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(R)-Oxynitrilase Sources in Micro-aqueous Organic Medium
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Abstract: The enantioselective synthesis of optically active (R)-cyanohydrins generated from several
aromatic, heteroaromatic and aliphatic aldehydes and methyl ketones was carried out using almond.
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The micro-aqueous reaction system, which is superior to the conventionally used water-organic biphase
rcaction system, performed well over the temperature range of 4°C to 30°C. © 1999 Published by Elsevier
Science Ltd. All rights reserved.

INTRODUCTION

The (K)-oxynitrilase (HNL, hydroxynitrile lyase, E.C.4.1.2.10), which catalyzes the reversible
condensation of hydrogen cyanide with aldehydes, is a useful and promising enzyme for biotransformation. The

resulting optically active cyanohydrins are expedient starting materials for the preparation of several important

5-10

purified enzymes'’* or crude enzyme preparations®'® from almond, flax, plum, cherry, apricot. e/c. In general,

> However, due to a competing

aqueous buffer media were chosen as favorable reaction conditions.
nonenzymatic reaction of the substrate with cyanide simultaneously, it is necessary to establish usage

conditions. Otherwise the reaction fails to achieve high optical purities in aqueous media. In addition, the

enantiomeric purities of the enzymatic products could be further mised by their racemization in the
aqueous buffer during the course of the reaction.
?H aqueous i (R)-oxynitrilase ?H
+ 2 -
® R —= ¢ +HN 25 ) Cp,
Ri” CN buffer p,”/ "R R \rm
CIN

To diminish the competing non-enzymatic formation of a racemic mixture, the reaction was usually

performed in a weak acidic buffer solution (PH 3.5-5.5)™'"" or in a suitable biphasic water-water immiscible
res { 0-4°C). 34.6-10
VILO | VU=

We'* have disclosed that at room temperature the nonenzymatic chemical addition was still observed in
the water-organic biphasic reaction system though the volume of aqueous phase was relatively small. However,

it was not a problem over a wide range of temperatures when the reactions were carried out under the
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nic phase served as a big reservoir of substrates and products,
where the catalytic enzyme meal which retained essential water spread homogeneously and acted as a highly
effective mode of transfer. Higher yields and enantiomeric selectivities were achieved as the nonenzymatic
addition and decomposition were almost suppressed.

RESULTS AND DISCUSSION

ca 1.y and loquat (-Fiohoirya L.)

.

kernels were used as (R)-oxynitrilase sources for the synthesis of (K)-cyanohydrins from aliphatic and aromatic
aldehyde as well as methyl ketone under micro-aqueous conditions in high enantioselectivities. This procedure
did not require an aqueous work-up; the substrate was treated with the enzyme meal in single organic phase.
After completion of the reaction, the enzymes were recovered for re-use by simple filtering. Upon removal of

the solvent and excess of HCN under reduced pressure, the crude products were obtained. Besides, this

procedure worked well at the range of temperatures from 4°C to 30°C with various aldehydes and ketones as
chrata teo opive o oAdagtead Rl o LYl it Al o sa g g gD . - - ‘1
the substrate to give the desired products in high yields and enantiopurities on most occasions. For the

determination of optical activities, the cyanohydrin products were acetylated or p-chlorobenzoylated for chiral
HPL.C anal_vsisv
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he synthesis of (R)-mandelonitrile 2a was accomplished in quantitative yieids and
excellent enantiomeric purities (>99% ee) both in system 1 (Entry 1,2) and in system II (Entry 9). For almond
enzyme. with an increase of the temperature, in system I as Table 1 shows, the yields and ees of 2a decreased to
92% and 97.5%, respectively, in IPE/Buffer at 12°C (Entry 4). The yields and ees were further decreased to
65% and 92% in EA/Buffer (Entry 5) as well as to 77% and 93.9% in IPE/Buffer (Entry 6) at 30°C
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97% ee in IPE (Entry 13) at 30°C, respectively. For loquat enzyme, the yield and enantiopurity for 2a decreased

a1n/ T gwm

to 76% and 81% respectively in system 1 (Entry 7) with an increase in temperature to 30°C. Under the same
condition, the system II method afforded higher yield (95%) and enantioselectivity (97%) (Entry 15) which
matched the same level as that at 4 °C (Entry 14). Moreover, in system I (S)-(+)-2-(2-turyl)-2-
hydroxyacetonitile 2c¢ was obtained equally well both at 4 °C (Entry 16) and at 30°C (Entry 17). while in
system | it was only obtained with 70% yield and 73% ee at 30°C (Entry 8).

hese resuits indicated that a lower temperature was necessary in system I to keep the concurring non-
enzymatic reaction at as low a level as possible for achieving better results. At higher temperatures such as

Table 1. Investigations for the enantioselective syntheses of (R)-cyanohydrins in water-water imumisibie organic biphasc

Entry  Substrate Source of Enzyme  Solvent Temp.(°C) Time Yield(%)" ee(%)
(h)

1 la Almond EA+Buffer 4 48 100 ~99

2 IPE+Buffer 4 48 100 »99

3 EA+Buffer 12 48 94 >99

4 IPE+Buffer 12 48 92 975

S EA+Buffer 30 24 65 92

6 IPE+Buffer 30 24 77 939

7 Loquat [PE+Buffer 30 24 76 8i

8 lc Almond IPE+Buffer 30 12 70 73

EA " Eihyl acetate: IPE: Diisopropy! ether; Buffer: 5%(v/v) 0.02M citrate buffer (pH 5.5). a) Isolated yield after
column chromatography; b) Determined by HPLC analysis on CHIRALPAK AD column as the O-protected derivatives

Table 2. Investigations for the enantioselective syntheses of (R)-cyanohydrins in micro-aqueous organic medium.

Entry Substrate Source of Enzyme Solvent Temp.(°C) Time(h) Yield(%)* ee(%)"

9 la Almond IPE 4 48 100 >99
10 EA 12 48 100 99
I IPE 12 48 100 09
i2 EA 30 24 98 982
13 IPE 30 24 98 97
14 Loquat IPE 4 48 99 99
15 IPE 30 48 >05 97
16 Ic Almond IPE 4 24 100 99
17 IPE 30 12 90 95

EA (water content (0.20-1.52% v/v), IPE (water content 0.14-0.32% v/v). a) Isolated yield after column chromatography .
b) Determined by HPLC analysis on CHIRALPAK AD column as the (O-protected derivatives.
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30°C, the rates of chemical addition and decomposition were enhanced, resulting in a decrease of the

chemical yields and ees. The rates of decomposition of racemic mandelonitrile both in citrate buffer and in

is

micro-aqueous medium solutions were monitored by determining the intensity of the absorption (wave length
249.6 nm) of PhCHO at 25°C for comparison. The result is, the concentration of PhCHO increased steadily in

citrate buffer. In contrast, the (+)-mandelonitrile was stable in micro-a

agueous organic medium (EA or IPE) and

no PhCHO resulted. This result proved that the nonenzymatic addition and decomposition that existed in water-
organic biphase were suppressed strongly in micro-aqueous media.
The almond enzyme meal was recovered and used repeatedly for twenty times in 15 days with la as

substrate in the procedure for system II. No decrease in conversions and ees was found under such micro-

amieons condition

conditions using {R)-oxyniiriiase prepared from three kinds of enzyme sources (Tabie 3). Cieariy, the aimond
and peach meal exhibited similar activities in the catalytic reactions, affecting the substrates including aromatic,
heteroaromatic, and aliphatic aldehydes as well as methyl ketones. In the meanwhile, the loquat enzyme  did
not accept an aliphatic aldehyde (Entry 35 and 36) (Trimethylacetaldehyde was found to be not accepted yet by

the enzyme) or ketones (Entry 41 and 44). The almond enzyme is more favorable than loquat enzvme in most

o 1

Entry i8), ib (Eniry i9-23) and ic (Eniry i6-17 in tabie 2 and Entry 24-25) under micro-aqueous medium both
at 4°C and at 30°C using almond, peach and loquat as enzyme resources. While it was reported” that o.B-
unsaturated (/)-cinnamaldehyde 1d was unaffected by the enzyme in aqueous medium, it could be converted
into the corresponding (R)-cyanohydrin 2d with moderate yields and enantiopurities in micro-aqueous

conditions (Entry 26-31). The enantioselectivity of the cyanohydrin 2d by using peach enzyme (69.3% ee,

Entrv 3 i¢ hioher than tha o almaond enzvme {AO % ee, Entrv 28) In that recard a hicher temneratuire
cntry 30) s higher than that Dy using aimong enzyme onlry Z2) nihatl regarg a mgner tiemperafure
ciine mmandad i Asndasda tammmanan tha Al cwaianl ciialdo mead Aaina aAnies thin o wrmbiinn Al mnt Aonlica AmaaneaAd el
Wdd HOCUCU HE QTUcCh 1O v Ca, LIIT CIICIHIIIval ylclub u ULILT asal LIIC ©C valuts Uld HUL Utldinige vouimpaicy wiini

those at a iower temperature. The aliphatic aidehyde ie oniy ied to product Ze in moderaie enantioseiectivities
(Entry 32-34) at 4°C or 30°C using almond or peach meal since the side reactions happened. The cvanohydrin
biotransformed 1f was found to be racemic (97% vyield, Entry 37). Noteworthy was the tact that the
parallel experiment of 1f without using the enzyme showed no product at all (Entry 38). Griengl.' also found
that the cyanohydrmatxons of phenoxy— and benzyloxyacetaldehyde yielded the racemate with (5)-

hudeasy rila Iy

fro v hyoros
HNyUIruAyl nirue 12 I 74 ¥

yase from Heve
phenoxyacetaidehyde was seen using a (R)-hydroxyniirile lyase fram almor
suggested that there may be an interaction between the o-oxygen atom of the aldehyde 1f and the active site of
the enzyme, which resulted in the lost of stereoselectivity.

The methyl ketone 1g was transferred to 2g with 98.6% ee using almond (Entry 39) and 98.2% ee using
peach (Entry 40) at 25°C. The reaction of aromatic methyl ketones under the same condition appeared to be
taking place much slowly. 1h gave the desired product in only 33% yield and 78% ee using almond enzyme

(Entry 42) as weli as 22% yieid and 72% ee using peach enzyme (Entry 43) at 25°C after 120hrs. Whereas, ii

did not offer any product apart from the unchanged substrate (Entry 45). The cyanohydrin 2j could be prepared
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R W S ] AT eca b b g a1 Dl 1t~ 111 3 PR TS o3 P 2 12
muuucu CoOmaining 4ana /v-pr CLEU NCeroaromatic aiacnyac pyrrol-<Z-aiaényae 1K {(entry 4/) and N-
pyrrol-2-aldehyde 11 (Entry 48) ot affected by almond enzyme treatment for 2 days at 20°C

Table 3. Synthesis of 2a-1 (R)-cyanohydrins in micro-aqucous diisopropyl ether in the presence of various oxvnitrilasc source.

Entry Substrate  Source of Enzyme  Temp. (°C) Time (h) Yield( %) ee (%)
18 la Peach 4 48 99 99
10 1b Almond 4 48 48 953
20 30 48 60 924
21 Peach 30 48 56 91
22 Loquat 4 48 12 90.5
23 30 48 20 74.5
24 lc Peach 4 24 93 98 2
25 Loquat 4 24 50 9I*
26 1d Almond 4 48 9.6 57
27 30 24 36.5 518
28 30 48 58 49
29 Peach 4 48 7.8 68
30 30 24 30 693
31 Loquat 48 33 522
32 le Almond 4 45 46 414
33 25 48 80 67.1"
34 Peach 4 45 39 58 1
35 Loquat 4 45 66 0!
36 36 45 O 0
37 1f Almond 15 84 97 0
38 No enzyme 15 84 0 0
39 g Almond 25 45 68 98 6"
40 Peach 25 45 42 98 2¢
41 Loquat 25 45 0 0
42 1h Almond 25 120 33" 781
43 Peach 25 120 22 72
44 Loquat 25 120 0 0
45 1i Almond 30 48 0 0
46 1j Almond 12 48 90
47 1k Almond 20 48 0
48 1l Almond 20 48 0 0

a) Isolated vield after column chmmamm‘anh\ b) Determined by chiral 1.C after acetvlation ¢) (S)-configuration was

At ittt - sl v ittt

== FRRg S =/ N

assigned according to Cahn-Ingold-Prelog; d) Determined by chiral HPLC after p-chlorobenzoylation with p-chlorobensosl
chloride: €) As (M)-(-)-MTPA derivatives; f) Based on acetate obtained.
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In summary, we have succeeded in developing a convenient and reliable way to prepare (R)-cyanohydrins
in high enantioselectivity by employing the crude (R)-oxynitrilase from almond, peach and loguat in micro-
aqueous organic medium at temperatures ranging from 4°C to 30°C. The characteristic feature is that the micro-
aqueous reaction system, which is superior to the conventionally used water-organic biphasic reaction system
performed well even at 30°C where the nonenzymatic addition and decom

anolk v rena e . . e - 1.
Lk

scope of loquat enzyme, uniike aimond or peach enzyme, is restricted to aromatic and heteroaromatic
aldehydes. For a,B-unsaturated (£)-cinnamaldehyde 1d, the enantioselectivity of the cyanohydrin 2d by using
peach enzyme is higher than that by using almond enzyme.

EXPERIMENTAL

meis of peach and loquat were coliected
from mature garden fruits. After being granulated in a homogenizer, the preparations were defatted four times
with ethyl acetate. The defatted meal (water contents in the meals were 8-10% w/w) was stored in a refrigerator
at 4°C.

Diisopropyl ether was distilled before use. Commercially available substrates were distilled before use.
Hydrogen cyanide in dllsopropyl ether or ethyl acetate solution was prepared according to the literature
corresponding aldehydes and ketones with NaCN according to the known method. "

H. “C and ""F NMR spectra were recorded at 300 MHz, 75 MHz and 282 MHz respectively on a
Bruker AMX-300 instrument in CDCI; using tetramethylsilane as an internal standard. IR spectra were
recorded on a Digibal FTIR instrument. EI-MS spectra on a HP-5989A instrument. Optical rotations were
measured using a Perkin-Elmer 241 MC polarimeter. Elemental analyses were carried out on a Heraeus Rapid -

CHNO elemental analyzer. Fluorine contents were determined by Th salt titration. Water contents were

determined on a METTLER DL35 Karl-Fischer titrator. UV spectra were recorded on a Beckman D70
PRSRSRY A% e TL A e A e el WA PR, DAY LY R JPRURUUGNP, PR (RS PR Ji AR | A PR, 5
specirometer 1ne cnamiomeric puriies o1 uie Cyanonydrin were acieriminea aner acetyiation or -

chiorobenzoylation with the chiral HPLC resolution on CHIRALPAK AD column.
Procedure for system 1 (in water-organic biphasic medium):

In a typical experiment, the enzyme preparation (500 mg) was swollen with 0.53 ml of a 0 02 M citrate

buffer (PH 5.5) for 10 min., freshly distilled aldehyde (2.5 mmol) an

H 5.5 nd 1 5 eqg. HCN in 10 ml diisonrony! ether

q. HCN ir apropyl
were mixed. The resulting aqueous pulp of almond meal in organic solvent was stirred at the temperature and
the time indicated in Table 1.

Procedure for system II (in micro-aqueous organic medium):

In a typical experiment, the enzyme preparation (500 mg), freshly distilled aldehyde (2.5 mmol) and 1.5

eq. HCN in 10 mi diisopropyi ether (the solution was dried over Na,SGO, before used, water content 0.32%

Y SN
Yo VIV)
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homogeneously in organic solvent when the mixture was siirred at
the temperature and the time indicated in Tabies Z and 3.

Upon removal of the crude enzyme by filtration, the filtrate was concentrated under reduced pressure,
and the crude cyanohydrin was purified by column chromatography on silica gel. The yields were for isolated
cyanohydrins. After measuring the optical rotation of the free cyanohydrins, the compounds were converted

directly into the corresponding O-protected derivatives at room temperature. The organic layer was washed

subsequently with saturated CuSO,, H,0, brine solution, and afterwards drying with anhydrous Na,SO, Upon
N ArmrAda eranidizan A vyses s aa [N RSy yr e, P
removal of the solvent under red ressure, the crude residues were purified by flash chiomatography to
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vield the (J-protected cyanohydrins. The enantiomeric purity of the cyanohydrins were determined with the
chiral HPLC resolution on CHIRALPAK AD column as the corresponding O-protected derivatives

(R)-(+)-2-Hydroxy-2-phenylacetonitrile (2a). [a],,” +47.5 (¢ 1.89, CHCL,), e.e. >99%; Lit." [a],. +45 (¢ .
CHCL,), e.e. »99%. Isolated yield (after chromatography): 100%. 'H NMR: &, 3.70 (s, 1H, OH). 550 (s, 1H,
CH). 7.50 (br s, SH, Ar-H). IR: 3414, 3066, 3036, 2250, 1495, 1456, 1406, 1196, 1043, 765, 70lcm’’. MS: m/z

(rel intensity %): 133(M’, 78), 132(M'-1, 50), 116(29), 115(43), 106(38), 105(92).91(14), 77(100). 57(9).
51(15) A l"i)

(R)-(+)-2-Acetoxy-2-phenylacetonitrile (3a). [a],""+4.5 (c 1.8, CHCL), e.e. >99%; Lit."": [}, -7.24 (c 2.3.
CHCL.) for the (S)-isomer, e.e. >99%. Isolated yield (after chromatography): 100%. 'H NMR: &, | 87 (s, 3H,
CH,CO): 6.41(s, 1H, CH); 7.47(m, 5H, Ar-H). IR: 3039, 2946, 1756, 1373, 1216, 1025, 759, 697cm’. MS. m/z
(rel. intensity %): 175( M", 11), 133(100), 116(67), 115(76), 105(43), 89(21), 77(30), 63(11), S1(17), 43(59).

J VU J, 1 IURW/ LIS 1 MR A

(R)—(+)—2—Hydroxy-2-(4—methoxyphenyl)acetomtnle (2b). Colorless solid, [a],"™ +48.5 (c 0.89. CHCI,),
ee 924%; Lit" [a],” +49 (¢ 1, CHCly), e.e. 99%. Isolated yield (after chromatography): 60%. 'H NMR: 5.
318 (s, 1H, OH); 3.82 (s, 3H, CH,0); 5.46 (s, IH, CH); 6.94 (d, 2H, J=8.7 Hz, Ar-H); 7.43 (d, 2H. J=8.7 Hz.
Ar-H). IR: 3398, 2248, 1613, 1515, 1023, 823cm™. MS: m/z (rel. intensity %): 163(M", 2), 137(11). 136(91).

135(100). 107(15). 92(14), 77(25), 63(9), 51(5).

(R)-(-)-2-Acetoxy-2-(4-methoxyphenyl)acetonitrile (3b). [a],” -18.7 (¢ 0.86, CHCL,). ee. 953%:; Lit
(], +19.0 (¢ 1.55. CHCL,) for the (S)-lsoma‘, e.e. 95%. Isolated yield (after chromatography): 100%. 'H
NMR. 5. 2.14(s, 3H, CH,CO): 3.83(s, 3H, OCH,); 6.35(s, 1H, CH); 6.95(d, 2H. J=8 7 Hz. Ar-H): 7.45 (d. 2H.

J=8.7 Hz, Ar-H) IR: 2950, 2842, 1755, 1612, 1516, 1256, 1217, 1179, 1029, 962, 831, 570cm’'= MS: m/z (rel.
intensity %) 205(M", 33), 163(13),146(100), 145(40), 137(17), 135(13), 116(6), 103(5), 91(7). 76(6). 63(4).
S1(2), 43(18).

—

. - 0. e 15 .
8)-(+)-2-Hydroxy-2-(2-furyl)acetenitrile (2c). [a],*' +50.0 (¢ 1.60, CHCL), ee. 99%: Lit."": [a] " +14

{c
s \v

J
0/ 1 RIS | 11 7. 0 1 5 1 AN Iry w7

solated yield (after chromatography): 100%. 'H NMR: 6. 3.i7 (br s, iH. OH),
5.55(s. TH. CH). 6.43(dd, 1H, J=1.9Hz, J=3.3 Hz, Ar-H); 6.61(m, 1H, Ar-H); 7.49(m, 1H, Ar-H). IR. 3403.
2256, 1707, 1500, 1400, 1269, 1234, 1149, 1030, 750cm™. MS: m/z (rel. intensity %): 123(M’, . 106(64),
97(27). 96(87), 95(100), 91(70), 77(28), 68(42), 57(76), 43(52).

(5)-(-)-2-Acetoxy-2-(2-furyl)acetonitrile (3c). [a],* -26.3(c 1.40, CHCI3), e.e. 99%; Lit.'" [al{f” 4243 (c

i

1.6, CHCI3) for the (R)-isomer, e.e. 98%. Isolated yield (after chromatography): 100%. '"H NMR 8. 2 16(s, 3H,

T A TI\, < 11" HOTIN, 7 2073 11T T

, .32 Hz, Ar-H), 6.47(s, 1H, CH); 6.68(d, 1H, J=3.32 Hz, Ar-H); 7 51(d, 1H,
J 1.23 Hz, Ar-H). IR 3103, 2950, 1755, 1373, 1215, 1015, 755cm™. MS: m/z (rel. intensity %): 165(M", 17),
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147(76), 133(73), 123(34), 116(50), 115(58), 106(71), 105(62), 95(10), 89(17), 77(69), 63(11), 51(31)
A 4 Y I AS Vad AS e X " AN Al AN Ed \ 7 AN VAl \ Pal A 4 e Yl &
43(100)

(R)-(+)-2-Hydroxy-4-phenyl-(E)-but-3-enenitrile (2d). White solid, [a],"*+26.1 (¢ 0.78, CHCL,). e.e 69.3%,;
Lit.": [a], -19.0 (¢ 1, CHCl,) for the (§)-isomer, e.e. 62%. Isolated yield (after chromatography): 30%. 'H
NMR- & 3 00(d, 1H, J=7 Hz,OH); 5.17(t, 1H, }=5.9 Hz CH); 6.27(dd, 1H, J=5.9 Hz, J=15.9 Hz. =CH). 6.92(d.
IH. J=15.9 Hz, =CH); 7.33-7.44(m, SH, Ar-H). IR: 3358, 3030, 2253, 1654, 1492, 1450, 1415. 1300, 1088,

1024, 976, 925, 756, 695cm™ MS: m/z (rel intensity %) 159(M’ 62) 142(18), 133(96) 132{44) 131{100),
12N/T7Qy LIS EY 1NE AL INV{IAAN Q1IN 7 TTIFAN £V 8N S VINVAN AN TN
TOW/70), 11O D), 1UD . lUJ\‘l"f}, VI\JJ), 7 , ! /\J‘f’, Vo1o), o I\L‘Q}’ SV 7).

8(25)
(R)-(-)-2-Acetoxy-4-phenyl-(E)-but-3-enenitrile (3d). [o],” -22.73 (¢ 0.70, CHCI,), e.e. 69.3%: Isolated yield
(after chromatography): 100%. 'H NMR: 8, 2.18(s, 3H, CH,CO); 6.03(d, 1H, J=7 Hz, CH); 6.20(dd. 'H, J=7
Hz. J=158 Hz, =CH); 6.98(d, 1H, J=15.7 Hz, =CH);, 7.35-7.45(m, 5H, Ar-H). IR: 3062, 3030, 2941, 1753,
1656, 1498, 1451, 1372, 1217, 1022, 968, 750, 693cm’. MS: m/z (rel. intensity %): 201(M". 6). 183(2),
159(100), 142(84), 141(76), 140(65), 133(19),131(36), 115(74), 103(1R), 89(12), 77(21), 63(12). SI(15),
(R)-(*)-2-|(tert-Butyidimethyisiiyl)oxyj-4-phenyi-(E)-but-3-enenitrile (3d°). [a],"” +6.62 (¢ 0.94. CHCI,).
ee. 693%; Lit.": [a],® -6.27 (c 0.35, CHCL) for the (S)-isomer, e.e. 95%. Isolated vicld (after
chromatography): 100%. 'H NMR: 8, 0.19 (s, 3H, CH,); 0.22 (s, 3H, CH,); 0.94(s, SH, C(CH.),). 513 (dd. 1H,
J=58 Hz J=14 Hz, CHCN), 6.18(dd, 1H, J=15.7 Hz, J=5.8 Hz, C=CH-C-CN), 6.81(dd. 1H. J=158 Hz,

Y
Ul
(o8]
3
WS

=1 27K DL -™ 7 19
1 [l P03 e

. - m. S AN B nRIR- & 1285 72
e I ¥ 9N LS B § \/} -7 U, 127.4L0

T
J N . i1, n bt O § ’ N INLVIENW. RN

Ar): 123 85(C=C): 118. S?(CN) 62.74(CH); 25.64(C(CH,),); 18.27(C-Si); -4.90(CH,-Si). IR: 2945 2860, 1472,
1256. 1110, 967, 839, 782, 693cm™. MS: m/z (rel. intensity %): 273(M', 2.5), 258(2), 247(8)., 217(30). 216(84),
190(27). 189(100), 142(38), 115(64), 103(3), 84(3), 75(27), 57(7), 45(3).

(R)-(+)-2-Hydroxy-octanenitrile (2¢). [a],”+7.5 (c 075, CHCL), ee 67.1%; Isolated yield (after

chromatography): 80%. 'H NMR: §, 0.88(t, 3H, J=7 Hz CH,); 1.23-162(m 8H 4xCH,); 1 R4(q. 2H_ J=7 Hz,
CLEY D 0Q/ ke o 1L NEIN- A A7+ 1LY 1=7 1> I\ TD:- 2442 72071 QAT M40 14AT 1071, ! MG on/z fral
Ui f, = 7O VUL S, 10, VKR J, .7/, 108, 077 FRL, LKLJ LN 3954, 4750, LOUR, oo 1V alin Vi, v L (iCl.

intensity %) 142(M™+1, 0.6), 141(M", 0.3), 140(M"-1, 0.5), 124(2), 123(0.9), 122(5), 115(52). 108(6). 99(29),
97(66), 85(25), 81(32), 70(59), 68(34), 57(58), 55(68), 43(100).

(R)-(+)-2-(p-Chlorophenzoyloxy)-octanenitrile (3e). [o],”+16.5 (¢ 0.27, CHCL,), e.e. 67.1%. Isolated yield
(after chromatography): 100%. 'H NMR: §, 0.89(t, 3H, J=6.6 Hz, CH,); 1.25-1.49(m, 6H. 4,5.0-H). 1.54-
1.62(m, 2H, 3-H); 2.00-2.07(m, 2H, 2-H); 5.56(t, 1H, J=6 8 Hz, CH), 7.45(d, 2H, J=8 6 Hz_ Ar-H), 7 98(d 2H,

AN =23 - il
1I—0 /A H> AT1IY TR 2Q721 IRAN 17278 18085 14R0 1A4AAR7 1407 17AT 10QA QAQ~m T NC m/7 (ral intancity
JTO.U NiL, ALTIL). LN, L7351, 400V, 1/1JJ, 1I7J, 1767, 1707, 19U, 1&U5, 1u77, 077Ul wiS. NV Z (72 TSt
Qs AN RO T/REE LT N QY AQNASR AT AN LL4ANY Y ATLANY 1TANIIANY 1AAIAY 11112 AN OSINN Q107 AN
V/O) “Vl 1_/ L), LOI{IVI T1, U.B), LOoU(IVI , 4), 1I0(4U}, 141{137), 1I3Y(1VU)}, 123(D), 111(13), Y2UY), O01{>4)

75(20). 70(7), 55(21), 43(14).
(+)-2-Hydroxy-3-naphthoxypropanenitrile (2f). Isolated yield (after chromatography): 97%. 'H NMR: §,
347(br s. 1H, OH); 435(m, 2H, CH,); 4.90(t, 1H, J=4.6 Hz, CH), 6.77(d, 1H, J=7.6 Hz, Ar-H); 7.37(t, 1H,
J=8.0 Hz, Ar-H); 7.49-7.55(m, 3H, Ar-H); 8.25-8.29(m, 1H, Ar-H). IR: 3453, 3054, 2945, 2251, 1597 1581,
1508cm’. 1400, 1269, 1242 1100, 794, 770cm™. MS: m/z (rel intensity %): 213(M", 33), 186(8R), '57(50).
115(1006), 101{(7), 89(11

B 3Y
%)
73.21.H. 520, N, 6.57. Found: C, 73.19;



G. Lin et al. / Tetrahedron 55 (1999) 3531-3540 3539

(R)-2-Hydroxy-2-methylhexanenitrile (2g). [a],” +2.2 (¢ 133, CHCL,), ee. 98.6%, Isolated yield (after
o 7 v T [ S } B X 371 J Ay
X SO o/ | NN AT . Afe ALY T—"T 1 TTee £ LIN. 1 AAfs ALY T—"7 1T~ & LTV- 1 28 1 £ 14 un
ju . : in, J=7.1 , 0-mij, 1.24(, Zn, =/ nZ, >-11j, 1.33-1.31

.79(m, 2H, 3-H). IR: 3445, 2961, 2938, 2875, 2242, 1465, 1379, 1172, |
957, 887cm’. MS: m/z (rel. intensity %): 127(M", 0.7), 121(0.2), 110(5), 102(13), 101(100), 94(1), 85(3),
83(5), 71(13), 68(6), 57(8),43(14).

(R)-(-)-2- (p-Clorobenzoyloxy)—Z—mcthylhexanemtrlle (3g). [0],%-9.4 (c 0.21, CHCL,), ee 98.6%:; Isolated
‘ raphy): 77%. 'H NMR: §, 0.97(t, 3H, J=7.2 Hz, 6-H); 1.37-1.66(m, 4H, 4.5-H). 1.87(s,

o
3 Li ivavaaN., O, 3L, IRy

—
b
v
JI
O
-
Lh
el
jan

,

an  YEX ‘) LTI\ "1 AALA ’!ll

s TTe A LIN. 77
{m, 2R, >-11), 7.94{Q, <r1 7.

1I—-Q & ¥ 07,
J=0.0 14, Al-I1}, i L

D PN Ty
| L ORRRAS LS LV SV |

Rd
S

3

oo
un
o=
\ N

Ar-H).
2860, 1734, 1594, 1488,1402, 1276, 1093, 849cm™. MS: nvz (rel. intensity %): 268(M +2, 5). 267(M +1. 2).
266(M', 10), 239(2), 209(0.7), 167(0.6), 156(19), 149(2), 141(47), 139(100), 126(4), 111(24), 94(5). 83(2),
75(18). 68(7), 50(6), 43(3).
(R)-(+)-2-Hydroxy-2-phenylpropanenitrile (2h). [],' +4.3 (¢ 0.47, CHCL,), e.e. 78.1%; Isolated yield (after
chromatography): 33%. 'H NMR: 8, 1.84 (s, 3H, CH,); 297(5 1H, OH); 7.33-7.41(m, 3H, Ar-H); 7.53- 756(m
%) 149(M +2, 9), 148(M'+1, 5), 147(M", 36), 132(100), 121(10), 105(55), 91(5), 77(34), 63(4). 51(20). 43(14).
(R)-(-)-2-Acetoxy-2-phenylpropanenitrile (3h). [a],” -15.2 (c 0.34, CHCI,), e.e. 78.1%; 'H NMR: 3, 1.99(s,
3H. CH)); 2 14(s, 3H, CH,CO); 7.35-7.54(m, 5H, Ar-H). IR: 3066, 3034, 2999, 2941, 1760, 1494, 1451, 1371,
1221, 1080, 765, 699cm™. MS: m/z (rel. intensity %): 190(M'+1, 2), 189(M", 0.7), 163(5), 147(100). 146(38),
130(73). 121(10), 116(4), 105(23), 103(39), 91(5), 77(37), 63(6), 51(20), 43(74).

(+)-2-Hvdraxyv.-2enentaflarinanhenvlacetanitrile (2i) Icnlated vield (after chramataoranhv) 00%, 'H NMR

(r)-2-Hydroxy-Z-pentaliormophenylacetoniriie (2]). isoiated yielid (aner chromatograpny). “YU%.

R VYOLE . 1IT MNITY, £ @734, 1LY ~In 90 aman . on T AN, "M f 1T T AN, £ AT 4 AT T AN

Q, 2938, 1, Urnl), 0.82105, 1, Lnj I INVIK, O -84, ) \m &r F=-AT), ~/4.3 (i, I, I'-AT), =04 / (M, _t'. I'-AT}.
IR: 3494 29 2266, 1660, 1515, 1137, 1052, 1002, 894, 787, 658cm’. MS: nv/z (rel. intensity %o): 22-4{M +1,
i

12), 223(M ", ]OO), 206(78), 203(31), 197(43), 196(32), 195(43), 177(41), 168(20), 167(21), 149(10). 117(23),
99(19), 56(7), 43(0.8). Anal. calcd for C;H,F.NO: C, 43.05; H, 0.90; N, 6.28. Found: C, 4297: H. 0 82; N,

(+)-2-Acetoxy-2-pentaflorinophenylacetonitrile (3j). Isolated yield (after chromatography): 100%. 'H NMR:

X 7 1Q0fc T CLI N\ £ £Q7e 1LY LI VENRMB- & .27 9 fm 9T E_As 70.9(m. 1F. F-Ar): -62.) (m. 2F. E-
U, <. 8705, 01k, \/11}}, v UO\D, rii, \/11}. LI INIVIIN, U, "04L. 4 \lll Lb'y 1 '['\l} \ 1, 11,1 1"'\],’1 A SN B B POor R
Ar). IR: 2963, 1770, 1659, 1515, i2i1, 1030, 908em™. MS: m/z (rel. intensity %): 266(M™+1, 6), 205(M’, 4),

239(2), 223(99), 206(100), 195(12), 179(28), 167(7), 155(7), 117(9), 106(5), 93(6), 69(4), 43(75). Anal. calcd
for C, H,F.NO,: F, 3583 Found: F, 35.62.
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