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A NEW ROUTE TO HEXAHWROPYRROLIZINES DERIVATIVES V I A  NONSTABILIZED 

YLIDE GENERATED FROM N-METHYLPYRROLIDINE N-OXIDE 
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A b s t r a c t  - N-Methy lpyr ro l id ine  N-oxide t r e a t e d  w i t h  l i t h i u m  

d i i s o p r o p y l a m i d e  i n  t h e  p resence  o f  v a r i o u s  o l e f i n s ,  l e a d s  t o  t h e  

c o r r e s p o n d i n g  hexahydropyrrolizines(6) t h e  y l i d e  i n t e r m e d i a t e  (5) 
% "" 

We have  r e c e n t l y  shown t h a t  t h e  non s t a b i l i z e d  y l i d e  (1) can b e  g e n e r a t e d  by  

t r e a t i n g  t r i m e t h y l a m i n e  N-oxide (1) w i t h  l i t h i u m  d i i s o p r o p y l a m i d e  (LDA) . This  

i n t e r m e d i a t e  i s  a  h i g h l y  r e a c t i v e  s p e c i e  s i n c e  i t  i s  t r a p p e d  by s imple  a lkenes  t o  

g i v e  good y i e l d s  of  t h e  c o r r e s p o n d i n g  N-methy lpyr ro l id ines  (2) 

It a p p e a r s  t o  u s  wor thwhi le  t o  e x p l o i t  t h i s  new r e a c t i o n  i n  b u i l d i n g  

p y r r o l i z i d i n e  s k e l e t o n  (6), - by condensing N-methy lpyr ro l id ine  N-oxide (4) with 

v a r i o u s  o l e f i n s  i n  t h e  p r e s e n c e  of  LDA. T h i s  s k e l e t o n  i s  encoun te red  i n  a r a t h e r  



l a r g e  group of  a l k a l o i d s  wi th  wide range of  b i o l o g i c a l  a c t i v i t i e s  t h a t  makes them 

a  p a r t i c u l a r l y  a t t r a c t i v e  s y n t h e t i c  t a r g e t . 2  

Resu l t s  and Discuss ion  

The N-oxide (4)  - ( 1  e q . )  i n  THF i s  t r e a t e d  ( 0 ' ~ )  w i th  LDA (4 e q . )  i n  t h e  presence 

o f  v a r i o u s  o l e f i n s .  The r e a c t i o n  i s  followed by GLC. Af t e r  4  h  a  u s u a l  workup 

prov ides  t he  p y r r o l i z i d i n e s  5. Most of  t he se  produc ts  a r e  q u i t e  uns t ab l e  and 

t h e i r  p u r i f i c a t i o n  ha s  n o t  been always p o s s i b l e  i n  our  hands. I n  t he  experiments 

l e ad ing  t o  i n sepa rab l e  isomers  t h e  ana lyses  were performed on t he  mix tures .  The 

c i s  r i n g  j unc t i on  of  compounds (&), (e) and (13b) has  been determined on t h e  - - 

b a s i s  of  t h e i r  IH NMR (400 MHz) s p e c t r a  which d i s p l a y  s i n g l e  proton m u l t i p l e t s  

i n  t h e  3 . 7 4 . 1  ppm reg ion  f o r  H a ,  and lo r  by t h e  13c NMR s p e c t r a  i n  which t h e  C8 

s i g n a l  appears  a t  69.3 ppm, c o n s i s t e n t  with chemical  s h i f t  r epo r t ed  f o r  cis r i n g  

j u n c t i o n  i n  t h i s  ~ ~ s t e m . 3  

I n  a d d i t i o n ,  no Bohlmann band could be ass igned  i n  t h e  i n f r a r e d  ~ ~ e c t r a . 4   he 

s h i e l d i n g  of  Hg pro ton  and t h e  desh ie ld ing  of  t h e  C8 carbon atom i n  (8b) may be  - 

j u s t i f i e d  by conformational  v a r i a t i o n  and i nc r ea sed  s t r a i n  i n  t h e  r i n g  

j u n c t i o n  due t o  t h e  presence  of  t he  cyclopentane r i n g .  

The nuc l ea r  magnetic resonance  d a t a  r e v e a l  t h e  s te reochemis t ry  of t he  

s u b s t i t u t i o n  p a t t e r n s ,  downfield s i g n a l s  i n d i c a t i v e  of  hydrogens on a  same s i d e  

of t h e  r i n g  system a s  t h e  n i t r ogen  lone  p a i r . 3  

The r e a c t i o n  between 4 and symmetrical + o l e f i n s  (&,b) provides  r e s p e c t i v e l y  

43 and 79% of t he  s i n g l e  cis (22,82) 1 , 2 - d i s u b s t i t u t e d  hexahydropyr ro l iz ines  8a ,b  - -  

w h i l s t  w i th  t r a n s  s t i l b e n e  (9,) and 1 ,1 ,4 ,4 - te t ramethoxy  2-butene (9b) a  mixture  - - 
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of (ZE,EZ)-10 - and (2E,EE)-(lJ) a r e  formed ( i n  110.16 and 1 f0 .1  r a t i o s )  i n  32 and 

67% y i e l d s  r e s p e c t i v e l y .  

Monosubst i tuted o l e f i n s ,  s t y r e n e  (B) and 2-propen-1-01 (E) provide  t h e  four 

p o s s i b l e  isomers of (e) and (E) ( i n  1 /0 .8 /0 .3 /0 .06  and 1 /0 .5 /0 .2 /0 .1  r a t i o s )  

i n  70 and 26% y i e l d s  r e s p e c t i v e l y .  

The y i e l d s  of t h e  p y r r o l i z i d i n e s  ob ta ined  i n  t h e  course  of the  r e a c t i o n  between 

non-ac t iva ted  o l e f i n s  1, 9 and 12 and N-methylpyrrol idine N-oxide 4, a r e  sma l l e r  

than t hose  ob ta ined  w i t h  N-methylpiperidine N-oxide.6 This  d i f f e r e n c e  seems t o  

be due i n  p a r t  t o  i t s  s l i g h t  s o l u b i l i t y  i n  s o l v e n t s  compat ible  w i th  LDA. 

The r e a c t i o n  i s  of  1 , 3 - d i p o l a r  cyc loadd i t i on  t ype7  a s  shows t he  r e t e n t i o n  of t h e  

c i s  s t i l b e n e  con f igu ra t i on  and non po lymer iza t ion  wi th  s t y r ene .  It gene ra t e s  - 
s t e r e o s p e c i f i c a l l y  3 - d i s u b s t i t u t e d  hexahydropyr ro l iz ine  &,b v i a  endo t r a n s i t i o n  

s t a t e .  T h e o r e t i c a l  i n t e r p r e t a t i o n s  have been r e c e n t l y  proposed t o  e x p l a i n  the  

1 , 3 - d i p o l a r  cyc loadd i t i on  r e g i o s e l e c t i v i t y . 8  The l a c k  of d a t a  concerning the 

o r b i t a l  c o e f f i c i e n t s  of t h e  y l i d e  (5) carbons atoms exclude he r e  any q u a n t i t a t i v e  

i n t e r p r e t a t i o n  of our r e s u l t s .  However, it i s  noteworthy t h a t  s e l e c t i v i t y  i s  

markedly l e s s  important  than wi th  o t h e r  y l i d e s  l i k e  n i t r ones9  o r  diazoalkanesEa 

s i n c e  a  mixture  of 1- and 2 - s u b s t i t u t e d  isomers i s  formed with monosubst i tuted 



o l e f i n s  z , b .  This  f a c t  may b e  due t o  t h e  ambivalence of  t h e  t e r m i n i i  of  t he  

1 ,3 -d ipo l e  l ead ing  t o  c l o s e  v a l u e  f o r  o r b i t a l  atomic c o e f f i c i e n t s  of  2. 

I n  co nc lu s ion ,  we have shown t h a t  i t  i s  p o s s i b l e  t o  gene ra t e  t h e  n o n s t a b i l i z e d  

c y c l i c  y l i d e  2, by t r e a t i n g  N-methylpyrrol idine N-oxide with LDA. Trapped with 

v a r i o u s  s imple  o l e f i n s ,  i t  e a s i l y  p rov ides  t h e  corresponding hexahydropyrro- 

l i z i n e s .  

EXPERIMENTAL 

Melt ing p o i n t s  a r e  uncor rec ted .  Anr i c a l  gas  l i q u i d  < :hromatography ana lyses  

(GLC) were executed on a  G i rde l  75 chromatograph. Mass s p e c t r a  (MS) were 

ob t a ined  wich MS 50 spec t rograph  and with a  Hewlett  Packard 5992 A equipped with 

vapor  phase chromatograph. High r e s o l u t i o n  mass spectrometry (HRMS) was 

conducted with a  Kra tos  MS 80 RF ins t rument .  IH NMR s p e c t r a  were ob ta ined  using 

a  Bruker WM 400 (400 MHz) and Perkin-Elmer R12 (60 MHz). Carbon magnet ic  

resonance s p e c t r a  (13c NMR) were recorded on a  Bruker HX 90E. Chemical s h i f t s  

a r e  r epo r t ed  i n  6 u n i t s  downfield from i n t e r n a l  MeqSi and t h e  J va lue s  a r e  g iven  

i n  Her tz .  

General  procedure 

I n  a  t y p i c a l  experiment,  a  suspension i n  anhydrous THE (50 ml) o f  t h e  h igh ly  

hygroscopic  N-oxide (4) - ( 1  e q . )  d r i ed  under vacuum i n  t h e  r e a c t i o n  f l a s k ,  and t he  

o l e f i n  ( 1 . 1  eq . )  a r e  cooled t o  O0c. The LDA (3 .5  e q . )  i s  then  added. The 

r e a c t i o n  progress  is  followed by GLC. A f t e r  3-4 h ,  hyd ro ly s i s ,  e x t r a c t i o n  w i th  

CH2C12 and u sua l  workup l e ad  t o  expected produc ts .  

React ion between (4)  and c i s  s t i l b e n e  (2). Prepa ra t i on  of (2Z,8Z) -- 
1,2-diphenylhexahydropyrrolizine (8a) - : N-Oxide (5) (305 mg , 3 mmoles) i n  THF 

(100 ml) and - c i s  s t i l b e n e  (7a) (600 "1, 3 .3  mmoles) a r e  t r e a t e d  w i th  LDA (10.5 - 
mmoles) f o r  3  h .  Usual workup g ive s  p y r r o l i z i d i n e  8a  (337 mg, 1 .28  mmoles, 43%) - 



HETEROCYCLES. Vol 23, No 3. 1985 

a f t e r  chromatography on s i l i c a  g e l  (CH2C12-MeOH 9812 - 80 /20) .  MS: m/e 263, 

8 3 ;  1~ NMR (400 MHz) 6: 1 .60  (m, l H ,  H70), 2 .0  (m, 3H, Hg,, H6$, H7), 2.80 (m, 

lH,  H5p) ,  3.10 (m, lH, H j P ) ,  3 .20  (m, 1 H ,  J1,,8, = 7 H Z ,  J l a , Z a  = 7 Hz, HI,), 

3 .40 (m, lH, H5,), 3 .70 (m, 2H, H3,, Hz,), 4 . 0  (dd,  l H ,  Haa),  6 .85  (m, 2H, aroma- 

t i c  6 . 9 5  (m, 2H, a r o m a t i c  p r o t o n s ) ,  7 .10 (m, 6 ~ ,  a r o m a t i c  ~ r o t o n s ) ;  

1 3 ~  NMR 6 :  26.19 (C7) ,  31.57 (Cg),  50.47 (C2),  56.02 (C1), 56.76,  ( c 5 ) ,  59.11 

(C3),  69.27 (Ca) ,  126 .46 ,  127 .84 ,  128.61, 128.66 ( a r o m a t i c  CH), 138 .25 ,  138.41 

( a r o m a t i c  C) . 
P i c r a t e ,  mp 1 3 3 ~ ~  (EtOH). A n a l . c a l c d  f o r  C25H24N407: C ,  60 .98;  H, 4.88; N ,  

11 .38 ;  0 ,  22.76. Found: C ,  60 .71;  H ,  4.91; N, 1 1 . 2 0 ;  0 ,  22.99.  

R e a c t i o n  between (4) and cyc lopen tene  (>): P r e p a r a t i o n  o f  (22,82)11,2-a]  

cyclopentanohexahydropyrrol iz ine (@): A s u s p e n s i o n  o f  N-oxide (4) (370 mg, 3.66 

mmoles) i n  THF (100 ml) and cyc lopen tene  (270 mg, 4 .02 mmoles) a r e  t r e a t e d  wi th  

LDA (12 .8  mmoles) f o r  4  h .  Usual  workup g i v e s  p y r r o l i z i d i n e  (440 mg, 2.92 

mmoles, 79%) a f t e r  chromatography on a lumina .  MS: m/e 151 ,  123,  122 ,  83;  IH 

NMR (400 MHz) 5 : 2.30 (m, lH,  H5$), 2 . 6 5  (m, lH, H3C,) , 2 . 7  (m, l H ,  H i 0 ) ,  2.85 (m, 

lH, H z p ) ,  2.95 (m, 1H),3.05 (dd,  l H ,  Ha,); l 3 ~  NMR 6 :  24 .93 ,  26 .00 ,  31.29,  

32 .33 ,  32.69 ( c y c l o ~ e n t a n e  CH2, Cg, and C7) ,  44.02 (CZ) ,  50.48 (C1), 53.58 - 60. 

6 0 , 4 9  ( C j  - C5),  73.07 (Cg).  

P i c r a t e ,  mp 1 8 3 ' ~  (EtOH). Anal .Calcd f o r  C16H20N407: C ,  50 .53;  H ,  5 .26;  N ,  

14 .74 ;  0 ,  29.47. Found: C ,  50 .28;  H, 5 .41;  N ,  14 .50;  0 ,  29 .68 .  

R e a c t i o n  between (4) and t r a n s  s t i l b e n e  (e): P r e p a r a t i o n  of  (2E,8Z) 

1,2-diphenylhexahydropyrrolizine (+) : A s u s p e n s i o n  of  N-oxide (4) (225 mg, 

2 . 2 3  mmoles) i n  THF (100 ml) and - t r a n s  s t i l b e n e  (9a )  (441 mg, 2 . 4  mmoles) a r e  - 

t r e a t e d  w i t h  LDA (7 .80  mmoles) f o r  3  h .  Usual  workup p r o v i d e s  a  c r u d e  mixture  

(662 mg). GLC a n a l y s i s  i n d i c a t e s  t h e  p resence  o f  t h r e e  p r o d u c t s  i n  a  1 /1 .1/0 .16 

r a t i o .  Chromatography on s i l i c a  g e l  (CH2C12-MeOH 90110) a f f o r d s  a  p u r e  i somer ic  

unknown compound (107 mg, 1.04 mmole, 1 7 % ) ,  an  i n t e r m e d i a t e  f r a c t i o n  (40 mg) 

c o n t a i n i n g  a  mix tu re  o f  (10a) and (G) (CH2C12-MeOH 20%) ,  and p u r e  isomer - 

(154 mg, 0 .58 mmole, 26Z). MS m / e  263, 83;  1~ NMR (400 MHZ) : 8 1 . 9  (m, l ~ ) ,  

2.65 (m, l H ,  Hg$), 3.20 (m, 2H, H j g ,  H50), 3 .40 (m, 1 H ,  H3").3.6 (m, 1 H ,  HzD),  



3.95 (dd, lH, J1,,2p = 11 Hz, Hi,), 4.05 (m, lH, Jla,aa = 8 Hz, He,); 7.1 - 7.3 
(m, 10H, aromatic protons). 

Picrate, mp 222O~ (E~OH). Anal.calcd for Cz5H24N407: C, 60.98; H, 4.88; N, 

11.38; 0, 22.76. Found: C, 60.91; H,  4.90; N, 11.20; 0, 22.99. 

Reaction between (4) and 1,1,4,4-tetramethoxy-2-butene (E) .  Preparation of 
1,2-di(1',1'-dimethoxymethyl)hexahydropyrrolizine (lob) - -  and (E): A suspension 

of N-oxide 4 (320 mg, 3.16 mmoles) in THF (100 ml) and olefin (9b) (611 mg, 3.47 - 
mmoles) are treated with LDA (11 mmoles) for 4 h. GLC analyses indicate the 

presence of 2 products in a 110.1 ratio. Elimination, under vacuum of the 

starting olefin, and flash chromatography on basical alumina affords the mixture 

of unstable pyrrolizidines -- lob-llb (550 mg, 2.1 mmoles, 67%). HRMS calcd for 

C13H25N04: 259.1783, found 259.1775. MS m/e 259, 258, 228, 214, 198, 184, 83; 

1H NMR (60 MHz) 6 : 3.4 (m, UH), 4.35 (d, 2H). 

Reaction between (4) and styrene (&). Preparation of phenylpyrrolizidines 

(B): A suspension of N-oxide (4) - (470 mg, 4.65 mmoles) in THF (100 ml) and 

styrene (e) (580 mg, 5.5 mmoles) are treated with LDA (16.27 mmoles) for 3 h. 

Usual workup provides a crude mixture (800 mg). Flash chromatography on alumina 

affords pyrrolizidines - 13a (620 mg, 3.31 mmoles, 71%) . GLC analysis indicates 

the presence of 4 peaks in 110.810.310.06 ratios. The mass spectra of each 

isomer obtained with a spectrometer equipped with GLC apparatus are identical MS 

m/e 187, 83. 

Reaction between (4)  and 2-propen-1-01 (e). Preparation of (1'-hydroxy- 

methy1)hexahydropyrrolizine (E): A suspension of N-oxide (4) - (370 mg, 3.66 

mmoles) in THF (100 ml) and 2-propen-1-01 (E) (273 "1, 4.02 mmoles) are treated 
with LDA (16.47 mmoles) for 3 h. Usual workup provides a crude product (350 

mg). GLC analysis shows the presence of 4 peaks in 1/0.5/0.2/0.1 ratios. 

Chromatography on neutral alumina (CH2C12-MeOH 90110) provides pyrrolizidines 13b - 

(135 mg, 0.96 mmole, 26%). Ms m/e 141, 110, 83; HRMS, calcd for C8H15NO: 

141.1153, found 141.1144; IH NMR (200 MHz) 6 :  1.5-2.1 (m, 6H), 2.2-3.2 (m, 6H), 

3.3-3.8 (m, 3H), 3.8-4.2 (m, 1H). 
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