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Diels-Alder reection of troponoids has already been studied by setersl authors (l), 

ueing dienophiles vith symmetric structures. Although endo-ois oonfigurotlon ~8s found -- 
in the products in most caees, both & snd E isomers were obtained in lrl ratid in 

the reaction of tropolone and naleic anhydride (1). we have studied the reaction of 

the asymmetric dienophile, rorylonitrile, with four troponoids; tropone, 2-ohloro-, 2- 

methoxy- 8nd P-hydroxytropone (tropolone). The result presented herein clesrly indioates 

that the reaction proceeds through a concerted one-step mechanism and that the nature of 

the substituents at P-position controls the orientation of tvo reactants. 

Heating of tropone (I) with aorylonitrile (II) at 130-140' for 20 hours yielded, 

after repeated silica gel chromatography, four isomerio I:1 adduots (2): III (a.& 91- 

92', Y 1665, 1630 cm'), IV (oil, v 1670, 1633 om'), Y (m.p. 118-120', Y 1667, 1633 cm') 

and VI (oil, u 1667, 1632 cm*). For all adducts, the presenoe of ag-unsaturated cerbonyl 

group ~8s exhibited by UV (2) and IR spectra and that of saturated cymo group by IR band 
at 2260-2300 cm+. Their IWR spectra clearly shoved the presence of four vinyl protons ia 

each adduct. The position and configuration of oyano group in these odducts were estab- 

lished by the RRR analyses with the aid of RMDR. The enalysed RHR parameters are listed 

in TABLE I and II. Irradiation of Ii4 sign81 easily distinguished R5 from El aTld the same 

procedure on either El or R 
5 
caused changes in multiplicities of the proton (RX) at a- 

position to the cyano group. Position of cyano group ~8s thus established unequivooally. 

Orientation of cyan0 group was deduced from the magnitude of coupling constant between 

HX and one ($) of the bridge head protons. RX showed coupling with BY in addition to 

those with adjacent methylene protons. Consideration of the dihedral angles between RX 

and H clearly indicated that J 

than For 

should be smaller for the adduots with exe-R 

those with &-HX &CR). 

(end0-W) 
-x- 

2-Chlorotropone (VII) and II were heated at 140-150. for 14 hours and subsequent 

silica gel chromatography afforded again four I:1 adducts VIII (m.p. 149-152*, Y 1675, 

1633 cm'), IX (m.p. 130-131.5~ , Y 1682, 1636 cm'), X (m.p. 126-128". Y 1691, 1634 CD') 

and XI (m.p. 127-128", u 1681, 1640 cm'). The position of chlorine atom ~8s deduced 

from the number of vinyl protons in their NHR spectra; VIII , IX and XI showed only three, 

revealing chlorine to be situated at the position 3, while X showed four, indicating the 

1815 



.h
N

 ik
iN

 
I
I
I
 

X
-
T
I
E
 

I
V
 

x
=
y
-
B
 

h
j 

N
 

V
I
I
I
 

X
-
H
,
 Y
I
c
l
 

X
I
I
I
 
x
-
l
x
,
 Y
=
O
M
e
 

V
 

x
=
Y
=
H
 

X
I
V
 

x
m
o
x
e
,
 Y
=
l
i
 

I
X
 
x
=
l
I
B
,
 

Y
=
C
l
 

X
V
I
I
I
 
X
C
O
A
C
,
 Y
-
E
 

X
V
 
X
=
E
,
 Y
=
O
F
¶
e
 

V
I
 

X
-
Y
-
H
 

X
 

x
=
c
1
,
 Y

-s
 

X
I
 

X
-
H
,
 Y
-
c
l
 

X
V
I
 
X
=
O
M
e
,
 Y
-
H
 

X
I
X
 
x
-
O
A
O
.
 Y
=
H
 

T
A
B
L
E
 
I
.
 
C
o
u
p
l
i
n
g
 C
o
n
e
t
a
n
t
 (
J
)
 o
f
 T
r
o
p
o
n
o
i
d
-
A
c
r
y
l
o
n
i
t
r
i
l
e
 A
d
d
u
c
t
e
 Y

 
0 x &
 

i
-
3
-
 l
-
7
 
l
-
m
 
i
-
8
8
 
3
-
4
 
3
-
5
 
4
-
5
 
5
-
6
 
5
-
7
 
5
-
9
a
 5
-
9
8
 6
-
7
 
6
-
l
 7
-
4
3
 B
a
-
@
+
3
 a
s
-
9
a
 
S
a
-
9
B
 
W
-
9
a
 

I
I
I
 

1
.
9
 
7
.
2
 

-
 

1
.
0
 
1
1
.
0
 
0
.
7
 
8
.
5
 
7
.
4
 
O
l
9
 
4
.
5
 
2
.
2
 
8
.
2
 
1
.
0
 

?
 

-
 

-
 

-
 

6
.
5
 

I
V
 

2
.
2
 
7
.
2
 
6
.
1
 
1
.
9
 
1
1
.
1
 
0
.
7
 
8
.
5
 
7
.
2
 
1
.
2
 
3
.
7
 

-
 

a
.
3
 
1
.
2
 

?
 

1
4
.
1
 

9
.
6
 

-
 

7
.
3
 

V
 

2
.
1
 
7
.
2
 
4
.
6
 
2
.
4
 
1
1
.
1
 
0
.
4
 
8
.
3
 
6
.
7
 
1
.
6
 

-
 

2
.
0
 
8
.
6
 
1
.
5
 

?
 

1
4
.
5
 

-
 

5
.
3
 

-
 

V
I
 

2
.
1
 
7
.
3
 
6
.
0
 

-
 

1
1
.
4
 
1
.
0
 
6
.
8
 
7
.
5
 
1
.
1
 

?
 

?
 

a
.
3
 
1
.
1
 

-
 

-
 

8
.
0
 

6
.
6
 

-
 

V
I
I
I
 

-
 

7
.
5
 

-
 

1
-
7
 

-
 

-
 

9
.
6
 
7
.
1
 
1
.
0
 
4
.
5
 
2
.
4
 
0
.
4
 
1
.
3
 
1
.
0
 

-
 

-
 

-
 

1
.
0
 

I
X
 

-
 

7
.
4
 
3
.
7
 
2
.
5
 

-
 

-
 

9
.
5
 
7
.
0
 
1
.
5
 

-
 

2
.
0
 
8
.
6
 
1
.
5
 

?
 

1
3
.
9
 

-
 

5
.
6
 

-
 

x
 

_
_
-
-
 

1
1
.
0
 
1
.
0
 
8
.
3
 
7
.
4
 
1
.
2
 

?
 

?
 

9
.
2
 

-
 

-
 

-
 

7
.
9
 

6
.
7
 

-
 

X
I
 

-
 

7
.
5
 
6
.
0
 

-
 

-
 

-
 

9
.
3
 
7
.
3
 
1
.
2
 

?
 

?
 

0
.
4
 
1
.
2
 

-
 

-
 

0
.
6
 

6
.
6
 

-
 

X
I
I
I
 

-
 

7
.
1
 
6
.
2
 
1
.
5
 

-
 

-
 

9
.
3
 
7
.
4
 
1
.
0
 
4
.
0
 

-
 

8
.
2
 
1
.
1
 
1
.
0
 
1
4
.
0
 

9
.
4
 

-
 

7
.
5
 

X
I
V
 

_
 

_
 

-
 

-
 

1
1
.
2
 
1
.
1
 
8
.
8
 
7
.
5
 
1
.
3
 
5
.
1
 
2
.
3
 
9
.
5
 

-
 

1
.
0
 

-
 

-
 

-
 

6
.
3
 

x
v
 

-
 

8
.
0
 

?
 

?
 

-
 

-
 

9
.
7
 
7
.
3
 
1
.
3
 

?
 

?
 

0
.
4
 
1
.
4
 
1
.
3
 

?
 

-
 

5
.
3
 

-
 

X
V
I
 

-
 

-
 

-
 

-
 

1
0
.
9
 
1
.
0
 
8
.
6
 
7
.
3
 
1
.
2
 

?
 

?
 

9
.
0
 

-
 

-
 

-
 

8
.
0
 

6
.
5
 

-
 

X
V
I
I
I
 
-
 

-
 

-
 

-
 

1
1
.
2
 
1
.
0
 
8
.
8
 
7
.
4
 
1
.
5
 
2
.
9
 
2
.
7
 
9
.
0
 

-
 

1
.
5
 

-
 

-
 

-
 

7
.
3
 

X
I
X
 

-
 

-
 

-
 

-
 

1
1
.
2
 
0
.
9
 
8
.
7
 
6
.
9
 
1
.
8
 

?
 

?
 

9
.
4
 

-
 

-
 

-
 

9
.
9
 

6
.
2
 

-
 

m
-
9
0
 

W
-
9
6
 

9
.
8
 

1
3
.
2
 

8
.
0
 

-
 

?
 

9
.
6
 

1
3
.
1
 

8
.
3
 

-
 

?
 

?
 

9
.
4
 

1
3
.
7
 

7
.
7
 

-
 

3
 

9
.
6
 

1
3
.
0
 

2
 

?
 

b
 



No.23 1817 

TABLE II. Chemical shift (6) of Troponoid-Aorylonftrilo Adduats (pp. Am c+) 

=4 
III 7.05 6.75 

IV 7.67 6.57 

V 6.98 6.65 

VI 7.20 6.65 

VIII 7.3s 6.80 

IX 7.23 6.68 

X 7.22 6.67 

XI 7.47 6.70 

XIII 6.00 6.62 

XIV 7.15 6.70 

xv 5.95 6.72 

XVI 7.10 6.70 

XVIII 7.02 6.68 

XIX 7.20 6.55 

'6 '7 '3 

6.18 5.77 3.47 

6.15 5.97 3.68 

6.32 5.80 3.65 

6.10 5.88 3-55 

6.23 Cl 3.53 

6.35 Cl 3.72 

6.07 6.05 3.52 

6.13 Cl 3.57 

6.13 3.62(ORe) 3.70 

6.23 5.87 3.45 

6.32 3.55(one) 3.75 

6.15 5.99 3=52 

6.07 5.88 3.48 

6.33 6.03 3-45 

3-77 CN 3.22 

3.52 2.50 2.12 

3.60 2.22 2.38 

3.77 3.23 CR 

4.03 CR 3.23 

3.83 2.25 2.38 

Cl 3.58 CR 

4.02 3.23 CR 

3.67 2.43 2.10 

3.67(Che) CR 3.40 

3.75 2.25 2.38 

3.63(one) 3.28 CN 

2.27(OAo) CR 4.05 

2.23(OAo.c) 3-37 CH 

B& s&3 5M %3 
2.00 2.48 

3.00 CR 

CN J-27 

2-35 2.23 

1.93 2.53 

CR 3.27 

2.43 2.27 

2.35 2.23 

2.93 CR 

2.22 2.45 

CR 3.22 

2.33 2.22 

2.03 2.45 

2.40 2.12 

chlorine to be at the position 1 (TABLR I). The position and orientation8 of cyan0 

group8 in VIII, IX and XI were deduoed by the name method aa in the oa8e of the tropono 

adducte. For the fourth isomer X, the position of the cyan0 group wan determined from 

the fact that the methylene protona showed a ooupling with B 
5' 

The clone similarity of 

b4' b6 @Id '87 in X with those in VI but not inIII6uggesta exo-orientation for the - 
cyan0 group. 

2-Methoxytropone (XII) and II were heated at 140-150. for 21 hours and producta 

were separated in the way described above to afford again four 111 adduotac XIII (B.P. 

130-2*, Y 1676, 1615 CB'), XIV (m.p. 112-113.5. , Y 1673, 1634 cm4), XV (m.p. 169-170*, 
Y 1679, 1621 00) and XVI (oil, Y 1678, 1636 cm'). In their RMR apeotra, XIII and XV 

ahewed three olefinio proton eignals, while XIV and XVI exhibited four, rerealing the 

poeitions of the methoxy group. Position and oonfiguration of cyan0 group in each adduct 

were deduced by eimilnr method aa in VIII-XI. The R8 signal shove a long-rauge coupling 

with Ii7 in XIV but not in XVI. 

Heating of tropolono (XVII) with II at 120-130. for 25 houra, followed by the 

acetylation and rilloa gel chromatography, afforded two i8omerio adduct XVIII (8.~. 

126-7', v 1744, 1680, 1640 01") and XIX (m.p. 117-7.5', Y 1754, 1677, 1635 cm'). Their 

UV, IR and RNR epectra clearly 8how that the aoetoxy group io at bridge head position (4). 

Multiplicity of H8 eatabliahod the atructuro (TARLR I). 

The rrtructure8 thu8 deduced from cherloal rhlfta and ooupling conatante are aupportrd 

by the regular aolrent rhift of the hydrogen aignaln (El to B7) on going from chloreforr 

to benzene (5). 

V, VIII, X and XIV haVo no tendency to loomarise to the other adduota under the coadi- 

tion In which t&y were for-d, dl8olonimg thatnoneof them was the aeoondary producta. 

That each adduot wae resulted from the different orientation of the reaotanta (ene-step 
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mechanism) and not from a common intermediate (tvo-step mechanism) was verified by the 

reaction of aorylonitrile+-cis-d and P-methexytropone-3,5,7_d3. The products, XIII-d, -- 
XIV-d and XVI-d ieolated ehoved a lerge J89 (9-11 Hz) revealing that cis relation of ~8 - 
and H 

9 
vas maintained for all products. 

The yield of the adducts, shown in TABLN III, discloeed a few point in the general 

pattern of the Diels-Alder reaction of troponoids. 

TABLE III. Yield of the Acrylonitrile Adducts (5) 

Structure of Adducts 

Troponeids Total Yield c7,41 (5921 c4,71 
endo 8x0 endo exe endo exo -- ---- 

Tropone (I) 91 64 8 11 8 + l 

P-Chlorotropone (VII) 81 33 Q 0 32 9 7 

2-Methoxytropone (XII) 65 19 10 30 26 0 0 

Tropolone (XVII) 40 0 0 12 28 0 0 

l Impossible to differeneiate from [5,2) adducts. 

First, a correlation was observed between the reacting site in tropone ring and the 

electron releasing ability of the substituents at 2-position: P-Carbon of acrylonitrile 

reacted either at 5 or 7-positions and a-carbon at 2 or 4-positions. The former type of 

reaction, [5,2], is more prominent for XVII and XII, snd the latter type, (7.41, was 

found more predominantly for I, while both types and another type, (4,73, were observed 

equally in VII (6). The ratio [5,2]/(7,43 thus has a decreasing order from OH through 

OMe and Cl to II. 

Secondly, the adducts with the oyano group always predoninate in C7,4] reaction. 

Howevsr, the endo/exo ratio ia close to 1 in (5,2] and [4,7J reactions and, in the extreme - 
[5,2] product was not obtained. 

Further study is in progress in order to establish the factor controlling the geome- 

try of the products in the Diels-Alder reaction of troponoids. 

1) 

2) 

3) 

4) 

5) 

6) 
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