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ENZYMATIC HYDROLYSIS IN ORGANIC SOLVENTS FOR
KINETIC RESOLUTION OF WATER-INSOLUBLE «—ACYLOXY ESTERS WITH IMMOBILIZED LIPASES

Hiroyuki AKITA,® Yuko ENOKI, Harutami YAMADA and Takeshi OISHI™
Riken Institute (The Institute of Physical and Chemical Reaserch),
2-1, Hirosawa, Wako-shi, Saitama 351-01, Japan

Asymmetric hydrolysis of water-insoluble a-acyloxy esters, (+)-5 and (+)-6, was carried
out using lipases immobilized with celite or synthetic prepolymer (ENTP-4000 or ENT-4000) in
water-saturated organic solvent to produce chiral intermediates, (2S,3R)-3 and (25,35)-4, for
the synthesis of (-)-indolmycin ] and diltiazem hydrochloride 2, respectively.
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When substrates are highly lipophilic or essentially insoluble in water, enzymatic reactions often may
not proceed at all. This is the main drawback of the enzymatic process. This difficulty may be overcome
if the aqueous medium can be replaced by an organic solvent, However, in such cases, the enzymes should
be protected from denaturation by the organic solvent. Immobilization would serve effectively for this
purpose. We now report the asymmetric hydrolysis of the water-insoluble a-acyloxy esters (+)-5 and (+)-6
with immobilized lipase in water-saturated organic solvents giving (2S,3R)-indolmycenic ester 3 and
(25,3S)~a-hydroxy ester 4, intermediates for the synthesis of medicinally active (~)-indoimycin 1or
diltiazem hydrochloride 2, respectively.
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It is advantageous to synthesize (23.3R)—§1) by the direct asymmetric hydrolysis of the readily
obtainable (i)-g.z) Intially, asymmetric hydrolysis of (+)-5 with several lipases was attempted in a
phosphate buffer, but the reaction did not proceed at all, which may be attributable to (+)-5 being a water
inmisible hard oil, Thus, (+)-5 was dissolved in a mixture of water-saturated isooctane-benzene
(5:1)3) and the solution was exposed to the enzymatic reaction using lipases immobilized with ce]ite4) or
photo-crosslinkable resin prepolymer (ENTP—4000).5) The following six lipases were used: "Amano A" and
"Amano A-6" (from Aspergillus niger), "MY-30", "C. C. Sigma", and "OF-360" (from Candida cylindracea), and
Saiken "Lilipase" (from Rhizopus japonicus). The reaction did yield the desired (ZS.3R)—§.6)

The results were shown in Table I. In every case, the hydrolyzed product was found to be (25.3R)-§.7)

Among six lipases used, "OF-360" gave the best results producing (2S,3R)~3 with reasonably high optical
purity (91-937 ece). When celite was replaced by ENTP-4000, the chemical yield of (2S,3R)-3 was increased
appreciably (from 287 to 37-407%). It should be noted that the preliminary data in entry 7 showed that
lipases immobilized with ENTP-4000 fully retained its activity after the reaction had been achieved:
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Table | Me immobilized lipase Me Me
COOMe  In H,O saturated 2s_COOMe Z_2n COOMe
@rh organic solvent > @j/:’!‘\( + @UA\?/
u OAc (isooctane/PhH = 5:1) u OH u OAe
(£)-5 33°cC (2S,3R)-3 (2R,38)-5
Entry Lipase Time Product (%) Optical purity (% ee)
1 "Amano A-6"/celite 46 h (25,3R)-3(41) (2R,35)-5(56), (25,3R)-3(45) (2R,35)-5(36)
2 "MY-30"/celite 75 h W -3(36) . -5(54), . -3(34) . -5(32)
3 "Lilipase"/celite 216 h » -3(10) «  -5(81), n o -3(84) « =5(17)
4 "Amano A"/celite 48 h W =3(21) w -5(72), w -3(35) v -5(19)
5 “C. C. Sigma"/celite 48 h W -3(29) . -5(68), . -3(38) . -5(19)
6 "QF-360"/celite 24 h w o -3(28) w  -5(61), v -3(93) «  -5(48)
7" "OF-360"/ENTP-4000 72 h W =3(37) . -5(62), . -3(93) . -5(54)
8 "OF-360"/ENTP-4000 240 h «  -3(40) o -5(51), o =3(97) w =5(72)

* The data show the average value after the reaction was repeated two times.

Diltiazem hydrochrolide 2 is a representative calcium antagonist which is widely used to treat ischemic
8)  1ts important intermediate (25,35)-4 has been produced industrially by the optical
resolution of the corresponding racemic a-hydroxy acid. In the present study, we examined the
lipase-catalyzed kinetic resolution of (#)-6a,b. The reaction in phosphate buffer did not proceed at all
in this case either, which again could be ascribed to the compound's highly water-insoluble nature.

heart diseases.

From preliminary screening experiments, immobilized "Amano P" from Pseudomonas sp. appeared to be most
suitable for our purpose and thus the asymmetric hydrolysis was carried out for both (+)-6a and 6b using
variously entrapped "Amano P" in a water-saturated mixture of isooctane and benzene (10:3)(Table II).

The desired (25.35)9)—§_a and 6b were obtained with high optical puritym) when Amano P immobilized with

ENTP-4000 or ENT-4000 was used. Here again, the used enzymes kept their enzymatic activity without
Table 1I @ @ @
NO, immobilized lipase NO, NO,
$ in H,0 saturated $ §
COOMe 2r_COOMe A2s-COOMe
©/'\|/ organic solvent m @AS\E/
MeO OCOR (isooctane/PhH = 10:3) M0 MeO OCOR
R = Me (+)-6a 33°C (2R,3R)-4 (2S,35)-6a
R = CH,Cl (2)-6b (28,35)-6b
Entry Substrate Lipase Time Product (%) Optical purity (% ee)
1 (+)-6a "Amano P"/celite 68 h (2R,3R)-4(29) (25,35)-6a(67), (2R,3R)-4(>99) (2S,3S)-6a(48)
2 w  “Amano P“/celite/ENTP-4000 16 d w o -4(44) w -6a(52), v -4(98) w  -6a(81)
3 « "Amano P"/ENTP-4000 21 d v -4(24) w -6a(75), v -4(>99) " -Qa(31)
4 » "Amano P"/ENT-4000 21 d o -4(49) « -Ba(50), w o -4(97) w -6a(94)
5 (+)-6b "Amano P" 7d w -4(14) (2S,35)-6b(82), w -4(70) (25,35)-6b( 8)
6 w  "Amano P"/celite 38 h w o -4(44) » -6b(49), w -4(91) w  -6b(69)
7 «  "“Amano P"/ENTP-4000 19 d o -4(49) w -6b(50), w o -4(91) w  -6b(90)
*
8 ]) 1" " 2] d u ‘3(49) u -gb(48), " -3(95) n 'Qb(94)
9 w "Amano P"/ENT-4000 21 d w  -4(56) v -6b(40), w o -4(78) v -6b(95)
*
w2, ; 12d ., -4(51) ., -6b(48), . -4(88) . -Gb(94)

*1) The same enzyme used in Entry 7 was employed. *2) The same enzyme used in Entry 9 was employed.
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appreciable denaturation (entry 8, 10). This , coupled with the data in Table I, entry 7, shows the
particular feature of the photo-crosslinkable resin prepolymer method for greatly increasing the stability
of the native enzymes. "Amano P" itself is claimed to be fairly stable in various organic so]vents.]])
However, the use of "Amano P" in the same organic solvent system, as noted above, gave only poor results
(entry 5). This clearly demonstrates the effectiveness of enzyme-immobilization, From these experiments
it became apparent that even water-insoluble compounds can be a substrate for enzymatic reactions provided
the lipases are immobilized properly and suitable organic soivents were used. The only drawback in the
present method is that the reactions proceed extremely slowly. This should be improved by developing new
immobilization techniques and finding a more effective solvent system.
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