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Abstract-A complete examination of the bark, roots, leaves and wood of &uwo/fia verticillatu 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 RauwolJa verticillata of 
Hong Kong twenty-two different compounds have been shown to be present : 

(a) Bark: Bamyrenyl acetate, Quercus alcohol Al, @itosterol, Triterpenoid RR17, 
Triterpenoid RB-7, &yohimbine, reserpine, Triterpenoid RB-16, Alkaloid RB-19, yohim- 
bine, serpentine, ajmaline, Alkaloid RR20, Alkaloid RB-35. (b) Root: Quercus alcohol Al, 
/3-sitosterol, b-yohimbine, Alkaloid RR-5, Triterpenoid RR7, Quercus ketone Kl, reserpine, 
Compound RR-3 1, b-yohimbine, Alkaloid RR-22, Triterpenoid RR-28, ajmaline, yohim- 
bine. (c) Leaves: @unyrenyl acetate, Quercus alcohol Al, &sitosterol, Alkaloid RB-19, 
Alkaloid RB-20, serpentine, the flavonoid glycoside robinin. (d> Wood: /?-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, RB16 and RR-28, have not as yet been identified and may be new. 
New work on robinin reported by Chiang et al1 in the Mainland species will be described in 
Part III and the mixtures of quaternary bases isolated as the Reineckates (RR18), 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 RR20 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, RR16, and RR-28 are under investigation. 

Except for Steroid RW-11 which appears to be an c+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 species2 the other compounds isolated are 
common. 

R. verticillata has been investigated before by one of us (H. R. A.).3 In 1958 Yamaguchi 
and Shoji4 found O-736 per cent total alkaloids (on dry wt.) in R. chine?& (R. verticillata) 

* S-Yohimbine from the bark of Ruuwo@a verticillata, H. R. ARTI-IUU, C’helm. & Zti. (LO&~) 85 (1956) 
isregardedasPartIofthiiseries. 

1 T. C. CHIANG, L. HUM, S. F. CI-IBN and T. N. %L4NO, Yuo Hsueh Hweh Z’uo 10,614 (1963). 
2 H. R. ARTHUR, K. F. CHEW?, M. P. LMJ and K. J. LIE, Pkytochem. 4,969 (1965). 
3 H. R. ARTHUR, Chem. & Zmf. (London) 85 (1956). 
4 K. YAMAGUCHI and H. SEWI, Eisei Shikenjo Hokoku 76,99 (1958). 
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of which 1.55 per cent ~has reserpine. They also detected the presence of ajmaline and ajmali- 
tine (&yohimbine). In the same year Liu. Lo and Shis isolated an alkaloid, samatine, from 
the roots. This resembled rauwolfine to some extent. The authors concluded that sumntinc 
probably possessed a carbon skeleton similar to that of 6-yohimhine. 

EXPERIMENTAL 

Microanalqses were carried out by the Microanalytical Laboratorie\ of the Lrniiersities 
of Melbourne and Singapore. Specific rotations were measured in chloroform. except where 
otherwise stated; i.r. Fpectra on a P-E model 137 Infracord ~pectrophotomeler. Melting 
points of the alkaloids were taken on a Kofler block. The alumina used N:LS B.D.H. prrpara- 
tike grade and NW acid-washed (5 ml ZO”,, acetic acid per lo0 g aluminu). Light pctroleuln 
refers to the fraction. b.p. ho-80 . All known samples were compared In m.p.. mixed m.p. 
and i.r. \pectr;L and sometime\ by paper chromatography; with nuthenilc ssmplec and \\r’lt 
found identical. 

Air-dried bark (6.8 I+) u ah milled then extracted with light petroleum at room temperature 

for 6 dais then continuously with methanol (Souhlet) for 3 days. (I) The petroleum extract 
was concentrated to 1 1. then applied to a chromatographic column (300 g of adsorbent J. 
El&ion with light petroleum ga\c p-amyrenyl acetate which crq<tallircd from light petroleum 
as colourless plates [g]o -I- 87.7 (c=O*76) (Found: C. 81.5: H, 11.0. CJc. for C2?Hs,0Z: 
C. 87.0: H, ll.:!“,); QEercu< alcohol Al cluted with IO”,, ChHt, in petroleum crystallized 
from light petroleum in the form of”cotton wool” (Found: C. 82.9: H. 14.3 )I,): /3+itosterol 
eluted with C,Hc, crystallized from EtOH in long colourless needles. (Found: C. 83.3; 
H. 13.4. Calc. for C29H~00: C, 84.0; H, 12*29,.) Triterpennid RB-17 eluted with 30”, 
MeOH in CHC13 crystallized from MeOH as a colourless micro-crystalline compound, 
m.p. 288-290”. [cL]~ +I28 (c-O-39) (Found: C, 76.1: H. 10.6. Calc. for CjoHsoOJ: C. 
75.9: H. lO*Bp;). (ii) The methanol extract was concentrated under reduced pressure until 
all solvent was removed. The residue was mixed with an equal 1 olume of 5 y,, 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 \+as 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 ma5 treated as shown in Fig. I. 
The alkaline solution was acidified with cont. HCl to gice solution G (and in the case of the 
k!:tveS on6; precipitate H). 

n-Hesane esfract (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 uas applied to a column of adsorbent (250 g). Elution with IO”,, 
benzene in petroleum yielded &sitostero1(3.0 g). m.p. 135-139”. as obtained in (a)i. Elution 
with lo;/, CHCIJ in CbHh yielded Triterpenoid RB-17 (0-I g), m.p. 288-90 ‘. as obtained in 
(a)i. Elution with 10 “L MeOH in CHC13 gave the Triterpenoid RB-16. which on crystallization 
from MeOH deposited as long colourless needles (0.2 g). m.p. 286-290’. [z],, + 128. (c=@23 
m 1: 1 CHC&-MeOH) (Found: C. 72.6; H, 10.6. Cult. for C.J0HT005: C. 73.4: H. 10.3 3,). 
Elution with CHCIJ gave the TriterpeFzoidRB-7 (O-1 g), m.p. 283-W’. [x]o +46*9 (~~0.47) 

3 C. C. LIL,, J. Y. Lo and L. L. SHI, K’o HWP/I T’mg Pm 2. 57 (1958). 
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obtained as colourless needles after crystallization from methanol. (Found: C, 780; H, 1 l-2. 
Calc. for Cs0H5e03: C!, 78.5; H, 1 l-O%.) 

Residue A (Fig. 1). This residue (20.1 g) was triturated with ether (which removed tars) 
and the green residue (10-O g) was dissolved in hot CsH6 (200 ml) and applied to a column 
of acid-washed alumina (250 g). Elution with benzene gave S-yohimbine (1.0 g) which 
crystallized from MeOH as needles, m.p. 254-255”, [a],,= -63.4” (c= 1.53). (Found: C, 
71.4; H,7*0;N, 9-l. Calc. for CZ1Hz403N2: C, 71.6; H, 6.9; N, 80%.) (SeeTable 1.) Elution 
with 10 % CHC13 in CeHc yielded reserpine (0~3 g) which crystallized from MeOH as needles, 
m-p. 255-256”, [all) - 120.5” (c=1*42). (Found: C, 65.0; H, 6.7; N, 5-O. Calc. for 

X 

I CHCI3 

cHc1:cxtract Resihue F 

CHCll solution Acid extract 

Wushed with 
So/ NEJIOH 

l:!$!L::: && , 

R&-&A Brown anmphow Fil 
ppt B 

1 
Yellow amorphous 

mtD 

-ate 
A&m.i to 
pH 103 
<Na&W, 
j%tered 

Filtl’ate 

Extractid 
with 
CHCl~, us& 
distilled 

Brown residue C 

Fro. 1. 

C3sH4a09N2: C, 65-l ; H, 6.6; N, 4*6x.) Elution with 50% CHC!& in C&IB yielded more 
reserpine (O-1 g). Elution with 30% MeOH in CHC& yielded the Triterpenoid alcohol 
RB-16 (0.1 g) which crystallized from EtOH as fine needles, m.p. 285-289”, identical with 
that from the rr-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 CsHs: CHC13 (1: 1) 
(500 ml) and applied to a column of adsorbent (200 g). Elution with C&Ic gave 8-yohimbine 
(0.3 g) which on crystallization from MeOH had m.p. 254-255”. Elution with 20% CHC13 
in CeHQ yielded AZkuJoid RB-19 (0.2 g), which on crystallization from CHCl,-CsH6 had 
m.p.285-288”, [aID f 175*7(c=O*23). (Found: C,779; H,7*3;N, 10-l. Calc. forCz&sON3: 
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C. 78.2; H, 7.3: N, 10*5”,;.) Y h b o im ine was also shown to be present in fraction B (see 

Table 1). 
Frmtion C (Fig. 1). A little of this yellow residue (5.0 g) was subjected to paper chroma- 

tography and the presence of serpentine. yohimbine and ajmaline H;IS proven by comparison 
with authentic samples. (See Table I .) Column chromatograph> of frxtinn C wab carried 
out as for fraction 6. Elut~on with 70”, CHCIJ in C,H, yielded .l/hnloit/ RB-20 (0.2 PI. 
m.p. 185-1X8-. [x]o $345 (c=WS9) obtained as nearI> colourless tint needle\ on cryblal- 
lization from CHCl,-MeOH. (Found: C. 64.5: H. b.8: N. 8.0. Calc. for C21H2SOcN:: 

C. 64.9: H. 7.1: N. 7-Z”,,). Elution with CHCIJ yielded :I product \\hich tjn cry\tallizatmn 
from C$,H,, paw thr yello~v ,I/ldoid RR-35 (O-5 g). m.p. I45 -149 _ I Found: C. 66.3: H. 
7%: N. 7.5. Calc. for CZqH+,N,: C, 66.3; H. 7.7: N. h-7”,,.) 

Frnc/iw D (Fig. 1). A portion (10.0 g) of thi, yelhw rcsiduc (50 g) M~S column chroma- 
tographed (100 g of adwrbcnt) as ~tatrd for fractmn B. Elution \\ith C,H6 ga\e Alhalo~d 
RB-19 (O-5 g). m.p. 285 2&X . rdcntical with that from fraction B. Flution kvith CHCII 

-- 

Sywnr 
_----- .__-_-..-.-_--._ -_- -.- .._. --...-.... .--- .----- ---, 

n h C 

_- I__ .- _-, , _-___. _. . ..- - ___, ; . . _._._A-_ _.. 
Alkaloid Found LIl.” FoundT Lit. Found Lit. 

_._._-_---__ _... ._ ._. ._. 

&Yohimbine 0 17 to 171 0. I x 0 I8 (0.2) 0 67 IWI to 85) 0.9 
Scrpentme 0 17 (0.17) 0.13 00 (00) 04 00 (00) 0 0 
Yohimbine 041 W47) 0 35 0.15 (0.15) 0 03 0.026 10 031) 040 
Aimahnc 0 65 (0.65) 0 65 0 0 (00) 0 0 0 IO (0.10) 0 15 

System (a)-H,O (dewloper) rn ti20!HOAc atmosphere: Whatman Wro. I. System(h) -ChHb- 
C’,,H12 (I : 1) on formamlde Impregnated’ Whatman No 1. System f( )-- C’,,H, CHCI, (1 . 11 on fvr- 
mamlde mlpregnated Whatman No. 1. 

Values m brackets xler to “found” R, xzllues of authentls qxcimens. The wlucb gixn for 
barlous fractions are typical of all 

1 Drwendmg technlquc 

yielded a product which on crystallization from CHClj-MeOH game Alhaloid RB-20 
(0.1 g). m.p. I X5--1 88 _ as obtained from fraction C. Yohimhine was shown to bc present b> 
paper chromatography (we Tahlc I ). 

Sohrrion G (from methanolic extract). To this an acid solution of ammonium Reinechatc 
was added until precipitation was complete. The dried precipitate. RB- I X (20.1 g) nxs pin h 

in colour. To the filtrate Mayer’\ solution \\a\ added. The dried prrclpitate RR-38 (54 g) 
was w hitc. R B-l 8 and RB-38 are under investigation. 

(h) Root 

Air-dried root (17.9 hg) was extracted as for the bark. 
(i) The petroleum extract \\as chromatographed a\ for the bark. The compound\ 

obtained with various eluents arc shown in Table 2. 
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Alkhid RR-5 separated in almost colourless needles (OGOS g) from methanol and had 
m.p. 209-212” and was shown to differ from known alkaloids. 

(ii) The methanol extract was treated as for bark (see Fig. 1). 
n-Hexune extract. The residue (5.0 g) from this was chromatographed as stated for the 

bark. Elution with 50 % CeH6 in petroleum yielded @itosterol(4*0 g), m.p. 136-138”. 
Residue A. This dark brown residue (25-O 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 ~orphous precipitate A-l (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 (6.0 g). 

Precipitate A-l was treated as for Fraction B (bark). The residue from the CeH, extract 
was chromatographed (adsorbent, 170 g). Elution with C&la yielded solids which were 
neglected. Elution with 30 % CHC13 in C~HS gave reserpine (0.1 g), m.p. 264-265”. Elution 
with 1% MeOH in CHC& yielded a solid which on attempted crystallization from C6He 
gave Compound RR-31 (0.5 g), m.p. 98-NO”, as a yellow amorphous powder which is under 
investigation. 

TABLE 2. tiUI’3DS FROM THE PETROLEUM EXTRACT OF ROOT 

Eluent 
Yield 

(s) 
m.p. 
cc> Identitkation 

5% C&& in petroleum 0.05 
z 3.0 

30% CHC& in GH6 i:& 
30% M&II in CHC13 0.50 
50% MeOH in CI-IC13 0.10 

84 
136438 

~~~~lA1~ 

253-255 ~Y’o~~rn~ 
209-212 Alkaloid RR-5 
283-286 Unidentiiied Tritetpene R33-7 

75 Quercus ketone Klz 

* Identified as shown in (u)(i) and (a)(E). 

Precipitate A-2 was treated as for A-l (adsorbent, 200 g). Eh&ion with benzene gave 
S-yohimbine (2.0 g), m.p. 253-255”, then a solid which on crystallization from MeOH 
yielded Allcaloid RR-22 (0.1 g) as fine colourless needles, m.p. 132-137”, followed by a further 
amount (0.2 is) by elution with 5 % CHCls in C6Hs. Further elution with 5 % and with 10 % 
CHC13 in CsH6 gave similar mixtures of cS-yohimbine (2.8 g), m.p. 253-255”, and reserpine 
(2.6 g), m.p. 264-265”. Elution with 30% MeOH in CHCl,, yielded Triterpenoid RR-28 
(0.5 g) which crystallized in colourless needles, m.p. 2&l-267”, from MeOH. It had [cc]u 
-!-9-l (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 C3eHs004. 2CH,OH: 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 C&6 yielded mixtures of S-yohimbiue (2.0 g), m.p. 2%251”, 
and reserpine (0.5 g), m.p. 260-263”. Further elution with C,H, gave a colourless solid which 
on crystallization from CHQs--C~Hs yielded ajmaline (04IOS g), m.p. 155-157”. 

Fraction C. This black residue (2~1 g) was chromatographed as for fraction B (adsorbent, 
15.0 g). Elution with C&l6 gave yoh~bine (Ql g), m.p. 239-240”. (See also Table 1.) 

~ructio~ L). This residue (4.0 g) yielded no iden~fiable compound. 
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(c) Leaves 

The dry milled wood ( IO.9 kg) was extracted as stated for the hurl\. 
(I 1 The petroleum extract \\as treated then chromatographed (2-50 g adsorbent). Elution 

with C,jH,:petroleuniga~e\crq low~~ieldsofcompoundswhich~~r~not identified. Ho\rever, 
the last compound eluted nith petroleum, when crystallized frnm FtOH. deposlted clongatcd 
plates (0.1 g) of Steroid RM’-I 1. mp. 96-98 . (Found: C. 83.4: H. 11.X. CA. f<w C21rHJ’IO: 
C. 84.3; H. 11.7. Calc. for C-uH5,,0: C. 84-O: H. I?.?“,,.) Thi\ h:~d A,,,,, 245 (EtOH). t. 
13.400 bawd on M =400 \!hich wggests that Ihe compound 14 a conjugated \tertlid hetonc 
some confirmation of ahlch i\ as obtained in the i.r. spectrum which hhonsd II,,,, (CCls) 
1670 cm--‘. In the Liebcrmann-Burchard rcuction Stcrold RW-1 1 gave ;I >elIow colour 
changing through orange to red and \lith tetranltrometh~~nc .L pale >cllo\\ colour. Elution 
ivith benzene gave /3-Gto&rol (3.1 gl. 

(ii) The methanol ew:lct ~‘3s treated as for that of the bark (we Fig. 1). 
n-Hesarze esiruc/. This J iclded no crystalline substance,. 
Fraction .-I. Thi\ fraction (3.5 gj was treated a:, stated for the barl\. No sry>talline com- 

pc>unds Ivcre obtained. 
Fractirffl B. 10.0 g of lh14 fr‘wion ( 100 g) \\a\ treated ;IS for Fraction B of the lcales 

(chromatograph} 100 g adsorbent). Elutinn with 30”,, ChHh in CHCI? pave Alkaloid RB-19 
10.01 g). m.p. X5-288 . I’ohimbinc was shown to be present in fractic>n B hv paper chrt>rn:l- 
tography (see Table 1). 

Fraction C. The brown reslduc (3.0 g) was dissolved in 30”, CHCI,-C,H, and the 

solution \$a$ chromatographecl (adsorbent, 100 g). Elution with C,H, gave a product 
which on crystallization frcwi benzene yielded colourless plates (I.0 g) of .-1/X_a/oid RF+‘-47, 
m.p. 130-132”. [~]o f27.3 (c=O*83). (Found: C, 72.2: H. 7-S: N, 9.3::. hf. 149 (mass 
spec.). Calc. for &HI ION : C, 72.4; H, 7.4: N, 9.3 “;, N. 149.) Elution \%ith 30”: CHC13 in 



An examination of Rauwolfia verticzllata of Hong Kong-II 983 

CeHc 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 30 % CHC& in CsH6 gave Alkaloid RR19 (0.05 g), 
m.p. 285-288”. Elution with 70 % CHC13 in CsH6 gave Alkaloid RB-20 (0.20 g), m.p. 185- 
188”. 
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