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Brominat ion of benzo[b]quinuclidine yields its perbromide and a molecular  complex with 
bromine,  while ni trat ion and chlorosulfonation form 7-n i t ro-  and 7-chlorosulfobenzo [b]- 
quinuclidines. The resul ts  of electrophil ic  substitution attest to the absence in benzo [b]- 
quinuclidine of a mesomer i c  interact ion between the free e lec t ron  pair  of ni trogen and 
the n e lec t rons  of the benzene ring.  

It is well known that N,N-dialkylanilines,  1,2,3,4-tetrahydroquinolines,  and indolines, owing to con-  
jugation between the free e lec t ron  pair  of ni trogen and the ~ e lect rons  of the aromat ic  system,  readi ly 
undergo electrophil ie  substitution to form chiefly para-subs t i tu ted  (with respec t  to the amino group) der iva-  
t ives.  

In con t ras t  to these compounds,  the free p electrons of ni t rogen and the ~ -e l ec t ron  sys tem of the 
benzene ring in benzo[b]quinuclidine (I) are  orthogonal,  which excludes the possibil i ty of resonance in te rac-  
tion. The absence of a p - ~  m e s o m e r i c  effect  in I is ref lected in its PKa, the value of which is considerably 
higher  than, for example,  for  N,N-diethylaniline (7.79 and 6.56, respect ively) .  Compound I does not enter  
into azo coupling with p-ni t rophenyldiazoninm chloride [1,2]. 

We have studied severa l  electrophil ic  substitution react ions of I 0~romination, nitration, and ch lo ro-  
sulfonation), the resul ts  of which are also int imately associa ted with the absence of a p - ~ - e l e c t r o n  in te r -  
action in benzo [b] quinuclidine. 

Only perbromide  II and a molecu la r  complex of I with bromine (III) were obtained by brominat ion of I 
in various solvents (acetic acid and chloroform) at 0, 20, and 60 ~ in the presence  of catalysts  (iron filings 
or a mixture of i ron filings and iodine) and in the absence of ca ta lys ts .  The brominat ion of benzo[b]qui- 
nuclidine methobromide (VII) also resul ted in a molecular  complex of the la t ter  with bromine (VIII). 

Pe rb romide  II loses  bromine on heating in water ,  chlorobenzene,  and even on standing in air  and is 
converted to benzo[b]quinuclidine hydrobromide .  The formation from II of a compound brominated in the 
aromat ic  r ing was not observed  in a single case ;  this sor t  of p rocess  is ex t remely  readi ly accomplished in 
a number  of pe rbromides  of a romat ic  amines.  Molecular  complex III, which under the influence of aqueous 
alkali is converted to I, is formed on t rea tment  of II with aqueous sodium carbonate .  Pe rb romide  II was ob- 
tained f rom III and hydrobromic  acid. In cont ras t  to II, which reac ts  with acetone even at room t e m p e r a -  
ture ,  III is debrominated by acetone only on heating and does not lose bromine on standing in air .  

In con t ras t  to bromination,  nitrat ion and chlorosulfonation of I lead to the formation of electrophil ic  
substitution products .  Thus, t rea tment  of I with a nitrating mixture at - 4  to -7  ~ gives mononitrobenzo[b]-  
quinuclidine, while t rea tment  of I with chlorosulfonic acid initially at 0 ~ and then at 50 ~ gives benzo [b] qui- 
nuclidine sulfonyl chloride.  Sulfamido and N,N-dimethylsulfamido derivat ives  are obtained f rom the lat ter  
by the action of ammonia or  dimethylamine.  
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T A B L E  1. C h a r a c t e r i s t i c s  of the ]~MR Spec t ra  of 7-Subst i tu ted  
Benzo  [b] quinucl id ines* 

No, Cornpound 

IV 
IV 
IV.H+ 
IV. CHs I 
Vl 
VI 
VI,H+ 
VI. CH~ I 

Solvont 

CDCIs 
CDsOD--D20 (10: 1) 
CDCI+--CF+COOH (20: 1) 
CDaOD--D20 (10 : 1) 
CH,zC12 
CDsOD--D20 (10 : I) 
CH2Cb--CF3COOH (20 : I) 
CDaOD--D20 (I0 : I) 

H+ 

3,21 

+, ppm ] 
H5 P Hsl H+ I 4,8 

7,30 8,09 7,96 0,7 
7,45 8,12 %92 / 
7,70 8,44 8,49 t 
7,85 8,50 8,53 
7,38 7,64 7,50 0,6 
7,52 7,70 7,51 [ 
7,63 7,88 8,06 
7,84 8,0117,981 

I, Hz 

5,6 5,8 

8,1 0,4 

8 (~o,5) 

6,8 

2,1 

* The  P M R  s p e c t r a  w e r e  obta ined with a J N M - 4 H - 1 0 0  s p e c t r o m -  
e t e r  with an ope ra t ing  f r equency  of 100 MHz with t e t r a m e t h y l s i ! a n e  
(Nos. 1, 3, 5, and 77 and t e r t - b u t a n o l  (Nos. 2, 4, 6, and 8) (5 = 1.2 
ppm) as the in te rna l  s t anda rd .  

IV R=NO2; V R=SO2NH2; Vl R=SO2N(CHz) 2 

III 

I B'r 1 ~+,. "B,'2 CH+ CH3 
v l |  VII~ 

The s t r u c t u r e  of  the syn t he s i z e d  compounds  as  7 - subs t i tu ted  benzo[b]quinucl id ines  was p roved  f r o m  
the dipole m o m e n t s  and P M R  s p e c t r o s c o p y .  The dipole m o m e n t  (in benzene)  of n i t robenzo[b]quinucl id ine  
(u = 5.23 • 0.01 D), benzo[b]quinucl id ine  ~u = 1.50 • 0.01 D), and quinuclidine (u = 1.39 • 0.02 D) w e r e  de -  
t e r m i n e d .  

V e c t o r  addit ion of  the dipole m o m e n t s  of  quinucl idine and p -n i t ro to luene  (~ = 4.39 D) [3] in benzene  
so lu t ion  g ives  5.23 D, which  a g r e e s  s a t i s f a c t o r i l y  with the expe r imen t a l  da ta  and r i g o r o u s l y  d e t e r m i n e s  
o r i en ta t ion  of  the n i t ro  g r o u p  in the 7-pos i t ion .  The dipole m o m e n t s  for  5- ,  6- ,  and 8 -n i t robenzo[b ]qu i -  
nucl id ines  should  have been  2.4, 3.8, and 5.6 D, r e s p e c t i v e l y ,  on the bas i s  of v e c t o r  addit ion.  

Ana lys i s  of the PMR s p e c t r a  c o n f i r m s  the f o r m a t i o n  of  7 - subs t i tu ted  benzo [b]quinuclidines (see 
Table  1). 

The l a rge  va lues  of  the s p i n - s p i n  in t e rac t ion  cons tan t s  f o r  IV and VI a t tes t  to a 1 ,2 ,4 - t r i subs t i t u t ed  
benzene  r ing ,  which  exc ludes  a 5 -  and 8 -o r i en t a t i on  fo r  the p roduc t s  of e l ec t roph i l i c  subs t i tu t ion  of I .  

The p r o b l e m  of the 6 -  and 7 -pos i t ion  of  the subs t i tuen ts  was  so lved  as  fo l lows.  F o r  b i cyc l i c  a r o m a t i c  
compounds ,  fo r  example  1 ,7 -naph thyr id ine  [4], the s p i n - s p i n  in t e rac t ion  cons tan t s  of  the p ro tons  in the 5-  
and 8 -pos i t ions  lie at 0.5 Hz.  The s a m e  spl i t t ing  a l so  o c c u r s  in subs t i tu ted  benzo~b]quinucl idines,  which in -  
d i ca te s  the  p r e s e n c e  of a p ro ton  in the 8 -pos i t ion .  This p ro ton  a lso  i n t e r a c t s  with the H 6 m e t a  p ro ton  (J = 
2.2 Hz), and addit ional  spl i t t ing  of  the s ignal  with a l o n g - r a n g e  sp in - sp in  i n t e r ac t i on  cons tan t  of 0 .6-0 .7  Hz 
is o b s e r v e d .  The double r e s o n a n c e  me thod  e s t ab l i shed  that  spl i t t ings  with cons tan t s  of 0 .6-0 .7  Hz a r i s e  
due to i n t e r ac t i on  of the H 4 and H 8 p r o t o n s .  A shif t  of the a r o m a t i c  s igna ls  to weak f ield is o b s e r v e d  dur ing 
p ro tona t ion  and qua te rn i za t ion  of IV and VI, and the m a x i m u m  weak- f i e ld  shift ,  as c o m p a r e d  with the o the r s  
(by ,~0.2 ppm),  is c h a r a c t e r i s t i c  fo r  the s igna l  of  the H 8 pro ton .  This is expla ined by  the fac t  that  the H 8 
p ro ton ,  which  is in the o r tho  pos i t ion  with r e s p e c t  to the p ro tona t ion  o r  qua te rn iza t ion  c e n t e r  and with r e -  
spec t  to  the e l e c t rone ga t i ve  subs t i tuen t  in the 7-pos i t ion ,  e x p e r i e n c e s  a s t r ong  desh ie ld ing  ef fec t  of two 
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groups.  In the case  of 6-substi tuted benzo [b]quinuclidines the H 8 proton signal in the protonated and quat- 
e rn ized  fo rms  would be found under the deshielding effect  of only one electronegat ive group, which would 
cause its shift to weak field by about the same value as in the remaining aromat ic  protons .  The assignment  
to H 8 of the signal which exper iences  the maximum weak-field shift on passing from benzo [b]quinuclidine 
bases  to derivat ives  with a posit ively charged atom and the determinat ion by the double resonance method 
of the nature of all of the spin-spin  splitting constants of this signal made it possible to a r r ive  at the inde- 
pendent eonclusion that IV, V, and VI are 7-substi tuted benzo[b]quinuclidines. 

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

Benzo[b]quinuclidine (I). A mLxture of 3 g (17.3 mmole) of 3-ketobenzo[b]quinuclidine [5], 30 ml of 
glycer ine,  6 g of potass ium hydroxide, and 6 ml of hydrazine hydrate  was heated for 5 h at 165-170 ~ (bath 
t empera tu re ) .  The react ion product  was then distilled f rom the react ion mass  with water ,  and the distillate 
was ext rac ted  with benzene.  Drying of the ext rac t  and removal  of the solvent by disti l lation yielded 2.2 g 
(80%) of I with mp 68-69 ~ (from petroleum ether) [1]. Found %: C 83.2; H 8.0; N 8.9. C11H13N. Calcu-  
lated %: C 83.0; H 8.2; N 8.8. The hydrobromide  was obtained as co lor less  c rys ta l s  with mp 267-269 ~ 
(from alcohol). Found %: Br 32.9. CIIH13N �9 HBr.  Calculated %: Br  33.3. The methbromide was ob-  
tained as co lor less  c rys t a l s  with mp 231-232 ~ Found %: Br  32.7; N 5.7. C12HI~BrN. Calculated %: Br 
33.O; N 5.8. 

Reaction of Benzo[b]quinuclidine with Bromine.  A. A solution of 4 g (25 mmole) of bromine in 40 ml 
of acetic acid was added in the course  of 4 h at 20 ~ to a solution of 4 g (25 mmole) of I in 40 ml of glacial  
acetic acid. Yellow c rys ta l s  began to precipi ta te  about 2 h after  the s tar t  of the addition of bromine.  The 
precipi ta te  was f i l tered and washed with acetic acid and ether  to give 5 g (62%) of III as l ight-yel low c r y s -  
tals which were  quite soluble in benzene and methanol,  slightly soluble in ethanol, acetone, and ethyl ace t -  
ate, and insoluble in water .  The substance was vacuum sublimated (15 ram, bath t empera tu re  120-130 ~ to  
give a product with mp 152-153 ~ Found %: C 41.6; H 4.3; Br  50.4; N 4.3. CllH13N �9 Br  2. Calculated ~c: 
C 41.4; H 4.1; Br  50.1; N 4.4. 

A total of 0.8 g (8%) of br igh t -orange  c rys ta l s  of perbromide  II with mp 89-90 ~ (from ether) p rec ip i -  
tated from the mother  l iquor on standing. Found %: Br  60.6. ClIHI3N �9 Br  2 �9 HBr. Calculated ~ :  Br  60.0. 

The solution remaining af ter  removal  of II was evaporated,  and the crys ta l l ine  residue was washed 
with acetone to give 0.85 g (13%) of benzo[b]quinuclidine hydrobromide with mp 267-269 ~ (from alcohol). 

B. A solution of 1.6 g (10 mmole) of bromine in 16 ml of ch loroform was added to a solution of 1.6 g 
(10 mmole) of I in 9 ml of dry ch loroform at 20 ~ in the course  of 3 h. The precipi tated c rys ta l s  were f i l tered 
and washed with ch lo roform to give 0.85 g (27%) of III with mp 152:153 ~ . The ch loroform solution r e -  
maining after  r emova l  of III was evaporated,  and the residue was rec rys ta l l i zed  f rom alcohol to give 1.2 g 
(50%) of the hydrobromide of I with mp 267-269 ~ 

C. Bromine [4.8 g (30 mmole)] was added at 0 ~ in the course  of 1 h to a solution of 3.2 g (20 mmole) 
of I in 7 ml of glacial  acetic acid and 1 ml of concentrated sulfuric acid. The mixture was held for another 
hour under the same conditions and then heated for 2 h at 60 ~ and allowed to stand for 20 h at room t e m p e r a -  
ture .  The d a r k - r e d  solution was poured over  ice, and the resul t ing orange precipitate was f i l tered and 
washed with water ,  squeezed thoroughly, and dissolved in 20 ml of e ther .  On standing, 1.8 g (22.5~c) of II 
with rap 88-90 ~ precipi tated f rom the e ther  solution. The acidic mother  l iquor was saturated with sodium 
carbonate and ext rac ted  with benzene to give 1.5 g of I. 

Reaction of Benzo[b]quinuclidine Methobromide with Bromine.  A solution of 2 g (8 mmole) of VII in 
15 ml of glacial  acetic acid was t rea ted  at 20 ~ with a solution of 1.32 g (8 mmole) of bromine in 13 ml of 
acetic acid. The resul t ing precipi ta te  was f i l tered and washed with acetic acid and ether  to give 3 g (92%) 
of VIII as yellow c rys t a l s  with mp 137-138 ~ Found %: C 34.5; H 3.6; Br  58.1. C12H16BrN �9 Br2. Calcu-  
la ted%:  C 3 4 . 8 ; H 3 . 9 ; B r  57.7. 

Transformat ions  of II and III under the Influence of Various Reagents.  A. Compound II (0.5 g) was 
dissolved in 5 ml of acetone,  the solution decolor ized rapidly,  and co lor less  c rys ta l s  of the hydrobromide  
of I with mp 267-269 ~ precipi ta ted.  

B. A mixture of 0.5 g of III and 10 ml of acetone was refluxed for 4 h. A co lor less  precipitate of the 
hydrobromide of I precipi tated gradual ly  to give 0.35 g (93%) of a product  with mp 267-269 ~ 
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C. A mixture of 0.8 g of II and 10 ml of chlorobenzene was refluxed for  5 h to give 0.4 g (83~) of 
I �9 HBr with mp 267-269 ~ 

D. A mixture of 0.5 g of II and 10 ml of water  was refluxed for 2 h. Bromine was evolved in the p ro -  
cess  and the aqueous solution became co lo r l e s s .  Removal of the water  by distil lation yielded 0.24 g (80%) 
of I .HBr.  

E. Compound II (0.5 g) was shaken with 10 ml of 15% aqueous sodium carbonate to give 0.35 g (75%) 
of III with mp 153-155 ~ 

F. A solution of 0.3 g of III in 20 ml of benzene was shaken with 10 ml of 20% aqueous sodium 
hydroxide.  The benzene solution was separated,  the solvent was removed by distillation, and the residue 
was vacuum sublimated to give 0.13 g (87%) of I with mp 68-69 ~ 

G. A solution of 0.2 g of HI in benzene was acidified with hydrobromic  acid. A total of 0.2 g (80%) of 
orange c rys ta l s  of perbromide II with mp 89-90 ~ precipi tated.  

H. Compound V~I (0.5 g) was dissolved in 5 ml of acetone. After  severa l  minutes the solution de- 
color ized  and 0.23 g (77%) of co lor less  c rys ta l s  of VII precipitated.  

7-Nitrobenzo[b]quinuclidine (IV). A nitrating mixture (1.6 ml of ni tr ic  acid with sp. gr .  1.5 and 36 ml 
of concentra ted sulfuric acid) was added gradual ly  to a solution of 3 g (19 mmole) of I in 25 ml of concen-  
t ra ted sulfuric acid while maintaining the tempera ture  of the react ion mass  at - 7  to -4  ~ . The mixture was 
s t i r r ed  at the same tempera ture  for another hour and poured over  ice. The mixture was neutral ized with 
sodium carbonate  and ext rac ted  with benzene to give 3.4 g (89%) of IV as pa le -green  c rys ta l s  which were 
quite soluble in chloroform,  benzene, and methanol,  slightly soluble in ethanol, and insoluble in water  and 
had mp 117-118 ~ (from ethyl acetate).  Found %: C 64.6; H 6.0; N 13.6. CI1HI2N202 . Calculated %: C 64.7; 
H 5.9; N 13.7. The methiodide had mp 234-235 ~ (decomp.). Found %: I 36.7; N 8.5. C~2H15IN~O 2. Calcu-  
l a ted%:  I 3 6 . 7 ; N 8 . 1 .  

7-Sulfamidobenzo[b]quinuclidine (V). Compound I [3.2 g (20 mmole)] was added at 0 ~ to 10 ml of 
chlorosulfonic acid. The resul t ing solution was heated for  2 h at 50 ~ poured over  ice, filtered, and the 
acidic solution was added with cooling to 50 ml of 25% ammonium hydroxide. The mixture was held for  2 h 
at 0 ~ and the precipi tate  was fi l tered,  washed with water ,  and dried to give 2.7 g (56%) of V with mp 236- 
238 ~ (from methanol) as co lor less  c rys ta l s  which were slightly soluble in chloroform,  methanol, and methyl -  
ene chloride and insoluble in water .  Found %: C 55.7; H 5.8; N 11.6; S 13.3. CllHI4N202S. Calculated %: 
C 55.4; H 5.9; N 11.8; S 13.5. The hydrochlor ide was obtained as co lor less  c rys ta l s  with mp 274-275 ~ 
(decomp.). Found %: C1 12.8; N 10.0; S 11.6. CIIH14N202S �9 HCI. Calculated %: C1 12.9; N 10.2; S 11.6. 

7- (N,N'-Dimethylsulfamido)benzo [b]quinuclidine WI). An aqueous solution of 7- (chlorosulfo)benzo [b]- 
quinuclidine, obtained by the method descr ibed above f rom 2 g of I and 7 ml of chiorosulfonic acid, was 
poured into 30 ml of a 25% aqueous solution of dimethylamine.  After  20 h the precipitated c rys ta l s  were 
f i l tered and washed with water  and e ther  (0.4 g of I was isolated f rom the e ther  solution) to give 0.8 g (30%) 
of VI as co lor less  plates which were soluble in acetone, chloroform,  ethanol, and methanol,  insoluble in 
e ther  and water ,  and had mp 148-150 ~ (from ethyl acetate).  Found %. C 58.9; H 7.0; N 10.2; S 12.1. 
C13HIsN202S. Calculated %: C 58.6; H 6.8; N 10.5; S 12.0. The methiodide had mp 184-185 ~ Found %: I 
31.4; N 6.8. C14H21N202S. Calculated %: I 31.1; N 6.9. 
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