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Oktadin, or  2- ( l ' -azaeycloocty l ) -e thylguanid ine  sulfate,  also known as ismelin,  guanethidine, or 
octatensine [1], blocks se lec t ive ly  the t r ans fe r  of nervous impulses in postganglionar sympathetic f ibers .  
This p roper ty  of the guanidine der ivat ives  of the oktadin type was used to cure  hypertonia.  At the same 
time as oktadin, the hypotensive prepara t ion  ornid (darenthin, bretylan) with a s impler  chemical  s t ruc ture ,  
i .e . ,  N-o-bromobenzyl -  N-ethyl-  N,N-dimethylammonium tosylate [2, 6 ], was  introduced into medical  prac-  
tice. Shortly af ter  the appearance of ornid,  at tempts were  made to unite the s t ruc tura l  e lements  which had 
the pharmacological  effects  of ornid and oktadin [3]. This was a basis for  the preparat ion of severa l  benzyl-  
guanidines, including benzanidin (N-benzyI-N' ,N"-dimethylguanidine sulfate) which was very  thoroughly 
studied [4]. 

Despite the good resu l t s  obtained during the application of the prepara t ions  of the guanidine se r i es ,  
these substances have s ide-ef fec ts  (tendency to cumulation, hyper tens ive  phase, or thostat ic  hypotonia, 
d i a r rhea , e t c .  [5]). There fo re ,  a sea rch  for  new s t ruc tu res  with select ive activity was very  desi rable .  
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Our attention was drawn to par t ia l ly  hydrogenated he te rocyc l ic  sys tems with a benzylamine- type 
grouping. In the se r i e s  of benzylguanidines,  the best  pharmacological  effect  was achieved by introducing 
a substi tuent into the ortho position [3]. Bases  of the iso-indoline or 1,2,3,4-tetrahydroisoquinol ine type 
sa t is fy  these requi rements .  We synthesized and studied the pharmacological  behavior of severa l  such 
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guanidine compounds [7-9]. During the course  of our work the hypotensive action of 1,2 ,3 , 4 - t e t r ahydro t so -  
quinol ine-N-carboxamidine  was repor ted  [10], but no detai ls  were  given. La te r ,  a patent  was published de-  
scr ib ing the synthes is  of s eve ra l  carboxamidines  based on te t rahydroisoquinol ine  and its benzo-subs t i tu ted  
der iva t ives .  The isoindoline and te t rahydrobenzodiazepine  de r iva t ives  were  also mentioned. However ,  no 
data on the pharmacolog ica l  behavior  of these compounds were  given [11]. During the invest igat ion of cyclic  
ethylguanidthes,  it was noted that the e i g h t - m e m b e r e d  r ing leads to the max imum hypotensive action, but 
this effect  d e c r e a s e s  when the he te rocyc l ic  r ing is inc reased  fur ther  [12]. To c la r i fy  this question we 
synthesized and studied benzo-subs t i tu ted  der iva t ives  with 5, 6, and 7 a toms in the r ing,  i .e . ,  isoindoline-  
N-carboxamidlne  hydrochlor ide  (I), 1 ,2 ,3 ,4- te t rahydroisoquinol ine-  N-carboxamidine  sulfate (II), and 1,2,3,4- 
t e t rahydrohomoisoquino l ine -N-carboxamid ine  sulfate (III). F o r  compar i son ,  benzylguanidine sulfate (IV), 
furfurylguanidine sulfate (V), py r ro l id ine -  N-carboxamidine  sulfate (VI), p iper id ine-  N-carboxamidine  sulfate 
(VII), and hexamethy lene imine -N-ca rboxamid ine  sulfate (VIII )were  synthesized.  

All the guanidine de r iva t ives  were  obtained by the action of the appropr ia te  base  on S-methy l i so -  
th iourea  in an aqueous or alcoholic medium.  With inc rease  in the numbers  of m e m b e r s  in the r ing,  the ra te  
of the reac t ion  between the base  and S-methyl i so th iourea  d e c r e a s e d  (the separa t ion  of me thy lmercap tan  
was re ta rded) ,  and at the same t ime  the yield of the guanidine der iva t ive  decreased .  The solubil i ty in water  
i nc rea se s  with inc rease  in the ring. Thus compounds with a f i v e - m e m b e r e d  r ing c rys ta l l i ze  f r o m  water ,  
while those containing a s e v e n - m e m b e r e d  r ing c rys ta l l i ze  only f r o m  alcohols and are  hygroscopic .  The 
pur i ty  of the compounds p r e p a r e d  was tes ted  by ascending pape r  ch romatography  with the solvent  n -bu tano l - -  
acet ic  ac id - -  wa te r  (120 : 3 0 : 20), using 25 mg  of the substance to be analyzed. The spots were  developed by 
mois tening the dried c h r o m a t o g r a m  with an aqueous-acetone  solution of sodium hydroxide,  po tass ium f e r r i -  
cyanide,  and sodium n i t ropruss ide .  

The Rf  value always inc reased  with inc rease  in the s ize of the ring. Cer ta in  pharmacolog ica l  effects ,  
such as the action on the blood p r e s s u r e ,  inc rease  in the case  of compounds with low Rf values.  This is 
poss ib ly  due to the g r e a t e r  sorbabi l i ty  of this kind of compound. 

With N-monosubst i tuted guanidines,  for  example  (IV), the spots developed were  light c e r i s e  in color .  
Other cyclic  bases  with a benzyl  group gave light c e r i s e  spots ,  and cyclic  compounds with no benzyl  group 
gave violet  spots .  

Pharmaco log ica l  studies showed that all the compounds with a benzyl  group are  slightly toxic. The 
highest  toxici ty in this s e r i e s  was shown by (IV) (73 m g / k g  when admin is te red  to white male  mice)  [13], 
and the lowest  by compound (V) and cyclic de r iva t ives  with a benzyl  res idue .  In the la t ter  case  the toxici ty 
d e c r e a s e s  with inc rease  in the s ize of the ring. The same  re la t ionship  was obtained for  cyclic  de r iva t ives  
with no benzyl  group. Expe r imen t s  on cats  and rabbi t s  showed that  compounds with a benzyl  group bound 
to the guanidine group a re  s t rong hypotensive agents [14]. The effect  of cyclic  der iva t ives  is s t ronger  and 
las t s  longer than that of (IV), but it weakens with inc rease  in the s ize of the ring. Cyclic bases  with no 
benzyl  group have a lmos t  no hypotensive activity.  The  blocking of the nicti tat ing m e m b r a n e  is s t rongly  
marked  in all  the de r iva t ives  with a benzyl  group bound to the guanidine group. It is max imum for  (II), and 
is somewhat  lower for  (IV). Cyclic der iva t ives  without a benzyl  r ad ica l  s c a r c e l y  block the nict i tat ing m e m -  
brane  in ca ts .  If adrenal in  is introduced over  the background of the substances  p repared ,  the change in the 
act ivi ty  is noted only in the case  of (IV) where the adrenal in  ef fec t  is inc reased  and las t s  longer.  When 
acetylcholine was introduced over  the background of these p repa ra t i ons ,  a m o r e  prolonged effect  was noted 
for  (IV) only, while the an t i cho l ine -es t e rase  act ivi ty  is absent  in all  the subs tances  studied. The ant i -  
h i s taminic  act ivi ty is c h a r a c t e r i s t i c  and is equally ma rked  in a lmos t  all  the de r iva t ives  with a benzyl -  
guanidine res idue  [8]. 

The action on an isolated hea r t  is not ve ry  effect ive in low concentra t ions .  Depress ing  action is m o r e  
cha r ac t e r i s t i c  of noncyclie de r iva t ives ,  but ce r ta in  cyclic  de r iva t ives  inc rease  the ampli tude and stow 
down the rhythm.  Intest inal  influence is observed  only if the concentra t ion is increased  (2 �9 10-~-10 -~) and 
appea r s  as a dep re s san t  of the contract ing function of the bowels.  This  fea ture  is r a the r  more  c h a r a c t e r -  
ist ic of the cyclic  der iva t ives .  Per ipher ic  blood ve s se l s  cont rac ted  under the influence of all these  com-  
pounds. The cyclic  compounds were  more  effect ive than the noncyclic guanidine der iva t ives .  With cyclic  
de r iva t ives  with no benzylguanidine res idue ,  the action inc reased  with the inc rease  in the size of the r ing,  
while with cyclic der iva t ives  with a benzylguanidine res idue ,  the effect  differed v e r y  litt le f r o m  that  of non- 
cycl ic  der iva t ives .  Sleep induced by ba rbam y l  was prolonged by de r iva t ives  with benzylguanidine res idues ,  
but s leep induced by chlora l  hydra te  did not change under  the influence of the same group of subs t ances .  On 
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the other  hand, cyclic  de r iva t ives  without a benzylguanidine res idue  produced a lmos t  twice the effect  of 
chlora l  hydra te  (on ra ts ) ,  but did not change the action of ba rbamyl .  It is known that ce r t a in  guanidine de-  
r iva t ives  sha rp ly  dec r ea s e  the amount of sugar  in the blood. Expe r imen t s  with our p repara t ions  have 
shown that all the compounds with noncyclic benzylguanidine inc rease  the amount of sugar  in the blood of 
rabbi t s .  This reached  a m a x i m u m  af te r  15-30 rain, and did not change fu r the r  during 2-4 h. When com-  
pounds with a cyclic  s t ruc tu re  were  introduced, the amount of sugar  in the blood of rabbi t s  dec reased  for  
15 min a f te r  the admin is t ra t ion  with a lmos t  all the compounds studied, and the level  was then maintained 
for  4-6 h. 

E X P E R I M E  N T A L  

Furfurylguanidine  Sulfate (V). A 9.7-g (0.1 mole) port ion of fu r fu ry lamine ,  13.92 g (0.05 mole) of S- 
methy l i so th iourea  sulfate,  and 10 ml  of wa te r  were  placed in a round-bot tomed f lask  (0.1 l i ter)  fi t ted with 
a ref lux  condenser  and an outlet. The mix tu re  was heated on a wa te r  bath until the evolution of gas (CH3SH) 
ceased  comple te ly  (1�89 h). A smal l  amount of act ivated charcoa l  was added to the hot solution, and the mix-  
ture  was heated for  a few minutes  and f i l tered.  A 50-ml  por t ion of ethanol was added to the f i l t ra te .  When 
cool,  the c rys ta l l ine  prec ip i ta te  was f i l te red  and washed with a smal l  amount of ethanol. Yield: 10 g (53% 
of theoret ical ) .  After  r e c ry s t a l l i z a t i on  f r o m  dilute alcohol,  9.5 g of a co lo r l e s s  c rys ta l l ine  substance was 
obtained. Decomp. 212-213~ R j 0 . 6 6 .  Found%: N, 22.6; S, 8.73. C6HgN30. �89 4. Calculated %: N, 
22.34; S, 8.51, 

Benzylguanidine sulfate (IV). As for  the p r e c e d i n g  compound, 5.5 g of a c rys ta l l ine  substance ,  de-  
comp. 204 ~ was p repa red  f r o m  5.35 g (0.05 mole) of benzylguanidine,  7 g (0.025 mole) of S -me thy l i so -  
th iourea  sulfate ,  and 15 ml  of water .  Yield : 55% of theore t ica l .  After  r ec rys t a l l i za t ion  f r o m  70% ethanol,  
the decomposi t ion  point was 205 ~ According to the l i t e ra tu re  [15], the decomposi t ion point is 206 ~ Rf  0,76. 

I ~ r r o l i d i n e - N - c a r b o x a m i d i n e  sulfate (VI). A mix ture  of 7.1 g (0.1 mole) of pyrrol id ine ,  13.92 g 
(0.05 mole) of S-methy l i so th iourea  sulfate ,and 10 ml  of wa te r  was carefu l ly  heated on a water  bath. To 
avoid too vigorous  reac t ion ,  the f lask  was withdrawn f r o m  the bath at shor t  in tervals  of t ime.  When the r e -  
act ion was c a r r i e d  out with la rge  amounts of the s ta r t ing  subs tances ,  the mix ture  was cooled or S -methy l -  
i so th iourea  sulfate  was added in sma l l  por t ions .  After  the evolution of gas had ceased  (2 h), the mix ture  
was cooled and f i l tered.  Yield of co lo r l e s s ,  c rys ta l l ine  substance  was 6 g (40%), decomp. 290-292 ~ An 
additional amount of the substance  could be obtained by evapora t ing  the mother  liquor. After  r e c r y s t a l l i z a -  
tion f r o m  a sma l l  amount of water  or  alcohol (50%), a compound was obtained, decomp. 294 ~ (carbonization). 
Rf  0.64. Found %: N, 25.92; S, 10.09. CsHllN 3 �9 �89 4. Calculated %: N, 25.92; S, 9.89. 

P ipe r id ine -N-ca rboxamid ine  sulfate (VII). By the above method,  21 g (60%) of the substance  was ob- 
tained, decomp. 280-281 ~ f r o m  17.2 g (0.2 mole) of p iper id ine ,  27.84 g (0.1 mole) of S-methy l i so th iourea  
sulfate,  and 20 ml  of water .  After  r ec rys t a l l i za t ion  f r o m  70% ethanol,  decomp, was 282-283% Rj 0.68. 
Found %. N, 23.89; S, 8.90. C6H13 �9 �89 4. Calculated %: N, 23.86; S, 9.09. 

Hexamethy lene imine -N-ca rboxamid ine  sulfate (VIII). The reac t ion  was c a r r i e d  out as descr ibed  
above. A mix tu re  of 19.82 g (0.2 mole) of hexamethylene imine ,  and 27.84 g (0.1 mole) of S -me thy l i so -  
th iourea  sulfate in 25 ml  of ethanol was heated on a water  bath until the evolution of gas ceased.  After  
cooling the mix ture  and diluting it with a mix ture  of methy lce l loso lve-e thy l  aceta te  (1 : 1), the yield was 7 g 
(18.4%) of a c rys ta l l ine  subs tance ,  decomp.  227-228 ~ The r ec rys t a l l i z a t i on  could be effected only with dif- 
f iculty,  since the substance is ve ry  hygroscopic ,  and is r ead i ly  soluble in m o s t  organic  solvents  and water .  
Rf  0.72. Found %: N, 21.90; S, 8.52. CTHIsN 3 �9 �89 4. Calculated %: N, 22.11; S, 8.33. 

I so indo l ine-N-carboxamid ine  hydrochlor ide  (I). A mix ture  of 18.72 g of isoindoline hydrochlor ide ,  
10.2 g-of sodium bicarbonate ,  and 50 ml  of wa te r  was heated on a wa te r  bath until the evolution of carbon 
dioxide was complete .  The mix tu re  was then t rea ted  with 16.8 g of S-methy l i so th iourea  sulfate and heated 
under ref lux  on a boiling wa te r  bath until the evolution of the gas comple te ly  ceased  (2 h). The hot solution 
was f i l te red  through a heated column and cooled, and the c rys ta l l ine  substance  that  precipi ta ted  was f i l tered.  
This was dr ied,  and 23-24 g (98%) of a co lo r l e s s  substance ,  decomp. 247 ~ was obtained. After  two r e -  
c rys ta l l i za t ions  f r o m  a sma l l  amount  of water ,  the decomposi t ion  point was 248-249 ~ Rj: 0.67. Found %: 
N, 21.5; S, 18.1. CaHI~N 3 �9 HC1. Calculated %: N, 21.22; CI, 17.91. 
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1,2,3,4- Tetrahydroisoquinoline- N-carboxamidine sulfate (II~. As for furfurylguanidine sulfate, 16 g 
of a crystalline substance, decomp. 262 ~ was Obtained from 14 g (0.1 mole) of 1,2,3,4-tetrahydroisoquinol- 
ine (containing a 4% admixture of isoquinoline), 14 g (0.05 mole) of S-methylisothiourea sulfate, and 13 ml 
of water, which were heated for 3 h on a boiling water bath and cooled. Yield: 71.4% of theoretical. After 
crystallization from a dilute alcohol, the decomp, was 269 ~ (according to the literature [10], 273.5~ R~ 
0.72. J 

22j3,4,5-Tetrahydro-(1-H)-2-benzazepine--2-carboxamid!.ne sulfate {III). The crystalline substance, 
decomp. 270 ~, was isolated in a yield of 7.25 g (60%) from a mixture of 7.35 g (0.05 mole) of homo-l ,2 ,3 ,4- 
tetrahydroisoquinoline, 7 g {0.025 mole) of S-methylisothiourea sulfate, and 10 ml of water by the method 
used for 1,2,3,4-tetrahydroisoquinoline-N-carboxamidine sulfate after cooling the mixture and adding an 
n-propanol-- acetone mixture (40 ml). After recrystallization from dilute propanol, the decomp, was 272 ~ 
R] 0.82. Found %: N, 17.52; S, 6.81. C11HIsN3 �9 �89 4. Calculated %: N, 17.65; S, 6.72. 
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