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We recently observed the polymerization, of 
AN in. the presence of Vaska's catalyst (1) and 

糸m anion, CIO厂 or NO3", in AN under N2 at 
25°C in darkness.1 Freshly distilled AN (ori
ginally stabilized by 力一methoxyphenol) does 
not polymerize in the absence of either Vaska^ 
catalyst or the anion, or both under the same 
conditions. Therefore, it is apparent that the 
polymerization, is not a spontaneous one due to 
the removal of the stabilizer, but a catalytic 
reaction by iridium complex (es) (see equation. 
1).

MH CTTCN CIrCl(CO)(Ph3P)2] 
2QH2CHCN 以0厂(阪 NO3D

CN 

—[—CHKH—]—”
Ph3P—triphenylphosphine (1)

In a typical experiment, [IrCl (CO) (PI13P) 2] 
(1, 0. 15 mmole) was added to AN (10 mZ) 
under N2 at 25 °C to give a suspension of AN 
adduct, [ (AN)IrCl (CO) (Ph3P) 2] (2), 2 which 
is not catalytically active for the p사ymerization 
at the same conditions described above. Addi
tion of AgClO4 (0.15 mmole) to the suspension 
yielded a clear pale yellow solution ( I ) and 

AgCl precipitation which was readily removed 
by filtration. Stirring the solution ( I) under 
N2 in darkness at 25 °C led slow formation of 
white precipitation (polycrylonitrile). This ob
servation suggests that the reaction is a homo
geneous catalysis. The solution solidified com
pletely within 3 days. Addition of AgNOg, Pb- 
(C1O4) -3 H2O, NaC104-H20, or HC104l to the 
suspension of 2 in AN also initiated the poly
merization of AN under the same conditions 
described above.3

In order to obtain information on the nature 
of the polymerization, a free-radical scavenger, 
a-naphthol (2.0 mmole) was added into the 
catalytically active solution (I ) containing 0. 05 
mmole of iridium. It was found that the rate 
of the polymerization was not affected by the 
presence of a-na끄hthoL Therefore, the reaction 
may not proceed via free-radical mechanism, 
but probably through anionic me 산lanism 
(polymerization of AN is known thus far to 
proceed via either free-radical or anionic 
mechanism4). Detailed mechanistic investigation 
would be carried out for further information.

It is apparent that Vaska's catalst (1) is 
merely a precusor of the actual catalyst (s) for 
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equation 1 since 1 reacts with AN to produce 
the suspension of 2 in AN, and the polymeri
zation does not occur until AgCIOi is added to 
the suspension to give the catalytically active 
solution (I ) and AgCL The conductance 
measurement of the solution (I) suggests that 
it contains some electrolyte (s).5

Addition of hexane to the solution ( I ) re
sulted in pale yellow precipitation. (II) which 
was separated by filtration. Infrared spectrum 
of the solid (II) (wet sample immediately after 
separation) show two yCN bands at 2270 and 
2220 cm-1, and two i^Co bands at 2080 and 2020 
cm"1 (see Fig. 1 (a)). It was observed that 
the solid (II) loses 2080 and 2270 cm-1 bands 
slowly under N2 at 25°C, and a new one ap
pears at 1990 cm-1, and 2020 cm-1 band in
creases in. its intensity (see Fig. 1 (b), (c)). No 
additional change in the spectrum was found 
for the next 24 hours.

It is known so far that Vaska's catalyst and 
its derivatives show a single ^co band in their 
infrared spectra.6 Therefore, it may be said 
that each Pco band observed in our experiments 
represents a individual iHdium complex, res
pectively. Accordingly, the solid (II) seems to 
contain two different iridium complexes, 3 (with 
2020 cm"1 band) and 4 (with 2080 cm-1 band) 
which decomposes to give 5 (with 1990 cm-1 
band) and 3 (with 2020 cm-*1 band). It is well 
known, that 1 reacts with AgClQ to give AgCl 
and [Ir (CIO4) (CO) (Ph^P) 2], and the latter 
undergoes complete ionization in some 
polar solvents (equation 2)^ and the novel 
addition-substitution reactions qualitatively 
(equation 3).6A It is also well known that

EIr(C104) (CO) (Ph*)徂 + s—> 
[Ir(S)(C0)(Ph3P)22C104 (2)

s=CH3OH, CH3COCH3, CH3NO2
LIr(C104) (CO) (Ph3P)2] + C2H4—>

E(C2H4)Ir(CO) (Ph3P)2]C104 (3)

Fig. 1. Infrared spectra of the solid (II) measured in 
Nujol mull： (a) immediately after isolation from 
acrylonitrile, (b) after 1 hour under N2 at 25 °C, (c)
after 24 hours under N2 at 25 °C.

Vaska's catalyst and its derivatives react with 
olefins to give olefin adducts (2 for example).

Now, one may deduce three iridium compl
exes, [Ir (C1O4) (CO) (Ph3P)』，[(AN)Ir (CO)- 
(Ph3P)22C104 and [ (AN)Ir (C1O4) (CO) (Ph3P)2] 
as the possible compounds which may be obta
ined from the solution ( I). 5 seems to be [Ir- 
(C1O4) (CO) (Ph3P) 2] which has been known to 
나igw a i^co at 1990 cm-1.6a The ^co would be 
higher in [ (AN) Ir (C1O4) (CO) (Ph3P)2] than in 
[(AN)Ir(C0)(Ph3P)2]C104 because of the hi
gher coordination number for the former and 
high electronegativity of CIO]-, which causes 
decrease in -donation from Ir to CO6a in 
[(AN) Ir (CIO4) (CO) (PI13P) 2] while such effect 
would be negligible in [(AN)Ir(CO) (Ph3P)2]- 
CIO4. It is now easily seen. that 3 (with yCo at 
2020 cm-1) and 4 (with yCo at 2080 cm-1) would 
be [(AN)Ir(CO) (Ph3P)2]C104 and [(AN)Ir 
(CIO4) (CO) (Ph3P) 2], respectively. The conduc
tance value of the solution ( I ) described above 
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also supports the presence of [ (AN) Ir (CO)- 
(Ph3)2] CIO4.

It is seen in Fig. 1 that (i) the intensity of 
2270 cm-1 band decreases with decrease of 2080 
cm-1 band intensity while the intensity of 2220 
cm-1 band increases with increase of 2020 cm-1 
band intensity, and (ii) the intensity of 2220 
cm-1 band increases at the expense of 2270 cm-1 
band. This observation suggests that the bands 
at 2270 and 2220 cm-1 are due to 心 for 4 
(L(AN)Ir(ClO4) (CO) (Ph3P)2]) and 3 ([(AN)・ 
Ir(CO) (Ph3P) 2]C1O<), respectively.

Both of 3 and 4 may be cataly tically active 
for the polymerization o£ AN although 3 may 
be more favorable one since it provides more 
room around iridium. Further investigation is 
being undertaken for a detailed reaction me
chanism.

ACKNOWLEDGEMENTS

Authors wish to appreciate Professor L. 
Vaska's generous gift of the iridium complex, 
and the financial support from the Korean 
Scienceland Engineering Foundation.

REFERENCES

1. Infrared spectrum of the white produt is identical 
with that of authentic polyccrylonitrile (see 
J. Urbanski, W. Czerwainsk, K. Janicka, F. 
Majewska, and Zowall, "Handbook of Analysis 

of Synthetic Polymers and Plastics", P. 411 
〜412, John-Wiley & Sons Inc., New York, 
U.S. A., 1977.

2. (a) M. F. Wemeke, Ph. D. Thesis, Clarkson 
College of Technology, Potsdam, New York, 
U. S. A., 1971； (b) L. Vaska, Account Chem. 
Res., 335 (1968).

3. Detailed experimental results and discussion would 
be published elsewhere.

4. G. Odian, ^Principles of Polymerization", P. 164, 
McGraw-Hill Co., New Yosk, U. S. A., 1970.

5. Molar conductance of the solution ( I ) ([Ir] = 10-5 
M) is 70 ohm-1 (molar conductance of a standard 
1 : 1 electrolyte, [(ChH7)4N]PF& in AN is 105 
ohm-1).

6. a) J. Peone, Jr. and L. Vaska, Angew. Chem. 
Ini. Ed. En이., 10, 511 (1971)； (b) L. Vaska 
and J. Peone, Jr., Suomen Kemistilehti, B44, 
317 (1971) ； (c) L. Vaska, L. S. Chen and 
C. V. Senoff, Science, 174, 587 (1971) ； (d) L. 
Vaska and M. F. Wemeke, Trans. N. Y, Acad. 

Science^ 33, 70 (1971), (e) L. Vaska and L. S. 
Chen, Chem. Cornmun.^ 1080 (1971), (f) L. 
Vaska, W. V. Miller and B. R. Flynn, ibid, 1615 
(1971) ； (g) L. Vaska and J. Peone, Jr., ibid, 
418 (1971) ； (h) L. Vaska, Inorg. Chim. Acta, 
5, 295 (1971) ； (i) B. R. Flynn and L. Vaska, 
J. A^ner. Chem, Soc., 95, 5801 (1973)； (j) B. 
R. Flynn and L. Vaska, Chem. Commun., 703 
(1974) ； (k) R. Brady, W. H. Decamp, B. R. 
Flynn, M. L. Scheider, J. D. Scott and L. 

Vaska, Inorg. Chem., 14, 2669 (1975)-

Vol. 25, No. 1, 1981


