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Anal. Caled. for CosHOq: C, 69.94; H, 4.97. Found:

C,69.76; H, 5.11.
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From the avocado, a long-known source of D-manno-heptulose and perseitol (p-glycero-p-galacto-heptitol), we have isolated
small amounts of p-glycero-D-manno-octulose and Dp-erythro-p-galacto-octitol, and have obtained strong evidence for the
presence also of p-falo-heptulose. From Sedum species, a well-known source of sedoheptulose (p-aliro-heptulose), we have
isolated small amounts of the same D-glycero-D-manno-octulose and also of S-sedoheptitol (D-glycero-b-gluco-heptitol). We
have established the structures of the first known naturally occurring octulose and octitol by degradation studies and by

the cyanohydrin synthesis from p-glycero-p-manno-heptose,

Nature has given us two heptitols and two hep- CH.OH CH,OH CH.OH CH.OH (I:HZOH
tuloses that have been known for a long time: H(‘DOH é_o HOéH ¢—0  HCOH
perseitol( D-glycero-D-galacto-heptitol, I) from the ! [_ [ |
avocadp4; volemnitol (D-glycero-D-manno-heptitol, HOCH HOCH HOCH HOCH HOCH
I1I), discovered in the mushroom Lactarius vole- [ ! [ H[ OH
mus Fr.® and found later in the roots of several HOCH HOCH H?OH H?OH ?
species of Primula® in lichens,” and in brown and  yoon HCOH  HCOH HCOH  HCOH
red algae®; D-manno-heptulose (1I) from the avo- | | f | !
cado®; and sedoheptulose (p-altro-heptulose, IV), =~ HCOH ~ HCOH  HCOH  HCOH  HCOH
discovered in Sedum spectabile Bor.'? and in other ([:H oH CILOH  CH.0H (|:H oH CH,0H
Sedum species, where 1t accumulates to the extent P z i 2 Vol g tol s dé 8-Sedo-
of about 1%, and found later to be widely distrib- e(rf)e‘to Heptulose  (I1I) . heptulose  heptitol
uted in nature (though usually in very small (1) (IV) (V)
amounts) and to be a fundamental factor in plant
and animal metabolism.!' Thus, perseitol (I) CH:0H CH,0H CH0H CHOH CHO
and p-manno-heptulose (II) occur together in the ! ! :

. - . pat — — H
avocado, and, in 1951, Nordal and Oiseth!? isolated HCOH C=0 HOCH (f o HO(E
both vole.mito} (III.) and sedoheptulose ‘(IV), ‘the HOCH HOCH HOCH HOCH HCOH
latter being identified as the crystalline di-O- | [, :
benzylidene detivative of sedoheptulosan, from the HO?H HOCH HOCH HO?H H?OH
dried root stock of Primula elatior (L) Hill. We  poqn  gyeom  HCOH  HCOH HOCH
wish to announce that a third naturally occurring [ ; [ |
combination of heptitol and heptulose has now been H?OH H({:OH H(I:OH HCOH HOCH
established by our discovery that @-sedoheptitol . * ‘
(p-glycero-p-gluco-heptitol, V) accompanies sedo- H?OH H?OH H?OH HO?H H$OH

(1) Presented in part before the Division of Carbohydrate Chemistry CHzOH CH.,OH CH,OH CH,0H CH,OH
::nil;zrﬁt;ar;gzqcny Meeting of the American Chemical Society, Sep- D-erythro- D-glycero- D-erythro- 1-glycero- D—th/’eo-L—

e . . D-galacto-  D-manno- D-talo- D-manno-  galacto-
15522)(1A95I:;r)e.hmmary communication appeared in TrIS JoUurxar, 81, (%ctitol Octvulose Oqtitol Octulose Octose

(3) Visiting Scientist of the Public Health Service, April, 1958, to (VI) (\’H) (\ III) (IX) (X)
November, 1959.

(4) J. B. Avequin, J. chim. méd.., pharm. toxicol., [11 T, 467 ([:OOH ([:OOH —C=0 CHO
Eiggé;, see R. M. Hann and C. 8. Hudson, THIs JoURNAL, 61, 336 CHO H(_:OH HO(]EH T H(;OH H?OH

(3) E. Bourquelot, Bull. soc. mycologique France, §, 132 (1889). 1 ) !

(6) J. Bougault and G. Allard, Compt. rend., 185, 796 (1902). HO?H HOCH  HOCH LHO?H HOCH

(7) Y. Asahina and M. Kagitani, Ber., 67, 804 (1934); B. Lindberg, 2
A. Misiorny and C. A. Wachtmeister, Acta Chem. Scand., T, 391 HO?H HOCH HO(‘:H '—O?H HO?H
(1953). B. Lindberg, ibid., 9, 917 (1955). :

(8) B. Lindberg and J. Paju, Acta Chem, Scand.. 8, 817 (1954); B, H(|:OH H(‘:OH H?OH H?OH HCOH
Lindberg, ibid., 9, 1097 (1955). I

(9) F. B. LaForge, J. Biol. Chem., 28. 511 (1917). HCOH H(|DOH H(|:OH HCOH HCOH

(10) F. B. LaForge and C. S. Hudson, ibid., 80, 61 (1917). )

(11) For recent reviews see, for example, A. Nordal, Tidsskr. Kjemq, H?OH HCOH HCOH H(i:OH HCOH
Bergvesen Met., 5, 77 (1956); A. Bonsi , M. Orunesu, S. Pon-
tremoli and P. Vegetti, Giorn. biachir:.tl El,gggge(IQSG). CH;OH CH.OH CH;OH CﬁHzOH CH,OH

(12) A. Nordal and D. Oiseth, Acta Chem. Scaud., 8, 1289 (1951). XI XII XIIL X1V XV
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heptulose (IV) in the leaves and stems of Sedum
spectabile.

The occurrence of more than one heptulose in
the same plant material has been suggested by
Nordal and Oiseth,'? by Williams and Bevenue,!*
and by Williams, Potter and Bevenue.'* Their
evidence was based only on the number of spots
on paper chromatograms that were revealed with
orcinol-acid sprays, which we now know to be
capable of detecting the non-reducing anhydro-
heptuloses as well. However, we have isolated
from the avocado, through extensive fractionation,
a small amount of a heptulose that is indistinguish-
able from p-falo-heptulose on paper chromatograms
and that yielded, on degradation with oxygen in
cold alkaline solution,®® a lactone that was indis-
tinguishable from bp-talonic lactone on paper
chromatograms. While we cannot consider the
proof to be conclusive until we obtain more ma-
terial and isolate the heptulose in crystalline form,
we believe that we have at least strong evidence
for the occurrence of p-falo-heptulose in the avocado.

Much more interesting is our discovery of an
octulose and a closely related octitol in the avocado.
The octulose was detected in the aqueous alcoholic
extract of the Californian avocado (Calavo,
Fuerte variety) when its paper chromatogram,
sprayed with orcinol-hydrochloric acid and heated
in an oven at 110° revealed a crimson-colored
spot that faded rapidly to gray; a similar spot
was obtained with a synthetic octulose. Heptu-
loses, by contrast, give blue or bluish-green spots
under these conditions. The avocado extract
was freed from gums by precipitation with meth-
anol, deionized, fermented, oxidized with hypo-
bromite to remove aldoses, and the mixture of
polyhydric alcohols and ketoses separated and
purified by a combination of crystallization and
cellulose column chromatography. The alditol
fractions yielded myo-inositol and perseitol in
addition to the octitol to be described later in this
paper.

The octulose (1 g. from 27 kg. of avocado pulp)
was a sirup, with [a]®p +20° in methanol. As
stated in our preliminary communication,? it
was characterized by a crystalline 2,5-dichloro-
phenylhydrazone; on oxidation with two molar
equivalents of lead tetraacetate according to the
method of Perlin and Brice,'® followed by acid
hydrolysis, it yielded p-ribose; and on degradation
with oxygen in cold alkaline solution!® it yielded
D-glycero-D-manno-heptonic lactone. On the basis
of these degradations we concluded that the octu-
lose must be p-glycero-p-manno-octulose (VII).

The octitol from the avocado was obtained as a
monohydrate that melted at 169-170° and showed
[a]®p —11° in 59, aqueous ammonium molyb-
date and +66° in the acidified molybdate solu-
tion.”” Its octaacetate melted at 99-100° and

(13) K. T. Williams and A. Bevenue, J. Assoc, Offic. Agr. Chemists,
84, 817 (1951).

(14) K. T. Williams, E. F. Potter and A. Bevenue, 1b7d., 385, 483
(1952).

(15) The method of O. Spengler and A, Pfannenstiel, Z. Wirtschafts-
gruppe Zuckerind., 88, Tech, TL 547 (1935).

(16) A.S. Perlin and C, Brice, Can. J. Chem., 34, 541 (1956).

(17) N. K. Richtmyer and C. S, Hudson, THIS JOURNAL, 78, 2249
(1931).
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showed [a]®D +2° in chloroform. Inasmuch
as the reduction of p-manno-heptulose (II) fur-
nishes the two alditols perseitol (I) and volemitol
(I1I), both of which are found in nature, and sedo-
heptulose (IV) furnishes volemitol (III) and g-
sedoheptitol (V), we reasoned that the avocado
octitol should be related to the avocado octulose
(VII) and therefore should be either D-erythro-p-
galacto-octitol (VI) or p-erythro-p-talo-octitol (VIII).
A test oxidation with Acetobacter suboxydans
showed that the avocado octitol was oxidized to
an octulose that migrated on a paper chromatogram
more slowly than the avocado octulose (VII);
from this we concluded that the avocado octitol
could not be bp-erythro-p-talo-octitol (VIII) for
VIII could have been oxidized only to the avocado
octulose (VII). On the other hand, rearrangement
of the known bD-threo-L-galacto-octose (X)'¥ in
boiling pyridine!® afforded a solution that contained
an octulose that migrated on paper chromato-
grams, run in four different solvent systems,
at the same rate as the octulose produced by the
action of Acetobacter suboxydans on the avocado
octitol. Since the ketose expected from the pyri-
dine rearrangement of the aldose X would be
D-glycero-L-manno-octulose, and the ketose ex-
pected from the biochemical oxidation of p-erythro-
D-galacto-octitol (VI) at C7 would be L-glycero-p-
manno-octulose (IX), these two octuloses would
be enantiomorphs, and that conclusion was sup-
ported by their identical Ri-values. Accordingly,
the mixture of components from the pyridine
rearrangement was reduced with sodium borohy-
dride and the alditols were separated readily into
two fractions, the larger one being the known
D-threo-L-galacto-octitol'® and the smaller one being
the new D-threo-L-talo-octitol (= L-erythro-L-galacto-
octitol). The latter was proved by its physical
properties and those of its octaacetate to be the
enantiomorph of the avocado octitol, which must
therefore be D-erythro-p-galacto-octitol (VI).

Finally, the synthesis of the avocado octitol
was undertaken, starting with some bD-glycero-
D-manno-heptose (XI) that was available from
earlier studies in this Laboratory.?® The addition
of hydrogen cyanide to this heptose and subsequent
hydrolysis of the nitrile mixture vielded a crystal-
line octonic acid; this was converted to a crystal-
line lactone, and this in turn to a crystalline phenyl-
hydrazide whose dextrorotation indicated that the
hydroxyl group at C2 was on the right and that
the principal product in this synthesis was the
D-erythro-D-galacto-octonic acid (XII) rather than
the epimeric acid XIII. Reduction of a portion
of the p-erythro-p-galacto-octonic v-lactone (XIV)
with excess sodium borohydride yielded p-erythro-
D-galacto-octitol (VI) identical with the octitol
isolated from the avocado.

Reduction of the remainder of the lactone with
sodium amalgam afforded b-erythro-p-galacto-oc-

tose (XV); its mutarotation upward to [a]%®p
(18) W. D. Maclay, R. M. Hann and C. 8. Hudson, ibid., 60, 1035
(1938).

(19) The method of 8. Danilow, E. Venus-Danilowa and P. Schan-
tarovitsch, Ber., 68, 2269 (1930).

(20) D. A. Rosenfeld, N. K, Richtmyer and C. S, Hudson, TH1s
Jour~aL, 78, 4907 (1951),
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+64° in water indicated the crystalline material
to be the S-modification of the sugar. Rearrange-
ment of this octose in pyridine resulted in the for-
mation of an octulose that migrated on paper
chromatograms in four solvent systems at the same
rate as the avocado octulose (VII). Unfortunately
there was not enough of the octose to rearrange
and then attempt to isolate and identify the octu-
lose with that from the avocado. Instead, the
synthetic octose was converted to its phenylosa-
zone and the latter proved to be identical with
that derived from the avocado octulose through
melting points, mixed melting points, infrared
spectra and X-ray powder diffraction patterns.

Having discovered an octulose in the avocado,
which is a good source of p-manno-heptulose, we
reinvestigated the principal source of the other
known naturally occurring heptulose and detected
an octulose also in extracts of two Sedum species.
We, therefore, attempted to isolate the Sedum
octulose and, after extensive treatment and frac-
tionation of the complex mixture of substances in
the aqueous extracts of Sedum, succeeded in ob-
taining 0.16 g. of essentially pure octulose from
130 kg. of Sedum. The rotation of the sirupy
octulose, [a] 2D +20° in methanol, was the same as
that of the avocado cctulose. The two octuloses
ran at the same rate on paper chromatograms in
four different solvent systems, and their infrared
spectra were identical. Degradation of the Sedum
octulose with two molar equivalents of lead tetra-
acetate and with oxygen in cold alkaline solution
yielded the same substances, as determined by
paper chromatography, that we had isolated and
characterized from the larger-scale degradations of
the avocado octulose. Finally, the phenylosazone
of the Sedum octulose was shown to be identical
with those of the avocado octulose and the syn-
thetic D-erythro-p-galacto-octose.

Thus we have shown that both the avocado®
and Sedum contain Dp-glycero-p-manno-octulose
(VII) and the avocado contains the closely related
D-erythro-p-galacto-octitol (VI). We may predict
that the same octitol will be found, though in very
small amounts, also in Sedum. During the course
of fractionation of our Sedum extracts we have
isolated D-mannitol and myo-inositol, which have
frequently been found in plant extracts. We have
isolated, for the first time from a plant source,
also B-sedoheptitol (V), as mentioned earlier.
This substance is related to sedoheptulose (IV)
in the same way that perseitol (I) is related to
D-manno-heptulose (II) and the avocado octitol
(VI) to the octulose (VII), that is, by the addition
of hydrogen to the carbonyl group in such a way
that the hydroxyl group introduced at C2 is lrans
to the one already present at C3.

In regard to the biosynthesis of these 7- and
8-carbon ketoses and alditols?? we might note that
in addition to the earlier-known heptulose syntheses

(21) Paper chromatograms of old mother liquors from the unfer-
mented extracts of Florida avocados also showed the octulose spot,
and so the octulose does not appear to be a constituent that is charac-
teristic only of Calavo varieties, However, the relative amounts of
octulose may change with the variety, as we know to be triue of the p-
manno-heptulose content; see reference 9; E. M. Montgomery and

C. S. Hudson, TH1s JoURNAL, 61, 1654 (1939); and A. Nordaland A, A.
Benson, sbid,, 76, 5054 (1954).
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through the action of aldolases, Racker and Schroe-
der?® have shown recently that an octulose 8-
phosphate is formed when bp-ribose 5-phosphate
and p-fructose 6-phosphate are incubated in the
presence of a transaldolase, and that Sephton and
Jones?* have incubated p-fructose 1,6-diphosphate
with each of the four pentoses p-ribose, D-lyxose,
D-xylose and L-arabinose in the presence of puri-
fied rabbit muscle aldolase and isolated four octu-
loses, each with a D-threo configuration at C3 and
C4 of the ketose formed.

We are continuing our investigations on the
carbohydrate constituents of the avocado and
Sedum, particularly in an attempt to isolate addi-
tional higher-carbon sugars and alditols.

Experimental

Paper chromatograms were run on Whatman No. 1 filter
paper by the descending method using solvent A, 1-butanol-
ethanol-water (40:11:19); solvent B, ethyl acetate-acetic
acid-formic acid-water (18:3:1:4); solvent C, 1-butanol-
pyridine-water (6:4:3), or solvent D, 2-butanone-acetic
acid-water saturated with boric acid (9:1:1). Spray re-
agents used were aniline hydrogen phthalate for aldoses,
orcinol-hydrochloric acid or orcinol-trichloroacetic acid
for ketoses, p-anisidine hydrochloride for aldoses and
ketoses, alkaline hydroxylamine-ferric chloride for lac-
tones, and ammoniacal silver nitrate or sodium metaperio-
date-potassium permanganate for sugars and alditols. The
values for Rgyer, Rpers, and Risetone refer to the rate of move-
ment of the compounds on paper chromatograms relative to
that of sucrose, perseitol and p-glycero-pD-manno-heptonic
lactone, respectively. All concentrations were carried out
in vacuo at temperatures not over 50°.

Products from the Avocado. Isolation.—The crushed
pulp from 94 ripe avocados (Calavo, Fuerte variety), weigh-
ing 27 kg., was extracted with 209, ethanol according to the
general procedure of Montgomery and Hudson.*® The ex-
tract was concentrated to 2 1. and the gums were precipitated
by pouring the solution into 16 1. of methanol. The granular
product was filtered, dissolved in 2 1. of water, and repre-
cipitated in the same manner., The combined methanol fil-
trates were concentrated and an aqueous solution of the res-
idue was deionized by passage through columns of Amberlite
IR-120 and Duolite A-4 ion-exchange resins. The solution
was concentrated to 400 ml., 20 g. of p-glucose and 3 cakes
of bakers’ veast were added, and fermentation was allowed to
proceed for 48 honrs at 37°. The solution was then filtered,
deionized, and concentrated to a sirup that yielded readily,
when dissolved in methanol, 1.1 g. of crystalline material.
A paper chromatogram, run for 72 hours in solvent A and
spraved with ammoniacal silver nitrate, indicated that this
material was a mixture of perseitol, the octitol (VI, Rpers
0.83), and myo-inositol (Ryers 0.45), whose separation and
identification will be described below.

The filtrate from the 1.1 g. of polyols was concentrated to a
sirup. Paper chromatograms, run in solvents A, B and C,
and sprayed with aniline hydrogen phthalate, indicated the
presence of arabinose and possibly xylose. Accordingly, all
aldoses were removed by dissolving the sirup in 350 ml. of
water and oxidizing with 4 ml. of bromine in the presence of
3 g. of barium benzoate for 20 hours in the dark. Excess
bromine was removed by aeration, precipitated benzoic acid
by filtration, and the solution deionized with Amberlite IR-
120 and Duolite A-4 resins. Concentration of the solution
left 16 g. of sirup that appeared to consist entirely of ketoses
and alditols. Fractionation of this sirup was carried out on
a cellulose column 325 mm.- high and 50 mm. in diameter.
Thus were obtained sirup A (6.4 g.) by elution with 1-butanol

(22) Cf. L. Hough and J. K. N. Jones, Advances in Carbohydraie
Chem,, 11, 185 (1956).

(23) E. Racker and E. Schroeder, Arch. Biochem. Biophys., 66, 241
(1957).

(24) H. H. Sephton and J. K. N. Jones, Abstracts of Papers, Atlantic
City Meeting of the American Chemical Society, Sept. 13-18, 1959,
p. 14E, and personal communications from those authors.

(25) E. M. Montgomery and C. S. Hudson, THIS JOURNAL, 61, 1654
(1939).
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half-saturated with water; sirup B (3.9 g.) by elution with
1-butanol three-quarters saturated with water; and finally
sirup C (3.0 g.) by elution with 75%, aqueous methanol.

Sirup A. Isolation of p-falo-Heptulose.—Examination
of this sirup by paper chromatography indicated the presence
of p-fructose, D-manno-heptulose and a second heptulose
that ran somewhat faster than p-manno-heptulose. In order
to purify the second heptulose, sirup A was fractionated on
the cellulose column using 1-butanol-water (14:1) and 4.1
g. of sirup was removed; this sirup was refractionated using
1-butanol-water (28:1) and 2.2 g. of sirup obtained that stiil
contained small amounts of p-fructose and p-manno-heptu-
lose. Of this, 1.2 g. was fractionated on a cellulose column
using benzene—~methanol-water (300:100:4.) The 0.6 g. of
sirupy heptulose thus obtained appeared to be free from p-
manno-heptulose but still contained some p-fructose. Most
of the latter was then removed by fermentation. Because
the final sirup (0.48 g.) was believed to be principally sedo-
heptulose, it was dissolved in 25 ml. of 0.5 N sulfuric acid;
however, its rotation did not change from [a]®D +2° on
standing 48 hours at 20°, The solution was heated 2 hours
on the steam-bath, deacidified with Duolite A-4, and con-
centrated to a sirup (0.44 g.). Paper chromatographic
examination in all four solvent systems indicated that the
major component was not sedoheptulosan but that it might
be p-talo-heptulose (pure: [a]%®p +12.9°%) containing small
amounts of p-fructose and probably non-reducing anhydro-
heptuloses. Because the sirup could not be induced to crys-
tallize when inoculated with authentic p-falo-heptulose, a
34-mg. sample of it was degraded by bubbling oxygen
through its ice-cold solution in N potassium hydroxide for 20
hours. After removal of cations with Amberlite IR-120
and concentration, the residue was examined by paper chro-
matography in all four solvent systems; the major com-
ponent was a lactone that ran at the same rate as D-talonic
lactone.

Sirup B. Isolation of the Octitol VI and Characterization
as D-erythro-p-galacto-Octitol Octaacetate.—A solution of
sirup B in ethanol containing a small amount of water de-
posited 0.95 g. of needles melting at 166-168°. Paper
chromatography in solvent A identified the material as the
octitol (Rpers 0.83) contaminated with a very small amount
of perseitol. The acetylation of 0.3 g. of this material by
two successive treatments with acetic anhydride and pyridine
yielded a sirup that crystallized. Recrystallization from
ethanol afforded 0.35 g. of the octitol octaacetate as chunky
prisms melting at 99-100° and showing [a]%p +2° in chloro-
form (¢ 3.4).

Anal. Caled. for CaH3O: C, 49.83; H, 5.92; CH;-
CO, 59.5; mol. wt., 578. Found: C, 49.74; H, 5.88;
CH,;CO, 59.4; mol. wt., 570 (Signer method: isothermal
distillation in acetone).

Sirup C. Isolation of myo-Inositol.—A solution of sirup
C in ethanol deposited 0.4 g. of needles with Rpers 0.45 in
solvent A (chromatogram sprayed with ammoniacal silver
nitrate). The product was identified as myo-inositol
through direct comparison on paper chromatograms, iden-
tical infrared spectra (Nujol mull), and melting point and
mixed melting point of 228~229°, Confirmatory proof was
obtained by acetylation to myo-inositol hexaacetate, whose
melting point of 219-220° was not depressed when the sub-
stance was mixed with an authentic sample.

Purification of p-erythro-p-galacio-Octitol (VI),—The 1.1
g. of crystalline, mixed alditols that had separated before the
bromine oxidation and subsequent fractionation on a cellu-
lose column was combined with the mother liquor remaining
after crystallization of the myo-inositol from sirup C, and the
concentrated product was fractionated on the cellulose
column, Elution with 1-butanol half-saturated with water
followed by 1-butanol three-quarters saturated with water
yielded, from the latter fractions, 1.2 g. of chromatograph-
ically pure octitol. The bp-erythro-p-galacto-octitol mono-
hydrate was recrystallized from aqueous ethanol, separating
as elongated prisms melting at 169-170°. It showed [o]%D
—11° in 5% aqueous ammonium molybdate (¢ 0.40) and
+66° in the acidified molybdate solution (¢ 0.32).7 Re-
crystallization from methanol containing only a small
amount of water furnished the anhydrous octitol with the
same m.p. of 169-170°.

(26) J. W, Pratt and N. K. Richtmyer, THIs JOURNAL, 77, 326
(1955).
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Anal. Calcd. for CaHmOs'HzOZ C, 36.92; H, 7.75.
Found (hydrate): C, 87.01; H, 7.55. Calcd. for CgH;30s:
C, 39.67; H, 7.49. Found (anhydrous): C, 39.51; H,
7.80.

Isolation of p-glycero-D-manno-Octulose (VII) from Sirup
B.—After removal of octitol from the ethanol solution of
sirup B as described above, the mother liquor was concen-
trated and examined by paper chromatography. When
the chromatogram was sprayed with orcinol-hydrochloric
acid and heated at 110°, a crimson-colored spot developed
(Rsuer 1.2 in solvent B and 2.6 in solvent D) and then faded
to gray. This behavior is believed to be characteristic of an
octulose, and the same color sequence was observed when
a synthetic octulose was treated similarly. Fractionation
of the remainder of sirup B was carried out on the cellu-
lose column. Elution with benzene-methanol-water (200:
100:6) yielded a fraction weighing 1.2 g., with [a]%D 420°
in methanol (¢ 1.1). This sirup appeared to be essentially
homogeneous and free from alditols when examined in sol-
vent D, which is capable of separating the octulose from the
octitol. For characterization a small portion of it was con-
verted, by the procedure described by Mandl and Neuberg,¥
to D-glycero-D-manno-octulose 2,5-dichlorophenylhydrazone.
The product was recrystallized from 409, aqueous ethanol
as very pale yellow needles melting at 169-170°.

Anal. Caled. for CiHxnCLN,O;: Cl, 17.76.
Cli, 17.59.

Degradation of p-glycero-p-manno-Octulose (VII) to p-
Ribose with Lead Tetraacetate.—To a solution containing
147 mg. of the sirupy octulose in 80 ml. of glacial acetic acid
and 1.6 ml. of water was added 550 mg. (2.0 molar equiv-
alents) of lead tetraacetate. After 15 minutes a 10%, solu-
tion of oxalic acid in glacial acetic acid was added dropwise
until no more lead oxalate precipitated. The solution was
filtered and then concentrated to remove most of the acetic
acid. The residue was dissolved in 30 ml. of water and the
solution heated on the steam-bath for 9 hours to effect com-
plete hydrolysis of formyl and glycolyl groups. The acids
were removed by passage through a column of Duolite A-4
ion-exchange resin and the solution was evaporated to yield
72 mg. of sirup with [@]®p —10° in water (p-ribose shows
[2]®D —20°). Paper chromatograms in all 4 solvent sys-
tems indicated that ribose was the major component of the
sirup. It was identified as D-ribose by conversion to its
crystalline p-tolylsulfonylhydrazone (30 mg.) with melting
point 158~159° decomp. and [a]®Dp 4 17° in dry pyridine (¢
0.3); thereported values® are 164° and +14°, respectively.
A mixture with authentic material melted also at 158-159°
dec.

Degradation of p-glycero-D-manno-Octulose (VII) to p-
glycero-pD-manno-Heptonic Lactone with Oxygen in Alkaline
Solution.—A 210-mg. portion of the octulose sirup was dis-
solved in 15 ml. of N potassiuin hydroxide that had previ-
ously been cooled to 0° and saturated with oxygen. Oxygen
was bubbled through the solution for 16 hours at 0° and then
for 8 hours at 20-25°. The solution was freed of cations
with Amberlite IR-120 and concentrated to a sirup. Paper
chromatograms run in solvents A, B and Cindicated thata
lactone with Riagtone = 1.0 was the major component. The
material was chromatographed on a cellulose column and the
lactone eluted with 1-butanol half-saturated with water.
The appropriate fractions were combined and concentrated
to a sirup that yielded, with 959, ethanol, fine needles of p-
glycero-D-manmo-heptonic lactone. Upon recrystallization
from 95%, ethanol the 15 mg. of product melted at 164-165°
to a thick sirup; this value was undepressed when the sub-
stance was mixed with freshly recrystallized authentic lac-
tone.? The rotation, [a]®p +48° in water (¢ 0.2), was
similar to the rotation +440.4° reported earlier. Infrared
spectra of the two lactones in Nujol mull were identical.

Oxidation of p-erythro-p-galacto-Octitol (VI) by Acetobacter
suboxydans —A 100-mg. portion of the octitol from the avo-
cado was dissolved in 10 ml. of distilled water containing 50
mg. of Difco yeast extract, 30 mg. of potassium dihydrogen
phosphate and 5 mg. of p-glucose. The solution was ster-
ilized in the autoclave and inoculated with 0.4 ml. of a cul-
ture of A. suboxydans?® grown on a yeast extract and p-

(27) 1. Mandl and C. Neuberg, Arch. Biochem. Biophys., 85, 326
(1952).

(28) D. G, Easterby, L. Hough and J. K. N. Jones, J. Chem. Soc.,
3416 (1951).

(29) American Type Culture Collection No, 621,

Found:
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glucose medium. After 6 days at 30° the solution was
diluted with 35 ml. of methanol, filtered, deionized with
Amberlite IR-120 and Duolite A-4 ion-exchange resins, and
concentrated. Paper chromatograms sprayed with the
orcinol-hydrochloric acid reagent indicated the presence of
an octulose through a typical crimson spot that faded
rapidly to gray. In solveunts B and D the octulose moved
more slowly than the naturally occurring p-glycero-p-man-
no-octulose (VII). However, in solvents A, B, C and D the
octulose produced by 4. suboxydans moved at the same rate
as the p-glycero-L-manno-octulose produced in the pyridine
rearrangement of D-threo-L-galacto-octose (X), as described
in the following paragraph. The octulose produced by bio-
chemical oxidation thus appears to be the enantiomorphotus
L-glycero-D-manno-octulose (IX; see discussion in the first
part of this paper) and a definitive proof of its structure will
be sought when more of the octitol VI becomes available.

Syntheses. Pyridine Rearrangement of p-threo-L-galacto-
Octose (X), Reduction of the Products, and Isolation of L-
erythro-L-galacto-Octitol and Its Octaacetate.—A 5.8-g.
sample of D-threo-L-galacto-cctose (X) monohydrate® was
heated at 100° 4% vacuo for 3 hours and the dried octose re-
fluxed in 45 ml. of dry pyridine for 9hours. The solution was
concentrated and shown to contain octulose by paper chro-
matography (see preceding paragraph). The mixture of
sugars was dissolved in 70 ml. of water and reduced with 1.5
g.of sodium berohydride. After removal of sodium ions and
boric acid in the usual way, i.e., by Amberlite IR-120 and
evaporation with methanol, respectively, the mixture of
solid alditols was shaken with 50 ml. of water. The insoluble
portion (2.5 g.) was recrystallized from hot water and identi-
fied by melting point and mixed melting point of 231° as the
known p-threo-L-galacto-octitol.!® The aqueous extract,
upon concentration, vielded an additional 1.1 g. of the same
alditol. Finally, the mether liquor vielded 0.36 g. of the ex-
pected epimeric alditol melting at 150-160°. This was
identified as D-threo-L-talo-octitol, which can also be named
L-erythro-L-galacto-octitol and is then readily recognized as
the enantiomorph of the naturally occurring octitol VI.
Paper chromatograms run in solvent A for 48 hours and in
solvent C for 18 hours showed identical rates of migration
for the enantiomorphs. Upon acetvlation the synthetic
enantiomorph vielded 0.16 g. of large prisms that, after
recrystallization from ethanol, melted at 97-98° and showed
[a]?%p —1° in chloroform (¢ 3) as compared with m.p. 99—
100° and [«]?D +2° for the octzacetate of the naturally oc-
curring octitol described earlier in this paper. The infrared
spectra of the two octaacetates in chioroform solution were
identical. Upon deacetvlation of the synthetic product,
the L-erythro-L-galacto-octitol monohydrate melted at 168-
169° and showed {«]2p —70° in acidified molybdate solu-
tion (¢ 0.16) as compared with m.p. 169-170° and [a]%®D
-+‘}6§5° for the enantiomorph, p-erythro-p-galacto-octitol
(VI).

Synthesis of p-erythro-p-galacto-Octonic Acid (XII) from
D-glycero-pD-manno-Heptose (XI).—Twelve grams of bp-
glycero-a-D-mannc-heptose hexaacetate® was deacetylated
catalytically with sodium methoxide and the sirupy heptose
treated with 1.8 g. of sodiumn cyanide by Hudson’s modifica-
tion® of the cyvanohydrin synthesis. After saponification
of the nitriles, removal of the sodium ions and concentra-
tion, the 5.9 g. of product was obtained as a solid residue.
When this material was dissolved in 25 ml. of hot water it
deposited 1.3 g. of elongated prisms of p-ervihro-p-galacto-
octonic acid monohydrate: once recrystallized from water it
melted at 137° to a thick sirup and showed [e¢]®p —7° in
water (¢ 1). When heated for 5 hours at 100° i racuo the
monohydrate lost about one molar equivalent of water
(caled. 6.57. found 5.91) and was converted to the anhvdrous
acid rather than to the lactone; a test for lactone was nega-
tive when a spot of the material on paper wuas spraved with
alkaline hydroxylamine followed by ferric chloride.

Anal. Caled. for CsH;s0¢-H.O, C, 35.04; H, 6.62,
Found: C.35.24; H, 6.40. Caled. for CsH,60s: C, 37.50;
H.6.29. Found (dried at 100° 4n zacuo): C,37.51; H,6.51,

p-erythro-D-galacto-Octonic +-Lactone (XIV) and b-
erythro-p-galacto-Octonic Phenylhydrazide —When 0.73 g.
of the octonic acid monohydrate was dissolved in 40 mt. of
boiling 2-ethoxyethanol, refluxed for 5 hours, and the sol-
vent removed by distillation, the solid residue was found to

(30) C. S. Hudson, Tris JoUrNAL, 78, 4498 (1951): J. W, Pratt
and N, K. Richtmyer, ¢bid., 77, 1906 (1933).
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consist of the lactone free from the acid as determined by
paper chromatography. The lactone had Ryastone 0.83 in
solvent B and 1.1 in solvent D. Recrystallization from
ethanol containing a small amount of water afforded 0.47 g.
of p-erythro-p-galacto-octonic y-lactone. The product ap-
peared to contain some solvent of crystallization and so it was
dried for 8 hours ¢» zacuo at 100°. It then melted at 152-
153° and showed [a]®D —66° in water (¢ 1). Because the
lactone was obtained only at a relatively high temperature it
must be considered a y-lactone.

Anal. Caled. for CH1sOs: C, 40.34; H, 5.92.
C, 40.70; H, 5.66.

The p-erythro-p-galacto-octonic phenylhydrazide was ob-
tained by heating 0.1 g. of lactone and 0.1 ml. of phenyl-
hyvdrazine in 1 ml. of water for a few minutes on the steam-
bath. The mass solidified, and the product was purified
by two recrvstallizations from water as clusters of tiny
needles. The phenylhydrazide melted at 193-195° and
showed [a] %D +23° in water (¢ 0.2).

Anal. Caled. for C,\HpN,Os: C, 48.55;
8.09. Found: C, 48.62; H, 6.41; N, 7.87.

Reduction of p-erythro-p-galacto-Octonic y-Lactone (XIV)
to D-erythro-D-galacto-Octitol (VI).—Reduction of 0.33 g. of
the lactone with 0.5 g. of sodium borohydride according to
the directions of Wolfrom and Wood?® yielded an octitol and
some octonic acid. The latter was removed on a column
of Amberlite IRA-400 ion-exchange resin. The octitol ob-
tained on concentration was recrystallized from ethanol con-
taining a small amount of water. It weighed 0.15 g.,
melted at 170-171° both alone and in admixture with the
naturally occurring p-erythro-p-galacto-octitol monohydrate,
and showed [a]?p —12° in 39, ammonium molybdate (¢
0.41) and +62° in acidified molybdate (¢ 0.33). The nat-
ural and synthetic octitols migrated at the same rates on
paper chromatograms run in all four solvent systems. Acet-
vlation of the synthetic octitol vielded an octaacetate that
melted at 99-100°, both alone and when mixed with the octa-
acetate from the octitol from the avocado, and showed
[a]®p +1° in chioroform (¢ 1.0). Infrared spectra of the
two octaacetates in chloroform solution were identical.

D-erythro-p-galacto-Octose (XV).—The reduction of 4.4 g.
of p-erythro-p-galacto-octonic v-lactone (XIV) was carried
out in ice-cold sodium hydrogen oxalate buffer solution by
the general procedure of Isbell.?2 A total of 400 g. of 2%,
sodium amalgam was added in 50-g. portions at intervals of
one hour while a pH of about 3 was maintained by the addi-
tion of oxalic acid dihydrate to the vigorously stirred solu-
tion, The next morning the mixture was filtered and an
additional 250 g. of amalgam was added in the same manner
to the filtrate. The mixture was again filtered, a consider-
able amount of the dissolved salts was precipitated by the
addition of 3 liters of ethanol, and the remainder by deioniza-
tion with Amberlite IR-120 and Duolite A-4 resins. Con-
centration of the solution left 3 g. of sirup that contained
some unchanged lactone; the latter was removed by pro-
longed shaking of an aqueous solution of the sirup with Duo-
lite A-4 resin. Concentration of the solution yielded 0.8 g.
of a sirup that crystallized readily on addition of methanol.
Upon recrystallization from methanol containing a small
amount of water the octose separated as acicular prisms that
melted at 174-1753°. The rotation changed from [a]*p
+45° (after a few minutes) to 4+64° (overnight, constant) in
water (¢ 0.72) and the octose accordingly is to be designated
D-erythro-B-D-galacto-octose. In relation to galactose, the
octose showed Rgay 0.50 in solvent A and 0.46 in solvent B.
On paper chromatograms it was detected as a dark green
spot with the p-anisidine hydrochloride spray reagent.

Anal. Caled. for CsHysOs: C, 40.00; H, 6.71. TFound:
C, 40.26; H, 6.98.

Pyridine Rearrangement of p-erythro-nD-galacto-Octose
(XV).—A small sample of the octose was rearranged by boil-
ing in dry pyridine for 8 hours. The solution then showed
the presence of an octulose that moved at the same rate as
the avocado octulose when paper chromatograms were run
for extended periods of time in all four solvent systems.

Found:

H, 6.40; X\,

(31) M. L. Wolfrom and H. B, Wood, Jr., ¢bid., 78, 2933 (1951).

(32) H. S. Isbell, U. 8. Patent 2,632,005, March 17, 1953; see also
H. S. Isbell, J. V., Karabinos, H. L, Frush, N. B. Holt, A. Schwebel
and T. T. Galkowski, J. Research Natl. Bur. Standards, 48, 163 (1952),
and J. W. Pratt, N. K. Richtmyer and C. $. Hudson, TBIS JOURNAL,
7§, 4503, footnete 20 (1953).
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Products from Sedum Species.—Isolation.—Preliminary
experiments were carried out on an aqueous extract from
2600 g. of Sedum Adolphi Hamet. Gums were precipitated
with methanol, and p-glucose, p-fructose and sucrose were
removed by fermentation with bakers’ veast. Deproteini-
zation, deionization, and concentration left 5.5 g. of a dry
sirup. A paper chromatogram run in solvent C for 40 hours
and sprayed with orcinol-trichloroacetic acid revealed a
strong blue sedoheptulose spot; a very weak blue spot just
above it corresponding to the second anhydride of sedohep-
tulose, namely, 2,7-anhydro-3-p-altro-heptulofuranose??; and
a weak blue spot just below it corresponding to sedoheptulo-
san (2,7-anhydro--p-aliro-heptulopyranose). Below the
sedoheptulosan spot was a weak gray spot, believed to be an
octulose, and below that a weak, elongated, bluish spct (or
probably, as the ammoniacal silver nitrate spray indicated,
3 separate spots that appeared as a single long spot with the
orcinol reagent). A 2-vear-old extract of Sedum speciabile
that had been treated similarly showed the same 5 spots
with orcinol-trichloroacetic acid.

Accordingly, a large-scale operation was begun in order to
study further the presumed octulose from Sedum species as
well as the substances responsible for the still slower moving
spot or spots that appeared with the orcinol spray. For
this purpose we had available the extracts, obtained over a
4-year period, from a total of 385 kg. of Sedum plants (prin-
cipally S. spectabile). These had been precipitated with
methanol to remove gums and were then treated with veast
to remove fermentable sugars. The resulting solutions were
deproteinized, deionized, and heated in 0.2 N sulfuric acid
at 40° to convert about 909, of the sedoheptulose to sedo-
heptulosan.®® After deacidification with Duolite A-4 and
concentration, about 2100 g. of sedoheptulosan hydrate was
recovered by crystallization. The mother liquor was re-
treated with acid, and an additional 300 g. of sedoheptulosan
hydrate obtained. On a paper chromatogram sprayed with
aniline hydrogen phthalate the mother liquor appeared to
contain about seven aldoses, and so it was oxidized with
bromine water in the presence of a considerable excess of
calcium carbonate. The solution was deionized and con-
centrated to a sirup that weighed 345 g.; calculations showed
that about 100 g. of aldoses had been removed by the hypo-
bromite oxidation. The sirup, chromatographed on paper
in solvent C and sprayed with aniline hydrogen phthalate,
showed negligible amounts of aldoses; with orcinol-tri-
chloroacetic acid it showed the five spots representing ke-
toses and their non-reducing anhydrides; and with am-
moniacal silver nitrate it showed about a dozen separate
spots that included the ketoses, their anhydrides and poly-
hydric alcohols.

Fractionation on Cellulose.—The 345 g. of sirup obtained
as described above was subjected to chromatography on a
cellulose column 52 em. high and 7.5 cm. in diameter. The
sirup was divided into five portions varying from 55 to 88
g., and each portion was put on the column and eluted with
mixtures of benzene and methanol containing 19, water,
starting with 5:1 (419 H,O) and gradually decreasing the
proportion of benzene until a 1:1 (419 H,0) ratio was used
for the final elution. The many samples of eluate from the
five runs were examined by paper chromatography and
eventually distributed among eleven fractions, of which the
first 4 have not vet been investigated. Fraction 5§ con-
tained principally sedoheptulosan, of which 50 g. has so far
been obtained crystalline. Fraction 7 yielded p-mannitol
and fraction 11 a considerable quantity of myo-inositol.
Fractions 8-10 contained the octulose, and fractions 9-11
contained the material that appears as the slow-moving,
elongated, blue spot on a paper chromatogram sprayed with
orcinol and trichloroacetic acid. The sedoheptulose and its
anhydrides, represented by blue spots that moved faster
than the octulose, appeared in fractions 4-9. Because the
separation of the large amount of complex mixture under the
conditions described above was not clean cut, a 3.6-g. por-
tion of fraction 9 was removed for the study reported in the
following section, and the remainder of fractions 8-11,
weighing 33.5 g., is currently being investigated by fractiona-
tion with other solvent systems.

Examination of Fraction 9. Isolation of p-glycero-p-
¢luco-Heptitol (8-Sedoheptitol, V).—From the first 115 g.
of sirup that was fractionated on the large cellulose column

(33) N. K. Richtmyer and J. W, Pratt, Tris Jour~AL, 78, 4717
(19506).
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(representing about 130 kg. of Sedum leaves and stems) was
obtained 3.6 g. of sirup, called fraction 9, that seemed to con-
tain the largest proportion of octulose. This sirup was re-
fractionated on a smaller cellulose column (325 mm. high
and 50 mm. in diameter) using 1-butanol half saturated with
water until the eluate showed only a trace of octulose, and
then changing to 1-butanol three-quarters saturated with
water. Seven fractions were obtained, with fractions 9C
and 9D showing only the gray, octulose spot and fractions
OFE and OF showing only a slower-moving blue spot on paper
chromatograms sprayed with orcinol-hydrochloric acid.
Fraction 9C (1.68 g.), when run on a paper chromatograni
in solvent B for 2 days and sprayed with periodate-per-
manganate, showed the octulose spot ( Reuer 1.2) and another
spot above it. The sirup was dissolved in a mixture of hot
methanol and ethanol and the solvents allowed to evaporate
slowly at room temperature. After a few days the crystals
that had deposited were filtered and washed with methanol.
The 0.4 g. of product melted at 131-132° and was identified
as B-sedoheptitol by mixed melting point (no depression),
identical Rj-values on paper chromatograms run in all 4
solvents, and identical infrared spectra on direct comparison
with authentic material, and by its rotation of [a@]2D +46°
in 59, ammonium molybdate as compared to the value of
+49.6° reported in the literature.3*

Isolation of D-glycero-D-manno-Octulose (VII).—The re-
mainder cf fraction 9C was combined with 9D (0.1 g.) and
some additional B-sedoheptitol removed by crystallization.
The residue (ca. 1 g.) was put on the small cellulose column
and eluted with 1-butanol one-quarter saturated with water.
Eight fractions were collected, with B-sedoheptitol being
detectable by paper chromatography only in the first two
fractions. The combined middle fractions 4-6 (0.16 g.)
showed [e] %D +20° in methanol (¢ 0.9), the same value that
had been obtained for the sirupy octulose from the avocado.
On paper chromatograms run in all four solvent systems the
Sedum octulose had the same mobility as the avocado octu-
lose. Infrared spectra of the thoroughly dried octulose
sirups as films from methanol were identical.

A 16-mg. sample of the Sedum octulose was oxidized with
2 molar equivalents of lead tetraacetate as described for the
avocado octulose. The resulting pentose in this case also
had the same mobility as ribose when run on paper chromato-
grams in all four solvent systems. Another small sample
was degraded with oxvgen in cold alkaline solution; paper
chromatograms run in solvents B and D indicated that the
principal product here, as from the avocado octulose, was p-
glycero-D-manno-heptonic lactone.

Preparation of p-glycero-pD-manno-Octose Phenylosazone
from the Sedum Octulose, the Avocado Octulose and p-
erythro-p-galacto-Octose.—A 0.10-g. fraction of octulose
sirup from Sedum, containing no detectable amount of 3-
sedoheptitol or other impurity, was dissolved in 3 ml. of
water, together with 0.2 g. of phenylhydrazine hydrochloride
and 0.3 g. of sodium acetate trihydrate, and the mixture
heated for 30 minutes in a hot water-bath at 95°. A vellow
osazone separated and, after cooling, it was centrifuged, and
washed well with water and then ether. On recrystalliza-
tion from 509, aqueous ethanol it separated as needles;
vield, 10 mg. The phenylosazones were prepared in the
same way from the sirupy avocado octulose and from the
synthetic D-erythro-p-galacto-octose (XV). Each of the
phenylosazone samples showed the same melting point, 188-
189° with decomposition, with no significant depression of
that value when mixed melting points were made. X-Ray
powder diffraction patterns and infrared spectra in potas-
sium bromide pellets were identical for all three phenylosa-
zones.

Anal. Caled. for C20H25N4Os: C, 5740, H, 626, N
13.39. Found (from Sedum octulose): C, 37.11; H, 6.30;
N, 13.24. Found (from synthetic octose): C, 57.39; H,
6.10; N, 13.20.
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2-Deoxy-D-ribose. IV.! A Direct Synthesis of 2’-Deoxyadenosine and its Anomer

through 2-Deoxy-D-ribose Derivatives®

By RoserT K. NEss aNpD HEwITT G. FLETCHER, JR.
RECEIVED JANUARY 11, 1960

Mono-p-nitrobenzoylation of 2-deoxy-p-ribose diisobutyl dithioacetal affords a 5-O-p-nitrobenzoyl derivative. De-
mercaptalation of this, followed by further p-nitrobenzoylation, gives the two anomeric 2-deoxy-b-ribofuranose tri-p-nitro-
benzoates. Conversion of these esters to amorphous 2-deoxy-3,5-di-O-p-nitrobenzoyl-p-ribosyl chloride, followed by con-
densation with chloromercuri-6-benzamidopurine and removal of the protecting groups, has led to the isolation of 2’-deoxy-
adenosine, its anomer 9-(2-deoxy-a-D-ribofuranosyl)-adenine and a third nucleoside, probably 7-(2-deoxy-a-bD-ribofuranosyl)-

adenine,

Chemical syntheses of nucleosides containing the
2-deoxy-p-ribofuranosyl moiety have heretofore re-
lied on indirect pathways, preformed pentofurano-
sylpyrimidines® and purines* being reduced at car-
bon two of the sugar moiety through various ingen-
ious transformations. In view of the relative ac-
cessibility of 2-deoxy-D-ribose,® the direct synthesis
of such nucleosides through suitably substituted 2-
deoxy-p-ribofuranosyl halides offers a number of
attractive features. The present paper will de-
scribe such a direct synthesis.®

Zinner and co-workers’ have shown that pentose
dialkyl dithioacetals may be readily p-nitrobenzoyl-
ated at carbon five and that, through demercaptala-
tion, 5-O-acylpentose dialkyl dithioacetals may be
converted to 5-O-acylpentofuranoses. This method
of obtaining pentofuranose derivatives was used
in the course of the present research. 2-Deoxy-D-
ribose was converted to its known diisobutyl dithio-
acetal® and mono-p-nitrobenzoylated to yield the
crystalline 5-O-p-nitrobenzoyl derivative I. De-
mercaptalation with mercuric chloride and mer-
curic oxide then gave an amorphous 2-deoxy-5-O-
p-nitrobenzoyl-p-ribose (II) which was further p-
nitrobenzoylated, affording the two anomeric 2-
deoxy-p-ribofuranose tri-p-nitrobenzoates (IIT and
V).

Either of these esters or a mixture of the two was
dissolved in methylene chloride and treated with a

(1) 2-Deoxy-p-ribose, 1II, C. Pedersen, H, W. Dieh! and H. G.
Fletcher, Jr., THIs JOURNAL, 82, 3425 (1960).

(2) For a preliminary comrnunication describing this work see R. K.
Ness and H. G, Fletcher, Jr., ¢bid., 81, 4752 (1959).

(3) D. M. Brown, D. B. Parihar, C. B. Reese and A. Todd, J. Chem.
Soc., 3035 (1958);: G. Shaw and R. M. Warrener, tbid., 50 (1959).

(4) C. D. Anderson, L. Goodman and B. R. Baker, THIS JOURNAL,
81, 3967 (1959).

(5) H. W. Diehl and H, G. Fletcher, Jr., Biochem. Preparalions, 8,
in press (1960): Arch. Biochem, Biophys., 78, 386 (1958).

(6) Subsequent to the completion of this work we were informed of
the successful synthesis of several pyrimidine 2’-deoxynucleosides by a
direct procedure which has some features similar in principle to that
described here; see M. Hoffer, R, Duschinsky, J. J. Fox and N. Yung,
THIs JoURNAL, 81, 4112 (1959).

(7) H. Zinner, K. Wessely, W. Bock, K. Rieckhoff, F. Strandt and
W. Nimmich, Chem. Ber., 90, 500 (1957).

(8) H, Zinner, H. Nimz and H, Venner, Chem. Ber., 90, 2696 (1957).

A direct preparation of 5-O-trityl-2-deoxy-a-D-ribose from 2-deoxy-p-ribose is described.

very slight excess of hydrogen chloride.® p-Nitro-
benzoic acid, which was precipitated in nearly quan-
titative yield, was removed, leaving a solution of 2-
deoxy-3,5-di-O-p-nitrobenzoyl-p-ribosyl  chloride
(V).1® The amorphous, solvent-free halide was
then condensed with chloromercuri-6-benzamido-
purine in dimethyl sulfoxide solution. Protecting
groups were stripped off with alkali and the product
chromatographed on a cellulose column. 2’-De-
oxvadenosine (VI, 9-(2-deoxy-8-p-ribofuranosyl)-
adenine) was isolated in 109 yield. Its melting
point, rotatory dispersion and ultraviolet absorp-
tion spectrum clearly showed it to be identical with
the natural nucleoside.

A second crystalline nucleoside, isomeric with
the natural product, was isolated through chroma-
tography in 199, vield. In contrast with the first
product, it was markedly dextrorotatory in the
wave length range measured (589 to 340 muy).
In the ultraviolet it showed an absorption peak at
260 mu characteristic of a 9-substituted adenine.!!
Hydrolysis with weak acid revealed only adenine,
2-deoxy-p-ribose and unchanged nucleoside. It
appears highly probable that the substance is,
therefore, the anomer of the natural nucleoside,
namely, 9-(2-deoxy-a-p-ribofuranosyl)-adenine
(VII).

Finally, the chromatography yielded a small
amount (19%) of a third, isomeric nucleoside. From
the dextrorotation of this substance and its ab-
sorption at 273 mu (characteristic of 7-substi-
tuted adenines!!) it may tentatively be assigned the
structure 7-(2-deoxy-a-p-ribofuranosyl)-adenine.

Zinner, Nimz and Venner!? have described an
indirect method of preparing 2-deoxy-5-O-trityl-a-
p-ribose; in the course of the present work the
same substance was prepared rather more conveni-

(9) This technique is similar to that employed by W. W. Zor-
bach and T. A. Payne, Jr., THIS JOURNAL, 80, 5564 (1958).

(10) One of the anomeric forms of this substance has since been ob-
tained in crystalline form; it and some of its reactions will be described
in a future communication.

(11) J. M, Gulland and L. F. Story, J. Chem. Soc., 259 (1938).

(12) H. Zinper, H, Nimz and H. Venner, Chem. Ber., 91, 638
(1958).
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