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Effect of a Cyclic Structure at P™ on the Reactivity of an Ester of
Phosphorous Phosphoric Anhydride

By J. MikotajczyK, J. MiCHALSKL* and A. ZWIERZAK
[Institute of Organic Chemistry, Techwical University (Politechnika), Zwirki 36, Lodz 40, Poland)

Summary The unusual inertness of PII cyclic esters of
phosphorous phosphoric anhydride towards protic acids is
discussed in the light of Hudson’s concept of steric
retardation on quaternisation.

DURING our studies on the esters of phosphorous phosphoric
anhydridel~* we have discovered that cyclic derivatives of
type (I) are unusually inert toward reagents such as
diethyl hydrogen phosphate and acetic acid, no reaction
being observed on prolonged heating for 3 h at 110—120°,
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and distillation #n vacuo giving almost quantitative recovery
of (I). This behaviour contrasts with that of the acyclic
analogues (1I) which do react with protic acids? [equation
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The reactivity of esters of phosphorous phosphoric
anhydride containing a cyclic phosphate system at PV is
comparable with that of (ITI). E.g. an equimolar mixture
of the anhydride (III) and Et,HPO, yields 2-hydroxy-5,5-
dimethyl-1,3,2-dioxaphosphorinan-2-one (IV) and the tetra-
ethyl ester of phosphorous phosphoric anhydride (V) in
659, vield when left overnight in benzene solution at room
temperature [equation (2)].
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The mechanism in the Scheme can account for the
formation of the mixed anhydride (VI). The natural angle
of phosphite is ca. 100°, and when tervalent phosphorus
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acts as a nucleophile or base this should increase as a result
of rehybridisation towards 109°. In the case of the cyclic
compound the ring strain will increase and hence it should
be less reactive than the acyclic analogue. It was recently
shown by Greenhalgh and Hudson® and also by Aksnes and
Eriksen® that cyclic phosphites are less readily attacked by
electrophiles, e.g. alkylating agents, than the corresponding
acyclic analogues. Our results strongly support Hudson’s
concept® of steric retardation on quaternisation of cyclic
phosphites. The expected pronounced electrophilic react-
ivity of cyclic anhydrides (I}, due to the release of ring
strain in the transition state involving sp3%d hybridised
phosphorus, has been also verified in our laboratory.?
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The Stereochemistry of a Tetraflavanoid Condensed Tannin from
Rhus lancea L f.
By D. FerrEIRA, H. K. L. HunpT, and D. G. Roux*
(Department of Chemistry, University of the Ovange Free State, Bloemfontein, South Africa)

Summary The pure tridecamethyl ether tetra-acetate of
an all-4,6-linked 2,3-trans-3,4-cis: 2',3’-trans-3',4'-trans:
277 8" -trans- 3" 4" -trans : 2”"",3""'- trans-trileucofisetinidin-

(+)-catechin and its presumed precursors have been
isolated from the karree (Rhus lancea).



1258

Mono- and BI-FLAVANOIDS show almost no tanning proper-
ties towards collagen substrates, the adsorptive effects
becoming significant at the triflavanoid level and increasing
progressively with molecular weight ! Those polyflavanoids
which fall strictly within the category of tannins also
exhibit a high mcidence of rotational 1somerism about their
interflavanoid bonds,? an example being an all-frans-
bileucofisetinidin-(+)-catechin from Colophospermum mo-
pane ® Agaimnst this, the present 1solation of a pure deri-
vative of a related tetraflavanoid condensed tannin

represents a rare exception

CO.H
HO OH HO OH
COAH HO,C COH
(TV) (V)

The heaitwood of the indigenous karree (Rhus lancea)
contamns 1n common with other Anacardiaceae (Schnopsis
spp ¥ and Cotinus coggygriat), one member of the exception-
ally rare group of (2S) 5-deoxyflavonoids Thus (2S5 3R:
4S)-flavan-3,3’,4 4/,7-pentaol (I} [(—)-leucofisetinidin] and
(2R 3S)-flavan-3,3’,4’,5,7-pentaol (II) [(+)-catechin] were
1solated, and apparently represent the fundamental pre-
cursors of most of the associated condensed tannins From
amongst the latter a discrete fraction (Ry 078, 020 1mn

+ The stereochemstry about the 4 6 interflavanoid bonds 1s unknown
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water-satd butan-2-ol and 29, acetic acid) gave fisetimdin
chloride 1n good yield, and fisetin (trace) from acid hydroly-
sis m alcocholic solution, and after further punfication of
appropriate derivatives by t1c¢ gave an amorphous powder
of the tridecamethyl ether tetra-acetate (III, R!=DMe,
R2?=Ac), Cg;Hy0y5, M+ 1456, shown to be pure by nmr
spectrometry at 220 MHz

Suitable solvent shifts induced by the progressive
(10% wv/v) change in the proportion of CgDgy to CDCl,,
showed the presence of thirteen methoxy and four acetyl
groups Spin-decoupling of heterocyclic protons enabled
demonstration of three ABX and one ABXY spin systems,
shown to advantage m a 8°2 /v CgDy:CDCl; mixture

(Figure) The coupling constants of the F and 1 hetero-
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FIGURE  Assignments for the heterocyclic proton region from the
220 MHz nmvr spectrum of the tridecamethyl ether letra acetate
derwative of the tetraflavanoid tannin in CgDg CDCl,; (8 2 v/V)

cychc rmgs (Jp5 100, J;,, 9 5 Hz) are typical of 2,3-trans-
3,4-trans 2,4-biaryl half-chair heterocyclic ring systems in
biflavanoids®:® while that of the c-ring (J, 3 7'1, J5,4 5 0 Hz)
15 1n agreement with the corresponding 2,3-trans-3,4-c1s boat
conformation 5 Residual heterocyclic protons with coup-
Iings and chemical shifts typical of those of (+)-2,3-trans-
catechin (J5,5 78, 348 8 3, J3.4e 50, | Jsaue| 16 0 Hz) were
evident at different stages of admixture of C4D4 to CDCl,
Notable amongst the methoxy signals 1s the far upfield
posttion of one (r 6 93 1n CDCl;) which alone 1s not subject
to a significant upfield shift on progressive addition of
CeDg (7 6 94 1n CgDyg), and 1s accordingly? attributed to the
5-position 1n the j-ring  Alternatively, this establishes a
4 6-link to the termunal umit (ze¢ between 1 and j rings,
respectively) I As far as may be judged three high-field
and two low-field singlets 1in the aiomatic region tenta-
tively attributed to the 8-positions of the D, G, and j rings
and the 5-positions of the p and G rings, respectively, are
evident from the series of ten spectra examined in the
C¢Dg—CDCl; solvent svstems The doublet and quartet
assigned tc the 8- and 6-positions of the A ring are readily
visible, the latter to high field Accordingly 4,6-linkages
between the ¢ and D, and ¥ and G rings were tentatively
assigned, and confirmation sought by synthesis® of 2 4- and
4,6-dihydroxyisophthalic acids (IV and V) Degradation
of the tanmin by alkal: miciofusion under anhydrous

Note the mnverted representation of flavanoid units con-

taming the F and L heterocvchic rings, 1 ¢ units which are stereochemically identical to (I) and (II), respectively

} Note added in proof

The validity of solvent shift method where applied, as in this instance to abnormally shielded methoxy

signals has very recently been discussed by A Pclter R Warren K K Chexal B K Handa and W Rahman Tefrahedron 1971 27

1625 for 3 8-biflavones
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conditions?® affords, in addition to resorcinol, phloroglucinol,
and f-resorcylic and protocatechuic acids, a carboxylic
acid which has the same Ry and colour reactions as the
latter (V) on a kieselgel substrate in a system (butan-1-ol;
methanol:conc. NHy 7:2:1 by vol) which also easily
differentiates between these (IV and V).

The sequence of leucofisetinidin units follows from
initial allocation of a 2,3-trans-3,4-frans-configuration to the
position adjacent to the (+4)-catechin moiety. Such
assignment devolves from observation that the 4-proton
highest upfield [¢f. Figure,  5-33 in C;Dg:CDCl; (8:2 v/v),
Js4 9:5 Hz] shows no pronounced benzylic coupling when
examined at 300 MHz with a Varian C-8000 time-averaging
computer (5 scans), whereas amongst the heterocyclic
protons only the remaining 4-protons (v 5:06. J;, 50 Hz and
T 495, J34 9-5 Hz) show secondary splitting with marked
line-broadening under the same conditions. This pheno-
menon is presumably due to the higher degree of benzylic
coupling possible in the latter instance (two orfho-benzenoid
protons available on different nuclei) as compared with the
former [c¢f. ref. 5 and (III)]. Furthermore, the 4-proton
of this ‘adjacent” 2,3-trans-3,4-trans-unit has the same
chemical shift (r 5-39 in CDCl,) as the corresponding proton
observed in the spectrum of all-frans-bileucofisetinidin-(-)-
catechin.?

Of the remaining alternatives, the 2, 3-trans-3,4-cis-
assignment is chosen for the “upper” position of the tannin
molecule, considering agreement of the coupling constants
(/2.3 7'1, J3.4 5-0 Hz) and chemical shifts (7 4-51 in CDCly)
of its 3-H triplet (quartet at 300 MHz) with those of
identically-placed units amongst the bileucofisetinidins
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(Ja3 T'1; J3.4 5:0—5-1 Hz and 7 4-48, 4-50). In addition, a
2,3-trans-3,4-tvans '‘upper’’ unitis apparently excluded due to
the expected low-field position of its 3-H triplet as illus-
trated in the corresponding derivatives of all-frans-bileuco-
fisetinidin-(+)-catechin? (v 3-70—3-95) and all-frans-leuco-
fisetinidin-(+)-catechin and its analogues (r 3-90—3-99).¢

From conformational analysis based on coupling con-
stants, the 2- and 4-phenyl linkages to the heterocyclic ring
systems of each flavanoid unit of the tetraflavanoid deri-
vative (III; R! = Me, R?= Ac) are equaforial. The
3-acetoxy-groups attached to the heterocyclic rings are
similarly equatorial except in ring ¢ where the orientation is
axial. With the knowledge that all 4,6-interflavanoid
bonds are equatorial, and that strong intramolecular bonds
between functional groups are likely in the free phenolic
form (III; R! = R2? = H), the tannin molecule should
assume an approximately planar arrangement.

The suggested structure (III) of the tetraflavanoid tannin
from R. lancea exhibits no less than fourteen points of
chirality, with the absolute configurations of its con-
stituent units reflecting those of their presumed precursors
(I) and (IT).

Recording of n.m.r. and mass spectra by Dr. Lewis Cary,
Varian Associates, Palo Alto, California and Dr. S. H.
Eggers, National Chemical Research Laboratory, C.S.I.LR,,
Pretoria is gratefully acknowledged; also the financial
support by the South African Council of Scientific and
Industrial Research and the Leather Industries Research
Institute.
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