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Abstract—Two major alkaloids from Buxus sempervirens, cyclovirobuxine-D and cyclobuxine-D, were found to be
radioactively labelled following administration of mevalonic acid [2-'*C,(4R)-4-*H,] to freshly-harvested shoots. The
3H:!4C atomic ratio of 3;4 in cyclovirobuxine-D indicated a biosynthetic pathway from cycloartenol involving
3-ketone and 20-ketone intermediates. A *H: '4C atomic ratio of ca 3: 3 in cyclobuxine-D suggests that the 4z-methyl
group of cycloartenol is lost in its formation, and this conforms with current theories of the sequence of C-4 demethyla-

tion of sterols.

INTRODUCTION

The alkaloids of the Buxaceae have interested investiga-
tors for several decades with regard to their medicinal
properties, chemical separation and structural elucida-
tion. Preliminary efforts to separate and purify the various
alkaloids indicated the complex nature of Buxus sem-
pervirens alkaloid extracts [1]. A convenient separation
procedure for these alkaloids was first proposed by
Brown and Kupchan [2], who fractionated the alkaloids
by extraction from chloroform solution with aqueous
solutions of progressively higher alkalinity, yielding the
‘weak’, ‘moderate’ and ‘strong’ base fractions. This last
class of alkaloids was further fractionated by trituration
into ‘acetone-soluble’ and ‘acetone-insoluble’ strong
bases. Partition chromatography of the latter produced
3 major components, cyclobuxine-D (1) [3], cyclo-
buxamine-H [4] and cyclovirobuxine-D (2) [5].

The many new alkaloids which have been subsequently
isolated and identified from Buxus species have been well-
reviewed [6, 7]. With the exception of such alkaloid
types as the buxidienenes [8, 9], which are A10019-901)
compounds containing a 7-membered B ring, the Buxus
alkaloids typically contain a 98,19-cyclopropane ring as
found in cycloartenol (3), which is thought to be the
precursor triterpene |i10].

The C-4 demethylation sequence involved in sterol
production has been studied in several plant systems.
It is known that the 4a-Me group of cycloartenol is
derived from C-2 of mevalonic acid [11] and that after
loss of the 4a-Me group, the 45-Me group epimerises to
the 4a-position during the production of a 4-mono-
methyl sterol [11-15]. A 3-ketone intermediate is
proposed to explain the exchange of the 3a-H atom
observed in sterol biosynthesis [11-15].

The purpose of the present investigation was to demon-
strate the incorporation of radioactive MVA into the
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alkaloids of B. sempervirens,in order to gain someinforma-
tion on the manner of biosynthesis of cyclovirobuxine-D
(2) and the unique 4-methylene steroid cyclobuxine-D (1).

RESULTS AND DISCUSSION

The distribution of radioactivity among the various
alkaloid fractions following administration of mevalonic
acid-[2-'*C(4R)}4-*H,] is shown in Table 1. The
‘weak bases’ fraction contained most of the radioactivity.
Among the ‘strong bases’ distribution of radioactivity
between ‘acetone-soluble’ and ‘acetone-insoluble’ types
was about equal. Upon TLC separation of the acetylated
‘acetone-insoluble strong bases’ the third band up from
the origin, containing cyclobuxine-D (1) and cycloviro-
buxine-D (2) triacetates, accounted for 179 of the

Table 1. Distribution of radioactivity among the alkaloid
fractions of B. sempervirens after administration of mevalonic
acid-[2-'*C(4R)-4->H, ]

Substance dpmof!4C
Strong bases 3.51 x 10°
Moderate bases 224 x 10°
Weak bases 5.88 x 10°
Acetone-soluble strong bases 1.64 x 10°
Acetone-insoluble strong bases 1.50 x 10°
Acetylated acctone-insoluble strong bases 1.21 x 10°
TLC of acetylated acetone-insoluble strong bases
on Si gel:
Band 1 244 x 10¢
Band 2 101 x 10*
Band 3 2.00 x 10*
Band 4 732
Band 5 3.60 x 10°
Band 6 1.34 x 10°
Band 7 339
TLC of band 3 on AgNO,-Si gel:
Cyclobuxine-D triacetate 988
Cyclovirobuxine-D triacetate 6.03 x 10°
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@ = Carbon derived from C-2 of mevalonic acid. o
T = Hydrogen derived from 4pro-R position of mevalonic acid.

radioactivity. After TLC separation of the components
of this band, cyclobuxine-D triacetate contained 149,
of the recovered radioactivity while the remainder was in
cyclovirobuxine-D triacetate.

The results for the recrystallisations of squalene hexa-
hydrochloride and cyclobuxine-D and cyclovirobuxine-
D triacetates are shown in Table 2. The *H; '*C atomic
ratio for squalene is normally taken as 6:6. The atomic
ratio for cyclovirobuxine-D was calculated on the basis
of 4 14C atoms per molecule on the assumption that the
Buxus alkaloid labelling pattern from mevalonic acid-
[2-'4C] will be the same as in the rings of cycloartenol
(3). As the alkaloids (1 and 2) are so structurally similar
to cycloartenol (3), and since cyclobuxine-D, cyclo-
virobuxine-D and cycloartenol are all labelled from

Table 2. *H:'*C Ratios in squalene, cyclovirobuxine-D and
cyclobuxine-D from B sempervirens incubated with mevalonic
acid-[2-'*C,(4R)-*H, ]

Specific radioactivity
SH:4C 3H:4C
Compound Crystallisation ‘d pm dpm  atomic
C/mg . .
ratio ratio
Squalene 1 817 4.29
hexahydrochloride 2 742 4.20
3 721 4.19
4 727 4.10 6:6
Cyclovirobuxine-D 1 88.4 335 3.19:4
triacetate 2 97.4 330 3.14:4
3 88.7 3.17  3.02:4
4 84.3 333 3.17:4
Cyclobuxine-D 1 149 432  3,08:3
triacetate 2 109 420 3.00:3
3 11.7 346 247:3
4 12.2 360 257:3

radioactive mevalonic acid in B. sempervirens it seemed
reasonable to assume that the Buxus alkaloids were
indeed formed from cycloartenol {10] and consequently
that they had a similar !*C labelling pattern. The re-
tention of only 3 tritium atoms in cyclovirobuxine D (2)
suggests that these are located at the 5«, 8§ and 17a-
positions as in the parent cycloartenol (3) but the tri-
tium located at C-3(«) and C-20 of cycloartenol are lost
in the biosynthesis. The formation of 3-ketone and 20-
ketone intermediates followed by transamination to
introduce the amino groups would result in hydrogen
exchange and consequent loss of tritium at both C-3 and
C-20 in Buxus alkaloids labelled from mevalonic acid
[2-'*C(4R)-4-*H]. The retention of a tritium atom at
C-17 eliminates the possibility that enolisation may occur
in a 20-oxo intermediate prior to transamination.

The biogenesis of cyclobuxine-D (1) can be described
with less confidence since only low levels of radioactivity
were incorporated thus leading to difficulties in obtain-
ing accurate *H:'4C ratios. The 3H:!%C atomic ratios
obtained for the first and second crystallisations and the
average value of 2.78: 3 are sufficiently close to a theoreti-
cal atomic ratio of 3:3 to permit the suggestion that the
4a-Me group, labelled in cyclovirobuxine-D (2) is
lost in the formation of cyclobuxine-D (1), possibly
by a mechanism similar to that in cycloartenol demethyl-
ation in phytosterol biosynthesis [11] where 4a-Me
group removal precedes that of the 48-Me group.
Buxus alkaloids such as cyclomicrophylline-A (4) with a
hydroxymethylene group at C-4 have been characterised
[6, 7). The hydroxymethylene group was originally
assigned the 4p-configuration but recent !'*C-NMR
and X-ray data [ 16, 17] has led to the reassignment of the
configuration of this group to the 4a-position. This sug-
gests that the hydroxylation of the 4x-Me group of a
4,4-dimethyl alkaloid precursor is a first step in the
oxidative removal of the 4a-Me group to give the cyclo-
buxines. The demethylation reaction thus follows the
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same stereochemical course as in phytosterol biosynthesis
but with the alkaloids it can lead to the production of a 4-
methylene group from the 48-Me group rather than its
epimerisation to the 4a-configuration.

The radioactivity (Table 1), detected in the ‘acetone-
insoluble strong bases’ fraction was comparable to that
in the other alkaloid fractions. This suggests that the
predominant alkaloids in the other fractions, viz,
cyclobuxoxine [18-20] in the weak base fraction, cyclo-
virobuxeine-B [21] in the moderate bases, and cyclo-
protobuxine-D [22] in the acetone-soluble strong bases
might be formed at a comparable rate.

EXPERIMENTAL

MS. A direct inlet system was used at 70 ¢V ionising energy.

Radioactive counting. Samples were dissolved in 10mi
0.5% PPO in toluene and assayed by liquid scintillation count-
ing with correction for quenching.

Administration of mevalonic acid-[2-**C(4R)-4-*H, ]. Freshly
cut shoots of B. sempervirens obtained in September from the
University of Liverpool, Botanic Gardens, Neston, Cheshire,
were incubated with mevalonic acid-[2-'*C(4R)-4-°H,] (50
uCi*H; 10 uCit*C) at room temp. for 6 days. Incubations were
terminated by cutting the shoots and boiling briefly in 20 mi of
EtOH.

Carrier alkaloids. Cyclobuxine-D and cyclovirobuxine-D
were isolated from B. sempervirens by the method of ref. [3].

Fractionation of material. The EtOH-boiled shoots were
extracted twice for 30 min with 50 m1 0.5% HOAC in MeOH, the
methanolic and ethanolic extracts pooled, and the solvents
evapd. The resulting solids were partitioned between 109 HOAc
and petrol (40-60°), and the aq. layer extracted a further 3x
with petrol. The petrol extracts were combined and after saponi-
fication of the lipid, squalene was separated by TLC, purified
via the thiourea adduct, converted to the hexahydrochloride,
and recrystallised to constant sp. act.

To the aq. phase was added 30mg of carrier ‘acetone-
insoluble bases’, and the soln (pH 2.4) was extracted 3x with
CHCI, to yield the ‘weak bases’. The aq. phase was neutralised
to pH 7 with 18 M NH, soln and similarly extracted to give the
‘moderate bases”. Further NH, addition to pH 9.5 and extrac-
tion as before vielded the ‘strong bases’. After evaporation of
solvent the solids from the latter were triturated at room temp.
with Me,CO and left 18 hr at —20° The ‘acetone-soluble strong
bases’ were removed and the remaining solids were washed
twice with cold Me,CO and dried. Acetylation was achieved by
dissolving the solids in Ac,O (3 ml) and heating at 80° for 2 hr.
Excess reagent was evapd in a stream of dry N, and the solids
dissolved in CHCIl, and separated by TLC on Si gel GF,,,
(hexane-CHCl,~diethylamine, 10:8:1). Material having the
same R, value (0.35) as the marker alkaloids cyclobuxine-D
and cyclovirobuxine-D triacetates was ¢luted from the absorbent
with CHCl,~-MeOH(1:1). After evaporation of solvent the
acetylated alkaloids were taken up in CHCl,. TLC on AgNQ -
Si gel (CHC1,-MeOH, 9:1) gave two bands located by spraying
with Rhodamine 6G in Me,CO and viewing under UV. The
lower band had the same R, as cyclobuxine-D triacetate, and the
upper band had the same R, as cyclovirobuxine-D triacetate.
The adsorbent was extracted with 50 ml CHC1,-MeOH (1:1)
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and the solvents evapd down to 5 ml. To this was added SO0 ml
CHCl,, 50 ml H,0, 3ml satd ag. NaCl and 1 ml 18M NH,
soln. The CHCI, layer was removed and concd, small portions
taken for MS analysis, carrier cyclobuxine-D triacetate (25 mg)
or cyclovirobuxine-D triacetate (35 mg) added as appropriate,
and the compounds recrystallised from CHCl,~MeOH. Cyclo-
buxine-D triacetate, m/e (rel. int.): 512 (100), 498 (6), 497 (20),
469 (5), 454 (7), 453 (21), 452 (22), 440 (17), 439 (46), 437 (11},
424 (3), 412 (5), 409 (8), 396 (11), 380 (18), 379 (32), 364 (18), 352
{19). Cyclovirobuxine-D triacetate, m/e (rel. int): 528 (100),
513 {11), 485 (9), 468 (36), 455 (30), 440 (7), 425 (13), 412 {17),
395 (25), 380 (20), 369 (13), 368 (13), 356 (17), 326 (18}, 322 (13},
307 (13), 253 (14).
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