80 13.33 13.32
C]lH]']NﬂSAHNO;! 188-90 19.99 20.02

50 C1H 3N S HT 277-78(d) 11.69 1199
20 C1oH5N:S HI 215-16 11.69 11.28
84 C;.H, NS HI 260-61 9.98: 10.09
C1.H1N;0,8 212(d) 16.09 15.72

9% C,.H,N;0,S . HI >310 10.79 1044
C.H11N;0,8 .(gICl 187-88 13.31 11.70

\‘ - Hy
91 C,3H s N:S.HI 203-5 1126 10.89
60 C;HqsN:S .HCI 200-201 14.45 14.63
) 1/2H,0

58 C,,H,N;S . HI 250-51 10.86 11.13
66 C,:H,5N,S JH1 250-51 11.69 . 1185
70 C.H NS .HCILH,0O 122-23 - 14.70 14.35
55 CHi;N,S . HI 242 11.26 11.65
60 C3HsN;0,S.HY 250-52 1042 10.18
4 C:H,:BrN,;S. HI 241-42 9.59 9.84
92 C;sH - NS, HY 249-50(d) 9.65 986
40 C,;.H,sN,S.Hl1 207 11.26 11.14
50 C,H1:N;0,S. HI 23940 9.70 9.97
52 . CH1sN:0,S.Hl 227(d) 10.07 9.65
60 . C;H1:N;0.S. Hl 230-31 10.07 9.77
65  C;H;N;S.HI 246 (d) 10.86  10.62
33 Ci:H 5N S H1 239-40(d) 1047 1088
44 CsH1,N;0,S. HI 256 (d) 9.39 9.04
48 C3H ;NS .HI 236 (d) 11.26  10.85
47 . CH ;N S .HI 237-38(dy 10.86  10.76
16 C,H1sN;0,S .H1 242-43(d) 10.12  10.30
54 C,,H,,BrN;S .H1 243-47 (d) 9.30 9.31
56 C,5H;3,N;S . HI 244-45 10.47 10.57
63 C1H, NS JHI 243-45 10.12  10.30

The oxidative coupling product of indole with
ethylene-thiourea is formulated as 1 arising from an
attack at the B-position of the indole nucleus, in
analogy with the literature report! and also based
on the chemical shift of 7.8 ppm for the indole proton.
Further, while indoles carrying a substituent at posi-
tion-2 like methyl, phenyl or carboxyl group (although
not ethoxycarbonyl)-underwent the oxidative coupling
reaction with ethylené thiourea, 3-monosubstituted
indoles, e.g. 3-methylindole and indole-3-acetic acid
failed to couple with thioureas. Quite-understandably,
3-(methylthiocarbamoyl)aminoethylindole (tryptami-
ne derivative) failed to undergo intramolecular oxida-
tive coupling; but a similar failure on the part of
“2-(methylthiocarbamoyl)aminomethylindole (43) was

_unexpected and disappointing.

Out of all the compounds discussed so far, 1
(generic name : tinazoline) had the most outstanding
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vasoconstrictive activity and as the hydrochloride sal
forms the active ingredient of Varsyl® which is being
developed as a nasal decongestant. Structure-activity
relationships in-this series® and the detailed pharma.
cology of 1* are being published elséwhere.

Alkaline hydrolysis of the thiourea condensatior
product 36 of indole is reported to give a good yiek
of 3-mercaptoindole (44)!. In our hands, 44 wa:
accompanied by significant amounts of the disulphide
(45) (Scheme 2). Attempts to transform 44 into 4¢
or 47 by alkylation with ethylenimine or propyleni
mine respectively were unsuccessful. 47 howeve
became available by alkylation of 44 with chloraceton
to form 49, transformation to the oxime (30) ang
subsequent LAH reduction. One bid to cyclise th
acetyl derivative (48) of 47 to an indolothiazepine a:
also another one on 50 under Beckmann transforma
tion conditions using PCl; were unsuccessful. Th
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ring system could be, however, synthesised by another
route (vide infra). Addition of 44 to acrylonitrile,
followed by LLAH reduction of the product . (51)
afforded the propyl amine derivative 52. Zinc chioride
~ treatment of 51 under Hoesch conditions failed to
convert it to the ketone (57), which was obtained by
a different route shown in Scheme 3. :
Alkylation of 3-mercaptoindole (44) with ethyl
chloracetate and subsequent hydrolysis gave rise to
53 as the major and 54 as the minor products. Pro-
pionic acid (55), the higher homologue of 33 was

s NH 9
I = 1)H09 A
©~ N ! \Nrﬂz ¥ ’

"TABLE 2 — MIsCELLANEOUS CYCLIC AND AcycLic S-(3-INDOLYL)-

o ISOTHIOUREAS
. Ne=s
Qg
N 1 -
H
Compound  Yield Mol. formula m.p. N(%)
No. (%) 0 —
. . Calc. Found
26. HI 16 CH;NOSHI 22829 11.20 11.13
27. Picrate 26 C H,N.S 207-8
.C.H;N,O, .
28 .HI 24 C,HyN,S .Hl1 '199-201 12.25 12.33
29 .HCl .H,092 C,H,;;N,S.HCl 21820 13.14 12.82
. .H,0
30 60 C,H,N,S 275 - 18.49 18.29
32 HI 55 C HN,0,S.HI 245(d)  9.31 913
33 .Hla 46 CHoN,S. 242-44  10.63 10.42
34 Hiv 80 C,H,N,S.HI 174-76  10.74 10.56
35..HIe 27 C,,H_N,S.HI 302-3 10.56 15.30
36 .HI 95 C,H,N,S.HI 219-22(d) 13.17 13.13
37 .HI 90 C,;H;N,S.HI 22526  10.63 10.46
38 .HI 20 uHuNS.HI  185-86 12,11 12.00
. 39 _HCI 60 C,,H, ,N,SHCI 224.26 16.44 16.43 -
40 .HI 45 CH,,N;SSHI 195200 12.61 12.39

(a) From 1H-benz[glindolel! )

(b) The starting material,  1,6,6-trimentyl-4,5,6,7-tetra-
hydroindole was a liquid obtained by Wolff-Kischner reduction
of the corresponding 4-keto compound!2,

{c) From 7-azaindole!s,

prepared from 44 using acrylic acid. Cyclisation of
55 with PPA at 80° gave in low yield 2 mixture of
57 and 58 in which the latter predominated. The
use of POy on the other hand led to the same mixture
of ketones again in low yield, but with 57 predomina--
ting. The ketones were isomeric (mass spectra, ele-
mental analyses). PMR spectra helped to assign

H H
- - 36 44 ' 45
‘ ) ‘S;heme 2
ms —(CH)CH—NHR, s —CH—C—CH,
N R XN
" H H .
48 X =0
50 X = NOH

R':R,:H, n.z1
R:MQ, Rle,n:l
VR':MQ, RI:AC;n:7
R‘:RI:H, n=2

O i S”C”z’_ CO,H

N
|
R

21515 15
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tte_rn of the aroma-

the reference

iC region of ‘58

the chemical

M in 58; 8.17 ppm

of the pairs
ng for batho-

atom) was even
€. Another possi-
¢d out by compari-

of 61 with
We believe

that. a rational explanation for the formatiosn.
57 and 58 from 55 would require the postulatiag
a spiroketone intermediate 56, Tryptamine cep
tives are known to form such spirocyclic intetme;
tes which then rearrange to carbolines®. Sensg
fruitless efforts were spent on locating 56 in
mixture of cyclisation products. Ketore 49 Wag
converted into the hydantoin 63, which was {

hydrolysed to the «-methyl-DOPA analogue G4, |

Alkaline hydrolysis of 10 (HI salt) followed?
acidification afforded in high yield, 3-mercap
dole-2-carboxylic acid (65) (Scheme 4) whiols
virtue of its bifunctional substitution at position
and.3 of the indole nucleus, was considered to e
suitable candidate for chemical manipulatig
Methylation using excess methyl iodide and pt
ssium carbonate in acetone led fo the formatiom:’
ester (66). which was- hydrolysed to the acid

of the latter exhibited vC = O as a broad band at
inordinately high frequency (1880 cm~1) suggest
that it may perhaps exist as the lactal (70), since t‘ggti
methyl ester (69) had the C = O band in the norm
position (1720 cm-1). ' Reaction of 65 with diazgs
methane led to the expected ester (71), the disulphldg ;-
(73) appearing as a byproduct in one experiment,
Presumably, the carboxyl group in 65 was rapidly and
preferentially esterified and the resultant sulphydryi
derivative dimerised béefore alkylation took place.
Hydrolysis of 71 gave the acid (72), while heating
with pyrrolidine gave the pyrrolidide (74) Interaction
of 65 with ethylenimine in alcohol solution led to the

ey <

230 250 ; ! ' : T am
Fig. 1 Uy : 270 X(nm) 290 310 330
spectra of ketocycloal - '
o yeloalkano- apq thiocycloalkano-ir;doles {(X—=X) 57; (----=) 58; (—————) 59; and
60)
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sthy} aenine derivasive (75) which resisted ring closure

5] ’i&&g nopg (77) tiserma%y or by ‘hot acetic
livdilds. The othy! ester (76) also did not afford
gndev pyrrolytie conditions, but was coaxed to
&6 by sthanolis sodium cthoxide.

Bepastioatal Procedure
&iaﬁog goints ate uncorrected. UV spectra were
§ 95% othanol solutions on a Beckman DK
24 epretrophotometer, IR spectra (vmax in cm™)
' siidef muils on a Porkin-Elmer infracord spectro-

' ngﬁd PMR spectra on Varian A-60 or Bruker

spoctrometer; chemical shifts (8 ) are quoted:
fa ppm dowsficld from TMS as internal reference.
Compounds tisted in Tables 1 and 2 had correct
€, %‘l atalyses 1nd only nitrogen analyses are given
for brevity {C,H analyses can be had from the authors
o8 dompnd).

Condensation of indoles with cyclic and acyclic
thioureas © General method — A solution of indole
33,1 g) and cthylencthiourca (30.6 g) in methanol

50 mb) was stirred at room temperature and treated
with & solution of iodine (76.6 g) and potassium
lodide (150 g) in 'water (250 ml) during 30 min.
The mixiure was stirred for 2 hr more and the solu-
tion goncentrated i vacuo to remove most of the
methanol, The crystalline product was filtered off
siwi washed with water and cther to give 1 hydrio-
dido as brownish yellow crystals (92.5 g, 8970);
@wp. 313* (from LtOH-ether).

xﬂ agueous suspension of the hydriodide was
govored with methylene chloride and shaken with a

IR

" .
Lo
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slight excess of 109 aq. NaOH to give the free base,

which was filtered off and recrystallised from ethyl -

alcohol; m.pixl18-22°,

The above base was suspended in ethyl alcohol and

treated with HCl gas in the same solvent. The hydro-
chloride salt was precipitated by the addition of
ether and recrystallised from ethyl alcohol-ether;
m.p. 228-29° (d). * Alternatively, the HCI salt could
also be obtained by passing a MeOH solution of the
hydriodide through a column of Amberlite IRA 400
(CI- form). It could also be prepared as follows :

A mixture of 3-mercaptoindole (44) (1.5 g) and
NaOMe (0.7 g Na in 40 ml MeOH) was stirred at
room temperature. for 30 min. The mixture was
then cooled to 10° and 2-chloro-2-imidazoline® in
methanol (20 ml) added dropwise. After the addition
was over, the mixture was stirred at room tempera-
ture for 2 hr. The solvent was evaporated off, the
residue treated with water and extracted with CH,Cl,.
The CH,Cl, layer was dried (Na,SO,), evaporated

- in vacuo . and ‘the residue converted into HCI salt

which on recrystallisation from MeOH-ether gave 1.

HCI (0.5 g), m.p. 228-9°. »
Other salts like maleate, methanesulphonate, sul-

phate. and nitrate are reported in Table 1 as also

several analogues of 1 in Tables 1 and 2 prepared by

the procedure for 1 HI. These were generally crysta-

llised from methanol or ethanol alone or in combina-

tion with ether.

2-(3-Indolylmercapto) methylimidazoline (31) — A
solution of 3-mercaptoindole (44) (7 g) in methanol
(50 ml) was mixed with sodium methoxide (from
2g Na in 50 ml methanol) and treated with 2-chloro-
methylimidazoline (from 7.8 g HCl salt and 50 mmol
sodium methoxide in 100 mi methanol). The mixture
was stirred at 25° for 16 hr, filtered, the filtrate evapo-
rated to dryness in vacuo, the residue extracted with
CH,Cl, and the solution filtered from insoluble
sodium chloride. The filtrate was treated with HCI
gas in isopropanol, the solution evaporated and the
residue crystallised from MeOH-ether to afford 31
HCl salt (4.5 g); m.p. 172-74° (Found : C, 53.89; H,
5.42: N, 15.31. C;.H3N,S. HCI requires C, 53.83;
H, 5.27; N, 15.69%; PMR (DMSO0-d;) : 12.00 (NH,

s), 10.25 (NH, s), 7.08-7.65 (Ar-H, 4H, m), 7.67 -

(C,-H, ), 3.65 (2N-CH,, S-CH,, 6H, s): M* at m/z
231.

2-(2-Imidazolin-2-ylthio) quinoline-4-carboxylic acid
(41) — To a hot solution of ethylenethiourea (102 g)
in absolute ethanol (250 ml) was added a hot solution
of 2-chloroquinoline-4-carboxylic acid (20.7 g)** in
absolute ethanol (250 ml) and the mixture refluxed
for 20 hr. The solution on cooling gave a yellow solid
which was filtered off and recrystallised from metha-

nol-ether to give 41 hydrochloride (22.5g); m.p. 241°
(Found : C, 50.45; H, 4.20; N, 13.54. C;3H,; N;O,S.

HCI requires C, 50.40; H, 3.91; N, 13.56%); IR :
3300 (NH), 1700 (C = O).

" Tetracyclic lactam (42) — Pyrimidylmercapto acid
(10) hydriodide (13 g) was left in ethanol (250 ml)
saturated previously with HCl gas, at 25° for 16 hr and
the solution refluxed for 2 hr. It was concentrated
to a small volume and poured into water. Basifica-
tion with ammonia gave a white solid which was
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filtered off and crystallised from ethanol to give 42
(6.6 g); m.p. 297° (d) (Found - G, 61.17; H, 441; N,
16.88. Cy;H,iN,08 requires C, 60.69; H, 431 N
16.349) . "M+ at m/z 257; IR ; 3320 (NH),. .
(C=0); PMR (CDCly + DMSO-4,) 1 7.0-7.58
(Ar-H, 4H, m), 3.53'(N-CH2, ), 3.37 (N-CH,, 1),
1.95 (CH,, ¢). : T
N-2~Ifm’o/y/methyl-N'-methylthiourea 43) — A
mixture of 2-aminom,ethy]indole (2.8 g) and methy]
isothiocyanate (l.44g) in-benzene (30.m)) was refluxed
for 3 hr. Evaporation of the solvent and crystallisa-
tion of the residue from ethanol gave 43 (0.35 2);
m.p. 220-2]° (Found : C, 59.97; H, 6.39; N, 18.96.
CyH ;NS requires C, 60.26; H, 5.98; N, 19.15 %);
M+ at m/z 219, ,
3-Mercaptoindole (44) — S-(3-Indolyl) isothiouro-
nium'iodide-(3;6) (16.g) was mixed with 10% - aq.
NaOH (40 ‘ml) and heated’ at 80° for 30 min
nitrogen. The solution ‘was filtered from insolubles
and the filtrate acidified with dil. HCI to give 44
(8 g); m.p. 102-3° (from Lot water) (Found : C, 64.8;
H, 4.99;. N, 9.66. ,C8H7NS'reqmres C, 64.42; H,
4.73; N, 9.39%). i : ’

aqueous alkaline solution, :
S-(3-Indp/ 'yl) (2-anﬁno-.1-prop VD) sulphide (47) — 44
0 g) was dissolved in aq. NaQOH (2.7 gin 50 mJ

and crystallised -from water to give the oxime (50);
m.p. 106-8° (Found : C, 60.39; H, 5.67; N, 12.48.
C1,H.:N,08 requires C, 59.99; H, 549; N, 12.72 %).

A slurry of 50 (15 g) in dry ether (100 ml) was
added to lithium‘aluminiilm.hydride (8 g) in ether
D). The mixture was stirred at 25° for 16 hr,

benzene-hexane afforded the 47 (74 g); mp. 111-12°
(Found - C, 63.78; H, 6. , 13.59, CuHyN,S
requires C, 64.06; H, 6.84;N,’13.58 %; acetyl deriva-
tive, m.p. 142-43° (from water) (Found : C, 63.14;
H, 6.80; N, I1.16. C13H N, 08 requires C, 62.89;
H, 6.50; N, 11.28 %), « » '
S~(3-Indol 11/)33~al71v1'no~1-pr0pyl) sulphide (52) — 44

ml) were heated together
under reflux with triethyl amine (25 ml) for 6 hr. The
solution wag concentrated jp vacuo, the residue trea-
ted with 1094 aq, NaOH, extracted with ether and
the ether layep tvaporated to give the Propionitrile
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"(Ar-H, 1H,

hydride (2 &) in ether (100 ml) overnight, decomposed
with water, the ether layer separated, concentrated
-and treated with-ale. HCI to give 52 HCI salt (59),
which' after - crystallisation  from ethanol-cther
afforded 52, HCI salt (3g), m.p. 242.4° (Found : C,
54.44; H/ 6.40; N, 11.65, CyH  N,S. HClI requires
C,.54.43; H, 6.23; N, 11.54%).
'3-‘Indolylmercaptoacelic acid (53) — A mixture of
44 (2.25 g), ethyl chloroacetate 2.1 g anhydrous

' Evaporation Jeft an oil (2.3 g) whjch
was subjected to hydrolysis on 3 water-bath with 10 %
aqueous NaOH (23 ml) for 3 hr., The solution was
filtered and acidifieq with dil. HCI. The product was
extracted into chloroform and the extract treated with
hexané to give a'solid (0.5g) which was recrystallised
from- ether-hexane to afford 53 (0.3 8); m.p. 115-17°
(Found : C, 58.39; H, 4.34; N, 6.98 Ci Hy;NO,S
requires C, 57.97; W, 438; N, 6.76%). IR - 3380
(NH), 1720 (C=0). : .

In one larger run, g byproduct wag obtained which
was separated from the above acid using the insolubj-
lity of the former in benzene. This was crystallised
from ether-hexane and identified a5 the bis-acetic -
acid (54); m.p. 162-66° (Found 1 C, 54.57; H, 4.50;
N, 5.28. C12H11N04S requires C, 54.34; H, 4.18; N,
5.28%). ‘

which crystallised from benzene(4.7 g, m.p. 176°
(Found': C, 59.59; H, 5. K

requires C, 59.72; H, 3.01; N, 6.33
(NH), 1680 (C= 0); PMR (CDCl, :
10.08 (NH, s), 7.73 (Ar-H, 1H, m), 7.11-7.46 (Ar-H
3H, m), 7.34 (C:-H, d), 2.90 (
m).

Cyclisation of propionic acigd (55)—@ A mixture of
55 (1 g) and PPA (15 ) was heated at 80° for 4 hr
and then boured onto crushed jce, Extraction with
chloroform gave tarry material from which a crysta-

mg); m.p. 228° (Found - C, 65.19; H, 4.61
C.H,NOS requires C,. 65.02; H, 4.46

M* at m/z 203; IR :
' Cl-+ DMSO-4,)
m), - 7.09-7.36

(S-CH, or. CO-CH,, m), 281 (Co
TLC of the mother liquor showed t
ketone (57):
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m'wd cvaporated in vacuo and the resxduc crysta-

lised from benzene-hexane to 57 (O g), m.p. '147°.
(round C, 64.61; H, 4.64; N, 7.00.-.C,,;H,NOS re- )

quires C, 65.02; H, 44( N, 689‘7) M# ‘atmfz 203;
IR : 3450 (Nr{) 3260 1640 (C = Q); NMR
(CDCI + DMSO-d;) : 11.15 (N , s) 7.00-7.60
(Ar-H, 4H, mj, 3.38 (S CH, or CO-CH., m), 2.91

~(CO-CH, or S-CH,, m).

Hydantoin (63) — (3-Indolyl)mercaptoacetone (49)

(10.2 g), potassium cyanide (5.2 g), ammonium car- .

bamate (50 g), ethanol (145 ml) and water (i45 mi)
were heated together with stirring at 80° for- 12 hr.
The mixture was set asidefor 12 hrat 25° and filtered.
The precipitate was washed with water and re-crysta-
Bized from ethanol to give 63 (9 g), m.p. 183;85°
(Found : C, 56.60; H, 4.81; N, 14.87. C;,H;;N;0,S
requires C, 50.72; H, 4.76; N, 15.27%), M* at m/z
275); IR : 3420 (NH), 3380, 1760 (C = Q), 1760,
1710 cm™; PMR (DMSO- dG) 11.33, 10.73; 7.88
(3 NH, broad s), 1.11-7.66 (ArH, 4H, m) 7.4 (C2 -H,
d), 2. 98 (CH,, s), 1.29 (CH,, ).

Amino acid (64) — The above hydantoin (63)
(4 g) and barium hydroxide (20 g) were refluxed
together in water (100 ml) for 4 davs. The solution
was cooled and.treated with dil. sulphurlc acid till
barium was completely precipitated. The mixture
was filtered and the filtrate concentrated to dryness
in vacuo. The residue was crystallized from water

“to give 64 (0.5 g); m.p. 236-38° (Found : C, 53.87;

H, 6.53; N, 10.64. C; H,;N,0,S.H,0 requires C,
53.74; H, 6.01; N, 10.44%); M+ at m/z 250; IR :
3240 (NH), 3120 ; 1600{C = O); PMR (DMSO-d,):
7.0-7.7 (Ar-H, 4H, m), 7.56 (C.-H, d), 3.06 (S-CH,
centre of 4Bg, J = 6Hz), 1.30 (CH,, s5).
3-Mercaptoindole-2-carboxylic acid (65) — Tetra-
hydropyrimidinyimercapto acid (16) (13 g) was heated
with 109 aq. NaOH (130 ml) under N, atmosphere
for | hr. The resultant solution was acidified with
conc. HCI and the precipitate recrystallized from aq.
ethanol to give 65 (6.5 g); m.p. 168-69° (Found : C,
56.26; H, 3.89; N, 7.51. C H,NOZS requires C,
5596 H, 3.65; N, 7.25%); IR :
(C=0).
1-Methyl-3-mercaptomethylindole-2-carboxylic acid
(67) — The above acid (65) (6 g), methyl iodide
(26.6 g), anhydrousK,CO; (13 g) and acetone (50 ml)
were heated overnight under reflux. The mixture
was filtered and the filtrate evaporated to give the
methyl ester (66) of the desired acid (67) as a thick oil
(4.3 g). The ester (3 g) was hydrolysed by heating in
methanol (S ml) and 109, aq. NaOH (10 ml) for1 hr.

Removal of methanol in vacuo, dilution with water -

and acidification with conc. HCI gave 67 which
crystallised from methanol (2.5 g); m.p. 126-27°
(Found : C, 59.53; H, 5.10; N, 6.65. C,;H;NG,S
requires C, 59.72; H, 5.00;. N, 6.33%); IR : 1700
(C=0). - ‘
1-Methyl-2-methylsulphoxidoindele-2-carboxylic acid
(68) — The methylmercapto acid (67) (1.1 g) was

' dissolved in 1N aq. NaOH (6 m!) and the solution

heated under reflux with 309, aq. H,0, (2 ml) for
12 hr. It was filtered and acidified with HCI and the
product crystallised from ethanol to give 68, (0.85g);

“the product had a different crystalling form, &

3430 (NH) , 1680 A

m.p. 182-83° (Found : C, 55.45; H, 4.99; N, 5.92.
C,,H,,NO,S* fequires C, 55.69; H, 4.67; N, 5.91 /).
M*atm/z:237; IR : 1880 (C = O).

A solution of 68 (50 mg) in methanol was left
overnight at room temperature with diazomethanc
(from 1.5¢ mtrosomcthylurea) in‘ether (30 ml). The
solution was evaporated in vacuo to give the cster
(69); M+atmfz 251; TR : 1720 (C = O).

3-Mercaptomethylindole-2-carboxylic acid(72) — A
solution of 65 (10 g) in methanol (50 ml) was left
overnight at room temperature with diazomethanc
(from 33.6 g mtxosompthylurea,) in ether (300 ml).
The soluuon was evaporated /i vacuo and the residue
crystallised from ether-hexane to give ester 71 (8 g),
m.p. 103-4° (Found : C, 59. 75 H, 5.58; N, 6.37.
C11H::NO,S requires C, 59. 72; 5 01; N 0. 33"/)
IR 3340 (NH)' 1690 (C O)

In one experiment, a byproduct sparmgly soluble
in ether was obtained and identified as 73; m.p,
239-41° (irom cthanol) (Found C, 58.35; H, 4.14;
N, 6.28. C,;H{N,0,S, requires C, 58.25; H 3.91;
N, 6.79%) IR - 3250 (NH), 1720 (C = O); M* at
m/z 412. Ester 71 (5.5 g) in methanol (50 ml) was
mixed with 109/ aq. NaOH (50 ml) and heated o4 ths
water-bath to get a clear solution. This was laft
overnight at 25°, diluted with water and acidifiad with
conc. HCl. The precipitate (3.5 g) was filtared ta
giveacid 72 (2.8 g) (aq. MeOH) m.p. 132-33* {I*ound
C, 58.07; H, 4.64; N, 7.05. C, H,NOQ,5 f{:«{iiri
C, 5797; H, 4.38; N; 6.76%). In one %}3&;‘&%2&&;
155-56°.  Heating of 71 (I. l,r_v) with By
(0.36 g) at 90- 100° for 16 hr gave the T
(0.5 g) m.p. 172° (from ethanol) (Found ! ¢, 4.51:
H, 6.47; N, 10.95. C,;,H (N;OS requlres. ¢, 64.60;
H, 6.20; N, 10.76 %).

3-(2-Amino-1-ethyl) mercaptoindola-decarboxylic acld
(75) — 65 (2.9 g) and cthylenelmine (0.7.g) were
stirred together in ethano! for 16 hr at 25°. The
precipitate was filtered off, triturated with hot cthanol
and crystallised from acetic acid to give 75 (2 5
m.p. 292-93° (Found : C, 55.99; H, 540 N, ?‘7
C1:H1:N:0,8 requires C, 55,92; H, 5.12 11 87 %)

Esterification of 75 (0.2 g) with alcoholic HCl
(10ml) at 25° for 16 hr gave the ethyl ester 76 (0.15 g),
m.p. 141-42° (Found C, 59.09; H, 6.32; N, 10.60.
C1:H14N,0,S  requires C, 59.08; H, 6.10;' N,
10.60%); 1R : 1700 (C = O). '

1,2,3,4-Tetrahydro-1-oxothiazepino[6,7-b)indole (77)
— The above cster (76) (1 g) was refluxed with ctha-
nolic sodium ethoxide (2 g Nain 50 ml ethanol) for
4 hr. The solvent was evaporated off, the residuc
treated with water and extracted with ether. The
ether layer was washed with 2N HCI and then with
water and dried. This was then decolourised with
Norit and concentrated to give the thiazepinone (77),
m.p. 175-76° (Found : C, 60.76; H, 5.06; N, 12.87.
CHHJ_ONZOS requires C, 60. 54; H 4. 62; N 12. 84%);
3420 (NH), 3380; 1650 (C = O) cm 1 M+ at /7?/.4
218; PMR (CDCl + DMSO-d,) : 11.5 (NH, s)
8.13 (CO-NH, 1), 6.90-7.7 (Ar-H, 4H, m), 3.75
(N-CH,, m), 3.17 (§-CH,, 7). '
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