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Abstract—A complete examination of the bark, roots, leaves and wood of Rauwolfia verticillata of Hong
Kong led to the isolation of twenty-two compounds, several of which are new.

IN A complete examination of the bark, root, leaves and wood of Rauwolfia verticillata of
Hong Kong twenty-two different compounds have been shown to be present:

(@) Bark: B-amyrenyl acetate, Quercus alcohol Al, B-sitosterol, Triterpenoid RB-17,
Triterpenoid RB-7, 8-yohimbine, reserpine, Triterpenoid RB-16, Alkaloid RB-19, yohim-
bine, serpentine, ajmaline, Alkaloid RB-20, Alkaloid RB-35. (b) Root: Quercus alcohol Al,
B-sitosterol, 8-yohimbine, Alkaloid RR-5, Triterpenoid RB-7, Quercus ketone K 1, reserpine,
Compound RR-31, -yohimbine, Alkaloid RR-22, Triterpenoid RR-28, ajmaline, yohim-
bine. (c) Leaves: B-amyrenyl acetate, Quercus alcohol Al, B-sitosterol, Alkaloid RB-19,
Alkaloid RB-20, serpentine, the flavonoid glycoside robinin. (d) Wood: B-sitosterol, Steroid
RW-11, Alkaloid RB-19, yohimbine, Alkaloid RW-47, Alkaloid RB-20, ajmaline.

Alkaloids RB-19, RB-20, RR-5, and RW-47 on comparison with samples in the collection
of Lilly & Co, Indianapolis, by Dr. N. Neuss, whom we thank, appear to be new. Triter-
penoids RB-17, RB-7, RB-16 and RR-28, have not as yet been identified and may be new.
New work on robinin reported by Chiang et al.! in the Mainland species will be described in
Part III and the mixtures of quaternary bases isolated as the Reineckates (RB-18), and as
precipitates with Mayer’s Reagent (RB-38) in Part IV. Further work is contemplated on
Steroid RW-11 which appears to be new among those from plant and fungal origin.

The new Alkaloids RB-19 and RB-20 occur in the bark, leaves, and wood but apparently
not in the root, which, however, contains Alkaloid RR-5 in very low yield. Alkaloid RW-47
occurs only in the wood. Commonly-known alkaloids were present in various plant parts.
The Triterpenoids RB-17, RB-7, RB-16, and RR-28 are under investigation.

Except for Steroid RW-11 which appears to be an «,f-unsaturated ketone and not to
have been described among those of plant and fungi origin, and a higher fatty alcohol and
ketone first reported in Hong Kong Quercus species? the other compounds isolated are
common.

R. verticillata has been investigated before by one of us (H. R. A.).3 In 1958 Yamaguchi
and Shoji* found 0-736 per cent total alkaloids (on dry wt.) in R. chinensis (R. verticillata)

* §-Yohimbine from the bark of Rauwolfia verticillata, H. R. ARTHUR, Chem. & Ind. (London) 85 (1956)
is regarded as Part I of this series.

1T, C. CHIANG, L. HUANG, S. F. CueN and T. N. SHANG, Yao Hsueh Hsueh Pao 10, 614 (1963).
2 H. R. ARTHUR, K. F. CHENG, M. P. Lau and K. J. Lie, Phytochem. 4, 969 (1965).

3 H. R. ARTHUR, Chem. & Ind. (London) 85 (1956).

4 K. YamacucH: and H. SHon, Eisei Shikenjo Hokoku 76, 99 (1958).
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of which 1-55 per cent was reserpine. They also detected the presence of ajmaline and ajmali-
cine (8-yohimbine). In the same year Liu. Lo and Shi? isolated an alkaloid, samatine, from
the roots. This resembled rauwolfine to some extent. The authors concluded that samatine
probably possessed a carbon skeleton similar to that of §-vohimbine.

EXPERIMENTAL

Microanalyses were carried out by the Microanalytical Laboratories of the Universities
of Melbourne and Singapore. Specific rotations were measured in chloroform. except where
otherwise stated; i.r. spectra on a P-E model 137 Infracord spectrophotometer. Melting
points of the alkaloids were taken on a Kofler block. The alumina used was B.D.H. prepara-
tive grade and was acid-washed (3 m] 207, acetic acid per 100 g alumina). Light petroleumn
refers to the fraction. b.p. 60-80 . All known samples werc compared in m.p.. mixed m.p.
and i.r. spectra and sometimes by paper chromatography with authentic samples and woie
found identical.

Extraction of R. verticillata. (a) Bark

Air-dried bark (6-8 hg) was milled then extracted with light petroleum ut room temperature
for 6 days then continuously with methanotl (Soxhlet) for 3 days. (1) The petroleum extract
was concentrated to | L. then applied to a chromatographic column (300 g of adsorbent).
Elution with light petroleum gasc B-umyrenyl acetate which crystullized from light petroleum
as colourless plates [x]p -+ 82-7 (¢=0-76) (Found: C. 81-5: H, 11-0. Calc. for C;:Hs.0-:
C. 82:0: H, 11-:29,); Quercus alcohol Al eluted with 10“, C,H,, in petroleum crystallized
from light petroleum in the form of *cotton wool™ (Found: C. 82-9: H. 14-3°): B-sitosterol
eluted with C Hg¢ crystallized from EtOH in long colourless needles. (Found: C, $3-3;
H. 12-4. Calc. for CaoH5yO: C, 84-0: H, 12-2%,.) Triterpennid RB-17 cluted with 30°,
MeOH in CHCI; crystallized from MeOH as a colourless micro-crystalline compound,
m.p. 288-290°, [a]p +128 (¢=0-39) (Found: C, 76-1: H, 10-6. Calc. for C3yH:,0,: C.
759: H, 10-69;). (ii) The methanol extract wus concentrated under reduced pressure until
all solvent was removed. The residue was mixed with an equal volume of 59, acetic acid.
The turbid suspension was extracted with n-hexane and the remaining acid solution was
cooled to 5° and adjusted to pH 10 with solid sodium carbonate. The brown amorphous
precipitate which formed was collected and the filtrate was extracted with chloroform until
negative when tested with Mayer's reagent. The precipitate was combined with the concen-
trated chloroform extract and the resulting mixture (X). and was treated as shown in Fig. 1.
The alkaline solution was acidified with conc. HCI to give solution G (and in the case of the
leaves only, precipitate H).

n-Hexane extract (from methanolic extract; see above). This was concentrated to
dryness. The residue (20 g) was taken up in light petroleum and. after removal of tar by
filtration, the solution was applied to a column of adsorbent (250 g). Elution with 10°,
benzene in petroleum yielded B-sitosterol (3-0 g). m.p. 135-139", as obtained in (a)i. Elution
with 1094 CHCl; in C¢H,, yiclded Triterpenoid RB-17 (01 g), m.p. 288-90 ', as obtained in
{(@)i. Elution with 10°; MeOH in CHClI; gave the Trirerpenoid RB-16, which on crystallization
from MeOH deposited as long colourless needles (0-2 g). m.p. 286-290°, [x]p + 128 (¢=0-23
m 1:1 CHCl3-MeOH) (Found: C. 72-6; H, 10-6. Calc. for C30H5,Os: C. 73-4: H, 10-3°,).
Elution with CHCl; gave the Triterpenoid RB-7 (01 g), m.p. 283-286". [x]p +46:9 (c=0-47)

SC.C.Liv,J. Y. Loand L. L. SH1, K"0 Asueh T'ung Pao 2, 52 (1958),
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obtained as colourless needles after crystallization from methanol. (Found: C, 78-0; H, 11-2.
Calc. for C3qH;¢05: C, 78-5; H, 11-0%,.)

Residue A (Fig. 1). This residue (20-1 g) was triturated with ether (which removed tars)
and the green residue (10-0 g) was dissolved in hot CgHg (200 ml) and applied to a column
of acid-washed alumina (250 g). Elution with benzene gave d8-yohimbine (1-0 g) which
crystallized from MeOH as needles, m.p. 254-255°, [«]p= —63:4° (¢c=1-53). (Found: C,
71-4; H,7-0; N, 9-1. Calc. for C,;H,,03N,:C,71:6; H, 6-9; N, 8-0%,.) (See Table 1.) Elution
with 10 %, CHCl, in CgHg yielded reserpine (0-3 g) which crystallized from MeOH as needles,
m.p. 255-256°, [«lp —120-5° (¢=142). (Found: C, 650; H, 67; N, 50. Calc. for

X
CHCl,
[ ]
CHCl; extract Residue F
Extracted with
5% HOAc
i 1
CHCI, solution Acid extract
Washed with Adjusted to pH 7-5
5% NH,OH (Na,CO;) and held
dried, at 0° for 24 hr.
distilled : i ‘
Residue A Brown amorphous Filtrate
pptB Adjusted to
pH 10:5
(Nazcol)s
Sfiltered
{ 1
Yellow amorphous Filtrate
pptD Extracted
with
CHCl,, dried,
distilled
Brown residue C
FiG. 1.

Ci3H4OgN,: C, 65:1; H, 6:6; N, 4-6%,.) Elution with 50% CHCI, in C¢Hg yielded more
reserpine (0-1 g). Elution with 309 MeOH in CHCI; yielded the Triterpenoid alcohol
RB-16 (01 g) which crystallized from EtOH as fine needles, m.p. 285-289°, identical with
that from the n-hexane extract.

Fraction B (Fig. 1). This brown precipitate (50 g) was exhaustively extracted with hot
benzene. The residue from the concentrated extract was dissolved in C¢Hg:CHCI; (1:1)
(500 ml) and applied to a column of adsorbent (200 g). Elution with CgHg gave 8-yohimbine
(0-3 g) which on crystallization from MeOH had m.p. 254-255°. Elution with 209, CHCl;
in C¢Hg yielded Alkaloid RB-19 (0-2 g), which on crystallization from CHCl;-C¢Hg had
m.p. 285-288°, [«]p + 175:7(¢=0-23). (Found: C,77-9; H, 7-3; N, 10-1. Calc. for C,¢H30ON;:
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C. 782; H, 7:3: N, 10:5°..) Yohimbine was also shown to be present in fraction B (see
Table I).

Fraction C (Fig. 1). Alittle of this yellow residue (50 g) was subjected to paper chromu-
tography and the presence of serpentine., yohimbine and ajmaline was proven by comparison
with authentic samples. (See Table 1.) Column chromatography of fraction C was carried
out as for fraction B. Elution with 70°, CHCI; in C,H, yielded .{/Aalnid RB-20 (0-2 g).
m.p. 185-188". [x]p +34-5 {¢=0-59) obtained as nearly colourless finc needles on crystal-
lization from CHCl;-MeOH. (Found: C, 64-5: H, 6-8: N. 8:0. Cale. for Cs HagOsN -
C. 649: H. 7-2: N. 7-2*,). Elution with CHCl; yielded a product which on crystallization
from CoH,, gave the yellow .i/kaloid RB-35 (0-5 g). m.p. t45-149 . (Found: C. 66:3: H.
7-6: N. 7-5. Cale. for C23H3:0:N-: C, 66:3;: H. 7-7: N. 6:7" )

Fraction D (Fig. 1). A portion (10-0 g) of this yellow residue (50 g) was column chroma-
tographed (100 g of adsorbent) as stated for fraction B. Elution with C Hg gave Alkaloid
RB-19 (0-5 g). m.p. 285 288 . identical with that from fraction B. Flution with CHCI,

TABLF |. R, VALUIS FOR ALK ALOIDS

Systems
a h ¢
Alkaloid Found L. ' Found~ Lat. Found Lit,
6-Yohimbine 017(017) 0-18 0-18 (0-2) 067 091 (0 85) 09
Scrpentine 017(0-17) 0-13 00 (0O 00 00 (00 00
Yohimbine 0-42(0-47) 045 0-15(0-15) 003 0-036 (0 031) 0-40
Ajmaline 0 65 (0-65) 065 00 (00) 00 010 (01 0135

System (@)—H-0 (developer) in HO/HOAc atmosphere : Whatman No. 1. System (b) --CoHo—
CoHi> (1: 1) on formamide impregnated” Whatman No 1. Syvstem (¢ )~ C,Ho CHCL: (1-1) on for-
mamide impregnated Whatman No. 1.

Yalues 1in brackets reter to *found™ R, values of authentic specimens, The values given for
various fractions are typial of ali

~ Descending technmigne

yielded a product which on c¢rystallization from CHCl;-MeOH gave Alkaloid RB-20
(0-1 g), m.p. 185-188 , as obtained from fraction C. Yohimbine was shown to be present by
paper chromatography (see Table 1).

Solution G (from methanolic extract). To this an acid solution of ammonium Reineckate
was added until precipitation was complete. The dried precipitate. RB-18 (20-1 g) was pink
in colour. To the filtrate Mayer™s solution was added. The dried precipitate RB-38 (5-0 g)
was white. RB-18 and RB-38 are under investigation.

{h) Root

Air-dricd root (17-9 kg) was extracted as for the bark.
(i) The petroleum extraclt was chromatographed as for the bark. The compounds
obtained with various eluents are shown in Table 2.

* F. A. HocusTEIN, K. MURAal and W. H. BorGEMANN, J, 4p. Chem. Soc. 77, 3551 (19535).
A, Zstrsrong, ROB OBirTON and L. ML KenrMany, Saence H 6 (1950). O ScuLInpier and T,
Re1CHSTLEIN, Helv, Chum. Acta 34, 108 (1951).
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Alkaloid RR-5 separated in almost colourless needles (0-005 g) from methanol and had
m.p. 209-212° and was shown to differ from known alkaloids.

(i) The methanol extract was treated as for bark (see Fig. 1).

n-Hexane extract. The residue (5-0 g) from this was chromatographed as stated for the
bark. Elution with 509, C¢Hj in petroleum yielded B-sitosterol (4-0 g), m.p. 136-138°.

Residue A. This dark brown residue (25-0 g) was triturated with ether. The dry ether-
insoluble residue was dissolved in warm absolute ethanol (tar neglected) and the solution
was kept at 0° overnight. The yellow amorphous precipitate A-1 (5-0 g) which formed was
collected. The ethanol filtrate was combined with the ether extract; concentration of the
mixture gave a yellow precipitate A-2 (60 g).

Precipitate A-1 was treated as for Fraction B (bark). The residue from the C¢Hg extract
was chromatographed (adsorbent, 170 g). Elution with C¢Hy yielded solids which were
neglected. Elution with 30%; CHCl; in CgHg gave reserpine (0-1 g), m.p. 264-265°. Elution
with 1% MeOH in CHClI, vielded a solid which on attempted crystallization from CgHg
gave Compound RR-31 (0-5 g), m.p. 98-100°, as a yellow amorphous powder which is under
investigation.

TABLE 2. COMPOUNDS FROM THE PETROLEUM EXTRACT OF ROOT

Yield m.p.
Eluent 3 ¢C) Identification

5%, CsHj in petroleum 0-05 84 Quercus alcohol Al2

CeHg 30 136-138 B-Sitosterol

CeHs 020 253-255 8-Yohimbine
30%, CHCl3 in CsHy 0005 209-212 Alkaloid RR-S
30%, MeOH in CHCIl; 0-50 283-286 Unidentified Triterpene RB-7
50%; MeOH in CHCl; 0-10 75 Quercus ketone K12

* Identified as shown in (@)(i) and (@)(i).

Precipitate A-2 was treated as for A-1 (adsorbent, 200 g). Flution with benzene gave
8-yohimbine (20 g), m.p. 253-255°, then a solid which on crystallization from MeOH
yielded Alkaloid RR-22 (0-1 g) as fine colourless needles, m.p. 132-137°, followed by a further
amount (0-2 g) by elution with 5% CHCl; in C¢Hg. Further elution with 59, and with 109,
CHCI; in C¢H; gave similar mixtures of 8-yohimbine (2-8 g), m.p. 253-255°, and reserpine
(2:6 g), m.p. 264-265°. Elution with 30% MeOH in CHCI; yielded Triterpenoid RR-28
(0-5 g) which crystallized in colourless needles, m.p. 264-267°, from MeOH. It had [«]p
+9-1 (¢c=1-02 in pyridine) and gave a red—purple—brown colour in the Liebermann-
Burchard test. (Found: C, 71-8; H, 10-7. Calc. for C3oHs004. 2CH3;0H: C, 71+4; H,
10-8%.)

Fraction B. This brown residue (20-0 g) was treated as for that from the bark (adsorbent
used, 170 g). Elution with CgH¢ yielded mixtures of 8-yohimbine (2:0 g), m.p. 250-251°,
and reserpine (0-5 g), m.p. 260-263°. Further elution with C¢Hg gave a colourless solid which
on crystallization from CHCl;-CgHj yielded ajmaline (0-005 g), m.p. 155-157°.

Fraction C. This black residue (2'1 g) was chromatographed as for fraction B (adsorbent,
150 g). Elution with CgH; gave yohimbine (0-1 g), m.p. 239-240°. (See also Table 1.)

Fraction D. This residue (4-0 g) yielded no identifiable compound.
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(c) Leaves

Air dried leaves (1-8 kg) werc extracted as stated for the bark,

(1) The petroleum extract was treated and then chromatographed on 300 g adsorbent as
stated for the bark. Elution with petroleum gave S-umyrenyl acetate (0-2 g). m.p. 237-240 .
Clution with 109, CoH,, 1n petroleum gave Quercus aleohol AT (O-1 g). m.p. 82 . Eluation
with 50°7 C,H, in petroleum gasve A-sitosterol (1-0 g)omup, 136-13%

(1) The methanol exiract was treated as for that of the bark (soe T 1

n-Hevane extracr. Y wwlded no crystalline compounds

Residue (1. The greer residue (2-0 g) vielded no erystalline compounds,

Fraction B. Hulf (10:0 g) of this brown fraction was treated then chromatographed as
stated for the bark. Elution with C.H, gave Alkaloid RB-19 (0-u0i 2. m.p. 286 288
Cluvon with 707, CHCY, on C H,, gave Alkaloid RB-20 t0-3 g m p. 1SS I8 .

Fraction C. Ax much as possible of this red residue J10-1 g} was tahen mto CH,: CHCl,
and the solution was chrematographed (adsorbent, 100 @), I lution wth 70¢, CHCL; in
CoH,, gave Alkaloid RB-20 (-5 g), m.p. 185 18% | Puaper chromatoeraphy of fraction C
showed the presence of serpentine (~ee Tuble 11,

Fraction D. Hall of this yellow residue (20-1 g) was treated as for fraction C (ubove).
Elution with 50°, CHCl: 1n C, H,, gave Alkaloid RB-20(0-5 g). m.p. 180 187 .

Precipitate H. Crystallizauon of H from methanol yielded fine vellow needles (2:0 g) of
robinin, m.p. 197 -199 " (Found: C. 53-8. H. 5:9: OMec. 0:0, Cale. tor Co,H,, 044 ClL 53:5:
H.54°..)

(<) Wond

The dry milled wood (10-9 kg) was extracted as stated for the bark.

(1) The petroleum extract was treated then chromatographed (250 g adsorbent). Elution
with CoHg: petroleun gaveyery low vields of compounds which were not identified. However,
the last compound eluted with petroleum, when crystallized from FtOH. deposited elongated
plates (0-1 g) of Steroid RW-11. m.p. 96-98 . (Found: C. &4-4: H. 11-8. Calc. for C10H,40:
C. 8444; H, 11-7. Calc. tor CagH;,O: C. 84:0: H. 12-2" ) This had A\, 245 (EtOH), e.
12,400 based on M =400 which suggests that the compound 1~ a conjugated stervid hetone
some confirmation of which was obtained in the L.r. spectrum which showed v,,,, (CCly)
1670 cm™l. In the Liebermann-Burchard reaction Steroid RW-11 gave a yellow colour
changing through orange to red und with tetranitromethane a pale sellow colour. Elution
with benzene gave B-sitosterol (3-1 g).

(ii) The methanol extract was treated as for that of the bark (see Fig. 1),

n-Hexane extract. This yielded no crystalline substances.

Fruction 4. This fraction (3-5 @) was treated as stated for the bark, No crystalline com-
peunds were obtained.

Fraction B. 20:0 g of this fraction (100 g) was treated as for Fraction B of the leaves
(chromatography 100 g adsorbent). Elution with 30", CoH, in CHCI; gave Alkaloid RB-19
(0-01 g), m.p. 285-288 . Yohimbine was shown to be present in fraction B hy paper chroma-
tography (see Table 1).

Fraction C. The brown residuc (3-0 g) was dissolved in 30, CHCI;-C.H, and the
solution was chromatogruphed (adsorbent, 100 g). Elution with C.H, gave a product
which on crystallization from benzene yielded colourless plates (1:0 g) of Alkaloid RW-47,
m.p. 130-132", [«]p +27-3 (¢=0-83). (Found: C, 72:2: H, 7:5: N, 9:3°,. M. 149 (mass
spec.). Calc. for CgH{ON: C,72:4; H, 7-4; N, 9-3°, M., 149.) Elution with 30°; CHCl, in
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C¢Hg gave Alkaloid RB-20 (0-5 g), m.p. 185-188°. Fraction C also contained ajmaline as
shown by paper chromatography (see Table 1).

Fraction D. 20 g of this brown residue (100 g) was treated as for Fraction B then chroma-
tographed (adsorbent 100 g). Elution with 309, CHCl; in C4H¢ gave Alkaloid RB-19 (0-05 g),
m.p. 285-288°. Elution with 709, CHClI; in C4H¢ gave Alkaloid RB-20 (0-20 g), m.p. 185-
188°.
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