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The ortho substituents could also exert a steric effect,
the evaluation of which is very difficult at the present
time. Finally both electronic and steric effects may
play a role. Itis well known that methicillin, although
not susceptible to penicillinase, is much less active than
benzylpenicillin and ampieillin 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 miero-
organisms and 15 Gram-negative ones elearly showed,
as reported by Garrod,*® that methicillin is by far the
least active compound. The deviations of methicillin,
cloxacillin, and dieloxacillin from the parabolic curve
could mean that the enzymic system or membrane
svstem with which the penicilling interact in the S.
aureus and T. pallidum are different or that metabolism
18 involved in some way which causes the difference.
The caleulated log 1/¢c values for S. aureus and 7.
pallidum show that also in the case of penicillins the
R, values of the active compounds on these organisms

(20) G. T. Stewart. "The Penicillin Group of Drugs.” Elsevier Publishing
Company, Amsterdam, London and New York, 1965, pp 43~50.

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

(22) L. P. Garrod in ‘“‘Experimental Chemotherapy,” R. J. Schnitzer
and F. Hawking, Ed., Vol. IIl, Academic Press, New York and London,
1964, pp 28, 29.
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are fairly overlapping and indicate compounds more
lipophilic than those active aguinst L. coli. The most
active compounds against S, awreus and £ coli are
benzyIpenicillin (R, = 0.55) and carbenecillin (2, =
—~0.46), respectively. The product= of the caleulated
log 1:¢ values for S awreuws and I roli indieate that
methylenampicillin- and  ampicillin with £, values
between the above hmits are the most aetive against
both microorgamisms. Thix is in agreement with the
literature attributing  such o charaeteristic 1o
ampieillin.®

In coneclusion, both in the case of cephalosporins and
penicillins there ix a relationship between lipophilic
character and spectrum of antibacterial activity. This
could suggest that differences in the aectivity of w given
antibiotic on different species of microorganisms= may
depend on it= chanee to eross their eell wall rather than
on metabolic features of the bacterial cells. To this
purpose, it wax found that Gram-positive micro-
organisms grown under conditions of increased cellulir
lipid content showed also an inercase in thelr resistance
to penieillins.?
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Agents Acting on the Central Nervous System. XIII.
2,3,4,4a,5,6-Hexahydro-1(H)-pyrazino[1,2-aquinolines.
A New Class of Hypotensive Agents!
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The synthesis and pharmacological evaluation of a number of 3-substituted 2,3,4,41,5,6-hexahydro-1(H )-
pyrazino [1,2-a]quinolines ave reported. These compounds in general show hypotensive and adrenergic-receptor

blocking activity.

The hypotensive activity is particularly marked in 3-8-phenethyl- and 3-+-(p-fluorobenzoyi)-

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

N-Phenvlpiperazines possess CNS and cardiovaseu-
lar activities, and substitution of the second imino
group greatly modulates and modifies these activities.?
N-Phenylpiperazines have also served as a side chain
in a 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, a number
of 1-substituted 4-o-tolylpiperazines are known to be
strong adrenolytics.” 1t therefore seemed of interest

(1) Communication No. 1439 from the Central Drug Research Institute,
Lucknow, India.

(2) H. G. Morren, V. Bieneft, and A. M. Reyntjens, ‘‘Psycho Pharma-
cological Agents,” Vol. I, M. Gordon, Ed., Academic Press, Inc.,, New York
and London, 1964, p 251.

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

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

23, 514 (1967); (b) G. de Stevens and R. P. Mull, French Patent, M3596
(Nov. 15, 1965); Chemn. Abstr., 64, 9746 (1966).

to incorporate this molecular framework into a rgid
structure such ax is 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 (I}, and
the corresponding 1,2,3,4-tetrahydro compounds (I11)."

(5) R. . Srimal, 8. Alukerjee. ¥, K. Chuatterjee, and N, Anand, 1965,
napublished work,

(6) During the preparation of this manuseript we came across u set of
patents’ by the Ciba group describing T (R = H) and its 3-substituted
derivatives,

(7) (a) A. Rossi, . sury (Ciba Ltd.), South African Patent, 67,05,765
(Feb, 8 1968); Chem, Abstr., 70, 47500y (1969); (b) South African Patent
67,05.768 (Feb. 7, 1968); Chem, .1hetr., 70, 475012 (1968): (¢) South African
Patent 67.05,766 (Feb. 7, 1968). Chem. Abstr., 70, 475024 (1964): (4
South Afriecan Patent 67,05,764 (Feb. 8, 1968); Chem. Abstr., 70, 475030
(1969):  (e) South African Patent, 67.05,767 (Feb. 7, 1968); Chem. Absir.,
70, 37896w (1969,
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TaBLE [ PHARMACOLOGICAL ACTIVITY OF QUINOLINE DERIVATIVES

Cardiovascular activity (cat)
—————(2.5 mg/kg iv)

Y% reduction of

amphetamine- Effect on pressor
Ls (mice), Liyperactivity at response of
Compd" mg/kg ip Gross effects? 1/5 LDgx Liffect on bp® epinephrine? Remarks®

1 100 Stimulant 0 —12 (4) —-20 Anfiihistaminie (209;), auti-
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 hypnosis
(56%), respiratory failure.

28 300 Depressant 25 —30 (20) 0

29 200 Depressant 28 —50 (45) —-70 Adrenaline reversal at 5 mg/kg.

30 200 Depressany 0 —25 (33) Reversal

(Tachyphylaxis)
4 600 Depressaut 0 —64 (40) +13 Antiacetylcholine 479
6 100 Depressant 0 —28 (4) —44 Potentiation of acetylcholine (27Y%)
+20 (20) and histamine (229).
b 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 7 —~16 (10) 0
20 (20 mg/kg)
13 300 Depressant, 26 —14 (1) 0
8 400 Stimulant 0 —30 (20) +66

667 >800 (po) Stimulant 8] 0 0

65 150 Depressant. 0 0 0

10 300 0 0 —30(3) 0 Antihistaminic (339%)

23 >800 Depressant, 33 —~22 (1) —40 Antihistaminic (339)

Y 600 Depressant, 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 oction.

18 200 Depressant, 0 —36 (40) +33 Acetylcholine potentiation 359

19 >400 0 0 —36 (5) —-37

16 150 Stimulant, 0 —6 (3) 0 Anti-MESY (209)), potentiation bar-
biturate hypnosis (75%).

21 >N00 0 64 0 0

31 200 Stimulant 0 - 18 (2) —34

40 165 Depressant 3 0 0 Antireserpine (antisedation 200¢)

42 600 Depressant, 0 0 —-33

41 200 Stimulant 0 0 0 Antireserpine (antiptotic, 239;;
antisedation 25%,)

59 300 Stimulant 0 +20 (3) —-15 Potentiation of acetylcholine (149;)

a7 150 Depressant 18.7 0 +40 Antireserpine (antihypothermia and
antisedation 25%, each), anti-
histaminic (509)

58 200 Depressant 27 —24 (40) —41 Auntiacetylcholine (299), anti-
histamine (10%), and antireser-
pine (antihypothermia antiptotic
and antisedation 259, each)

39 400 Depressant. 0 —30 (3) —28 Antihistamine (359,)

61 100 Depressans 0 —14 (3) Reversal

(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

51 >800 0 0 —30 (15) 0

53 100 Stimulant 0 —40 (3) —20 Antiacetylcholine (25%)

54 100 Depressant. >4 —30 (10) —20

55 200 Depressant 70 —14 (3) Reversal

followed by (1 mg/kg)
+24 (3)
52 200 Depressant 0 —72 (15) —10 Potentiation of histamine (25%;)
63 200 0 —42 (2) —29

* The number impliex the serial number of compounds in Tables ITI-V. ? Stimulant implies alertness, straub phenomenon, excite-
ment, hyperreflexia, preconvulsiveness, and convulsions, while depressant implies reduced spontaneous motor activity ataxia, and loss
of righting reflex. ¢ Millimeter rise (+ ) and fall (— ) and the figures in parenthesis describe the duration in minutes. ¢ Per cent block
(—) or potentiation (4); the effect on histamine and acetylcholine, if any, is shown in the Remarks column. ¢ Antireserpine anti-
convulsant and effect on barbiturate hypnosis and isolated guinea pig ileum is described only for those compounds where some significant
effect was observed. 7 3-Phenethyl-1,2-diox0-2,3,4,4a,5,6-hexahydro-1(H )-pyrazino[1,2-a] quinoline, reported by us earlier” ¢ MES,
maximal electroshock seizures.
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TasLie 11
HyroreNsive Activity? or CoMPOUND 4
Muration
of hypo-
tension

Fall ot blood
pressure
b

State of animal (cat) Dose mg,/kg (mm Hg) {min)
Normal 1.0 iv. 40 (11} 50
2.01v. A (D) 60
5.0 1v. 75 (2) 50
0.05 Lawv.? 20 (3) 15
0.11cv.e 200 (6] 30
0.21.cv. 30 (3 20)
0.5 1.ev. 50 (1) 0
Spinal transected 1.0 iv. 15 (2 20
2.0 Lv. 0
Decerebrate 1.0 1v. 40 (2) 30

o All experiments have been done with anesthetized cats
(pentobarbital sodium). ¢ Figures in parenthexes indicated the
number of experiments from which mean values have heen
derived. ¢ Epinephrine potentiation 1095 (11), carotid occlusion
block, 509, (10), and block of nictitating membrane response
159 (7). ¢lIntravertebral arterial injection. ¢ Intracerebro-
ventricular injection.

X
A N
H
T_I{ T‘——R
R’ R’
I I i
N
N .
H i 0 N(CH.),C.H.
NH«CH.),C H-
0
v v

N
k/f\'((‘}{;);(', H.
V1

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 a
variety of methods, which are described in the Experi-
mental Section. In an attempted preparation of 3-y-
10-(2-chlorophenothiazinyl)propyl derivative of I, 10-
(3-chloro-propionyl)-2-chlorophenothiazine’® was treated
with I (R = H) in presence of K,COj;, 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-chlorophenothiazinyi)-
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 II1 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-bromosuccinimide

{8) V. A.Rao, P. C. Jain, and N. Anand, Indiun J. Chem.. T, 833 (1469).

(9) A. N. Gritsenko and S. V. Zhuravlev, Med. Prom. SSSFR, 14, [7]
25 (1960); Chem, Abstr., 86, 9425b (1961).

(10) E.T. Godefrot and E. L. Wittle. ./. Org. Chem., 21, 1163 (1956).

(11)y W, Kaplan, J. Amer. Chem, Soe., 68, 2654 (19041).
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to 2-bromomethylquinoline' followed by condensution
with an amine in Phde.  Hydrogenation with Rh €
catalyst gave Z-substituted aminomethy =12 3 -tetrn-
hyvdroquinolines 1T Compounds 1TL (R = CHL.CH-
OHR" | were obtained by the conden=ation of 2-umino-
methvi-1,2,3 4-tetrabydroquinoline,™ with the appro-
priate cpoxides,  N-8-Hvdroxyethyl and  N-methyl
derivatives of II (R = (CH..OH or CHy) were pre-

pared from 11 (R = H) by treatment with ethylene
oxide and HCHO HCOH, respectively.  Cutalytic
hvdrogenation of these gave T (R = (CHLOH or
CH.).

At an carly stage of our work 1t was found that 3-
phenethyl-2.3,4.40.5,6-hexahydro-1(H )-pyrazino [1,2-a -
quinoline (I, R = CH,CH.CeH,;) had significant hypo-
tensive aetivity,  The corresponding decahivdroquino-
line compound VI was therefore prepared by hydro-
genation™ of IT (R7 = H, R = CH,CH.CsH;) over
Rh- C, in HOA¢ acid at 70° to 2-phenethylaminomethyl
decahvdroguinoline  (I'V), followed by condensation
with diethyl oxalate™ to the diketo compound Vound
LAH reduection to VI, IFrom the method of hydro-
genation, and by analogy with previous work on the
hydrogenation of 2-carboxyquinoline, " it is certain thal
A B ring junction iz ¢/s. From the nmr speetrum
{H-4u pealk width 25 Hz) the B/Cring junction appewrs
to be frans. and the relative stereochemistry of the
two should be eis-syn~trans.

Pharmacological Activity.—Acute toxicity, gross
observational effeets, antagonism to sodium pento-
barbital (60 mg kg ip), amphetamine hyperactivity,
electroshock seizures, and reserpine were studied in
male mice at 0.5 0.2 LDz and the actions on blood
pressure and respiration were studied in anesthetized
eats by administering 2.5 mg‘kg 1v by standard
methods deseribed carlier.?”

The results of the testing of some selected compoundds
are recorded in Table I, 23,4, 40,5.6-Hexahydro-1(/7)-
pyrazino|1,2-a Jquinoline (1), the parent member of
this series had significant antidepressant aetivity and
weak hypotensive and adrenolytic uetivities. These
activities were greatly affected by substitution at the
3 position. S-Aeyl substituents as in 2 abolished both
these netivities, thus showing that basieity of N-=3 was
essential for these activities.  Substitution by smaller
alkyl radieals like CHy (8) resulted in an inerease i
hypotensive activity. However, this compound cansed
respiratory failure nlong with hypotension at higher
doses, With inerease in the bulk of the substituent on
position 3 the antidepressant activity completely dis-
appeared.  Thus 3-hvdroxybutyl (29), 3-ketobutyl (28).
and  3-hvdroxy-3-methylbutyl (30) anulogs did ot
have any antidepressant aetivity. while maintaining
their hypotensive and adrenolytic activities.  With
larger substituents like aralkyl the puttern of wae-
tivity  was changed and the compounds in gross
observation acted as depressants and quite w few of
these (11, 12, 13, 23, 9, 17) showed antiamphetamine

activity.  The hypotensive activity was most marked

(12) D). Beke, K. Lempert, J. Reress. and L. Gyermek. Mgy, Kew,
Foly.. 81, 180 (1855); Chem. Abstr., 82, 9124 (1958).

i13) Von H. Rupe, R. Paltzer, and K. Engel, Hele, Chim, Actu, 20, 209
1937,

(13 T B Saltivan and AL R Day. S Grg. Chem,, 29, 326 (1uly,

115) Vou 11, Rape and W, Thommen, Helv. Chim. Acta., 30, 920 c1id)



PyrazorLiNo[1,2-a]QUINOLINES

Journal of Mcdicinal Chemistry, 1970, Vol. 13, No. 8 519

Tasri 111

SO

No. R Method
la H a
1b H a
2 COCH;
3 CH; M,N
4a CHzCHzCaH{, AABC.\[
4b CH.CH:CsH; ABCM
5 CH.C¢H; H
6 CH:CH,CH.C¢H; A
7 CH.,CHOHC:H; D
8 CH:CHOHCH,CH; D
9 CH,CH,CyH:- A
10 CH,CH:NEt, B
11 CH:CHOHCH:0¢H; D
12 CH,CHOHCH:C(p) D
CsH,COE+t
13 CH.CHOHCH:0O(p)CsH.Cl D
14 CH.CHOHCH:0(0)CsHs-Ac D
15 3-NOg-4-C;H;N F
16 3-NH;-4-C;H,;N F
17 (CH,);sCOC¢H F-p B
18 (CH2)ZCOCBH4F"p B
B

0

19 CH, [OD
s

b OO0, :

CH,CH,CO

S
e ol :

T Cl

CH.CH.CH,

S
s eo) :

T Cl

COCH.CH,
23 CH,CH,CO:Et H
24 CH,CH,CO.H H
23 CHO M
26 CH.CH,C;HN(4) L
27 CH.CH,C;H.N(2) L
28 CH,CH,COCH; 1
29 CH,CH,CHOHCH; J
30 CH:CH:COH(CHj;). K

@ Prepared by a method reported by us earlier.”
hemihydrate.
and Thommen,!* reported mp 97-98,4.6d
matography on silica gel.
mm).® ¢ Literature bp 200-205° (0.5 mm).td
EtOH-Et.0.
(0.1 mm).be
aq. MeOH.

» Literature mp 181-182° te.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-hydroxy-v-arylpropyl
or B-hydroxy-y-aryloxypropyl (11, 12, 13, 8), caused a
marked reduetion 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

N

Mol formula Mp, bp, °C Anal

Cr2H1sN2+ 3H,0? 120-124 C,H, N
(6 X 107* mm)

Ci:H16N;-2HCI 151 N
C1uHsN:0 90° C,H, N
CisHisN,- HCl% e 232 N
CaHaN2 Qilf e C, H, N
CyHauNo- HCle 220 C,H, N
CigHnN,-2HCl4 2 160 N
CuHe N HCle 182 N
C (HuN:0 112-113/+7 C, H
CyHyN,0-HCl4 154 N
Ca:HzeNy- HCI4 264 C,H, N
CisH1N3 Oil’ N
CoHaN,0,- HCI¢ 210 C,H, N
C2:HyoN,O4- HC14 158 C,H N
CyuHyCIN,O,- HC14 128-130 N
CosHosN20s Oilf N
CyrH1sNO2 154 C, H
CiHzoN# 194 C, H,N
CaHosFNO - 2HCl4 172 N
CauHyFN,O - 2HCl4 196 N
CxHaN,0,-2HCY 230 C,H
CorH2CIN,O8™ 186 C, H
CxHCIN,S - HCI- H,O¢ 168 C, H,N
CyHCIN,OS - HCI4 138-140 N
CrHauNO,-2HCle 165-167 N
C1:H30N»0,- H O 188-192 C, II
CiH1sN,0 101-102 C,H, N
CioHuNs 0ilf N
CioHz N3 Oilf C, N
CisH:N.0-HCI 1727 N
C1sH2N,01 92r N
C17H26N:0¢ 78-80¢ C, H

This compound retains moisture tenaciously and the best analysis agree with a
® Reported in literature bp 90-95° (0.001 mm),** 126-133° (0.3 mm).6
4 Crystallization from abs EtOH,
¢ Literature bp 190-200° (0.5 mm).5d
i Literature mp 115-117°.%¢
™ Literature bp 160° (0.2 mm) and mono-HCI mp 180-182°.¢»
¢ Crystallized from CHCl;-hexane.

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

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

¥ Crystallized from 959, EtOH. ! Crystallized from
» Crystallized from MeOH. ¢ Literature bp 190-200°
 Literature mp 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 8-phenyl residue by a tertiary amino group as in
10 also led to reduction of activity. However, this
pattern of activity was retained in compounds where
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No. 24 Method
31 HNCH,CHCeH, §]
320 HNCH,CH,NLE{. O
32b HNCH,CH:NLEt: 0
33 HINCeH; O
34 HNCH; O
35 HNCH:CHCsH3 (OCHy p0-3,4 (@]
36 HNCH,CH,CeH,Cl-p O
0T HNCH.,CH,CeHOCH - (9]
38 CH;N - CH,CH.CeHy (OCH, jo-3,1 =
39 N N—¢ H r
40 N(CH,CH.OH JCH,CH, 4l 1
11 N(CH.CH;OH)CH.CH:N 1. \
42 N(CH.CH,OH)CeH,, T
43 N(CH,CH.,OH)CH, T
44 NHCH.CH.OH )
45 HNCH(CH;)CH.Cgli; O
16 HNCH.CH.CH.CIH, 9]

+ Crystallized from abs 1tOI1.
froni ag EtOH.

the phenyl ring is replaced by p-fluorobenzoylmethyl
(17) or p-fluorobenzoyl residues (18). Like 4 both
these compounds show epinephrine potentiation and
cause marked hypotension. However. unlike 4. com-
pound 17 lowers blood pressure even in the spinal cat,
thus suggesting a peripheral site of action.

The 2-substituted aminomethyl-1,2,34-tetrahydro-
quinolines in general showed significant adrenergic
bloeking aetivity which wus most marked in 55 and 61
both of which caused a reversal of response to
epinephrine.

Hypotensive Activity of 4. --Compound 4 reduces the
blood pressure of an anesthetized eat by 30-609; in «
dose range of 1.0-5.0 mg/kg iv (Table II}. The effect
of a single intravenous dose lasted for about 1 hr. The
pressor response to intravenous epinephrine is poten-
tiated and to that of earotid oecclusion ix bloeked.
Contraction of the nictitating membrane due to elee-
trical stimulation of its preganglionie nerve is bloeked
by 10-209. The compound hax insignificant effeet in
spinal transceted animals, It lowers the blood pressure
of the cat when 0.05-0.1 mg ix administered centrally
by intracerebroventricular and intravertebral arteriul
injection. The predominant site of action of this com-
pound thus appeuars to be in the CNS. Thix compound
ix orally effective also.

Experimental Section'" "

3-Substituted 2,3,4,4a,5,6-Hexahydro-1( H )-pyrazino|1,2-u]-
quineolines (Table III).-—-The different procedures used for the
syuthesix of these compounds are dexcribed below.
A, ~The appropriate acid chloride (15 mmol) was added 1o
vigorously stirred solution of T (R = H, 10 mmol) in G (10
116) Melting points were determined in an Hu304 bhatl and are uncorrected.
The various compounds were routinely checked by ir and nir spectroscopy
on a Perkin-Eimer Infracord and Varian A-60D instrument, nmr values
Lieing expressed ax r using TM= as internal reference. Where analyses ave
indicated only by symbols of the elemients or funetions, analytical resul
obtained for ithose elements or functions were within =047 of thie theoretienl
values,
(17) The Roman nummnerals refer 10 the types of compounds, while the
Arabic numerals refer to the specific compounds as they appear in the tex:

“Puarified by chromatography on stliea gel colunm,

=y
Lz
N

R

Mol rormuly Mp. hp, € Anal,

CupHN, - 21T 193 ¢, H, N
[QITY 3 PP il C,H, N
Culla Ny - 3HOT {54 ¢, H, N
Cigbl N7 94 ¢, H, N
Cidle N, - 2HCE 202 . H, N
CapHaeNoOy - 2H O 15185 N
CrHCING - 2H O 200 C, H, H
CraHyNO - 2HCT 200 ¢, H, N
Coy T NLOY il C. N
Culyy Ny 2HCH 161-105 ,
CopH N0 21HCT 180151 COH, N
CruH NGO - 21O O 1493 ¢, H, N
O NO 44 ¢, H, N
(‘];4”113‘.\1()'2”(‘1‘ FoN-160 (‘, II, N
CoHp N0 2HCHE 164-165 ¢, H, N
CrHa N Oil U, N

Crae Ny HC Haty 168 N

Cyvstallized from EIOH-EGO. ¢ Crystallized

ml) and aq NaOIH {10 ml of 0.5 V). Strring was continued for
15 hr, the CsHs laver was sepd, and the aq layer extracted with
15,0, The mixed organic laver wax washed with 107, Na
HCO; and H.O. The crude amides so obtained weve dried /n
racuo and reduced with LAH in dry Et,0 or THF. The usual
work-up followed by chromatography on a silica gel column gave
the 3-substituted pyrazinoquinolines I which were characterized
as free bases or as HCI =alts.

B.--A mixture of I (R = 11, 3 mmol), the appropriate alkyl
halide (10 mmol), anhyd K:COy (5 mmol}, and freshly dried
Nal (10 mmol) in dry Me.CO (25 ml) was stirred and refluxed
for 24 hr.  The reaction mixture was cooled and filtered and the
rexidue was washed with MeCO.  Fvaporation of the MeCO
followed by purification of the residue as the hydrochloride aud
chromatography of the free huse obtained from the latter gave
the required products. T (R = p-FCHCO(CHy)yy n = 3 or 2y
were obtained by this method using I (R = H) and ~-chloro-p-
fluorobut vrophenone® and g-chloro-p-fluoropropiophenoue.

C.-A mixtwre of T{R = 11, 3 mmol), and NaH (4 mmol) in
dry PhMe (25 ml) wus refluxed under N, for 2.5 hr, the appro-
priate alkyl bromide (9 mmol) wa~ then added and refluxing
continued for 18 hr. The reaction mixture was washed (1L0OJ,
and the produet isolated by extrn with 2 .V HCL followed by
bhasification with NaO1l, and extrn with Et,O.

D. A mixiwre of T (R = H, 10 mmol) and the appropriate
—xubstitted epoxides (12 mmol} i abs F1OH (30 ml) wa~
refluxed for s hr. The solvent was evapd and the 1-8-hydroxy-
g-=ubstituied ethyl-2,3,4,4a,3,6-hexahydropyrazine|1,2-a]quino-
lines were i=olated as hydrochlorides.

E.  3-+-10-(2-Chlorophenothiazinylpropyl-2,3,4,4a,5,6-hexa-
hydro-1( H )-pyrazino[1,2-a]quineline (21).—A solution of 10-(2-
chlorophenothiazinyDpropionylehloride (10 mmol), in dvy CHCly
(10 D) was added under stirring to a =oln of I (R = H, 20 mmol)
i1 CHCL (25 ml). The reaction mixture was stirred and refluxed
for 10 hr and filtered.  The fltrate was evapd to dryness and the
yesidue crvstallized from MeOH to give amide 20 which was
reduced with LATL in TIHF by the usual method to give 21
isolated ax its hydrochlorvide.

F. 3-(3-Amino-4-pyridyl)-2,3,4,4a,5,6-hexahydro-1(H )-pyr-
azino|1,2-¢]quinoline (16).—A mixture of I (R = 11, 10 mmol),
fehloro-3-nitropyridine® (10 mmol), BN (12 mmol) in dry
Phile (25 ml) was heated ut 100° for 8 hr. EtN-1ICl was
filtered, the filtmte was evapd to drvoess and the residue ery=-

A8 Co Vo de Westeringh, I, Hermans, 1. Paey-maekers, and ¢ V. der
[y eken, Lid, Chin. Belge, 26, 1073 (1060): Chem. Abstr., 86, 6428 (19611

1193 J. Kenner and F. 5. Statham, J. Chem. Soe.. 301 (1935,

207 & Diruger and F, G Mann, ihid 4016 (1954),
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TaBLe V

No. R Method
474 HNCH;CH}C@H{, Q
b HNCH,CH,C:H; Q
48 HNCH,CH.NE, Q
49 HNCH;CH,-3,4-C¢Hi(OCHj;)s Q
50 HNCH,CH,C¢H(Cl-p Q
51 HNCH.CH,C:H,OCH;-p Q
52 N(CH;)(CH,):-3,4-CsH3(OCH;), Q
53 HNCH(CH;)-CH.C¢H; Q
54 HN(CH; )»-3,4-CeH3(OH ),
55 HN(CH,)»-3,4-(CHz),CeHy Q
36 HN (CH:):C:H; Q
57 HNCH.CHOHC:H; R
58 HNCH.CHOHCH.OC:H; R
59 N(CH,).OH(CH,CH.C¢Hs) Q
60a HN(CH;),0OH Q
b HN(CH,),0H Q
. N\ Q
61 xUI\CGHS
Crystallized from: ¢ H,0. °®EtOH-Et;0. ¢ EtOH.

EtOAc. / Reported by Rupe and Thommen,¢ mp 103°.

tallized from EtOH to give 3-(3-nitro-4-pyridyl)-2,3,4,4a,5,6-
hexahydro-1(H )}-pyrazino[1,2-¢}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-
[1,2-a]quinoline (24),—A mixture of I (R = H, 5 mmol) and
ethyl acrylate (6 mmol) was heated on the steam bath for 3 hr;
the 3-8-ethoxyecarbonylethyl 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 49,) was added. The
mixture was refluxed for 30 min and then just neutralized with
HC], 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-Benzyl-2,3,4,4a,5,6-hexahydre-1(H )-pyrazino[1,2-a]-
quinoline (5).—A mixture of I (R = H, 5 mmol) PhCH,CI (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 product which
sepd was taken up in Et,O and converted into its hydrochloride.

L. 3-(3-Oxobutyl)-2,3,4,4a,5,6-hexahydro-1( H )-pyrazino-
[1,2-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
manner,

K. 3-(3-Hydroxy-3-methyl)butyl-2,3.4,4a,5,6-hexahydro-1-
(H )-pyrazino[l,2-a}quinoline (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 E,0O (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-
tion of a solution of NH4Cl (5 g in 50 ml) and worked up as usual.

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

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

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

N
H

¢ Purified by column chromatography on silica gel.

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

CisHypoN. - HCle 196 C, H, N
CisHar N3 174 (1 mm) C, H
C20H26N202~2HC1" 182 C, H, N
CisHnCINy® 164 C, H, N
C1oH32N,0 - HyOr 152 C,H N
CaiHosN20,2 Oil C,H N
CigHaN, - 2HCP 234 C,H, N
C1:H1; N0, - 2HB1? 252 C, H, N
CaoHaeN,-HCle 202 C H,N
CroHayNye 115-120 C,H, N
CisH2aN-0-HCle 223 C,H,N
CaoHasN,O4 0Oil C,H N
C1H1sN,0 - 2HCJ? 182 C, H, N
CrHi1sNoOe/ 103 C, H, N
CooHa;Nyd Oil C, H

¢ Crystallized from

M.—A mixture of I (R = H; 5 mmol) and ethyl formate (50
mmol) 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 CsHe. The N-formyl product 25 thus obtained was reduced
with LAH in a mixture of dioxane and Et;O in the usual manner.

N.—2-Methylaminomethyl-1,2,3,4-tetrahydroquinoline [pre-
pared according to method Q (20 mmol)] and diethyl oxalate (20
mmol) was heated on the steam bath for 16 hr. and then diluted
with EtOAc to give 3-methyl-1,2-dioxo-2,3,4,4a,5,6-hexahydro-
1(H )-pyrazino[1,2-a]quinoline (62), mp 182°. Anal. (C1sH1N:O5)
C, H, N. The diketo compound was reduced with LiAlH, in
the usual manner to give 3 (I, R = CHj).

2-Substituted Aminomethylquinolines (I, 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 Ce¢Hg (50 ml) was
azeotroped till no more H,O sepd. C¢H¢ was evapd under reduced
pressure and the crude Schiffs base was dissolved in abs EtOH (50
ml) and reduced with NaBH,4 (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 erude 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 aminomethylguinolines,
which were isolated as their hydrochlorides.

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

R.  2-3-Hydroxy 3-Substituted Ethylaminomethyl-1,2,3,4-
tetrahydroquinoline.—Compounds IIT1 (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 corresponding 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-V-3,4-dimethoxyphenethyl )aminomethylquinoline
(38). S.—A mixture of 2-(3,4-dimethoxyphenethyl)amino-
methylquinoline (I, R = 1, R = (CH;)-3,4(0CH;),Cely,
0.3 g), CILO (0.35 ml of 379, solution), and HCO,H (0.36 ml,
98-1009 ) was heated on a steam bath for 7 hr. Ice-cold H,O
was added and the reaction mixture made strongly alkaline with
NaOH and the product isolated by extraction with EtOAc,
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purified by chromatography on alumina in Celly and eluted
with Cglly with inereasing proportions of IK1OAe, when ihe
produet was obtained as an oil.
2-(N'-8-Hydroxyethyl-.V-substituted Jaminomethylquinoline (II)

(R" = (CH»»OH). T.-—A mixture of 2-substituted aminomethyl-
quinoline (11, R* = TII, 0.03 mol) and ethylene oxide (.04 mol}
in EtOH (50 mly was stirred at 30° for 1S hr, solvent was evapd
to dryness and the products were isolated as hydrochlorides.

2-(3,4-Dihydroxyphenethyl )aminomethyl-1,2,3,4-tetrahydro-
quinoline (54). U.—2-(3,4-Dimethoxyphenethylaminomethvl-
1,2,3,4-tetrahvdroquinoline (2.0 g) and HBr (20 ml of 457) were
refluxed 20 hr. lixcess HBr was evapd in vacuwo and the vesidue
crystallized from EtOH-I60 10 give the HBr salt of the di-
hydroxy compound,

2-Phenethylaminomethyldecahydroquinoline {IV) (63)., -2-
Phenethylaminomethylquinoline (1T, R’ = H, R = (CHL), Cell.,
2.0 gy in AcOIl (50 ml) and 3%, Rh-C (1 ¢ at 70-80° weve
hydrogenated under 5 atm of ., The usnal work-up gave the
free base, which was purified by chromatography and obtained
as an oils vield, 2.7 g; unr (CCLY <howed only one singlet (2.5 8,
Colly} in the aromatic reglon.  Lnaf. {C5 Ny, N

Benzo[g]lquinolines. 1I.

AMichNg AaND ALBERTSON

3-Phenethyl-1,2-dioxoperhydro-1(/{ )-pyrazino|[l,2-«|guinoline
(V) (64). TV was converted into V by the action of diethyl
oxalate as deseribed earlier:  ervsiallized from FHOAe hexane.
mp 210%; vield, 7577, Anal. (CypHeeN2Owy, N

3-Phenethylperhydro-1(H )-pyrazinoe|1,2-«]quinoline (V1) (65}
wus obtained by LAH reduction of V oas deseribed earlier, and
purified by chromatography: mp 35-60°, yield 70 nmr (CCL}
285 (=, Colli), 7-8.8 (my, 25 protons); VI-2HTCL ervstallized from
LStOTL mp 220°, Anal. (Cola N G, 1L
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Novel Synthesis and Pharmacological

Evaluation of cis-1-Alkyl-1,2,3,4,4a,5,10,10a~-octahydrobenzo[g]quinolines:

W. I, MiceNE AxDp N. I ALBERTSON

Sterling=Winthrop Rescarch Institute, Renssclaer, New York

Recelved November 7, 1969

Cyclization of N derivatives of trans-2-(p-methoxybenzyl -, e-dimethyl-3-piperidinemethanol gives derivatives
of mixtures of cis- and trans-1,2,3,4,4a,5,10,10a-octahydro-7-methoxy-3,3-dimethylbenzo[g] quinoline, the product

ratios depending on the N substituent.

Cyelization of the eis aleohols gives the eis products exclusively. A

possible explanation involving olefinic intermediates is dizcussed, along with the application of this phenomenon
to the synthesis of cis-1-alkyl-1,2,3,4,44,5,10,10a-oct shydrobenzolg]quinolines and their evaluation as narcotic

antagouists,

In our previous paper,? it was established that certain
N-alkyl derivatives of cis-1,2,3,4,4a,5,10,10a-octahydro-
5,5-dimethylbenzo [g Jquinolin-7-ol (1b) possessed ap-
proximately 0.05 the narcotic antagonist activity (vs.
meperidine) of the correspondingly N-substituted g
isomer of 2’-hydroxy-5,9-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 a4 conformation in whiech much of the

}|{.'
LN
R, i H(
CH. CH,
la,R,=H 2
b,R, =OH

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 validity of this interpretation is that
removal of the C7-OH function of 1b to give 1a should
lead to deereased activity in this series, since the corre-

(1; Taken in part from the Ph.D). thesis of W. I, Michne, Rensselaer,
Polyvtechnic Institute, Troy, New York, Jnne, 1968,

(2) W, I'. Michne and N. . Albertson, J. Med, Chem.,, 12, 102 (19691,

(3% Por u discussion of the implications of =uelh a comparison, =ce P. =0
Porwochese, J. Pharm. Sei., 55, 865 (1906},

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

Chemistry.-—The general synthesis of compounds in
the 1b series found only limited applicability to the
preparation of 1a (R, = H9) = (SchemeI). Acylation
of diethyl 2-cyanoethyvlmalonate with phenylacetyl
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 ester 6.
Decarboxylation of 6 gave 7a as a mixture of stereo-
isomers.  However, uulike the mixture 7b from which
the ¢fs isomer crystallized readily, mixture 7a could not
be separated. Treatment of mixture 7a with MeMgl
followed by hydrogenolysis of the carbobenzoxy group
gave a mixture of 8a isomers, also inseparable. Cyveliza-
tion of mixture 8a with hot 1:35 H.SO~AcOH guve o
mixture of approximately 609; 9 and 409 10 as de-
termined by nmr.?% This mixture could be separated
through the use of dry column chromatography® on
alumina; however, only small quantities of the mixture
could be separated at any one time.

The difficulties attending the separation of stereo-
isomers in Scheme 1 made it desirable to find
an alternative route to the large seale preparation of 9.

(43 N, I Albertson, unpublished results.

(57 Rinee the 8b isomers cyelize without losing their configurations, it cuu
b assumed that the 8a isomers behave similarly.  ence, the composition
Of mixture 8a is probably 609 cis and 4097 frans.

i B3 Loev and M. M. Goodmwn, Chem. Tnd., 2026 (1U67).




