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tion of a triple bond into a Cg or Cg alkyleiie chain 
connecting two quaternary nitrogen heads increases 
ganglion-blocking potency. In  addition, the latter 
group has shown that when the triple bond in a series 
of C6 and Ce a,w-bisquaternary ammonium compounds 
was reduced to a cis double bond, ganglion-blocking 
activity diminished, but reduction to the trans double 
bond increased activity above that observed for the 
parent saturated molecule. These effects were ration- 
alized* on the basis of the concept of an optimum 
distance between quaternary heads, to  permit proper 
alignment of the drug at its receptor site. 

In  order to determine whether other Cz bisquaternary 
compounds are active at  autonomic ganglia, as well as 
to determine whether their inonoquaternary derivatives 
are also active, a series of inono- and bisquaternary 
derivatives of Cz ditertiary amines derived froin the 
quinoline ring was prepared (see Table I). Attempts 
to diquaternize 2-dimethylaminoniethyl-l,2,3,4-tetra- 
hydroquinoline (111) in a sealed tube with methyl 
bromide in a variety of solvents gave rise to deeply 
colored oils which eventually crystallized, but which 
did not shorn a correct analysis for the expected bis- 
quaternary. The method employed for preparation of 
1 - inethyl - 2 - diinethylaininoinethyl - 1,2,3,4 - t et rahydro- 
quinoline (VI) represents a reaction sequence not 
previously reported for this conipound. 

The procedure for preparation of the inononiethio- 
dides mas based on the belief that under mild reaction 
conditions and in ethereal solution the less hindered 
and more nucleophilic dimethylainino nitrogen would 
displace iodide ion froin methyl iodide to form a qua- 
ternary salt which would be highly insoluble in the 
reaction medium. Thus, quaternization of the ring 
nitrogen moiety would be prevented. To prove this 
contention all of the nionoquaternary salts were con- 
verted to the quaternary hydroxides, and these lvere 
subjected to Hofniann degradation conditions. In  
every instance, a product of the degradation was tri- 
methylamine, which could result only from a quaternary 
group involving the side-chain nitrogen, not the ring 
nitrogen. 

Experimental6 

1-( 2-Dimethylaminoethyl)-6-methoxy-1,2,3,4-tetrahydroquin- 
oline (I).-This compound was prepared by the method 
used by Ohkie to prepare the desmethoxy analog (see Table I), 
lit.' b.p. 146-152" (1 mm.). The benzenesulfonamide of 6- 
methoxy-l,2,3,4-tetrahydroquinoline, isolated in attempts to 
separate the product of the reaction from starting material, 
crystallized from ethanol in off-white flakes, m.p. 113-114". 

-4nal. Calcd. for C ~ B H I ~ X O ~ S :  C, 63.34; H, 5.65. Found: 
C, 63.94; H, 5.74. 

2-Hydroxyme thylquinoline.-Quinoline-2-carboxaldehyde 
(18.37 g., 0.116 mole, Aldrich Chemical Co., recrystallized from 
Skelly B) in 75 ml. of 95% ethanol was added dropwise with 
atirring to a solution of 4.88 g. (0.13 mole) of sodium borohydride 
(Metal Hydrides, Inc., 98+%) in I50 nil. of 95% ethanol and 
- 

(5) All melting points are corrected and were determined on a Thomas- 
Hoover melting point apparatus. Boiling points are uncorrected. Ele- 
mental analyses were performed b y  Huffman Microanalytical Laboratories, 
Wheatridge, Cola.. and by Schwartzkopf Laboratories, Woodside, N. Y. 
Infrared spectra were recorded on a Beckman IR5A instrument. Vapor 
phase chromatographic analyses were carried out on an F and Jf Model 500 
recording gas chromatography apparatus. 

(6) S.  Obki, J .  Pharm. SOC. Japan, 70, 92 (1950); Chem. Abstr., 44, 
5868 (1950). 

(7) S. Zaheer, G. Sidhu. and G. Thyagarajan, J .  Sei. Ind. Res. (India), 

15 ml. of lOY0 aqueous NaOH. The resulting suspension was 
stirred 2.75 hr., cooled, and made strongly acidic by dropwise 
addition of 157, HC1. The solvents were removed under re- 
duced pressure, the residue was dissolved in 175 ml. of cold water, 
and this solution was made strongly alkaline with cold KOH 
solution. This mixture was extracted repeatedly with ether; 
t,he combined extracts were dried (KzC03). Removal of the 
ether from a st,eam bath afforded 17.4 g. (937,) of a tan solid. 
Two recrystallizations from benzene-petroleum ether produced 
off-white crystals, m.p. 65-67", lit.8 m.p. 66-68". 
2-Dimethylaminomethylquinoline (11).-2-Chloromethylquin- 

olineg (16.7 g., 0.094 mole) in 50 ml. of absolute ethanol was 
added dropwise to a stirred solution of 12.9 g. (0.28 mole) of 
dimethylamine in 100 ml. of absolute ethanol. Stirring was 
continued overnight; the solvent was removed under reduced 
pressure, and the residue was mixed with 40 ml. of wat,er and 10 
ml. of 10% KaOH solution. This mixture was saturated with 
KZCOS and was extract,ed repeatedly with ether. The combined 
extracts were dried wit,h anhydrous KzC03, the solvent was 
removed, and t,he residue was distilled (see Table I). Vapor 
phase chromatographic analysis of this product revealed that, it 
consisted of a single component. 

2-Dimethylaminomethyl-l,2,3,4-tetrahydroquinoline (llI).- 
Sodium (70.0 g.) in small pieces was added during 20 min. to a 
stirred solution of 21.5 g. (0.12 mole) of I1 in 11. of reagent grade 
ethanol. The mixture was refluxed 3 hr., cooled, and made 
st,rongly acidic by addition of concentrated HC1. The solvent 
was removed under reduced pressure, and the residue was mixed 
with 700 ml. of water. This mixture was cooled, made strongly 
alkaline with cold KOH solution, saturated with K2CO3, and 
extracted repeatedly with ether. The combined extracts were 
dried (K&O3), the ether was removed, and the residue was 
distilled. After a forerun of 1,2,3,4-tetrahydroquinaldine10 
and a middle fraction (1.25 g.) consisting of two components, 
the desired product was obtained as a very pale yellow oil (see 
Table I). Leonard and eo-workersll reported synthesis of this 
compound by another route; b.p. 93-95.2" (0.18-0.30 mm.), 
~ * O D  1.5632. 
1,2,3,4-Tetrahydroquinaldine was prepared in 807, yield 

from quinaldine by the method utilized for 111; b.p. 76-78.5" 
(0.75 mm.), n Z 0 ~  1.5692; lit.12 b.p. 102-103' ( 5  mm.), n Z o D  
1.5704. 

1 -Formyl-2-dimethylaminomethyl-1,2,3,4-tetrahydroquinoline 
(V).-111 (9.07 g., 0.048 mole) and 5.20 g. (0.1 mole) of 887, 
formic acid were refluxed in benzene-toluene overnight, water 
being collected in a Dean-Stark trap. An additional 5.2 g. of 
formic acid was added, and the mixture was refluxed an addi- 
tional 24 hr. The biphasic mixture was extracted repeatedly 
with 10% HC1; the combined acid extracts were chilled and made 
alkaline with cold KOH solution; the mixture was saturated 
with K2C03 and extracted repeatedly with ether. The combined 
ether extracts were dried (KzC03) and filtered. The solvent 
was removed from the filtrate on a steam bat,h, leaving a residue 
of 8.9 g. (83%) of a viscous orange oil which could be distilled 
at. 110' (0.01 mm.). 

Anal. Calcd. for Cdt18N20: c, 71.53; H, 8.31; I\J, 12.83. 
Found: C,71.82; H,8.50; N, 12.98. 

l-Methyl-2-dimethylaminomethyl-1,2,3,4-tetrahydroquinoline 
(VI).-A solution of 4.4 g. (0.02 mole) of crude V in 150 ml. of 
anhydrous ether was added dropwise and with stirring during 40 
min. to a slurry of 1.9 g. (0.05 mole) of LiAlH, in 150 ml. of 
anhydrous et,her. The mixture was stirred under reflux for 6 hr.; 
i t  was then cooled and 8 ml. of water was added dropwise. The 
resulting suspension was filtered, and the solid on the filter was 
washed with ether. The combined filtrate and washings were 
dried (K&08) and filtered. Removal of the ether from this 

(8) V. Boekclheide and IV. J. Linn. J. Am. Chem. Soc., 76, 1286 (1954). 
(9) V. Carelli, R I .  Cardinelli, and F.  Liberatore, Ann. chim. (Rome), 

49, 709 (1959); Chem. Abstr., 68, 21954 (1959). 
(IO) The forerun consisted of 1.61 g., b.p. 76-83O (0.95 mm.). Anal. 

Calcd. for CioHiaN: C, 81.59; H. 8.90; N ,  9.51. Found: C,  81.28; H, 
8.96; N ,  9.60. The identity of this forerun was confirmed by comparison 
of its infrared epectrum (chloroform) with that of an authentic sample 
of 1,2,3,4-tetrahydroquinaldine, the preparation of which is described in 
this paper. 

(11) N. J.  Leonard, H. A. DeWalt, Jr., and G. 11'. Leubner, J. A m .  Chem. 
Soc., 73,3325 (1951). 

(12) L. G .  Yudin, A. iX. Kost, E. K.  Zolotarev, and A.  N. hlirza, Vestn. 
Mosk. Uniu. Se?. Mat. .Mekhan., Astron., Fiz .  z Kham., 13, 169 (1958); 

2 l B ,  434 (1962); Chem. Abstr., 68,2435 (1963). Chem. Absfr . ,  63, 8135 (1959). 
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filtrate afforded 3.81 g. of a yellow liquid which was distilled to 
yield (after a small forerun) 2.85 g. (70%) of a pale yellow liquid, 
b.p. 101-102" (0.18 mm.), TPD 1.5760. Leonard and his co- 
workers" reported preparation of this compound by another 
route, b.p. 109-110" (0 .5mm.) ,nZ0~ 1.5775. 

General Method.-A solution of diamine 
(1-2 9.) and a 20-fold excess of methyl iodide in 10-15 ml. of 
anhydrous ether was allowed to stand a t  room temperature with 
occasional shaking for 2 days, then the solid which separated was 
collected on a filter. This material was dried in a heated vtcuum 
desiccator and was recrystallized (see Table I) .  

Monomethiodides. 

was collected on a filter and recrystallized from water. In- 
frared spectra (Nujol) of the solids from each Hofmann degrada- 
tion sequence were identical with that of an authentic sample of 
tetramethylammonium iodide prepared from trimethylamine and 
methyl iodide (see Table I). 

Pharmacology.-Eight of the compounds were screened for 
their hypotensive activity in anesthetized normotensive rats 
utilizing the method described by Bickerton and c o - ~ o r k e r s . ~ ~  
An initial 1 or 10 mg./kg. of each compound was administered, 
intravenously, to anesthetized rats and subsequent dosage was 
adjusted according to results obtained, in order to determine a 

TABLE I1 
HTPOTESSIVE ACTIVITY O F  CERTAIN SI IORT-CHAIS  ?\lOXO- A S D  BISQUARTERNARY A4\1MUh1LV 

COMPOUNDS O U  ARESTHETIZED NORMOTESSIVE RATS. 
No. of Dose, Blood pressure 

Compd. animals mg./hg. effect, 7c (range) 

Ia  10 40 0 
Ib  6 40 - 41 (42-46) 
I Ia  4 2 6  0 
IIa  2 5 +34 (24-45) 
I Ia  2 10 - 27 
I Ia  4 20 Respiratory stoppage 
I Ib  2 10 0 
I Ib  2 20 Respiratory stoppage 
IIIa 4 10 Respiratory stoppage 
IIIb 6 10 Respiratory stoppage 
IT-a 4 10 Respiratory stoppage 
IVb 6 10 - 43 (40-48) 
Hexamethonium 8 5 - 46 
Chlorisondamine 8 0 5  - 41 

Anesthetic: urethan, 1.25 g./kg. i.p. 

l-(2-Dimethylaminoethyl)-l,2,3,4-tetrahydroquinoline Di- 
methiodide (IVb).-A solution of 1.3 g. (0.006 mole) of 1-(2- 
dimethylaminoethyl)-1,2,3,4-tetrahydroquinoline~ in 30 ml. of 
methyl iodide was heated a t  80" in a sealed tube wit,h shaking 
for 3 days. An orange solid separated which was collected on a 
filter, washed successively with hot acet,onitrile and a small 
amount of hot absolute ethanol, and recrystallized (see Table I). 

1 -( 2-Dimethylaminoethyl)-6-methoxy-l,2,3,4-tetrahydroquin- 
oline Dimethiodide (Ib).-I (1.29 g., 0.0055 mole) and 1.7 g. 
(0.011 mole) of methyl iodide in 20 ml. of anhydrous ether was 
allowed to stand a t  room temperature for 3 days. The white 
solid which separated was heated with 20 ml. of methyl iodide and 
10 ml. of absolute ethanol in a sealed tube a t  67' with shaking for 
1 day, then a t  85" for 2 hr. The yellow insoluble product was 
recrystallized from a mixture of absolute ethanol and methanol. 
The resulting yellow crystals were nashed with hot acetonitrile 
to afford a white cryst,alline solid which was washed with a small 
amount of absolute ethanol and recrystallized (see Table I ) .  

2-Dimethylaminomethylquinoline Dimethobromide (lib).-I1 
(1.5 g., 0.008 mole) and 5.6 g. (0.059 mole) of methyl bromide in 
10 ml. of anhydrous 2-propanol was heated a t  80-87" in a sealed 
tube with shaking for 14 hr. The solid portion of the reaction 
mixture was collected on a filter and was combined with additional 
solid which was precipitated from the filtrat,e by addit,ion of 
ether. The combined solids were dried a t  75" (10 mm.) and were 
recrystallized (see Table I ) .  

l-Methyl-2-dimethylaminomethyl-l,2,3,4-tetrahydroquinoline 
dimethobromide (IIIb) was synthesized from VI by the procedure 
described for I Ib  (see Table I). 

General Method.-Silver oxide (5.0 
g . )  was stirred with a solution of 5.0 g. of the monoquaternary 
salt in 100-200 ml. of water for 3 hr. a t  room temperature. The 
filtrate from the resulting mixture was distilled to dryness from an 
oil bath heated to 190-200", the receiver being cooled in a Dry 
Ice-acetone slurry. The distillate (which was strongly alkaline 
to litmus) was filtered through moistened filter paper: 0.5 g. of 
KOH was added to the filtrate, and it was extracted repeat,edly 
with ether. The combined ether extracts were dried (Na2S04), 
filtered, and to the filtrate was added 3.0 ml. of methyl iodide. 
A white solid separated which, aft,er standing for several hours, 

Hofmann Degradations. 

Duration. 
min. (range) 

0 

0 
26 (9-56) 

4 

0 

120 (42-246) 
30 
120 

dose that would produce a drop in blood pressure of approsi- 
mately 50'%. All compounds were dissolved in distilled water 
immediately before use and each rat received a single dose of 
hypotensive compound. The hypotensive activity is summarized 
in Table 11. 

Freshly prepared solutions were also administered, intra- 
venously, to anesthetized mongrel dogs, utilizing doses determined 
from previous rat studies. The only compound in this series 
exhibiting potent hypotensive activity was IW, and all doses 
ranging from 10-40 mg./kg. i.v. produced similar hypotensive 
responses in anesthetized rats. Ib  produced hypotensive effects 
of relatively short duration in rats. Quaternization of t,he nitro- 
gen of the saturated ring, as well as quaternixation of the side- 
chain nitrogen was necessary for hypotensive activity (compare 
Ib  and IVb with Ia  and IVa, respectively). Compounds IIa, 
IIb, IIIa, IIIb, and IVa produced marked but transient depres- 
sion of respiration. 

The administration of Ib (20 mg./kg. i.v.) to an anesthetized 
dog produced a 507, drop in blood pressure persisting in excess 
of 2 hr. IVb (20 mg./kg. i.v.) produced a 46% drop in blood 
pressure persisting in excess of 2 hr. in another dog. Both com- 
pounds markedly potentiated the epinephrine and angiotensin I1 
pressor responses and depressed bilateral carotid occlusion. 
Preliminary dat,a suggest that t,he hypotensive activity of these 
two compounds is a t  least in part due to ganglionic blockade. 

The absence of hypotensive activity in monoquaternary com- 
pounds Ia and IS'a (Tables I and 11) as compared with their 
biequaternary analogs Ib  and IS'b suggests that these CZ bis- 
quaternaries are not mechanistically similar to tetraethylammo- 
nium. It was of some interest that I Ia  and b and IIIa and b, 
in which one of the carbon atoms of the Cp unit connecting the 
nitrogen functions was a part of the heterocyclic ring, exhibited 
no hypot,ensive activity, but) rather produced respiratory arrest. 
An earlier study4 reported a Cs bisquaternary in which t,he 
aide chain was placed a t  position 2 of a quinoline system. This 
structure also produced respiratory arrest and was not a hypo- 
tensive agent. 

(13) R. K. Bickerton, hl. L. Jaoquart, W. J. Kinnard, J. A.  Bianculli, 
and J. P. Buckley, J .  A m .  Pharm. Assoc., Sci. Ed.,  49, 183 (1960). 


