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Abstract—2-Cyano-5-bromopiperidines, derived from the stereoselective addition of cyanide to S5-bromomethyl-1-pyrrolinium
salts, underwent a Grob fragmentation by reaction with sodium hydride in dimethylformamide, affording unsaturated imidoyl
cyanides. © 2001 Elsevier Science Ltd. All rights reserved.

o-Imino nitriles (imidoyl cyanides) are a rather unex- W R W R
plored class of compounds. Although they were first cited o B

long ago,! only a few reports regarding their synthesis PRLLI j\\/j _m, CN
have appeared in the literature.” Imidoyl cyanides, some- NCT N

times present as by-products in the synthesis of other | R |

compounds,” have been utilized as precursors for the
preparation of o,B-unsaturated imidoyl cyanides and 1la R= cycloHexyl 2a (80 %) 3a (77 %)

a-alkylthio or other a-functionalized imidoyl cyanides.? 1b R= (CHp)2Ph 2b (71 %) 3b (0 %)

1c R=sec-Bu 2c (70 %) 3c (74 %)
. .. o . . . 1dR= loPentyl 2d (77 % 3d (15 %

Previous routes to a-imino nitriles include the dimeriza- le R= i_cgf orenty 26 ((78 0/:)) 3e ((82 0/2))

tion of isocyanides by BF;-OEt,,* cyanation of imidoyl 1f R=t-Bu 2f (83 %) 3f (76 %)

halides,® reaction of o,B-unsaturated aldehydes with

o-(N-monoalkylamino)isobutyronitriles,® halogenation j Br, lNaH

of a-cyanoenamines with N-halosuccinimides,* N-chlori-

nation/dehydrochlorination of o-amino nitriles?*’ or

reaction of acetals with z-butyl isocyanide/Et,AlCI.8 h eu N R N
S Br — CN
g

In this paper, we wish to report a new method for the B O ;

synthesis of imidoyl cyanides 3. The synthetic strategy is R {Br |
depicted in Scheme 1. Our approach involves the elec- 4 7 3
trophile-induced cyclization of easily accessible N-(4-

penten-1-ylidene)amines 1° by bromine in dichloro- j KCN

methane to yield the pyrrolinium species 4,'° which, after

treatment with two equivalents of potassium cyanide in Br
a biphasic system (THF/H,0, 1:1), afforded 2-cyano-5- j—> Br — fj
bromopiperidines 2 in good yields.!! NC G

. N
(I | |
R R
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* Corresponding author. Tel.: +00 32 9 264 59 51; fax: +00 32 9 264 Scheme 1. Reagents and conditions: (i) 1 equiv. Br,, CH,Cl,,
62 43; e-mail: norbert.dekimpe@rug.ac.be 0°C, 20 min; (ii) 2 equiv. KCN, 1:1 THF:H,O, rt, 4 h; (iii) 1.5
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0040-4039/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(01)00583-4



3922 E. Rosas Alonso et al. / Tetrahedron Letters 42 (2001) 3921-3923

R
WBr N
ﬁ\/j NaH_ CN
NC” "N
R |
2a R= cycloHexyl 3a (77 %)
2b R= (CH,),Ph 3b (0 %)
2c R=sec-Bu 3c (74 %)
2d R = cycloPentyl 3d (15 %)
2e R=i-Pr 3e (82 %)
2f R=t-Bu 3f (76 %)

Scheme 2.
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Scheme 3. Reagents and conditions: (i) 2 equiv. CH;ONa, CH;0H, A, 3 h; (ii) 1 equiv. KCN, CH;OH, rt, 2 h.

These 2-cyanopiperidines, the formation of which can
be rationalized through intermediates 5 and 6, under-
went a ring opening Grob-type elimination!? when
reacted with 1.5 equivalents of NaH in DMF, affording
imidoyl cyanides 3.'3

The ring opening reaction of 2-cyanopiperidines 2 with
sodium hydride led to the formation of side products
8.'* which were isolated during the purification of 3
(Scheme 2). The formation of these tetrahydropyridines
8 could not be avoided, even with smaller amounts of
sodium hydride and lower temperatures. Interestingly,
entry 2b did not yield even a trace (GC) of the corre-
sponding imidoyl cyanide upon treatment with sodium
hydride. An explanation for this fact is still lacking.
Surprisingly, the dicyanide 9d constituted a third by-
product arising during the course of the reaction of the
2-cyanopiperidine 2d with sodium hydride.

The trans stereochemistry of 2 was determined based on
previous data concerning trans stereoselective nucleo-
philic additions to cyclic iminium species.!® Further-
more, the coupling constants for H-6., (/=4.6 Hz) in
the 'H spectrum of 2d imply an equatorial-axial rela-
tionship with H-5. The bigger coupling constant of 11.5
Hz indicates an axial-axial relationship between H-6,,
and H-5.' A minimized energy molecular model of 2d
reveals an arrangement that matches this grouping.!’

Additionally, compound 2d was reacted with one equiv-
alent of potassium cyanide in methanol, resulting in the
formation of dicyanide 9d (Scheme 3). The retention of
configuration at C5 suggests that the mechanism oper-
ating is through the bicyclic species 11 by anchimeric
assistance of the nitrogen atom. Treatment of 2d with
one equivalent of sodium methoxide afforded 10, thus
proving that no epimerization at C-2 could have
occurred, even in the presence of base.

In short, a unique synthesis of unsaturated imidoyl
cyanides has been accomplished. To the best of our
knowledge, this Grob elimination represents a new
general approach to the preparation of this type of
compound, starting from an azaheterocycle. Possible
synthetic applications of imidoyl cyanides 3 will be
further explored, as they represent potential precursors
towards the synthesis of a variety of other compounds.
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Representative procedure for the synthesis of 2-
cyanopiperidines 2: To a solution of 10 mmol of potas-
sium cyanide in 20 ml of THF and 20 ml of distilled
water, 5 mmol of the corresponding finely powdered
I-pyrrolinium salt 4 were added. The reaction mixture
was stirred for 4 h at room temperature. After separation
of the THF layer, the aqueous phase was extracted twice
with ether, and the combined organic layers were dried
over MgSO,. After evaporation of the solvent, the result-
ing oil was purified by flash chromatography. Compound
2a (5-bromo-1-cyclohexyl-3,3-dimethylpiperidine-2-carb-
onitrile): light-yellow oil, "TH NMR (270 MHz, CDCl,) é:
1.12 (6H, s, (CH;),C); 1.16-1.36 (4H, m, (CH,),); 1.56-
1.98 (8H, m, (CH,); and (CH,),CCH,); 2.38-2.48 (1H, m,
NCH.,,); 2.76 (1H, dd, J,=11.5 Hz, J,=11.5 Hz,
NCH(H)); 3.28 (1H, dd, J,=11.6 Hz, J,=4.6 Hz,
NCH(H)); 3.46 (1H, s, CHCN); 4.03-4.15 (IH, m,
CHBr); 3C NMR (68 MHz, CDCl,): 6 24.03 and 27.30
((CHs;),); 24.62; 24.69; 25.29; 29.45; 29.42 ((CH,)s); 36.34
(C(CH,),); 43.85 (CHBr); 45.05 (CH,C(CH,),); 52.81
(CH,N); 58.60 (CHCN); 61.48 (NCH,_y,); 116.33 (C=N).
MS (70 eV) m/z (%): 298/300 (M*, 14); 283/5 (5); 270/2
(4); 255/57 (100); 242/44 (22); 229/31 (13); 219 (33); 163
(10); 105 (29); 83 (12); 69 (13); 67 (10); 57 (17); 55 (25); 43
(16); 41 (24). IR (NaCl, ecm™): v=2221; R=0.23
(hex/CH,Cl,, 95/5).

(a) Grob, C. A. Angew. Chem. 1976, 88, 621-627; (b)
Gleiter, R.; Stohrer, W. D. Helv. Chim. Acta 1972, 55,
893-906 and references cited therein.

. Typical experimental procedure for the synthesis of imi-

doyl cyanides 3: To a solution of 5 mmol of the corre-
sponding 2-cyanopiperidine 2 in 10 ml of DMF, 7.5

14.

15.
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mmol of NaH (60% dispersion in mineral oil) were
added. The reaction mixture was stirred at 80°C for 4 h.
After this period, the reaction was carefully quenched
with water, extracted twice with ether, and the combined
extracts were dried over MgSO,. Imidoyl cyanides 3 were
obtained after purification by flash chromatography.
Compound3a[2-(cyclohexylimino)-3,3-dimethyl-5-hexene-
nitrile]: light-yellow oil, 'H NMR (270 MHz, CDCl,) §:
1.19 (6H, s, (CH;),); 1.26-1.83 (10H, m, (CH,)s); 2.32
(2H, d, J=7.3 Hz, CH,C(CH,),); 3.61-3.68 (1H, m,
NCH); 5.04-5.11 (2H, m, =CH,); 5.59-5.75 (1H, m,
CH=CH,). '*C NMR (68 MHz, CDCl;): ¢ 23.00 and
2441 and 3245 (3xCH,); 23.74 (C(CHs),); 40.77
(C(CH,),); 43.14 (CH,C(CH,),); 65.69 (CHN); 108.66
(C=N); 117.41 (=CH,); 132.25 (=CH); 147.33 (C=N). MS
(70 eV) m/z (%): 218 (M™, 12); 203 (9); 188 (9); 137 (18);
80 (100); 76 (36); 55 (39); 47 (90); 43 (45); 41 (51). IR
(NaCl, ecm™): vec,con=1618, 1625; R:=0.18 (hex/
CH,CL,, 7/3).

As an example, the spectral data of 1-isopropyl-3,3-
dimethyl-1,2,3,6-tetrahydro-2-pyridinecarbonitrile 8e are
given: "H NMR (270 MHz, CDCl,) §: 1.12 and 1.15 (6H,
2xd, J=6.6 Hz, CH(CH,),); 1.18 (6H, s, C(CHs),); 2.81
(1H, septet, J=6.6 Hz, CH(CH,),); 3.10 (1H, dt, J,=17.0
Hz, J,=2.0 Hz, HCHCH=); 3.30 (1H, ddd, J,=17.0 Hz,
J,=4.2 Hz, J;=2.0 Hz, HCHCH=); 3.60 (1H, s, CHCN);
5.41 (1H, m, CH=CHCH,); 5.62 (1H, ddd, J,=9.9 Hz,
J,=4.2 Hz, J;=2.0 Hz, CH=CHCH,). '*C NMR (68
MHz, CDCl;): 6 19.71 and 20.20 (2xCH(CHs;),); 25.71
and 27.64 (C(CH,),); 36.32 (C(CHs;),); 45.62 (CH,); 53.03
(CH(CHs3),); 58.08 (CHCN); 116.89 (CN); 123.41 and
132.34 (CH=CH). MS (70 eV) m/z (%): 178 (M*, 12); 164
(6); 163 (30); 94 (7); 83 (10); 82 (100); 81 (17); 67 (35); 54
(7); 43 (17). IR (NaCl, cm™): v, =2215; R;=0.35 (hex/
AcOEt, 9/1).
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. This calculation was carried out by means of the program

Chem 3D Pro® Molecular Modeling and Analysis, ver-
sion 3.5 using the MNDO computation option.



