
tlilictcrosorbosan I hesaa te arid the crystalline product, 
isolated in the same mantier, was recrystallized from eth- 
anol; yield 940 mg. ,  1n.p. 1i7--179°, [oil2?n -19" (F 2.1, 
chloroform), needlcs; main X-ray powder diffractioii lines'.': 
7.85 ( 3 ) ,  5.17 ( 2 ) ,  4.37 ( I  j ,  ;%.93 (4)- 3.16 ( 5 ) .  Thc sub- 
s~aiicc \vas soluble in bciizeiie, cliloroform aiid i i i  iwrm cth-  
;:iiol and ethrr. 

.1nc1l. Calcd for C.IH:~.O,,: C, 39.99; 11, 3.60; iiiol. w t . ,  
S' iU.5.  Pound: C, 50.27; 11, 5.73; mol. irt.  (Kast) ,  582. 

The cotnbincd aqueous decantate itrid vvashiiigs from thc 
acetylalion was ncutrdizcti to pH 0-7 with sodiuni bicarboii- 
ate and extracted with six 10-1111. portions of chloroform 
The combined chloroform extracts were washed with \rater, 
iV IIC1, saturated aqueous SaHCOa and again with watcr. 
The sirup obtained on solvent removal from the dried chloro- 
form solution was added to the sirupy mother liquor matc- 
rial from the crystallization of the above acetate; total yicld 
800 rug. 'This material was dissolved in I O 0  nil. of bcrizcne 
mid added to the top of a 30 X i . 7  cm. (diani.) colutnri of 
Magnesoll~-Celite~* ( 3 :  1 by wt. ) and the chroniatograiti was 
drvcloped with 2800 ml.  of benzene-ethanol (100: 1 by vol . ) .  
l'hc prrnianganatc indicator ( I  % E;hln04 i l l  5.5 4Y S a O I I )  

streak located a inaiii zone 011 the extruded coluinii 100-150 
inm.  froin the coluiiiii top which was desorbed with 1500 ml. 
of xc tone ;  yield 400 tng. (total 1.34 g. or 76%) of the above 
acetate, m.p.  171-173.5" raised to 179' by one recrystalli- 
zation from benzene--ether ( 1  :IO), mixed 1n.p. l i 7 - l i 9" .  
The X-ray diffraction pattertis were identical. 

Diheterosorbosan 11 (V  or VI).-An amount of 500 nig. 
of diheterosorbosan I1 hexaaretate was deactylated as de- 
scribed above for diheterosorbosan l hexaacetate and thc 
product, isolated in the same mariner, was crystallized from 
cthanol; yicld 180 uig., m.p. 188-189", [a!,, 0.00" (c 1 in 
water arid in methanol; throughout the visible portion of 
thc spectrum), prisms, Benedict ( - )  but (+I after hydroly- 
sis xvitti concd. IlCl a t  10Oo; main X-ray powdcr diffraction 
Iincsta: i i .39 (4), 5 . l : j  (3), 4.78 ( 2 ) ,  3.49 ( I ) ,  3.22 ( 5 ) .  The 
substance was solublr it1 watcr arid inethanol and \vas in- 
soluble in ethanol. 

Periodate assay (moles per mole of reductant; 0.05 ill 
NaIO4 in 0.004 .If reductant, 26 =t 3 " ,  7 days required for 
~ornplete reartioil): oxidant consutned, 3.1; formic acid 
(acidity toward broiri cresol purple), 1 .(I; formaldehyde, O. ( l .  

C<l r .uml is  10, Oil10 

[Cob I R I U U r I O N  FROM ?HI% DIVISION OF .4GRIctiLlLJRAL BIOCIIEMISTRY, UNIVERSIIY 0 1 2  h I I N N E S O T A ]  

Threitan and Erythritan and their Reaction with Periodate 

B Y  H. KLOSTERMAN AND 1;. SMITII 
RECCIVED M A Y  24, 19cX? 

Lkhydratioii of L-threitol and erythritol with 5075 sulfuric acid has provided the corresponding 1,4-anhydrides, L-threitan 
(111) and crythritan ( IV) ,  respectively. Both 111 and I V  react with one molecular proportion of sodium periodate and 
periodic acid; I\-, with a cis-glycol structure, undergoes clcavage a t  :i greater rate than 111 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.2 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. I t  matters little whether 
the glycol grouping is of the cis or the trans type al- 
though the former is attacked a t  a greater ratc. 
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 P-1,B-an- 
hydro-D-glucofuranose (I) and cu-l,6-anhydro-~- 
galactofuranose (11), which possess a glycol group, 
have been found to be completely resistant to perio- 
date ~ x i d a t i o n . ~ - ~  This resistance was attributed 
to the stereochemical effects caused by the presence 
of two interlocking rings. Inspection of molecular 
models of I and I1 shows that this type of structurc 
with two interlocking rings, which is known to in- 
duce unexpected properties in carbohydrate com- 

(1) Paper No. 2785 Scientific Journal Series, Minnesota Agricultura 

( 2 )  E. 1. Jackson, "Organic Reactions," Vol. 11, John Wiley and 

(3) R.  J. Dimler, H. A. Davis and G.  E. Hilbert, THIS JOURNAL, 68, 

(4)  B. H. Alcx:iiidci, I<. I .  Ilimlcr m r l  C I,. lllchltretter, ibid , 73, 

( r t )  C/. R h1 liaiin , ~ i 1 a 1  C :>. k I i i < i ! + t i i ,  f h r d  , 63,  22.11 ( I ! J i I ) .  

Experiment Station. 

Sons, Inc., New York, hT. Y . ,  1944, p. 341. 

1377 (1946). 

1G58 (1951). 

results in the molecules of I and I1 being 
essentially rigid and the hydroxyl groups assuming a 
fixed trans configuration. The fixed trans positions 
of the OH groups a t  C B  and Cp thus prevent the 
formation of an intermediate chelate complex with 
the periodate ion which appears to be necessary 
before cleavage can take place .g 

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 trans position with respect to 
each other. Such a contingency might possibly 
affect the behavior of the interior but not the terni- 
irial units, and hence is unlikely to interfere with the 
very convenient periodate method of end-group 
analysis, lo - 
(6) W. N. Haworth, L. N. Owen and F. Smith, J .  Chem. SOC., 88 

! 1941). 
( 7 )  W. N. Haworth, J. Jackson and F. Smith, ibid., 620 (1940). 
(8) F. Smith,  "Advances in Carbohydrate Chemistry," Vol. 11. 

(9) R. Criegee, L. Kraft and B. Rank, Ann. ,  607, 159 (1933); cf. 

(10) T. G .  Halsall, E. L. Hirst and J .  K.  N. Jones, J. Chcm. Soc., 

i l l )  l\llcne Jranc i  and C,  A Wilharn, ?'HIS JOURNAL, 72, 2653 

( 1 Z J  h1 .iiiiicl "lkhcl auGi 1, ~ l l l i t h ,  i / ! l ( I . ,  73, !)!I1 (i9,-31) 

Academic Press, Inc., New York, N. Y. ,  1046, p. 101. 

W. A. Waters, Trans. Faraday Soc., 42, 184 (1940). 

1399 ! I Q l i ) .  

( 15150 j . 



Nov. 5 ,  l9.T TFIRRITAN .\ND ERYTIfRI'r . \N AND THEIR REACTION W I T H  PERIOD \TE 5337 

I 
H-C-OH 

I 

~ HO-c-H I FTO-C-H 
I 1  

H H 

I 
I 

H-C-OH 

acid to give the required erythritan (IV),15 a very 
hygroscopic liquid, which may be characterized as 
its di-p-nitrobenzoate. 

Upon treatment with periodate both I11 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 (111) especially when periodic acid 
was used instead of sodium periodate (see Tables I 
and 11). 

TABLE I 
OXIDATION WITH 0.1 ,V NaTOc AT 5" IV AQUEOCS SOLCTIOV 

hfoles of NalOI 
consumed per mole of 

compound 
Compound Time, hr. I'iiund Calcd 

(1) t-Threitol 2 8 00 3 
( 2 )  Erythritol 2 3 04 
(3) L-Threitan 2 0.45 1 

4 .66 
22 1.01 

(4) Erythritan 2 0 92 1 
4 .94 

22 .99 
( 5 )  n-Glucosaccharo- 0.5 1.30 3 

1,4-lactone 22 2 80 
( 6 )  D-Glucosaccharo- n .i 8 18 8 

3,G-lactone 22 4 83 

TABLE I1 
OVIDATIOV WITFI 0 1 .Ir HIOs AT .in IN  A Q U E O C ~  SOLUTIOV 

Compound 

(1)  1.-Threitan 

( 2 )  Erythritan 

(3) D-Glucosaccharo- 
1,4-lactone 

( 3 )  D-Glucosaccharo- 
3,R-lactone 

Time, hr. 

0 , 5 
1 . 0  
2 
4 
0 

48 
0 . 5  
1 
2 
4 
0 . 5  
1 
5 
8 

38 

1 
5 
8 

48 

n 5  

Moles of HI04 
consumed per mole 

of compound 
Found Calcd 

n. 12 I 
.25 
43 
58 

.62  

. 95 

.73 1 

.90 

.97 
97 

1.18 3 
1.20 
1 .70 
1 sn 
2 20 
2 93 3 
2 97 
3 00 
3 1s 
3 4n 

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 a t  a much slower 
rate than VI which possesses the cis-glycol .strut- 
ture.I6 The rate of reaction was again found to be 
dependent on the pH as in the case of L-threitan 
(111) and erythritan (IV), since reaction with so- 
dium periodate proceeded more rapidly than with 
periodic acid (see Tables I and 11). 

(15) A. Henninger. Ann. chim. Phys . ,  161 7 ,  223 (18801 
(16) 1'. Smith, J. Chem. Soc., 633 (1944). 



The experimental evidence recorded herein lends 
strong support to the view expressed by AUex:tncler, 
ef t l idt  tlir resistdii~r of I dncl I1 tn perioddtc 
oxidation is due to the adpct-nt hydrosyl groups 
C2 a d  Cd beiiig licld in  i t  fixed t r a m  pusitioii with 
respect to each other, as a result of the stereocliemi- 
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 oil 8- 1 ,~-anhy~lro-n-n-in~iiiic~furnnose 

- 1  
I 

2 ? o / ~ - - -  C D - g l  l l c O 5 a C C h -  

u 
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... ... 
/ 

u-gI iicosaccharo 
l,&lactnne 

t l l r y t h r i t a i i  

I 
I 0 20 30 41) 

Time, hours. 
Fig. 1. 

Experimental 
A.  Synthesis of L-Threitan (111). (a) Butyl L-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 (MgSO,). Filtration and removal of ether and 
excess butanol left butyl L-tartrate, a colorless liquid, b.p. 
(bath temp.) 160-165" (0.5 mm.), x Z 1 ~  1.4450, d2j 1.1 1, m.p. 
20-25', [ p ] * j ~  f9.5" (no solvent used). 

Replacing I-butanol by I-pentanol in the above reaction 
afforded amyl L-tartrate as a pale yellow fairly mobile liquid 
(12.5 g.), b.p. (bath temp.) 153' (0.5 mm.) ,  n z l D  1.4480, 
d2s 1.07, [a]'% +8.7" (no solvent used). 

( b )  L-Threito1.--(i) A solution of butyl L-tartrate (2.04 
g.) in tetrahydrofuran (15 ml. dried and distilled over P205) 
was added dropwise to a solution of lithium aluminum hp- 
tlride (1.0 g.) in dry tetrahydrofuran (20 ml.) with cooling.13 
After 15 minutes when the hydroxamic acid testli*'* for es- 
ters was negative the reaction mixture was poured slowly 
with stirring into water (GO nil.). The precipitate was cen- 
trifuged, washed T d h  water arid the filtrate concentrated 
in v n ~ z i o  almost to dryness. The residue was dissolved in 
50% aqueous methanol (40 ml.) and small pieces of Dry Ice 
:itlded to precipitate lithium carbonate. Filtration of the 
solution followed by concentration i n  vacuo afforded L- 
threitol as a colorless glassy solid (0.7 g . )  which failed to 
crystallize. The product \vas therefore dissolved in 50% 
sulfuric acid (4  ml.) and shaken with benzaldehyde ( 3  ml.)  
whereupon the dibenzyliderie L-threitol separated almost irn- 
mediately. 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 dibenzplidene L-threitol as long needles (0.75 g. ), 
m.p. 2 2 4 O ,  [CY]~'D +SI" in acetone ( c  0.5); Xess, t t  u l . ,  
quote m.p. 219-223" for this compound.14 

Anal.  Calcd. for CIpH~p04: C, 72.5; H, 6.1. Found: 
C ,  72.4; H,  6.0. 

The dibenzylidene 1.-threitol (0.32 g. )  was boiled for 30 
niinutm 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  remove as much ethanol as possible 
and then extracted with ether to  remove benzaldehyde. 
The aqueous layer was neutralized ("Duolite" A,) and 
evaporated to  dryness in V ~ C Z L O  to  give crystalline L-threitol 
(0.1 g.), m.p. 88" (:tft.rr recrystallization from ethanol), 

(17) F. Feigl, V.  Anger and 0. Frehden, Microchernir, 16, 9 (1034) 
(18) JI Davidwn. J .  C h r m .  E d .  17, SI (1940). 

- .- 

[ C ~ ] ~ ~ D  -4.0" i n  water (c  7.0) and [a]22D +13' in ethanol 
( r  2.0). Bertrandlg quotes m.p. 88-89' and [ a ] ~  -4.5; 
1 1 1  wcitc,r ,  whilc N c s ,  e t u l . ,  quote 1n.p. X7 88". [ c x l r )  + t l  
i i i  c ~ h a i i o l ~ *  for this compound. 

.-!vn/. Calcd. for C4Ifi,J)r: C ,  :i9.4; 11, S.:i. 1;oiitid: c ,  ;;9.4>; 11, s.5. 
( i i )  .I solution of butyl L-tnrtrate (5 g . )  in tetrahydro- 

furaii ( 2 5  nil.), was added slowly with stirring to a solution 
of lithium aluminum hydride (3 g.) in a mixture of tetrdhy- 
drofuran (75  n i l . )  and ether ( 2 5  ml.). As in the first es- 
periment, no precipitation took place during this or any 
subsequent 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 
inixture was evaporated in  vacuo to dryness. T o  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 
simultaneous cleavage and acetylation of the metal complex. 
After removing most of the acetic anhydride by distillation 
in vucuo, the residue was cooled and shaken with water (100 
ml. 1 and sufficient hydrochloric 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 (MgS04). Removal of 
solvent afforded tetraacetyl-L-threitol (5.1 g.), which dis- 
tilled as a fairly mobile colorless liquid, b.p. (bath temp.) 
1 - E '  (0.05 mm.),  1 ~ ~ 6 ~  1.4380, [.I2% -32" in ethanol (c 
1.0). 

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" 
I R  120) and removal of solvent, yielded L-threitol (2.18 g.) ,  
which crystallized spontaneously, m.p. 8 8 O ,  after crystalli- 
zation from methanol. In other experiments the de- 
acetylation of tetraacetyl I,-threitol was carried out by 
Zemplh's method.90 

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. 

n'hen L-threitol (50 mg.) was treated with p-toluenesul- 
fonyl chloride (4 .5 moles) in dry pyridine (3 ml.) for four 
days a t  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" (yield G5 mg.). 

I t  could not be induced to crystallize. 

Anal.  Calcd. for CI~HT~O&: C, 50.2; H, 5.2: S, 14.9. 
Found: C, 50.1; 11, 5.1; S, 14.4. 

'The second component, 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" (yield 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 
yield, 

i c )  L-Threitan (III).-L-Threitol (2.25 g.) was heated in a 
sealed tube for 24 hours at 120" with a mixture of water ( 2 . 2  
g. i  and sulfuric acid (2.2 g . ) .  The solution was diluted with 
water ( 1 5 2 0  ml.), neutralized ("Duolite" A, anion exchange 
resin) and evaporated in 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, [a]"D -5' in water (c 6.8). I.- 
Threitan is very hygroscopic and quickly changes to a sirup 
when exposed to the air. 

A n a l .  Calcd. for C&IsOa: C ,  46.2; H, 7.8. Found: 
C, 46.1; 11, 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. r e n d . ,  130, 1472 (1900); (1,) 1. M a -  
qiienne and G. Bertrand, ibid. ,  132, 1565 (1901). 

120) G. ZemplPn, Rev., 69, 1254 (1926); 60, 1555 (1927). 
(21) R .  S. ? ' i ~ ; o n  and I,. IT. Cretcher, J .  Org. Chem.,  8 ,  95 (1643). 
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Anal. Calcd. for ClsHlrN2O9: C, 53.7; H ,  3.5; N, 7.0. Anal. Calcd. for C18HiaN209: C, 53.7; H, 3.5; K ,  7.0.  
Found: (2.53.8; H,3.6; N,7.0.  Found: C,  53.9; H, 3.6; N, 7.1. 
B. Synthesis of Erythritan (IV).-A solution of erpthri- 

to1 (3 g. j in a mixture of sulfuric acid (3 g.)  and water (3 9.) 
was boiled 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 2 4 ~  1.4370 (yield 1.3 g.j.16 

Anal. Calcd. for C4H803: C, 46.2; H, 7.8. Found: 
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". 

C. Oxidation with Periodate.-The compounds were 
oxidized with sodium periodate and with periodic acid in 
aqueous solution under the conditions previously used.I2 
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 Table 
I1 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 

[CONTRIBIJTION FROM THE NORTHERN REGIONAL RESEARCH LABORATORY~] 

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. This method has been applied to the acetylation of nine bacterial dextrans differing widely 
in chemical and physical characteristics. Intrinsic viscosities and specific rotations of the dextran triacetates show close 
relationship to the corresponding data for the respective dextrans as well as t o  the periodate oxidation data for these dextrans. 
This proves that differences among the dextrans are due t o  fundamental structural characteristics which are carried over into 
the triacetates. The degradation temperatures of these dextran triacetates and the film-forming ability of one of them are 
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 a-l,&gluco- 
pyranosidic linkage in starch and in dextrans.2 
The rapidly expanding interest in the s t r u c t ~ r e , ~ - ~  
properties2a6 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 acetates8 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- 
tiong,'O 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. S. De- 
partment of Agriculture. 

( 2 )  Allene Jeanes, C. A. Wilham and J. C. Miers, J .  Bid.  Chcm., 176, 
1703 (1948) 

13) hl Stncey and G. Swift, J .  Chem. Soc., 1555 (1948). 
(4)  Allcne Jeanes and C. A. Wilham, THIS JOURNAL, 72, 2655 

(5 j  in) P. Smith, el o l . ,  i b i d . ,  74, 4970 (1952); (b) R. Lohmar, 

( 6 )  A. Griinwall and B. Ingelman, Acta Physiol. Scand., 7, 97 (1944). 
(7) B. Ingelman, Acta Chcm. Scand., 1, 731 (1947); J. S. Lundy, 

H.  K. Gray and W. M. Craig, Arch. Surg., 61, 55 (1950). 
(8) R', A. Waldi and J. E. Bersuder, U. S. Patent 2,344,190 (March 

14, 1814) :  E. I,. Luaces, U. S. Patent 2,503,622 (April 11, 1950). 
(9) P. Daeumichen, 2. v e l .  dcuf .  Zucker-Ind. ,  40, 701 (1890). 
(10) D. I-. Fowler, I. K. Buckland, F. Brauns and H. Hibbert, 

(11) W. Z. Hassid and H. A. Barker, J .  B i d .  Chem., 134, 163 

Article not copyrighted. 

f I ! J A O ) .  

i b i L ,  7 4 ,  4974 (1952). 

Can.  J .  Research, S e d .  B, 15, 486 (1937). 

(1940). 

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 
NRRL B-512.2 They contained no more than about 0.05'% 
ash, 0.01% nitrogen, 0.001% phosphorus and no detectable 
fructose. 

Formamide was a neutral fraction obtained from com- 
mercial material by distillation in vacuo. syin-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.12 The values are reproducible to =!~0.2'7~ acetyl. 

Viscosity measurements were made in Ostwald-Cannon- 
Fenske 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 61% a t  21' was maintained. The dextran tri- 
acetates were found to have moisture contents of 3 to 4% 
by drying samples in wucuo over phosphorus pentoxide for 
4 hours a t  100'. All calculations were made on a dry basis. 

Acetylation in Formamide.-An adaptation of the 
method of Carson and Maclay was employed,13 under con- 
ditions so mild as to  preclude the likelihood of degradation. 
Air-dry dextran in a fluffy, homogeneously reactive state2 
was used, or gum dextran which had been precipitated from 
aqueous solution by addition of ethanol to 50% 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 a t  room 
temperature. To this stirred solution was added slowly 7,i 
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 a t  room temperature by cooling, if 
necessary. In most cases addition of acetic anhydride 
caused a finely divided precipitate to form. However, 
acetylation mixtures of dextrans from B-1299 and B-1355 
and of fraction C from B-742, remained homogeneous, and 
that from B-523 was heterogeneous throughout the acetyla- 
tion procedure. The reaction mixture was stirred for 4 
hours a t  room temperature and allowed to stand 20 hours. 

(12) T. F. Murray, C. J. Staud and H. LeB Gray, I n d .  Eng. Chem., 

(13) J. F. Carson and W. D. Maclay, THIS JOURNAL, 68, 1015 
Anal.  Ed. ,  5, 269 (1931). 

(1946). 


