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- INTRODUCTION

Buxus sempervirens L., commonly called"the Box" has a

history of medicinal use extending into ancient times.
The historical background of this interesting and importaht
plant was presented by Karl Heusler as a part of his
doctoral dissertation at the University of Basel (1949),
and an English translation of the historical summary was
included in the doctoral dissertation of Keith S. Brown, Jr.,
at the University of Wisconsin..l

The Box has been used as a decorative shrub in land-
scaping and as a valuable wood in woodworking industries in
Europe. The most interesting use of the Box, however, has
been in the realm of medicine. The extracts of Buxus were
employed against a wide assortment of diseases in the 17,
18t and 19% centuries. Malaria, rabies, venereal disease
and tuberculosis were among the many diseases treated.
But as the 204 century neared, the medicinal use of Buxus
extracts declined. In some areas such use of the plant
was forbidden bepause-of rumors concerning its alleged
toxicity. Reports had also been filed concerning various
side effects when the extracts were used--symptoms of near-
paralysis and feelings of excitement and rage. The plant's
medicinal activity--good or bad--had inspireé several in-
véstigations during the 19 century to determine its
chemical basis. However it was not until the late 1940's

that the first major chemical work on B. sempervirens
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apbeared in the literature. In a series of four publi-
c:zad:ions;a"5 Dr. Emil Schlittler, Karl Heusler and Werner
Friedrich in Basel outlined isolation and separation
methods for seven alkaloids along with preliminary
structural investigations on several of these. The com-
poﬁnds isolated by the Schlittler group were called
Alkaloid A (CpgH,oNn0, m.p. 247°, [<13% 4+ 123-125°),
Alkaloid B (024H42N20, m.p. 205-207°), Alkaloid C _
(CoyHy,pN,0, m.p. 212-214°, [=<129 + 60°), Alkaloid D
(029H50N20, m.p. 182-183°), Alkaloid L (022H48N2, m.Pe
198-203°, [=120 4+ 76-77°), Alkaloid M (CooH,cN,0,

m.p. 203-205°, [«]2° - 80°) and Alkaloid N (CpoHsgNO,
m.p. 178-179°, [<137 + 150°).

In 1962, K. S. Brown and S. M. Kupchan developed a
partition chromatogfaphid procedure whereby an indicator
is used in the stationary phase of the partitioning
system to allow visual detection of the various alkaloidal
bases as they were being eluted from the column.6 Using
a modification of Schlittler's extraction procedure, Brown
and Kupchan separated the crude alkaloidal extract into
strong, moderate, weak and additional weak base fractions.
The strong base fraction was tritﬁrated in alcohol-free
acetone to give the acetone-~insoluble strong-bases. Par-
tition chromatography of this acetone-insoluble strong
base fraction yielded four major bands, the first three



of which were coilected separately to give cycloviro-
buxine-D,* cyclobuxine-D, and cyclobuxanine-H respectively.
Cyclobuxine-D (I) (identical with "alkaloid A"),
demonstrated in the infrared bands for an exocyclic
methylene and in the n.m.r. peaks for a terminal methylene
in an unsymmetrical environment, the grouping
-GHE-CHOH-CH-, two N-methyls, two tertiary C-methyls, and
secondary C-methyl, and a cyclopropyl methylene.
Hydrogenation of cyclobuxine~D using platinum in
ethanolic acetic acid gave the dihydro compound (VI). The

*The problem of the nomenclature of Buxus alkaloids was
discussed by Drs. Kupchan, Arigoni, Goutarel and Nakano
in Kyoto, Japan, on April 14, 1964. In order to avoid
needless duplication and confusion, it was proposed that
each new alkaloid should be assigned a trivial defining
all of its structural features except for the substitu-
tion pattern of the C-3 and C-20 nitrogen functions.
This substitution pattern is then designated by a letter
suffix according to the following convention:

C-5 N C-20 N

A CH3 ' CH3 CH5 CH3
B CH5 CH; H CH5
C H OH3 CH3 CH3
D H CH5 H CH3
E CH3 CH3 H H
F H H CH5 CH3
G H GH5 H +H
H H H H OH3
I H

H H H




--4=¥-configuration was assigned to dihydrocyclobuxine-D
(VI) on the basis of molecular rotation measurements on
acetylated dihydro compounds isomeric at 0-4.9 Partial
and complete acetylation of dihydrocyclobuxine-D led to
diacetyl and triacetyl derivatives which were not identical
to the corresponding derivatives produced by hydrogenation
of diacetyl and friacetyl cyclobuxine-D, The isomers from
hydrogenation of di- and triacetyl cyclobuxine-D had mole-
cular rotations 125° and 139o more positive than those
from acetylation of dihydrocyclobuxine-D. Sinc§ in 4o< =
and 4 #-methylcholestane derivatives the 4, -methyl
derivatives havé an ﬁverage molecular rotation 48° more
positive than their 4 e-counterparts, the 4eoC-configuration
was assigned to- dihydrocyclobuxine-D. It has since been
suggested, however, fhat the methyl group at C-4 in dihy-
drocyclobuxine-D has the & ~configuration. ¢

Selenium dehydrogenation of decyclized cyc;obuxine-D
gave cyclopentanephenanthrene defivatives, thereby es-
tablishing the basic skeleton of the compound. Chromic
acid oxidation of nitrogen-protected dihydrocyclobuxine-D
gave a five—membered ring ketone (II). This ketone, with
the nitrogens unprotected, rapidly eliminated methyl amine
in basic solution, to give a mixture of cis- and trans-
cisoid cyclopentenones (IIIa and IIIb). These cyclopen-—
tenones were interconvertible in basic solution and gave

positive Zimmerman tests, confirming the environment of
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the original alcohol as -CH,-CHOH-CH-., Hofmann degrada-
tion of a methioxide prepared from N,N'-dimethylcyclo-
buxine-D led to a des-N-base (IV), the terminal methylene
still present but now conjugated with a new double bond.
Ozonolysis of cyclobuxine-D-di-p-nitrobenzylcarbamate and
hydrogenolysis of the product gave an unstable oL -amino=-
ketone which, upon treatment with base, was oxidized and
hydrolyzed to the diosphenol (V). The ultraviolet
spectrum of this compound showed a bathochromic shift
over those of known steroidal 3,4-diosphenols due to
additional conjugation of the diosphenol with the cyclo-
propyl ring.

Cyclobuxine-D was successfully interrelated with the
known steroid c¢ycloeucalenol (VIII) via a common degrada-
tion product (VII).® Strong base treatment of dihydro-
cyclobuxine-D during the Ruschig dégradation may have
effected epimerization at C-4, thus making possible its
interrelation with'cycloeucalenol. This possibility was
mentioned by Brown and Kupchan in reference 9. As cyclo-
eucalenol has been related to cycloartenol and thence to
lanosterol, this interrelation not only supported the
assigned structure for cyclobuxine-D, but also established
the absolute configuration at six of itg ten asymmetric
centers (5%, 84, 94, 104, 134 eand 14). The optical
rotatory dispersion curve of the C-4 carbonyl derivative

of cyclobuxine-D showed a weak negative Cotton effect.
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Fﬁrthermore, the fully methylated amino function failed

to undergo Hofmann degradation. These results led to the
assignment of the & -configuration at C-3. The o< -orien-
tation of the l6-hydroxyl group was shown by marked ‘
negative molecular rotation increments encountered upon
acetylation of a variety of nitrogen-protected derivatives
of cyclobuxine-D and dihydrocyclobuxine-D. Additional
evidence for this assignment came in the sodium borohy- .
dride reduction of nitrogén-protected l6-ketones, which
led to alcohols isomeric with the starting analogs. The
/9—configuration at C-17 for the side chain was assigned
by optical rotaﬁory dispersion studies on C-16 carbonyl
compounds (a very strong negative Cotton effect was
observed) and by n.m.r. studies of various derivatives of
cyclobuxine-D (the IEV?-proton was split by one nearly
opposing proton with J 9.5 c¢/s). The o(-configuration at
C-20 was assigned on the basis of biogenetic analogy since
all known naturally occurring 20-aminosteroids possess the
o« -configuration at that center. Basic hydrolysis of
N,N'-diacetyl cyclobuxine-D gave, in nearly quantitative
yieid, the 3-N-monoacetyl derivative. This facilitation
of hydrolysis of the amide group at the C-20 nitrogen
function was attributable to the close proximity of the
C-16 hydroxyl function, giving chemical support for the
-L-assignment at C-20. Thus cyclobuxine-~D was shown %to

be the prototype of a new class of steroidal alkaloids
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which contain a cjclopropane ring and which have a sub-
stitution pattern at C-4 and C-14 which is intermediate
in the biogenetic scheme, between lanosterol and chole-
sterol-type steroids.

Cyclobuxamine-H (IXa) was crystallized from acetone
as the acetonimine. The imine showed an infrared spectrum
very close to that of dihydrocyclobuxine-D (VI). The
n.m.r. spectrum of the imine also showed its close simi-
larity to VI, with similar peaks in the spectra of the two
assignable to the 16 ﬂ-proton, an N-methyl, two tertiary
C-methyls, two secondary C-methyls, and a cyclopropyl
methylene. Vigorous alkaline hydrolysié of N,N',0-tri=-
acetyl cyclobuxamine-H gave a secondary monoacetyl
'derivative which indicated that the primary amino group
in the parent alkaloid IXa was at C-3. N,N,N-trimethyl-
cyclobuxamine-H was prepared and proved to be isomeric
with dimethyldihydrocyclobuxine-D at C-4. The N-methyl
triacetyl derivative of cyclobuxamine-H (IXb) was prepared
and shown to be completely identical with the same material
obtained by hydrogenation of triacetyl cyclobuxine-D. On
the basis of this interrelation, Brown and Kupchah sug-
gested that cyclobuxamine-H (IXa) possesses’ the B -confi-
guration (axial orientation) at C-4. However T. Nakano,
S. Terao and Y. Saeki have recently suggested that the
4-methyl group of cyclobuxamine-H has the « -configuration
while that of dihydrocyclobuxine-D has the & ---co:::lfigv.a.r:ad:iox:i".0 -



10

The'Japanese workers have shown that in the n.m.r.
spectra of several compounds which possessed a C-4 methyl
group with the o{-configuration, the cyclopropyl methyleﬁe
protons gave rise to two doublets (AB quartet) with
chemical_shifta of 9.50-9.67 4~ and 9.82-9.9114 with
J 4 c¢/s, whereas in those of several compounds which had
a C=4 methyl grouping with the & -configuration, the cor-
responding doublets appeared at 9.37-9.417 and 9.62-9.72
7 with J 4 ¢/s. On the other hand the cyclopropyl
methylene protons of several compounds bearing a 4,4-di-
methyl group absorbed at nearly the same position (9.47 and
9.721 , AB quartet) as those of the C-4 /3 -methyl com-
pounds., Nakano et al. concluded from the above observa-
tions that the A (axial)-methyl group was responsible for
the large downfield shift of the cyclopropyl methylene
proton signals. They have also shbwn that substituents
at C-3, whether o<~ or B-, did not appreciably affect the
cyclopropyl methylene signals. The cyclopropyl methylene
protons of dihydrocyclobuxine-D appeared at 9.43 and
9.73 4 in accord with those compounds having a S-methyl
at C-4, while the cyclopropyl methylene protons of cyclo-
buxamine-H-acetonimine appeared at 9.58 and 9.83 7 in
agreement with those having an «-methyl. :”
Cyclovirobuxine-D (X), the third alkaloid isolated
from the acetone-insoluble strong base fraction by Brown
and Kupchan,ll exhibited an infrared spectrum essentially
superimposable upon that of dihydrocyclobuxine-D (VI).
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The n.m.r, Bpectfum showed the presence of a proton under
an hydroxyl group split by several neighboring protons,
two N-methyl groups, one secondary C-methyl group, four
tertiary C-methyl groups, and a cyclopropyl methylene.
Acetic anhydride-pyridine acetylation gave a triacetyl
derivative, confirming the presence in the parent alkaloid
of an hydroxyl group and two secondary amino groups.
Ruschig degradation, folloﬁed by hydrogenation of cyclo-
virobuxine-D, gave the diketone XI which was compared with
the same compound obtained via degradation of the known
steroid cycloartenyl acetate; the two were shown to be
identical. The & ~orientation of the C-16 hydroxyl group
was assigned on the basis of molecular rotation and n.m.r.
studies. Optidal rotatory dispersion studies on the
3-acetamido~16-keto derivative indicated the stereo-
chemistry at C-17 and C-20. |

Cycloprotobuxine-D (XIIc) was isolated from Buxus

sempervirens L, in 1964 by S. M. Kupchan and E. Kurosawalz

and was shown to be identical to l6-desoxy-cycloviro-

buxine-D. Cycloprotobuxine-D was interrelated with cyclo-
virobuxine-D and with cycloartenyl acetate via the Ruschig -
degradation product XI,.

T, Nakano and M. Hasegawa, working withlﬁuxus micro-

phylla reported the isolation and structure elucidation of
cycloProtobuxine-Cl3 (XIIb). The structure of cycloproto-

buxine-C ("Alkaloid L"), isolated from Buxus sempervirens

L., was also independently arrived at by the Swiss workers,



12

J. Calame and D.'Arigoni.14 Nakano and Hasegawa corre-
lated the structure of "Alkaloid L" with that of cyclo-
microphylline-A (XIIIa), a Buxus alkaloid which had been
 characterized earlier by Nakano and Terao.l5'16
' Catalytic hydrogenation of cyclomicrophylline-A

(XIIIa) yielded the dihydro derivative (XIVa) which on
heating with tosyl chloride in pyridine led to the di-
tosylate (XIVb). Treatment of the ditosylate with sodium
benzylmercaptide gave the bis-benzyl thiocether (X1Ve),
which was desulphurized with Raney nickel to give the
hydroxyl—freé compound XIIa. Methylation of cycloproto-
buxine~C (XIIb) with formic acid-formalin afforded the
N-methyl derivative XIIa, which was identical with the
same compound obtaiﬁed from cyclomicrophylline-A. Nuclear
magnetic resonance studies of the 3uschig degradation pro-
duct of cycloprotobuxine-C led to the assignment of the
methylamino group to the C-3 position.

Goutarel and co-workersl7 isolated cycloprotobuxine-A

(XIIa) from Buxus balearica Willd. and achieved its

chemical correlation with cycloprotobuxine-C (XIIb) by
formic acid-formaliﬁ methylation of the latter compound.

In addition to cyclomicrophylline-A (XIIIa), Nakano
and Terao have characterized the following related alka-
loids®: cyclomicrophylline-B (XIIIb), cyclomicrophylline-
¢ (XIIIc), dihydrocyclomicrophylline-A (XIVa), dihydro-
cyclomicrophylline-F (XIVd), cyclomicrophyllidine-A (XI1I14),






