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During the course of our studies (1) with a7 transition metal complexes and acetylenic
compounds, the reactions of potassium hexacyanodinickelate(I), K4Nis(CN)g, (2) were investi-

gated. We now wish to report that aqueous solutions of K4Nip(CN)g will oligomerize disubsti-

tuted acetylenic compounds at atmospherlic pressure with ease. This novel result actually

complements and extends former observations on the reactions of acetylenic compounds (3) ana
Ni(II) cyanide systems, but in some respects it is in sharp contrast to similar reactions (k)
of d7, [Co(CN)s1®” which gives only trans-[ (CN)sCo(CHZ020-0=C~COoCHa )Co(CN)s K-

Thus blood red aqueous solutions of K4N12(CN)6 at 25°C reacted exothermically with
alcoholic solutions of dimethyl acetylenedicarboxylate (A) to give > 80% yieldsfof hexamethyl-
mellitate, which was identified by mixed m.p. and spectral comparisons with an authentic sample.
When a ten-fold or one-hundred fold excess of (A) was used, the yield of trimer was 99%,
although to achieve this result it was necessary to heat the reaction mixture to 50°C. Tri-
merization of (A) may continue even after removal of the product. Thus the Ni(I) cyanide
system is catalytic in its behavior, although it is eventually destroyed and Ni(II) cyanide
can be isolated from the reaction mixture. However, as long as sufficient (A) was present in
the system and the temperature was moderated, the catalyst system appeared to remain viable.

The solutions of K Nis(CN)g seem to be most effective catalytically with acetylenic
compounds that have "electron-withdrawing" substituents. Thus hexyne-3 was least reactive
and < 1% hexaethylbenzene was isolated from the reaction mixture. Furthermore, acetylenic
compounds which are not soluble in water gave no evidence of reaction. The reaction with

acetylene gas (5) yielded a thick dark brown to black mass in % hr; the isolated material had
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t Yields were calculated on the basis of dimethyl acetylenedicarboxylate
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spectral properties which were similar to a linear acetylene polymer. No evidence for benzene
or cyclooctatetraene was found. The presence of non-aqueous solvents such as tetrahydrofuran
(THF) or ethanol severely limited the catalytic nature of Nip(CN)g?~. In the presence of
acid the formation of trimer was drastically curtailed and reduction of (A) to dimethylfumarate
and dimethylsuccinate was observed by vpc analysis of the reaction mixture.

A surprising observation was noted when the reaction mixture with (A) was filtered from
the trimer and then added to a large volume 6f alcohol. A small amount of oll separated
which slowly crystallized to a pale yellow, vefy hyeroscopic solid (6). Anal. Calcd. for
[ (CN)aNi (CHA0C -C=C -C00Hg )N (CN ) 51K, *2H20. €, 23.70; H, 1.66. Found: C, 23.1T; H, 1.92.
An infrared spéctrum of the solid in perfluorokerosene showed the presence of -OH stretching
bands from coordinated water, C-H stretching absorptions, and a carbonyl peak at 1710 em L.
Additional bands at 2175, 2125, and 2100 cm  (KBr pellet) were observed, and assigned to
vCE¥.stretching_freqyencies. This is consistent with bands observed for the cobalt complex.
The soiih 21s very solvivle an water. "Be were undvle TO O60Taan any organic bderivative alter
treariing 4 warRn AUty v R RAULSE L ltd wird, E’Zia-. T T R RIRRN WARFARL LS,
NiGR L @A, U L PURKVWEWM R R VIR TTANIUL 7 AR CITWTUIUERSG | ARG IRTR U wRWARY

a coordapatively saturated comflex as postulated by Storauzer 17.%) s The active speches,

Since we have found that CN is beneficial to the trimerization the formation of an

active species may occur as follows (g}):

+

Nip(CN)g®™ 2CN- = 2Ni(CN),.%"

+

Ni(CN)43" 3L =  Ni{CN)glLa®~ + ON°

L = disubstituted acetylene
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This proposal is further supported by the observation that paramagnetic nickel salts are the
best catalytic agents (7), and the only way to form such a species from the diamagnetic
Nio(CN)e*™ in solution is to promote cleavage by the disubstituted acetylene or CN to yield

the paramagnetic 4 or 42 complex (10).
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Tt is perhaps a matter of speculation whether [Nin(CN)g]%™ is d7 or d® in electronic

structure, since the structure of the ion is not exactly clear.



