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In the presence of bismuth(1II) chloridemetallic aluminum, allyl, propargyl, benzyl, and methyl halides 
react with a large range of 1-(aminoalky1)benzotriazoles at room temperature in THF-water to give the 
corresponding homoalkylated &ea in high yields. l-(Amidodcyl)bermtriazolea derived from benzaldehyde 
are also succeasfully converted under these conditions into N-substituted amides. 

Introduction 
The Barbier reaction has recently received interest as 

a one-step alternative to the Grignard reaction, owing to 
the development of several modifications which expand 
its synthetic potential. The use of metals alternative to 
magnesium, such as lithium,' zinc,2 bismuth: and lead: 
has been investigated and ultrasound irradiation has been 
found to improve yields.5 Generally, intermolecular 
Barbier reactions are between allyl or benzyl halides and 
aldehydes or ketones, but the use of other alkyl halides 
has been reported.2 Recently, electroreductive Barbier- 
type allylations of carbonyl compounds have been achieved 
in metal-redox systems such as Sn(IV)/Sn(0)6 and Bi- 
(III)/Bi(O).' Torii and co-workers have achieved the 
Barbier allylation of imines using either a TiC&/Al bimetal 
systemee or alternatively an electroreductive allylation 
procedure employing a combination of a Pb(II)/Pb(O) 
redox system and an aluminum anode.8b 

One of the more intriguing developments concerns the 
allylation of carbonyl compounds in the presence of water 
utilizing Organometallics derived from allyl halides and zinc 
or tin. Such carbon-carbon bond-forming processes in- 
volving unstabilized carbanions in aqueous solution are 

(1) Pearce, P. J.; Richards, D. H.; Scilly, N. F. J.  Chem. SOC., Perkin 

(2) Blomberg, C.; Hartog, F. A. Synthesis 1977, 18. 
(3) Wada, M.; Akiba, K. Tetrahedron Lett. 1985,26, 4211. 
(4) Tanaka, H.; Hamatani, T.; Yamashita, S.; Toeii, S. Chem. Lett. 

(5) Luche, J.-L.; Damiano, J.-C. J. Am. Chem. SOC. 1982, 102, 7926. 
(6) Uneyama, K.; Matauda, H.; Torii, S. Tetrahedron Lett. 1984,25, 

(7) Minato, M.; Tsuji, J. Chem. Lett. 1988, 2049. 
(8) (a) Tanaka, H.; Inoue, K.; Pokorski, U.; Taniguchi, M.; Torii, S. 

Tetrahedron Lett. 1990,31,3023. (b) Tanaka, H.; Nakahara, T.; Dhi- 
mane, H.; Torii, S. Tetrahedron Lett. 1989, 30, 4161. 
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extremely rare. Allylations of aldehydes were carried out 
in a variety of two-phase solvent systems. For example, 
organozinc allylations were performed using aqueous am- 
monium chloride with either solvent THP or a solid (C-18 
silica gel)lo as coorganic phase, whereas those of tin were 
carried out in water-ether or water-THF mixtures and 
required promotion by traces of acid,ll or 
aluminum metal." It is likely that the aluminum has two 
functions; it both generates Sn(0) by reduction of Sn(I1) 
and Sn(IV) from tin(II) chloride and activates the oxidative 
addition of allyl bromide to the tin.12J3 Recent develop- 
ments in aqueous alkylations include organotin alkylations 

(9) (a) Petrier, C.; Einhorn, J.; Luche, J.-L. Tetrahedron Lett. 1985, 
26,1449. (b) Einhorn, C.; Luche, J.-L. J.  Organomet. Chem. 1987,322, 
177. (c) Petrier, C.; Luche, J.-L. J.  Org. Chem. 1985, 50, 910. 

(10) Wilson, S.; Guazzaroni, M. E. J.  Org. Chem. 1989,54, 3087. 
(11) Nokami, J.; Otera, J.; Sudo, T.; Okawara, R. Organometallics 

1983. 2. 191. 
(li)'Uneyama, K.; Kamaki, N.; Moriya, A,; Torii, S. J. Org. Chem. 

(13) Uneyama, K.; Nanbu, H.; Torii, S. Tetrahedron Lett. 1986,27, 
1985,50,5396. 

2395. 

0276-7333/92/2311-1381$03.00/0 0 1992 American Chemical Society 



1382 Organometallics, Vol. 11, No. 3, 1992 

Table I. Preparation of Amines 6 via Aqueous Alkylation 
of N-(Alkylamino)benzotriazoles 3 

Katritzky et al. 

bromide under aqueous conditions, reaction with the 
bismuth system developed by Wada et al.,15 using bis- 
muth(II1) chloride-aluminum at  room temperature in 
THF-water, successfully gave the corresponding allylated 
amines 5 in high yields (Table I). A series of secondary 
aromatic amines (entries 1-3) and secondary alkylamines 
(entries 4-8) were converted by this method into their 
N-homoallylated derivatives. Interestingly, attempted 
dylations carried out in THF in the absence of water gave 
only a complex mixture of products, demonstrating the 
need for water in the reaction system. Similarly, aqueous 
allylation of a primary aliphatic amine derivative, (ben- 
zotriazol-1-ylmethy1)cyclohexanamine (39, proceeded 
smoothly, giving 3-butenylcyclohexylamine (5i) in good 
yield (entry 9). However, alkylation of a primary aromatic 
amine derivative, N-(benzotriazol-1-ylmethy1)-p-methyl- 
aniline (3j), led to isolation of N-(3-butenyl)-p-methyl- 
aniline (5j; 35%), together with a byproduct, Nfl-bis(3- 
buteny1)-p-methylaniline (6a; 30%) (entry 10). The for- 
mation of the bis(homoally1)amine 6a from this reaction 
is explained by the transfer of a benzotriazolylmethyl 
group from unchanged 3j to the product 5j giving N43- 
buteny1)-N-( benzotriazol-1-ylmethy1)-p-methylaniline, 
which then reacts further to form 6a. Allylations were also 
successful for 1-(aminoalky1)benzotriazoles derived from 
aldehydes other than formaldehyde, as shown by entries 

Allylation of 1-(Amidoalky1)bemzotriazoles. Pre- 
vious work16 has demonstrated the successful Mannich 
condensation of benzotriazole, an aldehyde, and a primary 
amide or carbamate to yield l-(amidoallcyl)benzotriazoles. 
Allylation under aqueous conditions of 1-(amidoalky1)- 
benzotriazoles derived from benzotriazole, benzaldehyde, 
and either acetamide or benzyl carbamate gave the cor- 
responding homoallyl amide 51 or carbamate 5m in good 
yield (entries 12 and 13). However, alkylations were un- 
successful for 1-(amidoalky1)benzotriazoles derived from 
aliphatic aldehydes or formaldehyde, presumably because 
dissociation to the reactive immonium cation from such 
amido derivatives is less favorable than for the aromatic 
analogues. 

Propargylation of 1-(Aminoalky1)benzotriazoles. 
Under the same conditions, use of the alkylating agent 
propargyl bromide gave isomeric mixtures of (propargyl- 
methyl)- and (allenylmethy1)amines with both (benzotri- 
azol-1-ylmethy1)diphenylamine ( 3 4  and N-(benzotri- 
azol-1-ylmethy1)-N-methylaniline (3a) (entries 14 and 15). 
It is not clear whether the reactive species formed in situ 
from propargyl bromide and Bi(0) is a dipropargylbismuth 
bromide or alternatively a diallenylbismuth bromide, as 
postulated for the tin-promoted aqueous proparylation of 
aldehydes. l9 

Benzylation of 1-(Aminoalky1)benzotriazoles. To 
further expand the synthetic scope of this reaction, we 
screened a series of alkyl halides for reactivity. The fvst 
successful alkylations in aqueous media with benzylic 
bromides were realized under these conditions. Thus, 
N-methylaniline, diphenylamine, morpholine, and diiso- 
butylamine, after conversion to their benzotriazole deriv- 
atives 3, were smoothly benzylated to give the corre- 
sponding (phenylethy1)amines (entries 16-19). Further- 
more, alkylation of N-(benzotriazol-1-ylmethy1)-N- 
methylaniline (3a) with 1-bromo-1-phenylethane gave 
N-methyl-N-(2-phenylpropyl)aniline (5v) as expected 
(entry 20). To compare the reactivity of 1-(aminoalky1)- 
benzotriazoles with aldehydes, the benzylation of benz- 

11-13 and 23. 

entry yield, 
no. 3 R'. Rz R3 R4 5 %  . 

1 3a 
2 3b 
3 3c 
4 3d 
5 3 e  
6 3f 
7 3g 
8 3h 
9 3i 

10 3i 
11 3k 
12 31 
13 3m 
14 3c 

3c 
15 3a 

3a 
16 3s 
17 3c 
18 3f 
19 3e 
20 3a 
21 3c 
22 3n 
23 30 

30 

Ph, P i  ' 

Ph, Ph 
Phi Me 
Ph, Me 
Ph. Me 

Ph, Me 
Ph, Ph  
i-Pr, i-Pr 
Ph, Me 
Ph, Me 

H 
H 
i-Pr 
Ph  
Ph  
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
C-C6H11 
c-C6H11 

~ 

CHZCH4Hp 
CHZCH4Hp 
CHZCH4Hp 
CHpCH=CHp 
CHpCHp4Hz 
C H X H 4 H g  

CHZCH=CHp 
C H X d H  
C H k = C H ,  
C H , C d H  
CH&=CH~ 
PhCHz 
PhCHz 
PhCHp 
PhCH, 
Ph(Mi)CH 
Me 
Me 
Me 
H 

5a 85 
5b 87 
50 83 
5d 83 
5e 85 
51 80 
5g 85 
5h 87 
5i 80 
5j 35" 
5k 80 
51 78 
5m 85 
5n 51 
50 41 

5q 36b 
5r 75 
5s 79 
5t 70 
5u 88 
5v 75 
5w 75 
5x 78 
5y 60 
52 30 

5p 48b 

'N,iV-Bis(3-butenyl)-pmethylaniline (6a) was obtained as a bypro- 
duct in 30% yield. *NMR yield for inseparable mixture. 

of aldehydes with propargyl bromide, giving mixtures of 
homopropargyl and homoallenyl and allylations 
with bismuth(II1) chloride promoted by aluminum in 
THF-water.l6 To our knowledge, prior to this report, 
alkylating agents for the aqueous Barbier reaction have 
been limited to allyl and propargyl halides. 

Earlier reports16 from our laboratory have established 
a versatile procedure for the two-step alkylation of amines. 
Initially the amine undergoes a Mannich condensation with 
benzotriazole and an aldehyde, yielding the 1-(amino- 
alky1)benzOtriazole 3; this is then alkylated with a Grignard 
reagent, giving the N-alkylated amine on elimination of 
benzotriazole. Aqueous Barbier alkylations offer advan- 
tages over this procedure in the ability to alkylate sub- 
strates not compatible with Grignard reagents such as 
those containing acidic hydrogens or soluble only in 
aqueous solutions. Such advantages are exemplified in a 
recent report17 outlining the tin-promoted allylation of 
unprotected sugars in aqueous ethanol. Our initial in- 
vestigations on aqueous alkylations applied to 1-(amino- 
alky1)benzotriazoles 3, reported in an earlier communica- 
tion,18 showed that the reaction was successfully promoted 
by bismuth(II1) chloridealuminum in THF-water. This 
paper presents the results of a more detailed analysis of 
the scope of this reaction. 

Results and Discussion 
Allylation of 1-(Aminoalky1)benzotriazoles. We 

commenced our investigations using 1- (aminoalky1)- 
benzotriazoles 3 derived from reaction of benzotriazole with 
formaldehyde and a secondary amine. Although both zinc 
and tin proved ineffective at promoting reaction with allyl 

(14) Wu, S.; Huang, B.; Gao, X. Synth. Commun. 1990, 20, 1279. 
(15) Wada, M.; Ohki, H.; Akiba, K. Boll. Chem. SOC. Jpn. 1973, 63, 

(16) For a review see: Katritzky, A. R.; Rachwal, S.; Hitchings, G. J. 

(17) Schmid, W.; Whitesides, G. M. J. Am. Chem. SOC. 1991,113,6674. 
(18) Katritzky, A. R.; Shobana, N.; Harris, P. A. Tetrahedron Lett. 

1738. 

Tetrahedron 1991, 47, 2683. 

1991,32,4247. 
(19) Nokami, J.; Tamaoka, T.; Koguchi, T.; Okawara, R. Chem. Lett. 

1984, 1939. 
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aldehyde was attempted under the same conditions, but 
only a complex mixture resulted. Presumably, 1-(amino- 
alkyl)benzotriazoles, which undergo alkylation via the more 
reactive immonium cation intermediates as compared to 
the case for aldehydes, are more able to react with less 
activated alkyl halides. 

Methylation of 1-(Aminoalky1)benzotriazoles. 1- 
(Aminoalky1)benzotriazoles were also capable of reacting 
with iodomethane, as demonstrated by the two-step con- 
version of diphenylamine and dibpropylamine into their 
N-ethyl derivatives (entries 21 and 22). Methylation of 
N-( benzotriazol-l-ylcyclohexylmethyl)-N-methylaniline 
(30) using these conditions gave N-( 1-cyclohexylethy1)-N- 
methylaniline (5y), together with a byproduct, N-(cyclo- 
hexylmethy1)-N-methylaniline (52), corresponding to re- 
duction of the starting material (entry 23). However, other 
alkyl halides investigated such as ethyl iodide, butyl 
bromide, and (2-bromoethy1)benzene proved to be un- 
reactive under these conditions. 

In conclusion, we have shown that a large variety of 
amines on conversion to 1-(aminoalky1)benzotriazole in- 
termediates can be successfully alkylated in water-THF 
using bismuth(III) chloridemetallic aluminum. Alkylating 
agents used include benzyl and methyl halides hitherto 
unknown for the aqueous Barbier reaction. 

Experimental Section 
'H NMR spectra were measured at 300 MHz in CDCl3 unless 

otherwise stated, with TMS as internal reference. All J values 
are given in Hz. '9 NMR spectra were recorded at 75 MHz and 
were referenced to the 77.0 ppm resonance of CWl9 Maas spectra 
were recorded at 70 eV. 

General Procedure for Preparation of 1-(Aminoalky1)- 
benzotriazolee 3. Benzotriezole (1.19 g, 10 mmol), the aldehyde 
(10 mmol), and the amine (10 mmol) were refluxed in toluene (150 
mL) for 4-5 h with azeotropic removal of water. (Preformed 
(hydroxymethy1)benzotriazole (1.49 g, 10 "01) was used in 
preference to benzotriazole and formaldehyde.) On completion 
of the removal of water, the solution was cooled to room tem- 
perature and washed successively with aqueous potassium car- 
bonate (100 mL) and water (50 mL). The solution was dried 
(MgS04) and the toluene removed by evaporation under reduced 
pressure to give the 1-(aminoalkyl)benzot ,  which was used 
without further purification. 

Novel 1-(aminoalky1)benzotriazoles obtained by this method 
are detailed below. They exist in solution as equilibrium mixtures 
of the benzotriazol-1-yl and benzotriazol-2-yl isomers. Their 'H 
NMR spectra in CW13 solution generally show overlapping signals 
of the two isomers with the benzotriazol-1-yl ieomer predominant, 
but specific assignments were achieved in the '9 NMR spectra, 
and signals for the minor 2-isomer are given in parentheses. 
N-(Benzotriazol-1-ylmethy1)-N-methyl-p -butylaniline 

(3b): 76% yield; mp 59-60 OC (hexane); 'H NMR 6 0.91 (t, J = 
7.3,3 H), 1.31 (sext, J = 7.5,2 H), 1.55 (quint, J = 7.5,2 H), 2.52 
(t, J = 7.5, 2 H), 2.92 (e, 3 H), 6.0 (8, 2 H), 6.9-7.3 (m, 7H), 7.8-8.0 
(m, 1 H); '% NMR 6 13.8, 22.0,33.6,34.4,37.3,67.1,110.1, 115.4, 
119.4, 123.6, 127.0, 129.1, 132.4, 134.4, 145.6, 145.6 (benzotri- 
azol-2-ylisomer 13.8,22.1,33.6,34.3,38.6,72.7,113.6,118.1,126.1, 
128.9,133.2,144.1, 144.8). Anal. Calcd for C18HzzN4: C, 73.44; 
H, 7.53; N, 19.03. Found: C, 73.78; H, 7.86, N, 19.23. 
(Benzotriazol-1-ylmethy1)diisobutylamine (38): 80% yield; 

oil; 'H NMR 6 0.90 (d, J = 7,12 H), 1.95 (nonet, J = 7,2 H), 2.31 
(d, J = 7, 4 H), 5.46 (8, 2 H), 7.3-7.6 (m, 3 H), 7.8-8.1 (m, 1 H); 
'% NMR 6 20.5,26.1,61.0,66.7, 109.6, 119.6, 123.5, 127.1, 133.9, 
145.6 (benZOtriazol-2-yl isomer 20.4,26.2,60.6,74.4,118.1,125.9, 
143.9); exact mass C15HpN4 (M+ - 1, CI) requires 259.1923, found 
259.1921. 

( 1-Benzotriazol- 1-y l-2-methylpropyl) (1-phenylethy1)amine 
(3k): 95% yield; mp 95-99 "C (EtOAc); 'H NMR 6 0.65 (d, J 
= 7, 3 H), 1.15 (d, J = 6.5, 3 H), 1.25 (d, J = 6.5, 3 H), 2.4 (m, 
1 H), 3.25 (9, J = 7 , l  H), 4.8 (d, J = 8.5,l H), 7.1-8.1 (m, 10 H); 
13C NMR 6 18.6, 19.4, 24.8, 34.4, 54.2, 77.5, 109.6, 119.7, 123.7, 
126.8, 127.0, 127.2, 128.3, 133.6, 143.5, 145.4 (benzotriazol-2-yl 
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isomer 18.4, 18.9,24.9, 34.6, 54.3,84.8, 118.1, 125.8,126.2,127.0, 
128.3,143.6,143.8). Anal. Calcd for Cl&IBN4: C, 73.44; H, 7.53; 
N, 19.03. Found C, 73.46; H, 7.53; N, 19.22. 
(Benzotriazol-1-ylmethy1)diieopropylamine (34 :  85% 

yield; an oil which decomposes on standing; peak coalescence 
broadening is observed in the NMR spectra at room temperature; 
'H NMR (DMSO-d, at 50 OC) 6 1.05 (d, J = 6.6,12 H), 3.25 (sept, 
J = 6.6, 2 H), 5.63 (8, 2 H), 7.3-7.4 (m, 2 H), 7.4-8.0 (m, 2 H); 
'% NMR (CDCls at -20 "C) 6 20.4,46.9,61.3,110.7,118.8,123.2, 
126.3,132.1,145.7 ( b e m W l - 2 - y l  isomer 20.5,48.0,68.5,117.5, 
125.5, 143.5). 
N-(Benzotriazol-l-ylcyclo~~~thyl)-~-~thy~~e 

(30): 75% yield; mp 93-96 O C  (hexane/EtOAc); 'H NMR 6 
0.85-2.20 (m, 10 H), 2.83 (s,3 H), 2.95-3.10 (m, 1 H), 6.04 (d, J 
= 10.5, 1 H), 6.8-7.4 (m, 8 H), 7.8-8.1 (m, 1 H); '9 NMR 6 25.4, 
25.8, 26.2, 29.3, 29.9, 31.5, 38.6, 80.1, 109.8, 116.0, 119.0, 119.9, 
123.7,127.0,129.3,133.8, 145.5,149.9 (benzotriazo1-2-yl isomer 
25.3,25.6,26.1,29.4,29.9,32.3,40.1,85.0,114.7,118.2,119.5,126.1, 
129.1,143.5,149.5). Anal. Calcd for CJluN4: C, 74.97; H, 7.55; 
N, 17.48. Found C, 74.92; H, 7.66; N, 17.59. 

Alkylation of N-(Alkylamino)benzotriazoles: General 
Procedure. Water (1.0 mL) was added cautiously to an icecooled 
mixture of aluminum powder (0.13 g, 4.8 mmol) and bismuth 
trichloride (0.756 g, 2.4 "01) stirred in THF (2.5 mL) under Np 
After the resulting exothermic reaction had subsided, the alkyl 
bromide or iodide 4 (2.4 mmol) was added to the solution at 0 
OC and stirring continued for a further 10 min. The benzdriazole 
derivative 3 (1.2 m o l )  was then added and the reaction mixture 
stirred overnight. The inorganic byproduct was fiitered off and 
washed with chloroform (4 x 5 mL). The combined chloroform- 
THF solutions were then washed with aqueous sodium bi- 
carbonate (10 mL) to remove benzotriazole and dried over 
magnesium sulfate. Evaporation of the solvent gave the homo- 
allylic amine 6 as an oil (see Table I) generally with no further 
purification necessary as indicated by TLC and NMR methods. 
When purification was required, or if separation of two products 
was needed, the crude product was subjected to flash column 
chromatography over basic alumina eluted with hexane for ali- 
phatic amines and silica gel eluted with hexanechloroform (91) 
for aromatic amines. 
The following amines were codmed by comparieon with their 

previously reported physical and spectral properties: N43-b~-  
teny1)-N-methylaniline (Sa),20 (3-buteny1)dibutylamine (6d):l 
N- (3-buteny1)morpholine (Sf) F2 N- (3-buteny1)piperidine (Sh) 
(3-buteny1)cyclohexylamine (Si) N-methyl-N-(2-phenylethyl)- 
aniline (Sr),26 (2-phenylethy1)diphenylamine (Sa):* N42- 
phenylethy1)morpholine (St):' (2-phenylethy1)diisobutylamine 
( S U ) , ~  ethyldiphenylamine ( S W ) , ~ ~  ethyldiisopropylamine 
(Huenig's base, S X ) , ~  and N-(cyclohexylmethy1)-N-methylaniline 
( S Z ) . ~ ~  Novel amines and amides obtained by this method are 
detailed below. 
N-(3-Butenyl)-N-methyl-4-butylaniline (Sb): oil; 'H NMR 

6 0.94 (t, J = 7, 3 H), 1.36 (m, 2 H), 1.56 (m, 2 H), 2.31 (9, J = 
8, 2 H), 2.50 (t, J = 7, 2 H), 2.87 (8, 3 H), 3.33 (t, J = 8, 2 H), 
5.00-5.10 (m, 2 H), 5.75-5.90 (m, 1 H), 6.61-6.65 (d, J = 8.8, 2 
H), 7.01-7.04 (d, J = 8.8, 2 H); 13C NMR 6 13.9, 22.3,31.0, 33.9, 

(20) Beckwith, A. L. J.; Gara, W. B. J .  Chem. SOC., Perkin Tram. 2 
1976,795. 
(21) Angermund, K.; Bogdanovic, B.; Koppetsch, G.; Krueger, C.; 

Mynott, R.; Schwickardi, M.; Tsay, Y. H. 2. Naturjorsch., B Anorg. 
Chem., Org. Chem. 1986,41B, 455. 

(22) Pollak, I. E.; Trifunac, A. D.; Grillot, G. F. J .  Org. Chem. 1967, 
32, 272. 

(23) Kafka, S.; Ferles, M. Collect. Czech. Chem. Commun. 1984,49, 
78. 

(24) Carboni, B.; Vaultier, M.; Carrie, R. Tetrahedron 1987,43,1799. 
(25) Jones, G. C.; Beard, W. Q.; Hauser, C. R. J .  Org. Chem. 1963,28, 

(26) Forrest, J.; Liddell, D. A.; Tucker, S. H. J. Chem. SOC. 1946,464. 
(27) Cooper, M. S.; Fairhurst, R. A.; Heaney, H.; Papageorgiou, G.; 

(28) Aeahara, T.; Seno, M.; Tanaka, S.; Den, N. Bull. SOC. Chem. Jpn. 

(29) Haga, K.; Oohaehi, M.; Kaneko, R. Bull. SOC. Chem. Jpn. 1984, 

(30) Huenig, S.; Kiessel, M. Chem. Ber. 1968, 91, 380. 
(31) Marko, L.; Bakos, J. J. Organomet. Chem. 1974,81, 411. 

199. 

Wilkms, R. F. Tetrahedron 1989, 45, 1155. 

1969,42,2337. 

57, 1586. 
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34.5,38.3, 52.6, 112.4, 116.1, 129.0, 130.5, 136.0,147.2; exact mass 
C16HnN (M+ - 1) requires 216.1752, found 216.1751. 
(3-Buteny1)diphenylamine (5c): oil; 'H NMR 6 2.39 (9, J 

= 8, 2 H), 3.75 (t, J = 8, 2 H), 5.00-5.09 (m, 2 H), 5.75-5.86 (m, 
1 H), 6.90-7.10 (m, 6 H), 7.20-7.30 (m, 4 H); 13C NMR 6 31.6,51.4, 
116.4,120.8, 121.2,129.2,135.4,147.7; exact mass CleH18N (M+ + 1, CI) requires 224.1439, found 224.1429. 

(3-Buteny1)diisobutylamine (5e): oil; 'H NMR 6 0.87 (d, 
J=7,12H),1.68(nonet,J=7,2H),2.07(d, J=7,4H),2.12-2.19 
(m, 2H), 2.41 (t, J = 7, 2 H), 4.93-5.04 (m, 2 H), 5.77-5.86 (m, 
1 H); 13C NMR 6 20.9, 26.7, 31.7, 54.9, 63.9, 115.0, 137.6; exact 
mass C12HBN (M+ + 1, CI) requires 184.2065, found 184.2069. 
N-(3-Butenyl)pyrrolidine (58): oil; 'H NMR 6 1.75-1.85 (m, 

4 H), 2.25-2.35 (m, 2 H), 2.48-2.57 (m, 6 H), 4.95-5.10 (m, 2 H), 
5.76-5.90 (m, 1 H); 13C NMR 6 23.3,33.4,54.1, 55.9, 115.5, 136.7; 
exact mass C&$J (M+ + 1, CI) requires 126.1283, found 126.1284. 
N-(3-Buteny1)-p-methylaniline (5j): oil, 'H NMR 6 2.23 

(e, 3 H), 2.37 (9, J = 7, 2 H), 3.17 (t, J = 7, 2 H), 3.5 (bs, 1 H), 
5.06-5.17 (m, 2 H), 5.77-5.83 (m, 1 H), 6.54 (d, J = 8.5,2 H), 6.98 
(d, J = 8.5,2 H); 13C NMR 6 20.4,33.7,43.2,113.1,117.0,126.6, 
129,7,135.8,146.0; exact mass Cl1Hl6N requires 161.1204, found 
161.1201. 

5-Methyl-4-( (1-phenylethy1)amino)-1-hexene (5k): oil as 
a mixture of diastereoisomers (1:l); partial separation of the 
diastereoisomers was achieved by column chromatography; 'H 
NMR 6 0.71 (d, J = 7, 3 H), 0.77 (d, J = 7, 3 H), 1.12-1.20 (bs, 
1 H), 1.22 (d, J = 6.6,3 H), 1.45-1.55 (m, 1 H), 2.05-2.20 (m, 3 
H), 3.79 (9, J = 6.6, 1 H), 4.91-5.02 (m, 2 H), 5.64-5.78 (m, 1 H), 
7.09-7.26 (m, 5 H); 13C NMR 6 18.3, 18.9, 24.9, 30.4, 34.8, 55.4, 
59.4,116.6,126.6,126.8,128.1,136.2,146.4 (non-overlapphg signals 
for the second diastereoisomer: 17.0,24.9,29.1,55.1,58.5,116.7, 
128.2, 137.0, 146.3); exact mass C1SH24N (M+ + 1, CI) requires 
218.1909, found 218.!913. 
N-(l-Phenyl-3-butenyl)acetamide (51): oil; 'H NMR 6 2.0 

(8,  3 H), 2.57 (t, J = 7, 2 H), 5.05-5.17 (m, 3 H), 5.63-5.74 (m, 
1 H), 5.78 (bs, 1 H), 7.25-7.38 (m, 5 H); 13C NMR 6 23.3, 40.4, 
52.4, 118.1, 126.4, 127.3, 128.5, 133.9, 141.6, 169.2; exact mass 
C12H16N0 (M+ + 1, CI) requires 190.1232, found 190.1252. 

Benzyl N-( 1-phenyl-3-buteny1)carbamate (5m): oil; 'H 
NMR 6 2.45-2.60 (m, 2 H), 4.80 (bs, 1 H), 5.00-5.20 (m, 5 H), 
5.60-5.85 (m, 1 H), 7.20-7.46 (m, 10 H); 13C NMR 6 41.0, 54.5, 
66.8, 118.4, 128.1, 125.8, 126.2, 127.4, 128.4, 128.5, 128.5, 133.7, 
136.4,156.0: exact mass C,nHcd02 (M+ + 1, CQ requires 282.1494, 
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148.4; for the mixture of isomers exact mass C8H13N requires 
159.1048, found 159.1045. 
N-(2P-Butadienyl)-N-methylaniline (5q): oil obtained as 

34  mixture with N-(3-butynyl)-N-methylaniline (5p) inseparable 
by chromatography; 'H NMR 6 2.92 (s,3 H), 3.96 (dt, J = 6 and 
3, 2 H), 4.73 (dt, J = 6 and 3, 2 H), 5.13 (quint, J = 6, 1 H), 
6.91-7.04 (m, 3 H), 7.20-7.28 (m, 2 H); 13C NMR 6 38.0,51.5,75.8, 
86.0, 112.9, 116.7, 129.1, 149.0, 209.0. 
N-(2-Phenylpropyl)-N-methylaniline (5v): oil; 'H NMR 

6 1.29 (d, J = 7, 3 H), 2.74 (s,3 H), 3.20 (sext, J = 7, 1 H), 3.37 
(dd, J = 7.7 and 14.6,l H), 3.48 (dd, J = 7 and 14.6,l H), 6.63-6.72 
(m, 3 H), 7.18-7.34 (m, 7 H); '% NMR 6 18.8,38.3,39.5,61.0,111.7, 
115.7, 126.3,127.2,128.4,129.1, 145.1, 149.0; exact mass CleHIJV 
requires 225.1517, found 225.1514. 
N-( l-Cyclohexylethyl)-N-methylaniline (5y): obtained as 

an oil in a 2:1 mixture with N-(cyclohexylmethyl)-N-methyzaniline 
(52) inseparable by chromatography; NMR signals were assigned 
by comparison with the NMR spectra of N-(cyclohexyl- 
methyl)-N-methylaniline (52) obtained by sodium borohydride 
reduction of N-(benzotriazol-1-ylcyclohexylmethy1)-N-methyl- 
aniline (30); 'H NMR 6 0.80-1.05 (m, 2 H), 1.09 (d, J = 6.6,3 H), 
1.15-1.83 (m, 9 H), 2.69 (8,  3 H), 3.49-3.57 (m, 1 H), 6.61-6.75 
(m 3 H), 7.17-7.23 (m, 2 H); '% NMR 6 14.8,26.2,26.3,26.4,30.4, 
30.6,30.8,41.9,58.5,111.6,115.4,129.0,149.5; exact maw C1&IZIN 
requires 217.1830, found 217.1831. 
N-(Cyclohexylmethy1)-N-methylaniline (52). Sodium 

borohydride (0.094 g, 2.5 "01) w a ~  added to a stirred solution 
of N-(benzotriazol-l-ylcyclohexylmethyl)-N-methylaniline (30; 
0.528 g, 1.65 "01) in dry THF (15 mL) and the reaction mixture 
stirred at  room temperature overnight. The reaction was 
quenched with icewater (10 mL), the product extracted with ether 
(20 mL), and the extract dried (MgS04) and evaporated under 
reduced pressure to give N-(cyclohexylmethyl)-N-methylanilinegl 
(O.Os0 g, 27% yield) as an oil. 
NJV-Bis(3-butenyl)-p-methylaniline (sa): oil; 'H NMR 

8,4 H), 3.33 (t, J = 8,4 H), 5.02-5.13 
(m, 4 H), 5.78-5.88 (m, 2 H), 6.61 (d, J = 8, 2 H), 7.02 (d, J = 
8,2 H); '% NMR 6 20.1,31.7,50.8,112.4,116.2,125.0,129.8,136.0, 
145.6; exact mass Cl6HSlN requires 215.1669, found 215.1674. 

Registry No. la, 100-61-8; lb, 137273-36-0; IC, 122-39-4; Id, 
111-92-2; le, 110-96-3; lf,  110-91-8; lg, 123-75-1; lh,  110-89-4; 
li, 108-91-8; l j ,  106-49-0; lk,  98-84-0; 11,60-35-5; lm, 621-84-1; 
ln, 10818-9; 2a,50-00-0; 2k, 78-84-2; 21,100-52-7; 20,2043-61-0; 
38,15497-51-5; 3b, 137273-37-1; 3b (2 isomer), 138723-77-0; 3c, 
15497-48-0; 3d, 15497-45-7; 30, 137273-38-2; 3e (2 isomer), 
138723-78-1; 3f, 5472-71-9; 3g, 19213-23-1; 3h, 15622-20-5; 3i, 
126541-65-9; 3j, 62001-37-0; 3k, 138723-68-9; 3k (2 isomer), 
138723-747; 31,119020-88-1; 3m, 125453-15-8; 3n, 138723-69-0; 
3n (2 isomer), 138723-75-8; 30, 138723-70-3; 30 (2 isomer), 
138723-76-9; 58, 13424-22-1; 5b, 137273-30-4; 4 (X = Br, R' = 
CH2CH=CH2), 106-956; 4 (X = Br, R4 = C H , M H ) ,  106-96-7; 
4 (X = Br, R4 = CH2Ph), 100-39-0; 4 (X = Br, R' = CH(Me)Ph), 
585-71-7; 4 (X = I, R4 = Me), 74-88-4; 5c, 50965-59-8; 5d, 

408834-0; 5i, 61907-83-3; 5j, 137273-32-6; (R*Ji*)-Sk, 138810-13-6; 
(R*,S*)-Sk, 138810-14-7; 51, 126525-24-4; 5m, 138723-71-4; 5n, 

5r, 28059-49-6; 5s, 115419-49-3; 5t, 46346-12-7; 5u, 23911-69-5; 

2382451-3; Al, 7429-90-5; BiC13, 7787-60-2; benzotriazole, 95-147. 

6 2.24 (8,3 H), 2.32 (9, J 

108144-23-6; 50, 137273-31-5; 5f, 10315-96-5; 5g, 7255-63-2; 5h, 

137273-34-8; 50, 137273-35-9; 5p, 137273-33-7; 5q, 131467-47-5; 

SV, 138723-72-5; 5w, 606-99-5; 5x, 7087-68-5; 5y, 138723-73-6; 52, 

__ I - 
found 282.i497. 
(3-Butyny1)diphenylamine (5n): oil; 'H NMR 6 1.99 (t, J 

= 2.5, 1 H), 2.53 (td, J = 8 and 2.5, 2 H), 3.92 (t, J = 8, 2 H), 
6.92-7.01 (m, 6 H), 7.20-7.30 (m, 4 H); '% NMR 6 17.3,51.0,69.9, 
81.8, 120.9, 121.6, 129.4, 147.2; exact mass C16H16N requires 
221.1204, found 221.1203. 
(2,3-Butadienyl)diphenylamine (50): oil; 'H NMR 6 4.35 

(dt, J = 6 and 3, 2 H), 4.74 (dt, J = 6 and 3, 2 H), 5.22 (quint, 
J = 6, 1 H), 6.91-7.04 (m, 6 H), 7.20-7.28 (m, 4 H); 13C NMR 6 
50.9,76.4,87.1,121.0,121.4,129.2,147.6,209.0; exact mas CId-I1& 
requires 221.1204, found 221.1209. 
N-(3-Butynyl)-N-methylaniline (5p): obtained as an oil 

in a 4 3  mixture with N-(2,3-butadienyl)-N-methylaniline (5q), 
which was inseparable by chromatography; all NMR signals were 
assignable except overlapping aromatic signals in the 'H NMR 
spectrum; 'H NMR 6 1.99 (t, J = 3, 1 H), 2.42 (td, J = 8 and 3, 
2 H), 2.96 (s,3 H), 3.55 (t, J = 8,2 H), 6.92-7.01 (m, 3 H), 7.20-7.30 
(m, 2 H); '% NMR 6 16.4,38.4,51.7,69.6,82.1, 112.2, 116.6,129.2, 


