
March, 1064 ?;OTES 235 

ate (2  g., VIIa, R1 = Rc = H; Fb = OMe, prepared by treating 
an aqueous solution of the bromide with 10:: perchloric acid and 
recrystdlizing the precipitate from ethanol, ni.p. 174-1 75") wm 
dissolved in 200 nil .  of water, and treated over the rourse (if 2 hr. 
at 90" with 10 g. of  zinc dust and 15 nil. of per(-hloric acid in 
small portions. The yellow color of the solution faded to  a final 
water-white. Excess zinc wm removed by filtration and the 
filtrate was cooled. The precipitated white solid was filtered, 
dissolved in  a small volume of methanol, and poured into 5% 
S a O H  solution. The base wm extrarted with ether. The dried 
ether solution was treated with dry hydrogen bromide and the 
precipitated salt was recrystallized from ethanol to give 0.5 g. 
of VIIIb,  m.p. 225-228'. This material, by thin layer chronia- 
tography, contains none of the higher melting, less soluble syn- 
cis epinier VIIIa. 

Sodium-Liquid Ammonia Reduction of VIIa.-A solution of 
0.5 g. of quaternary bromide \'Ita (RI = Ri = H ;  Rz = 0hIe) 
in 10 ml. of met)hanol was poiired into a mixture of ice and 57; 
SaOH solution. The precipitated base was extracted with 100 
ml. of ether, and the dried ether layer was added to a mixture of 
400 nil. of liquid ammonia and 10 ml. of t-butyl alcohol. The 
resulting clear solut'ion was treated with stirring a t  reflux ( -33")  
with very small pieces of clean sodium until the solution turned 
blue (3  min.). Methanol ( 5  ml.) was then added immediately to  
discharge the blue color ( to  avoid Birch reduction of the aromatic 
ring). The ammonia was allowed to evaporate, 20 ml. of water 
was added, and the ether phase was separated and dried. Thin 
layer chromatography of this solution showed a major spot for 
the syn-cis epimer I-IIIa,  RI 0.40, and a very weak spot ( R I  
0.44) corresponding to the anti-cis epinier VIIIb. 

cis- and trans-l-(m-Methoxyphenylacetyl)-octahydro-l-pyrin- 
dine (XI).-A solution of 13.65 g. (0.075 mole) of m-methoxy- 
phenylacetic acid and 20 ml. of thionyl chloride in 200 ml. of 
benzene was refluxed for 1 hr., then concentrated to a yellow oil 
under reduced pressure. The oil was dissolved in 50 ml. of ben- 
zene and added dropwise at 0" with rapid stirring to  a mixture of 
7.5 g. (.059 mole) of the octahydro-1-pyrindine, 45 ml. of benzene 
and 48 ml. of 129; SaOH solution. After stirring overnight at 
room temperature, the henzene layer was separated, washed with 

5 7 ,  S a O H  solution, water, 2 .Y HCl, and water. The solution 
wm dried and concentrated to 10 g. of an orange oil. 

Prepared as aliove from reportedly "pure" cis- and trans- 
ortahydro-1-pyrindines, the total crude XIa  and X I b  both showed 
2 clear spots by thin laver chromatography ( R I  0 8 and 0.9; 
solvent ethyl acetate), the faster of which was the major spot 
in the trans coinpound and the slower of Rhieh nas the major 
spot in the cis compound. Extensive chromatography on alu- 
mina (Merck neutral) afforded pure samples of hoth amides. 
Both products were eluted with ether, the trans compound rame 
off the column first. From this work, it was estimated that the 
reportedly pure trans-octahydro-1-pyrindine actually contained 
ca. lor; of the cis, and the reportedly pure cis base rontained ca. 

Lithium Aluminum Hydride Reductions of Amides IV, VI, 
XIa, and XIb.-The amide in ether was treated ~ i t h  e\ress 
lithium aluminum hydride and the mixture was stirred overnight. 
The reaction mixture was decomposed cautiously by tlie slow 
addition of the miniinurn :mioiint of witer. af ter  stirring for 
several hours, the granular white slurry was filtered, and the 
filtrate wm treated with dry hydrogen tiromide. The precipi- 
tated salt was filtered and recrystallized from 2-propanol. The 
I X a  hydrobromides (cis) prepared from IT  and S a  were identiral 
by melting point (153-164'), infrared spectrum, and thin layer 
chromatography. The IXb  hydrobromides ( t rans)  prepared 
from T-I and St, were identical t)y the same miteria (11i.p. 169- 
170"). 

of the trans isomer. 
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The reaction of 2-chloromethyl-4-phenylquinazoline 
3-oxides with amines has been the subject of consider- 
able recent Both Sternbach, et aZ.,2 and 
Bell5 have reported that reaction of 2-chloromethyl-4- 
phenylquinazoline 3-oxides with secondary amines 
gives only the ''normal" quinazoline product in which 
the chloro atom was replaced by the secondary amine. 
We have confirmed this simple replacement when 
G-chloro-2-chloromethyl-4-phenylquinazoline 3-oxide 
was allowed to react with either diethylamine or piper- 
idine. On the other hand, when the secondary amine 
employed was dimethylamine, two reaction products 

( 1 )  L. H. Sternbach, S. Kaiser, and E. Reeder, .J. A m .  Chem. Soc.,  83, 476 
(1960). 

( 2 )  L. H. Sternbach and E. Reeder, J. Org.  Chem., 36, 1111 (1961). 
(3) L. H. Sternbach, E. Reeder, 0. Keller. and W. Metlesics, h d . ,  36, 

( 4 )  L. 13. Sternbach and E. Reeder, {h id . ,  36, 4036 (1961). 
(3 S. C Bell, C. Gorhman, and is, ,I, Chlldrt-as, , I ,  M p d .  I'hnrm. Cliem.,  6, 

4488 (1961). 

fi3 (1962). 

were obtained. The simple replacement product, 
6-chloro -2- dimethylamiriomethyl-4 - phenylquinazoline 
&oxide (II),I and the rearranged product, i-chloro-2- 
dimethylamino - 5 - phenyl - 3H - 1,4 -benzodiazepine 
4-oxide, (111) mere both obtained. 

To prove the structure of 111, i-chloro-2-methyl- 
amino-5-phenyl-3H-l,4-benzodiazepine 4-oxide (1Y)I 
was methylated with sodium hydride and methyl io- 
dide; I11 resulted in 83Oj, yield. 

A similar alkylation procedure converted 7-chloro-2- 
methylamino-Ei-phenyl-3H-1,4-benzodiazepine (V)l to 
7-chloro-2-dimethylan~ino-5-phenyl-3H-l,4-benzodiaze- 
pine (VI). The latter compound was also prepared 
by deoxygenation of 111. The spectral properties of 
I11 were markedly similar to IV but dissimilar to I and 
11.26 

N-Alkylation of IT' was also carried out with sodium 
hydride and benzyl chloride, allyl bromide, and meth- 
oxymethyl chloride. Cyclohexyl bromide, cyclohexyl 
iodide, propargyl bromide, ethyl hromoacetate, and 
ethyl chloroacetate failed to give the desired N- 
alkylated product. 

(6) The ultraviolet spectrum of IT' a s  reported' could be reproduced in 
95% ethanol I t  u a s  found tha t  tlie six-membered ring structure could be 
differentiated from the seLen-membered ring structure easili i f  tlie spectra 
uere determined b y  solution of the rompound In i nil of 95% ethanol 
diluted to  50 nil. with 0.1 A' HCI 

(7) L H qternbarh,  R. 4 Koechlin, and E, RPedPr J O i g  Chem. 27, 
4671 (1962). 
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The products obtained by alkylatioii of i-chloro-2- 
methylamino-5-phenyl-3H-1,-2-benxodiazepine (I\r) 
with methyl iodide, allyl bromide, and methoxymethyl 
chloride retained the essential central nervous system 
(C'SS) profile of chlorodiaeepoxide (IT-) on the hasi5 
of a behavioral test in mice.8 The potencies of all 
these compouiids were of the samp order of magnitude 
as noted in this type of test. Bmzylatioii, Iion-evw, 
resulted i l l  a product whose CSS activity was greatly 
diminished. In preventing tlie tonic hind leg extension 
in audiogenic seizure miceg mid i l l  aiitagonizirig the 

cssivc helmvior i n  isolatcd miw. l o  again tlw four 
compounds ~ W I F  decl ive at  compni~a1)lc tloses ( s e ~  
'I'ablc I ) .  

rrAHI,E I 
3Iollse I.: nso 

p.0. nig./kg., 

1.1360, mn./kc. m i r e  seizure 
Mouse p.0.  Isolated Audiogenic 

I V  680 15 4 .-I 
x- LIethyl-IV 400 15 5 . 5  
N-Benzyl-IV >1000 S o  significant C X S  nr- 

tivity at doses tested 
( u p  to 1000 nig./kg. 

P.O.) 
S-Allyl-IV > 1000 15 2 . 7  
S-XIetliosyinetli~I-IV 1000 IO 5 . 0 

Experimental 1 1 

6-Chloro-2-dimethylaminomethyl-4-phenylquinazoline 3- 
Oxide (11) and 7-Chloro-2-dimethylamino-5-phenyl-3H-1,4- 
. ~.. 

(8 )  These evaluations were carried out by I>r. .J. .I. G ~ l y s  of the Depart- 
ment of Pharmacology of the Warner-Larnhert Research Institute. Tlip 
prorrdure eniployed was that  developed hy S. Irwin, Ll. Slabok. 1'. I.. 
I)ehiase, and W. hl. Govier, d r c h .  Intern.  Pharmacodyn., 118, 358 (1959;. 

(9 )  G .  E. Fink and A .  E. SNingard. J .  Pharmacal. E r p f l .  T h e r a p . .  127, 318 
(1959). 

(10) 1'. A. .J. Jenssen, .A. 11. Jagenmi .  and C. J. E. Niemegeers. ibid. .  129, 
471 (1960). 

(11) Melting points are rorrected. WP are indehted to  hlrs. B. K. Kane, 
Mr. A. I). Leuis, hlr .  R. J. Puchalski, and 3 f r .  T. Prendrrgast for the i n -  
frared and ultraviolet spectra, t o  hIr.  T. Wildeman, h l r s .  1:. Zeek, and 
Afiss A. Calenti for the analytical data,  ntiql ti) 31rn. I. Pr7irembt.l for tipr 
irivnliia1)le assistanre. 

benzodiazepine 4-Oxide (III).--To 47.0 g. of diniet.hylaniiiie (1.05 
iiitrles) dissolved in 120 1111. of ic-e-cooled inethanol IY:N added 20.1) 
R. ( 6 5 . j  i i ~ i i i o l ~ ~ s )  i r f  CI-chloro-2-clili~roni~~tIi~l-bphrn~lquin:tzoliiic~ 
:hisiilc (I) .)  Tlie reaction niistuw nxs : i l I i n v d  t o  st:intl : i t  

roiiiii  ieiiip-niture for 2 hr. The prt~$)itatrt l  iii:it(ari:hl \\:is f i l t , r r t~l  

S .  l : < . : 3 ! ) ,  ~ i i i i n ~ l :  V, (i3.32; 11, 5.30: rl, 11.:11, I l . 2 0 ;  Z, 
i:1.:+.:. 
6-('hloro-2-piperidinomethyl-4-phenylquinazoline 3-Oxide.--- 

This cwriipoiiiid was prepared using the procedure for 11. Rc*- 
solute ethanol gave 7 3 . 5 5  yicltl, I U . ~ J .  

263 Inp ( E  34,700), 238 ( 11),000): 
( I n ) ,  1288 ( In ) ,  cm.-'. 
Sac): C, (i7.88; H, 5.70; (,'I, lil.02; 

S ,  11.88. 

ibiiiitpoiind n':is prcpared using the procedure for 11. 

Found: C:, (37.86; FT, 3.64; Cl, '3.99, 9.!)3; S ,  11.7. i .  
6-('hloro-2-diethylamino-4-phenylquinazoline 3-Oxide.--Tliis 

Recrys- 
froin :wetonitrile gave :I 39? yield, m.p. 1S:3.3--1SJo 

' 2000 ( r i t ,  shoulder), 2430 (s) ,  2400 (in, shoulder) 
15!15 (w), 1350 (w), 1 440, 14'20, 13110, 1356, 13:30, 

" 263 nip ( c  :33,600), 2 % ~  

:I nul.  Calcii. for C:19H2oCII\'J): C, 60.32; € I ,  5.60; (11, 9.37; 
S ,  11.11. Found: C,60.53; H,5.5i; Cl,8.71; K ,  11.12. 
7-Chloro-2-dimethylamino-5-phenyl-3H-1,4-benzodiazepine 4- 

Oxide (111) by Methylation of 7-Chloro-2-methylamino-5-phenyl- 
3H-1,4-benzodiazepine 4-Oxide (IV).-To 15.0 g. (50 niniolcss) 
of IT'2, dissolved in an ice-rooled mixture of 200 nil. of t.oluenv 
ori i i  200 nil. of diniethylforniamitlc nxs added 8.1 g. (169 niiriolcsj 
of : I  >Or: dispersion of sodium hydride in oil. HydrogcJn evtiiu- 
tion i.t':ist=d after 1 hr. :md then 7.1 g. (50 iiinioles) of ~netliyl ioditlc 
w i s  :itlded r:ipidIy. The resulting volurninous precipitu.te L Y : I ~  

relll(J\'ed by filtration. Further :tddit,ion of 0.5 g. of niethyl 
ioditln discharged the yclloiv color of the reaction mixture riiiii- 

pletely. Ire u'ns added, :md t.he organic phase w : ~  sepmited 
:iiid tlilutcd with ether. 
204.5', prec.ipit:tteti. This materid was identirztl with th:it 
1rwp:iwd f r m i  T :ind diii~etliylainine :is shown by inisturo iiie!ting 
point :md ultlaviolet and infrared spechra. The ether-t,oluene 
nitither liquor wis wapor:ited ant1 the residue w:is w:rslietl with 
S k c l i ~ ~ ~ l ~ !  €3. Iiccryetallization :i,ffortfed 3.43 g. of iii:itwi:iI. 

'IYic total yield XIS 77,.55,. 
7-('hloro-2-bcnzylmethylamino-fi-phenyl-3H-1,4-benzodiaze- 

pine .i-Oxide.--Tlris c*iiinpound T\XR prep:trrtl /,in tlw :ilii IVP 

i i iet  liylntion prixwlurc. using henzyl chloride. T~ecrvst3llieatioii 

1320, 1300, 122.5 (,lIl:-1: A::: 
(10,800). 

On standing, 5.85 g. (36.7:,-;) rn.p. 201 

307 mp ( t 9600 1. 

N. 1 o . 7 ~  i ' i J l l ~ i :  <.$, 71.01:  XI.^; ir, ,M, 5.15; (11, w{, 
S.!,4; s, 10.52. 

7-(~hloro-2-allylmethylamino-5-phenyl-3H-l,4-benzodiaze. 
pine 4-Oxide: -This ciirnpound was prepared 7,in t,he nirthylnti~~ii  
procedure using :illy1 bromide in p1:tcc. of methyl i o t i i i l c t .  I < ( & -  
c.ryst:~llization froni isopropyl alcohol gave :i 78' ( \+ i c l ,  

. 12~~-126..i3, v ~ ~ , ~ : ' ~ '  1635 ( 02 (SI, I ~ S O  (s j ,  '1430. 
1, 1400, 13S0, 1276 UIIL-'; X, -53 n1p (t 32>soo); I !"I< l i  r) 

307 n1p ( e  9200). 
C ' : r l d .  for ~ ' 1 3 ~ 1 ~ b ~ l ~ & :  C, Ii7.15; 

S, 12.27. Foiind: ('; 67.24; FI, 5.34; C1, 10 
7-Chloro-2-( methoxymethyl)methyla 

1,4-benzodiazepine 4-Oxide.-This compound was prepared 1))- 
the same procedure using methoxyrnethyl chloride in place i ) f  

iiipthyl iodidr. lirrrystnlliz ni absolute ethanol g a w  :I 

-20 mp ( e  39,800) : 

C l / I . , l ~ > l  l l i l i  I /  

.Innl. 

i (s), 15x2 (s) ,  1460, 1440 
~ l l I " l , I  ("fi I! 9 -  
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10.31; X, 12.23. Found: C, 62.77; H, 5.42; C1, 10.14; N, 
11.98. 

7-Chloro-2-dimethylamino-5-phenyl-3H-1,4-benzodiazepine 
(VI).-To 4.5 g. (14.25 mmoles) of I11 dissolved in 75 ml. of 
chloroform was added 9 ml. of phosphorous trichloride. The 
mixture was maintained a t  reflux for 1 hr. and then was extracted 
twice with water. The aqueous extracts were made basic with 
saturated sodium carbonate solution and were extracted with 
ether. The ether was evaporated on a steam bath under reduced 
pressure. The residue, after recrystallization from absolute 
ethanol, gave 3.3 g. (78%) of material m.p. 178-179", vi::"' 1602 
(s),  la73 (w) ,  1462, 1455, 1420, 1400, 1390, 1330, 1310, 129.5 

Anal. m?h,lcd. for C,,H,,ClNs: C, 68.56; H ,  5.42; C1, 11.91; 
N,  14.11. Found: C, 68.32; H, 5.64; C1, 12.03, 12.04; N, 
13.82. 

The same compound, as shown by mixture melting point and 
infrared spectrum, was obtained in 60% yield when V was sub- 
jected to the methyl iodide-sodium hydride procedure described 
earlier. 

cn,.-'; xQ5Yo ethanol (PH 1) ' 251 mp ( e  3200). 
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As a continuation of the studies on a-methyltropic 
acid carried out in our laboratories, the optically active 
isomers of tropine a-methyltropate were synthesized. 
The replacement of the a-hydrogen atom with a methyl 
group in the tropate moiety allowed the isolation of 
stable optically active forms,' which were pharmaco- 
logically investigated. (-)-Tropine a-methyltropate 
was shown to be twice as active as atropine in an- 
tagonizing the acetylcholine-induced contraction in 
isolated gut.2 This result prompted us to investigate 
the relationship between the pharmacological activity 
and certain structural changes in a series of tropic 
and a-methyltropic acid derivatives. 

We first investigated the relation of optical activity 
and anticholinergic action. In  order to answer the 
question whether molecular asymmetry is essential 
for such activity, tropine a-hydroxymethyl tropate,3 
devoided of optical activity because of the presence of 
two hydroxymethyl groups on the a-carbon atom, was 
studied. Furthermore, we investigated the influence 
of the basic moieties of the molecules on the anticho- 
linergic activity. For this purpose, some tropoyl and 
a-methyltropoyl derivatives of 3- and 8-methyl-3,8- 
diazabicyclo [3.2.1 ]octane mere prepared by Cignarella, 
et a1.4,6 The tropoyl and a-methyltropoyl derivatives 
of K-methy lpiperaxine have also been synthesized in 
the course of the present investigation. 

(1) G. Melone, A. Vecchi, G. Pagani, and E. Testa, J. Ore. Chem., 26, 859 
(1960). 

(2) G. Maffii and G.  Bianchi, Nature, 186, 844 (1960). 
(3) E. Testa and L. Fontanella, Ann. Chem., in press. 
(4) G. Cignarella, E. Occelli, G .  hlaffii, and E. Testa, J .  Med.  Chem., 6, 

( 5 )  G. Cignarella, E. Occelli, G. hlaffii, and E. Testa, {bid., 6, 385 (1963). 
29 (1963). 

Pharmacology. Methods.-The calculated amount 
of the products, dissolved in a fixed volume of saline 
(0.2 ml.), was added to the oxygenated Tyrode solution 
of the bath chamber, in which the isolated rat intestine 
was suspended, 1 min. before the introduction of acetyl- 
choline. The recorded effects were evaluated as yo 
reduction of the contractile response elicited by acetyl- 
choline. Dose-response curves were found to be suffi- 
ciently parallelto allow a direct comparison of potency. 
To indicate the anticholinergic activity, the concentra- 
tion of each compound that reduces the contractile effect 
of acetylcholine by 50% was recorded. 

Results 

Compound I1 (.4, R = CHzOH) was found to possess 
marked anticholinergic activity although quantitatively 
it was less effective than atropine. In the 8-methyl- 
3,s-diazabicyclo [3.2.1 ]octane amides (ITr- J r ) ,  the race- 
mic tropoyl derivative (117) was 4 to 5 times less effec- 
tive than the racemic a-methyltropyl derivative (1'). 
As previously r e p ~ r t e d , ~  the anticholinergic activity of 
V was found to reside in the (-) isomer T'a, which is 
twice as active as the racemic form, thus indicating a 
close parallelism with the behavior of tropine a-methyl- 
tropate2 (111). Nore detailed in vivo investigations on 
compound Va are still in progress and will be reported 
elsewhere; however, it may already be mentioned that 
Va appears twice as active as atropine in preventing 
methacholine-induced hypersalivation when orally ad- 
ministered to mice. 

The X-methylpiperazine amides of tropic and a-meth- 
yltropic acids (YII, 17111,  VIIIa) showed weak anticho- 
linergic activity. The ratio of equally effective doses of 
racemic VI11 and of the (-) isomer (VIIIa) was 3: 2, 
which suggests a greater activity of the (f) isomer; 
however, these results seem scarcely significant because 
of the low activity of the products. The racemic tropoyl 
amide (VII) is about 3 times more effective than the 
corresponding a-methyltropoyl derivative (VIII) . 

Finally, ( =k)-3-methyl-8-a-methyltropoyl-3,8-diaaa- 
bicyclo[3.2.l]octane (VI), which differs from T' by 
having the substituents on 3- and 8-nitrogen reversed, 
was found to be about 0 times less active than T' as an 
anticholinergic agent. 

Discussion 

In contrast with a hypothesis of Cushny,6 the pres- 
ence of an asymmetric carbon atom in atropine is not 
essential for parasympatholytic activity. In fact,, the 
disappearance of the center of asymmetry in I1 reduces 
the activity only a little. This result agrees with the 
statement of Kreitmair7 that optically inactive tropine 
benzylate has anticholinergic properties. On the other 
hand, the anticholinergic activity of the present d l  
derivatives of a-methyltropic acid is due to the (-) 
isomer. 

The basic moiety of the compounds tested seems to 
determine the degree of anticholinergic activity. In  
fact, when tropine is replaced by 8-methyl-3,8-diaza- 
bicyclo [3.2.1 ]octane and, especially, when replaced 

(6) A. R. Cushy ,  J .  Pharmacol. Ezp t l .  Therop., 16, 105 (1920) 
(7) H. Kreitmair, Klin. Wochachr., 16, 676 (1936). 


