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A new class of antiarrhylhmic agents is described, namely 5-(3,4,S-trimethoxybenzoylony)- and 5-(3,4,5-tri- 
methoxybenzamid0)-substituted decahydroisoquinolines. The antiarrhythmic potency and therapeutic index 
of some of the moiet,ies reported in this paper were found to be equal to or greater t,han quinidine. Synthesis of 
the cis-9,lO and trans-9,lO isomers is reported and it  has been demonstrated that the trans-9,lO isomers have a 
more favorable antiarrhythmic therapeutic index than the corresponding cis-9,lO isomers. The importance of 
the 3,4,5-trimethoxybenzoyl radical for antiarrhythmic activity is shown. An increase in the length of the alkyl 
side chain on the heterocyclic nitrogen causes a significant increase in both toxicity and antiarrhythmic activity 
(i.e., CH3 to C211s). 

Our interest in agents possessing cardiovascular activ- 
ity led us to the synthesis of variously hydrogenated 
<;-substituted 2-alkylisoquinoli1ies.~ - 3  The marked an- 
tiarrhythmic activity observed with 5-(3,4,3-trimeth- 
oxybenzoyloxy)-2-ethyldecahydroisoquinoline (I) di- 
rected us to examine the stereochemistry of this 
molerule particularly in view of its structural resem- 
blance to reserpine, a compound possessing antiar- 
rhythmic properties.? which can be considered a 5,6,7-tri- 
substituted decahydroisoquirioliiie having a cis ring 
junction. The synthesis of I’ by way of a platinum- 

HJCO 

HJCOAC ozc 
OCHj 

OCHJ 

catalyzed low-pressure hydrogenation of 5-hydroxy-2- 
ethylisoquinoliIiium salt to 5-hydroxy-2-ethyldecahy- 
droisoquinoline followed by esterification, coupled with 
spectral data, led us to suspect the compound as being 
the cis-9,lO isomer having the 3,4,5-trimethoxyben- 
zoyloxy moiety in the equatorial conformation. In  
order to ascertain conclusively this premise, stereo- 
chemical studies were initiated on &substituted 2-alkyl- 
decahydroisoquinolines. The prior report of some 5- 
hydroxy-2-methyldecahydroisoquinolines~ caused us to 
turn our attention to the 2-methyl derivatives. A 
superior synthesis for 5-hydroxy-2-methyldecahydr.o- 
isoquiriolines was devised3 involving a one-step plat- 
inum-catalyzed low-pressure hydrogenation of 5-nitro- 
2-methylisoquinolinium salt to 5-amino-2-methyldeca- 
hydroisoquinoline. Con1 ersiori of this isomeric mixture 
of amines to their acetamides allowed convenient sepa- 
ration of the czs and trans isomers. Hydrolysis of the 
individual acetamides yielded the pure amines which on 
deamination with nitrous acid produced the alcohols in 
pure form and good yield.3 Esterification of the cis- 
5,9,10-H- arid trans-9,lO- t-5-H-Shydroxy-2-met hylde- 
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cahydroisoquinolines with 3,4,S-trimethoxyberizoyl 
chloride yielded the corresponding esters. Both these 
compounds were evaluated for antiarrhythmic activity 
by the method of Lawson6 and the results obtained are 
shown in Table I. 

Having assigned the stereochemistry to the above 
compounds we were then able to ascribe the stereochem- 
istry to I using the above cis-5,9,10-H- and trans-9,lO- 
t-5-H-3-hydroxy-2-methyldecahydroisoquinolines as 
reference points. 5-Hydroxyisoquinoline mas hydrog- 
enated at  low pressure by our previously reported pro- 
cedure’ to produce a mixture of isomers of 5-hydroxyde- 
cahydroisoquinoline (11) (cis-9,lO : tians-9,10, 2 :1, in 
keeping with our previous results using Pt as catalyst). 
Column chromatographic separation yielded the pre- 
viously unreported pure cis-9,lO and t ,  ans-9,lO isomers 
of 11. 

The equatorial conformation of the hydroxyl 
grouping in cis-9,lO-I1 was shown by the methylation 
of the cis-9,lO isomer of I1 to the known cis-5,9,10-H-3- 
hydroxy-2-methyldecahydroisoqui1ioliiie.~~~ The equa- 
torial conformation of the tmns-9.10 isomer of I1 W R S  
proven in a similar manner. S m r  studies verified 
these conformational assignments, i.e., band a t  3.73 
ppm; half-band width with 15 cps (>CHOH). Asecond 
portion of cis-5,9,10-H-5-hydroxydecahydroisoquiIlo- 
line was converted to its S-ethyl derivative using ethyl 
bromide and the resulting cis-5,9,1O-H-3-hydroxy-2- 
ethyldecahydroisoquiiiolirle was shown to be identical 
with the previously reported compound ;l esterification 
with 3,4,.3-trimethoxybenzoyl chloride yielded the 
corresponding ester which was also identical with I, thus 
confirming our suspicions of the cis-5.9,10-H conforma- 
tion for I. 

The absence of significant antiarrhythmic activity 
with 5-hydroxy-2-ethyldecahydroisoquiiioline (111) 
coupled with previous reports of the importance of the 
3,4,5-trimethoxybenzoyl moiety for cardiovascular ac- 
tivity’ directed us to examine the effect of this grouping 
on the pure cis-5,9,10-H- and trans-9,10-t-5-H-5-amino- 
2-methyldecahydroisoquinolines produced during the 
course of the above study. Treatment of these amines 
with 3,4,5-trimethoxybenzoyl chloride yielded the ap- 
propriate amides and biological screening showed them 

( 6 )  J.  W. Lanson. J .  Pharmacal Ezptl T h e r a p ,  16, 22 (1968). 
(7)  E. Schlittler. H B JIacPhillam), L Dorfman, 1 Furlenmeler C. F. 

Huebner, R Lucas. J JI l luel ler ,  R Schnyzer. and 1. F. St .\ndrP, Arm.  
N .  Y .  A ~ a d .  SLE. .  69, 1 (1954). 
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1;i)r ~ i i t ~ j : i i , ~ ~ t ~ , t ~ t i I i i ~  properties of re,~erpiiie, see ref ti. * Potency relative to qiiiiiidi~ie :I.< I .  ' Ther:lpcutic i~ides ~ I , l ) h ~ ~ / J ~ I ) ~ o  I. 
J SufFicierlt datu were iiot collected t o  r~alciilnte either the Ll);, o r  El)io hr -  

\':iliirh 

* !I:( cotifitieiic-e limits iii parentheseh. e Slope fiinrtion. 
miix! scrceitirig tl:tta indicakd let,hal doses were required to protect :t majority of the :tiiim:ils i i i  the :infinrrh~thniic iwf. 
giveii :ire estimated L1l5, or El)aa. 

to ~)o+>cs  higiiifir:tiit antiarrh> t hinic avtivit! (VI and 
VI I) .  Thi:, I)romptecl u? to cv:ilu:ite the cis-.i,g. 10-H 
:t i i ( I  /i~rns-0,10-t-.i-H i+omers of  .i-acet:tmido-~-methyl- 
tlcc~:iliytlloiso(~~iiiiolirie for aritiarrhythmic properties 
(VI11 and IX). 

Biological Activity.--Compouiid~ listed i n  Ta ble I 
~1 for aiitiitrrhythniic activity iii the mouse 
procedure described by IAN Briefl)., 

t hc method i h  haset1 on prevention of chloroform- 
iiiduccd veiitricular fibrillation t > > p  pretreatment of the 
:mind<  \\ it11 the te>t compourid. The compoundh 
\\ (w t ested :il~o for acute toxicity (24 hr) using separate 
group. of mice. In both test:,, three or more groups of 

tirig of a t  least ten animals, nere 
u+wI to  stud) the compound.; found more active as 
:tiiti:irrliyf hniic :igent+. Hou ever, fetter animals 11 ere 
1 1 ~ ~ ~ 1  l o  5tutly the less active coiiipourids arid the largest 
tlow :t(liiiiriihteretl in the aiiti:trrhythniic test was arhi- 
tr:iril\. estahlishetl ;is 1000 nig,'lig. .ill compounds 
TI PI'(> :MI II I i iiistciwl 1)) the  i ii t raperit oiie:il rout e and 
(10sob itre prcsc~iiied i r i  teriiis of the free h + e .  

1,l) : i i i ( I  :iiiti:~rrtiytfii~iic values, together with 
t Iicir wspectivc 95c/, coiifitience liniiti and slope func- 
tion\, \ v c w  c:tlciiI:~tcd :iccording to the method of Litch- 
fir.l(l : i r i d  Wilcoxon.~ Test? for pnrallclisni of antiar- 
rh> t hiiiic an t1  :+cute toxicity (he-response curves arid 
~ ~ ~ 1 1 d : ~ t j o ~ i ~  for significance of difference in potencj 

A 0.05 probability level 
\vab cwrisidered significant. Accordingly, slopes of 
:wilt P toxicitj- aiid antiarrhythmic dose-response curves 
tor t 1 1  ( t  ( ~ ~ i i i p o u ~ i d ~  reported ivcrc considered parallel to 

io:, T V ~ W  \iiiiilarly derived. 

the rchpective -lope\ oht:tin~d \I itli quiriicliiic (1' < 
0.0.;). 

C'oiiderable varittt ioii in niiti:trrli?'tliiiii~ poteiic,~ 
found in this serieq of coiiipouiid:, (rL':ihle I ) .  

ereits mi ie  were cstiniatecl to be equal to or i i i o ~ ~  

potent th:iri c~uiiiidinc~ (I, IY, I*, :ind 1'TI), 
considered either le+ :ictive (111 and VI)  o 
devoid of antiar.~l~ytlimic activity (1'111, I 
;\Iarkecl vtiriatioii W:I+ duo  found in acute toxicity :irid 
compou~id.; which n ~ r e  iiioi'c potrlit thari ciuiiiidiric 
were also iiiore toxic. I-Io\vever, t \vo iiiviiiber< of t h o  
-cric\ (VI, VIT) were of spcci;il interest iii that c:1c11 

possessed :i therapeutic iiitles in c.xces+ ~f quinidine. 
Coiiipourid VI1 \\-:is i l i ~  iiin.it illtoresting +ir  
calculated to have :I therapeutic index of 4. 
pared with 8.1 for quiiiidiiir. I h i a  
I show that ,  ~v1icre:ts this compouncl 
cquiv:tlent to quinidine in nntixrrl-1) thiiiic potciic\ , i t  
was considerably lesi toxic, accountiiig for ilie 3igiiifi- 
cantly increased therapeutic iridrx. 

Discussion 
1I'hile a large iiuni tier of cheiiiically unre1:tt et1 drugs 

have been reported to he useful in the tre:i,tiiieni3 of 
arrhythmias of the heart 9-11 t.he out'staridirig coinpouiid 
in this area of' therapeutics is quinidine. A\t the present 
time little knowledge of st,ructure-activity relationships 
is available in this coniplex area of pharmacology. The 

~ Y ' I  R .  U. Tanz. . I r i r i .  K e p t .  .\led. C'kem., 1, 85 (1965). 
(10) 1.. R .  Goodman ani1 ,I, Gilman. "The Pharniacoloaical Has18 111 

Therapeutics," :%rd mi. llacniillan and Co., N e w  York, S .  I-., 1!166, 
f j ! l ! l - i l : j ,  

~I&raw-Hill  h o k  { ' ( I L  In(.. N w  Yo& N. Y.. 1965. T)IJ  62&635. 
, 11)  .1. R.  I )iI'almu, " l~ r i l l ' s  f'harmacololr). in hIetlicinp." :(ril i d  
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results outlined in Table I ascribe significant antiar- 
rhythmic activity to 3,4,5-trimethoxybenzoyl deriva- 
tives of 5-substituted 2-alkydecahydroisoquinolines, a 
new class of conipounds in this area of pharmacological 
activity. An attempt is made to define some struc- 
ture-activity relationships from the results obtained. 

Reserpine, a known antiarrhythmic agent,4 has been 
shown to have a cis ring junction between rings D and 
E, a decahydroisoquinoline ring system. Our studies 
were initiated in order to evaluate the effects on cardio- 
vascular activity produced by the various stereoisomers 
of decahydroisoquiiiolines. From Table I, it is evident 
that  the substituted decahydroisoquinolines reported in 
this paper do possess significant antiarrhythmic prop- 
erties and that the t~ans-9,10 conforniation yields com- 
pounds possessing superior therapeutic indexes over the 
cis-9,lO analogs. It is pertinent a t  this point to note 
that the 5-substituent is in the equatorial conforma- 
tion3 in all the compounds reported in this paper. Ad- 
ditionally, one cannot ignore the fact that  the ED5, 
values for the tmns isomers are significantly lower than 
for their cis analogs. The implication of a steric factor 
in any receptor involved in antiarrhythmic activity is 
therefore apparently favoring the rigid trans conforma- 
tion in contrast to the flexible cis conformation. We 
have also examined Dreiding molecular models of the 
above compounds and can find no differences in the 
interatomic distances between the 5-substituent and 
the heterocyclic nitrogen atom in either of the isomers. 
This factor does not therefore appear to be involved in 
the activity differences we have observed. Isosteric 
replacement of the oxygen of the ester function by an 
S H  grouping provides for compounds possessing con- 
siderably diminished acute toxicity and potency, asso- 
ciated with enhanced therapeutic indexes (cf. IV with 
VI and V with VII). Additionally, we have denion- 
strated a reduction in the therapeutic index and acute 
toxicity as a result of the elimination of one methylene 
grouping on the heterocyclic nitrogen (cf. I and IV). 
The importance of the 3,4,5trimethoxybenzoyl radical 
for antiarrhythmic activity in these series of compounds 
is well supported by our study and complements the 
evidence' for the importance of this function in the 
cardiovascular activity of reserpine analogs. Studies 
using 3,4,j-trimethoxybenzoic acid showed it to possess 
essentially no antiarrhythmic activity (see Table I, 
footnote f). All the compounds shown in Table I which 
incorporated this moiety were active, whereas the 
compounds which did not include this grouping were 
essentially devoid of antiarrhythmic properties. 

Comparison of the therapeutic indexes of some of the 
compounds described shows that they possess values 
equivalent or superior to that of' quinidine, the standard 
drug in antiarrhythmic therapy. 

Experimental Section 
All melting points were determined using a Swissco melting 

point apparatus and are corrected. Elemental analyses were 
carried out by Drs. G. Weiler and F. B. Strauss, ,3xford, England, 
and Galbraith Laboratories, Inc., Knoxville, Tenn. I r  spectra 
were recorded on a Perkin-Elmer Model 13iB Infracord spectro- 
photometer. Vapor phase chromatograms were recorded on a 
Varian Aerograph Model 700 Autoprep chromatograph using a 
thermal conductivity detector (He gas). Nmr spectra were 
recorded on a Varian A60 spectrometer in CDCL. 

czs- and trans-5-Hydroxydecahydroisoquinoline (IIc and IIt).- 
.i-IIydroxyisoqninoline (5.0 g) was dissolved in glacial AcOH 

(150 ml), concentrated H2S04 (1.2 ml) was added, and thesolution 
was hydrogenated over PtOz (5.0 g) a t  2.8 kg/cm2. After 139 
hr the hydrogenation waa stopped and the AcOH was removed 
in vacuo. The oil obtained wa8 made alkaline with aqueous base 
and the free alcohol was extracted with EtnO. The weight 
of the mat,erial recovered after the removal of the EtpO. 
was 457? of the calculated amoiint. Vapor phase chromatog- 
raphy (column: 10 ft, 15% SE 30 on Chromosorb W 30-60 
mesh, temp 160", flow 38 ml/min) showed this material to be a 
mixture of approximately 60% cis-9,lO (retention time 18.5 
min) and 30% trans-9,lO isomers (retention time 20.5 min) and 
t,o also contain some impurities. Approximately 6 g of the above 
5-hydroxydecahydroisoquinoline was dissolved in CsHs (100 ml) 
and chromatographed on an alumina column (Matheson Coleman 
Bell, chromatographic grade alumina, 80-200 mesh; column 
90 x 2 cm) (185 g). The solvents iised were CsH, (250 ml), 
E t 2 0  (1500 ml), and increasing strengths of XeOH (354 2100 ml, 
6 5  2500 ml, 10% 1250 ml) in EtZO, respectively. The initial 
fractions removed the implirities followed by the cis-S,9,10-H-5- 
hydroxydecahydroisoquinoline (IIc) (final 500 ml of Et20 and 
first 100 ml of 3% XIeOH-Et20) (0.94 a ) ,  intermediate fractions 
(which were rechromatographed), and finally trans-9,10-t-5-H-5- 
hpdroxydecahydroisoq~iiiioline ( I I t )  (final 500 ml of 10% 
MeOH-Et20). These isomeric alcohols were further purified by 
forming the hydrobromide salts which were recrystallized from 

cis-5,9,lO-H-5-Hydroxydecahydroisoqiiinoline hydrobromide, 
mp 208-209.5". ilnal. (C9HI8NOBr) C, H, N, Br. 

trans-9,1O-t-5-H-5-Hydroxydecahydroisoq11inoline hydrobro- 
mide, mp 258-259'. Anal. (C9H18NOBr) C, H, N, Br. 
cis-5,9,10-H-5-Hydroxy-2-methyldecahydroisoquino~ine (XIc). 

-1Ic.HBr (0.2 g) was mixed with 887, formic acid (0.43 g) 
and 3i% formaldehyde (0.14 g) and refluxed over steam for 3 hr 
according to the method of Clarke, cf a/.1Z The solution was 
made alkaline with NaOH pellets and the free alcohol was ex- 
tracted with EtnO. After removal of the EtlO, the gas chromato- 
graph (Chromosorb W column, temp 169') of the residiial 
oil was identical with that of an authentic sample of S I c 3  (re- 
tention time 12.0 min). I Ic  under the same conditions has a 
retention time of 13.5 min. 

cZs-5,9,10-H-5-( 3,4,5-Trimethoxybenzoyloxy)-2-ethyldeca- 
hydroisoquinoline (I).-IIc (0.22 g) was treated with EtBr 
(0.16 g) in EtOH ( 5  ml) over a period of 6 days according to the 
method of Blicke and The solvent and excess reagent 
were evaporated to yield a viscous residual oil which was made 
alkaline with NaOH and extracted with Et20.  The dried Et20 ex- 
tract was evaporated to yield a pale yellow oil which crystallized on 
standing (0.225 g). Vapor phase chromatographhy (Chromosorb 
W column, temp 165") showed this to be a mixture of unreacted 
IIc (15%) (retention time 15.5 min) and cis-5,9,10-1€-5-hydroxy- 
2-ethyldecahydroisoquinoline (111) (85%) (retention time 19.0 
min). Column chromat,ography (column: 15 X 2 cm, Florid,  
Fisher, 60-100 mesh, Et2O) separated these two materials. 
Treatment of the separated 111 (0.065 g) with 3,4,.Ftrimethoxy- 
benzoyl chloride (0.1 g) as outlined by ?\lathison' yielded 0.07 g 
of the corresponding ester. Formation of the HBr salt (mp 199- 
200') and mixture melting point data showed t'his compound to 
be identical with that previously reported.' 

cis-5,9,10-H-5-( 3,4,5-Trimethoxybenzoyloxy)-2-methyldeca- 
hydroisoquinoline (IV).-XIc (1.01 g) prepared by the pro- 
cedure of Mathison and Gueldner,3 was dissolved in dry pyri- 
dine (50 ml) and treated with excess 3,4,5-trimethoxybenzoyl 
chloride for 4 days at  room temperature. The pyridine was 
removed in V ~ C U O  and the tacky residue was made alkaline with 
K2COS solution and extracted with EtzO. Evaporation of the 
dried Et20 extract yielded a viscous oil (1.86 g) which was re- 
crystallized from C6H6-pentarie to yield 0.5 g of needles, mp 

Further work of the mother liquors yielded additional amounts 
of this ester. 

frans-S,lO-t-5-H-5-( 3,4,5-Trimethoxybenzoyloxy)-2-methyl- 
decahydroisoquinoline (V).-trans-9,1O-t-5-Hd-Hydroxy-2-meth- 
yldecahydroisoquinoline ( X I t )  (2 g)  prepared by the method of 
Mat,hison and Geuldner3 was dissolved in dry pyridine (50 ml) 
and treated wit'h 3,4,5-trimethoxybenzoyl chloride (3 g) and 
allowed to stand a t  room temperature for 4 days. Work-up of 

EtOH-Et2O. 

91.8-93". 9 n d .  (C2,H,,SO,) C, H, N. 

(12) H. T. Clarke, H. B. Gillespie, and  S. Z. Weisshaus, J .  Am. Chem. 

(13)  F. F. Blicke and  E. Monroe. i h d ,  61, 91 flY39). 
Soe., 5S, 4576 (1933). 




