
'l'he oi tho substituerith could nlso exei t :i -teric effect. 
the evaluation of u hich is verj  difficult a t  the pre-ent 
time. l h a l l y  both electronic :ind steric cff e c t i  ma\ 
play a role. I t  ii3 ire11 knoitii that nietliicilliri, dthougli 
not xuvxptible to penicillinase, i i  much I 
benz) lperiicilliii and ampicillin :tg 
arid Gram-riegati\ c inicroorgitni.m 
comparative studv of Barber and W'it c ~ n o r t l i ? ~  on t l i t .  

activity of b penicillin\ againat .i GI  ani-pohitir e inicro- 
org:iniini- :tiid 1.; Gram-iiegativc oiie. cle:irli h o \ \  ec-l, 
:is reported ba C;:irrod,L2 t1i:it metliirlllin I -  1)) far t h e  
leit5t actiLc compound. Thr dcviatiori- of inetliicillin. 
cloxacilliri, arid dicloxacillin tram t tie p i  diolic rurvc 
could nieaIi that the enzj niic h~ -tern 01 nieinbrarie 

em with uhich the  penicillini interact iri tlie S .  
au, c u s  arid 7'. pallzduiu :we different OI tliiit  niet:tboli~m 
i i  irivolvrd in home J + ~ J  nhicli c:tu-es tlic ciifieiwice. 
The calculated log 1 e vcilu(l- foi i$ alii'( U Y  m d  7'. 
palldurn h o \ +  that a1.0 i i i  t lie ca'e of periicillm- tlie 
E,,, V B I I ~ C .  of tlir :tcti\ e compound. O I I  t lie-(' org:tnl\n~. 

(9Oj G .  . I7 ,  Stewart.. "l'rie Penicillin Griiuii of Drugs."  I < l w v i r r  I'iil,lishinr 

(21) hl. Barber and P. 51. Waternortt i .  Brit. .llrd. J . .  1, 1 t5!4 !1!16'2j, 
(22) I,. P. Garrod in "Experimental C'liemotherapv." R .  .I. SchnitLer 

and  F. Hawking, FX..  Vol. 111. . irademir Press, S e i v  York  and London. 
1964, pp 28. 29. 

( 'ompany, Amsterdam, London and  New York.  ll(65. 1,p 13-30, 

Agents Acting on the Central Nervous SysLem. X111. 
2,3,4,4a,5,6-Hexahydro-l(H)-pyrazino [1,2-a]quiiiolines. 

A New Class of Hypotensive Agents' 

The synthesis and pharmacological evaluation of 2t iiimiber of 3-substit iited %,3,j,4~,.j,ti-hesah?-dl.o-l ( H  )- 
These compounds in general show hypot eiisive and adi,ciiei,gi(.-iecepl.tiI. 

The hypotensive activity is particularly marked in :3-&phenetIiyl- :tiid :',-~-ip-flti~,t.ot,ellzc,!.i 1- 
pyrazino [ 1,2-a]qainoliries are reported. 
blocking activity. 
piopy1-2,3,4,4a,5,6-hexahydro-l iH)pgrazino [ 1,2-a] quiriolinch. 

N-Phenylpiperaziries possess C'SS arid cardiovascu- 
lar activities, and substit,utiori of the second imino 
group greatly modulates and modifies these act)ivities.2 
N-Phenylpiperazines have also served as a side chain 
in a number of pharmacologically import'ant molecules. 
In  general 0-alkyl substitution in the phenyl residue of 
these N-phenylpiperazines greatly enhances the effect 
011 the cardiovascular ac t iv i t i e~ ,~  and, in fact ,  ii number 
of 1-substituted 4-o-tolylpiperaxincs are known to be 
strong :idrenolytics.j It therefore ,seemed of interest 

( 1 )  ('omrnunication N o .  14;3!1 from t h e  Central Drug Hesearcli Insti tute.  
Lucknow India. 

(2)  I X .  G. Aiorren. V. Bieneft. and .I. 11. Reyntjens. "I 'sicho Pha r ina -  
rological Agents." Vol. I ,  &I. Gordon, Ed.. .\cademic Press, Inc . ,  S e w  Pork  
and London, 1Y64, p 251. 

(3) (a) R. P. hfuli. C .  Tannenbaum. M .  K. Dapero,  AI.  Bernier. W. Yost .  
and  C;. d e  Stevens. J. .hied. Chcrn.. 8 ,  332 (1965): ( b )  P. C, Jain.  1.. Kapoor,  
N.  Anand. .\. Ahmad, and G .  K. Patnaik,  ib id . .  10, 812 (1967). 

( 4 1  (a )  V. P. Arya. G .  S.  Grewal, J .  David, and c'. L. Kaul. I : r p r r i i  
93, 514 (1967); (h )  G. de  Stevens and  R. P. 311111, I.'rpni,ti Pa ten t .  31 
[Nor-. 15. 1965); Cttmn. A h t r . .  64, 9746 (196tj). 
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100 
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200 
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130 
:300 
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000 
;:00 

>h00 ( I X J )  

200 
>400 

l.iO 

> W J  
2000 
16.5 
ti00 
200 

Y O 0  
1.50 

2u0 

400 
100 

700 
1 .XI 
Y O 0  

> 800 
100 
400 
200 

200 
200 

Gross etfects" 

Stimulant 

Depressant 
S t,imulant, 

Depressat it 
Depressant 
Ilepressaiit 

Uepressaiit 
Ilepressaiit 

1 kpressaiil 
0 
l)epressant, 

Depressant 

Depressant) 
9 t8imulant, 
Stmimulalit 
Jlepressanl. 
0 
I>epressaril, 
I )epressant 
1 Iepressant 

Depressant, 
0 
St8iniulaiii8 

0 
Shiulaiit8 
Depressaut, 
Ilepressaiit 
St~imulant, 

Stimulaiil 
Depressant 

I~epresua11t 

Depressaiit, 
Depressant 

Depressant 
Depressant 
Ilepresaant 
0 
St imulatii~ 
Ilepresmil 
1 Iepressaiit, 

Ilepressant 
0 

5: reduction of 
amphetamine- 

hyperactivity a t  
115 L D x  

0 

36 
0 

25 
28 
0 

0 
0 

0 
:: 1 

75 
20 (20 mgfkg) 

26 
0 
0 
0 
0 

5:i 
70 
70 

0 
0 
(J 

ti4 
( J  
3 
0 
0 

0 
18 .7  

27 

0 
0 

0 
0 

79.:: 
0 
0 

3 4 
70 

0 

Cardiovascular activity (cat)  
_---_ (2.5 mg/ky iv)------- 7 

Meet on buC 

-12 (4) 

0 
-108 (73)  

-30 (20) 
-50 (45) 
-25 ( 3 5 )  

(Tachyphylaxis) 
-64 (40) 
-28 (4) 
+20 (20) 
-20 (40) 
-GO (15) 
-46 (40) 

(Tachyphylaxis) 
- 16 (IO) 

-14 (1) 

0 
0 

-so ( 3 )  
- 2 2  (1) 
-12 (10) 
-90 (120) 

-30 (20) 

-36 (40) 
-36 (.>) 
-6 (:) 

0 

0 
0 
u 

$20 ( 3 )  

-18 ( 2 )  

0 

-24 (40) 

-30 (Sj 
-14 ( 3 )  

-12 (3) 
-32  (37) 
-40 (30) 
-J0 (1.i) 
-40 ( 3 )  
-30 (10) 

followed by 
+24 (5) 

-14 ( 3 )  

-72 (15) 
-42 (2) 

Effect on pressor 
response of 

epinephrined 

- 20 

- 40 
0 

0 
- 70 

Iteveraal 

+ 13 
- 44 

0 
0 

+ 42 

0 

0 
+ti6 

0 
0 
0 

- 40 
- 22 + 20 

+:33 
- 37 

0 

0 
- 34 

0 
- 53 

0 

- 1.5 + 40 

- 41 

- 28 
lteversal 
i l  mg/kg) 

- 20 
- 30 
- 30 

0 
- 20 
- 20 

1: eve1 .a1 
(1 n igkg)  

- 10 
- 29 

ltcniarksc 

Aiitihistamiiiic (209;), mli- 
reserpine (antiptosis, antisedatioii 
50% each at 1 mg/kg). 

Potentiation of barbit,urat,e hypnosis 
(56%), respirat,ory failure. 

Adrenaliiie reversal at 5 nigikg. 

Nictitating membraiie block 65%; 
lowering of blood pressure was 
observed in  spinal cats also, sug- 
gesting a peripheral site of octioii. 

Acetylcholiiie potentiation Gc% 

A4iit8i-hIESU (20';.;1), poteiit.iat,ioii bar- 
bitmatme hypnosis (7594 j .  

-4iiCireserpiiie (autiptot,ic, 25!>2,; 

Poteiitiation of acet,ylcholirie (149;) 
Antireserpine (aribihypothermia arid 

antisedation 257,) 

antisedation 25% each), aiiti- 
histaminic (50%) 

histjarnine (loco), and ant.ireser- 
pine (antihypothermia aiitiptot,ic 
and anttisedation 25% each) 

Antiacetylcholine (2974), anti- 

A4ntihistamine (355; j 

Potentiation of histamine (2SoGj 

'I The niimber implies the ierial niimber of compounds in Tables 111-V. * Stimiilant implies alertness, straub phenomenon, excite- 
ment, hyperreflexia, precoiiviilsiveness, and convulsions, while depressant implies reduced spontaneous motor activity at,axia, and loss 
of righting reflex. d Per cent block 

e Antireserpine anti- 
convulsant and effect, 011 barbiturat'e hypnosis and isolated guinea pig ileum is dercribed only for those compounds where some significant 
effect was observed. u MES, 
iuaxiriial electroshock seizures. 

11illimeter rise (+ ) and fall ( -  ) and the figures in parenthesis describe the duration in minutes. 
- ) or potentiation [ + j :  the effect on histamine and acetylcholine, if any, is shown in the Remarks column. 

f 3-Pheriethy1-lJ2-dioxo-2,::,4,4a,~,G-hexaliydro-l(H)-p~~aziiio[ 1,2-u] quinoline, report,ed by tis earlier.' 
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I I I  I 1 1  

ii 
I\' \. 

I (11 = H) was p r c p r d  :iccordirig t o  t I I V  method 
clescribetl in our earlier communicatioti.' Suhstitueiiti 
were introduced at the 3 position of I ( I i  = H) by :L 

variety of methods, which are described in t l ic  Experi- 
metitd Section. I n  an Ltt,tempted preparation of 3-y- 
l0-(2-chlorophenothiazinyl)propyl derivative of I ,  10- 
(3-chloro-propionyl)-2-chloropheriothiazine9 as treated 
with I (R = H) in presence of K2CO3, SaI ,  arid AIc?CO 
to give the corresponding amide. LAH reduction ot  
the latter always gave back the unchanged pheiiri- 
thiazine. However, this compound could be prepared 
by the condensation of 10-(2-chlorophenothiazinyl)- 
propionyl chloridelo with I (R = H), followed by LAH 
reduction of the amide thus obtained. 

2-Substituted aminomethylyiiinolines I1 and tlieir 
1,2,3,4-tetrahydro derivatives I11 were prcpared from 
quinaldine either by Se02 oxidation to quinoline-2- 
aldehyde" followed by condensation with an amine arid 
S a B H 4  or Raney Xi reduction of the Schiff's base thus 
obtained, or by bromination n-ith N-bromosuccinimide 
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TABLE 111 

'R 
No. 

l a  

l b  
2 
3 
4it 
4b 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
1 5 
16 
17 
18 

19 

20 

21 

22 

2 3 
24 
25 
26 
27 
28 
29 
30 

R 
H 

I1 
COCHa 
CH3 
CHzCHzCsHj 
CH2CHzCeHj 
CHzC6Hj 
CHzCH2CHzCsHs 
CHzCHOHCsH5 
CHsCHOHCH2C6Hj 
CHzCHzCioHi-a 
CHzCHzNEtz 
CHzCHOHCHzOsH5 
CHzCHOHCHzC(p) 
CeH4COE t 
CH2CHOHCHzO(p)C6HaCl 
CHzCHOHCHzO ( o)C~H~-AC 
3-NOz-4-C&ru' 
3-XHz-4-CsHzN 
(CH?)~COC~H,F-P 
(CHz)&OCsH4F-p 

CH 

asn N I c1 

CH.CH.CO 

a& I 
cH.u.cn. 

Qfn 'i CI 

COCH CH. 
CHiCHzC02Et 
CH2CH2C02H 
CHO 
CHzCHzCsHaX(4) 
CH&HzCsHaN(2) 
CH2CHzCOCH3 
CHzCHzCHOHCH3 
CHzCHsCOH(CH3)z 

hlethod 

a 

a 

31,N 
ABCN 
ABChl 
H 
A 
D 
D 
A 
B 
D 
D 

D 
D 
F 
F 
B 
B 
B 

E 

E 

B 

Ii 
H 
11 
L 
L 
I 
J 
K 

LIP,  bp, o c  

120-124 
(6 X mm) 

151 
90" 

232 
Oilf,u 
220 
160 
IS2 
112-1 131~1 
154 
264 
Oilf 
210 
13'3 

128-130 
Oilf 
154 
194 
172 
196 

230 

CaiH isC1NEOS" 186 

CnH2,ClNaS. HC1. HzOd 168 

C,i€IP,ClX,OS ' HCld 138-140 

165-167 
188-192 
101-102 
Oily 
Oilf.0 
I72p 
927 
78-80' 

.ha1 

C, H, X 

N 
c, IS, S 
h- 
C, H, K 
c, H, N 
S 
x 
c, H 
N 
C, H, s 
?J 
C, H, N 
C, H, N 

K 
N 
c, H 
C, H, S 
N 
N 

c, H 

c, H 

C, H, N 

s 

?; 
C, I1 
C, H, ?j 
s 
c, IT, S 
N 
N 
c, H 

a Prepared by a method reported by us earlier.? This compound retains moisture tenaciously and the best analysis agree with a 
hemihydrate. Prepared according to the method of Rupe 
and Thomrnen,l4 reported mp 97-98.1486d f Purified by column chro- 
matography on silica gel. Mono-HC1 sinters at 203", mp 205-207" dec, bp 173-176" (0.05 
mm).6 Literature bp 200-205" (0.5 mm).6d i Literature mp 115-117°.6e Crystallized from 9570 EtOH. Crystallized from 
EtOH-Et?O. 0 Literature bp 190-200" 
(0.1 mm).6e p Literature mp 181-182°.6c8e q Crystallized from CHClr-hexane. T Literature nip 106-107°.6e a Crystallized from 
aq. 1leOH. Literature mp 78-79°.6e 

Reported in literature bp 90-95" (0.001 mm),14 126-133" (0.3 mm).6 
d Crystallization from abs EtOH. e Literature mp 226-228" .6d 

0 Literature bp 190-200° (0.5 mm).6d 

Literature bp 160' (0.2 mm) and mono-HC1 mp 180-182°.6a Crystallized from 1IeOH. 

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 @-OH group in this ethyl chain (7), or re- 
placing the phenethyl chain by P-hydroxy-y-arylpropyl 
or P-hydroxy-ynryloxypropyl (11, 12, 13, a), caused n 
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 blion iiig that  an intact Pyr:izinocjuiiiulirle ring 

structure was necessary for this activity. The necessitj- 
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 P-phenyl residue by a tertiary amino group as in 
10 also led to reduction of activity. However, this 
pattern of activit y n a h  retained in compouilds JI lierc 





TABLE V 

SO. 

47:t 

b 
'48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60a 

b 

61 

Nethod A101 lormula 

Q CiaH,?N? 

Q 
Q 
Q 
Q 
Q 
Q 
Q 

Q 
Q 
12 
It 
Q 
Q 
Q 
Q 

Crystallized from: a HzO. EtOH-StZO. e EtOH. Purified 
lCtO.4~. f Reported by Itupe and ThommenI14 mp 103". 

iallixed from EtOH t,o give 3-(3-nitro-4-pyridyl)-2,3,4,4a,5,6- 
hexahydro-1 (H)-pyrazino [1,2-a] quinoline (15). 

The nitro compound obtained as above was reduced in EtOH 
with H2 at 2.5 atm pressure in presence of Raney S i  to give the 
amino compound which was crystallized from EtOH. 
G. 3 4  ~-Carboxyethyl)-2,3,4,4a,5,6-hexahydro-l( H)-pyrazino- 

jl,2-a]quinoline (24).-A mixture of I ( R  = H, 5 mmol) and 
ethyl acrylate (6  mmol) was heated on the st'eam bath for 3 hr; 
the 3-0-ethoxycarbonylethyl compound 23 was then isolated as 
its hydrochloride. 
A4 mixture of the above ester hydrochloride (0.32 g) was dis- 

d v e d  in min EtOH and NaOH (3 ml of 47,) was added. The 
mixt,ure m-as refluxed for 30 min and then just neutralized with 
HC1, evapd to dryness, and finally dried a t  80" (0.1 mm). The 
residue was extd with hot AIeOH and filtered from inorg salts. 
Concentration of filtrate gave 24. 
H. 3-Benzyl-2,3,4,4a,5,6-hexahydro-l( H)-pyrazino[ 1,2-a] - 

quinoline (5).--A mixture of I ( R  = H, 5 mmol) PhCHpC1 (5 
mmol) and NaHC03 (5 mmol) in H*O-Et,OH (25 ml, 1 : l  v/v) 
wab refluxed on steam bath for 20 hr. The oily product which 
sepd was taken up in EtzO and converted into its hydrochloride. 

I. 3-(3-Oxobutyl)-2,3,4,4a,5,6-hexahydro-l(H)-pyrazino- 
~1,2-a]quinoline (28).-A mixture of I ( R  = H, 20 mmol), and 
methyl vinyl ket,one (22 mmol) in PhH (20 ml) was stirred at  room 
temp for 24 hr, the solvent was evapd in L'UCUO, and the oily 
product was purified as the hydrochloride. 

J. 3-(3-Hydroxybutyl)-2,3,4,4a,5,6-hexahydro-l(~)-pyrazino- 
[1,2-a]quinoline (29).-Powdered NaBH4 (0.8 g) was added to a 
solution of the above ketone I (R  = (CH,),COCH,, 1.5 g)  in 
abs AIeOH ( 2 5  ml) cooled to 0". The reaction mixture was 
atirred a t  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-l- 

(HI-pyrazino[ 1,2-a] quinoline (30).-A soh  tion of ket ne I 
[R = (CH?)zCOCH3, 1.5 g] in dry Et20 (25 ml) was added 
to Xe3igI (from 0.46 g of lllg and 3 g of N e I )  in dry Et& (50 
1111). The reaction mixture was refluxed for 3 hr and stirred at 
2.5' for 20 hr and then t,he complex was decomposed by the addi- 
tion of a solution of NHaCl (5 g i n  50 ml) and worked up as usual. 

L. 3-64 2- or 4-Pyridylethyl)-2,3,4,4a,5,6-hexahydro-l(H)- 
pyrazino[l,2-a]quinoline (26 and 27).-A soliition of 2- or 4- 
viiiylpyridiiie (11 mmol), glacial AcOH (10 mmol), and I (R  = H, 
10 mmol) was refluxedz1 for 20 hr and worked tip as iisiial. 

3-Methyl-2,3,4,4a,5,6-hexahydro-l( H)-pyrazino [ 1,2-(1 j quino- 
line (3).-This was prepared by two nielhods. 

(21) J. E. Robertson, J. H. Beil, T. F. Alitcliell Jr. ,  W. Ii. hluya, and 
11. A. Leiser, J .  M e d .  Chem., 6, 805 (1963). 

J I p ,  LIP, oc 
2 10-2 12 

(0 5 m m )  
196 
174 (1 mni) 
182 
164 
132 
Oil 
234 
252 
202 
113-120 
223 
174 
Oil 
182 
103 

Oil 

. h i l .  

K 

C, H, Y 
C! H 
C, H, ?i 
C, H, li 
C, H ,  K 
C, H ,  K 
C, H ,  X 
C, H, K 
C, H, K 
C, H, N 
C, H ,  PI' 
C, H ,  N 
C, H, K 
C, H ,  N 
C, H, S 

C J  

by column chromatography on  silica gel. e Crystallized from 

M.--A mixture of I (R  = H ;  5 mmol) and ethyl formate (50 
rnmol) was refluxed for 48 hr. Excess HC02Et was evapd in vacuo 
and residue was filtered through a column of silica gel and eluted 
with CeH6. The S-formyl product 25 thus obtained was reduced 
with LAH in a mixture of dioxane and Et,zO in t,he usual manner. 

N.-2-3Iethylaminomethyl-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 t,hen diluted 
with EtOAc to give 3-methyl-l,2-dioxo-2,3,4,4a,5,6-hexahydro- 
l(H)-pyrazino[1,2-a]quinoline (62), mp 182". Anal. (C13H14Y202) 

C, H, N. The diketo compound was reduced with LiAlH4 in 
the usual manner to give 3 (I ,  R = CH3). 
2-Substituted Aminomethylquinolines (11, R' = H) (Table IV). 

0.-A mixture of quinoline-2-aldehyde (0.05 mol) and the ap- 
propriate primary amine (0.05 mol) in dry CeH6 (50 ml) was 
azeotroped till no more HzO sepd. C6HG was evapd under reduced 
pressure and t,he crude Schiffs base was dissolved in abs EtOH (50 
ml) and reduced with NaBH4 (0.2 mol). The usual work-up gave 
2-substituted aminomethylquinolines I1 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 PhLIe (200 ml) and the appropriate 
amine (0.2 mol) added, and the mixture heated a t  100" for 10 hr. 
The react,ion 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-l,2,3,4-tetrahydroquinolines (111, 

R' = H) (Table V). &.-I1 HCl(6.0 g) in abs EtOH (250 ml), 
concd HCI(4 ml), and 5Tc Rh-C (0.5 g) was hydrogenated under 
2.5 atm of H,. The usual work-up gave the tetrahydro compounds 
111, which were either isolated as free bases or 8s hydrochlorides. 

R. 2-0-Hydroxy 6-Substituted Ethylaminomethyl-1,2,3,4- 
tetrahydroquino1ine.-Compounds I11 (R'  = H, R = CH2CH- 
OHR") were obtained by refluxing a solution of 2-aminomet8hyl- 
1,2,:3,4-tet,rahydroquinoline (0.1 mol) and t,he corresponding 1- 
substihted epoxy compounds (0.11 mol) in abs EtOH (100 ml) 
for 20 hr. The usual work-up gave the required compounds. 
2-( S-Methyl-S-3,4-dimethoxyphenethyl)aminomethy~quinoline 
(38). S.--A mixtiire of 2-(~3,4-dimeihox~phenethyl)amino- 
rnetli~lyiiitiolitie (11, R' = 11, R = ((llr?),-3,4(OC€I,)~Cs~Ia, 
0 .X  g),  CI120 (O.:$> ml of :27':1 sohitioil), l t i i t l  lIC0211 (0.36 nil, 
W-lOOcz) was heated 011 a steam bath for 7 hr. Ice-cold H20 
was added and the reaction mixture made strongly alkaline with 
KaOH and the product isolated by ext'raction with Et,OAc, 




