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The s t e r e o c h e m i s t r y  of the hydride reduct ion of N-subst i tu ted 4a-cyano- ,  4a ,10a-d icyano- ,  and 
4a ,10a -pe roxy-9 -pheny lpe rhydroac r id ines  was studied. The configuration of a s e r i e s  of i somer i c  
N-subst i tu ted  9 -pheny lpe rhydroac r id ines  was es tabl ished.  

It  has been prev ious ly  shown [2] that the s t e reospec i f i c  fo rmat ion  of t r a n s - s y n - t r a n s  i s o m e r s  occurs  in 
the reduct ion of 9-phenyldecahydro and -dodecahydroacr id ines .  The study of the s t e r e o c h e m i s t r y  and s t e r e o -  
speci f ic i ty  of the reac t ions  of some 9-phenylperhydroacr id ine  de r iva t ives  that have subst i tuents  in the 4a and 
10a posi t ions  was the subject  of fu r the r  r e s e a r c h .  The hydride reduction of 4a -cyanoperhydroac r id ines  I a -d  
[2], 4a ,10a-d icyanoperhydroacr id ines  IYla-d [3], and 4a ,10a -pe roxyperhydroac r id ines  VIa -g  was investigated.  

It was es tabl ished that,  in con t ras t  to decahydro-  and dodecahydroacr id ines  [2], I a -d  and m a - d  a r e  r e -  
dueed in high yie lds  by complex  me ta l  hydr ides ,  t r a n s - s y n - t r a n s - P e r h y d r o a c r i d i n e s  Ha-c  a re  fo rmed In the 
reduct ion of t r a n s - s y n - t r a n s - m o n o n i t r i l e s  I a - c  [2] with sodium and po tass ium borohydr ides  in d ime thy l fo rm-  
amide  (DMF). In con t ra s t  to In-c ,  Id has  a c i s - a n t i - t r a n s  configurat ion and gives c i s - a n t i - t r a n s - p e r h y d r o -  
acr id ine  IId on reduction.  The fact  that 9-phenyldodecahydroacr id ines  a r e  not reduced under  s i m i l a r  con- 
ditions provides  a bas i s  for  the assumpt ion  that the reduct ion does not p roceed  with p r i o r  spli t t ing out of HCN 
but r a t he r  by nucleophille substi tut ion of the cyano group by a hydride ion with re tent ion of the configuration.  

A mix tu re  of t r a n s - s y n - t r a n s  (IIa-c,  IV) and c i s - s y n - t r a n s  i s o m e r  (Va,c,d) of pe rhydroacr id ine  in ap-  
p rox ima te ly  equal amounts  is fo rmed  in the reduction of t r a n s - s y n - t r a n s - d i c y a n o  de r iva t ives  IIIa-d;  only the 
f i r s t  s t e r e o i s o m e r  is fo rmed  in the case  of IIIb. As in the case  of the reduction with borohydr ide ,  a mix tu re  
of pe rhydroacr id ine  i s o m e r s  is fo rmed  in the reduction of I I I a -c  in excess  LiA1H 4 in t e t rahydrofuran  (THF). 
If  a s m a l l e r  amount of LtA1H 4 is used in the reduction,  only fou r - r i ng  der iva t ive  VI is formed.  This compound 
has a t r a n s - s y n - t r a n s  configurat ion,  and its fo rmat ion  provides  evidence for  a c i s -d iax ia l  or ientat ion of the 
cyano groups  and the mos t  p robab le  t r a n s - s y n - t r a n s  configurat ion of IIIa.  
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In contrast  to nitr i les I and III, as well as unsubstituted peroxyperhydroacr idine  [4], the reduction of 
peroxyperhydroacr id ines  VIIa-g (which we obtained from alicyclic 1,5-diketones, hydrogenperoxide, and 
p r i m a r y  amines or  ammonia,  as descr ibed in [4]) proceeds  with great  difficulty. We were able to reduce VIIf,g 
to t r ans - syn- t r ans -pe rhydroac r id ines  only by refluxing them for 40 h with NaBH 4 in an aqueous alcohol medium. 
In the remaining cases  a considerable amount of the s tar t ing mater ia ls  remained even after  refluxiug for 70 h. 
It was established that amino peroxides VIIe-g  most  likely have a t r a n s - s y n - t r a n s  configuration, whereas it is 
difficult to make any kind of assignment  for the remaining compounds. As previously descr ibed in [4], amono 
peroxides VIIa-g  undergo exchange of the peroxide bridge by two cyano groups to give dinitr i les VIIIa-e and 
IIIa,c.  The s t ruc tures  of the newly synthesized compounds are  confirmed by the IR, PMR, and mass  spectral  
data. The IR spect ra  of Id and VIIIa-e contain an absorption band at 2230 cm - t ,  which is charac te r i s t ic  for the 
C _= N group. The IR spec t ra  of rVa,c do not contain the "Bohlman" absorption bands that develop when there 
are  no less than two axial protons adjacent to a nitrogen atom [5]. The methyl group attached to the nitrogen 
atom is responsible for the p resence  of this absorption band in the spec t ra  of Id, IId, and IVd at 2785, 2810, 
and 2790 cm -1, respectively.  The IR spect rum of VI contains absorption bands of a C = N bond at 1660 cm -1 
and of a n  1NH 2 group at 3400 and 3520 cm -1. 

In a previous paper  [2] we established that Ia -c  and I Ia-c  have a t r ans - syn- t rans  configuration on the 
basis  of PMR spect ra l  data. The presence  in the spec t ra  of Id and IId of a broad 10a-H singlet at 2.86 and 
2.26 ppm and a 9a-H quartet  at 2.85 and 2.52 ppm, respectively,  makes  it possible to conclude that they have 
a c i s - an t i - t r ans  configuration [6]. We examined the spec t ra  of Id and IId in the p resence  of Eu(DPM) 3 and 
Eu(FOD)3 shift reagents.  The cha rac te r  of the change in the chemical  shifts of the protons is s imi lar  in both 
cases  and demonst ra tes  that the shift reagent fo rms  a complex with the axially directed unshared electron pai r  
of the nitrogen atom. The signal of the 10a-H proton of IId is shifted to s t ronger  field as compared with 10- 
unsubstituted e i s -an t i - t r ans -pe rhydroac r id ine ,  in the same way as the 10a-H signal in the spectrum of N- 
methyl-subst i tuted derivative of this i somer  [6]. The contribution of the cyano group to the 10a-H chemical 
shift cor responds  to their  1,3-diaxial orientation in Id [7]. 

A pecul iar i ty  of the spec t ra  of I I Ia -c  and VIIIe is the fact that there is a broad doublet (J = 7 Hz, 6H) at 
1.16-1.20 ppm, whereas  the 9-H, 8a-H, and 9a-H axial protons absorb at weaker field and can be considered to 
be the ABC portion of an ABCXY system.  The lat ter  is confirmed by calculation of the theoret ical  spec t ra  of 
these protons.  The absence of s p i n - s p i n  coupling of the nodal methylidyne protons with the adjacent equatorial 
protons shows that the dihedral  angle between these vicinal protons is close to 90 ~ This becomes  possible 
as a result  of contract ion of the molecules  of the dinitrile because of repulsion of the c i s -d iaxia l ' cyano groups 
(the minimum in t ramolecular  distance between the unbounded carbon atoms is 2.9 ~ [8], and the C4a-C10 a 
distance is 2.52 ~). 

In IIId the difference in the chemical  shifts between the 9a and 8a protons is 0.39-0.47 ppm less than in 
IIIa,c and VHIe. The shift of the signals of the nodal protons to weak field is most  likely associated with an 
axial orientation of the methyl  group [6]. The use of a shift reagent showed that the chemical  shift of the 
methylidyne protons does not change. Only a cer ta in  degree of change in the intensity in the center  of the 
overal l  signal of the remaining protons was observed. This indicates that the shift reagent does not form a 
complex with the axial unshared electron pai r  of the r ing nitrogen atom. 

The PMR spec t rum of Va contains a multiplet of the 10a-H proton at 3.96 ppm and a 9-H a triplet  at 3.16 
ppm (J = 11.8 Hz). In conjuction with the absence of a "Bohlman" absorption band in the IR spectrum of this 
compound, this indicates the c i s - syn- t rans  configuration of Va [5, 6]. In contrast  to the spectrum of c is -ant i -  
t rans-N-benzylperhydroacr id ine  [9], the spect rum of Vc contains a quartet  of methylene protons of a benzyl 
group at 3.71 ppm (A = 0.27 ppm, J = 14.5 Hz). F rom a compar ison with the corresponding signal of Ic one 
should assume an axial orientation of the C10a-C5 bound. A theoret ical  calculation of the multtplets at 2.05- 
2.35 ppm (1H) and 2.40-2.85 ppm (3H) by means of a p r o g r a m  that simulates the spec t ra  showed that they con- 
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TABLE 1. Perhydroacr id ine  D e r i v a t i v e s  

Com- 
pound 

Id 
lid 

IV 
Va 
Ve 
Vd 

VI 
VIIa 
VIIb 
Vile 
Vllf 

VII, g 
Villa 
VIIlb 
VIIle 
VIIld 
VIIIe 

IX 

rap, ~ 

133--134 a 
1 o~,b 

104--106e 
165--167 b 
145--147b 
77--78 e 

22 li5-~222 d 

106--108b 
120~121b 

140 D 
146--147 b 
213--215 b. 
156--15~ b 
203--20Ee 

206 b 
1 7380tl 75b 

Found, % 
m/e 

c H N 

82,2 9,5 
283 84,8 10,5 
283 84,9 10,1 
345 86,3 9,3 
359 86,6 9,4 
283 85,3 10,7 
40l 80,8 8,9 

- -  68,8 7,3 
76,3 9,0 
76,1 8,5 
80A 8,2 
79,6 8,1 
72,5 7,1 
74,2 8,7 
78,8 8,2 
79,4 8,0 
79,2 8,1 
64,1 5,7 

Emperical 
formula 

C21H2sN2 
C~oH29N 
C2oH2sN 
CzsH31N 
C26H~3N 
C2oH29N 
C27HzaNz 
C2oH2sNO4 
C~oH2rNOe 
CI9H25NOe 
C.osH29NO2 
C26H3,NO2 
C22H25N302 
CI6H2sN3 
C22H2rN~ 
C~3H2gN3 
C21H25N8 
C26H24CINO4 

Calc. % 
G H 

81,8 9,1 
84,8 10,3 
84,8 10,3 
37,0 9,0 
86.9 9,2 
84.8 10,3 
B1,2 8,3 
70,0 7,3 
76,7 8,6 
76,2 8,4 
30,0 7,7 
30,2 8,0 
72,2 7,2 
74,7 9,0 
79,3 8,4 
79,5 8,4 
79,6 7,8 
63,5 6,6 

Yield, 
N qo 

35 
95 
37 
52 
4O 
4O 
95 
98 
37 
95 
40 
54 
95 
46 
48 
7O 
72 
6! 

a F r o m  p r o p a n o l ,  b F r o m  e thano l .  C F r o m  hexane ,  d F r o m  e thy l  
a c e t a t e ,  e F r o m  p r o p a n o l - d i o x a n e  (2:1). fWith d e c o m p o s i t i o n .  

s i s t  of s i g n a l s  of 1 0 a - H e ,  4 a - H a ,  9-Ha, and 8 a - H  a p r o t o n s  at  2.75, 2.70,  2.57,  and 2.65 p p m ,  r e s p e c t i v e l y .  Th i s  
i n d i c a t e s  that  p e r h y d r o a c r i d i n e  Vc has  a c i s - s y n - t r a n s  con f igu ra t i on .  

The  c h e m i c a l  sh i f t  of the  s i g n a l  of  the m e t h y l  g roup  (2.32 ppm) of  9 - p h e n y l - 1 0 - m e t h y l p e r h y d r o a c r i d i n e  
(IV), the  c h a r a c t e r  of the  s i g n a l s  of  the  m e t h y l e n e  p r o t o n s  a t  0 .7 -2 .0  p p m ,  which  i s  s i m i l a r  to  the  c h a r a c t e r  
of the  s i g n a l s  of  the  s a m e  p r o t o n s  in  the  s a m e  r e g i o n  of the  s p e c t r a  of p e r h y d r o a c r i d i n e s  wi th  a t r a n s - s y n -  
t r a n s  c o n f i g u r a t i o n  [2, 6], and the  f o r m  of the  s i g n a l s  and the c h e m i c a l  sh i f t  of the s i g n a l s  of  the  4 a - H ,  10a -H ,  
and 9 -H a p r o t o n s  (1.95-2.35 ppm)  m a k e  i t  p o s s i b l e  to a s s u m e  tha t  t h i s  compound  has  a t r a n s - s y n - t r a n s  con-  
f i g u r a t i o n .  The  P M R  s p e c t r u m  of Vd i s  s i m i l a r  to  the  s p e c t r a  of  Va ,c ;  s p e c i f i c a l l y ,  t h e r e  is  a b r o a d  1 0 a - H  
m u l t i p l e t  a t  2.93 ppm.  In add i t ion ,  the  s i g n a l  of the  m e t h y l  g roup  i s  sh i f t ed  to w e a k e r  f i e ld  (2.42 ppm) as  c o m -  
p a r e d  wi th  the  m e t h y l  g roup  of IV. T h i s  m a k e s  i t  p o s s i b l e  to a s s i g n  a c i s - s y n - t r a n s  c on f igu ra t i on  to  Vd. 

The  P M R  s p e c t r u m  of VI c o n t a i n s  a 9-H a t r i p l e t  a t  2.52 p p m  (J = 11.5 Hz),  f r o m  which  i t  fo l lows  that  
9a -H  and 8 a - H  a r e  s y n - o r i e n t e d ;  VI  p r o b a b l y  has  a t r a n s - s y n - t r a n s  c o n f i g u r a t i o n ,  s i n c e  the  a l t e r n a t i v e  c i s -  
s y n - c i s  c o n f i g u r a t i o n  i s  e n e r g i c a l l y  u n f a v o r a b l e .  The  s i g n a l  of the NH 2 g roup  of  th i s  compound g i v e s  a s i n g l e t  
a t  4.82 ppm,  and the p r o t o n s  of the CH 2 g roup  of  the p y r a z i n e  r i n g  g ive  a q u a r t e t  a t  3.57 p p m  (A = 0.54 ppm,  
J = - 1 7  Hz). 

The  P M R  s p e c t r a  of  V I I e - g  con ta in  a t r i p l e t  a t  2.63, 2.54, and 2.50 ppm,  r e s p e c t i v e l y ,  wi th  J = 10 Hz; in 
add i t ion ,  the s p e c t r u m  of VlIg  c o n t a i n s  a s i n g l e t  of the ~ p r o t o n s  of a b e n z y l  g roup  at  4.16 ppm,  and the s p e c t r u m  
of Vi le  con t a in s  a b r o a d  s i ng l e t  of  an NH group  at  3.13 ppm.  S ince ,  in ana logy  with VI, the  f o r m a t i o n  of a 
four th  r i n g  i s  p o s s i b l e  on ly  in  the  c a s e  of  d l a x l a l  o r i e n t a t i o n  of the  C - O  bonds ,  the  p r e s e n c e  of  a t r i p l e t  wi th  
5 = 10 Hz i n d i c a t e s  the  t r a n s - s y n - t r a n s  c o n f i g u r a t i o n  of V I I e -g .  

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

The IR s p e c t r a  of  c h l o r o f o r m  s o l u t i o n s  of  the  compounds  w e r e  r e c o r d e d  wi th  a UR-20  s p e c t r o m e t e r ,  The  
P M R  s p e c t r a  of CDC13 s o l u t i o n s  w e r e  r e c o r d e d  wi th  a B r u k e r  HX-90E s p e c t r o m e t e r .  The  c o u r s e  of  the  r e -  
a c t i o n s  and the i n d i v i d u a l i t y  of  the s u b s t a n c e s  w e r e  m o n i t o r e d  by  TLC on a c t i v i t y  II A1203 and Sflufol .  

9 - P h e n y l - 1 0 - m e t h y l - 4 a - c y a n o p e r h y d r o a c r i d i n e  (Id). A m i x t u r e  of  0.04 m o l e  of 9 - h y d r o x y - 4 - p h e n y l - 2 ,  
3 - t e t r a m e t h y l e n e b i c y c l o [ 3 . 3 . 1 ] n o n a n - 2 - o n e ,  0.1 m o l e  of m e t h y l a m i n e  h y d r o e h l o r i d e ,  and 0.1 m o l e  of s o d i u m  
a c e t a t e  was  r e f l u x e d  in 100 m l  of a c e t i c  a c i d  fo r  3 h, a f t e r  which  i t  was  coo led ,  d i lu ted  with  200 m l  of w a t e r ,  
and m a d e  a l k a l i n e  wi th  a m m o n i u m  h y d r o x i d e .  The  l i b e r a t e d  o i l  was  e x t r a c t e d  with  e t h e r .  A s o l u t i o n  of a m -  
m o n i u m  p e r c h l o r a t e  was  added  to the aqueous  l a y e r ,  and the  p r e c i p i t a t e d  9 - P h e n y l - 1 0 - m e t h y l - s y n - o c t a h y d r o -  
a c r i d i n i u m  p e r c h l o r a t e  (IX) was  r e m o v e d  by  f i l t r a t i o n ,  w a s h e d  with  w a t e r ,  and d r i e d  (see T a b l e  1). The  un-  
c r y s t a l l i z e d  r e s i d u e  tha t  r e m a i n e d  a f t e r  the e t h e r  was  r e m o v e d  f r o m  the d r i e d  e x t r a c t  b y  d i s t i l l a t i o n  was  d i s -  
s o l v e d  in 15 m l  of  a c e t i c  a c i d ,  and  a m i x t u r e  of  2 g of 50% p o t a s s i u m  c ya n ide  so lu t ion ,  5 m l  of w a t e r ,  and 15 
m l  of a c e t i c  a c i d  w e r e  a d d e d  wi th  s t i r r i n g  to  the  r e s u l t i n g  so lu t ion .  The  m i x t u r e  was  s t i r r e d  fo r  5 h, a f t e r  
which  i t  was  d i lu t ed  with  70 m l  of w a t e r  and m a d e  a l k a l i n e  wi th  a m m o n i u m  h y d r o x i d e .  A f t e r  24 h, Id was  
r e m o v e d  by  f i l t r a t i o n ,  w a s h e d  wi th  w a t e r ,  and d r i e d .  
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,Reduction of Ia-d. A 0.01-mole sample of I was mixed with 0.02-0.03 mole of KBH 4 in 50 ml of DMF, 
and the mixture was heated to 120-130 ~ for 2-3 h. It was then cooled and diluted to 200 ml with water.  At the 
end of the decomposit ion of the KBH 4, II was removed by filtration, washed with water ,  and dried. 

Reduction of IIIa-d.  A) The reduction was ca r r i ed  out as in the case of Ia-d in DMF by means of KBH 4. 
Compounds Va,c were much less soluble in acetic acid than Ha,c, and they were separated by t reatment  of the 
reduction products  with hot acetic acid. Reduction products  IV and Vd were separated by chromatography with 
a column filled with L 40/100 sil ica gel (elution with methanol). Only IIb was formed in the case of dinitrile IIIb. 

B) A 0.0025-mole sample of dinitrile III was dissolved in 10-15 ml of absolute THF, a suspension of 
0.005-0.01 mole of LiA1H 4 in 20 ml  of THF was added, and the mixture was refluxed for  3-5 h. It was then 
cooled and t reated with I ml of water ,  1 ml of 30% NaOH solution, 2 ml of water ,  and 10 ml of THF, and the 
solution was filtered. The precipi ta te  was washed with THF, and the f i l t rates  were combined. The dried 
fi l trate was evaporated,  and the residual  mixture of products  was separated as in the case of method A. 

2-Amino-7 ,9-d iphenyl - l ,8 ,5 ,6-b is  ( te tramethylene)-3,9-diazabicyclo[3.3.1]non-2-ene (VI). A mixture of 
0.01 mole of dinitrile IIIa and 0.01 mole of LiA1H 4 in 40 ml of absolute THF was heated for 30 rain, after  which 
another 0.01 mole of LiA1H 4 was added, and the mixture was refluxed for 2 h. The product  was isolated as in 
method B. 

4a ,10a-Peroxyperhydroacr id ines  (VII). A 0.02-mole sample of the appropriate  p r i m a r y  amine and 0.2 
mote of a 30% solution of hydrogen peroxide were  added to a solution of 0.02 mole of 2 ,2 ' -e thyl idene-  o r  2 ,2 ' -  
benzylidenedicyclohexanone in 50 ml of alcohol. After 24 h, the precipi tate  was removed by filtration, washed 
with alcohol and water ,  and dried. In the case of peroxy derivative VIIf the precipi tate  formed only when 25 ml 
of a saturated sodium carbonate solution was added. All of the compounds obtained were chromatographical ly  
individual (although VIIc,d were  obtained in the form of oils) and gave a positive react ion for  a peroxy group. 

Reaction of VH with HC1. A 0.02-mole sample of VII was added to a solution of 0.05 mole of KCN in 15 
ml of acetic acid. After  24 h, the precipi tated VIII or  III was removed by filtration, washed with CH3COOH and 
water ,  and dried. Compounds IIIa,c were identical to the previously obtained samples (60-70% yields). See 
Table 1 for data on VIII. 

Reduction of VIIf,g. A 0.02-mole sample of VII was dissolved in the minimum volume of alcohol, and the 
solutio~ was added to a solution of NaBH 4 in 70% alcohol,  The react ion mixture was refluxed for 40 h, af ter  
which it was diluted with a threefold amount of water ,  and the precipitate (IIa or  IIc, respectively) was removed 
by filtration and washed with water ,  alcohol, and ether.  The products  were obtained in 60-70% yields and were 
identical to genuine samples of IIa and IIc. 
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