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ABSTRACT

The unusua l  c o n v e r s i o n  of  a s e r i e s  o f  s u b s t i t u t e d

1, 1- d i c h i o r o c y c l o p r o p e n e s  i n t o  a s e r i e s  o f  s u b s t i t u t e d  

b r i d g i n g  v i n y l i d e n e  i r o n  dimers  v i a  1 , 3 - b o n d  c l e a v a g e  

of t h e  c y c l o p r o p y l  r i n g  d ur ing  t h e  phase  t r a n s f e r  c a t a l y z e d  

r e a c t i o n  o f  (p-CO) n ^ - c y c l o p e n t a d i e n y l i r o n  c a r b o n y l  dimer,  

OH", and t h e  1 , 1 - d i c h l o r o c y c l o p r o p a n e  was m e c h a n i s t i c a l l y  

i n v e s t i g a t e d . Two p r o b a b l e  i n t e r m e d i a t e s ,  s u b s t i t u t e d  

1- c h l o r o c y c l o p r o p e n e  s u b s t i t u t e d  l - ( n ^ - c y c l o p e n t a d i e n y l )

( d i c a r b o n y l ) i r o n  ) - l - c y c l o p r o p e n e s  were s y n t h e s i z e d  and 

c h a r a c t e r i  z e d .

The r e a c t i o n  c h e m i s t r y  of  t h e  b r i d g i n g  v i n y l i d e n e  

i r o n  d imers  was e x p l o r e d  and t h e  c h e m i s t r y  o f  t h e  double  

bond p r oved  t o  be t he  most  f e r t i l e .  The b r i d g i n g  v i n y l i d e n e  

was c o n v e r t e d  t o  t h e  b r i d g i n g  a l k y l i d e n e  by p r o t o n a t i o n  

f o l l ow e d  by r e d u c t i o n .

The c h e m i s t r y  o f  t h e  i n t e r m e d i a t e  1 - ( n ^ - c y c l o -  

p e n t a d i e n y l ( d i c a r b o n y l ) i r o n ) - l - c y c l  opropene  was i n v e s 

t i g a t e d .  The r e a c t i o n  o f  t he  double  bond has  two com

p e t i n g  p r o c e s s e s ,  a d d i t i o n  v e r s u s  r i n g  o p e n i n g .  The 

r e a c t i o n  w i t h  t e t r a c y a n o e t h y l e n e  forms a bi c y c l i  c a d d i t i o n

i  X



p r o d u c t  r e s u l t i n g  from t h e  d i r e c t  a d d i t i o n  of  t e t r a c y a n o 

e t h y l  ene a c r o s s  t h e  double  bond.  The r e a c t i o n  wi t h  H'*’ 

i s  s u b s t i t u t i o n  d e p e n d e n t .  The p r o t o n a t i o n  o f  t h e  un

s u b s t i t u t e d  c y c l o p e n t a d i e n y l ) ( d i c a r b o n y l  ) i r o n - 1-

c y c l o p r o p e n e  a p p a r e n t l y  forms t h e  c y c l op r op y l  c a r b e n e ,  

w h i l e  t h e  s u b s t i t u t e d  1- ( n ^ - c y c l o p e n t a d i e n y l ) d i c a r b o n y l -  

i r o n -  1- c y c l  o pr opene  r e a r r a n g e  t o  form t h e  c a t i o n i c  

a l 1ene complex.

The removal  of  a h y d r i d e  on C-3 of  t he  1 - (n^-  

c y c l o p e n t a d i e n y l ) d i c a r b o n y l i r o n - l - c y c l o p r o p e n e  forms 

t h e  metal  a t e d - c y c l o p r o p e n i  um s a l t .  This  cyc lopropeniurn  

s a l t  cou ld  t hen  be r e a c t e d  wi t h  a n u c l e o p h i 1 i c  copper  

r e a g e n t  t o  form new l - n ^ - c y c l o p e n t a d i e n y l {d i c a r b o n y l ) i ron -  

l - c y c l  o p r o p e n e .



CHAPTER 1

r i^- l -Cycl  opropenyl  i ron Complexes:  Chemis t ry  and

S y n t h e s i s  v i a  S u b s t i t u t e d

1 , 1- D i c h i o r o c y c l o p r o p a n e s

INTRODUCTION

Or g an om et a l 1ic compounds c o n t a i n i n g  v in y l  and s u b 

s t i t u t e d  v i n y l  l i g a n d s  are  wel l  e s t a b l i s h e d . ^ ”^ Examples 

of  c y c l o p r o p y l  and c yc l o p r o p e n y l  l i g a n d s  a r e  r e l a t i v e l y  

r a r e . Rosenblum^ r e p o r t s  t he  f i r s t  c y c l o p r o p y l  l i g a n d  in 

t h e  i r o n  complex d i c a r b o n y l ( n ^ - c y c l o p e n t a d i e n y l ) ( c y c l o p r o p y l ) 

i r o n  [Fp-CgHg] . The c y c l o p r o p e n y l  complexes  a r e  r e p o r t e d  

in t h e  n^-complexed  form by Gompper.®’ ^

R Pn l a  R=R,=Ph Id R=R,=t-Bu1 ^   ̂ P —  1 —  1 —

R=Ph,R^=H j e  R=R^=Et2 N

Ic R=t-Bu,R,=Me I f  R=R,= ( i - P r ) ,NR ---  — 1   i — C.

Complexes j  a r e  p r e p a r e d  by t h e  r e a c t i o n  o f  NaFp j  wi t h  

c yc lo p r o pe n i um  c a t i o n s . T h e  cyc l op r op en ium complex 3a 

i s  a l s o  r e p o r t e d  as a p r o d u c t  r e s u l t i n g  from t h e  r e a c t i o n  

of  j b  wi th a v a r i e t y  of  r e a g e n t s .

1



Na
Fe- CO

C

Ph

À kFp ^ P h

3a

3a
. 8 - 1 0

.1
The Hughes group r e p o r t s  t h e  s y n t h e s i s  of  two 

3 - n ' ' - cyc l  opropenyl  rhenium compounds ^  and ^  from t h e  

d e c a r b o n y l a t i o n  o f  4a and 4b.

ReCCG)
Re(CD)

CO

R
1 R1

5

^  R^=t-Bu,R2=Rg=H

^  R ^ = t - B u , R2=D>^2“ ^

We r e p o r t  he r e  t h e  f i r s t  example of  a 1 - m e t a l a t e d  

c yc lo p r o p a n e  in  t h e  form of l - F p - 2 - a r y l c y c l o p r o p e n e . Chap t e r  

2 d e s c r i b e s  t h e  d i s c o v e r y  of  t h e s e  new complexes .  This  

c h a p t e r  w i l l  deal  wi th  a d i s c u s s i o n  of  t h e  s y n t h e s i s  and 

e x p l o r e  some o f  t h e  c h e m i s t r y  of t h e s e  new complexes .  By



3

a n a lo gy  t o  t h e  r e l a t e d  o - v i n y l  and o - c y c l o p r o p y l  a n a l o g s ,  

r e a c t i o n s  can i n v o l v e  s imple  a d d i t i o n  t o  t h e  -n-bond or  r e 

a r r a n g e m e n t  v i a  r i n g  opening o f  t h e  s t r a i n e d  3-membered 

r i n g ,  or  b o t h .  I t  i s  t h e  i n t e n t  of  the  s t u d y  t o  d e t e r m i n e  

t h e  scope  and l i m i t a t i o n s  of  t h e  m e t a l a t e d  c y c l op r o pe n e  

s y n t h e s i s  and d e f i n e  t he  r e a c t i o n s  wi th o r g a n o m e t a l 1 i c  and 

e l e c t r o p h i 1i c  r e a g e n t s .



RESULTS AND DISCUSSION 

The s y n t h e s e s  of  t he  s u b s t i t u t e d  1 - F p - c y c I o p r o p e n e s  

i n v o l v e s  s u b s t i t u t e d  1 , 1- d i c h l o r o c y c l o p r o p a n e s  as t h e  

o r g a n i c  s t a r t i n g  m a t e r i a l s .  The s u b s t i t u t e d  1 , 1 - d i c h l o r o 

c y c l o p r o p a n e s  a r e  c o n v e r t e d  i n t o  s u b s t i t u t e d  1- c h l o r o c y c l o -

p r o p e n e s ,  by a m o d i f i c a t i o n  of  t h e  method r e p o r t e d  by 
11 12W e y e r s t a h l .  ’ The y i e l d s  of  1 - c h l o r o c y c l o p r o p e n e s  u s i n g  

t h i s  p r o c e d u r e  a r e  summarized in Table  1.

The ^H-NMR s p e c t r a  o f  t h e  s u b s t i t u t e d  1 , 1 - d i c h l o r o 

c y c l o p r o p a n e s  and s u b s t i t u t e d  1- c h l o r o p r o p e n e s  a r e  sum

m a r i z e d  in  T a b l e s  2 and 3.

Cl 2

6

Carbon 3 in t h e  s u b s t i t u t e d  1 , 1 - d i c h l o r o c y c l o p r o p a n e s  i s  

in  a d i a s t e r e o t o p i c  e nv i r o n me n t  due t o  t he  asymmetry a t  

ca r bon  2. Th i s  i s  obs erv ed  in t h e  dimethyl  and u n s u b s t i t u t e d  

examples  where t h e  i d e n t i c a l  s u b s t i t u e n t s  a bs o r bed  a t  d i f -

4



Table 1. The Reac t ion  o f  S u b s t i t u t e d  1 ,1 - D ic h lo r o c y c lo p ro p a n e s  w i th  Potass ium t -B u to x id e

t-BuOK

X Y mmole mmole Standard mmole %*

H H H H 5.51 8.2 CHgBrg 2.42 44
H Me H H 2.61 3.9 CHgBrg 2.11 81
Me Me H H 4.24 5.5 CHgBrg 3.83 90
H H Me H 2.60 3.9 CHgBrg 1.51 58
H Me Me H 1.97 3.0 CHgBrg 1.58 80
Me Me Me H 2.61 3.5 Toluene 1.85 71
H H OMe H 1.93 2.9 Mesitylene 0.869 45
H Me OMe H 1.97 2.7 CH3NO2 1.73 88
Me Me OMe H 2.12 3.5 pi-dioxane 1.48 70
Me H H Cl 1.43 2.1 CHgBrg 1.00 70
Me Me H Cl 2.14 3.2 CHgBrg 1.95 91
H
*

Ph H H 2.47 3.5 Toluene 0.889 36

tn

All yields  are based on an internal  standard,  performed at  l eas t  in duplicate,  and 
are ±10% based on the subst i tuted 1 , 1-dichiorocyclopropane as determined by H-NMR spectra.



Table 2. *H*NHR Spectra  o f  S u b s t i tu ted  l ,l-0 lcb1orocyclopropanes*Ê^
•i

' V .

X Y h h. Ar X ' « 1«2

H H H H H l,1 .78(dd]1 1.1.90(dd) 1. 2 . 86(dd) 5 .7 .2 7 (s ) 7
He H H H H 3.1 .45 (d ) 1 .1 .82(dq) 1.2 .31(d) 5 .7 .1 8 (s ) 5 .5
He He H H H 3 ,1 .1 8 (s ) 3 ,1 .5 5 (s ) 1 .2 .45(s ) 5 .7 .2 2 (s )
tBu H H H H 1.2 .76(d ) 9 .1 .2 1 (s ) 1.2 .76(d) 5 .7 .2 8 (s )
Ph H H H H 2 .3 .2 5 (s ) 1 0 .7 .37(s )
H H H Me H 2 .2 .5 0 (d .d ) 1 .2 .8 2 ( t ) 4 .7 .0 7 (s ) 3 .2 .2 8 (s ) 3
He H H He H 3.1 .4 3 (d ) l . l .B O (d .q ) 1.2 .26(d) 4 .7 .3 6 (s ) 3 .2 .3 2 (s ) 5
Me Me H Me H 3 .1 .2 0 (s ) 3 .1 .5 7 (s ) 1 .2 .33(s ) 4 .7 .4 7 (s ) 3 .2 .3 7 (s )
H H H OMe H 2.1 .80(dd) 1,2 .83(5) 4.6.82.7.30(AB) 3 ,3 .7 6 (s ) 4
Me H H OMe H 3.1 .47 (d ) 1 .1 .8 3 (d .q ) 1 .2 .30(d) 4 . 6 . 8 2 . 7 . 13(AB) 3 .3 .8 7 (s ) 6
Me Mu H OMe H 3 .1 .0 8 (s ) 3 .1 .5 0 (s ) 1 .2 .37 (s ) 4.6.82.7.30(AB) 3 .3 .7 8 (s )
H H H H Cl 2.1 .90(dd) l ,2 .5 8 (d d ) 4 .7 .0-7 .5(m ) 4
Me H H H Cl 3 .1 .50(d ) 1 .90(d .q) 1 .2 .47(d) 4 .7 .1 -7 .5 (m ) 6
He He H H Cl 3 .1 .1 8 (s ) 3 .1 .5 5 (s ) 1.247(s) 4,7.23(m)

**H-NHR sp ec tra  recorded In carbon t e t r a c h lo r id e  are  repor ted  In 5 r e l a t i v e  to  te t ra m e th y ls l la n e .

'^ 'h- hhr spec tra  a re  rep o r ted  as number o f  p ro to ns ,  6 and s p l i t t i n g  p a t t e r n .

■̂ The, »H.^H coupling co ns tan ts  ( J )  are  rep o r ted  In Hertz.

" j ( ^ h - x - y - z - ’ h )

Hz'R1R3 Hz

10 H,

10

10

10
7.5

-*1.2



Table 3. ^H-NMR S p e c t r a  o f  1-Ch1orocyclopropenes*A+

No. X Y
h .  ^ Ar X R1R2 ^^1,2

5g H H H H l , 1 . 0 7 ( s ) 1 0 , 7 . 0 - 7 . 6m
5c Me H H H 3.1.33(d) l ,2.43(q) 5 .7 .0-7 .6m 4
6d Me Me H H 6,1.42(s) 5 .7 .0-8 .4m
Sa Ph H H H l,3.40(s) 10.6.2-80
5e H H Me H 2,1.87(s) 4,7.37,7.13(AB) 2.36(s) 8
5f Me H Me H 3.1.33(d) 1 .1.87(g) 4.7.11.7.36 2.36(s) 4 7
5q Me Me Me H 6.1.40(s) 4.7.08.7.25(AB) 2.37(s) 6
5H H H OMe H 2.1.80(s) 4.6.82.7.30(AB) 3.75(s) 8
5i Me H OMe H 3.1.30(d) 1.2.40(q) 4.6.77.7.30(AB) 3.77(s) 10

5j Me Me OMe H 3.1.40(s) 4.6.82.7.30(AB) 3.78(s) 4 9

5k H H H Cl 2.191(s) 4,7.1-7.5(m)

51 Me Me H Cl 6.1.40(s) 4.7.1-7.4(m)

*̂ H-NMR spectra recorded in carbon tet rachlor ide and reported in 6 re la t ive  to tetramethylsi lane.

^The^H-NMR spectra are reported as number of protons,  6, and sp l i t t i ng  pat tern.

+The coupling constants (J) are reported in Hertz.



1
f e r e n t  p o s i t i o n s .  The H-NMR spec t rum i s  s i m p l i f i e d  when 

t h e  s u b s t i t u t e d  1 , 1- d i c h l o r o c y c l o r o p a n e  i s  c o n v e r t e d  t o  

the  s u b s t i t u t e d  1 - c h l o r o c y c l o p r o p e n e .  The asymmetry a t  

ca rbon  2 i s  removed a l ong  w i t h  t h e  d i a s t e r e o t o p i c  e n v i r o n 

ment a t  ca rbon 3.

The ca r bo n  t e t r a c h l o r i d e  s o l u t i o n  IR s p e c t r a  of  

s u b s t i t u t e d  1 - c h l o r o c y c l o p r o p e n e s  shows a band a t  1805-1828 

cm~^ a s s i g n e d  t o  t h e  doubl e  bond.  The d a t a  i s  summarized 

in T a b l e  4.  The do ub le  bond a b s o r p t i o n  was s h i f t e d  to 

l ower  f r e q u e n c y  as s u b s t i t u e n t s  a r e  added to carbon 3, 

i n d i c a t i n g  a weakening o f  t h e  bond.  The double  bond band 

was s h i f t e d  t o  h i g h e r  f r e q u e n c y  as  the s e r i e s  p h e n y l ,  £ -  

t o l y l ,  £ - a n i s o l , t o  m-ClPh on ca r bon  3 i s  t r a v e r s e d ,  

i n d i c a t i n g  an i n c r e a s e  in t he  s t r e n g t h  of t h e  double  bond.

The lower  f r e q u e n c y  s h i f t  can be caused by two f a c t o r s :

1. Donat ion of  e l e c t r o n  d e n s i t y  i n t o  the double bond by 

t he  a d d i t i o n  of  a lky l  groups  t o  t h e  c yc l op ro py l  r i n g .

2.  S t e r i c  s t r a i n  i n t r o d u c e d  by t h e  a d d i t i o n  of a l k y l  s u b 

s t i t u e n t s  to t h e  c y c l o p r o p y l  r i n g .  The h i g h e r - f r e q u e n c y  

s h i f t  caused  by t h e  a r o m a t i c  s u b s t i t u t i o n  i s  found t o  c o r 

r e l a t e  w i th  t h e  f i e l d  e f f e c t s  which can be r e p r e s e n t e d

by t h e  T a f t  v a l u e s : ^ ^  H, 0 . 0 ;  Me, 0 .05 ;  OMe, 0 . 25 ;  and M-Cl,

0.47. .  The l a r g e r  t h e  p o s i t i v e  T a f t  value  t h e  more e l e c t r o n  

w i t hd ra w in g  t h e  s u b s t i t u e n t  and t h e  l a r g e r  t h e  e l e c t r o n  

w i t h d r a w i n g  c a p a b i l i t y  of  t h e  a r o m a t i c  group.



Table 4 .  IR S p e c t r a  o f  1-Chl o rocyc l  opropenes'^

X
Double Be

No. X Y -1V cm

6a H H Ph H 1828

6 b H H H H 1826

6 c H H Me H 1817

6d H H Me Me 1805

6 e Me H H H 1825

6 f Me H Me H 1818

6 g Me H Me Me 1812

6 h OMe H H H 1821

6 i OMe H Me H 1818

6 j OMe H Me Me 1817

6 k H Cl H H 1827

61 H Cl Me Me 1820

★
Recorded in carbon te trach lo rid e .
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S y n t h e s i s  o f  l - F p - c y c 1 o p r o p e n e s

We r e p o r t  h e r e  t h e  s y n t h e s i s  of  a new c l a s s  o f  com

pou nds ,  s u b s t i t u t e d  1 - F p - c y c l o p r o p e n e s  % by t h e  r e a c t i o n  

of  Na[CpFe(C0 ) 2 ] ,  {NaFp}, w i t h  s u b s t i t u t e d  1 - c h l o r o c y c l o -  

p r o p e ne s  a t  room t e m p e r a t u r e  i n  THF. The s u b s t i t u t e d  1-Fp-  

c y c l o p r o p e n e s  were p r oduced  in y i e l d s  r ang i ng  from 40 t o  

90% b as ed  on t h e  s u b s t i t u t e d  1 - c h l o r o p r o p e n e s  and t h e  r e 

s u l t s  a r e  summarized in  Ta ble  5.

The p r o t o n  NMR s p e c t r a l  r e s u l t s  in CSg of t he  1-Fp-  

c y c l o p r o p e n e s  a r e  summar ized in  Table  6 . The r e p l a c e m e n t  

of  c h l o r i n e  by i r o n  on t h e  c y c l o p r o p e n e  r i n g  r e s u l t s  in 

an u p f i e l d  s h i f t  o f  t h e  s i g n a l s  of  t h e  s u b s t i t u e n t s  on 

carbon 3.  Th i s  i s  a r e s u l t  of  t h e  d o n a t i on  of  e l e c t r o n  

d e n s i t y  from t h e  o r b i t a l s  i n  i r o n  i n t o  the  c y c l o p r o p e n e  

r i n g .

I n f r a r e d  s p e c t r a  a r e  r e c o r d e d  in h ep t an e  and t h e  

r e s u l t s  a r e  summarized i n  T a b le  7. The double  bond s t r e t c h  

i s  moved to lower  f r e q u e n c y  by 49-70 cm“  ̂ when c h l o r i n e  

i s  r e p l a c e d  by i r o n .  Thi s  can be e x p l a i n e d  in terms 

of  e l e c t r o n  d o n a t i o n  from i r o n  i n t o  t he  C-C i r-bond,  t h e r e 

f o r  weakening i t .  The e l e c t r o n  d o n a t i on  from i r o n  t o  t h e  

C=C IT-bond i s  a l s o  e v i d e n c e d  i n  the  h i g h e r  f r e q u e n c y  s h i f t  

of  t he  i r o n - c a r b o n y l  b a nd s .  The carbonyl  bands a r e  found 

a t  2034-2028 cm~^ and 1982-1991 cm"^.  Typica l  F p - a l k y l  

c a r b o n y l s  n o r m a l l y  a b s o r b  a t  2005 and 1950 cm~^.^^ Removal



Table  5. The R eac tion  o f  S u b s t i t u t e d  1 -C h lo rocyc lopropenes  w i th  NaFp

R

%
KOt

Cl

h h. X Y mmole mmole tunole* ml mmole Standard

H H H H 3.86 5 .8 1.74,45 8 4.0 I so la ted
H Me H H 1.19 1.7 1. 02,86 4 2.0 Mesitylene
Me Me H 2.23 3.2 2 .01 ,90 6 3.0 Mesitylene

H H Me H 1.08 1.6 0.680,63 3 1.5 g-dloxane
H Me Me H 1.20 1.8 1.06,88 3 1.5 jp-dloxane

Me He Me H 1.15 1.8 0.920,80 4 2.0 g-dloxane
H H OMe H 1.14 1.6 . 0 .422,37 3 6.5 Mesitylene

H Me OMe H 2.24 3.4 1.97,88 8 4.0 MesItylene

Me Me OMe H 3.40 5.0 2 .38 ,70 8 4 .0 I so la te d

II H H Cl 2.28 3.5 2 .05 ,90 6 3.0 I so la te d

Me Me H Cl 2.05 3.1 . 2 .76 ,86 6 3 .0 Mesitylene

‘All repor ted  y ie ld s  are  based on an In te rna l  s tandard ,  performed In d u p l i c a te ,  and are ilO% as determined

All repor ted  y ie ld s  o f  s u b s t i t u te d  1-Fp-cyclopropenes are  based on s u b s t i t u te d  I-chiorocyclopropene. 

* The melting po in ts  repor ted  are fo r  the s u b s t i tu te d  1-Fp-cyclopropenes.

*The NaFP so lu t io n  In te trnh yd ro fu ran  was 0 .5  M.

nmoleS

1.24 71 
0.809 79 
1.40 70 
0.56 82 
0 .86  82

0.228 54 
1.08 55 
1.01 43
1.64 80
1.64 93

Mp+

50.5-60.0°

70 .5 -72° 
1 0 0 .5 -1 0 1 .5 °

54-56°
61.5-63.5°  

120-122A
Oil

65.5-67.5° 
85-87°
Oil

80.0-82 .0°



Table 6 .  The *H-NHR S p e c tra  o f  S u b s t i t u t e d  1 -F p -c y c lo p ro p e n e s * ^ *

" j ( ’h -x -y -z -’h) 

^ 1^2 '̂ 1-2No. X Y Ar X Cp
— — — --

7b H H H H 2 ,0 .7 7 (s ) 5.6.7-7.3(tn) 5 ,4 .80(5 )
7c Me H H H 3.1 .07(d )  l , I . 3 5 ( q ) 5 .6.9-7 .3(m) 6,4 .80(5 )
7d He Me H H 6 ,1 .1 6 (s ) 6 .9-7 .2(8S) 5 ,5 .0 0 (s )
7e tBu H H H 9 .0 .8 8 (s )  I ,1 .3 4 ( s ) 5.7.0-7.7(in) 6 ,4 .93(5)
7a Ph H H H l ,Z .5 1 (s ) 1 0 .6 .8 -7 .5(m) 6.4 .82(5)
7e H H Me H 2 ,0 .8 0 (s ) 6.8 .7 .4 3 .2 .2 7 (s ) 6 ,4 .83(5 )
7f Me H Me H 3.1 .07 (d )  1 .1 .33(q) 6.8 -7 .4 3 ,2 .27(5 ) 6 ,4 .80(5)
7g Me Me Me H 6 .1 .1 7 (s ) 6.8-7.2(m) 3 .2 .2 8 (s ) 6 .6 .00(5)
7h H H OMe H 2 .0 .7 6 (s ) 4 . 6 . 6 7 . 7 . 17(A8) 3 ,3 .63(5 ) 6 ,4 .83(5)
71 Me II OMe H 3 .1 .06(d )  1 .1 .23(q) 4.6.70.7.15(A8) 3 .3 .70 (5 ) 6 .4 .93(5)
7k H H H Cl 6.1 .2 0 ( s ) 6.6 -7 .5 3 ,3 .7 3 (s ) 6 .4 .67(5)
71 Me Me H Cl 2 .0 .8 7 (s )

4 . 1 . l 2 ( s )
4.6 .9-7.5(m) 

6.8 -7 .2
6 ,4 .98(5 )
6 .4 .93(5 )

•NMR spectra recorded In carbon t e t r a c h l o r id e  are  reported  In r e l a t i v e  to  te t ram e th y ls l lan e

^^H-NMR spec tra  are  repor ted  as number o f  p ro tons ,  and s p l i t t i n g  p a t t e rn .  

♦The coupling co nstan ts  (J )  a re  repo r ted  In Hertz.

N)
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Table 7. IR Spectra of Fp-Cyclopropenes*
i/(XY), cm” '*

No. X Y CO, cm-1 C=C, cm'

7a Ph H H H 2030 1986 1730

7b H H H H 2034 1988 1757

7c Me H H H 2032 1985 1747

7d Me Me H H 2030 1985 1733

7e H H Me H 2031 1986 1756

7f Me H Me H 2028 1985 1744

Za Me Me Me H 2030 1986 1739

7h H H OMe H 2031 1986 1761

2 i Me H OMe H 2030 1984 1722

11 Me Me OMe H 2028 1982 1740

7k H H H Cl 2031 1991 1754

7m Me Me H Cl 2031 1987 1731

*
IR spectra were recorded in heptane solut ion.

- 1
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o f  e l e c t r o n  d e n s i t y  from i r o n  d e c r e a s e s  t h e  backbonding  

t o  t he  c a r b o n y l s  and i n c r e a s e s  t he  ChO bond o r d e r .

The ^^C-NMR s p e c t r a  in CDCl^ o f  1_ a r e  summarized 

in Table  8 . The a s s i gn me nt  of  ca r bons  4 and 5 i s  based  

on compar i son  to  s u b s t i t u t e d  a r y l  s t y r e n e s .  ^^C-NMR d a t a  

f o r  s e l e c t e d  ca r bons  in p - m e t h y l s t y r e n e ,  m - C l - s t y r e n e ,  and 

£ - m e t h o x y s t y r e n e  are  p r e s e n t e d  in Table  9.

7

For  met a- c h l o r o s t y r e n e .  t he  7 and 8 c a r bon s  a r e  s h i f t e d  

u p f i e l d  and d o w n f i e l d ,  r e s p e c t i v e l y ,  when compared to 

s t y r e n e .  I f  t h e  same e f f e c t  i s  ob se rved  in t h e  c y c l o p r o -  

penes  t hen  t h e  c o r r e c t  a s s i g nm e n t  would be C-5 a t  130.52 

and C-4 a t  119.91 in 7^.  Comparison of  t h e  o t h e r  examples  

t e n d s  to  s u p p o r t  t h i s  a s s i g n m e n t .  A d d i t i o n a l  s u p p o r t  f o r  

t h i s  a s s i g n m e n t  i s  o b t a i n e d  in t he  ; t - b u t y l c y c l  opropene  

example where l o n g - r a n g e  c o u p l i n g  between C-5 and t h e  a r y l  

hydrogens  i s  o b s e rv ed .

The c ou p l i n g  c o n s t a n t  d a t a  a r e  c o n s i s t e n t  wi t h  t h e  

a s s i g n e d  s t r u c t u r e s .  The H-C c o u p l i n g  c o n s t a n t s  a r e  in 

t h e  range  o f  1 6 1 . 6 - 1 6 3 . 2  Hz ( s e e  Table  8 ) compared to  161 Hz 

f o r  8 , 153 Hz f o r  8 , 153 Hz f o r  9 endo-H,  and 169 Hz f o r



Table 8. ^̂ C*NHR Spectra of Substi tuted 1-Fp-Cyclopropenes**

h X r 1 2 and 3 4 5 6 1 8 and 9 10 and 11 12 X

H H H H 86.19 214.19 119.91 130.52 11.64
t-163

133.41 ■ 128.43 
d-159

126.89
d-159

135.42

H II He H 86.15 214.21 117.26 130.61 11.57
t-162.6

130.37 126.15
d-152

129.15
d-152

135.42 21.16
q-125

H H OHe H 86.15 214.34 117.90 130.01 11.55
t-162.8

126.49 128.12 114.50 158.07 55.21

H H H Cl 86.22 213.94 124.48 129.62 11.88 
t-163 .2

135.48 126.56 125.46 
d-165 d-165

134.15 129.62 126.04 
d-165 d-165

21.60
q-124

He H H H 85.54 214.64
214.01

128.25 138.87 18.34
d-161.6

133.37 128.49
d-165

126.50
d-165

125.76
d-165

31,63
q-124

He H He H 85.55 214.71
214.07

126.58 138.82 18.30
d-161.6

130.55 126.51
d-157

129.24
d-lS7

135.45 21.15 21.30
q-125

He H OHe H 85.34 214.77
214.17

122.70 138.08 18.04
d-161.9

126.49 127.57
d-159

113.92
d-159

157.84 21.60
q-124

54.93
q-144

He He H H 84.73 214.48 133.82 144.81 23.00 133.53 128.55 126.23 125.68 26.96
q-126

He He He H 84.49 . 213.96 130.44 144.63 23.02 135.53 125.99 128.98 135.02 26.94 21.24
He He OHe H 84.58 214.64 128.43 143.99 22.66 126.43 127.31

d-159
114.09
d-159

157.89 26.89
q-123

55.10
q-144

He He H Cl 84.80 214.27 138.28 143.97 23.77 135.44 125.80 129.76 
d-165

134.26 124.16 125.37 
d-165

26.81
q-126

vji



Table (continued)

h h X Ï 1 2 and 3 4 5 6 7 6 and 9 10 and 11 12 f l ^ X

Ph H H H 85.67 213.82
214.04

129.10 149.96 29.07(131.45(s) 128.54 127.94 127.13 126.28*1 
d-166[125.72 124.31 121.75(s) ]

t-8u II H H 85.97 214.12
215.14

125.19 139.50 37.16
d-152

133.84 126.58 128.38 
d-159

125.70
d-161

34.20
29.68

**^C-NHR spectra recorded In COCIj and reported In S re la tiv e  to tetram ethy lsllane. 

coupling constants are reported In Hertz.
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Table  9. 13 C-NMR S p e c t r a  o f  Aryl s u b s t i t u t e d  S t y r e n e s

7 8

X,Y 1 7 X 8 C-X

H,H 136.10 135 .50 112.00 -  —

Me,H 135.50 136 .30 112.80 136.50

H,C1 137.50 133 . 40 113.80 133.40

OMe,H 130.10 135 .30 110.20 158.70



f o r  9 exo-H.

18
15

H . H

8 9

The p r o c e d u r e  p r e s e n t e d  in  t h i s  p ap e r  a l l ow s  the  

s y n t h e s i s  o f  s u b s t i t u t e d  1- F p - c y c l o p r o p e n e s  in good y i e l d  

from t h e  r e a c t i o n  o f  NaFp and s u b s t i t u t e d  1 - c h l o r o c y c l o -  

p e n e s .  I t  i s  p roposed  t h a t  t h e  n u c l e o p h i l i c  Fp” a t t a c k s  

ca rbon  1 in  an a d d i t i o n  e l i m i n a t i o n  mechanism o u t l i n e d  

in Scheme 1.

. A '
i s :

Cl "Ar

-C l"

Ar
Cl

Scheme 1. A d d i t i o n / E l i m i n a t i o n  Mechanism 

The y i e l d s  v a r y  w i t h  t h e  a b i l i t y  o f  c a r b o n  2 t o  s t a b i l i z e  

t h e  n e g a t i v e  cha r ge  in t h e  i n t e r m e d i a t e  s t e p .  As e x p e c t e d  

t h e  h i g h e s t  y i e l d s  a r e  o b s e r v e d  wi t h  Ar=m-Cl phenyl  due 

to  i t s  e f f e c t i v e  s t a b i l i z a t i o n  o f  t h e  i n t e r m e d i a t e  c h a r g e .  

The r e s u l t s  a r e  summarized in Table  5 (page  1 1 ).
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L i m i t a t i o n s  o f  t h e  S y n t h e s i s  of  1 -F p-1 -Cyc1o pr op en es  

The method us ed  in t h i s  r e s e a r c h  t o  p r e p a r e  s u b 

s t i t u t e d  l - F p - c y c 1 o p r o p e n e s  has s e v e r a l  l i m i t a t i o n s .  The 

s t a r t i n g  1 , 1- d i c h i o r o c y c l o p r o p a n e  must  have an a c t i v a t i n g  

group a t  ca r bon  2 i n  a d d i t i o n  to  a hydrogen a t  ca r bon  2 .

Both o f  t h e s e  c o n d i t i o n s  must  be met  b e f o r e  t h e  1 - c h l o r o 

cycl  opropene  can be p r e p a r e d .  An added l i m i t a t i o n  i s  the  

s t a b i l i t y  of t h e  a c t i v a t i n g  group t o  t h e  p o t a s s i u m  t e r t i a r y  

b u t o x i d e  used in g e n e r a t i n g  the  1- c h l o r o c y c l o p r o p e n e .

The s u b s t i t u t e d  1 - c h l o r o c y c l o p r o p e n e s  a r e  t hen  r e a c t e d  

wi th  NaFp to form s u b s t i t u t e d  1 - F p - 1 - c y c l o p r o p e n e s . The 

y i e l d s  do no t  show c l e a r  p a t t e r n s  b u t  i t  a p p e a r s  t h a t  in 

c a s e s  where t h e  s u b s t i t u t e d  1- c h l o r o c y c l o p r o p e n e s  were 

formed in h i g h e r  y i e l d s  ( pe rhaps  due to g r e a t e r  s t a b i l i t y )  

the y i e l d s  of  t h e  s u b s t i t u t e d  1 -Fp-cyc l  opropenes  a r e  h i g h e r .

C on ve r s ion  o f  F p - c y c l o p r o p e n e s  t o  B r i d g i n g  

V i n y l i d e n e  I ron Dimers 

The c o n v e r s i o n  of  1 - F p - c y c l o p r o p e n e s  t o  t h e  b r i d g i n g  

v i n y l i d e n e  i r o n  d imers  (BVD), by t h e  r e a c t i o n  w i t h  Fpg 

and h y d r o x i d e  under  phase  t r a n s f e r  c a t a l y s i s ,  i s  unusua l  

and i n t e r e s t i n g .  The s i g n i f i c a n c e  and m e c h a n i s t i c  i m p l i c a 

t i o n s  a r e  d i s c u s s e d  in Chap t er  2.  The y i e l d s  f o r  t h e  con

v e r s i o n  to  t h e  BVD a r e  summarized i n  Table  10.

The c o n v e r s i o n  to  t h e  BVD o c c u r s  i n  good y i e l d  and 

r e p r e s e n t s  a r e a s o n a b l e  s y n t h e t i c  r o u t e  a BVD. I f  o t h e r
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Table 10. The Reaction of Subst i tuted Fp-cyclopropene with Fpg 

under Phase Transfer Catalysis Conditions
1',

F p  ^

X Y
%

mmole
FP2

mmole
Internal
Standard

X \
mmole* %*

H H H H 0.84 1.12 p-dioxane 0.52 62

Me H H H 0.76 1.05 p-dioxane 0.40 52

Me Me H H 0.86 1.23 p-dioxane 0.48 56

H H Me H 0.53 1.27 p-dioxane 0.39 74

Me H Me H 0.84 1.16 p-dioxane 0.50 59

Me Me Me H 0.28 0.43 isolated 0.20 70

H H OMe H 0.42 0.86 mesitylene 0.29 70

Me H OMe H 1.01 2.02 mesitylene 0.45 45

Me Me OMe H 0.46 0.66 mesitylene 0.27 59

Me H H Cl 0.70 1.03 mesitylene 0.10 14

Me Me H Cl 0.74 1.49 mesitylene 0.50 68

All yields are based on an internal  standard,  performed a t  l eas t  in 
duplicate,  and are ±10% based on the subst i tuted 1-Fp-cyclopropene 
as determined by ^H-NMR spectra.
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1- M - c y c l o p r o p en es  (m=W,Mo) can be p r e p a r e d ,  t h i s  would be 

a p o s s i b l e  r o u t e  t o  s y n t h e s i s  of  mixed metal  b r i d g i n g  

v i n y l i d e n e  d i m er s .

The P r o t o n a t i o n  o f  S u b s t i t u t e d  1- F p - c y c l o p r o p e n e s  

The p r o t o n a t i o n  o f  s u b s t i t u t e d  1 - Fp- cyc l  o p r o p e n e s  

a t  low t e m p e r a t u r e  gave d i f f e r e n t  p r o d u c t s  depend ing  on 

t h e  s u b s t i t u t i o n  on ca r bo n  3.

The p r o t o n a t i o n  o f  F p- v iny l  complexes  1^ i s  a good 

method f o r  t h e  p r e p a r a t i o n  of c a t i o n i c  F p - a l k y l i d e n e  com

p l e x e s . T h e  complexes  a r e  used as cyc l  o p r o p a n a t i n g  

a g e n t  when r e a c t e d  w i t h  o l e f i n s .

CH ,

10 11  

a R=H 

b R=CH3 

c R=Ph
2

The f o r m a t i o n  o f  12c i s  obs erved  when n - F p - s t y r e n e  was pro-  

t o n a t e d  a t  - 7 8 °  and t h en  warmed t o  25°C. Compound 11c 

i s  p r opo se d  as an i n t e r m e d i a t e  even though no c y c l o p r o p a n e -
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t i o n  i s  o bs e r ved  i n  t h e  p r e s e n c e  of  a l a r g e  e x c e s s  of  
19a l k e n e .  C y c l o p r o p a n a t i o n  i s  obs erved  wi th  11a and 11b,

17  18a l o ng  wi th  r e a r r a n g e m e n t  t o  1 2 . *

Fp

a R=H 

b R=CH3 

12 c R=Ph

The c a s e  f o r  t h e  a l k y l i d e n e  complex i s  f u r t h e r  s u p p o r t e d
18

■̂ PCOMe)^

by i t s  t r a p p i n g  w i th  P(OMe)

Fp

Me
13

A s i m i l a r  r e s u l t  i s  o b t a i n e d  in  t h e  p r o t o n a t i o n  o f  d e u t e r a t e d

F p - c y c l o p r o p a n e  where t h e  Fp - a l k y l i d e n e  i s  shown to
20be an i n t e r m e d i a t e .

y 1  j c .

Fp

14 n. 12

Based on t h e s e  p r e c e d e n t s ,  t he  r e a c t i o n  o f  a p r o to n  

wi t h  a 1 - F p - c y c l o p r o p e n e  has  t h r e e  p o s s i b l e  modes o f  a t t a c k  

as  d e p i c t e d  in  Scheme 2. The most  p r o b a b l e  s i t e  o f  e l e c t r o -
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1?

h

A r

i6 IS

Scheme 2

P r o p o s e d  Mechani sm f o r  t h e  P r o t o n a t i o n  o f  7b
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p h i l i c  a t t a c k  i s  t he  C-C i r -bond.  The p r o t on  could  become 

a t t a c h e d  t o  e i t h e r  of t h e  two c a r b o n s  ( r o u t e s  a o r  b) p r o 

ducing i n t e r m e d i a t e s  1_5 and P r o t o n a t i o n  of  t he

C-C bond w i l l  y i e l d  i n t e r m e d i a t e  17 ( v i a  r o u t e  c ) ,  a c a 

t i o n i c  v i n y l i d e n e  complex.  A r e s o n a n c e  form f o r  i s  

a c y c l o p r o p y l  c a t i o n ,  1 5 r . Such c a t i o n s  a r e  known t o

r e a r r a n g e  r a p i d l y  to a l l y l  c a t i o n s .  In t h i s  c a s e ,  t h e
2

a l l y l  c a t i o n  would be b e t t e r  s t a b i l i z e d  as a Fp-n - a l l e n e

o l e f i n  complex,  12.  Al though  n o t  f o r m a l l y  a r e s o n a n c e

form,  s t r u c t u r e  1_8 would be a c c e s s i b l e  t h rough  i n t e r -
2

m ed i a t e  Fp-n - a l k e n e  complexes  a r e  wel l  known and

r a t h e r  s t a b l e  b u t  t he  s t r a i n  i n  t h e  r i n g  may l i m i t  s t a b i l i t y .  

I n t e r m e d i a t e  ^  can a l s o  open t o  form t h e  v i ny l  a l k y l i d e n e  

1 9 . I n t e r m e d i a t e s  l i k e  ^  a r e  p r o p o s e d  from t h e  r e a c t i o n

of  e l e c t r o p h i 1 es  wi th F p - a c e t y l i d e s ,  however ,  a l l  were
21found t o  be ve r y  u n s t a b l e .

P r o t o n a t i o n  of  7b a t  -78°C in e t h e r  wi th  HEF.-Me^O —  4 2
y i e l d e d  a s o l i d  t h a t  decomposes  d u r i n g  i s o l a t i o n .  The 

p r o t o n a t i o n  i s  then  pe r fo r me d  w i t h  t r i f 1u o r o a c e t i c  a c i d  

a t  0°C in t h e  p r e s e n c e  of  NaCNBH^. A ye l l ow  o r q a n o m e t a l l i e  

was i s o l a t e d  t h a t  had a complex ^H-NMR (Table  11) .

w
H Ar 

14
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1 *  Table 11. H-NMR of Fp-cyclopropane

Ph

H

H,

14

8

"a .59 Jab=5 Hz. Jac=5.5 Hz, Jgd=9 Hz

"b,c 1.1 Obc"^-^ Hz, Jbd=8 Hz

"d 2.1 - J^j=5.5 Hz

The proton NMR spectrum was recorded in  CS« and i s  reported  in  Ô 
r e l a t i v e  to  IMS.
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The c o u p l i n g  c o n s t a n t s  most  n e a r l y  f i t  t h e  t r a n s  

compound 2A (%=H) shown above.  When t h e  r e a c t i o n  was r e 

p e a t e d  u s in g  D'*’, ^  (X = D) i s  formed as  t h e  s i g n a l  a t  62.1 

i s  r e d u ce d  i n  i n t e n s i t y  and t h e  c o up l i ng  p a t t e r n  s i m p l i f i e d .  

The ^^C-NMR s p e c t r u m  i s  c o n s i s t e n t  wi t h  s t r u c t u r e  1_4 (X = H) 

( s e e  E x pe r im e n t a l  S e c t i o n ) .

The p r o t o n a t i o n  of 7c. a t  low t e m p e r a t u r e  in an NMR 

t ube  y i e l d s  an ^H-NMR s pec t rum of  a s i n g l e  compound t h a t  

i r r e v e r s i b l y  i s o m e r i z e s  on warming to  a m i x t u r e  of  two 

d i f f e r e n t  p r o d u c t s .  The i n i t i a l l y  formed complex i s  t e n t a 

t i v e l y  a s s i g n e d  t o  20a , which i s o m e r i z e s  to  a m i x t u r e  of  

21a and 2 1 b . The a s s i g nm e n t  of  s t r u c t u r e s  f o r  20a 2 1 a .

and 21b i s  b as e d  on compar i son  t o  t h e  ^H-NMR d a t a  f o r  22

Me

Fp 
Me

H

^  2U  21b

and 2_3 and t h e  f a c t  t h a t  2^  and ^  e q u i l i b r a t e s  a t  room 
22t e m p e r a t u r e .  For  2 0 a , t h e  methyl  i s  o b s e r v e d  a t  2 . 26  

and i t  i s  c o u p l e d  to  a s i n g l e  p r o to n  a t  5 5 . 0 1  ( J=Hz) .

The ma jo r  p r o d u c t ,  e x h i b i t s  a methyl  a t  5 2 . 1 0  and i t  

i s  c ou pl ed  t o  a s i n g l e  hydrogen a t  53 . 27  ( J =6 Hz).  F u r t h e r
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e v i d e n c e  f o r  20a i s  o b t a i n e d  t h r o u g h  t h e  p r o t o n a t i o n / r e d u c 

t i o n  p r o c e d u r e  d e s c r i b e d  above f o r  l - F p - 2- p h e n y l cy c l op r op en e .  

Then l_c was p r o t o n a t e d  in  t he  p r e s e n c e  of  NaBH^CN, the

JMe'
226

H
6.92

2:1

22 23

maj or  p r o d u c t ,  p r oduced  i n  g r e a t e r  t han  80% p u r i t y ,  i s  

t e n t a t i v e l y  i d e n t i f i e d  as CH2CH=C(Fp)CH2 Ph. Thi s  p r o d u c t  

i s  most  l i k e l y  p r oduced  from h y d r i d e  a d d i t i o n  t o  20b . 

Whether  t h e  Z- o r  E - o l e f i n i c  i somer  was o b t a i n e d  could  not
CH

Ph

+H

\
V

•CH^Ph

H

CH CH
HMe

m

be d e t e r m i n e d  f rom t h e  60 mHz NMR d a t a .

P r o t o n a t i o n  of  d i d  n o t  p r oduce  an i s o l a b l e  p r o 

d u c t ,  i n d i c a t i n g  t h e  f o r m a t i o n  o f  a r e a c t i v e  i n t e r m e d i a t e .  

Even when p r o t o n a t i o n  i s  done a t  low t e m p e r a t u r e  in an 

NMR p r o b e ,  on ly  a m u l t i p l e t  of  n e u t r a l  Cp ' s  was o b s e r v e d .
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The p r o t o n a t i o n  of  2 ç  d id  produce  an i s o l a b l e  p r o d u c t  which i s  

i d e n t i f i e d  as  a m i x t u r e  of  21a and 2 1 b . Low- tempera ture  p r o 

t o n a t i o n  in  t h e  NMR probe  i n i t i a l l y  formed a n o t h e r  a l l e n e  

complex 20a which i s o m e r i z e d  t o  21a and 21b on warming.

The p r o t o n a t i o n  of  2A. must ,  t h e r e f o r e ,  go through i n t e r m e d i a t e  

15 and t h en  on t o  20 .̂ The i n a b i l i t y  t o  obse rve  a c a t i o n i c  

p r o d u c t  in  t h e  7a. p r o t o n a t i o n  s u g g e s t s  t h a t  a r e a c t i v e  

i n t e r m e d i a t e  has been formed.  O t he r s  have de m on s t r a t e d  

t h a t  r e a c t i v e  Fp* = CR2 can be t r a p p e d  wi th  i_n s i t u  n u c l e o 

p h i l e s . W e  p r o t o n a t e d  _7a in t h e  p r e se nc e  of  sodium 

c y a n o b o r o h y d r i de in  an a t t e m p t  to  t r a p  any r e a c t i v e  i n t e r 

m e d i a t e s .  When Ta i s  r e a c t e d  w i t h  CF^COgH in  t h e  p r e s e n c e  

of  NaBHgCN, a 41% y i e l d  of  l - F p - 2 - p h e n y l c yc l op r op an e  i s  

o b t a i n e d .  Such a r e d u c t i o n  can o c c u r  v i a  i n t e r m e d i a t e s  1^ 

and I n t e r m e d i a t e  i s  shown t o  be the  t r u e  i n t e r 

m ed ia t e  by u s i n g  D'*’ i n s t e a d  of  H'*’, p r oduc i ng  2 - d e u t e r i o -  

l - F p - 2 - p h e n y l c y c l o p r o p a n e  in 80% i s o t o p i c  p u r i t y .

When 2 k  i s  s u b j e c t e d  to  t h e  same i_n s i t u  p r o t o n a 

t i o n  f o l l o w e d  by h y d r i d e  t r a p p i n g ,  a r i n g - o p e n e d  p r o d u c t  

(10) i s  o b t a i n e d .  Thi s  i s  t h e  e x p e c t e d  p r o d uc t  from

PhCH2\ yCH^

Fp

1 0 a
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h y d r i d e  a t t a c k  on s t r u c t u r e  2 0 a . P r o t o n a t i o n  a ppea r s  to

Me
F

PhPh Ph
H

Ph

7b _15r 20 10

be s e l e c t i v e  f o r  t h e  f o r m a t i o n  of  i n t e r m e d i a t e  when 

Ar=Ph. The r i n g  opening  to  form 1^ i s  f a s t e r  in _7k t han  

in 7a.- In t h e  absence  o f  h y d r i d e ,  p r o b a b l y  r e a c t s  wi th 

15 t o  y i e l d  polymer  f a s t e r  t h an  i t  opens  t o  form How

e v e r ,  r i n g  open ing  i s  f a s t e r  f o r  7b t h a n  p o l y m e r i z a t i o n ,  

or  h y d r i d e  a t t a c k ,  and 1_1 i s  p r o d u c e d .  Methyl  s u b s t i t u e n t s

have been shown t o  i n c r e a s e  t h e  r a t e  of  r i n g  opening  in
2 3c y c l o p r o p y l  c a t i o n s ,  which i s  c o n s i s t e n t  w i t h  t he  r e s u l t s  

h e r e .  Al though  d i r e c t  o b s e r v a t i o n  of  15a i s  no t  p o s s i b l e ,  

t he  r e t e n t i o n  of  t h e  c y c l o p r o p a n e  s t r u c t u r e  s t r o n g l y  im

p l i c a t e s  t h e  c y c l o p r o p y l i d e n e  complex as  an i n t e r m e d i a t e  

in t h e  p r o t o n a t i o n  of  _7l- Thi s  i s  t h e  f i r s t  e v i d e n c e  f o r  

a c y c l o p r o p y l i d e n e  metal  complex.

15
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R e a c t i o n  of  S u b s t i t u t e d  1 - F p - c y c l o p r o p e n e  

wi t h  T e t r a c y a n o e t h y l e n e  

The p r o d u c t  of  t h e  r e a c t i o n  of  s u b s t i t u t e d  1-Fp-  

cyc l  opr opene  wi t h  t e t r a c y a n o e t h y l e n e  (TONE) has two r i n g s  

wi t h  no do ub l e  bonds .  The p r o t o n  NMR d a t a  a r e  p r e s e n t e d  

in Table  12 and IR d a t a  i n  Table  13.

The ^H-NMR s p e c t r u m  of  24b shows two n o n e q u i v a l e n t  

p r o t o n s  w i t h  one be ing  50.87 ppm u p f i e l d  r e l a t i v e  to t h e  

o t h e r ,  w i th  a c o u p l i n g  c o n s t a n t  of  8 Hz, a t  51.33 and 52.20.  

The IR d a t a  ( Tab le  13) shows t h a t  t h e  ca r bon yl  s t r e t c h e s  

of  t h e  Fp group a r e  r e l a t i v e l y  u n a f f e c t e d  by t he  r e a c t i o n :  

2030 and 1985 cm'^ in h e p t a n e  f o r  7 ^  compared t o  2025 and 

1983 cm~^ i n  a c e t o n i t r i l e  f o r  24d . There a r e  two p o s s i b l e  

s t r u c t u r e s  t h a t  a r e  c o n s i s t e n t  wi t h  t h e s e  d a t a .

NC

NC A r

C N R

•CN

CN
• NC

R

25

The ■̂ '^C-NMR d a t a  of  t h e s e  compounds i s  summar ized
13,

i l
13

in T ab le  14 .  The f i r s t  t h i n g  n o te d  in t h e  C-NMR s pec t ru m 

of  24b i s  t h a t  t h e r e  a r e  f o u r  d i f f e r e n t  cyano groups  a t  

5110.99,  5112 . 55 ,  5113 .42 ,  and 5114.80.  The a s s i g n m e n t



Table 12. The ^H-NMR S p e c t r a  o f  t h e  TCNE Addiict o f  F p - c y c l  o p r o p e n e s * ^

C N R,  H

*1H-NMR Spectra recorded In dg-acetone re l a t ive  to tetramethylsl lane.

^The ^H-NMR spectra are reported as number of protons,  6 and, sp l i t t ing  pat tern.  

+TCNE is tetracyanoethylene.  ,

No.
! i Ik X Y h Ar X Cp JR^Rg Hz

H H H H 1,1.33(d) 1, 2 .20(d) 7.43 5.38 8
24 c Me H H H 3 , 1.28(d) 3,2.08(q) 7.48 5.47 6 hz
24 d Me Me H H 3,1.00( ) 3,2.09(s) 7.45 5.51
24 e H H Me H 3,2.33(s) 5.40 7
24g Me Me Me H 3,1.03(s) 3,2.08(s) 7.03-7.37 2.35(s) 5.52
24h H H OMe H 1,1 .50(d) 1, 2. 11(d) 6.6-7.6m 3.83(s) 5.37 8 hz
24J Me Me OMe H 3,1.01(s) 3,2.08(s) 3,3.86(s) 5.51
24k H H H Cl l ,1.62(s) 1, 2.20 7.4-7.6 5.41 9 hz

W
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Table 13. IR Spectra o f the TCNE Adducts to Fp-cyclopropene

No. X Y V CO, cm-1

24b H H H H 2030 1983

24c Me H H H 2027 1980

24 d Me Me H H 2025 1978

24 e H H Me H 2030 1982

24g Me Me Me H 2026 1977

24h H H OMe H 2030 1981

24j Me Me OMe H 2026 1978

24k H H H Cl 2030 1982

★
IR soectra were recorded in ace toni t r i l e .



Table 14. l^C-NMR Spectra of the TCNE Adduct to  S u b s titu te d  Fp-cyclopropenes

NC V  

NC V *  
I3T

n
N

J
n /*
N R,

g
J

T**
V

«1 «2 X H I 2 & 3 4 5 6 7 8 & 9 10 & 11 12 13 CN CN

H H H H 87.19 216.04
216.37

38.12 34.34 30.90 133.86 129.82 132.40 130.83 48.42
47.00

110.99
112.55

113.42
114.79

He H H H 87.33 216.04
215.05

40.87. 40.10 30.81 132.14 120.98 132.14 130.69 47.51
48.39

111.28
112.44

112.84
115.15

16.46

Me He H H 87.31 215.81
215.53

41.55 41.42 33.18 134.10 129.84 131.04 130.32 44.97
47.34

111.69
113.68

114.62
117.39

19.05
30.53

H H Me H 87.21 216.12
213.48

38.05 34.50 30.90 140.94 130.47 132.33 133.03 47.23
48.43

111.07
112.64

113.54
114.91

21.29

Me Me Me H 87.34 215.88 41.42 35.45 33.13 140.30 129.99 130.98 130.48 45.28
47.99

111.78
113.41

114.62
116.32

19.07
30.57

21.29

H H OMe H 87.20 216.17
213.44

37.88 34.67 30.99 125.85 - 133.85 115.20 161.97 47.41
48.30

111.13
112.72

113.55
114.92

19.06 55.61

Me Me OHe H 88.29 215.92 41.42 41.15 33.08 125.85 132.55 113.73 161.37 51.19
59.19

116.27
114.69

111.81
110.02

30.44 55.64

H H H Cl 87.38 216.00
213.53

38.48 37.45 34.62 136.17 131.00 132.26 135.08 46.86
48.53

110.84
112.45

113.37
114.74

*“ c- NMR s p e c t r a r e c o r d e d In  d g - a c e to n e and  1r e p o r t e d in  6 r e l a t i v e t o  t e t r a m e t h y l s l l a n e .

04
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o f  c a r b o n s  4 and 5 i s  somewhat  t e n t a t i v e  and bas ed  on l o n g -  

range  c o u p l i n g .

The p r o t o n a t i o n ,  h y d r i d e  a d d i t i o n  c h e m i s t r y  r e v e a l e d  

a c o m p e t i t i o n  between r i n g  opening and a d d i t i o n  p r o d u c t s .

A r e a c t a n t  t h a t  has been used to i n v e s t i g a t e  r e a c t i o n s  

o f  t h i s  t y pe  i s  t e t r a c y a n o e t h y l e n e  (TCNE). T e t r a c y a n o -  

e t h y l e n e  a t t a c k s  as  an e l e c t r o p h i l e  b u t  g e n e r a t e s  an i n t e r 

nal  n u c l e o p h i l i c  s i t e  a t  t h e  same t i m e ,  t h u s  a l l o w i n g  t h e  

t r a p p i n g  o f  i n t e r m e d i a t e s  ( s e e  Scheme 3 ) .
NC

NC CN

CN

CN

i
CN

CN

CN
Scheme 3.  Proposed  mechanism f o r  TCNE 

a d d i t i o n  t o  an a l k e n e  

The r e a c t i o n  o f  F p - c y c l o pr o pa ne  w i t h  TCNE r e p o r t e d  

by Rosenj lum^ i s  o f  some s i g n i f i c a n c e  s i n c e  r i n g  c l o s u r e  

i s  f a s t  compared t o  r e a r r a n g e m e n t  ( s e e  Scheme 4 ) .  In our  

sys t em r i n g  c l o s u r e  i s  a l s o  o bs e rv ed  t o  be f a s t  compared t o  

r e a r r a n g e m e n t  to  a r i n g  opened form ( see  Scheme 6 ) .  Th? 

a r y l  m i g r a t i o n  to form ^  i s  a p o s s i b i l i t y ,  however ,  t h i s
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CN
CN

.CN

CNFp
CN CN

CN

CNCN CNCN NC

CNCN

CN

:n

Scheme 4.  Proposed  Mechanism f o r  t h e  R e a c t i o n  of 
F p - c y c l o p r o p a n e  wi th  TCNE

type  o f  r e a r r a n g e m e n t  i s  no t  obse rved  i n  t h e  p r o t o n a t i o n  

s t u d i e s  and i s ,  t h e r e f o r e ,  l e s s  l i k e l y  t han  r i n g  c l o s u r e  to 

form

The chemica l  s h i f t  of  t h e  Cp i n  t he  p r o t o n  NMR s p e c 

trum i n d i c a t e d  a f a i r  amount of  p o s i t i v e  c h a r ge  on the  

i r o n .  This  was a l s o  o b s e r v e d  in t h e  CO s t r e t c h e s  in the  

IR s p e c t ru m.  A p o s s i b l e  e x p l a n a t i o n  would be t h e  f o r ma t i on  

of  a d i p o l a r  s t r u c t u r e  s i m i l a r  t o  t h a t  p rop osed  by Davison 

and s o l a r  in r e a c t i o n s  o f  F p - a c e t y l i d e s  wi t h  TCNE ( s e e  Scheme 5

They b as e  t h e i r  a s s i gnment  of ^  on t h e  ^H-NMR r e 

sonance  of  t h e  Cp a t  6 5 . 45  which i s  d e f i n i t e l y  i n  the  

c a t i o n i c  r e g i o n  f o r  Cp. The m a t e r i a l  s l o w l y  i s o m e r i z e s  

to  y i e l d  However,  i n  our  ca s e  the  m a t e r i a l  in CDCl^
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PhPh

CN CN

NC CN

CN CN CNCN
e t h e r

30
Ph

NC •CN Scheme Proposed  Rea c t io n  
of  F p - a c e t y l i d e  wi th  TCNE

CNC
29

has  a Cp a t  65 .13  b u t  i n  (CD^)pCO has a chemical  s h i f t

Fp -
Ph

N CN

CN CN

CN CN

3A

Ar NC

Scheme 6 . Proposed R e a c t i o n  
Mechanism f o r  t h e  7b wi t h  
TCNE. ~

25
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o f  6 5 . 43 .  Al so ,  no l a r g e  IR s h i f t  i s  o bs e r v e d  in KBr v e r s u s  

a c e t o n i t r i l e  f o r  t h e  CO's of  2 4 b . The ^^C-NMR s p e c t r a  

a l s o  do n o t  show a downf i e l d  s i g n a l  in t h e  r e g i o n  of  6300- 

350 ppm e x p e c t e d  f o r  a c a t i o n i c  a l k y l i d e n e .  The chemical  

s h i f t  o f  t h e  Cp i s  p u z z l i n g  b u t  can be due t o  some unusua l  

e l e c t r o n i c  e f f e c t .  The u l t i m a t e  s o l u t i o n  would be t he  

c r y s t a l  s t r u c t u r e  of  t he  complexes .

R e a c t i o n  of  Feo (CO)g wi t h  S u b s t i t u t e d  

1- F p - c y c l o p r o p e n e s  

Compound TJi was r e a c t e d  wi t h  FegfCOjg t o  check f o r  

p o s s i b l e  metal  i n s e r t i o n  i n t o  t he  F p - s u b s t i t u t e d  c y c l o p r o -  

pene r i n g .  P r e v i o u s  workers  had d e m o n s t r a t e d  t h e  i n s e r t i o n
1 fi O C

t o  be g en e r a l  f o r  s imple  c y c l o p r o p e n e s . ’ I n d e e d ,  i n s e r 

t i o n  was o b se rv ed  and the  s p e c t r a l  d a t a  p r e s e n t e d  in Table  

15 cou ld  be a s s i g n e d  to  e i t h e r  o f  t h e  s t r u c t u r e s  p r e s e n t e d  

f o r  p r o d u c t  ZS_ o r  2 7 .

D

Me (CO)j  °

27
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Table 15. Spectral data fo r o r  2 7 .

Me Me

\ e / ' \
Me (CO) ;

26

^̂ C-NMR in Dg Benzene*

Me (CO),  '
27

1 85.91 8 59.80

2,3 215.01, 215.12 9,10 28.81,32.27

4 212.10 11 136.75

5 220.10 12,13 130/62

6 --- 14,15 131.70

7 75.02 16 138.18

17 21.20

^H-NMR in CSg*

3H, 1.37(s)

3H, 1.57(s)

3H, 2.43{s)

5H, 4.57(s)

4H, 7.22(s)

IR Spectrum in Heptane 
-12050 cm 

2026 cm-1

-11992 cm 

1982 cm 'l

NMR s p e c t r a  a r e  r e p o r t e d  a s  ô r e l a t i v e  t o  IMS.
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The i n s e r t i o n  of  c o o r d i n a t i v e l y  u n s a t u r a t e d  t r a n s i 

t s  ion m e t a l s  i n t o  c y c l o p r o p e n e s  has been p r e v i o u s l y  r e 

p o r t e d . T h e  r e a c t i o n  o f  w i t h  Fe2 (C0 )g produced 

a s i n g l e  compound t h a t  was i d e n t i f i e d  as ^  by and 

^H-NMR s p e c t r a  ( see  Table  1 6 ) .  The i n i t i a l  a s s i g nm en t  

t o  s t r u c t u r e  was based  on compar i son  to  s i m i l a r  com

p l e x e s  l i s t e d  below.

CO_Me

H (C O lg^PPh,

OMe

NR

CD^Me
OCH

3

Fe

13c Data 6

1 . 241.7

2 . 103.5

3. 85.5

4. 24.4

1 . 185.3

2 . 112.1

3. 85.1

4. 30.2

1 . 270 . 0

2 . 52.4

3. 31.6
(C0>3

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  t h e  r i n g  o pen i ng  by FegfCOjg 

o c c u r r e d  a t  t h e  same bond as  o b s e r v e d  in  t h e  p r e p a r a t i o n  

of  t h e  b r i d g i n g  v i n y l i d e n e  dimers  ( s e e  C h a p t e r  2 ) . *

An x - r a y  c r y s t a l  s t r u c t u r e  of  t he  r e a c t i o n  p r o d u c t  of  7_h wi th  
Fe2 (C0 )g was r e c e n t l y  c ompl e t ed  and i s  c o n s i s t e n t  wi t h  t h e  
p r op os ed  s t r u c t u r e  f o r  26.
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Hydr ide  A b s t r a c t i o n  from S u b s t i t u t e d  

l - F p - c y c 1 o p r o p e n e s  

The r e a c t i o n  o f  s u b s t i t u t e d  1 - F p - c y c l o p r o p e n e s  wi th  

a hydrogen on carbon 3 wi th  t r i p h e n y l  ca rbén i um h e x a f l u o r o -  

p h o s p h a t e  p r o d u c e s  t h e  e x p e c t e d  Fp-cyc lopropeniurn  s a l t .

The ^H-NMR d a t a  i s  p r e s e n t e d  in Table 16.  The proton-NMR 

s pe c t ru m of  2Ê. matches  t h e  NMR spect rum of  t he  p r e v i o u s l y  

p r e p a r e d  m a t e r i a l . T h i s  method a l l ows  the  p r e p a r a t i o n  

o f  new m e t a l a t e d  cyc lo pr op en iu m s a l t s  c o n t a i n i n g  a hydrogen 

on t h e  r i n g .  The ^^C-NMR d a t a  i s  p r e s e n t e d  i n  T ab le  17.

The c a r bo n y l  peak in compound 3 ^  was a s s i g n e d  to 

210.91  b e c a u s e  t h e r e  i s  l i t t l e  change as  t he  s u b s t i t u e n t s  

v a r i e d .  Carbon 6 was a s s i g n e d  t o  the peak a t  182 . 87  because  

t h e  peak i s  a d o u b l e t  (0=242.3  Hz) in compound 3 ^ .  The 

o t h e r  r i n g  c a r b o n s  (4 and 5) a r e  a s s i g n e d  t o  1 88 .6 3  because  

213 . 28  b a s ed  on ana l ogy  to  t h e  F p - c yc lo p r op en e  where the  

F p - ca rb on  i s  o b s e r ve d  a t  h i g h e r  f i e l d .

The F p- c yc l o p r o p e n i u m s a l t s  a r e  p r e p a r e d  from the  

r e a c t i o n  of  a 1 - F p - 1 - c y c l o p r o p e n e  c o n t a i n i n g  a t  l e a s t  2 

hydrogen on ca r bon  3 and t r i p h e n y l  carbénium h e x a f 1uor ophos-  

p h a t e .  The f a c t  t h a t  r e a c t i o n  occurs  i n d i c a t e s  t h e  c y c l o -  

propenium c a t i o n  i s  more s t a b l e  than t h e  t r i p h e n y l  carbénium 

c a t i o n .  The s u r p r i s i n g  f a c t o r  in t h e s e  compounds i s  r e l a 

t i v e  chemi ca l  s h i f t  of  t h e  cyc l op r op en i um c a r b o n s  4 and 5.

I t  i s  e x p e c t e d  t h a t  ca rbon  4 would be much f u r t h e r  do wn f i e l d  

t han  ca r bon  5 due to  t h e  a b i l i t y  of  i r o n  t o  s t a b i l i z e  a



41

Table  16. ^H-NMR Spectra of the Substituted Fp-cyclopropenium Salts* 
R

*A+

D
No. X Ar X Cp

3b H H 1,11.61(8) 7.6-8.5(m) 5,5.81(s)

3c Me H 3,3.1900 5,7.6-8.4(m) 5,5.75(s)

3f Me Me 3,3.0900 8 .06 ,7 .6 1 '.1q) 2.53 5,5.62(s) 8

3h H OMe 1,11.39(5) 8.29,7.35(dq) 4.02 5,5.78(s) 9

3i Me OMe 3,3.1400 8.18,7.31(dq) 3.99 5,5.74(8) 8

3a Ph H 7 .7 -8 .7m 5.84

Hz

H-NMR spectra recorded in dg-acetone re la t iv e  to tetramethylsilane
A1

H-NMR spectra reported as a number of protons, and s p l i t t in g  pattern . 

*^H-^H coupling constants (J) are reported in Hertz.



t a b l e  17. Sp ec t r a  of  the  S u b s t i t u t e d  Fp-cyc lopropen lum S a l t s '

>77(7

%
Ho. 5 X 1 2 .3 4 5 ’ 6 7 8 ,9 l O J l J1 R X

3b II II 89.32 210.91 188.63 213.28 182.87 122.34 134.00 130.89 137.46

3c Me H 88.70 211.47 191.55 208.52 186.72 123.02 133.63 131.02 136.88 13.25

3a Ph H 88.65 211.60 183.96 210.96 183.56 123.50 131.23 137.09

3f Me He 88.87 211.98 190.6! 209.90 186.12 120.68 134.01 132.13 149.62 13.29 22.10

3h II OMe 89.51 211.05 186.55 209.00 179.99 114.90 136.72 116.14 167.66 56.60

31 Me OMe 88.59 211.73 188.63 203.81 184.65 115.33 136.34 116.49 166.81 12.99 56.51

NMR recorded In d ,-•acetone r e la t iv e  to te tra n e th y l s l la n e .

Is)
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R

Ar

3

p o s i t i v e  c h a r g e .  However ,  t h e  a ryl  group a p p a r e n t l y  s t a b i l  

i z e s  t he  p o s i t i v e  c h a r g e  t o  an e q u i v a l e n t  d e g r e e .  Thi s  

method a l l o ws  t h e  p r e p a r a t i o n  o f  a number o f  new c y c l o p r o 

penium s a l t s .

The p r e s e n c e  of  a p o s i t i v e  cha r ge  i n  t he  mo l e c u l e  

makes p o s s i b l e  a n u c l e o p h i l i c  a d d i t i o n  t o  t h e  r i n g .  When 

compound i s  r e a c t e d  wi t h  LiCufMeig a t  -78°C a 45% y i e l d  

of  t h e  s u b s t i t u t e d  1 - F p - c y c l o p r o p e n e  r e s u l t i n g  f rom a d d i 

t i o n  to carbon 3 was o b t a i n e d .  The LiCufMejg i s  f ound  t o  

be more s e l e c t i v e  as CH^Li and CH^MgBr y i e l d s  complex mi x 

t u r e s  when r e a c t e d  wi t h  2k-  "he  f a i l u r e  of  t he  l a t t e r  

r e a c t i o n s  may be due e i t h e r  t o  t h e i r  enhanced a b i l i t y  t o  

a c t  as  a base  o r  t o  undergo e l e c t r o n - t r a n s f e r  r e a c t i o n s .

The p r o c e d u r e  d e s c r i b e d  he r e  ( h y d r i d e  a b s t r a c t i o n  

f o l l o we d  by n u c l e o p h i l i c  a d d i t i o n )  a l l ows  f o r  t he  p r e p a r a 

t i o n  of  new s u b s t i t u t e d  1 - F p - c y c l o p r o p e n e  compl exes .

The r e a c t i o n  o f  sodium c y a n o b o r o h y d r i de wi t h  2 £  

pr oduced a 42% y i e l d  of  a 1:1 mi x t u r e  of  Tz_ and a compound 

t e n t a t i v e l y  a s s i g n e d  a s :



44

Fp

Ph Me
35

The r e a c t i o n  o f  ^  wi t h  sodium c y a n o b o r o h y d r i de 

y i e l d s  42% of  a 1:1 mi x t u r e  of  2b and a compound t h a t  was 

no t  i d e n t i f i e d .

Re a c t i o n  of Fp- cyanopropeni um s a l t s  wi t h  n u c l e o 

p h i l e s  p r oduc e s  1 - F p - l - c y c l o p r o p e n e s . In t h i s  r e a c t i o n ,  

t h e  n u c l e o p h i l e  a t t a c k s  ca r bon  6 f o r mi ng  t h e  known s u b s t i 

t u t e d  1 - F p - l - c y c l o p r o p e n e s .  The coppe r  r e a g e n t s  a r e  used 

s i n c e  o r g a n o l i t h i u m  and organomagnes ium compounds a r e  b a s i c  

enough t o  remove a p r o t o n  and r e s u l t  i n  complex mi x t u r e s  

as o b s e r v e d  by NMR s p e c t r o s c o p y  and t h i n - l a y e r  c h r oma t o 

gr aphy .  The use  of o r g a n o c o p p e r  r e a g e n t s  p r e s e n t s  a p o s 

s i b l e  r o u t e  t o  a v a r i e t y  of  new s u b s t i t u t e d  1 - F p - l - c y c l o -  

p r o p e n e s .



SUMMARY

A s e r i e s  of  new compounds,  t he  s u b s t i t u t e d  ri^- 

cycl  o p r o p e n y l - c y c l o p e n t a d i e n y l  i r o n  d i c a r b o n y l s  1_ has 

been s y n t h e s i z e d .  The p r e p a r a t i o n  i s  t he s i mpl e  a d d i t i o n /  

e l i m i n a t i o n  r e a c t i o n  of  NaFp wi t h  t he  s u b s t i t u t e d  1 - c h l o r o -  

cycl  opr opene  t o  form t h e  p r o d u c t  1_.

XFp Ar

7

The r e a c t i o n  of  _7 wi t h  v a r i o u s  r e a c t a n t s  was i n 

v e s t i g a t e d .  The p r o t o n a t i o n  o f  1_ can t ake  two d i f f e r e n t  

pa t hways  dependi ng  on t he  s u b s t i t u t i o n  on carbon 3.  The 

r i n g  opens  when carbon 3 has two methyl  s u b s t i t u e n t s .

An i n t e r e s t i n g  s u b s t i t u t e d  1 - F p - c y c l o p r o p a n e  can be formed 

i f  c a r bon  3 i s  u n s u b s t i t u t e d  and p r o t o n a t i o n  i s  f o l l o w e d  

by h y d r i d e  a d d i t i o n .  Thi s  i s  h i g h l y  i n d i c a t i v e  o f  an 

i n t e r m e d i a t e  l i k e  15.

45
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15

The r e a c t i o n  o f  _7 wi t h  t h e  ambi den t  r e a g e n t  

t e t r a c y a n o e t h y l e n e  y i e l d s  a new compound 24.  The i n t e r -

NC

NC Ar

C N R

24

e s t i n g  r e s u l t  of  t h i s  r e a c t i o n  i s  t h a t  no r i n g  opened 

p r o d u c t s  a r e  o b s e r v e d .

The h y d r i d e  a b s t r a c t i o n  from t h e  s u b s t i t u t e d  

1 - F p - l - c y c l o p r o p e n e s  wi t h  t h e  t r i t y l  c a t i o n  (CPh^)^ forms 

t h e  e x p e c t e d  s u b s t i t u t e d  F p - c y c l o p r o p e n i u m c a t i o n .  Com

pounds  of  t h i s  t y p e  a r e  known and i s  a n o t h e r  f a c t  s u p p o r t i n g  

t h e  s t r u c t u r e  of  t h e  s u b s t i t u t e d  1 - F p - c y c l o p r o p e n e s .

The most  i n t e r e s t i n g  c h e m i s t r y  o f  t he  s u b s t i t u t e d  

1 - F p - c y c l o p r o p e n e s  i s  t he  c o m p e t i t i o n  f o r  r i n g  openi ng
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ve r s us  s t a b i l i t y  of  t h e  s u b s t i t u t e  Fp - c y c l o p r o p y l  c a t i o n .  

Thi s  a r e a  would be a f r u i t f u l  a r ea  f o r  f u r t h e r  s t udy 

in t he  s u b s t i t u t i o n  e f f e c t  on t he  s t a b i l i t i e s  o f  i n t e r 

me d i a t e s  in t h e  p r o t o n a t i o n  r e a c t i o n .



EXPERIMENTAL

l , l - D i c h 1 o r o c y c 1 o p r o p a n e s  

( 2 , 2 - D i c h l o r o c y c l o p r o p y l  ) benzene  i s  comme r c i a l l y  

a v a i l a b l e  f rom A l d r i c h  and a number  o f  s u b s t i t u t e d  1 , 1 -  

d i c h l o r o c y c l o p r o p a n e s  a r e  f u r n i s h e d  by P r o f e s s o r  E.H.  Dehmlow:

1 , 1 - d i c h l o r o - l - p - a n i s y 1 - 3 , 3 - d i me t h y l  c y c l o p r o p a n e ,  1 , 1 - d i -  

c h l o r o - 2 - m e t h y l - 2 - p h e n y l  c y c l o p r o p a n e ,  l , l - d i c h l o r o - 2 - t o l y l -  

3-methyl  c y c l o p r o p a n e ,  l , l - d i c h l o r o - 2 - t o l y l - 3 - m e t h y l  c y c l o 

p r opa ne ,  and 7 , 7 - d i c h l o r o i b i c y c l o [ 4 . 1 . 0 ]  he p t a n e .  The

method e s t a b l i s h e d  by Makosza and Wawrzyniewicz^*^ ( i mproved
31 32by Dehmlow and S c h o n e f i e l d  ’ and f u r t h e r  r e f i n e d  by 

33Magar i an ) i s  used t o  g e n e r a t e  t he  s u b s t i t u t e d  1 , 1 - d i c h l o r o 

cycl  op r opanes  f rom t he  o l e f i n s  v i a  d i c h l o r o c a r b e n e . A num

ber  of  t he  r e q u i r e d  o l e f i n s  a r e  c ommer c i a l l y  a v a i l a b l e :  

t r a n s - a n e t h o l e , 3 - c h l o r o s t y r e n e ,  6 - me t hy l  s t y r e n e ,  4 - m e t h y l - 

s t y r e n e ,  t r a n s - s t i 1 b e n e , and 4 - v i n y l a n i s o l e .  The r e ma i n i ng  

o l e f i n s  a r e  p r e p a r e d  by Ma r i j k e  van d e r  Helm or  Ora Ma r t i n  

in a t w o - s t e p  s y n t h e s i s :  1.  The f o r ma t i o n  of  a p h o s p hona t e

e s t e r  v i a  t h e  Ar but zov r e a c t i o n  between 1 e q u i v a l e n t  of  

m - c h l o r o b e n z y l c h l o r i d e  or  benzyl  c h l o r i d e  and t r i e t h y l  ph o s 

p h i t e ;  2.  The m o d i f i e d  W i t t i g  r e a c t i o n  i s  c a r r i e d  out  

between t h e  ph o s p h o n a t e  e s t e r  and a c e t a l d e h y d e  or  a c e t o n e

48
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i n  d i me t h y l f o r ma mi de in t h e  p r e s e n c e  o f  sodium met hoxi de  

t o  p r oduce  3 - c h l o r o - 6 , B - d i m e t h y l s t y r e n e , t r a n s - 3 - c h l oro-  

6 - m e t h y l s t y r e n e ,  and 6, S - d i m e t h y l s t y r e n e .

General  P r o ce dur e  f o r  1 , 1 - d i c h l o r o c y c l o p r o p a n e

P r e p a r a t i  on

A 250 ml round bo t t om f l a s k  i s  cha r ged  wi t h  b e n z y l - 

t r i e t hyammoni um c h l o r i d e  ( 0 . 5  g,  2 . 2  mmol),  c h l o r o f o r m 

(110 g) and t h e  o l e f i n  ( 30 - 100  mmol),  which was ma i n t a i n e d  

a t  0°C wi t h  r a p i d  s t i r r i n g  as  50% NaOH/HgO (75 g ) was added 

dr opwi se  ove r  a 1 h p e r i o d .  Af t e r  a d d i t i o n  i s  compl e t e  

t h e  r e a c t i o n  was a l l owed  t o  warm to room t e m p e r a t u r e  and 

l e f t  s t i r r i n g  o v e r n i g h t .  The r e a c t i o n  mi x t u r e  i s  added 

t o  a s p a r a t o r y  f unne l  c o n t a i n i n g  i c e  wa t e r  (200 g ) and 

CH2CI2 (75 ml ) .  The l a y e r s  a r e  s e p a r a t e d  and t he  wa t e r  

l a y e r  washed wi t h  a d d i t i o n a l  CH2CI2 (2 x 75 ml) f o l l o we d  

by dr y i ng  of  t h e  combined CHgClg l a y e r s  wi t h  MgSO^. Removal 

o f  s o l v e n t  and d i s t i l l a t i o n  a t  r educed p r e s s u r e  u s i n g  a 

m i c r o d i s t i l l i n g  head or  Ku g e l r o h r  a p p a r a t u s  y i e l d s  t he  s ub 

s t i t u t e d  1 , 1 - d i c h l o r o p r o p a n e s  ( s ee  Tabl e  18) .

General  S y n t h e s i s  o f  S u b s t i t u t e d  1 - c h l o r o - l -  

c y c l o p r o p e n e s

A mo d i f i e d  v e r s i o n  o f  t he  Weyer s t ah l  method i s  used
11 12t o  g e n e r a t e  t h e  1 - c h l o r o - l - c y c l o p r o p e n e s . ’ S o l i d  t-BuOK

( 1 . 5  equ i v )  was added in t h r e e  p o r t i o n s  t o  a 100 ml 

r ound- bo t t om f l a s k  c o n t a i n i n g  a 0°C s t i r r i n g  s o l u t i o n  of



Table 18. Y ie lds  o f  1 ,1 - d i c h l o r o c y c lo p r o p a n e s

R

R2

Cl

X

X Y mmole mmole % Yield B.P.

Me H H H 92.23 85.77,93 110°@0.5 to rr

Me Me H H 43.69 41.94,96 65°G*0.2 to rr

H H Me H 42.50 40.38,95 65°00.3 to rr

H H OMe H 37.30 32.82,88 95°0Q2 to rr

Me H OMe H 66.66 56.66,85 91°@0.15 to rr

H H H Cl 34.49 26.90,78 62°0O.l to rr

cnO



Table 19. ^H-NMR Yie lds  o f  1 -Ch lo rocyc lopropenes

Cl

KOt Internai

! i
X Y mmole mmole Standard mmole % Yield

H H H H 5.51 8.2 CHgBRg 2.42 44
H Me H H 2.61 3.9 CH^Br^ 2.11 81
Me Me H H 4.26 . 5.5 CHgBrg 3.83 90
H H Me H 2.60 3.9 CHgBrg 1.51 58
H Me Me H ,1.97 3.0 CHgBrg 1.58 80
Me Me Me H 2.61 3.5 Toluene 1.85 71
H H OMe H • 93 2.9 Mesitylene 0.869 45
H Me OMe H ,1.97 2.7 CHgNOg 1.73 88
Me Me OMe H 2.12 3.5 g-dioxane 1.48 70
Me H H Cl 1.43 2 1 CHgBrg 1.00 70
Me Me H Cl 2.14 3.2 CHgBrg 1.95 91
H

*

Ph H H 2.47 3.5 Toluene 0.889 36

Ail yields were performed at  l eas t  in dupl icate and are 10%.
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t h e  1 , 1 - d i c h l o r o c y c l o p r o p a n e  (1 e q u i v a l e n t )  in THF (15 ml ) .  

A f t e r  15 mi n u t e s  a sample (1 ml) i s  removed from t he  r e 

a c t i o n  m i x t u r e  and added t o  i c e  wa t e r  (10 g) and e t h e r  (10

ml ) .  The o r g a n i c  l a y e r  was s e p a r a t e d  and washed wi t h  a

5% NH^Cl/HgO s o l u t i o n  (10 mL ) ,  d r i e d  o ve r  MgSO  ̂ and t he  

volume r e d u c e d  t o  - 0 . 3  mL on a r o t a r y  e v a p o r a t o r  a t  25 t o r r .

Carbon t e t r a c h l o r i d e  (10 ml)  i s  added and t he  volume aga i n

r educed  t o  - 0 . 3  ml .  Thi s  p r o c e d u r e  i s  r e p e a t e d  once more 

and t he  NMR and IR s p e c t r u m i s  o b t a i n e d  on t he  CCl^ s o l u t i o n  

c o n t a i n i n g  t h e  1 - c h l o r o c y c l o p r o p e n e .  The y i e l d s  a r e  c a l 

c u l a t e d  by ^H-NMR s p e c t r a  u s i n g  an i n t e r n a l  s t a n d a r d  ( s ee  

Tabl e  19) .  The r e ma i n i ng  1 - c h l o r o c y c l o p r o p e n e  s o l u t i o n  in 

THF i s  t hen  used in  f u r t h e r  r e a c t i o n s .

General  P r e p a r a t i o n  of  S u b s t i t u t e d  1 - F p - c y c l o p r o p e n e s  

NaFp ( 0 . 5  M in THF, 1 . 5  e q u i v )  i s  added v i a  

s y r i n g e  t o  a 100 mL r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a 0°C 

s t i r r e d  s o l u t i o n  o f  t h e  1 - c h l o r o c y c l o p r o p e n e  (1 equi v)  

in THF (14 mL).  The s o l u t i o n  i s  t hen warmed to  RT and 

s t i r r e d  f o r  1 h.  The s o l v e n t  i s  removed a t  0°C u s i ng  a 

r o t a v a p  a t  0 . 3  t o r r  and t h e  s o l i d  r e s i d u e  i s  ch r oma t ogr aphed  

on a 1 5 ° C j a c k e t e d  4 x 8 cm a c t i v i t y  I I I  b a s i c  a l umi na  column 

dev e l o p e d  wi t h  10% e t h e r  i n  hexane .  A l e a d i n g  y e l l o w - o r a n g e  

band f o l l o we d  by t h e  dark r e d - b r own band of  Fpg a r e  o b s e r v e d .  

The y e l l o w - o r a n g e  band i s  c o l l e c t e d  and t he  s o l v e n t  removed 

as above .  The r e s i d u e  i s  r e c h r o ma t o g r a p h e d  on a 15°C
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j a c k e t e d  2 .5  x 25 cm a c t i v i t y  I I I  b a s i c  a l umi na  column 

dev e l o p e d  wi t h  7% e t h e r  in hexane.  Thr ee  h i g h l y  c o l o r e d  

bands  a r e  o b s e r v e d  in most  c a s e s .  A smal l  l e a d i n g  ye l l ow 

band i s  i d e n t i f i e d  as 1 - F p - c y c l o p r o p e n e  and t he  t h i r d  band 

i s  a smal l  amount  o f  Fp^ and t he  p r o d u c t s  a r e  o b s e r v e d .

The y i e l d s  as  d e t e r mi n e d  by ^H-NMR s p e c t r o s c o p y  a r e  o b t a i n e d  

on t he  p r o d u c t  i s o l a t e d  a f t e r  t he  second chr oma t ogr aphy  

w h i l e  t h e  i s o l a t e d  y i e l d s  a r e  from t he  r e c r y s t a l l i z e d  p r o 

d u c t  a f t e r  two c h r o ma t o g r a p h i e s ,  see  Ta bl e  20) .  When t he  

o r i g i n a l  r e a c t i o n  s o l u t i o n  i s  n o t  warmed t o  RT and s t i r r e d  

f o r  1 hour ,  i t  i s  ve r y  d i f f i c u l t  t o  g e t  a s o l i d  p r o d u c t .

In a d d i t i o n ,  when t he  o r i g i n a l  Weyer s t ah l  p r o c e d u r e  i s  used 

[ t -BuOK ( 1 . 5  e q u i v )  in 10 mL THF i s  added s l o wl y  t o  

a 15°C s t i r r i n g  s o l u t i o n  of  1 , 1 - d i c h l o r o c y c l o p r o p a n e  (1 equ i v)  

i n  THF (10 mL)] i t  i s  a l s o  d i f f i c u l t  t o  o b t a i n  pure  

p r o d u c t .  The a n a l y t i c a l  da t a  a r e  summar i zed in Tabl e  21 

and mass s p e c t r a l  d a t a  i n  Table  22.

Conve r s i on  o f  1 - F p - l - c y c l o p r o p e n e  to  t he  

Br i dg i ng  Vi n y l i d e n e  

A f t e r  1 - F p - l - c y c l o p r o p e n e  (1 e q u i v ) ,  Fp^ ( 1 . 5  

e q u i v )  and THF (15 mL) a r e  added t o  a 100 mL round-  

bot t om f l a s k  c o n t a i n i n g  a mi x t u r e  of  45% NaOH/HgO (11 g ) 

and t e t r a - ^ - b u t y l a mmo n i u m hydrogen s u l f a t e  (150 mg, 0 . 4  

mmol) t he  s o l u t i o n  was s t i r r e d  a t  RT u n t i l  7_ i s  consumed 

as  mo n i t o r e d  by TLC. The work-up d e s c r i b e d  in method A



Table  20. *H-NMR Y ie ld s  o f  S u b s t i t u t e d  1 -F p - l - c y c lo p ro p e n e s

*' 'X'*'

' V .

"1%.

Cl

KOt NaFp In te rn a l
«1 «2 X Y mmole mmole mmole X Y ield mL mmole Standard mmole % Yield* Mp“C

H H H H 3.86 5 .8 1.74, 45 8 4 .0 Is o la te d 1.24, 71 5 8 .5 -60 .0

H Me H H 1.19 1.7 1. 02, 86 4 2 .0 M esity lene . 0 .809 , 79 70.5-72

Me Me H 2.23 3.2 2 . 01, 90 6 3.0 M esitylene 1.40, 70 100.5-101.5
H H Me H 1.08 1.6 0.680 , 63 3 1.5 £-dloxane 0 .562 , 82 54.56

H Me Me H • 1.20 1.8 1.06, 88 3 1.5 g-dloxane 0 .876 , 82 61 .5 -63 .5

Me Me Me H 1.15 1.8 0.920 , 80 4 2.0 P-dloxane 0.422, 51 120- 122'
H H OMe H 1.14 . 1.6 0 .422 , 37 3 1.5 M esitylene . 0 .228, 54 o il

H Me OMe H 2.24 3.4 1.97, 88 8 4 .0 M esity lene 1 .08, 55 65 ,5 -67 .5

Me Me OMe H 3.40 5 .0 2 .38 , 70 8 4 .0 Iso la te d 1. 02, 43 85-87

H H H Cl 2 .28 . 3.5 2 .05 , 90 6 3.0 Iso la te d 1.64 80 o il

Me Me H 01 2.05 3.1 1.76, 86 6 3.0 M esitylene 1 .64, 93 80 .0 -82 .0

All y ie ld s  a re  performed a t  le a s t  In d u p lic a te  and a re  10% and based on 1-chlorocyclopropene as determ ined by H-NMR sp e c tra .
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T a b le  21 .  A n a l y t i c a l  Data  f o r  S u b s t i t u t e d  1-Fp-Cyclopropenes .

C a l c .  Found H ig h  R e s o l u t i o n

Mass Spectra
X Y %C %C Calc. Found

H H H H 264.0254 264.0239

Me H H H 278.0414 278.0414

Me Me H H 292.0573 292.0554

H H Me H 4.58 66.67 4.69 66.97

Me H Me H 292.0573 292.0576

Me Me Me H 5.43 68.29 5.48 68.44

H H OMe H 4.38 63.34 4.03 63.79

Me H OMe H 4.79 64.31 4.37 65.04

Me Me OMe H 4.82 61.14 4.80 61.12

H H H Cl 3.15 54.28 3.60 54.40

Me Me H Cl 326.0182 437.0173
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Table  22.  Mass S p e c t r a l  Data f o r  t h e  s u b s t i t u t e d  1 -Fp-cyc lop ropenes .

X Y M'*’ M+-CO M+-2C0 M ' —2C0—Cp M+-Fp

H H H H (292, 1.1) (264.16.9) (236,41.6) (171,2.5) (115,39.8)

Me H H H (306. 1-1) (278,81.4) (250.1,68.4) (185,12.7) (129,23.9)

Me Me H H (320, .7) (292,24.2) (264,16.9) (199.5.2) (143,20.6)

H H Me H (306, .9) (278,16.4) (250,50.8) (185,2.6) (129,33.1)

Me H Me H (370, 6.1) (291.9,80.5) (269,95.8) (199,14.6) (143,22.4)

Me Me Me H (334, .5) (306,68.5) (278,83.2) (215,0) (159,22.9)

Me Me OMe H (350, .3) (322,38.5) (294,43.4) (229,22.4) (173,100)

Me H OMe H (336, .8) (308,73.1) (280,96.2) (217,13.1) (161,0)

H H OMe H (322, .9) (294,16.1) (266,40.1) (201,2.0) (145,36.1)

H H H Cl (326, .8) (298,15.8) (270,47.3) (305,2.7) (149,41.7)

Me Me H Cl (354, 0) (325,47.3) (298,18.8) (233,5.9) (177,15.7)

*Mass spec tra l data reported as M/e abundance and % observed.
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i n  t he  Expe r i ment a l  S e c t i o n  in  Chap t e r  2 p r oduced  41_ in

y i e l d s  v a r y i n g  from 14 to 74%.

Re a c t i o n  of  1 - F p - l - c y c l o p r o p e n e  

wi t h  T e t r a c y a n o e t h y l e n e  

S o l i d  t e t r a c y a n o e t h y l e n e  (TONE) ( 0 . 9  equ i v )

i s  added to  a 100 mL r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a -78°C

s t i r r i n g  mi x t u r e  of  7 (1 equ i v)  i s  s l owl y  added t o  p r e c i p i -  

A f t e r  1 h,  hexane ( 50-60 mL) i s  s l owl y  added t o  p r e c i p i 

t a t e  t h e  s o l i d  p r o d u c t .  The s o l i d  i s  removed by f i l t r a 

t i o n ,  d i s s o l v e d  in CHgClg and ch r oma t ogr aphed  on a 15°C 

j a c k e t e d  4 x 8 cm a c t i v i t y  I I I  n e u t r a l  a lumina column.

Two bands were o b s e r v e d ,  a smal l  l e a d i n g  o r ange  band i d e n 

t i f i e d  as 2  by ^H-NMR in CSg and a g r e e n i s h  band t h a t  was 

95% pure t e n t a t i v e l y  a s s i g n e d  e i t h e r  s t r u c t u r e  2£ on 25 

by ^H-NMR s p e c t r a .  The y i e l d s  a r e  summarized in Ta b l e  23 

and a n a l y t i c a l  d a t a  in Table  24.

Re a c t i o n  o f  7h wi t h  Feo (CO)g 

7h (0 . 237 g,  0. 71 mmol) ,  Fe2(C0)g ( 0 . 477  g,  1. 31 mmol),  

and THF (25 mL) a r e  added t o  a 100 mL r o u nd- bo t t om f l a s k  

and s t i r r e d  o v e r n i g h t .  The s o l v e n t  i s  removed on a r o t a r y  

e v a p o r a t o r  a t  25 t o r r .  The s o l i d  i s  chr oma t ogr aphed  on 

a 4 x 12 cm s i l i c a  gel  column deve l oped  wi th e t h e r / h e x a n e .

A s i n g l e  r ed  band i s  i s o l a t e d  ( 0 . 152  g , 0. 301 mmol,  42%).

136.  1-137 . 3°C,  Elemental  a n a l y s i s  c a l c u l a t e d  55.02%C,



Table 23. Yields of  TCNE Adducts to  1-Fp-l-cyc lopropene

> "2 

A .
V - s - n .
c

Fp ^ A r  S "
TCNE

Ar mmole mmole mmole Crude % Yield % Purity Final % Yield

Ph H H 1.41 1.44 1.10 78 73 38

Ph H Me 1.92 2.00 1.40 73 74 29

Ph Me Me 1.20 1.23 0.78 65 Good 35

toi H H 1.79 1.72 1.15 67 88 40

toi Me Me 0.80 0.83 0.448 56 Good 40

An H H 1.54 1.52 1.29 85 60 40

An Me Me 0.71 0.70 0.49 70 Good 38

mClPh H H 0.74 0.092 0.49 68 Good 36

^%Puri ty was det ermined by ^H-•NMR based on t he  Cp s i g n a l s .

^Yi el ds r e p o r t e d ar e  I s o l a t e d y i e l d s /

Ul
00
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3.70%H, found 55.11%C and 3.72%H. S p e c t r a l  da t a  i n d i c a t e  one 

compound wi t h  2 p o s s i b l e  s t r u c t u r e s .

Me Me

Me

\  Fe 
Me 0

b  y .

Me (CO),  '

Hydr i de  A b s t r a c t i o n  f rom 1 - F p - c y c l o p r o p e n e s  

A -78°C s o l u t i o n  of  1_ (1 equ i v )  in CHgClg (10 

mL) i s  added v i a  a co l d  s y r i n g e  to a 100 mL r ound- bo t t om 

f l a s k  c o n t a i n i n g  a -78°C s t i r r i n g  s o l u t i o n  of  Ph^C’PFg" in 

CH2 CI 2 (6 mL).  A f t e r  1 hour  t h e  crude  p r o d u c t  i s  p r e c i p i 

t a t e d  by t he  s low a d d i t i o n  of  e t h e r  (50 mL).  The s o l i d  

i s  removed by f i l t r a t i o n  and r e c r y s t a l l i z a t i o n  from a c e t o n e  

and e t h e r .  The p r o d u c t  i s  i d e n t i f i e d  by IR,  ^H-NMR ( Tabl e  

16, page 41) and ^^C-NMR ( Tab l e  17,  page 42) t o  be t he  Fp- 

cycl  opr openi um s a l t  ( 3 ) .  The p h y s i c a l  and a n a l y t i c a l  d a t a  

are  summar i zed i n  Table  26.

P r o t o n a t i o n  of  l - F p - 2 - p h e n y l - 1 - c y c l o p r o p e n e  

T r i f 1 u o r o a c e t i c  a c i d  (75 mL, 0 . 9 8  mmol) i s  added 

v i a  s y r i n g e  t o  a 100 mL r o u nd- bo t t om f l a s k  c o n t a i n i n g  a 

0°C s t i r r e d  s o l u t i o n  of  ( 0 . 143  g , 0 . 49  mmol),  NaCNBH 

( 0 . 064  g , 1 . 03  mmol) and a c e t o n i t r i l e  (6 mL).  Af t e r  a n a l y s i s  

by TLC i n d i c a t e d  a l l  of  _7  ̂ had been consumed t he  m a t e r i a l



60

i s  worked up u s i n g  t h e  1 - F p - c y c l o p r o p e n e  p r o c e d u r e  y i e l d s  

a m a t e r i a l  i d e n t i f i e d  by IR,  ^H-NMR and ^^C-NMR as  l - F p - 2 -  

p h e n y l - 1 - c y c l o p r o p a n e  ( 0 . 0 5 6  g,  20 mmol,  41%).

A l a b e l i n g  s t u d y  was con d u c t e d  i n which t r i f l u o r o -  

a c e t i c  a c i d  ( 0 . 1 0 5  mL, 1 . 36  mmol) i n  DgO (1 ml) i s  added 

v i a  s y r i n g e  t o  a 100 mL r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a 

0°C s t i r r e d  s o l u t i o n  of  NaCNBH ( 0 . 0 8 8  g,  1 . 40 mmol) ,  7^ 

( 0 . 222  g ,  0 . 76  mmol) and a c e t o n i t r i l e  (6 mL).  Work-up as 

b e f o r e  y i e l d e d  t h e  F p - c y c l o p r o p a n e  i d e n t i f i e d  as  1 4 b .

Ph-----

Fp

"a

14b

by NMR and mass s p e c t r o s c o p y  where a p a r e n t  i on peak was 

o b s e r v e d  a t  295 amu. I t  i s  n o t  p o s s i b l e  t o  d e t e r m i n e  t h e  

Dq , Dj , Dg, and r a t i o s  f rom t h e  mass spec t r um by s i mp l e  

means due t o  t h e  i s o t o p e  e f f e c t  i n  t h e  f r a g m e n t a t i o n .  

^H-NMR s p e c t r a l  a n a l y s i s  i n d i c a t e s  t h a t  80% o f  t h e  D i s  

a t  p o s i t i o n  2.

P r o t o n a t i o n  o f  l - F p - 2 - p h e n y l - 3 - m e t h y l - 1 - c y c l o p r o p e n e

HB^ MegO ( 0 . 174  g ,  1 . 30  mmol) i s  added v i a  s y r i n g e  

t o  a 100 mL r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a -78°C s t i r r i n g  

s o l u t i o n  o f  2 k  ( 0 . 361  g , 1 .1 8  mmol) and e t h e r  (15 mL).

The s o l u t i o n  i s  warmed s l i g h t l y  by removal  f rom t h e  dry



Table 24. Physical and Analy t ical  Data fo r  Fp-cyclopropenlum Sa l t s

X .
^ PhaC'PFg-

H H 2.12 2.08
Me H 0.83 0.89
Me Me 0.57 0.31
H OMe 0.92 0.92
Me OMe 1.70 1.53

rp.%  ̂ 5

0.38
0.581
0.229
0.248
0.995

Elemental  Analysis  

C a lcu la ted  Found
Yield MP°C %C %H %C

18 170.0-173 dec 2.55 44.07 2.56 44.09
70 171.0-172.0 2.91 45.37 2.88 45.65
74 186.0-187.0 3.26 46.58 3.31 46.80
27 144-146 dec 2.81 43.81 2.90 43.89
65 172-172.5 3.15 45.03 3.25 45.26
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Table  2 5 .  Data  f o r  F p -c yc lop ropane '

Ph.

FpH

H:

13

1 85.21

2
216.94,216.68

3

4 160.90

5 23.08

6 18.29

C-NMR Data 

7 129.19 

8,9 127.51

10,11 124.91

12 144.94

Elemental Analysis Calculated 4.79% H, 65.33% C, Experimental 5.03% H, 
65.39% C.

Infrared spectrum in Heptane 1990.0, 1941.2 cm~̂  fo r  CO s tre tches .

*13 C-NMR s p e c t r a  r e corded  i n  CDCL- and rep: 
r e l a t i v e  to t e t r a m e t h y l s i l a n e .

r t ed  i n  8
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i c e / a c e t o n e  ba t h  and a y e l l o w p r e c i p i t a t e  f o r mes .  The 

l i q u i d  i s  d e c a n t e d  and t h e  y e l l o w s o l i d  became a brown o i l  

t h a t  was i d e n t i f i e d  by ^H-NMR as  two i s o me r s .

7b ( 0 . 30  g,  0 . 10  mmol) i n  CDgClg ( 0 . 3  ml) was f i l 

t e r e d  i n t o  a 5 mm NMR t u b e  which was t hen  c o l l e d  t o  -78°C 

and f 1u o r o s u l f o n i c  a c i d  (10 yL, 0 . 17  mmol) i s  added vi a  

s y r i n g e .  The t ube  i s  t he n  warmed to -50°C and ^H-NMR t aken  

a t  10° i n t e r v a l s  up to  -10° t hen c h i l l e d  t o  -50°C and a n o t h e r  

s pe c t r um t a k e n .  The ^H-NMR i n d i c a t e s  t h a t  i n i t i a l l y  one 

compound i s  formed which t hen  i s o m e r i z e s  i n t o  t h e  mi x t u r e  

of  21a and 22b o b s e r v e d  below.

Me

H

H

21a 21b

To a 100 ml f l a s k  i s  added l - F p - 3 - m e t h y l - 2 - p h e n y l - 

c y c l o p r o p e n e  ( 0 . 670  g,  2 . 2  mmol),  NaBH^CN (0 . 275 g , 4 . 4  

mmol) and 20 mL CH^CN. The f l a s k  i s  c o o l e d  in an i c e  ba t h  

and CFgCOgH ( 0 . 170  m , 2 . 2  mmol) added in 1 mL CH^CN over  

1 mi n u t e .  Af t e r  15 mi nu t e s  t he  f l a s k  i s  l e f t  a t  RT f o r
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20 mi n u t e s  t hen t h e  s o l v e n t  i s  removed and t h e  r e s i d u e  

c h r o ma t o g r a p h e d  on a c t i v i t y - I V  a l u mi n a .  A y e l l o w- o r a n g e  

band i s  c o l l e c t e d  and t he  maj or  p r o d u c t  (>80%) i s  i d e n t i f i e d  

as CH3CH=C(Fp)CH2 Ph.  ^H-NMR (CSgië : 7 . 10  ( S , 5 H, P h ) ;  6 . 10  

( q , l H , J = 6 . 3  Hz) ;  5 . 32 ( S, 5H, Cp) ;  3. 57 ( S , 2H. - CH2- ) ;  1.74 

( d , 3H, Me) .  The p r e s e n c e  of  10-20% c o n t a mi n a n t s  p r e c l u d e d  

o b t a i n i n g  an a c c u r a t e  e l e me n t a l  a n a l y s i s .

Re a c t i o n  of  3 q wi t h  LiCuCMe),

3£ ( 0 . 326  g.  0 . 748 mmol) in CH2CI2 (6 mL) i s  added 

v i a  s y r i n g e  t o  a 100 mL r ound- bo t t om f l a s k  c o n t a i n i n g  a -78°C 

s t i r r i n g  s o l u t i o n  of  LiCu(Me)2 ( 1 . 0  mmol) i n  e t h e r .  When 

a n a l y s i s  by TLC i n d i c a t e s  t h a t  t h e  s t i r r i n g  m a t e r i a l  i s  

consumed,  t h e  work-up as t h a t  of  t he  1 - F p - l - c y c l o p r o p e n e  

y i e l d e d  7^ ( 0 . 096  g,  0 . 214 mmol, 42%) in 90% p u r i t y

The r e a c t i o n  i s  r e p e a t e d  wi t h  3ĥ  ( 0 . 387  g,  0. 86 mmol

and Li Cu(Me)2 ( 1 . 0  mmol) wi t h  t he  work-up as  b e f o r e  y i e l d e d  

3c ( 0 . 1 2 9  g , 0 . 404  mmol,  47%) in 89% p u r i t y .

Re duc t i on  o f  3q wi t h  NaCNBH?

3Ji ( 0 . 292  g,  0 . 67  mmol) i n  CĤ CN (5 mL) i s  added 

v i a  s y r i n g e  t o  a 100 mL r ound- bo t t om f l a s k  c o n t a i n i n g  a

0°C s t i r r e d  s o l u t i o n  of  NaBH^CN ( 0 . 062  g,  1 . 01 mmol) in

CHgCN (6 mL).  When a n a l y s i s  by TLC i n d i c a t e s  a l l  of  t he 

s t a r t i n g  m a t e r i a l  i s  consumed t h e  work-up y i e l d s  l_c ( 0 . 013 g ,

0. 147 mmol,  22%) i d e n t i f i e d  by ^H-NMR.
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3h ( 3 . 3  g ,  0 . 83 mmol) i s  r e a c t e d  wi t h  NaCNBH^ (0. 142 g ,

1 .11  mmol) and worked up as  b e f o r e  and y i e l d s  2É ( 0 . 063  g,

20 mmol,  24%) as i d e n t i f i e d  by ^H-NMR.
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p-Vi  nyl i d e n e -  and ri^-Cycl  opropenyl  i ron Complexes:  

Ch emi s t r y  and S y n t h e s i s  v i a

1 , 1- D i c h l o r o c y c l o p r o p a n e s

Chapt e r  2

p - V i n y l i d e n e i r o n  Complexes ,  Chemi s t ry and S y n t h e s i s

INTRODUCTION

Si nce  t h e  s y n t h e s i s  o f  f e r r o c e n e  in 1951,  t h e  

c h e m i s t r y  of  o r g a n o t r a n s i t i o n - m e t a l  complexes  has e x p e r 

i e n c e d  r e ma r k a b l e  growt h s t i m u l a t e d  by i n d u s t r i a l  r e s e a r c h  

on homogeneous c a t a l y s i s ,  by t h e  i n o r g a n i c  c h e m i s t ' s  i n 

t e r e s t  i n  s t r u c t u r a l  d i v e r s i t y ,  and by t he  o r g a n i c  and 

i n o r g a n i c  c h e m i s t ' s  s e a r c h  f o r  new s y n t h e t i c  me t hods .  

O r g a n o t r a n s i t i o n - m e t a l  complexes  a r e  c u r r e n t l y  r e c e i v i n g  

i n t e n s e  s t udy  as  model s  f o r  r e a c t i o n s  c a t a l y z e d  by h e t e r o 

geneous  metal  s u r f a c e s .  O r g a n o t r a n s i t i o n - m e t a l  complexes  

a l l ow one t o  s y n t h e s i z e ,  i s o l a t e ,  and c h a r a c t e r i z e  p o s 

s i b l e  i n t e r m e d i a t e s  in p r oposed  r e a c t i o n  mechani sms .

The r e s u l t s  o f  t h e s e  s t u d i e s  can t hen be a p p l i e d  t o  t he  

h e t e r o g e n e o u s  s y s t e m.  Br i d g i n g  a l k y l i d e n e , a l k y l i -  

d y n e , ^ ” ^ and v i n y l i d e n e ^ ^ ” ^^ t r a n s i t i o n - m e t a l  complexes

69
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have r e c e n t l y  r e c e i v e d  i n t e n s e  i n t e r e s t  becaus e  t h e y  a r e  

r e l a t e d  to p r o pos ed  i n t e r m e d i a t e s  in v a r i o u s  r e a c t i o n s  

c a t a l y z e d  by t r a n s i t i o n - m e t a l  s u r f a c e s .  The deve l opment  

of  a r a t i o n a l  s y n t h e s i s  o f  t he  b r i d g i n g  compounds i s  

n e c e s s a r y  f o r  an u n d e r s t a n d i n g  o f  t he  c h e mi s t r y  o f  t h e s e  

metal  s u r f a c e s .

Br i dg i ng  v i n y l i d e n e  a r e  p r e p a r e d  by a v a r i e t y  

of  methods.  The f i r s t  r e p o r t e d  b r i d g i n g  v i n y l i d e n e  was 

i n i t i a l l y  p r e p a r e d  by the p h o t o l y s i s  o f  a mi x t u r e  of  d i - 

p h e n y l k e t e n e  and i r o n  p e n t a c a r b o n y l . The s t r u c t u r e  

of  ^  i s  conf i r med  by x - r a y  c r y s t a l l o g r a p h y . ^ ^  Di phenyl -  

c a r bene  was i n i t i a l l y  proposed as  an i n t e r m e d i a t e  but  

was r u l e d  ou t  when d i - i r o n  nonacar bonyl  r e a c t e d  i n  t he  

absence  of U.V.  l i g h t  wi t h  d i p h e n y l k e t e n e  t o  p r oduce  4 0 .

Fe(CG)

12 13King ’ r e p o r t s  t he  s y n t h e s i s  of  a p a i r  of

b r i d g i n g  v i n y l i d e n e s  41n and 42n from t he  r e a c t i o n  of  

t he  n u c l e o p h i l i c  d i c a r b o n y l {n ^ - c y c l o p e n t a d i e n y l ) i r o n -  

(Fp~) wi t h 1 , 1- d i b r o m o - 2, 2 - d i c y a n o e t h y l e n e  in y i e l d s  of
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2 . 5  and 0.5%,  r e s p e c t i v e l y .  The s t r u c t u r e  of  4^  i s  con

f i r me d  by x - r a y  c r y s t a l l o g r a p h y . ^ ^

Fe

41n 42n

Se ve r a l  b r i d g i n g  v i n y l i d e n e s  a r e  p r e p a r e d  v i a

r e a r r a n g e me n t  of  an a l k y n e .  A Russ i an  group r e p o r t s

t he  p h o t o l y t i c  r e a c t i o n  o f  phenyl  a c e t y l e n e  and CpMnfCOjgTHF,

(where THF i s  t e t r a h y d r o f u r a n  and Cp i s  n ^ - c y c l o p e n t a d i e n y l )

o r  CpRe(CO)g t o  p r oduce  t he  b r i d g i n g  v i n y l i d e n e s  45a and
1  ̂— 1 A46a p l us  t h e  monomeric v i ny l  i de ne s  4_a and 4 4 a . ~ The

s t r u c t u r e s  of  4 3 a , 4 5 a , and 46a a r e  conf i r me d  by x - r a y
17 18c r y s t a l l o g r a p h y .  ’ The monomeric v i n y l i d e n e  43a can 

be c o n v e r t e d  i n t o  45a by r e a c t i o n  wi t h  CpMn( CO) THF a t  

20°C.  Li kewi se  44a can be c o n v e r t e d  i n t o  46a by r e a c t i o n  

wi t h  a me t h a n o l i c  KOH m i x t u r e .  An unusua l  mixed metal  

b r i d g i n g  v i n y l i d e n e  can be p r e p a r e d  by r e a c t i o n  of  43a 

wi t h  [CpRefCOjglg s t  20°C t o  p r oduce  Compound 47̂

can a l s o  be p r e p a r e d  by r e a c t i o n  of  43a wi t h  CpMn( CO) 2 • THF
19a t  20°C.  The mixed met a l  b r i d g i n g  v i n y l i d e n e  s l owl y  

decomposes t o y i e l d  4 6 a . Thi s  i s  t h e  f i r s t  r e p o r t  of
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H

43a 44a

OC Mn — CD OC——lie

oC

H

Re —  CO 

^0

45a 46a

O C -p R e  

0^

H

I
Mn — CO

47
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a mixed metal  b r i d g i n g  v i n y l i d e n e .

Dyke and Knox r e p o r t  t he  p h o t o l y t i c  r e a c t i o n  of  

[CpRu(C0 ) 2l 2 wi t h  a c e t y l e n e s  t o  y i e l d  compl exes  wi t h  t h e  

f o r m u l a t i o n  [ Ru ( CO) ( y-CO) [ p - n ^ n ^ - C ( 0 ) C2R2 ]Cp2l - 

They r e p o r t  t h e  t he r ma l  c o n v e r s i o n  of  48a and 48b in t o l u e n e  

a t  100°C to p r oduce  t h e  b r i d g i n g  v i n y l i d e n e s  4 9 a , 49b , 5 0 a , 

and 50b.

RuRu

48a R,=R«=H

48b Rj=H,R2=Ph

The y i e l d  o f  49a and 50a i s  35 and 30%, r e s p e c t i v e l y .

They r e p o r t  t h e  i somer s  a r e  s e p a r a b l e  by column chroma

t o g r a p h y  bu t  s l o wl y  c o n v e r t  in s o l u t i o n  to g i ve  an 

e q u i l i b r i u m  m i x t u r e .  A s i m i l a r  i s o m e r i z a t i o n  oc c u r s  

wi t h  49b and 5 0 b .

Caut on,  e t  a l . ,  r e p o r t s  t h e  s y n t h e s i s  of  an u n s u b s t i  

t u t e d  b r i d g i n g  v i n y l i d e n e  45b f rom t he  r e a c t i o n  of  

CpMn(C0 ) 2 (n^-HCECH) wi t h  aqueous  KOH in THF a t  r e f l u x .
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Ru RuRu

49a R2 =H 

49b R2=Ph

50a R2 =H 

5 Ob R2 = Ph

The a n a l o g o u s  methyl  s u b s t i t u t e d  v i n y l i d e n e  45c i s  pre-
22-24p a r ed  f rom t h e  propyne complex. The r e a c t i o n

OC— Mn Mn CO

45b R=H

45c R=Me

i s  p r o p o s e d  t o  proceed t h r ough  t he  monomeric v i n y l i d e n e  

which r e a c t s  wi t h  t he  c o o r d i n a t i v e l y u n s a t u r a t e d  [CpMn(C0 ) 2 ] 

y i e l d i n g  45b and 4 5 c .

Berke^^ r e p o r t s  t h e  s y n t h e s i s  o f  a b r i d g i n g  v i n y l -
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dene 45d from a monomeric v i n y l i d e n e  43b in a r e a c t i o n  

a n a l o g o u s  t o  t h e  c o n v e r s i o n  of  43a to  45a and 44a to 46a 

by r e a c t i n g  a c o o r d i n a t i v e l y  u n s a t u r a t e d  metal  s p e c i e s  

wi t h  a monomeric v i n y l i d e n e  complex.  43b i s  p r e p a r e d  

f rom CpMntCOjgtHCzC-COgCHg) by r e a c t i o n  wi t h  l i t h i u m  

d i i s o p r o p y l  amide f o l l o we d  by a d d i t i o n  of  h y d r o c h l o r i c  

a c i d  t o  form 45d.

Cp ( CO )
H

COgMe
iC ii: CO

COuMe

43b 45d

2 5Berke r e p o r t s  t he  s y n t h e s i s  of  a b r i d g i n g  a l l e n y l  

i d e n e  45c f rom t h e  t hermal  r e a c t i o n  of  t he  monomeric 43c.

CpfCOlgMn:

^ 2  OC— ---------------------Mn-------CO
. c -  ^

43c 45e

Compound 43c i s  p r e p a r e d  f rom CpMnfCOjg by t r e a t m e n t  wi t h  

3 e q u i v a l e n t s  o f  a l k y l  l i t h i u m  f o l l o we d  by p r o t o n a t i o n
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wi t h  h y d r o c h l o r i c  a c i d .  The r e a c t i o n  i s  p r o p o s e d  t o  p r o 

ceed  t h r o u g h  t h e  r e a c t i o n  of  a c o o r d i n a t i v e l y u n s a t u r a t e d  

manganese s p e c i e s  a t t a c k i n g  43c t o  p r oduce  4 5 e . The c o n 

v e r s i o n  t o  43c t o  45e a l s o  occur s  i f  [CpMn( CO) e t h e r ] ^  i s  

added t o  a s o l u t i o n  of  43c t hus  i mpl y i ng  t h e  a t t a c k  of  co-  

o r d i n a t i v e l y  u n s a t u r a t e d  metal  on t he  m e t a l - c a r b o n  m u l t i p l e  

bond.  This  t y p e  of  a t t a c k  i s  becoming r e c o g n i z e d  as a good

s y n t h e t i c  method t o  p r oduce  b r i d g i n g  a l k y l i d e n e s  and

a l k y l i d y n e s .

A d i f f e r e n t  t ype  of  s y n t h e s i s  i s  r e p o r t e d  by St one ,

e t  a l . in which a b r i d g i n g  ca r bonyl  in [CpFe(C0 ) 2 ] 2 > (Fpg) i s

a t t a c k e d  by methyl  l i t h i u m  f o l l o we d  by p r o t o n a t i o n  wi t h  

t r i f 1u o r o a c e t i c  a c i d  t o  p r oduce  41b and 42b.  Lu and

41 0
29

42o

P e t t i t ,  e t  a l . r e p o r t s  t he  s y n t h e s i s  of  41b and 42b from the 

h y d r o l y s i s  o f  t he  b r i d i n g  ca r byne  5 1 .
9

Rosenblum,  e t  a l . r e p o r t s  t he  s y n t h e s i s  of  b r i d g i n g  

c a r b y n e s  f rom t h e  a c t i o n  of  a l k y l -  and a r y l  l i t h i u m  r e a g e n t s  

wi t h  Fpg f o l l o w e d  by p r o t o n a t i o n  wi t h  t e t r a f 1 u o r o b o r i c
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a c i d .  The removal  of  a p r o t on  w i l l  t h e n  produce  t h e  b r i d g 

ing v i n y l i d e n e .

Me

510
30Knox, e t  a l . , ^ "  r e p o r t s  t he  s y n t h e s i s  of  a d i me r  con 

t a i n i n g  a b r i d g i n g  v i n y l i d e n e  and a b r i d g i n g  methyl i dene  from 

(CpRuC0 ) 2 (p-CH2 ) (p-CO) by r e a c t i o n  wi t h  methyl  l i t h i u m 

f o l l o we d  by p r o t o n a t i o n  wi t h  t e t r a f 1u o r o b o r i c  acid f o l 

lowed by a w a t e r  wash t o  produce  52.

52

Anot her  s e r i e s  o f  compounds c o n t a i n i n g  alkyl  i dene  

and v i n y l i d e n e  b r i d g e s  i n  same mo l e c u l e  has been r e p o r t e d .  

The r e a c t i o n  o f  [Co(CO)2 ] 2“ ( p - 2 , 3- R ^ , R ^ - b u t - 2- ene - 4 -ol  i d e - 4 -  

y l i d e n e ) ( p - C O ) ,  53,  w i t h  mono- or  d i h a l o a c e t y l e n e s  forms
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[Co(  CO ) 2 ] 2 (w-2 , 3- R l , R ^ - b u t - 2- e n - 4- o T i d e - 4 - y l  i dene )  

(y-C=CR^R^) ,  The c r y s t a l  s t r u c t u r e  f o r  ^  has been

d e t e r m i n e d .

o(CO)

0

53 54

R J = H

n - p e n t y l

R3 = I 

R̂  = I
.32A d i f f e r e n t  approach i s  r e p o r t e d  by t he  Z i e g l e r '  

group in  which t he  i r on  dimer  Fp^ r e a c t s  wi t h  

in b o i l i n g  THF £ - d i o x a n e  t o  p r oduce  c i s-  and t r a n s - 

[CpFeCOj^Cu-CO) ( y-CH^) , ( ma j or )  and (CpFeC0)2 

(y-C=CH2 ) 2 ' 42b , ( mi n o r ) .  I t  i s  u n c l e a r  whe t he r  t h e  

b r i d g i n g  v i n y l i d e n e  i s  p r oduced  from a W i t t i g - t y p e  r e a c t i o n  

or  from de c o mp o s i t i o n  p r o d u c t s .

Many b r i d g i n g  v i n y l i d e n e s  a r e  p r e p a r e d  t h r o u g h  

t h e  r e a c t i o n  of  a c o o r d i n a t i v e l y  u n s a t u r a t e d  metal  s p e c i e s .
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55

Gibson,  e t  has  de mo n s t r a t e d  t h a t  p h a s e - t r a n s f e r

c a t a l y s i s *  can p r oduce  n^-  and n ^ - a l l y l  meta l  complexes  in 

t he  a l k y l a t i o n  o f  me t a l  c a r b o n y l s  wi th a l l y l i c  br omi de .  The 

p r e s e n c e  of  t he  n ^ - a l l y l  complexes  i m p l i c a t e  p h a s e - t r a n s f e r  

c a t a l y s i s  as a s o u r c e  o f  c o o r d i n a t i v e  u n s a t u r a t i o n  a t  t he  

t r a n s i t i o n  metal  c e n t e r .  P h a s e - t r a n s f e r  c a t a l y s i s  may then 

p r ov i de  a r o u t e  t o  t he  g e n e r a t i o n  of  b r i d g i n g  v i n y l i d e n e s  

(BVO).

* P h a s e - t r a n s f e r  c a t a l y s i s  c o n c e r n s  r e a c t i o n s  between a 
s u b s t r a t e  in an o r g a n i c  phase  and a r e a g e n t  p r e s e n t  in 
a n o t h e r  phase  which i s  u s u a l l y  aqueous or  s o l i d .  Re a c t i o n  
i s  ac h i e ved  by means o f  a t r a n s f e r  a g e n t ;  t h i s  a g e n t  i s  
c a p ab l e  of  s o l u b i l i z i n g  or  e x t r a c t i n g  i n o r g a n i c  and o r g a n i c  
i o n s ,  i n  t he  form o f  i on  p a i r s ,  i n t o  o r g a n i c  media.  Of 
t he  many p o s s i b l e  p h a s e  t r a n s f e r  c a t a l y s t s  q u a t e r n a r y  
ammonium and phosphonium s a l t s  a r e  t he  most  wi de l y  us ed .  
Si nce  t h e  f i r s t  p u b l i c a t i o n  in 1976 on o r g a n o me t a l 1i c  23 
p h a s e - t r a n s f e r  c a t a l y s i s  t h e  f i e l d  has r a p i d l y  expanded.
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RESULTS AND DISCUSSION

1 , 1 - D i c h l o r o c y c l o p r o p a n e s  can be c o n v e r t e d  to  

b r i d g i n g  v i n y l i d e n e  i r o n  dimers  by p r o c e d u r e s  A, B, and 

C as shown in Scheme 7.  Pr ocedure  A was used  i n i t i a l l y  

i n v o l v e s  t h e  d i r e c t  r e a c t i o n  of  ( p-CG) ( CpFeCO) 2 ,

[Fpg]  (2 e q u i v a l e n t s )  and l , l - d i c h l o r o - 2 , 3 - d i p h e n y l  c y c l o 

propane  ( 56d ) ,  under  t y p i c a l  p h a s e - t r a n s f e r  c a t a l y s i s  

(PTC) c o n d i t i o n s  [10 g NaOH/HgO ( 4 5 : 5 5 ) ,  THF, n-Bu^N+HSO^"].  

A p u r p l e  o r g a n o m e t a l l i e  compound was i s o l a t e d  by column 

chr omat ogr aphy  which i s o me r i z e d  t o  a r ed  compound on 

s t a n d i n g . T h e  r ed  compound was i d e n t i f i e d  by x - r a y  

c r y s t a l l o g r a p h y  as 4 2 a , t he  c i s - f or m of  t he  benzyl  p h e n y l - 

v i n y l i d e n e  c o m p l e x . T h e  s t r u c t u r e  o f  t he  p u r p l e  compound
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was t hen  a s s i g n e d  t o  t h e  t r a n s - f o r m,  4 1 f , ba s ed  on i n f r a r e d  

s t r e t c h i n g  a b s o r p t i o n s  o f  t h e  c a r b o n y l s  and NMR s p e c t r a l  

d a t a .  P r o c e d u r e  A was used t o  s t udy  o t h e r  1 , 1 - d i c h i o r o -  

c y c l o p r o p a n e s ; however ,  s e p a r a t i o n s  a r e  d i f f i c u l t  due 

t o  t he  p r e s e n c e  of  o r g a n i c  c o n t a mi n a n t s .  The mechanism 

of  t h i s  unusua l  r e a c t i o n  i s  e x p l o r e d  and two p o s s i b l e  

i n t e r m e d i a t e s  a r e  i d e n t i f i e d  ( see  l a t e r  i n  t h i s  s e c t i o n ) .  

P r o c e d u r e s  B and C u t i l i z e s  t h e s e  i n t r e m e d i a t e s . Both 

were found t o  p r oduc e  i ncompar ab l e  y i e l d s  t o  p r o c e d u r e  

A, but  i s o l a t i o n  o f  p r o d u c t s  was much e a s i e r .  1 - Ch l o r o -  

c y c l o p r o p e n e s  were shown to be i n t e r m e d i a t e s  i n  t he  r e a c t i o n  

t o  form 4 1 .

P r o c e d u r e  B r e l i e d  on t he  f a c t  t h a t  1 - c h l o r o c y c l o -  

p r openes  a r e  i n t e r m e d i a t e s  i n  Pr ocedur e  A. I n s t e a d  of  

u s i ng  hydr ox i de  as t h e  base  t o  per form t h e  d e h y d r o h a l o g e n a -  

t i o n ,  t he W e y e r s t a h l ,  et__aj_. method of  r e a c t i n g  t he  1 , 1-

d i c h l o r o c y c l o p r o p a n e  wi t h  po t a s s i u m t - b u t o x i d e  ( t-BuOK) in THF 

a t  0°C i s  u s e d .  The c r u d e  1 - c h l o r o c y c l o p r o p e n e  produced 

i n  t h i s  i s  t hen  r e a c t e d  Fp^ ( 1 . 5  e q u i v )  under  

t y p i c a l  PTC c o n d i t i o n s ,  p r oduc i ng  t h e  t r a n s - v i n y l i d e n e  

41 as the ma j o r  p r o d u c t .

For  P r o c e d u r e  C, t he  g e n e r a t i o n  of  a 1 - c h l o r o c y c l o -  

pr opene  i s  c a r r i e d  o u t  as i n  Pr ocedur e  B, b u t  t h e  1 - c h l o r o 

cyc l  opropene  (1 e q u i v a l e n t )  i s  r e a c t e d  wi t h  2 e q u i v a l e n t s  

o f  NaFP. A y e l l o w o r g a n o m e t a l l i e  compound i s  pr oduced 

and i d e n t i f i e d  as  a s u b s t i t u t e d  1 - F p - c y c l o p r o p e n e  in s ub 
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s e q u e n t  e x p e r i me n t s .  The c r u d e  F p - c y c l o p r o p e n e  i s  t hen 

r e a c t e d  wi t h Fp^ (1 . 5  e qu i v )  under  PTC t o  produce 

t h e  t r a n s - b r i d q i n g  v i n y l i d e n e  as  t h e  maj or  p r o d u c t .

The workup and i s o l a t i o n  p r o c e d u r e s  i n v o l v e  

s e p a r a t i o n  o f  t h e  l a y e r s  of  t h e  r e a c t i o n  s o l u t i o n  and 

column chromat ography  o f  t he  o r g a n i c  l a y e r  on s i l i c a  gel  

o r  a l umi na .  Three ma j o r  bands  a r e  c o l l e c t e d ,  wi t h  t he  

f i r s t  ye l l o w band c o n t a i n i n g  f e r r o c e n e  and u n i d e n t i f i e d  

o r g a n i c  compounds.  The n e x t  ma j or  band con t ans  t h e  p u r p l e  

t r a n s - v i  ny l i  dene which was c o l l e c t e d  and chr omat ographed 

aga i n  i n  P r o c e dur e s  B and C t o  o b t a i n  a n a l y t i c a l  s ampl es .  

The s l o w e s t  moving band i s  u s u a l l y  Fpg,  however ,  i n  some 

c a s e s  t h e  r ed  ci  s - v i  n y l i  dene cou l d  be d e t e c t e d  bu t  never  

c o m p l e t e l y  s e p a r a t e d  f rom Fpg.

The NMR y i e l d s  f o r  t h e  p r o d u c t i o n  of  ^  based 

on s t a r t i n g  d i c h l o r o c y c l o p r o p a n e  us i ng  Pr ocedur es  A, B, 

and C a r e  p r e s e n t e d  in Tabl e  26.  In a l l  c a s e s ,  an a d d i 

t i o n a l  5-10% y i e l d  of  t h e  c i s - v i n y l i d e n e  i s  p r o b a b l y  

p r o d u c e d ,  b u t  a c c u r a t e  y i e l d s  f o r  t he  c i s - f o r m cou l d  not  

be de t e r mi n e d  due t o  t h e  s e p a r a t i o n  problem wi t h  Fpg.

The t h r e e  p r o c e d u r e s  p r e s e n t e d  in t h i s  work us i ng  

phase  t r a n s f e r  c a t a l y s i s  a l l ow t he  e f f e c t i v e  and s e l e c t i v e  

f o r m a t i o n  of  d i s u b s t i t u t e d  b r i d g i n g  v i n y l i d e n e  i r o n  dimers  

f rom s u b s t i t u t e d  1, 1- d i c h i o r o - 2 - a r y l - c y c l o p r o p a n e s ; t he  

r e s u l t s  are  summar ized in Ta b l e  26.  The o r i e n t a t i o n  

o f  t he  c y c l o p r o p a n e  r i n g  open i ng  i s  1 , 3 - r i n g  c l e a v a g e
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T a b l e  2 6 .  S y n t h e s i s  o f  B r i d g i n g  V i n y l i d e n e s

Y

Pr oduc t

X Y
Pr ocedure

used
(CpFeCO)^(M-CO)-
(p-CzCAriCr^RgRg) % Yield

Ph H H H A 41a 17
Ph H H H B 41a 17
H H H H A 41b 28
H H H H 6 41b 24
H H H H C 41b 24
Me H H H B 41c 40
Me H H H C 41c 45
Me Me H H B 4 Id 39
Me Me H H C 4 Id 31.6
H H Me H B 4 le 33
H H Me H C 4 le 35
Me H Me H B 4 If 66
Me H Me H C 4 If 37
Me Me Me H B 41g 51
Me Me Me H C 41g 43
H H OMe H B 41h 27
H H OMe H C 41h 14
Me H OMe H B 411 46
Me H OMe H C 411 31
Me Me OMe H B i l l 61
Me Me OMe H C 411 40
H H H Cl B 41k 7
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T a b l e  26  ( c o n t i n u e d )
P r o d u c t

X Y
Pr o c e d u r e

used
(CpFeCO)- (p-CO)-
(p-C=CArfCRjR2R3 % Yield*

H H H Cl C 41k 8
Me H H Cl B 411 14
Me H H Cl C 411 16
Me Me H Cl B 41m 45
Me Me H Cl C 41m 54

*% Yi e l d  i s  b a s e d  on t h e  s u b s t i t u t e d  1 , 1 - d i c h i o r o c y c l o p r o p a n e  
pe r f o r me d  a t  l e a s t  i n  d u p l i c a t e  and i s  ±10%.
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wi t h  a l l  t h r e e  p r o c e d u r e s .  The y i e l d s  f o r  t he  d i me t h y l -  

s u b s t i t u t e d  c y c l o p r o p a n e s  were b e t t e r  wi t h  p r oce dur e s  

B and C. A p o s s i b l e  e x p l a n a t i o n  would be a s t e r i c  e f f e c t  

making appr oach  t o  t he  mol ecu l e  more d i f f i c u l t .

The r e a c t i o n  o f  56n and 56p i l l u s t r a t e  two r e q u i r e 

ment s  f o r  t h e  r e a c t i o n :  A p r o t o n  on c a r b o n  2 and the

a r y l  r i n g  on ca r bon  2. Anot her  l i m i t a t i o n  i s  t h e  sub

s t i t u e n t s  must  s u r v i v e  under  PTC. I t  i s  shown t h a t  t he  

r e a c t i o n  can oc cu r  wi t h  a v a r i e t y  of  s u b s t i t u e n t s  on t he  

a r o m a t i c  r i n g  p l u s  a v a r i e t y  of  s u b s t i t u e n t s  on carbon 3.

Compar i son wi t h  Ot he r  S y n t h e t i c  Methods

Only two o t h e r  d i s u b s t i t u t e d  i r o n  b r i d g i n g  v i n y l i -  

denes  have been r e p o r t e d  i n  t h e  l i t e r a t u r e .  The s y n t h e s i s  

o f  _! by t h e  r e a c t i o n  of  d i phenyl  k e t e n e  wi t h  n o n a c a r b o n y l - 

d i i r o n  i s  o f  l i m i t e d  a p p l i c a t i o n  due t o  t h e  l i m i t e d  a v a i l 

a b i l i t y  and s t a b i l i t y  of  d i s u b s t i t u t e d  k e t e n e s .  Also 

no y i e l d s  a r e  r e p o r t e d  f o r  t h i s  r e a c t i o n .  The s y n t h e s i s  

o f  42n by t h e  r e a c t i o n  of  l , l - d i b r o m o - 2 - 2 - d i c y a n o e t h y l e n e
_ 12 13

wi t h  Fp~ ’ i s  o f  l i m i t e d  s y n t h e t i c  u s e f u l n e s s  due 

t o  low y i e l d  (3%) and t h e  poor  a v a i l a b i l i t y  of  1 , 1-d i br omo-

2 , 2 - d i s u b s t i t u t e d  e t h y l e n e s .  A t h i r d  s y n t h e t i c  r o u t e  

does  e x i s t  bu t  has no t  been e x p l o r e d  y e t .  The a t t a c k  

o f  an a l k y l  or  a r y l  l i t h i u m  r e a g e n t  on a metal  d i mer  f o l 

lowed by p r o t o n a t i o n  wi t h  t r i f l u o r o a c e t i c  a c i d  i s  a p o t e n -
2 8t i a l  pa t h  t o  d i s u b s t i t u t e d  b r i d g i n g  v i n y l i d e n e s .  A
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v a r i a t i o n  on t h i s  i s  t he  a t t a c k  o f  t h e  l i t h i u m  r e a g e n t  

f o l l o we d  by t r e a t m e n t  wi t h  a bas e  t o  form t h e  b r i d g i n g
9

v i n y l i d e n e .  These two methods  a r e  p o t e n t i a l l y  very 

u s e f u l  and t he  y i e l d s  a r e  in t h e  r ange  of  40-70%. The 

on l y  r e a l  p r obl em t h a t  can be a n t i c i p a t e d  i s  t he  a v a i l 

a b i l i t y  of  t he  l i t h i u m  r e a g e n t s .  The p r i n c i p a l  advan t age  

t o  our  s y n t h e s i s  i s  t he  r e a s o n a b l e  y i e l d s  and t he  a b i l i t y  

t o  make a s e r i e s  of  s u b s t i t u t e d  exampl es .

The t r a n s - b r i d g i n g  v i n y l i d e n e  ^  produced by 

P r o c edur e s  A, B, and C can be t h e r m a l l y  i s o me r i z e d  t o  

t he  c i  s - b r i  dging v i n y l i d e n e s  4^ by h e a t i n g  t o  80°C in 

t o l u e n e  s o l u t i o n  f o r  35 h o u r s .  The r e l a t i v e  r a t i o  of  

c i s t o  t r a n s  was based on i s o l a t e d  m a t e r i a l s  s i n c e  t he  

NMR s i g n a l s  o v e r l a p p e d  t oo c l o s e l y  f o r  an NMR r a t i o  d e t e r 

m i n a t i o n .  The r e s u l t s  a r e  summar i zed in Tabl e  27.

There a r e  no c l e a r  t r e n d s  in t h e  d a t a .  I f  a 

s t e r i c  e f f e c t  were domi na t i ng  one would e x p e c t  t he  i s o 

propyl  s u b s t i t u t e d  b r i d g i n g  v i n y l i d e n e s  t o  f a v o r  t he  

ci  s form more.  There  i s  a s l i g h t  t r e n d  in t h i s  d i r e c t i o n ,  

bu t  d e f i n i t e  c o n c l u s i o n s  a r e  d i f f i c u l t .

The n o n e q u i v a l e n c e  o f  t h e  Cp r i n g s  i n d i c a t e d  t h e r e

a r e  no f a c i l e  dynamic p r o c e s s e s  t o  e q u i l i b r a t e  t he  r i n g s .
37The c r y s t a l  s t r u c t u r e  of  42a showed t he  f a ce  of  one 

phenyl  r i n g  p o i n t i n g  d i r e c t l y  t owar ds  one Cp, e x p l a i n i n g  

t he  l a r g e  0 . 5  ppm d i f f e r e n c e  in t he  Cp r e s o n a n c e s .  Thi s  

i s  a much l a r g e r  d i f f e r e n c e  i n  t h e  Cp chemi cal  s h i f t s
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T a b l e  2 7 .  C o n v e r s i o n  o f  t r a n s - c i s - B r i d g i n g  V i n y l i d e n e s

Y Y

R X Y t r a n s / c i  s % Reco

H H H H 41b i l / i l 1 4 78

Me H H H 4 1 c i l / i l 1 5 82

Me Me H H 41d i l / 4 2 1 5 80

H H Me H 4 1 e i l / i l 1 4 90

Me H Me H i l l i l / i l 1 5 88

Me Me Me H 4 1 g i l / i l 1 5 88

H H OMe H 4 1 h i l / i 2 1 4 85

Me H OMe H 4 1 i i l / i l 1 6 83

Me Me OMe H 4 1 j i l / i l 1 6 81

H H H Cl 4 1 k i l / i l 1 4 87

Me Me H Cl 41m 4 1 . / 4 2 1 6 83

*% Recovery  i s  t h e  amount  o f  b r i d g i n g  v i n y l i d e n e  r e c o v e r e d  
compared t o  t he  s t a r t i n g  amount  o f  b r i d g i n g  v i n y l i d e n e .
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when compared t o  o t h e r  r e p o r t e d  s e l e c t e d  b r i d g i n g  v i n y l i -  

de nes  shown in Tab l e  29.  The chemical  s h i f t  d i f f e r e n c e  

of  t h e  Cp' s  of  0 . 2  ppm observed i n  45d can be a t t r i b u t e d  

t o  a s i m i l a r  e f f e c t  by t h e  e s t e r  g r oup.  The s i g n a l s  f o r  

t h e  o t h e r  a l ky l  s u b s t i t u e n t s  are as e x p e c t e d  f o r  an asym

m e t r i c  en v i r o n me n t .

l ^ c - N M R

The ^^C-NMR s p e c t r a  for  t h e  c i s -  and t r a n s - b r i  dgi  ng

v i n y l i d e n e s  were o b t a i n e d  i n  d^- benzene  and a r e  summar ized 

in Ta b l e  30.  Ass i gnment s  were ba s ed  on compar i son  to  

s p e c t r a  of  o t h e r  s i m i l a r  compounds p l u s  t h e  t r e n d s  obs e r ved  

in t h e  new v i n y l i d e n e s  r e p o r t e d  h e r e .  One d i f f i c u l t  a s s i g n 

ment  was t he  p a i r  o f  s i g n a l s  in t h e  260-270 ppm r a n g e .

Both t he  b r i d g i n g  c a r bony l  and t h e  b r i d g i n g  v i n y l i d e n e  

ca r bons  would be e x p e c t e d  t o  absorb h e r e ,  however ,  t h e  

a s s i g n me n t s  a r e  r e a d i l y  made based on two p o i n t s ;

1. The chemi cal  s h i f t  of  t h e  b r i d g i n g  ca r bony l  do n o t  

change s i g n i f i c a n t l y  t h r o u g h o u t  t h e  s e r i e s  ( 2 7 0 . O i l . 0 ppm).

A l a r g e r  change would be expec t ed  f o r  t he  v i n y l i d e n e  

car bon  as i t  i s  c l o s e r  t o  t h e  s i t e  of  s t r u c t u r a l  c hanges .

2. The f u l l y  coup l ed  s pec t r um showed l o n g - r a n g e  c o u p l i n g  

f o r  t h e  v i n y l i d e n e  ca r bon  and not  f o r  t h e  c a r bony l  c a r bon .

In a l l  c a s e s ,  l o n g - r a n g e  coupl i ng  be t ween t h e  hydrogens

on t h e  a l k y l  groups  and t h e  vinyl  i dene  ca r b o n s  would be 

e x p e c t e d ,  and a r e  o b s e r v e d .  Other  t r e n d s  were n o t i c e d



Table 28. Proton NMR Spect ra  of  c1s-  and tra, is-Br1dg1ng Vinyl Idene Iron Dimers

Isomer «1 «2 X Y *1 ^2 H. Ar X Cpj Cp2

t H H H H 3 2.87(s) 6.8-7.3 4.23, 4.73
c H H H H 2.83(s) 7.1-7.6 4.36, 4.85
t Me H H H 3 l . I 8(t) 2 3.30(q) 7.06, 7.40 4.20, 4.77
c Me H H H 3 1.15(t) 2 3.23(g) 7.2-7.6 4.37, 4.90
t Me Me H H 3 1.13(d) 3 1.47(d) 3.60 4.10, 4.73
t H H Me H 3 2.87(s) 3 1.3. 9 7.0-7.4 3 2.37(s) 4.33, 4.88
c H H Me H 3 2.82(s) 7.03, 7.40 3 2.37(s) 4.37, 4.83
t Me H Me H 3 1.02(t) 2 3.28(q) 7.10, 7.36 3 2.37(5) 4.10, 4.73
c Me H Me H 3 l. lO(t) 2 3.17(g) 7.13, 7.36 3 2.40(s) 4.33, 4.90
t Me Me Me H 3 1.08(d) 3 1.41(d) 1 3.50-390 7.0-7.3 3 2.40(s)
c Me Me Me H
t H H OMe H 3 2.87(s) 6.7-7.5(AB) 3 3.78(s) 4.27, 4.77
c H H OMe H 3 2.82(s) 6.92,7.42(AB) 3 3.85(s) 4.42, 4.88
t Me H OMe H 3 1. 20(t) 2 3.23(g) 6.87, 7.40 3 3.73(s) 4.20, 4.73
c Me H OMe H 3 1. 12(t) 2 3.10(g) 6.95, 7.37 3 3.90(s) 4.37, 4.93

voo



Table 28 (cont inued)

Isomer «1 «2 X Y Ri «2 H Ar X Cp2

t He Me OMe H 3 1.08(d) 3 1.42(d) 1 3.2-3.8(m) 6.73, 7.30 3 3.77(s)
c Me Me OMe H 3 1.05(d) 3 1.35(d) 1 3.5-3.9(m) 6.92, 7.25 3 3.87(s) 4.32, 4.85
t H H H Cl 3 2.87(s) 3 1.35(d) 1 3.5-3.9(m) 6.9-7.5(m) 4.28, 4.75
c H H H Cl 3 2.83(s) 7.1-7.6(m) 4.43, 4.86
t Me H H Cl 2 3.30(q) 1.20(t) 6.8-7.5(m) 4.23, 4.77
t Me Me H Cl 3 1.13(d) 3 1.40(d) 7.2-7.5 4.14, 4.75

Proton NMR Spectra were recorded In deuterochloroform and reported as 6 re la tive  to TMS.

VO



T a b l e  2 9 .

92

^H-NMR o f  S e l e c t e d  B r i d g i n g  V i n y l i d e n e s

Mn — CO

^2

M ^1 %2 Cp ̂ Cp2 Rl Rg

Mn H Ph 4 . 7 2 4 . 79 8. 46  7 . 0 - 8 . 3 ^ 9

Mn H COgMe 4 . 0 4 4. 22 7. 2  3. 62^4

Mn H Me 4 . 6 4 4 . 69 7. 02  2 . 2 7 , 2 2

Mn H H 4. 10 6.7723

CD

4. 16 

5.03 

5. 2

12-14

- 1’-2
6.9^9

M Rt Ê2 
c i  s Fe H H

C I S  Fe CN CN

c i s  Ru H H

* ”'h-NMR sp ectra  data i s  from t h e  l i t e r a t u r e  and reported in  6 r e l a t i v e  
t o  IMS.

6. 27 2 0 . 2 1
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in a n a l y z i n g  t he  "^C-NMR d a t a ,  e s p e c i a l l y  in compar ing 

t he  c i s  and t r a n s  i s o m e r s .  I t  s h o u l d  be n o t e d  t h a t  t he  

f a c t o r s  t h a t  i n f l u e n c e  carbon chemical  s h i f t s  in t r a n s i -  

t i o n - m e t a l  complexes  a r e  complex,  and o b s e r v e d  t r e n d s  

a r e  d i f f i c u l t  to i n t e r p r e t .  However,  t he  r e p o r t i n g  of  

t r e n d s  can be use fu l  i n  a s s i g n i n g  s p e c t r a  of  new compounds 

and even in s t r u c t u r e  d e t e r m i n a t i o n .  Because of  t h e s e  

c once r ns  t he  f o l l o w i n g  t r e n d s  a r e  d e s c r i b e d .  All  s i g n a l s  

f o r  t he  c a r bons  d i r e c t l y  a t t a c h e d  t o  i r on  a r e  e i t h e r  

unchanged or  s h i f t e d  u p f i e l d  in t he  c i s - i s omer  r e l a t i v e  

t o  t he  t r a n s . The a v e r a g e  v a l u e s  f o r  t he  u p f i e l d  s h i f t s  

in going f rom the  t r a n s -  t o  t h e  c i s - i s o me r s  a r e :  Termi nal

Co, 1.0 ppm; Cp, 2.5 ppm, p-CO, 0.4 ppm; p-C=C,  5 . 9  ppm.

In a d d i t i o n ,  a l l  e x c e p t  examples  c and j  a l s o  show an 

u p f i e l d  s h i f t  f o r  t h e  o t h e r  ca r bon  of  t he  v i n y l i d e n e  l i g a n d  

when going f rom the  t r a n s - and c i s - f o r m s . Both t h e  ci  s - 

and t r a n s - i s o m e r s  e x h i b i t  two d i f f e r e n t  s i g n a l s  f o r  

t he  t e r mi n a l  c a r b o n y l s  and t h e  Cp r i n g s .  The d i f f e r e n c e s  

between t he  ca rbon s i g n a l s  in t he  same mo l e c u l e  were found 

t o  be s m a l l e r  in t he  c i s  i somer  t han  t he  t r a n s . The d i f 

f e r e n c e s  between t he  t e r mi n a l  CO' s were 1 . 5  and 0 . 7  ppm 

which t he  Cp d i f f e r e n c e s  were 0 . 7  and 0. 15 ppm f o r  t he  

t r a n s - and c i s - i s o m e r s , r e s p e c t i v e l y .

IR S p e c t r a

The c i s - and t r a n s - b r i  dgi  ng v i n y l i d e n e s  e x h i b i t



Tab l e  30.  ^^C-HMR S p e c t r a  o f  c i s - and t r a n s - Br ldqI nq  Vi ny l I den e  I ron  Dimers*

Y

Compound
f «1 Rg X Y 1&2 364 5 6 7 8 9 10 11 12 13

41b H H H H 89.98
90.62

212.80
214.25

271.06 270.72 147.74 28.43 146.67 125.61 128.16 129.04

42b H H H H 87.50
87.68

212.20
212.88

270.08 264.26 148.80 29.41 145.81 125.67 128.58 129.10

41c Me H H H 89.81
90.67

212.88
213.99

270.29 269.31 153.59 36.11
t-125

146.88 125.81
d-158

128.37
d-158

129.91 15.18
q-133

42c Me H H H 87.46
88.59

212.50
212.88

270.29 262.47 153.16 37.32 147.44 125.85 128.50 130.38 14.88

4 Id Me Me H H 89.90
90.62

212.92
213.69

270.89 266.36 157.86 41.68 145.72 125.98 128.47 131.53 22.87
24.41

42d Me Me H H 87.39
07.45

212.47
212.58

269.88 261.54 157.54 42.45 145.14 126.02 130.54 132.18 22.69
23.68

14

VO



T a b l e  30  ( c o n t i n u e d )

Comoound «1 «2 X r 1&2 364 5 6 7 8 9 10 11 12 13 14

A le H H He H 90,03
90.71

212.80
214.29

270.55 66,67 146.80 28.47
q-117

145.17
d-158

127.69
d-158

129.05 134.95 21.20

42e H H He H 07.72 212.87

A i r He H Me H 89.86
90.75

212.97
214.08

270.63 263.92 153.36 36.12
t- !2 3

144.10 129.10
d-158

129.82
d-158

134.99 15.18
q-125

21.16
q-125

A2f He H He H 87.46
87.62

212.54
212.96

270.50 261.30 153.03 37.32 144.53 128.48 130.25 134.92 14.91 21.24

A lg He He He H 89.90
90.71

213.65
215.93

270.55 266.66 157.91 41.72 142.9 128.88 131.66 135.13 22.87
24.41

21.16

A2g He He Me H 87.40
87.53

212.65
212.79

270.59 261.31 157.31 41.95 142.13 128.87 132.03 135.16 19.91
23.28

21.41

A lh H H OMe H 89.98
90.71

212.80
214.29

270.21 267.21 146.37 38.51 140.63 130.17 113.58 158.42 51.97

A2h H H OMe H 87.47
87.69

212.19
212.91

270.11 264.10 145.51 29.53 141.54 130.07 113.94 158.29 54.92

A ll Me H OMe H 89.86 213.30 270.42 268.00 153.21 36.12 139.53 130.76 113.84 158.29 15.18 54.93

A21 He H OMe H 87.48
87.62

212.58
213.05

270.38 262.72 152.69 35.84 139.95 132.28 113.28 158.17 14.93 54.87

41J Me He OMe H 89.90
90.67

212.93
213.65

270.51 266.96 157.53 41.68 138.33 132.60 113.58 158.42 22.91
24.37

54.85

V O
VJ1



Tabl e  30 ( c on t i nued)

Compound «1 «2 X Y 1»2 3&4 5 6 7 8 9 10 11,12 13 14 *2 «2
42J He Me OMe H 87.42

87.51
212.69
213.90

270.46 261.99 156.94 42.34 140.52 133.02 113.54 158.36 22.76
23.69

41k H H H Cl 90.05
90.62

212.57
213.91

269.81 273.64 149.02 28.05 145.29 129.38 126.79 134.02 125.50 129.22

42k H H H Cl 87.55
87.55

211.88
211.88

269.22 266.15 150.88 28.98 144.31 129.15 129.34 134.12 125.60 128.50

411 Me H H Cl 89.92
90.66

212.72
213.77

269.74 271.76 152.35 35.81 148.46 129.91 127.52 134.27 125.74 129.77 15.03

41m Me He H Cl 89.87 212.63 
90.51 213.31

269.95 267.63 156.62 41.59 147.54 127.65 126.44 134.02 125.98 127.39 22.61
24.33

42m Me He H Cl 87.36 212.33
87.36 214.59

268.96 262.03 156.16 42.39 146.94 132.08 130.35 133.81 125.46 128.50 22.51
23.55

w 'O 
a 0 \

*C NW recorded In  dg-Benzene r e la t iv e  to  TMS.
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12  13normal  CO s t r e t c h e s  f o r  compounds of  t h i s  t y p e .  ’

In hep t ane  s o l u t i o n  t he  c i s - i s o me r  showed two s t r o n g  

t e r mi n a l  CO s t r e t c h e s  a t  2000 and 1965 cm~^ whi l e  t he  

t r a n s  had one s t r o n g l y  t e r mi n a l  CO band a t  1973 cm~^ and 

a weak s h o u l d e r  a t  1960 cm"^. Both i s omer s  had a b r i d g i n g  

CO band a t  1807 cm"^ in h ep t ane .  The C=C s t r e t c h  o f  t h e  

v i n y l i d e n e  was t oo  weak to o b s e r v e  in hep t ane  due t o  

s o l u b i l i t y  p r o b l e ms ,  bu t  coul d  be o bs e r ve d  around 1590 

cm~^ us i ng  a KBr d i s c .  A summary of  t h e  da t a  i s  p r e s e n t e d  

i n  Table  31.  The d i f f e r e n c e s  in t h e  IR s p e c t r a  were 

smal l  and no c l e a r  t r e n d s  were e s t a b l i s h e d .

In t h e  r e a c t i o n  of  3 , 3 - d i m e t h y l - 2 - ( m- chl or ophenyl  )- 

1 - c y c l o p r o p e n e  us i ng  Pr ocedur e  B and C, a smal l  d a r k e r  

p u r p l e  band was i s o l a t e d  in a d d i t i o n  to  t h e  normal bands 

o bs e r ve d  in t h i s  t ype  of  r e a c t i o n .  Thi s  band was i s o l a t e d  

and c h a r a c t e r i z e d  by IR and ^H-NMR s p e c t r a ,  see Table  

32.  The s t r u c t u r e  was a s s i g n e d  t h e  t r a n s - b r i  dgi  ng c y c l o -  

p r opyl  i dene  The compound r e a d i l y  i s o me r i z e d  t o  t he

c j s ^ - c o n f i g u r a t i o n  The ^^C-NMR of  ^  was a t t e mp t e d

a t  room t e m p e r a t u r e ,  bu t  ^  i s o me r i z e d  t o  5^. The ^^C- 

NMR spec t r um of  ^  i s  r e p o r t e d  in Table  33.

Thi s  a s s i g n me n t  i s  in agr eement  wi t h  t he  c i s- 

and t r a n s - b r i  dgi  ng c y c l o p r o p y l i d e n e  complexes  ( 57b and 

5 8 b ) p r e p a r e d  by Hoe l . *^  The b r i d g i n g  carbon i s  o bs e r ve d  

a t  6158.5 and t h e  o t h e r  c y c l o p r o p y l  c a r bons  a t  622. 3 

and 22 . 6 .  These a r e  in agreement  wi t h  t he  ^^C-NMR spec t r um
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31. IR S p e c t r a l Data f o r 41 and 42*

«2 X Y vCO* cm V C=C’ cm

Ph H H H 1975 1966 1809 1598

Ph H H H 2000 1968 1809 1596

H H H H 1976 1959 1808 1601

H H H H 2000 1968 1808 1600

Me H H H 1974 1959 1806 1591

Me H H H 1999 1966 1806 1602

Me Me H H 1973 1959 1805 1581

Me Me H H 1999 1966 1805 1598

H H Me H 1973 1958 1806 1592

H H Me H 1966 1964 1806 1598

Me H Me H 1972 1958 1805 1583

Me H Me H 1999 1965 1805 1581

Me Me Me H 1974 1960 1806 1584

Me Me Me H 1999 1965 1805 1589

H H OMe H 1972 1958 1806 1606

H H OMe H 2000 1966 1806 1601

Me H OMe H 1972 1957 1805 1603

Me H OMe H 2000 1965 1806 1599

Me Me OMe H 1972 1958 1804 1584

Me Me OMe H 1999 1963 1805 1588

H H H Cl 1972 1961 1808 1575

- 1



T a b l e  31  ( c o n t i n u e d )
99

X Y CO’
1

C = C’
H H H Cl 2000 1968 1809 1578

Me H H Cl 1976 1962 1808 1580

Me Me H Cl 1975 1960 1808 1589

Me Me H Cl 1999 1961 1807 1597

Cm- 1

IR sp e c tr a  recorded in  heptane with th e  C=C s tr e tc h e s  recorded in  a 
KBr p e l l e t .
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Fë

CO
Me

Fe

OC CO
Me

Me
58a

a R^ = R2=Me R2=ni-chl o r ophenyl

o bs e r v e d  f o r  5 8 a . The c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  on
47 Thi s  s t r u c t u r e  i s  a c i s - b r i d g i n g  

47
58b has been p e r f o r me d ,  

c y c l o p r o p y l i d e n e  i r o n  d i mer .

Tabl e  32.  ^H-NMR* S p e c t r a  o f  ^  and 58

t r a n s  7 . 4 - 7 . 7 ,  Ar-H;  4 . 6 0 ,  Cp; 4 . 2 0 ,  Cp; 2 . 7 2 ,  l H ( s ) ;
1 . 90 ,  CHgfs) ;  1 . 41 ,  CHgfs) 

c i s  7 . 4 - 7 . 7 ,  Ar-H;  4 . 7 3 ,  Cp; 4 . 4 9 ;  Cp; 3 . 0 1 ,  l H ( s ) ;
1 . 84 ,  CHgfs) ;  1 . 74 ,  CH^fs)

*NMR r e c o r d e d  in CDCl^.

S t a b i l i t y  of  1 , 1 - d i c h l o r o c y c l o p r o p a n e s  t o  P h a s e - T r a n s f e r  

C o n d i t i o n s

The f o r m a t i o n  o f  t h e  b r i d g i n g  v i n y l i d e n e s  f rom

1 , 1 - d i c h l o r o c y c l o p r o p a n e s  r e p r e s e n t s  an unusual  2 , 3 - o p e n i n g  

of  t he  c y c l o p r o p a n e  r i n g .  Most  r e a c t i o n s  t h a t  i n v o l v e  r i ng  

openi ng in 1 , 1 - d i c h l o r o c y c l o p r o p a n e s  r e s u l t  in c l e a v a g e  of  

t h e  2 , 3 - b o n d . T h i s  f a c t  s u g g e s t e d  t h a t  t he  s t a r t i n g  c y c l o 

propane  was not  t h e  key r e a c t i v e  s p e c i e s .  To t e s t  f o r  t he  

s t a b i l i t y  of  t h e  1 , 1 - d i c h l o r o c y c l o p r o p a n e .  P r o c edur e  A was
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T a b l e  3 3 . 13 C-NMR o f  58

Fe

OC CO

16

Me 
12 15

11

Carbon # 6

1 , 2  8 9 . 9 0 ,  92 . 60

3 , 4  212 . 41 ,  213 . 27

5 257. 0

6 182.3

7 23. 3

8 36 . 50

9 146. 70

Carbon # 6

10 129.81

11 127.7

12 127.4

13 125.12

14 127. 4

15 39 . 9

16 48. 6

*13,C-NMR recorded in  dg-Benzene r e la t iv e  to  IMS.
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used wi t h  56a and 56b b u t  no Fpg was added.  The s t a r t i n g  

c y c l o p r o p a n e  r a p i d l y  d i s a p p e a r e d  under  t he  p h a s e - t r a n s f e r  

c o n d i t i o n s  wi t h  h y d r o x i d e .  The ma j o r  monomeric p r o d u c t  f o r  

56a was i d e n t i f i e d  as  1 - c h l o r o - l - p h e n y l c y c l o p r o p e n e  ( 6 b ) 

t h r ough  compar i son  o f  s p e c t r a l  d a t a  p r e v i o u s l y  r e p o r t e d  

by We h e r s t a h l ,  e t  al  38 , 39 c y c l o p r o p e n e  a p p a r e n t l y  formed

t hr ough  d e h y d r o h a l o g e n a t i o n  med i a t ed  by hydr oxi de .

Cl

C l Ar
C l Ar

56a, b  6a , b

a = R^=Ph,  Ar=Ph a R^=Ph,  Ar=Ph

b = Ry=H, Ar=Ph b Rj=H, Ar=Ph

The r e a c t i o n  was r e p e a t e d  e x c e p t  Fp^ was added

a f t e r  a l l  o f  t he  c y c l o p r o p a n e  had d i s a p p e a r e d .  The b r i d g i n g

v i n y l i d e n e  formed r a p i d l y  and a c ompar ab l e  y i e l d  t o  t h a t

o b t a i n e d  i n  t h e  d i r e c t  r e a c t i o n  was o b t a i n e d .  In a d d i t i o n ,  
38 3 9Weyer s t ahl  ’ had p r e v i o u s l y  r e p o r t e d  1 , 3-bond  c l e a v a g e  

in s e l e c t e d  c a s e s  of  1 - c h l o r o c y c l o p r o p e n e  r e a c t i o n s  wi t h  

a l c o h o l s .  I t  was a l s o  obs e r ved  t h a t  a hydrogen was r e 

q u i r e d  in C2 s i n c e  l , l - d i c h l o r o - 2 - m e t h y l - 2 - p h e n y l  c y c l o 

propane  f a i l e d  t o  y i e l d  a v i n y l i d e n e  dimer  ( see  Tabl e
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26 ) .  Al l  o f  t h e s e  f a c t s  s t r o n g l y  i m p l i c a t e  t h e  1 - c h l o r o 

cycl  op r opene  as a key i n t e r m e d i a t e  in t h e  v i n y l i d e n e  

f o r m a t i o n .

Cr o s s o v e r  Between Fp^ and [ (MeCPjFefCO)^!^

The n a t u r e  o f  t h e  r e a c t i v e  i r o n  s p e c i e s  was e x 

p l o r e d  t o  d e t e r m i n e  wh e t h e r  a metal  d i mer  o r  monomer was 

i n v o l v e d .  An e q u i mol a r  mi x t u r e  of  Fpg and [ (MeCp) Fe ( CO)2]2 

[MeCP = m e t h y l c y c l o p e n t a d i e n y l ] was s u b j e c t e d  t o  PTC and

MeMe

Fe

OC CO
0

(MeFP);

t h e  p r o d u c t  m i x t u r e  exami ned by mass s p e c t r o s c o p y  (MS). 

Complete  s c r a mb l i n g  o f  t h e  i r o n s  was i n d i c a t e d .  A c o n t r o l  

d e m o n s t r a t e d  t h a t  c r o s s o v e r  did no t  o c c u r  i n  t h e  mass 

s p e c t r o m e t e r .  Al t hough h i g h e r  a g g r e g a t e s  c o u l d  be e n 

v i s i o n e d  to e x p l a i n  t h e  exchange ,  t h e  most  l i k e l y  answer  

i s  a monomer ic  i r o n  s p e c i e s  as t he  key i n t e r m e d i a t e  i n
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t h e  c r o s s o v e r  mechani sm.

Re a c t i o n  o f  Fp Anion w i t h  1 - c h l o r o - 2 - p h e n y l c y c l op r opene  
41AT p e r  had p r e v i o u s l y  d e mo n s t r a t e d  t h a t  Fpg coul d

be an a p p a r e n t  s o u r c e  o f  Fp an i on  under  PTC. The d i r e c t

r e a c t i o n  of  Fp ani on wi t h  t h e  1 , 1 - d i c h l o r o c y c l o p r o p a n e

had been p r e v i o u s l y  shown t o  p r oduce  r e d u c t i o n  p r o d u c t s
42and no v i n y l i d e n e  c o mpl e xes .  However ,  an e a r l i e r  e x p e r i 

ment  r e p o r t e d  her e  d e s c r i b e d  how t h e  s t a r t i n g  c y c l op r opa ne  

was n o t  s t a b l e  under  t h e  r e a c t i o n  c o n d i t i o n s  and t h a t  

t h e  1 - c h l o r o c y c l o p r o p e n e  was r a p i d l y  p r oduced .  I t  was 

p o s s i b l e  t h a t  t h e  1 - c h l o r o c y c l o p r o p a n e  would r e a c t  wi t h  

Fp an i on  t o  p r oduce  t h e  v i n y l i d e n e  complex d i r e c t l y .

To t e s t  t h i s  p o s s i b i l i t y ,  1 . 5  e q u i v a l e n t s  of  Fp an i on  

was r e a c t e d  wi t h  1 - c h l o r o - 2 - p h e n y l c y c l o p r o p e n e  (produced  

from t-BuOK and 1 , 1 - d i c h i o r o - 2 - p h e n y l cyc l opr opane  in THF 

a t  15°C) in THF. None of  t he  b r i d g i n g  v i n y l i d e n e  complex 

coul d  be d e t e c t e d ,  bu t  a new o r g a n o m e t a l 1i c  was i s o l a t e d  

and c h a r a c t e r i z e d  by NMR, IR and MS as l - F p - 2 - p h e n y l c y c l o 

propane  ( 7 ^ ) .  Thi s  r e p r e s e n t s  a new c l a s s  of  compounds 

whose s y n t h e s i s  and c h e m i s t r y  was d i s c u s s e d  i n  Chapt e r

1.  When t h e  F p - c y c l o p r o p e n e  was r e a c t e d  wi t h  Fp^ under  

PTC, t h e  b r i d g i n g  v i n y l i d e n e  was produced  in 74% y i e l d .

Cr o s s o v e r  in t h e  F p - c y c l o p r o p e n e

Seve r a l  e x p e r i me n t s  were  pe r f o r med  to d e t e r mi n e  

i f  t he  1 - F p - c y c l o p r o p e n e  was a t r u e  i n t e r m e d i a t e  in t h e
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v i n y l i d e n e  p r o d u c t i o n .  A c r o s s o v e r  e x p e r i me n t  between 

l - F p - 2 - p - t o l y l - d i me t hy l  cyc l  opropene (7_a) and [ (MeCp)Fe(C0)2]2  

under  PTC was pe r for med t o  see  i f  t h e  i r o n  on t h e  c y c l o -  

p r opene  would exchange .  The mi x t u r e  was ch r oma t og r a phe d  

on an a l umi na  column to remove t he  o r g a n i c  c o n t a mi n a n t s  

and a n a l y z e d  by mass s p e c t r o s c o p y .  Two v i n y l i d e n e  p r o d u c t s  

were d e t e c t e d  by peaks  a t  M/e 354 and 368 and a s s i g n e d  

t o  t he  p r o d u c t  wi t h  2 Cp r i n g s  and t o  t he  one wi t h  one 

Cp and t h e  MeCp r i n g .  The r e a c t i o n  wi t h  [ (MeCp)Fe(CO)2]2 

was much s l owe r  t han  t he  r e a c t i o n  wi t h  Fpg so t h e  p o s s i 

b i l i t y  e x i s t e d  t h a t  t he  u n l a b e l e d  p r o d u c t  was formed from 

Fpg pr oduced  in t h e  dec ompos i t i on  of  7^.  To check t h i s  

p o s s i b i l i t y ,  t he  r e a c t i o n  was per formed u s i n g  MeFp-2-p-  

t o l y l - 3 , 3 - d i m e t h y l c y c l o p r o p e n e  [MeFp = MeCpFe( CO) 2 ] 2 > 

and Fpg;  work up was as b e f o r e .  The onl y  p r o d u c t  d e t e c t e d  

was t he  one c o n t a i n i n g  a s i n g l e  MeCp i n d i c a t i n g  no exchange  

o f  t he  i r o n  group o c c u r r e d  once i t  was a t t a c h e d  t o  t h e  

c y c l o p r o p e n e  r i n g .

At t empt ed  I s o l a t i o n  of  7 Under Phase T r a n s f e r  C a t a l y s i s  Co n d i t i o n s  

At t empt s  were made to  i s o l a t e  t he  F p - c y c l o p r o p e n e s  

under  r e a c t i o n  c o n d i t i o n s  by adding a l i m i t i n g  amount  

o f  Fpg (1 e q u i v a l e n t )  t o  l - c h l o r o - 3 , 3 - d i r a e t h y l - 2 - £ - t o l y l - 

c y c l o p r o p e n e  ( 56g ) (8 e qu i v )  under  PTC. Only t he  

b r i d g i n g  v i n y l i d e n e  was d e t e c t e d .  A c o m p e t i t i v e  r a t e  

s t u d y  was t hen  pe r f or med where a l i m i t i n g  amount  o f  Fp^
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was added t o  a mi x t u r e  of  l - F p - 3 , 3 - d i t n e t h y l - 2 - t o l y l  cycl  o- 

p r opene  (2£)  and 1 - c h l o r o - 3 , 3 - d i m e t h y l - 2 - p h e n y l c y c l o p r o p e n e  

( 5 6 d ) i n one e xpe r i me n t  and a m i x t u r e  o f  ]_û and 56q in 

a n o t h e r .  The _7 r e a c t e d  f a s t e r  in bot h c a s e s .  T h e r e f o r e ,  

i f  f o r med ,  would n o t  be d e t e c t e d  unde r  t h e  r e a c t i o n  

con di t i  ons .

Mechani  sm

The mechanism of  t h e  r e a c t i o n  o f  t h e  1 , 1 - d i c h i o r o 

cyc l  op r opane s  wi t h  Fpg to  form t h e  v i n y l i d e n e  i r o n  dimers  

was e x p l o r e d .  A s t udy  of  t he  mechanism was w a r r a n t e d  

bec a us e  t h e  r e a c t i o n  was u n u s u a l .  In a d d i t i o n ,  a t ho r ough  

s t u d y  mi ght  p r ov i de  an i mproved p r o c e d u r e  t o  t he  i m p o r t a n t  

v i n y l i d e n e  metal  d i mer s .

The o b s e r v a t i o n  t h a t  t he  a r y l  group and a p r o t o n  

on carbon 2 were n e c e s s a r y  t o  p r oduce  t h e  b r i d g i n g  v i n y l i -  

dene s u g g e s t e d  t h a t  t he  1 , 1 - d i c h l o r o c y c l o p r o p a n e  was 

r e a c t i n g  wi t h  t he  base under  PTC. The s t a b i l i t y  of  56a 

and 56d ( s e e  Table  1) t o  PTC in t h e  absence  of  Fpg was 

t e s t e d ,  and both under went  d e h y d r o h a l o g e n a t i o n  t o  form 

t he  1 - c h l o r o c y c l o p r o p e n e . We h e r s t a h l ,  e t  a l . , ^ ^ ' ^ ^  had r e 

p o r t e d  t h e  p r o d u c t i o n  of  1 - c h l o r o c y c l o p r o p e n e s  f rom 1 , 1 - d i 

chl  o r oc yc l  opr opanes  by r e a c t i o n  wi t h  t-BuOK.  He a l s o  r e p o r t e d  

s e e i n g  1 , 3 - r i n g - o p e n e d  p r o d u c t s  i n  t h e  r e a c t i o n  o f  1 - c h l o r o 

cyc l  op r opene s  wi t h  a l c o h o l s .  P r o c e d u r e  B i s  based on 

t he  f a c t  t h a t  1 - c h l o r o c y c l o p r o p e n e s  g e n e r a t e d  v i a  t h e
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We y e r s t ah l  p r o c e d u r e  r e a c t  w i t h  Fpg under  PTC to produce 

t he  b r i d g i n g  v i nyl  i d e n e .  These d a t a  and t h e  r e q u i r e me n t  

of  t h e  a r y l  group and p r o t o n  on ca r bon  2 show t h a t  1 - c h l o r o 

cycl  o p r o p e n e s  a r e  i n t e r m e d i a t e s  in t h e  c o n v e r s i o n  of

1 , 1 - d i c h l o r o c y c l o p r o p a n e s  t o  t h e  b r i d g i n g  v i n y l i d e n e s .

A c r o s s o v e r  e x p e r i me n t  between Fp^ and (MeFp)^ 

under  PTC r e v e a l e d  compl e t e  s c r a mb l i n g  of  t h e  two d i me r s .  

Thi s  was i n t e r p r e t e d  i n  t erms  o f  a monomeric i n t e r m e d i a t e .

Si nce  Fp” i s  a p o s s i b l e  s p e c i e s  produced  in t he  

PTC r e a c t i o n  of  Fpg,  Fp” was r e a c t e d  wi t h  1 - c h l o r o - 2 -  

p h e n y l c y c l o p r o p e n e .  The r e s u l t i n g  o r g a n o m e t a l l i e  was 

i d e n t i f i e d  as l - F p - 2 - p h e n y l - 1 - c y c l o p r o p e n e .  Th i s  ye l l ow 

compound was t hen  s u b j e c t e d  t o  PTC i n  t h e  p r e s e n c e  of  

Fpg and t he  b r i d g e i n g  v i n y l i d e n e  was p r oduc e d .  Rea c t i on  

of  56g wi t h  exces s  Fp” in t he  p r e s e n c e  of  HgO or  o t h e r  

p r o t o n  s o u r c e s  did no t  produce  t he  b r i d g i n g  v i n y l i d e n e .

In f a c t  t he  onl y  method to  p r oduce  t h e  b r i d g i n g  v i n y l i d e n e  

f rom ^  i s  PTC and Fp^.  When Fp” and 56q a r e  combined 

and s u b j e c t e d  t o  PTC a very s low g e n e r a t i o n  of  t he  b r i d g i n g  

v i n y l i d e n e  o c c u r s ;  p r o b a b l y  t h r o u g h  t h e  s low d e c ompos i t i on  

of  Fp” t o  Fpg,  which t h e n  r e a c t s .

The q u e s t i o n  o f  whe t he r  t he  Fp group i n  t he  Fp- 

cycl  o p r opene  was one t h a t  a ppe a r e d  in t he  b r i d g i n g  v i n y l i -  

dene was i n v e s t i g a t e d  by a c r o s s o v e r  e x p e r i m e n t .  Labe l ed  

MeFp- cyc l opr opene  when r e a c t e d  wi t h  Fpg produced  only 

t h e  mo n o l a be l ed  b r i d g i n g  v i n y l i d e n e  as  shown by mass
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s p e c t r o m e t r y .  Thi s  r e s u l t  r u l e d  ou t  t h e  p o s s i b i l i t y  t h a t  

F p - c y c l o p r o p e n e s  c o u l d  i n c o r p o r a t e  i n t a c t  a r e a c t i v e  

s p e c i e s  d e r i v e d  from Fpg.

The f o r ma t i o n  of  ^  and i t s  c o n v e r s i o n  t o  t he 

b r i d g i n g  v i n y l i d e n e  do n o t  p r ove  i t  i s  an i n t e r m e d i a t e  

in t h e  d i r e c t  r e a c t i o n  t o  1 , 1 - d i c h l o r o c y c l o p r o p a n e  wi t h  

Fpg unde r  PTC. At t empt s  t o  i s o l a t e  t h e  Fp - c yc l op r opene  

in r e a c t i o n s  o f  a l i m i t i n g  amount  of  Fpg wi t h  a 1 - c h l o r o 

cycl  opr opene  under  PTC, y i e l d e d  onl y  t he  b r i d g i n g  v i n y l i -  

dene.  The p o s s i b i l i t y  t h a t  t h e  F p - c y c l o p r o p e n e  r e a c t e d  

much f a s t e r  t han  t he  1 - c h l o r o c y c l o p r o p e n e  was t e s t e d  in 

a c o m p e t i t i v e  r a t e  s t u d y .  The f o l l o w i n g  sequence  i s  

deemed l i k e l y  f o r  Fpg r e a c t i n g  under  PTC ( s ee  Scheme 8 ) .

A mi x t u r e  of  56q and %d were combined and r e a c t e d  

wi th Fpg under  PTC f o r  5 mi n u t e s  and on l y  41i  was formed,  

i n d i c a t i n g  on l y  t h e  r e a c t i o n  of  56 g . The two s u b s t i t u e n t s  

were r e v e r s e d  and 56d and 25. were r e a c t e d  in a s i m i l a r  

manner  wi t h  t h e  same r e s u l t s ,  on l y  t he  F p - c y c l o p r o p e n e  

r e a c t e d .  Thi s  e x p l a i n s  why no F p - c y c l o p r o p e n e  cou l d  be 

i s o l a t e d  under  PTC. As f a s t  as i t  i s  f ormed,  i t  i s  p r e 

f e r e n t i a l l y  c o n v e r t e d  t o  t h e  b r i d g i n g  v i n y l i d e n e .

Thi s  i n f o r m a t i o n  does  n o t  prove  t h a t  F p - c y c l o p r o 

penes a r e  i n v o l v e d  in t h e  d i r e c t  c o n v e r s i o n  of  c h l o r o -  

c y c l o p r o p e n e s  t o  b r i d g i n g  v i n y l i d e n e s ,  bu t  i s  h i g h l y  s u g 

g e s t i v e .  However ,  i t  does  l e a v e  open t h e  p o s s i b i l i t y  

of  a d i m e r i c  s p e c i e s  r e a c t i n g  d i r e c t l y  wi t h  t he  1 - c h l o r o -
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c y c l o p r o p e n e .

The  i n i t i a l  a t t a c k  o f  t h e  h y d r o x i d e  on t h e  b r i d g i n g

ca r bonyl  ( bec a us e  of  l ower  e l e c t r o n  d e n s i t y )  i s  s i m i l a r

t o  t he a t t a c k  o f  a l k y l  or  a r y l  l i t h i u m  r e a g e n t s  on t he
g

b r i d g i n g  ca r bony l  of  (CpMCOjgfp-COjg.  The r e s u l t i n g

hydr oxycarbonyl  s p e c i e s  has been proposed in o t h e r  phase-

t r a n s f e r  r e a c t i o n s  of  hyd r ox i de  wi t h  t r a n s i t i on - r ae t a l  
43c a r b o n y l s .  E q u i l i b r i a  A and B a r e  proposed  based on 

t h e  Fpg and (MeFp)g c r o s s o v e r  s t udy  i n d i c a t i n g  s u b s t a n t i a l  

c r o s s o v e r .  The monomeric i n t e r m e d i a t e s  s i m i l a r  to 59 ,
34 356 0 , 61, 6 2 , and ^  have been p r oposed  by Gibson,  e t  a l . ,  ’ 

i n her  p h a s e - t r a n s f e r  g e n e r a t i o n  of a- and tt a l l y l s  from 

t r a n s i t i o n  m e t a l - c a r b o n y l  h a l i d e s ,  a l l y l  bromi de,  and 

sodium h y d r o x i d e .  When benzyl  c h l o r i d e  was r e a c t e d  wi t h  

Fpg under  PTC, FpCHgPh was r a p i d l y  produced in 120-140% 

y i e l d .  When t he  r e a c t i o n  was c a r r i e d  out  under  a CO a t mos 

phere  t h e  y i e l d  of FpCH^Ph was 180-195% ( based  on Fpg) . ^ ^  

These r e s u l t s  i n d i c a t e  Fp" i s  produced under  PTC and t h a t  

coul d  e x p l a i n  t he  o b s e r v e d  r e a c t i v i t y  toward c y c l op r opa ne  

m e t a l l a t i o n .  When an a l l y l  h a l i d e  i s  used both a and

-  complexes  a r e  formed and t he  r a t i o  i s  not  a f f e c t e d  when
44a CO a t mospher e  is u s e d .  Thi s  coul d  be i n t e r p r e t e d  

as the r e a c t i o n  p r o c e e d i n g  t h r ough  6^ v i a  I n t e r m e d i a t e s

62 coul d  t hen  p a r t i t i o n  between r o u t e s  C and D to give  

t he  o - a l l y l  and % - a l l y l ,  r e s p e c t i v e l y .  I f  t he  m- a l l y l  

were formed from 60 or  from t h e  - a l l y l  complex t he  a d d i -
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t i o n  o f  CO shou l d  e l i m i n a t e  t h o s e  pathways  s t o p p i n g  - n - a l l y l  

f o r m a t i o n .  Since t h i s  i s  n o t  o b s e r v e d ,  i n t e r m e d i a t e  ^  

i s  i m p l i c a t e d .

There  i s  s t i l l  t h e  q u e s t i o n  of  how ^  i s  c o n v e r t e d  

t o  t h e  b r i d g i n g  v i n y l i d e n e .  The p h a s e - t r a n s f e r  c o n d i t i o n s  

may be t he  s o u r c e  of  c o o r d i n a t i v e  u n s a t u r a t i o n  ( i m p l i e d  

f rom n - a l l y l  f o r ma t i o n )  which coul d  produce  ^  and £5 

v i a  a c y c l o p r o p e n e / v i n y l c a r b e n e  r e a r r a n g e me n t .  Al t hough

Ar CpCCOlFe
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»  C p ( C O ) F e  =  -

R
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i r o n  c a r b y n e s  a r e  n o t  known,  ana l ogous  t u n g s t e n  and mangan-
45e s e  c a r byne s  ar e  known.  Thi s  was deemed somewhat  u n l i k e l y  

b e c a u s e  no c o n v e r s i o n  of  a t o  n - a l l y l s  had been o b s e r v e d  

unde r  t h e s e  c o n d i t i o n s .  Anot her  p o s s i b l e  mechani sm c o u l d  

be t he  i n s e r t i o n  of  c o o r d i n a t i v e l y  u n s a t u r a t e d  i r o n  i n t o  

t h e  c y c l o p r o p a n e  r i n g :
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The t e n d e n c y  f o r  u n s a t u r a t e d  me t a l s  t o i n s e r t

i n t o  c y c l o p r o p e n e  bonds i s  we l l  e s t a b l i s h e d .  We have

shown t h a t  Peg (CO) g wi l l  r e a c t  wi t h  ]_â  t o  form 2J_. This

Me

Me
F e
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r e a c t i o n  i s  d i s c u s s e d  in Ch a p t e r  1. The r e a c t i o n  has 

t h r e e  p o s s i b l e  mechani sms .  1. Re a c t i o n  o f  a r e a c t i v e  

d i me r i c  i n t e r m e d i a t e  t h a t  goes  on t o  y i e l d  p r o d u c t .

2.  For mat i on  of  ]_ which t h e n  r e a c t s  wi t h  OH" t o  form 

a s i t e  of  u n s a t u r a t i o n  f o i l  owed by t h e  c y c l o p r o p e n e  to 

v i ny l  c a r b e n e  r e a r r a n g e m e n t .  Th i s  ca r byne  would t hen



113

r e a c t  t o g i v e  t he  p r o d u c t .  3.  For mat i on  o f  _7 which r e a c t s  

w i t h  a c o o r d i n a t i v e l y  u n s a t u r a t e d  metal  s p e c i e s  f o l l o we d  

by r e a c t i o n  wi t h  HgO t o  p r oduce  t h e  p r o d u c t .  More i n v e s 

t i g a t i o n  i s  needed t o  d e t e r mi n e  which mechanism i s  most  

l i k e l y .

Chemi s t r y  o f  t h e  Br i d g i n g  V i n y l i d e n e s  

P r o t o n a t i o n  of  Br i d g i n g  V i n y l i d e n e s

The p r o t o n a t i o n  o f  41d a t  -20°C y i e l d e d  a compound 

t h a t  d i s p l a y e d  a ^H-NMR s p ec t r u m wi t h  a methyl  d o u b l e t  

a t  62 . 20,  two Cp peaks  a t  6 4 . 9 0  and 5 . 3 6 ,  and a broad 

phenyl  s i n g l e t  a t  7.5 and a m u l t i p l e t  a t  6. 02 in CDgClg

a t  80 MHz. There a r e  two p r o b a b l e  s t r u c t u r e s  as s u g g e s t e d
? n 71 I Pby Knox,  ’ t he  p - v i n y l  or  t he  p - c a r b y n e .  The C-NKR

a t  -10°C r e v e a l s  a ca rbon a t  t he  low f i e l d  va l ue  o f  506

ppm. Thi s  v a l ue  i s  c o n s i s t e n t  wi t h  a b r i d g i n g  c a r byne

s t r u c t u r e  5 1 b . Thi s  v a l u e  i s  l a r g e r  t han  t h a t  r e c o r d e d  f o r

o t h e r  b r i d g i n g  c a r b y n e s . Rosenbl um,  e t  a l . ,  have r e p o r t e d

b r i d g i n g  c a r byne s  wi t h  chemi ca l  s h i f t s  of  432. 65 and 448.27
46ppm f o r  51c and 51d . B r o o k h a r t ,  e t  a l . ,  r e p o r t s  chemical  

s h i f t s  of  383. 2 ppm f o r  t h e  monomeric c a t i o n i c  c a r b e n e  complex 

3 4 . The l a r g e r  chemi ca l  s h i f t  of  506 ppm could be due 

t o  t h e  s u b s t i t u t i o n  on t h e  ca r byne  c a r b o n ,  bu t  t o - d a t e  

no s y s t e m a t i c  sys t em of  p r e d i c t i n g  t h e  e f f e c t  of  s u b s t i 

t u e n t s  on t h e  chemi cal  s h i f t  of  t h e  b r i d g i n g  carbyne  

c a r b o n .
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The p - c a r b y n e  51b s h ou l d  be s u s c e p t i b l e  t o  r e d u c 

t i o n  to form t h e  b r i d g i n g  a l k y l i d e n e .  The p - c a r b y n e  51b 

in CHgClg a t  -78°C was added to NaCNBH^ i n  CHgClg a t  -78°C.  

The r e s u l t i n g  n e u t r a l  p u r p l e  compound was i s o l a t e d  by 

column c h r oma t og r aphy .  The p u r p l e  compound r e a d i l y  i somer -  

i z e s  du r i ng  p u r i f i c a t i o n  t o  t h e  r ed  c i s- compound. The 

^H-NMR of  t he  r ed c i s compound i s  c o n s i s t e n t  wi t h  t he  

b r i d g i n g  a l k y l i d e n e  compl ex.  The H-NMR s p e c t r um a s s i g n e d  

to t h e  c i s - a l k y l i d e n e  had a methyl  d o u b l e t  a t  6 1 . 8 7 ,  J=6 Hz, 

a m u l t i p l e t  between 63 . 3  and 4 . 1 ,  a p a i r  of Cp s i n g l e t s  

a t  64 . 26  and 4 . 4 2 ,  a b r oad  phenyl  m u l t i p l e t  a t  6 7 . 1 - 7 . 8 ,  

and a p r o t o n  d o u b l e t  a t  6 1 1 . 6 5 ,  J=12 Hz. The IR spec t rum 

i s  a l s o  c o n s i s t e n t  wi t h  t h e  c i s - s t r u c t u r e  CO s t r e t c h e s  

a t  1984 vs .  1945,  and 1793 cm“  ̂ The pr esence  o f  two s t r o n g  

ca r bonyl  s t r e t c h e s  i s  i n d i c a t i v e  of  t he  c i s - c o n f i g u r a t i o n . 

The p r e s e n c e  of  a d o u b l e t  a t  611. 6  i s  very c o n s i s t e n t  

wi th t he  b r i d g i n g  a l k y l i d e n e  s t r u c t u r e .  The b r i d g i n g  

a l k y l i d e n e  r e p o r t e d  by Knox a l s o  has a s i g n a l  a t  611 . 6 .

The c o n v e r s i o n  of  t h e  b r i d g i n g  v i n y l i d e n e  t o  t h e  b r i d g i n g  

a l k y l i d e n e  i s  c o n s i s t e n t  wi t h  t h e  known c h e m i s t r y  o f  t he  

b r i d g i n g  compounds.

At t empt ed D e p r o t o n a t i o n  o f  41b

At t empt ed d e p r o t o n a t i o n  o f  41b wi th a s e r i e s  of  

bases  t o  form t he  a n i o n i c  s p e c i e s  6_^. Anion 5J7 c o u l d  

be an i n t e r m e d i a t e  i n t h e  b r i d g i n g  v i n y l i d e n e  s y n t h e s i s .
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and i f  s t a b l e ,  would r e a c t  wi t h  a l k y l a t i n g  a g e n t s  t o  form 

new b r i d g i n g  v i n y l i d e n e s .  However,  no e v i d e n c e  was found

Fe -  Fe

iZ
t h a t  6_7 coul d  be formed by t he  a c t i o n  of  t -BuOK,  met hy l -  

l i t h i u m  or  t - b u t y l l i t h i u m .  Thi s  i m p l i e s  t h a t  t h e  complex 

has a very  low a c i d i t y .

At t empted Hydr i de  A b s t r a c t i o n  f rom 41b

Se v e r a l  a t t e m p t s  were made t o  p r e p a r e  51e by the 

r e a c t i o n  of  Ph^C’PFg” on 4 1 b . The s t a r t i n g  m a t e r i a l  

a p p a r e n t l y  d i s a p p e a r e d  (by TLC) bu t  t he  onl y i s o l  ab l e  

m a t e r i a l  was t h e  s t a r t i n g  m a t e r i a l  and i t s  c i  s i somer .

Thi s  i n d i c a t e s  i f  41b i s  f ormed,  i t  i s  an e x t r e m e l y  good 

hydr i de  a b s t r a c t o r .

Ox i da t i on  o f  Ce r i c  Ammonium N i t r a t e

Compound 41b was o x i d i z e d  wi t h  5 equi v  of  

c e r i c  ammonium n i t r a t e .  The r e s u l t i n g  mi x t u r e  was ana l yzed
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by NMR and TLC b u t  a ve r y  complex mi x t u r e  o f  o r g a n i c  com

pounds was d e t e c t e d .  No s i n g l e  compound cou l d  be i s o l a t e d  

or  c h a r a c t e r i z e d .  T h e r e f o r e ,  o x i d a t i o n  i s  n o t  a c l e a n  

method of  removing t h e  b r i d g i n g  o r g a n i c  g r oup .



SUMMARY

The i mp o r t a n c e  of  c a t a l y t i c  p r o c e s s e s  such as 

t h e  F i s c h e r - T r o p s c h  s y n t h e s i s  has  l ed  t o  e x t e n s i v e  r e s e a r c h

i n t o  t h e  c h e m i s t r i e s  o f  b r i d g i n g  a l k y l i d e n e ,  a l k y l i d y n e
1 -  32and v i n y l i d e n e  t r a n s i t i o n - r a e t a l  compl exes .  “ The f o c u s  

of  t h i s  r e s e a r c h  has been t h e  s y n t h e s i s  and c h e mi s t r y  

of  a s e r i e s  o f  s u b s t i t u t e d  b r i d g i n g  v i n y l i d e n e  i r o n  com

p l e x e s  41̂  and 4 2 .

Br i d g i n g  v i n y l i d e n e  t r a n s i t i o n - m e t a l  complexes  

a r e  p r e p a r e d  in a v a r i e t y  o f  m e t h o d s . H o w e v e r ,  

two main methods  of  s y n t h e s i s  a r e  e v i d e n t :

1.  Re a c t i o n  o f  a c o o r d i n a t i v e l y  u n s a t u r a t e d  

t r a n s i t i o n  metal  s p e c i e s  wi t h  a monomeric v i n y l i d e n e  

complex to form t he  b r i d g i n g  v i n y l i d e n e .

118
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2.  At t a ck  o f  an a l ky l  l i t h i u m  r e a g e n t  on a 

b r i d g i n g  c a r b o n y l  f o l l owe d  by p r o t o n a t i o n  t o  form t he  

b r i d g i n g  v i n y l i d e n e  complex.  The l i m i t a t i o n s  o f  t h e s e  

t y p e s  o f  r e a c t i o n s  a r e  t h e  a v a i l a b i l i t y  of  t he  n e c e s s a r y  

s t a r t i n g  m a t e r i a l s .

A new method of  s y n t h e s i z i n g  b r i d g i n g  v i n y l i d e n e  

i r o n  di mers  ^  and ^  has been d e v e l o p e d .  The new method 

beg i ns  wi t h  s u b s t i t u t e d  1 , 1 - d i c h i  o r o c y c l o p r o p a n e s .  The 

s u b s t i t u t e d  1 , 1 - d i c h l o r o c y c l o p r o p a n e s  can t hen  be r e a c t e d  

wi t h  a base t o  form t h e  c o r r e s p o n d i n g  1 - c h l o r o c y c l o p r o p e n e . 

The 1 - c h l o r o c y c l o p r o p e n e  can t h e n  be c o n v e r t e d  t o  t he  

b r i d g i n g  v i n y l i d e n e  i r o n  dimer  i n  two ways:

1.  Rea c t i on  wi t h  Fp^ unde r  p h a s e - t r a n s f e r  c a t a l y s i s  

( see page 82).

2.  Re ac t i on  wi t h  NaFp f o l l o w e d  by r e a c t i o n  

wi t h  Fpg under  p h a s e - t r a n s f e r  c o n d i t i o n s .

No b r i d g i n g  v i n y l i d e n e  i r o n  dimer  cou l d  be formed u n l e s s  

p h a s e - t r a n s f e r  c a t a l y s i s  was u s e d .

The mechanism of  t h i s  r e a c t i o n  was i n v e s t i g a t e d  

and t he  f o l l o w i n g  r e a c t i o n  mechanism i s  p r o p o s e d .

1.  Fp” i s  formed from t h e  r e a c t i o n  of  OH” on Fpg.

2.  The Fp” r e a c t s  wi t h  t he  s u b s t i t u t e d  1 - c h l o r o -  

c yc l o p r o p e n e  t o  form t h e  s u b s t i t u t e d  1 - F p - l - c y c l o p r o p e n e .

3.  The r e a c t i o n  of  OH” wi t h  Fpg can a l s o  produce

a c o o r d i n a t i v e l y  u n s a t u r a t e d  i r o n  s p e c i e s  which can a t t a c k

t he  c y c l o p r o p e n e  r i n g ,  i n s e r t i n g  i n t o  t he  1, 3 bond on
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c y c l o p r o p e n e  r i n g .

4.  Subs e quen t  r e a c t i o n  t o  form t he  b r i d g i n g  

v i n y l i d e n e  s t r u c t u r e .

Thi s  p r o p o s ed  mechanism i s  r e a s o n a b l e  bas ed  on t he  a v a i l 

a b l e  d a t a  ( s e e  page 107) .  Ot he r  mechani sms ar e  p o s s i b l e ,  

bu t  t h i s  i s  t h e  one f a v o r e d  by t h e  a u t h o r .

The r e a c t i o n  of  £1 wi t h  a v a r i e t y  of  r e a g e n t s  

was a t t e m p t e d .  The c h e m i s t r y  of  t h e  doubl e  bond proved 

t o  be t he  mos t  f r u i t f u l .  The p r o t o n a t i o n  forms t he  

e x p e c t e d  c a t i o n i c  i n t e r m e d i a t e .  Th i s  s p e c i e s  can then 

be r e a c t e d  wi t h  h y d r i d e  t o form t he  b r i d g i n g  a l k y l i d e n e  

complex.

Fe Fe

51e

Thi s  new s y n t h e s i s  of  a s e r i e s  of  b r i d g i n g  v i n y l - 

i d e n e i r o n  compl exes  a l l ows  one t o  i n v e s t i g a t e  t he  e f f e c t  

o f  s u b s t i t u t i o n  on t h e  b r i d g i n g  v i n y l i d e n e  moi e t y .  Thi s  

may t hen g i v e  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  r o l e  o f  v a r i o u s  

f a c t o r s  in t h e  r e a c t i o n s  o f  b r i d g i n g  v i n y l i d e n e  i r o n  

d i m e r s .



EXPERIMENTAL

General  Methods 

All r e a c t i o n s  i n v o l v i n g  o r g a n o m e t a l l i c  r e a g e n t s  

were pe r f o r med  under  a n i t r o g e n  a t mos phe r e .  The t e t r a h y d r o -  

f u r a n  (THF) was f r e s h l y  d i s t i l l e d  b e f o r e  use  from sodium 

benzophenone d i a n i o n .  Me t hyl ene  c h l o r i d e  (CH2CI2 ) was 

d i s t i l l e d  f rom PgOg and s t o r e d  over  m o l e c u l a r  s i e v e s .

Hexane was d i s t i l l e d  ACS g r a d e .  Chl oroform ( r e a g e n t  g r a d e )  

was p a s s ed  t h r o u g h  a c t i v i t y - I  n e u t r a l  a l umi na .  All  

o t h e r  s o l v e n t s  were used as r e c e i v e d .  B e n z y l t r i é t h y l 

ammonium c h l o r i d e  (TEBA) and t e t r abu t y l ammoni um hydrogen 

s u l f a t e  (TBAH) were used as r e c e i v e d  f rom A l d r i c h .  The 

[ CpFe( CO)232> (FP2 ) was p u r c h a s e d  f rom P r e s s u r e  Chemical  

Co. and r e c r y s t a l l i z e d  from CH2CI2 and hexane .  The [ ( r ^ -  

CH^CgH^) F e ( CO) 2 3 2 ( MeFp)2 was used as r e c e i v e d  from Alpha 

I n o r g a n i c s .  T h i n - l a y e r  c h r oma t ogr aph  (TLC) was pe r f o r med  

u s i n g  Anal t e c h  s i l i c a  and a l umi na  p l a t e s .  Column c h r o ma t o 

g r aphy  was pe r f o r med  us i ng  Sigma WB5 b a s i c  a l umi na ,  WN5 

n e u t r a l  a l umi na  or  E.M. Merck s i l i c a  gel  o r  e q u i v a l e n t .  

^H-NMR were r e c o r d e d  on a Va r i an  T60,  EM350, XLIOO, or  

an IBM-NR80. Chemical  s h i f t s  were r e p o r t e d  i n  p a r t s  pe r  

m i l l i o n  (6) d o wn f i e l d  from t h e  i n t e r n a l  s t a n d a r d ,  t e t r a -

1 2 1
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methyl  s i 1ane (IMS).  IR s p e c t r a  were r e c o r d e d  u s i n g  a 

P e r k i n  Elmer 298.  Ro u t i ne  mass s p e c t r a  were r e c o r d e d  

on a Hewl e t t  Packard 5985 a t  70 ev u n l e s s  o t h e r wi s e  n o t e d .  

High r e s o l u t i o n  mass s p e c t r a  were pe r f o r med  by t h e  Midwest  

Ce n t e r  f o r  Mass S p e c t r o me t r y ,  U n i v e r s i t y  of  Nebr aska ,

L i n c o l n ,  Ne b r a s k a .  El ement a l  Ana l yses  were per for med 

by G a l b r a i t h  L a b o r a t o r i e s ,  Knoxv i l l e ,  Te nnes s ee .  Me l t i ng  

p o i n t s  were o b t a i n e d  on a K o f l e r  h o t s t a g e  or  a Thomas 

Hoover  c a p i l l a r y  me l t i n g  p o i n t  a p p a r a t u s  and a r e  u n c o r r e c t e d .  

B o i l i n g  p o i n t s  a r e  u n c o r r e c t e d .  S p e c t r a l  i n f o r ma t i o n  

i s  p r e s e n t e d  in t he  R e s u l t s  s e c t i o n .

1 , 1 - D i c h i o r o c y c l o p r o p a n e s

A d e t a i l e d  s y n t h e t i c  p r o c e d u r e  i s  p r e s e n t e d  in 

Ch a p t e r  1.

P r e p a r a t i o n  o f  f ( CpFeCO) ^ ( M-CO) ( p-C=CR2 )1

Pr o c e d u r e  A. To a 100 ml r ound- bo t t om f l a s k  i s  

added 45% NaOH/H^O (11 g ) ,  THF (15 m l ) ,  a 1 , 1 - d i c h l o r o 

cyc l  opropane  (1 e q u i v a l e n t ) ,  and Fp^ ( 1 . 5  e q u i v a l e n t s ) ,  

f o l l o w e d  by t h e  a d d i t i o n  of  t e t r a bu t y l ammoni um hydrogen 

s u l f a t e  (TBAH) (0. 1 g , . 25 mmole) .  The s o l u t i o n  i s  s t i r r e d  

a t  room t e m p e r a t u r e  (RT) and moni t o r ed  by TLC ( s i l i c a  

ge l  deve l ope d  wi t h  25% e t h e r / h e x a n e ) .  The p r o d u c t  i s  

d e t e c t e d  by t h e  p r e s e n c e  of  a p u r p l e  band between t he  

l e a d i n g  o r g a n i c  band t he  t h e  t r a i l i n g  Fp^ band.  Af t e r  

mos t  of  t he  1 , 1 - d i c h l o r o c y c l o p r o p a n e  has r e a c t e d ,  t he
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phas es  a r e  s e p a r a t e d  by c e n t r i f u g a t i o n .  The aqueous  l a y e r  

i s  washed wi t h  e t h e r  (2 x 15 ml ) ,  t he  o r g a n i c  l a y e r s  a r e  

combi ned,  d r i e d  over  MgSO^, and t h e  s o l v e n t  removed a t  

25 t o r r .  The r e s i d u e  i s  d i s s o l v e d  in CHgClg d i l u t e d  to  

a 1:2 m i x t u r e  wi t h  hexane and a p p l i e d  t o  a 6 x 12 cm a c t i v i t y  

I I I  b a s i c  a l umi na  col umn. Al l  columns a r e  deve l oped  under  

a smal l  p o s i t i v e  n i t r o g e n  p r e s s u r e  wi t h  an e t h e r  in hexane 

mi x t u r e  t h a t  g r a d u a l l y  i n c r e a s e d  in e t h e r  c o n t e n t  u n l e s s  

o t h e r w i s e  n o t e d .  There  a r e  t h r e e  bands  o b s e r v e d .  The 

f i r s t ,  a smal l  l e a d i n g  o r g a n i c  band wi t h  a v e r y  smal l  

o v e r l a p p i n g  ye l l ow o r g a n o m e t a l l i c  band i s  f o l l owe d  by 

t he  r ed- br own band of  Fpg.  The p u r p l e  band i s  c o l l e c t e d  

and t he  s o l v e n t  removed a t  23 t o r r .  The y i e l d  i s  c a l c u l a t e d  

a t  t h i s  p o i n t  by NMR us ing an i n t e r n a l  s t a n d a r d .  The 

c r ude  m a t e r i a l  a t  t h i s  p o i n t  c o n t a i n s ,  in a d d i t i o n  t o  

t he  b r i d g i n g  v i n y l i d e n e ,  20% Fp^ and 35% e x t r a  o r g a n i c  

m a t e r i a l  based on NMR i n t e g r a l s .  The p u r p l e  r e s i d u e  i s  

t hen  ch r oma t og r a phe d  on a 2 . 5  x 35 cm a c t i v i t y  I I I  b a s i c  

a l umi na  column u s i ng  e t h e r / h e x a n e .  The bands  of  t h i s  

column a r e  s i m i l a r  t o  t he f i r s t  e x c e p t  t he  p u r p l e  band 

i s  much l a r g e r  t han  t he  o t h e r  two bands .  The b r i d g i n g  

v i n y l i d e n e  i s o l a t e d  i s  about  90% o f  t h e  NMR y i e l d  wi t h  

15% e x t r a  phenyl  p e a ks .  A n a l y t i c a l  sampl es  a r e  c o l l e c t e d  

from m a t e r i a l s  p r e p a r e d  by P r o c e dur e  B or  C because  t he  

p u r i t y  i s  b e t t e r .  The d a t a  i s  summar ized in  Table  34.
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T a b l e  3 4 .  R e a c t i o n  o f  17  by P r o c e d u r e  A

Rl Rg

Ph H 

Ph Ph

C l '

C l

mmole

1.77

1.50

FP2

mmole

2 .9 7

2.1

In ter n a l
S t a n d a r d  mmole % Yi e l d  

p - d i o x a n e  0.50 28

p- d i o x a n e  0.31 25
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Pr o c e d u r e  B. P o t a s s i u m t e r t i a r y - b u t o x i de ( t-BuOK) 

( 1 . 5  e q u i v a l e n t )  i s  added to a 100 ml r o u n d - b o t t o m f l a s k  

c o n t a i n i n g  a s t i r r i n g  0° s o l u t i o n  ( 0 . 25  mmole) of  a 1 , 1 -  

d i c h l  o r ocyc l  opr opane  (1 e q u i v a l e n t )  and THF (15 ml ) .

A f t e r  15 mi nu t e s  Fpg ( 1 . 5  e q u i v a l e n t s ) ,  45% NaOH/HgO (11 g ) ,  

and TBAH (100 mg, . 25 mmol e) .  The s o l u t i o n  i s  t hen  s t i r r e d  

u n t i l  most  of  t h e  o r g a n i c  had d i s a p p e a r e d  by TLC ( s i l i c a  

gel  deve l oped  wi t h  25% e t h e r  in h e x a n e ) .  The phases  a r e  

s e p a r a t e d  by c e n t r i f u g a t i o n ,  and t h e  aqueous  l a y e r  i s  

washed wi t h  e t h e r  (2 x 15 ml ) .  The o r g a n i c  l a y e r s  a r e  

combi ned,  d r i e d  ov e r  MgSO^, and t h e  s o l v e n t  removed a t  

25 t o r r .  The r e s i d u e  i s  p u r i f i e d  as d e s c r i b e d  in P r o ce dur e  

A. The f i r s t  column l ooks  j u s t  l i k e  t he  column in P r o 

c e d u r e  A. The p u r p l e  band a t  t h i s  p o i n t  c o n t a i n s  in a d d i t i o n  

t o  t h e  b r i d g i n g  v i n y l i d e n e ,  20% Fp^ and 20% e x t r a  phenyl  

bas ed  on NMR i n t e g r a l s .  The s econd column y i e l d s  abou t  

90% of  t h e  NMR y i e l d  in a b o u t  95% p u r i t y .  A n a l y t i c a l  

s ampl es  a r e  ch r o ma t o g r a p h e d  as d e s c r i b e d  i n  P r o ce dur e  A 

and f r e s h l y  r e c r y s t a l l i z e d  from e t h e r  in hexane  p r i o r  

t o  a n a l y s i s .  The d a t a  i s  summar i zed in Tab l e  40.

P r e p a r a t i o n  of  Na'*'r CpFe (CO ) o l "

Sodium ( 1 . 5  g,  0 . 75  mmole) i s  added in smal l  p a r t s  

t o  a s t i r r i n g ,  f l a m e - d r i e d  250 ml amalgam f l a s k  (shown 

i n  F i g u r e  3) c o n t a i n i n g  mer cur y  (15 ml ) .  The Na/HG was 

a l l o we d  t o  cool  t o  RT. THF (100 ml)  and Fpg a r e  added



Table 35. ^H-NIIR Y ie lds  o f  ^  by P rocedure  B

"Aa:
Ar '’•1 «2 nmole

KOCtCH])]
mmole

In te rn a l
s ta n d a rd mmole % Yie ld

b Ph H II 1.71 2 .6  mm 2.84 p-dloxane 0 .4 3 25

c Ph He II 2 .43 3 .6  mm 3.26 p-dloxane 0 .97 40

d Ph lie Me 2.96 4 .4  niit 4 .16 p-dloxane 0 .86 33
e p toi H II 2 .60 3 .9  mm 3.15 p-dloxane 0 .8 6 33
f p to i Me II 1.97 3 .0  mm 2.91 a c e t o n l t r l l e 1 .30 66

g p to i He Me 2.61 3 .5  mn 3.45 to lu en e 1.33 51
h an II II 1.93 2 .9  mm 2.55 m es l ty len e 0 .52 27
1 an He II 1.77 2 .7  nri 1.68 m es i ty len e 0.81 46

J an Me He 2.07 3 .5  mm 3.12 p-dloxane 1.26 61
k m-clPh II H 1.49 2 .2  mm 1.48 m es l ty len e 0 .1 0 7
1 m-clPh He II 2 .95 4 .4  mm 4.39 I s o l a t e d 0 .43 14

m ni-clPh Me He 2.14 3 .2  ami 1.41 m es l ty len e 0 .96 45

n Ph Ph H 2 .3 6 3 .5  nmi 2.41 p-d loxane 0 .4 0 17

ro
cn

‘ The y ie ld s  rep resen t  an average of a minimum of 2 runs and are  10%.
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F i g u r e  1.  Mercury amalgam Appar a t us

t o  t h e  amalgam and v i g o r o u s l y  s t i r r e d  f o r  45 m i n u t e s .

The s t i r r i n g  i s  s t o p p e d  and t h e  Na/Hg removed t h r o u g h  

t he  bot tom s t o p c o c k .  The 0 . 5  M NaPP s o l u t i o n  i s  t hen  

t r a n s f e r r e d  under  v i a  t he  bot t om s t opc oc k  i n t o  a 125 m 

Er l enmeyer  f l a s k  wi t h  a r u b b e r  septum.  The s o l u t i o n  i s  

s t o r e d  in a f r e e z e r .

Pr ocedur e  C. The t-BuOK ( 1 . 5  e q u i v a l e n t s )  i s  

added t o  a 100 ml r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a s t i r r i n g  

0°C s o l u t i o n  ( 0 . 25  mmol) of  a 1 , 1 - d i c h i o r o c y c l o p r o p a n e  

(1 e qu i v )  and THF (15 ml ) .  A f t e r  15 mi nu t e s  NaFP 

in THF ( 0 . 5  mmol /1.5 e q u i v )  i s  added v i a  s y r i n g e  

and t he  s o l u t i o n  i s  a l l owed  t o  warm t o  RT and s t i r r  f o r  

1 - 1 |  hou r s .  Fpg (1 e q u i v ) ,  45% NaOH/HgO (11 g ) and 

TBAH (100 mg, .25 mmol) were added and s t i r r e d  u n t i l  

t he  y e l l o w o r g a n o m e t a l l i c  d i s a p p e a r e d  by TLC ( s i l i c a  gel  

d eve l oped  wi t h  25% e t h e r  i n h e x a n e ) .  The phas es  a r e  s e p a r 

a t e d  by c e n t r i f u g a t i o n  and t h e  aqueous  l a y e r  washed wi t h



Table  36 .  R eac tion  o f  7 by Procedure  C

«1 Rg «3

KO-CICH,)]

mmole
NaFp

mmole • mmole
I n t e r n a l
S tandard

Yie ld
mmole X

Ph H H 3.26 4 .9 3 .39 I s o l a t e d 0 .7 8 29

Ph He H 2 .3 8 3 .5 4 .24 m e s l ty le n e 1,07 45

Ph Me Me 1.27 1.95 1.82 m e s l ty le n e 0 .4 0 31

p - t o l H H 2 .8 0 4 .2 2 .14 p-d loxane 0 .9 8 35

p - t o l Me H 2 .4 0 3 .6 2 .85 p-d lo x an e 0 .8 9 37

p - t o l Me Me 2.31 3 .5 2 .8 8 m e s l ty le n e 0 .9 9 43

An H H 2 .1 9 3 .3 2 .2 9 m e s l ty le n e 0.31 14

An Me H 2.02 3 .0 1.04 m e s l ty le n e 0 .62 31

An Me Me 2.24 3.4 2 .4 0 m e s l ty le n e 0 .9 0 90

m-CIPh H H 1.43 2.1 1.16 m e s l ty le n e 0.11 8

m-ClPh Me Me 2.06 3.1 2 .9 9 m e s l ty le n e 1.11 54

ro
00
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e t h e r  (1 x 15 ml ) .  The o r g a n i c  l a y e r s  a r e  combined,  d r i e d  

over  MgSO^ and t he  s o l v e n t  removed a t  25 t o r r .  The r e 

s i d u e  i s  c h r o ma t og r aphed  in t he  manner  d e s c r i b e d  in P r o 

ce dur e  A.

The f i r s t  column l ooks  s i m i l a r  t o  t h e  column seen 

in P r o c e d u r e  A. A l e a d i n g  o r g a n i c  band f o l l o we d  by a 

smal l  y e l l o w  o r g a n o m e t a l l i c  band i s  o b s e r v e d .  The p u r p l e  

b r i d g i n g  v i n y l i d e n e  i s  e l u t e d  nex t  f o l l o we d  by t he  r ed-br own 

di mer .  The p u r p l e  band a t  t h i s  p o i n t  c o n t a i n e d ,  in a d d i 

t i o n  t o  t h e  b r i d g i n g  v i n y l i d e n e ,  23% Fpg and 15% e x t r a  

phenyl  ba s ed  on NMR i n t e g r a l s .  The second column y i e l d e d  

about  85% of  t he  NMR y i e l d  in 95% p u r i t y .  The da t a  a r e  

summar ized i n  Ta b l e  36.  The a n a l y t i c a l  and mass s p e c t r a l  

da t a  a r e  summar i zed in Tabl e s  37 and 38.

Conver s i on  o f  Tr ans  t o  Ci s Br i dg i ng  Vi n y l i d e n e

The t r a n s - b r i d g i n g  v i ny l  i dene  41̂  ( 0 . 1 - 0 . 5  g , 0 . 2 1 - 0 . 9 9  

mmol) were p l a c e d  as a s o l i d  in a 1 x 10 cm ampule e q u i ppe d

wi t h  a j o i n t .  To l uene  (4-6 ml) was added,  t h e  s o l u t i o n

i s  d e g a s s e d  by t h e  f r e e z e - t h a w  method on a vacuum l i n e ,  

s e a l e d  u s i n g  an Og/CH^ f l a me ,  and p l a c e d  in an 80°C t em

p e r a t u r e  b a t h  f o r  36 hour s .  The ampules  were t hen  opened 

and t h e  s o l v e n t  removed on a Büchi r o t a v a p  a t  0 . 2  t o r r .

The t r a n s / c i s  m i x t u r e  i s  chr omat ogr aphed  as d e s c r i b e d  

in P r o c e d u r e  A. Only 2 bands a r e  p r e s e n t :  t he  l e a d i n g

p u r p l e  t r a n s  compound f o l l o we d  by t he  r ed  c i  s compound.



Table 37. A n a l y t i c a l  Data f o r  41 and 42.

«1 «2 X Y
Calc M W 
(M 100)

Exp 
(M 100)

E.A.
%C

Calc E.A.
%C

Found
%7 M.P.

41 H H H H 59.76 4.11 59.64 4.18 128.8-131.5

42 H H H H 59.76 4.11 59.48 4.10 195.7-196.3

41 Me H H H 60.56 4.42 60.26 4.43 133.0-134.0

42 Me H H H 60.56 4.42 59.81 4.44 185.1-187.0

41 Me Me H H 61.31 4.72 61.12 4.80 170.2-171.1

42 Me Me H H 442.0356 442.0303 • 108.1-209.2

41 H H Me H 60.56 4.42 60.59 4.46 140.1-141.0

42 H H Me H 428.0051 428.0176 165.1-166.1

41 Me H Me H 61.31 4.72 61.71 4.78 135.0-136.0
42 Me H Me 61.31 4.72 60.75 4.75 156.0-157.0
41 Me Me Me H 62.02 5.00 61.75 5.16 145.0-146.0
42 Me Me Me H 456.1382 456.1476 165.0-166.0
41 H H OMe H 58.20 4.27 58.55 4.60 146.0-147.1

42 H H OMe H 444.0784 444.0884 184.0-185.1

wo



Table 37 ( c o n t in u e d )

«1 «2 X Y
Calc M W 
(M 100)

Exp 
(M 100)

E.A. Calc 
%C %H

E.A. Found
%C %H M.P.

41 Me H OMe H 59.29 4.56 58.55 4.53 121.5-123.5
42 Me H OMe H 458.1053 458.1143 162.5-164.0
41 Me Me OMe H 60.03 4.84 60.16 4.90 134.0-135.0

42 Me Me OMe H 472.1328 472.1299 200.0-203.0

41 H H H Cl 445.5024 445.5122 133.9-134.1

42 H H H Cl 445.5024 445.5127 167.0-168.0
41 Me H H Cl 462.5291 462.5387 oil

41 Me Me H Cl 476.5563 476.5668 137.0-138.0

42 Me Me H Cl 476.5563 476.5633 222.9-224.8
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Table  38. Mass S p e c t r a l  Data  f o r  ^  and 4 2 ^

X Y M’̂ , % M-CO+, % M-2C0+, ,% M=3C0+, %

41 H H H H (442.10.2) (414.15.7) (386.27.0) (358.89.7)

42 H H H H (492,11.5) (414,19.6) (386.22.1) (358,73.1)

41 Me H H H (456,19.9) (428,24.2) (400,40.7) (372,100)

42 Me H H H (456,2.2) (428,3.3) (400,5.0) (372.100)

41 Me Me H H (470,2.4) (442,5.3) (414,5.3) (386,45.8)

42 Me Me H H (470,2.5) (442.5.3) (414,4.4) (386,31.4)

41 H H H Cl (476,4.6) (448,8.9) (420,12.1) (392,47.9)

42 H H H Cl (476,16.4) (448,25.5) (420,30.0) (392,100)

41 Me H H Cl (490,11.5) (462,19.6) (434,22.1) (406,73)

41 Me Me H Cl (405,1.5) (476,3.0) (448,2.8) (420,21.5)

42 Me Me H Cl (504,2.5) (476,4.2) (448,3.8) (420,33.5)

41 H H Me H (456,7.0) (428,10.1) (400,15.9) (372,64.8)

42 H H Me H (456,9.0) (428,10.8) (400,18.4) (372,43.4)

41 Me H Me H (470,11.6) (442,16.4) (414,27.3) (386,84.1)

42 Me H Me H (470,7.1) (442,7.8) (414,10.6) (386,27.3)

41 Me Me Me H (484,24.7) (456,34.6) (428,35.5) (400,100)
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Table 38 ( c o n t i n u e d )

X Y %) M-CO+, .% M-2C0 , % M=3C0+, .%

42 Me Me Me H (484,10.6) (456,15.8) (428,17.3) (400,100)

41 H H OMe H (472,5.4) (444,5.7) (416,12.0) (388,58.8)

42 H H OMe H (472,14.5) (444,16.4) (416,27.8) (388,100)

41 Me H OMe H (486,6.0) (458,9.5) (430,17.1) (402,64.8)

42 Me H OMe H (486,3.6) (458,5.4) (430,8.5) (402,27.5)

41 Me Me OMe H (500,1.8) (472,4.9) (444,5.1) (416,25.5)

42 Me Me OMe H (500,7.9) (472.13.9) (444,16.2) (416,100)

*Mass spectral data reported as M/e abundance and % observed.
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The r a t i o s  r e p o r t e d  a r e  based  on i s o l a t e d  m a t e r i a l s .

The p u r i t y  o f  t h e s e  compounds i s  very  h i gh .  The r e s u l t s  

a r e  summar i zed in  Ta b l e  29.

M e c h a n i s t i c  Expe r i ment s  

S t a b i l i t y  of  1 , 1 - d i c h l o r o c y c l o p r o p a n e s  t o  Sodium Hydroxi de  

Under  Phase  T r a n s f e r  C a t a l y s i s

T r a n s - 1 , 1 - d i c h l o r o - 2 , 3 - d i p h e n y l c y c l o p r o p a n e  ( 0 . 5 1 8  g,  

1 . 7 9  mmol) ,  TBAH (100 mg, 0 . 25  mmol),  and THF (15 ml) 

were  added t o  a 100 ml r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a 

s t i r r i n g  45% NaOH/HgO s o l u t i o n  (11 g ) .  A f t e r  one hour  

a 2 ml sample  was removed,  t h e  phases  s e p a r a t e d  by c e n t r i 

f u g a t i o n ,  t h e  o r g a n i c  l a y e r  d r i e d  over  MgSO^, and t he  

s o l v e n t  removed a t  25 t o r r .  NMR i n d i c a t e s  no s t a r t i n g  

m a t e r i a l  r e ma i n i n g .  The ma j o r  o r g a n i c  p r o d u c t  i s  i d e n 

t i f i e d  by NMR as 1 - c h l o r o - 2 , 3 - d i p h e n y l c y c l o p r o p e n e  by 

c ompa r i s on  t o  t he  NMR s p e c t r a  o f  1 - c h l o r o c y c l o p r o p e n e s  

r e p o r t e d  by We y e r s t a h l . Fpg ( 1 . 00  g , 2 . 83 mmole) 

and t e t r a b u t y l a mmo n i u m hydrogen s u l f a t e  (TBAH) 0 . 11 g ,

0 . 2 5  mmol) a r e  added t o  t he  r e ma i nde r  of  t he  r e a c t i o n  

m i x t u r e .  The b r i d g i n g  v i n y l i d e n e  i s  i mme d i a t e l y  formed.  

A f t e r  1 hour  t h e m a t e r i a l  i s  worked up us i ng  t he  p r o c e d u r e  

d e s c r i b e d  in Pr oc e dur e  A y i e l d i n g  115 g,  0 . 29  mmol,  15%) 

p l u s  40% e x t r a  phenyl  by NMR i n t e g r a t i o n .

1 , 1 - D i c h i o r o - 2 - p h e n y l c y c l o p r o p a n e  ( 0 . 422 g , 2 . 26  

mmol) i s  r e a c t e d  in a s i m i l a r  manner .  The 2 ml f r a c t i o n  

i s  r emoved,  worked up,  and a n a l y z e d  by NMR t he  same way.
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The p r o d u c t  i s  i d e n t i f i e d  as  1 - c h l o r o - 2 - p h e n y 1 c y c l o p r o p e n e  

by compar i ng i t s  NMR to t h e  NMR Weyer s t ah l  r e p o r t e d  f o r  

1 - c h l o r o - 2 - p h e n y l c y c l o p r o p e n e . Fpg ( 1 . 1 5  g,  3 . 26 

mmol) and TBAH ( 0 . 1 0 0  g,  125 mmol) are  added to  t h e  r e a c t i o n

m i x t u r e .  The b r i d g i n g  v i n y l i d e n e  i s  i mme d i a t e l y  f ormed.

The m a t e r i a l  i s  worked up u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  

i n  P r o c e d u r e  A y i e l d i n g  a 23% y i e l d  by NMR c o n t a i n i n g  

40% e x t r a  p h e n y l .

C r o s s o v e r  Using Fpp and (MeFP)p

Fpg (0.251 g,  171 mmol) and (MeFp)2 ( - . 2 8 3  g,  0 . 74  

mmol) a r e  added to  a 100 mL r ound- bot t om f l a s k  c o n t a i n i n g  

a s t i r r i n g  mi x t u r e  of  45% NaOH/HgO (11 g ) ,  THF (15 mL), 

and TBAH (0. 100 g , 0. 25 mmol) .  Af t e r  15 mi nu t e s  t h e  phases  

a r e  s e p a r a t e d  by c e n t r i f u g a t i o n ,  t h e  o r g a n i c  l a y e r  d r i e d  

ove r  MgSOg, and t h e  s o l v e n t  removed a t  25 t o r r .  The s o l i d

i s  a n a l yze d  by i t s  mass s p e c t r u m.  The masses  of  t h e  p a r e n t

i o n s  o f  t he  t h r e e  p o s s i b l e  d i mers  Fpg,  (MeFp)Fp,  and (MeFp)^

a t  354 (14. 1%) ,  368 (11 . 3%) ,  and 382 (17.1%) amu, r e s p e c 

t i v e l y ,  i n d i c a t e d  c r o s s o v e r  has o c c u r r e d .

A c o n t r o l  e x p e r i me n t  was r un  i n  whi ch a mi x t u r e  

o f  Fpg ( 0 . 021  g , 0 . 060  mmol) and (MeFP)^ ( 0 . 2 3  g,  0 . 059 

mmol) a r e  c o c r y s t a l l i z e d  and t he  s o l i d  a na l y z e d  by mass 

s p e c t r o s c o p y .  No c r o s s o v e r  i s  obs e r v e d ;  i n s t e a d  t h e  two 

s t a r t i n g  m a t e r i a l s  a r e  o b s e r v e d  by t he  d e t e c t i o n  o f  t he  

p a r e n t  peaks  a t  382 (8.8%) and 354 ( 13. 2%) .  A smal l  peak
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a t  368 (1.3%) i s  a l s o  obs e r v e d  bu t  was c o n s i d e r e d  i n s i g n i 

f i c a n t  when compared t o  c r o s s o v e r  obs e r ved  in t h e  PTC 

e x p e r i m e n t .

Re c t i o n  of  1 - c h l o r o - 2 - p h e n y l c yc l o p r o p e n e  wi t h  NaFp

A s o l u t i o n  of  t-BuOK ( 0 . 29  g,  2 . 6  mmol) in THF 

(10 mL) i s  added over  5 mi nu t e s  t o a 100 mL r o u n d - b o t t o m 

f l a s k  c o n t a i n i n g  a s t i r r e d  mi x t u r e  of  1 , 1 - d i c h l o r o - 2 -  

p h e n y l c y c l o p r o p a n e  (0 . 333  g , 1 . 78  mmol) in THF (5 mL) 

a t  1 5 “C. A f t e r  15 mi nu t e s  t h e  r e a c t i o n  i s  quenched by 

the a d d i t i o n  o f  e t h e r  (15 mL ) and i c e  wa t e r  (20 g ) ,  t h e  

o r g a n i c  l a y e r  washed wi t h  5% NH^Cl in Ĥ O (15 mL),  d r i e d  

over  MgSOg, and t he  volume r educed  t o  10 mL a t  25 t o r r .

The s o l u t i o n  i s  c oo l e d  to 0°C and NaFP in THF (4 ml x 0.5 

m, 2 mmol) i s  added v i a  s y r i n g e  and s t i r r e d  a t  0°C and 

0.5 t o r r .  The s o l i d  was chromat ographed  on a 4 x 8 cm 

15®C j a c k e t e d  a c t i v i t y  I I I  b a s i c  alumina column deve l ope d  

wi t h  e t h e r  in hexane .  The column has 3 bands ;  a l e a d i n g  

band of  an o r g a n i c  and o r g a n o m e t a l l i c ,  t he  ma j o r  o r a n g e  

l - F p - 2 - p h e n y l c y c l o p r o p e n e  band f o l l owe d  by t h e  r ed- br own 

Fpg band.  The s o l v e n t  i s  aga i n  removed a t  0°C and 0 . 5  

t o r r .  The ma j o r  f r a c t i o n  i s  r e c h r oma t og r aphe d  on a 15°C 

j a c k e t e d  1 . 0  x 20 cm a c t i v i t y  I I I  b a s i c  a l umi na  column 

to g i v e  l - F p - 2 - p h e n y l - 1 - c y c l o p r o p e n e  ( 0 . 17  g , 0 . 57  mmol, 

32%) as an o i l .
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G e n e r a l  S y n t h e s i s  o f  F p - c y c 1 o p r o p e n e s

A d e t a i l e d  s y n t h e t i c  p r o c e d u r e  i s  given in Cha p t e r  

1 (page  52.

Re a c t i o n  of  l - F p - 2 - t o l y l - 3 , 3 - d i m e t h y l c y c l o p r o p e n e  wi t h  

(MeFp)^ and Sodium Hydroxi de  Under  Phase T r a n s f e r  C a t a l y s i s

F p - 2 - t o l y l - 3 , 3 - d i m e t h y l - 1 - c y c l o p r o p e n e  (9 . 336  g ,

1. 01 mmol),  (MeFpjg ( 0 . 5 8 8  g , 1 . 54  mmol),  and THF (15 

ml) a r e  added to a 100 ml r o u n d - b o t t o m f l a s k  c o n t a i n i n g  

a s t i r r e d  s o l u t i o n  o f  45% NaOH/HgO (11 g) and TBAH. A f t e r  

15 mi n u t e s ,  t h e  p ha s e s  a r e  s e p a r a t e d  by c e n t r i f u g a i t o n , 

t he  aqueous l a y e r  washed wi t h  e t h e r  (2 x 15 ml ) ,  t he  com

b i n e d  o r g a n i c  l a y e r s  d r i e d  over  MgSO^, and t he  s o l v e n t  

removed a t  25 t o r r .  The s o l i d  r e s i d u e  i s  chr omat ographed 

on a 6 X 12 cm a c t i v i t y  I I I  b a s i c  a l umi na  column to y i e l d  

3 f r a c t i o n s .  The smal l  l e a d i n g  y e l l o w band i s  i d e n t i f i e d  

as t h e  s t a r t i n g  m a t e r i a l  by NMR. The maj or  p u r p l e  band 

i s  e l u t e d  n e x t  and i d e n t i f i e d  as  t he  b r i d g i n g  v i n y l i d e n e  

by NMR. The mass s p e c t r u m a t  12 ev r e v e a l e d  t h e  p a r e n t  

ion peaks  of  two d i mer s  [ CpFeCO]"[MeCp)FeCO]( p-CO)-  

[ p - C = C ( i - p r ) ( p - t o l ) ]  a t  498 amu (23.7%) and [CpFeC0)2“ 

( p - C O ) [ p - C = C ( i - p r ) ( p - t o l ) ]  a t  484 amu (10.4%) .

P r e p a r a t i o n  o f  1-MeCpFe( CO)o- 2 - t o i y l - 3 , 3 - d i m e t h y l c y c l o -  

pr opene

(MeFP)^ ( 0 . 752  g,  1. 97 mmol) and THF (10 ml) 

a r e  added to a 50 mL round f l a s k  c o n t a i n i n g  a s t i r r e d
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1% Na/Hg amalgam (64 g ) .  The e x c e s s  amalgam i s  removed 

from t h e  f l a s k  a f t e r  45 mi n u t e s .  56 g (0 . 635  g,  3 . 29  

mmol) i n  THF (6 mL) i s  added v i a  s y r i n g e  and s t i r r e d  

a t  room t e m p e r a t u r e  f o r  one hour .  The s o l v e n t  i s  removed 

a t  0°C and 0 . 5  t o r r  and t he  r e s u l t i n g  s o l i d  c h r oma t ogr aphed  

on a 4 X 8 cm j a c k e t e d  15°C a c t i v i t y  I I I  b a s i c  a l umi na  

column us i ng  e t h e r  i n hexane.  There  a r e  two main bands ;  

a l a r g e  or ange  band wi t h  a smal l  l e a d i n g  o r g a n i c  edge 

and t h e  dimer  band f o l l o w i n g .  The removal  of  t he  s o l v e n t  

from t h e  f i r s t  band y i e l d e d  an o i l  (0 . 860 g , 2 . 47  mmole,  

75%).  El ement a l  a n a l y s i s :  c a l c u l a t e d :  66.95%C,  5.79%H;

found:  66.15%C,  5.87%H; I . R.  i n  h e p t a n e :  CO s t r e t c h e s :

2024,  1977 and doubl e  bond s t r e t c h  a t  1736 cm~^.

Re a c t i o n  of  l - M e F P - 2 - p - t o l y l - 3 , 3 - d i me t hy l  c y c l o p r o p a n e  

wi t h FPq and Sodium Hydroxide Under  Phase T r a n s f e r  C a t a l y s i s  

Fpg ( 1 . 12  g , 3 . 15 mmol),  l - M e F p - 2 - g - t o l y l - 3 , 3 -  

d i met hyl  c y c l o p r o p e n e  ( 0 . 85  g , 2 . 4 7  mmol) and THF (15 mL) 

are  added to a 100 m r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a 

s t i r r e d  s o l u t i o n  o f  45% NaOH/HgO (11 g) and TBAH. A f t e r  

5 mi nu t e s  t he  phas e s  a r e  s e p a r a t e d  by c e n t r i f u g i n g  t he  

aqueous  l a y e r ,  washed wi t h  e t h e r  (2 x 15 ml ) ,  t h e  o r g a n i c  

l a y e r s  combined and d r i e d  wi t h  MgSO^, and t he  s o l v e n t  

removed on a r o t a r y  e v a p o r a t o r  a t  25 t o r r .  The s o l i d  

r e s i d u e  i s  ch r oma t og r a phed  on a 6 x 12 cm a c t i v i t y  I I I  

b a s i c  a l umi na  column s p l i t t i n g  t h e  e f f l u e n t  i n t o  3 f r a c t i o n s
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The f i r s t  f r a c t i o n  i s  t h e  s t a r t i n g  m a t e r i a l  i d e n t i f i e d  

by NMR. The p u r p l e  band c o n t a i n e d  onl y  (p-CO)[p-C=C( i_-pr )  

( £ - t o l ) ][COFeCp ) ][COFe(MeCp)]  ( 0 . 38  g,  0 . 76  mmol, 31%) 

as i d e n t i f i e d  by IR in he p t a n e  CO s t r e t c h e s  205,  1962,

1953 and C=C 1798. El ement a l  a n a l y s i s  c a l c u l a t e d  62.68%C,  

5. 262H,  f ound :  6 2 . 74%C, 5 . 26%H.

At t empt ed  I s o l a t i o n  of  F p - c y c l o p r o p e n e s  Under  Phase T r a n s f e r  

C o i t i o n s

Fpg ( 0 . 1 0 3  g,  0 . 29  mmol) in THF (5 mL) i s  s l owl y  

added t o  a 100 mL r ound- bo t t om f l a s k  c o n t a i n i n g  a s t i r r e d  

mi x t u r e  of  566g ( 0 . 359 g , 1 . 88  mmol),  THF (15 mL),  45% 

NaOH/HgO (11 g ) and TBAH. The b r i d g i n g  v i n y l i d e n e  i s  

formed i mme d i a t e l y  wi t h  no d e t e c t a b l e  amount  of  t he  Fp- 

cycl  opr opene  by TLC ( s i l i c a  gel  deve l oped  wi t h  25% e t h e r  

in h e x a n e ) .  A f t e r  5 mi n u t e s  t he  phas es  a r e  s e p a r a t e d  

by c e n t r i f u g a t i o n ,  t he  aqueous  phase  washed wi t h  e t h e r  

(2 X 15 ml ) ,  t h e  combined o r g a n i c  l a y e r s  d r i e d  ove r  MgSO^, 

and t he  s o l v e n t  i s  removed on a r o t a r y  e v a p o r a t o r  a t  25 

t o r r .

A c o m p e t i t i v e  r a t e  s t u d y  was t hen c o n d u c t e d .

Fpg (0 . 045 g , 0 . 12  mmol) in THF (5 mL) i s  s l o w l y  added 

t o  a 100 ml r o und- bo t t om f l a s k  c o n t a i n i n g  1 - c h l o r o - 3 , 3 -  

d i m e t h y l - 2 - g - t o l y l c y c l o p r o p e n e  ( 0 . 12  g,  0 . 62  mmol) 56q 

( 0 . 0 6 7  g,  0 . 21  mmol),  THF (10 mL),  10 g NaOH/H^O ( 45 : 55 )  

and TBAH. The r e a c t i o n  i s  s t i r r e d  2 mi nu t e s  and t h e
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phases  s e p a r a t e d  by c e n t r i f u g a t i o n .  The o r g a n i c  l a y e r  

i s  d r i e d  ove r  MgSO^, and t h e  s o l v e n t  removed on a r o t a r y  

e v a p o r a t o r .  The o i l  r e s i d u e  i s  p u r i f i e d  on an a c t i v i t y  

I I I  b a s i c  a l umi na  column.  The NMR i n d i c a t e s  only t he  

p r o d u c t  r e s u l t i n g  f rom the r e a c t i o n  o f  t he  F p - c y c l o p r o p e n e .

To check f o r  a r e a c t i v i t y  d i f f e r e n c e  t he  r e a c t i o n  

i s  r e p e a t e d  u s i n g  1 - c h l o r o - 3 , 3 - d i m e t h y l - 2 - p h e n y l c y c l o p r o 

pene ( 0 . 194  g , 1 . 09 mmole,  56 q , 0 . 44  mmol) agai n  i n d i c a t e d  

on l y  t he  p r o d u c t  r e s u l t i n g  f rom t h e  r e a c t i o n  56q in 43% 

y i e l d  us i ng  p - d i o x a n e  as an i n t e r n a l  s t a n d a r d .

P r o t o n a t i o n  o f  f ( m- C O ) ( P-CMePh) (COFeCp)2I

[ ( p - CO) ( p - CMe P h) ( C0 Fe Cp ) 2 ]  ( 0 . 0 3 0  g ,  0 . 0 7  mmol)  

was d i s s o l v e d  i n  CDgClg ( 0 . 4  ml )  and f i l t e r e d  i n t o  an 

NMR t u be .  The s o l u t i o n  i s  c o o l e d  t o  -78°C and f l u o r o -  

s u l f u r i c  a c i d  ( 10  p i ,  0 . 1 7  mmol) added v i a  s y r i n g e .

The ^H-NMR s p e c t r a  was r e c o r d e d  a t  -50°C and a t  10°C i n t e r v a l s  

up to 0°C.  The ^^C-NMR s p e c t r a  i s  r e c o r d e d  a t  -10°C.  The

.Fe

MePh
H

5 1 b



141

maj or  p r o d u c t  i s  i d e n t i f i e d  as 51b as d e t e r mi n e d  by com

p a r i s o n  of  and ^^C-NMR da t a  from o t h e r  b r i d g i n g  c a t i o n i c  

c a r b y n e s .

S y n t h e s i s  of  f (u-CO)(u-CHCHPhMe)(COFeCP)o l

HBF^ Me^O ( 0 . 175  g,  1 . 08  mmol) was added vi a  

s y r i n g e  t o  a 100 ml r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a s t i r r i n g  

s o l u t i o n  of  [(p-CO)(p-CHCHPhMe)(COFeCp)23 ( 0 . 400  g,  0 . 90  

mmol) in CHgClg (10 ml)  a t  -78°C.  The c a t i o n i c  m a t e r i a l  

was p r e c i p i t a t e d  by t h e  a d d i t i o n  of  hexane  (30 ml ) .  The 

hexane was d e c a n t e d  and t he  o i l  washed wi t h  more hexane 

(20 ml ) .  The o i l  was t hen  d i s s o l v e d  i n  CH^Cl^ (10 ml) 

a t  -78°C and added v i a  a g l a s s  s y r i n g e  coo l ed  t o  -78®C to 

a s t i r r i n g  s o l u t i o n  of  NaCNBHg (0 . 102 g , 1.63 mmol) in 

CHgClg (10 m ) a t  - 7 8 ° C.

T h e s o l v e n t  i s  removed on a r o t a r y  e v a p o r a t o r  a f t e r  

most  of  t he  i o n i c  m a t e r i a l  had r e a c t e d  ( d e t e c t e d  by TLC).

The s o l i d  i s  ch r oma t ogr aphed  on a j a c k e t e d  15°C s i l i c a  

gel  column deve l ope d  wi t h  e t h e r / h e x a n e  t o  y i e l d  [ (p-CO) 

(p-CHCHPhMe)(C0FeCP)2] ( 0 . 188  g,  0. 42 mmol,  47%); mp 

2 1 5 - 2 1 6 . 0°C,  H.R.M.S.  c a l c u l a t e d  -1 CO, 416 . 0196;  e x p e r i 

mental  , -1 CO, 415 . 0201 .

At t empt ed D e p r o t o n a t i o n  o f  [p-Cp)(p-C-CMePh)(COFeCP)^!

A base  i s  added t o  a 100 ml r o u n d - b o t t o m f l a s k  

c o n t a i n i n g  a s t i r r e d  s o l u t i o n  of  [ ( p-CO) ( p-C=CMePh) 

(C0FeCp)2j  a t  - 7 8 ° C. The s o l u t i o n  i s  a l l owed  t o  warm t o
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room t e m p e r a t u r e  and quenched wi t h  MeOD ( 0 . 5  ml ) .  Examina

t i o n  by NMR r e v e a l e d  no d e u t e r i um i n c o r p o r a t i o n .  Thi s  

d a t a  i s  summar ized i n  Table  14.

Tabl e  39.

[ (u-CO)(u-C=MePh)(COFeCp)^] Base % Recovery

0 . 35 mmole KOt-Bu ( 0 . 7  mmole) 87

0. 33 mmole MeLi ( 0 . 7  mmole) 84

0. 34 mmole t -BuLi  (1 mmole) 83

At t empt ed  Hydr i de  A b s t r a c t i o n  from t r a n s - T ( U-CO) ( U-C=CMePh) 

(C0FeCP)o1

T r a n s - fu-CO)(u-C=CMePh)  (COFeCP)ol  ( 0 . 22  g,  0 . 5  

mmol in CHgClg (6 mL) was added v i a  s y r i n g e  to  a lOO 

ml r o u n d - b o t t o m f l a s k  c o n t a i n i n g  a s t i r r e d  s o l u t i o n  o f  

PhgC+PFg ( 0 . 4 8  mmol) i n  CHgClg (6 mL) a t  -78=C.  Af t e r  

warmed to  room t e m p e r a t u r e ,  t h e  r e a c t i o n  i s  a na l y z e d  by 

TLC ( s i l i c a  gel  d e v e l o p e d  wi t h  25% e t h e r / h e x a n e )  which 

i n d i c a t e d  a l l  of  t h e  s t a r t i n g  m a t e r i a l  has been consumed.  

Hexane i s  added t o  p r e c i p i t a t e  any c a t i o n i c  m a t e r i a l s  

but  no s o l i d  f ormed.  The s o l v e n t  i s  removed on a r o t a r y  

e v a p o r a t o r  a t  25 t o r r  and an NMR of  t he  r e s i d u e  i n d i c a t e d  

on l y  t h e  s t a r t i n g  m a t e r i a l .
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Ox i d a t i o n  o f  r (w-CO)(w-C=CPhMe)(COFeCp)2 l wi t h  Cer i c  

Ammonium N i t r a t e

[ (M-C0)(M-CPhMe)(C0FeCp)2l  ( 0 . 6 8  mmol) in THF 

(5 ml )  a r e  added v i a  s y r i n g e  to a 100 ml r ound- bo t t om 

f l a s k  c o n t a i n i n g  a s t i r r e d  mi x t u r e  o f  c e r i c  ammonium n i t r a t e  

i n  THF (5 ml)  and MeOH (5 ml ) .  The s o l u t i o n  r a p i d l y  t u r n e d  

d a r k .  The s o l v e n t  i s  removed on a r o t a r y  e v a p o r a t o r  a t  

25 t o r r  and t h e  r e s u l t i n g  s o l i d  washed wi t h  e h t e r  (2 x 24 

ml ) .  The e t h e r  l a y e r s  a r e  combined and t h e  s o l v e n t  removed 

on a r o t a r y  e v a p o r a t o r  a t  25 t o r r .  The r e s i d u e  i s  ch r oma t o 

gr aphed  on a 2 . 5  x 15 cm s i l i c a  gel  column us i ng  e t h e r  

i n  hexane .  The r e s u l t i n g  ma t e r i a l  showed no maj or  component s ,  

on l y  a mi x t u r e  of  a l a r g e  number of  d i f f e r e n t  compounds.
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