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Rappelons qu’en fomulant les rkles de calcul des coefficients des IE, nous in- 

diquons, partout o i ~  il est possible, deux valeurs. Sauf indication contraire, la premihe 
correspond h deux atomes de parit6 diffbrente, et la scconde, k des atomes de memc 
yaritk. Si les deux atomes de 1’IE sont monovalents, on utilisera n A  = 1, et si l’un 
des atornes est polyvalent, on utilise nA = 2, 3 ou 4 suivant le nombre d’hlectrons de 
l’atome polyvalent. 

Pour le dbveloppement de la m6thode graphique ce xksultat est Bvidcmment 
remarquable. Bien qu’il soit impossible dc prCvoir avec certitude le comportement 
des systhmes B plusieurs atomes polyvalents, on peut mal@ tout s’attendrc tr ce 
qu’une gbn6ralisation semblablc se prksente aussi pour les syst6mes plus compliquCs. 
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(Preliminary Communicationl)) 

by Andrk Florey and Pierre Vogel 
Institut dc chirnie orgmique dc l’universitd, 

2, TUC dc la Barre, CIS-1005- Lausanne, Switzerland 

(11. VI. 75) 

Summay. Preparation of the title compound 1 is cicscribcd. An important transannular effect 
betwcen the two unconjugatcd s-cis-butadicnc chromophores is observed by comparisun of the 
UV. spectra of the Cetramethylidcnenorbornanc 1 and the clitnethylidenenorbornanc 3. The dif- 
ferences observed bctween the UV. spcctra of 2,3.5,6-tetramethylidene-7-oxanorboraanc 2 and 1 
are also discussed bricfly. 

‘Through space’ and ‘through bond‘ intcractions have been found to affect 
spectroscopic and chemical properties of molecules containing non-conjugated 
chromophorcs in a rigid conformation 111. Difficulties arise when analysing thc UV. 
absorption spectra of unconjugated dicnes where cr + z* bands can overlap x +- n* 
bands [2]. Those difficulties can be avoided in practice when studying the interaction 
between butadiene chromophores whose separate V c. N transition energies 
(nz+zZ) are usuallyrnuch smaller than the other cr +n* transition energies. Recently, 
we prepared the 2,3.5,6-tetramethylidcne-7-ox~norbor~ane (2) whose UV. ab- 
sorption spectrum indicated an important transannular effect between the two un- 
conjugated s-cis-butadiene 131. In order to test the importance of the u-skeleton 
hyperconjugation with the z-systcm (‘through bond’ interaction) and of an eventual 
perturbation due to the oxygen n-orbitals, the comparison of ether 2 with the cor- 

1) A full paper will appear later in this journal. 
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responding hydrocarbon 1 was nccessary. We prcscnt hcrc a synthesis of this tctracnc 
and discuss briefly its electronic spectrum takcri in solution. 

1 2 3 4 

The key product in the preparation of 2 was a 7-oxanorbornane-2,3,5,6-tetra. 
carboxylate derivative which is obtaincd readily by I)ieb-.ALder addition of di(mc- 
thoxycarbony1)acetylene to alkyl 3,4-furancdicarhoxylate, followcd by catalytic 
hydrogenation [3]. Due .to fast sigmatropic shifts [4], a corresponding cyclopenta- 
dienedicarboxyhte is cxpccted to  yield a mixture of unwantcd adducts besides the 
desired product under sirriilar conditions. We found that alkyl 2,3,5,6-norhornane- 
tetracarboxylates (10) can bc prepared according to  the Schme 1. 

Scheme 1 

Diels-Alder cycloadditinn of butadicnc to the anhydride 5 is known to furnish thc 
exo-tricyclic compound 6 [S] (200"; 48 11; yield : 22-25%). 6 adds one mole of brominc 
in CHzCl2 at -15" and yields a mixture of dihrotnides 7 (95%). Elimination of 
hydrobromic acid (t-BuOK/THF; -20"; 5 h) followed by hydrolysis (HzO/NasCOa) 
furnishes the cyclohexadiene derivative 8. I3y oxidativc cleavage of this diene 
(KMn04 5%/NaOH 5%) a 2,3,5,6-norbornanetetr;1carboxylic acid (9) is obtaincd 
(40% based on 7). Esterification by diazomctliane in acctone/ether yields the cor- 
responding tetracster 10 (86%). The exact steric structure of 9 and 10 h s  not yet 
been established. LiAIH4 reduction of 10 (THP; 60"; 5 11) yields the tetrol 11 (74%) 
which is esterified into the oily tetratoluenesulforiate 12 (56%). Treatmcnt of 12 in 
t-BuOKIDMSO (ZOo/4-5 h) furnishes a volatile, pcntane soluble mixture that con- 
tains the expected 2,3,5,6-tctramethylidcnenorbornane (1) besidcs several non- 
identified products. 1 is isolated (5% ; by preparative GC.) as a colorless, cristalline 

94 



T
ab

le
 1

. P
hy

si
ca

t a
nd

 s
~s

ct
ro

sc
op

ic
 pr
o+

ev
tie

s 
of 

co
rn

bo
un

ds
 I

, 7
, 8

, 9
, 

10
, 1

1,
 1

2 
an

d 
13

 

w
 

P
 

io
 
0
 

m
.p

. 
IR

. 
UV
. 

'H
-X

M
R

. 
YS

. 
(7
0 e

V
) 

d 
Ep

pm
] 

(n
um

be
r o
f 

H
; 

m
/e

+ [
am

u]
 (

re
la

ti
ve

 in
te

ns
it

y)
 

["
Cj
 

[c
m

-I
] 

Am
ax

 (
4 C

nm
! 

sh
 =

 sh
ou

ld
er

 
m

ul
ti

pl
ic

it
y;

 J
H

, 
in

 H
z)

 

1
 

28
-3

0 
31
50
; 2

%
0*

) 
29
40
; 2
86
0 

16
30
; 1
46
0 

12
50
; 9
10
 

26
4 

(s
h.

 3
15
0)
 b)
 

25
2 
(s
h,
 79
00
) 

24
4 
(s
h,
 94
00
) 

22
8 
(1
20
00
) 

22
0 
(s
h,
 8

90
0)

 
E

nd
 a
bs
or
pt
io
n 

&
a2

0 
=

 8
00

e)
 

23
5 
(1
25
00
) 

5.
2 
(4
; s

):
 4
.9
5 
(4
; s)
 ")

 
3.
4 (
2;
 f;

 2.
5)
 

1.
65
 (
2:
 t;

 2
.5

) 

14
5 
(7
);
 14
4 
(2
7)
; 1
43
 (
17
) 

13
1 
(7
);
 1
30
 (
7)
 ; 1
29
 {4

0)
 ;
 12
8 
(3
3)
 

12
7 
(1
3)
; 1
17
 (
20
);
 11
6 
(1
3)
 

11
5 
(2
7)
; 1
05
 (
17
);
 1
04
 (
10
) 

92
 (3
3)
 ; 9
1 
(1
00
) ;

 7
9 
(7
0)
 ; 7
4 
(5
0)
 

73
 (
63
) ;
 70
 (

50
) ;
 61
 (
10
0)
 

38
2;

 3
80

; 3
78

; 
34
4;
 34
2 

(
<

 1%
) 

29
9 
(1
00
) ;
 29
7 
(1
00
);
 28
1 
(6
) 

28
0 
(6
);
 27
9 
(6
);
 27
8 
(6
);
 21
7 
(2
4)
 

18
1 
(1
2)
 : 1
71
 (
6)
: 1
45
 (
12
) 

14
3 
(1
2)
; 1
17
 (
30
) 

no
n-

vo
la

ti
le

 

z P 3 4
 m c 

7 
15
6-
15
7 

30
20
; 2
98
0*
) 

29
70
; 2
92
0 

18
60
; 1
78
0 

14
80
; 1
23
0 

10
80
; 9
00
; 6
20
 

17
10
; 1

42
0 

12
30
; 
91
0 

17
10
; 1
42
0 

12
30
; 7

50
 

29
60
; 2

94
0%

) 
28
40
; 1
75
0 

17
20
; 1
20
0 

10
70
 

33
00
; 

29
40

h)
 

29
00
; 1
04
0 

29
40
; 

29
2o

aj
 

16
00
; 1
44
0 

13
50
; 
11
60
 

2.
96

0;
 2
98
0 a

) 
28
50
; 2
22
0 

16
40
; 1
44
0;
 12
30
 

33
00
-2
50
0*
) 

33
00
-2
50
0 

*)
 

4.
7 
(1
 ; 
m
)
 ; 4
.2
5 
(1
 ; m

) c
) 

2.
6 
(2
; m
)
;
 2.
05
 (4
; d

; 2
.)
 

1.
9 
(2
; b
r.
 s)

; 
1.
75
 (
2;
 m

) 

3.
5 

(Z
;.

m
; 4
.;
 3.
) 

8 9 10
 

6.
2 
(4
; m
);
 3.
25
 (
4;
 m)
r)
 

2.
83
 (
2;
 m

; 3
.5
; 
2.
) 

1.
47
 (

2;
 m

) 

2.
75
 (2

; 
m

);
 2.

55
 (

2
; m
)
g
)
 

2.
4 
(2
; b
r.
 s
) 

3.
75

 (
6

; s
) ;

 3.
68
 (
6;

 s) 
c)

 
2.
9 
(2
; m

);
 2
.4
 (
2;
 m

) 
2.
2 
(2
; w

);
 1
.3
5 

(2
: n

t)
 

1.
6-
1.
2 

(2
; n

~
)
 

c e 
16
4-
16
6 

E
nd

 a
bs

or
pt

io
n 

EZ
ZO

 
=

 5
00

9 
no

n-
vo

la
ti

le
 

tn m
 cr: C

I 
b

.p
. 
=

 
85
-9
01
0.
5 

T
or

r 
En

d 
ab

so
rp

ti
on

 
€2

50
 
=

 2
50

e)
 

32
6 
(3
) ;
 32
5 
(1
0)
 ; 3
24
 (
3)
 ; 3
11
 (
2)
 

31
0 
(3
) ;
 29
7 
(6
) ;
 2%
 
(1
0)
 ; 2
93
 (
2)
 

27
1 
(2
3)
; 2
64
 (
14
);
 22
1 
(3
7)
 

19
4 
(1
4)
 ; 1
63
 (
10
0)
 ; 1
51
 {
43
) 

no
n-

vo
la

ti
le

 

cn
 

11
 

12
 

O
il

 

am
or

ph
ou

s 

E
nd

 a
bs

or
pt

io
n 

6.
0 
(4
; b

r.
 s)
; 
3.
9 

(8
; m
)'
) 

7.
6 
(1
6;
 d-

m
; 9

.)
~

) 
3.
9 

{8
; 
m
)
;
 2.
4 (
12
; b
r.
 s
) 

2.
1-
1.
3 
(8
; m
)
 

3.
75
 (
8;
 br
. s

)f
) 

2.
1 
(2
; t

; 2
.7
) 

1.
35
 (
2;
 t;

 2.
7)
 

3-
1.
2 

(8
; m
)
 

25
9 

(5
70

0)
 e)

 

22
2 
(3
8 0
00
) 

no
n-

vo
la

ti
le

 

13
 

11
5-
11
7 

24
0 
(s
h,
 40
0)
 e) 

21
6 
(1
50
0)
 

8
) 

Tn
 C

H
C

Ia
; 

b)
 I

n 
is

oo
ct

an
e;

 
c, 

In
 C

D
C

ls
; 

*)
 I

n 
K

B
r;

 
e)

 I
n

 et
ha

no
l 9

5%
 ; 

*) 
In

 a
ce

to
ne

-d
a;

 
I
)
 In
 C

Fa
C

O
O

H
; 

h)
 A

s f
ilm

; 
i)

 I
n 

py
ri

di
ne

. 
IH

-K
M

R
. r

ef
er

en
ce

: &
TM

S 
=

 0
.0

 p
pm

 (s
 =

 si
ng

ul
et

t;
 d

 =
 d

ou
bl

et
; 

t 
=

 tr
ip

le
tt

; 
M
 
=

 m
ul

ti
pl

et
; 
br
. 

s 
=

 b
ro
ad
 s

in
gl

et
). 
Me
lt
in
g 

po
in

ts
 (

m
. p

.)
 

ar
e 

n
ot

 c
or

re
ct

ed
. 



HBLVETICA CHIMICA ACTA - Val. 58, FdSC. 5 (1 975) - Nr. 161, 1491 

substancea). This tetraene is stablc in degassed solutions at room temperature for 
several days, I t  polymerizes rapidly in presence of air orland light. When 1 is dis- 
solved in a CH& solution of tetracyanoethylene (TCE) an intense, red colour de- 
velops immediately (charge-transfer complcxe formation) that fades a few seconds 
later. The bis-adduct 13 is then formed and it prccipitatcs. 

1R.- and IH-NMK. spectra of 1 are charactcristic of il substance having exocyclic 
s-cis-butadienc groups [6] and do not prcscnt, to a first approximation, any special 
effect due to homoconjugation (see the Table). The comparison of the UV. absorption 
spectra (see Fig. 1) of 1 and 3 shows that an important transannular intcraction be- 
tween the two unconjugated s-cis-hutadicnc chrotnoyliores affects the electronic 
properties of the rigid, bicyclic tetraene l a ) .  

c 

10'000 

5'000 

1'000 

0 

4- /,.' 3 -a- ..... .... .... 

270 250 2 30 210 [nml 
Fig. 1. U Y. ulrsovption spectra of letruenes 1 and 2, and dicncs 3 and 4 (isooctanc/20°) 

In both tetraenes 1 and 2, one observes a splitting of the bands expected for the 
V + N transition of the s-cis-butadicne chrornopliorcs O F  3 and 4. From the spectra 
given in Fig. I., the splitting is approximativcly the same for 1 and 2, thus indicating 
no important perturbation due to n-orbitals of the oxygcn bridge in 24). Nevertheless, 

The low yicld in 1 obtained in this elimination contrastcs with the good yicld obtained when 
performing thc same reaction in the preparation o f  thc analog ether 2. This is partially due t c i  
competitive proccsses forming cyclic ethers Stom 12. 'Thc yiclds given here have not been 
optimized. 
Apparently, duc to ring flexibility I ,  2,4,5-tetramcthylidc1iccyclohexane (Amax = 224 nm; 
8 = 10500 [7J) and 1,2,5,Gi-tetramethylidenecyclooctaxic (n,,,, = 228 nm: E = 10000 [8]) 
do not present the similar cffect in their UV. absorption spcctra. 
A 'through space' interaction of the n-orbitals of oxygcn with the n-systcm in 2 is expected 
to  enhance thc splitting of thc V *. N transitions of th.0 butarliene chromophores [lo]. PE. 
spectra, gas phase and gl-dss phase UV. spectra should make this point clearer. 
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it is remarkable that t hc blueshift of 700-1300 cm-1 obscrvcd an the V + N transit ion 
when going from the hydrocarbon 3 to thc cther 4 is also observed for the bands of 2 
when compared with 1. This observation can be explained by a diminished importance 
of the @-skeleton hyperconjugative interaction with the msystem when the bicyclic 
ring is stabilized through the replacement of the CH2- (7) by an oxygen-bridge 191. 

The authors wish to thank Profcssor Dr. H .  Duhn (VN 2.772.72) and thc tFolzds notional suisse 
de la recherche scien8fiques (FN 2.0440.73) €or iinancial support. Wc are also grateiul to Profcssor 
Dr. J.-Y. Kintxinger and Mr. C .  Delselh and U .  Quarroz for help in recording some NMK. spcctra. 
and to Miss M. Hardy and Mr. H .  Servu for their technical assistance. 
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162 Carotinoidsynthesen uber Sulfone ; Synthese' von 
Apocarotfnoiden und Torularhodinester 

von Albert E'ischli und Hans Mayer 
Chemische Forschungsabteilung dar F. HurJjmann-J-a Ruchs & Co. AG., Raw1 

(22. v. 7.5) 

.Summary. Thc alkylation of conjugated arylsulfonyl ylids, preparcd from the corrcsponding 
allylic sulfones (2 or 8). and allylic halides bearing tcrrninal carbonylgroups (3 or 4) leads to polycnc 
sulfoncs which rcadily undergo spontaneous elimination of the corresponding aryl sulfinatcs. Ry 
this mcthod two apocatotenoids (5 and 6) and torularhadin ethyl ester (9) have been preparcd. 

Schon seit langerer Zei'i sind Spaltungsrcaktionen von Sulfonen unter basischen 
Bedingungen zu Olefinen rind Sulfinaten bekann t I 11. Verschiedene Beispiele von 
Sulfinateliminierungen, ausgehend von Sulfonen, die in 8-Stellung oder vinyloger 
@-Stellung xu einer Carbon ylgruppe stehen, wurdcn ebenfalls veroffentlicht 1241 und 
crfolgen besonders leicht. Beim Auf bau der 11 icr beschriebenen Carotinoidc sind wir 
einem Synthesekonzept gefolgt, das die Elinlinierung von Sulfinat aus solchcn he- 
sonders bevorzugten Stellungen gestnttet. Dabei zcigten die angestrebten Polyen- 
sulfone mit komplett aufgebautcm Kohlenstoffgeriist unter den angewandten Re- 
aktionsbedingungen spontane Sulfinateliminicrung unter Ausbildung der gcwiinsch- 


