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ALKALOIDS OF Buxus sempervirens var rotundifolia BAILLON* 
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Twenty-one alkaloids were isolated from the leaves of Buxus sempervirells var. rotundifolia 
BAILLON. Buxaminol-B, cyclobuxine-D, cyclovirobuxine-D, cycloprotobuxine-C, buxamine-E, 
buxtauine-M and buxpiine-K were those already known. New alkaloids, the constitution and 
configuration of which were inferred from physical data and corroborated by interconversion 
and correlation , were denominated buxithienine-M and cyclobuxophylJine-O. The remaining 
bases were characte rized by phys icochemical constants and /or spectral data. 

Constituents of leaves and bark of boxwood (Buxus sempervirens) were for a long 
time used in curing various diseases l

. Recently, it has been shown that buxus alkaloids 
reveal a strong inhibition of the enzyme cholinesterase2

, and pure cyclobuxine-D, the 
principal alkaloid of boxwood has been used as a complexing agent to study the 
reversible helix- coil transition of deoxyribonucleic acid3. This paper deals with 
bases isolated from B. sempervirens var. rotundifolia BAILLON. 

Dry ground leaves of this plant were macerated by a procedure described in4 

and the obtained mixture of alkaloids dissolved in chloroform was extracted with 
dilute hydrochloric acid. Alkaloids of this part were distributed according to their 
basicity with McIlvain buffer solutions into separate portions (pH 6·5 - 3 and 2% 
hydrochloric acid), from which they were separated by a procedure given in our 
preceding papers4. 

The chloroform solution, from which dilute hydrochloric acid did not extract 
further alkaloids any more, contains further new bases and was evaporated. The solu
tion of the residue in dilute hydrochloric acid was precipitated with Mayer's reagentS 
to an iodomercuri complex from which the alkaloids were liberated with an ion 
exchanger and separated by chromatographic techniques. The least polar alkaloid 
of molecular weight 367·2865 (M+ , for C2 s H 37NO calculated 367·2875) showed 
in its mass spectrum peaks of ions at 111 /Z M-15, M-28, M-29, M-43, 44,57,70; 
the last three of them characterized the presence of a methylamino group at C(3) 
(ref.6 ) . Its ultraviolet spectrum displayed absorption bands typical of a carbonyl 
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group in conjugation with double bond (Amax 241·5 nm, log 8 4'62) and an isolated 
double bond (Amax 203 nm, log 83'94), the infrared spectrum revealed vibration 
bands diagnostic of a carbonyl group at a 5-membered ring (1718 cm- I

), a C(1)- C(2) 
double bond? (1642 cm- I

) a methylene in a cyclopropane ring (vas (C- H) 3016, 
b(C-H) 1442 cm- I

) and a secondary amine (3420 cm- I
). The IH-NMR spectrum 

showed signals of protons of a methylene group in cyclopropane ring (ppm, b: 0·28 
and 0·60, 2 H, ABq, J = 5 Hz), of four tertiary C-methyl groups (0'78, 3 H, s; 
0'96, 6 H, d, J = 2·5 Hz; 1'31, 3 H, s). The multiplicity of the signal at 0·96 with 
a low coupling constant evidenced the presence of a geminal dimethyl group, which was 
localized from biochemical consideration at C(4)' The shift of the A part of the AB 
doublet into higher field indicated the proximity of a double bond. The signal at 1·80 
(3 H, d, J = 8 Hz) was ascribed to methyl protons of the ethylidene grouping, that 
at 2-45 (3 H, s) to a methylamino group at C(3l' those at 5·74 and 5·63 (2 H, q, ABX 
system, JAB = 8 Hz) to olefinic protons, that at 3·20 (1 H, m) to a proton in the 
neighbourhood of nitrogen (1 H, m, X part), that at 6·53 (1 H, q, J = 7·5 Hz) 
to a vinyl proton of the s-cis ethylidene grouping at the cyclopentanone ring of the 
steroid backbone8

• Basing upon these arguments one is entitled to ascribe the struc
tural formula I to this alkaloid. The index of unsaturation indicates that three double 
bonds are involved in this molecule. Tetrahydro derivative II showed in its mass 
spectrum peaks of ions at mjz 371 (M+), M-15, M-28, M-29, M-43, 44, 57 
and 70. Its ultraviolet spectrum did not contain an absorption band associated with 
the conjugated double bond of the starting material, whilst a new band ascribable 
to an isolated carbonyl group (Amax 204 nm, log 83'62) appeared. The infrared spec
trum revealed the presence of a carbonyl group on a five-membered ring (1714 cm - 1) 
and a methylene in a cyclopropane grouping (1439 cm - 1); in contrast to the original 
substance, II did not absorb at 1642 cm- I (C(1l-C(2) double bond). The hexa
hydro derivative III, characterized by mass spectrum, disclosed peaks of ions at mjz 
373 (M +), M -15, M - 43, 44, 57 and 70. Catalytic hydrogenation of this type 
of alkaloids proceeds stereos electively to form 17p-ethyl derivative of 5o:-androstane9

• 

The correctness of the suggested structure of alkaloid I, which was denominated 
buxithienine-M, was proved by interconversion of I and cyclovirobuxine-D (IV): 
chromic oxidation of IV followed by a C(2ol-deamination afforded, similarly as with 
cyclobuxine-D (ree), a mixture of Z- and E-cyclobuxophyllines-M (Va,b), which 
was, without being separated, catalytically stereoselectively hydrogenated to II 
identical with tetrahydrobuxithienine-M. Buxithienine-M is another alkaloid of the 
ct,p-unsaturated cyclopentanone group, which might be artifact8

• 

The second alkaloid isolated from this portion had molecular weight 355·2869 
(M+, for C24H3?NO calculated 355·2875); further peaks in the mass spectrum were 
at mjz M-15, M-28, M-29, M-43, and 43. The series of peaks at mjz 30, 43,56 
indicated a primary amino group at C(3)' Its ultraviolet spectrum showed an ab
sorption band of a carbonyl conjugated with a double bond (Amax 242 nm, log 8 4'14). 
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Vibration bands in the infrared region localized the carbonyl group at the five
-membered ring (1726 and 1718 em-I) and also evidenced the presence of a C(17)-
-C(20) double bond (1641 em-I), a methylene in a cyclopropane ring (1460 em-I), 
and a primary amino group (3412 em-I). The IH-NMR spectrum displayed signals 
of methylene protons of a cyclopropane ring at 0·33 and 0·60 (2 H, ABq, J = 5 Hz), 
of four tertiary C-methyl groups (0'81, 0'93, 1·0, 1·3; 4 x 3 H, ss), of a methyl group 
protons associated with an s-cis ethylidene grouping at 6·51 (1 H, J = 7 Hz) and 
of protons of an amino group at 8·25 (2 H, broad singlet). These data were close 
to those of alkaloid I, and are in agreement with the proposed structure VI. The 
dimethyl derivative VII, prepared by N-methylation of VI had the same constants 
and consequently, an identical spatial arrangement at all centres of chirality as the 
naturally occurring alkaloid VII (ref. 1 0) . According to the convention 11, this alkaloid 
should be denominated cyclobuxoohylline-O. 

I 

IV 

# H - 0 

RJ 
'::N ,~ 

R2 ~ H 

VI. RJ= H; R2 = H 
VlI, RJ = CH3 ; R2 = CH3 

1 CrlO, .. 

2 OH 
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Further six alkaloids of this portion, B/l, B/4-B/8, were characterized by physico
chemical constants and spectral data, Alkaloids isolated from the separate pH 
portions of the part extractable with dilute hydrochloric acid were identified by spec
tral means, melting point, and by optical rotation (Table I). 

Alkaloid A/3 displayed in its mass spectrum a peak of molecular ion at m/z 
598·39810 (for C3sHs4N206 calculated 598'39814) and further peaks at m/z M - CH3 , 

M-OH, M-OCH3' 511 (C31H4SNOS)' 496 (511-CH3)' 493 (511-H20), 478 
(496- H 20). The base peak was formed by the species m/z 72 (C4H 10N), characteristic 
of a dimethylamino group at C(20)' Peaks of ions at m/z 198 (C9H I2N04, a) 181 
(C9 H g04' b) and 153 (CS H 90 3, c) were diagnostic oftrihydroxybenzoic acid dimethyl 
ether. Due to the fact that no peaks of an amino function at C(3) were present in the 
spectrum, this acid can be attached to this position as an amide. The infrared spectrum 
contained vibration bands of an amido group at 1670 cm - 1 (v( C=O), amide I), 
1500 cm- 1 (b(N-H), amide II), and 1221 cm - 1 (v(C-N), amide III). Other bands 
indicated the presence of a secondary hydroxyl group (1040 and 3508 cm - 1), a se
condary amino group (3420cm- 1) and a methylene in a cyclopropane ring (1460 
cm- 1). The base A/5 has embodied, like A/3, dimethyl ether of trihydroxybenzoic 
acid, since its mass spectrum also contained peaks of fragment ions a and b. 

EXPERIMENTAL 

Melting points were determined on a Kofler micro hot-stage, optical rotations were measured 
with a Perkin-Elmer polarimeter, model 141, in 1-cm cells. The separate spectra were recorded 
with following apparatuses: AEI-MS, model 902 (10 eV, 100 J.!A, <150-290°C), electron 
impact mass spectra), Perkin-Elmer, model 457 (KBr, infrared spectra), Beckman DB-GT 
(methanol, ultraviolet spectra), Tesla BS, model 481 B (80 MHz, CDCI3 , tetramethylsilane, 
IH-NMR spectra). Aluminium oxide (Reanal, neutral) was used as a carrier for both column 
and thin-layer chromatography without binder in solvent systems: chloroform-benzene-ethanol 
14: 6: 5 (SI), 13 : 10: 2 (S2)' 14: 8 : 3 (S3) ' 15: 9: 1 (S4)' 10 : 8 : 2 (Ss), 14: 9: 2 (S6)' chloro
form-benzene-methanol 14: 6: 5 (S7)' Chromatograms were sprayed with Dragendorf reagent. 

Isolation of Alkaloids 

Terminal twigs of Buxus sempervirens var. rotundlfolia BAILLON were collected in the Arboretum, 
Slovak Academy of Sciences, Mlyiiany, at the end of October 1915. The dried ground leaves 
(3'1 kg) were macerated with 50% aqueous methanol acidified with acetic acid, polysaccharides 
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were removed from the concentrated extract according to the procedure reported earlier4 and the 
ammonia alkalized solution was extracted with chloroform; the first crop of alkaloids was extract
ed from the chloroform solution with dilute hydrochloric acid (A), the second part, which re
mained in chloroform was obtained as a residue after removing the solvent under diminished 
pressure (B)_ 

The first part (A, 40-3 g) was worked up in a routine way4 into portions soluble in McIlvain 
buffer solutions of pH 6-5, 6-0, 5-0, 4-0, 3-0 and in 2% hydrochloric acid; the separate alkaloids 
were obtained by column chromatography_ The second part (B, 32 g) was stepwise dissolved 
in 2% hydrochloric acid (30 x 20 ml), from which the alkaloids were precipitated with Mayer's 
reagent in form of an iodomercuri complex (37 g)_ This was filtered off, washed with water, dis
solved in acetone- methanol-water 6 : 2 : I (60 ml) and treated with Amberlite IRA-402 (200 ml , 
CI( - l) for 48 h with stirring_ Alkaloids obtained after filtration of ion exchanger, alkalization 
and evaporation of the solvent were separated by column chromatography_ Separation and 
quantitative distribution of alkaloids are surveyed in Tables I and II_ 

TABLE I 

Separation of Alkaloids Present in Portion A 

Extract AI2 0 3 g, activity Combined Amount 
pH (g) (fractions, m!) Eluent fractions Alkaloid mg 

6-5 165, III 67- 71 buxaminol-B 22 

(5-5) (50) A/I 3-1 
(100) 85- 91 cyc1obuxine-D 70-6 

92-101 cyc1ovirobuxine-D 36 
cyclobuxine-D 131 
cyclovirobuxine-D 

6-0 1500, VI c + b 15-36 cycloprotobuxine-C 108 
(3-5) (120) 45-49 buxamine-E 121 

(200) 76 A/2 2-8 

5-0 250, VI c+l%a 3-4 buxamine-E 205 
(5-0) (100) 5-6 buxtauine-M 239 

c + 2%a 29- 35 A/3 59-7 

4-0 112, VI c + l%a cyc1obullatine-A 22-5 

(2-9) (100) 4 A/4 45 
buxpiine-K 94 

18-19 A/5 4-2 

3-0 60, V[ c + l%a 8-17 cyclovirobuxine-C 5-9 

(I-OS) 20) 

2%HCl 4-5 , VI c+ l % a cyclobuxine-D 10-3 
(0-7) (20) cyc1ovirobuxine-D 

a Diethyl ether, b chloroform, C benzene, d methanol, e benzene-chloroform-diethyl ether 1 : 2 : 3_ 
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Characterization of Isolated Alkaloids 

Buxithienine-M (I): m.p. 166- 169°C (acetone + 5% methanol), [o:lf/ -75'6° (c 1'2, chloro
form), Rp 0'34 (84), 0·52 (82), 

Hydrogenation of buxithienine-M: Adams catalyst (50 mg) was added to the solution of I 
(101 mg) in acetic acid (20 ml) and the mixture was hydrogenated at room temperature for 
28 h. The catalyst was filtered off, the filtrate diluted with water (190 ml), basified with ammonia 
and extracted with chloroform. Yield 102 mg. Thin-layer chromatography of the product showed 
the presence of two compounds; separation on alumina (activity grade VI, 50 g, eluens dichloro
methane) afforded tetrahydrobuxithienine-M (II) (45'5 mg), m.p. 144-147°C (dichloromethane), 
[0:152 -37'8° (c 0'96, chloroform), RF 0·45 (84 ), m/z 371 (M+) and hexahydrobuxithienine-M 
(III) (9'8 mg), m.p. 280°C (decomp.) (dichloromethane), [0:152 + 16'1° (c 0'18, chloroform), 
Rp 0·35 (84 ), m/z 373 (M+). 

Transformation of cyclovirobuxille-D (IV) to the ketone II: these operations were ' analogous 
to those of cyclobuxine-D (ref. 9

). Yield 27 mg (45%) of ketone II (from 65 mg of IV) identical 
(m.p. , mixed m.p., optical rotation, RF) wi th tetrahydrobuxithienine-M. 

Cyclobuxophylline-O (V): m.p. 219-222°C (acetone), [0:152 -61' 5° (c 1' 1, chloroform), Rp 0·34 
(84 ), 0'44 (82). 

N ,N-Dimethylcyclobuxophylline-O (cyclobuxophylline-K, VI): solution of V (22 mg) in formic 
acid (85%, 1 ml) andJormaldehyde (36%, 1 ml) was heated on a steam bath for 2 h, diluted with 
water (5 mI), alkal ized with ammonia and extracted with chloroform. Yield 22 mg (93%), m.p. 
193-J96°C (acetone), [0:162 _67° (c 0'8, chloroform), Rp 0·88 (84 ), m /z 383 (M+). Cyclobuxo
phylline-K (ref. lO

): m.p. 194-196°C, [0:1D _72° (c 0'52, chloroform). 

Alkaloid B/ l: m.p. 280°C (decomp.), (acetone + 5% methanol), [0:152 + 11'8° (c 0'55, metha
nol), Rp 0'37 (86), m/z 353 (M+), M-15, M-28, M-29, M-43, 44, 57, 70; the last three peaks 
and the lowered intensity of the last two peaks ind icated the presence of a methylamino group 

TABLE II 

Separation of Alkaloids Present in Portion B 

Eluenta Combined Amount 
fractions Alkaloid mg 

Benzene 8-34 buxithienine-M 504 
35-56 B/6 

Benzene-methanol 67-74 buxi thienine-M 482 
75-80 B/7 2·9 

Methanol 87-90 cyclobuxophylline-O 22 
91-97 B/4 7·5 

B/ 5 9'2 
98-101 B/l 8·8 

a Carrier alumina (920 g, activity grade III, fract ions 25 ml). 
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at C(3) adjacent to a C(4)-exocyclic double bond6
. UV spectrum: Amax 243 nm (log e 4'19, a carbo· 

nyl group conjugated with double bond). 

Alkaloid B/4: m.p. 150-152°C (chloroform), [ajl/ + 16° (c 0'4, chloroform), RF 0·45 (S2)' 
mlz 399 CM+), M-15, M-28, M-43, M-45, M-59, 297, 72, 58. 

Alkaloid B /5: m.p. 179-182°C (chloroform), [a jb2 +9'6° (c 0'5, chloroform), RF 0·33 (S2)' 
mlz 387 (M+), M-15, M-31 , M-33, 72, 58. 

Alkaloid B /6: m.p. 214-216°C (ethanol), [ajb2 +6'6° (c 0'15, methanol), RF 0'58 (S2), mlz 
426 (M+), 388, 381, 84, 71, 58. IR spectrum, cm- 1 : 3518 (v(O-H», 1052 (v(C-O), 2969 
(vas CH3), 1688 (v(C(6)= C(7))' 1452 (vas CH2 (cyclopropane». 

Alkaloid B/7: m.p. 245-247°C (acetone), RF 0·32 (S2)' mlz 369 (M+), M-15, M-43, M-29, 
M-28, 70, 57. 

Alkaloid B /8: m.p. 265°C (acetone + 5% methanol), [ajb2 + 34'6° (c 0'54, chloroform), RF 0'32 
(S2)' mlz 384 (M +), M-15, M-30, M-58 (methylamino group at C(20)' 58,71, 84 (dimethyl 
group at C(3»' 

BlIxaminol-B: m.p. 194-198°C (methanol), [ocjb2 +34'0° (c 1'5, chloroform), RF 0'83 (S7)' 
mlz 414 (M+); ref. 12 : m.p. 199- 200°C (methanol-water), [a jD +38° (chloroform). 

Cyclobuxine-D: m.p. 239-242°C (ethanol), [ocjb2 + 90·7° (c 1, chloroform), RF 0·52 (Sl), 
mlz 386 (M+); ref. D : m.p. 244-245°C (decomp.) (methanol), [oclb3 +98° (c 4'4, chloroform). 

CyclovirobuxilZe-D: m.p. 220-221°C (acetone + 1% methanol), [ajb2 +60° (c 1, chloroform), 
RF 0·37 (Sl)' mlz 402 (M+); ref. 14: m.p. 221 - 224°C (decomp.), [ajD +63° (chloroform). 

Cycloprotobllxine-C: m.p. 199- 202°C (acetone), [ajb2 + 73°, (c 1, chloroform), RF 0'49 (S2)' 
mlz 400 (M+); ref. 1S : m.p. 200- 202°C, [a jD + 76° (c 1, chloroform). 

Buxamille-E: amorphous, [ajb2 +35° (c 0'4, chloroform), RF 0·45 (S6)' mlz 384 (M+); ref.12: 
amorphous, [albo +32° (c 0'6, chloroform), mlz 384 (M+). 

Buxtalline-M, cyclobullatille-A, buxpiine-K: constants characterizing these alkaloids were 
identical with those published in our previous papers16 -18. 

Alkaloid A l l: m.p. 195-197°C (dichloromethane), RF 0'17 (S7)' mlz 368 (M+), M-15, 
M-29, 58,71,84 (dimethylamino group at C(3)' ref.6). 

Alkaloid A/2: m.p. 138- l42°C (acetone + 5% methanol), RF 0·79 (S7)' mlz 429 (M+). 

Alkaloid A/3: m.p. 272-274°C (acetone + 10% methanol), [alb2 +20° (c 0'25, ethanol), 
RF 0·46 (S6)' mlz 598 (M+). 

Alkaloid A/4; m.p. 252-256°C (dichloromethane), [alb2 _109°C (c 0'51, methanol), RF 0·42 
(S3)' mlz 428 (M+), M-43, 58,71,84. 

Alkaloid A /5: m.p. 125-l27°C (dichloromethane), [alb2 _10° (c 0'3, dichloromethane), 
RF 0·5 (S3)' mlz 680'4406 (M +, for C40H60N 207 calculated: 680,4405). 

Our thanks are due to Dr L. Dolejs. Institute of Chemistry and Biochemistry, Czechosillvak 
Academy of Sciences, Prague for measuring mass spectra. 
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