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phosphate buffer ( p  = 1.0, KCl) 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 syn-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 (MgSO,) to a residue and then trituration 
with acetone afforded yellow anti-2b (21 mg (12%) yield). 

Physical properties of syn-2b: mp 312 OC dec; TLC (acetone) 
R, = 0.57; IR (KBr pellet) 3340, 1745, 1625, 1601, 1380, 1238 cm-'; 
'H NMR (dimethyl s~lf0xide-d~) 6 9.34 and 6.68 (2 H, 2 br s, imine 
protons), 5.99 (1 H, m, 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, s, 7-methyl), 1.74 and 1.54 (6 H, 2 s, acetate 
and acetamido methyls); 13C NMR (dimethyl sulfoxide-d,) 176.2, 
169.6, 154.7, 154.1, 149.8, 138.7, 130, 110.6, 96.8,65.5,43.3,34.1, 
25.5,20.6,8.7 cps; mass spectrum (E1 mode), m/z  316 (P'). Anal. 
Calcd for C,5H16N404.0.25H20 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); IR (KBr pellet) 3188,1740,1714,1644,1627,1487,1376, 
1310, 1230 cm-'; 'H NMR (dimethyl sulfoxide-d6) 6 11.65 (1 H, 
s, 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) diastereomeric 
methylene), 3.06 and -2.6 (2 H, 2 m, C(2) diastereomeric 
methylene), 2.08 (6 H, 2 s), and 1.8 (3 H, s), 7-methyl, acetamido, 
and acetate methyls, no assignments made; mass spectrum (same 
as syn-2a). 
6-Acetamido-5-amino-8-hydroxy-7-methyl-2,3-dihydro-l H- 

pyrrolo[ 1,2-a]benzimidazole (19). A solution of 25 mg (0.09 
mmol) of syn-2a in 5 mL of methanol was shaken under 50 psi 
of H, in the presence of 5 mg 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 [6:4]) R = 0.4; IR (KBr pellet) 3322, 3210,3140, 1660, 
1640, 1505 cm-'; 'k NMR (dimethyl sulfoxide-d,) 6 9.19 (1 H, s, 

amide proton), 8.68 (1 H, s, 8-hydroxyl), 4.14 (2 H, t, J = 7.1 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 s, 7-methyl and 
acetamido methyl); mass spectrum (E1 mode), m/z 260 (P+), 242 
(P+ - HzO), 217 (P+ - acetyl). 
6-Acetamido-5,6-dihydroxy-7-met hyl-2,3-dihydro- 1 H - 

pyrrole[ 1,2-a]benzimidazole (20). A solution of 30 mg (0.11 
mmol) of la in 10 mL of methanol was shaken under 50 psi of 
H, for 25 min in the presence of 8 mg 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 [64]) R, = 0.57; IR (KBr pellet) 3337, 
3150, 1650, 1505, 1299 cm-'; 'H NMR (dimethyl sulfoxide-d,) 6 
9.39 (2 H, s, 5,8-dihydroxy), 9.03 (1 H, s, 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), 2.72 (2 H, quintet, J = 7.6 Hz, C(2) methylene), 2.10 
and 2.08 (6 H, 2 s, 7-methyl and acetamido methyl); mass spectrum 
(E1 mode), m/z  261 (P+), 243 (P+ - HzO), 219 (P+ - ketene). 
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Various primary amines and 1-mono- and 1,l-disubstituted hydrazines 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 2,6-bis(benzotriazolyl) N-substituted piperidines 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 piperidines. 

Many N-substi tuted piperidines and their  2,6-dialkyl 
derivatives a re  pharmacologically active and form an es- 
sential pa r t  of the molecular structure for impor tan t  
drugs.2 For example, t he  1-piperidino group is a feature 
of the antihistaminic agent and the spasmolytic benzhexol? 

of narcotic analgesics: of postganglionic parasympathetic 
 agonist^,^ a n d  of oral anes the t im6  Many 1,2,6-trialkyl- 
piperidine alkaloids have been isolated from both  animal 
and  plant  specie^.^^^ 

(1) The Chemistry of Benzotriazole. See: Katritzky, A. R.; Urogdi, 
L.; Mayence, A. J .  Chem. SOC., Chem. Commun. 1989, 337. Katritzky, 
A. R.; Hughes, C. V. Chem. Scr. 1989,29, 27, and refs 24-28. 

(2) Coutts, R. T.; Casy, A. F. In Pyridine and its Deriuatiues; Abra- 
movitch, R. A., Ed.; Interscience: John Wilev & Sons: New York, 1974; 
Part 4, P 492. 

(3) Casy, A. F.; Ison, R. R. J. Pharm. Pharmacol. 1970, 22, 270. 

(4) Reynolds, A. K.; Randall, L. 0. Morphine and Allied Drugs; 
University of Toronto Press: Toronto, 1957; p 269. 

(5) Hermons, B.; van Daele, P.; van de Westeringh, C.; van der Eycken, 
C.; Boey, J.; Dockx, J.; Janssen, P. A. J. J.  Med. Chem. 1968, 11, 797. 

(6) McElvain, S. M. J. Am. Chem. SOC. 1927, 49, 2835. 
(7) MacConnel, J. G.; Blum, M. S.; Fales, H. M. Tetrahedron, 1971, 

(8) Hootele, C.; Colau, B.; Halin, F. Tetrahedron Lett. 1980,21,5063. 
27, 1129. 
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Table I. Preparation of the  N-Substituted 2,6-Bis(benzotriazolyl)piperidines 
calcd found 

no. N-substituent solvent yield (%) mD ("C) C H N C H N 
4a 
4b 
4c 
4d 
4e 
4f 
7a 
7b 
7c 
7d 
7e 
7f 
7g 

PhCH2 
Ph 
m-CH3CsHd 
n-C4HS 
i-C3H7 
2-pyridyl 
PhNH 
(CHJzN 
PhCONH 
CH3CONH 
CH&HZOZCNH 
(CH3)3C02CNH 
PhCH202CNH 

HZO 
HZO 
HZO 
HZO 
HZO 

H2O 

H20-EtOH 
HZO-EtOH 

EtOH 
EtOH 
EtOH 
EtOH 
EtOH 

a Sticky oil, used as such in further reactions. 

91 
85 
80 
75 
82 
79 
86 
73 
95 
86 
94 
97 
93 

61-63 
155-158 
145-1 48 
a 
a 
48-51 
65-67 

169-1 7 1 
178-181 
183-186 
186-190 
192-195 

a 

Many alternative methods are available for synthesizing 
N-substituted piperidines? 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.*O Such methods utilize various 
1,Bdisubstituted 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," 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.12 Thus, Watanabe reported the synthesis of N- 
substituted piperidines from the reductive amination of 
glutaraldehyde and primary amines with tetracarbonyl- 
hydridoferrate as a reducing reagent;13 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-(alky1amino)- and N-(alkylamidol- 
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-N-benzylpiperidines.16 N-Alkylation of C- 
substituted piperidines, often obtained by the reduction 
of pyridine derivatives, was an alternative route to 1,2,6- 
trisubstituted p iper id ine~.~J~  Other methods previously 

70.42 
69.87 
70.42 

66.67 
67.32 

65.68 
60.64 
59.11 
60.83 
64.10 

5.62 
5.32 
5.62 
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5.37 
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5.32 
5.42 
5.99 
5.13 
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24.81 
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5.87 

4.97 
5.19 
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5.48 
5.52 
5.82 
5.31 
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24.50 
23.62 

28.46 
27.06 

25.08 
30.22 
27.65 
25.49 
23.65 

Scheme I 

used have included catalytic or hydride reduction of sub- 
stituted imines,ls intramolecular amination of olefins in 
the presence of mercuric and catalytic reaction of 
butadiene with Schiff bases by Pd(N03)2Ph3P.20 These 
methods are limited by the availability of the starting 
materials and reagents and sometimes by the severe con- 
ditions. 

Relatively few N- (alky1amino)- and N-amido-substituted 
piperidines have been reported. They were previously 
prepared by the reduction of N-nitrosopiperidines with 
zinc dust or lithium aluminum hydride2I 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- (alky1amino)-, N- (acylamino) -, and 
N-[(alkoxycarbonyl)amino]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 Grignard reagents. 

Recent publications from our laboratory have demon- 
strated the versatile synthetic utility of benzotriazole.24-28 

(9) Jones, G. In Comprehensive Heterocyclic Chemistry; Katritzky, 
A. R., Eds.; Pergamon Press: Oxford, 1984; Vol. 2, p 395. 

(10) Drake, N. L.; Van Hook, J.; Garman, J. A.; Hayes, R.; Johnson, 
R.; Kelley, G. W.; Melamed, S.; Peck, R. M. J .  Am. Chem. SOC. 1946,68, 
1529. 

(11) Raucher, S.; Klein, P. Tetrahedron Lett. 1980, 21, 4061. 
(12) Lane, C. F. Synthesis 1975, 135. 
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mi, Y. Bull. Chem. SOC. Jpn. 1976,49, 2302. 
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(16) Takahashi, K.; Kurita, H.; Ogura, K.; Iida, H. J. Org. Chem. 1985, 
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hedron Lett. 1982, 23, 3369. 
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T .  Tetrahedron 1977,33, 1569. 
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Chem. Commun. 1974, 506. 

(21) Schueler, F. W.; Hanna, C.  J. Am. Chem. SOC. 1951, 73, 4996. 
(22) Nelson, S. F.; Weisman, G .  R. Tetrahedron Lett. 1973, 2321. 
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(24) Katritzky, A. R.; Rachwal, S.; Rachwal, B. J .  Chem. SOC., Perkin 
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Scheme I1 
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RRN .. PhNH , (CH&N, PhCONH, CHoCONH , NHCWHZCHJ, NHCW(CH3k 

The products formed from benzotriazole ( l ) ,  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 amines,25 and for the al- 
kylation of amides and thioamides26 and of  hydrazine^.^^ 
We now demonstrate the utility of benzotriazole in forming 
N-substituted piperidines. 

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 ethanolic 
solution29 or by the Dean-Stark method.25 Recently, we 
reported that benzotriazole reacts with various amines and 
formaldehyde or acetaldehyde in water at 20 "C, to afford 
the condensation products in high yield.m 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(benzotriazolyl) N-substituted piperidines (4) were 
produced in excellent yields (Scheme I). The results are 
listed in Table I. 

When monosubstituted and unsymmetrically disubsti- 
tuted hydrazines (phenylhydrazine (6a) and N,N-di- 
methylhydrazine (6b)) were used as the amine component, 
the N-(alky1amino)piperidine derivatives 7a and 7b were 
obtained. This method can also be applied to acyl- 
hydrazines (benzoylhydrazine (612) and acetylhydrazine 
(6d)) and alkyl carbazates (ethyl carbazate (6e), tert-butyl 
carbazate (6f), and benzyl carbazate (6g)) to prepare the 
corresponding N-(acylamino)- or N-[ (alkoxycarbony1)- 
aminolpiperidine 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-(acylamino)- or -[(alkoxy- 
carbonyl)amino]-substituted piperidines were excellent 
under mild conditions (Scheme 11). The results are sum- 
marized in Table I. These double condensations can be 
carried out on a large scale, and the procedure is very 
simple. 

The novel bis(benzotriazo1e)-substituted piperidines 4 
and 7 prepared by double condensation were characterized 
by elemental analyses. Their spectra (both 'H and 13C 
NMR), however, are too complicated to be assigned due 
to the many possible isomers. N-(Aminoalky1)benzo- 
triazoles generally exist as two isomers31 (i.e., l-benzo- 

~ ~~ ~~ ~ 

(27) Katritzky, A. R.; Rao, M. S. C. J.  Chem. Soc., Perkin Trans. I 

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

(30) Katritzky, A. R.; Pilarski, B.; Urogdi, L. Org. Prep. Proced. Int. 

1989, in press. 

Chem. SOC. 1955, 77, 5386. 

1989, 21, 135. 

Table 11. Preparation of the N-Substituted Piperidines by 
Reduction 

mp (bp), OC/pressure, mm 
yield Hg 

no. N-substituent (%) exptl lit. ref 
5a PhCH, 78 oil 49/0.1 13 
5b Ph 80 oil 99/0.2 13 
5~ m-CH3CGH4 68 oil a 32 
5d n-C4H9 59 80/10 70/34 13 
5e i-C3H7 55 145-148/760 149-150/756 33 
5f 2-pyridyl 64 oilb 138-139/4 34 
8a PhNH 87 oil C 

8c PhCONH 82 193-195 195-197 23 
8d CH3CONH 84 105-106 107-108 23 
8e CH3CH202CNH 88 79-80 e 

8b (CH3)N 79 oil d 22 

8f (CH3)3C02CNH 85 80-81 f 
8g PhCH202CNH 90 101-102 g 

"Hydrochloride: mp 202-204 O C  (lit.32 mp 206-206.5 "C). 
bPicrate: mp 134-136 "C (lit.34 mp 136-137 "C). 'Anal. Calcd for 
CllHl6N< C, 75.00; H, 9.09; N, 16.91. Found: C, 74.67; H, 8.89; N, 
16.98. No boiling point was given. e Anal. Calcd for C8H16N202: 
C, 55.81; H, 9.30; N, 16.28. Found: C, 55.85; H, 9.45; N, 16.73. 
/Anal. Calcd for CloHmNzOz: C, 60.00; H, 10.00; N, 14.00. Found: 
C, 60.29; H, 9.72; N, 14.58. gAnal. Calcd for CI3Hl8N2O2: C, 66.67; 
H, 7.69; N, 11.97. Found: C, 66.79; H, 7.85; 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(benzo- 
triazoly1)piperidines. Their 'H and 13C NMR spectra are 
correspondingly complex (one example is given in the 
Experimental Section). 

Preparation of N-Substituted Piperidines by Re- 
duction. We have already reported"@ that benzotriazole 
moieties in various reaction products of benzotriazole and 
aldehyde with an amine or an amide can be replaced 
smoothly by a hydrogen atom from sodium borohydride. 
We now demonstrate that 2,6-bis(benzotriazolyl) 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 11). 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 I1 indicate that the benzo- 
triazole products 7, which contain an N-amino or N-amido 
group, are generally reduced even more easily and in higher 
yields than adducts 4, reflecting the facilitation of de- 
parture of the benzotriazole moiety by electron-donating 
a-effect of the N-amino group. Therefore, our present 
method is particularly suitable for the preparation of the 
N-(alky1amino)- and N-(acy1amino)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 a t  least 
three steps from piperidine (nitrosation, reduction, and 
then alkylation or acylation) and give lower overall yields. 

The N-substituted piperidines were characterized by 
their 'H and 13C NMR (Tables I11 and IV) and by com- 

(31) Katritzky, A. R.; Yannakopoulou, K.; Kuzmierkiewicz, W.; Aur- 
recoechea, J. M.; Palenik, G .  J.; Koziol, A. E.; Szczesniak, M. J.  Chem. 
Soc., Perkin Trans. I 1987, 2673. 

(32) Huisgen, R.; Sauer, J. Chem. Ber. 1958, 91, 1453. 
(33) Ladenburg, A. Ber. 1881, 14, 1342. 
(34) Pedersen, E. B.; Carlsen, D. Synthesis 1978, 844. 
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Table 111. *H NMR Spectral Data of the N-Substituted Piperidines (CDCIS, 6) 
no. 2,6-CHz (4 H, t) 3,5-CHz (4 H, m) 4-CHz (2 H, m) N-substituent 
5a 2.46 1.70 1.55 7.42 (s, 5 H), 3.55 (s, 2 H) 
5b 2.85 1.60 1.45 6.35-7.15 (m, 5 H) 
5c 3.10 1.68 1.55 7.0-7.20 (m, 1 H), 6.40-6.80 (m, 3 H), 2.32 (s, 3 H, CHJ 
5d 2.50 a a 2.40 (t), 1.70-1.40 (m, 10 H), 0.90 (t, J = 7 Hz, 3 H, CH3) 
5e 2.80 1.80 1.55 3.50 (m, 1 H), 1.00 (d, J = 7 Hz, 6 H, CH3) 
5f 3.60 1.80 1.58 8.30 (d, J = 5 Hz, 1 H), 7.52 (m, 1 H), 6.55-6.95 (m, 2 H) 
8a 2.32 1.85 1.45 7.05-7.43 (m, 2 H), 6.60-7.00 (m, 3 H), 4.18 (s, 1 H, NH) 
8b 2.75 1.68 1.40 2.58 (s, 6 H, CH3) 
8c 2.85 
8d 2.70 1.70 1.55 6.65 (s, 1 H, NH), 2.05 (s, 3 H, CHJ 

1.78 1.45 7.80 (d, J = 8 Hz, 2 H), 7.35-7.55 (m, 3 H), 7.03 (s, 1 H, NH) 

8e 2.78 
8f 2.70 1.68 1.40 5.60 (s, 1 H, NH), 1.45 (s, 9 H, t-Bu) 
8t3 2.73 1.68 1.38 7.34 (s, 5 H, CeH,), 5.78 (s, 1 H, NH), 5.12 (s, 2 H, CHZ) 

1.70 1.40 5.95 (s, 1 H, NH), 4.15 (q, J = 6.5 Hz, 2 H, CHZ), 1.25 (t, 3 H, CH,) 

Overlapped by the N-substituent signal. 

Table IV. lSC NMR SDectral Data of the N-Substituted PiDeridines (CDCl,. 6) 
no. 2,6-C 3,5-c 4-c N substitutent 
5a 54.2 25.7 24.2 138.4, 128.9, 127.8, 126.6, 63.6 (CH,) 
5b 
5c 
5d 
5e 
5f 
8a 
8b 
8c 
8d 
8e 
8f 
8g 

53.7 
50.5 
48.3 
48.9 
44.7 
57.2 
48.0 
57.0 
55.1 
57.0 
56.8 
57.4 

Scheme I11 

25.4 
26.3 
23.7 
23.3 
23.9 
26.5 
25.6 
25.3 
25.7 
25.1 
25.2 
25.3 

23.9 
24.5 
22.8 
22.3 
23.1 
23.9 
24.0 
22.2 
22.6 
22.7 
23.0 
23.0 

14) 

parison with data of authentic specimens (Table 11). 
Preparation of 1,2,6-Trisubstituted Piperidines by 

Grignard Reaction. Reaction of 2,6-bis(benzo- 
triazoly1)-N-benzylpiperidine (4a) 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 111). 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 AB 
system. By contrast, the corresponding equivalent CH, 
protons of the cis isomer will appear as a ~inglet . '~J ' ,~  In 
our reaction, only a singlet benzyl methylene signal at  b 
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-amido-substituted benzo- 
triazole adducts 7 are easier than those of the N-alkyl or 
N-aryl analogues 4. Thus, reactions of compounds 7c, 7e, 
and 7f with 3.3 equiv of Grignard reagents proceeded 
smoothly, leading to the corresponding symmetrical 2,6- 
disubstituted N-amidopiperidines loa-f, respectively. The 
yields were generally good, and no products of partial 
reaction were detected in these transformations (Scheme 

(35) Hill, R. K.; Chan, T.-H. Tetrahedron 1965, 21, 2015. 

141.1, 128.9, 128.3, 126.5 
138.1, 128.9, 128.5, 119.9, 117.2, 113.5, 21.8 

51.1 (CH), 18.1 (CHJ 
158.1, 146.3, 135.7, 110.8, 105.5 
148.0, 128.8, 119.2, 113.5 

165.2 (CO), 134.0, 131.3, 128.4, 127.0 
168.0 (CO), 28.9 (CHJ 
155.0 (CO), 60.3 (CH2), 14.5 (CHJ 

155.2 (CO), 136.2, 128.4, 128.3, 128.0, 66.6 (CH,) 

44.5 (CH,), 25.1, 22.5, 17.5 

38.6 (CH3) 

155.0 (CO), 80.0 (C), 28.5 (CHJ 

Scheme IV 

NHR 

171 110) 

l o a .  R -  COPh R -  CHJ 
lob:  R -  COPh 
I@: R=COPh R - c &  
1 M R i COfi(CH3)j R = C&CH, 
1% : R I CO2c(Ct15)3 

R -  CH& 

R = C& 

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

The 1,2,6-trisubstituted piperidines 10 were character- 
ized by their 'H and 13C NMR spectra and by analyses 
(Experimental Section). Examination of the NMR (par- 
ticularly 13C NMR) spectra of products 10 shows that only 
one of the two possible cis/trans isomers is 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-benzylpiperidines. 

Conclusions 
The present work demonstrates the synthetic utility of 

benzotriazole in building up a piperidine ring, the ease of 
double addition of benzotriazole and glutaraldehyde with 
amines or hydrazines, and the ease by which the benzo- 
triazole moiety is replaced by a hydrogen atom or by an 
alkyl group. This method possesses the advantages of 
simple procedure, mild conditions, easy availability of 
starting materials, and good yields. It is particularly useful 
in preparing N-(alkylaminol- 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 'H NMR (300-MHz) spectra were 
recorded on a Varian VXR-300 spectrometer with tetramethyl- 
silane as the internal standard. 13C NMR spectra were taken on 
Varian VXR-300 (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 benzophenone immediately before use. 

Double Condensation. Typical Procedure. Benzotriazole 
(40 mmol), the appropriate amine or hydrazine (20 mmol), and 
distilled water (200 mL) were stirred vigorously for 10 min a t  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 a t  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(benzotriazolyl)-N-[ (ethoxycarbonyl)amino]- 

piperidine (7e): 'H NMR (DMSO-d6) 6 8.10-8.70 (m), 7.62-7.98 
(m), 7.02 (m), 6.30 (m), 4.28 (d), 3.82 (m), 3.05-3.40 (m), 2.85 (d), 
2.25-2.75 (m), 1.22-1.60 (m), 0.80-1.00 (m); I3C NMR 6 155.5, 
154.6, 145.6, 145.5, 132.3, 127.2, 126.8, 124.0, 123.8, 119.2, 118.9, 
117.9, 117.7, 113.0, 111.3, 72.8, 60.0, 58.7, 29.8, 29.5, 20.7, 14.7, 
14.5. 

Reduction of Benzotriazole Adducts. Typical Procedure. 
Adduct 4 or 7 (5 mmol) suspended in T H F  (30 mL) was stirred 
a t  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 
(MgS04), and the solvent evaporated under reduced pressure to 
obtain N-substituted piperidines. In some cases, the products 
were purified by column chromatography (silica gel) or recrys- 
tallization from aqueous ethanol. 

Reaction with Grignard Reagents. Typical Procedure. 
To the Grignard reagent prepared from magnesium turnings (11 
mmol for 4 and 16.5 mmol for 7) and alkyl or aryl halide in diether 
ether (30 mL) was added the benzotriazole adduct (4 or 7) (5 
mmol) in tetrahydrofuran dropwise under nitrogen. After the 
addition was complete, the reaction mixture was refluxed for 2 
h, then poured in icewater containing NH,Cl, and extracted with 
diethyl ether. The organic layer was washed with NaOH (2 X 
30 mL, 1 N) and water (2 X 30 mL) and dried over MgSO,. 
Evaporation of the solvent gave the crude products, which were 
purified by crystallization or by column chromatography. 
2,6-Dibutyl-N-benzylpiperidine (9a): oil (45%); 'H NMR 

(CDC13) 6 7.20-7.50 (m, 5 H), 3.70 (s, 2 H, PhCH2), 2.85 (m, 2 H, 

CH), 1.00-1.80 (m, 18 H), 0.82 (t, 6 H, CH,); 13C NMR 6 143.5, 
128.4, 127.7, 125.8, 63.2, 51.6, 34.6, 29.1, 27.8, 23.8, 22.9, 14.0. MS 
(mle )  for C20H33N, calcd 287.4874, found 287.4892. 
2,6-Dimethyl-N-benzylpiperidine (9b): oil (48%); 'H NMR 

(CDCl,) d 7.15-7.45 (m, 5 H), 3.72 (s, 2 H, PhCH2), 2.90 (m, 2 H, 
CH), 1.75-1.45 (m, 6 H), 0.98 (d, 6 H, CH,). MS ( m / e )  for 
C14H2'N, calcd 203.1675, found 203.1651. 
2,6-Dimethyl-N-(benzoylamino)piperidine (loa): 70%; mp 

176-178 "C (lit.23 mp 179-180 "C); 'H NMR (CDCl,) 6 7.75-7.25 
(m, 5 H), 7.00 (s, 1 H, NH), 2.95 (m, 2 H, CH), 195-155 (m, 6 H), 

2,6-Diethyl-N-(benzoylamino)piperidine (lob): 72%; mp 
152-154 "C; 'H NMR (CDCl,) 6 7.76-7.25 (m, 5 H), 7.00 (s, 1 H, 
NH), 2.90 (m, 2 H, CH), 1.95-1.05 (m, 10 H), 0.90 (t, 6 H, J = 
6 Hz, CH,); I3C NMR 6 166.7 (CO), 135.1, 130.9, 128.7, 126.8,66.5 
(CH), 26.7, 25.9,23.0,17.0. Anal. Calcd for Cl6H,,Nz0: C, 73.81; 
H, 9.29; N, 10.75. Found: C, 74.11; H, 9.11; N, 10.48. 
2,6-Diphenyl-N-(benzoylamino)piperidine (1Oc): 49%; mp 

126-128 "C; 'H NMR (CDCl,) 6 7.75 (m, 2 H), 7.45-7.05 (m, 13 
H), 4.57 (m, 2 H, CH), 2.00 (m, 4 H), 1.75 (m, 2 H); 13C NMR 6 
165.9 (CO), 141.2, 137.1, 130.9, 128.7, 128.0, 127.2, 126.5, 126.2, 
36.8, 25.5, 23.7. Anal. Calcd for C24H24N20: C, 80.89; H,  6.74; 
N, 7.87. Found: C, 81.21; H, 6.43; N, 7.52. 

2,6-Dibenzyl-N-[ (tert -butoxycarbonyl)amino]piperidine 
(10d): 52%; mp 115-117 "C; 'H NMR (CDCl,) 6 7.40-7.15 (m, 
10 H), 6.00 (s, 1 H, NH), 3.24 (m, 2 H, CH), 2.75 (d, J = 7 Hz, 
4 H, CH2), 2.05 (m, 4 H), 1.75 (m, 2 H), 1.25 [s, 9 H, C(CH3)J; 
13C NMR 154.6, 137.1, 129.3, 127.5, 126.6, 78.0 (C), 60.2 (CH), 34.2 
(CH,), 28.3, 26.9, 18.5. Anal. Calcd for C24H32N202: C, 75.79; 
H, 8.42; N, 7.37. Found: C, 75.52; H, 8.71; N, 7.05. 

2,6-Diphenyl-N-[ ( tert -butoxycarbonyl)amino]piperidine 
(loe): 75%; mp 168-170 "C; 'H NMR (CDCl,) 6 7.58 (d, J = 8 
Hz,4 H),7.40-7.20 (m,6 H), 5.95 (s, 1 H,NH),4.22 (m, 2 H, CH), 
2.00 (m, 4 H, CHJ, 1.78 (m, 2 H), 1.25 (s, 9 H); 13C NMR 6 154.0 
(CO), 140.8, 127.4, 127.3, 126.1, 78.3 (C), 62.4 (CH), 28.2, 27.4, 
18.8. Anal. Calcd for CzzHzsN202: 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 = PhCH2), 100-46-9; 

109-73-9; 3 (R = i-C3H7), 75-31-0; 3 (R = 2-Py), 504-29-0; 4a, 

4e, 126216-59-9; 4f, 126216-61-3; 5a, 2905-56-8; 5b, 4096-20-2; 5c, 
71982-24-6; 5d, 4945-48-6; 5e, 766-79-0; 5f, 68654-52-4; 6a, 100-63-0; 

7a, 126216-63-5; 7b, 126216-65-7; 7c, 126216-67-9; 7d, 126216-69-1; 
7e, 126216-71-5; 7f, 126216-73-7; 7g, 126216-75-9; Ba, 126216-44-2; 
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A variety of symmetrical vicinal tertiary and secondary diamines are readily prepared in good to excellent 
yields by either Grignard reaction or reduction of the glyoxal bisproducts with benzotriazole and secondary or 
primary amines. 

Vicinal diamino compounds are of importance in med- 
icinal chemistry,2 in metal ~he la t ion ,~  and in polyaza 
macrocyclic and cryptate ~hemistry.~ They are also useful 
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synthetic intermediates, particularly in the formation of 
heterocyclic rings.5 

(1) The Chemistry of Benzotriazole. See: (a) Katritzky, A. R.; Fan, 
W. Q. J .  Org. Chem., previous paper in this issue. (b) Katritzky, A. R.; 
Urogdi, L.; Mayence, A. J .  Chem. Soc., Chem. Commun. 1989, 337. 
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