This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

; S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290

¢ Silicon

i and the Related Elements

[ —— Synthesis and Reactions of a 1-Germaallene Kinetically Stabilized by 2,4,6-
i e Tris[Bis(Trimethylsilyl)Methyl]Phenyl Group

' 1 Norihiro Tokitoh; Kuniyuki Kishikawa; Renji Okazaki

;

t

¢

To cite this Article Tokitoh, Norihiro , Kishikawa, Kuniyuki and Okazaki, Renji(1999) 'Synthesis and Reactions of a 1-
Germaallene Kinetically Stabilized by 2,4,6-Tris[Bis(Trimethylsilyl)Methyl]Phenyl Group', Phosphorus, Sulfur, and
Silicon and the Related Elements, 150: 1, 137 — 143

To link to this Article: DOI: 10.1080/10426509908546378
URL: http://dx.doi.org/10.1080/10426509908546378

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509908546378
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 24 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silicon, 1999, Vol. 150-151, pp. 137-143 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Synthesis and Reactions of a 1-Germaallene
Kinetically Stabilized by 2,4,6-
Tris[Bis(Trimethylsilyl)Methyl]Phenyl Group

NORIHIRO TOKITOH®, KUNIYUKI KISHIKAWA and
RENJI OKAZAKI'

Department of Chemistry, Graduate School of Science, The University of Tokyo,
Hongo, Bunkyo-ku, Tokyo 113, Japan

Treatment of an extremely hindered alkylidenetelluragermirane with a large excess amount
of hexamethylphosphorous triamide resulted in the formation of the first stable I-germaal-
lene, which was also synthesized by reductive dechlorination of the corresponding over-
crowded (1-chlorovinyl)chlorogermane with f-butyllithium in THE. The germaallene was
isolated as a colorless solid by the latter synthetic method and found to be fairly stable even
in solution at room temperature, although it underwent an intramolecular cyclization at 80 °C
in benzene.

Keywords: alkylidenetelluragermirane; 1-germaallene; reductive dechlorination; (1-chlo-
rovinyl)chlorogermane; steric protection

INTRODUCTION

In recent decades, much attention has been paid to the chemistry of
low-coordinate compounds containing heavier group 14 elements be-
cause of its unique structure and reactivities, and a number of stable
examples have been reported for the doubly bonded species of this
class, such as silenes (Si=C), disilenes (Si=Si), germenes (Ge=C),
and digermenes (Ge=Ge).l!] We have also reported the synthesis of

* Present address: Institute for Fundamental Research of Organic Chemistry, Kyushu Uni-
versity, 6-10-1, Hakozaki, Higashi-ku, Fukuoka 812-8518, Japan.

1 Present address: Department of Chemical and Biological Sciences, Faculty of Science,
Japan Women’s University, 2-8-1 Mejirodai, Bunkyo-ku, Tokyo 112-8681, Japan.
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a series of stable double-bond compounds between heavier group 14
and group 16 elements Tht(R)M=X (M = Si, Ge, Sn; X = §, Se,
Te).[21 i. e. the heavier congeners of a ketone, by taking advantage of
an efficient steric protection group, 2,4,6-tris[bis(trimethylsilyl)-
methyl]phenyl (denoted as Tbt hereafter), developed in our group.[3]
By contrast, as for the cumulative doubly bonded compounds con-
taining heavier group 14 eclements several stable 1-silaallenes
(S8i=C=C) were recently synthesized and characterized by X-ray
analysis, |4l but there have been no reports on the synthesis of 1-ger-
maallene (Ge=C=C),15] a novel class of germanium—carbon double-
bond compounds.

RESULTS AND DISCUSSION

We have recently succeeded in the synthesis of a stable alkylidenetel-
luragermirane 3 (Mes = mesityl) by the reaction of an overcrowded
diarylgermylene 1 and 9-(dichloromethylene)foluorene 2 in the pres-
ence of tributylphosphine telluride and revealed the unique molecular |
structure of 3 by X-ray crystatlographic analysis.[6]

Tbt Cl Q BuiP=T Tbt\ )- e\
ug=ie —_ .
\/Ge: * >C=C Mes/Ge O=g Q *
Mes Cl O
1 2 3 (10%)
Tot, Cl Tot, Cl
/ /
IS e () Tot,
Mes' o= * Mes” L£=C * M SeClz
o H e
4 (5%) 5 (12%) 6 (24%)

Scheme 1.
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In this reaction, the alkilidenetelluragermirane 3 was obtained
as onc of the minor products together with the other non-tellurated
products 4-6 as shown in Scheme 1.

Here, we wish to present the synthesis of the first kinetically
stabilized 1-germaallene 7 via the following two independent syn-
thetic routcs, i. e. the detelluration of telluragermirane 3 with triva-
lent phosphorus reagent (Method A) and the reductive dechlorination
of (1-chlorovinyl)chlorogermane 4 with r-butyllithium (Method B) as
shown in Scheme 2.17

Te
Tbt Thbt
v/ N\ Me,N);P \
sae—CQC O __(ﬁ)fi_’ /Ge: C=C 7
Mes i {Me;N)sP=Te  Mes
3 Method A

Method B 1 2 +-Buli

Ry Tot, CI
Tbt; B! = CH(SiMe3), NS
}h—/ R Mes: R = Me Ge () 4
R, Mes /C=C
of )

Scheme 2.

When a large excess amount (50 equiv.) of hexamethyl-
phosphorous triamide (HMPT) was added to a C¢Dg solution of tel-
luragermirane 3 at room temperature, the exclusive formation of 1-
germaallene 7 was obscrved by 'H and !13C NMR; the 13C NMR
spectra showed a quaternary carbon signal at very low field (8¢
243.5) which is characteristic of an allenic carbon. Similar low-ficld
shifts have already been reported for the allenic carbon of the first
cxamples of stable 1-silaallene (8¢ 226)!42] and germaphosphaallene
MesaGe=C=PMes* (8¢ 281; Mes* = 2,4,6-tri--butylphenyl).[8] The
formation of 7 in high yield was confirmed by the trapping
experiment with excess methanol leading to the isolation of the
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corresponding 1,2-addition product, methoxy(vinyl)germane 8 in
72% yield. Interestingly, in detelluration of 3 the ratio of I-
germaallene 7 produced to the starting telluragermirane 3 depends on
the amount of the phosphine reagent used. For instance, treatment of
3 with 50 equiv. of HMPT resulted in the exclusive formation of 7,
while the use of 10 equiv. of HMPT gave the mixture of 3 and 7 (3/7
ratio is 1/2 as judged by IH NMR). Furthermore, the reaction of 1
with 1.2 equiv. of HMPT afforded a 7/2 mixture of 3 and 7. These
results suggest that there is an equilibrium between [3 + (MeaN)3P)
and [7 + (MepN)3P=Te] and the rate of interconversion among them
is slow enough on the NMR time scale for each species to be ob-
served at room temperature by 'H NMR.

Although we have succeeded in the synthesis of 1-germaallene
7 as a stable compound in solution at room temperature by Method A,
it is difficult to isolate 7 by this method because of the re-telluration
of 7 with the co-existing phosphine telluride via an equilibration.
Therefore, we next examined the reductive dechlorination of (1-
chlorovinyl)chlorogermane 4 with r-butyllithivm (2.2 equiv.) in THF
at -72 °C (Method B)in the hope of isolating 7. The removal of
volatile materials under reduced pressure followed by solvent
exchange to hexane, filtration of insoluble inorganic materials, and
slow evaporation in a glovebox filled with argon gave the crude
sample of expected I-germaallene 7. Although single crystals of 7
suitable for X-ray crystallographic analysis have not been obtained
yet unfortunately, 7 was isolated as a colorless solid by slow
evaporation of its saturated hexane solution at -35 °C. The C¢Dg
solution of 7 thus obtained showed satisfactory 'H and '3C NMR
spectral®! which were essentially identical with those of 7
synthesized by Method A; the central allenic carbon of 7 was again
observed at the characteristic low-ficld (8¢ 243.6).
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The structure of 1-germaallene 7 was also proved by its chemi-
cal reactivity (Scheme 3). On wreatment of 7 obtained by Method B
with methanol (ca. 6 equiv.) and mesitonitrile oxide (4.5 equiv.), the
corresponding addition products, methoxy(vinyl)germanc 8 and 4-
alkylidene-1,2,5-oxazagermolene 9, were isolated in 67 and 61%
yields, respectively. 1-Germaallene 7 also reacted with elemental
sulfur to afford the corresponding [1+2]cycloadduct, alkylidenethia-
germiranc 1016] in 22% yield. Although compound 10 showed
satisfactory spectral and analytical data, the molecular geometry of
this new ring system was finally determined by its X-ray
crystallographic analysis.

Tbtée= - Q ' MeOH %
Mes/ O rt Mes—Ge—
7
MesCNO
Sgirt
r.t. "
Tot, S
N/ N\ Mes.
— G
539 C.Q Q e-
Mes O C Mes
N
10 9

Scheme 3.

In the absence of a trapping reagent, l-germaallenc 7 was
found to undergo a slow intramolecular cyclization to give the
corresponding benzogermacyclobutene derivative 11, The rate of
isomerization of 7 into 11 was relatively slow at room temperaturc
(the ratio of 7/11 reached 1/1 after 4 days), while the isomerization
was completed after heating of the C¢Dg solution of 7 at 80 °C for
13.5 h giving 11 in 81% yield (Scheme 4).
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?iMeg H
MesSi l
Tot, () 80°C ? P g s )
Ge=C= T 13sn )
Mes O ;o/ Q
7 81% Dis Dis
1
r.t
. 7+ 1N
Dis = CH(SiMeg), 4 days (1:1 mixture)
Scheme 4.

When oxygen gas was bubbled into a THF solution of 1-germa-
allene 7 prepared from 4 by Method B, an interesling oxidation
product 12 was obtained as a major product (36% from 4).

. SiM83
ot R o,Bublng  MesS~-0 R
/Ge=C=C\ /C-_—C\
Mes R THF/I. t. Di Ge\ R
7 | “Mes
Dis OH
0, ‘12+2l
12
Dis = CH(SiMea),
Me;ySi, SiMes
Di 'j’\
OH O
do e
e— C—C\
Mes R

Scheme 5,

The formation of 12 in the oxidation of 7 is most likely
interpreted in terms of the initial [242]cycloaddition of molecular



14: 24 28 January 2011

Downl oaded At:

SYNTHESIS AND REACTIONS OF A I-GERMAALLENE 143

oxygen with 7 followed by the cleavage of the 1,2-dioxetane ring and
further intramolecular cyclization of the resulting biradical species as
shown in Scheme 5.

Further investigation on physical and chemical properties of the
newly obtained 1-germaallene 7 is currently in progress.
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[91 7: 'H NMR (500 MHz, Cg¢Dg, 300 K) 6 0.18 (s, 18H), 0.21 (s, 36H), 1.54 (s, 1H), 2.08
(s, 3H), 2.69 (s, 1H), 2.73 (s, 6H), 2.76 (s, 1H), 6.68 (s, 1H), 6.74 (s, 2H), 6.78 (s, 1H),
7.26 (t, J=7.4 Hz, 2H), 7.34 (t, J=7.4 Hz, 2H), 7.61 (d, J=7.4 Hz, 2H), 8.13 (d,
J=1.4 Hz, 2H); 3C NMR (126 MHz, C¢Dg, 300 K) 8 0.94 (9), 1.07 (g), 1.30 (g), 20.95
(q), 27.30 (q), 31.07 (d), 31.90 (d), 32.24 (d), 120.26 (d), 122.85 (d), 123.32 (d), 127.29
(d), 127.89 (d), 128.65 (d), 128.86 (d), 131.61 (s), 136.00 (s), 136.69 (s), 138.46 (s},
139.66 (s), 140.41 (s), 142.34 (s), 145.47 (s), 150.79 (s), 243.56 (s). At this stage, we
are not able to assign one quaternary carbon for compound 7 probably due to the inevi-
table overlapping with the solvent peak (CgDg).



