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Abstract—The negative n — 7*-band CD of (+)-flavanone (1) proves its absolute configuration to be
(2R). The CD of 4-substituted flavans (cis- and trans-) is best explained by assuming a sofa confor-
mation for the dihydropyran ring (C-2 out of plane). For these compounds second-sphere contribu-
tions are smaller than third-sphere contributions of the 4-substituent.

Recently we?® described the reduction of flavanon
oxime to cis-4-aminoflavan and its resolution into
the two enantiomers, as well as the preparation of
the respective N-acetyl and N-benzoyl derivatives.
In another publication* we mentioned the prepara-
tion of optically active trans-4-hydroxyflavan by
HNO, deamination of cis-4-aminoflavan; e.g. the
(+)-amine (3) gave (—)-trans-4-hydroxyflavan (6).
Oxidation of the latter with bichromate lead to
(+)-flavanone (1), acetylation gave (—)-trans-4-
acetoxyflavan (7). All compounds but the cis-4-
hydroxyflavan (2) have been prepared in both
enantiomeric series.»* Experimental details of
these preparations will appear in a later communi-
cation.

Chiroptical properties. In order to simplify the
discussions, only the (2R)-compounds 1-7 are
considered in the following, the CD spectra of their
enantiomers E-1-E-7 are, of course, enantiomorph
to those of 1-7 (Table 1).

Flavanone 1. Dextrorotatory (+)-flavanone (1)
was assigned the (2R)-configuration by comparison
with other flavanones of known absolute configura-
tion.® This could be proven now by comparing the
CD spectrum of 1 with that of other flavanones’™"!
and referring to the phenylketone n — 7 *-chromo-
phore. Its CD is strongly negative (—4-93) and is
thus indicating independently, that the absolute
configuration of 1 is (2R). Contrary to the Cotton-
effect of the benzene chromophore the sign of this
n— w*-band CD is independent on the substitu-
tion pattern of the aromatic ring system,””!! and 1
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can thus serve as the reference compound of known
absolute configuration for all the other flavans
described.

cis-4-Substituted flavans. The NMR spectrum
of cis-4-aminoflavan hydrochloride (3) and cis-4-
acetamidoflavan (4) has been analysed in detail;®
from the respective coupling constants the relative
configurations were established to be cis and a
halfchair conformation of the dihydropyran ring
was derived, though a sofa conformation could not
be excluded. Similar results were obtained!? for the
benzoate of 2. Korver and Wilkins''? discussion of
the CD spectra of some natural flavanols (8,9) is
based on such a sofa conformation, and the relative
great difference of the e/e and e/y-e coupling
constants® prompt us to consider the sofa confor-
mation with O, C-3, and C-4 being coplanar with
the benzene ring to be the preferred one. This is the
same conformation which Korver and Wilkins!3
use.

As the CD of 3 and E-3 in both acetonitrile and
methanol solution is of similar shape and does not
vary much with the solvent we can assume the
same sofa conformation for all our discussions
independent on the solvent.

It is known for 1-substituted tetralins and tetra-
hydroisoquinolines that the helicity of the cyclo-
hexene (piperideine) ring is such that the substi-
tuent (OR, CHj,, CgHj;, benzyl, etc) can adopt the
Y-axial conformation in order to avoid steric inter-
action with the peri-standing hydrogen (similar to
1:3-diaxial interaction).®~1'* With a halfchair
conformation of the dihydropyran ring the 4-
substituent of 2-5 would be forced into the un-
favourable y-equatorial position, in the other
possible halfchair the phenyl group has to adopt the
axial position, which is also very improbable (and
excluded by the NMR spectra®); similarly the boat
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Table 1. CD-spectra of 4-substituted flavans

Compound Solvent®

Amax (A€)

1
E-1
2

E-3

&

E-4
5
E-5

6
E-6
7
E-7

A

> x> > > > > > 20 > >

355 (—2-35),339 (—4-93),310 (+ 6-16),
249 (+-3-58),225 (— 7-69)

355 sh (+1-48),338 (+4-51),310 (—5:55),
248 (—3-75)

283 (+1-22),276 (+1-28), 266 sh (+0-72)
227 (+2-23),214 (+3-94)

282 (+0-92),272 (+0-92), 231 (+ 3-05)

281 (+1-47),276 (+1-73), 245 sh (+0-05),
228 (—4-42)

283 (—2-30),277 (—2-48),227 (+ 3-29),
206 (—6-0)

283 (+2-00),276 (+2-15),233 (+1-26),
218 (—1-12),208 (+ 17-4), 194 (—48) t
282 (—1-83),276 (— 1-86),233 (—1-67),
negative at shorter wavelengths

283 (+2-25),276 (+2-44),232 (+2-89),
222 (—1-92)

283 (—2-55),276 (—2-93),232 (—3-75),
215 (+097)

282 (—1-17),276 (—1-17), 226 (—7-62)
282 (+1-44),276 (+ 1-41),265 sh (+0-80),
226 (+ 8-92), negative at shorter wavelengths
284 (—1-81),277 (—1:92), 225 (— 11-40)
284 (+1-94),276 (+1-94), 264 sh (+0-85),
225 (+8-95)

4A: acetonitril, C: chloroform, M: methanol.

1(R)

E-3: R=NH®C1®
E-4: R=NHAc
E-5: R=NHBz

’MA@

E-1(S 2: R=0H
® 3: R=NHPC1©
4: R=NHAc
5: R=NHB:z
R

[ w

6: R=—0OH E-6: R—=0H
7: R=0Ac E-7: R=0Ac
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conformation can be discarded by conformational
analysis. In the sofa conformation (Fig 1) this 4-
substituent is, however, already so oriented that the
aforementioned peri-interaction is avoided, so also
from this point of view the sofa conformation seems
more probable than the halfchair conformation.

In explaining the Cotton-effect of tetralins and
tetrahydroisoquinolines we®!*14-17 differentiated
between second-sphere contributions and third-
sphere contributions, the former in general being
stronger than the latter. In all these many cases
discussed the chiral part of the molecule was con-
nected to the benzene chromophore by C-atoms
whose spectroscopic moments'®!® are approxi-
mately identical. For compounds not further sub-
stituted in the benzene ring P-helicity of the chiral
ring leads to a positive Cotton-effect within both
the 'B,,- and B,,-absorption bands, for substi-
tuted compounds it depends on the substitution
pattern, whether this same rule holds, or the in-
verse one.'*1%:17 For example in their discussion of
the CD of differently substituted natural flavanols
Korver and Wilkins!® mention that for the two
types of compounds investigated (general formula 8
and 9) on the basis of experimental data the original
rule® connecting the helicity of the chiral second-
sphere with the sign of the Cotton-effect has to be
inverted. As we have shown, however, recently,'-1%
the substitution pattern of 8 and 9 indeed requires
such an inversion of the original rule.

Though thus the experimental data obtained with
some naturally occuring flavanols'®* can be ex-
plained, the difficulty remains that the chiral part
of the molecule is connected to the chromophore
by unlike atoms, viz. C and O. Hitherto in our first
approximation!*15:17 we have neglected such differ-
ences. Furthermore, with a sofa conformation pre-
sent the chirality of the second sphere is no longer
as strong as in cases of tetralins or tetrahydroiso-
quinolines with their half-chair conformation. We
can thus expect that second-sphere contributions
to the Cotton-effect will be smaller, and especially
in case of 4-substituted molecules with the chiral
center next to the chromophore third-sphere con-
tributions may become even stronger.

With the conformation assumed (Fig 1) a nega-
tive second-sphere contribution is expected for the
chroman chromophore, if the “usual’” rule®1418.17
holds, as is supposed by the data recorded by
Korver and Wilkins.?®* The contribution of the
second phenyl chromophore to the CD is expected
to be one or two orders of magnitude smaller, be-
cause no atom with free electron pairs is directly
connected to it,2° this phenyl can, however, also
contribute as any other substituent to the third-
sphere effects for the chroman chromophore. Its
contribution depends strongly on its preferred con-
formation, but in any case will be very small
because of partial internal compensation.

To apply the correct sector rule for estimation of

911
H
137 > _~\Ph _~\Ph
1 O O
R
R—OH, NH? or NHAcyl R=O0H, OAc
2-5) 6,7)

A B
Mﬂ L
/@0\%”‘ % —

C D
Fig 1. A,B: Projection of the sofa conformation of the

dihydropyran ring from the benzene ring towards the
heterocyclic ring. represents the benzene ring.
A: cis-configuration; B: trans-configuration.
C,D: Sector Rule for third-sphere contributions to the
1B,.-band (C) and 'B,,-band CD (D). Signs without brac-
kets refer to upper, signs in brackets to lower sectors.

the influence of the 4-substituent we will have to
know, whether C,- or Cs-symmetry is a better
approximation for the chroman molecule, as only
in the first case the plane of the benzene ring is a
nodal plane.'* As experimentally it is found (see
later) that epimerization at C-4 changes the sign of
the 'B,,-band CD we have thus to assume the first.
With this rule (Fig 1C,D) we expect a positive
contribution from substituent R to the Cotton-
effect within the !B,,-band, a negative for the !B,,-
band CD. This is what is found for 3, but we have
already noticed earlier'* that a y-axial group next
to the benzene chromophore may influence the
sign of the 'B,,-band CD; the influence of such a
group attached to a sofa conformation of the chiral
ring is as yet unknown. Indeed, for 2, 4 and 5§ the
1B,,-band CD is positive and thus inverse to that in
the spectrum of 3. At least for the !B,,-band we can,
however, say that with a sofa conformation of the
chiral ring the influence of the second sphere is
much smaller than that of the group next to the
chromophore (third-sphere contribution). It is
interesting to note that—again at least for the !B,,-
band CD, but perhaps not for the !B,,-band CD —
neutral groups and the positive ammonium group-
ing have contributions of the same sign, contrary to
the experience in the ketone series.?!:22
trans-4-Substituted flavans. For the benzoate of
6 the NMR spectrum analysis!? gave not only the
relative configuration but again also the preferred
conformation for the chiral ring. It is either a half-
chair or a sofa conformation; as in this case the
4-substituent on a halfchair is y-axial, conforma-
tional analysis cannot differentiate between these
two forms. Whatever it is, second-sphere helicity
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and third-sphere contribution of the OR group are
both predicted to be negative, and 6 and its acetate
7 both show negative Cotton-effects within the
1B,,- as well as the 'B,,-band. As the absolute
value of the rotational strength of the better meas-
urable 'B,,-band CD is practically the same for the
two epimers 2 and 6 we can conclude that the
dihydropyran ring of the trans-compounds 6 and 7
also prefers the sofa conformation (C-2 out of the
plane of the benzene ring). It should be mentioned
that this same sofa conformation is also in agree-
ment with the CD-data of 4-flavanones, like 1 and
similar ones.!?

Katekar and Moritz?® on the basis of IR data
concluded that the dihydropyran ring in cis- and
trans-4-hydroxyflavin adopts different conforma-
tions. cis-3-Phenyl-tetral-1-ol gave an IR spectrum
similar to that of cis-4-hydroxyflavan and without
discussion the authors® assumed a halfchair con-
formation in analogy to other tetralins. On the
contrary we believe that in this cis-compound for
the same reason as discussed earlier for the cis-4-
hydroxyflavan the sofa conformation is the pre-
ferred one. A halfchair conformation for the trans-
4-hydroxyflavan is, however, not excluded by our
CD measurement.

EXPERIMENTAL
All CD spectra were recorded on a Roussel-Jouan
Dichrograph model 185 at 20° for concentrations of ap-
prox 1 mg/cm? in cells of 0-01 to 1-00 cm length.
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