Chemistry Letters 1998

623

Chlorinative Cleavage of Digermoxanes Initiated by Photo-induced Electron Transfer
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[rradiation of digermoxanes (R,GeOGeR,) in CCl,-CH,CN in
the presence of 1,2-dicyanonaphthalene (DCN) afforded
chlorogermanes, digermyperoxides, and hexachloroethanc.
Fluorescence of DCN was quenched by R,GeOGeR, with a
rate of 10° M's’ order. A mechanism of free-radical
chlorination involving R,GeOGceR, cation radicals is proposed.

Organometallic compounds containing group 14 element-
group 14 clement and group 14 clement-carbon bonds, which
have rather low ionization potentials, arc cxcellent clectron
donors.”  An electron-transfer reaction of the group 14 clement
catenates and tetraalkyl group 14 clement compounds in the
presence of an electron acceptor has been amply investigated.”
During the course of our study on an electron-transfer reaction of
organogermanium compounds,’*'* we have found that an
clectron of digermoxancs (R,GeOGeR,) can be donated to certain
1 acceptors.  For cxample, R;GeOGceR, forms charge-transfer
complexes with tetracyanoethylene in dichloromethane, followed
by formation of organogermyl cyanides.”® In this paper, we
describe the first chlorinative cleavage of the germanium-oxygen
bonds of R,GeOGcR, initiated by photo-induced electron
transfer.

[rradiation of hexacthyldigermoxanc (Et,GeOGeEt,, A, < 200
nm) in a mixed solvent of carbon tetrachloride (CCl,) and
acctonitrile (CH,CN) in the presence of 1,2-dicyanonaphthalene
(DCN) for 2 h with a high-pressure Hg arc lamp resulted in the
formation of tricthylchlorogermane (Et,GeCl), hexacthyldi-
germylperoxide (Et,GeOOGcEt;), hexacthyldigermane (Et,Ge-
GeEt,), and hexachloroethanc.  All photoproducts were charac-
terized by NMR and MS spectra in comparison with those of
authentic samples.

hv (A > 300 nm)
Et;GeOGcEt; —— 4 Et;GeCl + (EtGe)o +

DCN/CCl4-CH3CN (Et3Ge0), + (CCly),

The reaction did not occur without DCN under the conditions
and it is clear that DCN should be excited first by light of
wavelength longer than 300 nm.  The results of photo-induced
reactions of several R,GeOGeR, are summarized in Table 1.

As shown in Table 1, hexa-n-propyl- and hexa-n-butyl-
digermoxanes (R,GeOGeR,, R, = n-Pr, and n-Bu,) also under-
went photo-induced chlorinative cleavage to give mainly the
corresponding R,GeCl on irraditaion in CCL,-CH,CN in the
presence of DCN.  Reaction of hexamethyl- and 1,2-dimethyl-
1,1,2,2-tetraphenyl-digermoxanes (R,GeOGeR,, R, = Me, and
Ph,Mc) did not occur.  Among the above digermoxanes, the
reactivity decreased in the order: R; = Et, > n-Pr, > n-Bu, >>
Me,, Ph,Me.

To elucidate the mechanism of the photo-induced electron
transfer of R,GeOGeR, in the presence of DCN, we carricd out a

Table 1.  Elcctron-transfer Induced Chlorinative Ge-O
Bond Cleavage of Digermoxanes in CCl,/CH,CN®

Digermoxanc  Conv./% Products, Yicld/%

R,GeCl (R,Ge), (R,Ge0), (CCL),
(Mc,Ge),0 0
(Et,Ge),0 96 52 4 s 20
(n-Pr,Ge),0 53 44 0 5 19
(n-Bu,Ge),0 30 47 11 7 21

(Ph,McGe),0 0

* The Photochemical reaction was carried out using a mixture
of (R,Ge),0 (60 mmol) and DCN (6 mmol) in a mixed
solvent of CCl, (600 mmol)-CH,CN (2 cm’) at room
temperature for 2 h with a high-pressure Hg arc lamp and the
yicld based on the starting (R,Ge),0 was determined by GC
using internal calibration standards.

quenching experiment of the fluorescence of DCN and laser flash
photolysis.

A CH,CN solution of DCN was excited at 440 nm and the
cmission band (330-500 nm, A_,_ = 380 nm) was quenched with
Et,GeOGeEt, ((0.95-10.13) x 10° M) to vield a good lincar
Stern-Volmer plot with k t=1.82 x 10° M7 (r = 0.985). From
the value of T (8.40 ns) for DCN, k_ is calculated to be 2.17 x 10°
M's'.  Quenching rate constants of DCN fluorescence with
R,GeOGeR, depend on the substituent on the germanium as
shown in Table 2.  Thus, the quenching rate decreased in the

Table 2. lonization Potentials and DCN Fluorescence
Quenching of Digermoxancs
Digermoxanc IP/ev* k M's!
(Mc,Ge),0 9.15 3.91 x 107
(Et,Ge),0 8.50 2.17 x 10°
(n-Pr,Ge),0 - 1.46 x 10
(Ph,McGe),0 9.10 9.53 x 107
*Hel UPS

order: R, = Et; > n-Pr; > Me, > Ph,Me.  Similar trends arc
roughly observed in the ionization potentials (IP’s).””  These
results accord with the reaction sequence shown in Table 1.

The DCN anion radical’® was also detected by means of lascr
flash photolysis (A = 355 nm), but failure to detect R,GeOGceR,6
cation radicals is attributed to their instability.

From these results, we propose the following scheme as a
possible rcaction pathway.
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hv
DCN ———>» DCN* .
DCN* + (RsGe);0 ——— DCN + (R;3Ge)0

+

(R3Ge),0"" —— RyGe + RaGeO - (or RaGe* + R3GeO

+

RiGe + DCN —— R;Ge- + DCN
RiGe- + CCl; ——— R3GeCl + Cl;C-

2R3Ge0. ——» (R3GeO),
(R3GCO)2 —_— (R3GC)2 + O,
2CC  — (CI0),

Scheme 1.

At first, electron transfer from R,GeOGeR, to the singlet
excited state of DCN (DCN*) generates the geminate radical ions
composed of the DCN anion radical (DCN™) and the R,GeOGeR,
cation radical (R,GeOGeR,™).  The R,GeOGeR,” undergoes
spontaneous scission to R,GeO" and R,Ge’. This scission is
supported by MS spectra of R,GeOGeR,. The R,Ge" is reduced
by DCN™ to afford R,Ge’ together with DCN. The R,Ge’ thus
formed abstracts a chlorine atom from CCl, to give R,GeCl and
"CCl,." It has been reported the the R,GeO" does not abstract a
chlorine atom from CCl,, but dimerizes to give (R,GeO),.* The
(R,Ge0), cleaves to give (R,Ge), with extrusion of oxygen.”
Electron transfer from R,GeGeR, formed to DCN* also generates
the radical jon of the DCN™ and the R,GeGeR,".?!  The
R,GeGeR," undergoes scission to R,Ge  and R,Ge".  Finally,
"CCl, either adds to DCN or dimerizes.
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