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was extracted from the sirup and the filter cake. The combined
chloroform extracts were washed with 309, potassium iodide
golution and water and then dried (sodium sulfate). Evapora-
tion under reduced pressure gave a sirup (IX) which failed to
crystallize: yield 4.2 g. The sirupy product (4.0 g.) was dis-
solved in 60 ml. of absolute methanol containing 5 ml. of n-butyl-
amine. The mixture was refluxed for 4 hr., then evaporated to
an oil. The oil was distributed between chloroform and water,
and the water layer was washed with chloroform. The aqueous
extract was decolorized (carbon) and evaporated to a sirup: yield
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3.77 g. Crystallization from methanol followed by recrystalliza-
tion from aqueous methanol gave analytically pure X: m.p. 201-
204°; [a]¥D +77° (c 0.51, water); absorption spectra data,!?
A0 269 myu, AEEr 2,90 (OH), 5.80 (CO), 6.80 (C=N), 7.30
(methyl hydrogen), 9.15, 9.55, 9.70 (C-OH); X-ray powder dif-
fraction data,'® 13.10 vs (1,1,1), 9.46 w, 8.42vs (1,1,1),6.35m,
5.99m, 5.25m, 5.00s, 4.66 m, 4.40s, 4.17 8, 3.68vs (1,1,1), 3.52
w, 3.31m, 3.21 m, 3.11 vw, 2.95 w.

Anal. Caled. for C,HxN,0s: C, 45.13; H, 6.00; N, 8.78;
OCH;, 9.72. Found: C, 44.89; H, 6.73; N, 8.72; OCH,, 9.49,
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A simple synthesis of the 3’-nitro-3’-deoxy derivative IV of 1-8-p-glucopyranosyluracil was achieved by

treatment of uridine with metaperiodate followed by condensation with nitromethane.
the 3’-amino analog V whose structure was rigidly proved by chemical and n.m.r. studies.

Reduction of 1V yielded
The 3’-aminogluco

nucleoside V was converted to 1-8-p-allopyranosyluracil (XIII) and to 1-(3’-amino-3’-deoxy-g-p-glucopyranosyl)-

cytosine (XVII).

Degradative studies with V, proceeding via a 5,6-dihydro nucleoside VII, yielded anomers of

the known methyl-3-acetamido-3-deoxy-2,4,6-tri-O-acetyl-p-glucosides.

The past decade has witnessed the discovery of
several 3-amino-3-deoxy sugars as antibiotics.® Nu-
cleosides containing 3-amino-3-deoxy-p-ribose have
also been found in nature,*—% some of which have since
been synthesized chemically,” and have exhibited
interesting biological properties.?

Nucleosides containing the 3-amino-3-deoxyhezose
moiety have not as yet been isolated from natural
sources.*~!! The only recorded chemical synthesis of
nucleosides containing a 3-aminohexosyl moiety is that
reported by Baker, et al.,'? who condensed suitably
protected 3-aminohexoses (of the allosyl and altrosyl
configuration) with the mercuri salts of certain purine
derivatives.

This paper deals with a facile synthesis and a study of
the chemical properties of 3’-amino-3’-deoxyhexos-
ylpyrimidines which should have wide application in
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the nucleoside area. Preliminary communications on
this subject have appeared.!?

Baer and Fischer!* showed that dialdehydes derived
from aldopento- and aldohexopyranosides could be
condensed with nitromethane to yield 3-nitro-3-
deoxypyranosides, which, upon reduction, yielded
glycosides of 3-amino sugars. Their procedure was
adapted to 1-8-p-ribofuranosyluracil (uridine)!® (see
Scheme I).

Uridine (I) was oxidized with sodium metaperiodate
to the dialdehyde II which was condensed with nitro-
methane in ethanol in the presence of sodium meth-
oxide to yield the insoluble sodium salt of the aci-nitro
nucleoside III. Neutralization of III was achieved
under anhydrous conditions (to prevent the Nef
reaction)® and gave a mixture of several isomers.!®
Neutralization under aqueous conditions, however,
proceeded smoothly and a crystalline product (IV)
was easily obtained in ca. 609, over-all yield from I.
Hydrogenation of IV with Raney nickel under pressure!®
yielded the nucleoside V. The ultraviolet absorption
spectrum of V resembled that of a 1-glycopyranosyl-
uracil.® Compound V consumed 2 moles of periodate
per mole, consistent with a hexopyranosyl structure
and gave a positive ninhydrin test. The strong in-
frared absorption at ~6.4 u?' found in IV (due to the
nitro group) was totally absent in V. The elemental
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G. Olfermann [Angew. Chem., T7, 131 (1965)] has very recently appeared
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analyses of V was consistent with that for an amino-
hexosyluracil. N acetylation of V with acetic anhy-
dride in methanol yielded the N-acetate VI, which
was resistant to oxidation with metaperiodate, thus
establishing the 3’-amino-3’-deoxyhexosyl structure
in V. Proof of the 1-g-p-gluco configuration of V was
obtained by a combination of chemical and n.m.r.
studies.

Reduction of VI with Adams catalyst afforded the
5,6-dihydro nucleoside VII in 909, yield. Treatment
of VII with alkali gave the barium salt of the ureido-
propionic acid derivative VIII. Attempts to cleave
the sugar moiety from this derivative by acid only
regenerated VII. The reversion of certain ureido
acids to a 5,6-dihydrouracil has been observed pre-
viously.?? Cleavage of the sugar-base linkage in VII

(22) (a) R. D. Batt, J. K. Martin, J. M, Ploeser, and J. Murray, J. Am.

Chem. Soc., 16, 3663 (1954); (b) W. E. Cohen and D. G. Doherty, ibid., T8,
2863 (1962); (c) M. Green and 8. 8. Cohen, J. Biol. Chem., 238, 397 (1957).

was efficiently achieved by refluxing VII for 8 hr.
in methanolic hydrogen chloride. A sirup (IX) was
obtained which, without isolation, was acetylated
with acetic anhydride in pyridine. Two crystalline
anomers of the known methyl glycoside tetraacetates
of 3-amino-3-deoxy-p-glucose, X2-% gand XI,%7
were obtained. These data establish the gluco con-
figurationin IVand V.

When the treatment of VII with methanolic hydrogen
chloride was carried out for only 3 hr., cleavage of the
glycosyl linkage was incomplete. Acetylation of the
reaction products gave a high yield of the crystalline
tetraacetyl derivative of 3’-aminoglucosyl-5,6-dihy-
drouracil (VIIa).

(23) H. H. Baer, J. Am. Chem. Soc., 83, 1882 (1961).

(24 M. J. Cron, D. L. Evans, F. M. Palermiti, D. F. Whitehead, I R.
Hooper, P. Chu, and R. U. Lemieux, tdid., 80, 4741 (1958).

(25) S. Peat and L. F. Wiggins, J. Chem. Soc., 1810 (1938).

(26) H. H. Baer, Chem. Ber., 98, 2865 (1960).
(27) B. Lindberg and O. Theander, Acta Chem. Scand., 18, 1226 (1959).
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The n.m.r. spectrum? of VI in D,0 showed the easily
identifiable anomeric proton doublet at & 5.9. The
width of this doublet (Ju, gy = 9 ¢.p.s.) is diagnostic®
of an axial-axial configuration of 1’- and 2’-protons.
Since the C1 conformation for VI should be the most
stable, the n.m.r. data for the anomeric proton estab-
lishes the B8 configuration. It is therefore concluded
that VI, and thereby V and IV, are of the 1-3-p-gluco-
pyranosyl configuration, and V is 1-(3’-amino-3’-
deoxy-8-p-glucopyranosyl)uracil.

It was reported that the nitrous acid deamination of
O-acetylated kanosamine (3-amino-3-deoxy-p-glucose)
followed by reacetylation afforded a-p-glucopyranose
pentaacetate® (no net inversion). In order to examine
this reaction in the nucleoside area, V was O-acetylated
to XII and treated with ethyl nitrite in acetic acid.
A glass was obtained which was not purified but treated
directly with ethanolic ammonia at room temperature.
A crystalline product (XIII) was obtained (329, yield)
which gave an ultraviolet absorption spectrum and
elemental analyses consistent with a 1-hexosyluracil
structure. This product differed from 1-8-p-gluco-
and -galactopyranosyluracils®® with respect to its
paper chromatographic and electrophoretic behavior,
melting point, optical rotation, and infrared spectrum.
Since XII is of the gluco configuration, it is almost
certain that XIII is 1-8-p-allopyranosyluracil and the
reaction, XII — XIII, proceeds (at least in part) with
inversion. A plausible mechanism for this inversion
might be the influence of the 2-carbonyl group of the
pyrimidine which might stabilize the intermediate
diazonium derivative as shown in structure XIV. An
examination of molecular models shows the possibility
of such a structure with the conformation in the 1C
or boat conformations. The net effect of such a
transition would be to favor rearward attack on C-3’
by solvent to give the allo configuration.

Conversion of the uracil nueleoside V to its cytosine
counterpart XVII was achieved by the general pro-
cedure described by Fox, et al.?? Compound V was
acetylated to XV and then treated with phosphorus
pentasulfide in pyridine to yield XVI in which both
the 4-position of the pyrimidine and the acetamido
group in the sugar were thiated. The absorption
spectrum of XVI gave a maximum at 325 mu as ex-
pected for the 4-thiouracils and a maximum at 265 my
for the thioacetamido®® function. Ammonolysis of
XVI with methanolic ammonia at 95° for 18 hr.
removed all the protecting groups and afforded 1-(3'-
amino-3’-deoxy-3-p-glucopyranosyl)cytosine (XVII).
It is noteworthy that the N-thioacetyl group,
unlike N-acetyl groups, was easily removed under
these ammonolysis conditions. This fact may find
application in the chemistry of amino sugars where N-
acyl blocking groups are used.

(28) The authors are indebted to Dr. Earl B. Whipple of the Union Car-
bide Research Institute, Eastview, N. Y., for the n.m.r. data reported
herein.

(29) R. U. Lemieux, R. K. Kulling, H. J. Bernstein, and W. G, Schneider
J. Am. Chem. Soc., 80, 6098 (1958).

(30) M. J. Cron, O. B. Fardig, D. L. Johnson, D. F. Whitehead, I. R.
Hooper, and R. U, Lemieux, ¢bid., 80, 4115 (1958).

(31) (a) J.J. Fox, N. C. Yung, I. Wempen, and I. L. Doerr, ibid., 79, 5060
(1957); (b) G. E. Hilbert, ibid., §9, 330 (1937).

(32) J. J. Fox, D. Van Praag, I. Wempen, I. L. Doerr, L. Cheong, J. E.
Knoll, M. L. Eidinoff, A. Bendich, and G. B. Brown, {bid., 81, 178
(1959).

(33) D. Rosenthal and T. I. Taylor, ibid., T9, 2684 (1957).
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Experimental®*

1-(3’-Nitro-3’-deoxy-S-p-glucopyranosyl)uracil (IV).—To an
ice-cooled solution of 58.5 g. of uridine (0.24 mole) in 240 ml. of
water was added 57.4 g. of sodium metaperiodate (0.27 mole) in
240 ml. of water and the reaction mixture was stored in a refrig-
erator overnight. The inorganic material was filtered and the
filtrate was poured into 1500 ml. of ethancl and stirred. The
white precipitate of inorganic material was filtered and washed
with 500 ml. of ethanol. The combined filtrate and washings
were evaporated to ca. 300 ml. under reduced pressure at 35-40°,
Then 100 ml. of benzene was added and the mixture was con-
centrated to ca. 150 ml. Finally, the solution was evaporated to
dryness with 200 ml. of a 1:1 mixture of ethanol and benzene.

The residue was dissolved in 300 ml. of absolute ethanol. A
small amount of inorganic impurities was removed by filtration.
Nitromethane (13.2 ml., 0.24 mole) was added to the filtrate
followed by dropwise addition with vigorous stirring of a solution
of sodium methylate [5.25 g. (0.23 g.-atom) of sodium in 175 ml.
of methanol]. The sodium salt of the aci-nitro compound III pre-
cipitated during the addition of the sodium methoxide solution.
Stirring was continued for an additional 2 hr,

The alkaline reaction mixture was neutralized with a 200-ml.
slurry of Dowex 50 (H*) in water. The milky supernatant be-
came clear. After filtration, the resin was washed well with 200
ml. of ethanol, 200 ml. of methanol, and finally with 500 ml. of
water. The filtrate and washings were combined and, after con-
centration to ca. 500 ml., kept overnight in a refrigerator. The
white crystalline nitro compound IV, m.p. 175-176° (36.7 g.,
519%,), which precipitated was collected by filtration. An addi-
tional 7 g. (9%) was obtained from the mother liquor. After one
recrystallization from water the melting point was unchanged,
[a]®D +33° (¢ 0.75, methanol), AZ2 256.5 mu (emax 9200). The
elemental analyses were consistent for IV.?

1-(3’-Amino-3’-deoxy-8-p-glucopyranosyl)uracil (V).—Fifteen
grams (0.05 mole) of crystalline IV was hydrogenatedina 1:1 mix-
ture of methanol and water (100 ml.) with ca. 50 g. of Raney
nickel (wet weight) at an initial pressure of 3atm. After 1 hr.the
reaction was complete. The catalyst was removed and washed
with 700 ml. of 509, aqueous methanol. The filtrate and wash-
ings were combined and evaporated to dryness under reduced
pressure below 40°. The residual sirup was dissolved in 30 ml. of
hot water and decolorized with charcoal. From the pale yellow
solution, white fine needles precipitated (809, yield): m.p. 166~
167° (sintered), 179-182° eff.; [a]®p +33° (¢ 0.88, water); A7
257 mu, Noo 258 mg, A% 250 mu.  Elemental analyses were
consistent with V.2

1-(3’-Acetamido-3’-deoxy-3-p-glucopyranosyl)uracil (VI).—A
mixture of 3.16 g. of V (0.012 mole) in 500 ml. of methanol was
refluxed for 1.5 hr. to obtain an homogeneous solution. After
cooling to room temperature, the solution was treated with 1.62
ml. of acetic anhydride. The solution was stirred at room tem-
perature for 5 hr. and then concentrated to dryness under reduced
pressure at 40°. The residue was crystallized from methanol.
The yield of colorless prisms, m.p. 170-172° eff., [a]%*p —14°
(¢ 0.75, water), was 3.30 g. (90%,).

Anal. Caled. for C12H17N307: C, 45.71, H, 540, N, 13.33.

Found: C, 45.59; H, 5.60; N, 13.14.

1-(3’-Acetamido-3'-deoxy-3-p-glucopyranosyl)-5,6-dihydrour-
acil (VII).—A mixture of 1.10 g. of platinum dioxide and 4.22 g.
(0.013 mole) of VI in 42.3 ml. of water was shaken for 96 hr. in a
hydrogen atmosphere at room temperature. The catalyst was
filtered through a column of Celite and the column was washed
with 100 ml. of water. The combined filtrate and washings were
evaporated to a sirup under reduced pressure at ~40°. The
residual sirup was crystallized from methanol. The yield of color-
less prisms of VII, m.p. 152° eff,, [a]2®p —11° (¢ 1.47, water),
was 3.95 g. (93%). The elemental analysis was consistent with
VII.

Methyl 3-Acetamido-3-deoxy-2,4,6-tri-O-acetyl-a- and -8-p-
glucoside (X and XI).—Methanol (80 ml.) containing 2.8 g.
(0.009 mole) of VII was saturated with dry hydrogen chloride at
~0° and gently refluxed for 8§ hr. The slightly reddish yellow
solution was evaporated to dryness at ca. 40°. The residue (IX,
ninhydrin positive), after evaporating three times with 100-ml.
portions of benzene, was dissolved in 50 ml. of pyridine and

(34) All analyses were performed by Galbraith Laboratories, Inc., Knox-
ville, Tenn. Some of the analyses were reported in the previous communica-
tion.?
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treated with 25 ml. of acetic anhydride. After standing over-
night at room temperature, the solution was evaporated to a sirup
under reduced pressure at ~40°, after which 100 ml. of benzene
was added and also removed by evaporation. The benzene
treatment was repeated twice, after which the residue was dis-
solved in 100 ml. of benzene and chromatographed over an acid-
washed alumina column (18 X 2.1 em.). The column was
washed with the following solvents: 500 ml. of benzene, which
eluted 1.77 g. of a mixture of the anomers (549,), [«]%p +11°
(c 1.47, chloroform); 209, ethyl acetate in benzene (500 ml.),
which eluted 0.87 g. of sirup (27%), [«]?*p +88° (¢ 0.74, chloro-
form), which was crystallized from ethanol to afford 235 mg. of
cubes, m.p. 175-176°, [a]*p + 101° (¢ 0.92, chloroform) [lit.
(for pure a-anomer X) m.p. 179-180°,2% 172.5~173°,2¢ 178°,%
[a]?% +110°%3, 105°,%¢ 101.8°%], Additional a-anomer was ob-
tained by eluting the eolumn with 509 ethyl acetate in benzene.
A sirupy substance (14%,) was obtained which, after crystalliza-
tion from ethanol-ether, gave white cubes, m.p. 175-176° (alone
or in an admixture with a-anomer obtained above).

The [«]**p 411° fraction obtained above by elution of the
column with benzene was a mixture of anomers, Crystallization
of this material from ethanol-petroleum ether (b.p. 30-60°) gave
pure g-anomer XI, m.p. 155-156°, [a]%Dp —20° (¢ 0.79, CHCl,).
These data are sufficiently close to reported values?:? of
methyl-3-acetamido-3-deoxy-2,4,6-tri-O-acetyl-g-p-glucoside.

Attempted Cleavage of Nucleoside Linkage. A. Preparation
of 5,6-Dihydro-1-(3'-acetamido-3'-deoxy-2',4’,6'-tri-O-acetyl-3-p-
glucosyl)uracil (VIIa).—Compound VII (2.61 g., 0.008 mole) was
treated with 130 ml. of methanolic hydrogen chloride under condi-
tions similar to those described above and the solution was
refluxed for only 3 hr. The solvent was removed under reduced
pressure, bath temperature ca. 40°. The residue was dried by
three additions of 100-ml. portions of a 1:1 mixture of ethanol-
benzene followed by removal of the solvent in vacuo and then dis-
solved in 50 ml. of pyridine and treated with 10 ml. of acetic
anhydride at room temperature overnight. The solvent was re-
moved under reduced pressure. The residue was treated three
times with 100-ml. portions of an ethanol-benzene mixture (1:1)
and dried to remove traces of acetic acid. Benzene (50 ml.) was
added to the resultant semicrystalline material. The insoluble
crystalline portion (2.72 g., 75%,) was filtered and washed with
additional benzene. Recrystallization from ethanol gave an
analytical sample, m.p. 283-284°. The infrared spectrum
showed strong absorption bands at 5.7 (O-acetyl), 6.0 (acet-
amide), and 9.6 u (sugar lactol ring). Analytical data were con-
sistent with the structure of 5,6-dihydro-1-(3’-acetamido-3’-
deoxy-2',4',6'-tri-O-acetyl-g-np-glucopyranosyl)uracil (VIIa).

Anal. Calcd. for ClgstNsogi C, 4876, H, 564, N, 9.48.
Found: C, 48.67; H, 5.80; N, 9.22.

Only a small amount (38 mg.) of crystalline X could be isolated
from the benzene extract.

B. Ring Opening and Closure of 5,6-Dihydrouracil Nucleo-
side VII.—The dihydro nucleoside VII (1.27 g., 0.004 mole) was
dissolved in 160 ml. of 0.2 N barium hydroxide and the solution
was stirred for 1 hr. at room temperature. Solid carbon dioxide
was added and the mixture was stirred for an additional 30 min.
The precipitated barium carbonate was filtered and washed with a
small amount of water. The filtrate and washings were combined
and evaporated to dryness under reduced pressure. The residue
was added to 10 ml. of water and the insoluble inorganic material
was filtered. The filtrate was once again evaporated to dryness
under reduced pressure. A white powder (VIII) was obtained by
further drying of the resultant sirup by azeotropic distillation
with absolute ethanol. The yield of VIII was 1.57 g. (839,).
The infrared spectrum of this compound exhibited maxima at 6.4
and 7.1 u (carboxylate ion) and showed no absorption at ca. 5.8
(expected for the dihydrouracil structure). This salt was not
purified further.

Compound VIII (207 mg.) was dissolved in 24 ml. of 0.2 N
sulfuric acid and kept in a refrigerator overnight. The precipi-
tated barium sulfate was removed and the filtrate was neutralized
with 1 g. of & 1:1 mixture of crystalline barium hydroxide [Ba-
(OH),8H;0] and barium carbonate. The mixture was stirred
overnight at room temperature and filtered. The filtrate was
evaporated to dryness under reduced pressure. The infrared
spectrum of the residue was similar to that of VIII. The residue
was added to 20 ml. of 0.2 N sulfuric acid and was refluxed for 1.5
hr. After filtration of the precipitate, 1 g. of barium carbonate
was added to the filtrate and the slurry was stirred vigorously for
10 min. The filtrate, after removal of the precipitate, gave a
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positive Fehling’s test and was evaporated to dryness under
reduced pressure. The residue (152 mg.) was dissolved in ca. 5
ml. of water. A small amount of insoluble material formed which
was filtered and washed with three 1-ml. portions of water. The
combined filtrates and washings were evaporated under reduced
pressure. The glassy residue thus obtained was dried azeotropi-
cally with 1 ml. of a 1:1 ethanol-benzene mixture. The residue
was dissolved in 3 ml. of methanol, and, upon standing, crystal-
line material (75 mg.) separated, m.p. 157-158° eff. A mixture
melting point with VII was 152-155°. The infrared spectrum of
this product was identical with that of VII. The compound
gave negative tests with both Fehling’s solution and ninhydrin.
However, both tests were positive on the filtrate, indicating that
some cleavage of the glycosyl bond and the N-acyl group had oc-
curred.
1-(3’-Acetamido-3’-deoxy-2’,4’,6'-tri-O-acetyl-3-p-glucosyl)-
uracil (XV).—A stirred suspension of 2.72 g. (0.01 mole) of V
in acetic anhydride (20 ml.) was treated with 5 ml. of pyridine.
After 15 min. of reflux, the clear solution was cooled to room
temperature. Methanol was added to destroy the excess acetic
anhydride and the solvent was evaporated under reduced pressure
to ca. 25 ml. Ice-water (50 ml.) was added and the mixture was
extracted twice with 50-ml. portions of chloroform. The com-
bined extracts were dried over calcium chloride, filtered, and evap-
orated to dryness. The crystalline residue was recrystallized
from methanol. The yield of white needles was 2.40 g. (549%),
m.p. 253-254°, [a]2*p 0° (¢ 0.75, in chloroform).
Anal. Caled. for CsHisN3;Op0: C, 48.98; H, 5.22; N, 9.52.
Found: C, 48.88; H, 5.29; N, 9.54.
1-(3'-Thioacetamido-3'-deoxy-2',4’,6’-tri-O-acetyl-8-p-glucos-
yl1)-4-thiouracil (XVI).—A well-stirred suspension of XV (2.08 g.,
0.0047 mole) and 2.11 g. (0.0095 mole) of phosphorus pentasulfide
in 80 ml. of reagent grade pyridine was heated at reflux tempera-
ture for 2.5 hr. The reddish reaction mixture was chilled and
the liquid portion was decanted. The decantate was evaporated
to dryness under reduced pressure and the sirupy residue was
dissolved in 50 ml. of chloroform. Small amounts of insoluble
impurities were removed by filtration and the filtrate was ex-
tracted with an equal volume of water, then with 0.2 N sulfuric
acid, and finally with water. After drying over anhydrous magne-
sium sulfate, the chloroform layer was evaporated to dryness
under reduced pressure. The residue was crystallized from
ethanol. The yield of dried VII was 2.02 g. (90%), m.p. 234~
235°, [a]?D —111° (¢ 0.70, chloroform).
Anal. Caled. for CisHaN;O0s8:: C, 45.67; H, 4.86; N, 8.88;
8, 13.53. Found: C, 45.39; H, 4.92; N, 8.96; S, 13.82.
1-(3’-Amino-3’-deoxy-8-p-glucopyranosyl)cytosine (XVII).—
A mixture of 0.815 g. (0.0017 mole) of XVI in 50 ml. of absolute
methanol was saturated with anhydrous ammonia below 0° and
heated for 18 hr. at 95° in a steel container. The solvent was
evaporated to dryness under reduced pressure. The residue was
dissolved in 50 ml. of water and was treated with 15 ml. of Dowex
AG-1 (OH- form). A precipitation of sulfur occurred. The
resin and precipitate were filtered and washed with a small volume
of water. The combined filtrate and washings were evaporated
to dryness under reduced pressure. The residue, after two re-
crystallizations from methanol, gave m.p. 248-250° (with
browning), 260.5-261° eff., [«]?p +36° (¢ 0.94, water). The
yield was 0.25 g. (549%,). Analytical data have been reported.?
1-(3’-Amino-3'-deoxy-2’,4',6’-tri-O-acetyl-g-p-glucosyljuracil
Hydrochloride (XII).—A mixture of 3.012 g. (0.011 mole) of V
and 30 ml. of glacial acetic acid was warmed until solution was
complete. After cooling to room temperature, 10 ml. of acetyl
chloride was added. A white precipitate which formed immedi-
ately dissolved upon standing at 45° for 30 min, After standing
overnight at 40°, the solvent was removed by evaporatior_l under
reduced pressure. The residual glassy brownish material was
evaporated twice with toluene (50-ml. portions) and then crystal-
lized from ethanol to afford colorless needles, m.p. 200-205°.
Upon recrystallization from n-propyl alcohol, the material gave
3.42 g. (719%,) of colorless needles, m.p. 238° (with browning),
241-241.5° eff., [a]?®p +27° (c 1.44, water). Analytical data
have been reported.?
1-8-p-Allopyranosyluracil (XIII).—An ice-cooled mixture gf 1.14
g. (0.0029 mole) of XII in 10 ml. of 509, aqueous acetic acid was
treated with 4 ml. of a mixture of ethyl nitrite in ethanol (1:21)
with stirring. The mixture was gradually warmed to room
temperature and allowed to stand overnight. The so}vent was
evaporated and the residue was dried azeotropically w1th 20 ml.
of toluene. The process was repeated twice. A brownish glass
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which was obtained was treated with 15 ml. of ethanolic ammonia
(previously saturated at 0°) at room temperature for 2 days.
After evaporation of the solvent and washing of the residue with
chloroform to remove acetamide, the sirupy residue was dissolved
in 10 ml. of methanol. A small amount of chloroform was added
to the methanol solution to incipient cloudiness and kept over-
night in a refrigerator. A brownish sirup that formed was
separated by decantation of the solvent and crystallized from 10

MeTEYL OCTADECATRIENOATE-IRON TRICARBONYL COMPLEXES

2739

ml. of a 1:1 mixture of methanol and ethanol. The compound,
250 mg. (329%,), m.p. 231° (sintered), 241-242° dec., crystallized
as white stars, [a]2p +2.0 (¢ 0.37, water). For analytical data
see ref, 2.
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Studies with Fe(CO)s as a soluble catalyst for the hydrogenation of unsaturated fatty esters have been
extended to methyl linolenate. The products were separated into monoenes, dienes, trienes, and iron carbonyl
complexes of dienes and trienes by countercurrent distribution. Further separation of isomers was carried out
by argentation (countercurrent distribution and chromatography). Trienes included isomers in which two
and three double bonds are conjugated. Dienes were 509, conjugated with double bonds distributed between
the 5- and 16-positions. Nonconjugated dienes had double bonds separated by several methylene groups.
Monoenes had a distribution of double bonds consistent with a reduction of the complexed conjugated dienes
by 1,2-addition. The diene-Fe(CO); complexes have the same structure as the corresponding complexes of
linoleate but have a wider distribution of positional isomers. The triene complexes were characterized as a
mixture of isomers containing a stable conjugated diene-Fe(CO); unit and a noncomplexed olefinic bond either
a,B to the »-complexed system (I) or separated by several methylene groups (II). These triene complexes are
postulated as intermediates in the homogeneous hydrogenation.

The homogeneous hydrogenation of olefins catalyzed
by complexes of transition metals constitutes an im-
portant development in coordinated ligand reactions.®
Metal complexes used as homogeneous hydrogenation
catalysts include those of ruthenium(II),* pentacyanc-
cobaltate(II),>~7 metal carbonyls?—10 Ziegler-type
catalysts,!! and platinum(II)-tin(II).!212 Metal car-
bonyl complexes of unsaturated compounds have been
studied extensively!* and their role in catalyzing hy-
drogen transfer reactions has been well documented.®®
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We have previously reported the homogeneous hy-
drogenation of methyl linoleate catalyzed by Fe(CO)s.1
This reaction yielded isomeric conjugated methyl
octadecadienoate—iron tricarbonyl complexes which
were shown to be efficient homogeneous hydrogenation
catalysts. This paper reports an extension of these
studies to the hydrogenation of methyl linolenate.

Results

Hydrogenation.—Reduction with Fe(CO)s; was
achieved under the same conditions as linoleate.!
Rates were more difficult to follow analytically because
of the greater complexity of the reaction products.
Composition data in Table I show that monoenoic
fatty esters are the main hydrogenation products.
Other products determined by gas-liquid chroma-
tography (g.l.c.) include dienes, conjugated diene-
trienes (trienes with two double bonds conjugated and
one isolated), and small amounts of stearate. Conju-
gated trienes were also determined in minor amounts
by ultraviolet spectrophotometry. The level of conju-
gated products increased with catalyst concentration.
Infrared analyses showed isolated frams unsaturation
in large proportions and iron tricarbonyl complex.
The concentration of this complex was directly related
to the initial concentration of Fe(CO)s.

Typical rate curves are shown in Figure 1. A 509,
reduction of trienes oceurred after 3 hr. with 0.1 M
Fe(CO); and after approximately 1 hr. with 0.5 M
Fe(CO)s. Diene is formed in lower concentration
than is monoene, but & large proportion of the diene is
conjugated and complexed with iron carbonyl. Methyl

(18) E, N, Frankel, E. A. Emken, H, M. Peters, V., L. Davison, and R. O,
Butterfield, J. Org. Chem., 29, 3292 (1964).



