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Abstract

N-Tolylsulfonyl- andN-butyloxycarbonyl-protecte@d-amino nitriles were prepared to study the effect of Kiprotecting group on the
biotransformation of th@-amino nitriles to the correspondiggamino amides and acids. The bioconversions were carried out by using whole
cells of Rhodococcusp. R312 andRhodococcus erythropoliCIMB 11540. The bioconversion products of five-membered carbocyclic
nitriles were mainly the respective acids whereas the carbocyclic six-membered nitriles were accumulated at the stage of the amide. Benefits
of the enzymatic compared with the chemical hydrolysig-@mino nitriles are the mild reaction conditions for the transformation of the
nitrile group in the presence of acid or base labllprotecting groups. In the present work we concentrated on this chemoselectivity of the
biotransformation rather than its potential enantioselectivity, which will be subject of future investigations. Thus, some new compounds were
prepared: £)-(2-cyano-cyclohexyl) carbamic acid tert-butyl estéa)( (£)-(2-carbamoyl-cyclopentyl) carbamic adiert-butyl ester 8b)
and ()-(2-carbamoyl-cyclohexyl) carbamic adiert-butyl ester 4b).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Nitriles are versatile precursors to carboxylic acids. Their
chemical conversion requires harsh conditions whereas en-
In recent years-amino acids have been subject of con- zymatic reactions occur under mild conditions. As a result,
siderable attention due to their significant effects, such asthe synthetic potential of many nitrile converting microbial
antibiotic[1-3], antifungal[4,5] cytotoxic[6] and other im- strains has been subject of intense investigation as reflected
portant pharmacological propertigg. by several review§l7,18].
B-Amino acids occur as key components in many peptidic ~ We have demonstrated thRhodococcus equhd is an
natural product§7,8]. In functionalized mode, they occur in  efficient biocatalyst for diastereoselectiig] and chemo-
a variety of bioactive molecules, a known example is pacli- selective[20] transformations.
taxel (TaxoP). They also exhibit pharmacological properties In this laboratory, we have recently reported on the mi-
per se, such as cispentacinR(2S)-2-aminocyclopentane  crobial transformation oN-tosylated 3-amino nitriles to
carboxylic acid, an antifungal antibiotif9,10]. The re- B-amino amides/acids using whole cells Rhodococcus
placement okx-amino acids in biologically active peptides sp. R312 ané&Rhodococcus erythropoliéCIMB 11540, both
by certainp-counterparts can have pronounced effects on containing the nitrile hydratase/amidase enzyme syf2éin
their folding propertieg11], resulting in modified biologi- (Scheme 1
cal propertie§12,13]. Therefore, considerable efforts have Although the literature seems not to be short on subjects
been made to develop synthetic methpd44-16] dealing with substrate solubility and co-solvent compatibil-
ity in biotransformationg22,23], this knowledge is hardly
mspondmg author. Tels43-316-873-8245: applicgble inan u.nexpllo_red area, such as the microbial trans-
fax: +43-316-873-8740. formation ofg-amino nitriles. Frequently, nature and amount
E-mail addressklempier@orgc.tu-graz.ac.at (N. Klempier). of the cosolvent have to be newly developed.
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NHR  NHase NHR  amidase NHR phate buffer (4.98 g/l N&HPOy, 2.04 g/l KHbPOy, pH 7.5)
©Ho | = e (CHg o and again centrifuged.
o i i
NH, OH .
a b ¢ 2.3. Synthesis of substrates
Scheme 1. Biotransformation of alicyclic nitriles to amides and carboxylic
acids. 2.3.1. N-Ts-protected compountis and 2a
Substratesla and 2a were prepared as previously de-
scribed[21].

2. Experimental
2.3.2. N-Boc-protected compoungs and 4a
2.1. Materials and methods To a solution ofla or 2a in anhydrous CHCN 2.2 equiv.
of Bo,O and 0.1 equiv. of DMAP were added. After stir-

Analytical thin layer chromatography was carried out on ring for 24 h at 40C, the solvent was removed under re-
Merck Silica gel 60 bs4 plates. Flash chromatography was duced pressure. The remaining oil was diluted with,CH
performed on Merck Silica gel 60, 230—400 mesh. Analyt- and washed with saturated I¥EI. The aqueous phase was
ical HPLC was conducted with a Hewlett-Packard Series extracted with CHCI, three times. The combined organic
1100 HPLC using a LiChrospher 100 RP18e columpifh layers were dried with N8Oy and evaporated to give a
and a G1315A diode array detector. For preparative HPLC crude oil which was used for the detosylation step without
a Merck-Hitachi LC-6200 pump and L-4000 UV-detector further purification. Thus, the oil was dissolved in anhydrous
was used. Separations were performed on & @2in x MeOH. After addition of 5 equiv. of Mg turnings ultrasound
250 mm Zorbax SB-C18 preparative HPLC column. EI-mass was applied for 15 min. The reaction mixture was diluted
spectra were recorded with a Hewlett-Packard 5972 MSD with CH,Cl, and was washed with HCI (2N), NaHG@nd
and HP 6890 Series Il G&H NMR (199.98 MHz) and brine. After drying with NaSQO, and evaporation, the prod-
13C NMR (50.29 MHz) spectra were recorded on a Varian ucts were purified using silica gel chromatography.
GEMINI-200BB. H NMR (499.82 MHz) and'3C NMR
(125.69 MHz) spectra were recorded on a Varian INOVA 2.4. Biotransformation using whole cells
500. 2D-techniques (HSQC, HMBC) as well as DEPT and
deuterium exchange were used to assist in structure elucida2.4.1. N-Ts-protected compountisind 2
tion. Melting points were determined on an Electrothermal  To a suspension of 6 g washed wet cells in 50 ml of the

MEL-TEMP apparatus and are uncorrected. abovementioned phosphate buffer, 2 mmol of the substrates
were added as powder in case of rather water soluble cy-

2.2. Microorganisms and cultivation clopentane derivativéa, alternatively, for compounda as
solution in DMSO (1.25ml). The baffled Erlenmeyer flasks

2.2.1. Medium were shaken for 24 h at 3€ and 150rpm. The reaction

Rhodococcusp. R312 is commercially available (CBS was stopped by adding 20 ml of HCI (2N). After centrifu-
717.73).Rhodococcus erythropolNCIMB 11540 was ob- gation (10,000 rpm, 20 min, AC) the supernatant was ex-
tained from DSM Research, The Netherlands. The mediumtracted three times with 50 ml of Gigl,. Therefore, the
used for maintenance on agarplates (15.0 g/l agar) and cul-aqueous phase was cooled téCibefore extraction, other-
tivation was sterilized in five separate groups: Group I: wise phase separation was unsatisfying. To prevent losses
4.97 g/l NaHPO, and 2.04 g/l KHPOy, Group 11: 0.20 g/l with respect to the unreacted nitriles, the cells were also ex-
MgSQy-7H20, Group lll: 0.02g/l CaGl-2H,O, ammo- tracted twice with ethyl acetate. The combined organic lay-
nium ferric(lll) citrate and 1.00ml/l trace element solu- ers were dried with NeBO4 and the solvent was removed
tion (100 mg/l ZnSQ@-7H20, 300 mg/l HBO3, 200 mg/l under reduced pressure. Unreacted nitrile and the products
CoChk-6H,0, 6 mg/l CuSQ, 20 mg/l NiCh-6H,0O, 30 mg/l were purified by either silica gel chromatography and re-
NaMoOy-2H20, 25 mg/l MnCh-2H,0), Group 1V: 1.00 g/l crystallization or preparative HPLC on a Zorbax SB-C18
yeast extract and 10.0g/l peptone from meat, Group V: column using an acetonitrile/0.1%3H0, gradient elution

10.0 g/l glucose. system.
2.2.2. Cultivation 2.4.2. N-Boc-protected compoungs and 4a
Both strains were subcultured at 30 and 150rpm in To a suspension of 6 g washed wet cells in 50 ml of the

250 ml shaking flasks, each containing 100 ml of the above abovementioned phosphate buffer, 2 mmol of the substrates
described medium. After 24 h, 5ml of the subcultures were were added as powder in case of the strongly watersolu-
inoculated into 1000 ml shaking flasks containing 250 ml of ble cyclopentane derivativ8a or as a solution in DMSO
medium. After 20 h of incubation at 3@ and 150 rpm in (2.25ml) for compoundla. The baffled Erlenmeyer flasks

a rotary shaker, the cells were harvested by centrifugationwere shaken for 24h at 3€C and 150 rpm. The reaction
(5500 rpm, 20 min, 4C). The cells were washed with phos- was stopped by centrifugation (10,000 rpm, 20 miACH
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The supernatant was extracted three times with 50 ml of 2.4.6. @&)-Trans-N-(2-cyano-cyclohexyl)-4-methyl benzene
CHClI,. The cells were also extracted twice with ethyl ac- sulfonamide2a
etate. The combined organic layers were dried with$@, White solid, mp 106-108C; 'H NMR (500 MHz,
and the solvent was removed under reduced pressure. Sinc€DClg) § 1.25-1.39 (m, 6H), 1.58-1.68 (m, 3H), 1.93-1.97
the respectiveN-Boc-cyclopentane carboxylic acid and (m, 1H), 2.01-2.06 (m, 1H), 2.44 (s, 3H), 2.62-2.68 (m,
amide are highly water soluble, their extraction was not 1H, H-1), 3.35-3.41 (dq, 1HJ = 4.1, 8.3Hz, H-2), 5.23
possible. Thus, CELITE was added to the supernatant and(d, 1H, J = 8.3Hz, NH), 7.34 (d, 2H,J = 8.5Hz), 7.82
the water was removed under reduced pressure. After that(d, 2H, J = 8.5Hz); 3C NMR (125 MHz, CDC}) § 21.83,
unreacted nitrile and products were purified by silica gel 22.78, 23.14, 27.43, 31.66, 34.69, 52.91, 120.46, 127.46,
chromatography. 130.11, 137.31, 144.19yz (EI) 278 M+ (4), 210 (33), 155

In the following section all biotransformation products (32), 123 (16), 91 (100), 65 (31).
are characterized, except for amigle and acid4c. These
data are derived from the chemically prepared compound, 2.4.7. &)-Trans-2-(toluene-4-sulfonylamino) cyclohexane
since amide3b did not accumulate during the biotransfor- carboxamide2b
mation.4c was not found in any of the biotransformation re- White solid, mp 212-213C; 'H NMR (500 MHz,
actions nor could it be prepared from the nitrile by chemical DMSO-&;) § 0.95-1.06 (m, 3H), 1.32-1.38 (m, 1H),

means. 1.43-1.47 (m, 3H), 1.68-1.71 (m, 1H), 2.03 (dt, LH=

3.7, 10.8 Hz, H-1), 2.35 (s, 3H), 3.26 (dg, 1H, = 3.7,
2.4.3. &)-Trans-N-(2-cyano-cyclopentyl)-4-methyl 9.8Hz, H-2), 6.70 (s, br., 1H, Nb), 7.01 (s, br., 1H, ),
benzene sulfonamidea 7.32 (d, 2H,J = 8.0Hz), 7.42 (d, 1H,J = 9.8Hz, NH),

White solid, mp 109-110C; 'H NMR (500 MHz, 7.65 (d, 2H,J = 8.0 Hz); 13C NMR (125 MHz, DMSO-@)
CDCl3) § 1.44-1.51 (m, 1H), 1.65-1.80 (m, 2H), 1.83-1.90 § 21.65, 24.81, 24.84, 29.79, 33.13, 50.43, 53.92, 126.96,
(m, 1H), 1.93-2.00 (m, 1H), 2.06-2.13 (m, 1H), 2.44 (s, 130.04, 140.95, 142.69, 175.55; mass spectrum cannot be
3H), 2.83 (dt, 1H,J = 8.6, 6.0Hz, H-1), 3.73 (m, 1H, given due to decomposition.

J = 6.7Hz, H-2), 5.72 (d, 1HJ = 7.2Hz, NH), 7.35

(2H, d, J = 8.3Hz), 7.81 (2H, dJ = 8.3Hz); 13C NMR 2.4.8. (@)-Trans-2-(toluene-4-sulfonylamino) cyclohexane

(125MHz, CDC}) § 21.84, 22.88, 29.22, 32.84, 35.88, carboxylic acid2c

58.92,121.41, 127.49, 130.26, 136.76, 144184G;(El) 264 White solid, mp 175-176C; 'H NMR (500 MHz,

M* (10), 210 (27), 155 (38), 109 (26), 91 (100), 65 (22). CDClg) § 1.13-1.25 (m, 3H), 1.45-1.54 (m, 1H), 1.64
(2H, m), 1.96-1.99 (m, 2H), 2.34 (dt, 1H] = 3.6,

2.4.4. ()-Trans-2-(toluene-4-sulfonylamino) cyclopentane 10.7 Hz, H-1), 2.40 (s, 3H), 3.36 (dg, 1H|, = 3.7,

carboxamidelb 8.9Hz, H-2), 5.31 (d, 1HJ = 8.9Hz, NH), 7.29 (d, 2H,

White solid, mp 166-169C; 'H NMR (500 MHz, J = 8.3Hz), 7.76 (d, 2H,J = 8.3Hz), 8.25 (s, br., 1H,
DMSO-t5) § 1.15-1.22 (m, 1H), 1.38-1.52 (m, 4H), COOH); 3C NMR (125MHz, CDC}) § 21.83, 24.29,
1.78-1.82 (m, 1H), 2.37 (s, 3H), 2.44 (dt, 1H,= 8.8, 24,52, 28.86, 33.37, 49.67, 54.03, 127.41, 129.85, 137.96,
6.8Hz, H-1), 3.66 (m, 1H/ = 7.1Hz, H-2), 6.72 (s, br.,  143.63, 178.83; mass spectrum cannot be given due to
1H, NHy), 7.14 (s, br., 1H, W), 7.35 (d, 2H,J = 8.1 Hz), decomposition.

7.61 (d, 1H,J = 7.8Hz, NH), 7.65 (2H, d,J = 8.1Hz);

13C NMR (125 Hz, DMSO-g) § 21.68, 24.03, 29.97, 33.47, 2.4.9. @&)-(2-Cyano-cyclopentyl) carbamic acid tert-butyl

51.60, 57.58, 127.23, 130.20, 139.36, 143.05, 176.09; m/zester3a

(El) 277 (1), 209 (5), 154 (16), 140 (100), 123 (55), 95  White solid, mp 97-98C, 'H NMR (500 MHz, CDC})

(31), 91 (85), 81 (20), 65 (21). 8 1.46 (s, 9H), 1.55 (m, 1H), 1.77-1.86 (m, 2H), 1.92-1.99
(m, 1H), 2.09-2.18 (m, 2H), 2.84 (s-like, br., 1H, H-1),

2.45. @&)-Trans-2-(toluene-4-sulfonylamino) cyclopentane 4.13 (m, 1H,J = 6.6 Hz, H-2), 4.66 (s, br., 1H, N);

carboxylic acidlc 13C NMR (125 MHz, CDC#) § 22.93, 28.55, 29.29, 31.80,

White solid, mp 124-125C; 'H NMR (500 MHz, 35.23, 56.95, 80.23, 121.87, 155.287z (El) 209 (M — 1)*
CDClg) § 1.44-1.52 (m, 1H), 1.60-1.76 (m, 2H), 1.78-1.85 (1), 153 (5), 109 (14), 82 (9), 59 (38), 57 (100), 56 (58), 41
(m, 1H), 1.95-2.09 (m, 2H), 2.43 (s, 3H), 2.73 (dt, 1H, (28).

J = 88, 7.5Hz, H-1), 3.80 (m, 1HJ = 7.0Hz, H-2),

5.19 (d, 1H,J = 6.4Hz, NH), 7.30 (d, 2H,J = 8.2Hz), 2.4.10. &)-(2-Carbamoyl-cyclopentyl) carbamic acid
7.77 (d, 2H,J = 8.2Hz), 9.20 (s, br., 1H, COB); 13C tert-butyl ester3b

NMR (125MHz, CDCh) § 21.79, 23.18, 28.47, 33.71, White solid, mp 186-188C; 'H NMR (500 MHz,
50.87, 57.73, 127.53, 129.98, 137.13, 143.91, 179.73;DMSO-t) § 1.32-1.39 (m, 1H), 1.36 (9H, s), 1.48-1.62
m/z (El) partial decomposition: 254 (1), 210 (7), 172 (2), (m, 3H), 1.76-1.87 (m, 2H), 2.39-2.43 (g, 1H= 7.8 Hz,
155 (27), 128 (98), 110 (20), 91 (100), 82 (33), 65 (31), H-1), 3.86 (m, 1H,J = 7.2Hz, H-2), 6.74 (s, br., 1H,
56 (22). NHy), 6.82 (d, 1H,J = 7.2Hz, NH), 7.17 (s, br., 1H,
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NH,); 13C NMR (125MHz, DMSO-¢) § 23.86, 28.95,
29.32, 33.69, 50.91, 55.74, 78.27, 155.82, 17606%;(El)
172 (10), 155 (6), 127 (27), 111 (8), 83 (18), 72 (42), 57
(100).

2.4.11. @)-2-tert-Butoxycarbonylamino cyclopentane
carboxylic acid3c

White solid, mp 137-138C; 'H NMR (500 MHz,
CDCl) 6§ 1.45 (s, 9H), 1.47 (m, 1H), 1.68-1.73 (2H, m),
1.88-1.92 (m, 1H), 2.06-2.12 (m, 2H), 2.73 (s-like, br.,
1H, H-1), 4.04 (s-like, br.,, 1H, H-2), 4.94 (s, br., 1H,
NH), 11.43 (s, br., 1H, Cc0B); 3C NMR (125MHz,
CDCl3) § 24.64, 28.52, 28.54, 33.85, 52.73, 56.04, 81.23,

M. Preiml et al./Journal of Molecular Catalysis B: Enzymatic 29 (2004) 115-121

2.4.16. &)-6-Aza-bicyclo[3.1.0]hexane-N-carboxylic acid
tert-butyl ester7

Colorless oil;*H NMR (200 MHz, CDC}) § 1.15-1.29
(m, 2H), 1.44 (s, 9H), 1.58-1.65 (m, 4H), 2.02-2.12 (m,
2H), 2.91 (s-like, br., 2H)13C NMR (50 MHz, CDC}) &
19.70, 26.69, 27.62, 43.22, 85.39, 146.6Vz (El) 168 (1),
127 (3), 83 (24), 82 (17), 68 (28), 67 (18), 57 (100), 41 (42).

3. Results and discussion

With regard to water solubility, the transformation of the
unprotected amino nitriles would appear to be the method

157.31, 176.79; mass spectrum cannot be given due toOf choice. However, the biotransformation is severely hin-

decomposition.

2.4.12. @)-(2-Cyano-cyclohexyl) carbamic acid tert-butyl
esterda

White solid, mp 122-122C; 'H NMR (500 MHz,
CDCl) 8 1.24-1.10 (m, 3H), 1.46 (s, 9H), 1.63-1.76 (m,
3H), 2.01-2.10 (m, 2H), 2.59 (s-like, br., 1H, H-1), 3.68
(m, 1H, H-2), 4.69 (s, br., 1H, N); 13C NMR (125 MHz,
CDCl3) § 23.92, 28.54, 28.60, 31.83, 35.02, 50.83, 80.25,
120.87, 155.13mz (El) 223 M — 1)* (1), 167 (7), 150
(4), 124 (20), 108 (8), 81 (8), 59 (42), 57 (100), 56 (98).

2.4.13. @)-(2-Carbamoyl-cyclohexyl) carbamic acid
tert-butyl esterdb

White solid, mp 214-215C; 'H NMR (500 MHz,
DMSO-t5) § 1.01-1.19 (m, 3H), 1.29-1.37 (m, 1H), 1.32
(s, 9H), 1.57-1.62 (m, 2H), 1.66—-1.69 (m, 1H), 1.76-1.78
(m, 1H), 2.05 (dt, 1HJ = 3.1, 11.5Hz, H-1), 3.28-3.35
(m, 1H, H-2), 6.46 (d, 1HJ = 8.8Hz, NH), 6.71 (s, br.,
1H, NH>), 6.91 (s, br., 1H, M); 13C NMR (125 MHz,
DMSO-g;) § 25.21, 25.28, 28.95, 29.82, 33.55, 49.47,
51.15, 78.07, 155.37, 176.19¥z (El) 242 M+ (1), 185
(19), 168 (16), 141 (60), 124 (32), 97 (25), 83 (30), 72 (18),
57 (100), 56 (64), 55 (18).

2.4.14. &)-N-(Toluene-4-sulfonyl)-6-azabicyclo [3.1.0]
hexaneb

White solid; mp 87-88C; 1H NMR (200 MHz, CDC})
8 1.43-1.64 (m, 4H), 1.81-1.93 (m, 2H), 2.37 (s, 3H), 3.26
(s, 2H), 7.26 (d, 2H/ = 8.4 Hz), 7.75 (d, 2H,/ = 8.4 Hz);
13C NMR (50 MHz, CDC}) § 19.68, 21.69, 27.05, 46.85,
127.68, 129.78, 136.04, 144.29{z (El) 237 M* (1), 173
(9), 118 (3), 91 (23), 82 (84), 65 (21), 55 (100).

2.4.15. &)-N-(Toluene-4-sulfonyl)-7-azabicyclo [4.1.0]
heptaneb

White solid, mp 58-59C; *H NMR (200 MHz, CDC})
8 1.19-1.49 (m, 4H), 1.75-1.78 (m, 4H), 2.44 (s, 3H), 2.97
(t, 2H, J = 1.3Hz), 7.32 (d,J = 8.2Hz), 7.81 (d, 2H,
J = 8.2Hz); 13C NMR (50 MHz, CDC}) § 19.64, 21.84,
23.01, 40.04, 127.84, 129.82, 136.20, 14412&, (El) 251
M+ (1), 154 (3), 96 (100), 91 (21), 69 (27), 67 (11).

dered by the difficulties arising in terms of reaction moni-
toring and product isolation of strongly polar compounds.
The high solubility of 2-amino cyclopentane/hexane car-
boxylic acid/amide in aqueous media makes their isola-
tion by extraction into an organic solvent difficult. TLC is
in general a powerful tool for screening of biotransforma-
tion reactions[24]. Frequently, it is difficult to differenti-
ate between amides and carboxylates on silica gel TLC.
Most of the biotransformation reactions of polar organic
compounds can be monitored by reversed phase HPLC and
UV-detection. However, the detection of aliphatic and ali-
cyclic nitriles/amides/acids is restricted because of their poor
UV-sensitivity, in particular on a screening scale.

A major part of these drawbacks can be circumvented by
protecting the amino group. The effect of protecting groups
on substrate solubility ofi-amino acids has been investi-
gated in the context of a new approach to enzymatic peptide
synthesig25]. Another important effect is functional group
protection as a tool to modulate the substrate acceptance and
selectivity of an enzymg26].

The aim of the present work is the evaluation of
N-protecting groups with respect to their applicability for
biotransformations. In our case the choice of the proper
protecting group is governed by the following considera-
tions: (1) introduction of the protecting group, (2) sufficient
substrate solubility in aqueous buffer, (3) improved reac-
tion monitoring by UV for TLC and HPLC and (4) ease of
removal.

It is obvious that the combined requirements can hardly
be met in a single protecting group.

In terms of the requirements mentioned above, an
amide-like protecting group, in particular the benzoyl-group
would be preferable. Our experiments, however, have re-
vealed that the benzoic acid amides were subject to eventual
enzymatic amide bond hydrolysis.

With respect to preparation, we found thstsulfonyl-
amides are excellent to handle. More important, they do not
undergo enzymatic hydrolysis by the strains investigated.

Generally, theN-benzyl-derivatives of the respective ni-
triles are of oily consistence and therefore easier available
for the enzyme. However, as secondary amines, they cannot
be considered as amino protecting-groups.
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NHTs

G, O/NHTS NHBoc O/NHBOC
“cN "N : “eN “eN
la 2a 3a 4a

Scheme 2N-Protected3-amino nitriles.

Chloramin T TMSCN NHTs
CH I CH NTs —> (CH
il s 5;[\ oar R,
CN
n=1:5 n=1: la
n=2: 6 n=2: 2a

Scheme 3. Preparation &fans-configured alicyclicB-amino nitriles.

(Boc),0 TMSCN NHBoc
NH ——— NBoc ——>
Et,N TBAF
CN

7 3a

Scheme 4. Preparation 8& via the free aziridine.

The carbamoyl-group, on the other hand, fits the require-
ments in particular with regard to (2) and (4), since it is
sufficiently water soluble for biotransformation and its de-
protection is conveniently achieved.

3.1. Introduction of the protecting group

The application of the aforementioned protecting groups

119
l‘3oc
NHTs (Boc),0 N\TS Mg NHBoc
CH ——> (CH, —_—
R, owap” ("R veon T2,
CN CN CN
n=1: la n=1: 3a
n=2:2a n=2:4a

Scheme 5. Preparation of Boc-protecfg@mino nitriles.

with LiAIH 4 to the corresponding bicyclic heterocompound
6-azabicyclo[3.1.0]hexanf0,31] Unfortunately, the ex-
treme volatility of this compound lead to losses in excess of
50% after workup. The aziridine-nitrogen was then masked
with the tert-butyloxycarbonyl protecting group. However,
the analogue ring opening reaction, successfully applied to
1la and 2a, only yielded in 38% of3a (given 40% conver-
sion), even though an excess of TMSCN and elevated tem-
peratures were applied.

Although the cyanide mediated ring opening pro-
tected aziridines other than tosyl has been mentioned in the
literature [29,32,33] our own investigations on this sub-
ject have revealed that tié-Boc, N-benzoyl and\-benzyl
derivatives undergo ring opening only sluggishly. The
cyanide mediated nucleophilic ring opening reaction of
an N-Boc-protected aziridine has not been reported in the
literature.

In summary, the overall yield following this procedure
was too low for a preparative purpose.

for B-amino nitriles is dependent on requirements associated The unsatisfying results in the preparation 3# and

with their synthesis§cheme 2

We have found the catalytic aziridination of olefinic pre-
cursors and subsequent ring opening of the aziridine ring
by cyanide to be the best protocol for preparing the ali-
cyclic trans-configuredp-amino nitrilesla and2a [27,28]
(Scheme B The cyanide driven ring opening requires
an activating group and is accomplished best with the
tolylsulfonyl-group[29].

However, when the nitrogen atom is bearing a protect-
ing group different from tosyl, considerable problems con-
cerning this step ariseSEheme % There is virtually no
equivalent to Chloramine T and tosyliodinane for the ana-
logous preparation of, for exampld;acyl- or N-carbamoyl
protected aziridines. Thus, theBeprotected aziridines are
solely available via the free aziridines.

Substrate8a was initially prepared by iodine azide addi-
tion to the olefinic bond of cyclopentene, following reduction

Table 1
Biotransformations of racemill-protectedB-amino nitriles—isolated yields

4a prompted us to investigate alternative protection/depro-
tection sequences. Recently, the preparatioN-&oc pro-
tected amines fronm\-tosylates has been publishia#].

Thus, in maintaining the smooth ring opening of
N-Ts-aziridinela and 2a, an exhaustive protection of the
amino group was effected by using Boc-anhydride. In this
case, the following deprotection step of the tosyl-group
could be achieved in excellent yields using Mg and ultra-
sonification within minute$35] (Scheme h

3.2. Sufficient substrate solubility in aqueous buffer

Table 1shows the results of the biotransformations of the
N-tosylated nitriles. Due to the low water solubility of com-
poundsla and 2a, the addition of a cosolvent was neces-
sary. After testing several cosolvents such as toluene, ethyl
acetate, ethanol, DMF and DMSO in different amounts,

Entry Substrate Rhodococcusp. R312 R. erythropolisNCIMB 11540
Nitrile a (%) Amide b (%) Acid ¢ (%) Nitrile a (%) Amide b (%) Acid ¢ (%)
1 la 43 8 29 63 3 19
2 2a 47 23 6 58 10 2
3 3a <1 0 85 1 0 85
4 4a 17 59 0 17 80 0
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5vol.% of DMSO turned out to be the best choice for the 4. Conclusions
screenings.

Therefore we concentrated on the carbamate-type protect- Sulfonamide-like as well as carbamate-liMeprotecting
ing groups. We anticipated that, in terms of water-solubility groups were investigated regarding their effect on substrate
and ease of deprotection, the butyloxycarbonyl-group meetsacceptance and product specificity in the biotransformation
our requirements for a microbial transformation at best, al- of alicylic 3-amino nitriles. Whereas the nature of the prod-

though at the expense of good UV-sensitivity. uct appears to be a result of the inherent structure (ring

size) of the substrate, the amount of the respective product
3.3. Improved reaction monitoring by UV for TLC and formed within the same incubation time is higher in case of
HPLC the carbamate-protected derivatives.

High UV-sensitivity is crucial for screening experiments.

For alicyclic substrates without any chromophor, sufficient Acknowledgements
UV-activity should be introduced by the protecting group.

The tosylated substratdésand2 have an important prop- This work was funded by the Austrian Science Fund
erty: very good UV-activity. In contrast, the Boc derivatives (FWF project no. P15810). We thank DSM Research, The
3 and4 can hardly be detected by HPLC. Neither UV nor Netherlands, for providindr. erythropolisNCIMB 11540.

RI activity is high enough for the low concentrations used We are also grateful to Astrid Preisz for proof-reading the
for screening experiments. GC screening methods also failmanuscript.
due to decomposition of the product acids. However, TLC
monitoring is possible.
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