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(1E,3E)-1,4-dilithio-1,3-butadiene (3) gives (1E,3E)-1-
lithio-4-(trimethylstannyl)-1,3-butadiene (9) as indicated
by the 'H NMR spectrum and by acetic acid quenching
to the expected (E)-1-(trimethylstannyl)-1,3-butadiene
(10b).1* However, if sufficient 7 is added to remove all
the methyllithium, the 'H NMR spectrum of 9 is replaced
by that of 1. Apparently the excess (E,E)-bis(trimethyl-
stannyl)butadiene 7 is partially isomerized to the Z,Z-
isomer 5 which then undergoes the very favorable Li/Sn
exchange to the (Z,Z)-dilithiobutadiene 1 (see Scheme I).
The excess bis(trimethylstannyl}butadiene is lost to po-
lymerization. This overall conversion of 1 to 3 must be
driven by the greater thermodynamic stability of 1.

(1E,3Z)-Bis(trimethylstannyl)-1,3-butadiene (6) can be
similarly covered to 1. Thus, addition of excess methyl-
lithium to 6 affords a mixture of 11 and 12!€ as shown by
acetic acid quenching to (E)- and (Z)-1-(trimethyl-
stannyl)-1,3-butadiene (10a,b).1> Addition of sufficient 6
to remove all the methyllithium from this mixture pro-
duces 1 and polymer. Synthetically it is most convenient
to convert the mixed isomer of 1,4-bis(trimethyl-
stannyl)-1,3-butadiene to 1, which may be converted to
1,4-disubstituted-(1Z,3Z)-butadienes. In this manner, the
reaction of 1 with dibutyltin dichloride gave 1,1-dibutyl-
stannole (13) as a pale yellow oil (bp 80 °C (0.01 Torr))
in 28% yield.” We have been unable to obtain the
stannole by the direct hydrostannation of 1,3-butadiyne.!8
Since stannoles undergo facile exchange reactions, this
preparation offers an efficient method for introduction of
a (1Z,3Z)-butadienyl functionality.!®
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Summary: Characteristic UV absorption bands of di-
arylgermylene complexes were observed in the reaction
of diarylgermylenes with heteroatom-containing substrates
in 3-MP/IP matrix at 77 K.

Characterizations of germylenes have been the subject
of considerable interest in recent years, and a few stable
diarylgermylene complexes were reported on dehydro-
chlorination of diarylchlorogermanes in triethylamine at
room temperature by Satgé et al. in 1982.! Recently,
however, Masamune et al.? claimed that diarylgermylenes
did not form stable adducts with triethylamine at room
temperature.

Here, we report the recent spectroscopic observation of
diorganogermylenes in matrices with heteroatom-con-
taining substrates. In our experiments diarylbis(tri-
methylsilyl)germanes 1a and 1b were photolyzed with a
low-pressure mercury lamp in 3-methylpentane/isopentane
(3-MP/IP = 3:7) at 77 K to give the corresponding ger-
mylene.2* Dimesitylgermylene (2a) and bis(2,4,6-triiso-
propylphenyl)germylene (2b) showed the absorption bands
with Ay, at 550 and 558 nm, respectively. When the
matrices were annealed, the germylenes dimerized to give
the digermenes 3a and 3b with new absorption bands at
Amax = 406 and 416 nm, respectively (Scheme I).

When a similar photolysis of 1a was carried out in ma-
trices containing triethylamine, a new band at 414 nm first
appeared together with the band due to dimesitylger-
mylene (Figure 1).

After being allowed to stand at 77 K, the band of ger-
mylene decreased and the new band grew and was stable
at 77 K. When the matrix was annealed, the new band
diminished and a 406-nm band grew. Similar results were
obtained for 1b in the matrix containing triethylamine, and
a new band was formed with Ap,, = 445 nm. These new
bands are very likely the diarylgermylene-triethylamine
complexes 4a and 4b.

The new stable complexes of dimethyl- and diaryl-
germylenes with heteroatom-containing substrates were
observed in matrices at 77 K (Table I) and are analogous
to the reaction between heteroatom compounds and di-
arylsilylenes.’

Bands due to the complex of germylenes with P, N, S,
and O atoms were observed widely from 306 to 376 nm in

(1) Riviére, P.; Castel, A.; Satgé, J. J. Organomet. Chem. 1982, 232,
123.

(2) Collins, S.; Murakami, S.; Snow, J. T.; Masamune, S. Tetrahedron
Lett. 1985, 26, 1281.

(3) Ando, W.; Tsumuraya, T.; Sekiguchi, A. Chem. Lett. 1987, 317.

(4) Konieczny, S.; Jacobs, 8. J.; Wilking, J. K. B.; Gaspar, P. P. J.
Organomet. Chem. 1988, 224, C17.

(5) Ando, W.; Sekiguchi, A.; Hagiwara, K.; Sakakibara, A.; Yoshida,
H. Organometallics 1988, 7, 558.

© 1988 American Chemical Society



Communications Organometallics, Vol. 7, No. 8, 1988 1881
Table I. UV Absorption Maxima (nm) of Diorganogermylene Complexes®
‘e Ge Y
:GeM,? :GePh, :GeMes,

420 463 550 544 558

"By,P 306 314 334

<E :N 334 349 356 363

Me,S 326 348 357 357

™% 332 352 359 366
—

@o 325 360 (373)° 369 376
Me

O»C‘ 341 374 495 508 544

@-cx 392 403 538 532 553

 Aax in 3-MP:IP = 3:7 at 77 K. ®Generated from 1,4,5,6-tetraphenyl-2,3-benzo-7,7-dimethyl-7-germanorborna-2,5-diene. ¢\, in 2-

MeTHF at 77 K.
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comparison to those of silaylides.? The germylene—chlorine
complexes revealed spectra of the red shift in the region
346-553 nm. The shift among heteroatoms is probably due
to the stability of germylene—heteroatom complexes, which
is in accord with the differences between germylenes and
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Figure 1. Photolysis of dimesitylbis(trimethylsilyl)germane in
the presence of triethylamine matrix: (A) after photolysis of la
with a low-pressure mercury lamp for 40 min in the presence of
triethylamine in 3-MP:IP = 3:7 4t 77 K (—); (B) the above sample
was allowed to stand in the dark at 77 K for 30 min (---); (C) the
above sample was allowed to anneal (---).

silylenes.?

In order to determine the stability of these complexes,
we irradiated 1b in a matrix (3-MP/IP = 3:7) containing
BugP or dimethyl sulfide at an elevated temperature. In
the experiments in Bu,P, only one band; 334 nm, appeared
at -=120 °C after prolonged standing with no band corre-
sponding to tetrakis(2,4,6-triisopropylphenyl)digermene
(3b). However, two bands appeared at —100 °C. Thus, the
diarylgermylene-phosphine complex appears to be stable
at -120 °C but to slowly decompose at —100 °C. The
half-life of the bis(2,4,6-triisopropylphenyl)germylene—
tributylphosphine complex was 48 s at =79 °C. The di-
arylgermylene—dimethyl sulfide complex was stable below
-140 °C.

The photolysis of 1a in the matrices (3-MP/IP=4:6)
containing crotyl chloride at 77 K produced a band at 515
nm, and no digermene was formed upon annealing.
Analysis of the photolysate by GC-MS showed the for-
mation of chlorocrotyldimesitylgermane (6b), direct in-
sertion of the germylene into carbon—chlorine bond in
quantitative yield, and no 2,3-sigmatropic rearranged
product.®

Irradiation of 1a at 77 K in matrices (3-MP/IP = 4:6)
containing allyl sulfide led to the formation of a new band
at 380 im. Annealing of the solution discharged the band
with the formation of the C-S insertion product of di-
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mesitylgermylene. These data are consistent with 515- and
380-nm bands of dimesitylgermylene—chlorine and —sulfur
complexes and contrast markedly with the behavior of
silylene or carbene with allylic compounds.”
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Summary: 1,1,2,2-Tetrakis(2,6-diethylphenyl)digermirane
(3) was prepared by the reaction of tetrakis(2,6-diethyl-
phenyl)digermene (2) with diazomethane.  The photolysis
of 3 with a high-pressure mercury lamp yieids germene
4 and germylene §. The digermirane 3 reacts with pyr-
idine N-oxide, sulfur, and selenium to yield the insertion
products of O, S, and Se into the germanium-germanium
bond. 2,2,3,3-Tetrakis(2,6-diethylphenyl)azadigermiridine
(12) was prepared by the reaction of 2 with phenyl azide.

Synthesis of small-ring systems involving a germanium-
germanium bond have received considerable attention
because of interest in the reactivity of the reactive ger-
manium-germanium bonds in the ring.!® However, di-
germiranes and azadigermiridines have not been isolated
or very well characterized, although recently synthesis of
a disilirane” and an azadisiliridine® was reported by Ma-
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samune and West. Here, we report the first synthesis and
reactions of a novel digermirane and an azadigermiridine.

Irradiation of a cyclohexane solution of hexakis(2,6-di-
ethylphenyl)cyclotrigermane (1)3* at room temperature
with a low-pressure mercury lamp afforded tetrakis(2,6-
diethylphenyl)digermene (2) in good yield.®* A cyclo-
hexane solution of 2 (prepared from 0.5 mmol of 1) was
transferred to an ethereal solution of diazomethane (ca.
5 mmol, dried by KOH and degassed) under argon at ~78
°C. After the addition was completed, the resulting mix-
ture was warmed to room temperature. During the reac-
tion, dinitrogen was evolved and the solution became pale
yellow. Crystallization of the residue from hexane afforded
1,1,2,2-tetrakis(2,6-diethylphenyl)digermirane (3) as col-
orless crystals in 72% yield (based on the cyclotrigermane
1 used) (Scheme I).

The structure of 3 was confirmed by spectroscopic
analysis ['H NMR (CDCl) 5 0.87 (t, J = 7 Hz, 24 H, CHy),
1.30 (s, 2 H, GeCH,Ge), 2.76 (q, J = 7 Hz, 8 H, CH,), 2.91
{(q,J = 7THz, 8 H, CH,), 6.8-7.4 (m, 12 H, Ar); 13C NMR
(CDCly) 6 6.99 (t, GeCH,Ge), 15.32 (q, CHy), 30.12 (t, CHy),
125.41 (d, Ar), 128.75 (d, Ar), 138.85 (s, Ar), 149.77 (s, Ar);
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