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We recently demonstrated that it is possible, with rare exceptions, to account
for the optical purities', as well as the configurations, of alcohols prepared by enan-
tioselective hydrolysis of the corresponding racemic acetates using the mold Rhizopus
nigricans'~*. Estimates of enantiomeric excesses of alcohols formed in these kinetic
resolutions were based on electrical, steric and polarizability parameters obtained
from the literature and on guantitative hydrolysis data. The experimental values for
enantiomeric excess were obtained from rotation measurements; consequently, the
data employed in formulating the correlations would be subject to large errors. The
desite for a more precise analytical technique prompted a search for a better method.
That search was also influenced by a recent observation® that the configuration of one
allylic alcohol formed in these hydrolyses was not the expected one based on the rule
given in ref. 1. Thus, an independent method of assigning the configurations of allylic
alcohols was also sought. A recently developed reaction by Sharpless et al.® is now
widely used by organic chemists for the preparation of chiral allylic and epoxy alco-
hols of a predictable configuration. While we are unaware of any discrepancies be-
tween predicted and observed configurations of alcohols prepared using this reaction,
a simple method of verifying a configurational assignment of an allylic alcohol, ob-
tained using the Sharpless procedure, should prove useful. We describe here a method
of assigning the configurations of allylic and benzylic alcohols that employs the rela-
tive retention limes of the diastereomeric esters formed with (—)-camphanic acid,
from an Ultra | (Hewlett-Packard) capillary gas chromatography (GC) column. In
addition, the GC separation provides analytical data on the optical purity of the
alcohol. :

Many of our preparations of chiral alcohols employ microbial transformations;
thus it is frequently necessary to analyze small quantities of impure alcohels. To
avoid the extensive purification necessary for optical and NMR methods, a chroma-
tographic procedure to separate and characterize diastereomers appeared ideal. Al-
though milligram quantities were employed to prepare the camphanate esters, reac-
tion conditions can be modified to use much less material.

“ On leave from Shanghai Institute of Materia Medica. Chinese Academy of Scicnce, 319 Yue-Yang
Road; Shanghai 200031, China.
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While separations of diastereomeric esters have been used to determine optical
purity, many of the derivatives were developed for the analysis of saturated alco-
hols®# and for correlating the elution order of diastereomers with their configura-
tion®~'', The procedure developed by Doolittle and Heath” employes (8)-tetrahy-
dro-5-oxo-5-furancarboxylic acid while Brooks and Gilbert!® utilizes
a-phenylbutyric acid in a modification on a microscale of Horeau and Kagan’s proce-
dure'!. Analogous studies using elution order from high-performance liquid chroma-
tography (HPLC) columns have been described??'%, Thus, there is ample precedent
for employing chromatographic procedures for determining enantiomeric excess and
for making configurational assignments based on elution order. Camphanate esters
of allylic alcohols have been employed by several investigators to resolve allylic alco-
hols!7'!¥ and by others to assign a molecules configuration!®. Deger ef al.'® employ-
ed HPLC and GC for the separation of camphanate esters of allylic alcohols. Deger et
al.'® and Bergot et al.*° have cautioned against overestimating the reliability of con-
figurational assignments based on elution order. Despite these cautionary comments
a series of thirteen racemic cyclic allylic alcohols were esterified with (— )-camphanyl
chloride. We found that all of the diastereomeric esters could be separated on a 25 m
% 0.2 mm 1.D. Ultra capillary GC column. The configuration of the more rapidly
eluted diastercomer was assigned using samples of known configuration. The result-
ing data were examined to determine if the elution order of a diastereomer could be
correlated with the configuration of the alcohol.

EXPERIMENTAL

General procedure for the preparation of camphanate esters

A solution of 0.002-0.010 g of the alcohol in methylene chloride (1-2 ml) was
reacted overnight at room temperature with 1.2 equiv. of camphanyl chloride in the
presence of | equiv. of 4-dimethylaminopyridine. The reaction mixture was treated
with water (1 ml), the methylene chloride layer was separated, washed, dried and
concentrated. The crude ester was then purified by flash chromatography on silica gel.

Analysis

The analyses were done using a Hewlett Packard 5890A gas chromatograph
equipped with a 25 m x 0.2 mm LD. Ulira | capillary column and an HP 3392A
integrator. The alcohols employed for this study were all prepared by literature meth-
ods and their spectroscopic properties were in agreement with those expected for their
structures. The peaks in the chromatogram were identified using camphanates of
alcohols enriched in one enantiomer, the absolute stereochemistry of which had pre-
viously been established. Data on the specific rotations and the configurations of the
alcohols used to identify the diastereomeric camphanate ester more rapidly eluted
from the column is given in Table I.

RESULTS AND DISCUSSION
The data obtained for the chromatographic behavior of camphanate esters of a

series of (F)- and (Z)-cycloalk-2-en-1-ols (compounds 1-13) on a 25 m % 0.2 mm
[.D. Ultra | cross-linked capillary column is summarized in Table II. Success in
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TABLE 1

DATA ON THE SPECIFIC ROTATIONS AND ABSOLUTE STEREOCHEMISTRIES OF THE
ALCOHOLS EMPLOYED IN ASSIGNING THE ABSOLUTE STEREOCHEMISTRY OF THE
DIASTEREOMERIC CAMPHANATES

Compound  Specific rotation Absalute Compound  Specific rotation Absolute
in chloroform stereochemistry in chioroform stereochemistry
{ enantiomeric of enantiomer {enantiomeric of enantiomer
excess) in excess excess ) in excess
1 +5.7(14) R 13 —4.6 (49) R
2 +18  (15) R 14 +23 (9D §
3 =17 (22) S 15 +27 (81) hY
4 -28 (79 R 16 +30 (90 R
5 —7.5 (35) s 17 -89 (=95 S
6 +55 (97) R 18 71 (9% hY
7 -24 (52) R 19 +45  (91) R
8 —38 (78) R 20 =150 R
9 - 85 R 21 +37 (61) R
10 — 118 (46) IR, 2R 22 +26  (53) R
11 —49 (85) R 23 +26  (77) Ay
R R

12 —-2.0

24 —=17 (98)

separating diastereomeric camphanates of cyclic allylic alcohols prompted us to ex-
tend this study to include benzylic alcohols. Camphanate esters of several benzylic
alcohols were prepared (compounds 14-19) and their chromatographic properties
examined. The esters were readily separated; data are included in Table I1. Although
no systematic effort was made to explore the scope and limitations of the GC-based
method, the chromatographic behavior of several other camphanates were examined.
The esters of saturated acyclic alcohol 28 and of the cyclohexanol derivative 26 were
not separated on the Ultra 1 capillary column. However, esters of the homobenzylic
alcohol 21 were readily separated.

Since the method proved valuable in determining enantiomeric excesses of ben-
zylic and allylic alcohols, an effort was made to learn whether the elution order of a
diastereomer correlated with the configuration of the alcohol. As mentioned briefly in
the introduction, chiral allylic alcohols are important synthetic intermediates and
their configurations are frequently assigned from the method of preparation. It is
therefore important to identify compounds where the configuration might have been
incorrectly assigned. Information on the configuration of the ester preferentially elut-
ed (first peak) is given in Table II; it shows that the alcohol has the configuration
shown in Fig. 1. The presence of substituents on C-2 or C-3 of 4 cycloalk-2-en-ol does
not alter this correlation between elution order and configuration of the ester. Fur-
thermore, the correlation between the configuration of the alcohol and the-elution
order of the ester is also independent of the cis or trans nature of the double bond.

The configuration of a benzylic alcohol preferentially eluted from the column is
also accounted for by the structure in Fig. 1, if the double bond is incorporated into
an aromatic ring. For phenylalkyl carbinols, replacing an ethyl group by a trifluoro-
methyl group (compounds 22 and 23) does not affect the relation between elution
order and configuration. Since critical factors which affect the differential binding of
diastereomeric esters to the column are unknown, assignments based on this correla-
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TABLE Il

SEPARATION BY GC OF DIASTEREOMERIC CAMPHANATES OF ALLYLIC. BENZYLIC AND MIS-
CELLANEOUS ALCOHOLS ON A 25-m ULTRA [ COLUMN

Compound  Oven temp. First peak Second peak Alpha Ref.
°C) — value
Retention Absolute Retention Absolute
time {min) stereochemistry time (min)  stereochemistry
1 1404 10.13 10.23 1.02 4
2 160" 7.52 R 7.7 S 1.03 4
3 200 11.79 R 12.23 S 1.04 4
4 175¢ 10.55 R 11.26 S 1.07 4
5 170 7.78 R 7.92 A 1.02 4
6 200 5.43 R 5.76 S 1.06 4
7 170 11.85 R {2.05 S 1.02 18
8 190# 8.97 R 9.13 S 1.02 13
9 200¢ 12.81 R 13.09 R 1.02 13
10 180-220% 32.33 R 32.77 S 1.01 21,
22
11 210-240° 19.06 R 19.16 § 1.01 21,
22
12 250-270° 12.41 R 12.53 S 1.01 21,
22
13 250-270° 14.76 R 14.97 S 1.01 26
14 190 7.46 R 7.88 S i.06 3
15 190 10.50 R 11.26 S 1.07 3
16 210 5.89 R 6.34 S 1.08 3
17 210 7.65 R 7.92 S 1.04 24
18 250-270% 15.55 R 15.88 S 1.02 13
19 2304 7.06 R 7.35 S 1.04 13
20 230 7.03 R 7.35 S 1.04 25
21 240 15.46 R 15.87 s 1.03 27
22 220 12.15 R 12.71 S [.05 2
23 150 9.64 Ay 9.79 R 1.02 2
24 240 13.56 h) 15.19 R 1.12 2
25 160 9.07 9.07 1.00 -

26 200 11.01 {1.0f 1.00 -

4 Temperature programmed to rise 1°C/min.
® The column used for these measurements was physically different one from that used for the other mea-
surements, although it was purchased from the same source with the same specilications.

tion must be treated as teniative. There are several reports in which the elution order of
one member of a homologous series unexpectedly differs from that of the others in the
series'®29 Configurational assignments based on elution order data therefore should
be verified using an independent method, i.e., chiroptical measurements or the use of
enzymic or microbially mediated reactions. If independent assignments differ, the
configuration must be rigorously determined by a direct method, i.e., chemical con-
version into a compound of established configuration or by an X-ray crystallographic
determination.

One factor that has been found to alter the relationship between the relative
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~Camphanate

Ry

R, Ha)a
1n=1 R =R=H 6 n=3, Ry= Br,Ry=H
2n=2 R =R;=H 7 n=4, R =R;=H
3 n=2 R =PhR;=H 8 n=5 R =Ry=H
4 n=2 Ry =H, Ry=Br 9 n=6 R =R;=H
§ n=3, Ry=R;=H

O-Camphanate

R2 \ Rl
(CH)n

10 n=1, Rl= R2=H 12 n=4, Rl= R2=H
11 n=2 Rj= R; =H 13 n=5 R;= R=H

retention time of diastereomeric benzylic camphanates is the presence of substituents
on the methylene group adjacent to the carbinol carbon, e.g., 4,4-dimethyl-1,2-ben-
zocyclohexen-3-ol (24). The configuration of the enantiomer more rapidly eluted
from the column differed from that predicted using the relationship proposed in ref. 4.
Since we have no data on the elution order of other 4-substituted 1,2-benzocycloal-
ken-3-yl camphanates, this observation should alert other investigators to be ex-
tremely careful in assigning the configurations of 4-substituted cyclic benzylic cam-
phanates from their elution order. Surprisingly, a similar change in the relationship
between elution order and configuration of 4-substituted 1,2-benzocycloalken-3-ols
and the unsubstituted parent compounds was noted for the elution of enantiomers of
these alcohols from type 1A chiral Pirkle HPLC column?.

The ability to separate diastereomeric camphanates has been helpful in solving
several problems. In the course of resolving 1-acenaphthenol, a metabolite of ace-
naphthene?!, this separations technique was used to monitor the resolution and make
a tentative configurational assignment of the (—)-enantiomer. The ester of (—)-1-
acenaphthenol was the more rapidly eluted diastereomer, suggesting that it was the
(R)-alcohol. This deduction was confirmed by an X-ray structure analysis?2. This
procedure was also used to establish enantiomeric excesses of substituted and unsub-
stituted 1,2-benzocycloalken-3-ols (13 and 16). The alcohols were not resolved on a
type 1A Pirkle HPLC column!—*:23:24_ Finally, the analytical method was used to
assign the configuration of (—)-(E)-cyclooct-2-en-1-01?°. Treatment of the (E)-iso-
mer with silver ion to convert it into the (Z)-isomer yielded a mixture of isomers
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0; Camphanate

(CHy)p 2
4 n=1, Ry=R;=H 17 n=4, Ry=R;=H
15n=2 Ry=R;=H 18 5=5 Ri=Ry=H
16 n=3, Ry=R;=H 19 n=6 R1=Ry;=H

24 n=2 Ri=R= CHy

O-Camphanate

O-Camphanate

O-Camphanate J:

. 2 R, = GHy
23 Rl = CF3
|O-Camphanate O—Camphanate
CH; CH CeHy3 Ph
25
26

whose separation was very difficult. When the camphanate esters of this mixture were
prepared it was possible to separate all of the diastereomeric esters by GC. The
chromatogram was also used to assign the configuration of the predominant dia-
stereomer of (Z)-cyclooct-2-en-1-ol. The use of these GC-based separations with
sensitive detection systems, e.g., mass spectrometers would result in far greater sensi-
tivity than is possible with NMR-based methods.

HLC, CH,

H,

Fig. 1. Configuration at the carbinol carbon of the ester formed with (—)-camphanic that is more rapidly
eluted from an Ultra | capillary column.
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CONCLUSION

It is possible to identify the predominate enantiomer and to analyze the
enantiomeric excesses of a large number of allylic and benzylic alcohols by esterifying
them with (—)-camphanic acid and separating the resulting diastercomers on a capil-
lary GC column. Data on the relative retention times of a diastereomer have been
correlated with the configurations about the carbinol carbon.

ACKNOWLEDGEMENT

We wish to record our appreciation to the late Dr. Ulrich Weiss for stimulating
and valuable discussions.

REFERENCES

M. Charton and H. Ziffer, J. Org. Chem., 52 (1987) 2400.
H. Ziffer, K. Kawai, M. Imuta and C. Froussios, J. Org. Chem., 48 (1983) 3017.
M. Kasai, K. Kawai, M. Imuta and H. Ziffer, J. Org. Chem., 49 (1984) 675.
S. Ito, M. Kasai, H. Ziffer and J. V. Silverton, Can. J. Chem., 65 (1987) 574.
K. B. Sharpless, C. H. Behrens, T. Katsuki, A. W. M. Lee, V. S. Martin, M. Taketani, S. M. Viti, F. J.
Walker and S. S. Woodward, Pure Appl. Chem., 55 (1983) 589.
R. W. Souter, Chromatographic Separations of Sterecisomers, CRC Press, Boca Raton, FL, 2nd ed.,
1986, pp. 1147.
7 R. E. Doolittle and R. R. Heath, J. Org. Chem., 49 (1984) 5041.
8 P. E. Sonnet and R. R. Heath, J. Chromatogr., 238 (1982) 41.
9 W. Pereira, V. A. Bacon, W. Patton and B. Halpern, Anal. Lett., 3 (1970) 23.
10 C. J. W. Brooks and J. D. Gilbert, Chem. Commun., (1973) 194.
11 A. Horeau and H. B. Kagan, Tetrahedron, 20 (1964) 2431.
12 M. Kasai, C. Froussios and H. Ziffer, J. Org. Chem., 48 (1983) 459.
13 R. E. Doolittle and R. R. Heath, J. Org. Chem., 49 (1984) 5041.
14 W. H. Pirkle, J. M. Finn, J. L. Schreiner and B. C. Hamper, J. Am. Chem. Soc., 103 (1981) 3964.
15 W. H. Pirkle and J. L. Schreiner, J. Org. Chem., 46 (1981) 4988.
16 W. Deger, M. Gessner, G. Heusinger, G. Singer and A. Mosandl, J. Chromatogr., 366 (1986) 385.
17 L. Luche, J. C. Damiano and P. Crabb¢, J. Chem. Res. Synop., (1977) 32.
18 L. Luche, J. C. Damiano and P. Crabbé, J. Chem. Res. Miniprint, (1977) 443.
19 A. Mosandl, G. Heusinger and M. Gessner, J. Agric. Food Chem., 34 (1986) 119.
20 B. J. Bergot, F. C. Baker, E. Lee and D. A. Schooley, J. Am. Chem. Soc., 101 (1979) 7432.
21 M. J. Schocken and D. T. Gibson, Appl. Environ. Microbiol., 48 (1984) 10.
22 Y. Hu, H. Ziffer and J. V. Silverton, Can. J. Chem., 67 (1989) 60.
23 Y. Hu and H. Ziffer, J. Chromatogr., submitted for publication.
24 M. Kasai and H. Ziffer, J. Org. Chem., 48 (1983) 712.
25 A. Balan and H. Ziffer, in preparation.
26 S. Ito, H. Ziffer and J. V. Silverton, Acta Crystallogr., C45 (1989) 515.
27 H. Arawa, N. Torimoto and Y. Musui, Tetrahedron Lett., (1968) 4115.

[V A

N



