Tetrahedron Letters No,18, pp. 1053-1061, 1964, Pergamon Press Lid.
Printed in Great Britain,

. STUDIES ON THE ALKALOIDS OF PACHYSANDRA TERMINALIS SIEB.
TET 2ZUCC. : STRUCTURE OF PACHYSANDRINE A4 AND B.

M. Tomita, S. Uyeo, Jr. and T. Kikuchi
Faculty of Pharmaceutical Sciences, Kyoto University
Yoshida-Konoe~-cho, Sakyo~-ku, Kyoto, Japan
(Received 12 March 1964)

Plants of Pachysandra genus have been known to contain
alkaloidal constituents(i), but ne report on isolation and struc-
ture elucidation of their alkaloids has been found in the past
literatures. The authors examined systematically the basic
fraction of Pachysandra terminalis SIEB. et ZUCC. and succeeded
to isolate a number of alkaloids in pure crystalline forms.

Two alkalolds among these, for which we proposed the name pachy-~
sandrine A and B, were demonstrated to have the structure Ia and
If, respectively.

Pachysandrine &, Gy 0N, m.p. 235-6° * &) 480

showed, IR)’g3i°1 1730, 1245 (-0000H3). 1620 o™ ***(conjusated

0 *%

* All the melting points were uncorrected.

*% Optlical rotations were measured in chloroform solutions.

¥ We thank Dr. K. Machlda of this PFaculty for IR measure-
ments. ’
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amide C0) and NMR slgnals* at 2.67 (S5H, phenyl), 4.62 (1H, quar-
tet, 4's 5, 6 c.p.s.; CH-CHOAc-CH), 5.42 (1H, broad), 7.07 (3H,
ROON-CHB), 7.84 (6H, N(CHB)Q), 7.98 (3H, GH3COO-), 9.06 and 9.36
(6H, two tert. CHB) and 9.13 t (3H, doublet, J 6 c.p.s.; one
sec, GHB)'

Hydrolysis of pachysandrine A with 3% NaOH-MeOH gave O-
desacyl compound (Ib), 03‘H4802N2; m.p. 1950,[¢]£° +91°%, 1R
Y’ggglj 1610 cm"(amide CO), which returned to pachysandrine A
upon acetylation. When hydrolysed with 20% KOH-EtOH 1t af-
forded benzoic acid and O,N-desacyl compound (Ic), 024H440N2,
m.p. 226-227°,[o§] LO +28°, Treatment of this compound with
formalin-formic acld or with formalin-sodiumborohydride(2)yielded
N-methyl compound (Id), CpgH,cON,-$H,0, m.p. 126-150° '*,E$]£O
+21°, NMR signals 6.20 (1H, broad, -CHOH), 7.75 and 7.86 (12 H,
two N(cﬂ3)2), 8.95 end 9,35 (6H, two tert. cxi}) and 9.16 T (3H,
doublet, J 7 c.p.s.; one sec. CHB); O-acetate (Ie), 027H#802N2,
R.p. l69-17o°.[o(]1',5 +16°,

Chromic acid oxidation of Ic in acetic acid gave the corre-
sponding oxo compound (IIa), CpyuH, 50Ny, m.p. 169-170°.Ei] LO
-28°, Ry SB35 1710 ™! (co), VA MOH 510, (& =105), wnich
was characterized by its reduction back to the starting amino-
alcohol {Ic)., Also Id yielded the oxo compound (IIb), 025344
oN,, m.p. 187-188%, [« )33 +24°, 1RV SHC23 1710 em~'(00), UV A

MeOH -
nax 29%me (€ =47), upon chromic acid oxidation.

»* NMR spectra were measured in CDCl, and chemical shifts
are reported in T values. We sh to thank Dr. T. Shingu
of this Faculty and Dr. K. Tori, Shionogl & Co., Ltd. for
these determinations.

*# This substance did not give sharp melting point.
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(3)

Bothh IIa and IIb gave negative Zilmmermann tests and
their ORD curves in MeOH showed negative Cotton effects: viz.,
for Ila, Trough ($] 539 -8310 and Peak (4] 285 +11500; for IIb,
Trough (] 319 -4320 and Peak (¢) 275 +6040. These are very
similar to that of cholestan-#-one*’(“).

Huang-Minlon reduction of IIa and IIb afforded a compound
CosHiy Ny mep. 141-142°,[001,7 +25°, which was believed to be III
on the basis of its NMR spectrum [7.85 (6H, N(m3)2)' 9.15 (3H,
doublet, J 6 c.p.s.; sec. 0113), 9.23 and 9.36 T (6H, two tert.
0113)]. Since the usual Hofmann degradation and von Brown rea-
ction failed to convert this to sn N-free substance, we carried

out the synthesis of III starting from blsnorallocholanic acid
1
(VII)(S), mePe 214—215°, [o(]DO +7°. (Chart 2).

Jgﬁ/‘\/\ COOH NHQ
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lSteps co
OH NHy ~CHiy
~
| o CH}
K —) eps
_— —> IV
AcO+ acd
H H 0
1x X H u
Chart 2,
» We are indebted to Dr. K. Kuriyama, Shionogi & Co., Ltd.,

for ORD measurements and helpful disscussions.
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The synthesized compound, m.p. 141-142°,[«]§° +26? was shown
to be ldentlal with the above described compound originated
from pachysandrine A by mixed melting point determination and
IR comparison (KBr).

When the ketone (IIa) was treated with KOH in EtOH(s),
there was obtained a diosphenol (IV), CpsH, 70,8 , m.p. 192.193%,

1 o MeOH KBr
@17 +19°, UVX R 279mu (£ =9100), IR EBT 3420, 1670, 1630,
-1 (-C0-C(0H)=C~), which, on Huang-Minlon reduction,

1380 cm
gave III. The structure of the dlosphenol was established by
the comparison with the synthesized compound (IV), m.p. 195.5-
196.5°,[o(]£7 +24°, which was obtained by alr oxidation'”) of
20k ~dimethylamino-53 ~pregnan-3-one (XI), m.p. 103-104°,[o(]£°
+34° ¥, (cnart 2).

Thus the structure of pachysandrine 4 should be 3-methyl-
benzoylamino-4-acetoxy-200l ~dimethylamino-5 -pregnane.

Turning now to the stereochemistry of pachysandrine 4, evi-
dence for the 3¢ ,4ﬁ—conf1guration was advanced. Reaction of
O-desacetyl-pachysandrine 4 (Ib) with :PO(:l3 in pyridine followed
by alkaline hydrolysis gave the 4-epi-alcohol (Va) in a good
yield, 024H440Né. m.pP. 215-2160,[0(]£o -380, whose characteriza-
tion was achieved by its oxidation with chromic acid to IIa. The
formation of 4-epimer (Va) is understandable on the basis of
Cornforth's acyl migration mechanis\‘l‘e), which involves an oxa-
zoline intermediate formed by the nucleophyllic backalde attack

of the N-acyl group and hence can occur in only 1,2-diaxial-

* VII and XI were derived from ergosterol by essentially
the published routes as shown in Chart 2. We express our
deep gratitude to Dr, W. Nagata, Shionogi & Co. Ltd., for
supply with ergosterol and for valuable advices.
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aminocycloalkanol systems: viz., 3ol -acylamino-44 -hydroxy-
5ol -pregnane orientation.

Further supports for the 3o ,44 -assignment are as follows:
1) In NMR studies of these compounds, it was found that the
19-methyl signals of Ib, Ic and Id4 (8.95, 8.95 and 8.95 T, res-
pectively) occured in about 15-18 c.p.s. lower field than those
of 4-epimsric alcohols and 4-oxo compounds (Va, Vb, IIa, and
IIb: 9.18, 9.20, 9.25, and 9.27 T, respectively). Acety-
lation of the former group caused slight diamagnetic shifts
(1e., 9.056 for Ia and 9.00 U for Ie), while O-acetate (Vc) of
the 4~epimer (Vb) showed a slight paramagnetic shift to 9,10 [.
This behavior of the 19-methyl signals indicates(g) that the
4-hydroxy groups of Ib, Ic and Id are in 1,3-diaxial relation
to the 13.-methyl groups: henceg-configuration.
2) The spin-spin coupling constants between 04-hydrogen and
03-,05-hydrogens of pachysandrine A (Ia) (J's 5,6 c.p.s.) and
of Ve (J's 3,12 c.p.s,) suggest the 3« ,44 ~configuration for
the former and the 3« ,4K -configuration for the latter('o).
3) 1Ic, upon treatment with formalin-formic acid, gave the N-
methyl compound (Id), whereas, under the same condition, the 4-
epimer (Va) afforded the oxazolidine compound (VI), 0253440N2,
m.p. 201-202°, ()10 -58°, MMR 5.32 and 6.27 T (2H, doublet,
J 2.5 CeDe8.3 N-CHQ-O), which could be converted to the corres-
ponding N-dimethyl compound (Vb), CpgH,cON,, m.p. 173-174°
(*3]0 -34°, by the reduction with LiAlH,.
4) Infrared spectrum of Id in 0014 showed a monomeric OH band

-1

at 3640 cm” , while that of the 4-epimer (Vd) occured at 3330

em™! (internally bonded OH). The lack of intramolecular
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hydrogen bonding in the former favors the 30(,4,5-c0nflguration.

The second alkaloid, pachysandrine B (If), C5|H5203N2,
n.p. 187-189%, ()% 493.4°, showea IRrF3®l 1735, 1235 (cHs
C00-), 1660, 1630 cm™'( - C=C-CON- ), and NMR signals at 4.23
(1H, multiplet;oleffinic proton), 4.75 (1H, quartet, J's 4,6
C.p.8.; -CH-CHOAc-CH-), 5.45 (1H, broad; N-CH-), 7.08 (3H,
ROON-GHB), 7.83(6H, N-(CHB)E), 7.97 (3H, cn3wo), 8.15 (6H, two
doublets, J's {2 c.p.s.; (CH3)20=0), 8.94 and 9.33 (6H, two
tert. CH3) and 9,14 T (3H, doublet, J 7 c.p.B.; 8ec. CHB)'

Upon basic hydrolysis it gave O-desacetyl compound (Ig),
CpgligoOpip, m-p. 1842185, (810 4127%, 1RKJio13 1505, 1650
cm'I (conjugated amide), which, on acetylation, returned to
pachysandrine B. Ig resisted further basic hydrolysis under
vigorous conditions.

However, on acldic hydrolysis of Ig with conc. HCl or with
AcOH-conc. HOl mixture, there was obtained an ester (Vd), m.p.
201-204‘;, [o(J]‘)o -6°, which might be formed by the migration of
the N-acyl group with 1nversion(”). Mild alkaline hydrolysis
of this ester ylelded the aminoalcchol Va, 022}1440}!2, m.p. 215~
216°, (1% =39°, wnich was identified by IR comparison with
the substance (Va) derived from pachysandrine A, Va was also
obtained by the reaction of Ig with I’OCl3 followed by acidic
hydrolysis. Its NMR spectrum was characterized by the remark-
able diamagnetic shift (17 c.p.s.) of the 19-methyl signal com-
pared with that of Ig. This provides a support for the epimeri-.
zation at 4-position during the acldic hydrolysis. Therefore

the structure of pachysandrine B must be 3K -methylamino-44 -
acetoxy-20A -dimethylamino~5K -pregnane 3-amide.
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The acid moiety of the 3-amide group was belleved to be
4,4 -dimethylacrylic acid from the consideratlon of the IR
spectrum (o, A-unsaturated amide band), NMR spectrum (two
methyl groups adjacent to double bond and one proton attached
to the o -carbon atom), and the result of ozonolysis of pachy-
sandrine B, on which acetone and formalin were obtained as
their 2,4-dinitrophenyl hydrazones.

The confirmative proof was provided by the treatment of
0,N-desacyl pachysandrine A (Ic) with/e,/s-dimethylacrylyl
chloride in pyridine. Mild alkaline hydrolysis of the product
gave O-desacetyl pachysandrine B,

Thus the structure of pachysandrine 4 and B are unambiguous-

ly assigned to Ia and If, respectively*.

REFERENCES

1. K. 8. Brown, Jr. and 3. M. Kupchan, J. Chromatagraphy 9,
71 (1962), ref. 8.

2. J. H, Biemann, "Mass Spectrometry Organic Chemical Appli-
cations, "McGraw-Hill, New York, N. Y., 1962, p. 358.
K. A. Schellenberg, J, Org. Chem. 28, 3259 (1963).

3. W. Zimmermann, Z. Physiol. Chem. 300, 141 (1955).

4, C. Djerassi, "Optical Rotatory Dispersion,"McGraw-Hill,
New York, N. Y., 1960, p.43, 50-51.

Se E, Fernholz, Ann. 507, 128 (1933).

6. K. S. Brown, Jr. and S. M, Kupchan, J. Amer. Chem. Soc.
B84, 4590 (1962).

7. B, Camerino, B. Patelll and R. Sclaky, Tetrahedron Letters
16, 554 (1961).

# Satisfactory analyses have been obtained for products
with cited empirical forumulas. We thank Dr. K. Konobu

and Miss Y. Mano of thls Faculty for these analyses,



No.18 Alkaloids of Pachysandra terminalis 1061

8. J. Attenburrow, D. F. Elliott and G. F., Penny, J. Chem.
Soc, 310 (1948), footnote 1 on p. 314,
K. Pfister, C. 4, Robinson, A. C. Shabica and M. Tishler,
J. Admer. Chem, Soc. 71, 1101 (1949).
W. S. Johnson and B. N. Schubert, ‘J. dmer. Chem. Soc. 72,
2187 (1950).
9. Y. Kawazoe, Y, Sato, M. Natsume, H. Hasegawa, T. Okamoto
and K. Tsuda, Chem. & Pharm. Bull. (Tokyo) 10, 338 (1962).
10. M. Karpius, J. Chem. Phys. 30, 11 (1959).
M. Karplus and D. H. Anderson, J. Chem. Phys. 30, 6 (1959).
11, L. H, Welsh, J, Amer. Chem. Soc. 71, 3500 (1949).




