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1. INTRODUCTION 

Ylides are r w i t t e r i o n i c  compounds i n  which an anion  is coualent ly  bmded t o  a p o s i t i v e  charged 

hetermtom. There are many c l a s s e s  of y l i d e e ,  but  i n  t h i s  paper we r e f e r  only t o  t h e  cycloimnonium 

yl ides  of  t he  types  (1)  and (2) .  

The p o s i t i v e  n i t rogen  atom belongs t o  an azaheterocycle .  The R1 and R2 r a d i c a l  bonded t o  t h e  y l i d e  

carbon atom are s t r ong  e l e c t r o n  with-drawing groups : CN, CONH2, COR, COOR, etc.... 

The c y c l o i m n i u m  y l i d e s  can themselves be c l a s s i f i e d  i n  carbanion monosubsti tuted 1 and carbanion 

1 
d i subs t i t u t ed  2 c y c l o i m n i u m  y l i d e s ,  by t h e  na ture  of t h e  carbanion . 
2. STRUCTURE OF CYCLOIMMlNILM YLIDES 

In the  l i t t e r a t u r e  are l im i t ed  d a t e  on t h e  molecular  s t r u c t u r e  of y l i d e  systems. 

2.1. The X-ray d i f f r a c t i o n  s p e c t r a  

2 
The data obtained frm X-ray d i f f r a c t i o n  s p e c t r a  of pyridinium dicyanorrethylide c r y s t a l  are as  

follow : 

The pgridiniurn r i n g  i s  coplanar with t h e  y l i d e  carbon atom. The two y a m  groups are both i n  a 

Same plane  d i c h  make an angle  of 3' with t h e  r i n g  one. A 1 1  the  d i s t ance s  measured i n  t h e  mmlecu- 

l e  are known with an accuracy of * 0.01 A.  The y l i d e  C-N bond length  (1.41 A) is sma l l e r  than  

2 that  expected (1.42 A) .  This is almost t h e  sarre as t h e  bmd  l eng th  o f  t h e  s i n g l e  C-C bond (sp-sp ) 
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2 
i n  a c r y l o n i t r i l e  (1.426 A) but  much smal le r  than t h e  s ingle  L C  (sp-sp ) bond i n  p r o p i o n i t r i l e  

(1.458 A ) .  

I t  C B ~  be concluded f r o m  t h e se  da t a  t h a t  t he  y l i de  C atom is almost  t r i g o n a l l y  hybr id ised  and t h a t  

3 
t h e m  i s  a wak i n t e r a c t i o n  be twen  t h e  pyr id ine  r i n g  and t h e  carbanion .  S imi lar  da t a  by X-ray 

d i f f r a c t i o n  s p e c t r a ,  on t he  geometry o f  y l i d e  4 have been obta ined .  

The y l i d e  carbon atom is devia ted  with -0.0804 A i n  respect  t o  t h e  p lane  described by t he  C6H7N1 

atoms. We f i n d  i n  t h e  y l i d e  4 f o r  t he  comon s t r u c t u r a l  elements, t he  geometry of y l i d e  system 3. 

The y l i d e  carbon atom has a t r i g o n a l  conf igura t ion .  

2.2. The I R  s p e c t r a  of c y c l o i m n i u m  y l i d e s  

The ex i s t ence  of some cycloimonium y l i d e s  a s  i s o l a b l e  s t a b l e  compounds is due t o  t he  de loca l i -  

4 
za t ion  of p o s i t i v e  and negat ive  charges on t h e  heterocycle and carbanion r e spec t i ve ly  . 
I R  s p e c t r a  of  some cycloimmnium y l i d e  i n  Nujol o r  chlmoformic so lu t i on  are c ~ m p l e x ~ ' ~ .  In t h e  

1 
s p e c t r a  of y l i d e  5 (Py = py r id ine )  an absorp t ion  bsnd t o  1490 ern- ('JC=C) is found. 

- 
Ph- C O - c - C O - ~ h  - Ph-CO-C-Py+ 

I II 

Vlide 6 p r e sen t s  an absorp t ion  band t o  2166cm-' P E N ) .  

These two absorp t ion  bands may be explained r e spec t i ve ly  by t h e  con t r i bu t i ons  of resonance s t r u c -  

t u r e s  5b and 6b. 

7 
Simi lar  deplacements f o r  t he  e s t h e r i c  or c a r b o n i l i c  vCc0 are observed . I n  t h e  y l i d e  7 t he  v C=O 

appears a t  1600 cm-I ( i z  = i soqu ino l i ne ) .  



2.3. H-I\MR spec t r e  of cyc lmimnium y l i d e s  

The NMR spec t r a  of cycloimnonium y l i d e s  are complex. I n  the  perchlora te  8 t h e  chemical s h i f t  of 

the 6 py r id in i c  r i n g  protons is a t  6 = 9.21 ppm ( M S O  dg). 

EtOOC- CH- COOEt 
I 
Py' c10,- 

8 

- 
EtOOC - c - COOEt 

I 
Pv' 

9 

The chemical s h i f t  of the protons of y l i d e  9' is b = 8.63 ppm (CDC1,). The width of H-NMR s p e c t r a  

of hydmgens bonded t o  the  y l i d e  carbon a t m  i n  cycloimnonium monosubstituted y l i d e s  of t h e  type 

11 i s  large8.  That sugges ts  t h e  exis tence  of d ias tereoisomers  a t  t h e  b-E bond i n  asymmetrical 

y l ides  ey stems. 

2.4. UV-"is spec t r a  of cycloimnonium y l i d e s  

A l l  know c y c l o i m n i u m  y l i d e s  are coloured compounds. They present  i n t ens ive  absorpt ion  bands i n  

9.10 vis ib le  range. These absorption bands a r e  assigned t o  an intramolecular charge t r a n s f e r  . 

1 h 

dipole 11 dipole 
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' The v a r i a t i o n  of v i s i b l e  absorp t ion  band p o s i t i o n s  is re la ted  t o  t he  so lven t  Z pa rane t e r  (empiri-  

c a l  p o l a r i s a b i l i t y ) .  This is the  dominant argument i n  favour of formation of in t ramolecular  

charge t r a n s f e r  complex 11'12"3. There is a c o r r e l a t i o n  between group e l e c t r o - n e g a t i v i t i e s  X and 

t he  ene rg i e s  of t h e  absorp t ion  maxirmm bands i n  ~ i s i b l e ' ~ ' ~ ~ ' ~ ~ .  

A l i n e a r  r e l a t i o n s h i p  between t h e  Pauling s c a l e  atomic e lec t ro-negat iv i ty  of H, C1, Er ( x )  snd  

t he  d i f f e r ence  ene rg i e  A E  C A E  being the  d i f f e r ence  be twen t he  maxirmm abso rp t i on  energy of 

i soquinol in ium y l i d e s  having X = Er, C1 and those of the  isoquinolinium y l i d e  with X = H I ,  have 

been e s t ab l i shed .  

Using t he  r e l a t i o n  i n  Table 1 t he  group e lec t ro-negat iv i ty  of t h e  s u b s t i t u e n t  X were determined. 

This procedure was extended t o  t he  o the r  y l i d e  systems (Table 1) .  A 1 1  s t ud i ed  y l i d e s  have as 

c o m n  s t r u c t u r a l  e l e m n t s  t h e  heterocyclic and a group Rand d i f f e r  only by t he  na tu r e  of subs- 

t i t u e n t  X.  

The group e l ec t ro -nega t i v i t y  values obta ined  by t h i s  procedure are i n  good agreement with ano the r  

17 va lues  deduced by d i f f e r e n t  t h e o r e t i c s 1  o r  s p e c t r a l  procedures . 
Table 1. Grmup e l e c t r o - n e g a t i v i t i e s  

Vlide system 

pY+ - c - COPh 
I 
X 

X 

H 

CSNHPh 

S02C6H4CH3 

DJNHPh 

SD2Ph 

"2C2"5 

corn3 

COC3H7(n) 

COPh 

CN 

CDCH3 

COPh 

CN 



3. MOLECULAR ORBITAL CALCULATIONS ON THE CYCLOIMMONILM VLIDES 

The exac t  knowledge o f  t h e  s p a t a i l  s t r u c t u r e s  of cycloimmnnium y l i d e s  3 and 4 a l lows  us t o  

perform molecular  o r b i t a l  (MO) c a l c u l a t i o n s  by t he  O U D O ~ ' ~ ~  and E w o ~ ~  procedure methods. Gene- 

rely, whatever t h e  y l i d e  s t r u c t u r e ,  t he  geometr ies  of t h e s e  systems are maintained cons tan t  a t  

the y l i d e  carbon atom. Geonetry of t h e  a r ahe t e rocyc l e s  and of t h e  y l i d i c  carbon atom s u b s t i t u e n t s  

1 wre app rox imted  by t h e  d a t a  descr ibed  i n  l i t e r a t u r e  . 
3.1. MO c a l c u l a t i o n s  f o r  t he  carbanion monosubsti tuted cycloimrmnium y l i d e s  

In the Table 2 are given t he  geometries of a s e r i e s  of monosubstituted cyc lo immniua  y l i d e s ,  used 

20 i n  CNOO/2 ca l cu l a t i ons  . 
Table 2. The geometries of some m n o s u b s t i t u t e d  carbaninn cycloimnonium y l i d e s  

Group 

-- 

Lengths I i n  I Angles i n  degrees 
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Table 2 : continued 

Group Lenght Angles in degrees 



Table 2 : continued - 

Group Lengths Rngles i n  degrees 

C1N2C3 121.6' 

N2C3C,+ 1Z!3.9= 

C4CuCq ' 119' 

C&C6 
119.5' 

CgC6C7 121.5- 

C6C7C8 121 so 

C7C8C9 119.5' 

C8C9C.u 119' 

C ~ C 9 C 1  119' 

C9C1N2 120- 

Ref. 

I n  a l l  t h e se  y l i d e s  t h e  hydrogen and carbolrethoxy group bonded t o  t he  y l i d e  carbon atom is t h e  

constant s t r u c t u r a l  elelrent .  This y l i d i c  carbcln atom is success ive ly  bonded t o  py r id ine ,  i soqui -  

noline,  qu ino l i ne ,  pyr idaz ine ,  pyrimidine,  ph tha laz ine  and 4-phenyl-1,Z.L-triazole. 

Using WD0/2 procedure method t h e  t o t a l  atomic cha rges ,  t he  f r o n t i e r  molecular  o r b i t a l  e n e r g i e s  

HLMO ( t h e  h igea t  occupied molecular  o r b i t a l )  and LLMO ( t h e  lowes t  unoccupied molecular  o r b i t a l ) ,  

and the  atomic o r b i t a l  c o e f f i c i e n t s  of soire atoms, which are  p o t e n t i a l  r e a c t i o n  c e n t e r s ,  have been 

ca lcu la ted .  

R survey of t h e  Table 3 da t a  l e a d s  t o  t he  Following conclus ions  : t h e  y l i d e  carbon atoms are 

s ign i f i c an t l y  charged negative.  Thei r  atomic t o t a l  charges  have negat ive  va lues  i n  t h e  range  

0.2602-0.3801. The y l i d e  n i t rogen  atoms are charged pos i t i ve ly .  Thei r  va lues  are i n  t h e  range 

0 .1623-0.2876. 

The t o t a l  atomiccharges of  c y c l i c  carbon atoms ad j acen t  t o  t h e  y l i d e  n i t r ogen  atom have uns ign i f i -  

cant p o s i t i v e . o r  negat ive  values.  The t o t a l  atomic charges  of t h e  c y c l i c  n i t r ogen  atoms ad j acen t  

t o  the  n i t r ogen  y l i d e  atom i n  pyridazinium, phtha laz in ium and 4-phenyl-1,2,4-triazolium y l i d e s  4,6 

and 7 (Table 3 )  have smal l  negat ive  va lues .  

We ray thus  conclude t h a t  t h e  resonsnce i n t e r a c t i o n  b e t w e n  carbanion and azaheterocycle  ( f o r  

example s t r u c t u r e s  12 and 13) are uns ign i f i c an t .  A l l  t h e se  d a t a  a l low us  t o  cons ider  t h a t  t h e  

pos i t ive  and negat ive  charges are  r e spec t i ve ly  s t r ong ly  de loca l i z ed  on t h e  he terocycle  and t he ,  

carbanion. The va lues  of t h e  atomic o r b i t a l  c o e f f i c i e n t s  of y l i d e  carbon atom i n  f r o n t i e r  molecular  

-2086- 



HEEROCYCLES, Vol 22, No. 9, 1984 

o r b i t a l s  HOMO and LLMO are important  0.67384.7379. This suggests  a g r e a t  r e a c t i v i t y  a t  t he  y l i d e  

Cmbon atom. 

Tabla 3. The f r o n t i e r  o r b i t a l  ene rg i e s ,  t h e  t o t a l  atomic charges and t h e  p o r b i t a l  c o e f f i c i e n t s  

Yo I Molecule 

HOMO 

LUMO 

Q 

HOMO 

LUIO 

9 

HOMO 

LLMO 

Q 

HOMO 

LLMO 

9 

O r b i t a l  
energy 

(eV) 
Rtornic o r b i t a l  c o e f f i c i e n t s  



Table 3 : continued 

Molecule 
F r o n t i e r  I 0rbit.41 

Rtomic o r b i t a l  c o e f f i c i e n t s  

charge I I 

3.2. MO c a l c u l a t i o n s  f o r  t h e  d i s u b s t i t u t e d  carbanion qclaimnonium y l i d e s  

The MO c a l c u l a t i o n s ,  OUDO/Z procedure method on t he  d i s u b s t i t u t e d  cycloimnnnium y l i d e s  have been 

performed (Table 4lZ6. The s t ud i ed  y l i d e s  have t h e  sane carbanion (two carbomethon/ groups bonded 

t o  the  y l i d e  carbon atom), bonded t o  t h e  py r id ine ,  i soqu ino l i ne ,  pyr idaz ine ,  pyrimidine,  phtha- 

k i n e  and 4-phenyl-1,2,4-triaznle. 

The geometries o f  t h e  y l i d e  systems i n  which t h e  y l i d e  carbon bonded hydrogen have been subs t i -  

tuted by a symnet r ica l  disposed aarbomethoxy group have been approximated. I n  each case t h e  y l i d e  

carbon atom keep t he  t r i g o n a l  con f igu ra t i on .  From d a t a  presented  i n  Table 4 one observes  t h a t  t h e  

y l ide  carbon atom have negat ive  t o t a l  atomic charges i n  t he  range of 0.2Z1411.2783. The y l i d e  

nitrogen atoms are  pos i t i ve ly  charged,  t h e i r  t o t a l  atomic charges  being i n  t he  range of 0.1406- 

0.2648. The va lues  of t o t a l  atomic charges  of t h e  ad j acen t  carbon and n i t r ogen  a t m s  i n  hetero- 

cycle are uns ign i f i an t .  That, permit  us t o  conclude t h a t  even f o r  t h e  d i s u b s t i t u t e d  carbanion 

cyc lo imn ium y l i d e s ,  the  resonance i n t e r a c t i o n  is no t  a dominant s t a b i l i z a t i o n  f a c t o r .  



Table 4. The front ier  orbital energies, the to ta l  a t m i c  charges and pz orbital coe f f i c i ent s  

Molecule 

4 10 CH, = 0" 

Frontier 
orbital I Orbital 

and atomic energy 

4 

charge I 

3 

N-C 
1 i 'C-0, 
0, CH, 

- 9.8a031 

LLMO 1.12724 

atomic orbital coeff ic ients  





HETEROCYCLES, Vol. 22, No 9, 1984 

The absolu te  va lues  of atomic o r b i t a l  c o e f f i c i e n t s  of yl ide carbon atom i n  HCMO o r b i t a l s  are i n  

t he  range of 0.6411-0.6961. 

I t  can be concluded from the  t o t a l  atomic charges and atomic o r b i t a l  c o e f f i c i e n t s  t h a t  t h e  y l i d e  

carbon atoms of d i s u b s t i t u t e d  carbanion cycloimmoniurn y l ides  are nucleophi l ic  reagent .  

A corrparatiue a n a l y s i s  of t o t a l  atomic chargee and atomic o r b i t a l  c o e f f i c i e n t s  of  y l i d e  carbon 

atoms i n  HOMO o r b i t a l s  f o r  each p a i r  mono and d i subs t i t u t ed  c y c l o i m n i u m  y l i d e s  ( f o r  example : 

y l i d e  1  ( t a b l e  3) -y l ide  1  (Table 4)  shorn c l e a r l y  t h a t  the nuc l eoph i l i c  cha r ac t e r  of monosubsti- 

t u t ed  cycloimonium y l i d e s  is l a r g e r  then t he  one of d i subs t i t u t ed  cycloimnmium y l i d e s .  

We s h a l l  now d i s c u s s  of tlla types  of r e a c t i o n s  of previously descr ibed  cycloimnonium y l i d e s  : 

1) t h e  cycloimnonium y l i d e s  as nuc l eoph i l i c  r e agen t s  and 

2 )  t h e  cycloimnonium y l i d e s  as  d ipo l e  i n  cyc lnaddi t ions .  

4. CVUOIWIONIUM YLIDES AS NUCLEOPHILIC REAGENTS 

Before d iscuss ing  t h i s  ques t i on ,  we p re sen t  some genera l  a spec t s  on t h e  c a l c u l a t i m  of i n t e r ac -  

t i o n  energy LE i n  genera l ized  pe r t u rba t i on  theon/ 27,28,29 

For an i n t e r a c t i o n  betlieen two c losed  s h e l l  molecular  systems A and B by t h e i r  atoms a and b ,  

r e spec t i ve ly  (F igu re  4.1), t h e  energy dE is c a l c u l a t e d  as fo l low : 

Figure  4.1. The i n t e r a c t i o n  b e t w e n  two molecular  systems A and B 

Equation 4.1. 

where : qi and q  are t h e  e l e c t r o n  popula t ions  i n  the  atomic i n t e r a c t i n g  o r b i t a l s  i and j of a 
j 

~ n d  b  atoms. 

6. and SIJ a r e  t he  resonance and over lap  i n t e g r a l s  respec t ive ly  
lj 

%i and Qbj m e  t o t a l  atomic charges  on t h e  i n t e r a c t i n g  atoms a and b. 



t is the  l o c a l  d i e l e c t r i c  cons tan t .  

Rai b j  are t he  d i s t ance  between i n t e r a c t i n g  atoms a and b. 

R w  and B are the  atomic o r b i t a l  coe fP i e i en t s  belonging t o  t he  i n t e r a c t i n g  o r b i t a l s  of t h e  

atoms a and b ,  i n  molecular o r b i t a l s l l  and " o f  i\ and 8, r e spec t i ve ly .  

au and b y  are t he  ene rg i e s  of t h e  molecular o r b i t a l s  uand  v r e s p e c t i v e l y .  

a is a cons tan t  ( a =  14.4) which permi ts  t h e  c a l c u l a t i o n  of t h e  second term of equat ion  4.1 i n  

electron-volts  (eW), when t he  t o t a l  atomic charges  and i n t e r a tomic  d i s t ance s  i n  t h e  atomic u n i t s  

(UR) and angstrams (A) r e spec t i ve ly ,  a re  given.  

b a n s  t h a t  summation by t h e  p a i r  of  atomii: o r b i t a l  i and j has  been r ea l i z ed .  
i , j  

2 shows t h a t  t he  product  of t o t a l  atomic charges  between p a i r s  of atoms a and b i s  made. 

The sumnations i n  pa r en the s i s  of t h e  t h i r d  term of equat ion  4.1 i nd i ca t e  t he  kind of summation o f  

atomic ~ r b i t a l  c o e f f i c i e n t s  A d  and B (F igure  4.2.). VJ 

Figure 4.2.' The i n t e r a c t i o n  between u and v molecular o r b i t a l s  

( the  term occ.2a un0cc.b 
) 

The f i r s t  term of equation 4.1 is c losed-she l l  r epu l s i on  term. The second one is a Coulombic 

repulsion o r  a t t r a c t i o n  term r e a l i z e d  be tmen  molecular systems A and 8 by t h e i r  i n t e r a c t i n g  

atoms a and b. 

The t h i r d  term o f  equation 4.1 i n  its gene ra l  form : 

i s  c a l l e d  e i t h e r  de loca l i z a t i on  or charge t r a n s f e r  s t a b i l i z a t i o n .  This l a s t  term is the  second 

order pe r tu rba t i on  term and it is only i f .  b v  d B~ . When by = a t he  i n t e r a c t i o n  is b e t t e r  
LI. 

described i n  chsrge  t r a n s f e r  t e r n s  and t h e  pe r t u rba t i on  is then  a f i r s t  o rde r  one of t he  form 

28 .B . 6 is a pa r ane t e r  which has d i f f e r e n t  va lues  i n  f unc t i on  of t h e  type of i n t e r a c t i n g  
Ul ".I 

orbi ta l s .  
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For  a dmor R-acceptor B reaction, the equation 4.1 becomes of the form : 

4.1. Protonation of the cycloimmanium ylides 

The carbanion disubstituted cycloimmonium ylides of type 15 in the presence of strmg acids 

(H2S04. HC104), in aqueous solution loses a substituent giving the cycloimnonium salt 16.30,31,32 

R, +HX 
+ - +HOH n + 

X - 
I, N-C 
\/ IdN-CH,  -R1 'R, -(Rz,OH) 

R, = R, = -COC6H, 

Rt = R2 = -COOR 

R, = CN, R2 = - COCsH, 

R1 = CN, R2=  COOR 

x = nso,-, CI0,- 

This reaction occurs for all the azsaramatic ylides previously studied. The monosubstituted 

carbanion cyclnimmonium ylides 17 in the sam experimental conditions give the respective cyclo- 

imnonum salts 16 without loss of the substituent. 

Taking into account the above experimental results, a theoretical study on the protonation o f  a 

33 series of mono and disubstituted pyridinium ylides has been done (Table 5)  . 
The geomztries of all studied pyridinium ylides are giuen in the Tahle 5. 



Table 5. The geometries of s o w  pyridinium y l i d e s  - 

Vlide Lengths i n  R and ang l e s  i n  degrees  

Pyridinium r i n g s  a s  i n  y l i d e  3 t h e  group HCCN : 

=cc r~~ 'ci+c r~~ 

1.42 1.13 1.41 0.96 

HCN HCN CCN 

lmm lmO 180" 

The group P y i M  as i n  y l i d e  3 

The gmup -COOCH3- as i n  Table 2 

Ref. 2 

As i n  Table 4 

Ref. 32 

Ref. 32 

Using t h e  EtMO non i t e r a t e  procedure method t h e  t o t a l  atomic charges ,  t h e  atomic o r b i t a l  coe f f i -  

c i en t s  and t he  m l e c u l a r  o r b i t a l  energ ies  habe been ca l cu l a t ed .  

L k  give i n  t he  f i r s t  p a r t  of Table 6, t h e  tm ta l  atomic charges  and i n  t h e  second one t h e  square 

of t he  atomic o r b i t a l  c o e f f i c i e n t s  i n  t h e  f r o n t i e r  molecular  o r b i t a l .  From t h e  atomic charges  i n  

1 a s t a t i c  poin t  one could i n f e r  t h a t  t h e  N', N ~ ,  0 and 0' atoms are more r e a c t i v e  than  t h e  y l i d e  

carbon atoms c'. From the  atomic o r b i t a l  c o e f f i c i e n t s  wz conclude t h a t  t h e  same atoms are l e s s  
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r e a c t i v e  than t he  y l i d e  carbon atoms. The square values GOMO of C i atoms are t h e  l a r g e r .  

The t o t a l  charges and t he  coefficients ciOM0 f o r  atoms i n  y l i d e s  involved i n  t h e  proto- 

na t i on  

Ylide 

Normally, t he  pmtona t i on  of y l i d e s  is s donor ( y l i d e b a c c e p t o r  (hydroniurn 

ca t i on )  r e ac t i on .  

In o rde r  t o  ob t a in  more r igorous  da t a  on t he  protonation of pyridiniurn 

y l i d e s ,  @ app l i ed  t he  equat ion  4.3 by t h e  c a l c u l a t i o n  o f  ene rg i e s  AE. 

The geometric of hydronium ion  is those  i n  Figure 4.3. 

R T O M S  

Figure 4.3. The geometry o f  hydronium c a t i o n  and t h e  t o t a l  atomic charges 

N3 

- 
- 
- 
- 
- 

0.5604 

- 
- 
- 

1.1419 

ci 

-0.2187 

-0.2311 

-0.0131 

-0.0276 

-0.0276 

-0.0499 

0.5165 

0.48% 

0.4242 

0.4271 

0.4193 

0.4173 



I n  the  same Figure the  t o t a l  atomic charges of a l l  atoms i n  hydronium inn  are given. We supposed 

that a hydrogen atom o f  t h e  hydronium ion  i n t e r a c t s  by its 1s  o r b i t a l  with 2pZ o r b i t a l s  of 

d i f f e r en t  a t o m  i n  y l i d e  carbanion.  The i n t e r a c t i n  i n  which A E has  minirmm value  ( t h e  l a r g e s t  

absolute va lue)  is energ ica ly  favor ized .  

A survey of Equation 4.1 shows t h a t  : 

Equation 4.4. 

AE = f (Raibj) 

The i n t e r a c t i o n  ene rg i e s  AE, versusHa.b i n  t h e  range 3 . t 1 . 5  h a w  been ca l cu l a t ed  f o r  a l l  y l i d e s  
1 .I 

presented i n  Table 6. The B a M  S i n t e g r e l s  as  func t i ons  of d i s t ance s  t7a.b. are  presented  i n  
1 J' 

 paper^^^-^^. The obtained numerical da ta  are given i n  t he  Tables 7 t o  12. 

Table 7. AE va lues  f o r  t h e  i n t e r a c t i o n  between y l i d e  1 and hydronium ion  (AE i n  eU) 

Distances 

RAB (A) 

The i n t e r a c t i n g  atoms 
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Table 8. A E  va lues  f o r  the in teract ion  b e t w e n  y l i d e  2 and hydronium ion (AE i n  eV) - 

The interacting etoms 



Table 9. bE values for the  interact ion  betmen y l i d e  3 and hydroniurn ion CAE i n  eW) 

Distances RAB ( A )  

The in teract ing  atoms 
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TablelO. A E values for the i n t e r a c t i o n  between y l i d e  4 end hydroniurn i o n  (AE i n  eV) 

The interacting atoms 



Table 11. a €  values for the interaction betwen ylide 5 and hydronium ion @ E  in ev) 

The interacting atoms 
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Table 12. AE values  f o r  t he  i n t e r a c t i o n  be tmen  y l i d e  6 and hydronium ion  (AE i n  ell)  

Distances RAE (A )  The i n t e r ac t i ng  atoms 

For a good understanding of t he se  va lues  t h e  graphic  representa t ions  i n  t h r e e  cases are s h o w  i n  

t he  F igures  4.4,  4.5 and 4.6, 

From the  da t a  i n  Tables 7-15 and Figures  4.4, 4.5 and 4.6, a t  t h e  t r a n s i t i o n  s t a t e s ,  Ra.b . - 1.5 
1 J  

A, we deduce t h a t  t h e r e  a re  two d i f f e r e n t  types  of p ro tona t im  : i n  t he  monosubsti tuted carbanion 

cycloimnonium y l i d e s  pro tonat ion  occurs a t  y l i d e  carbon atom ; i n  the  d i s u b s t i t u t e d  cycloimnonium 

y l i d e  it occurs a t  t h e  oxygen or n i t r ogen  atom of t h e  subs t i t uen t s  bonded of y l i d e  carbon atom. 

The above t h e o r e t i c a l  r e s u l t s  expla in  t he  l o s s e s  of a subs t i t uen t  i n  d i s u b s t i t u t e d  cycloimmonium 

y l i d e s  i n  aqueous ac id  so lu t i ons .  



Figure 4.4.  The var iat ion  of AE versus Ra.b i n  react ion  between cyanoarydopyridinium methylide 
1 I 

and hvdronium c a t i o n .  

Figure 4.5. The var iat ion  o f  bE versus Ra b i n  react ion  betmen y l i d e  4 ( t a b l e  r l )  and hydronium 
i j 

c a t i o n .  
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Figure 4.6. The var iat ion  of A E  versus RaibJ i n  react ion  betmen y l i d e  3 (Table 3) and hydronium 

cat ion .  

0 0- 
II I ,, C - OCH, C - OCH, + + // HC104 

Py - C - P y - C  
\ 

COOCH, \COOCH, 

OH 0 
I1 

,C-OH 

clod- - + HOH 
Py -c=c= 0 c104-- P"+-CH 

-CH30H C l  0; 
\COOCH, 

COOCH, 
\ 

COOCH, 
18 19 20 

I 
-CO --L ~ y + -  CH, -COOCH, CIO; 

2 1 



In erecedent Scheme an intermediate ketene formation 19 i s  involved.  A supplementary argument for 

these types  of react ions  is the next subst i tuent  exchange react ion .  

Br -C< 
CN CN + -/ + / 

COzEt 
iz-C - i z -C 

\ 
P 

C-OR 'c-OR (CHP) 
II I 

+ ;;/CN / Br / C02 R 
iZ-C, + O = C = C  - BrCH 

CN \ C O ? E ~  ROH \ 
C0,Et 

26 27 28 

Teking i n t o  consideration protonation of cycloirnmonium y l i d e s  some a n a l y t i c a l  methods for quanti- 

37,38 
tative determination o f  a c i d s  i n  nonaqueous organic medium have been r e a l i z e d  . 



HETEROCYCLES, V d  22, No. 9, 1984 

The in t ens ive ly  coloured cycloimnonium y l i d e s  r e a c t  w i t h  a c id s  giving co lou r l e s s  cycloimnonium 

39 s a l t s  32. These r eac t i ons  being r eve r s ib l e  the y l i d e e  can be used as acid-basic i n d i c a t o r s  . 

4.2. @ l a t i o n  of  t h e  monmwbstituted carbanion c~cloimnonium y l i d e s  

The pronounced nucleophi l ic  cha rac t e r  of monosubstituted cycloirnmonium y l i d e s  is evidenced by 

4o,44 the  r eac t i ons  between these  compounds and acyl  ch lo r ide s  or anhydrides . 

0 

R-C 
4 

N+- CH, - COCsH5 'X- ] - H X  

The cycloimnonium s a l t  33 r e a c t s  with t r ie thylamine  (TEA) and g ives  " in  s i t u "  the  rmnosubsti tuted 

cycloimnmium y l i d e  34, which r e a c t s  with acy l  ch lor ides  and anhydride9 and g ives  t h e  d i subs t i -  

t u t ed  cycloimnonium y l i d e s  of t h e  type 35. 

4.3. Action o f  i socyanates  and i so th iocyanates  on the monosubstituted carbanion cycloimnonium 

Some rmnosubsti tuted pyridine45, isoquinoline6 and 4-phenyl l , ~ . ~ - t r i a z o l e ~ ~ ,  cycloimnonium 

y l i d e s  r e s c t  with i socyanates  and i so th iocyanates  giving the cycloimnonium d i s u b s t i t u t e d  y l i d e s .  

respect ive ly .  

@N+--&-COR + R'-N=C=X - 0 N+-CH-COR - (3 N+- 7 - COR 
\ 

The uns table  in ter r redia te  cowounds 38 l eads  t o  the  s t a b l e  y l i de s  39 by an i somer iss t ion .  



5. CVCLOIMMONILM VLIDES AS 1.3-DIPOLE I N  CVCLOADDITIONS 

In the case of monosubsti tuted c y c l n i m n i m  y l i d e s  i n  which t h e r e  are not  a l a r g e  d e l o c a l i r a t i o n  

OF the negat ive  charge,  t h e  fo l lowing resonance s t r u c t u r e  are assurred. 

40 

(dipole 1.3) 

The monosubstituted cycloimnonium y l i d e s  r e a c t s  by t h e i r  resonance s t r u c t u r e s  40b as 1.3-diple i n  

3+2 cyc loaddi t ions .  

For the  d i s u b s t i t u t e d  o/cloiIr?onium y l i d e s  it is poss ib le  t o  r ep r e sen t  a l a r g e r  number of reso- 

nance s t r u c t u r e s .  Among them, 41b and 41c exp l a in  t he  behaviour o f  t h e se  systems as d ipo l e s  1 . 3  

and 1.5 r e spec t i ve ly .  

a b (dipole 1.3) c 

There are i n  t h e  l i t t e r a t u r e  many examples of cyc loadd i t i ons  where t h e  y l i d e s  r e a c t s  a s  d ipa l e  

1,3. 
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~ e f e r e n c e s ~ "  and 48 d e a l s  with monograph on t h i s  s u b j e c t .  We s h a l l  now r e f e r  only t o  t h e  

t h e o r e t i c a l  snd expe r inen t a l  da t a  on the  cycloaddit ions published a f t e r  yeara  1976-1977. We 

present  success ive ly  t he  s t e r e o c h e m i s t v ,  reginchemistry snd corochemistry of cyclnaddi t ions  3+2 

with cycloimrmnium y l i d e s  as dipole-1,3.  

5.1. Stereochemistry o f  C3+Zlcyclmddit ions 

Monosubstituted cychimnonium y l i d e s  r e ac t  with d i m t h y l  fumarate and maleate g iv ing  cycloadducts.  

Thus, 4-phenyl-1.2.3.4-triamlium phenacyclides 43 generated " i n  s i t u "  from t h e i r  cyeloimnonium 

s a l t s  42 r e a c t s  with furnaric and male ic  e s t he r a  leading  t o  compounds 44 and 45 respec t ive ly49.  

These r eac t i ons  occur s t e r e o s p e c i f i c a l l y .  

In Figure 5.1., some I\MR s p e c t r a l  d a t e  of t he  py r ro l e  cycle of t h e  compounds 44 (R=H) and 45 

(R=4) a r e  given. 



Figure 5.1. The spatial distributions of the protons in pyrrnle cycle and the coupling constants 

a) 44 (R=H, R ' = C O Z M 3 )  ; b) 45 (R=H. R 1 = C O Z M 3 )  

These compounds have a characteristic ketonic band at 1686 cm-I. The remaining of a ketonic group 

proves the 1.3-dipole character nf these monosubstituted carbanion cycloimnonium ylides in such 

cycloadditions. 

analogous results in the reactions betmen pyridarinium ylides and maleic and fumaric esters have 

been published50851r52. 
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5.2. Regiochemistry of C3+21 cycloaddi t ion  

The regiochemistry ( r e g i o s e l e c t i v i t y  and r eg io spec i f i c i t y )  of cyc loaddi t ions  has t o  be determined. 

The regiochernistry is con t ro l l ed  by t h e  s t e r i e ,  e l e c t ron i c s1  and o r b i t a l  f a c t o r s .  

We s h a l l  p resent  b r i e f l y  s e v e r a l  a spec t s  of  t he  appl ica t ion  of t he  f r o n t i e r  molecular  o r b i t a l  

theory t o  t he  study of t he  regiochemistry.  The regiochemistry of a cyc loaddi t ion  could be predic-  

t t e d  by t h e  fol lowing sequences : 

1) Estimate t he  ene rg i e s  of t h e  HMO and LUMO o r h i t a l s  of both components. 

2) I den t i f y  which HOMO-LUMD p s i r  is c l o s e r  i s  energy. 

3 )  Using t h i s  HOMO-LUMO p a i r ,  es t imate  t he  r e l a t i v e  s i r e  of t he  c o e f f i c i e n t s  of t h e  atomic orb i -  

t a l s  on t he  atoms a t  which bonding is t o  t ake  p lace .  

4 )  Match up t he  l a r g e r  c o e f f i c i e n t  on one component with the l a r g e r  on t he  ~ t h e r ~ ~ - ~ ' . ,  A l l  t h e se  

f a c t s  are t he  r e s u l t  of t he  " p r i n c i p l e  of narrow t h e  i n t e r - f ron t i e r  l e v e l  s epa ra t i on" ,  appl ied  t o  

the  study of t he  chemical i n t e r a c t i o n d 4 .  The energy nf the HOMO o r b i t a l s  of t h e  donor i nc r ea se s  

and t he  energy of the  LUMO o r b i t a l s  of  t he  acceptor  decreases versus t h e  r e a c t i o n  co-ordinates.  

F i r s t ,  a t h e o r e t i c a l  s t udy ,  i n  f r o n t i e r  o r b i t a l  theory terms, on t h e  r eg iochemis tq  of cycloaddi-  

t i o n s ,  betwen a s e r i e s  of pyridinium y l i d e s  and d ipolarophi les  with double and t r i p l e  bonds, has 

been r ea l i z ed .  



Tsble 13. The t o t a l  atomic charges 

Compound Tota l  atomic charges 

Using the  CNDO/Z procedure mthoda ,  t h e  t o t a l  atomic charges (Table 13), t h e  f r o n t i e r  rmlecular 

o rb i t a l  energies  and t h e  atomic o r b i t a l  c o e f f i c i e n t s  of the  p o t e n t i a l  r eac t i on  cen t e r s  (Table 

14), have been ca l cu l a t ed .  

I n  the r eac t i ons  between pyridinium y l i d e s  and Z s u b s t i t u t e d  a lkenes  (methyl a c r y l a t e ,  a c q l o n i -  

7,58 t r i l e )  o r  alkynes ( re thy1 p rop io l a t e ,  cyanoacetylene),  many cycloadducts may be o b t a i n e d  . 
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Teble 14.The f ron t ie r  orbital energies and the pz stornic o r b i t a l  coeff ic ients 

C~mpounds I 0fit.L I O r b i t ~ i  m r  
(eU) 

HOMO -8.81478 

7 - H ; R 2 = C O W  1 - 2 3 LLMO 1.89203 

HOMO -10.36980 

R 1 = R 2 = c % a 3  1 LINE I 0.2WE 

I 1 

HCMO -8.94658 

R - H ; R - COCgH5 1 - 2 - LLMU 1.13297 

HOMO 1 -8.79171 

RCNO 

-12.8950 

4.1330 

-11.9540 

R = CH2 LLMO 4.0520 

Rtomic o r b i t a l  coef f ic ients  



Tsble 14. Continued 

Compounds 

-13.55033 

2.77134 

-13.8Q01 

N LLMO 6.87399 

Rtornic orbital coefficients I 
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By t h e  da ta  presented  i n  Table 14 two genera l  representa t ions  of f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  

could be cons t ruc ted  : 

1) A r ep r e sen t a t i on  as i n  Figure 523, i n  which t he  cycloaddit ions are HDlO con t ro l l ed  i n  r e spec t  

t o  t he  y l i de s  1-4 and 

2) a r ep r e sen t a t i on  as i n  Figure 5 2 b ,  i n  which t he  cycloaddit ions a r e  HD\IO c o n t r o l l e d  i n  r e spec t  

t o  t he  d ipo l e  5-8. I n  csses, shown i n  Figure 5.28 t h e r e  is a good agreement between t he  c l a s s i -  

c a l l y  accepted po l a r i z a t i on  i n  y l i d e s  and i n  t he  Z subs t i t u t ed  d ipo l a roph i l e s .  There i a  a d isagree-  

ment i n  o the r  cases, such 8 5  t h e  one o f  F igme  5.Zh ; t h i s  c o r r e l a t i o n  does not work. 

Figure 5.2. The i n t e r f r o n t i e r  o r b i t a l  i n t e r s c t i o n s  (compounds i n  Table 14). 

(C) c1 
c1 0 C, HMO @ ,ides ,-. 

c,(o) 

\ 
@ 

\ 
5> HMO 

\ / \ I conpounds 5-8 
\ I \ I 
\ d c ,  m o  \ c20- 

I 

/ 
c , e o  c2 LWO 

d ipo l a roph i l e s  9.10 \ d i p o l a r o p h i l e s  9.10 

In a l l  o u r  r ep r e sen t a t i ons  we used t he  c i r c l e s  0 For the p o s i t i v e ,  % f o r  t h e  nega t i ve ,  values of 

t he  atomic o r b i t a l  c o e f f i c i e n t s .  We th ink  t h a t  t he  cycloaddit ions take p l s ce  between t he  pz orb l -  

t a l s  of  d ipo l e s  and t h e  pz o r b i t a l s  of t he  C1 and C2 atoms i n  d ipo l a roph i l e s .  

h e  previous diagrams are ene rge t i c a l l y  favoured because smal l  d i f f e r ences  between f r o n t i e r  

o r b i t a l  ene rg i e s  are  involved.  

k x t ,  we present  some r ep r e sen t a t i ons  pos s ib l e  from theo re t i c a l  view p o i n t ,  hu t  e n e r g e t i c a l l y  

unfavoured. 

Figure 5.3. The i n t e r f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  (compounds i n  Table 14). 

n 
Cl'a e c3 (C) C10 no c3 (0) 

\ I LLMO \ I LWO 
\ I y l i d e s  4.5 \ I 

I conpounds 1.2.3.5.7,a 
\ I 
\ I \, I 

c, e- C,O-OC2 -0 

a c r y l o n i t r i l e  \ ( ne thy l ac ry l a t e )  

a b 



Since t h e  atomic o r b i t a l  c o e f f i c i e n t s  o f  C1 and CZ atoms i n  d ipo l a roph i l e s  9  and D one are equal  

t o  zero, we use t h e i r  va lues  i n  NHMO (next  HOMO) o r b i t a l s .  

I n  Table 14 t he  f r o n t i e r  molecular o r b i t a l  ene rg i e s  and t h e  atomic o r b i t a l  c o e f f i c i e n t s  of C and 

0  a t o m  i n  n i t r i l e  oxides have been presented  too.  

The n i t r i l e  oxide 54 ( R  = H) r e a c t s  with a c r y l o n i t r i l e  g iv ing  s t e r eoepec i f i e a ly ,  on ly ,  t h e  cyclo- 

adduct 55  (R = In  t he  same experimental  condi t ions  t h e  n i t r i l e  oxide 54 ( R  = CH ) r e a c t s  
3  

ui th a c r y l o n i t r i l e  r e g i o s e l e c t i v i t y ,  g iv ing  t he  cycloadducts 55 (R = CH ) 94.5% and 56 ( R  = CH ) 3 3 

4.1%. 

A re-examination of above t h e o r e t i c a l  and experimental  r e s u l t s  shows t h a t  t h e r e  i s  a good agree- 

ment b e t w e n  them. The main r eac t i on  products 5 1  and 55  involved cyc loaddi t ion  oppos i te  t o  t he  

general accepted p o l a r i z a t i o n s  i n  these  d ipo l e s  and d ipolarophi les .  We can app rec i a t e  t h a t  i n  

such cyc loaddi t i i lns  t he  o r b i t a l  f a c t o r s  have t h e  dominant r o l e .  By t h e i r  smal l  t o t a l  atomic 

charges of p o t e n t i a l  r e ac t i on  c e n t e r s  i n  d ipo l a roph i l e s ,  presented i n  Table 13, t h e  e l e c t r o s t a t i c  

i n t e r ac t i ons  could be no t  s i g n i f i c a n t .  For t he  cyc loaddi t ion  b e t w e n  t he  pyridinium y l i d e s  of 

Table 14 and t r i p l e  bond d ipo l a roph i l e s  (cyanoacetylene,  methyl p r o p i d a t e ) ,  many i n t e r f r o n t i e r  

o rb i t a l  r ep r e sen t a t i ons  may be cons t ruc ted  t h e o r i t i c a ~ ~ ~ ~ .  

Scheme 24 
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Next, we p re sen t  s o r e  r ep r e sen t a t i ve  d i a g r a m .  

Figure 5.4. The i n t e r f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  (compounds i n  Table 14). 

c,o 
n 

c18 

\ y l i d e s  5.6 

\ 

A 
G O  

C3 HMO 
CI 8 

\ 
0C3 I HMO 

\ I y l i d e s  1-4 i y l i d e s  5.6 ', I \. 

According t o  t h e  r ep r e sen t a t i on  i n  Figure 5.4a, t he  y l ides  1-4 r e a c t  with methyl p rop io l a t e  

g iv ing  t he  cycloadducts of t he  type 58. According t o  the  diagram i n  Figure 5.4, t h e  y l i d e s  5 and 

6 forms wi th  t h e  sew d ipo l e roph i l e  canpounds o f  type 57. The q c l o a d d i t i o n s  between y l i d e s  

l i s t e d  i n  Table 14 and cyanmcety lene ,  d i f f e r e n t l y  occurs. 

From the  numerical da ta  i n  Table 14, o the r s  i n t e r f r o n t i e r  o r b i t a l  r ep r e sen t s t i ons ,  l e s s  ene rge t i -  

c a l l y  favoured,  may be cons t ruc ted  t h e o r e t i c a l l y .  The n i t r i l o x i d e s  r e a c t  with methyl p rop io l a t e  5 9  

g iv ing  regloisomers 59  and 60. 

+ - 
R - C - N - 0  + HCEC-C02CH, - R / '0 ;rrc + 

CO2CH3 CH,O& H 

59 60 
The f irst  type Compounds are t he  main r eac t i on  products. Even i n  t he se  cases we f i n d  a good 

agreenent b e t w e n  t h e o r e t i c a l  i n t e r f r o n t i e r  representa t ion  and experirrental  da ta .  

The p r i n c i p a l  formation of t h e  adducts of t h e  type 59 is o r b i t a l l y  and ene rge t i c a l l y  favoured but  

it is i n  d i s ag ree r en t  with general  ~ c c e p t e d  po l a r i z a t i ons  i n  n i t r i l o x i d e s  and methyl p rop io l a t e .  

The d a t a  i n  F igure  5.5b show t h a t  a l l  atomic o r b i t a l  m p f f i c i e n t s  of  r e ac t i on  c e n t e r s  are posi-  

t i v e .  I t  permit  us t o  suppose t h a t  t h e  formation of cycloadducts 60, l e s s  favoured,  is no t  exclu- 

ded. We cons ider  t h a t  t he se  cyc loadd i t i ons  reg iose lec t ive ly  occur. 



Figure 5.5. The i n t e r f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  (compounds i n  Table 14) 

1 i \ 
C, 0-0 C2 

i 
\ Lmo GO- oc2 N H M O  

ne thy l  p r o p i n l a t e  " methyl p r n p i o l a t e  

Some examples of a cyc loaddi t ions ,  i n  t he  c l a s s  of 1.2,4-tr iazolium y l i d e s ,  involv ing  concerted 

6 1 reg iospec i f ic  mechanism are given . 

- - .. 
N-N-CH- CH, = CH - 

T CO - CBH, - R (p) 
L, 

The NMR s p e c t r a  and P r ( f ~ d ) ~  induced chemical s h i f t s  permited us t o  e l u c i d a t e  t he  proton s p a t i a l  

62 ,64  d i s t r i b u t i o n s  i n  P y r r a l i c  r i ng  i n  Compounds 62. We used genera l  i nd i ca t i ons  presented  i n  papers . 
These cyc loaddi t ions  take p lace  i n  way oppos i te  t o  t he  c l a s s i c a l l y  accepted e l e c t r o n i c  d i sp l a -  

cement i n  these  d ipo l e s  and d ipo l a roph i l e s .  

By C N D W  procedure rrethod the  f r o n t i e r  molecular  o r b i t a l  ene rg i e s ,  t he  atomic o r b i t a l  coe f f i -  

c i en t s  of Cl and C3 atoms i n  y l i d e  61 ( R  = H) have been ca l cu l s t ed .  The r e s u l t s  i n  t h e  Table 15 

are  presented.  
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Table 15. The f r o n t i e r  o r b i t a l  ene rg i e s  and the  pz  atomic o r b i t a l  c o e f f i c i e n t s  of  t he  C1, C3 

carbon atoms i n  4-phenyl-1,2,4-triaroliumphenacylide. 

Orb i t a l  I Energy (ell) I 
I I I 

HOMO -8.28 4 .3583 0.7019 

Using these  numerical da te  and those  i n  Table 14, t he  following i n t e r f r o n t i e r  o r b i t a l  represen- 

t a t i o n s  could be cons t ruc ted  : 

Figure 5.6. The i n t e r f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  (compounds i n  Tables 14 and 15). 

1 

\ 

n 
Q 0 3 ~ ~ ~  ? nO3 , LWII 

\ / y l i d e  6 1  R=h \ I y l i d e  6 1  R=H 

\, 1 2  / \ 1 
\ 1  2 1  Q- LWD 0-0 NHDU] 

O\ m t h y l  a c r y l a t e  \ m t h y l  a c r y l a t e  

a. AE = 11.05 eV b. AE = 16.03 eV 

\ 
\ I y l i d e  6 1  R=H y l i d e  6 1  R=H 

\% 

O 

A survey on the  diagrams presented  i n  Figure 5 .6a ,b ,c ,d ,  p o i n t s  out  t h a t  t he  cyc loadd i t i ons  

b e t w e n  y l i d e  6 1  (R = H) and w t h y l  a c r y l a t e  o r  a c r y l o n i t r i l e  are HOMO con t ro l l ed  i n  r e spec t  t o  

y l i d e .  This r e a c t i o n  which is oppos i te  t o  c l a s s i c a l  e lec t ronic  deplacements, t ake  p l ace  too. 

Next, we present  and example of cyc loadd i t i ons  which involves an o r i e n t a t i o n  i n  r e spec t  t o  1,3-  

d ipo l e  i n  pyrimidinium y l i d e s  64. It  is t h e  r e a c t i o n  betmen y l i d e s  64 and dimethylacetylenedi-  

carboxyla te  ( c M A D ) ~ ~ - " .  



!31 
+ r. 

N-CH-R + H,CO,C-CEC-CO,CH, 

/ \ 
\ 

In these react ions  two typea of cycloadducts,  65 and 66 may be obtained a f t e r  aromatization.  

Experimentally, only the c y c l o a d d u c t ~  65 have been obtained.  Their s tructures  have been e s t a -  

blished from t h e i r  NMR-H spectra .  

Table 16. The f r o n t i e r  o r b i t a l  e n e r g i e s ,  the t o t a l  atomic charges and the  pz atomic o r b i t a l  

c o e f f i c i e n t s .  

No Compound 

1 
H 

6 "c-OE~ // 
0 

2 
H 

2  

6 
"c- ~h 
4 

0 

1 2  
3 H C-0 C-C=C-rnz-CH3 

3 2  

HOMO 

LUMO 

9 

HDMO 

LUMO 

9 

Energy 
(eV) 
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Using numerical da t a  i n  Table 16 t he  following i n t e r f r o n t i e r  o r b i t a l  interactions may be cone- 

t r uc t ed .  It r e p r e s e n t s  t h e  ene@ica l l y  favoured r e ac t i on  pathway i n  t h e s e  cyc loaddi t ions .  

Figure 5.7. The i n t e r f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  (cowounds i n  Tables 16). 

C' 6 

HMO 
ylides 1.2 

I 

The r eg iochemis tq  of cyc loaddi t ions  Pe tmen  1,Z.k-tr iarolium y l i d e s  and e thy lp rop io l a t e  is more 

camplex69'm. The in te rmedia te  cycloadducts 67 a r e  unstable.  By an opening of py r rn l e  r i n g  a 

tautomeric mixture m r e  obtained.  Thei r  compOsition depends on t h e  na tu r e  of  t r i a zo l i um ylideci. 

In t he  above scheme the  two r eac t i on  p o s s i b i l i t i e s  are given. 

r\ N-N-CH-CO-C6H4-R(p) N-N C-C,H,-R N- N 

%H5 C02Et CsH5 C02Et 

R = H. Br; NO,, OCHJ 



The interrrediate formation of t he  c y c l o a d d ~ c t s  67 has been v e r i f i e d  using 2 .5-d ideutera ted  t r i a r o l i u m  

y l i de s  and induced chemical s h i f t s  by P r  ( f ~ d ) ~ .  The f r o n t i e r  o r b i t a l  energ iea  and t h e  atomic o r b i t a l  

coe f f i c i en t s  of t he  compounds 1 and 2 i n  Table 17, by t h e  CND0/2 procedure method have been c a l c u l a t e d  

Table 17. The f r o n t i e r  o r b i t a l  ene rg i e s  and t h e  pz atomic o r b i t a l  c o e f f i c i e n t s .  - 

Compound I O r b i t a l  Energy (eV)  Atomic o r b i t a l  c o e f f i c i e n t s  

70 
By these nulrerical  da t e  t h e  i n t e r f r o n t i e r  o r b i t a l  r ep r e sen t a t i on  i n  Figure 5.8 could  be cons t ruc ted  . 

Figure 5.8. The i n t e r f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  (compounds i n  Tables 15 and 17) .  

It is the  opposed c l a s s i c a l  po l a r i z a t i on  of y l i d e s  and e t h y l  p rop in l a t e  which l e a d s  t o  compound 67. 

S i r n i l a ~ l ~ ,  t he  r e ac t i on  be tmen  1.2.4-tr iazoliurn y l i d e s  and DMRD occur. 
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/" O\\ 
N-N- CH-CO-GH,-Rg) N-N C- C6H,-R(p) N-N 

HO\ 
C =C6H,- R(p) 

5.3. Corochemistry of C3+Zlcycloaddition 

According to Epiotis. corochemistry includes both stereochemistry and regiochemistry. Such aspects 

71.72 
appesr in the cycloadditions between 1.2.4-triarolium ylides and ethyl or methyl cinnamates . 

+ r. 
N-N-CH-CO-C6H,-R(p) R'ozC, /" 

k Y + /C a c 
H 'Ph 

N N 
I \ 

I 
Ph Ph 

R = H, Br, NO,,OCH~ \ 



I n  previous Scheme 30 some poss ib l e  ~ ~ c l ~ ~ d d u c t s  sre given.  Their  s t r u c t u r e s  using.IUMR-H s p e c t r a 6  

end induced chemical s h i f t s  have been e s t a b l i s h e d .  

i\ t h eo re t i c a l  s tudy on t h e  cornchemistry of t h e s e  cyc loadd i t i ons  bms r e a l i z ed .  F i r s t ,  t h e  f ron-  

t i e r  o r b i t a l  ene rg i e s ,  t he  t o t a l  atomic charges  and t he  atomic o r b i t a l  c o e f f i c i e n t s  of p o t e n t i a l  

reac t ion  c e n t e r s  of the  compound i n  Table 18, us ing  CNDO/2 procedure method, have been c a l c u l a t e d .  

Tsble 18. The t o t a l  atomic charges ,  ene rg i e s  and atomic o r b i t e l  c o e f f i c i e n t s .  

+ " i  
N-N-CH- COPh 

kNJ5 
I 

Orb i t a l  Energy (eW) I Atomic o r b i t a l  c o e f f i c i e n t s  

These numerical d a t a  permi t ted  us t o  draw up t he  i n t e r f r o n t i e r  i n t e r a c t i o n s  i n  Figure 5.9. 

By the  above r ep r e sen t a t i ons  t h e  1,2.4-tr iazolium y l i d e  1 (Table 18) r e a c t s  c o r o s e l e c t l v i t y  with 

ethyl  cinnamate g iv ing  a mixture of cycloadducts 76 and 77 (R' = C2H5). The same y l i d e  i n  r e a c t i o n  

with w t h y l  cinnamate forms by a co rospec i f i c  way only t he  cycloadduct  76 (R' = W3) .  In t h e  

Figure 5.10 some nMR s p e c t r a l  d a t e  of t h e  cycloadduct  76 ( R  = H ,  R '  = CH3) are presented.  
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Figure 5.9.  The i n t e r f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  (compounds i n  Tables 15 and 18). 

5- HMO 

\ 
yl ide 1 

I 
5Ai Lwo 

\ I ylide 1 
\ I \ 

LWO I m o  2 6  esther 2 c0/ esther 2 

a. AE = 9.42462 eU c.  AE = 13.88297 

ylide 1 
\ 
\ 

I 

LWO 
esther 3  

Figure 5.10. The N R - H  data of compound 76 (R = H. R '  = CH,). 

There are no great s tructural  d i f ferences  betmen methyl and ethylcinnamates but sccording t o  the 

theory theses  two compounds would however have d i f ferent  chemical behaviour i n  cyc loaddi t ion .  

Some cycloimnonium Ylides by d i n e r i m t i o n ,  involv ing  d3+31 cyc loaddi t ion ,  Form the  compounds of 

the type 80. 



6. CVCLOIWONILM VLIDES AS 1,s-DIPOLE IN CYCLOADDITIONS 

According t o  t h e i r  resonance s t r u c t u r e s  41e, t h e  cycloirnmonium y l i d e s  c o u l d  p a r t i c i p a t e  t o  t h e  

[ 5 + Z l  c y c l o a d d i t i o n s .  Thus, i n  t h e  r e a c t i o n  o f  i soqu ino l in iu rn  d i c a r b e t h o x y ~ a r b o n y l ~ ~  and phtha-  

78 
l ~ z i u m  d i c a ~ b e t h o x y m e t h y l i d e  . With MPID, i n  c h l o r o f o r m i c  s o l u t i o n ,  t h e  o n a r e p i n e s  o f  t h e  t y p e  

82 have been o b t a i n e d .  

~. 
h e  s t r u c t u r e s  o f  t h e s e  compounds by t h e i r  WR and I R  s p e c t r a  have been e s t a b l i s h e d .  In  t h e  

l i t e r a t u r e  t o  o u r  knowledge t h e r e  are  n o t  o t h e r  examples  o f  c y c l o a d d i t i o n s ,  where y l i d e s  r e a c t  of 

1 ,5 -d ipo le .  
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7. CONCLUSIONS 

In t h i s  paper t he  r e cen t  t h e o r e t i c a l  and experimental  d a t a  on t h e  chemical behaviour of  cyclo- 

imnonium y l i de s  have been presented.  

Tlio genera l  a spec t s  : 1) nuc l eoph i l i c i t y  of cycloimrmnium ylides a f  y l i d e  carbon atoms and 

2 )  t he  1 , s d i p o l e  cha r ac t e r  o f  these  molecular  systems,  have been analyzed. These two genera l  

chemical p rope r t i e s  of  cycloimnonium y l i d e s  us ing  both molecular o r b i t e l  theory and experimental  

r e s u l t s ,  e r e  s tud i ed .  

We may conclude t h a t  t h e  monosubstituted carbanion cycloirnmonium y l i d e s  have l a r g e r  nuc l eoph i l i c  

cha r ac t e r  than t he  d i s u b s t i t u t e d  carbanion cycloimmnium ylides.  That i s  v e r i f i e d  by t he  proto- 

na t ion  r eac t i ons  and by t he  r eac t i ons  betbeen monosubstituted cycloirnmonium y l i d e s  with a c y l  

c h l o r i d e ,  anhydr ides ,  i s m y m a t e s  and i so th iocyane t e s .  

Both manosubsti tuted and d i s u b s t i t u t e d  carbanion cycloimmnium y l i de s  p a r t i c i p a t e  as 1,3-dipoles 

t o  t he  [3+2]cycloaddit ions.  

In t h i s  paper many examples of such cyc lo sdd i t i ons  between rnmosubsti tuted cycloimmonium y l i d e s  

and d ipo l a roph i l e s  having double snd t r i p l e  bonds are given. Success ive ly ,  s t e r eochemis t ry ,  

reglochemistry and corochemistry a spec t s  of t h e  [3+21 cyclosddi t ions  from experiment81 and 

t h e o r e t i c a l  po in t  of view, have been s tud i ed .  These cyc losddi t ions  by a concerted p e r i c y c l i c  

mechanism occur. The o r b i t a l  f a c t o r s  have t he  dominant r o l e  in  such r e sc t i ons .  Generally.  a good 

agreement betlieen t h e o r e t i c s 1  and experimental  r e s u l t s  is founded. 
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