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The reaction of aqueous formaldehyde upon p-arabitol in the presence of concentrated hydrochloric acid has led to the
isolation of 1,3-O-methylene-p-arabitol, 1,3:2,4-di-O-methylene-p-arabitol, and what is presumably bis-(1,3:2,4-di-O-

niethylene-5-p-arabityloxy)-methane.

Evidence in proof of these formulations has been presented and the bearing of the re-

sults upon the rules for predicting favored ring structures in the O-methylene acetals of polyhydric alcohols has been dis-

cussed.

Many new derivatives of 1,3-O-methvlene-, 2,4-O-methylene-, 1,3:2,4-di-O-methylene-, 1-deoxy-, 5-deoxy-, 1,3-0-

benzylidene- and 2,3-0-benzylidene-p-arabitol have been described.

The condensation of xylitol (a meso form) with
formaldehyde has been described in an earlier pub-
lication from this Laboratory by Hann, Ness and
Hudson.? They proved conclusively that the prod-
uct, which was isolated in 919 vield, was 2,4:3,5-
di-O-methylene-p,L-xylitol; because of the sym-
metry of the xylitol molecule, however, the name
1,3:2,4-di-O-methylene-p,L-xylitol® can be applied
equally well. Ribitol, which is the other meso penti-
tol, also condenses with formaldehyde to a di-O-
methylene derivative. That compound, first de-
scribed by Schulz and Tollens,* was proved by
Hann and Hudson® to be 1,3:2,4-di-O-methylene-
D,L-ribitol (synonym, 2,4:3,5-di-O-methylene-p,L-
ribitol). Thus, both xylitol and ribitol condense
with formaldehyde to yield positionally identical
di-O-methylene derivatives. The methylenation of
ribitol, in contrast to that of xylitol, afforded only
189, of the di-O-methylene compound under the ex-
perimental conditions used by Hann and Hudson®;
the principal product, isolated in 639, yield, was a
mono-O-methylene compound whose structure they
proved to be 2,4-O-methyleneribitol (a meso form).

In order to complete the study of the O-methylene
derivatives of the pentitols, it became necessary to
examine the behavior of formaldehyde toward
one of the optically active arabitols (since p-arabi-
tol = bp-lyxitol and r-arabitol = L-lyxitol). To
this end, p-arabitol was condensed with 379, aque-
ous formaldehyde in the presence of concentrated
hydrochloric acid.® When the reaction was carried

(1) Presented in part before the Division of Carbohydrate Chemistry
at the Kansas City Meeting of the American Chemical Society, March
31, 1954, For the preceding paper in this series, see E, Zissis and N, K.
Richtmyer, THIS JOURNAL, 75, 129 (1853).

(2) R. M. Hann, A. T. Ness and C. S. Hudson, ibid., 66, 670
(1944); see also R. M. Hann, N. K. Richtmyer, H. W. Dieh! and
C. S. Hudson, $bid., 73, 561 (1950), for addittonal derivatives and
related compounds.

(3) The optically active 1,3:2,4-di-O-methylene-p-xylitol (synonym,
2,4:38,5-di-O-methylene-L.xylitol) also is known., It was prepared
indirectly from 1,3:2,4-di-O-methylene-p-glucitol by A. T. Ness,
R. M. Hann and C. S. Hudson [THIS JOURNAL, 66, 665 (1944)], and
some of its derivatives were described later by those same authors
[ibid., 78, 132 (1953)].

(4) M. Schulz and B. Tollens, Ann., 289, 20 (1896).

(8} R. M. Hann and C. S. Hudson, TriS JoURNAL, 66, 1906 (1944).

(6) The experimental attack on this problem was begun in this
Laboratory in 1944 by Dr. Raymond M. Hann. The first crystalline
material was obtained oniy after one of the sirupy condensation mix-
tures had been kept in a desiccator for 4 years. Dr. Hann, with the
assistance of Mr. Harry W. Diehl, then returned to the problem and
succeeded in isolating and characterizing the first two condensation
products, the first tosyl compound, and the first iodo compound that
are described and marked with this footnote number in the Experi-
mental section. Upon the death of Dr. Hann on April 30, 1949, the
research was discontinued for several years before it was again re-
sumed by the present authors,

out at room temperature, the product that usually
was isolated agreed in composition and molecular
weight with that of a bis-(di-O-methylene-p-arabi-
tyloxy)-methane (m.p. 138-139°, [«]*p +38.5° in
water). This compound appears to have been
formed by the condensation of two molecules of a
di-O-methylene-p-arabitol, each through its free
hydroxyl group, with an additional molecule of
formaldehyde; a similar product had been encoun-
tered earlier during the preparation of 1,3:2,4-di-O-
methylene-L-epirhamnitol.” For reasons that will
become apparent later in this discussion, attempts
to obtain intermediate degradation products were
unsuccessful and nothing further can be said re-
garding the detailed structure of the bis compound.
Condensations at +5° yielded as high as 499, of a
di-O-methylene-p-arabitol (m.p. 124-125°, [a]*D
-+32.4° in water). Later, in a large-scale condensa-
tion carried out at 0°, in addition to the di-O-meth-
ylene compound there was isolated also a very
small amount of a mono-O-methylene-p-arabitol
(m.p. 86-87°, [a]®*'D —19.9° in water).

The determination of structure of the mono-O-
methylene compound was accomplished without
any serious difficulty. It was oxidized readily by
periodate, with the consumption of one molecular
equivalent of oxidant and the liberation of one
molecular equivalent of formaldehyde. Thus,
one of the primary hydroxyl groups and the
adioining secondary hydroxyl group must be free,
and the structure is limited accordingly to that of a
1,3-, 2,3-, 3,4- or 3,5-O-methylene-p-arabitol. Be-
cause D-arabitol is known to condense with benzal-
dehyde to form a 1,3-O-benzylidene derivative,’
it might be expected that our mono-O-methylene
derivative would be the analogous 1,3-O-methylene-
p-arabitol (I). This hypothesis was confirmed by
the following sequence of reactions. Tosylation of I
yielded the 1,3-O-methylene-2,4,5-tri-O-p-tolylsul-
fonyl-p-arabitol (II); its O-methylene group was
cleaved by acetolysis and although neither the ex-
pected acetylated intermediate nor the 2,4,5-tri-O-
tosyl compound obtained by a subsequent deacetyl-
ation would crystallize, the final sirup could be
converted to the crystalline 1,3-O-benzylidene-
2,4,5-tri-O-p-tolylsulfonyl-p-arabitol (IIT); and this
O-benzylidene compound was shown to be identi-

(7) N. K. Richtmyer, L. C. Stewart and C. S. Hudson, TuIs JoUR-
NaL, T2, 4934 (1950). In the Experimental section of that paper,
page 4936, the 1,3:2,4-di-O-methylene-L-epirhamnitol was designated
incorrectly as the 2,4:3,5-dimethylene derivative; c¢f. ibid., T4, 6313
1952).

( (8))W. T. Haskins, R. M. Hann and C. S. Hudson, sbid., 68, 1663
(1943).
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cal with the substance obtained by the direct tosyl-
ation of some of the 1,3-O-benzylidene-p-arabitol
(IV) remaining from the earlier work of Haskins,
Hann and Hudson® in this Laboratory.

H,CO—— H:CO———

TSOC‘JH CH,

\ .
HO‘CH CH: ‘

HCO—  — HCO—d  —>
H‘!COH H?OTS
CH.OH CH.OTs
I II
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'1‘50¢H éHCGH, HOéH ¢Hcﬁl~1o
HCO- - -~ H;CO———!
H(j:O I's HCOH
CH.OTs éHzOH
111 v

Determination of the structure of the di-O-
methylene-p-arabitol began with its conversion to
an O-tosyl derivative, reaction of the latter with
sodium iodide, and reduction of the resulting iodo
compound to a deoxydi-O-methylene-p-arabitol
that was found to have a C-methyl group. Since
there must have been one free primary hydroxyl
group, the two O-methylene groups must therefore
be located either at the 1,2,3,4- or the 2,3,4,5-
positions on the D-arabitol chain. To distinguish
between these two possibilities we prepared 1-de-
oxy-D-arabitol, recently described by Bollenback
and Underkofler,® but attempts to condense it with
formaldehyde in the presence of concentrated hy-
drochloric acid failed to produce any crystalline
material. The 5-deoxy-p-arabitol (= 1-deoxy-D-lyx-
itol) was then prepared by reductive desulfuriza-
tion with Raney nickel of the known p-lyxose di-
ethyl mercaptal; methylenation of this 5-deoxy-p-
arabitol afforded an 819 yield of the same deoxy-
di-O-methylene compound that had already been
prepared from the di-O-methylene-p-arabitol whose
structure we were attempting to elucidate. There-
fore, the O-methylene groups in the di-O-methylene
and the deoxydi-O-methylene compounds must be
distributed among the 1,2,3,4- rather than the 2,3,-
4,5-positions of p-arabitol, and the possible formu-
las for the original di-O-methylene compound have
been reduced to three, namely, V, VI and VII,

By analogy with xylitol and ribitol we might
expect that a 1,3:2,4 combination of O-methylene
groups (V) would have been introduced also into the
D-arabitol molecule and that the procedure of lim-
ited acetolysis would cleave the 1,3-O-methylene
group without seriously affecting the 2,4-O-methyl-
ene group. Our experiments, however, indicated
that in the acetolysis of the 1,2,3,4-di-O-methylene-
p-arabitol the two groups were attacked at nearly
the same rate, so that no intermediate product or
any derivative thereof could ever be isolated. With
the 5-O-tosyl derivative of the di-O-methylene-p-
arabitol, on the other hand, we were sometimes suc-

i G0 ND Bollenback and o AL Underkofler, Tos Jovrnar, 72,
T ciuam
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cessful in obtaining, by acetolysis and subsequent
deacetylation, small yields of a crystalline mono-O-
methylene-5-O-tosyl derivative. The latter com-
pound was not oxidizable by periodate, so that,
with the 5-position of the p-arabitol molecule al-
ready occupied by a tosyl group, the product could
be only the 1,3-, the 2,3- or the 2,4-O-methylene de-
rivative. Since it cannot be either the 1,2- or the
3,4-0-methylene-5-0-tosyl-p-arabitol (both of
which should be oxidizable by periodate), the parent
compound could not have been the 1,2:3,4-di-O-
methylene-p-arabitol and formula VI is thereby
eliminated from further consideration.

Upon complete tosylation of the mono-O-methyl-
ene-5-O-tosyl-p-arabitol, an O-methylene-tri-O-
tosyl-p-arabitol (m.p. 68-73°, [a]®p +31.8° in
chloroform) was obtained that was quite different
from the 1,3-O-methylene-2,4,5-tri-O-p-tolylsul-
fonyl-p-arabitol (II, m.p. 135-136°, [«]*D —13.9°)
whose structure had already been established.
Hence, the O-methylene group in the mono-O-meth-
ylene-5-O-tosyl compound cannot be in the 1,3-
position but can be only in the 2,3- or 2,4-position.
To decide between these two possibilities we made
use of some of the 2,3-O-benzylidene-p-arabitol
(VIII) remaining from the earlier researches of
Haskins, Hann and Hudson.® Its tosylation gave
an amorphous 2,3-O-benzylidene-1,4,5-tri-O-p-tolyl-
sulfonyl-p-arabitol (IX); removal of the O-benzyli-
dene group by acid hydrolysis furnished the crystal-
line 1,4,5-tri-O-p-tolylsulfonyl-p-arabitol (X); and
acetylation then yielded the crystalline 2,3-di-0)-
acetyl-1,4,5-tri-O-p-tolylsulfonyl-n-arabitol  (XI,
m.p. 83-84°). From our own O-methylene-tri-O-
tosyl-p-arabitol (m.p. 68-73°), following an acetol-
ysis experiment, we were fortunate to isolate a small
amount of a different di-O-acetyl-tri-O-tosyl-p-ara-
bitol (m.p. 138-140°). The last-named compound,
since it cannot be the 2,3-di-O-acetyl derivative,
must be the 2,4-di-O-acety! derivative, and the O-
methylene compound from which it was derived
must have been 2,4-O-methyvlene-1,3,5-tri-O-p-
tolylsulfonyl-p-arabitol (XIV). The original di-O-
methylene compound, therefore, can only have been
the 1,3:2,4-di-O-methylene-p-arabitol (V).  This
last sequence of reactions is shown in formulas X1T1
to XV,
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Although this proof of structure of our original
product as 1,3:2,4-di-O-methylene-p-arabitol (V)
has been derived in part through a process of elimi-
nation rather than by a complete direct proof, we
feel that the reasoning and conclusions are sound.
Strong supporting evidence is available also from a
comparison of the tri-O-tosyl compounds repre-
sented by formulas IT and XIV. The former—au-
thentic 1,3-O-methylene-2,4,5-tri-O-p-tolylsulfonyl-
p-arabitol (II)—reacted with sodium iodide to
eliminate sodium p-toluenesulfonate, but no iodo
compound could be isolated; apparently the con-
tiguous primary and secondary sulfonyloxy groups
at C, and C; had also been eliminated, which is in
accord with the experience of Tipson and Cretcherl®
in similar cases. The latter—believed to be 2,4-O-
methylene-1,3,5-tri- O - $-tolylsulfonyl-p - arabitol
(X1V)—formed both a mono- and a diiodo com-
pound, just as we should expect from a substance of
that structure. If, on the other hand, a 2,3-O-
methylene group were present, then the correspond-
ing tri-O-tosyl derivative would have had contigu-
ous sulfonyloxy groups at C, and C; and its reac-
tion with sodium iodide, like that of II, would be
expected to be accompanied by deep-seated destruc-
tion. That a dilodo compound could be obtained
even at 115° is, to us, convincing evidence of the
1,3,5-tri-O-tosy! arrangement and consequently of
the 2,4-O-methylene group in the key compound
XIV.

(10) R. S. Tipson and .. H. Cretcher, J. Org. Chemn., 8, 95 (1943);
see also R, S, Tipson, in Advances in Carbohydrate Chem., 8, 201 (1853).
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We are now in a position to summarize the reac-
tions of the three pentitols with formaldehyde and
to see whether the new results with p-arabitol are
in accord with the generalizations that have been
elaborated by Hann and Hudson!! and extended
later by Barker and Bourne.}*> The rules for the
preferential synthesis of acetals from polyhydric
alcohols state that the first preference is for a gC-
ring and the second preference is for a g-ring.!?
From ribitol (XVI), a high yield of the 2,4-O-
methylene derivative (with a BC-ring) has been ob-
tained,® and both ribitol and xylitol (XVII) formed
the favored 1,3:2,4-di-O-methylene derivatives®?

(each with a BC- and a B-ring). D-Arabitol
(1) CH,0H CH,0H CIH2OH
(2) HCOH HCOH HOCH
(8) HCOH HOCH HCOH
4) HCI‘,OH HCOH HCOH
(5) CH,OH CH:0H CH,OH

Ribitol Xylitol D-Arabitol
XVI XVII XVIII

(XVILI), by contrast, offers no possibility for the
formation of a BC-ring but the second preference—
for a @-ring—was realized first in the isolation of
1,3-O-benzylidene-p-arabitol® in 849, yield. Meth-
ylenation has now produced the analogous 1,3-O-
methylene-p-arabitol (although in very small
amount) and also a di-O-methylene derivative that
contains a 1,3-O-methylene structure. Although the
asymmetry of the p-arabitol molecule is such that
either a 1,3- or a 3,5-ring might be expected, only
the 1,3-ring has so far been noted.

If we assume that the 1,3-O-methylene ring is
formed first, what positions should we then expect
the second O-methylene group to enter? The three
possibilities are the 2,4(8T)-, the 2,5(v)- and the
4,5(a)-positions. Although the rare »T-ring is
formed in the production of 1,3:2,5:4,6-tri-O-
methylene-p-mannitol* and of the closely related
6-deoxy-1,3:2,5-di-O-methylene-L-mannitol, no -
ring has yet been observed and it must occupy a
lowly position in the order of preference. Of the
other two choices (a 8T- or an «-ring), Hann and
Hudson!! stated that the ST-relationship is “‘un-
favorable” and that a primary and a secondary al-
cohol group in a-position may form an acetal if the
one in B-position is not available. They concluded
that arabitol would not be expected to form a 2,4-
acetal, but rather a 1,3- or 3,5-monoacetal; and
that a diacetal of arabitol (1,3:4,5 or 1,2:3,5) ap-
pears to be capable of formation. Thus, their pre-

(11) R. M. Hann and C. S. Hudson, THIS JOURNAL, 66, 1909 (1944);
see also A, T. Ness, R. M. Hann and C. S. Hudson, ibid., 70, 765 (1948).

(12) 8. A. Barker and E. J. Bourne, J. Chem. Soc., 805 (1852);
and especially their review in Advances sn Carbohydrate Chem., T, 137
(1952).

(13) In the code devised by Barker and Bourne, the Greek letters
signify the relative positions of the two hydroxyl groups engaged in the
cyclization, and C and T indicate whether these groups are disposed
¢is or érans in the usual Fischer projection formula; C and T are re-
quired only when both hydroxyl groups are secondary.

{14) A. T. Ness, R, M, Hann and C. 8. Hudson, THIS JoUrNar, 65,
2215 (1943).

(15) W. T Haskins, R, M. Hann and C. S. Hudson, ibrd., 67, 1800
(1945).
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diction of a monoacetal structure was correct but
that of a diacetal structure was not.

Barker and Bourne!? have stated that the third
preference (after 3C- and B8-rings) is for an a-, «T-,
BT-, or ¥T-ring. Later, in an explanation of the
preferential formation of certain rings in acetals of
the polyhydric alcohols, Barker, Bourne and Whif-
fen® indicated that probably the a-ring is preferred
to the three others in that group. Thus, their pre-
cdiction for a diacetal of p-arabitol would be the same
as that of Hann and Hudson,!' which our experi-
mental results have not verified. However, if
we assume that the 1,3-O-methylene ring is formed
first, in accord with the rules, then the influence of
that preformed ring, as Barker, Bourne and Whif-
fen have discussed, may influence the order of pref-
erential entrance of an «-, aT-, 8T-, or yT-ring.
Whereas §T-rings are not uncominon, we have in
1,3:2,4-di-O-methylene-p-arabitol, to the best of
our knowledge, the first example of the formation of
a B8T-ring by the methylenation of a polyhydric al-
cohol containing a free primary hydroxyl group. As
a corollary, it appears that our reaction is the first
example in which, after the much-preferred 3C- and
B-positions had been filled, the choice lay between
an «- and a §T-ring. From this one case we may
conclude that, in such methylenations, formation
of a 8T-ring takes precedence not only over an oT-
or a ¥ T-ring!? but also over an a-ring.!%

A final word may be added in regard to the lim-
ited acetolysis of O-methylene acetals, Hann, Wolfe
and Hudson! found that acetolysis of 2,4:3,5-
di-O-methylene-p-glucitol at 0° for 30 minutes
cleaves the 3,5(8T)-ring while leaving the 24-
(8C)-ring intact and they obtained a 799 yield of
crystalline acetylated product. The easy rupture of
the 2,4(8T)-ring in our di-O-methylene-p-arabitol
is thus in accord with the earlier precedent; it
offers an explanation of our failure to obtain a par-
tially degraded acetolysis product from the 1,3:
2,4-di-O-mmethylene-p-arabitol and the rareness
with which we obtained a methylene-monotosyl de-
rivative from 1,3:2,4-di-O-methylene-5-0-p-tolyl-
sulfonyl-p-arabitol. Our failure to obtain either
an intermediate acetolysis or hydrolysis product
from the bis compound also is consistent with its
indicated formulation as bis-(1,3:2,4-di-O-methyl-
ene-5-D-arabityloxy)-methane.

Experimental

The 1,3:2,4-Di-O-methylene- and the 2,4-0-Methylene-p-
arabitol Series

The Condensation of p-Arabitol with Formaldehyde to
Bis-(di-O-methylene -p-arabityloxy) -methane .5—Although
two of the first three condensations of p-arabitol with formal-

(16) S. A. Barker, E. J. Bqume and D, H. Whiffen, 7, Chem. Soc.,
3865 (1952).

(16a) FooTNOTE aDDED Aucust 10, 1054 —In the May 20, 1954,
issue of Chemistry & Industry, a copy of which has just become avail-
able to us, J. A, Mills (page 633) stated that ‘‘nearly all known stable
cyclic acetals of sugars and sugar alcohols conform to patterns pre-
dictable by methods of conformational analysis already familiar in
the alicyclic field. In some cases the analysis may permit a definite
prediction of structure, whereas the impirical rules do not.”” DMlills
then predicted that methylenation of arabito! would afford the 1,3:2,4-
diacetal rather than the 2,4:3,5-diacetal; this prediction is now con-
firmed by our experimental results

177 R. M. Hann, J. K. Wolle and C. 8. Hudson, TRis JourRNAL, 66,
1808 (1944).
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dehyde in the presence of concentrated hydrochloric acid
at room temperature yielded small amouuts of the di-O-
methylene-p-arabitol, subsequent runs at room tempera-
ture produced the bis compound as the ouly crystalline
product. In a typical experiment, a mixture of 25 g. of b-
arabitol, 25 ml. of 379, aqueous formaldehyde and 25 ml. of
concentrated hydrochloric acid in a crystallizing dish was
placed in a desiccator containing beakers of coucentrated
sulfuric acid, granular calcium chloride and stick sodium
hydroxide. The desiccator was evacuated with a water-
pump and kept at 20° for 2 weeks. The resulting moder-
ately thick sirup was stirred with 10 ml. of absolute ethanot
and the desiccator evacuated and left for several days.
After the repeated addition of absolute ethanol, reconcen-
tration to a sirup and inoculation with di-O-methylene-p-
arabitol had failed to produce crystalline material even
after several months, 25 ml. of aqueous formaldehyde and
25 ml. of concentrated hydrochloric acid were added and the
solution was concentrated in a desiccator as before. About
a month later a spontaneous crystallization began in the
sirup and this process was encouraged by adding ethanol,
stirring, and reconcentrating. After another week the
product was filtered, washed with ethanol and dried at room
temperature. In two similar experiments the yields were
12.5 g. of crude product melting at 132-135° and 14.2 g.
melting at 125-130°, respectively. Three recrystalliza-
tions from 959, ethanol sufficed to bring the m.p. to a con-
stant value of 138-139°. The rotation of the prismatic
needles was [a!2p +38.5° in water (¢ 0.9).

Anal. Caled. for CisHuO: C. 49.44; H, 6.64;
wt., 364. Found: C, 49.69, 49.61; H, 6.48, 6.63;
wt. (Rast), 353.

Attempts to effect a partial degradation of the bis com-
pound and thus gain some information on its finer structurc
were unsuccessful; neither hydrolysis to constant rotation
with concentrated hydrochloric acid at 20° nor acetolysis for
varying short lengths of time at 0° yielded any crystalline
product.

The Condensation of p-Arabitol with Formaldehyde to
1,3:2,4-Di-O-methylene-p-arabitol (2,4:3,5-Di-O-methylene-
p-lyxitol) (V)..—A fairly successful preparation of the di-O-
methylene compound was recorded as follows. A mixture
of 25 g. of p-arabitol, 25 ml. of 379, aqueous formaldehyde
and 25 ml. of concentrated hydrochloric acid was stirred for
about 5 minutes at 20°. The solution was placed in an un-
evacuated desiccator containing beakers of granular calcium
chloride, concentrated sulfuric acid, and stick sodium hy-
droxide, and the desiccator was stored in a refrigerator at
+5° for 1 month. The desiccator was evacuated and re-
turned to the refrigerator for another 2 weeks; the thicken-
ing sirup was stirred every 2 or 3 days during this period.
The resulting thick sirup was stirred with a small amount
of absolute ethanol, inoculated with crystals of the dimethyl-
ene compound, and the desiccator again evacuated and re-
frigerated for another week. The magma was filtered and
the solid was washed with ethanol to yield 7.5 g. of crude
product, m.p. 115-117°. The filtrate was concentrated to
a thick sirup #n vacuo; to this was added 25 ml. each of
agueous formaldehyde and concentrated hydrochloric acid;
and the mixture, placed in the unevacuated desiccator con-
taining fresh drving agents, was refrigerated for 2 weeks.
The desiccator was then evacuated and refrigerated for an-
other 2 weeks; absoliite ethanol was added to the sirup and
after several days at +5° the new magma was filtered;
10 g. of crude product melting at 112-118° was obtained.
An additional 2.1 g., with m.p. 100-110°, was recovered by
concentration of the mother liquor. One recrystallization of
the total crude product from absolute ethanol furnished
14.1 g. (499), as prismatic needles, of 1,3:2,4-di-O-methyl-
ene-D-arabitol (V). The m.p., 124~125°, was unchanged
by further recrystallizations, and the value [«]2D +32.4°
in water (¢ 1) was observed for the purified compound.

Anal.  Caled. for CH1x05: C, 47.72; H, 6.87. Found:
C, 47.93; H, 6.84.

Acetolysis of the di-O-methylene compound, although
carried out many times and under a variety of conditions,
failed to produce any crystalline intermediate acetoxymeth-
vi-acetvl-monomethylene derivative; deacetylation of the
resulting sirups and subsequent acetvlation, benzovlation
or tosylation were equally unsuccessful! in producing a crys-
talline derivative. 'When the acetolysis of one 10-g. sample
in a mixture of 70 ml. of acetic anhydride, 30 ml. of glacial

mol.
mol.
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acetic acid, and 2 ml. of concentrated sulfuric acid was al-
lowed to proceed for 30 minutes in an ice-bath, followed by
isolation of the sirupy product, deacetylation, and deioni-
zation, about 3 g. of p-arabitol was isolated. The cleavage
of both O-methylene groups under these relatively mild
conditions appears to be in marked contrast to the acetoly-
sis of 1,3:2,5:4,6-tri-O-methylene-p-mannitol, which, after
5 days at 20°, according to Hann, Wolfe and Hudson,® gave
a yield of only 149, of crystalline p-mannitol hexaacetate.

Transformation of 1,3:2,4-Di-O-methylene-p-arabitol (V)
to the Bis-(di-O-methylene-p-arabityloxy)-methane.—A mix-
ture of 2.5 g. of the dimethylene-p-arabitol, 7 ml. of aqueous
formaldehyde and 5 ml. of concentrated hydrochloric acid
was allowed to stand at room temperature for 2 weeks in an
evacuated desiccator containing the usual drying agents.
The 0.8 g. of crystalline material that could be separated
by filtration was found to be a mixture of the starting com-
pound with about 0.4 g. of the bis compound; the latter
was isolated readily by fractional crystallization from ab-
solute ethanol.

5-0-Acetyl-1,3:2,4-di-O-methylene-p-arabitol.—A mix-

ture of 2 g. of 1,3:2,4-di-O-methylene-p-arabitol (V), 12
ml. of acetic anhydride and 0.5 g. of fused sodium acetate
was heated on the steam-bath for 1.5 hours, and then
poured onto cracked ice. After standing overnight in the
refrigerator, the acetic acid solution was neutralized with
solid sodium bicarbonate and the acetyl derivative recovered
by extraction with chloroform. The extract was washed,
dried, and concentrated to a sirup that crystallized readily
on the addition of n-pentane. Recrystallization from a
mixture of chloroform and #-pentane yielded 1.7 g. (699)
of product that upon further recrystallization melted at 68—
70°. The clusters of thick needles showed [e]?p +11.9°
in chloroform (¢ 1).

Anal. Caled. for CgH1O6: C, 49.54; H, 6.47; CH,;CO,

19.7. Found: C, 49.51; H, 6.61; CH,;CO, 20.0.
5-O-Chloroacetyl-1,3:2,4-di-O-methylene-p-arabitol.—

In an attempt to obtain a chlorine-substituted acetolysis
product that might be crystalline, 2.5 g. of powdered di-O-
methylene-p-arabitol (V) was added to a cold solution of 25
g. of chloroacetic anhydride and 1.5 ml. of concentrated
sulfuric acid in 50 ml. of glacial acetic acid. The reaction
mixture was shaken for 15 minutes in an ice-bath, poured
onto ice, and the chloroform-soluble material isolated in
the usual manner. The resulting sirup, which weighed
only 0.4 g., was dissolved in aqueous ethanol and upon
standing for several days in the refrigerator deposited about
0.1 g. of stout prisms. Two recrystallizations from chloro-
form and n-pentane yielded a product with m.p. 69-70°.
The small yield and the analytical data indicate that chloro-
acetylation of a small amount of the di-O-methylene-p-ara-
bitol had occurred, with little or no chloroacetolysis taking
place under the conditions of the experiment.

Anal. Caled. for CgH;3ClOq: C, 42.78; H, 5.18; Cl,
14.04. Found: C, 42.78; H, 5.42; (I, 14.19.

1,3:2,4-Di-O-methylene-5-O-p-tolylsulfonyl-p-arabitol

(XII} .8—A solution of 5 g. of 1,3:2,4-di-O-methylene-p-
arabitol (V) and 8 g. of p-toluenesulfonyl chloride in 25 ml.
of dry pyridine was allowed to stand overnight at room tem-
perature., When the mixture was poured onto cracked ice,
the tosyl derivative crystallized immediately and in nearly
the theoretical amount. Recrystallization of the dried
product from 959, ethanol gave flat, elongated prisms with
m.p. 131-132°1% and [«]%Dp 4-15.6° in chloroform (c 1).

Anal. Caled. for C14H1307SZ C, 5090, H, 549, S, 9.70.
Found: C, 51.11; H, 5.65; S, 9.42.

(18) Reference 17; see also R. Allerton and H. G. Fletcher, Jr.,
TH1s JOURNAL, 76, 1756 (1954).

(19) In Dr. Haan’s original preparation of this tosyl compound he re-
corded in his notebook a melting point of 38-99°, not only for the crude
crystalline material but also for the products that had been recrystal-
lized both once and twice from 959, ethanol; values of {«]®p +15.6°
and +15.4°, respectively, were observed for the recrystallized prod-
ucts; and analytical data were in good agreement with the theory.
However, a second preparation, carried out 3 weeks later by Mr. Harry
W. Dieh! in this Laboratory, produced only the higher-melting form
reported here. An inspection of the original sample by Dr. Hann
showed that it bad changed and it then melted also at 131-132°, In
our own experiments we have not encountered this apparently meta-
stable, lower-melting modification of 1,3:2,4-di-O-methylene-5-O-p-
tolylsulfonyl-p-arabitol.
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5-Deoxy-5-iodo-1,3:2,4-di-O-methylene-p-arabitol.;—A
mixture of 9.5 g. of the dimethylenetosyl-p-arabitol (XII),
9.5 g. of dry sodium iodide and 150 ml. of ethyl methyl ke-
tone was refluxed for 5 hours, cooled, and the separated so-
dium p-toluenesulfonate removed by filtration (theory 5.58
g., found 5.65 g.). The filtrate was concentrated to a crys-
talline mass that was filtered, washed thoroughly with cold
water, and dried. The iodo compound weighed 7.7 g.
(949%,). After several recrystallizations from 95%, ethanol
the needle-like crystals melted at 147-149° and showed
a)?Dp +6.6° in chloroform (¢ 1.2).
Anal. Caled. for C;H,104: C, 29.39; H, 3.88; I, 44.36.
Found: C, 29.37,29.46; H, 3.94, 4.09; I, 44.71, 44.78.
Conversion of 5-Deoxy-5-iodo-1,3:2,4-di-O-methylene-n-
arabitol to 3-Deoxy-1,3:2,4-di-O-methylene-p-arabitol (1-
Deoxy-2,4:3,5-di-O-methylene-p-lyxitol) .—Ten grams of
the iodo compound in a mixture of 600 ml. of methanol and
5.4 ml. of diethylamine was hydrogenated at room tempera-
ture and atmospheric pressure in the presence of 10 g. of
Raney nickel catalyst. The reaction was complete within
1.5 hours with the absorption of 900 ml. of hydrogen (theory
840 ml.). After removal of the nickel by filtration, the
solution was concentrated iz vacuo to a thin sirup. Ex-
traction of the sirup several times with boiling #-pentane and
extraction of the further-concentrated sirup with n-hexane
vielded a total of 2.8 g. (50%,) of crystalline product. The
deoxy compound was recrystallized from x-hexane, forming
shiny needles with m.p. 77-79° and [a]2p +31.2° in water
{c 1). The m.p. was not depressed when this deoxy com-
pound was mixed with authentic 1-deoxy-2,4:3,5-di-O-
methylene-p-lyxitol prepared as described later in this
paper.
Anal. Caled. for C;H 04t C, 52.49; H, 7.55; CH; (to
C), 9.38. Found: C, 52.76; H, 7.74; CH, (to C), 9.14.
Acetolysis of 1,3:2,4-Di-O-methylene-5-0-p-tolylsulfonyl-
p-arabite] (XII) and the Isolation of 2,4-O-Methylene-5-O-
p-tolylsulfonyl-p-arabitol (XIII) .—Five grams of the 1,3:2,4-
dimethylene-5-tosyl-p-arabitol was dissolved in 25 ml. of
an ice-cold mixture prepared by adding 2 ml. of concen-
trated sulfuric acid to 70 ml. of acetic anhydride and 30 ml.
of glacial acetic acid. The mixture was shaken for 30
minutes in an ice-bath and then poured onto cracked ice.
The sirup that formed did not crystallize when left overnight
in the refrigerator and so, after neutralization of the acids
with bicarbonate, it was extracted with chloroform and the
solution washed, dried, and concentrated. The sirup, ex-
pected to contain principally 3-0O-acetoxymethyl-1-0O-
acetyl-2,4-0-methylene - 5-0 - p - tolylsulfonyl - p-arabitol,
weighed 7 g. Because it showed no inclination to crystal-
lize, the sirupy product was deacetylated by dissolving it in
75 ml. of acetone, adding 50 ml. of N aqueous sodium hy-
droxide, and allowing the mixture to stand for 5 hours at
20°. The reaction mixture was neutralized with N sulfuric
acid, decolorized with a little activated carbon, and con-
centrated in a stream of air. Needles soon began to separate
and the filtered and dried product weighed 2.5 g. (529,
based on the original dimethylenetosyl derivative). The
2,4-0-methylene-5-0-p-tolylsulfonyl-p-arabitol (XIII) was
recrystallized twice from hot water and then from 309,
ethanol; the resulting needles melted at 110-111° and
showed [a]2p +31.3° in chloroform (¢ 1). The compound
was not oxidized by sodium periodate in aqueous solution.
Anal. Caled. for Ci3H;30:8: C, 49.05; H, 5.70; S,
10.07. Found: C, 49.12; H, 5.87; S, 10.05.
2,4-0-Methylene-1,3,5-tri-O-p-tolylsulfonyl-p-arabitol
(XIV).—A solution of 1.8 g. of the 2,4-O-methylene-5-0-p-
tolylsulfonyl-p-arabitol (XIII) and 4.5 g. of p-toluenesul-
fonyl chloride in 15 ml. of dried pyridine was left overnight
at room temperature. The reaction mixture was poured
onto cracked ice and the precipitated gum extracted with
chloroform. The extract was washed with ice-cold dilute
sulfuric acid, aqueous sodium bicarbonate and water, dried
with sodium sulfate, and concentrated to a small volume.
Upon the addition of xn-pentane and standing overnight
in the refrigerator, the solution deposited 3.4 g. (90%) of
clusters of prisms. Several recrystallizations from mix-
tures of chloroform and n-pentane furnished a product with
m.p. 68-78°, [a]%D +31.8° in chloroform (¢ 1.2), and a
composition that included one-third of a molecule of chloro-
form of crystallization. Attempts to recrystallize the com-
pound from other solvents were unsuccessful unless a few
drops of chloroform were added.



5520

:47202. Caled. for C'anoOuSg'l/achlal C, 4:925; H,
4.59; CHCl;, 5.97. Found (air-dried product): C, 49.04;
H, 4.61; CHCl; (by loss in weight, 2 hours at 80° in vacuo),
6.10. Caled. for CyyHyOuSs: C, 51.74; H, 4.83; S, 15.35.
Found (product dried 2 hours at 80° in vacuo): C, 51.93; H,
5.06; S, 15.31.

. Xor 5)-Deoxy-1(or 5)-iodo-2,4-O-methylene-3,5(or 1,3)-
di-O-p-tolylsulfonyl-p-arabitol.—A mixture of 0.517 g. of the
crystalline methylenetritosyl-p-arabitol (XIV) and 1 g. of
dry sodium iodide in 15 ml. of ethyl methyl ketone was
bq11ed gently for 5 hours. The precipitated, filtered, and
dried sodium p-toluenesulfonate weighed 0.194 g. (caled.
for replacement of 1 tosyloxy group, 0.151 g.). The sol-
vent was removed in a current of air, and the resulting mass
of crystals diluted with water and filtered. The 0.43 g.
of product was recrystallized from hot 959, ethanol, from
a mixture of chloroform and n-pentane, and finally from
aqueous acetone; the resulting needles melted at 141-143°
and t(liﬁeir composition agreed with that of a monoiodo com-
pound.

Anal. Caled. for CongaIOsSg! C, 4124; H, 398, I,
?.I?;z S, 11.01. Found: C, 41.42; H, 4.27; I, 21.62;
, 11.22.

1,5-Dideoxy-1,5-diiodo-2,4-O-methylene-3-O-p-tolylsul-
fonyl-p-arabitol.—When 1.2 g. of the crystalline methylene-
tritosyl-p-arabitol (X1IV) was heated with 2 g. of dry
sodium iodide in 20 ml. of 2,5-hexanedione for 5 hours at
115°, the reaction mixture became dark and deposited 0.86
g. of sodium p-toluenesulfonate (caled. for replacement of
2 tosyloxy groups, 0.70 g.). The filtered solution was con-
centrated to a small volume, diluted with water, and
chilled, whereupon the product crystallized in fine needles.
Upon recrystallization from aqueous acetone the com-
pound weighed 0.5 g.; after two further recrystallizations
from 959, ethanol, the diiodo derivative melted at 109-111°.

Anal. Caled. for ClsHlslzoss: C, 2901, H, 300, I,
%7(:%7; S, 5.96. Found: C, 29.16; H, 3.18; I, 46.93; S,
5.67.

Acetolysis of 2,4-0-Methylene-1,3,5-tri-O-p-tolylsulfonyl-
p-arabitol (XIV) and Isolation of a Dianhydro-O-p-tolylsul-
fonylpentitol.—In the first experiment, 0.2 g. of the methyl-
ene tritosyl compound was dissolved at 20° in 20 ml. of a
mixture of 70 ml. of acetic anhydride and 30 ml. of glacial
acetic acid and the rotation determined to be [a]%®D 4+32°.
The addition of 5 drops of concentrated sulfuric acid caused
a drop in rotation, with values (caled. as starting product)
of [a]®Dp 4-17° being reached after 6 hours and +13° (con-
stant) within 3 days. The solution was poured onto ice and
worked up in the customary way, but only a sirup could be
obtained.

In the second experiment, 0.6 g. of compound was aceto-
lyvzed similarly, yielding 0.58 g. of a colorless sirup. This
was dissolved in 14 ml. of acetone and 5 ml. of water; 2 ml.
of N agueous sodium hydroxide was added (caled. for re-
moval of 1 acetyl and 1 acetoxymethyl group from the ex-
pected intermediate compound: 1.6 ml. of N alkali) but
after 1 hour at 20° the solution no longer contained excess
alkali, and an additional 2 ml. was added. At the end of
5 hours, titration of the solution with N sulfuric acid indi-
cated the consumption of 3.35 ml. of alkali (4 molecular
equivalents) in the reaction. Partial evaporation of the
aqueous acetone solution resulted in the crystallization of a
product that was filtered and washed with water; wt. 0.1
g. Three recrystallizations from aqueous ethanol and one
from chloroform-pentane yielded flat prisms melting at
101-102°. The analysis of the compound and the amount
of alkali consumed in its formation indicated that it is un-
doubtedly a dianhydro-monotosyl-pentitol of completely
unknown structure and configuration.

Anal. Caled. for CpHui05S: C, 53.32;
11.86. Found: C, 53.51; H, 5.22; S, 11.20.

Acetolysis of 2,4-O-Methylene-1,3,5-tri-O-p-tolylsulfonyl-
p-arabitol (XIV) and Isolation of 2,4-Di-O-acetyl-1,3,5-tri-
O-p-tolylsulfonyl-p-arabitol (XV).—In still a third acetoly-
sis, 1.4 g. of compound in a mixture of 98 ml. of acetic an-
hydride, 42 ml. of glacial acetic acid and 2 ml. of concen-
trated sulfuric acid was left overnight at 20°. The rota-
tion had become constant at [a]D +12.1° (caled. as start-
ing compound). The reaction mixture was poured onto ice
and the product isolated in the usual manner as a sirup that
weighed 1.1 g. The sirup was dissolved in 60 ml. of meth-

H, 5.22; S,
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anolic hydrogen chloride and the solution left overnight at
20° to effect deacetylation; no detectable change in rota-
tion was observed. The mixture was diluted with a small
amount of ice and the solvents removed in a current of air.
The resulting sirup began to crystallize spontaneously when
its solution, in a mixture of chloroform and pentane, was
allowed to evaporate very slowly at room temperature.
The crystalline material was freed from adhering sirup by
several recrystallizations from chloroform-pentane and from
absolute ethanol, to yield finally about 0.2 g. of prisms
melting at 138~140°. The expected deacetylation by the
methanolic hydrogen chloride appears to have been incom-
plete, for the product had the composition of a diacetyltritosyl
derivative.

Anal. Caled. for CypHiOnS;: C, 51.566; H, 4.90; S,
13.76. Found: C, 51.36, 51.36, 51.79; H, 4.85, 4.94, 5.19;
S, 13.83, 13.98.

The 1,3-O-Methylene-p-arabitol Series

1,3-0O-Methylene-p-arabitol (3,5-0-Methylene-p-lyxitol)
(I).—In a large-scale condensation, a mixture of 115 g. of
p-arabitol and 115 ml. each of 37% aqueous formaldehyde
and concentrated hydrochloric acid was kept at 0° for 1
week, and then concentrated to a thick sirup in an evacu-
ated desiccator at 0° during the course of the succeeding 6
months. The first crop of crystals weighed 6.3 g. and con-
sisted principally of 1,3:2,4-di-O-methylene-p-arabitol.
The mother liquor was concentrated to a thick sirup that was
dissolved in absolute ethanol and the solution, cooled to 0°,
diluted to incipient cloudiness with n-peatane. After a
few days at 0° the solution began to deposit a new crop of
crystals; these were filtered and washed at 0° with cold
absolute ethanol. The somewhat sticky product could be
recrystallized from a small amount of absolute ethanol by
chilling to 0°. The 1.8 g. thus obtained was recrystallized
twice more, yielding clusters of needles with m.p. 86-87°
and [a]®p —19.9° in water (¢ 1). Analysesshowed the com-
pound to be a monomethylene-p-arabitol.

Anal. Caled. for C¢H1205: C, 43.90; H, 7.37. Found:
C, 44.09; H, 7.43.

The reaction of this 1,3-O-methylene-p-arabitol (I) with
sodium metaperiodate consumed 1 molecular equivalent of
oxidant, identical values of 1.05 being found at the end of
1 and 18 hours at 20°. No formic acid was liberated. The
determination of formaldehyde according to Reeves,? with
1,3-0O-benzylidene-p-arabitol® as the control, indicated the
formation of one molecular equivalent of that aldehyde.

The mother liquor from the first filtration of the mono-
methylene derivative, by suitable manipulation, yielded an
additional 13.5 g. of crystalline material. This, however,
was a mixture from which could be separated 2.7 g. of the
pure monomethylene compound plus a considerable amount
of unchanged p-arabitol. The mother liquor from the 13.5
g. was condensed with formaldehyde and hydrochloric acid
for 1 week at room temperature to give, in several fractions,
23.3 g. of mixed dimethylene-p-arabitol and bis-(dimethyl-
ene-D-arabityloxy)-methane.

It is thus evident that under the conditions now existing
in this Laboratoryv, the condensation of p-arabitol with for-
maldehyde leads invariably to a complex mixture of products.
In spite of many variations in procedure, substitution of
trioxymethylene or trioxane for aqueous formaldehyde, and
use of sulfuric or phosphoric acid for concentrated hydro-
chloric acid, no improvement could be effected.

1,3-O-Methylene-2,4,5-tri-O-p-tolylsulfonyl-p-arabitol
(II) .—Tosylation of 0.5 g. of 1,3-O-methylene-p-arabitol
(I) with 1009, excess of p-toluenesulfonyl! chloride in pyri-
dine for 3 days at 20° produced 1.65 g. of once-recrystallized
tritosyl derivative. Two further recrystallizations from a
mixture of chloroform and #n-pentane gave needles with m.p.
135-136° and [«]2p —13.9° (¢ 0.8) in chloroform.

Anal. Caled. for C27H30011S3: C, 5174, H, 483, S,
15.85. Found: C, 51.79; H, 4.75; S, 15.65.

When a similar tosylation was carried out for only 20 hours
at room temperature, a small amount of a ditosyl derivative,
probably 1,3-O-methylene-4,5-di-O-p-tolylsulfonyl-p-arabi-
tol, was also isolated. It was recrystallized from chloro-
form-pentane, absolute ethanol, and again from chloro-
form-pentane. The clusters of prisms melted at 161-163°
dec.

(20) R. E. Reeves, THI8 JoURNAL, 63, 1476 (1941).
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Anal. Caled. for CuHauO¢S;: C, 50.83; H, 5.12; S,
13.57. Found: C, 50.388; H, 5.14; S, 13.32.

When 0.3 g. of the tritosyl derivative was refluxed for 5
hours with sodium iodide in ethyl methyl ketone, 1 molecu-
lar equivalent of sodium p-toluenesulfonate was recovered
but the filtrate yielded only unchanged tritosyl derivative
and a water-soluble residue.

Transformation of 1,3-O-Methylene-2,4,5-tri-O-p-tolyl-
sulfonyl-p-arabitol (II) to 1,3-O-Benzylidene-2,4,5-tri-O-p-
tolylsulfonyl-p-arabitol (IIT).—The rotation of a solution of
0.35 g. of the 1,3-methylenetritosyl derivative in a mixture
of 28 ml. of acetic anhydride, 12 ml. of glacial acetic acid,
and 10 drops of concentrated sulfuric acid changed over-
night at 20° from [«]?p —12.4° to +21.9° (calcd. as start-
ing product), with no further change being noted in 4 more
days. The solution was poured onto ice and the product ex-~
tracted with chloroform. The chloroform solution was
washed with aqueous sodium bicarbonate and then water,
dried with sodium sulfate, and concentrated to 0.4 g. of &
colorless sirup that failed to crystallize within 10 days. The
sirupy product was deacetylated by allowing its selution in
methanolic hydrogen chloride to stand for 4 days at 20°;
during that time the observed rotation had fallen to about
half the original value. The reaction mixture was concen-
trated in a stream of air to 0.4 g. of sirup that did not erys-
tallize. Accordingly, its solution in 10 ml. of absolute
ethanol was cooled in an ice-bath and to it were added 3 ml.
each of benzaldehyde and concentrated hydrochloric acid.
The homogeneous solution was placed in the refrigerator;
a few oily droplets were observed after 1 day, and these
crystallized during the next 3 days. The product was fil-
tered, washed with 959, ethanol, and dried to yield about
100 mg. with m.p. 120-125°. Recrystallization from 95%,
ethanol and then from chloroform-pentane afforded needles
with m.p. 123-125° and [«]20 —17.7° in chloroform (¢
0.12, 1 4). These data, together with a mixed m.p. of 124-
126°, identified the substance as 1,3-O-benzylidene-2,4,5-
tri-O-p-tolylsulfonyl-p-arabitol (III) (m.p. 124-126°, [«]%D
—18.1°), whose preparation through tosylation of the
known 1,3-O-benzylidene-p-arabitol (IV) is described else-
where in this paper.

The 1-Deoxy-p-arabitol and 1-Deoxy-p-lyxitol Series

1-Deoxy-p-arabitol (5-Deoxy-p-lyxitol).—The reductive
desulfurization of bp-arabinose diethyl mercaptal?! with
Raney nickel gave 1-deoxy-p-arabitol in 659, yield (aver-
age) after one recrystallization from 959, ethanol. Be-
cause the substance has only a very small rotation in water
it was purified until its rotation in 59, aqueous ammonium
molybdate became constant. Thus, after three recrystalli-
zations from 5 parts of hot methanol by the addition of 5
parts of ether, our l-deoxy-p-arabitol melted at 129-131°
and showed [@]?p +0.7° in water (¢ 10,14), —31.4°in 59,
aqueous ammonium molybdate (¢ 0.40), and +16.9° in the
acidified molyhdate solution (¢ 0.41).22 The product has
been reported previously by Bollenback and Underkofler,®?
who obtained it by the reductive desulfurization of tetra-O-
acetyl-p-arabinose diethyl mercaptal to tetra-O-acetyl-1-
deoxy-p-arabitol and subsequent deacetylation of that crys-
talline substance. They reported m.p. 131-132° and [«]%D
+2.46° in water (¢ 1.02), with m.p. 129-131° and [«]*D
—1.46° in water (¢ 1.02) for the antipodal L-form.

The attempted condensation of 1-deoxy-p-arabitol with
benzaldehyde and concentrated hydrochloric acid at 0°
overnight yielded a very small amount of a new compound.
The product, recrystallized from chloroform-pentane as
elongated prisms, melted at 136—~138° and had the composi-
tion of a monobenzylidene-1-deoxy-p-arabitol (Anal.
Caled. for CoHisOs: C, 64.27; H, 7.19. Found: C, 64.21;
H, 7.19). The condensation of p-arabitol under somewhat
more drastic conditions is known to vield the 1,3-O-benzyli-
dene-p-arabitol®; a 2,3-O-benzyvlidene-p-arabitol also has
been described®; 5-deoxy-p-arabitol (l-deoxy-p-lyxitol)
forms a dibenzylidene derivative readily (see below); how-
ever, the position of the benzylidene residue in the com-
pound derived from l-deoxy-p-arabitol has not been deter-
mined for lack of material.

The attempted condensation of 1-deoxy-p-arabitol with
37% aqueous formaldehyde and concentrated hydrochloric

(21) M. L. Wolfrom, D. I. Weisblat, W. H. Zophy and S. W.
Waisbrot, THIS JOURNAL, 63, 201 (1841).
(22) N. K. Richtmyer and C, S. Hudson, ibid., 78, 2240 (1951).
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acid was unsuccessful; the reaction was tried for 1 week at
room temperature, 3 hours at 50°, and overnight at 60°,
with subsequent concentration ¢z vacuo to a sirup, but in no
case could crystals be secured.
2,3,4,5-Tetra-O-benzoyl-1-deoxy-p-arabitol.—The ben-
zoylation of 1 g. of 1-deoxy-p-arabitol with 4 ml. of benzoyl
chloride and 15 ml. of pyridine in the usual manner afforded
a nearly quantitative yield of the tetrabenzoate. The
product was recrystallized twice from absolute ethanol;
the resulting clusters of prisms melted at 135-137° and
showed [a]?p +41.6° in chloroform (¢ 1).
Anal. Caled. for Cy3HguO: C, 71.73; H, 5.11.
C, 71.43; H, 5.23.
1-Deoxy-p-lyxitol (5-Deoxy-p-arabitol).—Starting mate-
rial for this substance was the known p-lyxose diethyl mer-
captal first described by Wolfrom and Moody.?® As an al-
ternative to their procedure using concentrated hydrochlorie
acid we substituted fused zinc chloride as the condensing
agent exactly as described earlier for p-xylose diethyl mer-
captal.? The yield was about 60%. The product, after
three recrystallizations from absolute ethanol, melted at
102-103° and showed [«]%p +42.1° in water (¢ 4) in good
agreement with the previously reported m.p. 103-104° and
[@]?*D +41° in water (¢ 5).%3
The reductive desulfurization of p-lyxose diethyl mercap-
tal with Raney nickel in the usual manner yielded 1-deoxy-
p-lyxitol as a sirup that could not be crystallized even after
purification through its crystalline tetraacetate.
2,3,4,5-Tetra-0-acetyl-1-deoxy-p-lyxitol. —Acetylation
of the crude sirupy 1-deoxy-p-lyxitol with acetic anhydride
and fused sodium acetate on the steam-bath furnished the
tetraacetate in 679 yield. The product was recrystallized
twice from chloroform by the addition of pentane; the
clusters of radiating prisms melted at 58-59° and showed
[«]2D +46.1° in chloroform (¢ 1).
Anal. Caled. for C;3H0s: C, 51.31; H, 6.63; CH,;CO,
56.6. Found: C, 51.06; H, 6.46; CH,CO, 56.8.
2,3,4,5-Tetra-0-benzoyl-1-deoxy-p-lyxitol.—To 1 g. of sir-
upy l-deoxy-p-lyxitol (regenerated from its tetraacetate)
in 10 ml. of pyridine was added 4 ml. of benzoyl chloride.
Some heat was evolved, and the mixture was heated fur-
ther on the steam-bath for 10 minutes to complete the re-
action. Decomposition of the solution with cracked ice
and isolation of the benzoate in the usual manner yielded
3.6 g. (809,) of crystalline product. After two recrystalli-
zations from 959, ethanol the needle clusters of the tetra-
benzoate melted at 106-107° and showed [a]%p +12.0° in
chloroform (¢ 1).
Anal. Caled. for CaastOsl C, 7173, H, 5.11.
C, 71.51; H, 5.16.
2,3,4,5-Di-O-benzylidene-1-deoxy-p-lyxitol.—Into an
ice-cold solution of 1 g. of sirupy 1-deoxy-p-lyxitol in 3 ml.
of concentrated hydrochloric acid was stirred 8 ml. of ben-
zaldehyde. The mixture set to a mass of crystals within 2
hours; these were broken up with a stirring rod and left for an
additional hour at 0°. The product was filtered, washed
well with cold 5%, aqueous sodium hydroxide and water,
and dried to yield 1.5 g. (65%,) of benzylidene derivative.
Several recrystallizations from ethanol produced clusters
of fine needles of the dibenzylidene-1-deoxy-p-lyxitol with
m.p. 143-146° and [«]2D —45.2° in chloroform (¢ 1.3).
Anal. Caled. for Cy4HyOy: C, 73.06; H, 6.45. Found:
C, 73.13; H, 6.64.
1-Deoxy-2,4:3,5-di-O-methylene-p-lyxito] (5-Deoxy-1,3:
2,4-di-O-methylene-p-arabitol) .—A mixture of 2 g. of sirupy
1-deoxy-p-lyxitol (regenerated from its tetraacetate), 5 ml. of
concentrated hydrochloric acid and 4 ml. of 379, aqueous
formaldehyde was heated in a stoppered flask for 1 hour at
50° and then concentrated in an evacuated desiccator con-
taining solid potassium hydroxide. The resulting thin
sirup crystallized readily when cooled in an ice-bath. The
product, filtered with the aid of n-hexane, weighed 1.9 g.
(819%). Three recrystallizations from n-hexane furnished
shiny needles that melted at 77-79° and showed [a]%D
+31.5° in water (¢ 1). The melting point was not de-
pressed when this dimethylene compound was mixed with
the dimethylene compound prepared from 1,3:2,4-di-O-
methylene-p-arabitol (IV) through conversion of its free
CH:0H group to a CH; group.

Found:

Found:

(23) M. L. Wolfrom and F. B. Moody, ¢bid., 63, 3465 (1940).
(24) E. Zissis and N. K. Richtmyer, $bsd., 75, 129 (1953).
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The 1,3- and the 2,3-O-Benzylidene-p-arabitol Series
1,3-0-Benzylidene-2,4,5-tri-O-p-tolylsulfonyl-p-arabitol

(III).—To 0.5 g. of 1,3-O-benzylidene-p-arabitol (IV)? in 7
ml. of dry pyridine was added 10 g. (25 molecular equiva-
lents) of powdered p-toluenesulfonyl chloride, and the mix-
ture allowed to stand at room temperature for 5 days.
When the mixture was poured onto cracked ice, a gum re-
sulted; this was washed with water by decantation, and
then dissolved in hot 959, ethanol. As the solution cooled,
a sirup was deposited; this was dissolved in a large amount
of hot ethanol, and its solution, kept overnight in the re-
frigerator, deposited 0.3 g. of crystalline material with m.p.
110-120°. Two recrystallizations from ethanol and one
from chloroform-pentane yielded needles with m.p. 124~
126° and [a]%*p —18.1° in chloroform (¢ 0.2).

Anal. Caled. for C33H3401153: C, 56.39; H, 4.88; S,
13.69. Found: C, 56.53; H, 5.10; S, 13.76, 13.40.

1,3-0-Benzylidene-4,5-di-0-p-tolylsulfonyl-p-arabitol.—

A reaction mixture of 3 g. of 1,3-O-benzylidene-p-arabitol
(IV)8 and 14 g. (6 molecular equivalents) of p-toluenesul-
fonyl chloride in 15 nil. of dry pvridine was kept at room
temperature for 3 days and then poured onto cracked ice.
The product crystallized readily, and after being filtered,
washed with water and then a small amount of ethanol, and
dried overnight in the air, it weighed 8 g. Two recrystalli-
zations from 959, ethanol afforded 5.7 g. with m.p. 58-73°.
A recrystallization from chloroform—pentane raised the
melting point to 123-133° (the lower-melting product may
have contained a dimorphic or solvated modification), and
two additional recrystallizations in the same manner yielded
needles with m.p. 135-136° and [«]?p —17.8° in chloro-
form (¢ 1). Allocation of the two tosyl groups to the C,-
and Cs-positions in this compound is based only on general
rules of substitution and not on any direct evidence.

Anal. Caled, for CzestOgSzi C, 5692, H, 514; S,
11.69. Found: C, 57.13, 57.17; H, 5.04, 5.01; S, 11.80.

The mother liquors from the recrystallizations of the di-
tosyl compound, upon concentration and fractional crys-
tallization from chloroform-pentane, finally yielded 33 mg.
of the tritosyl compound, with m.p. 124-125° and mixed
m.p. 124-126°.

2-0-Acetyl-1,3-O-benzylidene-4,5-di-O-p-tolylsulfonyl-p-
arabitol.—Although the introduction of a third tosyl group
into the 1,3-benzylideneditosyl compound was accomplished
only with great difficulty, acetylation with acetic anhydride
and pyridine proceeded readily at room temperature over-
night. A 939, yield of product was thus obtained; after
recrystallization first from 95% ethanol and then from
chloroform—pentane the needle-like acetate melted at
about 145° dec. and showed [a]?p —46.7° in chloroform
(¢ 0.3). The same product was obtained by acetylation
with acetic anhydride and fused sodium acetate.

Anal. Caled. for CpH300168:: C, 56.93; H, 5.12; S,
10.86. Found: C, 57.09; H, 5.32; S, 11.13.
2,4-Di-O-acetyl-1,3-O-benzylidene-5-0-p-tolylsulfonyl-p-
arabitol.—To a solution of 2.10 g. of 1,3-O-benzylidene-p-
arabitol in 15 ml. of dry pyridine, cooled to 0° and stirred
vigorously, was added 1.67 g. (1 molecular equivalent) of
recrystallized p-toluenesulfonyl chloride in 10 ml. of pyri-
dine. After the solution had remained an additional hour
a1 0° and then 1 hour at room temperature, 10 ml. of acetic

EvMMANUEL Z1ssis AND NELsoN K. RICHTMYER

Vol. 76

anhydride was added and the reaction mixture left over-
night. The sirup that resulted when the mixture was poured
onto ice was extracted with chloroform and the extract
washed, dried, and concentrated in the usual manner.
Crystallization began when the sirup was mixed with a smalil
amount of absolute ethanol. Accordingly, the sirup was
dissolved in hot ethanol and diluted with z-pentane; the
solution, kept overnight in the refrigerator, deposited 2.8 g.
of clusters of needles melting at 115-125°. By a series of
fractional crystallizations from methanol, from acetone-
water, and from chloroform—pentane, there could be sepa-
rated a small amount of compound that melted at about
145° dec. and was identified by analysis and mixed melting
point as the 2-O-ucetyl-1,3-O-benzylidene-4,5-di-O-p-tolyl-
sulfonyl-p-arabitol described immediately above. The
main portion of the reaction product was the desired 2,4-di-
O-acetyl-1,3-O-benzylidene-5-0 - - tolylsulfonyl -p-arabitol:
fine needles from aqueous acetone, with m.p. 128-130° and
[} ?D —18.8° in chloroform (¢ 1.7).

Anal. Caled. for CoHa0eS: C, 57.73; H, 5.48; S,
6.70. Found: C, 57.81; H, 5.70; S, 6.78.

Tosylation of 2,3-0-Benzylidene-p-arabitol (VIII) and
Isolation of 1,4,5-Tri-O-p-tolylsulfonyl-p-arabitol (X).—
The reaction of 1.3 g. of 2,3-O-benzylidene-p-arabitol® in
dry pyridine with double the theoretical amount of p-toluene-
sulfonyl chloride for 24 hours resulted in the formation of a
hard gum (presumed to contain 2,3-O-benzylidene-1,4,5-
tri-O-p-tolylsulfonyl-p-arabitol (IX)) that could not be
crystallized. After 2 weeks, 1.4 g. of this product was
heated in 25 ml. of 959% ethanol! with 8 ml. of concentrated
sulfuric acid for 4 hours on the steam-bath; benzaldehyde
was liberated. The mixture was poured on ice, and the re-
sulting gum crystallized readily when rubbed with 959,
ethanol to yield 0.55 g. of material. The tritosyl com-
pound was recrystallized twice from 959%, ethanol and once
from chloroform-pentane to form needles with m.p. 125~
126° and [«]2D +26.8° in chloroform (¢ 0.9).

Anal. Caled. for CouHzOnSs: C, 50.80; H, 4.92; S,
15.65. Found: C, 50.94; H, 5.11; S, 15.45.

2,3-Di-0O-acetyl-1,4,5-tri-O- p-tolylsulfonyl-p-arabitol (XI).
—Acetylation of the preceding 1,4,5-tritosyl compound with
acetic anhydride and pyridine in the usual manner yielded
a sirup that crystallized readily when rubbed with absolute
ethanol. The vield was 75%. Three recrystallizations
from chloroform-pentane produced flat prisms melting at
83-]4°,

Anal. Caled. for CgHuOnS:: C, 51.56; H, 4.90; S,
13.76. Found: C, 51.55; H, 4.90; S, 13.56.
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