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dialkylphosphinates and 1230-1238 ¢ ~! for phosphinates of the
type ROP(OYR')R) in which R, I/, R’ = mixed alkyl
and arvl
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In a previous paper? we described the synthesis of
homoribose (5-deoxy-p-ribo-hexose) from methyl 2,3-
O-isopropylidene-3-p-ribofuranoside and its proof of
structure by proton magnetic resonaiice spectroscopy.
We have now prepared some purine nucleosides from
homoribose.?

Methyl 5-deoxy-2,3-O-isopropylideue-8-p-ribo-hexo-
furanoside (I)? was hydrolyzed in a mixture of dilute
hydrochlorie acid and ethanol. but concentration of
the reaction mixture caused the resulting 5-deoxy-p-
ribo-hexose (II) to coudense with itself. Treatment
of this material with acetic anhydride resulted in a low
yield of impure tetra-O-acetyl-3-deoxy-p-ribo-hexose
(III). Neutralization of the acid hydrolysis media
with ton-exchange resin beforc 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 IT,
which was readily converted to the tetraacetate III,
a light yellow oil (see Schene I). The g-configuration
was assigned to IIT on the basis of the comparison
of its proton magnetic resonance spectrum with that
of tetra-O-acetyl-8-p-ribofuranose.” Furthermore the
fact that the absorption due to the proton at C-1
appears as a singlet (J < 1 c¢ps)® also indicates the 3-
configuration.® Compound III was allowed to react
with 2,6-dichloropurine by the fusion technique using
p-toluenesulfonic acid as catalyst” From this re-
action a 349, yield of 9-(2,3,6-tri-O-acetyl-5-deoxy-
B-n-ribo-hexofuranosyl)-2,6-dichloropurine (VIII) was
isolated as a crystalline solid. The g-configuration
was assigned to this nucleoside on the basis of the com-
parison of its proton magnetic resonaice spectrum with
that of 9-(2,3,5-tri-O-acetyl-g-n-ribofuranosyl)-2,6-di-
chloropurine (X).* The striking similarity of the
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spectra of these two nucleosides (Sce Figure 1) provides
the best available evidence for this anomeric assign-
ment. Although attempts have been made to relate
the coupling constant for the proton at (V-1 (Jiw)
of purine nucleosides to the anowmerie coufiguration
at C’-1 by use of the Karplus equation,® these at-
tempts have unfortunately been entirely unsuccess-
ful.'=12 Lemieux and Lineback!® have jpointed oud
that i a furanose ring the coupling constant for
vieinal cis protons can vary from 3.5 to 8.0 cps and
far vicinal frans protong from 0 to 8.0 cps.  Conse-
quently, the coupling constant Jyn for VIII, 3.0
eps, provides no definitive information coucerning its
anomeric configuration; however, from our investiga-
tion of the proton magnetic resonance speetra of «
number of 9-3-ribofuranosylpurines we have found the
chemieal shift of the (M'-1 hydrogen to be clhiaracter-

(8) J. A. Montgomery and K. Hewson, J. Heteroryclic Chem., 1, 2154
(1964).

(9) M. Karplus, J. Chem. I"hys., 30, 11 (1034).

(10) L. Goldman and J. W. Marsico, J. Med. Clhem., 6, 113 {1963

{11) N. T, Leonard awc! R. A. Lawsen, J. Am. Chem. Sue.. 85, 2o
119637,

(12) J. A. Montgomery and H, J. Tlomas, 1bid., 8T, 5442 {19031,

(13) R. U. Lemieax and 1. R, Lineback, Awnu, Rew. Biochenpe, 82, 155
(1063),
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Figure 1.—Proton magnetic resonance spectra of 9-(2,3,5-tri-O-acetyl-g-p-ribofuranosyl)-2,6-dichloropurine (top) and VIII (bottom).

istic (4.0-4.2 ppm) and the coupling constant Jis: to
lie between 5.1 and 5.7 e¢ps. 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-O-acetyl-8-np-ribofuranosyl)-2,6-dichloropurine,® the
product was a mixture of 2-chloro-9-(5-deoxy-8-p-
rébo-hexofuranosyl)adenine  (2-chlorohomoadenosine,
IV) and 2-chloro-6-methoxy-9-(5-deoxy-3-p-r¢bo-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. !4

Reaction of III with 6-chloropurine as described
above gave a 469, yield of 9-(2,3,6-tri-O-acetyl-5-

(14) J. A. Montgomery and C. Temple, Jr.. J. Am. Chem. Soc., 88, 630
(1961).

deoxy-8-p-rebohexofuranosyl)-6-chloropurine (IX) as
a glass. This material was deacetylated in the usual
manner to give 9-(5-deoxy-8-p-ribo-hexofuranosyl)-6-
chloropurine (VI), also obtained as a glass. Reaction
of VI with sodium hydrosulfide in methanol gave
9-(5-deoxy-B3-p-ribo-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-

TasLe I
EDag® —

HEp-
Compd KB HEp-2/8 2/MP

2-Chloroadenine 11
v >100 >100 100
6-Mercaptopurine 0.25 0.25 >100
VII 3.1 2.8 >100

¢ EDso is that concentration of compound in upg/ml inhibiting
the growth of cells to 509, of controls. Cells were grown on glass
and growth was measured by determination of protein content
[V.I. Oyama and H. Eagle, Proc. Soc. Ezptl. Biol. Med., 91, 305
(1956)] after 4 days growth in the presence of the compound.
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captopurine homoribonucleoside (VII), wre compared
with those of the purines from which they are derived
in Table 1. The cevtotoxicity of VIIL to KB and HEp-
2/8 cellx appears to be due to its cleavage hy phos-
phorylases to 6-mercaptopurine, siuee it ix not cyto-
toxic to cells resistant to 6G-mereaptopurine (HIFp-
2/MP); however, IV nmust not be cleaved to any =ig-
nificant extent to 2-chloroadenine. since it (IV) 1= nat
eytotoxic to any of the cell lines, whereas 2-chlora-
adeiine is,

Experimental Section

The nielting points reported were determined on a Kofler
Heizbank and are corrected. The nltraviolet spectra were de-
termined in aqueous solution with a Cary 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 107 (w/vi
solutions in CDCL; (IV, V, and VIT in DMSO-dg) with a Vavian
A-60 spectrometer. The optical rotations were determined in
the solvents specified with a Rudolph Polarimeter Model R0.

1,2,3,6-Tetra-O-acetyl-5-deoxy-3-p-riho-hexofuranose (IIT).
—A solution of methyl 5-deoxy-2,3-O-isopropylidene-g-n-rito-
Liexofuranoside (I, 5.2 g, 23.8 mmoles) in 0.04 & H.80, (50 ml)
was heated for 1 hr at 95°.  After cooling to roomn temperature
the solution was neutralized with 0.1 N Ba(OH), (20 1nl) and the
BaSO, that precipitated was removed by filtration. The filtrate
was decolorized before it was concentrated ¢n vacio (0.5 nm,
20-25°) to 0.1 vol. Freeze-drying of the concentrate followed by
overnight drying #n eacuo (0.03 ) at room temperature gave
3.8 g (1009, yield) of 5-deoxy-ribo-hexose ax an oil suitable for
use as an intermediate. Thin layer chromatography on siliea
gel H (Merck) using chloroform-methanol (1:1) as the elhient
indicated a minor impurity aud the absence of polvmeric material.

To a solution of dry 5-deoxy-ribo-hexose (3.8 g, 23.4 mmales}
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 raom tem-
perature for 2 hr before it was poured onto 300 ml of water and
ice.  The aqueons mixture was extracted four times with chloro-
form (200 ml total volume). The combined CHCl; extracts were
washed suceessively with cold wuater, exvess cold saturated
NaHCO;, and cold water before they were dried (MgSOy) for 4 hr.
After removal of the MgSO, by filtration, the solution was evapo-
rated to dryness in vacuo and the resulting oil was extracted wirth
six 200-ml portions of petrolenm ether. The combined extracis
were evaporated to dryness in vacno.  The residie was dissolved
in diethyl ether and the solution deeolovized. livaporation of
the ether solution to dryuess in vacuo gave the pnrified tetraaee(yl-
ribo-liexofuranose as an oil; vield 4.5 g (58,1 Thin layer
chromatography on silica gel H (Merck) nsing CHClL—ethy]
acetate (9:1) indicated two minor impurities. The chiromata-
graphically homogerneous saniple used for speciral analvses wis
oblained by elution of the product area developed on thick thin
layer plates under the above conditions; # (in en1™), 2080-2920
(CH), 1750 (C=0), 1110-1000 (COC); 7 (in ppmn), S.05
nwaltiplet (C*Hz), 7.96, 7.94, 7.92, and 7.88 (CHjy), 5.78 {multiplet
(C*H and C*¢H,), 4.75 t and 4.67 (C2H aud C:H), 3.85 (C'H.
The prr spectrum of I is as follows: « (in ppm), 7.93, 7.00.
7.88, and 7.83 (CHy), 5.67 multiplet ((*H; and C*H), 4.60 multi-
plet (C2H and C3H), 3.80 (C'H). The similarity of the chemical
<hifts of the protous at C1, C*, (3 and C* of these two sugnrs
confirm that the stereochemical relatiouships of these protvons
are the same in the two and therefore TII st have the g-con-
figuration at CL

2-.Chlore-9-(5-deoxy-3-p-ribo-hexofuranosyl)adenine (I1¥).—A
methanolic NH; solution (40 ml of absolute methanol saturated
with dry NH; at 5°) of 9-(2,3,6-tri-O-acetyl-5-deoxy-g-n-ribo-
hexofuranosyl)-2,6-dichloropurine (VIII, 636 mg, 1.4 mmoles)
was kept at 4° for 1 week. The reaction solution was evaporated
{o dryness ¢n vacuo and the resulting semisolid residue was tri-
turated with water (3 ml). The insoluble solid was collected by
filtration, waslied with small portions of water, and dried <
vacuo to give 167 mg (389%) of essentially pure product. Re-
crystallization of this product from water gave analyvtically pure
material, yield 137 mg (31%), mp 214°, [a]®v no observable
ratation  (concentration: 0.5 g/100 mi of methanol). Thin

Laver ehromatagraphy on siliea gel FL P Mereky using CHCL
methanol (4:1) as rhe eluent showed o single <pot which gave
positive Schitf inetaperiodate test; A, Hinomg fe X 10070
PHT 263 (14530, pH 7--263 (1457, pIl 13 201 ¢ 10,03 fu i
e g, 42030 OH, NH), 2950, 2000 $CH, 166l i NS,
1505, 1570 (C=C. (e N, 1080, 1060, 1040 1CUCT 75 i ppin
S q TCYHL L 6.47 g (CVHL), 592 nnltipler (C711 and C 1,
552 nultiplet ¢C*OH), 5.42 multiplet FCYH Y 480 ¢ and £.02

TCYOH and CoOL L 117 A SCYHL 220 (NHe LY ((H1H
Jiw = 50 e,
Apd, Caded for Gl CINGOg: Codhsd: HL 4480 N, 2200,

Pound: O 4078 H, 457 N, 22,00,

Livaporation of the combined Rltrare and washings (from 1he
olation of the purified 2-cliloraadenosine analog) to dryness
after CHCLy extraction of the aquecns solution gave 2 1:1 mixture
ol two proditets identified by thin Liver cliromatography on silien
gel I (Merck), nsing CHCl-metlanol ¢4:1) as the eluent, ax
additionnal  2-chloroliomondenosine and  anotlier  Sehilf-ineta-
perivdiate positive 1materiad. A chromatographically homose-
neons smuple of the nnknown product was isolated after 1wo
reeryvstallizations of the mixture from boiling ethanol; mp 1817,
Spectral data identified the praditer as 2-chloro-6-methoxy-t 5=
deoxy-3-n-ribo-hexolranosyDpurine vV N 110 g (e X
T pH T =258 1175 265 (<hi), pH T--258 (11.7), 265 (she
PpH 13255 01257, 265 ¢l 5, Lin vin 3200 (O
2050, 2954, and 2890 {(CH), 1508 and 15 e G GEE AN
HEGS and 1045 1COCT; w1vin ppm i, S04t (CYHy), 6,48 q (O Hy,
5.87 = over mmiltipler (OCT,, C¥H and CYH), 5.53 1 (CFO
5010 fCUHY, 478 d and 453 d cCYOH aud CEOH), .08
(CVHD, L3O TCRH DY, o

6-Chloro-9-{ 5-deoxy-3-v-ribo-hexofuranosyl )purine (VI).— A
methanolic NH; solution (70 ml of absolhite methanol saturated
with dry NHy ar 5%1 of 9-02,3.6-tri-O-a cetyl-d-deoxy-g-1-riho-
hexohranosy] J-6-chlavapnrine {IX1 (2 ¢) was kept at 4° for 2
dav<,  The reaction =olution wax evaporated to dryness i vacuwo
andd e resnlting residite was dissolved in water. The aqgueons
=olition was extracted with clloreforim, treated with Norit, and
Hliered.  The Hlivate was concentrated 1n vacno and extracted
in a liquid-lignid exoaceror with etivl acetate. Evaporation of
the ethyl acetare exirnet 1o dryness gave the purified prodiner;
vield 660 mg (4845, Thin laver chromatography on xilica gel H
i Merck) nsing CHCL-methanol (4:1) as the eluenc indieated a
slngle major spor which gave a positive schiff- metaperiodate
fosi s Aoy ddnmg (e X 107893, pH L, 7, 13--263 (6.5).  The several
cliromategraphic impeities observed were present in low cou-
contration,

9-{5-Deoxy-s-v~ribo-hexofuranosyl )purine-6( 1 H)-thione
(VII}-—Sadimn hydresulfite solution (2 1l of 1 N sodimm neth-
oxide safurated with Ha3) was added 1o an anhydrons <alntion of
H-chloru-9< 3-deoxy-g-n-ribo-hexofaranosylpurine (VI 3200 mg,
I mmolet in methanol {7 mb), :nd the resnlting solution was re-
fluxed Tor 20 min before it was evaporated 10 dryviess in racuio.
The residne was dissolved in water (4 ml) and filtered throngh
dry Celite, aud 1he filirate was acidified with glacial acetic acid.
The iusoluble solid 1hat deposited was callecred by filtration,
washed with water, s dried in vacro to give 100 mg (357 Yof
exsentinlly pure produer, mp 240°, Water recrystallization of
thix proditet gave s sualvtically piure sample, vield 70 g
(2400, mp 245°, Ta] Py - 45.7 = 0.8° (eoneentration:  1LO2g/T00
mlof ti.l N NaOH ). Thin layer chromadtography on silica gel H
(Mervk? nsing CHClg-methanol (4:17 ax the elnent showed u
shingle spot: Mg finmu e X 10 79)], pH 1—224 (0.5), 522 (2597,
pH 7226 (10.3), 318 ¢25.5), pH 13--232 (15.00, 310 (23.0%
B (111 C1117 1, 34403350 (O, 3100 3040, 2950-2660 (CH and
acidic NH), 1600, 1570, 1530, (Ca=C, Co=N), 1080, 1040 (COC1;
7 {inppm), 8.17 q {CHy), 6.49 ¢ (C6Hy), 5.06 muliiplet (C¥'H
and CY*H), 5.41 multiplet (C*H and OH), 4.67 broad {2 OH 1,
412 d (CVH), 173 (CH), 152 ((H); S = 5.7 eps,

5 (O

T Cp=,

Anal. Caled for ChH i NOs8: C, 44.28; H, 4.74; N, IS8T,
Found: C, 44.16; H, 4.58; N, 18.89.

9-(2,3,6-Tri-O-acetyl-5-deoxy-g-b-1bo-hexofuranosyl)-2,6-
dichloropurine (VIIT).-—& mixture of 2,6-dichloropurine (1.3 g,
6.6 mmoles) aud 1,2,3,6-tetra-O-avetyl-5-deoxy-8-n-ribo-hexo-
furanose (IIT, 2 g, 6.0 nnnoles) was fused in vacuo (25 mu) ot
130° with p-tolnenesnlfouniv acid catalyst (75 mg) for 15 wmin.
The resulting clear amber melt was cooled to room temperature
and dissolved in CHCl; (4 ml). The CHCI; solution was washed
INaHCO,, warer), dried (MgRO.3, and evaporated to dryness,
The rvexidie was dissolved in liethyl 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 produect, yield 950 mg (349%), mp 121°,
Thin layer chromatography on silica gel H (Merck) using
CHCls—ethy!l acetate (4:1) as the eliuent showed 2,6-dichloro-
purine as the only contaminant. Recrystallization of a sample
of the isolated material from boiling ethanol gave the pure prod-
uet: mp 123°; Apax [in mp (e X 1079}, pH 1, 7—252 (7.3),
273 (13.2), 280 (sh), pH 13—255 (sh), 238 (15.0), 265 (sh), 280
(sh); Pmex (in em 1), 3115, 3060, 3050-3000 (CH), 1755, 1740,
1725 (C=0), 1595, 1560 (C=C, C=N), 1240, 1205 (COC).

Anal. Caled for Ci7HsCLNO7:  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-O-acetyl-5-deoxy-3-n-ribo-hexofuran-

osyl)purine (IX).—A mixture of 6-chloropurine (1.5 g, 9.7
mmoles) and 1,2,8,6-tetra-O-acetyl-5-deoxy-3-n-ribo-hexofuran-
ose (III, 3.4 g, 10.0 mmoles) was fused in vacuo (25 mm) at 130°
with p-toluenesulfonic acid catalyst (756 mg) for 25 min. The
resulting dark melt was cooled to room temperature, dissolved in
CHCI; (10 ml), and filtered to remove nnreacted 6-chloroptirine.
The filtrate was washed (NaHC30;, water), dried (MgSO,), and
evaporated to dryness. The residue was triturated with ethauol
and filtered to remove additional 6-chloropuriue, and the filtrate
was decolorized with Norit before it was evaporated to dryness
in vacio. Petrolenm ether extraction of this residue partially
removed the blocked sugar contaminant from the insoluble oily
prodiict, which was then dried in vacuo; vield 2.0 g (46%)-
Thiu layer chromatography on silica gel H (Merck) using CHCly—
ethyl acetate (3:1) indicated the niaterial was suitable for use as
au intermediate.
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Preliminary reports from the Cancer Chemotherapy
National Service Ceuter! of potentially useful anti-
tumor activity with the alkaloid olivacine (XII) neces-
sitated the synthesis of large quautities for further bio-
logical testing. This has been accomplished (Scheme
I) by revising a previous synthesis? to reduce the num-
ber of steps and avoid the use of diazomethane. The
two previous syutheses®? were useful mainly for the
small amounts required for structure confirmation of
XII. Structural requirements for activity in substi-
tuted pyridocarbazoles were studied briefly by the
preparation of several analogs of XII. A demethyl
derivative XITI of olivacine was easily accessible
by Scheme I; this compound (XIII) 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 National Service Center, National Cancer Institute, National 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, J. Am. Chem. Soc., 84, 94 (1962).
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SCHEME I
l ! X N CHZCHZNHCR
RI
CH;

}x = CHzOH = CH;; = H
IIX=CH—O 'IR=H R’——CHO
III X = CH=CHNO, \'II, R=DR =H
I\y X = CHzCHzNHz \III P = p-CICsH4, R/ = I{

SN SN
F

XII, R = CH;; IX, R = CHs

XIII, R = )x R = H

XIV, R = CsH5 XI, R = p-CICsH,

pyridocarbazole isomeric with olivaciune). A recent
synthesis* of ellipticine, but in very low yield, is similar
in outline to the sequence in Scheme I which is con-
venient for quantities of XII and XIII. Preparation
of a p-chlorophenyl derivative of olivacine was under-
takei, 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 XXVII.

ScaEME 11
NH,NH CN
CH3
XV
Su O
N X 9
H
H,
XVII, X = CN
XVIII, X = COOH
XIX, X = COOEt XVI

H
JF

XX, X = COOEt XXVI
XXI, X = CH.OH
XXII, X = CH=0
XXIII, X = CH=CHNO:
XXIV, X = CH,CH,NH:
XX\, X = CHzCHzNHAC

N9
N &
(J
CH,

XXVII

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

(40 T. R. Govindachari, 8. Rajappa, and V, Sudarsanam, Indian J.
Chem., 1, 247 (1963).

(3) The compounds were screened under the auspices of the Caucer

Chemnotherapy National Service Center according to its protocols. oute
lined in Cancer Chemotherapy Rept., 25, 1 (1962),



