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As part of a new approach m the chemotherapy of cancer’ rt 1s proposed to 
a&eve increased selectrvrty of chemotherapeutrc measures agamst mahgnant tumors 
by admimstermg relatrvely non-toxrc, transport-forms of cancerostatrc agents 
simultaneously with a forergn enzyme, active m the acrdrc pH range (pH 6 5-6 8) of 
the tumor, that IS capable of yieldmg in the tumor area the active form of the m- 
hrbitory morety Because of the neghgible or low actrvrty of the enzyme in the neutral 
pH range, toxiflcatron of the transport-form m normal tissues (pH 7 3-7.4) should be 
vn-u=llYml 

Hrtherto, we have mvestrgated tins concept wrth several synthetrc transport- 
forms of alkylatmg agents - . ’ 5 In these studres, evidence was obtained for the first 
time that transport-forms can be selechvely cleaved 111 tumor trssues to yreld therr 
toxic moretyl. In parttcular, rt has been shown that a-L-arabinofuranondes are 
effectrve as transport-forms, because they are not endogeneously cleaved m the 
ammal (mouse) After InJectron of p-mtrophenyl a-r.-arabmofuranosrde, no p-mtro- 
phenol was found in the m-me of the animals By contrast, p-mtrophenyl /SD-gluco- 
pyranosrde and -xylopyranosrde. for example, are known to undergo endogenous 
cleavage6 Another advantage of the a-L-arabmofuranosrdes 1s the avarlabrhty of an 
a-L-arabinofuranosrdase (Asperg~llrts nrger K 1)7, showmg a desirable pH dependence 
of its actrvrty m relatron to many substrates’ It was thus of interest to test a transport- 
form of a potent rmtosrs mhrbrtor For thrs purpose we selected compound 1, a hgnan 
of podophylhn, whose strong antmntotrc and cancerostatrc effects have been 
descrrbeda-lo We now report the first syntheses of rts a+arabmofuranosrde (3) 
Only one naturally occurrmg glycosrde of /I-peltatm-A (I) 1s known thus far, namely 
S-U-#I-D-glucopyranosyl)-/I-peltatm-A l1 (4), isolated from Podophyhm peltatum L. 

The startmg material was 1, isolated from podophylhn (Podophylhm peltatum) 

For the glycosrdahon of the phenohc S-hydroxyl group of 1 the Koemgs-Knorr 
synehesls as modrlied by Helferrch et al ’ 2 was used. The reactron of 1 with 2,3,5-tn-O- 
benzoyl-a+arabinofuranosyl chlonde m acetomtrile at 20” in the presence of 
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mercury(H) cyarude gave crystallure 8-Q-(2,3,5-tn-O-benzoyl-or-~-arabmofuranosyl)- 
/?-peltatm-A (2) in 70% yteld, m p 112-l 15” Owmg to nerghbormg-group partici- 
pation by the benzoyl group at O-2 of the 2,3.5-tn-O-benzoyl-c+r_-arabmofuranosyl 
chloride, the or-glycosrde 2 IS formed stereoselectrvely Mass spectrometry of 2 
revealed an M* peak of 858 2506 (talc . 858 2524) In addtuon, two fragments at 
m/e 414 1311 and 445 1262 were found, resultmg from the cleavage of the glycosrdrc 
bond (see Expenmental sectron). By usmg the general method of Kuhn and von 
Wartburg I4 for deacetylatton of glycostde acetates but wrth increased reactton ttme, 
compound 2 was debenzoylated. No eprmenzation took place at C-3 of the aglycon 
during the debenzoylatron of 2 as the enzymtcalty cleaved aglycon grves RF values on 
t 1 c (chloroform) rdentrcal wrth the startmg matenal, whereas the eplmerizatron 
product /Lpeltatm-B Q, obtamed from 1 by a known procedure1 3, shows a some- 
what lower RP value. The enzyrmcally cleaved aglycon 1s readily soluble m chloro- 
form, whereas 5 was reported to be less than 1% soluble m thts solvent13. Fmally, 
compound 3 m combmatton with u-r_-arabmofuranosrdase exerts strong cytostattc 
effects on tumors, as wrll be reported m a separate paper, whereas compound 5 has 
been reported to be of low cytostatic effechveness’ 3. 

The furanotd structure of 3 IS evident from its n m r. spectrum m Me$O-& 
The signals of the hydroxyl protons are well resolved HO-5 gtves a tnplet at 6 4 97, 
and HO-3 and HO-2 grve doublets at 6 5 35 and 5 55 Essentrally rdentrcal signals 
were observed, for mstance, with 2-naphthyl a-L-arabmofuranosrde’ 5. These three 
signals drsappear on ad&ton of deutenum oxrde Mass spectrometry showed the Mt 
peak at 546 1725 (talc for C,,H,,O,, 546 1738), together wrth two fragments 
ansmg from cleavage of the glycosrdrc bond The a-L-glycosldtchnkage was confirmed 
by the observed enzymtc splimng by r-r.-arabmofuranosldase (AspergzZZus nzger Kl) 
to give 1 and r.-arabmose The pH-dependence of the enzymic cleavage IS extremely 
favorable for our proposed strategy, at pH 7 4 no cleavage was found during 60 mm, 
whereas at pH 6 1 cleavage was already observed after 5 mm. Increased cleavage 
occurred at pH 4 15 

Compared ~7th 1, compound 3 IS essentially non-toxic This 1s evrdent from 
comparison of the hematotoxic action of both compounds on animals. Subcutaneous 
mjectior of compound 3 on three successive days (total dose, 3 15 mg) drd not cause 
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an abnormal leukocyte count, whereas the apphation of extremely small amounts of 1 
(overall dose 0 24 mg) caused a consrderable decrease m the leukocyte counts (Table I). 
Sun&r results were ubtamed in experiments using [3H)thymidme to study the 
mfiuence on DNA synthesis One single apphcatlon of 0 3 mg of compound 3 caused 
no sig&%ant decrease of [3HJthymrdiue incorporauon In contrast, 0 2 mg of 
compound 1 caused an unusuahy strong inbtbiuon of DNA synthesis, especmlly m 
the tumor and in the spleen (Table II) Further deta& of expenments on enzymic 
totication of compound 3 m ammals, and of the resulting selectrve gam m actrvrty, 
wrll be reported m a separate paper. 

TABLE I 

LJSJKOCYTE COUNTS OF MICE BEARING ASCITES SARCOMA MV 276A=“ FOLL@WING SUBCUTANEOUS 
INJECTION OF j-PELTATIN-A AND ~-U-(~-L-ARABINOFVRANOS~)-~-P~TA~-A (3), BESPECSNELY 

Day /I-PeltatmA compound 3 Unireated 
Ieakocytes 

Dose Leukocytes Dose Leukocytes 

1 3X4o~go 11,900 3x5oopg 8,200 
2 3~2Opg 2,500 3x4oo/lg 9,600 
3 3x2ojlg Loo0 3x15oflg 11,200 10,000 f 2,000 

“The dally m~ect~ons were given at Intervals of 2 5 h 

TABLE II 

INCORPORATION OF [“HjTHYhmXNE INTO DNA OF TRANSP LANTEDMAhlMARYCARCINOMA, 

INTESWE, AND SPLEEN OF THE CBA hfOUSE FOLLOWING A SINGLE SUBCUTANEOUS ADhlWfSTRATION 

OF 8-O-(a-L-ARAsINoFuRANos~)-~-PELTA~-A (3) (0 3 mg) AND B-PELTATIN-A (0 2 mg) 

_ 

Untreated /3-Peltatm-A Cowpound 3 

Tumor 11,212 f603’ 135 +20 9,138 f 1,888 
Intestme 12,065 f 638 3,578 f173 13,277 f 1,916 
Spleen 7,136 f486 419 f51 5,011 -751 

“VaIues as countsjmmjmg DNA 

General methods - Melting pomts were deterrmned on a Kofler mxro-hot- 

stage, and are uncorrected Optrcal rotauons were measured wrth a VEB Carl Zeiss 
(Jena) polanmeter T 1 c was performed on 0 25mm plates of S&a Gel Fzs4 
(Merck), and the spots were detected under a u v lamp. Column chromatography 
was effected on columns of Smca Gel H (type 60, Merck) as reported by Stahl 
N.m r spectra were recorded on a KRH-100 spectrometer (DAW AWF Berlm- 
Adlershof) at 100 MHz Chemical shifts are given in p p m. with tetrametbylsihma 
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as internal standard (S = 0 00) Mass spectrometry was camed out on an MS-902s 
mass spectrometer (AEI, Manchester) at an ionizing potential of 70 eV and an 
accelerating potential of 8 kV The elemental composition of the fragments was 
obtained by hrgh resolution (resolution 10000) Radioacttve samples were counted on 
a Tri-Garb scmtdIanon counter (Mark II, Nuclear Chicago) 

Isolatzon of fi-peltatzn-A (1) - PodophyIIm (55 g, from Podophyllum peltatum 
L , Merck) was added to chloroform (300 mI) The suspension was atered and the 
insoluble residue was washed three tunes with chloroform The iiltrate was con- 
centrated in vacua to 25 ml, and the solution chromatographed on s&a gel (740 g) 
with chloroform as eluant Compound 1(3 9 g) was obtamed, givmg a singIe spot on 
t.1 c (RF 0 62, 9 1 chloroform-methanol) After recryst.aIhzatlon from benzene and 
then from abs ethanol, the physical constants of 1 accorded with those reported m 
thehterature10~‘3~f6*‘7 

8-0-(2,3,5-Trz-O-benzo~~Z-u-~-arabinofur~osyI)-~-pe~tatzn-A (2) - A solution 
of dried 1(1 5 g, 3 61 mmoles), 2,3,5-tri-O-benzoyl-U-L-arabinofuranosyl chIonde18 I9 
(3 12 g, 6 5 mmoles), and dry mercury(H) cyamde (1 65 g, 6 5 mmoles) in freshly 
drsulled, dry acetomtnle (32 ml) was stured magnetically under anhydrous con&ions 
for -60 h at 18-22”. After this ttme, compound 2 appeared as the mam spot on t 1 c 
(RF 0 58, 19 1 chloroform-acetone) The solvent was evaporated off 111 vaczzo (60”) 
and the residue was extraeted wrth chloroform (30 ml). FlItratIon (Cehte) gave a clear 
solution that was washed wnh M sodmm bromide (4 x 20 ml) and water (3 x 40 ml), 
and dned (sodmm sulfate) The solutton wds evaporated and the product chromato- 
graphed on sihca gel (720 g, column 4 x 107 cm) with 19 1 chloroform-acetone to 
give anaIytrcaIIy pure 2 (2 09 g, 70%), which was recrystalhzed from methanol as 
colorless crystals, m p 112-I ISo, [cl] g -84 9” (c 5 0, chloroform), mass spectrum 
m/e 858 2506 (M+), 445 1262 (Mf -CC22H210s), 414 1311 (Mt -CC,gHZ107 -I- 1 H) 
For elemental analysis the substance was dned zn vacua for 6 h at 100”. 

Anal Calc. for C48H42015. C,6713,H,493 Found-C,6695;H,514 
8-0-(ar-L-ArabmofuranosyZ)-/3-pe&ztzn-A (3) - A solution of 2 (450 mg, 

0 53 mmoles) and anhydrous zmc acetate (213 mg, 1.17 mmoles) m a nuxture of dry 
methanol (10 ml) and dry benzene (2 ml) was heated at reflux temperature under 
anhydrous conditions for - 25 h and the reactron was momtored by t 1 c (I 5 4 1 
chloroform-methanol-water,) The debenzoylated product then appeared as a mam 
spot (RF 0 62) The solution was evaporated zrz vacua, and the residue dissolved in 
30 ml of 41 chloroform-butanol The solutron was washed with water (30 ml) and 
the two phases were filtered The organic phase was separated from the filtrate, again 
washed with water (30 ml) and dried (sodmm sulfate) The sol&on was evaporated 
and purified by column chromatography on a column (2 7 x 27 cm) of srhca gel (70 g) 
with 120 12 1 chloroform-methanol-water as eluant Fractions showing a component 
havmg RF 0 62 were pooled and evaporated to dryness, and the residue was dissolved 
m dry dtchloromethane Evaporation of the clear solution gave amorphous 3 (I48 mg, 
52%), mp lIO-116”, [a];’ - 166.1” (c 5 0, chloroform); n m r. data (Me,SO-d,) 
6 4.79 (t, HOG). 5 35 (ci, HO-3), 5 55 (d, HO-2) (th ese three s&n& Asappeared on 
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addlhon of deutermm oxide); mass spectrum m/e 546 1725 (Mt), 414 1307 (Mt - 
C,H,O, + I H), 133.0482 (M * -C&H,,Os) Attempts to crystalhze this product were 
unsuccessful Compound 3 m the Liebermann reaction (1 6 mg 3 + 1 6 ml acetic 
anhydride +2 drops of concentrated sulfuric acrd) gave mutually a deep blue, and 
then a violet color The same colours appeared with 8-0-(IP-D-glucopyranosyl)-/?- 
peltatm-A1 ‘_ For elementaly analysis, a sample was dned zn VQCUO for 6 h at 100”. 

Anal Cab. for C,,H,.OI.. C, 59 34, H, 5 53 Found C, 59 21, H, 5 61. 
A more-slowly movmg, mmor component (RF 0 53) was eluted from the 

column and is under mvestigatlon 
pH dependence of tJle enqmrc cleavage of compound 3. - Samples contammg 

0 5 mg of substrate and 0 013 units of cr-r_-arabinofuranosldase (Aspergihs nzger Kl) 
m 0 15 ml of sodmm phosphate buffer (pH 7 4, 6 1, and 4 15) were incubated for 
60 rnin at 37” At Intervals, the products were separated by t 1 c (15 4 1 chloroform- 
methanol-water) The spots were detected by spraymg with 20% sulf~c acid and 
heatmg for 15 mm at 110” 
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