
tars and were combined. The hexane solution was added to 
the second fraction and evaporated to dryness to give 38 g (84.07,) 
of the base of 11 as an oil. 

A solution of 200 mg of the base in anhydrous Et20 was treated 
with an  excess of HC1 gas. The ether solution was then evapo- 
rated to dryness and the residual oil was crystallized from lIe2CO- 
EtaO to give pure l l .HC1,  white prisms, mp 214-218'. Anal.  . -  
(Cj3H2jCiFX303.HC1) C, H. 

7-Chloro-l - (2-diethvlaminoethvl Mi- (2-fluoroohenvl b 3 - h ~  - - .  
droxy-1,3-dihydro-2H-l,~-benzodiaz~pin-2-one (12).--A solution 
of 12.0 g (0.0218 mole) of 11 in 230 ml of EtOH ~ v n s  trrated with 
28.0 nil (0.028 mole) of 1 'Y SaOH. The reaction misture \vas 
nllowed to stand for 16 hr a t  room temperature and iyas then 
evaporated to dryness. The residual oil ITas partitioned between 
200 ml of HzO and 200 ml of CH2C1,. A 50% KzCOI solution 
was added until the pH of the aqneous layer was approximately 
11. The layers were separated and the CHZC11 extract was 
washed (HzO, four 200-ml portions, and saturated brine solution), 
dried (NasSOa), and evaporated to dryness. The residual oil 
was dissolved in Et20 and cooled in ai1 ice bath, and gaseous IlCl 
was bubbled into the solution. The ether soliltion of the salt 
was evaporated to dryness and the residiial oil was crystallized 
from lIe2CO-Et20 to give 8.0 g ( 7 3 . 0 3 )  of the piire salt' of 12 
as white prisms, mp 196-203O dec. Anal.  (CplHp3C1F?;302. 
IIC1) C ,  H. 

A aoliition of 1.5 g of the salt was dissolved in 30 ml of H20 and 
,505 K2CO3 was added to p H  11. The mixture was extracted 
wit,h 30 ml of CH2C12, the layers were separated, and the organic 
layers were washed (H,O, three 50-ml portions, and sat,urated 
brine soliitioii), dried (Sagso,), and evaporated to dryness. 
The residiial oil was crystallized from a mixture of ether and 
petroleiim ether (30-60") to give the piwe base as white prisms, 
mp  118-121'. 

7-Chloro-l-(2-diethylaminoethgl)-4,5-dihydro-5- (2-fluoro- 
phenyl)-lH-1,4-benzodiazepine-2,3-dione (13).-A solution of 
2.0 g (0.0015 mole) of the hydrochloride of 11 in 25 ml of EtOH 
\vas treatcd with 9 nil (O.OO!) mole) of 1 S SaOH.  The reaction 

Anal.  (C21Hr3CIFN,O%) C, H. 

mixtnre was allowed to stand at room temperature for 16 hr 
and \\its thcn treatcd with 1 A' NCl to pH 6. The solution was 
made basic again with 50c0 &COB and the resulting mixture 
15 as evaporated to dryness. The residual oil was dissolved in 150 
ml of CHZCI2 which was washed (Hp0, three 150-nil portions, and 
saturated brine solution), dried (NatSOa), and evaporated to dry- 
ness. The residual yellow oil (1.8 g) was crystallized from 
lle,CO-petroleum ether (30-60") to give 1.2 g (65.55,) of the 
pure prodiict as white prisms, mp 169-171". Anal.  (CZIHB- 
ClFXTOz) C, H.  

3-Acetoxy-7-chloro-5-(2-fluorophenyl)-1,3-dihydro-2H-1,4- 
benzodiazepin-2-one (14).--8 Eolution of 10 g (0.0328 mole) of 9 
in I50 ml of A c 2 0  \%as heated with stirring on a steam bath for 
3.5 hr. AczO was removed under reduced pressure and the 
residue was dissolved in 100 ml of CHzClz. The organic solution 
\vas washed n i th  75 ml of dilute SHIOH, two 76-m1 portions of 
HzO, and 75 ml of saturated brine, dried (NaZSOd), and evaporated 
to dryness. The product was recrystallized from MeOH to 
give 8.6 g ( 7 6 7 , )  of 14 as 15hife prisms, mp 239-247" (sealed 
tube). Anal.  (CL7HlLC1FN2OI) C, H.  

7-Chloro-5-(2-fluorophenyl)-3-hydroxy-l,3-dihydro-2H-l 4- 
benzodiazepin-2-one (15).--h solution of 5 g (0.0145 mole) of 14 
in 200 ml of EtOH \+as treated a i t h  36.3 ml (0.036 mole) of 1 S 
SaOH. After 5 min a white precipitate qeparated which was 
redissolved after an additional 10 niin by the addition of 200 
ml of H,O. The solution mas then acidified ni th  AcOH and 
EtOH was removed under reduced pressure. The product 
separated as a ahi te  precipitate and \\as rec 
mixture of T H F  and hevnne to give 4.2 g (96 
rods, nip 107-200". 

Acknowledgment.--We are indebted to  Dr. F. 
Vane and Dr. T. Williams for the nmr spectra, to N r .  
S. Traiman for the infrared spectra, and to Dr. A. 
Steyermark and Dr. F. Scheidl for the microanalyser. 
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The synthesis and neuropharmacological activities for a series of tetrahydroisoquinobenzodiazepines are de- 
scribed. These wbstances produce qualitatively similar pharmacological activities to the well-known benzodi- 
azepines, although similar structureactivity relationships could not be developed. One significant difference 
between compounds of the present series and the standard benzodiazepines was obtained in the dihydroxyphenyl- 
alanine-potentiation test (indicating possible '[antidepressant" activity residing in the isoquinobenzodiazepine 
molecule). The most active compound in the present series was the dextrorotatory isomer of 2-chloro-5-methyl- 
3,9,10,14b-tetrahydroisoquino [2,1-d] [ 1,4] benzodiazepin-6(7H)-one. Only those substances possessing electro- 
negative substituents a t  position 2 demonstrated significant CXS depressant effects. 

The pharmacological and clinical spectra of &phenyl- 
1,4-benzodiazepines (1) have been well documented 
since the advent of chl~rdiazepoxide.'-~ A review of 
reports in which attempts were made to modify the 
chemical structure of the parent molecule with no 
concomitant loss in biological activity has brought out 

(1) L. 0. Randall, Dzseares 'Verrous S y s t e m  ( S u p p l .  9) ,  21, 7 (1960). 
(2) 1,. 0. Randall, G. A. Heise, W. Schallek, R.  E. Bagdon, R. Ban~iper ,  

A. Boris, R .  A. Moe, and W. B. Abrams, Current  T h e m p .  Res., 3, 405 (1961). 
(3) L. 0. Randall, K. Schallek. C .  Scheckel, R. E. Bagdon, and J. Rieder, 

Schwezz. Med.  U'ochschr., 96, 334 (1965). 
(4) S. C. Bell and S. J. Childress, J .  Ore. Chem., 27, 1691 (1962). 
( 5 )  E. Kingstone, A. Villeneuve, and I. Kmsatz, Current  T h e r a p .  Res., 

8 ,  159 (1966). 

the fact that  the benzene ring in the 5 position is 
important for neuropharmacological activitya6 One 
might assume that such a molecule combines with the 
enzyme a t  the receptor site in one specific rotational 
conformation. Based on this idea we became in- 
terested in the biological activities of 5-phenyl-1,4 
benzodiazepines (1) in which the free rotation of the 
phenyl group is blocked by an ethylene bridge between 
position 2' and 4. The resulting novel tetracyclic 

(6) S. C .  Bell, C. Gochman. and S. .I. Childrena, J .  .lied. Pharrn. Chem.,  6, 
63 (1962). 
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Tho I\(.> interniediatc- for ttic 5 )  nthciis of our 
li(>x:ih> tiroi~oquino [.), 1- t l ]  [ l , I ] ~ j c r i z o d i a z c ~ ~ i ~ i ~ ~ ~  n ere 1- 
(o-<i niii 101 1 heiij.1) - 1 , 2 , 3  ,I-t et rah ydroisoc~uinoli~ie. hear- 
ing -ut)-tituenti in variouq positioris. The general 
i)rocetliircs which we uqed for the 1)rep:ir:ition of these 
i t i~(~t , i i i (~~~i :~ t (~s  :ti*(% outliiird i n  ('hart Iy nnd sh:iI1 t)(l 

hicfl) discuwd. The  choicc of oiie or the other 
I)i*ocedure depended on 1)ractical considerations (avail- 
:tbilit\. of startirig materials, reactivity, or sensitivity of 
Iurticulnr iubstituenth. etc.) and on the experience 
o1)t:iinrd in the course of thih work. To build up the 
iwcluinulirie ring system the cla4cal  Bischler-Sapier- 
: t l \ l ~ i  rwctiori \v:i- applied escel)t in two ca\es \There :I 

n c w w  method ~ ~ r o w ~ d i i i ~  through iiitriliiiiii - : i I t d  \\:I\ 

uied (method I<). 
Reaction Sequence I. ~ T h c  (s) cli)dchydi.:itioii 0 1  

S-phenethvl-2-nitrohenzaniide (5 .  S = H) t o  t 111. 

:3,4-dihj droi-oyuiiiolinc (6, X = H) \\ i t l i  pho-plioiux 
l)en toxide in xylene has heell dewxibed c:it*lj(~r.lo \\'o 
I)referred to uw l'OC'13 iri t1ii.i :iiid :ii~:ilogous r \  - 
c1iz:ttion- with ecju:illy good results : i r i d  great or roil- 
veniencc. Simultaneous reductioti of the i i i t  1.0 g i ~ ) i i l i  
:itid the  cnrholi-nitrogen douhle bond of 6 to t h c .  1- 
i ~~-~iii i i i io~)he~iyI) - 1,2,3,4- tetr:\h!droisocjuirioiiii~~s ( 7 )  
\v:i- achieved 1 ) )  catxljvtic h j  drogenatioii n i t h  c ~ i t t i c . ~ ~  

1jl:ititium iu awtic acid or with ii conit)iriatioi~ of I'tl ( '  
:uid SaBH4" i n  a(1ueoui iilcoholic w y x ' i i \ i o t i  ' I ' l i ( 5  

latter iirocedurc g a w  excelleiit atid rel)rodiic~it)lc~ 
results in contrast to the catal>-tic hydrogenatioti 

Reaction Sequence 11.- Tlie fir-t step (nictlic~tl 1)) 
ted of  the c~indeniatiori of phenethj l;iniiti(~ (3)  

\\ i t l i  a iub-titutetl isatoic anhydride (8) h j  h c x t  iiig t 111, 

reactants in ali inert iolverit :tnd led to  t h c  t~oiiz:~.iiiitlc~- 

(9) i n  high yield. Prior to tlle I3i.chler S:ipicr:il-hi 
cyclization the anilino function in the.e l)eriz:iiiii(l(bx 
(9) had to be protected and the tosyl group provcd 
very >atisfactory for thii purpo-e. It should be mcii- 

tioned that when in some preliminary experiment- thv 
nnilino function i t  a 5  acetylated 1 1 0  coixlu~ivc~ r c d t  4 

could he obtained in the uttcmpted isoquinolitic ring 
closurr n-ith T'OC'I,. P2O,. or po1y)hosl)horic :tcid 



779 

Furthermore, only PzOj and not POc1, resulted in 
satisfactory yields in the cyclodehydration of primary 
tosylates. The tosyl group mas then easily and 
quantitatively removed on treatment with concentrated 
sulfuric acid a t  ambient temperature for several hours 
(method G) and the resulting 3,4-dihydroisoquinolines 
(10) were reduced with ?\TaBH4 to the key intermediates 

Reaction Sequence 111.-It was conceivable that the 
chlorine in l-(o-chlorophenyl)-3,4-dihydroi~oquinoline~ 
(14) with X representing an electronegative substituent 
i. reactive enough to undergo an Ullmann exchange 
reaction'* with ammonia or primary amines. Dis- 
placement reactions of this type have recently been 
reported with o-halo-substituted  benzophenone^'^ and 
benzophenononimines. l4 Our required intermediates 
(14) were obtained either by cyclodehydration of the 
corresponding benzamides (13) or in a one-step pro- 
cedure (method I<) via a nitrilium saltg prepared from 
0-phenethyl chloride (15, Y = C1) and a benzonitrile 
(16). The Ullmann reaction (method J) was indeed 
successfully carried out with the 3,4-dihydroisoquin- 
olines (14, X = NO, or CF3). In  both cases the 
reactions with methylamine gave substantially higher 
yields than with ammonia. 

Chart I1 outlines the final steps in our synthesis 
of tetrahydroisoquino [2,1-d] [1,4]benzodiazepines. The 
key intermediates (11) reacted preferentially on the 
isoquinoline nitrogen when refluxed with ethyl chloro- or 
bromoacetate in the presence of triethylamine (method 
11). High yields of the amino esters (17, R' = C2H5) 
were obtained particularly when X represented an 
electron-attracting substituent, e.y., C1, NO,, or CFa, 
which decreased the nucleophilicity of the aniline 
nitrogen. I n  a few instances where X was a hydrogen 
atom, however, the alkylation reaction was not en- 
tirely selective and we mere able to isolate some N,S'- 
dialkylation products as well. Two methods for the 
formation of the diazepine ring of compounds (20) 
proved equally satisfactory. The first one consisted 
in heating the amino acids (18), obtained in quan- 
titative yield by alkaline hydrolysis of the correspond- 
ing amino esters (17), to 150-160" for 1-2 hr (method 
P). The second and more direct method was to 
reflux the amino esters (17) in glacial acetic acid 
(method 0) .  The use of acetic acid seems to be rather 
specific since refluxing of the amino ester (17) in other 
solvents like ethanol, pyridine, xylene, or toluene (in 
presence of catalytic amounts of p-toluenesulfonic 
acid) or simply heating them to 160" without a solvent'5 
was unsuccessful. These facts clearly indicate that this 
lactam formation is catalyzed by weak acids. Tetra- 
hydroisoquino [2,l-d] [1,4]benzodiazepinones (20) with 
R representing a substituent other than lower 
alkyl ( e . g . ,  R = allyl, propargyl, dialkylaminoalkyl, 
etc.) were best prepared by direct alkylation of 19 
through their sodium salt in a well-known manner 
(method Q). The undesirable quaternization of the 

(11). 

(12) See Houben-Weyl "Methoden der Organkchen Chemie," Vol. 1111, 

(13) G .  Saucy and  L. H. Sternhach, H e l r .  Chim. Actn. 45, 2226 (1962). 
(14) M. Gordon, I. J. Pachter, and J. W. Wilson, A1zneimittel-Furceh., 

13, 802 (1963). 
(15) hlueller and Zeller7b reported the  direct ring closure of the amino 

ester (17, S = R = HI to the corresponding benzudiazepinone (20) h y  
heating the  amino ester to ZOOo. 

p 32. 

CHART I1 

P 
AcOH. reflux 

method 0 

X=H,C1,NOa,CF3,etc. 
Y =C1, Br, I 
R = H, lower alkyl 

R'= CH3, CzHs 

X A 2  
19 

tertiary S-8 could be suppressed essentially by using 
molar amounts of the corresponding halide. Lithium 
aluminum hydride reduction of several benzodiaze- 
pinones (20) led to 5,6,7,9,10,14b-hexahydroisoquino- 
[2,1-d] [1,4]benzodiazepines (21). 

The synthesis of isoquino [2,l-d] [1,4]benzodiazepines 
(19-21) described above resulted in racemic products 
since these compounds contain one asymmetric car- 
bon atom in position 14b. The pharmacologically 
most prominent representative in this series proved 
to be 2-cliloro-5-methyl-5,9,10,14b-tetrahydroisoquino- 
[2,1-d] [1,4]benzodiazepin-6(7H)-one (20, X = C1; 
R = CH3). We decided at  that point to resolve 
this racemate in order to establish the question 
whether only one or both of the enantiomers con- 
tribute to the over-all activity of the racemate. Our 
attempts to obtain any crystalline salt of 20 (X = C1; 
R = CH3) with an optically active acid, like cam- 
phorsulfonic acid, tartaric acid, mandelic acid, etc., 
met with no success. This failure must be attributed 
essentially to the low basicity of this molecule (pKa = 
3.3, in Methyl Cellosolve-water, 8: 2) which prevents 
the formation of stable salts.16 

The first racemic intermediate in our synthesis of 
20 (X = C1, R = CH,), the tetrahydroisoquinoline 
11 (X = C1, R = CH,), is a much stronger base, 
however (pKa = 6.4), and was indeed easily resolved 
into its optical antipodes with D- or L-tartaric arid, 

(16) T h e  crystalline hydrochloride of a0 (S = CI, R = CH,)  loses 
hydrochloric arid on drying under l k h  vacuum a t  temperaturesas low XR 50° 
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respectively (method I,). Both enantiomcrs werc then 
c.onverted into the optically pure antipodes of com- 
pound 20 (X = C1; R = CH,). Tlic pharmacological 
cvaluation clearly revealed the fact that only the (+) 
xitipode possesses significant activity and is approxi- 
mately twice as active as the racemate. S o  such 
separation of pharmacological wtivities rould be seen, 
Iiowcver, with the optical antipodes of the I,iAIH, 
rcdurtion products (21, X = C1; R = CH,). Yo 
:lttempt ha' been made to establish the absolute 
(*onfiguration of these optically active intermediates or 
final products. 

Biological Evaluation.--Because of the obvious 
chemical similarities to chlordiazepoxide and diazepam, 
compounds preqented in this paper have been comparecl, 
phammacologlicall~. to thew benzodiazepiric~ and i o  
othrr rclrvnnt retitrolly acting siibstan 

nc~urophnrmncolc,gic:ll profile. of the undrr 
inve5tigntiori are presented in Table. I-IT, 11 ith Tnhlc 1- 
li-ting tlie data obtained with standard substnncci. 

Compounds were originally submitted for ariitc, 
toxicity and behavioral studies in mice, using modifica- 
tions of the methods described by Irwin.17 The ability 
to produce neurologic deficit in mice was determined 
using the rotarod method,I8 and interaction with 
amphetamine was studied in standard photocell 
activity cages.19 Xnticonvulsant activities were de- 
fined in mice using n niodification of the method de- 

11 7 )  d. Iriiiii in "Aniinal and  ('linioal Pharmacologic Techniiiur~ in I ) T W  
l*:valuation," .J. TI. Nodine and 1'. I<. Sieglrr, Ed., Year llook RIeiiicnI 1'111)- 
li.hers, Inc., Chicago, Ill., 1964. 

(18) N. W. Dunhnrn and T. S. hl iya ,  J .  P h o r m .  Sei,, 46, 208 (19,'~7>. 
! 1!)1 \T'oorlard l<r?enrr.ll ( 'orp., IIernilon. Vn. 
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TABLE I11 

Lnso," 
mg/kg ip 

i 
233 
600 

>800 
>800 

764 
>so0 

300 
Tnhle I. 

600 

LD50,' 
Compd R I  Rg Ra mg'kg IP 

XXII CH? €I H 217 
XXIII H C1 H 467 
X X I T ' ( I )  CH3 C1 H 600 
XXT'(+) CH3 C1 H 233 
XXVI(-) CH3 C1 H 363 
XXT'II CH, C1 CH? 394 

a-n See corresponding footnote* in Table I. 

Amphet 
antagC 

N D,o,b EDsa, 
mg kg iv mg,'kg ip 

17 2 .i 
32 60 
36 i 
i i 7  
i l  93 
36 2 .i 

>200 88 
>200 3 0 

81 >73 
1 See footnote j iir  Tnhle I 

,---- -\nrironvul act. 
Strvchd s-s \e 

10 28 
38 16 
81 46 

225 >300 
150 138 

130 I J 

>300 >300 
>300 >300 

92 92 

- -  

Compd 
Chlordiazepoxide 

NDsa,h 

74 
85 

>400 
38 

130 
144 

m d k g  ip 

Amp bet 
antag? 
EDSO, r 

m d k g  ip 
100 
41 
8 i  
90 
36 
0 1 

K1 

Strychd 

>73 
69 

>400 
69 

> i 3  
200 

FD. ---_ 
XIax elect./ 

37 
38 
94 

> 300 
130 

>200 
>300 
>a00 
> 100 

Hxh re- Dopa potentia- 
indiictionQ rionh a t  25 

R I h .  mg,'kg 
rnglkg ip ip 

1 i , 3  Neg 
4 . .i ++ 

7.5.0 i 
> 300 S e g  

90 2' 
1 6 i  Neg 

> 300 + 
>300 Neg 

1 17 Yeg 

Hxh re- 
induction0 

N-S.le Max elect./ mg,'kg ip 
.Anticonvul act. EDso---- RDjo, 

>75 >Tt5 46 
> 100 i n i <I 

>400 300 >400 
69 88 29 

>73 56 >it: 
>200 183 >200 

-- -- 

NHCH, 
I 

Dopa poten- 
tiationh a t  

25 mg/kg ~p 

Neg 
Neg 
S e g  
Keg 
Neg 
Keg 

Chlordiazepoxide 
hmphet  Hxh re- Dopa 
antagr indurtiong potentia- 
EDso, RDao t ionhat  Flexor 

mg 'kg ---.lnticonvul act. EDsn--- m p k g  25 mg,'kg ref l , '  
ip Strychd N - S A ~  lIaxelect. /  ip ip mg.'kg iv 
46 7 . 3  6 .3  43.8 4.7 S e a  1 . 3  - 

Iliazepam CHI H C1 220 2 . 5  21 3.0 1.0 8.5 0.38 Keg 0.2 
Oxazepam H OH C1 767 1.3 8 8 . 6  3 . 1  3 . 1  16.5 Neg 0 . 4  
lllogadon H H NOn 733 0 . 9  23 4 . 5  1 .0  36.0 0 .83  S e g  0 .04  
Prazepam C H , d  H C1 j 6 . 7  j j 1.3 j 7 . 5  S e g  j 
llleprobama te 667 85.0 180 127 93 108 92 Neg i 0  
Phenobarbital 32.5 32.5 k 24.4 13.5 20.0 j S e g  j 
Glutet,himide j 61.5 k 38 68.8 38 42 Neg 20 
0 - 1  See corresponding footnotes in Tnhle I. kPotentitttion of amphetamine at. low doses. 





TABLE VI 
SUBSTITUTED N-PHENETHYLBENZAMIDES 

.K R 
I I  NH, 
H S H C H ,  
C1 NHz 
C1 NHCHi 
C1 "CHI 
C1 "CHI 
C1 NHCH3 
C1 NHCH, 
C1 NHCHs 
C1 "CHI 
C1 NHCEI, 
C1 S H C H ,  
C1 NHCH, 
NO> NH, 
KO] NHCTIi 
I1 NO2 
C1 NO2 
I€ NO? 
c1 NO, 
C1 NO, 
H NO2 
NO? C1 
H S H T s  
Cl XHTs 
C1 N(CH3)'Ts 
C1 N ( C H ~ ) . T S  
C1 N(CH3)'Ts 
NO2 NHTs 

X JY 
Recrystn" 

Ri R ,  R? Ri R:, Method solvent XIp, "C 

CH3' 
CH3' 

C1 
c1 c1 

OCH, 
OCH3 OCHa 

0-CHr-0 
CH,e 
CH, CTI3 

CHaa 
CT-TS~ 

C1 C1 
OCTI? OCH, 

CH3e 
CH, CH3 

13 
D 
D 
11 
D 
D 
D 
D 
D 
D 
11 
I1 
n 
I) 
1) A 

A 
A 
A 
.4 
A 
A 
E 
E 
E 
E 
E 
E 

Et-Pe 
A1 
A1 
E t  
Al-Wa 
Ac-Wa 
Ea-Et 
41 
AI-Ra 
Ea-Et 

E t  
Et-Pe 
LlC 
l l c  
Dt-Wa 
Ea-Et 
E t  
Di-Wa 
A1 
AI-Wa 
E t  
Ea  

Llc-Et 

LZc-Et 

E t  
E t  
Ea-Et 

90-9 1 
106- 107 
128-129 
131-132 
90-91 

102-105 
130-1 32 
148- 149 
95-96 
96-98 

153-154 
100-103 
126- 128 
160 
170 
115-1161 
102-104 
85-87 
96-98 

129-130 
142- 1438 
155 
154-155 
49-52 

89-9 1 
129-130 
165 

Yield, 
7c 

83 
76 
80 
98 
99 
97 
93 
91 

100 
97 
93 
88 
88 
87 
94 
96 
82 
98 
99 
82 
94 
90 
99 
80 

83 
90 
7 5  

inalx qe-4' 

C, H, N, 0 

C, H, C1, N, 0 
C, HI C1 
C, H, C1, X, 0 
C, HI C1 
C, H, C1 
C, H, C1, N, 0 
C, HI C1, N 
C, H, C1 
C, H, C1, N 
C, HI C1 
C, HI C1, S, 0 
C, H, N, 0 

c, H, N, 0 

' 1  N, 

C, H, N 
C, H, N, 0 

C, H, C1, N 

C, H, C1, N 
C, HI 9, 0 
', 
C, H, Clh 
C, H, N, 0 
C, 0; Hi 

a Al, ethanol; Ac, acetone; Di, dioxane; Ea, ethyl acetate; Et ,  dimethyl ether; RZc, methylene chloride: Pe, petroleum ether (bp 
30-60'); Wa, nrater. * Analytical results obtained for the elements indicated by symbols were within &0.47, of the theoretical values. 
6 From oL-amphetamine. From D-amphetamine. e From DL-2-phenylpropylamine. f Lit.1o mp 115-116'. 0 S. Rajagopalan [Proc. 
Indian h a d .  Sci . ,  14A, 126 (1941): Chem. Abstr., 36, 16037 (1942)l reported mp 142". hAna2. Calcd: C, 63.1; H, 5.5;  C1, 7.8. 
Found: C, 62.1; H, 5.1; C1, 8.3. H: calcd, 4.8; found, 5.8. 

clonic convulsions). In spite of this, a s t ruc ture  
activity relationship similar to that of the benzodiaze- 
pinones (20) is obtained, albeit the level of activity is 
much weaker (compare XXII ,  XXIII ,  XXIV, XXV, 
and XXVI us. I, 11, 111, IV, and V). The specific 
antagonism of N-sulfamoylazepine observed with X I  
was not apparent with its reduced congener XXVII.  

A comparison of the neuropharmacological profiles of 
compounds in the present series us. those of "standard" 
benzodiazepines elicits one significant difference : when 
the various substances were interacted with DL- 
dihydroxyphenylalanine in mice (delayed dopa test of 
Everett, et dZ6) , the isoquinobenzodiazepines tended, if 
anything, to potentiate the CSS stimulant activities of 
dopa, whereas the "standard" substances provided only 
antagonism to dopa-induced stimulation. Because this 
test has been proposed as a means of identifying anti- 
depressant activity of compounds, the most active of the 
present series (IV) was further tested for its ability to 
reverse the behavioral depression and hypothermia 
obtained with reserpine in mice and the catalepsy 
observed in rats with tetrabenazine. I n  all respects, 
the result., with IV were negative. The utility of the 

dopa test for defining antidepressant activity is 
presently being examined clinically, using compound 
IV as the test substance. 

The apparent discrepancy obtained in these studies 
between interaction of substances with DL-dopa and 
with amphetamine has not been resolved, although the 
end points and criteria for defining the respective inter- 
actions are recognizably important. However, the 
fact that substances which potentiate the behavioral 
effects of DL-dopa will antagonize the stimulant activi- 
ties of amphetamine provide suggestive evidence that 
these two methods for obtaining stimulation of CNS 
sympathetic activity are not one and the same. 

More specific neuropharmacological and behavioral 
studies with IV form the basis of another investigation 
presently being completed. 

Experimental Section 
Melting points were determined on a Thomas-Hoover capillary 

melting point apparatus and have not been corrected. The 
optical rotations were measured with a photoelectric Zeiss polar- 
imeter a t  the mercury line wavelength of 546 ms. Pmr spectra 
were obtained on a Varian Associates A-60 spectrometer, ir 
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r p e c t t x  ( C I 1 2 C I , )  iisiiig a 1'ei.kiii-F;inier 1tifr;tc~oi~tl. S:rrictilre 
det,etxiitiat ions were based e>,senti:dly o i i  micro:tti:il 
p : i t , i w i i  of it. arid pmr spectra kvithiii a giveti cia,-. i 

Siiice IIO iiiiiiaiial specstral featrires have lieeii ( ~ h e i ~ ~ l  with the 
cwrnpoiitids desrribed hereiti, no ahst 
l~~xpet~irnental Sect ion. Where anal 
i~iily by the symbols of the elenieiit 
\VPW wii h i t i  f 0 . 4 C ;  of the cdciilate 

15:wh method diycris-ed i n  the thecrretic.:tl part of t h i s  p p e r  is 
dewt~it~ed here by only one repi,e>entative example. The meth- 
i)d,* iised iii the prep:wation o f  :ilialogs ai'e itidivated i t i  T:il)le.: 
\ ' I  -1. 

Method A. N-( p-Phenethyl)-2-nitro-5-chJorobenzamide (5, 
X = CI).-To a mixtiire of 121 g (1.0 mole) of phenethylamine 
:tnd g (0.87 mole) of Sa011 in 420 ml of  I I ? O  :tiid I.iO ml [ i f  

dioxane were added dt,opwise iinder vigotmii. 
mole) o f  L'-nitro-.i-chlt,I.oben~i)yl vhloride di. 
t1ios:tnt:. The addition took -1 hr :ind the reaction temperature 
~-:i,* kept he11)w ?,.io by external c,ooling. Stirring \\-as continiietl 
fcir 1 hi. at ambient ternperatire. The re:ic.tion mixtiire was 
tliliited with 2 1. of ITz()  ant1 extracted with three .iOO-rnl portions 
o f  (,'11:C'I2. The est ract,s wei'e conibiiied, washed ( I l ~ o ) ,  dried 
( N:t,S04), filtered, and evaporated to dryiieas in vnc110. Crystal- 
1iz:ttioii of the residiie from EtOAc gave 2.50 g (8"';) of white 
pi'isrns, nip 102--104". .4nal. (C1~1313Cl?j~o~) c, 11, c1, ?;. 

Method B. I-( 2-Nitrophenyl)-3,4-dihydroisoquinoJine (6, 
S = H )  from N-(@-Phenethyl)-2-nitrobenzamide with Pocl3.- 
A scr l i i t ior i  o f  100 g (0.370 mole) of the benzamide (4, X = IT) in 
5l)O nil of POC1, was heated to refliix for 17 hr. The volatile 
parts were then removed in Z ~ C I C U O  as thoroiighly as possible. The 
d a r k  hrown oily residiie was dissolved in 500 ml of CH7C12, 300 
nil of ic*e-c.old 2 NaOH !vas added, :tnd this mixtiire was Fhaken 
for O.. i  l i t .  t o  decompose the remaining POCIS. The organic1 phase 
\viis separated and the aqueoiis phase was extracted twice with 
2OO-nil portions of CHnCly.  The cwmhined extrarts were washed 
(iYa011 soliition, &O), dried (Ya&),), filtered, and evaporated 
i n  mmo, The oily residiie was dissolved in 300 ml of acetone and 
IICl pith was tiiibbled in to preripitate the product as its hydro- 
chloride ( 7 3  g, 68";), nip 2%;'. The base was set, free from its 
1iytli.cic~Iil~ii~idr i i i  the iisiid \vn!- a t i d  ( t:tllizc~l from el he], i i r  

t:d$ of nip SG-87" (idelltiid with tlie nieltiirg 
point reported i i i  tlie literat,iire).l" 

Compound 6 ( X  = CJ) from N-Phenethyl-2-nitro-5-chloro- 
benzamide with P20:,.--To a hot soliitiori of 57 g (0.18 mole) of 
the benzaniide (5, X = C1) in 250 nil of xylene was added w i t h  
ht it,ring 110 g of P20i. Aft ei, 
c,iioling the xylene was decanted and the pticky residue was ( w e -  
fiilly decomposed with R20 and ice. The acid soliitiori was ex- 
i racted with two 300-ml portions of ether to  remove iinreactecf 
starting material. The aqueous phase was then made alkaline 
wi th  concentrated NaOH. The precipitated prodiict was filtered 
(iff and dried, yield 28.5 g (.i35? te crystals, nip 128-130". 
For  analysis :i sample was re llized f t~vm I.:tOAc-I~~t,O 
without a change i i i  melting . .Innl. Jc*;IIII,CliY~oy) 
c, €1, s, Cl. 

Method C. 1 - (  2-Amino-5-chlorophenyJ)-1,2,3,4-tetrahydro- 
isoquinoline (7, X = C1). a. Catalytic Hydrogenation:. -A 
Yiiliition of 2.86 g ( 1 0  mmoles) of 6 (S = C1) in 20 nil of .id)€[ \vas 
shaken tinder 112 in the presence of 230 nig o f  PtO, at rooiii tem- 
perature and iit atmospheric pressiire. \Then i i o  ftiither 11, 
iiptake was observed, the catalyst was filtered off ant1 the f i l t i x t e  
wis evaporated 10 dryness in z'uczio. T u  pimify t h e  protliic.t, the 

talline residiie was recrystallized (EtO.ic.) t (I J-ieltl 2.10 g 
A, nip l3.j--l:3O0. - Inn / .  I ~ , , , I ~ I ; , C I N ~ )  

c, 11, N, c1. 
Reduction of 6 ( X  = C1) with Pd-NaBH4.--In :I siispeiisioii 

of 0 . 3  g of 10yfi Pd-C in 15 nil of H20 and 30 rnl of lIeO11, . i .O g 
o f  h-aBH4 was dissolved qiiickly. T o  this mist iire WLY atltlc~d 
drop-ise with stirring a solution of 10.0 g of 6 ( X  = C1) in 40 nil 
of A\IeOII and 20 ml of dioxane within 4.5 min, keeping the rew- 
tion temperature between 50 and 60". Stirring was con1 iniietl 
for 1 hi. The excess sodium borohydride was carefiilly deconi- 
posed by addition of A(OTT, the catalyst mas filtered off, arid t h e  
filtrate was basified with 2 -\;XaOH and further diluted with IT?O 
to precipitate 7.5 g (835;) of the product described above. 

Method D. N-Phenethyl-2-methylamino-5-chJorobenzamide 
(9, X = CI; R = CH3).--To a soliition of 80.0 g ( 0 . 5 0  mole) o f  
phenethylamine in 270 ml of dioxane, 95.8 g (0.44 mole) of N- 
riieth?.l-.i-(,h11ir(ii.;atoic anhydride (8, S = Cl; R = (-'IT3) w:tn 
: i t l t l ~ c l .  ,411 exritliwrnic~ renvt ion set in  i i r i t l e i .  vigirriiiiq t w ~ l i i t  i o t i  

This mixtiire was refliixetl for 5 hr. 

b. 
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x 
H 
H 
c1 
C1 
C1 
C1 
C1 
C1 
C1 
c1 
SO,  
SO2 
H 
c1 
c1 
II 
Br 
CF3 
CF3 

RI Rz R3 

Recrjstn" Yield, 
R4 R5 Slethod solvent AIP, O C  70 Formula .inaiyseJ) 

C (P t )  Et-Pe 108c 83 CiJI i t"  
13 Oil 98 CiJIi8N2 
C (P t )  Ea-Et 128-130 SI CisHi,Cl?u'z C, H, 

140-142 i 2  C16H&lXL;2 C, H, C1, N H Et-Pe 

41 
Ea-Et 
E t  
Et-Pe 
Et-Pe 
AIef 
E t  
E t  
Ea-Et 
Et 
Ppt  from LVa 
A1 
Et-Pe 
Et-Pe 

98-99 
Y8-99 

143-147 
142-1 44 
41-84 

110-112 
192 
1 82 

168-170 
13,5-137 
137-160t 

92-94 

146- 147 
131-133 
122-124 

39d 
3 7 d  
85 
60 
12 
82 

76 
4 3 

-_  
13 

88 
3 8 
40 
4.5 

C, H, S, 0 
C, €I, C1, N 
C, H, C1, N 
C, H, C1, N 
C, H,  N, 0 
C, H, 0: S o  
C, H, N 
C, H, 0, N 
C, Ir, 0, ?r' 

c, H, N 
c, 11, N 
c, Ir, s 

u , b  See corresponding ftrotnotes in Table \'I. Lit.lo mp 108-109". Based on a theoretical yield of 5 0 q .  e Relative configuration at  
the two asymmetric C atoms speculative. f J le ,  methanol. Q N :  calcd, 14.8; found, 14.1. hFrom D-amphetamine. Lit. (footnote 
g, Table 1'1) mp 162". 

9 
H 
H 
H 
CI 
CI 
CI 

c1 
C1 
CI 
CI 
CI 
CI 
c1 
CI 
c1 
S O ?  
KO? 
NO? 
NO? 
CF3 

R ?  R3 R4 RL Rs 

C2H5 
H 
C?Hs 
H 
C.H, 
H 
CZHL 
H 
CIH. 
H 
CHa 
H 
CH? 
CHI  
H 
CH3 
H 
C2Hs 
H 
CzHs 
H 
CzHs 

Met hod 
SI, h- 
3s 
x 
31 
11, h. 
AI 
N 
AS 
N 
hI 
N 
%I 
x 
31 
n1 
S 
AI 
N 
SI 
AI, N 
A I  
N 
hI 

Recrystn'& 
solvent 

Pp t  from \ \ a  
.I1 
Ppt  from J\'a 

.\I 

.I 1 

.II-\\a 

.\I- L \  a 

. imorp h o w  

.i I 
Amorphous 

.I 
Et-€'e 
Pe 
Ppt  from \\a 
Et-Pe 
.Il-\Va 
Et-Pe 
Pp t  from \\ 'a 
Ea 
Pp t  from \f-a 
Ye 

Mp, oc 
-95-130 
98-100 

125 dec 
Oil 
163-165 
83-84 

115-122 
113-114 

112-113 

Oil 
,morphous 
111-113 
99-102 

260-266 
111-11:1 
2 12-2 16 
150 
210 
llY-120 
I55 
81-83 

Yield, 
70 
59 

76 
53 
84 
82 
9 1 
78 
91 

55 
40 
56 
56 
66 
90 
54 
73 
90 
90 

hnaiysesh 
H.  N ;  C ,  Od . . .  

. . .  

c, €I, c1 
C ,  H, CI, N 
C ,  H, C1, N 

. . .  

. . .  
c, H, CI, s, 0 

. . .  

. . .  
C .  H. CI, 0 
0 

C .  H, C1. K, 0 
C,  H, C1, N. 0 
C ,  H, 0 

c,  H ,  N. 0 

C ,  H, N 
. . .  

a , b  See corresponding footnotes in Table T?. R1 is always H in this table since a methyl grorip in that position completely inhibited 
carbethoxy methylation on the isoquinoline nitrogen, probably because of steric hindrance. d C: calcd, 7 2 . 3 ;  found, 70.9. 0: calcd, 
11.3; found, 12.1. e Relative configuration at the asymmetric C atoms speculative. 

of COY. To cnomplete the reaction, the mixture was heated on to give white prisms, nip 131-132". Alnal.  (CloHI7ClNYO) 
the water bath for 1 hr. On slow addition of 300 ml of H20, the C, H, C1. 
prodiict precipitated was filtered, washed (HzO), and dried Method E. N-(Phenethyl)-2-methyltosylamino-5-chloro- 
(1'26 g, $185 ). For analysis it was recrystallized from Et20 benzarnide.-A solution of 126 g (0.437 mole) of 9 (S  = C1: R = 
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S S I  CI 
S S l I  I 1  

0 (C €I?)ih- ( C H I )  1 

t l i  ( ' i t 3  

( : I i a )  :mtl 10% g ((J.536 mole) of p-tolueiiehrilfonyl chloride in 450 
n i l  o f  pyridine stood overnight at room temperature. Ex- 
vess tosyl chloride was hydrolyzed by adding 100 nil of AIe2C0 
and 100 ml of H20 and shaking this mixture for 0 . 3  hr at room 
temperature. The reaction mixture ivas then concentrated 
in Z'UCZIO.  The oily residue was dissolved in 2 1. of EtOAc, and 
this solution was extracted with two 500-ml portions of 2 S HCI 
arid one 500-ml portion of saturated NaHCOa solution. The 
organic phase was dried (Na2SOa), filtered, and evaporated to 
tlryriess in vacuo to yield 199 g (theoretical amount, 192 g)  of the 
product as an oil which proved to be practically piire hy tlc. 
All attempts to crystallize it failed. The absorption bands of thc 
ir spectrim (C€I,Cl,) were as expected. 

Method F. 1-(2-Methyltosylamino-5-chlorophenyl)-3,4-di- 
hydroisoquinoline Hydrochloride.-A solution of 10.0 g of crude 
N-phenethyl-2-methyltosylamino-.i-chlorobenzaniide in 30 nil 
of P0Cl3 was heated to reflux for 20 hr. The work-rip procedure 
was analogous to  that desrribed tinder method B. The oilj- 
residrie ( -10  g)  was dissolved in 80 nil of acetone and HC1 gas 
was bribbled in t o  precipitate 7.44 g (71 yi) of the product in 
white prisms. For analysis the prodiict, was recrystallized from 

Method G .  I-(Z-Methylamino-5-chlorophenyl)-3,4-dihydro- 
isoquinoline (10, X = CI ; R = CHI).-Concentrated HzSOa (50 
ir i l )  was gradually added to 18.0 g (39 nimoles) of l-(Zniethyl- 

mino-.i-rhlorophe1iy1)-~3,4-dih~droisoq11inoline h>drochlo- 
ritlr (strong FTCI evoliition) and the t h i i n  obtained solution .-toad 
:II  i'oom temperature overnight. The reaction mixture was then 
p o i i i w l  on rriished ire and made alkaline with 307' NaOTI. The 
oily precipitate \vas extracted nit Ii t h i w  1OO-ml port ioiis o f  
Cl12( :I2,  The extractn were conibiiird, washed ( l T 2 0 ) ,  tlrictl 

E tOI l ;  1111) 230-2.i2'. Anal. (C,,Hp,Cl&,O,S) C, FT, C1, S. 

Method ' H. 1~~-1-(2-Methylamin0-5-chlorophenyl)-1,2,3,4- 
tetrahydroisoquinoline (11,  X = C1; R = CH3).---.l h01 i i l i i ) i i  
of 193 g (0.716 niole) of 10 (S = C'l: R = CFL) in 2 I .  o f  c 

EtOH was warmed to 50" aiid then 40 g of NaRITl w:i> : i t l t f r t I .  
This reaction mixture was refliixed ioicier st irring for 2 hr, whei,elly 
:i tioron cwmplex cr llized out gradiitilly. E:s~es.: Ka€3H4 w:+- 
dehti,oyed by carefii After cliztilling 
off 1 I. of EtOH in Z ~ ~ C I ~ O ,  I I. 01 L' .\ 11C1 \v:w addecl : i i i [ l  t t i v  
~ o ~ i i t i l J l l  Wah kept at :Joe for I l l i l l  t o  IlerlIIllptJse t l l 0  ~ l l l t ~ O l l  

wniplex. This ~ q i i e ( J i I S  s O ~ ~ i t i O l l  w a ~  ninde dkaliiic ! \ i t  ti :<Of , 
XaOH aiid extriicted with three .i00-nil p r t i o i i b  of ClI:('I.. 
The extracts were romhiiied, washed ( € f 2 0 ) ,  dried (S:i?S( ) I  1, 

iw cacc/o. The oily r c ~ ~ i t l i i t ~  
re 11 by llc The p r l l ~ l l l f ~ l  

white pi,isnis, Inp 1.40- 141 '. 

Method J. I-(2-Methylamino-5-trifluoromethylphenyl)-3,4- 
dihydroisoquinoline (10, X = CF1; R = CH3).--A rnisliiw of 
:;.j.0 g (0.1 mole) of I-(  2--c.tilr,ro-.i-trifl~i~~romethy~pheny~)-:2,4-tii- 
hydruixoyuinoline h,I-drtrchloride (14, S = CF3), 1.7 g I I ~  ( ' 1 1  

powder,, and 1.7 g of CII,CI, i n  500 nil of liquid lIeNH, w ~ i s  he:tletl 
i l l  : i t 1  aiitoc,l:ive to 55-60" for  1% h r .  The l I e N € L  w a s  ev:ipor:il(.il 
: i t i d  the 1,ehidrie was t,re:ited wit,h CfTd The filtered org:iliic. 
1ih:isc was extracted (I120j, dried (Sa i  4 ) ,  and evaporatctl irc 
I ~ I I ' U O .  The resitltiiip oily i . rar t io~~ prodrlrt (31.0 g)  c ~ o i i l c i  no1 IK, 

talliiie f o i x i  either, :is the free base or  a s  a salt. 

dition of 50 1111 of . A d ) I I .  
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The crude product contained only small amounts of starting 
material according t,o tlc and the ir and nmr spectra (CDCls) 
confirmed the structure. 
Method K. 1-(2-Chlor0-5-trifluoromethylphenyl)-3,4-dihy- 

droisoquinoline Hydrochloride (14, X = CFs).-A mixture of 122 
g (0.6 mole) of phenethyl bromide (15, Y = Br), 134 g ( 0 . i 2  
mole) of 4-chloro-3-cyanobenzotrifluoride (16, X = CF3) and 80 
nil of SnCl4 waR refluxed for 5 hr. The clear solution was poured 
on 500 g of ice and made alkaline with 307; NaOH. The prod- 
iict was extracted with EtOAc. The obtained crude residue was 
dissolved in 200 ml of CHzC12. On saturation with HC1 gas and 
addition of -200 ml of Et,O, the hydrochloride crystallized oiit; 
yield 110 g ( 5 3 % ) .  For analysis the compound was recrystallized 
from CH2C1?-Et20; mp 213-216'. Anal. (CI&CI,F,S) 
C, H, C1, N. 
Method L. Optical Resolution of 1-(2-Methylamin0-5- 

chlorophenyl)-1,2,3,4-tetrahydroisoquinoIine into Its Enantio- 
mers.-To a hot solution of 15.0 g (0.035 mole) of DL-l-(2-methyl- 
amino-.i-chlor~~phenyl)-1,2,3,4-tetrahydroisoq~iinoline in 200 ml 
of EtOH was added 8.25 g (0.055 mole) of D-( +)-tartaric acid. 
On cooling, a neutral tartrate crystallized out and was filtered 
off and dried (9.0 g, 47%), mp 219-220'. The free base was 
liberated from this salt with dilute SaOH and extracted with two 
.iO-ml portions of CH2Clz. The combined extracts were washed 
(H,O), dried ( N ~ ~ S O I ) ,  filtered, and evaporated to an oily residue 
(7.0 g). On crystallization from EtOH 5.9 g (397,) of the (f) 
isomer was obtained as white prisms, mp 98-99', [ L Y ] * ~ S R  

( -  ) - 1 - ( 2  - Methylamino-5-chlorophenyl) - 1,2,3,4-tetrahydro- 
isoquinoline was prepared in the same way from 15.0 g of the 
racemate by using 8.25 g of (-)-tartaric acid; 5.5 g (37%) of this 
isomer was obtained, mp 97-99', [oi Iz6 ;46  -48" ( e  1.5, CHC13). 

Method M. ~~-1-(2-Methylamino-5-chlorophenyl)-2-car- 
bethoxymethyl-l,2,3,4-tetrahydroisoquinoline (17, X = C1; R = 
CHI; R' = CpH:).--A mixture of 15 g (55 mmoles) of 12 (X = 
C1, R = CHI), 20.0 g (120 mmoles) of ethyl bromoacetate, 12.2 g 
(120 mmoles) of Et3?;, and 133 nil of EtOH was refluxed for 3 hr. 
The clear yellow soltition was concentrated to half its volume, 
diluted with 200 ml of H,O, and extracted with three 100-ml por- 
tions of CsH6. The combined extracts were washed three 
times with dilute HCl to remove Eta?; and unreacted starting 
material. The C6H6 solution was dried (Xa2S04), filtered, and 
evaporat,ed to dryness. The oily residue (15.5 g)  was crystal- 
lized from EtOH to yield 10.5 g (53%)  of product, mp 83-84'. 

Method N. ~~-1-(2-Methylamin0-5-chlorophenyl)-2-car- 
boxymethyl-1,2,3,4-tetrahydroisoquinoline (18, X = C1; R = 
CHs).--,4 solution of 7 .5  g (21 mmoles) of 17 (X = C1, R = CH3, 
R'  = CUHj) in 40 rnl of A\IezCO and 21 ml of 2 aqueous NaOH 
was refliixed for 30 min. The acetone was removed in z'ucuo, 
30 ml of EtOH was added and then 21 ml of 2 -Y HC1. The prod- 

tallized on cooling in an ice bath and was filtered off. 
On concentrating the filtrate, a second crop was obtained, yield 

+48.3" (C 2.1, CHC1,). 

d n d .  (C,oH,3ClN,02) C, H, C1, K. 

5.85 g (84%) of white needles, mp 113-122". Anal. (CISIII~ 

Method 0. ( +)-2-Chloro-5-methyl-5,9,10,14b-tetrahydro- 
isoquino[2,1-d] [1,4] benzodiazepin-6(7H)-one (20, X = CI : R = 
CHI).-A solution of 35.9 g (100 mmoles) of (-)-17 (X = C1; 
R = CHI; R' = C2H:) in 150 ml of AcOH was refluxed for 2 hr. 
The solution was evaporated to dryness in zmcuo and the residue 
crystallized from EtOH as white prisms, yield 26.6 g (8,5%), 
mp 137-158", [ ~ ~ ] * ~ ~ q 6  +410" ( e  0.7, EtOH). Anal. (C18Hi7- 

Compound (-)-20 (X = C1; R = CHs).-Crude 
amorphous (+) -I8  (X = C1; R = CH,), prepared by alkaline 
hydrolysis of 35 g (78 mmoles) of the corresponding (+)-ethyl 
ester (17, X = C1; R = CH3; R'  = CZHS), was heated in an oil 
bath at  140-150' for 2 hr. The product crystallized from EtOH 
as white prisms, mp 158'; [cyIz5546 -411" (c 0.6, EtOH). A 
total of 25.2 g (83:; over two steps) was obtained. Anal. 

Method Q. Compound 20 (X = CI; R = CHXH=CH*).- 
To a solution of 6.0 g (20 mmolea) of 2-chloro-3,9,10,14b-tetra- 
hydroisoquino[2,1-d] [1,4]benzodiazepin-6(iH)-one (19, X = C1) 
in 100 ml of DAIF, 0.57 g (24 nimole) of NaH was added. After 
30 min this mixture was heated to 7.5" and a solution of 2.9 g 
(24 mmoles) of allyl bromide in 10 ml of DAlF was added drop- 
wise over a period of 1 hr. The reaction mixture was maintained 
at  7.5" for another 30 min. The volatile parts were then re- 
moved in vucuo, the residual oil was dissolved in CHCI3, and the 
organic phase was washed twice nTith HZO. After drying and 
evaporating the solvent, the product was cryst'allized from CH?- 
Clzpentane; yield 4.6 g ( i 8 % ) ,  mp 159-160'. Anal. (C&:,- 

Method R. 2-Chloro-5-methyl-5,6,7,9,10,14b-hexahydroiso- 
quino[2,1-d] [1,4]benzodiazepine (21, X = CI; R = CH3).-2- 
Chloro-5-methyl-5,9,10,14b- t e t,rahydroisoqnino[2,1-d] [1,4] ben- 
eodiazepin-G(7H)-one (15.0 g) in 200 ml of ether was reduced 
by the Soxhlet method with 5.0 g of LBH. af ter  20 hr of reflux 
the reaction mixture was diluted with 200 ml of CaHs and the 
excess LAH was destroyed by careful addition of HzO. The 
organic phase was washed (HzO), dried (Ka,SO,), and evaporated 
in vucuo. The reduction product crystallized from ether- 
pentane; yield 12.5 g (%%), mp 142-144". Anal. (C18Hlp 
ClN,) C, H, C1, N. The ir and pmr spectra confirmed the 
structure of the expected product. 

ClTX,O,) C, H, C1, N. 

ClSZO) C, H, N, 0. 
Method P. 

(CisHi;CIN,O) C, H, S, 0. 

ClN20) C, H, C1, 0. 
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