
~(>~~flf) 817 ALABAMA LPIVI UNIVERSITY DEPT OF CHEMISTRY Ff0 7/3
TIE PREPARATION. POLYMERIZATION AND COPOLYMERIZATION Off 5UBSTIr—ETC(ij)
MAY 77 C U PITTMAN. I D ROUNSEFELI. N00014 75 C 0689

UNCLASSIFIFD 17 It

END
___________ ___________ DATE

F IL ME U

7 —77



10
______________ 

3 15

~~~~~~~~~ ~~~

• 
~1IIt1~

5 llIll~ 1fl~” ’”

NATIONAL BUREAU OF STANDARDS
~IPGROCOPY RESOLUTION TEST CHART



r,. 
~~~~~~~~~~~~~~~~~~~~~~~~~

Unclassified 
____

S E C U R I T Y  C L A S S I F I C A T I O N  OF T H IS  P AG E  (When D~ t~ Entered) / /_~~~~~ /
REPORT DOCUME.NTATION PAGE ( ~ “ [W FORE COMPLETING FORM

I. ~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~ 
GOVT ACC SSION )

~O. ~/~~~~ I P J E N T s  CAT  A LO~ HUM MER

( ~~~~~~~~~ ‘-f’.r-~ ~~~~
-
~

-) 5. TYPE OF REPORT & PERIOD COVERED

‘The Preparation, Folymerization and L~~~~~~~~~~ Technical Report Interir
Copolyrnerization of $ubstituted Deriva— 

________________________

F~~ ~tives of Cynichrodene_ C.t~~—C ’
~H’

~) C r ( CO)~~NO4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

QQ ~~~~~~~~~~~ R(s ) 
~~harles~~~ 7~~ ttman, Jr. , Thane D

~ounsefell ,, John E .4,i~heats , Bruce H .  
~~~~~~ ~Too 0l4—7 5—c— 06 89 ~_

.—

~~~~ Edwards, Marvin D .ftausch /an~~~~ric A . -Mintz ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~
‘
~~ PERFORMING O R G A N IZ A T I O N  NAME AND AD D R ES S 10. P R O G R A M  ELEMENT . PROJECT TASK

,~~~~~ University of Alab am a AREA W ORK uf ~I5 N U M B E R S

Department of Chemistry .—~~ ~~~~~~~ ~< t ( ’~ /
~~~

f /

~~~ University, Alabama 35486 I . . ~~~~
~~~~~ II . CO NrRO LLING O~-~~ICE NAME AN D A DDRS SS IZ .  REPORT DATE

Office of Naval Research May 25, 1977
Arlington, Virginia 22217 13. NUMBER OF PAG ES 

—

18. MONITORIt~~~ A~~E.S~~ X..8~AME & AO DRESS(I I  diflørenl 1mm ControllinA Off ice) 15. S E C U R I T Y  CLASS. (of thi. report)

/ 
‘

,
.~~# 

~
j //  Unclassified

/ ISa . O ECLASSIF I CA TION/OOWNG RAO1~~~~~
’

SCHEDULE

. D I~~T R 3Ij T~ON ~T~~TE M E NT (of rhI~ Report)

2\pproved for Public release, distribution unlimited.. Reproduc-
tion in whole or in part is permitted for any purpose of t he .
United States Government. C

Ii. DISTRI B UTION S T A T E M E N T  (of the a b, t r e ct  enl,red In l I lock 20, ii dIfIa,~,,t from Repomt) • . , ..~~

~~~ \~ 11 
~~~~~

~~~~~~~~~~~~~~~

IC. S UPPLEME NTARY NOTES . r

9 K EY WORDS (C~ ’r ’!~ .~, or, reveme& .,fde If no e~~aary and Identif y by block number)

Vinylcynichrodene

~~ (r~
5—vinylcyclopent ac1ieny1) dicarbortylnitrosylchromium

homopolymerization Q—e scheme vinylcymar.trene
copolymerization azo initiators vinylferrocene

(,,~ ~0. . iBST RA CT (C~ neIn~ , on ~~~~~~~~ old. If ,,00ooaar/ anti J d, n l I (y  by block numb.r~~~~~~
I
• — The novel vinyl organometallic monomer (~~~-~yinyl—cyclopentadienyi)

~~ dicarbonylnttrosylchromium (hereafter called vinylcynichrodene),
was prepared and hornopolymerized and copolymerized in solution and

C ~teat using ~ zo init iators.  Reactivity ratios were obtained in
radical initiated copolymerizations with styrene and N—viny l.-2—
pyrrolidor~e. When M2 was styrene, r1 = 0.30 and r2 = 0 .82.  The
value of the Alfrey—Price parameter ~~for vinylcynichrodene was ._.~~~~~ 

-

GD ~~ 1473 EDITION OF I NOV 55 IS OBSOL ET E Unclassified
~S/N 0 1 O ’ -’) I 4 - ~ c f , 3 L

/ 
~~~~~~ 

S EC U R I T Y  CLA5S I y ICA T ION O~ T HIS D~~G! (~~~‘.n flat. !~nIe,.d)

L. 
~~~~~~--~~

-
~ 

:. 

~.; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A



-

Unclassified
~~~‘ I ITY C L A S S I F I C A T I O N  OE THIS PA GE ( Wh,n  D.ta Entered)

20. ABSTRACT r
~-l.98 and the resonance interaction parameter Q was 3.1.
Copolymerizations with N—vinyl-2--pyrrolidone (M2) gave r1 = 5. 3,
r~ = 0.079 and e = —2.07. Thus, vinylcynichrodene is an
exceptionally electron—rich vinyl monomer resembling vinyl—
ferrocene and vinylcymantrene. Vinylcynichrodene readily co—
polymerized with vinylcymantrene. 

I

:

I

Unclassified
SECUR ITY C L A S S I F I CA T IO N  OF THIS PADE($~,an 13.1. Fnt,r.rf)

II_ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



THE PREPARATION , POLYMERIZATIO N AND COP OLYMF~RI ZA T I CN
OF SUBSTITUTED DERIVATIVES OF CYNI CriRODEN E

(~~
5—C 5H 5)C r ( CO) 2NO

Charles U. Pit~~oan , Jr. and Thane D. P~ounsefol l
Department of Chemistry, Universi t~j of Zilabar nd

John ~~~. Sheat s and Bruce H . Edwards
Department of Chemistry, Rider Colleqe

Marvin D. Rausch and T .ri c A.  ~1intz
Department of Chamjstry , Uni ve ~~ y ~f Massachusetts

ABSTRACT. The novel ; ‘intj l 3r : : _ _ _ ~~ :~~-a~~er (fl 5-vinyl—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (::2r i L ~a ’r ca lled
viny c~ j~ ichrod ene) ~~~, ;/is pr ep are~ . : c :~~~jmeri zed and co—
polqzrerized in solution and n. aco iti~~tors . Rf ? a c -
tivi :~ r.i bios were o~~:~ ~~ 

- 

~~ ri~~ted ~~ p o2~5 :ie~’iz a—
tions th stqrene ~~ . :‘ -- n : ; l — 2 - - .~ ~~~~~ - 2  ~~~s tyrene ,  r1 = 0.30 ~:~J r , = ~l . 8 2 .  .e ~~~~~~~~ of H~~ 7 ! lf r e y —
Price parameter e f o r  v c j nir ~ roden~ ;,r es —1 .98 and the reso-
nance interaction p~~~~~ . L ~~~- Q was 3 .1.  Copo l t~ le r iz.~tt ions with
N—vinyl—2—pyrrolidone (4’12) gave r1 = 5 . 3 , r .~ 0.07~ and e
= —2.07. Thus, vin~;lcqn ichrodene is ~n exceptionally electron—
rich vinyl monomer resembling vinylferrocene and vinylcyman—
trene. Vinylcynichrodene readily copol ’,tmeri zed with vinyl-
cymantrene.

I. INTRODUCTION .

The synthesis of organometallic lymer s~~
- 5

~ and studies
of th e i r  novel prop.Wrties(1 7) have accelerated in score in
recent years.  The radical—initiated addition honopolyxneriza—
tion and copolymerization of a variotv of t r ans i t i on— meta l—
containing monomers has been under intense s tudy in our labora-
tory. For e xam ple , studies of organcmetallic monomers includ—
irig ~6-styrene tricarbonylchromium , (~ vinylcyrnantrene , (1,9)
vinylferrocene, (10) 

~6— (benzyl acrylate)tricarbonylchronium , 0~1)

*The trivial t-tame cynichr odene is proposed by analogy to the
shortened rsames cymantrene and ben chrotrane for ~

5—cyclopenta-
diei-~yltr i corbonylmangane ie and flG_benzenetricarbony1chrom~.um ,

sp~~c! iv.°ly .  
_______
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ferrocenylmethyl acrylate, (12,13) r~
6— ( 2 —p h en y l e th y l  a cry l a t e ) —

tricarbonylchromiuxn , (14) a~ well as 2—for ro ccnyle thv l  acry—
late (l5) and methacrylate(lS) have now appeared. Recent ly , a
comprehensive review of vinyl addition polymerization of or-
ganom etallic monomer s appeared . ( J-6)

Addition polymerization studies of organome tat l ic  carbonyl
monomers are rare , indeed , compared with metallocenes. (3) Or—
ganochromium monomer syntheses and polymerizations are re—
stricted to the three examples: fl 6— styr en etr icarbonylchro—
mium , (3> n 6— (benzyl  acrylate)tr icarbonylchrorn inm , (11) and fl 6—
(2-phenyleth yJ. acrylate)tr icarbonylchromium . (14 ) Viny lcyzna n—
trene , ( l )  1, is isoelectric with vinvlcynichrodene , 2. Since ,
vinylcvrnantrene ’s copolymerization reactivity with a series of
organic monomers has r.ow been defir .ed, (1, 17) it was of interest
to see how chang ing the metal fragment from Nn (CO)3 to Cr (CO) 2N0
would affect the monomer reactivity .

_ _ _  // /

/ \
OC CO ::; Co

Co :3

1 2

We 504 report the addition of h c~~olymeri.zation and co—
polymerization of the no,e 1 xionomer , vinvlcyn ichrodene , 2. To
our knowledge, this rc~3r3sents th~ first example of tha poly-
meriza tion of an organometallic  monomer containing a nitrosyl
(NO) substi tuent.  Furthermore , we demonstrate tha t  changing
the metal l ic  fragment from f ln (C O) J to Cr (C0) 7N0 did not exert
drastic e f fec t s  on the reactivity of the vinyl group . In both
I and 2 the vinyl group was exceedingly electron rich.

II. RESULTS AND DISCUSSION.

It he.; been four.d that transition metal organometallic
functions, when attached to a vinyl group, often exert enormous
effects on addition polymerization reactivity. (16,17) For
example, vinylcymantrer.e 1 and vinylferrocene , when classif ied
accordinq to tiie Alfrey—Price Q—e ~:cheme , 

(18,19) exhibit e—
valu.-~s of -1.99 and —2.1, respectively , in copolymer iza tions
with styrene. This means the vinyl group in both these organo—
mr?tallic monomers is more electron—rich than that of 1,1-his—
(~ —anisyl)ethylene Ce —l .96).(19) In order to extend the
series of orqanometaTlic monomers, vinylcynichrodene , 2, was
synthesized accord ing to Scheme I.

H 
--



CU 3COC1 cç~~~~~~~~7- COCN 3
A1C1. ,CH- ClCr 3 Cr

ON CO ON Co
Co CO

v EtOH
CH=CH 2 <~~~~~~~~~

03H 

~~~~~~ 
CU (OH) CU 3

ON CO 2 ON CO
CO CO

Scheme 1

Cynichr oden e, 3, (Sch eme I) was f :~~sz prepared by Fischer
et al in 1955. (20) Since that ti~~ -

- l i t t1~ chemistry of
this complex has appeared . It was in good yield by
Fischer and Plesske~~~~ but  the c n:s~~ y ~~r~air.ed largely u n—
explored . Cynichrodene was acety ~~~:~~ ~~-65~ yield , follow-
ed by sodium borohydride reducticn cf carbonyl group (88%)
and ~—to1uene—su1fonjc ncid—catalv—~d ~ehvdration (70—86%) of
the r~~ ulting alcohol in the pr~ sen:e .~:dro a~inor.e an a
radical inhibitor . Vtny]cynichrcdene , rod liquid , hp 79—
800/0.3 run Hg,  which was corwenient i~- ~ .:rified by f i l t r a t i o n
through alumina and repeated vacuum d is ti l la t ion .

Purif icat ion is part icularly important because alcohol ,
5, readily forms its ethyl ether if traces of ethanol are pre-
sent in the dehydration step. Furthermore , snail amounts of
the diineric ether of 5 are also formed during dehydration . The
ir and nmr spectra of 2 , used in this work , Were in accord with
structure and a satisfactory analysis was obtained . In addi-
tion , gic studies of 2 were made to monitor its purity .

Cynichrodenylmethyl acrylate , 8 , another useful organo—
chromium monomer , is prepared as shown in Scheme II. Cynichro—
dene , 3, is converted to the thioester 6 under Friedel—Crafts
conditions by means of methyl chlorothiolformate and aluminum
chloride in dry methylene chloride . Reduction of 6 with sod ium
borohydride in refluxing methanol gives cynichrodenylcarbinol ,
7. Reaction of 7 with two equivalents of pyridine produces
cynichrodenylmethyl acrylate, 8.

Viny lcynichrodene was homopolyrner ized and copoiymeri~ ed
with styrena , N-vinyl.-2-pyrrolidor.e, and vinylc yman trene
(Scheme 3). Azo initiators were used in each case. A E;eries
of copolymerizatiorts with styrene were carried out to determine
the reactivity ratios with 2. Styrene was chosen because it

~
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C1-’~-SCH3 ~~~~~~ ~-SCH3
,Cr~~ iuci3. c:i 2c12 ~~cr \ON J CO ON I CO

CO 3 co 6

NaB}f 4, CH3OH

~~~~~~CH2O~~CH CH Ci-~—CU=CH~ ~~~~~~~~~ CIi2OH

Cr C6116, pyr1d~ ne Cr
/ \

ON CO ON CO
CO 8 CO

Schem e ~

had previously been u.~ed in reacti~ i:~ r~ :io studies with vinyl—
cymantrene , 1 (1, 17) Furthermore , :~~~~~~~s a ’ .noderately
electron rich monomer (~ — .80 ) .  . 

~n::o ted that if 2
were a very electron rich monomer 3~=iir.q 1 the use of
electror. attracting cononomers ~~~~~ ~ -2tonitrile or methyl
acrylate) might rea~ it ~r. railuro ~~ ~he ~—e scheme , ~;inilar to
that cb~~ rved for bc ’th vinvl ferroc .ene  :~~d 1 when copolymerized
with electron attractin~ nonomers.~~1’

+ CH2CH CH2CH± -+ Cii- ~-CH 4-

o 
~~~~~~ Cr
OC NO OC NO

Co CO

or 33W ~
_
~~~~J’ 

~:~°~: n eat

AI~ N~~~~~~~ 
CO 

~~~~~~~~IBN

± CU2CH —CIi2CH 
~~ 

CH~CH CH2CH ±

Qo S4~ C O ) ’CO .Zd2~ ~~~~~
~~~~ ~Cr~

O c t  NO O c t  CO OC I NO
CO Co CO

~



Only small amounts of 2 were available. Thus , the dis-
appearance of monomers was followed , quantitatively , by gic
using internal standards and electronic integration techniques.
In this way, the incorporation of monomers into the copolymer
could be followed as a function of percent conversion. Several
composition—conversion data points could be obtained for each
individual experiment, allowing large numbers of points to be
achieved with minimum expenditure of monomer. The composition-
conversion data obtained when styrene was M2 is summarized on
Figure 1. This data was fitted to the integrated form of the
copolymer equation b~ the nonlinear least squares method of
Tidwell and Mortimer~

23’24~ using programs we prepared f or use
on a Univac 1110 computer. (25) In addition to using the non-
linear fitting technique, M1

0:M2~ ratios were applied in the
vicinity of the optimum values for the reactivity ratios
obtained. The importance of this choice of experiments has
been discussed by Tidwel]. and 4ortimer .~~

23 ’24>

From the data in Figure 1, the v.~1ue of r1 = 0.30
(0.287 — 0.313) and r2 = 0.82 (0.T~~ 

- 2.S~’5) (where M2=styrene).
Using the relationship r1r 2 = exp . - 

~~
- — 02)2(18,19) the Pri ce

c—value for vinylcynicbr~dene is ~~~~~~~~~ This nay he compared

I
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Fig. 1. Composition-conversion p lots for example vinyl —
cynichiodene 
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i) styrene copolymerizations.

— 7 1.3 :23 .7
= 48.4:51.6

~~ M1
0 :M 2

0 = 69.9:30.1

8 3 . 1 : 1 6 . 9  



t~ i’-values of —2 .1 and —1 .99 for vinylferrocene and vinyl—
cymantrerue, respectively in copolvmerizations with styrene.
C1~arlv , vinylcymichrodene is exceptionally electron rich and
its reactivity closely resembles that of vinylcymantrene .

In order to appreciate just what this high negative value
of e means, it is instructive to consider the u—values for
selected monomers: (19) maleic anhydride , 1-2.25; acrylonitrile ,
+1.20; styrene, —0.80; p—U ,N—dimethylaminostyrene, —1.37; and
l,l—b is— (~ —anisyl)ethvlene , —1 .96. Quite obviously , the
electron-rich vinylcyriichrodene (-1.98) would be expected to
undergo cationic polymerization while resisting anionic poly-
merization . Indeed , reaction with BuLi or LiA1II4 fai led to
give polymer supporting this conclusion.

The value of the resonance parameter Q for vinyicyni-
chrodene, from these styrene copo1~-merizations , was 3.13.
This nay be compared to the monomers shown below . (19) Clearly ,

0CM 3 NO 2 C112-=CF I—C 113

Q 1.36 1.00 1.63 2.96 0.002

a ~~~~~~ reso int n~ tion of ~~~ ~~~~ qr ~~ur ~;i.th Lh~
cycicrentadienyl ring in indicated . :r ~~rticular1y note-
worthy to recogni:~ th~ similarity in ~he values of Q for
2—vinylthiophene (2.86) nnd vinylcynichrodene (3.13). In both,
the vinyl group is conjugated to an aromatic five-memberod
ring . However , the electron—donating ability of the
(~
5—C5H4)Cr(CO).,NO substituent (e = -1.98) is substantially

greater than that of the 2—thiophenyl group (,~ — .80).
Reactivity studies were also performed with N-vinyl—2—

pyrrolidone (M2). This monomer was chosen because it has a
somewha t more electron rich vinyl group (.~ = —1 .14) than
styrene (.~ — .80) and a much smaller value of Q (0.14 versus
1.00 for styrene). It was of interest to check if Q-~ 

atudies
based on copolymerizations with N—vinyl—2-pyrrolidone would
give an c—value for vinylcynichrodene close to that obtained
in th~ styrerue copolyrnerizatiorus. Composition—conversion
studies, obtained in the same manner as in the styrene copoly—
merizations, are li sted in Table 1. Vsing the nonlinear least
squares technique, the reactivity ratios were r1 = 5.34 (5.08
— 5.60) and r2 = 0.079 (0.073 — 0.0~34) and ~ 

—2.07. The
aqre~ment between the values of c in c-rrolymerizations of 2
with styrene and N—vinyl—2—pyrrolidone (i.e., -1.98 and —2.07)
is remarkable and strengthens the assignment of e at about —2.

Vinylcymantrene was copolymerized with vinylcynichroderue 

-~



TABLE 1

C~smposition—Co.iversion Data for Copolymerizations of
Viriy lcynichrodeme, 2, with N— Vimy i—2—pyrro l idona  (M 2)  *

Ran Monomer 2 in Feed Conversion Monomer 2 in Copolymer
Mole % Mole %

la 5.44 2 .55 32.7
lb 5.44 10.82 36.8
ic 5.44 13.32 28.6
id 5.44 13.72 30.1
le 5.44 13.1-~. 30.0
if 5.44 14.02 28.0
lg 5.44 17.22 23.8
lh 5.44 20.62 24.5
ii 5.44 43.32  10. 2
2a 22.36 3.13 64.8
2b 22.36 3.1 68.6
2c 22.36 6.4 . 69.0
2d 22.36 6.85 69.6
2e 22.36 7 .22 65.7
2f 22.36 7. 1~ 68.6
2g 22.36 7.52 67.3
2h 22.36 10.92 62.5
2i 22.36 11.12 66.5
2j 22 .36  11.48 65. 9
3a 3.33 9.79 21.9
3b 3.33 10.36 20.4
3c 3.33 10.12 20.8
3d 3.33 10.11 21.2
3e 3.33 9.88 21.3
3f 3.33 10.70 19.4
3g 3.33 10.91 18.5
4a 27.87 2.14 68.0
4b 27.87 5.66 67 .0
4c 27.87 6.04 6- .6
4d 27.87 6.40 69.5
4e 27.87 6.39 71.1
4f 27.87 6.55 69.9
4g 27.87 6.77 68.9
4h 27.87 6.62 68.7
4i 27.87 7.09 70.0

* From this data the calculated reactivity ratios are
r1 = 5.34 and r2 = 0.079.

but only a single M1
0:M2

0 ratio was emp loyed (Table 2). Thus,
the reactivity ratios were not calculated.

-. .
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TABLE 2

Comp osi tion-Crr.version Dc f a  f o r  Ccpolyr aer i za tions of
L ’inylcyn ichrod ene , 2 , with Vinylcymantr ene

Monomer 2 in
Monomer 2 in ~ced Conversion Copolymer

~!o1e % ~•~olo ¼

30.84 7 .5 34.5
30.84 9.3 35.3
30.84 9.9 35.4
30.84 10.4 35.0
30.84 10.8 35.1
30.84 10.5 34.7
30.84 10.6 35.3
30.84 17.0 34.6
30.84 20.1 34.5
30.84 21.5 35.7
30.84 21.5 34.8
30.84 21. 5 35.1
3.2.84 21.2 34.9

P~~ icaL init1ut~ 2 . opolyneri: :-:~ n~ r f  vinylcynichrodene
wer~ ~~~~ C T ~ a ~~~~~~~~~ ~~n 2  of .~~s isolated after 49h
at 70° i:~ the et. :at~ using ~~~~~~~~~~~ S:nilarly, only an 11%
yield ~~~ isolatec ~:her. neat virv:1: an:r-2ne was heated to 1000

(with ~\ SN) for 2h ~c1Thwed by fur~~ initiator addition and
another 3h at 100°. Solution homo3o~~nerizations give low
molecular weights (2elow 35,000) a:d molecular weights in-
creased when the monomer concentration increased or the ini-
tiator concentration decreased .

Additional copolymerization studias are currently underway
involving 2 and other monomers wi th a view towar d obtaining
polymers with novel properties. In this regard , cyni chr odene ,
3, and several of its derivatives have been shown to effective-
ly catalyze reactions such as hydrogenation . (26) Further ,
based :.~n recent studies by Alt and H~ rberho1d , (27,2w) the
possibility of preparing chiral polymers is clearly available.

III. EXPERIMENTAL SECTION .

l-Hydroxyethylcyriichrodene (5).

Acetylcynichrodene (2.2 g ) ( 15) was dissolved in 25 ml of
ethanol, 0.168 g of sodium borohydride was added , and the
mix t ure was stirred for ca. 45 m m .  A f te r  this period , 10—20

- ~~~~~~ ~~~~~~~ --~~~~~~~~~~~~~~ .-~~~~~~~~~~~-~~~~~ - - . -~~~~~~~~~~



ml of GM sodium hydroxide solution was added , the solvent re-
moved , and the product extracted with ethyl c t h~’r. The ~ther
was removed , leaving a red oil; bp 105—llO °/0 .3 r~o Mg; 1.95 g
( 88%) .

Vinylcyniobrodene (2).

l—Eydroxyethyic~-nichroden e (0 .5  ;), 5 mg of h~-droquinone ,
and 0.05 g of p—toluenesulfonic acid were dissolv~d in 53 ml
of benzene, and the :iix:ure refluxad for 1.25 h. fhs solvent
was removed and the resulting oil was extracted w it h  hexane
and subsequently filtered through :i ica gel, clutirg several
times with hexane anz1 ~~.en 5:1 hexane-.~~her. The solvent was
removed leaving a red ~ii; bp 79~~•5? 2 .3 ~ n Hg; 0.41 g (36%) .
Its IR spectrum gave :rong V

~0 
2~~~z5; 2952 and 2030 cm~-

and a ~~~~~~~ band at 1700 cn~~ . Itn ~~~~~~ ~-~ s :n accord wi th
structure and its anal~~ is fourtd~ 2, -~~.4i; :-~, 3.10; Cr, 22.46;
N, 6.36%. CaL~u1atcd C9H7Cr~~~-: 2, 4T. 2; H, 3.08; Cr,
22.69; N, 6.11.

Homopolymerization.

v~~c Lcyn rc ~:e ‘1.272 g, -
~ .5 , ;.:s:; (0.i~D24 g,

0.15 n_mci) and cc.::: -~te (1.45. ~~~-e ~~1ghed into a vial
which c as deqassei h’: t..~ freeze—tcae—c-n~ n cycles. The vial
was scaica and piacad 1: a constant temperature bath at 700
for 49h. The ethyl ace-tate solution was then added dropwise
to a large excess (50 ni) of pentane to orecipitate the polymer.
The precipitated honopolymer was filtered and dried ic. vacuo,
to give 0.069 g (6.4% yield) of polvvinylcynichrodene. The IR
of the polymer contains carbonyl stretching bands at 2020 and
1930 cm~~ and a nitrosyl stretch at 1680 cm~~- . In. another run,
neat vir.ylcynichrodene (0.5 g) was mixed with AII3N (5 m~ )
followed by heating to i00~ for 2h followed by the addition of
another 5 mg of AIBN . After an additional 3h, methanol (2 ml)
was added , the precipitated polymer was washed with excess
methanol and dried giving 56 mg (11%) yield of polyvinyl—
cynichrodene. Gel permeation chromatography of this sample
revealed a broad mo lecular weight distribution ~;ith a low M~~.
(See Flg’jre 2).

Copolynerizations.

A l l  copolymerizations were performed in dried , deoxygen-
ated ben.z~ ne at 700 in a 3 ml minivert sample vials stirred
magnetically. In each case, the disappearance of the monomers 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — .~~~ ~~~. - . -~~~~~~~~~ .. ~~~~~~~~~~~~~~~~~~~~~ --  —. — —- — -~~-— -..-~~—- . A
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Fig. 2. Gel ~ernea :ion chr onaf ogr ar ~s of  vinylcynichrodene
pol yn’.ers .

______
.;. P :v~~j5c:cichrodene. 1. 2k  ~c) 1qc: er1zcta on

at 1000 , with  AI BN ~~~~ietcr.
_____B.  Polyvinylctin ichrodene.  ?oicmerized in ethql

acetc:e tc 5 .4~ con c _ an  . a imc  .2iIiTJ.V in i t ia to r.
Co

~

o5.j::e r : f  vinyl :nf an:ccie.ce a.-cl N—v in t i l —
pyr r~~~~i~~~e ( . ‘o. 1: ,

was followed by glc. A c~ -:iczt1 nc r . f a e :n ::~-~ for  one v in y l —
cynichrodene/styrene ccno vmeriza t :cn.  T2c;.’lcynichrodene ,
styrene , nanthalene ~;:el as an i-~t .~rna l  cIt  eta ;- i-ct) , and
henzen~ :~ re wei -hrch  ccc 3 ml . A E n  ill aliuuot was
removed iato a cne v : al .  Then ;c - a  ‘.-ia c were deqassed
under :.rtrogen L:: fi - ; c 5:ceze—fl n-ccaw cycles.  The init iator,
33W ( a . e . ,  2,2’— a c ~ c ’ ,4—dimeth”j-4—rrerhox~-valeronitri1e)),
was added by syringe ( S n  benzene solution)  several times during
the polymerization. At least one hour was allowed afte r  each
initiator injection b efore  sampling the reaction for  glc
analysis. In some reactions, AIDN was used as the initiator
and in these cases it was added prior to degassing. The same
procedure was used when the comonomer was N—viny i.pyrrolidone
or vinylcymantrene .

An.aiy~~ s or Copolymerication Reactions.

A t y n i c a l  examp le is described for a stvrene ccoolymeri—
zation . The analys is of monomer remaining in the reaction as
a funct~~ n of time was carried out by gic (1/8 ’ x 50 cm , OV—l0l
(5~ ) on Chromasorb G-H~~, 100/120 icesh , flow rite 22 cc. min.~~~,
injactian 800, detector 1600, filarner.t 1700, temperature—
progr.xim~d 1 m m .  at 45°, 50 min.~~- to 110°, 6 mm . at 110°).
Several injections were made into the column prior to gather-
ing data. A Varian Associates Mohel 3700 gas chromatoqraph
was used and electronic integration was performed using a
Hewlett—Packard yodel 3180A recorder—integrator .
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Samples f rom the 1 ml. reference vial were altern ately
injected with samples from the polymeriz ing solution, which
were withdrawn from the 3 ml vial be ing held at con stant
temperature in a water bath. Three injections were averaged to
determine the amount of each monomer remaining as a function of
time. The internal standards used included quinoline (for N~
vinylpyrrolidone copolymerizations) and napthalene (for both
styrene and vinylcymantrerie copolymerizations) . A sample gel
permeation chromatogram is shown in Figure 2.

IV. AC~Q’J0WLEDGEMSNT.

~cknow1edgement is made to the cr.ors of the Petroleum
Research Fund , adniniatered by the ;cceraaan Chemical Society
(MDR) , to the National Science Foun.fation (MDR) and to the
0~f ice of Haval Research (CUP) fcc s-corcrt of this research.

V. P.ElE~ ENCES.

1. Pic~nan , J r . ,  C. U . ,  ~srlin , .2’.’.,  ~c- :ncefe1i , T.D.,
Macromolecules, 6, 1 (1973).

2. Pittz~.sn , Jr., C.I’ , 2ham. Te:c~~ I, 417 (1974).
3. P i t :n an , J r . .  C.T. - J. Pain t T~~c-cnoi., 4 3 , 29 (1971).
4. Te . se , E.W . anf :-~cs~ nberg, 1., 2. Nacronol. Sci. P~ov., 4,

1 (1970)
5. Neuse, E.W. arct hcaenberg, H., “~-tetal1ocene Polymers,”

Chapter 2. Marcel Dekker, New York , 1970.
6. Cowan , D.0., Park , J., Pittman , Jr., C.U., Sasaki , Y.,

Mukherjee , T.K., and Diam ond , N.A., .3. Am. Chem. Soc.,
94 , 5110 (1972).

7. Bilow, N., Landis, A.L., and Rosenberg , H., J. Polym. Sci.,
A—i , 7 , 2719 (1969) .

8. Pittman , Jr., C.U., Grube , P.L., Ayers, D.L., ~‘1cManUs ,
S.P., Rausch , M.D., and ttoser , G.A., J. Polym. Sci., A—i ,
10 , 3 7 9  ( 1 9 7 2 ) .

9. Pittman , J r . ,  C .U . ,  and Gr xbe , P .L ., , J. Polvm. Sci., A—i ,
9, 3175 (1971).

10. Lai , J.C., Rouns efel l, T.D., and Pi ttman , Jr., C.U.
3. Polym. Sci., A— i , 9, 651 (l?71).

11. Pittman , Jr., C.U., Voges, R.L., and Elder , J.,
Nacromoleculos, 4, 302 (1971).

12. Lai, J.C., Rounsefell, T.D., and Pittxnan , Jr., C.tJ.,
Macromolecules, 4, 155 (1971).

13. Ayers , O.E., HcMar.us , S.?., and Pittznan , Jr., C.U.,
J. Polym. Sci., A— i , ii , 1201 ( 1973) .

16. Pittinan , Jr., C.tJ., and Marlin, G.V., 3. Pol.ytn. ScL,
A— i , 11, 2753 ( 1973) .

-— - -- - 

S . - .
.

— - - - “-‘---sL ., -~~ —-



~

f
,

15. Pittmari , Jr., C.U., Voges, R.L., and Jones, W.R.,
Macromolecules, 4 , 291, 298 (1971).

16. Pittman , Jr., C.U., “Vinyl Polymerizatior. cf Organic
Monomers Containing Transition Metals”, a chapter in
Organometailic Reactions, Vol. 6, p. 1. CE. Becker and
M. Tsutsui, Eds.), Plenum Press, New York , 1977.

17. Pittman , Jr., , C.tJ., and Rounsefell , T .D . ,  Macrornolacules,
9 , 936 (1976) .

18. Price , C.C., 2. 2olvm. Sci., 3, 772 (1946).
19. Brandrup , J .,  and I i’nergut, E.H., “Polymer Handbook,”

Interscience , ~~~ York , 1966.
20. Fischer , E.0., Becker t , 0., I:afner , W ., and Stahl, ‘~.0.,

Z. haturforsch., l3~ , 598 (1955) .
21. Fischer , E.C., a:-.i ~~osske , K . ,  hem. Per . ,  94 , 93 (1961) .
22. Minta , E.A., F. ’csch , M.D., F~~ acds , B.H., Sheats, J.E.,

Rounsefell, T.~~., and Pittnan , 2r., C.U., .3. Organornet.
0000 (1977).

23. Tidwel]., P.W ., nn~I 7’crtimer. 2.A. , 5. :-~acromol. Sci. Rev.
Macronol. Ch~m. , 1 , 135 (1I’~~~

24. TictwelI , P.b.. end 2~ortimer, ~~~~~~~~~~ cc.lv~ ._Sci., A—i ,
3, 369 ( 1 9 5 5 )

2 .  ~ i- - t n aa ,  Jr., C .U., c:.d Roun:~~f-~II. h2., in “Computers
in • ‘ nc-m~ Jtry ~ui0 I:.strumenc:.:_,n J . S. Mattson ,
H. C. ~-:acconaIf., Jr., and ~~~. 3. ~-:ar2c, :ds.), Vol. 6,

l45—l~~7. -h- _ c~ 1 Jekker, ~:r< , 1977.
2~~. ~~~~~~ i~., ~~, i.D., :cibliahec results.
27 . t~~cberhold , k., a;.d Alt, H., . rcancrr.ec. Chem., 42,

407 (1972).
28. Fierberhold , -i. , A lt , H., and Kre iter , C.G., J. Organometal.

£~.~B;~’ 
42, 413 (1972).

_ _ __ _ _ _ _ _ _ _ _  - - ~~~~~~~~~~~~~~~~~~ -


