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tars and were combined. The hexane solution was added to
the second fraction and evaporated to dryness to give 38 g (84.09,)
of the base of 11 as an oil.

A solution of 200 mg of the base in anhydrous Et,0 was treated
with an excess of HCI gas. The ether solution was then evapo-
rated to dryness and the residual oil was crystallized from Me,CO-
Et,0 to give pure 11-HCI, white prisms, mp 214-218°. Anal.
(ngHzochNaO:sHCl) C, H

7-Chloro-1-(2-diethylaminoethyl)-5-(2-fluoropheny!)-3-hy-
droxy-1,3-dihydro-2H-1,4-benzodiazepin-2-one (12).—A solution
of 12.0 g (0.0248 mole) of 11 in 230 ml of EtOH wus treated with
28.0 ml (0.028 mole) of 1 N NoOH. The reaction mixture was
allowed to stand for 16 hr at room temperature and was then
evaporated to dryness. The residnal oil was partitioned between
200 ml of H»O and 200 ml of CH.Cl.. A 509; K,COj; solution
was added until the pH of the aqueous layer was approximately
11. The layers were separated and the CH.Cl, extract was
washed (H:O, four 200-ml portions, and saturated brine solution),
dried (NasS04), and evaporated to dryness. The residual oil
was dissolved in Et20 and cooled in an ice bath, and gaseons HCl
was bubbled into the solution. The ether solution of the salt
was evaporated to dryness and the residual oil was erystallized
from Me,CO-Et,0 to give 8.0 g (73.09%) of the pure salt of 12
as white prisms, mp 196-203° dec. Anal. (C,HyuCIFN;O,-
HCI) C, H.

A solution of 1.5 g of the salt was dissolved in 30 ml of H,0O and
509 KyCO; was added to pH 11. The mixture was extracted
with 30 ml of CH.Cl,, the layers were separated, and the organic
layers were washed (H,0, three 50-ml portions, and saturated
brine solution), dried (Na;804), and evaporated to dryness.
The residunal oil was crystallized from a mixture of ether and
petrolenm ether (30-60°) to give the pure base as white prisms,
mp 1]8—1210. Anal. (CngzachNgoz) C, H.

7-Chloro-1-(2-diethylaminoethy!)-4,5-dihydro-5-(2-fluoro-
phenyl)-1H-1,4-benzodiazepine-2,3-dione (13).—A solution of
2.0 g (0.0045 mole) of the hydrochloride of 11 in 25 ml of EtOH
was treated with 9 ml (0,009 mole) of 1 N NaOH. The reaction
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mixture was allowed to stand at room temperature for 16 hr
and was then treated with 1 N HCI to pH 6. The solution was
made basic again with 509, K,CO; and the resulting mixture
was evaporated to dryness. The residual oil was dissolved in 150
ml of CH,Cl; which was washed (H»0, three 150-ml portions, and
saturated brine solution), dried (Na,S0,), and evaporated to dry-
ness. The residual yellow oil (1.8 g) was crystallized from
Me;CO-petrolenm ether (30-60°) to give 1.2 g (65.59,) of the
pure product as white prisms, mp 169-171°. Anal. (CyHas-
CIFN;0,) C, H.

3-Acetoxy-7-chloro-5-(2-fluorophenyl)-1,3-dihydro-2H-1,4-
benzodiazepin-2-one (14).—A solution of 10 g (0.0328 mole) of 9
in 150 ml of Ac,O was heated with stirring on a steam bath for
3.5 hr. Ac;O was removed under reduced pressure and the
residue was dissolved in 100 ml of CH,Cl,. The organic solution
was washed with 75 ml of dilute NH4OH, two 75-ml portions of
H,0, and 75 ml of saturated brine, dried (Na;80,), and evaporated
to dryness. The product was recrystallized from MeOH to
give 8.6 g (76%) of 14 as white prisms, mp 239-247° (sealed
tube). Anal. (C,7H1CIFN,0;) C, H.

7-Chloro-5-(2-fluorophenyl)-3-hydroxy-1,3-dihydre-2H-1 4-
benzodiazepin-2-one (15).—A solution of 5 g (0.0145 mole) of 14
in 200 ml of EtOH was treated with 36.3 ml (0.036 mole) of 1 ¥
NaOH. After 5 min a white precipitate separated which was
redissolved after an additional 10 min by the addition of 200
ml of H:0. The solution was then acidified with AcOH and
EtOH was removed under reduced pressure. The product
separated as a white precipitate and was recrystallized from a
mixture of THF and hexane to give 4.2 g (96%;) of 15 as white
rods, mp 197-200°,

Acknowledgment.—We are indebted to Dr. F.
Vane and Dr. T. Williams for the nmr spectra, to Mr.
S. Traiman for the infrared spectra, and to Dr. A.
Steyermark and Dr. F. Scheidl for the microanalyses.
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The synthesis and neuropharmacological activities for a series of tetrahydroisoquinobenzodiazepines are de-
seribed. These substances produce qualitatively similar pharmacological activities to the well-known benzodi-
azepines, although similar structure-activity 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-j-methyl-
5,9,10,14b-tetrahydroisoquino|2,1-d]|1,4] benzodiazepin-6(7H)-one.

Only those substaices possessing electro-

negative substituents at position 2 demonstrated significant CNS depressant effects.

The pharmacological and clinical spectra of 5-phenyl-
1,4-benzodiazepines (1) have been well documented
since the advent of chlordiazepoxide.!=® 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. O. Randall, Diseases Nervous System (Suppl. 3), 21, 7 (1960).

(2) I.. O. Randall, G. A. Heise, W. Schallek, R. E. Bagdon, R. Banuziger,
A. Boris, R. A. Moe, and W. B. Abrams, Current Therap. Res., 8, 405 (1961).

(3) L. O. Randall, W. Schallek, C, Scheckel, R. E. Bagdon, and J. Rieder,
Schweiz. Med. Wochschr., 96, 334 (1965).

(4) S. C. Bell and 8. J. Childress, J. Org. Chem., 27, 1691 (1962).

(6) E. Kingstone, A. Villeneave, and 1. Kossatz, Current Therap. Res.,
8, 159 (1966).

the fact that the benzene ring in the 5 position is
important for neuropharmacological activity.® One
might assume that such a molecule combines with the
enzyme at 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) 8. C. Bell, C. Gochman, and 8. J. Childress, J. Med. Pharm. Chem., B,
63 (1962).
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ring svstem (2)7 represents a combination of the iso-
quinoline svstem with the 1.4-benzodiazepine syvstem.
These compounds  exhibit pharmacologieal features
sinlar to those observed with chlordiazepoxide or
diazepam and, in addition. provide certain indications
of possible central nervous svstem =timnlant activity,

The key intermediates for the synthesis of our
hexalivdroisoquino [2,1-d1[1.4 benzodiazepines were 1-
(o-aminophenyl)-1.2,3,4-tetrahydroisoquinolines  bear-
ing substituents in various positions. The general
procedures which we used for the preparation of these
mtermediates are outlined in Chart I3 and shall be
briefly discussed. The choice of one or the other
procedure depended on practical considerations (avail-
ability of starting materials, reactivity, or sensitivity of
partieular substituents, etc.) and on the experience
obtained in the course of this work. To build up the
isoquinoline ring system the eclassical Bischler-Napier-
alski reaction was applied except in two cases where a

(1) (al Samloz Ine., 8outh African Patenl 635,/4606 (1965): (b) Al
Mueller and P. Zeller, flelr. Chim. drtn, 49, 1222 (1066).

(%) Morihe sake of clarity the reactions represented in Chart I are exempli-
fiedd witlc phenethylainine ag a starting material, althongh variowsly snbsii-
Intell phenethylamines have been nsed.  The Iypes aml positions of siel
=aletitnents hicome apparent fromn Tahle VI,

newer method proceeding through nitrilinm sali=? was
used (method IN).

Reaction Sequence I.--The cyvelodehydration of
N-phenethyl-2-unitrobenzamide (5, X = H) to the
3.4-dihydroizoquinoline (6, X = H) with phosphors
pentoxide in xvlene has heen described earlier.’ We
preferred to use POCL i this and analogous cv-
clizations with equally good results and greater con-
ventence. Simultanecous reduction of the nitro group
and the carbou-nitrogen double bond of 6 to the 1-
(v-aminophenyl)-1,2,3,4-tetrahyvdroisoquinolines  (7)
was achieved by catalytie hydrogenation with either
platinum in acetie aeid or with a eombination of Pd-(*
and NaBH,'' in aqueous-alecholic suspension.  The
latter procedure gave excellent and reproductble
results in contrast to the eatalytie hydrogenation.

Reaction Sequence II.—The first step (method 1))
consisted of the condensation of phenethyvlamine (3)
with a substituted isatoic anhydride (8) by heating the
reactants in an inert solvent and led to the benzamides
(9) in high yields. Prior to the Bischler-Nupieralski
cyvelization the anilino funetion in these benzamides
{9) had to be protected and the tosyl group proved
very satisfactory for this purpose. It should be men-
tioned that when in some preliminary experiments the
anilino function was acetylated no coneclusive results
could be obtained in the attempted isoquinoline ring
closure with POCL. PsO; or polyphosphoric acid.

19y M. Lora-Tamavo, R. Madronero, and G. G. Munoz, Berr., 98, 284
11959).

(10) V. M. Rolionov and E. V. Yavorskava, J. Gen, Chem. ['SSR, 13,
101 (1943); Chem. Abstr., 38, 3282 (1043).

(11) T. Neilsyn, 1. €. 8. Wond, and AL G,
(10523,

Wylie, J. Chene. Spr. 371
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Furthermore, only P.0; and not POCI resulted in
satisfactory yields in the cyclodehydration of primary
tosylates. The tosyl group was then easily and
quantitatively removed on treatment with concentrated
sulfuric acid at ambient temperature for several hours
(method G) and the resulting 3,4-dihydroisoquinolines
(10) were reduced with NaBH, to the key intermediates
(11).

Reaction Sequence III.—It was conceivable that the
chlorine in 1-(o-chlorophenyl)-3,4-dihydroisoquinolines
(14) with X representing an electronegative substituent
18 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 benzophenones!® and
benzophenononimines.’* Qur required intermediates
(14) were obtained either by cyclodehydration of the
corresponding benzamides (13) or in a one-step pro-
cedure (method K) via a nitrilium salt® prepared from
B-phenethyl chloride (15, Y = Cl) and a benzonitrile
(16). The Ullmann reaction (method J) was indeed
successfully carried out with the 3,4-dihydroisoquin-
olines (14, X = NO; or CF;). In both cases the
reactions with methylamine gave substantially higher
vields than with ammonia.

Chart II 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
M). High yields of the amino esters (17, R’ = C,H;)
were obtained particularly when X represented an
electron-attracting substituent, e.g., Cl, NO,, or CFj,
which decreased the nucleophilicity of the aniline
nitrogen. In a few instances where X was a hydrogen
atom, however, the alkylation reaction was not en-
tirely selective and we were able to isolate some N,N’-
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 O). 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!®
was unsuccessful. These facts clearly indicate that this
lactam formation is catalyzed by weak acids. Tetra-
hydroisoquino(2,1-d][1,4 ]benzodiazepinones (20) with
R representing a substituent other than lower
alkyl (e.g., R = allyl, propargyl, dialkylaminoalkyl,
ete.) were best prepared by direct alkylation of 19
through their sodium salt in a well-known manner
(method Q). The undesirable quaternization of the

(12) See Hoiben—\Weyl “Methoden der Organischen Chemie,"* Vol, 11/1,
p 32.

(13) G. Sancy and L. H. Sternbach, Helr. Chim. Acta, 45, 2226 (1962).

{14) M. Gordon, L. J. Pachter, and J. W. Wilson, Arzneimittel-Forsch..
18, 802 (1963).

(15) Mueller and Zeller'™ reported the direct ring closure of the amino
ester (17, X = R = H) to the corresponding benzodiazepinone (20) hy
heating the amino ester to 200°,
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tertiary N-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[2,1-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-chloro-5-methyl-5,9,10,14b-tetrahydroisoquino-
(2,1-d][1,4]benzodiazepin-6(7TH)-one (20, X = ClI;
R = CH;). 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 = CI;
R = CH;) with an optically active acid, like cam-
phorsulfonic acid, tartaric acid, mandelic acid, ete.,
met with no success. This failure must be attributed
essentially to the low basicity of this molecule (pK, =
3.3, in Methyl Cellosolve-water, 8:2) which prevents
the formation of stable salts.'®

The first racemic intermediate in our synthesis of
20 (X = Cl, R = CHy), the tetrahydroisoquinoline
11 X = Cl, R = CHy), is a much stronger base,
however (pK, = 6.4), and was indeed easily resolved
into its optical antipodes with »- or wr-tartaric acid,

{16) The crystalline hydrochloride of 20 (X = Ci, R = CHs) loses
hydrochloric acid on drying under Ligh vacuum at temperatures aslow as 50°
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Amphet xDL Dopa
antag’ reinduction? pwl,enlia(iwu/‘
LDz, NDqw,” B, omee=————Anticonvul art. 11g—-mmmee R Dz, al 25 Ilexor riefl,”
Compd R R mg kg ip mg/ke ip mgskeg ip Steyeh? N-SA¢ Max elect.f my/ kg ip mye kg i my ke v
I Cll, 11 3067 91 100 75 > 100 >100 18.3 Neg J
I 31 Cl j 17 25 10 28 47 17.5 Neg 04
1II(%) CH, Cl 235 32 60 38 16 38 4.9 ++ 1.7
IV(4)- CH; Cl 325 S 22 17 G 50 1.5 +++ 1.a
V(=) CII, Cl 300 i i frA >150 0 [ 7 5.t
VI Clly NGO, >800 En J 44 n B 18.8 Neg 1.2
VII 11 NO» 735 11 17 1a 14a 17 10. 4 + -+ 1.2
VIII ClI; CF, 275 13 47 92 20 B it 44 Neg 7
X CI,  Br 367 12 75 50 18 18 a8 L4 i

o Modification of method described in vef 17; ten animals per dose. * Metlhod ot rel 18; ten animals per dose. < Determined in mice

using standard photocell aciivity cages, Woodard Research Corporation, Herndon, Va.

4 Method of vef 20; ten animals per dose. ¢Nee

text. /Mlethod of ref 21; ten animals per dose. 9Modified method ol ref 25 in which animals were administered compound immediately
following recovery from hexobarbital anesthesia (70 mg/kg iv) and reinduction of “anesthesia™ (loss of righting) was measured from
that tiine. *Modification of the method desecribed in ref 26. ¢ Dose (intravenous) required to produce 50%; depression of the flexor
reflex (obtained by stimulation of the peroneal branch of the sciatic nerve and recording contraction of the achilles tetidon) in chloralose-
anesthetized cats, as deseribed by K. F. Domino, Ann. N. Y. Aead. Sci,, 64, 705 (1956). Patellar reflex was not affected by any of
the compounds studied.  Euach compound was studied in three animals. 7 Not tested.  * Nenropharmacologic netivity originally pre-
sented by J. H. Gogerty, H. Ott, G. O’Neill, and J, 11 Trapold, Fed. Proe, 25, 503 (1966).  Extensive deseripiion of neiropharnia-
calogic activity to be published.

TanLi I
R R

L0, N D
Comnd R R Rs Ry mg/kg ip  mg ke ip
IT1 IT T II H 233 32
X CH; CH, 1T 1T 650 {
XI CH, 13 T 3 275 1
XII H CTI, 1T H >800 s1
XII H 1T OCII,; OCII, i K0
NIV 11 I1 Cl Cl >R800 i

«~kSee corresponding footnotes in Table 1.

respectively (method L). Both enantiomers were then
converted into the optically pure antipodes of com-
pound 20 (X = CI; R = CH;). The pharmacological
evaluation clearly revealed the faet that only the (4)
antipode possesses significant activity and is approxi-
mately twice as active as the racemate. No such
separation of pharmacological activities could be seen,
however, with the optical antipodes of the LiAlH,
reduetion products (21, X = Cl; R = CHjy). No
attempt has been made to establish the absolute
configuration of these optically active intermediates or
final products.

Biological Evaluation.-—Because of the obvious
chemical similarities to chlordiazepoxide and diazepam,
compournids presented in this paper have been compared,
pharmacologically, to these benzodiazepines and to
other relevant centrally acting substances, The

‘Rec footnote j, Table 1.

Amphet nx1y Dopa
antag® reindicetion? poten-
EDg,  e-—s—Anticonvid act. K R Dso, dation® ac

mg/kg ip Strychd N-8A¢  Max elect.” mg/ kg ip 25 mg kg
60 38 16 38 4.5 + +
25 >600 >600 >(00 >600 Neg
> 100 11)0) 23 > 100 >100 Neg
> 1] > 300 > 30 > 300 >300 Neg
100 >100 >100 100 100 Noew

> 100 252 >300 >300 >500 /

neuropharinacological  profiles of the sertes under

investigation are presented in Tables I-IV, with Table V
listing the data obtained with standard substances.
Compounds were originally submitted for acute
toxicity and behavioral studies in mice, using modifica-
tions of the niethods described by Irwin.’” The ability
to produce neurologic deficit in mice was determined
using the rotarod method,® and interaction with
amphetamine was studied in standard photocell
activity cages.!® Anticonvulsant activities were de-
fined in nice using a modification of the metliod de-

(17) S Irwin in “Atimal and Clinical Pharmacologiec Techninues in Drog
Evaluation,” J, II. Nodine and P. T Siegler, F.d., Year Book Medical Pub-
lishers, Ine., Chicago, Ill., 1964.

(18) N, W, Dunham and T. & Miya, J. Pharm. Sei., 46, 208 (19573,

(191 Woodard Researeh Corp., Hlermton, Va.
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Amphet Hxh re- Dopa potentia-
antag® induction? tion” at 25
LDso,® NDsob I Dso, — —Anticonvul act. EDsp———— R Dso, mg,/kg
Compd R, mg/ke ip mg/kg ip mg,/kg ip Strychd N-SaA¢ Max elect.” mg kg ip ip
11 H z 17 25 10 28 37 17.5 Neg
111 CH; 233 32 60 38 16 38 4.5 ++
XV C,H; 600 36 z 81 46 94 75.0 i
XVI CsH, >800 ) 77 225 >300 >300 >300 Neg
XVII CH,CH=CH, >800 71 93 138 150 150 90 7
XVIII CH,C=CH 600 36 25 150 75 >200 167 Neg
XIX CH,OCOCH; 764 >200 &8 >300 >300 >300 >300 +
XX CH,CONHCH; >800 >200 H0 >300 >300 >300 >300 Neg
XXI (CHa)N (CH,)s 300 81 >75 92 92 >100 117 Neg
1~k See corresponding footnotes in Table 1. 1 See footnote 7 in Table 1.
TarLe IV
Rs}
O N‘\
CH,
N/
S
R;
Amplet Hxb re-
antag® induction? Dopa poten-
LDso,® N Dso.? EDso, ————Anticonvul act. EDso————  RDs, tiation* at
Compd R Ro Rs mg,‘'kg ip mg/kg ip mg/kg ip Strychd N-SA° Max elect.” mg/kg ip 25 mg/kg ip
XXII CH, H H 217 74 100 >75 >75 >75 46 Neg
XXIII H Cl H 467 83 41 60 >100 75 75 Neg
XXIV(+£) CH, Cl H 600 >400 87 >400 >400 300 >400 Neg
XXV(+) CH; Cl H 233 38 90 69 69 88 29 Neg
XXVI(-) CH, ClI H 363 150 36 >75 >75 56 >75 Neg
XXVII CH, Cl CH; 394 144 91 200 >200 183 >200 Neg
e~k See corresponding footnotes in Table 1.
TaBLE V
STANDARDS
R, NHCH,
|0 I
N—C\ =C\
Q AR /@ A
X C=N Cl c—=N{_
0
I Chlordiazepoxide
Amphet Hxb re- Dopa
antag® induction? potentia~
LDso” NDso? EDso. RDso tion® at  Flexor
mg/kg mg/kg mg/kg ———Anticonvul act, EDy——— mgskg 25 mg/kg refl,’
Compd R R X ip ip ip Strychd N-8A¢  Max elect.” ip ip mg/kg iv
Chlordiazepoxide 272 13.5 46 7.3 6.3 43.8 4.7 Neg 1.3
Diazepam CH, H Cl 220 2.5 21 3.0 1.0 8.5 0.38 Neg 0.2
Oxazepam H OH Cl 767 1.3 8 8.6 3.1 3.1 6.5 Neg 0.4
Mogadon H H NO, 733 0.9 23 4.5 1.0 36.0 0.83 Neg 0.04
Prazepam cH,—<] H Cl J 6.7 j J 1.3 j 7.5 Neg J
Meprobamate 667 85.0 180 127 93 108 92 Neg 70
Phenobarbital 325 32.5 k 24 .4 13.5 20.0 7 Neg i
Glutethimide 7 61.5 k 38 68.8 38 42 Neg 20

2—i See corresponding footnotes in Table I.
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k Potentiation of amphetamine at low doses.
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scribed by Orloff, ef al.,? for antagonism of strychnine
and the method of Toman, et al..*' for antagonism of
maxtiial  electroshock  convulsions.  Becanse of the
sensitivity of pentamethylenetetrazole-induced comnval-
sions to standard benzodiazepines,*? the antagouism of
pentamethiylenctetrazole  convulstons i mice®™  was
mitially nsed to study compounds of the present series.
However, this test was subsequently replaced by one
which convulsions were produced by N-sulfamoyvlaze-
pine.  This substance, svnthesized i these laboratories,
lad previonsly been found to produce a pentamethy-
lenetetrazole-like spectrim of convulsant activity bt
was noted to be approximately three times more active
than pentamethylenetetrazole and to provide more re-
producible results.??  Consequently, the antagonizm of
convulsions prodirced by this substance becaine one of
our primary test procedures for examining compounds
within the sertes under discussion and sclected stan-
dards.  The over-all central nervons systen depressant
activity was defined by interacting the compounds with
hexobarbital, using a moditication of the test described
by Winter, et al..* i1 which mice were injected mtra-
venously with 70 mg/kg of hexobarbital and. upon
recovery of their righting reflex, were administered the
test substance  mtraperitoneally. The  ability  of
substances to modify the aggressive belavior in mice
produced by dihydroxyphenylalanine (vi-dopa) was
analyzed according to a modification of the method
described by Everett, and Wiegand.®

Secondary evaluation of selected substances and of
standards included analysis of effects on spinal reflexes
and behavioral alterations i cats,

a. Acute Toxicity and Effects on Behavior in Mice.
-—In general, all compounds of the series provided mod-
erate to low toxieities with depression of behavior
and reflexes heing the dominant symptoms.  Sub-
stances lacking substitution i the 2 position or lacking
the earbonyl group m position 6 produeed mixed CNS
activity  with thrashing and clonie convulsions at
lethal dosex.  Most af the compounds denmonstrated
qualitatively similar effects 1o those observed with
chlordiazepoxide, oxazepant, or diazepam.

b. Neuropharmacologic Profile.- \x cin be scen
from the respeetive tables, the substance demonstrating
the greatest over-all activity was I'V, the dextrorotatory
isorer of TI1.  Because I and XXIV represented the
only componnds of the seriex resolved ito their anti-
podes (IV. V and XXV, XXVI. respectively), strue-
ture-activity  relationships  within  the series  were
made relative to the racemic form.  Interestingly, the
neuropharmacological activity appears to reside i the
dextrorotatory isomer I'V with the levorotatory form V
beting significantly less active, but more toxie than I'V.
A similar structure-uctivity  relationship could not,
however, be developed withh the reduced congeners

20y AL, L Orloff, 11 L.
Biol. Med., 70, 254 (1940).

21y LB P Toman, B A Seioyvan!, and L. 8, Goodman, J. Neavaphpaisl.,
9, 231 Y46,

(22) &), Chihlress and M. L Gluekmavn, /. Fhocrra. Ses., 83, 377 (1b64),

(23) (1. M. Iiveeett and R. K. Richavds. J. [Mhaeomeol, Frp. Thec., 81,
402 (1941).

(24) J. 11, Gogerty, (. leslie, aml |, 11, Trapohl, (o he publishiel.

(25) C. V. Winter, JJ. Mhaenteenl. Kep, There,, 94, T (1948).

126) G. AL FEveretCand R. G. Wiegand, First Internatonal Pharmarolozi-
cal Meeting, S(yekholiy, 1061, Vol 8 The MacmiHan Co., New Yorkk, N, Y.
rar?, p 8a,

Willimns, anil ¢, . Pleiffer, oo, Soe. Eep.

Vol 1l

(XXIV XXVI) in that both optical antipodes werc
more active and wmore toxie than ther acemic forn.

Strietural alterations of I1T show that removal of
the methyl group on the amide uitrogen (1) enhancees
the  protection against  strychunine  comvulsions b
provides no siguificanl improvement as regards antago-
nisin ol maximal cleetroshock convulsions. On the
othier hand, the ability to antagonize N-snlfamoylaze-
pinc-indueed seizures was signtficantly reduced. These
velationships are 10 g certain extent in contrast to those
reported for tmzepam and its demethylated dertve-
tive *

Comparison of the data obtained with 1-IIL VTN
(Table I) allows oue to conclude that substitution in
the 2 position, particularly with electrouegative gronps,
Is necessary for anticonvulsant activity and for muscle
relaxant activity (as defined by the rotarod test).
Interestingly, the nonmethylated nitro derivative s
pharmacologically stmilar to the nommethylited chlo-
rine derivative with both substances showing similar
decreases i activity when compared to the methylated
substances (VI ox. VI and T s 11D, Thix relation-
<hip agrees with that reported by Sternbach. ¢f ol
and by Gordon, e gl.V for =untlar amino-1.4-benzo-
diazepines.  However,  nitro-substituted  compormds
were not more aetive than chlorine-substituted ones, as
previonsly  ccported and reproduced m the present
investigation.  The 2-trifluoromethyl derivative (VIID)
was alxo found to be significantly less active than the
parent substance, agaln in o contrast with previonsly
veported  strueture activity  relationships for benzo-
diazepmes.®®  These differences in activity are demnon-
strated most prominently i the strvehnine antagonism
and hexobarbital reinduetion tests.

To the extent that sabstitution was made on the
benzene ring of the isogquinoline portion of the molecule,
it lias been found that either the 12,13-dimethoxy or the
12.13-dichloro dertvatives (X111 and XIV) abolish the
newropharimacologie activity observed with the parent
Sunuitarly. 10,10-dimethyl substitution (X)
also abohlishes activity,  However. the two someric
10-methyl-=ubstituted  compounds™ (XI  and  XII.
respectively) provided an interesting strueture- activity
relationship in that only one form (XI) provided “spe-
cifie” antagonizm of N-snlfamoylazepine- and penia-
methvlenetetrazole-induced convilsions.

Replacement of the Namethyl group by a mimber of
other groups (XV XXI. Table ITT) results in marked
reduction of altl measured activities.  Interestingly, the
activity seen with NX appears to agree with that
reported for the related 14-benzodiazepine nsofar as
comparsons can he made.

Substancees related to 210 Chart 11 lackig the amide
carbonyl group at the 6 position. demonstrate a modi-
fied behaviorl picture i that a mixture of OCNS
stinutlation and depression oceurs (e.y., thrashing and

compound.

1277 L. O, Ranmall. O 1. Scheckel, and R, F. Ravziger. Cueeesd Theeicp,
Aes., 70040 1M

(28) 1. 11 Sternlwmcle R L Fryver, O, Neller, W. MeQecirz, (i Sacli, and
N. Steiger. J. Med, Ploaon, Chem., 6, 201 (10637,

20y L. 1L Sternbach, C. AL Arrleer, 1. V. Earlev, R, 1. ryer, 12, Resder,
N. Wasaliv, L. O, Randall. and R. Banzizer, ihid., 8, 815 (19635).

307 The immdmeton of an adilidonal asyminetric earbon atom (C-10¢
resnlled in Geo diastereoizomeriy forms. Tleir relative vonlgnrarion has
no! been rlearty extablished. Chemical pvidence Dratio nf rediaedon prodnets
obtained yn mrethad 1 favors the 70" cophgnration for X1 and 1he “teons"
conlpeuratinn for NI e
of dhie Lvedrosen coms g Co g C-145,

Tand Ve rofrreing Goihe spacial arraneemen (=
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TaBLE VI
SUBSTITUTED N-PHENETHYLBENZAMIDES
Ry R
R, R,
R; _NH
ocC
R
X
Recrystn? Yield,
X R R R Rs R Ry Method solvent Mp, °C To Formula Analyses”
1T NH, D Et-Pe 90-91 83 Ci:HisN,O C H N, O
H NHCH; D Al 106-107 76 CisHisN:O C,H N, O
Cl NH, D Al 128-129 80 CysHisCIN,O C, H C,LN, O
Cl NHCH; D Et 131-132 98  C;Hy7CIN,O C, H, Cl
Cl  NHCH, CHy D Al'Wa  90-91 99  CyHuCINO C, H, CLN, O
Cl NHCH; CH;¢ D Ac-Wa 102-105 97 C17H15CIN,O C, H, Cl
Cl NHCHa Cl D Ea-Et 130-132 93 ClsHleclzNzo C, H, Cl
Cl  NHCH, cl al D Al 148149 91 CiHuyCLN,O C, H, CL N, O
Cl NHCHa OCH3 D Al—VVa 95—96 100 CnHwClNzOQ C, H, Cl, N
Cl NHCH; OCH; OCH; D Ea-Et 96-98 97 CisH2 CIN,Os C H, Cl
Cl NHCH; 0O-CH,-0O D Mec-Et 153-154 93 C17H17CIN,0Os C, HCLN
Cl NHCH; CH;e D Et 100-103 88  C1yHysCIN,O C H, Cl
Cl  NHCH, CH, CII D Et-Pe  126-128 88 CsHaCIN.O G, H, CL N, O
NOz NHz D Me 160 87 CmHmNaOs C, H, N, 0
N()_g NHCIIz D .\IC 170 94 CmHnNaOa C, H, N, (0]
I NO. A Dt-Wa 115-116/ 96 C1sH14N-O;
Cl NO; A Ea—Et 102—104 82 CmHmClNan C, H, N
H NO, CH,¢ A Et 85-87 98  CisHieN,0; C, H N,O
Cl NO» CH,# A Di-Wa 96-98 99 C1sH15CIN,Os
Cl  NO. a a A Al 129-130 82  CuHuCLN,O; G, H, CL, N
H NO, OCH; OCH; A Al-Wa 142-143¢ 94 Cy7H17N,05
NO. Cl A Et 155 90 C1sH13CIN,Os C HCL,N
H NHTs E Ea 154-155 99 szszNanS C, H, N, 0
Cl NHTs E Me-Et 49-52 80 CpHauCIN,Os8 C, H, O
Cl N (CHa) «Ts E CzaHzaClNzOsS
Cl N(CH;)-Ts CH;® E Et 89-91 83 CyHa:CIN,O0:8  C, H, Cl*
Cl N(CH;) ' Ts CH; CH; E Et 129-130 90 CysHxCIN.OsS C, H, N, O
NO, NHTs E Ea-Et 165 75 CuHuSN;O:8 G, O; Hf

« Al, ethanol; Ac, acetone; Di, dioxane; Ea, ethyl acetate; Et, dimethy] ether; Me, methylene chloride; Pe, petroleum ether (bp

30-60°); Wa, water.

¢From pL-amphetamine. ¢ From p-amphetamine.

Found: C, 62.1; H, 5.1; Cl, 83. ‘H: caled, 4.8; found, 5.8.
cloniec convulsions). In spite of this, a structure—
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 »s. I, II, III, IV, and V). The specific
antagonism of N-sulfamoylazepine observed with XI
was not apparent with its reduced congener XXVII.

A comparison of the neuropharmacological profiles of
compounds in the present series vs. those of “‘standard”
benzodiazepines elicits one significant difference: when
the various substances were interacted with bpL-
dihydroxyphenylalanine in mice (delayed dopa test of
Everett, et al.?), the isoquinobenzodiazepines tended, if
anything, to potentiate the CNS 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 identifving 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. In all respects,
the results with IV were negative. The utility of the

® Analytical results obtained for the elements indicated by symbols were within £0.49 of the theoretical values.
¢From pL-2-phenylpropylamine.
Indian Acad. Sci., 14A, 126 (1941); Chem. Abstr., 36, 16037 (1942)] reported mp 142°.

/ Lit.1® mp 115-116°.
h Anal. Caled:

¢ 8. Rajagopalan |Proc.
C, 63.1; H, 5.5; Cl, 7.8.

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

The apparent discrepancy obtained in these studies
between interaction of substances with pr-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 pL-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 at the mercury line wavelength of 546 mu. Pmrspectra
were obtained on a Varian Associates A-60 spectrometer, ir
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Tanne VII
SUDSTUTUTED T=PIENYL3, 4= DY DBOISOOUINOLINES
NRereryvsin’ Yiehl,
N R R R Rz R, R Methol salvent Mp, “C v I'ormmnla Analyses"
11 N17Ts IO Al 141133 BH el N2O:8 LN, O
I N1t € A 05-01 nl CullyNe .11, N
11 N(CH) - T= F(POCL) 1 138-110 43 Can 1N 2058 , 1, N
11 NHCH; G Qil 95 CislhisNs
C1 NI1ITs 14 P:0) L 102-103 30 1sN20u3 - 11 (0] ¢, n, 1 N
@} N1l G Oil U8 CiulhiyCENe C, 1, C1 N
Cl NCH) - Ts PPOCI A 250252 71 (el CINOR - HCL ¢, 1,
1 N1CH, G VI-Wa 80100 ai CisHi CIN SIS N
Cl N(Cy) - Ts OCH; OCH; (P00 AL-1] 22922 4 03-11C1 ¢, 1, CLN, O
1 NHCH; OCHh OCH, G Al 110-112 85 ! L Ol
Cl N{C1l3) - Ts" O--C11.-0 1'(POCL) r-Pe P4l-145 91 1L N
| NIy - T Gl FPOCL)  Al-1x 252 die 55 a3 HCTH UL
C1 NHC1ly Cly’ ¢ At 108-110 T2 ¢, 1, 1L N
1 N(CHy) - Ts Clle Cl: POCE) A1) 260~268 67 CullaCINGOS - HCL C 1 N, O
| NI11C1l ¢l CHh (¢ Al 126-128 G Cul s CING ¢, 1, ClLN
NO: NH. J L 152 53 Cis N7 O: o1, 0 Ny
NO NI1Cll; 3 1t 148 g2 o1, N, O
I NO: 1rPOCy) 80G--87* 68
1 NO: 1°(P+O3) P froan Wa 12813k 53 CullH CINO- o1, 0L N0
11 NO. CId Fr05) 10 125-12¢ 10 CulsN. . 1,0
Cl NO 1150 FPOCE)  la 118-121 31 Cra1 (1} ¢ 11,0
NO: (I 1 (P.05) 1:¢ 150 7 Cigtln( ¢ O
o, ol K It 212-214 10 H, (1, Ny
Cle  NHCIL 1 0il 75 C. 11, N
s+ Ree corresponding footnotes in Tuble VI < Lit. mp 05-06°. 7 N: caled, 15.7; fouud, 14.7. ¢ Deiosylation of this componnd
resulied in unidentified mixtures. / From pr-2-phenylpropylamiue. ¢ Nt caled, 15.7: found, 1480 2 Lic"mp S4-85°0 0 Lt myp

1311340, kN

< Ifrom v-amiphetamine.

spectra (C1LCL) using a Perkin-Elmer Infracord.  Structure
determinations were based essentially on microanalysis apd com-
purison of ir and pinr spectra within a given class of compounds.
Since no unusual spectral featiires have been observed with the
compoands deseribed herein, no absorption pesks are listed i the
Iixperitnental Section.  Where analytical results are represeuted
only by the symnbols of the elements, analytical values obtained
were within £0.49 of the calculated values.

¢ach method disciissed in the theoretical pari of this paper is
described here by only one represeutative example. The meth-
ods used in the preparation of analogs are iudicated in Tables
VI-X.

Method A. N-(8-Phenethyl)-2-nitro-5-chlorobenzamide (5,
X = C1).—To a mixture of 121 g (1.0 mole) of phenethylamine
and 35 g (0.87 mole) of NaOIl in 420 ml of H,O and 150 ml of
dioxane were added dropwise under vigorous stirring 192 g (0.87
mole) of 2-nitro-3-chlorobenzoyl chloride dissoived in 200 ml of
dioxane. The addition took ~1 hr and the reaction temperature

as kept below 35° by external cooling.  Stirring was continued

for 1 hr at ambient temperature. The reaction mixture was
diluted with 2 1. of HO and extracted with three 500-ml portions
of CH.Cl,. The extracts were combined, washed (1.0), dried
(Na.S0,), filtered, and evaporated to dryness in vacuo. Crystal-
lization of the residue from IEtOAc gave 250 g (829) of white
prisms, mp 102--104°.  Anal. (Ci:Hi;CIN:O;) C, H, Cl, N.

Method B. 1-(2-Nitropheny!)-3,4-dihydroisoquinoline (6,
X H) from N-(3-Phenethyl)-2-nitrobenzamide with POCl;.—
A solution of 100 g (0.370 mole) of the benzamide (4, X = H) in
500 ml of POCl; was heated to reflux for 17 hr. The volatile
parts were then removed in eacuo as thoroughly as possible.  The
dirk brown oily residue was dissolved in 500 ml of CH.Cls, 300
utl of ice-cold 2 ¥V NaOH was added, and this mixture was shaken
for 0.5 hr to decompose the remaining POCl;.  The organic phase
was separated and the aqueous phase was extracted twice with
200-ml portions of CHxCly.  The comnbined extracts were washed
(NaOTI solution, H,Q), dried (Na.SQ,), filtered, and evaporated
invacun, The oily residue was dissolved in 300 ml of acetone and
Tl gas was bubbled in to precipitate the product as its hyvdro-
chlovide (73 g, 68¢%), mp 225°. The base was set free from its
hydrochloride in the nsaal way and crystallized from ether i

caled, 55.5: found, 56.1.

light yellow crystuls of mp 86-87° (identical with the welting
point reported in the lirerature).1

Compound 6 (X Cl) from N-Phenethyl-2-nitro-5-chloro-
benzamide with P,O;.-—To a hot solution of 57 g (0.18 mole) of
the benzamide (5, X = Cl) in 250 ml of xylene was added with
stirring 110 g of P,O;. This mixture was refluxed for 5 hr.  Afier
cooling the xvlene was decanted and the sticky residue was cave-
fully decomposed with H,O and ice. The acid solurion was ex-
tracted with two 300-ml portions of ether to remove unreacted
starting material. The aqueous phase was then nade alkaline
with concentrated NaOH. The precipitated product was filtered
oft and dried, vield 28.5 g (53%), white crystals, mp 128-130°.
For analysis a sample was recrystallized from EtOAc-It.0
without a change in melting point. Anal. (CLITaCIN:Oy)
G, H, N, CL

Method C. 1-(2-Amino-5-chlorophenyl)-1,2,3,4-tetrahydro-
isoquinoline (7, X Cl). a. Catalytic Hydrogenation.—-A
solution of 2.86 g (10 mmoles) of 6 (X = Cl) in 20 ml of AcOH was
shaken under H, in the presence of 250 mg of PtO: at room tem-
perature and at atmospherie pressure. When no furrher 1l:
uptake was observed, the catalyst was filtered off and the filtrate
was evaporated to dryness i vacuo. To purify the produet, the
crystalline residue was recrystallized (EtOAc¢) to yield 2,10 g
(8197) of white erystals, mp 135-136°. _tnal. (CiHLCING
C, H, N, CL

b. Reduction of 6 (X = Cl) with Pd-NaBH.,.--1n a snspension
of 0.5 g of 109, Pd-C in 15 ml of HyO and 50 ml of MeOIT, 5.0 g
of NaBH, was dissolved quickly. To this mixture was added
dropwise with stirring a solution of 10.0 g of 6 (X = Cl) in 40 ml
of MeOH and 20 ml of dioxane within 45 min, keeping the reac-
tion temperature between 50 and 60°. Stirring was contimred
for 1 hr. The excess sodium borohydride was carefully decom-
posed by addition of AcOH, the catalyst was filtered off, and the
filtrate was basified with 2 & NaOH and further diluted with H.O
to precipitate 7.5 g (83%) of the product described above.

Method D. N-Phenethyl-2-methylamino-5-chlorobenzamide
(9, X = Cl; R = CH3).—To a solution of 60.0 g ((L50 mole) of
phenethylamine in 270 ml of dioxane, 93.8 g (1.44 mole) of N-
methyl-d-chloroisatoie anhydride (8, N = Cl; R = CH3) was
added.  An exathermic reaction set in under vigaroas evaolution
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X R
H NH,
H NHCH,
Cl NH,
Cl NHCH,
Cl NHCH;
Cl NHCH;,
Cl NHCH;,
Cl NHCH;,
Cl NHCH,
Cl NHCH;
NO. NH,
NO, NHCH;
H NH,
Cl NH,
Cl NH,
H NH,
Br NHCH;
CF; NHCH;,
CF; NH,

@b See corresponding footnotes in Table V1.
the two asymmetrie C atoms speculative.

R R:

(+) isomer, |a] ¥ +48.3° (CHCly)
(—) isomer, |a] P —48.0° (CHCly)
OCH,

CH;e
Cng
CH,

CH;»
CHae.h
Cng'/‘

g, Table VI) mp 162°,

NO:
NO:
NO-
CFs

@b See corresponding footnotes in Table VI.
carbethoxy methylation on the isoquinoline nitrogen, probably because of steric hindrance.

11.3; found, 12.1. ¢ Relative configuration at the asymmetric C atoms speculative.

of CO‘.!.
the water bath for 1 hr.

RC
NH:
NHCH;
NHCH;
N'Ha
NH:
NHCH;
NHCH;
NHCH;
NHCH;
NHCH;
NHCH;
NHCH;
NHCH;
NHCHs
NHCH;
NHCH;
NHCH;
NHCH;
NH.
NH:
NHCH;
NHCH;
NHCH;

To complete the reaction, the mixture was heated on
On slow addition of 500 ml of H,O, the
product precipitated was filtered, washed (H:0), and dried

(126 g, 9850).

{+) isomer, |a|2%ss
(+) isomer, [a]22s16
{—) isomer, [a]2%s
(—) isomer, [a]2%ss

CH;*
CH;®
CH®
CH; CH;
CH; CH;

TETRAHYDROISOQUINO|[2,1-d][1,4 |BENZODIAZEPINES

SUBSTITUTED 1-PHENYL-1,2,3,4-TETRAHYDROISOQUINOLINES

Rs Ry

OCH;

CH3

OCHj,

R Rs

+126° (CHCly)
+64.5° (C:H;0H)
—128° (CHCly)
—62° {C:H;OH)
OCH; OCH;
OCHjs OCH;

R;

OCH;

C

DmImCaoocaomEmEmEmmarrtmon

¢ Lit." mp 108-109°,
/ Me, methanol.

Ca25
H
CHs;
H
CH;,
CH;
H
CH;
H
C:Hs
H
CaHs
H
C2Hs

For analysis it was recrystallized from Et,0

TasLe VIII

R,

Recrystn*
solvent

Lt-Pe

Methnd
(Pt)

Ea-Et
Et-Pe
Al

Al
Ea-Et
Kt
Et-Pe
Et-Pe
Me/
Et

Et
Fa-Et
Et
Ppt from Wa
Al
Et-Pe
Et-Pe

A
o
—

=

A
o
~

=

TaBLE IX
SUBSTITUTED 1-PHENYL-2-CARBOXYMETHYL-1,2,3 4 TETRAHYDROISOQUINOLINES

R;

R,

NCH,COOR,

R
X

Recrystn®
Method solvent
M, N Ppt from Wa
M Al
N Ppt from Wa
M
M. N Al
M Al
N Al-Wa
M Al-Wa
N Amorphons
M Al
N Amorphous
M
N
M Et-Pe
M Pe
N Ppt from Wa
M Et—Pe
N Al-Wa
M Et-Pe
M, N Ppt from Wa
M Ea
N Ppt from Wa
M Pe

C, H,CL

Mp, °C
108¢
oil
128-130
140-142
98-99
98-09
145-147
142-144
81-84
110-112
192
182
92-94
168-170
135-137
157-160¢
146-147
131-133
122-124

4 Based on a theoretical yield of 5057,
7N: caled, 14.8; found, 14.1.

Mp, °C
~85-130
98-100
125 dee
0Oil
163-165
83—84
115-122
113-114

112-113

Oil
Amorphous

111-113

99-102
260-266
111-113
212-216
150
210
119-120
135

81-83

to give white prisms, mp 131-132°.

aC:

Yield,
% Formula
83 Ci:HieN.
98 CisHisN,
81 C,sH,;CIN,
72 C1sH1i7CIN,
39¢  C,H:CIN,
37¢  C,H;CIN,
85 Cy3H,, CIN,O,
60 C\Hy,CIN,
12 0171{19C1N2
82 CisHa CIN,
7:) ClslesNaOz
76 C1sHi N30,
4-_) ClsH18N2
C1sH1:CIN,
C,sHy;CIN,
88 Cl7H20N202
:)8 CIGH17BrN2
40 CisHiFsN,
45 CisH5F3N,

* From p-amphetamine.

Yield,
A Formula
59 Ci7Hi;3N20:
CaHayN:O2
CisHxN1O:
Ci1eHaCIN20;
76 Cr H);CIN:Os
33 CaoHysCIN 202
84 CisHisCIN:0:
82 CioHasCIN:0-
01 CisHipCIN:0-
78 CaoHa;CIN2O:
91 CisH1aCIN120:
Ca Has CIN2Oy
C2023CIN20;
55 CxHxCIN2Os
40 C2oHxCINO:
56 CiyHaCIN20:
56 Ca Hy CIN20:
66 CaoHuCIN:O:
90 CryHa N30,
54 CirHiyN304
73 CuoHasN 304
90 CisHi19N30;
90 CaHaF3N20:

Anal.

~1
0]
(o]}

Analyses”

Qo

i

o T T

Q 000000000

=

C, o,
C, H,

ag
Z 2

¢ Relative configuration at

¢ Lit. (footnote

IoNoRe;

oo

C.

¢ Ry is always H in this table since a methyl group in that position completely inhibited
caled, 72.3; found, 70.9.

o noo

Analyses”

H, C1

H, Ci

H. Cl,

H. O
H. N,
H, N

0O:

.CL N
. QL

.N: C, 0?

.N.O

=]

N. O
N. O

e}

caled,

(CisHi:CINO)

Method E. N-(Phenethyl)-2-methyitosylamino-5-chloro-
benzamide.—A solution of 126 g (0.437 mole) of 9 (X = Cl; R =


CnH.0N.O2
C1.H21CIN.Os

-1
o
<
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Svpstrrrted IsoQuiNo|2,1-/]]1,4inENzop A ZErINES

Compd AN Y R R: Re R R Metlod
11 O r
1 1 0 Ol r
11 1 0O H P
111 1 0 CH; P
v 1 0O Ol i+) isowmer, {a]¥a: +1107 (@)
(Ca 011
' Cl O Cll; (=) isomer, [al*us - 104° r
(C:H:OH)
X111 1 0 Cly 0cCl, OCIL r
NI C1 O CHy Cnyf O
XII il 0 Cl ClL' 0
X C1 0 CH; Clly CMs P
X Br 0 CHs 0
Vi NO: O H 0
Vi NO: O Cll ¢
NIV 1 0 H Cl 1 0
XV 1 O Cally Q
XVl 1 O s Q
NV 1 0 CHyCl=(1l Q
XVIID 1 0 CH:.C==CH Q
Vi1 Crs O CHs 0
NIN Cl 0 ClHL:COOCH;, Q
NX 1 0  CH.CONHCI, 2
XX1 Cl 0 (CH2)sN{(CHy). Q
NNII 1 1: CH; R/
NN (1 M. 1 R
XXIV (I 1. Clh R
XXV 1 1. CHy (+) isomer, {a]¥5 RrY
+296° (\Wa)
XXV 1l: Cllg () isomer, [a]®u R
—-275° (Wa)
XXV (1 2 Clly Cle’ R¢

SR

wi See corvesponding fooinotes in Table VI,
configuration at the two asymmetric C atons speculative.
ester with methylamine in 2-propanol.
7 LA reductiont in PhH.

20

k¥ LAH reduction in PhiMe.

CHa) and 102 g (0.536 mole) of p-roluenestilfonyl chloride in 4501
ml of pyridine stood overnight at room temperature. Ex-
vess tosyl chloride was hydrolyzed by adding 100 ml of Me,CO
and 100 ml of H,O and shaking this mixture for 0.5 hr at room
temperature. The reaction mixture was then concentrated
in vacuo. The oily residue was dissolved in 2 1. of EtOAe¢, and
this solution was extracted with two 500-ml portions of 2 ¥ HCI
and one 500-ml portion of saturated NaHCO; solution. The
organie phase was dried (Na,S80,), filtered, and evaporated to
dryness in vacuo to yield 199 g (theoretical amount 192 g) of the
product as an oil which proved to be praetically pure by tle.
All attempts to crystallize it failed. The absorptiou bands of the
ir spectrum (CH,Cl,) were as expected.

Method F. 1-(2-Methyltosylamino-5-chloropheny!)-3,4-di-
hydroisoquinoline Hydrochloride.—A solution of 10.0 g of crude
N-phenethyl-2-methyltosylamino-5-chlorobenzamide in 50 ml
of POCl; was heated to reflux for 20 hr. The work-up procedure
was analogous to that described under method B. The oily
residue (~10 g) wax dissolved in 30 ml of acetone and HCI gas
was bubbled in to precipitate 7.44 g (71%7) of the product in
white prisms. For analysis the produet was recrystallized from
EtOH; mp 250-252°. Anal. (CyuHunCLN.0.,8) C, H, Cl, S.

Method G. 1-(2-Methylamino-5-chlorophenyl)-3,4-dihydro-
isoquinoline (10, X = Cl; R = CH,;).—Concentrated H.SO, (50
ml) was gradually added to 18.0 g (39 mimoles) of 1-(2-methyl-
tosylamino--chlorophenyl)-3,4-dihydroisoquinoline  hydrochlo-
ride (strong HCI evolution) and the thus obtained solution stood
ai room temperature overnight. The reaction mixture was then
poured on crushed ice and made alkaline with 30¢; NaOH. The
oily precipitate was extracted with three 100-ml portions of
Cl11,Cl,. The extracts were combined, washed (1.0), dried

¢ Lt mp 253-255°.
caled, 15.5; found, 14.9.
“ Crystals contained 0.25 miole of EtOIT according to aualysis and partienlarly the nmr speciran.
{LAH reduction in E,0.

Recrysin® Yield,

solvent My, 7O o Formula Analyses

Al 2484250 12 CalheN2O C, 1N O

La 260-262 52 CyHisN20 - 1101 1N O

Al 228-2:30% 70 CiyMisCINO 11, ¢

\I-Wa 9597 St CiHiCIN.O oo, Lo

M 156-157 10 CisHirCINO ¢ 1N, O

M 156=155 [t5) CillipCINO O, 1LNL O

ALk 275-280 21 CayyNmCINO - 1O C 0L CL N, O

Lt 17H-181 a8 CrelCIN=O ¢, 1, C, N, O

O 18718 63 CrisCIN:O C, 01, (1, N, O

M= 190-1134 a1 CoHaCIN:O O CL N, O

\1-Pe 151152 H8 CisHizBrN:0O 1, Br

it 160 3 CrHiNOx O, Ny oF

Ea-l1 70 CisHisN3Os .0

Al 3t CisHuClNO ¢, 11, 1L N O

Al S CheHpCINLO oL CLN, O

Me I87 =140 13 CaMan CINO .1, 0L NO

M 159-160 25 CayHisCIN=0 .11, 1L, N O

\I-Pe 168-170 18 ColizCINO o, CLN O

Ia 221205 23 Ciol it FPaN+O - 11 (G 0 A G

ASSELRY 218-221 20 CanFsCINGO- oL CLNVO

250-2061 5 g H CINO: COHL CLNV O

1032001 34 ta CINO-2HCY 1L CLN, O
123-124 GO CisHaN:- (CHLO00H): ¢ 1L N O
157159 al CippCING A CHCOO0M) s ¢, |, CLN, O
142141 50 CsLCIN O, LN
130132 il CCINz arcrate o LN O

M-t 125128 17 CrlhyCIN: - carirare .11, CL N, O

(+1 mole of C:H.O11;
Al-Ea 158-1011 CigHan CIN- o, ClLNLO
(C1COOL ;-

LA 233-235°, 0 caled, 68,30 found, 67.7. 7 Relative
& Prepared from the correspondiug methyl

INaNOy), filiered, and evaporated 1o arc olly vesidue (11O g,
iheoretical 10.6 g). This raw product was pure enough v be
used in the following step. For analysis it was crystallized from
EtOH-H,O: yield 10.0 g (959), mp S0-100°. Anel. (Culle-
CIN,) G, H, CI, N,

Method H. »r-1-(2-Methylamino-5-chlorophenyl)-1,2,3,4-
tetrahydroisoquinoline (11, X = Cl; R = CHy).-—A solutinn
of 193 g (0.716 mole) of 10 (X = Cl; R = CHa) in 2 1. of 95
EtOH was warmed (o 50° and then 40 g of NaBH; was added.
This reaction mixture was refluxed under stivring for 2 hr, whereby
a boron complex crystallized out gradnally,  Excess NaBIT, wis
destroyved by careful addition of 50 ml of AcOT.  After distilling
olf 11 of EtOH in vacuo, 1 1 ol 2 X HCl was added and the
solution was kept at 30° for 30 min 1o decompose the borou
complex. Thix aqueous solution was made alkaline with 31",
NaOH and extraeted with three 500-ml portions of CIlLCH..
The extracts were combined, washed (IT,0)), dried (Na:=O.),
filtered, and evapurated to dryuess in zacno. The oily residie
(195 g, 1009;) was practically pure 11 by tle  The producet
could be erystallized from EtOH as white prisms, mp 140-141°.
Anal. (C¢Hi:CIN,) C, H, Cl, N.

Method J. 1-(2-Methylamino-5-triflucromethylpheny!)-3,4-
dihydroisoquinoline (10, X = CF,; R = CH;).—A mixture of
35.0 g (0.1 mole) of 1-(2-chloro-3-trifluoromethylphenyl)-3,4-di-
hydroisoquinoline hydrochloride (14, X = CF;), 1.7 g of Cu
powder, and 1.7 g of Cu.Cl in 500 ml of liquid MeNH, was heated
e an aatoclave to 55-60° for 18 hr, The MeNHa was evaporated
and the residue was treated with CH,(Cl,.  The filtered organie
phase was extracted (I0), dried (Na,8O4), and evaporated in
euwcvo.  The resuliing oily reaction product (31.0 g) conld not be
obrained in erysialline form either ax the free base or as a salt.
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The crude product contained only small amounts of starting
material according to tle and the ir and nmr spectra (CDCl;)
confirmed the structure.

Method K. 1-(2-Chloro-5-trifluoromethylphenyl)-3,4-dihy-
droisoquinoline Hydrochloride (14, X = CF;).—A mixture of 122
g (0.6 mole) of phenethyl bromide (15, Y = Br), 134 g (0.72
mole) of 4-chloro-3-cyanobenzotrifluoride (16, X = CF;) and 80
ml of 8nCl,; was refluxed for 5 hr.  The clear solution was poured
on 500 g of ice and made alkaline with 509, NaOH. The prod-
uet was extracted with EtOAc. The obtained crude residue was
dissolved in 200 ml of CH,Cl.. On saturation with HCI gas and
addition of ~200 ml of Et,0, the hydrochloride crystallized out;
vield 110 g (539;). For analysis the compound was recrystallized

from CH,Cl-Et,0; mp 213-216°. Anal. (CisH,,CLF;N)
C, H, C], N.
Method L. Optical Resolution of 1-(2-Methylamino-5-

chlorophenyl)-1,2,3,4-tetrahydroisoquinoline into Its Enantio-
mers.—To a hot solution of 15.0 g (0.055 mole) of pL-1-(2-methyl-
amino-j-chlorophenyl)-1,2,3,4-tetrahydroisoguinoline in 200 ml
of EtOH was added 8.25 g (0.055 mole) of p-(+ )-tartaric acid.
On cooling, a neutral tartrate crystallized out and was filtered
off and dried (9.0 g, 479;), mp 219-220°. The free base was
liberated from this salt with dilute NaOH and extracted with two
50-ml portions of CH:Cl,. The combined extracts were washed
(H20), dried (NasSO,), filtered, and evaporated to an oily residue
(7.0 g). On crystallization from EtOH 5.9 g (399 ) of the (+)
isomer was obtained as white prisms, mp 98-99° [a]%us
+48.3° (¢ 2.1, CHCl).
(—=)=-1-(2-Methylammo-5-chlorophenyl) - 1,2,3,4-tetrahydro-

isoqitinoline was prepared in the same way from 15.0 g of the
racemate by using 8.25 g of (— )-tartaric acid; 5.5 g (379 ) of this
isomer was obtained, mp 97-99°, |a] % —48° (¢ 1.5, CHCL).

Method M. »pr-1-(2-Methylamino-5-chlorophenyl)-2-car-
bethoxymethyl-1,2,3,4-tetrahydroisoquinoline (17, X = Cl; R =
CH;; R' = C:H;).—A mixture of 15 g (55 mmoles) of 12 (X =
Cl, R = CHjs), 20.0 g (120 mmoles) of ethyl bromoacetate, 12.2 g
(120 mmoles) of Et3N, and 133 ml of EtOH was refluxed for 3 hr.
The clear yellow solution was concentrated to half its volume,
diluted with 200 m] of H,O, and extracted with three 100-m! por-
tions of Cg¢Hs. The combined extracts were washed three
times with dilute HCl to remove Et;N and unreacted starting
material. The C¢Hs solution was dried (Na,S0,), filtered, and
evaporated to dryness. The oily residue (15.5 g) was crystal-
lized from EtOH to yield 10.5 g (5639;) of product, mp 83-84°.
Anal. (ConzaClNzOz) C, H, Cl, N

Method N. pr-1-(2-Methylamino-5-chlorophenyl)-2-car-
boxymethyl-1,2,3,4-tetrahydroisoquinoline (18, X = Cl; R =
CH,;).—A solution of 7.5 g (21 mmoles) of 17 (X = Cl, R = CH,,
R’ = C,H;) in 40 ml of Me,CO and 21 ml of 2 N agneons NaOH
was refluxed for 30 min. The acetone was removed in vacuo,
30 ml of EtOH was added and then 21 ml of 2. N HCl. The prod-
uct crystallized on cooling in an ice bath and was filtered off.
On concentrating the filtrate, a second crop was obtained, yield

TETRAHYDROISOQUINO [2,1-d][1,4 |BENZODIAZEPINES 787

5.85 g (849,) of white needles, mp 115-122°, Anal.
CIN,0,) C, H, C], N.

Method O. (+ )=2-Chloro-5-methyl-5,9,10,14b-tetrahydro-
isoquino|2,1-d]|1,4]benzodiazepin-6(7H )-one (20, X = Cl; R =
CH;).—A solution of 35.9 g (100 mmoles) of (—)-17 (X = Cl:
R = CH;; R’ = C;H;) in 150 ml of AcOH was refluxed for 2 hr.
The solution was evaporated to dryness in vacuo and the residue
crystallized from EtOH as white prisms, yield 26.6 g (85%),
mp 157-158°, |a|%:4s +410° (¢ 0.7, EtOH). Anal. (CisHp-
CIN,0) C, H, N, O.

Method P. Compound (—)-20 (X = Cl; R = CH;).—Crude
amorphous (4)-18 (X = Cl; R = CH,), prepared by alkaline
hydrolysis of 35 g (78 mmoles) of the corresponding (4 )-ethyl
ester (17, X = Cl; R = CH;; R’ = C;H;), was heated in an oil
bath at 140-150° for 2 hr. The product crystallized from EtOH
as white prisms, mp 158°; |a]% —411° (¢ 0.6, EtOH). A
total of 25.2 g (839, over two steps) was obtained. Anal
(CISHRClNeo) C, H, N, O

Method Q. Compound 20 (X = Cl; R = CH,CH=CH,).—
To a solution of 6.0 g (20 mmoles) of 2-chloro-5,9,10,14b-tetra-
hydroisoquino|2,1-d]|1,4] benzodiazepin-6(7H )-one (19, X = CI)
in 100 ml of DMTF, 0.57 g (24 mmole) of NaH was added. After
30 min this mixture was heated to 75° and a solution of 2.9 g
(24 mmoles) of allyl bromide in 10 ml of DMF was added drop-
wise over a period of 1 hr. The reaction mixture was maintained
at 75° for another 30 min. The volatile parts were then re-
moved 7n vacuo, the residual oil was dissolved in CHCls, and the
organic phase was washed twice with Hy,O. After drying and
evaporating the solvent, the product was crystallized from CH-
Cly—pentane; yield 4.6 g (78%), mp 159-160°. Anal. (CsoH,\»
CIN,0) C, H, C1, O.

Method R.  2-Chloro-5-methyl-5,6,7,9,10,14b-hexahydroiso-
quino]2,1-d]|1,4]benzodiazepine (21, X = Cl; R = CH;).—2-
Chloro-5-methyl-5,9,10,14b - t e t rahydroisoguino|2,1-d] [1,4] ben-
zodiazepin-6(7H )-one (15.0 g) in 200 ml of ether was reduced
by the Soxhlet method with 5.0 g of LAH. After 20 hr of reflux
the reaction mixture was diluted with 200 ml of C¢Hg and the
excess LAH was destroyed by careful addition of H,O. The
organic phase was washed (H.0), dried (NasS0,), and evaporated
in wvacuo. The reduction product crystallized from ether—
pentane; yield 12.5 g (85%), mp 142-144°. Anal. (CsHie
CIN,) C, H, Cl, N. The ir and pmr spectra confirmed the
structure of the expected product.

(Clus
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