
HETEROCYCLES, Vol 20, No 9, 1983 

CHEMISTRY OF NUPHAR ALKALOIDS. PART IV .  HOFMANN 
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Abst rac t :  Hofmann degradat ion of isomeric th iob inuphar id ine  (TBN) 

monomethiodides i s  described. The s t ruc tu re  and stereochemistry o f  

the products obtained have been proposed on the bas is  o f  'H nmr end 

13c nmr spectra. Hofmann degredat ion products o f  ON- and 7EON-methio- 

d ides have been uaed ea model compounds. 

Me thy le t i on  o f  th iob inuphar id ine (TBN) & has been repor ted t o  r e s u l t  i n  four  

monomethiodides which con ta in  quaternary n i t rogen  i n  q i t h e r  o f  the two q u i n o l i -  

z i d i n e  r i n g s :  i n  ~ ' B ' ( t r a n s ) .  2,  i n  A ' B ' ( ~ ) ,  2 ,  i n  AB (-1, 4, i n  AB (fa). 

51,2 (Fig.'). 

P resen t l y .  the chemistry of those compounds has been s tud ied  by means of Hof- 

mann degradat ion us ing  trens 7-epideoxynuphiridine (7EON) methiodide 5 and fa 

deoxynupharidine (ON) methiodide I ,  as w e l l  as t h e i r  Hofmann degradat ion pro- 

ducts. as model compounds (Fig.2). 

3 Hofmann degradat ion o f  ON methiodide Z was prev ious ly  descr ibed end some cha- 

r a c t e r i s t i c s  o f  t he  products were given. Both methiodides 5 and 1 were t rea ted  

i n  a standard way: f i r s t  w i t h  Ag 0 i n  water-methanol s o l u t i o n  and then by 2 
hea t ing  w i t h  NaOH. The r e a c t i o n  products - N-methyl s u b s t i t u t a d  p i p e r i d i n e s  8 
and 9 ( i d e n t i f i e d ,  among o the rs  by the presence of two o l e f i n i c  pro tons i n  the 

'H nmr spectrum: cm6.32 ppm, d, 3-16 Hz and S-6.01 ppm. m )  d i f f e r  on l y  i n  

t h e i r  stereochemistry on carbon C3. Cleevage o f  the N 4 4  bonds i n  both ammonium 

hydroxides. fo l lowed by the format ion o f  a double bond between carbons C3 and 

C4 corresponds t o  the genera l l y  accepted mechanism o f  Hofmann degredation. 

Cleavage o f  t he  N 4 4  bond i n  7EON methiodide 6 r e s u l t e d  i n  fo rmat ion of a p i -  

pe r id ine  d e r i v a t i v e  w i t h  both e q u a t o r i a l  subst i tuente  i n  the  r i n g  on carbon C6 

and on carbon C3 (no conformet ionel  changes were observed). Hofmann degradat ion 
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o f  Z d i f f e r s  from t h i s  r e a c t i o n  course. I t s  f i r e t  s t e p  should  l e a d  t o  the forme- 

t i o n  o f  a p i p e r i d i n e  r i n g  w i t h  a x i a l l y  s i t u a t s d  bu lky  s i d e  c h a i n  w i t h  f u r a n  a t  

carbon C6 and e q u e r o r i a l l y  s i t u a t e d  methy l  group a t  cerbon C3. T h i s  un favo rab le  

conformat ion causes a spontaneous change i n  the s te reochemis t r y  

around the  p i p e r i d i n e  r i n g  and r e s u l t s  i n  a new conformat ion w i t h  e q u a t o r i a l  

b u l k y  s i d e  c h a i n  end a x i a l  me thy l  group. Compounds 8 end 3 d i f f e r ,  t h e r e f o r e .  

i n  the conformet ion o f  the methy l  group on cerbon C3. I t  i s  e q u a t o r i a l  ('H nmr 

d- ( P P ~ ) ~ ~ ~ ~ ~  C3-CH3, 0.86. d; 13c nmr 6(ppm)C.13 C3-CH3, 19.6, q)  i n  compound 

8, whereas i n  compound 2 i t  i s  a x i a l  ('H nmr 6 (ppm)CDC13 - C3-CH3. 1.06, d: 

I3c nmr 6 ( p ~ m ) ~ ~ ~  C3-CH3. 18.1. 4). 
3 

Compounds 8 and 9 were c a t a l y t i c a l l y  reduced over  5% Pd/C t o  compounds 10 and 

11, r e s p e c t i v e l y .  T h i s  c a t a l y t i c  r e d u c t i o n  conf i rmed the  presence o f  trans - 
double bonds i n  compounds and 2. No conformat iona l  changes i n  the  p i p e r i d i n e  

r i n g  were observed. 

Both  compounds g and 11 were e x h a u s t i v e l y  remethy la ted r e s u l t i n g  i n  methio- 

d i d e s  12 end 13. The r e a c t i o n  was c a r r i e d  out i n  acetone a t  room temperature f o r  

3 h. The course o f  the r e a c t i o n  wee moni tored con t inuous ly  by TLC ( a c i d  A1203; 

benzens:ethyl  acetete ln-propanol=l : l : l ;  12: Rfm0.42, 13: Rf=0.40). Q u a t e r n i r e -  

t i o n  d i d  n o t  cause any s tereochemics l  changes i n  methiodidea g and 2. 

'H nmr end 13c nmr spec t ra  d i s p l a y e d  i n  both cases q u a t e r n i r e t i o n  o f  n i t r o g e n  
+ 

atom (I3c nmr ~(PP~)~.. s: 4- (CH 12, 54.1. q, 45.0, q; 13: -N*-(CH )2, 49.8. 
3 i i 

12: ~ - ( c H ~ ) ~ ,  3.60, a, 3.28. s; s: -N-(CH3)2, q. 44.2. q; IH nmr S ( P P ~ ) ~ ~ ~ ~  - 
3 

3.60. e. 3.40. 8) .  

Math iod ides  end 13 were sub jec ted  t o  Hofmenn degrada t ion  by  h e a t i n g  w i t h  

50% aqueous s o l u t i o n  o f  NeOH ( 4  h). T h i a  leads t o  unea tu re ted  a l i p h a t i c  eminea 

14 and 15 which a r e  ep imer i c  on carbon C3 ( [a~]~O--90.1~ f o r  compound 14 and - 
[0~]:~=-7.9~ f o r  compound 15). I n  accordance w i t h  the  accepted r e a c t i o n  mechanism 

the  most p robab le  i s  the  cleavage o f  the N-C6 bond w i t h  fo rmat ion  o f  a double 

bond between cerbons C5-C6 o r  C l - 4 6 .  The presence o f  the s i g n a l  o f  two o l e f i n i i  

p r o t o n s  a t  6 -5.38 ppm end 6-5 .28 ppm i n d i c a t e d  the  fo rmat ion  o f  e double bond 

between carbons C5-C6. The AB s i g n a l  (2.15 Hz), observed a t  6.5.38 ppm i n d i -  

ca tes  a trens s u b s t i t u t i o n  a t  the double bond. I n  t h e  course o f  Hofaann degrede- 

t i o n  some demethy la t i on  was observed end, therefore ,  the  r e a c t i o n  w i t h  methio- 

d ide  12 r e s u l t e d  i n  compounds 14 and g, whereas t h e t  w i t h  meth iod ide 13 - i n  

1 5  end &. - 



1_4 R4=H; R2-CH3; Yield 84% 

G RPCH j R2= H; Yield 77% 

43 Yield 92% 
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C a t a l y t i c  r e d u c t i o n  o f  compounds 2 and 15 i n  methanol  over  % Pd/C leads  t o  

an a l i p h a t i c ,  N - s u b s t i t u t e d  amine 16 (as evidenced by the disappearance o f  the  

1 s i g n a l s  o f  o l a f i n i c  p ro tons  i n  H nmr spectrum and o f  the  unsa tu ra ted  carbons 

s i g n a l s  i n  13c nmr) o f  t he  op t ' i ca l  a c t i v i t y  [OL]~~-O.O~.  

S i g n a l  o f  C7 and C4 carbon atoms (2) i n  13c nmr spectrum have been s h i f t e d  

d i a m a g n a t i c a l l y  by  -4.1 ppm end -2.6 ppm, respec t i ve l y .  T h i s  con f i rms  the  p re -  

sence o f  a  trens double bond i n  compounds 2 and 15. 

The f u l l  c h a r a c t e r i s t i c s  o f  'H nmr and 13c nmr spec t ra  o f  a l l  p roduc ts  ob- 

t a i n e d  a t  v a r i o u s  degradat ion stages o f  b o t h  methiodides 5 (7EDN) and Z (ON) 

has enabled the  i d e n t i f i c a t i o n  o f  the  p roduc ts  of Hofmann degrada t ion  o f  TEN 

meth iod ides 2 ,  3, 4 and 5. 

TEN monomathiodides were t ransformed i n t o  corresponding hydrox ides (Ag20) and 

each o f  them was sub jec ted  t o  Hofmann degradat ion by h e a t i n g  f o r  4  h  w i t h  an 

equ iva len t  o f  NaOH i n  watar-methanol s o l u t i o n .  On the b a s i s  o f  TLC (A1203$ 

1 benzene, z: Rf-0.44. 18: Rf-0.68) and a  comparison o f  H nmr and 13c nmr spect -  

r a  i t  has been e s t a b l i s h e d  t h a t  degrada t ion  of methiodides 2 and 3 leads  t o  the 

same product  s. whereas degrada t ion  o f  mathiodides 4 and 5 t o  the  p roduc t  

(Fig.3). T h i s  f a c t  conf i rms the a p p r o p r i a t e  assignments o f  s t r u c t u r e s  and the  

s teraochemiet ry  t o  TEN monomethiodides. 

A n a l y s i s  o f  'H nmr end 13c nmr spec t ra  o f  g and 18 has shown t h a t  the course 

o f  Hofmann degrada t ion  o f  meth iod ides 2 - 5 i s  the sams as i n  the case o f  methio- 

d i d e s  6 (7EDN) and (ON). I n  methiodides 2 and 2, ~ ' E ~ q u i n o l i z i d i n a  r i n g  has 

bean fused and the  ~ - ~ 4 - b o n d  has been s p l i t  w i t h  fo rmat ion  o f  a  trans double 

bond between carbons ~ 3 ' a n d  c ~ - ( ' H  nmr S (p~m)~ , ,~~  6.32. d. 5-13.5 Hz, 6.01, m, 
3  

f o r  compound z ) .  

~ e ~ r a d a ' t i o n  o f  A-E'methiodida 3 w i t h  cis A - E i r i n g  j u n c t i o n  causes a  cha;lge i n  

conformat ion on carbon C7'(carbon ~ 1 7 - i s  a x i a l  i n  meth iod ide 2. whereas i t  i s  

e q u a t o r i a l  i n  the degrada t ion  product  17) .  I n v e r s i o n  o f  the  conformat ion o n .  

carbon C7'causes a  change o f  conformat ion o f  the s i d e  c h a i n  w i t h  fu ran  from 

a x i a l  i n t o  e q u a t o r i a l .  Conversely,  degradat ion of meth iod ide 2 w i t h  a  trans 

r i n g  j u n c t i o n  i n  the ~ ' ~ ' ~ u i n o l i z i d i n e  r i n g  r e t a i n s  the  c o n f i g u r a t i o n  on carbon 

C7'owing t o  the  favo rab le  e q u a t o r i a l  conformat ion o f  the  l a r g e  s i d a  c h a i n  w i t h  

furan. Thus. the  sams degradat ion product  17 i s  formed from bo th  math iod ides 2 
and 3 due t o  t h e  lower  s t a b i l i t y  and spontaneous r i n g  i n v e r s i o n  i n  the dagra- 

d a t i o n  product  o f  3. 



Fig. 3 

- 1 7 7 8 -  
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The s tereochemist ry  o f  Hofmenn degradat ion of methiodides 4 and 2 (AB trans 

end A8 respec t i ve l y )  i s  s i m i l a r  t o  the dsgradetion of  methiodides 2 and 3. 

Therefore, i n s t ead  o f  the two d i f f e r e n t  con f igu ra t ions  on carbon C7', on l y  one 

corresponding t o  the s i ng l e  product.  18, i s  obtained. I t  has been es tab l i shed  

t ha t  the N - C ~  bond i s  broken w i t h  format ion o f  a  trens double bond between car- 

bons C3 and C4 ('H nmr 6(PPm)CDC13 6.32. d, 5.13.5 Hz. 6.04, m. f o r  compound s). 
Compounds 17 end 2 were requatern ized a t  room temperature, i n  acetone, w i t h  

excess o f  Me1 (Fig.4). The r eac t i on  was monitored by TLC (A1203 ac id ;  benzene: 

e t h y l  acetate:n-propanol=l:l:l, 19: Rf=0.4. 20: Rf-0.4). These cond i t i ons  p rs -  

vented the n i t r o g e n  atom i n  one of the q u i n o l i z i d i n e  r i n g s  from que te rn i ze t i on  

which, under cond i t i ons  descr ibed, i s  much slaver then qua te rn i ze t i on  o f  the 

n i t r o g e n  i n  the p i p e r i d i n s  r i n g .  

Ana lys ie  o f  13C nmr spect ra  shows no changes i n  chemical s h i f t s  o f  carbon 

atoms i n  ~ ' 8 ' o r  A8 q u i n o l i z i d i n e  r i n g s .  respec t i ve ly ;  however, changes are ob- 

served i n  va lues of  chemicsl  s h i f t s  o f  carbon atoms oC t o  n i t r o g e n  atom o f  the 
+ 

p i p e r i d i n e  r i ng .  Chemical s h i f t s  o f  - N - ( c H ~ ) ~  groups ( i n  2: 54.8 ppm and 44.7 

ppm; 20: 54.5 ppm and 44.4 ppm) have shown that  compounds 19 and 20 are the 

respec t i ve  products  o f  qua te rn i ze t i on  o f  n i t rogen  etoms i n  corresponding p ipe-  

r id inee .  

Meth iod ides 2 and 20 were reacted w i t h  Ag20 t o  form hydroxides and eech of  

the l e t t e r  was subjected t o  Hofmann degradat ion by hea t i ng  w i t h  a  5% aqueous 

s o l u t i o n  of  NaOH f o r  4  h. From compound e mixture o f  two products  was ob ta i -  

ned: compound 3 (TLC: A1203; benzene. Rp0.32) and compound - the demethyle- 

t i o n  product. From compound 20. compound 22 (TLC: A1203; benzene. Rf-0.28) end 

the demethy la t ion product  - compound 18 were obtained. 

21: ~10'5.38, qA8. 3-15 Hz and ~9-5.28,  Ana lys is  o f  the 'H nmr ( 6  (ppm)CoC13 - 
t; g: H10 5.40. qA8, 3-15 Hz and H9 5.28. t )  and 13C nmr spec t ra  (8(ppm)CoC13 

21: ~10'125.6, d  and ~9'139.0, d; 22: C l 0  125.3, d  and C9 138.8. d) i n d i c a t e s  - 
t h a t  i n  both cases N - C ~ O ' ( ~ )  o r  N-CiO (22) bond was broken, r espec t i ve l y .  

whereas a trens subs t i t u t ed  double bond was formed between carbons C9'and ~ 1 0 '  

i n  21 o r  C9-ClO i n  22. 

The values of  chemical s h i f t s  i n  13c nmr spectrum of  carbon C7 i n  compound 21 
and of  carbon C7'in compound 22 show t h a t  i n  both these cases conformet ionel  

13 changes do n o t  occur ( C nmr 6 (ppm)CDC1 a: C7 56.00. s; 22: C7'48.8. s). 
3 

O e t a i l s  o f  13c nmr ana l ys i s  o f  a l l  products disscussd i n  t h i s  paper w i l l  be 
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pub l i shed  separate ly .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  (uncorrected)  were determined on a  B o e t i u s  apparatus ( C a r l  

Ze ise  Jena). R e s u l t s  o f  e lemen ta l  a n a l y s i s  were w i t h i n  p e r m i s s i b l e  e r r o r .  The 

'H nmr spec t ra  were recorded on a  J e o l  100 MHz spectrometer and the 13c nmr 

spec t ra  on a  3801 FX 90Q spectrometer u s i n g  M S  as en i n t e r n a l  reference. Mass 

spec t ra  were r e g i s t e r e d  on a  U(8 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  ch lo ro fo rm s o l u t i o n  on a  Perkin-Elmer p o l a r i m e t e r  ( t ype  241) u s i n g  

a  1-dm c e l l .  The p u r i t y  o f  t h e  p roduc ts  was determined by TLC Aluminium ox ide  

60F254. The column chromatography was c a r r i e d  out on F luka  506C. 3  r d  a c t i v i t y  

a f t s r  Brockmann A1203. The s o l v e n t s  used i n  chromatography procedures were 

p u r i f i e d  and d i s t i l l e d  i n  c o n v e n t i o n a l  manner. 

The f i r s t  Hofmann deqrada t ion  (General  Procedure).- A s o l u t i o n  o f  (0.002 m o l l  

7EON meth iod ide 6 ,  DN methiodide o r  TEN methiodides 2. 3. 4, 5 i n  1 0  m l  o f  

704; methanol. mo is t  s i l v e r  ox ide  (prepared from 500 mg of s i l v e r  n i t r a t e )  was 

added and the m i x t u r e  was shaken f o r  1 h. A f t e r  f i l t r a t i o n ,  the s o l v e n t  was 

removed i n  vacuo. sodium hydrox ide (10 g). water (10 m1) and methanol  (10 ml)  

were added and the m ix tu re  heated under 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  

wa te r .  the crude p roduc ts  were e x t r a c t e d  w i t h  chloroform. The s o l v e n t  was removed 

i n  vacuo, the res idue  was chromatographed on alumina u s i n g  benzene as  e luen t .  

F o l l o w i n g  compounds were obta ined:  

8  ( f rom 6) y i e l d  79%; c o l o r l e s s  o i l ;  TLC i n  a  benzene:chloroform ( I : % )  system, - 
Rf=0.38; 'H nmr (CDC13) ppm: 0.86 ( d  6H 5-6 Hz C3-CH3 eq.. C l - - C H ~ ) ,  2.22 

( s  3H N-CH3), 2.78 (dd 1H 5-15 Hz, 3.5 Hz C6-H eq.), 6.01 (m 1H C 3 - 4 ) .  6.32 

(d  1H 3.16 Hz C4--H). 6.58 ( s  1H P - f u r a n y l  H), 7.46 (m 2H W - f u r a n y l  H); 

13c nmr (C0Cl3) ppm: 12.78 ( q  ClO-1, 19.63 (q C7). 23.93 ( t  C5).  31.21 ( d  C3). 

33.51 ( t  C4). 33.59 ( d  C1') . 38.27 ( t  C2'). 42.74 ( q  C8). 66.10 ( t  C2). 67.49 

(d  C6). 107.63 (d  ~6. ) .  120.41 (d  C3'). 124.49 (s  C5'). 129.56 (d C4'). 139.40 

( d  C9'). 143.25 (d  C7') : ms: m/z ( r e l a t i v e  i n t e n s i t y )  - 247 (M': 3) .  112 (100).  

70 (11). 

9  ( f rom I )  y i e l d  6F i ;  c o l o r l e s s  o i l ;  TLC i n  a  benzene:chloroform (1 : l )  system. - 
Rf-0.61; 'H nmr ( c D c ~ ~ )  ppm: 0.92 (d  3H Jn6 HZ CI--CH~), 1.06 ( d  3H JPlO Hz 

C3-CH3 ex.), 2.28 (e  3H N-CH3), 2.66 (dd  1H 3.15 Hz, 3.5 Hz C6-H eq.). 6.01 

(m IH ~ 3 ' - H I ,  6.32 ( d  IH 5.16 HZ ~ 4 . 4 ) .  6.58 ( s  IH P - f u r a n y l  HI, 7.44 (m 2H 



w - f u r a n y l  H); 13c nmr (C0Cl3) ppm: 13.61 (q  CIO'), 18.16 (q  C7). 18.68 ( t  

C5). 27.35 (d C3). 29.95 ( t  C4). 33.25 (d  ~ 1 ' ) .  37.97 ( t  ~ 2 ' ) .  43.39 (q C8). 

61.64 ( t  C2). 67.01 (d  C6), 107.62 (d ~6.1. 120.33 (d ~ 3 ' ) .  124.57 (8  ~ 5 ~ ) .  

129.73 (d ~4 . ) .  139.26 (d ~ 9 - ) ,  143.21 (d C7-1; ms: m/z ( r e l a t i v e  i n t e n s i t y )  

= 2 4 7 f ~ " ,  3) .  112 (100). 70 (9). 

17 (from 2 and 3) y i e l d  88%; co lo r less  o i l ;  TLC i n  benzene. Rf=0.44; [0(1:~=-4.4~; - 
'H nmr (C0Cl3) ppm: 0.94 (d 6H Cl-CH3, C1'-CH3). 2.22 (s 3H N-CH3), 2.42 ( s  

2H S-CH2), 2.98 (m 2H C6'4e. C6-He), 6.01 (m 1H C3'-H), 6.32 (d 1H 5.13.5 Hz 

C4--H), 6.50 (s  I H  () -furany1 13H). 6.58 ( s  1H -furany1 13-H). 7.45 (m 4H 

&-furany1 H); 13c nmr (COCI~) ppm: 12.79 (q ~ i i - ) ,  19.07 (q  ~ 1 1 ) .  21.97 (t 

C9'). 29.26 ( t  C9). 33.59 ( t  C2). 33.59 (d  ~1 . ) .  35.02 ( t  C3). 35.98 (d C l ) ,  

36.50 ( t  C8'). 38.27 ( t  C2'). 40.09 ( t  08). 42.48 ( t  C17'). 43.17 (q N+H3), 

44.91 ( t  Cl7) .  49.07 (s  C7'). 56.82 (s  C7). 59.64 (d  C4). 65.80 ( t  C6). 67.79 

( t .  d C6-, CIO-), 68.57 (d  ClO), 107.58 (d C13-1. 109.49 (d  C13). 120.28 (d 

~ 3 ' ) .  124.30 (5 C12'). 129.21 ( s  C12). 129.56 (d  C4'). 139.35 (d  Cl6'). 

139.52 (d  C16). 142.64 (d C14). 143.25 (d C14'); me: m/z ( r e l a t i v e  i n t e n s i t y )  

= 508 (Mi'. 12). 400 (3) .  373 (100). 230 (9) .  178 (8) .  136 (3) .  107 (18). 94 

(29). 81 (10). 

18 (from 4 and 5 )  y i e l d  8741; co lo r less  o i l ;  TLC i n  benzene, Rf=0,68; [0~]:'=-14.4~ - 
'H nmr (COC1;) ppm: 0.94 (d 6H C1-CH3. C1--CH3), 2.22 (5 3H N-CH3), 2.52 (qAB 

2H 5 1 2  Hz S-CH2). 3.00 (m 2H ~ 6 ' 4 e .  C6-He), 6.04 (m 1H C3-HI, 6.32 (d 1H 

5113.5 Hz C4-HI. 6.46 ( s  1H P- fu rany l  13.~) .  6.62 (s  I H  P -furany1 13H). 

7.48 (m 4H OL-furanyl H); 13c nmr (C0Cl3) ppm: 12.70 (q  C l l ) ,  19.16 (q ~ 1 1 . ) .  

22.63 ( t  C9). 28.48 ( t  C9'). 33.51 (d C l )  . 33.68 ( t  C2'). 35.02 ( t  C3-) , 35-97 

(d Cl ' ) ,  37.80 ( t  C8'). 38.19 ( t  C2). 38.62 ( t  C8). 42.61 ( t  C17.). 42.91 

(q N-CH3). 45.16 ( t  C17). 49.11 ( s  C7'). 56.61 (s  C7). 59.86 (d C4'). 62.85 

( t  ~ 6 ~ ) .  66.92 ( d  ClO), 69.65 (d  C1O-). 71.17 (t C6). 107.58 (d C i s ) ,  109.66 

(d ~13 . ) .  120.33 (d C3). 124.40 (3 C12). 129.47 (3 ~ 1 2 ~ ) .  129.47 (d C4). 

139.35 (d Ci6) .  139.48 (d  C16-), 142.60 (d  C14-). 143.25 (d C14); ms: m/z 

( r e l a t i v e  i n t e n e i t y )  = 508 (M", 9).  400 (3).  373 (100). 316 (4),  243 (3).  

230 ( 8 ) .  192 (3), 178 (3) .  136 (4).  110 (7) .  107 (18). 94 (30). 

Ca ta l v t i c  reduct ion (General Procedure). - 0.0015 mo1 of 8, 2. 14 or  15 i n  20 m l  

of methanol was reduced c a t a l y t i c a l l y  i n  the preeence of 70 mg of 5% Pd/C. When 

95% of the t h e o r e t i c a l  amount o f  hydrogen was ebsorbed. the ca ta l ys t  w a s ' f i l t r a -  

ted and the solvent  removed. The residue was chromatographed on alumina using 



HETEROCYCLES, Val 20, No 9. 1983 

benzene as eluent. Fo l low ing  compounds were obtained: 

l o  ( f r o m ~ )  y i e l d  90%; c o l o r l e s s  o i l ;  TLC i n  a benzene:chloroform (1:i) system - 
Rfm0.38; 'H nmr (COC13) ppm: 0.90 ( d  6H 5.6 Hz C3-CH3 eq., ~ 1 ' 4 ~ ~ ) .  2.28 

(e 3H N4H3) ,  2.48 ( t  2H C4--H), 2.90 (dd 1H C6-H), 6.40 (8  1H b - f u rany1  

H),  7.32 (m 2H %-furany1 HI; 13c nmr ( c D c ~ ~ )  ppm: 13.00 ( q  ~10 . ) .  19.64 

(q C7). 24.01 ( t  ~ 5 ) .  25.10 ( t  ~3.) .  28.43 ( t  ~ 4 ' ) .  31.29 (d  C3), 32.81 

( t  C4). 33.55 (d  ~ 1 . ) .  34.42 ( t  ~ 2 . ) .  42.78 (q  C8). 66.23 ( t  C2). 67.92 

(d  C6). 110.96 ( d  ~ 6 ' ) .  125.13 (s ~ 5 ' ) .  138.75 (d  ~ 9 ' ) .  142.60 ( d  ~ 7 - 1 :  

ms: m/z ( r e l e t i v e  i n t e n s i t y )  = 249 (MI', 31, 112 ( l o o ) ,  70  (10). 

11 (from 9) y i e l d  9556; co l o r l ees  o i l ;  TLC i n  a benzene:chloroform ( 1 : l )  system - 
Rf-0.61; 'H nmr (CDC13) ppm: 0.90 (d  3H 5-6 Hz C I -4~~ ) .  1.06 (d  3H 5-10 Hz 

C3-CH3 ax.). 2.24 ( s  3H N-CH3). 2.42 ( t  2H C 4 - 4 ) .  2.70 (dd 1H 3-15 Hz. 3.5 

Hz C6-H), 6.38 ( s  1H P - f u r a n y l  H) .  7.32 (m 2H CL-furanyl H); 13c nmr 

(c~cl ,)  ppm: 13.61 ( q  C ~ O - ) ,  18.03 (q  C7). 18.77 ( t  ~ 5 ) .  25.14 ( t  ~ 3 ' ) .  

27.74 (d  C3). 28.30 ( t  ~ 4 ' ) .  30.08 ( t  C4). 32.64 (d  ~ 1 . ) .  34.24 ( t  ~ 2 ~ ) .  

43.39 ( q  C8). 62.28 ( t  C2). 67.92 ( d  C6). 111.00 (d  ~ 6 ' ) .  125.26 ( s  C5'). 

138.75 (d  C9'). 142.60 (d  C7'); ms: m/z ( r e l a t i v e  i n t e n s i t y )  - 249 (M+' . l l )  

235 (3) .  112 (100). 70  (22). 

fi ( f rom and g) y i e l d  9%; co l o r l ess  o i l ;  TLC i n  a benzene:chloroform 

(1: l )  system, Rfn0.44; [ ~ ] ~ ~ = 0 . 0 ~ ;  'H nmr (CDC13) ppm: 0.86 ( d  3H 5=6 Hz 

C7-CH3). 0.92 (d  3H 5.6 Hz C3-CH3), 2.16 (d  2H 5-8 Hz C2-H), 2.28 (S  6H 

N-(CH3)2), 2.42 ( t  2H CIO-HI, 6.32 ( s  1H -furany1 H I .  7.34 ( m  2H CC-fu- 

r a n y l  HI; 13c nmr ( ~ 0 ~ 1 , )  ppm: 18.25 ( q  ~ 1 8 ) .  19.64 ( q  C19),. 24.40 ( t  ~ 9 ) .  

25.10 ( t  C5). 27.52 ( t  C10). 31.03 (d  C3). 32.64 (d  C7). 35.46 ( t  C4). 

36.80 ( t  C8). 37.23 ( t  C6). 45.82 (2xq C16. Cl7) .  67.23 ( t  C2). 111.00 

(d  C12). 127.09 ( s  C11). 138.45 ( d  C15). 142.56 ( d  C13); ms: m/z ( r e l a t i v e  

i n t e n s i t y )  = 265 (M*', 2 ) .  129 ( 1 ) .  81 ( 4 ) .  58 (100). 55 (2). 

Me thy l e t i on  (General Procedure). - To 0,0015 mol o f  compounds lo, ll, 17 o r  

19 i n  5 m l  acetone excess of methyl  i od i de  was added and the mix tu re  was - 
allowed t o  stand overn igh t  a t  room temperature ( f o r  compounds 10 end g 

- 3 h).  Upon removal o f  excess o f  Me1 and Ms2C0 crude product  was p u r i f i e d  

i n  each experiment chrometographice l ly  on ac i d  A1203, us i ng  ch loroform 

( f o r  compounds 12.13) o r  chloroform:methanol (99:l) ( f o r  compounds 18 and 20) 

as e luent .  Fo l low ing  compounds were obtained: 



12 (from 10) y i e l d  81%; mp 143-145'~ (from acetone:ethyl acetate);  TLC (ac id - 
~ 1 ~ 0 ~ ;  benzene:ethyl acetate:n-propanol-1:l:l). Rf=0.42; 'H nmr (C0C13) ppm: 

+ + 
1.06 (d 6H 3-10 Hz C3-CH3 oq., CI'-CH~), 3.28 (a 3H N-CH3), 3.60 (8 3H N - C H ~ ) .  

6.44 (s 1H -furany1 HI .  7.42 ( m  2H W- fu rany l  HI;  nmr (COC13) ppm: 

16.12 (q  CIO'). 18.07 (q C7). 21.98 ( t  C5), 24.66 ( t  ~ 3 ' ) .  26.83 ( d  C3). 

27.57 ( t  C4.). 30.51 ( t  C4). 30.73 (d ~ 1 ' ) .  36.32 ( t  C2-) . 45.04 (q  CB), 

54.14 (q  C9). 71.95 ( t  C2). 75.77 (d C6). 111.18 (d C6'). 124.57 (s  C5'). 

139.13 (d  ~ 9 ' ) .  142.69 (d C7'). 

13 (from 2) y i e l d  88%; mp 135-136'~ (from e t h y l  acetate); TLC (ac id  A1203; ben- - 
zene:sthyl acetate:n-propenol-l:1:1). Rf=0.4b; 'H nmr (CDC1 ) ppm: 1.06 (d  3H 

2 
3=8 Hz Cl--CH3). 1.14 (d 3H 3-10 HZ C3-CH3ax.). 3.40 (a 3H N-CH3), 3.60 (a 3H 

N+-cH~), 6.42 (s 1H - furany1 H). 7.42 (m 2H R - f u r a n y l  H); I3c nmr (C0C13) 

ppm: 16.77 (q ~ 1 0 - ) ,  18.90 ( q  C7). 19.50 ( t  C5). 25.44 ( t  ~ 3 ' ) ,  27.00 (d C3). 

28.43 ( t  ~4.). 28.52 ( t  C4). 32.38 (d ~ 1 ' ) .  37.41 ( t  ~ 2 ' ) .  44.21 (q  C8), 49.84 

(q C9). 69.87 ( t  CZ), 75.59 (d C6). 119.96 (d C6'). 125.87 (s  ~ 5 ' ) .  140.17 

(d ~ 9 ' ) .  143.77 (d  ~ 7 ' ) .  

19 (from x)  y i e l d  77%; mp 240-243'~ (from e t h y l  acetate);  TLC (ac id  A1203; ben- - 
zene:ethyl acetate:n-propanol-1:l:l). Rf-0.40; 'H nmr (C0Cl3) ppm: 0.90 (d 3H 

+ + 
C l  -CH3), 1.08 (d 3H CI--CH~), 3.22 (a 3H N-CH3), 3.50 (s  3H N - C H ~ ) .  6.01 

(m IH ~3 ' -H ) .  6.32 (d  IH 5.16 HZ ~ 4 - 4 ) .  6.40 (s  IH @-furany1 13H). 6.70 

( 9  1H b- fu rany1 13-H), 7.46 (m 4H O(-furanyl HI; I 3 c  nmr (CDC13) ppm: 16.21 

(q ~11 . ) .  19.11 ( q  C i l )  . 19.89 ( t  ~9.) .  28.74 ( t  C9). 31.25 (d  ~ 1 ' ) .  31.94 

( t  C2). 33.42 ( t  C8'). 34.37 ( t  C3). 35.85 (d C l ) .  39.83 ( t  ~2.1, 42.13 ( t  
+ 

C8). 42.30 ( t  C17'). 44.69 (q N-CH3), 46.12 ( t  C17). 47.94 (a ~ 7 ' ) .  54.87 
+ 

(q N-CH3). 57.56 (e C7). 59.34 (d  C4) , 64.28 ( t  C6). 68.61 (d C10). 73.38 

( t  C6.). 74.90 (d C10-), 108.10 (d C13'). 108.86 (6 C12). 109.53 (d  C13),, 

123.31 (d  ~ 3 ' ) .  124.01 ( s  ~ 1 2 ' ) .  126.17 (d  ~ 4 ~ ) .  139.96 (d C16). 140.22 (d  

C16-), 142.69 (d  C14). 143.47 (d  ~14.). 

20 (from g) y i e l d  8%; pale yel low o i l ;  TLC (ac id  A1203; benzene:ethyl acetate: - 
n-p ropano1~ l : l : l ) .  Rfn0.40; 'H nmr (C0C13) ppm: 0.90 (d 3H ~ 1 . 4 ~ ~ ) .  1.06 

+ + 
(d 3H Cl-CH;). 3.30 ( s  3H N-CH3), 3.50 ( 5  . 3 ~  N-CH3). 6.01 (m 1H C3-H). 6.32 

(d 1H 3-16 Hz C4-HI. 6.38 (6 1H P - fu rany l  13-H), 6.70 (e 1H P- fu rany l  13H). 

7.48 (m 4H K - f u r a n y l  HI;  13c nmr (CDC13) ppm: 16.30 (q C l l ) .  19.20 (q  ~ 1 1 ' ) .  

21.41 ( t  C9). 28.82 ( t  ~9.) .  30.73 (d C l ) :  33.59 ( t  ~2.1, 34.33 ( t  ~ 3 ' ) .  36.32 

(d Cl ' )  , 37.27 ( t  C8). 39.92 ( t  ~ 8 ' ) .  39.92 ( t  C2). 42.40 ( t  C17-1, 44.38 
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The second Hofmann dearada t ion  (General  Procedure).- A s o l u t i o n  o f  (0.001 mol) 

o f  compounds 12, 13. 2 o r  i n  5 m l  o f  5% methanol. mo is t  s i l v e r  ox ide (prepa- 

r e d  from 300 mg o f  s i l v e r  n i t r a t e )  was added and the m i x t u r e  shaken f o r  I h. 

A f t e r  f i l t r a t i o n ,  the s o l v e n t  was removed i n  vacuo, sodium hydrox ide (10  g) and 

water  (10 ml)  was added and the m i x t u r e  re f l uxed  f o r  4 h. A f t e r  d i l u t i o n  w i t h  

wa te r ,  the crude p roduc ts  were e x t r a c t e d  w i t h  chloroform. The so lven t  was removed 

i n  vacuo. the  res idue  was chromatographed on alumina u s i n g  hexane:benzene ( 1 : l )  

( f o r  compounds 14 and 15) o r  benzene ( f o r  compounds 21 and 22). F o l l o w i n g  

compounds were obtained: 

14 ( f rom 2) y i e l d  84%; c o l o r l e s s  o i l ;  TLC i n  a benzene:chloroform ( 1 : i )  system, - 
Rf-0.42; [ 0 ~ ] ~ ~ = - 9 0 . 1 ~ ;  'H nmr (C0C13) ppm: 0.92 (d 3H 3-6 Hz C7-CH3). 0.98 

(d  3H 5.6 Hz C3-CH3), 2.24 (s  6H N-(CH3I2). 2.42 ( t  2H CIO-HI. 5.28 (m 1~ 

C5-H), 5.38 (qA8 1H 3-15 Hz C6-H), 6.30 ( s  1H (3 - fu rany l  H),  7.34 (m 2H 

N - f u r a n y l  H); I3c nmr (C0C13) ppm: 18.03 (q C18). 21.07 (q ~ 1 9 ) .  24.88 ( t  

C9).  27.83 ( t  C10) , 31-55 ( d  C3), 36.80 ( d  C7). 36.80 ( t  C8). 38.14 ( t  C4). 

45.95 (2xq C l6 ,  C17). 66.62 ( t  C2). 111.05 (d C12). 125.58 ( 9  C i l ) .  126.65 

( d  C6).  137.84 (d  C5). 138.85 ( d  C i s ) ,  142.56 (d  C13); Ins: m/z ( r e l a t i v e  

i n t e n s i t y )  - 263 (M*., 6 ) ,  98 (I), 81 ( 7 ) -  58 (100). 

1 5  ( f rom u) y i e l d  77%) c o l o r l e s s  o i l ;  TLC i n  a benzene:chloroform ( 1 : l )  system, - 
R+=0.42; [0~]?=-7.9~; 'H nmr (C0Cl3) ppm: 0.90 ( d  3H Jn7.5 Hz C7-CH3). 0.96 

( d  3H 2-7.5 Hz C3-CH3), 2.22 ( s  6H N - ( C H ~ ) ~ ) ,  2.42 ( t  2H C10-H), 5.28 (m 1H 

C5-H). 5.38 (qA8 1H 3-15 HZ C6-H), 6.30 ( s  I H  (?I-furanyl H I ,  7.32 (m 2H 

% - f u r e n y l  H);  I3c nmr (C0Cl3) ppm: 18.03 (q C18). 21.07 (q C19), 24.88 ( t  

C9). 27.83 ( t  C10). 31.55 ( d  C3). 36.80 ( d  C7). 36.80 ( t  ~ 8 ) .  38.14 ( t  ~ 4 ) .  

45.95 (2xq C16. C17). 66.62 ( t  C2).  111.05 (d C12). 125.58 ( s  C i l ) .  126.65 

(d  C6). 137.84 (d  C5). 138.85 ( d  CI~), 142.56 (d  C13); ms: m/z ( r e l a t i v e  

i n t e n s i t y )  = 263 (MI'. 4 ) .  126 (3 ) .  98 (3),  58 (100). 4 1  (10). 

21  ( f rom E) y i e l d  5%; c o l o r l e s s  o i l ;  TLC i n  benzene. Rf=0.32; [0(]g0=-16.30; - 
'H nmr (C0Cl3) ppm: 0.90 ( d  3H C1-CH3), 1.02 (d  3H CI'-CH~). 2.34 (s 6H 

N-(CH3I2), 2.48 (qA8 2H 3.12 HZ S-CH2). 2.98 (qA8 I H  c ~ - H E ) ,  5.28 ( t  I H  ~ 9 ' - H )  



5.38 (qA8 I H  3-15 Hz ~10.-H), 6.01 (m 1H ~ 3 . 4 ) .  6.32 (d 1H 5.16 Hz C4-4 ) .  

6.48 (S IH p - f u r a n y l  13H). 6.58 (s  IH  b - f u r a n y l  1 3 - ~ ) ,  7.38 (m 4H &-furs- 

n y l  H); 13c nmr (COCl,) ppm: 19.03 (q C l l ) ,  20.46 (q  CII'), 29.21 ( t  C9), , 

33.59 (t C2) .  34.98 ( t  03). 36.03 (d  C1) , 37.23 (d  ~ 1 ~ ) .  39.18 ( t  '28.). 40.14 

( t  C8). 40.27 ( t  ~ 1 7 ~ ) .  40.61 ( t  ~2.1, 46.72 ( t  ~ 1 7 ) .  48.46 (2x9 N-(CH3)-,), 

54.18 (s  C7'). 56.00 ( 8  C7). 59.68 (d 04). 64-93 ( t  C6'). 65.71 ( t  C6). 68.44 

(d C10). 107.62 (d  Cl3'). 109.42 (d Cl3) .  120.62 (d C4.). 125.60 (d Ci0-) ,  

128.35 ( s  ~ 1 2 ) .  128.35 (s  C12-1, 128.90 (d ~4.1. 138.83 (d ~ 9 . ) .  139.40 (d 

C16'). 139.57 (d ~ 1 6 ) .  142.86 (d  ~ 1 4 ' ) .  143.21 (d Ci4); ms: m/z ( r e l a t i v e  

i n t e n s i t y )  - 522 (M+'. 4 ) .  464 (2). 415 (7) .  356 (21, 230 (17). 178 (4) .  149 

( 8 ) .  107 (7) .  94 (41. 58 (100). 

22 (from 20) y i e l d  5%; co lo r less  o i l ;  TLC i n  benzene, Rf=0.28; [~]0L]D2'=-38~; - 
'H nmr (C0Cl3) ppm: 0.92 (d 3H CI'-CH~). 1.04 (d 3H CI-CH3), 2.38 (s  6H 

N-(CH ) 1, 2.50 (s  W S-CH2). 2.96 (qA8 1H C6'-He), 5.28 ( i  I H  C9-H), 5.40 3 2 

(qA8 IH 3 ~ 1 5  HZ C10-HI, 6.02 (m 1H C3-H). 6.32 (d 1H 3=16 HZ C4-HI, 6.48 

( 8 . 1 ~  p - f u r a n y l  13.~1. 6.60 (s i H  P- furany1 13H). 7.42 (m 4H ~ - f u r a n y l  H ) ;  

l3I2 nmr (C0C13) ppm: 19.16 (q  C l l ' ) .  20.15 (q  C i l ) .  28.17 ( t  ~9 . ) .  33.76 ( t  

C2.). 35.15 ( t  C3'). 36.30 (d ~ 1 ' ) .  36.97 (d C l )  . 36.97 ( t  C8*), 40.57 (t C2). 

43.73 ( t  C8), 43.73 ( t  ~17.1, 46.42 ( t  C17). 48.07 (2xq N-(CH3)2). 48.76 (s 

C7'). 60.12 (d C4'). 62.89 ( s  C7). 63.24 ( t  C6-1, 69.35 (d ~ 1 0 ' ) .  69.70 ( t  

C6), 107.75 (d C13). 109.70 (d  C13'). 120.50 (d C3). 125.27 (d  ClO), 128.34 

( d  C12-), 129.04 ( d  C4). 129.25 (s  ~ 1 2 ) .  138.76 (d C9). 139.52 (d C16). 

139.52 (d  ~ 1 6 ' ) .  142.77 (d  Ci4) .  143.16 (d C14-1; ms: m/z ( r e l a t i v e  i n t e n s i t y )  

= 522 (M", 3) .  464 (20). 416 (2) .  356 (7). 230 (3 ) .  178 (3) .  107 (8) .  94 (3) .  

58 (100). 
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