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Mechanistic studies are essential for the understanding and GeMesg ™70 O EuSH

. . . HSIE
development of chemical reactions. Surprisingly, although the ez Mes,GeHSIEL + M
addition of carbonyl compounds to digermehas give 2,3- 5
digermoxetanes was one of the first reported reactiofthis class

X X Mes,Ge—GeMes»o MesoGe—GeMes)
of compounds, there is only one theoreticahd no experimental ! |

studies of the mechanism of this additibin fact, with a few OﬂH R + o
notable exceptions® the mechanism of the addition of carbonyl "‘<£Ph

compounds to any doubly bonded Ge derivative remains un- H

explored. In addition to the fundamental importance of such 3a,b (R = H)
mechanistic studies in molecular digermene chemistry, the results 4a,b (R = OMe)
of such investigations are also relevant in the study of the

chemical modification of germanium surfaces, particularly the 1-Hydroxy-1,1,2,2-tetramesityldigermarg, was also formed

Ge(100)-2x 1 surface which is believed to be composed of qyring the addition ofl to MesGe=GeMes. The hydroxydiger-

germanium dimers. ) _ ~ mane was presumably produced either by the addition of adventi-
We have used molecular probes to investigate the mechanismyq s water to the digermene or, more likely, by addition of

of the _additic;n of carbonyl compounds to both disilenes and 5imospheric water to unreacted digermene upon quenching of the
germasilene? The probesirans-2-phenylcyclopropane carbalde-  o,¢tion mixture. The water addu@, was readily identified by

hyde () and transtrans-2-methoxy-3-phenylcyclopropane carb- comparison of itdH NMR spectral data with the known literature

aldehyde 2), contain the same (alkoxy)phenylcyclopropylcarbinyl valuest The four products3a, 3b, 5, and6, were formed in a
framework found in the hypersensitive probes developed by . " 1 4 5.4, L) ’

.7 ratio of 1.5:1.5:4: 1, respectively, as determined 1y NMR
0,11 .
Ngw_combl. The cyclopropane carbaldehydes are a_ble' to dis spectroscopy. Compound®b were unequivocally identified as
criminate between the development of a radical or a cationic center

. ) . . the diastereomers of the formaHf2] cycloaddition adduct between
at the aldehydic carbon by following different, subsequent reaction Mes,Ge=GeMes and trans2-phenylcyclopropane carbaldehyde
pathways® The oxy-substituted phenylcyclopropylcarbinyl radical pheny'cycloprop yae.

A . The 1H, 13C, IH-13C HSQC, and'H—!H COSY NMR spectra
has been shown to undergo rapid ring-opening toward the phenyl . A
. M completely support the structural assignmér@lose examination
substituent, whereas the analogous oxonium ion does not rearrange. e . . :
. . . .~ of the tH—H coupling constants in the three-membered ring of
However, in the event that the cation does undergo rmg-openlng,3 b revealed that the relative stereochemistry of the three-
it has been shown that cleavage toward the methoxy group in the a b v dri ff t':; by th %IAltk{ h
(alkoxy)phenyl-substituted cyclopropane ring will occur. Thus, a membered ring évas u_nal ec;a y3b € rtleac . ougfgeverél
reliable means of determining the nature of a putative intermediate attempt was made to iso rom 3b, only a mixture ofsaan

in an addition reaction to the carbonyl moiety has been demon- 3b (1:4) and a mixture o8a a”F’G (1'8:1_) COL_“_d be optained.
strated. The addition of either carbaldehylder 2 to tetramesityl- Compoundsiab were unambiguously identified as diastereomers

disilene and tetramesitylgermasilene produced ring-opened products,mc the formal [2+2] cycloaddition adduct between M=

an oxadimetallacycloheptene and/or an oxapentadienyldimetafiane, C€Mes and aldehyd@. The'H, *3C, *H—C HSQC, andH—'H

The structures of these products were only consistent with the COSY NMR spectra all support the structural assignmendsbf'°
intermediate formation of an oxy-substituted radical which had Again, close examination of thiéi—H coupling constants in the
subsequently undergone ring-opening toward the phenyl substituentthree-membered ring afa,b revealed that the relative stereochem-
followed by ring-closure or disproportionation. In this way, we were iStry of the ring was unaffected by the reacti6n.

able to establish, for the first time, that a biradical intermediate is ~ There is a striking difference in the structures of the aldehyde
involved in the addition of carbonyl compounds to disilenes and adducts isolated from the addition band2 to MesGe=GeMes
germasilenes. Given the paucity of information regarding the and those isolated from addition to the analogous disilene and
mechanism of the addition of carbonyl compounds to digermenes, 9ermasilene: the cyclopropyl ring remains intact in digermene
we have now examined the addition of the mechanistic probes to adducts3 and 4. In the addition of aldehyded and 2 to

MesGe=GeMes and report our results herein. tetramesityldisilene and -germasilene, only ring-opened products
Photolysis of hexamesitylcyclotrigermane a0 °C in the were isolated:® The difference in the structure of the adducts signals

presence of EBiH in toluene produces a solution of tetramesityl-  a significant change in the mechanism of the addition of carbony!

digermené? Subsequent addition of carbaldehytier 2 to the compounds to digermenes in comparison to disilenes and germa-

solution of the digermene followed by warming of the solution to  silenes. The formation of 2,3-digermoxetai@end4 is consistent
75°C produced two adduct8#b or 4a,b, respectively) in addition with two plausible mechanisms: the concerted addition of the
to dimesityl(triethylsilyl)germane5,'® derived from the addition carbonyl moiety to the GeGe double bond or the formation of a
of triethylsilane to dimesitylgermylene (eq 1). zwitterionic intermediate. The absence of ring-opened products
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indicates that an intermediate oxy-substituted cyclopropylcarbinyl the calculated barriers for the addition of formaldehyde to the parent

radical did not form. dimetallené Interestingly, the trend in the kinetic behavior of
The addition of formaldehyde to the parent digermene has beendigermenes as compared to disilenes in the addition of aldehydes

examined by density functional theory at the B3LYP/6-3#1G- is mirrored in the rate of the addition of acetone to diphenylsilene

(d,p) and CAS-MCQDPT2/6-31+G(d,p) levels of theory.No and -germené: The silene reacts with acetone with a rate constant

evidence for a biradical intermediate was found on the potential of ~3 x 108 M~! s1, whereas the germene was found to be
energy surface. Furthermore, transition states along a concertedunreactive under the same conditions. It is reasonable to conclude
pathway were also not located. The only pathway identified was that the difference in the strength of the-®) versus the GeO
stepwise, involving the formation of a zwitterionic intermedtate  bond is again responsible for the difference in the observed
which results from nucleophilic attack by the carbonyl oxygen on reactivity.

the Ge-Ge double bond. Our experimental results are completely Acknowledgment. We thank the UWO and the NSERC

consistent with the formation of a zwitterionic intermediate and (Canada) for financial support and Dr. W. J. Simonsick (Dupont
have unequivocally ruled out the formation of a biradical in the . . o
q y Co., Philadelphia, PA) for the KDS mass spectra.

addition of a carbonyl group to digermenes (eq 2), in excellent
agreement with the theoretical report. Supporting Information Available: Experimental preparations and
spectral data foBab and4ab and a comparison of selectéd NMR

S spectral data of aldehydésand2 and digermoxetanesand4 (PDF)
Mes,Ge= Mes,Ge— GeMes - Pe o o 9 ) )
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