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B-Styrylcinnamic acid was similarly prepared in yield of 40%:
mp 146-147° (lit.!2 mp 145-146°).

Saturated Acid. g,8-Diphenylisobutyric Acid.—A mixture
of 2.6 g of t-butyl g-hydroxy-8,8-diphenylisobutyrate, 25 ml of
glacial acetic acid, 1.5 g of red phosphorus, 0.5 g of iodine, and
1 ml of water was heated to boiling for 80 min. The cooled
solution was filtered through sintered glass, the red phosphorus
was washed with acetone, and the filtrate and washings were
combined and concentrated under reduced pressure. The residue
was treated with 80 ml of water containing a little sodium bi-
sulfite and extracted with ether. The ethereal solution was
washed with water, and the acid was extracted from this solu~
tion with 109, sodium carbonate solution. The alkaline ex-
tract was acidified with concentrated hydrochloric acid and the
isobutyric acid which separated was filtered. The acid ob-
tained weighed 1.0 g (509%) and melted at 160.5-161° (lit.!3
mp 160-161°).

Similar operations were applied to the other t-butyl S-hy-
droxy esters and the results are summarized in Table I1.
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Luttinger'—® and Green* proposed recently a new
type of catalyst in the cyclization reactions of ace-
tylenes. These catalysts consist of a mixture of a
salt of a transition metal [i.e., Co(INOs)s (BusP)s-
NiCl, ete.) and a hydridic reducing agent, such as
NaBH4 or L1A1H4

According to these authors the new catalytic system
offers many advantages over the Ziegler-Natta-type
catalysts, being easy to prepare and more stable
toward moisture and oxygen. '

We examined the activity of the catalytic system,
(Ph;P);NiCl,-NaBH,, on the cyclization reactions of
acetylene, methylacetylene, phenylacetylene, and iso-
propenylacetylene in order to compare the activity of
this catalytic system with that of the TiCl—AlI(C.Hj;)s
Ziegler-Natta-type catalyst used by us in our previous
investigations on the aromatization reactions of acety-
lenic hydrocarbons.5—#
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Experimental Section

Polymerization of Acetylene.—Anhydrous tetrahydrofuran
(50 ml) was introduced into a three-necked reaction flask equipped
with a magnetic stirrer. The solvent was deaerated by a nitro-
gen stream, and 612 mg of (Ph;P):NiCl; and 500 mg of NaBH;
were added. The nitrogen stream was interrupted and the
reaction flask was connected to an acetylene gas buret. The
nitrogen atmosphere was replaced by flushing about 200 cc of
acetylene into the reaction vessel. The absorption of acetylene
stopped spontaneously after about 5 hr. In a typical polym-
erization run, 1300 cc of acetylene was absorbed. The reac-
tion temperature was kept constant at about 10° by cooling
the reaction flask with an external water bath. During the
course of the reaction, a black precipitate separated and the
reaction solution became dark brown. At the end of the re-
action, the catalyst was decomposed by adding HCI (1:1),
until no more gaseous evolution was observed. The black
product was filtered (mean yield 8.29, of the absorbed mono-
mer). This black product has a very similar infrared spectrum
and behavior on chlorination to the black polymers obtained in
the polymerization reactions of acetylene carried out over
Ziegler-Natta catalysts.

Gas chromatographic analysis of the reaction solution re-
vealed only traces of benzene.

The yield of benzene was not improved by using LiAlH, as
the reducing agent.

Cyclization Reaction of Methylacetylene.—The cyclic tri-
merization of methylacetylene can give 1,3,5- and 1,2,4-tri-
methylbenzene.

In order to get a better yield of aromatic products, we varied
some reaction factors: (a) reaction temperature, (b) amount
of the catalyst, (¢) NaBH4:(PH;P).NiCl: ratio, (d) reaction
solvent, (e) the order in which Ni complex, reducing agent,
and monomer were added to the reaction solvent, (f) amount of
oxygen and water impurities present in the reaction mixture,
(g) amount of triphenylphosphine, and (h) type of reducing agent.

The aromatic products were analyzed by gas chromatography,
using o-xylene as internal standard.

The results are summarized in the Table I. The best yield of
aromatic products (about 15%) was achieved using a reaction
procedure very similar to that reported above for acetylene:
that is reaction temperature, 20°; (Ph;P);NiCl.: NaBH,, 1:14;
and solvent, anhydrous tetrahydrofuran.

We also carried out some polymerization runs adding an excess
of triphenylphosphine to the reaction solvent in order to prevent
decomposition of the (Ph;P):NiCl, complex. However, sta-
bilization before addition of the reducing agent did not improve
the yield of aromatic products [Table I, (g) 13-15].

Cyclic Cotrimerization of Acetylene and Methylacetylene.—
The cyclic cotrimerization of these two hydrocarbons can give
benzene, 1,2,4- and 1,3,5-trimethylbenzene, and o- m-, and p-
xylene.

The reaction procedure used was similar to the preceding ones.
Nitrogen was displaced by flushing with a mixture of 300 cc of
methylacetylene and 300 ce of acetvlene. Two gas burets,
containing acetylene and methylacetylene, were connected to
the reaction flask; in a typical reaction run, 1160 cc of acetylene
and 720 cc of methylacetylene were absorbed spontaneously.
The reaction solution was analyzed gas chromatographically,
using the same procedure reported in our previous study.t
In all polymerization reactions we identified only toluene and
m-xylene in a ratio of about 4:1. The total yield of these two
hydrocarbons was about 149, based on the monomers absorbed.

Cyclization Reaction of Phenylacetylene.—The aromatization
reaction of phenylacetylene can give 1,2,4- and 1,3,5-triphenyl-
benzene.

The catalyst used in this series of polymerization reactions
was 1.22 g of (Ph;P).NiCl: and 1 g of NaBH,. The monomer
(4.64 g dissolved in 50 ml of solvent) was added dropwise to the
solvent—catalyst mixture. The best yield in aromatic product
(47%,) was achieved by refluxing the reaction mixture for 1.5 hr.
The yield of aromatic produects does not seem, however, to be
noticeably lowered by using commercial tetrahydrofuran under
an air atmosphere (see Table II).

The synthesized products were extracted with benzene and
analyzed gas chromatographically with a Perkin-Elmer Model
800 gas chromatograph with flame-ionization detector; 200 X
0.4 cm o0.d. coiled stainless steel column containing 109, SE-30 on
Chromosorb (60-80 mesh); column temperature, 250°; carrier
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NortEs Vou. 31
TasrLe I
AROMATIZATION REACTIONS OF METHYLACETYLENE
Re- Methyl- 1,3,5-Tri- 1,2,4-Tri- Total
a.ction (PhsP)2- acetylene, methyl- methyl- yield of
Run Solvent temp, NiCly, NaBHj, PhsP, ce (STP) benzene, benzene, aromatics,
no. {ml) °C mg mg mg absorbed mg mg %
(a) 1 Anhyd THF (50) 8 612 500 2670 145.8 114.7 5.2
2 Anhyd THF (50) 8 306 250 620 Traces Traces
3 Anhyd THF (50) 20 612 500 1440 220.5 166.6 15.0
4 Anhyd THF (50) 20 612 500 1250 173.4 134.0 13.7
5 Anhyd THF (50) 35 612 500 740 18.2 18.0 2.7
(b) 6 Anhyd THF (50) 20 1224 1000 1286 163.7 129.2 12.3
(e) 7 Anhyd THF (100) 20 1224 3420 1480 183.1 160.1 13.0
(d) 8 Anhyd ethanol (50) 20 612 500 810 57.9 41.0 6.8
9 Acetonitrile (50) 20 720 1254 1000 . ce.
(e) 10¢  Anhyd THF (50) 20 612 500 1630 Traces Traces
11 Anhyd ethanol (100) 20 1243 3420 630 e ca. ..
(f) 12¢ Commercial THF (100) 20 1224 1000 R 1385 161.9 135.3 12.0
(g) 13 Anhyd THF (50) 20 612 500 1500 1000 S -
14 Anhyd THF (50) 20 612 1000 1500 680 Traces Traces
15 Anhyd THF (50) 20 612 5000 1500 1930 32.1 39.6 2.1
(h) 16 Anhyd THF (50) 20 612 500 (LiAlH,) 1050 Traces Traces

s The reducing agent was added to the reaction solvent before the (PhsP)NiCl, complex.
mercial (nonanhydrous) tetrahydrofuran and in an air atmosphere.

b The reaction was carried out using com-

Tasue IT
AROMATIZATION REACTIONS OF PHENYLACETYLENE
1,2,4-Trie 1,3,5-Tri- Total
Reaction phenyl- phenyl- yield of
Run Monomer, temp, Time, benzene, benzene, aromatics,
no. Solvent g °C br mg mg %%
1 Anhyd THF 4.64 30 2 1485 505 42.8
2 Anhyd THF 4.64 Reflux 1.5 1680 517 47.0
3 Anhyd THF 4.64 Reflux 2.5 1608 468 44.7
4 Anhyd THF 4.64 Reflux 3.5 1316 433 37.7
5 Commercial non- 4.64 Reflux 2.5 1252 379 35.0
anhyd THF
TasLe I1I
AROMATIZATION REACTIONS OF ISOPROPENYLACETYLENE
1,2,4- 1,3,5- Total
Reaction Triisopropenyl- Triisopropenyl- yield of
Run Monomer, temp, Time, benzene, benzene, aromatics,
no. Solvent g °C hr mg mg %
1 Anhyd THF 3.4 30 1.5 615.6 55.3 19.7
2 Anhyd THF 3.4 Reflux 1.5 939.6 118.9 31.0
3 Anhyd THF 3.4 Reflux 2.5 767.0 85.5 25.0
4 Commercial non- 3.4 Reflux 2.5 842.1 91.3 27.0
Anhyd THF

gas, nitrogen at 1800 ce/hr; internal standard, 1,3,5-triphenyl-
benzene.

Cyclization Reaction of Isopropenylacetylene.—The cyclic
trimerization of isopropenylacetylene can give 1,2,4- and 1,3,5-
triisopropenylbenzene.

The reaction procedure was the same as that reported for
phenylacetylene. In each polymerization run 3.4 g of freshly
distilled monomer was used. The best yield of aromatic com-
pounds (319) was achieved using anhydrous air-free solvent and
refluxing the reaction mixture for about 1.5 hr. Some polym-
erization reactions were carried out in commercial nonanhy-
drous tetrahydrofuran (see Table ITI).

After decomposition of the catalyst, the aromatic products
were extracted with benzene and analyzed gas chromatographi-
cally. The chromatograph and column were the same as that
used for the 1,3,5- and 1,2,4-triphenylbenzene analysis: column
temperature, 140°; carrier gas, nitrogen at 3600 cc/hr; internal
standard, 1,3,5-triisopropylbenzene.?

(9) A similar procedure for detection and determination of 1,2,4- and
1,3,5-triisopropenylbenzene was proposed by P, Chini and coworkers!? in a
very recent paper.

(10) P. Chini, G. De Venuto, T. Salvatori, and N. De Maldé, Chim. Ind.
(Milan), 46, 1049 (1964).

Discussion of Results

The (Ph;P),NiCl;-NaBH; system has been shown
to have a catalytic activity lower than that of the
Ziegler-Natta TiCl—Al(C,H;); catalyst in aromatiza-
tion reactions of acetylenes;, using similar reaction
conditions. In fact, the maximum yield of aromatic
hydrocarbons, using the TiCl—Al(C.Hs); catalyst, was
70-809, based on the monomer, when the monomer
was isopropenylacetylene or phenylacetylene, and only
a little lower with other monomers.>—#

In the presence of the (Ph;P).NiCl,-NaBH, catalytic
system, phenylacetylene gives the better yield of aro-
matic derivatives (about 509). Lower yields of
cyclic trimers are obtained with isopropenylacetylene
and methylacetylene.

The phosphinic catalytic system normally gives a
greater percentage of asymmetrical trisubstituted
isomers, the ratios of 1,2,4-/1,3,5-trisubstituted ben-
zenes are about 3.3 for 1,2,4- and 1,3,5-triphenyl-
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benzene and about 9 for 1,2,4- and 1,3,5-triisopropenyl-
benzene. Using the TiCL—Al(C,Hs)s catalyst, larger
quantities of the symmetrical isomer have always been
obtained, the ratio 1,3,5/1,2,4 being about 1.3 (when
the total yield was at maximum).

The most important advantage offered by the
(PhsP),NiCl,-NaBH, system is the greater stability
toward moisture and oxygen. Polymerization reac-
tions carried out in nonanhydrous solvents and in air
gave only slightly lower yields of aromatic products.
Analogous conclusions were drawn by Luttinger and
Colthup? from observations on similar catalytic systems.

Studies are continuing in order to find new more
active catalysts and to define the mechanisms of the
cyclization reactions.
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Reaction of tetramethoxyquinone! with primary
amines yielded 2,5-bis(alkylamino)-3,6-dimethoxy-p-
benzoquinones (1). Table I lists new quinones pre-
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pared in this manner. Nonbasic amines such as p-
nitroaniline, o-chloroaniline, and 2-bromo-4-methyl-
aniline failed to react with tetramethoxyquinone.
Sterically hindered amines did not react normally under
the reaction conditions. For example, {-butylamine
reacted with tetramethoxyquinone in aqueous solu-
tion to yleld 2,5-dihydroxy-3,6-dimethoxy-p-benzo-
quinone as the main product. This behavior suggests
that, in this case, hydroxide acts as a better nucleo-
phile than the sterically hindered ¢-butylamine. Re-
action under anhydrous conditions, however, yielded
2,5-bis(t-butylamino)-3,6-dimethoxy-p-benzoquinone.
The 2,5-bis(alkylamino)-3,6-dimethoxy-p-benzoqui-
nones underwent amine exchange. For example,
2,5-bis(isopropylamino)-3,6-dimethoxy-p-benzoquinone
(1, R = isopropyl) reacted with octylamine to yield
2,5-bis(octylamino)-3,6-dimethoxy-p-benzoquinone (1,
R = octyl). In a similar manner, hexylamine dis-
placed ethylamine from 2,5-bis(ethylamino)-3,6-di-
methoxy-p-benzoquinone. The preferential displace-
ment of an amino group over a methoxy group in this
amine exchange reaction deserves some comment.

(1) B. Eistert and G. Bock, Ber., 93, 1239 (1959).
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These quinones contain both vinylogous amide and
vinylogous ester groupings. Since esters react with
nucleophiles more readily than amides,® one might
predict that reaction of 2,5-bis(alkylamino)-3,6-di-
methoxy-p-benzoquinones with amines would yield
2,3,5,6-tetrakis(alkylamino) - p-benzoquinones, rather
than yield quinones formed by amine exchange. Con-
sideration of the resonance forms of 2,5-bis(alkylamino)-
3,6-dimethoxy-p-benzoquinone offers an explanation
of this paradox. Canonical form 2 would be expected

+
MeO” “\NHR MeO NHR
rENL_ YoMe Ry
-0
1 2 . 9
MeO NHR
RHN OMe
+

3

to contribute more to the structure of 2,5-bis(alkyl-
amino)-3,6-dimethoxy-p-benzoquinone than canonical
form 3, since from electronegativity considerations?
nitrogen bears a positive charge more readily than
oxygen. Because of this, positions 2 and 5 would
suffer nucleophilic attack more readily than positions
3and®6.

A related reaction occurred in acid solution. Reflux
of 2,5-bis(isopropylamino)-3,6-dimethoxy-p-benzoqui-
none with 2 N hydrochloric acid yielded 2,5-dihydroxy-
3,6-dimethoxy-p-benzoquinone instead of 2,5-bis(iso-
propylamino)-3,6-dihydroxy-p-benzoquinone. A simi-
lar rationale applies here. Acid-catalyzed attack of
water probably occurs on resonance hybrid 4 in which
positions 2 and 5 are most prone to nucleophilic attack.

OH
‘ + OH =
MeOy” NHR __ MeO NHR
RHN Me RHN OMe
+ + OH
OH

4

An earlier report states that alkoxide displaces only
two chlorines from chloranil.4 Although treatment of
chloranil with sodium methoxide in methanol at
reflux did indeed yield 2,5-dichloro-3,6-dimethoxy-
p-benzoquinone, heating the reactants in an autoclave
yielded tetramethoxyquinone. Thus, all four chlo-
rines of chloranil can be displaced by methoxide
under forcing conditions. This procedure offers ad-
vantages over the literature procedure for the prepara-
tion of tetramethoxyquinone, methylation of tetra-
hydroxyquinone with diazomethane.!

A report of conversion of tetramethoxyquinone to
2,5-dihydroxy-3,6-dimethoxy-p-benzoquinone by treat-
ment with sodium hydroxide has recently appeared.!

(2) R. C. Fuson, *‘Reactions of Organic Compounds,”’ John Wiley and
Sons, Ine., New York, N. Y., 1962, p 316.

(3) L. N. Ferguson, ““The Modern Structural Theory of Organic Chem-

istry,”’ Prentice-Hall, Inc., Englewoods Cliffs, N. J., 1963, p 314.
(4) K. Wallenfels and K. Friedrich, Ber., 98, 3070 (1960).



