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mechanism, since the acidic nature of the system at
elevated temperatures can catalyze olefin isomeriza-
tion. Data indicating that olefin isomerization does
occur are shown in Table VI. These experiments were

TaBLE VI
OLEFIN ISOMERIZATION
Component Reagent, % Product, %
4-Methyl-1-pentene 98.3 95.0
4-Methyl-cis-2-pentene 1.7 2.4
4-Methyl-trans-2-pentene <0.1
Unidentified (not Cg)® 2.5

¢ Probably from decomposing zinc salt.

made by passing a known olefin sample at a high space
velocity over decomposing zine O,0-diisopropylphos-
phorodithioate at 155° and analyzing the product
by gas chromatography. These results are in contrast
with those of Ashford, et al.” who contacted 99.19
4-methyl-1-pentene with the decomposition residue at
60° for 3 hr without olefin isomerization. The differ-
ence in rate of isomerization at this unrealistically low
decomposition temperature, 95° below the decomposi-
tion temperature employed by them, could account for
their observation. However, carbonium ion stability
may have an influence on the rate of the isomerization
step. Also, the alkyl group could undergo rearrange-
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ment at this step. It is significant, however, that
predominantly n-propyl mercaptan was formed from
the decomposition of the corresponding zinc n-propyl
salt in this work, and n-butyl mercaptan was formed
from the zinc n-butyl salt in the work of Luther and
Sinha.! Finally, it is also significant that Perry®
found from the decomposition of zinc 0,0-di(4-methyl-
2-pentyl)phosphorodithioate, 969, of 4-methyl-1-pen-
tene and 4-methyl-2-pentene, the products expected
from ¢is elimination, and only 49, of 2-methyl-1-
pentene and 2-methyl-2-pentene, the products expected
vig a rearrangement of a carbonium ion.

Conclusions

The dependence of the thermal stability of metal
0,0-dialkylphosphorodithioates on variations of both
the alkyl group structure and the size of the metal ion
suggests that the initial reaction involves an isomeriza-
tion followed by an intramolecular (cis) elimination of
olefin.
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3,4,6-Tri-O-acetyl-2-deoxy-2-N-[bis(phenoxy )phosphinyl]amino-a-p-glucosyl bromide (1) was condensed with
6-benzamido-9-chloromercuripurine to give the substituted nucleoside (2a) and this on N-debenzoylation and
treatment with ammoniacal benzyl aleohol yielded 9-{2-N-[bis(benzyloxy)phosphinyl]amino-2-deoxy-8-p-
glucopyranosyl }adenine (2¢) which was hydrogenated, under mild conditions, to 9-(2-amino-2-deoxy-8-p-gluco-

pyranosyl)adenine (3).

Condensation of 1 with bis(trimethylsilyl)cytosine gave the substituted nucleoside

(4b), which upon treatment with ammoniacal benzyl aleohol and mild hydrogenation yielded 1-(2-amino-2-deoxy-

B-p-glucopyranosyl)eytosine (5).

The nucleosides of amino sugars are usually synthe-
sized by condensing a blocked amino sugar halide
with a derivative of a purine or pyrimidine according
to the Fischer—Helferich? method, as modified by Davoll
and Lowy,? or Hilbert and Johnson.* In the synthesis
of nucleosides of 2-amino-2-deoxyaldoses considerable
difficulty has been experienced in the selection of an N-
blocking group which can be easily removed, especially
if the neighboring hydroxyl group is configurationally
trans. In addition, the N-blocking group on C-2
should not be strongly participating as otherwise it
may interfere with the reactivity of the glycosyl
halide in nucleoside formation. In some few cases
the N-acetyl has been used successfully®*—" for such
syntheses but has not always been removed from the
reaction product. Other blocking groups employed
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have been the N-benzyloxycarbonyl,” N-methoxy-
carbonyl,” and from this laboratory, the N-2,4-dinitro-
phenyl,® N-benzylsulfonyl,® and the N-trifluoroacetyl®
groups have been used for this purpose. The 24-
dinitrophenyl® group gave both anomeric forms of a
purine nucleoside, since it shows no tendency to
participate at C-1.

We now wish to report the use of bis(phenoxy)-
phosphinyl, PO(OC¢H;)s, as an N-blocking group in
the synthesis of a purine nuclecside, 9-(2-amino-2-
deoxy-g-p-glucopyranosyl)adenine (3), and of a pyrimi-
dine nucleoside, 1-(2-amino-2-deoxy-8-p-glucopyrano-
syl)eytosine (5).
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ScHEME 1

N N
—
OR’ OH
RO HO
NH-P-(OR") NH3
0
4 5
(a), R=Ac, R=Ac,R"= CgHs
b, R=H, R'=Ac,R"=CgHs
¢, R=H, R'=H , R"= CHyCgHs

The N-bis(alkoxy)phosphinyl, NH-PO(OR);, de-
rivatives of amino acids and amino acid esters have
been prepared.’! Methyl 2-amino-2-deoxy-g8-p-gluco-
pyranoside was synthesized!? using bis(phenoxy)-
phosphinyl as an N-protecting group which was sub-
sequently removed by hydrogenation under high pres-
sure in the presence of platinum oxide. Zervas and
Konstas!? also replaced the phenoxy groups in the
above derivative by benzyloxy groups with ammoniacal
benzy! alcohol. The resulting N-derivative could be
removed by hydrogenation with a palladium catalyst
at a much lower pressure.

3,4,6-Tri-O-acetyl-2-deoxy-2-N-[bis(phenoxy)phos-
phinyl]amino-a-p-glucosyl bromide (1) was prepared
according to Zervas and Konstas'? and was refluxed in
toluene with 6-benzamido-9-chloromercuripurine in
the general procedure of Davoll and Lowy?® to give in
56% yield, 6-benzamido-9-{3,4,6-tri-O-acetyl-2-de-
oxy-2-N-[bis(phenoxy)phosphinyl Jamino-8-p-glucosyl}-
purine (2a). N-Debenzoylation at C-6 with picric
acid and removal of the picrate anion!?® with an ion-
exchange resin yielded 9-{3,4,6-tri-O-acetyl-2-deoxy-
2-N-[bis(phenoxy)phosphinyl Jamino-3-p-glucosyl} ade-
nine (2b). The bis(phenoxy)phosphinyl group could
not be readily removed by hydrogenation, even at
higher pressures. Compound 2b was therefore de-O-
acetylated and the bis(phenoxy)phosphiny! group was
converted to bis(benzyloxy)phosphinyl, PO(OCH,Cs-
H;)., by prolonged treatment at room temperature with
ammoniacal benzyl alcohol.'? The product, 9-{2-
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Vou. 32

N - [bis(benzyloxy)phosphinyl Jamino-2-deoxy-8-p-glu-
copyranosyl}-adenine (2¢), obtained in good yield,
was readily deblocked by hydrogenation at mild
hydrogen pressure in the presence of palladium—
charcoal catalyst, to give 9-(2-amino-2-deoxy-g-p-
glucopyranosyl)adenine (3). The desired nucleoside
(3) had physical constants identifiable with those for
the compound prepared previously in this laboratory.?

The same N-blocking group was used in the prepara-
tion of a pyrimidine nucleoside of 2-amino-2-deoxy-p-
glucose. Preliminary attempts to prepare 1-(2-amino-
2-deoxy B-p-glucopyranosyl)cystosine (5) using the
same general procedure®® as above, by condensing N-
acetylcytosinemercury** with 1, gave 4-N-acetyl-1-
{3,4,6 - tri-O-acetyl-2-deoxy-2-N - [bis(phenoxy)phos-
phinylJamino-g-p-glucopyranosyl}cytosine  (4a) in
poor yield (8-99). Use of different reflux times
(1-5 hr) or different solvents failed to increase the
yield. However, use of bis(trimethylsilyl)cytosine® in
place of N-acetyleytosinemercury, gave 1-{3,4,6-tri-
O-acetyl-2-deoxy-2-N - [bis(phenoxy)phosphinyl Jamino-
B-p-glucosyl}cytosine (4b) in 759, yield. 1-{2-N-
[Bis(benzyloxy)phosphinyl Jamino-2-deoxy-8-p-gluco-
pyranosyl}cytosine (4c) was prepared in 839, yield
from 4b as described for the adenine nucleoside. De-
blocking of 4¢ to give pure 1-(2-amino-2-deoxy-g-p-
glucopyranosyl)cytosine (5) was achieved in 339,
vield using 929, aqueous dioxane or 909, aqueous
methanol as solvent and palladium~charcoal catalyst
under mild hydrogen pressure (Scheme I). Using a
more polar solvent led to increased production of a
second product, presumably one where the cytosine
moiety was reduced.

The bis(phenoxy)phosphinyl group has thus proved
to be a suitable N-protecting group in nucleoside
synthesis with 2-amino-2-deoxy-p-glucose. Over-all
yields of 9-(2-amino-2-deoxy-g-p-glucopyranosyl)ade-
nine (3) and 1-(2-amino-2-deoxy-3-n-glucopyranosyl)-
cytosine (5) from 3,4,6-tri-O-acetyl-2-deoxy-N-[bis-
(phenoxy)phosphinyl Jamino-a-p-glucosyl bromide (1)
were 9.3 and 20.59, respectively.

Experimental Section!®

9-{3,4,6-Tri-O-acetyl-2-deoxy-2-N-[bis(phenoxy)phosphinyl] -
amino-8-p-glucosyl}adenine (2b).—A mixture of 6-benzamido-9-
chloromercuripurine® (27.0 g), cadmium carbonate (5.2 g), and
Celite (7.3 g) in toluene (400 ml) was azeotropically dried by
distillation of approximately 125 ml of the toluene. To the hot
suspension was added, with stirring, 3,4,6-tri-O-acetyl-2-deoxy-
2-N-[bis(phenoxy)phosphinyl]amino-e-p-glucosyl bromide!? (1,
12.5 g) and the mixture was refluxed for 5 hr and then kept at
room temperature overnight. Solids were filtered and triturated
several times with chloroform (total 500 ml). The combined
filtrate and washings were evaporated to dryness under diminished

(14) J. J. Fox, N, Yung, I. Wempen, and I. L, Doerr, ibid., 79, 5060
(1957).

(15) (a) E. Wittenburg, Z. Chem., 4, 303 (1964); R. Fessenden and D. F.
Crowe, J. Org. Chem., 25, 598 (1960); (b) T. Nishimura and I. Iwaii, Chem.
Pharm. Bull. (Tokyo), 12, 352 (1964); Chem. Abstr., 60, 15967 (1964).

(16) Melting points were determined with a Hershberg-type apparatus:
A, Thompson and M. L. Wolfrom, Methods Carbohydrate Chem., 1, 517
(1962). Specific rotations were determined in a 2-dm polarimeter tube.
Ultraviolet spectra were measured with a Bausch and Lomb Spectronic 505
spectrometer. Microanalyses were performed by W. N. Rond. Thin layer
chromatography was carried out by the ascending method with Desaga
equipment using silica gel G (E. Merck, Darmstadt, Germany) activated at
110°. All compounds characterized were found to be homogeneous by thin
layer chromatography with ethyl acetate-methanol (9:1, v/v, for 2b and
4b and the same developer with a v/v ratio of 2:1 for 2c and 4c). The
developer for 8 and 8 was methanol. Indication was by sulfurie acid.
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pressure and redissolved in chloroform. The solution was washed
with 309, aqueous potassium iodide and water, dried over
anhydrous magnesium sulfate, and concentrated to a small
volume. A solid separated after the addition of a small quantity
of ether. Theyield of crude 6-benzamido-9-{3,4,6-tri-O-acetyl-2-
deoxy-2-N-[bis(phenoxy)phosphinyl]amino - 8- b - glucosyl } purine
(2a) was 89 g.

The product was dissolved in 90 ml of warm ethanol. Picric
acid (3 g) in 45 ml of ethanol was added and the mixture was
refluxed for 1 hr. A yellow solid formed upon cooling the solu-
tion and was washed with ether. This picrate was then dissolved
in 909, aqueous acetone and stirred with a slight excess of Dowex
AG 1-X2 (COs2~) resin. The resin was removed by filtration
and washed well with acetone. The combined filtrate and wash-
ings were concentrated under reduced pressure and yielded
3.5 g (or 25.5% based on 1) of 9-{3,4,6-tri-O-acetyl-2-deoxy-
2-N-[bis( phenoxy)phosphinyl] amino-8-p-glucosyl }adenine (2b).
Compound 2b, after three recrystallizations from methanol-
ether had mp 150-152° with resolidification and remelting at
248-249°, and [a]®p —15 + 0.5° (¢ 3.2, methanol).

Anal. Caled for CooHyNsO1oP: C, 53.21; H, 4.77; N, 12.84.
Found: C, 53.46; H, 4.59; N, 13.02.

9-{2-N-[Bis(benzyloxy)phosphinyl]amino-2-deoxy-3-p-gluco-
pyranosyl jadenine (2c).—9-{3,4,6-Tri-0-acetyl-2-deoxy-2-N-
[bis( phenoxy)phosphinyl] amino-g-p-glucosyl }adenine (2b, 1.5 g)
was dissolved in benzyl alcohol (50 ml) nearly saturated with
ammonia at 0°. The solution was kept for 4 days at room tem-
perature, after which it was poured into an excess (500 ml) of
ether. The flocculent precipitate was washed several times with
ether and was reprecipitated three times by pouring a concen-
trated methanol solution into an excess of ether. The yield,
after crystallization from 959, ethanol, was 1.1 g (869%,), mp
195-197° dec with softening at 140-160° and [«]%®p —15 = 1°
(¢ 1, methanol).

Anal. Caled for CpsHaNeO7P: C, 53.95; H, 5.25; N, 15.10.
Found: C, 53.55; H, 5.56; N, 15.02.

9-(2-Amino-2-deoxy-8-p-glucopyranosyl)adenine (3).—9-{2-N-
[Bis(benzyloxy)phosphinyl] amino-2-deoxy-8- b -glucopyranosyl }-
adenine (2¢, 0.2 g) was dissolved in 959, methanol and treated
with palladium-charcoal catalyst (0.12 g of 109 catalyst) in
the presence of hydrogen (40 psi) for 5 hr at room temperature.
The mixture was filtered and the catalyst was washed with 100
ml of water. The combined filtrate and washings were concen-
trated to 25 ml and passed through a 5-ml bed of Dowex 1
(CO3z2) resin. The resin was washed with 100 ml of water and
the eluate and washings were evaporated to dryness to yield
0.045 g (429) of crude nucleoside, mp 184-188° dec. After two
recrystallizations from absolute ethanol and careful drying under
diminished pressure, the crystalline material had mp 186-189°
dec and [a]®D —17 =£ 2° (¢ 0.7, water) [lit.” mp 186-188° dec
and [«]®p —17 £ 2° (¢ 0.2, water)].

Anal. Caled for CH;sNsOs: C, 44.59; H, 5.44; N, 28.37.
Found: C, 44.20; H, 5.06; N, 28.60.

1-{3,4,6-Tri-O-acetyl-2-deoxy-2-N-|bis(phenoxy)phosphinyl] -
amino-g-p-glucosyl}cytosine (4b). Method A. With N-Acetyl-
cytosinemercury.—Attempts to prepare 4-N-acetyl-1-{3,4,6-
tri-O-acetyl-2-dexoy -2 - N - [bis( phenoxy)phosphinyljamino-8-p-
glucosyl }eytosine (4a) by refluxing 1 with N-acetylcytosine-
mercury!? were made using different reflux times (1-5 hr) in
either benzene or toluene. The glycosyl bromide (1) was added
in two equal portions, the second after 0.5 to 1 hr. The yields
of 4a in all trials were similar. A typical condensation follows.

A mixture of N-acetylcytosinemercury'* (0.44 g) in toluene
(30 ml) was azeotropically dried by distillation of approximately
one-fourth of the solvent. 3,4,6-Tri-O-acetyl-2-deoxy-2-N-[bis
(phenoxy)phosphinyl}amino-a-p-glucosyl bromide (1, 0.75 g)
was added with stirring, and the mixture was refluxed for 1 hr.
An equal quantity (0.75 g) of the bromide (2 equiv total) was
again added and the mixture was refluxed for an additional 1-4 hr.
The reaction mixture was cooled and treated with 100 ml of
petroleum ether (bp 30-60°), and the precipitate so formed was
extracted with chloroform. The chloroform solution was washed
with 309, agqueous potassium iodide and water, then dried over
sodium sulfate and evaporated to dryness. Attempts to isolate
the desired nucleoside 4b by treatment of the residue with picric
acid in boiling ethanol followed by depicration with ion-exchange
resin, as described above, resulted in a mixture of products in a
yield of 0.10-0.12 g from which 4b was isolated in approximately
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609, yield or 8-99% yield based on the N-acetylcytosinemercury
used.

Method B. With Bis(trimethylsilyl)cytosine.—3,4,6-Tri-O-
acetyl-2-deoxy-2-N-[bis(phenoxy)phosphinyl] amino-a-p-glucosyl
bromide (1, 3.0 g) was added over a period of 15 min to a stirred
and gently heated (short of reflux) mixture of 1.20 g of bis(tri-
methylsilyl)cytosine® in 130 ml of dry benzene. The mixture
was then refluxed for 2 hr. The white precipitate which formed
was filtered and added to 709, aqueous ethanol containing 1.0 g
of sodium hydrogen carbonate. After heating for 15 min at 60°,
the solution was evaporated to near dryness under diminished
pressure. A chloroform extract of the mixture was dried over
sodium sulfate and evaporated to yield 2.37 g (75%,) of crude
product, mp 260° dec with softening at 155-170°, and [a«]%D
+12 %+ 1° (¢ 3.2, methanol).

The product formed a well-defined, yellow, crystalline picrate,
mp 144-146° and [«]¥p +51 == 2° (¢ 1, acetone).

Anal. Caled for C3HyN,0,P: C, 47.50; H, 3.99; N, 11.41.
Found: C, 47.11; H, 3.96; N, 11.60.

Depicration in the previously described manner gave material
with mp 260° dec with softening at 153-165° and [«]®p +12 %
0.5° (¢ 3.5, methanol).

Anal. Caled for CosHuN,OyP: C, 53.33; H, 4.96; N, 8.89.
Found: C, 53.46; H, 4.97; N, 8.91.

1-{2-N-[Bis(benzyloxy)phosphinyl] amino-2-deoxy-8-p-gluco-
pyranosyl jcytosine (4c).—1-{3,4,6-Tri-O-acetyl-2-deoxy-2-N-
{bis( phenoxy)phosphinyl]amino - 8 - D - glucopyranosyl cytosine
(4b, 2.7 g) was dissolved in 50 ml of benzyl alcohol nearly satu-
rated with ammonia at 0°, and the solution was kept for 48 hr
at room temperature, after which it was heated for 15 min at 60°
under water aspirator vacuum to remove excess ammonia. The
precipitate obtained on pouring the solution into 500 ml of ether
was dissolved in 20 ml! of methanol and reprecipitated in ether.
The yield was 1.9 g (83%), mp 212-215° dec. After two crys-
tallizations from 959, methanol, the product had mp 213-215°
dee and [a]®D +44 £ 2° (¢ 0.5, water).

Anal. Caled for C;HuyNOsP: C, 54.13; H, 5.49; N, 10.52.
Found: C, 54.33; H, 5.61; N, 10.24.

1-(2-Amino-2-deoxy-g8-p-glucopyranosyl)cytosine (5).—1-{2-N-
[bis(benzyloxy)phosphinyl] amino-2-deoxy- 8- b - glucopyranosyl }-
cytosine (4¢, 1.0 g) was dissolved in 929 aqueous dioxane and
treated with 0.6 g of 109, palladium-charcoal catalyst in the
presence of hydrogen (30 psi) for 4 hr at room temperature.
The solution was filtered and the catalyst was washed with 120
ml of water. The combined filtrate and washings were concen-
trated to 20 ml and passed through 15 ml of Dowex 1 (CO;32™)
ion-exchange resin. The resin was then washed with 100 ml of
water and the combined eluate and washings were evaporated
to yield 0.28 g (55%) of hydrogenated material. Thin layer
chromatography, using methanol developer and sulfuric acid
indicator, showed a major spot at B¢ 0.3 (A) and two minor ones
at B¢ 0.6 (B) and R; 0.8. Use of a more polar solvent (higher
percentage of water) for hydrogenation yielded more of substance
B. A portion of the hydrogenated product (0.20 g) was separated
by thin layer chromatography (five 200 X 200 X 1 mm silica
gel G plates, methanol as developer and ultraviolet indication)
to give 0.12 g of A (609,), mp 215.5-219° dec, and 0.025 g of B.
Substance A (5) was crystallized from methanol-ether-chloro-
form and dried: mp 217-219° dec with swelling at 170-190°,
[a]®p +33 & 1° (¢ 1.2, water), Non B 212 and 275 my, [«]®D
451.5 = 2° (as sulfate, ¢ 0.5, water) [lit.7 A\%1Y #¢ 210 and 274.5
my, [a]®p 4-50° (¢ 1, water) for the sulfate dihydrate].

Anal. Caled for CioHisN4Os: C, 44.12; H, 5.88; N, 20.60.
Found: C, 43.97; H, 5.81; N, 20.60.

Owing to the small amount available, substance B was not
further investigated but its ultraviolet spectrum (0.1 N hydro-
chloric acid) showed one band at 208 mu with the band at 275
my absent.

Registry No.—2b, 7482-55-5; 2¢, 7482-56-6; 3,
3768-20-5; 4b, 7491-77-2; picrate, 7540-82-1; 4c,
7482-57-7; 5, 7474-51-3. 2a, 7539-96-0.
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