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The direct activation of C—0 bonds in allylic alcohols by palladium complexes has been
accelerated by carrying out the reactions in the presence of titanium(lV) isopropoxide and
4 A molecular sieves. The palladium(0)-catalyzed allylation of anilines using allylic alcohols
directly gave regio- and stereoisomeric allylic anilines in good yields. The regioselectivity of
the process was temperature dependent. Under kinetic control, the less highly substituted
alkene was obtained, while under thermodynamic control the more highly substituted alkene
was increased. Anilines bearing an electron-withdrawing group gave lower chemical yields.
The phosphine ligand effect was very important on the regioselectivity: decreasing the size
of the diphosphines or decreasing the electron-withdrawing ability of the monophosphines
gave predominantly the less highly substituted alkenes.

Introduction

Palladium-catalyzed allylation is an established, ef-
ficient, and highly stereo- and chemoselective method
for C—C, C—N, and C—0O bond formation, which has
been widely applied to organic chemistry.! The catalytic
cycle requires the formation of the cationic r-allylpal-
ladium(ll) complex, an intermediate that is generated
by oxidative addition of allylic compounds to a Pd(0)
complex and which can be attacked by nucleophiles at
both termini of the allylic system. Although halides,?
esters,® carbonates,* carbamates,® phosphates,® and
related derivatives’ of allylic alcohols have frequently
been used as substrates, there have been only limited
and sporadic reports dealing with the direct cleavage
of the C—0 bond in allylic alcohols on interaction with
a transition metal complex.® Successful applications
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using allylic alcohols directly in catalytic processes are
even more limited. This apparently stems from the poor
capability of a nonactivated hydroxyl to serve as a
leaving group.® In preliminary papers,1®© we have re-
cently reported our attempts and some successful ap-
plications of a process involving C—O bond cleavage
with direct use of allylic alcohols catalyzed by palladium
complexes. This is, to our knowledge, the first example
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Table 1. Reaction of 4-Chloro-2-methylaniline (1a)
with 2-Buten-1-ol (2a)2

Ci HO™ >N Cl Cl
2a
+
Me Pfi(OAlg:)z/PPhs Me Me
NH, TNOPs HN HN\(
1a 3a\% daa >
E/Z
Pd(OAC),:PPh3:Ti(OPri), t yield (%) ratio
entry (in mmol) solvent (h) (3a:4a) of 3a°
1 0.01:0.04:0.25 benzene 3 51 (43:57) 87:13
6 63(52:48) 88:12
2d 0.01:0.04:0.25 benzene 3 12(30:70) 88:12
12 42(30:70) 88:12
24 90 (29:71) 87:13
3 0.025:0.1:0 benzene 3 0
40 5 (100:0) 100:0
4¢ 0.01:0.04:0.25 benzene 3 10 (53:47) 88:12
5 0.0.1:0.25 benzene 12 0
6f 0.01:0.04:0.25 benzene 3 94 (42:58) 87:13
7 0.025:0.1:0.25 benzene 3 80 (55:45) 86:14
8 0.01:0.04:0.25 MeCN 3 10 (15:85) 100:0
9 0.01:0.04:0.25 THF 3 12 (39:61) 100:0
10 0.01:0.04:0.25 HMPA 3 18(34:66) 955
11 0.01:0.04:0.25 DMF 3 10 (26:74) 100:0
12 0.01:0.04:0.25 dioxane 3 6 (37:63) 100:0
13 0.01:0.04:0.25 toluene 3 32 (33:67) 100:0

a Reaction conditions: 1a (1 mmol), 2a (1.2 mmol), and MS4A
(200 mg) in a solvent (5 mL) at 50 °C for 3 h. ? Isolated yield. ¢ The
E/Z ratio of 3a was determined by GC. 9 Stir at room temperature.
e Without MS4A. f Reflux for 3 h.

of palladium-catalyzed allylation of anilines by the
direct use of allylic alcohols in the presence of Ti(OPri),.
The effect of addition of Ti(OPr); to promote the
palladium-catalyzed allyl—OH bond cleavage may have
potential applications to provide methodologies for using
allylic alcohols directly in organic syntheses. This result
prompted us to study in some detail this reaction
between anilines and allylic alcohols in order to under-
stand the main factors affecting the regio- and stereo-
control of the reaction; this is important for practical
synthetic applications and also for gaining more insight
into the mechanism.

Results and Discussion

The allylation process is straightforward. To evaluate
the scope and limitations of the N-allylation of anilines
with allylic alcohols, we treated a mixture of 4-chloro-
2-methylaniline (1a, 1 mmol) and 2-buten-1-ol (2a, 1.2
mmol) in the presence of Pd(OAc), (0.01 mmol), PPhs
(0.04 mmol), Ti(OPr')4 (0.25 mmol), and molecular sieves
(MS4A) (200 mg) in benzene (5 mL) under nitrogen at
50 °C for 3 h. The mixtures of regio- and stereoisomeric
anilines 3a and 4a were formed in 22% and 29%,
respectively (entry 1 in Table 1). The more highly
substituted alkene 3a resulted from attack of the aniline
on the less-substituted terminus of the z-allyl complex.
The structures of compounds (E)-3a and 4a were
determined from NMR and HETCOR spectroscopy. The
IH NMR spectra of the linear isomer (E)-3a was
characterized by a doublet of quintets at 6 3.71 ppm for
the NCH, group and a doublet of quartets at 6 1.73 ppm
for the CH3 group, while the branched isomer 4a was
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mainly characterized by a doublet of quartets at ¢ 3.99
ppm for the allylic proton and a doublet at ¢ 1.36 ppm
for the CH3 group; we noticed signals at ¢ 3.80 ppm for
the NCHy, group corresponding to the isomer (Z)-3a. The
13C NMR was characterized by C-1 and C-4 signals at
0 17.74 and 46.06 ppm, respectively, for the linear
isomer (E)-3a and a C-3 signal at 6 51.04 ppm for the
branched isomer 4a; we also noticed signals at ¢ 13.14
and 40.99 ppm for C-1 and C-4, respectively, corre-
sponding to the isomer (Z)-3a. The 87:13 E/Z ratio of
3a was determined by GC. This stereochemistry was
confirmed by the coupling constant of the vinylic protons
for this major isomer (J = 15.2 Hz) being characteristic
of E-stereochemistry. The loss of the stereochemistry
of the starting alcohol 2a is due to a rapid 0 S 5® = ¢
interconversion of the s-allyl intermediate compared to
the rate of amination of this intermediate.

A more detailed study of the influence of the temper-
ature on the regioselectivity of the N-allylation showed
that at room temperature for 3 h the two regioisomers
3a and 4a were obtained in a ratio of 30:70, and this
ratio remained unchanged during the reaction course
(entry 2). Conversely, performing the reaction at 50 °C
for 6 h gave predominantly the more highly substituted
alkene 3a at equilibrium (52% vs 48%), the initial 3a/
4a ratio of 43:57 turning progressively into 52:48 (entry
1). These results showed that at 25 °C, under kinetic
control, the aniline was regioselectively attacking the
more substituted terminus of the s-allyl intermediate.
At 50 °C, the aniline attacks the less substituted
terminus of the w-allyl complex; that is, the reaction is
under thermodynamic control.

In the absence of Ti(OPri)4, the reaction gave only 5%
yield (entry 3) after 40 h. The effect of addition of Ti-
(OPri), to promote the palladium-catalyzed allyl—OH
bond cleavage remarkably enhanced both the reaction
rate and yield. These results suggested that the reaction
should be accompanied by formation of water, which
may deactivate the catalyst. Addition of molecular
sieves (MS4A) for its removal showed a positive effect
(entry 4). It was confirmed that the reaction did not
occur in the absence of palladium species (entry 5). Note
that the products could also be afforded in good yield
in the reaction under reflux (entry 6) or with an increase
in the amount of palladium catalyst (2.5 mol %) (entry
7). It was known that several factors, such as the solvent
and nature of the nucleophile, can alter the product
pattern in palladium-catalyzed allylation.!! Seven sol-
vents were investigated, MeCN, THF, HMPA, DMF,
dioxane, and toluene, with benzene giving the best
results (entries 1 and 8—13).

The results reported in Table 2 concerning the reac-
tion of la with 2a in the presence of Pd(OAc), and
various ligands show that the 3a/4a ratio depends on
the ligand used. The regioselectivity is affected by
decreasing the ring size of the diphosphine with selec-
tivity in attack of the aniline on the more substituted
terminus of the m-allyl complex. The 3a/4a ratio in-
creased as the size of the diphosphine increased; that
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Table 3. Palladium-Catalyzed Reaction of Aniline
la with Alcohol 2a: Pallaium Catalyst Effects?

yield (%)¢ E/Z ratio

yield (%)  E/Z ratio

entry ligand pKs® T (°C) (3ai4a) of 3ad entry catalyst T (°C) (3a:4a) of 3a¢
1 PPh; 273 50 51(4357) 87:13 1 Pd(OAc)-PPh; 50 51 (43:57) 87:13
80 94 (42:58) 87:13 80 94 (42:58) 87:13

2 dppm 50 33(37:63) 8812 2 Pd(OCOCF3),-PPh; 50 45 (40:60) 90:10

80 93(38:62) 87:13

3 dppe 50 9 (40:60) 88:12
80 84 (42:58) 87:13
4 dppp 50 14 (42:58)  88:12
80  78(49:51) 85:15
5 dppb 50 27 (48:52) 85:15
80 92 (50:50) 86:14
6 dpph 50 39(51:49) 88:12
80 54 (58:42) 88:12
7 (PhO)sP -2 50 47 (57:43)  83:17

80 93(91:9)  88:12

8 (4-CIPh)sP 1.03 50  8(53:47) 88:12
80 74 (55:45) 8515
9  (4-FPh)sP 1.97 50 20(49:51)  88:12
80 92(51:49) 88:12

10 (3-MePh)sP 330 50 24(41:59) 92:8
80 92 (41:59) 86:14

11 (4-MePh)sP 3.84 50 23(30:70) 955
80 54(37:63) 87:13
12 (4-MeOPh)sP 457 50 56(27:73) 88:12

80 85 (35:65) 86:14
13 PBus 8.43 50 8 (12:88) 88:12
80 88 (32:68) 86:14
14  (2,6-di-MeOPh)sP 10.7 50 0
80 12 (5:95) 100:0
15 (2,4,6-tri-MeOPh)sP  11.2 50 3(2:98) 100:0
80 10(3:97) 100:0
a Reaction conditions: l1la (1 mmol), 2a (1.2 mmol), Pd(OAc).
(0.01 mmol), ligand (0.04 mmol), Ti(OPri)4 (0.25 mmol), and MS4A
(200 mg) in benzene (5 mL) were reacted for 3 h. ® Taken from ref
13. ¢ Isolated yield. 4 The E/Z ratio of 3a was determined by GC.

is, 3a/4a increased in the order 37:63 [dppm] < 40:60
[dppe] < 42:58 [dppp] < 48:52 [dppb] < 51:49 [dpph]
(entries 2—6). From the results obtained with the
monophosphines, it is obvious that steric and electronic
effects direct the reaction to one or the other termini of
the z-allyl complex. We observed that the 3a/4a ratio
increased as the electron-withdrawing ability of the
ligand increased; that is, 3a/4a increased in the order
2:98 [(2,4,6-tri-MeOPh);P] < 12:88 [PBujs] < 27:73
[(4-MeOPh)sP] < 30:70 [(4-MePh)sP] < 41:59
[(3-MePh)sP] < 43/57 [PPhs] < 49:51 [(4-FPh)sP] <
53:47 [(4-CIPh)3P] < 57:43 [(PhO)sP] (entries 1 and
7—15). A strong m-acceptor ligand, which increases the
positive charge character of the z-allyl complex,'? directs
attack of the aniline on the less substituted terminus
of the sr-allyl complex. The use of basic phosphines as
ligands increased the formation of 4a. In most cases, a
small amount of (Z)-3a was formed. Increasing the
reaction temperature, the linear isomer (E)-3a was
increased.

A comparative study of different palladium catalysts
in benzene was reported in Table 3. Among the pal-
ladium catalysts including Pd(OAc), (entry 1),
Pd(OCOCF3); (entry 2), PdCI; (entry 3), Pd(acac), (entry
4), Pd(PPh3), (entry 5), and PdCIlx(MeCN), (entry 6),
Pd(OACc), was found to be the most active catalyst (entry

(12) (a) Akermark, B.; Hansson, S.; Krakenberger, B.; Vitagliano,
A.; Zetterberg, K. Organometallics 1984, 3, 679. (b) Akermark, B.;
Krakenberger, B.; Hansson, S.; Vitagliano, A. Organometallics 1987,
6, 620. (c) Sjogren, M. P. T.; Hannson, S; Akermark, B.; Vitagliano,
A. Organometallics 1994, 13, 1963.

80  90(60:40)  84:16
3 PdCl,-PPhg 50 3 (0:100)

80  38(4555) 7525
4 Pd(acac),-PPhs 50  29(24:76)  90:10

80  64(37:63)  77:23
5 Pd(PPhs), 50  22(50:50)  89:11

80  51(50:50)  86:14
6 PACI,(MeCN), 50  39(51:49)  94:6

80  54(58:42)  88:12

a8 Reaction conditions: l1a (1 mmol), 2a (1.2 mmol), Pd catalyst
(0.01 mmol), PPh3 (0.04 mmol), Ti(OPri), (0.25 mmol), and MS4A
(200 mg) in benzene (5 mL) were reacted for 3 h. P Isolated yield.
¢ The E/Z ratio of 3a was determined by GC.

Table 4. Reaction of Anilines (1b—n) with
2-Buten-1-ol (2a)2

H O/\/\
R 28 @ e O
) "Pd(OAG),, PPh; _ _

NHR! Ti(OPr),, MS4A RN RW(
1 3 W\L A

yield (%) E/Z ratio

1 Rt R2 products (3:4) of 3¢
b H H 3b 4b 97 (83:17) 80:20
1c H 4-Me 3c  4c 91 (83:17) 80:20
id H 4-Cl 3d 4d 97 (44:56) 84:16
le H 4-OMe 3e 4e 99 (33:67) 86:14
1f H 4-COzEt 3f 4f 86 (58:42) 87:13
1g H 4-CN 3g 4g 81 (24:76) 100:0
1h H 4-NO> 3h 4h 72 (37:63) 80:20
1i H 2,4-Me 3i 4i 99 (59:41) 92:8
1j H 2-Cl, 4-Me 3j 4j 83 (42:58) 89:11
1k H 2-OMe, 4-NO, 3k 4k 76 (43:57) 84:16
11 H 3,5-OMe 3l 41 98 (67:33) 84:16
Im Me H 3m 4m 87 (78:22) 78:22
In Et H 3n  4n 82 (85:15) 81:19

a Reaction conditions: 1 (1 mmol), 2a (0.8 mmol), Pd(OAc), (0.01
mmol), PPhs (0.04 mmol), Ti(OPri), (0.25 mmol), and MS4A (200
mg) in benzene (5 mL) were refluxed for 3 h. P Isolated yield.
¢ Determined by GC.

1). We also noticed that the ratio of 3a/4a was temper-
ature dependent.

The results collected in Table 4 show that the ami-
nation of 2-buten-1-ol (2a) worked well with anilines
containing electron-donating groups, giving generally
high yields of the corresponding allylic anilines. Using
anilines containing electron-withdrawing groups gave
lower chemical yields. These differences in reactivity
could be related to the nucleophilicity of the correspond-
ing aniline. 4-Nitroaniline (1) gave 72% yield; the lower
yield observed may arise from the nature of the nitro
group. However, secondary anilines 1m,n tend to give
the more highly substituted alkene 3.

The structures of compounds (E)-3 and 4 were un-
ambiguously determined from the NMR and HETCOR
spectroscopy. The 'H NMR spectra of the linear isomer
(E)-3 was characterized by a doublet of quintets at ¢
3.7 ppm for the NCH; group and a doublet of quartets
at 6 1.7 ppm for the CHj; group, while the branched



Downloaded by CARLI CONSORTIUM on June 29, 2009
Published on January 17, 2001 on http://pubs.acs.org | doi: 10.1021/0m000997e

766 Organometallics, Vol. 20, No. 4, 2001

isomer 4 was mainly characterized by a doublet of
quartets of the allylic proton at approximately 6 4.0 ppm
and a doublet at 6 1.3 ppm for the CHj3 group. The 13C
NMR was characterized by C-1 and C-4 signals at
approximately ¢ 17.7 and 46 ppm, respectively, for the
linear isomer (E)-3 and a C-3 signal at 6 51 ppm for
the branched isomer 4; we also noticed signals at 6 13
and 40 ppm for C-1 and C-4, respectively, corresponding
to the isomer (2)-3.

Results for amination of a number of allylic alcohols
2b—h with 4-chloro-2-methylaniline (1a) using Pd-
(OAc),, PPhs, Ti(OPri),, and MS4A are summarized in
Table 5. At 80 °C, all of the allylic alcohols examined
underwent amination smoothly to give the correspond-
ing N-allylanilines in overall yields ranging from 75 to
99%. Since both regioisomeric alcohols 2a and 2b gave
identical mixtures of the anilines 3a and 4a in similar
ratios (entries 1, 2), the reaction is considered to proceed
via s-allylpalladium intermediates. We also noticed that
the regioisomeric 2c and 2d reacted with aniline to give
identical mixtures of regio- and stereoisomeric anilines
5 and 6, as expected from attack of the aniline on the
two allylic termini of the s-allylpalldium species, in a
similar ratio (entries 3, 4). When allyl alcohol (2e) was
reacted at 50 °C, N-allylaniline 7 and a small amount
of N,N-diallylaniline 8 were formed in yields of 78% and
8%, respectively (entry 5). The products could also be
afforded in high yield in the reaction under reflux (entry
6). Decreasing the amount of 2e, selective monoallyla-
tion product 7 was formed in 98% vyield (entry 7).
Increasing the amount of 2e, diallylation product 8 was
formed in 99% yield (entry 8). Depending on the ratio
of 1a/2e used, monoallylated 7 or diallylated product 8
was selectively produced.

A plausible reaction mechanism for this reaction is
shown in Scheme 1. Alcohol 2 or an allyl titanate,
formed by an alcohol exchange reaction between 2 and
isopropoxide in Ti(OPri),* reacts with Pd(0) species
generated in situ!® to afford the z-allylpalladium inter-
mediate 12. Intermolecular nucleophilic substitution of
the amino group of 1 takes place at the w-allyl system
to give intermediate 13, followed by reductive elimina-
tion to give N-allylaniline.

Conclusions

We have shown that palladium(0)-catalyzed allylation
of anilines using allylic alcohols directly is an efficient
route for C—N bond formation. The regioselectivity of
the process was temperature dependent. Under Kinetic
control, the less highly substituted alkene was obtained.
Under thermodynamic control, the more substituted
alkene was increased. The phosphine ligand effect was
very important to the regioselectivity: decreasing the
size of the diphosphines or decreasing the electron
withdrawing ability of the monophosphines gave pre-

(13) (a) Henderson, W. A., Jr.; Streuli, C. A. 3. Am. Chem. Soc. 1960,
82, 5791. (b) Allman, T.; Goel, R. G. Can. J. Chem. 1982, 60, 716. (c)
Jackson, R. A.; Kanluen, R.; Poe, A. Inorg. Chem. 1984, 23, 523. (d)
Wada, M.; Higashizaki, S. J. 3. Chem. Soc., Chem. Commun. 1984,
482. (e) Wada, M.; Higashizaki, S. J.; Tsuboi, A. J. Chem. Res., Synop.
1985, 38; J. Chem. Res., Miniprint 1985, 467.

(14) Itoh, K.; Hamaguchi, N.; Miura, M.; Nomura, M. J. Chem. Soc.,
Perkin Trans. 1 1992, 2833.

(15) Ti(OPr?), may accelerate the reduction of Pd(OAc), to Pd(0)
species: Satoh, T.; Itoh, K.; Miura, M.; Nomura, M. Bull. Chem. Soc.
Jpn. 1993, 66, 2121.
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Table 5. Reaction of 4-Chloro-2-methylanillines
(1a) with Allylic Alcohols (2b—h)?2

entry 2 1C0) yields®
1 HO 50 3a 26% 4a 33%
P (E/Z=90/10)°
2b
2 2b 80 3a 45% 4a 53%
(E/Z=84/16)°
cl cl
Me Me
3 HO_ -~ ~_~ 80 HN HN.
2¢ S
5 70% 6 28%
HO
4 \)\/\ 80 5 68% 6 29%
2d
cl cl
5 HO._~. 50
o Me Me’
2e HN N
L J\U
7 78% 8 8%
6 2e 80 7 94% 8 3%
7° 2e 80 7 98%"
g’ 2e 80 8 99%

Cl
g j\N/\/\Ph
2f H

9 HO. -~ -Ph 80
Me
9 99%

cl
10 HOVK 80 \Q\j/
N
2g
Me H

10 75%
Cl
WO Ve
HO N
2h Me O
11 98%

2 Reaction conditions: 1a (1 mmol), 2 (1.2 mmol), Pd(OAc), (0.01
mmol), PPhz (0.04 mmol), Ti(OPri)4 (0.25 mmol), and MS4A (200
mg) in benzene (5 mL) were reacted for 3 h. b Isolated yield. ¢ 0.8
mmol of 2e was used. 9 4 mmol of 2e was used. ¢ Determined by
GC. fYields based on 2e.

dominantly the less highly substituted alkenes. De-
pending on the amount of allylic alcohols used, mono-
or diallylated aniline was selectively produced.

Experimental Section

General Considerations. All reactions were carried out
under a nitrogen atmosphere. Solvents were dried and distilled
by known methods. Column chromatography was performed
on silica gel. IR absorption spectra were recorded on Shimadzu
IR-27G and Perkin-Elmer System 2000 FT-IR spectrophotom-
eters. Proton and carbon-13 NMR were measured with Varian
Gemini-200 and Unity-400 spectrometers. HETCOR NMR
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Pd(0)-Catalyzed Allylation of Anilines
Scheme 1

ArNH,, 1
—_——————
- HZO or
HOTi(OFK)3

X = OH or OTi(OR),

X"gn PeLn /P/d\\
2 /N

spectra were recorded at 400 MHz. Carbon multiplicities were
obtained from DEPT experiments. Chemical shifts (6) and
coupling constants (Hz) were measured with respect to TMS
or chloroform-d;. MS and high-resolution mass spectra (HRMS)
were taken on a Hewlett-Packard 5989A or JEOL JMS D-100
instrument, with a direct inlet system. All the following
chemicals were commercially available and used without
further purification. Anilines 1la and 1j, Pd(OCOCFs3),, 1,3-
bis(diphenylphosphino)propane (dppp), 1,4-bis(diphenylphos-
phino)butane (dppb), 1,6-bis(diphenylphosphino)hexane (dpph),
(3-MePh)sP, (4-MePh)sP, (2,6-di-MeOPh)sP, and (2,4,6-tri-
MeOPh);P were purchased from Aldrich. Pd(OAc),, PdCly,
MS4A, PPhs, and (PhO)sP were purchased from Riedel-de
Haen. 3,5-Dimethoxyaniline (11), Pd(acac), (acac = acetyl-
acetonate), 1,1-bis(diphenylphosphino)methane (dppm), (4-
MeOPh)sP, (4-CIPh)sP, and (4-FPh)sP were purchased from
Lancaster. Anilines 1b—i, 1k, and 1m,n, allylic alcohols 2a—
h, Pd(PPhs)s, PdCI(MeCN),, Ti(OPri),, 1,2-bis(diphenylphos-
phino)ethane (dppe), and PBus; were purchased from TCI.
General Procedure for the Palladium-Catalyzed Al-
lylation of Anilines. Reaction with 4-Chloro-2-methyl-
aniline (1a). A mixture of 4-chloro-2-methylaniline (1a) (142
mg, 1 mmol), 2-buten-1-ol (2a) (87 mg, 1.2 mmol), Pd(OAc)
(2.3 mg, 0.01 mmol), PPh; (10.5 mg, 0.04 mmol), Ti(OPri),
(0.075 mL, 0.25 mmol), and MS4A (200 mg) in benzene (5 mL)
was refluxed under nitrogen for 3 h. After cooling, the reaction
mixture was poured into aqueous 10% HCI and extracted with
ether. The aqueous layer was mixed with agueous 10% NaOH
and extracted with ether. The ether layers were combined,
dried over Na,SO4, and concentrated. Column chromatography
(n-hexane/EtOAc = 5:1) of the residue afforded 184 mg (94%)
of 3a and 4a as a 42:58 mixture of isomers. It was not possible
to obtain the (Z)-3a in isomerically pure form. Its presence
was indicated by a doublet at 3.80 ppm and could be obtained
as a mixture along with (E)-3a.
N-(But-2E-enyl)-4-chloro-2-methylaniline (3a): IR (KBr)
v 3446 cm™t; 'H NMR (400 MHz, CDClg) 6 1.73 (dg, J = 1.2,
6.0 Hz, 3H, CHs), 2.12 (s, 3H, CHa), 3.56 (bs, 1H, NH), 3.71
(dquin, J = 1.2, 6.0 Hz, 2H, CH), 5.61 (dtq, J = 1.2, 6.0, 15.2
Hz, 1H, vinyl H), 5.73 (dtg, J = 1.2, 6.0, 15.2 Hz, 1H, vinyl
H), 6.52 (d, 3 = 8.4 Hz, 1H, ArH), 7.02 (d, J = 2.4 Hz, 1H,
ArH), 7.06 (dd, J = 2.4, 8.4 Hz, 1H, ArH); 3C NMR (100 MHz,
CDCls3) 0 17.29 (CHs), 17.74 (CH3), 46.06 (CHy), 111.00 (CH),
121.44 (C), 123.64 (C), 126.62 (CH), 127.66 (CH), 128.28 (CH),
129.66 (CH), 144.61 (C). EI-MS m/z 197 (M*+2), 195 (M*), 182,
180, 154, 141, 125, 117, 106, 89, 77; EI-HRMS calcd for C11H14-
CIN 195.0815, found 195.0814.
N-(2-But-3-enyl)-4-chloro-2-methylaniline (4a): IR (KBr)
v 3436 cm~L; 1H NMR (200 MHz, CDCls) 6 1.36 (d, J = 6.6 Hz,
3H, CHa), 2.13 (s, 3H, CHs), 3.45 (bs, 1H, NH), 3.99 (dq, J =
5.8, 6.5 Hz, 1H, CH), 5.11 (dt, 3 = 1.3, 10.3 Hz, 1H, vinyl H),
5.19 (dt, J = 1.4, 17.2 Hz, 1H, vinyl H), 5.84 (ddd, J = 5.5,
10.3, 17.2 Hz, 1H, vinyl H), 6.52 (d, J = 9.4 Hz, 1H, ArH),
7.03—7.07 (m, 2H, ArH); 3C NMR (50 MHz, CDCl;) 6 17.36
(CHs), 21.76 (CH3), 51.04 (CH), 111.87 (CH), 114.23 (CHy),
121.20 (C), 123.37 (C), 126.51 (CH), 129.69 (CH), 140.88 (CH),
143.80 (C); EI-MS m/z 197 (M* + 2), 195 (M*), 182, 180, 168,

Organometallics, Vol. 20, No. 4, 2001 767

145, 144, 130, 117, 106, 89, 77; EI-HRMS calcd for C;;H14CIN
195.0815, found 195.0813.

N-(But-2E-enyl)aniline (3b):*6 1H NMR (400 MHz, CDCl5)
6 1.71 (dg, 3 = 1.2, 6.0 Hz, 3H, CHj3), 3.62 (bs, 1H, NH), 3.69
(dquin, 3 = 1.2, 6.0 Hz, 2H, CH,), 5.61 (dtq, J = 1.2, 6.0, 15.2
Hz, 1H, vinyl H), 5.72 (dtq, J = 1.2, 6.0, 15.2 Hz, 1H, vinyl
H), 6.64 (d, J = 7.6 Hz, 2H, ArH), 6.72 (t, J = 7.2 Hz, 1H,
ArH), 7.18 (dd, J = 7.2, 8.4 Hz, 2H, ArH); *C NMR (50 MHz,
CDCl3) 6 17.73 (CHg), 46.02 (CH,), 112.98 (CH), 117.48 (CH),
127.90 (CH), 128.03 (CH), 129.16 (CH), 148.16 (C); EI-MS m/z
147 (M*), 132, 106, 93, 77; EI-HRMS calcd for CioHisN
147.1048, found 147.1047.

N-(2-But-3-enyl)aniline (4b):" *H NMR (200 MHz, CDCls)
0 1.35(d, J = 6.8 Hz, 3H, CH3), 3.48 (bs, 1H, NH), 4.02 (dqg, J
= 5.6, 6.7 Hz, 1H, CH), 5.12 (dt, J = 1.4, 10.2 Hz, 1H, vinyl
H), 5.25 (dt, J = 1.3, 17.2 Hz, 1H, vinyl H), 5.88 (ddd, J = 5.5,
10.3, 17.2 Hz, 1H, vinyl H), 6.65 (d, J = 7.6 Hz, 2H, ArH),
6.73 (t, J = 7.2 Hz, 1H, ArH), 7.20 (dd, J = 7.3, 8.4 Hz, 2H,
ArH); 13C NMR (100 MHz, CDCls) 6 21.57 (CHg), 51.00 (CH),
113.36 (CH), 114.05 (CH,), 117.23 (CH), 129.11 (CH), 141.24
(CH), 147.38 (C); EI-MS m/z 147 (M*), 132, 130, 120, 117, 93,
77; EI-HRMS calcd for CioH13sN 147.1048, found 147.1049.

N-(But-2E-enyl)-4-methylaniline (3c):*¢ *H NMR (400
MHz, CDCls) ¢ 1.77 (dg, 3 = 1.2, 6.4 Hz, 3H, CHa3), 2.31 (s,
3H, CHj3), 3.41 (bs, 1H, NH), 3.72 (dquin, J = 1.2, 6.0 Hz, 2H,
CHy), 5.66 (dtq, J = 1.2, 6.0, 15.2 Hz, 1H, vinyl H), 5.77 (dtq,
J=1.2,6.0, 15.2 Hz, 1H, vinyl H), 6.61 (d, J = 8.4 Hz, 2H,
ArH), 7.05 (d, J = 8.4 Hz, 2H, ArH); 3C NMR (100 MHz,
CDCls) 6 17.75 (CHs), 20.36 (CH3), 46.44 (CHy), 113.25 (CH),
126.66 (C), 127.77 (CH), 128.26 (CH), 129.68 (CH), 145.92 (C);
EI-MS m/z 161 (M™), 146, 131, 120, 107, 106, 91, 77; EI-HRMS
calcd for Ci1HisN 161.1204, found 161.1203.

N-(2-But-3-enyl)-4-methylaniline (4c): IR (KBr) v 3406m™%;
IH NMR (400 MHz, CDCl3) 6 1.31 (d, 3 = 6.8 Hz, 3H, CHj3),
2.24 (s, 3H, CHg), 3.36 (bs, 1H, NH), 3.96 (dg, J = 5.6, 6.8 Hz,
1H, CH), 5.08 (dt, J = 1.2, 10.4 Hz, 1H, vinyl H), 5.21 (dt, J =
1.2, 17.2 Hz, 1H, vinyl H), 5.84 (ddd, J = 5.6, 10.4, 17.2 Hz,
1H, vinyl H), 6.55 (d, J = 8.4 Hz, 2H, ArH), 6.98 (d, J = 8.4
Hz, 2H, ArH); *3C NMR (100 MHz, CDCl3) 6 20.36 (CHs), 21.60
(CHg3), 51.43 (CH), 113.72 (CH), 114.04 (CH,), 126.55 (C),
129.63 (CH), 141.45 (CH), 145.04 (C); EI-MS m/z 161 (M*),
146, 131, 118, 106, 91, 77; EI-HRMS calcd for Ci;HisN
161.1204, found 161.1203.

N-(But-2E-enyl)-4-chloroaniline (3d): IR (KBr) v 3418m;
1H NMR (400 MHz, CDCl3) 6 1.73 (dg, J = 1.2, 6.0 Hz, 3H,
CHa), 3.57 (bs, 1H, NH), 3.66 (dquin, J = 1.2, 6.0 Hz, 2H, CH,),
5.58 (dtq, J = 1.2, 6.0, 15.2 Hz, 1H, vinyl H), 5.72 (dtq, J =
1.2, 6.0, 15.2 Hz, 1H, vinyl H), 6.54 (d, J = 8.8 Hz, 2H, ArH),
7.13 (d, J = 8.8 Hz, 2H, ArH); 3C NMR (100 MHz, CDCls3) ¢
17.69 (CHs), 46.00 (CH.), 113.95 (CH), 121.72 (C), 127.54 (CH),
128.15 (CH), 128.92 (CH), 146.62 (C); EI-MS m/z 183 (M* +
2), 181 (M*), 168, 166, 154, 140, 130, 127, 111, 99, 75;
EI-HRMS calcd for C19H12CIN 181.0658, found 181.0656.

N-(2-But-3-enyl)-4-chloroaniline (4d): IR (KBr) v 3426
ecm~L; *H NMR (400 MHz, CDCls) 6 1.31 (d, J = 6.8 Hz, 3H,
CHg), 3.67 (bs, 1H, NH), 3.93 (dg, J = 5.6, 6.8 Hz, 1H, CH),
5.10 (dt, J = 1.2, 10.4 Hz, 1H, vinyl H), 5.20 (dt, J = 1.2, 17.2
Hz, 1H, vinyl H), 5.81 (ddd, J = 5.6, 10.4, 17.2 Hz, 1H, vinyl
H), 6.53 (d, J = 8.8 Hz, 2H, ArH), 7.10 (d, J = 8.8 Hz, 2H,
ArH); ¥C NMR (50 MHz, CDCls) 6 21.53 (CHg3), 51.28 (CH),
114.34 (CH), 114.49 (CH,), 121.81 (C), 128.91 (CH), 140.75
(CH), 145.87 (C); EI-MS m/z 183 (M* + 2), 181 (M), 168, 166,
154, 131, 130, 127, 111, 99, 75; EI-HRMS calcd for C10H1,CIN
181.0658, found 181.0657.

(16) (a) Barluenga, J.; Fananas, F. J.; Villamana, J.; Yus, M. J.
Chem. Soc., Perkin Trans. 1 1984, 2685. (b) Butsugan, Y.; Nagai, K.;
Nagaya, F.; Tabuchi, H.; Yamada, K.; Araki, S. Bull. Chem. Soc. Jpn.
1988, 61, 1707. (c) Barluenga, J.; Perez-Prieto, J.; Asensio, G.
Tetrahedron 1990, 46, 2453. (d) Verardo, G.; Giumanini, A. G
Strazzolini, P.; Poiana, M. Synthesis 1993, 121. (e) Almena, J.; Foubelo,
F.; Yus, M. Tetrahedron 1996, 52, 8545.

(17) Jolidon, S.; Hansen, H. J. Helv. Chim. Acta 1977, 60, 978.
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N-(But-2E-enyl)-4-methoxyaniline (3e):1% 'H NMR (400
MHz, CDCls) 6 1.69 (dg, J = 1.2, 6.4 Hz, 3H, CHjs), 3.22 (bs,
1H, NH), 3.62 (dquin, J = 1.2, 5.6 Hz, 2H, CHy), 3.72 (s, 3H,
OCHg), 5.58 (dtg, J = 1.6, 6.0, 15.2 Hz, 1H, vinyl H), 5.69 (dtq,
J=1.2,6.4,15.2 Hz, 1H, vinyl H), 6.57 (d, J = 8.8 Hz, 2H,
ArH), 6.76 (d, J = 8.8 Hz, 2H, ArH); *C NMR (100 MHz,
CDClg) 6 17.76 (CHs), 47.00 (CH,), 55.77 (CH3), 114.31 (CH),
114.86 (CH), 127.71 (CH), 128.42 (CH), 142.52 (C), 152.08 (C);
EI-MS m/z 177 (M™), 162, 136, 122, 108, 95, 77; EI-HRMS calcd
for C11H1sNO 177.1154, found 177.1155.

N-(2-But-3-enyl)-4-methoxyaniline (4e):** 'TH NMR (400
MHz, CDCl3) 6 1.27 (d, J = 6.8 Hz, 3H, CHg), 3.18 (bs, 1H,
NH), 3.71 (s, 3H, OCHg), 3.88 (dg, J = 6.0, 6.4 Hz, 1H, CH),
5.06 (dt, J = 1.2, 10.4 Hz, 1H, vinyl H), 5.18 (dt, J = 1.2, 17.2
Hz, 1H, vinyl H), 5.80 (ddd, J = 5.6, 10.4, 17.2 Hz, 1H, vinyl
H), 6.56 (d, J = 8.8 Hz, 2H, ArH), 6.75 (d, J = 8.8 Hz, 2H,
ArH); $3C NMR (100 MHz, CDCls) 6 21.64 (CHs), 52.04 (CH),
55.73 (CHj3), 114.02 (CH,), 114.78 (CH), 114.91 (CH), 141.62
(C), 141.68 (C), 152.04 (C); EI-MS m/z 177 (M*), 162, 147, 130,
122,108, 95, 77; EI-HRMS calcd for C1;H;1sNO 177.1154, found
177.1154.

Ethyl 4-[(but-2E-enyl)amino]benzoate (3f): IR (KBr) v
3385, 1701, 1616 cm™%; *H NMR (400 MHz, CDCls) 6 1.35 (t,
J = 7.2 Hz, 3H, CH,CHj3), 1.69 (dg, J = 1.2, 6.0 Hz, 3H, CHa),
3.80 (bs, 1H, NH), 3.87 (dquin, J = 1.2, 6.0 Hz, 2H, CH_), 4.31
(g, J = 7.1 Hz, 2H, CH,CHg3), 5.44 (dtg, J = 1.2, 6.0, 15.2 Hz,
1H, vinyl H), 5.58 (dtq, J = 1.2, 6.0, 15.2 Hz, 1H, vinyl H),
6.64 (d, J = 8.8 Hz, 2H, ArH), 7.86 (d, J = 9.2 Hz, 2H, ArH);
13C NMR (100 MHz, CDCls) 6 14.33 (CH3), 17.59 (CH3), 45.17
(CHy), 60.02 (CH), 111.90 (CH), 118.41 (C), 126.94 (CH),
128.33 (CH), 131.31 (CH), 151.78 (C), 166.80 (C); EI-MS m/z
219 (M), 204, 174, 165, 137, 120; EI-HRMS calcd for Ci3H17-
NO, 219.1259, found 219.1259.

Ethyl 4-[(2-but-3-enyl)amino]benzoate (4f): IR (KBr) v
3386, 1715, 1616 cm™*; 'H NMR (400 MHz, CDCls3) ¢ 1.32 (d,
J = 6.4 Hz, 3H, CHs), 1.35 (t, J = 7.2 Hz, 3H, CH,CHs), 4.03
(dg, J = 5.6, 6.8 Hz, 1H, CH), 4.24 (bs, 1H, NH), 4.30 (g, J =
7.2 Hz, 2H, CH,CH3), 5.09 (dt, J = 1.2, 10.4 Hz, 1H, vinyl H),
5.18 (dt, J = 1.2, 17.2 Hz, 1H, vinyl H), 5.79 (ddd, J = 5.6,
10.2, 17.2 Hz, 1H, vinyl H), 6.54 (d, J = 8.8 Hz, 2H, ArH),
7.85 (d, J = 8.8 Hz, 2H, ArH); 3C NMR (100 MHz, CDCls) 8
14.33 (CHj3), 21.26 (CH3), 50.52 (CH), 60.02 (CH>), 111.43 (CH),
114.38 (CH,), 118.41 (C), 131.26 (CH), 140.03 (CH), 151.04 (C),
166.77 (C); EI-MS m/z 219 (M™), 204, 174, 164, 130; EI-HRMS
calcd for Ci3H17NO, 219.1259, found 219.1258.

N-(But-2E-enyl)-4-cyanoaniline (3g): IR (KBr) v 3386
cmL; IH NMR (400 MHz, CDCls) 6 1.70 (dg, J = 1.2, 6.4 Hz,
3H, CHy), 3.71 (dquin, J = 1.2, 6.0 Hz, 2H, CH,), 4.28 (bs, 1H,
NH), 5.52 (dtg, J = 1.6, 6.0, 15.2 Hz, 1H, vinyl H), 5.70 (dtq,
J = 1.6, 6.0, 15.2 Hz, 1H, vinyl H), 6.55 (d, J = 8.8 Hz, 2H,
ArH), 7.38 (d, J = 9.2 Hz, 2H, ArH); *¥C NMR (100 MHz,
CDCl3) 6 17.69 (CHg), 45.03 (CH,), 98.15 (CH), 112.25 (CH),
120.66 (C), 126.53 (CH), 128.73 (CH), 133.55 (CH), 151.42 (C),
166.80 (C); EI-MS m/z 172 (M*), 157, 142, 131, 118, 102, 91,
90, 75; EI-HRMS calcd for C11H1,N» 172.1000, found 172.1002.

N-(2-But-3-enyl)-4-cyanoaniline (4g): IR (KBr) v 3364
cmL; 1H NMR (400 MHz, CDCls) 6 1.34 (d, J = 6.4 Hz, 3H,
CHg3), 3.99 (dg, J = 6.0, 6.4 Hz, 1H, CH), 4.45 (bs, 1H, NH),
5.11 (dt, J = 1.2, 10.4 Hz, 1H, vinyl H), 5.19 (dt, J = 1.2, 17.2
Hz, 1H, vinyl H), 5.78 (ddd, J = 5.6, 10.4, 17.2 Hz, 1H, vinyl
H), 6.56 (d, J = 8.8 Hz, 2H, ArH), 7.37 (d, J = 8.8 Hz, 2H,
ArH); $3C NMR (100 MHz, CDCls) 6 21.31 (CHs), 50.67 (CH),
98.14 (C), 112.76 (CH), 114.76 (CH), 120.64 (C), 133.50 (CH),
139.67 (CH), 150.72 (C); EI-MS m/z 172 (M"), 157, 145, 142,
130, 118, 102, 91, 75; EI-HRMS calcd for Cy;H1,N, 172.1000,
found 172.1001.

N-(But-2E-enyl)-4-nitroaniline (3h):1641° 14 NMR (400
MHz, CDClz) 6 1.72 (dg, J = 1.2, 6.4 Hz, 3H, CHg), 3.78 (dquin,
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J = 1.2, 6.0 Hz, 2H, CHy), 4.70 (bs, 1H, NH), 5.54 (dtq, J =
1.6, 6.0, 15.2 Hz, 1H, vinyl H), 5.72 (dtq, J = 1.6, 6.4, 15.2 Hz,
1H, vinyl H), 6.53 (d, J = 9.2 Hz, 2H, ArH), 8.07 (d, J = 9.2
Hz, 2H, ArH); 13C NMR (100 MHz, CDClg) 6 17.72 (CHs), 45.29
(CH,), 111.20 (CH), 116.07 (CH), 126.39 (CH), 129.35 (CH),
137.92 (C), 153.33 (C); EI-MS m/z 192 (M*), 177, 164, 151, 138,
130, 105, 92, 76; EI-HRMS calcd for Ci0H12N,0O, 192.0899,
found 192.0897.

N-(2-But-3-enyl)-4-nitroaniline (4h): IR (KBr) v 3369
cm™%; *H NMR (400 MHz, CDCIs3) 6 1.38 (d, J = 6.8 Hz, 3H,
CHs), 4.08 (dgq, J = 6.0, 6.4 Hz, 1H, CH), 4.59 (bs, 1H, NH),
5.15 (dt, J = 1.2, 10.4 Hz, 1H, vinyl H), 5.21 (dt, J = 1.2, 17.2
Hz, 1H, vinyl H), 5.81 (ddd, J = 5.6, 10.4, 17.2 Hz, 1H, vinyl
H), 6.53 (d, J = 8.8 Hz, 2H, ArH), 8.06 (d, J = 9.2 Hz, 2H,
ArH); 3C NMR (100 MHz, CDClg) ¢ 21.33 (CH3), 50.96 (CH),
111.68 (CH), 115.13 (CHy), 126.32 (C), 139.23 (CH), 139.25 (C),
152.63 (C); EI-MS m/z 192 (M*), 177, 165, 138, 131, 130, 119,
92, 76; EI-HRMS calcd for CioH12N2O, 192.0899, found
192.0898.

N-(But-2E-enyl)-2,4-dimethylaniline (3i): IR (KBr) v
3446 cm™%; *H NMR (400 MHz, CDCl3) 6 1.71 (dg, J = 1.2, 6.0
Hz, 3H, CHs), 2.11 (s, 3H, CHj3), 2.22 (s, 3H, CH3), 3.13 (bs,
1H, NH), 3.69 (dquin, J = 1.2, 6.0 Hz, 2H, CH,), 5.63 (dtq, J
=1.2, 6.0, 15.2 Hz, 1H, vinyl H), 5.71 (dtq, J = 1.2, 6.0, 15.2
Hz, 1H, vinyl H), 6.52 (d, J = 8.0 Hz, 1H, ArH), 6.87 (s, 1H,
ArH), 6.91 (d, J = 8.0 Hz, 1H, ArH); 3C NMR (50 MHz, CDCls)
0 17.37 (CH3), 17.73 (CHs), 20.28 (CH3), 46.22 (CHy), 110.16
(CH), 122.07 (C), 126.01 (C), 127.23 (CH), 127.67 (CH), 128.32
(CH), 130.85 (CH), 143.79 (C); EI-MS m/z 175 (M*), 160, 145,
134, 132, 121, 120, 106, 91, 77; EI-HRMS calcd for C1,H17N
175.1361, found 175.1360.

N-(2-But-3-enyl)-2,4-dimethylaniline (4i): IR (KBr) v
3420 cm™1; *H NMR (400 MHz, CDCl3) ¢ 1.32 (d, J = 6.8 Hz,
3H, CH3), 2.12 (s, 3H, CH3), 2.21 (s, 3H, CHj3), 3.28 (bs, 1H,
NH), 3.99 (dq, J = 5.6, 6.4 Hz, 1H, CH), 5.06 (dt, J = 1.2, 10.4
Hz, 1H, vinyl H), 5.19 (dt, J = 1.2, 17.2 Hz, 1H, vinyl H), 5.84
(ddd, 3 =5.6, 10.4, 17.2 Hz, 1H, vinyl H), 6.52 (d, J = 8.0 Hz,
1H, ArH), 6.87 (s, 1H, ArH), 6.88 (d, J = 8.0 Hz, 1H, ArH);
3C NMR (100 MHz, CDCls) ¢ 17.23 (CH3), 20.12 (CH3), 21.55
(CHs), 50.83 (CH), 110.97 (CH), 113.56 (CH,), 121.54 (C),
125.52 (C), 127.03 (CH), 130.73 (CH), 141.39 (CH), 142.76 (C);
EI-MS m/z 175 (M"), 160, 145, 132, 120, 106, 91, 77; EI-HRMS
calcd for C1oH17N 175.1361, found 175.1362.

N-(But-2E-enyl)-2-chloro-4-methylaniline (3j): IR (KBr)
v 3426 cm™%; 'H NMR (200 MHz, CDCl3) 6 1.71 (dg, J = 1.2,
6.0 Hz, 3H, CHs), 2.22 (s, 3H, CH3), 3.59 (bs, 1H, NH), 3.72
(dquin, J = 1.2, 6.0 Hz, 2H, CH), 5.59 (dtq, J = 1.2, 6.0, 15.2
Hz, 1H, vinyl H), 5.73 (dtq, J = 1.2, 6.0, 15.2 Hz, 1H, vinyl
H), 6.60 (d, J = 8.3 Hz, 1H, ArH), 6.91-6.96 (m, 1H, ArH),
7.09 (s, 1H, ArH); 133C NMR (50 MHz, CDCls) 6 17.75 (CHa),
20.10 (CHg), 45.87 (CH,), 111.59 (CH), 119.02 (C), 126.75 (C),
127.60 (CH), 128.05 (CH), 128.20 (CH), 129.49 (CH), 141.65
(C); EI-MS m/z 197 (M* + 2), 195 (M™), 182, 180, 160, 154,
144,141, 132, 113, 106, 91, 77; EI-HRMS calcd for C1,H17NO;
195.0815, found 195.0814.

N-(2-But-3-enyl)-2-chloro-4-methylaniline (4j): IR (KBr)
v 3416 cm~%; 'H NMR (200 MHz, CDClg) 6 1.36 (d, J = 6.6
Hz, 3H, CHs), 2.22 (s, 3H, CHs), 3.99 (dg, J = 5.8, 6.6 Hz, 1H,
CH), 4.16 (bs, 1H, NH), 5.10 (dt, J = 1.4, 10.3 Hz, 1H, vinyl
H), 5.20 (dt, J = 1.3, 17.2 Hz, 1H, vinyl H), 5.84 (ddd, J = 5.6,
10.3, 17.2 Hz, 1H, vinyl H), 6.58 (d, J = 8.3 Hz, 1H, ArH),
6.92 (dd, J = 2.0, 8.3 Hz, 1H, ArH), 7.09 (d, J = 1.8 Hz, 1H,
ArH); 3C NMR (50 MHz, CDCls3) é 20.08 (CHs), 21.68 (CH3),
51.20 (CH), 112.48 (CH), 114.21 (CHy), 122.21 (C), 126.67 (C),
128.09 (CH), 129.47 (CH), 140.84 (CH), 144.53 (C); EI-MS m/z
197 (M* + 2), 195 (M*), 182, 180, 168, 145, 144, 130, 117, 106,
89, 77; EI-HRMS calcd for C12H17NO, 195.0815, found 195.0815.

N-(But-2E-enyl)-2-methoxy-4-nitroaniline (3k): IR (KBr)
v 3416 cm~%; 'H NMR (400 MHz, CDCls) 6 1.72 (dg, J = 1.2,

(18) Barboni, L.; Bartoli, G.; Marcantoni, E.; Petrini, M. J. Chem.
Soc., Perkin Trans. 1 1990, 2133.

(19) Matsushima, R.; Hiramatsu, K.; Shimamto, K. Bull. Chem. Soc.
Jpn. 1994, 67, 1479.
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6.4 Hz, 3H, CH3), 3.80 (dquin, J = 1.2, 6.0 Hz, 2H, CH,), 3.82
(bs, 1H, NH), 3.92 (s, 3H, OCHg), 5.57 (dtg, J = 1.6, 6.0, 15.2
Hz, 1H, vinyl H), 5.73 (dtg, J = 1.2, 6.4, 15.2 Hz, 1H, vinyl
H), 6.48 (d, J = 8.8 Hz, 1H, ArH), 7.60 (d, J = 2.4 Hz, 1H,
ArH), 7.88 (dd, J = 2.4, 8.8 Hz, 1H, ArH); 13C NMR (100 MHz,
CDCls) 0 17.62 (CHs), 44.78 (CH>), 55.80 (CH3), 104.56 (CH),
106.57 (CH), 119.79 (CH), 126.09 (CH), 129.02 (CH), 139.62
(C), 144.05 (C), 145.05 (C); EI-MS m/z 222 (M*), 207, 181, 168,
160, 153, 121, 91, 78; EI-HRMS calcd for C11H14N203 222.1004,
found 222.1003.

N-(2-But-3-enyl)-2-methoxy-4-nitroaniline (4k): IR (KBr)
v 3413 cm™%; *H NMR (400 MHz, CDCls3) 6 1.40 (d, J = 6.8 Hz,
3H, CH3), 3.93 (s, 3H, OCHj3), 3.97 (bs, 1H, NH), 4.09 (dq, J =
6.0, 6.8 Hz, 1H, CH), 5.14 (dt, J = 1.2, 10.4 Hz, 1H, vinyl H),
5.20 (dt, J = 1.2, 17.2 Hz, 1H, vinyl H), 5.81 (ddd, J = 5.6,
10.4, 17.2 Hz, 1H, vinyl H), 6.48 (d, J = 8.8 Hz, 1H, ArH),
7.61 (d, J = 2.4 Hz, 1H, ArH), 7.86 (dd, J = 2.4, 8.8 Hz, 1H,
ArH); 13C NMR (100 MHz, CDCl3) § 21.26 (CHg), 50.53 (CH),
55.77 (CH3), 104.61 (CH), 106.72 (CH), 107.56 (CH), 114.86
(CH,), 119.63 (CH), 139.27 (C), 143.26 (C), 144.93 (C); EI-MS
m/z 222 (M), 207, 195, 161, 160, 149, 122, 91, 78; EI-HRMS
calcd for C11H14N203 222.1004, found 222.1001.

N-(But-2E-enyl)-3,5-dimethoxyaniline (3I): IR (KBr) v
3412 cm™%; *H NMR (400 MHz, CDCl3) 6 1.71 (dg, 3 =1.2, 6.0
Hz, 3H, CH3), 3.65 (dquin, J = 1.2, 6.0 Hz, 2H, CHy), 3.73 (bs,
1H, NH), 3.75 (s, 6H, OCHj3; x 2), 5.58 (dtg, J = 1.6, 6.0, 15.2
Hz, 1H, vinyl H), 5.71 (dtg, J = 1.2, 6.4, 15.2 Hz, 1H, vinyl
H), 5.81 (d, J = 2.0 Hz, 2H, ArH), 5.88 (t, J = 2.0 Hz, 1H,
ArH); 1*C NMR (100 MHz, CDCls) 6 17.70 (CHs), 45.98 (CHp),
55.09 (CHg), 89.74 (CH), 91.77 (CH), 127.88 (CH), 127.95 (CH),
150.13 (C), 161.65 (C); EI-MS m/z 207 (M*), 192, 178, 166, 153,
138, 124, 108, 79; EI-HRMS calcd for Ci,H17NO, 207.1259,
found 207.1261.

N-(2-But-3-enyl)-3,5-dimethoxyaniline (4l): IR (KBr) v
3406 m~%; *H NMR (400 MHz, CDCls) 6 1.30 (d, J = 6.8 Hz,
3H, CH3), 3.63 (bs, 1H, NH), 3.74 (s, 6H, OCH3 x 2), 3.96 (dq,
J=5.6, 6.8 Hz, 1H, CH), 5.09 (dt, J = 1.2, 10.4 Hz, 1H, vinyl
H), 5.22 (dt, J = 1.2, 17.2 Hz, 1H, vinyl H), 5.81 (d, J = 2.0
Hz, 2H, ArH), 5.83 (ddd, J = 5.6, 10.4, 17.2 Hz, 1H, vinyl H),
5.87 (t, J = 2.0 Hz, 1H, ArH); *C NMR (100 MHz, CDCls) ¢
21.43 (CHg), 51.03 (CH), 54.96 (CHg), 89.57 (CH), 92.16 (CH),
113.97 (CH,), 141.16 (CH), 149.24 (C), 161.52 (C); EI-MS m/z
207 (M%), 192, 180, 178, 161, 137, 122, 107, 94, 79; EI-HRMS
calcd for C12H17NO, 207.1259, found 207.1259.

N-(But-2E-enyl)-N-methylaniline (3m):1%»20 1H NMR
(400 MHz, CDCls) ¢ 1.68 (dg, J = 1.2, 6.4 Hz, 3H, CH3), 2.89
(s, 3H, CH3), 3.84 (dquin, J = 1.2, 5.6 Hz, 2H, CH>), 5.48 (dtq,
J=1.6,5.6,15.2 Hz, 1H, vinyl H), 5.60 (dtq, J = 1.2, 6.0, 15.2
Hz, 1H, vinyl H), 6.69 (t, J = 7.2 Hz, 1H, ArH), 6.73 (d, J =
8.8 Hz, 2H, ArH), 7.22 (dd, J = 7.2, 8.8 Hz, 2H, ArH); 3*C NMR
(100 MHz, CDCl3) 6 17.57 (CHs3), 37.61 (CHg3), 54.38 (CHy),
112.49 (CH), 116.22 (CH), 126.45 (CH), 127.24 (CH), 128.98
(CH), 149.54 (C); EI-MS m/z 161 (M*), 146, 131, 120, 107, 106,
91, 77; EI-HRMS calcd for C11H1sN 161.1204, found 161.1205.

N-(2-But-3-enyl)-N-methylaniline (4m): *H NMR (400
MHz, CDCls) 6 1.26 (d, J = 6.8 Hz, 3H, CHj3), 4.45—4.51 (m,
1H, CH), 5.14 (dt, J = 1.6, 17.2 Hz, 1H, vinyl H), 5.16 (dt, J =
1.2, 10.8 Hz, 1H, vinyl H), 5.92 (ddd, J = 4.0, 10.8, 17.2 Hz,
1H, vinyl H), 6.71 (t, 3 = 7.2 Hz, 1H, ArH), 6.81 (d, J = 8.4
Hz, 2H, ArH), 7.20—7.25 (m, 2H, ArH); 3C NMR (100 MHz,
CDCls) 6 15.35 (CH3), 31.32 (CHs3), 55.03 (CH), 113.26 (CH),
114.84 (CHy), 116.65 (CH), 129.03 (CH), 139.44 (CH), 149.91
(C); EI-MS m/z 161 (M*), 146, 134, 131, 118, 106, 91, 77; El-
HRMS calcd for C;;H3sN 161.1204, found 161.1206.

N-(But-2E-enyl)-N-ethylaniline (3n): *H NMR (400 MHz,
CDCl3) 0 1.13 (t, 3 = 7.2 Hz, 3H, CH3), 1.67 (dg, J = 1.2, 6.4
Hz, 3H, CH3), 3.34 (g, J = 7.2 Hz, 2H, CH,), 3.80 (dquin, J =

(20) (a) Baboulene, M.; Torregrosa, J. L.; Speziale, V.; Lattes, A. Bull.
Soc. Chim. Fr. 1980, 2, 565. (b) Majumdar, K. C.; Jana, G. H. J. Org.
Chem. 1997, 62, 1506.
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1.2, 6.4 Hz, 2H, CHy), 5.47 (dtq, J = 1.6, 5.6, 15.2 Hz, 1H,
vinyl H), 5.59 (dtq, J = 1.2, 6.0, 15.2 Hz, 1H, vinyl H), 6.64 (t,
J=7.2 Hz, 1H, ArH), 6.68 (d, J = 8.4 Hz, 2H, ArH), 7.19 (dd,
J=17.2,8.8 Hz, 2H, ArH); ¥*C NMR (100 MHz, CDCls) 6 12.18
(CHs3), 17.62 (CHs3), 44.36 (CH,), 51.72 (CH,), 112.09 (CH),
115.61 (CH), 126.78 (CH), 127.15 (CH), 129.09 (CH), 148.27
(C); EI-MS m/z 175 (M), 160, 146, 134, 121, 106, 91, 77; El-
HRMS calcd for C;,Hi7N 175.1361, found 175.1359.

N-(2-But-3-enyl)-N-ethylaniline (4n): *H NMR (400 MHz,
CDCl3) 6 1.11 (t, 3 = 7.2 Hz, 3H, CH3), 1.24 (d, J = 6.8 Hz,
3H, CHj3), 3.18 (g, J = 7.2 Hz, 2H, CHy), 4.33—4.39 (m, 1H,
CH), 5.08 (dt, J = 1.6, 17.2 Hz, 1H, vinyl H), 5.10 (dt, J = 1.6,
10.8 Hz, 1H, vinyl H), 5.88 (ddd, J = 4.4, 10.8, 17.2 Hz, 1H,
vinyl H), 6.65 (t, J = 7.2 Hz, 1H, ArH), 6.73 (d, J = 8.4 Hz,
2H, ArH), 7.17 (dd, J = 7.2, 8.8 Hz, 2H, ArH); 1*C NMR (100
MHz, CDClg) ¢ 14.58 (CH3), 17.49 (CH3), 39.52 (CH), 54.86
(CH), 113.38 (CH), 114.58 (CH,), 116.27 (CH), 129.00 (CH),
139.68 (CH), 148.13 (C); EI-MS m/z 175 (M), 160, 148, 132,
130, 120, 106, 91, 77; EI-HRMS calcd for C;,H17N 175.1361,
found 175.1364.

N-(Hex-2E-enyl)-4-chloro-2-methylaniline (5): IR (KBr)
v 3466 cm~1; 'H NMR (400 MHz, CDCl3) 6 0.95 (t, J = 7.2 Hz,
3H, CHs), 1.45 (hex, J = 7.2 Hz, 2H, CH,CH3), 2.07 (g, J =
6.8 Hz, 2H, CH,CH,CHj3), 2.13 (s, 3H, CH3), 3.48 (bs, 1H, NH),
3.73 (d, 3 = 5.6 Hz, 2H, CH,), 5.61 (dt, J = 6.0, 15.2 Hz, 1H,
vinyl H), 5.74 (dt, J = 6.8, 15.2 Hz, 1H, vinyl H), 6.54 (d, J =
8.4 Hz, 1H, ArH), 7.04 (d, J = 2.4 Hz, 1H, ArH), 7.08 (dd, J =
2.4, 8.4 Hz, 1H, ArH); 3C NMR (100 MHz, CDCls) 6 13.66
(CHj3), 17.30 (CHg), 22.35 (CH,), 34.41 (CHy), 46.10 (CH,),
110.99 (CH), 121.35 (C), 123.60 (C), 126.60 (CH), 126.61 (CH),
129.65 (CH), 133.51 (CH), 144.73 (C); EI-MS m/z 225 (M* +
2), 223 (M'), 194, 182, 180, 154, 143, 141, 125, 106, 89, 77,
EI-HRMS calcd for C13H315CIN 223.1228, found 223.1226.

N-(3-Hex-1-enyl)-4-chloro-2-methylaniline (6): IR (KBr)
v 3456 cm™; 'H NMR (400 MHz, CDCl3) 6 0.97 (t, J = 7.2 Hz,
3H, CHj3), 1.47 (hex, J = 7.2 Hz, 2H, CH,CH3), 1.62 (q, J =
7.2 Hz, 2H, CH,CH,CH3), 2.13 (s, 3H, CHj3), 3.46 (bs, 1H, NH),
3.82 (g, J = 6.4 Hz, 1H, CH), 5.13 (dt, J = 1.2, 10.4 Hz, 1H,
vinyl H), 5.17 (dt, J = 1.2, 17.2 Hz, 1H, vinyl H), 5.74 (ddd, J
= 6.0, 10.4, 17.2 Hz, 1H, vinyl H), 6.50 (d, J = 9.6 Hz, 1H,
ArH), 7.01-7.04 (m, 2H, ArH); ¥C NMR (50 MHz, CDCls) 6
13.95 (CHs), 17.35 (CH3), 19.10 (CHy>), 38.02 (CHy), 55.69 (CH),
111.77 (CH), 115.02 (CH,), 121.03 (C), 123.26 (C), 126.48 (CH),
129.64 (CH), 139.82 (CH), 143.97 (C); EI-MS m/z 225 (M* +
2), 223 (M*), 196, 182, 180, 164, 145, 144, 130, 117, 89, 77;
EI-HRMS calcd for Cy13H15CIN 223.1228, found 223.1229.

N-Allyl-4-chloro-2-methylaniline (7): IR (KBr) v 3440
cm~%; *H NMR (200 MHz, CDCl3) 6 2.02 (s, 3H, CHj3), 3.53 (bs,
1H, NH), 3.69 (dt, J = 1.6, 5.2 Hz, 2H, CH), 5.13 (dg, J = 1.5,
10.2 Hz, 1H, vinyl H), 5.21 (dg, J = 1.5, 17.2 Hz, 1H, vinyl H),
5.89 (ddt, J = 5.2, 10.2, 17.2 Hz, 1H, vinyl H), 6.41 (d, J = 8.4
Hz, 1H, ArH), 6.94—7.02 (m, 2H, ArH); 33C NMR (50 MHz,
CDCls) 6 17.02 (CHs), 46.21 (CH2), 110.77 (CH), 116.09 (CH,),
121.15 (C), 123.44 (C), 126.41 (CH), 129.45 (CH), 134.93 (CH),
144.35 (C); EI-MS m/z 183 (M* + 2), 181 (M*), 156, 154, 140,
117, 104, 89, 77; EI-HRMS calcd for C10H1,CIN 181.0655, found
181.0658.

N,N-Diallyl-4-chloro-2-methylaniline (8): *H NMR (400
MHz, CDCls3) 6 2.28 (s, 3H, CH3), 3.53 (dt, J = 1.6, 6.4 Hz,
4H, CH, x 2), 5.09 (dg, J = 1.6, 10.4 Hz, 2H, vinyl H), 5.15
(dg, 3 = 1.6, 17.2 Hz, 2H, vinyl H), 5.75 (ddt, J = 6.0, 10.0,
17.2 Hz, 2H, vinyl H), 6.91 (d, J = 8.8 Hz, 1H, ArH), 7.06 (dd,
J =24, 8.4Hz, 1H, ArH), 7.14 (d, J = 2.4 Hz, 1H, ArH); 3C
NMR (100 MHz, CDCl3) ¢ 18.18 (CHj3), 55.71 (CHy), 117.32
(CH,), 123.28 (CH), 125.81 (CH), 128.14 (C), 130.76 (CH),
134.93 (CH), 135.86 (C), 148.42 (C); EI-MS m/z 223 (M + 2),
221 (M"), 194, 180, 152, 144, 117, 89; EI-HRMS calcd for
Ci13H16CIN 221.0971, found 221.0970.

N-(3-Phenylprop-2E-enyl)-4-chloro-2-methylaniline
(9): IR (KBr) v 3446 cm™%; 'H NMR (400 MHz, CDCls) ¢ 2.05
(s, 3H, CHs), 3.56 (bs, 1H, NH), 3.84 (dd, J = 1.2, 6.0 Hz, 2H,
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CHy), 6.25 (dt, J = 6.0, 16.0 Hz, 1H, vinyl H), 6.49 (d, J = 8.4
Hz, 1H, ArH), 6.54 (d, J = 16.0 Hz, 1H, vinyl H), 6.99 (d, J =
2.4 Hz, 1H, ArH), 7.03 (dd, J = 2.4, 8.4 Hz, 1H, ArH), 7.19 (d,
J =17.2 Hz, 1H, ArH), 7.26 (d, J = 7.6 Hz, 2H, ArH), 7.32 (d,
J = 7.2 Hz, 2H, ArH); 3C NMR (100 MHz, CDCl3) 6 17.26
(CHg), 46.07 (CH>), 110.98 (CH), 121.47 (C), 123.68 (C), 126.30
(CH), 126.50 (CH), 126.65 (CH), 127.58 (CH), 128.55 (CH),
129.68 (CH), 131.69 (CH), 136.64 (C), 144.47 (C); EI-MS m/z
259 (M* + 2), 257 (M), 242, 240, 205, 166, 152, 117, 115, 91,
77; EI-HRMS calcd for C1H16CIN 257.0971, found 257.0970.

N-(2-Methylprop-2-enyl)-4-chloro-2-methylaniline
(10): IR (KBr) v 3456 cm™%; *H NMR (400 MHz, CDCl3) 6 1.82
(s, 3H, CHg), 2.16 (s, 3H, CHg), 3.73 (s, 2H, CHy), 3.77 (bs, 1H,
NH), 4.92—4.97 (m, 2H, vinyl H), 6.49 (d, J = 8.4 Hz, 1H, ArH),
7.04—7.08 (m, 2H, ArH); 3C NMR (100 MHz, CDCls) 6 17.23
(CHg3), 20.34 (CHs), 49.77 (CH,), 110.91 (CH), 110.93 (CHy,),
121.24 (C), 123.33 (C), 126.55 (CH), 129.58 (CH), 142.23 (C),
144.56 (C); EI-MS m/z 197 (M*+2), 195 (M*), 182, 180, 156,
154, 140, 125, 117, 99, 89, 77; EI-HRMS calcd for C1;H14CIN
195.0815, found 195.0813.

Yang and Tsai

3-(4-Chloro-2-methylphenylamino)cyclohexene (11): IR
(KBr) v 3432 cm™%; *H NMR (400 MHz, CDCl3) 6 1.58—1.73
(m, 3H), 1.85—-1.91 (m, 1H), 2.00—2.05 (m, 2H), 2.06 (s, 3H,
CHg), 3.41 (bs, 1H, NH), 3.93-3.98 (m, 1H, CH), 5.73 (ddt, J
= 2.4, 3.2,10.4 Hz, 1H, vinyl H), 5.86 (ddt, J = 2.0, 3.6, 10.4
Hz, 1H, vinyl H), 6.54 (d, J = 8.4 Hz, 1H, ArH), 6.99 (d, J =
2.4 Hz, 1H, ArH), 7.03 (dd, J = 2.4, 8.4 Hz, 1H, ArH); *C NMR
(100 MHz, CDCls) 6 17.32 (CHs), 19.53 (CHy), 25.11 (CH>),
28.68 (CHy), 47.76 (CH), 110.09 (CH), 120.89 (C), 123.55 (C),
126.55 (CH), 128.18 (CH), 129.85 (CH), 130.42 (CH), 143.59
(C); EI-MS m/z 223 (M*+2), 221 (M™), 195, 193, 178, 165, 143,
141, 117, 106, 89, 71, 77; EI-HRMS calcd for Ci3H16CIN
221.0971, found 221.0971.
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