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dilieterosorbosan I hexaacetate and the crystalline product,
isolated in the same manuer, was recrystallized from cth-
anol; yield 940 mg., m.p. 177-179°, [#]%p —19° (¢ 2.1,
chloroform), needles; main X-ray powder diffraction lines'*:
7.85 (3), 5.17 (2), 4.37 (1), 3.94 (4), 3.16 (5). The sub-
stance was soluble in benzene, chilornfornt and in warm cth-
antol and ether.

Anal.  Caled. for CyHyO: C, 49.99; H, 5.60: mol. wt.,
576.5. Found: C, 50.27; H, 5.73; mol. wt. (Rast), 582.

The combined aqueous decantate and washings from the
acctylation was ncutralized to pH 6-7 with sodium bicarbon-
ate and extracted with six 10-ml. portions of chlorofori.
The combined chloroform extracts were washed with water,
N HCI, saturated aqueous NaHCO; and again with water.
The sirup obtained on solvent removal from the dried chloro-
form solution was added to the sirupy mother liquor mate-
rial from the crystallization of the above acctate; total yield
800 mg. This material was dissolved in 100 ml. of bernzene
and added to the top of a 30 X 7.7 cm. (diam.) column of
Magnesol!5—Celite!? (5:1 by wt.) and the chromatograin was
developed with 2800 ml. of benzene—ethanol (100:1 by vol.).
The permanganate indicator (1% KMnOy in 2.5 N NaOH)

{13} A hydrated mugnesium acid silicate produce:d by e Westvaco
Clilorine Products Corp., Soutl Cliarleston, West Virginia.
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streak located a main zone on the extruded eolumm 100-150
mm. from the columu top which was desorbed with 1500 inl.
of acetone; yield 400 mg. (total 1.34 g. or 769%) of the above
acetate, m.p. 171-173.5° raised to 179° by one recrystalli-
zation from benzene—-cther (1:10), miixed m.p. 177-179°,
The X-ray diffraction patterns were identical.

Diheterosorbosan II (V or VI).—An amount of 500 mg.
of dilieterosorbosan II hexaacetate was deactylated as de-
scribed above for diheterosorbosan I hexaacetate and the
product, isolated in the saine manner, was crystallized from
ethanol; yicld 180 mg., m.p. 188-189°, [a]% 0.00° (¢ 1 in
water and in methanol; throughout the visible portion of
the speetrum ), prisms, Benedicet ( —) but (+) after hydroly-
sts with coned. HCl at 100°; main X-ray powder diffraction
linest®: 6.39 (4), 5.13 (3), 4.78 (2), 4.49 (1), 3.22 (5). The
stibstance was soluble in water and methanol and was in-
soluble in cthanol.

Anal. Caled. for CiallegOre: C, 44.44; H, 6.22.
C, 44.43; H, 6.25.

Periodate assay (moles per mole of reductant; 0.05 A
NalOy in 0.004 3 reductant, 26 == 3°, 7 days required for
complete reaction): oxidant consumed, 3.1; formic acid
(acidity toward brom cresol purple), 1.0; formaldehyde, 0.0.

Kound:

CoruMBus 10, Onio

[CONTRIBUTION FROM THE DIVISION OF AGRICULTURAL BIOCHEMISTRY, UNIVERSITY OF MINNESOTA |

Threitan and Erythritan and their Reaction with Periodate!’

By H. KLOSTERMAN AND F. SMITH
REecCEIVED Mav 24, 1052

Dehydration of L-threitol and erythritol with 509 sulfuric acid has provided the corresponding 1,4-anhydrides, L-threitan

(II1) and erythritan (IV), respectively.

Both III and IV react with one molecular proportion of sodium periodate and

periodic acid; IV, with a cis-glycol structure, undergoes clcavage at a greater rate than I1I which has a trans-glycol structure.

Periodic acid and its sodium and potassium salts
have been extensively used in determination of the
structure of carbohydrates.? The results of a large
number of experiments have shown that this oxidiz-
ing agent cleaves the bond between two carbon atoms
carrying hydroxyl groups. It matters little whether
the glycol grouping is of the ¢is or the ¢rans type al-
though the former is attacked at a greater rate.
From these observations the failure of a polyhy-
droxy compound to react with periodate has been
taken to indicate the absence of a 1,2-diol grouping.
More recently, however, the danger inherent in us-
ing such negative evidence in structural studies has
been demonstrated by the fact that both §-1,6-an-
hydro-p-glucofuranose (I) and «-1,6-anhydro-p-
galactofuranose (II), which possess a glycol group,
have been found to be completely resistant to perio-
date oxidation.’=® This resistance was attributed
to the stereochemical effects caused by the presence
of two interlocking rings. Inspection of molecular
models of I and II shows that this type of structure
with two interlocking rings, which is known to in-
duce unexpected properties in carbohydrate com-

(1) Paper No. 2785 Scientific Journal Series, Minnescta Agricultura
Experiment Station.

(2) E. L. Jackson, '‘Organic Reactions,” Vol. IT, Jolin Wiley aud
Sous, Ine., New York, N. Y., 1944, p. 341.

{3) R.J. Dimler, H. A. Davis and G. E. Hilbert, T'H1s JoUurNaAL, 68,
1377 (1946).

(4) B. H. Alexander, R, J. Dimtler and C. 1.. Mehltiretter, ¢bid., T3,

4658 (1951).
(a2) Cf. R.M. Hann wnd Coon Hadwou, 160d., 63, 2241 (1941).

pounds,’ 8 results in the molecules of I and II being
essentially rigid and the hydroxyl groups assuming a
fixed trans configuration. The fixed trans positions
of the OH groups at C, and C; thus prevent the
formation of an intermediate chelate complex with
the periodate ion which appears to be necessary
before cleavage can take place.’

The importance of this observation, in connec-
tion with the use of periodate oxidation in struc-
tural studies of the polysaccharides, is that certain
sugar residues might not undergo cleavage by peri-
odate, if the stereochemical arrangement of the
polysaccharide molecule forces them to assume a
rigid conformation in which the adjacent hydroxyl
groups take up a fixed rans position with respect to
each other. Such a contingency might possibly
affect the behavior of the interior but not the term-
inal units, and hence is unlikely to interfere with the
very convenient periodate method of end-group
analysis, 1012

(6) W, N. Haworth, L. N. Owen and F. Smith, J, Chem. Soc., 88

1941).
( (7))W. N. Haworth, J. Jackson and F. Smith, #bid., 620 (1940).

(8) F. Smith, Advances in Carbohydrate Chemistry,”” Vol. II,
Academic Press, Inc.,, New York, N. Y., 1946, p. 101,

(9) R. Criegee, L, Kraft and B. Rank, Anz., 807, 159 (1933); cf.
W. A. Waters, Trans. Faraday Soc.. 42, 184 (1946).

(10) I. G. Halsall, E, L, Hirst and J. X. N. Jones, J. Chem. Soc.,
1399 (1947).

(11) Allene feancs and ., A. Wilham, TH1s Journar, T2, 2635

1050).
( (12) M. Abel Akier and 1. Soiith, fbid. 73, 991 (1951).
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In an attempt to obtain more evidence concern-
ing resistance of compounds I and II to periodate
oxidation it seemed desirable to study the effect of
periodate upon L-threitan (III) and erythritan (IV)
the former of which contains the same 1:4 anhydro
ring system with a trans-glycol grouping as that
present in the two compounds I and II. If resist-
ance to periodate oxidation of the frans-glycol
grouping in the case of I and II is not influenced by
the presence of the second (1:6) anhydro ring, it
would be expected that L-threitan (III) would be
stable to periodate while erythritan (IV) would
undergo cleavage in the usual manner. On the
other hand, if molecular rigidity resulting from the
two interlocking rings is the factor which deter-
mines the behavior of I and II, it would be expected
that both L-threitan and erythritan, having a cer-
tain degree of stereochemical freedom, would be
cleaved by periodate with the latter perhaps un-
dergoing cleavage at a greater rate than the former.
This paper is concerned with the synthesis of L-
threitan and erythritan and a study of their reac-
tion with sodium periodate and periodic acid.
Certain related compounds also have been exam-
ined.

The L-threitan required for these model experi-
ments was prepared as follows: reduction of either
amyl or butyl L-tartrate with lithium aluminum
hydride in tetrahydrofuran'® afforded crystalline L-
threitol. Although the latter gives a crystalline
ditosyl compound the yield is low and it is best to
characterize the L-threitol as the dibenzylidene
compound. In order to obtain good yields of L-
threitol the intermediate metal complex, formed
during the reduction, should be decomposed for
example, by acetylation.!®!'* Dehydration of L-
threitol with 509 sulfuric acid, by prolonged heat-
ing at 120°, afforded the required crystalline L-
threitan (III) which in turn yielded a crystalline di-
p-nitrobenzoate. Dehydration of erythritol pro-
ceeded quite readily by boiling with 509, sulfuric

(13) M. Abdel-Akher and F, Smith, Nafure, 166, 1037 (1950).

(14) Cf. R. K, Ness, H. G. Fletcher, Jr., and C. S. Hudson, THIS
JOURNAL, 78, 4759 (1951).
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acid to give the required erythritan (IV)," a very
hygroscopic liquid, which may be characterized as
its di-p-nitrobenzoate.

Upon treatment with periodate both III and IV
undergo cleavage, one molecular proportion of oxi-
dant being consumed in each case. The reaction
was, however, noticeably slower in the case of the
trans compound (IIT) especially when periodic acid
was used instead of sodium periodate {see Tables I
and II).

TABLE I

Ox1pATION WITH 0.1 N NalO; AT 5° 1N AQUEOUS SOLUTION

Moles of NalO;
consumed per mole of

compound

Compound Time, lr, Found Caled,

(1) vr-Threitol 2 3.00 3

(2) ZErythritol 2 3.04 3

(3) L-Threitan 2 0.45 1
4 .66
22 1.01

(4) Erythritan 2 0.92 1
4 .94
22 .99

(5) Dp-Glucosaccharo- 0.5 1.30 3
1,4-lactone 22 2.80

(6) bn-Glucosaccharo- 0.5 3.18 3
3,6-lactone 22 3.83

TABLE 1

OximAaTtioN wite 0.1 N HIO; AT 5° IN AQUEOUS SOLUTION

Moles of HIO;
consumed per mole
of compound

Compound Time, hr., Found Caled.
(1) 1.-Threitan 0.5 0.12 1
1.0 .25
2 .43
4 .H8
6 .62
48 .95
(2) Erythritan 0.5 .73 1
1 .90
2 .97
4 .97
(3) p-Glucosaccharo- 0.5 1.18 3
1,4-lactone 1 1.20
H 1.70
8 1.80
48 2.20
(4) p-Glucosaccharo- 0.5 2.93 3
3,6-lactone 1 2.97
3 3.00
8 3.18
48 3.40

Similar results were obtained in a study of the
periodate oxidation of the two glucosaccharolac-
tones (V) and (VI). The former (V), having a
trans-glycol structure, reacted at a much slower
rate than VI which possesses the cis-glycol.struc-
ture.’® The rate of reaction was again found to be
dependent on the pH as in the case of L-threitan
(ITI) and erythritan (IV), since reaction with so-
dium periodate proceeded more rapidly than with
periodic acid (see Tables I and II).

(15) A. Henninger, Ann. chim. phys., (6] T, 223 (1886).
(16) V. Smith, J. Chem. Soc., 633 (1944).
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The experimental evidence recorded herein lends
strong support to the view expressed by Alexander,
el al.,* that the resistance of I and 11 to perindate
oxidation is due to the adjacent hydroxyl groups at
Cy and Cs being held m a fixed trans position with
respect to each other, as a result of the stereoclieni-
cal rigidity imposed by the two interlocking anhy-
dro-rings. As these authors point out, it would be
particularly interesting to examine the effect of
periodate ont 3-1,6-anhyvdro-a-p-mannofuranose.

% : _— «—-D-glicosacclt-
E 3.0 I arc-3.6-lactone
E 'g ] p-glucosaccharo-
2520 1,4-lactone
~E <~lirythritau
= I —
: 1.0 (———-——- J e lL-threitan
M
<z
5 //'
z
10 20 30 4D
Time, hours.
Fig. 1.
Experimental

A, Synthesis of L-Threitan (III). (a) Butyl .-Tartrate. —
A mixture of L-tartaric acid (10 g.), 1-butanol (50 ml.) and
sulfuric acid (2 ml.) was refluxed for nine hours, cooled and
poured into water. The butanol layer was extracted with
water to remove mineral acid, diluted with ether (100 ml.)
and dried (MgSQ,). Filtration and removal of ether and
excess butanol left butyvl L-tartrate, a colorless liquid, b.p.
(bath temp.) 160-165° (0.5 mm.), #2'p 1.4450, d? 1.11, m.p.
20-25°, [a]®D +9.5° (no solvent used).

Replacing 1-butanol by 1-pentanol in the above reaction
afforded amyl r-tartrate as a pale yellow fairly mobile liquid
(12.5 g.), b.p. (bath temp.) 153° (0.5 mm.), #*'p 1.4480,
d%1.07, [a]%Dp +8.7° (no solvent used).

(b) r-Threitol.-—(i) A solution of butyl L-tartrate (2.04
g.) in tetrahydrofuran (15 ml. dried and distilled over P»O3)
was added dropwise to a solution of lithium aluminum hy-
dride (1.0 g.) in dry tetrahvdrofuran (20 ml.) with cooling.!3
After 15 minutes when the hydroxamic acid test!’.!8 for es-
ters was negative the reaction mixture was poured slowly
with stirring into water (60 ml.). The precipitate was cen-
trifuged, washed with water and the filtrate concentrated
in vacuo almost to dryness. The residue was dissolved in
509, aqueous niethanol (40 ml.) and small pieces of Dry Ice
added to precipitate lithium carbonate. Filtration of the
solution followed by conceutration #n wvacuo afforded IL-
threitol as a colorless glassy solid (0.7 g.) which failed to
crystallize. The product was therefore dissolved in 509,
sulfuric acid (4 ml.) and shaken with benzaldehyde (3 ml.)
wherenpon the dibenzylidene r-threitol separated almost im-
niediately. After one hour the reaction mixture was di-
luted with water, filtered, and washed thoroughly with
water, followed by a small amount of cold methanol to re-
move residual benzaldehyde. Recrystallization from tolu-
ene gave dibenzylidene r-threitol as long needles (0.75 g.),
m.p. 224°, [a]®D +81° in acetone (¢ 0.5); Ness, et al.,
quote m.p. 219-223° for this compound.

Anal. Caled. for CzsHisOs: C, 72.5;
¢, 72.4; H, 6.0.

The dibenzylidene L-threitol (0.32 g.) was boiled for 30
ntinutes with a mixture of N sulfuric acid (10 ml.) and eth-
anol (5 ml.) to regenerate the L-threitol. The solution was
evaporated in vacuo to renmove as much ethanol as possible
and then extracted with ether to remove benzaldehyde.
The aqueous layer was neutralized (““Duolite’’ A;) and
evaporated to dryness iz vacuo to give crystalline L-threitol
(0.1 g.), m.p. 88° (after recrystallization from ethanol),

(17) F. Feigl, V. Anger and O. Frehden, Microchemie, 18, 9 (1934).
{18Y I, Davidson, J. Chem. Ed . 17, 81 (1940).

H, 6.1. Found:
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[@]¥p —4.0° in water (¢ 7.0) and [a]%*D +13° in ethanol
(¢ 2.0). Bertrand!® quotes m.p. 88-89° and [a]D —4.5°
in water, while Ness, ef al., quote m.p. 87-88°, [afp +11°
in cthanol' for this compound.

Anal. Caled. for CylgOh:
C, 39.45; I, 8.5,

(ii) A solution of butyl r-tartrate (5 g.) in tetrahydro-
furan (25 mnl.), was added slowly with stirring to a solution
of lithinm aluntinum hydride (3 g.) in a mixture of tetrahy-
drofuran (75 ml.) and ether (25 ml.). As in the first ex-
periment, no precipitation took place during this or anv
subsequert stage of the reduction. The mixture was boiled
for four hours, cooled and poured slowly with stirring into
water (150 ml.). After adding acetic acid (10 ml.), the
mixture was evaporated in wvacuo to dryness. To the dry
residue, acetic anhydride (100 ml.) was added and the mix-
ture was heated for one hour on the boiling water-bath and
then boiled for two hours under reflux (oil-bath), to effect
simultatteous cleavage and acetylation of the metal complex.
After removing most of the acetic anhydride by distillation
in vacuo, the residue was cooled and shaken with water (100
ml.) and sufficient hyvdrochloric acid to dissolve the inor-
ganic salts, The acetylated L-threitol was extracted with
chloroform and the chloroform extract washed with water
to remove mineral acid, and dried (MgSO,). Removal of
solvent afforded tetraacetyl-L-threitol (5.1 g.), which dis-
tilled as a fairly niobile colorless liquid, b.p. (bath temp.)
145° (0.05 mm.), #%p 1.4380, [a]*D —32° in ethanol (c
4.0). Itcould not be induced to crystallize.

Treatment of the tetraacetyl-L-threitol with a mixture of
N sodium hydroxide (75 ml.) and ethanol (50 ml.), followed
by passage through a cation exchange resin (‘‘Amberlite”’
IR 120) and removal of solvent, yielded L-threitol (2.18 g.),
whiclt crystallized spontaneously, m.p. 88°, after crystalli-
zation from methanol. In other experiments the de-
acetylation of tetraacetyl r-threitol was carried out by
Zempléit’s method.®

Several experiments showed that amyl L-tartrate could
replace butyl L-tartrate equally well in the above reaction
with lithium aluminum hydride to give L-threitol.

When L-threitol (50 mg.) was treated with p-toluenesul-
fonyl chloride (4.5 moles) in dryv pyridine (3 ml.) for four
days at room temperature, the crystalline product, isolated
in the usual way by pouring the reaction mixture into water,
proved to be a mixture of two derivatives. The principal
product was ditosyl L-threitol which readily crystallized
from ethanol or ethanol-petroleum in the form of needles,
m.p. 92° (vield 65 mg.).

Anal. Caled. for CsHpOS:: C, 50.2; H, 5.2; S, 14.9.
TFound: C, 50.1; H, 5.1; S, 14.4.

The second compornent, believed to be a monotosyl de-
rivative, was less soluble in ethanol than the ditosyl deriva-
tive and separated from ethanol in the form of short prisms,
m.p. 120° (vield 10 mg.). Inasmuch as the yields of these
two derivatives were so low and could not be improved by
varying the conditions, neither is recommended for the
identification of L-threitol. It is of some interest, particu-
larly from a stereochemical point of view, to note that eryth-
ritol readily yields a tetratosyl derivative in excellent
vield.?!

(¢) rL-Threitan (III).—1-Threitol (2.25 g.) was heated in a
sealed tube for 24 hours at 120° with a mixture of water (2.2
g.)and sulfuric acid (2.2 g.). The solution was diluted with
water (15-20 ml.), neutralized (““Duolite’’ A anion exchange
resin) and evaporated iz vacuo to dryness. Distillation of
the residue yielded L-threitan (1.3 g.), b.p. 180-185° (bath
temp.) (17 mm.), m.p. 60-61°, unchanged after recrystalli-
zation from dioxane—ether, [«|%Dp —5° in water (¢ 6.8). L-
Threitan is very hygroscopic and quickly changes to a sirnp
when exposed to the air.

Anal. Caled. for CHOs:
C,46.1; H,7.7.

L-Threitan di-p-nitrobenzoate, prepared in the usual way
by the action of p-nitrobenzoyl chloride (1.1 moles) on L-
threitan in dry pyridine, had m.p. 191-192° after crystalli-
zation from acetone, ethanol, benzene or chloroform—-petro-
leum ether.

(19) (a) G. Bertrand, Compt. rend., 180, 1472 (1900);
quenne and G. Bertrand, ¢bid., 182, 1565 (1901).

(20) G. Zemplén, Ber., B9, 1254 (1926); 60, 1555 (1927).

(21) R. S. Tipson and L. . Cretcher, J. Org. Chem., 8, 95 (1943).

C, 59.4; M, 8.5, Found:

C, 46.2; H, 7.8. Found:

(b) 1.. Ma-
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Anal. Caled. for CsHuN:Os: C, 53.7; H, 3.5; N, 7.0.
Found: C, 53.8; H, 3.6; N, 7.0.

B. Synthesis of Erythritan (IV).—A solution of erythri-
tol (3 g.) in a mixture of sulfuric acid (3 g.) and water (3 g.)
was botled gently under reflux for 15 hours. The erythritan,
isolated in the same manner as L-threitan, was a colorless,
hygroscopic liquid, b.p. (bath temperature) 160-165° (0.17
mm.), n%p 1.4370 (yield 1.3 g.).15

Anal. Caled. for C;HO;: C, 46.2; H, 7.8.
C, 46.0; H, 7.8.

Erythritan di-p-nitrobenzoate, prepared in the usual
way, separated from acetone in the form of needles, m.p.
173-174°.

Found:

DEXTRAN TRIACETATES

Anal. Caled. for CsHuy N3Oy C, 53.7; H, 3.5; N, 7.0.
Found: C, 53.9; H, 3.6; N, 7.1.

C. Oxidation with Periodate.—The compounds were
oxidized with sodium periodate and with periodic acid in
aqueous solution under the conditions previously used.!?
The results of the oxidations with 0.1 N sodium periodate
are given in Table I. Oxidation with 0.1 N periodic acid,
which proceeded according to the results recorded in Tabhle
II and represented graphically in Fig. 1, illustrates clearly
the marked effect of the stereochemical arrangement of ad-
jacent hydroxyl groups on the rate of oxidation by periodate.

St. PAUL 1, MINNESOTA
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Dextran Triacetates

By ALLENE JEANES AND C. A. WILHAM
RECEIVED JUNE 2, 1952

A simple, non-degradative method is described for preparing dextran triacetates from dextrans in the form of either the

hydrated gum or the dry powder.
in chemical and physical characteristics.

This method has been applied to the acetylation of nine bacterial dextrans differing widely
Intrinsic viscosities and specific rotations of the dextran triacetates show close

relationship to the corresponding data for the respective dextrans as well as to the periodate oxidation data for these dextrans.
This proves that differences among the dextrans are due to fundamental structural characteristics which are carried over into

the triacetates.
shown to correlate with their chemical structures.

This report describes the preparation and some
of the properties of triacetates of nine bacterial
dextrans. The particular dextrans were chosen for
this purpose because of their widely different
characteristics. These triacetates are being em-
ployed at this Laboratory in a program on chemical
and physical characterization of many dextrans
and in comparative studies on the «-1,6-gluco-
pyranosidic linkage in starch and in dextrans.?
The rapidly expanding interest in the structure,’—®
properties®® and application in medicine’ of dex-
trans makes it desirable to confirm and extend,
through study of a derivative such as the triace-
tate, differences previously established only in the
polysaccharides. The observations reported here
also augment the already recognized industrial
potentialities of dextran acetates® by making avail-
able for the first time undegraded products of
favorable solubility characteristics.

Previously reported methods for preparation of
dextran acetates resulted in incomplete acetyla-
tion®! or in products which appeared to be frac-
tionated ! or degraded.!!

(1) One of the laboratories of the Bureau of Agricultural and In-
dustrial Chemistry, Agricultural Research Administration, U. 8. De-
partment of Agriculture. Article not copyrighted.

(2) Allene Jeanes, C. A. Wilham and J. C. Miers, J. Biol. Chem., 176,
603 (1948).

(3) M. Stacey and G. Swift, J. Chem. Soc., 1555 (1948).

(4) Allene Jeanes and C. A. Wilham, THI1S JournaL, T2, 2655
C1050).

(3 (a) F. Smith, et al., ibid., T4, 4970 (1952);
ibid., T4, 4974 (1952).

(6) A. Gronwall and B. Ingelman, Acta Physiol, :S'cand., 7,97 (1944).

(7) B. Ingelman, Acta Chem. Scand., 1, 731 (1947); J. S. Lundy,
H. K. Gray and W. M. Craig, Arch. Surg., 61, 55 (1950).

(8) W. A. Waldi and J. E. Bersuder, U. S. Patent 2,344,190 (March
14, 1944): E. L. Luaces, U. S. Patent 2,503,622 (April 11, 1850).

(9) P. Daeumichen, Z. ver. deut. Zucker-Ind., 40, 701 (1880).

(10) F. L. Fowler, I. K. Buckland, F. Brauns and H. Hibbert,
Can. J. Research, Sect. B, 18, 486 (1937).

(11) W. Z. Hassid and H. A. Barker, J. Biol. Chem., 184, 163
(1940).

{b) R. Lohmar,

The degradation temperatures of these dextran triacetates and the film-forming ability of one of them are

Experimental

Materials and Analytical Methods.—All the dextrans
used in this study were prepared in a manner similar to that
already described for dextran from Leuconostoc mesenteroides
NRRIL B-512.2 They contained no more than about 0.059%,
ash, 0.019%, nitrogen, 0.0019%, phosphorus and no detectable
fructose.

Formamide was a neutral fraction obtained from com-
mercial material by distillation ¢ vacuo. sym-Tetrachloro-
ethane was washed free of acid, dried and distilled before
use.

Acetyl determinations were made on 150-mg. samples (80
mesh, unless the preparation had been freeze-dried) by a
modified Eberstadt method as described by Murray, Staud
and Gray.!? The values are reproducible to £0.29, acetyl.

Viscosity measurements were made in Ostwald—-Cannon-
I'enske No. 100 tubes.

All samples for analytical measurements were equili-
brated with atmospheric moisture in the room in which the
samples were weighed and where a constant relative hu-
midity of 619% at 21° was maintained. The dextran tri-
acetates were found to have moisture contents of 3 to 49,
by drying samples in vacuo over phosphorus pentoxide for
4 hours at 100°. All calculations were made on a dry basis.

Acetylation in Formamide.—An adaptation of the
method of Carson and Maclay was employed,!$ under con-
ditions so mild as to preclude the likelihood of degradation.
Air-dry dextran in a fluffy, homogeneously reactive state?
was used, or gum dextran which had been precipitated from
aqueous solution by addition of ethanol to 509, by volume
and from which excess aqueous ethanol had been expressed.
Five grams (dry basis) of the dextran was mixed with 75 ml.
of ice-cold formamide and solution was completed at room
temperature. To this stirred solution was added slowly 75
ml. of pyridine and then 65 ml. of acetic anhydride was
added over a period of about 1.5 to 3 hours. The reaction
mixture was maintained at room temperature by cooling, if
necessary. In most cases addition of acetic anhydride
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tion procedure. The reaction mixture was stirred for 4
hours at room temperature and allowed to stand 20 hours.
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