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The ortho substituents could also exert u sterie effect,
the evaluation of which is very difficult at the present
time. I'inally both electronic and steric effeets may
play a role. It is well known that methieillin, although
not susceptible to penicillinase, is much less active than
benzylpenicillin and ampicillin against Gram-positive
and Gram-negative microorganisms=.? In particular, a
comparative study of Barber and Waterworth?! on the
activity of 8 penicillins against 5 Gram-positive micro-
organisms and 15 Gram-negative ones clearly showed,
as reported by Garrod,*” that methicillin is by far the
least active compound. The deviations of methieillin,
cloxacillin, and dicloxacillin from the parabolie curve
could mean that the enzymic system or membrane
system with which the penieilling interact in the S.
aureus and T. pallidum ave different or that nietabolism
18 involved in some way which causes the difference.
The caleulated log 1/¢ values for S. awreus and 7.
pallidum show that also in the case of penicilling the
R, values of the active compounds on these organisms

{20) G. 1. Stewan. “The Penieillin Group of Drugs.'” Elrevier Pabliching
(‘ompany, Amsterdam, London and New York, 1465, pp $3-50.

(21) M. Barber and P. M., Waterworth, Brit, Med. J.. 1, 1159 (1462).

(22) L. P. Garrod i "Lxperimental Chemotherapy,” R. J. Schnitzer
and F. Hawking, Ed., Vol. I1I, Academic I’ress, New York aud l.ondon,
1964, pp 28, 29,

Rovo, of o,

are fairly overlapping and indicate componnds more
lipophilie than thoze active against L. cali. The nuet
active compounds against S auwreus and Koorali e
benzyvipenicithn (R, = 0.55) and carbenecillin (2,
—0.46), respectively.  The products of the ealeulated
log 17¢ values for So aureus nnd I coli indiente that
methylenampicillin and  ampieitlin with A, values
between the above hmits are the most aetive agninst
both raicroorginisms=. Thix is in agreemem with the
liternture  artribnting  such  a  charneteristic  to
ampictllin.®®

In conclusion, both v the case of cephalosporins and
penicilling there is a relationship between lipophilic
character and speetrumn of antibacterial activity,  This
could suggest that differences in the netivity of o given
antibiotic on different =pecies of microorgunisms muy
depend on it= ehanee to eross their cell wall rather than
on metabolic featnres of the bucterial cells. To this
purpose, it wax found that Gram-positive miero-
organisms grown under conditions of inercased cellnkr
lipid content showed also nninerense in their resistance
to penleitlins*
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Agents Acting on the Central Nervous System. XIII.
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The synthesis and pharmacological evaluation of a number of 3-substituted 2,3,4,4a,5,6-hexahydro-1(H )-
pyrazino [1,2-a]quinolines are reported. These compouunds in general show Liypotensive and adrenergic-receptor

blocking activity.

The hypotensive activity iz particularly inarked in 3-8-phenethyl- and 3-+-(p-flnorobenzoyl)-

propyl-2,3,4,4a,5,6-hexahydro-1(H )pyrazino[1,2-alqubiolines.

N-Phenylpiperazines possess CNS and cardiovascu-
lar activities, and substitution of the second imino
group greatly modulates and modifics these activities.?
N-Phenylpiperazines have also served as a side chain
in & number of pharmacologically important molecules.?
In general O-alkyl substitution in the phenyl residue of
these N-phenylpiperazines greatly enhances the effect
on the cardiovascular activities,* and, in fact, 2 number
of 1-substituted 4-o-tolylpiperazines are known to be
strong adrenolyties.® It therefore seemed of interest

(1) Communication No. 143% from the Central Drug Research Institute,
Lucknow, India.

(2) H. G, Morren, V. Bieneft, and A. M. Reyntjens, “‘Vsycho Pharina-
cological Agents,"”” Vol. I, M. Gordon, Ed., Academlc Press, Inc., New York
and London, 1964, p 251.

(3) (a) R. P. Muli, C. Tannenbaum, M. R, Dapero, M. Bernier, W, Yost,
and . e Stevens, J. Med, Chem., 8, 332 (1965); (b) P. C. Jain, V. Kapoor,
N. Auand, A, Ahmad, and G. K. Patnaik, ibid., 10, 812 {1967).

(4) (a) V. P. Arya, G. 8. Grewal, J. David, and C. L. Kaul. Erperi¢nlin,

23, 514 (1967): (b) G. de Stevens and R. P. Mull, I'rench Patent, M3596
(Nov. 15, 1965); Chem. Abstr., 64, 9746 (11160).

to incorporate this mwolecular framework into n rigid
structure such as iz present in 3-substituted 2,3,4.4u,5,6-
hexahydro-1(H)-pyrazino[1,2-a]quinolines (I, R = H).
In this paper we report the synthesis and pharmacologi-
cal activities of a number of 3-substituted derivatives
of I, substituted 2-aminomethylquinolines (IT). and
the corresponding 1,2,3,4-tetrahvdro compounds (I11).°

3 K. C. Srimal, ¥ Mokerjee, 8. K. Chaiterjee, nud N, A, 1965,
nnpublished work,

(6) During the preparntion of 1his manuserip) we eame aeross i sct of
patents’ by the Ciba group deseribing I (R = 11) and its 3-substitnted
derivatives,

(7) (a) A. Rossi, 11 Sury (Giba Lid.), Southh Afriean DPatent, 67,05.765
(Febr, 8, 1968): Cliem. Abuir., 70, 47500y (1969): (1) Houth African Pacemnt
67,05.768 (Feb. 7, 19681; Chem. .1hwtr.. T0, 475012 (1969); () Smutl African
Patent 67,035,766 (Feb. 7, 1968). Chem. Ahstr., T0 475022 (196H): (D)
Soutl African Patent 67,090,764 (Feb. 8, 1968): Chem. Abstr., 70, 475031
(1964):  (e) South African Patent, 67,05,767 (Feb. T, 1068); Chem. Asir.,
70, 578U6Gw (1960).
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TABLE | PHARMACOLOGICAL ACTIVITY OF QUINOLINE DERIVATIVES

Cardiovascular activity (cat)

<% reduction of ————(2.5 mg/kg iv) ————
amnphetamine- Effect on pressor
Ls (lnlee), hyperactivity at response of
Compd?® wz/kg ip Gross cffects” 1/5 LDs Liffect on bp® epinephrine? Relarks®
1 100 Stimulant 0 —-12 (4) —20 Auntihistaminie (2097), anti-
reserpine (antiptosis, antisedation
509, each at 1 mg/kg).
2 100 Depressant 36 0 —40
3 200 Stimulant 0 —108 (75) 0 Potentiation of barbiturate hypuosis
(369%), respiratory failure.
25 300 Depressaint 25 —30 (20) 0
29 200 Depressanut 28 —50 (45) —-70 Adrenaline reversal at 5 mg/kg.
30 200 Depressant 0 —25 (33) Reversal
(Tachyphylaxis)
4 600 Depressant 0 — 64 (40) +13 Antiacetylcholine 4797,
6 100 Depressant 0 —2%8(4) —44 Potentiation of acetylcholine (27%,)
+20 (20) and histainine (229).
5 100 Depressant —20 (40) 0
7 >800 0 0 —-60 (15) 0 Histamine potentiation (10%)
11 200 Depressant 31 —46 (40) +42
(Tachyphylaxis)
12 200 Depressant 75 —16 (10) 0
20 (20 mg/kg)
13 300 Depressant. 26 —14 (1) 0
S 400 Stimulant 0 —30 (20) +66
667 >800 (po) Stimulant 0 0 0
65 150 Depressant. 0 0 0
10 300 0 0 -30 (3) 0 Antihistaminic (33¢7)
23 >500 Depressant 33 —22 (1) —40 Antihistaminic (33Y%;)
9 600 Depressaut 70 —12 (10) —22
17 300 Depressant 70 —-90 (120) +20 Nictitating membrane block 65%;
lowering of blood pressure was
observed in spinal cats also, sug-
gesting a peripheral site of octiou.
1S 200 Depressant 0 —36 (40) + 3 Acetylcholine potentiation 359
19 >400 0 0 —36 (5) —-37
16 150 Srimulant 0 -6 (3) 0 Anti-MES? (204), poteutiation bar-
biturate hyvpuosis (7539%).
21 >S00 V] 64 0 0
31 200 Seimulant 0 — 18 (2) - 54
40 165 Depressant 3 0 0 Antireserpive (antisedation 2017)
42 600 Depressant, 0 0 -33
41 200 Stimulant 0 0 0 Antiveserpine (autiptotic, 259;;
antisedation 239)
By 300 Stimulant 0 +20 (3) —-15 Potentiatiou of acetylcholine (14Y;)
57 150 Depressant 18.7 0 +40 Antireserpine (autihypothermia and

antisedation 259, each), anti-
histaminic (509;)

55 200 Depressant 27 —24 (40) —41 Autlacetylcholine (29¢7), anti-
histamine (10%), and antireser-
pine (antihypothermia antiptotic
and antisedation 259, each)

39 400 Depressant 0 —30(3) —28 Autihistamine (359%)
61 100 Depressaug 0 - 14 (3) Ileversal
(1 mg/kg)

47 700 Depressant 0 -12 (3) -20
35 150 Depressant 0 —32 (37) —-30
49 300 Depressant 79.3 —-40 (30) -30
| >R800 0 0 —-30 (15) 0
23 100 Stimulant 0 —40 (3) —-20 Autiacetylcholine (25¢)
o4 400 Depressant 54 —-30 (10) —20
35 200 Depressant 70 —14 (3) Iteversal

followed by (1 mg/kg)

+24 (5)

52 200 Depressant 0 —72 (15) —10 Potentiation of histamine (25Y%)
63 200 0 —42 (2) —~29

» The number implies the serial number of compounds in Tables III-V. ? Stimulant implies alertuess, straub phenomenon, excite-
went, hyperreflexia, preconvilsiveness, and convulsions, while depresxant implies reduced spoutaneous motor activity ataxia, and loss
of righting reflex. ¢ Millimeter rise (4 ) and fall (—) and the figures in parenthesis describe the duration in minutes. ¢ Per cent block
(—) or potentiation (+); the effect on histamine and acetylcholine, if any, is shown in the Remarks column. ¢ Antireserpine anti-
couvulsant and effect on barbiturate hypnosis and isolated guinea pig ileum is described ouly for those compounds where some significant
effect was observed. / 3-Phenethyl-1,2-dioxo-2,3,4,4a,5,6-hexaliydro-1(H)-pyrazino[1,2-alquinoline, reported by us earlier” ¢ MES,
maximal electroshock seizures.
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Tasr I1
Iyrorunsivi Acrrvity? oF CoMpousn 4
Praration
ol hypo-
cenrion

el o Blood

presstire
[N

State of aniinal (cat) Dose mg,/ kg ivom 1) Lrnind
Normul 1.0 iv. 40 (1 50
2.0 1v. DD (H) 0H0
5.0 1v. TH (2 50
0.05 ta.v.? 20 (31 15
0.11.cve 2 (B 3n
0.2 1ev. S0 G 20
0.5 l.ev. Al N1
Spinal transected 1,0 iv. 15 @2) 20
2.0 L. Nl
Decerebrate 1.0 1. 40 (2 35

o All experiments have been doune with anesthetized cars
(pentobarbital sodium). ? Fignres in paremtheses indicated the
number of experiments from which nieac vilues have beei
derived. ¢ Epinephrine potentiaiion 105 (11), carotid ocelusion
block, 509; (10), and block of nictitating membrane respowe
15% (7). ¢Inwavertebral arterial injection. - Intracerebro-
ventricular injection.

AN
\N# \
11
Thl( T——k
R’ R’
! i 1
N
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T : N(CH,),C.H.
NH(CH.),(,H. {
9]
IV v

N
k/.\'t(‘}i;)_,t AL
vl

I (R = H) was prepared according to the method
described in our earlier communication.® Substituents
were introduced at the 3 position of I (R = H) by »
variety of methods, which are described in the Experi-
mental Section. In an attempted preparation of 3-y-
10-(2-chlorophenothiazinyl)propy! derivative of 1, 10-
(3-chloro-propionyl)-2-chlorophenothiazine® was treated
with I (R = H) in presence of K,CO;, Nal, and Me,CO
to give the corresponding amide. LAH reduction of
the latter always gave back the unchanged pheno-
thiazine. However, this compound could be prepared
by the condensation of 10-(2-chlorophenothiazinyl)-
propionyl chloride!® with I (R = H), followed by LAH
reduction of the amide thus obtained.

2-Substituted aminomethylquinolines II and their
1,2,3,4-tetrahydro derivatives 111 were prepared from
quinaldine either by SeO. oxidation to quinoline-2-
aldehyde!! followed by condensation with an amine and
NaBH, or Raney Ni reduction of the Schiff’s base thus
obtained, or by bromination with N-bromosucecinimide

(8) V. A. Rao, P. C. Jain, aud N. Anaud, {nudiven J. Chemn., T, 833 (146Y).

(9) A. N. Gritsenko and 8. V. Zhuravlev, Med. Prom. SSSR, 14, |71
25 (1960): Chem. Abstr., 86, 9425b (1U61).

(10 E. TF. Godefrot awd K. L. Wittle, . Ory. Chemn., 21, 1165 (1050).

(11) 1I. Kaplan, J. Amer, Chow, Soe., 63, 2654 11041,

Lno, ofal,

to 2-bromomethylgninoline followed by condensarion
with an amine in Phde. Hydrogenion with Ry ¢
cataly=t gnve Z-subsiituted wminomethyl-1.203 f-ret e
hydroguinohnes 1H. Componneds 111 (R = CH.CIH-
OHR"' ] were obtained by the condensation of 2-nnino-
wethyl-1.23 4-tetrahy droquinohne,™ with 1hie appro-
priate cpoxides,  N-8-Hydvoxyvethyl and  N-methyl
dertvatives of TI (" = (CH.).OH or CHy) werr pre-
parcd from 11 (R’ = H) by tre:dment with ethylene
oxtde and HCHO HCO, respectively.  Catalvtie
hvdrogenation of these gave T (B = (CHO.OH or
CH.).

At carely siage of our work 1t was found that 3-
phenethyl-2.3.4 40,5,06-hexahydro-1(H)-pyrazino [1,2-a |-
quinoline (I, ' = CH,CH,C¢H;) had significant hivpo-
tensive aetivity.  The corresponding decahydrognino-
line compaund VI was thercfore prepured by hydro-
genation™ of 11 (7 = H, R = CH,CH,CsH;) over
Riv- €, in HOAc¢ acid ot 70° to 2-phencthylaminomethyl
deeahyvdroquinoline  (IV), followed by condensiion
with diethyl oxalate to the diketo componnd Voand
LAH reduction to VIL From rhe method of hydro-
genation, and by analogy with previons work on the
hvdrogenation of 2-earboxyquinoline, ™ it i certann that
AB ring junction is ¢is. From the nmr speetrinm
{(H-1a peak width 25 Hz) the BC ring junction appears
to be frans. and the relative stercochemistry of the
two <hould be eis-syn-trans.

Pharmacological Activity.-—Acute toxieity, gross
obzervational coffects, antagonisin to sodium pento-
barbital (60 mg kg ip). amphetamine hyperactivity,
electroshock seizures, and reserpine were studied
male mice at 0.5 0.2 1.Dg and the actions on blood
pressure and respiration were studied 1 anesthetized
eats by administering 2.5 me'kg 1v by stindand
metbods deseribed conlier.?

The resnlts of the testing of <ome =elected conmpounds
ave recorded i Table T 2,34, 40,5.6-Hexahydro-1(/7)-
pyrzino [1,2-a Jquinoline (1), the parent member of
this =eries had signifiennt antidepressaut activity sond
wenk hypotensive and adreenolytic aetivities. These
activities were greathy affected by snbstitntion at the
3 position. 3-Acy] subsiituent= ns in 2 abolished both
these petivities, thus showing that basteirty of N3 was
essential for these activities.  Substitution by smaller
alkyl radieals ke CHy (3) resulted i merease
lvpotensive netivity,  However, this componnd caused
respiratory fatlire along with hypotenstion at higber
doses. With inerense in the bulk of the snbstitnert on
position 3 the antidepressant activity completely dis-
appenred. Thos 3-hydroxybutyl (29), 3-ketobutyt (28).
and  S-hyvdroxy-3-methylbutyl (30) wmalogs did po
bave ey anridepressant aetivity. while namnanmnsg
their hypotensive and adrenolytie activities.  Wih
larger substituents ke aralkyl the puattern of ae-
tivity  was  changed and the compounds in gross
observation acted as depressants and quite a fow of
these (11, 12, 13, 23, 9, 17) showed antiunphetamine

activity. The hivpotensive activity wis most marked

+12) 1), Beke, K. Leropere, J. Sevews, and L. Gyermek. 1ge. Ao,
Foly.. 61, 1490 {1455); Chem. Abstr., 52, §124 (1U58),

#13) Von H, Rape, R. Palizer, and K. Engel, Hde. Chym, et 20, 200
{10377,

1) 1L Saliivan aml AD R Dax. S ey Chein, 29, 326 (1510,

“15) Vo L BRope am] W Tlaorovten, Helr. Cidm, Acio,, 30, 020 (11,
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TasLe 111

SO

No. R Method
la H a
1b H a
2 COCH;
3 CH; M,N
44, CH2CH2CGH5 AABC.\I
4b CH.CH,C¢H; ABCAL
3 CH.CsH; H
6 CH.CH.CH.C¢H; A
7 CH.CHOHC:H; D
8 CH,CHOHCH,C:H; D
9 CH2CH2ClOH]-a A
10 CH.CH:NEt, B
11 CH.CHOHCHO¢H; D
12 CH,CHOHCH,C(p) D
CsH.COEt
13 CH,CHOHCH-O(p)C:H.Cl D
14 CH2CHOHCH20(O)CGH4-AC D
15 3-NO:-4-C:H;N F
16 3-NH:-4-C:H;N F
17 (CH:);COCeH:F-p B
18 (CH2)2COCGH4F-p B
B

0

19 CH, [OD
s

. U0, :

CH,CH,CO

S
n OO :

T Cl

CH.CH.CH,

s
= OO0 :

‘T Cl

COCH.CH,
23 CH,CH,CO:Et H
24 CH,CH,CO:H H
25 CHO M
26 CH.CH,C:H.N (4) L
27 CH.CH,C;H.N(2) L
28 CH,CH,COCH; I
29 CH,CH,CHOHCH, J
30 CH,CH,COH(CH,), K

o Prepared by a method reported by us earlier.”
hemihydrate.
and Thommen,! reported mp 97-98,14.6d
matography on silica gel.
mm).. ¢ Literature bp 200-205° (0.5 mm).bd
EtOH-Et,0.
(0.1 mm).be
aq. MeOH.

» Literature mp 181-182° 6c.e
¢ Literature mp 78-79° %

in the 3-phenethyl compound 4. Increasing the carbon
chain length to 3 as in 6, reducing it to 1 as in 5, intro-
ducing a 8-OH group in this ethyl chain (7), or re-
placing the phenethyl chain by 8-hvdroxy-v-arylpropyl
or B-hydroxyv-y-arvloxypropyl (11, 12, 13, 8), caused a
marked reduction in the hypotensive activity. The
corresponding open chain analogs, 47, 35, 49, 51, 53,
had greatly reduced hypotensive activity as compared
to 4, thus showing that an intact pyrazinoquinoline ring

K/.\\R

Mol formula Mp, bp, °C Anal

Ci1.H 5N, 5H:0? 120-124 C, H, N
(6 X 1073 nim)

CrHeN,-2HCI 151 N
CrHisN:O 90¢ C, H, N
Ci;His N, - HCléde 232 N
CooHaN: Oil/we C, H,N
CyHgyN,-HCle 220 C, H N
CigHys N2 - 2HCl4 A 160 N
CaHNe- HCl2 182 N
C (HauN:0 112-113/+7 C, H
CaHyN0-HCl4 154 N
C24H26X2‘Hcld 264 C, H, ‘.\T
CisHzgNs Oil/ N
CyHyN2O2- HCl4 210 C, H, N
CuH3N0;- HCL4 158 C, H N
CaHCIN:0,-HCle 128-130 N
CasHasN2Os Oil/ N
Ci17H;sN,Os* 154 C, H
CrHo N 194 C, H,N
CoH,; FN,O-2HCl4 172 N
CaHxFNO-2HCl4 196 N
CaHNyO2- 2HCl 230 C,H
CopHCIN;08™ 186 C, H
CxHCINSS-HC!-H.04 168 C,H N
CynHaCIN,O8-HCl4 138-140 N
Ci7H N0, 2HCl< 165-167 N
Cl:,HzoNZOTH-zOn 1853—192 C, l[
C1sH1sN:0 101-102 C, H, N
CisHzN; Ooil N
C1sHxN; Oil/.e C, H N
C1sH.:N,O-HCl 1727 N
CrsHasN 02 927 N
Chr7H26N:0¢ 78-80¢ C, H

This compound retains moisture tenaciously and the best analysis agree with a
b Reported in literature bp 90-95° (0.001 mm),!* 126-133° (0.3 mm).t
4 Crystallization from abs EtOH.
9 Literature bp 190-200° (0.5 mm).%d
i Literature mp 115-117°.%¢
= Literature bp 160° (0.2 mm) and mono-HCl mp 180-182° %
¢ Crystallized from CHCl;-hexaue.

¢ Prepared according to the method of Rupe
¢ Literature mp 226-228° .4/ Purified by column chro-

k Mono-HCl sinters at 203°, mp 205-207° dec, bp 173-176° (0.05

k Crystallized from 959, EtOH. ¢ Crystallized from
» Crystallized from MeOH. ¢ Literature bp 190-200°
7 Literature mip 106-107°.% ¢ Crystallized from

structure was necessary for this activity, The necessity
for both the ring nitrogens to be basic in character was
shown by the lack of hypotensive activity in the 1,2-
dioxo analog 66. Hydrogenation of the phenyl ring
of the quinoline nucleus to give the perhydro compound
65 resulted in complete loss of activity., Replacement
of the B-phenyl residue by a tertiary amino group as in
10 also led to reduction of activity., However, this
pattern of aectivity was retained in compouuds where
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Taran: LV

No I Methol
Ol HNCH,CHaCglIt, )
SR HNCH,CH,NE1, (0]
320 HNCH.,CH:NIua, Q)
Be 1INCeH; O
34 HINCH; 0
i HNCHCHyCHa(OC L 10-53,4 Q]
36 HNCH,CHCeH,Cl-p 0
iy HINCH,CH:CsHOCH, -y 0
B (lII)N(l}I_)(lH?CsH)(()(lIh =il =
i I\

39 Ay N—C(,H I

N

40 NOCH.CHyOH ICHLCELCRlL, T
41 N(CH,CH,OH)CH,CH,N I, T
42 N CHCHLOH)CeH,, T
43 N(CH.CH.,OH)CH, T
44 NHCH.,CH.OH O
10 UNCH{CHOCH.Cell, 0
16 HNCH,CH.CH:CgII, )

+ Chrystadlized from abs F1OT,
from g EtOH.

the phenyl ring is replaced by p-fluorobenzoyltmethy!
(17) or p-fluorobenzoyl residues (18). Like 4 both
these compounds =how epinephrine potentiation and
causc murked hypotension. However. unlike 4, com-
pound 17 lowers blood pressure even in the spinal eat,
thus suggesting a peripheral site of aetion.

The 2-substituted aminomethyl-1.2,3,4-tetrahydro-
quinolinex in general showed =significant adrenergic
blocking activity which wus niost marked in 55 and 61
both of which caused a reversal of response to
epinepbrine.

Hypotensive Activity of 4. -Compaound 4 reduces the
blood pressure of an anesthetized cat by 30-6097 in u
dose range of 1.0--5.0 mg/kg iv (Table II}. The effcet
of a single intravenous dose lusted for ubout 1 hr. The
pressor response to intravenous epinephrine i poten-
tiated and to that of earotid ocelusion ix blocked.
Contraction of the nietitating membrane dne to elec-
trical stimulation of its preganghonic nerve is blocked
by 10 20%¢. The compound hax in<ignificant cffect in
spinal transceted animals, It lowers the blood pressure
of the cat when 0.05-0.1 mg 12 administered centrally
by intracercbroventrienlar and intravertebral arterinl
ijection. The predominant site of action ot this com-
pound thus appears to be in the CNS, Thix compound
12 orally effective also,

Experimental Section'’ "

3-Substituted 2,3,4,4a,5,6-Hexahydro-1{ H )-pyrazino|1,2-«i-
quinolines (Table III).--The differemn procednres nsed for the
=yviithesix of these componnds are dexcribed below.

A, The wpproprinte acid chloride (15 nunol) was added 1 o
vigoronsly stirred =olntion of T {R = 1, 10 mmol) in CsHy (1D
516y Meltug points were delermined inan Hu304 Lath and are nneorrected.
Tlee variovs componuds were ronrinely ¢hecked by de und onr spectroscopsy
on a4 Perkin-ldmer Infracord and Virigu A-60D) instrmment, nmy valyes
being expressed a~ » wsing TMN ax incernal refercnre. Whore analyses ore

indseated only Ly sydibols of tie elements »r Minetobps, analyoeal re ;
obliaiaed for those elemrnes or fonelhms woreithin 2017 of e (heoredral
valoes,

(17) The Rowau powmerals refer to (he (ypes of compoonds, winle (e
Myobie vmersls cefer to (e speefic cmopoibuls ps ey sppenr i (he fex:

* aaified by clrommography o silien gel cohman,

X
X/

I

Mol mroaly Mp. hp, € Anal,

CuHy Ny 20T 14923 ¢, H) N
CheflaaN (il ¢, H, N
(l-bIl-l\l,’y”(ll 154 (l, ll, N
Coplly Ny 04 C I, N
Cedd Ny 21T 202 CVH, N
Ca N0y 2HCL ING 185 N
Cy L CING - 2T 205 ¢, 10,1
CrllaNO - 2HCT 200 ¢, N
Cy e N0 0il CoLN
Culla Ny 2HC 1611063 (GRS
CapHe N1 21T 1SO-1s1 O, N
(',,li_-:".\':\()-'.llf(,'l-lI-;()' l():; (l. ll, :\
CrllNLO7 144 ¢, 1, N
Cpl N0 2HCT 155160 ¢, H,N
CaH N0 21O 164165 ¢, H, N
(l(p”'_m:\v-_"' ()il (l. ll, \-
Cyal 1Ny - HCT TLO! His N

Crvstadlized frova ELOH-LEGO0. 7 Crystadlized

mb) sd ag NoOIT (L0 ml of 0.5 V). Stirriug was corainned for
15 hir, the CgHs Liver wis sepd, awd the ag layer extracted wily
151:0. The mixed organic laver was washed with 10%, Nu-
HCO; rad H.O. The ernde amides so obtained were dried o
racro and reduced with LAH in dry 1560 or THFE. The nsid
work-np followed by chromarography on a silicn gel colnmn gave
the 3-substituted pyrazinoquinolines 1 which were characterized
iix (ree bases or as HCL salts.

B.--A mixture of 1 (R = 11, 5 mmol), the appropriate alky)
halide (10 munuol), whyd K.COp (4 mmol), and freshly dried
Nal (10 mmol) fic dry MexCO (25 ml) was stirred and refinxed
for 24 Iir.  The reaction mixture was cooled and filtered and the
rexidue wis washed with MeCO.  Evaporation of the Me,CO
(ollowed by purifiention of the residine as the hydrochloride
cloommography of the (ree base obrained from the Intter gave
the required prodacts. 1 (R = p-FCHCO(CHy),,, 10 = 3 or 2
were obtained by this method nsing I (B = H) anrd 5-chloro-p-
flaombut vrophenote and g-chloro-p-fluoropropiophenone.”?

C.o—~A mixtnre of T¢R = I, 3 mmol), and NaH (4 mmuol) o
dryv PhiMe (25 ml) wis reflnxed nnder N, for 2.5 hr, the appro-
prisae alkyl hromide (9 nnuol) was then added and refluxiig
cordinaed for 18 hu. The reaction mixtnre was washed (H,0),
and the prodaet solated by extrie with 2 8 HCL followed by
Daxifieation with NaOU, and exan with IO,

D.--Amixtare of (R = 1, 10 mmol) wnd the sqpropriate
P-sabstibitel epoxides (12 vunoly ic abs GO (30 1al) wie
reflaxed for S i, The solvent weas evapd and the {-g-hydroxy-
F-snbstitated  ethyl2,5,4,40,5,6-hexahydropyrazinn | 1,2-a]quino-
lines were ixvliuted s hydrochlorides.

E.  3-4-10-(2-Chlorophenothiazinylpropy!-2,3,4,4a,5,6-hexa-
hydro-1( H )-pyrazino|1,2-a]quinoline (21).-—A solntion of 10-(2-
chloropherothiazinyDpropiorgtehloride (10 munol), indry CHCl,
CloHnd) was added nuder stirring to a solu of 1 (R = I, 20 minol)
ia CHCL 25 ml). The reactiowcmixture was stivred and refluxed
for 10 hrsudd filtered. The filtrate was evapd 1o dryvess and the
residine ervstudlized from MeOH 1o give amide 20 which was
reduced with LA 1o THE by 1be asnal wethod 1w give 21
ixolated ax it= hydrocllnride.

F.  3-(3-Amino-4-pyridy!)-2,3,4,4a,5,6-hexahydro-1( H)-pyr=-
azino|1,2-«|quineline (16).--A mixtnre of I (R = 1, 10 munol),
fchlorn-B-nitropyridine® (10 mmoly, RGN (12 nunol) in dry
PhiMe (25 1wl was heated at 10D° for 8 hre FtaN-HCL wis
frered, the filtrate was evipd o drvness i the residne erys-

80 Co v, de Woesieringly, 15 Nesauns, 17, Paey-mackers, & LoV dee
1oy eken, Tud, Chine. Belge, 26, 1073 11460y Chew. Absir., 85, 6428 (10611,
1103 JJ. Keuner and 1708, Stathav, J. Chew. Soc.. 301 (1G35),

200 R Wonger arl FooGo Mann, dad L4516 (1954),
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TasLy V

No. R Method
47a HNCH)CH)CGH‘, Q
b HNCH.CH,C¢H; Q
48 HNCH,CH;NEt, Q
49 HNCH,CH,-3,4-CsH3(OCHy). Q
50 HNCH,CH,C¢H.(Cl-p Q
:)1 HNCHQCH206H4OCH3-p Q
52 N(CH;)(CH,)-3,4-CsH3(OCHs): Q
53 HNCH(CH;)-CH,C¢Hj; Q
54 HN(CH,):-3,4-CsH3(OH ),
35 HN(CH,),-3,4-(CH3):CcH; Q
56 HN(CH,);C:H, Q
57 HNCH,CHOHCH; R
28 HNCH,CHOHCH,0OC¢H; R
59 N(CH:),OH{CH.CH,C:H:) Q
60a HN(CH,).OH Q
b HN{(CH,),OH Q
v — </_\ v, H- Q
61 J\L/I\CG 5
Crystallized from: ¢ H,0. ?EtOH-Et,0. ¢EtOH.

IEtOAe. / Reported by Rupe and Thommen,* mp 103°.

tallized from EtOH to give 3-(3-nitro-4-pyridy!)-2,3,4,4a,5,6-
hexahydro-1(H )-pyrazino[l,2-a]quinoline (15).

The nitro compound obtained as above was reduced in EtOH
with H, at 2.5 atm pressure in presence of Raney Ni to give the
amino compound which was crystallized from EtOH.

G. 3-(g-Carboxyethyl)-2,3,4,4a,5,6-hexahydro-1( H)-pyrazino-
11,2-alquinoline (24).—A mixture of I (R = H, 5 mmol) and
ethy! acrylate (6 mmol) was heated on the steam bath for 3 hr;
the 3-g-ethoxycarbonylethyl compound 23 was then isolated as
its hydrochloride.

A mixture of the above ester hydrochloride (0.32 g) was dis-
solved in min EtOH and NaOH (3 ml of 4%,) was added. The
mixture was refluxed for 30 min and then just neutralized with
HCI, evapd to dryness, and finally dried at 80° (0.1 mm). The
residue was extd with hot MeOH and filtered from inorg salts.
Concentration of filtrate gave 24.

H. 3-Benzy!-2,3,4,4a,5,6-hexahydro-1( H )-pyrazino[1,2-a]-
quinoline (5).—A mixture of I (R = H, 5 mmol) PhCH,C! (5
mmol) and NaHCO; (5 mmol) in H;O-EtOH (25 ml, 1:1 v/v)
was refluxed on steam bath for 20 hr. The oily prodact which
sepd was taken up in Et;,0 and converted into its hydrochloride.

L 3-(3-Oxobuty!)-2,3,4,4a,5,6-hexahydro-1( H )-pyrazino-
11,2-a]quinoline (28).—A mixture of I (R = H, 20 mmol), and
methyl vinyl ketone (22 mmol) in PhH (20 ml) was stirred at room
temp for 24 hr, the solvent was evapd in vacuo, and the oily
product was purified as the hydrochloride.

J. 3-(3-Hydroxybutyl)-2,3,4,4a,5,6-hexahydro-1(H )-pyrazino-
[1,2-a]quinoline (29).—Powdered NaBH. (0.8 g) was added to a
solution of the above ketone I (R = (CH,),COCH;, 1.5 g) in
abs MeOH (25 ml) cooled to 0°. The reaction mixture was
stirred at room temp for 16 hr, and worked up in the usual
maler,

K. 3-(3-Hydroxy-3-methyl)butyl-2,3,4,4a,5,6-hexahydro-1-
(H)-pyrazino[1,2-alquinoline (30).—A solution of ket ne I
[R = (CH:»COCH;, 1.5 g} in dry Et;O (25 ml) was added
to MeMgl (from 0.45 g of Mg and 3 g of Mel) in dry Et,O (50
ml). The reaction mixture was refluxed for 3 hr and stirred at
25° for 20 hr and then the complex was decomposed by the addi-
tiont of a solution of NH4C! (5 g in 50 ml) and worked up as usual.

L. 3-8-(2- or 4-Pyridylethy!)-2,3,4,4a,5,6-hexahydro-1(H)-
pyrazino[l,2-g}quinoline (26 and 27)—A solution of 2- or 4-
vinylpyridine (11 mmol), glacial AcOH (10 mmol), aud I (R = H,
10 mmol) was refluxed?! for 20 hr and worked up a= usnal.

3-Methyl-2,3,4,4a,5,6-hexahydro-1( H )-pyrazine|1,2-.|quino-
line (3).—This was prepared by two methods.

(21) J. E, Robertson, J. H. Beil, T. F., Mitchell Jr.,
11, A. Leiser, J. Med. Chem., 6, 805 (1963).

W. K. Moya, and

N
H

¢ Purified by column chromatography

R
Mol Torinula AMp, bp, °C Anal,
CisHpN, 210-212 N
(0.5 mm)

CisH. N HCle 196 C, H, N
CreHa N 174 (1 mm) C, H
CongeNgOz'QHCl" 182 C, H, N
C1sH CINye 164 C,H N
Ci1oH2:N,O - H,0¢ 152 C,H, N
CaH;sN0q¢ Oil C, H,N
CigHuN, - 2HCP 234 C,H N
CisH, N0, - 2HB1? 252 C,H N
CaoHog N2 HCI® 202 C,H N
CraHa Ny 115-120 C,H N
CrsH22 N0 -HCle 223 C, H, N
ClgHu:\:zOz'?HCngO“ 174 C, H, N
CooHpeN,04 Oil C, H N
C1.HsN.0 - 2HCl 182 C,H N
Cr:HisN20¢/ 103 C, H N
CoHa: N3¢ Oil C, H

on silica gel. ¢ Crystallized fromn

M.—A mixture of I (R = H; 5 mmol) and ethy! formate (50
wmol) was refluxed for 48 hr. Excess HCO,Et was evapd in vacuo
and residue was filtered through a column of silica gel and eluted
with C4Hs. The ¥-formyl product 25 thus obtained was reduced
with LAH in a mixture of dioxane and Et,0 in the usual manner.

N.—2-Methylaminomethyl-1,2,3,4-tetrahydroquinoline [pre-
pared according to method @ (20 mmol)] and diethyl oxalate (20
mmo!) was heated on the steam bath for 16 hr. and then diluted
with EtOAc to give 3-methyl-1,2-dioxo-2,3,4,44a,5,6-hexahydro-
1(H)-pyrazino[1,2-a]quinoline (62), mp 182°. Anal. (CisH1:N,O)
C, H, N. The diketo compound was reduced with LiAlH, in
the usual manner to give 3 (I, R = CHj).

2-Substituted Aminomethylquinolines (II, R’ = H) (Table IV),
O.—A mixture of quinoline-2-aldehyde (0.05 mol) and the ap-
propriate primary amine (0.05 mol) in dry C¢Hs (50 ml) was
azeotroped till nomore HyO sepd. CsH¢ was evapd under reduced
pressure and the crude Schiffs base was dissolved in abs EtOH (50
m!) and reduced with NaBH, (0.2 mol). The usual work-up gave
2-substituted aminomethylquinolines II which were isolated
either as free bases or as hydrochlorides.

P.—A mixture of quinaldine (0.2 mol) and NBS (0.22 mol) in
dry CCl; (150 ml) was refluxed for 4 hr. The reaction mixture
was then cooled in ice, filtered, and the filtrate evapd to dryness
under reduced pressure. The crude 2-bromomethylquinoline so
obtained was dissolved in dry PhMe (200 ml) and the appropriate
amine (0.2 mol) added, and the mixture heated at 100° for 10 hr.
The reaction mixture was filtered to remove amine-HBr. The
filtrate on evapn gave the 2-substituted aminomethylquinolines,
which were isolated as their hydrochlorides.

2-Substituted Aminomethyl-1,2,3 4-tetrahydroquinolines (III,
R’ = H) (Table V). Q.—II HC! (6.0 g) in abs EtOH (250 ml),
coned HC! (4 m!), and 59, Rh-C (0.5 g) was hydrogenated under
2.5 atm of Ha. The usual work-up gave the tetrahydro compounds
111, which were either isolated as free bases or as hydrochlorides.

R. 2-8-Hydroxy 3-Substituted Ethylaminomethyl-1,2,3,4-
tetrahydroquinoline. —Compounds HI (R’ = H, R = CH.CH-
OHR'') were obtained by refluxing a solution of 2-aminomethyl-
1,2,3,4-tetrahydroquinoline (0.1 mol) and the correspouding 1-
substituted epoxy compounds (0.11 mol) in abs EtOH (100 ml)
for 20 hr. The usual work-up gave the required compounds.

2-(N-Methyl-N-3,4-dimethoxyphenethyl)aminomethylquinoline
(38). S.—A mixture of 2-(3,4-dimethoxyphenethy!)amino-
methylgnirolive (I R = H, R = (CH)-3,4(0OCH;).Cs,
0.3 g), CILO (035 ml of 37%; solution), and HCO,IL (0.36 ml,
08-100%;) was heated on a steam bath for 7 hr, Ice-cold H,O
was added and the reaction mixture made strougly alkaline with
NaOH and the product isolated by extraction with EtOAe,
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purified by chronwtography orc alaminn 10 Cellg aud  elnted
with Cglly with inereasing proporions of INOAe, when ihe
prodiet was obtained as an oil.
2-(N-g-Hydroxyethyl-.\'-substituted jaminomethylquinoline (II)

(R" = (CH:,OH). T.—A mixtare of 2-substituted aminomethyl-
quinoline (11, R7 = 11, 0.03 moll nnd ethylene oxide (0.04 wmol}
i EtOH (50 ml was stirred a1 30° for 18 hr, solvent was evapid
to dryress and the produets were isolated as hydrochlorides.

2-(3,4-Dihydroxyphenethyl)aminomethyl-1,2,3 4-tetrahydro-
quinoline (54). TU.-—2-(3,4-Dinethmxyphenethyl)aminnmethyl-
1,2,3,4-tetrnhydroquinoline (2.0 g) and HBr (20 ml of 48/7) were
refluxed 20 hr. ixeess HBr was evapd in vacwo aud the residae
crystallized from FtOH-E1LO 10 give the HBr <alt of 1he di-
hyvdroxy compoad,

2-Phenethylaminomethyldecahydroquinoline (1V) (63). -2-
Phenethylaminomethvlquinolive (I1, R = 11, R = (CI, % Cell.,
2.9 gy it AcOIL (50 wml) ard 5 Rh-C (1 ¢) at T0-80° were
hydrogenated nnder & atin of 1L, The nsnal work-np gave ihe
free base, which wis parified by chromatography and obtained
s anolls vield, 2.7 ¢; nu (CCLY showed ouly one singlet (2.5 6,
Celly) e the saomatie vegion.  tpal, (CllaNal, N

Benzo[g]lquinolines. 1I.

AMenxe asp ALBraglsoxs

3-Phenethyl-1,2-dioxoperhydro-1(//)-pyrazinol1,2-¢|quinoline
(V) 164). TV was couverted Lo V by the action of dierhvd
oxalate as deseribed carlier:  ervadlized Teone IMOAe hexaac,
wap 210%; vield, 7o', Anad. [ConIlagNOui, N

3-Phenethylperhydro-1( A )-pyrazine|1,2-«|quineline (V1) (65)
wiex obldbed by TAH reduction of 'V oax deseribed endlier, aad
purified by chromatograpliy: mp 55 -60°) yield 7000 (- ranr (CCLY
28y Ex, CelTas, 7-8.8 (m, 25 protows; VI-21TCL cevstdlized (rota
LrOH, mp 220° Dwd. (CheHu N G, LT
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Novel Synthesis and Pharmacological

Evaluation of cis-1-Alkyl-1,2,3,4,4a,5,10,10a-octahydrobenzo[g]lquinolines!

W. I'. Micaye AND N. I, ALBERTSON

Steeling=-Winthrop Rrecaveh Institute, Renseclaee, Now Vork

Reccived Novewther 7, 186y

Cyelizatiorcof N derivatives of trane=2-(p-methoxybenzyvl -, a-dbuerhyvl-3-piperidinemethanol gives derivatives
of mixtures of cis- and trans-1,2,3,4,4a,5,10,10a-0ctahyvdro-7-methoxy-, -diniethylbenzo[glguinoline, the proditet

ratios depending on the N substituent.

Cyclization of the eis alcohols gives the ¢i2 products exclusively. A

possible explanation involvirg olefinic intermediates ix dizcnssed, along with the applieation of this phenomenon
to the synthesis of c¢is-1-alkyl-1,2,3,4,4a,5,10,10a-0ctahydrobenzo[glquinolines and their evaluation as narcotic

antagonists.

In our previous paper,? it was established that certain
N-alkyl derivatives of ¢is-1,2,3,4,44,5,10,10a-octahydro-
5,5-dimethylbenzo [g]Jquinolin-7-ol (1b) possessed ap-
proximately 0.05 the narcotic antagonist activity (us.
meperidine) of the correspondingly N-substituted g
iromer of 2’-hvdroxy-3,9-dimethyl-6,7-benzomorphan
(2). Our basic premise was that these alkyl derivatives
of 1b probably owe their activity to the fact that they
can assume o conformation in which much of the

R.'
A
R i HO
! CH, “cH,
la,R.,=H 2

b.R,=0OH

molecule 1s superimposable on the corresponding N-
alkyl derivative of 2. If such be the case, then one
might conclude that the mechanisms of action of the
two different types of molecules are the same, or at
least very similar.? A necessary (but not sufficient) con-
dition for the wvalidity of this interpretation is that
removal of the C7-OH function of 1b to give 1a should
lead to decreased activity in this series, since the corre-

(1} Taken ju part jrom the Ph.D. (hiesx ol W, 10 Michne, Rensselaer,
Polyvleehnie Institute, Trov, New York, Jnne, 1968,

(21 W, . Michne and N. UL Albertson, J. MWed, Chem, 12, 402 51069,

(3t or w disenssion of 1he hnplicatiobs »l <och 0 comparison, sec P S0
'oveoshese, . Phacne Ses. 55, 865 (19665,

sponding change in the series of 2 derivatives results
in such a decreaxe.* With this idea in mind, synthetic
approaches to the efficient production of 1a (Ry = H)
were explored.

Chemistry.-—The general synthesis of compounds 1n
the 1b series faund only limited applicability to the
preparation of 1a (Ry = H9) = (Scheme I). Acylation
of diethyl 2-cyanaethylmalonate with phenylacety
chloride using NaH afforded 3. Catalytic reduction of
this ketonitrile over Pt gave 4. Carbobenzoxylation of
4 gave 5 which was saponified to half-acid cster 6.
Decarboxylatian of 6 gave 7a as a mixture of sterco-
isorers. However, unlike the mixture 7b from which
the ets isomer crystallized readily, mixture 7a could noi
be separated.  Treatment of mixture 7a with MeMgl
followed by hydrogenolysis of the carbobenzoxy graup
gave n mixture of 8a isomers, also inseparable. Cyeliza-
tion of mixtnre 8a with hot 1:5 HaSO~AcOH gave
mixture of approximately 609% 9 and 40% 10 as de-
termined by nmr.2%  This mixture could be separated
through the nse of dry column chromatography® on
alumina; however, only small quantities of the mixture
could be separated at any one tinme.

The difficultics attending the separation of stereo-
womers in Scheme 1 made it desirable to find
an alternative ronte to the large scale preparation of 9.

11 N. I'. Alberson, aupablished results.

(5 Since the 8b ismners eyelize without losing Lheir configurations, i eice
Le assned that the 8a ismliers bebave sonilarly.  Hencee, U comprositon
i islure 8a is prolably 60745 oy awd 4057 trans.

s 14 Loey awel AL AL Coothinan, Chem. Dl 2026 (1467,
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