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satisfactorily, however, it underwent partial rearrangement to
the corresponding urethan as indicated by the appearance of a
shoulder in the infrared spectrum at 5.92 4. The analytical data
reflect the presence of the rearranged product in the sample.
The rearranged product isolated in pure form is described below.

Anal. C&lCd. for CquzClszanS: C, 4174, H, 642, N,
8.11. Found: C, 40.80; H, 6.61; N, 7.86.

N,N-Bis(2-chloroethyl )carbamoy!-L-phenylalanine Ethyl Ester
—This compound was prepared in 809 yield by an analogous
procedure from L-phenylalanine ethy! ester isocyanate® giving a
colorless oil, [a]??p -17.7 (ethanol), n?3p 1.5248.

-Anal. CalCd. for CleszclzNz()al C, 5319, H, 614, N, 775
Found: C, 52.96; H, 6.03; N, 7.42.

N,N-Bis(2-chloroethyl)carbamoyl-L-leucine Ethyl Ester.—

Following the procedure described above, 19 g. (0.087 mole) of
L-leucine ethyl ester isocyanate® on condensation with bis(2-
chloroethyl)amine gave a white semisolid product which was dis-
solved in anhydrous ether and allowed to stand for 60 hr. in the
refrigeratcr.  The product precipitated in two forms, a fine white
powder and large crystals, which were filtered and separated
mechanically, melting points 90-91° and 57-58°, recrystallized
from ether at room temperature and at acetone—Dry Ice tempera-
ture, respectively. Yields were 3 g. (12¢;) and 16 g. (709).
[@]®D 0 and —13.71°, respectively. The two had identical in-
frared spectra and were identified as the racemic form, m.p. 91°,
and the .- form, m.p. 38°.

Anal. Caled. for C3HyCLNyO; (for the racemic form): C,
47.71; H, 7.30: N, 8.36. Found: C, 47.73: H, 7.63; N, 8.82.
Found (for the .- form): C, 47.63; H, 7.36; N, 8.75.

N-[2-(2'-Chloroethylamino)ethoxycarbonylleucine Hydro-
chloride (VII).—1-Leucine benzyl ester p-toluenesulfonate
(Cyeclo Chemical) was converted to the hydrochloride and sub-
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sequently to L-leucine benzyl ester isocyanate, b.p. 115° (0.25
mm.), by the method of Goldschmidt and Wick.5 The isocyanate
was converted to N, N-bis(2-chloroethyl)carbamoyl-L-leucine
benzy! ester (VI) by condensation with bis(2-chloroethyl)amine.
The benzyl ester VI (0.39 g., 0.001 mole) was dissolved in ethanol
and hvdrogenated catalytically using 109, Pd on charcoal as a
catalyst. Rapid uptake of 1 equiv. of hydrogen resulted, after
which no further reaction was observed. The solution was
filtered to remove the catalyst, and water (1 ml.) was added to
the filtrate to complete the rearrangement. Removal of solvent
left 0.28 g. (909, ) of colorless crystals, m.p. 118-119°.

Anal. Caled. for C, H2CLN,Os: C.41.6: H. 7.0; Cl, 22.4;
N, 88. Found: C,41.5; H,7.1; C}, 22.1; N, 8.9.

Rearrangement of N,N.Bis(2-chloroethyl)carbamoyl-L-glu-
tamic Acid Diethyl Ester.—A suspension of 10 g. of N, N-bis(2-
chloroethyl)carbamoyl-L-glutamic acid diethyl ester in 50 ml. of
water was stirred for 15 hr. at room temperature, and extracted
with ether to remove any unreacted material. The ether ex-
tracts were discarded. The solvent was removed from the aque-
ous solution by distillation under reduced pressure at room tem-
perature leaving a quantitative yield of the rearranged product,
N-[2-(2‘-chloroethylamino)ethoxycarbonyl]-L-glutamic acid di-
ethyl ester hydrochloride as a colorless oil, [«]%*p —13.4, n??p
1.4929,

Anal. Caled. for C,;HCLN>Os: C, 43.19; H, 6.73; N, 7.19.;
Found: C, 43.19; H, 6.73; N, 7.30.

N[2-(2-Chloroethylamino)ethoxycarbonyl]-L-mefhionine Ethy!
Ester Hydrochloride.—This compound was obtained by the same
procedure used above from N,N-bis(2-chloroethyl)carbamoyl-
L-methionine ethyl ester. The product was a colorless oil,
[a]®D —20.1, n%p 1.5236.

Anal. -Caled. for CpH.CLN,OS: C, 39.61; H, 6.65; N,
7.71. Found: C, 39.93; H, 6.81; N, 7.80.

The Preparation of Nucleosides from Allose,

Altrose, Gulose, Talose, and Mannose'

Leo~ M. LERNER AND PavuL Konn

Department of Biological Chemaistry, University of Illinois College of Medicine, Chicago, Illinois

Received March 12, 1964

New hexopyranosyl nucleosides have been synthesized from p-mannose, p-talose, p-gulose, p-allose, and b-

altrose.

Acetythalogenosyl derivatives of these carbohydrates were coupled with chloromercuri-6-benzamido-

purine to produce 9-a-p-mannopyranosyladenine, 9-a-p-talopyranosyladenine, 9-8-p-gulopyranosyladenine,

9-B-p-allopyranosyladenine, and 9-a-p-altropyranosyladenine, respectively.

tivity against a number of microorganisms.

Many nucleosides have been synthesized in recent
years in which the sugar moiety has been altered in
some way in the hope of developing substances that
would be useful as antitumor and/or antimicrobial
agents. The basis of much of this work arose with the
discovery of a number of antibiotic substances which
have the basic nucleoside structure but which differ
primarily in the structure of the sugar moiety. Many
of the nucleoside analogs which have been synthesized
have had changes made in the carbohydrate portion of
the molecule, often consisting of the substitution of
another functional group for a hydroxyl, or the sub-
stitution of a hydrogen to forin a deoxynucleoside.
Among the hexoses, only p-glucose and p-galactose have
been extensively utilized without alteration. In one
case, D-mannose was used with adenine to prepare a
nuclegside of 8-configuration.? Nowhere in the litera-

(1) (w) Abstracted from the Ph.1), thesis of L. M. Leruer: (b) supported
in part by Grant P-161 from the Awerican Cancer Society and by Training
Grant No. GM-471 from the Division of General Medical Sciences of the
U. & Public Health Service.

The compounds exhibited no ac-

ture are there described the synthesis and the properties
of the complete list of possible aldohexopyranosyl
nucleosides in which the only difference in structure
would be in the configuration at one or more of the
hydroxyl groups. Knowledge of the chemical and bio-
logical properties of such a series of nucleosides derived
from pentose sugars is available. It was therefore
decided that nucleosides derived from the rare hexoses,
p-allose, p-gulose, p-talose, and p-altrose, be synthesized
and their properties studied. In addition, the pre-
viously unknown 9-e-pD-mannopyranosyladenine was
synthesized. Work is in progress leading to the prep-
aration of an adenine nucleoside from the more diffi-
cultly obtainable p-idose.

Except for minor variations the same synthetic
pathway was used with all of the carbohydrates. Crys-
talline p-mannose, p-talose, p-allose, and p-altrose were
acctylated with the acetic anhydride-acetic acid rea-
gent described by Montgomery and Hudson® as an

(2) B. Lytbgoe, H. Smith, and A, R, Todd, J. Chem. Soc.. 355 (1047).
(3) E.Montgomery and C. 8. Hudson, J. Am. Chem. Soc., 56, 2463 (1934).
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isomnerization reagent to form e-pentaacetates. Crys-
talline penta-O-acetylallose was obtained but appar-
ently as the g-anomer rather than the e-anomer as
cxpected. Flementary analysis and the infrared spec-
truam confirmed the identity of the product as a penta-
acetate, but the melting point and the optical rotation
were close to those veported by Lemieux and Brice# for
the g-anomer which they prepared using acetic anhy-
dride with sodiuin acetate as a catalyst. «@-p-Mannose
pentaacetate was also isolated as a pure erystalline
material, and the pentaacetates of altrose and talosc
crystallized readily but these substances, having been
previously prepared,” were used in subsequent reactiolins
without isolation and purification in order to avoid the
losses incurred by these procedures.  The pentaacetate
of p-gulose was originally prepared by Irush and
[sbell® fromt its caletum chloride salt. In the present
work gulose pentaacetate was prepared from a hard,
clear sirup of the sugar. The product did not readily
crystallize and was used as a girup.

The pentaacetates of the hexoses were converted to
tetraacetylglycosyl halides.”™ Bromides™¢ were  ini-
tially prepared from all of the pentaacetates, but when
it was found that these derivatives of p-allose and b-
altrose yielded only a trace of produet in the subsequent
coupling reaction with chloromercuri-6-benzamido-
purine, the chlorides™.4 were prepared and were found
to give improved yields. Because of their instability
the halosugars were not isolated but were used as dry
sirups immediately after they were obtained.

Condensation of the sirupy acetohalosugars with
chloromercuri-6-benzamidopurine was brought about in
refluxing xylene.®  Because this condensation was car-
ried out using ester derivatives of the carbohydrate, it
was anticipated that the nueleosides derived from v-
manhose, p-talose, and bp-altrose would have an o-
configuration, rather than the naturally occurring g-
configuration, and the nuecleosides obtained from -
gulose and p-allose would have a 3-configuration. The
directive effect of the ester group is desceribed by the
{rans rule’ which states that the incoming nueleophile
couples at C-1 trans to the acyloxy group at C-2.  Sub-
scquent investigation of the configuration of the nuecleo-
sides, as deseribed in the following, verified the predic-
tion and further confirmed the reliability of the {rans
rule.  In a recent paper,'© the preparation of 8-nueleo-
sides from benzyl derivatives of a-chloro sngars is
described, thus eliminating the divective influence of
acyloxy groups. Preparation of similar, but as yet
unknown, derivatives of n-talose and n-altrose may
make it possible to synthesize g-nucleosides from these
sugars.

(4} R. U. Lemieux and C. Brice, Can. J. Chem., 34, 1006 (1956).

5) (a) N. K. Richtwyer and C. 5. 1hwdson, J. 4m. Chemn. Soc., 63, 1727
11941); (b)Y W, W, Pigiman and H. 8. Isbell. .J. Res. Vatl. Bur. Std.. 18, 189

037).

(Lzéz)ll. L. Frush and M. 8. lsbell, ¢sd., 85, 111 (19451,

(7) (a) R. G. Hansen, W. J. Rutter, and P. Krichevsky in '‘Biochemical
Preparations,* Vol 4, W, W, Westerfield, ., Johu Wiley and Sons, Inc,,
New York, N. Y., 1035, . 1; (b) J. Davoll, Bb. Lythgoe, and A. R. Todd.
J. Chem. Soc., D67 (1948): (c¢) C. E. Redemmann and (I, Niemann in "‘Organic
synthesis,'" Coll. Vol. III, E. C. Horning, Ed., John Wiley and Sons, Inc..
New York, N, Y., 1955, p. 11: (d) B. R. Baker and R. E. Schaub, J. 4Am.
Chem. Soc., TT, 5900 (1055).

(8) J. Davoll and B. A. Lowy. 1bid., T8, 1650 (1951).

() B. R. Baker in Ciba Foundation S&yuposiam *Cheinsistry and Biology
of Purines,” (3, B, W, Wolstenhohine and €. M. O'Connor, Lid., Little, Brown
and Co.. Boston, Mass., 1057, p. 120,

(107 (. R. 1. Glaodemans snd 11 G Fleteber, Jr., J. Ocg. Choens.,, 28, 3001
[SLITIIN
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Methanolie sodiumn methoxide was used to rewove
the blocking acyl groups fromi the crude prodiets
obtained after condensation of the halosugar with the
adenine derivative.  The nucleosides produced were
extracted mto water from which the final products frou
mannose, allose, and talose were obtained.  In order to
obtain the nucleosides of gulose and altrose, however, it
was iiecessary to prepare the picrate salts and regener-
ate the nucleosides from them.”

Determination of the structure at thie anomeric car-
bon atom of the carbohydrates was carried out by
studies of the optical rotation following oxidation with
periodate? and reduction with sodium borohydride.*
0-g-v-Mannopyranosyladentne (I),'* the structure of
which had been unequivocably established,? was used
as a reference compound. When treated with perio-
date, e-(adenine-9)-a'-hydroxymethyldiglyveollic  dial-
dehyde (IT) was formed.

CH,0H CH,OH CH.OH
0 Ad. o- Q Ad. NBH. O Ad.
OH HO/ ~— CHO ~ CHOH y
HO i /
: CHO CH,0H
Il 11

This substance has two asynetric carbon atows and is
expected to be formed from all p-aldohexopyranosyl-
adenine nucleosides with a 3-configwation. Nuelco-
sides with an a-configuration would yield a diastereoiso-
mer having a different rotation. Reduction of the
dialdehyde vields a trialeohol, 2-0-[1-(9-adenyl)-2-
(hydroxy)ethyl|glyeerol (ITI), having only onc asyvin-
metrie carbon atoin at the position which was originally
the anowmerie carbon aton of the carbohydrate,  There-
fore, after periodate oxidation and reduction, anomeric
nueleosides will yield compounds having optical rota-
tions of equal value but of opposite sign.

Table I shows the results of the studies of the optical

Tapie 1
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la )y afrer la b after

10~ N Bl
vl?a\'ag(-‘[‘ rednegon,’
Nocleosile deg. Jdee,

9-g-n-Mannopyranosyladenine’ =19
9-g-v-Allopyranosyladenine —20
9--n-Gulopyranosyladenine —13 + 07
O-a-p-Mannopyranosyladenine —1 ~ 58X
O-a-p-Talopyranosyladenine -1 -~ D4
U-a-p-Altropyranosyladenine —4 -07

» Reference compound, see footnotes 2 and 13. * Based on the
drv weight of the dialdehyde product. - Based on the dry
weight of the trialeohol product.

rotations of tlie nucleosides treated in this manncr.
Based on these results, as compared with the results
obtained from the refercnce compound, the anomeric
configuration of the nucleosides were assigned as shown.
These results further verify the trans-directive effect of
the C-2 acyloxy group.

Biological Studies.—Preliminary screening studies of

(1) 13 R. Baker and K. Hewson, ibid., 28, 950 (1957,

(12) R. = Wright, G, AL, Tener, and 11, G. Khorana, J. 1. Chom, Sov.,
80. 2004 (1058).

(13) The awathors sre indebed to Lord Todd for his generoas gif ¢ uf this
substance.
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these nucleosides were carried out by the standard plate
assay procedure.!* In the presence of up to 100y of
material, no activity was evidenced toward either a
number of bacteria (Bacillus subtilis, Mycobacterium
avium, Staphylococcus aureus, Streptococcus fecalis,
Klebstella pneumoniae, Proteus wvulgaris, Escherichia
coli, and Pseudomonas aeruginosa), a number of fungi
(Candida albicans, Kloeckera brevis, Trichophyton menta-
grophytes, Penicillivin oxalicum, Fusarium, Helmintho-
sportum, and Nocardia asteroides), protozoa, parasites,
and algae (Ochromonas malhamensis, Chlorella vulgaris,
Tetrahymena pyriformas, Crithidia fasciculata), or toward
bacteriophage of E. coli and S. aureus.

Experimental ©®

Melting points were obtained on a Kofler micro hot stage and
correspond to corrected values. Infrared spectra were measured
on a Perkin-Elmer Infracord spectrophotometer and ultraviolet
spectra on a Beckman Model DU. Optical rotations were deter-
mined in 100-mm. semimicro tubes using a Rudolph polarimeter,
Model 70. Paper chromatograms of nucleosides were developed
with 39, aqueous disodium hydrogen phosphate!® (solvent 1)
without the organic phase, and 1-butanol-water (86:14 v./v.)7
(solvent 2) by a descending technique on Whatman No. 1 paper.
Spots were located with a Mineralight lamp which produced ultra-
violet radiation at 254 mu.

p-Allose, p-altrose, p-gulose, and p-talose were prepared from
the corresponding lactones by reduction with sodium amalgam in
an acid medium as described by Frush and Isbell.’®* p-Allono-y-
lactone was prepared by the method of Pratt and Richtmyer!®
and the calcium altronate obtained from this procedure was used
to prepare Dp-altrono-y-lactone.® p-Talono-y-lactone was pre-
pared as described by Cretcher and Renfrew?! and p-gulono-v-
lactone was purchased from Pfanstiehl Laboratories. The
acetylation reagent® used was prepared by mixing acetic anhy-
dride (137.1 ml.) and glacial acetic acid (58.5 ml.) at —17°,
Concentrated sulfuric acid (4.56 ml.) was added as a catalyst.

a-D-Mannopyranose Pentaacetate.—From p-mannose (10 g.,
55.6 mmoles) the pentaacetate was prepared by previously de-
scribed methods.®22 There was obtained a yield of 152 g.
(70¢), m.p. 60-61°, [a]®D +35.0° (¢ 4.0, CHClL) (lit.22 m.p.
64°, [a]®D +53.4°).

9-a-p-Mannopyranosyladenine.—ea-p-Mannose pentaacetate
(10 g., 25.6 mmoles) was converted to tetra-O-acetyl-p-manno-
pyranosyl bromide by modifications of earlier methods™e¢ in-
volving principally the use of acetic anhydride in place of glacial
acetic acid. Evaporation of the solvent from the final ether ex-
tract yielded 4.7 g. of the sirupy glycosyl halide which was used
to prepare 6-benzamido-9-(2,3,4,6-tetra-O-acetyl-e-p-manno-
pyranosyl)purine by the method of Davoll and Lowy,? obtained
as a yellow glass weighing 8.2 g.  This material was dissolved in
120 ml. of hot absolute methanol, 7 ml. of 1 ¥ methanolic sodium
niethoxide was added, and the mixture was refluxed for 1 hr.  The
reaction mixture was neutralized with glacial acetic acid, the
solvents were removed by evaporation, and the residue obtained
was partitioned between 100 ml. each of water and chloroform.
The chloroform layer was further extracted 3 times with 50-ml.
portions of water and the aqueous extracts were combined and
concentrated under reduced pressure at 60°.  During this process
the product crystallized. The flask was chilled and the product

(14) (a) G. E. Foley. G. W, Kidder, V. C. Dewey, and P. 8, Thayer, Ann.
N. Y. Acad. Sci., 76, 413 (1958); (b) 8. H. Hutner, H. A. Nathan, 8. Aaron-
son, H. Baker, and 8. Scher, ibid.. 76, 457 (1958).

(15) Elementary analyses were determined at the Spang Microanalytical
Laboratory, Ann Arbor, Mich., or at Midwest Microlab, Inc., Indianapolis,
Ind.

(16) C. E. Carter, J, Am. Chem. Soc.. T2, 1466 (1950).

(17) R. Markham and J. D. Smith, Biochem. J.. 48, 294 (1949).

(18) H. L. Frush and H. 8. Isbell, J. Res. Natl. Bur. Std., 84, 267 (1955).

(19) J. W. Pratt and N. K. Richtinyer, J. Am. Chem. Soc., TT, 1906
(1955).

(20) C. W. Austin and I, L. Humoller, ibid., 6, 1153 (1934).

(21) L. H. Cretcher and A. G. Renfrew, ilid., 54, 1590 (1932).

(22) C.8.Hudsonand J, K. Dale. ibid.. 37, 1280 (1915).
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removed by filtration and recrystallized from water to afford 2.09
g. (629, yield from the bromide) of beautiful plates, m.p. 146-
148°. This material was recrystallized two more times from
water to yield 1.61 g. of product, m.p. 147-149°, [a]%p +73.5°
(e 1.02, 1 N HCl!), Paper chromatograms showed R.q 1.58 in
solvent 1 and 0.18 in solvent 2; ultraviolet and infrared spectra:
Amie 260 mu (e 14,600); Aiar (u) 2.9 (NH, OH), 6.05, 6.2, 6.3,
6.7 (NH and purine ring), 9.0, 9.2, 9.35, and 9.54 (C-0-C,

C-0O-H).

Anal. Calcd. for C11H15N505-H20: C, 4190: H, 543, N,
22.21; H,0, 5.71. Found: C, 41.76; H, 5.43; N, 22.04; H:O,
5.56.

p-Talopyranose Pentaacetate.—p-Talose (2.99 g., 16.6 mmoles)
was converted to the pentaacetate.322 Traces of acetic acid were
removed by adding and distilling toluene three times, leaving a
sirup which crystallized readily. The product, however, was
used without isolation.

9-a-p-Talopyranosyladenine.—From the pentaacetate of talose
the tetraacety! bromide was prepared as described,™e¢ yielding
7.1 g. of a hard sirup which was coupled with chloromercuri-6-
benzamidopurine (8 g., 17 mmoles).?! Following the procedure
described for the preparation of mannopyranosyladenine, there
was obtained, after recrystallization, 0.47 g. (10%) of white
needles in two crops, m.p. 251-252°, [a]?p +91.3° (¢ 3.00,1 N
HCL); Ra.q 1.55 in solvent 1, 0.18 in solvent 2; ultraviolet and in-
frared spectra: AR 259 mpu (e 15,200); AEPT (u) 2.83, 2.95
(OH, NH), 6.05, 6.2, 6.3, 6.7 (NH and purine ring), 9.0-9.3, and
9.45-9.70 (C-0-C, C-O-H).

Anal. Caled. for CUHL;N;',O,;: C, 4445,' H, 509, N, 23.56.
Found: C, 44.68; H, 5.20; N, 23.47.

p-Gulopyranose Pentaacetate.—To a hard, clear, colorless
sirup of p-gulose (7 g., 38.8 mmoles) was added 150 ml. of ice-cold
acetic anhydride and the sirup was triturated with a glass rod
while 4.0 ml. of cold concentrated sulfuric acid was added drop-
wise. After 45 min. the sirup had dissolved. The flask was
kept at room temperature for 3 days, poured onto ice chips, and
the product was extracted 4 times with chloroform after stirring
for 20 min. The chloroform extracts were combined, washed
three times with saturated sodium bicarbonate solution, three
times with water, and dried over sodium sulfate. Evaporation
of the solvent left a sirup to which toluene was added and re-
moved three times in vacwo to remove traces of acetic acid. A
hard sirup was obtained which was used as the starting material
for the next step.

9-8-p-Gulopyranosyladenine. —From the pentaacetate of
gulose, tetraacetylgulopyranosyl bromide was prepared’c and
condensed with chloromercuri-6-benzamidopurine.® An aqueous
extract, obtained from a chloroform solution of the product after
treatment with methanolic sodium methoxide to remove blocking
groups, was concentrated to a sirup weighing 6.7 g. The sirup
was dissolved in 40 ml. of absolute methanol and 90 ml. of 109,
methanolic picric acid was added.!! The flask was immersed in
an ice bath for 3.5 hr., the product was removed by filtration, and
washed with cold methanol and cold water. Recrystallization
from water yielded 4.1 g. (269) of the picrate. This compound
softened at 206°, and melted slowly with decomposition up to
226°, [a]?p —5° (¢ 4.24, dimethylformamide).

Anal. Caled. for CiiHisNsOn: C, 38.79; H, 3.45; N, 21.29.
Found: C, 38.29; H, 4.22; N, 20.56.

From the picrate, 9-8-p-gulopyranosyladenine was prepared,’}
which, after recrystallizing twice from water, weighed 1.19 g.
(17%), m.p. 212-213°, [«]**p —15.2° (¢ 3.03, 1 N HCl); paper
chromatography: R,q 1.61 in solvent 1, and 0.28 in solvent 2;
ultraviolet and infrared spectra: A2 259 mu (e 14,800); X2 (u)
2.9 (OH, NH), 6.05, 6.24, 6.36, 6.74 (NH and purine ring), 9.2—
9.55 (C-0-C, C-0O-H).

Anal.  Caled. for CiHi:N;0;5: C, 44.45; H, 5.09;
Found: C, 44.50; H, 5.16; N, 23.42.

B-p-Allopyranose Pentaacetate.—p-Allose (5.5 g., 30.6 mmoles)
was acetylated as described.®?? The product was crystallized
from ethyl ether after petroleum ether had been added and the
solution coaled to give 5.4 g. (459) of product, m.p. 93-93.5°,
[a]®p —13.7° (¢ 5.12, CHCl).

Anal. Caled. for CisHs011: C, 49.23; H, 5.68.
49.27; H, 5.74.

This material appears to be the same product obtained by
Lemieux and Brice* by a base-catalyzed acetylation [lit.* m.p.
07-100°, [@lp —14.6° (¢ 1.5, CHCl3)].

9-8-p-Allopyranosyladenine.—Tetraacetylallopyranosy! chlo-
ride was prepared from the pentaacetate™d and immediately

N, 23.56.

Found: C,
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condensed with chloromercuri-6-benzamidopurine s  After re-
movil of the blocking groups with methanolic sodium methoxide
and neutralization with glacial acetic acid the product ervstallized.
Additional product was obtained by concentration of the mother
liquor to a sirup which was triturated with water.  "The combined
material was recrystallized three tinies from witer 1o give 820 mg.
(209 from B-v-allose pentaacetate) of product. This material
dz2composed between 273-315° la)*n —X.0° (¢ 525, 1 N HCL.
Paper chromatography with solvent | gave an [7, 1.66 and 0.13
in solvent 2; ultraviolet and infrared spectra: A& 238 ma (e
14,700); ASM (u) 2.9 (OH, NH), 6.05, 6.25, 6.3, 6.7 (NH and
purine ring), 9.0, 9.15, 9.33, 9.55 (C-0-C, C~-O-H1.

Anal. Caled. for CH)2N:0;:0.5H.O: C, 43.13;
N, 2287 H.O, 294, Fomd: ¢, 43.14; H, 5.12;
H.O), 2.586.

v-Altropyranose Pentaacetate.-—n-Alurose (7.67 g, 420
mnioles) was acetylated as described.32* A thick sirup (16.0 g.)
wis obtained which erystallized easily but the prodnet was not
isolated.

9-a-n-Altropyranesyladenine. — Tetraacetylaltropyranosyt

chloride was prepared from the pentaacetate™d und condensed
with chloromercuri-6-benzaniidopurine.®  Following removal of
the blocking groups with miethanolic sodium methoxide, the
picrate was prepared.”  After recrystallization from water 7 g.
(429¢) of the picrate was ohwined as tiny needles which
decomposed between 182-270°, [a]'np +9° ;¢ 13.40, dimethyl-
formamide).

Synthetic Schistosomicides.
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Anal. Caled. for CH NGO O 38790 HL 3045 N, 2120,
Found (7, 37.94: H, 3.48: N, 23.21

U-c-v-Ahropyranosyladenine was regenerated from the pie-
rate” and ervstallization oceurred on concentration of the ngue-
ang solition.  After reervstallizing twice from water L3S g
(1A o product was obtained, m.p. 156-15%8°) la]*n +4-22.07
te 3.0, FN HCL: R 165 insolvent 1 and 014 in solvent 2t
nhravioler and infrared specira: A}f{j’f 250 mu e 16,0000 AT
2.0 COH, NHu 6.1, 6.5, 6.7 (NH and purine ring), and 9.0-9.35
(Ca0-C, CO-H L

Anal. Caled. for C)H ;N0 O 4449
Found: ¢, 44.25; H. 512 N, 25.52.

Polarimetric Studies.—A solution of 16-20 mg. ol each nueleo-
side in 1 ml of hot water was prepared, cooled to room tempera-
tre, and 0.65 mb of 0.25 M sodium nietaperiodate was added.
The voliune was adjusted ro 2 ml and the sohition was permitied
ta stand in the dark for 40 4% hr. until a constant optieal votation
wag reached. The solmion was treated with 89 mg. of sodimn
horohvdride and, after 0.5 hr., 1T b ol 10 acetie acid solution
was very carefully added.  After the huabbling hid ceased wnd
the solution had reached room temperntire, the speciiic rotn-
tion wus again determined.  The results of these determinations
are shown in Table 1 in which 9-8-p-mannopyranosyladenine was
used as the reference componud.

Polarimerric sindies of the periodate oxidution produet derived
from  9-g-p-mannopyrancsyladenine have heen reported (it
“a]Vn —20.5%1as have the oxidation and reduetion produets of
adenosine (' Jaf*n 46621 and O-e-p-ribofnranosylidenine
(s ad®n —6h°
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Varions $-substitnted 1-(dialkylaminoaltkylminomgphthalene compounds have heen prepared as poteotial

antischistosome agents.
following scheme.

4-[i2-Diethylaminoethyhaminol-T-nuphthol XTIV wag synthesized aceording to the
Treatient of 2,2 2-trifluoro-N-(4-hydroxy-T-naphthyliaretamide (X) with dibydropyran

gave 2,2,2-trifluoro-N-{ 4-{{tetraliydropyran-2-yhoxy - l-naphthyl {acetamide ¢ XT3, which upon alkaline hydroly-

sis afforded 4-[(tetrahydropyran-2-yHoxy]-t-naphthiviunine (NIT),

Alkylation of XII with 2-chlorotriethyl-

aniine gave N,N-diethyl-N'-f4-[(tetrahydropyran-2-yljoxy]-1-naphithyllethvienediamine (NIIT), which was

convelted into NIV with acid.

Two N-(dialkylaminoalkyDnapthionic acids (XVa and b) were prepared from

I-naphthol-4-sulfonic acid and the appropriate dialkylaniinoalkylamine. N,N-Diethyl-N‘-(4-chloro, 4-methoxy-,
4-methylthio-, and 4-phenylthio-I-naphthyllethylenediamine (XVIa=d) werce synthesized by alkylation of the

appropriate 4-snbstituted I-naphthylamine with 2-chlorotriethylamine.

Varions N, N-dialkyl-N'-(4-nitro-1-

naphthybDalkylenediamines (NVIIa~d) were obtained by the condensation of I-chloro-4-nitronaphthalene with

the requisite dialkylaminoaltkylamine. Treatment

of N, N-diethyl-N'-(4-nitro-1-naphthyDethylenediamine

(NVIIa) with methyl iodide and benzyl chloride gave the corresponding quuaternary sults XNVIIIa and b.

1,4-Naphthoquinones inhibit the glyeolysis of adult
Schistosoma mansont in vitre at low concentrations.2?
A similar mode of action has been postulated for the
1-amino-4-naphthylazo schistosomicides (Ia and b),1 4%
which can exist in quinoid form (IVa and b), and for
various potential metabolites thercof (Chart 1).!

The initial step of one likely metabolic pathway
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involves reduction to the corresponding  1.4-naph-
thalencdiamines (Ila and b).! Indeed. certain N-
(dialkylaminoalkyl)-1,4-naphthalenediamines (I1b) are
more active against schistosomes and less toxic for
mice  than the N, N-dialkyl-N’-(4-phenylazo-1-naph-
thyhalkylencdianines from which they are derived.!
However, the @4-naphthalenediamines are very sus-
ceptible to oxidation and are unstable both in acidic
and in basic media.  Although the decomposition
products of the naphthalenediamines have not yet
been isolated and characterized, it is likely that oxi-
dation products such as the N'-(1,4-dihydro-4-imino-1-
naphthylidene)-N ., N-dialkylalkylenediamines (J1Ih) arc
formed initially. Subsequent hydrolysis would lead
to N-{(dialkylamino)alkyl -1, 4-naphthoquinone imines
(VILY or bb-naphthoquinone nmine (Via), and nlti-
mately to 14-naphthoquinone (I1X).  Sunilarly. oxi-
itation of 1,4-naphthalenediamine (1a)? would afford



