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The title compound 1 underwent an insertion reaction with dichlorocarbene selectively at the C-4 
double bond. The [4 + 2]cycloadditions of 1 with benzoquinone and naphthoquinone proceeded 
by subsequent dehydrocyanation and oxidative aromatization under mild conditions to give the 
diarylamines 6 and 7. The cycloaddition of 1 and N-phenylmaleimide in a sealed tube proceeded 
with reinsertion of the cyanide ion to give the diarylamine 8. The homologation of 1 with 
chlorosulfonyl isocyanate (CSI) and tetracyanoethylene (TCN E), giving the dienoate 9 and the 
triene 10, was unusual compared with commonly observed [2 + 2]cycloadditions of CSI and TCNE. 
The reaction of 1 with dimethyl acetylenedicarboxylate proceeded via an intermediate cyclobutene 
and tandem ring-opening afforded the triene 11. The reaction of 1 with ethyl propiolate produced 
two diarylamines 32a and 12b. Formation of 12a might involve cyanide reinsertion on the 
intermediate derived from the [4 + 2]cycloaddition, whereas an opening of the [2 + 2lintermediate 
followed by an electrocyclization would yield the isomer 12b. 

Although the a-aminoalkenenitriles have been used as acceptors 
in Michael reactions’ and as dienophiles in Diels-Alder 
reactioq2 we have reported that the related dienes A 

I 
Me 
A 

Me 
B 

h;le 
C 

(R = Me, Et and Ph) function as nucleophiles in cycloaddition 
with electron-deficient double bonds and in insertions with 
dichlorocarbene.’ The diarylamines B, obtained by the reaction 
of A and maleic anhydride, are useful precursors for the 
acridones C formed by acid-catalysed cyclisations. We report 
here the reactions of 2-(N-methylanilino)-4-methoxypenta-2,4- 
dienenitrile 1 , whose reactivity toward electrophiles was 

OMe NMePh 
1 

expected to be enhanced by the presence of the methoxy group. 
During the course of this study, we observed some unusual 
reactions of 1 owing to the effect of the methoxy group. 

Results and Discussion 
The allylic alcohol 2 was obtained in 90% yield by the reaction 

(Me3Si)*N 

&CN &CN *N 

OMe NMePh OMe NMePh PhMeN NMePh 
2 3 4 

of the anion of 2-(N-methylanilino)acetonitrile with 2-methoxy- 
acrylaldehyde. The methanesulfonate of the alcohol 2 was 
treated with Bu’OK to afford the desired diene 1 in 64% yield. 
Conversion of the allylic alcohol 2 to corresponding chloride 
(POC13, pyridine) or acetate (Ac20, pyridine), followed by 
elimination with various bases 1,4-diazabicyclo[2.2.2]octane, 
1,5-diazabicycIo[4.3.OJnon-5-ene, 1,8-diazabicyclo[5.4.O]un- 
dec-7-ene or Bu‘OK) gave lower yields of 1. Unlike other stable 
a-aminodienenitriles, compound 1 decomposed partially on a 
silica gel column, however, pure diene 1 was obtained by 
chromatography on neutral alumina. Although the E- and 2- 
isomers of 1 were isolated for analytical purpose, the E / Z  
mixture (predominating in the 2-isomer) was routinely used in 
subsequent reactions with a number of electrophiles. We also 
attempted to synthesise the diene 1 by using Peterson’s 
method.’ The reaction did not yield the diene 1, it gave instead 
the silylated derivative 3 accompanied by a self-condensation 
product 4. 

Treatment of the diene 1 (2-configuration) with dichloro- 
carbene, generated from CHCI, and NaOH by ultrasonication 
in the presence of a phase-transfer cataly~t ,~ yielded a cyclo- 
propanation product 5 with the 2-configuration. However, 
the compound when dissolved in CDCl, gradually became a 
mixture of the E,Z-isomers. 

The reaction of 1 and p-benzoquinone occurred readily at 
room temperature to give a diarylamine 6. This reaction 
probably involved a dipolar process to give a [4 + 23- 
cycloaddition intermediate D,5 which subsequently lost HCN 
and underwent oxidative aromatization.’ Compared with the 
analogous reaction of the diene A, which must be effected 
in refluxing xylene, the diene 1 appeared to be more reactive 
toward electrophiles. The similar reaction with 1,Cnaphtho- 
quinone also gave a high yield of the diarylamine 7. When a 
benzene solution of the diene 1 and N-phenylmaleimide was 
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heated in a sealed tube, the diarylamine 8 with a cyano group 
replacing the methoxy substituent was obtained as the exclusive 
product. The characteristic IR absorption at 2235 cm-' and the 
13C resonance at 6 117 clearly indicated the presence of cyano 
group, and the parent ion at m/z 353.115 supported the 
structural assignment of 8. The reaction presumably involved 
counterattack of a cyanide ion on the conjugated iminium 
intermediate (E) followed by elimination of the methoxy group. 

The reaction of diene 1 with chlorosulfonyl isocyanate CSI, 
followed by treatment with sodium methoxide, afforded the 
methyl dienoate 9. This result was in agreement with our 

OMe CN CN OMe CN 
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previous report for homologation of the dienes A by adding to 
CSI instead of forming f3-lactams.6 Compound 1 reacted 
readily with tetracyanoethylene TCNE in THF at -78 "C to 
give a quantitative amount of the triene 10. This reaction 
appeared to follow an addition4imination mechani~m.~ 
However, attempts to intercept the presumed zwitterion 
intermediate F8 with MeOH failed. The result was different 

CN OMe CN Me02C 

NMePh - 
NMePh 

CN 
NC 

F G 

from the [2 + 2lcycloadditions of the analogous dienes A with 
TCNE.3*8 The reaction of 1 with dimethyl acetylenedicarboxy- 
late in refluxing benzene gave an 88% yield of the triene 11. By 
a DEPT technique, the 13C resonance at S 129.2 was shown 
to be the olefinic methylene carbon (H2C=), it was presumed 
that the initially formed cyclobutene intermediate G readily 

underwent a ring rupture to give the thermodynamically stable 
product. 

A toluene solution of 1 and ethyl propiolate in a sealed tube 
was refluxed for 16 h to give two diarylamines 12a (51%) and 

CO2Et 
1 /  

\ NMePh D 
NC' 

12a 12b 

12b (10%). The major compound 12a showed an IR absorption 
at 2227 cm-' for the cyano group. The 'H NMR spectrum 
revealed the absence of a methoxy group and the resonances of 
5-H, 3-H and 6-H appeared at  6 6.84 (dd, J 9,3 Hz), 6.98 (d, J 3 
Hz) and 7.90 (d, J 9 Hz) as an ABX pattern. The I3C resonances 
of 12a were in agreement with the theoretical values calculated 
for the assigned structure." The structure of 12b was inferred 
from the 'H and 13C NMR spectrum, however, we were unable 
to obtain pure 12b without contamination by 12a. Formation of 
12a was considered to involve a cyanide ion counterattack on 
the iminium intermediate H as in the pathway proposed for 

,C02Et 

MeO'c-CN 

,CO,Me 

NMePh 

I (Y = OMe or CN) H 
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compound 8. On the other hand, ring opening of the cyclo- 
butene intermediate I might give J,9 and subsequent electro- 
cyclization would eventually lead to product 12b.' ' 

In summary, the a-aminodienenitrile 1 having a methoxy 
group at C-4 exerted remarkable nucleophilicity toward various 
substrates containing double or triple bonds. Compound 1 
followed the similar pathway of analogous a-amino diene- 
nitriles A in reactions with p-benzoquinone, 1,4-naphtho- 
quinone, dichlorocarbene and chlorosulfonyl isocyanate, while 
1 reacted unusually with TCNE and dimethyl acetylene- 
dicarboxylate. It was noted that the reactions with N- 
phenylmaleimide and ethyl propiolate in sealed tubes caused 
counterattack of the cyanide ion to replace the methoxy group. 

Experimental 
M.p.s are not corrected. 'H NMR spectra were recorded at 200 
or 300 MHz while 13C NMR recorded at 50 or 75 MHz (J 
values in Hz). Mass spectra were recorded at an ionizing voltage 
of 70 eV. Merck silica gel 60F sheets were used for analytical 
TLC. HPLC was performed on a p-Porasil column (0.78 
x 25 cm) using the indicated eluent with 5 cm3 min-' flow 
rate. 2-(N-Methylanilino)acetonitrile was prepared by the 
Strecker's method.' 2-Methoxyacrylaldehyde was prepared 
from formaldehyde and 2-methoxyacetaldehyde. 

4-Metho.~y-2-(N-methylanilino)penta-2,4-dienenitrile 1.- 
Under an atmosphere of nitrogen, BuLi (1.6 mol dmW3 solution 
in hexane; 0.69 cm3, 1.1 mmol) was added dropwise to a solution 
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of diisopropylamine (0.17 cm3, 1.2 mmol) in tetrahydrofuran 
(THF) (2 cm3) at - 10 "C. The solution was stirred for 10 min, 
and a solution of 2-(N-methylanilino)acetonitrile (153 mg, 1.05 
mmol) in THF (1 cm3) was added dropwise. After 15 min, 
the solution was cooled to -78 "C, and a solution of 2- 
methoxyacrylaldehyde (126 mg, 1.05 mmol) in THF (0.5 cm3) 
was added dropwise. The reaction mixture was warmed to room 
temp. and quenched by addition of acetic acid (1.2 cm3). The 
volatile components were removed under reduced pressure and 
the residue was partitioned between EtOAc and water. The 
aqueous phase was extracted (2 x EtOAc). The combined 
organic phase was washed with brine, dried (Na,SO,), and 
concentrated to give the allylic alcohol 2 (220 mg, 0.95 mmol) 
(two diastereoisomers). A mixture of the alcohol 2 (220 mg) and 
triethylamine (0.3 cm3) in CH2C12 (2 cm3) was treated with 
methanesulfonyl chloride (0.1 cm3, 1.3 mmol) at 0°C. The 
reaction mixture was slowly warmed to room temp. over a 
period of 2 h and then heated to 40 "C for 16 h. An HCl solution 
(5%) was added, and the mixture was extracted (3 x EtOAc). 
The combined extracts were washed with brine, dried and 
concentrated to give the corresponding methanesulfonate (284 
mg). To a THF solution (5 cm3) of Bu'OK (110 mg, 1 mmol) 
cooled to - 78 "C, was added dropwise a THF solution (1 cm3) 
of the above prepared methanesulfonate. The mixture was 
stirred for 30 min, and then a solution of AcOH (3 mmol) in 
THF was added. The mixture was concentrated under reduced 
pressure, and the residue was chromatographed on A1203 90 
(neutral, activity I) by elution with 5% EtOAc in hexane to give 
the diene 1 (134 mg, 60% overall yield). 

2-Isomer (major): yellow oil; v,,,(neat)/cm-' 2949, 2214 

3.14 (3 H, s, NMe), 3.32 (3 H, s, OMe), 4.34 (1 H, d, J2.6, 5-H), 
4.43 (1 H, d, J2.6, 5-H), 6.12 (1 H, s, 3-H), 6.62 (2 H, m), 6.69 (1 
H, m) and 7.27 (2 H, m); dc(CDCl3; 75 MHz) 38.7 (NMe), 
54.8 (OMe), 91.6 (C-5), 115.7 (2 C, C-2', C-6'), 117.0 (CN), 118.9 

1') and 156.1 (C-4); m/z214 (M+, 67%), 213 (M+ - 1, 100), 199 
(Mf - 15, 73 ,  172 (19) and 77 (68) (M+, 214.1114. M ,  
214.1 106). 

E-Isomer: yellow oil; v,,,(neat)/cm-' 2950, 2210 (CN), 
1595, 1360, 1160, 840 and 770; dH(CDCl,; 300 MHz) 3.11 (3 
H, s, NMe), 3.38 (3 H, s, OMe), 4.09 (1 H, s, 3-H), 4.50 (1 H, d, J 
2.5), 4.59 (1 H, d, J2.5), 7.11 (2 H, m), 7.15 (1 H, m) and 7.27 (2 
H, m); m/z 214 (M+, 7779,213 (M+ - 1, loo), 199 (M+ - 15, 
62), 172 (20), 144 (19), 106 (14), 82 (24) and 77 (69) (M', 
214.1114. M, 214.1106). 

(CN), 1595, 1362, 1192, 824 and 754; dH(CDC1,; 300 MHz) 

(C-2), 120.5 (C-47, 129.0 (2 C, C-3', C-57, 129.6 (C-3), 145.5 (C- 

4- Methoxy-2-(N-methylanilino)-3-trimethylsilylpenta-2,4- 
dienenitrile 3 and 2,4-Bis(N-methylanilino)-3-[bis(trimethyl- 
silyl)amino] but-2-enenitrile 4.-A lithium diisopropylamide 
(LDA) solution (11 mmol) was prepared at -10 "C, and a 
solution of 2-(N-methylanilino)acetonitrile (1.46 g, 10 mmol) in 
THF (7 cm3) was added dropwise. The solution was stirred for 
30 min, cooled to - 78 "C, and chlorotrimethylsilane (1.6 cm3, 
10 mmol) was added dropwise. The mixture was stirred for 30 
min after which additional LDA solution (10 mmol) was added. 
After 1 h, a solution of 2-methoxyacrylaldehyde (1.23 g, 10 
mmol) in THF (5 an3) was added dropwise. The reaction 
mixture was warmed to room temp. for 16 h, and then 
quenched with saturated aqueous NH4C1 (15 cm3). The 
volatiles were removed under reduced pressure and the residue 
was extracted (3 x EtOAc). The combined extracts were 
washed with brine, dried and concentrated to give a crude oil, 
which was chromatographed on a SiO, column by elution with 
2% EtOAc in hexane to afford the silylated diene 3, (1.2 1 g, 4379, 
as a mixture of E- and Z-isomers (3: 1) and a side-product 4 
(0.65 g). 

E-Isomer of 3: colourless crystals, m.p. 60-61 "C; HPLC (2% 

EtOAc in hexane) tR 4.9 min; v,,,(KBr)/cm-' 2952, 2213, 

H, s), 3.12 (3 H, s), 3.42 (3 H, s), 3.84 (1 H, d, J2.7), 3.96 (1 H, d, 
J 2.7), 6.80 (2 H, m), 6.89 (1 H, m) and 7.27 (2 H, m); 
dc(CDC13) -1.3 (q, 3 C, Me,Si), 38.9 (9, NMe), 54.6 (q, 
OMe), 82.5 (t, C-5), 116.2 (d, 2 C), 116.6 (s, CN), 120.4 (d), 126.6 
(s, C-3), 129.0 (2 C), 145.8 (s, C-2), 147.4 (s) and 159.0 (s, C-4); 
m/z 286 (M+, 17%), 271 (56), 181 (24), 167 (22), 89 (27) and 77 
(100) (Found: C, 67.1; H, 7.8; N, 9.9). C16H22N20Si requires C, 
67.09; 7.74; N, 9.78%. 

Z-Isomer of 3: colourless crystals, m.p. 71-72 "C; HPLC (2% 
EtOAc in hexane) t ,  6.8 min; v,,(KBr)/cm-' 2955, 2200, 
1595, 1491, 1154, 994, 846 and 757; dH(CDCl,) 0.09 (9 H, s), 
3.04 (3 H, s), 3.63 (3 H, s), 4.27 (1 H, d, J2.7), 4.32 (1 H, d, J2.7), 
6.80 (2 H, m), 6.90 (1 H, m) and 7.27 (2 H, m); S,(CDCl,) 
- 1.2 (q,3 C, Me,Si), 39.4 (q, NMe), 55.1 (4, OMe), 85.1 (t, C-5), 

129.2 (2 C), 147.1 (s) and 160.5 (s, C-4); m/z 286 (M+, 14%), 271 
(51), 181 (20), 158 (22) and 77 (100) (Found: C, 67.0; H, 7.8; N, 
10.0. C16H,,N20Si requires C, 67.09; H, 7.74; N, 9.78%). 

Nitrile 4 Colourless platelets, m.p. 97.5-98.5 "C (hexane); 
v,,,(KBr)/cm-' 2954, 2204, 1598, 1498, 1256, 902 and 843; 
dH(CDC13) 0.30 (18 H, s, 2 x Me,Si), 2.91 (3 H, s, NMe), 3.13 
(3 H, s, NMe), 3.98 (2 H, s) and 6.67-7.30 (10 H); d,(CDCI,) 
2.88 (Me3Si), 39.8 (NMe), 40.5 (NMe), 55.8 (CH,), 112.2 (s), 
112.7 (d), 114.6 (d), 116.1 (s), 116.3 (s), 116.9 (d), 118.7 (s), 120.0 
(d), 128.8 (d), 129.2 (d), 147.1 (s) and 149.8 (s); m/z 436 (M+, 
36%), 421 (5 ) ,  330 (90), 300 (22), 275 (12), 274 (15) and 120 (1 10) 
(Found: C, 65.9; H, 8.2; N, 12.95. C24H36N& requires C, 66.0; 
H, 8.31; N, 12.83%). 

1637, 1596, 1494, 1191, 995, 845 and 753; d~(cDCl3) 0.34 (9 

114.2 (s, CN), 114.8 (d, 2 C), 120.3 (d), 127.9 (s, C-3), 129.1 (s), 

3-( 2,2-Dichloro- 1 -methoxycyclopropyl)-2-(N-methylanilino)- 
prop-2-enenitrile 5.-To a mixture of the diene 1 (Z-isomer; 178 
mg, 0.83 mmol) and benzyltriethylammonium chloride (5 mg) 
in CHCl, (2 cm3) was added dropwise aqueous KOH (60%; 1 
cm3) at 0 "C. The viscous mixture was sonicated for 3.5 h while 
the temperature was kept at @-5 "C. The mixture was diluted 
with water (5 cm3) and extracted (3 x CHCl,). The combined 
organic phase was dried, concentrated, and purified by a short 
silica gel column by elution with EtOAc to give compound 5, 
(232 mg, 0.78 mmol, 9473, (Z-form) which became the E/Z 
mixture with time. 

Z-Isomer: v,,(neat)/cm-' 2933, 2233, 1591, 1493, 1351, 
1250, 1007, 855 and 699; 6,(CDCI,) 1.78 (1 H, d, J 11.3, 3'-H), 
1.77 (1 H, d, J 11.3,3'-H), 3.32 (3 H, s, NMe), 3.35 (3 H, s, OMe), 
5.85 (1 H, s, 3-H), 6.96 (3 H, m) and 7.34 (2 H, m); Gc(CDCl,) 
34.1 (q, NMe), 39.2 (t, C-3'),55.9 (q, OMe), 63.8 (s, C-2'),64.8 (s, 

124.4 (s, C-2), 125.2 (d, C-4)) 129.1 (d, 2 C, C-3", C-5") and 144.7 
(s, C-1"); m/z 297 (M+ + 1, 9%), 296 [M' (,'Cl), 8x1, 262 
(34), 261 (86), 260 (30), 225 (loo), 210 (9), 199 (13), 185 (48), 142 
(23), 107 (47) and 77 (79) (M+, 296.0466. M, 296.0483). 

13.5), 3.22 (3 H, s, NMe), 3.46 (3 H, s, OMe), 5.58 (1 H, s, 3-H), 
7.16 (3 H, m) and 7.37 (2 H, m); S,(CDCl,) 33.2 (4, NMe), 
40.6 (t, C-3'),55.1 (9, OMe), 63.8 (s, C-2'),65.0 (s, C-1')) 11 1.2 (d, 

125.8 (d, C-4'9, 129.4 (d, 2 C, C-3", 5") and 145.2 (s, C-1"). 

C-1')) 115.7 (s, CN), 117.2 (d, 2 C, C-2", C-67, 121.8 (d, C-3), 

E-Isomer: h~(cDC1,) 1.95 (1 H, d, J 13.5), 2.01 (1 H, d, J 

C-3), 113.4 (s, CN), 122.0 (s, C-2), 124.1 (d, 2 C, C-2", C-6"), 

7-Methoxy-5-(N-methylanilino)-1,4-naphthoquinone 6.-A 
benzene solution (3 cm3) of the diene 1 (E/Z mixture; 60 mg, 
0.28 mmol) andp-benzoquinone (40 mg, 0.37 mmol) was stirred 
at room temp. for 16 h. The solvent was removed, and the 
residue was chromatographed on SiO, by elution with 
gradients of EtOAc in hexane to give compound 6 (74 mg, 90%), 
as purple crystals, m.p. 99-101 "C; TLC (5% EtOAc in hexane) 
Rf 0.14; v,,,(KBr)/cm-' 2938, 1660 (C=O), 1583, 1464, 1268, 
1184,1085,990,845 and 749; dH (CDCl,; 300 MHz) 3.25 (3 H, 
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s, NMe), 3.89 (3 H, s, OMe), 6.75 (5  H, m), 7.07 (1 H, d, J 2.9), 
7.19 (2 H, m) and 7.47 (1 H, d, J 2.9); G,(CDCl,; 75 MHz), 
40.3 (9, NMe), 55.9 (9, OMe), 109.2 (d, C-6), 115.5 (d, 2 C, C-2', 
C-6'), 119.2 (d, C-8), 120.1 (d, C-47, 129.0 (d, 2 C, C-3', C-57, 
135.8 (d, C-3), 136.6 (s ,  C-5), 141.2 (d, C-2), 148.4 (s,  C-lo), 150.9 
(s, C-9), 164.0 (s, C-7), 182.0 (s, M) and 185.2 (s, GO); m/z 
293 (M+, 80%), 276 (100) and 261 (28) (Found: C, 73.3; H, 5.2; 
N, 4.9. C18H,,N0, requires C, 73.71; H, 5.15; N, 4.78%). 

3-Methoxy- 1 -(N-methylanilino)-9,1O-anthraquinone 7.-A 
benzene solution (10 cm3) of the diene 1 (E/Z mixture, 489 mg, 
2.3 mmol) and 1,4-naphthoquinone (370 mg, 2.4 mmol) was 
heated at  60°C for 16 h. The solvent was removed, and the 
residue was chromatographed on SO2 by elution with 
gradients of EtOAc in hexane to give compound 7, (641 mg, 
82%), as purple crystals, m.p. 197-198 "C; TLC (1% EtOAc in 
hexane) R, 0.21; vm,,(KBr)/cm-l 3441, 1731w, 1667s, 1584, 
1300 and 884; G,(CDCl,; 300 MHz) 3.31 (3 H, s, NMe), 3.93 
(3 H, s, OMe), 6.76 (3 H, m), 7.16 (3 H, m), 7.69 (3 H, m), 8.1 1 (1 
H, m) and 8.21 (1 H, m); aC (CDCl,; 75 MHz) 40.2 (q, NMe), 
55.9 (4, OMe), 109.6 (d, C-2), 114.9 (d, 2 C, C-2', C-6), 118.7 (d, 
C-4), 121.3 (d, C-4'), 126.6 (d, C-5), 127.2 (d, C-8), 129.0 (d, 2 C, 
C-3', C-57, 133.0 (d, C-6), 134.3 (d, C-7), 135.0 (s,  C-1')) 138.2 
(s ,  C-1), 148.5 (s ,  2 C, C-11, C-12), 151.4 (s,  2 C, C-13, C-14), 
164.1 (s, C-3), 180.3 (s, M) and 183.4 (s, C=O); m/z 343 (M', 
90%), 326 (loo), 251 (16), 106 (12) and 77 (10) (Found: C, 
76.4; H, 4.95; N, 3.8. C22H17N03 requires C, 76.95; H, 4.99; 
N, 4.08%). 

6-Cyano-4-(N-methylanilino)-N-phenylphthalimide 8.-A 
benzene solution (5 cm3) of the diene 1 (E/Z mixture, 326 mg, 
1.5 mmol) and N-phenylmaleimide (263 mg, 1.5 mmol) was 
refluxed at 80°C in a sealed tube for 16 h. The solvent was 
removed, and the residue was chromatographed on Si02  by 
elution with gradients of EtOAc in hexane to give compound 8 
(386 mg, 72%), as orange crystals, m.p. 164-165 "C; HPLC 
(20% EtOAc in hexane) tR 5.8 min; v,,,(KBr)/cm-' 2235 (CN), 
1770, 1720 (GO), 1571, 1493, 1127, 979, 842 and 754; 6 ,  
(CDCI,; 300 MHz) 3.57 (3 H, s, NMe), 7.08-7.17 (3 H, m), 7.32- 
7.39 (5  H, m), 7.44-7.51 (2 H, m), 7.54 (1 H, s, 4-H) and 7.68 (1 
H, s, 7-H); S,(CDCl,; 75 MHz) 42.7 (9, NMe), 117.0 (s, CN), 
118.2 (d, C-9,121.0 (s ,  C-6), 121.8 (d, 2 C, C-2", C-67,124.6 (d), 
126.6 (d, 2 C, C-2', 42-67, 128.4 (d), 129.2 (d, 2 C, C-3", C-57, 
129.9 (d, 2C, C-3', C-57,131.3 (s ,  C-1')) 132.4(d,C-7), 135.5 (s,C- 
4), 147.1 (s, C-9), 148.2 (s, C-8), 164.5 (s, M) and 165.3 (s, 
C=O); m/z 353 (M+,  loo%), 324 (7), 308 (lo), 276 (15), 205 (14), 
177 (18), 106 (21), 77 (35), (M+,  353.1147. M ,  353.1164). 

Methyl 5-Cyano-3-methoxy-5-(N-methylanilino)penta-2,4-di- 
enoate 9.-To a solution of the diene 1 (E/Z mixtue, 892 mg, 4.2 
mmol) in CH2C12 (10 cm3) at - 78 "C was added chlorosulfonyl 
isocyanate (0.4 cm3, 4.5 mmol). The mixture was stirred for 1 h, 
after which sodium methoxide (675 mg, 12.5 mmol) was added 
and stirring continued for a further 15 min. After addition of 
MeOH (5  cm3), the reaction mixture was concentrated under 
reduced pressure, and the residue was separated by chromato- 
graphy on S O 2  column by elution with gradients of EtOAc in 
hexane to give the ester 9 (613 mg, 5479, as a brownish-yellow 
oil; TLC (2% EtOAc in hexane) R, 0.27; v,,,(neat)/cm-' 3180, 

MHz) 3.30 (3 H, s, NMe), 3.66 (3 H, s, OMe), 3.73 (3 H, s, OMe), 
5.04 (1 H, s, 2-H), 7.18 (1 H, s, 4-H), 7.23 (3 H, m) and 7.34 (2 H, 
m); G,-(CDCl,; 75 MHz) 41.5 (q, NMe), 50.9 (q, OMe), 55.2 
(q, OMe), 90.0 (d, C-2), 107.8 (d, C-4), 114.0 (s, CN), 124.6 (s, C- 

C-5'), 145.3 (s, C-l'), 165.4 (s, C-3) and 167.9 (s, GO); m/z 272 
(M+,  48%), 271 (64), 225 (33), 213 (loo), 169 (14), 128 (15) and 
77 (27). (M+, 272.1 143. M, 272.1 161). 

2943, 2229, 1710, 1688, 1510, 1320 and 870; dH(CDC13; 300 

5), 125.5 (d, 2 C, C-2', C-67, 126.6 (d, C-47, 129.4 (d, 2 C, C-3', 

4- Methoxy-6-(N-methylanilino)hexa- 1,3,5- triene- 1,1,2,6- 
tetracarbonitrile 10.-A THF solution (5 cm3) of the diene 1 
(E/Z mixture, 96 mg, 0.45 mmol) and tetracyanoethylene (58 
mg, 0.45 mmol) was stirred at - 78 "C for 1.5 h. The solvent was 
removed, and the residue was chromatographed on Si02  by 
elution with gradients of EtOAc in hexane to give the triene 10 
(130 mg, 92%), as a purple oil; TLC (1 5% EtOAc in hexane) Rf 
0.13; v,,,(neat)/cm-' 2946,22 12,1526,1487,1307,1132,768 and 
699; SH(CDC13; 300 MHz) 3.50 (3 H, s, NMe), 3.94 (3 H, s, 
OMe), 5.87 (1 H, s, 3-H), 6.35 (1 H, s, 5-H), 7.23 (2 H,m), 7.39 (1 
H, m) and 7.45 (2 H, m); G,(CDCl,; 75 MHz) 42.6 (q, NMe), 57.1 
(q, OMe), 97.8 (d, C-3), 100.0 (d, C-5), 112.2 (s, CN), 112.3 (s, 
CN), 113.1 (s,  CN), 113.9 (s,  CN), 125.8 (s,  C-6), 125.9 (d, 2 C, C- 
2', C-67, 129.0 (d, C-4'), 130.2 (d, 2 C, C-3', C-57, 130.6 (s, C-2), 
134.8 (s, C-1')) 143.3 (s, C-1) and 169.0 (s, C-4); m/z 315 (M', 
46%), 314 (loo), 300 (23), 213 (20), 106 (35) and 77 (97) (M+, 
315.1 109. M ,  315.1120). 

Dimethyl 6-Cyano-4-methoxy-6-(N-methylanilino)hexa- 1,3,5- 
triene-2,3-dicarboxylate 11.-A benzene solution (5 cm3) of the 
diene 1 (E/Z mixture, 120 mg, 0.56 mmol) and dimethyl 
acetylenedicarboxylate (80 mg, 0.56 mmol) was refluxed at 
80 "C for 16 h. The solvent was removed, and the residue was 
chromatographed on Si02  by elution with gradients of EtOAc 
in hexane to give compound 11 (175 mg, 88%), as a mixture of 
(3E,5Z)- and (3E,SE)-isomers (3: 1). The analytical sample of 
the 2-isomer was obtained by HPLC, eluting with 2% EtOAc in 
hexane. 

2-Isomer: yellow oil; v,,,(neat)/cm-' 2947, 2840, 2227, 
1721, 1569, 1431, 1077, 994, 879 and 766; SH(CDC1,; 300 
MHz) 3.32 (3 H, s, NMe), 3.63 (3 H, s, OMe), 3.67 (3 H, s, 
OMe), 3.74 (3 H, s, OMe), 5.74 (1 H, d, J 1.2), 6.46 (1 H, d, J 1.2 
Hz), 6.80 (1 H, s, 5-H), 7.24 (3 H, m) and 7.36 (2 H, m); dC- 
(CDC1,; 75 MHz) 41.5 (9, NMe), 51.7 (9, OMe), 52.2 (9, OMe), 
60.2 (4, OMe), 110.4 (d, C-5), 114.1 (s, CN), 124.5 (s, C-6), 125.1 
(s, C-3), 125.4 (d, 2 C, C-2', C-6'), 125.7 (s, C-2), 126.8 (d, C-47, 
129.2 (t,=CH,), 129.5 (d, 2 C, C-3', C-5'), 135.6 (s,  C-1'), 145.1, (s, 
C-4), 164.4 (s, M) and 167.3 (s, C a ) ;  m/z 356 (M+, 67%), 355 
(loo), 341 (18), 297 (93), 265 (51), 237 (30), 169 (20) and 77 (97) 
(M+, 356.1366. M, 356.1372). 

E-Isomer (mixed with the 2-isomer): yellow oil; vmaX- 
(neat)/cm-' 2947, 2840, 2222 (CN), 1722, 1574, 1490, 1130, 
1077, 991 and 759; 6,(CDC13; 300 MHz) 3.30 (3 H, s, NMe), 
3.59(3 H,s,OMe),3.68(3 H,s,OMe),3.69(3 H,s,OMe),5.74 

m), 7.18 (1 H, m) and 7.34 (2 H, m); Gc(CDCl,; 75 MHz) 40.1 
(9, NMe), 52.0 (9, OMe), 52.4 (9, OMe), 59.1 (9, OMe), 117.0 (d, 

(1 H, d, J 1.6), 5.85 (1 H, S, 5-H), 6.52 (1 H, d, J 1.6), 7.00 (2 H, 

C-5), 118.1 (s, CN), 118.9 (d, 2 C, C-2', C-6'), 123.6 (d, C-4), 
123.8 (s ,  C-3), 125.5 (s ,  C-2), 129.3 (t, =CH,), 131.8 (d, 2 C, C-3', 
C-57, 145.1 (s, C-1') and 158.2 (s, C-4). 

Ethyl 4-Cyano-2-(N-methylanilino)benzoate 12a and Ethyl 2- 
Cyano-4-(N-methylanilino)benzoate 12b.-A toluene solution 
(5  cm3) of the diene 1 (E/Z mixture, 167 mg, 0.78 mmol) and 
ethyl propiolate (0.08 cm3, 0.86 mmol) was refluxed at 110 "C in 
a sealed tube for 16 h. The solvent was removed, and the residue 
was chromatographed on S O 2  by elution with 2% EtOAc in 
hexane to give 12a (53 mg) followed by a mixture of 12a, b (3: 1, 
80 mg). 

Isomer 12a: Yellow oil; v,,,(neat)/cm-' 298 1, 2227 (CN), 
1705 (M), 1581, 1490, 1361 and 1270; 6,(CDC13; 300 
MHz) 1.38 (3 H, t, J7.2), 3.35 (3 H,s, NMe),4.37 (2 H, q, J7.2), 

m), 7.27 (1 H, m), 7.43 (2 H, m) and 7.90 (1 H, d, J8.8,6-H); 6,- 
(CDCI,; 75 MHz) 14.2 (9, Me), 40.2 (9, NMe), 61.3 (t, OCH2), 

6.84 (1 H, dd, J8.8,2.6,5-H), 6.98 (1 H, d, J2.6,3-H), 7.19 (2 H, 

114.0 (s ,  CN), 115.9 (d, C-3), 118.3 (s,  C-4), 119.0 (d, C-4'), 
119.8 (s, C-1), 126.5 (d, 2 C, C-2', C-6), 126.8 (d, C-5), 130.3 (d, 
2 C, C-3', C-5'), 132.5 (d, C-6), 146.1 (s, C-l'), 151.7 (s, C-2) and 
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164.3 (s, M); m/z 280 (M’, 85%), 175 (14), 160 (32), 132 (loo), 
106 (62) and 77 (32). (M+ 280.1210. M, 280.1212). 

Isomer 12b (mixed with 12a): G,(CDCl,; 300 MHz) 1.40 (3 
H, t, J 7.2 Hz), 3.87 (3 H, s, NMe), 4.40 (2 H, q, J 7.2), 7.10 (1 H, 
dd, J9.3,2.8), 7.22 (4 H, m), 7.43 (2 H, m) and 8.06 (1 H, d, J9.3); 
G,(CDCl,) 14.1 (9, Me), 55.9 (9, NMe), 61.8 (t, OCH2), 114.0 
(s, CN), 118.3 (s, C-2), 119.0 (C-4’), 119.8 (s, C-1), 119.9 (d, C-3, 
C-5), 126.5 (d, 2 C, C-2’, C-6’), 130.3 (d, 2 C, C-3’, C-5’), 133.1 (d, 
C-6), 146.1 (s, C-1’)) 158.5 (s, C-4) and 162.6 (s, M). 
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