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EFFICIENT SYNTHESIS
OF 4-ISOCYANO-2,2,6,6-TETRAMETHYLPIPERIDINE-1-OXYL

Submitted by Jerzy Zakrzewski* and Jaroslaw Hupko
(07/18/02)
Institute of Industrial Organic Chemistry
6 Annopol, 03-236 Warsaw, POLAND
e-mail: zakrzewski@ ipo.waw.pl

Isocyanides have a wide range of synthetic potential'-® as starting compounds for the
multicomponent reactions (MCRs) such as the Passerini and Ugi reactions, which are powerful
tools for the creation of combinatorial libraries.>*¢# Isocyanides are also versatile building
blocks for the synthesis of heterocycles.>®? Aryl, benzyl, cyclohexyl and #-butyl isocyanides®$
(the last three are commercially available) are most commonly used in these reactions. Herein we
report an efficient and high yield synthesis of 4-isocyano-2,2,6,6-tetramethylpiperidine- 1-oxyl.
This compound will enrich the set of available isocyanides and allow the insertion of a spin label
fragment into MCRs products, libraries created in MCRs reactions and heterocycles built from
isocyanides.

The two most important routes to isocyanides involve the dehydration of N-substituted
formamides using phosgene, phosphorus oxychloride, thionyl chloride or other dehydrating
systems,'* and by the reaction of primary amines with chloroform in the presence of strong
bases.!!? Both routes have been reported for the synthesis of the title isocyanide 3. The reaction
of the amine 1 with chloroform!!'2 in the presence of solid potassium hydroxide gave 3 in only
9% yield," while the dehydration of the formamide 2 with POCL/pyridine reagent in petroleum
ether is reported to afford a 67% yield of 3.1
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We examined both methods!!''3 and found that the reaction of amine 1 with chloroform,
50% sodium hydroxide and a PTC catalyst (BTEAC]) gave 3 in 16% yield (instead 9%'"). In our
hands, several experiments involving the dehydration of 2 with POCl,/pyridine system gave very
low (28-33%), albeit reproducible yields instead of 67% as previously reported.'* We also
applied some other reagents such as POCL/NEt,,'* SOCL/DMF,'™=!5 phenyl chlorothionofor-
mate,'¢ used for the dehydration of formamides with no satisfactory results, the yields being
13%, 0% and 0%, respectively.

Much better results were obtained when phosgene in the presence of triethylamine!®
(the classical dehydration agent) was used. Ice-bath temperature, control of the excess of phos-
gene solution in CH,Cl (about 150 mol%), close control of both consumption of the amide 2 and
formation of the isocyanide 3 (TLC) ensure an excellent yield (84%) of the desired product 3.

EXPERIMENTAL SECTION

Melting points (uncorrected) were recorded using a hot stage microscope. TLC was performed
on silica gel with 254 nm fluorescent: Merck 5554, 5562. Visualization: UV 254 nm and L
vapours. Column chromatography was done on silica gel < 0.08 mm (Merck 7729), 60 G for
TLC (Merck 7731), Serva for TLC (27185), Merck 1.09385.1000. MS (EI, 70 eV, m/e, int.[%]),
IR (v {cm!], KBr) and EPR (ay [G]) data were recorded using AMD M-40, FT/IR Jasco 420,
and Bruker ESP 300 E apparatus, respectively. 4-Amine-2,2,6,6-tetramethylpiperidine-1-oxyl 1
was prepared according to the literature method.'” All commercially available chemicals were
used as received.

4-Formamido-2,2,6,6-tetramethylpiperidine-1-oxyl (2).- 4-Amino-2,2,6,6-tetramethylpiperi-
dine-1-oxyl (1, 6.71 g, 39.2 mmol), was refluxed with a large excess of ethyl formate (100 mL)
for 5 h. The formation of 2 was monitored by means of TLC (silica, benzene:methanol 9:1, 3:1).
Excess ethyl formate was evaporated under the reduced pressure (rotary evaporator, water aspi-
rator). The crude red crystalline residue (7.8 g, 100%, mp. 90-98°C) may be used for the next
step. Column chromatography (silica, benzene:methanol 95:5, 9:1) gave pure 2 (7.47 g, 96%,
m.p. 102-103°C). In order to obtain an analytical sample, pure 2 (~250 mg) was placed in a
Soxhlet extractor and leached with hexane (~70 mL) for 3 h. Filtration of orange crystals from
cooled hexane solution gave an analytical sample of 2 (75 mg), mp. 104-106°C, /it."* 105-106°C.

MS (EIL 70 eV): 199 (24, M), 185 (7), 169 (10), 154 (38), 140 (14), 139 (28), 124 (96), 113
(100), 109 (89), 98 (87), 84 (15), 70 (21), 68 (54); IR (KBr): 3471, 3232, 1680 cm’*.
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Phosgene Solution.- Caution: All operations with gaseous phosgene and its methylene chloride
solution must be performed in an efficient ventilated hood. Methylene chloride (20 mL) was
saturated with phosgene up to about 20% volume increase. The concentration of phosgene was
determined iodometrically.'® To a mixture of the solid potassium iodide (5 g) and acetone (30
mL) chilled in a refrigerator, the phosgene solution in methylene chloride (v = 0.5 to 1 mL) was
added. The mixture was shaken for about 3 min and iodine was titrated with sodium thiosulfate
(N =0.1n, V [mL]). Concentration of phosgene [mol/L] = (N x V)/(2 x v).
4-Isocyano-2,2,6,6-tetramethylpiperidine-1-oxyl (3).- To a magnetically stirred solution of 2
(1.99 g, 10 mmol), triethylamine (2.55 g, 25.2 mmol, 3.5 mL), and methylene chloride (10 mL)
cooled in an ice bath, a solution of phosgene in methylene chloride was added dropwise from a
burette at 5-8°C. The formation of 3 was monitored using TLC (silica, benzene:methanol 9:1).
About 150-165 mol% (~6 mL) of the phosgene solution was required for completion of the reac-
tion. A stream of gaseous ammonia was passed through the reaction mixture at < 20°C to destroy
excess phosgene, and methylene chloride was evaporated under the reduced pressure (rotary
evaporator, water aspirator). Benzene (15-20 mL) was then added, and the mixture was stirred
vigorously and filtered (to remove urea, triethylamine hydrochloride and ammonium chloride).
The filtrate was concentrated under the reduced pressure (rotary evaporator, water aspirator), and
the solid, red residue was subjected to column chromatography (silica, benzene:methanol 95:5)
to give 1.52 g 3 (84%), mp. 142-144°C (hexane), lit.!*13: 133-134°C, 143.5-144.5°C.

MS (EL 70 eV): 181 (31, M), 167 (18), 166 (11), 151 (10), 140 (8), 136 (10), 126 (9), 124 (24),
109 (35), 94 (100), 81 (36), 69 (40), 68 (74), 67 (67), 57 (23), 56 (38), 55 (52), 53 (33), 41 (98),
39 (40); IR (KBr): 2143 cm’'; EPR (a,): 15.49 G (toluene), 15.77 G (dichloromethane), 15.83 G
(DMSO), g = 2.0060.

Acknowledgement.- The work was supported by the Polish State Committee for Scientific
Research (429 E-142/58/2002-1). We wish to thank Prof. A. Jezierski and Prof. J. Jezierska

(University of Wroclaw) for the EPR measurements as well as A. Kielczewska (M.Sc) and H.
Konopka for MS and IR spectra, respectively.

REFERENCES
1. a) L Ugi (Ed.), “Isonitrile Chemistry”, Academic Press, 1971; b) M. P. Periasamy and H. M.
Walborsky, Org. Prep. Proc. Int., 11, 293 (1979); c¢) H. M. Walborsky and M. P. Periasamy,
Recent Advances in Isocyanide Chemistry, in S. Patai, Z. Rappaport (Eds), “The Chemistry
of Triple Bonded Functional Groups”, p. 835-887, Wiley, 1983.
2. D. Hoppe, Angew. Chem., 86, 878 (1974); Angew. Chem., Int. Ed., 13, 789 (1974).
3. A Doemling and L. Ugi, Angew. Chem., Int. Ed., 39, 3168 (2000).

4. A. Doemling, Combinatorial Chemistry & High Throughput Screening, 1, 1 (1998).

389



19: 50 26 January 2011

Downl oaded At:

OPPI BRIEFS Volume 35, No. 4, 2003

10.

11.

12.

13.

14,

15.

17.

18.

S. Marcaccini and T. Torroba, Org. Prep. Proc. Int., 25, 141 (1993).
H. Bienayme, Tetrahedron Lett., 39, 4255 (1998).

a) L. Banfi, G. Guanti and R. Riva, J. Chem. Soc., Chem. Commun., 985 (2000); b) J. E.
Semple, T. D. Owens, K. Nguen and O. E. Levy, Organic Lett., 2, 2769 (2000).

a) P. Tempest, Vu Ma, S. Thomas, Zheng Hua, M. G. Kelly and C. Hulme, Tetrahedron
Lett., 42, 4959 (2001); b) V. Nair, A. U. Vinod and C. Rajesh, J. Org. Chem., 66, 4427
(2001); c) H. Bienayme and K. Bouzid, Angew. Chem., Int. Ed., , 37,2234 (1998); d) C.
Blackburn, B. Guan, P. Fleming, K. Shiosaki and S. Tsai, Tetrahedron Lett., 39, 3635
(1998); e) R. S. Varma and D. Kumar, Tetrahedron Lett., 40, 7665 (1999).

a) H. Takaya, S. Kojima and S. Murahashi, Organic Lett., 3, 421 (2001); b) A. M. van
Leusen, H. Siderius, B. E. Hoogenboom and D. van Leusen, Tetrahedron Lett., 5337 (1972,
¢) U. Schoellkopf, P. H. Porsch and E. Blume, Liebigs Ann. Chem., 2122 (1976); d) D.
Moderhack, Synthesis, 1083 (1985); e) A. Shaabani, S. Ajabi, F. Farrokhazd and H. R.
Bijanzadeh, J. Chem. Res.(S), 582 (1999); f) E. Marchand, G. Morel and S. Sinbandhit, Eur.
J. Org. Chem., 1729 (1999); g) S. Marcaccini, R. Pepino, C. F. Marcos, C. Polo and T.
Torroba, J. Heterocycl. Chem., 37, 1501 (2000); h) D. M. Zimmerman and R. A. Olofson,
Tetrahedron Lett., 5081 (1969).

a) W. P. Weber, G. W. Gokel and I. Ugi, Angew. Chem., 84, 587 (1972); Angew. Chem., Int.
Ed., 11, 530 (1972); b) W. P. Weber and G. W. Gokel, Tetrahedron Lett., 1637 (1972).

a) B. Annaev, V. P. Ivanov, L. M. Rajchman and E. G. Rozantsev, Izv. Akad. Nauk SSSR,
S.Kh., 2814 (1971); b) L. M. Rajchman, B. Annaev, V. S. Belova and E. G. Rozantsev,
Nature (London), 237, 31 (1972).

a) J. Pirrwitz; H. Rein; G. Lassmann; G. R. Jaenig, S. Pecar and K. Ruckpaul., FEBS Lett.,
101, 195 (1979); b) J. Pirrwitz; G. Lassmann; H. Rein; G. R. Jaenig, S. Pecar and K. Ruck-
paul., Acta Biol. Med. Ger., 38, 235 (1979).

Meiji Milk Products Co., Ltd., “4-Isocyano-2,2,6,6-tetramethylpiperidine-1-oxyl”, Jpn.
Kokai Tokkyo Koho JP 57123165, (1982); Chem. Abstr., 97:216008 (1982).

M. A. Mironov and V. S. Mokruszin, Zurnal Organiczeskoj Chimji, 35, 719 (1999); Chem.
Abstr., 132:107758 (2000).

a) G. E. Niznik, W. H. Morrison and H. M. Walborsky, Org. Synthesis, 51, 31 (1971); b) H.
M. Walborsky and G. E. Niznik, J. Org. Chem., 37, 187 (1972).

. D. Subhas Bose and P. Ravinder Goud, Tetrahedron Lett., 40, 747 (1999).

E. G. Rozantsev, Free Nitroxyl Radicals, Plenum Press, N.Y., 1970.

a) Ullmann’s Encyklopaedie der Technischen Chemie, 4th Ed., 18, 278 (1979); b) C. F.
Rush, C. E. Danner, Anal. Chem., 20, 644 (1948); Chem. Abstr., 42:7658° (1948).

39



