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Application of 1,2-Bis(2-brome-3,5-di-z-butylphenyl)ethane to Preparation of
Compounds Having Two Diphosphene Units

Masaaki Yoshifuji,* Naoyuki Shinohara, and Kozo Toyota
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Abstract: A sterically crowded bromobenzene, 1,2-bis(2-bromo-3,5-di-t-butylphenyl)ethane, was
prepared and converted to the corresponding phosphonous dichloride, which reacted with lithium (2.4,6-
tri-t-butylphenyl)phosphide to give 1,2-bis[3,5-di-r-butyl-2-{(2.4,6-tri-t-butylphenyl)phosphinidenephos-
phino}phenyl]ethane; the photolysis of the compound gave E-bis(2,4,6-tri--butylphenyl)diphosphene
and an internal Z-diphosphene; the tungsten complex of the latter was analyzed by X-ray crystallography.
Copyright © 1996 Elsevier Science Ltd

Compounds with low coordinated heavier main group elements such as phosphorus are of current
interest.! The 2,4,6-ui-t-buty]phcnyl group (hereafier abbreviated to Ar) is one of the most powerful protecting
groups and by utilizing this substituent we have been successful in the first preparation of diphosphenes.23 We
report here on the utilization of 1,2-bis(2-bromo-3,5-di-t-butylphenyl)ethane (3)4 for preparation of compounds
containing two diphosphene units within one molecule.

2-Bromo-1-(bromomethyl)-3,5-di-z-butylbenzene (2) was prepared according to the method reported
previously.S Reaction of 2 with phenyllithium afforded a homo-coupling product 3. To a solution of 2 (2.991
g, 8.26 mmol) in ether (40 mL) was added 4.24 mmol of phenyllithium (1.01 M in cyclohexane-ether) at room
temperature and the resulting solution was stirred for 30 min. The reaction mixture was worked up as usual and
recrystallization from hexane afforded 1.487 g of 3 in 64% yield.6
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Lithiation of 3 in THF with butyllithium at —-78 °C led to the formation of dilithio derivative 4, which was
quenched with methanol to give 1 (abbreviated to ArraH)7 in 67% yield. When 4 was allowed to react with
phosphorus trichloride, 1,2-bis[3,5-di-z-butyl-2-(dichlorophosphino)phenyl]ethane (5) was obtained. To a
solution of 3 (236.5 mg, 0.419 mmol) in THF (10 mL) was added 0.924 mmol of butyllithium (1.68 M in
hexane) at —78 °C, then 2.12 mmol of phosphorus trichloride was added, and the resulting mixture was warmed

Ar = 2,4,6-+BuzCgH,

to room temperature to give 5 as a pentane-insoluble material (182.3 mg, 72%).6 Attempts to prepare an
internal diphosphene 6 from 5 with either magnesium metal, #-butyllithium, or lithium naphthalenide as a
coupling reagent,! were not successful. But preparation of a compound containing two diphosphene units was
successful. To a solution of ArPHj (100.0 mg, 0.36 mmol) in THF (10 mL) was added 0.36 mmol of

7815



7816

v .
EE7 /30 min

\
+ g Q + P= P\ + pP—=pP
Ar Ar/ \Ar

E8 28
26 :
W(CO)s(THF)
(OC)sW W(CO)s
\P P/
= A
"\
+ P=R
& Q / Ar

(CC)sW 11

10

butyllithium (1.64 M in hexane) at —78 °C and the resulting solution of lithium (2,4,6-tri-t-
butylphenyl)phosphide (ArPHLi)® was added dropwise to a THF (100 mL) solution of § (153.1 mg, 0.25
mmol) over a 15-min period at =78 °C. Then the mixture was warmed to room temperature and 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU; 80 uL, 0.53 mmol) was added to the solution at 0 °C.  After usual
workup, 1,2-bis[3,5-di-t-butyl-2-{(2,4,6-tri-t-butylphenyl)phosphinidenephosphino ) phenyllethane (E,E-7;
37.3 mg)6 was obtained in 20% yield based on ArPH»,

On the other hand, we and others have reported on generation of the symmetrical diphosphene 8 during
the photolysis of some unsymmetrical diphosphenes such as ArP=PMes,? 2,4,6-(CF3)3C¢H2P=PAr,10 or
(MesCs)P=PAr.!l When a benzene-dg solution of the diphosphene E,E-7 was irradiated with a 500-W Xe-
lamp through a Toshiba Y-49 filter at room temperature for 30 min, a mixture consisting of E,Z-7.6 E-8 (5p =
494),1 Z-8 (&p = 370),12.13 and an internal Z-diphosphene Z-6 (8p = 394) together with E,E-7 was obtained in
a molar ratio of 48:10:1:10:17, respectively.!4 Upon 18-h irradiation of E,E-7 (86.8 mg, 0.0851 mmol),
however, E-8 (almost quantitative yield) and a cyclotetraphosphane 9 (24.3 mg, 0.026 mmol)® were isolated.
In a separate experiment, when a THF solution of an excess amount of W(CO)s(THF) was added to a
photolysis mixture of E,E-7 (46.1 mg, 0.0452 mmol) after 30-min irradiation, [Z-6]{W(CO)s]a (10)6 was
isolated as red crystals (3.4 mg, 7% yield) together with [E-8][W(CO)s] (11) as the major product (ca. 20%
yield).6:15  The structure of the complex 10 was unambiguously confirmed by X-ray crystallography.16
Figure 1 shows a molecular structure drawing of 10 and the structure is similar to that of [(Z)-Mes-P=P-
Ar]Cr(CO)s17 or, more likely, to that of [(Z)-Mes-P=P-Mes][Mo(CO)s]2.18 The P-P bond length is 2.041(4)
A and is similar to 2.034(2) A for E-8, 2.039(3) A for [(Z)-Mes-P=P-Ar]Cr(CO)s, and 2.026(2) A for [(Z)-
Mes-P=P-Mes][Mo(CO)s]>. The dihedral angle ZC(1)>-P(1)-P(2)-C(7) is —2.0(5)°, indicating that the Z-
diphosphene system [C(1),P(1),P(2),C(7)] is coplanar within 0.03(1) A, while the atoms
[W(1),P(1),P(2),W(2)] form another plane within 0.030(3) A, making a dihedral angle of 15.8° to each other.
Two phenyl rings are planar within 0.02 A, respectively, faced at a dihedral angle of 51.1°. The atoms
[C(6),C(21),C(30),C(12)] are coplanar within 0.03 A, indicating the ethylene bridge takes an eclipsed
conformation. Some important bond lengths and angles are shown in the caption to Fig. 1.

While Niecke et al. has reported an amino-stabilized Z-diphosphene, !9 during the photolysis of E,E-7 an
olefin-metathesis type of reaction20 occurred to give an internal Z-diphosphene 6 as well as 8. Furthermore,
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Figure 1. Molecular structure for 10 showing atom labeling scheme. The methyl groups C27-C29 are
disordered but only the structure with major occupancy factor is displayed. Hydrogen atoms are omitted for
clarity. Some important bond lengths and angles: W(1)-P(1), 2.491(3); P(1)-P(2), 2.041(4); P(1)-C(1),
1.835(10); W(2)-P(2), 2.484(3); W(1)-P(1), 2.491(3); P(2)-C(7), 1.83(1); W(1)}-P(1)-P(2), 131.2(1); W(1)-
P(1)-C(1), 120.9(4); P(2)-P(1)-C(1), 105.7(4); W(2)-P(2)-P(1), 129.3(1); W(2)-P(2)~C(7), 119.3(4); P(1)-
P(2)-C(7), 109.9(4); C(6)-C(21)-C(30), 116.8(9); C(12)-C(30)-C(21), 114.5(9); W(1)-P(1)-P(2)-W(2),
-4.7(3); W(D)-P(1)-P(2)~C(7), 160.9(4); W(2)-P(2)-P(1)-C(1), —-167.6(4); C(6)-C(21)-C(30)-C(12),
-3(1).

E/Z photoisomerization12.13 was observed for both diphosphenes 7 and 8. Upon prolonged irradiation,
compound 6 appeared to be dimerized to a cyclotetraphosphane 9. Although we have not been successful in
isolation of Z-6 during the photolysis of E,E-7, the Z-diphosphene was trapped by a complex formation with
tungsten carbonyl.

The authors thank Dr. Shigeru Sasaki at Tohoku University for his help in the X-ray crystallographic
analysis of 10. This work was supported in part by Grants-in-Aid for Scientific Research (Nos. 07216210 and
08454193) from the Ministry of Education, Science, Sports and Culture, Japanese Government.
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