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Abstract - The reaction of singlet oxygen with the vinylcyclohexene leads to an

endoperoxide which is a model for a possible route to ring A of calcitriol.

The reaction of singlet oxygen with conjugated homoannular dienes is well known ro yield endoperoxides
via a 1,4-cycloaddition1. A similar reaction takes place readily with those acyclic dienes which are held
in an S-cis conformation,

When, however, a particular diene can assume an S-trans as well as an S-cis conformation the 1,4-cyclo-
addition of singlet oxygen comperes with an ene reaction which leads to acyclic hydroperoxidesz. The
proportion of the twe products depends on the stetic environment and on the nature of the substituents
on the diene system. It is not surprising, therefore, that endoperoxides from homoannular dienes have

seldom been used as intermediates in synthesis.
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a : A=H, X=l"0@2 or OH
1 2 3 a: A=H, b : A=OH
b : A=OH, X-PO@, or OH

We were attracted to the potential of endoperoxide intermediates {1 ~32) such as those which might be
derived from 3, in connection with our work on the synthesis of natural products related to ring A of
cholecalcifercl, {eg 4b}, because the S-cis configuration of the endoperoxide correlates with the required

Z geometry of the desired product.

¢

<>This paper is dedicated in honor of Professor D.H.R. Barton's 70th birthday.
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Two problems must be solved to make this approach successful. The required diene {e.g. 3) has to be
able to adopt easily the S-cis conformation required to lead to the Z methylenecyclohexylidene system
shown, in 4. The second problem, posed by the presence of the trans hydroxyl groups on the cyclohexene
ring, was solved in previous wotk from our laboratory4. we now repott on the feasibility of the endo-
peroxide route to the Z diene system of 4, using the vinylcyclohexenes 3 as models which lack the ring
hydroxyls of 4.

Our first attempts started with 2-methyl-1.vinyicyclohexene 3a as a substrate (R:CHS) in which the
methyl group was intended to serve as precursor of the eventual methylene of 4.

It soon became clear that the presence of a methyl group on the endacyclic double bond @E' R=CH3)
completely suppressed the desired 1,4-cycloaddition, presumably by preventing the formation of the requi-
red coplanar S-cis arrangement of the diene. Oxidation took place, instead, by other reaction pathways

and led (CHZCIZ, tetraphenylporphine G-10°C, 495 nm, or acetonitrile, dicyancanthracene, 420 nm),

after reduction (LiA1H4, 0°C, ether) only to a mixture of alcohols [és (46 %), 26 (27 %) and §7 (27
%)] in combined yield of 42 %. Vone of the desired 5 could be detected.
OH
Me OH OH
H
Me Me
3a (R-Me) 5 6 7 8

It was, therefore, decided to examine the oxidation of the vinylcyclohexene 3a {(R=H} in which the proper
coplanar S-cis arrangement should now be accessible, The eventual addition of the missing carbon which
is present as a methylene in the final product should occasion no difficulty.

Qut initial experiments indeed showed that, in CC1,, the major product of the singlet oxygen reaction

was the desired endoperoxide 9. It was characterized as its reduction product the enediol 198.

. 3 on

'H

3a (R= H) s 10

As anticipated, a protic solvent as carbon tetrachloride’ gives the best results. Lithium aluminium

hydride was a more satisfactory reducing reagent than sodium borchydride or thiourea.
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The following table shows the results of this oxidation under various conditions of solvent, temperature,

sensitizer and reducing reagent.

OXYGENATION

REDUCTION

isolated products afterw

oxygenation and reduction

time educing reagent
solvent [sensitizer | t°C lamp time (yield)
mmol power {(solvent)
H a2
. o 2 h LiAlH, H
1 5 CHZC]2 TPP 20 8 h
(500 W) I (Ether) (12%)10 (%) (%)
Ether 3h Li.ALH4
2 18,5 TPP 20° 12 h unchanged
3% MeOH (1500W) (Ether)
. 16 h LiALH, 10 H
3 5 MeQOH R, R. 20° 12 h —
(500 W) (Ether} (33%) (10%)
10 h LiALH4
4 5 ip, OH R. B 19° 12 h 10 (19%)
r {500 W) {Ether) -
10 h Thiourea
5 5 iP OH R. B. 19° 15 days] undeterminated mixture
' (500 W) (i, OH)
r
9 h LiALH4
6 5 CC]4 TFP 20° 12 h }_(_) (53%)
(500 W) (Ethet)
9 h OH
LiALH o
7 20 ca, | ep 20 4 12 h 10 He
(1500 W (Ether) (52%) (3%)
8 h Thiourea
8 2 CCI4 TPP 20° 2 h polymets
(500 W) aq.10% MeOH
8 h NaBH4
9 5 cel, TPP 20° 3 days 10 (19%})
(500 W) (iP OH)
T
21 h LiALH4
10 5 CCI4 TPP 5° (500 W) (Ether) 7 h E (37%)
21 h HZ/PdLindler
11 5 CCI4 TPP 5° 18 h 10 {20%)
{500 W) {MeOH) -

»*
TPP = Tetraphenylporphine

* R.B. = Rose Bengal

In all cases, irradiation was performed at > 495 nm by passing through a solid filter (Schott 495 or GG

420). All compounds described have showed correct elemental analysis, and/or spectral data.
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D. Desmagle, Thesis, Paris, 1984 ; Tetrahedron Lett., 1985, 26, 4941,

"H nme, CDCL, & : 1.40 (3K, 5, CHy), 1.50-2.00 (4, m, -[CH, ), 2.00-2.30 (31, m, OH, =CH-CHS),
Ho B B
5.07 (1H, dd, J=2,11 Hz, 3C=C7), 5.50 (1H, dd, J=2,18 Hz, J=C{), 5.95 (1H, t, J=5 Hz,
H H
N R4 B
CH,=C=), 6.45 (1H, dd, J=11,18 Hz, l:;c=c'(‘)

H
'Y nmr, CDCly, & @ 1.25-2.50 (9H, m, OH, -[CH,],-), 4.85 (1H, broad band, =C), 5.00(1H, b.b.,
H

H H H H H
=C{), 5.22 (1H, dd, J=2,16 Hz, C=C[), 5.40 (1H, dd, j=2,10 Hz, $C=C7), 6.17 (1H, dd, J=10,16 Hz,
H HH a H
F(C=ci‘ ).

'H nme, CDCly, 6: 1.25-2.45 (9H, m, OH, -[CH,],-), 4.30 (2H, 5,-CH,-0), 5.09 (1H, dd, J=2,10 He,

H H H H H H
“C=(T), 5.27 (1H, dd, J=2,17 He, *c=C{), 6.95 (1H, dd, [=10,17 Hz, =C=CX).
H H H

—_—

'Y nmr, CDCly, & : 1.25-2.75 (8H, m, -[CH,],-), 2.80-3.50 (2 OH, b.b.), 4.05 (1H, dd, J=7,13 He,

H H H CH
CZOH), 4.35 (1H, dd, J=7,13 Hz,—CS:—-OH), 4.67 (1H, t, J=2 He,3CT ), 5.50 (1H, t, J=7 Hz, ¢ 4,
H OH H

ir {neat) : 3320, 2900, 1600 cm™’,

M. Matsumoto and K. Kuroda, a) J. Chem. Soc., Chem. Comm., 1981, 11, 987 ; b) Tetrahedron lett.,

1985, 23, 1285.

1H nmr, CDC13, &1 1.60-2.60 (8H, m -[CH2}4—), 3.82 (3H, s, CH3), 4.02-4.20 (2H, m, CHZ-O), 5.93

H
(1H, bt, J=7 He, ;C{), 6.80-7.70 (14H, m, aromatic protons) ; ir (neat) 2920, 1680, 1600 em™!

1H nmr, CDCly, 8 : 6.75, broad triplet, whereas the shift is 5.93 for the Z isomer.

o nmr, CDCly, & : 1.50-2.80 (BH, m, -[CH2]4), 6.22 (1H, d, J=2Hz), 7.30 (1H, d, J=2Hz). For
examples of furan formation via endoperoxides see for instance : a) B. Hatirchian and P. D. Magnus,
Synth. Comm., 1977, 7, 119 ; b) K. Kondo and M. Matsumoto, Tetrahedron Lett., 1976, 5, 391.

1y nmr,'coms, 8 1 1.50-1.80 (4H, m,-{CH,],-), 2.10-2.40 (4H, m,-CH,-C=), 4.30 (2H, d, J=7Hg,

H H
CHZ—O) 4.67 (1H, d, J=2Hz’=c\7;), 4.95 {(1H, d, J=2Hz), 5.50 (1H, t, J=7Hz,=Cc] ).

. J. M. Conia and J. C. Limasset, Bull, Soc. Chim. Fr., 1967, 1936.
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