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N\> — k > (8)

= 50571 k_ = 160s~". These rate constants, which may in-
clude reaction without water participation, are very much
smaller again than that ohtained for imidazole.

Returning to the reaction mechanism for UH™, it seems
clear that the presence of the C==0 groups brings about a
marked enhancement of the rate of bifunctional proton transfer
with water participation, which supports the reaction mecha-
nism shown in eq 1.
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Synthesis of L-Lysine. Simultaneous Resolution/
Racemization of a-Amino-e-caprolactam!
Sir:

In recent years there has been some activity? concerned with
the resolution of a-amino-e-caprolactam (ACL), an important
precursor in the chemical synthesis of L-lysine. Of particular
interest are the resolution methods relying on kinetically
controlled crystallization® of one enantiomer on seed crystals
of the same enantiomer. Generally this type of resolution can
be carried out only if the racemic modification exists as a true
racemic mixture, rather than a racemic compound or racemic
solid solution, in the solid phase.? In the case of ACL, several
salts, such as the hydrochloride,?® hydrobromide,’® 3-na-
phthalenesulfonate,”® and «-amino-g-naphthalenesulfona-
te,’ meet this requirement and have been resolved in this
manner. Earlier work in this laboratory?® had shown that the
coordination complex of ACL with nickel(11) chloride of em-
pirical formula 1 can also be resolved by kinetically controlled
crystallization from ethanol solution induced by seed crystals
of formula 2 or 3. It had also been shown that optically active
ACL can be racemized by heating in alcohol solution with
catalvtic amounts of nickel(II) chloride. These facts encour-

aged us to attempt the resolution of DL-ACL by preferential
crystallization of 2 under conditions of simultaneous racemi-
zation of D-ACL in solution. Such a process would theoretically
transform all of the DL-ACL to 2° and could be of practical
interest if carried out at a reasonably high rate.’

{DL-ACL)3NiCly (L-ACL)3NiCl, - EtOH
1 2
{D-ACL)3NiCl, - EtOH
3

We wish to report that the nickel(II) chloride catalyzed
racemization of optically active ACL in alcohol solution is
greatly accelerated by alkoxide ions, provided that the molar
ratio of ACL to nickel(II) is maintained above ~3.5:1.10
Moreover, resolution of DL-ACL from supersaturated ethanol
solutions by means of kinetically controlled crystallization
induced by seed crystals of 2 can take place under these race-
mization conditions. The process is carried out most conve-
niently at the boiling point of the solution (~80°). This mode
of operation allows continuous removal of solvent and results
in relatively high conversion of DL-ACL to crystalline 2. In a
typical experiment DL-ACL, 5.40 g (42 mmol), was dissolved
in 25 ml (10.5 mmol) of 0.42 M ethanolic nickel(I1) chloride
at reflux and 0.72 ml (1.58 mmol) of 2.19 M ethanolic sodium
ethoxide was added to the resulting dark blue solution. A small
amount of sodium chloride that formed was removed by fil-
tration. Seed crystals of 2, [«]*D —23.3° (¢ 4, | N hydro-
chloric acid''"), average diameter 3.6 um, 1.50 g (26.8 mmol),
were added to the filtrate, and the mixture was boiled gently
under nitrogen atmosphere with slow mechanical stirring. An
ethanol solution (30 ml) containing 4.60 g (36 mmol) of DL-
ACL and 11.6 mmol of nickel(I1l) chloride was added dropwise
to the reaction mixture during 1.5 h while the overall level of
the mixture was maintained at 30 ml by simultaneous evapo-
ration of ethanol. The reaction mixture was then filtered, and
the crystals were washed with cold ethanol and dried in vacuo
at 70°, vyield 7.70 g (30% conversion'?). The product had
equivalent weight (C1~, Ni?*) and elemental analysis (C, H,
N) consistent with the formula (ACL)3NiCl,-EtOH; [«]?°D
—22.3° (¢ 4, 1 N hydrochloric acid!!), i.e., 96% enantiomeric
excess. The crystals had an average diameter of 5.3 um. The
mother liquor, when acidified with hydrochloric acid, had a
slightly positive rotation corresponding to approximately 5%
enantiomeric excess of D-ACL.

Still higher conversions of DL-ACL to 2 are possible if a
continuous mode of operation is adopted. We were able to
obtain up to 929% conversion'? by charging an ethanol solution
containing DL-ACL, nickel(II) ion, chloride ion, and ethoxide
ion'3 in respective molar ratios 4.50:1.00:1.85:0.15 together
with seed crystals of 2. Ethanol was removed continuously by
evaporation while a feed ethanol solution containing the same
reagents in ratios 3.12:1.00:1.97:0.03 was added. Approxi-
mately 20% of the grown crystals were removed every hour and
fresh seed crystals, corresponding to 25 wt % of the crystals
removed, were added. The enantiomeric excess of the product
was about 97%.

The resolved complex is decomposed instantly by reaction
with hydrogen chloride in methanol solution. The hydrochlo-
ride of L-ACL crystallizes in ~95% yield, with respect to the
enantiomeric excess of L-ACL in the complex, and is 100%
enantiomerically pure. The enantiomeric enrichment taking
place during the crystallization is due to the fact that DE-ACL
hydrochloride is a true racemic mixture in the solid phase?b
and so remains in solution.

(L-ACL)3NiCl; + 3HCI — NiCl, + 3L-ACL - HCI

The current simultaneous resolution/racemization process
has several unique features worth emphasizing.
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(1) The racemic modification resolved is an octahedral
transition metal ion complex which can theoretically exist in
as many as 12 diastereoisomeric pairs of enantiomers.'t
Equilibration of the ligands around the metal ions is very fast,
however, compared to the rate of racemization of the ligands,
as evidenced by the following facts. (a) Addition of 3 mol of
L-ACL ([«]**D —34°) to a solution of 1 mol of 3 ([«]?°D
—59°) results in complete loss of optical activity in less than
10 s after mixing. (b) No mutarotation is observed in solutions
containing | mol of nickel(II} and 3 mol of L-ACL, although
the corresponding complex can exist in as many as four dia-
stereoisomers.!* It is obvious, therefore, that the rate deter-
mining step in the current process is not the interconversion
of diastereoisomers involving the metal ion but the racemiza-
tion of ACL.

(2) Although the exact structure of the crystals of formula
2 is not known,'3 it is certain that they are enantiomeric to the
crystals of formula 3. (In fact the current process can be carried
out with equal success using 3 as seed crystals.) When spon-
taneous crystallization is allowed to take place from a solution
of 1 containing 50% enantiomeric excess of L-ACL, the first
crystals formed are 2, although statistically the most abundant
species is (L-ACL)2(D-ACL)NICly; correspondingly, 3 is
obtained when D-ACL is in excess. Clearly, crystalline 2 and
3 (two enantiomers) are the stable solid phases in equilibrium
with a solution of 1. In view of the foregoing discussion, it is
clear that the current process is a simultaneous resolution/
racemization of enantiomers, although not the same pair of
enantiomers are involved in each half of the process: with re-
spect to the resolution the relevant enantiomers are crystalline
2 and 3; with respect to racemization, these are L-ACL and
D-ACL. The possible presence of 24 diastereoisomers in so-
lution and four in each solid phase is kinetically irrelevant to
the process.
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A Stereoselective Synthesis of the
24(R),25-Dihydroxycholesterol Side Chain
Sir:

Introduction of the 24 R - hydroxy group into a steroid side
chain presents a significant challenge. The hydroxy group with
this absolute configuration is characteristic of several natural
products such as lyofoligenic acid,! lyofolic acid,? and the vi-
tamin D3 metabolites 24,25-dihydroxycholecalciferol>* and
1,24,25-trihydroxycholecalciferol. > We now report a highly
stereoselective method for producing this C-24 side chain
functionality, which was developed for the vitamin D3 me-
tabolites but which should also be applicable to the synthesis
of other natural products.

Initially, we considered it impractical to generate a specific
chiral center on a long and flexible sidechain, but were en-
couraged by recent reports in the prostaglandin area.® Our
previous results and those of Ikekawa’ and Kodicek® have
shown that no control of stereochemistry was possible in ep-
oxidation and hydroxylation of the A?*25-double bond of
desmosterol derivatives under a variety of conditions. Near 1:1
mixtures of products always resulted, indicating that this
double bond was too far away from the C-17, C-20 chiral en-
vironment. Therefore, we decided to explore the chemistry of
the (Z)- and (E)-A?3?4.allylic alcohols expecting that the
closer proximity of the double bond to the C-17 and C-20 chiral
centers might have an influence on the stereoselectivity of the
hydration reactions.

The two A23-24-allylic alcohols 3 and 4 were prepared from
the acetylenic ether 1, which was derived from stigmasterol
in five steps (42% overall yield).® Compound 1 was cleaved in
acidic methanol at 0° to give the acetylenic alcohol 2 ([«]D
+50°, 95% yield)'® which was cleanly hydrogenated to the
Z-allylic alcohol 3 ([«]D +37°, 90% yield) over Lindlar cat-
alyst in ethyl acetate (Scheme 1). Alternatively, the acetylenic
alcohol 2 was reduced with lithium aluminum hydride in tet-
rahydrofuran at reflux to give the E-allylic alcohol 4 (mp
126-127°, [a]D +46°, 90% yield).

The Z-olefin 3, when treated with several peracids, yielded
a l:1 mixture of epoxy alcohols 5 and 6. However, when treated
with anhydrous rerz-butyl hydroperoxide in toluene and a
catalytic amount of vanadyl acetoacetate!! at —78°, followed
by warming the mixture to —20° for 6 h, an 85:15 mixture of
6 and the undesired isomer 5 was obtained.'? The 23R, 24R-
epoxy alcohol 6, [a]D +57°, was isolated by chromatography!?
and was reduced with lithium aluminum hydride (0°, tetra-
hydrofuran) to give the 24R,25-diol 9 contaminated only by
5% of the isomeric 23R,25-diol 10. Pure diol 9, mp 142-143°,
[a]D +63°, was obtained by direct crystallization and was
exposed to acidic aqueous dioxane at 60° to vield the desired
24(R),25-dihydroxycholesterol (12, mp 200-202°,[«]D —11.3°
(¢ 1.02, CH30H)).

Similarly, when the E-allylic alcohol 4 was epoxidized with
tert-butyl hydroperoxide in toluene at —78° to —20° with
vanadyl acetoacetate catalyst, an 85:15 mixture of epoxy al-
cohols 7 and 8 was obtained. The major epoxy alcohol 7, mp
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