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All non-hydrogen atoms were located on an E map based upon
256 data with the largest E values.?? The structure was refined
by using SHELX® with weights of w = ¢"%(F). Hydrogen atoms
were located on a difference electron density map. An analysis
of the variance after refinement of the data revealed no systematic
variation of Y w(|F,| - |F|)!! with either sin 6 or F. The scattering
factors for C and O were from Cromer and Mann® and the
scattering factors for H were from Stewart, Davidson, and
Simpson.” Atomic parameters, bond angles, and observed and

(22) Main, P.; Fiske, 8. J.; Hull, S. E.; Lessinger, L.; Germain, G,;
Declercq, J.-P.; Woolfson, M. M. “MULTAN 80, A System of Computer
Programs for the Automatic Solution of Crystal Structures from X-ray
Diffraction Data”; Universities of York, England, and Louvain-la-Neuve,
Belgium, 1980.

(23) Sheldrick, G. M. “sHELX 76. Program for Crystal Structure
Determination”; University Chemical Laboratory: Cambridge, England,
1976.

(24) Cromer, D. T.; Mann, J. B. Acta Crystallogr., Sect. A 1968, A24,
321-324.

(25) Stewart, R. F.; Davidson, E. R.; Simpson, W. T. J. Chem. Phys.
1965, 42, 3175-3187.

(26) Johnson, C. K. “oRTEP”; Report ORNL-3794 revised; Oak Ridge
National Laboratory: Oak Ridge, TN, 1971.

calculated structure factors are included in the supplementary
material.
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The mold Rhizopus nigricans has been used to hydrolyze enantioselectively the acetates of several series of
benzocycloalken-3-ols and 2-substituted cycloalkanols to yield chiral alcohols. The configurations of the alcohols
formed were established. The absolute stereochemistries of 25 of the 26 alcohols obtained were found to conform
to a generalization based on the effective sizes of substituents on the carbinol carbon. The relative sizes of
substituents required for agreement were identical with those employed in Horeau’s method of establishing the
absolute stereochemistry of the same compounds. The use of these microbially mediated hydrolyses to assign
the absolute stereochemistry of cyclic secondary alcohols is compared to Horeau’s method and to the use of empirical
relations between the absolute stereochemistry of an enantiomer and the order, relative to its antipode, in which

it is eluted from a chiral (Pirkle) column.

Recently we have shown?® that the mold Rhizopus ni-
gricans could be used to hydrolyze a series of racemic
1-arylalkyl acetates to yield alcohols enriched in one en-
antiomer, while the recovered acetate is enriched in the
antipode. The absolute stereochemistry of the alcohol
formed could be predicted by using a rule which states that
the enantiomer shown in Figure 1, where R, is larger than
R,, is the one more rapidly hydrolyzed. In the acyclic series
the aromatic ring (carbocyclic or heterocyclic) is always
R, and an alkyl group (including tert-butyl) R,. In ad-
dition to providing a new method for assigning the con-
figurations of 1-arylalkanols, these hydrolyses can also be
used in the preparation of synthetically useful amounts
of chiral alcohols. These findings prompted us to examine
the ability of R. nigricans to hydrolyze acetates of cyclic

(1) (a) On leave from Kyowa Hakko Kogyo Co., Ltd., Tokyo Research
Laboratory, 3-6-6 Asahi-machi, Machidashi, Tokyo, 194 Japan. (b) Hoshi
College of Pharmacy, 2-4-41, Ebara, Shinagawa-Ku, Tokyo, 142 Japan.
(c) Shionogi Research Laboratory, Shionogi and Co., Ltd., Fukushima-Ku,
Osaka, 553 Japan.

(2) Ziffer, H.; Kawai, K.; Kasai, M.; Imuta, M.; Froussios, C. J. Org.
Chem. 1983, 26, 3017.

(3) Kawai, K.; Imuta, M.; Ziffer, H. Tetrahedron Lett 1981, 22, 2527,

carbinols and to determine whether the rule accounts for
the absolute stereochemistry of the alcohols formed. Since
we wanted to examine as many compounds as possible and
since it was important to compare our results with pub-
lished information, substrates were chosen which satisfy
the following criteria: (1) the absolute stereochemistry of
the alcohol should be known; (2) it should be possible to
compare the relative sizes of the same substituents in two
series of esters in order to determine whether the relative
sizes established in one series could be used in another one;
(3) some of the alcohols should have been studied previ-
ously by Horeau’s method* to provide an independent
estimate of the relative sizes of substituents on the carbinol
carbon; (4) in order to establish the general utility of the
method some of the substrates studied should be alicyclic
acetates.

Results
In probing the ability of R. nigricans to hydrolyze ace-
tates of cyclic alcohols to yield chiral carbinols of a pre-

(4) Horeau, A. “Stereochemistry Fundamentals and Methods”; George
Thieme Verlag: Stuttgart, 1977; Vol. 3, pp 51-94.
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Figure 1. The enantiomer that is more rapidly hydrolyzed, where
R, is effectively larger than R,.

Chart I
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A R= COCH, 5
B R=H

C R= COCH,CH,CO,H
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8 R'= H, R"' = CH, 15 R'=H, R"' = CH,
9 R'=H, R =Cl 16 R"=H R"= QAc
10 R'=H, R"" = Br 17 R'= H, R"'=¢C!
11 R'= H, R"' = OAc 18 R'= H, R'' = Br
12 R'= R'"= CH, 19 R'S R’ = CH,
13 R'= CH,, R''= H

20 R'= OAc, R =H
14 R'= QAc¢, R”'= H

dictable configuration, we first examined the effect of
varying the size of the ring on the stereochemical course
of the reaction. Preliminary experiments® established that
the hydrolysis of 1A and 2A (Chart I) produced the cor-
responding R alcohols; this investigation has been extended
to include the corresponding seven- and eight-membered
analogues, 3B and 4B. Increasing the size of the benzo-
cycloalkenol (compounds (1B-4B) does not affect the
stereochemical course of these hydrolyses. The observed
insensitivity of the configuration of the alcohols formed
to these changes is consistent with expectations from the
proposed rule, if it is assumed that the fused aromatic ring
is the larger substituent, R,.

While the number of substituents on the a-carbon of the
alkyl group (R,) in the acyclic esters did not affect the
configurations of the carbinols formed,? it could not be
assumed a priori that this would also be the case with cyclic
acetates. We have therefore examined the effect of in-
troducing cis and trans substituents on the carbon adjacent
to the carbinol carbon in two series: 2-substituted 1-
indanols and 2-substituted 1-tetralols, compounds 8A-14A
and 15A-20A, respectively. The results given in Table I
clearly indicate that the presence of a substituent on C-2
in 1-indanol and 1-tetralol alters the absolute stereo-
chemistry at the resulting carbinol carbon. The configu-
rations at C-1 of the 2-substituted compounds differ from
that of the unsubstituted parents. In the case of the one
exception, compound 13A, the enantiomeric excess (ee)
is.small (6%). A comparison of the relative sizes of a cis-
and trans-acetoxy can be made by examining the results
for compounds 14A and 11A and for compounds 20A and
16A. A similar comparison can be made for a methyl
substituent from compounds 8A and 13A. While the ab-
solute stereochemistry of the carbinol formed at C-1 is the
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same in each of the six compounds, the ee of the trans-
substituted compound in each comparison is larger than
that of the cis.

In order to establish the general utility of the method,
we examined the hydrolyses of the alicyclic esters 22A-26A
(Chart IT). The absence of aromatic functions and the
high volatility of some of the compounds presented some
technical difficulties. However, chiral alcohols with re-
spectable ee’s were obtained in most cases. Their absolute
stereochemistry was also in accord with that expected from
the rule and the assumption that a disubstituted carbon
was larger than a monosubstituted one. These results
suggest that R. nigricans can indeed hydrolyze a variety
of cyclic esters as well as the previously described acyclic
acetates to yield chiral alcohols; however, for alcohols such
as 26B and 13B, which are obtained with low ee one should
be extremely cautious in using these results to assign ab-
solute stereochemistries.

While the rates for the hydrolyses of these compounds
vary, only one compound, 21A, was inert under the con-
ditions employed. It is unclear whether the poor reactivity
of 21A is a consequence of its poor solubility and inability
to enter the cell and reach the enzyme or because it is
merely a poor substrate. We therefore chose to examine
the hydrolysis of another ester of 21B, in particular the
succinate ester 21C. This compound is less crystalline and
more water soluble than 21A and was hydrolyzed slowly
by R. nigricans (~12% reaction in 48 h) to yield the diol
21B (ee 8%). The absolute stereochemistry of the diol
formed was that predicted by the rule.

Discussion

The absolute stereochemistries of the alcohols listed in
Table I, except 13B (see discussion below), are accounted
for by the rule?® if it is assumed that a fused aromatic ring
is intermediate in size between a methylene group and a
substituted methylene. In alicyclic esters where saturated
carbons flank the carbinol carbon, a substituted methylene
is effectively larger than an unsubstituted one. Earlier
study of the hydrolyses of 1-arylalkyl acetates by R. ni-
gricans showed? that the comparative sizes of aryl and
alkyl groups were identical in Horeau’s method and in
these hydrolyses. Horeau* has reported that the absolute
stereochemistry of 1A and 2A was accounted for by his
method if it is assumed that the aromatic system is ef-
fectively larger than a methylene group. Brooks and Ke-
taly® have subjected samples of 3B and 4B to their mic-
roscale version of Horeau’s method;® their results also
account for the absolute stereochemistry of these com-

(5) Brooks, C. J. W.; Ketaly, K. private communication.
(6) Gilbert, J. D.; Brooks, C. J. W. Anal. Lett. 1973, 6 (7), 639.
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Table 1

% abs stereochem

specific rotation, deg

racemic recovd % predicted of aleohol formed ref to
acetate crude hydrolysis config (ee) acetate alcohol stereochem
1 95 53 1R 1R (59) -48.4 -13.8 3,15
(¢ 5.25, EtOH) (¢ 5.4, CHCL,)
2 64 27 iR 1R (71) -15.2 -16.0 8
(¢ 1.73, EtOH) (¢ 0.7, CHCL,)
3 51 56 1R 1R (88) ~-41.7 +25.5 12
(¢ 1.40, CHCI,) (¢ 3.93, CHCL,)
4 41 58 1R 1R (71) -33.0 +25.0 12
(c 1.40, CHCl,) (¢ 2.25, CHCL,)
5 49 26 4R 4R (26) -2.9 +5.0 8
(¢ 0.55, CHCL,) (c 0.38, acetone)
6 55 11 1R 1R (43) -3.8 -59.6 8
(c 1.93, CHCl,) (c 0.51, CHCl,)
7 37 35 1R 1R (54) -24.3 +39.1 8
(c 0.51, CHCl,) (¢ 0.37, acetone)
8 57 44 13,2R 1S,2R (38) +25.1 -3.8 13
(¢ 1.90, CHCL,) (c 0.46, CHCl,)
9 30 68 1R,2R 1R,2R (56) +15.1 -22.9 23
(¢ 0.97, CHCl,) (c 3.89, CHCl,)
10 64 32 1R,2R 1R,2R (98) +12.5 -28.5 14
(c 2.23, EtOH) (¢ 1.20, EtOH)
11 40 1R,2R 1R,2R (78) +21.4 -8.3 14, 15
(¢ 1.10, CHCL,) (c 0.805, EtOH)
12 33 39 1S 1S (77) +34.4 +16.5 13
(c 1.04, CHCl,) (¢ 0.66, CHCl,)
13 71 57 15,28 1R,2R (6) -7.47 -1.83 13
(c 3.48, CHCL,) (¢ 3.98, CHCl,)
14 100 31¢ 1R,28 1R,25(12) -22.7 -6.1 14, 15
(c 4.40, CHCY,) (¢ 0.63, CHCL,)
15 65 42 1S,2R 18,2R (22) +8.25 +20 13
(¢ 8.15, CHCl,) (¢ 2.0, CHCL,)
16 50 1R,2R 1R,2R (77) +39.1 +84.7 19
(c 5.06, CHCl,) (¢ 0.89, CHCL,)
17 83 19 1R,2R 1R,2R (18) +7.9 +15.2 17
(c 4.43, CHCL,) (¢ 3.16, CHCL,)
18 55 1R,2R 1R,2R (56°) +4.0 +23.3 17
(¢ 4.86, CHC),) (c 0.41, CHCl,)
19 48 55 18 18° +57.6 +24.8 13, 16
(¢ 1.25, CHCL,) (¢ 1.5, CHCl,)
20 39 65 1R,28 1R,2S (20) +120 -7.5 18
(¢ 0.00, CHCL,) (¢ 0.0, CHCL,)
21 12 9R,10R 9R,10R (8) -4.5 +10.9 19
(c 0.22, CHCL,)¢ (¢ 0.22, CHCl,)
22 70 33 1R,2R 1R,2R (89) +12.4 -36.9 20
(¢ 1.20, CHCl,) (¢ 1.4, H,0)
23 1R,2R 1R,2R (95) -72.4 20
(¢ 0.73, H,0)
24 54 1R,2R 1R,2R (49) +15.5 -4.2 21
(c 2.54, CHCL,)
25 46 1R,28 1R,2S5 (95) +28.2 -8.3 21
(¢ 2.01, CHCl,) (¢ 2.12, CHCl,)
26 85 1R,2R 1R,2R (2.4) +27.3 -1.1 22

(c 1.77, CHCL,)

(¢ 4.27, MeOH)

¢ Complete hydrolysis and an additional 14% of half-hydrolyzed material. ? Specific rotation larger than reported in the

literature. ¢ Based on conversion to oxide. ¢ Disuccinate.

pounds if the aromatic ring is the largest substituent.
Thus, the relative sizes of substituents derived from Ho-
reau’s method and our enzymatic hydrolyses are identical
(see Table I).

Several samples*”? have been reported in which it is
necessary to reverse the usual sizes of a methylene and a
fused aromatic ring in Horeau’s method in order to rec-
oncile the deduced and independently established absolute
stereochemistries of the alcohol. The acetate of one such
compound, 5B, was hydrolyzed with R. nigricans and data
on the alcohol formed in concert with the usual assump-
tions as to the relative sizes of a fused aromatic ring and

(7) Siewinski, A. Bull. Acad. Pol. Sci., Ser. Sci. Chim. 1969, 17, 475.
(8) Kabuto, K.; Imuta, M.; Kempner, E. S.; Ziffer, H. J. Org. Chem.
1978, 43, 2357.

a methylene group account for the known absolute stere-
ochemistry of the compound. No changes in the usual sizes
of aromatic rings and aliphatic substituents are required
to interpret the hydrolysis results for 5A. The studies on
8A to 21A were undertaken to examine the effect of sub-
stituents on the effective size of the adjacent saturated
carbon; the results are given in Table I. The presence of
a cis or trans substituent adjacent to the carbinol carbon
alters the stereochemical course of the hydrolysis, so that
it is necessary to assume that a vicinal substituted carbon
is effectively larger than the fused aromatic system in each
case except 13A. There appear to be quantitative dif-
ferences in the ee for cis and trans isomers, i.e., the ee’s
of the trans compounds are consistently larger than those
of the corresponding cis compounds. These observations
are consistent with the idea that if the relative sizes of the
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substituents on the carbinol carbon differ greatly, the
enzyme easily differentiates between the two substituents,
and the ee is large. As the relative sizes of the two sub-
stituents become similar, the enzyme is less able to dis-
tinguish between the substituents and the ee decreases.
This interpretation implies that trans substituents on C-2
make the methine group effectively larger than the cor-
responding cis isomers. The effects associated with cis and
trans substituents (compounds 12B and 19B) appear ad-
ditive; i.e., the alcohols obtained have very large ee’s as
would be expected from the above analysis.

While the behavior of 13A could not have been predicted
from previous results, it appears that the presence of a
small cis substituent at C-2 of 1-indanyl acetate makes the
relative sizes of the fused aromatic ring and the group at
C-2 almost equal. This would account for the small ee
observed for the alcohol. The analysis of the stereochem-
ical course of these hydrolyses based on the relative sizes
of substituents should only be considered as a first ap-
proximation. Too little is known about the importance of
other factors for an attempt to rationalize the result for
13A. It is advisable, however, to be wary of assigning a
configuration to an alcohol formed with a small ee.

Although we have few results with alicyclic esters
(compounds 22B-26B) in comparison with the aromatic
examples, it is apparent that the former are readily hy-
drolyzed and the configurations of the resulting alcohols
are consistent with expectations based on the above rule
and the relative sizes of substituents on the carbinol car-
bon. Further study of alicyclic esters is planned in order
to establish the scope and limitations of this method of
assigning the configuration of a secondary alcohol.

Lutche et al. have examined the behavior of compounds
12B, 15B, and 19B and other 2-substituted 1-indanols in
Horeau’s method.? In each case the investigators postulate
that the substituted methylene group is effectively larger
than the fused aromatic ring in order to reconcile their
results with the known absolute stereochemistries of the
compounds. Thus, the relative sizes of substituents are
again identical in the two methods.

In addition to comparing our hydrolyses procedure to
Horeau’s method, it was also of some interest to compare
our method with some recent reports on the use of a chiral
HPLC column to accomplish the same task. Pirkle et al.!°
have recently prepared a chiral HPLC column and have
demonstrated its ability to resolve a variety of 1l-aryl-
alkanols. They also suggested a chiral recognition mech-
anism to account for the absolute stereochemistry of the
enantiomer preferentially retained by the column. Their
results implied that the absolute stereochemistry of a new
1-arylalkanol could be assigned from the order in which
enantiomers are eluted. We have investigated this sug-
gestion! and found that the absolute stereochemistry
about the carbinol carbon for the enantiomer preferentially
retained on the column differed in the acyclic and cyclic
carbinols. In addition, the relation between elution order
and absolute stereochemistry was not constant for all
acyclic or cyclic carbinols. The order for a series of 2-
substituted 1-indanols and 1-tetralols differs from that of
benzocyclohepten-3-ol and benzocycloocten-3-0l.12 The

(9) Lutche, M. J.; Marquet, A.; Snatzke, G. Tetrahedron 1972, 28,
1677.

(10) Pirkle, W. H.; Finn, J. M. J. Org. Chem. 1981, 46, 2935.

(11) Kasai, M.; Froussios, C.; Ziffer, H. J. Org. Chem. 1983, 48, 459.

(12) Kasai, M.; Ziffer, H. J. Org. Chem. 1983, 48, 712.

(13) Jaouen, G.; Meyer, A. J. Am. Chem. Soc. 1975, 97, 4667.

(14) Imuta, M.; Ziffer, H. J. Org. Chem. 1978, 43, 4540.

(15) Boyd, D. R.; Sharma, N. D.; Smith, A. E. J. Chem. Soc., Perkin
Trans. 1 1982, 2767.
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alcohols can be grouped to provide a constant relationship
between elution order and absolute stereochemistry about
the hydroxyl-bearing carbon within each group. It is
therefore useful to compare the information needed to
assign the absolute stereochemistry of compounds 1A-26A
by the two methods. In using data on elution order to
assign absolute stereochemistry, it is essential to place the
compound in its proper subgroup. The number of groups
and their characteristics may be incomplete; in contrast,
the configuration of the alcohol formed in the microbially
mediated hydrolyses depends predominantly, if not ex-
clusively, on the relative sizes of substituents flanking the
carbinol carbon. The relative sizes of substituents are
simple and constant in this method. In examining the
chromatographic behavior of a variety of substituted 1-
indanols, 1-tetralols, and other benzocycloalkenols on a
chiral Pirkle HPLC column, we found that a significant
number of compounds were not resolved, so that it was
impossible to assign stereochemistry. In contrast, the use
of R. nigricans permitted the partial resolution of 25 out
of 26 compounds examined. While some of the observed
ee’s were low, the data were generally sufficient to enable
the investigator to make tentatve assignments of config-
uration. So far, the configuration of only one compound,
13B, would be incorrectly assigned from data on the hy-
drolysis of the acetate and the usual assumptions of the
relative sizes of a fused aromatic ring and a substituted
methylene group. It should be noted that while the con-
figuration of 26B is correctly predicted, the ee of the al-
cohol is also very small. The enzyme appears to have
limited ability to distinguish between enantiomers of a
substituted cyclopentyl acetate. The chiral HPL.C column
was designed specifically to separate compounds that
contain aromatic groups, while the microbial hydrolyses
work as readily with alicyclic esters as they do with aro-
matic ones. The use of R. nigricans therefore appears to
offer a more reliable, consistent, and general method of
assigning the configuration of secondary alcohols than does
the use of chiral HPLC.

Synthetic Implications

Two methods of preparing strongly enriched samples of
either enantiomer were described in an earlier study.? The
first of these used a chemical method for inverting the
configuration about the carbinol carbon;® the second one
involved carrying the partial hydrolyses further to com-
pletion and then utilizing the recovered ester. The ob-
servation that the configuration at the carbinol carbon of
a cycloalkenol is controlled by the presence or absence of
substituents at a vicinal carbon offers a third method of
preparing a specific enantiomer: for preparation of the R
enantiomers of 1B—4B the unsubstituted parent ester
would be used as a substrate. If the S enantiomer is
needed, the trans-2-bromo derivative would be used as a
substrate, and the resulting alcohol would be reacetylated.
The halogen and acetyl group are then easily removed by

(16) Briancourt, P.; Guetté, J. P.; Horeau, A. C. R. Hebd. Seances
Acad. Sci., Ser. C 1972, 274, 1208.

(17) A sample of the acetylated alcohol was reduced to 1(S)-tetralol.

(18) Jeffrey, A. M.; Yeh, H. J. C,; Jerina; D. M,; Patel, T. R.; Davey,
J. F.; Gibson, D. T. Biochemistry 1975, 14, 575.

(19) Miura, R.; Honmaru, S.; Nakazaki, M. Tetrahedron Lett. 1968,
5271.

(20) Posternak, T.; Reymond, D.; Friedli, H. Helv. Chim. Acta 1955,
38, 205.

(21) Beard, C.; Djerassi, C.; Elliot, T.; Tao, R. C. C. J. Am. Chem. Soc.
1962, 84, 874.

(22) Partridge, J. J.; Chadha, N. K.; Uskokovié, M. R. J. Am. Chem.
Soc. 1978, 95, 532.

(23) Imuta, M.; Kawai, K.; Ziffer, H. J. Org. Chem. 1980, 45, 3352.
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reduction of the acetate with LiAlH,.

Experimental Section

General Methods. Melting points were determined on a
hot-stage apparatus; they are uncorrected. Proton magnetic
resonance spectra were recorded on a Varian HR-220 MHz in-
strument. Optical rotations were recorded on a Perkin-Elmer
241MC polarimeter. Preparative and analytical TLC work were
performed on plates coated with silica gel F-254.

Racemic samples of the alcohols and acetates used in these
studies were prepared by literature methods; their physical
properties, melting points, and NMR and mass spectra were in
accord with the proposed structures and with published data.

Microbial Hydrolyses. The substrate (0.5 mL, ~400 mg)
was added as a liquid or as a solution in ~1 mL of THF to a 1-L
Erlenmeyer flask containing 250 mL of medium (potato dextrose)
which had previously been inoculated with a liquid culture of
Rhizopus nigricans (ATCC 6227b) and grown for 6 days as de-
scribed.? The flask was shaken overnight (16 h) or, if the hy-
drolysis was rapid, until approximately 30-50% of the substrate
had been hydrolyzed. The hydrolyses were monitored by TLC
and 'H NMR. The medium and mycelium were extracted three
times with ethyl acetate, and the extract was concentrated. An
estimate of the yield of the crude extract is given in Table I. The
percent hydrolysis was determined from an NMR measurement
of the ratio of alcohol to acetate in the crude extract. The acetates
and alcohols were then separated either by column or thick-layer
chromatography, and their specific rotations are given in Table
I

Absolute Stereochemistry of 17B. A sample of 17B ([2]%}
+15.2° (¢ 3.16, CHCl,)) was acetylated to yield 17A, [«]®, —41.5°
(¢ 1.30, CHCIl3). The acetate was reduced with excess LiAlH, in
THF to yield 1(S)-tetralol, [a]®p + 4.9°, ee 18% (lit.® +26.8°).

Conclusion

The present study and an earlier one demonstrate the
ability of R. nigricans to hydrolyze enantioselectively a
variety of cyclic and acyclic acetates to yield chiral alcohols
of a predictable configuration. The method appears su-
perior to the use of elution order from a chiral HPLC
column to assign the configuration of a previously un-
known alcohol. Assignments based on data from the hy-
drolyses are as reliable as those obtained by using Horeau’s
method and appear to require fewer assumptions about
the effect of distant substituents on the course of the re-
action. These enantioselective hydrolyses can also be used
to prepare chiral alcohols, of either configuration, in
quantities suitable for preparative chemistry.
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21B, 64440-29-5; (+)-21C, 88230-03-9; (%)-22A, 79416-44-7; 22B,
1072-86-2; (+)-23A, 88230-04-0; 23B, 88270-75-1; (&)-24A,
50539-19-0; 24B, 19043-03-9; (£)-25A, 50539-18-9; 25B, 19043-02-8;
(£)-26A, 88230-05-1; 26B, 39947-47-2.
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Reactions of sodium methoxide with five chlorooxiranes (1, 3, 11, 18, and 19) and with the corresponding isomeric
chlorocarbonyl compounds have been examined. In two cases the chlorooxirane and the corresponding chlo-
rocarbonyl compound afforded the same products, however, in different yields. In the other cases the chlorooxiranes
and the corresponding chlorocarbonyl compounds gave different products. It is concluded that chlorocarbonyl
compounds are not formed to a large extent as intermediates. In the reactions of two chlorooxiranes (18 and
19) with sodium methoxide, acetylenic and allenic epoxides may be invoked as transient intermediates.

Introduction

Reactions of 2-halooxiranes with nucleophiles such as
amines,®® organolithium compounds,*®7 thiolates,®> and
alcoholates*® have been reported by several groups. In
most cases such reactions afforded the same products as
those obtained from the respective nucleophiles with the
a-halocarbonyl compounds, which are isomeric with the

(1) Previous paper in this series: Spraul, M.; Griesbaum, K. Chem.
Ber. 1983, 116, 2641.

(2) Present address: Korea Research Institute of Chemical Technol-*
ogy, P.O. Box 9, Daedeogdanji, Korea.

(3) Hassner, A.; Catsoulacos, P. J. Org. Chem. 1967, 32, 549,

(4) Kobrich, G.; Werner, W.; Grosser, J. Chem. Ber. 1973, 106, 2620.

(5) Gasteiger, J.; Herzig, Ch. Angew. Chem. 1981, 93, 933.

(6) Nouri-Bimorghi, R. Bull. Soc. Chim. Fr. 1971, 2971.

(7) Kirrmann, A.; Nouri-Bimorghi, R. Bull. Soc. Chim. Fr. 1972, 2328.
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2-halooxiranes used. However, starting from the a-halo-
oxiranes the selectivities were usually higher, particularly
in such cases where the isomeric a-halocarbonyl com-
pounds can undergo a Favorskii reaction. It was, therefore,
proposed® that the reactions of 2-halooxiranes with nu-
cleophiles may proceed via their own routes rather than
via isomerization to a-halocarbonyl compounds.

A considerable part of our research on halogenated ep-
oxides is connected with their potential as precursors for
acetylenic or allenic epoxides.?? In line with this, it was
of interest to us whether such species may be intermediates

(8) Spraul, M. Dissertation, Universitat Karlsruhe, 1982.

(9) For leading references concerning this problem, see: Maier, G.;
Reisenauer, H. P.; Sayrac, T. Chem. Ber., in press and literature cited
therein.
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