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Preparation of trans- and c/s-2-allyl-6-alkyl(aryl)-l,2,3,6- 
tetrahydropyridines based on the reductive trans-2,6-dialkylation of pyridine. 

Synthesis of (+_)-epidihydropinidine and (+)-dihydropinidine 
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A general method for the preparation of unsymmetrical trans-2-allyl-6-alkyl(aryl)- 
1,2,3,6-tetrahydropyridines 6 based on a combination of 1,2-addition of RLi to pyridine and 
trans-6-aUylation with triaIlylborane in the presence of methanol was elaborated. It was 
shown that trans-piperideines 6 (R = Alk, Ph) isomerize into the corresponding cis-2-allyl- 
6-alkyl(phenyl)-3-piperideines 14 on heating with triallylborane followed by deboronation of 
aminoborane (16) with methanol and an alkali. The stereochemJ.stry of compounds 6 and 14 
was determined by two-dimensional NOE spectroscopy. A possible mechanism of the 
formation of trans-amJnes 6 and their transformation into c/s-isomers 14 is discussed. 
Alkaloids (+)-epidihydropinidine (trans-2-methyl-6-propylpiperidine 2a, 70%) and 
(+)-dihydropinidine (c/s-2-melhyl-6-propylpiperidine ld, 71%) were synthesized by hydro- 
genation of compound 6a (R = Me) and 14a (R = Me), respectively, over Raney nickel. 

Key words: allylboration; pyridine, 1,2-addition, alkyl(aryl)lithium, triallyiborane; trans- 
and c/s-2-allyl-6-alkyl(aryl)-l,2,3,6-tetrahydropyridines; trans-cis-isomerization; stereochem- 
istry; piperidine alkaloids; (+__)-epidihydropinidine; (+)-dihydropinidine. 

2,6-Disubstituted piperidine alkaloids are produced 
by many species of  plants and insects and play an 
important role in their vital activity. For example, 
pinidine ( la ) ,  epidihydropinidine (2a), and their deriva- 
tives ( lb--f l ,  2b,e) have been isolated from the needles, 
bark, and roots of  several p ine- t ree  and fir-tree species. 
In addition, pinidinone ( I t )  has been isolated from lady 
beetles (Cryptolaemus monrrouziri) z and from Mexican 
bean beetles (Epilachna varivestis) 3. The latter also pro- 
duce dihydropinidine ld. Isosolenopsins A (n = 9), B 
(n = 11), and C (n = 13) ( l e )  and solenopsins A (n = 
9), B (n = 11), and C (n = 13) (2d) are components of 
the poison of  some ants (Solenopsis geminata and 
Solenopsis invicta). 4'5 Many of  these alkaloids have high 
teratogenic and embryotoxic activity, tb Their biological 
function is probably to protect the species from antago- 
nists and enemies. 

Several laborious methods have been reported to 
date for the synthesis of  such alkaloids, 1,3,~ including 
chiral ones. s'7,8 

We recently found that pyridine and its derivatives 
undergo reductive trans-2,6-diallylation on treatment of 
their triallyl, 9'1~ trimethallyl, u or tricrotylborane l~ 
complexes with alcohols, water, or R2NH. For example, 
adduct 3 is transformed into amine 4 on heating with 
methanol, ethanol, or isopropanol at 60--90 ~ The 
yield of tram-amine 4 is 70--97%, and the admixture of 
cis-isomer 5 usually does not exceed 0.5--2% (Scheme 1). 
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It was also shown that rrans-amines of type 4 are 
transformed almost quantitatively to the corresponding 
cL~-isomers (5) on heating with triaUylborane (130-- 
135 ~ followed by deboronation with an alkali, t~ 

These reactions, which are a new, much more con- 
venient way for the synthesis of  piperidine derivatives, 
opened up interesting prospects in the chemistry, of 
heterocyclic compounds.  Compounds  of  types 4 and 5 
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obtained on their  basis contain an NH group and three 
double bonds, which provide various ways for subse- 
quent functionalization. However,  the above reactions 
afford only 2,6-symmetrically disubstituted 3-piperideines 
and piperidines. On the other  hand,  as noted above, the 
majority of  natural alkaloids of  the piperidine series 
contain different substituents at positions 2 and 6. 
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In order to be able to apply the "boron" methodology 
to the synthesis of  both trans- and cis-2,6-unsym- 
metrically disubstituted 3-piperideines and use the latter 
for obtaining alkaloids and their  analogs, we developed a 
convenient procedure for the synthesis of  unsymmetrical 
trans- 2-allyl-6-alkyl(aryl)- 1,2 ,3 ,6- te t rahydropyr idines  
(6). This procedure is based on a combination of the 
well-known 1,2-addition of  RLi to pyridine 13 and subse- 
quent trans-allylboration (Scheme 2; for preliminary 
communicat ions,  see Ref. 14). 

A "one-pot" procedure was used for the synthesis of 
compounds 6. First, pyridine was added to a solution of 
RLi at 0 ~ (R = Me, Ph) or at - 6 0  ~ (R = Bun), and 
the mixture was stirred for I h at the same temperature. 
After that, triallylborane and then methanol were added 
at a t e m p e r a t u r e  no h ighe r  than  - 1 5  ~ Final  
deboronation was carried out by treatment of the reaction 
mixture with 10--20% NaOH.  In the end, all boron and 
lithium compounds that formed were transferred into the 
aqueous layer, and amine 6 was extracted with an appro- 
priate solvent. The reagents were taken in the ratio 
Py : RLi : AII3B : MeOH : N a O H  = 1 : 1 : I : 3 : 1 . 2 .  
A possible mechanism of the formation of amines 6 is 
shown in Scheme 2. 

The 1,2-addit ion of  organoli thium compounds to 
pyridine results in adduct 7.13 The latter reacts with 
triallylborane to give an enamine  ate-complex 8, alco- 
holysis of  which (cleavage of  the B - - N  bond) involves 
double bond migration 9J~ to give imine complex 9 (a 
proton from M e O H  is added to the C-5 position of the 
pyridine ring). Subsequent al lylboration of the C = N  
double bond in complex 9 occurs trans-stereoselectively 
with respect to the substituent at the ring (Alk, Ph), 

Scheme  2 
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probably through intermediate 10, and this step deter- 
mines the trans-configuration of the final product 6. Alco-  
holysis of the resulting aminoborane  11 with methanol  
(cleavage of  the B- -N  bond) gives amine 6. 

According to G L C  and N M R  data,  the yield of  
compound 6 is 90--94%, and the  preparative yield is 
50--60%. 

The yield of amines 6 strongly depends  on the nature 
of the solvent used and on the condi t ions  of  the synthe- 
sis, mainly of  its fn-st stage, i.e., 1,2-addi t ion of  RLi to 
pyridine (Table 1). This is caused by the fact that the 
reaction of  RLi with pyridine is accompanied  by a 
number of  side processes, the main  of  which is aromat i -  
zation of  the 1,2-addition product  7 Is to give the 
corresponding 2-substituted pyridine 12. The react ion 
can completely follow this pathway, 13 hence it is impor-  
tant to control  its condit ions (see Table  1)." 

" It is stated in all books on the chemistry of pyridine that 
aromatization occurs by elimination of LiH from lithium 
derivative 7 or by oxidation of the latter, for instance, with air 
oxygen during work-up of the reaction mixture. However, it 
was recently shown Is that 2-R-Py (12) is formed due to the 
reaction of adduct 7 with pyridine, which is reduced to give a 
mixture of lithium derivatives of 1,2- and 1,4-dihydropyridine 
(1 : 1); lithium hydride was not found in the reaction prod- 
a c t s .  
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Table 1. Dependence of the ratio of the final products 
(6 : 12 : other) on the conditions of transformation of pyri- 
dine into piperideines 

R Solvent T/~ a Ratio 

Py+RLi AII3B MeOH 6: 12:Other 

Me Ether - 2 5 - - 0  
Me Ether+THF 0--20 
Me Ether+THF 0--20 

Bu Hexane+Ether 0 
Bu Hexane+Ether -60  
Bu H e x a n e + E t h e r - 5 0 - - 0  
Bu Hexane+THF - 5 0 - - I 0  

Ph Ether 0--20 
Ph Ether 0 

-30- -0  -40--20 0 : 0 : 1 0 0  b 
-40- -0  -40--20 90 : 0 : 1.0 

-15- -10  -15--20 9 0 : 0 : 1 0  

0--20 0--20 58 : 4t : 1 
-60--1.0 -40--20 90 : 9 : 1 c 
-35--20 -30--20 62 : 37 : 1 
-35--20 -30--20 63 : 23 : 14 c 

(6 : 12 : 13) 

-30- -20  -30--20 83 : 16 : 1 
-30- -10  -30--20 9 3 : 6 : 1  

a The temperature ranges of consecutive treatment of pyridine 
with RLi, ,MI.~B. and methanol are shown, b Only trans- 
2,6-dia l ly l - l ,2 ,3 ,6- te t rahydropyridine (4) was isolated. 
c 2-Butyl-l,2,5,6-tetrahydropyridine (13). 

H 
1 2 b :  R = Bu 
1 2 c :  R = Ph 1 3  

The reac t ion  o f  MeLi  with pyridine (see Scheme 2) 
has to be carr ied out  in T H F ,  since the reaction in 
diethyl e ther  gives a stable insoluble complex MeLi �9 py,16 
which reacts with t r ia l lylborane to give trans-2,6-diallyl- 
1,2 ,3 ,6- te t rahydropyr idine  (4). In the case of  PhLi, 
e ther  can be used as the solvent,  while the reaction 
involving BuLi should  be carr ied out in a hexane- -e the r  
mixture.  

The  raw product  o f  the react ion involving BuLl 
contains  c o m p o u n d  6b (90%), 2-butylpyridine 12b (9%), 
and probably 2-butyl -  1,2,5,6-tetrahydropyridine 13 (I %) 
(according to G L C  and N M R  data). A product  analo-  
gous to c o m p o u n d  13 (2- te r t -buty l - l ,2 ,5 ,6- te t rahydro-  
pyridine) has been  obta ined previously by the reaction of  
py r id ine  w i t h  ButLi .  17 T h e  ra t io  o f  p roduc t s  
6b : 12b : 13 depends  considerably on the reaction con-  
dit ions (see Table  1). It is only in a hexane- -e the r  
mixture  at - 6 0  ~ that  amine  ~ is formed as the major 
product  (90%). The  raw product  of  the reaction with 
PhLi conta ins  c o m p o u n d  6c (93%) and 2-phenylpyridine 
12c (6%) ( G L C  and N M R  data). 

Since c o m p o u n d s  6b and 12b (and, correspondingly,  
6c and 12c) have s imilar  boil ing points,  we developed a 
procedure  for the i r  separat ion based on the different 
basicity o f  these  amines.  In fact, amines 6 are stronger 
bases (p tc  a ~ I0) than  2 -R-pyr id ines  (pK a ~ 6). Is On  
t rea tment  o f  a mix ture  o f  c o m p o u n d s  6e (94%) and 12c 
(6%) with 2 N  hydrochlor ic  acid (0.95 equiv, with re- 
spect to the a m o u n t  o f  c o m p o u n d  6c in the mixture) ,  

Table 2. Conditions of isomerization of trans-isomers 15 into 
c/s-isomers 16 on heating with triallylborane 

R T/*C Heating Ratio 
duration/h 15 : 16 (,%) 

Me 130--135 1 70 : 30 a 
140--145 +3 20 : 80 a 
160--165 6.5 I : 99 b 

Bu n 135--140 1 80 : 20 a 
1.60--165 +3 5 : 95 a 
200 6 3 : 97 b 

Ph 1.35--140 1. 100 : 0 a 
I60--165 3 75 : 25 a 
195 +2 20 : 80 a,b 
195 12 20 : 80 a,~ 

a Found by 13C NMR of a raw mixture of  compounds 15 and 
16. b Found by GLC of the deboronated product. 

the resulting salt 6c"  HCI goes into the aqueous  solut ion 
(the process was moni tored  by G L C  analysis o f  the  
organic phase).  The  organic layer con ta in ing  c o m p o u n d  
12c and a small  amount  of  6e ( -5%)  was separated,  and 
the aqueous layer  was twice extracted with ether.  Treat-  
ment  of  the aqueous  layer wi th  a solut ion of  N a O H  
followed by extract ion with e ther  gave amine  6e in 53% 
yield. Amine  6b was obtained similar ly in 60% yield. 

It was then  found that, s imilar ly to c o m p o u n d s  4, l~ 
trans-amines 6 a - - c  isomerize  into the corresponding 
cis-compounds 14a- -c  on heat ing with t r ia l lylborane at 
140--190 ~ fol lowed by deborona t ion  with an alkali 
(see Table 2). 

;) .,,....,.)3B, ~ -'-. 

R 2) H20, OH- " ,--/ ~ -N "R 
4' 2" I 

H 
6a- -c  14a - - c  

15a---c 16a---c 
(85--93%) 

R = Me (a), Bu n (b), Ph (c) 

In order to find the i somer iza t ion  condi t ions ,  it was 
carried out in two steps. T rea tmen t  o f  amines  6 a - - c  with 
triallylborane initially gives the corresponding N--~B com-  
plex. Its hea t ing  (120--130 ~ results in cleavage of  
one  B - - C  bond (1 tool of  propylene  is formed)  to give 
aminoboranes  15, which were isolated by dist i l lat ion in 
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85--93% yields. On further heating (Table 2), trans- 
aminoboranes 15 isomerize into the corresponding cis- 
compounds 16, deboronation of which with methanol 
(0--20 ~ mad 2096 NaOH affords compounds 14a--c 
in 60--70% yields with respect to compounds 6a--e. 
The amines obtained in this way (14a,b) contained 
I--3% of an admixture of the tram-isomer (see Table 2), 
which can be removed by distillation or chromatography 
on A1203 with hexane--ether (10 : 1) as the eluent. In 
the case of aminoborane 15c (R = Ph), isomerization 
remains incomplete even on prolonged heating (195 ~ 
12 h). According to 13C NMR and/or GLC data for 
deboronation products (6 and 14), the equilibrium ratio 
of 15e : 16c is probably 20 : 80. An increase in the 
temperature (>195 ~ results in decomposition of the 
product. Amine 14c was isolated in a pure form by 
chromatography on A1203 using hexane--ether (20 : 1) 
as the eluent. 

The driving force of the 15--+16 isomerization is the 
higher thermodynamic stability of cis-isomers (two 
pseudoequatorial groups) in comparison with the corre- 
sponding trans-compounds. 

H H 

N H N R 
I I 
BAIl 2 BAli 2 

R = Alk, AUyl, Ph 

It can be assumed that the 15--->16 transformation 
occurs by deallylboration--allylboration (elimination-- 
addition of the B--All fragment). 

1 5  

R = Alk, Ph 

BAll 2 

1 6  

The 15~16 isomerization occurs under more drastic 
conditions (145--200 ~ Table 2) than in the case of 
2,6-diallyl compound 4 (130--135 ~ 2 h). l~ This dif- 
ference can be explained as shown in Scheme 3. 

In the case of compound 4 (R = All), the elimina- 
tion-addition mainly involves the 6-allyl group (rather 
than the 2-All group). Its elimination from the ring and 
migration to the boron atom results in intermediate 
complex A with a system of conjugated bonds (C=C - 
C=N), which cannot be formed in the case of isomer- 
ization involving compounds 15a--e. Subsequent 
allylboration of the C=N bond (B) results in a c/s- 
aminoborane. 

Scheme 3 
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The structure of compounds 6a--c and 14a--c was 
confirmed by elemental analysis and physicochemical 
methods (ill and 13C NMR, IR and mass spectros- 
copy). Assignment of sig.nals in i H NMR spectra was 
made on the basis of IH--tH COSY spectra. 

The mutual arrangement of substituents with respect 
to the ring in trans-(6a,b) and cis-amines (14a-c)  was 
established by two-dimensional 2D NOESY spectros- 
copy: 

H ~ ~ - " ~ C  H 2 R 

6 a : R =  H 
6 b :  R = Pr 

H 
14c 

H 

1 4 a :  R = Me 
14b: R = Bu n 

The presence of positive cross-peaks of H-2 with the 
CH 3 group (6a) and H-2 with butyl group protons (6b), 
as well as those of H-6 with allyl group CH 2, suggests 
unambiguously the trans-arrangement of substituents in 
compounds 6a and 6b. The positive cross-peaks of H-2 
with H-6 confirm the cL~-configuration of amines 14a 
and 14b. The presence of positive cross-peaks of H-2 
with H-3b and of H-3b with H-6 in compound 14c 
indicates that these three protons are located on the 
same side of the ring. Hence, the corresponding sub- 
stituents are also cis-arranged. 

The warts-configuration of 6-phenyl derivative 6c 
was established by X-ray diffraction analysis of its hy- 
drochloride. 19 
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Hydrogena t ion  o f  c o m p o u n d  6a in acetic acid over  
Raney nickel in an autoclave  (100 ~ 100 atm Hz, 
10 h) gave an a lka lo id  ( + ) - e p i d i h y d r o p i n i d i n e  2a 
(trans-2-methyl-6-propylpiperidine) in 70% yield. The  
1H and 13C N M R  spectra  o f  amine 2a and its salt 
2a" HC1 are s imilar  to those reported previously, h 

~ ' ' ~ f M e  H 2. Ni, CH3COOH ~, / ~ ' ~ " ' , , r M e  
I 1 
H H 

6 a  2a. 70% 

Me " Me 
1 I 
H H 
1 4 a  l d ,  71% 

An analogous procedure  starting from c o m p o u n d  
14a gave ano the r  alkaloid,  (+) -d ihydropin id ine  ld  (cis- 
2 - m e t h y l - 6 - p r o p y l p i p e r i d i n e ) ,  and its hydroch lo r ide  
l d "  HCI. The  spect roscopic  characteristics o f  these com-  
pounds coincide  with l i terature data. 6a,b 

The s tereoselect ive react ions described in the present  
paper  can be successfully used as a key stage for the 
synthesis o f  many  alkaloids and their  analogs, not  only 
those belonging to the piperidine series but also more 
complex  bi- and polycycl ic  n i t rogen-conta in ing  he te ro-  
cycles, which are also widespread in nature. 

Experimental 

All operations with organoboron compounds were carried 
out in a dry argon atmosphere. 1H and 13C NMR spectra were 
recorded on a Bruker AC-200P spectrometer, tH-- IH COSY 
and 2D NOESY spectra were obtained on a Bruker AMX-400 
instrument. Chemical shifts are given in the 8 scale relative to 
SiMe 4. ltB NMR spectra were recorded on a Bruker AC-200P 
spectrometer; the corresponding chemical shifts are given in 
the S scale relative to BF 3 - OEt 2. IR spectra were obtained on 
a UR-20 spectrophotometer, and mass spectra were obtained 
on a Varian-MAT spectrometer. GLC analysis was carried out 
on a Khrom-5 instrument, OV-1 column (1 m) on Chromaton, 
He as the carrier gas. 

trans-2-Allyl-6-methyl-l,2,3,6-tetrahydropyridine (6a). A 
2.03 Nsolution of methyllithium in ether (100 mL, 203 retool) 
was placed in a three-necked flask equipped with a thermom- 
eter, a reflux condenser, a dropping funnel, and an inlet for 
argon. Dry THF (100 mL) and then a solution of pyridine 
(16.4 mL, 203 mmol) in dry THF (50 mL) were added with 
cooling (0 ~ The mixture was stirred for i h at 20 ~ then 
triallylborane (27.1 g, 203 retool) was added at -15  ~ and 
the mixture was heated to 10 ~ After that. dry methanol (25 
mL, 618 mmol) and then 20% NaOH (55 mL) were cautiously 
added at -15  *C. The mixture was refluxed for 2 h, and the 
aqueous layer was saturated with KzCO 3 and extracted with 
ether (3• mL). The extract was dried with KzCO 3 and 
concentrated. Distillation of  the residue on a column packed 
with glass spirals gave 14.4 g (52%) of piperideine 6a, b.p. 

55.5--56.5 ~ (6 Tort), nD 2~ 1.4781. Found (%): C. 78.81; 
H, 11.42; N, 10.57. CgHIsN. Calculated (%): C. 78.77; 
H, 11.02; N, 10.21. MS (El, 70 eV), m/z (l.~z (%)): 96 
[M-C3Hs] +. IR (pure compound), v/era-I: 3260 (br); 3070, 
3010, 2960, 2910, 2820, 1640, 1430, 1365, 1320, 1200, 1125, 
1060, 995, 915. 715. IH NMR (400 MHz, CDCI3), 6:1.15 (d, 
3 H, CH 3, J =  7 Hz); 1.48 (br.s, 1 H, NH); 1.80 (dddt, 
1 H, H-3a, 2j = 17.3 Hz, 3j  = 8.2 Hz, 2.7 Hz, 4j  = 2.6 Hz); 
2.07 (dddt, ! H, H-3b, 3j  = 5.8 Hz, 5.8 Hz, 4/  = 1.3 Hz); 
2.19 (m, 2 H, H-2 ' ) ;  2.98 (m, I H, H-2); 3.54 (m, ! H, 
H-6); 5.07 (din, I H, H-4"a, 3j = 10.1 Hz); 5.11 (dm, I H. 
H-4"b, 3j = 16.2 Hz); 5.64 (din, 1 H, H-5, 3j  = 10.0 Hz); 
5.70 (dm, 1 H, H-4): 5.80 (ddt, t H, H-3", 3 [  = 7.6 Hz). 
13C NMR (CDCI3), 8 :21 .24  (CH3); 30.90 (C-3); 39.88 
(C-2"); 46.34 and 47.23 (C-2 and C-6); 116.79 (C-4');  123.69 
(C-4); 131.09 (C-5); 135.20 (C-3') .  

trans-2-Allyl-6-methyl- 1,2,3,6-tetrahyflropyrifline hydro- 
chloride (6a �9 HCI) was synthesized by treatment of compound 
6a with a solution of HCI in ether, yield 85%, m.p. 122-- 
123 ~ (from an ether--MeOH mixture) and 125.5--126 ~ 
(from ethyl acetate). [R (KBr pellets), v/era-l :  3410 (br); 
2920, 2760, 2495, [645, 1590, 1445, 1425, 1200. 1105, 1035, 
1000, 980, 925, 725, 555. IH N M R  (200 MHz, CDC13), 6: 
1.60 (d, 3 H, CH3); 2.20--2.75 (m, 3 H, H-3a and H-2"); 
2.82--3.08 (m, 1 H, H-3b); 3.35--3.55 (m, I H, H-2); 3.90-- 
4.15 (m, I H, H-6); 5.05--5.33 (m, 2 H, H-4"); 5.52--5.96 
(m, 3 H, - -CH=);  9.75 (br.s, 2 H, NHz~'). 13C NMR (CDC13), 
~5:17.91 (CH3); 26.14 (C-3): 35.56 (C-2') ;  47.13 and 48.07 
(C-2 and C-6); 11%21 (C-4 ') ;  123.64 (C-4); 125.36 (C-5); 
131.61 (C-3"). 

trans-2-Allyl-6-bntyl-l,2,3,6-tetrahydropyridine (6b). Py- 
ridine (2.65 mL. 33 retool) was added at - 6 0  ~ to a mixture 
of a solution of n-butyllithium in hexane (2.2 N, 15 mL. 33 
mmol) and dry ether (70 mL). The mixture was stirred for 1 h 
at -60  ~ and triallylborane (4.42 g, 33 retool) was then 
added. The temperature of the solution was brought to 10 ~ 
and dry methanol (4 mL, 99 retool) was cautiously added at 
- 4 0  ~ The reaction mixture was treated with 20% NaOH 
(10 mL) and refluxed for 2 h. The aqueous layer was extracted 
with ether (3x 10 mL). According to GLC data, the ethereal 
solution contained 90% of compound Co, -9% of 2-butyl- 
pyridine 12b, and <1 :% of 2-butyl-l,2.5,6-tetrahydropyridine 
13. 2 N HCI (15.3 mL) was added to the solution of these 
compounds, and the aqueous layer was separated and washed 
with ether. A NaOH solution (20%, I0 mL) was added to the 
aqueous layer, and the solution was extracted with ether 
(3• 15 mL). The extract was dried with KzCO 3 and distilled on 
a column packed with glass spirals to give 3.32 g (56%) of 
compound 6b, b.p. I00--101 *C (6 Torr), nD t9 1.4751. Found 
(%): C, 80.65; H, 11.95; N, 7.58. CIzHzlN. Calculated (%): 
C, 80.38; H, 11.81; N, 7.81. MS (EI, 70 eV), m/Z(Ire I (%)7: 
138 [M-C3Hs]  +, 122 [M-C4Hg]  +, 80 [M- (C4H 9 + 
CHz=CH--CH3)]  +. IR (pure compound), v /cm- l :  3250 (br); 
3035, 3010, 2960, 2920, 2860, 1640, 1460, 1435, 1000, 915, 
710. tH NMR (400 MHz, CDCI3), 8:0.90 (t, 3 H, CH 3, J = 
7 Hz); t.30 (m, 4 H, CHzCHzC[-IzCH3); 1.40 (m, 2 H, 
CH, Pr); 1.61 (s, t H, NH); 1.80 (ddd, 1 H, H-3a, 2j = 
17.3 Hz, 3j = 10.5 Hz, 2.3 Hz); 2.05 (dt, 1 H, H-3b, 33" = 
3.7 Hz, 3.7 Hz); 2.16 (m, 2 H, H-2"); 2.92 (m, 1 H, H-2); 
3.29 (td, 1 H, H-6, 3j __. 7.2 Hz, 1.9 Hz); 5.07 (din, 1 H, 
H-4 'a ,  3j  = 10.0 Hz); 5.10 (din, I H, H-4"b, 3 . /=  15.4 Hz); 
5.67 (m, 2 H, closed AB-system of H-4 and H-5); 5.79 (ddt, 
1 H, H-3 ' ,  3j  = 7.7 Hz). 13C NMR (CDCI3), & 13.72 (CH3); 
22.40 (CzH4.~HzCH3); 28.34 (CHzCHzCzHs); 31.32 (C-3); 
34.85 (~HzPr); 39.97 (C-2"); 46.51 and 51.84 (C-2 and C-6); 
116.81 (C-4"); 123.94 (C-4); 130.08 (C-5); 135.29 (C-3"). 
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trans-2-Allyl-6-butyl- 1,2,3,6-tetrahydropyridine hydrochlo- 
ride (6b �9 HCI) was synthesized by treatment of compound 6b 
with a solution of HCI in ether, yield 98%, m.p. 150.5-- 
151.5 oC (from a hexane--chloroform mixture (4 : 1)). Found 
(%): C, 66.90; H, 10.39; N, 6.32; CI, 16.53. C12H22NCI. 
Calculated (%): C, 66.80; H, 10.28; N, 6.49; C1, 16.43. IR 
(KBr pellets, v/cm-t): 3420 (br); 3080, 2950, 2940, 2870, 
2760, 2720, 2495, 1640, 1585, 1470, 1425, 1040, 1000, 930, 
730. JH NMR (200 MHz, CDCI3), 8:0.66--1.13 (m, 3 H, 
CH3); 1.15--3.15 (m, 10 H, CH2); 3.26--3.61 (m, 1 H, H-2); 
3.61--4.0 (m, 1 H, H-6); 4.98--5.38 (m, 2 H, H-4"); 5.56-- 
6.15 (m, 3 H, --CH=); 9.71 (br.s, 2 H, NH2+). 13C NMR 
(CDCI3), 6 :13.78 (CH3); 22.31 (C2H~(~H2CH3); 26.4 
(CH2CH2C2Hs); 27.51 (C-3); 32.52 (~H2Pr); 35.75 (C-2"); 
49.01 and 51.18 (C-2 and C-6); 119.39 (C-4"); 123.84 (C-4); 
124.62 (C-5); 132.01 (C-3"). 

trans- 2-.Mlyl-6-phenyl* l,2,3,6-tetrahydropyridine (6c), 
Pyridine (14.6 mL, 181.5 mmol) was added at 0 *C to a 
0.66 N solution of phenyllithium in ether (275 mL, 181.5 
mmol), and the mixture was stirred for I h at the same 
temperature (a precipitate formed). The reaction mixture was 
cooled to -30 ~ triallylborane (26.7 g, 200 retool) was 
added, and the mixture was stirred for 0.5 h at 10 ~ Dry. 
MeOH (24 mL, 594 mmol) was added dropwise at -30 *C, 
and the temperature was brought to 20 ~ with stirring. The 
mixture was treated with 20% NaOH (60 mL), refluxed for 
I h, and extracted with ether. According to GLC data, the 
ethereal solution contained compound 6e (94%) and 
2-phenylpyridine 12c (6%). 3 NHCI (47 mL) was added to the 
solution of these compounds, and the aqueous layer was 
separated and washed with ether. 20% NaOH (60 mL) was 
added to the aqueous layer, and the solution was extracted 
with ether (3x30 mL). The extract was dried with K2CO 3 and 
concentrated. Distillation gave 19.2 g (53%) of compound 6e, 
b.p. 101--103 *C (1 Tort), nt32~ 1.5510. Found (%): C, 84.39; 
H, 8.65; N, 6.75. CI4HlzN. Calculated (%): C, 84.37; H, 8.60; 
N, 7.03. MS (El, 70 eX0, m/z (Ire I (%)): 199 [M] § 158 
[M-C3H5] § 91 [C7H7] +. IR (pure compound), v/em-l: 3320 
(br); 3060, 3030, 2910, 1640, 1490, 1450, 1110, 1000, 920, 
900, 760, 740, 705. IH NMR (CDCI3), 8:1.87--2.35 (m, 
5 H, CH2--C = and NH); 2.85--3.08 (m, I H, H-2); 4.6 (s, 
1 H, H-6); 4.95--5.20 (m. 2 H, CH2=); 5.55--6.15 (m, 
3 H, =CH--); 7.20--7.55 (m, 5 H, Ph). ~3C NMR (CDCI3) , 
8:31.31 (C-3); 40.27 (C-2"); 45.90 (C-2); 56.27 (C-6); 117.16 
(C-4'); 126.23 (C-4); 126.90 (Ca); 127.48 (C-5); 127.54 and 
128.20 (C o and C,n); 134.96 (C-3"); 143.46 (Ci). 

trans-2-AUyl-6-phenyl- 1,2,3,6-tetrahydropyrifline hydro- 
chloride (6e �9 HCI) was synthesized by treatment of compound 
6c with a solution of HCI in ether, yield 97%, m.p. 145-- 
147 ~ IR (KBr pellets), v/cm-l: 3440 (br); 2960, 2680, 
1640, 1590, 1580, 1475, 1450, 1425, 1060, 1020, 1000, 925, 
740, 720, 700. lH NMR (CDCI3), 8:2.32--2.70 (m, 3 H, 
H-2" and H-3a); 2.75--2.95 (m, t H, H-3b); 3.20--3.48 (m, 
I H, H-2); 4.85 (s, I H, H-6); 5.05--5.25 (m, 2 H, H-4"); 
5.55--5.90 (m, 2 H, H-3" and H-4); 6.05--6.25 (m, 1 H, 
H-5); 7.30--7.70 (m, 5 H, Ph); 9.55 (br.s, I H, NH); 10.55 
(br.s, 1 H, NH). 13C NMR (CDCI3), 8:26.79 (C-3); 35.86 
(C-2"); 48.32 (C-2); 54.57 (C-6); 119.38 (C-4"); 122.55 (Cp); 
126.67 (C-4); 128.81 (Ph); 129.61 (C-5); 130.25 (Ph); 131.87 
(C-3"); 133.72 (C~). 

rrans-2- Methyl-6-propylpiperidine ( (+) -epidihydropinifline) 
(26). A mixture of compound 66 (l.73 g, 12.6 retool), glacial 
acetic acid (9.8 mL), and Raney nickel (0.04 g) was placed in 
a 0.15 L autoclave. Hydrogen was fed to a pressure of 98.5 
atm, and the autoclave was heated for 10 h at 100--105 ~ 

The nickel was removed, 20% NaOH was added until the acid 
was neutralized completely, and the mixture was extracted 
with ether. The extract was dried with K2CO3, and the residue 
was distilled /n vacuo to give 1.21 g (70%) of compound 2a, 
b.p. 53--54 ~ (7 Tort), nD 20 1.4480. iH NMR (CDC13), 8: 
0.8--1.7 (m, 17 H); 2.8--3.2 (m, 2 H, N--CH). 13C NMR 
(CDCI3), 8:13,53 (C2H4_QH3); 18.96 and 19.01 (CH2~H~CH3); 
20,63 (C-4); 30,27 (C-3); 32.48 (C-5); 35.73 (~H2C2Hs); 
45.20 (C-2); 49.89 (C-6). 

trans-2-Methyl-6-propyipiperidine hydrocldoride (2a �9 HCI). 
The reaction of compound 2a (0.35 g, 2.5 mmol) and a 
solution of HC1 in ether gave 0.42 g (96%) of hydrochloride 
2a-HC1 with m.p. 136.5--137.5 ~ IR (pure compound), 
v/era-t: 3410 (br); 2940, 2820, 2760, 2550, 1590, 1460, 1395, 
1380, 1190, 1020, 640, 500, 470. IH NMR (CDC13) , 8: 0.75-- 
1.0 (t, 3 H, CH3); 1.15--2.05 (m, 13 H); 3.1--3.35 (m, 
1 H, N--C(2)H); 3.35--3.6 (m, I H, N--C(6)H). 13C NMR 
(CDCI3), 8:13.61 (C2H4CH3); 16.67 and 17.23 (CH3, 
CH2CH2CH3); 18.90 (C-4); 26.11 (C-3); 28.70 (C-5); 32.65 
(__CH2C~Hs); 47.81 (C-2); 51.36 (C-6). 

t rans -  2 - A l l y i -  1 - d i a l l y l b o r y l - 6 - m e t h y l - l , 2 , 3 , 6 -  
tetrahydropyridine (15a). Compound 6a (4.5 g, 32.8 retool) 
was placed in a distilling flask, and triallylborane (5.3 g, 6.9 
mL, 39.6 retool) was added. The mixture was heated at 115 ~ 
for 0.5 h, during which time 32.5 mmol of propylene evolved. 
The excess triallylborane was distilled off. Subsequent distilla- 
tion gave 6.94 g (92%) of compound 15a, b.p. 90--92 ~ 
(1 Tort), nD 19 1.5091. 1H NMR (CD3COCD3), 6:0.85--1.25 
(d, 3 H, CH3); 1.5~2.35 (m, 8 H, --CH2--); 3.55--3.8 (m, 
1 H, H-2); 3.85--4.1 (m, 1 H, H-6); 4.5--5.0 (m, 6 H, 
CH2=); 5.3--5.9 (m, 5 H, --CH=). 13C NMR (CD3COCD3), 
8:27.4 (CH3); 29.44 (C-3, B--CH2--); 44.27 (C-2"); 51.06 
and 55.27 (C-2 and C-6); 115.77 and 115.99 (B--Ctt2-- 
CH=CH2); 118.64 (C-4"); 125.43 (C-4); 135.49 (C-5); 138.26, 
138.64, 138.93 (--CH= in All). tZB NMR (CDC13), ,5: 44.66. 

Isomerization of trans-2-allyl-l-diallyiboryl-6-methyl- 
1,2,3,6-tetrahydropyridine (15a) into c/s-2-allyl-l-diallyiboryl- 
6-methyl-l,2,3,6-tetrahydropyridine (16a). Compound 15a 
(6.94 g) was placed in a three-necked flask equipped with a 
thermometer, a reflux condenser, and an inlet for argon. 
Heating for 6.5 h at 160--165 ~ gave compound 16a (content 
of compound 15a ~1%7, nD 19 1.4998. 1H NMR (CDCI3), 6: 
1.15--1.35 (d, 3 H, CH3); 1.75--2.45 (m, 8 H, --CH~_--); 
3.9--4.05 (m, 1 H, H-2); 4.I--4.3 (rn, I H, H-6); 4.75--5.I5 
(m, 6 H, CH2=): 5.55--6.05 (m. 5 H, --CH=). 13C NMR 
(CDCI3), 8:24.32 (CH3); 26.2 and 26.95 (B--CH2--); 28.15 
(C-3); 40.18 (C-2"); 48.64 and 50.81 (C-2 and C-6); 113.36 
and 113.58 (B--CH2--CH=CH2); 116.33 (C-4"); 12 I. 16 (C-4); 
129.96 (C-5); 136.52, 136.69, 136.86 (--CH = in All). ltB 
NMR (CDCI3), 8: 43.08. 

c/s-2-Allyl-6-methyl-l,2,3,6-tetrahydropyridine (14a). Dry 
MeOH (1.5 mL) and 20% NaOH (12 mL) were added con- 
secutively at 0 *C to the reaction mixture obtained after 
isomerization of compound 15a into 16a. The reaction mixture 
was refluxed for 2 h with vigorous stirring and extracted with 
ether. The extract was dried with K.2CO 3. Distillation gave 
3.24 g (72% with respect to compound 6a) of c/s-isomer 14a, 
b.p. 46--47 ~ (6 Ton-). The admixture of trans-isomer 6a 
(~1%) was removed by repeated distillation, nD19 1.4755. 
Found (,%): C, 78.89; H, 1t.14; N, 9.87. CgHIsN. Calculated 
(%): C, 78.77; H, 11.02; N, 10.21. MS (El, 70 eV), m/z (Iret 
(%)): 96 [M-C3Hs] § IR (pure compound), v/era-l: 3280 
(br), 3070, 3020, 2960, 2910, 2830, 2790, 1640, 1465, 1430, 
1370, 1310, 1125, 995, 920, 790, 725, 685. 1H NMR (400 
MHz, CDC13), 8:1.08 (d, 3 H, CH 3, 33"-- 6.8 Hz); 1.42 
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(br.s, 1 H, NH); 1.80 (dm, 1 H, H-3b, 23" = 17.2 Hz); 1.94 
(din, 1 H, H-3a, 2j __- 17.2 Hz); 2.18 (m, 2 H, H-2"); 2.79 
(m, 1 H, H-2); 3.46 (m, 1 H, H-6); 5.05 (dd, I H, H-4"a, 
3 j =  11.3 Hz, 2/-= 1.0 Hz); 5.09 (dd, I H, H-4"b, 3 j =  
17.1 Hz, 2j = 1.0 Hz); 5.50 (din, 1 H, H-5, 3j = 10.0 Hz); 
5.64 (dm, 1 H, H-4, 33' = 10.0 Hz); 5.78 (m, 1 H, H-3"). 
tzC NMR (CDC13). 6:20.84 (CH3); 30.76 (C-3); 39.91 
(C-2"); 49.14 and 51.16 (C-2 and C-6); 115.92 (C-4"); 123.23 
(C-4); 130.76 (C-5); 133.87 (C-3"). 

c/s-2-Allyl-6-methyl- 1,2,3,6-tetrahydropyridine hydrochlo- 
ride (14a" HCI) was synthesized by treatment of compound 
14a with a solution of HCI in ether, yield 85%, m.p. 199-- 
200 ~ (from an ether--methanol mixture). IR (KBr pellets), 
v/cm-l: 3420 (br); 2940, 2800, 2740, 2670, 2500, 2340, 1640, 
1600, 1585, 1460, 1430, 1390, 1380, 1160, 1100, 1025, 920, 
760, 695, 555, 480. IH NMR (200 MHz, CDCI3), ~5:1.65 (d, 
3 H, CH3, J = 6.71 Hz); 2.20--2.85 (m, 3 H, H-3a and 
H-2"): 2.9--3.4 (m, 2 H, H-3b and H-2); 3.85--4.1 (m, 1 H, 
H-6); 5.0--5.35 (m, 2 H, H-4"); 5.45--6.05 (m, 3 H. 
--CH=); 9.25--9.8 (br.s, 1 H, NH); 9.8--10.4 (br.s, 1 H, NH). 
13C NMR (CDCI3), 6:18.61 (CH3); 27.58 (C-3); 37.21 
(C-2"); 51.39 and 54.04 (C-2 and C-6); 119.25 (C-4'); 125.30 
(C-4); 125.94 (C-5); 131.66 (C-3"). 

trans-2-Allyl- l-diallylboryl-6-butyl- 1,2,3,6-tetrahydro- 
pyridine (15b). Similarly to the synthesis of compound 15a, 
the reaction of compound 6b (3.6 g, 20.1 minor) and 
triallylborane (3.25 g, 4.2 mL, 24.2 retool) carried out by 
heating for 1 h at 120 ~ followed by distillation gave 5.02 g 
(93%) lob, b.p. 100--102 ~ (1 Torr), nD 19 1.5056. tH NMR 
(CD3COCD3), 8:0.2--0.4 (m, 3 H, CH3); 0.55--0.85 (m, 
4 H, CH2CI-{2C__H2CH3); 0.85--1.15 (m, 2 H. CJz[2Pr); 1.15-- 
1.4 (m, 4 H, B--CH2--): 1.4--1.85 (m, 4 H, H-2" and H-3): 
3.15--3.3 (m, 1 H, H-2); 3.3--3.5 (m, I H. H-6); 4.15--4.45 
(m, 6 H, CH2=); 4.95--5.45 (m, 5 H, --CH=). t3C NMR 
(CD3COCD3), 6:14.32 (CH3); 23.15 (C2H~,(~H2CH3); 27.37 
(B--CH2--); 27.84 (CH2CH2C2Hs); 28.93 (C-3); 40.71. and 
42.66 (C-2" and ~H2Pr); 53.25 and 53.77 (C-2 and C-6); 
113.77 and 113.92 (B--CH2--CH=CH2); 116.58 (C-4"); 124.53 
(C-4); 132.12 (C-5); 136.32 (C-3"); 136.75, 136.92 
(B--CH2--CH=). I'B NMR (CD3COCD3), 6: 49.87. 

Isomerization of trans-2-aUyl- l-diaUylboryl-6-butyl- 1,2,3,6- 
tetrahydropyridine (15b) into c/s-2-aUyl-l-diallylboryl-6-bu- 
tyl- 1,2,3,6-tetrahydropyridine (lob). Similarly to the synthesis 
of compound 16a, heating of compound 15b for 6 h at 200 ~ 
gave compound 16b (content of compound 15b-3%), nD 19 
1.4983. ~H NMR (CD3COCD3), ~: 0.55--0.85 (m, 3 H. CH3); 
0.95--2.25 (m, 14 H, CH2); 3.55--3.85 (m, 2 H, NCH); 
4.5--4.85 (m, 6 H, CH2=); 5.3--5.8 (m, 5 H, --CH=). 13C 
NMR (CD3COCD3), 8:13.66 (CH3); 22.53 (C2H,~CH2CH3); 
25.98 and 26.81 (B--CH2--); 28.37 (CH2CH2C2Hs); 29.2 
(C-3); 39.37 and 39.88 (C-2" and CH2Pr); 50.42 and 53.24 
(C-2 and C-6); 113.01 and 113.25 (B--CH2--CH=CH2); 
115.89 (C-4'); 121.00 (C-4); 127.24 (C-5); 135.9, 136.02, 
136.22 (--CH = in All). l ib  NMR (CD3COCD3), 8: 48.87. 

c/s-2-Allyl-6-butyl-l,2,3,6-tetrahydropyridine (14b). Dry 
MeOH (1.5 mL) and 20% NaOH (8 mL) were added consecu- 
tively to the reaction mixture obtained after isomerization of 
compound 15b into 16b (the content of compound 15b in the 
mixture was -3,%). The reaction mixture was refluxed for 2 h 
with vigorous stirring, extracted with ether, and dried with 
K2CO 3. Distillation gave 2.34 g (65,% with respect to com- 
pound ob) of compound 14b, b.p. 94--95 ~ (6 Torr). The 
admixture of trans-isomer 61o (~3%) was separated on a column 
with A1203 (hexane : ether = l0 : I as the eluent), nDt9 
1.4757. Found (,%): C, 80.15; H, 11.71; N, 7.82. C12H21N. 

Calculated (%): C. 80.38: H, 11.81; N, 7.81. MS (El, 70 eV), 
m/z (lr~l (%)): 179 [MI § 138 [M-C3Hs] § 122 [M-C4H9] +, 
80 [M-(C4H 9 + CH2=CH--CH3)] +. IR (pure compound), 
v/cm-t: 3300 (br); 3070, 3020, 2960, 2930, 2860, 1640, 1455, 
1430, 1320, 1125, 995, 920, 825, 730. IH NMR (400 MHz, 
CDCI3), 8:0.89 (t, 3 H, CH3); 1.31 (m, 6 H, (CH2)3CH3); 
1.60 (br.s, I H, NH); 1.83 (din, 1 H. H-3b, 2j = 16.9 Hz); 
1.94 (dm, 1 H, H-3a, 2j = 16.9 Hz); 2.17 (m, 2 H, H-2"): 
2.78 (dddd, 1 H, H-2); 3.31 (m, 1 H, H-6); 5.08 (m, 2 H, 
H-4"); 5.54 (din, 1 H, H-5, 3./" = 10.0 Hz); 5.67 (din, 1 H. 
H-4, 3j = 10.0 Hz); 5.77 (m, l H, H-3 "). 13C NMR (CDC13), 
8:13.16 (CH3); 21.99 (C2H~C_CH2CH3); 27.1 (CH2CH2C2H5); 
31.68 (C-3); 35.5 (_CH2Pr); 40.35 (C-2"); 51.50 and 54.25 
(C-2 and C-6); 116.43 (C-4'); 123.96 (C-4); 130.07 (C-5); 
134.35 (C-3"). 

c/s-2 -Allyl-6-butyl- 1,2,3,6- tetrahyflropyridine hydrochloride 
(14b-HCI) was synthesized by treatment of compound 14b 
with a solution of HCI in ether, yield 87%, m.p. 193--194 =C 
(from an ethyl acetate--methanol mixture). IR (KBr pellets), 
v/cm-l: 3400 (br); 2930, 2860. 2800, 2500, 2340, 1640, 1580, 
1460, 1430, 1395, 1035, 1000, 925, 760, 700, 500. IH NMR 
(CDCI3), 3:0.7--1.1 (m, 3 H, CH3); 1.1--1.6 (m, 4 H, 
CH2CH2CH2CH3); 1.6--2.8 (m, 5 H, Ct!2Pr, H-2" and H-3a); 
2.85--3.35 (m, 2 H, H-2 and H-3b); 3.6--3.9 (m, 1 H, H-6); 
4.9--5.3 (m, 2 H, H-4"); 5.5--6.0 (m, 3 H, --CH=): 9.1--9.5 
(br.s, 1 H, NH); 9.65--10.t (br.s, t H, NH). t3C NMR 
(CDCt3), 5:13.60 (CH3); 22.05 (C2H4_CH2CH3); 27.13 
(CH2~H2C2H5); 27.58 (C-3); 31.64 (CH2Pr); 37.03 (C-2'); 
53.88 and 55.17 (C-2 and C-6); 118.86 (C-4"); 123.52 (C-4); 
125.35 (C-5); 131.55 (C-3"). 

trans-2-Allyl- l-diaUylboryl-6-phenyl- 1,2,3,6-tetrahydro- 
pyridine (15e). Similarly to the synthesis of compound 15a, 
heating of trans-isomer 6e (5.05 g, 25.3 retool) and triailylborane 
(4.1 g, 5.34 mL, 30.66 mmol) for 3 h at 130 ~ followed by 
distillation gave 6.25 g (85%) of trans-aminoborane ISe, b.p. 
134--1.36 ~ (1. Tow), riD19 1.5295. IH NMR (200 MHz, 
CD3COCD3), 6:0.75 (d, 2 H, B--CH2--, d = 7.31 Hz); 1.2 
(d, 2 H, B--CH2--, J = 7.31 Hz); 1.25--1.75 (m, 4 H, H-2' 
and H-3); 3.25--3.5 (m, 1 H, H-2); 3.75--4.4 (m, 7 H, H-6, 
CH2=); 4.55--5.3 (m, 5 H, --CH=); 6.15--6.55 (m, 5 H, Ph). 
13C NMR (CD3COCD3), 6: 27.65, 28.60, 29.49 (B--CH 2 -  
and C-3); 41.54 (C-2"); 53.23 (C-2); 58.74 (C-6); 114.06 and 
114.26 (B--CH2--CH=_CH2); 117.27 (C-4'); 121.30 (C-4); 
126.45, 126.6, 128.9 (Co.,~p); t32.18 (C-5); 136.59, 136.65, 
136.95 (--CH=); 147.59 (Ci). l ib NMR (CDCI3), <5: 45.43. 

lsomerization of trans-2-allyl-l-diallylboryl-6-phenyl- 
1,2,3,6-telrahydropyridine (15e) into e/s-2-ailyt-l-diallyiboryi- 
6-phenyl-l,2,3,6-tetrahydroKvridine (16c). Similarly to the 
synthesis of compound 166, heating of compound 15e for 
3.5 h at 195 ~ gave compound 16c (the content of 15e was 
-20%). 

e/s-2-Allyl-6-phenyl-l,2,3,6-tetrahydropyridine (14e). Dry, 
MeOH (20 mL) and KOH (5 g, 89 mmol) were added at 0 ~ 
to the reaction mixture obtained after isomerization of com- 
pound 15e into 16e (the content of 15c was ~20%), and the 
mixture was refluxed for 2 h with vigorous stirring. Water (30 
mL) was added, and the mixture was extracted with ether. The 
ethereal layer was washed with saturated NaCI and dried with 
K2CO3 to give 3.8 g (75% with respect to compound 6e) of a 
product containing compounds 14r (80%) and 6e (20%). The 
admixture of the tram-isomer was separated on a column with 
AI203 (a hexane--ether mixture (20 : 1) as the eluent). The 
b.p. of the pure product 14c was 90--92 ~ (1 Tort), riD19 
1.5492. MS (El, 70 eV), m/z (Irel (%)): 199 [MI § 158 
[M-C3Hs]*. IR (pure compound), v/cm-t: 3200 (br); 3060, 
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3030. 2910, 2820, 1640, 1490, 1450, 1290, 995, 920, 855, 760, 
705. IH NMR (CDCI3), 8:1.6--1.85 (hr.s, 1 H, NH); 1.85-- 
2.4 (m, 4 H, --CH2--); 2.85--3.1 (m, 1 H, H-2); 4.35--4.6 
(m, 1 H, H-6); 4.9--5.25 (m, 2 H, CH2=); 5.55--5.95 (m, 
3 H, =CH--);  7.1--7.5 (m, 5 H, Ph). 13C NMR (CDC13), 8: 
32.00 (C-3); 40.94 (C-2"); 52.63 (C-2); 60.21 (C-6); 117.40 
(C-4"); 125.45 (C-4); 127.1 (Cp); 127.45 and 128.32 (C o and 
C,n); 130.34 (C-5); 135.07 (C-3"); 143.92 (Ci). 

e/s-2-AUyl-6-phenyl- 1,2,3,6-tetrahydropyridine hydrochlo- 
ride (14c. HCI) was synthesized by treatment of compound 
14c with a solution of HCI in ether, yield 94,%, m.p. 176-- 
178 ~ Found (%): C, 71.63; H, 7.76; N, 5.77; CI, 15.01. 
CI4HIsNC1. Calculated (%): C, 71.33; H, 7.69; N, 5.94; 
CI, 15.04. IR (KBr pellets), v/cm-l:  3410 (br); 2910, 2890, 
2700, 2490, 1640, 1575, 1495, 1440, 1425, 1410, 1310, 1180, 
1040, 990, 970, 930, 760, 705, 690, 535. IH NMR (400 MHz, 
CDCI3), 8:1.82 (dd, 1 H, H-2"b); 2.33 (m, 2 H, H-2"a and 
H-3a); 2.45 (m, 1 H, H-3b); 3.16 (m, i H, H-2); 4.81 (br.s, 
I H, H-6); 4.97 (d, 1 H, H-4"a, 3j = 17.0 Hz); 5.08 (d, 1 H, 
H-4"b, 3j = I0.1 Hz): 5.45 (m, 1 H, H-3"); 5.61 (d, I H, 
H-4, 3j = 10.2 Hz); 6.0 (m, 1 H, H-5); 7.23 (m, 3 H, Ph): 
7.59 (m, 2 H, Ph); 9.25 (br.s, 2 H, NH). ~3C NMR (CDCI3), 
8:27.15 (C-3); 35.29 (C-2"); 55.05 (C-2); 59.32 (C-6); 119.10 
(C-4"); 124.6 (C-4), 126.56 (Cp); 128.42 (Co); 129.90 (C-5 
and Cry); 132.33 (C-3"); 139.79 (Ci). 

cis-2-Methyt-6-propylpiperidine ((+)-dihydropinidine) (ld) 
was obtained, in analogy to the synthesis of (+)-epidi- 
hydropinidine 2a, by hydrogenation of compound 14a (1.15 g, 
8.4 retool) over Raney nickel. Yield 0.84 g (71%), b.p. 46 ~ 
(6 Tort), nD 19 1.4467. IH NMR (CDC13), 8:0.8--1.9 (m, 
17 H); 2.4--2.8 (m, 2 H, N--CH). 13C NMR (CDCI3). 8: 
13.42 (C2H.,CH3); 18.30 (CH3); 22.28 (CH2C_H2CH3); 24.12 
(C-4); 31.52 (C-3); 33.7 (C-5); 38.93 (_C_CH2C2Hs); 51.65 
(C-2); 56.01 (C-6). 

c/s-2-Methyl-6-propylpiperidine hydrochloride ( ld ,HCI) .  
The reaction of compound 14a (0.21 g, 1.49 retool) with an 
HC1 solution in ether gave 0.22 g (82%) of hydrochloride 
Id- HCI. m.p. 210--211 ~ 
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