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Abstract - Reaction8 ol Ci-aethylelf~ptlcine (3al with the J&I of preparing 
various f’wctionalfzed derivatives have been zudied. A baas-(LDAl mediated 
rerction of 2 with formaldehyde iwaulta in a C(llf-hydroxyethyl derivative 
txlt, which has been coupled with riboae-, @ucosa- and galactose derlva- 
tlves to give, after dcprotectlon. novel elliptlcine glycoeides &&. The 
sequence of reactions constitute a nev strategy for th8 synthesis cl a wide 
range of alIlptictn4 dtrtvatives with improved solublllty chrractertstlcs, 

Ths alkaloid elliptlcfns C&J and e variety of Lt.8 derivatives have been isolated from several mem- 

bers of the Ochro8ia species’ and more recently from the stem bark of Strychnos dinklagei GILg. 

(loganicea412. The Parent alkaloid 2 and the oxygenated derivatives 2 and & exhibit brosd-spec- 

trum antltumour activity In 4xperJmental mod818. The synthetic elllptlcinius salt 2 has been dem- 

onstrated to produce useful clinical responses in thyroid and renal CarcinoaPs, soft tissue 88rco- 

ma4 end in particular in metastatlc breast cancer where weekly doses of SO-100 mg/n2 lead in IS-4G% 

cam8 to canplste and partial ramissloos. It is noteworthy that ths SOaWIOnly observed side-eff4Ct.8 

of cytostattcs like cardlo- and hepatotoxicity. as well a8 bone marrou depression and alopecia uere 

not observed. Limiting side effects uere nausea, hypoaallvatfon, anorexia, periphlebltis and renal 

toxtcity9. The extrclae low Water-8o’lubffit.y of’ many elliptiCin derivative8 coRatitut48 a 8eriOUY 

practlcsl disadvantage and la a feature which resulted in the tewlnatlon of II clinical study of 

9-hydroxyellfptfcint. Side effect8 end 8Olubllity characteristics plead for the development of new, 

water-soluble cllipticine derivatfvas with fnrproved chemotherapeutic index. 

In the lfght of the aforementioned. 8 great deal of lntcrtst ha8 recently Focusscd on the dcvtlop- 

Dent of synthetic methodology for construction of the clllotlcine systemA. As a result af these 

studies a large varlcty of dcrlvatives have been synthesised and screened for antftumour activity5. 

The finding that 9-hydroxyelllptlcine (2) is the active metabollte of eillptlcine (Is) (Chart I), 

tO6ether with recmt suggestions concernlnp the mechanism of action cif the alkaloid, constitute the 

background for the r8tlonal design of ellipticin derivatives vhlch posses antltumour activity and 

improved water-solubility. 

We have previously reported a facile approach to the construction of the ellfpticina skeleton6 and 

dsscribed it8 application lo the preparation of nOV4l C(ll)-aide chain aubetitutad d4rlvativ4s7. 

Of these (elliptfcine analo@es), the ata-mustard derlvativs 3b and the rlboside & (Chart I) - 

showed significant activity in in vlvo screening in the P 388 murins leukemia (experimental tu- _- 
mow). The relatively lov toxicity and improved solubllity Cheract4ri8tic8 or & fn particular have 

prompted u8 to investigate tha chssistry of the ellipticin template vith the ala of synthesizing a 

series of 9-hydroxyelliptloine derivatives bearing a range of carbohydrate moletles. 

ml8 Paper prasents the method dsvsloped by u8 for the direct functionallzation of the C(ll)-side 

chain. The Cfflbhydroxyethyl derIvatlve J$ has been convsrtsd into the corresponding glycosfdee 
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(z-&j. Prelfmlnary reports on these results hrve been coanunfcated earlfer7. 

Our lnltlal l ppro8ch to the functlonaliratlon of 2 considered the 8ppllc8tIon of pyrldlne-N-oxide 

cheslstry to the elltptlcine template. Since the Cftlf-rethyl of 38 is con&&8tlvsly slafl8r to the - 

methyl group of plcoline, it wan projected that the N(2)-oxIde (5, Schame 1) could be converted 

into the l cetoxymethyl derlvatlvs 2, by reaction with acetlc anhydride, followin 8 mechanism 

snalogooe to the one proposed for the transformation or 2-mathylpyridine-N-oxide to Z-acetoxymeth- 

yLpyrldlne’. 

Starting out vlth elllptIcInc, the Y(6)-methyl darlv8tive (&I WAS prepared In high yield 8nd sub- 

sequently oxidized by a-chloroparbensolc acid to the correapondlng Ntt)-oxide (0). When 4 wan 

he8ted to reflux with acetlo anhydride and sodium 8cstate, the ra8ctlon uaa found not to follou the 

expected and desired course, that Is, 1 -+z--+h (Scheme 1). Instead, two products, namely & and 

6b were Isolated from the reaction mixture, the relative amounts of vhlch varied ulth the condl- - 
tions of workup of the mixture. me atructuree of both products could be elucidated from their 

spectral data9 (vlde experlaent8lf. It follows from these results that whlletheexpecttd lntermedi- 

8te _1. Is formed during the reaction, its further fate involves a collapse leadln# to $, from vhlch 

acetic acid 18 ellmlnated to (live l-acctoxy-6-methyLelllptlcine (2). fhe formation of k presumably 

proceeds via N-•cylatlon of 2 by acetic anhydride. followed by an &tack or acet8te lon on the ace- 

toxy carbonyl moiety at C(1). Hydrolysis of 6. during workup loads to the pyrldonc derivative &. 

The fact that 2 is not converted to 2 18plIes that either deprotonatlon of 7 by acetate Ion Is not 

effectively competitive wlth its coliapae (to 8) or that a nuclcophltic attack on 2 is not a FP- 

voured process. Inspectloo of structure of 2 shows that the exocycllc methylene group constltutos 

the terminal end of two dlsnaaine chrMophores. In particular, conjugation with the indole nitrogen 

would conrer J nucleophlllc rather than 8n electrophlllc character upon the exocycllc methylene 

CJysttm. 

In the search of other approaches for side chain functionalIzation of 2, we hava examined the 

b88e-mediated reactions o? the eLLlptlelne template. The Cfllf-methyl, tn view of Its conjugcltfon 

with C(2)-nitrogen, can be easily deprotonated by llthlum diisopropylaalde. Uhan the resulting an- 

ion (2, Scheme 2) wan quenched with formaldehyde, the hydroxymethylation product 3d (Ch8rt It was - 

formad in prrctically useful yielda. The f8ct that It was indeed the C(?l)-methyL group uhlch had 

undergone the hydroxymethylation proceaa, VJ~ cst8bllshed by Differential Nuclear Overhaueer Expcr- 

lnents. In support of the structure, it ~8s observed tht the irradiation of the C(6)-methyl group 

led to enhancement of the signals of the C(5)-methyl and the C(7)-proton. 

The conversion of 2 to the correepondlng glycosides ~18 achieved in two steps. Clycosldatlon of 36 

~88 carried out by SnClt catalyzed condensation with the appropriate 8cst8te or benzo8te esters of 

rfbme. glucose 8nd gal8ctose. The stereochorlstry of the glycosldlc lInkage In the products Its-c -_ 
~88 shown to be 0 by NMR spectroscopic 8nalyels. Por the coupling conat8nt.s between H(2’) and ths 

IO anomerlc proton v~luss of 7.5 to 8 Hz were observed . 

The protective groups on the carbohydrate q olatle8 vero removed to yield the ellipticlne deriva- 

tives &-a, 

Cytoat8tic actlvitles of the compounds obtalned and further deriv8tlzatlon of the C(llf-methyl 

group ln elliptlclne will be reported l laewhero. 
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. 
’ EXPERIMENTAL 

General 
All melting points are uncorrected. IR spectra were recorded on l Perkin Elmer 1310 spectrophotow- 
tar. The absorptlons are given in cm-'. PHR spectra were run on Fruker UM 250 end AC 200 Instru- 
ments. Unless stated otherwise, IR and NMR spectra were teken In CHC13 
epectre were obtained with P Varlan Wtt 711 spectrometer. 

end CDC13 respectively. hsa 
Thin-layer chromatography wee carried 

out with sIlIce gel F 254 plates. 

6-~ethylelllpticlne (3a) 
To e susoenslon of 1.x 11 NaH (53 mol) in 120 ml dry DKF in e nitrogen atmOsDhOre wee added 10 g 
(Ql m0lj elllptlclne in-portions. After the evolutlbn of hydrogen hid ceesed; 6 g (42 mm011 methyl 
iodide In 65 ml of DW was added dropulse. After stirring overnight at room temperature, 500 ml we- 
ter wae added and the mixture wae extracted with chloroform. The combined chloroform layers were 
dried (sodium sulphate) end filtered over beslc alumlne. Eveporatlon end recrystalllsetlon of the 
residue frocl ethanollueter (260/160 ml) yielded 8.58 g of 2 (81%) as yellow needles; m.p. 207- 
2080c; IR: 1595, 1470; PM: 6 3.00 (I). 3H, C(5)-CH3), 3.14 (a, 3H. C(11)-CH3), 4.08 (8. 3H, N-CH 1, 
7.30, 7.58 (2t, 2H, J z 8, H-8 *H-9), 7.38 (d. J = 8, H-71, 7.86 (d, lH, J * 7, H-4). 8.32 cd. ?H, 
J z 8, H-10). 8.46 (d, lH, J = 7, H-31, 9.64 (8. lH, H-l); MS: m/s z 260.1307 (talc. for C18H6N2: 
260.1301. Pound. C. 82.9; H, 6.3; N. 10.7; C18H6N2 requires C, 83.04; H, 6.19; N, 10.76. 

6-flcthylelllptIcInium-2-oxide (4). 
To an ice-cold solution of 1.04-g (4 aaaol) 38 in 60 ml q ethylene chloride wee added 1.05 LI m-chlo- 
roperbenrolc acid (5.2 mmol), foilowed, l ft= stirring for 5 h. by a second portion (0.5 i) of the 
l cId. The solutlon wee stirred overnlght. diluted with chloroform and washed (3~) with nqueous 
NaHCO 

? 
and once with aat. NeCl. After drying (Na2SO4) the solvent wee evaporeted end the reeldue 

dlsso vedln5 ml DH?. From the solution yellow-brownish crystals were obtained. Yield: 75%; m.p. 
185-192.C; IR (KBr): 1585, 1470, 1385, 1185; PWR: 3.03, 3.06 (20, 6H, C(5)-CH 
(8, 3H, N-CH 

j: 
J = 7.71, 7.31. 7.59 (2t, 2H, H-8 H-9). 7.40 (d, lH, H-7, J = 

H-4, J D 7.2 8.12 (d, 1H, H-3, J - 7.4). 8.30 (d, lH, H-10, J = 7.9), 9.18 
m/z = 276.1258 (celc. for Cl6H16N20: 276.1262). 

6-Methyl-1,2-dlhydroelliptlcln-l-one (5) end 2-•cetyl-6-methyl-1,2-dIhydroelliptlcIn-l-one (6). 
A mixture of 55 mg (0.2 -01) N-oxide r end 4 us sodium acetete (0.05 carol) wee refluxed In 5 ml 
acetic anhydride.-After 1.5 h the sterclng mat&la1 had dlseppeered and the acetic anhydride wa.8 
removed by coevaporetlon with toluene. The residue wae extracted with chloroform and the cwblned 
chloroform extracts washed with seturated NeHC03 and sstureted NeCl. After drying end eveporotlng 
the solvent, the residue wee applied to l 811 ce gel column and eluted wlth dichloromethane/metha- 
no1 gredlent. Two products were obtalned; 6a d (20%) and 6b (20%). 
6a: IR: 1710. 1672. 1570. 1235; PHR: 2.82 G, 3H. (C=O)-c), 2.85 (6, 3H, C(5)-CHg), 3.36 (8, 3H. 
%l,-CH3), 4.09 (0, 3H. N-CH3), 6.72 (d, 1H, J = 8.5. H-1 , I 7.29, 7.52 (2t, 2H. J = 8.0. H-8+H-9). 
7.39 (d, lH, J G 8.1, H-7), 7.86 (d. 1H. J = 8.4, H-3). 8.35 (d, 1H, J = 8.0, H-10). 
6b: IR: 1640, 1600, 1575. 1370; PflR (CDCl /CD OD): 2.85 (5, 3H, C(5)-CH ), 3.47 (s. 3H. C(11bCH3), 
tlo5 (5, 3H. N-CH 1. 6.74 cd, IH, J z 7.6, H- ). 6.97 (d. lH, J = 7.7 

a,, 
3 a a -3) 7.24, 7.47 (2t, 2H, 

,I : 7.7, H-8 + H- 7.34 (d, lH, J = 8.0, H-7). 8.31 (d, lH, J = 7.4: H-1Oj. 

ll-~2-Hydroxyethyl~-5,6-dImethylpyrldo~4,3-b]carbexole (3d) 
To a q lrture of 700 ml drv THP end 8.6 ml dl-ieoDrODY1 Anne In a nitrogen etmosphere Wee added 
37.5 ml of a 1.6 PI solution of n-butylllthlum (66 Abl) in hexane. The ilxture wae stirred et room 
temperature during 15 min. coooled to -78.C and 5.2 g (20 maol) 6-methyl slllptlclne (*I wee 
added In portions. After 5 h stlrrlng at -78OC. 1.2 g (40 -01) paraformeldehyde YAP added and the 
suspension wee atlrred for 2 h at 0.C and overnlght et room temperature. After addltlon of 20 ml 
satureted NaHCO 

a’ 
followed by 500 ml water, the mixture wee extracted ulth chloroform (500 ml). 

After weshlng t e chloroform leyer (set. NaCl), drying (Na 
5” 

04), the solvent was evaporated end the 
residue wae treated wlth 50 ml chloroform glvlng 2.7 g of d. Concentration of the chloroform leyer 
produced en l ddltlon crop of x, (0.5 g). total yield: 56Xrm.p. 232-240.C; IR (KBr): 3200, 2960, 
2920, 2850, 1590, 1475, 1440, 1390, 1240; Pp(R (MO-d6): 3.07 (e, 3H, C(5)-CH3). 3.90 (dt, 4H, 
C(ll)-CH2-CH2). 4.17 (s. 3H. N-CH3). 5.08 (t. lH, J = 5.2, OH). 7.34, 7.66 (2t. ZH, J = 8.01, H-8 + 
H-9), 7.65 (d, 1H. J : 8.0. H-7). 8.02 (d, lH, J = 6.0, H-41, 8.37 (d. lH, J : 7.9. H-10). 8.46 (d, 
lH, J = 5.8, H-3), 9.71 (I), lH, H-l); W: m/z = 290.1402 (talc. for C19H16N$: 290.1419. 

l1-~2~2,3,5-Trlbenzoyl-g-D-rlbo~renos-l-yl~oxyethyl]-5.6-dImcthyl-pyrIdo[4,~3-b]-cerbezole (ce) 
To a solution of 1.6 P( (3.75 ma011 1-O-acatyl-2.3,5-tri-O-benzoyl- -D-rlbotirenosa In 15 ml 
acetonltrIle was added 0167 ml SnCl . After~stlrrlng for 15 mln, 0.43 g 2 wee added end the cue- 
peneion wee stirred et room temperature until1 e brownish-green solution VU obtained (2.5 h). The 
reaction mixture wee poured into 100 ml of chloroform, weshed with sat. NaHC03 and sat. NaCl and 
dried (Ne2S04). The product wae purlfled by column chrometogrephy (slllce gel, ethyl acetate/ 
hsxenea I:I); yellow foam. IR: 2970. 1725, 1600, 1470, 1450, 1280, 1110; PM: 3.02 (6, 3H. 
C(5)-CH3). 3.95-4.52 Cm. 4H. C(ll)-CH2CH2). 4.07 (5, 3H. N-CH3). 4.18 (dd. 1H. J = 5.8, J = 11.6. 
H-51*), 4.55 (dd, lH, J = 4.4, J = 11.5, H-5B’). 4.63 Cm, lH, H-4’), 5.30 (8, lH, H-1’). 5.65 (d, 
1~. J : 5.0, ~-2’1, 5.64 (dd, lH, J = 5.0, J = 6.2, H-3’). 7.25-7.57 (m. 12li), 7.87-7.99 (m, 7H), 
8.30 (d, lH, J = 7.8, H-lo), 8.46 (d. lH, J = 6.2, H-31, 9.68 (s, lH, H-l). 

5,6-Dlmethyl-ll-[2-~~-D-rlbofurenos-l-yl~oxyethyl]-pyrldo[4,3-b]-cerbezole (2) 
To e solution of lla (0.61 g, 0.83 mmol) in l mixture of 5 ml THP end 5 ml of methenol wee added e 
cetelytlc amount Fsodlum mthoxlde in methanol. After one ni&t at room temperature, the solvents 
were eveporeted end the residue cr~stelllsed from methanol/ethyl acetete. Yield: O-22 g (63%); m-P_ 
119-124OC; TR (K&l: 3300. 2910. 1585, 1470. 1440, 1240. 1100, 1030; PMR (D)(90-d6): 3.08 (0, 3H. 
C(5)-CH3). 4.05 (8, 3~. N-CH~). 4.81 (5, lH, H-l’), 7.34 (t, 1H. J : 6.4, H-8 or H-9), 7.64 (m, 2H, 
H-7*H-8 or H-9), 8.05 (d, lH, J = 6.2, H-4). 8.33 (d, 1H. J = 8.0, H-101, 8.46 Id, 1H, J = 6.2, 
H-3), 9.70 (8. lH, H-1). 
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?1-[2-(2,3,4,6-Tetraecttyl~-D-~lucopyranoe-l-yl~oxycthyl~-5,6-dimethyl-pyrldo[4,3-b]-carbatole 
11 lh) . .-. 
Th+saae procedure vaa followed am for the PreParatlOn of lla , starting from 36 and 1,2,3,4.6- 
penta-O-acetyl-&D-gtlucopyranoae. Yield: 35%; yellow foam; X: 2950. 1740, 15=, 1460. 1290, 1030; 
PHI?: 2.00-2.07 (43, l?H, 4xCOCH31, 3.04 IS, 3H, C(5)-CH3j.3.65 ‘-,,lH,H-5’),3.89-4.34 fm, 6H. H-6A’, 

H-68’. CH+i2).4.54(d, lH, J = 7.8, H-l’), 4,g8-5.18 (m, 3H. H-2’, H-3’, H-4’), 7.28 (t. 1H. J - 
7.9, K-8 or n-9). 7.40 (d, lH, J : 8.1. H-7). 7.57 (t. lH, J = 7.4, H-8 or H-91, 7.88 (d, 1R. J : 
5.5. H-4>, 8.24 (d. IH, 3 = 7.9, H-101, 8.47 (d, ltl, H-4). 9.65 (a, 1s. H-1); ‘3C-NM? (CDcl 

67.3’ 
50 

mtz): 13.7 (c(~)-w), 20.2 (4x (C-O)-CH 1. 28.1 (C(llLCC), 33.7 (N-CH ). 61.8 (C-6’). 
? (C-4’), 6.87 (C(ll)-CH2sO), 69.9 (C-2 1, 71.6 (C-3’), 72.6 (C-5’), 10 .7 (C-l’), 102.5 (C-7), a 

109.5 (C-5). 115.3 (c-4). 119.8 (C-9). 122.0 (C-lla), 123.0 (C-IO), 124.7 CC-lOa.0). 127.3 (C-8), 
127.9 (C-it), 134.0 (C-481, 140.2 (C-3). 141.7 (C-Sal. 144.9 (C-6a), 149.0 (C-11, 169.5 (4x gCH3). 

I1-~2-(6-D-Glucopyranos-l-yl)oxyethyl~-5,6-dimethylpyrldo~4,3-b]-carbazole (3f) 
Dewotonatlon of llb was carried out aa described for 3e. Yleld: 252: yellow~rvstals: m.o. l6l- 
164~ (methanolf;Iff (KBr): 3300, 1590, 1475, 1445, 13i7i, 1245; NMI iDkO-d6I: j-09 (9, 3;, 
C(51SH3), 3.19 In, 3H, H-2’. H-3’. H-5’). 3.51 (m, 2H. H-6’. H-4’). 3.70 (d, W, J 2 10.5, 
H-&t’), 4.04 (m, 4H, C(ll)-CH2-CH2). 4.19 (a, 3H, N-CH I, 4.56 cd. lH, J -- 7.6, H-f’), 4.52 (t, 
lH, OH), 4.95 Cm, ZH, 2x OH). 5.09 (d, lH, J : 4.3, OH ? , 7.35 (t, 1H. H-8 or H-9), 7.67 (m, 2H. 
H-10 + H-8 or H-91, 8.04 (d, lH, J i 6.2, H-4). 8.38 (d, 1H. J i 8.0, H-10). 8.47 (d, IH, J = 6.2, 
H-31, 9.75 (a, 1H. H-1). 

11-~2-~2,3,~,6-Tstraacetyl-6-D-galactopyranos-1-yl~oxyethyl]-5,6-dlmethyl-pyrldo[~,3-b]-cacb~zolc 
The mme procedure uas folloved a~ for the preparation of 118, starting from 3d and 1,2,3.4,6- 
penta-O-acetyl-6-D-galactopyranose. 50x (66s baaed on rccozed starting Ipatezal) of llc was ob- 
tained as a yellow foam: IR (CHCl 1: 2985, 1745, 1595, 1465. 1370, 1240; ‘H-M (CDC13350 MHz): 
2.02-2.12 (45, l2H, (C=O)-CH3), 2.99 (s. C(5)-CH3). 3.88 (dd, lH, J = 6.4, J = 6.7, H-5’), 4.06 (5, 
3H. N_CH3), 4.00-4.31 (ID. 6H, H-6A’. H-6B’ + CH2CH2), 4.56 (d, lli, J = 8.0. H-l’), 4.96 tdd. 1H. 
J s 10.4. J : 3.4, H-3’). 5.22 (dd, tH, J = 10.4, J = 8.0, H-2’). 5.34 fd, 1H, J : 3.5, H-4’), 7.29 
(t, lH, J : 7.6, H-8 or H-91, 7.36 (d, lH, J = 8.1, H-9). 7.57 (t. 1H. J = 7.6, H-8 or H-9), 7.87 
(d. lH, J = 6.2, H-4), 8.22 (d, 1H. J = 
1 3C-NMR 

7.8, H-10). 8.46 (d, lH, J = 6.0, H-3), 9.64 (5, 1H, H-1); 
f CDC 1 50 MHz): 

(c-6’), 66.9 7&-4*1. 68.6 (C-Z’), 68.7 
fCf11)-CH3f, 33.8 (N-CH3), 61.2 

(c-3’). 70.8 (c-5’). 101.2 (c-1’), 
108.7 (c-71, 109.7 (C-5). 123.2 (C-lo), 124.9 (C-10e,b), 
127.5 (c-8). 128.4 (c-11). ‘34.3 CC-@a), 139.6 [C-3), 142.0 (C-5a). 145.0 (C-6a). 148.5 (C-1), 
169.5 (4x ECH 1. 

1l-~2-(8-D-Gelactopyranoe-l-yl)oxyct~yl~-5,6-diethyl-pyrldo~4,3-b]-cerbazol~ (a) 
Deprotectlon of llc was carried out ae described for 3e. Yield: 49!b; m.p. 245-252OC; TR (KBr): 
3370, 1590, 1465,440, 1390. 1245; NMi (DKSO-d6f: 7.3 (t, IH, H-8 or h-91, 7.66 fm, ZH, H-7 + 
~-8 or H-9). 8.03 (d, 1H. J I 6.2, H-4). 8.36 (d. 1H. J = 7.8, H-10). 8.46 (d, 18, J = 6.2, H-3), 
9.72 (a, 1H, H-1). 
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