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1-(3-Deoxy-3-glycylamido-g-p-glucopyranosyljuracil (5a), as well as the 3’-sarcosylamido (5b), L-alanylamido
(5¢), and p-phenylalanylamido (5d) analogs, was prepared in a four-step synthesis from 1-(3-amino-3-deoxy-g-p-~

glucopyranosyl)uracil (1).

The syntheses involved the coupling of the per-O-acetylated derivative (2) of nucleo-

side (1) with N-carbobenzoxy derivatives of the corresponding amino acids to form 3. Selective removal of the
acetyl functions followed by catalytic removal of the carbobenzoxy groups yielded the aminoacyl nucleosides
(5). A facile synthesis of a mixture of 1-(3-deoxy-3-nitro-8-p-hexopyranosyl)cytosine hydrochlorides (11) from
cytidine was achieved by the metaperiodate-nitromethane procedure. Reduction of 11 gave the known 1-(3-

amino-3-deoxy-B-p-glucopyranosyl)cytosine (12) as well as the manno isomer (13).
isomer was proved by chemical degradative procedures.
N*-benzoyleytosine (19) was prepared from Nbenzoylcytidine.

from 12 were not successful.

Several cytosine nucleoside antibiotics have been
discovered which contain 4-amino-4-deoxy-p-hexopy-
ranosyl moieties and amino acid or dipeptide residues.?
In two of these antibioties, blasticidin S and gougerotin,
the 4’-amino group bears the amino acid or dipeptide
in acyl linkage. As part of a long-range program to-
ward the synthesis and biological evaluation of analogs
of blasticidin S and gougerotin, we report herein
studies on the preparation of e-aminoacyl derivatives
linked to the 3’-amino group of 1-(3-amino-3-deoxy-g3-
p-glucopyranosyl)pyrimidines.

The easily accessible 1-(3-amino-3-deoxy-g-p-gluco-
pyranosyljuracil* (1, Figure 1) was used in model
studies to determine the most effective method of pre-
paring a nucleoside containing a ‘“‘glycopeptide” link-
age. The mixed anhydrides of the amino acids used
(e.g., of N-carbobenzoxyglycine, CboNHCH,C(=0)0O-
C(=0)0OCH;) were prepared in situ by standard proce-
dures.®6 Attempts to condense the mixed anhydride
of N-carbobenzoxyglycine with 1 in 759, aqueous’
N,N-dimethylformamide (DMF) led to a mixture of
products along with unreacted starting material as the
major component. This was unexpected since Baker,
et al.? succeeded by this procedure in synthesizing a
number of a-aminoacyl derivatives of the aminonucleo-
side derived from the antibiotic, puromyein.

The syntheses of compounds containing a glycopeptide
linkage between a glycosyl amine and amino acid
derivatives have been reported.®—!* In all of these
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Figure 1

examples, 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-8-p-
glucopyranosylamine, rather than the unblocked sugar,
was used asg the starting material. It was deemed
advisable therefore to use suitably protected nucleo-
sides for these condensation reactions. 1-(3-Amino-3-
deoxytri-O-acetyl-8-p-glucopyranosyl)uracil hydrochlo-
ride (2)* was condensed with N-carbobenzoxy deriva-
tives of sarcosine, glycine, L-alanine, and p-phenyl-
alanine via the mixed anhydride method in anh ydrous
chloroform using either methyl or ethyl chloroformate.
Whereas ethyl chloroformate had been recommended
over the corresponding methyl ester as a reagent afford-
ing higher yields,® better yields were obtained when the
methyl ester was used. In the syntheses of the glycine
and L-alanine nucleosides (3a,¢) the reaction mixture
contained another ultraviolet absorbing component
when ethyl chloroformate was used. Compounds
3a—-d were obtained in crystalline form by trituration of
the residue, following evaporation of the solvent, with

(12) H, Tsukamoto, A. Yamamoto, and C. Miyashita, Biochem. Biophys.
Res. Commun., 18, 151 (1964).

(13) A. Yamamoto, C. Miyashita, and H. Tsukamoto, Chem. Pharm.
Bull. (Tokyo), 18, 1036, 1041 (1965).

(14) C. H. Bolton, L. Hough, and M. Y. Khan, Biochem. J., 101, 184
(1966).
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cyclohexane-chloroform (or ethanol). The L-alanine
derivative (3c) obtained contained ecyclohexane of
crystallization. The presence of the solvent and its
molar quantity reported in the analysis of 3¢ was con-
firmed by nmr. Attempts to remove the solvent com-
pletely led to decomposition of the nucleoside. It is
interesting to note that when this same reaction (2 — 3)
was run using the unprotected 3’-amino-3’-deoxy-
glucopyranosyluracil (1), the reaction did not proceed
smoothly and pure product could not be isolated.

Desacetylation of monosaccharide acetates may be
performed by either acid® or base'® catalysis. Treat-
ment of the nucleoside 3a with alecoholic hydrogen
chloride led to the incomplete removal of the acetate
groups and refluxing the reaction solution led to some
cleavage of the peptide bond. The Zemplen method!6
of base catalysis had proved suitable for the complete
removal of acetate groups without affecting the carbo-
benzoxy groups of amino acid derivatives. Since a
large quantity of base may cause side reactions with the
carbobenzoxy groups,*®® complete removal of all the
blocking groups by alkaline saponification was avoided.
All four nucleosides of 3 were deacetylated in anhydrous
methanol using a trace of lithium hydroxide. The
lithium was removed by Dowex 50 (H+) resin and a
crystalline compound 4d was obtained in the case of the
D-phenylalanine derivative and amorphous compounds
4a—c in the case of the other aminoacyl nucleosides.

The two most widely used methods for removing
carbobenzoxy groups are by catalytic hydrogenation,
usually over palladium on charcoal,”>*® and by hydro-
gen bromide in glacial acetic acid.'** TUse of the
latter method on 4a led to rapid evolution of gas and the
formation of a highly colored solution. Difficulties
were encountered in the attempted isolation of product.
It should also be noted that anhydrous hydrogen halides
in glacial acetic acid are known to form poly-O-acy-
lated glycosyl halides from free sugars.? The carbo-
benzoxy group was removed without difficulty by sub-
jecting the deacetylated nucleosides of 4 to hydro-
genolysis over 109, palladium on charcoal. All the
aminoacyl aminonucleosides, 5a~d were obtained as
amorphous solids which did not crystallize. All these
compounds exhibited only one spot on silica gel thin
layer chromatography. To prove that acyl migration
did not occur during the conversions of 2 — 5, the final
product 5a was treated with sodium metaperiodate.
Compound 5a was inert toward this oxidant, consistent
with the structure shown in Figure 1.

Prior to testing the applicability of the above reac-
tions to the corresponding cytosine analog (12, Figure
2) it was desired to find a more facile synthesis for this
compound. A multistep synthesis of 12 from 1 had
been reported.* A more direct synthesis of 12 was
achieved from ecytidine. Cytidine (6) was oxidized
with sodium metaperiodate to its dialdehyde 7, which

(15) J. Stanek and J. Cerna, Tetrahedron Letters, 35 (1963).

(16) (a) G. Zemplen and A. Kunz, Ber., 86, 1705 (1923); G. Zemplen,
ibid., 59, 1258 (1926); G. Zemplen, A. Gerecs, and I. Hadacsy, tbid., 69, 1827
(1936). (b) J. A. Maclaren, Australian J. Chem., 11, 360 (1958).

(17) D. Ben-Ishai, J. Org. Chem., 19, 62 (1954).

(18) 8. G, Waley and J, Watson, J. Chem. Soc., 475 (1953).

(19) D. Ben-Ishai and A. Berger, J. Biol. Chem., 17, 1564 (1952). R. A.
Boissonnas, 8. Guttmann, P. A. Jaquenoud, and J. P. Waller, Helv. Chim.
Acta, 38, 1491 (1955).
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was condensed with nitromethane in aqueous alkaline
medium. The solution (containing 8) was deionized
and neutralized with an acid resin. However, the
product could not be isolated as the free nucleosides
9 and 10 without the occurrence of extensive decom-~
position. The mixture of 3’-nitro nucleoside hydro-
chlorides, 11, was isolated upon the addition of hydro-
chloric acid followed by removal of solvent and tritura-
tion of the erude material with acetone-methanol to a
crystalline compound. Raney nickel hydrogenations
of the free nucleoside or of its hydrochloride salts yielded
two compounds. The major component?! was shown
to be 1-(3-amino-3-deoxy-B-p-glucopyranosyl)cytosine
(12) identical with an authentic sample prepared by an
independent route.* The second component, which
was present in only 1/, of the amount of the gluco
isomer, was shown to be the manno isomer 13. Ion
exchange chromatography of the mixture of nucleosides
separated the two components.

Proof of the structure of 13 was obtained by acetyla-
tion of 13 (Figure 2) with acetic anhydride in pyridine to
give a sirup 14 in quantitative yield. The nmr spec-
trum of 14 in DMSO-ds showed a signal for the anomeric
proton at r =¢ 3.8 with Jg,~—p, =2 cps indicative of an
axial-equatorial arrangement (manno configuration)
for these protons. Partial deacetylation of 14 gave
the crystalline N-acetyl derivative 15. Nucleoside 13
was hydrogenated over platinum oxide?? to the hexa-
hydro derivative 16 which was isolated as a syrup.
Treatment of 16 with methanolic hydrogen chloride
afforded 17 which was not isolated. Acetylation of 17
gave crystalline methyl 3-acetamido-3-deoxy-tri-O-
acetyl-a-D-mannopyranoside (18), identical with re-
gard to melting point, mixture melting point, and in-
frared spectrum with an authentic sample.??

Asmentioned above, isolation of free nitro nucleosides
9 and 10 was not possible owing, presumably, to some
interaction between the nitro group of the sugar moiety
and the heterocyclic base. Therefore, as an alternate
route to 12, N4.acylated derivatives of cytidine were
examined in the dialdehyde-nitromethane reaction.
N*-Acetyleytidine** was found to be too unstable in
alkaline medium to be of value as starting material.
N4Benzoyleytidine?** proved to have much greater
stability under these conditions. Oxidation of this
nucleoside with metaperiodate followed by condensation
with nitromethane gave the crystalline 3’-nitro nu-
cleoside (19) in 259, yield which was a single compo-
nent as indicated by thin layer chromatography. Hy-
drogenation of 19 over Raney nickel followed by chro-
matographic examination of the reaction mixture
showed that several products had formed, one of which
was the gluco isomer (12), indicating that some diben-
zoylation had occurred. The mixture, which was not
readily separable, was subjected to debenzoylation
with methanolic ammonia. The major product formed
was the gluco isomer (12) along with numerous minor
components.

(21) We have since been advised of a communication (K. 8. Takei and
Y. Kuwada, abstract of Annual Meeting of the Pharmaceutical Society of
Japan, Oct 1966) which deals with this reaction. According to their abstract
only the gluco isomer was reported from this reaction.

(22) H. Iwasaki, Yakugaku Zasshi, 83, 1368 (1962).

(23) J. Beranek, H, A, Friedman, K. A. Watanabe, and J. J. Fox, J.
Heterocyclic Chem., 3, 188 (1965).

(24) K. A. Watanabe and J. J. Fox, Angew. Chem. Intern. Ed. Engl., B,
579 (1966).



DEceEMBER 1967 AMINOACYL DERIVATIVES OF AMINO SUGAR NUCLEOSIDES 3777
NH, NH, NH,
N - N s N/
| NaIOg4 | CH3NO, |
HOCHz HOCHz 2-0
HO
HO OH OHC CHO NCjNa* "OH
® Q)
@
resin
— _
NH, HCI NH, NH,
P Y. '@
HOCH, O "N HocH, O N HOCH, 9N
0 0 o}
NO, NO, HO NO,
HO H HO
OH OH
L -
@) ®
[H] ] RaNi
NHAc NH, NH,
2 - N d
1 ) a0 1] 1
AcOCH, 0N pyridine HOCH, 07N HOCH, 9N
o o} o}
NACc AcQ, H, H NH
AcO HO \ml H
OH
® ®)
l::?m [H)lproz l
NH, B NHR'
NZ HN N7
| :ﬁt '
O™N O"°N N
HOCH HOCH HOCH
2 0 2 0 2 0
Ac NH, H NHR
H by HO e H
OH
@ @ R,R'= Cbo-glycy!
— l - @ R = Cbo-glycyl, R' = K
MeOH
HCI
HNCOCeHs B ]
N/
8
HOCH, O "N HOCH, AcOCH,
/+-—-O 0 Ac,0 CAC8
NO. NH* HO OCH3 pyeidine NA
H 2 HO N ! Ac OCH,§
OH
@

Figure 2

An attempt to convert the gluco nucleoside 12 to its
per-O-acetylated derivative led to the formation of an
intractable hygroscopic product(s) which was unsuit-
able for further aminoacylation reactions. It was
necessary, therefore, to attempt acylation of the amino
group of 12 directly with a suitable amino acid deriva-
tive. The procedure of Baker, et al.,® was applied to

the reaction of 12 with the mixed anhydride of N-car-
bobenzoxyglycine in 759, aqueous DMF.” Ultra~
violet absorption spectroscopic examination of the
reaction mixture indicated that no acylation occurred
at the N* position (absence of selective absorption at
~305 mp). Thin layer chromatographic examination
of the mixture showed the presence of two components,
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one of which was starting material 12. Attempts to
separate these by ion-exchange chromatography were
not successful. Attempts to apply the N,N’-dicyclo-
hexylearbodiimide method® afforded difficulties in the
removal of the N,N'-dicyclohexylurea formed and gave
a mixture which contained an N*-acylated nucleoside
(presumably 20). N*acylation of 12 also oceurred
when the activated ester procedure?® (using the p-
nitrophenyl ester of N-carbobenzoxyglycine) was used.
The p-nitrophenol generated in the reaction was re-
moved by column chromatography with Dowex-1
(acetate) and the peptide linkage on the exocyclic
amine was cleaved with dilute alkali. Separation of
the product from starting material by ion-exchange
chromatography gave an amorphous solid (presumably
21) which exhibited one spot on paper electrophoresis
(borate buffer, pH 9.2). Hydrogenolysis of 21 over
109, palladium on charcoal caused, unexpectedly, the
reduction of the aglycon as evidenced by the loss of
selective absorption in the ultraviolet spectrum. At-
tempts to circumvent this reduction by the use of hy-
drogen bromide-glacial acetic acid gave a low yield of a
colored intractable mixture. It is evident that alter-
nate procedures will be necessary for the synthesis of the
cytosine analogs of 5.

Experimental Section?

1-(3-N-Carbobenzoxysarcosylamido-3-deoxy-tri-O-acetyl-3-p-
glucopyranosyl)uracil (3b).—1-(3-Amino-3-deoxy-tri-O-acetyl-3-
p-glucopyranosyl)uracil hydrochloride (2)¢ (1.2 g, 2.9 mmoles)
was added to 7 ml of dry chloroform. Solution took place upon
the addition of 0.81 ml (5.8 mmoles) of triethylamine. A second
solution was prepared containing N-carbobenzoxysarcosine®
(0.65 g, 2.9 mmoles), triethylamine (0.41 ml, 2.9 mmoles),
and chloroform (8 ml). Both solutions were cooled to 0° in an
ice bath. Ethyl chloroformate (0.23 ml, 2.9 mmoles) was added
to the second solution and the mixture was stirred for 20 min at
0°. The solution containing the nucleoside was added to the
mixed anhydride and the mixture was stirred for an additional
15 min at 0° and then at room temperature overnight. The
solution was extracted with 0.2 N hydrochloric acid, followed
by a saturated solution of sodium bicarbonate and finally with
water containing a few crystals of sodium chloride (to prevent
emulsion formation). The chloroform layer was dried over
anhydrous magnesium sulfate. The solvent was evaporated
in vacuo and cyclohexane was added to the residue along with a
few milliliters of chloroform. The ratio of cyclohexane to chloro-
form was no less than 10:1. The mixture was boiled on a water
bath for ~10 min. This procedure changed the gummy residue
into a crystalline compound: yield 1.1 g (63%); mp 120-125°
(effervescent), Recrystallization of this substance was attempted
without success. Silica gel thin layer chromatography (chloro-
form-methanol, 5:1) showed one spot along with a slight trace of
impurity.
Anal, Caled for Cz7H32N4012: C, 53.64, H, 5.34; N, 9.27.
Found: C, 54.02; H, 5.55; N, 9.18.
1-(3-N-Carbobenzoxy-p-phenylalanylamido-3-deoxytri-O-ace-
tyl-3-p-glucopyranosyl)uracil (3d).—Compound 2 (0.84 g, 2.0
mmoles) was added to 7 ml of dry chloroform. Solution took
place upon the addition of 0.56 ml (4 mmole) of triethylamine.
A second solution was prepared containing N-carbobenzoxy-p-
phenylalanine® (0.60 g, 2.0 mmole) and chloroform (8 ml).
Both solutions were cooled in an ice bath. Ethyl chloroformate
(0.16 ml, 2.0 mmole) was added to the latter solution and the
mixture was stirred for 20 min in an ice bath. The solution con-
taining the nucleoside was added and the mixture was stirred for
an additional 15 min at 0° and then overnight at room tempera-

(25) J. C. Sheeban and G. P. Hess, J. Am. Chem, Soc., 77, 1087 (1955).

(26) R. Schwyzer, B. Iselin, and M. Feurer, Helv. Chim. Acta, 88, 69,
83 (1955).

(27) Analyses were performed by Galbraith Laboratories, Inc., Knoxville,
Tenn., and Spang Microanalytical Laboratories, Ann Arbor, Mich.

(28) Cyclo Chemical Corp. Purity was “‘grade I1.”
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ture. The chloroform solution was extracted with 0.2 N hydro-
chloric acid, followed by a saturated solution of sodium bicarbo-
nate and finally with water containing a few crystals of sodium
chloride. The chloroform layer was dried over anhydrous
magnesium sulfate. After removal of solvent, the residue was
triturated with boiling cyclohexane-ethanol (in ratio of no less
than 10:1) to yield 650 mg (489%) of crystals, mp 246-247°.
Silica gel thin layer chromatography (chloroform-methanol
5:1) indicated only one spot.

Anal. Caled for Cy3HaeN4Ope: C, 58.23; H, 5.33; N, 8.23.

Found: C, 58.12; H, 5.53; N, 8.08.

1-(3-N-Carbobenzoxyglycylamido-3-deoxy-tri-O-acetyl-8-n-
glucopyranosyl)uracil (3a).—Compound 2 (0.42 g, 1.0 mmole)
was added to 5 ml of dry chloroform. The nucleoside dissolved
upon the addition of triethylamine (0.28 ml, 2.0 mmoles). A
second solution was prepared containing N-carbobenzoxyglycine®
(0.21 g, 1.0 mmole), triethylamine (0.14 ml), and chloroform
(5 ml). The solution was cooled to 0° in an ice bath.

Methyl chloroformate (0.08 ml, 1.0 mmole) was added to the
solution and the mixture was stirred in an ice bath. The solution
containing the nucleoside was added and the mixture was stirred
for an additional 20 min at 0° and then overnight at room
temperature. The chloroform solution was extracted with 0.2 N
hydrochloric acid followed by a saturated solution of sodium
bicarbonate and then with water containing a few crystals of
sodium chloride. The chloroform layer was dried over anhydrous
magnesium sulfate. Trituration of the residue remaining after
evaporation of the solvent with boiling cyclohexane—chloroform,
as in previous procedures (vide supra), yielded crystalline ma-
terial, 250 mg (429%,), mp 171-191°. Recrystallization of this
compound was attempted without success. Silica gel thin layer
chromatography (chloroform-methanol, 5:1) indicated only one
spot with a trace impurity.

Anal. Caled for CosHoN.Ow2: C, 52.88; H, 5.11; N, 9.48.
Found: C, 52.28; H, 5.32; N, 9.33.

1-(3-N-Carbobenzoxy-L-alanylamido-3-deoxy-tri-O-acetyl-8-p-
glucopyranosyl)uracil (3¢).—The procedure employed was the
same as that used for preparation of the glycine derivative (3a)
except that N-carbobenzoxy-r-alanine® (0.23 g, 1.0 mmole)
was used. This yield of product was 250 mg (399), mp 135-
155°, Silica gel thin layer chromatography (chloroform-
methanol 5:1) indicated only one spot.

Anal. Caled for 027H32N4012'1/2CGH12: C, 5571, H, 5.92; N,
8.66. Found: C, 55.55; H, 5.93; N, 8.33.

1-(3-N-Carbobenzoxysarcosylamido-3-deoxy-g8-p-glucopyrano-
syl)uracil (4¢b).—Compound 3b (100 mg, 0.17 mmole) was dis-
solved in 10 ml of anhydrous methanol. Following the addition
of 1-3 mg of anhydrous lithium hydroxide the solution, protected
from moisture, was allowed to stir for 24 hr at room temperature.
Lithium ion was removed by the addition of a small amount of
Dowex-50 (H*) resin and stirring the slurry for about 15 min.
Evaporation of the solvent left an amorphous solid which defied
attempts at crystallization. The yield of 4b was 50 mg (64%).
The melting point was not definitive. Silica gel thin layer chro-
matography taken in three separate systems all indicated only
one compound. The systems were as follows: benzene—ether—
ethanol (5:3:2); chloroform-methanol (5:1); and ¢-butyl alcohol-
2-butanone-water—triethylamine (4:3:2:1).

Anal. Calcd for 021H23N409: C, 52.71; H, 548; N, 11.70.
Found: C, 52.66; H, 5.77; N, 11.39.

1-(3-N-Carbobenzoxyglycylamido-3-deoxy-8-p-glucopyranosyl)-
uracil (4a).—The procedure employed was the same as that
used for the preparation of the sarcosine derivative 4b except
that compound 3a (100 mg, 0.17 mmole) was used. The product
was isolated as an amorphous solid 50 mg, (63%,). The melting
point was indefinite. Silica gel thin layer chromatography (i-
butyl aleohol-2-butanone-water~triethylamine, 4:3:2:1) indi-
cated only one spot.

Anal. Caled for CyuHyNO,-1/,H,0: C, 50.74; H, 5.32; N,
11.83. Found: C, 51.17; H, 5.31; N, 11.82.

1-(3-N-Carbobenzoxy-L-alanylamido-3-deoxy-3-p-glucopyrano-
syl)uracil (4c).—The procedure employed was the same as
that used for the preparation of the sarcosine derivative 4b
except that compound 3¢ (100 mg, 0.16 mmole) was used. The
product was isolated in a yield of 60 mg (79%) as an amorphous
solid. The melting point was indefinite. Silica gel thin layer
chromatography (&-butyl alechol-2-butanone~water-triethyl-
amine, 4:3:2:1) indicated only one spot.

Anal. Caled for CyHyN(Oy-1/.HO: C, 51.73; H, 5.48;
N, 11.49. Found: C, 51.77; H, 5.55; N, 11.80.



DEeceEMBER 1967

1-(3-N-Carbobenzoxy-n-phenylalanylamido-3-deoxy-g-p-gluco-
pyranosyl)uracil (4d).—Compound 3d (100 mg, 0.15 mmole)
was added along with anhydrous lithium hydroxide (2 mg) to 10
ml of anhydrous methanol. The mixture, protected from mois-
ture, was stirred for 24 hr during which time complete solution
did not take place. Silica gel thin layer chromatography (chloro-
form~methanol, 5:1) of the dissolved portion of the reaction
mixture indicated complete removal of the acetyl blocking groups.
The mixture was evaporated to dryness in vacuo and the solid
was washed with methanol to remove the lithium hydroxide
present. The product was isolated as white microcrystals which
were sparingly soluble in methanol: 70 mg (84%); mp 222-
226°. Silica gel thin layer chromatography of the compound
indicated only one spot.

Anal. Caled for C27H30N4OQ'1/2H20: C, 57.54; H, 5.82;
N, 9.94. Found: C, 57.68; H, 5.59; N, 9.59.

1-(3-Deoxy-3-sarcosylamido-8-p-glucopyranosyl)uracil (5b).—
Compound 3b (200 mg, 0.33 mmole) was added to 10 ml of
anhydrous methanol along with anhydrous lithium hydroxide
(3 mg). The mixture was stirred overnight. Silica gel thin layer
chromatography (chloroform~methanol, 5:1) indicated the
complete loss of starting material. The lithium was removed by
the addition of a small amount of Dowex 50 (H*) resin to the
solution and stirring for 15 min. The resin was removed by
filtration, the filtrate was evaporated in vacuo and the residue
was dissolved in 809 aqueous methanol containing 2 drops
of glacial acetic acid. The compound was subjected to hydro-
genolysis over 109, palladium on charcoal. After 1 hr the
catalyst was removed by filtration and the solvent was evapo-
rated in vacuo. The residue, a white amorphous solid, was dis-
solved in 809, aqueous methanol and treated with a small
amount of Dowex-3 (OH™) resin. Evaporation of the solvent
yielded a white amorphous solid which, when triturated with me-
thanol, yielded crystalline material: 100 mg (82%); shrinkage
point 165-170°, decomposition point ~225°; [a]?p ~0° (c 0.6,
H,0). Silica gel thin layer chromatography (¢-butyl aleohol-2-
butanone-water—ammonjum hydroxide, 4:3:2:1) indicated only
one spot with an Rax value?® of 0.38.

Anal. Caled for C;sHaN4O;-3/:H,0: C, 42.05; H, 5.83; N,
15.08. Found: C, 42.40; H, 5.99; N, 15.34.

1-(3-Deoxy-3-glycylamido-a-p-glucopyranosyljuracil (5a).—

Compound 3a (250 mg, 0.42 mmole) was deacetylated and
decarbobenzoxylated according to the procedure employed for
the sarcosine derivative 3b. The product was isolated (70 mg,
489) as a white amorphous solid which defied attempts at
crystallization. The product gave a shrinking point of ~160°
and a browning point of ~180°, {a]%p ~0° (¢ 0.8 H:O). Silica
gel thin layer chromatography (t-butyl alcohol-2-butanone-
water-ammonium hydroxide, 4:3:2:1) indicated only one spot
with an Rax value?® of 0.53.

Anal. Caled for C,HisN.O; . 2CH;0H: C, 42.64; H, 6.65;
N, 14.21. Found: C, 42.07; H, 6.02; N, 14.01.

1-(3-p-Alanylamido-3-deoxy-8-p-glucopyranosyl)uracil (5¢).—
Compound 3c (250 mg, 0.29 mmole) was deacetylated and de-
carbobenzoxylated according to the procedure employed for the
sarcosine derivative 3b. The product was isolated in a yield
of 100 mg (71%) as a white amorphous solid which defied at-
tempts at crystallization. The product showed a shrinking point
of ca. 145°, [a]®D —2.5° (¢ 0.7, H,O). Silica gel thin layer
chromatography (t-butyl alcohol-2-butanone-water-ammonium
hydroxide, 4:3:2:1) indicated only one spot with an Ean value®
of 0.75.

Anal. Caled for CisHaN,O;-2CH;OH: C, 44.11; H, 6.91;
N, 13.72. Found: C, 43.70; H, 6.30; N, 13.40.

1-(3-Deoxy-3-p-phenylalanylamido-3-p-glucopyranosyljuracil

(5d).—Compound 3d (500 mg, 0.73 mmole) was added to 20 ml
of anhydrous methanol along with 5 mg of anhydrous lithium
hydroxide. The mixture, protected from moisture, was stirred
for 24 hr at room temperature during which time complete solu-
tion did not take place, Silica gel thin layer chromatography
(chloroform—methanol, 5:1) of the solution indicated that the
deacetylation reaction was incomplete. The mixture was stirred
for an additional 24 hr in a water bath at 45°. During this
period solution occurred and the deacetylation reaction was
complete as indicated by thin layer chromatography. Water
(5 ml) and 3 drops of glacial acetic acid were added and the

(29) RAN is the ratio of the Rt of the compound in question to the Ry of
compound 1 (amino nucleoside). The two compounds are run side by side
on the same plate.
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solution was subjected to hydrogenolysis over 109, palladium
on charcoal for 1 hr. The solvent was evaporated and the residue
washed with ethanol to yield 300 mg (95%) of a white crystalline
compound: mp ca. 180° with slow decomposition; [e]%p +-24°
(c 0.6 in water). Silica gel thin layer chromatography showed one
spot with an Rax value® of 2.55.

Anal. Caled for CiHuNO;-1/.H,0: C, 53.14; H, 5.87;
N, 13.05. Found: C, 53.11; H, 5.69; N, 12.56.

Preparation of 1-(3-Deoxy-3-nitrohexopyranosyl)cytosines
(11).—Sodium metaperiodate (10.7 g, 0.05 mole) was dissolved
in 50 ml of water. Cytidine (6) (12.2 g, 0.05 mole) was added
portionwise to the stirred solution which was cooled in an ice
bath. Following completion of the addition, enough additional
metaperiodate was added to give a positive starch-iodide test,
thus ensuring the complete oxidation of the cytidine. The solu-
tion was allowed to stir for an additional 0.5 hr and was then
poured into ca. 800 ml of ethanol. The precipitate was filtered,
washed well with ethanol, and discarded. The combined filtrates
were evaporated to dryness in vacuo. The residue was dissolved
in 80 ml of water and nitromethane (3.0 mi, 0.056 mole) was
added. Sodium hydroxide (30 ml of 1 N solution) was added
dropwise. Following the completion of the addition, the solution
was stirred for an additional 2 hr at room temperature. The
yellow color of the solution deepened with time. Deionization of
the solution was effected with an Amberlite IRC-50 (weakly
acidic, carboxylic type) resin. Following filtration of the slurry,
concentrated hydrochloric acid was added to the filtrate in a
quantity sufficient to lower the pH to 1-2. The solvent was
removed in vacuo leaving a yellow residue. Trituration of this
solid with hot ethyl acetate removed most of the color and
afforded 17 g of a semicrystalline compound. Trituration of this
solid with hot acetone-methanol afforded white crystals of 11
melting at 203-203.5° (effervescent) with browning prior to
melting. The product (a mixture of gluco and manno isomers)
gave a positive test for ionic chlorine.

Anal. Caled for CioHuuN4O;-HC1-2H.0: C, 32.05; H, 5.11;
N, 14.95. Found: C, 32.47; H, 449; N, 14.75.

1-(3-Amino-3-deoxy-3-p-mannopyranosyl)cytosine (13).—A
500-mg sample of 11 was dissolved in 75 ml of a 2:1 mixture of
methanol-water. Activated Raney nickel (1 ml) was used as
the catalyst for the hydrogenation. A second 1-ml portion of
catalyst was added during the course of the reduction. The
progress of the reaction was followed by silica gel thin layer
chromatography (chloroform-methanol, 5:1). The reduced
product (12 and 13) does not migrate in this system. The solvent
was removed by evaporation in vacuo, The greenish residue was
dissolved in a small volume of a slightly ammoniacal solution.
Gaseous hydrogen sulfide was passed through the aqueous solu-
tion until the precipitation of nickel sulfide was complete. The
latter was filtered through a bed of diatomaceous earth and the
filtrate was concentrated to a small volume and applied to a
10-mm-diameter Dowex-1 (OH~) column. The height of the
resin bed was ca. 200 mm. Elution was performed with water
and 5-ml fractions were collected. Fractions 10-16 were com-
bined and evaporated to yield 10 mg (29) of the manno isomer
which, after recrystallization from water-methanol, gave color-
less needles sintering at 168° and melting with decomposition
at 192°, [a]%D +82° (¢ 0.94, H,O). Paper electrophoresis in
borate buffer (pH 9.2, 900 v, 8 hr) gave a cathodic migration of
7.5 cm (the gluco isomer = -+4.5 vide infra). The infrared spec-
trum of the manno nucleoside 13 differed from that of the gluco.

Anal. Caled for 010H13N405'2H205 C, 3896, II, 649, N,
18.18. Found: C, 39.07; H, 6.57; N, 18.05.

1(3-Amino-3-deoxy-p-glucopyranosyl)cytosine (12).—After
elution of the manno isomer (vide supra) fractions 17-48 were
combined and concentrated to dryness. The gluco isomer 12
was obtained (200 mg) in crystalline form. The properties of
this nucleoside were identical with those reported for 1-(3-amino-
3-deoxy-g-p-glucopyranosyl)cytosine synthesized previously* from
compound 1. In paper electrophoresis (borate buffer, pH 9.2,
900 v, 8 hr), 12 showed a migration of +4.5 cm.

The same products 12 and 13 may be obtained from cytidine
without isolation of the 3’-nitro nucleoside salt 11. In this
procedure, the crude mixture of 9 and 10 is hydrogenated directly
over Raney nickel. The mixture of 3’-amino nucleosides is then
treated in a manner similar to that described above.

1-(3-Acetamido-3-deoxy-3-p-mannopyranosyl jcytosine (15).—
The manno nucleoside 13 (250 mg, 0.92 mmole) in a mixture of
pyridine (25 ml) and acetic anhydride (5 ml) was shaken over-
night at room temperature during which time solution took place.



3780

The solvent was evaporated in vacuo and traces of pyridine and
acetic anhydride were removed by azeotropic distillation of
toluene. The polyacetate 14 was obtained as a syrup (443 mg,
quantitative yield) which did not crystallize.

Compound 14 (400 mg, 0.83 mmole) was dissolved in metha-
nolic ammonis (40 ml) and allowed to stand overnight at room
temperature. Removal of the solvent under reduced pressure
yielded a sirupy residue which was shaken for 5 min with 20 ml
of chloroform and allowed to stand overnight at room tempera-
ture. The insoluble tacky crystalline material was separated by
filtration and recrystallized from water—ethanol. The yield of
15 was 203 mg (80%), mp 202-225° (sintered), 233-235°
(effervescent). The ultraviolet spectrum of the compound was
similar to that for cytidine, and an infrared spectrum indicated
the lack of ester linkages. A ninhydrin test on 15 was negative.

Anal. Caled for Ci:HisN(Os-8/,H,O: C, 42.23; H, 6.16; N,
16.42. Found: C, 42.33; H, 6.39; N, 16.41.

Methyl 3-Acetamido-3-deoxy-tri-O-acetyl-o-p-mannopyranoside
(18).—Compound 13 (97 mg, 0.31 mmole) was hydrogenated at
room temperature in 20 ml of water with 89 mg of platinum oxide
for a period of 60 hr. The catalyst was filtered and the alkaline
filtrate was evaporated to dryness, The hexahydro pyrimidine
nucleoside 16, obtained as a syrup, was dissolved in 15 ml of
methanol and the solution was saturated with hydrogen chloride
at 0°. The mixture was refluxed gently for 8 hr. The solvent
was evaporated under reduced pressure and the resultant syrup
was azeotropically dried with three portions of toluene. The
residue (containing 17) was dissolved in a mixture of pyridine
(8 ml) and acetic anhydride (2 ml) and was allowed to remain
overnight at room temperature. The solvent was evaporated
to dryness under reduced pressure followed by an azeotropic
removal of traces of acetic anhydride with toluene. The residue
was dissolved in chloroform (5 ml) and placed on an acid-washed
alumina column packed with benzene. Elution was performed
with 150 ml of benzene (which yielded 20 mg of material),
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followed by 100 ml of a 1:1 benzene—~ethyl acetate mixture (which
yielded 78 mg of material) and finally with 100 ml of ethyl acetate
(which yielded 28 mg of material). Upon evaporation of the
second fraction followed by refrigeration, the residue yielded
colorless needles. These were recrystallized from ethanol-
petroleum ether to give colorless needles of methyl 3-acetamido-
3-deoxy-2,4,6-tri-O-acetyl-a-pD-mannoside (18), mp 150-151°.
A mixture melting point with an authentic sample?® showed no
depression and their infrared spectra were identical.
1-(3-Deoxy-3-nitro-3-p-glucopyranosyl)-N ¢-benzoylcytosine

(19) —N-Benzoylcytidine* (7.0 g, 0.02 mole) was oxidized with
sodium metaperiodate (4.28 g, 0.02 mole) in 150 ml of 50%
aqueous ethanol. Sufficient additional metaperiodate was added
to ensure complete oxidation of the glycol (as indicated by a
positive starch~iodide test). The precipitate formed was filtered
and washed with ethanol, and the combined filtrates were evapo-
rated o vacuo. To a solution of the dialdehyde in 100 ml of
759 ethanol was added nitromethane (1.2 ml, 0.02 mole).
Sodium hydroxide (10 ml of 1 N solution) was added dropwise
and the mixture was stirred for an additional 15 min. Dowex
50 (H*) was added with stirring along with 25 ml of water.
Enough resin was added to lower the pH to ca. 4-5. The resin
was removed by filtration and washed with 50 ml of water and
75 ml of ethanol. The combined filtrates were concentrated
to a small volume. Ethanol was added and removed in vacuo
repeatedly until crystallization occurred in the yellow solution.
(If allowed to evaporate to dryness, the product undergoes
decomposition). The mixture was cooled overnight and the
precipitate was removed by filtration, washed with ethanol,
cooled in a Dry Ice-acetone bath, and then thoroughly washed
with ether and dried. The yield of product was 2.0 g (25%),
mp 174-177°. Silica gel thin layer chromatography (chlorof orm—
methanol, 5:1) indicated only one spot.

Anal. Caled for CiHpaNQy-1/.H:0: C, 49,16; H, 4.62; N,
13.48. Found: C, 48.70; H, 4.89; N, 13.03.

Calculation of Molecular Rotation by Summation of Partial Conformational

Contributions.

Rotations of the Eight 1,6-Anhydro-3-p-hexopyranoses

and Their Triacetates!
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The optical rotations of the 1,6-anhydro-g-p-hexopyranoses and their triacetates have been correlated. The
rotations are expressed as the algebraic sum of a series of empirical rotatory contributions by various conforma-
tional elements of asymmetry; close agreement between the calculated and experimentally determined rotations

is observed.

It has been shown by Whiffen? that the observed
rotation of an optically active molecule can be re-
garded as an algebraic summation of partial rotatory
contributions of various conformational elements of
asymmetry. Empirical values were determined that
permitted calculation of the rotations of various cyclic
sugars and cyelitols with fair accuracy. A more ex-
tensive treatment bas been presented by Brewster,®
and it has been applied to various types of optically
active organic compounds.#® The best correlations
between the calculated and the experimental values
have been observed with compounds that are devoid of
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absorption bands in the near ultraviolet, and which
have predictable, fixed conformations, or for which
valid estimates of conformational populations can be
made.! In the carbohydrate field the calculations are
particularly simple in the case of the polyhydroxy-
cyclohexanes, 5" and discrepancies between observed
and calculated rotations have been interpreted in
terms of equilibria between different conformers.2%8
Similar comparisons have been made for the methyl
p-aldopyranosides, 5% although the correlations be-
tween the observed and calculated values are not pre-
cise enough to permit detailed treatment in terms of
conformational populations.
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