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Abstrnct- The present study is concerned with n comparison of 

variant0 of the phnse transfer catalytic (PTC) Wittig reaotion 

performed over azabicyclo-ketone systems, in attemt to extend 

the scope of the reaction rind to learn whether an additional 

catalyst is required. 

The Xittig reaction is commonly carried out in aprotic solvent8 in the presonce 

of stron& bases such as n-butyllithium, sodium hydride or sodamide. The major 

advantage of the phase transfer method in Wittig reactions is increasing conve- 

nience of the reaction. Concentrated aqueous alkali is obviously easier to han- 

dle than n-butyllithium or sodium hydride and solvents such as benzene and di- 

chloromethane are more readily removable aftor the reaotion than DMSO. Wo have 

studied the reaction of the phosphonium salts: triphenylmethylphosphonium iodi- 

de; triphsnylethylphosphonium iodide; triphenylbutylphosphonium bromide end oy- 

clopropyltriphenylphoaphonium bromide with azabicyclo-ketones: 2,4-diphenyl-3- 

azabicyclo[3.3.1j nomn-9-one - 1; 2,4-bis(p-met-hornhenil)-3-azabicyclo 1.3.1 no [ 1 -  
mu-9-one Ji 7,9-diphenyl-8-azabicyclo [4.3.l] decan-10-one 2; 7,9-bie(prnethoxy- 
pheny1)-8-azabicyclo (4.3.11 decan-10-one - 11; 6,t3-diphonyl-3-thia-7-azabic~clo- 

[:. j.1) nonan-9-one - 17; 6.Q-bis(p-methoxyphe~~l)-7-thin-7-azabicyclo (3.3.11 nonan- 

9-one 19; - their N-methyl derivatives 5%,g,lZ,g,20; in the following base/sol- 
vent systems: solid potassium cnrbonatebenzene, solid potassium t-butoxide/ben- 

zene and GO;; sodium hydroxide/dichoromothane. 

Negative resultn were obtained in all cases )when the phosphcnium salt :vas triphe- 

nylethylphosphonium iodide, t r ip l~enylbutylphosphonium bromide or cyclopropyltri- 

phenylphoaphonium bromide, being attributable to steric imgediment factors, in 

transition state (betnine and oxaphosphetane) which is implicated in the mecha- 

nism of the aittig reaction. Meanwhile vrith triphonylmethylphosphonium iodide 



t h e  y i e l d s  a r e  genera l ly  accep tab le ,  and tho corresponding 9-methylene o r  10- 

methylene de r i va t i ve s :  - - - - - 5,6,7,8,13,1/1.,1~,16,21,22,23 - - - -  and - 24 were obtained '  

(Scheme 1) .  I n  a l l  cases ,  t h e  y i e l d s  were al.most not  dependent of t h e  presence 

and t h e  aboenco of a n  a d d i t i o n a l  PTC c a t a l y s t  (18-crown-6). Pie concludo t h a t  a n  

add i t i onn l  c a t a l y n t  f o r  theso r e a c t i o n s  i s  not  required. This conclusion i s  i n  

l i n e  with t he  most r e cen t  idens on c a t a l y s t  opera t ion  i n  many PTC reac t ion8  i n  

ba s i c  systems: nubetrate  molecules a r e  depro tomted  a t  the  in te rphase  and the  

c a t a l y s t  a c t s  by car ry ing  suba t r a t e  anions f r o m t h e  in te rphase  i n t o  t he  depth 

of t he  organic  phaso. 2-3 The deprotonat ion of  phoephonium s a l t s  a t  tho i n t e r -  

phase y i e l d s  n e u t r a l  specien t h a t  do not need t he  he lp  of a  IYPC cn t a lye t  t o  d i -  

ffuse i n t o  the  organic  l ayer .  Apparently, t he  phosphonium s a l t s  which a r e  reac- 

t a n t s  i n  t h i s  system a r e  a l s o  e f f e c t i v e  a s  phase t r a m f e r  a t en t s .  I n  the  moot 

s t r i c t  s e m e  then,  these  procesnes do not involve phase t r a n s f e r  c a t a l y s i s .  

The Teblcs I and I1 show our  r e s u l t s  f o r  p roparu t ion  of t he  methylene de r i va t i -  

ves under var ious  condi t ions.  'Tile Table I demonstrates t h a t  acueous sodium h p  

droxide gave lorier y i e l d s  thari s o l i d  potassium carbonate tkro~zghout.  Dcst r c -  

s u l t s  , however, a r e  achieved with co l i d  potassium t -bu to r i t e  i n  benzene, inde- 

pendent of t he  carbonyl compound implicated.  The 3-thia de r i va t i ve s  21,?_2,22, 

24 a r e  obtained with l i g h t l y  b e t t e r  performance, of course,  as a n  influence of 

t he  su l fur  atom i n  s o l u b i l i t y  of these  compounds. On t he  o the r  hand, Table I1 

shows a  l i t t l e  in f luence  of t h e  temperature i n  y i e l d s ,  i n  r e l a t i o n  with the 

prepara t ion  of t he  same compounds a t  room temperature.  

The l ~ - ~ W R  ana ly s i s  of t he  methylene de r t va t i ve s  showed morked constancy f o r  

t he  methylene group s i g n a l  ( C  -CH2 o r  C10-CB2), which i s  loca ted  a t  4.80 ppm, 9 
t h e  s i g n a l  not; being a f f ea t ed  by t he  aromatic groups a t  C-2,C-4; C-7,C-9 o r  

C-6,C-8; consequence of the  c i s -c i s  (and thus presmnbly  d i equa to r i a l )  o-ienta- 

t i o n  of the  a r y l  p o u p s  follows from the  equivalence of t h e i r  s i gna l s  and i s  in 

accordance with 13c -hT~  spectroscopic  evidence determined Sy E l i e l l  IC ,  f o r  t h e i r  

i n i t i a l  ketones. The aromatic  protons rcsound a s  a s i n g l e  r m l t i p l e t  ir. methylenc 

de r i va t i ve s  with phenyl ic  s u b s t i t u t i n ~ ,  meanwhile when t he  arometic p o u p  has p- 

methoxyphsnyl na tu r e ,  same protons appear a s  a n  AB system. The degradat ion suffe-  

red  by one of t h e  doublets  when tho n i t rogen  atom is subs t i t u t ed  by a  methyl 

group, becomiw t o  a  mu l t i p l e t  i n  g,l&,2?, of course a s  a  consequence of t h e  no 

ewiva l ence  f o r  r o t a t i o n  l im i th t i on  of t he  aromatic r i n g s ,  by i n t e r a c t i o n  pre- 

sented between t h e  ortho-hydrocens of  :~ roma t i c  r i n g s  and tho K-CIi3 subs t i t u t i on .  
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The s u b s t i t u t i o n  on t he  amino n i t l ' o ~ e n  i n  3 ,  8 o r  7 p0si:ion i n  3-azabicyclo- 

(3.3. l] nonaxo ; 8-azabicyclo (4.3.11 decnne and 3-thia-7-azabicyclo (3.3.1) nonane 

systems, r e spec t i ve ly ,  does not  a f f e c t  chemical s h i f t  of t he  methylene a igna l ,  

and t h i s  i s  r e l u tod  with t he  molecular conformation of these  ketones: chair-  

ch3 i r  f o r  3-a~al1ic~clo[3.3.l]nomne systems ----  5,6,7,8; chair-boat ( c h a i r  f o r  the  

p i p ~ r i i l i n o  r i n g )  f o r  8-nzabicyclo[4.3.l]decane systems l3,14,15,16 --- and boat- 

cha i r  (boat  f o r  the  p iper id ine  r i n g )  f o r  3-thia-7-azabicyolo[3.3.1]nonane sya- 

tcno - 2 1 , ~ , 2 , 2 . 5 - 7  . Ao ~ u g g e a t e d  by Zefirov 7 , bicyclo[3.3.l]nonane syatems 

p r i n c i p a l l y  e x i s t  i n  one of t he  t h r ee  following structures: chair-chair, chair-  

bo l t  and boat-boat;  s t r u c t u r e s  f r e e  of t ens ion  of l inlr  angles.  I n  t h e  major pa r t  

of canes the  choir-chair  conformation with l i gh t .  f l a t t e r i n g  i n  the  r i n g s ,  i s  fa- 

voured '. The f l a t t e r i n g  happens t o  minimize t he  t r a m a n n u l o r  i n t e r ac t i ons  among 

t he  endo-axial hydrogem and t he  C-3, C-7 pos i t ione .  Meanwhile i f  t he  hydrogens 

nra replacod by voluminous group, one of t h e  r i n g s  dl1 probably assume a boat 

cc.lformtion. P!ie presence of the  su l fu r  atom i n  3 p o s i t i o n  a f f e c t s  i n  g rea t  

ex ten t  t o  t h i s  arrangement, adopting bont conformation the  p iper id ine  r i n g  f o r  

5-thia-7-nzab=cyclo [3.3.1] nonane systems. 

The in f rnrcd  spec t ra  r evea l  s t r e ch ing  bnnds (C-C) a t  1660 cn-' and (H-C=C) a t  

3060 cm-' . Prenenco of tho Bohlmann band 9 i n  N-methyl de r i va t i ve s  6,8,14,16, -- - - 
22 24 attributed t o  s u b s t i t u t i o n  of t h e  hydrogen by methyl group adopting equa- -)I 

t o r i a l  d i spooi t ion .  

'The s inp lo  prepara t ive  procedure and work-up m y  make this loethod worthwhile i n  

c e r t a i n  cases  although the  g ie ldn  a r e  not ~ e n e r a l l y  exce l len t .  

zP31~.z.:?!~.L 
10 

The ketones 1 , 1 , 1 , 1 1  wero prcpurcd a c c o r d i q  t o  t he  l i t e r a t u r e  , l ikewise t h e i r  - - - -  
5 H-oettql de r i va t i ve s  ,4,E,g ' and tha:3-thia-ketones 17,19 and t h e i r  11-methyl - - 

11 derivatives 1O,%O . - - 
Trc~ , " rn t i on  of C g W l 0  n o t h ~ l e n c  der ivo t ivee :  

Procedure A :  To a  suspension of potassium ca rbomte  (2.76 g ,  20 mmol) and tri- 

p!1ewlnet4ylphosphonium iod ide  (2.02 g ,  10 mmol) i n  benzene (35 ml) ,  a n  appro- 

p r i n t0  ketone 5 m o l  vias cddeil. The mixture was s t i r r e d  f o r  48 h a t  room tempe- 

r a t u r e ;  50 r n l  o r  e t h y l  e t h e r  was added t o  the  mixture. The organic  e x t r a c t s  are  

wa~hed  with wnter (50 ml) and clried on anhydrous magnesium s u l f a t e .  The solvent  

i s  ovaporntcd under reduced pressure  and the res idue  i s  p u r i f i e d  by r e c r y s t a l l i -  

za t ion .  



i'roccdure B :  An a p p r o p r i a t e  ke tone(5  mmol) i s  addcd t o  a nulpension o f  pota- 

ssium t -butoxide (1.2 g ,  1 0  m o l )  nnd triphonylmothylphoaphonium i o d i d e  (2.02 g, 

10  mnol) i n  benzouo (35 m l ) .  The mixture was s t i r r e d  f o r  48 h a t  room ternpera- 

t w o .  Tile mixture wan t r e a t e d  a s  desc r ibed  above. 

Droceduro C :  TO a suspension of GO% sodium hybrofide ( 5  m l ,  95 mmol) and tri- 

phenylnathylphosphonium ioll ide (2.02 g ,  1 0  mmol) i n  dichloromethane (40 ml ) ,  a n  

nppropr ia te  kotono ( 5  mmo1)was added. Tho mixture was a t i r r e d  f o r  48 h a t  room 

temperature.  Thc r e a c t i o n  mixture was t r e a t e d  as described above. 

2 , ~ c ~ i ~ ~ ! ~ ~ ~ ~ 1 - ~ - ~ c t - l ~ l ~ n o - 3 - a z a b i c y c l o [ 3 .  j.11 nomno J 

xp 141°c (nc thnno l ) ;  C21H23N c a l c :  C ,  07.12; li, 8.07; Ti,  4.03. 

(289.4) found: c ,  87.08; H ,  0 ,07 ;  1.1, 4.00. LR (mr): 

3 =  3290, j O O ,  2060, 2820, 1660 enc1+ lli-~MR (CDCl ) 6 : 7.3 (m, 10H); 4.8 ( n ,  
3 

2iI); 4 ,2  (d, 2iI, 3 2Hz); 2.4 ( a ,  211); 1.5 ppm (m, PI ) .  

1 , ~ + ~ i p i : e ~ l - : - ~ ~ c t t ~ ~ l - 9 - m e  t l1~lenc-3.-azabicyclc (7.3.11 nonane 6 
i?p 128-129"~  (methanol) ;  C22h25tl c a l c :  C ,  87.07; 15,  0.30; N ,  4.61. 

(303.4) found: C ,  07.05; H ,  8.32; N ,  4.63. 

Ii l  (Ur): 3 = 3000, 3010, 2960, 2790, 1660 cm-lj 'H-NWA (CDC13) 6 : 7.4 (m, 103) ;  

4.8 , 2 ;  3.G ( d ,  211, J 311%); 2.4 ( s ,  211); 1.9 ( 8 ,  3 ~ ) ;  1 .4  ppm (m, 6H). 

2 ,icUis(p-netl~oxyphen~l)-9-methyleno-3-aeabicyclo [3.3.l] nonane 7 - 
r p  1.06-148'~ ( n c t h a n o l ) ;  C Ii 10 c a l c :  C ,  79.04; H ,  7.78; N ,  4.00. 

23 2 f  2 
(349.3) found: C, 79.01; H ,  7.80; N ,  4.02. 

I!? r :  = 0 3060, 2940, 2840, 16W cm-l; 'ii-1nil~ (CDC13) & :  7.6 ( d ,  4H, 

J H Z ;  6.8 ( a ,  411, J 9 1 1 ~ ) ;  4.8 ( s ,  2 ~ ) ;  4.1 ( a ,  W ,  J 2 ~ 8 ) ;  3.7 ( a ,  6 ~ ) ;  2.4 

I ,  2  l . G  (m, 611); 1.0 ppm ( s ,  l t i ) .  

% ,~~!3in(2-m~tl~o~~l~e~l)-3-mathyl-9-nct~~lena-j-ozabicyclo[7.3.l) nonane 8 

c;;, 1 2 ~ 1 2 7 ' ~  (benzene); C24i129N02 c a l c :  C ,  79.30; H ,  8 , 0 4 ;  N ,  3.85. 

2 .  found: C ,  79.26; Ii, 8.09; N ,  3.85. 

iR (;UP): 2 = 30150, 2980, 2900, 2790, 1GGO cm-lj 'hi-ii~lii (CDC13) 6 : 7.3 (m, 4H); 

9 d I ,  J I ! ;  . s 2 7 i  0 , 2 2.2 (m, 2H); 1.9 ( s ,  

311); 1.4 pp3 (m, 5~). 

7,9-~ipi:~nj.l-l0-mei-11ylcno-8-nzabicyclo(4.7 .l] decnne - 1 3  

np 1 2 3 - 1 2 4 ~ ~  (bcnzone);  C I c n l c :  C ,  86.99; K ,  8 , 5 9 ;  N ,  4.61. 
22 L> 

(303.4) found: C ,  86.95; H, 8.11-1; N ,  4 .60.  
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IR (KBr): 3 -3310, 3100, 2960, 2880, 1660 cm-l; 'H-NLIR ( c D c ~ ~ )  6 : 7.5 (m, 10~); 

4.8 ( 8 ,  2~); 4.2 (d, 2H, J 2112); 2.8 (m, 211); 2.1 (a, 1~); 1.2 ppm (m, 811). 

7,9-Diphe~l-8-methyl-10-meth~lene-8-aznbicyclo [4.3.l] decnne 2 

mp 144-14b°C (benzene); C23H271: calc: C, 87.01; H, 3.57; PI, 4.41. 

(317.4) found: C, 86.98; 11, 8.60; N ,  4.42. 

IR (KBr): 2 .  3060, 2980, 2860, 2790, 1660 cmdlj l~-~Bl (CDC13) 6 : 7.5 (m, lO!l); 

4.8 (s, 2H); 4.0 (d, 2H, J 3Hz); 2.8 (m, 2 2.0 (s, 311); 1.4 ppm (m, 811). 

7,9-~is(~-metho~he~1)-l0-meth~lene-8-azabic~c1o(4.3.1]decnno 2 

mp 156-157'~ (benzene); C2,;I129H02 calc: C, 79.30; H, 8.04; N ,  3.85. 

(363.3) found: C, 79.27; E ,  8.06; 11, 3.83. 

IR (Dr) : J . 3290, 3100, 2960, 2840, 1660 cm-l; 'H-NMR (CDC1 ) S:  7.5 ( d ,  4H 3 
J 9Hz); 6.8 (d, 4H, J 9ilz); 4.8 (s, 2R); 4.0 (d, 2H, J 211~); 3.7 (a, GR); 2.9 

(m, 2H); 1.4 ppm h, .9H). 
7,9-~i~(~-motho~he~l)ii-neth~1-l0-nethylene-~-nzabicgclo~L.~.1]decane 16 -. 

mp 145-11+7~~ (benzene); C25HJlNO;, cnlc: C, 79.53; H ,  0.27; I:, 3.70. 

(377.3) founn: C, 79.50; 11, 8.30; rr, 3.69. 

IT4 (mr): ) -. 3060, 2940, 2820, 2790, 1660 crn-lj lll-h? (CDC1,) L : 7.6 (m, 4H); 
i 

6.9 (d, 4H, J 9Hz); 4.8 (s, 2B); 3.7 ( 3 ,  8H); 3.4 (m, 2 2.9 ( n ,  211); 2.0 

( 8 ,  3H); 1.5 ppm (m, El!). 

6,8-~i~henyl-9-~eth~lene-~-thia-7-azabicyclo [3.3.1] nonane 21 

mp 131-133'~ (methanol); C20H21NS calc: C, 78.13; 11, 6.68; X ,  4.55. 

(307.3) found: C ,  78.10; 11, 6.70; N, 4.52. 

IR (Wr): ! = 3290, 3060, 2940, 2860, 1660 cm-lj lll-~l.!R (CDC13) $ :  7.5 (m, 1011) ; 

4.8 (8, W ) ;  4.6 (d, 211, J 2Hz); 3.0 (m, 611); 1.5 ppm (s, IH). 

6,8-Dipheny1-7-methy1-9-methy1~ne-~-thia-7-nzabic~clo (3.3.11 nonane 22 

mp 107-108°0 (methanol); C21R NS calc: C, 78.45; H, 7.21; N, 4.35. 
2 3 

(321.3) found: C, 78.41; H ,  7.23; N, 4.35. 

IR ( m r ) : ~  = 3060, 2980, 2860, 2790, 1660 cm-l; ~II-ITNR (cm1 ) s : 7.rt (a, 1011); 
3 

4.8 (9, I !  3.8 (d, 2H, J 'kHz); 2.9 (m, 611); 1.8 ppm ( s ,  311). 

6,8-~is(p-metho~henyl)-9-methyleno-3-thia-7-~zabicyclo[3.3.l]nannne .- 23 

mp 136-137'~ (methanol); C22H251102S calc: C,.71.90; 11, 6.85; N, 5.81; S ,  8.72. 

(367.3) found: C, 71.88; 11, 6.88; I ,  3.82; S,8.71. 



Scheme 1 

Starting ketone Reaction producta 

< r ~ 2 :  -0 N-R 

comp. NO. 
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Table I: React ion of t r ipheny~mothylphoaphonim iod ide  wi th  

carbony1 compounds, under s t i r r i n g  f o r  48 h a t  room 

temperatxre  i n  the absence of an add i t io r -a1  PTC cats- 

1ys t .  

Carbony1 compounrl Bnsc /so lvent  Yield (ibj 



Table  11: React ion of triphcnj.lnethylphosphonium i o d i d e  with 

carbonyl compounds, under s t i r - r ing  f o r  40 h w i t h  va- 

r i a t i o n  of temperature.  
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I R  (KBr): 3 . 3290, 3080, 2960, 2840, 1660 cm-l; 'H-NLIR ( c D c ~ ~ )  & : 7.4 ( d ,  4H, 

J ?Hz); 6.9 ( 6 ,  4H, J 9112); 4.3 , 2 3.7 ( 3 ,  6H); 3.3 (nt 2H); 2.3 (m, 6H); 

1.6 ppm ( s ,  111). 

6,8-~is(~-met-ho~hen~l)-7-neth~l-~-meth~lna-3-tia--azabic~co[~.3.l] nonano 

mp l22-123"C ( e t h a n o l ) ;  C231i2711023 c a l c :  C ,  72.40; H ,  7.11; h ' ,  3.67; 3 ,  3.40. 

(381.3) found:C, 72.37; 11, 7.15; N, 3.68; S ,  3.41. 

IN (iiBr) : > = 3060, 2940, 2860, 2780, 1660 cm-lj t i - !  1 6 : 7.5 (m, 4i!) ; 
3 

6.3 ( a ,  411, J 911~);  4 3  , 2 3.7 ( s ,  I ;  3 . 3  (m, 211); 7 ( ,  6 ) ;  1 .9  ppm 

(0, 3iI). 
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