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Abstract Wide-promoted cyclizations of aldchydes with 4-alkynylamines and 3-alkynylamines provide direct synthetic 

access to alkylidenepiperidines 4 and tetrahydmpyridines 8, respectively. 

Simple alkynes are less nucleophilic than alkenes and typically do not undergo intramolecular 

reactions with weak electrophiles such as iminium cations. X3 However, a promising Mannich chemisny of 

alkynes was recently revealed when formaldiminium ion-alkyne cyclizations were carried out in the presence 

of strong external nucleophiles such as iodide (eq 1, R 2 = H).4-6 The iodide-promoted cyclization of 

formaldiminium ions derived from (L)-proline is the central step in the first practical synthetic entry to the 

cardiotonic pumiliotoxin A alkaloids. 5 The scope of this convenient route to piperidines would be 

significantly expanded if related cyclizations of aldiminium ions could be occasioned under the aegis of 

external nucleophiles. In this communication we report that a variety of 2-substituted-3-alkylidenepiperidines 

(eq 1, R2 = alkyl or C02R) and 2-substituted-1,2,5,6_tetrahydropyridines (eq 4) are formed in useful yields 

when iodide-promoted aldiminium ion-alkyne cyclizations are carried out in a polar aprotic solvent at elevated 

temperature. 

After some preliminary optimization, we found that the cyclization of 4-alkynylamines 3 with an 

aldehyde was best accomplished in acetonitrile at 120-150 ‘C in the presence of 5 equiv of 

tetrabutylammonium iodide (eq 2). 7 The examples reported in Table 1 illustrate the scope of the reaction. 

Noteworthy features include the following: (1) Cyclization occurs exclusively in the exocyclic mode to 

afford the E alkylidene stereoisomer 4 selectively (196%). (2) The cyclization of internal alkynes with 

aliphatic aldehydes takes place with good efficiency at 120-150 “C. (3) Less nucleophilic terminal alkynes 

cyclize more slowly as do conjugated iminium ions derived from aromatic aldehydes. (4) 

Tetrabutylammonium bromide is less effective as a cyclization-promoter. (5) 3-Alkylidenepipecolic esters 
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Table I. Preparation of 2-Substituted-3-alkylidenepiperidines as Outlined in Equation 2. 

R R2 

Me Me Me Et 
H Me 
Me Ph 
Me Me 
Me C&Et 
Me CO2Ph 
H COzEt 

rxn conds alkylidenepiperidine 

X temp(‘C) time(h) compd yield(%) 

I 150 2 : 120 20 :: :: 
150 4c 47 

I 120 
f0 

4d 18 
Br 120 4e 
I 120 1’ 4f :; 
I 120 4g 
I 150 1 4h ii 

(4f - 4h ) can be prepared in modest yield from the iodide-promoted reaction of glyoxylate esters with both 

internal and terminal alkynes.819 As expected, the cyclizations of these more electrophilic cations occurred 

more rapidly. (6) The major competing reaction is HI addition to alkyne 3 to afford acyclic vinyl iodides. 

5 equiv Bu4N’X, 
X 

+ &HO 
2 equiv RSO,H, 

-cl? 

’ R 
R (2) 

Bfl 
(2 equiv) MeCN, 120 - 150 *C N A2 

Bn 

3a R=Me, 
bR=H 

4 

Stereochemical assignments for 4 are based on ‘H NMR coupling and NOE data. Structural 

assignments were further confirmed in the case of 4a by the conversions shown in eq 3. The (Z)- 

alkylidenepiperidine 5 showed strong NOE enhancements between the vinylic methyl and the C(2) hydrogen, 

but not between the vinylic and C(2) hydrogens. Ozonolysis of 5 in acidic methanol gave the 3-piperidone 

6.10 

I n-BuLi. THF, 4, MeOH-HCI, 
-70 “C; MeOH -78 “c: Me* 

(3) 
95% 99% 

Bn 4a 
Bn 

5 6 

Related cyclizations of aldehydes and 3-alkynylamines 7 took place at 120 “C exclusively in the 

endocyclic mode to yield substituted 1,2,5,6-tetrahydropyridines 8 (eq 4, Table 2).7 Many of the 

characteristics of this reaction are similar to those of the alkylidenepiperidine synthesis. Specifically, iodide is 

a better cyclization promoter than bromide and iminium ions derived from glyoxylate esters cyclize more 

rapidly than those derived from aliphatic aldehydes. The structures of 8a and 86 were confirmed by 

deiodination (BuLi, ether, -78 ‘C; MeOH) to give known substituted tetrahydropyridines.11 The major by- 

product isolated from the bromide-terminated cyclization of 7c with acetaldehyde was the allenylamine 12 

(R2 = Me, Scheme I). The cyclization of 7c with ethyl glyoxylate (Table 2, last entry) gave none of the 

expectedtetrahydropyridine 8, but afforded l-benzyl-6iodo-1,2,5,6_tetrahydropyridine (9) in 25% yield.4a 
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Table 2. Preparation of 2-Substituted-1,2,5,6-tetrahydropyridines as Outlined in Equation 4. 

rxn conds tetrahydropy-ridine 

R Ar R2 X time(h) compd yield@) 

Me Ph Me I 18 8a 71 
Me Ph COzEt 
H Ph 

&To’ k:H$I-I2 
: 

3 8b 
ac z 

H” 
I ::: 8d 60 

Me Br 17 Se 33a 
H Ph C02Et I 17 b 

a Allenylamine 12 (R2 = Me) was isolated also (25% yield). ’ 
was isolated in 25% yield. 

l-Benzyl4-iodo-l,2,5,8tetrahydropyridine (9) 

R X 

5 equiv Bu,N+ X-, 

+ &HO 
2 equiv FM&H 

(2 equiv) 
MeCN, 120 “C 

7a R = Me, Ar = Ph 
bR=Me,Ar=Tol 
cR=H,Ar=Ph 

The formation of allene 12 (R2 = Me) and the 2-unsubstituted tetrahydropyridine 9 is consistent with a 

mechanistic scenario in which aza-Cope equilibration of iminium cations 10 and 11 occurs at least 

competitively with nucleophile-promoted cyclization of 10 or 11. l2 The fotmation of 9 would arise from the 

reaction of 7c with formaldehyde generated in siru. 13 

Scheme I 

9 CT -~ R’CHO. H+ 

NH 

8” 
H2Q, -W* 

[ CR2 “.3! I&R,] Hzo;+;-;:Ho- >., 

Bn Btl 
8” 

7c 10 11 
12 

8c R’=Me.X=l 

R’ 
8e R2=Me,X=Br 

9 ti=H,X=l 

Two features of this synthesis of substituted tetrahydropyridines and alkylidenepipcridines commend 

its use: (a) a wide variety of alkylamines are available in two steps from commercially available alkynol& 

and (b) the vinyl iodide functionality of the piperidine products allows for subsequent structural elaboration 

with a wide range of organometallic reagents .4a We anticipate that the simple route to unsaturated six- 

membered azacycles reported here will prove useful for the preparation of a variety of piperidines, pyridines 

and pipecolic acids. 
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Representative Experimental Procedure. (E)-l-Benzyl-2-ethy1-3-(l-iodoethylidene)piperidine 
(4b). A mixture of 3a (100 mg, 0.53 mmol), propanal (62 mg, 1.1 mmol), camphorsulfonic acid (310 mg, 1.3 
mmol), (n-Bu)4 NI (lg. 2.6 mmol) and dry MeCN (9 mL) was degassed and heated in a sealed glass ampule 
under an argon atmosphere at 120 “C for 20 h. After cooling to 23 “C, the reaction was partitioned between 
CH#z (20 mL) and aqueous 2 N NaOH (10 mL) and the organic phase was dried (MgSO& filtered and 
concentrated. The residue was purified by flash column chromatography (SiO2,90: 105 hexane-EtOAc-Et3N) 
to give 129 mg (68%) of 4b as a nearly colorless oil: IR (film) 2962, 2935, 2871, 1493, 1464, 1453, 1225, 
1175, 1124, 1058, 1048, 1027, 866 cm- ‘; ‘H NMR (300 MHz, CDC13) 7.35-7.27 (n-t, 5H, Ph), 3.71 (s, 2H, 
PhCHz), 3.60 (t. J = 7.5 Hz, NCH), 3.09 (dl, J = 2.5, 10 Hz, lH), 2.76-2.62 (m, 2H), 2.43 (app d, J = 2 Hz, 
=CH3), 2.33-2.30 (m, lH), 1.90-1.62 (m, 3H), 1.51-1.46 (m, lH), 0.82 (t, J= 7.5 Hz, Me); 13C NMR (75.5 
MHz, CDC13) 140.8, 139.7, 128.6, 128.1, 126.8, 95.3, 59.6, 57.7, 45.6, 36.0, 29.8, 23.3, 22.6, 10.8; HRMS 
(CI) m/z 356.0874 (356.0875 calcd for CihH23IN). Maleate salt: mp 122-123 ‘C (EtOAc); Anal. Calcd. for 
C&-I261N04: C, 50.96; H, 5.56; N, 2.97. Found: C, 51.07; H, 5.59; N, 2.93. 
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