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ABSTRACT. The specific rotations of anthracyclinones are shown to exhibit
dramatic variation induced by protic solvents. The significance of this finding to
the evaluation of optical purity of synthetic anthracyclinones is discussed.

The measurement of specific rotation is a common and well accepted method for evaluating the optical
purity of chiral compounds. The success of this method depends entirely on having a reliable rotation for
the optically pure material and using this as a standard against which test samples are measured under well
defined conditions (e.g. concentration, solvent and temperature).

It was surprising then to find recent reports of purportedly optically pure anthracyclinones having
dramatically different reported specific rotations even when measured under seemingly identical conditions.
A specific case in point is that of the 4-demethoxydaunomycinone derivative (1). The accepted literature value
for the specific rotation is [a]p = —33.3°1, yet Terashima? has reported {a]p = —23.3° for material which
was shown by a separate n.m.r. study. using chiral shift reagents, to be optically pure. Such discrepancies
are not confined to (1)® and throughout our own work* on the synthesis of chiral anthracyclinones we
frequently encountered specific rotations of optically pure compounds which varied from the literature value.
On occasion [e.g. compound (1)] these variations were too great to be attributed to experimental error and
had it not been for the support of n.m.r—hiral shift reagent studies® totally incorrect conclusions might
have been drawn regarding the optical purity of the samples.

The origin of these previously unexplained variations is now traced to the purity of the solvents used
in the determination of specific rotations. We show (Figure 1) that the presence of polar oxygen containing

solvents, in particular ethanol and methanol, can dramatically alter the magnitude of specific rotations
determined for chloroform solutions of anthracyclinones. Whilst solvent dependence of specific rotations is

a well documented phenomenon®, its relevance to anthracyclines has been largely ignored. The presence
of alcohols in chloroform (often present in low concentration as a stabiliser) can shift the specific rotation
in either direction (see Table). and the changes are greatest at low concentration of alcohol. In order to

clarify results from the literature we have determined” the [a]p values of a number of commonly encountered
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anthracyclinone intermediates in absolute chloroform®. Whilst this solvent gives consistent results, many
anthracyclines tenaciously hold alcohol or water of crystallisation®°, which has a significant effect upon the
[a]p value obtained in absolute chloroform. This latter problem can be overcome by determining specific
rotations in a 1:1 methanol-chloroform mixture!® (see Table). Such results are totally insensitive to solvent
stabilisers or solvent of crystallisation and are readily reproduced.

The origin of this solvent dependency. which is reflected throughout the visible region of the ORD
curve (Figure 2)!1, is associated with the whofe anthracycline mofecule, since a similar effect on {]p is not
observed in the bicyclic a-hydroxyketones (10) or their ketals (11). However, it is not yet clear'? whether

the effect originates from conformation changes® or molecular aggregation®?.
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The ability to reproduce [a]p measurements for pure samples, differing only in origin, enabled us to
compare samples of {2) prepared by our phthalide annelation route {Scheme 1) with those obtained from
the Friedel-Crafts route (Scheme 2). This latter reaction has been examined by three groups!:2:1%, but
only Terashima has recognised and reported® racemisation occurring during the reaction. On repeating
the work reported by TerashimaZ? and subsequently by Rama Rao'%, we obtained a product (2)!%5 m.p.
= 201-206°; [a]p (1:1 MeOH/CHCl3) = —15.8°, which compared with an [a]p = —20° recorded for
optically pure material obtained by the phthalide route. For the former sample this suggests a degree of
racemisation equivalent to 21%. which was further supported by methylation of the Friedel-Crafts product
to afford (1). This dimethylether was chemically purified by chromatography to afford material [a}p (1:1
MeOH/CHCl3) = +26.4° which, when compared with enantiomerically pure material3([a]p = +34.4°),
reveals only an enantiomeric excess (ee) of 77%. This figure agrees well with 81% ee obtained using the

chiral shift reagent—n.m.r. technique.
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Table 1
Compound T ]}, (CHCl3)(c) | T[]}, (1:1 MeOR/CHCE)(c)
1 —~35.6 (0.87 +34.4 (0.88
2 —95.2 (0.13 —20.0 (0.18
3 ~109.3 (0.90) +20.0 (049
4 +63.2 (0.82) +31.1 (0.80
5 —121.1 (0.56 +24.6 (0.50
6 —52.4 (1.00 +21.4 (0.89
7 —88.9 (0.086) —23.7 (0.132)
8 ~54.2 (0.78 ~36.7 (0.81
9 —81.6 (0.35 —94.4 (0.28

(1) Ry = H. Ry = Ry = Me
(QRi=R;=Ra=H

(3) Ry =Ry =H. Ry = Me

(8) Ry = R, = H. R; = Me

(5) Ri =OMe. Ry = Me, Ry = H
(6) Ry = OMe, Ry = Ry = Me
(7) Ry =OMe, Ry = Ry = H

“OH

ORz

{10) a Ry = Me. Ry = CH,Ph
b Ry = CHaPh, Ry = Me

(1) a Ry, = Me, Ry = CH; Ph
b R, = CHyPh, Ry = Me
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These results fully support our earlier contention® that the phthalide anion route is the method of
choice for the synthesis of optically pure anthracyclinones. In contrast the Friedel-Crafts reaction can at
best convert enantiomerically pure starting materials into optically enriched products and then only if the

reaction time is minimised!”. Further enhancement of the optical purity of such products can only be attained
by wasteful multiple recrystallisations's.
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