
ness .  The res idue was dissolved in 3 ml  of water ,  and the solution was acidified to pH 5 with concent ra ted  
HC1 and cooled. The prec ip i ta te  was r em oved  by f i l t ra t ion and c rys t a l l i zed  f r o m  water .  The yield was 0.1 g. 

5 ,5 ' (4 ,4 ' ) -Ureylenebis [ imidazole-4(5)  s ulfonamide] (X). A 0.21-g (0.97 mmole)  sample  of VI was refluxed 
in 10 ml  of 80% dioxane or  wa te r  for  10 min, a f ter  which the mixture  was vacuum evapora ted  to dryness ,  and 
the res idue  was c rys t a l l i zed  f rom water .  The yield was 0.11 g. 

3 ,4-Dihydro-3-oxoimidazo[4 ,  5 -e ] - l , 2 ,4 - th i ad iaz ine  1,1-Dioxide (XI). A 1-g (4.63 mmole)  sample  of VI 
was added in port ions to 10 ml  of refluxing pyridine,  and the mixture  was allowed to stand for  5 min. It was 
then cooled and t r e a t ed  with 10 ml  of ethanol,  and the resul t ing  prec ip i ta te  was removed  by f i l t ra t ion and c r y s -  
ta l l ized  f r o m  wate r  acidified to pH 4. The yield was 0.7 g. 
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1 , 4 - D I A Z  A B I C Y C  LO [ 2 . 2 . 2  ]OC T A N E  S 

HI* .  SYNTHESIS AND PROPERTIES OF 1,4-DIAZABICYCLO[2.2.2] 

OC TANE-2-C ARBOXYLIC ACID BIS (METHYLBROMIDE) 

L .  B .  M r a c h k o v s k a y a ,  K.  F .  T u r c h i n ,  
a n d  L .  N .  Y a k h o n t o v  

UDC 547.895'861.3.8.07 : 542.944 

1 ,4-Diazabicyc lo[2 .2 .2]oc tane-2-carboxyl ic  acid bis(methylbromide) ,  which is readi ly  conver ted  
with split t ing out of hydrogen bromide to the cor responding  qua te rna ry  betaine, was synthesized.  

1 ,4-Diazabicyc lo[2 .2 .2]oc tane-2-carboxyl ic  acid der iva t ives  are of in teres t  in connection with the p h a r -  
maco log ica l  act iv i ty  of the cor responding  deaza  analogs - qu inucl id ine-2-carboxyl ic  acid der iva t ives  and p r i -  
ma r i l y  diokhin (diethylaminoethyl quinucl id ine-2-carboxyla te  dimethiodide).  Moreover ,  1 ,4-diazabicyclo[2.2.2]-  
oe t ane -2 -ea rboxy l i c  acid and its der iva t ives  are unknown, and a t tempts  to obtain them have been u n s u c c e s s -  
ful: i n t r amolecu la r  f ragmenta t ion  occu r s  during the synthesis  through 4- ( f i , f i -d ie thoxycarbonyle thyl )p ipera-  
zincs [2, 3], 1 ,1 ,4 ,4 - te t ramethy lp iperaz in ium bromide is fo rmed  in reac t ions  of 1 ,4-dimethylpiperaz ine  with 
methyl  ot , /3-dibromopropionate  or  o~,/?-dibromopropionitr i le  [4], and monothiooxalic acid bis (N-methylp iper -  
azide) is obtained in the synthesis  f r o m  3- (N-methylp iperaz inyl )propionic  acid through its o~-bromo der ivat ive .  

Our expe r imen t s  on the condensation of p iperaz ine  with diethyl aeety lenedicarboxyla te  also gave neg-  
at ive resu l t s .  Instead of the bicycl ic  der iva t ive  we obtained a mix tu re  of products ,  f rom which we isola ted  1- (~,fl- 
d ie thoxycarbonylethylene)piperazine ( I )and  1,4-bis(o~,fi-diethoxycarbonylethylene)piperazine (II). 

* See [1] for  communicat ion II. 
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mit ted Sep tember  19, 1975. 
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Compounds I and II display the p rope r t i e s  of enamines  and are hydrolyzed by the action of an alcohol 
solution of hydrogen chloride on the s ta r t ing  components .  However,  I and II are not reduced at the double bond 
by catalyt ic  hydrogenation with plat inum or  by the action of sodium in alcohol, and, in contras t  to 1-(fl ,/~- 
d ie thoxycarbonyle thy lene) -4-methylp iperaz ine  [3], do not undergo reduct ive f ragmenta t ion .  Heating I in r e -  
fluxing xylene does not lead to closing of the 1 ,4-diazabicycl ic  s y s t e m  but is accompanied  by d ispropor t ion-  
ation to give unsubst i tuted p iperaz ine  and 1,4-disubst i tuted der ivat ive  II. 

1 ,4-Diazabicyc lo[2 .2 .2]oc tane-2-carboxyl ic  acid bis(methylbromide)  was synthesized by the genera l  
method for  the p repa ra t ion  of 1 ,4-diazabicyel ic  s y s t e m s  with functional subst i tuents  [5]. N ,N ' -Dimethy le thy l -  
enediamine (III) and methylc~ f i -d ib romoprop iona te  (IV), f r o m  which methyl  1 , 4 - d i m e t h y l p i p e r a z i n e - 2 - c a r -  
boxylate (V)* was obtained, were  used as the s ta r t ing  m a t e r i a l s .  

CH~ 

i H ~H3 ~"3 

N "-- CHO B r ~ ? ~ C O O C "  3 " 1 %  ~ N C"20 " 
- I 

I CH 3 CH 3 
CH 3 

l+ _ ! I +  

/~\ Br- L,~ OCH~ L 

CH~ CH o CtH~ Br- CH 3 

VII ~,1 VIII IX 

The reac t ion  of p iperaz ine  e s t e r  V with 1 ,2-dibromoethane led to methyl  1 ,4-diazabicyclo[2.2 .2]octane-  
2 -ca rboxyla te  bis (methylbromide) (VI), along with a sma l l  amount of 1 ,1 ,4 ,4 - te t ramethy lp iperaz in ium di-  
bromide  (VII), the format ion  of which was also obse rved  in the react ion of 1 ,4-dimethylpiperazine  with sub-  
st i tuted 1 ,2 -d ib romoalkanes .  Compound VI was subjected,  without isolation d i rec t ly  to saponification to 1,4- 
d iazabicyclo[2 .2 .2]oc tane-2-earboxyl ic  acid bis(methylbromide)  (VIII). A carbonyl  band is obse rved  in the IR 
spec t rum of VIII at 1710 cm -1. The PM-R s pec t rum contains two singlets  at 3.42 and 3.52 ppm affil iated with 
the protons of the N - C H  3 group. The signal  of the proton in the a posit ion re la t ive  to the COOH group is a 
t r ip le t  at 4.63 ppm. The remain ing  signals  fo rm a multiplet  at 3.93-4.28 ppm. The ra t io  of the intensi t ies  
of the indicated protons is 3 : 3 : 1 : 10. 

An interes t ing feature  of 1 ,4-d iazabicyclo[2 .2 .2]oc tane-2-carboxyl ic  acid bis(methylbromide)  (VIII) is 
its abili ty to spli t  out a molecule  of hydrogen bromide to give inner qua te rna ry  salt  IX on t r ea tmen t  with water  
and alcohol or  on heating. Compound IX is r econver t ed  to bis(methylbromide)  VIII when it is r eprec ip i t a ted  
f rom hydrobromic  acid by the addition of acetone.  Thus the convers ion  of b is (methylbromide)  VII to betaine 
IX is r e v e r s i b l e .  

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

The PM:R s p e c t r a  of D~O solutions of the compounds were  r eco rded  with a JNM-4H-100 s p e c t r o m e t e r  
with (CH3)3COOH as the internal  s tandard  (6CH 3 1.23 ppm).  The I1R s p e c t r a  of m ine ra l  oil suspensions  of the 
compounds were  r eco rded  with a P e r k i n - E l m e r  457 s p e c t r o m e t e r .  T h i n - l a y e r  chromatography  (TLC) was 
c a r r i e d  out on Silufol UV-254 pla tes  in a methanol-25% ammonium hydroxide s y s t e m  (10 : 1) with development 
by o-ehlorotol idine  (blue colorat ion).  Analysis  by g a s - l i q u i d  ch romatography  (GLC) was c a r r i e d  out with a 
Pye Unicam-104 chromatograph  with a f lame- ioniza t ion  detec tor  and a 2.1 m by 4 m m  column fil led with 10% 

* 1 ,4 -Dimethy l -2 -hydroxymethy lp ipe raz ine  (X), identical  to the compound previous ly  obtained [7], was obtained 
by reduction of V with l i thium aluminum hydride.  
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SE-30 silicone e l a s tomer  on silanized diatomite (100-120 mesh).  The c a r r i e r  gas (nitrogen) flow rate was 
30 ml /min ,  and the column tempera tu re  was 150 ~ The retention t imes  were 2.3 min for piperazine,  6 rain 
for  diethyl acetylenedicarboxylate and 12.5 and 16.2 rain, respect ively,  for I and II (with tempera ture  p r o g r a m -  
ming f rom 150 to 250 ~ with an initial period of 6 min and a t e m p e r a t u r e - r i s e  rate of 32 deg/min).  

~Condensation of Piperazine with Diethyl Acetylenedicarboxylate.  A 10-g (59 mmole) sample of diethyl 
acetylenedicarboxylate was added with s t i r r ing  to a solution of 11.4 g (59 mmole) of piPerazine in 400 ml of 
anhydrous ether.  After 48 h, color less  c rys ta l s  of 1,4-bis(~,fi-diethoxycarbonylethylene)piperazine (II) were 
removed by fi l tration and washed with e ther  to give 3.92 g (23%) of II with mp 152-153 ~ (from ethanol). The 
product was quite soluble in chloroform,  less soluble in alcohols and acetone, and insoluble in water  and 
ether;  R f = .78. IR spect rum:  1685 and 1735 cm -I (C =C). Found: C 56.4; H 7.1; N 6.7%. C20H30N208. Cal- 
culated: C 56.4; H 7.0; N 6.6%. 

The ether  solution remaining after separat ion of II was washed with three 30-ml portions of water.  The 
ether  was removed by distillation, and the residue was vacuum fractionated to give 6.5 g (43%) of 1-(c~,fl-di- 
ethoxycarbonylethylene)piperazine (I) with bp 140-141 ~ (0.5 mm). The product was an oil that was quite soluble 
in ordinary  organic solvents and only slightly soluble in water;  Rf = 0.55. [R spectrum: 1695 and 1740 cm -1 
(C =O). Found: C 56.0; H 7.3; N 10.5%. CI2H20N204. Calculated: C 56.3; H 7.8; N 10.9%. 

The aqueous extract  was saturated with alkali and extracted with ether  to give 3.58 g (31%) of piperazine 
hexahydrate.  

Attempted Cyclization of 1-(~,fl-Diethoxycarbonylethylene)piperazine (I). A) A solution of 1 g (39 mmole) 
of I in 100 ml of anhydrous • was refluxed for 20 h, after which the • was removed by vacuum dis-  
tillation. According to GLC data, the analyzed sample contained 5.5%piperazine and 5.5%II. 

B) A 0.5-g (2 mmole) sample of I was added to a solution of 0.15 g (2.2 mmole) of sodium ethoxide in 
15 ml of anhydrous ethanol, and the mixture was refluxed for 5 h. It was then vacuum evaporated, the residue 
was dissolved in 5 ml of water,  and the aqueous solution was extracted with chloroform.  According to GLC 
data, the extract  contained 46%I, and piperazine and II peaks were absent. 

Methyl 1 ,4-Dimethylpiperazine-2-carboxyla te  (V). A mixture of 17 g (107 mmole) of the dihydrochloride 
of III, 25.9 g (107 mmole) of IV, 27 g (215 mmole) of anhydrous sodium carbonate, 21.3 g (215 mmole) of t r i -  
ethylamine, and 250 ml of methanol was refluxed with s t i r r ing  for 4 h, after  which it was cooled, and the p re -  
cipitate was removed by fil tration and washed with methanol. The combined filtrate was vacuum evaporated, 
and the residue was dissolved in 30 ml of water .  The aqueous solution was extracted with benzene, and the 
benzene extract  was dried with MgSO 4 and vacuum evaporated. The residue was distilled at 115-116 ~ (20 mm) 
to give 11.75 g (64%) of V as a color less  oil with a weak amine odor and n~ 1.4610. The product was quite 
soluble in ordinary  organic solvents but less soluble in water.  Found: C 56.0; H 9.2; N 16.1%. CsHI~N202. 
Calculated: C 55.8; H 9.3; N 16.3%. 

1 ,4-Dimethyl-2-hydroxymethylpiperazine  (X). A solution of 1.72 g (10 mmole) of V in 20 ml of e ther  
was added to a suspension of 1.5 g of lithium aluminum hydride in 20 ml of ether,  and the mixture was refluxed 
for 3 h. It was then worked up in the usual  manner  to give 0.9 g (60%) of X with bp 81-82 ~ (0.6 mm) and n~ 
1.4862. The product was identical (according to its IR spectrum) to a sample synthesized by the method in 
[5l. 

1 ,4-Diazabieyclo[2.2.2]octane-2-carboxylio Acid Bis(methylbromide) (VIII). A mixture of 6.88 g (40 
mmole) of V and 7.52 g (40 mmole) of 1,2-dibromoethane was heated at 125-130 ~ for 3 h, after which it was 
cooled and t r i tu ra ted  with 50 ml of methanol. The mixture was then f i l tered to give 1.3 g (11%) of 1,1,4,4- 
te t ramethylp iperaz in inm dibromide (VII) with mp 324-325 ~ (dee.); no melting-point depression was observed 
for a mixture of this product with an authentic sample of VII. The IR and PMR spect ra  of the two samples 
were identical. 

The methanol solution remaining after separat ion of VII was vacuum evaporated, and the residue was 
dissolved in 120 ml of 10%HBr and refluxed for 9 h. It was then vacuum evaporated to dryness,  and the r e s -  
idue was t r i tu ra ted  by heating with 20 ml of anhydrous ethanol and recrys ta l l i zed  f rom methanol. It was then 
dissolved in 20 ml of 48% tIBr, and the solution was diluted with acetone until precipitation ceased. The VIII 
was removed by filtration, washed with acetone and anhydrous ether,  and dried at room tempera ture  to give 
2.1 g (15%) of color less  c rys ta l s  with mp 194-195 ~ (dec.). The product was quite soluble in water,  less solu- 
ble in alcohols, and insoluble in the other  ord inary  organic solvents. Found: Br 46.4; N 8.1%. CgH18Br2N202. 
Calculated: Br  46.3; N 8.1%. 
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A 0.2-g sample  of b is(methylbromide)  VIII was dr ied in vacuo at 130 ~ for  10 h ove r  sodium hydroxide.  
It underwent convers ion  to IX, during which it darkened somewhat  and became hygroscopic .  The product  had 
mp 175-177 ~ (dec.). Found: Br  29.9; N 10.0%. CgH~TBrN202. Calculated: Br  30.2; N 10.0%. 

Bis(methylbromide)  VIII, with mp 194-195 ~ (dec.}, p rec ip i ta ted  when IX was dissolved in 48% HBr, and 
the solution was diluted with acetone.  The product  was identical  to that  descr ibed  above with r e spec t  to the 
r e su l t s  of e l e m e n t a r y  analysis  and the PMR and IR spec t ra .  
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