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Summary: A procedure is described for resolution of synthetic juvenile hormone
IIT [methyl (2E,6E)-10,1l-epoxy-3,7,1l-trimethyl-2,6-dodecadienocate] into 10R
and 105 enantiomers, using high resolution liquid chromatographic separation of
diastereomeric esters formed from (+)-0-methoxy-o-trifluoromethylphenylacetic
acid and the 10,11-diol derivative of JH III. Chemical conversion of the
diastereomers into chiral epoxides resulted in 8% epimerization at C-10. The
binding properties of racemic JH III and the 10F and S antipodes were studied
with the hemolymph juvenile hormone binding protein of Manduca sexta
(Lepidoptera:Sphingidae). Competition studies against [methoxy-3H]-10R,S-JH III
revealed that the order of binding activity is 10R>10R,5>>10S. The binding
observed for the 10S enantiomer (Vv1/14 of affinity of 10R) may be due largely
to its 8% contamination with 10XA.

Insect juvenile hormonesg are produced by the corpus allatum and are
involved in the cont¥ol of morphogenesis and vitellogenesis (1). To date,
three homologous juvenile hormones have been isolated and identified (2, 3, 4).
A specific JH binding protein has been discovered (5, 6) in the hemolymph of
Manduca sexta. The apparent role of this binding protein is the protection
of JH from general esterases, although a JH-specific esterase can hydrolyze

JH even when “"protected" by the specific binding protein (7).
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Abbreviations: JH, juvenile hormone; JHBP, JH binding protein;

TLC, thin-layer chromatography; HRLC, high-resolution liquid chromatography;
mesyl, methanesulfonyl; MTP, O-methoxy-0-triflucromethylphenylacetic

(acid or ester).
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Binding studies have shown that the M. sexta JHBP has a relatively high
affinity for the JH in order of their lipophilicity (JH I > JH II > JH III),
and that the ester methyl function, the epoxide ring, and the aliphatic side
chains are required for binding (5, 8, 9). Further studies of the binding
properties of the four geometrical isomers of JH IXI (10) and the eight
geometrical isomers of JH I (11) have shown that within each group, the
natural isomer has highest affinity for the JHBP. We now report the chemical
synthesis of both 10F and 105 antipodes of JH III and the binding properties
Aof these enantiomers with the JHBP of M. gexta.

Materials and Methods

Synthesis of JH III Enantiomers: Methyl (2E,6F)-(10R,S)-10,ll-epoxy-3,7,11-
trimethyl-~2,6-dodecadiencate (JH IIT} was obtained from a batch of material
synthesized by Anderson et al. (12). Acidic hydration of the epoxide to the
(10k,5)-10,11-diol derivative 2, and subsequent esterification of the diol
with the acid chloride derived from (+)-(R)-0-methoxy-0~-trifluoromethylphenyl-
acetic acid, was performed according to established procedures (4). The MTP
acid (Aldrich) was from a single batch which was found to have >99.9%
enantiomeric purity (13).

The diastereomeric MTP ester derivatives 3 were separated by preparative
HRLC using a liquid chromatograph assembled from components (13, 14). Prepar-
ative HRLC columns (2.2 cm i.d. x 50 or 100 cm long), were packed with 20 um
LiChrosorb SI 60 (E. Merck) using a balanced density slurry packing technique
(15) with CHzBr: -isooctane as solvent. Approximately 100 mg quantities of the
mixture of 10R,S diastereomers were chromatographed on a 100 x 2.2 cm LiChrosorb
column eluted with 40% diethyl ether in pentane at 20 ml/min. Fractions were
collected and analyzed for enantiomeric composition on the same instrument
using a 22 x 0.4 cm Zorbax-SIL column (DuPont, pre-packed) eluted with water-
saturated 10% ethyl acetate in pentane at 1.7 ml/min. The faster eluting 10R
diastereomer 3a had enantiomeric purity of >99.5%, but the slower eluting 105
diastereomer 3b was less pure and was rechromatographed preparatively
(50 % 2.2 cm LiChrosorb eluted with 8% ethyl acetate in pentane, 50% water-
saturated). Suitable fractions were analyzed and found to exceed 99.5%
enantiomeric purity.

Both resolved diastereomeric esters weére hydrolyzed to the chiral diocl
using base under phase transfer catalysis conditions: 0.09 M MTP ester in
dichloromethane was treated with 1/2 volume of a 10% solution of tetrapentyl-
ammonium chloride in 50% aqueous KOH for 10 minutes at ambient temperature,
The reaction was acidified, extracted, and the residue purified by preparative
TLC to afford 1l mg (73%) of the diol, together with 1.9 mg (14%) of epoxide.

Each diol 2a and 2b was converted to the mono-methanesulfonate (mesyl)
ester by standard methods (to 0.16 M diol in ether was added 3.5% triethylamine
and 10% molar excess of mesyl chloride). The mesyl ester was treated with
a slight excess of KOH in methanol at 5° for 10 minutes. The solution was
neutralized and the epoxide isolated by extraction. The epoxides were then
purified by preparative TLC and HRLC (22 x 0.46 cm Zorbax-SIL, 8% ether in
pentane, 50% water-—saturated).

Analysis of Enantiomeric Purity: Aliquots of the resolved epoxides were
converted to the methoxyhydrin derivatives as described previously (14),
followed by esterification of the 10-hydroxy group with optically pure
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MTPCl. The diastereomeric MTP esters of the methoxyhydrins were analyzed by
HRLC under conditions (3 series~connected 22 x 0.46 cm Zorbax-SIL columns
eluted with 12% ether in pentane, 50% water saturated) where the closely
eluting diastereomers [separation factor o = 1.07 (15)] were totally resolved
[resolution Rs = 2.2 (15)]. The chiral diol intermediates were also converted
to their MTP monoesters for enantiomeric purity analysis by HRLC (22 x 0.46 cm
Zorbax-SIL eluted with 12.5% ethyl acetate in pentane, 100% water-saturated).

Binding Protein Assay Conditions: Juvenile hormone binding protein was obtained
from hemolymph of fourth instar Manduca sexta larvae and partially purified

as described previously (8). A recently developed assay was employed which
utilizes hydroxylapatite for separation of bound and unbound JH (11).

Radiolabeled Juvenile Hormone III: A sample of [methoxy-’H]JH III (V1 Ci/mmol)
was obtained from Dr. B.D. Hammock and was purified by a combination of TLC
and HRLC procedures {8).

Results and Discussion

Acidic hydration of synthetic JH III to its 10,11-diol, followed by
formation of the monoester of (+)-0-methoxy-o-trifluoromethylphenylacetic acid,
affords diastereomeric derivatives which can be readily separated by silica gel
HRILC. 1In earlier studies at Zoecon, we utilized this technique to determine
the absolute configuration of carrier-diluted, biosynthetic [methoxy-l“C]JH II1I,
(4), and noted that the faster eluting diastereomer with (+)MTP acid has the
natural 10R configuration. We found that on a larger scale (V100 mg) these
esters can be separated by preparative HRLC only with some difficulty. For
preparative resolution we originally hoped to regenerate the epoxide from the
MTP ester directly via base catalyzed intramolecular displacement of the MTP
anion, with concomitant inversion of configuration at C-10 (analogous to
behavior of mesyl esters, Fig. 1). Unfortunately, a number of different base-
solvent combinations generated the epoxide only as a minor product giviﬁg the
10,11-diol as the major product. In orxrder to accumulate sufficient mags of
material for bioassay and binding studies, we chose to hydrolyze the resolved
esters to the 10#,1ll diol and 105,11 diol. Under the phase transfer catalysis
conditions employed, a 73% yield of diol was realized with negligible hydrolysis
of the carbomethoxy moiety. Each diol next was converted in high yield to the
mesyl ester, followed by in sttu base treatment to give the epoxide of opposite
configuration at C-10. Reaction impurities and minor amounts of geometrical

isomers formed on base treatment were removed by TLC and HRLC.
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Fig. 1. Scheme showing procedure used for enantiomeric resolution of JH III.

The 10R and 105 epoxides were subjected to methanolysis (14) and the
resultant ll-methoxy-10-hydroxy derivatives were converted to MTP esters for
HRLC analysis. [While these diastereomers are much more difficult to separate
by HRIC than the ll-hydroxy series, acidic hydrolysis of a pure 10R epoxide
would generate 96% 10R, 4% 10S diol (16), rendering this approach unsuitable
for enantiomeric purity analysis.] The resultant chromatograms revealed that
each diastereomeric derivative contained 92% of the desired C-10 enantiomer
contaminated with 8% of the opposite enantiomer. Samples of the diols 2a and
2b from hydrolysis were then reconverted to MTP esters and analyzed by HRIC,
again showing a 92:8 mixture of enantiomers. Therefore some racemization
occurred in the base hydrolysis of the MTP esters.

A similar procedure was recently reported by Imai et al. for synthesis
of both antipodes of the ethyl ester of JH IIT (17), but using acetoxyetienic
acid instead of MTP acid. These workers used selective reduction with lithium
aluminum hydride to convert the resolved diastereomeric esters to the chiral
10,11-diols, as reduction should leave the C-10 configuration unchanged. 1In

our hands, the procedure resulted in reduction of the methyl ester moiety as
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well, perhaps as a function of small scale.

The JHBP was obtained and partially purified, as previously described (8).
A fixed concentration of 10OR,S [methoxy—3H]JH III (V7 ng) and varying amounts
(0-300 ng) of 10R, 1O0R,S and 105 JH III were added to assay tubes. JHBP (3 ng
of partially purified preparation) was added to the tubes and incubated.
Analysis of competition was performed by the recently described hydroxylapatite
method (11). Previous evidence has demonstrated that the kinetics of binding
for the partially purified protein are the same as for a homogenous preparation
of JHBP (11). The data are plotted in Fig. 2. It is apparent that the order
of binding is 1O0R>10R,S5>>105, and that the binding of 10R at 50% saturation
is about 14 times that of 10S.

This strongly suggests that most of the binding activity of the 10S
antipode is due to its 8% contamination with natural 10R antipode. Clearly
the binding site has a highly stereoselective requirement for the epoxide ring,
and in this context it is of interest that the unepoxidized precursor does not
bind significantly (9).

The samples of predominantly 10R and 105 JH III were bioassayed on
Galleria pupae (18). The specific biological activities were estimated at 57
and 670 pg/Galleria unit, respectively, v8. values of 144 and 197 pg/Galleria
unit for two simultaneously assayed 10R,S samples. The 1l2~-fold difference in
biological activity is remarkably (if not fortuitously) close to the ratio of
binding constants. We attribute this to the likelihood that the JH receptors
also require a chiral epoxide for recognition. Under the conditions of the
Galleria bioassay, hemolymph transport of exogenous JH is not needed, so JHBP
interactions with JH can probably be ruled out in contributing to the bioassay
results. It has been reported that the (+) isomer of JH I is about nine times
more active on Galleria than partially pure (-) isomer [containing 8-10% (+)
isomer] (19).
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