
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 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

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

The First Organogallium Four-Membered Ring Compound With Arsenic,
Halogen Mixed Bridging: Synthesis and Crystal Structure of
Richard L. Wellsa; William K. Holleya; Soheila Shafieezada; Andrew T. McPhaila; Colin G. Pitta

a Department of Chemistry, Paul M. Gross Chemical Laboratory, Duke University, Durham, NC,
U.S.A.

To cite this Article Wells, Richard L. , Holley, William K. , Shafieezad, Soheila , McPhail, Andrew T. and Pitt, Colin
G.(1989) 'The First Organogallium Four-Membered Ring Compound With Arsenic, Halogen Mixed Bridging: Synthesis
and Crystal Structure of ', Phosphorus, Sulfur, and Silicon and the Related Elements, 41: 1, 15 — 19
To link to this Article: DOI: 10.1080/10426508908039686
URL: http://dx.doi.org/10.1080/10426508908039686

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may 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 form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, 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/10.1080/10426508908039686
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur and Silica, Vol. 41, pp. 15-19 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1989 Gordon and Breach, Science Publishers, Inc. 
Printed in the United Kingdom 

THE FIRST ORGANOGALLIUM FOUR-MEMBERED RING COMPOUND WITH 

ARSENIC, HALOGEN MIXED BRIDGING: SYNTHESIS AND CRYSTAL 

STRUCTURE OF Ph2daAs (SiMe3) 2Ga (Ph) 2d1 

RICHARD L. WELLS*, WILLIAM K. HOLLEY, SOHEILA SHAFIEEZAD, 
ANDREW T. McPHAIL, AND COLIN G. PITT 
Department of Chemistry, Paul M. Gross Chemical Laboratory, 
Duke University, Durham, NC 27706, U. S .A. 

Abstract Ph2daAs (SiMej) 2Ga (Ph) 2dl (1) has been isolated 
from the products of the room temperature reaction of Ph2GaC1 
with (Me3Si)3As (reactants mixed in both a 2:l and a 3:l mole 
ratio). A mixture of 1 and [Ph2GaAs(SiMe3)2]2 (2) was 
isolated after heating a 1:l mole ratio combination of the 
same reactants. Reaction of pure 2 [prepared from Ph2GaC1 
and LiAs(SiMe3)~l with Ph2GaC1 resulted in the formation of 
(1). Prolonged heating of 1 produced a mixture of 2, MejSiCl 
and unidentified products. Compound 1 was structurally 
characterized by a single-crystal X-ray analysis and shown 
to be the first organogallium four-membered ring compound 
with both an arsenic and a halogen bridge. The ring of 1 
is clearly non-planar as evidenced by the fact that the C1 
atom is displaced from the Ga-As-Gal plane to yield a dihedral 
angle of 8.8' between the Ga-As-Gal and Ga-C1-Gal planes. 
Various other features of the structure of 1 are discussed. 

INTRODUCTION 

In gallium chemistry, four-membered ring formation is known to 

occur bridging of gallium centers by two arsenic atoms1 or two 

halogen atoms2, but the literature contains no references to this 

occurring through one of each of these atoms. Here we report the 

synthesis and crystal structure of PhZdaAs (SiMe3) 2Ga (Ph) 2dl (1) , 
the first organogallium four-membered ring compound resulting from 

arsenic, halogen mixed bridging. We also report the synthesis of 

[Ph2GaAs(SiMe3)2]2 ( 2 ) .  The fact that 1 can be prepared from 

Ph2GaC1 and (Me3Si)3As again exemplifies the utility of 
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16 WELLS, ET AL. 

dehalosilylation between a silylarsine and a halogallane in 

preparing novel gallium-arsenic systems. 1 r 3  

RESULTS AND DISCUSSION 

Combining C6H6 solutions of Ph2GaC14 and (Me3Si)3As5 (2:1 mole 

ratio), followed by stirring at room temperature and removal of 

solvent and Me3SiC1, gave a white solid. A ligroin extract of the 

solid afforded 1 as white crystals [mp 145-146 OC (dec), 55.3% 

yield]. A satisfactory molecular weight was obtained by cryoscopic 

measurements. NMR: 13C{ IH} ( ~ 6 ~ 6 )  6 3.14 (s, Me3Si) , 128.30, 128.72, 
135.81, 146.57 (m, Ph) . 

2Ph2GaCl + (Me3Si) 3As i Ph2daAs (SiMe3) 2Ga (Ph) 221 + Me3SiC1 
1 

Likewise, mixing solutions of Ph2GaCl and (Me3Si)gAs (3:l mole 

ratio) resulted in the formation of 1 as the predominant product 

(53.5% yield) . 
A mixture of 1 and 2, MegSiCl and other unidentified products 

were isolated after heating (76 OC) a 1:l mole ratio combination of 

Ph2GaC1 and (Me3Si) 3As in CgH6. Compounds 1 and 2 were identified as 

the components of the mixture by comparison of the l3C{IH} NMR 

spectrum of the mixture with those of authentic samples of 1 and 

2 .  The latter was prepared from Ph2GaC1 and LiA~(SiMe3)2~ (1:l 

mole ratio) in benzene and isolated as white crystals [mp 229-230 

OC (dec), 33.3% yield], and it. was determined to be a dimer in 

solution by cryoscopic molecular weight measurements. NMR: 13C(1H} 

(C6D6) 6 4.82 (9, Me3Si), 127.75, 128.02, 137.62, 149.55 (m, Ph) . 

The production of 1 was also accomplished by allowing Ph2GaC1 

and 2 (2:l mole ratio in CgD6) to react in a sealed NMR tube. 
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H e a t i n g  a sample o f  1 i n  C6D6 i n  a sealed NMR t u b e  f o r  o n e  

month a t  80 OC r e s u l t e d  i n  t h e  f o r m a t i o n  of 2, Me3SiC1 a n d  o t h e r  

u n i d e n t i f i e d  p r o d u c t s .  

An X-ray c r y s t a l  s t r u c t u r e  a n a l y s i s  of 1 revealed t h a t  t h e  

asymmetric u n i t  c o m p r i s e s  a discrete m o l e c u l e  ( F i g u r e  1) c o n t a i n i n g  

t h e  h e r e t o f o r e  unknown A s -  a n d  C1-bridged four-membered 

G a - A s - G a I - C l  r i n g .  T h a t  t h i s  r i n g  is n o t  s t r i c t l y  p l a n a r ,  a n d  t h u s  

FIGURE 1 M o l e c u l a r  s t r u c t u r e  of Ph2daAs (SiMe3) 2Ga (Ph)  2 2 1  

(1) (hydrogen  a toms  o m i t t e d  f o r  c l a r i t y ) .  S e l e c t e d  d i s t a n c e s  

( A )  a n d  a n g l e s  ( O ) :  G a - A s  2 . 4 6 9 ( 2 ) ,  GaI-As 2 . 4 6 3 ( 2 ) ,  Ga-C1 

2 . 4 1 2 ( 3 ) ,  Gat -C1 2 . 4 0 9 ( 4 ) ,  Si-As 2 . 3 5 9 ( 4 ) ,  S i t - A s  2 . 3 6 7 ( 4 ) ,  

Ga-As-Ga ' 88.70  ( 7 )  , Ga-C1-Ga 91.3 ( 1) , As-Ga-C1 8 9 . 5  ( 1) , 
A s - G a I - C l  8 9 . 8  (1) , Si -As-S i '  1 1 1 . 0  ( 2 )  , C (11) -Ga-C (17) 

1 2 0 . 0 ( 5 ) ,  C ( l l t ) - G a 1 - C ( 1 7 t )  1 2 2 . 6 ( 5 ) .  
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18 WELLS, ET AL. 

the molecule deviates from exact CJ~ synanetry presumably to relieve 

unfavorable non-bonded intramolecular interactions between 

substituents in such a symmetric form, is manifested by the C1 atom 

displacement of 0.256 A from the Ga-As-Ga' plane (the associated 

angle between the Ga-As-Gal and Ga-C1-Gal planes is 8.8' and the 

mean endocyclic dihedral angle about the ring bonds is 6.2' ) . The 

extent of the departure from exact planarity in 1 is somewhat less 

than in the (Ga-As) 2 ring of { [ (Me3SiCH2)  AS] 3Ga}26 where more 

severe overcrowding of the bulkier ring substituents leads to 

corresponding interplanar and dihedral angles of 13.6' and 10.2', 

respectively. In contrast to the situation in (Ga-As)2 rings where 

the endocyclic angles subtended at As and Ga differ significantly 

[range : 94.57(4) - 96.02(4)' and 83.58(4) - 85.02(2)', 

re~pectively],~ those in 1 are almost equal [88.70(7)' at As; 

89.5(1) and 89.8 (1)' at Gal. The bond angle at the bridging C1 

atom [91.3(1)'1 is nearly the same as that of 91.4(1)' in 

[Ga(C5H5)C1212(3)7 and lies in the middle of the range of 86(2)' 

in (GaC13)~(4)~ and the mean of 97.4(2)' in [Ga(CgMe5)2C112 ( 5 )  .7 

The mean C-Ga-C angle at 121.3(5)' is close to the corresponding 

value of 120.8 (2) ' in [ (Me3SiCH2) 2AsGaPh212. A significantly 

larger Si-As-Si' angle [111.0(2)'] is present in 1 than in 

[ (Me3Si)2AsLi*DME]2 (DME = 1, 2-dimethoxyethane) ( 6 )  [103.2(4)'] .lo 

The mean Ga-As bond length in 1 [2.466(2) A] is shorter than any 
found within (Ga-As) 2 rings [range: whereas 

the mean Ga-C1 distance at 2.411(4) A is longer than the 

corresponding length in 4 [2.29(9) A] as well as the mean of those 

in 3 [2.363(3) A], but it is shorter than the mean in 5 

[2.448 (7) A]  . The mean Si-As distance at 2.363(4) A is 

significantly longer than in 6 [2.307(7) A]. 

- 

2 -513 (1) - 2.581 (1) A] , 

Finally, the 13C NMR spectrum and the experimentally 

determined molecular weight of 1 indicate it has the same 

molecular structure in solution as in the solid state. 
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