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The direction of recycl iza t ion  during hydrazinat ion of isoquinolinium salts is prac t ica l ly  
independent of the substituent attached to nitrogen and the react ion conditions and leads to 
compounds with an N-aminoisoquinoline s t ructure .  

Recycl izat ion only to the corresponding N-amino derivatives by the action of hydrazines has been de- 
scr ibed for pyridinium and isoquinolinium salts [2, 3]. According to [3], the recyel izat ion of isoquinolinium 
salt  Ia proceeds through the intermediate formation of addition product H and hydrazone III, which cycl izes 
under the influence of acids to N-aminoisoquinolinium salt VIII. We have investigated the hydrazination of 
isoquinolinium salts I a - f  in order  to ascer ta in  the possibi l i ty of the formation of benzodiazepine sys t em IV. 

In a study of the action of hydrazine,  hydrazine hydrate,  and li thium hydrazide on salts I in aqueous, 
alcohol, and dioxane media, or in hydrazine itself, and also in the presence  of alkali or  an organic base un- 
der various tempera ture  conditions, we isolated (as a stable product) only a color less  solid with variable 
physical proper t ies  but a constant e lementary  composit ion,  (CgHsN2) n (V), which was found to be a mixture 
of o l igomers  with n_>_ 2. In par t icu lar ,  individual o t igomers  with n =2, 4, and 9 were isolated. The ol igomer 
ra t io  in the mixtures depends on the hydrazination conditions. The ol igomer with n =2 is identical to the 
dimer of N-iminoisoquinoline - t e t razan  VII [3, 4] - both with respec t  to melting point and other proper t ies  
and does not depress  the melting point of a sample obtained by the method in [3]. On acidification it readi ly  
forms salt  VIII (R =H), the neutral izat ion of which does not yield monomeric  base VI (R =H) - t h e  lat ter  
d imerized immediately to te t razan VII. It should be noted that o l igomers  V with n > 2 are  formed along with 
dimer VII on rapid neutral izat ion with concentrated alkali solution. 

The VNH band is weak in the IR spec t rum of VII. The PMR spec t rum contains two groups of signals 
at 5.32 and 6.49 ppm, which are  split into a doublet (J =7.7 Hz) and are  re la ted to the - C H  = C H - p r o t o n s ,  a 
multiplet at 7.14 ppm, which is re la ted to the signals of the benzene r ing protons,  and a singlet at 5.89 ppm, 
which corresponds  to four protons. When the PMR spec t ra  are  r eco rded  at different t empera tu res ,  this 
signal is initially split into two signals as the tempera ture  r i s e s ,  and at 57-78 ~ one of them is shifted to 
s t ronger  field. These protons apparently part icipate in the formation of a hydrogen bond with the solvent 
[dimethyl sulfoxide (DMSO)], and this makes it possible to assign this signal to the protons of the NH group. 
Thus the PMR spect ra l  data unambiguously indicate te t razan  s t ruc ture  VII. 

The s t ruc tures  of the higher ol igomers  (V) were  not ascer ta ined,  although the absence of free t e r -  
minal hydrazine groups (negative react ion with benzaldehyde and Fehling solution) makes it possible to a s -  
sume a macrocyc l ic  s t ruc ture  for them. 

The formation of only compounds with N-aminoisoqulnoline s t ruc ture  (VI-VIID during the hydraz ina-  
tion of the isoquinolinium salts (in cont ras t  to the pyryl ium and thiapyryl ium salts [5, 6]) may be associa ted 
either with aromat izat ion of the 2,3-benzodiazepine sy s t em (IV) or with the possibil i ty of stabilization of 

*See [1] for communication XIV. 
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intermediate hydrazone III in the syn configuration glib), as a resul t  of which r ing closing to diazepine IV 
is s te r ica l ly  hindered,  while the formation of the N-aminoisoquinoline s y s t e m  VI should not depend markedly 
on the configuration of intermediate  hydrazone HI and, in addition, is thermodynamical ly  more favorable. 

N-Iminoisoquinoline derivatives VI OR' =COR") ,  which, because of delocalization of the negative 
charge,  are  ex t remely  stable also in the base form,  a re  formed in the react ion of isoquinolinium salts with 
acylhydrazines ,  in which the am[de nitrogen atom usually manifests lower nucleophilic activity [6]. The 
synthesis of N-acyliminoisoquinolines VI OR' =COR") f rom isoquinoline N-sulfotrioxide {If) proved to be a 
par t i cu la r ly  convenient method in a prepara t ive  respec t  as compared  with other methods [2]. I somer ic  cy-  
clic s t ruc ture  IX (X=O), which does not have separated charges ,  can be proposed for N-acyl iminoisoquino-  
lines VI OR' =COR").  However,  the chemical  proper t ies ,  par t icular ly  the high solubility in acids to give 
salts  VIII and the IR spec t ra l  d a t a -  the presence  of charac te r i s t i c  frequencies of the ( - N - C  -O)  (~ grouping 
at 1550-1600 and 1350 cm -1 - constitute evidence in favor of betaine s t ruc ture  VI, even when R =NH 2 or 
CCHsNH (also see the data in [3]). However, in the case of recycl iza t ion of isoquinolinium salts under the 
influence of carbohydrazide (under more severe  conditions, of course) X was isolated along with a cer tain 
amount of an unidentified product.  The s t ructure  of X and its difference f rom open isomer  VI (1={, : , 
CONHNH2) are  conf i rmed by the spectra l  and chemical  data. The charac te r i s t i c  bands of the ( - N - C - O )  O 
group are  not o b s e r v e d  in the IR spec t rum of this substance,  but the spec t rum does contain an intense broad 
band at 1680 cm - i  (C =O). In cont ras t  to betaines VI, it is not soluble in dilute mineral  acids and does not 
have a free hydrazine group. Benzylidene derivative XII is formed with benzaldehyde, and this constitutes 
evidence for the presence  of a free amino group. Monodeamination to give XI occurs  under the influence 
of nitrous acid. 
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I a R=2,4-(NO.)2C6H. ~, X=EI;  b R=CH 3, X : l ;  c R=CH 3, X=p-CHsC.H SO-: 
dR=C2Hs ,  X=I ;  e R=CH2CoHs, X=CI; fRX=-SO 3 

In conclusion, we s incere ly  thank V. M. Bilobrov for recording  the I1R spectra.  

EXPERIMENTAL 

The IR spec t ra  of potass ium bromide pellets of the compounds were r ecorded  with a UR-10 spec-  
t romete r .  The PMR spec t ra  of DMSO solutions were recorded  with a YaM1R-5535 spec t rometer  at 40 MI-Iz 
re la t ive  to cyelohexane as the internal standard;  the chemical  shifts were converted to the t e t r amethy l s i -  
lane scale.  The molecular  weights were  determined by the Z i g n e r - C l a r k  isothermal  distillation method [8] 
in chloroform.  

The N-alkylisoquinolinium salts  were obtained by heating equimolar amounts of f reshly distilled alkyl 
halides or  methyl tosylate with isoquinoline in dry  dioxane. The melting points of the salts obtained were in 
good agreement  with the handbook values. 

Isoquinoline N-sulfotr ioxide was obtained by a somewhat modified method [7] by addition of f reshly  
distilled sulfur trioxide to an eqnimolar amount of isoquinoline in dry a lcohol- f ree  ch loroform at 0-5 ~ 

Hydrazinolysis  of N-Alkylisoquinolinium Salts I. In a typical experiment ,  a 1.5-fold amount of hydra-  
zinc hydrate was added to an aqueous solution of the appropriate  I salt,  and the mixture was allowed to 

840 



TABLE 1. N-Acyliminoisoquinolines VI (R' =COR") 

R ~ 

C6H5 

p-CIC6H4 

p-BrC~H~ 

n~-NO2C6H4 

p- (CHa) 2NC6H4 

~'C~oHr 

rap. ~ 

[186--187" 

183--185 

186--190 
(dec.) 

i227--229 
(dec.) 

216--219 
(dec.) 
>270 
(dec.) 

Empirical 
formula 

!CI6HI~N.O 77,2 4,8 11,3 --]77,4'.49i 11,3 

'CIGHuC1NeO 67,8 4,0 10,! 12,3 68,0 3,9 9,9 

C,aHnBrN20 58,5 3,5 841242 5873,4 8,6 

_ ClsHuNsOa -- 14,2! --, --[--[14,3 

C,sH,rNaO ! -- 14,2' -- - - / - -  14,4 

9,4, --i8054,7~ !80,84, 1 , I ' ! [  95 

Found, % I Calculated ~ IR spec- 

7i  7 ! =m. o C THai  C H N Hal c m ' l  .~ 

I , - 13%,?o/97 
12,55 1350, 1565184 

[ 1605! 
94,4 I - - ~ !  80 

-- J1345 15601 79 
l 160o ! ' 

- i137G 6o', 
, - -  85 

*According to [3], this compound has mp 188 ~ 

stand overnight. Slight warming was somet imes  necessa ry .  The precipitate was separated,  washed with 
water ,  and vacuum dried over phosphorus pentoxtde without heating. The yields ranged f rom 80 to 90%. 
The prepara t ion obtained by this method f rom N-methylisoquinolinium iodide was an almost  color less  pow- 
der that began to decompose at ~ 130 ~ Found: C 74.8; H 5.3; N 19.7%. CgH8N 2. Calculated: C 75.0; H 5.6; 
N 19.4%. Substances of the same composition were obtained as follows: by react ion of isoqutnolintum salts  
I with l i thium hydraztde in dioxane at room tempera ture  or by refluxing a suspension of the reactants ,  by 
react ion with absolute hydraztne in absolute alcohol at - 15  ~ and at r o o m  tempera ture ,  and by reflaxtng the 
reactants ,  and by react ion with p r io r  alkalization and subsequent addition of hydrazine,  

The samples obtained (and the fractions subsequently isolated f rom them) were found to have molec-  
ular weights of 130 to 180 by the Rast  method in camphor;  however,  these resul ts  cannot be considered to 
be co r r ec t  because of appreciable decomposition of the samples  during homogenization of the camphor melt. 
An effective molecular  weight of 500 was obtained by isothermal  distillation in chloroform;  this value co r -  
responds to an average degree of polymerizat ion of 3.5. In order  to accompl ish  separat ion of the mixture 
of ol igomers  into narrow fract ions ,  the mixture was subjected to fractional precipitat ion Prom dtoxane solu-  
tion (the fractions precipi tated in the order  of decreas ing molecular  weight) or was fractionated on a lumi-  
num oxide (the fractions were elated in the o rder  of increasing molecular  weight). The na r row fractions of 
the o l igomers  were c rys ta l l ized  until the products had acceptably constant melting points. The cha rac t e r -  
istics of two of the samples obtained are  presented below. 

Nonamer V (n=9). This compound was obtained as a color less  substance with mp 200-203 ~ (dec., 
f rom d[oxane). Found: C 74.8; H 5.5; N 19.7%; M 1305. (CgH8N2) 9. Calculated-" C 75.0; H 5.6; N 19.4%; 
M 1296. 

Dtmer V (n =2). This compound was obtained as color less  c rys ta ls  with mp 157-160 ~ (from benzene). 
Found: C 75.1; H 5.7; N 19.4%; M 286. (CgHsN2) 2. Calculated: C 75.0; H 5.6; N 19.4%; M 288. 

Bfs - (1 ,2-d thydro isoqutnot ino[2 ,1-b :2 ,1-e ] ) - l ,2 ,4 ,5- te t razan  (VII). A 1.5-fold amount of 3-5% sodium 
hydroxide solution was added in the cold to an aqueous solution of N-amtnoisoquinoliniam iodide, and the 
mixture was allowed to stand for a short  t ime. The resul t ing precipitate was separated,  washed repeatedly 
with water ,  and vacuum dried without heating to give a product in 70% yield. Crystal l izat ion f rom benzene 
in the presence  of aluminum oxide gave color less  c rys ta l s  with mp 158-160 ~ that did not depress the melting 
point of a sample of dimer  V (n =2). A melting point of 147-150 ~ for VII ts presented in [4]; this melting 
point may be associa ted with the fact that the observed melting point of VII depends markedly on the heating 
ra te .  It ts also possible that Hulsgen and co-workers  [4] were dealing with a sample containing higher ol i-  
gomers .  We observed the formation of ol tgomeric  impurit ies in the dimer  when concentrated solutions of 
aminoisoquinoltntum salt VIII and sodium hydroxide were mixed rapidly. 

N-Acyliminoisoquinoltnes (VI). A 2.1-g (10 mmole) sample of thoroughly pulverized [soquinoline N- 
sulfotrioxide was added with vigorous s t i r r ing  to a cooled (to - 5 - 0  ~ solution of 2.4 g of sodium hydroxide 
in 10 ml of water ,  1-2 rain, af ter  which 10 mmole of the approximate acylhydraztne was added. Stirring 
was continued, and the subst ra te  was allowed to w a r m  up to r o o m  tempera tu re  and was held at room tem-  
pera ture  until the initially formed color  of the suspension almost  disappeared.  A so lu t ionof l0  m t o f a c e t i c  
acid in 20 ml of water  was then added to the mixture,  and the mixture was boiled for 1-2 min. It was then 
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cooled and diluted with a t h r e e -  to fourfold amount of wa te r ,  and the p rec ip i ta te  was separa ted ,  washed with 
wa te r ,  vacuum dr ied and c rys t a l l i zed  f r o m  an appropr ia t e  solvent.  Color less  c ry s t a l s  that  we re  only 
s l ight ly  soluble in most  organic  solvents  we re  obtained. An intense vCO band at ~ 1700 c m  -1 appea red  in 
the IR s p e c t r a  during sal t  fo rmat ion ,  while the ( - N - C - O ) e  absorpt ion  band d isappeared .  The physica l  
constants  and yields  of the synthes ized  compounds a re  p resen ted  in Table 1. 

1 - A m i n o - 2 - o x o - 2 , 3 , 3 a , l a - t e t r a h y d r o t r i a z o l o - l , 2 , 4 -  [3,2-a]isoquinoline (X). A mixture  of 3.15 g (10 
mmole)  of N-methyl isoquinol in ium tosy la te  and 0.9 g (10 mmole) of carbohydraz ide  in 15 ml of d imethyl -  
f o r m a m i d e  was held at 140 ~ for 3-4  h. The mixture  was then cooled and diluted with wa te r ,  and the p r e c i p -  
i tate was s e p a r a t e d  and washed with 3% hydrochlor ic  acid and s eve ra l  t imes  with water .  Vacuum drying 
gave ~ 0.7 g (35%) of co lo r l e s s  c ry s t a l s  with mp 315-320 ~ (dec., f r o m  glacial  acet ic  acid). Found: C 59.0; 
H 5.1; N 27.4%. C10H10N40. Calculated:  C 59.4; H 5.0; N 27.7%. LR spec t rum:  1635, 1680, 3150, 3260, and 
3350 c m  -1. 

1 -Benzy l ideneamino-2 -oxo-2 ,3 ,3a , l a - t e t r ahydro t r i azo lo - l , 2 ,4 - [3 ,2 -a ] i soqu ino l ine  (XII). A mixture  
of 0.2 g (1 mmole)  of X and 0.1 g (1 mmole)  of benzaldehyde in 10 ml of glacial  acet ic  acid was ref luxed for 
10 min in the p r e s e n c e  of 0.05 g of sodium aceta te .  The mixture  was then cooled and diluted with wa te r ,  
and the p rec ip i t a te  was  sepa ra ted ,  washed with wa te r ,  alcohol,  and e ther ,  and dr ied to give 0.25 g (86%) of 
co lo r l e s s  c r y s t a l s  with mp 255-257 ~ (dec., f r o m  dilute acet ic  acid). Found: C 70.0; H 4.9; N 19.4%. 
C17H14N40. Calculated:  C 70.3; H 4.8; N 19.3%. IR spec t rum:  1630, 1680 c m  -1. 

2 -Oxo-2 ,3 ,3a , l a - t e t r ahydro t r i azo lo - l , 2 ,4 - [3 ,2 -a ] i soqu ino l ine  (XI). A 0.1-g sample  of X was dissolved 
in 10 ml of acet ic  acid, 0.05 g of f inely ground sodium ni t ra te  was added, and the mixture  was s t i r r e d  and 
al lowed to stand for  1 h. It was then diluted with wa te r ,  and the resu l t ing  prec ip i ta te  was separa ted ,  washed 
with wa te r ,  and t r e a t ed  with dilute sodium hydroxide solution. The mixture  was f i l te red,  and the f i l t ra te  
was neut ra l ized  with dilute hydrochlor ic  acid. The white prec ip i ta te  was sepa ra t ed ,  washed with wate r ,  and 
vacuum dr ied to give 0.05 g (55%) of a product  with mp 285-290 ~ (dec., in a sea led  capi l la ry ;  f r o m  dimethyl-  
f o r m a m i d e - w a t e r )  that subl imed above 250 ~ Found: C 63.9; H 4.7; N 22.2%. C10HgN30. Calculated:  
C 64.2; H 4.8; N 22.5%. 
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