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dialkylphosphinates and 1230-1238 cm - 1 for phosphinates of the 
type ROP(())(R.')(R") in which R, R', R" - mixed alky] 
and arvl. 
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In a previous paper2 we described the synthesis of 
homoribose (5-deoxy-D-n'6o-hexose) from methyl 2,3-
0-isopropylidene-/3-D-ribofuranoside and its proof of 
structure by proton magnetic resonance spectroscopy. 
We have now prepared some purine nucleosides from 
homoribose.3 

Methyl 5-deoxy-2,3-0-isopropylidene-/3-D-n'6o-hexo-
furanoside (I)2 was hydrolyzed in a mixture of dilute 
hydrochloric acid and ethanol, but concentration of 
the reaction mixture caused the resulting 5-deoxy-n-
ribo-hexose (II) to condense with itself. Treatment 
of this material with acetic anhydride resulted in a low 
yield of impure tetra-0-acetyl-5-deoxy-D-n'6o-hexose 
( I I I ) . Neutralization of the acid hydrolysis media 
with ion-exchange resin before concentration did not 
prevent self-condensation, but the use of dilute sul
furic acid followed by neutralization with barium hy
droxide and then freeze-drying gave a high yield of I I , 
which was readily converted to the te t raacetate I I I , 
a light yellow oil (see Scheme I ) . The /3-configuration 
was assigned to I I I on the basis of the comparison 
of its proton magnetic resonance spectrum with tha t 
of tetra-O-acetyl-jS-D-ribofuranose.'' Fur thermore the 
fact tha t the absorption due to the proton at C-l 
appears as a singlet (.7 < 1 ops)6 also indicates the/3-
configuration.6 Compound I I I was allowed to react 
with 2,6-dichloropurine by the fusion technique using 
p-toluenesulfonic acid as catalyst.7 From this re
action a 3 4 % yield of 9-(2,3,6-tri-0-acetyl-5-deoxy-
/3-D-r?'6o-hexofuranosyl)-2,6-dichloropurine (VIII) was 
isolated as a crystalline solid. The /3-configuration 
was assigned to this nucleoside on the basis of the com
parison of its proton magnetic resonance spectrum with 
tha t of 9-(2,3,5-tri-0-acetyl-/3-D-ribofuranosyl)-2,6-di-
chloropurine (X). s The striking similarity of the 
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spectra of these two nucleosides (See Figure 1) provides 
the best available evidence for this anomeric assign
ment. Although a t tempts have been made to relate 
the coupling constant for the proton at C ' - l ( . /rr) 
of purine nucleosides to the anomeric configuration 
a t C'- l by use of the Karplus equation,9 these at
tempts have unfortunately been entirely unsuccess
ful.10-12 Lemieux and Lineback13 have pointed out 
that in a furanose ring the coupling constant for 
vicinal cis protons can vary from 3.o to 8.0 cps and 
for vicinal trans protons from 0 to 8.0 cps. Conse
quently, the coupling constant Jyv for VII I , ">.0 
cps, provides no definitive information concerning its 
anomeric configuration; however, from our investiga
tion of the proton magnetic resonance spectra of a 
number of 9-/3-ribofuranosylpurines we have found the 
chemical shift of the C' - l hydrogen to be character-

(8) J. A. Montgomery and K. Hewson, .1. Heteroeijeiie Chem., 1, 2V.', 
(1964). 

(9) M. Karplus, ,/. Chem. F'hys., 30, 11 (1959). 
(10) L. Goldman and J. W. Marsico. J. Med. Chem.. 6, -113 i 1U63). 
(11) X. J. Leonard and R. A. Laursen, ./. Am. Chem. Sue.. 85, 2026 

11963). 
(12) J. A. Montgomery and II. .1. Thomas, ibid., 87, 5442 (1965). 
(13) R. I ' . Lemieux and D. P . Lineback, Arm. Her. Bierhem., 32, 155 

(.1963). 
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Figure 1.—Proton magnetic resonance spectra of 9-(2,3,5-tri-0-acetyl-(3-D-ribofuranosyl)-2,6-dichloropurine (top) and VIII (bottom). 

istic (4.0-4.2 ppm) and the coupling constant Jw to 
lie between 5.1 and 5.7 cps. In the present work the 
values for the deacetylated nucleosides derived from 
VIII and IX fall in these ranges (see Experimental 
Section). 

Treatment of VIII with methanolic ammonia at 5° 
for 1 week resulted in removal of the acetyl groups 
from the sugar hydroxyls with concomitant displace
ment of the chlorine atom at C-6 of the purine moiety, 
but in contrast to the results obtained with 9-(2,3,5-
tri-0-acetyl-/3-D-ribofuranosyl)-2,6-dichloropurine,8 the 
product was a mixture of 2-chloro-9-(5-deoxy-/3-D-
rr'&o-hexof uranosyl) adenine (2-chlorohomoadenosine, 
IV) and 2-chloro-6-methoxy-9-(5-deoxy-/3-D-n'6o-hexo-
furanosyl) purine (V). The identity of V was firmly 
established from its ultraviolet, infrared, and proton 
magnetic resonance spectra. The potent nucleophili-
city of the methoxide ion has been observed before.14 

Reaction of III with 6-chloropurine as described 
above gave a 46% yield of 9-(2,3,6-tri-0-acetyl-5-

(14) J. A. Montgomery and C. Temple, Jr., ,/. Am. Chem. Soc, 83, 630 
(1961). 

deoxy-/?-D-n'6ohexofuranosyl) -6-chloropurine (IX) as 
a glass. This material was deacetylated in the usual 
manner to give 9-(5-deoxy-/3-D-n'&o-hexofuranosyl)-6-
chloropurine (VI), also obtained as a glass. Reaction 
of VI with sodium hydrosulfide in methanol gave 
9- (5-deoxy-/3-D-n'bo-hexofuranosyl) purine- 6 (1H) - thione 
(VII), a homolog of 6-mercaptopurine ribonucleoside. 

Biological Activity.—The toxicity of KB, HEp-
2/S, and HEp-2/MP cells in culture of the homoribo-
nucleosides, 2-chlorohomoadenosine (IV) and 6-mer-

TABLE I 

Compd 

2-Chloroadenine 
IV 

6-Mercaptopurine 
VII 

KB 

11 
>100 

0.25 
3.1 

HEp-2/S 

>100 
0.25 
2.8 

HEp-
2/MP 

100 
>100 
MOO 

" ED5o is that concentration of compound in ;ug/ml inhibiting 
the growth of cells to 50% of controls. Cells were grown on glass 
and growth was measured by determination of protein content 
[V. I. Oyama and H. Eagle, Proc. Soc. Expil. Biol. Med., 91, 305 
(1956)] after 4 days growth in the presence of the compound. 
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captopurine homoribomicleoside (VII), are compared 
with those of the purines from which they are derived 
in Table I. The cytotoxicity of VII to KB and HEp-
2/S cells appears to be due to its cleavage by phos-
phorylases to 6-mercaptopurine, since it is not cyto
toxic to cells resistant to 6-mereaptopui'ine (HEp-
2/MP); however, IV must not be cleaved to any sig
nificant extent to 2-chloroadenine, since it (TV) is not 
cytotoxic to any of the cell lines, whereas 2-chloro-
adenineis. 

Experimental Section 

The melting points reported were determined on a Kofler 
Heizbank and are corrected. The ultraviolet spectra were de
termined in aqueous solution with a Gary Model 14 spectropho
tometer. The infrared spectra were determined in KBr disks with 
a Perkin-Elmer Model 521 spectrophotometer. The proton 
magnetic resonance spectra were determined on 10% (w/v'i 
solutions in CDC13 (IV, V, and VII in DMS(W6) with a Varian 
A-60 spectrometer. The optical rotations were determined in 
the solvents specified with a Rudolph Polarimeter Model SO. 

l,2,3,6-Tetra-0-acetyl-5-deoxy-/3-D-/76o-hexofuranose (III). 
—A solution of methyl 5-deoxy-2,3-O-isopropylidene-0-D-n'6o-
hexofuranoside (I, 5.2 g, 23.8 mmoles) in 0.04 Av H2S04 (50 mil 
was heated for 1 hr at 95°. After cooling to room temperature 
the solution was neutralized with 0.1 A* Ba(OH)2 (20 ml) and the 
BaSO* that precipitated was removed by filtration. The filtrate 
was decolorized before it was concentrated in vacuo (0.5 mm, 
20-25°) to 0.1 vol. Freeze-drying of the concentrate followed by 
overnight drying in vacuo (0.03 mm) at room temperature gave 
3.8 g (100% yield) of 5-deoxy-ribo-hexose as an oil suitable for 
use as an intermediate. Thin layer chromatography on silica 
gel H (Merck) using chloroform-methanol (1:1) as the eluent 
indicated a minor impurity and the absence of polymeric material. 

To a solution of dry 5-deoxy-r/i>o-hexose (3.8 g, 23.4 mmoles) 
in anhydrous pyridine (40 ml) cooled in an ice bath was added 
acetic anhydride (16 ml). The resulting reaction solution was 
refrigerated overnight and then allowed to stand at. room tem
perature for 2 hr before it was poured onto 300 ml of water and 
ice. The aqueous mixture was extracted four times with chloro
form (200 ml total volume). The combined CHC13 extracts were 
washed successively with cold water, excess cold saturated 
XaHC0 3 , and cold water before they were dried (Mg804) for 4 hr. 
After removal of the MgSC>4 by filtration, the solution was evapo
rated to dryness in vacuo and the resulting oil was extracted with 
six 200-ml portions of petroleum ether. The combined extracts 
were evaporated to dryness in vacuo. The residue was dissolved 
in diethyl ether and the solution decolorized. Evaporation of 
the ether solution to dryness in vacuo gave the purified tetraaeetyl-
rf&o-hexofuranose as an oil; yield 4.5 g (58%). Thin layer 
chromatography on silica gel H (Merck) using CHCls-ethyl 
acetate (9:1) indicated two minor impurities. The chromato-
graphically homogeneous sample used for spectral analyses was 
obtained by elution of the product area developed on thick thin 
laver plates under the above conditions: v (in cm"1), 2080-2920 
(CH), 1750 ( C = 0 ) , 1110-1000 ( C O O ; T (in ppm), 8.05 
multiplet (OH 2 ) , 7.96, 7.94, 7.92, and 7.88 (CH3), 5.78 (multiplet 
( C H and O H 2 ) , 4.75 t and 4.67 ( O H and O H ) , 3.85 ( O H ) . 
The pmr spectrum of I I I is as follows: T (in ppm), 7.93, 7.90, 
7.88, and 7.S3 (CH3), 5.67 multiplet ( O H 2 and O H ) , 4.60 multi
plet ( O H and O H ) , 3.80 ( O H ) . The similarity of the chemical 
shifts of the protons at O , O , O , and O of these two sugars 
confirm that the stereochemical relationships of these protons 
are the same in the two and therefore I I I must have the (3-con-
figuration at O . 

2-Chloro-9-(5-deoxy-/3-D-n'6o-hexofuranosyl)adenine(IV).—A 
methanolic NH3 solution (40 ml of absolute methanol saturated 
with dry NH 3 at 5°) of 9-(2,3,6-tri-0-acetyl-5-deoxy-/3-D-n'fio-
hexofuranosyl)-2,6-dichloropurme (VIII, 636 mg, 1.4 mmoles) 
was kept at 4° for 1 week. The reaction solution was evaporated 
lo dryness in vacuo and the resulting semisolid residue was tri
turated with water (5 ml). The insoluble solid was collected by 
filtration, washed with small portions of water, and dried in 
vacuo to give 167 mg (38%) of essentially pure product. Pie-
crystallization of this product from water gave analytically pure 
material, yield 137 mg (31%), nip 214°, [ a p u no observable 
rotation (concentration: 0.5 g/100 ml of methanol). Thin 

layer chromatography on silica gel H (Merck) using C'HCb 
methanol (4:1) as the eluent showed a single -pot which gave 
positive ScliilT -mctaperiodatc test; ,\„,., |iu nî i 1 <• X in •' •;, 
pll 1 203 (14.3 I, pH 7—263 (14.(ii, pH 13 • 204 1 15.0;; ,-,„.,, , m 
cm •'), 3420--31011 .OH, XH), 2950, 2900 (CH). 1660 ( XII \ 
1595, 1.570 K' ('. ("-•• N), 1080, 1060. 1040 t C O O : r 1 in ppm ••, 
N.13 q ( 0 ' I I 2 ; , 0.-4.7 q ( 0 ' H 2 ) , 5.92 multiplet (.O'H and O i l i, 
5.52 multiplet (OOH), 5.42 multiplet ( O ' H ) , 4.S3 d and 4.52 d 
("''OH and O ' O H :. 4.17 il f O ' H ) . 2.21) ( N H A 1.04 H'»lll: 

. / / , ' = 5.3 cp-. 
Anal. CalcdiorC,illuClX.-,04: (', 41.s4: II, 4.4S; X, 22.1s. 

Found: C, 41.7s; If. 4.57; X. 22.00. 
Evaporation of the combined filtrate and washings (from the 

isolation of the purified 2-ch]oroadenosine analog) to dryness 
after CHCI3 extraction of the aqueous solution gave a 1:1 mixture 
of two products identified by thin layer chromatography on silica 
gel H (Merck i, using CHOrineihat io l (4 :1) as the eluent, as 
additional 2-chlorohomoadenosine and another Sehiff-meta-
periodate positive material. A [•hromatographically homoge
neous sample of the unknown product was isolated after two 
recryslalligations of the mixture from boiling elhanol; mp l s t l \ 
Spectral data identified the product as 2-chloro-6-niethoxy-'.M 5-
deoxy-d-n-n7x,>-liexofiiraiios\T)purine (V): \mLlx [in m,u (t X 
10 ••••')';, pH I -258 i 11.7), 265 (sh). j)H 7—258 (11.7), 265 (sh;, 
pH 13-258:12 .5) , 265 (shi: j>„Klx (in cm-1) , 3400-3200(011), 
2950, 2930, and 2890 (CH), 159S and 1575 (0=-C, C-----N). 
1065 and 1045 ( C O O ; r t in ppm), S.04 t ( 0 ' H 2 ) . 6.48 q ( O ' l O , 
5.S7 s over multiple! (OCH:!, C3'H and O ' H ) , 5.53 t (O 'OH) , 
5.31 1 iO'H' i , 4.78 d and 4.53 d ( O ' O H and O ' O H ) , 4.08 d 
(OH,!, 1.39 1.OH1; ,/.-••- ••--• 5.2 ep*. 

6-ChIoro-9-(5-deoxy-3-i>-/ ;7;o-hexofuranosyl)purine (VI). A 
methanolic X*H3 solution (70 ml of absolute methanol saturated 
with dry XH 3 at 5°) of 9-(2,3,6-tri-0-acetyl-5-deoxy-/3-i)-/'/6o-
hexofuranosyi)-()-c;hloropui'ine (IX) (2 g) was kept at 4° for 2 
days. The reaction solution was evaporated to dryness in vacuo 
and the resulting residue was dissolved in water. The aqueous 
solution was extracted with chloroform, treated with Xorit, and 
filtered. The filtrate was concentrated in vacuo and extracted 
in a liquid' liquid extractor with ethyl acetate. Evaporation of 
the ethyl acetate extract to dryness gave the purified product; 
yield 660 mg ( 4 8 ' , ). Thin layer chromatography on silica gel H 
(Merck) using CHClr-methanol (4:1) as the eluent indicated a 
single major spot which gave a positive iSchiff- mefaperiodate 
lest : \,.,,s ) i twn u u X 10"3)] ,pH 1,7, 13—263(6.5). The several 
ehromalograpliir impurities observed were present, in low con
centration. 

9-(5-Deoxy-c*-i)-i;fco-hexofuranosyl)purine-6(lH)-thione 
(VII).—Sodium hydrosulfite solution (2 ml of I X sodium meth-
oxide saturated with H2!S) was added to an anhydrous solution of 
6-i:hlo!'o-9-i5-deoxY-/3-i>-/76o-hexofiiranosyl)puriiie (\"I, 320 mg, 
1 mmole) in methanol (7 ml), and the resulting solution was re-
fluxed for 20 min before it was evaporated to dryness in vacuo. 
The residue was dissolved in water (4 ml) and filtered through 
dry ('elite, and the filtrate was acidified with glacial acetic acid. 
The insoluble solid that deposited was collected by filtration, 
washed with water, and dried in vacuo to give 100 mg (35'',') of 
essentially pure product, mp 240°. Water recryslallization of 
tliis product gave an analytically pure sample, yield 70 mg 
!24%),mp245° , ;«]%> -45 .7 = o'.8° (.concentration: 1.02 g/100 
ml of 0.1 X XaOH). Thin layer chromatography on silica gel II 
(Merck) using CHCfr-methanol (4:1) as the eluent showed a 
single spot: X,„„ :in mM < <•• X 10 "3il, pH 1—224 (9.5 1, 322 (23.9). 
pH 7—226 (10.3,1, 318 (23.5), pH 13—232 (15.0), 310 (23.tl): 
t.n...x (in cm"1). 3440-3350 (OH), 3100 3040, 2950-2660 (CH and 
acidic XH), 1600. 1570, 1530. ( 0 - - C , 0 = X ) , 1080, 1040 ( C O O ; 
r (in ppm), 8.17 q (O'H..), 6.49 t (O 'H , ) , 5.96 multiplet ( O ' H 
and O ' H ) , 5.41 multiplet ( O ' H and OH), 4.67 broad (2 OH), 
4.12 d ( O ' H ) , 1.73 ( O H ) , 1.52 ( O H ) ; ./,'•,' = 5.7 cps. 

Anal. C a l c d f o r C n H n X ^ S : C, 44.28; H, 4.74; X, 18.79. 
Found: C, 44.16; H, 4.58; X, 18.89. 

9-(2,3,6-Tri-0-acetyI-5-deoxy-f3-i)-r/6o-hexofuranosyI)-2,6-
dichloropurine (VIII).—-A mixture of 2,6-dichloropurine (1.3 g, 
6.6 mmoles) and 1.2,3,6-tetra-0-acetyl-5-deoxy-/3-D-rfbo-hexo-
furanose (III , 2 g, 6.0 mmoles) was fused in vacuo (25 mm) at 
130° with p-toluenesulfoiiie acid catalyst (75 mg) for 15 min. 
The resulting clear amber melt was cooled to room temperature 
and dissolved in CHClj (4 nil;. The CHC13 solution was washed 
(NfaHCOs, water), dried (MgS04), and evaporated to dryness. 
The residue was dissolved in diethyl ether, decolorized with 
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Norit, and evaporated to dryness to give a yellow oil which re-
dissolved in warm ethanol. The crystals that formed were 
collected by filtration, washed with ethanol, and dried in vacuo 
to give essentially pure product, yield 950 mg (34%), mp 121°. 
Thin layer chromatography on silica gel H (Merck) using 
CHCl3-ethyl acetate (4:1) as the eluent showed 2,6-dichloro-
purine as the only contaminant. Recrystallization of a sample 
of the isolated material from boiling ethanol gave the pure prod
uct: mp 123°; Xmas [in mM (e X 10"3)], pH 1, 7—252 (7.3), 
273 (13.2), 280 (sh), pH 13—255 (sh), 258 (15.0), 265 (sh), 280 
(sh); fmax (in cm"1), 3115, 3060, 3050-3000 (CH), 1755, 1740, 
1725 (C=0) , 1595, 1560 (C=C, C=N), 1240, 1205 (COC). 

Anal. CalcdforCnH18Cl2N407: C, 44.37; H, 3.94; N, 12.18. 
Found: C, 44.25; H, 3.99; N, 12.12. 

6-Chloro-9-(2,3,6-tri-0-acetyl-5-deoxy-/3-D-ri6o-hexofuran-
osyI)purine (IX).—A mixture of 6-chloropurine (1.5 g, 9.7 
mmoles) and l,2,3,6-tetra-0-acetyl-5-deoxy-(3-D-n'6o-hexofuran-
ose (III, 3.4 g, 10.0 mmoles) was fused in vacuo (25 mm) at 130° 
with p-toluenesulfonic acid catalyst (75 mg) for 25 min. The 
resulting dark melt was cooled to room temperature, dissolved in 
CHCI3 (10 ml), and filtered to remove unreacted 6-chloropurine. 
The nitrate was washed (NaHC303, water), dried (MgSCM, and 
evaporated to dryness. The residue was triturated with ethanol 
and filtered to remove additional 6-chloropurine, and the filtrate 
was decolorized with Norit before it was evaporated to dryness 
in vacuo. Petroleum ether extraction of this residue partially 
removed the blocked sugar contaminant from the insoluble oily 
product, which was then dried in vacuo; yield 2.0 g (46%). 
Thin layer chromatography on silica gel H (Merck) using CHCI3-
ethyl acetate (3:1) indicated the material was suitable for use as 
an intermediate. 
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Preliminary reports from the Cancer Chemotherapy 
Xational Service Center1 of potentially useful anti
tumor activity with the alkaloid olivacine (XII) neces
sitated the synthesis of large quantities for further bio
logical testing. This has been accomplished (Scheme 
I) by revising a previous synthesis2 to reduce the num
ber of steps and avoid the use of diazomethane. The 
two previous syntheses2 ,3 were useful mainly for the 
small amounts required for structure confirmation of 
X I I . Structural requirements for activity in substi
tuted pyridocarbazoles were studied briefly by the 
preparation of several analogs of X I I . A demethyl 
derivative X I I I of olivacine was easily accessible 
by Scheme I ; this compound (XII I ) is also a demethyl 
derivative of the alkaloid ellipticine (the 5,11-dimethyl-

(1) This work was carried out under the auspices of the Cancer Chemo
therapy Xational Service Center, Xational Cancer Institute, Xational In
stitutes of Health, Public Health Service, Contract No. PH-43-64-500. The 
opinions expressed in this paper are those of the authors and not necessarily 
those of the Cancer Chemotherapy National Service Center. 

(2) J. Sehmutz and H. Wittwer, Helv. Chim. Acta, 43, 793 (1960). 
(3) E. Wenkert and K. G. Dave, / . Am. Chem. Soc, 84, 94 (1962). 

I, X 
II, X 

III, X 
IV, X 

CH3 

CH2OH 
C H = 0 
CH=CHN02 
CH2CH2NH2 

O 
II 

CH2CH,NHCR 

V, It = CH3; It' = H 
VI, It = H; It' = CHO 

VII, It = It' = H 
VIII, It = p-ClCoHi; Pv' = H 

XII, R = CH3 
XIII, R = H 
XIV, R = C6H5 

IX, R = CH3 
X, It = H 

XI, R = JD-C1C6H4 

pyridocarbazole isomeric with olivacine). A recent 
synthesis4 of ellipticine, but in very low yield, is similar 
in outline to the sequence in Scheme I which is con
venient for quantities of X I I and X I I I . Preparation 
of a p-chlorophenyl derivative of olivacine was under
taken, because of the often encountered activity en
hancement with this moiety, but the chlorine was lost 
in the final dehydrogenation and a simple phenyl 
derivative XIV resulted. A similar sequence (Scheme 
II) was used to prepare the benzoolivacine X X V I I . 

SCHEME II 

NH2Nrr ^ T CN 

CH3 

XVII, X = CX 
XVIII, X = COOH 

XIX, X = COOEt XVI 

XX, X = COOEt 
XXI, X = CH2OH 

XXII, X = C H = 0 
XXIII, X = CH=CHNO, 
XXIV, X = CH2CH2NH2 
XXV, X = CH2CH2NHAc 

XXVII 

Biological Data.5—On the basis of incomplete testing 
results, the alkaloids related to olivacine and the cor
responding dihydro compounds seemed to be poten-

(4) T. R. Govindachari, S. Rajappa, and V. Sudarsanam, Indian J. 
Chem., 1, 247 (1963). 

(5) The compounds were screened under the auspices of the Cancer 
Chemotherapy National Service Center according to its protocols, out
lined in Cancer Chemotherapy Rept., 25, 1 (1962). 


