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STRUCTLIRES 07 HARRINGMNINE, ISOHAFWNGTONINK, AND HOMMARRINGTONINE 
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In recent communications (1,2) the structure of cephalotaxine (I) sas reported and a 

partial structure was given for harringtonine (II). Hsrringtonine, as well as some companion 

alkaloids, shows significant inhibitory activity against experimental leukemia in mice. In 

the P3& leukemia system, harringtonine exhibited activity at dose levels from 0.25 to 

4.0 mg./kg. and isoharringtonine (III) was active from 0.7: to 12.0 mg./kg. (5). We nos 

report additional evidence for the structure of harringtonine (II.) as well as partial struc- 

tures for ttio other Ceohalotaxus alkaloids--isoharringtonine (III) and homoharringtonine (IV). 
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Isoharringtonine (III) was first isolated from an extract of CenhalOtaxus &rinPtonia 

seed along with I, II, and a trace of IV. hbre recently these alkaloids have been obtained 

from the roots, stems, and bark of G. harriztonia. Alitaloids II, III, and IV all yield 

cephalotaxine (I), m.p. 136-137OC. when transesterified (sodium methoxide-methanol) along with 

the respective dimethyl esters V, VI, and VII. Harringtonine, Cs.9H37NO9 (hi+, dc 551.246; 

talc. d/e 551.247) and isoharringtonine, CssR3,,No (M+ , 5'~ 551.247; talc. rnJg 551.247) are 

isomeric in the R portion of the molecule; the R portions of homohsrringtonine, Cs9H39NO9 

(I@, 4s 545.255; talc. mJg 545.261) and of i1 are homologs. 

By virtue of its higher Rf, III v,as separated from "te other alkaloids by preparative 

TLC on silica. Although virtually inseparable by TIC, a 1:l mixture of II and IV was readily 

y This is a laboratory of the Northern Util ization Research and Development Division, 
Agricultural Research Service, U.S. Department of Agriculture. 
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separated by a 2OO-t:!~e countercL~rA -ent distriki:t4on ;iith L solvent system. of' chloroforn.--pH : 

~~kzIiw_ine's buffer (4). The KM? .' ,pcctra of Ii art1 IV (in CDCl3), althoi;Eh ;Lmllar, are distin- 

gcishable by subtle difference:; in setreral resonances. r‘or instanct, the vi:;;-1 proton 

resonance at b;.C7 in the spectrum of II is ;hii-Led to d>.o5 In the spectrm of IV. The NM,9 

spectra of II and IV (ir, JXO-d6) imth shw tx one-::roton siniiets and -these rc easily 

exchal,ged with D&. Th,,.; the [resence of two tertiary h~droxyi troy ps I,: indicTted ir. the R 

portion of both II and IV. Since the NMR spectrum on 111 (in WEO-de) chows a one-proton 

doublet and a one-proton singlet, also exchailgeaule witn i),O, isoharrir.gtsr,ine must have one 

secondary and one tertiary hydrosgl ;rollp in the :i portim of the r.olec~le. 

Significant featurei: of tm 100 1.8~ NKR spectra of dimethyl ester:; ?, VI, and VII (CDCls), 

together vith proposed ctruct-ret for each, are a; i'olloz:;: 

d EC 

a) 1.17 (6H, s) e) j.L4 or 5.77 (-iI, s) , 

b) 1.2>-1.90 (‘III, 21) i’) 4.~17 or 5.d (,,ii, ,A) 

c) 1.9; (xi, ;) g) 3.‘;“; (iH, S) 

6) 2.dO (23, 9, J = ib Yz) 
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CHsCOs-&E:(&), b(CR& 
d 

VII. 

b -a 02(X3 

e 

A 4 

a) 1.16 (6H, s) e) 3.77 or 3.64 (3H, s) 

b) 1.20-1.60 (6H, m) f) 3.b (W s) 

C) 2.78 (2H, q, J. = 16 Hz) g) 2.00 (lb s) 

d) 3.64 or 3.77 (3H, s) 

s = singlet, m = multiplet, d = doublet, q = quartet. 

In addition to methoxyl resonances assigned to the vinyl ether group, there are signals 

at 83.55 in the NMR spectra (CDCls) of alkaloids II and IV and at 63.58 in the spectrum of 

III. %e assign these signals to a csrbomethoxy grouping in the R portion of these ccorpounds. 

Possible alternative interpretations were ruled out by transesterifying II, III, and IV with 

sodium ethoxide-athanol. In addition to I, alkaloid II yielded a diethyl ester. In its M 

spectrum the two singlet resonances associated with carbomethoxy groups (e and f in V) were 

replaced by two A3Xs systems--overlapping triplets centered at $1.22 and 1.28 with over- 

lapping quartets at 64.12 and 4.25. Ethsnolysis of III and IV under the same conditions 

provided diethyl esters with spectral characteristics similar to the one derived fran II. 

Although molecular ions were absent in the mass spectra of esters V and VII, sn M+ + 1 

ion was detected at mj 263 withanexcessive sample pressure of VII (5). Mass spectra 

demonstrated a series of homologous ions from V and VII of which the following ions were 

representative (formulas given for peaks determined by high resolution): from V, rnJc 231, 215 

(C1~H1s05), 171 (C&Ii&), 155 (CEJL~O~), 99 (C&&), 97 (C&O); from VII, & 245, 229 

(CW%-&), 185 (c~oH&s), 169 (WdJ~), 113 (Ce&iOs), 111 (W-LO). The spectrum of V 

contained intense peaks at &g 162 and 130 (CsRsOa) while VII had a 116 (CnR&s) peak and its 

162 (CeH1oOs) peak was much less prominent than in V. The spectrum of VII contained intense 

peaks at dc 145 (CrHisOs) and 129 (CsReOs); however, no equivalent or homologous ions were 

found in the spectrum of V. !This latter observation indicates some differences in the frag- 

mentation patterns of these two compounds due to the different numbers of mstbylene groups in 

the main carbon chains. 
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In the mass spectrum of VI, no molecular ion was apparent and the peak of tnc highest mass 

appeared at &c l@ (M+ - 59). Other prominent peaks in the spectrum of VI were observed at 

FL/~ 99 (CsH1lO), 90 (WWs base peak), 81, 71, 59, and 43. 

At present, it is not apparent which of the two possible carboxyl groups of V, VI, or VII 

was originally esterified to cephalotaxine in alkaloids II, III, and IV. However, we are 

continuing our investigations of these and other Ceuhalotaxus alkaloids and will publish more 

complete results later. 
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