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Analogues of the TIBO-type Anti-HIV Agents
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A series of N'-substituted 1,4-benzodiazepine-1-carbothioamides 2a-j were prepared by reacting the pre-
cursor 1,4-benzodiazepine 11 with the corresponding N-substituted isothiocyanates 2a-i or with sodium
thiocyanate-trifluoroacetic acid (2j). Despite the structural ressemblance of these molecules with the potent
TIBO-type anti-HIV compound R82150, 2a-j displayed no anti-HIV activity in vitro.

J. Heterocyclic Chem., 32,523 (1995).

Introduction.

Although several nuclcoside analogucs such as
3'-azido-3'-deoxythymidine (AZT), 2',3'-didcoxyinosine
(DDY) and 2',3'-dideoxycytidine (DDC) display potent
anti-HIV (human immunodeficiency virus, the causative
agent of AIDS) activity [1], the limited clinical effective-
ness of this class of molecules, together with the toxicities
and resistance associated with their long-term usc, has led
to the development of a number of non-nuclcoside anti-
HIV compounds [2], among them the TIBO derivatives
(for example, R82150, 1) [3].

While the structure-activity relationships of TIBO-type
molecules have been well studied [4,5], the necessity of
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maintaining their tricyclic nucleus to ensure anti-HIV
activity has received little attention. Recently, Townsend
and coworkers [6] have synthesized benzimidazole deriv-
atives possessing all the important structural features of
TIBO except the benzodiazepine ring. These molecules
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displayed only modest anti-HIV activity, however, and
probably by an altogether different mechanism than TIBO
derivatives. We have now investigated the synthesis and
anti-HIV activity of a series of benzodiazepine-1-carbo-
thioamides 2, structural equivalents of R82150 (1) in
which the C10a-N1 bond has been suppressed [7].

Results and Discussion.

A good strategy for the efficient synthesis of the vari-
ous derivatives of 2 would require that the variable por-
tion of the molecule (the R group) be introduced in the
last step. To this end, it was judged that the benzodi-
azepine 11 (Scheme 1) would serve as a convenient inter-
mediate since the R group of 2 could be modified simply
by reacting 11 with the appropriate, generally commercial
N-substituted isothiocyanates.

The starting material chosen for the preparation of 11
was 2-aminobenzyl alcohol 3. Treatment of this material
with di-tert-butyl dicarbonate [8] gave the N-Boc pro-
tected derivative 4. The bulkiness of the Boc group pre-
vents intramolecular attack of the carbonyl function of 4
by the hydroxyl group and formation of a cyclic carba-
mate [9]. The hydroxyl group of 4 was subsequently
transformed into the bromide 5§ by the action of carbon
tetrabromide and triphenylphosphine in ether [10].
Alkylation of the amine function of L-alanin¢ with bro-
mide § in the presence of sodium carbonate and potas-
sium iodide then yielded compound 6. A small percentage
of dialkylated product was also formed in this reaction.
The same reaction conditions (sodium carbonate and
potassium iodide in DMF) were used to alkylate the sec-
ondary amine function of 6 with 4-bromo-2-mcthyl-2-
butene, affording 7 in almost quantitative yield.

After removal of the Boc blocking group of 7 with tri-
fluoroacetic acid, the rcsulting free amine derivative 8
was cyclized to give the 1,4-benzodiazepin-2-one 10
using two different methods. Thus, hydrolysis of the ester
function of 8 with aqucous sodium hydroxide in methanol
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furnished, as principal product, the carboxylic acid 9. A
small amount of the desired benzodiazepine 10 was also
isolated from the reaction mixture. Treatment of 9 with
dicyclohexylcarbodiimide and 1-hydroxybenzotriazole
then furnished 10, albeit in modest overall yield (42%
from 8). The isolation of a minor amount of cyclized
product 10 when 8 was treated with aqueous base
prompted us to attempt cyclization of 8 under anhydrous
basic conditions. When 8 was treated with sodium
hydride in DMF [11], benzodiazepine 10 was cffcectively
formed in good yicld (66%).

Finally, the required precursor 11 was obtained by
lithium aluminum hydride reduction of the carboxamide
group of 10. By refluxing an ethanolic solution of 11 in the
presence of an alkyl or aryl isothiocyanate (RN=C=S) [12],
the corresponding N-substituted 1-carbothioamides 2a-h
were then formed in generally high yields (Scheme 2).

In the case of the N-tert-butyl derivative 2i, the reaction
necessitated 3 days of heating at 100° in neat N-fert-butyl
isothiocyanate in order to form any appreciable quantity
of product. The slowness of this reaction is most likely
the result of steric hindrance [13]. The unsubstituted car-
bothioamide analogue 2j was prepared by reaction of 11
with sodium thiocyanate and trifluoroacetic acid in
loluene according to a methodology developed by Toev
and coworkers [14].

Ant-HIV Activity.

Compounds 2a-j were tested in vitro for their ability to
inhibit HIV-1 in CEM-cl 13 cclls. None of the compounds
were active at doses up to 20 pg/ml. From this and other
work [5,6], it may be concluded that the potent anti-HIV
activity of TIBO derivatives requires an intact tricyclic
structure.

EXPERIMENTAL

Melting points were determined on a Biichi apparatus and are
uncorrected. The 1H nmr spectra were determined on a Bruker
WP200 MHz or WP250 MHz instrument. Chemical shifts are
given as & values with reference to tetramethylsilane as an inter-
nal standard. Electron impact mass spectra were recorded on an
AEI MS-50 spectrometer. FAB spectra and high-resolution mass
spectra (hrins) were recorded on a Kratos MS80RF instrument.
Thin layer chromatography (tle) and preparative tle were per-
formed on Merck silica gel 60 plates or neutral type E alumina
plates with fluorescent indicator. The plates were visualized with
uv light (254 nm) and, for tlc, with a 3.5% solution of phospho-
molybdic acid in ethanol. All column chromatography was con-
ducted on Merck 60 silica gel (230-240 mesh) at medium pres-
sure (200 mbar). All solvents were distilled and stored over 4 A
molecular sicves before use. Elemental analyses were performed
at the [ICSN, CNRS, Gif-sur-Yvette, France.

2-(rert-Butyloxycarbonyl)aminobenzyl Alcohol (4).
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A mixture of 2-aminobenzyl alcohol (3, 3.69 g, 30 mmoles)
and di-fert-butyl dicarbonate (6.54 g, 30 mmoles) in
1,2-dichloroethane (75 ml) was refluxed for 2.5 hours. More
di-tert-butyl dicarbonate (2.5 g, 11.5 mmoles) was added to the
reaction mixture at this point and reflux was continued for 1.5
hours. The solvent was then removed under reduced pressure,
leaving compound 4 which could be used without further purifi-
cation in the following step. An analytical sample of 4 (an oil)
was obtained by purification on silica gel using dichloro-
methane-ethyl acetate (95:5) as developer; IH nmr (200 MHz,
deuteriochloroform): § 1.52 (s, 9H, 3 x CHy,), 231 (t, 1H, J =
6.0 Hz, exchangeable with deuterium oxide, OH), 4.67 (d, 2H,
CH,), 7.01 (t, 1H, ArH), 7.14 (d, 1H, ArH), 7.26 (t, 1H, ArH),
7.65 (br s, 1H, exchangeable with deuterium oxide, NH), 7.90
(d, 1H, ArH); ms: 223 (M*).

Anal. Calcd. for Cj,H9NO3: C, 64.57; H, 7.62; N, 6.28.
Found: C, 64.32; H, 7.50; N, 6.55.

2-(tert-Butyloxycarbonyl)aminobenzyl Bromide (5).

A solution of compound 4 (6.7 g, 30 mmoles) and carbon
tetrabromide (17.4 g, 30 mmoles) in anhydrous diethyl ether
(120 ml) was treated with triphenylphosphine (11.1 g. 42
mmoles). The reaction mixture was stirred for 30 minutes at
room temperature and the precipitate which formed was
removed by filtration and washed with ether. The filtrate and
washings were combined, the solvents were removed under
reduced pressure and the residue was purified by chromatogra-
phy on silica gel (dichloromethane-heptane 1:1) yielding com-
pound 5 as a red oil (70% from 3); IH nmr (200 MHz, deuterio-
chloroform): & 1.54 (s, 9H, 3 x CHs), 4.49 (s, 2H, CH,), 6.71 (br
s, 1H, exchangeable with deuterium oxide, NH), 7.04 (t, 1H,
ArHD), 7.24-7.36 (m, 2H, ArH), 7.82 (d, 1H, ArH).

Methyl-2-{[2-(tert-Butyloxycarbonylamino)benzyllamino }-
propanoate (6).

A suspension of compound § (7.55 g. 25 mmoles), L-alanine
methyl ester hydrochloride (3.9 g, 37.5 mmoles), sodium carbon-
ate (4.0 g, 37.5 mmoles) and potassium iodide (4.15 g, 275
mmoles) in anhydrous DMF (250 ml) was stirred under an atmos-
phere of nitrogen at room temperature for 15 hours. The solvent
was then removed under reduced pressure and the residue was
partitioned between dichloromethane and water. The organic
extract was dried over sodium sulfate, the solvent was removed
under reduced pressure and the crude product was purified by
chromatography on silica gel using first dichloromethane-heptane
(1:1) as developer followed by dichloromethane. Compound 6
was thus obtained as an oil in 74% yield; 'H nmr (200 MHz, deu-
teriochloroform): 8 1.34 (d, 3H, J = 7.0 Hz, CHCHj5). 1.53 (s, 9H,
3 x CHy), 191 (s, 1H, exchangeable with deuterium oxide, NH),
3.36 (g, 1H, CHCHjy), 3.65 (d, 1H, Toep, = 12.7 Hz, CH Hy), 3.76
(s, 311, OCHy). 3.87 (d, IH, CH,H,), 6.93 (¢, tH, ArH), 7.05 (d,
1H. ArH), 7.23 (1, 1H, ArH), 7.97 (d, 1H, ArH), 9.38 (br s, 1H.
exchangeable with deuterium oxide, N11); ms: 308 (M+).

Anal. Caled. for C16H24N2043 C. 62.34; H, 7.79; N, 9.09.
Found: C, 62.15; H, 7.76: N, 9.34.

Methyl 2-{[2-(tert-Butyloxycarbonylamino)benzyl](3-methyl-2-
butenyl)amino}propanoate (7).
A mixture of amine 6 (4.9 g, 15.1 mmoles), sodium carbonate

(3.15 g, 30 mmoles), potassium iodide (3.75 g, 22.6 mmoles) and
4-bromo-2-methyl-2-butene (3.4 ml, 30 mmoles) in anhydrous
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DMF (150 ml) was stirred under a nitrogen atmosphere at room
temperature for 20 hours. The solvent was then removed under
reduced pressure and the residue was partitioned between
dichloromethane and water. The organic fraction was dried over
sodium sulfate, the solvent was removed under reduced pressure
and the crude product was purified by chromatography on silica
gel (dichloromethane-heptane 8:2), yielding compound 7 (85%);
1H nmr (200 MHz, deuteriochloroform): §1.31(d,3H,J=7.0Hz,
CHCHS5), 1.55 (s, 9H, 3 x CHy), 1.64 (s, 31, =C-CH,), 1.75 (s, 31,
=C-CH3), 3.11 (m, 2H, CH,CH=), 3.52 (q, 1H, CHCH3), 3.73 (s,
3H, OCHjy), 3.74 (d, 1H, Jgory = 13.4 Hz, CH,Hy), 3.77 (d, 1H,
CH,Hy), 5.27 (dd, 1H, J = 6.9 Hz, CH,CH=), 6.90 (t, 1H, ArH),
7.06 (d, 1H, ArH), 7.25 (1, 1H, ArH), 7.99 (d, 1H, ArH), 9.57 (brs,
1H, exchangeable with deuterium oxide, NH); ms: 376 (M*).

Anal. Caled. for C5 H3,N,04: C, 67.02; H, 8.51; N, 7.45.
Found: C, 66.81; H, 8.33; N, 7.47.

Methyl 2-[(2-Aminobenzyl)(3-methyl-2-butenyl)amino]propa-
noate (8).

A solution of compound 7 (2.8 g, 7.5 mmoles) in trifluoroacetic
acid (50 mi) was stirred for 1 hour at room temperature. The reac-
tion mixture was concentrated under reduced pressure, the residue
was taken up in dichloromethane (20 m]) and the solution was
washed with 10% aqueous ammonium hydroxide (10 ml). The
aqueous fraction was extracted with dichloromethane (10 ml), the
combined organic extracts were dried over sodium sulfate and the
solvents were evaporated in vacuo. The resulting crude product
was purified by chromatography on silica gel using first
dichloromethane-heptane (3:1) as developer followed by
dichloromethane, providing amine 8 as an oil in 91% yield; 1H
nmr (200 MHz, deuteriochloroform): $1.28 (d, 3H, ] = 7.0 Hz,
CHCHS), 1.61 (s, 3H, =CCH,), 1.71 (s, 3H, =C-CH;), 3.09 (d,
2H, 1 = 6.3 Hz, CH,CH=), 3.57 (g, 1H, CHCH3), 3.69 (s, 5H.
OCH; and PhCH,), 4.67 (br s, 2H, exchangeable with deuterium
oxide, NH,), 5.18 (t, 1H, CH,CH=), 6.58-6.66 (m, 2H, Arll),
6.94-7.05 (m, 2H, ArH); ms: 276 (M*).

Anal. Caled. for CygHo4N2O5: C, 69.57; H, 8.70; N, 10.14.
Found: C, 69.55; H, 8.61; N, 10.04.

3-Methyl-4-(3-methyl-2-butenyl)-3.4-dihydro-1H,5H-1.4-ben-
zodiazepin-2-one (10).

Procedure A.

A mixture of compound 8 (120 mg, 0.46 mmole) and sodium
hydroxide (18.3 mg, 0.46 mmole) in methanol-water (2.2 ml of a
3:1 mixture) was stirred overnight at room temperature. The
reaction mixture was neutralized with acetic acid and concen-
trated under reduced pressure. The residue was partitioned
between dichloromethane-methanol (9:1) and water. The organic
phase was dried over sodium sulfate, the solvents were removed
under reduced pressure and the crude product was purified by
preparative tle on silica gel (dichloromethane-methanol 95:5).
The minor, higher Rf compound, obtained in 10% yield, was
identified as 10, mp 101-102° (hexane); IH nmr (250 MHz, deu-
teriochloroform): 8 1.36 (d, 3H, J = 6.8 Hz, ClLICH3), 1.57 (s,
3H, =C-CH3), 1.75 (s, 3H, =C-CH3), 3.15 (m, 2H, CH,CllI=),
3.53 (q, 1H, CHCHjy), 3.86 (d, IH, T, = 14.6 Hz, PhCH_H,),
3.91 (d, 1H, PhCH,H}), 5.26 (t, 1H, T = 6.8 Hz, CH,CH=),
7.01-7.30 (m, 4H, Arll), 8.77 (br s, 1H, exchangeable with deu-
terium oxide, NH); ms: 244 (M*).

Anal. Caled. for CsH,gN,O: C, 73.77; H, 8.20; N, 11.48.
Found: C, 73.58; H, 8.05; N, 11.36.
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The major, lower Rf product, carboxylic acid 9, was obtained
in 61% yield; 'H nmr (200 MHz, deuteriochloroform): § 1.45 (d,
3H, I = 7.5 Hz, CHCHs5), 1.60 (s, 3H, =CCHs;), 1.75 (s, 3H,
=CCHj,), 3.43 (oct, 2H, Jgem = 13.7 Hz, J,jc = 6.3 Hz,
CH,CH=), 3.75 (m, 1H, CHCH,3), 3.78 (d, 1H, Jgem = 13.1 Hz,
PhCH,H,), 4.12 (d, 1H, PhCH,H}), 5.24 (t, 1H, ] = 6.3 Hz,
CH,CH=), 6.02 (br s, 3H, exchangeable with deuterium oxide,
OH, NH,), 6.67 (m, 2H, ArH), 7.01 (d, 1H, Arll), 7.13 (¢, 1H,
ArH); ms: (FAB) 263 (M+ + 1).

A solution of compound 9 (69 mg, 0.26 mmole) and
1-hydroxybenzotriazole monohydrate (76 mg, 0.52 mmole) in
anhydrous pyridine (2 x 3 ml) was evaporated under reduced
pressure in order to co-evaporate water of hydration. The residue
was dissolved in anhydrous tetrahydrofuran (2 ml) and dicyclo-
hexylcarbodiimide (61 mg, 0.3 mmole) was added to the solu-
tion. The reaction mixture was stirred at room temperature for 5
hours and the solid which formed was removed by filtration.
The filtrate was concentrated under reduced pressure and the
crude product was purificd by preparative tlc on silica gel
(dichloromethane-methanol 93:7) affording compound 10 (68%)
identical in all respects to that isolated above.

Procedure B.

To a solution of amine 8 (654 mg, 2.37 mmoles) in anhydrous
DMF (12 ml) was added sodium hydride (142 mg, 3.55 mmoles;
60% oil dispersion). The reaction mixture was stirred under a
nitrogen atmosphere at room temperature overnight. It was then
cooled to 0°, water (0.5 ml) was added and the solvents were
removed under reduced pressure. The residue was partitioned
between dichloromethane and water, the organic phase was
dricd over sodium sulfate and the solvent was removed under
reduced pressure, yielding crude 10. The latter was purified by
chromatography on silica gel (dichloromethane-methanol 99:1)
affording pure 10 (66%), identical in all respects to that prepared
above.

2,3,4.5-Tetrahydro-3-methyl-4-(3-methyl-2-butenyl)- 1 H-1,4-
benzodiazepine (11).

To a solution of 10 (1.16 g, 4.75 mmoles) in anhydrous
tetrahydrofuran (50 ml) was added lithium aluminum hydride
(0.9 g, 23.8 mmoles). The mixture was refluxed under a nitrogen
atmosphere for 4 hours, then cooled and carefully quenched with
water. The precipitate was removed by filtration, the filtrate was
diluted with dichloromethane (200 ml) and washed with water.
The organic phase was dried over sodium sulfate and the sol-
vents were removed under vacuum. The resulting crude product
was purified by chromatography on silica gel (dichloromethane-
methanol 95:5), yielding compound 11 (97%), mp 52-53° (cthyl
acetate); 'H nmr (200 MHz, deuteriochloroform): 8 1.27 (d, 311,
1=6.4 Hz, CHCH,), 1.49 (s, 3H, =CCHj,), 1.75 (s, 3H, =CCH,),
298-3.20 (m, 5H, CHCH;, CH,CH=, NHCH,), 3.74 (d super-
imposed on br s, 2, J,... = 15.0 Hz, partly exchangeable with
deuterium oxide, PhCH,H,,, NH), 4.23 (d, IH, PhCH H,), 5.30
(¢, 1H, CH,CH=), 6.70 (d, 1H. ArH), 6.80 (t, 1H, ArH),
6.99-7.08 (m, 2H, ArH); ms: 230 (M+).

Anal. Caled. for CysH,;N,: C, 78.26; 11, 9.57; N, 12.17.
Found: C, 78.04; H, 9.73; N, 12.13.

General Procedure for the Preparation of the N'-Substituted
Thiourea Derivatives 2a-2h.

A solution of 11 and the corresponding isothiocyanate
(RNCS) (2.2 equivalents) in 95% ethanol (5 ml/mmole) was
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refluxed overnight. The solvent and unreacted isothiocyanate
were removed in vacuo and the resulting crude product was
purified by preparative tlc on silica gel using dichloromethane-
methanol (96:4) as developer.

In this manner, the following compounds were prepared:

N,3-Dimethyl-4-(3-mcthyl-2-butenyl)-2,3,4,5-tetrahydro- 1 H-
1,4-benzodiazepine-1-carbothioamide (2a).

This compound was obtained from 11 and methyl isothio-
cyanate in 88% yield as an oil; H nmr (200 MHz, deuteriochlo-
roform): & 1.19 (d, 311, J = 6.0 Hz, CHCH,), 1.45 (s, 3H,
=C-Cl;), 1.76 (s, 3H, =C-CH,), 2.74 (m, 1H, collapses to a d
when CH,CH= is irradiated, J,}, = 13.6 Hz, CH,H,CH=), 3.02
(m, 2H, CH,H,CH=, NH), 3.06 (d, 3H, ] = 4.4 Hz, NCH;), 3.55
(m, 1, CHCHjy), 3.79 (d, 1H, 1, = 14.0 Hz, ArCH,H}), 3.88
(d, 1H, ArCH,Hy), 5.23 (m, 21, CH,CH=, NCH,H,CH), 5.54
(m, 1H, NCH,H,CIl), 7.19-7.38 (m, 4H, ArlI).

Caled. for C7H;5N3S: 303.1766; hrms Found: 303.1771.

N-Ethyl-3-methyl-4-(3-methyl-2-butenyl)-2.3,4,5-tetrahydro-
1H-1,4-benzodiazepine-1-carbothioamide (2b).

This compound was obtained from 11 and ethyl isothio-
cyanate in 91% yield as an oil; 'TH nmr (200 M1z, deuteriochlo-
roform): & 1.09 (1, 3H, J = 7.2 Hz, CH,CH3), 1.19 (d, 311, T = 6.1
Hz, CHICH3), 1.46 (s, 3H, =C-CHjy), 1.76 (s, 3H, =C-Clly), 2.75
(m, 11, collapses to a d when CH,CH= is irradiated, T,;, = 13.7
Hz, CH,,,CH=). 3.02 (m, 2H, CH, H,CI=, NH), 3.53-3.73 (m,
3H. CHCHj3, NCH,CHj3), 3.77 (d, 1H, 1,, = 14.3 Hz,
ArCH, Hy), 3.89 (d, IH, ArCH H}), 5.20 (m, 21, CII,CH=,
NCH,H,CID), 5.45 (m, 1II, NCH,H,CH), 7.19-7.37 (m, 4H,
ArH).

Caled. for CxH»7N3S: 317.1926; hrms Found: 317.1918.

3-Mcthyl-4-(3-methyl-2-butenyl)-N-n-propyl-2,3,4,5-tetrahydro-
1H-1.4-benzodiazepine-1-carbothioamide (2¢).

This compound was obtained from 11 and n-propyl isothio-
cyanate in 95% yield as an oil; 'H nmr (250 Mllz, deuteriochlo-
roform): 8 0.83 (t, 31, J = 7.3 Hz, CH,CH»), 1.18 (d, 31,1 = 5.7
Hz, CHCHy), 1.49 (m, 2H, CHyCHj), 1.46 (s, 3H, =C-CHj),
1.76 (s, 3H, =C-ClIl3), 2.74 (m, 1H, collapses to a d when
CHLCH= is irradiated, I, = 13.5 lz, CH,H,ClI=), 2.98 (m,
2H, CH, H,CH=, N11). 3.43-3.63 (i, 3H, CHCH;, NCH,CII,),
378 (d, I, J,p, = 14.6 Hz, ArCH 1), 3.88 (d, 111, ArCH,H,),
5.23 (m, 2H, CH,CH=, NCH H,CH), 5.49 (m, IH,
NCH,H,CIH), 7.19-7.36 (m. 4H, ArID).

Caled. for CgH9N3S: 331.2082. hrms Found: 331.2090.

N-n-Butyl-3-methyl-4-(3-methyl-2-butenyl)-2,3,4,5-tetrahydro-
1H-1,4-benzodiazepine-1-carbothioamide (2d).

This compound was obtained from 11 and n-butyl isothio-
cyanate in 66% yield as a solid which was crystallized from
cthyl acetate, mp 84-85°; 1H nmr (200 MHz, deuteriochloro-
form): & 0.87 (t, 3H, I = 7.0 Hz, ClI,CH,), 1.18-1.37 (m, 71,
CHCH;, CH,CH,), 1.45 (s. 3H, =C-CHy), 1.76 (s, 3H,
=C-CHjy), 2.74 (i, 1H. collapses to a d when CH,CH= is irradi-
ated, I, = 14.1 Hz, CH,H,ClH=), 3.02 (in, 2H, CII,H,CH=,
NH), 3.51-3.72 (m, 311, CHCH;, NCH,CI1,), 3.77 (d, 111, Tan=
14.7 Hz, ArCH,Hy,). 3.88 (d, 1H, ArCH Hy), 5.23 (m, 2H,
CH,CH=, NCH,H,CIH), 5.44 (m. 1H, NCH,H,CH), 7.18-7.33
(m, 411, ArH).

Anal. Caled. for CypH3 N3S: C, 69.57; H, 8.99; N, 12.17; S,
9.28. Found: C, 69.48; H, 9.18; N, 12.03; S, 9.28.
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N-Allyl-3-methyl-4-(3-methyl-2-butenyl)-2.3,4,5-tetrahydro-
1H-1,4-benzodiazepine-1-carbothioamide (2e).

This compound was obtained from 11 and allyl isothiocyanate
in 66% yield as an oil; 'H nmr (250 MHz, deuteriochloroform):
§1.19 (d, 3H, ] = 6.3 Hz, CHCH,), 1.46 (s, 3H, =C-CH;), 1.76
(s, 3H, =C-CH,), 2.74 (m, 1H, collapses to a d when CH,CH= is
irradiated, J,, = 13.7 Hz, CH,H,CH=), 2.95 (br s, 1H, NH),
3.03 (m, 1H, CH,H,CH=), 3.57 (m, 1H, CHCH,), 3.79 (d, 1H,
I,p = 14.4 Hz, AtCH,Hy), 3.90 (d, 1H, ArCH,H,), 4.16 (m, 1H,
.5 =15.6 Hz, CH,1H,CH=CH,), 4.36 (m, 1H, CH,H,CH=CH,),
5.06 (m, 2H, 1 ;. =9.4 Hz, J,,,,.. = 19.5 Hz, CH,CH=CH,), 5.22
(m, 2H, CH=C(CHj3),, NCH,H,CH), 5.54 (m, 1H,
NCH,H,CH), 5.80 (m, 1H, CH=CHj), 7.22-7.37 (m, 4H, ArH).

Caled. for CyH,9N3S: 329.1926; hrms Found: 329.1910.

N-Cyclohexyl-3-methyl-4-(3-methyl-2-butenyl)-2,3,4,5-tetrahy-
dro-1H-1,4-benzodiazepine-1-carbothioamide (2f).

This compound was obtained from 11 and cyclohexyl isothio-
cyanate in 80% yield as a solid which was crystallized from
ethyl acetate, mp 86-87°; 11 nmr (200 MHz, deuteriochloro-
form): & 0.91-2.04 (m, 10H, cyclohexyl CH,), 1.18 (d, 3H, T =
6.1 Hz, CHICH»), 1.45 (s, 31, =CClly), 1.76 (s, 3H, =CCHj).
2.76 (m, 111, collapses to a d when CH,CH= is irradiated, I, =
13.4 Hz, CH H,CH=), 3.02 (in, 2H, CH,H,,CH=, N1I), 3.54 (m,
1H, CHCH,), 3.74 (d, 111, I, = 14.4 Hz, ArCH 1), 3.88 (d,
IH. ArCH,Hy), 4.29 (m. 1H, NHCH), 5.20 (m, 2H, CH,CH=,
NCH,II,CH), 5.34 (m, 1H, NCH,H,CH), 7.16-7.33 (m, 4H,
ArH); ms: 371 (M*).

Anal. Caled. for CypH33N3S: C, 71.16; H, 8.89; N, 11.32; §,
8.63. Found: C,71.21; H,9.01; N, 11.11; §, 8.70.

3-Methyl-4-(3-methyl-2-butenyl)-N-phenyl-2,3,4.5-tetrahydro-
1H-1.4-benzodiazepine-1-carbothioamide (2g).

This compound was obtained from 11 and phenyl isothio-
cyanate in 88% yield as a solid which was crystallized from
cthyl acetate, mp 74-76°; I nmr (250 MIIz, deuteriochloro-
form): 8 1.22 (d, 3H, J = 6.0 Hz, CHHCH3). 1.48 (s, 311, =CCl5),
1.78 (s. 3H, =CCHjy), 2.79 (m, 1H. collapses to a d when
CH,CH is irradiated, J,y, = 13.2 Hz, CH I1,CH=). 3.07 (mn, 211,
CH,H,CH=, NH), 3.65 (m, 1H, CHCHy), 3.93 (br s, 2H,
ArCH,), 5.29 (m, 3H, CH,CH=, NCH,CII), 7.11-7.36 (in, 911,
ArH); ms: 365 (M*).

Anal. Caled. for Cy,H9N3S: C, 72.33: 11, 7.40; N, 11.51; S.
8.77. Found: C, 72.45; H, 7.38; N, 11.23; 8. 8.75.

N-Benzyl-3-methyl-4-(3-methyl-2-butenyl)-2,3,4,5-tetrahydro-
1H-1.4-benzodiazepine- L-carbothioamide (Zh).

This compound was obtained from 11 and benzyl isothio-
cyanate in 76% yield as a solid which was crystallized from
ethyl acetate, mp 93-94°; 1 nmr (250 Mllz, deuteriochloro-
form): & 1.20 (d, 311, J = 6.3 Hz, CHCH>), 1.46 (s, 311, =CCll3),
1.76 (s, 311, =CCH,), 2.74 (. 1H, collapses to a d when
CI,CH= is irradiated, J,, = 13.6 Hz, CH 1, Cl1=). 3.03 (m, 2H.,
CH,H,Cll=, NH), 3.61 (m, 111, CHCHy). 3.81 (d. IH, J,, =
14.4 Hz, ArCH 1), 3.89 (d, 1H, ArCH,H,,), 4.78 (g, 1, I, =
14.9 Hz, Jey N = 4.8 Hz, NHCH Hy,), 4.89 (q. 1H, NHCH,Hy).
5.23 (m, 2H, CH,CH=, NCHH,CH), 5.78 (m, 1H.
NCIILH,CH), 7.25 (m, 91, ArH); ms: 379 (M*).

Anal. Caled. for CoslTagN,S: C, 72.82; H, 7.65; N, 11.08: S,
8.44. Found: C, 72.80: H. 7.82: N, 11.10: S. 8.56.
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N-tert-Butyl-3-methyl-4-(3-methyl-2-butenyl)-2,3,4,5-tetrahy-
dro-1H-1,4-benzodiazepine-1-carbothioamide (2i).

A solution of 11 (34 mg, 0.15 mmole) in zert-butyl isothio-
cyanate (0.5 ml, 4 mmoles) was heated at 100° for 3 days. The
solvent was removed under reduced pressure and the crude
product was purified by preparative tlc on silica gel using
dichloromethane-methanol (97:3) as developer. Compound 2i
was obtained as an oil in 12% yield; 'H nmr (200 MHz,
deuteriochloroform): & 1.20 (d, 3H, CHCH3), 1.42 (s, SH,
C(CH4)y), 1.45 (s, 3H, =CCH,), 1.76 (s, 3H, =CCH3), 2.77 (m,
1H, collapses to a d when CH,CH= is trradiated, Ja,b =12.8 Hz,
CH,1,CH=), 3.00 (m, 2H, CH,H,CH=, NH), 3.50 (m, 1H,
CHCH3), 3.68-3.94 (m, 2H, ArCH,), 5.24 (m, 2H, CH,CH=,
NCH,H,CH), 5.45 (m, 1H, NCH,H,CH), 7.16-7.37 (m, 4H,
ArH); ms: 345 (M*).

Anal. Calcd. for Cpoll3;N3S: C, 69.56; H, 8.99; N, 12.17; S,
9.28. Found: C, 69.30; H, 9.05; N, 12.12; §,9.52.

3-Mecthyl-4-(3-methyl-2-butenyl)-2,3.4,5-tetrahydro-1H-1.4-
benzodiazepine-1-carbothioamide (2j).

To a mixture of 11 (70 mg, 0.3 mmole) and sodium thio-
cyanate (97 mg, 1.2 mmoles) in anhydrous toluene (0.6 ml) was
added trifluoroacetic acid (60 pl, 0.9 mmole). The reaction mix-
ture was allowed to stir overnight at room temperature under
nitrogen and it was then heated at 100° for 2 hours. The solvent
was removed by pipette and the residual solid was partitioned
between dichloromethane and water. The organic phase was sep-
arated, dried over sodium sulfate and evaporated under reduced
pressure. The residue was purified by preparative tlc using
dichloromethane-methanol (98:2) as developer, affording 2j in
13% yield, mp 132-133° (from cthyl acetate); IH nmr (200
Mz, deuteriochloroform): & 1.21 (d, 3H, J = 6.8 Hz, CHCHS3),
1.45 (s, 3H, =CCHa), 1.77 (s, 3H. =CCHy), 2.70 (dd, 1H, I, =
13.6 Hz, J,;, = 8.0 Hz, CH ,H,CH=), 3.01-3.09 (m, 311,
CH,H,CH=, NCH,CII), 3.64 (m, 111, CHCH,), 3.88 (d, 111, ], 4,
= 14.8 Hz, ArCH,I1,), 3.91 (d. 1H, ArCH,Hy,), 5.24 (m, 1H,
CI,CH=), 5.81 (br s, 21, NII3), 7.28-7.40 (m, 4H, ArH); ms:
289 (M),

Anal. Caled. for C1gH»3N3S: C, 66.44; H, 7.96; N, 14.53; S,
11.07. Found: C, 66.38; H, 7.71; N, 14.52; S, 11.00.
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