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Preparation of Sterically Protected 3,4-Biq(2,4,6-tri-t-butylphenyl)phosphinidene]-
1,2-big[4-(4-vinylphenyl)butyl]cyclobutene and Its Polymers
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Two new sterically protected 3,4-diphosphinidenecyclo-
butenes, i.e,, 1,2-big4-(4-methylphenyl)butyl]-3,4-big[(2,4,6-tri-t-
butylphenyl)phosphinidene]cyclobutene, and 3,4-big[(2,4,6-tri-t-
butylphenyl)phosphinidene]-1,2-bis[4-(4-vinylphenyl)but-
yl]cyclobutene, were prepared. Copolymerization of the latter
with styrene was studied. Treatment of [6-(4-vinylphenyl)hex-1-
ynyl](2,4,6-tri-t-butyl phenyl)phosphine with butyllithium and 1,2-
dibromoethane afforded a polymer of the latter cyclobutene.

In solid phase synthesis and more recently combinatorial
chemistry, polystyrene and the related polymers have been attrac-
tive to the synthetic organic chemists.! Polymers having special
functionalities, such as polymer—metal complexes, have aso been
of interest in materials science.? However, to the best of our
knowledge, there have been no studies on polymers containing
phosphorus atom(s) in low coordination states.3* We have report-
ed syntheses of sterically protected 3,4-diphosphinidenecy-
clobutene-metal complexes 1, utilizing an extremely bulky 2,4,6-
tri-t-butylphenyl substituent (abbreviated to the Mes* group) as
sterically protecting auxiliary.® Introduction of the diphos-
phinidenecyclobutene moieties into polymeric structures is inter-
esting from the viewpoint of synthetic chemistry as well as mate-
rids chemistry. We report here the preparation of polymers con-
taining the 3,4-diphosphinidenecyclobutene moieties, as well as
preparations of 1,2-bis(4-arylbutyl)-3,4-bis[(2,4,6-tri-t-
butyl phenyl)phosphinidene] cyclobutenes.
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In atypical preparative method of the ligand 2, alkynylphos-
phines 3 were used as starting materials. Thus, we prepared [6-(4-
methylphenyl)hex-1-ynyl](2,4,6-tri-t-butyl phenyl)phosphine (3a)
and (2,4,6-tri-t-butyl phenyl)[6-(4-vinylphenyl)hex-1-ynyl]phos-
phine (3b) as follows. 4-Bromotoluene was treated in THF with
butyllithium and 1,4-dibromobutane to give 1-(4-bromobutyl)-4-
methylbenzene (4a)® (76% yield). When 1,4-diiodobutane was
used instead of 1,4-dibromobutane, the corresponding iodide 5a
was obtained.” Reaction of 4a (or 5a) with lithium acetylide-eth-
ylenediamine complex afforded 6-(4-methylphenyl)hex-1-yne
(6a).” Then the akyne 6a was metalated in THF using EtMgBr
and the resulting acetylide was allowed to react with
Mes*P(H)CI® (prepared from Mes*PH,) to form the phosphine
3a: 3P NMR (81 MHz, C;Dg) 8, =-101.4 (d, 1Jp, = 2445 H2).
The phosphine 3b was aso prepared by a method similar to that
for 3a, starting from 4-bromostyrene, via 5b and 6b.” 3b: 3P
NMR (CDCly) & = -100.9 (d, YJpy = 220.8 HZ). It should be

LIC=CH ¢ HoNCH,CHoNH,

4-RCgHy(CH)e X 4-R'C¢Hs(CHo)s C=CH

4a: R'=Me, X=Br 6a: R'=Me
b: R' = Vinyl, X=Br b: R =Vinyl
5a:R'=Me, X=1
b: R' = Vinyl, X=1
1) EtMgBi 1) +-BulLi
_NEMIBT  Mes*P(H)C=CICHo)CoHR  -2uH!
2) Mes™P(H)CI 3ab 2) BrCH,CH,Br
Nes®  (CH,)4CeHsR' Mes™  (CHp)4CeHsMe
PdCl, MeCN), Vs
— Cl,Pd
(R=Me) %N
| .
Mes* (CHp)4CeHiR Mos*  (CHp)(CoHsMe
(E,E)-2a,b 1a

noted that reaction of 4b° and lithium acetylide-ethylenediamine
complex resulted in the formation of atrace amount of 6b.

Lithiation of the phosphine 3a (6.86 mmol) with t-butyllithi-
um (6.88 mmol) in THF followed by treatment with 1,2-dibro-
moethane (3.47 mmol) afforded (E,E)-2a [d, (CDCly) = 149.7]
(ca. 40% yield) and a trace amount of (E,Z)-2a [6, (CDCl;) =
154.0 and 170.8, AB, 3] = 9.7 Hz]. An attempted purification of
(E,E)-2a using silica-gel column chromatography and recycling
gel-permeation column chromatography (GPC) failed. Thus, the
crude diphosphinidenecyclobutene (E,E)-2a was alowed to react
with PdCI,(MeCN), in THF to give the corresponding
dichloropalladium complex 1a in pure form (36% yield based on
Mes*PH,): Red prisms, mp 162-164 °C; &, (CDCl;) = 143.9;
FAB-MS m/z 1000 (M*=2CIl-1) and 893 (M*-Pd-2CI-2).
Although the FAB-MS spectrum of 1a did not give the molecular
ion pesk, the structure of 1a was unambiguoudy confirmed by X-
ray crystallography.l® Figure 1 is an ORTEP! drawing of the
molecular structure of 1a.

Figure 1. Molecular structure of la showing the atomic labeling scheme
with thermal ellipsoids (50% probability). The incorporated solvent
molecule and hydrogen atoms were omitted for clarity. Some important
bond lengths(A) and angles(®): Pd-P(1), 2.260(2); Pd-CI(1), 2.340(2);
P(1)-C(1), 1.657(7); C(1)-C(2), 1.46(1); C(1)-C(1*), 1.47(1);
C(2)-C(2*), 1.35(1); P(1)-Pd-P(1*), 84.4(1); P(1)-Pd-CI(1*),
91.43(7); CI(1)-Pd-Cl1(1*), 92.7(1); P(1)-C(1)-C(1*), 118.2(2); P(1)-
C(1)-C(2), 154.2(6); C(1*)-C(1)-C(2), 87.6(4); C(1)-C(2)-C(2*), 92.3(4).
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The phosphine 3b was converted to (E,E)-2b [&, (CDCl5) =
150.2], by the reaction of 3b with t-butyllithium and 1,2-dibro-
moethane, in 4% isolated yield (based on 3b) after treatment with
GPC (JAIGEL H1+H2 column).22 Then preparation of a polymer
of 2b was attempted. Treatment of (E,E)-2b with t-butyllithium
(12 mol%) afforded not a polymer but dimeric products!® in a
trace amount, however, trestment of a mixture of (E,E)-2b (254
mg, 0.276 mmol) and styrene (273 mg, 2.62 mmol) with t-butyl-
lithium (0.014 mmol) in THF at —78 °C afforded a copolymer
(90.0 mg after GPC; & (CDCl;) = 149.6 and 149.9 (1:1); M, =
2900, M,,/M,, = 1.3, determined by GPC using polystyrenes as
standard).

Interestingly, when 3b (778 mg, 1.69 mmol) was treated with
n-butyllithium (1.69 mmol) and 1,2-dibromoethane (0.85 mmol)
in THF at —78 °C, a polymer of 2b was obtained in ca. 70% yield
based on 3b (M,, = 12000, M,,/M,, = 72).%* 3P NMR spectrum of
the polymer showed a relatively broad signal at 6, (CDCly) =
151.0, indicating (E,E)-configuration about the phosphorus—car-
bon double bond. The polymer was soluble in several solvents
such as chloroform and THF.

los*
ab 1) n-BuLi >((CH2)4 \
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n

When the polymer was treated with PACI,(MeCN), in THF,
a brown solid was precipitated. The solid was insoluble in com-
mon solvents. Further studies on the properties of the polymer of
2b and their derivatives are in progress.
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