Tetrahedron Letters,Vol.25,No.47,pp 5377-5380,1984 0040-4039/84 $3.00 + .00
Printed in Great Britain ©1984 Pergamon Press Ltd.

ASYMMETRIC DIELS - ALDER RFACTIONS WITH «~CHLORONITROSO COMPOUNDS -~ I.
APPLICATION OF o~CHLORONITROSO EPTANDROSTERONE IN SYNTHESIS
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Organisch-chemisches Institut der Technischen Universitit Mimchen
Lichtenbergstralle 4, D-8046 Garching

Abstract: The Diels - Alder reaction of 1,3-cyclohexadiene (9) with the enantiomerically pure
a~chloronitroso compound 8, synthesized from epiandrosterone (7a), gives the adduct 10a with
1-(R),4-(S) configuration in 69 % chemical yield and >95 % enantiomeric excess.

In comnection with our work directed toward the synthesis of streptamine analoguesl), which
are interesting building blocks for mutasynthesis of antibiotics, we have investigated asym-
metric Diels - Alder reactions with a-chloronitroso compounds. Diastereoselective Diels - Alder
reactions using chiral dienophiles or dienes have received considerable attention during the
last years2 . In most cases3§, high asymmetric induction is achieved by the formation of a
complex with rigid conformation between reaction partners and a Lewis: acid (Lewis -acid pro-
moted [4+2] cycloadditionsa)) .

With nitroso compounds as dienophiles, there is another possibility of reaching high diastereo-
selectivity, as we have pointed out in describing the first example of such an asymmetric syn-
I:hesis5 : By use of an a-chloronitroso compound with rigid molecular framework and bulky groups
in the vicinity of the C(C1)NO - moiety, the free rotation around the C-NO - bond may be sup-
pressed. The diene in its least hindered orientation then attacks preferentially one side of
the nitroso group. In the case of an enantiomerically pure nitroso derivative, this results in

a diastereoselectivity if the 1,3-diene is substituted in 1- or 1,4-position.
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There are several advantages in the use of chiral a-chloronitroso compounds in cycloadditions:
- The dienophilic reactivity of the mitroso group is high enough to allow reaction to pro-
ceed under mild conditions with a variety of dienes, even with severely hindered ones6 .
- The nitroso group is directly attached to a center of chirality, with properly designed
nitroso compounds this attachment should favour high asymmetric induction.
- By solvolysis of the isomeric immonium salt 4 of the adduct 3, the nitrogen-carbon bond
is cleaved. Thereby, the cycloaddition becomes irreversible, on the one hand, and, on the
t
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- Finally, by this solvolysis reaction, the group formerly attached to the nitroso group is
converted into the acetal 6 of the corresponding ketone. In this way, a reuse of the
starting material is possible, which may be important in the case of expensive educts.

Following this reasoning we have designed a model reagent useful for effecting asymmetric

synthesis.
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The compound chosen was 17-chloro-17-nitroso-38~hydroxy-Se-androstane(8), which may be pre-
pared easily by treating the oxime of epiandrosterone 7b’’ with tert.-butyl hypochlorite

(cH Cl,, 6 hat -30°C, then 48 h at -18°C). The resulting mixture of diastereomeric nitroso com-
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By reaction of the blue compound 8 with cyclohexadiene (9) (molar ratio 1:5) im CHC1, solution
in the presence of CH3OH (2 weeks at -20°C for total decoloration), an optically active adduct
10a is formed. The crystalline mixture of the adduct 10a and epiandrosterone dimethylacetal was
separated by treating it with diluted HCl and CHCl3. From the aqueous solution 69 7 hydro-
chloride 10a (m.p. 163° from ethanol, [a]go -24° (c = 5.0 CH3OH) was isolated and from the
CHCl3 phase 72 7 epiandrosterone (Zg) could be recovered.

To ascertain the optical purity of 10a, we prepared its D-camphor-10-sulfonyl derivative 10b
(m.p. 120°C from ether/petrolether). Whereas the sulfonamide derived from the racemic adduct
{prepared identically from 9 and m-chloronitrosocyc1ohexan66)) showed two AB type signals

(6 = 3.54/2.83 and 3.44/2.99) for the 10-methylene group in the 200 MHz 1y R spectrum with
equal intensity, the derivative 10b of the optically active adduct gave only one AB system

(6 = 3.44/2.99 ppm) with measurable intensity. Taking into account the known uncertainty of
quantitative NMR measurements, we may state that the reaction described proceeds with an
enantiomeric excess of at least 95 %.

The configuration of (-)10a had been proven previouslylo) by chemical degradation to N-tri-
fluorocacetylglutaric acid diisopropylester to be 1-(R),4-(S).

This configuration is to be expected if the approach of the diene to the nitroso compound
occurs in the way shown in the picture.

The easy accessibility of optically active adducts with 1-(R),4~(S) configuration as well as

. . .1 . el i1 . s
with 1-(S),4-(R) configuration ! offers attractive possibilities for the synthesis of chiral
conduramines and streptamine analogues™’.

0
lé @
-~
o N

_— // _—

—
o
o]

ll

—_—
o
(¢]

|




5380

13
Benzog%ation of 10a and reductive cleavage of the N-O-bond of 10c ) by a method introduced by

Keck gives the products 11b or lla in excellent yields. 11b or 1la allow the 1ntroduct10n of
two further heteroatom substituents, for example by hydroxylation of the double bond ’12
Starting the Diels-Alder reaction of 8 with 1,3-cyclohexadienes already containing heteroatom
substituents in position 5 and 6 and treatment of the adducts as described above, may afford
optically active streptamine analogues with well defined stereochemistry. This work is in pro-
gress.
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