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substance was prepared from 3p-acetoxyandrost-5-en-17-one as 
described by Levy and Jacobsen' in an over-all yield of 85%. 
The melting point of the lactone wae found to be 169-170", 
lit. m.p. 169.7-169.9'. 

3p-Hydroxy-16-hydroxymethylene-17a-oxa-S~-~-homoandro- 
stan-17-one8 (X).-A mixture of 2.5 g. of IX ,  150 ml. of dry 
thiophene-free benzene, 10 ml. of ethyl formate, and 2 g. of 
sodium hydride (50yo in oil) was stirred in an atmosphere of 
nitrogen for a period of 5 hr. Excess reagent was decomposed by 
a few nAliliters of methanol, and water added: to the mixture. 
The aqueous alkaline layer was separated and the organic phase 
washed with water. The aqueous washing and the alkaline 
extract were mixed and acidified with cold 2 N hydrochloric acid. 
The precipitate was collected and dried to yield 2.55 g. of X ,  m.p. 
291-292", lit. m.p. 292-294'; vmaX 3340 (OH), 1690 (&lactone 
carbonyl), and 1610 cm.? (hydroxymethylene); A,,, 250 mp 
(log e 4.05). 

3p-Acetoxy-16-acetoxymethylene-l7~-oxa-S~-~-homo~dro- 
stan-17-one (XI).-A solution of 2 g. of X in 25 ml. of pyridine 
and 5 ml. of acetic anhydride was kept a t  room temperature for 
18 hr. Excess acetic anhydride was decomposed by adding a 
few ml. of methanol and the solution waa poured into icewater. 
The precipitate was collected and dried to give 2.4 g. of the 
diacetate XI,  m.p. 105-105'. A sample was crystallized three 
times from ether-hexane for analysis to give needles, m.p. 
108-110"; [ C Z ] ~ ~ D  -122" ( c  1.0, chloroform); A,,, 237 mp (log e 
4.12); vmaX 1760 (16-acetoxy), 1740 (3-acetoxy), 1708 (conju- 
gated &lactone), and 1630 crn.-' (double bond of acetoxy- 
methylene). 

Anal. Calcd. for C24H~06: C, 68.87; H, 8.19. Found: 
C, 69.02; H, 8.45. 
3~-Acetoxy-l7-oxa-5a-androstan-~ 6-one (XI) .-A solution of 2 

g. of XI in a mixture of 30 ml. of ethyl acetate and of 30 ml. of 
acetic acid was cooled to - 10" and then ozonized for a period of 
75 min. After addition of 5 ml. of a 30y0 solution of hydrogen 
peroxide and 5 ml. of water the mixture was stored a t  25" for 24 
hr. It was then diluted with ether, washed with water, with 
sodium hydrogen carbonate solution, and water, and dried over 
sodium sulfate. Removal of solvent gave 2 g. of an oil which was 
dissolved in 10 ml. of benzene and adsorbed on a column of silica 
gel. Elution with mixtures of ethyl acetate, benzene (5% and 
1070) yielded fractions melting in the range of 139-142'. These 
fractions were combined to give a total of 1.42 g. of XI1 (85%). 
No other compound of definite nature could be isolated by further 
elution of the column. An analytical sample was prepared by 
crystallizing from dichloromethane-hexane to give prism, m.p. 
146-148"; [aIa3n -59" ( c  1.0, chloroform); vmax 1776 (?-lac- 
tone), 1730 (3-acetate), and 1236 cm.-' (3-acetate). 

Anal. Calcd. for C2oH&4: C, 71.82; H, 9.04. Found: 
C, 71.68; H, 9.17. 
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In continuation of our studies of the chemistry of 
5-phenyl-l,4-benzodiazepin-2-ones, we examined meth- 
ods for effecting transformations of the carbonyl group- 
ing in position 2. Firstly we turned our attention to 
the synthesis and reactions of the thiolactam 11. 
We expected the thione group in I1 to undergo nucleo- 
philic replacement, when treated with a primary or 
secondary amine, to give aminobenzodiazepines of type 
111. This type of reaction has been used for the prepa- 

(1) Paper XV, L. H. Sternbach, G. A. Archer, and E. Reeder, J .  Org. 
Chem., 28, 3013 (1963). 

ration of amino compounds from the corresponding thion- 
amides, in the pyrimidine, purine, and quina~oline,4,~ 
series, but had not been applied to 1,Pbenzodiazepines. 

Thiation of the lactam I was readily achieved by 
treatment with phosphorus pentasulfide in refluxing 
pyridine, to give the desired thiolactam 11. Reaction 
of I1 with primary or secondary aliphatic amines, or 
with secondary heterocyclic amines, resulted in forma- 
tion of compounds of type 111, with evolution of hydro- 
gen sulfide. Since it has been reported6 that S-alkyl- 
thiopyrimidines react with amines more readily than 
do the corresponding thiopyrimidines, we were led to 
methylate I1 to the methylmercapto derivative (IV). 
That the product was in fact the S-methyl derivative, 
and not the isomeric N-methylthiolactam (VI) , was 
proved by its ready acid hydrolysis to I and also by 
the unequivocal synthesis of VI from the N-methyl- 
benzodiazepinone (V) . 
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(2) (a) F. E. King and T. J. King, J. Chem. Soc..  726 (1947); (b) F. H. S.  
Curd, M. I. Davis, E .  C. Oxen,  F. L. Rose, and G. A. P. Tuey, %bad., 370 
(1946). 

(3) L. B. Townsend and R. K. Robins, .I. Am. Chem. Soc.,  84, 3008 
(1962). 

(4) N. S. Leonard and D. Y. Curtin. J .  Org. Chem., 11, 349 (1946). 
( 5 )  S. S. Berg, J. Chem. Soc. ,  4041 (1961). 
(6) D.  J. Brown, "The Chemistry of Heterocyclic Compounds," Vol. 

X V I ,  A. Weissberger, Ed..  Interscience Publishers, New York, N. Y.,  1962, 
p. 283. 
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TABLE I 
l,Q-DIHYDRO-2H-I ,4-BENZODIAZEPINE-2-THIONES 

, N-c=s 
RB Dc=$. 

Yield, --Carbon, %- -Hydrogen, %- .----Sulfur, %- 
Ri Rz Ra M.p., oC.a % Formula Calcd. Found Calcd. Found Calcd. Found 

H H H 256-257 9 CisHizNzS 71.40 71.35 4.79 4.65 12.70 12.54 
H H Br 255-256 30 ClSHl1BrNZS 54.39 54.29 3.35 3.24 9.68 9.71 

H H CH3 260-261 28 Ci6Hi4NzS 72.14 72.25 5.30 5.52 12.04 12.07 
H H c1 245-247 40 CisHiiClNzS 62.82 62.55 3.87 3.95 11.19 11.22 

H H NOz 209-214 13 CisHiiN30zS 60.59 61.07 3.73 4.27 10.78 10.69 
H c1 c1 251-253 40 Ci6HioClzNzS 56.08 56.43 3.14 3.25 9.98 9.81 
H F c1 229-232 29 Ci6HioClFN8 59.12 58.88 3.30 3.52 10.52 10.12 
H OCH, c1 222-224 38 CiaHiaC1NzOS 60,66 60.49 4.13 4,36 
CHI H C1 162-164 , 7sc ci~Hi3C1NzS 63.88 63.96 4.36 4.55 10.66 10.86 
CH3 C1 C1 160-163 75 Ci~HizClzN8 57.32 57.66 3.61 3.45 9.56 9.75 
CH3 F c1 144-146 48 CisHizCLFNzS 60.28 60.24 3.79 3.77 10.06 9.80 
 CHI^ CF3 H 133-136 83 CnHi3FaNzS 61.07 61.01 3.92 4.08 9.59 9.47 

The compounds described were crystallized from ethanol. The starting material, 1,3-dihydro-l-methyl-5-( 2-trifluoromethyl- 
phenyl)-2H-l,4-benzodiazepin-2-one, waa made by methylation of the corresponding desmethyl compound [G. Saucy and L. H. Stern- 
bach, Helu. Chim. Acta, 45, 2226 (1962)l by treatment with sodium methoxide and methyl iodide. The product crystallized from 
aqueous ethanol ai colorless rhombs, m.p. 135-137". AnaE. Calcd. for C17H13F3N20: C, 64.14; H, 4.12. Found: C, 64.45; H, 3.84. 

The thiation of 1-substituted benzodiazepinonea generally gave better yields of thiolactams than in the case of the unsubstituted 
lactams. 

TABLE I1 
2,3-DIHYDRO-IH-I ,4-BENZODIAZEPINES 

-Carbon, %- Hydrogen, % Nitrogen, % Chlorine, 70 
Ri Rz Ra Crystd.o from M.p., OC. Formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found 

H H CH3 Aqueous alcohol 13&132 Cie.HiaNz 81.32 81.38 6.82 6.93 
H OCHB C1 Aqueous alcohol 190-191 CieHisClNzO 67.00 67.32 5.27 5.36 
Hb OCH3 C1 Methanol-ether 254-255 dec. CIOHISC~NZO.HC~ 59.45 59.82 4.99 5.12 21.93 21.94 
CH3* F C1 Methanol-acetone 245-247 dec. ClsH&lFNz.HCI 59.09 59.24 4.65 5.14 8.61 8.57 
CH3 CF3 H Hexane 83-85 Ci7Hi~F3Nz 67.09 67.25 4.97 4.86 9.21 9.16 

a Yields obtained were comparable with those obtained for the examples reported in the Experimental section. 
CHab CF3 H Alcohol-ether 251-252 Ci7HibF3Nz.HCl 59.91 59.97 4.73 4.68 8.22 8.19 

Hydrochloride. 
The base w m  dissolved in the calculated amount of methanolic hydrogen chloride and the crystalline salt waa precipitated by the addl- 
tion of ether. 

Compound IV reacted readily with primary or 
secondary amines to give aminobenzodiazepines of 
formula 111. Reaction of IV with monomethylamine 
gave the methylaminobenzodiazepine I11 (R1 = CHd, 
Rz = H), which was identical with that previously 
obtained' by deoxygenation of 7-chloro-2-methylamino- 
5-phenyl-3H-l,4-benzodiazepine 4-oxide (Librium@). 

Reaction of I1 or IV with piperidine gave the piperi- 
dinobenzodiazepine (111, RIRSN = piperidino) 

Another reaction of the thiolactams I1 and VI was 
their desulfurization, by treatment with Raney nickel 

(7) L. H. Sternbach and E. Reeder, J .  Org. Chem.. 36, 1111 (1961). 
(8 )  Benzodiazepines having a tertiary amino group in position 2 were not 

previously accessible by the route described' for preparation of benzodi- 
azepines having a primary or secondary amino group in position 2. See 
also S. C.  Bell, C.  Gochrnan, and S. J. Childress, J .  Med. Pharm. Chen. ,  I ,  
63 (1962). 

in boiling acetone, to give the dihydrobenzodiazepines 
(VI1 and VIII). Both these compounds have been 
obtained by other methods; the former by reduction of 
I with lithium aluminum h ~ d r i d e , ~  the latter by methyl- 
ation of VIIS and also by a four-step synthesis from 2- 
chloro-5-nitrobenzophenone. lo. l 1  

A number of analogs of the thiolactams I1 and VI 
were made by the method described in the Experimen- 
tal section; their properties are given in Table I .  The 
1,3-dihydro-2H-1,4-benzodiazepin-2-ones used as start- 
ing materials have been described in the 

(9) L. H.  Sternbach, E. Reeder, and G. A. Archer, J .  Org. Chem., 38, 2456, 
(1963). 

(10) L. H. Sternbach, R. Ian Fryer, W. Metlesics, E. Reeder, G. Sach, G .  
Saucy, and A. Stempel, abad., 17, 3788 (1962). 

(11) L. H. Sternbach, R. Ian Fryer, 0. Keller. W. Metlesics, G. Sach. 
and N. Steiger, J .  Med.  Chem., 6, 261 (1963). 
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Some of the thiolactams listed in Table I were de- 
sulfurized by treatment with Raney nickel, as described 
in the Experimental section, to give the 2,3-dihydro- 
benzodiazepines shown in Table 11. 

Experimental 

The infrared and ultraviolet 
absorption spectra of starting materials and reaction products 
were compared in order to establish structural changes. The 
infrared spectra were determined in 3% chloroform solutions or in 
potassium bromide pellets, using a Perkin-Elmer Model 21 
spectrophotometer; the ultraviolet absorption spectra were 
determined in isopropyl alcohol and in 0.1 N hydrochloric acid. 

7-Chloro-1 ,J-dihydro-5-phenyl-2H-l,4-benzodiazepine-2-thione 
(II).-A solution of 271 g. of 7-chloro-l,3-dihydro-5-phenyl-2H- 
1,4-benzodiazepin-2-one (I)'? and 242 g. of phosphorus penta- 
sulfide in 2 1. of anhydrous pyridine was stirred and heated under 
reflux for 45 min., with protection from atmospheric moisture. 
The mixture was thea rapidly chilled in an ice bath and poured 
slowly into 5 1. of a well stirred, ice-cold saturated sodium chlo- 
ride solution. The resulting precipitate was separated by fil- 
tration, washed with water, dried zn vacuo, and dissolved in 
methylene chloride. The solution was filtered through a bed of 
activated alumina and concentrated. Addition of petroleum 
ether (b.p. 4(t60°) gave compound I1 which was recrystallized 
from alcohol and obtained as pale yellow prisms (40%), m.p. 

Anal. Calcd. for C16HllC1N2S: C, 62.82; H,  3.87; S, 11.19. 
Found: 

7-Chloro-2-methylmercapto-5-phenyl-3H-l,4-benzodiazepine 
(IV).-To a stirred solution of 2.87 g. of I1 in a mixture of 12 ml. 
of aqueous 1 N sodium hydroxide and 15 ml. of methanol was 
added within 30 min. a solution of 1.39 g. of dimethyl sulfate in 5 
ml. of methanol. Stirring w a ~  continued for 10 min., then the 
mixture was diluted with water and made strongly basic with 
sodium hydroxide solution. The precipitated product was 
separated by filtration, washed with water, and recrystallized 
from alcohol, to give pale yellow prisms, m.p. 132-134" (76%). 

Anal. Calcd. for Cl6HI3C1~2S: 6, 63.88; H, 4.36; S, 10.66. 
Found: (3,6352; H,4.39; S, 10.86. 

Acid Hydrolysis to 1.-A solution of 1 g. of I V  in a mixture of 
100 ml. of alcohol and 20 ml. of 1 N hydrochloric acid was kept 
a t  20-25" for 6 days. Methyl mercaptan was evolved (detected 
by its characteristic odor, and yellow coloration with lead acetate 
paper). The solution was diluted with 100 ml. of water and 
neutralized (pH 7 )  with dilute sodium hydroxide. The resulting 
precipitate was filtered and recrystallized from methylene chlo- 
ride-hexane to give 0.63 g. (70%) of I ,  identicaP with an authen- 
tic sample. 

7-Chloro-l,3-dihydro-l-methyl-5-phenyl-2H-1,4-benzodiaze- 
pine-2-thione (VI).-A solution of 14.3 g. of i-chloro-1,3-dihydro- 
l-methyl-5-phenyl-2H-1,4-ben~odia~epin-2-one1z ( V )  and 11.1 g. 
of phosphorus pentasulfide in 100 ml. of anhydrous pyridine was 
stirred and heated under reflux for 1 hr., with protection from 
atmospheric moisture. The solution was evaporated in  vacuo, 
the resulting tarry residue was dissolved in methylene chloride 
and filtered through a bed of activated alumina. Concentration 
of the filtrate and addition of petroleum ether gave the product, 
which was recrystallized from alcohol and formed pale yellow 
prisms (737&), m.p. 162-164". 

Anal. Calcd. for Cl6H&lN2S: c ,  63.88; H, 4.36; S, 10.66. 
Found: C,63.96; H,4.55; S, 10.86. 

7-Chloro-2-methylamino-5-phenyl-3H-l,4-benzodiazepine 
(111, R, = CH1; Rz = H).-Monomethylamine gas was bubbled 
slowly through a refluxing solution of 25 g. of I V  in a mixture of 
300 ml. of alcohol and 50 ml. of dimethyl sulfoxide. After the 
evolution of methyl mercaptan had ceased (18 hr.), the solution 
waa concentrated zn vacuo, and the residue dissolved in dilute 
hydrochloric acid. The aqueous acidic layer was extracted with 
ether, made basic with sodium hydroxide, and extracted with 
methylene rhloride. The methylene chloride solution was con- 
centrated to give the nearly pure product, which was recrystal- 
lized from acetone and formed colorless prisms (91%,, m.p. 
238-240", identical13 with an authentic sample.' 

All melting points are corrected. 

244-246 '. 

C, 62.55; H,  3.95; S, 11.22. 

(12) L. H. Sternbach and E. Reeder, J. Org. Chem., 06, 4936 (1961). 
(13) Identity was established by comparison of melting points, infrared 

spectra. and mixture melting point. 

7-Chloro-5-phenyl-2-piperidino-3H-i ,4-benzodiazepine (111, 
NRIRz = Piperidino). A. From 11.-A solution of 28.7 g. of I1 
and 17 g. of piperidine in a mixture of 250 ml. of methanol and 50 
ml. of dimethyl sulfoxide was refluxed on the steam bath until 
evolution of hydrogen sulfide ceased (after 1.5 hr . ). The solution 
was concentrated, and the product isolated in the manner de- 
scribed in the previous experiment. Recrystallization from 
aqueous alcohol gave colorless prisms (SOY0), m.p. 115-116'. 
The yield was not increased by longer reaction periods. 

Anal. Calcd. for CtoH&lK;a: C, 71.12; H,  5.96; h', 12.44. 
Found: C,71.47; H,6.23; N, 12.47. 

B. From 1V.-A mixture of 3.01 g. of II' and 21 g. of piperi- 
dine was refluxed until evolution of methyl mercaptan ceased 
(after 1.5 hr.). The resulting solution was concentrated, and the 
product isolated as previously, to give colorless prisms (89%), 
m.p. 115-116' (from alcohol), identical13 with the authentic 
sample prepared by method A .  The yield was unaffected by 
prolongation of the reaction time. 

7-Chloro-2,3-dihydro-l-methyl-5-phenyl-lH-l,4-benzodiaze- 
pine (VIII).-A mixture of 20 g. of 1'1, 500 ml. of acetone, and 
160 g. of wet Raney nickel was stirred and refluxed for 2 hr. 
Filtration and evaporation of the filtrate gave the crude product, 
which was purified by dissolving it in dilute hydrochloric acid and 
extracting the solution with ether to remove nonbasic impurities. 
The acidic solution was then made basic with dilute sodium 
hydroxide and extracted with methylene chloride, to give I'III 
(69%), which was identical13 with an authentic sample.g 
7-Chloro-2,3-dihydro-5-phenyl-l H-l,4-benzodiazepine (VII) .- 

Desulfurization of I1 with Raney nickel, followed by purification 
of the product in the manner described previously, gave VI1 as 
yellow plates (52%), m.p. 166-167' (from aqueous ethanol), 
identical13 with an authentic sample.g 
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The autoradiolysis of compounds containing radio- 
active isotopes is a well known phenomenon.2 We 
wish to report a new and interesting observation of this 
sort of behavior with CX4-labeled samples of the insecti- 
cide Thiodan (I) ,  

The infrared spectra of samples of Thiodan-sa,Sa- 
C14 (6,7,8,9,10,10-hexachloro-l, 5,5a,6,9,9a-h exahydro- 
6,9-methano-2,4,3-benzodioxathiepine 3-oxide-5a,9a- 
C14) taken shortly after preparation3 showed no 
indication of the presence of Thiodan ether ('I) 
(4,5,6,7,8,8 - hexachloro - 1,3,3a14,7,7a - hexahydro - 4,7- 
methanoisobenzofurane). The radio-Thiodan was 
stored in vials kept in a desiccator which was placed 
in a darkened cabinet. About 2.5 years later new in- 
frared spectra showed the presence of Thiodan ether. 

(1) Niagara Chemical Division, Middleport, N. Y. 
(2) A.  Murray, 111. and D. L. Williams, "Organic Syntheses with Iso. 

(3) S. E. Forman. B. L. Gilbert, G. S. Johnson, C. A .  Erickson, and H .  
topes," Part I ,  Interscience Publishers. Inc., New York, N. Y., 1958, p. 19. 

Adelman, J. A g r .  Food Chem., 8 ,  193 (1960). 


