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IMPROVED THREE-COMPONENT LEWIS ACID-FREE APPROACH
FOR THE SYNTHESIS OF PROTECTED RACEMIC CYANOHYDRINS

G. Kumaraswamy* and K. Ankamma

Organic Division I, Fine Chemicals Laboratory, Indian Institute of Chemical Technology,
Hyderabad-500 607, INDIA
E-mail: gkswamy_iict@yahoo .co.in

Due to impressive array of applications in pharmaceuticals and agrochemicals, a
plethora of methods have been developed for the synthesis of cyanohydrins.! The prominent
route appears to be the Lewis acid activated nucleophilic addition of a soluble organic cyanide
such as trimethylsilyl cyanide and acetone cyanohydrin to carbonyl compounds, thus generating
moderate to excellent yields of protected form of racemic cyanohydrins. Lewis acids, such as
Cu(OTf),,2 Yb(OTf),,* ZnlL,,* CsF 2 MgBr,*Et,0 8 LiCIO, ) Vo(OTf), 2 R,SnCl,.? N-heteracyclic
carbenes,'® Fe(Cp),PF,,"! LiBE,,"? including stoichiometric quantity of FeCL" and InBr,'* have
been reported for this transformation. Althongh NaCN and KCN are the cheapest source of
cyanide, they are rarely utilized for the synthesis of racemic cyanohydrins due to their low reac-
tivity. As part of our continued interest in PEG-400 mediated reactions,'® herein we report a
highly practical and Lewis acid-free synthesis of protected racemic cyanohydrins in an eco-
friendly solvent such as PEG-400.

We initially, chose benzaldehyde as test substrate for this transformation. After consider-
able experimentation, stirring one equiv. of benzaldehyde, 1.2 equiv. of sodium cyanide and 4
equiv. of acetic anhydride in PEG-400 for 15h at room temperature resulted in the product (£) 2a in
90% yield (Scheme I).1° On the other hand, in the absence of acetic anhydride, the same reaction,
under otherwise identical conditions, also led to the cyanohydrin albeit in low yield (30%).

c NaCN OAc
HO
CH,CO),0
atl > (CH3CO), AN N
{ ~ PEG-400, t, 15h R—— P
1 () 2 (60%-95%)

a)R =H; b)R=4-MeO; ¢)R=34-MeO; d)R=4-Me; e)R=4-Cl;
)34-Cl; g)R=4-Br; h)R=2-OH; i) R=4-NO;

Scheme 1
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Table 1. PEG-400-activated Synthesis of Protected Racemic Cyanohydrins®

_ Entry Substrate Product® %Yield®
0Ac
CHO
1 g o~ 85
3a 4a
2 \/\/\/\CHO \/\/\/\rOAc 89
3 b CN
L CHO OAc
3 4
CHO OAc
3d 4d
[ \___oa
5 [}cuo o ‘ 95
3e 4eCN
7\
6 Br/Q\CHO B'/Q\(OAG 78
3 4 ON
cHo oAc
7 L 8. 75
3g N° "
oAc
cHO
8 @ d\c" 76
!
o 01
3h m O

All reactions carried out at room temperature stirring 15h. b) Yield refers to pure products after
column chromatography.

We also evaluated water and H,0:PEG-400 (8:2) as reaction media. In water, product
(£) 2a was isolated in 30% yield, whereas in H,O0:PEG-400, a 48% yield was obtained,
suggesting that the role of PEG-400 is not only a reaction medium but also presumably activates
the carbonyl group by hydrogen bonding.!” To define the scope of the synthesis of protected
racemic cyanohydrins, a series of sterically and electronically differentiated aromatic substrates
1b-i were subjected to this protocol. Irrespective of their substitution pattern on benzene, the
reaction proceeded to give moderate to excellent yields of 2b-i (Scheme I) comparable to those
obtained in the analogous Lewis acid catalyzed reactions.!! A broad range of structurally diverse

aliphatic aldehydes as well as heteroaromatic aldehydes were subjected to this protocol.
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Table 2. PEG-400 activated Synthesis of Protected Racemic Cyanohydrins from a-Substituted
Enantiomerically Pure Aldehydes?

Entry Substrate Product™® %Yield
oTBOMS OTBDMS
1 cHO OAc 90%
N
Sa (2:1) 6a
2 (om0 (I~ 95%
! I CN
80C BOC
5b (1:1) 6b
OAc
CHO
[ =2 Z CN
3 oxo d % 85%
Sc 9:1) 6¢
OAc

CHO
4 o[_f) f)\ eN 82%

a) All reactions carried out at room temperature stirring 15h. b) Yield refers to isolated after
column chromatography. ¢) Estimation of diastereoselectivity by 'HNMR. d) The syn:ani ratio
was assigned on basis of analogy. See ref: 6.

The reaction not only proceeded well with aliphatic (Table 1, Entries I and 2) and o8-
unsaturated aldehydes (Table 1, Entry 3) but also heteroaromatic aldehydes such as pyridine,
furan, thiophene molecules gave moderate to excellent yields of corresponding acetate protected
cyanohydrins (Table 1, Entries 5,6 and 7). Remarkably, the hydrocyanation of epoxy branched
salicylaldehyde 3h yielded only the acetate protected cyanohydrin 4h without ring-opening the
epoxide, thus demonstrating the mildness of this reaction (Table 1, Entry 8).

We also examined the diastereoselectivity of a-substituted enantiomerically pure alde-
hydes. The cyanohydrin formation from (S)-a-t-butyldimethylsilyloxy phenylacetaldehyde 5a
and NaCN in PEG-400 at ambient temperature (Table 2, Entry 1) resulted in product 6a with low
diastereoselectivity (2:1). In contrast, (R)-glyceraldehyde acetonide Se afforded 6¢ with signifi-
cantly high diastereoselectivity (9:1) (Table 2, Entry 3) in favour of syn, while its epimer (S)-
glyceraldehyde acetonide cyanohydrin 6d showed poor selectivity (Table 2, Entry 4).'® The
cyanation of BOC protected (S)-prolinal 5b did not promote any diastereoselectivity (1:1) (Table
2,Entry 2).

Finally, this protocol was extended to the synthesis of (x)3-phenoxybenzaldehyde

cyanohydrin 8a, which is used in the production of synthetic pyrethroids such as deltamethrine,
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cypermethrin and tralomethrin.'® When 7a (20mmol) was subjected to standard cyanation condi-
tions (vide infra) product 8a was isolated in 95% yield, thereby demonstrating the efficiency of
the current methodology (Scheme 2).

NaCN OAc
PhO CHO (CH3CO),0 PhO N
PEG-400, 1t, 15h
Ta (+) 8a
(20 mmol) Scheme 2 95%

This protocol features the use of sodium cyanide as a low cost starting material
compared to the soluble organic cyanides and an eco-friendly, sustainable, non-volatile and recy-
clable solvent such as PEG-400. Interestingly, this one-pot reaction is catalyzed only by reaction
medium. Further work is in progress to generate optically pure cyanohydrins using enzymes as a
chirality inducer.

EXPERIMENTAL SECTION

All reactions were conducted under inert atmosphere. PEG-400 used as received. 'H NMR
spectra were recorded at 200 and *C NMR 75 MHz in CDCl, solutions unless otherwise noted,
J in Hz. IR (FT-IR) spectrometer measured as KBr pellet. Mass spectral data were obtained
using MS (EI) ESI, Column chromatography was carried out on silica gel, grade 60-120, and
100-200 mesh.

Typical Procedure for the Synthesis of 1-(3-Phenoxyphenyl)-1-(cyano) methyl Acetate
(8a).- In an ice-cooled solution of polyethylene glycol-400 (20 mL), m-phenoxybenzaldehyde 7a
(3.96 g, 20 mmol), NaCN (1.176 g, 24 mmol), and acetic anhydride (7.56 mL, 80 mmol) were
successively added. The resulting reaction mixture was allowed to warm to ambient temperature
and stirring continued for 15 h. The reaction mixture was quenched with water (50 mL), and the
aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic layers were dried
over Na,SO, followed by concentration under reduced pressure to afford the crude residue. It
was purified by column chromatography, eluted with hexane:acetone (8:2) to give 5.1g (95%) of
8a as a pale yellow liquid.
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agement. Thanks are also due to Dr. T. K. Chakraborty for his support. KA is thankful to CSIR
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Table 3. PEG-400-activated Synthesis of Protected Racemic Cyanohydrins

Cmpd Yield mp. IR (KBr) 'HNMR BCNMR MS (ED)
(%) (C) (cmH) (CDAly) ©®) (CDCL) (8) m/z (%)
8a 95 oil'® 2924, 2.10 (s,3H), 6.29 (s, 20.2,62.3,115.8, 268 (M*+1),
2854, 1H), 6.95-7.01 (m, 3H), 117.6,119.2,119.9, 215,181,
1753, 7.05-7.12 (m, 2H), 7.18 121.9,123.9,129.8, 149,139,
1586, (d,2H,J=73Hz), 130.5,1334, 156.1, 114,77
1485 7.25-7.37 (m, 3H) 158.1,168.6
2a 90  oil"® 2923, 205 (s,3H),6.30 (s, 20.2,62.6,1159, 176 (M*+1),
1740, 1H), 7.33-7.43 (m, 5H) 127.6,129.0,130.1, 123,105,
1514, 131.6,168.7 77
1258
2b 85  oll'™ 2924, 2.14 (s,3H),3.83 (s, 204,553,625, 175,161,
2851, 3H),6.34 (s, 1H),6.92 114.5,116.2,123.8, 147,133,
1752, (d, J=9.10Hz, 2H), 129.6,161.1, 1689 103,92,
1514, 743 (d,J=9.10Hz, 2H) 77
1254
2c 89 ol 3440, 2.15(s,3H),391(d, /= 203,295,558, 236 (M*+1),
3013, 6.80Hz, 6H), 6.34 (s, 1H),  62.6,110.6,111.0, 193,176,
2940, 6.86 (d,/J=8.31Hz, 2H), 116.1,120.9, 1239, 160, 132,
2026, 6.97 d,J=227Hz,2H), 149.3,1505, 168.7 104,90,
1748, 7.05(dd, /=227, 77
1596, 8.31Hz,2H)
1297
2d 87 4647 2924, 2.14 (s, 3H), 2.39 (s, 3H), 204,212,627, 190 (M*+1),
(lit. mp. 2853, 634 (s,1H),7.22(d.J= 116.2,127.8,128.7, 147,129,
47)1% 1754, 8.31Hz, 2H), 7.38 (d, 129.8,140.6, 168.9 103,91,
1372 J=2831Hz, 2H) 7
2e 91 oil'? 2924, 213 (5,3H),6.35 (s, 20.1,294,619, 210 (M*+1),
2854, 1H), 7.37-7.47 m, 4H) 115.6,129.1,130.1, 167,149,
1755, 136.1,168.5 114, 88,
1492 75
2f 91 oil'? 2923, 2.18 (s, 3H), 6.34 (s, 200,61.3,115.2, 244 (M*+1),
2854, 1H),7.37(dd,J=1.55, 126.7,1294,130.9, 243,221,
1755, 7.76 Hz, 1H), 7.52 (d, 131.5,133.1, 210,84
1490 J=8.54Hz, 1H), 7.60 1344,168 4
(d,J=2.33Hz, IH)
2g 95 oil 2925, 2.16 (s,3H), 6.35 (s, 20.3,62.1,115.6, 254 (M*+1),
1754, iH),7.39d,J= 124.7,129.4,130.6, 207,177,
1592, 8.59Hz, 2H),7.58 1324,168.7 123,105,
1488 (d,J=8.59,2H) 77
2h 78 oil 2926, 2.03 (s, 3H), 2.26 (s, 19.8,204,580, 233 (M")
2853, 3H),6.56 (s, 1H), 7.14 1152,123.2,123.6,
1755, (d,J=831Hz,1H),7.23 126.2,129.2,1314,
1608, (t,J=17.55Hz, 1H),7.39 148.2,168.2, 1684
1491 (t,J =7.55Hz, 1H), 7.59

(d,J=755Hz, IH)
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Table 3. Continued...

Cmpd Yield mp. IR (KBr) 'HNMR I3CNMR MS (EI)
(%) (C) (cm') (CDCL)(®) (CDCL,) (8) m/z (%)
2 60 108 3082, 220 (s,3H),6.50 (s, 203,296, 61.6, 207, 183,
Uit.mp. 2924, 1H),7.73(d,J= 124.4,1287,1380, 177,166,
109)'% 2854,  9.10Hz,2H),833 (d, 1489, 168.5 127,123,
1755, J=9.10Hz, 2H) 105,91
1526
4a 85 o™ 3447,  1.06-125(m,6H), 20.1,253,27.8, 182 (M*+1),
2931,  1.65-1.87 (m,5H),2.07 29.5,39.8,653, 157,139,
2856,  (s,3H),507d, 1159,169.0 112,99,
1755  J=529, 1H). 83
4b 89 oil™ 3450, 083 (t,J=529Hz,3H),  133,19.7,239, 212 (M*+1)
2935,  122-1.42 (m, 10H), 28.1,31.0,31.6,
2857,  182-1.90 (m,2H),205 60.5,1163, 168.5
1740 (s, 1H),521(t, /=
5.29Hz, 1H)
4c 87 oil!® 3696, 2.17 (s, 3H), 6.0 (d, 204,296,614, 202 (M*+1),
2924, J=7.03Hz, 1H),6.11 1154,118.3,127.1, 159, 140,
2854,  (dd,J=625Hz,1563Hz, 1288,1293,1378, 131,115,
1751,  1H),695(d,J=1563Hz, 150.5,168.8 103,77
1457 1H),7.25-741 (m, SH).
4d 91 o™ 3059,  2.17(s,3H),6.56 s, 20.4,63.0,116.1, 226 (M*+1),
2020,  3H),7.51-7.54 (m, 3H), 1242,1270,1279, 183,165,
1753, 7.82-7.90 (m, 3H), 1275,1278,1283, 140,127,
1692,  7.98(s, 1H) 1289,1294,1329, 105,77
1627 1338, 168.94
d4e 95 oil'™ 3129, 2.18(s,3H),642-645 200,295,555, 166 (M*+1),
2922, (m,2H),6.68 (d,J = 1109,112.3,114.0, 149, 105,
1754,  3.67Hz, 1H),7.50 (d, 1439,1448,16859 84,71
1373 J=147Hz, 1H)
4 78 ol 2952,  2.16(s,3H),651 (s, 1H),  202,29.5,578, 260 (M*+1),
2854, 699(d,J=371Hz,1H), 1147,1163,1298, 259,217,
1754,  7.2(d,J=371Hz, 1H)  1346,168.5 202,114,
1433 70
4g 75  oil®™ 1760,  2.19(s,3H),644 (s, 1H),  19.7,603,1150, 177 (M*+1),
1600 738(q,J=453,755&  1234,1275,1350, 134,118,
12.84Hz, 1H),7.85-790  1484,1508,1683 78
(m, 1H), 8.69-8.74 (m, 2H)
4h 76 ol 2950, 2.14(s,3H),2.17(d,J= 203,444,498, 248 (M*+1),
2864,  3.02Hz,2H),2.70-2.76 582,694,773, 161,122,
1748,  (m, 1H),420(d,J = 1127,116.1,1214, 103,77,
1433,  371Hz,2H),672(s, 1287,1318,1556, 57
1371 1H),693 (1,J=830Hz, 1688

1H),7.05 (t,J =7.55Hz,
1H),7.39 (t,J = 7.55Hz,
1H), 7.56-7.59 (m, 1H)
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Table 3. Continued...

Cmpd Yield mp. IR (KBr) 'HNMR BCNMR MS (ED)
(%) (°C) (em') (CDCL) (5) (CDCLy) (&) m/z (%)
6a 90 oil 2927, 0.10 (d,J = 5.14Hz, 3H), -54,18.4,20.2, 344 (M*Na)
2856, 0.11 (d,J=5.14Hz, 3H), 25.8,714,754, 225,221,
1760, 0.93 (s,9H), 2.12 (s, 3H), 1184,127.1,127.7, 193,151,
1214, 490 (d,J=5.14Hz, 1H), 129.0,170.2 117,73
1044 533 (d,J=5.87Hz, 1H),
544 (d,J=6.61Hz, 1H),
7.37-7.45 (m, SH).
6b oil 3520, 1.31 (s, 9H), 1.75-2.17 20.1,28.7,469, 268 (M*+1),
2976, (m, 4H), 3.26-3.48 (m, 57.2,58.6,614, 256,213,
1749, 2H), 3.62 (s, 3H), 62.0,115.1,1679 207,177,
1397 4.07-4.20 (m, 1H) 105,82
6c 85 oil 2927, 1.37(s,3H), 149 (s, 20.2,26.2,64.3, 200 (M*+1),
2856, 3H),2.03 (s, 1H), 67.1,112.4,1184, 149, 129,
1754, 2.19-348 (s,3H),3.91 1752 115,101,
1220, (g, 1H),420(d,J = 84,73
1041 5.14Hz, 1H),4.54 (d,
J=5.14Hz, 1H)
6d 82 oil 2927,  130(s,3H),142(s,3H), 200 (M*+1),
2856, 2.12 (s, 3H),3.99-4.40 149, 129,
1754, (m,3H),420 (d,J = 115,101,
1220 5.14Hz, 1H), 4.54 (d, 84,73
J=5.14Hz, 1H)
Table 4. Elemental Analysis of Novel Compounds
Cmpd Elemental analysis observed (Found)
C H N
af 36.94 (36.81) 2.33(2.28) 5.38(5.30)
4h 63.15 (63.26) 5.30(5.44) 5.67(5.78)
6a 63.91 (63.85) 7.89(7.77) 4.38 (4.31)
6b 67.63 (67.60) 9.84 (9.79) 10.52 (10.48)
6¢ 5426 (54.34) 6.58 (6.66) 7.03(7.12)
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