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ABSTRACT 

The s y n t h e s i s  of polymers derived from the  condensation of 
d ipy r id ine  manganese I1 d i c h l o r i d e  with 1,3-di-4-piperidylpro- 
pane is  described. S t r u c t u r a l  a n a l y s i s  of t he  polyamines is 
d e t a i l e d  u t i l i z i n g  resul ts  based on i n f r a r e d ,  thermal,  e lemental  
and so lu t ion  analyses .  

INTRODUCTION 

The previous paper describes the  cons t ruc t ion  and ope ra t ion  

of a new Thermogravimetric Analyzer-Mass Spectrometer,  TG-MS, as- 
sembly s u i t a b l e  f o r  i d e n t i f i c a t i o n  of the sequence of products  

r e s u l t i n g  from t h e  thermal degradation of polymers. This  paper  
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232 CARRAHER ET AL. 

describes t h e  i n i t i a l  s y n t h e s i s  of a manganese polyamine and des- 

c r i b e s  t h e  use of t h e  TG-MS assembly f o r  deg rada t ion  p roduc t  

i d e n t i f i c a t i o n .  
Syn thes i s  of d i p y r i d i n e  manganese I1 d i c h l o r i d e ,  Py2MC12, 

DMC, has been known f o r  a l o n g  time ( 1 ) .  Its s t r u c t u r e  i n  t h e  

s o l i d  s t a t e  has  been well s t u d i e d  u s i n g  x-ray d i f f r a c t i o n  ( 2 , 3 ) ,  

magnetic t echn iques  (2-4) and s p e c t r a l  t echn iques  (main ly  i n f r a -  

red,  u l t r a v i o l e t  and Raman spec t roscopy ;  5-12).  DMC is oc t rahed-  

r a l  and is  a l i n e a r  polymer i n  its s o l i d  s t a t e  (form I )  w i t h  

b r idg ing  o c c u r r i n g  through t h e  c h l o r i d e s .  G i l l ,  e t  a l .  ( 9 )  n o t e  

t h a t  whi le  a t e t r a h e d r a l  arrangement is feas ib le  f o r  DMC (Mn I1 is  
a d5 atom) t h e  observed  o c t r a h e d r a l  s t r u c t u r e  i n  t h e  s o l i d  s t a t e  

is presumably due t o  t h e  low e l e c t r o n e g a t i v i t y  of  t h e  Mn I1 atom 
which f a v o r s  s ix -coord ina t ion .  

Q Q  c1 

Even though much i s  r e p o r t e d  on t h e  p h y s i c a l  p r o p e r t i e s  of 

t h e  DMC i n  t h e  s o l i d  s t a t e  l i t t l e  is  r e p o r t e d  on any r e a c t i o n s  o r  
s o l u t i o n  p r o p e r t i e s  of DMC. Dash and Ramana Rao ( 1 3 )  concluded 

from magnetic s u s c e p t i b i l i t y  measurements i n  n i t robenzene  t h a t  

DMC e x i s t s  i n  a monomeric t e t r a h e d r a l  c o n f i g u r a t i o n  of form 11. 

Here we r e p o r t  t h e  i n i t i a l  s y n t h e s i s  of a manganese I1 poly- 

amine, f o r  which t h e  deg rada t ion  data and o t h e r  a n a l y s e s  are 
c o n s i s t e n t  w i th  a s t r u c t u r e  of  form I V .  
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DIPYRIDINE MANGANESE I1 DICHLORIDE 233 

A '  B '  

I V .  

EXPERIMENTAL 

Dipyr id ine  manganese I1 d i c h l o r i d e  ( R O C I R I C ,  B e l l e v i l l e ,  

N.J.) and 1,3-di-4-piperidylpropane ( a  g i f t  from R e i l l y  Coal Tar  

P roduc t s ;  Di-Pip) were used as  r ece ived  wi thou t  f u r t h e r  p u r i f i c a -  

t i o n .  Reac t ions  were carried o u t  u t i l i z i n g  a one p i n t  Kimex 

Emuls i fy ing  jar f i t t e d  o n t o  a Waring Blendor (Model 7 0 0 ) .  Solu- 

t i o n s  of t r i e t h y l p h o s p h a t e ,  TEP,  c o n t a i n i n g  DMC were added t o  TEP 

s o l u t i o n s  c o n t a i n i n g  Di-Pip and t r i e t h y l a m i n e  as t h e  added base 

a t  s t i r r i n g  speeds  around 20,000 rpm. S t i r r i n g  is s topped  and t h e  

r e a c t i o n  mix tu re  poured i n t o  a beaker and l e f t  f o r  abou t  24 hours .  

A brown p r e c i p i t a t e  beg ins  t o  form af ter  s e v e r a l  minutes  and 

c o n t i n u e s  t o  form f o r  s e v e r a l  hours .  The r e a c t i o n  mix tu re  i s  

f i l t e r e d  u s i n g  c e n t r i f u g a t i o n ,  and t h e  brown s o l i d  p roduc t  i s  

c o l l e c t e d  and washed r e p e a t e d l y  wi th  TEP and t h e n  wi th  d i e t h y l -  

e t h e r .  The s o l i d  is  t r a n s f e r r e d  t o  a preweighed p e t r i  d i s h  and 

d r i ed .  

Genera l  e lementa l  a n a l y s e s  were c a r r i e d  o u t  u t i l i z i n g  t y p i -  

cal wet a n a l y s i s  t echn iques .  The p r o d u c t s  showed t h e  p re sence  o f  
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234 CARRAHER ET AL. 

Mn and t h e  absence  of c h l o r i d e .  Q u a n t i t a t i v e  e l emen ta l  a n a l y s e s  

were carried ou t  by Al f r ed  Bernhard t ,  Mik roana ly t i s ches  Labs and  

G a l b r a i t h  Labs, Inc .  The r e s u l t s  of t h e s e  a n a l y s e s  f o r  t h e  con- 

densa t ion  product  between DMC and Di-Pip are c o n s i s t e n t  w i th  a 
product  of form I V .  (Thus, %Mn c a l c .  = 12.1, found 13.5; $H c a l c .  

8 .11 ,  found 8 .13 . )  

I n f r a r e d  s p e c t r a  of  t h e  product  were a l s o  ob ta ined  u t i l i z i n g  

KBr p e l l e t s  and a Perkin-Elmer 457 G r a t i n g  I n f r a r e d  Spec t rophoto-  

meter. The p roduc t  shows bands c h a r a c t e r i s t i c  of t h e  presence  of 
both  r e a c t a n t s  (Di-Pip and DMC) and of water. The p resence  of 

water is  i n d i c a t e d  by t h e  p re sence  of a s t r o n g  band i n  t h e  3400- 

3600 cm-l r eg ion  ( r e p o r t e d  t o  be 3450 cm” f o r  water i n  o r g a n i c  

compounds and 3300 t o  3400 cm” f o r  uranyl-water compounds). 

The p resence  of  DMC is  i n d i c a t e d  by t h e  p re sence  of  such  bands as 
t h o s e  a t  1580 and 1460 cm” which are c h a r a c t e r i s t i c  of  t h e  aroma- 

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

compounds, and t h e  presence  a t  bands of % 1040 and 1010 cm” 
which are c h a r a c t e r i s t i c  of  C-H i n -p l ane  deformat ion .  The pre- 

s ence  of t h e  Di-Pip moiety is i n d i c a t e d  by t h e  p re sence  of  such  

bands as those  a t  2850 t o  2975 cm” which are c h a r a c t e r i s t i c  of 

a l i p h a t i c  C-H s t r e t c h i n g ,  and t h e  bands abou t  1390 cm”, a Series 
of  bands i n  t h e  1100 t o  1030 cm-’, a series o f  bands i n  t h e  1100 

t o  1030 cm” r e g i o n  ( i n  a d d i t i o n  t o  t h o s e  noted  above ) ,  and bands 

a t  825 and 810 ern-', a l l  p r e s e n t  i n  bo th  t h e  monomer and polymer. 

The N-H s t r e t c h i n g  band a t  3225 cm”, p r e s e n t  i n  t h e  Di-Pip mono- 

mer, is not p r e s e n t  i n  t h e  polymer. Bands which are c h a r a c t e r l s -  

t i c  of t h e  Mn-N and Mn-C1 moieties are c u r r e n t l y  i n  d i s p u t e ,  bu t  

are below 250 cm‘l, t h e  l i m i t  o f  t h e  employed i n r r a r e d  spec t ro -  

photometer. 

L igh t  s c a t t e r i n g  measurements were also accomplished f o r  t h e  

polymer, u t i l i z i n g  se r ia l  d i l u t i o n s  and employing a Brice-Phoenix 

2000 Unive r sa l  L i g h t  S c a t t e r i n g  Photometer. The d i s s y m e t r i c  
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DIPYRIDINE MANGANESE I1 DICHLORIDE 235 

t echn ique  was used t o  c a l c u l a t e  t h e  data. R e f r a c t i v e  index  i n -  

c rements  were determined u t i l i z i n g  a Bausch and Lomb Abbe Refrac- 
tometer  Model 3-L. The p roduc t  chosen f o r  s t u d y  had a weight  

ave rage  molecular  weight of 2 . 1 ~ 1 0  . 6 

Thermal s t a b i l i t y  of  t h e  condensa t ion  p roduc t  was de termined  

u s i n g  D i f f e r e n t i a l  Scanning Ca lo r ime t ry  (DSC), Thermal Gravime- 

t r i c  Ana lys i s  ( T G )  and t h e  combination TG-MS ins t rumen t  mentioned 

above. The equipment employed inc luded  a duPont 900 D i f f e r e n t i a l  

Scanning  Ca lo r ime te r  c e l l ,  a t t a c h e d  o n t o  a duPont 950 Thermal 

Analyzer Console,  a duPont 900 Thermal Grav ime t r i c  Analyzer,  and 

a duPont 21-491 Double-Focusing Mass Spec t rometer .  Details of 

t h e  TG-MS assembly are p r e s e n t e d  i n  t h e  p rev ious  paper .  

RESULTS AND DISCUSSION 

We have been i n c o r p o r a t i n g  metals i n t o  polymers for a v a r i -  

e t y  of r easons ,  one be ing  t h a t  such compounds are u s e f u l  as d e l i -  

ve ry  a g e n t s  in b i o l o g i c a l  sys tems ( 14- 16).  The p o r t i o n  d e i i v e r e d  

may be  e i t h e r  t h e  metal c o n t a i n i n g  moie ty ,  o r  t h e  o rgan ic  como- 

nomer, or  both.  We wished t o  s y n t h e s i z e  manganese-containing 

polyamines because  manganese is  an e s s e n t i a l  metal i n  many b io lo -  

g i c a l  sys tems and t h e r e  are a number of b i o l o g i c a l l y  a c t i v e  dia- 

mines which could  be  i n c o r p o r a t e d  t o  g i v e  polymers of  form IV. 
F u r t h e r ,  t h e r e  are a number of n a t u r a l l y  o c c u r r i n g  amides, which 

enhances t h e  p r o b a b i l i t y  fo r  b i o l o g i c a l  acceptance  and subsequent  
h y d r o l y s i s  of manganese polyamines. Here, we w i l l  r es t r ic t  o u r  

d i s c u s s i o n  t o  t h e  condensa t ion  product  between DMC and Di-Pip and  
its p h y s i c a l  c h a r a c t e r i z a t i o n .  

A s  no ted  i n  t h e  p rev ious  s e c t i o n ,  i n f r a r e d  spec t roscopy  and 

e l emen ta l  a n a l y s i s  data f o r  t h e  polymer are c o n s i s t e n t  w i t h  a 
s t r u c t u r e  of  form I V .  I n  a d d i t i o n ,  C l a r k  and Williams (8) no ted  

t h a t  t h e  f r e q u e n c i e s  of  p y r i d i n e  r i n g  v i b r a t i o n s  i n  t h e  metal- 
p y r i d i n e  complexes, i n c l u d i n g  DMC, are ,  i n  g e n e r a l ,  i n d i c a t i v e  of 
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2 36 CARRAHER ET AL. 

t h e  s t e reochemis t ry  ( o c t r a h e d r a l ,  s q u a r e  p l a n e r  o r  t e t r a h e d r a l )  

of t h e  metal complex. DMC i tself  shows a p y r i d i n e  r i n g  v i b r a t i o n  

a t  627 cm-’. Product  I V  shows a band a t  abou t  620 t o  630 cm-’, 

c o n s i s t e n t  w i th  an o c t r a h e d r a l  s t r u c t u r e .  Similar aqueous com- 

pounds are known t o  be o c t r a h e d r a l  i n  t h e  s o l i d  state.  For 

i n s t a n c e  Richards ,  Quinn and Moros ( 3 )  u t i l i z e d  x-ray d i f f r a c t i o n  

and ESR t o  prove t h e  o c t r a h e d r a l  s t r u c t u r e  of s o l i d  PyHMnC13H20. 

The TG-MS data i s  a l s o  c o n s i s t e n t  w i t h  a p roduc t  of  form I V .  

F igu re  1 shows p l o t s  of weight  l o s s  and t o t a l  i o n  c u r r e n t  as a 

FIGURE 1 .  TG(---) AND MS(-) PLOTS FOR THE CONDENSATION PRODUCT 
FROM DIPYRIDINE MANGANESE I1 DICHLORIDE AND DIPYRIDINE AT AN 
ACCELERATING VOLTAGE OF 70ev ,  FLOW RATE OF HELIUM AT 55 MLIMIN FOR 
A HEATING RATE OF 20 COIMIN AND A DATA SAMPLING FREQUENCY OF 4 1  
KC. T = TOTAL ION CURRENT. A = PLOT OF M/E 18. 
B = PLOT OF M/E 44. C = PLOT OF M/E 79. 
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D I P Y R I D I N E  MANGANESE I1 D I C H L O R I D E  237 

f u n c t i o n  of t empera tu re  fo r  t h e  thermal  deg rada t ion  of  t h e  poly- 

mer. The p l o t  of t o t a l  i o n  c u r r e n t  shows f o u r  maximums; t h e  f irst  

occur s  a t  a t empera tu re  of abou t  16OoC, t h e  second a t  abou t  25OoC, 

t h e  t h i r d  and l a r g e s t  a t  about  46OoC and t h e  f o u r t h  a t  abou t  

75OoC. The TG thermogram shows f i v e  c l e a r  b reaks  ( t e m p e r a t u r e  

r e g i o n s  where a c c e l e r a t e d  weight l o s s  o c c u r r s )  a t  t empera tu res  of 

approximate ly  130, 150, 250, 470 and 7OO0C, r e s p e c t i v e l y .  The 

b reaks  nea r  150, 250, 470 and 700°C a l s o  cor respond t o  t h e  maxi- 

mums i n  t h e  t o t a l  i o n  c u r r e n t  p l o t .  

I n i t i a l  weight  loss  upon degrada t ion  of  t h e  polymer occur s  a t  

abou t  12OoC, and a t  t h e  same time mass spectral peaks  i n d i c a t i v e  

o f  propylene  are observed  ( F i g u r e s  1 )  fo l lowed s h o r t l y  by t h e  

appearance  of mass s p e c t r a l  peaks c h a r a c t e r i s t i c  of wa te r .  

The re fo re ,  i n i t i a l  deg rada t ion  a p p a r e n t l y  occur s  th rough breakage  

of t h e  propylene  cha in  p r e s e n t  i n  t h e  Di-Pip moie ty  and t h e  evolu- 

t i o n  of water. 
The accelerated weight loss  of 65% which occur s  i n  t h e  200- 

250 OC range ,  cor responds  wi th  t h e  appearance  of a number of  mass 

s p e c t r a l  peaks w i t h  r e l a t i v e  i o n  i n t e n s i t i e s  g r e a t e r  t han  1%. 

The g r e a t e s t  a c c e l e r a t e d  weight l o s s  occur s  a t  abou t  453OC, con- 

c u r r e n t  w i th  t h e  appearance  of 38 mass s p e c t r a l  i o n s  w i t h  nor- 

mal ized  i n t e n s i t i e s  g r e a t e r  t han  1% (Table  1 ) .  No o t h e r  s i g -  

n i f i c a n t  mass peaks are observed from degrada t ion  p roduc t s  over  

the  e n t i r e  200 t o  500 OC t empera tu re  r eg ion .  The r e l a t i v e  i n t e n -  

s i t i e s  of t h e  mass s p e c t r a l  peaks d e t e c t e d  a t  m/e 79, 52 ,  51, 50, 

78 ,  53 and 39 are c o n s i s t e n t  w i th  t h e  f r agmen ta t ion  p a t t e r n  of 
p y r i d i n e  ( 1 7 ) .  The Di-Pip moiety a p p a r e n t l y  produces  t h e  f r ag -  

ment i o n s  d e t e c t e d  a t  m/e 119-115, 108-105, 94-91, 82-77, 69-64, 

56-54, 43, 41 and 14. Many of t h e s e  i o n s  cou ld  r e s u l t  from 

s e v e r a l  f r agmen ta t ions  of  d i f f e r e n t  p o r t i o n s  of t h e  Di -P ip  moi- 

e t y ,  and Tab le  l lists t h e  s t r u c t u r e  of only  one set of  t h e s e  
p o s s i b l e  f ragments .  
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238 CARRAHER ET AL. 

T a b l e  1 

Major Mass S p e c t r a l  Peaks  Observed from t h e  D e g r a d a t i o n  P r o d u c t s  
J o i n e d  a t  453OC from t h e  Condensa t ion  P r o d u c t  o f  Di-Pip w i t h  

DMC . 
Normalized 

- m/e I n t e n s i t y  Assignment 

14 

17 
18 
26 

27 

39 
41 

43 

50 

51 

52 

53 

54 

55 

56 

64 

65 

66 

67 

68 

69 

77 

3.6 
20.5 

95.6 

4 .4  

4.5 

6.4 
4.2 

2.2 

3 .O 
5.8 

12.5 

2.8 

2.3 

5.3 

1.7 

1.2 

2.5 

2.2 

2.3 
1.4 

2.2 

2.2 

CH2 

H2° 

HO 

HC=CH ( p y )  

HC=N ( p y )  

HC=CH-CH ( p y )  

H2C-CH-CH 

H C-CH2-CH2 

C=C-CH=CH (py ) 

C=CH-CH=CH ( p y  ) 

HC=CH-CH=CH ( p y )  

HC=CH-CH=N (py  ) 

HC-CH2-CH2-CH 

HC-CH2-CH2-CH2 

H2C-CH2-CH 2- CH2 

HC=CH-C=CH-CH 

HC=CH-CH=CH-CH 

HC-CH-CH2-CH-CH 

HC-CH2-CH2-CH-CH 

HC-CH2-CH2-CH-CH 

H 2 C-CH2-CH2-CH-CH2 

3 

PY 

m/ e 

78 
79 

80 

81 

82 

91 

92 

93 

94 

105 

106 

107 

108 

115 

117 

- 

118 

119 

N o r m a l l  zed 
I n t e n s i t y  Assignment 

3.3 PY 
15.1 

2.2 "3 py 

1.9 PY 
2.8 

1.5 CH2 

3.1 PY 

5.3 PY 

1.1 PY 
2.5 N 3 1 C H 2  -CH2 

4.3 
2.1 

1.5 

II 

It 

1.2 (-)H2-CH2-cH2 

1 . 1  

2.3 

1.5 

11 

11 

II 

The d i f f e r e n t i a t i o n  between p y r i d l n e  and t h e  Di-Pip m o i e t y  

is accomplished by comparing t h e  a p p e a r a n c e  of  m/e 79, 52, 51, 50,  

78, 53 and 39 ( a l l  mass s e q u e n c e s  are g i v e n  i n  o r d e r  of d e c r e a s i n g  

i n t e n s i t i e s )  a s s o c i a t e d  w i t h  t h e  p y r i d i n e  moie ty  a n d  m/e 119-1 17, 
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108-105 and 91-90 c h a r a c t e r i s t i c  of t h e  Di-Pip moiety.  Masses 
a s s o c i a t e d  wi th  p y r i d i n e  are i n i t i a l l y  d e t e c t e d  around 15OoC 

r e a c h i n g  two maximums; one a t  450°C and t h e  second abou t  78OoC. 

Masses a s s o c i a t e d  wi th  t h e  Di-Pip moiety are d e t e c t e d  around 
35OoC r e a c h i n g  a maximum around 46OOC. Thus, d e g r a d a t i o n  i n  t h e  

200 t o  500°C range  began wi th  t h e  e v o l u t i o n  o f  p y r i d i n e  fo l lowed  

by t h e  e v o l u t i o n  of masses a s s o c i a t e d  w i t h  t h e  deg rada t ion  of  t h e  

Di-Pip moiety.  

I f  f r agmen ta t ion  occur s  i n  a s t a t i s t i ca l  manner, p r e d i c t a b l e  

r e l a t i o n s h i p s  between c e r t a i n  s p e c i e s  should  be ev iden t .  Fo r  

i n s t a n c e ,  b reakage  of t h e  Di-Pip c h a i n  a t  A o r  B (IV) shou ld  

g e n e r a t e  equa l  q u a n t i t i e s  of f ragments  A '  a s s o c i a t e d  w i t h  t h e  

q u a r t e t  of i o n s  a t  m/e 91-94 and B1, a s s o c i a t e d  w i t h  t h e  q u a r t e t  

a t  d e  105-108. Summation of t h e  i n t e n s i t i e s  of t h e  i o n s  a s s o c i -  

a ted wi th  f ragments  A '  and B' ( c o r r e c t e d  f o r  d i f f e r e n c e  i n  mass 
between t h e  two f r agmen t s )  shows t h a t  t h e s e  a g r e e  w i t h i n  1.58, 

which s u g g e s t s  a random bond s c i s s i o n ,  a t  least a t  A and B. 

The o v e r a l l  deg rada t ion  sequence i s  d e p i c t e d  i n  Form V where 

t h e  o r d e r  of  f r agmen ta t ion  is des igna ted  by t h e  a l p h a b e t i c a l  i n -  

d i c a t o r .  
\ 

I \ 
' A  1 / - - -  ' 0 I I /  

t 'L \/ N 3 ; H 2 - C H 2 - C H 2 c N  -1 1 -+ 
\ D  

/ 40;;--. - - _ _  - 
HHo ,/ H 

t B ' - --- 
V. 

The i n f r a r e d  s p e c t r a  of  t h e  r e s i d u e  of t h e  p roduc t  remain ing  

from t h e  TG-MS a n a l y s i s  shows bands a t  1060-1030, 1010, 640-590, 

560, 500, 410-411 and 380-270 cm- . The 1010 cm" band is charac-  

t e r i s t i c  of  i n p l a n e  C-H s t r e t c h i n g  o f  py r id ine .  Other  bands 

1 
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p r e s e n t  i n  b o t h  the  TG-MS r e s i d u e  and t h e  o r i g i n a l  polymer are 

associated w i t h  DMC (620-570 and 380-270 cm-’1. Manganese d i -  

o x i d e ,  Mn02, e x h i b i t s  bands  i n  t h e  ne ighborhood of 700-450, 410- 

350 and 340-311 cm-’. Bands p r e s e n t  i n  t h e  r e s i d u e  a l so  corres- 

pond t o  many o f  t h e  bands  c h a r a c t e r i s t i c  of Mn02, i n d i c a t i n g  t h e  

p o s s i b l e  p r e s e n c e  of t h i s  compound. The f i n a l  r e s i d u e  weight  was 
16% (%Mn02 t h e o r y  = 19,  %Mn t h e o r y  = 12) .  T h e r e f o r e ,  t h e  TG-MS 
r e s i d u e  p r o b a b l y  c o n s i s t s  of manganese and manganese oxide,  w i t h  

some o r g a n i c  material d e r i v e d  from t h e  p y r i d i n e  moie ty .  

In summary, t h e  a p p e a r a n c e  of mass s p e c t r a l  p e a k s  c h a r a c t e r -  

i s t i c  of t h e  Di-Pip m o i e t y ,  water, and p y r i d i n e  in t h e  mass s p e c -  

t r a  o f  t h e  d e g r a d a t i o n  p r o d u c t s  of t h e  polymer ,  is c o n s i s t e n t  

w i t h  t h e  s t r u c t u r e  d e p i c t e d  i n  I V ,  and  is a l so  c o n s i s t e n t  w i t h  

r e s u l t s  o b t a i n e d  from e l e m e n t a l  a n a l y s i s  and i n f r a r e d  s p e c t r a l  

s t u d i e s .  While  t h e  i n f r a r e d ,  e l e m e n t a l  a n a l y s i s  and TG-MS data  

are c o n s i s t e n t  w i t h  s t r u c t u r e  I V ,  u n c e r t a i n t i e s  remain  wi th  res- 

p e c t  t o  t h e  e x a c t  l o c a t i o n s  of t h e  v a r i o u s  l igands  a b o u t  t h e  

manganese I1 atom. Form I V  i s  l i k e l y  a major  s t r u c t u r e ,  s i n c e  i t  
is  r e a s o n a b l e  f rom Steric c o n s i d e r a t i o n s ,  t h a t  t h e  c i s  or ne igh-  

boring p y r i d i n e s  remain  i n  t h e s e  p o s i t i o n s ,  and t h a t  when concur-  

r e n t  a d d i t i o n / r e p l a c e m e n t  by e i ther  water or t h e  d iamine  o c c u r s ,  

t h a t  s u c h  a d d i t i o n  o c c u r s  t o  t h e  t r a n s  p o s i t i o n .  S t e r i c  r e q u i r e -  

ments  are minimized i f  t h e  t r a n s  p o s i t i o n s  are o c c u p i e d  by t h e  

d iamines .  
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