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II.* SYNTHESIS OF 1,4-DIAZABICYCLO[2.2.2]OCTANE 

METHYLCHLORIDE 

L.  B.  M r a c h k o v s k a y a  a n d  L. N. Y a k h o n t o v  UDC 547. 861.3.6.8.895 

1,4-Diazabicyclo[2.2.2]octane hydrochloride methylchloride was obtained f rom N-benzoylpipera-  
zinc through 1- (2v-hydroxyethyl)-4-benzoylpiperazine,  1- (2 ' -acetoxyethyl)-4-benzoylpiperazine 
methyltosylate ,  1- (2 ' -hydroxyethyl)piperazine methylchloride,  and 1- (2 ' -chloroethyl)piperazine 
methylchlor  [de. 

1,4-Diazabicyclo[2.2.2]octane hydroehloride methylchloride (I) has been described [2] as the product of 
thermal  cyclization of 1- rae thyl -4-(2 ' -chloroethyl )p iperaz ine  methylchloride at 250-254~ The yield of I in 
this react ion was not indicated, and it was repor ted  only that it had rap 288-289 ~ after two recrys ta l l iza t ions .  

In order  to exclude the h igh- tempera ture  pyrolyt ic  p rocess ,  which is accompanied by pronounced res ln i -  
fication of the products ,  we synthesized I f rom the access ib le  N-benzoylpiperazine (II) via the scheme 

CH~CFt.,OH CH.CH2OOCCH 3 CH3/CH2CH2OOCCHa CH3. .~CH2CH2OH CHa~./C H2CH2CI (;H a 

~ *" 2 E l -  ~ 2 El- ~ 2 CI- 
% - s J  k--N P-CllaC,~H4 SO~" / \  N 

i I J I H . H/~H H 
COC~ Hs CO C 6fl_~ CO% H 5 COC6 Hs 

V l  V I I  I " |[ III IV V 

It has previously been shown in the case  of 2 ,2 ,5 ,5- te t ramethyl -1- (2 ' -ha loe thyl )p iperaz ine  that t e r t i a ry -  
secondary amines of this type cannot be converted to 1,4-diazabicyclic  products ,  inasmuch as the prevailing 
react ion gives a spiroiramonium cation, which subsequently either undergoes polymerizat ion or is converted 
to a hydroxyethyl derivative [3, 4]. 2,2,5,5-Tetramethyl-1-(2 '-hydrox3~ethyl)piperazine was converted through 
the corresponding O,N-diacetyl derivative and its methyltosylate and raethylchloride to 1-(2 ' -chloroethyl) -  
2 ,2,5,5-tetraraethylpiperaz[ne raethylchloride,  which was found capable of undergoing cyclization to the 1,4- 
diazabicyclic compound. We used a sirailar  principle to eliminate the possibili ty of spi roimmonium cycl iza-  
rich. The react ion of benzoyl derivative II with ethylene oxide proceeded in a different manner and required 
chromatographic  separat ion of hydroxyethyl derivative IH from the accompanying minor side products.  The 
acetylation of alcohol HI with acetic anhydride proceeded smoothly to give the product in 84% yield, but dif- 
ficulties were encountered in the conversion to the corresponding quaternary  salt  - methyltosylate V. The 
react ion in this case involves quaternization of the s te r ica l ly  shielded nitrogen atom and therefore  required  
severe  conditions - heating of a mixture of es ter  IV and methyl p-toluenesulfonate without a solvent for 25 h. 
Under these conditions, in addition to the formation of quaternary  acetoxy derivative V, we observed partial  
t ransacyla t ion to give the corresponding O-tosyl  es te r ,  which hindered the isolation of V in pure form but did 
not affect the subsequent synthesis of quaternary  alcohol VI. Replacement of the tosyl  anion by the C1- ion in 
V was required  for the isolation in pure form and the subsequent t ransformat ions  of raonoquaternary alcohol 
VI. To achieve this,  we t rea ted  quaternary  salt V with the CI -  form of IRA-400 ion-exchange resin.  The sub- 
s tances were  eluted f rom the ion-exchange res in  with distilled water until the eluate gave a negative react ion 
for chloride ions. The benzoic acid and a cer ta in  amount of p-toluenesulfonic acid that were l iberated after 

*See [1] for communicat ion I. 
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subsequent saponification of the es ter  and am[de groups by reflux[rig with 6 N HC1 were extracted with ether,  
and evaporation of the aqueous hydrochlor ic  acid solution gave 1 -methy l - l - (2 ' -hydroxye thy l )p iperaz in ium 
chloride hydrochtor ide (VD. Compound VI was obtained in 58% yield based on acetoxy base IV, The subsequent 
rep lacement  of the hydroxyl group in VI by chlorine under the influence of thionyl chloride proceeded smoothly 
only on refluxing in an equimolar amount of pyridine that had been thoroughly dried over bar ium oxide. The 
resul t ing chloride hydrochlor ide methylchloride (VII) was readi ly  cycl ized on t rea tment  with aqueous sodium 
bicarbonate  solution at r o o m  tempera tu re  to the corresponding 1,4-diazabicyclo [2.2.2]octane derivative (I). 
1,4-Diazabicyclo[2.2.2]octane hydrochlor ide methylchloride (I), with mp 289-290 ~ was obtained in 68% yield 
after  separat ion f rom the side products of polycondensation, etc.,  and also f rom sodium chloride and r e c r y s t a l -  
lization f rom alcohols;  this made this compound access ib le  for subsequent studies. 

EXPERIMENTAL 

1-(2 ' -Hydroxyethyl ) -4-benzoylpiperaz ine  (III). A 4.4-g (100 mmoIe) sample of ethylene oxide was added 
to a solution of 19 g (100 mmole) of benzoylpiperazine (II) in 20 ml of methanol, and the mixture was reflaxed 
for 3 11. It was then vacuum evaporated,  and the residue was subjected to chromatography with a eolunm ( d 
30 mm, h 500 mm) filled with si l ica gel (0.25-0.5 mesh). The impurit ies were initially eluted with ethyl acetate,  
and base III was then eluted with ethyl a c e t a t e -  methanol (3 : 1) with monitoring of the elation process  by thin- 
layer  chromatography (TLC) on Silufol in a me thano l - e thy l  acetate (1 ~ 1) sys tem (detection by means of o- 
chlorotolid[ne); III had Rf 0.5, and the impurit ies had Rf values > 0.55. A total of 16.8 g (71.5%) of III was ob- 
tained in the form of a viscous yellowish oily substance that was soluble in water ,  alcohols,  acetone, ether,  
benzene, and ch loroform and only slightly soluble in heptane, cyclohexane, and pet ro leum ether. The product 
had bp 219-220 ~ (0.7 mm) and nD 2~ 1.5539. Found; C 66.3; H 7.9; N 11.6%. C13HIsN202. Calculated., C 66.7, 
H 7.7; N 12.0%. 

s - (2 ' -Acetoxyethyl ) -4-benzoylp iperaz ine  (IV). An 8.4-g (36 mmole) sample of III was dissolved in 80 ml 
of acetic anhydride,  and the solution was allowed to stand at room tempera tu re  for 12 h. It was then vacuum 
evaporated,  and the res idue  was dissolved in 20 ml of water.  The aqueous solution was made alkaline with 
sodium carbonate  and exiTaeted with ether.  The ether extract  was dried with magnesium sulfate and evaporated 
to give 8.3g (84%) of color less  c rys ta l s  of IV with mp 58-59 ~ (from hexane). The product was quite soluble in 
water and most  ord inary  organic solvents but only slightly soluble in heptane and petroleum ether.  Found: 
C 65.4; H 7.5; N 10.0%. C15H20N203. Calculated: C 65.3; H 7.3; N 10.0% 

1-Methyl_l-(2,-hydrox3,ethyl)piperazinium Chloride Hydrochloride (VI). A mixture of 6 g (27.6 mmole) 
of IV and 12 g (64.5 mmole) of methyl p-toluenesulfonate was heated at 120-125 ~ for 25 h, after which the v is-  
cous mass  was t r i tu ra ted  with ether (three 20-m] portions) and dissolved in 30 ml of water .  The aqueous solu-  
tion was subjected to anion exchange with a column (d 10 ram, h 300 ram) filled with 15 g of the C1- form of 
IRA-4000 ion-exchange res in .  The column was washed with 150-200 ml of distilled water after the solution had 
been applied to the column until the eluate gave a negative react ion for C1- ions (with AgNO 3 solution). The 
combined eluate was vacuum evaporated,  the res idue was dissolved in 20 ml of 6 N hydrochlor ic  acid, and the 
acid solution was refluxed for 19 h. The benzoic acid and t races  of p-toluenesulfonic acid were extracted with 
ether,  the aqueous solution was evaporated to dr~mess, and the res idue  was t r i tura ted  with 20 ml of methanol 
to give 2.73 g (58% based on IV) of color less  c rys ta l s  of hydrochloride VI with mp 210-211 ~ (from ethanol)~ The 
hydroehloride was quite soluble in water ,  only slightly soluble in alcohols,  and insoluble in ether and acetone. 
Found: C 38.5; H 8.5; C1 32.2; N 12.5%. CTHI~C1N20. HC1. Calculated: C 38.7; H 8.3; C1 32.7; N 12.9%. 

1,4-D~azabieyelo[2.2.2]octane lVIethylchloride Hydrochloride (I). A solution of 2.73 g (12.5 mmole) of 
hydrochlor ide VI, 2.3 ml (31.5 mmole) of purified thionyl chloride,  and 1.07 g (12.5 mmole) of dry (fractionated 
over bar ium oxide) pyridine was refluxed for 4 h, after  which it was vacuum evaporated. The res idue was t r i -  
turated with 10 ml of absolute ethanol, and the mixture was f i l tered to give 1.81 g (61%) of hydrochlor ide VII 
with mp > 350 ~ (dec.). A total of 15 ml of 6% sodium bicarbonate solution was added dropwise with s t i r r ing  in 
the course  of an hour to a solution of 1.3 g of hydrochloride VII in 13 ml of water ,  after which the mixture was 
allowed to stand at room tempera tu re  for 24 h. It was then acidified to pH 3 with concentrated hydrochlor ic  
acid and evaporated to dryness .  The res idue was t r i tura ted  w~th 10 ml of absolute ethanol and rec rys ta l l i zed  
f rom a mixture of equal volumes of methanol and absolute ethanol to give 0.75 g (68%) of color less  c rys ta l s  of 
I with mp 289-290 ~ The product was quite soluble in water  and methanol, slightly soluble in ethanol~ and in- 
soluble in acetone,  e ther ,  chloroform,  and benzene. Found: C 42.4; H 8.3; C1 35.3; N 14.1%. C7HisC1N 2" HC1. 
Calculated: C 42.2; H 8.0; C1 35.6; N 14.1%. 
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S Y N T H E S I S  OF 3 - S U B S T I T U T E D  

A N D  1 , 3 - D I S U B S T I T U T E D  4 , 7 - D I A Z A I N D O L E S  

V. A.  A z i m o v  a n d  L.  N. Y a k h o n t o v  UDC 547.75'861.07 

On the basis of a study of electrophilic substitution react ions  (the Mannich react ion and bromina-  
tion) it was shown that 4,7-diazaindoles reac t  with greater  difficulty with ~soft" electrophilic 
agents than indoles or 4- and 7-monoazaindoles.  3-Substituted and 1,3-disubstituted 4,7-di-  
azaindoles containing amino(dialkylamino)alkyl substituents in the 1 or 3 positions were syn- 
thesized. 

It has previously been shown in the case  of a ser ies  of electroph[lic substitution react ions that the incor-  
poration of a ni trogen heteroatom in the s ix -membered  r ing of the indole molecule reduces  the ability of the 
compounds to reac t  with "soft" electrophilic agents (Vilsmeier complexes and cyanomethylation and dialkyl- 
aminomethylation intermediates) ,  and the location of the introduced heteroatom has pract ical ly  no effect on the 
course  of the process  [1]. The aim of the present  r e s e a r c h  was a compar ison of the react ivi t ies  of 4,7-dia-  
zaindoles [2], indoles, and 4- and 7-monoazaindoles in electrophilic substitution react ions.  For this, we c a r -  
r ied out the bromination of 4,7-diazaindole (I) and its react ion with paraformaldehyde and N-methylpiperazine 
(the Mannich reaction) under the same conditions as these used in the monoazaindole ser ies  [3]. 

The resul ts  of the bromination of indoles, the i somer ic  azaindoles,  and 4,7-diazaindole were pract ical ly  
identical, but 4,7-diazaindole displayed even lower reactivity than monoazaindoles in the Mannich reaction. 
The reaction of I with paraformaldehyde and N-methylpiperazine hydroehloride in refluxing butanol proceeded 
very slowly, and a certain amotmt of starting I remained in the reaction products, according to thin-layer 
chromatography (TLC), even after refluxing for 15 h. (In the case of the monoazaindoles, the reaction was 
complete al~ter refluxing for 15 rain in butanol.) 

The location of the substituents at the C(s ) atom in the products of the electrophilic reaction was con- 
firmed by a comparison of the PMR spectra of I, II, and IV. When a bromine atom or an N-methylpiperazino- 
methyl gToup iS introduced in the I molecule, the stronger-field signal of the proton in the 3 position vanishes 
in the ]?MR spectrum. [PM:R spectrum of h 6.76 (d, 3-H) and 7.81 ppm (d, 2-H).* PMR spectrum of If: 7.49 
ppm (s, 2-H). Ph~ spectrum of IV: 8.05 ppm (s, 2-H).] 

As in the case of indole and monoazainde]e derivatives, the formation of small amounts of a disubstituted 
methane - bis(4,7-diaza-3-indolyl)methane (Ill) - which we were able to isolate and confir]_~ the structure of by 
mass spectroscopy, was observed in the Mannich reaction. 

The decrease in the reactivities on passing from [ndoles and their monoaza analogs to 4,7-diazaindole 
was exhibited no~ only in thereaction with "soft" electrophilic agents but also in the condensation of 3-formyl- 
4,7-diazaindele (V) [4] with nitroalkanes. 

* the misprint in [2] was not corrected: the 2-H and 3-H signals were erroneously interchanged. 
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