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5 ,6 -Benzo - l , 2 -d i azab i cyc lo  [2.2.2 ]octane was synthes ized by n i t rosa t ion  of 1 ,2 ,3 ,4 - te t rahydro-  
cinchoninic acid,  reduct ion of the 1 -n i t roso  der iva t ive  to 1 -amino- l ,2 ,3 ,4 - t e t r ahydroc inchon i  - 
nic acid, cyclodehydrat ion  of it to 3 -oxo -5 ,6 -benzo - l , 2 -d i azabycye lo  [2.2.2]octane, and r educ -  
tion of the oxo group to a methylene group with l i thium aluminum hydride .  

We have p rev ious ly  desc r ibed  [1-3] a method for  obtaining a number  of 1 ,2-d iazabicycloa lkanes .  The 
p roposed  scheme fo r  the synthes is  of this  c l a s s  of compounds has  been extended to the p repa ra t ion  of the 
p rev ious ly  unrepor ted  condensed s y s t e m s  including a benzene r ing in addition to a 1 ,2-diazabicycloalkane.  
In pa r t i cu l a r ,  we have synthes ized 5 ,6-benzo- l ,2 -d iazabicyc lo[2 .2 .2]oc tane  s ta r t ing  f r o m  1 ,2 ,3 ,4 - t e t r a -  
hydrocinchoninic  acid (1). Ni t rosat ion of I gave 1 -n i t roso - l ,2 ,3 ,4 - t e t r ahydroc inchon in ie  acid (II), which was  
subsequent ly  reduced with zinc in a mix tu re  of aqueous ethanol o r  methanol  and acet ic  acid to I - a m i n o -  
1 ,2 ,3 ,4- te t rahydrocinchoninic  acid (III). An apprec iab le  quantity of 1 - ace t amido -1 ,2 ,3 ,4 - t e t r ahyd roc in -  
ehoninic acid (IV) was  also fo rmed  along with ]II.  
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The mix tu re  of p roducts  obtained in the previous  step f r o m  II was  heated in vacuo (10-20 mm) at 
260-270~ Under these  condit ions,  only amino acid ]/1 undergoes  in t e rmolecu la r  cyclodehydrat ion to f o r m  
3-oxo-5 ,6 -benzo- l ,2 -d iazab icyc lo [2 .2 .2 ]oc tane  (V); IV r e m a i n s  unchanged. Cyclic hydraz ide  V was then r e -  
duced with l i thium aluminum hydr ide  to 5 ,6-benzo- l ,2 -d iazabicyc lo[2 .2 .2]oc tane  (VI), f r o m  which 2 -methy l  
and 2-benzoyl  de r iva t ives  (VIIa, b) were  obtained. Compound VI f o r m s  a monohydrochlor ide ,  which is 
c h a r a c t e r i s t i c  fo r  both hydraz ine  de r iva t ives  and 1 ,2-d iazabicyeloa lkanes  [3]. This  p rope r ty  was noted for  
VIIa, fo r  which a monohydrochlor ide  and a monomethiodide were  obtained. Protonat ion of the hydroch lor -  
ides and addition of a methyl  group to the qua te rna ry  salt  apparen t ly  p roceeds  v ia  the mos t  shielded angu- 
l a r  n i t rogen a tom,  as  is  the ca se  for  2 -methy l - l ,2 -d iazab icyc lo [2 .2 .2 ]oc tane  de r iva t ives  [2]. 

The 1 -ace t amido- l , 2 ,3 ,4 - t e t r ahydroc inchon in i c  acid (IV) isola ted as  a side product  was  conver ted  to 
ethyl 1 -amino- l , 2 ,3 ,4 - t e t r ahydroc inchon ina te  (VIII) by heating with an ethanol solution of hydrogen chlor ide .  

E s t e r  VIII displayed high the rma l  s tabi l i ty  on heating in biphenyl up to 220 ~ and also on dist i l lat ion in 
vacuo at 243-245 ~ (85 mm).  Compound VIII was also s table  under  conditions of alkaline hydro lys i s .  Acid 
IH was  isolated f r o m  sodium 1 -amino- l , 2 ,3 ,4 - t e t r ahydroc inchon ina t e ,  obtained in the p r o c e s s  by the action 
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of an equimoleeu la r  amount of hydrochlor ic  acid.  Compounds III,  IV, and VIII, as  well  as  1 - a m i n o - 4 -  
hydroxymethy l - l ,2 ,3 ,4 - t e t r ahydroqu ino l ine  (X), obtained by reduct ion of methyl  1 - n i t r o s o - l , 2 , 3 , 4 - t e t r a -  
hydrocinchoninate (IX) with l i thium a luminum hydr ide ,  displayed high labi l i ty  under  the influence of a num-  

ber  of acidic r eagen t s .  

CooCHal [ ~  20H 
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Thus IV and VIII,  on heating with 17% hydrochlor ic  acid,  and III and X, on t r ea tmen t  with thionyl chlor ide ,  
undergo pronounced res in i f ica t ion ,  which is  apparent ly  assoc ia ted  with the instabi l i ty  of the 3 ,4-d ihydro-  
quinoline de r iva t ives  fo rmed  during c leavage of the 1-amino group in the f o r m  of ammonium chlor ide.  The 
ease  in the e l iminat ion of the 1 -amino  group,  p robab ly  due to the inductive effect  of the benzene r ing ,  was  
noted on heating X with a Raney nickel  ca ta lys t  in aqueous ethanol.  1 ,2 ,3 ,4-Tetrahydroquinol ine  f o r m s  
under  these  conditions,  apparent ly  due to c leavage of formaldehyde and ammonia  with subsequent r educ -  
t ion of the dihydro der iva t ive  to 1 ,2 ,3 ,4- te t rahydroquinol ine .  

EXPERIME NTAL 

1-Ni t roso - l , 2 ,3 ,4 - t e t r ahydroc inchon in ic  Acid (II). A solution of 7.35 g (107 mmole)  of sodium ni t r i te  
in 20 ml  of wa te r  was added with s t i r r ing  in the course  of 30 rain to a solution of 18.9 g (89 mmole)  of 
1 ,2 ,3 ,4- te t rahydroeinchoninic  acid hydrochlor ide  (I) in 35 ml of wa te r .  The mix tu re  was s t i r r ed  for  
another  30 min,  and the p rec ip i ta te  was f i l te red  and washed with wa te r  to give 18 g (98.5%) of II. The p rod-  
uct was  obtained in the f o r m  of co lo r l e s s  c r y s t a l s  which were  quite soluble in the lower  a lcohols ,  acetone,  
ch lo ro fo rm,  and insoluble in wa te r ,  and had mp 124-125 ~ (decomp.,  f r o m  50% ethanol).  Found %: C 58.03; 
H 4.86; N 13.48. C10H10N203. Calculated %: C 58.24; H 4.88; N 13.58. 

Methyl 1 -Ni t roso - l , 2 ,3 ,4 - t e t r ahydroc inchon ina te  (IX). A solution of 3.6 g (52 mmole)  of sodium 
ni t r i te  in 15 ml  of wa t e r  was added in the course  of 10 min to a solution of 10 g (52mmole)  of methyl  
1 ,2 ,3 ,4- te t rahydrocinchoninate  in 58 ml  (58 mmole)  of 1 N hydrochlor ic  acid.  The mix tu re  was s t i r r ed  for  
10 min,  and the oily substance which separa ted  was ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm solution 
was  dried with magnes ium sulfate,  and the ch lo ro form was r emoved  in vacuo to give 10.5 g (91.2%) of IX. 
Found %: C 59.73; H 5.87; N 12.53. CllH12N203. Calculated %: C 60.00; H 5.49; N 12.72. 

3 -Oxo-5 ,6 -benzo- l ,2 -d iazab icyc lo[2 .2 .2 ]oc tane  (V). Glacial  acet ic  acid (64 ml) was  added in the 
course  of 1.5 h at 25-30 ~ to a suspension of 10 g (51 mmole)  of II and 28 g (435 mmole)  of zinc dust in 70 
ml  of methanol  and 8 ml  of water .  The mix tu re  was s t i r r ed  at the same t e m p e r a t u r e  for  another  3 h and 
f i l tered.  The res idue  was washed with 20 ml of wa te r ,  and the mo the r  l iquors  were  evapora ted  in vacuo.  
The res idue  was heated in vacuo (10-20 mm) at 190-200 ,220-230 ,  and 265-270~ fo r  30 min.  The 
cooled m a s s  was dissolved in 50 ml  of wa te r ,  50 ml of 50% po ta s s ium carbonate  was added, and the m i x -  
ture  was ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm solution was  evapora ted ,  and the res idue  was t r i -  
tu ra ted  with e ther  to give 1.1 g (13%) of V with mp 186-188 ~ ( f rom ethyl acetate)  in the f o r m  of l ight -yel low 
c r y s t a l s ,  which were  quite soluble in ch lo ro fo rm and alcohol,  but sl ightly soluble in w a t e r  and ethyl aceta te ,  
and insoluble in e ther .  Found %: C 68.65; H 5.88; N 16.02. C10H10N20. Calculated %: C 68.95; H 5.78; 
N 16.07. 

The alkaline mothe r  l iquor ,  a f t e r  r emova l  of V, was acidified with concentra ted  hydrochlor ic  acid 
with Congo red  as  the indicator .  The resul t ing  c rys ta l l ine  p rec ip i ta te  was  r emoved  a f t e r  24 h, washed with 
wa te r ,  and r e c r y s t a l l i z e d  f r o m  aqueous alcohol to give 2.75 g (24.2%) of 1 - a c e t a m i d o - l , 2 , 3 , 4 - t e t r a h y d r o -  
cinchoninic acid (IV). The co lo r l e s s  c ry s t a l s  were  mode ra t e ly  soluble in methanol  and ethanol,  sl ightly 
soluble in wate r ,  and insoluble in ethyl aceta te  and e ther ,  and had mp 204-206 ~ (decomp.).  Found %: C 
61.46; H 6.12; N 11.98. C12H14N203. Calculated %: C 61.53; H 6.02; N 11.95. 

5 ,6 -Benzo- l ,2 -d iazab icyc lo[2 .2 .2]oc tane  (VI). Cyclic hydraz ide  V [2.8 g (16 mmole)]  was spr inkled 
in the course  of 20 min into a suspension of 1.22 g (32 mmole)  of l i thium aluminum hydride  in 100 m] of an-  
hydrous  benzene and e the r  (1 : 1). The reac t ion  m a s s  was s t i r r ed  under  ref lux  fo r  20 h, cooled, and t r e a t ed  
with 3 ml of wa te r .  The inorganic prec ip i ta te  was f i l te red  and washed with ch lo ro fo rm.  The combined ex-  
t r a c t s  were  evapora ted ,  and the res idue  was dis t i l led in vacuo to give 1.1 g (42.7%) of VI in the f o r m  of a 
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l igh t -ye l low v i scous  liquid with bp 95-98 ~ (0.6 mm) which was quite soluble ,in the usual organic  solvents  
and insoluble in wate r .  Found %: C 75.13; H 7.58; N 17.48. C10HI2N 2. Calculated %: C 74.96; H 7.54; N 
17.48. The hydrochlor ide  was obtained in the f o r m  of co lo r l e s s  c r y s t a l s  and had mp 191-192 ~ (decomp.).  
Found %: C 60.71; H 6.53; C1 18.23; N 14.44. C10H12N 2 �9 HC1. Calculated %: C 61;09; H 6.66; C1 18.03; 
N 14.24. 

2 -Methy l -5 ,6 -benzo- l ,2 -d iazab icyc lo [2 .2 .2 ]oc tane  (VIIa). A mix tu re  of 1.9 g (12 mmole)  of VI, 1.2 g 
(13 mmole)  of 35% fo rmal in ,  1.65 g (36 mmole)  of fo rmic  acid,  and 1 m_l of wa te r  was heated for  17 h at 
100 ~ The reac t ion  m a s s  was diluted with 10 ml  of wate r ,  made alkaline with 50% po tass ium carbonate ,  
and ex t rac ted  with ch lo ro fo rm.  After  r em ova l  of the ch lo ro fo rm the res idue  was  dist i l led to give 0.95 g 
(45.8%) of VIIa in the fo rm of a v i scous  liquid with bp 67-70 ~ (0.6 mm) .  Found %: C 76.01; H 8.08. Cll~tI4N2. 
Calculated %: C 75.82; H 8.09. The hydroehlor ide  was obtained in the f o r m  of co lo r l e s s  c r y s t a l s  with mp 
153-155 ~ Found %: C 62.80; H 6.94; C1 17.08. CllI-I14N 2 �9 HC1. Calculated %: C 62.70; H 7.17; C1 16.82. 
The methiodide had mp 92-93 ~ ( f rom isopropyl  alcohol).  Found %: I 40.32; N 9.11. CI2H15IN 2. Calcu-  
la ted %: I 40.14; N 8.86. 

2 -Benzoy l -5 ,6 -benzo- l ,2 -d iazab icyc lo [2 .2 .2 ]oc tane  (VIIb). A mix tu re  of 0.75 g (4.7 mmole)  of VI, 
0.66 g (4.7 mmole)  of benzoyl  chlor ide ,  0.47 g (4.7 mmole)  of t r i e thy lamine ,  and 10 ml  of anhydrous benz-  
ene was ref luxed fo r  5 h. The m a s s  was cooled, 10 ml  of wa t e r  was  added, and the mix ture  was s t i r r e d  
until the p rec ip i t a t e  d issolved,  and the solution was  acidified with hydrochlor ic  acid. The benzene was r e -  
moved,  and the acid solution was  ex t rac ted  with benzene.  The benzene solutions were  evapora ted ,  and the 
res idue  was  t r i t u ra t ed  with e ther ,  f i l te red ,  and r e c r y s t a l l i z e d  f r o m  acetone to give 0.8 g (67.3%) of VIIb in 
the f o r m  of c o l o r l e s s  c r y s t a l s  with mp 150-151 ~ Found %: C 77.65; H 6.18; N 10.63. C17H16N20. Calcu-  
la ted %: C 77.25; H 6.10; N 10.59. 

Ethyl  1 -Amino- l ,2 ,3 ,4 - t e t r ahydroc inchon ina te  (VIII). A mix tu re  of 3.3 g (14 mmole)  of 1 -ace t amido-  
1 ,2 ,3 ,4- te t rahydrocinchoninic  acid (IV) and 33 ml  of a 10% ethanolic solution of hydrogen chloride was r e -  
fluxed for  10 h. The reac t ion  mix tu re  was evapora ted  in vacuo,  and the res idue  w a s  t r ea t ed  with 25% p o t a s -  
s ium carbonate  and ex t rac ted  with benzene to give 2.5 g (80.6%) of VIII in the f o r m  of a co lo r l e s s ,  v i scous  
liquid with bp 148-149 (0.6 mm) .  Found  %: C 65.64; H 6.99; N 13.00. CI2H16N202. Calculated %: C 65.43; 
H 7.32; N 12.71. 

1 -Amino- l ,2 ,3 ,4 - t e t r ahydroc inchon in ic  Acid (III). A mix tu re  of 10.75 g (49 mmole)  of VIII,  49 ml  (49 
mmole)  of  1 N sodium hydroxide,  and 50 ml  of ethanol was  ref luxed for  7 h. The reac t ion  mix tu re  was de-  
co lor ized  with charcoa l ,  evapora ted  to one- th i rd  of i ts  or iginal  vo lume,  and t r ea t ed  with 49 ml  (49 mmole)  
of 1 N hydrochlor ic  acid. The p rec ip i t a t e  was f i l te red  and washed with wa te r  to give 8.45 g (90%) of III in 
the f o r m  of co lo r l e s s  c r y s t a l s  with mp 153-155 ~ (decomp.,  f r o m  isopropyl  alcohol).  Found %: C 62.40; H 
6.45; N 14.29. Ci0H12N202. Calculated %: C 62.48; H 6.29; N 14.57. The hydrochlor ide  had mp 177-179 ~ 
(decomp.).  Found %: C1 15.32; N 12.06. C10H12N202 �9 HC1. Calculated %: C1 15.50; N 12.25. 

1 -Amino-4 -hydroxymethy l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine  (X). A solution of 8.5 g (45 mmole)  of methyl  
1 -n i t ro so - l , 2 ,3 ,4 - t e t r ahydroc inchon ina t e  (IX) and 100 ml of anhydrous e the r  was added to a suspension of 
5.8 g (152 mmole)  of l i thium aluminum hydride in 100 ml of anhydrous benzene.  The mixture  was ref luxed 
fo r  5 h and t r ea t ed  as descr ibed  above to give 4.6 g (58%) of X in the f o r m  of a l ight-yel low,  v i scous  liquid 
with bp 166-167 ~ (9.4 mm) .  Found %: C 67.10; H 8.15; N 15.56. C10H14N20. Calculated %: C 67.40; H 
7.91; N 15.72. The hydrochlor ide  had mp 154-156 ~ Found %: C1 16.58; N 12.75. C10HI4N20 �9 HC1. Calcu-  
la ted %: C1 16.51; N 13.04. 

Reductive Cleavage of 1 -Amino-4 -hydroxymethy l - l , 2 ,3 ,4 - t e t r ahydroqu ino l ine .  A m i x t u r e  of 4.7 g 
(26.5 mmole)  of X, 10 g of Raney nickel  ca ta lys t ,  6 ml of ethanol,  and 60 ml of wa te r  was heated with s t i r -  
r ing with dis t i l la t ion of wate r .  Water  was  s imul taneous ly  added f r o m  a dropping funnel in o rde r  to ma in -  
tain a constant  level  of liquid in the f a s k .  The dis t i l la te  was ex t rac ted  with benzene.  The benzene solution 
yielded 0.8 g (23%) of 1 ,2 ,3 ,4- te t rahydroquinol ine in the f o r m  of a l ight -yel low liquid with bp 108-110 ~ (8 
mm) .  Found %: C 81.0; H 7.90; N 10.36. CgHIIN. Calculated %: C 81.16; H 8.32; N 10.51. 
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