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ably involve metal hydride intermediates. In
addition to the above objections, structures VId and
VIIIb and scheme (2) appear to be unlikely in view
of the results of kinetic and deuterium isotope
studies which will be reported in future papers in
this series.

No detailed structural work has been done on the
linear tetramers, pentamers, hexamers, and higher
oligomers of the monoalkylacetylenes. Analysis of
their infrared spectra and gas chromatograms sug-
gests, however, that these higher oligomers may
also each consist of only a pair of isomers. The
small number of isomers can be rationalized by as-
suming a stereospecific and nonrandom incorpora-
tion of nonterminal monomer units. Structural
differences would then appear only in the terminal
olefinic monomer unit.

The infrared bands for the terminal monomer
units (R—C=C—, trans—CH=CHR and —CR=
CH,) decrease in intensity as the number of mono-
mer units in the chain increases. However, the
position and intensity of the double bond band at
1625 em.—* does not change in the higher oligomers.
In their studies on the linear high polymers of 1-
hexyne, Natta et al.'® have assigned a band at the
same place to the double bonds in the polymer re-
sulting from the stereospecific head-to-tail coupling
of monomer units by cis additions to the triple
bonds (structure XV) in the manner of scheme (1)
above. It would then appear that the higher oligo-

(16) G. Natta, G. Mazzanti, G. Pregaglia, and M.
Peraldo, Gazz. Chim. Ital., 89, 465(1959).
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mers formed in this reaction are most likely to be
mixtures of structures XVI and XVII. If this
latter assumption is valid, it has great significance
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with regard to the mechanism of formation of these
linear products. Studies of both the catalyst acti-
vation and polymerization processes will be pre-
sented in later papers, where more detailed mech-
anisms for these reactions will be considered.
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The polymerization of HC=C—(CH,),—C==CH (n =2-5) with dicarbonylbis(triphenylphosphine)nickel Ni(CO)o(PhsP),
in refluxing cyclohexane yields both low and high molecular weight polymer products containing linear conjugation (n =
2-5) and aromatic fused ring structures (n = 3, 4 only), the latter resulting from a novel cyclization reaction. Copolymeriza-

tion with monoalkylacetylenes affords analogous products.

In the first paper in this series,® we reported the
results of a study of the polymerization of a wide
variety of mono- and disubstituted acetylenes with
dicarbonylbis(triphenylphosphine)nickel. This

(1) Paper II in this series:
Colthup, and G.
(1961).

(2) Presented in part at the 138th Meeting of the Ameri-
can Chemical Society, New York, N. Y., September 1960.

(3) L. 8. Meriwether, E. C. Colthup, G. W. Kennerly,
and R. N. Reusch, J. Org. Chem., 26, 5155 (1961).

L. 8. Meriwether, E. C.
W. Kennerly, J. Org. Chem., 26, 5163

paper presents the results of an extension of this
reaction to terminal unconjugated diacetylenes.

In the only previous attempt to polymerize ter-
minal unconjugated diacetylenes, Stille and Frey+*
obtained red to black soluble polymers from the
reaction of 1,6-heptadiyne with Ziegler-type cat-
alysts, while 1,7-octadiyne and 1,8-nonadiyne gave
cross-linked polymers with the same catalysts.
Chemical and physical evidence suggested a struc~

(4) J. K. Stille and D. A. Frey, J. Am. Chem. Soc., 83,
1697 (1961).
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TABLE 1
PorymeRrIzZATION OF D1acETYLENES WITH Ni(CO)2(Ph;P); 1N REFLUXING CYCLOHEXANE®

Catalyst Reaction %

Concn., Conen. Time, Acetylene

Acetylene Wt., G. Moles/L. (Moles/L.) Hr. Reacted?®
1,5-Hexadiyne 2.0 0.60 0.006 11/ 100
1,6-Heptadiyne 23.0 1.67 .011 3 100
1,6-Heptadiyne 46.0 1.67 .01 2t/s 95
1,7-Octadiyne 26.5 1.87 011 2 95
1,8-Nonadiyne 20.2 - 1.17 .010 2 100
1-Heptyne + 1,5-hexadiyne, 1:1 3.6, 3.0 0.52,0.52 .007 3 70
1-Pentyne 4 1,6-heptadiyne, 1:1 10.2,13.8 1.31,1.31 .014 3 100
1-Heptyne + 1,6-heptadiyne, 1:1 4.8, 4.6 0.54,0.54 .006 3 100
1-Heptyne + 1,7-octadiyne, 1:1 12.0,13.3 0.82,0.82 .011 3 100
1-Heptyne -+ 1,8-nonadiyne, 1:1 9.5,11.4 0.76,0.73 .014 2 100
1-Pentyne + 1,6-heptadiyne, 9:1 10.2,1.08 2.28,0.26 .009° 3 100
1-Pentyne + 1,7-octadiyne, 20:1 15.0,1.1 2.23,0.11 .008¢° 21/y 100
1-Pentyne -+ 1,7-octadiyne, 100:1 15.0,0.21 2.25,0.024 .008¢ 3 90
1,6-Heptadiyne + 1,7-octadiyne, 1:1 4.6,5.1 0.54,0.52 .006 3 100

o All experiments were carried out in a nitrogen atmosphere. ¢ Based on the disappearance of the monomer C==C—H
bands at 2130 em. ~!in infrared. ¢ These experiments were run in refluxing acetoritrile using dicarbonylbis[tris(2-cyanocethyl)-

phosphine]nickel ag catalyst.

ture for poly-1,6-heptadiyne containing a polymer
backboneof alternating singleand double bondswith
a cyclic repeating six-membered ring resulting from
the stereospecific heat-to-tail coupling of acetylene
groups.

This polymer appears to be structurally unrelated
to the products obtained from 1,6-heptadiyne in the
present work,

EXPERIMENTAL

Materials. The following research grade acetylenes were
obtained from the Farchan Research Laboratories: 1-pen-
tyne, 1-heptyne, 1,6-beptadiyne, 1,7-octadiyne, 1,8-nonsa-
diyne; these were used without further purification. 1,5-
Hexadiyne was synthesized according to the procedure of
Pomerantz et al.5 Dicarbonylbis(triphenylphosphine)nickel
and dicarbonylbis{tris(2-cyanoethyl) phosphine]nickel were
prepared by published methods.%? ““Spectro’’ grade cyclo-
hexane and acetonitrile were obtained from Eastman,

Procedure. The following procedure was used in all of the
polymerization experiments listed in Table 1. The acetylene
monomer {or mixture of monomers), solvent, and nickel
complex were mixed at room temperature and were then
heated in a nitrogen atmosphere at reflux (about 80°) until
the reaction was over (2-3 hr.). The product isolation pro-
cedure depended on the solvent used in the reaction. When
acetonitrile was used, petroleum ether (b.p. 30-60°) was
added to the cooled reaction mixture and it was then washed
thoroughly with 109, aqueous hydrochloric acid and finally
with water. The petroleum ether layer was separated, dried,
and the petroleum ether was removed from the polymer
product. When present, the lower molecular weight prod-
ucts were separated from the high polymer by vacuum frac-
tionation.

Products. The analytical data on the reaction products are
summarized in Table II. These products were identified from
their infrared, ultraviolet, and mass spectra and in a few
cases by elemental analysis and oxidative degradation to

(5) P. Pomerantz, A. Fookson, T. W. Mears, S. Roth-
berg, and F. L. Howard, J. Research Natl. Bur. Standards,
52,51 (1954).

(6) J. D. Rose and F. 8. Statham, J. Chem. Soc., 69
(1950).

(7) L. S. Meriwether and M. L. Fiene, J. Am. Chem.
Soc., 81, 4200 (1959).

compounds of known structure. Linear acetylene polymers
were identified by infrared bands at 1625~1650 (double bond
stretch), 970-980 (indicative of trans configuration of hydro-
gen atoms about a double bond) and 890-900 cm. ! (indica~
tive of a vinylidine H,C=CR— group) and by ultraviolet
absorption in the 250-300-my region with high absorptivi-
ties. The 1,2,4-trisubstituted aromatic groupings were dis-
tinguished by infrared absorption in the 1600-1625 (double
bond streteh), 1500-1525 (half ring stretching, half ring con-
tracting), 860-880 (isolated hydrogen bending) and 800-820
em.”? (two adjacent hydrogens bending) regions, and by
ultraviolet absorption between 260 and 280 my with & =10-
15. The relative amounts of conjugated linear polyene and
aromatic groupings in the high polymers could be estimated
by comparison of the intensities of the 970-980 e¢m.~? and
800--820 cm. ! bands in their infrared spectra. The molecular
weights of the oligomers were readily determined from the
‘“‘parent peaks’’ in their mass spectra. The concentration of
different molecular weight species in a mixture of oligomers
could also be approximately ascertained from their mass
spectra. The instruments used in this work have been de-
seribed previonsly.®

Potassium permanganate oxidation of 1,3-bis(6-indanyl)-
propane. The procedure of Bucher® was used. A solution of
7.2 g. of 1,3-bis(5-indanyl)propane in a mixture of 50 ml. of
pyridine and 25 ml. of water was heated on a steam bath in a
3-1. flask provided with a reflux condenser. During the course
of 30 min., 61.6 g. of powdered potassium permanganate was
added, the flask being shaken after each addition of potas-
sium permanganate to keep the mixture in a pasty condition.
Water wag added as necessary (about 100 ml). The heat-
ing and shaking were continued until all the potassium per-
manganate had been reduced (about 1 hr.). The pyridine
wasg then steam distilled and the manganese dioxide was fil-
tered from the water solution. The water solution was acidi-
fied with coneentrated sulfuric acid to pH 1.5 and then con-
tinuously extracted with ether. Four grams of trimellitic acid
(379%,) was isolated from the ether layer, m.p. 215-216° deec.
(reported? m.p. 218°). A mixed melting point with an authen-
tic sample of trimellitic acid showed no depression. The in-
frared spectrum was identical with that of the known com-
pound.

Potassium permanganate oxidation of s-propylindane and
5-amylindane. Three grams of S-propylindane (from the
copolymerization of l-pentyne with 1,6-heptadiyne) was

(8) J. E. Bucher, J. Am. Chem. Soc., 32, 374 (1910).
(9) W. Schultze, Ann., 359, 129 (1908).
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oxidized with 17.7 g. of potassium permanganate by the
same procedure as above to yield 1 g. of trimellitic acid, m.p.
215~216° dec. A similar yield of trimellitic acid was obtained
from the permanganate oxidation of 5-amylindane.

Potasstum permanganate oxidation of reaction product of
1-heptyne and 1,7-octadiyne, 1:1. The viscous product (15 g.)
from a copolymerization of equimolar amounts of i-heptyne
and 1,7-octadiyne was immediately oxidized by the above
procedure without prior work-up. The benzenetricarboxylic
acid, obtained in poor yield (1 g.), had an infrared spectrum
showing it to consist of about 809, trimellitic acid and 209,
trimesic acid.

RESULTS AND DISCUSSION

In Table I are listed the experiments performed
with unconjugated terminal diacetylenes, including
homopolymerization and copolymerization with
monosubstituted monoacetylenes. The products of
these reactions are described in Table II. In most
cases the catalyst was dicarbonylbis(triphenyl-
phosphine)nickel, the monomer to catalyst ratio
was in the range of 100:1 to 300:1, and the reac-
tions were carried out in refluxing cyclohexane
under a nitrogen atmosphere. Three of the experi-
ments were run in refluxing acetonitrile with diear-
bonylbis[tris(2-ecyanoethyl)phosphine] nickel, but no
significant difference was noted in the nature of
the products from these two different catalysts.
The reactions exhibited an induction period of about
twenty min. duration, after which quantitative
conversion of monomer (based on disappearance of
the terminal acetylene bands in the infrared) usually
occurred in two to three hours. However, the pres-
ence of unchanged terminal ethynyl groups was
noted in a few of the polymer products.

Hompolymers. High molecular weight homo-
polymers were obtained from the whole series of
diacetylenes examined, HC=C—(CH,),—C=CH
(n = 2-5). A yellow cork-like, high melting (m.p.
> 300°), presumably highly cross-linked polymer
was the only product from 1,5-hexadiyne. No sol-
vent for it could be found, and a satisfactory min-
eral oil mull could not be prepared for an infrared
spectrum. The coupling of acetylene groups prob-
ably was exclusively linear in this polymer, whose
structure might be represented as I (n = 2), with a
completely random arrangement of monomer units
in the polymer structure. Its insolubility and
rigidity may be attributed to the presence of rather
short alkylene chains between the groups of con-
jugated double and triple bonds.

The next higher homolog, 1,6-heptadiyne, formed
two types of polymeric products, (1) a 75-809,
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yield of viscous, undistillable brown tar, which was
soluble in hydrocarbon solvents such as benzene
and cyclohexane, but formed a hard film after
standing for several days in the air, finally harden-
ing to a resin; and (2) a 20-259%, yield of the aro-
matic trimer, 1,3-bis(5-indanyl)-propane (III).
This latter product arose from a novel type of
catalytic cyclization reaction in which two triple
bonds from one diacetylene monomer reacted with
one triple bond of a second monomer molecule to
form the indane ring system. The structure of III
was proven by the virtual identity of its infrared
and ultraviolet spectra with those of a sample of 5-
ethylindane and by its permanganate oxidation to
trimellitic acid. The corresponding dimer product,

/CH
G I(ﬁ —
CH:—Cy G i (CHz)s—C=CH
Nen \ «—C=CH
r— cmn@

HC__C——(CH )s—C=CH

5-(4-pentynyl)indane (II), which is presumably the
intermediate in the formation of III, was not iso-
lated, although a small lower-boiling fraction ob-
tained in one experiment may have contained some
of this dimer. Since quantitative disappearance of
the terminal ethynyl groups was observed in the
reaction, this initially formed dimer must have

B —C=CH— —C=C—CH=C—
CH, (ICHz).‘ ((lJHg)n
-—C_C——é—( CHz)n—C—-C—é‘r—CH—-CH—CH-—( CH,;)s—CH=CH—C=CH—C=CH—C=C—
('CHz)a
~—~C=CH—

reacted at the remaining acetylene group to give
either IIT or high polymer.

From its infrared spectrum, the tarry higher poly-
mer of 1,6-heptadiyne was found to contain both
1,2 4-trisubstituted aromatic and linear conjugated
groupings. This product could have resulted either
from the random polymerization of the diyne in
both a cyclic and linear manner to give a polymer
structure such as IV (n = 3), or the preformed di-
mer (II) may have further polymerized in a linear
fashion to give products (V) analogous to those ob-
tained from monoalkylacetylenes.! A formulation
such as V (n = 3) would seem to be favored for this
product because of its high aromatic content and
good solubility, the latter suggesting a relatively
low molecular weight (m < 20) and little cross-
linking. The general tendency to resinify in these
polymers is probably due to the oxidative cross-
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linking of the linear unsaturated portions on stand-
ing in the air.

1,7-Octadiyne homopolymerized to a high molec-
ular weight rubbery polymer which swelled in
hydrocarbon solvents, but only a small part dis-
solved. Its infrared spectrum indicated the pres-
ence of both 1,24-trisubstituted aromatic and
linear conjugated groupings as well as a small
amount of residual terminal acetylenic groups.
This polymer contained a lower proportion of aro-
matic structures than the high polymers of 1,6-
heptadiyne. Its structure is probably best de-

ompletely soluble in benzene and

petroleum ether.
petroleum ether

\
/

QOther data
Swells in hydroearbon solvents.
Soluble in benzene, insoluble in

Forms a surface film in air.

C

s 2 seribed by IV (n = 4) with some crosslinking and a
g % =3 S :; few.S-hexynyl substituents on the linear ponjugated
Zg NG SN R chains. The rubbery character of this polymer
2 g ca Ts £2 $§ may be attributed to the longer polyalkylene chains.
& a = S S 1 No volatile low molecular weight products corre-
- NS o o [N o R L, NK . . X
43 < & 2SR IE 2 spondlng to thqse from 1,6-heptadiyne were 1sqlated
2 NI S B NORENC I NE from this reaction. However, the soluble portion of
B %‘:.8; = i ‘ﬁ;& %ﬁ gg the high polymer had an ultraviolet spectrum very
~ S o @ 29 B similar to that of a substituted tetralin, suggesting
that small amounts of 1,4-bis(6-tetralyl)butane or
v . products of structure V (n = 4) had been formed.
R S E The tendency to aromatize to the condensed ring
§:‘ g 0 2 system is clearly much less in the ecase of 1,7-octa-
b = - diyne than with 1,6-heptadiyne.
~|Bg |8 S 8
TIES|® % S The reaction with 1,8-nonadiyne yielded an in-
g E |3 £ S B & B £ soluble rubbery high polymer. Its infrared spectrum
g P = e 5 = contained bands for linear conjugated chains but no
< — 7] o] o] < =7 [ . . N . . .
~ ST o o © ® © evidence of aromatic groupings, indicating a strue-
2 ture resembling I (n = 5). Separation of the ter-
E 2 0 minal ethynyl groups by a chain of five methylene
S| E & = w R g ® groups is sufficient to completely inhibit intramo-
lecular cyclization. Hence the tendency to form aro-
matic products among these nonconjugated ter-
5 minal diacetylenes is primarily a function of the
p_*g number of methylene groups separating the two
s ethynyl groups, reaching a maximum at n = 3
M (1,6-heptadiyne).

Copolymers. A study of the copolymerization of
this series of unconjugated terminal diacetylenes
with monoalkylacetylenes has also been made with
a view to preparing (1) a series of low molecular
weight products such as 5-alkylindanes, 6-alkyltet-
ralins, and 1:1 and 2:1 linear coupling products
and (2) high molecular weight linear copolymers
containing high proportions of monoalkylacetylenes
and correspondingly small amounts of the diacety-
lenes. Earlier studies® had demonstrated that simi-
larly substituted monoacetylenes would readily
copolymerize with this catalyst to give products an-
alogous to those formed by the pure monomers.
Thus it was anticipated that both oligomeric prod-
uets and high polymers would result from copoly-

solidifies to a rubbery polymer.
Dark brown viscous liquid containing
(C7Hy), (CsHs)s, (C7Hs)s and

higher polymers

2) Yellow-brown solid polymer
(CEHB)Zy (Can)ay (CbH8)47 (C5H8)5 and

higher polymers
Red-orange liquid containing 149,

(CiHy)o( CoH,ye) and higher polymers

1) Yellow liquid containing (CsHs)-
(CsHs)e, 689 (CsHs)s, 8% (CsHs)s

and 10% (CaHs)s

1,6-Heptadiyne + Brown viscous oil containing (C;Hs),,
(CrHs)o(CsHio), (CHs)(CsHio)s,

Product or Fraction
2) Viscous brown oil which rapidly
(CHy)s, (C:H)X(CoHia), (CiHig)s,
(CsHio)s and higher polymers

Orange gummy mixture containing
2 (g) = strong, (w) = weak. ? Percentages are based on the relative peak heights and refer only to that part, of the material with mol. wt. <400. © Contains occluded solvent.

& g & & & merizations of monoalkylacetylenes with these di-

g +,§, _1_.%’ _{hg, -l—-g’ g acetylenes. Since only low molecular weight prod-
=1 g T oo g 03 o3 3 ucts resulted from the homopolymerization of
] 2 g E’; 2 E: E - E T-a% monoalkylacetylenes,? it was additionally surmised
< b BT oo S 2T that small amounts of difunctional terminal diace-
TTCATS ATRAsTmTem T tylenes added to these reactions might couple to-
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(CHy),

(CHa)n

(CHy)p,

(CH”Z]@-sz)n—cEc~<c|:=CH>n—CH=CH—<CH2>r©©CH2)"
(CHz)mHz)n

v

gether the short monoalkylacetylene chains to form
high molecular weight polymers having unsaturated
portions separated by short polymethylene chains.

Each of the four diacetylenes, HC=C—(CHz),—
C=CH (n = 2-5), was treated in turn with an equi-
molar amount of 1-heptyne. The reaction with 1,5-
hexadiyne produced a dark brown undistillable
liquid copolymer, containing both aromatic and
conjugated linear structures. A mass spectrum of
the freshly prepared product did show the presence
of dimers and trimers of 1-heptyne, but the bulk of
the reactants, including all of the diacetylene, ap-
peared to have formed higher polymers.

The product of the 1:1 reaction of 1,6-heptadiyne
and 1l-heptyne was more stable and was readily
fractionated to give a large amount of the 1:1
adduct along with 1-heptyne dimers and trimers and
1,6-heptadiyne trimer. The mass spectrum of the
mixture before distillation was consistent with the
isolated yields. The 1:1 adduct was identified as 5-
amylindane from its infrared spectrum and by per-
manganate oxidation to trimellitic acid. A second
experiment in which 1-pentyne was substituted for
the 1-heptyne gave a similar result except that the
vields of 5-propylindane and the 1-pentyne dimers
and trimers were much lower.

The 1:1 copolymerization of 1-heptyne with 1,7-
octadiyne produced a viscous brown oil which
rapidly hardened to a rubbery high polymer. An
infrared spectrum of the oil had bands for 1,2,4- and
1,3,5-trisubstituted benzene rings and linear con-
jugated systems, the latter being in higher con-
centration. Permanganate oxidation of a fresh
sample of this oil produced a 4:1 mixture of tri-
mellitic and trimesic acids. The small amount of
vellow oil extracted from the rubbery high polymer
consisted mainly of the 1:1 adduct along with smal-
ler amounts of 1-heptyne dimers and trimers and
traces of higher oligomers. The results of the per-
manganate oxidation of the whole reaction product,
as well as the absence in this fraction of terminal
acetylene absorption in the infrared, suggest that

the 1:1 adduct may be 6-amyltetralin. The 1:2 and
2:1 adducts could have either aromatic or linear
structures.

Finally, an attempt was made to form mixed
diacetylene coupling products by the reaction of
equimolar quantities of 1,6-heptadiyne and 1,7-
octadiyne. The product of this reaction, a viscous
oil which did not harden on standing in the air, was
highly aromatic. Although conclusive evidence is
laeking, this product mixture probably contains
aromatic diacetylene trimers of general structure VI
where any combination of n = 3 or 4 is possible.

(CHZ);\@-(CHm—@[ECH”"

VI

The higher incidence of 1,6-heptadiyne in the lower
molecular weight products is consistent with its
greater tendency than 1,7-octadiyne to form these
fused ring aromatic structures.

In order to achieve the second objective of the
copolymerization studies—the formation of high
polymers of monoalkylacetylenes by incorporating
small amounts of diacetylenes—a series of reactions
of 1-pentyne with 1,6-heptadiyne and 1,7-octadiyne
at molar ratios of mono- to diacetylene of 9:1 down
to 100:1 was investigated. At the moderate ratios
of 9:1 and 20:1 some higher polymers were formed.
Better results were obtained with 1,7-octadiyne
than with 1,6-heptadiyne since no aromatic mate-
rial resulted with the former. However, at a 100:1
ratio of 1-pentyne to 1,7-octadiyne, the product mix-
ture was virtually the same as that obtained in the
homopolymerization of 1-pentyne, consisting only
of low polymers. It appears that the presence of the
diacetylene does not affect the number of mono-
acetylene molecules that will react in a linear fash-
ion before polymerization stops. This is in the range
of two to ten for the lower alkylacetylenes. There-
fore, the use of mono- to diacetylene ratios much in
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excess of 10:1 would be of no further advantage.
This is consistent with the observation that fairly
high concentrations (greater than 5-10 mole per
cent) of added diacetylenes are necessary to signif-
icantly increase the average molecular weight of
polymers of monoalkylacetylenes.

CONCLUSIONS

The four terminal unconjugated diacetylenes in-
cluded in this study may polymerize with nickel-
carbonyl-phosphines in two different ways: (1)
by linear condensation and (2) by intramolecular
aromatization. Each ethynyl group can react inde-
pendently of the other to form linear acetylene
polymers regardless of the number of carbon atoms
lying between. In this respect their behavior is
analogous to that of a monoalkylacetylene. How-
ever, these monomers differ greatly in their ability
to undergo intramolecular aromatization, cycliza-
tion decreasing in the order 1,6-heptadiyne > 1,7-
octadiyne >> 1,5-hexadiyne, 1,8-nonadiyne. An-
alogous results are obtained in copolymerizations
with monoalkylacetylenes. This suggests that dur-
ing the cyclization reaction both ends of the diace-
tylene chain must be coordinated to the nickel
catalyst. An examination of molecular models lends
support to this since only in 1,6-heptadiyne and to
a lesser degree in 1,7-octadiyne can the two acety-
lene groups assume a conformation in which they
can both coordinate by w-bonds to the nickel atom
and, at the same time, the two penultimate carbon
atoms are sufficiently close for bond formation.

The nature of these intermediate nickel-diacety-
lene complexes is unknown. Two types of »-bonded
structures are possible, VII, in which the diacety-
lene is acting as a bidentate chelating ligand, and

d¢CH
27N\ v (CHa)n
(CHyn Ni
S N
XS Ni
VII VIII
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VIII, in which the two acetylene groups are coor-
dinated as a w-cyclobutadiene group.

There have been no transition metal complexes
reported containing a chelating unconjugated di-
acetylene ligand, although many examples of
chelating unconjugated diene complexes are
known. Several =-cyclobutadiene complexes of
transition metals have recently been reported,!!
and their occurrence as intermediates in acetylene
polymerization reactions has been postulated by
several workers.!?

It would appear that the most likely mechanism
for the cyclization reaction would involve attack by
another acetylene group on the intermediate nickel
complex (VII or VIII). Once formed, the product
could then dissociate from the catalyst complex.
The linear polymerization of the diacetylenes prob-
ably proceeds by the same mechanism as that sug-
gested for the linear polymerization of monosub-
stituted acetylenes in the preceding paper.! Further
experiments with deuterium-labeled acetylenes
are underway to test these conclusions.
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