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INVESTIGATION OF CHIRAL INDUCTION IN PHOTOCHEMICAL OXETANE FORMATION
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Summary: The formation of oxetanes from photochemical addition of tetramethylethylene

(TME) or diethylketeneacetal with phenylglyoxylic acid esters in the

positions)

"concave"

leads to high diastereomeric excess (d ).

Until now only a few cases of hlgh chiral induction in photochemlcal[é+2]cyCIoaddltlons

in solution have been reported =3

chiral Diels~Alder reactioné)

. In contrast to the successful investigations of the

, systematic investigations and criterion, which make high

induction plausible, are lacking for photochemical cycloadditions. In order to gain

better knowledge about chiral induction in photochemical reactions we chose as a model

reaction, the formation of oxetanes from phenylglyoxylic acid 3 and tetramethylethylene

1 or diethylketeneacetal 2 (Scheme I). As chiral moieties we chose secondary alcohols43 c,9
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of the weakly "concave" and distinctly "concave" tpyes’ in order to correlate induc—

tion with increasing side differentiation of the prochiral carbonyl group. The results,

which are collected in Table i, render the following statements possible:
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1) The diastereomeric excess (de) of 3b and 3c follows the results of the Prelog-atro-

6)

lactinic acid analysis °, whereby chiral, equatorial cyclohexanols show higher induction
than the axial conformers.

II) The esters 3d and gg_obviously possess in all three cases (2, 6, 8) a large degree of
"concave' screening, which leads to high inductiomn.

I11) Suitable expectation suggests, that 3f would likewise have brought good results. How-
ever, the modest production of the oxetane 53f and the surprisingly high diastereoselec—
tive formation of only one of the four possible cycloaddition products obtained via carbon-

carbon-sigma bond formation, indicates a special conformation of the excited ketoester

(Scheme II). The proximity of the screening ethermethylene group to the prochiral keto

group should be responsible for the formation of Je and 25?)
Scheme II
3e 9¢ R = t-Bu
3f 9f R = Ph"
9e mp. =142 °C u§2= +12.1°
EtOH ¢ = 0.954
9f mp. =222 % 0L12)2= +75.5°

EtOH ¢ = 0.96

1 notes: 1) If the Ph' is below the bornane ring
H -NMR (90 MHz) &/ppm

9e 9f system, positions a) are shifted to high field. -
— — 2) The Eu(FoD)3 shift experiments show a distinctly
a 0.4-0.6 0.4-0.6 . . e .
b 3.37 (d) 8Hz 3.43 (d) 8Hz low field shift of CH3 and that the proton d) is
c 3.57 3.58 syn to OH. - 3) If the Ph" has no influence of the
2 ?':; ?'gg bornane ring protons (a) but a small influence on
f 1.79 (d) 5Hz 1.95 (d) the CH3e protons, the structure 9 can be concluded.
g 0.91 0.84 =
h 1.2-1.7 1.3-1.8

This highly diastereomeric cyclisation becomes understandable, if a cisoid conformation of
the carbonyl group is envisaged (Scheme II, 3). Furthermore, in the oxetane formation the
neopentyl group 5e clearly shows a better side differentiation than the benzyl group Sf.
These results are in accordance with the observations of the chiral Diels-Alder reactionac{
IV) The generally higher induction of the 3-ketaloxetanes 6 over the regioisomers 2-ketal
oxetanes 18) corresponds to the stabilising capability of the intermediate 1,4-diradical
(64, lé)ga)and is in agreement with a diabatic reactiongb). Contrarily, the product 9 pro-
bably is formed via an adiabatic reaction pathway. It can be further concluded from ana—
lysis of the phosphorescence spectra of compounds 3, that the geometry of the excited state
is similar to ground state geometry; therefore, the model of "concave" screening in ground
state reactions remains valid also to these photochemical processes.
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Preparation: For 3: analogous to ref. 6), purification of 3b, 3e, 3f via chromato-

graphy 5 % EtOAc/hexane,yield 72-88 7. For z: 7 mmol 1, 3 mmol 3, 250 ml benzene/hv,
HPK 125 W / N2 / 100 min. For 6 and 8: 5 ml 2, 5 mmol 3, 250 ml benzene/hv, HPK 125 W /
N, / 210 min.

According to ref. 1): 53 7 de determined by GC

According to ref. 1): with dimethylketeneacetal only 6 is formed (37 7 de)

All reported chem. yields refer to the isolated product after separation by prepara-

tive HPLC ( 5 7 EtOAc/hexane,Li-Chrosorb Merck, 7u)

The ratio of compounds 6 and ] were determined using u' NMR. The H]'NMR spectrum of
6 (R=CH3, isolated by HPLC) is as follows:
§/ppm Int.
c
OOCH a 7.20-7.50 3 (m)
e d 3 -
CH;‘—CHQ 7.70-7.90 2 (m)
b 4.45 1 J =6 Hz (4)
b 4.70 i J =6 Hz (d)
ap c| 3.80 3 (s) ~»
e d d 3.37 2 J =7 Hz (q)
CHs~CHz— 3.4-3.7 2 (diastereotop)
e 1.22 3 J =7 Hz (t)
1.78 3 J = 7 Hz (t)
oc]2)2= -19.71°, ¢ = 0.982, EtOH, mp. = 57-61 °C
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