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Abstract - Carbon-13 NMR spectra of several a-aminonitriles are reported,
along with their preparation via the modified Polonovski reaction or the
reductive cyanation of Fry. The substituent effects for the cyano group in
the different nitrogen heterocycles were determined and stereochemical

conclusions are made.

INTRODUCTION

The o-aminonitriles derived from piperidine derivatives have gained considerable attention during

1,2 We

recent years, particularly because of their general utility in indole alkaloid synthesis.
have recently synthesised the biochemically important isogquinuclidine ring system using a-aming-
nitriles as starting materials.3 In connection with this synthetic work, and aware of the lack of
13C NMR data in the literature, we prepared several 3- and/or 5-substituted Z-cyanopiperidines
(piperidine derived o-aminonitriles) (compounds 3a-j}, and recorded their W3C NMR spectra. The

results are listed in Table 1 {vide infra). Furthermore, knowledge of the preferential conforma-

tions of these compounds would allow a more accurate understanding of their reactions.

1.2 For stereochemical

13

Compoupds 3a-J were synthesised viaz the modified Polonovski reaction.

examination the corresponding N-methylpiperidines la-e were prepared and their "“C NMR spectral

data recorded (Table 1). New substituent increments for an axial cyano group in 3- and/or 5-

substituted 2-cyanopiperidines (Table 3, vide infra) are reported,

Three corresponding 2-cyanctetrahydropyridines (4a-c)] were synthesised via the reductive

Ccyanation method of Fry.q’5 These cyanotetrahydropyridines were then further reduced to give

2-tyanopiperidines 3a-e (vide supra}.
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For sterecchemical examination the corresponding tetrahydropyridines 2a-¢ were prepared and their

T3C NMR data recorded (Table 1).

RESULTS AND DISCUSSION

Piperidines la-e were prepared from the corresponding pyridinium salts 1ba-e by catalytic

fiydrogenation over PtOZ, The piperidines were then oxidised to the corresponding N-oxides, which

were subjected to the modified Polonovski reaction conditions1’2’6’? followed by cyanide trapping

to furnish the a-aminonitriles 3a-j. In most reactions the two possible w-aminonitriles were

formed in approximately 1:71 ratic; the substituent in the 3 position of the piperidine ring seems

to have some effect on the ratio; see experimental part compounds 3e,f and 37,j.
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Table 1. '°C NR data of compounds 1-4.

C b Ik i Te L S A &

2 62.01 61.29 61.59 61.10 56.55 57.40 57.07 56.77 51.10  50.71 50,80

3 372 BB/ ONR 33.89 40.18 13759 13651 132.% 9.0\ 8.8 200

4 29.87 29.54 29.7% 3.5 24.41 117.07 119.08 121.35 N3.17 115.45 117.75

5 25.26 24.61 24.93 7.3 24.61 25.91 2578 25.65 137.79 13.60 132.52

6 56.10 55.78 55.86 §1.49 55.91 51.95 51.30 51.% 52.66 52.33 5251

N-Me 4643 46.04 46.42 46.04 46.49 45.81 45.65 4557 4318 4331 43.22

CN 116.03 115.80 115.80

CO,Me 173.82 169.92(2C) 169.40(2C) 173.30 169.40(2C) 172,98 169.03(2C)

CO,Me 51.49  52.34(2) 52.07(2C) 51.%  52.31(2C) 5110 52.50(20)

a-C 3.3 49.09 48.83 2.7 50.2% 2.8 5.0

g-C 29.72 3.4 33.18 2080 31372 29.09  33.51

18] 106.58

4\8:%_&; 64.54(2C)

CH3-CHy- 11.04 11.04 12.08 11.69

CHS-QZ_ 27.01 %.% 27.73 27.08

¢ B » 3k Hd 3 Eil 3 il 3 EA]

P4 59.67 5421 59.63 5400 59.74 5.2 59.37 59,70 56.19 53.%

3 39.87  28.31 3744 28.03 36.17 28.05 3%.13 39.65 12.72 27.60

4 7597 B84 5.6 7576 2578 25.78 32.55 2.5 20.58 20.58

5 .08 3701 2427 371 24.28 33.37 3%.78 33.27 23.76 39.61

b .32 %623 R0.03 55,93 50.06 55.91 55.86 55.91 50.00 £0.97

N-Me 43.83 43,83 43.73 4373 43.83 43.83 43.75 43.75 43.50 43.83

CN 114.47  115.8 114.20) 15.60 114.21 115.47 114,52 114.52 114.20 115.77

€0 Me 172.60 173.04 169.27(20) 168.83(2C) 169.59(2C) 169.58(2C)

CO,Me 5113 5113 52.40(2C)  52.40(20)  52.46(2C)  52.46(2C)

a-C 30.67 30.63 48.57 48.70 48.70 48.70

B-C 27.71 28.68 31.69 32.66 31.58 32.55

'HEig] 103.82 1580

<0-GH, 54.54(2C)  64.54(2C)
G-

CH,-CH,- 10.84 10.84 10.87 10.87

CH ~CH.,- 25.65 26.62 26.43 25.45

3=2
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[t can be assumed that the predominant conformation of the piperidine ring is such that the 3-
substituent is eguatorial in la, b, ¢, e. Tt is also safe to assume that in the 3,5-disubstituted
compound 1d the substituents are cis to each other and occupy equatorial positions in the
predominant conformation (same kind of B-effects in the 3,5-disubstituted piperidine as in the
3-substituted piperidines). A diaxial orientation would not be very probable, From this it can
be predicted that in compounds 3a-j, too, the 3- and/or 5-substituents are in equatorial

positions.

The sterecchemistry of the cyano group in compounds 3a-j is somewhat more difficult to determine,

Comparing data given in the literature {a-, B-, y- and §-effects for the cyano group)8 with our

values (Table 2}, the results are somewhat ambiguous. Considering the positive B-effect (+2 - +3)
9,10

one might justly assume that the cyano group is in eguatorial position. Yet Tlocking at the

o - and y-effects, particularly the large negative v -effect, the cyano group would seem to be in

axial position.

Table 2. Observed substituent increments for the cyanc group

Compound o g8 Yece Yene 8

3a -2.34 +2.15 -3.90 -5.78 -0.78
3b -1.89 +3.05 -4.03 -5.78 -0.71
3c -1.65 +2.18 -3.78 -5.75 -0.34
3d -1.78 +3.42 -3.78 -5.36 -0.55
3e -1.85 +2.19 -3.97 -5.80 -0.65
3f -1.84 +3.12 -3.97 -5.68 -0.61
3g -1.73 +2.24 -4.01 -5.63 -0.55
3h -1.79 +2.31 -4.0 -5.19 -0.62
3 -1.36 +2.53 -3.83 -5.9 -0.85
3j -1.95 +2.9 -3.83 -5.58 -0.58
da -0.85 +3.18 -3.90 -4.74 -0.20
ab -0.59 +3.11 -3.63 -4.74 -0.9
4c -0.50 +3.55 -3.60 -4.26 -0.36
7a -2.08 +2.15 -4.02 -5.52 -0.78
7b -1.89 +2.92 -4.02 -5.39 -0.71

1H NMR spectra of compounds 3a and 3c provide strong evidence that the cyano group is axially
oriented in the predominant conformation of the ring. The coupling constants {(J = 3.5 Hz) between
C-2 and C-3 protons (combinad with the assumption that the 3-substituent is equatorial, vide

supra} definitively prove that the C-2 proton is equatorially oriented,
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As a consequence we conclude that in compounds Ja-j the cyano group is axial in the predominant
conformation and that the substituent fincrements for the cyanc group given in the
Titerature can not be used as such far this kind of campounds. Looking again at the values in
Table 2, one sees that the o, B-, y- and S-effects are strikingly similar for the different 2-
cyanopiperidines. Even for the two indolic compounds 7a and 7b the values are of the same
magnitude. Thus new average a-, 8-, y- and §-effects can be determined for an axial cyano group
in 2-cyanopiperidines. We would underline, however, that caution is needed in the application of
the present results. Owing to the conformational equilibrium present, the “axiality" of the
cyano group varies in the different piperidine derivatives. Moreover, the easy epimerization of

the cyano group has to be kept in mind,

Table 3. Average substituent increments for an axial cyano group in ?-cyanppiperidines

o -2

B +2 - +3
feee -4

Yeue -5.5

$ -0.5 - -1

In connection with our conformational study of the 1- and 3-ethy1-1,2,3,4,6,7,12,1Zb-octahydro-

indo1o[2,3-a]quino11'21'nesH we synthesised the nitriles 7a and 7h.

l R ° |
H | R o
NS Boc
5 6a R=H 70 Ry=H R;=CN
E R=Boc E R-|=CN R2=H

Salt 5 was hydrogenated (PtOz) to furnish the corresponding piperidine 6a, whose indole N was

2 The corresponding N-oxide was subjected

protected by the t-butyloxycarbonyl (Boc) group (6b}.
to the modified Polonovski reaction conditions followed by cyanide trapping to furnish the

nitriles 7a and 7b in 1:1 ratio.

—1712—




HETERQCYCLES, Vol 23, No. 7, 1985

In comoound 7a the coupling constant between the C-2 and C-3 protons of the piperidine ring was
3.5 Hz. On the basis of the present results {vide supra) we can assume that the ethyl group in
this case is equatorial and the cyano group axial in the predominant conformation. Comparison of
the substituent increments for the cyano group with our results above fully confirms our

assumption. This indicates further that the stereochemistry in 7b s the same as in 7a.

"122.3

“122.3%

30.58
11,30
ba
55,85
116.36
(IR
40.00
251 1&9.3!-(:1)'
271.92
10.91 )K@LN
7a 7b

In the second part of this work compounds 4a-c were prepared by the reductive cyanation method

{NaBH,, KCN} of Fry.d’5 The 13C MMR data of these compounds are listed in Table 1. For stereo-

q;
chemical examinaticn compounds 2a-c were prepared by reducing the corresponding pyridinium salts

with NaBHd.

We can assume that the ring itself in compounds 4a-c will be in a half-chair conformation which
is thé more stable one. The cyano group can adopt either axial (pseudcaxial} or eguatorial
(pseudoequatorial) position. Again the same kind of substituent increments as before will suggest

that the cyano group is in axjal position in the predominant conformation (vide supraj.
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The double bornd in compounds 4a and 4b was then reduced (PtOE) to give 32 and 3b, and 3c and 3d
(appr. 1:1) respectively, where the cyano group had partly changed its place. The formation of
two a-aminonitriles can be explained by the elimination of the cyanide ion followed by isomerisa-
tion of the iminium double bond and retrapping of the cyanide fon. Compound 4c yielded 3e as the

only a-aminonitrile.

The present results provide valuable data for stereochemical considerations of 2-cyanapiperidines

and should allow & more accurate picture of their reactions.

EXPERIMENTAL

IR spectra were recorded on a Perkin-Elmer 700 Spectrophotometer using liquid film between NaCl

crystals. IR absorption bands are expressed in reciprocal centimetres (cm_1} using polystyrene

1 13

calibration, Bands yielding structural information are reported. H and C NMR spectra were

recorded in CDC1, (TMS as internal standard 6=0) on a Jeol JNM-FX 60 spectrometer working at

(13

3
59.80 MHz ('H NMR) and 15.04 MHz

C NMR). Chemical shift data are given in ppm downfield from
TMS where s, d, t, g and m designate singlet, doublet, triplet, guartet and multiplet, respec-
tively. Coupling constants J are given in Hz. Mass spectrometry was performed on a Jeol JMS-D-100
apparatus and Kratos MS 80 RFA  Autoconsole/DS 55  apparatus (high resolution}.
For column chromatography, Aluminium oxide Merck (act. II-II1} and Silica Woelm TSC were used.

TLC plates were coated with either Silica gel 60 PF254+366 or Aluminium oxide PF254+366 both

from Merck. Dragendorff-Munier reagent was used to locate reaction components.

Methyl 5-methoxycarbonylacetylnicatinate 8

Sodium {1.8 g) and methanol (34 ml) were reacted to give sodium methoxide. Excess methanol was
evaporated and drying was continued at 160-170°C for 2 h in high vacuum, After cooling, dry
toluene {24 ml} was added and the mixture shaken thorcughly. Dimethyl 3,5-pyridinedicarboxylate
(7.8 g, 40 mmol) and dry methyl acetate (12.7 ml, 161 mmol) were added and the reaction vessel
was Tilled with nitrogen and closed. It was shaken for 2 days at rt. The solid orange mixture was
dissolved in H20 {20 m1) and neutralised with €N HC1. A pale yellow precipitate was formed, which
was filtered and dried. The product was pure ketoester 8. Mp 102°C {mp 102~103OC13). More of the
desired product was formed by extracting the filtrate with ester. This fraction was contamined

with a small amount of the unreacted dicarboxylate. The total yield of compound 8 was about 70%.
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Methyl 5-acetylnicotinate 9

Ketoester 8 (4.5 g, 20 mmol) and 2N H2504 (33 ml} were refluxed for 75 min. The solution was

neutralised with sclid NaHCO, and extracted with ether. The organic phase was dried and ether

3
evaporated. The desired product 9 was formed as pale yellow crystals {mp 86-880C). During the

reaction some ketoester 8 was hydrolysed to the corresponding acid. The acidified water phase

was evaporated tec dryness and methanol presaturated with dry HC1 gas was added. More of compound

1

9 was formed. Y: 69%. IR (CHC13) 1740 (s} (COZCH3), 1700 (s} (C=0} cm™ . TR (CDCT3) § 2.65

(3H, s, CH3COﬂ), 3.98 (3H, s, CH30-), 8.72 (1H, t, J=2 Hz, C-4-H), 9.28 (1H, d, J = 2 Hz), 9.35
(14, d, J = 2 Hz). MS m/z 179 (M+), 164 (100%), 148, 136. Found: C, 60.24; H, 5.00; N, 7.68
Calc. for CgH9N03: C, 60.33; H, 5.06; N, 7.82,

Methyl 5-ethylnicotinate 10a

Ester 9 (2.4 g, 13.8 mmol) and hydrazine hydrate (2.4 g} were warmed for 15 min on a boiling
water bath. After cooling, 9 g of ground potassium hydroxide was added and the mixture was heated
at 105-110°C for 1 h. The temperature was briefly allowed to reach 1600C, the mixture was cooled
and 1.5 N HC1 (20 ml) was added. Heating was continued for 1 h at 140%C. The mixture was made
weakly acidic with conc. HC1 and evaporated to dryness. MeOH/HC] was added and after the usual

workup compound 10a was formed as a pale yellow liquid. Y: 75%. IR (CHC13) 1730 (COZCH3) e

TH R (COC1,) & 1.29 {3H, t, J = 7.5 He, -CHZEﬁ

2.66 (2H, q, J = 7.5 Hz, -EﬁZCH 3.95 (34,

3 3)’ 3);
S, CDZCH3), 8.13-9.03 (3H, m, arcm. H). MS m/z 165 (M+), 164, 150, 134 (100%). Found: C, 65.30;

H, 6.61; N, 8.22. Calc, for CgH11N02: C, 65.44; H, 6.71; N, 8.48.

Carbinpls 71z and 11b

LiA1H4 {(0.90 g} and dry ether (50 ml) were refluxed for 30 min. Ester 10a (1.94 g, 11.8 mmol} in
dry ether (20 ml) was added during 20 min to the cooled solution of LiA]quEtZO (Ar-atm.}.
Stirring was continued at rt for 4 h. Water was added to destroy the complex. The organic phase

1

was decanted and dried over Na2304 to give pure carbinel Tla. Y: 81%. 'H NMR (CDC13) 5 1.23 {3,

t, J = 7.5 Hz, —CH2£ES), 2.51 (2H, gq, 3 = 7.5 Hz, -EﬂZCH3), 4.68 (2H, s, —EEQGH), 7.56-8.27
(3H, m, arom. H). MS m/z 137 (M+) (100%), 136, 119, Found: C, 69.89; H, 7.98; N, 10.02. Calc. for
C8H11NO: C, 70.04; H, 8.08; N, 10.21.

Carbinel 11b was prepared from commercial methyl nicotinate in 85% yield. TH NMR (CDC13) 8 4.66
{2H, s, —EHQOH}, 7.15-8.45 (4H, m, arom. H). MS m/z 109 (M+) {100%), 108, 91. Found: C, 66.06;

H, 6.40; N, 12.71. Calc. for C6H7N0: C, 66.04; H, 6.47; N, 12.84"
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Salts 12a and 12b

47% HBr (4.5 m1} and carbinol 1la (0.368 g, 2.69 mmol) were refluxed (135-146°C, Ar-atm.} for
4 h. Water and excess HBr were evaporated under diminished pressure. The skin irritant product
was immediately used in the next step. Y: 85%.

Salt 12b was prepared from carbinol 11b as described above. Y: 80%.

Malonates 13a and i3b

Dimethyl malonate (0.657 g, 5 mmol) was added during 45 min to a mixture of NaH {0.120 g, & mmecl)
and 8 ml of DMF (Ar-atm.). Stirring was continued for another 45 min. 12a (0.760 q, 2.5 mmol)
in 15 ml DOMF was added and stirring was continued for 1 h. The mixture was poured into 100 ml

of cold weter and extracted several times with CH2C12. The combined extracts were washed

with conc, aa, NaCl and dried aver NaZSOQ. The crinde prodect was purified throngh  a

silica column (CHC13/MeOH, 95:5) to give pure 132 as a yellow oil. Y: 82%. IR (CHClg) 1750 (s}

1

(co CHB)’ 1735 {s) (CO,CH,) cm . 1H NMR (CDC13) § 1.24 (34, t, J = 8.0 Hz, —CHZQES), 2.51 (24,

2 273
g, J = 8.0 Hz, -EEZ-CH3), 3.26 (2H, d, J = 8.3 Hz, 8-C-H), 3.71 {1H, t, J = 8.3 Hz, o-C-H}, 3.72

(3, s, COLCHy), 3.76 (3H, s, COCH.), 7.38 (14, m), 8.32 (24, m). MS m/z 251 (M), Found:

13H17N04: C, 62.74; H, 6.82; N, 5.57.

13b was prepared from salt 12b as described above. Y: 79%. IR (CHC13) 1750 (s) (CUECH3), 1730 (s}
1

€, $1.99; H, 6.75; N, 5.39. Catc. for C

(€0,CH, ).

3.72 (3M, s, CO,CH

HONMR (COC1,) & 3.21 (2H, d, J = 8.3 Hz, B-C-H), 3.71 (M, ¢, J = 8.3 Hz, a-C-H),

3). 3.75 (3, 5, CO,CH;), 7.25 (1H, m), 7.58 (1H, m), 8.48 (2K, m). MS m/z 223

(M. Found: €, 59.07; H, 5.77; N, 6.05. Calc. for C,.H, N0

11H13M0y: C, 59.19; H, 5.87; N, 6.27.

Acetal 14

Pyridine-3-carbaldehyde (0.99 g, 9.25 mmol) was dissolved in 20 ml of benzene. p-Toluenesulphonic
acid monohydrate (1.80 g, 9.47 mmol) was added and the mixture was refluxed for 5 min,
Redistilled ethylene glycol {0.63 g, 70.16 mmol) was added and refluxing was continued using a
Dean and Stark apparatus for 4 h. By this time 0.4 m1 of water had separated. The cocled mixture
was shaken with 20 m1 of 10% Na2CD3. Phases were separated and the aguecus layer was extracted
several times with CH2C12. The combined extracts were washed with water, dried over Na2504 and

1

evaporated to give 14 as a pale yellow oil. Y: 87%. 'H NMR (CDC1,) & 4.08 (4H, t, J = 0.8 Hz),

3)
5.85 (1H, s}, 7.19-8.70 (4H, m, arom. H}. MS m/z 151 (M"), 150, 106, 73 (100%}. Found: C, 63.40;

H, 5.85; N, 9.16. Calc. for CgHgNO.: C, 63.56; H, 6.00; N, 9.27,
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N-Methylpyridinium salts 15a-e

Salts 15a-g were prepared from methyl iodide and the corresponding substituted pyridines
(3-ethylpyridine {Fluka), methy] azacinnamate14, 13b, 13a, and 14) in good yields.

1-Methylpiperidine Ta

1-Methyl-3-ethy] pyridinium iodide (1.43 g, 5.74 mmol) was dissolved in 20 ml of MeOH and hydro-
genated at rt over PtO2 {0.10 g) under atmospheric pressure for 20 h. The catalyst was filtered
off and MeOH evapcrated in vacuo. The residue of 1la<HI was shaken with a saturated NaHCO3

solution and the aquecus layer extracted several tfimes with CH2C12. The combined extracts were

1

dried (Na2504) and evaporated to give la as a pale yellow oil. Y: 78%. 'H NMR (CDCT3) § 2.24

(3H, s, NCH Found: C, 75.49; H, 13.33; N, 10.87. Calc. for C8H17N: C, 75.52; H, 13.47;

3)'
N, 11.01.

1-Methylpiperidines 1b-e

Compounds 1b-e were prepared similarly to 1a in good yields.

-1 Ty wmr (coct

Ib. IR (CHC13) 1730 (s) (COZCH3) cm § 2.28 [3H, s, NCH3), 3.66 (3K, s, CO,CH

3) 2CH3)
Found: C, 69.88; H, 10.29: N, 7.40. Calc. for CogH g0yt C, 64.83; H, 10.345 N, 7.56.
!

3) 1750 (8] (COLCH;), 1730 (s) (COCH,) e, 3) 3

3.72 (6H, s, CDZCH3). Found: C, 59.09; H, 8.51; N, 5.51. Calc. for C12H21N04: C, 59.24; H, 8.70;

Tc. IR (CHCI H NMR {CDCT § 2.24 (3H, s, NCH

N, 5.76.

Id. IR (CHCTa) 1760 (s) (COZCH3), 1740 (s) (COZCH3) cm_1. Th R (CDC13) §2.25 (34, s, NCH3L

3.81 (6H, s, COZCH3)‘ Found: C, 61.889; H, 9.10; N, 4.95. Calc. for C14H25N04: C, 61.97; H, §.29;
N, 5.16.
Te. 1H NMR (CDC]S) § 2.26 (3H, s, NCH3), 3.87 (4H, m), 4.66 (1H, d, 5 Hz). Found: C, 62.97;

H, 9.85; N, 7.92. Calc. for C9H17N02: C, 63.13; H, 10.01; N, 8.18.

1-Methyltetrahydropyridines 2a-c

The corresponding 1-methylpyridine salts were reduced with NaBH4 in good yields,
2a. T wme (CDC13) § 2,35 (3H, s, NCH3), 5.50 (1H, br s, C-4-H). Found: C, 76.75; H, 171.94

N, 10.97. Calc. for E8H15N: C, 76.74; H, 12.07; N, 11.19.
2b. IR (CHC]B) 1730 {s) (COZCHE) cm_1. TH NMR (CDC]B) § 2.34 (3H, s, NCH3), 3.67 (3H, s, COZCHaL

5.48 (1H, br s, C-4-H). Found: C, 65.31; H, 9.20; N. 7.48. Calc. for C,.H..NO,: C, 65.54;

157!

H, 9.35; N, 7.64.
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2c. IR (CHCT,) 1755 (s} (COLCH,), 1740 (s) (CO,CH,) e i OWR (CDCIS) 8 2.35 (3K, s, NCH, ),

3.74 (6H, s, COZCH 5.55 (1H, br s, C-4-H). Found: C, 59.81; H, 7.99; N, 5.60. Calc. for

3,

C12H19N04: C, 59.73; H, 7.94; N, 5.81.

Preparation of a-aminonitriles 3a-j using the modified Polonovski reaction

The desired compounds (Eéfi) were prepared according to the following procedure, here exemplified

by the preparation of 3a and b.

a-Aminonitriles 3a and 3b

Excess 30% H202 {1 ml) was added to a soTution of 1a (0.547 g, 4.31 mmol) in 18 ml 1:1 CHZC12:
MeOH and the resulting solution was stirred at 559¢ for 2 days. Excess peroxide was destroyed by
the addition of 40 mg 10% Pd/C and stirring at 55°C for 2 h. The mixture was filtered and
concentrated. The residue was dissolved in 20 ml of CH2C12 and dried twice over NaESOq. Filtration,
evaporation and final drying in vacuum pump gave the N-oxide of 1a as white crystals {0.502 g,
82%). The N-oxide (0.502 g, 3.51 mmol) was dissolved in 7 ml of dry CH2C12, cooled to 0°C and
stirred under an atmesphere of argon. Trifluoroacetic anhydride (1.2 ml, 8.78 mmol} was added
dropwise over a period of 15 min. Stirring was continued at 0°C for 1 h and at rt for 15 min.

Then an agueous solutfon of KCN {0.342 g, 5.27 mmol)} in 2 m1 of H,0 was added and the pH of the

2

agueous layer adjusted to pH 5 by the addition of solid NaCAc. The mixture was stirred at rt

for 30 min, basified to pH 10 with 10% ag. Na2C03 and extracted several times with CHZCIZ. The

combined extracts were washed with water, dried over Na2504 and concentrated to give a 71:1

mixture of 3a and b. Y: 80% (3a and b). IR (CHCTy) 2240 (w) (CN) (both isomers) cn™'. ' MR

(CDC13) § 2.38 (3H, s, NCH3) {both isomers), 3.77 (1H, d, J = 3.5 Hz, C-2-H) {3a}. MS m/z 152
+

(M), 151, 137, 125, 123, 110 (100%) (both isomers). Found: C, 69.85; H, 10.34; N, 18.18. Calc.
for C9H16N2: C, 71.01; H, 10.59; N, 18.40.

a-Aminonitriles 3¢ and 3d

Compeunds 3¢ and d were prepared similarly to 3a and 3b in 79% total yield {(1:1). IR (CHC]Z)

1

2260 (w) (CN), 1740 (s) (CO,CH,) e (both isomers). 'H NMR {COC1.) & 2.38 (3H, s, NCHy}, 3.68

3
(34, s, COzCH3) (both isomers), 3.76 (14, d, J = 3.5 Hz, C-2-H} (3c). MS m/z 210 (M+), 184, 183,
1680, 122, 110 (100%) (both isomers). Found: C, 62.69; H, 8.50; N, 13.09. Calc. for C11H18N202:
C, 62.83; H, 8.63; N, 13.32.
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a-Aminonitriles 3e and 3f

Compounds 3e {main compound) and 3f {(minor compound} were prepared in 80% total yield (3:1}.
IR (CHC1,) 2260 (w) (CN), 1755 (s) (CO,0H3), 1760 (s) {CO,CH,) e ! (both isomers). 'H KMR
(CDCT,) § 2.38 (3, s), 3.75 (6K, s} (both isomers}. WS m/z 268 (M'), 242, 241, 122 (100%), 110
(both isomers). Found: C, 57.95; H, 7.39; N, 10.14. Calc. for C,H,oN.0,: C, 58.18; H, 7.51;
N, 10.44.

a-Aminonitriles 3g and 3h

Compounds 3g and 3h were prepared in 80% total yield (1:1). IR (CHC13) 2255 (w) {CN), 1755 (s}

(COECH3) f:m_1 3), 3.75 (6H, s, COZCH3) {bath

isomers), MS m/z 296 (M+), 269, 254, 152 (i00%), 138 (both isomers). Found: C, 60.70; H, 7.97;

(both isomers). 'H NMR (COC1,) & 2.38 (34, s, NCH
N, §.30. Calc. for C,.H,N,0,: C, 60.79: H, 8.15; N, 9.45.

157247274

a-Aminonitriles 37 and 3j

Compounds 3i (minor compound} and 3j (main compound} were prepared in 80% total yield (1:3).

IR (CHCT,) 2250 (w) (CN) cm'. 'H MR (CDC1,) & 2.37 (34, s, NCH3), 3.88 (K, m), 4.63 (W,

3
d, 5 Hz)., MS m/z 196 (M7), 170, 169, 123, 96, 73 (100%) (both iscmers). Found: C, 61.07; H, 8.15;
N, 16.00. Calc. for CjoH, N0,: €, 61.20; H, 8.22; N, 14.27.

Cyanotetrahydropyridine 4a

Hydrochloric acid (6N, 1.65 m1) was added dropwise te a stirred solution of 1.23 g of KCN (18.9

mmel) in 1.6 ml of HDO, layered with 10 ml of Et20, and kept at 0%C. Then 2.5 ml of MeOH and
0.83 g (3.3 mmol) of ;he corresponding pyridinium salt were added, and 5.139 g (3.63 mmol) of
NaB!—I4 during 0.5 h. The mixture was stirred at rt for & h, the Et,0 layer was separated and the
agueous layer was extracted several times with Et20. The combined ethereal extracts were dried

(Nazsod) and evaporated to give 4a as a yellow oil. The product was contaminated with a small

amount of borane.'® Y: 78%. IR (CHC15) 2240 (w) (CN), 1670 (w) (RC<CR,) em™ . 'K WWR (CDCT,)
§ 2.42 (3H, s, NCH3), 5.41 (1K, br s, C-4-H). MS m/z 150 (M'). Found: C, 71.71; H, 9.15;
N, 18.39. Calc. for CoHygNy: €, 71.96; H, 9.39; N, 18.65.
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Cyanotetrahydropyridines 4b-c

4t was prepared similarly to 4a in 66% yield. IR (CHCI,) 2240 (w) {CN), 1730 (s} (COZCH3), 1670

101
(w) (RC=CR,), 840 (s} (RC=CR,) cm T Ty (COCIy)  2.44 (3H, s, NCHg), 3.67 (3H, s, CO,CHS),

5,49 {iH, br s, C-4-H). MS m/z 208 (M+). Found: €, 63.31; H, 7.52; N, 13.22. Calc. for

C, H..N,O,: C, 63.44; H, 7.74; N, 13.45.

11" 2 2
4c was prepared similarly to 4a in 77% yfeld. IR (CHCI3) 2260 (w) (CN), 1760 {s) (COZCH3),
211

1735 (5) {CO,CH3), 1680 (w) (RC=CR,), 840 (s) (RC=CR,) cm HNWR (CDC1,) 6 2.43 (3K, s, NCH,),

3.74 (6H, s, COZCH 5.45 (1H, br s, C-4-H). M$ m/z 266 (M+). Found: C, 58.49; H, 6.65;

3

N, 10.28. Calc. for C13H18N204: C, 58.64; H, 6.81; N, 10.52.

Preparation of a-aminonitriles 3a-e by reduction of compounds 4a-c

Cyanotetrahydropyridine 4a (0.200 g, 1.33 mmoT} was dissolved in 20 ml of MeOH and hydregenated
at rt over PtO2 (0,180 g) under atmospheric pressure for 4 h to give 3a and 3b {1:1} after
purification by TLC. ¥: 18%.

3c and 3d were prepared from 24b in 1:1 ratic by the method described for 4a. Y: 15%.

3e was prepared from 4c {3f was not formed). Y: 15%.

A1l the compounds were identical with those from the modified Polonovski reaction
{compounds jg-g). Moreover, considerable amounts of the correspending piperidines were

formed.16

Salt 5 and 1-[2-(3-indolyl)ethyl ]J-3-ethylpiperidine ba

Alkylation of 3-ethylpyridine with tryptophyl bromide afforded the corresponding pyridinium
salt 5, whose catalytic hydrogenation (PtOZ, 21 h) yielded compound 6a as a semisolid oil

v:o98%. TH NMR (CDC1,) & 0.89 (3, t, J = 6.0 Hz, -CH,CH,), 1.65 {2H, g, J = 6.0 Hz, -CH,CH,),

3 CH,CHy
6.89 (TH, s, ind.-H-2), 7.17-7.67 (4H, m, arom. H), 8.82 (1H, br s, NH). MS m/z 256 (M), 130,

126 (100%). Found: 256.1938 (mass spectrometry). Calc. for C17H24N2: 256.1947.

1-{2-{3-(N-Boc)indolyl)ethyl]-3-ethylpiperidine 6b

50% ag. NaOH {5 m1) was added to compound 6a (0.5 g, 1.95 mmol) in 10 m1 of toluene containing
tetrabutylammonium hydrogen sulphate (0.2 g}. The two phase system was stirred under argon for 15
min. Di-t-butyl dicarbonate {0.8% g, 4.0 mmol)} in toluene {5 ml) was then added during 10 min and

stirring was continued for another 10 min. The organic layer was separated and the aqueous layer
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was washed with CHZC12 several times., The combined organic Tlayers were washed with HZO’ dried

over Na2504 and evaporated to dryness. Y: G2%. TR {coci § 0.89 (3H, t, J = 5.5 Hz,

3)
~CHy=Cla}, V.64 {9H, s, C{CHy)g), 7.41 (WH, s, ind.-H-2). MS m/z 356 (MT), 341, 143, 130, 127,

126 (100%). Found: 356.0202 {mass spectrometry). Calc. for C22H N.,0

3oNo05: 356.0210.

1-[2-{3-(N-Boc)indolyl)ethyl]-2-cyano-3(and 5)ethylpiperidines 7a and 7b

The corresponding N-oxide was readily prepared by reaction of compound 6b (0.80 g) with HZOZ
{30%, 0.5 ml} in 8 m] of CHC]B-MEOH {1:1) (SSOC, 29 h). Excess peroxide was destroyed by the
addition of 80 mg of 10% Pd/C and stirring of the mixture for 2 h. The mixture was then filtered
and concentrated. CH2C12 was added and the solution was dried twice over Na2504 and evaporated

to dryness. Y: 82%. The N-oxide was immediately used in the next step. N-Oxide {0.69 g,

1.85 mmel) in 3 ml of dry CH2C12 was stirred at 0°C {Ar-atm) and TFAA (0.65 ml, 4.63 mmol) was
added during 15 min. Stirring was continued for 1 h at 0°¢ and thereafter 15 min at rt. KCN

(0.16-g, 1.15 ekv) in HZO (5 ml) was added and the pH of the aqueous layer was adjusted to pH 5

by the addition of NaOAc. The mixture was stirred at rt for 0.5 h, basified to pH 10 with 10%

aq. NaZCO3 and extracted with CH2C12 several times. The organic layer was washed with HZO’ dried
over Na2504 and evaporated to dryness. Aminenitriles 7a and Zb were obtained as a mixture (3:2)

by purification of the crude product through a short column of alumina (CH2012-hexane 4:6).

Y: 70%.

Ja. Ty R {COCT,) 6 0.93 (3H, t, J = 6.5 Hz, -CH,CH,), 1.66 {9H, s, C(CH3}3), 3.92 (MH, br s,

)

3)

-CHCN}, 7.46 (1H, s, ind. -H-2). MS m/z 381 (M}, 354, 189, 151 {100%}, 130, 124. Found: 381.2404

(mass spectrometry)}. Calc. for C23H31N30: 381.2418.

.

HONMR (CDC1,) 6 0.93 (3H, £, J = 6.5 Hz, -CHy=CHa}, 1.66 (9H, s, C(CH3)5), 7.46 (TH, s, ind.
SH-2). M5 m/z 381 (MT), 354, 189, 151 (100%), 130, 124. Found: 381.2405 (mass spectromatry).

Cate. for O, H,.N,0: 381.2418.
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