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Synthesis and Structural Characterization of 
Titanium Polyoximes 

Char l e s  E. Ca r rahe r ,  Jr. 
La r ry  P. Torre 
H. Michael Molloy 

Wright S t a t e  U n i v e r s i t y  
Department of  Chemistry 
Dayton, Ohio 45435 

ABSTRACT 

The s y n t h e s i s  and s t r u c t u r a l  c h a r a c t e r i z a t i o n  o f  t i t a n i u m  
polyoximes de r ived  from bis(cyc1opentadienyl)titanium d i c h l o r -  
i d e  is descr ibed .  Dioximes were s e l e c t e d  f o r  s t u d y  based on 
geometrical dissymmetry, p o t e n t i a l  b i o l o g i c a l  a c t i v i t y  and t h e  
p o t e n t i a l  f o r  extended con juga t ion  through t h e  r e s u l t i n g  poly- 
oxime cha in .  Product  y i e l d  and cha in  l e n g t h  a p p e a r s  dependent on 
t h e  e l e c t r o n i c  c h a r a c t e r  of t h e  oxime. Product  c h a i n  l e n g t h  a l s o  
appea r s  dependent on polymer s o l u b i l i t y .  S t r u c t u r a l  c h a r a c t e r i -  
z a t i o n  us ing  e l emen ta l  a n a l y s e s ,  i n f r a r e d  spec t roscopy ,  l i g h t  
s c a t t e r i n g  photometry, c o n t r o l  r e a c t i o n s  and coupled thermogravi- 
metric-mass spec t roscopy is descr ibed .  

INTRODUCTION 

The s y n t h e s i s  and c h a r a c t e r i z a t i o n  of o rganometa l l i c  poly- 
mers is an  ongoing p o r t i o n  of o u r  r e s e a r c h  program. 

r e p o r t e d  t h e  s y n t h e s i s  of titanium and z i rconium polyamidoximes 

of form I [1,2 l. 

Recent ly  we 
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758 CARRAHER, TORRE, AND MOLLOY 

7p 
HO-N 

Cp2MC12 + 

H2N 
I 

While reaction is known to almost exclusively occur only at 
the oxime sites, reaction at the amine sites does occur when 
excess Cp2MX2 is employed leading to branched and crosslinked 
products. Group IVB containing polymers have generally shown 
poor solubilities in both extent and range. Even small amounts of 
crosslinking could permit this generally poor solubility to be- 
come complete Insolubility. 

Here we report the synthesis of titanium polyoximes of form 
11. The use of dioximes allows the use of the oxime functional 
group yet eliminates the formation of branched and crosslinked 
products. 

dN-O4 
'R 

+Ti-0-N 
Ho-N\ dN-OH ' 'C-R * -C 

/ 
/C-R'-C \R- cp R 

Cp2TiC12 + 
R 

I1 

EXPERIMENTAL 
The following chemicals were used as received without fur- 

ther purification: bis(cyclopentadieny1)titanium dichloride 
(Strem Chemicals, Inc., Davers, Mass.), menadione (Vitamin K 
United States Biochemical Corp., Cleveland, Ohio), Progesterone 
( A  -pregnan-3,20-dione; U.S.B.C. ), Androstadiendione (A1p4- 
androstadien-3,17-dione, U.S.B.C.), 3,20-Pregnanedione (Eastern 
Chemicals), Phenindione (2-phenyl-1,3-indanone; Pfaltz-Bauer, 
Inc., Stamford, Conn.), 1,4-cyclohexanedione (Aldrich Chemical 
Company, Milwaukee, Wis.), p-benzoquinone dioxirne (Aldrich), and 

3; 

1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TITANIUM POLY OXIMES 759  

hydroxylamine hydrochloride (Fisher Scientific Company, Fair- 
lawn, N.J.). 

The oximes were synthesized as described in reference 3. 
The resulting solids were washed with 1:l ethanol-water after the 

product was recovered by suction filtration. The product was 
then recrystallized twice from 1:l ethanol-water. 

2-Methyl-1, 4-naphthoquinone dioxime (menadioxime, Vitamin 
K dioxime),: the yellow solid [41 was obtained in 49% yield; m.p. 

1 -3 
= 164-16ToC, (lit. 166-168OC; I R  (KBr) 3260 cm-’ (0-H), 1620 cm- 
(C=N), 980 cm (N-0). 

- A -Pregnan-3,20-dioxime (progesterone dioxime),: the white 
solid [5I was obtained in 86% yield; m.p. = 248-252OC, (lit. 247- 
256OC; I R  (KBr) 3280 cm-l (0-H), 1640 cm” (C=N, 915-980 cm” (N- 

O). 
- A’ * 4-Androstadien-3,17-dioxime (androstadiendioxime) : the 

white solid[ 6 1  was obtained in 90% yield; m.p. = 232-235OC, (lit. 
229-23O0C); I R  (KBr) 3260 cm” (0-H), 1660 cm-’ (C=N), 870-980 
cm-l (N-0). 

3,20-Pregnanedioxime (pregnanedioxime) : the white solid [TI 
was obtained in 72% yield; m.p. = 174-176OC (lit. 26OOC); I R  (KBr) 
3300 cm” (0-H, 1695 cm-l(C=N), 900-1010 cm-’ (N-01, 

1 
1 

Anal. Calcd. for C21H3402N2: C, 73.0; H, 9.9; 0 ,  9.3% 
Found: C, 76.2; H,10.1; 0, 9.2% 

1,4-Cyclohexanedione dioxime: the white crystalline solid 
188OC), I R  [8] was obtained in 70% yield; m.p. = 189-192°C, (lit. 

(KBr) 3200 cm” (0-H), 1660 cm” (C=N), 925-1000 cm” (N-0. 

solid [91 was obtained in 68% yield; m.p. 198-200°C, (lit. 193- 
196OC); I R  (KBr) 3200 cm-’ (0-H), 1650 cm-’ (C=N), 957, 1045 cm-l 

2-Phenyl-1.3-indanone dioxime (phenindioxime): the white 

(N-0). 
Reaction sequences were similar to those described elsewhere 

Briefly the Cp2TiC12 contained in an organic (for [10,111 . 
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760 CARRAHER, TORRE, AND MOLLOY 

i n t e r f a c i a l  po lycondensa t ions)  o r  aqueous ( for  aqueous 

s o l u t i o n  polycondensa t ions)  l i q u i d  i s  added t o  r a p i d l y  s t i r red 

aqueous s o l u t i o n s  c o n t a i n i n g  n e u t r a l i z e d  dioxime. The polyoxime 

p r e c i p i t a t e s  from the r e a c t i o n  s o l u t i o n  and is recovered  u s i n g  
s u c t i o n  f i l t r a t i o n .  The p roduc t  is washed r e p e a t e d l y  w i t h  water 
and chloroform. The r e a c t i o n  assembly is desc r ibed  e l sewhere  

[121. 

I n f r a r e d  s p e c t r a  were ob ta ined  us ing  KBr p e l l e t s  employing a 

Perkin-Elmer 457 Gra t ing  Spectrophotometer.  L i g h t  s c a t t e r i n g  

photometry was conducted employing a Brice-Phoenix BP-3000 Uni- 

v e r s a l  L i g h t  S c a t t e r i n g  Photometer. R e f r a c t i v e  index  inc remen t s  

were determined u s i n g  a Bausch and Lomb Abbe Refrac tometer  Model 

#3-L. 
Mass s p e c t r a l  data was ob ta ined  us ing  a Model 21-491 DuPont 

Mass Spect rometer  which was coupled through a j e t  s e p a r a t o r  t o  a 
DuPont 951 Thermogravimetric Analyzer c o n t r o l l e d  through a DuPont 

990 Thermal Analyzer console .  The TC-MS assembly was i n t e r f a c e d  

wi th  a Hewlett-Packard 2116C computer. The assembly is desc r ibed  
i n  de ta i l  e l sewhere  [ 131. 

Elemental  a n a l y s e s  were performed by G a l b r a i t h  L a b o r a t o r i e s ,  

E lementa l  a n a l y s e s  f o r  t h e  metals were perform- Knoxvi l le ,  Tenn. 

ed by thermal  deg rada t ion  of  t h e  samples to T i02 .  

RESULTS AND DISCUSSION 

A number of  dioximes could  have been u t i l i z e d  s i n c e  they  are 
r e a d i l y  syn thes i zed  from corresponding  d iones .  The u t i l i z e d  d i -  

oximes were chosen based on geomet r i ca l  dissymmetry ( t o  d i s -  

courage c r y s t a l l i n e  format ion  enhancing p roduc t  s o l u b i l i t y ) ,  
p o t e n t i a l  b i o l o g i c a l  a c t i v i t y  (a number o f  t h e s e  compounds are 
c u r r e n t l y  undergoing b i o l o g i c a l  s t u d y )  and the p o t e n t i a l  f o r  ex- 
tended con juga t ion  through t h e  polymer c h a i n  ( e l e c t r i c a l  charac- 

t e r i z a t i o n  is c u r r e n t l y  o c c u r r i n g ) .  Dioximes can  be cons ide red  

as weak acids wi th  L e w i s  acid-base r e a c t i o n  c h a r a c t e r i s t i c s  s i m i -  
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TITANIUM POLYOXIMES 761 

lar  t o  c a r b o x y l i c  acids, such  as forming s a l t s  on a d d i t i o n  of 

sodium hydroxide.  The d i o n e s  and dioximes u t i l i z e d  i n  t h i s  s t u d y  

are p i c t u r e d  i n  F i g u r e  1.  

Bis(cyclopentadieny1)titanium d i c h l o r i d e  c o n t a i n s  two read- 

i l y  i d e n t i f i a b l e  chromophores: t h e  r e d  T i - C 1  chromophore and t h e  

3,ZO-PREG“ED IONE 

2-PHENYL-1 ,J-INDANONE 

WCH3 0 

2 -rTTHYL-l, 4 -NAPHTHCGU I NONE 

HON # NOH 

P-BENZOQUINONE D I O X I K  

FIGURE 1. Diones and dioximes u t i l i z e d  t o  s y n t h e s i z e  t i t a n i u m  
polyoximes. 
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762 CARRAHER, TORRE, AND MOLLOY 

yellow Ti-Cp chromophore [ 141. Ca r rahe r  and co-workers [lo] have 

noted t h a t  i n  a l l  polymer f a m i l i e s '  syn thes i zed  invo lv ing  t h e  ti- 

tanium meta l locene  s t u d i e d  ( excep t  t h e  t i t a n i u m  po lyes t e ' r - e the r s  

where t h e  Lewis base c o l o r a t i o n  mask any c o l o r  change) t h a t  t h e  

i n i t i a l  c o l o r  of Cp2TiC12 i n  o r g a n i c  s o l v e n t s  is deep r e d ,  which 

g i v e s  way t o  a yellow c o l o r  upon polycondensa t ion .  

The i n t e r f a c i a l  po lymer i za t ion  procedure  was as desc r ibed  

It was noted t h a t  t h e  deep r ed  c o l o r  of  Cp2TiC12 ( d i s -  earl ier.  
so lved  i n  ch loroform)  faded  af ter  10-15 seconds  of  r e a c t i o n  

( s t i r r i n g )  t o  l e a v e  a yellow c o l o r  f o r  t h e  remaining time of 
r e a c t i o n .  Th i s  i n d i c a t e s  t h e  loss of t h e  c h l o r i n e  atoms from t h e  

meta l locene  moiety,  l e a v i n g  t h e  Ti-Cp chromophore as t h e  only  

c o l o r  s i t e ,  hence, t h e  ye l low c o l o r  of  t h e  r e a c t i o n  mixture .  
(The red T i - C 1  is t h e  dominant chromophore [ 14 1 ). T h i s  c o l o r  

change was observed f o r  a l l  r e a c t i o n s  s t u d i e d  u t i l i z i n g  t h e  

i n t e r f a c i a l  po lymer iza t ion  p rocess ,  excep t  for  t h e  r e a c t i o n s  

run us ing  p-benzoquinone dioxime as t h e  L e w i s  base. p-Benzo- 

quinone dioxime is  a deep brown c o l o r  ( d i s s o l v e d  i n  a basic 
aqueous s o l u t i o n )  and t h u s  masks any c o l o r  change due t o  t h e  

Cp2TiC12 monomer t h a t  may occur du r ing  r e a c t i o n .  

Polymer iza t ion  was a l s o  performed u t i l i z i n g  t h e  aqueous 

s o l u t i o n  method ( a l s o  desc r ibed  e a r l i e r ) .  A s  t h e  c o l o r  of 

Cp2TiC12 d i s so lved  i n  water is ye l low ( r a t h e r  than  r e d  when 

d i s so lved  i n  ch loroform) ,  no c o l o r  changes were observed  dur- 
i n g  t h e  polymer iza t ion  r e a c t i o n .  Polyoximes syn thes i zed  u s i n g  

t h e  aqueous s o l u t i o n  technique  gave  lower y i e l d s  and o the rwise  

similar thermal and s o l u b i l i t y  r e s u l t s  as compared to  t h e  same 

polyoximes syn thes i zed  employing t h e  i n t e r f a c i a l  method. 

Percentage  y i e l d  and molecular  weight as a f u n c t i o n  of 

dioxime is  g iven  i n  Table 1. Table 2 c o n t a i n s  a l i s t i n g  of 

t r e n d s  as a f u n c t i o n  of v a r i o u s  parameters.  There appea r s  t o  
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764 CARRAHER, TORRE, ANTI MOLLOY 

TABLE 2 

Trends as a Funct ion  of  Var ious  Parameters (Using t h e  Numerical 

Des igna t ions  Given i n  Table 1 )  
Yield (dec reas ing )  6 > 5 > 1 > 3 = 3 > 7 > 2  
Chain Length ( d e c r e a s i n g )  1 > 5 > 4 > 6 > 3 > 7 > 2  
S ter i c  ( i n c r e a s i n g  6 - 7 > 4 = 3 >  1 = 2 > 5  

N u c l e o p h i l i c i t y  of  Oxime 6 = 4 > 3 > 1 > 5 > 7 = 2  
( d e c r e a s i n g )  

i n  1-methylimidazole) 
Product  S o l u b i l i t y  (dec reas ing ;  1 > 4 > 5 p 7 > 3 2 6 > 2 

S i z e  (dec reas ing )  1 - 2 > 3 > 5 = 4 > 7 = 6  

be a g e n e r a l  c o r r e l a t i o n  between product  ave rage  c h a i n  l e n g t h  
and product  y i e l d  and the f a c t o r  of n u c l e o p h i l i c i t y  of  t h e  

oxime emphasizing a r easonab le  c o r r e l a t i o n  where bo th  y i e l d  
and cha in  l e n g t h  growth are favored  by a more n u c l e o p h i l i c  
oxime. There also e x i s t s  an even be t te r  f i t  of c h a i n  l e n g t h  
w i t h  polyoxime s o l u b i l i t y .  This a l s o  is reasonab le  i f  product  
i n s o l u b i l i t y  is i n  fac t  an  impor t an t  f a c t o r  i n  de te rmining  poly- 
oxime cha in  length .  (It must be noted that the  s o l u b i l i t y  t r e n d  
is f o r  1-methylimidazole and n o t  t h e  po lymer i za t ion  system.) 

Elemental  a n a l y s e s  for n i t r o g e n  and hydrogen were g e n e r a l l y  
c o n s i s t e n t  w i t h  expec ted  ( c a l c u l a t e d )  va lues .  Values found f o r  
carbon were t y p i c a l l y  30-40s lower than  expected. (Elementa l  
a n a l y s e s  of  p roduc t s  of Cp2TiC12 and A ” 4-androstadiendioxime, 
$C=71.0 calc., 39.8 found; $H-7.0 calc., 5.6 found; $N-5.7 calc., 
4.5 found; 2-methyl-1,4-naphthoquinone dioxime, $C-66.7 calc., 

44.8 found; $H-4.8 calc., 3.8 found; $N-7.4 calc., 4.8 found; 2- 
pheny1-1,3-indanone-70.1% calc., 57% found; SH-4.7 calc., 4.2 
found; %N-6.5 calc., 8.3 found; b-benzoquinone diocime-%C=61.2 
calc., 42.2 found; $H-4.5 calc., 4.0 found; ZN-8.9 calc., 9.9 
found).  O t h e r  workers have also found poor e l emen ta l  a n a l y s i s  
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TITANIUM POLY OXIM ES 765 

r e s u l t s  t o  be t y p i c a l  of Group IVB me ta l locene  c o n t a i n i n g  poly- 

mers. It  is thought  t h a t  t h i s  behavior  is due, a t  least i n  p a r t ,  
t o  t h e  moderate t o  good h igh  ( > l O O O ° C )  t empera tu re  s t a b i l i t y  of 
t h e  thermal  deg rada t ion  r e s i d u e  of  t h e  polymers. Elemental  

a n a l y s e s  f o r  t i t a n i u m  were i n  agreement wi th  expec ted  v a l u e s  
based on form I1 (Table 1) .  

I n f r a r e d  s p e c t r a l  bands c h a r a c t e r i s t i c  of  the cyc lopenta-  
d i e n y l ,  Cp, moiety from t h e  me ta l locene  t y p i c a l l y  occur  a t  1440, 

1010, and 830 cm” 1151. The presence  of  t h e  Cp moiety i n  t h e  I R  

s p e c t r a  of most of t h e  polyoximes cannot be unambiguously i d e n t i -  

f i e d  as some of t h e  dioxime monomers have bands a t  abou t  1440, 
1010, and/or  830 cm-’, which mask t h e  major c o n t r i b u t i o n s  from 

t h e  Cp moiety. 
A l l  o f  t h e  polyoxime p roduc t s  e x h i b i t e d  bands c h a r a c t e r i s t i c  

of t h e  dioxime monomer used. For  i n s t a n c e ,  I R  s p e c t r a  of  t h e  
condensa t ion  product  of 2-methyl-l,I)-naphthoquinone dioxime and 

Cp2TiC12 shows bands a t  1430 and 1010 cm-l c h a r a c t e r i s t i c  of t h e  

Cp moiety. The r eg ion  a t  about  830 cm” which is a l so  c h a r a c t e r -  

i s t i c  of t h e  Cp moiety is masked by a medium t o  s t r o n g  band a t  820 

cm de r ived  from t h e  dioxime i tself .  A s t r o n g  broad band is 

observed i n  bo th  dioxime monomer and polyoxime p roduc t  a t  abou t  

3600 t o  3100 cm”. This  was be l i eved  t o  be due t o  t h e  p re sence  of  

0-H s t r e t c h i n g  [I51 i n  t h e  dioxime. T h i s  assignment appea r s  t o  be 
i n c o r r e c t  as t h e  s t r o n g  band from 3600 t o  3100 cm a p p e a r s  i n  t h e  

I R  s p e c t r a  of t h e  polyoxime. A s a l t  of  the dioxime monomer was 
made [51. I n s p e c t i o n  of t h e  r e s u l t i n g  I R  s p e c t r a  showed t h e  

s t r o n g  broad peak t o  be p r e s e n t .  The fo l lowing  are bands p r e s e n t  
i n  t h e  polyoxime product ;  Bands a t  about  2980 t o  2900 ern" which 

are a t t r i b u t e d  t o  t h e  p re sence  of a l i p h a t i c  C-H ( s t r e t c h i n g )  

groups ;  Bands a t  about  1630 t o  1600 cm” are c h a r a c t e r i s t i c  of  
C=N s t r e t c h i n g ;  Bands a t  abou t  1020 t o  950 cm-l are charac-  

t e r i s t i c  of  N-0 s t r e t c h i n g ;  Bands a t  820, 770, and 700 cm” 

-1 
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CmRAHER, TORRE, AND MOLLOY 766 

a r e  c h a r a c t e r i s t i c  of t h e  p re sence  of  d i s u b s t i t u t e d  benzene 

moie t i e s ;  Other bands p r e s e n t  i n  both  monomer and polymer 
appear  a t  1385, 1350, 1315, 1270, 1240, and 895 cm”. A new 

non-assigned band appea r s  a t  495 cm” i n  t h e  polyoxime pro- 

duct.  Thus, t h e  p re sence  of components from each r e a c t a n t  i s  
i n d i c a t e d  by t h e  i n f r a r e d  spectrum of t h e  product .  

Two polyoxime p roduc t s  were s t u d i e d  us ing  coupled thermo- 

gravimetric-mass spec t roscopy ,  TG-MS. B r i e f l y ,  as  t h e  TG 

tempera ture  i n c r e a s e s ,  v o l a t i l e  components r e s u l t i n g  from 

sample degrada t ion  a r e  c a r r i e d ,  employing helium g a s ,  i n t o  t h e  

MS, r e s u l t i n g  i n  a mass spectrum c h a r a c t e r i s t i c  of t h e  evolved  

fragments.  Mass spectrum were recorded  f o r  each 8C0 increment  

of tempera ture  from ambient t o  about  900°C. 

The product from 2-methyl-1,4-naphthoquinone dioxime ex- 
h i b i t s  a weight 10.33 beginning  a t  4OoC wi th  an  a lmost  c o n s t a n t  
rate of weight l o s s  t o  230°C r e s u l t i n g  i n  a t o t a l  weight l o s s  

of about  10% of t h e  sample weight.  Th i s  is fo l lowed by a more 

r a p i d  weight loss ( abou t  6%)  from 23OoC t o  285OC. From 285OC 

t o  gOO°C t h e  weight l o s s  ( abou t  27%) was a lmost  c o n s t a n t .  The 

degrada t ion  o c c u r r i n g  a t  about  23OoC t o  285OC gave v o l a t i l e  

p roduc t s  which y i e l d e d  23 major mass-to-charge, m/e, peaks a l l  
p r e s e n t  i n  t h e  scan  a t  25OoC (Cable 3; Normalized i n t e n s i t y  > 1;  

normalized t o  mass 28 ( n i t r o g e n )  = 100.0%) The masses a t  66 ,  65 ,  

39, 40, 38, 62, 31, and 37 amu and t h e  r e s p e c t i v e  i n t e n s i t i e s  of 
t h e s e  mass peaks is c o n s i s t e n t  w i t h  t he  s t a n d a r d  [I61 mass spec- 

tra of t h e  Cp moiety. 
Mass peaks c h a r a c t e r i s t i c  o f  t h e  Cp moiety r each  a maximum 

a t  25OoC, then  decrease ending by 50OoC. Thus, masses c h a r a c t e r -  

i s t i c  o f  the Cp moiety are the  major components of t h e  i n i t i a l  
thermal deg rada t ion  o c c u r r i n g  from about  100°C t o  50OoC. These 

mass peaks then  dec rease  as tempera ture  c o n t i n u e s  t o  i n c r e a s e ,  

and l a r g e r  mass f ragments  i n d i c a t i v e  of t h e  dioxime moiety ap- 

pear .  
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TABLE 3 
TG-MS Data from the  Polycondensation Product of 2-Methyl-1,4- 

naphthoquinone dioxime and Cp2TiC12. 

Mass Peak Poss ib l e  Normalized I n t e n s i t v  a t  ( O C )  

(m/e) 

20 
26 
29 
31 
38 
39 
40 
41 
43 
50 
51 
52 
55 
56 
57 
61 
63 
65 
66 
67 
68 
69 
77 
79 

80 

81 

91 

94 
95 

105 
107 
117 

12 1 

131 

Assignments 127.3 181.0 

HC = CH 

(Cp) 
(CP) 
(CP) 
(Cp) 
CH -C-CH2 

HC- C = C-CH 
HC=C-CH=CH 
HC=CH-CH=CH 
ON = C- C H 
0-N=C-CH 

O-i=CH 

O - N = C H - C ~ ~  
HC=C-C=CH-CH 
HC=CH-CH-C-C 
(CP) 
(CP) 

1.501 

1.280 

1.721 

1,228 

1.908 
4.297 

1.339 

2.760 4.769 
1.186 

0-N= C- HC-CH 
0-NzC-C-CH 
ONC- C- CH-c A-c 

IU 

NO 
NC-CH=CH-C-L -c-CH, 

250.6 

1 355 

2.576 
1.914 
8.289 

10.156 

1.269 
1.838 
1 37'4 

1.374 
3.685 

10.894 
22.689 

1.137 

3.335 

472.3 

2.952 
1.611 

4.232 
1.524 

1.028 

1.994 
2.186 
1.341 
1.071 
2.552 

2.386 

2.404 

2.186 
1.620 
2.334 
1- 193 
1.742 

1 * 959 

1.054 
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768 CARRAHER, TORRE, AND MOLLOY 

The absence of s i g n i f i c a n t  (normal ized  i n t e n s i t i e s  > 1 )  mas- 
ses a t  47 ( T i ) ,  79 ( T i 0 2 ) ,  112 (CpTi) ,  and 170-180 (Cp2Ti) i n d i -  
cates t i t a n i u m  c o n t a i n i n g ,  v o l a t i l e  s p e c i e s  are n o t  p r e s e n t ,  
which is c o n s i s t e n t  w i t h  t h e  metal remain ing  w i t h i n  the  r e s i d u e .  

1 The polyoxime de r ived  from A-pregnone-3,20-dioxime exhi- 
b i t s  a c o n s t a n t  weight loss of about  10% over  t h e  t empera tu re  
range  of ambient to  265OC. A compara t ive ly  r a p i d  deg rada t ion  

occurs  from 265OC t o  31OoC r e s u l t i n g  i n  a weight l o s s  of  11%. 
Weight loss is a g a i n  a lmost  c o n s t a n t  t o  47OoC ( ~ 1 0 % )  and is f o l -  
lowed by ano the r  more r a p i d  deg rada t ion  o f  8% t o  525OC. Weight 
l o s s  from 5 2 5 O C  t o  900°C is a g a i n  a lmost  c o n s t a n t  r e u l t i n g  i n  a 

t o t a l  weight l o s s  of 56%. The r e l a t i v e  i o n  i n t e n s i t y  reached  a 

maximum a t  about  26OoC w i t h i n  t h e  t empera tu re  r ange  of ambient t o  
265OC. The MS s c a n  a t  16OoC showed only  three f ragments  w i t h  

normalized i n t e n s i t i e s  g r e a t e r  than  one. All these are ind ica -  
t i v e  of t h e  presence  of  t h e  Cp moiety (Tab le  4 ;  elm = 66, 65, 40) 
i n d i c a t i n g  t h a t  as i n  the case of  t he  p r e v i o u s l y  desc r ibed  poly- 

oxime the  Cp moiety is the i n i t i a l  s p e c i e s  released d u r i n g  ther- 

mal degrada t ion .  
The degrada t ion  from 265OC t o  310°C y i e l d e d  19 major mass 

peaks a l l  p r e s e n t  i n  t h e  scan  a t  278OC (Table  4 ) .  Again, masses 
a t  66, 65, 39, 40, 38, 62, 31, and 37 were p r e s e n t ,  i n d i c a t i n g  a 

major sou rce  of deg rada t ion  p roduc t s  i n  t h i s  range  was t h e  Cp 
moiety. Masses a t  80 ,  63, 44, 41, 32, and 29 are also p r e s e n t ,  
and can be t e n t a t i v e l y  a s s igned  t o  f ragments  of t h e  s t e r o i d  moi- 
e t y  (Table 4). 

During the t h i r d  r ange  of deg rada t ion  (470°c-5850C), masses 
i n d i c a t i v e  of  the  Cp moiety have a l l  bu t  d i sappeared .  La rge r  
fragments (81, 91, 105, 117, 121, 131) have appeared and can  be 
t e n t a t i v e l y  a s s igned  t o  l a r g e r  f ragments  of  t h e  p roges t e rone  d i -  

oxime moiety (Table  4). 
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TITANIUM POLYOXIMES 769 

TABLE 4 
TG-MS Data from the  Polycondensation Product of a 

A-pregnane-3,20-dione dioxime with Cp2TiC12 

Mass Peak Poss ib l e  Normalized I n t e n s i t y  a t  ( O C )  
(m/e) Assignment 158.3 278.0 342.3 472.7 

27 
29 
37 
38 
39 
40 
41 
43 
55 

H2C-CH 1.847 2.160 
CP 1.339 

1.129 
CP 1.549 

5.758 
CP 1.808 9.250 2.456 
HC=N0,H2C-CH2-CH 4.122 3.202 2.952 

1.611 
H2C-CH -C-CH3 4.232 2 

1.524 

1.129 
1.648 6.852 1.028 
4.276 14.221 1.577 

56 u oNC-CH2 

63 cp 65 
66 CP 
67 H 2 C-CH 2- C-CH-CH2 1 994 

68 H C-CH -&CH 
Oi-C-Cg2-CH 

69 77 ON-C-CH2-CH 

:! 14 , ON=C-CH=C-CH2 
91 

94 
95 

105 
107 
117 

79 HC-C-CH2-CH2-CH-CH 

121 ON= Q 
H C' 

3 

131 

2.186 
1.341 
1.071 

1.193 2.552 

2.386 
2.404 

1.146 

2.186 
1.620 
2.334 

1.742 
1- 193 

1 - 959 

1.054 
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7 70 CARRAHER, TORRE, AND MOLLOY 

Again, no mass peaks i n d i c a t i v e  of t i t a n i u m  c o n t a i n i n g  f r ag -  

ments (47 ,  79 ,  170-180) are p r e s e n t ,  c o n s i s t e n t  wi th  t h e  me ta l  

remaining w i t h i n  t h e  r e s idue .  

An i n t e r e s t i n g  mass peak of  343 amu was observed a t  a temper- 

a t u r e  of about  55OOC. The molecular  weight of t h e  A -pregnan- 

3,20-dioxime moiety is 344.5 amu. Thus, t h e  peak observed is 

c o n s i s t e n t  w i th  the  dioxime moiety s t r i p p e d  of  its two acidic  

hydrogens,  as  i t  would exist  i n  t h e  polyoxime backbone. 

1 

Reac t ions  were a t tempted  exc luding  e i t h e r  monomer, dioxime 

or Cp2TiC12 wi th  a l l  o t h e r  r e a c t i o n  c o n d i t i o n s  he ld  c o n s t a n t .  

The r e a c t i o n s  r e s u l t e d  i n  c l e a r  s o l u t i o n s  as compared t o  t h e  

g e l a t i n o u s  or foamy material formed when bo th  monomers are pre- 

s e n t .  

I n  summation, t h e  ev idence  p resen ted  w i t h i n  t h i s  s e c t i o n  is 
c o n s i s t e n t  wi th  t h e  format ion  of  polyoximes of t h e  form 11. Con- 

t r o l  r e a c t i o n s  i n d i c a t e  t h a t  t h e  product  i s  t h e  r e s u l t  of bo th  
monomers be ing  p resen t .  TG-MS data show t h e  p re sence  of t h e  Cp 

moiety from t h e  meta l locene  i n  t h e  product  and is c o n s i s t e n t  w i t h  

t h e  presence  of t h e  dioxime moiety.  Elemental  a n a l y s e s  f o r  
t h e  presence  of t h e  dioxime moiety. Elemental  a n a l y s e s  f o r  

hydrogen, n i t r o g e n ,  and t i t a n i u m  are c o n s i s t e n t  w i t h  expec ted  

va lues  for  p roduc t s  of t h e  form 11. I R  data show t h e  presence  of  

t h e  dioxime moiety i n  t h e  r e s p e c t i v e  polyoxime product  and f o r  
many compounds, a l s o  t h e  presence  of  t h e  Cp2M moiety. 
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