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SOME NEW SULFUR AND SELENIUM 
SUBSTITUTED 

BENZOQUINONE-CYCLOPENTADIENE 
DIELS-ALDER ADDUCTS' 

B. WLADISLAW*, L. MARZORATI and C. DI VITTA 

Instituto de Quimica da Universidade de Siio Paulo, Caixa Postal 20.780, 
Siio Paulo, Brazil 

( Received March 19, 1985: in final form May 10, 1985) 

This paper reports the synthesis of new sulfur and selenium-substituted benzoquinone-cyclopentadiene 
Diels-Alder adducts. Although being of endo configuration, as shown by chemical and spectroscopic 
proof, they fail to undergo cage-compound formation. 

It was reported in a preliminary communication2 that the reaction of the 2,3-dichlo- 
robenzoquinone-cyclopentadiene Diels-Alder adduct (1) with some aliphatic 
mercaptides afforded the corresponding dialkylthio-substituted adducts (2a-c) 
(Scheme 1). 

In order to verify the generality of this reaction it was extended to a wider number 
of mercaptides, as well as selenium, oxygen and nitrogen nucleophiles. 

RESULTS AND DISCUSSION 

Tables I and I1 show the mps, yields, 'H NMR and IR spectra of 16 dialkylthio- and 
diarylthio-substituted quinones-cyclopentadiene adducts (2d-l) and (2m-s), respec- 
tively. It may be noticed that the reaction occurred also with the highly branched 
t-butyl and triphenylmethyl mercaptides, although in the latter case a lower yield of 

R=CH, (a) : C ,  H, (b) ; n-C, H, (c) 

SCHEME 1 

'Author to whom all correspondence should be addressed. 

147 

P.S. -B 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
B

LE
 I 

Y
ie

ld
s a

nd
 p

hy
si

ca
l d

at
a 
of
 d

ia
lk

yl
th

io
-s

ub
st

itu
te

d 
be
nz
oq
ui
no
ne
-c
yc
lo
pe
nt
ad
ie
ne
 ad

du
ct

9 

2d
 

n-
C

, H
7 

43
 

W
5

 
3.

3q
m

.2
 H
) 

3.
4q

m
.2

 H
) 

6.
w

m
.2

 H
) 

1.
5q

m
.2

 H
) 

1.
1q

t.6
 H
);
 

1.
50

(m
,4

 H)
; 

3.
00

(t7
4 H
) 

l.W
1.

60
(m

.1
2 

H
);

 
3.

95
(m

,2
 H

) 
1.

40
(s

,8
 H

) 
1.

6q
t.6

 H
);

 
3.

4q
s.

4 
H

);
 

4.
1q

m
.4

 H
) 

4.
2q

m
.4

 H
);

 
7.

2q
sJ

O
 H

) 
3.

73
(s

,6
 H
);
 

4.
07

(m
.4

 H
);
 

6.
53

-7
.2

qm
.8

 
H)
 

3.
09

-4
.0

5(
m

,4
 H

); 
4.

W
m

.2
 H
);
 

5.
1q

m
.2

 H
);

 
5.

43
-5

.8
6(

m
.2

 
H)
 

6.
17

(s
.2

 H
) 

7.
17

(m
.2

0 
H

) 
7.

2q
m

.3
0 
H)
 

16
85

 

2e
 

2f 28
 

I-C
, H

7 
48

 

r-
C,

 H
, 

45
 

C
H

,C
02

E
t 

40
 

1
W

7
 

3.
2q

m
.2

 H
) 

15
4-
6 

3.
3q

m
.2

 H
) 

86
-8
 

3.
4q

m
.2

H
) 

3.
W

rn
.2

 H
) 

3.
W

m
.2

 H
) 

4.
10

(m
,2

 H
) 

6.
00

(m
,2

 H
) 

6.
w

m
.2

 H
) 

6.
1q

m
.2

 H
) 

1.
W

1.
60

(m
,2

 H
) 

1.
40

(m
.2

 H
) 

1.
5q

m
.2

 H
) 

16
70

 

16
80

 
16

80
 

17
30

 

16
70

 
2-h

 

2i
 

C
H

2W
-b

 
57

 

C
H

,C
,H

,O
M

e(
p)

 
37

 

97
-1

00
 

2.
7q

m
.2

 H
) 

99
-1

01
 

2.
7q

m
.2

 H
) 

3.
20

(m
,2

 H
) 

3.
2q

m
.2

 H
) 

5.
6q

m
.2

 H
) 

5.
7q

m
.2

 H
) 

1.
05

-1
.5

qm
.2

 H
) 

1.
33

(m
.2

 H
) 

16
75

 

0
 

E! 
C

H
,C

H
=C

H
, 

25
 

48
.5

-4
9.

5 
3.

09
-4

.0
5(

rn
.2

 H
) 

3.
09

-4
.0

5(
m

,2
 H
) 

5.
97

(m
.2

 H
) 

1.
36

(M
,2

 H
) 

16
75

 

2k
 

u 

14
7-

15
1 

2.
02

(m
,2

 H
) 

17
8-

18
0.

5 
1.

53
(rn

,2
 H

) 

2.
99

(m
.2

 H
) 

2.
7q

m
.2

 H
) 

5.
58

(m
,2

 H
) 

5.
73

(m
,2

 H
) 

0.
83

-1
.2

9(
m

,2
 H
) 

0.
97

(m
,2

 H
) 

16
75

 

16
80

 

"T
he

 m
ic

ro
an

al
ys

es
 w

er
e 

in
 s

at
is

fa
ct

or
y 

ag
re

em
en

t w
it
h 

th
e 

ca
lc

ul
at

ed
 v

al
ue

s:
 C

, 
f
 0.

2;
 H

, 
0.

1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 I1

 
v
, iz 

Y
ie

ld
s a

nd
 p

hy
si

ca
l d

at
a 

of
 a

ry
lth

io
 su

bs
tit

ut
ed

 b
en
zo
qu
in
on
e-
cy
cl
op
en
ta
di
en
e a

dd
uc

ts
" 

2m
 

2n
 

20
 

2P
 

2s
 

2r
 

2s
 

58
 

15
0-

3 
3.

3C
L3

.5
qm

.2
 H

) 
3.

30
-3

.5
0(

m
,2

 H
) 

3.
30

(m
,2

 H
) 

C
,H

,C
H

,(
p)

 
95

 
16

3-
7 

3.
2q

m
.2

 H
) 

c6 
H

4C
1(

 p 
63

 
1

7
6

7
 

3.
3q

m
.2

H
) 

3.
40

(m
,2

 H
) 

C
,H

,O
C

H
,(

p)
 

99
 

12
0-

4 
3.

2q
m

.2
 H
) 

3.
30

(m
,2

 H
) 

C
6H

,N
H

z(
p

) 
40
 

2W
-3

 
3.

10
(m

,2
H

) 
3.

20
(m

,2
 H

) 

C
6H

,N
O

2(
p)

 
59

 
19

0d
 

3.
40

(m
,2

H
) 

3.
50

(m
,2

 H
) 

C
,,H

,(
B

) 
68

 
17

0-
3 

3.
23

-3
.4

0(
m

,2
 H

) 
3.

23
-3

.4
0(

m
,2

 H
) 

C
6H

5 
6.

10
(m

,2
 H

) 
1.

4q
m

.2
 H

) 
7.

38
(s

.1
0 

H
) 

6.
00

(m
,2

 H
) 

1.
40

(m
,2

 H
) 

2.
3q

s.
6 

H
);

 
7.

1q
m

.8
 H

) 
6.

00
(m

,2
 H

) 
1.

40
(m

,2
 H

) 
7.

2q
m

.8
 H

) 
6.

00
(m

,2
 H

) 
1.

40
(m

,2
 H

) 
3.

8q
s.

6 
H

);
 

7.
00

(m
.8

 H
) 

5.
90

(m
,2

 H
) 

1.
3q

m
.2

 H
) 

5.
3q

bs
.4

 H
): 

6.
80

(m
.8

 H
) 

7.
20

(s
,8

 H
) 

6.
1q

m
.2

 H
) 

1.
5q

m
.2

 H
) 

6.
07

(m
.2

 H
) 

1.
57

-1
.3

qm
.2

 
H

) 
7.

23
-7

.8
7(

m
,1

4 
H

) 

16
82

 
C

 
16

75
 

16
80

 
E 

16
70

 
P 

16
70

 
% r i! P 

16
80

 
16

75
 

e 0 U
 

4
 

"T
he

 m
ic

ro
an

al
ys

es
 w

er
e 
in 

sa
tis

fa
ct

or
y 

ag
re

em
en

t w
ith

 th
e 

ca
lc

ul
at

ed
 v

al
ue

s:
 C

. 
f0

.2
; 

H
, 

kO
.1

. 
cn v
, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



150 B. WLADISLAW, L. MARZORATI AND C. DI V I T A  

SCHEME 2 

TABLEIII 

Physical data and 'H NMR spectra of the products obtained by reaction of dichloro-adduct (1) 
with selenium, oxygen and nitrogen nucleophiles 

'HNMR(8 inCDC1,) 
9 

MP 
Noa ("C) 448s 5.8 6 7  

Jb 152-5 3.20(m,2 H) 3.3qm.2 H) 6.07(m,2 H) 1.40(m,2 H) 7.40(m,10 H) 
4 - 4.15(m,2 H) 6.7qm.2 H) 2.09(m,2 H) 5.25(bs.2 H) 

'See Scheme 2. 
hAnal. Calcd. for C2,HI,Se2O2: C, 57.03; H, 3.75. Found: C, 57.42; H, 3.65. 

the adduct (21) was obtained. It is noteworthy that higher yields were obtained in the 
reactions with the aromatic mercaptides than with aliphatic ones. 

The reaction of the dichloro-adduct (1) with selenium, oxygen and nitrogen 
nucleophiles is shown in the Scheme 2 and the mps and 'H NMR spectra are 
included in the Table 111. It may be seen that it was possible to obtain the 
diphenylseleno-substituted adduct (3). However, the attempts to prepare the dial- 
koxy and didridinyl-substituted adducts failed. Thus, the reactions of (1) with 
sodium methoxide or ethoxide, aziridine or its lithium salt yielded the dichloro-sub- 
stituted aromatized product (4). 

The formation of the aromatized adduct (4) may be explained by the high basicity 
but weak nucleophilicity of the oxygen and nitrogen, in contrast to the sulfur and 
selenium. Consequently, a removal of the proton in a to the carbonyl group in the 
dichloro-adduct takes place. 

It is noteworthy that in the reaction of (1) with the sulfur nucleophiles, it was 
impossible to isolate the mono-alkylthio-substituted adducts, even when equimolar 
proportions of the reagents were employed. Two additions with formation of anionic 
intermediates ( A )  and (B), (Scheme 3), followed by two eliminations, are suggested 
as possibilities, instead of a single intermediate proposed for a monochloro-quinone.3 
It seems reasonable to admit that (B), in which the negatively charged carbon is 
inserted between the carbonyl group and sulfur, should be more stabilized than (A). 
Therefore, the mono-alkylthio-substituted adduct, as soon as it is formed, would 
undergo transformation into the dialkylthio-adduct. 
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S AND Se SUBSTITUTED DIELS-ALDER ADDUCTS 151 

SCHEME 3 

/ 

'SR 

The dialkylthio-substituted adducts appeared to us to be interesting intermediates 
for the dialkylthio-substituted cage compounds (5), which are not described in the 
literature. However, when the adducts (2a) and (2h) were irradiated under the 
experimental conditions reported for the unsubstituted benzoquinone-cyclc- 
pentadiene a d d ~ c t , ~  the starting materials were recovered. The reason for the failure 
of this reaction could be either configurational or electronic. Therefore, in the first 
place, it became necessary to eliminate the possibility of the dialkylthio-substituted 
adducts being exo. 

Evidence for the endo configuration was obtained when the dialkylthio-sub- 
stituted adduct (2a) was submitted to reaction with Raney Nickel' and the hydro- 
genated sulfur-free adduct (@, which was obtained as the only product, was shown 
to be identical to that formed by reaction of the unsubstituted adduct (7) of endo 
configuration with Zn/CH,CO,H (Scheme 4). 

Furthermore, the endo configuration of the dialkylthio-substituted adducts was 
confirmed by analysis of the 13C NMR spectra, in comparison with the norbornene 
series. 
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152 B. WLADISLAW, L. MARZORATI AND C. DI V I n A  

It is noteworthy that the literature data6*' refer mostly to the mono-substituted exo 
or endo norbornenes, the endo and exo cyclopentadiene-maleic anhydride adducts 
being the only examples of the disubstituted norbornenes. It was established that the 
endo adduct (8b) (Table IV) in the '?C NMR spectrum shows an upfield shift of 
the double-bond carbon signals (C-5,6), in contrast to the exo adduct (8a), and that 
the exo adduct (8a) exhibits an upfield shift of the methylene bridge carbon (C-7), in 
both cases, owing to y gauche interaction of the carbonyl substituent with one of the 
protons at C-6 or C-7, respectively. Comparable results were obtained by us with 

TABLE IV 

l 3  C NMR spectraa for some benzoquinones-cyclopentadiene Diels-Alder adducts 
and some model compounds 

7 

c=c 
NO' C-1.4 C-2.3 C-5.6 c-7 C-8.9 (enedione) CH, 

!hlc 136.7 46.4 173.6 - 51.0' 
134.3 172.3 - 50.T 

9b 47.8 46.0 134.6 48.4 172.5 - 51.1' 
8ad 48.8 46.9 138.8 44.1 171.6 

47.2 46.1 135.6 52.8 171.5 
- 48.1 135.0 48.5 199.1 141.8 - 

8bd 
7 
1 49.3 48.4 135.3 48.8 188.5 146.9 - 
h 50.2 46.5 135.8 47.8 191.0 149.9 16.5' 
2b 50.1 46.4 136.0 47.9 191.5 15.19 

(27.4)' 
29 50.1 46.1 136.2 47.7 192.0 151.0 22.6' 

24.7' 
(37.1)' 

2f 50.6 45.1 136.6 47.3 193.6 155.4 32.2k 
6 51.3 46.9 136.1 48.2 208.8 - 37.4e 

- - 

- - 

a In ppm from internal TMS for CDCI, solutions. 
bSee Figure 1, Table I and Scheme 3. 
'C-1,4 and C-2,3 were not assigned from the signals of 47.0, 46.2 and 44.8 ppm. 

'In C0,Me. 
'In SCH,. 
BIn SC,H,. 
'In SC,H,. 
'In Si-C,H,. 
JCH in Si-C,H,. 
'In St-C,H,. 

Reference 6. 

I CH,-CH, . 
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e x 4 4  endo-exo(a) 

endo(b) endo-endo( b) 

FIGURE 1 
adduct (9a) and cyclopentadiene-maleic methyl ester adduct (9b). 

Cyclopentadiene-maleic anhydride adducts (8a.b) cyclopentadiene-fumaric methyl ester 

two other disubstituted norbornenes of known configuration, cyclopentadiene- 
fumaric (9a) and-maleic (9b) methyl ester adducts, endo-exo and endo-endo, 
respectively. (Table IV and Figure 1). 

Inspection of the molecular models of the benzoquinone-cyclopentadiene adducts 
indicated that in the case of the exo configuration the carbonyl groups are spatially 
distant from the double-bond carbons in the cyclopentadiene moiety, but close to 
the methylene bridge; in the endo configuration, on the other hand, they are quite 
proximate to the double bond. This seemed to suggest that in these compounds y 
effects similar to those in the norbonene derivatives would occur. 

The 13CNMR spectra for some dialkylthio-substituted adducts (2a,b,e,f) are 
shown in the Table IV. The data for the unsubstituted (7, dichloro-(l), and 
sulfur-free hydrogenated (a) adducts are also included. It may be observed that the 
double-bond carbon (C-5,6) chemical shifts for the dialkylthio-substituted adducts 
(2a,b,e,f) are close to those for the endo dicarboxylic ester (9b) and anhydride (8b) 
derivatives, but distant from that for the exo anhydride adduct (a). Furthermore, 
the dialkylthio-substituted adducts (h,b,e,f) do not exhibit the upfield shift of the 
methylene bridge (C-7) characteristic for the exo configuration. Similar data were 
obtained for the unsubstituted (7, dichloro (1) and endo sulfur-free hydrogenated 
adducts (6). 

Once it has been proven that the dialkylthio-substituted adducts are endo, the 
hypothesis of configuration being responsible for the lack of photocyclization is 
eliminated. 

It is probable that the conjugation between sulfur and double-bond leading to 
increase of electronic density of the latter could be responsible for the lack of 
reactivity on irradiation. However, the steric hindrance to cyclization cannot be 
excluded. 

EXPERIMENTAL 

Chemicals used were of reagent grade. All meltin points were uncorrected. Infrared spectra were 
measured on a Perkin-Elmer 283A spectrometer. All I C NMR and 'H NMR spectra were recorded on a 
Varian FT-80A and a Varian T-60 spectrometers, res ectivel . The "C NMR spectra were measured in 

literature procedures. 

f 
40% (v/v) solutions in CDC13. Compounds (l),R (9a). $ 2  (9b),' (7)" and (6)" were prepared according to 
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154 B. WLADISLAW, L. MARZORATI AND C. DI VITTA 

Prepururion of diulkylrhio- and diurylrhio-substituted quinones-cyclopentudiene udducts. Compounds (2621). 
and (2-24 were prepared as described previously.* For compounds (2j-21) and (2s) the solid sodium 
thiolates were employed which were prepared from equimolar amounts of sodium hydride and thiols. In 
the case of (2r) solid sodium p-nitrobenzenethiolate was prepared from the corresponding thiol and 
sodium hydroxide. For the mps, yields, ‘H NMR and IR spectra see Tables I and 11. 

Prepururion of diphenylseleno-subsriruted udduct (3) .  To a stirred solution of diphenyl diselenide (1 .O g, 
3.2 mmol) in 10 ml of dry ethanol, was added 0.3 g of sodium borohydride, in small portions, under 
nitrogen. The clear solution was added to a suspension of (1) (0.4 g, 1.6 mmol) in 4 ml of dry ethanol. The 
reaction mixture was poured into 20 ml of water. The yellow solid was recrystallized from ethanol to give 
0.3 g of (3). For mp and [ H  NMR spectroscopic data see Table 111. 

Reuction oj  (1) with uziridine. To a stirred solution of 0.24 g (1 mmol) of (I)  in dry ether was added 0.11 
ml (1.9 mmol) of aziridine in 1 ml of dry ether. The solvent was removed and the oily residue was 
identified by ‘H NMR as (4). (See Table 111). 

Reaction of (1) with lithium salt of aziridine. To a stirred solution of 0.1 ml (1.8 mmol) of aziridine in 2 
ml of dry ether was added 1.3 ml of n-butyllithium in hexane (1.5 M). This suspension was added to a 
stirred solution of (1) (0.24 g. 1 mmol) in 2 ml of dry ether. After removal of solvent an oily-solid was 
obtained which was identified by ‘H NMR as (4). (See Table 111). 

Reucrion of (1) with sodium merhoxide in methanol. A solution of sodium methoxide in methanol 
prepared from 0.16 g (7 mmol) of sodium and 7 ml of dry methanol was added dropwise to a suspension 
of (1) (0.85 g, 3.5 mmol) in 10 ml of methanol. The reaction mixture was poured into 50 ml of water 
acidified with HCI. and extracted with ether. The ether extract was dried (MgSO,), the solvent removed 
and the white solid left was identified as (4). (See Table 111). 

Reucrion of (1) wirh sodium erhoxide in benzene. To a suspension of (1) (0.4 g, 1.6 mmol) in 5 ml of dry 
benzene, 0.21 g (3.1 mmol) of solid sodium ethoxide was added. The reaction mixture was poured into 
water, the benzene layer separated and after solvent removal the solid residue was identified as (4). (See 
Table HI). 
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