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Optically active y-substituted-methyl-y-butyrolactones, es-
pecially y-azido-, y-iodo- and y-chloromethyl-y-butyrolactones,
are valuable not only as synthons for various types of com-
pounds! but as useful chiral auxiliaries’ A few methods to-
ward the synthesis of optically active y-substituted-methyl-
v-butyrolactones have been reported, ze., asymmetric iodola-
ctonization® with the aid of a chiral auxiliary and asymmetric
reduction of y-ketobutyric acid followed by lactonization.*

Notes

Another method ‘based on chiral glutamic acid as a chiral
pool has also been reported?® All of them requires multi-step
reaction sequences to elaborate the synthesis of both enan-
tiomers. Due to the usefulness of y-substituted-methyl~y-but-
yrolactones, resolution of racemates has been adopted as a
method of rapid preparation of both enantiomers. Though
the enzymatic hydrolysis® of y-alkyl-y-butyrolactones has
been studied to a certain extent, preparation of synthetically
more valuable y-substituted-methyl-y-butyrolactones remains
to be investigated.”™ We report herein the results and chara-
cteristics of the enzyme-mediated resolution of y-substituted-
methyl-y-butyrolactones with azide (1a), iodine (1b), chlorine
(1c) and methyl (1d) substituents. This appears to be the
first example to prepare these lactones by lipase-mediated
resolution, though ample examples® have heen reported for
the preparation of other types of y-lactones vig lipase-reac-
tions. This study also provides an insight into the effects
of the substituents located at four bonds away from the reac-
tion center.

The racemic substrates of y-chloro- and y-azidomethyl-y-
butyrolactones were prepared by chlorination and azidation
of y-iodomethyl-y-butyrolactone with LiCl and NaNj; respecti-
vely. The resolutions were carried out with several different
hydrolytic enzymes such as Porcine pancrease lipase (PPL),
Lipase Amano AY of Candida sp. (AYL), Lipase Amanoc PS
of Pseudomonas sp. (PSL) and Pig liver esterase {PLE).

Enzymse X/ o, . X /\l/\,c(:)zl"i

8] 0 \\Hgy o}
dHa;, X =N, (S)-1a {R)-2a (Ry-1a
b X =1 (S)-1b (R)-2b (R}1b
darte; X=Cl (S)-1c (Ry2¢c (R)-1¢
diid; X = CHy (R-1d (S)-2d {sd

Scheme 1.

At first intensive studies were carried out with y-azidome-
thyl-y-butyrolactone (la) as a substrate due to its wide appli-
cability by changing solvent, enzyme, and reaction time. The
reaction of azidolactone with PPL proceeded in phosphate
buffer (pH 7.2) without significant disctimination of one ena-
ntiomer from the other {(entries 1 and 2). In the pure organic
solvents of hexane reaction proceeded much faster with si-
milar enantioselectivity as in buffer (entry 3). Addition of
acetone to phosphate buffer (1/1, v/v) stopped the reaction
completely due to possible destruction of the enzyme. Addi-
tion of hexane into the phosphate buffer accelerated the
PPL-mediated reaction with better enantioselectivity {(entries
4-7). With enzymes of AYL or PSL in the mixed media of
buffer and hexane (1:3, v/v) resolution was not successful
either by retarded reaction rate or by poor selectivity. (ent-
ries 8 and 9) The reaction with the esterase enzyme of PLE
proceeded faster than with PPL in phosphate buffer (entry
10). But the resolution was poor. The best result was obtai-
ned with PPL in the mixed solvent of phosphate buffer and
hexane (1:3, v/v) {entries 6 and 7). (8)- and (R)-1a from
entries 6 and 7 were hydrogenated with Pd C followed by
acetylation to afford S-acetyloxy-2-oxopiperidine (4).* Enan-
tioselectivity was re-evaluated with the resolved acetyl peaks
of 5-acetyloxy-2-oxopiperidine in the NMR in the presence
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- Table 1. Results of the enzyme-mediated resolution of racemic y-substituted-methyl-y-butvrolactones 1a, 1b, l¢ and Id

Reaction conditions”

Unreacted lactone” Lactone from Acid®

Entry Subst. —— E
Enz.  Subst’ Solvent’ RxnTime Convn! Yield ee. Conf.  Yield ee. Conf
Enz. ) (%) (%) (%)
1 (x)1a PPL 3¢ Buffer 8 27 67 23 S 22 63 R 4
2 {f)la PPL 3.0 Buffer 245 61 39 34 S 40 22 R 6
3 {t)1la PPL 3.0 Hexane 1 36 43 38 S 20 68 R 5
4 {tf)la PPL 3.0 Buifer:Hexane=1:1 4 36 60 41 S 30 73 R 7
5 (x)1a PPL 3.0 Buffer:Hexane=3:1 8 41 54 49 S 34 70 - R 7
6 (x)1a PPL 3.0 Buffer:Hexane=1:3 8 55 37 76(78Y S 51 62 R 8
7 (+)la PPL 30 Buffer:Hexane=1:3 1 25¢ - - - 21 8180Y R 7
8 (+)1a AYL 3.0 Buffer:Hexane=1:3 215 1¢# 78 5 S - - - -
9 (£)1a PLE 3.0 Buffer:Hexane=1:3 37 51¢ 47 30 S - - - -
10 (t)la PPL 3.0 Buffer 8 40 56 32 S 31 49 R 4
11 (£)1b PPL 3.0 Buffer 4.3 61 35 61 S 38 39 R 9
12 {(x)1b PPL 3.0 Buffer:Hexane=1:3 15 4 43 81(86) S 44 74 R 12
13 (£)1b PPL 3.0 Buffer:Hexane=1:3 1 3% - - - 28 86(85) R 12
14 (£)1lc PPL 30 Buffer 26 57 26 43 S 33 33 R 5
15 (x)lc PPL 3.0 Buffer:Hexane=1:3 6 55 31 70(72¥ S 37 58 R 7
16 {£)1¢ PPL 30 Buffer:Hexane=1:3 | 1 26 - - - 19 7881y R 8
17 {+)1d PPL 3.0 Buffer 12 39 52 36 R 28 57 S 5
18 {(x)1¢ PPL 3.0 Buffer:Hexane=1:3 4 51 41 71 R 43 68 S 8
19 {(x)yid PPL 3.0 Buffer:Hexane=1:3 55 60 25 82 R 55 53 S 10

*All reactions were carried out at 30 T. *The absolute configurations and e.e. values were deduced from their optical rotations
and comparison with those of the known. ‘ Weight/weight. “Buffer solution (Na,HPOQ,, 0.1 M, pH=72), n-Hexane: volume/volume.
"Conv. was calculated by ee (unreacted lactone/[ ee(unreacted lactone) + ee (lactone from acid)]. ‘E value=In[ L-conv.{l + ey /M 1-
conv.(l-eepau)]. ¥Conv. rate was determined by the NaOH consumption. "The e.e. value in the bracket was obtained from the
NMR analysis in the presence of 0.3 mol equiv. of Eu(hfc), after conversion to 5-acetyloxy-2-oxopiperidine. ‘The e.e. values in
the bracket were obtained from the NMR analysis in the presence of 0.3 mol equiv. of Eu(hfc); after conversion to y-acetoxymethyl-

y-butyrolactones.
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of 30 mol% of Eu(hfc).

The same condition to resolve y-azidomethyl-y-butyrolac-
- tone was applied to other substrates. Successful resolutions
of y-iodomethyl-y-butyrolactone (1b) and vy-chloromethyl-y-
butyrolactone (1c) with 270% e.e. were achieved in moderate
yields under the. same conditions of mixed solvents {entries
12, 13, 15 and 16). Resolved (R)- and (S)-hafolactones were
converted to y-(acetyloxy)methyl-y-butyrolactone (5) by the
reaction with AgOAc in AcOH. Enantioselectivity was re-eva-
luated with the resolved acetyl peaks of this compound in
the NMR in the presence of 30 mol% of Eu(hfc);.

The similar results were observed with y-caprolactone (1d)
(entries 17-19). As seen in the entry 19, 82% e.e. of unreac-
ted lactone was obtained at 60% conversion in the mixed
solvents. With the same substrate the reaction was retarded
in phosphate buffer with poorer enantioselectivity. The PPL-
catalyzed reactions of y-substituted-methyl-y-butyrolactones
in phosphate buffer proceeded slower than in the mixed or
pure hexane medium with comparably lower enantioselecti-
vity possibly due to insolubility of the substrate (entries 1,
2, 11, 14 and 17). The reaction time to reach about 51-55%
conversion in the mixed solvent of the phosphate buffer and
hexane (1/3, v/v} depended on the substituents, i¢., 8, 1.5,
6 and 4 h with the substituents of N3+ 1, Cl, and CH; respec-
tively. At this point unreacted lactones were obtained with
78, 86, 72 and 71% e.e. (entries 6, 12, 15 and 18), The similar
enantioselectivities of 72%, 60% and 76% e.e. were reported
for the compounds with the substituents of X=C;Hs, CiH,,
and C¢Hys, respectively at 55% conversion of PPL-mediated
resolution.” This observation gives some insights into the
PPL-mediated hydrolytic reactions of y-substituted-methyl-y-
butyrolactones. On the view point of enantioselectivity no
significant deviation was observed from the difference in ele-
ctronic characteristics and bulkiness of substituents at y-me-
thyl position while there is a noticeable difference on the
reaction rate. In conclusion, we have successfully achieved
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the PPL enzyme-mediated resolution of synthetically useful
y-substituted-methyl-y-butyrotactones in good yields.

Experimental

H, “C NMR spectra were recorded on a Gemini 200 (200
MHz for 'H and 50.3 MHz for °C). Chemical shifts were
given in ppm using TMS as internal standard. Elemental
analysis was taken on a Perkin-Elmer 240 DS elemental ana-
lyzer. Optical rotations were measured with Rudolph Resea-
rch Autopole 3 spectrometer. y-Caprolactone (la) was pur-
chased from Aldrich. All other reagents and solvents were
purchased from commercial sources. PLE and PPL were pur-
chased from Sigma and AYL and PSL were obtained from
Amano Pharmaceutical Co., Ltd. .

Enzymatic Resolution of Racemic y-Lactones. -
Specified amount of the crude enzyme on the table was ad-
ded to a stirred solution of y-substituted-methyl-y-butyrolac-
tone (1) (0.72 mmol) in the specified solvent (15 mL). The
resulting solution was stirred well at 35 C while pH of the
solution was maintained to 7.2 by adding NaOH solution (0.1
M). After the conversion of the reaction reached at certain
percentage according to NaOH consumption, the reaction was
quenched by adding celite and ice. The cake was filtered
through Celite with water and EtOAc. Unreacted starting
lactone was extracted with EtQOAc. Hydroxy acid (2) in
aqueous layer was acidified with ¢-HCI to pH 1.0 and stirred
overnight to convert to y-butyrolactone. After the conversion
was complete the product was extracted with EtOAc. The
combined organic layer was washed with water twice, dried
over anhydrous MgSO,, filtered and concentrated under re-
duced pressure to give product. For analysis the products
were purified by flash chromatography on silica gel.

dl-y-lodomethyl-y-butyrolactone dl-1b. -Agqueous
NaHCO; (0.6 M, 250 mL, 0.15 mol) was added to 4-pentenoic
acid (5 g, 0.05 mol) and the resultant solution was stirred
until effervesce disappeared. Potassium iodide solution (49.8
£ 0.3 mol) in water (150 ml) was added dropwise at room
temperature and stirred in the dark. After 4 h water (100
mlL) and CH:Cl; (300 mL) were added. To this solution was
added Na,S;0» until the color of this solution was discharged.
The two phases were separated. The aqueous layer was ext-
racted with CH:Cl; twice (100 mLX2). The combined organic
layer was washed with water twice, dried over anhydrous
MgSO0,, filtered and concentrated under reduced pressure
to give crude product. Purification by flash chromatography
gave 10.1 g of colorless oily product in 89% yield. 8y (CDCls;
J/H2) 1.88-2.07 (1H, m), 2.38-2.53 (1H, m), 2.48-2.66 (ZH, m),
347 (2H, d, J=11.2), 458 (1H, quin, J=54); &c (CDCl;) 9.23,
276, 286, 78.1, 176.0.

(S)-(-)-y-lodomethyl-y-butyrolactone (8)-1b. -To a
stirred solution of (S)-(+)-y-Mesyloxymethyl-y-butyrolactone®
(0.5 g 257 mmol) in CH;CN KI (0.85 g, 512 mmol) and
18-crown-6 (0.13 g) was added. The resultant solution was
refluxed for 12 h for the reaction to be completed. The reac-
tion product was extracted with EtOAc (3X80 mL). The or-

ganic layer was washed successively with water and brine

twice, dried over anhydrous MgSO,, filtered and concentra-
ted under reduced pressure to give crude product. It was
further purified by column chromatography to give 042 g

Notes

of pure product in 72% yield. [a],*=—19.9 (c=02, CHCl)
(it? [olp®=—154° {c=175, CHCL)).

dl-y-chloromethyl-y-butyrolactone dl-1¢. -Lithium
chloride (0.75 g, 17.7 mmol) was added to y-iodomethyl-y-
butyrolactone (2.0 g, 885 mmol) in DMF (20 mL). The resul-
ting solution was refluxed under N, atmosphere for 3 hours.
EtOAc (200 mL) was added and the solution was washed
with brine three times to remove DMF. The organic layer
was dried over anhydrous MgSO,, filtered and concentrated
under reduced pressure to give crude product. Purification
by flash chromatography gave 1.09 g of a colorless oil in
92% vield. &y (CDCly; J/Hz) 2.07-2.28 (1H, m), 2.34-2.53 (1H,
m), 2.58-2.72 (2H, m), 3.70 (1H, dd, J=9.6, 46), 3.79 (1H,
dd, /=9.2, 4.6), 4.78-4.84 (1H, m); 8¢ (CDCly) 24.3, 27.8, 45.9,
780, 1764.

(S)-(+ )-y-chloromethyl-y-butyrolactone (S)-1c. -
This was prepared from (8)-(-)-y-iodomethyl-y-butyrolactone
in the same way for the synthesis of racemates. [alp*=
+12,5° (¢=0.2, CHC) (lit.* [alp?=—12.9° (¢=3.03, CHCly)
for (R)-(+)~y-chloromethyl-y-butyrolactone).

dl-y-azidomethyl-y-butyrolactone dl-1a. -Sodium
azide (8.63 g, 133 mmol} was added to y-iodomethyl-y-buty-
rolactone (1b) (10 g, 44.2 mmol) in DMF (100 mL) and stir-
red at room temperature under N, atmosphere. After 48
hours CH,Cl, (200 mL) was added and the solution was wa-
shed brine three times to remove DMF. The organic layer
was dried over anhydrous MgSO,, filtered and concentrated
under reduced pressure to give crude product. Purification
by flash chromatography gave 5.77 g of colorless oily product
in 92% yield. 8y {(CDCly; J/Hz) 1.97-212 (1H, m), 2.21-2.43
(1H, m), 245-2.68 (2H, m), 342 (1H, dd, /=131, 4.6), 3.81
(1H, dd, f=13.1, 3.2), 4.58-4.73 (1H, m); §¢ (CDCly) 24.5, 28.3,
542, 78,6, 176.9.

(S)-{-)-v-Azidomethyl-y-butyrolactone (8)-1la. -This
was prepared from the reported method s [alp?= +984°
(c=0.2, CHCly) (it [alp®=+98.2° (¢=2.0, CHCL)). -

5-Acetyloxy-2-oxopiperidine (R)-4. -To a stirred so-
lution of y-azidomethyl-y-butyrolactone (11.5 mg, 0.08 mmol}
obtained from PPL mediated resolution in MeOH (20 mL)
was added Pd-C (25 mg). The reaction vessel was filled
with H; under atmospheric pressure at rcom temperature.
The resultant solution was stirred for 4 hr. The reaction
mixture was filtered over Celite and concentrated under re-
duced pressure. This crude reaction product was recrystalli-
zed from methanol to give 6.1 mg of white crystalline product
of 5-hydroxy-2-oxopiperidine (3) in 66% yield. &y (CDCl;
J/Hz)y 1.90-2.07 (2H, m), 2.28-2.58 (2H, m), 3.24 (1H, dd, /=
14.0, 3.7), 3.46 (1H, dd, J=13.1, 3.7), 420 (1H, quin, J=3.9).
4.7 (2H, s); 8¢ (CDCly) 27.7, 279, 490, 638, 176.9. Acetic
anhydride (44.3 mg, 0.43 mmol) was added to 5-Hydroxy-2-
oxopiperidine (6 mg, 0.05 mmol) in pyridine (1 mL) and stir-
red well to for 4 h at room temperature. After the reaction
was complete methanol (1 mL) was added and stirred well
for 1 hr. Then water (1 mL) was added and the mixture
was stirred overnight. Pyridine (1 mL) was added and the
resultant solution was distilled under reduced pressure. The
reaction product was further purified by column chromatog-
raphy to give 7.1 mg of pure crystalline product of 5-acety-
loxy-2-oxopiperidine (4) in 90% yield. mp 100-102 C; 8y
(CDCly; J/Hz) 1.90-2.07 (2H, m), 2.07 (3H, s), 2.31-2.57 (2H,
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m), 3.39 (1H, d, /=13.3), 354 (1H, dd, /=133, 2.8), 5.14 (1H,
quin, /=3.6), 7.75 (1H, bs); 8¢ (CDCly) 21.5, 254, 275, 46.2,
65.9, 170.8, 1723. (Found: C, 536; H, 7.11, N, 889. Calc.
for G;HyNOs: C, 535; H, 7.05, N, 891%).

v-(Acetyloxy)methyl-y-butyrolactone  dI-5. -Silver
acetate (167 mg, 1.0 mmol) was added to y-iodo- (Ib) or
y-chloromethyl-y-butyrolactone (1¢) (0.2 mmol) obtained from
PPL-mediated resolution in acetic acid (10 mL) and stirred
at room temperature under N, atmosphere. After 1 hour no
starting material was left on TLC. CH,Cl, (100 mL) was ad-
ded and the solution was washed with brine three times
to remove acetic acid. The organic layer was dried over anh-
ydrous MgSO,, filtered and concentrated under reduced pre-
ssure to give crude product. Purification by flash chromatog-
raphy gave colorless oily product (3) in 86 and 79% yield
from y-iodo- or y-chloromethyl-y-butyrolactone respectively.
&y (CDCl;; J/Hz) 1.91-2.07 (1H, m), 2.18 (3H, s), 2.24-2.46
(1H, m), 252-2.63 (2H, m), 4.13 (1H, dd, J=104, 62), 431
(1H, dd, /=104, 38 ), 4.63-4.80 (1H, m); 5 (CDCly) 205,
23.7, 280, 652, 77.1, 1706, 176.6.
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Introduction

Layered double hydroxides (LDHs) are minerals and syn-
thetic materials with positively charged brucite-type layers
of mixed-metal hydroxides. Exchangeable anions located in
the interlayer spaces compensate for the positive charge of
the brucite-type layers. The chemical composition of the LDH
is generally expressed as [M?*,_ M** (OH) F* (A" )., H.OJ~
with x={M** JALM?* ]+ [M3*]). Here, M2t =Mg?*, Co?*, Ni2*,
etc, M**=AF*, Cr’*, etc, and A"~ is an interlayer excha-
ngeable anion such as COs, Cl7, etc. These ionic layered
materials also have been termed “hydrotalcite-like” compou-
nds in the reference to the structural similarity to the mine-
ral hydrotalcite, [MgAl(OH)s1[COs]-4H,0, or termed
“anicnic clays” in mirror image resembiance to the cationic
clays whose negative charge of the aluminosilicate layers
are counterbalanced by the intercalated cations. The prepa-
rations, properties, and applications of LDH materials have
been studied extensively.'~” They are used as adsorbents,
catalysts, catalyst precursors, aninoic exchangers, and antacid
drugs 3! .

There have been several reports on the intercalation of
organic anions into the LDH.">® The main synthetic route
has been performed by anionic exchange. Among the various
organic substances used as the interfayer guest species, dyes
are one of the most interesting materials because their host-
guest interaction may provide unique structural features and
physicochemical properties. Intercalation compounds between
a LDH and an anionic dye are expected to have several



