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P r e p a r a t i v e Studies of Alkoxy D e r i v a t i v e s of 
Manganese Carbonyl 

A b s t r a c t 

O l i g o m e r i c a l k o x y d e r i v a t i v e s o f bromopentacarbonyl 
manganese ( I ) and bromotetracarbonylmanganese^CI) were 
p r e p a r e d by r e a c t i o n w i t h a base and a v a r i e t y o f a l c o h o l s . 
The n a t u r e o f t h e p r o d u c t s , t h e i r s t r u c t u r a l and bonding 
f e a t u r e s a r e d i s c u s s e d i n t h e c o n t e x t o f a l k o x i d e c h e m i s t r y 
i n g e n e r a l . 

R e a c t i o n s o f Mn(C0)5Br w i t h t r i e t h y l a m i n e and a l c o h o l s i n 
h y d r o c a r b o n s o l v e n t s a t 55°C were m o n i t o r e d by IR 
s p e c t r o s c o p y w h i c h i n d i c a t e d t h e f o r m a t i o n o f one major 
p r o d u c t , e i t h e r a Mn3(CO)g(OR)3 o r a Mn^(CO),^(OR)4 complex. 
Y i e l d s were n o n - r e p r o d u c i b l e and i s o l a t e d s o l i d s were shown 
t o be a m i x t u r e o f p r o d u c t s . Mass s p e c t r a l data i n d i c a t e d 
o l i g o m e r s o f t h e t y p e [Mn(CO) 3 (OR) where n = 3 t o 6, and 
d i m e r s o f f o r m u l a [Mn(CO)4(OR)]2. R e l i a b l e y i e l d s were 
o b t a i n e d u s i n g sodium ca r b o n a t e as t h e base and acetone as 
t h e s o l v e n t . The p r o d u c t s a r e m i x t u r e s and mass s p e c t r a l data 
shows a predominance o f t r i m e r i c a l k o x y d e r i v a t i v e s , a l t h o u g h 
p r o d u c t s w i t h n = 4 t o 6 and dimers were a l s o found. A 
monomer was o b t a i n e d w i t h t r i p h e n y l c a r b i n o l , Mn(CO)5(0CPh3) . 

The r e s u l t s o f t h e r e a c t i o n s o f Mn(CO)^(PPh3)Br w i t h 
t r i e t h y l a m i n e and a l c o h o l s i n hydrocarbon s o l v e n t s are more 
d i f f i c u l t t o i n t e r p r e t . M i x t u r e s o f p r o d u c t s are o b t a i n e d , 
d i m e r i c a l k o x y d e r i v a t i v e s [Mn(CO)3(PPh3)OR], p r e d o m i n a t i n g . 
However, n o n - a l k o x y complexes appear t o be t h e major p r o d u c t s 
i n a number o f cases. 

A 1.2ppm s h i f t i n t h e dg-acetone NMR spectrum o f t h e 
methoxy complex [Mn(CO) 3 (OMe) ] w a s a t t r i b u t e d t o 
p a r a m a g n e t i c s p e c i e s o f t h e t y p e [Mn(OMe) These 
par a m a g n e t i c compounds may w e l l be p r e s e n t i n o t h e r p r o d u c t 
m i x t u r e s . 

A t t e m p t e d p u r i f i c a t i o n t e c h n i g u e s and methods o f 
s e p a r a t i o n o f t h e p r o d u c t m i x t u r e s are a l s o d i s c u s s e d . 

^ERRATUM 

For *bromotetracarbonyl manganese(I)'read 

*bromotetracarbonyl(triphenylpliosphine) manganese ( I ) 
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CHAPTER 1 

INTRODUCTION 



As e a r l y as 1846 a l k o x y d e r i v a t i v e s o f s i l i c o n and boron 

were d e s c r i b e d [ 1 , 2 ] b u t t h e t e t r a e t h o x i d e o f t i t a n i u m was 

n o t s y n t h e s i s e d u n t i l 1924 by B i s c h o f f and Adkins [ 3 ] . 

T h e r e a f t e r development o f a l k o x i d e c h e m i s t r y was slow u n t i l 

t h e 1950's. Up t o t h i s t i m e o n l y i s o l a t e d a l k o x i d e s o f t h e 

f i r s t row t r a n s i t i o n m e t a l s were r e p o r t e d [ 4 - 8 ] , b u t 

f o l l o w i n g t h e s y n t h e s i s o f z i r c o n i u m e t h o x i d e by Bradley and 

Wardlaw i n 1950 [ 9 ] , work on t h e a l k o x i d e s has developed 

r a p i d l y . I n t h e l a s t two decades a w e a l t h o f p u b l i c a t i o n s 

have d e a l t w i t h s i m p l e a l k o x i d e s , a l k o x y d e r i v a t i v e s and, 

more r e c e n t l y , d e t a i l e d s t u d i e s u s i n g s t e r i c a l l y h i n d e r e d 

a l c o h o l s f o r enhancing t h e k i n e t i c s t a b i l i t y o f t r a n s i t i o n 

m e t a l a l k o x i d e s i n g e n e r a l , and t h e g e n e r a t i o n o f b i m e t a l l i c , 

o r d o u b l e , a l k o x i d e s . I m p o r t a n t developments i n t h e 

knowledge o f a l k o x i d e c h e m i s t r y have o c c u r r e d w i t h t h e 

d e t e r m i n a t i o n o f c r y s t a l s t r u c t u r e s , magnetic and 

s p e c t r o s c o p i c p r o p e r t i e s , and thermochemical measurements. 

Simple a l k o x i d e s a r e known f o r almost a l l t h e t r a n s i t i o n 

m e t a l s and p r e s e n t r e s e a r c h i s c o n c e n t r a t e d on p r e p a r i n g 

n o v e l a l k o x y d e r i v a t i v e s and d e v e l o p i n g t h e i r uses. Of t h e 

t r a n s i t i o n m e t a l s , o n l y t e c h n e t i u m and s i l v e r have no known 

a l k o x y compounds a t p r e s e n t . 

I n g e n e r a l , t h e main focus o f a t t e n t i o n has been on t h e 

e a r l y t r a n s i t i o n m e t a l s , up t o and i n c l u d i n g t h e chromium 

group, w i t h t h e e x c e p t i o n o f W i n t e r ' s work on t h e e l e c t r o n i c 

and magnetochemistry o f t h e s i m p l e a l k o x i d e s o f t h e l a t e r 

m e t a l s [ 1 0 ] . The s i m p l e a l k o x i d e s o f t h e e a r l y t r a n s i t i o n 



m e t a l s a r e s o l u b l e and v o l a t i l e i n c o n t r a s t t o t h e i n s o l u b l e 

and n o n - v o l a t i l e compounds o f t h e l a t e r m e t a l s ( w i t h t h e 

e x c e p t i o n o f Cr(0R^)4 and Fe(0R)3), which have a l s o been 

found t o be l e s s r e a c t i v e towards o t h e r a l c o h o l s and 

r e a c t i v i t y i s more s e l e c t i v e , b o t h reasons b e i n g o f f e r e d f o r 

t h e i r l a c k o f s t u d y u n t i l r e c e n t l y . A major d i f f i c u l t y i n 

t h e s t u d y o f a l k o x i d e s has been t h e i r a i r and m o i s t u r e 

s e n s i t i v i t y (manganese and chromium a l k o x i d e s can be 

p y r o p h o r i c on exposure t o a i r [ 1 1 , 1 2 ] ) which hampered e a r l y 

r e s e a r c h workers and s t i l l poses some problems t o t h e i r 

s t u d y . 

D e f i n i n g an A l k o x i d e 

B i n a r y m e t a l a l k o x i d e s have t h e g e n e r a l f o r m u l a M(0R)j^ 

and can be c o n s i d e r e d t o be d e r i v a t i v e s o f a l c o h o l s (ROH) i n 

w h i c h t h e h y d r o x y l i c hydrogen has been r e p l a c e d by a metal 

(M). These compounds i n v o l v e M-O-C bonds, p o l a r i z e d i n t h e 

manner i n d i c a t e d due t o t h e h i g h e l e c t r o n e g a t i v i t y o f oxygen, 

t h e degree o f p o l a r i z a t i o n depending upon t h e 

e l e c t r o n e g a t i v i t y o f t h e m e t a l , M. For d e r i v a t i v e s o f t h e 

same element t h e c o v a l e n t c h a r a c t e r o f t h e M-0 bond increases 

w i t h g r e a t e r i n d u c t i v e e f f e c t o f t h e a l k y l group; f o r 

example, among t h e i s o m e r i c b u t o x i d e s o f an element t h e 

t e r t i a r y b u t o x i d e s h o u l d have t h e h i g h e s t c o v a l e n t c h a r a c t e r . 

The p o l a r i t y o f t h e M-0 bond may a l s o be p a r t i a l l y o f f s e t i n 

cases o f e l e c t r o p h i l i c m e t a l s , which undergo covalency 

expansion by i n t e r m o l e c u l a r c o o r d i n a t i o n t h r o u g h t h e oxygen 

atoms o f t h e a l k o x y groups. T h i s t y p e o f m o l e c u l a r 

a s s o c i a t i o n appears t o be s e n s i t i v e t o s t e r i c f a c t o r s , such 



as t h e b u l k o f t h e a l k y l group [ 1 3 ] . T h i s b r i d g i n g f a c i l i t y 

l e a d s t o c o o r d i n a t i o n p o l y m e r i z a t i o n and t h e f o r m a t i o n o f 

o l i g o m e r i c s p e c i e s e.g. [M(OR)j^]j^ and [Mn(CO) 3 (OR) ] 

Phenoxide can a l s o a c t as a b r i d g i n g l i g a n d as i n t h e complex 

(PhO) Cl2Ti-/x(0Ph) 2TiCl2 (OPh) , which c o n t a i n s OPh as t e r m i n a l 

( u n i d e n t a t e ) and b r i d g i n g l i g a n d s . W i t h phenoxide a t h i r d 

p o s s i b i l i t y i s a l s o e v i d e n t , t h a t i s t h e l i g a n d can be bound 

t o t h e m e t a l s as i n : 

The a l k o x y group can a l s o f u n c t i o n as a b r i d g i n g group 

between d i f f e r e n t m e t a l atoms which g i v e s r i s e t o b i m e t a l l i c 

a l k o x i d e s o f t h e t y p e : 

(RO) j^_2M[Al(OR)4]2 where M = Zr, Hf, Nb o r Ta. 

D e s p i t e t h e s t r o n g metal-oxygen bonds, another c h a r a c t e r i s t i c 

p r o p e r t y o f t h e m e t a l a l k o x i d e s i s t h e i r l a b i l i t y , e s p e c i a l l y 

among t h e e a r l y t r a n s i t i o n m e t a l s , due t o f a c i l e OR group 

exchange ( b o t h i n t r a - and i n t e r m o l e c u l a r ) which has been t h e 

s u b j e c t o f a number o f NMR s t u d i e s [ 1 5 ] . T h i s p r o p e r t y has 

been used e x t e n s i v e l y f o r t h e s y n t h e s i s o f h i g h e r a l k o x i d e s 

and o t h e r d e r i v a t i v e s , f o r example, p r o d u c t s from t h e 



r e a c t i o n o f t h e m e t a l a l k o x i d e w i t h g l y c o l s , |fi-diketones, 

a l k a n o l a m i n e s , oximes and S c h i f f bases [ 1 6 - 2 2 ] . 

M e t a l a l k o x i d e s h a v i n g /S-CH bonds can reduce t r a n s i t i o n 

m e t a l s by a h y d r i d e t r a n s f e r pathway y i e l d i n g aldehydes o r 

keto n e s : 

R2C-O-M > R2C=0 + H''' + M [23] 

H 

Because o f t h e s e redox, and a l s o b r i d g i n g , t e n d e n c i e s t h e 

a l k o x i d e group was p r e v i o u s l y l i t t l e used as an a n c i l l a r y 

l i g a n d f o r o r g a n o m e t a l l i c complexes which a c t as reagents o r 

c a t a l y s t s . However, t h i s s i t u a t i o n has changed r a p i d l y , 

e s p e c i a l l y w i t h t h e development o f v e r y s t e r i c a l l y h i n d e r e d 

a l k o x i d e l i g a n d s such as t r i - t - b u t y l methoxide ( t r i t o x ) , which 

has a s t e r i c c o r e s i m i l a r t o a b u l k y phosphine. Remarkably 

t h e r m a l l y s t a b l e , u n s a t u r a t e d a l k y l s such as 

( t r i t o x ) 2 - M ( C H 3 ) 2 M = T i , Zr 
have been made. 

T h i s d u a l a b i l i t y o f a l k o x i d e t o form strong- c o v a l e n t 

bonds and t o a c t as a b r i d g i n g l i g a n d have made i t o f 

c o n s i d e r a b l e i n t e r e s t t o che m i s t s . I t s bonding i s a l s o o f 

i n t e r e s t as t h e a l k o x y group i s an i m p o r t a n t TT donor l i g a n d . 

Bonding i n A l k o x i d e Complexes 

The development o f o r g a n o t r a n s i t i o n metal c h e m i s t r y has 

been w i t h IT a c c e p t o r l i g a n d s such as c a r b o n y l , t e r t i a r y 

p hosphines, o l e f i n s and c y c l o p e n t a d i e n e s , which are w e l l 

s u i t e d t o l o w - v a l e n t , d" e l e c t r o n - r i c h metal c e n t r e s [ 2 4 ] . 

A l k o x i d e s , however, a r e an i m p o r t a n t c l a s s o f TT donor 

l i g a n d s , w h i c h a l s o i n c l u d e s h a l i d e s , amides, o x i d e s and 



n i t r i d e s . TT donors s t a b i l i z e t h e h i g h o x i d a t i o n s t a t e s o f 

e a r l y t r a n s i t i o n m e t a l s , which a r e d^ e l e c t r o n poor [ 2 5 ] . 

R e l a t i v e l y l i t t l e i s known a t p r e s e n t about t h e i r r o l e i n 

o r g a n o e m t a l l i c c h e m i s t r y b u t s e v e r a l s i g n i f i c a n t conseguences 

o f 7T d o n a t i n g l i g a n d s have been found, which i n c l u d e b o t h 

s t r u c t u r a l and k i n e t i c e f f e c t s . TT bonding may p e r t u r b d" 

e l e c t r o n s , M-M bonding and t h e r e a c t i v i t y o f o t h e r l i g a n d s 

bonded t o t h e same m e t a l c e n t r e . 

Metal-Oxygen TT-Bonding i n T r a n s i t i o n M e t a l A l k o x i d e s [24] 

A w e a l t h o f s t r u c t u r a l evidence has been c o l l e c t e d f o r 

m e t a l a l k o x i d e s which p r o v i d e s p h y s i c a l evidence f o r TT 

bond i n g . Chisholm has e s t i m a t e d t h a t a p u r e l y c bonding 

Mo ( I I I ) - O d i s t a n c e f o r an Mo2̂ ''" c e n t r e s h o u l d be 

a p p r o x i m a t e l y 2.06A, which i s t y p i c a l o f Mo-/i-OR d i s t a n c e s , 

b u t c o n s i d e r a b l y l o n g e r t h a n any seen f o r t e r m i n a l Mo-OR 

groups, w h i c h f a l l i n t h e range 1.80-1.96X [ 2 1 6 ] . These 

s h o r t Mo-0 d i s t a n c e s a r e s t r o n g l y s u g g e s t i v e o f a 

c o n s i d e r a b l e amount o f double-bond c h a r a c t e r i n such systems. 

S h o r t e r , t e i r m i n a l M-OR d i s t a n c e s a r e a s s o c i a t e d w i t h l a r g e r 

M-O-C a n g l e s which may be c l o s e t o 180°. I n c o n t r a s t , 

r e l a t i v e l y l o n g t e r m i n a l M-OR d i s t a n c e s a re a s s o c i a t e d w i t h 

s m a l l M-O-C an g l e s , t y p i c a l l y i n t h e range 120-130°. 

Comparison o f t h e bonding o f a l k o x i d e and a r y l o x i d e 

l i g a n d s t o t h e same m e t a l c e n t r e has shown t h a t M-OAr 

d i s t a n c e s a r e s l i g h t l y l o n g e r t h a n M-OR d i s t a n c e s , b u t t h a t 

t h e M-O-Ar angles a r e c h a r a c t e r i s t i c a l l y l a r g e r t h a n t h e M-0-

R a n g l e s , even i n t h e absence o f s t e r i c e f f e c t s [ 2 7 ] . Angles 



o f 160-180° a r e common f o r a r y l o x i d e l i g a n d s . 

I n most cases s t r u c t u r a l changes observed i n M-0 

d i s t a n c e s and M-O-C angles can be a t t r i b t u e d t o oxygen 

i n t e r a c t i o n s w i t h t h e m e t a l . Two e l e c t r o n d o n a t i o n from t h e 

a l k o x i d e l i g a n d t o t h e m e t a l can be supplemented by d o n a t i o n 

up t o a maximum o f IT^. E l e c t r o n d e f i c i e n t m e t a l c e n t r e s 

commonly found f o r complexes o f t h e e a r l y t r a n s i t i o n metals 

t y p i c a l l y e x h i b i t t h e s h o r t M-0 d i s t a n c e s and l a r g e M-O-C 

a n g l e s which i m p l y a l a r g e degree o f TT bonding. Where t h e r e 

a r e no v a c a n t d o r b i t a l s on t h e m e t a l s , o r t h e y are used i n 

M-M bonding, t h e M-0 d i s t a n c e s approach those expected f o r 

s i n g l e bonds and t h e M-O-C angles are c l o s e t o 12 0°, as, f o r 

example, i s found i n MO2(0R)4 compounds [ 2 8 ] . 

The extreme f l e x i b i l i t y o f t h e M-O-C angles o f 

a r y l o x i d e s can be accounted f o r by TT i n t e r a c t i o n s . The a r y l 

group can form 7Tbonds w i t h oxygen, and a c o m p e t i t i o n f o r t h e 

e l e c t r o n d e n s i t y on oxygen i s e s t a b l i s h e d between t h e a r y l 

group and t h e m e t a l , which s t a b i l i z e s t h e l i n e a r M-O-Ar 

mo i e t y and reduces t h e r e l a t i v e TT d o n a t i o n t o t h e m e t a l . 

TJ donor e f f e c t s o f A l k o x i d e s on n e i g h b o u r i n g l i g a n d s 

The i n f l u e n c e o f a l k o x i d e s ' TT d o n a t i o n on o t h e r 

l i g a n d s w i t h i n a complex may be observed i n t h e i r r e a c t i v i t y 

and t h e i r s p e c t r o s c o p i c p r o p e r t i e s . S t r o n g donor l i g a n d s can 

enhance back-bonding t o TT a c i d l i g a n d s , such as c a r b o n y l o r 

n i t r o s y l , on t h e same m e t a l . The complexs 

Mo(OBu^)2(py)2(CO)2 and Mo(OPr^)2(bipy)2 [29,30] are 

i l l u s t r a t i v e . The f o r m e r has t h e anomalously low V(CO) 

v a l u e s o f 1906 and 1776 cm"-̂  f o r a c i s (C0)2Mo^"'" compound, 



w h i l s t i n t h e l a t t e r t h e 2,2' b i p y r i d y l l i g a n d s are p a r t i a l l y 

reduced. Both r e f l e c t t h e f a c t t h a t RO-Mo IT bonding has 

r a i s e o i t h e energy o f t h e t ^ 2 g o r b i t a l s and t h u s enhances back-

bond i n g t o CO IT* and b i p y 77* o r b i t a l s . I n W(OBu^) 3 (NO) (py) 

[3 1 ] e x t e n s i v e TT back-bonding i s e v i d e n t from t h e e x t r e m e l y 

s h o r t W-NO d i s t a n c e and t h e e x c e e d i n g l y low v a l u e o f S'(N-O) , 

1555 cm"-"-, f o r a t e r m i n a l NO l i g a n d . 

A more g u a n t i t a t i v e measure o f t h e enhanced j r back-bonding 

t o a d j a c e n t l i g a n d s has been shown by Chisholm i n a s e r i e s o f 

r e l a t e d compounds o f f o r m u l a W2 (OBu^) g (/̂ CX) where X = 0 and 

NR [ 2 4 ] . A c h a r a c t e r i s t i c s p e c t r o s c o p i c f e a t u r e o f t h e ̂ /.CX 

l i g a n d i s t h e e x c e p t i o n a l l y low v a l u e s o f \)(C0) f o r a /^-CO 

m o i e t y (1598cm~-'-) and v)(C-N) f o r a ̂ 2~^NR moiety (1530 and 

1525cm~-^ when R = Bu^ and 2,6 d i m e t h y l p h e n y l r e s p e c t i v e l y ) . 

These low v a l u e s o f V(C-O) and V(C-N) i m p l y a l a r g e degree o f 

r e d u c t i o n i n the/t^-CO and yU-CNR l i g a n d s . I n v e s t i g a t i o n s v i a 

Fenske - H a l l c a l c u l a t i o n s on model systems, i n d i c a t e t h a t t h e 

weakening o f t h e C-X bonds can be a t t r i b u t e d p r i m a r i l y t o t h e 

degree o f TT back-bonding i n t h e M2 (yt-iCX) moiety. 

T h i s m o l e c u l a r o r b i t a l approach a l s o p r o v i d e s an i n s i g h t 

i n t o l i k e l y modes o f r e a c t i v i t y . For compounds w i t h M-X 

bonds t h a t a r e l i g a n d c e n t r e d , t h e 77* M.O.s w i l l be low l y i n g 

and m e t a l c e n t r e d , t h u s n u c l e o p h i l i c a t t a c k a t t h e metal i s a 

l i k e l y r e a c t i o n mode, i n a d d i t i o n t o e l e c t r o p h i l i c a t t a c k on 

t h e l i g a n d c e n t r e d 7 r - o r b i t a l . T T - d o n a t i o n i n t o f i l l e d m etal d-

o r b i t a l s o r occ u p i e d M-M bonds w i l l have a d e s t a b i l i s i n g 

i n f l u e n c e on t h e d^ e l e c t r o n s o f t h e M-M bond. O x i d a t i o n i s 



t h u s a l i k e l y r e a c t i o n pathway. 

F u r t h e r examples o f metal-oxygen rr bonding and i t s e f f e c t s 

on n e i g h b o u r i n g l i g a n d s a r e t o be found i n Chapter 2. 

The P r e s e n t and F u t u r e o f A l k o x i d e Chemistry 

C u r r e n t r e s e a r c h has seen t h e s y n t h e s i s o f n o v e l a l k o x i d e s 

such as a l k e n o x i d e s , cinnamoxides, 3-pentene-2-oxides and 4-

p e n t e n e - 2 - o x i d e s , and yS-methalloxides o f t i t a n i u m , niobium 

and t a n t a l u m u s i n g s t e r i c a l l y h i n d e r e d a l c o h o l s , and a l s o 

numerous b i m e t a l l i c a l k o x i d e s , work p i o n e e r e d by Mehrotra 

[ 3 2 ] . There i s a g r e a t d e a l o f p o t e n t i a l f o r f u r t h e r 

development h e r e , as w e l l as i n u n d e r s t a n d i n g s t r u c t u r e and 

b o n d i n g found i n a l k o x i d e s due t o t h e i r TT d o n a t i n g a b i l i t i e s . 

D u r i n g t h e l a s t s i x t y y e a r s an i n c r e a s i n g number o f 

i n d u s t r i a l uses have been found f o r a l k o x i d e s . T h e i r use 

depends on t h e i r c h e m i c a l r e a c t i v i t y coupled w i t h t h e i r 

v o l a t i l i t y and s o l u b i l i t y i n common o r g a n i c s o l v e n t s . T h e i r 

c h e m i c a l r e a c t i v i t y l e a d s t o a v a r i e t y o f c a t a l y t i c 

a p p l i c a t i o n s , r a n g i n g from o l e f i n p o l y m e r i z a t i o n ( t i t a n i u m 

and vanadium a l k o x i d e s as components o f Z i e g l e r - N a t t a 

c a t a l y s t s ) t o a c c e l e r a t o r s f o r t h e d r y i n g o f p a i n t s and i n k s . 

They a r e a l s o v a l u a b l e p r e c u r s o r s t o t h e m e t a l oxides t h r o u g h 

h y d r o l y s i s , p y r o l y s i s o r combustion. Where h i g h p u r i t y i s a t 

s t a k e t h e m e t a l a l k o x i d e s o f f e r c o n s i d e r a b l e advantages i n 

t h e p r e p a r a t i o n o f m e t a l o x i d e s r e q u i r e d i n t h e 

m i c r o e l e c t r o n i c s i n d u s t r y . 

The a l k o x i d e s have a r e l a t i o n s h i p w i t h t h e m e t a l oxides 

used i n heterogeneous c a t a l y s i s and t h e y may p r o v i d e a means 

o f p r o d u c i n g h i g h l y r e a c t i v e forms o f o x i d e c a t a l y s t s . 



A l k o x i d e s a r e a l s o models f o r s p e c i e s formed on o x i d e 

s u r f a c e s when, f o r example, hydrocarbons are o x i d i z e d . 

A n o t her p o s s i b l e use i s as p r e c u r s o r s f o r ceramics and o t h e r 

new m a t e r i a l s c u r r e n t l y o f g r e a t i n t e r e s t . C l e a r l y , t h e 

p o s s i b l e uses and importance o f a l k o x i d e s w i l l i n c r e a s e t o 

keep pace w i t h t h e r a p i d developments i n t h e i r numbers and 

v a r i e t y . 

10 



REFERENCES 

[ I ] J . J . Ebelman and M.Bouquet, Ann.Chim.Phys., 17, 54 (1846) 
[2] J . J . Ebelman, Ann., 57, 331 (1846) 
[3] F. B i s c h o f f and H. Adkins, J.Am.Chem.Soc., 46, 256 (1924) 
[4] A. F i s c h e r , Z.Anorg.Allg.Chem., 81, 170 (1913) 
[5] W. P r a n d t l and L. Hess, Z.Anorg.Allg.Chem., 82, 103 

(1913) 
[6] H. Funk and K. Niederlander, Ber.Dtsch.Chem.Ges.B, 62, 

1688 (1929) 
[7] P.A. T h i e s s e n and O. Keener, Z.Anorg.Allg.Chem., 180, 65 

(1925); 181, 285 (1925) 
[8] B.S. Kandelaki, C o l l o i d J . USSR (Eng. Tr a n s . ) , 3, 48 

(1937); Chem. Abstr. 32, 6227 (1938) 
[9] D.C. Bradley and W. Wardlaw, Nature (London), 165, 75 

(1950) 
[10] R.W, Adams, E. Bishop, R.L. Martin and G. Winter, 

Aust.J.Chem, 19, 207 (1966) 
[ I I ] B. Horvath, R. Hosier and E.G. Horvath, 

Z.Anorg.Allg.Chem., 449, 41 (1979) 
[12] R.C. Mehrotra e t a l , Inorg.Chim.Acta L e t t e r s , 25, L5 

(1977); Trans.Met.Chem, 2, 161 (1977); 3, 130 (1978); 
Synth.React.Inorg.Metal-org.Chem., 9, 213 (1979) 

[13] D.P. Gaur, R.C. Mehrotra and D.C. Bradley, ^Metal 
Alkoxides', Academic Press (London) 1978 

[14] F.A. Cotton and G. Wilkinson, ^Advanced Inorganic 
Chemistry', 4th Edn., Wiley 1980 

[15] D.C. Bradley and C.E. Holloway, J.Chem.Soc. A, 219 
(1968) 

[16] R.C. Mehrotra e t a l , J.Chem.Soc., 4045 (1961); 1032 and 
3819 (1962); J.Ind.Chem.Soc., 39, 203; 635 (1962); 
I n d i a n J.Chem., 5, 444 (1967); J.Chem.Soc., 2804 (1964); 
J.Organomet.Chem. , 4, 145 (1965); 6, 425 (19'66) and 47, 
95 (1973) 

[17] R.C. Mehrotra, J.Ind.Chem.Soc., 55, 1 (1978) 
[18] R.C. Mehrotra, R. Bohra and D.P. Gaur, ^Metal 

Diketonates and A l l i e d D e r i v a t i v e s ' , Academic Press, 
London 1978 and r e f e r e n c e s t h e r e i n 

[19] V.K. J a i n , R. Bohra and R.C. Mehrotra, 
Synth.React.Inorg.Metal-org.Chem., 9, 491 (1979); 
J.Organomet.Chem., 184, 57 (1980) 

[20] R.C. Mehrotra e t a l , J.Organomet.Chem., 65, 195 (1974); 
Z.Anorg.Allg.Chem., 403, 337 (1974) 

[21] R.C. Mehrotra, A. Singh, A.K. Rai and R. Bohra 
Inorg.Chim.Acta (Reviews), 13, 91 (1975) 

[22] R.C. Mehrotra, M. Agrawal and J.P. Tandon, Ind.J.Chem., 
18A, 151 (1979) 

[23] J.P. Collman, L.S. Hegedus et a l , ^ P r i n c i p l e s and 
A p p l i c a t i o n s of Organotransition Metal Chemistry', 2nd 
Edn., U n i v e r s i t y Science Books ( M i l l V a l l e y ) 1987 

[24] M.H. Chisholm and D.L. Clark, Comments Inorg.Chem., 6, 
23 (1987) 

[25] M.H. Chisholm, Polyhedron, 4, 893 (1985) 

11 



[26] M.H. Chisholm, Polyhedron, 2, 681 (1983) 
[27] T.W. C o f f i n d a f f e r , I.P. Rothwell and J.C. Huffman, 

Inorg.Chem., 22, 2906 (1983) 
[28] M.H. Chisholin, K. F o l t i n g , J.C. Huffman and R.J. Tatz, 

J.Am.Chera.Soc., 106, 1153 (1984) 
[29] M.H. Chisholm e t a l , J.Am.Chem.Soc., 101, 7615 (1979) 
[30] M.H. Chisholm e t a l , J.Am.Chem.Soc., 103, 4945 (1981) 
[31] M.H, Chisholm, F.A. Cotton, M.W. Ex t i n e and R.L. K e l l y , 

Inorg.Chem., 18, 116 (1979) 

12 



CHAPTER 2 

A SURVEY OF SOME ALKOXY DERIVATIVES OF THE 

TRANSITION METALS 
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I n t r o d u c t i o n 

T h i s chapter reviews the preparation and r e a c t i o n s of 

alkoxy d e r i v a t i v e s of the T r a n s i t i o n Metals. For sake of 

completeness the Scandium and Zinc groups are included, 

although t h e s e are frequently not considered as t y p i c a l 

t r a n s i t i o n elements i n t h e i r r e a c t i o n s . The uses of these 

compounds a r e a l s o considered. 

A number of very good reviews of the s u b j e c t e x i s t 

which g i v e g r e a t e r d e t a i l of methods of preparation, chemical 

and p h y s i c a l p r o p e r t i e s , and r e a c t i o n s [ 1 - 8 ] . 

Scandium, Y i t t r i u m , and Lanthanum 
R e l a t i v e l y l i t t l e work has been c a r r i e d out on t h i s group 

as compared t o the other t r a n s i t i o n metals, but more r e c e n t l y 

c o n s i d e r a b l e i n t e r e s t has a r i s e n i n the alkoxides of the 

lan t h a n i d e s and a c t i n i d e s , which are beyond the scope of t h i s 

review. These have been reviewed [9],together with the simple 

a l k o x i d e s [ 1 0 ] . 

Cp2Y(0Me) has been prepared, amongst a mixture of 

products,using [CP2YCI(THF)] and potassium methoxide i n THF. 

The same r e a c t i o n u s i n g methanol as s o l v e n t a t -78"C gives 

the methoxy compound as the major product, but a t 30 °C the 

product i s CP2Y5 ̂ -OMe) 4 (^jOMe) 4 (^-0) , a minor product a t the 

lower temperature [ 1 1 ] . 

Titanium, Zirconium, and Hafnium 
A c o n s i d e r a b l e amount of work has been published on the 

b i n a r y a l k o x i d e s of t h i s group of metals, i n p a r t i c u l a r those 
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of t i t a n i u m , whose l a r g e s t and most i n t e n s i v e l y studied 

organic compounds are the alkoxides. One of the e a r l i e s t 

attempted syntheses of a t r a n s i t i o n metal alkoxide was made 

by Demarcay i n 1875 when he undertook the preparation of the 

te t r a e t h o x i d e of titanium, although he i n f a c t most l i k e l y 

made an alkoxy d e r i v a t i v e Ti(GEt)2CI2-EtOH [ 5 ] . D e t a i l s of 

the preparation and p r o p e r t i e s of the binary alkoxides can be 

found i n r e f s . [3,4,12]. 

Alkoxv D e r i v a t i v e s 

Alkoxy Metal Halides 

The alkoxy h a l i d e s of titanium have been prepared using 

two main methods: the p a r t i a l replacement of h a l i d e from the 

t e t r a h a l i d e s or an e x i s t i n g alkoxy h a l i d e , and the p a r t i a l 

replacement of alkoxy groups from the t e t r a l k o x y compounds. 

S i m i l a r l y with the zirconium analogues. For example: 

TiCl4 + ROH • TiClg (OR) + HCl 
Good y i e l d s can be obtained using chloroform as the solvent 

and c a r r y i n g out the r e a c t i o n a t O'̂ C. The R groups can be 

primary, secondary, or t e r t i a r y . A base i s required to remove 

HCl to prevent h y d r o l y s i s of the product. T h e i r i n s o l u b i l i t y 

i n d i c a t e s a polymeric nature and alkoxide bridges are 

i n d i c a t e d from IR s t u d i e s . T e r t i a r y and t r i a l k y l alkoxy 

h a l i d e s can a l s o be prepared by t r a n s e s t e r i f i c a t i o n 

r e a c t i o n s : 
(EtO)3TiCl + 3R0II • (R0)3TiCl + SEtOU 

Mixed a l k o x i d e s can be obtained by r e a c t i n g a TiCl2(0R)2 

complex with an a l c o h o l i n the presence of p y r i d i n e . 

15 



G i a n e t t i [13] has prepared T i (OR) ̂ ^013.^^ complexes from TiCl3 

and t r i a l k y l formate. 

Nesmeyanov [14] obtained TiCl2(OR)2 by the second general 

method, r e a c t i n g the t e t r a l k o x i d e with c h l o r i n e gas. 

T i C l 2 (OBu*-) 2 has been found to be dimeric and the T i atom to 

be f i v e coordinate [ 1 5 ] . Reaction a l s o occurs with organic 

and i n o r g a n i c a c i d h a l i d e s , the product and y i e l d depending 

on the reagent used: benzoyl h a l i d e s give poorer y i e l d s than 

the corresponding a l i p h a t i c compounds [16,17]. A c e t y l 

f l u o r i d e y i e l d s f l u o r o a l k o x i d e s , though SbF3 i s an 

a l t e r n a t i v e [ 1 8 ] . However, the most convenient r e a c t i o n 

appears to be Ti(0R)4 and TiX^ (X = F,Cl,Br) mixed i n the 

appropriate molar proportions. 

A l l the h a l i d e alkoxides are hygroscopic and u s u a l l y 

s o l u b l e i n water without immediate decomposition, although on 

standing hydrated Ti02 i s the usual product.All are r e a d i l y 

s o l u b l e i n organic s o l v e n t s . 

B o i l i n g T i C l ^ with phenol give s Ti(0Ph)4. At room 

temperature the number of c h l o r i n e atoms replaced depends 

upon the s u b s t i t u e n t s of the phenol: f o r phenol and m-

n i t r o p h e n o l only one c h l o r i n e i s replaced, for o- and p-

n i t r o p h e n o l , p i c r i c a c i d and ^-naphthol two c h l o r i n e s are 

r e p l a c e d . A d e t a i l e d study of Ti(0Ph)2Cl2 [20] showed i t to 

be a dimer i n the s o l i d s t a t e and i n s o l u t i o n . I t s main 

r e a c t i o n s a r e shown i n f i g u r e 2.1. The expectation t h a t t h i s 

complex would lead to the s y n t h e s i s of JTbonded products with 

reducing agents has not been f u l f i l l e d . 
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T i 5 ( 0 P l i ) 8 ( S i M e 2 ) 
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Fig 2-1 some r e a c t i o n s o f f T i ( 0 P h ) 2 CI2 ] 2 
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Compounds c o n t a i n i n g Ti-N.Ti-B and Ti-O-S linkages 

Reactions of a l k y l and a r y l sulphonic a c i d s with titanium 

a l k o x i d e s were i n v e s t i g a t e d by Feld [ 1 9 ] . Mono- or d i -

sulphonates can be obtained, but s u b s t i t u t i o n does not proceed 
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f u r t h e r . 
11X4 + nYOH • (YO)^TiXj,^_ ^ ̂ J + nHX 

Where X = OPr'or OBu" , ¥ = ̂ 3 8 0 2 ' OR PCH3 . Cg H4 SO2 " , n=l or 2 
Phosphinic a c i d y i e l d s d i or t r i a l k o x y titanium 

phosphinates, which a r e s o l i d s except f o r the v i s c o u s 

t r i b u t y l t i t a n i u m benzenephosphinate. 

Ti(0Bu)4 and benzene boronic a c i d y i e l d (BuO)3TiOB(OH)CgHg 

two e q u i v a l e n t s of Ti(0Bu)4 g i v e s [(BuO)3TiO]jBCgHg [ 1 2 ] , both 

l i q u i d s . Reaction with b o r i c a c i d y i e l d s alkoxy titanium 

borates [ 2 1 ] : R = b u t y l , a r y l or 2etliylhexyl. 
3Ti(0R)4 + B(01I)3 y [(R0)3Ti0]3B + 3R0H 

A s e r i e s of N-methylaminoalkoxides of zirconium, 

Zr(OPr^)4_j^(OCHR'CH2NR"R"') (R'= R"= H, R'= Me; R'= H, R" = R'" 

= Me; R'= R"= R"'= Me, n = 1-4) have been synthesized [22] by 

r e a c t i o n of Zr(OPri)4.^PrOH with aminoalcohols. These 

aminoalkoxides Zr (0CHR'CH2NR"R") 4 undergo i n s e r t i o n r e a c t i o n s 

w i t h PhNCO to give products of the type Zr (NPhCOOCHR'CH2NR"R'")4 

[ 2 3 ] . 

Organo-Alkoxy D e r i v a t i v e s 

A l a r g e number t i t a n i u m alkoxide d e r i v a t i v e s containing 

cyclopentadiene l i g a n d s have been prepared and these have 

been comprehensively reviewed by Wilkinson [ 4 ] . 

C y c l o p e n t a d i e n y l t i t a n i u m alkoxides can be prepared by the 
fo l l o w i n g methods: 
2CpMgBr + Ti(0Bu)4 • 2BuOMgBr + (Cp)2Ti(Bu)2 [24,25] 
2CpNa + TiCl3 (OEt) y C p 2 T i C l ( 0 E t ) + 2NaCl [25] 
(Cp)2TiCl2 * Eton > (Cp)Ti(0Et)Cl2 [26] 
CpNa + 2Ti(0Et)2Cl2 • CpTi(0Et)3 [27; 

(Also f o r GPr' and OBu" derivatives.) 
A l l CpTi(0R)3 compounds are c o l o u r l e s s l i q u i d s , s e n s i t i v e 
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to moisture, and monomeric i n s o l u t i o n . CpTi (OPr-*-) 2CI and 

CpTi(0Pr-^)Cl2 are yellow-green l i q u i d s . 

F i g u r e 2.2 g i v e s some r e a c t i o n s of these complexes. 
(Cp)TiCl3 , Mg(Cp), T i C l , 
ROH rRCOCl 

(Cp)TiCl3 C p M g C l / T i ( 0 R ) 4 > (Cp)Ti(0R)2 

ROH fcoCl / CpNa j V i a ^ ^ ^ . ^ ^ 
(Cp)Ti(0R)Cl2 * CpTi(0R)3 • (Cp)2Fe 

The r e a c t i o n s of a l c o h o l s with CpTiCl3 are complex and 

only i n a few cases give the t r i a l k o x i d e s : 
TiCl3Cp + 3R0H + 3NEt3 • [Ti(0R)3Cp] + 3Et3N.HCl 

Reaction with a number of phenols has a l s o been s u c c e s s f u l . 

Exchange of OR groups i n Ti(0R)3Cp i s g e n e r a l l y l i m i t e d to 

c e r t a i n phenols [28] and s u b s t i t u t e d cyclopentadienyl 

d e r i v a t i v e s . The problems a s s o c i a t e d with the ready cleavage 

of the Ti-Cp bond may be overcome by using an e s t e r instead 

of an a l c o h o l [ 2 9 ] : R = Pr' , hexyl or CgH^X. 

[Ti(0Et)3Cp] + 3 ROAc • [Ti(0R)3Cp] + MeC02Et 

Mixed complexes such as [TiCl2(OCH2CF3)Cp] have to be 

prepared by i n d i r e c t routes i n v o l v i n g r e a c t i o n of an azide 

complex [TiCl2(N3)Cp] with the a l c o h o l (CF3CH2OH) [3 0 ] . 

However, s i m p l e r routes have been developed, r e d i s t r i b u t i o n 

r e a c t i o n s being p a r t i c u l a r l y convenient [28,29]. 
[Ti(0R)3Cp] + 2[TiCl3Cp] • 3[TiCl2 (OR)Cp] 
R = E t , Ph or pm^ .C6H4 . 

C a r e f u l c o n t r o l over stoichiometry g e n e r a l l y gives the 

d e s i r e d complex. S i m i l a r l y the r e a c t i o n of [Ti(0R)3Cp] with 

a c y l h a l i d e s can be c o n t r o l l e d to give compounds of 

composition [TiX^^(OR) 3_j^Cp] (R = E t , P r ; X = F , C l , B r , I ; n = 1-
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3) [27,31]. 

Reaction of the amide dimer [{Ti(NMe)2Cp}2] with ethanol 

e l i m i n a t e s two molecules of amine to give a dimeric alkoxide, 

the f i r s t b i s ( c y c l o p e n t a d i e n y l ) t i t a n i u m ( I I I ) alkoxide [ 3 2]. 

Low v a l e n t t i t a n i u m compounds have been used as precursors 

f o r a number of T i ( I V ) alkoxides. A route to c h i r a l T i ( I V ) 

a l k o x i d e s has been developed s t a r t i n g from T i ( I I I ) compounds 

and a disymmetric phenol [ 3 3 ] : 

[TiClaCp'] ^lidLA Cp'Ti '^::^0H 
X- I \ 

X ^ X-= CL 
I n r e c e n t y e a r s many alkoxy and phenoxy d e r i v a t i v e s 

c o n t a i n i n g r i n g - s u b s t i t u t e d cyclopentadienyl ligands have 

been prepared and the c h i r a l nature of a number of these 

complexes has been c a r e f u l l y studied. For example, the 

r e a c t i o n s of v a r i o u s phenols (ROH) with [TiCl2Cp(/^C5H4CHMe2) ] 

gave the corresponding [ T i C l (OR) Cp(/T^C5H4CHMe2) ] , e.g. for R = 

3-Me-6-Pr^CgH3 and 2-{CH (Me) Ph). I n the l a t t e r case, two s e t s 

of d i a s t e r e o i s o m e r s (separable by chromatography) were 

obtained, each s e t c o n s i s t i n g of a racemic p a i r [34,35]. 

The mono Cp-Ti(IV) alkoxides and phenoxides are gen e r a l l y 

c o l o u r l e s s or yellow s o l i d s or l i q u i d s . The alkoxides i n 

p a r t i c u l a r have only moderate thermal s t a b i l i t y . The 

h y d r o l y t i c s t a b i l i t y depends markedly on the nature of the 

oxygen-bonded l i g a n d s . I t has been found t h a t s u b s t i t u e n t s on 

the six-membered r i n g of a phenoxy s u b s t i t u e n t can exert a 

n o t i c e a b l e i n f l u e n c e on the nature and s t a b i l i t y of the Ti-Cp 
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bond [ 2 8 ] . 

X-ray s t r u c t u r a l data f o r these compounds are r e l a t i v e l y 

s parse. The p i n a c o l a t e [{TiCl2Cp}202C2Me4] has a centro-

symmetric s t r u c t u r e i n which two titanium u n i t s are bridged 

by a p i n a c o l a t e dianion. Distances w i t h i n the bridging ligand 

are s i m i l a r to those i n the f r e e d i o l . The T i - 0 bond length 

of I.75K i s remarkably short, and together with a Ti-O-C 

angle of 1 6 6 . 2 t h i s was taken as evidence of Ti-0 multiple 

bonding, i . e . the alkoxide behaving as a three e l e c t r o n 

l i g a n d . Compounds of t h i s general type are of i n t e r e s t as 

p o t e n t i a l intermediates i n transformations of the type 

2R2 CO • R2 C=CR2 
Mixed alkoxy complexes have been reported by Gervais and 

co-workers. For example: ^ 
[TiCl(ORf )2Cp] + LiMe > [TiMe(OR^)2Cp] + LiCl 
[Ti ( 0 R)3Cp] + MeMgl > [TiMe (OR) 2 Cp] + Mgl(OR) 

Zirconocene a l k o x i d e s were f i r s t reported i n the patent 

l i t e r a t u r e i n 1960 [36] but the compounds were not f u l l y 

c h a r a c t e r i s e d . The most common methods of preparation are: 

(1) r e a c t i o n of metallocene d i h a l i d e with the alcohol or 

phenol i n the presence of an amine [37-41]. 
>ICl2 (77C5H5)2] + 2 R 0 H + 2NEt3 •[M(0R)2 (7?C5 H5 )2 ] +2NEt.HCl 

(2) r e a c t i o n of the tetracyclopentadienylmetal complex with 

an a l c o h o l or phenol [37,42] 
[M(C5115)4] + 2 R 0 H • [M(0R)2 (77C5H5)2] + 2C5H6 

Other methods i n c l u d e r e a c t i o n between [ {ZrH2 ('LCsHg) 2 1^] and 

acetone to give [Zr (0CHMe2) 2 (-TPgHg) 2] [ 4 3 ] , r e a c t i o n of 

[M(NMe2) 2 ('IC5H5) 2] with an alcohol [44], or s a l t e l i m i n a t i o n 

between the metallocene d i h a l i d e and, for example, a sodium 

alkoxide [ 4 5 ] . 
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The b i s ( c y c l o p e n t a d i e n y l ) m e t a l alkoxides and phenoxides 

are t y p i c a l l y white s o l i d s , r e a d i l y s o l u b l e i n organic 

s o l v e n t s and can be c r y s t a l l i z e d from l i g h t petroleum. The 

phenoxides are g e n e r a l l y s t a b l e to a i r i n the s o l i d s t a t e , 

but are more s e n s i t i v e i n s o l u t i o n [ 4 4 ] . 

Alkoxides and phenoxides of both zirconium and hafnium are 

cleaved by p r o t i c reagents. H y d r o l y s i s of mono- and d i -

alk o x i d e s of zirconium have been i n v e s t i g a t e d : the mono-

alk o x i d e s gave the ̂ - o x o dimers, but s i m i l a r r e a c t i o n s with 

d i - a l k o x i d e s are more complex [39,46,47]. 

2[ZrCl(0R) (nC3H5)2] + H2 0 • [{ZrCl('/7C5 H5 )2 }2 0] + 2R0H 
I n c o n t r a s t , atmospheric h y d r o l y s i s of [ZrX(OEt) (r^C^H^) j ] 

during r e c r y s t a l l i z a t i o n has been reported to produce the f^-

0x0 complexes [ (ZrX(r)C5H5) 2 } {Zr (OEt) (qCsHg) 2 } (/iO) ] [ 3 8 ] . 

Titanium a l k o x i d e s or alkoxy c h l o r i d e s are high l y a c t i v e 

p o l y m e r i z a t i o n c a t a l y s t s f o r ethylene, and are used i n both 

reduced and supported systems [ 4 ] . Both titanium and 

zirconium a l k o x i d e s have been used to waterproof t e x t i l e 

f a b r i c s , e s p e c i a l l y l e a t h e r , and a l s o as p a i n t drying agents 

and m o d i f i e r s . The zirconium and hafnium alkoxides have been 

used i n vapour d e p o s i t i o n processes f o r depositing oxide 

f i l m s on gr a p h i t e and f o r producing powders and f i b r e s of 

u l t r a - h i g h p u r i t y ceramic m a t e r i a l s . Co-hydrolysis with 

s i l i c o n a l k o x i d e s shows promise i n producing high p u r i t y 

s p e c i a l i z e d g l a s s . 
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VanadiTim, Niobium and Tantalum 

The simple a l k o x i d e s of vanadium (IV) and ( I I I ) are w e l l 

documented [48-52], as are the niobium and tantalum (IV) and 

(V) a l k o x i d e s [2,53-59], the l a t t e r compounds having d e t a i l e d 

X-ray and NMR data a v a i l a b l e , g i v i n g an i n s i g h t into bonding 

and s t r u c t u r e . 

Alkoxy D e r i v a t i v e s of Vanadium 

Complexes of the type V(OR) ̂ ^013.^^ have been obtained from 

the r e a c t i o n of VCI3 with t r i a l k y l o r t h o f o r m a t e under nitrogen 

[ 6 0 ] . The s e r i e s V(0R)Cl2 (R = Me, Et,Bu") are green s o l i d s 

which d i s p r o p o r t i o n a t e under prolonged heating. Their general 

i n s o l u b i l i t y i n d i c a t e s a polymeric nature and IR studies 

i n d i c a t e the presence of alkoxide bridges. 

Winter and Kakos [48] have prepared a s e r i e s of 

chloromethoxides of vanadium ( I I I ) , e.g. VCI2(OMe).2MeOH, by 

stepwise replacement of c h l o r i n e from VCI3 i n methanolic 

s o l u t i o n using an a l k a k i metal methoxide. Two molar 

e q u i v a l e n t s of LiOMe gave a sol u b l e form (A) and in s o l u b l e 

product ( B ) . They are l i k e l y to represent two modifications 

of the s o l v a t e d monochloride VCl(OMe)2-MeOH. Form A r e a d i l y 

l o s e s the molecule of methanol on heating i n vacuum, w h i l s t 

c r y s t a l l i n e form B decomposes. VCl(OMe)2 from form A i s 

s o l u b l e i n acetone from which a monoacetate can be obtained. 

From the e l e c t r o n i c s p e c t r a and magnetic measurements i t was 

concluded t h a t i n VCl(OMe)2 the vanadium atoms form t r i m e r i c 

c l u s t e r s which a s s o c i a t e through c h l o r i n e bridges to form an 

i n f i n i t e l a t t i c e . S i m i l a r b a s i c u n i t s were proposed for 
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VCl(OMe)2.MeCOMe, but separated from each other by solvent 

molecules. For the s o l u b l e t r i m e r i c form A of VCl(OMe)2-MeOH 

a s t r u c t u r e s i m i l a r to t h a t of VCl(OMe)2•MeCOMe was 

suggested, w h i l s t f o r the i n s o l u b l e t e t r a m e r i c form B the 

vanadium atoms are s i t u a t e d a t the corners of a rhombus. For 

VCI2(OMe).2MeOH a s t r u c t u r e i n v o l v i n g three octahedra sharing 

corners (OMe bridges) i s suggested. 

Reaction of R4V (R = Me,Ph,CH2Ph) and an alcohol ROH (R = 

Me, •'•Pr,^Bu,^Bu) i n ether or hexane s o l u t i o n a t low 

temperatures give s complexes of the type R2V(OR)2 [61]. The 

s t a b i l i t y of (PhCH2)2V(0R)2 f a l l s i n the sequence ^BuO > ^PrO 

> "BuO > MeO. The methoxy complex i s only seen a t -30^C; the 

isopropoxy complex decomposes a f t e r 5 h r s . at 20°C. A l l are 

monomeric l i q u i d s , extremely s e n s i t i v e to oxygen and 

moisture,which decompose on contact with aqueous s o l u t i o n s of 

mineral a c i d s . 

[V0Me(0R)2] (R = "^Pr, ^Bu, ^Bu) may be pi^ a r e d as brown 

l i q u i d s from [V0(0R)3] and ZnMe2 i n hexane a t room 

temperature [62,63], The r e a c t i o n r a t e and thermal s t a b i l i t y 

of the products depends upon the s t r u c t u r e of the a l k y l group 

R [64] . 

Phenyl vanadyl complexes PhVO (OPr"*-) 2 and PhVOCl (OPr-^) have 

been prepared by s t i r r i n g VO (OPr"'-) 2CI with PhLi and a l s o 

V0(0Pr^)Cl2 with Ph2Hg i n pentane at -50°C and -lO'^C 

r e s p e c t i v e l y . S i m i l a r attempts to prepare PhVO(OCH2CF3)2 have 

been reported u n s u c c e s s f u l . 

G e r v a i s e t a l [65] have studied the r e a c t i o n s of 

f l u o r o a l c o h o l s R^OH with vanadyl complexes. The inductive 
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e f f e c t of the f l u o r i n e atoms i n groups such as OCH2CF3, 

OCH(CF3)2 e t c . was found to i n c r e a s e the s e n s i t i v i t y of the 

metal atom to n u c l e o p h i l i c a t t a c k . V0(0R^)2 and V0C1(0R£)2 

were reported as the products of r e a c t i o n of VOCI3 and 

CF2HCF2CH2OH, where R^ = CF2HCF2CH2 [ 6 6 ] , and a l s o of VOCI3 

wi t h LiORf [ 6 5 ] . 

Alkoxy D e r i v a t i v e s of Niobium and Tantalum 

NbXg and TaX^ (X = Cl,Br) have been shown to r e a c t with 

oxygen donor l i g a n d s i n anhydrous al c o h o l t o y i e l d h a l i d e 

a l k o x i d e complexes of the type M(OR)3X2L (R = Me,Et; L = 

Ph3PO,Ph3AsO,Ph2SO and (Me2N)3PO ) [ 6 7 ] . Stepwise phenolysis 

i n carbon t e t r a c h l o r i d e y i e l d s M(OPh)j^Br^.j^ complexes. 

C r y s t a l l i n e , high melting point s a l t s [M(OPh)4]SbClg have 

beensynthesized by r e a c t i o n of M(0Ph)4Cl with SbClg i n 

dichloromethane [68] .Complexes of the type M(OAr) j^Cl^ . j ^ were 

obtained from the r e a c t i o n of phenol, naphthol and anthrol 

with MCI5 i n carbon d i s u l p h i d e s o l u t i o n [ 7 0 ] . 

A s e r i e s of mixed alkoxy cyanides M(OR) 5_j^(CN) j^.xCHjCOOR 

(R = Et,-'-Pr; n = 1-5; x = 0.5-2.5) have been obtained from 

the metal pentalkoxide and p y r u v o n i t r i l e i n the required 

molar r a t i o s [ 6 9 ] . 

M(OEt)5 has been found to r e a c t with amino complexes i n 
the f o l l o w i n g manner: x 

/ .0 — C H 2 \ 
M(0Et)5 + " HOCH2 > ( E t O ) 5 _ „ M ^ I + 2nEt0H 

i \ N — CII2 / II2N—CH2 \ H Vn 

M(0Et)5 + 5 HOCH2 

Ho N—CHo 

> H.C 
+ 5 u E t o n 
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R i e s s [71] obtained products of the formula NbCl3(OR)2HMPA 

(R = Me,-'-Pr: HMPA = OP(NMe2)3) by the disproportionation of 

[NbCl20R2] i n methylene c h l o r i d e or ether i n the presence of 

HMPA. X-ray c r y s t a l l o g r a p h y on the isopropoxy d e r i v a t i v e 

shows the two OR groups c i s to each other and th a t the two 

Nb-OPr-"- bonds are of comparable lengths (I.81X average), 

which i m p l i e s a considerable d^y-pTy c o n t r i b u t i o n to the 

i m p l i c i t bonding. A t r a n s weakening was observed f o r the Nb-

C l bond t r a n s to the OR group. The same geometrical isomer 

was always found to be the predominant s p e c i e s i n the fr e s h 

s o l u t i o n s , w h i l s t 0x0 s p e c i e s were detected i n aged 

s o l u t i o n s . 

Cotton [72] c a r r i e d out a s e r i e s of r e a c t i o n s with 

a l c o h o l s ROH (R = Me,Et,ipr) and Nb2Clg(THT)3 (1) (THT = 

tetrahydrothiophene) i n toluene solution.With an excess of 

al c o h o l Nb2Cl5(OR)(R0H)4 (2) ,R = Et,^Pr , i s the product, 

obtained as a yellow-brown or orange powder, or brown 

c r y s t a l l i n e s o l i d containing N b ( I I I ) and being moderately 

s t a b l e a t room temperature. Layering a s o l u t i o n of (2) i n THF 

with hexane y i e l d s a red c r y s t a l l i n e s o l i d containing Nb(IV), 

the dimeric Nb20Cl4(OR)2(THF)2 ( 3 ) . The one vacant 

c o o r d i n a t i o n s i t e i s occupied by an oxygen atom from another 

dimer to giv e a tetramer. Complex (1) r e a c t s with methanol at 

5'̂ C over s e v e r a l days to y i e l d blue c r y s t a l s , 

Nb2Cl4(OMe)4(MeOH)2.2MeOH (4) a Nb(IV) s p e c i e s . A double 

Nb=Nb bond was assigned to complex (2) and a s i n g l e one to 

(3) and ( 4 ) . The bond i n (2) i s the s h o r t e s t known double 
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bond f o r a niobium o r t a n t a l u m compound. The t e r m i n a l a l k o x y 

l i g a n d s form a v e r y s t r o n g bond t o t h e m e t a l due t o 

c o n s i d e r a b l e ^ i n t e r a c t i o n s , g i v i n g a n e a r l y l i n e a r Nb-O-C 

bond a n g l e . A l l t h e OH p r o t o n s i n (2) a r e i n v o l v e d i n 

hydrogen bonding. 

A number o f niobium(V) o x y a l k o x y d e r i v a t i v e s 

[NbO(OCH2CF3)3.MeCN]2, NbO(OCH2CF3)3(0CH=CF2) (CF3CH2OH)Q 5, 

[ N b O ( O E t ) 3 ] 2 , [NbOCl2(OMe)CH30H]2 and NbO(OCH3)(OCgH^CHO) 

have been s y n t h e s i z e d by d i r e c t a l k o x y l a t i o n of niobium 

o x y c h l o r i d e [ 6 9 ] . The m o l e c u l a r c o n s t i t u t i o n o f s o l u t i o n s o f 

[NbO(OEt)3]2 and [NbO(OCH2CF3)3MeCN]2 i n n o n - p o l a r s o l v e n t s 

was t e n t a t i v e l y i n t e r p r e t e d a s a dynamic e q u i l i b r i u m between 

v a r i o u s yW.-alkoxy and ^-0x0 d i m e r s , t h e l a t t e r b e i n g f a v o u r e d 

by d i l u t i o n . I n p o l a r media d i m e r i c u n i t s a r e r e t a i n e d f o r 

[ N b O ( O E t ) 3 ] 2 , w h i l s t t h e t r i f l u o r o e t h o x i d e d e r i v a t i v e i s 

s p l i t i n t o monomeric s p e c i e s . 

P o l y m e r i c complexes have been o b t a i n e d by p r e c i p i t a t i o n 

from 96% e t h a n o l s o l u t i o n s w i t h c h l o r o f o r m : 

N b 4 0 g ( O H ) 2 C l 4 ( O E t ) 2 ( b i p y ) 2 and T a g 0 2 ( O H ) ^ g C l g ( O E t ) 3 ( b i p y ) 2 • 

T h e s e complexes a r e c o l o u r l e s s and amorphous s o l i d s , s o l u b l e 

i n m e t h anol, e t h a n o l and w a t e r . They a r e n o t t h e r m a l l y 

s t a b l e , l e a d i n g t o l i n e a r p o l y m e r s , t h e c h a i n s presumably 

t e r m i n a t i n g w i t h b i p y . The c h e m i c a l and s p e c t r a l e v i d e n c e 

shows t h e complexes t o c o m p r i s e of c o o r d i n a t e d b i p y and OR 

groups l i n k e d by b r i d g i n g M-O-M bonds [ 7 3 ] . 
OEt CI CI OEt 

"Nb ^ Nb ^ Nb;" 
OH 0 Cl ^ Cl ^ OH 

Reynoud [75] o b t a i n e d a s e r i e s of a l k o x y c a r b o n y l 
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d e r i v a t i v e s o f t a n t a l u m : 

[Cp2Ta(C0) (H0CH(Me)2]*PF6' + NaOH ^ CpTa(CO) (0CH(Me)2) 

[Cp2Ta(C0)(H0MeEt)]^PF6 + NaOH . Cp2Ta(CO) (OCHMeEt) 
[Cp2Ta(C0)(H0Pr)]+PF6 + NaOH • Cp2Ta(CO) (OPR.) 
A l l r e a c t i o n s y i e l d g r e e n s o l i d s , and a r e c a r r i e d out under 

an argon atmosphere, a s both r e a c t a n t s and p r o d u c t s a r e v e r y 

a i r s e n s i t i v e . 

Complexes o f t h e t y p e [MCl3_j^(0Bu^) jj(PMe3) 2 (C2H4) ] , x = 1 

o r 2, h a v e been p r e p a r e d and a r e u s e d a s m e t a t h e s i s c a t a l y s t s 

f o r o l e f i n s [ 7 4 ] : 
G is l l 6 IT 

Ta(CH2 CMea )2 CI3 * Mg(OBu' )C1 > TaCls (OBu') (CH2 CMeg) 
Yellow c r y s t a l s 

CTi-TomlunB, Molybdenum and Tungsten 

Of a l l t h e groups o f t r a n s i t i o n m e t a l s t h i s i s t h e one 

wh i c h h a s t h e l a r g e s t amount o f p u b l i s h e d work r e l a t i n g t o 

a l k o x i d e c h e m i s t r y , i n p a r t i c u l a r t h e p r o f u s i o n of pa p e r s 

produced by C h i s h o l m i n t h e p a s t t h r e e decades,which have 

l e a d t o a g r e a t e r u n d e r s t a n d i n g of t h e s t r u c t u r a l and bonding 

mechanisms i n molybdenum and t u n g s t e n a l k o x i d e s . The s i m p l e 

a l k o x i d e s o f molybdenum and t u n g s t e n a r e d e t a i l e d i n r e f s . 

[ 3 , 7 6 - 8 4 ] , and t h o s e o f chromium i n r e f s . [ 8 5 - 9 4 ] . 

A l k o x y D e r i v a t i v e s o f Chromium 

W i n t e r [ 9 5 ] h a s p r e p a r e d a number o f chloromethoxy 

d e r i v a t i v e s o f chromium ( I I I ) by r e a c t i o n o f t h e c h l o r i d e 

w i t h sodium methoxide i n v a r i o u s s o l v e n t s , y i e l d i n g green, 

d i m e r i c , h y g r o s c o p i c complexes o f t h e t y p e Cr(OMe)CI2.MeOH.L, 

where L i s s o l v e n t . M ehrotra h a s c o n t i n u e d t h i s s t u d y , 

e x t e n d i n g i t t o i n c l u d e o t h e r a l k o x i d e s [ 9 6 ] . The replacement 
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o f OR groups w i t h s t r o n g l y e l e c t r o n w i t h d r a w i n g c h l o r i n e 

atoms a s e x p e c t e d b r i n g s about s i g n i f i c a n t changes i n 

p h y s i c a l and s t r u c t u r a l c h a r a c t e r i s t i c s o f t h e s e 

d e r i v a t i v e s , f o r example t h e enhanced L e w i s a c i d b e h a v i o u r of 

t h e c h l o r o d e r i v a t i v e s i n c r e a s e s t h e t e n d ency t o form adducts 

w i t h donor l i g a n d s . 

A d e t a i l e d s t u d y o f t h e compounds Cr2 (OPr-"-) g (NO) 2 , 

C r ( 0 P r ^ ) 3 ( N 0 ) L ( L = NH3,py o r 2,4 l u t i d i n e ) and Cr(0Bu^)3N0 

h a s been c a r r i e d out [ 9 7 ] . These compounds have been p r e p a r e d 

by r e a c t i o n o f monomeric C r (NPr-'-2) 3NO w i t h a l c o h o l s i n 

h y d r o c a r b o n s o l v e n t s [ 9 8 ] . I n both Cr(OBu^)3(NO) and 

Cr2 (OPr-"-) g (NO) 2 t h e m e t a l atom a p p e a r s i n e i t h e r a l o c a l 

t r i g o n a l - b i p y r a m i d a l o r b i p y r a m i d a l l i g a n d f i e l d . The formal 

o x i d a t i o n s t a t e o f t h e m e t a l i s +2. The s t r u c t u r e of 

C r j (OPr-*-) g (NO) 2 has been d e t e r m i n e d from p h y s i c o c h e m i c a l 

p r o p e r t i e s . 0 
P r i O ^ ^ 

"Cr OPri 
' r i O r t .OPri 

0 Cr 
Pri ' ^ ^ O P r i 

No 
NMR s t u d i e s below 0°C i n d i c a t e t h e d i a s t e r e o t o p i c n a t u r e of 

t h e m e t h y l groups o f t h e t e r m i n a l OPr-"- l i g a n d s . The 

r e s o n a n c e s c o a l e s e above 80°C t o g i v e a s h a r p d o u b l e t and 

s e p t e t i n d i c a t i v e o f r a p i d (NMR t i m e s c a l e ) b r i d g e t e r m i n a l 

OPr""" l i g a n d exchange. 

Hydrocarbon s o l u t i o n s o f chromocene r e a c t s l o w l y w i t h 

^•butanol t o g i v e CpCrOBu^, whic h i s d i n u c l e a r w i t h a 

n o n p l a n a r (Cr^)2 moiety. I t i s r e a c t i v e towards a number of 
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s m a l l u n s a t u r a t e d m o l e c u l e s , i n c l u d i n g a c e t y l e n e s , CO, CO2, 

n i t r i c o x i d e and n i t r o u s o x i d e [ 9 9 ] . 

C r ( C O ) g r e a c t s w i t h e x c e s s h y d r o x i d e i o n i n r e f l u x i n g 

m ethanol t o y i e l d a p o l y n u c l e a r chromium t e t r a n i o n 

[Cr^iCO) •^2^£^^) ' i s o l a t e d a s i t s R̂ N"*" (R = Et,Me) s a l t . 

The a n i o n c o n s i s t s o f a d i s t o r t e d c u b i c Cr^O^ arrangement 

w i t h t r i p l y b r i d g i n g methoxy groups. With HCl i n a c e t o n i t r i l e 

t h e complex r e a c t s t o y i e l d C r (CO) 3 (CH3CN) 3 [ 1 0 0 ] . [Cr4(CO)3^2 

(jupR) ̂ ]^~ (R = H,CgH5) have been p r e p a r e d a s t h e i r Et^N"*" 

s a l t s by r e a c t i o n o f C r ( C O ) g w i t h tetraethylammonium 

h y d r o x i d e i n THF and tetraphenylammonium phenoxide i n THF 

[ 1 0 1 ] . 

A l k o x y D e r i v a t i v e s o f Molybdenum and T u n g s t e n 

M o l y b d e n u m ( I I I ) 

Mo(OPr''")g r e a c t s w i t h c h l o r i n e , bromine and i o d i n e i n 

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

w i t h t h e c o m p o s i t i o n M02 (OPr-'-) gX^, w h i c h a r e orange (X = 

C I , B r ) and brown (X = I ) c r y s t a l l i n e s o l i d s . C r y s t a l 

s t r u c t u r e s o f t h e c h l o r o and bromo complexes show them t o 

c o n t a i n a c e n t r a l Mo20gX4 u n i t [ 1 0 2 ] . 

R e a c t i o n o f (^BuO) 3Mo=Mo (OBu*') 3 i n h y d rocarbon s o l u t i o n 

w i t h two e q u i v a l e n t s o f PF3 y i e l d s a b l a c k , a i r - s e n s i t i v e , 

h y d r o c a r b o n s o l u b l e s o l i d o f c o m p o s i t i o n MoF(0Bu^)2 [ 1 0 3 ] . 

The p r o d u c t i s t e t r a m e r i c , h a v i n g t h e s t r u c t u r e shown below. 
But 0 OBiit 

/ \ 
F F ^ ¥ F 

But 0-̂"'' 'TJEut^Iof 
OBUt OBiit 

30 



B e a v e r and Drew [106] have o b t a i n e d r e d c r y s t a l s o f 

Mo^Cl^Og (OPr-"-) g from t h e f o l l o w i n g r e a c t i o n sequence: 

MoCl= + PrOH -80°C 

Mo4Cl4 0e (OPr )g Pentane 
The s t r u c t u r e h a s been determined: 

Pri 0' 
Pri 0 

0 
/ OPri 

OPri 

;;::̂Mo 

M0CI3(OPr )2 

Xs ZnMe2 

ether 
MeMoCl2(OPr')2 

The Mo atoms a r e f o r m a l l y s e v e n c o o r d i n a t e , w i t h Mo-Mo 

d i s t a n c e s o f 2.669A. 

Molybdenum(IV) 

The r e a c t i o n o f M02(OBu^)g [104] and M02(OPr^)g [105] w i t h 

m o l e c u l a r oxygen y i e l d s d e r i v a t i v e s o f t h e t y p e Mo02(0R)g. 

With Mo(OPr-'-)g an i n t e r m e d i a t e p r o d u c t MOgÔ Q̂ (OPr^)-1^2 

i s o l a t e d and shown t o c o n t a i n a s e r p e n t i n e c h a i n o f 

molybdenum atoms w i t h both s i x - and f i v e - c o o r d i n a t e d 

molybdenum atoms. The a v e r a g e o x i d a t i o n s t a t e f o r molybdenum 

i s 5.33 w h i c h l e a v e s f o u r e l e c t r o n s f o r m e t a l - m e t a l bonding, 

two l o c a l i s e d s i n g l e Mo-Mo bonds w i t h l e n g t h 2.585X. Semi-

b r i d g i n g OR groups a r e s e e n h e r e w i t h a Mo — O d i s t a n c e of 

2.88%., t o o l o n g f o r a r e g u l a r b r i d g i n g bond but much too 

s h o r t t o be vie w e d a s non-bonding. 

T u n g s t e n ( I V ) 

The d i t u n g s t e n a l k o x i d e W2CI4 (^tOR) 2 (OR) 2 (ROH) 2 (5) 
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p o s s e s s e s a W=W double bond c h a r a c t e r i z e d by a c ^ r r ^ ground 

s t a t e e l e c t r o n i c c o n f i g u r a t i o n and a s t r o n g hydrogen bond 

between s y n - a x i a l a l c o h o l and a l k o x i d e l i g a n d s [ 1 0 7 ] . The 

complex undergoes f a c i l e o x i d a t i o n t o a s i n g l e bonded W(V) 

s p e c i e s W2CI4 (^OR)2(OR)4 w i t h oxygen, hydrogen p e r o x i d e , 

n i t r i c o x i d e o r s i l v e r ( I ) s a l t s . „ 
ORH . O R ^0 R 

c i ~ ^ ^ , . . = ^ ^ - c i c i ^ ' ^ 0 ^ 1 ^ ^ ^ 

OR R ORll RO R OR 
Compounds o f t y p e (5) b r i n g about r e d u c t i v e c o u p l i n g of 

k e t o n e s and y i e l d p r o d u c t s i n which t h e o r g a n i c m o l e c u l e s 

b r i d g e t h e d i t u n g s t e n c e n t r e . 

The e t h o x i d e complex (5) undergoes complete exchange w i t h 

p r i m a r y a l c o h o l s , b ut t h e more s t e r i c a l l y demanding secondary 

a l c o h o l s g i v e mixed a l k o x i d e s . 

The complexes a r e r e m a r k a b l y t h e r m a l l y and a i r s t a b l e , 

w h e r e a s t h e molybdenum a n a l o g u e s a r e t h e r m a l l y u n s t a b l e and 

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

d i v a l e n t t u n g s t e n a l k o x i d e s o v e r t h e r e l a t e d molybdenum 

s p e c i e s c o r r e l a t e s w i t h t h e i n c r e a s e d s t a b i l i t y o f t h e h i g h e r 

o x i d a t i o n s t a t e s a s a t r a n s i t i o n m e t a l group i s descended. 

Adduct F o r m a t i o n 

I n v i e w o f t h e known c a t a l y t i c a c t i v i t y o f molybdenum 

o x i d e compounds t h e r e a c t i o n s of molybdenum a l k o x i d e s w i t h 

a l k y n e s were s t u d i e d [ 1 0 8 ] . Mo2(0Pr-^)g i n hydrocarbon 

s o l u t i o n s r e a c t s r e a d i l y w i t h a l k y n e s RC2R'(R = R'= H; R = 

Me, R'= H; R = R'= Me) a t room t e m p e r a t u r e but t h e p r o d u c t s 

c o u l d n o t be i d e n t i f i e d w i t h c e r t a i n t y . I n t h e p r e s e n c e of 
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added p y r i d i n e however, c r y s t a l l i n e s o l i d s o f for m u l a 

M02 (OPr-"-) g (py) 2 (RC2R') were i s o l a t e d from a hexane s o l u t i o n . 

The s t r u c t u r e i s shown below f o r t h e e t h y l e n e adduct. 

Pri 
The C-C d i s t a n c e o f 1.368^ i s l o n g e r t h a n i n e t h y l e n e and i s 

among t h e l o n g e s t known f o r K2(f^^2^2^ compounds. The Mo-C 

d i s t a n c e s ( 2 . 0 9 ^ a v e r a g e ) a r e s h o r t e r however. 

The compound M02(OCH2CMe3)g(HNMe2)2 r e a c t s s i m i l a r l y i n 

h y d r o c a r b o n s o l v e n t s w i t h HC=CH t o y i e l d 

Mo2(OCH2CMe3)g(HNMe2)2(C2H2)• 

A y e l l o w c r y s t a l l i n e n i t r o s y l complex Mo(0R)3N0 has been 

o b t a i n e d by r e a c t i o n o f M02 (OR) g (R = •'•Pr,^Bu and CH2CMe3) 

w i t h n i t r i c o x i d e [ 1 0 9 ] . These compounds a r e d i a m a g n e t i c , 

d i m e r i c and f l u x i o n a l i n s o l u t i o n . I n [Mo(OPr^)3NO]2 each Mo 

atom i s f i v e - c o o r d i n a t e i n a t r i g o n a l b i p y r a m i d a l manner and 

a t t a i n s o n l y a 14 e l e c t r o n c o n f i g u r a t i o n i n t h e v a l e n c e 

s h e l l . The NO l i g a n d s occupy t e r m i n a l a x i a l p o s i t i o n s and t h e 

two b r i d g i n g OPr""- groups form s h o r t bonds i n e q u a t o r i a l 

p o s i t i o n s and l o n g bonds i n a x i a l p o s i t i o n s t h a t a r e t r a n s t o 

NO l i g a n d s . The Mo"-Mo s e p a r a t i o n i s 3.335A, whic h p r e c l u d e s 

m e t a l - t o - m e t a l bonding, t h e t r i p l e bond o f t h e a l k o x i d e t h u s 

b e i n g c l e a v e d by a d d i t i o n o f two n i t r o s y l l i g a n d s . 

A s i m i l a r t u n g s t e n d e r i v a t i v e , W(OBu^)3(NO)(C5H5N), has 

been i s o l a t e d by t h e d i r e c t r e a c t i o n between W2(0Bu^)g and NO 

i n p y r i d i n e s o l u t i o n [ 1 1 0 ] . The compound has a s l i g h t l y 
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d i s t o r t e d t r i g o n a l b i p y r a m i d a l s t r u c t u r e w i t h t h e a x i a l 

p o s i t i o n s o c c u p i e d by n i t r o s y l and p y r i d i n e l i g a n d s . The 

t u n g s t e n atom i s d i s p l a c e d 0.34A toward t h e n i t r o s y l l i g a n d 

from t h e e q u a t o r i a l p l a n e o f t h e t h r e e a l k o x y oxygen atoms. 

Molybdenum A l k o x y Compounds w i t h C a r b o n L i g a n d s 

T a b l e 1 c o l l e c t s t h e s y n t h e s e s o f t h i s t y p e of complex. 

TABLE 1 SYNTHESIS OF MOLYBDENUM ALKOXY COMPOUNDS CONTAINING 

77̂ CARBON LIGANDS 
ALKOXY COMPLEX SYNTHESIS 
LIGANDS 

1) OR [ ( M o 3(C0 ) 6(N0 ) 3(/z0Me ) 3(A30 ) ) 2 N a ] ' ' Mo(CO)^+NaN02 
+K0H,Me0H 

2) ;iOR, [ Mo- (C0)6 (N0)3 (//0Me)3 (yU3 0Me)]- Mo(C0)6+M02 
/Z3OR • +K0H,Me0H 

3) Â OR [ Mo2(0Bu"')4(mQBu"')2(mC0)] [Mo(QBu')^] + CO 
OR py^rt 

4) OR [ Mo(C0 )2(Py)2 (0Ba ' ) 2 ] [Mo(OBu')6] + CO 
The complex p r o d u c e d i n r e a c t i o n 1 c o n t a i n s t h e u n u s u a l 

t r i p l y b r i d g i n g oxygen l i g a n d . T a b l e 2 g i v e s s t r u c t u r a l 

i n f o r m a t i o n o b t a i n e d from x - r a y c r y s t a l l o g r a p h y o f t h e s e 

compounds. 
TABLE 2 STRUCTURAL DETERMINATIONS OF MOLYBDENUM ALKOXY 

CARBONYL COMPOUNDS 

COMPOUND BOND DISTANCE (1) STRUCTURE 
AND ANGLE ( 0 ) 

M02(OBu')6(CO) Mo=Mo 2.49S Two bri d g i n g OBû  
M0-O4 1.88 b r i d i n g CO, two 
Uo-Oq 2.0s d i s t o r t e d square 

pyramids wit h CO 
apex. 

[Mo(C0 ) 2(py ) 2(Bub ) 2 ] Mo-0 1.94 Dis t r o t e d 
0-Mo-O 156 octrahedron 

[MeN]'"[Mo3 (C0)6 (N0)3 Mo-M0 3.42s' Three OMe groups 
(/iOMe)3(/i3 0Me)l (uou boudiug) bridge edge of M03 

^^^^^ //Mo-0 2.11 e q u i l a t e r a l 
/A3M0-O 2.22 triangle,one OMe 

caps face. 
[PPN]J[.\a(Mo3(C0)6 Mo-Mo 3.297 Three OMe groups 
(N0 ) 3(/i0Me ) 3(//^0))2l'- (r " n w " " o'l'§^ bridge edge of M V Ji\.^ y3V^"3 JJ2J //.Mo-OMe 2.19 eouila . t p v p l n n „ ^ ̂  e q u i l a t e r a l /̂ aO-OMe 2.0o t r i a n g l e , /ig-O 

caps face. 
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The s h o r t Mo-0 d i s t a n c e i n t h e green, e x t r e m e l y a i r s e n s i t i v e 

16 e l e c t r o n complex [Mo (CO) 2 (py) 2 (OBu*-) 2 ] (1.94A) can be 

a t t r i b u t e d t o t h e s u b s t a n t i a l TT donor a b i l i t y o f t h e butoxy 

l i g a n d . T h i s c a n a l s o be s e e n i n t h e low CO s t r e t c h i n g 

f r e q u e n c i e s o b s e r v e d i n t h e I R spectrum.The me t a l e l e c t o n 

d e n s i t y h a s been i n c r e a s e d s u f f i c i e n t l y t o make t h e ̂ (CO) 

v a l u e s o f t h i s f o r m a l l y M o ( I I ) complex comparable t o most 

Mo(0) complexes. 

T u n g s t e n A l k o x v Complexes w i t h Carbon L i q a n d s 

Many o f t h e molybdenum compounds mentioned above have 

t u n g s t e n a n a l o g u e s and t h e s e w i l l not be d i s c u s s e d h e r e . A 

t u n g s t e n complex [W2 (CO) g ̂ O E t ) 3 ] h a s been s y n t h e s i z e d by 

r e a c t i o n o f a [ (arene)W(CO) 3] complex w i t h Et4N''"0Et~ [ 1 1 4 ] . 

S i n c e M e h r o t r a ' s m a j o r r e v i e w of t h e t r a n s i t i o n metal 

a l k o x y compounds i n 1983 [ 3 ] an e x t e n s i v e s t u d y of molybdenum 

and t u n g s t e n a l k o x i d e c h e m i s t r y h a s been made by Chisholm and 

c o - w o r k e r s . T a b l e s 3-6 p r e s e n t a r e v i e w o f t h e n o v e l 

compounds s y n t h e s i z e d i n t h e l a s t f i v e y e a r s t o g e t h e r w i t h 

some i m p o r t a n t s t r u c t u r a l f e a t u r e s . 
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TABLE 3 MOLYBDENUM ALKOXY 
compound 

[ M o 6 ( ; i C l ) 8 ( 0 M e ) Q ] ' " 

[ M o 6 ( A C l ) 8 ( 0 M e ) 6 ] ' " 

M02(OR)2(SAr)4 

JI0O2 (OR) 6 

Mo0(0R)4 

M02 (OCH2BU' )4 (HNMe2)4 

Mo2Buf (OBut ). 

M02(OPrS)4(HNMe2)4 

COMPLEXES SYT̂ THESISED SINCE 1983 
SYNTHESIS 

M0CI2 + NaOMe • 

M0CI2 + NaOMe 1 

REF 

[115] 

Mo2(0R),.mesitylene- ^UG] 
t h i o l . R=Bu ,CH2Bu 

M02 (OR) 6+ O2 

_Mo(0R)4j^+ O2. 
R=Bu'̂  ,x=l.R=Pr' .x=2 
R=Cn2Bu ,x» 2 

M02B112 (NMe2)4+R0H 
R= But CH2 

Mo2Bi i i (NMe2)4+R0K 
R= Bu"-' 
M02BU2 (NMe2)4+R0H 
R= Pri 

hydro-
carbon 
hydro-
carbon 

hexane 

hexane 

hexane 

[117] 

[US] 

M02 ( 0 C H 2 B u t ) , (MeC0CHC0Me)2- M02 (0CH2But)4 (MeC0CHC0Me)2 + 

(^'''^^)2 ButNC hydrocarbon^ [ n g ] 

[V] Mo ((But ) ^ (NNCPh2) 

[V ] M o 2(0Pri)4 [N(C6H5)C(0) 
-OPri] 2 

[V]M02R2 (0R')4 

M02 (OCHaBut )Q (/zR2NCN) 

M04 (;/.3N)2(/iOPri)2(OPri),o 

M02 (OPri ) I (diupe)2 

[V]Mo2(0R),X.. 
Mo4F4(0Bur. ) , 

Mo [HB {C3 HMe2 N 2 ] (>'") I (OEt) 

36 

Mo2(0Biit)g + Ph2CNN V̂'̂ dfo- > ^ - carbon 
M o 2 ( 0 P r i)6 + Phenyl- -^0? PÔ Ĥ  

isocynates soT^^^iT^ 

M02R2 (NMe2)4 + R"OJI 
R=Me,R'=But :R=CH2Ph, 
pCn2C6n4Me,R'= Pri ; 
R=Cn2CMe3 ,R'=Pri ,Et, 
CH2CMe3 

M02 (0CH2Buf- )6 (M=M) 
+R2NCN, R=Me,Et 
^(But )3Mo=X 
+ M02(OPri)o . 

Mo. (OPri )^ (HOPi-i ), 
+2(lmpo 
Mo2(0R)e +CCI4 XH.Br 
Mo2(0But.)G +2PF3 

Mo[HB{C3HMe2X2}3](\0)l2-
+Er.OH 

hydro
carbon ^ 

[120] 
; i 2 i ; 

[122] 

hydro
carbon ^ 

hexane 
"PldJTi ' 

250 C 
hcxanp 
2 2 o ( ; — ^ 

hydro
carbon 
r e f l u x 

;i23; 

[124] 

[125] 
[126; 
[127] 
[126\ 
129; 



TABLE 4 STRUCTURAL FEATURES OF MOLYBDENUM ALKOXY COMPLEXES 

COMPOUND S t r u c t u r a l Features REF 

[Moe ( A 3 C l ) 8 ( 0 M e ) J 

[Moe(ACl)8(0Me)6]' 

2 . 
S u b s i t u t i o n of t e r m i n a l CI f o r OMe causes l i t t l e 
change i n M-M d i s t a n c e , but r e p l a c i n g ^ C l by /ijOile 
causes s u b s t a n t i a l s h o r t i n g . 

[115] 

M02 (OR)2 (SAr), 
Less a i r s e n s i t i v e t h a n a l k o x i d e . A n t i or r a p i d l y 
i n t e r c o n v e r t i n g a n t i and gauche rotamers of ethane
l i k e dimers (HO) (ArS ) 2 M o=Mo(SAr ) 2 (OR) ,Mo-Mo 2.230^ 

[116] 

M0O2(0R)6 

MoO(OR)4 

R=Pri ,CH2Bu' i n t e r m e d i a t e Mo,0(OR)io and [117] 
MogOio (OPr'), 2 i s o l a t e d and characterised, MoO, (OR)o {bip%-) 

M04O10(OPr' ) i2 characterised 

RO 

py 

MO,03(OPr.)^(py), 

0 0 
i| , ' 0 ~ , II .pv 

^ ' ^ O C ^ I ^ f 
.0. RO, 

Mo .Mo. J I U -,.71 -̂OR 

Mo0(0R)4 

0 
II .-OR 

RO >Mo 
RO/^j 

RO 

•OR 
1 
Mo
ll 
0 

.OR 
— OR 

Products a l l y e l l o w l i q u i d s or c o l o u r l e s s s o l i d s , 
njofcsture and a i r s e n s i t i v e . 

M02(OCHjBu )4 (HNMe2)4 
MojBut(OBut)5 

M 0 2(OPri)4 ( H N M e 2)4 

M02 (pCH2Bu )4(HNMe2 2 c o n t a i n s a M=M quadruple bond 
?nP^ ^ ? u ? u r to-'ards e t h y l e n e (Mo,(C2H4)- " 
£=py i ' S e ^Me "'''^"^^ ^^^ands ^ll (UrhlL (mi) 

[ U S ] 

M02 (OCHjBut )4 (MeCOCIICOMe): 
(Bu'.\0)2 

F i r s t r e a c t i o n where an Mo-Mo m u l t i p l e bond i s not 
cleaved by isoc y a n i d e l i g a n d s . The unbridged Mo^Mo 
bond (a^TT*) i s con v e r t e d t o an edge bri d g e d d'-d' 
diraer of f o r m a l c o n f i g u r a t i o n a'^ ir'5^ , and i s 
accompanied by an incr e a s e i n the Mo-Mo di s t a n c e 
from 2.237 t o :5.50SX. The alkoxide-;3 d i k e t o n e 
d e r i v a t i v e s are markedly l e s s r e a c t i v e t ovards it a c i d 
l i g a n d s than the a l k o x i d o s . 

[119] 

[V] Mo(Bu<0)4 (NNCPhi) 

Tlie d i n u c l e a r c e n t r e serves as a source of e l e c t r o n s [120 
f o r the r e d u c t i o n of the diazoalkane t o a 2-* l i g a n d . 
The cps'^alline NNCPh, complex has a t r i g o n a l b i 
p y r a m i d a l c e n t r a l M0O4N moiety Mo-0 = 1.944A Mo-Oeq= 
l'.8S9A. Adducts are formed w i t h p y r i d i n e .^^(OBu')^-
(/iNNCArj); . A r = P h , p - t o l y l . The molecular s t r u c t u r e of 
the p - t o l y l d e r i v a t i v e c o n t a i n s a c e n t r a l [0jV-/i-N] 
motety based on the f u s i n g of two t r i g o n a l b i p y r a m i d a l 
u n i t s ' s h a r i n g a common e q u a t o r i a l - a x i a l edge formed by a 
p a i r of N.NCArj-- ligands.V-V d i s t a n c e = 2.6751 ( s i n g l e 
bond) 
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Compound S t r u c t u r a l Features REF 

[W ] M o 2(0Pri)4 [N(C5H5)C(0) 
- O P r i ] 2 

Reaction involjes i n s e r t i o n i n t o Mo-OR bond.Two c i s [ l 2 l ] 
b r i d g i n g b i d e n t a t e l i g a n d s , each Mois i n the +3 
o x i d a t i o n s t a t e and Mo-Mo=2.22lA ( t r i p l e bond) 
[V=V= 2.290A] ^ ^ ' 

[W]M02R2(OR')4 Depending on t h e s t e r i c p r o p e r t i e s of R and R' these [122] 
compounds may be 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 and can 
be i s o l a t e d as Lewis base adducts . These s t e r i c 
p r o p e r t i e s are c r u c i a l as assuming t h a t p r o t o l y s i s of 
the Mo-C(alky1) bond does not occur r a p i d l y , e g OPr* gives 
M o j R j C N M e j ) ^ ( O R d e t e c t a b l e f o r bulky R , r ' . ^ 
Reactions w i t h /?-H c o n t a i n i n g l i g a n d s g i v e Mo2R(0R-)5. 

M02 (OCHjBut )6 (yi^jNCN) Cyanamide b r i d g e s t h e two Mo atoms p a r a l l e l t o thp r i 9 T i 
Mo-Mo bond, l e n g t h 2.449^ Mo-O(terminal) 1.9U, 
i n d i c a t i n g some irdonation from OR to Mo.Trans'influpnrp 
LjNCN length-ens t r a n s Mo-0 bond t o l . 9 5 4 K. ^^uence 

*'04 (/̂ ."V)2 (/^Pri ) j (OPri ),o sh«npHr"?^^'K ">°lecules.Coordination about N i s T [124] 
t ^ t ^ ^ 'V^K^^ ^^"^ ̂ ° i t corresponds t o a ^ ^ ro f̂ ?? u^T''^i1-^'-'° lons(2.92A) and two s h o r t \-.ooA.) Mo-Mo bonds. 

M02 (OPri )_j (dmpe); Mo2(0a)4L, (R=Pri ,L=PriOH,py,R=Np,L=HNMe2,PMe3) [125] 
co n t a i n s d ^ M o ( I I ) - d ' ' ( I l ) c e n t r e w i t h an e c l i p s e d 
Mo2 04L4skelsiton.7rdonor a l k o x i d e s lengthen and l a b i l i z e 
t h e Mo-Mo quadruple bond .DMPE complex a i r s e n s i t i v e 
c r y s t a l B n e compound.DMPE a c t s as a c h e l a t i n g agent t o 
one Mo atom, t h e OR l i g a n d s are bonded t o the second Mo 
atom. The MojO.P^ u n i t adopts a staggered conformation. 
This i s the o n l y example of an unsupported M-M 
m u l t i p l e bond u n i t i n g Mo(0) and Mo(IV), t h e bonding 
being t r i p l e , ( T ' j r * . 

[V]Mo2(0R),X4 i n M i ^ ^ ^ n ^ i f Y''?nJ^^" "° ,C-Br>C-Cl.Several products [126] 
has a MfhlV î̂ °5̂ » compounds Mo2(0CH2 B u t ) , Br (PV)(M=M} ̂  
s t r u c t J r f w^th'^^°'^^'-.*=?"^^P*^ b i o c t a h e d r a l m'oleculir 
OR l ? ^ ^ n l If bromine atom, two b r i d i n g 
UK l i g a n d s Mo-Mo d i s t a n c e =2.534^ 

M04F4 (OBu' ) j Complex c o n t a i n s a b i s p h e r o i d of Mo atoms w i t h two [ l 2 7 ] 
s h o r t Mo-Mo bonds (2.26A) and fou r f3.75A)/b(iq 
c o r r e s p o n d i n g t o l o c a l i s e d Mo-Mo and non -bonding 
d i s t a n c e s respectively»Can be viewed as a dimer. 
[MojFj(ODu')4 PPhj adducts can be formed having 
an unoridged Mo-Mo bond 2.2TA. This i s the f i r s t 
compound c o n t a i n i n g F l i g a n d s attached tofMeeMcf + 
The choLce of b r i d g i n g l i g a n d s i s F over OBu' which may 
be due t o the g r e a t e r /r donor p r o p e r t i e s of ODu' .By 
remaining t e r m i n a l and c i s the TT donation t o the 
metal can be maximized. 

Mo[HB{C3HMe;N2 j , ] (NO) 
I ( O E t ) 
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TABLE 5.TUNGSTEN ALKOXY COMPLEXES SYNTIIESISED SINCE 1983 
COMPOUND 
V2(0Pr')e 
(V4(0Pr^))i2 
W4 (H)2(0Pr^)i4 
V,(C)(NMe)(0Pr^)2 

¥2 (OGIoBu'' )q (NCNMe2)3 

¥3 (A.NII)(OPr')io 

¥2 (OBu')6 (C]ICHC(Ph)N) a 
¥2 (OPr')-(CHCHC(Ph)N) b 

REF 
(MeOCHo), ^ 
OleOCH.)/tl30-132] 

SYNTHESIS 
¥2(0Bu' )4+'PrOH 
¥2(0Bu' )4+'PrOH 
¥2 (NMe2)6+'PrOH 
¥2 (NMe2)6+'PrOII 
¥2 f GCHo Bu' )g (HNMe2) (M=M) [134] 
+ MejNCX 

He-xane. r t 
He-xane. r t ;i33; 

^v2(0Pr^)Jpy)2 
+ (Bu''0)3¥̂ N 

Hexane .PrOIl ' ^ (-235-
22°C 

Alkyne adduct of ¥2(GR)5 + 
n i t r i l e hydrocarbon ̂  [133] 

¥2 (0CII2BU )g (N(CMe)4N(Py) c V, (GBu'), (/z II2) (py) + PlIĈ X 
¥2 (OPr) - (NIIC(Me)CHCl[(Me)N) d 

¥2 (OBu')6 (//CO) 
[¥2(0Pr ' )4(yaC0)], 
^v^2(0Pr')e(py) (/ZP2) 

¥2(0Pr)6(>aC4Me4)(772C2Me4) 

¥3 (/^3CMe)(;^0Pr ')3(0Pr)e 

¥3(II)(GPr),(/zC,Me4)(/^CPh) 

¥, (ptolyl ) 2(0Pr') 

[(lL \Me2)(EtC~)('PrO)2¥-

(/i OPr' )] (1) 

¥3(//.3CEt)(GPr'), (̂) 

¥2 (//C4Et,;)(//-C.Et., )(OPr) (3) 
6 

¥0 (/iCSiMe)., (OBû - ). (Cl[2SiMo3) 

¥{lIB(Me2P%)3 }(NO)Cl(nPh) 

39 

¥2(GBu )6 + CO 
¥2 (GBû  )6+'PrGlI 

He.xane 
He.xane 

V 2 ( 0 P r ' ) 6(py)o 
+ C02(/zP2)(CG)6 
V 2 ( 0 P r ' ) 6(py ) 2 + MeĈ CMe 
¥ 2 f 0 P r;).(py ) 2 
+ (BuO 3 ) ¥ CMe 

Hexane 
— > 

He.xane 

He.xane 
HGPr 

¥2 (CH2Ph)o (OPr' ), (¥-¥) il£^S£LE^ 
+MeC=CMe" 
¥2(.tolyl),(NMe04 • +̂ 5 PrOH" " O'̂C 
¥2(0Pr')ailNMo2)2 ^ ^ f p ^ +3 He.xyuG 

¥,(nPr'),(HXMG2)o +3 He.x\-uG 
i 

¥2 (GPr*), ( 1 1 - ^ 2 ) 2 ^KV ^ ^ ^ " ' ^ > 

r r 
e u 
TT +3 Hcxync 

¥2 (//,CSiMo)2 (CH. SiM()3 ) ., i 
+Bu'- Oil 

¥{I[B(Me2Pz)3}(.\G)Cl2 ^ J T H ^ +Phni[ 1 el lux 

[137; 

[i3s; 

[139] 

; i 4 o ; 

;i4i; 

;i42; 

[143] 

; i 4 4 ; 

[ 1 4 5 ] 



TABLE 6.STRUCTURAL FEATURES OF TUNGSTEN ALKOXY COMPOUNDS 

COMPOUND STRUCTURAL FEATURES REF 

V 2(0Pr )6 

V4(0Pr') , 2 

Short V-V bonds i n V2 ( O P r i ) jniply s t r o n g 0-»V Tback [130-
bonding^l.4 ( O P r ' ) , 2 ] c o n t a i n s two s h o r t (double) and 1321 
two long V-V bonds (2.502,2.733 X) . 

Pri a OPri 
P r 

P r i 0/; 

Pri 0 

r i 0 - - ^ S OPri 
y.,a\OPri 
p>OPr' 

P r ^ ^ - ^ P ^ 
Pri 

The c e n t r a l V4 moietv i s 
planar: t h e M^ u n i t can be 
d i s c r i b ed as a d i s t o r t e d 
rhombus or a f l a t t e n e d 
b u t t e r f I v . 

V4 (11)2 (OPr ) i 4 

W4(C)(NMe)(0Pr')2 

Vj (OPri ) 5 (H.\e2 )2 i s the major product a t short 
r e a c t i o n timer. The c a r b i d e complex i s a p e r s i s t e n t 
i m p u r i t y . Th s t r u c t u r e i s based on a ^4(C)(N } 0 . 2 
s k e l e t o n . Th c e n t r e i s f o r m a l l y 1S+ having only 
6 e l e c t r o n s / o r M-M c l u s t e r s bonding,V-V distance 
=2.7SA ( a v ) , n o t a b l y l o n g e r than the 12e- c l u s t e r M. 
b u t t e r f l i e s . 

[133] 

V2 (OCIUBu ) 5 (NCNMej); Xray study reveds l o s s of the t r i p l e bond :V--V=3 .SSAj [ l 3 4 ] 
nonbonding and f o r m a l r e d u c t i o a of each M2 N'CN 
molecule t o a 2 - l i g a n d f o r which t h r e e modes of 
bonding are seen. 

V3(A-Vn)(OPr'),o The imido capped c l u s t e r i s isoraorphous w i t h [135] 
V3 (/zj 0) (OPr')i 0 . I t adopts an M3X1, s k e l e t a l geometry. 
The dimensions are up t o 30o-larger than those f o r the 
oxo-capped compound V-V 2.556X. 

V2 (OBu ) 5 (CHCnC(Ph).\) a 

V2 (OPr')- ( C n C H C(Ph)N) b 

Each V atom i s i n a t r i ^ o / v a l b i p y r a m i d a l environment [136] 
w i t h the metal atoms j o i n e d along a common e q u a t o r i a l 
- a x i a l edge through an a l k o x i d e l i g a n d and an N of the 

^ m e t a l l o c y c l i c r i n g formed by c o u p l i n g of the alkyne and 
V2 (0C1I2 Bu )6 (N(C.Me)4 .N(Py) c t h e n i t r i l e . F o r m a l l y t h i s can be counted as a 4- li g a n d 

w i t h t e r m i n a l a l l y l i i l e u e and iraido groups V=CilCl[~C(Ph'I.N-V. 
V, (OPr)-(.NIIC(Me)ClIClI(Me)N)rf V-V d i s t a n c e = 2.674A ( s i n g l e bond). ' 

V 2(OPri); ( C H 2 C H C(Ph)N)6 i s formed by the r e a c t i o n of 
(a) w i t h Pr'OlI. Each V atom i s o c t a h e d r a l l y coordinated 
and the two metal atoms share a face formed by the two 
b r i d g i n g OR l i g a n d s and the N atom of t l i e m e t a l l a c y c l e 
t h a t i s noto f o r m a l l y a 3- l i g a i i d h a v ing imide ajid a l k y l 
attachments t o V^V-V dis t a n c e = 2.5SoA. 
V, (OCH.Bu')s (N(CMe)4N) (py) (c) has a 7 membered metallo.-
c y c l e t h a t i n c o r p o r a t e s the 4- l i g a n d d e r i v e d from 1.4 
-diamino 1,2 ,3 . 4t et ramet hy 1 1.3 butadiene. Connect i \ - i r y 
i n \ o l e s one t e r m i n a l and one b r i d g i n g iniidn group. V-V 
d i s t a n c e =2.617.1. Vj (OPri ) ; (MlCiMe)CllCH(CMej.N) [d] i s 
c l o s e l v r e l a t e d t o '(c) and the conversion p a r . i l l e l s that 
of ( a ) ' to (rf) . 
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The 7 membered m e t a l l a c y c l e has a t e r m i n a l amido group 
(1- ) and a b r i d g i n g amido group (2-) W- V distance=2.576l 

\ 
(«) C-

2.67 

Ph 
(6) 

2..3S 

Me 

Me 

ic) 

\ 
C— Me 

/ 

V V 
2.62 

Me- C 

(d) 

/—.Me 

1 
2..5S 

W2(0Bu )^(mCQ) 

&2(0Pr')^(/.C0)3, 

Complex isomorphous w i t h Mo analogue.Contains c e n t r a l [ l 3 7 ] 
W2 (OBut )2 (AtCO) u n i t V-V d i s t a n c e =2.526.\. Each V atom 
i s i n a square based p y r a m i d a l geometry w i t h ^CO occupy 
- i n g the a p i c a l p o s i t i o n . [V^ (OPrO. (/iCO)] 0 contains an" 
e s s e n t i a l l y p l a n a r c e n t r a l [ V 2 (/iC0)]2 u n i t w i t h V-V 
dis t a n c e = 2 . 6 o i . i .Each V atom i s i n a t r i g o n a l bipyrsuni 
- d a l enviroment. The r e a c t i o n sequence i s of stepwise 
r e d u c t i o n i n V-V and C-0 bond order from 3-»2-»l 

V2 (OPr')6 (py) (/iPj) 
C e n t r a l pseudo t e t r a h e d r a l V2P2 moiety w i t h 
e s s e n t i a l l y s i n g l e bond V-V d i s t a n c e s . T h i s i s an 
analogue of the Vj (OR)^ ( p v ) (//C2 H2) comple.xes. 

\ 0' 
R 

[13S] 

V2(0Pr)6(^C4.Me4)(7r'C2Me4) 

V3(^C.Me)(//OPr')3(0Pr)6 

The c r y s t a l s t r u c t u r e of t h e V complex shows each 
V c o o r d i n a t e d t o f i v e l i g a n d s so t h a t t h e l o c a l 
geometry about each V i s a square based pyramid. 
Three u n i t s are fused t o g e t h e r through ^CMe li g a n d s 
and t h r e e b a s a l ^ R l i g a n d s V-V distance=2.7.5L 

[139-
140] 

V3(H) (0Pr)4(;.C4Me4)(MCPh) I n i t i a l p r o d u c t i s (77= c, Mcj ) (PhCH2) (;iOR)2 V(OPri ) 
(CHjPhUTT^CjMej) which has a puckered c e n t r a l 
Vj (pOR)2 c o r e , V-V d i s t a n c e = 2.67.\ 

[141] 

Me 

Me—-
Pr' 0".,. 

/^^—.Me 
Me 

Ph 

•€Pri 

^ " ^ O P r i 
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V 4 ( / , t o l y l ) , ( 0 P r ' ) The nmr i s c o n s i s t e n t w i t h a s t a t i c c l u s t e r having [142] 
two u n e q u i v a l e n t a r y l groups and t e n unequivalent 
OPr' l i g a n d s , each having d i a ^ s t e r e o t o p i c methyl 
groups. The 12e- V4 c l u s t e r ts a g r o s s l y d i s t o r t e d 
rhombus of met a l atoms. 

[(H ^ - « e 2 ) ( E t C ^ ( ' P r O ) , v - in\he°so! i d " s t a f e''^"''^ b i o c t r a h e d r a l geometry i n [143] 
(/.OPr')] • 

V 3 ( / ^ C E t ) ( 0 P r ' ) , 

V2(;zC4Et4)(^'C2Et2)(0Pr 
(") 

RO 

R 0 < ' 
-N-/- --O'i 

RO m 

OR 

OR 

R=Pri ,.X=CEt 

(8) 

V2(;iCSiMe)2(0Bu')2 
(CI(2SiMe3) 

42 



Manganese, Technecium and Rhenium 

The s i m p l e a l k o x i d e s o f manganese have been l i t t l e s t u d i e d 

[86,146] and t h e r e a r e no known analogues f o r t e c h n e t i u m and 

rhenium exc e p t a hexamethoxide o f t h e l a t t e r [ 7 6 ] . 

A l k o x y D e r i v a t i v e s o f Manganese 

A b e l e t a l [147] have s t u d i e d t h e r e a c t i o n s o f Mn(C0)5Br 

w i t h e t h a n o l , -"-propanol and ^ b u t a n o l , and t r i e t h y l a m i n e . An 

e t h o x i d e d e r i v a t i v e [Mn(CO)3(OEt)]3 was o b t a i n e d as r e d 

c r y s t a l s b u t low and e r r a t i c y i e l d s were r e p o r t e d w i t h t h e 

o t h e r a l c o h o l s . However, [Mn(CO)3(OR)]3 complexes were 

o b t a i n e d s u c c e s s f u l l y f o r R = Me,Et, •'•Pr,"Bu,CgH2i, 

CH2CH=CH2,CH2Ph u s i n g Me3Sn(0R). A l l t h e p r o d u c t s were 

t r i m e r i c , w i t h t h e e x c e p t i o n o f t h e r e a c t i o n w i t h b e n z y l 

a l c o h o l where a t e t r a m e r was t h e major p r o d u c t . The IR and •'•H 

and •'••̂C NMR s p e c t r a suggested a sy m m e t r i c a l c u b i c s t r u c t u r e 

f o r t h e t e t r a m e r as opposed t o t h e remarkably unsymmetric 

s t r u c t u r e based on a scalene t r i a n g l e o f me t a l atoms proposed 

f o r t h e t r i m e r [ 1 4 7 , 1 4 8 ] . M(C0)3 : Q—^ 

R 
0 

R O ^ M n [ c 6 ) 3 

/ I 
M(C0)3 

M(C0>3-

M(CO) 

0, 

P h e n y l d i m e t h y l p h o s p h i n e r e a c t s w i t h [Mn(CO)3(OEt)]3 t o 

d i s p l a c e one c a r b o n y l group y i e l d i n g Mn3(CO)g(PMe2Ph)(OEt) 3 

whi c h shows two d i f f e r e n t environments f o r t h e e t h o x i d e 

groups. The s t r u c t u r e i s t h a t o f t h e p a r e n t complex. 
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I n t e r a c t i o n o f Mn3(CO)g(OEt)3 w i t h phenol [147] b r i n g s 

about replacement o f o n l y one e t h o x i d e group. Of t h e t h r e e 

e t h o x i d e groups, t h e f o r m a l l y f i v e e l e c t r o n donor f a c e -

b r i d g i n g groups w i l l have no n u c l e o p h i l i c c h a r a c t e r , b u t t h e 

e d g e - b r i d g i n g oxygen atom s t i l l f o r m a l l y has one l o n e p a i r o f 

e l e c t r o n s a v a i l a b l e f o r r e a c t i o n . Thus PhO r e p l a c e s t h e edge-

b r i d g i n g e t h o x i d e group and t h i s has been c o n f i r m e d by -̂H 

NMR. 

R e a c t i o n s o f Mn3 (CO) g (MjOEt) 2 ̂ J3Et) have been s t u d i e d w i t h 

BX3 (X = F,C I , B r , I ) [149] and t h e h a l i d e complexes Mn3(CO)9 

^j^OEt) 2 ̂ j,X) have been i s o l a t e d ; t h e Cl and Br p r o d u c t s have 

a l s o been p r e p a r e d from t h e r e a c t i o n s o f anhydrous HX. 

R e a c t i o n o f [Mn{N(SiMe)3)2(THF)] and LiN(SiMe3)2 i n hexane 

with^Bu3C0H i n THF y i e l d s p a l e p i n k , h i g h l y a i r and m o i s t u r e 

s e n s i t i v e c r y s t a l s o f [ L i { M n (N (SiMe3) 2) (0CBu*^3) 2 ) ] [ 1 5 0 ] . The 

geometry o f t h e manganese atom i s d i s t o r t e d t r i g o n a l p l a n a r . 

The complex i s u n i q u e i n b e i n g an example o f a t h r e e 

c o o r d i n a t e complex o f ma n g a n e s e ( I I ) . The Mn-0 d i s t a n c e i s 

c o m p a r a t i v e l y s h o r t and t h e s t e r i c c o n g e s t i o n i s seen from 

t h e f a c t t h a t i t doesnot form a t r i s ( a l k o x y ) complex even 

when h e a t e d w i t h excess ^•BU3C0H i n r e f l u x i n g t o l u e n e . 

R e a c t i o n o f t h e p a r e n t compound w i t h l e s s s t e r i c a l l y 

demanding a l c o h o l s such as ^Bu2CH0H i n r e f l u x i n g benzene or 

hexane y i e l d s t h e t r i m e r i c [Mn3(0CH^Bu2)g], which c o n t a i n s 

two t h r e e - c o o r d i n a t e manganese atoms and a c e n t r a l f o u r -

c o o r d i n a t e m e t a l atom [ 1 5 1 ] . I t i s t h e f i r s t h o m o l e p t i c 

manganese(II) a l k o x i d e t o be s t r u c t u r a l l y c h a r a c t e r i z e d . The 
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complex i s n o n - l i n e a r , w i t h a Mn-Mn-Mn bond angle o f 154° 

and no f o r m a l Mn-Mn bonds. The c e n t r a l Mn-0 d i s t a n c e i s t h e 

l o n g e s t , t h e t e r m i n a l Mn-0 t h e s h o r t e s t . 

A l k o x v D e r i v a t i v e s o f Rhenium 

W i t h t h e e x c e p t i o n o f t h e t r i p l y a l k o x y - b r i d g e d c a r b o n y l 

a n i o n s [ (CO) 3Re(//OR) 3Re(CO) 3 ] " (R = Et , P r ^ ) [152] o t h e r 

a l k o x y s p e c i e s o f rhenium have o n l y one a l k o x y group and 

c o n t a i n t e r t i a r y phosphine, m e t h y l and a c e t a t e groups, o r 

n i t r o s y l l i g a n d s . 

R e a c t i o n o f ReHg" and carbon monoxide i n a l k a l i n e 

a l c o h o l i c media y i e l d s a b i n u c l e a r c a r b o n y l h y d r i d e anion and 

a l s o a c a r b o n y l a l k o x i d e a n i o n , w i t h t h e t h r e e b r i d g i n g OR 

groups mentioned above, f o r m u l a t e d as: 
CO 

O C ^ I CO / 

OR 
R 

l—VA. CO —! 

[152] 

R= Pr'.Et 

R e a c t i o n o f (Et3N)2ReHg w i t h CO i n r e f l u x i n g s o l u t i o n w i t h 

2 -propanol formed a r e d p r e c i p i t a t e shown t o be a m i x t u r e o f 

h y d r i d e s . T h i s p r e c i p i t a t e was c o l l e c t e d and t h e y e l l o w 

f i l t r a t e o b t a i n e d gave an o f f - w h i t e p r e c i p i t a t e o f 

Et4N[Re2 (CO) g(OPr-'-) 3] on a d d i t i o n o f wat e r . T h i s complex then 

g i v e s t h e f o l l o w i n g r e a c t i o n s : 
[Re2 (yc/,OPri )3 (CO)^]" , [Re^^z {CO),]'' 

HX 25°C 
HX [153] 

[ReX3(C0)3] 
W i l k i n s o n e t a l [154] have p i ^ a r e d and s t u d i e d t h e 
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r e a c t i o n o f ReOXj(OEt)(PPh3): 

HRe04 ' Re0X2(0Et)(PPli3)2 
^^'B C IID 

ReOXg(PPh3)2 
A EtOH,PPh3 ,hydroKalic _ acid (X=Br o r I ) ; i i s i n g MeOH^OMe complex, 
B.EtOH,PPhg,hydrazine hydrochloride (X= Cl) 
C Ethanol (X=Cl,Br or I ) 

D CH2CI2 s o l u t i o n , h y d r o c h l o r i c acid ('X=CL, Br or I ) 
R e a c t i o n s between t h e quadruply Re-Re bonded complex 

Re2(O2CR2)2X4L, where L = H20,DMF o r DMSO, and PPh3 i n 

r e f l u x i n g a l c o h o l ROH, where R = Me,Et,"Pr,^Pr, y i e l d s r e d 

c r y s t a l l i n e , d i a m a g n e t i c complexes o f s t o i c h i o m e t r y 

Re2(OR)2X4(PPh3)2• The e t h o x i d e d e r i v a t i v e has been 

c h a r a c t e r i z e d by x - r a y d i f f r a c t i o n and shown t o possess t h e 

n o v e l s t r u c t u r e (EtO)2Cl2Re.ReCl2(PPh3)2• T h i s i s b e s t 

d e s c r i b e d as a R e ( I V ) - R e ( I I ) complex t h a t has been d e r i v e d 

f r o m t h e R e ( I I I ) - R e ( I I I ) c ore by an i n t r a m o l e c u l a r 

d i s p r o p o r t i o n a t i o n . The Re-Re bond d i s t a n c e i s 2.23lk and i s 

a q u a d r u p l e bond, b u t one component has d a t i v e c h a r a c t e r 

( R e l l — > R e I V ) . The a l k o x i d e l i g a n d s a r e good rr donors and t h i s 

w i l l h e l p o f f s e t some o f t h e f o r m a l charge s e p a r a t i o n . The 

Re-0 bonds a r e v e r y s h o r t (l.BsX) and a s t r o n g 0—>̂ Re d o n a t i o n 

t a k e s p l a c e , m a i n l y from one oxygen Pj,- o r b i t a l (one whose 

noda l p l a n e i s t h e C-O-Re plane) , s i n c e PPh3 i s t o o l a r g e t o 

a l l o w t h e e t h y l groups t o move o u t (M-O-C angle i s n o t opened 

as i s u s u a l w i t h s t r o n g a l k o x i d e it b o n d i n g ) . 

Warming Re2Me2(02CMe2) w i t h methanol [155] gave a mauve, 

i n s o l u b l e powder o f s t o i c h i o m e t r y {ReMe(OMe)(02CMe2)}^ which 

has t h e p r o b a b l e s t r u c t u r e : 
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Me 2 

Me 0 0 Me 
I I ̂ Me^O-
e - Rê  

Me, 

Me ^ \ 
0̂ 
Me 

l i e * 

0^ 
I 
pRe. 
' I 
0 

0 Me 

'° Me 
c-
Me2 Me2 

E t h a n o l i c s o l u t i o n s o f [{ReCl2(CO)2(NO)}2] may be reduced 

w i t h z i n c i n t h e presence o f carbon monoxide t o y i e l d t h e 

e t h o x y - b r i d g e d dimer [Re2 (/'-OEt) 3 (CO) 5NO], which i s 

i s o e l e c t r o n i c w i t h t h e well-known anions [Rej (/̂-OR) 3 (CO) g] ~. 

The complex [ReClj(OMe)(PPh3)2NO] has proved t o be a 

u s e f u l p r e c u r s o r [ 1 5 6 ] : 

CL I .N — N NO 

c r ''O - c RUH (R=Me,Et) 
Ph 

c r I > N o 
L 
L . BH; 
EtOH. 

L=PPh3 , L'=PhosphLne, CO, CNR, py etc. .' L 

ReOCl^ r e a c t s w i t h methanol i n t h e presence o f amines t o 

g i v e t h e unusual a l k o x y compound (MeO) 2 (0) Re (/u.0) 

î-OMe) 2ReO(OMe) 2 ( 9 ) , whereas LiOBu^ g i v e s ReO(OBu''-)4 (10) and 

LiOPr-*- g i v e s an unusual d i m e r i c s p e c i e s L i [ReO (OPr-'-) 5] 

L i C l ( T H F ) 2 ( 1 1 ) - The i n t e r a c t i o n o f phenol i n t h e presence o f 

t r i m e t h y l p h o s p h i n e l e a d s t o t h e compound t r a n s -

(Me3P)2Re(0Ph)4 (12) [15 7 , 1 5 8 ] . From NMR, IR and x-ray 

s t u d i e s t h e s t r u c t u r e o f (9) has been determined as: 
Me 
0. 

M e O _ ^ e ^ ^ f _ -OMe 
MeO-

Me 
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The t r i m e r i c rhenium c l u s t e r a l k o x i d e Re3Cl3(OBu^)g has 

a l s o been s y n t h e s i z e d [ 1 5 9 ] . 

I r o n , Ruthenixim and Osmium 

The s i m p l e a l k o x i d e s o f i r o n are d e a l t w i t h i n r e f s . [86, 

160-166]. No s i m p l e a l k o x i d e s o f r u t h e n i u m o r osmium have 

been r e p o r t e d t o d a t e . 

A l k o x y D e r i v a t i v e s o f I r o n 

A s e r i e s o f complexes o f i r o n ( I I ) a l k o x i d e s and a r y l o x i d e s 

w i t h 2,2 b i p y r i d i n e (L) , h a v i n g formulae Fe(OCgH^X) 2Ln ^̂ '̂  

Fe(0R)2Lj^, have been pr e p a r e d by r e a c t i o n o f d i e t h y l b i s (2,2 

b i p y r i d i n e ) i r o n ( I I ) w i t h p - s u b s t i t u t e d phenols ( s u b s t i t u e n t X 

= H,Me,Ph,Cl,CN and NO2) and a l c o h o l s ROH (R = Me,Et,^Pr, 

HjCPh). I n t e r a c t i o n o f these complexes w i t h a c y l and a l k y l 

h a l i d e s y i e l d t h e c o r r e s p o n d i n g e s t e r s and e t h e r s [ 1 6 7 ] . 

The number o f c o o r d i n a t e d b i p y l i g a n d s depends on t h e 

e l e c t r o n w i t h d r a w i n g o r d o n a t i n g p r o p e r t i e s o f t h e p-

s u b s t i t u e n t on t h e phenoxy l i g a n d . The -̂H NMR s p e c t r a show 

t h a t t h e phenoxy l i g a n d s are b r i d g i n g and i n c i s p o s i t i o n s 

f o r s t e r i c reasons. These complexes were found t o be v e r y a i r 

s e n s i t i v e b u t t h e r m a l l y s t a b l e . 

A l k o x y D e r i v a t i v e s o f Ruthenium and Osmium 

A l l t h e i n s o l u b l e a l k o x y d e r i v a t i v e s o f r u t h e n i u m and 

osmium a r e e i t h e r b i n u c l e a r ( w i t h r a t h e r c l o s e resemblance t o 

each o t h e r ) o r p o l y n u c l e a r ( w i t h marked d i f f e r e n c e s among 

48 



themselves) [ 1 6 8 ] . 

D i h y d r o t e t r a k i s t r i p h e n y l r u t h e n i u m ( I I ) r e a c t s w i t h phenol 

t o g i v e t h e n e u t r a l complex RuH(CgH50)(PPh3)2• CgH^O" can be 

c o n s i d e r e d t o be bound as 1^6 phenoxo o r , p r o b a b l y more 
5 

r e a l i s t i c a l l y , as a o x a c y c l o h e x a d i e n y l l i g a n d . The 

bonded n a t u r e o f t h e phenoxide i o n i s c o n f i r m e d by IR, NMR 

and x - r a y s t r u c t u r a l d a t a [ 1 6 9 ] . D i f f e r e n t p r o d u c t s may be 

i s o l a t e d depending on t h e r e a c t i o n c o n d i t i o n s and on t h e 

r e c r y s t a l l i z a t i o n p r o cess: 

RuH2 (PPha )4 ^ Ru]I(OPh) (PPhg )2 + RuH(OPh) (PPhg )2 . -
PhOH.O.S.Cg Ĥ Me 

i1 / \pph 
RiiH(OPh) (PPhg )2 .2PhO]I . Ruir(OPh) (PPhg )2 -MeOH " 
i ) PhOir i n toluene, 

i i ) R e c r y s t a l l i s a t i o n from methanol, 
i i i ) R e c r y s t a l i s a t i o n from dichloromethane/petroleum. 

Treatment o f [RUCI2 (^.CgHg)-j 2 w i t h sodium a l k o x i d e i n 

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

[ (CgHg)Ru(0R)3Ru(CgHg) ]••" (R = Et,Me) , w i t h t r i p l e a l k o x i d e 

b r i d g e s [170,171] . ^ [(Cg Hg)Ru(//- OR)3 Ru(Cg Hg)] 

1 V 

[RUCI2 (C6H6)]2 ~ > [(C6H6)Ru(/i- 0H)3Ru(C6H6)] + 

[Ru(OH)(77- CeHg)]'^ 

) py? 2f pic. 2a. 
[(CgllJIRuCy^- 011)2RuL(C6He)] ^ 

i ) OR', i i ) excess Olf , i i i ) CO3' noil r e f l u x v) Qif 
The r e d u c t i v e c a r b o n y l a t i o n o f m e t h a n o l i c s o l u t i o n s o f 

h y d r a t e d RUCI3 i n t h e presence o f z i n c g i v e s [Ru(00)^2] as 
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t h e m ajor p r o d u c t . A f t e r s e p a r a t i o n o f t h i s p r o d u c t t h e 

mother l i q u o r s a f f o r d s e v e r a l o t h e r complexes, t h e major ones 

b e i n g [H2RU4 (CO)-j^2 ] [H4RU4 (CO) 3̂2 ] [1'72]. F u r t h e r 

s e p a r a t i o n by TLC gave a t l e a s t t e n components, r a n g i n g i n 

c o l o u r f r o m y e l l o w t o p u r p l e , o f which t h e t e t r a n u c l e a r 

complexes [RU4 (CO) ^^QCIJ (OMe) 2 ] , [RU4 (CO) ^ o ^ l (0"®) 3 ] ' 

[RU4 (CO) J^QCIJ (OH) (OMe) ] and [RU4 (CO) ]^QC12 (OH) 2 ] and 

[RU4 (CO) 3̂ QC1 (OH) (OMe) 2] were c h a r a c t e r i z e d by mass 

s p e c t r o m e t r y . I n e t h a n o l [RU4 (CO)-]^QC12 (OH) (OEt) ] , 

[RU4(CO)-LoCl2(OH)2] and [RU4 (CO) ^O^^ (0^^) (0^^) 2 ̂  ^ ^ r e 

i d e n t i f i e d . The s t r u c t u r e s are n o t known; t h e a l k o x y l i g a n d s 

may a c t as 1 o r 3 e l e c t r o n donors. 

The use o f d i n u c l e a r c a r b o n y l i r o n complexes [FeCp2(CO)4] 

and [Fe2(CO)4(PPh3)2(SMe)2] as c a t a l y s t s i n r e a c t i o n s o f 

carbon monoxide replacement by t h e weak n u c l e o p h i l i c 

m o l e c u l e s ROH (R = Me,Et,Pr",Bu") a l l o w s i s o l a t i o n o f a 

s e r i e s o f d e r i v a t i v e s [RU3 (/̂ H) (CO)-Ĵ Q (pOR) ] , p r e v i o u s l y 

i n a c c e s s i b l e by t h e r m a l r o u t e s [ 1 7 3 ] . Y i e l d s f o l l o w t h e o r d e r 

Me < E t < P r " < Bu", w h i c h s u p p o r t s t h e mechanism below. The 

i m p o r t a n t s t e p r e l a t e d t o t h e f o r m a t i o n o f t h e 

[RU3 (CO) (RÔ )̂ ] adduct i s c l e a r l y t h e n u c l e o p h i l i c i t y o f t h e 

a l c o h o l employed, whi c h shows t h e same o r d e r as t h e pr o d u c t 

y i e l d s . The f o r m a t i o n o f t h e f i n a l compound i s accounted f o r 

by a s i m p l e i n t e r n a l o x i d a t i v e - a d d i t i o n , coupled w i t h t h e 

e l i m i n a t i o n o f a CO l i g a n d . 
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Me Me 
^ s C / ^ PPhj 

Me. 
Me 

+ [Ru3(C0)j2] 
Me. 

S\ Me 

0=C . 
\RU3(CO)11 

Fe- ^e I 
0=C\, 

\U3 (CO) 11 

M 
+ RGH 

Me 

0=C, 

H 

Ru3 (CO)11 

-CO 

[Ru(CO)ii (ROH)] + [Fe(C0)4(PPh3)2(SMe)2] 
-CO 

[Rii3H(CO)io(OR)] 
(CO), 

(C0)3Ri<-—^Ru(CO) 

R 
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OsO^ r e a c t s w i t h carbon monoxide i n m e t h a n o l i c s o l u t i o n t o 

g i v e t h e t r i n u c l e a r complexes HOS2 (CO) (OH) , HOS3 (CO)-^o (OMe) 

and OS3(CO)20(OMe)2 [ 1 7 6 ] . The s t r u c t u r e s are b e l i e v e d t o be 

as shown below: 

^^f: ^'.V' ( S ) ^ 
H-

0 
H 

3 -O-

0' ^0 
(13) Me ^^^^ Me ^^5^ 

The s h o r t Os-Os d i s t a n c e o f 2.8I2X i n (14) i m p l i e s t h e 

e x i s t a n c e o f a m e t a l - m e t a l bond w i t h t h e methoxy group 

s e r v i n g as a t h r e e e l e c t r o n donor. The b r i d g e d osmium atoms 

i n complex (15) a r e n o t m u t u a l l y bonded, as p r e d i c t e d on t h e 

b a s i s o f e l e c t r o n c o u n t i n g [ 1 7 5 ] . 

A l c o h o l s w i t h a r o m a t i c s u b s t i t u e n t s r e a c t w i t h Os3(CO)-]^2 

i n i t i a l l y t o produce t h e expected h y d r i d o - a r y l o x y - b r i d g e d 

s p e c i e s , b u t w i t h f u r t h e r h e a t i n g o r t h o a c t i v a t i o n o f t h e 

a r o m a t i c C-H bonds o c c u r s . For example, t h e r m o l y s i s o f 

[ 0 S 3 ( H ) (|uOCH2Ph) (C0)3^Q] c o n v e r t s i t t o [OS3 (H) 2 (/iOCH2CgH4) 

(CO)g], ( 1 6 ) , which c o n t a i n s a five-membered m e t a l l a c y c l i c 

r i n g [ 1 7 6 ] . ^^^^^ 

-II 
(CO) 3 Os^——-^Os^C^ 

(16) vO 
I n c o n t r a s t , [OS3 (H) (/iOPh) (CO) J^Q] i s c o n v e r t e d i n t o 
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[OS3(H)2(/^OCgH4) (CO)^] [ 1 7 7 ] , analogous t o [Os3(H)2 

(OCgH3CH2Ph)(CO)g] which has been s t r u c t u r a l l y c h a r a c t e r i z e d 

[ 1 7 8 ] . T h i s complex (17) c o n t a i n s a five-membered 

m e t a l l a c y c l i c r i n g a l s o , b u t t h i s r i n g c o n t a i n s two metal 

atoms. 

(C0)3 0s 

(17) 

Cobalt. Rhodivun and I r i d i u m 

W i n t e r has s t u d i e d t h e s i m p l e a l k o x i d e s o f c o b a l t 

e x t e n s i v e l y , i n c l u d i n g t h e i r e l e c t r o n i c s p e c t r a and magnetic 

p r o p e r t i e s [ 1 7 9 ] . Other s t u d i e s a r e t o be found i n r e f s . 

[160,180-184] . 

A l k o x y D e r i v a t i v e s o f C o b a l t 

S i g e l e t a l [185] have pr e p a r e d and c h a r a c t e r i z e d 

[ Co(Cl)(OCBu^3)2.Li(THF)] ( 1 8 ) , [ L i ( T H F ) 4 _ 5 ] 

[Co[N(SiMe3)2](OCBu^3)2] (19) and [ L i ( C o [ N ( S i M e 3 ) 2 ] 2 

(0CBu"'-3) 2) ] ( 2 0 ) . I n a l l t h e s e complexes C o ( I I ) has t h e r a r e 

d i s t o r t e d t r i g o n a l p l a n a r geometry due t o t h e s i z e o f t h e 

s u b s t i t u e n t s . Other f e a t u r e s o f i n t e r e s t i n v o l v e t h e 

i n c l u s i o n o f l i t h i u m c h l o r i d e i n ( 1 8 ) , t h e s o l v a t e d l i t h i u m 

c a t i o n i n (19) and a g o s t i c i n t e r a c t i o n s between t h e l i g a n d 

m e t h y l groups and c o b a l t o r l i t h i u m i n ( 1 8 ) - ( 2 0 ) . The 
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complexes a r e e x c e p t i o n a l l y a i r s e n s i t i v e . 
THF 

n ni Tnr^ t THF THF^^J.^THF C0CI2 + LiGCBut itexane ' '̂C 
( i n EtgO) Cl 

/Co 
But CO NOCBu^t (18) 

[Co(N(SMe3)2)2] + ButgCOH + LiN(SiMe3)2 
i n hexane 

(19) 

N(SiMe3) 2 

But CO ^ ^° \ OCBut 

[Co(N(SiMe3)2)2] + ButgCOH + LiN(SiMe3)2 N(SiMe3) 2 
^ C o ^ 

ButCO<;^ ^ O C B u t g 
(20) 

C o b a l t a l k o x y d e r i v a t i v e s are i n v o l v e d i n t h e c a t a l y s i s o f 

t h e c a r b o x y l a t i o n o f o l e f i n s , i n p a r t i c u l a r t h a t o f butadiene 

t o g i v e m e t h y l - 3 - p e n t a n o a t e , a p o t e n t i a l p r e c u r s o r f o r 

d i m e t h y l a d i p a t e and nylon-66 [ 1 8 6 ] . 

A l k o x y D e r i v a t i v e s o f Rhodium and I r i d i u m 

The a l k o x i d e c h e m i s t r y o f rhodium and i r i d i u m has been 

s t u d i e d m a i n l y f o r t h e +1 o x i d a t i o n s t a t e , o b t a i n e d i n i t i a l l y 

by r e d u c t i o n o f t h e i r s a l t s i n t h e +3 s t a t e s , and s t a b i l i z e d 

by l i g a t i o n w i t h a c c e p t o r l i g a n d s such as c y a n i d e , phosphine, 

carbon monoxide, o l e f i n and d i o l e f i n . I r i d i u m doesnot appear 

t o e x i s t i n t h e +2 s t a t e and t r i p l y - b r i d g e d phenoxy 

d e r i v a t i v e s o f R h ( I I ) o n l y have been d e s c r i b e d [ 1 6 8 ] . 

R e a c t i o n o f [ { R h C l ( C O ) 2 w i t h sodium methoxide and 

methanol i n benzene o r hexane s o l u t i o n between 0 and 30°C 

y i e l d s [(Rh(OMe)(CO)2}]/ where OMe groups have r e p l a c e d Cl as 
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t h e b r i d g i n g l i g a n d s . The p r o d u c t i s u n s t a b l e and must be 

p r e p a r e d under anhydrous c o n d i t i o n s as t r a c e s o f water l e a d 

t o [Rh4(CO)]^2] [ 1 8 7 ] . 
More s t a b l e , monomeric compounds can be prepared: 

RI12 (C0)4 (0R)2 + 4PPI13 ^ • 2Rh(C0)(PPh3)2 (OR) + 2C0 
R= nC3H, , CgHg, p ClCgH^ 

The IR s p e c t r a show a band almost always a p p e a r i n g as a 
d o u b l e t and t h e i n t e n s i t y changing w i t h t e m p e r a t u r e and t i m e . 

T h i s has been a t t r i b u t e d t o a s y n — a n t i e q u i l i b r i u m , i . e . 

b o t h Me groups above, o r one above and one below, t h e Rh202 
p l a n e . 

(PPh3)3RhR (R = Me,Ph) r e a c t s w i t h phenol t o y i e l d 

(PPh3)3RhOPh and an al k a n e RH. The s o l i d i s reddish-brown and 

e a s i l y l o s e s one PPh3 l i g a n d when s t i r r e d under p e t r o l e u m t o 

g i v e [Rh(OPh)(PPH3)2], wh i c h i s most l i k e l y monomeric and 

c o n t a i n s bonded OPh [1 6 9 , 1 8 8 ] . I n c o n t r a s t , t r e a t m e n t o f a 

t o l u e n e s o l u t i o n o f (PMe3)3RhMe (21) w i t h one e q u i v a l e n t o f 

t h e a p p r o p r i a t e a l c o h o l a t room tempe r a t u r e g i v e s a b r i g h t 

y e l l o w a l k o x i d e complex i n good y i e l d : none o f t h e 

c o r r e s p o n d i n g bonded phenoxide complexes were found 

( f o r m a t i o n p r o b a b l y r e q u i r e s l o s s o f a s t r o n g l y bound PMe3 

l i g a n d ) . 
L L 

R h ^ + ROH*-̂ ^̂ '̂ y ^ R l i < ^ 
L OMe L OR 

(L=PMe3) Square planar Rh(I) 
(21) f22'> 

Four (PMe3)3RhOR complexes have been prepared i n t h i s way, 

c o n t a i n i n g p-methylphenoxy, p ( t r i f l u o r o m e t h y l ) p h e n o x y , 

t r i f l u o r o e t h o x y and h e x a f l u o r o i s o p r o p o x y groups.X-ray 

d i f f r a c t i o n i n d i c a t e s l i t t l e o r no i n t e r a c t i o n s o f t h e 
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a l k o x i d e l i g a n d s w i t h t h e m e t a l . 

A l t e r n a t i v e s y n t h e t i c pathways t o t h e a l k o x i d e complexes 

i n c l u d e r e a c t i o n o f [(COD)Rh(Otol)]3 w i t h phosphine (COD = 

1,5 c y c l o o c t a d i e n e ; t o l = pCH3CgH4) and (PMe3) 3Rh''"PFg~ w i t h 

KOR (R = pCH3CgH4, CH2CF3). 

One o r two e q u i v a l e n t s o f ROH o r p - c r e s o l w i t h complex 

(21) , o r r e a c t i o n o f complex (22) w i t h a s i n g l e e q u i v a l e n t , 

y i e l d s a hydrogen bonded s p e c i e s : 

L L.^ L 
^Rl < : (2 2) + ROH . ^^^q > ^Rh,^ 

L-^ OR ^ 0 H—OR 
R 

b ) , = C r / = \ L=PMe3 ^')CH(CF3). L-PMe, 
\ L J / e) t o l y l , L= PPhMe2 

The m o l e c u l e o f a l c o h o l i s s t r o n g l y a s s o c i a t e d w i t h t h e 

a l k o x i d e complex, even i n s o l u t i o n . The 0-H-O l i n k a g e i s 

markedly asymmetric, though e s s e n t i a l l y l i n e a r , t h e hydrogen 

atom b e i n g more c l o s e l y a s s o c i a t e d w i t h t h e molecule o f p-

c r e s o l t h a n t h e a l k o x i d e l i g a n d . 

S p e c t r o s c o p i c s t u d i e s show t h a t t h e e q u i l i b r i u m l i e s ' f a r 

t o t h e r i g h t , i m p l y i n g t h a t t h e H-bond i n (23a) i s u n u s u a l l y 

s t r o n g . I t i s concluded t h a t t h e hydrogen bonded p - c r e s o l 

m o l e c u l e sees t h e oxygen atom i n t h e rhodium bound a l k o x i d e 

as a s i t e o f u n u s u a l l y h i g h e l e c t r o n d e n s i t y . T h i s suggests 

t h a t t h e Rh-0 a r y l o x i d e bond i s s t r o n g l y p o l a r i z e d , h a v i n g 

excess n e g a t i v e charge a t oxygen and excess p o s i t i v e charge 

a t rhodium. The r e s u l t s may have i m p o r t a n t i m p l i c a t i o n s f o r 
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t h e c a t a l y t i c c a r b o x y l a t i o n o f o l e f i n s , where a proposed step 

i n one p o s s i b l e mechanism i n v o l v e s t h e i n s e r t i o n o f CO i n t o a 

M-0 bond. 

[RhCp*Cl2]2 has been used by M a i t l i s e t a l [189] t o g i v e a 

s e r i e s o f a l k o x y b r i d g e d complexes: 

[Rh(Cp ) C l 2 ] 2 
S i l v e r 

X=02 CMe 

i ) aq Oir 
1 1 
i i 1 carboxylates 

(O2 CCF3)Cp*RliX2 

H2 ,R=Me, C F 3 [189; 

)AgNG3 acetone 

X 
[ Cp Rh— X RhCp']^ 

1 1 
i i 1 

OR^ 
[Cp*Rh- H RhCp*]^ 

^ OFf^ 

X= i ) Oil 
••) CI 

•)N03 

H 

[192; 

[ Cp Rh— H RhCp ] ^ 
^ O R ^ 

These two complexes a r e a c t i v e h y d r o g e n a t i o n c a t a l y s t s . 

S i m i l a r i r i d i u m complexes have a l s o been o b t a i n e d [ 1 9 3 ] . 

[Rh{N(SiMe3)2)(PPh3)2] and ArOH, where ArO~ i s t h e 

amb i d e n t a t e n u c l e o p h i l e 2,6 d i - t - b u t y l - 4 - m e t h y l p h e n o x i d e , 

y i e l d t h e d^ complex [Rh(ArO/|^) (PPH3) 2] [ 1 9 2 ] . The ArO l i g a n d 

is [ C ( 2 ) - C ( 6 ) ] bonded, i . e . c o p l a n a r . 

The f o l l o w i n g r e a c t i o n sequence has been d e v i s e d by 

Newmann and Bergman [ 1 9 4 ] : 
* NaOEt * hv 

Cp ( P P h 3 ) I r C l 2 Cp I r ( P P l i 3 ) ( H ) ( 0 E t ) > 

(23) 250C J e l l o w c r y s t a l s 

Ph2F 

CH3 CH2 CH2 OH 
OR CD3CD2 01I 

* ,0R' 
Cp (pph.3)n-

(24 
HCl or 
L i C l 

26) R'=nPr OR 
Cp (PPK3)Ir 

(25) 

I r - H 

H 
Cp ( P P h 3 ) I l -

(24) +(25) 

,Pli 

H 

The r e a c t i o n s l e a d i n g t o complexes (24) and (25) are 

c o n s i s t e n t w i t h e l e c t r o p h i l i c a t t a c k on t h e OR" i o n by t h e 
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s u b s t r a t e . F u r t h e r i n d i c a t i o n o f t h e r e a c t i o n o f 0R~ i s 

p r o v i d e d by t h e exchange w i t h o t h e r a l c o h o l s (26) . Note t h a t 

no h y d r i d e l o s s o c c u r s even i n p r o t i c s o l v e n t s . 

[ ( C 0 D ) I r C l ] 2 and t h e rhodium analogue has s u c c e s s f u l l y 

been used f o r t h e s y n t h e s i s o f t h e methoxy and h i g h e r a l k o x y 

d e r i v a t i v e s , i n c l u d i n g P^^^o^Y [ 168 ] : ^ ^ p̂ ^̂ ^ 

[(cod)IrCL]2 ' > [(cod)Ir(0R)]2 Prj But ,Bui, 
ROH Cg Hj J ,Ph. 

[(C0D)RhCl]2 ^^2 r e a c t t o g i v e [(COD)Rh]2O2, which i s 
used i n t h e s y n t h e s i s o f t h e a l k o x y d e r i v a t i v e s below: 

(cod)^,VRh- Rh'^Jcod) + ROH -(cod)__ : - J l h ^ ^Rh:;^(cod) 
^ 0 ' "^0 ^ + H 2 O2 

Rhodium and i r i d i u m complexes have been used as c a t a l y s t s 

f o r v a r i o u s r e a c t i o n s . [(COD)Ir(OMe)2] i n t h e presence o f 

S c h i f f bases: 
^ ^ ^ ^ ^^^^^ 

o )H 
c a t a l y s e s t h e t r a n s f e r o f hydrogen from •'•PrOH t o cyclohexane 

o r acetophenone [ 1 9 5 ] . [(COD)Rh(OMe)]2 has been used as a 

c a t a l y s t f o r t h e c a r b o n y l a t i o n o f methanol t o a c e t i c a c i d 

[ 1 9 6 ] . Trans ROIr (CO) (PPh3) 2 (R = Me,'^Pr,Ph) has been 

c a r b o n y l a t e d t o g i v e a c a r b o a l k o x y complex 

ROC(0)Ir(CO)2(PPh3)2• T h i s o f f e r s t h e p o s s i b i l i t y f o r 

r e a c t i o n o f a l k e n e s o r a l k y n e s w i t h M-0 c o n t a i n i n g groups 

[ 1 9 7 - 1 9 9 ] . 
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N i c k e l , Palladium and Platinxim 

Work r e l a t i n g to the s y n t h e s i s and p r o p e r t i e s of the 

simple a l k o x i d e s i s to be found i n r e f s . [160,200-206]. 

Alkoxy D e r i v a t i v e s of Nicke l 

Winter has prepared a number of halomethoxy d e r i v a t i v e s of 

formula Ni(OMe)X by r e a c t i o n of NiX2 (X = C I , B r , I ) with 

sodium methoxide. With LiOMe n i c k e l ( I I ) c h l o r i d e y i e l d s 

Ni(OMe)4Cl2 on r e f l u x i n g for s e v e r a l minutes, whereas 

concentrated s o l u t i o n s y i e l d Ni3(OMe)5Cl. S i m i l a r l y with the 

bromide and iodide [201]. 

Complexes of the type [LNi(Me)X2], where L = PMe3, X = 

OH,OMe,OEt,OPh,OCgH4CH3-p, have been prepared [207] and the 

p o s i t i o n of e q u i l i b r i u m between the c i s and tra n s isomers 

determined from low temperature NMR. 

[NiRCl(PPh3)2] complexes, where R = CgF^,CCl=CCl2, re a c t 

w i t h sodium methoxide to y i e l d bridging methoxy compounds 

[ {NiR^OMe) (PPh3) 2)2] c r y s t a l s [208] which are 

extremely a i r s e n s i t i v e and thermally unstable. 
CCl=CCl2 ^O^Ie ^CCl=CCl2 

^ OMe "^PPhg 
The alkoxy d e r i v a t i v e s of [{NiX(f^3 a l l y l ) } 2 ] complexes 

have been prepared and found to undergo spontaneous 

d i s p r o p o r t i o n a t i o n [209]: 

[{Ni0R ( 7 7 3 C 3 H 5 ) } 2 ] — > [Ni (773 €3115)2] + Ni(0R)2 

R=Me, 7 ? 3 a l l y l =77̂  C3115 ,2MeC3H4 ,2PhC3, R =OPh,773 a l l y 1=77303113 

Alkoxy D e r i v a t i v e s of Palladium and Platinum 

T r a n s i t i o n metal d complexes containing metal-oxygen 
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bonds have been reported to play an important r o l e as 

intermediates i n s y n t h e t i c r e a c t i o n s , p a r t i c u l a r l y i n 

c a t a l y t i c p rocesses e.g. hydration of n i t r i l e s and oxidation 

of ethylene and a l c o h o l s . Although some nonbridging hydroxo 

compounds of the 5d^ and 6d^ metals have been i s o l a t e d , u n t i l 

1976 only one alkoxo complex of palladium or platinum was 

known, Pt(OMe)(cyclohexenyl)(PH2PCH2CH2PPh2) [210].This was 

obtained by r e a c t i n g the cyclohexene complex with methanol. 

S y n t h e s i s of Pd2(^OMe)2(Fgacac)2 by r e a c t i o n of 

Pd(Fgacac)2 with methanol a t room temperature has been 

reported [213,214]. E f f o r t s to prepare the higher homologues 

f a i l e d , which might be a s c r i b e d to the presence of 

a b s t r a c t a b l e hydrogen atoms i n the alkoxy groups. 

B i n u c l e a r alkoxy-bridged palladium products (30) have been 

obtained by r e a c t i o n of methanol with dioxygen-bridged 

complexes (29) , which are i n tur n synthesized by r e a c t i o n of 

the corresponding dichloro-bridged P d ( I I ) complex (28) with 

KO2 i n dichloromethane [215,216]. 

2KO2 
C I l ' l l 2 C i 2 , ' 

N2 ATM 
L 

R'OH 
.N2 ATM * R'O 

Pd-

L 

OR 

v3 f̂"̂ 0̂ RO-di Cp 
R=Me,Et 

RO-COE 
R=Me,Et 

The methoxy-bridged complexes are unstable i n benzene 
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s o l u t i o n and decompose on heating to 30-40^C to give m e t a l l i c 

palladium. I n the s o l i d s t a t e the decomposition takes place 

i n one day under dry nitrogen. The ethoxy d e r i v a t i v e i s even 

l e s s s t a b l e . The methoxy- and ethoxy-bridged complexes 

r e a d i l y exchange OR groups with ethanol and methanol 

r e s p e c t i v e l y . Complexes of type (30) have not been prepared 

with bulky R groups. 

The f i r s t moisture s t a b l e mixed methoxy and chloro-bridged 

d i n u c l e a r P t ( I I ) and P d ( I I ) [211] complexes M2(/LiCl) 

(aOMe) ("^Bu2PCMe2CH2) 2 have been i s o l a t e d by the r e a c t i o n of 

the corresponding chloro-bridged d i n u c l e a r complexes M2 

(CI)2(^Bu2PCMe2CH2)2 suspended i n methanol with an equimolar 

amount of sodium hydroxide a t 40°C. The corresponding 

r e a c t i o n of (C0D)PtCl2 (COD =1,5 cyclooctadiene) with two 

e q u i v a l e n t s of sodium hydroxide i n aqueous methanol y i e l d s 

the methoxy-bridged complex [Pt(/J.OMe) (CgH3^2°^®) 32 [212]. The 

methoxy bridges a r e cleaved by t e r t i a r y phosphines (L) to 

gi v e mononuclear complexes (CgH220Me)Pt(OMe)L. 

I n order to e l u c i d a t e the f a c t o r s governing the s t a b i l i t y 

and nature of cr pt-OR bonds a s e r i e s of square planar 

complexes, c i s and t r a n s Pt(OMe)(R)L2 (R = CF3,CH2CN,CH2CF3; 

L2 = 2PPh3,diphosphine) have been prepared as c o l o u r l e s s 

products i n high y i e l d s by metathesis of PtCl(R)L2 or 

[Pt(R)L2]BF4 w i t h sodium methoxide s l i g h t l y above room 

temperature i n an anhydrous benzene-methanol mixture [210]. 

Success i n preparing these compounds seems to be r e l a t e d to 

the nature of the a l k y l l i g a n d R, a more e l e c t r o n e g a t i v e R 

group w i l l i n c r e a s e the e f f e c t i v e p o s i t i v e charge on the 
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metal and consequently the e l e c t r o n d e n s i t y on the methoxy 

group w i l l decrease, i n c r e a s i n g the covalency of the Pt-OMe 

bond. Conversion t o the corresponding hydroxides occurs with 

water. Pt-0 bonds i n these complexes undergo f a c i l e i n s e r t i o n 

of C0,C0S,CS2 and SO2 [217]. S i m i l a r r e a c t i o n s can be 

e f f e c t e d w i t h palladium compounds: 

Trans [PdR(Cl) ( P P H 3 ) 2 ] ^̂ "̂ ^̂ -̂  [PdR(OMe) (PPH3 
X \ -PhCOMe 

^-worn \ 
[PdR(lI)(PPI[3)2] — > Pd(PPI[3)2 

The r e l a t i v e i n s t a b i l i t y of the palladium analogues i s shown 
by the formation of ^Pd(PPH3)2'; the P d ( I I I ) complexes are 

l e s s s t a b l e than those of P t ( I ) and ( I I ) . 

Complexes of the type [Pt (II)Me2 (N^N) ] (jT^N = 2,2 

b i p y r i d i n e or 1,10 phenanthroline) r e a c t with alcohols ROH (R 

= Me,Et,^Pr) to g i v e alkoxy compounds [PtMej (OR) ( t T ^ ) (OH2) ]"*" 

OH". These compounds are p a r t l y c h a r a c t e r i z e d by conversion 

to the d e r i v a t i v e s [PtMe2 (OR) (N^^) (0H2)''"X" (X = 

PFg,Cl04,BPh4) and to [PtMe2 (OMe) CI (phen) ] (R = Me and i T ^ = 

phen). The alkoxy P t ( I V ) bond i s i n e r t to s o l v a t i o n with 

a l c o h o l s , water and d i l u t e p e r c h l o r i c a c i d [218]. 
OR 1 + 

t 
^ N 

New c i s P t ( I I ) complexes have been synthesized 

'3 

ICH, 

i n c o r p o r a t i n g the c h e l a t i n g dianion of p e r f l u o r o p i n a c o l 

[-0C(CF3)2C(CF3)20-]^~, PEP, i n conjunction with phosphine 

and t h i o e t h e r coligands of the general formula (PFP)PtL2 (L = 

PMe3,PMe2Ph,PMePh2,PPh3,SMe2,MeSEt,SEt2) . They are prepared 
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as c o l o u r l e s s or pale yellow c r y s t a l s from the r e a c t i o n of 

cis-PtCl2(PMe3)2 and HPFP i n dichloromethane s o l u t i o n [220]. 

Among the important r e a c t i o n s of alkoxy complexes of 

t r a n s i t i o n metals i n low oxidation s t a t e s are those that 

i n v o l v e use of palladium c a t a l y s t s to e f f e c t conversion of 

alkenes, carbon monoxide and methanol to e s t e r s [219-223]. IR 

and NMR s t u d i e s are c o n s i s t e n t with square planar, 16 

e l e c t r o n metal complexes, the CO s t r e t c h i n g frequency 

i n d i c a t i n g t h a t PhO~ i s a weaker e l e c t r o n donor than R0~, as 

expected. 

Copper, S i l v e r and Gold 

R e l a t i v e l y l i t t l e work has been c a r r i e d out on t h i s group 

of metals, and s i l v e r has no reported simple alkoxides or 

alkoxy d e r i v a t i v e s . The simple alkoxides of copper are 

reported i n r e f s . [5,181,224-234]. 

Alkoxy D e r i v a t i v e s of Copper 

I t has been reported t h a t coordinated diphenoxo 

d e r i v a t i v e s have been obtained by the r e a c t i o n s : 
CuCl2 (bip y ) + 2NaOPli ™ > Cu(0Pli)2 (bipy) + NaCl 

. brown complex 
soluble i n THF._ " 

CuCl2(en) 2Na(OPh).PhOH -™1> Cu(0Ph)2 (en) .PhOH NaCl 
^ ^ green complex sparingly 

soluble i n THF. 
Both complexes are h i g h l y moisture s e n s i t i v e . 

Cu(OPh)2(en).PhOH has been shown by x-ray d i f f r a c t i o n to 

be a centrosymmetric phenoxy-bridged dimer with terminal 

phenoxy and ethylenediamine (en) groups and hydrogen bonded 

phenol molecules [235]. The copper atoms are five-coordinate, 

and the co o r d i n a t i o n geometry i s t h a t of a d i s t o r t e d square 
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pyramid. 

Copper ( I ) a l k o x i d e s R0Cu(PPh3)2 (R = Et,PhCH2) r e a c t with 

CO2 to g i v e products corresponding i n composition to 

ROC02Cu(PPh3)2 [236]. 

^BuOCuCO r e a c t s with "BU3P, (MeO)3P or ^BuNC i n benzene to 

give a phosphine or isocyanide complex. The l a t t e r i s 

obtained as yellow c r y s t a l s . There i s no decarbonylation on 

adding nitrogen donor li g a n d s such as p y r i d i n e . The i n e r t n e s s 

of Cu(I)-OR towards i n s e r t i o n of CO and isocyanide c o n t r a s t s 

with the high r e a c t i v i t y of the Cu(II)-OR bond [238]. 

Cu(OBu'^) (PEt3) m e t a l l a t e s cyclopentadiene at -78°C, 

enabling the s y n t h e s i s of cyclopentadienylcopper-ligand 

complexes [233] : 
;Cii(0But)(PEt3)] + Cglle [Cu(77C5H5) (PEta)] + HOBut 

The complexes [Cu(2NH2Py)(OR)] (R = H,Me,Et,Pr or pentyl; 

2NH2Py = 2aminopyridine) and [Cu(pd)OMe] (pd = pentane-2,4-

dionato) are obtained from the [Cu(L)OMe] complex by 

treatment with sodium hydroxide i n r e f l u x i n g methanol and 

then conversion of the methoxide to the d e s i r e d alkoxide by 

r e c r y s t a l l i z a t i o n from the appropriate alcohol [237]. The 

[Cu(pd)OMe] complex i s a blue, dimeric s o l i d with bridging 

methoxy groups. A l l decompose slowly on exposure to the 

atmosphere. 

Alkoxy D e r i v a t i v e s of Gold 

The monomeric gold ( I ) alkoxide Ph3PAuOR (R = ^Bu (31) , 

2,4,6^BU3CgH2 (32) ) can be i s o l a t e d as white 

m i c r o c r y s t a l l i n e s o l i d s from the r e a c t i o n of sodium alkoxide 

with PhjPAuCl i n THE [239]. The r e a c t i o n of the three 

64 



e q u i v a l e n t s of Ph3PAuOBu^ with ReHg(PMe2Ph)3 gives 

(Me2PhP)3Re2AuPPh3)3. With (32) the product i s 

[(Me2PhP)3ReH3(AuPPh3)3]+[0 2,4,6^BU3CgH2] 

Caulton [240] has formed h e t e r o m e t a l l i c polyhydride r a f t s 

u s i n g [Ph3PAu0Bu^] with [Re2Hg(PMe2Ph)4]. 

Z i n c , Cadmitun and Mercury 

Work r e l a t i n g to the simple alkoxides of z i n c i s c o l l e c t e d 

i n r e f s . [241-244]. Binary alkoxides of cadmium and mercury 

have not been reported. 

Alkoxv D e r i v a t i v e s of Zinc [4] 

Slow a d d i t i o n of methanol to Me2Zn i n hexane at -70^C 

y i e l d s methylzincmethoxide [245], which i s t e t r a m e r i c and has 

a c u b i c s t r u c t u r e [246]. T h i s method can be extended to other 

a l k o x i d e s RZnOR [247], the r e a c t i v i t y of the Zn-C bond 

towards a c i d i c protons being very high. 

CH 

'>Zn O 
Zn -0-CH3 

/ 
0 —' Zn 

When very bulky groups are present the compounds form dimeric 

or t r i m e r i c aggregates which c o n t a i n c o o r d i n a t i v e l y 

unsaturated z i n c , e.g. dimeric phenylzinctriphenylmethoxide 

[248] and t r i m e r i c t - b u t y l z i n c - t - b u t o x i d e [249]. The degree 

of a s s o c i a t i o n i s a l s o a f f e c t e d by the e l e c t r o n e g a t i v i t y of 

the group bound to z i n c v i a oxygen. When an e l e c t r o n 
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withdrawing group i s introduced, the donating ca p a c i t y of the 

oxygen atom w i l l be sma l l e r , r e s u l t i n g i n weaker Zn-0 

coordinate bonds. T h i s doesnot always l e a d to lower 

a s s o c i a t i o n , e.g. ethylzincphenoxide i s s t i l l a tetramer, |^in 

extreme ca s e s dimers are a l s o found, e.g. 

ethylzincpentafluorophenoxide [249]. The te t r a m e r i c complexes 

c o n t a i n c o o r d i n a t i v e l y s a t u r a t e d z i n c and donot r e a d i l y r e a c t 

with c o o r d i n a t i n g agents, s i n c e t h i s would require cleavage 

of the i n t r a m o l e c u l a r Zn-0 coordinate bonds. Organozinc 

a l k o x i d e s d e r i v e d from saturated, s t r a i g h t chain alcohols do 

not r e a c t with any complexing agent, i n d i c a t i n g that the 

in t r a m o l e c u l a r coordinate bonds are very strong. Where z i n c 

i s c o o r d i n a t i v e l y unsaturated (dimeric or t r i m e r i c 

complexes),or when the e l e c t r o n donating power of the oxygen 

atoms of the alkoxide l i g a n d s i s small, e.g. ary l o x i d e s , 

complex formation w i l l occur. Table 7 gi v e s d e t a i l s of the 

coor d i n a t i o n behaviour of organozinc alkoxides. 
TABLE 7 CQORIDINATION BEHAVIOUR. OF ORGANO ZINC OXYGEN COMPOUNDS 

Compound Degree oP Stoichiometry of compound Ref 
ass o c i a t i o n w i t h 
i n benzene py TMEA 

MeZnOMe 4 no complexes formed [247] 
ButZnOBut 3 1:1 no complex [249" 
PhZnOCPhg 2 — — [248' 
EtZnOPh 4 2:2 2:1 [249' 
EtZnOCgFj 2 2:2 1:1 [249] 
Most organozinc alkoxides are s t a b l e species,but 

r e d i s t r i b u t i o n e q u i l i b r i a can occur: 

nR2Zn + mZnX2 • R „Zn„ X 
As a r e s u l t of the presence of d i f f e r e n t s p e c i e s i n s o l u t i o n 

recombination r e a c t i o n s may occur, leading to aggregate 

formation, as f o r example i n s o l u t i o n s of methylzincmethoxide 

from which MegZn^(OMe)g has been i s o l a t e d [250]. The e t h y l 
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analogue i s a l s o known, EtyZn-j (OMe) g [251]. Both e x i s t as two 

d i s t o r t e d Zn404 cubes sharin g a z i n c atom. 

p — Z n 

O^Zn 

Dimethylzinc r e a c t s with t r i i s o p r o p y l v a n a d a t e to give 

MeZn(0Pr-'-) as one of the products [252] and i t has been found 

t h a t organozinc compounds w i l l r e a c t with carbon monoxide i n 

the presence of KOBu^: 
i ) CO 

2R2Zn + 2K0But 2 i r (R2 ZnOBut ) ' — • R— CH-C R )H2 0 ' " 0 0 
Alkoxy D e r i v a t i v e s of Cadmium 

A few compounds of t h i s type have been prepared by 

r e a c t i o n of CdMe2 with a l c o h o l s [253]. The mechanism of the 

p r o t o n o l y s i s of CdEt2 with a l c o h o l s i n v a r i o u s solvents has 

been i n v e s t i g a t e d [254]. 

MeCd(OMe) i s i n s o l u b l e i n benzene but the ethoxide, 

isopropoxide, and phenoxide are so l u b l e and as s o c i a t e d into 

tetramers l i k e t h e i r z i n c analogues. S o l i d MeCdOMe i s 

isomorphous w i t h MeZnOMe, suggesting t h a t i t i s a l s o a 

tetramer. The methyl cadmium alkoxides a r e s t r u c t u r a l l y 

i d e n t i c a l to t h e i r z i n c counterparts, containing d i s t o r t e d 

c u b i c Cd404 u n i t s . T h e i r a s s o c i a t i v e behaviour i s a l s o 

s i m i l a r , as discovered by a Cd NMR study [255]. MeCd(OBu^) i s 

probably dimeric, u n l i k e the z i n c analogue, although no great 

s t e r i c i n t e r f e r e n c e should be present i n a tetr a m e r i c 
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s t r u c t u r e . P o s s i b l e evidence of a tetramer has been found i n 

NMR s t u d i e s . 

Only the phenoxide r e a c t s with p y r i d i n e to give a dimeric 

complex (MeCdOPh.py)2, which i s p a r t i a l l y d i s s o c i a t e d i n 

benzene s o l u t i o n . 

Table 8 g i v e s d e t a i l s of the a s s o c i a t i o n behaviour of 

cadmium alkoxy d e r i v a t i v e s . 
TABLE 8 ASSCIATION BEHAVIOUR OF ORGANOCADMIUM- OXYGEN COMPOUNDS 
Compound Degree of association i n benzene 

s o l u t i o n 
MeCdOMe In s o l u b l e ; v e r y l i k e l y t e t r a m e r i c [254' 
MeCdOEt 4 P2541 
MeCdOPri 4 [254' 
MeCdOBut 2 (tetrameric association • _ : 
nr r-jnm a l i ^ nmr studies) [2o4J 
MeCdOPli 4 ^ [254] 
Alkoxy D e r i v a t i v e s of Mercurv 

Examples of the methods of preparation of the alkoxides 

and a r y l o x i d e s are shown below [256-258]. The alkoxides are 

reported to be water s e n s i t i v e . 
PhCHzHgCI + NaOBu* »• PhCH^HgOBu* 

(PhH^.O + (RO)CO * 2PI-HgOR+C02 
PhHgOCHj +• ROH —* PhHgOR +CH3OH 
CHjHgOAc -t- ArOH » CHjHgOAr 
Organoborane compounds have found p a r t i c u l a r use i n recent 

y e a r s and f o r t r a n s f e r of secondary a l k y l groups from boron 

the p r e f e r r e d mercury reagents are alkoxides, e.g. Hg(0Me)2 

or, b e t t e r , HgOBu^ [259]. 

I n s e r t i o n i n t o the Hg-0 bond can take place, e.g. [260]: 

PhHgOR + R'NCO CHaCIa ^ PhHgN(R)CO 

R=: a lkyl or HgPh 

R'= aryl or alkyl 

2 

80 -100% 
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I n t r o d u c t i o n 

I n t h i s c h a p t e r t h e p r e p a r a t i o n o f a l k o x i d e d e r i v a t i v e s 
o f bromopentacarbonylmanganese ( I ) and o f b r o m o t e t r a c a r b o n y l 
( t r i p h e n y l p h o s p h i n e ) m a n g a n e s e ( I ) a r e d e s c r i b e d . The i n i t i a l 
s t u d y was aimed a t o b t a i n i n g mononuclear manganese a l k o x i d e 
d e r i v a t i v e s a c c o r d i n g t o t h e f o l l o w i n g r e a c t i o n scheme: 

Br2 
ROH 

Mn2 (CO) > Mn (CO) ̂ Br ->Mn3 (CO) g (OR) 3 
Et3N 

CO High p r e s s u r e 

Mn(CO)5OR 

From Mn(C0)50R complexes i n s e r t i o n o f CO i n t o t h e Mn-

OR bond would g i v e Mn-COOR complexes and p o s s i b l e p r e c u r s o r s 

o f COOR. 
I 
COOR 

Ox a l a t e e s t e r s p r o v i d e a r o u t e t o t h e h i g h e r v a l u e d g l y c o l . 

However, t h e p r o d u c t i o n o f mononuclear a l k o x y l c a r b o n y l s u s i n g 

CO a t h i g h p r e s s u r e s and e l e v a t e d t e m p e r a t u r e proved 

u n f r u i t f u l and e f f o r t s were c o n c e n t r a t e d on p r o d u c i n g 

a l k o x i d e d e r i v a t i v e s under normal l a b o r a t o r y c o n d i t i o n s . 

The s t u d y i s d i v i d e d i n t o t h r e e p a r t s . The f i r s t 

s e c t i o n d e a l s w i t h t h e p r e p a r a t i o n o f Mn(C0)5Br [ 1 ] and 

Mnj(CO)g(OEt)3, t h e l a t t e r u s i n g Abel's method [ 2 ] , T h i s 

method was t h e n extended t o o t h e r a l c o h o l s . The second 

s e c t i o n d e s c r i b e s a p e r i o d o f e x p e r i m e n t a l work i n v o l v i n g t h e 

t e s t i n g o f d i f f e r e n t bases and s o l v e n t s t o f i n d t h e bes t 

c o n d i t i o n s f o r o b t a i n i n g good and r e l i a b l e y i e l d s , and t h e 
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f i n a l s e c t i o n t h e n d e s c r i b e s t h e a p p l i c a t i o n o f t h i s work t o 

p r o d u c i n g a wide range o f t h e t i t l e compounds. 

General Aspects 

A l l r e a c t i o n s were c a r r i e d o u t i n d r y f l a s k s under a 

c o n t i n u o u s f l o w o f N j , and m a n i p u l a t i o n s were c a r r i e d o u t i n 

a g l o v e box under d r y N2, e f f o r t s b e i n g t a k e n t o exclude a i r 

and m o i s t u r e a t a l l t i m e s d u r i n g p r e p a r a t i o n . S o l v e n t s were 

d r i e d where p o s s i b l e and t r a n s f e r r e d t o t h e r e a c t i o n v e s s e l 

u s i n g s y r i n g e s . I n f r a r e d s p e c t r a were r e c o r d e d as n u j o l 

m u l l s u s i n g KBr d i s c s o r as s o l u t i o n s u s i n g a s o l u t i o n c e l l 

w i t h CaF2 windows ( p a t h l e n g t h 0.1mm) on a Perkin-Elmer 457 

IR s p e c t r o p h o t o m e t e r . The r e a c t i o n s were m o n i t o r e d by t a k i n g 

IR s o l u t i o n s p e c t r a over t h e c a r b o n y l s t r e t c h i n g r e g i o n , 

2500-1700 cm"-'-. Mass s p e c t r a were r e c o r d e d on a A.E.I MS9 

mass s p e c t r o m e t e r o p e r a t i n g a t 70 eV. E l e c t r o n impact and 

ch e m i c a l i o n i z a t i o n s p e c t r a were r e c o r d e d . I n g e n e r a l t h e CI 

s p e c t r a were used f o r i n t e r p r e t a t i o n , and E I were used where 

t h e y p r o v i d e d a d d i t i o n a l i n f o r m a t i o n . P r o t o n NMR s p e c t r a were 

r e c o r d e d on a Br u k e r HX90E s p e c t r o m e t e r a t 60MHz. CDCI3 o r 

dg-acetone s o l u t i o n s were used and TMS was t h e i n t e r n a l 

r e f e r e n c e . C, H and N analyses were c a r r i e d o u t by t h e 

d e p a r t m e n t a l m i c r o a n a l y s t u s i n g a C a r l o Erba 1106 Elemental 

A n a l y s e r . Manganese analyses were o b t a i n e d u s i n g atomic 

a b s o r p t i o n s p e c t r o s c o p y and Bromine c o n t e n t s determined by 

t i t r a t i o n w i t h s i l v e r ( I ) i o n s . 

I n t h e f o l l o w i n g s e c t i o n s , r e a c t i o n s are assigned 

numbers ( i n parentheses) f o r easy r e f e r e n c e . 
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P r e p a r a t i o n o f Mn(CO)gBr [ 1 ] 

Mn2(C0)-j^Q (6.9g) was d i s s o l v e d i n dichloromethane (80 

ml) . The f l a s k was c o o l e d t o 0°C i n an i c e b a t h and a 

s o l u t i o n o f bromine (1.26 ml) i n d i c h l o r o m e t h a n e (25 ml) 

added d r o p w i s e . The m i x t u r e was k e p t a t 0°C f o r 1 hour w i t h 

c o n t i n u o u s s t i r r i n g . The s o l v e n t was t h e n removed and t h e 

orange s o l i d added t o water (100 ml) t o d i s s o l v e any MnBr2. 

The m i x t u r e was a g i t a t e d and t h e n f i l t e r e d by s u c t i o n . The 

r e s i d u e was washed w i t h two p o r t i o n s o f water (50 ml) and 

methanol (20 m l ) . A f t e r d r y i n g i n a i r t h e s o l i d was 

s u b l i m e d , s m a l l q u a n t i t i e s a t a t i m e , a t 50-60°C (0,1 mmHg). 

The a i r - s t a b l e , orange c r y s t a l s were o b t a i n e d i n g r e a t e r t h a n 

90% y i e l d s . 

IR spectrum: v(CO) ( n u j o l m u l l ) : 2133 (m), 2050 (w), 2019 (s) 
2001(w) cm"^ 

P r e p a r a t i o n o f MnjfCO)gfOEt)3 [ 2 ] 

Mn(C0)5Br (approx. 4 mmole) was d i s s o l v e d i n hexane (10 

ml) and t r i e t h y l a m i n e and e t h a n o l (8 mmole) added. The 

m i x t u r e was t h e n heated t o 45°C f o r 7 h r s , w i t h c o n s t a n t 

s t i r r i n g . I n i t i a l l y t h e s o l u t i o n was orange b u t a f t e r a few 

hours became a deep r e d c o l o u r . 

The s o l u t i o n was t h e n c o o l e d and f i l t e r e d t o remove t h e 

d e p o s i t e d s o l i d . The f i l t r a t e was c o n c e n t r a t e d t o approx, 3 

ml and c o o l e d t o -20°C. Dark r e d c r y s t a l s were o b t a i n e d 

w h i c h were r e c r y s t a l l i z e d from hexane t o g i v e pure 

t r i s ( t r i c a r b o n y l e t h o x o m a n g a n e s e ) . 

3Mn(CO)5Br +3EtOH + 3Et3N—> Mn3 (CO) 9 (OEt) 3 + 6C0 + 3[NEt3H]Br 
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IR spectrum: 9(C0) (hexane s o l u t i o n / l i t e r a t u r e v a l u e s ) : 

2063(w), 2 0 3 4 ( v . s . ) , 2 0 3 0 ( v . s . ) , 1 9 7 4 ( s ) , 1 9 6 2 ( s ) , 1 9 5 4 ( s ) , 

1938(m), 1 9 3 0 ( s ) , 1903(w) cm"^. 

SECTION I 

A R e a c t i o n s o f Mn3(CO)g(OEt)3 w i t h CO 

1. Room t e m p e r a t u r e . 1 atm. CO p r e s s u r e 

A sample o f Mnj(CO)g(OEt)3 (few mgs) was d i s s o l v e d i n 

hexane (10 ml) t h e f l a s k heated t o 55°C and CO gas bubbled 

s l o w l y t h r o u g h t h e s o l u t i o n . An IR s o l u t i o n spectrum was 

t a k e n a f t e r an hour, w h i c h r e v e a l e d o n l y t h e peaks o f t h e 

s t a r t i n g m a t e r i a l . The t e m p e r a t u r e was r a i s e d t o 60°C, the n 

65°C and f i n a l l y 70°C. IR s o l u t i o n s p e c t r a a t each 

t e m p e r a t u r e showed no change i n t h e peak p o s i t i o n , b u t t h e r e 

i s a s u g g e s t i o n o f some d e c o m p o s i t i o n t o Mn2(C0)-j^Q a t 70°C 

The s o l u t i o n remained orange i n c o l o u r and, besides some 

Mn2(C0)-j^Q, i t appears t h a t no new p r o d u c t s were formed ( c f . 

r e f . [ i ] ) . 

2. E l e v a t e d t e m p e r a t u r e and h i g h CO pr e s s u r e s 

Samples o f Mn3(C0)g (OEt)3 (0.05g) were d i s s o l v e d i n 

hexane (50ml) and p l a c e d i n t h e a u t o c l a v e . The temperatures, 

CO p r e s s u r e s and r e a c t i o n t i m e s were v a r i e d as shown below, 

t o g e t h e r w i t h t h e r e s u l t s o f IR s o l u t i o n s p e c t r a o b t a i n e d a t 

t h e end o f each e x p e r i m e n t . 

Temp /°C Pressure / atm Time / h r Outcome (f r o m IR) 

55 20 2 X 
60 30 3 X Mn2(C0)-j^Q 
60 60 3 X 
70 60 2 X 

70-90 60 2 v/Mn2(CO)3^0 
65-110 30 4 •Mn2(C0)-j^Q 

83 



100 100 1 " 
110 60 2 " 
120 60 1 " 

I n t h e cases where t h e r e appeared t o be r e a c t i o n t h e r e 

was a l s o d e c o m p o s i t i o n t o Mn2(C0)-j^g, and t h e a t t e m p t s t o 

p r e p a r e a mononuclear a l k o x i d e by t h i s method were abandoned. 

A m i x t u r e o f Mn(C0)5 OEt and Mn2 (00)^^0 appeared t o be formed 

b u t a t t e m p t s t o e f f e c t s e p a r a t i o n by r e c r y s t a l l i z a t i o n method 

were u n s u c c e s s f u l . I f Mn(C0)50Et i s b e i n g c o n v e r t e d t o 

Mn2(C0)-]_Q t h i s s h o u l d n o t be CO-pressure dependent s i n c e t h e 

r a t i o o f Mn t o CO i s t h e same i n b o t h compounds. I f a 

mechanism i n v o l v i n g t h e l o s s o f two OEt r a d i c a l s i s envisaged 

t h e n t h i s i s a CO-pressure dependent process: 

-26Et OEt 

2 Mn(C0)50Et >Mn2 (00)^^0 + CO 

OEt 

Mn(C0)50Et has been s u c c e s s f u l l y produced i n a t i t a n i u m 

a u t o c l a v e , b u t t h e r e a c t i o n s i n t h i s s t u d y were undertaken i n 

a s t a i n l e s s s t e e l v e s s e l . There may be some c a t a l y s i s 

o c c u r r i n g from t h e Fe/Fe(C0)5, o r from t r a c e s o f rhodium used 

i n p r e v i o u s r e a c t i o n s . Using a g l a s s i n s e r t i n t h e a u t o c l a v e 

may s o l v e t h i s problem. 

B. R e a c t i o n s o f MnfCO)gBr w i t h A l c o h o l s 

( i ) Ethane 1.2 d i o l 

(1) Mn(C0)5Br (0.5g) was s t i r r e d w i t h p e t r o l e u m e t h e r (10 

m l , b.p. 100-120°C).and t r i e t h y l a m i n e (2 molar e q u i v a l e n t s ) 

and e t h a n - 1 , 2 - d i o l (2 molar e q u i v a l e n t s ) added. The m i x t u r e 

was t h e n h e a t e d t o 70°C f o r 1 h r . Toluene (5 ml) was added 
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t o improve t h e m i s c i b i l i t y o f t h e re a g e n t s . H e a t i n g was 

c o n t i n u e d a t 70°C f o r a f u r t h e r 2hrs. w i t h c o n t i n u o u s 

s t i r r i n g . The s o l u t i o n was c o o l e d t o room t e m p e r a t u r e and 

t h e s o l v e n t removed under vacuum. No new p r o d u c t s were 

i s o l a t e d . 

IR ( p e t r o l e u m e t h e r / t o l u e n e s o l u t i o n ) \)(C0) 2045(w), 2030(w), 

2010(w), 1940(s) cm"^. 

(2) IR f t o l u e n e s o l u t i o n . 5hrs. 70°C V(CO) 2045(m), 

2030(m), 2010(m), 1940(s) cm"^. 

(3) IR fhexane s o l u t i o n . 2 h r s . 70°C) V(CO) 2045(m), 2 0 2 0 ( s ) , 

1980(w) cm~^. 

(4) IR (hexane s o l u t i o n . 5hrs. 50°C) v*(CO) 2045(m), 

2 0 2 0 ( s ) , 1980(W) cm"^. 

( i i ) 2 - c h l o r o e t h a n o l 

(5) Mn(C0)5Br (0.5g) was d i s s o l v e d i n t o l u e n e (5 ml) and 

t r i e t h y l a m i n e (2 molar e q u i v a l e n t s ) and 2 - c h l o r o e t h a n o l (2 

mol a r e q u i v a l e n t s ) added. The s o l u t i o n was heated f o r 4 h r s . 

a t 60°C w i t h c o n t i n u o u s s t i r r i n g . The deep orange s o l u t i o n 

was c o o l e d t o room t e m p e r a t u r e and t h e s o l v e n t removed under 

vacuum. The r e s i d u e was c o l l e c t e d . E x p e r i m e n t a l data are 

c o l l e c t e d i n Ta b l e 3.1. 

(6) 3 h r s . 60°C Orange s o l i d i s o l a t e d . R e c r y s t a l l i z a t i o n 

was fr o m HjO ( t o remove [NEt3H]Br) and CH2CI2. 

(7) Heated f o r 2 h r s . a t 50°C Orange s o l i d i s o l a t e d . 

(8) Heated f o r 4 h r s . a t 50°C B r i g h t y e l l o w s o l i d 

i s o l a t e d . 

(9) as (8) . 
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(10) Heated f o r 6 h r s 50°C. Yellow-orange s o l i d i s o l a t e d . 

TLC: s m a l l samples o f s o l i d were d i s s o l v e d i n a l i t t l e 

a cetone and d i c h l o r o m e t h a n e , s p o t t e d onto s i l i c a p l a t e s and 

t o l u e n e used t o e l u t e . The p l a t e s were t h e n developed u s i n g 

i o d i n e c r y s t a l s . R^ v a l u e s were measured. 

(11) Heated f o r 6 h r s a t 50°C. A f u r t h e r a d d i t i o n o f NEt3 

and CH2CICH2OH ( 1 molar e q u i v a l e n t ) was made and h e a t i n g 

c o n t i n u e d f o r 3 h r s . a t 50°C. A second a d d i t i o n was made and 

t h e s o l u t i o n heated f o r 2 h r s a t 50°C. The t o l u e n e was 

removed under vacuum and t h e s o l i d r e s i d u e d i s s o l v e d i n 

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

and washing w i t h w a t e r t o remove t h e [NEt3H]Br. The 

d i c h l o r o m e t h a n e was t h e n removed under vacuum and an orange 

s o l i d o b t a i n e d . TLC as f o r ( 1 0 ) . 

(12) 1:4:4 molar r a t i o s Mn(C0)5Br : base : a l c o h o l used 

i n i t i a l l y and t h e s o l u t i o n heated t o 50°C f o r 6 h r s . No 

i n d i c a t i o n o f r e a c t i o n and no new p r o d u c t i s o l a t e d . 

(13) As ( 1 2 ) . L i t t l e s i g n o f r e a c t i o n , no new p r o d u c t 

i s o l a t e d . 

(14) 1:1:1 r a t i o s Mn(C0)5Br : base : a l c o h o l used i n i t i a l l y 

and t h e s o l u t i o n heated t o 45°C f o r 3 h r s . 1:1 f u r t h e r 

a d d i t i o n o f base and a l c o h o l , and h e a t i n g f o r f u r t h e r 1 h r . 

a t 45°C. I n s u f f i c i e n t p r o d u c t i s o l a t e d t o c o l l e c t . 

(15) . 1:2:2 r a t i o s r e a c t a n t s , heated f o r 3 h r s a t 45°C and 

f u r t h e r a d d i t i o n (1:1) o f base and a l c o h o l made. Heating was 

c o n t i n u e d f o r 1 h r . a t 45°C A dark orange s o l i d was 

i s o l a t e d . 
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(16) 1:2:2 r a t i o s Mn(C0)5Br : base : a l c o h o l used i n i t i a l l y , 

h e a t e d t o 45°C f o r 3 h r s . A f u r t h e r a d d i t i o n o f base and 

a l c o h o l (1:1:1) was made and t h e s o l u t i o n heated f o r 5 h r s . 

a t 60°C I n d i c a t i o n o f r e a c t i o n , b u t no new p r o d u c t was 

i s o l a t e d . 

(17) 1:2:2 r a t i o s o f r e a c t a n t s used i n i t i a l l y and t h e 

s o l u t i o n h e ated a t 45°C f o r 5 h r s . A f u r t h e r 1:1:1 a d d i t i o n 

o f base and a l c o h o l o c c u r r e d and t h e s o l u t i o n heated f o r an 

hour a t 45°C. A b r i g h t y e l l o w s o l i d was i s o l a t e d . 

(18) 1:1:1 r a t i o o f r e a c t a n t s , heated f o r 5 h r s . a t 45°C. A 

f u r t h e r 1:1:1 a d d i t i o n o f base and a l c o h o l was made w i t h 

h e a t i n g f o r 1 h r a t 45°C. A d a r k y e l l o w p r o d u c t was o b t a i n e d 

i n v e r y low y i e l d . 

( i i i ) Water 

(19) Mn(C0)5Br (0.5g) was d i s s o l v e d i n acetone (10 ml) and 

two m o l a r e q u i v a l e n t s o f t r i e t h y l a m i n e added t o g e t h e r w i t h a 

l a r g e excess o f w a t e r . The m i x t u r e was s t i r r e d a t room 

t e m p e r a t u r e f o r 4 h r s . The s o l v e n t was t h e n removed from t h e 

orange s o l u t i o n , t h e s o l i d r e s i d u e d i s s o l v e d i n 

d i c h l o r o m e t h a n e and t h e s o l u t i o n t r a n s f e r r e d t o a s e p a r a t i n g 

f u n n e l t o be washed w i t h w a t e r t o remove any [NEt3H]Br. The 

d i c h l o r o m e t h a n e was t h e n removed t o y i e l d a b r i g h t y e l l o w 

s o l i d . E x p e r i m e n t a l d a t a a r e c o l l e c t e d i n Table 3.2. 

(20) . As ( 1 9 ) . S t i r r e d f o r 7 h r s . a t room temperature and 

t h e n h e a t e d f o r 6 h r s . a t 55°C. The y e l l o w s o l i d o b t a i n e d was 

i n s u f f i c i e n t t o be c o l l e c t e d . 
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(21) S o l u t i o n heated f o r 7 h r s a t 40°C, 3 h r s a t 55°C. A 

y e l l o w s o l i d was i s o l a t e d . 

( i v ) ^ B u t a n o l 

(22) Mn(C0)5Br (0.5g) was d i s s o l v e d i n t o l u e n e (15 ml) and 

two molar e q u i v a l e n t s o f t r i e t h y l a m i n e and ^'butanol added. 

The m i x t u r e was heated f o r 3 h r s a t 50°C and 7 h r s a t 70°C. 

The d a r k red-brown s o l u t i o n was c o o l e d t o room temp e r a t u r e , 

t h e s o l v e n t removed, and t h e s o l i d r e s i d u e d i s s o l v e d i n 

d i c h l o r o m e t h a n e . The [NEt4H]Br was e x t r a c t e d w i t h water, and 

t h e s o l v e n t removed from t h e dic h l o r o m e t h a n e s o l u t i o n , A 

d a r k y e l l o w - b r o w n f i l m was o b t a i n e d which was i n s u f f i c i e n t 

f o r c o l l e c t i o n . E x p e r i m e n t a l d a t a a r e c o l l e c t e d i n Table 3.3. 

(23) Heated f o r 3 h r s 60°C. A f u r t h e r a d d i t i o n o f base and 

a l c o h o l ( 1 molar e q u i v a l e n t ) was made and t h e s o l u t i o n heated 

f o r a f u r t h e r 5 h r s a t 60°C. A t h i r d a d d i t i o n o f base and 

a l c o h o l was made and h e a t i n g c o n t i n u e d f o r a f u r t h e r 7 h r s a t 

70°C. A f o u r t h a d d i t i o n and 3 h r s h e a t i n g a t 70°C f o l l o w e d . 

The p a l e y e l l o w s o l u t i o n a f f o r d e d no s o l i d p r o d u c t . 

(24) As (22) H e a t i n g f o r 6 h r s a t 50°C. A yellow-brown f i l m 

was o b t a i n e d f r o m t h e d a r k brown s o l u t i o n , b u t i t was n o t 

p o s s i b l e t o i s o l a t e t h e s m a l l amount o f p r o d u c t . 

(25) As (22) w i t h hexane as s o l v e n t . 9 h r s h e a t i n g a t 50°C 

The orange s o l u t i o n gave a y e l l o w s o l i d i n s m a l l q u a n t i t y . 

(26) As (22) w i t h t o l u e n e as s o l v e n t . 7 h r s h e a t i n g a t 45°C 

and 7 h r s a t 55°C. A yellow-brown f i l m o n l y was o b t a i n e d . 

(27) As (22) w i t h acetone as s o l v e n t . The m i x t u r e was 
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heated f o r 11 h r s a t 50°C. A f u r t h e r 2:1 molar e q u i v a l e n t o f 

a l c o h o l and base was added and h e a t i n g c o n t i n u e d a t 50°C f o r 

4 h r s . A deep orange s o l i d was o b t a i n e d . 

(28) As ( 2 2 ) . The s o l u t i o n was heated f o r 14 h r s a t 50°C. 

A y e l l o w - b r o w n s o l i d was o b t a i n e d i n a v e r y s m a l l amount from 

t h e d a r k r e d - b l a c k s o l u t i o n . 

C Phosphine R e a c t i o n s : Mn(CO)^(PPh3)Br w i t h A l c o h o l s 

The apparent predominance o f m i x t u r e s o f a l k o x i d e 

p r o d u c t s and s t a r t i n g m a t e r i a l l e a d t o t h e idea o f f o r m i n g an 

i n t e r m e d i a t e Mn(C0)4LBr complex u s i n g L = PPh3 which would 

t h e n r e a c t c o m p l e t e l y t o g i v e [Mn(CO) 2L(0R) ] 

1 mole PPh3 

Mn(C0)5Br Mn(C0)4LBr 

2 moles PPHo ROH NEt3 

i R0H/NEt3 si/ 
Mn(CO)3L2Br -> [Mn (CO) 2L(0R) ] 

[Mn(C0)L2(0R) ] ^ 

P r e p a r a t i o n o f MnfCO)^fPPh3)Br ( r e f s . [ 3 ] , [ 4 ] , [ 5 ] ) . 

Mn(C0)5Br (0.5g) and PPh3 ( s l i g h t l y i n excess o f 1 molar 

e q u i v a l e n t ) were d i s s o l v e d i n t o l u e n e (20 ml) and t h e m i x t u r e 

h e a t e d f o r 2 h r s a t 50°C. 

IR ( t o l u e n e s o l u t i o n ) V(CO) 2 0 9 0 ( v . s . ) , 2010(v.s. b r o a d ) , 

1995(v.s., broad) 1950 (vs,broad) cm"-̂ . 

These f i g u r e s match those o f Atwood [ 5 ] f o r t h i s complex. 
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A b e l [ 4 ] found t h a t t h e d i s u b s t i t u t e d produce Mn(CO)3L2Br 

r e q u i r e d h e a t i n g t o 120°C, and i t was t h e r e f o r e assumed t h a t 

t h e method used he r e does g i v e t h e m o n o s u b s t i t u t e d p r o d u c t 

o n l y . The p r o d u c t was n o t i s o l a t e d b u t used i n f u r t h e r 

r e a c t i o n . 

MnfCO^fPPh^) Br w i t h A l c o h o l s 

( i ) E t h a n o l 

(29) E t h a n o l and t r i e t h y l a m i n e ( 1 molar e q u i v a l e n t s ) were 

added t o t h e s o l u t i o n and t h e m i x t u r e heated f o r 1 h r a t 

50°C, 2 h r s 70°C and 2 h r s a t 80°C. The s o l u t i o n was 

f i l t e r e d and t h e s o l v e n t removed under vacuum . A b r i g h t 

y e l l o w s o l i d was o b t a i n e d . E x p e r i m e n t a l data are c o l l e c t e d i n 

Tabl e 3.4. 

(30) As (29) . Dark orange s o l u t i o n heated f o r 3 h r s a t 

70°C, and 2 h r s a t 80°C. A f u r t h e r a d d i t i o n o f base and 

a l c o h o l ( 1 mo l a r e q u i v a l e n t ) was made a f t e r t h i s t i m e , and 

h e a t i n g c o n t i n u e d f o r 5 h r s a t 80°C. A t h i r d a d d i t i o n o f 

base and a l c o h o l was made w i t h h e a t i n g c o n t i n u i n g f o r 1 h r a t 

80°C. The s o l v e n t was removed and t h e s o l i d r e s i d u e washed 

w i t h w a t e r . A d a r k y e l l o w s o l i d was i s o l a t e d . 

(31) As ( 2 9 ) . T r i e t h y l a m i n e and e t h a n o l were added (3 molar 

e q u i v a l e n t s ) and t h e s o l u t i o n r e f l u x e d f o r 5 h r s a t 100°C. 

The s o l v e n t was removed from t h e dark r e d - b l a c k s o l u t i o n and 

t h e r e s i d u e washed w i t h w a t e r . A l i g h t brown s o l i d was 

i s o l a t e d . 

(32) As (29) Three molar e q u i v a l e n t s o f base and a l c o h o l 

were added and t h e m i x t u r e heated t o 100°C f o r 7 h r s . The 
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same q u a n t i t i e s o f base and a l c o h o l were t h e n added a f t e r 

t h i s h e a t i n g p e r i o d and h e a t i n g c o n t i n u e d a t 100°C f o r 5 h r s . 

The s o l v e n t was removed, t h e s o l i d r e s i d u e d i s s o l v e d i n 

d i c h l o r o m e t h a n e and t h i s s o l u t i o n washed w i t h water t o remove 

t h e [NEt3H]Br. The d i c h l o r o m e t h a n e was removed t o y i e l d a 

b r i g h t y e l l o w s o l i d . 

TLC Small samples o f t h e compound were d i s s o l v e d i n acetone 

and d i c h l o r o m e t h a n e , s p o t t e d onto s i l i c a p l a t e s and e l u t e d 

w i t h t o l u e n e . The p l a t e s were t h e n developed w i t h i o d i n e 

c r y s t a l s , and t h e v a l u e s measured. 

(33) As ( 3 2 ) . Three molar e q u i v a l e n t s o f t r i e t h y l a m i n e and 

e t h a n o l were added and t h e m i x t u r e heated t o 75°C f o r 6 h r s . 

A f u r t h e r t h r e e m olar e q u i v a l e n t s o f base and a l c o h o l were 

added w i t h h e a t i n g c o n t i n u i n g a t 75°C f o r another 6 h r s . A 

TLC as ( 3 2 ) . 

( i i ) 2 C h l o r o e t h a n o l 

(34) 2 c h l o r o e t h a n o l and t r i e t h y l a m i n e (2 molar e q u i v a l e n t s ) 

were added and t h e s o l u t i o n heated f o r 3 h r s a t 60°C and 7 

h r s a t 80°C. The s o l v e n t was removed under vacuum and t h e 

r e s i d u e d i s s o l v e d i n d i c h l o r o m e t h a n e . The s o l u t i o n was 

washed w i t h w a t e r t o remove [NEt3H]Br and t h e dichloromethane 

removed t o y i e l d a b r i g h t y e l l o w s o l i d . E x p e r i m e n t a l data are 

c o l l e c t e d i n T a b l e 3.5. 

(35) As (34) Base and a l c o h o l (3 molar e q u i v a l e n t s ) were 

added i n i t i a l l y w i t h h e a t i n g f o r 5 h r s a t 80°C. F u r t h e r 

a d d i t i o n o f base and a l c o h o l ( 1 molar e q u i v a l e n t ) and h e a t i n g 
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f o r 7 h r s a t 80°C f o l l o w e d . A t h i r d a d d i t i o n o f base and 

a l c o h o l ( 1 molar e q u i v a l e n t ) was made and h e a t i n g c o n t i n u e d 

f o r 3 h r s . No p r o d u c t was o b t a i n e d from t h e p a l e y e l l o w 

s o l u t i o n . 

(36) As (34) Base and a l c o h o l added as f o u r molar 

e q u i v a l e n t s and t h e s o l u t i o n heated f o r 19 h r s a t 100°C. 

From t h e p a l e y e l l o w s o l u t i o n a cream c o l o u r e d s o l i d was 

i s o l a t e d . 

( i i i ) ^ B u t a n o l 

(37) As ( 3 4 ) . T r i e t h y l a m i n e and "^butanol (two molar 

e q u i v a l e n t s ) were added t o t h e phosphine complex s o l u t i o n and 

t h e m i x t u r e h e ated t o 60°C f o r 3 h r s and 80°C f o r 7 h r s . A 

y e l l o w - o r a n g e s o l i d was o b t a i n e d from t h e orange s o l u t i o n . 

E x p e r i m e n t a l d a t a a r e c o l l e c t e d i n Table 3.6. 

(38) As (37) . Base and a l c o h o l were added (3 molar 

e q u i v a l e n t s ) and t h e m i x t u r e r e f l u x e d a t 100°C f o r 5 h r s . A 

f u r t h e r molar e q u i v a l e n t o f base and a l c o h o l was added and 

t h e h e a t i n g c o n t i n u e d f o r an a d d i t i o n a l 9 h r s . A t h i r d 

a d d i t i o n o f base and a l c o h o l was made and t h e s o l u t i o n heated 

f o r a f u r t h e r 3 h r s . The y e l l o w - o r a n g e s o l u t i o n y i e l d e d a 

b r i g h t y e l l o w s o l i d . 

S e c t i o n I I 

D O p t i m i z a t i o n o f R e a c t i o n C o n d i t i o n s 

I n t h i s s e c t i o n work c a r r i e d o u t u s i n g a l t e r n a t i v e 

s o l v e n t s and bases and chloropentacarbonylmanganese ( I ) i n 

o r d e r t o f i n d t h e optimum c o n d i t i o n s f o r y i e l d i n g r e l i a b l e 
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and r e p r o d u c i b l e r e s u l t s i s d e s c r i b e d . 

Because manganese c a r b o n y l h a l i d e s are o n l y s p a r i n g l y 

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

o r g a n i c s o l v e n t s , acetone and a l c o h o l were t r i e d , t h e a l c o h o l 

a c t i n g as b o t h s o l v e n t and r e a c t a n t . Acetone has a b o i l i n g 

p o i n t o f 55°C and so i s u n s u i t a b l e f o r t h e phosphine 

r e a c t i o n s where t o l u e n e was r e t a i n e d as s o l v e n t . 

Sodium c a r b o n a t e and p r o t o n sponge were t r i e d as bases 

i n b o t h s e t s o f r e a c t i o n s , c a r b o n a t e b e i n g o f a p p r o x i m a t e l y 

t h e same b a s i c i t y as t r i e t h y l a m i n e [ 6 ] , b u t p r o t o n sponge i s 

a v e r y s t r o n g base and weak n u c l e o p h i l e due t o s t e r i c e f f e c t s 

[ 7 ] . 

Chloropentacarbonylmanganese ( I ) sh o u l d be more r e a c t i v e 

t h a n t h e bromide t o s u b s t i t u t i o n o f t h e h a l i d e by 

n u c l e o p h i l i c OR" and a comparison o f r a t e and c o n v e r s i o n t o 

p r o d u c t s was made between t h e c h l o r i d e and bromide. 

E x p e r i m e n t a l d a t a a r e c o l l e c t e d i n Table 3.7. 

( i ) Acetone as S o l v e n t 

(39) MnfCO)^Br/NEtj/EtOH 

Mn(C0)5Br (0.5g) was d i s s o l v e d i n acetone (20 ml) and 

two m o l a r e q u i v a l e n t s o f e t h a n o l and t r i e t h y l a m i n e added. 

The s o l u t i o n as heated f o r 3 h r s a t 45°C and t h e n f o r 3 h r s 

a t 50°C, a w a t e r - c o o l e d r e f l u x condenser b e i n g a t t a c h e d t o 

t h e f l a s k t o p r e v e n t l o s s o f s o l v e n t . A w h i t e p r e c i p i t a t e 

was removed from t h e orange s o l u t i o n by f i l t r a t i o n , and t h e 

f i l t r a t e reduced i n volume t o approx 3 ml b e f o r e c o o l i n g i t 

t o -2 0°C. S o l v e n t was t h e n removed under vacuum t o y i e l d an 
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orange s o l i d . 

(40) MnfCO)5Br/NEt3/CH2ClCH20H 

As ( 3 9 ) . The s o l u t i o n was heated f o r 3 h r s a t 45°C and 

3 h r s a t 50°C. The dark red-brown s o l u t i o n y i e l d e d an 

orange-brown s o l i d . 

( i i ) E t h a n o l as s o l v e n t 

(41) MnfCO)^Br/Proton sponge 

Two molar e q u i v a l e n t s o f p r o t o n sponge (1,8 b i s 

( d i m e t h y l a m i n o ) napthalene) were added t o Mn(C0)5Br (0.5g) 

d i s s o l v e d i n e t h a n o l (20 m l ) . The m i x t u r e was heated f o r 10 

h r s . a t 50°C. The s o l v e n t was removed from t h e red/orange 

s o l u t i o n under vacuum and t h e s o l i d r e s i d u e d i s s o l v e d i n 

d i c h l o r o m e t h a n e . T h i s s o l u t i o n was t r a n s f e r r e d t o a 

s e p a r a t i n g f u n n e l and washed w i t h w ater. The s o l v e n t was 

removed from t h e d i c h l o r o m e t h a n e s o l u t i o n t o y i e l d a y e l l o w 

s o l i d w h i c h darkened t o brown on s t a n d i n g . 

(42) Mn(CO)gBr/Sodium Carbonate 

Mn(C0)5Br (0.5g) and a s p a t u l a measure o f Na2C03 were 

d i s s o l v e d i n e t h a n o l (20 m l ) . The s o l u t i o n was heated f o r 10 

h r s a t 50°C b e f o r e b e i n g f i l t e r e d . The volume o f t h e 

f i l t r a t e was reduced t o 3 ml and c o o l e d t o -20°C. So l v e n t 

was t h e n remove under vacuum t o y i e l d a y e l l o w s o l i d . 

( i i i ) Base 

(43) MnfCO)^Br/Proton Sponqe/Ethanol 

Mn(C0)5Br (0.5g) and two molar e q u i v a l e n t s o f p r o t o n 

sponge were d i s s o l v e d i n acetone (20 m l ) . The s o l u t i o n was 
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heated f o r 2 hours a t 45°C and f o r 7 h r s a t 50°C and t h e dark 

orange s o l u t i o n f i l t e r e d t o remove t h e p r e c i p i t a t e d s o l i d . 

The f i l t r a t e was reduced t o 3 ml i n volume and cooled t o -

20°C. S o l v e n t was t h e n removed under vacuiam t o y i e l d a 

b r i g h t y e l l o w s o l i d . 

(44) MnfCO)gBr/Sodium c a r b o n a t e / E t h a n o l 

Mn(C0)5Br (0.5g) and Na2C03 ( s p a t u l a measure) were added 

t o acetone (20 ml) and two molar e q u i v a l e n t s o f e t h a n o l 

added. The m i x t u r e was heated f o r 8 h r s a t 50°C, t h e n 

f i l t e r e d and reduced i n volume as i n (43) . The dark 

r e d / b l a c k s o l u t i o n y i e l d e d d a r k r e d c r y s t a l s . 

( i v ) Phosphine Complex Reactions w i t h o t h e r bases 

(45) Mn(CO)4 fPPh3)Br/Proton Sponae/Ethanol 

The phosphine i n t e r m e d i a t e Mn(CO)^(PPh3)Br was prepared 

as i n t h e p r e v i o u s s e c t i o n . Two molar e q u i v a l e n t s o f p r o t o n 

sponge and e t h a n o l were added t o t h e t o l u e n e s o l u t i o n and t h e 

m i x t u r e h e a t e d f o r 15 hours a t 70°C. The s o l v e n t was removed 

under vacuum f r o m t h e y e l l o w - o r a n g e s o l u t i o n . The r e s i d u e 

was d i s s o l v e d i n d i c h l o r o m e t h a n e and t r a n s f e r r e d t o a 

s e p a r a t i n g f u n n e l where i t was washed w i t h water. The 

d i c h l o r o m e t h a n e was removed t o y i e l d an orange-brown s o l i d . 

(46) MnfCO)^ fPPh3) Br/Sodium carbonate/Ethanol 

Two molar e q u i v a l e n t s o f e t h a n o l and a s p a t u l a measure 

o f sodium c a r b o n a t e were added t o t h e phosphine i n t e r m e d i a t e . 

The m i x t u r e was heated f o r 15 h r s . a t 70°C, t h e yellow-orange 

s o l u t i o n f i l t e r e d and reduced i n volume t o 3 ml b e f o r e 
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c o o l i n g t o -20°C. S o l v e n t was t h e n removed t o y i e l d an 

orange-brown s o l i d . 

(47) MnfCO)4 fPPhj) B r / P r o t o n Sponae/Ethanol 

Two molar e q u i v a l e n t s o f p r o t o n sponge and e t h a n o l were 

added t o t h e phosphine i n t e r m e d i a t e and t h e m i x t u r e heated t o 

100°C f o r 15 h r s . The s o l v e n t was removed from t h e red-orange 

s o l u t i o n and t h e s o l i d r e s i d u e d i s s o l v e d i n dichloromethane. 

The s o l u t i o n was t r a n s f e r r e d t o a s e p a r a t i n g f u n n e l and 

washed w i t h w a t e r t o remove t h e p r o t o n a t e d base. The s o l v e n t 

was removed from t h e dichloromethane s o l u t i o n t o y i e l d a 

y e l l o w - b r o w n s o l i d which becomes t o p a l e brown on s t a n d i n g . 

(48) Mn(CO)^(PPh)3 Br/Sodium car b o n a t e / E t h a n o l 

Two molar e q u i v a l e n t o f e t h a n o l and a s p a t u l a measure o f 

sodium c a r b o n a t e were added t o t h e phosphine i n t e r m e d i a t e and 

t h e m i x t u r e heated f o r 16 h r s a t 100°C. The orange s o l u t i o n 

was f i l t e r e d and reduced t o 3 ml i n volume b e f o r e c o o l i n g t o 

-20°C. S o l v e n t was t h e n removed t o y i e l d a b r i g h t orange 

s o l i d . 

(V) MnfCO)3CI r e a c t i o n s 

P r e p a r a t i o n o f MnfCO)gCl 

Mn2(CO)2o (^g) was d i s s o l v e d i n dichloromethane (80 

m l ) . C h l o r i n e was passed i n t o t h e s o l u t i o n , v i a an o i l 

b u b b l e r and c a l c i u m c h l o r i d e d r y i n g tower, which was kep t a t 

0°C i n an i c e b a t h . Excess c h l o r i n e was d i s s o l v e d i n water. 

A s t e a d y f l o w o f gas was m a i n t a i n e d f o r 20 minutes d u r i n g 

w h i c h t i m e t h e Mn(C0)5Cl had p r e c i p i t a t e d as a p a l e y e l l o w 

s o l i d , t o g e t h e r w i t h some w h i t e MnCl2. The v o l a t i l e m a t e r i a l 
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was removed and t h e l i g h t - s e n s i t i v e Mn(C0)5Cl p u r i f i e d by 

s u b l i m a t i o n a t 40°C ( 0 . 1 mm Hg). 

(49) Mn f C O ) ^ C l / T r i e t h v l a m i n e / E t h a n o l 

Mn(00)^01 (0.5g) was d i s s o l v e d i n acetone (20 ml) and 

two m o l a r e q u i v a l e n t s o f t r i e t h y l a m i n e and e t h a n o l added, a 

The m i x t u r e was heated f o r 10 h r s a t 50°C. The s o l v e n t was 

removed from t h e orange s o l u t i o n and t h e s o l i d r e s i d u e 

d i s s o l v e d i n d i c h l o r o m e t h a n e . T h i s s o l u t i o n was t r a n s f e r r e d 

t o a s e p a r a t i n g f u n n e l and washed w i t h water t o remove 

[NEt3H]Br. The d i c h l o r o m e t h a n e was t h e n removed under vacuum 

t o y i e l d a d a r k orange s o l i d . 

(50) . MnfCO)^ f P P h 3 ) C l / T r i e t h v l a m i n e / E t h a n o l 

The phosphine i n t e r m e d i a t e was pr e p a r e d as p r e v i o u s l y . 

Two molar e q u i v a l e n t s o f t r i e t h y l a m i n e and e t h a n o l were added 

and t h e m i x t u r e heated t o 70°C f o r 15 h r s . The t o l u e n e was 

removed from t h e orange-red s o l u t i o n and t h e s o l i d r e s i d u e 

t r e a t e d as i n ( 4 9 ) . A b r i g h t y e l l o w s o l i d was o b t a i n e d . 

S e c t i o n I I I 

E. F u r t h e r R e a c t i o n s o f MnfCO)^Br w i t h A l c o h o l s 

The r e a c t i o n s o f Mn(C0)5Br w i t h v a r i o u s a l c o h o l s was 

c o n t i n u e d u s i n g sodium carbonate as t h e base and acetone as 

t h e s o l v e n t . E x p e r i m e n t a l d a t a are c o l l e c t e d i n Table 3.8. 

( i ) E t h a n o l 

(51) Mn(C0)5Br (0.5g) and a s p a t u l a measure o f sodium 

c a r b o n a t e were s t i r r e d w i t h acetone (20 ml) and two molar 
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e q u i v a l e n t s o f e t h a n o l added. The m i x t u r e was heated a t 45°C 

f o r 10 h r s b e f o r e f i l t e r i n g t h e orange s o l u t i o n and r e d u c i n g 

t o 3 ml i n volume. The s o l u t i o n was c o o l e d t o -20°C and t h e 

r e m a i n i n g s o l v e n t removed under vacuum t o y i e l d a b r i g h t 

orange s o l i d . 

(52) . As ( 5 1 ) . The m i x t u r e was heated f o r 18 h r s . a t 50°C, 

3 h r s . a t 70°C and 7 h r s a t 80°C. The red-brown s o l u t i o n 

y i e l d e d a y e l l o w s o l i d . 

( i i ) 2 - C h l o r o e t h a n o l 

(53) As (51) . The m i x t u r e was heated f o r 9 h r s a t 45°C. 

The orange s o l u t i o n gave a y e l l o w s o l i d which darkened t o 

brown on s t a n d i n g . 

(54) As ( 5 1 ) . The m i x t u r e was heated f o r 12 h r s . a t 50°C. 

The orange s o l u t i o n y i e l d e d a dark y e l l o w s o l i d . 

( i i i ) Water 

(55) . As ( 5 1 ) . A l a r g e excess o f water was added, and t h e 

m i x t u r e h e a t e d f o r 9 h r s a t 45°C. The orange s o l u t i o n 

y i e l d e d a d a r k y e l l o w s o l i d . 

(56) as (51) t h e m i x t u r e was heated a t 50°C f o r 12 h r s . The 

d a r k red-brown s o l u t i o n y i e l d e d a d a r k brown g e l a t i n o u s 

s o l i d . 

( i v ) ^ B u t a n o l 

(57) . As ( 5 1 ) . The m i x t u r e was heated f o r 9 h r s . a t 45°C. 

The orange s o l u t i o n y i e l d e d a y e l l o w s o l i d which darkens t o 

brown on s t a n d i n g . 
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(58) . As ( 5 1 ) . The m i x t u r e was heated f o r 12 h r s a t 50°C. 

The orange s o l u t i o n y i e l d e d a b r i g h t y e l l o w s o l i d . 

(V) Propan-2-ol 

(59) As ( 5 1 ) . The m i x t u r e was heated f o r 70 h r s . a t 45°C. 

The orange s o l u t i o n y i e l d e d an orange s o l i d . 

(60) . As ( 5 1 ) . The m i x t u r e was heated f o r 30 h r s . a t 50°C. 

The orange s o l u t i o n y i e l d e d a d a r k y e l l o w s o l i d . 

( v i ) B u t a n - l - o l 

(61) As ( 5 1 ) . The m i x t u r e was heated a t 50°C f o r 20 h r s . 

The red-brown s o l u t i o n y i e l d e d a g e l a t i n o u s s o l i d o f t h e same 

c o l o u r . 

( v i i ) T r i p h e n y l c a r b i n o l 

(62) As (51) . The m i x t u r e was heated f o r 11 h r s . a t 50°C. 

The red-brown s o l u t i o n y i e l d e d a p a l e y e l l o w s o l i d . 

( v i i i ) 2-Methoxyethanol 

(63) . As (51) . The m i x t u r e was heated f o r 12 h r s . a t 50°C. 

The d a r k orange s o l u t i o n y i e l d e d a d a r k y e l l o w s o l i d . 

( i x ) G l y c o l 

(64) As ( 5 1 ) . The m i x t u r e was heated f o r 6 h r s . a t 50°C. 

The d a r k orange/red s o l u t i o n y i e l d e d a d a r k yellow/brown 

s o l i d . 

(65) As ( 5 1 ) . The m i x t u r e was heated f o r 4 h r s . a t 50°C. 

The orange s o l u t i o n y i e l d e d a brown g e l a t i n o u s s o l i d . 
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(x) Acetoxime 

(66) . As ( 5 1 ) . The m i x t u r e was heated f o r 4 h r s . a t 50°C 

and t h e orange s o l u t i o n y i e l d e d a brown s o l i d . 

( x i ) p - N i t r o p h e n o l 

(67) As ( 5 1 ) , The m i x t u r e was heated f o r 5 h r s . a t 50°C and 

t h e orange s o l u t i o n y i e l d e d a s o l i d o f t h e same c o l o u r . 

( x i i ) Benzyl A l c o h o l 

(68) . As (51) The s o l u t i o n as heated f o r 7 h r s a t 50°C and 

t h e d a r k red/brown s o l u t i o n y i e l d e d a d a r k yellow/orange 

s o l i d . 

( x i i i ) 3 - B u t e n - l - o l 

(69) (as ( 5 1 ) . The m i x t u r e was heated f o r 16 hours a t 50°C 

and t h e orange s o l u t i o n y i e l d e d a d a r k orange s o l i d . 

( x i v ) 2 - B u t y n e - l , 4 - d i o l 

(70) As ( 5 1 ) . The m i x t u r e was heated f o r 5 h r s a t 50°C and 

t h e d a r k orange s o l u t i o n y i e l d e d a y e l l o w / o r a n g e s o l i d i n low 

y i e l d . 

(71) As ( 5 1 ) . The m i x t u r e was heated f o r 9 h r s . a t 50°C and 

t h e orange s o l u t i o n y i e l d e d a d a r k yellow/brown s o l i d . 

(XV) E t h a n e d i o l 

(72) As ( 5 1 ) . The m i x t u r e was heated f o r 14 h r s . a t 50°C 

and t h e orange s o l u t i o n y i e l d e d a brown s o l i d . 
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( x v i ) Methanol 

(73) As ( 5 1 ) . The s o l u t i o n was heated f o r 10 h r s . a t 50°C 

and t h e orange s o l u t i o n y i e l d e d a d a r k orange/brown s o l i d . 

F F u r t h e r Phosphine R e a c t i o n s : MnfCO)^(PPh3)Br w i t h A l c o h o l s 

( i ) Acetoxime 

(74) The phosphine i n t e r m e d i a t e was o b t a i n e d as p r e v i o u s l y . 

Two molar e q u i v a l e n t s o f acetoxime and a s p a t u l a measure o f 

sodium c a r b o n a t e were added t o t h e phosphine i n t e r m e d i a t e i n 

t o l u e n e s o l u t i o n (20 m l ) . The m i x t u r e was heated f o r 4 h r s . 

a t 70°C b e f o r e f i l t e r i n g t h e red/orange s o l u t i o n , r e d u c i n g 

t h e volume t o 3 ml and c o o l i n g t o -20 C. The re m a i n i n g 

s o l v e n t was removed under vacuum t o y i e l d a b r i g h t orange 

s o l i d . 

(75) As (74) The m i x t u r e was heated a t 100°C f o r 4 h r s . and 

t h e d a r k r e d / b l a c k s o l u t i o n y i e l d e d a p a l e brown s o l i d . 

(76) As ( 7 4 ) . Two molar e q u i v a l e n t s o f t r i e t h y l a m i n e and 

acetoxime were added t o t h e phosphine i n t e r m e d i a t e i n t o l u e n e 

s o l u t i o n . The m i x t u r e was heated f o r 10 h r s a t 70°C and t h e 

d a r k r e d s o l u t i o n y i e l d e d a d a r k orange s o l i d . 

(77) As ( 7 6 ) . The m i x t u r e was heated f o r 2 h r s . a t 100°C 

and t h e d a r k r e d s o l u t i o n y i e l d e d an orange s o l i d . 

(78) As ( 7 6 ) . The m i x t u r e was heated f o r 5 h r s . a t 100°C 

and t h e b r i g h t orange s o l u t i o n y i e l d e d a s o l i d o f t h e same 

c o l o u r . 
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( i i ) p - N i t r o p h e n o l 

(79) As ( 7 4 ) . The m i x t u r e was heated t o 70°C f o r 19 h r s . 

and t h e y e l l o w - o r a n g e s o l u t i o n y i e l d e d a d a r k y e l l o w s o l i d 

w h i c h becomes green on s t a n d i n g under n i t r o g e n . 

(80) . As ( 7 9 ) . The m i x t u r e was heated f o r 5 h r s . a t 100°C, 

and t h e d a r k green s o l u t i o n y i e l d e d a s o l i d o f t h e same 

c o l o u r . 

(81) As ( 7 9 ) . The m i x t u r e was heated f o r 6 h r s . a t 100°C 

and t h e d a r k red/orange s o l u t i o n y i e l d e d a dark y e l l o w / g r e e n 

s o l i d . 

( i i i ) T r i p h e n v l c a r b o n o l 

(82) As ( 7 9 ) . The m i x t u r e was heated a t 70°C f o r 10 h r s . 

and t h e orange s o l u t i o n y i e l d e d a b r i g h t y e l l o w s o l i d . 

(83) . As (82) The m i x t u r e was heated f o r 11 h r s . a t 100°C 

and t h e orange s o l u t i o n y i e l d e d a s o l i d o f t h e same c o l o u r . 

( i v ) E t h a n e d i o l 

(84) As ( 7 9 ) . The m i x t u r e was heated f o r 25 h r s . a t 70°C, 

and t h e y e l l o w / o r a n g e s o l u t i o n y i e l d e d a y e l l o w s o l i d . 

(85) As ( 8 4 ) . The m i x t u r e was heated f o r 17 h r s . a t 100°C 

and t h e p a l e orange s o l u t i o n y i e l d e d a y e l l o w s o l i d . 

G P u r i f i c a t i o n o f t h e R e a c t i o n Products 

I n t h e r e a c t i o n s d e s c r i b e d i n s e c t i o n s B and C, two 

methods o f p u r i f i c a t i o n o f t h e p r o d u c t s were used. I n i t i a l l y 

t h e s o l i d o b t a i n e d a f t e r removal o f t h e s o l v e n t was washed 
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w i t h w a t e r t o d i s s o l v e any [NEt3H]Br and t h i s s o l u t i o n 

f i l t e r e d b e f o r e d r y i n g t h e p r o d u c t and r e c r y s t a l l i z i n g from 

t o l u e n e . T h i s was n o t found t o be g e n e r a l l y s u i t a b l e as t h e 

2 - c h l o r o e t h a n o l r e a c t i o n p r o d u c t s seemed t o be q u i t e s o l u b l e 

i n w a t e r . 

The second method used was t o d i s s o l v e t h e s o l i d 

o b t a i n e d from t h e r e a c t i o n m i x t u r e i n a s m a l l volume of 

d i c h l o r o m e t h a n e (about 20 ml) and e x t r a c t any [NEt3]Br by 

r e p e a t e d washing w i t h s m a l l q u a n t i t i e s o f water (no more than 

5 ml) . T h i s was r e p e a t e d u n t i l t h e water washings showed no 

Br~ t o be p r e s e n t when aqueous n i t r i c a c i d and s i l v e r n i t r a t e 

s o l u t i o n s were added dropwise. A l t h o u g h t i m e consuming, t h i s 

method does succeed i n removing t h e [NEt3H]Br from t h e 

p r o d u c t , which can t h e n be r e c r y s t a l l i z e d from t o l u e n e . I t s 

major drawbacks a r e t h a t some o f t h e r e q u i r e d p r o d u c t can be 

l o s t , and i t i s a method more s u i t a b l e f o r c a r r y i n g o u t i n 

t h e l a b o r a t o r y atmosphere and so i s n o t as s u i t e d t o v e r y a i r 

s e n s i t i v e compounds. F o r t u n a t e l y t h e a l k o x y d e r i v a t i v e s 

o b t a i n e d i n t h i s s t u d y appear t o be much l e s s a i r - s e n s i t i v e 

t h a n Mn(C0)5Br. 

W i t h sodium c a r b o n a t e as base t h e procedure was simply 

one o f f i l t r a t i o n ( r e p e a t e d i f necessary) t o remove t h e base 

and r e c r y s t a l l i z a t i o n o f t h e c o l l e c t e d p r o d u c t from t o l u e n e 

o r d i c h l o r o m e t h a n e . 

A f t e r c r y s t a l l i z a t i o n t h e p r o d u c t s s t i l l c o n t a i n 

s t a r t i n g m a t e r i a l w h i c h has proved d i f f i c u l t t o remove. One 

p o s s i b l e method was s u b l i m a t i o n , P u r e Mn(C0)5Br sublimes 
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between 50 and 60°C a t O.lmmHg p r e s s u r e . These c o n d i t i o n s 

were t r i e d w i t h s e v e r a l samples b u t v e r y l i t t l e bromide was 

c o l l e c t e d on t h e c o l d f i n g e r . 

A n o t h er method t r i e d was S o x h l e t e x t r a c t i o n . A s m a l l 

sample (O.lg) o f t h e p r o d u c t from r e a c t i o n (7) was p l a c e d on 

t h e s i n t e r o f t h e S o x h l e t column and pentane (70 ml) heated 

t o 60°C i n t h e f l a s k beneath. The e x t r a c t i o n was r u n f o r a 

t o t a l o f 13 hours (under a n i t r o g e n atmosphere) b e f o r e d r y i n g 

and c o l l e c t i n g t h e s o l i d r e s i d u e . I n t h e o r y t h e Mn(C0)5Br 

s h o u l d be s o l u b l e t o a g r e a t e r e x t e n t i n h o t pentane w h i l s t 

t h e p r o d u c t s remain on t h e s i n t e r . However, e l e m e n t a l 

a n a l y s i s showed t h a t s t a r t i n g m a t e r i a l was s t i l l p r e s e n t and 

t h e r e was l i t t l e d i f f e r e n c e i n t h e percentage o f bromine i n 

t h e sample. 

A t t e m p t s were t h e n made t o p u r i f y samples u s i n g 

f r a c t i o n a l r e c r y s t a l l i z a t i o n t e c h n i q u e s . Three samples were 

chosen t o t e s t t h e v a l i d i t y o f these methods: (1) t h e p r o d u c t 

o f r e a c t i o n ( 5 0 ) , a pho s p h i n e / e t h a n o l r e a c t i o n (2) t h e 

c o l l e c t e d samples from t h e r e a c t i o n s o f Mn(C0)5Br w i t h 

e t h a n o l (43,44,41,42,49,51,52), and (3) t h e c o l l e c t e d samples 

fr o m t h e r e a c t i o n s o f Mn(C0)5Br w i t h 2 c h l o r o e t h a n o l 

(6,7,8,9,10,11,15,17,40,53,54). Each o f t h e samples 1, 2 and 

3 were d i s s o l v e d i n t o l u e n e , and t h e s o l v e n t p a r t i a l l y 

removed s l o w l y under vacuum. The s o l i d which separated was 

d i s s o l v e d i n d i c h l o r o m e t h a n e and t h e s o l v e n t reduced i n 

volume as b e f o r e . The s o l i d produced was t h e n s u b m i t t e d f o r 

C,H and N a n a l y s i s . 

Sample 1 gave a m i x t u r e o f w h i t e and orange c r y s t a l s 
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w h i c h can be c l e a r l y seen w i t h a hand l e n s . The sample was 

t r e a t e d i n t h i s manner on t h r e e s u c c e s s i v e occasions and t h e 

r e s u l t s f o r carbon and hydrogen a n a l y s i s are g i v e n below (no 

n i t r o g e n was found) a f t e r each " p u r i f i c a t i o n " : 

C% = 65.40 H% = 4.05 
70.16 4.54 
62.06 5.16 

average C% = 65.9 

P o s s i b l e p r o d u c t s from t h e r e a c t i o n are as f o l l o w s , w i t h 

t o l u e n e as o c c l u d e d s o l v e n t : 

[Mn(CO)2(PPh3) (OEt) C% = 63.16 H % = 4.78 

[Mn(CO)2(PPh3) (OEt) 0-SCgH5CH3 65.95 5.17 

[Mn(CO)2(PPh3) (OEt) ]j^.lCgH5CH3 68 .24 5.4 

[Mn(CO) (P P h 3 ) 2 ( O E t ) ] j , 7 1.78 5 37 

The most l i k e l y p r o d u c t i s [Mn(CO) 2 (PPh3) (OEt) w i t h some 

o c c l u d e d t o l u e n e . The w h i t e c r y s t a l s were t h o u g h t t o be 

t r i p h e n y l phosphine a t f i r s t , b u t t h i s seems u n l i k e l y i n view 

o f t h e h i g h percentage carbon c o n t e n t found, 82.5%. 

Sample 2 has had l e s s work c a r r i e d o u t on i t , b u t t h e r e s u l t s 

o f t h e p u r i f i c a t i o n a f t e r two r e p e t i t i o n s o f t h e procedure 

o u t l i n e d above a r e : 

C% = 31.32 H% = 3.08 N% = 3.68 
24.84 1.99 0.67 

The t h e o r e t i c a l r e s u l t s f o r t h e expected p r o d u c t a r e : 

[Mn(C0)3(0Et) C% = 32.61 H% = 2.72 

Sample 3 was p u r i f i e d as above b u t an i n t e r e s t i n g o b s e r v a t i o n 

was made on a d d i n g t h e sample t o water. A y e l l o w s o l u t i o n 

was o b t a i n e d w h i c h y i e l d e d a y e l l o w s o l i d on removing t h e 

w a t e r under vacuum. The a n a l y s i s r e s u l t s f o r t h i s s o l i d 
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t o g e t h e r w i t h t h e expected r e s u l t s a re g i v e n below: 

Sample 3, from w a t e r C% = 32.06 H% = 1.98 

[Mn(C0)3 (OCH2CH2CI) 27.46 1.83 

[Mn(CO) 3 (OCH2CH2OH) 31.50 2.18 

The l a t t e r compound would be o b t a i n e d i f r e a c t i o n occurred 

w i t h w a t e r , and i f i n t h e h y d r o l y s i s C l ~ was r e p l a c e d by OH". 

I t may be t h e case t h a t removing t h e wa t e r under vacuum 

encourages l o s s o f CO by t h e r e s u l t a n t r e d u c t i o n i n vapour 

p r e s s u r e and t h e p r o d u c t o b t a i n e d may be p o l y m e r i c . 

A n u j o l m u l l o f t h e y e l l o w s o l i d gave peaks i n t h e IR 

spectrum > 2100 ( w ) , 2050 ( s ) , 2005 (w) cm~^. 

•'•H s p e c t r a nmr were r e c o r d e d i n dg-acetone f o r samples 1 

and 3. Both s p e c t r a showed s h i f t s i n s o l v e n t s i g n a l s o f 

a p p r o x i m a t e l y 1 ppm due t o t h e presence o f some paramagnetic 

i m p u r i t y . A s s i g n a b l e peaks f o r sample 1 are an i n t e n s e 

s i n g l e t a t 1.93 ppm (TMS), an i n t e n s e s i n g l e t a t 3.09 ppm 

( a c e t o n e ) , a weak s i n g l e t a t 6.66 ppm (CH2CI2), a weak 

s i n g l e t a t 8.22 ppm (CHCI3), and a weak s i n g l e t a t 8.51 ppm 

and a weak m u l t i p l e t a t 8.85 ppm (PPh3). Peaks assigned t o 

t h e complex a r e a broad m u l t i p l e t a t 3.97 ppm and a weak 

s i n g l e t a t 4.34 ppm. 

Sample 3 showed an i n t e n s e s o l v e n t peak a t 3.2 0 ppm and 

a weaker s i n g l e t a t 8.33 ppm (CHCI3) and some v e r y weak 

m u l t i p l e t s a t 5.4 and 5.5 ppm which were assigned t o t h e 
complex. 

The peak b r o a d e n i n g c o u l d be due t o t h e presence o f 

paramagnetic m a t e r i a l , exchange w i t h acetone o r f l u x i o n a l i t y 

o f t h e m o l e c u l e . 
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F u r t h e r work needs to be c a r r i e d out to p u r i f y a l l the 

compounds prepared, but i t may prove necessary to use 

f r a c t i o n a l c r y s t a l l i z a t i o n or chromatography on b a s i c alumina 

( c f . Abel [2]) i n order to separate, the products from 

s t a r t i n g m a t e r i a l . 
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P bî  O 

CO 
CM 

E • CO c P'[>- o p E 
- P — E 
H H O 
t u , 0 
C X 

•H O 

O M 
• O 

M 

o 
rH 
CO CM 0\ 

• 

< o o 

C 
-

o ^ .— 
•H CO E CO cn 
+3 

O ONT3 o e 1 (H O CO • c M - i CV c 
*— O O M O o c o o 01 CM CM P-

w » » 
O 03 
o C ? CO CO E cr. 5 — 

<D ^— — — ' T3 
=i o o o O C ^ CO 

i H •;)• CM CX) C .̂ CO o O M O ON O O O 
CV CM M CM CM P I X 

C 
o .H 

-P (D 
O 
CD E (P 

+3 

O rH 
CM 

-p C 
• H 

H CO 
O 
CO 0) 

O -P o c 
• H 

U -
E O 
C O 

?C CM 

- E Q ) ^ 

P . tlf: O 
g M 3 C -P 
EH CM -H 

• CO C 
O 

g * S 
P^+J ^ E 
P O r,0 

H M rH O 
C^ bi O 
O C X E — 

• . H O n.t>-O CO v̂ .- P-^ 

CD C 
X X o 
•p bi:-H 
J j - H -P 
3 X CO 

X -P 
ti.- • CO 

•H H J 

X C Id 
> 

CO CD 
!H CO 

(D CH ^ 

o 

E 
•H 
u 
•p 

U 
<D CO 
E K 
O O 

- t l C H 
v r ^ H O 

O O 

O 

T ) 
(D 

T J 

CD 
X 
P 
O 
c 
c 
CO 
o 
c 

- (D 
CO 4J 
CO +5 
CO CO 
E P< 

o 
CM r--

v n . 
K M 

- C 

• » 
o o 
c ^ . o -

o o 

— X 
CO CO 
o o - -
C^ON-Cf 
O O CO 
CM M O 

u 
' " X 

E CO CO 
e o o 
CO M M 
O O O-
CM CM M 

CO 
•H 

c 
0) P 

c 

cr-ri 

o 

U'l 
• 

H J 

c 
0) 

CO 
CO -

© <H O 
E CO 

•H 
(D 
E o o 

' iisj CO 
O -H 
CE H 

O 

+3 

(I 
CD 

P" 
CO 

CO 

CO 
(D^O 
Poc-
(D T ; 
GO C 
C CO 
CD 

uj -p cn o c o 

• O 
\r\. . 

CM 
K M 

CO 

0^00 

O M 

CO CO 

o o 
O ON 
CM M 

X X 
CO c o ^ 

CO 
r^cc" o 
O ON ^, 
CM M ^ 

• 
o 
II 

CD 
c 
O 
+̂  
CD 
o 
CO 

o 
• • 

o xi 
^ c 

T3 
C 
CO • 

o oc 
^ n 

• c 
O CD 

1/ 

rJ • CO 
H O 0) 
O 4^ 

N CO 
X - H 
O C^, p.. 

«- • CM 
SX C w 

CO 

H a. 

fcH CO 
<D ^ 
CO M 
C M 

CO . 
P o 
C r-, 

•H M 

p> 
CO 
CO H 
<D 0) 

H K 

H CM 
•P C^CC 
CO\C O 

II w 
<D 

N 

CO X 
(D 

C c. 

O 
•H O 
3 o 
CD -H 

CM C CM 
.H VTi 

E O 
O 

P ^ 
CO ^J 

c 

CO l A 
<D 

P - * 

<D T3 
CO c 
C CO 
(D 

CM 
K M 

- c 
o 
c>^* 
cv-cJ-

55: 

o o CO CMM O 

S CO to 

C C M M 
O O O N 
CM CMM 

E ^ 

p 
CO 

CM 
O 
M 

CM O 

o 
M O 
II O H ^ 

L. ( D M 
m >•> ' 

X - H OC 
- P o 

"jT" C CO cv 
^ O H -
W -H (D CM 
c -p 
^ CO 0^ 

l o P • " C CO (D 
O (D C 0 \ 

C CO 

I — ' C H toj 
- -H CO 

^ (D X ^ • 
O E CO CO 
O O P CD O 
M : ^ CO c . M 

u 

(x: -
• o 

CM • 
CA 

K C M 

CC 

C M ^ 
CM M O 

CO CO 

cs- CC o 
M 



C a 
cc ^ 

„ - : } - C C ' CO 
• CD 

+3 {>- O • -H 

CO !M— P 

x o 
"OC O CJ OCV ̂-O £N 

1-5 • u - C • 
EH O cc CO O 

I Vi 
CO C 

+» <D 
C - P 
Q) C 
P.H 

Cti >, 
H 

•P Q) 
K > 
CC -H 
(U -P 
i-i CO 

iH 
-P <D 
CD CC 

t^i . 
C X 

•H 0) 

•H P 
=S S cr' o 
0) o 
o 
0) 

00 6 

00 C 
c o 

• •+^ 
O CG 

* <D 
ON e 
[>- & 
CV Cti 
II f-l 
(D CH 

E 
CD 

CD rH 
O 

C O 
3 S 
O 
<M • C 

M U 
^ »-P 
CO -P 
<U O CO 
P - M P< 

E CO 
O U 

iH (U 
O rH 

© C 

Iji- Q) 
•H O 
^ CO 

•H a; 
!H Tl! -P o o 
e • 

•H -P 

+5 
CO 

u 
EH 

C 
O 

QJ -P 
E CO 

• tep CO C O 0) 
vo CH E 

I 
P 
(U 

^ > 
cc iH 

-P > 
CO . H 
CO P 
0! CO 
H H 

-P •x, 
CC 

b-C X 
C (D 
•H rH 
^ <~ 

• H E 
3 O 

O 
(D 
JH O 

•H 
- u O Q) 

!>- E 
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C ĉ j 
0 • 
p 

C ,̂ 
CV OC 

• CA 
-X. 

~̂  NO 
X 

u ; 
-pq: 

-=5- I 
OC -

• o 
CA O 
VA . 

O 
O M 

x - -
CO [0 
O O 
C\J 0-. CD 
O O". O 
Cvl M 

' E S 

O o c 
CD M XT 
o o . 
CV fV M 

o 
o 

c o 
CACO 

CV 
• o 

VAON 

ON pq 
CV 

VA.o 
NO ON 

O I N 

CO 

p̂  

CO 

CA 

O 
o 
O 

M O 

C 
H 
O 
CO 

0 

rH^C 
O 0 
c:! p 
o c 

- • H 
K 
S — 
s o 

0 
x ^ 

H CvJ 

p 
ft 

NC 

P . CO 
P CN--P 
M 0 
C 
o 

d -d 
C 0 
CD U 

P 

ft 0 
P o 

P H O 
0 ^ CA CO 

. rH 3 . -p 
O tlL" O CN- 0 
I C d rH 

•H -TH ,0 
P CO ^ C 3 
0 - (>>CD O 
rH — H -d 
tt o cA 
C S X CA c 
•H EH O - 5 

CN-
VA 

i . M 
O 

VA-p 
CN- <u 

• H 
bL 

T 3 C 
C -H 
CO CO 

^ -
V A ^ 

• n 
iNx: • 
p g - f 
CO w- p 

M u 
o CO vn 0 

• H ^ « X CĈ  II 
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ĉ . 
0 

rH 
X 
CC 

EH 

M 
O 

0 
3 
Mi 
CO 
> 
0 

P ' 
CO 
0 

•£i 
•H 
X 

E 
3 U 

P> 
o 
0 
P 

CO 
CO 
CO 
S 

CO 
p> 
CO 
p 

CO 
o 

•H 

H 
CO 
C 
< 

H 
I 
E o 

o 
o 

on 
M 

CM 

s o 

M M 

CO 
0 
U 

•H 
3 
V C 

c t -̂1 4 ^ CM 
pq . i i 

X o x 

CO 
0 

•H 
3 
c r c 

u 

P> CM 

o X 
- M ^ - r, -

C7N cn-^-NO ^ H 
vn • o a\ QNo 

• c f O • O ' O N 
o CM'- 'on O N - - ' C M 00 
0^ C 0^ • C 0^ • 

C s v n s ON 

O gE*—' O C V i - J O cv 

X 
CO CO 

o v n 
M M 
O ON 
cv M 

CO 

O o^. CO 
cv o 
O ON ^ 

cv M X 

0 
CO 

cn CO 
pq 

o • \ 

• H +> H 0 rH 
+ 5 C o C O 
• H 0 X O c 
7 3 > O +> ncc 
c M O 0 + 5 X 
o o H 

o < < &. w 

c 
o 

• H 
4 ^ 0 

o X o 
CO g 0 ,̂ 
0 3 

CC 

vn, 
ON 

M -J cj 
'Z^X m X 

S C ^ H M 
£>~0 - O -

- • N M rvNC 
vn, CV X cv X -cJ-
^ CM o • PH o • 

t^ONC^, o ' C ^ M 
0 ,̂ k X cvj . X • 

pq o CM o v n 
X o o cv o o cv 

-cv 
C N - v n 
o . o 

• N O o 
M cv-— 
CM C 
o i a 

- 0 
u o 
H - O 
3 C ^ — 
cno c 
0 • s 
U M l — J 

CO c 

•H -
3 rN. 
cfco 
0 • 

U M 

X 
CO CO 

oco 
M M 
O ON 
CM M 

v n v n 
CM I N 
O ON 
O J M 

I 
O 

0 u 
C o 
O M 

P- (>,X 
0 4 J O 
O M I 

O 
c 
CO 
X 
0 

> . O N O 
M - c h - — 

CO 0 - d-
> v n ^ 

"P -H M O 
O 4^ CM O 

CO — 
CO rH C 

4-» 0 ^ g 

• 0 m 
^ H \ M 
<D E CM 
E 
O 4 J I>-
tu; cc-ct 
H c t 

•P 
c 
3 
O 

C 
0 

CO 

CD 
1̂ 

43 
O 
0 
P 
CO" 

M 
O 

0 CH 
X 

7 3 
C 
CO 

.NO 
o 
ON 

O 

3 
p 
o 
0 

c. 
CO 

0 
E 

00 - H 
0 .̂ U 
vn , -p 

U 
P 
o 
0 N C 

o 
CO ON 

0 
CO 
C 
0 00 

43 O^.NC 
C vn.c^, 

•H - - - M 

- ON 

CV c on 
0̂,-4-
CM vn CO 

on CO 
X 

U •' 
- p q 7 3 

O 0 

• v n . H 
M ON 3 
M • cr 

NO 0 
o M pc: 

o o 
M cv 
o o 
cv M 

CO CO CO 

0 0 0 
cv O N O N 
O ON 00 
cv M M 

M 
O 
c 
CO 
X 
p> 

0 O 
t(L. C 
C CO 
s 
!^ P 

p 
o cn 

•H 

0 CD 

•H P 
U 

43 0 
CO 

CO C 
0 

p p-
CO c — 
CO - H P 
0 ^ 

H > P 
H W 

p> 0 O 
CO > 

•H 4. 
W P - - " ^ 
C CO O 

• H M O 
U 0 — 

•H K C 
3 g 
c r • ^ - . 
0 X on 
^ 0 M 

M CV 
. C li 

i>- E 0 
^ o \ 
c}- o E 

•ON 

on 

CO 
CO 

M cv 
•NO 

NO 

x " ' 

- p q 7 3 
c t 0 
v n - f ^ 

• M . H 
NO M 3 
v n . c r 

M 0 
O M p i 

•—-oovn 
o c^c^ 
M o\cc 
O M M 
cv - -
^ x x 
E CO co^' 
o 0 0 CO 
o^-,r CM • 
o c CJN > 
CVOi M- - - -

c f 

M M 
C t o o 
CC c 
cOC- CO 
X (VX 
P CC p 
K E: t l 

CV 



o 
u 
0 
E 
CO 
U 

•P 
0 

P" 
CO 

CV 

CO 

CD % 
0 
P-i-

cv 
II 

p 
CO 
CD 
0 
H 

•p 
w 
o 

•p 
CO 

o 
o 

M C P 
0 s--
> w - p 

• H H 
b£iHJ v r \ o 
C CO M 
•H rH CV 
JH 0 -
'H p^ I N O 
3 ch O 
cr • -ch — ' 
0 X " c 
^ 0 0 I S - P E 

E ch 
CO c -p CO 
VA O CD M 

• d 
C 
3 

<s 
O 

• H CO 
U X 
0 CD 

H^ 

CD 

0 
CO 
C 
0 

P" + 2 
CO c 
CD -H 
0 NO 

rH > :C^ 
rH -

- P 0 ON 
CO !> C-v 

•H -
bi^+^ch 
C CD CA 

•H H P) 
0 -

•H X 
3 ch 
cr • c h 
0 X 1 -
^ 0 0 

N O O p> 
-ch o CO 

o 

C 
CO o 
CD P> 
^ O 

U 
' ' P 

0 
E 

• H 

T3 
CD 

0 - ( -
CO 4J 
C X 
0 o 

P" -H O 
CO o 
CD 
0 rH C 

rH 0 g 

-P -H 
CD -p ch 

CO M 
b i H o j 
C 0 I' 

• H U 
u 

•H < 
3 
cr 
0 X 
U 0 

rH 
- P 

ch £ 
VA. o 

0 

P" 
CD-

-d 

C A O CH 

0 
b l 

o 
c 
CO 

to + 5 
CO CD CD 

"H • "d 
O X o X c 

• H CO 0 3 
5H 0 +^ H Q 
0 P C ft<H 
E 0 E 

•H 0 E o 0^ 
U CO bi o 

-P C CD 0 
0 u o ^ CD -P CH 'H 
c U CO 

P" .H<r-. CD 0 P" .H<r-. 
E CD 

CO > - . ^ O O 0 
0 rH X •p b): P 

rH 0 P- •H o 
bi. H 0 ON 

P> -H C O CO CV 
CD P> CNJ •p c -CD NO •d JH 0 IN 
bl.rH ^ J C 0 -P c 
C 0 " O X C c^-. 

p. b l ' -H -
u \ CO . H NO 

• H < E 0 X CN-
U r H c h 

cr • p U U (D -
0 X cD o o > ch 
U 0 O - H N C 

H ' d ^ -p ^ 
- P C - 0 CD '1 

O E 3 E H 0 
O O C ^ - H 0 \ 

ON O CH NC- d X E 

CC' 
ch 

0-N, 

S CA 
ch — 

- . ON 
CAO^ CA 
^ CV 

CA CO 
X 03 

X 
- C A ' d 

CO 

C ^ c h 
VA • 

• vr\ 
CV M 

rN. 
C 

o s 

0 
u 

•H 

cr 
0 
X 

- O N 
C A 

M N O 
• CV 

VA • CO 
0 0 CD 

X 
U " 

«m -d 
M 0 
C^. - ^ 

• O N ' H 
O M 3 
ch • cr 

[N- 0 
O CV X 

C A 

V A 

X 
•75 X 
P" 
X -

- C A O CO 
C ^ O ^ - 'CO 
NO . ^ • 

• CV (-PH 
NC X V D 

U X 
x x x o 

- - n CO CA 
NO 0 C^, 
CN-o j O U • 

• • O . H CV 
CC CV ^ =i M 
v3 c cr 

C S 0 C 

VA 

+ ^ x 
w 
o -
— - O N 

OC 
IN 

•p 
X -
o ^ 

no 
X I > -
X 
X o 

f^CA 
X V 3 
X 
P, o 

(\i CO - N CO vr^ 
- 0 CTN-—« 0 M 
? o o ^ • 
5 • O .H C A 
- 3 0 0 — :3 M 
: cr c 
• 0 C S cu C 
-J 5H S ' - J U S 

NO' 

c 

o 
CV 

VA 

VA 
2 . 

CO 
CD 

CN-CN-
CNJ CV 

• • 
o CV 
NO 

-d 
0 
u 

• H 
3 
cr 
0 

V A 

. c h VA 
ch CC ch 
C N • ^ -

• o 
NO CO 
_ u a 
X X 

O X X 

C A O N , 
ON I N 

CV CV 

c 

- • d 
0 
u 

•H 
3 
cr 
0 
X 

* 
* ^ s 

X — ^ — . — V ^—~ X ^ • 
in CO CO E E to CO CO 

N, ' N ^ >»-^ 
C V o o O c V A O ^ O > A 
CN- M C V NO ON CV O N M CC' M 
ON O ON O ON O ON ON ON ON 
M eg M Cv! M CV M M M M - * «> «t 

- — - - ^ — . - ^ — V ^ ^ ,—^ ^ s ^ ^ ^ — - ^ — ^ 

CO' CO . CO ^ ^ ^ CO ^ ? CO- 3: CO 
^—-• — ^ N — N - — - »s ^ » ' V. ^ 

O VfN. O C V o o CV ^ O o c VP, 
M C A O N M V A CO o ^ • NO VA 
O ON o c O O ON O O ON C ON 
C V M CNJ M C V C V M C V CV M CV M 

0 
c 
o 

•p 
0 
o < 

rH 
C 
c 
cc: 

X 
-P 

0 
c 
o 

p-
0 
o 
<: 

n C 
O C 
O 03 

cD p> 
S X 

W 
X 
M 
X 
p 
CO o 
O O 
X O 
P - I N E H 

0 o 
bl' C 
C CO 
9 
O . - p 

CO w 

X 

X 
CZ-N O 
O 0 
X O . 
P I N E H 

M 
n O 

O C 
O CD 

M X 
CD P 

2 W 

W 
X 
P- 0 

X c 
ft O 0 
CO 0 3 
C C H 
X O C 
X M EH 

H 
0 C 
b. C 
C CO 

c -p 
- 'JO X 

CA 
ch 

Ch 
ch 

VA 
ch 

NO 
ch 



0 
CO 
C 
0 

4 3 -r-
c-ffo 

• H X 
PH 

>rP-
M ^ • 
0 
> CV 

• H N O 
+=> CV 
CO -

M 00 
0 IN-
cc cv 

II 

^< 
P E 

N 
^ p> 

^ C C 
P. 7 3 

P - c 
C O 

g CH 

CV CD 
0 

v n P 

0^ 
on 

C 
.—. - v n 

on -cj-
on 

v n CO 
CO 

X 
- 73 

on ON 0 
o n c o u 

• • - H 
l > - 0 3 
MO cr 

u 0 O pq Pi 

X 
CO 

o 73 
00 CO 
O O 
M U 
^ x ^ s 
o vn 

vn 
O ON 
C V M 

O 
• H 

u 
0 
E 
CD 

4 3 
C 
0 
P-
CD 

+ 5 
CO 
CO 
0 

M 

4 3 
CD 

0 
u 
0 5 

cv 
CO O 

^ M 
CD -
0 ^ -
P + 

4 ^ 
0 w 
CO o 
0'-r> 

4 ^ O 

c o 

> 
M • 
0 
> 

CM 
• H CO 

tu:43 P i 
C CO II 
H M 0 
U 0 \ 

E 
4 ^ 
CO 

c r . 
0 X 
i-i 0 

M 

- p- c 
I > - E P 
vn o o 

O CH 

ON 
CK on 
o n o n ^ 

. v n 
on • CO 

O CO 

- o 73 
0^ 0 
M -

• M . H 
IN-CV 3 cvj • cr 

0^ 0 
o CV « 

o 
• O N 

O M 
ON -
O N . 
M X 

- CO 
c o 3 

' on 
> N O 

•00—00 
C3 O M 

" O N C V -
> M C j N ' -

- M T Z ! 
0 - - - CO 
o n x — o o CO 5 JH 

u 
0 
E 

73 0 

CO E 
4J P> 
K CO 
CO -
0 ^ 

M CD 
0 

4^ P 
CO 

0 
bl - CO 
C C 

• H 0 
u 

• H C 
3 - H 
c r 
0 > .< -
^ M ^ . V , 

0 X 
- > P . 

-cf - H PU 
M:- p> — 
•ct CO 

M CM 
M 0 N O 
W K CM 

on 
on 

NO 

c 
g 

, — ^ - v n 
M 

00 
-cf CO 

CO 
X 

73 
00 ON 0 
C M ^ J-l 

• • • H 
00 CV 3 
N O cr 

M 0 
0 0 « 

0 0 ^ 
vno-. CO 
o ON o 
CM M 

^ 0 0 ^ 
oc M vn 
O O ON 
CM CV M 

PL O 0 

M El s; w 

o 

o 
o 

log M 
O 

c 
r,CD 

P- X 
: ^ p" 
3 &q 

tn 
X 
P -
— o 

o r-
o 
"c^M 
^ o 

H 
O 

c 
CO 

4 3 X 
W 4 ^ 

00 ON 
-Cf o 

vn. 



O 
X 
O 
o 
M < 
X +5 
•H 

o 
o 

cp 
o 
CO 
c c 

•H 
+= 
o 
CO 
0 
(C 
u 
0 

X 
4^ 
J-l 
3 

U 

cS 

CO 
4̂  
CO 

P 

M 
CO 

P" 
C 
0 
E 

•H 
u 
0 
CI, 
X 
pq 

00 
• 

0^ 
0 

o 

0 
3 

M 
CO 
> 
0 

4̂  
CO 
0 
X 
bj; 

•H 
X 

^1 

CO 
4̂  
CO 

P 

H 
CO 
O 

•H 

t : 
M 
CO 
C 
<< 

o 
o 

M 

II 

0 
o \ 
-H E 
J-l • 
0 -p -H 
E C CD 
CD 0 

E 73 
5L c 
CO 3 
U O 

cO CH CH 

X 
0 
X 

0 
P 

4̂  
CO . 
CO 43 
CD W 
M O 

0-1. 
H J H. CO ^ . 
c O - ^ C P 

o 0 
bj,, O 4= O 
c - c -

•H -an ^^ 
^ C 

•H g >; C 
3 M O 
c r - 0 • 0 X 
f-i 0 

M 
. O. 

IN- E 
C C O 
ON O 

> C 
•H g 
43 
CO -

M 
0 CO 
CC M 

T3 
C • 
3NO > 

0 0 IN-
•H CH - 0 

0 CO' ON C 4-
E ^ - 0 • C 
CO CD cv E u s 
X 0 0 bl 0 w-
0 P M CD E 
X - j ^ 45 •H P 

0NO CH W 73 C 
CD CO PI 0 0 

C M C CO E 
bt-

CO- P ^ . c •P CO 
CO C+- CO CC CO u 
0 'H 45 J-l CO CH 
M W CC C 0 

>. 0 0 0 M U 
4̂  M „ P - 0 
CO 0 P CH P> E 

> 0 cc- 0 CD CC 
b£-H 0 
C 4J C CO b!:p> 

•H CD C 0 C 0 
J-i M S -H 0 •H P 

•H 0v_- H u 
3 K ^ 4J •H CO 
cr CO c >. 3 
0 . M 0 ^ cr > •. 
J-i X !M 0 M 

0 0 CC > U X 
- M \ P M •H 

vn P - E 5 - CO 
0 E P 0 NO- CO 
M 0 4̂  X M •cf 0 
M 0 CO EH P -

- -cf ON 00 
ON CO c : on 

M CO • 0 . • • 
• 0 vn j^ ON CM 

0 ^ CNJ -H CV CV 
•H 3 
p c c r c c C 

C e r g 0 g 
s 0 u —̂̂  

M m 

» 

^ O ^ r - ? M 
CV vn 

ON ^ O ^ r - ? M vn —-
CO V-J . » . • « 

• 4̂  43 Cvi 
W W 

on CO 
0 

4̂  43 Cvi 
W W CO 

X 0 X 0 X X X 
- v n 4. - « . 

v n m ' ~ - N o ' - ^ M 
NO • O O N O N O 

• N O o . 0 . 
CO cv j - - -on—'Cvi 
M c on c on 

^ g g 
O pq"—lou_io 

CO CO 

-CM 
ONNO 
o • 

• 
CO M 
M 

u 

73 
0 
JH 

•H 
3 
cr 
0 

oc- O 
M on 
O ON 
CM M 

crj CO.'-. 
— - - 7 3 
COCO- CD 
onr^ o 
CM M ^ 

o pq cc: 

CO 

vn 
M 
o\ 
M 

CO'— 
-- '73 
CM cO 
CM O 
O J-l 
CM X 

CM 
NO 

- ^ X 
M 
O -

(JM 
X Ovi 
o . 

(viQN 
X o j 
o 
o o 

on 
00 

^ X 
M 
O -

NNC 
X-c f 
O . 

X o n 
o 
o o 

M C ^ ' - -
• o 

. 0^ o 
CC M — 
M C 

JH g 
O p q U j 

i CO M 
0 on 
u • o 
H CM O 
3 CM — 
cr C 
P C £ 
U gu_i 

^<D M 
J ^ • 
H vn 
3 
cr 
0 C 
J ^ S 

5 — 
^ v n 
O 
M ON 
O M 
CM -

' - • X 
CO' to 

— 7 3 
o vn. CO 
on ON o 
O ON j^ 
CM M ^ 

JH 
0 
E 

JH 
0 
E 
CD 
J ^ 

P 
0 

P 

JH 
O 

bi 
C 

P 
JH 

P O 
CO o • 
C O ^ CO 
0 
M C C 

g 0 
43 — E 
CD C 

U 
0 
E ^ 

•H -H 
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The e x p e r i m e n t a l work c a r r i e c i o u t i n t h i s stuciy has been 

concerned w i t h t h e p r e p a r a t i o n o f a l k o x y d e r i v a t i v e s o f 

manganese c a r b o n y l . I n i t i a l work i n v o l v e d t h e r e a c t i o n s o f 

Mn(C0)5Br w i t h t h e a l c o h o l s ethane 1,2 d i o l , 2 - c h l o r o e t h a n o l 

and ^ b u t a n o l and a l s o w i t h water, and t h e r e a c t i o n o f t h e 

phosphine i n t e r m e d i a t e Mn(CO)^(PPh3)Br w i t h e t h a n o l , 2-

c h l o r o e t h a n o l and ^ b u t a n o l . The p r e p a r a t i v e r o u t e used was 

t h e r e a c t i o n o f t h e c a r b o n y l complex w i t h t h e a l c o h o l i n a 

h y d r o c a r b o n s o l v e n t i n t h e presence o f a base 

( t r i e t h y l a m i n e ) . Due t o u n r e l i a b l e and n o n - r e p r o d u c i b l e 

r e s u l t s , o p t i m i z a t i o n o f t h e r e a c t i o n c o n d i t i o n s was 

u n d e r t a k e n , changing t h e base and s o l v e n t , and r e p l a c i n g t h e 

bromide s t a r t i n g m a t e r i a l w i t h t h e c h l o r i d e . The r e s u l t o f 

t h i s work was an improved and more r e l i a b l e method o f 

p r e p a r i n g t h e a l k o x y d e r i v a t i v e s from t h e r e a c t i o n o f 

Mn(C0)5Br w i t h a v a r i e t y o f a l c o h o l s i n acetone s o l u t i o n and 

i n t h e presence o f sodium carbonate as t h e base. F u r t h e r 

r e a c t i o n s o f a l c o h o l s w i t h t h e phosphine i n t e r m e d i a t e were 

c a r r i e d o u t i n t o l u e n e s o l u t i o n and w i t h t r i e t h y l a r a i n e as t h e 

base (as b e f o r e ) . A t t e m p t s have been made a t p u r i f i c a t i o n o f 

t h e p r o d u c t s as d e s c r i b e d i n t h e p r e c e d i n g c h a p t e r . S t a r t i n g 

m a t e r i a l i s f o und t o be p r e s e n t i n almost a l l samples a f t e r 

i n i t i a l p u r i f i c a t i o n , and i s d i f f i c u l t t o s e p a r a t e due t o t h e 

c h e m i c a l s i m i l a r i t i e s between i t and t h e p r o d u c t s . 

T a b l e s 1-5 c o l l e c t t h e e x p e r i m e n t a l data t o g e t h e r f o r 

each group o f r e a c t i o n s c a r r i e d o u t , and t h i s s e c t i o n i s 

d i v i d e d so as t o p r e s e n t t h e r e s u l t s o f t h e s e c t i o n s 
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d e s c r i b e d i n Chapter 3. 

A General Aspects 

I n f r a - R e d S p e c t r a 

The r e a c t i o n s i n t h i s s t u d y were m o n i t o r e d u s i n g IR 

s o l u t i o n s p e c t r a i n t h e c a r b o n y l s t r e t c h i n g r e g i o n , 2100 -

1500 cm"-̂ . These v i b r a t i o n s a r e c j u i t e i n t e n s e and r e l a t i v e l y 

w e l l i s o l a t e d from o t h e r t y p e s o f v i b r a t i o n l i k e l y t o be 

p r e s e n t . T e r m i n a l CO i n n e u t r a l molecules have s t r e t c h i n g 

f r e c j u e n c i e s i n t h e r e g i o n 2100 - 1850 cm"-'-, /^2~^*^ -"-̂  

r e g i o n 1860 - 1700 cm"-'- and f^2~^^ below 1750 cm"-'-. 

I n compounds c o n t a i n i n g t e r m i n a l CO l i g a n d s t h e e l e c t r o n 

donor p r o p e r t i e s o f o t h e r l i g a n d s a r e r e f l e c t e d i n t h e 

f r e c j u e n c i e s o f t h e CO s t r e t c h i n g v i b r a t i o n s . The g r e a t e r t h e 

e l e c t r o n d e n s i t y s u p p l i e d by t h e metal and o t h e r l i g a n d s , t h e 

g r e a t e r can be t h e back d o n a t i o n i n t o t h e TT* o r b i t a l s o f CO 

and hence t h e l o w e r w i l l be t h e CO bond o r d e r and t h e 

s t r e t c h i n g frecjuency. I n c r e a s i n g p o s i t i v e charge on t h e 

m e t a l decreases t h e CO s t r e t c h i n g frecjuency. The more 

e l e c t r o n e g a t i v e t h e o t h e r l i g a n d s i n t h e complex t h e l e s s 

e l e c t r o n d e n s i t y i s a v a i l a b l e f o r back d o n a t i o n t o CO and t h e 

h i g h e r t h e s t r e t c h i n g frecjuency. PPh3 i s m a i n l y a cr-donor 

b u t has v a c a n t TT o r b i t a l s capable o f a c c e p t i n g e l e c t r o n 

d e n s i t y from f i l l e d m e t a l o r b i t a l s . The more e l e c t r o n e g a t i v e 

t h e R group o f PR3,the more t h e l i g a n d mimics CO, and so t h e 

phosphine i s i n e f f e c t i v e c o m p e t i t i o n f o r t h e back-donated 

e l e c t r o n s from t h e m e t a l . T h i s i n t u r n serves t o i n c r e a s e 
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t h e CO s t r e t c h i n g frecjuency. U n l i k e many l i g a n d s i n 

o r g a n o m e t a l l i c c h e m i s t r y , a l k o x i d e i s p o t e n t i a l l y a s t r o n g rr 

donor r a t h e r t h a n a TT-acceptor and t h e r e f o r e t h e presence o f 

an a l k o x i d e l i g a n d r e s u l t s i n a l o w e r i n g o f t h e CO s t r e t c h i n g 

f r e q u e n c y by n o t competing f o r e l e c t r o n s w i t h t h e CO JT* 

o r b i t a l s [ 1 ] . 

The number o f bands i n t h e IR spectrum i s d i a g n o s t i c i n 

terms o f s t r u c t u r a l i d e n t i f i c a t i o n . I n g e n e r a l , t h e more 

symmetric a m o l e c u l e t h e fewer IR a c t i v e CO normal modes o f 

v i b r a t i o n and t h e fewer bands seen i n t h e spectrum. From t h e 

work o f A b e l [ 2 ] t r i m e r i c a l k o x y - d e r i v a t i v e s o f t h e t y p e 

[Mn(CO)3(OR)]3 ( F i g . 4.1) e x h i b i t n i n e a c t i v e CO bands w h i l s t 

t h e t e t r a m e r i c [Mn(CO)3(OR)]^ ( f i g . 4.2) e x h i b i t s o n l y t h r e e . 

3 

^ , 0 \ _ ^ n ( C 0 ) 3 

S (OĈ jMn 

^ -7—Mn(CO}, J 3 Mn(CO) 

F i g u r e 4 .1 Ficfure 4 . 2 

Abel r e c o r d e d t h e IR s p e c t r a i n hexane s o l u t i o n , t h e r e 

b e i n g no hexane a b s o r p t i o n s i n t h e c a r b o n y l s t r e t c h i n g 

r e g i o n . The t o l u e n e s o l u t i o n s used i n t h e s t u d y have t h e 

di s a d v a n t a g e o f t o l u e n e a b s o r p t i o n s i n t h e r e g i o n o f 

i n t e r e s t , i n p a r t i c u l a r a s t r o n g a b s o r p t i o n a t a p p r o x i m a t e l y 

1940 cm~^. Acetone does n o t a f f e c t s p e c t r a i n t h e c a r b o n y l 

r e g i o n s b u t w i t h b o t h s o l v e n t s q u i t e broad peaks were found 

and t h e s e may be o b s c u r i n g f i n e s t r u c t u r e . 
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nmr S p e c t r a 

R e l a t i v e l y few nmr s p e c t r a c o u l d be c o l l e c t e d due t o 

s o l u b i l i t y problems, t h e r e a c t i o n p r o d u c t s b e i n g r e l u c t a n t t o 

d i s s o l v e i n CDCI3 o r dg-acetone, even though r e a d i l y s o l u b l e 

i n t h e n o n - d e u t e r a t e d s o l v e n t s . D e s p i t e f o r m i n g s t r o n g l y 

c o l o u r e d y e l l o w s o l u t i o n s , l e s s t h a n 10% o f t h e added s o l i d 

a c t u a l l y d i s s o l v e d making i t o f t e n i m p o s s i b l e t o d e t e c t 

p r o d u c t peaks i n t h e s p e c t r a , o r t o a s s i g n any peaks found 

n o t t o be due t o TMS o r s o l v e n t . Since t h e presence o f any 

s t a r t i n g m a t e r i a l (Mn(C0)5Br) i n t h e p r o d u c t does n o t a f f e c t 

t h e nmr s p e c t r a these s p e c t r a would have been a b l e t o 

y i e l d u s e f u l i n f o r m a t i o n about t h e n a t u r e o f t h e a l k o x i d e 

groups p r e s e n t . The •'-H nmr s p e c t r a o f t h e p u r i f i e d samples 1 

and 3 (a p h o s p h i n e / e t h a n o l p r o d u c t i n t h e combined p r o d u c t s 

o f t h e Mn(CO)5Br/2-chloroethanol r e a c t i o n s ) i n dg-acetone 

showed s h i f t s o f s o l v e n t bands o f a p p r o x i m a t e l y 1 ppm, 

s i m i l a r t o t h e s h i f t found f o r t h e methoxy d e r i v a t i v e (73) i n 

dg-acetone, due t o t h e presence o f paramagnetic components, 

most p r o b a b l y o f t h e t y p e [Mn(0R)2]n' The components may 

w e l l be p r e s e n t i n v a r y i n g amounts i n a l l t h e p r o d u c t 

samples. 

These s h i f t s can be used t o d e r i v e i m p o r t a n t i n f o r m a t i o n 

such as t h e magnetic s u s c e p t i b i l i t y o f t h e paramagnetic 

m a t e r i a l s . The commonly used method f o r t h i s i s known as t h e 

Evans' Method [ 3 , 4 ] . 

Mass S p e c t r a 

The mass s p e c t r a o b t a i n e d proved u s e f u l i n e s t a b l i s h i n g 
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t h e l i k e l y p r o d u c t s o f t h e r e a c t i o n s , a l t h o u g h no obvious 

f r a g m e n t a t i o n p a t t e r n s were e v i d e n t i n many cases due t o t h e 

g e n e r a l t h e r a a l i n s t a b i l i t y o f manganese c a r b o n y l compounds 

a t t h e o p e r a t i n g t e m p e r a t u r e o f t h e mass s p e c t r o m e t e r . I t i s 

d i f f i c u l t t o say f o r c e r t a i n t h a t t h e h i g h e s t m/e recorded i s 

o f t h e p a r e n t m o l e c u l a r i o n , o r a fragment o f i t , and 

o v e r l o a d i n g o f some o f t h e samples made i n t e r p r e t a t i o n more 

d i f f i c u l t . 

Few s t u d i e s have been c a r r i e d o u t on t r a n s i t i o n m etal 

compounds c o n t a i n i n g a l k o x i d e l i g a n d s b u t da t a i s a v a i l a b l e 

f o r t h e c o r r e s p o n d i n g t h i o l s . Mn2(CO)g(SR)2 compounds (R = 

E t , Bu") fragment by su c c e s s i v e l o s s o f a l l CO groups t o g i v e 

Mn2(SR)2 ^ i o n s , w i t h t h e m e t a l - s u l p h u r e n t i t y r e m a i n i n g i n 

t a c t . T h i s was f o l l o w e d by l o s s o f R groups. The t r i n u c l e a r 

r henium compound Re3(CO)g(PPh)3 and t h e t e t r a m e r i c 

Mn4(CO)4(SR)4 (R = E t , Bu'^) behaved s i m i l a r l y . 

A l a r g e number o f compounds c o n t a i n i n g m e t a l - p h o s p h o rC L S 

bonds have been s t u d i e d . I n mononuclear compounds such as 

(Et3P)Mn(C0)4CI f r a g m e n t a t i o n i s by su c c e s s i v e l o s s o f CO, 

and (Et3P)MnCl"'" i s t h e base peak. Mn"̂  i s t h e o n l y i o n not 

c o n t a i n i n g a Mn-P bond. The b i n u c l e a r s p e c i e s 

[(R3P)Mn(CO)4]2 (R3 = Et3, Pr3", Bu^3, PhEt2, Ph2Et, Ph3) 

shows a l a r g e number o f i o n peaks due t o CO l o s s e s , u s u a l l y 

i n low abundance. The base peaks are (R3P)Mn"'" i n a l l cases. 

The o n l y i o n s n o t h a v i n g a Mn-P bond were Mn"*" and those due 

t o t h e phosphorous c o n t a i n i n g l i g a n d , i . e . R3P"'". A f e a t u r e 

o f t h e s p e c t r a o f many metal-phosphorus compounds i s t h e 
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f o r m a t i o n o f i o n s due t o cleavage o f t h e R-P bonds. Ions o f 

t h e t y p e s (R2P)Mn'^ and R2PHMn'*' ar e found i n low abundance i n 

t h e s p e c t r a o f a l l [(R3P)Mn(C0) ^ 3 2 compounds [ 5 , 6 ] . 

From t h e a v a i l a b l e d a t a i n t h i s s t u d y i t appears t h a t 

t h e c o r r e s p o n d i n g manganese a l k o x y d e r i v a t i v e s fragment by 

l o s s o f CO and OR groups i . e . OR groups a r e l o s t b e f o r e a l l 

COS. I n a number o f cases o l i g o m e r i c u n i t s broke down t o 

g i v e mononumeric o r d i m e r i c fragments, though u s u a l l y i t was 

l o s s o f l i g a n d s from t h e p a r e n t molecule which c o u l d be 

i d e n t i f i e d . W i t h t r i p h e n y l c a r b i n o l and b e n z y l a l c o h o l i t was 

found t h a t p h e n y l groups were b e i n g l o s t from t h e a l k o x i d e 

l i g a n d . S p e c t r a o f t h e phosphine complexes were i n g e n e r a l 

l e s s i n f o r m a t i v e . I n a v e r y s m a l l number o f cases cleavage 

o f an o l i g o m e r i c u n i t i n t o d i m e r i c o r monomeric u n i t s was 

observed. [Mn(CO) 2 (PPh3) ]•*" and [Mn(CO) 4 (PPh3) ] i o n s were 

a l s o d e t e c t e d . The CO and a l k o x i d e l i g a n d s appear t o be more 

r e a d i l y l o s t t h a n PPh3, which i s found i n almost every 

spectrum as a v e r y i n t e n s e peak a t m/e = 262. 

S e c t i o n I 

B R e a c t i o n o f Mn(CO)gBr w i t h A l c o h o l s 

A t t e m p t e d r e a c t i o n w i t h e t h a n e d i o l gave no p r o d u c t s and 

t h e r e was l i t t l e evidence o f r e a c t i o n t o be found i n t h e IR 

s p e c t r a . A problem w i t h t h e s e r e a c t i o n s i s t h a t Mn(C0)5Br 

has o n l y l i m i t e d s o l u b i l i t y i n hexane and t o l u e n e . 

R e a c t i o n was o b t a i n e d w i t h 2 - c h l o r o e t h a n o l and water, b u t 

t h e r e s u l t s were n o t always r e p r o d u c i b l e i n terms o f y i e l d s 
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and n a t u r e o f t h e p r o d u c t s . I n t h e case o f ^ b u t a n o l p r o d u c t 

i s o l a t i o n caused problems. Commonly t h e IR spectjnim showed 

r e a c t i o n t o have o c c u r r e d , b u t no p r o d u c t s c o u l d be i s o l a t e d . 

A broad peak i n t h e low 1900 cm~^ r e g i o n i s common t o t h e 

r e a c t i o n s i n t o l u e n e and i s p r o b a b l y t h e r e s u l t o f o v e r l a p o f 

bands due t o t h e s o l v e n t and t h e p r o d u c t CO s t r e t c h i n g 

v i b r a t i o n s . The common p a t t e r n s f o r t h e IR spectrum c o n s i s t 

o f two peaks above 2000 cm~^ and one below, w i t h t h e a d d i t i o n 

o f a peak o f v a r y i n g i n t e n s i t y a t a p p r o x i m a t e l y 1980 cm"-'-. 

T h i s does n o t seem t o be a s s o c i a t e d w i t h s t a r t i n g m a t e r i a l 

s i n c e i t i s o f t e n absent where t h e r e i s a h i g h p r o p o r t i o n o f 

Mn(C0)5Br s t i l l p r e s e n t . I n c e r t a i n s p e c t r a i t can be 

observed t o d i s a p p e a r w i t h i n c r e a s i n g r e a c t i o n t i m e and 

t h e r e f o r e i s most l i k e l y t o be a s s o c i a t e d w i t h some k i n d o f 

i n t e r m e d i a t e . 

S t a r t i n g m a t e r i a l i s p r e s e n t i n v a r y i n g amounts, as 

i n d i c a t e d by t h e bromine analyses, t o g e t h e r w i t h a s m a l l 

q u a n t i t y o f [NEt3H]Br i n some cases, which may be, removed by 

f u r t h e r e x t r a c t i o n s w i t h w a t e r from d i c h l o r o m e t h a n e s o l u t i o n . 

The p o s s i b i l i t y o f mixed bromo/alkoxy complexes cannot be 

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

The IR and mass s p e c t r a were c o r r e l a t e d t o p r o v i d e 

evidence f o r t h e n a t u r e o f t h e p r o d u c t s formed. With 2 

c h l o r o e t h a n o l a m i x t u r e o f p r o d u c t s was o b t a i n e d , t h e mass 

s p e c t r a l d a t a r e c j u i r i n g a d i m e r i c , [Mn(CO) ̂  (OR) ] 2 / 

f i g u r e 4.3, t r i m e r i c t e t r a m e r i c o r h i g h e r p o l y m e r i c u n i t ( i n 

two cases n = 6 o r 7) [Mn(CO) 3 (OR) ] ( s e e Table 1 ) . 
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Ficmre 4.3 S t r u c t u r e o f FMnfCO) (OR)1 
4 2 

CO " CO 

The v a r i a t i o n i n c o l o u r from b r i g h t y e l l o w t o dark 

orange i s t h o u g h t t o be due t o a m i x t u r e o f o l i g o m e r s i n 

d i f f e r e n t r a t i o s . TLC on (10) and (11) gave two spots which 

may be s t a r t i n g m a t e r i a l and p r o d u c t s , o r s e p a r a t i o n o f a 

m i x t u r e o f p r o d u c t s , e.g. s e p a r a t i o n o f a dimer from a 

t r i m e r , w h i c h i s due t o t h e i r c hemical s i m i l a r i t y . The mass 

s p e c t r a i n d i c a t e some f r a g m e n t a t i o n by CO l o s s b u t no o t h e r 

o b v i o u s p a t t e r n s emerge. 

The p r o d u c t o b t a i n e d from t h e water r e a c t i o n depended 

upon t h e t e m p e r a t u r e o f t h e r e a c t i o n . The mass spectrum o f 

t h e p r o d u c t o b t a i n e d a t room t e m p e r a t u r e i n d i c a t e d p o s s i b l y a 

d i m e r i c u n i t , ( h i g h e s t m/e = 390), w h i l s t h e a t i n g t o 55°C 

appeared t o y i e l d a t e t r a m e r [Mn(CO)3(OH)]4 ( h i g h e s t m/e =592) . 

I n i t i a l l y t h e IR spec t r i i m o f t h i s 55°C r e a c t i o n corresponded 

t o t h a t o f t h e r e a c t i o n c a r r i e d o u t a t room t e m p e r a t u r e , i . e . 

t h r e e s t r o n g peaks a t 2030, 1965 and 1920 cm~^, and so t h e 

i n i t i a l r e a c t i o n may l e a d t o f o r m a t i o n o f a dimer and more 

p r o l o n g e d h e a t i n g l e a d s t o f o r m a t i o n o f t h e t e t r a m e r i c 

complex. 

There appeared t o be v e r y l i t t l e r e a c t i o n w i t h ^ b u t a n o l 

i n hexane and t h e p r o d u c t s from r e a c t i o n i n t o l u e n e were o n l y 

o b t a i n e d i n v e r y low y i e l d s , w i t h t h e presence o f s t a r t i n g 

m a t e r i a l b e i n g i n d i c a t e d , a g a i n due t o t h e l i m i t e d s o l u b i l i t y 
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o f Mn(C0)5Br i n hydrocarbon s o l v e n t s . The r e a c t i o n i n 

acetone y i e l d s a t e t r a m e r i c o r hexameric p r o d u c t 

[Mn(CO) 5 (O^Bu) a c c o r d i n g t o t h e mass s p e c t r a o b t a i n e d 

( h i g h e s t m/e v a l u e s o b t a i n e d = 683 and 1155). 

I t appears t h a t p r o l o n g i n g t h e r e a c t i o n t i m e and u s i n g a 

h i g h t e m p e r a t u r e i n th e s e r e a c t i o n s may f a v o u r f o r m a t i o n o f 

h i g h e r m o l e c u l a r w e i g h t complex. 

C R e a c t i o n o f Mn(CO)^fPPh3)Br w i t h A l c o h o l s 

The p r o d u c t s o b t a i n e d from these r e a c t i o n s were i n 

g e n e r a l more d i f f i c u l t t o i d e n t i f y p o s i t i v e l y due t o a 

g r e a t e r number o f v a r i a t i o n s o f f e r e d by t h e presence o f t h e 

PPh3 l i g a n d . There i s t h e p o s s i b i l i t y o f bromo and/or a l k o x y 

b r i d g i n g groups, one o r two PPh3 l i g a n d s b e i n g i n c o r p o r a t e d 

i n t o t h e o l i g o m e r s a t h i g h e r temperatures and a l s o t h e 

p o s s i b i l i t y o f o b t a i n i n g complexes c o n t a i n i n g o n l y Mn, CO and 

PPh3, and no a l k o x i d e l i g a n d . The phosphine i n t e r m e d i a t e 

Mn(CO)4(PPh3)Br was found t o be p r e s e n t i n a l l p r o d u c t s (as 

i n d i c a t e d by t h e bromine a n a l y s i s ) , though g e n e r a l l y l e s s 

t h a n t h e presence o f s t a r t i n g m a t e r i a l Mn(C0)5Br i n t h e above 

r e a c t i o n s . 

W i t h e t h a n o l a t 80°C y e l l o w p r o d u c t s were o b t a i n e d . The 

mass s p e c t r a i n d i c a t e d m/e v a l u e s c o r r e s p o n d i n g t o d i m e r i c 

compounds ( F i g u r e 4.4) i n two cases, (29)nye = 447 and (30) 

% = 706, and a t r i m e r i c u n i t [Mn (CO) (2 (PPh3) (OEt) ] 3 ( f i g . 4 . 5 ) 
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The h i g h e s t m/e value f o r r e a c t i o n (32) i s 1196, i n d i c a t i n g 

formation of a yellow t r i m e r i c complex a t 100°C. However, i t 

seems most l i k e l y t h a t the l i g h t brown product of r e a c t i o n 

(31) i s Mn(CO)3(PPh3)Br as the two peak p o s i t i o n s i n the IR 

spectrum (1943, 1915 cm"-'-) correspond to those of t h i s 

complex as prepared by Abel [ 4 ] . However, the IR spectrum of 

(32) i s almost i d e n t i c a l to t h a t f o r Mn(CO)3(PPh3)2Br and i t 

i s d i f f i c u l t to s t a t e with c e r t a i n t y whether both r e a c t i o n s 

have y i e l d e d the same product mixed with d i f f e r i n g amounts of 

an intermediate complex, or whether the mixture i s of 

Mn(CO)3(PPh3)2Br with an a l k o x y - d e r i v a t i v e . 

With 2-chloroethanol r e a c t i o n (34) y i e l d e d a b r i g h t 

yellow product with an IR spectrum having peak p o s i t i o n s 

l i t t l e changed from those of the phosphine intermediate 

(2080, 1990, 1950 cm""*") , but of lower i n t e n s i t y . I t i s 

p o s s i b l e t h a t t h i s intermediate, Mn(CO)^(PPh3)Br, or an 

alkoxy d e r i v a t i v e could have been the product i s o l a t e d . 

However, r e a c t i o n a t the same temperature, and a t 100°C, gave 

an IR spectrum c o n s i s t i n g of a s i n g l e strong peak a t 1945 

cm"-*-. The cream s o l i d i s o l a t e d from r e a c t i o n (36) i s organic 

m a t e r i a l as the manganese content i s n e g l i g i b l e . I t appears 
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t h a t a t higher temperatures the a l c o h o l i s degrading or i s 

r e a c t i n g with the base r a t h e r than simply l o s i n g a proton. 

^Butanol y i e l d s yellow-orange products a t both 80° and 100°C 

which have s i m i l a r , simple IR s p e c t r a , and which could be 

dimers (from the mass s p e c t r a the highest value = 764 (37) 

and 857 (38)) . The s t e r i c requirements of PPh3 and ^BuO" 

would make the formation of dimeric complexes more l i k e l y so 

as t o r e l i e v e crowding and s t r a i n i n the molecule. 

With a l l these r e a c t i o n s the manganese analyses are lower 

than expected and i t appears t h a t the r e a c t i o n temperatures of 

80° and 100°C are too high to y i e l d a l k o x y - d e r i v a t i v e s , and 

i n s t e a d Mn/C0/PPh3/(Br) complexes are being formed. 

Se c t i o n I I 

D Optimization of r e a c t i o n conditions 

The r e a c t i o n s of Mn(C0)5Br with a l c o h o l s i n acetone gave 

products w i t h I R s p e c t r a s i m i l a r t o those obtained i n Section 

B above. The manganese analyses correspond best with a 

dimeric product obtained using ethanol and an oligomer 

[Mn(CO) 3 (OR) u s i n g 2-chloroethanol. The amount of s t a r t i n g 

m a t e r i a l p r e s e n t (as measured by the bromine a n a l y s i s ) i s 

higher than found i n B. 

Proton sponge with ethanol gave a product required to 

be t e t r a m e r i c [ M n ( C O ) 3 ( O E t ) a t the l e a s t (highest m/e value 

i n mass spectrum = 584). A higher molecular weight compound 

would be expected here because of the absence of s t e r i c 

e f f e c t s due to the EtO group,and proton sponge i s a very 

powerful base. Sodium carbonate gave dark red c r y s t a l s of 
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[Mn(CO)3(OEt)]3 and the amount of s t a r t i n g m a t e r i a l i s much 

lower than w i t h proton sponge. 

Using ethanol as s o l v e n t as w e l l as r e a c t a n t y i e l d s 

yellow products, having m/e v a l u e s i n the mass spectrum which 

r e q u i r e the presence of a t l e a s t a t r i m e r i c complex ( m/e = 

538 (41) and 447 (42)). With proton sponge as the base a great 

d e a l of s t a r t i n g m a t e r i a l and a l s o of protonated proton 

sponge (as seen from the nitrogen a n a l y s i s r e s u l t s ) i s 

present. The product obtained from t h i s r e a c t i o n darkened 

from yellow to brown due to a e r i a l o x i dation. A M n ( I I I ) 

s p e c i e s may be formed as the brown colour i s usual for t h i s 

o x i d a t i o n s t a t e as t h i s type of oxidation has been noted 

before i n the preparation of simple alkoxides of manganese 

[ 8 ] . 

The r e a c t i o n of Mn(C0)4 (PPh3)Br with ethanol at 70°C 

usi n g proton sponge gives a product with a very low manganese 

coni:en.t _ and with an IR spectrum s i m i l a r to those found for 

the analogous r e a c t i o n s with 2-chloroethanol i n B. From the 

mass spectrum i t appears t h a t the product obtained i s mostly 

proton sponge as the most intense peak i s found a t % = 214, 

i t molecular mass. At 100°C the IR spectrum corresponds to 

t h a t of the r e a c t i o n s with ethanol a t the same temperature 

d e s c r i b e d i n B having bands a t 2060, 1955 and 1915 cm~^. The 

mass spectrum r e q u i r e s a minimum of a dimeric complex to be 

present ( h i g h e s t m/e = 637), although the analyses show the 

manganese content to be very low. There was a l s o a e r i a l 

o x i d a t i o n of the product to give the brown colour common to 
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M n ( I I I ) compounds. 

With sodium carbonate a t 70°G the IR spectrum i s quite 

complex and the mass spectrum r e q u i r e s a t l e a s t a t r i m e r i c 

complex to be present (highest % = 970). At 100°C the IR 

spectrum i s reduced to a s i n g l e major peak a t 1955 cm"-'- and 

the mass spectrum r e q u i r e s a dimeric complex (highest = 

577). I n a l l these r e a c t i o n s the manganese content i s lower 

than expected but the amount of the phosphine intermediate 

present (as measured by the bromine a n a l y s i s ) i s very low 

( l e s s than 3% bromine). 

The r e a c t i o n s with Mn(C0)5Cl d i d not prove to be any 

f a s t e r than with the bromide, nor did the r e a c t i o n s go to 

completion, i . e . s t a r t i n g m a t e r i a l was s t i l l present (as 

i n d i c a t e d by h a l i d e a n a l y s i s ) . The r e a c t i o n with ethanol 

y i e l d e d a higher molecular weight oligomer, [Mn(CO) 3 (OEt) 

with n > 5 from the mass spectrum, the highest value being 

834. The r e a c t i o n of the phosphine intermediate 

Mn(CO)4(PPh3)CI with ethanol a t 70°C gave an IR spectrum 

s i m i l a r to those of the corresponding bromide r e a c t i o n s i n B. 

The mass s p e c t r a l evidence suggests a t l e a s t a dimeric 

complex [Mn(CO)3(PPh3) (OEt) (the highest value i s 464). 

From the r e s u l t s of these s t u d i e s s e v e r a l conclusions 

were made as to the optimum r e a c t i o n c o n d i t i o n s . Acetone i s 

a much b e t t e r s o l v e n t than the hydrocarbons, a l l re a c t a n t s 

being r e a d i l y s o l u b l e and i t i s easy to remove a t the end of 

the r e a c t i o n . However, because of i t s low b o i l i n g point i t 

i s not s u i t a b l e f o r the phosphine r e a c t i o n s , where toluene 

was r e t a i n e d . A higher ketone could have been used for these 
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r e a c t i o n s but i f the b o i l i n g point i s too high i t becomes 

d i f f i c u l t to remove the s o l v e n t a t the end of the reaction, 

and a l s o i f the molecular weight i s too high, s o l u b i l i t y of 

the r e a c t a n t s decreases. 

Sodium carbonate was the p r e f e r r e d base fo r the non-

phosphine r e a c t i o n s as i t appears to lead to a greater 

proportion of the s t a r t i n g m a t e r i a l r e a c t i n g and i t can 

e a s i l y be removed from the r e a c t i o n mixture by f i l t r a t i o n . 

Proton sponge i s more d i f f i c u l t to remove and a l s o may be too 

strong a base t o use here. The products from r e a c t i o n s using 

proton sponge appear to be unpredictable and non-

r e p r o d u c i b l e . Both bases appear l e s s s u i t a b l e than 

t r i e t h y l a m i n e f o r the phosphine r e a c t i o n s f o r the reasons 

given above. 

Sodium carbonate has been used i n the preparation of 

a l k o x y - d e r i v a t i v e s of t r a n s i t i o n metals, f o r example: 

xs [ R u C l 2 ( a r e n e ) ] 2 + Na2CO3+H20 >[(arene)Ru(OH)3(arene) ] [9] 

and 

[Ir(C8Hi2)<=lh + Na2C03 + ROH >[ ( I r (CgH-L^) (OR) ]2] 
R = Me,Ph. 

I t i s t h e r e f o r e reasonable to expect r e a c t i o n to occur with 

Mn(C0)5Br. 

Ethanol as a s o l v e n t gave a great d e a l of unreacted 

s t a r t i n g m a t e r i a l with proton sponge as base, and although 

r e a c t i o n was improved with sodium carbonate the analyses were 

not i n good agreement with the expected r e s u l t s . T h i s method 

of u s i n g the a l c o h o l as both s o l v e n t and r e a c t a n t i s not 
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s u i t a b l e f o r a l l the al c o h o l s used i n t h i s study, as an 

a l t e r n a t i v e s o l v e n t must be found f o r the s o l i d a l c o h o l s and 

a l s o f o r the very v i s c o u s p o l y - o l s . I t i s a l s o more 

d i f f i c u l t to dry the a l c o h o l s than i t i s to dry toluene for 

example, and s o l u b i l i t y i s lessened with a high molecular 

weight a l c o h o l . 

There appeared to be l i t t l e d i f f e r e n c e i n r a t e of 

r e a c t i o n of the Mn(00)^01 complex as compared with Mn(C0)5Br. 

The c h l o r i d e i s a l s o l i g h t s e n s i t i v e and obtaining pure 

samples i n good y i e l d s i s not as easy as with the bromide. 

E F u r t h e r r e a c t i o n s of MnCCOl^Br with Alcohols 

A l l the r e a c t i o n s i n t h i s s e c t i o n were c a r r i e d out using 

acetone as the s o l v e n t and sodium carbonate as the base. 

A l l the a l c o h o l s used i n t h i s s e c t i o n gave products 

which are g e n e r a l l y oligomeric. The IR s p e c t r a were of two 

b a s i c types as i n Se c t i o n B, ( i ) two peaks between 2000 cm"-̂  

and 2100 cm"-'- and one between 1900 and 1970 cm"-'-., or ( i i ) a 

s i n g l e peak a t each of the previous p o s i t i o n s , with or 

without a peak a t 1980 cm"^. As described i n Section B, t h i s 

l a s t peak i s b e l i e v e d to be due to a d i s t i n c t l y separate 

component r a t h e r than being due to s t a r t i n g m a t e r i a l , since 

i t i s often absent where the bromine a n a l y s i s i s quite high 

and f o r products having approximately equal bromine analyses 

the i n t e n s i t y of the peak can vary g r e a t l y . The colours of 

the products are mostly yellow, with s e v e r a l orange 

compounds. B u t a n - l - o l y i e l d e d a dark red/brown s o l i d . 

The products obtained from r e a c t i o n s of t h i s a l c o h o l , (53) 
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and ( 5 6 ) , turned brown on standing and i t i s most l i k e l y that 

a e r i a l o x i d a t i o n to M n ( I I I ) has taken p l a c e . Products from 

r e a c t i o n s with water, acetoxime, ethanediol and g l y c e r o l (one 

of two r e a c t i o n s i n the l a t t e r two cases) were brown i n 

c o l o u r and t h i s i s probably the r e s u l t of oxidation to 

M n ( I I I ) , though the a n a l y s i s r e s u l t s f o r the acetoxime 

product i n p a r t i c u l a r are c l o s e to those required f o r a dimer 

[Mn(C0)4 (ON=CMe2)]2/ which i s i n agreement with the mass 

s p e c t r a l data (highest "II^ =335) . I n most cases a s i n g l e 

r e a c t i o n was c a r r i e d out with an a l c o h o l and so i t i s more 

d i f f i c u l t to s t a t e f o r c e r t a i n whether the product i s a 

mixture of one product and s t a r t i n g m a t e r i a l or s e v e r a l 

oligomers and s t a r t i n g m a t e r i a l . Repeat r e a c t i o n s were 

c a r r i e d out with ethanol, 2-chloroethanol, water, ^butanol 

propan-2-ol, g l y c e r o l and 2 b u t y n e - l , 4 - d i o l . Both ethanol 

r e a c t i o n s gave high molecular weight complexes, n = 6 i n 

[Mn(CO) 3 (OEt) from the mass s p e c t r a l data (highest values = 

987 (51) and 1105 ( 5 2 ) ) , but the amounts of s t a r t i n g material 

and the c o l o u r s of the products d i f f e r e d , the yellow product 

of (52) being heated f o r 18 hours longer than (51). With 2-

chloroethanol the products obtained are the same colour and 

both a r e dimeric (from mass s p e c t r a l data, highest % = 446 

(53) and 278 ( 5 4 ) ) , with s i m i l a r amounts of s t a r t i n g material 

p r e s e n t . Products of d i f f e r e n t colours were obtained with 

water, g l y c e r o l and 2 butyne-1,4-diol but l a c k of data for 

the second r e a c t i o n product makes comparison more d i f f i c u l t , 

although the IR s p e c t r a were quite s i m i l a r . ^Butanol y i e l d s 
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yellow products from both (57) and (58) , but the amount of 

s t a r t i n g m a t e r i a l i n (58) i s h a l f t h a t of (57) and the mass 

s p e c t r a l data i n d i c a t e s a minimum of a t r i m e r f o r (58) 

( h i g h e s t 5 0 3 ) and a tetramer f o r (57) (highest ̂ %=834) . I t 

could be t h a t these products are i d e n t i c a l (as are t h e i r IR 

s p e c t r a ) and t h a t fragmentation i n the mass spectrometer has 

prevented d e t e c t i o n of the h i g h e s t weight oligomer i n (57) . 

With propan-2-ol an orange product i s obtained i n (59) for 

which the mass s p e c t r a l data r e q u i r e s a t l e a s t a t e t r a m e r i c 

complex (highest % value = 609). However, heating for a 

f u r t h e r 2 0 hours (60) produced a dark yellow compound which 

was r e q u i r e d to be t r i m e r i c (highest"^-535). Double the 

amount of s t a r t i n g m a t e r i a l was present here as compared to 

( 5 8 ) . 

I n t h i s s e r i e s of r e a c t i o n s the main products are, 

t r i m e r i c [Mn(CO)3(OR)]3 complexes, i f the mass s p e c t r a l data 

are taken to r e f e r to the parent molecule. A monomeric 

complex i s obtained with t r i p h e n y l c a r b i n o l (highest % value 

i n mass spectrum = 410), as might be expected considering 

t h a t i t has one of the h i g h e s t pK^ v a l u e s , i . e . i s l e s s 

r e a c t i v e toward proton l o s s , and i t i s a l s o a very s t e r i c a l l y 

demanding group. A group of t h i s s i z e would f i n d bridging 

two or more manganese atoms impossible due to repulsions and 

the inherent s t r a i n i n such a complex. 

Dimeric complexes were obtained with 2-chloroethanol, 

and acetoxime, but t e t r a m e r i c complexes with ^butanol, 

propan-2-ol and 2-methoxyethanol. 

Ethanol gave hexameric u n i t s , and i n the case of methanol 
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and ethanediol, oligomeric complexes of high molecular mass 

were obtained (highest % = 6 8 5 f o r methanol and 1058 f o r 

e t h a n e d i o l ) . Because i t i s not c e r t a i n t h a t the parent 

molecular ion i s being detected i n each case, i t i s p o s s i b l e 

t h a t what are being detected are fragments of oligomer u n i t s 

of higher molecular mass. However i n some cases, such as 

t r i p h e n y l c a r b i n o l f o r example, the oligomer detected i n the 

mass spectrxim i s most l i k e l y to be of the " c o r r e c t " c l u s t e r 

s i z e . I t would appear t h a t the products obtained are 

mixtures of one complex and s t a r t i n g m a t e r i a l i n general 

(although formation of mixed bromo alkoxy complexes cannot be 

r u l e d o u t ) . The r e a c t i o n s with g l y c e r o l and ethanediol are 

most l i k e l y to have y i e l d e d complexes with the alcohol bonded 

v i a only one oxygen atom, r a t h e r than as a chelate, s i n c e the 

amount of base added was only equivalent to the removal of 

one proton, and i t i s u n l i k e l y t h a t a double (or t r i p l y 

charged ( i n the case of g l y c e r o l ) ) alkoxide e n t i t y would be 

produced or be s u f f i c i e n t l y s t a b l e i n these conditions. 

The •'•H nmr of the methoxy d e r i v a t i v e i n dg-acetone 

s o l u t i o n showed a s h i f t i n s o l v e n t and reference peaks of 

approximately 1 ppm, due to the presence of paramagnetic 

m a t e r i a l , such as f o r example [Mn(0Me)2]n* The presence of 

t h i s m a t e r i a l l e a d s to s p e c u l a t i o n as to whether the other 

products w i l l a l s o contain t h i s type of paramagnetic 

a l k o x i d e . 
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F. F u r t h e r Reactions of MnfCO)^(PPhj)Br with Alcohols 

These r e a c t i o n s were i n general the most d i f f i c u l t to 

i n t e r p r e t w ith any g r e a t c e r t a i n t y and were a l s o the most 

u n s a t i s f a c t o r y i n terms of products obtained. 

The IR s p e c t r a vary q u i t e widely, and r e l a t e to the 

amounts of the phosphine intermediate (Mn(CO)^(PPh3)Br) 

present. T h i s contamination however i n l e s s than the amounts 

of Mn(C0)5Br present i n the products of the r e a c t i o n not 

i n v o l v i n g phosphines (as measured by the bromine a n a l y s i s ) . 

The mass s p e c t r a l data, i f taken as recording the parent 

molecular ion, show t h a t monomeric or dimeric complexes are 

obtained (see Table 5) , except i n the case of the r e a c t i o n 

with ethanediol a t 100°C, (which produces a t r i m e r i c 

complex), which would perhaps be expected due to i t s greater 

a c i d i t y and hence g r e a t e r r e a c t i v i t y , and s i n c e s t e r i c 

f a c t o r s become more important with the bulky phosphine group 

present. 

The a n a l y s i s r e s u l t s are g e n e r a l l y low, e s p e c i a l l y those 

f o r manganese, and i t i s l i k e l y t h a t products are mixed with 

not only the s t a r t i n g m a t e r i a l (phosphine intermediate) but 

a l s o some with (an)other manganese/C0/PPh3 complex(es). 

Reaction with acetoxime y i e l d e d orange products i n a l l cases 

except ( 7 5 ) , when r e a c t i o n using sodium carbonate at 100°C 

gave a p a l e brown s o l i d ^ p o s s i b l y Mn(CO)3(PPh3)2Br. No 

n i t r o g e n was found i n the products of r e a c t i o n s (74) and (75) 

and i t s content i n (78) i s very low. With the base, sodium 

carbonate, being i n s o l u b l e i n toluene there may be problems 
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i n g e t t i n g r e a c t i o n with the a l c o h o l . The a n a l y s i s r e s u l t s 

f o r manganese content are again lower than expected. 

p-Nitrophenol y i e l d e d yellow-green complexes. The 

r e a c t i o n a t 70°C gave a monomeric complex (highest value 

i n the mass spectrum = 502), with low analyses f o r manganese 

and n i t r o g e n . These v a l u e s are even lower i n the case of 

r e a c t i o n a t 100°C (80), and there i s no nitrogen present i n 

r e a c t i o n ( 8 1 ) . I t seems l i k e l y t h a t a Mn/C0/PPh3(Br) complex 

of some kind i s the main product of these r e a c t i o n s , with 

some alkoxy d e r i v a t i v e being formed i n the r e a c t i o n a t 70°C. 

The nitrogen c o n t a i n i n g compound can be p-nitrophenol and/or 

[NEt3H]Br. S t e r i c f a c t o r s may be more important here, with 

t r i p h e n y l phosphine and p-nitrophenol both being s t e r i c a l l y 

demanding. The IR s p e c t r a of (79) and (81) show peaks at the 

same frequencies as Mn(CO)^(PPh3)Br though of lower 

i n t e n s i t y . 

The products obtained from r e a c t i o n s a t the two 

temperatures using t r i p h e n y l c a r b i n o l gave compounds of 

d i f f e r e n t c o l o u r s . At 70°C a b r i g h t yellow compound was 

obtained whose IR spectrum contained CO s t r e t c h i n g v i b r a t i o n s 

a t the same frequencies as those of the phosphine 

intermediates but of lower i n t e n s i t y (2090, 2030, 2000 and 

1960 cm~^) . I t would appear t h a t t h i s could be the major 

product i s o l a t e d , with p o s s i b l y some monomeric alkoxy 

d e r i v a t i v e . T h i s would be i n l i n e with the s t e r i c 

c o n s i d e r a t i o n s , Ph3C0~ having a considerable molecular 

volume. The presence of PPh3 w i l l a l s o consign the alkoxy 

complex t o a monomer. Triphenol c a r b i n o l i s a l s o a weak a c i d 
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and so w i l l be l e s s r e a c t i v e towards alkoxide ion formation. 

At 100°C an orange s o l i d was obtained and the IR 

spectrum i n d i c a t e s more r e a c t i o n . Some intermediate remains 

(from the bromine a n a l y s i s ) , but there i s the p o s s i b i l i t y of 

a Mn/C0/PPh3 complex being present as w e l l as the alkoxy 

d e r i v a t i v e which appears to be a monomer f o r the reasons 

s t a t e d above. 

The r e a c t i o n of ethanediol with the phosphine 

intermediate complex proceeds as with t r i p h e n y l c a r b i n o l at 

the same temperature. A yellow s o l i d i s obtained which has 

an IR s o l u t i o n spectrum very s i m i l a r to the intermediate 

(bands a t 2080, 2000 and 1940 cm"-*-) . The mass spectrum 

i n d i c a t e s a higher mass u n i t than i n previous cases and thus 

the product i s most l i k e l y to be a mixture of phosphine 

intermediate, a l k o x y - d e r i v a t i v e s [Mn(CO)3(PPh3)(OCH2CH2OH)]2 

(minimum r e q u i r e d by mass s p e c t r a l data where the highest 

v a l u e i s 580) and Mn/C0/PPh3 complex. 

At 100°C the bromine a n a l y s i s on the product shows t r a c e 

amounts only of the intermediate (confirmed by the IR 

spectrum) and on the yellow product i s most l i k e l y to contain 

the alkoxy d e r i v a t i v e [Mn(CO)2(PPh3)(OCH2CH2OH)]3 (minimum 

r e q u i r e d by mass s p e c t r a l data (highest '3^ value = 980) and a 

Mn/C0/PPh3 complex. The d i o l i s l i k e l y to be bonded v i a only 

one of i t s oxygen atoms s i n c e only one proton equivalent of 

base was added, and formation of the anion would re q u i r e a 

much stronger base. The l i k e l i h o o d of a dimeric or t r i m e r i c 

alkoxy compound i s enhanced by the g r e a t e r a c i d i t y of 

ethane d i o l J as compared to the simple a l c o h o l s such as 
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ethanol,though t h i s has to be balanced against a reduced 

tendency to bond to the metal with high a c i d i t y . 

The l i k e l y products and r a t e of r e a c t i o n can be 

accounted f o r by c o n s i d e r a t i o n of the a c i d i t y of the alcohols 

concerned. The a l i p h a t i c a l c o h o l s are weak a c i d s , having pK^ 

v a l u e s higher than t h a t of water (15.7) with the exception of 

methanol, although a c i d i t y i s often higher i n aromatic 

a l c o h o l s e.g. phenol pK^ = 10. Table 4.1 l i s t s pK^ values of 

some of the a l c o h o l s used i n t h i s study. The higher the pK^ 

valu e , the weaker the a c i d [ 1 1 ] . 

Table 4.1 

Alcohol 

Eton 16 

H2O 15.7 

(CH20H)2 15.4 

MeOH 15 

CH3OCH2CH2OH 14.8 

CH2OH.CHOH.CH2OH 14.4 

CH2CICH2OH 14.3 

7.2 

S i n c e an alc o h o l contains a proton bonded to very 

e l e c t r o n e g a t i v e oxygen appreciable a c i d i t y would be expected 

s i n c e l o s s of the proton l e a v e s a negative charge which can 

be e a s i l y accommodated by the oxygen atom. However, not a l l 

a l c o h o l s have the same a c i d i t y and the magnitude of the pK^ 

valu e w i l l depend on the other f u n c t i o n a l groups present (as 

demonstrated i n Table 4.1). Three s t r u c t u r a l e f f e c t s 
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determine the s t a b i l i t y of the conjugate base (the alkoxide 

ion) and hence the a c i d i t y : ( i ) i n d u c t i v e e f f e c t s . A a-bond 

can be p o l a r i s e d by the i n f l u e n c e of an adjacent polar bond 

or group. For example, i n 2-chloroethanol, the 

e l e c t r o n e g a t i v e c h l o r i n e atom a t t r a c t s e l e c t r o n density from 

the carbon atom to which i t i s bonded and c r e a t e s a permanent 

d i p o l e 
h < h 

CI - CH2 - CH2 - OH 

T h i s C - CI dipole i n f l u e n c e s the adjacent carbon atom by an 

electron-withdrawing i n d u c t i v e e f f e c t . The e f f e c t weakens 

with d i s t a n c e between i n t e r a c t i n g groups. I t serves to 

s t a b i l i z e the CICH2CH2O" anion (the conjugate base) and hence 

i t w i l l be more a c i d i c than CH3CH2OH, where there i s no such 
e f f e c t . 

( i i ) S t e r i c e f f e c t s . S t e r i c hindrance to s o l v a t i o n caused by 

the bulk of the a c i d or the so l v e n t can i n h i b i t solvent 

s t a b i l i s a t i o n of the conjugate base and thereby lower 

a c i d i t y . Such groups as ̂ Bu- and Ph3C- w i l l prevent the 

c l o s e approach of so l v e n t molecules to form the necessary 

i n t e r a c t i o n between them and the conjugate base so th a t ^BuOH 

and Ph3C0H w i l l be weaker a c i d s than EtOH. 

( i i i ) Resonance e f f e c t s . Where i t i s p o s s i b l e to d e l o c a l i z e 

the negative charge of the alkoxide ion, and hence s t a b i l i z e 

i t by resonance, the a c i d i t y of the alcohol w i l l be 

i n c r e a s e d . T h i s e f f e c t i s w e l l i l l u s t r a t e d by the phenolic, 

d e r i v a t i v e p-nitrophenol with a pK^ of 7.2 
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The presence of an aromatic r i n g does not automatically bring 

resonance s t a b i l i s a t i o n however. Benzyl alcohol PhCH20H i s a 

good example - the aromatic r i n g i s remote from the oxygen 

atom and resonance s t a b i l i s a t i o n i s impossible. 

Within a s e r i e s of a l i p h a t i c a l c o h o l s the l a r g e r the 

a l k y l group, the weaker the a c i d . Methanol i s the strongest 

a c i d , t e r t i a r y a l c o h o l s are the weakest. T h i s i s due mainly 

to s o l v a t i o n e f f e c t s - a bulky group i n t e r f e r e s with the ion-

d i p o l e i n t e r a c t i o n s which s t a b i l i z e d the anion [ 1 2 ] . 

The most a c i d i c a l c o h o l s used i n t h i s study were p 

nitrophenol and acetoxime and these were found to have the 

most f a c i l e r e a c t i o n s (non-phosphine), with r e a c t i o n times 

being the s h o r t e s t . I n general the trend observed i s for a 

longer r e a c t i o n time to be required f o r the weaker a c i d s , the 

longer c h a i n a l i p h a t i c s , e.g. b u t a n - l - o l , and the more 

s t e r i c a l l y hindered t e r t i a r y a l c o h o l s such as ^butanol and 

t r i p h e n y l c a r b i n o l . 

I n general the r e a c t i o n s employing sodium carbonate as 

the base took s l i g h t l y longer than those using triethylamine, 

presumably because the former i s i n s o l u b l e i n acetone. 

I n view of the i n c r e a s i n g l y r i c h chemistry of t r a n s i t i o n 

metal a l k o x i d e complexes and alkoxy d e r i v a t i v e s i t seems 

s u r p r i s i n g t h a t a g r e a t e r number of manganese complexes of 

t h i s type have not been prepared. The f i r s t alkoxy 

carbonyls of manganese were reported i n 1979 by Abel [2] but 

s i n c e then r e l a t i v e l y l i t t l e work has been c a r r i e d out i n 

t h i s f i e l d (see Chapter 2 ) . 
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Abel chose to use the method of r e a c t i n g a manganese 

carbonyl halogen compound with base and alcohol which i s not 

commonly used i n preparation of t r a n s i t i o n metal alkoxy 

d e r i v a t i v e s . Some examples of i t s use are: 

ReOCl^ + t e r t i a r y amine i n methanol—>Re203(OMe)g [13] 

PhN = WCI4 + ^BuNH2 + MeOH > PhNW(0Me)4 [14] 

I t i s more commonly used i n the preparation of simple 

a l k o x i d e s , e.g. 

T i C l 4 + 4R0H + 4NH3 >Ti(0R)4 + 4NH4CI [15] 

Abel r e p o r t s r e a c t i o n with ethanol, low and e r r a t i c 

y i e l d s w ith -"-PrOH and "BUOH, and no r e a c t i o n with other 

a l c o h o l s . I n h i s 1983 review of t r a n s i t i o n metal alkoxides 

[16] Metrotra expresses s u r p r i s e a t t h i s l a c k of r e a c t i o n . 

I n f a c t Abel s u c c e s s f u l l y obtained t r i m e r i c alkoxy 

d e r i v a t i v e s with a number of a l c o h o l s , ROH where R = Me, E t , 

"Pr, ^Pr, "BU, CgH]^]^, CH2CH = CH2 or CH2Ph, by r e a c t i o n of 

the t r i m e t h y l t i n d e r i v a t i v e with Mn(C0)5Br. 

From the r e s u l t s of t h i s study i t appears t h a t the main 

problem with Abel's method i s the choice of solvent, i . e . 

hexane. E a r l y work i n the present study a l s o obtained low and 

unreproducible y i e l d s , or no r e a c t i o n a t a l l , when using 

hexane, and to some extent toluene, as the solvent. The use 

of acetone as solvent g r e a t l y f a c i l i t a t e s r e a c t i o n , as 

Mn(C0)5Br has only l i m i t e d s o l u b i l i t y i n hydrocarbons, but i s 

more r e a d i l y s o l u b l e i n other organic s o l v e n t s . Reaction was 

obtained w i t h a wide range of a l c o h o l s and t r i m e r i c products 

appeared to predominate, although the increased s o l u b i l i t y of 

s t a r t i n g m a t e r i a l and products i n acetone may allow the 
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production of oligomers of high mass. Sodium carbonate or 

t r i e t h y l a m i n e can be used as the base, the former being 

i n s o l u b l e i n acetone which leads to a s l i g h t l y g r e a t e r amount 

of unreacted s t a r t i n g m a t e r i a l among the products, though i t 

i s much e a s i e r to remove from the r e a c t i o n mixture. Further 

p u r i f i c a t i o n of the products obtained followed by f r a c t i o n a l 

c r y s t a l l i s a t i o n or chromatography on b a s i c alumina ( c f . Abel 

[ 2 ] , the se p a r a t i o n of [Mn(CO)3(OCHjPh)]3 and 

[ M n ( C O ) 3 ( 0 C H 2 P h ) s h o u l d lead to separation of the 

components of the product mixture. Further work of i n t e r e s t 

would be the r e a c t i o n s with compounds containing bonds other 

than C-0 such as P-0, B-0, and S-0. 

The r e a c t i o n s of a l c o h o l s with the phosphine 

intermediate Mn(CO)4(PPh3)Br were l e s s s a t i s f a c t o r y . The 

products appear to be mixtures of t h i s m a t e r i a l , a Mn/C0/PPh3 

complex and the alkoxy d e r i v a t i v e . I n some cases the main 

product i s o l a t e d was Mn(CO)3(PPh3)jBr. I t may be e a s i e r to 

obtain products c o n t a i n i n g other u s e f u l l igands such as 

phosphine, halogen e t c . by following the method of Abel [2] 

and r e a c t i n g the appropriate reagent with an alkoxy carbonyl 

d e r i v a t i v e : 

[Mn(CO) 3 (OEt) ]3 + PMe2Ph 5, [Mn3 (CO) g (PMe2Ph) (OEt) 3 ] + CO 
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