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COBALK I I I )  COMPLEXES WITH ( R ) - l  ,2-DIAMIN0PR0PANE
AND ITS DERIVATIVES

C h r i s t o p h e r  John Rudy, M.A.

Western Michigan U n i v e r s i t y ,  1985

( R ) - l , 2 - D i e t h y l a m i n o p r o p a n e  ( N , N ' - E t l p n )  was p re ­

pared by L iA lH^  r e d u c t i o n  o f  (R) - 1 - 2 - d i ace t ami dopropane  

(m.p.  1 5 3 . 5°C) .  The [ C K l p  o f  N,N' -Melpn and N , N ' - E t l p n  

was r e l a t e d  to  t h a t  o f  lpn and was c o n c e n t r a t i o n  depen­

d e n t .  ( R ) - l , 2 - D i b e n z y l a m i n o p r o p a n e  was prepared.  Com­

p lexes  of  t r a n s , t r a n s - and t r a n s , c i s - d i n i t r o b i s ( (R) -

1 , 2 - d i e t h y l  ami n o p r o p a n e ) c o b a l t ( 1 1 1 ) were prepared.  The 

hexadecadal  r u l e  was used to he lp  assign the n i t r o  oxy­

gens o f  the complexes to sec to r s  ad jacen t  to the a x ia l  

amine hydrogens and w i t h i n  the boundar ies o f  the X -  

c h e l a t e  r i n g s .  The CD spec t r a  was s o l v e n t  dependent .

The i n s t a b i l i t y  o f  t r a n s - [ C o ( 1 1 1 ) N^X^]*  complexes was 

r e l a t e d  to the ammonia or 1 , 2 - d ia m i ne  l i ga nd  ( N ,N ' -Bz lpn  

> N . N ' - E t l p n  > N,N1-Eten > N,N' -Melpn > N,N' -Meen >

NHg > l p n ) ,  the t r a n s -X groups ( C l “ > Br" > N02~) and 

the c o u n t e r i o n  ( C l "  > Br “ ; CIO^” ; NOg"). NH^CCo( I I I ) -  

( N H j ) 2( 1 > 2 - d i a m i n e ) ( SOg)g] complexes were prepared,  and 

t r a n s - [ C o ( I I I ) ( N H 3 ) 2 ( l p n ) B r 2 ]Br  and t r a n s - C C o d l l H N H j ) ^ -  

( l p n ) C l 2 ]Cl  were prepared f rom NH^CCo( 111) ( NH^)2 ( l p n ) -  

(SOgJg] us ing HBr or  HC1.
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CHAPTER I

INTRODUCTION

The s te r eo isomer ism of  t r a n s - d i  acido c o b a l t ( I I I )  

complexes w i t h  ( R ) - l , 2 - d i a m i  nopropane ( l p n )  and some of  

i t s  d e r i v a t i v e s  has been s tu d ie d  by numerous workers .

(1)  The lpn d e r i v a t i v e  ( R ) - l , 2 - d i m e t h y l a m i n o p r o p a n e  

(N . N ' -Me l pn )  has been prepared.  (2)  The s t ereo i somer i sm 

o f  t r a n s - d i  aci  dobi  s ( l  , 2 -d i -amine)cobal  t (  111) complexes 

w i t h  N,N' -Melpn and c e r t a i n  o th e r  1 , 2 - d i am ine  l ig an ds  

has been s t u d i e d .  ( 2 , 3 )  ( R ) - l , 2 - D i a m i n o p r o p a n e  and 

i t s  d e r i v a t i v e s  are p a r t i c u l a r l y  adapted f o r  the study 

o f  the s te r eo isomer ism o f  t r a n s - d i  a c i d o b i s ( l , 2 - d i  amine) -  

c o b a l t ( I I I )  complexes because o f  the s t e r e o s p e c i f i c i t y  

t h a t  these e n an t io me r i c  1 , 2 - d ia m i ne  l ig an ds  have when 

c o o r d i n a t e d  in the t r a n s - d i a c i d o b i s ( l , 2 - d i a m i n e ) c o b a l t -  

( I I I )  complexes.

The asymmetr ic carbon atom in lpn has been shown 

to e x i s t  in the ( R ) - c o n f i g u r a t i o n  by Re i h l en ,  Wein- 

b renner  & H e s s l i n g ,  (4)  who prepared the l e v o r o t a r y

1 ,2 - d i ami  nopropane enant iomer  through convers ion  o f  the 

c a r b o x y l i c  ac id moie t y  in D - a l a n i ne  i n t o  an amino- 

methyl  in the l pn .  This (R) -ass ignment  was conf i rmed 

when the c r y s t a l  s t r u c t u r e  of  a s i n g l e  c r y s t a l  o f  t r a n s - 

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

1
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hydr at e  was s tu d i ed  by anomolous d i s p e r s i o n  x - r a y  d i f ­

f r a c t i o n  by S a i t o  & I wa s a k i .  (5)

Any convers i on  o f  the amine groups in lpn by sub­

s t i t u t i o n  f o r  the amine hydrogens w i t h o u t  b reak i ng  bonds 

to the c h i r a l  (R) carbon prepares an N - s u b s t i t u t e d  lpn 

d e r i v a t i v e  also hav ing the ( R ) - c o n f i g u r a t i o n .  In t h i s  

manner,  T i e t h o f  (2)  showed t h a t  the l e v o r o t a r y  1 , 2 - d i ­

methyl  ami nopropane prepared f rom lpn by convers ion  of  

the amine hydrogens to  methylamine groups had the (R)-  

c o n f i g u r a t i o n .

The asymmetr ic  carbon o f  ( R) - 1 , 2 - d i ac e t a m id o p r o -  

pane prepared f rom lpn and a c e t i c  ac id w i l l  thus also 

have an ( R ) - c o n f i g u r a t i o n  because the bonds to the 

c h i r a l  carbon remain i n t a c t .  The asymmetr ic carbon of  

the N , N ' - d i e t h y l  d e r i v a t i v e  of  lpn prepared f rom reduc­

t i o n  o f  ( R ) - l , 2 - d i a c e t a m i d o p r o p a n e  w i l l  l i k e w i s e  have 

the ( R ) - c o n f i g u r a t i o n . This N , N ' - d i e t h y l  d e r i v a t i v e  of  

lpn i s  ( R ) - l , 2 - d i e t h y l a m i n o p r o p a n e  (N , N 1- E t l p n ) .

The 5-membered c h e l a t e  r i n g s  formed by 1 , 2 - d i a m i n o -  

ethane (en) and i t s  C- and N - s u b s t i t u t e d  v a r i a n t s  are 

n on -p l an a r  due to c o n f o r m a t i o n a l  energy r equ i rements  o f  

the r i n g .  T h e i l a c k e r  (6 )  proposed t h a t  en c h e l a t e  r i n g s  

take a skew c o n f o r m a t i o n .  Corey & B a i l a r  (7)  concluded 

a f t e r  d e t a i l e d  a n a l y s i s  t h a t  c h e l a t e  r i n g s  such as en 

and pn e x i s t  i n  e n an t i o m e r i c  f i  or  \  skew con fo rmat ions  

as shown in F i gure  1.
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. R 1

& X
F i gu re  1. Skew Conformat ions o f  Chelated 1 ,2-Diamine 
R ings .  The 8 - c on f o rm a t i o n  i s  on the l e f t ,  and the 
X - co n f o r mat i on  i s  on the r i g h t .  I f  R i s  m et hy l ,  and 
R1 & Rz are H, the 1 , 2 -d ia mi ne  i s  1 , 2 - d i am i  nopropane.

Hawkins,  (1)  and Buckingham, M a r z i 11i & Sargeson 

(8)  a f t e r  d e t a i l e d  c o n fo r ma t i on a l  analyses g e n e r a l l y  

concluded t h a t  skew con fo r mat ions  such as these a l l ow 

any C- and N-methyl  groups to l i e  in e q u a t o r i a l  p o s i ­

t i o n s .  In t h i s  manner, the c h e l a t e  r i n g  has more s t a ­

b i l i t y  and i s  o f  a lower  energy than i f  the methyl  sub­

s t i t u e n t s  were in a x i a l  p o s i t i o n s .  This has been born 

ou t  by x - r a y  s t u d i e s .  ( 5 , 9 )  S i m i l a r l y ,  g e n e r a l l y  

e q u a t o r i a l  o r i e n t a t i o n s  can be expected f o r  the N- e t hy l  

groups in c h e l a t e  r i n g s  w i t h  N . N ' - E t l p n .  (10)

Yano, I t o ,  Ko ike,  F u j i t a  & S a i t o  (11)  have shown 

by pro ton magnet ic resonance (PMR) sp ec t r a  t h a t  in 

aqueous s o l u t i o n s  ( R) - 1 , 2 -d iaminopropane c h e l a t e  r i n g s  

o r i e n t  s t e r e o s p e c i f i c a l l y  and have the X - c o n f o r m a t i o n . 

S a b u r i ,  T s u j i t o  &Yos h i kawa  (12) have shown t h a t  ( S) -
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1-methy l  amin o - 2 - am ino , ( S ) - l - a m i n o - 2 - m e t h y l a m i  no and 

( S ) - l , 2 - d i m e t h y l a m i n o p r o p a n e  (N-Medpn, N'-Medpn and 

N,N' -Medpn)  c h e l a t e  r i n g s  a lso c o o r d i n a t e  s t e r e o s p e c i -  

f i c a l l y  onto c o b a l t ( I I I ) ,  but  i n the oppos i te  g - c o n f o r -  

mat i on .  T i e t h o f  (2)  showed, and T i e t h o f  & Cooke (3) 

r e p o r t e d  t h a t  ( R ) - l , 2 - d i m e t h y l a m i n o p r o p a n e  c h e l a t e  r i ng s  

c o o r d i n a t e  s t e r e o s p e c i f i c a l l y  in the X - c o n f i g u r a t i o n  in 

t r a n s - d i a c i d o b i s ( ( R ) - l , 2 - d i m e t h y l a m i n o p r o p a n e ) c o b a l t ( I I I )  

complexes.  ( R ) - l , 2 - D i e t h y l a m i n o p r o p a n e  also should co­

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

( ( R ) - l , 2 - d i e t h y l a m i n o p r o p a n e ) c o b a l t ( I I I )  complexes in 

the X - c o n f i g u r a t i o n . (10)  This i s  because o f  the (R) -

c o n f i g u r a t i o n  (which N . N ' E t l p n  has) about the asymmetr ic 

carbon and the e q u a t o r i a l l y  o r i e n t i n g  C-methyl  and N- 

and N ' - e t h y l  groups.

The c i r c u l a r  d i c h ro i sm  (CD) spec t r a  o f  t r a n s - d i - 

a c i do (N 4 ) c o b a l t ( I I I )  complexes hav ing one to two 5-mem- 

bered diamine c h e la t e  r i n g s  i s  c h a r a c t e r i s t i c  o f  the 

geometry o f  the complexes.  (1)  Var ious  r e g i o n a l  r u l e s  

have been put  f o r t h  to r e l a t e  the observed CD spec t ra  

and the s t e r e o c h e m i s t r y  o f  complexes which are o p t i c a l l y  

a c t i v e  such as these.  ( 1 3 , 1 4 , 1 5 , 1 6 )  The u n d e r l y i n g  

geometry o f  these complexes i s  i l l u s t r a t e d  in F i gure  2.
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X

X

F i gure  2. Und e r l y in g  Geometry o f  t r a n s - [ C o ( I I I ^ 4 X2 ]  
Complexes. Each X r e p r e se n t s  a c o o r d i na te d  acido 
group.  Each N r e p r es e n t s  a co o rd in a te d  n i t r o g e n  such 
as f rom ammonia or  a 1 , 2 - d i a m i n e  l i g a n d .  S o l i d  l i n e s  
r e p re se n t  bonds to  the c o b a l t ( I I I ) .  Dot ted l i n e s  
between any two N atoms i n d i c a t e  l i n e s  on the C o ( I I I ) N 4 
p la ne .  The d o t te d  l i n e s  do not  r e p r es e n t  N-N bonds.
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One such r u l e  i s  the hexadecadal  s e c t o r  r u l e  o f  

Mason. (14)  In t h i s  r u l e ,  the s ign o f  the Cot ton e f ­

f e c t  observed in the CD spec t ra  which i s  induced in the 

t r a n s - [ C o ( I I I ) N /|Xo3+ chromophore i s  r e l a t e d  to the p r e ­

sence o f  s u b s t i t u e n t s  in s i x teen  sec to rs  de f i ned  by the 

C o ( I I I ) N 4 p lane .  These sec to r s  are i l l u s t r a t e d  in 

F i g u r e •3.

\  (-)«+) /  
\ 5 !6 /

X + i 3 C o I J '

/  (+)! ( - \

F i gu re  3. Hexadecadal  Rule Se c to r s .  The + z d i r e c t i o n  
i s  up f rom the plane o f  the page, toward the re ade r .  
Sec tors  in the +z d i r e c t i o n  are i n d i c a t e d  as +1 s e c t o r ,  
e t c .  The - z  d i r e c t i o n  i s  down f rom the plane o f  the 
page, and sec to r s  in the - z  d i r e c t i o n  are i n d i c a t e d  as 
-1 s e c t o r ,  e t c .  The s igns f o r  the A i g - *  A2 g (D/ f , )  d-d 
t r a n s i t i o n  observed in the CD spec t ra  which are induced 
by s u b s t i t u e n t s  in the +z s ec to r s  are shown in 
p a r en th e s i  s .

For the t r a n s - C C o ( I I I ) N 4Cl>,]'1' chromophore A i g -» 

A2g(D4h) d~d t r a n s i t i o n  near 21,500 cm"1 , s u b s t i t u e n t s  

in each o f  the odd numbered sec to r s  induce n e ga t i v e  CD 

sp ec t r a  e f f e c t s  in the +z d i r e c t i o n ,  whereas s u b s t i t u ­

ents in each of  the even numbered sec to r s  induce p o s i -
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t i v e  CD spec t ra  e f f e c t s  in the +z d i r e c t i o n .  The e f ­

f e c t s  are a l l  op po s i t e  in the - z  d i r e c t i o n .  The q u a l i ­

t a t i v e  e f f e c t s  are oppos i te  to the Aig A2g(°4h)  

t r a n s i t i o n  e f f e c t s  f o r  the Aig Eg(D4h) component o f  

the Aig -+  T i g ( 0 |̂) c o b a l t ( I I I )  d-d t r a n s i t i o n ,  which 

l i e s  near to 16,000 cm~l f o r  the t r a n s - [ C o ( I I I ) N ^ C 1 q ] + 

chromophore.  Thus, f o r  example,  i f  a s u b s t i t u e n t  i s  in 

the -2 s e c t o r ,  l i k e  the methylene of  the \ - c h e l a t e d  lpn 

i s ,  a n ega t i ve  A i g A2 g( D4 ^ ) t r a n s i t i o n  CD spec t ra  

e f f e c t  and a p o s i t i v e  Aig -► Eg (D4 h) t r a n s i t i o n  CD 

s pe c t r a  e f f e c t  i s  induced by i t s  presence t h e r e .

Mason (14) a p p l i e d  h i s  r u l e  o n l y  to X groups in
+

a p p ro x im at e l y  t e t r a g o n a l  t r a n s - [ C o ( 1 1 1 ) N^X^3 chromo- 

phores which had c y l i n d r i c a l  (C^) symmetry,  such as 

c h l o r i d e ,  abou,t the X-Co-X a x i s .  Where X was NO2 -  in 

the chromophore,  the p o s i t i o n  o f  the oxygen atoms of  

the n i t r o  groups was not  s p e c i f i c a l l y  known, and i t  was 

noted t h a t  i g n o r i n g  t h i s  ( i . e . ,  assuming the n i t r o  

groups were c y l i n d r i c a l l y  sy mmet r i ca l )  the s ign o f  the 

CD sp ec t r a  o f  the t r a n s , t r a n s - d i n i  t r o b i  s ( 1-methylami  no-

2-ami noethane)  cobal  t (  111) chromophore in the A-^g -► T^ 

(0^)  r eg i on  was o p p o s i t e  to t h a t  o f  the Al g  A2g(D4h^

t r a n s i t i o n  observed in the CD sp ec t ra  o f  the c o r r e s ­

ponding t r a n s - d i c h l o r o  chromophore.  (14)  This  has 

been noted by many o th e r  wor ke r s .  ( 2 , 1 2 , 1 5 , 1 7 )  Bosnich 

& H a r r o w f i e l d  (15) noted i t  not  o n l y  f o r  the t r a n s - d i -
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n i t r o ( N ^ ) c o b a l t ( 111) chromophore but  a lso f o r  the c o r ­

responding t r a n s - c h l o r o n i t r o  chromophore.  A p p a r e n t l y ,  

the hexadecadal  r u l e  was u se fu l  on ly  f o r  a l i m i t e d  c l ass  

o f  t r a n s - C C o d i P N a X ? ] *  chromophores w i t h  d i s c e r n a b l e  

t e t r a g o n a l  f i e l d  t r a n s i t i o n s .

However, the hexadecadal  r u l e  has a t h e o r e t i c a l  

bas i s  as w e l l .  Shel lman (18) showed on symmetry con­

s i d e r a t i o n s  alone t h a t  p e r t u r b i n g  f u n c t i o n s  have sym­

met ry  p r o p e r t i e s  o f  a pseudosca lar  i n  the p o i n t  group o f  

the unper turbed chromophore.  The s i m p l e s t  form f o r  t h i s  

f u n c t i o n  in the D4 h p o i n t  group i s  X Y Z ( x 2 _ y 2 )  which r e ­

s u l t s  in the s i x t ee n  s ec to rs  when i t s  r e g i o n a l  s ign de- 

pendancy i s  cons ide r ed .  The t r a n s - [ C o ( 1 1 1 ) NaX?]* c h r o ­

mophore i s  a pp r ox ima t e l y  of  symmetry.  By t h i s  r ea s­

o n i ng ,  not  only,  should the hexadecadal  r u l e  apply  to ca­

ses where the t r a n s - a c i d o  groups are c y 1 i n d r i c a l l y  sym­

m e t r i c a l  but  a lso f o r  the cases i n v o l v i n g  n i t r o  groups.

O p t i c a l l y  a c t i v e  complexes w i t h  5-membered 1 , 2 - d i -  

aminoalkane c h e l a t e  r i n g s  w i t h  1 , 2 - d i e t h y l  ami no groups 

are g e n e r a l l y  absent  f rom the f i e l d  o f  the t r a n s - [C o -  

( I I I ) N 4 X2 ] + chromophores s tud i ed  in r e l a t i o n  to  the 

hexadecadal  r u l e .  Even though at  f i r s t  g lance such 

proposed complexes appear to be mere s t r u c t u r a l  analogs 

o f  the cor respond ing  complexes w i t h  5-membered c h e l a t e  

r i n g s  w i t h  1 , 2 - d ime thy l amino  groups,  t h e i r  a c t ua l  syn­

t h e s i s  may no t  be so s t r a i g h t f o r w a r d .
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There has been no r e p o r t  o f  the p r e p a r a t i o n  and 

r e s o l u t i o n  o f  t r a n s - C C o U I l H N . N ' - E t e n l o C N O o l o J C l .  

T i e t h o f  & Cooke (19)  r e po r t ed  the r e s o l u t i o n  o f  the c o r ­

r espond i ng  N,N' -Meen complex w i t h  ( + ) s i l v e r - p < -  bromocom 

p h o r - T T - s u l f o n a t e .  There has been no r e p o r t  of  the p re ­

p a r a t i o n  o f  a t r a n s - d i a c i d o b i s ( N , N ' - E t l p n ) c o b a l t ( I I I )  

complex and i t s  o p t i c a l  s tudy .

The p r e p a r a t i o n  o f  t r a n s - [ C o ( I I I ) ( N H 3 ) o ( l p n ) B r , J B r  

has been r e p o r t e d .  (13)  Analogous bromides w i t h  the

1 ,2 - d i a m i n e s  o f  N-Medpn and N'-Medpn have been r e p o r t e d .  

(12)  The analogous complex w i t h  N,N' -Medpn has not  been 

r e p o r t e d .

The p r e p a r a t i o n  o f  t r a n s - [ C o ( I I I ) ( N H ^ ) o ( l p n ) C 1 o ] -  

HSO^ and the c or r espond ing  p e r c h l o r a t e  s a l t  has been 

r e p o r t e d .  They were each prepared through the t r a n s - 

C C o ( I I I ) (NH^^2^ TPn ) B r 2 ^+ comPl e x * (1 3 , 15 )  Sa bur i ,  

T s u j i t o  & Yoshikawa (12) r e po r t e d  t h a t  the t r a n s - [ C o -  

( 1 1 1 ) ( »2 - d i  ami n e J B r ^ B r  complexes w i t h  1 , 2 - d i -  

amines o f  N-Medpn and N'-Medpn which they  prepared were 

prepared i n  view o f  the f a c t  t h a t  the cor respond ing  

t r a n s - d i  c h l o r o  complexes r e a d i l y  formed c i s - d i  c h l o r o  

complexes .

The p r e p a r a t i o n  o f  t r a n s - [ C o ( I I I ) ( N , N ' - M e l p n ) pCl 

complexes has been r e po r t ed  by r e a c t i o n  o f  cor respond ing  

d i n i t r o  complexes w i t h  hot  HC1. ( 2 , 3 )  This method was 

r e p o r t e d  to  be s uc ce ss fu l  i n c o n v e r t i n g  the c o r r e s ­
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ponding d i n i t r o  complexes i n t o  t r a n s - C C o U I I H N - M e d p n ) ^ -  

C1 g a nc* t r a n s - C C o d l l X N ' - M e d p n l o C l o ] ^  complexes but  

no t  success fu l  in c o n v e r t i n g  the t r a n s - [ C o ( 111) ( N,N 1 - 

Medpn)2 (N02) 2 ] + complex.  (12)  The HC1 convers i on  of  

t r a n s - C Co U I I H N - M e e n l o C N O o l o K l O ^  i n t o  t r a n s - [ C o ( I I I ) -  

(N-Meen)2 N02 Cl ]C10^ has been r e p o r t e d .  (17)  Analogous 

convers i ons  w i t h  HBr have not  been r e p o r t e d .

In a d d i t i o n ,  t r a n s - [ C o ( I I I ) N^IoH* complexes are 

l a c k i n g .  C o b a l t ( I I )  i o d i d e s  are known. I o d i de  ions are 

o x i d i z e d  to i o d i n e ,  p r ev e n t i n g  f o r m a t i o n  o f  the t r a n s - 

[ C o ( I I I ) N 4 I 2 ] + complexes.  (20)

A p p a r e n t l y ,  t he r e  i s  some p r a c t i c a l  l i m i t  to the 

t r a n s - [ C o ( I I I ) N 4 X ^ ] + complexes which may be prepared and 

i s o l a t e d  f o r  s tudy .  There appears to be some order  to 

the r e l a t i v e  i n s t a b i l i t y  brought  on by s u b s t i t u t i n g  more 

f r e e l y  conforming 1 , 2 - d i m e t h y l  ami no and 1 , 2 - d i e t h y l  amino 

groups onto 1 , 2 - d i ami ne  c h e l a t e  r i n g s ,  the type and num­

ber  o f  c h e la t e  r i n g s  on the complex and the type of  

ac ido s u b s t i t u e n t .  There a lso appears to be some r e l a ­

t i v e  o rder  o f  success fu l  methods to be employed in p re ­

p a r i n g  the m a r g i n a l l y  s t a b l e  complexes.  The c o u n t e r i o n  

o f  the complexes may p lay  a p a r t  in the s t a b i l i t y  

c o n s i d e r a t i o n s .
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CHAPTER I I

PROPOSAL

Ob j e c t i v e s

The o b j e c t i v e s  o f  t h i s  s tudy were to improve the 

p r e p a r a t i o n  o f  lpn and to prepare the new 1 , 2 - d i am i n es ,  

N , N ' - E t l p n  and N , N ' - B z l p n .  They were a lso to i n v e s t i ­

gate p r e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  t r a n s - [ C o ( I I I ) N ^ -  

Xg]+ complexes w i t h  C l " ,  Br~ and NOg" acido groups and 

NH3 and 1 , 2 - d ia m i ne  N - l i g an d s  and to determine the p ra c ­

t i c a l  l i m i t s  o f  p r ep a r i ng  new o p t i c a l l y  a c t i v e  t r a n s - 

[ C o ( 111) N 4 X 2 ̂ + complexes,  e s p e c i a l l y  b i s ( 1 , 2 - d ia mi n e)  

complexes w i t h  N,N ' -E ten  and N , N ' - E t l p n .  In a d d i t i o n ,  

the s y n t h e t i c  i n v e s t i g a t i o n  was to i n c l u d e  t r a n s - [C o -  

( 111) ( N H 3 ) 2 ( 1 >2-d i amine)X2]X complexes w i t h  X o f  Br"  0r  

C l "  and 1 , 2 - d i a m i n e s ,  N,N' -Meen;  N,N' -Melpn;  N ,N ' - E te n ;  

N , N ' - E t l p n ;  and N , N ' - B z l p n .  Those new t r a n s - [ C o ( 1 1 1 ) -  

N^Xg]+ complexes which could be syn thes i zed  were to have 

t h e i r  CD spec t r a  and s t e r e o c h e m i s t r y  analyzed along w i t h  

an analogous s t r u c t u r a l  s e r i es  o f  known complexes and 

the hexadecadal  r u l e .  A p a r t i c u l a r  o b j e c t  of  t h i s  s tudy  

was to  analyze t r a n s - [ C o ( I I I ) ( l , 2 - d i a m i n e ) ^ ( N 0 ^ ) „ ] + com­

p lexes  in terms o f  the hexadecadal  r u l e ,  i n c l u d i n g  the 

new t r a n s - [ C o ( I I I ) ( N , N ‘ - E t l p n ) 2 (N0 2) 2 ]+ complex.

11
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Achievements

The achievements o f  t h i s  s tudy i nc l uded  improved 

Ipn p r odu c t i o n  and p r e p a r a t i o n  o f  the new 1 , 2 - d i ami nes ,  

N , N ' - E t l p n  and N , N ' - B z l p n .  The achievements a lso i n ­

c luded p r e p a r a t i o n  of  the new o p t i c a l l y  a c t i v e  complex 

t r a n s - C C o U I I H N . N ' - E t l p n l o C N O o K i l C I  and r e s o l u t i o n  i n t o  

i t s  t r a n s . t r a n s - and t r a n s , c i  s-  i somers.  Also achieved 

were the p r e p a r a t i o n  o f  new i n t e r m e d i a t e  complexes NH^- 

[ C o ( I I I ) ( N H 3 ) 2 ( l , 2 - d i a m i n e ) ( S 0 3 ) 2]  w i t h  the 1 ,2 - d iami nes  

o f  N,N' -Meen;  N ,N ' -Me l pn ;  N , N ' - E t e n ;  N , N ' - E t l p n ;  and 

N , N ' - B z l p n ,  the p r e p a r a t i o n  o f  the new t r a n s - C C o ( I I I ) -  

(NH3 ) 2 ( 1p n ) C l £ ]C1 and the d e t e r m i n a t i o n  of  some p r a c t i ­

cal  l i m i t s  o f  p r e p a r i ng  many complexes.  The r e l a t i o n ­

sh ip  between the CD sp ec t ra  and s t e r e o c h e m i s t r y  o f  the 

t r a n s - [ C o ( I I I ) ( l , 2 - d i a m i n e ) 2 (N02 ) 2 ] *  complexes,  i n ­

c l u d i n g  the new t r a n s - [ C o ( I I I ) ( N , N l - E t l p n ) 2 (N02 ) ^ ] + i s o ­

mers,  was analyzed w i t h  the hexadecadal  r u l e .  The p o s i ­

t i o n  o f  the n i t r o  groups in these t r a n s - d i n i t r o  com­

plexes has been determined f o r  the f i r s t  t ime.
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CHAPTER I I I

EXPERIMENTAL

M a t e r i a l s

Chemicals were used as commer c i a l l y  ob ta ined  un­

l ess  o t he rw i se  noted.  The 1 , 2 - d i a l k y l a m i  noethanes were 

r ed i  s t i 1 l ed .

C h a r a c t e r i  z a t i o n s

M e l t i n g  p o i n t s  were taken on a Hoover c a p i l l a r y  

m e l t i n g  p o i n t  appara tus .

The IR spec t ra  were taken on a Per k i n - E l mer  Model 

457 or  Beckman Acculab 8  r e c o r d i n g  spec t r opho tomete r .  

S o l i d  samples were done in potassium bromide d i s c s .

Miss C h r i s t i n e  Ann Jensen did many o f  these.  The IR 

s p e c t r a l  data i s  r e po r t ed  in r e c i p r o c a l  c e n t i m e t e r s .

The U V - v i s i b l e  sp ec t r a  were taken on a Beckman 

Ser ies  30 U V - V i s i b l e  r e c o rd i n g  spec t r opho tomete r  by 

Mrs.  Donna F i e l d i n g  o f  The Dow Chemical  Company in 

Mi d l and ,  Mich igan.

C i r c u l a r  b i r e f r i n g e n c e  data were taken on a Beck­

man Model DU-2 s pec t r opho tomete r  w i t h  a Keston Model D 

p o l a r i m e t e r  a t t achment .  The sample c e l l  was 5.00 cm.

The CD spec t ra  were taken a t  30°C on a Jasco Model

13
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J - 2 0  r e c o r d i n g  spec t ropho tomete r  s tandard i zed  w i t h  

0.062% aqueous D- 10 - ca mp ho r su l fon i c  acid s o l u t i o n  at  

the Michigan M o le c u l a r  I n s t i t u t e  in Mi d l and,  Michigan.  

The sample c e l l  was 1.000 cm. Ass i s tance  was prov ided 

by Mr. Steve K e i n a t h .

The PMR sp ec t r a  were taken on a Bruker  Model WM- 

360WB 360 mHz r e c o r d i n g  spec t romet er  w i t h  an i n t e r n a l  

s tandard o f  sodium t r i m e t h y l s i l y p r o p a n e s u l f o n a t e  by Mr. 

Gary L. Jewet t  o f  The Dow Chemical  Company in Mid land,  

Mi ch i gan.  Samples of  d i c h l o r o  complexes were taken in 

0 .2  N DCl/99% D2 O; d i n i t r o  in 99% D2 0.

T i t r a t i o n s  o f  f r e e  amines were done p o t e n t i o m e t r i - 

c a l l y  i n c a r b o n a t e - f r e e  aqueous s o l u t i o n s  w i t h  a Beck­

man Model SS-2 pH mete r .  The t i t r a n t  was aqueous hydro­

c h l o r i c  a c id ,  s t an d a r d i z ed  wi th •• sodi  urn ca rbona te .  The 

HC1 c o n c e n t r a t i o n s  ranged f rom 0.302 to 0.314 N.

Most C,H,N e lementa l  anaylses were done by Midwest 

M i c r o l a b ,  L t d . ,  I n d i a n a p o l i s ,  I n d i a n a .  Compounds which 

were analyzed f o r  Co, C, H, N (and Na) were done by 

Mssrs.  Ward L. R ig o t  and Steve Konopnick i  o f  The Dow 

Chemical  Company in M i d l and ,  Michigan^.

P r e p a r a t i o n  o f  Diamines 

( R ) - 1 , 2 - D i a m i  nopropane

Racemic 1 , 2 -d iami  nopropane was r eso l ved  by the
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method o f  Dwyer, Garvan & Shulman. (21)  R es o lu t i on  

was stopped at  the t e n t h  r e c r y s t a l l i z a t i o n .  M.p . :  

14 l -144°C.

The reso lved d ias t e r eo me r  s a l t  batches were each 

conver ted  to the d i h y d r o c h l o r i d e  s a l t  by the method of  

B a i l a r ,  Jonassen & G o t t .  (22)  M . p . :  138-144°C,  w i t h

decomposi t i o n .

Batches o f  the dry  d i h y d r o c h l o r i d e  s a l t  were each 

i n t i m a t e l y  mixed in a 500-mL g lass  d i s t i l l i n g  f l a s k  

w i t h  a volume of  potassium h yd r ox i de  p e l l e t s  t h ree  

t imes the volume of  the d i h y d r o c h l o r i d e  s a l t .  The 

f l a s k  was equipped w i t h  a s h o r t  V i greux  column and a 

w a t e r -c oo led  condenser .  Ve n t i ng  was through a d r y i n g  

tube c o n t a i n i n g  ca l c i um s u l f a t e .  T h e . f l a s k  con ten ts  

were sub jec ted  to g e n t l e  r e f l u x ,  then s imple d i s t i l l a ­

t i o n ,  hea t ing  w i t h  a f l ame.  Y i e l d s  f rom the d i h y d r o ­

c h l o r i d e  s a l t  were about 90% o f  t h e o r y .

Samples were t i t r a t e d  to de termine c o n c e n t r a t i o n s  

and had t h e i r  d e n s i t y ,  and o p t i c a l  r o t a t i o n  determined 

i n  dry  benzene. The f o l l o w i n g  was ob ta ined  f o r  Ipn 

batches ( i n d i c a t e d  by Roman n umer a l s ) .  F r a c t i o n  I 

( d i s t i l l e d  f rom mo is t  1 pn* 2HC1) :  head T, 112-114°C;

c o n c e n t r a t i o n ,  84.6% ( a q ) ;  d e n s i t y ,  0.89 g/mL at  0°C,

0 .88 g/mL at  5°C, 0 .88  g/mL at 10°C, 0.875 g/mL at  20°C;
25

[ O C ] q , - 3 4 . 3 ° .  F r a c t i o n  11 a : head T, 114-117°C;  con­

c e n t r a t i o n ,  95.1% ( a q ) ;  d e n s i t y ,  0.875 g/mL at  20°C;
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20
[ <?C ] D , - 3 4 . 2 ° .  F r a c t i o n  l i b s  head T, 117-119°C; con­

c e n t r a t i o n ,  95.2% ( a q ) ;  d e n s i t y ,  0.873 g/mL at  20°C;
20

[  K ] p  , - 3 4 . 2 ° .  The aqueous c o n c e n t r a t i o n  o f  o th e r  

lpn f r a c t i o n s  ob ta ined  f rom mix ing  KOH w i t h  a concen­

t r a t e d  l pn*2HCl (aq)  s o l u t i o n  or mi x ing  s o l i d  lpn*2HCl  

w i t h  s o l i d  NaOH were 35-75% or  were 60%, r e s p e c t i v e l y .

The 85-95% lpn fumed on exposure to mo is t  a i r .  I t  

was s to red  f o r  years w i t h o u t  v i s i b l e  change in glass 

b o t t l e s  w i t h  greased ground g lass  s toppers .

A d ibenzoy l  d e r i v a t i v e  was prepared.  (23)  M . p . :

1 9 2 . 5 - 1 9 4 . 5°C.

( R ) - l , 2 - D i e t h y l  aminopropane

The new 1 , 2 - d i a m i n e ,  (R) - 1 , 2 - d i e t h y l  ami nopropane, 

was prepared by l i t h i u m  aluminum hyd r ide  r e d u c t i o n  of 

( R ) - l , 2 - d i a c e t a m i d o p r o p a n e  ( the  ( R ) - b i s a m i d e ) . The 

( R ) -b i sa mi de  p r e p a r a t i o n  f rom lpn was analogous to the 

method o f  Adams, Johnson & Wi l c o x .  (24)  The r e d u c t i o n  

s tep was analogous to the method o f  R i ce ,  Armbrecht ,  

Grogan & Reid.  (25)

( R ) - l , 2 - D i a c e t a m i d o p r o p a n e

In p r epa r i ng  the ( R ) - b i s am id e ,  16.75 g o f  84.6%
25

lpn w i t h  C OC ] q o f  - 3 4 . 3 °  and a few b o i l i n g  ch ips  

were put  i n t o  a round bot tom f l a s k  equipped w i t h  a
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Vi greux  column. Then 24.1 mL o f  g l a c i a l  a c e t i c  acid 

was added d ropwise.  A w a t e r - co o le d  condenser was a t ­

tached on the column, and the f l a s k  con ten ts  were 

heated w i t h  a f l ame,  c o l l e c t i n g  no d i s t i l l a t e  f o r  one 

h a l f  hour .  The i n t e n s i t y  o f  hea t i n g  was i ncreased so 

t h a t  9 mL o f  s l i g h t l y  a c i d i c  d i s t i l l a t e  was s l ow l y  and 

s t e a d i l y  c o l l e c t e d  at  a head temperature  o f  about 99- 

100°C over  a per iod  o f  one hour .  The y e l l o w  f l a s k  con­

t e n t s  were f u r t h e r  heated so t h a t  0.3 mL o f  a c i d i c  d i s ­

t i l l a t e  was c o l l e c t e d  at  100-125°C.  A f t e r  c o o l i n g  in 

a i r  f o r  f i v e  mi nu t es ,  the con ten ts  o f  the f l a s k  were 

poured i n t o  one l i t e r  o f  benzene, w i t h  s t i r r i n g .  Cry ­

s t a l s  formed.  A second crop was ob ta ined  w i t h  c o o l i n g .  

Each crop was s u c t i o n  f i l t e r e d  and washed w i t h  anhy­

drous d i e t h y l  e th e r  (anhydrous e t h e r ) .  P u r i f i c a t i o n  

was done by s l u r r y i n g  in b o i l i n g  benzene, c o o l i n g ,  

s u c t i o n  f i l t e r i n g  and washing w i t h  anhydrous e t h e r .

The step beginn ing w i t h  s l u r r y i n g  was then repeated 

us ing b o i l i n g  e th er  i ns t ead  o f  benzene. Contami nat i ng  

l i q u i d  l ay e r s  were separa ted .  The impure c r y s t a l s  were 

v er y  h yg r osc op i c .  This a l t e r n a t i n g  s l u r r y i n g  process 

ending w i t h  the e the r  s l u r r y  was repeated u n t i l  a sharp 

m e l t i n g  p o i n t  was o b t a in e d .  The ( R ) -b i s am id e  was d r i e d  

i n  vacuo.

The p u r i f i e d  f i r s t  crop was the most pure:  m.p . ,

1 5 3 . 5 - 1 5 4 . 0°C a f t e r  p u r i f i c a t i o n  as above. Elemental
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a n a l y s i s ,  c a l c u l a t e d  f o r  CyH^NgOg: C, 53.31%; H,

8.92%. Found: C, 52.74%; H, 9.10%.

The IR s pec t ra  o f  the (R) -  and racemic bisamide 

prepared by the same process were e q u i v a l e n t .  The IR 

s p e c t r a  i s  reproduced in F i gu re  4.

J- 1  100

%T

50

0t— r
4000 3000 2000 .. 1000 600

«-cm ->
F i g u re  4. The IR Spec t ra  o f  1 ,2-Diace tamidopropane in 
a KBr D isc .

(R) -Batches gave very  f i n e ,  wh i te  needles which

mel ted f rom 1 5 2 . 5°C to 1 54 . 8°C. The t o t a l  y i e l d  of

( R ) - l , 2 - d i a c e t a m i d o p r o p a n e  f rom the f o r e g o i n g  method

was 15.21 g (50.3% of  t h e o r y ) .

A y i e l d  o f  g r e a t e r  than 60% o f  the ( R) -b i samide
20

was ob ta ined  when 0 . 5  mole o f  95% lpn w i t h  [  <X ] Q o f  

- 3 4 . 2 °  was used as the s t a r t i n g  m a t e r i a l ,  and the hot

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

crude (R) -b i samide  was heated over  the course of  about 

two and one h a l f  hours .  No d i s t i l l a t e  was c o l l e c t e d  

over  the f i r s t  hour ;  23 mL was c o l l e c t e d  at  a head tem­

p e r a t u r e  o f  99-100°C over  the nex t  hour and a h a l f .

The f i n a l  s i x  minutes o f  h ea t i ng  r e s u l t e d  in 1 mL of  

d i s t i l l a t e  c o l l e c t e d  at  105-120°C (3 minutes)  and 1 mL 

f i n a l l y  at  120-180°C.  The hot  crude (R) -b i samide  was 

poured i n t o  one l i t e r  o f  b o i l i n g  benzene, w i t h  s t i r ­

r i n g ,  p u r i f y i n g  the batch by the f o r e g o i n g  a l t e r n a t i n g  

s l u r r y i n g  process.  M.p . :  153°C-154.5°C.

(R) - 1 , 2 - D i e t h y l  ami nopropane f rom the (R) -B isamide

In the r e d u c t i o n  s tep ,  14.15 g o f  the (R) -b i samide  

( m . p . ,  1 5 2 . 5 - 1 5 4 . 8°C) was s l u r r i e d  in 800 mL o f  anhy­

drous e t h e r ,  and t h i s  s l u r r y  added over  ten minutes to 

a s t i r r e d  s l u r r y  o f  1 2  g o f  l i t h i u m  aluminum hydr ide  

and 200 mL o f  anhydrous e the r  in a 2 - l i t e r  3-neck f l a s k  

equipped f o r  r e f l u x .  Wi th c o n t i n u a l  s t i r r i n g ,  the con­

t e n t s  o f  the f l a s k  were g e n t l y  r e f l u x e d  f o r  s i x  hours,  

then cooled i n  an i ce  bath and s l o w l y  quenched w i t h  the 

dropwise a d d i t i o n  o f  23 mL o f  wa t e r ,  which formed a 

w h i t e  s o l i d .

This s o l i d  was s u c t i o n  f i l t e r e d  f rom the e the r ea l  

s o l u t i o n  c o n t a i n i n g  N , N ' - E t l p n  and washed w i t h  e t h e r ,  

sav ing the e th er ea l  washings and the f i l t r a t e .  The 

s o l i d  was s l u r r i e d  in e t h e r ,  and 3 mL of  water  and
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5-10 g o f  sodium hydr ox i de  p e l l e t s  were added. The a l ­

k a l i z e d  s o l i d  was s u c t i o n  f i l t e r e d  and washed w i t h  

e t h e r ,  saving the e t h e r ea l  s o l u t i o n s .  The s o l i d  was 

r e - s l u r r i e d ,  wet ted and a l k a l i z e d ,  f i l t e r e d  and washed 

two a d d i t i o n a l  t imes in t h i s  manner, again sav ing the 

e t h e r e a l  s o l u t i o n s .  A l l  e t he rea l  p o r t i o n s  were com­

b ined ,  d r i e d  over  1 0 - 2 0  sodium hydrox ide  p e l l e t s  and 

evaporated under vacuum to about 30 mL and f i l t e r e d  o f  

unreacted (R) - b i s a m i d e . This concen t ra t ed  s o l u t i o n  was 

d i s t i l l e d  over  a few potassium hydrox ide  p e l l e t s  f rom a 

50-mL round bot tom g lass  f l a s k  equipped w i t h  a Vigreux  

column,  hea t ing  w i t h  a f l ame.  Ven t i ng  was through a 

d r y i n g  tube c o n t a i n i n g  ca l c i um s u l f a t e .

The y i e l d  o f  c o l o r l e s s  N , N ' - E t l p n  c o l l e c t e d  at  a 

head temperature  o f  153-156°C at  745 mm Hg was 7.34 g

(54.4% o f  t heo ry  based on the ( R ) - b i s a m i d e ) .  I t  had a
_ 5

c o n c e n t r a t i o n  o f  86.3% by weigh t  and o f  9x10 and

Kuo of  2x10" *^  as determined f rom HC1 t i t r a t i o n  curves .  
b2 20

The [  OC ] Q in  dry  benzene (0.01 g/10 mL) was - 59 ° .  

Reduct ion o f  l a r g e r  batches of  ( R) -b i samide  by t h i s  me­

thod r e s u l t e d  in no improvement in y i e l d .  Combining 

s m a l l e r  batches o f  e th e re a l  s o l u t i o n s  o f  N , N ' - E t l p n  

such as in the f o r e g o i n g  batches f o r  d i s t i l l a t i o n  gave 

y i e l d s  which were 60% o f  t heo r y  based on the ( R ) - b i  sa­

mide.

Free N , N ' - E t l p n  formed a m i s t  above the l i q u i d
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s ur fa ce  upon exposure to mo is t  a i r  and had a sharp but  

clammy ammonia- l i ke  odor .  I t  seemed to have an anor ­

e c t i c  e f f e c t  on human p h y s i o l o g y  f rom i n c i d e n t a l  vapor 

and sk i n  c o n t a c t .  I t  was s to red  in g lass b o t t l e s  w i t h  

greased ground g la ss  s to pp ers .

A sample was conver ted  to the d i h y d r o c h l o r i d e  s a l t  

by the a d d i t i o n  o f  concen t ra t ed  h y d r o c h l o r i c  ac id to 

i t s  e t h a n o l i c  s o l u t i o n .  I t  was t r i t u r a t e d  under anhy­

drous e th er  and d r i e d  i_n vacuo. Elemental  a n a l y s i s ,  

c a l c u l a t e d  f o r  CyH^gNgClg: C, 41.39%; H, 9.92%.

Found: C, 40.64%; H, 9.67%. M .p . :  210-220°C,  w i t h

d ecompos i t i on .  The IR s pe c t r a  i s  reproduced in Figure  

5.

1  100

%T

1000 60030004000

F i gure  5. The IR Spec t ra  o f  N, N1 - E t p n • 2HC1 in a KBr 
di  sc.
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( R ) - l , 2 - D i b e n z y l  ami nopropane

The new 1 ,2 - d i a m i ne ,  ( R ) - l , 2 - d i b e n z y l a m i n o p r o p a n e ,  

was prepared by r e d u c t i o n  o f  the S c h i f f ' s  base f rom the 

r e a c t i o n  o f  benzaldehyde w i t h  l pn .  The r e d u c t i o n  was 

c a r r i e d  out  w i t h  s l u r r i e d  e t h e r ea l  l i t h i u m  aluminum hy­

d r i d e  or  me thano l i c  sodium b o r o h y d r i d e .  ( 2 7 , 2 8 , 2 9 )

The S c h i f f ' s  base was prepared by combining 4.2 g

o f  95% aqueous ( R ) - l , 2 - d i a m i n o p r o p a n e  and then 12.5 g 

o f  99% benzaldehyde in a 250-mL Er lenmeyer  f l a s k .  A f ­

t e r  heat  e v o l u t i o n  ceased, 100 mL o f  e th e r  was added 

and mixed.  An aqueous l a y e r  was separated f rom the 

e t h e r e a l  l a y e r ,  and the e th e re a l  l a y e r  was saved. Then 

70 mL of  benzene was added, and the m i x t u r e  was heated 

over  a steam bath to evaporate the e t h e r ,  the benzene- 

water  azeot rope and the r emain ing  benzene.

Next ,  100 mL o f  anhydrous e th e r  was added, and the 

m i x t u r e  was placed in  a 500-mL 3-neck f l a s k  equipped 

f o r  r e f l u x .  An e t h e r  s l u r r y  w i t h  8 g o f  L iA l H^  was 

added s l o w l y  w i t h  s t i r r i n g ,  and the f l a s k  con ten ts  were 

r e f l u x e d  f o r  1 hour .  Then 30 mL o f  water  was added

dropwise w i t h  s t i r r i n g  in an i c e  bath to  quench the r e ­

a c t i o n  and the product  was worked up as was the N , N ' -  

E t l p n .

A l t e r n a t i v e l y ,  me thano l i c  sodium b or oh y d r id e  was 

used to reduce the S c h i f f ' s  base.  Methanol  was used in
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p lace o f  the e t h e r .  The r e a c t i o n  was quenched by mere­

l y  hea t i n g  the m e th ano l i c  sodium b or oh yd r i de .

The produc t  was y e l l o w  and o i l y ,  and i t  had a 

f i s h y  odor which was c h a r a c t e r i s t i c a l l y  a m i n e - l i k e .  I t  

was d i f f i c u l t  to p u r i f y  by d i s t i l l a t i o n  (head T: 220-

260°C) ,  gas chromatography (gumming o f  the column) or 

p r e c i p i t a t i o n  o f  the HC1 s a l t  (even dry HC1 caused a 

gummy s o l i d  w i t h  p ink  b y - p r od u c t  in d i e t h y l  e t h e r ) .  I t  

was l e v o r o t a r y  a t  the sodium D - l i n e  (589 nm) and at  the 

mercury green l i n e  (546 nm). I t  seemed to have an an­

o r e c t i c  e f f e c t  on the human p h y s i o l og y  which was more 

pronounced than the a n o r e c t i c  e f f e c t  o f  N , N ' - E t l p n .

The d ibenzoy l  d e r i v a t i v e  o f  lpn could not  be r e ­

duced to  N , N ' -Bz l pn  by l i t h i u m  aluminum h y d r i d e .  The 

at tempted r e a c t i o n  was c a r r i e d  out  in an e the r  s l u r r y  

f o r  1 0  hours at  r e f l u x .

1 ,2 -D ime th y l  ami nopropane

1 ,2 -D ime thy l  ami nopropane was prepared through the 

new method which i n vo l v ed  the a d d i t i o n  o f  methyl  i o d i d e  

to  the S c h i f f ' s  base formed f rom r e a c t i o n  o f  pn and 

benzaldehyde in a pn to benzaldehyde molar  r a t i o  of  

1 :2 .  The method was analogous to the method o f  

Mor r i son  & R i n d e r k n e c h t . (26)  A 400-mL s o f t  d r i n k  

b o t t l e  was used as the bomb v e ss e l .

The S c h i f f ' s  base was prepared by combining 4.2 g
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of  95% 1 ,2-d i ami  nopropane (0 .06  mole) and then 12.5 g 

o f  99% benzaldehyde (0.12 mole)  i n  a 250-mL Er lenmeyer 

f l a s k .  A f t e r  heat  e v o l u t i o n  ceased,  100 mL o f  e ther  

was added and mixed.  An aqueous l a y e r  was separated 

f rom the e the r ea l  l a y e r ,  sav ing the e th e re a l  l a y e r .

Then 70 mL o f  benzene was added, and the m i x t u r e  was 

heated over  a steam bath to evaporate  the e t h e r ,  the 

benzene-water  azeot rope and the remain ing benzene.

Next ,  20.3 g o f  methyl  i o d i d e  (0 .14  mole) was 

added, and the m i x t u r e  was p laced in the bomb and s t o p ­

pered.  The bomb co n t en ts  were heated at  80°C f o r  12 

hours .  The o i l  produced was mixed w i t h  25 mL of  water ,  

f o l l o w e d  by 10 g of  KOH. D i s t i l l a t i o n  f o l l o w e d .

The y i e l d  o f  1 ,2 -d ime th y l ami no pr op an e  was 10% of  

t he or y  based on pn. Elemental  a n a l y s i s  showed the 

r a t i o  o f  C/N w i t h i n  5% o f  t h e o r y .

( R ) - l , 2 - D i m e t h y l  ami nopropane

( R) - 1 , 2-Dimethy laminopropane was prepared by the

l i t h i u m  aluminum hyd r i de  r e d u c t i o n  o f  (R) - d i e t h y l p r o p y -

1enebiscarbamate ( t h e  (R) - b i s ca r b am at e )  (m.p.  94 .5 -

96 .0 °C) .  (2)  The (R) - b i sca rb amat e  was prepared f rom
25

85% lpn w i t h  [  O C o f  - 3 4 . 3 °  by the method o f  

T i e t h o f .  (2)  Y i e l d s  o f  N,N' -Melpn were about  30% of  

t he or y  based on the ( R ) - b i s c a r b a m a t e .

A f r a c t i o n  o f  74.7% c o n c e n t r a t i o n  as determined by
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HC1 t i t r a t i o n  was c o l l e c t e d  at  a head temperature  of
25

1 2 4- 129°C. The [ OC ]p in dry benzene was - 5 3 . 6 °  at  

0.15 g/10 mL. The maximum c o n c e n t r a t i o n  o f  the N,N1 - 

Melpn f r a c t i o n s  ob ta ined  was 8256.

P r e p a r a t i o n  o f  Complexes 

[ C o ( I I I ) ( N , N , - E t l p n ) 2 (N02 ) 2] + Complexes

C h l o r i d e  Counter ion  Complex

The complex was prepared by the a method analogous 

to  the method o f  T i e t h o f  & Cooke. (19)  Hydrogen p er ­

ox ide  was used as the o x i d a n t .  (30)

An i c e - c o l d  s o l u t i o n  o f  1.00 g o f  95% N , N ' - E t l p n  

(0.00758 mole) i n 10 mL o f  water  c o n t a i n i n g  0.38 g of  

37% HCl (aq)  (0.0039 mole) was added w i t h  s t i r r i n g  to an 

i c e - c o l d  s o l u t i o n  o f  0.91 g of  CoC12 *6H20 (0.0038 mole) 

i n  10 mL of  wa t e r ,  and 0.53 g o f  NaN02 was added q u i c k ­

l y .  The m i x t u r e  was s t i r r e d  in an i ce  bath f o r  5 min­

u te s ,  and i t  t u rned y e l l o w - g r e e n .  Next ,  2 mL o f  i c e -  

co ld  30% H2 0 2 (aq)  was added dropwise w i t h  s t i r r i n g ,  ad­

d ing 2 mL o f  e th er  as needed to c o n t r o l  foaming.  (29)

A brown s o l u t i o n  formed.  The s o l u t i o n  was s t i r r e d  in 

the i ce  bath f o r  15 mi nu t es ,  was removed f rom the i ce  

bath and s t i r r e d  another  15 minutes and was then heated 

on a steam bath f o r  15 minutes .  Fine p r e c i p i t a t i o n
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o c c u r r e d ,  and the m i x t u r e  was evaporated to dryness at 

room temperature  under an a i r  s t ream.  The s o l i d  was 

t r i t u r a t e d  under 50 mL of  methanol  and f i l t e r e d .  The 

f i l t r a t e  was evaporated to dryness at  room temperature 

under an a i r  st ream and then d r i e d  in a 70°C oven f o r  2 

hours .  The s o l i d  was ground w i t h  a mor ta r  and p e s t l e  

to  g ive  a d u l l  orange p r od uc t .  The y i e l d  be fore  

chromatography was 1.6 g. The complex s l o w l y ,  v i s i b l y  

decomposed as a s o l i d .  The IR sp ec t ra  o f  the p roduct  

had s t rong  a b so r p t i o ns  at  1410 cm"* and 1310 cm"*,  

which i s  i n d i c a t i v e  o f  the presence o f  some ci  s - d i n i  t r o  

i somers ,  as d iscussed in the Resu l t s  and Discuss i on  

s e c t i o n .

P e r c h l o r a t e  Counter ion  Complex

The complex was prepared as above and p r e c i p i t a t e d  

as the p e r c h l o r a t e  s a l t  be fo r e  chromatography.  (19)

The y i e l d  o f  the p e r c h l o r a t e  s a l t  complex be fo re  c h r o ­

matography was 1.0 g f rom 1.43 g o f  the C o d g ^ ^ O .  No 

decompos i t i on  ( v i s i b l e  to the naked eye) o f  the p r e c i ­

p i t a t e d  p e r c h l o r a t e  was observed over  the course of  ten 

months.

Bromide Counter i on  Complex

The complex was prepared ana l ogous l y  to the method 

f o r  the c h l o r i d e  c o u n t e r i o n  complex,  but  CoBrg’ eHgO was
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used as a r e a c t a n t .  The y i e l d  o f  the bromide s a l t  com­

p l e x  be fo re  chromatography was 2 .4  g f rom 1.25 g of  the 

CoBr2 *6H2 0. No decomposi t i on  ( v i s i b l e  to the naked 

eye) was observed over  the course of  e i g h t  months.

N i t r a t e  Counter i on Complex

The n i t r a t e  s a l t  complex was prepared by a method 

analogous to the method o f  B a i l a r ,  H o l t z c l a w ,  Sheetz & 

McCar ty.  (31)  A i r  o x i d a t i o n  was f o r  10 hours .  The 

orange/brown produc t  was d i f f i c u l t  to  p r e c i p i t a t e ,  but  

i t  p r e c i p i t a t e d  on c o o l i n g  f rom ethanol  a f t e r  p r e l i m i ­

nary f i l t r a t i o n  o f  a l i g h t  co lo re d  s o l i d  f rom an 

aqueous m i x t u r e .  Y i e l d :  0.01 g.

The IR spec t ra  showed s t r ong  a b s o r p t i o n s  at  1390; 

1310; and 1410 cm"'*■. The PMR spec t r a  had s i g n a l s  at  

1 .2 8 ;  1 .34 ;  1.36;  1 .3 9 ;  1 .41;  1 .47 ;  1 .4 8 ;  2 . 2 - 2 . 4 ;  2 .8 ;  

3 . 0 ;  and 3.1 ppm. The CD sp ec t r a  in wat er  (0.059%) and 

in  methanol  (0.073%) are r e po r t ed  in the Resu l ts  and 

D isc us s i on  s e c t i o n .

t r a n s - D i n i t r o  Isomers by Chromatograph ic  Res o l u t i on

R eso lu t i on  o f  the complexes was on a 3.5 cm x 60 cm 

d iamete r  column. The column was f i l l e d  to the 50 cm 

mark w i t h  Dowex 50W-X8 100-200 mesh c a t i o n  exchange r e s ­

in  in the ammonium ion fo rm.  ( 2 , 3 )

The 1 . 6  g o f  [ C o ( I I I ) ( N , N ' - E t l p n ) 2 (N02 ) 2 ]Cl  was
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d i s s o l v e d  in 100 mL of  water  and f i l t e r e d .  The f i l ­

t r a t e  was added at  the r a t e  of  2 mL per minute onto the 

r e s i n ,  and water  was added at the same r a t e  u n t i l  the 

l i q u i d  above the r e s i n  was no longer  c o lo r e d .  The d u l l  

orange l a y e r  at  the top o f  the r e s i n  was then e lu ted  

w i t h  40 l i t e r s  o f  0.075 M NaC104 (aq)  at  a r a t e  of  about 

1-2 mL per m i nu t e .  A f t e r  t h i s  e l u t i o n ,  the d u l l  orange 

s t a r t i n g  band had been e lu t ed  a d i s t a n c e  16-39 cm f rom 

the  o r i g i n  and was a more v i v i d  orange.  There was also 

another  orange band 2-7 cm f rom the o r i g i n  (presumably 

ci  s- d i n i t r o  complexes ( 2 ) )  and a d u l l  green-brown band 

f rom near the o r i g i n  to 1 cm f rom the o r i g i n  (presum­

a b l y  +2 and +3 c a t i o n i c  complexes and a b y -p ro d uc t  of  

[ C o ( I I I ) ( N , N - E t l p n ) 2 C l 2] + complexes ( 2 ) ) .  The orange 

band found 16-39 cm f rom the o r i g i n  was assigned as 

c o n t a i n i n g  the t r a n s - d i  ni  t r o  i somers.  (2)  The t r a n s - 

band was removed f rom the column by a s u c t i o n  hose in 

the  f o l l o w i n g  i d e n t i f i e d  two s l o w l y  e l u t i n g  (s)  f r a c ­

t i o n s ,  one medium-rate e l u t i n g  (m) f r a c t i o n  and two 

f a s t  e l u t i n g  ( f )  f r a c t i o n s  at  the i n d i c a t e d  d i s t a n c e  in 

c e n t i m e t e r s  f rom the o r i g i n :  I s ,  16-21;  I I s ,  21-26;  m,

26-29;  I f ,  29-34;  I l f ,  34-39.

Each f r a c t i o n  was removed f rom the r e s i n  by 1 N 

aqueous sodium c h l o r i d e ,  and a f t e r  d r y i n g  each was 

taken up i n t o  ethanol  and r e d r i e d .  P r e c i p i t a t e d  p e r ­

c h l o r a t e  s a l t s  could not  be o b t a i n e d ,  presumably
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because the y i e l d s  a f t e r  chromatography were too low.

The s o l i d  orange t r a n s - d i  ni  t r o  band f r a c t i o n s  be­

gan to t u rn  to green.  The s f r a c t i o n s  turned green 

most r e a d i l y ,  n o t i c e a b l y  s t a r t i n g  w i t h i n  about a week. 

The m f r a c t i o n  was i n t e r m e d i a t e  in t h i s  b eh av i o r ,  and 

the f  f r a c t i o n s  took severa l  months to v i s i b l y  s t a r t  

t u r n i n g  green.  The f  f r a c t i o n s  r e t a i n e d  t h e i r  o v e r a l l  

y e l l o w / b r ow n  c o l o r  over  the course o f  ten months.

The IR sp ec t ra  ( I l f )  showed a s t rong  ab so r p t i o n  at 

1400 cm- '*’ . No a bso rp t i o n  near 1300 cm- * was observed.

The U V - v i s i b l e  sp ec t r a  ( I f )  in water  (0.355) showed 

a maximum a b s or p t i o n  a t  343 nm. The CD sp ec t ra  ( I f )  in 

methanol  (0.655) and in water  (1.3%) are r e po r t ed  in the 

R es u l t s  and Discuss i on  s e c t i o n .

Elemental  a n a l y s i s  was conducted on the I f  f r a c ­

t i o n  o f  the t r a n s - d i n i t r o  band. I t  showed t h a t  the 

complex was h e a v i l y  contaminated w i t h  sodium s a l t s .

The PMR sp ec t ra  o f  the I l f  t r a n s - d i  ni  t r o  band f r a c ­

t i o n  i n i t i a l l y  gave a very  broad s i g n a l .  F i l t e r i n g  

w i t h  a s y r i ng e  f i l t e r  e l i m i n a t e d  t h i s ,  and a sharper  

s p e c t r a  was o b t a i n e d ,  which i s  reproduced in F i gu re  6 .
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F i gu re  6 . The PMR Spect ra  o f  I l f  
[ C o ( I I I ) ( N , N ' - E t l p n ) 2 (N02) 2 ]  i n  D2 0.

The I f  and I l f  t r a n s - d i  ni  t r o  band f r a c t i o n s  were 

combined,  d i s s o l v e d  in wa t e r ,  f i l t e r e d  and r echromato­

graphed on Dowex 50W-X8 in the NH^+ fo rm,  e l u t i n g  w i t h  

0 .1  N NaClO^(aq) .  The aqueous f - e l u e n t  f rom the r e ­

chromatography of  the combined ( I f  + I l f )  f r a c t i o n s  was 

e v a po r a t e d .

The CD spec t ra  of  t h i s  rechromatographed f - e l u e n t  

i n 20% NaClO^(aq) i s  r e po r t ed  in the Resu l ts  and D is -
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c uss ion  s e c t i o n .  The PMR sp ec t ra  o f  t h i s  rechromato­

graphed f - e l u e n t  was taken,  and i t  was e q u i v a l e n t  to 

the PMR spec t r a  o f  the o r i g i n a l  I l f  t r a n s - d i  ni  t r o  band 

f r a c t i o n  a f t e r  f i l t r a t i o n ,  but  1800 scans were needed 

to  produce the s p e c t r a .  The PMR spec t ra  was recorded 

to  i n c l u d e  a d d i t i o n a l  peaks a t  6 . 7 ,  6.9 and 7.1 ppm.

In another  r e s o l u t i o n ,  [Co(111) ( N, N' - E t l p n ) 2 ( NOg) 3+ 

c h l o r i d e ,  p e r c h l o r a t e  and bromide c o un t e r i o n  complexes 

were combined and loaded onto the column w i t h  Dowex 

50W-X8 in the NH^+ fo rm.  The e n t i r e  t rams-  band was 

formed as above but  was e l u t ed  w i t h  1 N NaClO^aq)  

w i t h o u t  f r a c t i o n a t i o n .  The CD spec t r a  o f  t h i s  e lu e n t  

i s  r e p o r t e d  i n  the Resu l ts  and Discuss i on  s e c t i o n .

t j rans^-[Co( 111) ( N, N 1- E t l  pn) gC 12 ]C 1

The green/brown band l e f t  at  the o r i g i n  f rom the 

chr omat ogr aph i c  r e s o l u t i o n  o f  [Co(111) ( N, N' - E t l p n ) 2~ 

(N02 ) 2 ]C1 (made f rom CoCl2 *6H2 0) was placed over  20 mL 

o f  Dowex 50W-X8 in  the H+ fo rm.  This band conta ined 

the green tr_ams-[Co ( 111) ( N, N1- E t l  pn) 2 C12]C 1. (2)  E l u ­

t i o n  was w i t h  0 .3  N HC1 in methano l ,  and the b r i g h t  

green band o f  the t r a n s - d i c h l o r o  complex was c o l l e c t ­

ed. (32)  The m e th ano l i c  e l u e n t  was l e f t  to evapora te ,  

and the complex decomposed i n t o  a c o b a l t ( I I )  compound, 

which was i n d i c a t e d  by a blue c o l o r .  (30)
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C C o ( I I I ) ( N , N ' - A l k y l e n ) 2 (N02 ) 2 ]C104 Complexes

These complexes were prepared w i t h  the 1 , 2 - d i a l k y l -  

aminoethanes: (a)  N.N' -Meen and (b) N , N ' - E t e n .  The

N,N' -Meen complex has been r e p o r t e d ,  ( 2 , 1 9 )  but  the 

N ,N ' -E ten  complex has no t  been r e p o r t e d .  Pre para t i on s  

were analogous to the method used to prepare the [Co- 

( 1 1 1 ) ( N, N1 - E t l p n ) 2 ( NOg)2 ]C 1 0 ^ as above,  but  each p r e ­

p a r a t i o n  used 0.1 mole o f  r e a c t a n t  CoC12 *6H20. Y i e l d s :  

( a ) ,  32%; ( b ) ,  14%. The p r e p a r a t i o n  o f  the complex 

w i t h  N,N ' -E ten  f o l l o w s .

C C o ( I I I ) ( N , N , - E t e n ) 2 (N02 ) 2 ]C104

To an i c e - c o l d  s o l u t i o n  o f  23.8 g of  CoC12 *6H20 

( 0 .1  mole) i n 50 mL of  water  was added w i t h  s t i r r i n g  a 

s o l u t i o n  o f  17.6 g o f  96% N ,N ' -E ten  (0 .2  mole)  w i t h  

8.1 mL of  37% H Cl ( aq ) ,  and 15.9 g of  NaN02 (0 .23  mole) 

was added q u i c k l y .  The m i x t u r e  was s t i r r e d  in an i ce  

bath u n t i l  d i s s o l u t i o n .  Next ,  1 g of  a c t i v a t e d  c h a r ­

coal  was added, (30)  f o l l o w e d  by the slow a d d i t i o n  of  

20 mL o f  30% H2 02 ( a q ) ,  w i t h  c o n t i n u a l  s t i r r i n g .  The

m i x t u r e  was s t i r r e d  in the i ce  bath f o r  30 mi nutes ,  

s t i r r e d  at  room tempera t ure  f o r  4 hours and was then 

heated on a steam bath f o r  1 hour .  The m i x t u r e  was 

evaporated to dryness a t  room temperature  under an a i r
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s t ream.  The s o l i d  was s u c c e s s i v e l y  t r i t u r a t e d  under 

200 mL and 100 mL p o r t i o n s  o f  methanol  and f i l t e r e d .

The f i l t r a t e  was evaporated to d ryness ,  and then i t  was 

d i s s o l v e d  in 150 mL o f  w a t e r .  To the aqueous s o l u t i o n  

was added dropwise w i t h  s t i r r i n g  a s o l u t i o n  o f  1 2 . 2  g 

o f  NaClO^- l^O in 20 mL o f  wat er ,  and a s i n g l e  crop o f  

ochre co lo r ed  c r y s t a l s  was f i l t e r e d .  The c r y s t a l s  were 

washed s u c c e s s i v e l y  w i t h  e thanol  and e th e r  and d r i e d  in 

vacuo.  Y i e l d :  6.30 g (14% of  t h e o r y ) .

A i r  o x i d a t i o n  f o r  5 -1 /2  hours (2 ,19 )  to  form the 

b i s ( N , N ' -Eten)  complex gave a v i v i d  orange p r od uc t ,  but  

i n  10% y i e l d .  Again,  0.1 mole o f  CoClg'SHgO was used 

as r e a c t a n t .

The IR spec t ra  o f  the [Co( I I ‘I ) ( N,N ' - Me en ^ fN Og J g ] -  

C104 complex had s t r ong  absor p t i o ns  at  1320 and 1400 

cm- * .  The IR sp ec t r a  o f  the [Co( 111) ( N ,N 1 - E t l  pn)

( NOg^2 * ^ 4  comP^exes had s t rong  abso r p t i on s  a t  1320 

and 1410 cm- * .

[Co ( 111) ( N, N 1-EtenJgC NOgl’g ] + Complex R e s o l u t i on

The N,N ' -E ten  complex could not  be reso l ved  using 

( + ) -  s i  1 ver-oC-bromocamphor-H’ - s u I f o n a t e  monohydrate 

(AgBCS) by the method rep or ted  by T i e t h o f  & Cooke f o r  

r e s o l v i n g  the cor respond ing  d i n i t r o b i s ( N , N 1-Meen) com­

p l e x .  (19)  No d i a s t e r e o m e r i c  p r e c i p i t a t e  could be ob-
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t a i n e d  f rom w a t e r ,  e t h a n o l ,  n - p r o p a n o l ,  n -bu t ano l  or  

s e c - b u t a n o l . The s o l u t i o n s  were each cooled to 6 °C,

0°C and -12°C to t r y  to induce c r y s t a l l i z a t i o n ,  and the 

cooled beakers were s c ra tc he d.  The AgBCS was prepared 

by the method o f  Buckingham, M a r z i l l i  & Sargeson.  ( 8 )

Convers ion o f  [ Co ( 111) ( N, N1- A l k y  1en) 2 (N02 ) 2^+ Complexes

Convers ions w i t h  H y d r o c h l o r i c  Acid

Convers ions to  CCo(111) ( N , N ' - A l k y  1en)gClgDC10^.

Only [ C o ( I I I ) ( N , N ' - M e e n ) 2 (N02 ) 2 ]C104 cou ld be conver ted 

i n t o  the green t r a n s - d i c h l o r o  p roduc t  using the method 

o f  T i e t h o f  & Cooke. (19)  Th is  con f i rms  the r e p o r t  of  

t h i s  c o n v e r s i o n .  ( 2 , 1 9 )  The co r respond ing  d i n i t r o b i s -  

( N , N ' - E t e n )  complexes w i t h  p e r c h l o r a t e  and c h l o r i d e  

c o u n t e r i o n s  decomposed when a t t e mp t i n g  to prepare the 

c or r es po nd in g  t r a n s - d i  c h l o r o  complexes.

Convers ions  to  [ C o ( I I I ) ( N , N ' - A l k y l e n ) 2 N02 Cl ]C10^.  

Red c h l o r o n i t r o  p e r c h l o r a t e s  were prepared f o r  each b i s -  

( N , N 1 - A l k y l e n )  complex w i t h  N,N' -Meen and N,N ' -E ten  by 

the method o f  Buckingham, M a r z i l l i  & Sargeson.  (17)

Each of  the c h l o r o n i t r o  complexes,  [ Co( 111) ( N,N1-Meen)2- 

N02 C1]C104 and [ C o ( I I I ) ( N , N ' -EtenJgNOgCl ]C104 , are new.
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Convers ions w i t h  Hydrobromic Acid

Using a method e q u i v a l e n t  to the method o f  T i e t h o f  

& Cooke (19) above, n e i t h e r  o f  the b i s ( N , N 1-Meen) nor 

b i s ( N , N 1 - Eten)  p e r c h l o r a t e s  or bromides y i e l d e d  green 

t r a n s -d ibromo p e r c h l o r a t e s  or  bromides.  The bromide 

s a l t s ,  l i k e  the c h l o r i d e  s a l t s ,  had been ob ta ined by 

pass ing the d i s s o l v e d  d i n i t r o  p e r c h l o r a t e s  through Dowex 

1X-8 anion exchange r e s i n  in the bromide ion form.  (2)

The convers ion  o f  1.0 g o f  the known complex t r a n s - 

[ C o ( I I I ) ( p n ) ( N , N ' - M e e n ) ( N 0 2) 2 ]Cl  (2)  w i t h  5 ml o f  48% 

HBr(aq)  at  60°C f o r  30 minutes y i e l d e d  0.54 g of  an 

o l i v e  drab p r e c i p i t a t e  f rom a blood red s o l u t i o n  on 

c o o l i n g  to 20°C. The complex was presumably the c h l o r ­

o n i t r o  complex because o f  i n ne r  sphere c o o r d i n a t i o n  of  

the  c h l o r i d e  c o u n t e r i o n .

No redd i sh  p r e c i p i t a t e s  were ob ta ined  by a method 

e q u i v a l e n t  to the method o f  Buckingham, M a r z i l l i  & 

Sargeson ( 8 ) above. Thus, n e i t h e r  b romo n i t r o  complex 

w i t h  N,N' -Meen or  N ,N ' - E t en  was o b t a i ned .

S t a b i l i t y  o f  S o l i d  C C o ( I I I ) -  
( N , N 1 - A l k y l e n ) 2 (N02 ) 2 ] + Complexes

Complexes w i t h  b i s ( N , N 1 -Meen) Ligands

The s o l i d  d i n i t r o  and c h l o r o n i t r o  complexes w i t h  

p e r c h l o r a t e  c o u n t e r i o n s  were s t a b l e .  The s o l i d  d i n i t r o
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complexes w i t h  bromide and c h l o r i d e  co un te r i o ns  were 

s t a b l e .  Samples were kept  in p l a s t i c - s t o p p e r e d  v i a l s .

Complexes w i t h  b is (N,N 1- Eten)  Ligands

The s o l i d  d i n i t r o  complexes w i t h  p e r c h l o r a t e  and 

bromide c o u n t e r i o ns  were s t a b l e .  The s o l i d  d i n i t r o  com­

p l ex  w i t h  the c h l o r i d e  c o u n t e r i o n  s l ow l y  decomposed i n ­

to  a da r k ,  g lassy  mass. The decomposi t i on was f i r s t  

n o t i c e d  about  f o u r  months a f t e r  i t s  s y n t h e s i s .  The 

samples o f  the d i n i t r o  complexes were also kept  in 

p l a s t i c - s t o p p e r e d  v i a l s .

nh4 c c o ( i i i ) ( n h 3 ) 4 ( s o 3 ) 2 ]

The complex was prepared by the method o f  B a i l a r  

& Peppard.  (33)  The t o t a l  y i e l d  f rom 160 g o f  the r e ­

a c t a n t  CoC12 *6H20 was 141 g. The complex was assumed 

to be the t r i h y d r a t e .  (33)

NH4 C C o ( I I I ) ( N H 3 ) 2 ( l p n ) ( S 0 3) 2 ]

The complex was prepared by the method o f  S a bu r i ,  

T s u j i t o  & Yoshikawa.  (12)  F i r s t ,  7.3 g o f  95% Ipn was 

s l o w l y  added to a s t i r r e d  suspension o f  34 g o f  NH4~ 

[ C o ( I I I ) ( N H 3 ) 4 (S03) 2 ]  i n  500 mL o f  wa t e r .  The r e s u l ­

t a n t  brown s o l u t i o n  was s t i r r e d  f o r  appr ox i ma t e l y  f o u r  

hours ,  then evaporated to about h a l f  i t s  o r i g i n a l  Vo l -
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ume by an a i r  s t ream,  and f i l t e r e d .  To the evaporated 

f i l t r a t e  was added an a p pr ox i ma t e l y  equal  volume of  95% 

e thano l  which caused immediate p r e c i p i t a t i o n .  Tawny 

p r e c i p i t a t e s  were s u c t i o n  f i l t e r e d ,  washed su c ce s s i ve l y  

w i t h  a bs o l u te  e t h a n o l ,  acetone and e th er  and were d r ie d  

at  65°C. Y i e l d :  25 g. Elemental  a n a l y s i s ,  c a l c u l a t e d

f o r  CoCgt^QNgSgOg: c, 10.44%; H, 5.84%. Found: C,

10.85%; H, 6.08%.

In a second p r e p a r a t i o n ,  the molar  p r o p o r t i o n s  o f  

S a b u r i ,  T s u j i t o  & Yoshikawa (12) were f o l l o w ed  e x a c t l y .  

The second p r e p a r a t i o n  was s t i r r e d  f o r  3 hours and 

cooled to 6 °C f o r  p r e c i p i t a t i o n .

New NH4 [ C o ( I I I ) ( N H 3 ) 2 ( l , 2 - d i a m i n e ) ( S 0 3) 2 ]  Complexes

New complexes w i t h  separa te  1 ,2 - d iami nes  were p re ­

pared by f o l l o w i n g  the molar  p r o p o r t i o n s  and method o f  

S a b u r i ,  T s u j i t o  & Yoshikawa (12) e x a c t l y  and c o o l i n g  to 

6 °C. The 1 ,2 - d i a m i n e s  used were N,N‘ -Meen; N ,N ' -E ten ;  

N , N ' -Me l pn ;  N , N ' - E t l p n  and N , N ' - B z l p n .  Acetone a d d i ­

t i o n  caused f u r t h e r  p r e c i p i t a t i o n .

F i ve  new NH4 CCo( 111) ( NH3 ) g ( 1 , 2 - d i a m i n e ) ( S03) 2 ] 

complexes were prepared.  They were:

NH4 C C o ( I I I ) ( N H 3 ) 2 ( N,N, -Meen)(S03 ) 2 ] ;

NH4CCo(I I I ) (NH3) 2 ( N}N. . E t e n ) ( So 3) 2 ] .

NH4 C C o ( I I I ) ( N H 3 ) 2 ( N>N-_Mei p n ) ( S 0 3 ) 2 ] ;
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NH4 CCo(III)(NH3)2 (N,N, - Et l p n) ( s 0 3 ) 2 :i;
NH4 C C o ( I I I ) ( N H 3 ) 2 ( N , N ' - B z l p n ) ( S 0 3 ) 2 ] .

The IR spec t r a  o f  each new complex showed the c o o r d i ­

n a t i o n  o f  each of  the 1 , 2 - d i a m i n e  l i g a n d s .  The f i v e  

new complexes were used as i n t e r m e d i a t e s  w i t h o u t  p u r i ­

f i c a t i o n  in f o l l o w i n g  i n d i c a t e d  procedures .

t r a n s . - [ C o ( I I I ) ( N H 3 ) 2 ( l p n ) B r 2 ] Br

The complex was prepared by the method o f  Sabur i ,  

T s u j i t o  & Yoshikawa.  (12)  The complex has been r e ­

por ted  prepared by another  method. (13)

In the f i r s t  p r e p a r a t i o n  o f  the complex in t h i s  

work,  5.00 g o f  NH4 C C o ( I I I ) ( N H 3 ) 2 ( l p n ) ( S 0 3 ) 2 ] ( f i r s t  

p r e p a r a t i o n )  was added to  15 mL o f  48% HBr(aq)  a t  70°C, 

coo l ed ,  and s t i r r e d  f o u r  hours .  The d u l l  green s o l i d  

was f i l t e r e d  and washed w i t h  acetone.  The y i e l d  was 

0.70 g. A second crop was not  o b ta in e d .  Elemental  

a n a l y s i s ,  c a l c u l a t e d  f o r  CoC^H^gN^Br^: C, 8 . 8 6 %; H,

3.96%; .  Found: C, 9.11%; H, 4.53%.

In a second p r e p a r a t i o n ,  2.00 g o f  N H ^ C C o d l l ) -  

(NH3 ) 2 ( l p n ) ( S 0 3 ) 2 ]  (second p r e p a r a t i o n )  was added to 

8 mL of  48% HBr(aq)  a t  60°C, c oo l ed ,  and s t i r r e d  t h ree  

hours .  An a i r  st ream was blown across the su r f ac e  of  

the l i q u i d  f o r  the l a s t  hour .  B r i g h t  green s o l i d s  were 

c o l l e c t e d  by s u c t i o n  f i l t r a t i o n  and washed w i t h  ace-
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t on e .  The y i e l d  was 0.30 g. The f i l t r a t e  w i t h  acetone 

washings was cooled in i c e ,  and a second crop was ob­

t a i n e d  o f  0.69 g. Evaporat ion o f  t h i s  f i l t r a t e  and 

c o o l i n g  y i e l d e d  a t h i r d  crop which was o f  d a r ke r  c o l o r .  

A l l  crops were d r i e d  at  about 65°C f o r  a p pr ox i ma t e l y  

h a l f  an hour ,  t o t a l l y  y i e l d i n g  1.36 g.

Elemental  a n a l y s i s ,  c a l c u l a t e d  f o r  CoC3 H^gN^Br3 :

C, 8 . 8 6 %; H, 3.96%; N, 13.77%. Found: C, 7.61%; H,

4.12%; N, 13.33%. The CD spec t r a  (second p r e p a r a t i o n ) ,  

i n  methanol  (0.070%) showed the f o l l o w i n g  s p e c i f i c  e l -  

l i p t i c i t i e s :  -0 . 00 65 °  at  540 nm; +0.005° at  640 nm,

and the CD spec t ra  in ethanol  (0.037%) showed the f o l ­

l ow i ng  s p e c i f i c  el  1i p t i c i t i e s : -0 .065°  at  540 nm; 0°

at  650 nm.

t r a n s - [C o (  111) ( NH3) 2(N ,N ' -Mel pn) B r ^ B r

In a t t em pt i ng  to prepare the new complex,  0 .19 g 

o f  NH4 [ C o ( I I I ) ( N H 3 ) 2 ( N,N ’ - Me lpn ) (S03 ) 2]  was added to 

2 mL of  48% HBr(aq)  at  60°C w i t h  s t i r r i n g .  The m i x t u r e  

turned green i mmedia te ly  w i t h  foaming,  and the r e a c t i o n  

was q u i c k l y  cooled in an i ce  bath .  (12)  The m i x t u r e  

was s t i r r e d  at  room temperature f o r  a p p r o x i ma te l y  15 

minutes and a f i n e  y e l l o w / g r e e n  powder was c o l l e c t e d  by 

s u c t i o n  f i l t r a t i o n ,  washed w i t h  acetone and d r i e d  at  

about  65°C f o r  a pp r ox i ma t e l y  one hour ,  y i e l d i n g  0.28 g.
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No f u r t h e r  crop was ob ta ined  by the a d d i t i o n  o f  acetone 

and c o o l i n g ,  The p r oduc t  could not  be r e c r y s t a l l i z e d  

f rom 2 N HBr (aq) ,  (12)  but  i t  decomposed dur ing  the r e ­

c r y s t a l l i z a t i o n  a t t emp ts .

t r a n s - [ C o ( 111) ( NH3 ) 2 ( N,N’ - E t l p n ) Br2 ]Br

The method used f o r  t r a n s - C C o U I I H N H j K C N . N 1- 

Me l pn ) Br 2] B r  was used w i t h  1.43 g o f  NH^CCo( I I I ) (NH3 >2- 

( N , N 1 - E t l p n ) ( S0g)2 ]  and 6 mL o f  48# HBr(aq)  in at temp­

t i n g  to prepare the new complex.  The f i r s t  crop was 

0 .88  g. I t  was then washed w i t h  water  and acetone to 

y i e l d  0 .13 g. Elemental  a n a l y s i s  showed t h a t  the p ro ­

duc t  was h e a v i l y  con tamina ted ,  presumably w i t h  C C o ( I I I ) -  

( N H ^ ^ f J r ^ B r . The d es i r ed  p roduc t  was not  i d e n t i f i e d .

Other  t r a n s - [ C o ( I I I ) ( N H j ) o ( l , 2 - d i a m i n e ) B r ^ ] B r  Complexes

The genera l  method o f  S a bu r i ,  T s u j i t o  & Yoshikawa 

( 1 2 ) was used to a t tempt  to prepare o th er  new complex­

es.  The o th e r  1 ,2 - d i a m i n e s  used were N ,N ' - Eten  and 

N ,N 1 - B z l p n .

The NH^CCod 11) (NH3) 2 (N ,N 1- Bz l  pn ) (S03 ) 2 ]  u n iq u e l y  

reac ted  w i t h  the HBr a t  room tempera t u re .  The o thers  

( i n c l u d i n g  the a t tempted p r e p a r a t i o n s  w i t h  N,N' -Melpn 

and N , N ' - E t l p n )  r e q u i r e d  the usual  h ea t ing  to 60°C.

None o f  these complexes were r e c r y s t a l l i z e d  f rom
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2 N HBr(aq) (12)  or  methano l .  (13)  A l l  complexes 

decomposed upon the r e c r y s t a l l i z a t i o n  a t tempts .  No 

d es i r ed  f i n a l  p roduc ts  were i d e n t i f i e d .

t r a n s - [ C o ( I I I ) ( N H 3 ) 2 ( l p n ) C l 2 ]Cl

To prepare the new complex,  2.00 g o f  N H ^ [ C o ( I I I ) -  

( N H j ^ U p n H S O ^ ^  (second p r e p a r a t i o n )  was mixed w i t h  

10 mL of  3755 HCl (aq)  at  60°C. The i n d i g o  m i x t u r e  was 

al lowed to evaporate to dryness a t  room t empera t ure .

The g lassy  i nd ig o  s o l i d  was d i s s o l v e d  in about 

50 mL of  methanol  and loaded onto a 3.5 cm d iameter  

column c o n t a i n i n g  100 mL of  Dowex 50W-X8 100-200 mesh 

c a t i o n  exchange r e s i n  in the H+ form in methanol .

E l u t i o n  w i t h  0 .3  N HC1 (prepared f rom dry HC1 gas) in 

methanol  at  a f l o w  r a t e  o f  f rom 1 to  2 mL per minute 

y i e l d e d  a green band which was 2 cm wide when ready f o r  

c o l l e c t i o n  8 cm from the o r i g i n ,  and i t  was e lu t ed  and 

c o l l e c t e d .  A p u r p l e  band c o n t a i n i n g  the ci  s - d i c h l o r o  

i somers remained at  the o r i g i n .  (32)  A p o r t i o n  o f  the 

green e l u e n t  was evaporated on a r o t a r y  evapor a to r  at  

35°C to dryness .  A green s o l i d  o f  t r a n s - C C o d U H N H ^ ) , , -  

( 1 pn) C1 gJC1 was c o l l e c t e d ,  which tu rned s l a t e - c o l o r e d  

upon exposure to heat  or ambient  a i r .

Elemental  a n a l y s i s  o f  a sample o f  the s o l i d  showed 

some co n t am i na t i o n ,  presumably [Co ( I I I ) ( N H 3 ) 4ci  ] c i  in
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a 1:1 mole r a t i o .  C a l cu la t ed  f o r  CoCgH^gN^Clg^HCl . -  

H2 0:  C, 9.89%; H, 5.53%; N, 15.37%. Found: N, 14.52%;

C, 5.35%; H, 4.66%. The CD spec t ra  in methanol  ( 0 . 1 8 5 % 

o f  a sample o f  the s o l i d )  showed s p e c i f i c  e l l i p t i c i t i e s  

o f  - 0 .0065°  at  480 nm; and +0.0123° at  610 nm.

t r a n s - [ C o ( I I I ) ( N H 3 ) 2 ( N , N l - M e e n ) C l 2 ]Cl

A b lue - gr een  s o l i d  was i n i t i a l l y  prepared by the 

method used to p repare t r a n s - [ C o ( I I I ) ( N H 3 ) o ( l p n ) C l 2 3- 

C1*2HC1*H2 0,  and i t  was s i m i l a r l y  chromatographed.  (32)  

The green band was c o l l e c t e d  in one 800-mL a l i q u o t  and 

was evapora ted .  The green p r oduc t  was r e a d i l y  conver ted 

i n t o  the purp l e  c i s -  isomers under c o n d i t i o n s  s i m i l a r  

to  those used w i t h  the analogous l pn -complex .

t r a n s - [ C o ( I I I ) ( N H 3 ) 2 ( N , N ' - E t e n ) C l 2 ]Cl

A b lue s o l i d  was i n i t i a l l y  prepared by the method 

f o r  t r a n s - [ C o ( I I I ) ( N H 3 ) 2 ( l p n ) C l 2 ] C l - 2H Cl -H 20 and was 

s i m i l a r l y  chromatographed.  The green band presumably 

c o n t a i n i n g  the Jr jHi j>- [Co( 111) ( NH.j)2 (N ,N 1 - Eten ) Cl  2]C 1 

decomposed o v e r n i g h t  on the r e s i n  i n t o  a s t ee l  g rey -  

b lue  co lo re d  band. I t  was not  o t he rw i se  c o l l e c t e d .

A l t e r n a t i v e l y ,  1.0 g o f  c a r b o n a t o t e t r a a m i n e c o b a l t -  

( I I I )  c h l o r i d e  prepared by the method r ep or t ed  by 

S c h l e s s i n g e r  & Roscow (34) was d i s s o l v e d  in 10 mL of
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w a t e r ,  and 0.5 g o f  96% N ,N ' -E ten  was added. The s o l u ­

t i o n  was mixed w i t h  12 mL of  37% HC1 at  65°C. The mix­

t u r e  was ma in t a i ned  at  65°C. Bubbl i ng  occu r red ,  but no 

t r a n s - p r odu c t  was produced f rom the v i o l e t  m i x t u r e .

t r a n s - C C o d l D L o C l o J C l  Complexes

A s e r i e s  o f  t r a n s - C C o d l D L g C l n K l  complexes were 

prepared w i t h  L a r e a c t a n t  1 , 2 -d iami  nopropane of

(a )  racemic pn;

(b)  a m i x t u r e  o f  h a l f  racemic pn p lus h a l f  lpn wi th
20

[  OC ] n o f  - 3 4 . 2 ° ;  and 
u 20

( c )  l pn  w i t h  [ C< o f  - 3 4 . 2 °  e x c l u s i v e l y .

Each p r e p a r a t i o n  was by dropwise a d d i t i o n  of  the s t o i c h ­

i o m e t r i c  amount o f  L f o r  a L to  Co molar  r a t i o  o f  2:1 to 

an i c e - c o l d  s t i r r e d  s o l u t i o n  o f  5.95 g o f  c o b a l t ( d )  

c h l o r i d e  hexahydra te  in 20 mL of  wa t e r .  Next was added 

a smal l  amount o f  a c t i v a t e d  charcoa l  to improve the 

y i e l d ,  (30)  and 1 mL o f  e th e r  to c o n t r o l  foaming.  (29) 

Then 5 mL o f  i c e - c o l d  30% hydrogen perox ide  was added 

d ropwi se .  (35)  A f t e r  the o x i d a t i o n ,  31.2 mL of  37% 

aqueous h y d r o c h l o r i c  acid was used. (36)  F i n a l l y ,  each 

m i x t u r e  was evaporated to 30 mL, and one crop of  each 

p r odu c t  was c o l l e c t e d  by f i l t r a t i o n .  Y i e l d s :  ( a ) ,

2.7 g; ( b ) ,  2.5 g;  ( c ) ,  2.0 g.

Elementa l  a n a l y s i s  was conducted o f  a sample of
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complex ( b ) ,  c a l c u l a t e d  f o r  CoCgHgQN^Cl-j 'HCl * 2 H2 0 :

C, 18.67%; H, 6.53%; N, 14.51%; Co, 15.27%. Found:

C, 18. 56%+0.3%; H, 6.54%+0.2%; N, 14.52%+0.3%; Co,

1 5 . 4%+0.8%.

Sample (c)  was r e c r y s t a l l i z e d  f rom ethanol  at  60°C, 

c o o l i n g  in i c e .  Y i e l d :  1.1 g. A 0 .5  g sample o f  com­

p l ex  (b )  was r e c r y s t a l l i z e d  f rom 5 mL of  e thanol  at  60°C, 

c o o l i n g  in i c e .  Y i e l d :  0 .18 g. In a d d i t i o n ,  a 0.5 g

sample o f  complex (b)  was r e c r y s t a l l i z e d  f rom 5 mL of  

methanol  at  60°C, c o o l i n g  in i c e .  Y i e l d :  0 .24 g.

Elemental  a n a l y s i s  was conducted on a sample o f  the 

m e t h a n o l - r e c r y s t a l l i z e d  sample o f  complex ( b ) ,  c a l c u l a ­

ted f o r  CoCgH2 0 N4 C l 3 -2H2 0:  C, 20.59%; H, 6.91%; N,

16.01%; Co, 16.84%. Found: C, 20.5%+0.3%; H, 6.60%+

0.3%; N, 16 .,19%+0.3%; Co, 16.9%+0.89%.

The CD spec t ra  r e s u l t s  are r e po r t ed  in the Resu l t s  

and Discuss i on  s e c t i o n  f o r  the Ajg Eg t r a n s i t i o n  

measured a t  610 nm. The CD s p e c t r a  were taken in meth­

anol  .

Chromatography

A s i m i l a r  p r e p a r a t i o n  to  the above us ing 1.95 g o f  

95% l p n ,  2.98 g o f  CoC12 *6H2 0,  and amounts o f  the o the r  

reagents  p r o p o r t i o n a l  to these was c a r r i e d  o u t .  The 

m i x t u r e  was evaporated to d ryness .  The p roduc t  was d i s ­

so lved in  250 mL of  methanol  and loaded onto about
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100 mL of Dowex 50W-X8 r e s i n  in the H+ form.  The p r o ­

duc t  o f  t r a n s - [ C o ( I I I ) ( 1 p n ) o C 1 o ] C 1  was e lu t ed  w i t h  0.3 N 

HC1 in  methanol .  (32)  The e l u e n t  was c o l l e c t e d  in two 

o n e - l i t e r  f r a c t i o n s ,  numbered 1 and 2 in the o rder  o f  

t h e i r  c o l l e c t i o n .

Green products  f rom each f r a c t i o n  were ob ta ined by 

c o o l i n g  each f r a c t i o n ,  which had been evaporated to a

p o i n t  in s l i g h t  excess o f  s a t u r a t i o n  at  30°C, in i c e .  A

second c r op ,  B, was ob ta ined f rom each f r a c t i o n  by em­

p l o y i n g  t h i s  method to each f i l t r a t e  f rom the A crop.

Y i e l d s :  1A, 0 .24 g; I B ,  0 .03 g; 2A, 0.12 g; 2B, 0.22 g.

The PMR spec t r a  of  1A and 2B were i n d i s t i n g u i s h a b l e .

t r a n s - [ C o ( I I  I RgBr^DBr

A s e r i e s  o f  t r a n s - [ C o ( 111) L^Br^JBr  complexes were 

prepared w i t h  L a r e a c t a n t  1 , 2 - d i ami  nopropane of

(a)  racemic pn;

(b)  a m i x t u r e  o f  h a l f  racemic pn plus h a l f  lpn
20

w i t h  [  C d n o f  - 3 4 . 2 ° ;  and 
u 20

( c )  lpn w i t h  [  0 < ] p  of  - 3 4 . 2 °  e x c l u s i v e l y .

The complexes were prepared using 4.09 g CoB^'GHgO as 

a r e a c t a n t .  The amounts o f  each L were s u f f i c i e n t  f o r  

a L to Co molar  r a t i o  o f  2 : 1 .  Each HgOg-oxidized mix­

t u r e  was evaporated to dryness and t r i t u r a t e d  w i t h  e t h ­

a n o l ,  f i l t e r i n g  the peach co lo red  t r i s - complexes.  (37)
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Each green e t h a n o l i c  f i l t r a t e  was evaporated to 125 mL, 

and a green crop o f  c r y s t a l s  was c o l l e c t e d .  Then the 

r e s u l t a n t  f i l t r a t e  was cooled in i ce  to c o l l e c t  a second 

green crop which was combined w i t h  the f i r s t .  Y i e l d s :  

( a ) ,  1.6 g$ ( b ) ,  2 .4  g; ( c ) ,  1.3 g.

R e c r y s t a l l i z a t i o n  o f  0 .5  g o f  (b)  f rom 20 mL of  

b o i l i n g  methanol  and c o o l i n g  in i ce  y i e l d e d  0 . 1 1  g. 

R e c r y s t a l l i z a t i o n  o f  1.3 g o f  (c )  f rom methanol  y i e l d e d  

0 .4  g.  The o p t i c a l  a c t i v i t y  o f  the r e c r y s t a l l i z e d  (b) 

was lower  than the o p t i c a l  a c t i v i t y  o f  the o r i g i n a l l y  

prepared (b) complex.

Chromatography

A p o r t i o n  of  the bromide complex (a) was d isso l ved  

in methanol  and loaded onto a column o f  Dowex 50W-X8 in 

the H+ form in methano l .  A green band was e l u t ed  wi th  

0 .3  N HBr in methanol  by a method analogous to the meth­

od o f  LeMay & A a l b e r s .  (32)  The green complex o f  t r a n s - 

CCo(111) ( p n ) 2 Br 2 ^Br was c o l l e c t e d  as a s o l i d  by f i l t r a ­

t i o n  f rom the e l u e n t .

D i r e c t  Methods to t r a n s - [ C o ( 111) ( 1 , 2 -  
di  a l k y l a m i n oa l k an e 7 ^TTTalo)2 i + Complexes

No pure s o l i d  C o ( I I I )  complexes could be obta ined 

by the H2 02 o x i d a t i o n  ( 35 ,37)  or  a i r  o x i d a t i o n  (36)  o f  

s o l u t i o n s  o f  s t o i c h i o m e t r i c  amounts o f  CoClg-eHgO or of
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CoBr^^HgO in  combinat i on w i t h  any o f  the 1 , 2 - d i a l k y l -  

aminoalkanes o f  N ,N ' - Me l pn ;  N ,N ' -E ten  or  N , N ' - E t l p n  in 

a 1 , 2 - d i a l k y l a m i n o a l k a n e  to Co molar  r a t i o  o f  2 : 1 .  The 

s o l v e n t s  used in each case were w a t e r ,  methanol  and e t h ­

ano l .  S o l i ds  recovered were g e n e r a l l y  b lue ( c o b a l t ( I I ) )  

and/ or  wh i te  (amine s a l t ) .  The e n an t io me r i c  l i g an ds  

were recovered f rom these s o l i d s .

Diamine Recovery

The N . N ' - E t l p n  and N,N' -Melpn l i g a n ds  bound to co­

b a l t  complexes and the l i g a nd  s a l t s  f rom decomposed com­

p lexes  were segregated as to s p e c i e s ,  p laced under e th er  

and cooled i n  an i ce  ba th .  To the volume of  c oo r d i na ted  

l i g a n d s  and l i gand  s a l t s  was added an e q u i v a l e n t  volume 

o f  sodium hydrox i de  p e l l e t s .  The compounds were i n t i ­

mate l y  mixed by c a r e f u l  s t i r r i n g .  A smal l  q u a n t i t y  of  

water  was added w i t h  s t i r r i n g ,  and a f t e r  the r e a c t i o n  

had subs ided,  the e t h e r ea l  s o l u t i o n  was decanted.  The 

a l k a l i z e d  m i x tu r e  was again submersed under e t h e r ,  and a 

smal l  f r e s h  amount of  sodium hydr ox i de  was added. The 

compounds were again s t i r r e d ,  and the e t h e r e a l  s o l u t i o n  

was decanted.  The decantates were f i l t e r e d ,  reduced in 

volume and d i s t i l l e d  over  a few potass ium hydrox i de  p e l ­

l e t s .  The d i s t i l l a t i o n  system was vented through anhy­

drous ca lc ium s u l f a t e  d r y i n g  tubes .

The recovery  o f  N , N ' - E t l p n  was more e f f i c i e n t .
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Y i e l d s  o f  recovered N , N ' - E t l p n  were about 50% o f  

t h e o r y .  The head temperature  o f  recovered N , N ' - E t l p n  

was 153-156°C. Y i e l d s  o f  recovered N,N' -Melpn were 

about  30% o f  t he or y .
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CHAPTER IV 

RESULTS AND DISCUSSION 

( R ) - l , 2 - D i a m i n op r o p a n e  and I t s  D e r i v a t i v e s  

D i s t i l l a t i o n  and R e s o l u t i o n s  o f  ( R ) - l  ,2-Diami  nopropane

Method Wi th ( + ) - T a r t a r i c  Acid

In t h i s  work,  ( R ) - l , 2 - d i a m i n o p r o p a n e  was obta ined 

i n  high c o n c e n t r a t i o n  and in good y i e l d s  w i t h o u t  the use 

o f  a l k a l i  metals in d i s t i l l a t i o n .  D i r e c t l y  combining 

the dry d i h y d r o c h l o r i d e  s a l t  o f  lpn and excess dry  s o l i d  

potas s i  urn hydrox ide  enab1 ed the ach i evement of  the high 

aqueous c o n c e n t r a t i o n ,  which exceeded 95% by w e i g h t .

The y i e l d s  f rom the dry 1pn - 2HC1 were good, about 90% o f  

t h e o r y .

The p r e p a r a t i o n  o f  o p t i c a l l y  pure lpn has been 

s tu d i e d  by numerous o t h e r  wor ke r s .  The o r i g i n a l  method 

o f  Baumann, (38) who r e c r y s t a l l i z e d  the hydrogen ( + ) q- 

t a r t r a t e  in wa t e r ,  has been the bas is  f o r  many l a t e r  

methods o f  r e s o l v i n g  lpn f rom racemic pn. To o b ta in  the 

lpn b o i l i n g  at  120°C, Baumann (38)  and Tschugaef f  & 

S o k o l o f f  (39,40)  used sodium metal  in each o f  t h e i r  d i s ­

t i l l a t i o n s  o f  lpn a f t e r  the lpn was f reed  f rom the ( + ) q-  

t a r t r a t e  w i t h  KOH and bar ium o x i d e .  However,  i t  should

49
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be noted t h a t  d i s t i l l a t i o n  w i t h  the t a r t r a t e  in the pot  

has the drawback of  causing foaming which r e s u l t s  in 

lower  y i e l d s  in the d i s t i l l a t i o n .  ( 2 1 )

Thus,  in the p r e p a r a t i o n  o f  l p n ,  the foam-causing 

1 pn• ( + ) p - t a r t r a t e  d ias t ereomer  s a l t  i s  u s u a l l y  c o n v e r t ­

ed by most workers to the d i h y d r o c h 1o r i d e  s a l t  w i t h  po­

tass ium c h l o r i d e  by the method o f  B a i l a r ,  Jonassen & 

G o t t ,  (22)  which procedure was f o l l o w e d  in t h i s  work.  

B a i l a r ,  Jonassen & Got t  (22) repor ted  c o l l e c t i n g  a 

d i s t i l l a t e  of  aqueous lpn 80% by weigh t  by c o n v e r t i n g  a 

c on cen t ra t ed  aqueous s o l u t i o n  o f  the lpn*2HCl  to lpn by 

addi  ng s o l i d  potass i urn hydrox ide  and d i s t i l l i n g .

T i e t h o f  (2) r ep or t ed  on l y  35% lpn f rom f o l l o w i n g  the 

method o f  B a i l a r ,  Jonassen & Go t t .  (22)  Dwyer,  Garvan 

& Shulman (21) r e po r t ed  d i s t i l l i n g  aqueous lpn 67% by 

we i gh t  a f t e r  f r e e i n g  the lpn f rom s o l i d  lpn*2HCl  w i t h  

sodium hydrox i de  f l a k e s  and d i s t i l l i n g  w i t h  the sodium 

hydr ox i de  in the po t .

In t h i s  work,  ( R ) - l , 2 - d i a c e t a m i d o p r o p a n e  was to be 

prepared f rom the r e a c t i o n  o f  a c e t i c  acid w i t h  l pn .  In 

o r de r  to min imize the presence o f  excess water  and i n ­

crease the e f f i c i e n c y  o f  the p r e p a r a t i o n  of  the (R) -  

b i sami de ,  lpn o f  a h i gh er  c o n c e n t r a t i o n  was d e s i r a b l e ,  

a l though  i t  was not  des i red  to use d i s t i l l a t i o n  methods 

r e q u i r i n g  sodium metal  to prepare anhydrous lpn because 

a c e r t a i n  amount o f  water  i s  produced by the N - a c e t y l a -
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t i o n  w i t h  a c e t i c  a c i d .

In t h i s  work,  f o l l o w i n g  the d i s t i l l a t i o n  method of  

B a i l a r ,  Jonassen & Got t  (22)  e x a c t l y ,  the lpn produced 

was o f  an aqueous c o n c e n t r a t i o n  o f  l ess than 80% by 

we i gh t  (35-75%).  Mix ing  mo is t  lpn*2HCl  w i t h  s o l i d  KOH 

y i e l d e d  lpn in 85% c o n c e n t r a t i o n .  As s ta te d  above, the 

water  con te n t  o f  the lpn produced in t h i s  work was r e ­

duced to l ess than 5% by combining dry  1pn•2HC1 w i t h  

the t h r e e f o l d  excess o f  KOH by volume and d i s t i l l i n g  in 

a d ry  system. In a d d i t i o n ,  in t h i s  work p r e l i m i n a r y  

t r i a l  d i s t i l l a t i o n s  w i t h  sodium hydrox i de  f l a k e s  p ro ­

duced lpn o f  a l ower  c o n c e n t r a t i o n  (60%) such as the 

lpn produced by Dwyer, Garvan & Shulman (67%); (21)

From the r e s u l t s  o f  these o the r  workers (21,22)  and 

f rom the r e s u l t s  o f  t h i s  work,  i t  can be seen t h a t  the 

excess KOH binds the water  produced in f r e e i n g  the lpn 

f rom the lpn*2HCl  more e f f e c t i v e l y  in the d i s t i l l a t i o n  

po t  than does NaOH.

Dwyer,  Garvan & Shulman (21) improved upon the 

method o f  Baumann, (38)  by r e s o l v i n g  lpn w i t h  m u l t i p l e  

r e c r y s t a l l i z a t i o n s  w i t h  ( + ) p - t a r t a r i c  acid f rom d i m i n i ­

shing volumes of  a c e t i c  acid in wa t e r .  A f t e r  ten r e ­

c r y s t a l l i z a t i o n s ,  Dwyer,  Garvan & Shulman (21)  obta ined 

lpn w i t h  [  OC ]q in dry  benzene o f  - 3 4 . 2 ° ,  and a f t e r  

t w e n t y - t h r e e  r e c r y s t a l l i z a t i o n s  they improved the 

s p e c i f i c  r o t a t i o n  to  - 34 .8°+  0 . 4 ° .  They cons idered
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ten r e c r y s t a l l i z a t i o n s  s u f f i c i e n t  and cons idered  - 3 4 . 8 °  

in dry  benzene as the s p e c i f i c  r o t a t i o n  o f  the pure en- 

a n t i omer .  ( 2 1 )

By f o l l o w i n g  the r e s o l u t i o n  method o f  Dwyer,

Garvan & Shulman ( 2 1 ) ,  the o p t i c a l  q u a l i t y  o f  the lpn 

ob ta ined  w i t h  ( + ) Q- t a r t a r i c  acid in t h i s  work was h ig h .  

The s p e c i f i c  r o t a t i o n  at  589 nm o f  the lpn in d r y  ben­

zene ob ta ined her e i n  was g r e a t e r  than or  equal  to 

| - 34. 2°| .

Method w i t h  Coba l t  Complexes

The p a r t i a l  r e s o l u t i o n  o f  pn to o b t a i n  lpn w i th  

[ C <  ]q o f  - 11 .5 °  using t r i  s- c o b a l t ( I I I )  complexes has 

been rep or t ed  by Dwyer, Garvan & Shulman. (21)

In t h i s  work,  study of  the change in o p t i c a l  ac­

t i v i t y  o f  the t r a n s - [ C o ( I I I ) L o X o ] X  complex made w i t h  

50% lpn/50% pn and X of  Cl "  or  Br"  showed t h a t  the op­

t i c a l  a c t i v i t y  o f  the t r a n s - [ C o ( I I I ) L g C l , , 3 C l  complex 

improved w i t h  r e c r y s t a l l i z a t i o n  f rom methanol  and e t h ­

ano l .  R e c r y s t a l l i z a t i o n  f rom methanol  gave the b e t t e r  

improvement (61% improvement f rom methanol  vs.  1 0 % im­

provement  f rom e t h a n o l ) .

Because each 1 ,2-d iami  nopropane enant iomer  o r i en t s  

s t e r e o s p e c i f i c a l l y  on t r a n s -  c o b a l t  complexes such as 

on these t r a n s - H C o d l O L p X ^ i x  complexes,  ( 11 )  o p t i c a l  

a c t i v i t y  of  the complex can be r e l a t e d  to o p t i c a l  ac-
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t i v i t y  o f  the 1 ,2 - d i ami  nopropane. (21)  The t r a n s -

CCo( 111) ( p n ) g X g c o m p l e x e s  w i t h  racemic pn are o p t i ­

c a l l y  i n a c t i v e .  The t r a n s - [ C o ( I I I ) ( l p n ) o X o ] + complexes 

are o p t i c a l l y  a c t i v e .  (1)  The t r a n s - [ C o ( 1 1 1 ) N^X^]*  

complexes w i t h  two o f  the p lanar  s i t e s  che la ted  by 

one lpn and the o t h e r  two s i t e s  che la ted  by o p t i ­

c a l l y  i n a c t i v e  l i g an ds  have o p t i c a l  a c t i v i t y  in the 

A, -+ E t r a n s i t i o n  h a l f  the value of  the t r a n s -
i g  g ----------

[ Co ( 111) ( l p n ) 2 C l 2] + complex.  ( 1 , 2 , 1 3 , 1 5 )

O p t i c a l  a c t i v i t y  i n t e r m e d i a t e  between the extremes 

o f  the b i s ( p n )  and b i s ( l p n )  t r a n s - [ C o ( I I I ) L^Xp]+ com­

p lexes  was ob ta ined  f o r  the 1 , 2 -d iami  nopropane l i gand  

m i x t u r e  o f  50% lpn/50% pn. The o p t i c a l  a c t i v i t y  of  

t r a n s - [ C o ( I I I ) U C l 2 ] C l , measured by the AJg Eg(D4h) 

t r a n s i t i o n  appearing^ in the CD s p e c t r a ,  improved w i t h  

r e c r y s t a l l i z a t i o n ,  as Table 1 shows. However, Table 1 

a lso  shows t h a t  the i n i t i a l  f o r m a t i o n  of  the t r a n s - 

[ C o ( I I I ) L 2C12 ]C1 complex r e s u l t e d  in a mixed 1 , 2 - d i a -  

minopropane l i gand  coo rd i na te d  to C o ( I I I )  w i t h  a lower  

o p t i c a l  a c t i v i t y  than 50% lpn/50% pn was expected to 

p r o v i d e  (4 6 , + 0 . 3 5 ) .  (41)  This may be r e l a t e d  w i t h

the  i nc reased p r od u c t i o n  o f  t r a n s - [ C o ( I I I ) ( p n ) o C l o ] C l » -  

HC1*2H20 (2 .7  g) compared to t r a i i s - [ C o (  111) (1 pn) 2 C12 ]C 1- 

•HCl^HgO ( 2 . 0  g ) ,  as each complex was produced f rom 

6 g o f  CoC12 *6H2 0. However, a s t a t i s t i c a l l y  s i g n i f i ­

can t  number o f  r e c r y s t a l l i z a t i o n  p r e p a r a t i o n s  such as
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the ones f rom t h i s  work has not  been c a r r i e d  o u t ,  and 

the immed i a te l y  f o r e g o i n g  p ro du c t i o n  r e l a t i o n s h i p  

cannot  be made w i t h  c e r t a i n t y .  The work o f  Corey & 

B a i l a r  (41)  suggests t h a t  each enan t iomer ,  t r a n s - 

CCo( 111) ( 1 pn) 2 C12 DC 1 and t r a n s - [ C o ( I I I ) ( d p n ) 2 C l 2 ] C l , 

are produced in amounts n e a r l y  e q u i v a l e n t  to the r a t i o  

o f  lpn to dpn and t h a t  each enant iomer  has the same 

s o l u b i l i t y  c h a r a c t e r i s t i c s .  R e c r y s t a l l i z a t i o n  can be 

used,  o f  course,  to s e l e c t i v e l y  remove a m i n o r i t y  com­

ponent  o f  a m i x t u r e ,  which t r a n s - [ C o ( I I I ) ( d p n ) ^ C l ^ ] C l  

i s  in the complex,  t r a n s - [ C o ( I I I ) L o C 1 ^ 3 C l  w i t h  L a 

m i x t u r e  o f  pn and l p n .  However,  such t r a n s - [ C o ( I I I ) -  

( d p n ) 2 C l 2 ]Cl  removal  to o b ta in  t r a n s - [ C o ( 1 1 I ) ( l p n )»-  

C12 DC 1 a lso removes the d es i r ed  b i s ( l p n )  complex.

Thus, the method o f  r e c r y s t a l  1i z i n g  t r a n s - C C o ( I I I ) -  

LgClgJCl  i s  not  very  e f f e c t i v e  f o r  r e s o l v i n g  l pn ,  even 

w i t h  methanol  r e c r y s t a l l i z a t i o n .  Table 1 f o l l o w s .
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T ab le  1

The Al g  - *  Eg CO Spect ra o f  t r a n s - [ C o ( 1 1 1 ) LpCIp]C1

Sample I d e n t i t y _________________ Molar  e l l i p t i c i t y  (AC)

t r ans - CCo( I I I ) ( 50% lpn/50% pn)?Cl ?] Cl

F i r s t  Crop + 0.23

R e c r y s t a l l i z e d  f rom ethanol + 0.25

R e c r y s t a l l i z e d  f rom methanol + 0.37

trans-CCo € 111) ( 1pn) ?C1 ?]C 1

R e c r y s t a l l i z e d  f rom ethanol + 0.7

Elemental  analyses were conducted o f the t r a n s -

C C o d l D L g C l g K l  complexes to help i n s u r e  t h a t  the ob­

served i nc rease  in o p t i c a l  a c t i v i t y  was not  due mere l y  

to  removal  o.f o t h e r  i m p u r i t i e s  besides the l ess  o p t i ­

c a l l y  a c t i v e  complex.  These e lementa l  analyses do 

s u p p o r t ,  though,  the i ncreased r e s o l u t i o n  o f  lpn f rom 

the p a r t i a l l y  reso l ved  1 , 2 - d iami  nopropane l i g a n d  w i t h  

t r a n s - [ C o ( I I I ) L o C 1 o ] C 1  complexes,  a f t e r  the i n i t i a l  

complex i s  formed.  However, the y i e l d s  f rom the r e -  

c r y s t a l l i z a t i o n  p r o h i b i t  the p r a c t i c a l  use o f  the 

t r a n s - E C o d i P L o C l o l C l  r e s o l u t i o n .  The methanol  r e -  

c r y s t a l l i z a t i o n  o f  t r a n s - C C o d l D L p B r ^ D B r  r e s u l t e d  in 

decreased o p t i c a l  a c t i v i t y .  This decreased o p t i c a l  ac­

t i v i t y  f rom s imple methanol  r e c r y s t a l l i z a t i o n  shows why
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o t h e r  workers such as Hawkins,  Lawrance & Peachey (37) 

do not  employ such a s imple methanol  r e c r y s t a l l i z a t i o n ,  

bu t  i n s t e a d ,  p r e c i p i t a t e  the t r a n s - [ C o ( I I I ) ( l p n ) o B r , , ] B r  

f rom methanol  by using the a d d i t i o n  o f  e th er .

The t r a n s - [ C o ( I I I ) L o C l o 3 C l  complex r e s o l u t i o n  o f  

p a r t i a l l y  r eso l ved  pn was not  n e a r l y  as e f f e c t i v e  as 

the  r e c r y s t a l l i z a t i o n  o f  the ( + ) Q- t a r t r a t e  d ias t eromer  

w i t h  l p n .  I t  i s ,  p r a c t i c a l l y  speak ing,  o f  l i t t l e  u t i l i ­

t y  i n compar ison to the r e s o l u t i o n  of  pn w i t h  the ( + ) q- 

t a r t r a t e ,  which e f f i c i e n t l y  and dependably r e s u l t e d  in 

lpn w i t h  C OC ] D >. | - 3 4 . 2 °  | in dry benzene.

S o l i d  (R) -1 ,2 -D i ami nopropane  O p t i c a l  P u r i t y  D e r i v a t i v e s

The s p e c i f i c  r o t a t i o n  of  lpn in dry benzene i s  not  

the  on ly  quoted c r i t e r i o n  o f  o p t i c a l  p u r i t y  o f  the pn 

e nan t iomer .  The s p e c i f i c  r o t a t i o n  o f  f r e e  lpn d i s ­

t i l l e d  once over  sodium had been used by Baumann (38) 

and Tschugaef f  & S o k o l o f f .  ( 39 ,40)  However, the v a r i ­

a t i o n  in s p e c i f i c  r o t a t i o n  depends on the hygroscop ic  

n a tu r e  o f  lpn and the change in s ign t h a t  accompanies 

p r o t o n a t i o n .  (21)  T r u l y  anhydrous ( b l ue )  lpn r e q u i r e s  

a procedure which i n v o l v es  severa l  d i s t i l l a t i o n s  over 

sodium and potass ium.  (42)  Thus, the s p e c i f i c  r o t a ­

t i o n  o f  f r e e  lpn i s  not  u s u a l l y  used as a c r i t e r i o n  o f  

o p t i c a l  p u r i t y .  The s p e c i f i c  r o t a t i o n  of  the d i h y d r o ­

c h l o r i d e  s a l t  in water  o f  +3.99°  to +4.10°  has been
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quoted as another  c r i t e r i o n  o f  o p t i c a l  p u r i t y  o f  l pn .  

(22)  However, the smal l  r o t a t i o n  of  l pn*2HCl (aq)  i s  too 

low to be o f  p r a c t i c a l  use. (21)  The m e l t i n g  p o i n t  of  

142°C f o r  the 1pn• ( + ) Q- t a r t r a t e  d ias te reomer  s a l t  has 

been quoted as another  c r i t e r i o n  o f  o p t i c a l  p u r i t y  of  

l pn .  (43)  However, the m e l t i n g  p o i n t  o f  the d i a s t e r e ­

omer s a l t  i s  u n r e l i a b l e  because of  the decomposi t i on 

near i t .  (21)  Values f rom 141°C to 143°C have been 

r e p o r t e d .  ( 38 ,3 9)  Such m e l t i n g  p o i n t  values were ob­

ta i n e d  f o r  the l p n * ( + ) D- t a r t r a t e  d ias tereomer  s a l t  in 

t h i s  work (141-144°C) .

What would be d e s i r a b l e  i s  a dependable s o l i d  de­

r i v a t i v e  of  lpn which can be used as an index o f  the 

o p t i c a l  p u r i t y  o f  the enant iomer .  ( R ) - 1 , 2 - D i a c e t a m i d o -  

propane,  prepared f rom lpn in t h i s  work,  i s  such a s o l i d  

d e r i  v a t i v e .

Re ih l en ,  Weinbrenner  & Hess l i ng  (4)  prepared (R)-

1 . 2 - d i ace tami dopropane  f rom ( R ) - 2 - a c e t y l - l - a l a n i n o n i -  

t r i l e  w i t h  a c e t i c  anhyd r i de .  The ( R) - 1 , 2 - d i a c e t a m i d o -  

propane prepared by the method o f  R e i h l e n ,  Weinbrenner  & 

Hess l i ng  (4) was r e po r t ed  to m e l t  at  153°C. The (R) -

1 . 2 -d iace tami dopropane  made f rom o p t i c a l l y  pure lpn 

would a lso  be expected to m e l t  a t  the same p o i n t ,  of  

course.

In t h i s  work,  ( R ) - l , 2 - d i a c e t a m i d o p r o p a n e  made f rom 
25

lpn w i t h  [  O C ] Q o f  - 3 4 . 3 °  mel ted at  1 5 3 . 5°C. This
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m e l t i n g  p o i n t  i s  w e l l  away f rom the 140°C m e l t i n g  p o i n t  

o f  racemic 1 , 2-d iace tamidopropane (43,44)  and i s  w i t h i n  

e xp er i ment a l  e r r o r  o f  the m e l t i n g  p o i n t  o f  the ( R ) - b i s -  

amide r ep or t ed  by Re i h l en ,  Weinbrenner  & H e s s l i n g .  (4)  

The racemic bisamide i s  o f te n  quoted as a dependable 

c h a r a c t e r i z a t i o n  d e r i v a t i v e  of  pn. No decompos i t i on  

was observed near the (R) - 1 , 2-d iace tamidopropane m e l t ­

ing  p o i n t .  Thus, ( R ) - l , 2 - d i a c e t a m i d o p r o p a n e  prepared 

f rom lpn can be used to help check the o p t i c a l  p u r i t y  

o f  the l pn .

Other  c h a r a c t e r i z i n g  evidence in t h i s  work f u r t h e r  

suppor ted the e x is t en ce  of  (R) - 1 , 2 -d iace tamidopr opane .  

The carbon a n a l y s i s  o f  ( R ) - l - 2 - d i a c e t a m i d o p r o p a n e  was 

w i t h i n  0.65% o f  t h e o r e t i c a l  w i t h  the m.p. sharp,  w i t h ­

i n  0 .5°C,  which i n d i c a t e s  a pure compound. The IR 

s p e c t r a  o f  (R) - 1 , 2-d iace tamidopropane was e q u i v a l e n t  to 

the  IR spec t ra  o f  racemic 1 , 2 -d ia ce ta mi do p ro pa n e . The 

s t r o n g  1640 cm” * ab so r p t i on  and the 1650 cm” * s hou l de r  

i n  the IR spec t r a  were assigned to be f rom amide c a r ­

bonyl  s t r e t c h i n g ,  the 3280 cm"* a b so r p t i on  f rom secon­

dary  amide N-H s t r e t c h i n g  and the 1550 cm"* a bs or p t i o n  

f rom N-H bending.  (45)  ( R) - 1 , 2 - d i ace tamidopropane 

c o n s i s t e n t l y  mel ted at  the h i gh er  t emperature  o f  

1 5 3 . 5°C. (4)  The racemic 1 , 2 -d iace tamidopropane  made

by the cor respond ing  process o f  r e a c t i n g  pn w i t h  a c e t i c  

ac id  mel ted at  i t s  accepted v a l ue .  ( 43 ,44)
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( R ) - l , 2 - D i e t h y l a m i n o p r o p a n e

The new 1 , 2 - d i a m i n e ,  ( R ) - l  , 2 - d i e t h y l  ami nopropane, 

was prepared through l i t h i u m  aluminum hyd r ide  r e d uc t i o n  

o f  ( R ) - l , 2 - d i a c e t a m i d o p r o p a n e .  Y i e l d s  of  N,N‘ - E t l p n  

f rom the r e d u c t i o n  o f  the (R) -b i samide  were good, about 

54% o f  t h e o r y .  Y i e l d s  o f  (R) - 1 ,2 -d iace tami dopropane  

f rom lpn and g l a c i a l  a c e t i c  acid (molar  r a t i o  of  lpn 

t o  a c i d ,  1 . 0 : 2 . 1 )  were a lso good, over  60% o f  theory  

i n  which 95% lpn was used. Thus, the o v e r a l l  y i e l d s  

f rom lpn were a c c e p t a b l e .  A l k a l i z i n g  and s l i g h t l y  

w e t t i n g  the quenched reduc i ng  agent helped f r e e  more 

N , N ' - E t l p n  and helped to improve the y i e l d s .  Combining 

s m a l l e r  batches i n t o  l a r g e r  batches f o r  the d i s t i l l a ­

t i o n  a lso helped improve y i e l d s  to 60% o f  theo ry  based 

on the ( R ) -b i s am i de .

R ic e ,  Armbrech t ,  Grogan & Reid (25) rep or t ed  t h a t  

l i t h i u m  aluminum hyd r i de  r e d u c t i o n  o f  1 , 2 - d i a c e t a m i d o -  

ethane y i e l d e d  1 , 2 - d i e t h y l a m i n o e t h a n e .  The N,N ' -Eten  

was ob ta ined  in t h e i r  work at  50% y i e l d  f rom the r e ­

d u c t i o n  and was c o l l e c t e d  at  148-150°C.  (25)

The b o i l i n g  p o i n t  o f  en i s  1 1 6 . 5°C, (44)  and the 

b o i l i n g  p o i n t  o f  lpn i s  121°C. (40)  The b o i l i n g  p o i n t

o f  N,N' -Meen i s  1 2 0 . 5°C, (44)  and T i e t h o f  (2) c o l l e c t e d  

N,N' -Melpn at  125.5-129°C.  Thus, i t  can be seen t h a t  

the C-methyl  group o f  lpn and i t s  N , N ' - a l k y l  d e r i v a ­
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t i v e s  c o n t r i b u t e s  a p pr ox i ma t e l y  5-6°C to the b o i l i n g  

p o i n t  o f  en and i t s  N , N ' - a l k y l  d e r i v a t i v e s .  Thus, when 

compared to the 148-150°C b o i l i n g  p o i n t  o f  N , N ' -E te n ,  

the b o i l i n g  p o i n t  o f  N , N ' - E t l p n  might  be expected to be 

found at  153-156°C.

In t h i s  work,  N , N ' - E t l p n  was c o n s i s t e n t l y  c o l l e c t ­

ed at  153-156°C. The 153-156°C b o i l i n g  p o i n t  was found 

f o r  the f r e s h l y  prepared N , N ' - E t l p n  and f o r  the N, N' -  

E t l pn  recovered f rom c o b a l t  complexes.

Other  c h a r a c t e r i z i n g  ev idence conf i rmed the com­

pound. I t  was prepared f rom a c l o s e l y  analogous reduc­

t i o n  known to produce N , N ' - E t e n .  (25)

The d i h y d r o c h l o r i d e  s a l t  o f  N , N ' - E t l p n  y i e l d e d  a 

carbon analysis-  w i t h i n  0.756 o f  t h e o r e t i c a l ,  which is 

ac ce p t a b l e .  The new 1 , 2 - d i a m i n e ,  N , N ' - E t l p n ,  was c h a r ­

a c t e r i s t i c a l l y  b a s i c ,  and i t  was s o l u b l e  in wa t e r ,  meth­

anol  and ethanol  in a manner s i m i l a r  to i t s  N,N’ - A l k y l  

homolog,  N,N ' -Melpn .  The PMR sp ec t ra  o f  the N , N ' - E t l p n  

l i ga nd  c oo r d i na ted  in d i n i t r o  c o b a l t ( I I I )  complexes 

showed a q u a r t e t  f rom 3 .0 5 -3 .1 2  ppm which was a t t r i b u ­

ted to methylene pro tons  ad ja ce n t  to an amino n i t r o g e n  

and s p l i t  by 3 p r o tons  a t t r i b u t e d  to a methyl  group ad­

j a c e n t  to the methylene mo ie ty .  (46)  I t s  smel l  was 

c h a r a c t e r i s t i c  o f  lower  N - a l k y l a t e d  amines. I t  also 

showed an a n o r e c t i c  e f f e c t  c h a r a c t e r i s t i c  o f  s i m i l a r  

amines. (47)
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O p t i c a l  A c t i v i t y  o f  ( R ) - l , 2 - D i a l k y l a m i n o p r o p a n e s

( R ) -D i e t hy la m i n op r op an e ,  l i k e  ( R ) - l , 2 - d i a m i n o p r o -

pane, was l e v o r o t a r y  at  589 nm in dry benzene w i t h  
20

[  O t  ]p o f  -59° (0 .01 g/10 mL). The l e v o r o t a r y  o p t i ­

ca l  a c t i v i t y  o f  N . N ' - E t l p n  i s  more pronounced than,  but  

o f  the same s ign as, the o the r  ( R) - 1 , 2 - d i a l k y l a m i  nopro­

pane s t ud i ed  in t h i s  work,  ( R ) - l , 2 - d i m e t h y l a m i n o p r o -  

pane.

The [ CK ]q o f  0.07 g o f  N,N' -Melpn per 10 mL o f  

d r y  benzene has been rep or ted  to be - 4 8 . 5 ° .  (3)  How­

e ve r ,  the N,N' -Melpn used to ob ta in  t h i s  s p e c i f i c  r o t a ­

t i o n  was prepared f rom lpn w i t h  [  0 < ] n of  - 3 3 . 2 ° .  (2)
25 v

The [  0 < ] j j  o f  0.15 g o f  the N,N' -Melpn prepared in

t h i s  work per 10 mL of  dry benzene was - 5 3 . 6 ° .  The

N,N' -Melpn prepared in t h i s  work was prepared f rom lpn
25

w i t h  h ig he r  en an t i ome r i c  p u r i t y  ( C ( X ] p  o f  - 3 4 . 3 ° )  

than the o th e r  r e po r t ed  N,N ' -Melpn .  (2)  Each p r e p a r a ­

t i o n  o f  N ,N ' -Mel pn ,  which was prepared f o r m e r l y  (2) and 

prepared in t h i s  work,  was by the same method. (2)

The d i f f e r e n c e  in c o n c e n t r a t i o n s  may be a cause of  

p a r t  o f  the d i f f e r e n c e  in r ep or ted  s p e c i f i c  r o t a t i o n s .  

Both measurements were taken in dry benzene at  concen­

t r a t i o n  l e v e l s  below 0.2% by w e i g h t .  Thus, each mea­

surement was taken at  a molar  c o n c e n t r a t i o n  o f  about 

0.01 to  0.02 M.
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Dwyer,  Garvan & Shulman (21) rep or t ed  t h a t  the 

s p e c i f i c  r o t a t i o n  o f  lpn in dry benzene i s  independent  

o f  c o n c e n t r a t i o n  between the range o f  0.53% to 2.84%, 

which i s  between the range of  about 0.05 M to  0 .3  M.

The o p t i c a l  measurements taken o f  N,N' -Melpn were o u t ­

s i de  t h i s  range.  However, i t  has not  been r epor t ed  i f  a 

c o n c e n t r a t i o n  dependence f o r  lpn below 0.05 M e x i s t s ,  or  

i f  i t  does,  how i t  d e v i a t es  f rom l i n e a r i t y .  S t i l l ,  the 

c o n c e n t r a t i o n  d i f f e r e n c e  f rom t h i s  l i n e a r  range of  lpn 

w i t h  the two N,N' -Melpn measurements is not  so g rea t  as 

to  be a la rmi ng  and i s  not  c o n c l u s i v e  of  an unreasonable 

compar i  son .

In  a d d i t i o n ,  i f  lpn w i t h  CO<]q  of  - 3 3 . 2 °  prepares 

N,N1 -Melpn w i t h  C O < ] D o f  - 4 8 . 5 °  and i f  a l i n e a r  r e l a ­

t i o n s h i p  i s  assumed between the s p e c i f i c  r o t a t i o n  o f  lpn 

and the N,N' -Melpn prepared f rom i t  by the method of  

T i e t h o f ,  (2)  o p t i c a l l y  pure lpn w i t h  [  ( X  ] D of  - 3 4 . 8 °  

should  s i m i l a r l y  prepare N,N' -Melpn w i t h  [ ( X ] p  o f  

- 5 0 . 9 °  a t  the same c o n c e n t r a t i o n  o f  0.07 g per 10 mL of  

d r y  benzene.

Cons ider ing  the f o r e g o i n g ,  the s p e c i f i c  r o t a t i o n  

o f  N,N' -Melpn in dry  benzene i s  p robab l y  c o n c e n t r a t i o n  

dependent .  An [  ] Q va lue  o f  -52°  at  a c o n c e n t r a t i o n  

o f  0 .1  g per 10 mL of  dry benzene i s  a reasonable expec­

t a t i o n  f o r  the o p t i c a l l y  pure enant iomer  of  N,N' -Melpn 

at  room temp er a t u re .
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S i m i l a r l y ,  the s p e c i f i c  r o t a t i o n  o f  N , N ' - E t l p n  

prepared in t h i s  work was measured at  a low c on cen t r a ­

t i o n .  An [ 0 < ] p  va lue  o f  -60°  a t  a c o n c e n t r a t i o n  of  

0 .1  g per 10 mL of  d ry  benzene i s  a reasonable expec­

t a t i o n  f o r  the o p t i c a l l y  pure enant iomer  o f  N , N ' - E t l p n ,  

a d j u s t i n g  f o r  the c o n c e n t r a t i o n  at  the measurement.

( R ) - l , 2 - D i b e n z y l a m i n o p r o p a n e

The new 1 , 2 - d i a m i n e ,  (R) - 1 , 2 - d i b e nz y l  ami nopropane, 

was prepared in t h i s  work both f rom the l i t h i u m  a lu mi ­

num hyd r i de  r e d u c t i o n  and f rom the sodium borohydr ide  

r e d u c t i o n  o f  the S c h i f f ' s  base r e a c t i o n  p roduc t  of  ben- 

zaldehyde and lpn in a benzaldehyde to lpn molar  r a t i o  

o f  2 : 1 .  ( 2 7 , 28 ,2 9 )  The p roduc t  was not  co mp le te l y

c h a r a c t e r i z e d  p r i m a r i l y  because the i n t e r e s t  in c o o r d i ­

n a t i n g  such a l i g a nd  onto t r a n s - [ C o ( 111)N^X^]+ complexes 

waned when, in t h i s  work,  pure t r a n s - [ C o ( I I I ) ( N H ^ ) q- 

( N , N ' - B z l p n ) B r 2 ]Br  could not  be prepared f rom the new 

i n t e r m e d i a t e  NH4[Co( 111) ( NH ^ , N ' - Bz l p n ) ( SO 3 ) ^ 3, and 

d i f f i c u l t i e s  were encountered in complexing the less 

u ns ta b le  N , N ' - E t l p n  onto o th e r  t r a n s - [ C o ( I I I ) N ^ X p ]  + 

complexes as w e l l .

However, the N,N‘ -Bz lpn d i s t i l l e d  at  a temperature 

c lose  to the 222°C ( reduced p r essur e)  head temperature 

o f  1 ,2 -d ib e nz y la mi n oe th a ne  r e po r t ed  by Van Alphen.  (27,  

28) The N , N ' -Bz lp n  in t h i s  work d i s t i l l e d  at  about
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260°C, but  d i s t i l l e d  over  a wide range o f  about 40°C.

I t  was i mmi sc ib l e  in wat er ,  was y e l l o w ,  o i l y  and had a 

f i s h y ,  c h a r a c t e r i s t i c  amine odor .  I t  was l e v o r o t a r y  a t  

t he  sodium D - l i n e  and the mercury green l i n e .  I t  

seemed to have an a n o r e c t i c  e f f e c t  on human p h ys io log y  

which was g r e a t e r  than t h a t  of  N , N ' - E t l p n ,  which i s  

c h a r a c t e r i s t i c  o f  s i m i l a r  amines. (47)

The d ibenzoy l  d e r i v a t i v e  of  lpn prepared by the 

method o f  S h r i n e r ,  Fuson, C u r t i n  & M o r r i l  (23)  could 

no t  be reduced by l i t h i u m  aluminum h yd r ide  to N,N‘ - 

Bz l pn .  The at tempted r e a c t i o n  was c a r r i e d  out  in an 

e th e r  s l u r r y  f o r  10 hours at  r e f l u x .  The d ibenzoy l  de­

r i v a t i v e  was too s t a b l e  to such L iA lH^  t r e a t me n t  to 

prepare the N ,N ' -Bz l pn  by t h i s  l a t t e r  method.

Storage and Handl ing

Storage o f  the f r e e  1 ,2 -d iami nes  in g lass  b o t t l e s  

w i t h  greased ground glass s toppers  avoided some l a b o r a ­

t o r y  problems common to f r e e  1 , 2 - d i a m i n e s .  Permeat ion 

o f  vapors through cork and rubber  s toppers  and commer­

c i a l  p l a s t i c  caps was one such problem.  By using 

greased ground g lass  equipment ,  r e a c t i o n  o f  the f r e e

1 .2 -d ia mi ne s  w i t h  a tmospher i c  water  vapor and carbon 

d i o x i d e  was min imized and so was the presence o f  the

1 . 2 - d ia m i ne  vapor i n  the l a b o r a t o r y  a i r .  Another  

problem avoided was r e a c t i o n  o f  the 1 , 2 -d ia m i ne  w i t h
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the s toppers  themse lves ,  which would have degenerated 

the s topper  and contaminated the 1 , 2 - d i a m i n e .

Due c a u t i o n  was exerc i sed  in hand l ing  the new

1 , 2 - d i a m i n e ,  N , N ' - E t l p n ,  in a manner s i m i l a r  to the 

o t h e r  known 1 , 2 - d i a m i n e s .  I t  had a n o t i c e a b l e  anorec­

t i c  e f f e c t ,  and t h u s ,  l i k e  o th e r  amines, i t  was con­

s i de r ed  a c t i v e  w i t h  the c e n t r a l  nervous system. (47) 

Because i t  was e n a n t i o m e r i c ,  i t s  p h y s i o l o g i c a l  e f f e c t s  

may have d i f f e r e d  f rom the racemate or  i t s  an t i pode .  

N , N ' - E t l p n  was v o l a t i l e  and f l ammable.

The new 1 , 2 - d i a m i n e ,  N , N ' - B z l p n ,  was a lso handled 

w i t h  due c a u t i o n .  I t  a lso seemed to have an a n or e c t i c  

e f f e c t  on the human p h y s i o l o g y .  I t  was not  as v o l a t i l e  

as N , N ' - E t l p n  or  the o th e r  lower  mo l ecu l a r  we igh t  1 , 2 -  

di  amines.

C o b a l t ( I I I )  Complexes 

[ C o ( I I I ) ( N , N ' - E t l p n ) 2 (N02 ) 2 ]  Complexes

The p o s i t i o n a l  isomers t r a n s , t r a n s -  and t r a n s , -  

c i  s - d i n i t r o b i s ( ( R ) - l , 2 - d i e t h y l a m i n o p r o p a n e ) c o b a l t ( I I I )  

w i t h  accompanying monovalent  c o un t e r i o ns  were prepared,  

bu t  in low q u a n t i t i e s  and contaminated w i t h  s a l t s .  The 

p o s i t i o n a l  isomers are i l l u s t r a t e d  in F i gure  7.
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n o 2

etKkM'x ^ 'b
E t'N ^ > [ ^'Et 

Me

( S)  ( f )

F i gu re  7. P o s i t i o n a l  Isomers of  t r a n s - [ C o ( 111) (N,N 1 - 
E t lpn>2( N02) 2^+ * The t r a n s , t r a n s -  i somer ( s )  i s  on the 
l e f t ,  and the t r a n s , c i s - i somer ( f )  i s  on the r i g h t .
The p o s i t i o n a l  i somer ism r e f e r s  to the C-methyl  group 
o f  the X - c h e l a t e  r i n g s .

The [ C o ( I I I ) ( N , N 1- E t l p n ) 2(N02) 2 ] + complexes were 

prepared w i t h  the c o un t e r i o n s  o f  bromide,  c h l o r i d e  and 

p e r c h l o r a t e ,  and the t r a n s - p o s i t i o n a l  isomers were sep­

ara ted  f rom each o th e r  by a p p o r t i o n i n g  the one t r a n s - 

band i n t o  two f a s t  ( f ) ,  one medium (m) and two s l ow l y  

( s )  e l u t i n g  f r a c t i o n s ,  by the method T i e t h o f  & Cooke (3) 

r e p o r t ed  f o r  the p r e p a r a t i o n  and s e pa r a t i o n  o f  the c o r ­

r esponding complexes made w i t h  N,N‘ -Melpn.  The t r a n s - 

[ C o ( I I I ) ( N , N ' - E t l p n ) 2 (N02 ) 2] + complexes presumably could 

no t  be prepared i n  enough y i e l d  to separate  them as pure 

complexes f rom c o n t am in a t i n g  s a l t s  a f t e r  t h e i r  chroma­

t o g r a p h i c  r e s o l u t i o n  w i t h  Dowex 50W-X8 c a t i o n  exchange 

r e s i n  in the ammonium ion fo rm.

The U V - v i s i b l e  sp ec t r a  o f  [ Co(111) ( 1 , 2 - d i a m i n e ) 2_
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(N02 ) 2 ] + complexes i s  recogn ized as i n d i c a t i v e  of  the 

presence o f  c i s -  or  o f  t r a n s - d i n i t r o  complexes.  (12)

The [ C o ( I I I ) ( 1 , 2 - d i a m i n e ) 2 (N02 ) 2 ] + complexes show a 

U V - v i s i b l e  s pec t ra  a b so r p t i on  maximum near 330 nm f o r  

the  c i s -  i somers and near 345-350 nm f o r  the t r a n s - 

i somers .  (12)  In t h i s  work,  the U V - v i s i b l e  sp ec t ra  o f  

a sample of  the one t r a n s - band removed by s u c t i o n  hose 

( I f  f r a c t i o n )  showed a maximum a bs or p t i on  at  343 nm 

(29,000 cm” '*'), which i n d i c a t e d  t h a t  the i d e n t i t y  of  the 

one t r a n s - band was indeed o f  the t r a n s - i somers of  

[ C o ( I I I ) ( N ,N ' - E t l p n ) 2 (N02 ) 2 ] + . The U V - v i s i b l e  spec t ra  

o f  t r a n s - C C o ( I I I ) ( N , N ' - E t l p n ) 2(N02 ) 2] + prepared in t h i s  

work resembled the U V - v i s i b l e  sp ec t r a  of  o th er  t r a n s - 

C C o ( I I I ) ( 1 , 2 - d i a m i n e ) 2(N02 ) 2 ] + complexes prepared by 

o t h e r  workers ,  as w e l l ,  such as t r a n s , t r a n s - [ C o ( I I I ) -  

( N , N ' - M e l p n ) 2 (N02 ) 2 ] + ( X m a x ,  28,700 cm"1) (2)  and 

t r a n s - [ C o ( I I I ) ( N , N ' - M e d p n ) 2 (N02 ) 2 ] + ( X m a x ,  29,000 

cm” 1 ) .  (12)

The t r a n s - complexes were assigned as having 

X - c h e l a t e  r i n g s  w i t h  e q u a t o r i a l  N , N ' - d i e t h y l  groups 

because of  the chromatograph ic  e l u t i o n ,  U V - v i s i b l e  

s p e c t r a  and CD sp ec t ra  resemblance to the t r a n s - 

C C o ( I I I ) ( N , N ' - M e l p n ) 2 (N02 ) 2] + i somers r ep or ted  by 

T i e t h o f  & Cooke, (3)  which were assigned as having 

X - c h e l a t e  r i n g s .  Both N , N ' - E t l p n  and N,N' -Melpn were 

prepared f rom lpn w i t h o u t  the b reak i ng  o f  bonds to the
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c h i r a l  carbon in l p n ,  and t hus ,  both N , N ' - E t l p n  and 

N,N' -Melpn have ( R ) - c o n f i g u r a t i o n s  about the c h i r a l  c a r ­

bon.  These 1 ,2 - d i a m i n e  l i g a n d s ,  l i k e  l p n ,  are assumed 

to  o r i e n t  on c o b a l t  s t e r e o s p e c i f i c a l l y , (10)  and T i e t h o f  

(2)  showed by the a n a l y s i s  of  a s e r ie s  of  compounds 

us ing CD s pec t r a  t h a t  the N,N' -Melpn in h i s  work indeed 

o r i e n t e d  s t e r e o s p e c i f i c a l l y  in the X - c o n f i g u r a t i o n .

The X - c h e l a t e  r i n g  c o n f i g u r a t i o n  assignment  in t h i s  work 

i s  a l so  suppor ted by the CD spec t r a  resemblance of  the 

t r a n s - [ C o ( I I I ) ( N , N l - E t l p n ) o ( N O ^ ) ^ ] + complexes to the 

m i r r o r  image o f  the CD sp ec t ra  o f  t r a n s - [ C o ( 111) ( N,N1 - 

Medpn)2(N02 ) 2 ] + r e p o r t e d  by Sabur i ,  T s u j i t o  & Yoshikawa. 

(12)  S a bur i ,  T s u j i t o  & Yoshikawa (12) assigned £ - c o n -  

f o r m a t i o n  c h e l a t e  r i n g s  to the t r a n s - d i n i t r o b i s ( N , N ' -  

Me d pn ) Co ( I I I )  complex they prepared.

The s f r a c t i o n s  in t h i s  work conta ined the t r a n s , -  

t r a n s - [ C o ( 1 1 1 ) ( N , N 1- E t l p n l ^ t N O p ) p ] + i somer ,  and the f  

f r a c t i o n s  con ta ined  the c or r espond ing  t r a n s , c i s - i s o ­

mer. The m band con ta ined  both i somers.  The p o s i t i o n a l  

i somers were assigned based on the assignment  of  T i e t h o f  

& Cooke, (3)  who assigned the t r a n s , t r a n s - [ C o ( 111) -  

(N ,N 1 -Mel  pn ) 2 (N02 ) 2 ] + p o s i t i o n a l  isomer to  be in the 

s lower  e l u t i n g  p o r t i o n s  o f  the t r a n s - band e l u t ed  wi th  

the d i l u t e  NaClO^ ( a q ) .  In t h i s  work,  the same method 

was used f o r  the r e s o l u t i o n  o f  t r a n s - [ C o ( 111) ( N,N1 - 

E t l p n ) 2 (N0 2 ) 2 ] + p o s i t i o n a l  i somers as was c a r r i e d  out  by
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T i e t h o f  to r e so l v e  the p o s i t i o n a l  i somers o f  the ana l o­

gous t r a n s - [ C o ( I l I ) ( N , N l -Me1 p n ) 2 (NOo)g]+ complex.  (2)

The s epar a t i on  of  t r a n s - [ C o d l D C N ^ N ' - E t l p n l p -  

( NOg) 2 ^n"to two d i f f e r e n t  i some r i c  complexes in t h i s  

work had v i s i b l e  suppor t  by the d i f f e r e n t  s t a b i l i t y  

c h a r a c t e r i s t i c s  each isomer f r a c t i o n  showed a f t e r  reso ­

l u t i o n .  Imbedded in s a l t s  which conta ined sodium c h l o r ­

i d e ,  the Is and I I s  ( c h l o r i d e  c o u n t e r i o n  and c h l o r i d e /  

p e r c h l o r a t e  c o u n t e r i o n )  t r a n s - bands began to v i s i b l y  

t u r n  green f rom decompos i t i on  w i t h i n  a few weeks a f t e r  

r e s o l u t i o n .  The I f  and I l f  ( c h l o r i d e  c o u n t e r i o n )  t r a n s - 

bands were s t i l l  o r a n g e / y e l l o w  a f t e r  severa l  months,  but 

c l os e  i n s p e c t i o n  showed some green specks.  The I f  and 

I l f  ( c h l o r i d e  c o u n t e r i o n )  t r a n s - bands r e t a i n e d  t h e i r  

o v e r a l l  ye l l ow / b r own  c o l o r  f o r  w e l l  over  10 months.  The 

m ( c h l o r i d e  c o u n t e r i o n )  band was i n t e r m e d i a t e  in t h i s  

c h a r a c t e r i s t i c ,  t u r n i n g  v i s i b l y  green by s p e ck l i n g  a f t e r  

a month and t a k i n g  f i v e  or  s i x  months to become p r i m a r i ­

l y  green.

The t r a n s , t r a n s - isomer presumably had a h ighe r  en- 

t r o p i c  f a c t o r  than the t r a n s , c i s -  i somer ,  and concer ted 

v i b r a t i o n  and s t r e t c h i n g  along the N ' -Co-N'  ax i s  o f  the 

t r a n s , t r a n s - i somer i s  b e l i e ved  to have c o n t r i b u t e d  to 

the f a s t e r  decomposi t i on o f  the s f r a c t i o n s .  The con­

f o r m a t i o n a l  l y  l a b i l e  N- and N ' - e t h y l  groups presumably 

p rov ided  more s t r a i n  on the Co-N bonds f rom t h e i r  move-
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merits than did the N- and N ' -me t hy l  groups on the t r a n s - 

d i n i t r o  complexes w i t h  c h l o r i d e  coun t e r i on s  prepared by 

T i e t h o f  (2) and by Sa bur i ,  T s u j i t o  & Yoshikawa,  (12) 

none o f  which were r e po r t ed  to decompose as s o l i d s .

The PMR spec t r a  o f  the I l f  f r a c t i o n  showed the 

presence o f  the paramagnet ic  c o b a l t ( I I )  ion f rom the 

d ecompos i t i on ,  as peak broadening o ccu r red .  (46)  The

paramagnet ic  decompos i t i on  produc t  was f i l t e r e d ,  and a 

more u se fu l  PMR sp ec t r a  was ob ta ined  o f  the t r a n s , c i s - 

complex.  Because o f  the i n s o l u b i l i t y  o f  the decompo­

s i t i o n  p roduc t  in w a t e r ,  i t  was proposed to have p o l y ­

mer ic  l i n k s .  Coba l t  i s  known to  be c a t a l y t i c  in the 

condensat i on  o l i g i m e r i z a t i o n s  o f  en and t n .  (48)  The

PMR spec t ra  "of [ C o ( I I I ) ( N , N  1 - E t l  pn) 2 ^ 0 2  ) 2 ^ ^ 0 3  d id not  

show any paramagnet ic  c o b a l t ( I I )  i n t e r f e r e n c e .

T i e t h o f  (2) has i n d i c a t e d  t h a t  the PMR spec t ra  i s  

no t  the most sound i n d i c i a  o f  t r a n s , t r a n s - and t r a n s , -  

c i s -  i somer ism of  the t r a n s - [ C o ( I I I ) ( N , N l - Me lpn)oXo]+ 

t ype complexes,  but  in t h i s  work,  the PMR spec t ra  was 

most u se fu l  to show c o o r d i n a t i o n  o f  the l i g an ds  of  

(R) - 1 , 2 - d i e t h y l  ami nopropane in the complex.  The PMR

s pe c t r a  o f  the I l f  f r a c t i o n ,  rechromatographed m i x tu r e  

o f  I f  and I l f  f r a c t i o n s  and the n i t r a t e  co un te r i o n  com­

plexes  o f  C C o ( I I I ) ( N , N 1E t l p n ) 2 (N02 ) 2 D+ each showed a 

q u a r t e t  f rom 3 .0 5 -3 .1 2  ppm which was assigned as a r i s i n g  

f rom the pro tons o f  the N-methylene groups of  the com-
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plexed N , N ' - E t l p n .  (46)  The N-methylene s i gn a l  was 

s p l i t  i n t o  a q u a r t e t  f rom the t h r ee  a d j ac en t  methyl  

p ro tons  which were on the N - e t hy l  groups.  Because the 

sp ec t ra  were taken in n e u t r a l  DgO, the secondary amino 

hydrogens were d eu t e ra t ed  r a p i d l y  and the methylene 

q u a r t e t  was not  f u r t h e r  s p l i t .  ( 1 )  No N-H peaks were 

observed.  The s i g n a l s  a r i s i n g  f rom the methyl  groups 

on the t r a n s , c i  s- chromophore were complex and were 

found over lapped f rom 1 . 2 - 1 . 5  ppm. (12)

Elemental  a n a l y s i s  o f  the I f  f r a c t i o n  i n d i c a t e d  

major  contaminants  were sodium p e r c h l o r a t e  and sodium 

c h l o r i d e .  The e lementa l  a n a l y s i s  a l so  showed t h a t  

water  and f i n a l l y ,  ammonium p e r c h l o r a t e  and ammonium 

c h l o r i d e  were p r e s e n t ,  which was conf i rmed by the PMR 

s p e c t r a .  The PMR sp ec t r a  o f  the chromatographed I l f  

f r a c t i o n  and the rechromatographed m i x t u r e  o f  I f  and 

I l f  f r a c t i o n s  showed the broad water  band c over ing  f rom 

4 . 6 - 4 . 8  ppm and s t ro ng  ammonium ion peaks at  6 . 7 ,  6.9 

and 7.1 ppm. (46)  The PMR s pec t r a  o f  the n i t r a t e  coun­

t e r i o n  complex,  which was not  chromatographed,  d id  not  

show the ammonium ion peaks.

The IR sp ec t ra  o f  the I f  and I l f  t r a n s - band f r a c ­

t i o n  complexes each showed a s t r ong  a b so r p t i on  around 

1400 cm- 1 . The presence o f  a s o l i t a r y  IR s pec t r a  ab­

s o r p t i o n  in the v i c i n i t y  near 1300-1400 cm- * i s  c o n s i s ­

t e n t  w i t h  the presence o f  the t r a n s - d i n i t r o  groups in
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the  complex as r ep or t ed  by Goto,  Okubo, Sawai & 

Yoshikawa.  (49)  Before the chromatography,  the com­

p lexes  had an a d d i t i o n a l  a bsor p t i on  in the IR spect ra  

around 1320 cm"* which i s  i n d i c a t i v e  o f  the presence of  

a c i s - d i n i t r o  complex.  (49)  The n i t r a t e  c o un t e r i o n  

complex o f  [Co( 111) ( N, N1- E t l p n ) 2 (N02 ) 2 ] + was not  chroma­

tographed.  I t  had a 1320 cm"* IR spec t r a  a bs or p t i on  

about  h a l f  the i n t e n s i t y  o f  i t s  1390 cm"* a b s o r p t i o n .

The IR spec t ra  o f  unchromatographed [ Co ( 111) ( N, N' -  

E t e n ) 2 (N02 ) 2 ]C10^ gave an a bso rp t i o n  a t  1320 cm” * which 

was more i n t ense  than i t s  1390 cm"* a b s o r p t i o n .  The

1320 cm” * IR sp ec t r a  a bs orp t i on  o f  Na-Co(N0_) c , whereo c o
n i t r i t e s  are c i  s- , was n e a r l y  e q u i v a l e n t  to i t s  1410 

cm"* a b s o r p t i o n .  The c i s -  isomer complex thus r e s u l t e d  

f rom both methods before  the chromatography,  as i n d i ­

cated by the IR s p e c t r a .

The I f  t r a n s - band f r a c t i o n  o f  the new [Co( 111) -  

( N,N1- E t l p n ) g( NO2 ) 2 ^+ complex had an o r a n g e / y e l l o w  

c o l o r  c h a r a c t e r i s t i c  o f  analogous d i n i t r o  complexes,  

and i t s  CD spec t ra  c l o s e l y  resembled the CD sp ec t r a  o f  

the reso l ved  isomers o f  the known t r a n s - [ C o ( I I I ) (N ,N 1 -  

Me lpn ) 2(N02) 2 ] + o f  T i e t h o f .  (2)  (The CD sp ec t r a  o f  the 

o t h e r  reso l ved complexes a lso resembled the I f  and 

t r a n s - [ C o ( I I I ) ( N , N ' - M e l p n ) 2 (N02 ) 2 ] + CD s p e c t r a .  The CD 

s p e c t r a  o f  the unresolved C C o ( I I I ) ( N , N ' - E t l p n ) ( N 0 2 ) ] -  

NOg resembled these CD s pec t r a  in t h i s  r eg i on  a l s o . )
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The CD spec t ra  r e s u l t s  are t a b u l a t e d  in Table 2.

Table 2

[ C o ( I I I ) ( N 5N ' - E t l p n ) 2 (N02 ) 2] + Al g  -•< Tl g (Oh ) CD Spect ra 

Isomer So l ven t  ^max ,  cm” * AS

I f  t r a n s , c i s -  Water 21,500 -3 .3
[Co ( 11ITTn , N ' - E t l p n ) , -
( no2 ) 2 ]+ 2

I f  t r a n s , c i s -  Methanol  22,000 - 3 .7
[Co ( 11 ITTN ,N ' - E t l p n ) 9-
( no2 ) 2 ] + 2

t r a n s -  IN NaCl O^aq)  19,700
[ C o ( I I I ) ( N , N ' - E t l p n ) 9- 4
(N02 ) 23C104 2

I f + I I f  t r a n s , c i s -  2N NaC10„(aq) 19,000
[ C o U U H N . N ' - E t l p n K -  4
(NO2 ) 2  ̂+
( rechromatographed)

[ C o ( I I I ) ( N , N ' - E t l p n ) 9-  Water 21,600 -1 .1
( no2 ) 2 ] no3 2

[ C o ( I I I ) ( N , N ‘ - E t l p n ) , -  Methanol  21,900 -1 .1
( no2 ) 2] no3 2

The va lues  o f  A£ ( t h e  molar  e l l i p t i c i t y ) f o r  each I f  CD 
s p ec t ra  were c a l c u l a t e d  based on the elemental  
a n a l y s i s .  The va lues o f  a € f o r  each n i t r a t e  c ou n t e r i o n  
CD sp ec t r a  were c a l c u l a t e d  based on weigh t  o f  the 
sample assuming t h a t  [Co(111) ( N,N' - E t l p n ) , (N0_)  „ ]N0.% 
was l ess  than 100%.
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At  b es t ,  the AG (molar  e l i p t i c i t y )  va lues  repor ted  

i n  t h i s  work f o r  the I f  t r a n s , c i s -  i somer o f  the com­

p lexes of  t r a n s - [ C o ( I I I ) ( N , N l - E t l p n ) o ( N O o ) o ] ‘<' were es­

t i ma te d  to be r e l i a b l e  to + 0 .5  in water  and + 0.7 in 

methanol .  This was due to the u n c e r t a i n t y  in the e l e ­

mental  a n a l y s i s  and the u n c e r t a i n t y  in measurement of  

the d i r e c t  e l l i p t i c i t y  readout  f rom the b a s e l i n e .  The 

u n c e r t a i n i t y  o f  the e l l i p t i c i  t y  readout  o f  the I f  f r a c ­

t i o n  complex in methanol  was h i g h e r  than the u n c e r t a i n ­

t y  o f  the e l l i p t i c i  t y  readout  o f  the I f  f r a c t i o n  com­

p le x  in the water  s o l u t i o n  because i t s  d i r e c t  readout  

was c l o s e r  to the assigned b a s e l i n e  than the I f  aqueous 

readou t  was. Each readout  u n c e r t a i n t y  was high because 

each d i r e c t  readout  was c l ose  to the assigned b a se l i ne  

due to the low e f f e c t i v e  c o n c e n t r a t i o n  o f  the t r a n s , - 

cj_s_-CCo( I I I ) (N,N ' -  E t l  p n ) 2 (N02 >2] + chromophore.  The 

s i g n a l  to no ise r a t i o  was the source o f  the u n c e r t a i n t y  

in readouts f rom the b a s e l i n e .  The lower  va lues f o r  

the n i t r a t e  c o un t e r i o n  i somers presumably i n d i c a t e d  

t h a t  the complex was not  p r e c i p i t a t e d  f r e e  f rom con­

t a m i n a t i n g  s a l t s .  In a d d i t i o n ,  the n i t r a t e  c o un t e r i o n  

complex conta ined some ci  s -  i somers .  Thus,  i t s  CD 

sp ec t r a  was not  due on ly  to the t r a n s - i somers .

Most i m p o r t a n t l y ,  each CD s p e c t r a ,  e s p e c i a l l y  the 

chromatographed t r a n s - [ C o ( I I I ) ( N , N l - E t 1 p n ) , ; ( N n ^ T f

complexes had the expected s ign f o r  the A. T (0 )
9 1 g h
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t r a n s i t i o n .  The s ign  o f  the CD spec t ra  i s  i n d i c a t i v e  

o f  the s t e r e o c h e m i s t r y  o f  the complex.  The CD spec t r a  

i s  a f f e c t e d  by the p o s i t i o n  o f  groups in sec to r s  around 

the C o ( I I I )  c e n t e r ,  i n c l u d i n g  n i t r o  groups.  ( 14 ,1 5)

t r a n s - [ C o ( I I I ) ( N , N l - E t l p n ) ? ( N O ? ) p ] +
Complexes and the Hexadecadal  Rule

As d iscussed i n  the i n t r o d u c t i o n ,  i t  i s  b e l i e ved  

t h a t  the CD spec t ra  and the s t e r e oc he m i s t r y  o f  t r a n s - 

[ C o ( I I I ) ( l , 2 - d i a m i n e ) 2 (N02) 2 ] + complexes i s  s p a t i a l l y  

r e l a t e d  by the hexadecadal  r u l e .  The CD spec t r a  o f  the 

t r a n £ - [ C o ( I I I ) ( 1 , 2 - d i a m i n e ) 2 (N02 ) 2 ] + complexes can be 

r e l a t e d  to the p o s i t i o n s  o f  the n i t r o  oxygens l y i n g  

p r e p o n d e r a n t l y  in c e r t a i n  s ec to rs  which a f f e c t  the ob­

served CD s p e c t r a .  (15)

The f a r t h e r  away f rom the C o ( I I I )  c e n t e r  a sub­

s t i t u e n t  l i e s  in a hexadecadal  s e c t o r ,  the l ess i s  i t s  

i n f l u e n c e  on the e l l i p t i c i  t y  o f  the CD s p e c t r a .  (50)

To a f f e c t  the CD s p e c t r a ,  the s u b s t i t u e n t  must be in a 

s e c to r  away f rom nodal  p lanes .  ( 2 , 1 5 , 1 8 )  Thus, f o r  

example,  i t  i s  known t h a t  N-CH3 groups,  which are f u r ­

t h e r  f rom the nodal  plane than c h e l a t e  r i n g  methy­

lene or  C-CHj groups,  have a g r e a t e r  e f f e c t  on the i n ­

t e n s i t y  o f  d-d a bs or p t i o ns  in the CD sp ec t ra  than have 

the c h e l a t e  r i n g  methylene or C-CH^ groups.  ( 2 , 14 )

Based on x - r a y  s t u d i e s  o f  m e r i d i a l - t r i n i t r o -
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t r i a m m i n e c o b a l t ( 1 1 1 ) (51)  and on x - r a y  s t u d i e s  of  ( + ) -  

c i s - [ C o ( I l I ) ( 1 p n ) o ( N O o ) o ] C 1  (52) the n i t r o  group N-0 

bonds in the t r a n s - [ C o ( I I I ) ( N , N ' - E t l p n ) , , ( N O o ) , J *  chromo-
O

phore in t h i s  work were assumed to be 1 . 2 - 1 . 3  A in
O

l e n g t h ,  w i t h  the Co ( 111) -N bonds 2 A in l en g t h  and the 

C o ( 111) -NOg bonds s l i g h t l y  s h o r t e r  than the Co( 111) -N 

bonds.  The O-N-O angles were assumed to be 120°.

Using these va l ue s ,  the n i t r o  oxygens were determined 

to  be 1 - 1 . 8  A f rom the OgN-Co( 111J-NOg ax is  and about 

2.7 A f rom the C o ( I I I ) - N 4 p lane .  This was w e l l  w i t h i n  

the p e r i me t e r  and o f  a d i s t a n c e  f rom the Co( 111)
O

c e n t e r  about 1 A l ess  than the d i s t a n c e  of  a N-CH^ ° r  

N-Et  group.  Thus, the n i t r o  oxygens should have had an 

a p p r o p r i a t e l y  l a r ge  i n f l u e n c e  on the CD spec t ra  w i t h i n  

the hexadecadal  s e c t o r s .  ( 1 4 , 15 ,5 0 )  The i n f l u e n c e  of  

these n i t r o  oxygens must be cons idered g r ea t  enough to 

have played a p a r t  in the CD spec t ra  o f  known complexes 

w i t h  trajT£-CCo (111) ( 1 , 2 - d i  ami n e ) 2 (N02 ) 2 ] + chromophores

( 2 , 1 2 , 1 4 , 1 5 , 1 7 )  and on the complexes w i t h  the t r a n s - 

[ Co(111) ( N,N1- E t l p n ) g(NOg)^ ]+ chromophore prepared in 

t h i s  work.

The g r e a t l y  n eg a t i v e  e l l i p t i c i t y  va lue o f  -3 at  

21,000 cm"'*' i n water  f o r  the newly prepared t r a n s - 

[Co(111) ( N,N1- E t l p n ) g( NO g ) £ ]+ complexes of  t h i s  work 

was due in l a r ge  p a r t  to the p o s i t i o n  o f  the n i t r o  oxy­

gens o r i e n t i n g  in c e r t a i n  hexadecadal  s e c t o r s .  This
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va lue o f  -3 i s  s i m i l a r  to the e l l i p t i c i  t y  va lue o f  - 2 . 8  

at  21,600 cm~^ in water  rep or ted  by T i e t h o f  f o r  t r a n s , -  

t r a n s - C C o ( I I I ) ( N , N l -Me1pn)o(NOo)o]+ complexes,  which 

would suggest  t h a t  i t  i s  a lso due in l a r ge  p a r t  to the 

p o s i t i o n  o f  the n i t r o  oxygens o r i e n t i n g  in c e r t a i n  

hexadecadal  s e c t o r s .  (2)  In a d d i t i o n ,  the observed 

molar  e l l i p t i c i  t y  values o f  o th e r  t r a n s - [ C o ( 1 1 1 ) ( 1 , 2 -  

d i a m i n e ) 2 (N02 ) 2 ] + complexes f rom o th er  wo rk e rs '  r e p o r t s  

( 2 , 3 , 1 2 , 1 7 , 1 9 )  i s  shown in t h i s  work to be due to the 

p o s i t i o n  o f  n i t r o  oxygens o r i e n t i n g  in these c e r t a i n  

s e c t o r s .

T i e t h o f  (2) has shown t h a t  f o r  t r a n s - [ C o ( 111) ( N, N 1 - 

M e l p n J g C l g ^  i somers,  in which the A^g - *  Agg and 

A-^g Eg t r a n s i t i o n s  observed in the CD s p e c t r a  are 

f a r  a par t  in energy,  the ab so l u t e  va lue o f  the A^g 

Eg t r a n s i t i o n  observed in the CD spec t ra  i s  s i g n i f i ­

c a n t l y  more than the value o f  the A^g -► Agg t r a n s i ­

t i o n  observed in the CD s p e c t ra .  The A, -+  E t r a n -lg 9
s i t i o n  observed in the CD s pec t r a  i s  o f  o p po s i te  s ign 

to  the A^g -*■ Agg t r a n s i t i o n  observed in the CD spec­

t r a .  For the t r a n s - C C o d i P N ^ C l ^ ] *  complexes w i t h  

X - c h e l a t e  r i n g  l i g a n d s ,  the s ign o f  the A^g ->  A^g 

t r a n s i t i o n  observed in the CD sp ec t ra  i s  p o s i t i v e  w h i l e  

the s ign o f  the Ajg - ♦  Eg t r a n s i t i o n  observed in the CD 

s pe c t r a  i s  n e g a t i v e .  T i e t h o f  (2) a lso  showed t h a t  the 

expected i n d i v i d u a l  c o n t r i b u t i o n  to CD sp ec t r a  f o r  the
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-► Eq t r a n s i t i o n  was a ppr ox i ma t e l y  n ega t i ve  seven

i g

g
t imes the c o n t r i b u t i o n  to the CD spec t r a  f o r  the A

Ao„ t r a n s i t i o n .2g
In  the CD s pe c t r a  o f  the t r a n £ - [ C o ( I I I ) ( l , 2 - d i a -  

m i n e l g C NO g l g ^  complexes,  the A^g Agg and A^g Eg 

t r a n s i t i o n s  o v e r l ap  to g ive  one A^g —* ^ ^ ( 0 ^ )  band.

(2 ,1 7 )  I t  i s  assumed t h a t  in t r a n s - C C o ( I I I ) ( l , 2 - d i a -  

m i n e J g t N O ^ g ] *  complexes,  the r e l a t i v e  i n t e n s i t y  o f

these components,  as w e l l  as t h e i r  s i gn ,  remains gen­

e r a l l y  c o n s t a n t .  The A. -+  E_ t r a n s i t i o n  i s dominant
i g  g

and quenches the s m a l l e r  i n t e n s i t y  o f  the o p p o s i t e l y  

s igned A^g A2g t r a n s i t i o n  observed in the CD spec­

t r a .  (17)  Thus, the  s ign o f  the one broad A^g - *  T^g

( 0 ^)  band in the t ra r ^s - [Co(  111) ( N ,N ' - E t l  pn ) 2 (N02 ) g3+

complexes was the ne t  r e s u l t  o f  s u b s t i t u e n t s  which p r i ­

m a r i l y  a f f e c t  the A, - *  E t r a n s i t i o n  observed in the
J i g  g

CD s p e c t r a .  The s i gns  o f  the Al g  _> Eg t r a n s i t i o n s  ob­

served i n  the CD s pe c t r a  which are induced by s u b s t i ­

t u e n t s  i n  the hexadecadal  s ec to rs  in the +z d i r e c t i o n  

f o r  the t r a n s - t K C o d U H N . N ' - E t l p n l o X g ] *  chromophore 

are i l l u s t r a t e d  in F i gu re  8.
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s, (+)5l6(-) ^  \ (+)5;6(-) /Y

F i gu re  8.  Signs o f  Hexadecadal  Rule Sectors  f o r  A i a -  
Eg CD T r a n s i t i o n s  w i t h  t r a n s - [ C o ( I I I ) ( N , N ‘ - E t l p n ) g -  
X2 ] + Isomers.  Hexadecadal  r u l e  s e c t o r s  have been 
numbered as f rom F ig u re  3 o f  t h i s  work.  The s igns in 
p a re n t he s i s  are f o r  the A^g -» Eg t r a n s i t i o n  in the +z 
d i r e c t i o n  ( toward r e a d e r ) .  The Signs in the - z  
d i r e c t i o n  are o p p o s i t e .  Carbon atoms in the +z 
d i r e c t i o n  to  the C o ( I I I ) N 4 p lane are represented  by 
s o l i d  c i r c l e s  ( • )  and in the - z  d i r e c t i o n  by open 
c i r c l e s  ( o ) .  The t r a n s , t r a n s - i somer i s  on the l e f t .  
The t r a n s , c i s - i somer i s  on the r i g h t .

For the s t r u c t u r a l l y  analogous t r a n s - [ C o ( I I I ) -

( N , N1-MelpnJgXg!^  chromophore,  T i e t h o f  (2) has shown

t h a t  when X was C l " ,  the A , „  - >  A_ t r a n s i t i o n  molarl g  2g
e l l i p t i c i  t y  was +1.59 f o r  the t r a n s , t r a n s -  i somer and 

+1.62 f o r  the t r a n s , c i s -  i somer .  The A, E t r a n -
 —  ig g

s i t i o n  molar  e l l i p t i c i  t y  was -2 .42  f o r  the known t r  ans 

t r a n s - isomer o f  the [ C o ( I I I ) ( N , N a-Melpn>2c i 3 +  complex 

and - 2 .3 7  f o r  the t r a n s , c i s -  i somer .  (2)  To two s i g ­

n i f i c a n t  f i g u r e s ,  the net  Aj  -+  A2g t r a n s i t i o n  plus

X

t r a n s , t r a n s - t r a n s , c i  s -
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A, h  E t r a n s i t i o n  molar  e l l i p t i c i  t y  f o r  the t r a n s -  l g  g r ---------
[ C o ( I I I ) ( N , N1- Me l pnJgCl g ] *  chromophore i s  1 .6  - 2.4 =

- 0 . 8 .  However,  when X was NOg" the net  - *  Ti g ( ° h ) 

t r a n s i t i o n  molar  e l l i p t i c i  t y  f o r  the t r a n s , t r a n s - i s o ­

mer o f  [ Co ( 111) ( N, N 1 -MelpnJgXg]*  was r e po r t ed  to be f rom 

- 2 . 7 5  to  - 2 . 7 7 .  (2)  To two s i g n i f i c a n t  f i g u r e s ,  t h i s

A^g —► Tj g(O^)  t r a n s i t i on molar  e l l i p t i c ! t y  f o r  t r a n s - 

[ C o d l l M N j N ' - M e l p n M N O g l g ^ *  assumed in t h i s  work to

r e s u l t  f rom the molar  e l l i p t i c ! t y  o f  the A, a  d I u s
J.g 2g K

A^g - *  Eg t r a n s i t i o n s ,  i s  o f  an i n t e n s i t y  - 2 .0  beyond 

the expected net  r e s u l t ,  which does not  co ns i de r  the 

f o u r  n i t r o  oxygens'  c o n t r i b u t i o n  to the net  CD s p e c t r a .  

L i k e w i s e ,  the Alg  -» Ti g ( ° h ) t r a n s i t i o n  molar  e l l i p t i -  

c i t y  f o r  the known ( - ) D- t r a n s - [ C o ( l I I ) ( N , N l -Meen) „ (NO^)^ ] ' f  

complex (2) i s  o f  an i n t e n s i t y  - 2 . 0  beyond the expected 

ne t  r e s u l t  i f  the c o n t r i b u t i o n s  f rom the n i t r o  oxygens 

are s i m i l a r l y  not  cons idered.  The case o f  the t r a n s - 

[ Co ( 111) ( N, N1- E t l p n ^ ( N O g ) complexes prepared in t h i s  

work was assumed to  be s i m i l a r  to  t h i s .

The n i t r o  oxygens must have been p r e p o nd er a n t l y  

o r i e n t e d  in s ec t o r s  which have a nega t i ve  e f f e c t  on the 

dominant  A. - ♦  E t r a n s i t i o n  observed in the CD sp ec t r a
ig  g

t o  r e s u l t  in the e l l i p t i c i  t y  o f  -3 f o r  t r a n s - [ C o ( 1 1 1 ) -  •

( N , N 1- E t l p n ) 2 (N0 2 ) £ ] + in t h i s  work,  and - 2 . 8  f o r  t r a n s -  

[ C o ( I I I ) ( N , N , - Me l pn) 2 ( N02 ) 2 ;]+ i n the work of  T i e t h o f .

(2)  Thus, the n i t r o  oxygens must have been in the +2

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



81

and +6,  +4 and +8, -1 and - 5 ,  or  -3 and -7 sec. tors.

More e x a c t l y ,  the p o s i t i o n  o f  the n i t r o  oxygens f o r  

both the t r a n s , t r a n s -  and t r a n s , c i s -  i somers of  t r a n s - 

[ C o ( I I I ) ( N , N ' - E t l p n ) 2 (N02 ) 2 ] + i s  proposed to have been 

p r e p o n d e r a n t l y  in the +2 and +6,  and the -1 and -5 

s e c t o r s .  This  i s  i l l u s t r a t e d  in F i gure  9.

F i g u r e  9.  Proposed P o s i t i o n  o f  N i t r o  Oxygens in t r a n s - 
[ C o ( I I I ) ( N , N ' - E t l p n ) 2 ( l i 0 2 ) 2 J + Isomers.  Hexadecadal  
s e c t o r s  have been numbered as f rom F i gure  3 o f  t h i s  
work.  The s igns  in p a r en th e s i s  are f o r  the A^g Eg 
t r a n s i t i o n  observed in the CD spec t r a  in the +z d i r e c ­
t i o n  ( toward r e a d e r ) .  The s igns in the - z  d i r e c t i o n  
are o p p o s i t e .  The d o t t ed  l i n e  are bonds to n i t r o  
oxygens below the C o ( I I I ) N 4 p la ne .  N i t r o  n i t r o g e n s  
have been e l i m i n a t e d  f rom the f i g u r e  f o r  c l a r i t y .

The p o s i t i o n  o f  the n i t r o  oxygens in the t r a n s - 

[ C o ( I I I ) (N,N ' - M e lp n ) 2 (N02 ) 2] + i somers and ( - ) p- t r a n s -

[Co(111) ( N , N1-Meen)2 (NQ2 ) 2 ] + compi ex o f  T i e t h o f  (2) i s

proposed to have a lso  been the same. Thus, the n i t r o
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groups in each t r j m s - [ C o ( 111) ( 1 , 2 - d i  ami ne)g(NOg) 

complex w i t h  the 1 , 2 - d i ami ne s  o f  N , N ' - E t l p n  ( t h i s  work ) ,  

and N,N' -Meen and N,N' -M'elpn (2) were t w i s t e d  f rom the 

genera l  planes formed by the i n t e r s e c t i o n s  o f  the OgN- 

Co-NOg ax i s  and each of  the N-C-N axes. The planes 

formed by each Co-NOg group ing were askew, which formed 

an acute angle w i t h  each o the r  w i t h i n  these s ec to r s  

bounded by the X - c h e l a t e  r i n g s .

The reason these n i t r o  oxygen p o s i t i o n s  were cho­

sen was p a r t l y  because o f  proposed p o l a r  i n t r a m o l e c u l a r  

bond ing,  between the p a r t i a l l y  n eg a t i ve  n i t r o  oxygens 

and the p a r t i a l l y  p o s i t i v e  ( a c i d i c )  hydrogens o f  the 

X - c h e l a t e  r i n g s .  Of course,  the amino hydrogens are 

i n c l u de d  as p a r t i a l l y  p o s i t i v e  hydrogens o f  the X- 
c h e l a t e  r i n g s ,  and t h e i r  i n t r a m o l e c u l a r  bonding w i t h  the 

n i t r o  oxygens i s  g e n e r a l l y  cons idered hydrogen bonding.  

(51)  The i n t r a m o l e c u l a r  bond d i s t an ce s  d iscussed sup­

p o r t  the i nvo lvement  o f  p o l a r  i n t r a m o l e c u l a r  bonding 

such as hydrogen bonding w i t h i n  the chromophore.  (51) 

Th i s  bonding i s  i l l u s t r a t e d  in F i gu re  10.
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Et N
Me

Fi gu re  10. I n t r a m o l e c u l a r  Bonding w i t h  X - c h e l a t e  Ring 
Hydrogens and N i t r o  Oxygens in t r a n s - [ C o ( 1 1 1 ) ( N,N 1 -
E t l p n ) 2 ( N 0 o ) 2 ] + » Dashed l i n e s  ( -------) i n d i c a t e  hydrogen
bonding w i t h  the ch e l a t ed  secondary amino hydrogens.  
Dashed/do t ted  l i n e s  ( - • - • - )  i n d i c a t e  bonding wi th
t e r t i a r y  carbon hydrogens,  and d o t t ed  l i n e s  ( ......... )
i n d i c a t e  bonding w i t h  secondary carbon hydrogens,  of  
the X -Ch e l a t e  r i n g .
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These more exact  p o s i t i o n s  o f  the n i t r o  oxygens in 

the +2 and +6 , and -1 and -5 s e c t o r s  were se le c t ed  to be 

where the c o n fo r ma t i on a l  p o p u l a t i o n  o f  the o the r wi se  

f r e e l y  r o t a t i n g  n i t r o  group p r ep o n d e r a n t l y  remained not  

o n l y  because o f  hydrogen bonding which i nc l uded  the sec­

ondary amino hydrogens,  bu t  a lso  because the s l i g h t l y  

p o s i t i v e  ( a c i d i c )  hydrogens o f  the X - c h e l a t e  r i n g  were 

i n v o l v e d  in p o la r  i n t r a m o l e c u l a r  bonding w i t h  the n i t r o  

oxygens.  No such hydrogen bonding system was a v a i l a b l e  

which would o r i e n t  the n i t r o  oxygens p r e p o n de r an t l y  in 

the o th er  se c to r s  (+4 and +8 , and -3 and - 7 )  and produce 

the net  nega t i ve  Al g  -► Tl g ( ° h ) t r a n s i t i o n  observed in 

the CD spec t ra  f rom i n f l u e n c e  on the dominant  A^g Eg 

t r a n s i t i o n .  In the +4 and +8 , and -3 and -7 s e c t o r s ,  

the combinat ion of  d i s t a n c e s  between the secondary amino 

and c h e la t e  r i n g  carbon hydrogens are g r e a t e r  and the 

s l i g h t l y  nega t i ve  a l t e r n a t e  secondary amino n i t r o g e n  

( w i t h  i t s  hydrogen in the o t h e r  hemisphere)  i n  between 

was not  conducive to o r i e n t i n g  the n i t r o  oxygens in the 

+4 and +8 , and -3 and -7 s e c t o r s .

In a d d i t i o n ,  the N-Et  groups s t e r i c a l l y  h indered 

the p o s i t i o n i n g  of  the n i t r o  oxygens in the +4 and +8 , 

and -3 and -7 s e c t o r s .  I t  i s  suggested t h a t  t h i s  s t e r i c  

e f f e c t  i n complexes such as t h i s  i s  s u b s t a n t i a l .  (53)

The s e l e c t i o n  o f  these more exact  p os t i on s  o f  the 

n i t r o  oxygens as p r e v i o u s l y  shown in F i gu re  9 was
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suppor ted by the lower  molar  e l l i p t i c i t i e s  o f  o th e r  

known t r a n s - [ C o ( I I I ) ( l , 2 - d i a m i n e ) g ( N O g ) o ] + complexes 

t h a t  d id  not  have a l l  of  the e s s e n t i a l  f e a t u r e s  as did 

both X - c h e l a t e  r i n g s  o f  the t r a n s - [ C o ( 1 1 1 ) ( N,N1- E t l p n ) p- 

(N02 ) 2 ] + and the ( - ) p- t r a n s - [ C o ( 111) ( N,N* -Meen)g(N02 ) , J + 

and t r a n s - [ C o ( I I I ) ( N , N l -Melpn)g(NOg)g] ' f’ complexes.

These e s s e n t i a l  f e a t u r e s  o f  both c h e la t e  r i n g s  were: 

f i r s t ,  two c he l a ted  secondary amines per r i n g ;  and 

second,  an assured abso l u te  c o n f i g u r a t i o n  o f  the che­

l a t e d  r i n g .

The lower  c o n t r i b u t i o n s  f rom o r i e n t e d  n i t r o  oxy­

gens to the molar  e l l i p t i c i t i e s  o f  o t h e r  known t r a n s - 

C C o ( I I I )  ( 1 , 2 - d i  amine) 2 (N0 2 ) 2 !l+ complexes (A-F) i n ­

c l u d i n g  complexes w i t h  both 1 ,2 -d ia mi ne s  o f  N,N' -Meen 

(G) ,  N,N' -Melpn (H) or  N.N’ Et l pn  ( I )  are t a b u l a t e d  in 

Table 3.
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Tab le  3

Net CD Spect ra Assuming Cy1i n d r i c a l l y  Symmetr ical  
t r a n s - [ C o ( I I I ) ( l , 2 - d i a m i n e ) ] + Comp 1 exes

Complex ion
A C

Calc Found Ref .
N0 2~ 
C o n t r .

A. t r a n s , t r a n s - [ C o ( I I I ) -
(N-Medpn)2 (N0 2 ) 2 l +

0.35 +0.80 ( 1 2 ) 1.4

B. t r a n s . t r  a n s - C C o ( I I I ) -  
(N ' - Medpn) 2 (N02 ) 2 ]+

- 0 .57 +0.92 ( 1 2 ) 1.5

C. ( - ) n - t r a n s , t r a n s -  
[ C o ( I I I ) ( N - M e e n ) 2 (N02 ) 2 ] +

-0 .46 -0 .70 (17) - 1 . 1

D. t r a n s , c i s - [ C o ( I I I ) -  
( l p n ) ( N , N ' - M e l p n ) ( N 0 2 ) 2 ] +

0.40 -1 .32 (2 ,19) - 1 . 8

E. t r a n s - [ C o ( I I I ) ( e n ) -
( N , N ' -M e l p n ) ( N0 2 ) 2] +

0.5 - 1 .23 (2 ,19) - 1 . 8

F. ( - ) n - t r a n s - [ C o ( I I I ) ( e n ) -  
( N , N ' -Meen)(N02 )2^ +

0.46 - 1 .23 (2 ,19) - 1 .7

G. ( - ) n - t r a n s - [ C o ( I I I ) -
( N ,N ' -Meen) 2 (N02 ) 2 ] +

0.35 1 1—
» 

O
*

ro ( 2 , 3 ) - 2 . 0

H. t r a n s - C C o ( I I I ) -
( N , N , - M e l p n ) 2 (N02 ) 2 ] +

- 0 . 8 - 2 . 8 (2 ,19 ) - 2 . 0

I . t r a n s , c i s - [ C o ( I I I ) -
( N , N ' - E t l p n ) 2 (N02 ) 2 ] +

- 3 . 4 Thi  s 
Work

The c a l c u l a t e d  (Ca l c)  net  va lues o f  a£ are 
c a l c u l a t e d  f rom the complexes w i t h  X = C l “  and equals 
4£(Aig  - *  A2g) + A€(A1 g Eg ) .  For example,  the 
c a l c u l a t e d  net  va lue o f  complex H i s  found f rom adding 
the va lue r e po r t e d  f o r  the A]n -*■ A2g t r a n s i t i o n  
observed in the CD sp ec t r a  f o r  t r a n s - [ C o ( 111) ( N ,N 1 - 
Me lpn) 2 C l 2] + (£€.(Aig - *  A2g) ) ,  which i s  + 1 . 6 ,  to the 
r ep or t ed  A € ( A i g - *  Eg ) v a l a e ,  which i s  - 2 . 4 .  Thus, the 
c a l c u l a t e d  net  va lue f o r  complex H, assuming c y l i n d r i ­
ca l  symmetry about the X-Co-X a x i s ,  i s  - 0 . 8 .  Jhe found 
net  va lues are f rom the complexes w i t h  X = N02" .  
Complexes A and B have 8 - c h e l a t e  r i n g s .  Complexes C-I 
have A - c h e l a t e  r i n g s ,  excep t ing  f o r  the n o n- s t e r e o -  
s p e c i f i c  en l i g a n d .
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Complexes A and B show the e f f e c t  o f  not  having

both the amino groups o f  the 1 , 2 - d i ami ne  c h e l a t e  r i n g s

be secondary amino groups.  In complexes A and B the

p r i mar y  amino groups each have two hydrogens,  one in

each hemisphere of  the same a b s o l u t e l y  numbered s e c t o r s .

These a d d i t i o n a l  hydrogens a lso  p a r t i c i p a t e  in hydrogen

bonding and presumably help o r i e n t  the n i t r o  oxygens

more o f  the t ime over  sec to r s  which have n e g a t i v e  s ign

e f f e c t s  on the dominant  A, - *  E t r a n s i t i o n  and nodall g  g
p lanes which d i v i d e  s e c t o r s ,  more of  the t i m e .  Thus, 

the maximum suggested p o s i t i v e  va lue o f  2 . 0  which may be 

c o n t r i b u t e d  f rom the n i t r o  groups in these 5 - c h e l a t e  

r i n g  complexes was d i mi n i shed  by the hydrogen bonding of  

the p r imar y  amino group hydrogens.  (Remember t h a t  com­

p lexes  A and B have 5 - c h e l a t e  r i n g s  and are m i r r o r  image 

complexes to complexes w i t h  X - c h e l a t e  r i n g s .  Thus, the 

e f f e c t  o f  the hydrogen bonding o f  the p r im a ry  amino 

group hydrogens d imi n i shed  the net  p o s i t i v e  s ign e f f e c t  

expected in these 5 - c h e l a t e  r i n g  complexes. )  In t h a t  

way the n i t r o  oxygens are not  p r e p o n d e r a n t l y  o r i e n t e d  

i n  se c t o r s  which have on ly  p o s i t i v e  s ign e f f e c t s  on the 

dominant  An E t r a n s i t i o n  observed in the CD sp ec t ra
i g  g

and do not  c o n t r i b u t e  as much to the CD s p e c t r a .  The 

ne t  c o n t r i b u t i o n  o f  two added N-methyl  groups would have 

o n l y  been 2 ( 0 . 4 4 - 0 . 3 8 )  = 0 .12 ,  ( 2 , ID) which when added 

to the va lues o f  0.80 and 0.92 shows t h a t  the e f f e c t  of
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no t  hav ing both amino groups o f  the 1 , 2 - d iami ne  c h e l a t e  

r i n g  secondary amino groups i s  i t s e l f  l a r g e .

Complex C lacks  each of  the e s s e n t i a l  f e a t u r e s .  In 

a d d i t i o n  to not  having both amino groups o f  the 1 , 2 - 

d iamine c h e l a t e  r i n g  secondary,  i t  has the l e a s t  assured 

a b s o l u t e  r i n g  c o n f i g u r a t i o n  in comparison to complexes A 

and B. ( 1 , 1 2 , 5 4 )  A changing a bso l u te  r i n g  c o n f i g u r a ­

t i o n  would a l t e r  the v e c to r s  of  the p o la r  a t t r a c t i o n s  

w i t h  the n i t r o  oxygens.  This changing a bso l u te  r i n g  

c o n f i g u r a t i o n  i s  not  to be confused w i t h  changing gener ­

al r i n g  c o n f i g u r a t i o n  such as in resonance f rom X- to 

5 - c h e l a t e  r i n g s ,  f o r  example.  The PMR spec t ra  o f  com­

p le x  C does not  converge in to one peak, but  remains 

s p l i t ,  (17)  which shows t h a t  the general  r i n g  c o n f i g u r -  

a t i o n  o f  the complex remains i n t a c t .  (55)  Changing ab­

s o l u t e  r i n g  c o n f i g u r a t i o n  r e f e r s  to changes on the order  

o f  v i b r a t i o n s ,  which may tend to " f l a t t e n "  a r i n g  some­

what w i t h o u t  changes such as f rom X- to j$-chelate r i n g s .  

However,  t h i s  e f f e c t  o f  changing abso l u te  r i n g  c o n f i g ­

u r a t i o n  in complex C was assumed minimal  in comparison 

w i t h  e s s e n t i a l  c h e l a t e  r i n g  f e a t u r e  o f  two che la ted  

secondary amines per r i n g .

Complex D c o n t a i n s  one c h e l a t e  r i n g  ( i n v o l v i n g  the 

l pn )  t h a t  does not  have any secondary amino hydrogens.  

I n s t e a d ,  the X - c h e l a t e  r i n g  w i t h  lpn c o n t a i ns  f o u r  amine 

hydrogens f rom the p r imary  1 , 2 - d i a m i n e .  Thus, complex D
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shows an e f f e c t  on the CD spec t r a  s i m i l a r  to complexes A 

and B, where the p r imar y  amino hydrogens help o r i e n t  the 

n i t r o  oxygens over  s ec t o r s  which have p o s i t i v e  s ign  e f ­

f e c t s  on the dominant  A, E„ t r a n s i t i o n .l g  g
Complexes E and F each c o n t a i n  one c h e l a t e  r i n g  

t h a t  does not  have any secondary amino hydrogens.  Thus, 

the complexes E and F have t h e i r  CD spec t r a  a f f e c t e d  in 

a manner to complex D. In a d d i t i o n ,  complexes E and F 

each have one c h e l a t e  r i n g  ( i n v o l v i n g  the en) t h a t  has a 

changing general  r i n g  c o n f i g u r a t i o n ,  which does indeed 

change f rom the to  the £ - c o n f i g u r a t i o n . (1)  This

c o n t r i b u t e s  to the i n a b i l i t y  o f  complexes E and F to 

o r i e n t  the n i t r o  oxygens as e f f e c t i v e l y  as the o th e r  

complexes.

M o l ec u la r  models a lso suppor ted the assignment  in 

t h i s  work o f  the n i t r o  oxygens to the + 2  and +6 , and - 1  

and -5 s e c t o r s ,  e s p e c i a l l y  in the complexes o f  t r a n s - 

C C o ( I I I ) ( N , N ' - M e l p n ) 2 (N02 ) 2 ] + and ( - ) D- t r a n s - [ C o ( I I I ) -  

( N , N 1 -Meen)2 (N02 ) 2 3+ and most e s p e c i a l l y  t r a n s - [ C o ( 111) -  

( N ,N ‘ - E t l p n ) 2 (N02 ) 2 3+ . In these s e c t o r s  t he r e  was no 

s t e r i c  i n t e r f e r e n c e  f rom the N .N ' -me t hy l  or  N , N ' - e t h y l  

groups such as found in the +4 and + 8  and -3  and -7 

s e c t o r s  in these complexes (G, H and I ) .  (53)
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So l ven t  Dependence on the CD Spect ra 
o f  t r a n s - [ C o ( I I I ) ( N , N l - E t 1 p n ) ? ( N 0 ? ) ? ] +

The e n t i r e  Ajg -> ^ ^ ( 0 ^ )  band o f  t r a n s - [ C o ( I I I ) -  

( N , N ' - E t l p n ) 2 (N02 ) 2 ] + in the CD spec t ra  s h i f t e d  to lower 

wavenumbers as the s o l v e n t  became more p o l a r .  The p ro ­

g r e s s i v e  s h i f t  was observed when the s o l ve n t  was changed 

f rom methanol  to water  to 1 M NaClO^(aq) to 2 M NaClO^ 

( a q ) .  Such a CD sp ec t r a  change to  lower  energy w i t h  i n ­

creased p o l a r i t y  o f  the s o l ve n ts  has been observed f o r  

t r a n s - C C o d l l H l p n K C l ^ ] *  and t r a n s - C C o d l D d p n K B r ^ ] *  

(37)  but  not  to the e x t e n t  observed w i t h  the t r a n s - 

[ C o ( I I I ) ( N , N , - E t l p n ) 2 (N02 ) 2] + complexes of  t h i s  work.

The f o r m a t i o n  o f  s o lv a te d  species w i t h  the chromophore 

t h a t  a f f e c t e d  the t r a n s i t i o n  energ ies  and e l l i p t i c i t i e s  

which can be recorded by CD s pec t r a  r e s u l t e d  f rom the 

a b i l i t y  o f  a s o l v e n t  medium to form s t r o ng er  hydrogen 

bonds w i t h  the chromophore.  (37)  The t r a n s - C C o ( I I I ) -  

( N , N 1- E t l p n ) 2 (NO^) 2 ] + chromophore not  on l y  had p o s i t i v e  

hydrogens but  had ne ga t i ve  n i t r o  oxygens which are 

capable o f  hydrogen bonding w i t h  the s o l v e n t .  Thus, the 

e f f e c t  on the CD s p e c t r a  was l a r g e .

t r a n s - [ C o ( I I I ) (NH3 ) 2 ( l , 2 - d i a m i n e ) X 2 ]X Complexes

The complex t r a n s - [ C o ( I I I  ) (NHj )  H o n l B r  ] g r  was 

prepared by the method o f  S a bur i ,  T s u j i t o  & Yoshikawa.
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(12)  The y i e l d s  were h i g h e r  than the y i e l d  Hawkins, 

Larsen & Olsen r e po r t ed  by f i r s t  p r e c i p i t a t i n g  the per ­

c h l o r a t e  s a l t  and then c o n v e r t i n g  i t  to the bromide 

s a l t  by 63% HBr. (13)  I t  i s somewhat s u r p r i s i n g  t h a t  

Hawkins,  Larsen & Olsen (13) did not  use t h i s  more d i ­

r e c t  method because they prepared the N H ^ [ C o ( I I I ) -  

( NH^) £ ( l P n ) ( SO3 ) gU i n t e r m e d i a t e  by the method of  B a i l a r  

& Peppard.  (30)  B a i l a r  & Peppard (30) had repor t ed  

t h a t  a d i r e c t  method to t r a n s - [ C o ( I I I ) ( N H ^ ) o ( e n ) B r ^ ] B r  

f rom the r e a c t i o n  o f  NH^[Co(111) (NH^)2 ( en) ( SOgJgJ and 

HBr was s u c c e s s f u l .  Th is  d i r e c t  method was s i m i l a r  to 

the method o f  S a bu r i ,  T s u j i t o  & Yoshikawa.  (12)

S i m i l a r l y ,  the new complex t r a n s - C C o d l l H N H ^ l g - 

( 1 pn) C1 g3C1 was prepared.  The new complex was sepa­

r a te d  by a method s i m i l a r  to the chromatography method 

r e p o r t e d  by LeMay & A a l b e r s .  (32)  Hawkins,  Larsen & 

Olsen (13) r ep or ted  they could not  o b t a i n  any c r y s t a l s  

o f  t r a n s - [ C o ( I I I ) ( N H j ) 2 ( 1 p n) C l o ] C l  by a method s i m i l a r  

to  t h a t  used to prepare the co r respond ing  dibromo com­

p lex  in t h e i r  work.  They prepared t r a n s - [ C o ( 111) -  

(NH3 ) 2 ( l p n ) C l 2 ]HS0 4 by a l e ng th y  method f rom the c o r ­

responding dibromo complex.  The complex t r a n s - C C o ( I I I ) -  

(NH3 ) 2 ( l p n ) C l 2 ]C104 had a lso  been r e p o r t e d .  (15)  The 

major  contaminant  in the non- op t i m i ze d  p r e p a r a t i o n  o f  

t r a n s - [ C o ( I I I ) ( N H 3 ) ( l p n ) C l g 1 C l  in t h i s  work was assumed
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to be the tet raammine complex,  based on the e lemental  

a n a l y s i s .  -Conversion to the ci  s -C lo  complex was r e a d i l y  

accompl i shed.  ( 1 2 )

The o th e r  t r a n s - [ C o ( I I I ) ( N H g ) o ( l , 2 - d i a n ) i n e ) X g ] X  

complexes were not  separa ted ,  except  f o r  t r a n s - [ C o ( I I I ) -  

(NHg^CN ,N ' -MeenlClgDCl . Each at tempted p r e p a r a t i o n  was 

f rom HBr or HC1 r e a c t i o n  w i t h  the cor respond ing  NH^CCo- 

( I I I ) ( N H 3 ) 2 ( l , 2 - d i a m i n e ) ( S 0 3) 2] .

The CD Spect ra o f  the t r a n s -
[ C o ( I I I ) ( N H 3 ) 2 ( l p n ) X 2 ]X Complexes

The abso l u te  va lue o f  the molar  e l l i p t i c i t y  o f  the 

A^g ->  Eg t r a n s i t i o n  o f  t r a n s - [ C o ( I I I ) ( N H j ) 2 ( 1 p n ) B r „ ] B r  

was g r e a t e r  in e thanol  than in methanol .  Ethanol  i s  a 

l a r g e r  molecule than methano l .  I t  i s  suggested t h a t  

e thano l  formed hydrogen bonds w i t h  the chromophore and 

formed a s o l v e n t  l a y e r  w i t h  the chromophore which caused 

the g r e a t e r  a bso l u te  va lue o f  the molar  e l l i p t i c i t y  in 

the CD sp ec t r a  than observed w i t h  methanol .  S i m i l a r  

s o l v e n t  e f f e c t s  in the CD sp ec t ra  f o r  these reasons have 

been noted f o r  t r a n s - [ C o ( I I I ) ( l p n ) n B r 2]Br  w i t h  methanol  

and o t h e r  p o l a r  s o l v e n t s .  (37)  However, w i t h  no carbon 

backbone between the c i s - (NH3 )q groups,  the ethanol  i n ­

vo lved in hydrogen bonding w i t h  the t r a n s - [ C o ( I I I ) -  

( NHgJg t I pnJBr ^ jB r  complex presumably o r i e n t e d  in r e l a ­

t i o n s h i p  to the C o ( I I I )  c e n t e r  o f  the sec to r s  in a
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manner in which the e thanol  molecule could r e s i d e  in 

s ec t o r s  which had a l a r g e r  n e ga t i ve  e f f e c t  on the 

Eg t r a n s i t i o n  observed in the CD sp ec t r a  here,  thus p ro ­

v i d i n g  the observed lower  e l l i p t i c i t y .  (50)  These sec­

t o r s  are again the +2,  +4, + 6 , +8 , - 1 ,  - 3 ,  - 5 ,  and -7 

s e c t o r s .

The CD sp ec t r a  o f  the t r a n s - [ C o ( I I I ) ( N H j ) ^ ( l p n ) -  

C123C1+ complex in methanol  resembled the CD spec t ra  of  

the t r a n s - C C o d l l H l p n l ^ C I ^ ] *  complex and the CD spec t ra  

o f  the known t r a n s - [ C o ( l I I ) ( N H j ) o ( l p n ) C l o ] + complexes 

w i t h  HS0^~ and CIO^” c o u n t e r i o n s .  (13 ,15)  The molar  

e l l i p t i c i t y  o f  the CD sp ec t r a  o f  t r a n s - [ C o ( I I I ) ( N H g ) o -  

( l pnJClgHCl  was r o u g h l y  h a l f  o f  the molar  e l l i p t i c i t y  

o f  t r a n s - [ C o ( I I I ) ( l p n ) 2 C l 2 ] C l , as expected.  (13)

Complex P r e p a r a t i o n  and S t a b i l i t y  Eva lua t i on s

The s e r i e s  o f  c o b a l t ( I I I )  complex p r e p a r a t i o n s  

which were under taken showed t h a t  the success in syn the­

s i s  and the s t a b i l i t y  o f  the t r a n s - [ C o ( 1 1 1 ) com­

plexes depended on seve r a l  f a c t o r s .  I nc luded in these 

f a c t o r s  were:  f i r s t ,  the type o f  l i ga n d  ( NH3 ; 1 , 2 - d i a ­

mi nes ) ;  second, the ac ido group ( C l ' ;  B r " ;  NO2~) ;  t h i r d ,  

the l i ga nd  i somer ism f o r  l pn-based 1 , 2 -d iami ne  l igands  

( t r a n s -C-methy l  g roups ;  c i  s-  C-methyl  g roups ) ;  f o u r t h ,  

the c o un t e r i o n  ( C l " ; B r " ; C104" .  N03" )  i n v o l v e d .  The 

r e l a t i v e  e f f e c t  o f  these f a c t o r s  i s  l i s t e d  in Table 4.
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Tab le  4

R e l a t i v e  I n s t a b i l i t y  Factors  in trans^-CCo ( 111) N4 X „ ] +
Complexes

F a c to r R e l a t i  ve I n s t a b i 1i t y

Li  gand N,N1-Bzlpn > N,N 
N,N1-Melpn > N,N

' - E t l p n  > N, N1 
' -Meen > NH3

' -E ten  > 
> 1 pn

Ac ido Group Cl "  > Br"  > N02"

Ligand Isomer ism t r a ns - C- me th y l  > c i s - C - m e t h y l

Counter i on Cl "  > B r " ;  Cl04 ; no3-

The NHg and 1 , 2 -d ia m i ne  l i g a nd  was the most impor ­

t a n t  i n s t a b i l i t y  f a c t o r .  The g r e a t e s t  i n s t a b i l i t y  in 

the  complexes was i n t roduced  when the N,N ' -Bz  groups 

were i n t r odu ce d  on lpn as N , N ' - B z l p n .  In t h i s  work,  the 

NH4 C C o ( I I I ) ( N H 3 ) 2 ( N , N ' - B z l p n ) ( S 0 3 ) 2]  complex reacted 

w i t h  48% HBr at  room temper at u re .  No o th e r  N H ^ C C o d l l ) -  

( NH3 ) 2 ( 1 , 2 - d i a m i n e ) ( S 0 3 ) 2 ] complex d id  t h i s .

The nex t  g r e a t e s t  i n s t a b i l i t y  in the complexes was 

i n t r od uc e d  when the N , N ' - E t  groups were i n t ro du c ed  on 

lpn and en. I n t r o d u c i n g  the N , N ' - E t  groups on lpn 

caused more i n s t a b i l i t y  than on en f o r  two reasons:  the

i n t e r f e r e n c e  f rom the C-methyl  group of  lpn and the
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h i g h e r  en t ropy  f a c t o r  o f  the lpn backbone which o r i e n t e d  

s t e r e o s p e c i f i c a l l y  on the complexes.  (1)  Spec ia l  note i s  

made o f  the d i f f i c u l t y  encountered in p repar ing  the 

t r a n s - [ C o ( I I I ) ( N , N l - E t l p n ) g ( N O o ) 2 ] + complexes in t h i s  

work.  Y i e l d s  a f t e r  chromatography were too low to p r e ­

c i p i t a t e  the complex even as the p e r c h l o r a t e  s a l t .  In 

each such case w i t h  the N , N ' - E t  l i g a n d s ,  y i e l d s  of  the 

d i n i t r o  complexes were lower  than w i t h  the cor respond ing  

N,N' -Me l i g a n d s .  For example,  in t h i s  work,  the y i e l d  

o f  [ C o ( I I I ) ( N , N ' E t e n ) 2 (N02 ) 2 ]C104 was 14% of  theory  by 

H2 0 2 o x i d a t i o n  and 1 0 % o f  theo r y  by a i r  o x i d a t i o n ,  

whereas the y i e l d  o f  [Co(111) ( N,N' -Meen) 2 (N02 >2 ]C10^ by 

^2^2 o x i d a t i o n  was 32% o f  t h e o r y .  In a d d i t i o n ,  in each 

case m o l ec u l a r  models show i n t e r f e r e n c e  f rom ad jacent  

e t h y l  groups.  Fur thermore ,  the t r a n s - [ C o ( 111) ( N, N 1 -  

E t e n ) 2 (N0 2 ) 2 ] + complexes could not  be conver ted to the 

t r a n s - d i  c h l o r o  complexes by hot  HC1, but  decomposi t i on 

o cc u r r e d .  This i s  not  s u r p r i s i n g  s ince  the HC1 conver ­

s ion  o f  the c or respond ing  d i n i t r o  complexes w i t h  enan­

t i o m e r i c  N,N' -Mepn l ig an ds  i s  r e po r t ed  to both be suc­

c e s s f u l  and u n s uc ce s s f u l .  The t r a n s - [ C o ( 111) ( N,N1 - 

M e l pn ) 2 (N0 2 >2] + complex could be conver ted  to  the t r a n s - 

[ C o ( I I I ) ( N , N ' - M e l p n ) 2 C l 2 ] + complex w i t h  hot  HC1, ( 2 , 3 )  

bu t  the t r a n i - [ C o ( I I I ) ( N , N ' - M e d p n ) 2 (N0 2 ) 2 ]+ complex 

cou ld  not  be conver ted to the t r a n s - [ C o ( 111) (N,N1 - 

Medpn)2 C l 2 ] + complex and recover ed .  ( 1 2 )
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In a d d i t i o n ,  the [ Co ( 111) ( N,N 1 - E t e n ) 2 (N02 ) g 3C1 com­

p lex  could not  be r e s o l v e d  w i t h  AgBCS using a m u l t i t u d e  

o f  s o l v e n t s .  I t  i s  r e po r t e d  t h a t  the complex C C o ( I I I ) -  

( en) g ( N - i s o p r o p y 1 en) ] C 1 g could o n l y  be r eso l ved  a f t e r  

many r e s o l v i n g  agents were t r i e d  in many s o l v e n t s ,  

i n c l u d i n g  AgBCS. (50)  The r e s o l u t i o n  o f  [ Co(111) ( N,N' -  

E t e n ) 2 (N0 2) 2 ]Cl  remains un r ep or te d .

The N,N' -Me groups i n t r od uc e d  the next  g r e a t e s t  

i n s t a b i l i t y  i n v o l v i n g  the 1 , 2 - d i a m i n e  l i g a n d s .  The 

pure s o l i d  t r a n s -d ib romo and t r a n s - d i c h l o r o  complexes 

w i t h  N,N' -Melpn could not  be prepared in t h i s  work by 

a i r  on hydrogen pe r ox i de  o x i d a t i o n s .  There are no r e ­

p o r t s  o f  such a s y n t h e t i c  r o u t e  to these t r a n s - [ C o ( I I I ) -  

( N , N 1- M e lp n ) 2 X2] + complexes.  In a d d i t i o n ,  the recovery  

o f  N,N' -Melpn was l ess  e f f i c i e n t  (30%) than f o r  N ,N ' -  

E t l pn  (50%). This l ower  recover y  r a t e  i n d i c a t e s  t h a t  

N,N' -Melpn i s  more t i g h t l y  c o o r d i na te d  to the c o b a l t  

than i s  N , N ' - E t l p n .  The h i gh er  en t ropy  f a c t o r  of  

N,N' -Melpn and the i n a b i l i t y  o f  HC1 convers ion  o f  i t s  

t r a n s - d i  n i t r o  complex an t i pode  (N,N' -Medpn)  to the 

t r a n s - d i  c h l o r o  complex ( 1 2 ) accounted f o r  the assigned 

h i gh e r  o rder  o f  i n s t a b i l i t y  o f  N,N' -Melpn than o f  

N,N1-Meen.

The ammine (NH^) group was assigned next  in the 

r e l a t i v e  i n s t a b i l i t y  o f  the l i g a n d s .  The combinat i on 

o f  ci  s -NHj  l i g an ds  and a 1 , 2 - d i ami ne  s i g n i f i c a n t l y
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lowered the s t a b i l i t y  of  the complex and was used as an 

index o f  acido group i n s t a b i l i t y  a l s o .  Wi th c i s -  N H ̂ , 

the at tachment  o f  1 ,2 -d ia mi ne s  w i t h  N,N' -Me,  N . N ' - E t  

and N,N' -Bz groups became i n c r e a s i n g l y  d i f f i c u l t .  A l ­

though t r a n s - [ C o ( I I I ) ( N H g ) 2 d > 2 - d i  amine)Br2 ] Br  complexes 

w i t h  the 1 ,2 - d iami nes  o f  N , N ' - B z l p n ;  N , N ' - E t l p n ;  N,N' -  

Eten;  N,N' -Melpn were presumably prepared as crude p ro ­

d u c t s ,  each o f  these decomposed upon p u r i f i c a t i o n .  In 

t h i s  work,  the N ,N ' -Bz l pn  complex decomposed most 

r e a d i l y ,  then N , N ' - E t l p n ,  and so on. This i s  not  s u r ­

p r i s i n g  however,  as o n l y  the co r respond ing  comp 1 exes 

w i t h  N-Medpn and N'-Medpn have been r e p o r t e d ,  w i t h o u t  

the r e p o r t  o f  the N,N' -Medpn complex when o th e r  b i s -  

(N,N' -Medpn)  complexes were r e p o r t e d .  (12)

Complexes w i t h  lpn were prepared w i t h o u t  much d i f ­

f i c u l t y .  B i s ( l p n )  complexes were more s u c c e s s f u l l y  p re ­

pared than the c i s - ( N H j ) g l p n  complexes such as t r a n s - 

C C o ( I I I ) ( N H 3 ) 2 ( l p n ) X 2]X w i t h  X o f  Br"  or  C l " ,  a l though 

the c i s - CNHj l ^ lpn  complexes were s u c c e s s f u l l y  prepared 

by s imple methods.

The second r e l a t i v e  i n s t a b i l i t y  f a c t o r  in t r a n s - 

C C o ( I I I ) ( N ^ X 2] + complexes was the ac ido (X) group p r e ­

s en t .  The h ighe r  y i e l d s  and p u r i t y  o f  the t r a n s - [ C o -  

( 1 1 1 ) ( N H j ) 2 ( l p n ) Br 2 3Br complex i n  compar ison w i t h  the 

co r r espond ing  t r a n s - d i  c h lo r o  complex showed t h a t  the 

C l "  ion as an acido group was more u n s t ab l e  than the
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B r “  i o n .  In a d d i t i o n ,  the ready convers ion  o f  the 

t r a n s - [ C o ( I I I ) ( N H 3 )o(1pn)C1o]C1 complex to the c o r r e s ­

ponding ci  s-C lo  complex a lso showed the h i gh er  i n s t a ­

b i l i t y  o f  the Cl "  i o n .  T i e t h o f  (2) has shown t h a t  the 

i n n e r  sphere Cl "  group i s  r e a d i l y  hy dro l yz ed .  Other 

w or ke rs ,  i n c l u d i n g  Sa bur i ,  T s u j i t o  & Yoshikawa (12) have 

a lso  repor ted  t h a t  the C l "  ion i s  uns tab le  in i nner  

sphere c o o r d i n a t i o n .  N e i t h e r  t r a n s - d i  c h l o r o  nor t r a n s - 

dibromo complexes w i t h  N,N' -Melpn or N ,N ' - Eten  or 

N , N ' - E t l p n  could be d i r e c t l y  prepared by hydrogen perox­

ide  or  a i r  o x i d a t i o n .  ( 3 5 , 3 6 , 3 7 )  The cor respond ing  

d i n i t r o  complexes were each prepared.  Thus, the order  

o f  i n s t a b i l i t y  o f  the acido groups was assigned C l ">Br ">

no2“ .

The i n a b i l i t y  to co nver t  the t r a n s - d i n i t r o  com­

p lexes  o f  [ C o ( I I I ) ( N , N ' - M e e n ) 2 (N02 ) 2 ] + and C C o ( I I I ) -  

( N , N 1 - E t e n ) 2 (N0 2 ) 2 ] + w i t h  HBr was not  cons idered i n d i c a ­

t i v e  o f  the i n s t a b i l i t y  o f  Br ” . Ins tead the l a r g e r  b r o ­

mide group could s i mp l y  no t  c o o r d i n a t e  when the b u l ky  

N,N' -Me and N , N ' - E t  groups were p re sen t .  (12)  Molecu­

l a r  models suppor t  t h i s  p r o p o s i t i o n .  The convers ion  of  

the known complex [ C o ( 111) ( pn) ( N, N1-Meen) ( N02 ) 2 ]C1 i n t o  

a d u l l  green p roduc t  p robab l y  i n vo l ve d  the s u b s t i t u t i o n  

o f  the c h l o r i d e  c o u n t e r i o n  in the a c i d i c  medium onto the 

c o b a l t .  Some Br"  s u b s t i t u t i o n  may have a lso  occur red 

because o f  the l e s s e r  amount o f  s t e r i c  h inderance f rom
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the pn in compar ison w i t h  the N , N ' - A l k y l e n  l i g a n d s .

The t h i r d  t r a n s - [ C o ( I I I ) N ^ X o ] + complex i n s t a b i l i t y  

f a c t o r  was l i g a n d  isomer ism f o r  b i s ( l p n ) - b a s e d  1 , 2 - d i ­

amine l i g a n d s .  Based on the o b se r v a t i o n  in t h i s  work 

t h a t  t r a n s . t r a n s - E C o U I I H N . N ' - E t l p n l ^ N O o l o J C l  decom­

posed more r e a d i l y  than t r a n s , c i s - [ C o ( I I I ) ( N , N l - E t l p n ) n " > 

( NOg) 2 ^c 1» the b i s ( l p n ) - b a s e d  l i g a n d  isomer w i t h  the C- 

methyl  groups t r a n s -  i s  suggested to be l ess s t a b l e  than 

the b i s ( 1pn) -based l i g a n d  isomer w i t h  the C-methyl  

groups ci  s -  to  each o t h e r .

The f o u r t h  complex i n s t a b i l i t y  f a c t o r  was the coun­

t e r i o n  p r esen t .  The c o u n t e r i o n  i n s t a b i l i t y  assignments 

were based on the observed decompos i t i on  o f  the d i n i t r o  

complexes w i t h  N , N ' - E t l p n  and N,N ' - Eten  l i g a n ds  in the 

.presence o f  the c h l o r i d e  c o u n t e r i o n .  The B r ” , CIO^” and 

N0g~ c o u n t e r i o n s ,  which were a l l  l a r g e r  than C l ” , did 

no t  produce the decompos i t i on  in these complexes t h a t  

the C l ”  c o un t e r i o n  d i d .  Thus, the o rder  of  i n s t a b i l i t y  

o f  the c o u n t e r i o ns  was assigned C l ”  > B r " ;  CIO^” ; NOg” .

Storage and Handl ing

The c o b a l t  complexes were s t o r e d ,  as usual  f o r  most 

l a b o r a t o r y  s o l i d s ,  in stoppered b o t t l e s .  They were not  

cons idered to  be h i g h l y  t o x i c .  (56)
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CHAPTER V

SUGGESTIONS FOR FUTURE WORK

The t r a n s - [ C o ( 1 1 1 ) ( N , N ' - E t l p n ) gINOg) 2 ^+ complexes 

need to be prepared in l a r g e r  q u a n t i t y  to obta in  purer  

samples.  A CD spectra check would be in order  here.

The t r a n s - [ C o ( 1 1 1 ) ( N , N 1- E t l p n l ^ C l g ] + complexes can­

no t  be prepared d i r e c t l y ,  nor can they be prepared by 

r e a c t i o n  w i t h  hot  HC1. However, e l u t i o n  w i t h  0.3 N HC1 

o f  the b y -p ro du c t  band l e f t  at  the o r i g i n  a f t e r  the reso 

l u t i o n  o f  t r a n s - [ C o ( I I I ) ( N , N ' - E t l p n ) ;, (NO^) ;, ] ‘f  should 

again produce the t r a n s - d i  c h l o r o  complex.  I t s  CD spec­

t r a  can be measured i n  s i t u  in the green e l u e n t  before  

i t s  decompos i t i on .  The CD s p e c t r a  should help d e t e r ­

mine the e f f e c t  o f  the N , N ' - E t  groups in compar ison w i t h  

the e f f e c t  o f  the n i t r o  oxygens.

In a d d i t i o n ,  the t r a n s - C C o d U H N . N ' - E t l p n l p B r ^ ] *  

and t r a n s - C C o ( I I I ) ( N , N l - M e l p n ) ^ B r ^ ] ' 1' complexes,  which 

were not  able to be prepared e i t h e r  d i r e c t l y  or  by r e ­

a c t i o n  of  the co r respond ing  d i n i t r o  complexes w i t h  hot  

HBr,  should be able to be s i m i l a r l y  produced as a by­

p r odu c t  o f  the d i n i t r o  complexes made f rom C o B ^ ’ BHgO.

A s l i g h t  r e d uc t i o n  in the amount o f  NaNOg i n i t i a l l y  

added should i nc reas e the y i e l d s  o f  a l l  these by-

100
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p r o d u c t s .  (2)  The t r a n s -d ibromo complexes should not  be 

as un s t ab le  as the t r a n s - d i c h l o r o , once prepared.  S t i l l ,  

a p r e l i m i n a r y  CD s pe c t r a  should be done in s i t u  in the 

event  the t r a n s - d i  bromo complexes decompose. The e l u ­

t i o n  o f  t r a n s - [ C o ( I I I ) ( p n ) o B r n ] B r  by an analogous method 

to  t h a t  o f  LeMay & A a l be r s ,  (32)  but  us ing me thano l i c

0 .3  N HBr, proved success fu l  in t h i s  work,  and thus the 

method should a lso separate  these t r a n s - d i  bromo com­

plexes  j u s t  as the t r a n s - [ C o ( I I I ) ( N , N ' - E t l p n ) , , C l , , ] C 1  was 

separated w i t h  0 .3 N HC1.

The t r a n s - c h l o r o n i t r o  complexes w i t h  b i s ( l , 2 - d i -  

amine) l i g a n d s  of  N,N' -Meen;  N ,N ' - Me l pn ;  and N,N ' -E ten  

should be prepared aga in .  T he i r  p r e p a r a t i o n  f rom [Co- 

( I I I M N . N ' - E t e n J g K l O ^  was s u c c e s s f u l .  Thus, t r a n s - 

CC o ( 111) (N,N ' - E t l p n l g N O g C l ] + should a lso be able to be 

p re par ed ,  but  the y i e l d  would be expected to be low.  

T h e i r  CD sp ec t r a  should a lso  be s tu d ie d  us ing the hexa- 

decadal  r u l e .

The N,N ' -Bz lpn  l i gand  should be s tu d i ed  f u r t h e r  

w i t h  C o ( I I I )  complexes.  The l i g an d  seems to have unique 

p r o p e r t i e s .  The at tempted p r e p a r a t i o n  o f  the t r a n s - 

C C o ( I I I ) ( N H g J g t N . N ' - B z l p n J B r g ] *  complex showed t h a t  the 

i n t e r m e d i a t e  NH^CCo( 111) ( NH^)^(N,N1 - B z l p n ) ( SOg)^]  com_ 

p l ex  reac ted  w i t h  HBr at  room t emp er a t u r e .  Other  com­

p lexes  c o n t a i n i n g  the l i ga nd  should be expected to be 

u n s t a b l e .
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Mixed N , N ' - a l k y l  and N - m e t h y l - N ' -benzy l  l i gands  

should be prepared and complexed.  For example,  the 

l i g an d  ( S ) - l - m e t h y l a m i n o - 2 - e t h y l ami nopropane could be 

prepared through N-Medpn. (12)  The N-Medpn could be 

reac ted  w i t h  benzaldehyde.  The ( S ) - l - m e t h y l a m i n o - 2 -  

e thy l ami  nopropane would r e s u l t  by r e a c t i n g  t h a t  product  

w i t h  e t h y l  i o d i d e .  (26)  ( S ) - l - M e t h y l a m i n o - 2 - b e n z y l -  

aminopropane would r e s u l t  by reduc i ng  the benzaldehyde 

r e a c t i o n  p roduct  w i t h  a h y d r i d e  reduc ing  agent such as 

l i t h i u m  aluminum h y d r i d e .  ( 2 6 , 2 7 , 2 8 , 2 9 )  T he i r  charac­

t e r i s t i c s  in Co( 111) complexes would h o p e f u l l y  be i n ­

t e r m e d i a t e  between the N,N' -Melpn (o r  N,N' -Medpn) l i ­

gands and the c or respond i ng  N , N ' - E t l p n  or  N ,N ' - Bz lpn  

l i g a n d s .  The p o s i t i o n a l  i somer ism w i t h  these mixed 

l i ga nds  in t r a n s - d i n i t r o  complexes should be s t u d i e d ,  

to  help determine the  more p a r t i c u l a r  c h a r a c t e r i s t i c s  

o f  the f a s t e r  decompos i t i on  o f  the s l o w l y  e l u t i n g  

C C o ( I I I ) ( N, N' - E t l p n ) 2 (N02 ) 2 ]Cl  bands,  assigned as the 

t r a n s , t r a n s - i somer .  S o l ve n t  e f f e c t s  on the CD spec t ra  

o f  these suggested t r a n s - d i  ni  t r o  complexes should be 

s t u d i e d .

F i n a l l y ,  the s i mu l taneous  e x c i t a t i o n  of  more than
•> +

one d-d t r a n s i t i o n  of  ^ran_s-[Co ( 111) ( 1 , 2 - d i  aminelgCl  g-1 

complexes which are observed in the CD spect ra  should

be s tu d ie d  on an i n s t r u m e n t  such as the A x t e l l  i n s t r u ­

ment.  The net  d-d t r a n s i t i o n s  observed in the CD
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s p ec t ra  might  be s i mu l t a n e o u s l y  prompted to  resemble 

the d-d t r a n s i t i o n s  observed in the CD s p e c t r a  o f  the 

c or respond ing  d i n i t r o  complexes,  g i v i n g  a b e t t e r  under­

s ta n d i ng  o f  the magni tude o f  the ac tua l  d-d t r a n s i t i o n s  

o c c u r r i n g  in the broad A^g T^gCO^) band which are ob­

served in the CD sp ec t r a  o f  the c o r respond i ng  d i n i t r o  

complexes.
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