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Strained rings incorporating heavier group 14 elements have
attracted considerable attention in recent years due to their unique
structures and reaction pattefrSeveral three- and four-membered
rings with heavier main group elements have been synthesized and
characterized. However, stable cyclobutadiene rings containing Si
Pb atoms remain unknown, although in a few cases they have been
postulated as reactive intermediatéhis is, of course, consistent
with the instability of cyclobutadiene itself for which calculations
have indicated an antiaromatic destabilization of 80 kcal/mol?
Moreover, recent experimental results also showed that the cyclic
4m-electron system is destabilized by 55 kcal/rhélor heavier
element derivatives, a few calculations have been carried out on gigyre 1. Thermal ellipsoid drawing of (50% probability). Hydrogen

SiCsH4,® Si,CoH,,% and their isomers. For §1,H,, they have shown atoms and Dipp rings (excefgso carbon atoms) are not shown. Selected
. 1. ) bond lengths (A) and angles (deg): GeGe2 2.4708(9), Ge1C61
that the silacyclopropene HCC(Sj#$i structure is the most stable  2.022(5), Ge2 C68 2.027(5), C63C68 1.365(7), GetC1 2.004(5), Ge2

of the numerous possible isomers with 1,2-disilacyclobutadiene ca. C2 2.003(5); C6+Gel-Ge2 74.00(15), C68Ge2-Gel 74.22(15), Gel
: : ; ; C61-C68 106.2(4), C63C68—-Ge2 105.4(4), C6:Gel—C1 109.2(2),

46 kcal/mol _hlgher in energy. Accor_dmgly, the syr_1theS|s and C1-Gel-Ge2 134.8(15), GeiGerC31 132 04(14),

characterization of a stable cyclobutadiene ring containing a heavy

group 14 element is of fundamental interest and a formidable Scheme 1

synthetic challenge. We previously reported the synthesis and

R R
structure of the stable germanium alkyne analogu&aGeAf (1, Gecenr RICCRy 1 ~Ge—Ger™p non Ar'—G1 = :—Ar'
Ar' = CgH3-2,6-Dipp, Dipp = CsH3-2,64Pr).” It has a trans-bent . RO R, R)=<R2
geometry in contrast to that of the linear alkynes. The lone pair R R G 2
character and consequent bending at the Ge atoms suggest Ri=H.Ry=SiMes A Ri=H,Ry=SiMes B
heightened reactivity, but little is known of the chemistry of these A= 2,6:Dipp;CH, Dipp = ProCeHy 1 - Ho R = SiMes, 3

heavier group 14 alkyne analogues. We now report the reaction ofA) indicate single bonding. The GeSe bond length (2.4708(9)
the “digermyne”l with alkynes and the formation of the first stable R) is slightly longer than a single bond (2.44%and is just above
cyclobutadiene incorporating heavier group 14 elements as shownyhe known range for “digermenes” (2.:22.46 A)1%c The data
in Scheme 1. _ _ for 2 clearly establish the presence of a carboarbon double bond
Upon stirring ann-hexane solution o and diphenylacetylene  5ng two germaniumcarbon single bonds in the central four-
at room temperature for 7 days, the orange red color became deefnempered ring. In addition, the pyramidal Ge environments and
red® Cooling the solution at 8C overnight afforded black-red  {he Ge-Ge bond length are consistent with a weak-@e double
crystals of2, a 1,2-digermacyclobutadiene, in high yield (Scheme pond as seen in several acyclic digermeieg!t
1). It displayed relatively high thermal stability as indicated by its  compound crystallizes as two crystallographically independent
high melting point (178°C). Nonetheless, it is extremely air-  mglecules which have similar bond lengths and angles. One of these
sensitive both in solution and in the solid state. It was characterized molecules is shown in Figure 2. The unusual structure results from
by *H NMR, *C NMR, IR, and UV--vis spectroscopies, and by  the addition of a Dipp ring from an Ar’ ligand to the postulated
X-ray crystallography. The reaction d@ with an excess of  djradical intermediatd in Scheme 1. The C61C62 and C66:
diphenylacetylene under normal conditions did not result in further c67 bond lengths are in the range for alkenes, while -G389
addition of alkyne. However, the reactionbivith the less crowded (1.555 A) is close to that of a-€C single bond. The Ge atoms are
terminal alkyne HCCSiMgled to the unusual bicyclic compound  each coordinated to four carbon atoms and display a distorted
3 (Scheme 1), which was also spectroscopically and structurally tetrahedral geometry. The 6&e separation is 3.076(3) A, which
characterized. underlines the breaking of the G&e bond during the reaction.
The structure o2 is shown in Figure 2.Its most prominent The reaction ofl with PhCCPh or HCCSiMgunder ambient
feature is the four-membered & ring which is an almost planar  conditions underlines its high reactivity in comparison to alkynes.
trapezoid (average deviation from the plane 0.026 A; sum of the A possible mechanism for the formation Bfand 3 is shown in
internal angles 359.82 The two terphenyl ligands are disposed Scheme 1. The 1,2-digermacyclobutadie@esnd A are formed
above and below the G@; ring such that the Ge centers have initially by a [2+2] cycloaddition ofl with PhCCPh or HCCSiMge
pyramidal coordinationY°Ge= 318.0 and 317.3, ClGelGe2C31 The speciedA is probably more reactive due to the lower steric
= 151.4). The C61-C68 bond length (1.365(7) A) is consistent  protection afforded by the hydrogen substituent on the carbon atom.
with C—C double bonding, and the G€ ring distances (ca. 2.00 It reacts with another molecule of HCCSiMto afford the 1,4-
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(8) All manipulations were carried out under anaerobic and anhydrous
conditions2: A mixture of ArGeGeAfl’ (1, Ar' = CgHz-2,6-Dipp, Dipp
= CgH3-2,64Pry, 0.140 g, 0.149 mmol) and diphenylacetylene (0.053 g,

. . . - 0.30 mmol) inn-hexane (30 mL) was stirred at room temperature for 7
Figure 2. Thermal ellipsoid drawing o8 (50% probability). Hydrogen days. The resulting deep red solution was concentrated and stored at 6
atoms are not shown. Selected bond lengths (A) and angles (deg): Gel °C overnight to give dark red crystals f(0.148 g, 77.7%). Mp: 178
C11.978(6), Ge:C39 2.002(6), GetC61 1.945(7), Ge1C66 1.957(6), °C.1H NMR (CeDs, 300.08 MHz): 6 0.77 (br, 24H, CHley), 1.07 (br,
Ge2-C31 1.973(6), Ge2C38 2.017(7), Ge2C62 1.978(5), Ge2C67 E“)lHé %Fhélberz),eioi Sﬁg}thg%J(z %g lJ*Z_. %Mszz), gﬁi‘ )(bg g{l;_,?A;l
1.961(6), C66-C67 1.334(9), C62C62 1.360(9), C38C39 1.555(9); (m’, 6i—|, Ar—f—i), 7929 «d, 4H',J= 6.9 Hz’, Ar—H). 13C NMR (ésbe, 100.52
C39-Gel-C61 102.1(3), C39Gel-C66 104.3(3), C61+Gel-C66 MHZ)Z 5 235 (Cl‘Mez), 26.1 (Cl‘Mez), 31.1 CHMez), 123.5, 126.4,
100.9(3), C+-Gel-C39 119.8(3), C+Gel-C61 119.9(3), C+Gel-C66 127.1, 129.1, 129.3, 130.8, 138.0, 140.2, 145.7, 146.8, 147.5, 159.2
107.3(3), Ge+C39-C38 110.8((4), GetC61-C62 117.8(4). (unsaturated carbon). IR (KBr, Nujol): 1605 (w), 1580 (w), 1570 (w),

855 (W), 757 (s), 735 (m), 711 (s), 688 (M), 452 (m), 367 (sytrIV—
. . . . vis (n-hexane): 375 nm (shouldery: This compound was prepared
digermabenzene intermedi&¢? followed by the activation of one similarly to 2. After workup, yellow crystals o8 Werelobtained at ca.
: ; ; —20°C fromn-hexane (0.120 g, 84%). Mp: 228 (dec).*H NMR (CgDg,
of the flanklln.g aryl rings on the terphenyl Illgands to g&eThe 300.08 MH2): 6 —0.21 (5. 9H. SWles), —0.15 (s, OH, Hes), 0.24 (d,
regioselectivity of this reaction may be attributed to steric effects 6H, CHVey), 0.90, 1.01, 1.19, 1.231.45 (m, 42H, CHle,), 1.68 (br,
i i -to- i i i 1H, C39, H), 2.03 (sept, 1Hl = 6.7 Hz, HHMey), 2.28 (sept, 1HJ =
in Whl_ch head-to-head coupling of the germanlum c_enter with the 6.7 Ha, (HMes), 2.82 (sept, 2H) = 6.7 Hz, GHMes). 3.05 (muit, 3H.J
less hindered carbon atom of the unsaturate®@nits is favored. = 6.7 Hz, GHMey), 3.35 (sept, 1HJ = 6.7 Hz, GHMey), 5.38 (br s, 1H,
Although [2 + 2] cycloadditions are common for reactions of vi-CH), 5.76 (br, s, 1Hyi-CH), 6.58 (d, 2H,J = 7.5 Hz, Ar—H), 6.98~

. ) . 7.24 (m, 13H, Ar-H), 7.50 (d, 2H,J = 7.4 Hz, Ar—H). 13C NMR (C4Ds,
unsaturated heavier group 14 element species with unsaturated 75.5 MHz): & —1.58 (SMes), —1.28 (SMe3), 12.95 (CHley), 17.84

hydrocarbond? reaction with a relatively unactivated benzene ring (CHMey), 19.64 CHMe,), 21.64 (CHMey), 24.41 (CHMey), 29.71
. ) L (CHMe,), 32.78 CHMey), 34.57 CHMe,), 50.05 ¢i-C), 121.67, 122.74,
is uncommon, suggesting that the reactive intermediatbas 124.6, 126.08, 130.46, 131.06, 140.48, 145.14, 147.11, 159.21, 163.55
considerable diradical character. (unsaturated carbon). IR (KBr, Nujol): 1591 (w), 1575 (w), 1554 (w),
. I 1305 (m), 1248 (m), 1154 (m), 1056 (w), 967 (m), 934 (w), 893 (s), 875
In summary, the reactions of PhCCPh or _HCCSngth (m), 840 (m), 760 (m), 748 (M), 660 (M), 644 (s), 605 (s), 475 (Wytm
Ar'GeGeAt, 1, show that it is much more reactive than normal (9) Crystal data fo at 130(2) K with Cu Kt re'gjiation = 1.54/1&178 A):

; i i trigonal, space grouR3, a=h = 43.910(7) A,c = 19.208(7) A, = f8
glkyqes. The helghtened reactivity dis vgrY.probany dug to its =90, y — 120", R1 = 0.0586 for 7378 reflectiond { 20(1)), WR2 =
incipient diradical character and accessibility of the excited state 0.1705 (all data). Crystal data f8rat 91(2) K with Mo Ko (1 = 0.71073
of this molecule. A): monoclinic, space groufs, a = 33.299(8) Ab = 13.209(3) Ac =

38.495(13) A, = 104.211(6y, R1 = 0.073 for 30 438 reflections
(1 > 20(1)), wR2 = 0.2380 (all data).
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