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Pyrrole undergoes reductive mono- and dialtylation on successive treatment with 
IL't'-unsaturated organoboron derivatives (triallylborane, allyl(dipropyl)borane, and triprenyl- 
borane) and alcohols to give 2-allylated 3-pyrrolines and trans-2,5-diallylated pyrrolidines. 
The addition of both the first and second boron-allylic fragment to the heterocycle proceeds 
with rearrangement. A method /br transformation of the trans-2,5-dialiytpyrrolidine into the 
cis-isomer (heating with triallylborane at 190 ~C) was developed and a series of N-substituted 
derivatives of these pyrrolidines was synthesized. A method for the preparative synthesis of 
nonsymmetrically substituted trans- and cis-2-alkyl(phenyl)-5-allylpyrrolidines, based on 
reductive allylboration of pyrrole followed by 1,2-addition of RLi to the 5-allyl-l-pyrroline 
that formed, was also developed. A direct confirmation of intermediate formation of 2//- and 
3H-pyrrole tautomers under the action of allylboranes was obtained. The adduct of 2H-pyrrole 
with BE 3 was detected by NMR spectroscopy. 

Key words: pyrrole, reductive allylboration, allylboranes, triprenylborane, allylic rear- 
rangement, alkyl(aryl)lithium, 2,5-substituted pyrrolidines, trans-~cis-isomerization, 2-allylated 
3-pyrrolines, sigmatropic 11,3]- and [ 1,5]-hydrogen shifts, adduct of 2H-pyrrole with. BF 3. 

The reaction of reductive mono- or diallylboration of 
organic nitriles t was the first example demonstrated the 
ability of allylboranes to add to multiple C=N and C = N  
bonds. Allylic organoboranes are readily added to the 
C=N bond of imines, 2 -s  quinolines, phenanthridine, 9 
and isoquinolinO ~ to give (after deboration) the corre- 
sponding homoaIlylic amines or cz-allylated dihydro het- 
erocycles. Recently, lt,12 it was established that successive 
treatment of pyridine and many of its derivatives with 
corresponding allylboranes and alcohol results in trans- 
2,6-diallyl-l,2,3,6-tetrahydropyridines in 70--97% yields. 

All the above-mentioned reactions are inherent only 
in [3,~/-unsaturated boron derivatives; they proceed with 
the allylic rearrangement through a six-membered tran- 
sition state and are accompanied by the formation of 
one or two new C--C bonds. 

In this work, the results o f  our study of pylzole _trans- 
formations under the action of triallyl- and triprenyl- 
borane are reported; the reactions also occur as reductive 
mono- and trans-2,5-diallylation of the heterocycle (for 
preliminary communications, see Refs. II, 13, 14). 

It is well known that organolithium and organo- 
magnesium compounds readily react with pyrrole to 
give the corresponding N-metallated derivatives 15A6 
(Scheme I). 

Scheme 1 

RIi(RMgX) m. ~ ~ 
-RH N 
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M = Li, MgX 

' �9 H Pr3B, 150--180 ~ w, 
(PKa 17.5) -(C3H8' C3H6' H2) 

I 
BPr 2 

Reactions of trialkylboranes with pyrrole proceed 
only at high temperatures ( 115-- 180 ~ to afford N-(di- 
alkylboryl)pyrroIes. 17A8 A quite different picture is ob- 
served in- the case o f  atlytboranes: 

Reductive ailylation of  pyrrole 

We established that triallylborane and allyl(dipropyl)- 
borane react with pyrrole to give two isomeric addition 
products 1 and 2, which differ in position of the double 
bond in the cycle (Scheme 2). 
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Scheme 2 

.~- , , , ,v /B R2 3 4 4 3 

D 5 6' + 2 3 '  

I I 5 7' I 2' 4 
H BR 2 8R 2 

l a :  R = All (65%) 2 a :  R = All (35%) 

l b :  R = Pr (78%) 2b:  R = Pr (22%) 

l a  4- 2 a :  ~ 118 42.5 
l b  + 2 b :  ~ 1113 45.4 

The reaction can be carried out without solvent. In 
ether, it is completed in 2--3 h at 20 ~ or in 30 rain 
at 40--70 ~ 

The mixtures of aminoboranes la  and 2a (or lb and 
2b) were isolated by vacuum distillation. The la  : 2a and 
lb : 2b ratios were established from the IH NMR spectra. 

Successive treatment of the products of the reaction 
between pyrrole and triallylborane (a mixture of compounds 
la  and 2a) with methanol (3 equiv., from - 3 0  to +20 ~-C, 
I h) and 10% NaOH (at 20 ~ resulted in a mixture of 
trans-2,5-diallylpyrrolidine 3 and 2-allyl-3-pyrroline 4. 
which were isolated by distillation (Scheme 3). 

Scheme 3 

iL.f...~.,!~8,4o ~ 
2) MeOH, -30--~20 ~ 

l 3) H2O, OH-, 10--20 ~C 
H 
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Mutual orientation of allyl groups in amine 3 was 
established by tH NMR spectroscopy using a prochiral 
benzyt probe. To this end, we synthesized the N-benzyl 
derivative 5 by heating amine 3 with benzyl chloride 
and K2CO 3 in ethanol (at 80 ~ (Scheme 4). 

Scheme 4 

3 5 (78%) 

As in the case of l -benzyl- trans-2,5-dimethyl-  
pyrrol idine t9 and l-benzyl-trans-2,6-dipropylpiperi- 
dine, 2~ the methylene protons (CH2Ph) appear in the 
t H N M R spectrum of compound 5 as an AB-system (dd, 
200 MHz, CDCI 3, relative to Me4Si, 6 a 3.67, 88 3.91, 

JAB = 14.0 Hz), which ind ica tes  their  chemica l  
nonequivalence (diastereotopicity) and, hence, trans-ori- 
entation of the allyl groups in molecules 5 and 3. 

Successive treatment of  pyrrole with triprenylborane, 
methanol, and tr iethanolamine resulted in a mixture of  
2 - ( l , l - d i m e t h y l a l l y l ) - 3 - p y r r o l i n e  (6) and trans- 
2.5-bis( l , l -dimethylal lyl)pyrrol idine (7) (Scheme 5). 

Scheme 5 

1) ~ ) 3  B; 

2) MeOH; 
j 3) N(CH2CH2OH) 3 
H 

H H 

6 (20%) 7 (65%) 

Using two different allylboranes, it is possible to 
synthesize pyrrolidines with different allylic type groups 
in positions 2 and 5. Thus, successive treatment of 
pyrrole with a l ly l (d ipropyl )borane ,  t r iprenylborane,  
methanol, and t r ie thanolamine affords trans-2-allyl- 
5-(I , l -dimethylal lyl )pyrrol idine (8) (Scheme 6). 

Scheme 6 

I I 
H BPr 2 

2) MeOH; / \"" 
3) N(CH2CH2OH) 3, H 

distillation 
8 (6O%) 

From these results it follows that both steps of  the 
reductive allylboration of  pyrrole proceed with allylic 
rearrangement. 

Thus, the reductive trans-2,5-diallylation of  pyrrole 
with allylboranes is a general stereoselective reaction, 
w-hieh results in the-formation o f  two new-C--C bonds 
and is accompanied by the "violation of aromaticity" of 
the heterocycle. 

A possible mechanism of  mono-  and diallylation of 
pyrrole is shown in Scheme 7. 

It can be assumed that the first step of the reaction of 
pyrrole  with t r i a l ly lborane  is the fo rma t ion  o f  
N--~B-complex 9a (or n-complex 9b). Then, this complex 
undergoes isomerization by 1,3- and 1,5-migration of  the 
hydrogen atom from the N atom to the C(2) and C(3) 
atoms to afford two imine adducts 10 and 11, in which 
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fast allylboration of the C=N bonds occurs (through a 
s ix-membered transition state) to give monoaltylated 
aminoborane 2a and enaminoborane la. These com-  
pounds are immediately cleaved with alcohol to give 
2-allyl-3-pyrroline 4 (along with AII2BOMe ) and a new 
imine  complex 12. The lat ter  is t ransformed into 
aminoborane 14 via the six-membered transition state 13, 
the addition of the second allylboron fragment proceeding 
in trans-position with respect to the allyl group already 
present in the ring. Subsequent alcoholysis of  amino-  
borane 14 (cleavage of  the B- -N bond) results in 
diallylated reaction product 3 and allyl(dimethoxy)horane. 

N-Substituted pyrrolidines 

In addition to the benzyl compound 5, a number  of  
other N-substituted trans-2,5-diallylpyrrolidines were 
synthesized. Heating pyrrol idine 3 with 1,5-dibromo- 
pentane in n-butanol in the presence of Na2CO 3 re- 
sulted in a spiro c o m p o u n d ,  1 ,4 -d ia l ty l -5-azonia -  
spiro[4.5]decane bromide 15. 1,2-Bis(trans-2,5-diallyl- 
pyr ro l id ine - l -y l ) e thane  (16) and its hydrochlor ide ,  
16" 2HCI, were synthesized from amine 3 and 1,2-di- 
bromoethane (Scheme 3). 

S c h e m e  8 

2 3 

9 8~,8~7 Br- 

15 (59%) 

< > 
N-- CHzCH2--N ~ 

Br(CH2)sBr, 
Na2CO3 

Br(CH2)2Br, 
Na~CO3 

I 
H 

HC|, Et20 
= 16" 2HCI 

MeNCS 

(MeCO)20 

I 
S=C--NHMe 

17 (92%) 

I 
O=C--Me 

18 (66%) 

16 (65%) 
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The reaction of  amine 3 with methyl isothiocyanate 
resulted in thiourea 17. Treatment o f  compound 3 with 
acetic anhydride gave N-acetyl derivative 18. 

We made an effort to resolve the racemic amine 3 
into the corresponding enantiomers using (+)-  and 
( - ) - ta r ta r ic ,  (+)- and ( - ) -mande l ic ,  and (--)-dibenzoyl- 
tartaric ( l a i d  -104.02 ~ (EtOH)) acids. However, only 
in the reaction with ( - ) -d ibenzoyl ta r ta r ic  acid was it 
possible to isolate a crystalline salt 19 (Scheme 9), 
whereas oily products were obtained in all other cases. 
Recr~'stallization of  salt 19 from an A c O E t - - M e O H  
(2 : I) mixture gave a product with [c~] D -63.25 ~ 
(MeOH).  The N-benzyl derivative 20 was synthesized 
from amine 4 (see Scheme 9). 

S c h e m e  9 
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19 
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trans--~cis-lsomerization of 2,5-diallyipyrrolidine 

Furthermore, we have found that trans-2,5-diallylpyr- 
rolidine (3) undergoes isomerization into cis-2,5-diallylpyr- 
rolidine (21) on heating with triallylborane (Scheme 10). 

As in the case  of  trans-6-atkyl(aryl)-2-allyt- 
1,2,3,6-tetrahydropyridines, zl,22 isomerizat ion of trans- 
amine 3 into cis-compound 23 occurs most likely by 
dea l ly lborona t ion- -a l ty lbora t ion  (e l imina t ion  of  the 
allylbo-rotl-fragrnent fOllowed b y i t s  addi t ion to t h e - C - N  
bond of  the 5-al lyl- l -pyrrol ine that formed). The isomer- 
ization was carried out in two steps. Hearing amine 3 
with triallylborane (at If0 ~ resulted in the cleavage 
of one B- -C bond in the latter, propylene (I mole) 
evolution, and the formation of aminoborane  22, which 
was isolated by distillation. Further heating aminoborane 
22 for 3 h at 185--195 ~ (or 10 h at 160 ~ gave a 
mixture of  trans- and cis-aminoboranes (22 and 23, 
respectively), lsomerizat ion 22 --+ 23 is not completed 
even on prolonged heating for l0 h (at 185--195 ~ 

S c h e m e  I0  

., ~85--~ 95 ~ 
'",r~ 2) HtO, OH- r 

! 
y H " ~  

3 

Ail3B, 1 -C3H5 110  ~ 

~~~AII" " ' " I  

22 (84%) 
5 11B 43.5 

F 

;i N 

21 

3 : 2 1 = 1 : 3  

H20, OH- l 

190 ~  

23 

most likely, the ratio 22 : 23 = 1 : 3 (determined from 
13C NMR spectra) is the equilibrium ratio. Deboration 
of a mixture of aminoboranes 23 and 22 with 20% 
NaOH results in a mixture of  cis-2,5-diallylpyrroLidine 
21 (75%) and trans-isomer 3 (25%) (the ratio of the 
isomers was determined from the I H and t3C NMR 
spectra). Since our attempt to separate these isomers by 
chromatography f~ailed, we treated a mixture of  amines 
3 and 21 with acetic anhydride and obtained a mixture 
of  N-acetyl derivatives 18 and 24 (in a 1 : 3 ratio), 
from which cis-2,5-diallyl-l-acetylpyrrolidine 24 was 
isolated by column chromatography on SiO 2 (with ether 
as eluent) in 64% yield (Scheme 1 I). 

S c h e m e  11 

/••H %*qlL 
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+ 

21 

( M e C O ) 2 0  
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~ L  ''%! 
18 

+ 

2 4  

General procedure for the synthesis of 
asymmetric 2,5-disubstituted pyrrolidines 

It was mentioned above that successive treatment of  
pyrrole with allyl(dipropyl)borane, triprenylborane, al- 
cohol, and an alkali results in trans-2.5-diallylated 
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pyrrolidine 8 with different substituents in positions 2 
and 5. However, both substituents in this compound are 
o f  allylic type. 

It was desirable to find a general procedure for the 
synthesis ofdisubsti tuted pyrrolidines with different sub- 
stituents in positions 2 and 5 including alkyl or ary. l 
groups. 

Since pyrrole does not add Rki and RMgX, we used 
a sequence of  treatment of  this compound with organo- 
boron and organolithium compounds  other than that in 
the asymmetric 2,6-dialkylation of  pyridine. 2t.23 In the 
case of  pyrrole, allylboration is followed by the reaction 
with RLi. 

Deborat ion of  products of  the reaction between pyr-  
role and allyl(dipropyl)borane (a mixture of compounds 
lb  and 2b. see above) with tr iethanolamine resulted in a 
mixture of 5-allyl- l-pyrroiine (25) and 2-allyl-3-pyrroline 
(4) in a 65 : 35 ratio (Scheme 12), which were distilled 
off in vacuo (the overall yield was 78%). 

S c h e m e  12 

ffffff• /~""--/8Pr2 

N 
I 
H 

l I 
BPr 2 BPr 2 

l b  213 

N(CH2CH2OH)3' ~ 
distillation ~, + 

I 
H 

2 5  4 

Successive treatment o f  the mixture of  pyrrol ines 4 
and 25 wi th RLi solut ion ( f rom - 6 0  to - 3 0  ~ and 
a lcohol  (at 0 ~ yielded a mix ture o f  trans- and cis- 

pyrrolidines (26 and 27, respectively) and pyrroline 4 
(Scheme 13). 

The 1,2-addition reaction of  organolithium com-  
pound RLi to imine 25 results in a mixture of trans- and 
cis-adducts (29 an d 30, respectively), while the substitu- 
t ion reaction between pyrroline 4 and RLi affords the 
N-l i thium compound 28 and hydrocarbon RH. Alco-  
holysis of  lithium amides 28, 29. and 30 gave a mixture 
of  amines 4, 26. and 27. Amine 4 was isolated from the 
mixture of  trans- and cis-pyrrolidines (26 and 27, re- 
spectively) by vacuum distillation at a reduced pressure 
(water  pump).  The 26a : 27a and 26b ' 27b ratios were 
de te rmined  from the IH and 13C NMR spectra. The 
addi t ion can be characterized as a moderately trans- 
stereoselective one. Most likely, the content of  cis- 
isomer in the mixture is dependent  on the size of radical 

S c h e m e  13 
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2 5  

I 
Li 

2 8  
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I 
Li 

trans- 29 + cis-30 

I ~q'OH J -LiOH 

I 
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Ha Ha 
Hbh,J ~.,.dHb 

R I , , . . ~ / ~ _ ~  + 
I 
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26a:  R = Bu n (60%) 

26b:  R = Ph (78%) 

Ha Ha 

I 
H 

2 7 a :  R = Bu n (40%) 

2"/b: R = Ph (22~ 

R in the RLi compound,  namely,  the more bulky the 
radical, the lower the content o f  cis-isomer. 

The trans- and cis-isomers 26a,b and 27a,b were 
not isolated as individual compounds .  Their  structure 
was confirmed by ~H and 13C N M R  spectroscopy and 
mass spectrometry. The mass spectrum (El)  o f  the 26a 
+ 27a mixture contains intense peaks with m / z  126 
([M - C3H5] +) and 109 ([M - C4HI0]+), while that  of  
the 26b + 27b mixture contains intense peaks with m/z  
186 ([M - I-I]+), 146 ([M - C3H5]+), and 91 ([C7H7]+). 
The assignment of  signals in the ~H N M R  spectrum of  
the 26b + 27b mixture was made using t H - - I H  COSY-  
45 spectra. 

The trans-configuration 
of  amine 26b was deter-  
mined using tw o-d ime n-  
sional (2D) phase-sensitive 
NOESY spectroscopy. 

The cross-peaks  ob-  
served in the 2D NOESY 
spectrum between the sig- 
nals of  (1) the H(2) proton 
and the phenyl group and 

H ~ C  H 2-....~" wl, ., 
ph ~v "-,N / ",,,~IH 

' , .:Z/ 
2 6 b  

(2) the H(5) proton and the - - C H  2 -  fragment o f  the 
allyl group proves the trans-orientation of  substi tuents 
in the molecule 26b. 

Allylated pyrroline and pyrrolidine derivatives syn- 
thesized in this work can be used for the synthesis of  
natural alkaloids and their analogs, complexones,  crown 
ethers, and other types of heterocycles. 
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Fig. 1. IH NMRspectrum of a mixture ofpyrrole with Et?O'BF 3(3 : 2) (400 Mttz, CDCI?). 
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Sigmatropic migrations o f  H atom in pyrrole ring 

Sigmatropic migrations of hydrogen from the nitro- 
gen atom to C(3) and C(2) atoms in I H-pyrrole (31) 
are likely one of the main factors determining the ability 
of pyrrole to undergo reductive mono- and trans- 
2,5-diallylation with altylboranes under mild conditions. 
These migrations result respectively in 2H-pyrrole (32) 
and 3H-pyrrole (33a), which immediately undergo 
allytboration (see Scheme 7, adducts 10 and 11). The 
formation of 2H-pyrrole 32 can be explained by 
sigmatropic [1,5]-hydrogen shift, whereas 3H-pyrrole 33 
is formed as a result of [l,3]-hydrogen shift or two 
successive [ 1,5]-migrations of hydrogen atoms. 

I 
H 32 33a 33b 
31 

This type of sigmatropic rearrangements has been 
postulated previouslylSA6: however, all attempts to ob- 
serve the equilibrium of 1H-pyrrole (31) with the 2H- 
and 3H-tautomers (32 and 33a, respectively) failed. 

According to recent quantum-chemical calculations, z4 
the activation enthalpies of transformations 31 --, 32, 
32--4 33a, and 33a ~ 33b are 44.5, 26.3, and 
26.2 kcal tool -~, respectively, It can be assumed that 
the formation of the 2H- and 3H-tautomers (32 and 
33a, respectively) is initiated (or catalyzed) by organo- 
boranes. However, we failed to detect these tautomers 
or their complexes with triallylborane (10 and 11, see 
Scheme 7) as well as adducts 9a and 9b by ~H and 
l ib  NMR spectroscopy. 

At the same time, we established by IH N M R  spec- 
troscopy that mixing of pyrrole and boron trifluoride 
etherate (BF3-OEt2) in a 3 : 2 ratio results in the 
formation of an adduct of 2H-pyrrole with BF3-OEt  2 

(34) in 10--12% yield (Fig. 1), whereas -90% of 
I H-pyrrole 31 forms no complex with BF 3 and remains 
unchanged (Fig. I). If BF3"OEt ,  is taken in excess 
(1.5 equiv.) the content of adduct 34 in the mixture 
amounts to 30%. 

N 

H BF 3 H 

34 (30%) 

It should be noted that an adduct 35 of 
2H-pyrrole was detected previously 2s by f - ~  
NMR spectroscopy for pyrrole treated with 
a melt of AICI 3 and 1-methyl-3-e thyl-  
imidazolium chloride (I.8 : 1.0); to our AICl 3 
knowledge, this is the only known analog of 35  
complex 34, 

Experimental 

All operations with organoboron compounds were carried 
out in a dry argon atmosphere. IH and ]3C N M R  spectra were 
recorded on a Bruker AC-200P spectrometer and I H - - t H  
COSY and 2D NOESY N M R  spectra were recorded on a 
Bruker AMX-400 spectrometer (the chemical shifts are re- 
ported relative to SiMe4), !lB N M R spectra ~ere recorded on 
a Bruker AC-200P spectrometer: the chemical shilis are re- 
ported relative to BF3-OEt 2. IR spectra were recorded on an 
UR-20 spectrophotometer and mass spectra were obtained on 
Varian MAT and Kratos MS-30 instruments. 

Mixture of 5-allyl-l-diailylboryl-2-pyrroline (la) and 2-al- 
lyl-l-diallylboryl-3-pyrroliue (2a). Triallytborane (7 g, 9.1 mL, 
52 retool) in 9 mL of dry ether was placed in a three-neck flask 
equipped with a thermometer, a reflux condenser, a dropping 
funnel, and an argon inlet. A solution of pyrrole (2.9 g, 3 mL, 
43.5 mmoi) in 3 mL of ether was added dropwise at 0 ~ the 
mixture was stirred at the same temperature for 1.5 h and then 
refluxed for 1 h. Ether and excess triatlylborane were distilled 
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off in vacuo to give 7.09 g (81.5%) of a mixture of isomers la 
and 2a, b.p. 76.5--78 ~ (I Tort). The la : 2a ratio (65 : 35) 
was determined from the IH NMR spectrum. Found (%): 
C, 77.47; H, 10.33; B, 4.91; N, 6.61. CI3H_,0BN. Calculated 
(%): C, 77.63; H, 10.02; B, 5.38; N, 6.97. IR (CC14), v/cm-E: 
3080, 2975, 2950, 2860, 1710, 1635, 1615, 1445, 1425, 1355, 
1235, 1185, 1120, 1000,918,900. ~H NMR(200 MHz, CDC13, 
the numbering of atoms is shown in Scheme 2), 8:1.8--2.05 
(m. la  + 2a: BCH2); 2.15--2.48 (m, la: H(5"). H(4)a; 
2a: H(2"));  2.65--2.85 (m, la: H(4)~); 4.05--4.25 (m, 
la: H(5); 2a: CH2N): 4.5--4.65 (m, 2a: H(2)): 4.85--5.15 ira, 
la + 2a: CH2=; la: CH=CN); 5.65--6.10 (m, ia  + 2a: - -CH = 
in All; 2a: CH=CH) ;  6.50--6.59 (m, la: =CHN).  13C NMR 
(CDCI3), & 26.83 (BCH2); 34.55 (In: C(4)): 41.30 (la:  C(5")); 
41.84 (2a: C(2")); 55.13 (2a: NCH2); 57.39 (la:  C(5)); 64.90 
(2a: HCN);  108.05 ( la :  C(3)) :  113.33, 113.51 (2a: 
BCHzCH=CH2);  113.88, 114.13 (In: BCH2CH=CH2); 117.11 
(In: C(7"); 2a: C(4")): 126.74 (2a: C(4)); 130.78 (2a: COD; 
133.81 (2a: C(3")); 133.93 ( la :  C(2)); 134.16 ( la:  C(6")); 
136.0. 136.27 ( la :  BCH,~CH=); 136.68 ( la:  BCH~CH=). 
rib NMR (CDCI3), 6:42.5 ( la  4- 2a). 

Mixture of 5-allyl-l-dipropyiboryl-2-pyrroline (lb) and 2-al- 
lyl-l-dipropylboryl-3-pyrroline (2b). Altyl(dipropyl)borane 
(7.5 g, 54.4 mmol) was placed in a distillation flask, then 
pyrrole (3.65 g, 54.4 retool) was added dropwise, and the 
mixture spontaneously warmed up to 40 ~ Distillation gave 
9.27 g (83%) of  a mixture of isomers 15 and 2b, b.p. 75--76 ~C 
(I Torr). The lb : 2b ratio was 78 : 22 (determined from the 
IH NMR spectrum). IR (neat liquid), v /cm-t :  3110, 3080, 
2960, 2940, 2870, 1645, 1620, 1440, 1410. 1355, 1335, 1310, 
1250, 1180, 1125, 990, 960, 915, 700. ~H NMR (200 MHz, 
C6D6), 8 :0 .8--1 .2  (m, lb + 2b: C2Hs): 1.3--1.65 (m, lb + 2b: 
BCH2); 2.05--2.35 (m, lb: H(5 '). H(4)a; 2b: H(2")); 2.45--2.6 
(m, lb: H(4)b): 3.85--4.1 (m, lb: H(5); 2b: CH2N); 4.38--4.52 
(m, 2b: H(2)); 4.75--5.1 (m, lb: CH=CN,  CH2=; 2b: CH2=); 
5.5--5.8 (m, lb  -4- 2b: --CH = in All; 2b: CH=CH);  6.38--6.52 
(m, lb: =CHN) .  I3C NMR (C6D6), 8: 18.45, 18.65 (lb: CH3); 
18.74, 18.79 (2b: CH3); 19.51, 19.96, 20.00 ( lb  + 2b: C__H,Me); 
22.31, 23.44 ( lb  + 2b: BCH2); 35.40 (lb: C(4)); 42.42 ( lb:  
C(5")); 42.96 (2b: C(2')}; 56.05 (2b: NCH2); 58.16 (lb: C(5)): 
65.70 (25: HCN);  107.68 (lb: C(3)); 117.61 (lb: CH2=); 
117.94 (2b: CH2=);  127.80 (2b: C(4)): 131.68 (2b: C(3)); 
135.06 (2b: C(3")); 135.[4 (lb: C(6")); 135.58 (lb: HC=N). 
liB NMR (CDCI3), 8:45.4 ( lb  + 2b). 

trans-2,5-Diallyipyrrolidine (3) and 2-allyl-3-pyrroline (4). 
A solution of triallylborane (27.2 g, 203 retool) in 27 mL of 
dry ether was placed in a three-neck flask equipped with a 
thermometer,  a dropping funnel, a reflux condenser, and an 
argon inlet. A solution of pyrrole (11.33 g, 169 retool) in 
13 mL of dry ether was added dropwise at 0 ~ and the 
reaction mixture was refluxed for 2 h. Then. dry MeOH (25 mL, 
618 mmol) was added with caution at -30  ~ and the solution 
was refluxed for 2.5 h. At 0 ~ the reaction mixture was 
treated.with 20% NaOH (45 mL) and stirred for 3 h. Aqueous 
phase was saturated with NaCI and stirred for 3 h. Organic 
layer was separated, aqueous layer was extracted with ether 
(4x20 mL), and the extract was dried over KzCO 3. The sot- 
vents were distilled off at atmospheric pressure and the residue 
was distilled to give 15.2 g (60%) of amine 3, b.p. 62--63 ~ 
(6 Tort). Distillation of the fraction with b.p. < 60 ~ (6 Torr) 
on a column with helical metal packing afforded 2.9 g (16%) 
of amine 4, b.p. 38--40 ~ (12 Torr). trans-2,5-Diallyl- 
pyrrolidine (3): no t9 1.4703. Found (%): C. 79.04; H, 11.13; 
N, 9.48. CIoH17 N. Calculated (%): C, 79.41; H, 11.33; 
N, 9.26. MS (El,  70 eV), m/Z(IreO: 150 [M - HI + (11%), II0 
[M - C3H5] + (42%), 109 [M - C3H61 + (100%), 97 

[M - CH2=CH--CH=CH2] ' (34%), 84 [M - (C3H 5 + CN)] + 
(41%). 82 [M - 1C3H~, + HCN)] + (39%), 71 [M - (CH2=CH--  
CH=CH~ + C2H2)] + (42%). 69 [M - 2C3H5] + 161%), 68 
[M - (C3H 5 + C3H6)]" (71%), 67 [M - 2C3H6] + (78%), 56 
[M - ( C H 2 = C H - - C H = C H  2 + C3Hs)I* (34%), 55 
[M - (CH2=CH--CH=CH 2 e C3H6)] + (66%). IR (neat liq- 
uid), v /cm-I :  3300 (br), 3080, 2960, 2920, 2870, 1835, 1645, 
1415, 1350, 1300, 1220, 1115, 910. rH NMR (200 MHz, 
CDCI3), 8 : 1 . 2 0 - 1 . 4 5  (m, 2 H, H(3)a, H(4)a); 1.50--1.72 
(br.s, 1 H, NH); 1.72--2.00 (m, 2 H, H(3) b, H(4)b): 2.00-- 
2.24 (m, 4 H, --CH 2 -  in All); 3.05--3.28 (m, 2 H, HCN); 
4.85--5.10 (m, 4 H. CH2=); 5.60--5.88 (m, 2 H, - -CH=) .  
13C N M R  (CDC13), &- 31.27 (C(3) ,  C(4)): 41.12 
( - - C H  2 -  in All); 56.78 (CN);  116.24 (CH2=);  136.22 
( - -CH=) .  2-Allyl-3-pyrroline (4): no 19 1.4770. Found (%): 
C, 77_25: H, 10.15; N, 12.69. CTHIIN. Calculated (%): 
C, 77.01; H, 10.16: N, 12.83. MS (El, 70 eV),m/Z(lrel):  109 
[MI + (29%), 107 [M - 2HI + (40%), 79 [M - NH2CH21 + 
(44%), 69 [M - C3H4] + (27%), 68 [M - C3H5] + (100%), 67 
[M - C3H6] § (65%), 53 [M - (NH3CH2 + C2H.,)] * (33%). IR 
(neat liquid), v /cm-t :  3240 (br), 3080, 2900, 2850, 1835, 1642, 
1445, 1415, 1345, 1115, 1090, 1000, 915, 800, 710. IH NMR 
(200 MHz, CDC13). 8:1.80 (s, I H, NH); 2.10--2.35 (m, 2 H, 
- - C H , - -  in All); 3.6--3.85 (m, 2 H, CH2NI; 3.95--4.10 (m, 
I H, FICN); 4.95--5.15 (m, 2 H, CHz=);  5.65--5.95 (m, 3 H, 
- -CH=) .  13C NMR (CDCI3), 8:41.10 ( - -CH 2 -  in All); 53.58 
(CH2N); 64.57 (HCN); 116.82 (CH2=);  128,66 (C(4)); I31.81 
(C(31); 135.37 (C(3")). 

rrans-2,5-Diallylpyrrolidine hydrochloride (3" HCI) was 
obtained from amine 3 (0.85 g) and a solution of HC1 in ether. 
The yield was 0.89 g (89%), m.p_ 138--139 ~ Found (%7: 
C, 64.36; H, 9.91; N, 7.66, CI, 18.84, Ct0HiTN �9 HCI. Calcu- 
lated (%): C, 63.99; H, 9.66; N, 7.46. CI, 18.89. IR (CH2C12), 
v / cm-I :  3420 (br), 2900, 2755, 2695, 2545, 2485, 2180, 1860, 
1645, 1590, 1435, 1415, 1290, 1035, 995, 925. ~H NMR 
(200 MHz, CDCI3). 8 :1 .60--1.85 (m, 2 H, H(3)a, H(4)a); 
2.00--2.30 (m, 2 H, H(3)b, H(4)b); 2.40--2.65 (m, 2 H, H(2") a, 
H(5')a);  2.70--2.95 (m, 2 H, H(2")b. H(5"Jb); 3.60--3.85 (m, 
2 H, HCN); 5.05--5.35 (m. 4 H, CH2=);  5.65--5.95 (m, 
2 H, - -CH=);  9.65 (br.s. 2 H, NH). t3C NMR (CDCI3), 8: 
29.61 (C(3), C(4)); 36.61 (--CH 2 -  in All); 56.74 (CN); 119.16 
(CH2=);  132.32 (- -CH=).  

2-Allyl-3-pyrroline hydrochloHde ( 4 - H C I )  was obtained 
from amine 4 (0.64 g, 5.4 retool) and a solution of HCI in ether. 
The yield was 92%, m.p. 89--90 ~C. IR (CHCI3), v/cm-I:  3420 
(br), 2980, 2910, 2800, 2695, 2600, 2460, 1735, 1645, 1580, 
1430, 1375, 1245, 1125, 1040, 990, 930. IH NMR (200 MHz, 
CDCI3). & 2.5--2.9 (m, 2 H, --CH 2 -  in All); 4.0--4.3 (m, 2 H, 
CH2N); 4.5--4.7 (m, 1 H, HCN); 5.2--5.5 (m, 2 H, CHz=); 
5.75--6.05 (m, 3 H, - -CH=);  10.13 (br.s, 2 H, NH). t3C NMR 
(CDCI3), 8 :35.72 (--CH 2 -  in All); 50.60 (CHxN); 64.28 
(HCN);  116.79 (CHz=); 124.06 (C(4)); 127.67 (C(3)); 130.63 
(C(3 ")). 

trans.,2,5-Diailyl-l-hcnzylpyrrolidine. (5). A mixture, of 
amine 3 (1.89 g. 12.5 retool), PhCH2CI (I.44 mL, 12.5 retool), 
NaHCO 3 (1.3 g), and EtOH (5 mL) was refluxed for 3 h. The 
residue was filtered off and the filtrate was distilled in vacuo to 
remove EtOH. Water (10 mL) and 4 mL of 20% NaOH was 
added to the residue and the mixture was extracted with ether 
(3x I0 mL). The ethereal fractions "were washed with saturated 
NaCI solution and dried (KzCO3). Distillation gave 2.35 g (78%) 
of  compound 5, b.p. 115--116 ~ (1 Tort),  nD 19 1.5248. 
MS (El ,  70 eV), m/z (lret): 241 [MI + (2%), 201 
[M - C]H41 § (39%), 200 [M - C3H5] + (100%), 158 
IM - (C3H6 + C3Hs)I + (4%), 92 [C7H81 + (33%), 91 [C7H7] + 
(99%). IH NMR (200 MHz, CDCI3), 8 :1 .4- -1 .7  (m, 2 H, 
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H(3)a, H(4)a): 1.7--2.1 (m. 4 H, - -CH 2 -  in All); 2.15--2.45 
(m, 2 H, H(3)b, H(4)b); 2.85--3.05 (m, 2 H, HCN): 3.55--3.75 
(d, I H. N- -CH--Ph .  JaB = 14.0 Hz): 3.8--4.00 (d. l H, 
N--CH--Ph ,  JAB = 14.0 Hz); 4.85--5.15 (m, 4 H, CH2=); 
5.5--5.85 (m, 2 H, - -CH= in All); 7.1--7.5 (m, 5 H, Ph). 
13C NMR (CDC13), 8:27.45 (C(3), C(4)); 35.32 (--CH2-- in 
All); 51.30 (NCH2); 59.67 (NCH); 116.02 (CH2=); 126.45 ~Cp); 
128.03, 128.14 (C o, C,,): 136.37 (--CH = in All); 140.39 r 

trans-2,5-Diallyl-l-benzylpyrrolidine hydrochloride (5" HCi) 
was obtained from amine 5 (0.77 g) and a solution of HC] in 
ether. The yield was 0.79 g (89%); the hydrochloride is hygro- 
scopic. IR (CH2C12), v/cm-~: 3420 (br), 3050, 2975, 2400, 
2320, 1650, 1460, 1400, 1290. 995, 930. TH NMR (200 MHz, 
CDCI3), 8 :1 .65- -2 .7  (m, 7 H, H(3), H(4), H(2"), H(5")a); 
2.7--2.95 (m, I H. H(5")b): 3.25--3.55 (m, I H, HCN); 3.8-- 
4.1 (m, 2 H, NCH. N - - C H - - F h ) :  4.2--4.45 (m, I H. 
N- -CH--Ph) ;  4.8--5.3 (m, 4 H, CH2=): 5.35--5.8 (m, 2 H, 
- - C H =  in All); 7.35--7.6 (m, 3 H, Ph); 7.75--8.0 (m, 2 H, 
Ph); 12.2 (br.s, I H, NH). 13C NMR (CDCI3), 8: 26.52, 27.95 
(C(3), C(4)); 32.37, 36.57 (--CH 2 -  in All); 53.20 (NCH2): 
64.20, 65.44 (NCH);  119.04, 119.42 (CH2=); 129.15, 129.56, 
130.67 (Ph); 131.94, 132.06 ( - - C H =  in All). 

2-(l,l-Dimethylallyl)-3-pyrroline (6) and trans-2,5- 
bis(l,l-dimetbylailyl)pyrrolidine (7). Triprenylborane (5.7 g. 
26.1 retool) was placed in a three-neck flask equipped with a 
thermometer, a dropping funnel, a reflux condenser, and an 
argon inlet and pyrrole ( 1.64 g, 24.4 retool) was added dropwise. 
The reaction mixture  was stirred for I h at room temperature 
and for an additional 0.5 h at 60 ~C. Then, a solution of dry 
MeOH (I.05 mL, 26.1 retool) in I mL of dry ether was added 
with caution at - 4 0  ~ and the mixture was refluxed for I h. 
Ether was distilled off at a reduced pressure (water pump). 
Triethanolamine (5.2 mL, 5.84 g, 39.2 mmol) was added to 
the residue and products boiling in the temperature range 30-- 
100 ~ were distilled off (2 Ton-). Repeated distillation gave 
0.67 g (20%) of amine 6, b.p. 68--70 ~ (15 Tort), and 3.29 g 
(65%) of amine 7, b.p. 117--118 ~ (15 Ton'). 2 - ( l , l -D i -  
methylallyl)-3-pyrroline (6): nD j9 1.4751. 1R (neat liquid), 
v /cm-I :  3370 (br), 3080, 1641, 910. IH NMR (200 MHz, 
CDCI3), 8 :0 .95  (s, 3 H, Me), 0.96 (s, 3 H, Me); 1.87 (br.s, 
I H, NH), 3.65--3.75 (m. 2 H, CH2N); 3.75--3.85 (m, 1 H. 
HCN); 4.90--5.05 (m, 2 H, CH2=); 5.70--5.95 (m. 3 H, 
- -CH=) .  13C NMR (CDC13), 8 : 23 .03  (Met; 23.17 (Me): 
41.23 (CMe); 54.10 (CH2N); 74.08 (HCN); 111.86 (CH2=); 
129.07 (C(4)) ;  129.5 (C(3)); 145.89 (C(3")). trans-2,5- 
Bis(l,l-dimethylallyl)pyrrolidine (7): nD 19 1.4724. IR (neat 
substance), v / cm-I :  3370 (br); 3085, 1641, 910. IH NMR 
(200 MHz, CDCI3). 8; 0.94 (s, 6 H. Me); 0.97 (s, 6 H, Me): 
1.20--1.55 (m, 3 H, H(3) a, H(4) a, NH); 1.60--1.80 (m, 2 H, 
H(3)b, H(4)b); 2.85--3.00 (m, 2 H, HCN); 4.90--5.00 (m, 
4 H, CH2=) ;  5.75--5.95 (m, 2 H, - - C H = ) .  13C NMR 
(CDCI3), 8:23.01 (Me): 24.53 (Me); 27.63 (C(3), C(4)); 40.26 
(CMe); 67.04 (CN); 111.72 (CH2=); 146.05 (- -CH=).  

trans-2,5-Bis(l,l-dimethylaily|)pyrrolidine hydroehloride 
(7 ,  HCi) was 0btained from amine "] and a solution ot" HC~I in 
ether, m.p. 252--254 ~ (with decomp.). IH NMR (200 MHz, 
CDCI3), 8:1.26 (s, 6 H, Met; 1.34 (s, 6 H, Me); 1.65--2.1 (m. 
4 H, H(3), H(4)); 3.55--3.75 (m, 2 H, HCN); 5.05-5.3 (m, 
4 H, CH2=);  6.0--6.25 (m, 2 H, - -CH=) ;  8.85 (br.s, 2 H, 
NH). 13C NMR (CDCI3), 8:24.15 (Me); 24.37 (Me); 25.99 
(C(3), C(4)); 38.5 i_C_Me); 69.15 (CN); 114.73 (CH2=): I42.16 
( - -CH=).  

trans-2-Allyl-5-(l,l-dimetbylallyi)pyrrolidine (8). To a mix- 
ture of 5.91 g (28.8 retool) of aminoboranes Ib and 2b (the 
lb : 2b ratio was 78 : 22, see above) in 15 mL of dry ether, 
triprenylborane (6.28 g, 28.8 retool) was added. A solution of 

dry MeOH (2.32 mL, 57.6 mmol) in 2.5 mL ofd ry  ether was 
added with caution at - 4 0  ~ The reaction mixture was slowly 
heated to 20 ~ and refluxed for I h. The solvents were 
distilled off at a reduced pressure (water pump), triethanol- 
amine (I 1.4 mL, 12.8 g, 85.9 retool) was added to the residue, 
and the product was distilled off on an oil bath at a reduced 
pressure Coil pump) to give 3.34 g (60%) of amine 8, b.p. 62-- 
64 ~ (1 Torr), /.tD Iq t.4721. IR (neat liquid), v/cm-~: 3360 
(br), 3082, 1643, 912. ~H N M R  (200 MHz, CDCI3), 8:0.94 
(s, 3 H, Me); 0.97 (s. 3 H, Me): 1.25--1.95 (m, 5 H, H(3), 
H(4), NH): 2.0--2.3 (m, 2 H, - -CH 2 -  in All); 2.95--3.20 (m, 
2 H. HCN); 4.90--5.15 (m. 4 H, CH2=); 5.65--5.95 (m, 2 H, 
- -CH=).  J3C NMR (CDCI3), 8 : 2 2 . 9 4  (Me); 24.41 (Me); 
26.80. 32.09 (C(3), C(4)); 40.15 (.C_Me); 40.85 (--CH~-- in 
All); 57.91,65.94 (CN): I11.8 (CH2=CHCMe2); 116.29 (CH2= 
in All); 136.14 (--CH = in All): 145.84 (--CH = in l , l -di-  
methylallyl). 

trans-2-Allyl-5-( 1,1 -dimethylailyi)pyrrolidine bydrocbloride 
(8" HCI) was obtained from amine 8 and a solution of HCI in 
ether, m.p. 143.5--145.5 ~ :H NMR (200 MHz, CDCI3), 
8 :1 .23  is, 3 H, Me): 1.33 (s, 3 H, Me); 1.55--1.9 (m, 
2 H, H(3) a, H(4)a); 1.9--2.3 (m, 2 H, H(3), H(4)b); 2.45-- 
2.75 (m. 1 H, H(2")a); 3.05--3.3 (m, 1 H, H(2")b); 3.35--3.9 
(m, 2 H, HCN); 5.0--5.35 (m, 4 H, CH2=); 5.6--5.9 Cm. 
I H, - -CH= in All); 5.9--6.15 (m, I H, CH2=CI:[CMe2); 8.9 
(br.s. I H, NH); 9.85 (br.s, I H, NH). z3C NMR (CDCI3)o 8: 
23.72 (Me); 25.77, 29.52 (C(3), C(4)); 35.64 (_QMe): 38.51 
(--CH 2 -  in All); 60.47, 67.1 (CN); 115.41, 118.13 (CH2=); 
132.36 (--CH = in All); 140.88 (=_C,_H--CMe). 

trans-l,4-Diallyl-5-azoniaspiro[4.5]deeane bromide (15). 
Amine 3 (1.3 g, 8.6 mmol),  1,5-dibromopentane (1.98 g, 
1.16 mL, 8.6 retool), Na2CO 3 (I g), and BunOH (10 mL) 
were placed in a single-neck flask equipped with a reflux 
condenser and an argon inlet. The reaction mixture was re- 
fluxed for 50 h; the residue was filtered off and washed with 
acetone. The solvents were removed in vacuo and the residue (a 
salt) was washed with ether. Recrystallization of the residue 
from an ether--CH2Cl 2 (2 : I) mixture followed by freezing 
for 12 days gave 1.51 g (59%) of compound 15 as white needle- 
shaped crystals, m.p. 212--214 ~ Found (%): C, 59.60; 
H, 8.69; N, 4.58; Br, 26.51. CtsH26BrN. Calculated (%): 
C, 60.0; H, 8.73; N, 4.66, Br, 26.61. MS (CI), m/z (Irel): 
302 [M + 2HI* (13%), 301 IMHI + (6%7, 300 [M]* (18%), 
260 [MH - C3H5] + (34%), 258 [M - C3H61 + (28%). 
221 [MH2 - HBr] + (22%), 220 [MH - HBrl + (100%), 218 
[M - 2 C3H51 + (24%), 178 [M - (C3H 5 + HBr)] ~ (55%7, 138 
[MH - (2 C3H 5 + HBr)] + (37%7. 1R (KBr pellets), v /cm-l :  
3440 (br), 3070. 2980, 2940, 2870, 1640, 1470, 1445, 1415, 
1325, 1060, 1015, 1005, 950, 915, 890, 850. ]H NMR 
(200 MHz, CDCI3), 8 : 1 . 6 - - 2 . 1 0  (m, 8 H, C--CH~--C);  
2.1--2.55 (m, 4 H, C - - C H 2 - - C ) ;  2.55--2.81 (m, 2 H, 
C--CH2--C);  3.35--3.55 (m, 4 H, CH2N); 3.95--4.15 (m, 
2 H, HCN): 4.95--5.25 (m, 4 H, CH2=); 5.55--5.85 (m, 2 H, 
- - C H - ! . . . ' 3 C  N.M R...(CDC]3), .8:. 20.94..(C.(7), c ( 8 ) .  C(9)); 
24.38 (c(2), c(3));  32.90 ( - -CH 2 -  in All); 53.84 (NCH2); 
69.35 (HCN); I19.77 (CH2=); 131.57 ( - -CH=).  

1,2-Bis(trans-2,5-diallylpyrrolidine-l-yl)ethane (16). 
t,2-Dibromoethane (3.15 g, 1.45 mL, 16.8 mmol), Na2CO 3 
(6.5 g), amine 3 (5.08 g, 33.6 retool), and dry Bu'~OH (16 mL) 
were placed in a single-neck flask equipped with a reflux con- 
denser and an argon inlet. The reaction mixture was refluxed for 
40 h (the reaction was monitored by TLC). The solvent and the 
unreacted 1,2-dibromoethane and amine 3 were distilled off 
in vacuo. Then water (20 mL) was added and amine 16 was 
extracted with ether (3x10 mL). The ethereal fractions were 
washed with saturated NaCI solution and dried (K2CO3). Distil- 
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lation gave 3.6 g (65%) of compound 16 as an oil, b.p. 130-- 
135 ~ (I Torr), nD 19 1.4980. Found (%): C, 80.81; H, 10.93: 
N, 8.30. C22H3~,N 2. Calculated (%): C, 80.43; H, 11.04; 
N, 8.53. MS (CI). m/z (Ire0:329 [MH] + (28%), 328 [M]" 
(5%), 327 [M - HI* (20%), 288 [MH - C3H~]'* (35%7, 287 
[M - C3H5] + (100%), 178 [M - CIoHIoN]'* (32%), 164 [M/2]'- 
(95%). IR (neat liquid), v/cm-l:  3080, 2970, 2920, 2845, 2820, 
2710, 1830, 1640, 1470, 1440, 1420, 1355, 1300, 1220. 1165, 
1120, 995, 915. IH NMR (200 MHz, CDC13), 6:1.45--1.7 (m, 
4 H, H(3) a, H(4)a); 1.7--2.05 (m. 8 H, --CH 2 -  in All); 2.3-- 
2.5 (m, 4 H, H(3)o, H(4)b); 2.55--3.05 (m, 8 H, HCN, CHIN):  
4.95--5.15 (m, 8 H, CH2=); 5.6--5.9 (m, 4 H , - - C H = ) .  
~3C NMR (CDCI3). 6:27.51 (C(3), C(4)); 35.18 ( - -CH2--  in 
All); 46.26, 46.44 (HCN); 60.25, 60.47 (CHIN); 116.20 (CH2=); 
136.30 (--CH=). 

1,2-Bis4trans-2,5-diallylpyrrolidine- l-yl)ethane hydrochlo- 
ride (16"2HCI)  was obtained from amine 16 (0.57 g, 
1.73 retool) and a solution of HCI in ether, yield 90%, a 
mixture of two diastereomers with m.p. 201--203 ~ and 
248--250 ~ the latter was isolated by crystallization from an 
ether--methanol mixture, tH NMR(200  MHz, D 2 0 ) , &  1.85-- 
2.75 (m, 16 H, H(3), H(4), - -CH 2 -  in All); 3.45--3.75 (m, 
14 H, HCN); 3.8--4.1 Ira, 4 H, CH2N); 5.15--5.45 (m, 8 H, 
CH2=): 5.65--5,95 (m, 4 H, - -CH=) :  12.45 (br.s, 2 H, NH). 
13C NMR (D.~O), 6:26.37 (C(3), C(4)); 33.35 ( - -CH z -  in 
All): 42.53, 42.72 (HCN): 65.23 (CH2N); 120.0 (CH2----): 131.68 
( - -CH=) .  

trans-2,5-Diallyl- I -methyla minot hioearbonylpy rrol idine 
(17). A solution of methyl isothiocyanate (0.42 g, 5.8 mmot) 
in dry ether (3 mL) was added to a solution of amine 3 (0.89 g, 
5.8 mmol) in dry ether (7 mL). The solution was refluxed for 
5 h and ether was removed in vaeuo. The white residue that 
formed was washed with dr3' pentane to give compound 17 
(1.13 g, 92%), re.p. 75--76 ~ IH NMR(200 MHz, CDC13), 
6:1.65--2,15 (m, 6 H, H(3), H(4), H(2")); 2.4--3.0 (br.m, 
2 H, H(5")); 3.1 (d, 3 H, Me, J = 4.27 Hz); 3.75--4.7 tbr.m, 
2 H, HCN); 4.9--5.2 (m, 4 H, CH2=); 5.45--5.85 (m, 3 H, 
- -CH =, NH). 13C NMR (CDCI3), 6 :25 .84  (C(3), C(4)); 
32.07 (Me); 36.27 (--CH_~-- in All); 58.26, 61.56 (HCN);  
117.35 (CH2=); 134.69 ( - -CH=);  179.00 (C=S). 

trans-2,5-Diailyl-l-aeetylpyrrolidine (18). Amine 3 (0.87 g, 
5.75 retool) was placed in a three-neck flask equipped with a 
thermometer, a reflux condenser, and a dropping funnel. Acetic 
anhydride (0.82 mL, 0.89 g, 8.72 retool) was added with cau- 
tion at 0 ~ and the mixture spontaneously warmed up to 
80 ~ Then, the mixture was heated for 10 rain on a boiling 
water bath, H,O (2 mL) and saturated NaHCO 3 solution 
(10 mL) were added at 20 ~ and the acetate 18 that formed 
was extracted with ether. The extract was dried (K2CO3). 
Distillation gave 0.73 g (66%7 of compound 18. b.p. 90--92 ~ 
(I Torr), nD m 1.4917. Found (%): C, 74_81; H, 9.83: N, 7.39. 
CI2H~qNO. Calculated (%): C, 74.57; H, 9.91; N, 7.25. MS 
(El. 70 eV), m/z (Ire0:193 [M] + (4%), 192 [M - HI"  (5%), 
152[M - C3H51 + (34%), 151 1M -~ CH~=C-O]§  (70%), 110 
[M - (C3H 5 + CH2=C=O)] § (46%), 109 [M - (C3H 5 + 
MeCO)] + (100%), 93 [M - (C3H 5 + MeCONH_~)I* (35%), 81 
[M - (C3H 5 + MeCO + CHNH)] § (22%), 69 [M - (2 C3H 5 + 
CH2=C=O)]  § (36%), 68 [M - (2 C3H s + MeCO)] § (52%), 67 
[M - (C3H 5 + C3H6 + MeCO)] + (53%). IR (neat substance), 
v / cm-I :  3460 (br), 3260 (br), 3080, 2970, 2940, 2880, 1830, 
1640, 1405, 1355, 1240, 1185, 1170, 1060, 1035, 1000, 920, 
855, 730, 645, 610, 550. IH NMR (200 MHz, CDCt3), 6: 
1.65--2.22 (m, 9 H, H(3), H(4), Me, NH, H(5")): 2.25--2.4 
(m, I H, H(2")b); 2.6--2.8 (m, 1 H, H(2")a); 3.75--3.9 (m. 
1 H, H(5)); 4.05--4.2 (m, I H, H(2)); 5.0--5.15 (m, 4 H, 
CH~=); 5.6--5.9 (m, 2 H, - -CH=) .  t3C NMR (CDC13), 6: 

22.84 (Me); 25.49 (C(4)); 27.27 (C(3)); 36.30 (C(5) ' ) ;  39.25 
(C(2'));  56.73 (C(5)1; 58.51 (C(2)); 116,80, 117.70 (CH2=); 
134.02, 135.25 ( - -CH=) ;  168,74 (C=O). 

Bis( trans-2,5-diallylpyrrolidine- l- ium)dibenzoyltartrate(2-) 
(19). (-)-Dibenzoyltartaric acid ([~]D -104-02~ (c 1.03, EtOH), 
3.79 g, 10.1 retool) and dry CHC13 (7 mL) were placed in a 
single-neck flask equipped with a reflux condenser and an argon 
inlet. Then, trans-2,5-diallylpyrrolidine 3 (3.1 g, 20.5 retool) 
was added at 0 ~ To the refluxing solution, dry CHCI 3 
(13 mL) was added until complete dissolution of the residue 
that tbrmed. The solvent was evaporated in vacuo and recrystal- 
lization from an ethyl acetate--methanol (2 : l) mixture gave 
5.57 g (84%) of salt 19, m.p. 146--152 ~ l a id  --63.25~ (c 1, 
MeOH). ZH NMR (200 MHz, CDCI3), 6: 1.0--1.45 (m, 
4 H, H(3) a, H(4)a); 1.5--1.85 (m, 4 H, H(3) b, H(4)b); 1.85-- 
2.15 (m, 4 H, H(2")a, H(5"):0:2.15--2.5 (m, 4 H, H(2") b, 
H(5"Jb): 3.05--3.45 (m, 4 H, H(2), H(5"0; 4.6--5.0 (m, 8 H, 
CH2=): 5.15--5.5 (m, 4 H, - -CH=) ;  5.83 (s, 2 H, OCH): 
7.15--7.55 (m, 6 H, Ph); 7.9--8.2 (m, 4 H, Ph); 9.84 (br.s, 
4 H, NH). ~3C NMR (CDCI3), 6: 29.25, 29,46 (C(3), C(4)): 
36.17 (--CH.,-- in All); 57.73 (HCN); 75.56 (OCH); 117.69 
(CH_~=): 128.07, 129.78 (Co, Cm); 130.89 (Ci); 132.42 (Cp); 
133.02, 133.17 (--CH=,~; 165.80, 171.75 (C=O). 

2-Allyl-l-benzyl-3-pyrroline 420) was obtained analogously 
to the synthesis of compound 5 from amine 4 (0.79 g, 
7.2 mmol), PhCH2CI (0.91 g, 0.82 mL, 7.2 mmolL EtOH 
(5 mL), and NaHCO~ (0.65 g). The yield of compound 20 was 
0.82 g (57%). b.p. 94--95 '~C (1 Tort). nD 19 1.5324. Found (%): 
C, 84.60; H, 8.53; N, 6.91. Ct4H17N. Calcula ted (%7: 
C, 84.37; H. 8.60: N, 7.03. MS tEl ,  70 eV), m/z (lret (%7): 
199 [M] + (4%), 197 [M - 2HI "~ (18%), 158 [M - C3Hs]': 
(79%), 91 [C7H7] + (100%). IR (neat liquid), v / cm-I :  3430 (br), 
3065. 3015. 2970, 2920, 2870. 2790, 1640, 1605, 1490, 1455, 
1435, 1375, 1360, 1330, 1290, 1250. 1210, 1135, 1075, 1030, 
t015, 1000, 915, 875, 830, 750, 700, 680, 470_ 1H NMR 
(200 MHz, CDCI3), 6:2.15--2.45 (m. 2 H, - -CH 2 -  in All); 
3.10--3.35 (m, t H, NCH): 3.45--3.80 (m, 3 H, N - - C ] ~ - - P h ,  
H(5)); 4.00--4.20 (m, I H, N--CHb--Ph) ;  4.95--5.20 (m, 2 H, 
CH2=): 5.65--6.00 (m, 3 H, - -CH=) ;  7.15--7.50 (m, 5 H, Ph). 
~3C NMR (CDCI3), 6:39.72 (--CH_~-- in AII); 58.73 (C(5)); 
60.24 (N--~H2Ph) ;  69.98 (C(2)); 116.27 (CH2=); 126.67, 
127.00 (C m C(4)); 128.11, 128.42 (Co. Cm); 130.88 (C(3)); 
135.70 (C(3"I); 140.01 (Ci). 

trans-2,5-Diallyl-l-(diailylboryl)pyrrolidine 422). Amine 3 
(I.37 g, 9 mmol) was placed in a two-neck flask equipped with 
a reflux condenser, a dropping funnel, and an argon inlet. 
Triallylborane (I.31 g, 1.7 mL, 10 retool) was added at 10 ~ 
and the reaction mixture was heated at 110 ~ for 1 h until 
propylene evolution ceased. Distillation gave 1.84 g (84%) of 
aminoborane 22, b.p. 89--90 ~ (1 Torr). Found 4%): C, 78.70; 
H, 10.61; B. 4.60. Ct6H~.6BN. Calculated (%): C, 79.02; 
H, 10.78; B, 4.44. ~H NMR (200 MHz, CDCI3), 8:1.65--2.3 
(m, 12 H, --CH2--) ;  3.8--3.9 (m, 2 H, HCN); 4.85--5.1 (m, 

�9 8 It, CH~=);.5.6~6..I. (m, 4 H, , C H = ) .  13C NMR (CDCI3), 
6:27.24 (C(3), C(4)); 27.89 (B--CH2--);  43.24 ( - -CH2--  in 
All); 58.86 (HCN); 113.73 (B--CH2CH=CH2);  116.68 (C(4"), 
C(7")); 135.91 (C(3") ,  C(6")) ;  137.02 ( B - - C H 2 C H = ) .  
~lB NMR (neat substance), 6: 43.5. 

lsomerization of trans-2,5-diallyl- l-(diallylboryl)pyrrolidine 
(22) into cis-2,5-diallyl-l-(diallylboryl)pyrrolidine (23) .  In a 
two-neck flask equipped with a thermometer,  a reflux con- 
denser, and an argon inlet, aminoborane 22 46.84 g, 28.1 mmol) 
was placed and heated on an oil bath for 3 h at 185--195 ~ 
The ratio of aminoboranes 23 : 22 = 3 : I was determined 
from the 13C NMR spectra, tH NMR (200 MHz, CDC13), 5: 
1.65--2.2 (m, 10 H,--CH_~--);  2.35--2.5 (m, 2 H, CH~); 
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3.75--3.9 (m. 2 H, HCN): 4.8--5.15 (m, 8 H, CH~=); 5.6-- 
6.05 (m, 4 H , - - C H = ) .  +-~C NMR (CDCI3), 6 : 2 6 . 9 5  
(B--CH2--): 29.67 (C(3), C14)); 43.45 (--CH 2 -  in All): 58.95 
(HCN); 113.41 (8--CHzCH=CCH2)- 116.37, 116.49 (C14"), 
C17")); 135.76, 135.90 (C13'), C(6")); 137.19 (B--CHiC_H=). 

eis-2,5-Diailylpyrrolidine (21), To a mixture of isomers 22 
and 23 (in a 1 : 3 ratio) resulting from isomerizatioll 22 ~ 23 
(see above), dry ether (10 mL) and 20% NaOH (8.5 mL) were 
added sequentially. The solution was stirred for 2 h and ex- 
tracted with ether. The ethereal fractions were washed with 
saturated NaCI soIution and dried (K2CO3), the solvents were 
evaporated, and distillation gave 3.13 g (74%) of a mixture of 
isomers 21 and 3. b.p. 64--65 +~C (7 Torr). The ratio 21 : 3 = 
3 : I was determined from the rH and ]3C NMR spectra_ 
IH NMR (200 MHz, CDCI3), 6:1.25--1.45 (m, 21 + 3: 
H(3)~, H(4)a); 1.70--1.95 (m, 21 -r 3: NH, H(3), H(4)): 2.05-- 
2.3 (m, 21 * 3: --CH 2 -  in All); 2.95--3.12 (m, 21: HCNj; 
3.13--3.3 (m, 3: HCN): 4.9--5.1 (m, 21 + 3: CH_~=); 5.65--5.9 
(m, 21 + 3: --CH=).  13C NMR (CDCI3), 8:30.63 121: C13), 
C14)); 31.2 (3: C(3), C(4)); 40.71 121: - -CH 2 -  in All): 41.14 
(3: --CH 2 -  in All); 56.73, 56.90 (3: HCN); 58.43 121: HCN); 
116.22 (CH2=); 136. t7 (--CH=).  

cis-2,5-Diallyl-l-acetylpyrrolidine (24), A mixture of amines 
18 and 24 (I g, 90%) in a I : 3 ratio was obtained analogously 
to the synthesis of compound 18 from a mixture of amines 3 and 
21 (0.87 g, 5.75 retool, the 3 : 21 ratio was 1 : 3), prepared by 
isomerization 3 ---> 21, and acetic anhydride (0_82 mL, 0.89 g, 
8.7 retool), trans-[somer 18 was isolated on a column with $iO 2 
(with ether as eluem). Distillation gave 0.64 g (64% with respect 
to the initial mixture of 3 and 21) or'acetate 24. b.p. 94--95 ~ 
(I Tort), nD 19 1.4914. Found (%): C, 74.81; H, 10.00; N. 7.34. 
CI,H~gNO. Calculated (%): C. 74.57; H, 9.91: N. 7.25. MS 
(El, 70 eV), m/z (l~et): i93 [M] + 14%), 192 [M - HI + (3%), 
152 [M - C3H5] + (24%), 151 [M - CH2=C=O] + (43%), 110 
[M - (C~H 5 + CH2=C=O)] + ~100%), 93 [M - (C_~H> + 
MeCONH2)] + (22%), 81 [M - (C3H 5 + MeCO + CHNH)]" 
1t8%), 69 [M - (2 C3H s + CH2--C=O)] ~ (24%), 68 
[M - (2 C3H 5 + MeCO)] + (32%), 67 [M - (C3H 5 -,- C.~H~, + 
MeCO)] + (33%). IR (neat liquid), v/cm-J: 3450 (br), 3070, 
2970, 2880, 1830, 1640, t410, 1355, 1205, 1190, 1165, t060, 
1035, 1000, 920, 630, 550. tH NMR (200 MHz, CDCt3), ,5: 
1.65--2.45 (m, l0 H, H(3), H(4). Me, H(5'). H(2')b); 2.65--2.8 
(m, I H, H(2")~): 3.7--3.9 (m, I H, H(5)): 3.95--4.15 (m, 
I H, H(2)); 4.95--5.t5 (m, 4 H, CH~=); 5.6--5.85 (m, 2 H, 
- C H = ) .  13C NMR (CDCI3), ,5:22.71 (Me); 27.95 (C14)); 
28.88 (C(3)); 39.06 (C(5")); 39.94 (C12")); 57.14 (C(5)/; 59.07 
(C12)): 116.93 (C(7')): 117.81 (C14")); 134.23 (C(6')): 134.87 
1C(3")); 169.32 (C=O). 

Mixture of 5-allyi-2-pyrroline (25) and 2-allyl-3-pyrroline 
(4). A mixture of 1.43 g (7 retool) of aminoboranes lb + 2b 
(see above) was placed in a distillation flask in an argon stream 
and triethanotamine 11.57 g, 1.4 mL, 10.5 retool) was added. 
The mixture of amines 25 and 4 (0.59 g, 78%) with b.p. 48-- 
51 ~ (12 Torr) was distilled off at a reduced pressure (water 
pure0) on heating on a water bath. The ratio 25 : 4 = 65 : 35 
was determined from the IH and t2'C NMR spectra. IH NMR 
(200 MHz, CDClt ),,5: 1.3--1.61m,25: H(4)a); 1.85--2.051m, 
25: H(4)b)~ 2.1--2.65 (m, 25: [-1(3), - -CH 2 -  in All; 4: 
--CH~-- in All, Nil); 3.65--3.85 (m, 4: CH2N); 3.95--4.20 
(m, 25: H(5); 4: H(2)); 4.95--5.2 (m, 25 + 4: CH2=): 5.6--6.0 
(m. 25: - - C H =  in All: 4: - -CH=);  7.5--7.65 (m, 25: N=CH). 
t3C NMR (CDCI3), ~i: 25.34 (25: C(4)): 36.43, 40.12 (25: 
C13), - -CH 2 -  in All); 40.88 (4: - -CH 2 -  in All); 33.31 
(4: C(5)): 64.29 (4: C(2)); 72.03 (25: C(5)); 116.21 (25: CH2=); 
1[6.44 (4: CH2=); 128.34 (4: C14)): 131.49 (4: C(3)); 135.16 
(25 + 4: --CH = in All): t65.67 (25: C(2)), 

Mixture of trans-2-allyl-5-butylpyrrolidine (26a)  and 
cis-2-allyl-5-butylpyrrolidine (27a) .  To a mixture of 1.05 g 
(9.6 retool) of amines 25 and 4 (in a 65 : 35 ratio) obtained 
from a mixture of aminoboranes lb and 2b (see above), dry 
ether (15 mL) was added. At -60  ~ 6 mL of 1.78 N BunLi 
solution in hexane 110.68 retool) was added dropwise to the 
solution and the mixture was stirred for 4 h at this temperature. 
After 15 h, MeOH (1.3 L) was added to the solution at 
-30  ~ the mixture obtained was stirred for an additional 2 h, 
extracted with ether, and dried (K~,CO3). After removal of the 
solvents and amine 4 at a reduced pressure (water pump), 
0.83 g (79% with respect to the initial 25) of a mixture of 
amines 26a and 27a was obtained, nD 2~ 1.4681. The ratio of 
isomers 26a : 27a = 3 : 2 was determined from the IH and 
T3C NMR spectra. MS (El, 70 eV), m/z (Ire I (%)): 127 
[M - C 3 H 4 1  + 130%), 126 [M - CjHs]"  1100%), 110 
[M - C4H9] + (14%), 109 [M - C4Hi0] + (91%), 68 
[M-(C3Ht0+C,,H+0)]*(38%). JH NMR(200 MHz, CDCIO, 
8:0.75--1.05 (m. 26a + 27a: Me); 1.1--1.6 (m, 26a * 27a: 
H(I), H(2) in Bu, H(3), H(4) in cycle); 1.75--2.35 (m, 
26a ~- 27a: H(3) in Bu, H(2"), NH); 2.9--3.35 (m, 26a + 27a: 
NCH); 4,95--5.2 (m. 26a + 27a: CH2--'); 5.65--5.9 (m, 
26a + 27a: --CH=).  ~3C NMR (CDCI3), & 13.98 (Me); 22.75 
(C(t) in Bu): 29.41 126a: C12) in Bu); 29.59 (27a: C12) in Bu); 
30.57, 31.20 126a: C(3), C14) in cycle); 31.53, 32.07 127a: C13), 
C14) in cycle); 36.25 (27a: C13) in Bu): 36.74 126a: C13) in 
Bu); 40.65 (27a: C(2')); 41.10 (26a: C(2")); 56.94, 57.62 
(26a: CN); 58.35, 59.24 (27a: CN); ll6.21 (27a: CH2=-); 
116.29 126a: CH2=)" 136.1 127a: - -CH=) ;  t36.19 
126a: - -CH=).  

Mixture of trans-2-allyl-5-phenylpyrrolidine (26b) and 
cis-2-allyi-5-phenylpyrrolidine (27b). To a mixture of 1.63 g 
114.9 retool) ofamines 25 and 4 tin a 65 : 35 ratio) obtained 
from aminoboranes lb + 2b (see above), dry ether (30 mL) was 
added and then 15.6 mL of I.l N ethereal PhLi solution 
117.2 retool) was added at -30 ~ The combined solution was 
stirred for 1 h at 0 ~ and allowed to stay overnight. Then, 
EtOH (2 mL) was added to the solution at -20  ~ and the 
mixture was stirred for 2 b, extracted with ether, and dried 
(K2CO3). ARer removal of the solvents and amine 4 at a 
reduced pressure (water pump), 1.1 I g (61% with respect to the 
initial 25) of a mixture of amines 26b and 27b was obtained, 
b.p. 94--95 ~C (1 Tort). nD 2~ 1.5310. The ratio of 26b and 27b 
(78 : 22) was determined from the IH and 13C NMR spectra. 
MS te l ,  70 eV), m/z (tret): 186 [M - H] + (24%), 146 
[M - C]Hs] § (52%). 109 [M - C6H6] 4 (100%), 91 [C7H7] +, 
68 [M - (C3H 5 + C~,H6)] + (43%). IH NMR (400 MHz, 
CDCI3). & 1.54 (m, 26b: H(3)a; 27b: H(3)b); 1.55--1.83 (m, 
26b: H(4)a; 27b: H(4)b); 1.86 (m, 27b: H(3)a); 2.03--2.21 (m, 
26b: H(3) b" 27b: H(4)a); 2.22--2.39 (m, 26b: H(4)b; 26b -,- 27b: 
CH 2 in All, NH); 3.27 (m, 27b: H(2)); 3.49 (m, 26b: H(2)); 
4.16 (t, 27b: H(5)); 4.31 (t, 26b: H(5)); 4.9--5.2 (m, 26b + 
27b: CH2=); 5.65--5.95 (m, 26b + 27b: - -CH = in All); 7.05-- 
7.45 (m, 26b + 27b: Ph), z3C NMR (CDCI3), 8:30.52 (27b: 
C(3))i-3-f165 126b: C13))~36~60 (27h! C14)-);3~74 (26b!-C(4)'i; 
40.75 (27b: C(2")); 41.04 (26b: C12")); 57,39 126b: C12)), 
58.07 (27b: C(2)); 60.79 126b: C(5)); 62.07 127b: C(5)); 115.94 
127b: CH2=): 116.27 (26b: CH2=); 125.95, 126.23, 126.33, 
127.93 (26b + 27b: Ph); 135.75 (26b: - -CH = in All); 135.94 
127b: --CH = in All); 144.52 (27b: Ci); 145.39 (26b: Ci). 

Formation of adduct of boron trifluoride with 2H-pyrrole 
(34). To 0.45 mL (3.7 retool) of Et20.  BF 3 (distilled over 
Call2), pyrroie (0.37 mL, 5.4 retool) and CDCI 3 (0.37 mL) 
were added. The content of pyrrole ( -  90%) and adduct 34 
(10--12%) was determined from the IH NMR spectrum of the 
mixture. Adduct 3 4  tH NMR (400 MHz, CDCI3), 8:4.63 (m, 
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2 H, H(5)); 6.56 (m, 1 H); 7.67 (m, I H): 8.45 (m, I H). 
t3C NMR (CDCI3), 8:63.04 (C(5)); 127.65 (C(4)); 155.50 
(C(3)); 169.3 (C(2)). 
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