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The recently reported speciesJNerGaGaAr] (Ar = -CgHs-
2,6(2,4,6-PrCgHy), =—CgH3-2,6-Trip) has a nonlineatrans
geometry with CG-Ga—Ga angles of 128.5(4) and 133.5{4nd
a Ga—Ga distance of 2.319(3) A. It was described as the first
example Qf a compound V\_”th aG&a t_”pl_e bondL._ Its trans: Figure 1. Computer-generated drawing bfHydrogen atoms are not
configuration and GaGa distance (which is mqrgmally shorter  ghown. Important bond distances (A) and angles (deg): Siga)
than some less sterically crowded €aa singly bonded  (1a)2.8123(9), Sn(1yC(1) 2.236(5), K(1)>-O(1) 2.684(7), K(1}O(2)
compoundd) suggest a more complex view of the bonding, 2.703(6), K(1-O(3) 2.610(9), C(1}Sn(1)-Sn(1A) 95.20(13).
however. Thus, in simplistic valence bond terms, the dianion

[ArGaGaArE~ may be written in the two extreme forma)( 2.8123(9) and 2.236(5) A, and the S&n—C angle is 95.20-
and @). In (a) the Ga-Ga bond conforms to the normal three- 13y | the asymmetric unit a2, there are two half anions as

well as a whole cation in which Kis coordinated by dibenzo-

Arl? 18-crown-6 and three THF molecules. The remaining half of
[Ar— Ga= Ga— Ar]* G Ga/ each anion is generated by an inversion center. For the Sn(1)
.. moiety, there is disorder of the organic substituent over two
@ Lar () sites of almost equal occupancy. The Sr(Eh(1A) distance,

2.7821(14) A, remains unaffected, but there are two, slightly

electron-pair triple bond model commonly associated with the different Sn(1)-C(1) distances of 2.293(13) and 2.269(14) A
isoelectronic alkynes. Irbj two of the original three bonding ~ @nd two C(1}-Sn(1)-Sn(1A) angles (93.6(4) and 95.0(#)In
pairs become a lone pair at each Ga, which are now connectedhe other half anion, the Sn2Bn(2a) and Sn(2)C(37)
by a formal single bond leaving an empty p-orbital at each metal distances are 2.8236(14) and 2.226(7) A and the {31}
perpendicular to the molecular plane.” Their bonding should (2)—Sn(2a) angle is 97.3(2) . .
be similar to the unknown isoelectronic neutral neighboring _ The structural and spectroscopic data for the aniorisanfd
group 14 element derivatives ArMMAr (M= Si, Ge, Sn, or 2a_re consistent with Hansbentstructgre for the [ArSnSnAT]'
Pb). Previous work has shown that Ge can triple bond to a @nion, as represented by structudg i which the lone pairs
transition element inyf-CsHs)(COpMoGeGHs-2,6-Mes (Mes are located on the tins and the unpaired electron isiroebital
= 2,4,6-MeCsH.-) where the Ge atom has almost linear (Mo ~ formed by overlap of the tin p-orbitals. This species has a
Ge—C = 172.2(2)) geometry and there is a short MGe bond ~ formal Sn—Sn bond order of 1.5, and the narrave, 95° bond
length of 2.271(1) B Nonetheless, there are no stable heavier angle at the tins suggests little hybridization at these atoms.
Flore. the fret example of 2 related species, i whieh the heutral oo Gyhmeteulatons were cated out under angerobic and arfycrous
) ) . (@) For Sn(Cl)Ar: (ED)LIAr# (5.50 g, 9.77 mmol) in toluene

tin analog of &) or (b), ArSnSnAr, is singly reduced to the (50 mL) was added dropwise to a stirred suspension of S84 g, 11.81
anion [ArSnSnArt®, is now described. mmol) (20% excess) in toluene (10 mL) with cooling in an ice-bath. The

: . . - mixture was allowed to warm to room temperature and was stirred for 6 h.
The anion [ArSnSnAr]* was synthesizedby the reduction The resultant green solution (red in transmitted light) was filtered through

of Sn(Cl)Ar in THF solution. It may be crystallized as either Celite and was concentrated to incipient crystallizaticas 80 mL) under
of the salts [K(THRJ[ArSnSnAr] (1) or [K(dibenzo-18-crown- redgceg Sr)r?éf)lg}_ei- gtgrggeo?l )*20 °C freezer ftorl 3 daylz alffggded 2th866
. N : product Sn -2,6-Trip as orange crystals: yield 1.82 g, 2.
6)(THF)][[ArSnSnAr] 2_THF (2-2THF). In THF so_lut|on at  imol. 29.3% mp3205210°C; TH NMR (CeDe) 6 1.08 (d,J = 6.6 Hz, 12
room temperature, their EPR spectra are essentially identicalH, p-CH(CH)s),), 1.21 (d,J = 6.6 Hz, 24H,0-CH(CH3)y), 2.79 (sept] =
and exhibit an EPR signal near= 2.0069 with hyperfine 6.9 Hz, 4H,0-CH(CHs),, 3.14 (sept]) = 6.9 Hz, 2H, p-G(CHa)y), 7.24

: 17 1 i ; (s, 4H,m-Trip), 7.22 (t, 1H,J = 7.2 Hz,p-CeHy), 7.31 (d, 2HJ = 7.9 Hz,
coupling to thet'’Sn and!9Sn nuclei which may be simulated mCsHa): UV (s €) 710 nm, 340: 522 nm. 1180: 480 nm, 1120, Anal.

to afford the values('’Sn) = 8.3 G anda(*!%Sn) = 8.5 G. Calcd GeHaeCISN: C, 67.99; H, 7.77. Found: C, 67.32; H, 7.51. For
The X-ray crystal structures of and 2 have also been  [K(THF)eJ[ArSnSnAr] (1): 2,6-TripCeHsSnCl (1) (1.00 g, 1.57 mmol) and

; ; ; ; ; KCsg (0.21 g, 1.54 mmol) in THF (20 mL) were stirred rapidly at room
determined. For1, each asymmetric unit contains a half cation temperature for 2 h. All volatile materials were removed under reduced

and a half anion, the remainder is generated by a crystallo- pressure, and the residue was extracted with THF/toluene, 3:1 mixture (30
graphically required inversion center at land at the center of ~ mL), and rapidly filtered through Celite. The dark red solution was
the Sn-Sn bond (Figure 1). The K ion is octahedrally concentrated to incipient crystallization and stored @aa—20 °C freezer

. . : . for 2 days to afford the produdtas orange-green dichroic crystals: yield
cpordlnated to six THF molecules with an _average@( 0.36 g, 0.22 mmol, 27%; mp 12 (dec.). Anal. Calcd for gH14¢<O¢-
distance of 2.67(3) A. The StBn and SrC distances are  Sn: C, 68.92; H, 8.80. Found C, 68.13; H, 8.97. The compo2«&THF
was obtained similarly except that dibenzo-18-crown-6 was included in the
T Preliminary data fod were reported at the 213th National Meeting of  reaction mixture. The produ@2THF was obtained in 22% yield, mp 125

the American Chemical Society, San Francisco, CA, April 1997. °C (dec.). (b) Schiemenz, B.; Power, P.Jtganometallicsl996 15, 958.
(1) Su, J.; Li, X.-W.; Crittendon, R. C.; Robinson, G. H.Am. Chem. (5) Crystal data at 130 K with Mo & (1, 1 = 0.710 73 A) or Cu K
Soc 1997, 119, 5471. (2:2THF, 1 = 1.541 78 A). Forl: a = 13.036(3) A,b = 21.742(4) Ac
(2) (@) Brown, D. S.; Decken A.; Cowley, A. H. Am. Chem. So2995 =17.034(3) A8 = 105.91(33, monoclinic, space group2,/c, R; = 0.061
117,5421; (b) Saxena, A. K.; Zhang, M.; Maguire, J. A.; Hosmane, N. S.; for 5599 ( > Za(li) data. For2-2THF: a = 15.111(3) A,b = 15.812(3)
Cowley, A. H.Angew. Chem., Int. Ed. Endl995 34, 332. A, c=23.189(5) Ao = 81.16(3Y, 5 = 84.07(3}, y = 87.92(3Y}, triclinic,

(3) Simons, R. S.; Power, P. B. Am. Chem. Sod 996 118 11966. space groupPl, Ry = 0.088, with 114 291(> 2¢(1)) data.
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The Sn-Sn distances il and2 (av 2.806(16) A) are close to
the Sn-Sn single bond distance in gray tin (2.8084nd the
quasi-double SaSn bond length (2.764(2) A) in SiCH-
(SiMe3)2]a.” The structures of and2 appear to imply that the
p—p z-bond overlap is quite weak, although a comparison with
the Sn-Sn distance in the neutral precursoc} i6 necessary
to confirm this.

We have attempted to isolate the neutral spedagwithout
success by the use of exactly 1 equiv of gfier Sn(Cl)GHs-
2,6-Trip,. Apparently, €) is very susceptible to reduction and
(d) is always produced during the reaction. In the current
absence of structural data for the neutrd), (the expected
structure can be imagined by removing theslectron. This
should result in a slight increase in the-S®n bond distance
(since the formal bond order is lowered) and the angle at tin
may also change slightly, butteans-bentstructure should be
retained. The preference for tlrans-bentconfiguration rather
than the linear distannyne structur@) (is supported by
preliminary 3-21G basis set calculatidren the hypothetical
molecule MeSnSnMe3]j, which show that thé&rans-bentform,
with a Sn—Sn—C angle of 125.0and an Sa-Sn distance of
2.673 A, is 141.0 kJ mof more stable than the linear, formally
triply bonded (Sr-Sn distance= 2.432 A) form. The SaSn
distance fotransbentMeSnSnMé affords a Pauling bond order
(PBO) value of 1.48. One explanation for the multiple
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represented in valence bond terms by a resonance fyrithie

ca 95 Sn—Sn—C angles inl and2, however, suggest that the
lone pair donofr-acceptor interaction is weak and that the single
bond represented bg)(is a reasonable bonding approximation.
Calculations on some Si congenérshow that the linear triply
bonded form is as little as 2@5 kJ mol™? (Si substituents=
Si(t-Bu)z or Si(GHs-2,6-Eb)3)1%2 or as much as 75 kJ nidi

(Si substituent= Me)!0ab |ess stable than thérans-bent
structures which have SiSi bonds in the range of 2.062.072

A, consistent with a PBO of 2.17 &.

Unfortunately, in the absence of theoretical data on the
hypothetical, triply bonded, linear [MeGaGaMeg] it is not
possible to calculate the PBO of the GaGa bond in-Na
[ArGaGaAr]. However, we note that the 6&a distance
(2.319(2) A) observedn Na[ArGaGaAr] is quite close to the
2.343(2) A seet in the anion [TripGaGaTrip]* (3), which
has a formal bond order of 1.5. Attempted reduction to doubly
reduced [TripGa=GaTrip]?~ (4) with a formal Ga-Ga bond
order of 2 has not yet been successful. However, the singly
and doubly reduced boron analogs3aind4 have similar B-B
distanced? It is thus probable that a putative G&a double
bond in [TripGaGaTrip]?~ would be similar in length (i.e.,
ca. 2.34 A) to the Ga-Ga distance in [TrigGaGaTrip] . Itis
therefore concluded that the 6&a bond order in doubly
reduced NgArGaGaAr] is close to 2, since it has a very similar

character comes from the molecular orbital representation of Ga—Ga bond length as well astensbent rather than linear,

the MeS: units which possess doublet ground states which
may interact in a donefracceptor fashion (represented &) (

with the unpaired electrons in the p-orbitals also interacting to
afford further bonding. The implied multiple bonding can be

(6) Wells, A. F. Structural Inorganic Chemistry5th ed.; Clarendon:
Oxford, 1984; p 1279.

(7) Goldberg, D. E.; Harris, D. H.; Lappert, M. F.; Thomas, K. 3.
Chem. Soc., Chem. Commu®976 261.

(8) Allen, T. L. Unpublished results. The corresponding data for the
germanium analog are G&e = 2.168 A and GeGe—C = 130.5 for
the trans-bent form which is 63.4 kJ mol' more stable than the linear
form in which the Ge-Ge bond length is 2.014 A. The PB@r thetrans-
bentform assuming a GeGe single bond length of 2.44 A (ref 6) is 2.02.
See also: Grev, R. S.; Deleeuw, B. J.; Schaefer, H. F.Cliem. Phys.
Lett 199Q 165 257.

(9) Pauling, L.Nature of the Chemical Bon@rd ed.; Cornell University
Press: New York, 1960; p 239: The relationship of bond order to length
is given byD(n") = D(1) — C log (n') (n'= bond order,D(1) = single
bond length, an€ is a constant). If the length of a single bond (from gray
tin, i.e., 2.80 &) and a triple bond (2.432 A for the linear fofjrare plotted
on a graph whose ordinates are-S8n distance and log' and connected
by a straight line, the PBO for any Si$n distance can be estimated. The
Sn—Sn distance (2.673 A) iransbentMeSnSnMe gives a log = 0.164
giving a PBO of 1.46.
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