
given to abolish the corneal reflex. .4 carotid artery was cannu- 
lated for direct and continuous recording of the arterial blood 
pressure. The trachea was cannuluted f l J r  continuous recording 
of amplitude and frequency of respiration. Herordings n-m? 
made with conventional apparatus. h fernoral vein \vas exposed 
for the administration of all compounds. C:ener:illy, 1 dog W:IS 

used per compound. After blood pressure and respiration Ii:itI 

stabilized, an initial dose of 1 mg./kg. of tlie experimental coni- 
pound was given. Thereafter, each succeeding dose m s  doihl(:d 
until it was impractical to continue. Tlie time between doses 
usually varied from 15 to 60 min., depending upon response tr i  t l i ~  

preceding d ose. 

6-Amino Derivatives of 5H-Dibenzo[d,f][l,3]diazepine 

6-.4mino and substituted-amino derivatives of 5H-dibenzo [ d J ]  [ 1,3] diazepine (I) have been prepared by re- 
placement of the corresponding alkylthio function or by ring closure of 2,2’-dinminobiphenyl with S,N’-dialkyl- 
carbodiimides or S-methylisothiourea. 

Compounds containing a 7-membered ring are known 
to exhibit diverse biological activities. These actions 
include cardiovascular ( e . g . ,  azapetine) and psycho- 
pharmacologic (amitriptyline,2 d i a ~ e p a m , ~  and chlor- 
dia~epoxide~). We wish to report a series of 6-amino 
derivatives of 3H-dibenzo [ d J ]  [ 1,3]diazepine (I) ,j in- 
corporating a bulky near-planar aromatic moiety as in 
amitriptyline with a 7-membered cyclic guanidine 
system. These 6-amino compounds were considered 
of interest as potential psychotropic agents. 

Other derivatives of I, substituted in the 6-position, 
have been reported to include a l k ~ l , ~ - ~  ary1,9-’1 al- 
koxy,” hydroxy, l2  and sulfhydryl13 compounds, the last 
two existing primarily as the kcto and thione forms 
(IIb,a) respectively . 

- \ r  

11 \ N. gFX 
I O  / \  

IIa, X=S 
IIb. X=O 

I 

(1) IlidarE, 6-ally1-6,7-diiiydro-BH-dibenz [c,elazepinr. 
(2) Elavilm:, 3-(3-dimethylaminopropylidene) [l : 2 , 4  : ~I~l ibenzocyclo l i~pta-  

( 3 )  Valium@, 7-chloro-1,3-dihydro-l-1n~tl1yi-~-pilen~1-2€~-1, P-benzodiaze- 

(4) Libriuni8, 7-chloro-2-metl~yl~niino-5-pl~en~l-3€~-1,3-~enzodiazrpine 

(5) S. Sako, M e n .  ColI. EnQ. A’p~slm I m p .  LT?rii , . ,  6, 203 (1‘332); Chrm 

(6) P. T. Cbarlton, G. Maliphant, P. Osley, and D. Peak, J .  Chrm. SOL., 

(7) Y .  V. Levin, A. P. I\Iokliova, and V. A. Kukhtin,  Zh. Ohshch. Rhina., 

(8) .4. E. Blood and C. R. Soller,  J .  O r g .  Chem., 22. 873 (1957). 
(9) A. E. S. Fairfull, V. Pe t row,  and JV. F. Short ,  J .  Chrm. ,Sot., 3549 

(1955). 
(10) German Patent  865,305; Cliem. Abstr . ,  62, P20201 (1058). 
(11) W. Ried and W. Storbeck, Ber., 96, 459 (1962). 
(12) St. von Niementomski, ibid., 34, 3328 (1901). 
(13) I?,. J. W. Le Fevre. J .  Chem. Soc., 733 (19‘2!l). 

1.4-diene. 

pin-2-one. 

4-oxide. 

Abstr., 26, 3246 (1932). 

485 (1951). 

31, 1460 (1961). 

Tlie simplest member of the series, 6-arnino-5IZ-di- 
benzo [d.f] [1,3]diazepine (IV), was prepared in one step 
from 2,2’-diaminobiphenyl (111) by fusion with S- 
methylisothiourea sulfate (method al). 

In  that Hungar, et aZ.,I4 have recently employed car- 
bodiimides in the synthesis of %(substituted amino)- 
benzin~idazoles, it was of interest t o  investigate the 
applicability of similar reagents in the preparation of 
;-membered cyclic guanidines mch as tlie G-mono- 
alkylamino derivatives of I. Two alkylaniino dciiva- 
tives were prepared from IT1 and the appropriate 
cnrhodiiniide; thus, heating 111 n-itli S,S’-dicyclo- 
hexyl- 01’ S,N‘-diisopropylcarbodiiinide at lGO-%0Oo 
gave G-cycloliexylaniino- (VIa) and 6-isopropylamiiio- 
3H-dibenxo [d,f] [1,3]diazepine (YIh) (method B). 

Compounds of type VI were also prepared by aiiother 
route involving replacement of an alkylthio function 
by amines (method C). The intermediate metliylthio 
compound(V) was produced in excellent yield by treat- 
ineiit of the 6-thione derivative (IIa) with methyl 
iodide in tctraliydrofurari. Preparation of T’I(c -g, 
j t )  \vas accomplished by heating the methylthio 
cwnpound with the appropriate amine or amine hydro- 
chloride (in some cases, as with high-boiling amines. T- 
was effectively employed as the free base; howevcr, the  
I IW of the hydrohalide salt of either tlie metliylthio 
compound or the airline reagent appeared to be more 
suitable in tlie cabe of low-hoiling amiim). Ileactioii 
temperatures varied from 7O--20Oo, depending upon tlie 
reactivity of the amine function and the fusion tem- 
perature of the mixture (Table I). The temperature at 
\I liicli the reaction commenced was cleaily observable 
hy the evolution of mercaptan. The strong odor less- 
(wed considerably as the reaction neared completion, 
hut never disappeared entirely. Yields were generally 
between t50-90~c of analytically pun‘ material ; l o w r  
yields were usiinlly due to losses in successive recrystal- 
lizations. 
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The reaction of secondary amines with the methylthio 2 
compound V was generally analogous to that of primary E 
amines. 
of the diethvlamino derivative. Although the 6-di- a - 

One exception to this was noted in the case E 
a .v u 

methylamino" derivative (VIk) could be prepared in 4 
54% yield by heating the niethylthio compound with 5 v j 6 6  . 0.9 

r 4 2  a, W r t U E !  

- - %  
- E  5 

a t  160' with an excess of diethylamine and one equiva- 3 .? 2 lent of diethylamine hydrochloride. 8 -  -.g 

;-z 
with an excess of piperidine for 3 hr. only starting 2 2 ~ :: c: a ~ z3 

were attempts to prepare 6-alkoxy derivatives of I by 

hols. Heating V.HI with 1-butanol resulted in the _ -  0 %  G G E & L  
""NX 

r \  N -2 '2 ,?  

.? 
0 $ $ai& 

rn = * t - d %  
dimethylamine hydrochloride a t  160-200', attempts to 9 

CO L, cs ~ prepare the 6-diethylamino derivative (VIl) under 5 hl o.l o.l - 
similar conditions with the appropriate amine hydro- 2 
chloride led only to cleavage of the methylthio function N hl o.l 

to give the thione, IIa.  After considerable experi- 3 
mentation, a satisfactory preparation of TI1 (56y0 yield) 

2 hl v? i.3 L, 
d, 0 ?5 m . 7  i e t- 0 NO, lr_ e G L - ~ Z  ~ 

* XI m d P- 4. LA LA ;;; z S ' j 0 ~ 0 " p ~  *: m g 4 I $ . c  g 
z & c Q N * - % t . O o . l ~ g * A ~ x * *  
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T &  

Two compounds, VI(h,i) were prepared by a modi- 00 - h l i - = - n - m ~ ~  3 0 3 E 8 8 3 3 8 8 2 -u 2 
fication of method C, wherein aqueous alkali was used 

An attempt to prepare compounds of type VI di- 2 38 ;F 2 8 2 2 8 2 3 g 2 ; ;= g g i: 

was developed wherein T7 was heated in an autoclave ii 2 +  a a * e e - a E E * o1 * 

3 ~ ' 0 9 0 0 0 0 ~ 0 ~ 0 ~ ~ 3 0 0  
5 g y g 8 g 2 2 p- m 

as solvent (method D).15 3 W "  s:  + 

rectly from the thione, IIa, by reaction with amines was * - 
", unsuccessful. After I Ia  had been heated under reflux 2 -J 0 .  

material could be recovered. Equally unsuccessful J w ii 

reaction of the methylthio compound (V) with alco- 

elimination of mercaptan and the isolation of the keto 
compound (IIb) in almost quantitative yield. 

Several of the compounds described in Table I have 
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2 F  e, V ,"Q" E' 
shown high milligram potency when assayed intra- 3 
peritoneally in albino male mice for acute neurologic I g z  ? - ?  %- = z G G q , i A  

07 . k % G Z  L Z  ZH , " ; ; L ~ c " g ~ k " C  - w s # *  

and behavior effects.16 Excitant, aggressant, and - y , F z G r :  N L T = L ~ ~ & & T  
motor stimulant activities were demonstrated by the g:,rs;=,=,r"=;,s, & : - e  = y c  ---."g..? 
following c ~ m p o u n d s ~ ~ :  T I b  (AED,, = 7.5 ,  ALDSo N u u u s u u ~ ~ o u ~  4 m T m q % . $  F.3 Z x ~ x a ~ ~ m ~ s , ~ ~ ~ 3 C s ~ d ~ ~ ~  2 2  
== 120), VI1 (AEDso = 0.5, ALD5o = 35) ,  VI0 (AEDSO q q q q q q z ? z  5 q q  5 q F F  F q q  5 %  j z  
andVIq (AEDjo = 1.5, ALDSO = 17.5). f "  F: 

m 3 6: 

G 
-d 4' Z C L  i: 

= 3, ALDbo = SO), YIP (AEDso = 7.5, ALDSO = 34), 

c' G 4  
1 CJS U W  a)- W S . - . - . Y  e 

s 
(15 )  A. F. hZcKay and F. G. Hatton, J .  Am.  Chern. Soc.. 78,  1618 (1056). 
(16) J. R.  Albert, D. L. Harrison. and J. W. Kissel, The Pharmacologist, 

(17) Values are in mg./kg. and AED values are for excitant action. 

C - u k u C 3 H - - 3 G s E 2 3 Z & E s  d 
6 ,  243 (1963). See also S. Irwin, Science, 136, 123 (1962). 



I \ t i t i c o ~ i \ ~ u l b a ~ i t  activityLD (masiiiial clectroshoc*k 
wixure, 30 ma.) \+-as deiiioiistrated by several ~ o i n p o ~ i i d ~  
of this series. Compouiids TTl)! TTm. and ITq I i a d  
.\EDbo values twtn-een 30 aiid 100 nip. kg. (L\I,1)511 
values of 150-200 mg. kg.) \rheii admiiii&wxl orally 
to  riorifasted male albino mice. Cornpouiids 1 7 1  a i i t i  

VIk had AEDbo values of 12 aiid 25 ing. kg. uiitl AiI,I)j!, 
values of 33 arid 30 mg. kg., respectively. 

Experimental] 
6-Thio-6,7-dihydro-5H-dibenzo [d,f] [1,3] diazepine (IIa).--- 

Sixty grams (0.32 niole) of 2,2*-diaminoloiphenyl (111), preparcd 
aimcording to Ross, et  aZ.,*O was heated under reflux for 15 hr. iv i t l i  
:t niixture of 300 ml. of pyridine, 250 nil. of carbon disulfide, :tnd 
25 ml. of water. The solvents \\-ere removed under vacuuni : i t  

80-90". The solid residue was dissolved in acetone and acidified 
strongly xvith 20% hydrochloric acid to remove tritces of pyridine, 
Lvhich forms a rather stable miiiplex xith the product. Tlie 
iriisture --as diluted with a liter of x t te r  and chilled. Tlio pw- 
cipitate was collected and rei~rystdlizrd t,n-ice from 95 
1.0 give 52 g. (72(1ri,) of colorless prisms melting at, 211- 
Fevre'3 reported a melting point of 212--2-1-3", S.l 
and 15.3 f i .  

6-Methylthio-5H-dibenzo[d.j'] [ 1,3] diazepine Hydroiodide 
(V.HI).-The thione (11:~) (31.5 g., 0.14 iriole) \viis dissolved i t i  
260 nil. of tetrahydrofuran imd stirred for 2 hr. with 21 g. (0.15 
iiii)le) of methyl iodide. After the Iiiistiire had been :tllon.etl to 
st:riid overnight, the solid iv i is collec>ted nrid air-dried to give 41 g. 
of white powder melting at  233--234" dec. The fikrittes afforded 
:t swond crop weighing 9 g. and iiielt~ing at 228-231 O d e r .  'Thr 
total crude yield was 9 7 5 .  Recq-stallization frorii IN 
riiethsnol gave colorless prisms melting at 230-232" d 
resulted in some decomposition (odor of meroaptnri). 

Anal. Calcd. for C:,4H1:jTS2S: S.  7.61: S7 8.71. FI)UIICI: 
-U, 7.43; S, 8.76. 

6-Methylthio-5H-dibenzo[d,f! [1,3] diazepine (V).-This iii:tt+ 
rial \vas isolated from the hydriodide salt by extraction with :i 

niixture of c.hloroforiii and 57i :iqueous sodiurn hydrosidr. 
['vaporation of the organic hyer :tiid recrystallization of the. 
residual solid from chloroforni-lieptaiir girve the I J ~ s ~  (111.1). 
164-165') in nearly quantitative yield. The :iiialytical s:rriq)lt. 
\v:ts recrystallized once inore frorii the siiiiic SI 

riielted at, 185-166'; A::',:' : 
E , , , , ,  ( A )  42,700 ( 2 5 0 ) ,  4600 ( 

:lnctl. Calrd. for CI4H, 
l;ound: C, 69.96; H, 5.28: 

Preparation of the 6-Amino Derivatives of' 5H-Dibenzo [d,j ']  [1,3l 
diazepine. A. 6-Amino-5H-dibenzo[ti,j'] [1,3]diazepine (1V i. - 
2,2'-Diamiriol~ipheny1 (111) (6 g.. 0.033 niole) WRS heated \villi (5 p. 
(t:xccss) of S-Iiiethylisothiouren sulfate to 110" whereupon niethyl 
1iierr:tptan began to be e ~ d v e d .  The teitiperature of the niisturv 
\cas raised gradually to 200" :iiid held for 30 nii~i. The I,ron.ti 
gum was stirred with :in esmss of  30Yc aqueous nietharii~l I'IJII- 
tainirig 570 sodium hydroxide (to dissolve precipitated salts) 
and the mixture wi ts  diluted with 200 ml. of water. Thr t:tn 
solid was collected and recrystallized three tinies from :3.5', ! 
rtliitnol (slight dewnip.) t o  give 2.3 g. (36(:) of pale t:m fl:rker 
rrirlting at  208-209" tier., A::',': ?.!I, ; ; .O,  6.0! :ind 1:3.2 p :  

l A )  34,900 (240), 3080 (278 n i p  ). 

2,2'-Diarninobipheriyl (111) (9.2 g,, 0.05 niole) i v : ~  1ie:rtecl i t i  : i t i  

open 1OO-ni1. roifiid-liot,ionietl flask \\-ith (i.5 p. (0.05 iii111c I iii' 
~,~'-diisopropylcar~,otl i iniide ( Aldrirh C1ieniic:il CO. j. \Vhf , i i  
tlir t,ernperature of the melt rwtched 150", the odor of isopropyl- 
:tniine was evident a t  the mouth of the flask. The teinper:btiirc 

t 

6-Isopropylarnino-5H-dibenzo[d.j'] [1,3] diazepine (Vlb  ). B. 

(18) (; oi,d I ~I:III, J .  I'ha ' I ~ ( L L  n l .  

E x p t l .  ., 106, 319 (1952J. 
( l Y )  Melting points were deterriiined on  a cslibratril tlierinolneter a n d  art 

corrected for stem exposur?. 
ethanol with a C a r r  3lodel 14  spertrophotoiiieter. lnfrared spectra \veri. 
obtained with a Reclirnan IR-4 spertrophoto~nrter.  llicroarmlysw wrrc. 
performed by XIr. (:larenee T<ennrdy, I l r a d  .Johnson i l iwarv l i  ('enter 

( 2 0 )  8. I). 1 1 0 s ~ .  1 :. . I .  l ia i ian,  a n d  \V. 1. l . ~ ~ n c i i .  ./. .I m. ( ' A <  m. .Sot.. 74, 
,111'2 (19,iZ). 

Swinyard. IV. (:. Bruir n. n n ~ i  1 

Ultraviolet spectra xere determined in 9 


