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The 3-ma-Cope rearrangement of N-alkyl-N-allylaniline substrates, which required 250 "C to proceed 
thermally, was promoted by Lewis acid reagents at 111-140 "C. Systematic studies of this reaction 
were performed to examine a number of reaction variables such as concentration, the stoichiometry 
of the Lewis acid with the substrate, the optimum temperature for rearrangement, and the type of 
Lewis acid reagent. Of the many Lewis acids investigated, ZnCl2 (140 "C) and Et20-BF3 (111 "C) 
were the most generally successful reagents for promoting the aromatic 3-aza-Cope rearrangement. 
With respect to substrate variation, the presence of a methoxy substituent para to the N-allyl group 
slowed the reaction slightly, while a meta substituent accelerated the rate of [3,3] rearrangement 
and produced moderate site selectivity on the aromatic ring. Lewis acid-promoted rearrangement 
of an unsymmetrically substituted allyl moiety resulted in [3,31 sigmatropic rearrangement to give 
the 1-hexen-3-yl substituent on the aromatic ring. Overall, both ZnCl2 and Et20.BF3 were shown 
to efficiently accelerate the regiospecific 3-aza-Cope rearrangement of N-alkyl-N-allylanilines for the 
purpose of forming a carbon-carbon bond between a secondary alkyl substituent and an aromatic 
ring. 

Introduction 
The aromatic 3-aza-Cope rearrangement of N-allyl- 

aniline substrates 1 and 2 has been of interest for some 
time as a route to the formation of 2-substituted aniline 
and indole products, but the utility of this reaction has 
been greatly limited (eq 1).l The severe conditions (200- 

3 L '  1 : R'=H 
2: R'4lkyl 

350 "C) required for thermal rearrangement, which 
produced low yields of 2-allylanilines (3) and significant 
amounts of products resulting from removal of the allyl 
group, have restricted the utility of this reaction and 
presented an enormous challenge to synthetic organic 
chemists.2 Approaches to overcoming these barriers have 
focused around one common theme-charge acceleration 
of the rearrangement process by reaction of N-allylaniline 
substrates with electrophilic reagents through generation 
of a quaternary intermediate. 

The electrophile sources most commonly used for charge 
acceleration of the aromatic 3-aza-Cope rearrangement 
have been Bransted acids, which typically promote re- 
arrangement at temperatures of 140-150 "C. Polyphos- 
phoric acid has been used to promote charge-accelerated 
3-ma-Cope rearrangement, but effective use of this reagent 
was limited to the N-crotyl derivatives (R3 = Me) of l3 

(1) For reviewe that include a diecussion of the aromatic 3-ma-Cope 
rearrangement, see: (a) Bennett, G. B. Synthesis 1977, 589. (b) 
Heimgartner, H.; Hansen, H.-J.; Schmid, H. Adu. Org. Chem. 1979, 9, 
Part 2,655. (c) Lutz, R. P. Chem. Rev. 1984,84,205. (d) Przheval'skii, 
N. M.; Grandberg, I. I. Ruas. Chem. Rev. 1987,56,477. 

(2) (a) Carnahan, F. L.; Hurd, C. D. J. Am. Chem. SOC. 1930,52,4586. 
(b) Hurd, C. D.; Jenkins, W. W .  J. Org. Chem. 1967,22, 1418. 

(3) (a) Hyre, J. E.; Bader, A. R. J. Am. Chem. SOC. 1968,80,437. (b) 
Bader, A. R.; Bridgwater, R. J.; Freeman, P. R. J. Am. Chem. SOC. 1961, 
83, 3319. 
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and 2.4 Two other proton sources, HC1 and HgSO4, were 
studied more extensively and have shown greater versa- 
tility in promoting this [3,3] sigmatropic rearrangement. 
The use of HC1 to promote the rearrangement of 1 to 3 
was achieved by treatment of 1 with either HC13b or 
PhNH2.HCl.S Similarly, the treatment of 2 with HC1 also 
gave 2-allylaniline deri~atives.~s Rearrangement of both 
1 and 2 was promoted effectively with 2 N H2S04.7 A 
drawback to the use of strong protic acids has been the 
tendency of these reagents to produce formation of indole 
and indoline products from 3, thus reducing the overall 
effectiveness of this r e a ~ t i o n . ~ * ~ * ~ ~  Generation of the 
analogous quaternary ammonium salts (E, R1 = alkyl) 
produced similar charge acceleration of the aromatic 3-aza- 
Cope rearrangement a t  140 "C; however, significant 
amounts of substrate deallylation usually occurred.'dC*8 

The use of Lewis acids for charge acceleration of the 
3-aza-Cope rearrangement appears to be a promising 
alternative to the use of protic acids. As early as 1957,2b 
ZnCl2 was found to promote the transformation of 1 to 3, 
and subsequent examples have produced 37-78% yields 
of 3.6b9dpBav9 Treatment with Et20-BF3 was also an effective 
method of promoting [3,31 rearrangement of 1 at 140 

(4) Krowicki, K.; Paillous, N.; Riviere, M.; L a t h ,  A. J. Heterocycl. 
Chem. 1976,13,555. 

(5) (a) Abdrakmanov, I. B.; Sharafutdinov, V. M.; Sagitdinov, I. A.; 
Tolstikov, G. A. Zh. Org. Chem. 1979,15,2601. (b) Abdralrhmanov, I. 
B.; Fakhretdiiov, R. N.; Khusnutdinov, R. N.; Dzhemilev, U. M. Zh. Org. 
Chem. 1981, 17, 2604. (c) Abdrakmanov, I. B.; Sharafutdinov, V. M.; 
Nigmatullin, N. G.; Sagitdinov, I. A.; Tolstikov, G. A. Zh. Org. Chem. 
1982,18,1466. (d) Abdrakhmanov, I. B.; Sharafutdinov, V. M.;Tohtikov, 
G. A. Zh. Org. Chem. 1984,20,620. (e) Abdralrhmanov, I. B.; Sharafut- 
dinov, V. M.; Tolstikov, G. A. Zh. Org. Chem. 1984,20,663. 

(6) de Saqui-Sannes, G.; Riviere, M. M.; ht tes ,  A. TetrahedronLett. 
1974, 2073. 

(7) (a) Jolidon, S.; Hansen, H.-J. Chimia 1976,30,21. (b) Jolidon, S.; 
Hansen, H.-J. Chimia 1976,30,23. (c) Jolidon, S.; Hausen, H.J. Helv. 
Chim. Acta 1977,60,978. (d) Katayama, H.; Takatau, N. Chem. Phorm. 
Bull. 1981, 29, 2465. (e) Katayama, H.; Tachikoma, Y.; Takatau, N.; 
Kato, A. Chem. Pharm. Bull. 1983,31,2220. 

(8) (a) Schmid, M.; Hansen, H.-J.; Schmid, H. Helv. Chim. Acta 1978, 
56,105. (b) Katayama, H. Chem. Phorm. Bull. 1978,26,2027. 

(9) Takamatau, N.; Inoue, S.; Kishi, Y. Tetrahedron Lett. 1971,48, 
4661. 
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OC,MJ0 and the use of EhO-BF3 was the only example of 
a Lewis acid-promoted 3-aza-Cope rearrangement of 2.7d@ 
Other catalysts, such as AlCl3, FeC13, SnC4, and TiC4, 
were less effective at promoting the rearrangement of l . 6 b 9 d  
A striking feature of studies of the Lewis acid-promoted 
rearrangement of substrates 2 has been the varying succem 
reported for very similar substrates. Typically, the origin 
of these differences is a sensitivity of this system to one 
or many of the reaction conditions. 
Our recent investigations in the area of the aliphatic 

3-aza-Cope rearrangement have led to the development 
of protonll and Lewis acid12 charge-accelerated rearrange 
ment of N-alkyl-N-allylenamines a t  temperatures ranging 
from 40 to 110 "C. Organoaluminum complexes were 
particularly efficient and versatile in promoting the 3-aza- 
Cope rearrangement, and a recent report of an aromatic 
Claisen rearrangement accelerated by an organoaluminum 
reagent provided additional optimism for the ability of 
organoaluminum complexes to promote the aromatic 
3-aza-Cope rearrangement.ls Herein, we report the sys- 
tematic investigation of the aromatic 3-aza-Cope rear- 
rangement of N-alkyl-N-allylanilines promoted by Lewis 
acids. 

Beholz and Stille 

Results and Discussion 
An investigation of a number of reaction variables was 

performed by studying the effect of the relative amount 
of Lewis acid, concentration of the reaction, reaction time, 
and the temperature at  which rearrangement would occur. 
The nature of the nitrogen "spectator" substituent on the 
N-allylaniline substrate, as well as substitution on the 
aromatic ring and the allyl group, were used to probe the 
features of this reaction. 

Studies were initiated by monitoring the rearrangement 
of 4a (eq 2) in the presence of varying amounts of AlC13, 
a catalyst that was effective for the rearrangement of 1. 

5 6 7 

The 3-aza-Cope rearrangement of 4a gave 5a in all cases, 
but the relative amount of AlC13 was critical to the 
selectivity of the reaction (Table I). Treatment of 4a with 
1.5 equiv of Lewis acid produced rapid disappearance of 
starting material, low amounts of Sa, and further de- 
struction of 5a over time.14 With the use of 1.2 equiv, the 
reaction was slowed to a useful rate, and optimal generation 

(lO)George, C.; Gill, E. W.; Hudson, J. A. J. Chem. Soc., Chem. 
f?n"un. 19M. 74 - - . . _. . -. - - - -, . -. 

(11) Cook, G. R.; Stille, J. R. J. Or#. Chem. 1991,56, 5678. 
(12) Cook, 0. R.; Barta, N. S.; Stille, J. R. J.  Org. Chem. 1992,57,481. 
(13) Maruoka, K.; Sato, J.; Banno, H.; Yamamoto, H. Tetrahedron 

Lett. 1990,31, 377. 
(14)Product distribution and yields for these compounds were 

determined by capillary gas chron&graphic analysis of h e  quenched 
reaction mixture (Hs0, NaOH) using internal standards and correcting 
for detector response. 

Table I. Effects of the Amount of AlCls on the 3-Am-Cope 
Rearrangement of 4a 

yieldb ( % ) 
time product formationc 

equip (h) 4a Sa 6a 78 sa 
1.5 2 12 38 0 0 0 

4 0 22 0 0 0 
8 0 9 0 0 0 

1.2 4 50 49 0 0 0 
8 8 8 8  0 0 2 

24 6 71 0 0 3 

0.75 4 28 68 1 0 0 
8 16 70 6 0 0 

24 11 23 32 5 0 
48 9 4 37 9 1 

0 Rearrangements were run 0.5 M 4a at reflux in xylenes (140 O C ) .  

b Values represent GC yields of volatile, nonoligomeric products (ref 
14). Formation of no greater than 1% 8a was observed. 

3-Aza-Cope Rearrangement of 4a Promoted by 1.2 Equiv of 
ZnCl2 

Table 11. Effeats of Reaction Concentration on the 

yieldb ( % 
condns' product formationc 
(M, 4a) 48 Sa 6a 78 98 

3.0 1 7 19 35 5 
2.0 16 37 18 15 7 
1.0 19 51 4 6 5 
0.75 22 52 4 6 4 
0.5 28 53 4 4 3 
0.36 69 27 2 0 0 

(1 Rearrangements were run at reflux in xylenes (140 O C )  for 16 h. 
In each w e ,  longer reaction times produced lower yields. * Values 
represent % yields as determined by GC analyis (ref 14). Formation 
of no greater than 1% 8a was observed. 

of 5a was observed. Problems associated with subsequent 
[3,31 rearrangement to the para position were not en- 
countered. When less than a stoichiometric amount of 
AlCL was used, significant quantities of byproducts, 
resulting from cyclization Of 5a, were produced during the 
time necessary to drive the rearrangement to >95% 
completion. Examination of other Lewis acids showed 
similar patterns, and in each case, 1.2 equiv of Lewis acid 
was the optimum amount of reagent. 

Another Lewis acid reported to promote the rearrange- 
ment of 1, ZnCl2, showed a greater sensitivity toward 
reaction conditions and was used to probe the effect of 
substrate concentration on the product distribution (Table 
11). Acceleration of the rearrangement with ZnCl2 at  
concentrations greater than 1.0 M resulted in the gener- 
ation of substantial quantities of 6a and 7a, and reaction 
concentrations from 0.5 to 1.0 M were found to be optimal. 
For all subsequent rearrangements described, reactions 
were performed at 0.5 M of substrate with 1.2 equiv of the 
corresponding Lewis acid. 

Once general reaction conditions were established, a 
survey of Lewis acids revealed that AlCh, ZnCl2, and 
EhO.BF3 were the most effective reagents for promoting 
[3,31 rearrangement of 4a to 5a (Table 111). Treatment 
of 4a with T ic4  or MgBr2 produced consumption of 4a, 
but in both cases, 6a (10-12%) and 7a (2%) were formed 
concurrently under these reaction conditions. Alkylalu- 
minum complexes, including the methylaluminum bis- 
(4-bromo-2,6-di-tert-butylphenoxide) reagent used for the 
aromatic Claisen rearrangement, produced disappointing 
results by slow consumption of 4a, presumably to meth- 
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Table 111. Efficiency of Lewis Acids on the 3-Aza-Cope 
Rearrangement of 4a 

condna product formation 
reagent0 temp (OC) time (h) 58; yield ( % ) 

140 8 88 
ZnClz 140 16 53 
MCls 

EhO-BFs 111 44 79 
EhO-BFa 140 24 49 
T i c 4  140 16 46 
MgBrz 140 40 38 
(ArO)zAIMec 140 72 28 
FeCb 140 4 24 

MeAlClz 140 44 16 
MepUCl 140 24 22 

0 Rearrangements were run 0.5 M of 4a with 1.2 equiv of Lewis 
acid at  reflux in toluene (111 "C) or xylenes (140 "C). bValues 
represent GC yields of Sa (ref 14). ArO = 4-bromo-2,6-di-tert- 
butylphenoxy . 

Table IV. Lewis Acid-Promoted 3-Aza-Cope 
Rearrangement of 4 and 10 

~~ 

reagent concnsa yield (%) 
substrate (1.2 equiv) (time(h)) isolatedb (GOc 

8 68 (88) 
45 (52) ZnCla 16 

EhO-BFa 48 58 (79) 

2 15 (35) 
24 15 (30) 

4b AlCls 
ZnClz 
EhO*BFa 24 13 (28) 

108 ZnClz 16 58 (66) 
EhO-BFs 72 55 (61) 

10b ZnClz 24 53 (57) 
EhO-BFs 48 35 (42) 

4a 

,I Rearrangements were run 0.5 M of 4a with 1.2 equiv of Lewis 
acidatrefluxintoluene(111 "C,EhO.BFs) orxylenes(14O0C,AlCls, 
and ZnClz). Overall isolated yields of 5 and 11. Reference 14. 

ylated and oligomeric products, without generation of 
significant amounts of 5a-9a. In general, these trends 
were opposite those observed for the aliphatic 3-aza-Cope 
rearrangement, in which the organoaluminum species were 
the most efficient reagents, and the metal halides typically 
used for Freidel-Crafts alkylation produced very poor 
results.l2 The temperature at which the aromatic 3-ma- 
Cope rearrangement occurred was also critical to the 
success of thereaction. The use of decalin (180 "C) resulted 
in the formation of 6a and 7a as the major products in 
poor yield, and the use of toluene (111 "C) did not provide 
a high enough temperature at  reflux to promote conversion 
of 4a to products. Interestingly, the use of Et20-BF3 was 
the one exception, and rearrangement in toluene at reflux 
was more efficient than reaction in xylene. 

The three optimum catalysts, AlCls, ZnClp, and 
EhO-BFs, were each used in the studies of substrate 
variability. Under the optimum conditions for rearrange- 
ment, 5a was isolated from the reaction mixture in 45- 
68% yield (Table IV). The reaction of Lewis acids with 
4b, having an N-benzyl group instead of an N-methyl 
substituent, produced much poorer results. Under similar 
reaction conditions, a 35% yield was the best that could 
be obtained from any of the catalysts with 4b. The 
disappearance of 4b without formation of the desired 
products was suspected to result from reaction of nucleo- 
philes at the benzylic position and concomitant displace- 
ment of a quaternary nitrogen during the vigorous reaction 
conditions. Treatment of the analogous allyl acetamide 
and sulfonamide substrates with these Lewis acids did 
not result in [3,31 rearrangement products. 
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Table V. Lewis Acid-Promoted 3-Aza-Cope Rearrangement 
of 12 

reagent conhsa product formation ( % 1 
substrate (1.2 equiv) (time (h)) 131ab Yieldc (GOd 

12a ZnClz 8 M36  70 (77) 
EhO-BFs 48 6634 99 (99) 

12b ZnClz 24 71:29 57 (64) 
EhO*BFs 48 7228 38 (47) 

120 ZnClz 6 73~27 98 (98) 
EhOqBFs 24 7228 80 (89) 

0 Rearrangements were run 0.5 M of 4a with 1.2 equiv of Lewis 
acidatrefluxintoluene (111 "C,EhO.BFs) orxylenea (140"C.ZnCla). 
b Ratios of 13 14 were determined by GC analysis of the crude reaction 
mixture. For substrates b and c, ratios were conf i i ed  by 1H NMR 
analysis. c Overall isolated yield aa the mixture of 13 and 14. 

Rearrangement of substrates containing a methoxy 
substituent on the aromatic ring provided useful insight 
into the nature of this Lewis acid-promoted transformation 
(eqs 3 and 4, Tables IV and V). The most noticeable 

Reference 14. 

pq 
b R=CH,Ph 

12 

b R=CH2Ph 

13 14 

difference observed with these substrates was that AlCls 
produced rapid disappearance of 10 and 12, without the 
generation of any of the typical [3,31 rearrangement 
products.16 Due to the slight deactivation at the position 
meta to the methoxy substituent, substrate 10 rearranged 
more slowly than the analogous unsubstituted substrate 
4. However, even though the substituent deactivated the 
position at which carbon-carbon bond formation occurred, 
standard conditions for the rearrangement promoted with 
ZnCl2 and EtzO.BF3 led to comparable or higher isolated 
yields of 11. 

Rearrangement of substrate 12, having a methoxy 
substituent meta to the allylamine substituent, introduced 
the possibility of regioisomer formation. Depending on 
the ortho position at  which rearrangement took place, two 
different products resulted, and in each case, reaction 
occurred at a position activated by the ortho and para 
directing methoxy substituent (eq 4). Unfortunately, 
regioselectivity was only moderate, ranging from 6436 to 
73:27 for 13:14, and the product ratio showed little 
dependence on the Lewis acid used. Formation of the 
para product analogous to 8a was not observed. Activation 
of the aromatic ring by the methoxy substituent had 
beneficial effects. Not only did rearrangement to products 

(15)The treatment of methyl phenyl ethers with AlC& and soft 
nucleophiles has been reported to cleave the methyl ether to produce 
phenolic producta. Node, M.; Niehide, K.; Fuji, K.; Fujita, E. J. Org. 
Chem. ISSO,&, 4275. Similar problem have been reported with the use 
of EkO.BF8." 
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Rearrangement of 4a and 12a 
Table VI. Competitive Lewis Acid-Promoted 3-Aza-Cope 

Beholz and Stille 

condnsa product formation* ( 5% ) 

reagent (time (h)) 13a + 14a 5a (13a + 14a):5a 
EBO-BFa 2 24 15 

4 33 22 
6 49 30 
8 55 33 

1.0 36 10 
1.5 47 15 
2.0 55 18 

ZnCln 0.5 17 7 

6238 
6040 
62:38 
6337 

71:29 
78:22 
7624 
7525 

a Rearrangementa were run 0.5 M of 4a with 1.5 equiv of Lewis 
acidatrefluxintoluene (111 OC,EBO*BF3) orxylenee (14OoC,ZnCl2) 
with 1.8 equiv of Lewis acid. * Ratios were determined by GC analyeis 
of the crude reaction mixture (ref 14). 

occur in shorter time periods, but higher product yields 
resulted due to the increased rate of the transformation 
of 12 to 13 and 14 relative to the competitive formation 
of byproducts. As was observed in the reaction of 10, AlCl3 
resulted in consumption of 12 without producing 13 or 
14.15 Comparison of relative reaction rates was observed 
by the direct competition of 1.0 equiv each of 4a and 12a 
promoted by 1.8 equiv of Lewis acid. Results from this 
study showed that formation of 13a and 14a was approx- 
imately 1.5 times faster than that of 5s when promoted 
byEt20.BF3 and roughly 3.0 faster in the presence of ZnClz 
(Table VI).16 

A final set of substrates was examined in order to 
determine the regioselectivity of the rearrangement with 
an unsymmetrical allylic substituent, enhance regiose- 
lective reaction on the aromatic ring, and establish a 
potential route to a methoxy-substituted variety of nat- 
urally occurring alkaloids. These substrates were prepared 
with an unsymmetrical N-((E)-2-hexen-l-y1) substituent 
on the aniline (eq 5). Rearrangement of 15 with ZnClz at  

M e o m M e  (5) 

ML, - 
I 

Me 
I 
Me 

15 16 

ZnClz, 140 O C  50% neid 
EtZOBF3, 1 1 1  OC 79% neid 

140 "C or EtzO.BF3 at  111 OC produced 16 in 50% and 
79 % isolated yields, respectively. Compared to the 
analogous rearrangement of loa, the use of ZnCl2 was 
similar, while the reaction promoted by Et20-BFs was far 
moreefficient. In bothreactions, only [3,31 rearrangement 
was evident from analysis of the reaction products; carbon- 
carbon bond formation resulting from [1,31 rearrangement 
of the substrate through a nonconcerted pathway was not 
observed. Most importantly, these reagents efficiently 
promoted the regiospecific 3-ma-Cope rearrangement of 
N-alkyl-N-allylanilines and produced carbon-carbon bond 
formation between an aromatic ring and a secondary alkyl 
substituent. 

The rearrangement of the corresponding substrate 
having a methoxy substituent meta to  the amine, 17, 
produced results similar to those observed for the rear- 
rangement of 12a and 1Sa (eq 6). As was observed for 

(16) These values illustrate the presence of this general trend, but the 
accuracy of these values is somewhat limited by the differing efficiencies 
of these reactions. 

he 
17 

I 
he Me 

19 1 8  

ZnCI,, 140 "C (70% Yleld) 83 17 
El20 BF,, 11 1 "C (75% Yield) 75 25 

12a, a mixture of regioisomers was obtained. In the case 
of 17, however, slightly increased product selectivities of 
75:25 and 83:17 for 18:19 were obtained for rearrangement 
with Et20.BF3 and ZnClz, respectively. However, in 
contrast to previous rearrangement with the N-allyl 
substituents, further [3,31 Cope rearrangement of 18 and/ 
or 19 in the presence of ZnClz produced 20, which could 
be separated from 18 and 19 in 11 % isolated yield. This 
product appeared to result from two sequential [3,31 
rearrangements giving only the (E)-2-hexen-l-yl aromatic 
substituent. Because of the different rates at  which 20 

was generated from 18 versus 19, the regioselectivity ratio 
based on the direct observation of product distribution 
might not directly reflect the actual selectivity of the 
relative reaction rates. The similarities in structure of 16, 
18, and 19 to the indole alkaloids 21 such as acricine (XI 

= X3 = H, X2 = OMe),17 reserpinine (X1 = OMe, X2 = X3 
= HI," ochropposinine (XI = X2 = OMe, X3 = H),18 and 
mitragynaline (X1 = X2 = H, X3 = OMe)19 are striking 
and provide some intriguing possibilities for future ap- 
plication of this methodology. 

Summary 
Systematic studies of the aromatic 3-ma-Cope rear- 

rangement have been used to examine a number of reaction 
variables, and results have shown that reaction conditions 
having a substrate concentration of 0.5 M and treatment 
with 1.2 equiv of Lewis acid were optimum for obtaining 
the desired product. Of the many Lewis acids investigated, 
ZnClz (140 "C) and EhO.BF3 (111 "C) were the most 
generally successful reagents for promoting the 3-ma-Cope 
rearrangement. The presence of a methoxy substituent 
para to the N-allyl group slowed the reaction slightly, while 
a meta substituent greatly accelerated the rate of rear- 
rangement to the position ortho or para to the methoxy 
group. In this case, site selectivity on the aromatic ring 
was moderate. Rearrangement of an unsymmetrically 
substituted allyl moiety resulted in regioselective [3,31 
rearrangement to produce a 1-hexen-3-yl substituent on 
the aromatic ring. Overall, both ZnClz and EhO-BF3 were 
demonstrated to efficiently accelerate the regiospecific 
3-ma-Cope rearrangement of N-alkyl-N-allylanilines for 

(17) Holscher, P.; Knolker, H.-J.; Winterfeldt, E. Tetrahedron Lett. 

(18) Fujii,T.; Ohba, M.; Tachinami, T.; Miyajima Chem. Phorm. Bull. 

(19) Houghton, P. J.; Latiff, A.; Said, I. M. Phytochem. 1991,30,347. 

1990, 31, 705. 

1990,38, 1200. 
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the purpose of forming a carbon-carbon bond between a 
secondary alkyl substituent and an aromatic ring. 

Experimental Section 
General Methods. All reactions were carried out performing 

standard inert atmosphere techniques to exclude moisture and 
oxygen." Benzene, toluene, tetrahydrofuran (THF), and E t 0  
were distilled from sodium/benzophenone immediately prior to 
use. Xylenes and decalin were heated over calcium hydride for 
a minimum of 12 h and then distilled prior to use. Petroleum 
ether (35-60 OC boiling range) was used without further puri- 
fication. LiAlH4 (1 M in THF) was obtained from Aldrich 
Chemical Co. l-Bromo-2-hexenez1 and all secondary alkylanilines 
were prepared by literature methods.22 Compound 8a was 
prepared through an independent route.23 

For reactions in which a Dean-Stark trap was used, the trap 
was filled with 4-A molecular sieves to a level below that of 
returning solvent turbulence. The sieves were changed during 
reactions in which additional reagent was added during the course 
of the reaction. Molecular sieves were activated by heating in 
a 150 OC oven for at least 24 h prior to use. Unless specified, 
concentration of mixtures after workup was performed using a 
Biichi rotary evaporator. 

General Method for  the N-Allylation of Secondary 
Ani1ines.m The aniliie (2.0-50.0 mmol, 1.0 equiv) and the alkyl 
bromide or alkyl chloride (1.2-4.0 equiv) were taken up in a 4:l 
EtOH/H20 mixture (0.5 M relative to the aniline) along with 
NazCOa (0.6 equiv). After stirring at room temperature for 14 
h, the EtOH was removed under reduced pressure and the crude 
oil purified by flash column chromatography (silica, 230-400 
mesh; eluent 5:95 EhO/petroleum ether). The solvents were 
evaporated and the dialkylated anilines distilled under vacuum. 

N-Allyl-N-methylaniline (44: 91 % yield; bp 107-110 "C, 

5.0, 1.7 Hz, 2H), 5.05 (dq, J = 17.0, 1.7 Hz, lH), 5.07 (dq, J = 
10.4,1.7 Hz, lH), 5.73 (ddt, J = 17.0,10.4,5.0 Hz, lH), 6.60-6.68 
(m,3H),7.11-7.19(m,2H);1V(75.5MHz,CDClS) 637.57,54.86, 
112.16,115.70,116.17,128.82,133.60,149.81; IR (oiVNaC1) 3063, 
3027,2980, 2897, 2815, 1644,1599,1449 cm-l; HRMS calcd for 
CloH13N m/z 147.1049, found m/z 147.1010. 

N-Allyl-N-benzylaniline (4b): 85% yield; lH NMR (300 
MHz, CDCU 6 3.85-3.91 (m, 2H), 4.43 (s,2H), 5.10 (dq, J = 10.5, 
1.8 Hz, lH), 5.12 (dq, J = 17.4, 1.8 Hz, lH), 5.78 (ddt, J = 17.4, 
10.5,4.8Hz,lH),6.59-6.68(m,3H),7.06-7.24(m,7H);l9CNMR 

126.63,128.40,128.99,133.52,138.76,148.73;1R (KBr)3062,3028, 
2862,1599, 1509 cm-l; HRMS calcd for C1eH17N mlz 223.1362, 
found m/z 223.1382. 
N-Allyl-N-methyl-4-methoxyaniline (loa): 66% yield; bp 

80-86 OC, <4 mmHg; 1H NMR (300 MHz, CDC13) 6 2.83 (a, 3H), 
3.72(s,3H),3.80(dt, J=5.3,1.7Hz,2H),5.14(dq,J=10.5,1.7 
Hz, 1H),5.16 (dq, J =  17.4,1.7Hz, 1H),5.82 (ddt, J =  17.4,10.5, 
5.3 Hz, lH),6.67-6.73 (m,2H),6.77-6.84 (m, 2H);W NMR (75 

144.38,151.64; IR (oil/NaCl) 3077, 2936, 2832, 2809, 1642,1516 
cm-1; HRMS calcd for C11H16N0 m/z 177.1154, found m/z 
177.1148. 
N-Allyl-N-benzyl-4-methoxyaniline (lob): 75% yield; bp 

3H),3.92 (dt, J=5.1,1.8Hz,2H),4.46(~,2H),5.16(dq, J =  10.2, 

4 . 5  "Hg; 'H (300 MHz, CDCls) 6 2.78 (8, 3H), 3.76 (dt, J = 

(75 MHz, CDC1.q) 6 52.81, 53.76, 112.24, 116.06, 116.43, 126.41, 

MHz, CDCls) 6 38.54,55.55,56.44,114.54,114.59,116.26,134.20, 

128-139 "C, <4 "Hg; 'H NMR (300 MHz, CDCla) 6 3.72 (8,  

(20) For more detailed General Experimental procedures from these 
labs, see ref 12. 

(21) Prepared from 2-hexen-1-01 by treatment with NBS/PPb: (a) 
Trippett, S. J. Chem. SOC. 1962,2337. (b) Bow, A. K.; Lai, B. Tetrahedron 
Lett. 1973, 3937. 

(22) Prepared by a modification of the method described in: Tweedie, 
V.; Allibaahi, J. J. Org. Chem. 1960,26,3676. 

(23) Compound 8a waa prepared from allyl benzene by the following 
sequence: (a) Bra, -78 OC (92 %);a (b) HNOs, HSO,, 0 'C (72% );sB(c) 
NaI, EtOH (69% );a (d) HzO, Fe (96% );n (e) MeI, NazCOa (37% ). 

(24) Rolston, J. H.; Yates, K. J. Am. Chem. SOC. 1969,91, 1469. 
(26) Robertson, G. R. Organic Syntheses; Wiley: New York, 1932; 

Collect. Vol. I, p 389. 
(26) Julian, P. L.; Karpel, W. J. J.  Am. Chem. SOC. 1980, 72,362. 
(27) Hazlet, S. E.; Dornfield, C. A. J. Am. Chem. SOC. 1944,60,1781. 
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1.8 Hz, 1H), 5.17 (dq, J = 17.2,1.8 Hz, lH), 5.87 (ddt, J = 17.2, 
10.2,5.1 Hz, lH), 6.64-6.71 (m, 2H), 6.74-6.80 (m, 2H), 7.18-7.33 
(m, 5H); 13C NMR (75 MHz, CDCls) 6 53.78,54.82,55.66,114.35, 
114.63, 116.33, 126.71, 126.80, 128.46, 134.17, 139.25, 143.61, 
151.53; IR (oil/NaCl) 3085,2934,2832,1512 cm-l; HRMS calcd 
for C1,HlflO m/z 253.1468, found 253.1453. 
N-Allyl-N-methyl-3-methoxyaniline (12a): 68 % yield; bp 

83-87 OC, <4 mmHg; lH NMR (300 MHz, CDCla) 6 2.91 (a, 3H), 
3.76 (a, 3H), 3.88 (dt, J =  5.1,1.8Hz, 2H),5.13 (dq, J =  10.8,1.8 
Hz, lH), 5.14 (dq, J =  17.1,1.8Hz, lH), 5.82 (ddt, J =  17.1,10.8, 
5.1 Hz, lH), 6.22-6.29 (m, 2H), 6.30-6.36 (m, lH), 7.07-7.15 (m, 
1H);13CNMR(75MHz,CDCb) 637.96,54.95,55.16,98.90,101.09, 
105.50,116.01,129.66,133.66,150.79,160.65; IR (oiVNaC1) 3085, 
2998, 2938, 2836,1609, 1503 cm-'; HRMS calcd for CllHlaNO 
m/z 177.1154, found m/z 177.1156. 
N-Allyl-N-benzyl-3-methoxyaniline (12b): 83 % yield; bp 

3H), 3.96 (dt, J = 4.8,1.8 Hz, 2H), 4.50 (8, 2H), 5.16 (dq, J = 10.5, 
1.8 Hz, lH), 5.17 (dq, J = 17.1,1.8 Hz, lH), 5.85 (ddt, J = 17.1, 
10.5,4.8 Hz, lH), 6.22-6.35 (m, 3H), 6.32 (ddd, J = 8.4,2.1,0.8 
Hz, lH), 7.06 (t, J = 8.4 Hz, lH), 7.17-7.31 (m, 5H); lSC NMR 
(75MHz,CDC~)653.03,53.89,54.88,98.91,101.19,105.46,116.21, 
126.46,126.71,128.48,129.71,133.50,138.77,150.26,160.63; IR 
(oiVNaC1) 3085,3936,2836,1612,1501,1453 cm-l; HRMS calcd 
for C17H21NO m/z 253.1468, found m/z 253.1465. 
N-Allyl-N-isobutyl-3-methoxyaniline (12c): 80% yield; bp 

35-36 OC, <4 mmHg; lH NMR (300 MHz, CDCla) 6 0.92 (d, J = 
6.6 Hz, 6H), 2.06 (sept, J = 6.6 Hz, lH), 3.06 (d, J = 7.2 Hz, 2H), 
3.73 (s,3H), 3.91 (dt, J = 4.8,1.8 Hz, 2H), 5.09 (dq, J = 16.8, 1.8 
Hz,1H),5.10(dq,J=11.1,1.8Hz,1H),5.78(ddt,J=16.8,11.1, 
4.8Hz, lH), 6.18-6.32 (m, 3H), 7.04-7.11 (m, 1H); lac NMR (75 
MHz, CDCh) 6 20.33, 27.30, 53.96, 54.82, 58.93, 98.83, 100.27, 
105.39,115.82,129.51,133.82,149.98,160.58; IR (oillNaC1) 2955, 
2870, 2836, 1611, 1576, 1499 cm-'; HRMS calcd for C14HzlNO 
mlz 219.1624, found mlz 219.1634. 
N-((E)-2-Hexen-l-yl)-N-methyl-4-methoxyaniline (16): 

73 5% yield; 1H NMR (300 MHz, CDCls) 6 0.86 (t, J = 7.4 Hz, 3H), 
1.36 (sext, J = 7.4 Hz, 2H), 1.98 (9, J = 7.4 Hz, 2H), 2.78 (s,3H), 
3.70 (8,  3H), 3.73 (bd, J = 5.4 Hz, 2H), 5.43 (dtt, J = 15.3, 5.7, 
1.1 Hz, lH), 5.56 (dtt, J = 15.3, 5.7, 1.1 Hz, lH), 6.67-6.73 (m, 
2H), 6.76-6.82 (m, 2H); l3C NMR (75 MHz, CDCb) 6 13.46,22.29, 
34.22, 38.21, 55.41, 55.78, 114.41, 114.81, 125.66, 132.91, 144.55, 
151.60; IR (oil/NaCl) 2957, 2932, 2872, 2832, 1620, 1562, 1464 
cm-1; HRMS calcd for Cl4HllNO mlz 219.1624, found m/z 
219.1618. 
N-( (E)-a-Hexen- 1-y1)-N-met hyl-3-methoxyaniline (17): 

72 % yield; lH NMR (300 MHz, CDCls) 6 0.86 (t, J = 7.4 Hz, 3H), 
1.36 (sext, J = 7.4 Hz, 2H), 1.98 (9, J = 7.4 Hz, 2H), 2.85 (8, 3H), 
3.74 (a, 3H), 3.81 (dd, J = 5.4,O.g Hz, 2H), 5.42 (m, lH), 5.55 (m, 
lH), 6.21-6.28 (m, 2H), 6.31-6.36 (m, lH), 7.09 (td, J = 8.0,0.7 

54.41,54.80,98.91,100.97,105.58,125.18,129.55,132.63,150.88, 
160.59; IR (oil/NaCl) 2959, 2872, 2836, 1607, 1503, 1456 cm-l; 
HRMS calcd for C1&NO m/z 219.1624, found mlz 219.1639. 

General Method for the Lewis Acid-Promoted Rear- 
rangement of N-Allyl-N-alkylanilines. The aniline (0.5-2.0 
mmol, 1.0 equiv) and the catalyst (0.6-2.4 mmol, 1.2 equiv) were 
added to dry xylenes or toluene (0.5 M relative to the aniline) 
at-78OCalongwithaninternalstandardofdecalin. Thereaction 
was heated to the appropriate temperature and allowed to react 
as described in the text. The reaction was then quenched at 0 
"C by addition of a 15 % aqueous NaOH solution, and the organic 
fractions were combined, separated, dried over MgSOd, and 
concentrated. The crude products were isolated and purified by 
flash column chromatography (silica, 230-400 mesh; eluent, 5:95 
EhO/petroleum ether). Yields for these reactions are provided 
in the tables. 

N-Methyl-2-allylaniline (Sa): 1H NMR (300 MHz, CDC&) 
6 2.83 (s, 3H), 3.26 (bd, J = 6.1 Hz, 2H), 3.73 (bs, lH), 5.08 (dq, 
J = 16.7, 1.8 Hz, lH), 5.10 (dq, J = 10.4, 1.8 Hz, lH), 5.93 (ddt, 
J = 16.7, 10.4,6.1 Hz, lH), 6.63 (d, J = 8.2 Hz, lH), 6.70 (td, J 
= 7.4, 1.1 Hz, lH), 7.03 (dd, J = 7.4, 1.1 Hz, lH), 7.12 (td, J = 
7.4, 1.6 Hz, 1H); l3C (75.5 MHz, CDCh) 6 30.54, 36.21, 109.73, 
115.97, 116.93, 123.39, 127.59, 129.47, 135.95, 147.22; IR (oil/ 

130-137 OC, <4 "Hg; 'H NMR (300 MHz, CDC1,) 6 3.68 (8, 

Hz, 1H); 1% NMR (75 MHz, CDCl,) 6 13.48,22.29,34.20,37.57, 
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NaC1) 3436 (broad), 3075, 2978, 2894, 2815, 1634, 1605, 1514, 
1466 cm-1; HRMS calcd for ClalSN mlz 147.1049, found mlz 
147.0994. 

N-Benzyl-2-allylaniline (6b): 1H NMR (300 MHz, CDCb) 
6 3.34 (bd, J = 6.3 Hz, 2H), 4.10 (b, lH), 4.34 (e,2H), 5.07 (dq, 
J = 16.8,1.7 Hz, lH), 5.11 (dq, J = 10.5, 1.7 Hz, lH), 5.95 (ddt, 
J = 16.8, 10.5,6.3 Hz, lH), 6.62 (d, J = 7.4 Hz, lH), 6.70 (M, J 
= 7.4,O.g Hz, lH), 7.06 (dd, J = 7.4, 1.2 Hz, lH), 7.12 (td, J = 
7.4, 1.2 Hz,lH), 7.22-7.37 (m, 5H); lgC NMR (75 MHz,  CDCls) 
636.M),48.13,110.69,116.29,117.34,123.49,127.12,127.35,127.68, 
128.57,129.78,135.93,139.41,146.11; IR (oilINaC1) 3440 (broad), 
3031,2888,2843,1633,1603,1510cm-1; HRMS calcd for cl~H17N 
mlz 223.1362, found mlz 223.1373. 
N-Methyl-2-allyl-4-methoxyaniline (1 la): 1H NMR (300 

MHz, CDCq) 6 2.81 (e, 3H), 3.25 (dt, J = 6.0, 1.7 Hz, 2H), 3.37 
(be, lH), 3.74 (e, 3H), 5.07 (dq, J = 17.1, 1.7 Hz, lH), 5.12 (dq, 
J = 10.2,1.7 Hz, lH), 5.93 (ddt, J = 17.1,10.2,6.0 Hz, lH), 6.58 
(d, J = 8.7 Hz, lH), 6.70 (d, J = 3.0 Hz, lH), 6.76 (dd, J = 8.7, 
3.0 Hz, 1H); 1% NMR (75 MHz, CDCb) 6 31.37, 36.31, 55.70, 
110.96,112.02,116.23,116.50,125.45,135.76,141.65,151.81; IR 
(oWNaC1) 3422 (broad), 2938,2832,2808,1638,1514,1464 cm-l; 
HRMS calcd for CllHl&JO m/z 177.1154, found mlz 177.1161. 
N-Benzyl-2-allyl-4-methoxyaniline (llb): lH NMR (300 

MHz, CDCq) 6 3.29 (dt, J = 6.0, 1.5 Hz, 2H), 3.72 (e,3H), 3.78 
(be, lH), 4.28 (e, 2H), 5.06 (dq, J = 17.1, 1.5 Hz, lH), 5.11 (dq, 
J = 10.5,1.5 Hz, lH), 5.94 (ddt, J = 17.1,10.5,6.0 Hz, lH), 6.57 
( d , J  = 8.4 Hz,lH),6.67 ( d , J  = 3.0 Hz, 1H),6.66-6.73 (m, lH), 
7.21-7.37 (m, 5H); 1gC NMR (75 MHz, CDClS) 6 36.46, 48.89, 
55.65,111.94,112.02,116.39,116.55,125.50,127.05,127.39,128.51, 
135.69,139.67,140.34,151.93; IR (oilINaC1) 3430 (broad), 3063, 
2936, 2832, 1636,1509, 1466 cm-l; HRMS calcd for C17HlsNO 
m/z 253.1468, found mlz 253.1468. 
N-Methyl-2-allyl-6-methoxyaniline (13a): lH NMR (300 

MHz, CDCb) 6 2.82 (e, 3H), 3.21 (dt, J = 6.0, 1.8 Hz, 2H), 3.77 
(be, lH), 3.79 (e, 3H), 5.05 (dq, J = 16.8,1.8 Hz, lH), 5.08 (dq, 
J = 10.8, 1.8 Hz, lH), 5.91 (ddt, J = 16.8, 10.8, 6.0 Hz, lH), 
6.19-6.27 (m, 2H), 6.93 (d, J = 8.1 Hz, 1H); 1gC NMR (75 MHz, 
CDCb) 630.62,35.69,55.10,97.19,100.74,115.79,116.31,130.17, 
136.53, 148.51, 159.83, IR (oillNaC1) 3438 (broad), 3077, 2938, 
2834, 2809, 1617, 1520 cm-l; HRMS calcd for C11H16NO mlz 
177.1154, found mlz 177.1145. 
N-Methyl-2-allyl-3-methoxyaniline (14a): lH NMR (300 

(be, lH), 3.80 (e, 3H), 5.02 (dq, J = 17.4, 1.8 Hz, lH), 5.03 (dq, 
J = 9.3, 1.8 Hz, lH), 5.88 (ddt, J = 17.4, 9.3, 6.0 Hz, lH), 6.35 
(d, J = 8.4 Hz, lH), 6.38 (d, J = 8.4 Hz, lH), 7.14 (t, J = 8.4 Hz, 
1H); 1% NMR (75 MHz, CDCb) 6 27.90, 31.04, 55.78, 100.66, 
103.68, 114.76, 125.90, 127.67, 136.05, 148.70, 157.60, IR (oil1 
NaC1) 3438 (broad), 3077, 2939, 2836, 2815, 1601, 1591, 1478 
cm-1; HRMS calcd for CllHl&JO mlz 177.1154, found m/z 
177.1142. 
N-Benzyl-2-allyl-6-methoxyaniline (13b): 'H NMR (300 

MHz, CDCW 6 3.25 (dt, J = 6.0, 1.8 Hz, 2H), 3.72 (a, 3H), 4.13 
(be, lH), 4.31 (e, 2H), 5.05 (dq, J = 17.1, 1.8 Hz, lH), 5.09 (dq, 
J = 10.5, 1.8 Hz, lH), 5.93 (ddt, J = 17.1, 10.5, 6.0 Hz, lH), 
6.19-6.27 (m, 2H), 6.95 (d, J = 8.1 Hz, lH), 7.20-7.37 (m, 5H); 
18C NMR (75 MHz, CDCb) 6 35.82, 48.12, 55.04,97.96, 101.16, 
115.95, 116.22, 127.15, 127.38, 128.57, 130.32, 136.41, 139.21, 
147.22,159.6&IR (oiVNaC1) 3438 (broad), 3063,2834,1617,1586, 
1520,1466 cm-l; HRMS calcd for C17HleN0 mlz 253.1468, found 
mlz 253.1492. 
N-Benzyl-2-allyl-3-methoxyaniline (14b): lH NMR (300 

MHz, CDCb) 6 3.42 (dt, J = 5.4, 1.8 Hz, 2H), 3.79 (e, 3H), 4.16 
(be, lH), 4.34 (e, 2H), 5.01 (dq, J = 16.8, 1.8 Hz, lH), 5.02 (dq, 
J = 11.0,1.8 Hz, lH), 5.89 (ddt, J = 16.8,11.0,5.4 Hz, lH), 6.32 
(bd, J = 8.4 Hz, lH), 6.37 (bd, J = 8.4 Hz, lH), 7.06 (t, J = 8.4 
Hz,lH), 7.21-7.36 (m, 5H);W NMR (75 MHz,CDCb) 6 28.02, 
48.35,55.77,100.81,104.50,114.97,127.06,127.30,127.65,128.55, 
128.62,135.93,139.61,147.43,157.90, IR (oilINaC1) 3440 (broad), 
2936, 2836, 1634,1599, 1476 cm-1; HRMS calcd for CI~H&JO 
mlz 253.1468, found m/z 253.1436. 

N-Ieobutyl-2-allyl-6-methoryaniline (134: lH NMR (300 
MHz, CDCls) 6 0.98 (d, J = 6.7 Hz, 6H), 1.91 (nonet, J = 6.7 Hz, 
1H),2.91(d, J=6.7Hz,2H),3.24(dt, J=6.3,1.8Hz,2H),3.79 
(e, 3H), 3.83 (be, lH), 5.06-5.16 (m, 2H), 5.93 (ddt, J = 17.7,9.6, 
6,3Hz,1H),6.17-6.24(m,2H),6.94(d,J=8.1Hz,1H);1sCNMR 

MHz, CDCls) 6 2.84 (8, 3H), 3.38 (dt, J = 6.0, 1.9 Hz, 2H), 3.78 

Beholz and Stille 

(75 MHz, CDCb) 6 20.58,27.84,36.14,51.59,55.12,97.42,100.43, 
115.88,116.08,130.33,136.82,147.74,159.79; IR (oWNaC1) 3432 
(broad), 3079, 2957, 2870, 2834, 1617, 1588, 1520 cm-l; HRMS 
calcd for ClfizlNO mlz 219.1624, found mlz 219.1641. 
N-Ieobutyl-2-allyl-3-methoxyaniline (14c): 1H NMR (300 

MHz, CDCb) 6 0.97 (d, J = 6.6 Hz, 6H), 1.89 (nonet, J = 6.6 Hz, 
lH), 2.92 (d, J = 6.6 Hz, 2H), 3.39 (dt, J = 5.7,1.8 Hz, 2H), 3.79 
(e, 3H), 3.83 (be, lH), 5.03 (dq, J = 10.8, 1.8 Hz, lH), 5.06 (dq, 
J = 16.8,1.8 Hz, lH), 5.88 (ddt, J = 16.8,10.8,5.7 Hz, lH), 6.31 
(d, J = 8.2 Hz, lH), 6.33 (d, J = 8.2 Hz, lH), 7.09 (t, J = 8.2 Hz, 
1H);1sCNMR(75MHz,CDC~)b20.57,28.00,28.13,51.89,55.76, 
100.17,104.03,110.84,114.91,127.58, 136.30,147.90,157.67; IR 
(oiVNaC1) 3430 (broad), 3076,2959,2870,2836,1635,1601,1476 
cm-l; HRMS calcd for ClfialNO mlz 219.1624, found mlz 
219.1622. 

N-Methyl-Z( l-hexen-3-yl)-4-methoxyaniline (16): lH NMR 
(300 MHz, CDCU 6 0.92 (t, J = 7.4 Hz, 3H), 1.22-1.48 (m, 2H), 
1.62-1.81 (m, 2H), 2.80 (e, 3H), 3.26 (bq, J = 7.4 Hz, 2H), 3.47 
(be, lH), 3.75 (e, 3H), 5.02 (dt, J = 17.1, 1.4 Hz, lH), 5.06 (dt, 
J = 10.2, 1.4 Hz, lH), 5.81 (ddd, J = 17.1, 10.2, 7.4 Hz, lH), 
6.57-6.66 (m, lH), 6.71-6.76 (m, 2H); lSC NMR (75 MHz, CDCb) 
6 14.03, 20.65, 31.54, 35.52,43.50, 55.61, 111.10, 111.38, 114.24, 
114.49, 129.87, 141.09, 141.35, 152.04; IR (oWNaC1) 3413 (m- 
broad), 3077,2957,2872,2832,2809,1647,1510,1458 cm-l;HRMS 
calcd for C11H21NO m/z 219.1624, found mlz 219.1487. 

N-Methyl-Z( l-he~n-~yl)-6-m~ho~aniline (18): lH NMR 
(300 MHz, CDCls) 6 0.92 (t, J = 7.4, 3H), 1.21-1.48 (m, 2H), 
1.62-1.81 (m, 2H), 2.82 (e, 3H), 3.15 (bq, J = 7.4 Hz, lH), 3.79 
(8, 3H), 3.87 (be, lH), 5.01 (dt, J = 17.7, 1.4 Hz, lH), 5.06 (dt, 
J = 10.5,1.4 Hz, lH), 5.81 (ddd, J = 17.7,10.5,7.4 Hz, lH), 6.22 
( d , J  = 2.4 Hz, lH), 6.28 (dd ,J  = 8.4, 2.4 Hz, lH), 6.98 ( d , J  = 
8.4 Hz, 1H); 1% NMR (75 MHz, CDCg) 6 14.09, 20.75, 30.80, 
35.48,43.19,55.04,97.49, 100.92, 114.13, 120.41,127.59,141.76, 
148.28,159.31; IR (oiVNaC1) 3438 (broad),3077,2959,2930,2872, 
2836, 2807,1615, 1586, 1463 cm-l; HRMS calcd for C1fi21NO 
mlz 219.1624, found mlz 219.1650. 

N-Methyl-%( l-hexen-3-yl)-3-methoxyaniline (19): 1H NMR 
(300 MHz, CDCb) 6 0.87 (t, J = 7.2 Hz, 3H), 1.07-1.37 (m, 2H), 
1.70-1.89 (m, 2H), 2.77 (e, 3H), 3.77 (e,3H), 3.98-4.17 (m, 2H), 
5.07 (dt, J = 6.6, 2.4 Hz, lH), 5.12 (d, J = 2.4 Hz, lH), 6.11 (m, 
lH), 6.30 (bd, J = 8.1 Hz, 2H), 6.37 (bd, J = 8.1 Hz, lH), 7.10 
(t, J = 8.1 Hz, 1H); l9C NMR (75 MHz, CDCb) 6 14.18, 21.11, 
31M, 32.49,37.58,55.78,100.89,104.45,113.37, 114.28,127.58, 
141.64, 148.91, 158.10; IR (oilINaC1) 3426 (broad), 2919, 2848, 
1588,1476 cm-l; HRMS calcd for CJ€zlNO mlz 219.1624, found 
mlz 219.1635. 

N-Met hyl-4-( (E) -2-hexen- 1 -y 1) -3-met hoxy aniline (20): lH 
NMR (300 MHz, CDCb) 6 0.88 (t, J = 7.4 Hz, 3H), 1.37 (sext, 
J = 7.4 Hz, 2H), 1.97 (bq, J = 7.4 Hz, 2H), 2.82 (e, 3H), 3.20 (d, 
J = 7.4 Hz, 2H), 3.62 (be, lH), 3.79 (e,3H), 5.43 (dtt, J = 15.0, 
6.5, 1.4 Hz, lH), 5.55 (dtt, J = 15.0, 6.5, 1.4 Hz, lH), 6.13-6.20 
(m, 2H), 6.94 (d, J = 7.8 Hz, 1H); lSC NMR (75 MHz, CDCb) 6 
13.69,22.69,31.03,32.21,34.66,55.25,96.26,104.09,118.56,129.13, 
130.07,130.70,149.03,158.03; IR (oiVNaC1) 3413 (broad), 2957, 
2930, 2872, 2836, 1618, 1516, 1464 cm-l. 
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