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JOSÉ LUIS REVES VILLAMIZAR, mayor de edad, identificado como aparece al 

pie de ml firma, abogado en ejerciclo, titular de La tarjeta profesional nümero 44655 

del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la 

sociedad TECNOQUMICAS S.A., dentro del trâmite de La referenda, en ejercicio 

de 10 dispuesto por el artIculo 42 inciso 21 de la DecisiOn 486 de 2000, por medio 

del presente escrito, procedo a sustentar y complementar la oposiciôn presentada 

en los siguientes tØrminos: 

I. COMPLEMENTO DE INFORMACION 

Comedidamente me permito exponer los argumentos que permitirÆn demostrar 

que la solicitud de la referenda, que reivindica un proceso para la preparacion de 

compuesto de la formula general I 
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bajo condiciones acidas o bÆsicas, en el cual Se parte de un compuesto 

dicarbonIlico de la formula general II 

xfl

 

que reacciona con un derivado de hidrazina de la fOrmula general Ill 

NH 2 
I (Ill) 

/N\ 

H R 

en donde R2 es un grupo N-protector el cual puede ser retirado bajo condiciones 

Æcidas o bÆsicas; y cuyo compuesto resultante se hidrogena en presencia de un 

metal de transiciOn y se le retira opcionalmente el grupo R2 bajo condiciones 

acidas o bÆsicas, incumple los requisitos de patentabilidad establecidos por los 

artIculos 14 y 18 de la DecisiOn 486 de 2000, y que por ello no merece recibir el 

beneficio patentarlo. 

Primero que todo, es relevante aclarar que el proceso sintØtico a travØs del cual se 

obtienen los derivados de 1-aminopiperidina sustituidos que se exponen en el 

capitulo reivindicatorio de la solicitud colombiana en trâmite, resulta ser el 

resultado de la reacciOn de cierto tipo de compuestos �reacciones conocidas en 

qulmica orgÆnica- que pueden de cierta manera desvirtuar el nivel inventivo de la 

misma. 

Dichas reacciones consisten, como cualquier persona medianamente versada en 

la materia puede reconocer, en una adiciôn nucleofilica del nitrógeno no sustituido 

del derivado de hidrazina (compuesto III), inicialmente, sobre uno de los carbonos 
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que sustentan el grupo carbonilo del compuesto dicarbonuilco (compuesto II), con 

una posterior adición nucleofulica por parte del mismo nitrógeno del compuesto 

derivado de hidrazina (compuesto Ill) sobre el otro carbono que soporta el grupo 

carbonilo en el compuesto II, dando como resultado un intermediario dihidroxilado, 

que por reducción catalItica con hidrOgeno en Pd o Pt da como resultado el 

compuesto de 1-aminopiperidina sustituido de formula general I. AsI mismo, dicho 

proceso requiere de la protección de uno de los nitrOgenos del compuesto de 

hidrazina (compuesto Ill) para que la adición sobre ambos carbonilos se lieve a 

cabo solo por uno de los nitrógenos de dicho compuesto de hidrazina. 

En el mismo sentido, existen documentos que describen con anterioridad de 

manera general el proceso de obtenciOn, asi como compuestos del mismo tipo que 

los expuestos por la solicitud colombiana en trÆmite, veamos: 

�. La publicaciOn cientifica "A Novel And Versatile Synthesis Of 1 -Alkyl-, 1-
Aryl-, 1 -(Alkyl amino)-, Or 1-Amido-Substituted And Of 1,2,6-
Trisubstituted Piperidines From Glutaraldehyde And Primary Amines 
Or Monosubstituted Hydrazines1" revela: 

Various primary amines and 1 -mono- and 1,1-disubstituted hydrazines were 
converted into the corresponding N-substituted piperidines in good to excellent 
yields via the products of double condensations with benzotriazole and 
glutaraldel-iyde. Reduction of the 2, 6-bis(benzotriazolyl) N-substituted 
piper/dines 4 and 7 with sodium borohydride in tetrahydrofuran afforded N-
substituted piperidines. The benzotriazole moieties were also replaced by alkyl 
groups by reaction with Grignard reagents to produce 1,2, 6-trisubstituted 
piper/dines. 

(...) 
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Man R. Katritzky* and Wei-Qiang Fan. J. Org. Chem., Vol. 55, No. 10, 1990. 



+ La patente Americana US 3,542,776 publicada el 24 de Noviembre de 1970 y 

titulada "MORPHOLINOISONICOTINAMIDES" revela: 

ABSTRACT, OF THE DISCLOSURE 

This invention relates to. new isonicotinic acid hydra-
zides and more particularly to isonicotinic acid hydra-
zide derivatives of periodate oxidized pyrimidine and 6- 
amino-purine ribosides. The ’compounds are useful for 
blocking the auto-immune processes in warm-blooded 
animals. 

ly active amount of a compound selected from the group 
having the following formula: 

(I) 

1-ti 
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6. A process for preparing a compound selected from 
the group consisting of those having the formula: 

OIL 
() I 

/L--,\ 
() N 

locH: OH 
wherein R1 is selected from the group consisting of hydro-
gen and methyl and R2 is selected from the group con-
sisting of 

N112 0 N12 

[) fl, andI N> 

S(A) (B) (0) 

which comprises reacting the product of periodate oxida-
tion of a compound selected from the group consisting of 
6- amino-9-fl-D-ribofuranosyl-9H-purine, 4-amino- 1--D-
ribofuranosyl-2(IH)-pyrirnidinone, and 1--D - ribofura-
nosyl-2,4-pyrimidinediol, with an isonicotinic acid by-
drazide having the formula: 

U2NNflC" N 
/ 

wherein R1 is defined as above. 

Como se puede apreciar en estas dos anterioridades se evidencia el uso de 

compuestos dicarbonulicos (ver recuadros de color verde) del mismo tipo que el 

compuesto de formula general II de la solicitud colombiana en trâmite 

R1 
’p 

In 
(II) 

que reaccionan con derivados de hidrazina (ver recuadros de color rosado) del 

mismo tipo que los de la de la formula general III 



cL 
6 

-J 

para producir finalmente compuestos de 1-aminopiperidina sustituidos (ver 

recuadros de color azul) del mismo tipo que los compuestos de formula general I 

En conclusion y si bien es cierto que en estos documentos anteriores no se usan 

exactamente los mismos reactivos o bien no se expone claramente la existencia 

de la etapa de hidrogenación, la solicitud colombiana en trÆmite carece 

irrefutablemente de nivel inventivo puesto que reivindica intermediarios y Un 

proceso de sintesis reconocible de manera general en el estado del arte y con 

reacciones de comün empleo en quimica orgÆnica y obvias para una persona 

medianamente versada en la materia. 

Por todo 10 anterior, ruego se analicen los argumentos expuestos con el rigor y 

detenimiento habituales y que en consecuencia se decrete, ademÆs de la 

negaciôn de la solicitud en comento, el archivo del expediente que la contiene. 

II. ANEXOS. 

�. La publicaciOn cientIfica "A Novel And Versatile Synthesis Of 1 -Alkyl-, 1 -Aryl-, 

1 -(Alkyl amino)-, Or 1-Amido-Substituted And Of 1,2,6-Trisubstituted 

Piperidines From Glutaraldehyde And Primary Amines Or Monosubstituted 

Hydrazines". 

�� La patente Americana US 3542776 publicada el 24 de Noviembre de 1970 y 

titulada "MORPHOLINOISONICOTINAMIDES". 

Seæor Superintendri+e 

JOSE LIJIS1EYES VILLAMIZAR 
C.C. 79.152.473 de UsaquØn 
T.P. 44655 del C. S de la J. 
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phosphate buffer 6a = 1.0, KCI) was added 708 mg of Fremy’s 
salt. The mixture was stirred at room temperature for 1 h, during 
which time red syn-2b crystallized from solution. Filtration, 
washing the solids with a small volume of water, and then drying 
afforded syrz-2b as a fiberous red solid: 61 mg (36%) yield. The 
filtrate was extracted with 2 x 50 mL of chloroform. Evaporation 
of the dried extracts (MgSO4) to a residue and then trituration 
with acetone afforded yellow anti-2b (21 mg (12%) yield). 

Physical properties of syn-2b: mp 312 °C dee; TLC (acetone) 
0.57; JR (KBr pellet) 8340, 1745, 1625, 1601, 1380, 1238 cm-1; 

’H NMR (dimethyl sulfoxide-d6) 6 9.34 and 6.68 (2 H, 2 br a, !mine 
protons), 5.99 (1 H, in, C(3) proton), 4.24 (2 H, m, C(1) diaste-
reomeric methylene), 3.04 and -2.5 (2 H, 2 m, C(2) diastereomeric 
methylene), 2.07 (3 H, a, 7-methyl), 1.74 and 1.54 (6 H, 2 a, acetate 
and acetamido rnethyls); ’C NMR (dimethyl sulfoxide-4) 176.2, 
169.6, 154.7, 154.1, 149.8, 138.7, 130, 110.6, 96.8, 65.5, 48.3, 34.1, 
25.5, 20.6, 8.7 cps; mass spectrum (El mode), m/z 316 (P1. Anal. 
Calcd for C,5H,5N404.0.25H20: C, 56.15; H, 5.18; N, 17.45. Found: 
C, 55.94; H, 5.19; N, 17.18. 

Physical properties of anti-2b: mp 304 °C dec; TLC (same as 
syn-2b); JR (KHr pellet) 3188, 1740, 1714, 1644, 1627, 1487, 1378, 
1310, 1230 cm-1: ’H NMR (dimethyl sulfoxide-d6) 611.65 (1 H, 
a, amide proton), 9.64 (1 H, s, imine proton), 6,06 (1 H, dd, J 
8 Hz, ’J 3.8 Hz, C(3) proton), 4,29 (2 H, m, C(1) diastereameric 
methylene), 3.06 and ’-.’2.6 (2 H, 2 m, C(2) diastereomeric 
methylene), 2.08 (6 H, 2 a), and 1.8 (3 I-I, a), 7-methyl, acetamido, 
and acetate methyls, no assignments made; mass spectrum (same 
as syr-2a). 

6-Acetamido-5-amino-8-bydroxy-7-methyl-2,3-dihydro"IH-
pyrrolo[1,2-ajbenzlmidazo)e (19). A solution of 25 mg (0.09 
mrnol) cf syn-2a in 5 mL of methanol was shaken under 50 psi 
of H2 in the presence of 5  m of 5% Pd on charcoal. The catalyst 
was then removed by filtering through Celite, and the filtrate 
immediately concentrated to a solid. Dissolution of the solid in 
5 mL of chloroform/ methanol (1:4) and adding hexane resulted 
in precipitation of 19: 20 mg (79%) yield; TLC (chloroform/ 
methanol [8:41) Rf 0.4; IR (KBr pellet) 3322, 3210, 3140, 1660, 
1640, 1505 cm’; ’l-1 NMR (dimethyl sulfoxide-d5) 6 9.19 (1 H. a, 
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amide proton), 8,68 (1 H, a, 8-hydroxyl), 4,14 (2 H, t, J =T1 Hz, 
C(1) methylene), 3.20 (2 H, t, J = 7.5 Hz, C(3) methylene). 2.72 
(2 H, m, C(2) methylene), 2.07 and 2.04 (6 H 2 a, 7-methyl and 
acetamido methyl); mass spectrum (El mode), ?n/z 260 (P1, 242 
(P’ - 1120), 217 (P’ - acetyl). 

6-Acetamldo-5,6-dlbydroxy- 7-methyl-2,3-dlhydro- IN-
pyrrolo[1,2-a]benzimidazole (20). A solution of 80 mg (0,11 
mmol) of la in 10 niL of methanol was shaken under 50 psi of 
1-12 for 25 min in the presence of 8  m of 5% Pd on charcoal. After 
addition of 3 drops of concentrated HCl to the reaction, the 
catalyst was removed by filtering through Celite, and the filtrate 
was concentrated to a solid. Recrystallization of the solid by 
dissolution in a minimal amount of methanol followed by addition 
of ethyl acetate afford 20 as the HCl salt: 32 mg (97%) yield; 
TLC (chloroform/methanol [6:41) R1 0.57; IR KBr pellet) 3387, 
3150, 1650, 1505, 1299 cm; lfl NMR (dirnethyl sulfoxide-d5) S 
9.39 (2 H, a, 5,8-dihydroxy), 9.03 (1 H, a, amide proton), 4.45 (2 
H, t, ,J 6.9 Hz, C(1) methylene), 3.22 (2 H, t, J = 7.5 Hz, C(3) 
methylene), 272 (2 H, quintet, J 7,6 Hz, C(2) methylene), 2.10 
and 2.08 (6 H, 2s, 7-methyl and acetamido methyl); mass spectrum 
(El mode), m/z 261 (P1, 243 (P’ - 1120), 29 (P’ - ketene). 
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123567-22-6; S. 123587-09-9; 9e, 123567-10-2; 9d, 123567-23-7; 10, 

123587-11.3; 11, 123567.12-4; 12, 123567-13-5; 13, 123567-14-6; 

14, 128561-15-7; 15a, 123567-16-8; 15b, 123567-26-0; i6a, 
123567-17-9; 16b, 123567-27-1; 19,123567-18-0; 20-HCl, 1235(37-
19-1; 3-bronio-4-nitrcitoluene, 40385-54-4; pyrrolidine, 128-75-1; 

ethylenimine, 151-56-4; 5-bromo-24-dinitrotolttene, 5411-53�0, A Novel and Versatile Synthesis of lAlkyl-, 1-Aryl-, 1-(Alkylainino)-, or 1 -Anido-S ubstituted and of 1,2,6-Trisubstituted Piperidines from Glutaraldehyde and Primary Amines or Monosubstituted Hydrazines.1 Alan R. Katritzky* and Wei-Qiang Fan Department of Chemistry, University of Florida, Gainesville, Florida 32611 Received October 27, 1989 

Various primary ninines and 1-mono- and 1,1-disubstituted hydrazinee were converted into the corresponding 
N-substituted piperidines in good to excellent yields via the products of double condensations with benzotriazole 
and glutaraldehyde. Reduction of the 26-bis(benzotriazolyl) N-substituted piperidines 4 and 7 with sodium 
borohyd ride in tetrahydrofuran afforded N-substituted piperidines. The benzotriazole moieties were also replaced 
by alkyl groups by reaction with Grignard reagents to produce 1,2,6-trisubstituted piperidines. 

Many N-substituted piperidines and their 2,6-dialkyl derivatives are pharmacologically active and form an es-sential part of the molecular structure for important drugs.’ For example, the 1-piperidino group is a feature of the antihistaminic agent and the spasrnolytic benzhexol,3 (1) The Chemistry of &nzotriazole, See: Katritzky, A. R.; Urogdi, L.; Mayence, A.4, Chem. Soc., Chem. Co,nnun, 1989, 337. Katritzky, A. R.; Hughes, C. V. Chem. 5cr. 1989, 29, 27, and refs 24-28. (2) Coutts, R. T.; Casy, A F. In Pyridine and its Derivatives; Abra-movitch, R. A., Ed.; Interacience: John Wiley & Sons: New York, 1974; Part 4, F 492. (3) Cay, A. F,; Ison, R. R. J. Pharm. Pharmacol, 1970 2. 270. of narcotic analgesics," of postganglionic parasympathetic agonists,5 and of oral anesthetics.8 Many 1,2,6-trialkyl-piperidine alkaloids have been isolated from both animal and plant species."8 (4) Reynolds, A. K.; Randall, L. 0. Morphine

 and Allied Drugs; University of Toronto Press: Toronto, 1951; p 269 (5) Hermona, B,; van Daele, P.; van cit Westeringh C.; van der Eycken, C.; Boey, J.; Dockx, J.; Janssen, P. A. J. J. Med. Chem. 1968, ii. 797, (6) McElvairi, S. M. J. Am. Cher’,, Sac, 1927, 49 2835. (7) MacCannel. J. 0.; Blum, M. S.; Fales, H. M. Tel raedro’r, 1971, 27, 1129. (8) Hootale, C.; Colau, B.; Hahn, F, Tetrahedron Lett. 1980, 21, 5083. 0022-3263/90/1955-3205$02.50/0 ' 1990 American Chemical Society 
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Table I. Preparation of the N-Substituted 2,6-Bie(benzotrlazolyl)plperldlnea 

caicd found 

no. N-substituent solvent yield (%) mp (°C) C H N H N 

4a PhCH2 H20 91 61-63 70.42 5.62 23.96 70.74 5.69 23.47 
4b Ph H20 85 155-158 69.87 5,32 24.81 69.52 5.66 24.50 
4c ,n-CHt,C8H4 1420 80 145-148 70.42 5.62 23.96 7074 5.87 23.62 
4d a-C4Ht, H2O 75 a 
4e i-C2H7 H20 82 a 
4f 2-pyridyl H20�EtOH 79 48-51 66.67 5.05 28.28 66.49 4.97 28.48 
7a PhNH H20�EtOH 86 65-87 67.32 5.37 27.32 67,64 5.19 27.06 
7b (CH3)2N H20 73 a 
7c PhCON}i EtOH 95 169-171 65,68 5.02 25.47 65.34 540 25.08 
7c1 CH3CONH EtOH 86 178-181 60.64 5.32 29.81 60.59 5.48 30.22 
7e CH5CH202CNH EtOH 94 183-186 59.11 5.42 27.59 58.98 5.52 27.65 
7( (CH2)3CO2CNH EtOH 97 186190 60.83 5.99 25.81 61.01 5.82 25.49 
7g PhCH,O2CNH EtOH 93 192-195 64.10 5.13 23.93 63.92 5.31 23.65 

Sticky oil, used as such in further reactions 

Many alternative methods are available for synthesizing 
N-substituted piperidines.9 Cyclization with the formation 
of a bond between a carbon atom and a heteroatom is the 
usual heterocyclization that forms a six-membered het-
erocyclic ring system. Thus, the most familiar approach 
to piperidines is from a 1-pentanamine derivative with a 
leaving group on carbon 5,10 Such methods utilize various 
1,5-disubstituted pentanes as the starting materials, The 
preparation of a suitable starting material is often a major 
problem that restricts application, particularly in the 
preparation of 1,2,6-trisubstituted piperidines. N-Alkyl-
substituted piperidines have also been made by the re-
duction of N-acylpiperidines or N-substituted 2-oxo-
piperidines,’1 but, once again, this suffers from the limited 
availability of the starting materials. Double reductive 
Mannich condensation of a dicarbonyl compound with an 
amine provided an alternative route for the preparation 
of N-substituted heterocycles with five- and six-membered 
rings)2 Thus, Watanabe reported the synthesis of N-
substituted piperidines from the reductive amiriation of 
glutaraidehyde and primary amines with t.etracarbonyi-
hydridoferrate as a reducing reagent;"’ sodium cyano-
borohydride has also been used as the reducing reagent.14 
However, this method is inapplicable to 1,2,6-trisubstituted 
piperidines or to N-(alkylamirio)- and N-(alkylarnido)-
piperidines. The reaction of glutaraldehyde with primary 
amines with sodium hydrogen sulfite followed by potas-
sium cyanide gave N-alkyl-2,6-dicyanopiperidines,15 de-
cyanidation of’ which by heating with sodium borohydride 
in isopropyl alcohol afforded the N-alkylpiperidines. 
Reaction of N-benzyl-2,6-dicyanopiperidine anions with 
alkyl halides, and then decyanidation, gave 2-alkyl. and 
2,6-dialkyl-Nbenzylpiperidines.’ N-Alkylation of C -
substituted piperidines, often obtained by the reduction 
of pyridine derivatives, was an alternative route to 1,2,6-
tnisubst.ituted piperidines.7’17 Other methods previously 

(9) Jones, G. In Compreherssiue Heterocyclic Chemistry; Katritzky, A. R., Edt,.; Peramon Press: Oxford, 1984; Vol. 2, p 395. (10) Drake, N. L.; Van Hook, J.: Garman, J. A.; Hayes, ft.; Johnson, R.; Kei.ley, G. W.; Melamed, S.; Peck, R. IA. J. Am, Ch3m, Soc. 1946,68, 1529. (11) Raucher, S.; Klein, P. Tetrahedron Lett. 1980, 21, 4061. (12) Lane, C. F. Synthesis 1975, 135. (13) Watanabe, Y.; Shim, S. C.; Mitsudo, T.; Yamsahita, M.; Takega-V. Bull. Cheat, Soc, Jpr.. 1976, 49, 2302. (14) (a) Borch, H. F.; Bernstein, M. 1).; Durst, H. D. J, Am. Chem Soc. 1971, 93, 2897. (b) Gribble, C,, W. J. Org. Cheem, 1972, 37, 1833. (15) Takahashi, K; Mikajiri, T.; Kurita, H.; Ogura, K; lids, 14. ,,i. Org. Chem. 1985, 50, 1372. (16) Takahashi, K; Kurita, H.; Ogura, K.; Lida, H. ,J. Org. Chem, L985, 50, 4368. (17) Bonin, M.; Romero, J. ft.; Grierson, 0, S.; Husson, U. P. Tetra-hedron Lett. 1982, 23, 3369. 

Scheme I 
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used have included catalytic or hydride reduction of sub-
stituted imines,15 intramolecular aminatim of olefins in 
the presence of mercuric ion,19 and catalytic reaction of 
butadiene with Schiff bases by Pd(NO3)2Ph3P.2° These 
methods are limited by the availability of the starting 
materials and reagents and sometimes by the severe con-

ditions. 

Relatively few N-(alkylamino)- and N-amido’-substituted 
piperidines have been reported. They were previously 
prepared by the reduction of N-nitrosopiperidines with 
zinc dust or lithium aluminum hydrid&’1 to N-amino-
piperidines, which were then subjected to reductive al-
kylation with aldehydes and sodium cyanoborohydride22 
or to acylation with an acyl or sulfonyl chloride.23 

The present paper describes novel syntheses of a variety 
of N-alkyl-, N-aryl-, N-(alkylamino)-, N- (acylaiu.ino)-, and 

N- [(atkoxycarbonyl)aminoI piperidines and their corre-

sponding 2,6-disubstituted derivatives by double conden-
sations of benzotriazole and glutaraldehyde with primary 
amines or unsymmetrically substituted hydrazines and 
subsequent reduction by sodium borohydride or reaction 
with Gnignard reagents. 

Recent publications from our laboratory have demon-
strated the versatile synthetic utility of benzotriazoleM128 

(18) (a) Hottori, K.; Mataurnura, V.; Miyazaki, T.; Maruoko, K.; Yamamoto, H. J. Am. Chem, Soc. 1981, 101, 7368. () Hill, R. K..; 

Yuri, T. Tetrahedron 1977,39,1669-(19)977,39,1569.(19) Moriyama, V.; Doan-Huynh, D.; Monneret, C.; Khuong.Huu, Q, Tetrahedron Lett. 1977, 825. (20) Kijl, J.; Yamamoto, K.; Tornita, H.; Furukawa, J. J. Chem. Soc., Cheat, Cornraun, 1974, 508. (21) Schueler, F. W.; Henna, C. ,J, Am. Cheat. foc. IOtil, 73, 4996. (22) Nelson, S. F.; Weisman, G. R. Terrahedron Let. 197$, =21,-(23)321.(23) Smith, P. A. S.; Pars, H. G. ,J. Org. Cheat, 1959,2+, 1325. (24) Katritzky, A. K,; Rachwal, S.; RachwJ, B. ,1. Cheat. Soc., P,’kjn Trans. 11987, 799. (25) Katritzky, A. ft.; Yannaicopatiou, K.; Lue, P.; Rasala, 0.; lJrogdi, L. J. Cheat, Soc., Perhim Tram. I 1889, 225. (26) (a) Katritzky, A, R.; Drewniak, M.; Lue, P. +. Org. .Che.at. 1988, 53, 5854. (b) Katritzky, A. ft.; Drewniak, M. Tetrahedron Lett, 1988, 29, 1755. 



..Synthesis of Trisubstituted Piperidines 

Scheme II 
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The products formed from benzotriazole (1), amines (am-
ides and hydrazines) and aldehydes, have been used as 
Intermediates for the monoalkylation of aromatic and of 
heteroaromatic amines,24 for the conversion of secondary 
aliphatic to tertiary aliphatic arnines,25 and for the al-
kylation of amides and thioamides-and.cifIldrazines.27 
We now demonstrate the utility of ljenzotriazole.ir forming 
N-substituted piperidines. �.4:r.:L 

Results and Discussion 
Glutaraldehyde and Amine Double Condensation 

with Benzotriazole. The preparation of condensation 
products from aldehydes, benzotriazole, and primary or 
secondary amines has usually been carried out in ethariolic 
solution29 or by the Dean-Stark method. Recently, we 
reported that benzotriazole reacts with various amines and 
formaldehyde or acetaldehyde in water at 20 CC, to afford 
the condensation products in high yield.10 We have now 
found that this simple procedure can be easily applied to 
glutaraldehyde. Thus, benzotriazole (1) was first mixed 
with water, and the appropriate primary amine (3) and was 
stirred for 10 min at 20°C. When aqueous glutaraldehyde 
(2) (25%) was slowly added, a solid began to form imme-
diately. The essentially pure product was obtained after 
filtration and washing with water. A variety of both aro-
matic and aliphatic primary amines were employed; the 
2,6-bis(benzoriazolyl) N-substituted piperidines (4) were 
produced in excellent yields (Scheme I). The results are 
listed in Table 1. 

When monosubstituted and unsymmetrically disubsti-
tut.ed hydrazines (phenyihydrazine (6a) and N,N-di-
methylhydrazine (6b)) were used as the amine component, 
the N-(alkylamino)piperidine derivatives 7a and ’Tb were 
obtained. This method can also be applied to acyl-
hydrazines (henzoylhydrazine (6c) and acetyihydrazinc 
(6d)) and alkyl carbazates (ethyl carbazate (6e), tert-butyl 
carbazate (6f), and benayl carbazate (fig)) to prepare the 
corresponding N-(acylamino)- or N- [(alkoxycarbonyl)-
amino] piperidine derivatives 7c-g. For the three alkyl 
carbazates, ethanol was used as the solvent for the con-
densation instead of water. The yields of the expected 
2,6.bis(benzotriazolyl) -N.(acyiamino).- or - f(alkoxy-
carbonyl)aminoj-substituted piperidines were excellent 
under mild conditions (Scheme II). The results are sum-
marized in Table 1. These double condensations can be 
carried out on a large scale, and the procedure is very 
simple. 

The novel bis(benzotriazole)-substituted piperidines 4 
and 7 prepared by double condensation were characterized 
by elemental analyses. Their spectra (both ’Hand 13C 
NMR), however, are too complicated to be assigned due 
to the many possible isomers. N-(AminoalkyDbenzo-
triazoles generally exist as two isorners (i.e., 1-beazo-

(27) Katritzky, A. R.; Rao, M. S. C. J. Chem. Soc., Perkin Trons. 1 
1989, in press. 

(28) Katritzky, A. R.; Urogdi, L,; Meyence, A. Synthesis 1989 323. 
(29) Licari, J. ,l.; Hartzel, L. W.; Dougherty, G,; Benson, F. R. J. Am, 

Chem. Soc. 1955, 77, 5386. 
(30) l<stritzky, A. R.; Pilarski, 13.; tJrc’gdi, L. Org. Prep. Proced. Int. 

1989, 21, 135. 
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Table H. Preparation of the N-Substituted Piperidines by 
Reduction 

nip (bp), °C/pressure, mm 

yield Hg 

no. N-substituent %) exptl lit. ref Ira/,  

Se Phd-I2 78 oil 49/0.1 
Sb Ph 80 oil 99/0.2 
Sc ,n-’CH2C5H4 68 oil a 32 
5d n-C4H9 59 80/10 70/34 13 
Se i-C311, 55 145-148/760 149-150/756 33 
5f 2-pyridyl 64 01b 188-139/4 34 
Sn PhNH 87 oil c 
8b (CH2)N 79 oil ci 22 
Sc PhCONH 82 193-195 195-197 23 
8d CH3CONH 84 105-106 107-108 23 
Se CH2CH20CNFl 88 79-80 
Sf (CH,)3CO2CNH 85 80-81 f 
Sg PhCH202CNH 90 101-102 g 

’Hydrochloride: nip 202-204 ’C (lit.22 rap 206’-206.5 ’C). 
5Picrate’ nip 134-136°C (1it. nip 136-137 ’C). ’Anai, Calcd for 
C11H16N2: C, 75.00; H, 9,09; N, 16.91. Found: C 74.67; H, 8.89; N, 
16.98. d No boiling point was given. ’Anal. Calcd for C5H,5N202: 
C, 55.81; H, 9.30; N, 16.28. Found: C. 55.85; H, 9.45; N, 16.73, 
/Anal. Calcd for C10H20N202. C, �0.00; H, 10.00; N, 14.00. Foufld: 
C, 60.29; H, 9,72; N, 14.58. �Anal. Calcd for C1}.(15N202: C, 66,67; 
H, 7.69; N, 11.97. Found: C, 66.79; 11,1.85; N. 11.64. 

triazolyl and 2-benzotriazolyl) together with the cis and 
trans forms of 2,6-disubstituted piperidines. This allows 
six possible forms of N-substituted 2,6-bis(berizo-
tria.zolyl)piperidines. Their ’H and 18C NMR spectra are 
correspondingly complex (one example is given in the 
Experimental Section). 

Preparation of N-Substituted Piperidines by Re-
duction. We have already reported425 that benzotriazole 
moieties in various reaction products of benzotriazole and 
aldehyde with an amine or an amide c.sri be replaced 
smoothly by a hydrogen atom from sodium borohydride. 
We now demonstrate that 2,6-bis(benzotriazoiyl) N-sub-
stituted piperidines 4 and 7, derived from the double 
condensations described above, are smoothly reduced to 
N-substituted piperidines 5 and 8 by sodium borohydride 
under mild conditions (Schemes I and if). The benzo-
triazole formed during the reduction is easily separated 
by extraction with alkali. Thus, our sequence, double 
condensation of benzotriazole, glutaraldehyde with amines 
or hydrazines, and then subsequent reduction by sodium 
borohydride, provides a novel synthetic route to piperi-
dines with a variety of N-substituents. 

The results listed in Table II indicate that the benzo-
triazole products 7, which contain an N-amino or N-amido 
group, are generally reduced even more easiy and in higher 
yields than adduc’cs 4, reflecting the facilitation of de-
parture of the benzotriazole moiety by electron-donating 
a-effect of the N-amino gro.lp. Therefore, our present 
method is particularly suitable for the preparation of the 
N- (alkylamino)- and N- (acylamino)piperidines. The sim-
ple procedure and mild reaction conditions of both the 
double condensation and reduction afford excellent yields. 
The previously available methods usually need at least 
three steps from piperidine (niti’osation, reduction, and 
then alkylation or acylation) and give lower overall yields. 

The N-substituted piperidines were ciaracterized by 
their ’H and 13C NMR Tables Ill and iv) and by com-

(31) Katntzky, A. R.; Yamialcopoulcu, It.; Kuzmerkiswicz, W.; Atfl-
recoeches, J. M.; Palenilc, 0. ,J.; Koiol, A. E.; Szezaiiak, M. ,J. C/,ern.. 
Soc., Perkin Trans. 11987, 2873. 

(32) Huigen, H.; Sauer, J. (’hem. Ber. 1958, 91, 1453. 
(33) Ladenburg, A- Ber. 1881, 14, 1342. - 

(34) Pedersen, H. B,; Carisco, U. Synthescs 1978, 844. 



S 

f208 J. Org. Chem., Vol. 55, No. 10, 1990 Katritzky and Fan 

Table ilL 111 NMR Spectral Data of the N-Substituted Fiperidines (CDCl, .1)  

110. 2,6-CR, (4 H, t) 3,5-CH (4 H, in) 4-CH, (2 H, m) N-substituent 

Sa 2,46 1.70 1.55 7.42 (s, 5 H), 3.55 (s 2 H) 
5b 2.85 1.60 145 635-7.15 (m, 5 H) 
5c 3.10 1.68 1.55 7.0-7.20 (m, 1 H), 6.40-6.80 (in, 3 H), 2.32 (i, 3 H, CH,)  

Sd 2.50 a a 2.40 (t), 1.70-1.40 (in, 10 H), 0.90 (1, J = 7 Hz, 3 H, CH)  
5e 2.80 1.80 1.55 3.50 (m, 1 H), 1.00 (d, J 7 Hz, 6 H, CH,) 
Sf 3.80 1.80 1.58 8.30 (d, J 5 Hz, I H), 7.52 (in, 111), 6.55-6.95 (in, 2 H) 
88 2.32 1.85 145 7.05-7.43 (m, 2 H), 6.60-7.00 (in, 3 H), 4.18 (, I EL, NH) 
Sb 2.75 1.68 1.40 2.58 (s, 6 H, CH,) 
Sc 2.85 1.78 1.45 7.80 (d, J 

= 8 Hz, 2 H). 7.35-7.55 (ma, 3 H), 7.03 (o, 1 H, NH) 
Sd 2.70 1.70 1.55 6.65 Cs, 1 H, NH), 2.05 (s, 3 H, CH,) 
Se 2.78 1.70 1.40 5.95 (s, 1 H, NH), 4.15 (q, J = 6.5 Hz, 2 H, CH,), 1.25 (1, 3 H, CH,) 
8f 2.70 1.68 1.40 5.60 (o, 1 H, NH), 1.45 (s, 9 II, t-Bu) 
Sg 2.73 1.68 1.38 7.34 (s, 5 H, C9H,), 5.78 (s, 1 H, NH), 5.12 (s, 2 H, CH,) 

Overlapped by the N-substituent signal. 

Table IV. 13C NMR Spectral Data of the N-Substituted P%peridinos (CDCI,, I) 

no. 2,6-C 3,5-0 4-C N subtitutent 

52 54.2 25.7 24:2 138.4,128.9,127.8,1X6,63-6 (CR,) 
5b 53.7 25.4 23.9 141.1, 128.9, 128.3, 126.5 
Sc 50.5 26.3 24.5 138.1, 128.9, 128.5, 119.9, 117.2, 113.5, 21.8 
Sd 48.3 23.7 22.8 44.5 (CH,), 25.1, 22.5, 17.5 
5e 48.9 23.3 22.3 51.1 (CI-!), 18.1 (Ma) 
5f 44.7 23.9 23.1 158.1, 146.3, 135.7, 110.8, 105.5 
Sa 57.2 26.5 23.9 148.0, 128.8 119.2, 113.5 
Sb 48.0 25.8 24.0 38.6 (OH,) 
8c 57.0 25.3 22.2 165.2 (CO), 134.0, 131.3, 128.4, 127.0 
8d 55.1 25.7 22.6 168.0 (CO), 28.9 (CH,) 
Se 57.0 25.1 22.7 155.0 (CO), 60.3 (CH,), 14.5 (CH,) 
Sf 56.8 25.2 23.0 155.0 (CO), 80.0 (C), 28.5 (CH,) 
Sg 57,4 25.3 23.0 155.2 (CO), 136.2, 128.4, 128.3, 128.0, 66.6 (CR,) 

Scheme III Scheme IV 

X 
7Hf! 7W 

, 

A R’ 
A RI 

NMR 

- CftCH2 R’ - 
9%,R ,.c,c,48 R’ .Cl 

parison with data of authentic specimens (Table II). 
Preparation of 1,2,6-Trisubstituted Piperithnea by 

Grignard Reaction. Reaction of 2,0-bisl:benzo-
triazolyl)-N-benzylpiperidine (49,) with 2.2 equiv of Grig-
nard reagent in a mixture of tetrahydrofuran and diethyl 
ether gave the 2,6-dialkyl-N-benzylpiperidines (9a and 9b) 
in moderate yields (Scheme III). This procedure should 
be potentially applicable to other benzotriazole adducts. 
The configurations of 9a and 9b were examined by ’H 
NMR. In the trans isomer, the benzyl methylene protons 
are nonequivalent because the trans isomer (even when 
rapidly ring interconverting) is chiral and should be an AS 
system. By contrast, the corresponding equivalent CH, 
protons of the cis isomer will appear as a singlet.’6’7 In 
our reaction, only a singlet benzyl methylene signal at 5 
3.70 is observed for both 9a and 9b. Accordingly, we 
consider the product to have the cis configuration. 

Once again, similar to the reduction, the Grignard re-
actions of the N-amino- or N-ainido-substituted benzo-
triazole adducts 7 are easier than those of the N-alkyl or 
N-aryl analogues 4. Thus, reactions of compounds 7e, 7e, 
and 7f with 3.3 equiv of Grignard reagents proceeded 
smoothly, leading to the corresponding symmetrical 2,6-
disubstituted N-asnidopiperidines 10a-f, respectively. The 
yields were generally good, and no products of partial 
reaction were detected in these transformations (Scheme 

(35 Hill, R. K.; Chin, T.-H. Tetrahedron 1965, 2J, 2011, IGa: F - C.O#O AO:, lob: O %. CkO lob: %4- Mph F-C}-‰ i CO,CCH - lob; M.COC(CFI,,) R CH0 

IV). The results, show that this two-step reaction se-
quence, double condensation and subsequent Grignard 

reaction, is widely applicable for the preparation of 2,6. 

disubstituted N-arnido-substituted piperidines. Benzo-
triazole, the side product, was easily removed by washing 
with aqueous alkali in a simple workup. 

The 1,2,6-trisubstituted piperidirtes 10 were character-

ized by their ’H and ’SC NMR spectra and by analyses 
(Experimental Section). Examination of the NMR (par-

ticularly NMR) spectra of products 10 shows that only 

one of the two possible cis/trans isomers s isolated after 
recrystallization from aqueous ethanol. Presumably, the 
other isomer either is formed in smaller amount and re-
mains in solution or is not produced at all, just as with the 
2,6-dialkyl-N-benzylpiporidines. Conclusions The present work demonstrates the synthetic utility of 

benzotriazole in building up a piperidine ring, the ease of 
double addition of benzotriazole and g1utrra1dehyde with amines or hydrazines, and the ease by which the benzo-

triazole moiety is replaced by a hydroger atom or by an 
alkyl group. This method possesses the advantages of 
simple procedure, mild conditions, easy avaLability of 
starting materials, and good y.elds. It is particularly useful 

in preparing N- (alkylamino)- and N- (acylamino)-
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piperidines and their relatively inaccessible 2,6-disubsti-
tuted derivatives. 

Experimental Section 
Melting points were determined on a Kofler hot-state apparatus 

and are uncorrected. The 1H NMR (300-MHz) spectra were 
recorded on a Varian VXR-300 spectrometer with tetramethyl-
silano as the internal standard. ‘C NMR spectra were taken on 
Varian VXR-800 (75-MHz) and JEOL JNM FX-100 (25-MHz) 
instruments. Elemental analyses were carried out in this de-
partment Tetrahydrofuran was distilled under nitrogen from 
sodium benzophenune immediately before use. 

Double Condensation. Typical Procedure. Benzotriazole 
(40 mmol), the appropriate amire or hydrazine (20 mmol), and 
distilled water (200 mL) were stirred vigorously for 10 min at 20 
°C. Glutaraldehyde (20 mmol, 25% aqueous solution; Aldrich) 
was slowly added to the reaction mixture, and the stirring was 
continued for 1-2 h at room temperature. The products were 
filtered off, washed with water, and dried under vacuum. 

For acylhydrazines and alkyl carbazates the procedure is similar, 
except ethanol was used as the solvent instead of water. 

2,6-Bis(ben zotriazolyl)-N-[(ethoxycarbonyl)amino]-
piperidine (7c): ’H NMR (DMSO-d5) ö 8.10-8.70 (m), 7,62-7,98 
(in), 7.02 (m), 6.80 (in), 4.28 (d), 3.82 (m), 3.05-8.40 (m), 2.85 (d), 
2.25-2.75 (m), 122-1.60 (m), 0.80-1.00 (m); "C NMR 6 155.5, 
154.6, 145.6, 145.5, 132.3, 127.2, 126.8, 124.0, 1238, 119.2, 118.9, 
1179, 117,7, 113.0, 111.3, 72.8, 60.0, 58.7, 29.8, 29.5, 20.7, 14.7, 
14.5. 

Reduction of Ben zotriazole Adducts. Typical Procedure, 
Adduct 4 or 7 (5 mmol) suspended in THF (30 mL) was stirred 
at room temperature with sodium borohydride (0.6 g, 15 mmol) 
overnight. The reaction was quenched with water, and the product 
was extracted with hexane or diethyl ether. The extract was dried 
(MgSO4), and the solvent evaporated under reduced pressure to 
obtain N-substituted piperidinea. In some cases, the products 
were purified by column chromatography (silica gel) or recrys-
tallization from aqueous ethanol. 

Reaction with Grignard Reagents. Typical Prooedure. 
To the Crignard reagent prepared from magnesium turnings (11 
inmol for 4 and 16.5 mmol for 7) and akyl or aryl halide in diether 
ether (30 mL) was added the henzotriazole adduct (4 or 7) (5 
mmol) in tetraliydrofuran dropwise under nitrogen. After the 
addition was complete, the reaction mixture was refluxed for 2 
h, then poured in ice-water containing NH4C1, and extracted with 
diethyl ether. The organic layer was washed with NaOH (2 X 
30 mL, I N) and water (2 x 30 mL) and dried over MgSO4. 
Evaporation of the solvent gave the crude products, which were 
purified by crystallization or by column chromatography. 

2,6-Dibutyl-N-benzylpiperldine (9a): oil (45%); IH NMR 
(CDC12) I 7.20-7,50 (rn 8 H), 3.71) (a, 2 H, PhCHO), 2.85 (in, 2 H, 

CH), 1.00-1.80 (in, 18 H), 0,82 (t, 6 H, CH,); ’C NMR 5143,5,  
128.4,127,7,125.8,63.2,51.6,34.6,29.1,27.8,2;3,8,22.9,14.0. MS 
(m/e) for C21-133N, caled 287.4874, found 287.4392. 

2,6-Dimethyl-N-henzylpiperi.dlne (9b): oil (48%); ’H NMR 
(CDC1,) 6 7.15-7.45 (m, 5 H), 3.72 (a, 2 H, PhCfll2), 2.90 (m, 2 Fl, 
CH), 1.75-1.45 (m, 6 H), 0.98 (d, 6 Fl, CFL). MS (rn/c) for 
C14H21N, calcd 203.1075, found 203.1651. 

2,6-Dlmathyi-N-(benzoylamino)piperldine (lOa): 70%; mp 
176-178 °C (liO3 nip 179-180 5C; ’H NMR (CDC13) 1 7.75-7,25 
(in, 5 H), 7,00 (a, I H, NH), 2.95 (in, 2 H, CH), 195-155 (m, 6 H), 
1.00 (d, J 6.5 Hz, 6 H, CR,). 

2,6-Diethyl.N.(benzoylamino)piperidine (lOb) 72%; mp 
152-154 °C; ’H NMR (CDCI3) & 7.76-7.25 (rn 5 H), 7.00 (a, I H, 
NH), 2.90 (m, 2 H, CU), Li’S-lOS (in, 1.0 H), 190 (t, 6 H, J = 
6 Hz, CH3); "C NMR 1166.7 (CO), 135.1, 130,9, 128.7, 126.8,66,5 
(CH), 26.7, 25.9, 23.0, 17,0, Anal. Calcd for C151-124N50: C, 73.81; 
H, 9.29; N, 10.75. Found: C, 74.11; H, 9.11; 14,10.48. 

2,6.Diphenyl-N.(benzoylamino)piperidirie (lOc): 4905,; nip 
126-128 0 C; ’H NMR (CDCI,) 5 ’7.75 (in, 2 H), 7.45-7.05 (in, :.3 
H), 4.57 (m, 2 H, CH), 2,00 (m, 4 H), 1.75 (in,,? H); 13C NMR 5 165.9 (CO), 141.2, 137.1, 130.9,128.7,128-0,1272, 126.5, 126.2, 

36.8, 25.5, 237. Anal. Calcd for C2H24N20: C, 80.89; H, 8.74; 
N, 7.87. Found: C, 81.21; H, 

6.43; N, 7.52. 
2,6-DIbenzyl-N-[( tort -butoxycarbonyariino ]plperidine (lOd): 52%; nip 115-117 °C; ’H NMR (CDC1,) I 

7,40-7.15 
(in, 10 H), 6.00 (a, 1 H, NH), 3.24 (m, 2H,. CH), 275 Cd. J 7 142, 

4 H, Cli,), 2.05 (in, 4 H), 1.75 (in, 2 H), 1.25 [;, 9 H, C(CH,).l; 13C NMR 154.6, 137.1, 129.8, 
127.5, 126.6, 78.0 

(C), 60,2 (CH), 34.2 (CH,), 28.3, 26.9, 18.5. Anal. Calcd for C241›132N20,: C, 75.79; H, 8.42; N, 7.37. Found: C, 

75.52; H 8.71; N, 7.05. 2,6-Diphenyl-N-t(tert-butoxycarbonyl)amino)piperidine (jOe): 75%; mp 

168-170 
°C; ’H NMR (CDCI,) 5 7.58 (d, i = 8 Hz, 4 H), 7.40-7.20 (in, 6 H), 5.95 (a, I H, NH), 4.22 (in, 2 14, CH), 

2.00 
(m, 4 H, CH2), 1.78 (m, 2 H), 1.25 (a, 9 H); 13C NMR 1154.0 (CO), 140.8, 

127.4, 127.3, 126.1, 78.3 (C), 62.4 (CH), 28.2, 27.4, 
16-8. Anal. Calcd for C:2N202: C, 75,00; H, 7.95; N, 7.95. Found: C, 

74.60; H, 8.23; N, 7.91. 

Registry No. 1, 95-14-7; 2,111-30-8; 3 (R = 1’hCH), 100-46-9; 
3 (R = Ph), 62-53-3; 3 CR = n�-CH3C6H4), 1.08-44-1; 3 (Ft = n.C41›19), 

109-73-9; 3(11 = i.C2H7), 75-31-0; 3 (Ft = 2.Py), 504-29.0; 4a, 
126216-53-3; 4b, 126216-55-5: 4c, 126216-57-7; 4d, 126255-29-6; 

4e, 126216-59-9; 41, 126216-61-3; 5a, 2905-56-8; 5b, 4096-20-2; Sc, 
71982-24-6; 5d, 4945-48-6; Se, 766479-0;5f, 68654-52-4; 6a, 100-63-0; 
Gb, 57-14-7; Ge, 618-94.5; Gd, 1068-57-1; Ge, 4114-31-2; 61, 87048-2; 

7a, 128216-63.5; 7b, 126216-65-7; 7c, 126216-67-9;7d, 126216-69-1; 

7e, 126216-71-5; 7f, 126216-73-7; 7g, 126216-75-9; Sa, 126216-44-2; 
8b, 49840-60-0; Sc, 5454-07-9; 8d, 31507-04-7; Se, 4669-84-7; Sf, 

126216-45-8; 8g, 126216-46-4; 9a, 126216-47-5; 9b, 4209-63-6; 10a, 
100875-43-2; 10b, 126216-48-fl; 10c, 126216-49-7; 10d, 126216-50-0; 

lOe, 126216-51-1; H,NNHCOOCH,Ph, 5331-491. A Novel Method for the Synthesis of Symmetrical ViicLnai Tertiary and Secondary Diamines’ Alan R. Katritzky,*l Wei-Qiang Fan,1 and Cong Fu1 Department of Chemistry, University of Florida, Gainesville, Florida 32611, and Department of Chemistry, Hangzhou University, Hangzhou, Zhejiang 310028, People’s Republic of China Received October 27, 1989 A variety of symmetrical vicinal tsrtiar:y and secondary diarnines are readily prepared ..n good 

to excellent yields by either G:rigiiard reaction or reduction of the glyoxal bisproducts with oenzotriazole and secondary or primary amines. Vicinal diarnino compounds are of importance in med-icinal chemistry,2 in metal chelation,8 and in polyaza macrocyclic and cryptate chemistry.4 They are also useful 1Cniversity of Florida. Hangzhou University, synthetic intermediates, particularly in the formation of heterocyclic rings.5 (1) The Chemistry of BenzoLriascle, See: (a) Kctritzky, A. It; Fan, W. Q. J. Org. Chem,, previous ;aper in thia issue, () Katritaky, A. R; Urogdi, L.; Mayence, A J. Chem, Sic, (hem. Cc,rt’nun, 1959, 337. 0022-8263/90/1953-3209$02.50/0 9 1990 American Chemical $ociety 
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ABSTRACT OF THE DISCLOSURE 

This invention relates to new isonicotinic acid hydra-
aides and more particularly to isonicotinic acid hydra-
aide derivatives of periodate oxidized pyrimidine and 6-
amino-purine ribosides. The compound; are useful for 
blocking the auto-immune processes in warm-blooded 
animals. 

This application is a continuation-in-part of U.S. Ser. 
No, 58),820, filed Oct. 27, 1966, and now abandoned 
which is in turn a continuation-in-part of U.S. Ser. No. 
392,920, filed on Aug. 28, 1964 and now abandoned. 

The immune response, production of antibodies, is the 
means by which immunity to infectious disease is gen-
erated, and is an expression of an animal body’s biochem-
ical integrity. Malfunctions of the nautral defense mech-
artisiss are known collectively as immunopathies. Immuno-
pathies are characterized by� an altered response to ex-
ternal foreign substances such as the manifestation of 
atopy or an allergy. Immunopathies also include auto-
immune phenomena. The animal body is normally toler-
ant to its own tissues and does not treat them as foreign 
substances. A breakdown of the tolerance to an animal 
body’s own tissues is the basis of auto-immune diseases. 

In addition to the iinmunopathies, normal functioning 
of the immune response can be disadvantageous in other 
ways, for example, by causing rejection of transplanted 
tissues or organs. Suppression of the immune response can 
be of major therapeutic importance in particular instances. 

Suppression of the immune response was initially ob-
served alter X-ray and cortisone treatment, and is also 
achieved by treatment with chemical compounds of three 
major classifications: alkylating agents (nitrogen must-
ards), purine antimetabolites (6-mcrcaptopurine) and the 
folic acid antagonists (methotrexate). Remarkable suc-
cess in the treatment of auto-immune diseases, and pro-
longation of homografis with the foregoing anti-auto-
immune compounds has stimualted research into this area 
of increasing interest and practical importance. The treat-
ment of auto-immune diseases and prolonging homograft 
survival by selectively suppressing the immune response 
of an adult animal to a specific foreign substance is of 
major importance. 

Unfortunately, the group of compounds known to have 
a desirable anti-immune activity have undesirable side 
effects. The atkylating agents are known to be carcino-
genic and mnutagenic, while the purine analogues are 
potentially so. The toxicity of the folic acid antagonists 
and corticosteroids is well known. 

It has now been, discovered that the members 
or a class 

of new compounds are effective as anti-auto-immune 
agents.. Thus, the invention, in its broadest concept, resides 
in the method of blo–ing an auto-immune process in 
warm-blooded animals, such as standard experimental 
anima a, by administering to the animals, a therapeutical-

2 
Iy active amount of a compound selected from the group 
having the following formula: 

II, OH Ri 
I 0 

5

 

0Th�NII�-7’  

iroóii2 

OR (I) 

wherein R1 is selected from the group consisting of hydro-
gen and methyl, and R2 is selected from the group con-

10 sisting of 
NH, 0 NH, 

1, and 

I I 
(A) (B) (C) 

20 The new compounds of the present invention may be 
prepared by the treatment of periodate oxidized pyrins-
idines and 6-amino purine riboside; with isonicotinic 
acid hydrazides according to the following reaction se-
quence: 

25 RD B1 

Ono 

0 

+NNR{j) - 

HO H, 

go (IT) (III) 

RD oat a1 

85 
if 

(1) 

wherein R1 and R2 are defined as above. In carrying 

40 out the reaction, the appropriate periodate oxidation 
product (II) in an inert solvent such as water, dioxane, 
dimnethylformnamide, or the like, is treated with an cqui-
molar amount of isonicotinic acid hydrazide (Ill) or 
an alkyl derivative thereof. The reaction mixture is al-

45 lowed to stand for a period of from about one to ten 
hours, after which time crystals begin to form. The 
crystalline product (I) is then filtered off, washed and 
dried in a conventional manner. The product may be 
recrystallized if desired. 

or. o 

To prepare the periodate oxidation product used in the 
process of the present invention two to six nicmle.s of 
periodic acid in an aqueous solution are added to one mole 
of an appropriate pyrimidine or 6-amino purine riboside. 
The reaction is then conducted at: a temperature of from 

55 about 5 to 35’ C., in the absence of light, for a period of 
about ten minutes to fifty hours. The oxidation reaction 
normally proceeds smoothly. To separate and purify 
the desired product, the solution remaining after the oxi-
dation step, is passed over a Dowex’l-acetate coltmn 

oo and the column washed with water. The iodate-periodate-
frese solution and the wash are then freeze-dried to afford 
the oxidation product in substantially çuautitative yields. 

The isonicotinic acid hydrazide used may be prepared 
according to the method described in U.S. Pat,, 2,830,994, 

65 issued Apr. 15, 1958. 
It Is known that agents which are effective in auto-

immune diseases are active also in preventing both the 
clinical and histopathologic charges which occr.r in ex-
perimental allergic encephalomyelitis (EAE). Suet, agents 

70 include the compounds thioguanine, Imuran, 6-:.n.ercaoto-
purine, cyclophosphamide, methotrexate and cortisone, 
Thus, the disease RAE may serve as a test standard, for 
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some demyelinating diseases, more notably multiple 
sclerosis, and for auto-immune processes in general. (cf. 
N. W. Brandriss, J. W. Smith, R. N. Friedman, "Sup-
pression of Allergic Encephalomyelitis by Antimetabo-
liles; Ann. N.Y. Acad. Sci., 122:356, 1965.) 

EAF is characterized by a delayed cellular hypersensi-
tivity which is tissue specific and results in clinical paraly-
sis of the animal. Histopathologicai lesions of the spinal 
cord and brain caused by the disease resemble those in 
human dcmyelinating disease, and it is thus classified as 
an experimental auto-allergic or auto-immune disease. 
(cf. B. H. Wakaman, "Experimental Allergic Encephalo-
melitis and the ’auto-allergic’ Diseases," I. Arch. Allerg. 
app!. Immunol., 14 (suppi.) 1, 1959; and L R.  Mackay 
and F. M. Burnet, "Auto-Immune Diseases, Pathogenesis, 
Chemistry and Therapy," Charles C. Thomas, Springfield, 
1963.) 

The surprising efficacy of the compounds of Formula I 
above its the treatment of EAE has indicated that they are 
active, non-toxic, immunosuppressive agents. In the prac-
ticing of the method of the invention, the compounds of 
Formula I may be administered alone or in combination 
with pharmaceutically acceptable carriers, the proportion 
of which is determined by the solubility and chemical 
nature of the compound selected, the chosen route of 
administration, and standard pharmaceutics! practice. 
For example, they may be administered orally in the 
torus of tablets or capsules, which may contain conven-
tional excipients, or in the form of solutions; or they 
may be injected parentraiiy, that is intramuscularly, 
intravenously or subcutaneously. For parenteral admin-
istration, they may he used in the form of sterile solutions 
containing other solutes, for example, enough saline or 
glucose to make the solutions isotonic. 

The dosage of the present therapeutic agents will vary 
with the form of administration and the particular com-
pound chosen. It will generally be found that when the 
corflpO5itiOfl is administered orally, larger quantities of 
the active agent will be required to produce the same 
effect as a smaller quantity given parenterally. Iii general, 
the compounds of this invention are most desirably ad-
ministered at a concentration level that will generally 
afford effective results ’without causing any harmful or 
deleterious side effects and preferably at a level that is 
in the :ange of from about 20 to 200 milligrams per kilo-
gram (mg./kg.) of body weight per clay, although as 
aforementioned, variations will occur. In general, larger 
animals require smaller doses on an mg./kg. basis than 
do smaller animals. 

The following examples are illustrative of the prepara-
tion of the compounds useful in the method of invention 
and of the exercising of the latter, but are riot to be 
considered necessarily limitative thereof: 

EXAMPLE I 

The periodate oxidation product of adenosine in the 
amount of 5.31 grams (g.) equivalent to 20 rnillinsoles 
(mmoles), is wet with 60 milliliters (ml.) of ethanol, 
dissolved in 200 ml. of water and admixed with 274 g. 
(20 rn.irioles) of iSOfliCOtlnic acid hydrazide. After two 
to three hours the clear solution begins to clepotit fine 
needle-like crystals, and the mixture is shaken to form 
a solid crystalline mass. The crystals are filtered off, 
washed with cold water, ethanol, and ether, and dried in 
vacuo over silica gel to give 6.66 g. of N42.-(6-amino-
9H - urin - 9 - yl) -3,5-d:ihydroxy-6-(hydroxyrnethyi) 
morpholino]isonicotinamicle trihydrate (73 percent of 
theoretical yield). 

The above product, precipitates from the. reaction mix-
ture in analytically pure form, but, if desired, it can be 
recrystallized from hot water at a concentration of 1.25 
g. per 300 ml, It is slightly soluble in water (0.2 percent 
by weight) and soluble in 0.1 normal (N) hydrochloric 
acid, 0.1 N sodium hydroxide (solutions turn yellow 

shortly), pyridine, acetic acid, dimethylacetatnide, di-
methylsulfoxide, and insoluble in the common organic 
solvents. It decomposes when heated in vacuo at 56’ C. 
and gives no definite melting point when heated in a 
capillary tube. - 

Based on the formula C15H15N505’ .tH2O, :t was cal-
culated that the elemental analysis would be C, 42.10; H, 
5.30; N, 24.53; 1120, 11.85. The product was analyzed 
and the elemental analysis was found to be C, 42.11; II, 

10 5.46; N, 24.31. The amount of water of hydration ivas 
found to be 1120, 12.2�by the Abderhalden method and 
12.6 by the Karl Fischer method. The result may be ex-
pressed. 

Analysis,�Calc’d. for C18H18N505’ 3H20 (percent): C, 
15 42.10; H, 5.30; N, 24.53; H20, 11.85. Found (percent): 

C, 42.11; H, 5,46; N, 24.31; �HO, 12.2�Abderhalden, 
12.6�Karl Fischer. 

For the product the wave length of maximum absorp-
tion in infrared illumination was found to be at 6.05 mi-

20 crusts (is) using a potassium bromide cell. The result may 
be expressed: 

25 
The wavelength of maximum absorption in ultra-violet 

illumination is 259 millimicrons (mg) in a 0.1 N hyilro-
chioric acid solvent, and the extinction coefficient is 
20,500. The result may be expressed: 

30 z:259 mu (e= 20,600), 

EXAMPLE It 
Following the procedure of the previous example, the 

periodate oxidation product of cytidisic is treated with 2- 
methylisonicotinic acid hydrazide to afford N-[2-(4-ani-

° no-1, 2-dihydro-2-oxo-1-pyrimidinyl) - 3,5 - dihylroxy-6-
(hydroxymethyl)morpholinoi - 2 - melhylisonicotinamide 
dihydrate. 

Analysis.�Calc’d for C1BN06’21120 (percent): C, 

40 44.8; H, 5.6; N, 19.6; H0, 8.4. Found (percent): C, 
45.5; N, 5.8; N, 19.4; H50, 7,5�Abderhalden. 

EXAMPLE III 

According to the method of the previous examples, 
N-[2-(4-amino - 1,2 - dihydro-2-oxo- 1-pyrimidinyl) -:3,5-

45 dibydroxy - 6 - (hydroxymethyl)morpholino:lhonicotin-
amide is prepared by reacting the periodate oxidaion prod-
uct of cytidine with isonicot’wic acid hydrazide (yield 
72 percent). 

Analysis.�Calc’d for C,tHitN;O ’21/1 ’110 (percent): 
60 C, 42.58; 11, 5.47; H20, 10.65. Found (percent): C, 

42.89; H, 5.48; 1120, 10,34�Abderhalden. 

EXAMPLE W 

To prepare N-f3,5-dihydrnxy - 6 - hydroxymethyo-2-
55 (1,2,3,4-tetrahydro - 2,4 - dioxo-1-pys-imidiny1 -iorpho-

llno)-2 - ruethylisonicotinamide dihydrate, the periodate 
oxidation product of uridine is reacted with 2-enethyliso-
nicotinic acid hydrazide according to Example I. 

Analysis..�CaIc’d for C151-115N507�21120 (percent): C, 
60 44.74; H, 5.40; 1120, 8.38. Found (percent): C, 44,76; 

H, 5.31; }lO, 8.50-’----Abderhalden; 9.36�Kar Fischer. 

EXAMPLE V 

The use of the compounds in the blocking of an 
15 auto-immune process 

Experimental allergic encephalomyelitis (EAR) in rats 
is characterized by clinca1 symptoms which occur 11 to 15 
days after inoculation of the animal wili an en:ephalit-a-

70 genic emulsion consisting of isologods spinal cord erm’isi-
fled in complete Freund’s adjuvant, The symptoms initial-
ly consist of ataxia or paresis followed by flaccid paralysis 
of the hindquas’ters, urinary incontinence, fecal .rnpaction 

and weight toss. These clinical symptoms are accomnpar. itt! 

76 by hematologic changes consisting of increased poiyxror-
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phonuclear cells and decreased lymphocyates, the thymus 
and spleen are significantly reduced in weight and the 
adrenals are increased in weight. Table I below shows 
the protective effect of the test compound, N-[2(6-amino-
9H-purin-9-yl)-3,5-dihyctroxy - 6 - (hydroxymethyl)mor-
pholino]isonicotinamide, against EAE compared with 
other drugs of known effectiveness. Twelve animals were 
used in the control group and in each of the drug-treated 
groups. The drugs were administered either orally or sub-
cutaneously as shown. The dose is stated in milligrams 

10 
per kilogram (mg./kg.) of the body weight of the host. 
The dose response for the test compound is shown. 

TABLE  

TotalPercent 
No, paral- 15 

Drug Dose. nig.’kg. Frequency doses ysto 

(ontrol 90-100 
Cortioon0-----------&5Oub Daily-----------13 0 

cutaneously 
0-sneTCeptresatOpOlinrL_ 00 oral ---------- AlterOatO days--6 0 

th Meoto-------0,20 oral ------------ do ------- ---- a 0 
2 Cytoxan------ ------ 10 oral--------------do-----------6 0 

IinnrUn--------------100 oroL,-----------do ----------- 0 0 
ThioguOritna--------S orSi ---------- ------do ----------- a a 
Test compound  - 10 oral--------------do-----------6 100 

Do 100 oral .,-----------do ----------- 6 o 
Do -------------150 oral. ------------ do....,. 0 0 
Do ----------- --200ortsi------- ------ do ----------- 6 0 

25 

The results in Table I above indicate that the test com-
pound is active against EAE. 

The terms and expressions which have been employed 
are used as terms of description and not of limitation, and 
there is no intention in the use of such terms and expres-
sions of excluding any equivalents of the features shown 
and described or portions thereof, but it is recognized that 
’various modifications are possible within the scope of 
the invention claimed. 

What is claimed is: 
1. A compound selected from the group consisting of 

those having the formula 
R2 Olt 

EOÆIh ÔR 
wherein. Rj is selected from the group consisting of hydro-
gen and methyl and R1 Is selected from the group con-
sisting of 

NEt, 0 NUt 

,iL 

-a 

JUN 11 
and 

(A) (B) (C) 

30 

35 

2. A compound as described in claim 1 which is: N-E2
(6-amino-9H-purin-9-yl)-3,5-dihydroxy-6 - (hydroxymeth-
yl)morphulinojisunicotinamide. 

3. A compound as described in claim 1 which .s: N-2-
(4-amino-1,2-dihydro-2-oxo - 1 - pyrimidinyl) - 3,5 - dihy-
droxy - 6- (hydroxymethyl)morpbolino]-2-methyhsonico-
tinamicle. 

4. A compound as described in claim. I which :s: N-(2-
(4-amino- 1,2-diliydro..2-oxo - 1 - pyrimidinyl) - 3,5 - ditty-
droacy-6-(hydroxymethyl)morpholjnojisonicotinamide, 

S. A compound as described in claim 1 which is: N-
[3,5 - dibydro)cy - 6- (hydroxymetbyl)-2-(1,2,3,4-tetrahy-
dro-2,4-dioxo-1-pyrimidthyl)morpholinol-2 - niethylisoni-
cotluamide. 

6. A process for preparing a compound selec;ed from 
the group consisting of those having the formula: 

’Ea O It, 
L_J 

wherein R1 is selected from the group consisting of hydro-
gen and methyl and R3 is selected from the group con-
sisting of 

0 Nil, 

H
-N\ 

and 

O=u 01:?N 

’Z’z’ 

(A) (B) (C) 

which comprises reacting the product of periodate oxida-
tion of a compound selected from the group contisting of 
6- amino-9-jl-D-ribofuranosyl-9H-purine, 4-amine-i-p-fl-
ribofuranosyl-2(IH)-pyriznidinone, and 1-p-I) - ribofura-
riosyl-2,4-pyrmndinediol, with an isOnicotinic acid by-
drazide having the formula: 

40 

wherein R1 is defined as above. 
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