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The Chemistry of Diphenylcarbene in Polycrystalline (S)-2-Butanol.
The Formation of an Enantiomerically Pure Product of Radical~Radical Coupling
Jose’ Zayas and Matthew S. Platzl*
The Department of Chemistry, Ohio State University, Columbus, Ohio 43210
Summary: Photolysis of diphenyldiazomethane ] in RS-2-butanol in solution between room
temperature and -115°% gives ether 5 as the only volatile product. Photolysis of 1 in
polycrystalline (S)-2-butanol at -196° gives 5 as well as the 5 products derived from

formal CH insertion of the carbene into the matrix. Tertiary alcohol 6 was formed in 15%
yield and was shown to be enantiomerically pure.

The unusual low temperature solid state chemistry of aromatic carbenes was first
discovered by Moss and coworkers.2 A few years later the Tomioka group studied the
chemistry of aryl carbenes in alcoholic solutions and low temperature polycrystals.3 For
example photolysis of diphenyldiazomethane ] in a solution of 2-propanol releases
diphenylcarbene (DPC) which reacts to form ether 2 in near quantitative yield. This is
generally regarded as a diffusion controlled reaction of the low lying singlet state of

DPC.
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Rapid cooling of the solution of 1 im 2-propanol to -196° produces a polycrystal.
Irradiation of the solid again releases DPC, but, under these conditions the major product
is alcohol 4, This compound is thought to be formed via reaction of triplet DPC with the

matrix to give radical pair 3, followed by radical-radical coupling.4
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It appeared to us that if a chiral alcohol was employed as the matrix, a radical pair
would again be formed. However, the limited motion available to the radical pair might

lead to an adduct with high enantiomeric purity., These expectations were based upon the
6

pioneering work in solid state chemistry of Schmidt.? Bartlett and McBride® and Lahav and

7

Leiserowitz’ have found enantiomerically enriched products of radical chemistry formed in

chiral single crystals.
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Accordingly, the chemistry of DPC in 2-butanol was examined. Photolysis of 1 in (RS)-
2-butanol at room temperature gives ether 5 in quantitative yield. Triplet sensitization
(xanthone) of 1 also leads to ether 5 in quantitative yield, pointing to rapid singlet~

triplet carbene equilibration under these conditions.8

Ether 5 is the only product
observed upon photolysis of 1 at -74, -100 and -115% in (RS)-2-butanol solution (pure 2-
butanol, mp ~114%), However, upon crystallization of the matrix, product alcohols such as
§ are observed., At -120° the ratio of §/ § is 3. At —1960, photolysis of a 0.1M solution
of (8)-2-butanol gives the product distribution shown below (absolute yields by VPC, the

remainder of the material balance is unreacted 1 consumed by the addition of

acrylonitrile).9 OCHPh2
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All compounds were identified based on comparison with authentically prepared materials,
The two diastereomeric alcohols derived from formal CH insertion into the methylene
position of (S)~2~butanol were formed in only 1% yield.

Tertiary alecohol 6 was isolated by MPLC. NMR analysis of the benzyhydryl proton of 6
(derived from reaction in racemic 2-butanol) is shown in Figure 1A, Tris[d,d-dicampholyl-
methanato]europium (III)10 (Eu(DCM)a) shift reagent, shifts the benzyhydryl resonance, and
splits it into two equally intense well separated resonances. Repetition of this
experiment with 6 derived from the reaction of DPC with (S)(+)—2—butanol11 is shown in
Figure 1b. Within our limits of detection, only one enantiomer is present,

There are two possible explanations of this result. Compound 6 may be derived
exclusively from singlet DPC. This would require that singlet DPC gives only ether 5 in
solution, but both ether and alcohol 6 in the matrix. Kirmse has shown that singlet
methylene inserts into CH bonds with retention.12 However photolysis of 1 in (8)-2-butanol
at -196° gives rise to the intense ESR signal of triplet DPC. The ESR signal of DPC is
relatively long lived at -196° but has a half life of only 821 sec at -175°. Thus the
reaction products are formed under matrix conditions and not upon thawing the sample. If
the singlet-triplet splitting is as large as 3 kcal/mol, as has been reported, the
equilibrium ratio of singlet to triplet DPC in the matrix is less than 10_7.13 Therefore,
we feel it is unlikely that all of the tertiary alcohol 6 is singlet derived. A

substantial amount of 6 must be formed from triplet DPC, via radical pair 9.
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Although each component of 9 is itself achiral the radical pair is chiral. The solid state
environment prevents motion of the radicals and allows radical-radical coupling in only one

sense. Experiments are now in progress to establish the configuration of 6.
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The benzyhydryl proton of 6 in the presence of (a) 0 (b) 5 (c) 10 and (d) 15 mg of europium
shift reagent, obtained from (A) RS-2-butanol and (B) S-2-butanol at -196°.
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