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Abstract-Two new dlhydromdole alkaloids were Isolated from Rauwolfi vumztorra Afz One of them proved 
to be sandmcme, previously isolated from Rauwo@a sandwrcensrs The structure of iscsandwxxne wa8 
assigned to the other substance on the basis of Its spectroscopic and chemical properties and by correlation 
vvlth sandwtcine and ajmalme 

IN THE course of research on the constrtuents of RauwolJia uomitorza Afz we isolated, besides 
known alkaloids, small quantltres of tetraphylhcme and the new alkaloid 17-acetylajmahne.’ 

We now wish to report the rsolation, from the same plant, of two other alkaloids. The 
first, obtamed in small quantrty, proved to be identical with sandwicineZ (I) on the basis of 
the optrcal rotatory measurements and IR spectrum. However, in contrast to earlier authors 
who obtained only an amorphous acetate from sandwicme, we succeeded m obtainmg 
crystalhne a 17-monoacetate (III) and a dtacetate (II). 

The second alkaloid proved to have the structure of isosandwicme (IV) on the basrs of 
the following data: the molecular formula CzoH26N,02 as indicated by elemental analysis 
and mass spectrometry, corresponded to that of almahne (V) or sandwicme (I); the UV 

I ; R, , R4, R5=H, R2, RJIOH , RgEt 

It : R, , &, RJ=H , %, R3=OAc, RgEt 

llI ; R, , %, R,=H , RpOAc. RFOH, R,+t 

IY ; R, , 5, R$H , &.R.,=OH , ReEt 

Y : R2, R‘,, RF”, R,,RflH, RgEt 

PT : R, , R.,, R6=H, 4, R4=OAc. RFEt 

‘PII ; R, , &, R6=H, R,=OAc, R,,=OH , R5=Et 

IX : Rz, R,,R,=H, R,.R,=OH , RgEt 

X ; R,, R2=0, R3,R+, ReOH, ReEt 

* To whom all the comrnumcatlons should be addressed. 

1 A. BONATT, E. B~MBARDELLI and G Russo, Atoterapro 38,126 (1967) 
z M. GOW, N NEVSS, C. DJERASSI, J. P. KUTNEY and P J. S-R, Tetrukdron 1,328 (1957). 

1385 



1386 F. RON-, G. Russo, E. B~MURDELU and A. BONN-I 

spectrum was typical of a tiydromdole alkaloid and the IR spectrum showed remarkable 
smnlaritres to that of ajmaline (V). Treatment of the compound wrth acetic anhydnde- 
pyrrdme yielded a crystalhne dtacetate Cz4HJ,,NZ04 (VI) from which a crystalline mono- 
acetate C22H2sN,0J (VII) was obtamed by transestenfication with 70% ethanol. The 
presence of a carbmolamine morety was shown by the fact that reduction with NaBH.+ 
transformed the compound mto a dlhydrodenvative (C20H2sN20,) (VIII). All the above 
reported data strongly suggested a close structural sumlanty to ajmahne and sandwicme. 

The NMR spectrum of rsosandwicme (IV) showed, m addition to other stgnals, a doublet 
(8 4.72, J = 9 Hz) which could be attrrbuted to the proton at C-17; this doublet 1s shifted 
to 6 564 (J = 9 Hz) in the NMR spectrum of the diacetate VI and to 6 5.66, with the same 
couphng constant, m the spectrum of the monoacetate VII. Furthermore, the srgnal of the 
protons of the acetate group m the last spectrum IS at 8 2.03. The NMR data, when compared 
wrth the spectra of simrlar compounds,3*4 indicated that m isosandwrcine the hydroxyl 
group at C-17 had the configuration opposite to that of the correspondmg hydroxyl group 
m ajmalme.3 The stereochermstry of the hydroxyl group at C-21 was clearly revealed by the 
NMR spectra of isosandwicine (IV) and of its mono- (VII) and dmcetylderivatives (VI). In 
these spectra the proton at C-21 was seen as a doublet (J li 6 Hz), smnlar to the signal found 
in the spectrum of rsoajmahne (IX). However, the spectrum of qmahne showed the signal 
correspondmg to the same proton as a broad smglet. Moreover tsosandwicme remained 
unchanged when boiled wrth methanolic KOH under the same condrtions which convert 
ajmaline into isoajmahne. 

The spectroscoprc and chemical data above reported mdmated that the stereochemistry 
at C-20 and C-21 of rsosandwicme is identical with that of the same centres in rsoymaline. 
The structure IV of isosandwicine was eventually confirmed by correlatton with sandwxcine 
and ajmaline. By rsomenzatron of sandwicine at C-20 and C-21 wrth methanolic KOH a 
compound was obtained which was isolated as its dlhydrochlorrde salt; thts was identical 
with isosandwrcine dlhydrochlonde. Furthermore, mtld oxrdation of isosandwrcine wrth 
acetic anhydnde-dimethyl sulfoxideS produced aoajmalidme (X) in good yields. Thrs last 
compound was also obtained, by the same oxtdatlon procedure, from rsoymalme (IX). 
Since the only asymmetric centre mvolved in the oxidation is C-17, isosandwlcine and 
isoajmahne differ only at C-17. Isosandwicme has therefore the structure IV of l’l-epitso- 
ajmaline. 

EXPERIMENTAL 
Meltmg pomts were uncorrected; all the compounds had elemental analyses cons&znt ovlth the assigned 

structuxes 

Zsolatwn of Alkalorh from Rauwolh vomltona Afz 
10 kg of Rauwol&a vomrtorza A& powdered roots were extracted with bodmg CHsOH (4 x 30 1). 
The combined methanobc extracts were evaporated m vacua and the residue was dissolved in 5 1. of 5 % 

phosphonc acid. The ac&c solution was extracted three tunes with CHQ, NH&OH was added untd pH 9 
was reached and the basw solution was agam extracted with CHCls. The last orgamc extracts were 
dned (NazS04) and evaporated UJ nzcuo. The residue (0 9 kg) WBS &ssolved m 2 parts (w/w) CHSOH; 
after staadmg 15 br at O”, crystalline a~malme was recovered by filtration and the mother liquors were 
evaporated ur vacua. 

The xesldue was dmwlved 111 3 parts (w/w) CH&OCHJ, 1 part HCl added and the msultmg crystals 
f&red, washed with CHsCOCHs and dmwlved m 2 parts H+O: after standmg 12 hr at 4”, a further quantity 
of ajmalme, as hydrochloride, crystaked and was filtered. Addmg NaOH to the cooled mother liquors untd 

s M F. BAR-, R SKLAR, W. I. TA-x, E SCHL;PITW, R. L S. AMAL P. BEAK, N. V. BRINOI and E. 
WEXKERT, 3. Am. Chem. Sot. 84,622 (1962) 

4 J. L. KAUL, J. TROJ~NBK and A K. Bose, C/wnz. & Znd. 8U (1966). 
5 J. D. AL.BRIOT and L. GOLDMAN, J Am Chem. Sot. 89.2416 (1967). 
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pH 10 was reached, an amorphous sohd was obtamed, whtch was washed wtth HzO, drted under high vacuum 
(PaOs) and stured wnh CHCls in the cold. The msoluble restdue was filtered and drted (50 g, fraction A) 
and the CHCls solution was evaporated zn wcw (44 g, fraction B) 

17-dcetylsmdwciue @I). Fractron A was acetylated with acetic auhydndt+pyr~dme and the acetylated 
matertal was dtssolved m acetone+hexane (8 :2) and chromatographed on 100 parts of sihca gel, using the 
solvent muture as eluent 

After 50 fracttons containmg 17,21dracetylaJmahne and 17,2ldtacetyhsosandwrcme (VI), there were 
obtamed 5 g of 17-acetylsandwtcme* (III) whtch, after crystalhzatton from CHJOH, had m.p. 153-156”, 
[a]F = +188 5” (c = 1, CHCQ GE&” 251 (e = 7700) and 294 (c = 2570) nm; v,, (CHCls) 1730 and 
1614 cm-‘, NMR (CDCl,) 6 61-7 28 8 (4 H, m, aromatic protons), 5 71 (1 H, d, J = 9 Hz, C17HOAc). 
4 24 (1 H, s, G21HOH), 3 76 (1 H, m, CE_IN), 3 10 (1 H, s, C-28), 2 98 (1 H, m, Cm, 2 84 (3 H, s, NC&) 
2 06 (3 H, s, OCOCH,). 

Smtdwrcrne (I) 1 g of 17-acetylsandwtcme @I) was dtssolved m 100 ml of 0 1% methanohc KOH. The 
solution was allowed to stand at room temp. for 2 hr, neutrahzed wtth acettc actd and evaporated zn LMCUO 
The restdue was dzssolved m water and the solutzon was adJusted to pH 9 wzth =OH: the preczpitated 
sandwzcme was collected and obtamed as amorphous powder from CHBOH-H20, [a]r = +174” 
(c = 1, CHIOI-I); Its IR spectrum was zdentzcal wzth the published one,’ hgyf:“” 250 (c = 7600) and 
294 (e = 2560) nm; m s: 326,183, 182, 158, 157, 145, 144 m/e. 

17,21-DzucetylsMdwczne (II) 1 g of 17-acetylsandwzcme (III) was dzssolved m 5 ml of CsHd and 5 ml of 
AclO and the solution was refluxed for 6 hr The solvent was evaporated zzz vuczw and the reszdue was crystal- 
hzed from petroleum ether. The compound exhzbzted m p. 105-108”, [a]g = +104” (C = 1, cHcIJ), 
gf:“” 251 (e = 7700) and 295 (e = 2570) run; ~,,,.x (nujol) 1735 and 1610 cm-‘, NMR (CDCl,). 
6 55-7 32 S (4 H, m, aromatic protons), 5 70 (1 H, d, J = 9 Hz, C-17 HOAc), 3 70 (1 H, d, J = 7 HZ, CHN), 
3 43 0 H, m, CHN), 3 04 (1 H, s, C-W, 2 80 (3 H, s, NC&), 2 1(3 II, s, OCOCI&), 2 04 (3 H, s, 0COCH3) 

Zsoswzdwzczne (IV) 
(a) Zsosandwiczzze dzhydruchlorzde. Fraction B was dzssolved m 3 parts CH&OC!I& and 1 part cone Ha 

was added. the preczpttated crystallme dzhydrochloride (20 g) was tecrystalhred from CHBOH contammg a 
httle HCl; m p 244-245”, [a]f = +133” (c = 1, CHsOH), 
770 cm- 1. 

IL% (nuZo1). 3200,3180, 3080, 1140, 1120 and 

A dthydrochlorrde zdentzcal wzth that descrzbed above (m p., mzxed m p , [a]r, IR spectruzn) was 
obtamed from sandwzcme 111 the followmg way: 50 mg of sandwcme were bozled for 8 hr wzth 2 % methanohc 
KOH; the solutzon was pouted mto H,O and extracted wth CHcls. The resrdue obtamed from evaporatton 
of the solvent was treated as above wtth acetonmnc. HCl and the preczpztated dzhydrochlorzde recrystal- 
bred from CHBOH-HCl 

(b) Zsosandwzczne from zsosandwzczne dzhydrochlorzde. 10 g of tsosandwtcme dthydrochlortde were du~solved 
m 10 ml HzO* the solutton was made basic wrth NH*OH and the prectpttated nosandwicme (IV) was crystal- 
hzed from CI&OH-H,O, m p. 250” (after smtermg at 160”); 
gzoH 250 (E = 7750) and 295 (e = 2600) nm; 

[a] gW = +130=’ (c = 118, CHCls), 
v,, (nujol) 3380, 1614, 1120, 1100, 1075, 745 cm-‘, 

NMR (CDCl,): 7 8 (4 H, m, aromatzc protons), 4 72 (1 H, d, J = 9 Hz, G17HOH), 4 0 (1 H, d, J = 6 Hz, 
G21HOH), 3 47 (2 H, m, G3H and GSY), 3 04 (1 H, s, G2H), 2 81 (3 H, s, NC&); MS: 326,183,182, 
158,157,145, 144 m/e. 

Isosandwzcme remamed unchanged when bowled wzth 2% MeOH-KOH for 8 hr 
17,21-DzacezyZzsosazzzfwzczzze (VI) 1 g of zsosandwicme (IV) was acetylated wzth acetzc anhydrzde-pyrzdzne 

to yield 17,21-dzacetyhsosandwzcme (VI), whzch was crystalhzed from C2HsOH-H20, m.p. 160” (after 
sintermg at llO”), [a]kW = +lOl” (c = 1, CHCls), hzzoH 250 (e = 7680) and 294 (e = 2580) nm, v,,,.% 
1730 and 1615 cm-‘; NMR &DC&): 6 5-7 3 6 (4 H, m, aromattc protons), 564 (l H, d, J = 9 Hz, 
G17HOAc), 5 24 (1 H, broad d, J N 6 Hz, G21HOAc), 3 68 (1 H, d, .Z = 7 Hz, CNY), 3 39 (1 H, m, 
0, 3 02 (1 H, s, G2H), 2 78 (3 H, s, NC&), 2 03 (6 H, s, OCOCH,) 

17-Acezylzsosumfwzczzze ,(VII) 0 1 g of (VI) were relhzxed wzth 20 ml of 70% aq EtOH for 30 mm 
The solutzon was concentrated zzz uaczzo to a small volume and after standmg at 4” for 12 hr, l’l-acetyhso- 
sandwzcme (VII) was obtamed m crystals, mp 220-221”. [a]: = +124” (C = 1, CHCls), I\z%OH 
252 (6 = 7750) and 293 (E = 2630) nm, v,. (CHCI,): 1730, 1615, cm-‘, NMR (C!DC&): 662-729 8 
(4 H, m, aromatic protons ), 5 68 (1 H, d, J = 9 Hz, G17HOAc). 4 10 (1 H, broad d, J E 6 Hz, G21HOH), 
3 62 (2 H, m, G3NH and GSNkD, 3 08 (1 H, s, G2J& 2 83 (3 H, s, NC&), 2a3 (3 H, s, OCOCH& 

Zsogjmalzdzne 0. (a) From zs&jm~&. 200 mg of 1soaJmahne were oxtdtzd with Ac&-DMSO, usmg 
the pubhshed procedure ’ The crude product was chromatographed on 2Og of szhca gel. Elutzon with CHC&- 
CHSOH (99 1) afforded 130 mg of product, crystalhzed from CH&OCI-&, m.p. 192”; [a]2p” = +304” 
(c = 1, CHClJ), I+,,.= (CHCl& 1740 and 1615 cm-‘; AEzoH 250 (< = 7700) and 294 (c = 2600) nm; NMR 

* The product IS eluted as 17-monoacetate mstead of 17,2ldzacetate because the labile Zl-acetate IS 
hydrolyzed durmg the szhca-gel chromatography 
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(CDCI,): 7 3-6 7 6 (4 H, m, aroma& protons), 4 12 (1 H, d, J - 6Hz, C21HOH), 3 89 (1 H, m, CHN), 
3.58 (1 H, d, J = 9 Hz, CLJN), 2.78 (3 H, s, NC&), 2 65 (1 H, s, GZY) 

(b) From rsosundw~cute 200 mg of mxaudwrcme (IV), processed as m (a), yielded 115 mg of tsoajmahdme 
(X), whose m.p , [a]g and IR spectrum were Identical wrth those of the product obtamed from rsoaur&me. 

Dihydro~sosandw~me (VIII). Isosandwrcme was reduced wrth NaEtH, usmg the described proce&re:a 
the drhydrorsosaudwrcme (VIII) obtained was crystalhzed from CHICOCH1-HzO, m.p 181-182”, [a]F = 
+98“ (c = 1, CHC&); Its drhydrobromrde crystaked from MeOH-dusopropylether, m.p. 253-258”. 
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