biased system. Synthesis of the 5-methyl-2-cyclohexenyl sys-
tem involves two lithium aluminum hydride reductions.>® The
final reduction gives 95% cis alcohol (5) from which pure cis-S
can be obtained. This mixture can also be converted to trans-
5.5b.c As illustrated, use of lithium aluminum deuteride in the
appropriate step leads to either - or y-deutero-cis-5.

LAH LAH D
or or or
LAD LAD
— —_— .
0 OEt H 0 H OH
or or
D D
cis-5

As shown by eq 4, cis-1-a-d; (96.7 + 1.6% d) and cis-1-
v-d (98.4 + 1.4% d) gave trans-2-d, with the same fraction
of total deuterium at Cj. Total deuterium contents were de-
termined from mass spectra.! Expanded Eu(fod)s-shifted
100-MHz NMR spectra of the deuterated acetates 1-d;
showed they were discretely labeled as indicated. Unreacted
cis-1-a-d| was isolated and found to be unchanged which
shows that scrambling does not occur prior to reaction. The
deuterium distribution in trans-2-d, was determined from the
total deuterium (same as for cis-1-d;) and relative peak areas
(planimeter) for the C; and Cs proton signals in expanded
270-MHz NMR spectra which gave baseline separation of
both signals. The data indicate that 2-d; derived from either
a- or y-deuterio-1 has somewhat more than half of the label
at C;. This probably results from a systematic error in deter-
mining the deuterium distribution. In any case it appears that
the reaction involves a symmetrical intermediate (allyl radical
or w-allyl complex) in which the two allylic positions are
equivalent.

"D
o YOAc
cisla-d,
Me,CuLi H(D) Me,CuLi
— < (4)
(DH “Me D7, OAc
58 + 1% d
trans-2-d, as-1-v-d,

The data under eq 3 show that the | — 2 transformation is
highly stereoselective. This system is unbiased with regard to
substitution with and without allylic rearrangement. However,
there may be an inconspicuous steric bias, unique to the cy-
clohexenyl system, that favors inversion of configuration. For
reasons given earlier in another connection,’ the quasi-axial
conformation (1a) may be related to the best transition state
for cleavage of the allylic bond. This leads to an allylic inter-
mediate (6) with the out of plane Cs carbon on the side from
which the acetate group has departed. Clearly the oppposite
side (6, arrow) is less hindered for capture to form product or
an intermediate w-allyl complex.

b

b
a 7_{ OAc a
2 1 1
3 H 2

cas-la,a=H;b = Me 6
trans-la,a = Me;b = H
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Capped Cyclodextrin
Sir:

Inclusion recognition or host-guest recognition has attracted
the rapidly increasing interest of chemists since the first
structural recognition of benzene derivatives by cyclodextrins
in ester hydrolyses,! the remarkable regio recognition of anisole
by cyclodextrin in chlorination,? or the beautiful chiral rec-
ognition of a-amino acids by certain crown ethers? has been
reported.

However, only a few host molecules are known to recognize
a guest molecule mostly via hydrophobic interaction. For de-
velopment and understanding of the concept of host-guest
recognition, new families of hydrophobic binding hosts must
be added into the list of known hosts.

According to Némethy-Sheraga theory,* hydrophobic de-
stabilization originates mostly in the entropically unfavorable
orientation of water molecules on the surface of the hydro-
phobic guest (and/or host) dissolved in water. From this
standpoint, the driving force of hydrophobic host-guest
binding, or hydrophobic interaction, should be closely corre-
lated with a decrease of the hydrophobic surface exposed in
water. Thus, it may be reasonably expected that the capping
of well-known cylindrical hosts should cause a remarkable
strengthening of hydrophobic binding® as is schematically
exemplified by Figure 1.

Now we wish to report the preparation of §-cyclodextrins
(8-CD), capped by hydrophobic moieties, 2, and 3, which bind

HO[S-CDIOH + CIOQS—O—CHZ—O—SOZCI
1
CH,
-, J: ] E l

S SO,
ko [8CD) oj

2 (20%)
o) 0O

HO[B-CDIOH + mco-—@—com—» ( D )
0—[BCD}—0

3 (15%)
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a. binding by a common b. binding by a capped

cylindrical host cylindrical host

Figure 1. Schematic representation of hydrophobic binding. Obliquely
lined areas are exposed in water, not contributing to binding. Obliquely
dotted lined areas are contributing to binding.

sodium l-anilino-8-naphthalenesulfonate 11-24 times stronger
than the parent cyclodextrin.

Treatment of 3-CD (0.010 mol) with diphenylmethane-
p.p’-disulfonyl chloride (1) (0.012 mol) in pyridine gave crude
2 in ca. 70% yield based on TLC analysis. Careful workup
(decantation, condensation, precipitation with CHCls, re-
crystallization from water) gave pure 2 in 20% yield. IR (KBr),
1595, 1495, 1360, 1180, and 880 cm~!; UV (H,0) 236 and
257 nm. NMR spectrum, multiplet centered at 7.69 (aromatic
8 H), multiplet centered at 4.87 (C,H, 7 H), and multiplet
centered at 3.50 (others, 42 H)

The reaction of §-CD (0.0020 mol) and terephthaloyl
chloride (0.0026 mol) in pyridine afforded practically pure 3
in 15% yield after repeated recrystallizations from water. IR
(KBr), 1710, 1280, and 730 cm™!; UV (H,0) 246 nm. NMR
spectrum, multiplet centered at 7.97 (aromatic 4 H), multiplet
centered at 4.80 (C,H, 7 H), and multiplet centered at 3.50
(others, 42 H)

Binding of 1,8-ANS, 4, by capped 8-CD’s was investigated
by fluorescence measurements.® A strong increase in the flu-
orescence intensity was observed, and the Benesi-Hildebrand
plot” gave a straight line in the concentration range of a capped
B-CD from 4.2 X 10~5t0 2.5 X 1074 M at a concentration of
5 X 1078 M of 4, which gave the binding constant for the
complexation of 4 by 2 to be 1.3 X 10> M~!. The constant for
the binding of 4 by 3 was 6.4 X 102 M~!, interestingly in a good
accord with that by 2. Thus, binding by a capped 8-CD be-
comes | 1-24 times stronger than that by the parent 3-CD and
is relatively insensitive to the capping groups.

NaO;S NH—Ph

4

A cyclodextrin with pendant hydrophobic substituents® was
reported to bind aromatic guests more poorly (Kgjss = 2.6 X
1072 for m-nitrophenyl acetate) than the parent CD (Kgjss =
5.3 X 1073) does but it binds 1-adamantanecarboxylic acid
more strongly (Kgiss = 6.7 X 1073) than the parent CD (Kyjss
= 1.6 X 1073). The capped CD 2 in the present work also binds
adamantanecarboxylic acid strongly (Kqiss = 2.0 X 1075 at pH
6.86).% That capped CD’s in this present work bind even an
aromatic 4 much more strongly than the parent CD is, there-
fore, very interesting, and is in good agreement with the
Neémethy-Sheraga’s concept of the hydrophobic interaction.

Thus, we may safely say that one can design a structure of
an appropriate hydrophobic host primarily based on this
concept.
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Stereoselective Formation of Diepoxides by an
Enzyme System of Pseudomonas oleovorans
Sir:

In previous work, we have established that an enzyme system
from Pseudomonas oleovorans catalyzes the conversion of
terminal olefins to the corresponding 1,2-oxides.!-!? Among
the highly unusual characteristics of this enzymatic epoxida-
tion reaction are a specificity far different from that observed
in peracid epoxidations, a lack of retention of the original
olefinic geometry during the course of the reaction, and the fact
that the conversion of 1,7-octadiene to 7,8-epoxy-1-octene
proceeds with a high degree of stereoselectivity with more than
90% of the product being the R(+) isomer. Although each of
these characteristics imparts potential synthetic utility to this
enzymatic system, the latter is of particular interest since op-
tically active epoxides with a high degree of optical purity
cannot be produced from simple olefins via any known chem-
ical epoxidizing agent.!> We now wish to report that highly
stereoselective syntheses of diepoxides from simple diolefins
can also be achieved using this enzymatic system. Furthermore,
we have found that the configuration of a preformed asym-
metric center at one end of a substrate profoundly affects the
stereochemical consequences of enzymatic oxygen insertion
into a double bond at the other end of the molecule. These
findings not only establish the unique suitability of this system
for the facile production of both mono and diepoxides of high
optical purity, but also provide information about the mode
of substrate binding at the active site.

Enzymatic epoxidation of 1,7-octadiene to produce 7,8-
epoxy-1-octene or 1,2;7,8-diepoxyoctane on a preparative scale
was accomplished using growing cells of P. oleovorans in the
presence of octane according to the procedures that we have
previously described.>’ Enzymatic epoxidation of racemic
7,8-epoxy-1-octene was accomplished as follows. Shake flasks
(100 300-ml) each containing 100 ml of P| minimal salts me-
dium,” 1 ml of octane, 100 ul (87 mg) racemic 7,8-epoxy-1-
octene and a 10-ml inoculum of a resting cell suspension of P.
oleovorans (~10° cells/ml) were incubated for 20 hat 30 °C
on a gyrotory shaker. The broths were then extracted with
toluene and concentrated, and both the diepoxide product and
unreacted 7,8-epoxy-1-octene isolated by vacuum distillation.
Typical recoveries (before distillation) from a single shake flask
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