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Abstract-The two-step Hofmann degradation of th iobinuphar id ine  d i -  

methiodides has been c a r r i e d  ou t .  The s t ruc tu re  and s tereochemis t ry  

Of t h e  obta ined products  have been determined by means of spect roscopic  

a n a l y s i s .  

The qua te rn iza t ion  of th iobinuphar id ine  (TBN) 1 (a  s u l f u r  con ta in ing  C30 Nuphar 

a l k a l o i d )  r e s u l t s  i n  four  monomethiodides and four dimethiodides'.  Their  

s t r u c t u r e  and s tereochemis t ry  have been previously us ing 

13c nmr spectroscopy. The s p e c t r a l  ana lys i s  has been chemically confirmed by 

means of t h e  Hofmann degradat ion of t h e  monomethiodides5. 

P resen t ly ,  t h e  r e s u l t s  of a two-step Hofmann degradation of TBN dimethiodides 

with the  fo l lowing s t r u c t u r e s  ( a sc r ibed  on t h e  basis of 13c nmr) a r e  repor ted:  

N,N'-dimethiodides of : 2 ( A ' B '  trans - AB trans), 2 ( A ' B '  trans - AB e), 
4 ( A ' B '  e - AB trans) and 5 ( A ' B '  & - AB & I .  - 
A l l  dimethiodides were s e p a r a t e l y  t r e a t e d  wi th  AgZO t o  o b t a i n  the  r e spec t ive  

ammonium hydroxides.  Their  one-step Hofmann degradation was c a r r i e d  o u t  i n  50% 

NaOH water-ethanol s o l u t i o n  f o r  4 h. Both t h e  spect roscopic  a n a l y s i s  and R 
£ 

values  On TLC using var ious  adsorbents  and solvent  systems, showed t h a t  i n  each 

case the  same product 5, was obta ined.  

The comparison of nmr and 13C nmr s p e c t r a  of wi th  those of previously  

obta ined products  from t h e  one-step Hofmann degradation of TBN monomethiodides 5 

Showed t h a t ,  a s  expected,  the  N-C4' and N-C4 bonds were broken i n  A'B' and AB 

r i n g s ,  r e s p e c t i v e l y .  The evidence f o r  t h i s  react ion course  is  the  formation of 

1 double bonds between C3'-C4' and C3-C4 carbons ( H nmr Slppm) CDC13: 6.00 m 2H 
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C3-H, C3'-H, 6.32 d 2H C4-H, C 4 ' - H ;  1 3 C  nmr &(ppm) CDC13: 120.44 d C3, C3', 

129.33 d C4, C 4 ' ) .  

The =hemical s h i f t s  and t h e  c h a r a c t e r  of proton s i g n a l s  a t  C3', C3,'C4' and C4 

atoms i n  'H n M ,  a s  wel l ,  as t h e  chemical s h i f t s  of carbon atoms i n  13c nmr s p e c t r a ,  

2 
were s i m i l a r  t o  t h e  values  f o r  t h e  r e spec t ive  sp  carbons and adjacent  protons ,  

obta ined f o r  t h e  products  from t h e  one-step Hofmann degradat ion of TBN mono- 

methiodides5. This i n d i c a t e s  t h a t  product 6 conta ins  two double bonds i n  

a trans conformation. 

13 The chemical  s h i f t s  of C7, C7', C17 and C17' ( C nmr) showed t h a t  t h e  configu- 

r a t i o n  a t  C7 and C7' i n  6 remained t h e  same a s  i n  TBN 1. The C17 atom has a d i a x i a l  

conformation with r e s p e c t  t o  both  N-methylpiperidine r i n g s  formed i n  t h e  r e a c t i o n  

13 ( c nmr b~ppm) CDC13: C17 45.26 i n  TBN 1; C17 44.81 i n  6) .  

The formation of a s i n g l e  product i n  t h e  Hofmann degradat ion of TBN dimethiodi-  

des  confirms the  s t r u c t u r e  and s tereochemis t ry  of t h e  o r i g i n a l  s a l t s .  

The cleavage of t h e  N ' - C 4 '  bond i n  A ' B '  t r ans -qu ino l i z id ine  r i n g  (dimethiodides 

2 and J), a s  wel l  a s  t h e  N-C4 bond i n  AB t r ans -qu ino l i z id ine  r i n g  (dimethiodides 2 - 
and 4) r e s u l t s  i n  the  formation of N-methylpiperidine with an e q u a t o r i a l  side-chain 

of C10' o r  C10 atoms, r e s p e c t i v e l y .  This favorable  s tereochemis t ry  of t h e  s ide-  

chain  causes  no conformational changes. The cleavage of t h e  N'-C4' bond i n  A ' B '  

c i s -qu ino l i z id ine  r i n g  (dimethiodides 4, 2) and of t h e  N-C4 bond i n  AB &- - 
q u i n o l i z i d i n e  r i n g  (dimethiodides 3, 5) r e s u l t e d  f i r s t  i n  t h e  formation of 

N-methylpiperidine with an a x i a l  side-chain a t  C10' and C10, r e spec t ive ly .  This 

unfavorable s tereochemis t ry  of a l a r g e  s u b s t i t u e n t  causes  a conformational change 

i n  t h e  p i p e r i d i n e  r i n g ,  accompanied by a simultaneous change of t h e  s tereochemis t ry  

of C10' and C7' o r  C10 and C7 r i n g s ,  r e spec t ive ly .  A s  a  r e s u l t  i n  each c a s e  t h e  

same product  is  formed which con ta ins  two N-mthylpiper id ine  r i n g s  wi th  e q u a t o r i a l  

s ide-chains  a t  C10' and C10. The C17 carbon of tetrahydrothiophene now assumes 

a d i a x i a l  conformation with r e s p e c t  t o  both N-methylpiperidine r i n g s .  

Product 6 was qua te rn i sed  with methyl iodide .  The r e a c t i o n ,  c a r r i e d  o u t  i n  

acetone,  was monitored by means of TLC. Most of the  product had r eac ted  wi th in  

2 4  h a t  room temperature (TLC A 1  0 ac id ,  benzene : e t h y l  a c e t a t e  : n-propanol 
2 3 

=1:1:1, Rf=0.19). 

The presence i n  7 of both quaternary  n i t rogen  atoms of the  p ipe r id ine  r i n g s  

1 1 was ind ica ted  by H nmr and 13c nmr spectroscopy ( H nmr s(ppm) DMSO : ~ - c H ~ ,  

3.25 and 3.40: 13c nmr &(ppm)  DMSO : ~ - c H ~ ,  44.60 and 53.57). This was conf i r -  



med by t h e  observed paramagnetic s h i f t s  of carbons d, t o  n i t rogen ,  a s  wel l ,  a s  

by the diamagnetic s h l f t  of carbons and 8 t o  n i t rogen  i n  t h e  13c nmr spectrum. 

Dimethiodides 1 was reac ted  with Ag20 t o  form t h e  corresponding ammonium hydroxide 

and then subjected  t o  t h e  second s t e p  of Hofmann degradat ion.  This was done by 

heat ing f o r  4 h i n  50% NaOH water-ethanol s o l u t i o n  (TLC A1203 i n  benzene, Rf=0.22). 

1 
Analysis of t h e  H nmr and 13c nmr s p e c t r a  has shown t h a t  t h e  only  r e a c t i o n  which 

can lead t o  compound g is  t h e  cleavage of N-C10' and N-C10 bonds wi th  simultaneous 

formation of double bands between C9'-C10' and C9-C10. 

The suggested r e a c t i o n  course i s  s i m i l a r  t o  t h e  second s t e p  of Hofmann degra- 

dat ion of C15 a l k a l o i d  methiodides and of TEN monomethiodides5. . . 
1 The comparison of H nmr and 13c nmr s p e c t r a  of the  products  from t h e  degradat ive  

second s t e p  of THN monomethiodides with those  of product 8 i n d i c a t e s  t h a t  8 

conta ins  a double bond between C9'-Clot and C9-C10 (IH nmr &(ppm) CDC13; C9-H 

and C9'-H, 5.50 m, C10-H and C10'-H, 5.56 dd; 13c nmr &(ppm) CDC13; C9' 139.22 

d ,  C10' 125.53 d ,  C9 139.22 d ,  C10 125.53 dl with trans s u b s t i t u e n t s .  

The discussed r e a c t i o n  course  of t h e  second s t e p  of Hofmann degradat ion does 

not  p r e d i c t  any invers ion of conf igura t ion  on carbons C7 and C7' and t h i s  is  i n  

agreement with observat ions  based on t h e  spect roscopic  da ta .  

The r e s u l t s  of t h e  two-step Hofmann degradat ion toge the r  with the  s p e c t r a l  

analysrs  of obta ined products  form a sound b a s i s  f o r  s t r u c t u r a l  and s t e reo -  

chemical conclusions.  

EXPERIMENTAL 

Melting p o i n t  (uncorrected)  was determined on a Boet ius  appara tus  (Car l  Zeiss 

Jena). Resul ts  of e lementa l  analyses  were wi th in  permiss ib le  e r r o r .  The 'H nmr 

spec t ra  were recorded on a J e o l  100 MHz spectrometer and t h e  13c nmr s p e c t r a  on 

a Jeo l  FX 90Q spectrometer using TMS a s  an i n t e r n a l  r e fe rence .  Mass s p e c t r a  were 

r e g i s t e r e d  on a LKB 9000 spectrometer.  A l l  o p t i c a l  r o t a t i o n s  were measured i n  

chloroform s o l u t i o n  on a Perkin - Elmer polar imeter  ( type  2 4 1 )  us ing a 1-dm c e l l .  

The p u r i t y  of t h e  products  was determined by TLC Aluminium oxide 60F254 Colum .~ 
- 

chromatography was c a r r i e d  o u t  on Fluka 506C A1203 (grade 111). 

The f i r s t  Hofmann dewada t ion . -  To a s o l u t i o n  of 0.001 mol TEN dimethiodides 2,  
3, 4 or  5 i n  1 0  m l  of 70% methanol, m o ~ s t  s i l v e r  oxide (prepared from 400 mg Of 

s i l v e r  n i t r a t e )  was added and t h e  mixture was shaken f o r  1 h. Af ter  f i l t r a t i o n ,  

the so lven t  was removed i n  vacuo, sodium hydroxide (10 g ) ,  water (10 ml) and 
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e t h a n o l  (10 m l )  w e r e  a d d e d  a n d  t h e  m i x t u r e  h e a t e d  u n d e r  r e f l u x  f o r  4  h .  A f t e r  

d i l u t i o n  w i t h  w a t e r ,  t h e  c r u d e  p r o d u c t s  w e r e  e x t r a c t e d  w i t h  c h l o r o f o r m ,  d r i e d  

( ~ g S 0 ~ )  a n d  t h e  s o l v e n t  r e m o v e d  i n  v a c u o .  T h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d  on 

a l u m i n a  u s i n g  b e n z e n e  as e l u e n t .  Y i e l d  6 4 % ;  p a l e  y e l l o w  o i l ;  TLC i n  b e n z e n e  : 

24 h e x a n e  = 1:1, R f = 0 . 4 3 ;  [ o ~ ]  =-31.3O; 'H n m  glppm) CDC13: 0 . 9 2  ( d  6H C1-CH3, 0 

C ~ V - C H ~ ) ,  2 . 2 0  ( s  6H 2xN-CH3) , 3 . 0 0  (m 2H C6'-He,  C6-He),  6 . 0 0  (m 2H C3'-H, 

C3-H) , 6 . 3 2  ( d  2H J = 1 3 . 5  Hz, C4'-H, C4-H), 6 . 5 0  ( s  2H p - f u r a n y l  H )  , 7 . 4 5  (m 4H 

& - f u r a n y l  H ) ;  13c nmr g ( p p m )  C0Cl3:  1 2 . 5 7  ( q  C11) , 1 2 . 5 7  ( q  C l l ' ) ,  2 1 . 7 2  ( t  C 9 ' )  

2 2 . 7 0  ( t  C 9 ) ,  3 3 . 4 8  ( d  C l ) ,  3 3 . 5 9  ( d  C l ' ) ,  3 6 . 7 9  ( t  C B ' ) ,  3 8 . 2 0  (t C Z ) ,  3 8 . 2 0  

( t  C Z ' ) ,  3 9 . 4 0  ( t  C 8 ) ,  4 2 . 5 3  ( t  C 1 7 ' ) ,  4 2 . 9 6  ( q  N-CH3), 4 3 . 1 8  ( q  N-CH3), 4 4 . 8 1  

( t  C 1 7 ) ,  4 9 . 2 5  ( s  C 7 ' ) .  5 6 . 5 1  ( s  C 7 ) .  6 6 . 8 6  (d C10) .  6 7 . 6 1  ( t  C 6 ' ) .  6 7 . 9 8  ( d  

C l O ' ) ,  7 1 . 1 9  ( t  C 6 ) ,  1 0 7 . 6 0  ( d  C l 3 ) ,  1 0 7 . 6 0  ( d  C l 3 ' ) .  1 2 0 . 4 4  ( d  C 3 ) ,  1 2 0 . 4 4  ( d  

~ 3 ' ) ~  1 2 4 . 4 5  ( s  C 1 2 ) .  1 2 4 . 4 5  ( s  C 1 2 ' ) .  1 2 9 . 3 3  ( d  C 4 ) ,  1 2 9 . 3 3  ( d  C 4 ' ) .  1 3 9 . 4 1  

( d  C 1 6 ) ,  1 3 9 . 4 1  ( d  C 1 6 ' ) ,  1 4 3 . 3 1  ( d  C 1 4 ) .  1 4 3 . 3 1  ( d  C 1 4 ' ) ;  ms: m/z ( r e l a t i v e  

+ 
i n t e n s i t y )  = 5 2 2  ( M  , 9 ) ,  5 0 8  ( 3 ) ,  3 8 7  ( l o o ) ,  373 ( 2 6 ) ,  2 3 0  ( 5 ) ,  1 9 2  ( 4 1 ,  1 0 7  

( 2 2 ) ,  94 ( 1 5 ) .  

M e t h y l a t i o n .  - T o  0 . 0 0 1 9  m o l  o f  6 i n  5  ml  of a c e t o n e  w a s  a d d e d  excess m e t h y l  

i o d i d e  a n d  t h e  m i x t u r e  a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e .  Upon re- 

m o v a l  o f  t h e  e x c e s s  Me1 a n d  Me2C0 t h e  p u r e  p r o d u c t  w a s  o b t a i n e d  d i r e c t l y  f r o m  

c r y s t a l i z a t i o n  w i t h  a c e t o n e .  Y i e l d  8 8 % ;  mp 2 6 0 - 2 6 3 ' ~  f r o m  Me2CO; 'H nmr b ~ p p m )  

OMSO: 1 . 0 5  ( d  6H C1-CH3, C1'-CH3, 3 . 2 5  (s 6H & - C H ~ ) ,  3 . 4 0  ( s  6H & - c H ~ ) ,  6 . 0 2 ~  

(m 2H C3-H, C 3 ' - H ) ,  6 . 4 4  ( d  2H C4-H, C 4 ' - H ) ,  6.86 ( S  2H P - f u r a n y l  13H,  1 3 H V ) ,  

7 . 7 2  (m 4H c i - f u r a n y l  H )  ; 13c nmr &'(ppm) DMSO: 15 .77  ( q  ~ 1 1 ' ) .  1 5 . 8 6  ( q  ~ 1 1 ) .  

1 9 . 6 8  ( t  C g ' ) ,  2 0 . 0 2  ( t  C g ) ,  29 .86  ( d  C l ) ,  30 .04  ( d  C l ' ) ,  3 3 . 8 5  ( t  C 8 ' 1 ,  3 6 . 5 6  

( t  C 8 ) ,  3 7 . 0 2  ( t  C Z ' ) ,  39 .14  ( t  C Z ) ,  4 2 . 2 6  ( t  C 1 7 ' ) ,  4 4 . 0 4  ( q  & - c H ~ ) ,  44 .60  ( q  

& - c H ~ ) ,  4 5 . 2 9  I t  C 1 7 ) .  4 9 . 6 7  1s C 7 ' 1 ,  5 3 . 5 7  ( q  ~ - c H ~ ) .  5 4 . 4 4  fi-cH3). 5 4 . 9 2  

( s  C 7 ) .  7 0 . 6 5  ( t  C 6 ' ) .  7 3 . 0 8  ( d  C 1 0 ) , 7 3 . 2 9  ( t  C61, 7 4 . 4 2  I d  C 1 0 ' ) .  1 0 7 . 8 0  Id 

C 1 3 ) ,  1 0 7 . 8 0  (d C 1 3 ' ) ,  1 2 2 . 1 4  ( d  C 3 ) ,  1 2 2 . 1 4  ( d  C 3 ' ) ,  1 2 3 . 8 7  IS C 1 2 ) ,  1 2 3 . 8 7  1s 

C I Z O ) ,  1 2 6 . 8 2  ( d  C 4 ) ,  1 2 6 . 8 2  ( d  C 4 ' ) ,  1 4 0 . 0 4  ( d  C 1 6 ) ,  1 4 0 . 0 4  ( d  C 1 6 ' ) ,  1 4 3 . 7 3  

(d C 1 4 ) ,  1 4 3 . 7 3  ( d  C 1 4 ' ) .  

T h e  s e c o n d  Hofmann d e q r a d a t i o n .  - T o  a s o l u t i o n  of 0.001 mol o f  L i n  5  m l  of 5 0 %  

m e t h a n o l  m o i s t  s i l ve r  o x i d e  ( p r e p a r e d  f r o m  3 0 0  mg o f  silver n i t r a t e )  w a s  a d d e d  

a n d  t h e  m i x t u r e  s h a k e n  f o r  1 h .  A f t e r  f i l t r a t i o n ,  t h e  s o l v e n t  w a s  r e m o v e d  

\racuo, s o d i u m  h y d r o x i d e  (10 g ) ,  w a t e r  (10 m l )  and e t h a n o l  (10 m l )  w a s  a d d e d  a n d  

t h e  m i x t u r e  r e f l u x e d  f o r  4  h .  A f t e r  d i l u t i o n  w i t h  w a t e r ,  t h e  c r u d e  p r o d u c t  w a s  



extracted with chloroform, dried (MgSOql and the solvent removed 2 Svacuo. The 

residue was chromatographed on alumina using hexane : benzene 1:0.15. Yield 
20 0 

48%; pale yellow oil, TLC in benzene, Rf=0.22, [&ID -30.2 ; nmr ~ ( P P ~ I  

CDcl,: 1.06 (d 6H C1'-CH3, C1-CH3), 2.30, (s  12H N'-(CH3I2, N-(CH3)2), 2.38 ( s  2H 

S-CH~), 5.50 (dt 2H C9'-H, C9-H) , 5.56 (dd 2H J=15 Hz C10'-H, C10-HI , 6.02 (m 2H 

C3'-H, C3-H), 6.32 (d 2H J=16 Hz, C4'-H, C4-H) , 6.56 ( s  2H p-furany1 13'H, 13H), 

7.38 (m 4H d-furanyl H) ; 13c nmr &(ppm) CDC13: 20.15 ( q  C11'1, 20.37 (q Cll), 

37.02 (d Cl'), 37.23 (d Cl), 39.96 (t C8'1, 40.70 (t C2'). 40.70 (t C2). 40.96 

(t C17'), 44.25 (t C8), 47.11 (t C17), 48.03 (q N-(CH3121, 48.37 (q N-(CH3)2), 

54.05 ( s  C7'), 62.16 ( s  C7), 66.27 (t C6'1, 69.70 (t C61, 107.88 (d C13'1, 107.97 

(d c13), 120.93 (d C3') , 120.93 (d C3). 125.53 (d C10') , 125.53 (d C10) , 125.87 

(d C4 ' 1  , 125.87 (d C4), 128.99 (s C12'1, 128.99 (s C12), 139.22 (d C9'), 139.22 

(d C9), 139.44 (d C16'). 139.44 (d C161, 143.25 (d C14'1, 143.25 (d C141; W :  
+ 

m/z (relative infensity) = 550 (M 3.61, 526 (3). 492 (401, 387 (81, 107 (31, 

58 (100). 
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