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A general method for the synthesis of 5-substituted indolizidines based on intramolecular 
cyclization of trans- and cis-2-allyl-6-R-l,2,3,6-tetrahydropyridines, obtained from pyridine 
and triallytborane, has been elaborated. The closure of the five-membered ring is carried out 
by hydroboration--oxidation followed by cyclization of the resulting 6-amino alcohols in the 
presence of the Ph3P--CBr4--Et3N system. (Pr2BH) 2 and Pr3B are used as the hydroborating 
reagents, and H202 in an acid medium is used for the oxidation of 2-[3-(dipropylboryl)propytJ- 
A3-piperideines formed. This method has been used for the synthesis of two natural alkaloids: 
indolizidine 209D (cis-5-hexylindolizidine) and its trans-isomer were prepared from cis- and 
trans-2-allyl-6-hexyl-l,2,3,6-tetrahydropiridine, respectively; indolizidine 167B and trans- 
5-propylindolizidine were synthesized from cis- and trans-2,6-diailyi-l,2,3,6-tetra- 
hydropyridine, respectively. 

Key words: pyridine, reactions with hexyllithium and triallylborane; allylboration; trans- 
and cis-2-allyl-6-hexyl- 1,2,3,6-tetrahydropyridines, trans--cis isomerization, hydroboration-- 
oxidation, cyclization of 6-amino alcohols; (+)-indolizidines 167 13 and 209D. 

The skin secretions of frogs of the Dendrobatidae 
family, which are widespread in Central America, were 
found to contain a series of indolizidine alkaloids of 
similar structure, namely, 5-substituted indolizidines (1 
"and 2) t -4  and 5-R-8-methylindolizidines (3), 5 also 
named bicyclic gephyrotoxins. 2,5 They act as blockers of 
neuromuscular transmission, z and extracts of frog skin 
have long been used by Indians as arrow poison. Iso- 
meric indolizidines, i.e., piclavines AI--A4 (I t ,d ,  2a,b), 
have been isolated from extracts of the tunicate (Claveffna 
picta), a marine chordate. 4 The latter possess antimicro- 
bial properties against some fungi and Gram-positive 
bacteria. 4 It should be noted that the alkaloids specified 
above are produced by live organisms in very small 
quantities and generally as complex mixtures. The iden- 
tification of separate components has been mostly car- 
ried out by GC-MS,  and only in some cases was the 
amount of a compound isolated from a natural source 
sufficient for its characterization, e.g., by NMR spec- 
troscopy_ 5 The structures and absolute configurations of 
a number of key indotizidines were confirmed by inde- 
pendent syntheses (for example, see Re[. 5). 

In recent years, several specific and general methods 
tot the synthesis of bicyclic gephirotoxins have been 
described. Two compounds  of this class, namely, 
indolizidines 167B (lb)  and 209D (In), have been syn- 

1 2 3 

l a :  R = ,'q-C6H13 2a:  R --- ~ - - ~ " , ~ " ~ C 7 H 1 5  

lb :  R = Pr n 2b: R = ' ~  ' ' ~ C 7 H 1 5  

1c: R = ~ C 7 H 1  s 

ld :  R = ~ CTHI5 

thesized (in I0 to 13 stages) both in the racemic 6 and in 
the optically active formsfl 

In the present work, we suggest a new general method 
for the stereoselective construction of 5-substituted 
indoLizidines 1 and 2 (Scheme 1) based on the intramo- 
lecular cyctization of trans-(4) 8,9 and cis-2-allyl-6-R- 
1,2,3,6-tetrahydropyridines (5) 9't~ obtained from pyri- 
dine and triallylborane. 

The closure of the five-membered cycle was per- 
formed by hydroboration--oxidation of the terminal 
double bond followed by treatment of the restliting 
amino alcohol by the CBr4--Ph3P--Et3N system. ]'he 
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Reagents and conditions: a. (I) RLi, (2) AII3B, (3) MeOH; 
b. (I) AII3B, (2) MeOH; c. AII3B, A. 

efficiency of this method is demonstra ted by the synthe-  
sis of  indolizidines 167B and 209D, as well as their 
irons- isomers. 

Synthesis o f  (+)-indolizidine 209D and its trans-isomer 

trans-2-Allyl-6-hexyl- 1,2,3,6-tetrahydropyridine (4a), 
which was synthesized (one-po t  procedure) by succes- 
sive t rea tment  of  pyridinc with hexyll i thium, triallyl- 
borane,  methanol ,  and a solut ion of  NaOH,  s,9 was used 
as the starting compound  for the synthesis of indolizidine 
209D ( l a )  and its trans-isomer. 

Scheme 2 
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Reagents and conditions: a. n-C6H t3Li, hexane--ether 
(I : 5), -45  ~ b. AII3B, -45  -+ 15 *C; 
c. MeOH, -30  ~ 20 ~ 
d. NaOH (20%), H20--hexane, reflu• (8 h). 

According to G L C  analysis data, the raw amine  4a 
obtained in this way (yield 90%) con ta ined  9% of 
2-hexylpyridine (6). The latter was easily separated from 
amine  4a by t rea tment  of a soltttion of the above mix- 
ture in hexane with a 2 N sohttion of HCI (0.95 equiv. 
with respect to the content  of 4a in the mixture).  The 

water solubility of the hydrochlor ides  that formed differs 
markedly: the well-soluble salt, 6 ,  HCI, is transferred 
into the aqueous layer, while t he  solid hydrochloride 
4a -  HCI is filtered off and t rea ted with a solut ion of  an 
alkali. The yield of pure amine  4a  was 53%. 

Heating trans-amine 4a with t r ia l ly lborane  at 195 ~ 
(3 h) followed by deborat ion gave cis-2-allyl-6-hexyl- 
1,2,3,6-tetrahydropyridine 5a (yield 80%) (Scheme 3). 

Scheme 3 
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Reagents and conditions: a. (I) AII3B, A, (2) MeOH, KOH; 
b. All3B. A; c. 195 ~ 3 h; d. MeOH, KOH. 

it should be noted that the isomerizat ion involves 
not amine 4a but its boron derivative 7, which is formed 
ill 83% yield due to protolytic cleavage of  one B--C 
bond in triallylborane. The react ion is accompanied  by 
the el iminat ion o fp ropy l ene  (1 tool) and is completed 
in 1.5 h (110 --, 150 ~ Dist i l la t ion o f t h e  amiuolysis  
product (150 ~ 1 Torr) gave a mixture  of  aminobomnes  
7 and 8 in the 85 : 15 ratio; hence ,  t h e 7  -+ 8 isomer- 
ization occurs even at 150--160 ~ al though the pro- 
cess is slow. As in the case of  homotogs  of aminoborane  
7, 9,1~ the isomerization at 195 ~  is comple ted  in 3 h, 
The 7 : 8 ratio of 5 : 95 is probably the equi l ibr ium 
ratio (Table I). Deborat ion of  the result ing mixture of 

Table !. Conditions of i~omerization of trans- 
amine 7 into cis-isomer 8 

77~ Heating 7 : 8 ratio 
duration/h (%) 

150 a 0.5 85 : 15 b 
175 2 10 : 90 a 
195 3 5 : 95 b 
195 5 5 : 95 b,c 

Temperature of distillation of aminoboranes 7 
and 8 at I Torr. 
b Found from ~  NMR spectra of the ra,~ 
mixture of aminoboranes 7 and 8. 
r According to GLC analysis of the deborated 
product famines 4a and 5a). 
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aminoboranes (7 and 8) with a methanolic solution of 
KOH followed by chromatography on a column with 
At203 (hexane--ether ,  I0 : 1, as the eluent) gave pure 
cis-amine 5a. 

The mechan i sm of  trans--cis-isomerization of  
ct-allylated amines of  the type 4a has been considered 
previously 9, l0 

Tile structures of  amines 4a and 5a were confirmed 
by elemental analyses and by physicochemical methods 
(IH and t3C N M R  and IR spectroscopy, mass spec- 
trometry). The signals in the tH NMR spectra of com- 
pound 4a were assigned 

on tile basis of I H I H H ~  C 
COSY spectra ,  The H2CsH~ 
configuratioq was es- 
tablished by two-d i -  - ' ~ " C H  / /N(  ", C,- 
mensional phase-sensi- H H 
tive 2D NOESY spec- 4a-HCl 
t roscopy. 

The presence of a positive cross-peak of the H(2) 
atom with protons of the hexyl group in hydrochloride 
, ta .  HCI indicates unambiguously the trans-arrangement 
of the substituents with respect to the ring in the mol- 
ecule of  amine 4a. 

Hydroboration of  cis-amine 5a on treatment with 
tetrapropyldiboraae (Pr2BH) 2 (2 : 1) in T H F  followed 
by oxidation with H202 in an acid medium gave a 
mixture of alcohol 9 (80%) and two diols 10 (20%), 
which was separated by chromatography on A1203. The 
yield of  cis-amino alcohol 9 (m.p. 35--37 ~ was 51% 
(Scheme 4). The hydroboration and its completion were 
monitored by 13C NMR spectroscopy, i.e., by following 
the decrease and disappearance of the signals at ~5 t l7  
and 135 (CH2=CH).  

Treatment of amino alcohol 9 with the Ph3P/CBr 4 
system 5 and then with Et3N results in intramolecutar  
cyclization of  the former; subsequent purification on a 
column with SiO:~ gives cis-l,2,3,5,8,8a-hexahydro- 
5-hexylindolizine (12) in 50% yield. Alkoxyphosphinic 
salt 11 is an intermediate in the cyclization (closure of 
the five-membered cycle). 

Hydrogenation of unsaturated bicyclic compound 12 
in acetic acid over Raney nickel in an autoclave (I00 ~ 
100 arm of H2, I0 h) gave the (+)- indol iz idine 209D 
( la )  in 90% yield; the spectroscopic characteristics of 
this compound are similar to those reported previously. 7c 

The tram-isomer of indolizidine 209D, viz., bicyclic 
compound I6, was synthesized in a similar way from 
trans-2-allyl-6-hexyl-l,2,3,6-tetrahydropyridine 4a 
(Scheme 5). As in the case of  compound 5a, anti- 
Markovnikov hydration of the terminal double bond in 
tram-amine 4a was car r ied  out in two stages, i.e., by 
hydroborat ion--o•  but the reagents (4a and 
(Pr2BH)2) were used in a 1 : I ratio. Oxidation of  the 
hydroboration products (H2SO4, H202) gave a mixture of 
alcohol 13 and isomeric diols 14. Chromatography of this 
mixture on AI203 gave the target amino alcohol 13 in 
49,.% yield. 

Cyclization of amino alcohol 13 (Ph3P/CBrr then 
Et3N ) gave trans-l,2,3,5,8,8a-hexahydro-5-hexylindo- 
lizine (15) in 45% yield after column chromatography 
on SiO 2. Hydrogenation of  this compound over Raney 
nickel in acetic acid gave (+_)-trans-5-hexylindolizidine 
(16) (yield 68%), the spectroscopic characteristics of  
which were similar to those reported previously. 7e 

It should be pointed out that we were unable to obtain 
amino alcohols 9 and 13 by the standard oxidation of the 
products of dehydroboration of amines 4a and 5a (H20~, 

~ C6H13 

5a 

~ O6Ht3 
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Reagents and conditions: a. 05 (Pt2Bl-I) 2. 0 ~ b. H2SO4, 11~O2; c. Ph3P. CBr4; d. Et~N; e. 142, Ni, AcOlt. 
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Scheme 5 
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Reagents and conditions: a. (I)  (Pr2BH)2, THF, 0--20 ~ 
(2) H2SO 4, 0 ~ then H202, (3) H20, OH-; 
b. (1) Ph3P , CBr4, (2) Et3N; c. H2, Ni, AcOH. 

OH-) .  This was probably caused by the stability of 
intracomplex compounds A formed (the stereochemistry 
is not specified), which are not decomposed completely 
even upou prolonged refluxing with 30% H201. 

H:~SO4 

~ H2O 2, OH- 

9or  13 

BPr 2 H H HSO 4- 
B 

~ H~O:z 

9 o r  13 

In an acid medium (H2SO4), the B.--N coordination 
bond itl structure A is cleaved to give the corresponding 
ammonium salt of the type B, the boryl group in which 
is readily transformed into a hydroxyl group on treat- 
ment with H20 2. 

Synthesis o f  (• 167B and its trans-isomer 

We used the methodology for constrtlcting a five- 
membered cycle described above for the synthesis of 
indolizidine 167B (lh) and its trans-isomer. The cis- 
(17) and trans-2,6-diallyl-l,2,3,6-tetrahydropyridines 
(18), which can easily be obtained from triallylborane 
and pyridine II (Scheme 6), were used as the starting 
compounds. 

Scheme 6 

I i H 
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Reagents and conditions: a. PriOH; b. (1) All3B, 130 ~C, 
(2) OH-. 

i7 

Not amine 17 but its N-dipropylboryl derivative 19, 
obtained in 75% yield by heating compound 17 with 
allyl(dipropyl)borane at 130 ~ was hydroborated in 
the synthesis of alkaloid Ib (Scheme 7). 

Scheme 7 
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Reagents and conditions: a. A[IBPr2; b. (I} (Pr2BH).~, TItF, 
(2) H~O 2, H+; c. (I} Ph3P, Cgr4, (2) Et~N; d. I't2, Ni, AtOll. 
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The reaction of aminoborane 19 with tetrapropyl- 
diborane (0.5 mol) followed by oxidation (H2SO a, H202) 
gave a mixture of isomeric alcohols 20a and 20b and diol 
21 in 2 : 1 ratio. Chromatography of the mixture on a 
column with SiP z resulted in a mixture of alcohols 20a 
and 20b (yield 48% of the theoretically possible amount), 
which was successively treated with CBr4, Ph3P, and 
Et3N without their separation. Chromatography of the 
products on a column with SiP 2 gave a mixture of 
hexahydroindolizines 22a and 22b (46%). Catalytic hy- 
drogenation of this mixture (22a and 22b) over Raney 
nickel gave (+)-indolizidine 167B lb (yield 59%). The 
spectroscopic characteristics of the alkaloid synthesized, 
(+)- lb ,  are similar to those reported previously. 7c 

Hydration of the double bond in trans-amine 18 was 
performed using tripropylborane as the hydroborating 
reagent. This method is based on the ability of 
trialkylboranes to undergo transalkylation accordiqg to 
the schemO z 

150 * C  + C 3 H 6  . 

"BPr 2 
Pr / \Pr 

Heating of trans-diallyl compound 18 with Pr3B 
followed by oxidation (H2SO 4, H202) gave a mixture of 
amino alcohols 23a and 23b and diot 24 (Scheme 8). 
Standard cyclization (CBr4, Ph3P, and Et3N ) of amino 
alcohols 23a and 23b isolated by chromatography on 
SiP 2 gave a mixture of isomeric bicyclic compounds 25a 
and 25b (46%), hydrogenation of which produced 
(+)-trans-5-propylindolizidine (26) (yield 63%). Its spec- 
troscopic characteristics were similar to those reported 
previously. "to 

The structures of the compounds obtained were con- 
firmed by elemental analyses and by a combination of 
physicochemical methods (IH and t3C NMR and IR 
spectroscopy and mass spectrometry). The mass spectra 
(El) of indolizidines 167B (lb),  209D (la) ,  and their 
trans-isomers display an intense peak with m/z 124 
(IM-C3HT] + for compounds lb and 26, [M-C6Ht3] + 
for la  and 16), which is the main peak characterizing 
5-substituted indolizidines. 7c 

It should be emphasized that the methodology for 
the synthesis of indolizidines from pyridine is of general 
applicability and can be used for obtaining many other 
compounds of this series with various substituents at 
position 5 and certain stereochemistry. 

Experimental 

All operations with organoboron compounds were carried 
out in a dry argon atmosphere, tH and |3C NMR spectra were 
recorded on a Bruker AC-200P spectrometer in CDCI 3, IH-- 
IH COSY and 2D NOESY spectra were obtained on a Bruker 
AMX-400 instrument using SiMe 4 as the internal standard 

Scheme 8 

I 
H 18 
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" l l  I ~,. +II I ~r III 
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OH OH OH OH 
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" i l l  "+141 

25a 25b 
-.. . --.J Y 

: ' ~ l  H a 

~b 
(+)-26 

Reagents and conditions: a. Pr3B , 160 *C; b. H2504, H202; 
c. (1) Ph3P, CBr 4, (2) Et3N; d. H2, Ni, AcOH. 

tlB NMR spectra were recorded on a Bruker AC-200P instru- 
ment in CDCI3 relative to BF3-OEt 2. IR spectra were ob- 
tained on a UR-20 spectrophotometer. Mass spectra were 
obtained on a Kratos MS-30 spectrometer. GLC analyses were 
performed on a Khrom-5 instrument with an OV-I column 
(1 m), Chromaton as the stationary phase, and helium as the 
carrier gas. 

tram-2-Allyl-6-hexyl-l,2,3,6-tetrahydropyridine (4a). A 
2.78 N solution of n-hexyllithium (70 mL, 194.4 minor) in 
hexane and anhydrous ether (260 mL) was placed in a dtree- 
necked flask equip~ped with a thermometer, a reflux condenser, 
a dropping funnel, and an inlet for argon. Pyridine (15.64 mL, 
194.4 retool) was added at -45 ~ and the solution was 
stirred for 1 h at this temperature. Triallylboranc (33.9 rnL, 
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26.05 g, 194.4 mmol) was added, and the mixture was heated 
to 15 ~ Anhydrous MeOH (32 mL, 792 mmol) was then 
cautiously added at -30  ~ The mixture was stirred for 1 h, 
and a 20% NaOH solution (81 mL) was added. The low- 
boiling compounds were distilled off in vacuo, anhydrous hex- 
ane (60 mL) and a 20% NaOH solution (60 mL) were added to 
the residue, and the mixture was refluxed for 8 h. The organic 
layer was separated, and the aqueous layer was extracted with 
ether (3 • 35 mL). The combined organic fractions were washed 
with a saturated solution of NaCI. According to GLC data, the 
organic layer contained 90% of compound 4a and ~9% of 
2-hexylpyridine 6. The solvents were distilled off. Hexane 
(50 mL) and 2 N HCI (85 mL; 95% with respect to the 
content of compound 4a in the mixture) were added. The 
precipitate of salt 4a.  HCI, which is poorly soluble in hexane 
and water, was filtered off and washed with hexane. The salt 
4a" HCI that was separated and NaOH (10 g) were added to 
water (50 mL), the mixture was stirred for 2 h, and the free 
amine 4a that formed was extracted with ether (3• mL). 
The extract was dried with K2CO 3, and the solvent was 
evaporated in vacuo. Distillation of the residue gave 21.3 g 
(53/%) of pipcrideine 4a, b.p. 104--106 ~ (I Tort), nD t9 
L4748. IR (pure compound), v/cm-I:  3300 (br), 3020, 2920, 
2860, 1640, 1460, 1380, 1095, 995, 915, 710, 640. ~H NMR 
(200 MHz), 8:0.97 (t, 3 H, CH3); 1.2--1.65 (m, 11 H, CH 2 
(C6H~3), NH); 1.80--I.95 (m, 1 H, H~(3)); 2.05--2.3 (m, 
3 H, Ht,(3), H(2")); 2.90--3.0 (m, I H, H(2)); 3.25--3.35 
(m, I H, H(6)); 5.05--5.15 (m, 2 H, H(4')); 5.65--5.85 (m, 
3 H, --CH=).  J3C NMR, 8:13.69 (CH3); 22.25 (C(I0'));  
26.06 (C(9")); 28.98 (C(8")); 31.28, 31.47 (C(7'), C(3)); 35.09 
(C(6")); 39.91 (C(2")); 46.49 (C(2)); 51.84 (C(6)); 116.83 
(C(4")); 123.91 (C(4)); 129.99 (C(5)); 135.22 (C(3")). MS, 
m/z (Ircl (%)): 166 [M-C3Hsl  + (70), 122 [M-C61"II3]* (100), 
81 [M-(C3Hs+C6Hm3)] + (26). 

trans-2-Allyl-6-hexyl- 1,2,3,6-tetrahydropyridine hydroehlo- 
ride (4a �9 HCI) was synthesized by treatment of compound 4a 
with an ethereal solution of HCI, m.p. 125.5--126.5 ~ (from 
a hexane--chloroform mixture). Found (%): C, 68.91; 
H, 10.80; N, 5.35; CI, 15.02. CIdH26CIN. Calculated (%): 
C. 68.96; H, t0.75; N, 5.75, CI, 14.54. IR (KBr pellets), 
v/era-l :  3400 (br), 2920, 2860, 2720, 2550, 2470, 2400, t640, 
1595, 1580, 1465, 1440. 1430, 1380, 1370, 1285, 1055, 1000, 
815, 730, 690, 630, 520. IH NMR (400 MHz), 8:0.65 (t, 
3 H, CH3); 1.12 (m, 6 H, H(8"), H(9"), H(10")); 1.3 (m, 
2 H, H(7')); 1.56 (m, I H, Hb(6')); 1.95 (m, I H, H~(6")); 
2.12 (din, 1 H, Ha(3), 3j = 17.5 Hz); 2.32 (m, 2 H, Hb(3), 
Hb(2")); 2.79 (m, 1 H, Ha(2')); 3.30 (m, t H, H(2)); 3.62 
(m, t H, t-1(6)); 4.98 (m, 2 H, H(4")); 5.62 (m, 3 H, 
- -CH=);  9.4 (br.s, 2 H, NH)_ 13C NMR, 8:13.12 (CH3); 
21.60 (C(10')); 24.59 (C(9')); 25.46 (C(8")); 28.09 (C(3)); 
30.65 (C(7')); 31.93 (C(6')); 34.83 (C(2")); 48.18 (C(2)); 
50.31 (C(6)); 118.44 (C(4')); 123.00 (C(4)); 123.77 (C(5)); 
131.30 (C(3')). 

trans-2-Allyl- 1 -diallylboryl*6-hexyl- 1,2,3,6- tetrahydro- 
pyridine (7). Amine 4a (13,78 g, 66.46 mmol) was placed in a 
two-necked flask, and triallylborane (10.68 g, 13.89 mL, 
79.7 mmol) was added cautiously. The mixture was heated at 
110 ~ for 1.5 h. During this time, 66.4 mmol of propylene 
evolved. The excess triallylborane was distilled off. Distillation 
gave 16.9 g (85%) of atninoborane 7, b.p. 150--152 ~ 
(1 Torr), nD 19 1.4914. The distillation caused pa~ial 7 ~ 8 
isomerization; the content of compound 8 in the mixture was 
~15%. IH NMR (200 MHz), 8:0.85--1.05 (t, 3 H, CH3); 
1.2--1.7 (m, 10 H, CH 2 (C6H13)); 1.7--2.0 (m, 4 | t ,  
B--CH2--); 2.05--2.5 (m, 4 H, H(2"), H(3)); 3.75--4.1 fro, 

2 H, H(2), H(6)); 4.8--5.1 (m, 6 H, CH2=); 5.6--6.1 (m. 
5 H, --CH=). 13C NMR, 8:14.00 (CH3); 22.64 (C(10')); 
26.43 (C(9')); 27.09 (B--CH2--); 27.61 (C(8")); 29.43, 31.85 
(C(7'), C(3)); 40.66 (C(6")); 42.34 (C(2 ' ) ) ;  53.0 (C(2)); 53.62 
(C(6)); 113.48, 113.60 (B--CH2--CI-I=_QH~); 116.30 (C(4")): 
124.36 (C(4)); 131.91 (C(5)); 136.23 (C(3")); 136.91, 137.08 
(B--CH2--C__H=). l ib  NMR, 8: 45.10. 

lsomerization of trans-2-allyl- l -dial lylboryl-6-hexyl-  
1,2,3,6-tetrahydropyridine (7) into c/s-2-allyl-l-diallylboryl- 
6-hexyl- 1,2,3,6-tetrahydropyridine (8), Aminoborane 7 ( 16.9 g) 
was placed in a three-necked flask equipped with a thermom- 
eter, a reflux condenser, and an inlet for argon. Heating for 
5 h at 195 ~ gave compound 8 (the content of isomer 7 was 
-5%), nD 19 1.4933. tH NMR (200 MHz), 8 :0 .8 - -1 .0  it, 
3 H, CH3); 1.I--2.0 (m, 14 H, CH 2 (C6HI3), B--CH2); 
2.0--2.4 (m, 4 H, H(2"), H(3)); 3.85--4.0 (m, 2 H, NCH); 
4.75--5.1 (m, 6 H, CH:~=); 5.6--6.0 (m, 5 H , - - C H = ) .  
t3C NMR, 8:14.00 (CH3); 22.59 (C(10")); 26.33, 26.42 
(B--CH2--); 27.27 (C(9")); 28.68 (C(8 ")); 29.45, 31.82 (C(7 "), 
C(3)); 39.99, 40.23 (C(6"), C(2'));  50.74 (C(2)); 53.61 (C(6)); 
113.36, 113.55 (B--CH2--CH=.QH2); 116.34 (C(4")); 121.44 
(C(4)); 127.65 (C(5)); 136.57, 136.76, 136.82 (--CH---). 
l ib NMR, 6: 43.78. 

cis-2-Allyl-6-hexyl-l,2,3,6-tetrahydropyndine (5a). A mix- 
tttre ofanhydrous MeOH (20 mL) and KOH (7 g, 124.6 retool) 
was added at 0 ~ to the reaction n~ixture obtained after the 
isomerization of compound 7 into 8 (the content of isomer 7 
was ~5%), and the mixture was refluxed for 3 h with vigorous 
stirring. Water (30 mL) was added, and the mixture was 
extracted with ether (3x20 mL). The ethereal layer was washed 
with a saturated NaCI solution and dried with K2CO 3. Distilla- 
tion gave 11.46 g (83% with respect to compound 4a) of 
amine 5a with b.p. 92--94 ~ (1 Torr). The admixture of 
trans-isomer 4a (-5%) was separated on a column with AI,O 3 
(hexane--ether, 10 : I, as the etuent), hi319 1.4735. Found 
(%): C, 81.25; H, 11.95; N, 6.85. C~dH25N. Calculated (%): 
C, 81.09; H, 12.15; N, 6.76. IR (pure compound), v/era-l:  
3400 (br), 3070, 3020, 2920, 2860, 1640, 1450, 1380, 1320, 
1120, 995, 915, 730. IH NMR (200 MHz), 8 :0 .8--1 .0  (t, 
3 tt, CH3); 1.2--1.5 (m, 10 H, CH 2 (C6H13)); 1.6--l.75 
(br.s, I H, NH); 1.80--2.0 (m, 2 I t ,  tt(3)); 2.05--2.35 (m, 
2 H, H(2")); 2.7--2.9 (m, I H, H(2)); 3.25--3.4 (m, 1 H, 
H(6)); 5.0--5.2 (m, 2 H, H(4")); 5.5--5.9 (m, 3 H, - -CH=).  
13C NMR, 8:13.80 (CH3); 22.34 (C(10'));  25.54 (C(9'));  
29.17 (C(8')); 3t.55, 32.27 (C(7"), C(3)); 36.38 (C(6")); 40.9I 
(C(2')); 52.12 (C(2)); 54.91 (C(6)); 117.19 (C(4")); t24.65 
(C(4)); 130.67 (C(5)); 135.02 (C(3")). MS, m/z (lrel (%)): 207 
{MI + (77), 166 [M-C3H5] + (100), 149 [M-CdHI0] + (76), 122 
[M-C6HI~I + (74), 96 [M-(C.~Hs+CsHI0)I  + (42), 81 
{M-(C3Hs+C~HI3)I ~ (46), 79 [M-(C3H6+C6HI,~)I + (66). 

c/s-2-Allyl-6-hexyl- 1,2,3,6-tetrahydropyridine hydrochloride 
(5a- HCI) was synthesized by treatnaent of compound 5a with 
an ethereal solution of HCI, m.p. 158.5--159.5 *C (from a 
hexane--CH2Cl2 mixture). IR (KBr pellets), v /cm-I :  3400 
(br), 2930, 2850, 2800, 2740, 2610, 2530, 2480, 1640, 1580, 
1465, 1425, 1390, 1030, 995, 920, 760, 700, 490. IH NMR 
(200 MHz), 8:0.7--1.05 (t, 3 H, CH3); 1.1--1.6 (m, 9 H, 
C1.t 2 (C6HI3), Hb(6')); 1.7--2.0 (m, I H, H~(6")); 2.05--2.8 
(m, 3 H, H(3), Hb(2')); 3.05--3.35 (m, 2 H, H~(2"), H(2)); 
3.65--3.9 (m, I H, H(6)); 5.05--5.3 (m, 2 H, H(4")); 5.6-- 
6.0 (m, 3 H, - -CH=);  9.4 (br.s, I H, NH); 10.0 (br.s, I H. 
NI-I). J3C NMR, ,5:13.80 (CH3); 22.34 (C(10")); 25.24 (C(9')); 
27.81 (C(8")): 28.91 (C(3)); 31.50 (C(7")); 32.34 (C(6")); 
37.22 (C(2")); 54.13 (C(2)): 55.45 (C(6)); 119.11 (C(4')); 
123.62 (C(4)); 125.54 (C(5)); 131.61 (C(3')).  
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cis-6-Hexyl-2-(3-hydroxypropyl)- 1,2,3,6-tetrahydropyridi- 
ne (9). A solution of amine 5a (5.61 g, 27.1 retool) in 
anhydrous THF (20 mL) was placed in a three-necked flask 
equipped with a thermometer, a reflux condenser, a dropping 
fimnel, and an inlet for argon. A 1.29 N solution of (Pr2BH) 2 
(13.5 mL, 17.4 mmol) in THF was slowly added at 0 ~ and 
the mixture was stirred for 5 h at ~20 ~C (the reaction and its 
completion were monitored by 13C NMR spectroscopy, i.e., 
until the allyl group signals disappeared). MeOH (5 mL) was 
added in order to decompose the excess (Pr2BH) 2, and the 
solvents were then distilled off in vacua. A 8 N solution of 
H2SO 4 (76 mL) was added to the white viscous residue, and 
30% H202 (I5.3 mL, 150 retool) was then added at 0 ~ with 
vigorous stirring. The solution was stirred until the complex 
decomposed completely (TLC monitoring). The solution was 
washed with ether. NaOH (14.5 g) was added at 0 ~ to the 
aqueous layer; the mixture was stirred for 5 h and then 
extracted with ether (3x30 mL). The extract was dried with 
K2CO 3. The solvents were distilled off to give a mixture 
containing 80% of alcohol 9 and 20% of dials 10 (according to 
IH and 13C NMR spectroscopic data). The dials were sepa- 
rated on a column with AI203 (hexane--ether (I : 1) --* ether 
as the eluents) to give 3.08 g (51%) of amino alcohol 9, which 
upon freeze-precipitation from hexane formed crystals with 
m.p. 35--37 ~ Found (%): C, 74.69; H, 12.30; N, 6.48. 
Ct4H~TNO. Calculated (%): C, 74.61; H, 12.08; N, 6.21. 
IR (pure compound), v/cm-~: 3370 (br), 3260, 3120, 3030, 
2920, 2860, 1655, 1480, 1465, 1380, II00, 1070, 935, 855, 
685. IH NMR (200 MHz), 5:0.8--1.0 (t, 3 H, CH.~); 1.2--2.1 
(m, 18 H, C--CH2--C,  OH, NH); 2.6--2.8 (m, t H, H(2)); 
3.2--3.4 (m, I H, H(6)); 3.45--3.7 (m, 2 H, CH2-O) ;  5.55-- 
5.8 (m, 2 H , - - C H = ) .  J3C NMR, a: 13.73 (CH3); 22.28 
(C(10")); 25.32 (C(9")); 29.06 (C(8")); 30.65, 31.36, 32.04 
(C(7 "), C(3), C(3 ")); 35.39, 35.88 (C(6"), C(2 ")); 53.30, 54.43 
(C(2), C(6)); 62.10 (C(4")); 125.12 (C(4)); 130.86 (C(5)). 
MS, m/z (t~r (%)): 225 [MI § (2), t66 [M-C3H6OHI + (41), 
141 [M-C6H~2] + (28), 140 [M-C6HI3]  + (100), 122 
[M-(C6HI3+HzO)I + (25), 96 [M-(C3H6OH+CsHI0)I + (33), 
79 [CsHsNI § (29), 71 [CsHII] § (37). 

c/s- 1,2,3,5,8,8a- Hexahydro-5-hexylindoliziae (12). Ami no 
alcohol 9 (I.43 g, 6.35 mmol) and a solution of CBr4 (2.64 g, 
8 retool) in CH2CI 2 (19 mL) were placed in a three-necked 
flask equipped with a thermometer, a reflux condenser, a 
dropping funnel, and an inlet for argon. Triphenylphosphine 
(2.49 g, 9.5 mmol) was added at 0 ~ to the solution, and the 
mixture was stirred for 1 h. Triethylamine (14.6 mL) was then 
added, and the mixture was stirred for 5 h. The low-boiling 
compounds were distilled off in vacua, pentane (20 mL) was 
added to the residue, and the precipitate that formed was 
filtered off. Purification on a column with SiO~ (CH2CI~ . -  
MeOH, 25 : I, + [ drop of aqueous NH 3 per 100 mL of the 
solution as the eluent) followed by distillation gave 0.65 g 
(50%) of  indotizine 12, b.p. 78--80 *C (I Tort), no 19 1~4811. 
Found (%): C, 80.93; H, 12.09; N, 6.81. CI4H25 N. Calcu- 
lated (%): C, 81.09; H, 12.15; N, 6.76. IR (pure compound), 
v/era-I: 3440 (br), 3020, 2950, 2930, 2860, 2780, 2710, 1640, 
1460, 1380, 1330, 1225, 1170, 1135, 1080, 1045, 815, 730, 
690, 640. ~H NMR (200 MHz), ~5:0.8--I.05 (t, 3 H, CH3); 
1.2--2.1 (m, 16 H, C--CIt2--C);  2.1--2.35 (m, 2 H, NCH); 
2.6--2.75 (m, I H, NCH); 3.3--3.45 (m, 1 H, H(5)); 5.55-- 
5.8 (m, 2 H , - - C H = ) .  I]C NMR. ~: 13.91 (CH3); 20.71 
(C(2)); 22.46 (C(9")); 25.08 (C(8")); 29.52 (C(7")); 30.57, 
3~.65, 32.30. 33.81 (C(6') ,  C(5"), C(8), C(I)); 52.41 (C(3)); 
60.22 (C(8a)); 63.24 (C(5)); 124.66 (C(7)); 129.52 (C(6)). 
MS, m/z (1~r I (%)): 207 [MI + (4), 164 [M-C3HTI + (16), 151 

[M-C4H8] + (12), 136 [M-CsHt t ]  + (22), 123 [M-C6HI2} ~ 
(26), 122 [M-C6Hz3] + (100), 70 [C4HsNI + (30). 

(+)-ludolizidine 209D (cis-5-hexylindolizidine) ( la) .  A 
mixture of indolizine 12 (0.14 g, 0.68 retool)0 glacial acetic 
acid (1 mL), and Raney nickel (0.01 g) were placed in an 
0.15-liter autoclave. The autoclave was filled with hydrogen to 
100 atm pressure and heated for I0 h at 100 *C. After the 
pressure was relieved, the catalyst was filtered off and washed 
with water. NaOH (20%) was added to the combined filtrates 
until total neutralization of the acid, and the mixture was 
extracted with ether. The solvents were distilled off in vacua to 
give 0.15 g (90%) of indolizidine la, no 19 1.4728. IR (pure 
compound), v/era-I: 3400 (br), 2930, 2930, 2860, 2800, 1730, 
1660, 1640, 1575, 1455, 1380, 1300, 1240, 1130, 1030, 730. 
IH NMR (200 MHz), 8:0.8--1.0 it, 3 H, CH3); 1.1--2.05 (m, 
23 H); 3.2--3.35 (m, I H, Ha(3)). 13C NMR, a: 13.86 (CH3); 
20.19, 22.42, 24.51 (C(9"), C(2), C(7)); 25.59 (C(8")); 29.55, 
30.34, 30.65, 30.80, 31.64 (C(7"), C(6 ' ) ,  C(I), C(6), C(8)); 
34.44 (C(5")); 51.33 (C(3)); 63.67 (C(5)); 64.78 (C(8a)). 
MS, m/z (I,~ L (,-%)): 209 [MI § (7), tg0 [M-C2Hsl + (5), 166 
[M-C3HTI + (13), 138 [M-CsH~II § ( i l l  125 [M-C61-fl2I + 
(227, 124 [M-C6Hj3] + (100), 96 [M-(C6HI3+C~H4)I + (16), 
82 [M-(C6HI3+C3H6)I § (8), 70 [C4HgN] + (15). 

trans-6-Hexyl-2-( 3-hydroxypropyl)- l ,2,3,6-tetrahydro- 
pyridine (13), A solution of amine 4a (3.23 g, 15.6 retool) in 
anhydrous THF (I0 mL) was placed in a three-necked flask 
equipped with a thermometer, a reflux condenser, a dropping 
funnel, and an inlet for argon. A 1.29 N solution of (Pr2BH) 2 
(12 mL, 15.5 retool) in THF was added dropwise at 0 ~ and 
the mixture was stirred for 5 I1 at ~20 ~ The solvents were 
distilled off in vacua. 8 N H2SO 4 (45 mL) and 30% H202 
(8.8 mL, 86.5 namol) were added to the residue at 0 *C with 
vigorous stirring, and the mixture was stirred for 3 h. NaOH 
(8.5 g) and H20 (10 mL) were added at 0 ~ and stirring was 
continued for 5 h. The mixture was extracted with ether 
(3x20 mL), and the extract was dried with K2CO 3 to give a 
mixture containing 80% of alcohol 13 and 20% of dials 14 
(according to the IH and I3C NMR spectra). The dials were 
separated on a column with A1203 (with ether -~ ether+MeOH 
as the eluent) to give 1.45 g (49%) of amino alcohol 13, nD 19 
1.4843. IR (pure compound), v/era-l:  3260 (br), 3020, 2920, 
2860, 1465, 1455, 1360, 1065, 710. 1H NMR (200 MHz), ~5: 
0.8--1.0 it, 3 H, CH3); 1.15--1.9 (m, 18 H, C--CH2--C,  OH, 
NH); 2.75--2.9 (m, I H, H(2)); 3.2--3.35 (m, I H, H(6)); 
3.4--3.75 (m, 2 H, CH2--O); 5.65--5.7 (m, 2 H, - -CH=).  
~3C NMR, B: 13.90 (q, CH3, d = 123.5 Hz); 22.47 (C(10")); 
26.38 (C(9")); 29.21 (C(8')); 31.00, 31.59, 31.90 (C(7"), C(3), 
C(3")); 34.97, 35.17 (C(6'),  C(2")); 48.06 (d, C(2), J = 
133.4 Hz); 52.03 (d, C(6), J = 132 Hz); 62.50 (t, C(4'),  3" = 
142 Hz); 124.54 (d, C(4), J = 163 Hz); 130.30 (d, C(5), J = 
159 Hz). MS, ra/z (lr~l (%)): 225 [M] § (5), 184 [M-C3H5] + 
(82), 166 [M-C3H6OH] + (68), 141 [M-C6HI2] + (34.5), 140 
[M-C6HI3I + (100), 122 [M-(C6HI3+HzO)] + (83), 113 [ M -  
(C3H6OH+C4Hs)I + (23), 96 [M-(C3H6OH+CsHI0)I + (23). 

trans-6-Hexyl-2-(3-hydroxypropyl)- 1,2,3,6- tetrahydro- 
pyridine hydrochloride (13 �9 HCI) was synthesized by treatment 
of compound 13 with an ethereal solution of HCI. The hydro- 
chloride is hygroscopic. Ill NMR (200 MHz), 8:0.8--1.1 (t, 
3 H, CH3); 1.2--2.6 (m, 16 H, C--Ct-I~--C); 3.3--3.6 (m, 
I H. H(2)); 3.6--40 (m, 3 H, H(6), CH2--O); 4.75 (br.s, 
I H, OH); 5.7--6.0 (m. 2 H, - -CH=) ;  9.25 (br.s, 1 H, NH); 
9.6 (br.s. 1 H, Nil). 13C NMR, 8:13.84 (CI{3); 22.34 (C(10')); 
25.35 (C(9")); 27.55, 28.33, 28.83, 29.14 (C(8'), C(7') ,  C(3). 
C(3")); 31.39, 32.72 (C(6"), C(2')); 49.54 (C(2)); 51.42 (C(6)): 
61.24 (C(4")); 123.77 (C(4)); 124.70 (C(5)). 
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tratu-l,2,3,5,8,8a-Hexahydro-5-hexylindolizine (15) was 
obtained by analogy with the synthesis of compound 12 from 
amino alcohol 13 41.24 g, 5.5 retool), CBr4 (2.29 g. 6.9 mmoi), 
CH2CI 2 (16 mL), triphenylphosphine (2.16 g, 8.2 mmol), and 
triethylamine (12.6 mL). Purification on a column with SiP 2 
(CI-t2CI2--MeOH , 10 : 1, + I mL ofaqueous NH 3 per 100 mL 
of the solution as the eluent) followed by distillation gave 
0.51 g (45%) of indolizine 15, b.p. 90--91 ~ (I Torr), nD 19 
1.4831. Found (%): C, 81.06; H, 12.30; N, 6.53. CI4H25N. 
Calculated (%): C, 81.09; H, 12.15; N, 6.76. IR (pure com- 
pound), v/era-t: 3380 (br), 3020, 2950, 2920, 2860, 2800, 
1630, 1465, 1375, 1140, 710. IH NMR (200 Mtlz), 6:0.8--1.1 
it, 3 H, CH3); 1.15--2.2 (m, 16 H, C--CH2--C);  2.65--3.0 
(m, 3 H, H(3), H(ga)); 3.25--3.4 (m, t H, H(5)); 5.65--5.9 
(m, 2 H, - -CH=).  13C NMR, 5:13.88 (CH3); 21.13 (C(2)); 
22.45 (C(9")); 26.58 (C(8")); 29.57 (C(7')); 30.30, 30.61, 
30.65, 31.65 (C(6"), C(5"), C(8), C(I)); 48.56 (C(3)); 51.19 
(C(8a)); 55.71 (C(5)); 124.12 (C(7)); 129.62 (C(6)). 
MS, m/z (l~cl (%)): 207 [M] + (8), 168 [M-C3H31 + (25), 137 
IM-CsHI01 + (10), 123 [M-C6Ht21 + (58), 122 [M-C6Hf3] + 
(100), 94 [M-(CsHt3+C2H4)I + (20), 79 [CsHsN] + (21), 70 
[C4HsN] + (49). 

trans-5-Hexylindolizidine (16) was obtained by analogy 
with the synthesis of (_-_+)-indolizidine 209D (In) by hydroge- 
nation of indolizine 15 (0.22 g, I.I mmot) over Raney nickel. 
The reaction gave 0.15 g 468%) of indolizidine 16, no 19 
1.4707. tH NMR (200 MHz), ~: 0.7--2.0 (m, 23 H, CH 3, 
C--CH2--C);  2.35--3.05 ira, 4 H, N--CH).  13C NMR, 5: 
14.06 (CH3); 19.20 (C(7)); 20.77 (C(2)); 22.61 (C(9")); 23.36 
(C(8 ")); 27.43, 27.57 (C(6), C(8)); 29.63 (C(7 ")); 30.47 (C(6 ")); 
31.05, 31.84 (C(5"), C(I)); 48.66 (C(3)); 55.13 (C(ga)); 
55.42 (C(5)). MS, m/z: 209 [M] +, 166 [M-CjH7] § 138 
[M-CsHt t l* ,  125 {M-C6HI2] +, 124 [M-C6HI3] +. 

cis-2,6-Diallyl- l-dipropyllmryl- ! ,2,3,6-tetrahydropyridine 
(19). c/s-2,6-Diallyl-l,2,3,6-tetrahydropyridine 17 (10.8 g, 66.2 
retool) and allyldipropylborane i l l  g, 79.7 retool, 14.7 mL) 
were placed in a distilling flask and heated at 130 ~ until the 
evolution of propylene ceased. The excess allyldipropytborane 
was distilled off. Distillation of the residue gave 12.8 g (75%) of 
aminoborane 19, b.p. 101--t03 ~ (I Tort), nD 19 1.4891. 
IH NMR (200 MHz), ~: 0.75--1.1 (m, 10 H, CH 3, B--CH/--) ;  
i .2--1.55 (m, 4 H, CH2--CH3);  2.0--2.5 (m, 6 H, 
CI-[2--CH=); 3.85--4.15 (m, 2 H, NCH); 4.9--5.25 (m, 
4 H, CH2=); 5.6--6.1 (m, 4 H, - -CH=).  t3C NMR, ~5:18.00 
(CH3); 19.13 (__CH2--CH3); 21.77, 22.92 (B--CH2); 29.04 
(C(3)); 40.48, 44.55 (--CH 2 -  (All)); 50.54 (C(2)); 52.91 (C(6)); 
116.26, 116.58 (CH2=); 121.8 (C(4)); 127.73 (C(5)); 136.0, 
137.04 (--CH = (All)). JtB NMR (CDCI3), ,5: 46.79. 

Mixture of cis-6-allyl-2-(3-hydroxypropyl)-l,2,3,6-tetra- 
hydropyridine (20a) and cis-2-allyl-6-(3-hydroxypropyl)- 
1,2,3,6-tetrahydropyridine (20b). Aminoborane 19 (12.8 g, 
49.4 mmol) and anhydrous THF (40 mL) were placed in a 
three-necked flask equipped with a thermometer, a reflux 
condenser, a dropping funnel, and an inlet for argon. A 1.29 N 
solution of(Pr~BH) 2 (19.2 mL, 24.7 mmol) in THF was added 
at 0 ~ The mixture was stirred for I h and kept overnight. 
The so/vents were distilled off in vacuo. 8 N H2SO4 (58 mL) 
was cautiously added at 0 ~ and 30% H202 (30 mL, 271.3 
retool) was added dropwise. The mixture was stirred for 2 h at 
-20 ~ then 10 N NaOH (75 mL) was added, and stirring was 
continued for 2 h. The mixture was extracted with ether. The 
ethereal layer was washed with a saturated sohttion of NaCI 
and dried with K~CO 3. The solvents and the tmreacted cis- 
2,6-diallyl-t,2,3,6-tetrahydropyridine 17 were distilled off in 
the vacuum of an oil pump (I Torr) to give a mixture of 

alcohols 20a, 20b and diol 21 (according to the I3C NMR 
spectra). The diol was separated on a column with SiP 2 (ether 

MeOH as the eluents) to give 2.17 g (48% of the stoichio- 
metrically possible yield) of a mixture of  alcohols 20a and 20b. 
IH NMR (200 MHz), 6:1.0--2.2 (m, 9 H, C- -CH2--C , NH); 
2.5--2.8 ira, I H, H(2)); 3.15--4.25 (m, 4 H, H(6), CH2OH); 
4.85--5.I5 (m, 2 H, CH2=); 5.35--5.8 (m, 3 H, - -CH=) .  '3C 
NMR, 5: 28.43, 31.25, 34.07 (20b: H(3), H(6"), 1"t(7")); 
30.25, 31.78, 34.83 (20a: H(3), H(2"), H(3")); 39.80 (20a: 
--CH 2 -  (All)); 40.44 (20b: --CH 2 -  (All)); 51.83 (20b: C(2)); 
53.10, 53.65 (20a: C(2), C(6)); 53.90 (20k C(6)); 61.83 (20b: 
CH2OH); 61.97 (20a: CH2OH); 117.64 (CH2=); 125.38 (20b: 
C(4)); 125.8 (20a: C(4)); 129.58 (20b: C(5)); 129.85 (20a: 
C(5)); 134. ~ 3 (20a: - - C H =  (All)); 134.35 (20b: - -CH = (All)). 

Mixture of cis-5-allyl-l,2,3,5,8,8a-hexahydroindolizine 
(22a) and cis-5-allyl-l,2,3,5,6,ga-hexahydroindoli~ne (22b). 
This was obtained by analogy with the synthesis of compound 
12 from the mixture of alcohols 20a and 20b i2.07 g, 
11.4 retool), CBr 4 (4.8 g, 14.5 retool), CH2CI 2 (35 mL), 
triphenylphosphine (4.5 g, 17.2 retool), and Et3N (26.5 mL). 
Ptirification on a column with SiO~ (CH2CI2--MeOH , 10 : l. 
+ I mL of aqueous NH 3 per I00 mL of the solution as the 
eluent) gave 0.85 g (46%) of a mixture of bicycles 22a and 
22b, b.p. 50--60 ~ (6 Torr). IH N M R  (200 MHz), a: I_0-- 
2.6 (m, 10 H, --CH2--);  2.65--3.0 (m, I H, NCH); 3.15--3.5 
(m, I H, NCH); 4.9--5.2 (m, 2 H, CH2=); 5.5--6.0 (m, 
3 H, --CH=).  13C NMR, 8:20.47 (22a: C(2)); 21.27 (22b: 
C(2)); 27.81, 28.70 (22b: C(I), C(6)); 30.24, 31.96 (22a: C(1), 
C(8)); 38.27 (22a: C(5")); 39.21 (22b: C(5")); 45.45 (22b: 
C(3)); 52.08-(22a: C(3)); 56.07 (22b: C(5)); 59.89 (22a: 
C(8a)); 60.66 (22b: C(8a)); 62.33 (22a: C(5)); 116.09 (22b: 
CH2=); 116.23 (22a: CH2=); 124.42 (22b: C(7)); r24.68 (22a: 
C(7)); 128.65 (22a: C(6)); 128.88 (22b: C(8)); 134.91 (22a: 
C(6')); 135.05 (22b: C(6')). 

(-t-)-ludolizidine 167B (c/s-5-propylindolizidine) l ib)  was 
obtained similarly to the synthesis o f  (+)-indolizidine 209D 
(la) by hydrogenation of the mixture of  amines 22a and 22b 
(0.52 g, 3.2 retool) over Raney nickel. The reaction gave 
0.31 g (59%) of indolizidine Ib, b.p. 76--79 ~ (8 Tort), nD 19 
1.4739. IR (pure compound), v /era- t :  3420 (br), 2960, 2930, 
2870, 2780, 2710, 2600, 1655, 1450, 1440, 1380, 1330, 1320, 
1290, 1250, 1225, 1210, 1180, 1130, 1110, 1080, 1060, 1020, 
925, 915, 890, 830, 810, 740. tH N M R  (200 MHz), r 0.75-- 
1.05 (t, 3 H, CH3); 1.05--2.1 (m, 17 H, CH 2, NCH); 3.15-- 
3.4 (m, l H, Ha(3)). t3C NMR, 5:14.22 (CH3); 18.78, 20.11, 
24.42 (C(6"), C(2), C(7)); 30.26, 30.53, 30.69 (C(1), C(6), 
C(8)); 36.62 (C(5")); 51.24 (C(3)); 63.41 (C(5)); 64.72 (C(8a)). 
MS, m/z (Ire r 4%)): 167 [M]* (21), 166 [ M - H I  + (187, 138 
[M-C2Hs] + (13), 126 [M-C3Hs] + (14), 125 [M-C31t6] ~- 
(32), I24 [M-C3HT] + (100), 1t0 [M-(C2Hs*C2H4)] + (19), 
96 [M-(C3H7+C~H.01 + 442), 83 [M-2C3tt61 + (30), 70 
[C4HsN] + (30). 

blixture of trans-6-allyl-2-(3-hydroxypropyl)- 1,2,3,6- 
tetrahydropyridine (23a) and trans-2-allyl-6-(3-hydroxypropyl)- 
1,2,3,6-tetrahydropyridine (23b), trans-2,6-Diallyl-l,2,3,6- 
tetrahydropyridine 18 (4.36 g, 26.7 retool) and tripropylborane 
(3.74 g, 5.2 mL, 26.7 retool) were placed in a three-necked 
flask equipped with a thermometer and a reflux condenser, and 
the mixture was heated for 20 h at 160 ~ on an oil bath. The 
unreacted compotmds were distilled off  in the vacut, na of an oil 
pump (1 Tort). 8 N H2SO 4 (31 mL) was added at 0 ~ to the 
resulting mixture of boron complexes, 30% H20 7 (9.9 mL. 
96.5 retool) was added cautiously, and the mixture was stirred 
for 3 h. 10 H NaOH (38 mL) was added, and stirring was 
co~tinued for 2 h. The mixture was extracted with ether: the 
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ethereal extract was washed with a saturated NaCI solution and 
dried with K2CO 3 to give a mixture of alcohols 23a, 23b and 
diol 24 (according to 13C NMR spectroscopic data). The diol 
was separated on a column with SiO 2 (CHCI3--EtOH, 20 : 1, 
+ 10 drops of aqueous NH 3 per 100 mL of the solution as the 
eluent) to give 1.12 g (46% of the stoichiometrically possible 
yield) of a mixture of alcohols 23a and 23b. IH NMR 
(200 MHz), 6:1.15--2.35 (m, 9 H, C--CH2--C, NH); 2.75-- 
3.05 (m, I H, H(2)); 3.25--4.2 (m, 4 lq, H(6), CH2OH); 
5.0--5.2 (m, 2 H, CH2=); 5.6--5.95 (m, 3 H, - -CH=) .  
13C NMR, & 29.86, 30.32, 32.75 (23b: H(3), H(6"), H(7")); 
30.16, 31.29, 33.39 (23a: H(3), H(2'), H(3")); 39.14 (23b: 
--CH 2 -  (All)); 39.39 (23a: --CH 2 -  (All)); 46.39 (23a: C(2)); 
47.22 (23b: C(2)); 51.25 (23b: C(6)); 51.77 (23a: C(6)); 
61.84 (CH2OH); 117.17 (23a: CH2=); 117.27 (23b: CH2=); 
124.25 (23b: C(4)); 124.87 (23a: C(4)); 129.01 (23a: C(5)); 
129.91 (23a: C(5)); 134.48 (23b: --CH = (All)); 135.ll (23a: 
--CH= (AH)). 

Mixture of trans-5-allyl- 1,2,3.5,8,8a-hexahydroindolizine 
(25a) and trans-5-allyi-1,2,3,5,6,Sa-hexahydroindolizine (25b). 
This was obtained by anatogy with the synthesis of compound 
12 from the mixture of alcohols 23a and 23b (I.l g, 6.1 retool), 
CBr 4 (2.55 g, 7.7 retool), CH2CI 2 (19 mL), triphenylphosphine 
(2.39 g, 9.1 retool), and Et3N (14 mL). Purification on a 
column with SiO7 (CH2CI2--EtOH, 20 : I, + 5 drops of 
aqueous NH 3 per 100 mL of the solution as the elnent) gave 
0.45 g (46%) of a mixture of bicycles 25a and 25b. 

Comoound 25a: tH NMR (200 MHz), 5:1.2--1.6 (m, 
2 H, H(2)); 1.65--23 (m, 6 H, H(I), I-t(5"), H(8)); 2.35-- 
2.6 (m, I H, NCH); 2.7--3.0 (m, 2 H, NCH); 3.4--3.6 (m, 
I H, H(5)); 4.95--5.2 (m, 2 H, CH2=); 5.6--6.0 (m, 3 H. 
~CH=). 13C NMR, 8:20.99 (C(2)); 30_45, 30.86 (C(8), 
C(1 )); 34.43 (C(5 ")); 48.36 (C(3)); 51.09 (C(Sa)); 55.64 (C(5)); 
i 15.90 (CH2=); 124.38 (C(7)); 129.0I (C(6)); 135.94 (C(6")). 

Comoound 25b: IH NMR (200 MHz), ~5:1.0--1.5 (m, 
2 H, H(2)); 1.55--2.45 (m, 6 H, H(I), H(5"), H(6)); 2.6-- 
2.95 (m, 3 H, H(Sa), t-!(3)); 3.35--3.65 (m, I H, H(5)); 4.8-- 
5.15 (m. 2 H, CH2=); .5.4--5.9 (m, 3 H, --CH=). t3C NMR, 
~: 21.85 (C(2)); 22.90 (C(I)); 29.34 (C(6)); 36.89 (C(5')); 
49.40 (C(3)); 52.51 (C(Sa)); 53.33 (C(5)); 115.51 (CH2=); 
121.96 (C(7)); 129.23 (C(8)); 135.95 (C(6")). 

trans-5-Propylindolizidine (26) was obtained by analogy 
with the synthesis of (+)-indolizidine 209D (la) from the 
mixture of amines 25a and 25b (0.45 g, 2.8 mmol), glacial 
acetic acid (2.6 mL), and Raney nickel (0.02 g). The reaction 
gave 0.29 g (63%) ofindolizidine 26, b.p. 70--72 *C (10 Torr), 
nol9 1.4780. IR (pure compound), v/em-l: 3400 (br), 2960, 
2930, 2870, 2800, 2720, 1695, 1460, 1380, 1360, 1265, 1230, 
1200, 1170, 1155, 1140, I095, 1080, 900, 820, 740. IH NMR 
(200 MHz), ,5:0.85--1.05 (t, 3 H, CH3); 1.1--1.95 (m, 14 H, 
C--CH2--C); 2.4--2.55 (m, I H, H(8a)); 2.55--2.7 (m, 
I H, Hb(3)); 2.75--3.0 (m, 2 H, H(5), Ha(3)). ~3C NMR, 5: 
14.05 (CH3); 19.01, 20.51, 20.55 (C(2), C(7), C(6")); 25.47, 
27.22 (C(6), C(8)); 30.29, 30.85 (C(5"), C(I)); 48.43 (C(3)); 

54.79 (C(Sa)); 54.90 (C(5)). MS (El, 70 eV), m/z (Ire) (%7): 
167 [M] + (22), 166 IM-H] + (14), 138 [M-C2Hsl + (t I), 126 
[M-C3H51 + (12), t25 [M-C3H6] + (32), 124 [M-C3Hyl + 
(t00), 96 [M-(C3Hy+C2H4)I + (38), 70 [C4HsNI + (23). 
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