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Enantioselective Synthesis of Aliphatic Cyanohydrin Acetates
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Abstract: When the standard conditions for the enantioselecti that the base (Amber“te IRA-904 in rm) fails to

V . .
synthesis of cyanohydrin acetates via dynamic kinetic resolution e{el%cemlse the cyanohydrin.
applied to aliphatic substrates, only a kinetic resolution is observe@reviously, we succeeded in significantly improving the
However, by exchanging the base (Amberlite) against NaCN, quaDKR of aromatic cyanohydrirfsand we therefore set out
titative conversions and good enantioselectivities are obtained. {4 apply our findings to aliphatic aldehydes. The latter
Key words: cyanohydrins, asymmetric synthe€landida antarc-  compounds have not only proven to be troublesome sub-
tica lipase B, enzyme catalysis, dynamic kinetic resolution strates for DKR, but from among the chemical routes that
have been explored, there are only a few examples which
gave high enantioselectivitiés.

In our previous work on the optimisation of the enantio-
selective synthesis of aromatic cyanohydrin esters, we
ind that cyanide salts were capable of catalysing the

Enantiopure cyanohydrins eighly versatile building
blocks in organic synthestsA variety of chemical and
enzymatic approaches to prepare them have been

scribed, the dynamic kinetic resolution (DKR) beingyy R starting from aromatic aldehydes, however, with un-
particularly attractivé.lt combines a base-catalysed QUizatisfactory results. Some sale.g. NaCN, were too basic

librium between an aldehyde, acetone cyanohydrin aad catalysed mainly the chemical acylation, resulting in
the resulting racemic cyanohydrin of the aldehyde, with 2 5 cemic product, while CuCN gave nearly no conver-
lipase-catalysed acylation of one enantiomer of this C¥jon at alfb In contrast to the aromatic cyanohydrins,
anohydrin. As the remaining enantiomer of the cyanQyonger bases are needed to racemise the aliphatic cyano-
hydrin is racemised by the base, yields of up to 100% cgQqrins, making the solid cyanide salts potential bases for

be obtained (Scheme 1). this reaction. To confirm this, we used NaCN, KCN and
Zn(CN), as bases/salts and compared them with Amber-
HO. CN 0 lite OH and NaOAc in the synthesis & and3b.8 Since
o X OH CAL.B OJ\ it has earlier been demonstrated that the carrier of the en-

J — o /\ zyme can have a significant influence on the reaction, two
R base R™ CN )]\ R™ CN different immobilisates offandida antarctica lipase B
o (CAL-B), an enzyme that has been shown to be particular-

. 2 : ly selective both in the KR and the DKR of cyanohydfins,
Conv % (ee %)
_ a 99(76) were employed (Table 1).
O n-CsHiy  n-CsHis n-CoHig b 100 (49) For the reactions reported in Table 1, entry 1, we also
¢ 100 (55) monitored the ee dfa during the reactiotf and after six
a b c d d 100 (57) days we found 71%, 81%, and 80% ee for the reactions

N . _— . using Zn(CN), NaOAc and Amberlite, respectively. This
Schemel The dynamic kinetic resolution of aliphatic cyanohydnnsIS a good evidence that the racemisatiog &f too slow

_ _ _ for a successful DKR. The results in entry 2, 3 and 4 also
In spite of its elegance and successfulutes method indicate that these three bases are too weak and only give
has gained only moderate attention compared with the<R without any racemisation of the intermediate cyano-
hydroxynitrile lyase (HNL)-catalysed addition of HCN tohydrin 2.
aldehydes and ketoné#n the case of aliphatic substratesIn the case of NaCN and KCN, no ee 2arcould be ob-

this could be due to the poor results which were commyz . X
. . X L erved, demonstrating that these bases are indeed strong
glncgtizcét')z tthrZIZI:f: d deescr;?/téogzgooj tgi(;eggg/?o-lzkc]ﬁ]r\zigion nough to efficiently racemise the cyanohydrin. However,
y yde g 0 0 'Ig‘f ee in the reactions using these two salts are lower than
0
fi

the corresponding cyanohydrin acetates with 51% a .
, ., se that can be observed when using ZnfCONBOAC
15% ee, respectively. This is comparable to what can d Amberlite. One reason for this COL?Id bé the base-ca-

obtained from a poor kinetic resolution (KR), indicaﬂng{alysed racemisation d, but this is unlikely since no

decrease in ee could be observed for a reaction that was
stirred for another four days after its completion. As that

SYNLETT 2005, No. 15, pp 2382-2334 was the case for the aromatic aldehydes, some degree of
Advanced online publication: 07.09.2005 base-catalysed acylation 2 might cause this lower ee
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Tablel The Use of Cyanide Salts as Bases in the DKR Using 380 U/mn@anoifda antarctica Lipase B

Substrate  Enzyme NaC™q KCNPe Zn(CN),>¢ NaOAd* Amberlite®d
la Novozyme 435 99 (76) 78 (58) 47 (82) 54 (74) 70 (74)
la CAL-B on Celite 100 (42) 86 (29) 32 (92) 31 (89) 46 (90)
1b Novozyme 435 100 (49) - 79 (62) 68 (27) 73 (28)
1b CAL-B on Celite 97 (46) 93 (29) 60 (68) 51 (56) 68 (52)

2 Reaction time: 6 d.

b Conversion int@a and3b [% and ee (%)].
¢1 Equiv.

40.3 Equiv.

€ Reaction time: 2 d.

Zn(CN),, NaOAc and Amberlite gave the highest eeXor products were lower than what could be expected, most
when they were used in combination with the Celite Rikely due to a small degree of base-catalysed chemical
633 immobilised enzyme (Table 1). NaCN and KCN gavacylation.

the best results in combination with Novozyme 435. Prob-

ably Celite R-633 has a higher affinity to water and bind&cknowled ment
it, while the methacrylate polymer carrier of CAL-B in 9

Novozyme 435 more readily releases the water bound\e thank Peter Halling (Strathclyde) and Liisa Kanerva (Turku) for

the carrier into the reaction medPaSince NaCN and S\i/r\?g&;“n%_discu_sfions a”? Tjaﬂy tshugngStti[?nsléeL.V-l tﬂaft‘ﬁs 'IACJS/
KCN will neutralise any acetic acid formed by hydrolysi o derr?r J?i?fs'i nzuggicgn-c 'N'Awa?orsa feenov\c,’grf‘i Tehee; 3_” S

of the agylatlng agent, itis Iesfs critical for the reaction @ors graytefully acknowledgeelgoche)Diagnostics Peﬁzberg (Dr. W.
use Celite R-633 as the carrier for CAL-B. The formeglischer) and Novo Nordisk (Dr. Deussen) for the generous gift of
HCN will add to the aldehyde to for and the metal calL-B.

acetate, which acts as a mild base.

On the other hand when NaOAc and Amberlite are usgfefer ences

it is more important to use a carrier that does not release

any water into the reaction mixture. Amberlite will (1) (&) Gregory, R.J. FChem Rev. 1999, 99, 3649. (b) North,
neutralise the acid but at the same time form a new mole- m_Tﬁglanf:ggrcl’nbﬁ;ﬁ%ﬂéﬁggf’r’]ﬂ;%&cg“;r;g'éJ‘
cule of water. NaOAc will form a buffer with the acetic 5y anefeld, Uorg. Biomol. Chem. 2003, 1, 2405, '

acid but the CapaCIty of this buffer m|ght be exceeded. (3) (a) Kanerva, L. T.; Rahiala, K.; Sundho|mlm)ca’[a|ys|s

As expected, Zn(CN)seems to follow the trend of 1994, 10, 169. (b) Paizs, C.; §a, M.; Majdik, C.; Tahtinen,
NaOAc and Amberlite, rather than that of the two other gébngzlteéiéD" Kanerva, |. Tletrahedron: Asymmetry

. . , 14, . (c) Paizs, C.; Tahtinen, P.; Lundell, K.;
cyanide salts. This shows that the Zn(€i¥) a yvgakgr Poppe, L.; Irimie, F. D.. Kanerva, L. Tetrahedron:
base than KCN or NaCN and therefore less efficientin the  asymmetry 2003, 14, 1895. (d) Paizs, C.; Tahtinen, P.sdp

neutralisation of the acid. M.; Majdik, C.; Irimie, F. D.; Kanerva, L. Tletrahedron
In order to probe whether a higher ee could be obtaine 2004, 60, 10533.
d(4) (a) Effenberger, F.; Forster, S.; WajantQdrr. Opin.

with an aldehyde containing a longer chain tfianwe Biotechnol. 2000, 11, 532. (b) Griengl, H.; Schwab, H.:
also testedlc and 1d as substrates for the reaction, but Fechter, MTrends Biotechnol. 2000, 18, 252.
neither the reaction rate nor the enantioselectivity of the  (c) Sukumaran, J.; Hanefeld, Ohem. Soc. Rev. 2005, 34,

reaction changed significantly. 530.
. . (5) (a) Inagaki, M.; Hiratake, J.; Nishioka, T.; Odaj.JAm.

When the reaction was scaledtpsing Novozyme 435 Chem. Soc. 1991, 113, 9360. (b) Inagaki, M.; Hiratake, J.;
n qomblnatlon with NaCN3a and3b were isolated with Nishioka, T.; Oda, Q. Org. Chem. 1992, 57, 5643.
a yield of 92% and 74%, and an ee of 7?8%nd 5096, (c) Inagaki, M.; Hatanaka, A.; Mimura, M.; Hiratake, J.;
respectively. This is a significant improvement of the first Nishioka, T.; Oda, Bull. Chem. Soc. Jpn. 1992, 65, 111.
DKR of aliphatic cyanohydrins. (6) (a) Veum, L.; Hanefeld, Uretrahedron: Asymmetry 2004,

. . . . 15, 3707. (b) Veum, L.; Kanerva, L. T.; Halling, P. J.;
In conclusion, by exchanging the Amberlite QMhich Maschmeyer, T.; Hanefeld, Bdv. Synth. Catal. 2005, 347,

is commonly used as a base in the DKR of cyanohydrins 1015,

against NaCN, a true DKR of the aliphatic cyanohydrins (7) (a) Ryu, D. H.; Corey, E. J. Am. Chem. Soc. 2004, 126,
could be developed. In addition, by using NaCN, the reac-  8106. (b) Chang, C. W.; Yang, C. T.; Hwang, C. D.; Uang,
tion also became less sensitive towards water that is  B-J.Chem. Commun. 2002, 54. (c) Belokon, Y. N.; Carta,
present in the reaction mixture. However, the ee of the - North, M.Lett. Org. Chem. 2004, 1, 81.
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(8) For the procedure see the analytical scale experiment in ref.
6b

©

(10)

(11)

(a) Li, Y.-X.; Straathof, A. J. J.; Hanefeld, Tetrahedron:
Asymmetry 2002, 13, 739. (b) Veum, L.; Kuster, M.;
Telalovic, S.; Hanefeld, U.; Maschmeyer Elr. J. Org.
Chem. 2002, 1516. (c) Hanefeld, U.; Li, Y.; Sheldon, R. A.;
Maschmeyer, TSynlett 2000, 1775.

All conversion and enantiomeric purity was determined by (13)

chiral GC using @&-cyclodextrin column (CP-Chirasil-Dex
CB 25mx 0.25 mm) using He with a linear gas velocity of
75 cm/s.

Racemi&c: *H NMR (300 MHz, CDC)): §=0.89 (tJ=7.0
Hz, 3 H, AH;—CH,), 1.25-1.40 (m, 8 H, CHCH,—CH—
CH,-CH,), 1.50 (m, 2 H, €,—~CH,—CH), 1.90 (m, 2 H,
CH,—CH), 2.13 (s, 3H, B,—C=0), 5.31 (tJ=6.8 Hz, 1 H,
CH-CN).*C NMR (75 MHz, CDCJ): § = 14.0 (C8), 20.4
(CH;-C=0), 22.6 (C7), 24.6 (C6), 28.8 (C5),29.0 (C4), 31.6
(C3), 32.3(C2), 61.2 (C-0), 117.0 (CN), 169.2 (C=0).
Racemic3d: *H NMR (300 MHz, CDC}): = 0.88 (t,
J=6.8 Hz, 3H, €I,-CH,), 1.20-1.40 (m, 10 H, CHCH,—
CH,~CH,—CH,—CH,), 1.50 (m, 2 H, €l,-CH,—CH), 1.90

Synlett 2005, No. 15, 2382-2384 © Thieme Stuttgart - New York

(M, 2 H, G4,~CH), 2.12 (s, 3 H, B,~CO), 5.30 (] = 6.8
Hz, 1 H, G—CN).13C NMR (75 MHz, CDCJ): § = 14.1
(C10), 20.4 CH,-C=0), 22.7 (C9), 24.6 (C8), 28.9 (C7),
29.3 (C6), 29.3 (C5), 29.4 43, 31.9 (C3), 32.3 (C2), 61.2
(C-0), 117.0 (CN), 169.2 (C=0).

(12) For the procedure, see the preparative scale experiment in

ref. 6b.

Compound9®)-3a: [0],2°—47,7 € 1, MeOH).*H NMR (300
MHz, CDCL): 6 = 1.10-1.40 (m, 5 H, ring CH and G}
1.70-1.90 (m, 6 H, ring Cj 2.14 (s, 3 H, €,), 5.17 (d,
J=6.0 Hz, 1 H, G&-CN).*3C NMR (75 MHz, CDC)):
§=20.3(CH), 25.3, 25.4, 25.8, 28.0, 28.1 and 40.5 (ring C),
65.6 (CH-0), 116.2 (CN), 169.3 (C=0).

Compound$)-3b: []p?°—36.9 € 1, MeOH).*H NMR (400
MHz, CDCL): § = 0.90 (m, 3 H, €,~CH,), 1.33 (m, 4 H,
CH—CH,—CH,), 1.50 (m, 2 H, €,~CHCH), 1.90 (m, 2

H, CH,—CH), 2.14 (s, 3 H, B,~CO), 5.31 (tJ = 6.8 Hz, 1

H, CH-CN).%%C NMR (100 MHz, CDCJ): § = 13.9 (C6),
20.4 CH,~C=0), 22.3 (C5), 24.2 (C4), 30.9 (C3), 32.3 (C2),
61.2 (CH), 117.0 (CN), 169.2 (C=0).
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