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Summary isoxazole (V), 1,5-diphenyl-3-m-ni trophenylpyra- 
\Ye have shown : zole (XI) and 3-m-nitrophenyl-5-phenylpyrazole 
1. That m-nitrodibenzoylmethane is obtained (XIII), respectively. 

by way of a different series of reactions. That phenylhydrazine reacts by way of 
2 ,  That m-nitrodibenzoylmethane reacts to- 1,4-addition to m-nitrobenzalacetophenone to 

ward hydroxylamine, Phenylhydrazine and hydra- yield 1,s - diphenyl - 3 - m - nitrophenylpyrazoline 
zine as 1-phenyl-3-m-nitrophenylpropene-one-3- {XII). 
01-1, giving rise to 3-phenyl-5-m-nitrophenyl- W'ABHINGTON, D. c. RECEIVED MAY 10, 1943 
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[CONTRIBITTIOS F K O M  THE D b P A R T M E N r  OF CHEMISTRY OF THE STATE rNIVERSITY OF IOX'A] 

Azoyl Derivatives of Sugars and Separation by Chromatographic Adsorption.' I1 
BY GEORGE H .  COLEMAN AXD CHESTER M. MCCLOSKEY: 

In a previous paper3 it was shown that the azoyl 
derivatives of monosaccharides could be sepa- 
rated from azoyl derivatives of disaccharides and 
trisaccharides by means of chromatographic 
adsorption. A ketohexose azoate, p-D-fructose 
tetraazoate, was separated from each of several 
aldohexose azoates. This type of separation 
had been reported previously by Reich.* I t  
was also shown that in certain cases disaccharides 
could be partially separated. 

The chromatograhic adsorption technique has 
been further developed and the separation of 
two closely related compounds, a-D-galactose 
pentaazoate and p-D-galactose pentaazoate, car- 
ried out. P-D-Glucose pentaazoate has been 
Separated from both a-D-xylose tetraazoate and 
8-L-arabinose tetraazoate. N o  separation was 
obtained with the azoates of the enantiomorphs, 
p-D-arabinose and p-L-arabinose. 

The method also has been applied to azoyl 
derivatives of methyl glycosides and to azoyl 
derivatives of partially acetylated sugars. The 
separation of  methyl heptaazoyl-0-D-cellobioside 
and methyl tetraazoyl-a-D-glucoside was accom- 
plished, and an unusually sharp separation made 
with ~-azoyltetraacetyl-~-D-glucose and l-azoyl- 
lieptaacetyl-P-D-cellobiose. The separation of 
azoates of the methyl glycosides was not as clean 
cut under the conditions used as was that of the 
1-azoylacetyl sugars. The preparation and use 
of the latter type of derivative was undertaken 
with the thought. of working with a derivative 

(1) Presented at the 105th Meeting of the American Chemical 
Society, Division of Sugar Chemistry and Technology, April, 1943. 

(2) Research Fellow of the Corn Products Refining Company. 
(3) I ,  THIS JOURNAL. 64,  lz01 (1942). 
(4) Reich, Riudrm.  J . ,  33. 1000 ~ 1 8 3 9 ) .  

in which the original sugar represented a higher 
percentage of the molecular weight. 

The chromatographic technique has been ap- 
plied to the separation of a mixture of more than 
two sugar derivatives. A mixture of P-L-ara- 
binose, p-D-glucose, a,a-trehalose and p-cello- 
biose azoates has been separated. The purity of 
each band is difficult to estimate on the basis of 
optical rotation in such a case. Several generali- 
zations have been noted which lead us to believe 
that a purity of a t  least 90% for each compound 
has been obtained. In working with a mixture 
of two derivatives only, it was observed that the 
lowest band usually leaves a small amount of 
material behind which contaminates the higher 
band. Thus the principal contamination of a 
given band comes from the bands below. The 
amount of contamination decreases as the dis- 
tance between the bands is increased. The 
higher bands are in such a case apt to be more 
highly contaminated than the lower. 

The separation of the four azoates was made 
on one column. It is probable, however, that 
in instances where several derivatives are present 
the most efficient method of separation is to de- 
velop the chromatogram until i t  is separated into 
groups such as monosaccharides, disaccharides, 
etc., which separate quickly and then isolate each 
group and develop i t  separately. This permits 
maximum development for slower moving bands, 
diminishes contamination from previous bands 
and diminishes the effect of faults in the column. 

In the previous work a mixture of equal volumes 
of commercial chloroform, benzene and ligroin 
was used to develop the chromatogram. It was 
four id that if alcohol-free chloroform was used 
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in the mixture with magnesol as the adsorbent 
no development took place. Silicic acid, how- 
ever, does not adsorb as strongly and some de- 
velopment took place with it as adsorbent. The 
solvent used for development of a mixture of @- 
D-glUCOSe azoate and @-cellobiose azoate on silicic 
acid was varied from pure chloroform to chloro- 
form containing 10% alcohol by volume. I t  was 
found that with O.lY0 alcohol the cellobiose 
azoate band was held a t  the top, which is desir- 
able. With a 0.27, alcohol developing solvent the 
cellobiose band moved down the column. This is 
illustrated in Table IV. 

The polar alcohol is partially adsorbed and will 
displace various derivatives. This can be used 
to advantage if a concentration be found which 
will displace one azoate and not the other. This 
was employed very successfully in the separation 
of the 1-azoyl derivatives of glucose and cello- 
biose. An additional advantage of using al- 
cohol in such a separation is that it cleans the 
chromatogram of tailings, thus reducing the con- 
tamination. 

The preparation of sugar azoates from sugars 
and the acid chloride in pyridine solution as 
previously reported has been somewhat modified. 
The preliminary reaction is allowed to take place 
a t  0' and then completed a t  90". After the 
hydroxyl on carbon atom one had been azoylated 
a t  0' no change was observed in the configuration 
on heating for prolonged periods a t  90'. In the 
preliminary reaction a t  0" the low temperature 
minimizes the mutarotation but does not com- 
pletely prevent it. A small amount of the other 
member of the anomeric pair is thus always ob- 
tained. 

I t  was found necessary to add a little water to 
the pyridine solution to decompose the azoyl- 
pyridinium complex before precipitating the 
azoate by addition of the solution to a larger 
volume of water. If this was not done consider- 
able azoic anhydride was formed and this com- 
plicated the purification. The formation of acid 
anhydrides by the addition of a pyridine solution 
of acid chloride to cold water has been known for 
some time. Minunni" first reported the reaction 
in the preparation of benzoic anhydride. Fischerfi 
mentions its formation in connection with the 
preparation of the fi-bromobenzoates of sugars. 
This method of preparing anhydrides of the higher 

(5 )  Minunni, Gazz. chim. ifal., 22, 11, 213 (1892). 
(6) Fischer and Noth, Ber , 46, 2724 (1912). 

acids is apparently very general and excellent 
yields are obtained. Azoic anhydride was pre- 
pared by this method in 9Syo yields. 

The separation of the azoates from the azoi 
acid was effected by dissolving in chloroform and 
precipitating them by the addition of alcohol. 
This is very effective since azoic acid is but 
slightly soluble in chloroform and relatively 
soluble in alcohol. 

In determining certain physical properties of 
the azoates it was observed that the derivatives 
obtained from sugars in which the hydroxyl 
groups on carbon atoms one and two had a cis 
relationship usually were more soluble than the 
corresponding derivatives obtained from sugars 
in which a trans relation existed. While the 
number of compounds studied is a t  present limi 
ted, this generalization applies to the azoates of 
several monosaccharides and disaccharides. For 
example, a-D-galactose pentaazoate is far more 
soluble in chloroform and similar solvents than is 
P-D-galactose pentaazoate. The azoate of a, a- 
trehalose is far more soluble than is that of @,@- 
trehalose. This solubility relationship is not 
independent of the rest of the molecule. in 
general the larger the number of groups having 
the cis relationship the higher the solubility. 
&Maltose azoate seems to present sonlething of 
an exception as it is less soluble than $-cellobiose 
azoate. The higher solubility of the compounds 
having the cis relationship in general makes their 
purification more difficult since some of the ano- 
meric partner is usually present. The purifica- 
tion of the azoates is somewhat analogous to that 
of the benzoates7 and as with them a relatively 
large number of crystallizations is often required 
to obtain pure derivatives. 

With a limited number of exceptions all of the 
azoates prepared had sharp melting points. 
However, only derivatives containing four or less 
azoyl groups have as yet been obtained with easily 
discernible crystalline form. 

The analysis of the azoates for the percentage 
of azoyl by a modified Zemplen hydrolysis as 
previously reported has been simplified. The 
results obtained with the method are consistently 
low by 0.3-0.670 depending on the compound. 
To determine whether the method was reliable, 
9'-iodoazoic acid (9-ip-iodopheny1azo)-benzoic 
acid) was synthesized and from it a D-glucose 

(7) Fischer and Freudenberg, ibid. ,  46, 2724 (1912),  Levene and 
Meyer, J .  B i d .  Chcm , 76, 513 (1928). 
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derivative prepared. 'This derivative was ana- 
lyzed by the sodium peroxide bomb method for 
the per cent. of iodine and for the per cent. of p -  
iodoazoyl by hydrolysis. The results of the 
analyses by the two niethods agreed fairly well. 
The comparison showed that the percentage of 
p'-iodoazoyl was 0 2 ,  C lower when determined 
by hydrolysis than that by determination for 
iodine. The hydrolysis method is regarded as 
reasonably reliable with the results slightly lower 
than calculated. 

The azoates of several diacetone sugars have 
been prepared and all are crystalline compounds. 
The azoate of diacetoneglucose had previously 
been prepared by Freudenberg< using a slightly 
different procedure. The melting points of the 
two compounds are in close agreement. The 
sugar azoates and the azoates of the sugar deriva- 
tives which have been prepared are listed iii 

lables  I1 and 111. 
The sugars used in the preparation of the azoyl 

derivatives were carefully checked for purity 
by measurement of their initial specific rotation 
at  0". P-D-Arabinose was found t:) have an 
initial rotation (Fig. 1) which agreed favorably 
with that oi Montgomery and Hudson [ CX]'~D 

202' for 6-L-arabinose. ' 

-202 F'; 

c 
'J? - 190 

I! - $1 1 ti x 10 
Time in minutes. 

Fig. l.-Mutarotationof 8-D-arabiiiose in water a t  0" with 
<odium I) line. 

Experimental 
Preparation of Sugars.-The sugars were in general pre- 

pared by slow Crystallization from a suitable solvent and 
kept in contact with an alcoholic solution for a period of a t  
least a month. The iiiitial rotation as  measured a t  0' 
corresponded favorably with previous values escept in the 
case of B-D-arabinose (Fig. 1 and Table I). a-o-Glucose 
was prepared by the slow crystallization from glacial 
acetic acid and @-D-glucose by the rapid crystallization 

(8) Freudenberg and Plankenhorn, Ber., 78, 621 (1940) 
iQ) Montsomsrr and Hiidson, T a r e  JO~RNAI. .  66, 2074 ilP04) 

from glacial acetic acid ab clewribed by Hudson aiid 
$-ri-Galactose was prepared by rapid crystalliza- 

tion from alcohol at 0" by the method of Hudson a id  
Tanovsky" and 13-lactose from hot aqucoas solution by 
thc method of Hudson and Brown.I2 a-Lactose, &cello- 
biose, &melibiose. a-D-XylOSe, 5-D-fructose and a - D -  

galactose were crystallized from aqueous alcohol. 0-L- 
Arabinose \vas crystallized from water and ;?-gentiobiose 
diniethyl a1,:oholate from anhydrous methyl alcohol. 

;j .n-Araihose was crystallized slowly from water or 
aqueous alcoho! and the crystals very finely powdered and 
kuspended in 80% alcohol for one month. The sugar 
was isolated and its specific rotation in xvater deter 
iriir!ed, Rcsults are shown in Table I and F ig .  i .  

TABLE I 

-I-dm. tube, sample 0.8684 g., vol. 34.60 ml. 
Time, min Observed rotation [alcD 

2 . 5  19.74 1 Y t i . i  
3 0 19.65 195.5 
1 . 5 19.40 193,2 
<?I 5 19.33 192.5 
6 . 0  19.25 191.7 
7 . 0 19.21) 191.0 
8 , 0 1 9 , o i  19@,0 
9 .I) 19 02 189 5 

l o . u  18.92 188.5 

bfUlAROTATION OF B-D-ARABINOSE I N  miATER AT 0" 

p,$-Trehalose was prepared by the condensation of 
tetraacetyl-a-mglucosyl bromide and tetraacetyl-8-D- 
glucose iri anhydrous chloroform solution. I t s  preparation 
will be described in detail in a later paper. 

Preparation of Azoyl Derivatives of Sugars.-The 
fiuely powdered sugar (1 g,) was thoroughly mixed with 
10 g. of azoyl chloride, 100 ml. of anhydrous pyridine cooled 
to 0" was added, anti the mixture shaken well for thirty 
minutes, The solution \vas placed in the refrigerator a t  
0' for seven days d?.iring which time i t  was shaken several 
times a day. The solution, which in many cases solidifies, 
was removed from the refrigerator and heated for four 
days a t  90" to  complete reactiou. To the heated solutioil 
upon removal from the oven was added 5 ml. of water t3  
prevent anhydride formatioii. After five minutes the 
pyridine solution was poured into 1-1.5 liters of cold water 
with good stirring. The precipitate was filtered off and 
Svashed with a little alcohol. Much of the azoic acid inay 
ix recovei ed by acidifying the iiltrate. 

The dried precipitate was ground and refluxed with 50- 
I50 ml of chloroform and filtered hot. If there was coil- 
-iderable undissolved material, the residue was refluxed 
again and washed with hot chloroform until the washings 
had ouly a golden color. The residues are largely acid and 
acid decomposition products. The chloroform solution 
was added to six times its volume of alcohol with good 
stirring. In general the precipitate coagulates and is 
readily filtered from the solution. Certain azocttes tend 
to form colloidal suspensioiis and are boiled a short time, 
then set aside overnight in order to induce coagulation. 

In  order to  ensure more complete azoylatioii, the dry 

(10) Hudson and Dale, i b i d . ,  39, 324 (1917). 
(11) Hudson and Yanovsky, i b i d . ,  39, 1013 (1917~. 
: i 2 j  Hudson and Brown, ibid.. 80, 984 (1908). 
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azoate was dissolved in the minimum amount of hot an- 
hydrous pyridine and one-half its weight of azoyl chloride 
added. The solution was heated for two days a t  90". 
Purification was effected as before with two precipitations 
from the chloroform to remove the last traces of acid. 
With very few exceptions the yields of crude material were 
above 90%. 

With 6-D-fructose and p-D-.maltose azoates a modified 
procedure was used as heating caused decomposition 
After seven days a t  0' the reaction mixture was left a t  
room temperature for four days. I t  was necessary to use 
aqueous alcohol in the precipitation of (3-D-fructose from 
chloroform due to its higher solubility in alcohol. 

TABLE I1 
SUGAR AZOATES 

slightly soluble, v. s. = very soluble. 
s. = soluble, s. s. = slightly soluble, v. s. s. = very 

Azoate C. cor., o c .  [CHClI) azoyl CHCls 

Per Sol. 
SiFters, M. p.,  a]%as cent. in 

a-D-Glucose 265-266 223 84.94 s. 
8-D-Glucose 252-253 - 50 84.90 S . S .  

a-D-Galactose 275-276 436 84.36 v. s. 
8-D-Galactose 255-255.5 170 8492 S. 
8-D-FrUctOSe 124.5-125.5 -440 82.16 V. S. 

a-D-Xylose 156-157 244 82.20 v. s. 
#-D-Arabinose 261.5-262 -755 84.50 S . S .  

#+Arabinose 262-262.5 755 84.52 S. S.  

a,a-Trehalose 134-134.5 210 82.74 V. S. 

Sucrose 125-125.5 35 83.06 v. s. 

B,,%Trebnlose 328-329 17 82.76 s. s 
a-Lactose 265 287-288 320 82.30 v. s. s. 
@-Lactose 199-204 167 82.44 s. 
a-Gentiobiose 232-233 62 82.36 s. s. 
,%Maltose 274-275 2 82.36 v. s. s. 
@-Cellobiose 268 272-273 105 82.62 s. s. 

Melezitose 127- 130 188 81.74 v. s. 
Raffinose 143-145 146 82.16 v. s. 

@-Melibiose 279.5-280 172 83.10 S. S.  

Calculated per cent. azoyl: 
Hexose pentaazoate 85.66 Pentose triazoate 81.01 
Hexose tetraazoate 82.61 Disaccharide octaazoate 83.35 
Pentose tetraazoate 85.13 Disaccharide heptaszoate 81 .a7 

TABLE I11 
AZOATES OF SUGAR DERIVATIVES 

M. P., Per 
cor. cent. 

Azoate OC.' [a~z*Mas azoyl 
Diacetoneglucose 111-112 - 81.5 44.27 
Diacetonegalactose 124.5-126 - 57 44.06 
Diacetonemannose 190.5-191 19 44 20 
2,3,4,6-Tetraacetyl-#-~- 

glucose 182-183 - 63 37.09 
Heptaacetyl-@-cellobiose 234-234.5 - 54.5 24.19 
Monoacetoneglucose 166-166.5 -352 74.20 

Methyl 8-cellobioside 282-284 P C R  79.38 
Methyl a-D-glucoside 214-215 74 80.02 

Calcd. 
44.65 
44.65 
44.65 

37.59 
24.76 
74,40 
81.59 
80,74 

Melting points were taken by the capillary method. 
Specific rotations were all taken in alcohol-free chloroform 
a t  25' (c, 0.5). The light source was a mercury cadmium 
light and Wratten F filter. The zero setting was deter- 
mined with a methyl azoate solution (c ,  0.5). 

a-D-Glucose azoate was cry~tallized'~ from dioxane six 
times and P-D-glUCOSe azoate from dioxane four times. 

(13) The word crystallized as used in this paper refers to a crystal- 
lization procedure and does not imply that the substance is crya- 
talline. All crystalline compounds arc dcrribed as euch. 

a-D-Galactose azoate was crystallized by dissolving in 
chloroform, adding four times the volume of carbon tetra- 
chloride and evaporating to the original volume. The 
first crop of crystals, largely 8-D-galactose azoate, was 
removed and the filtrate concentrated nearly to dryness. 
The entire process was repeated to remove more of the 8- 
compound. The residue from the second evaporation 
was recrystallized from chloroform and carbon tetrachlo- 
ride in the normal manner. The azoates of 6-D-galactose, 
8-D-fructose, a-n-xylose, P-L-arabinose and 0-D-arabinose 
were all crystallized three times by dissolving in chloro- 
form, diluting with carbon tetrachloride and concentrating. 
The azoates of 8-L-arabinose and 0-D-arabinose formed 
red-orange platelets and the azoate of P-D-frUCtOSe orange 
needles. The azoates of sucrose, a,a-trehalose, 0-lactose 
and raffinose were crystallized three times from cyclo- 
hexanol. Melezitose azoate was crystallized first from 
cyclohexanol, then a mixture of dioxane and alcohol and 
finally from cyclohexanol. a-Gentiobiose, 8-maltose, 
8-cellobiose, and @-melibiose azoates were crystallized 
from a mixture of dioxane and n-butyl alcohol. a- 
Lactose was crystallized once frmn cyclohexanol and twice 
from dioxane and n-butyl alcohol. 0-Maltose azoate and 
a-D-lactose azoate behaved peculiarly on repeated crys- 
tallization and the properties and physical constants varied 
considerably. The constants chosen were those of the 
products which gave the correct analysis and higher melt- 
ing points. 

The samples before analysis were dried a t  80" and 10 
mm. over sulfuric acid for twenty-four hours. The 
azoates with the exception of 8-D-frUCtOSe azoate, are in 
general soluble in dioxane, pyridine and chloroform, only 
slightly soluble in most other common organic solvents 
and insoluble in alcohol and ligroin. 

The azoates of sucrose, a,a-trehalose, melezitose and 
raffinose were precipitated from alcohol as a colloidal sus- 
pension and were dried to a fine golden powder. a-Lactose 
and 8-lactose azoates tend to form an oil a t  first which 
soon solidifies. 8-Melibiose azoate is also of this type but 
coagulates usually somewhat so!vated. All of the others 
prepared were precipitated highly solvated. 8-D-Fructose 
azoate dries to a fluffy precipitate. The azoates of WD- 
xylose and 8-arabinose dry to a pink voluminous solid, 
The azoates of glucose, galactose, b,B-trehalose, a-gentio- 
biose, 8-maltose and 8-cellobiose shrink in size enormously 
during drying to hard brittle deep red solids which in some 
cases are almost black. 

Azoates of Methyl Glycosides.-The derivatives pre- 
pared were not stable to heat in pyridine solution and 
thus were prepared a t  room temperature, The amounts of 
reagents are the same as for the sugars, but the reaction 
time was cut to two days. Purification is similar to that 
of fully azoylated sugars. Methyl tetraazoyl-a-D-gluco- 
side was crystallized twice from dioxane and n-butyl alco- 
hol and once from carbon tetrachloride and chloroform, I t  
is precipitated from chloroform by alcohol in a solvated 
form and dries to a brittle orange solid with the loss of 
solvent. Methyl heptaazoyl-~-cellobioside14 was crystal- 
lized three times from nitrobenzene. I t  is precipitated 
highly solvated from chloroform and dries to a black brittle 
-____ 
(14) Methyl 8-cellobioside was prepared by the method of Pncsu, 

THIS JOURNAL, IS, 2671 (1980). 



solid. The glucoside is soluble in chloroform arid t h e  
cellobioside is very slightly soluble. 

Azoates of Acetone sugars.--Diacetonehexoses (4.5 g.) 
were treated with S g. of azoyl chloride and 50 ml. of dry 
pyridine. With diacetonemannose the reaction was car- 
ried out at 0' for two days and then ten hours at 90". 
Diacetoneglucose was left. a t  room temperature for two 
days and then heated for ten hours at 90'. Uiacetone- 
galactose was left at room temperature for three days. 
Diacetonegalactose azoate is not stable to heat in pyridine 
alution, diacetoueglucosc azoate is stable for short periods 
arid diacetonernannose aniate ii stable for prolonged 
periods. 

1 he purification of diacetonehesose azoates is identical 
io  !.hat described under the sugar azoatcs. To the chloro- 
lorm extract was added four times its volume of alcohol and 
this was concentrated to its original volume. 011 cooling 
the solutions to room temperature, diacetonegalactose 
and diacetonemannose azoates crystallized out while 
that of diacetotieglucose did so on cooling to 0'. The 
crystals were filtered off and recrystallized. Diacetone- 
mannose azoate crystallized from alcohol containing oiie- 
fourth volume of chloroform as light reddish-golden rec- 
tangular platelet>. Diacetorregalacto. 
from alcohol containing only a small amount of chloroforni 
as light reddish-golden needles. Diacetoneglucose azoate 
crystallized from methyl alcohol containing a little water 
:is small piuk needles. 
mannose azoate SS%, diacetonegalactose azoate S9%, and 
(iiacetoneglucose azodte 78%. They are in general soluble 
in chloroform and C O I ~ I ~ O I ~  organic solvents, slight11 
soluble in alcohol and hot ligroitl, and insoluble iii water. 
'The solubilities clecreasc from diacetotiegluco.;e to  di- 
sceionemaniio-c, 

~Zonoacetoncglucose iriazoate \vab prcpared from 2.1 g. 
of monoacetoneglucose, 10 g. of azoyl chloride arid l ( J 0  ml. 
uf pyridine according to directions for sugars. It pre- 
cipitated from chloroform 011. the addition of alcohol in a 
highly solvated forin arid dried to a bulky light orange solid. 
11 \\-as crystallized once from ethyl acetate arid ligroin, 
once from carbon tetrachloride, and twice from glacial acetic 
scid, yield of crude product 987, ; solubility is comparable 
LO that of fully azoylated sugars but slightly greater. 

1-Azoyl-2,3,4,6-tetraacetyl-~-~-glucose.---~ solution of 
20 g. of tetraacetylglucosyl bromide in 400 nil. of anhydrous 
betizene was refluxed with 30 g. of finely powdered silver 
azoate for three houri The silver sa1t.s wcre filtered ofi 
arid washed with chiorofornl. The filtrate vas  evaporated 
io dryness, taken up in a sinall amount of hot glacial acetic 
acid and diluted well with water. The precipitate was 
iiltered, dried and crystallized as fine golderr rieedlej from 
methyl alcohol. By slow crystallization from ethyl alcohol 
large red plares were obtained. Solubility corresponds 
somewhat to that of the pentaacetate; yield 7970. 

I-Azoylheptaacetyl-B-cellobiose.-A solution of 20 g. of 
heptaacetylcellobiosyl bromide in 300 nil. of benzene was 
treated with 20 g. of silver azoate as before. The product 
crystailized from glacial acetic acid as fine pink needles. 
Solubility conforms to that of cellobiose octaacetate ; 
yield 30%. 

Analysis for Percentage Azoy1.--The per cent. azoyl 
,121 determined bv saponification of the sugar esters and 

- 1  

Vields obtained wcre diacetonr 

recovery of the azoic acid. The powdered sugar azoate 
(0.3-0.4 9.) was placed in a large Kjeldahl flask and dis- 
solved by warming in 10 ml. (or the minimum amount) of 
dioxane. A solution of 15 mg. of sodium in 15 ml. of 
methyl alcohol was added slowly and the solution refluxed 
on the water-bath for thirty minutes. To  the hot solution 
was added 30 ml. of 0.6 N sodium hydroxide while twirling 
the flask to ensure thorough mixing. The precipitate of 
methyl azoate which first formed soon saponified and after 
fifteen minutes on the steam-bath the clear solution was 
Lransferred to  a 600-nil. beaker and diluted with 400 ml. of 
water. The solution was placed in an ice-bath and after 
II:II ininutes was slightly acidified with 6 .V hydrochloric 
acid. The resulting precipitate was stirred to coagulatc 
i t  and left in the ice-hath for four hours to complete pre 
ripitation and coagulation. The solution was finally fil 
1 ered through a sintered glass crucible. The precipitate 
wa.; washed well 17-ith water and dried to  constant weight 
a i .  105". The acid was extracted from the crucible by 
washing with pyridine and the weight of the acid deter- 
mined by difference. 

p'-Iodoazoic Acid (p-(p-Iodophenylazoj-benzoic Acid) 
---p-Aniinobenzoic acid (8 g.) was dissolved in 100 ml. of 
hot abs;ol~ite alcohol and 15 ml. of glacial acetic acid was 

added To this solution was added 15 g. of powdered p -  
iodoriitrosoherizerie16 and the mixture allowed to  stand for 
three days al  room temperature with frequent shaking. 
The solution From which the p-iodonitrosobenzene had dis- 
appeared was filled with flaky crystals. It was placed in 
ithe ice-box for a fetv hours, filtered, and the crystals washed 
ivell with alcohol. The yield was about 70%. The acid 
cr\i stallized from boiling nitrobenzene in orange-red flakes, 
i n .  p. 32-334'. The acid is nearly insoluble in many 
organic liquids but fairly soluble in dioxane, hot cyclo- 
herariol and hot nitrobenzene. 

i1vd. i:alct-I. for CI.:H~02SJ: I, 36.08. Found: 1, 

p -1odoazoyl Chloride.-p'-Iodoazoic acid (10 9.) was 
itiised wirh an equal weight of anhydrous sodium carbori- 

nd reflused with 150 ml. of thionyl chloride for three 
houra. The acid was entirely in solution by this time 
i in( l  :he excess rhionyl chloride was distilled off. The 
residue was extracted with ligroin which was filtered hot, 
concentrated, and on cooling the acid chloride crystallized 
out in reddish-brown needles. m. p. 170-171'. The yield 
was from YO-Y570. 

Methyl p'-1odoazoate.---An excess of methyl alcohol was 
added to a solution of p'-iodoazoyl chloride in pyridine and 
 he solution warmed for ten hours. The solution was 
poured into ice-water to precipitate the ester which was 
filtered from the solution, dried and crystallized twice 
from n-butyl alcohol. The methyl ester sintered sharply 
a t  213' but did not melt sharply, some solid being still ap- 
parent at 235". 

,Inn1 Calcd. for ClrHllO?N2I: I, 34.68. Found: I. 
:14,m?. 

D-Glucose p'-1odoazoate.-p'-Iodoazoyl chloride (2.3 
g.) was mixed well with 0.160 g. of finely powdered an- 
hydrous o-glucose. Pyridine (11 ml.) was added and the 
mixture shaken until the material solidified. About 2 ml. 

1 

~ ___.____ 

1 i) 13amberger, Bcr., 28, 248 (189.5). 
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of dry dioxane was added and the shaking continued for 
thirty minutes. The solution was finally heated in the 
oven at 90' for several hours. The solution was poured 
into water and the precipitate was treated in a Soxhlet 
extractor with chloroform to remove the glucose azoate 
from the acid. Alcohol was added to the chloroform ex- 
tract to precipitate the azoate, which was filtered from the 
solution and dried; yield 1.3 g., 7670. The azoate was 
recrystallized twice from dioxane and dried over sulfuric 
acid for twenty-four hours a t  70' and 3 cm. It is very 
slightly soluble in  carbon tetrachloride, slightly soluble in 
chloroform and hot cyclohexanol and fairly soluble in 
pyridine and dioxane. 

Anal. Volhard method for halogen: calcd. for penta- 
azoate I, 31.29; tetraazoate I, 29.43. Found: I, 33.62, 
33.70. p'-Iodoazoyl determination by hydrolysis: calcd. 
for pentaazoate, 90.55; tetraazoate, 77.72. Found: 
88.28. This percentage of $'-iodoazoyl corresponds to 

Azoic Anhydride (p-Phenylazobenzoic Anhydride), 16-- 
Azoyl chloride (20 g.) was dissolved in 100 ml. of pyridine. 
The solution was brought to boiling and poured with good 
stirring into 4 liters of ice water. The precipitate was 
filtered off and washed with a little 95% alcohol to facili- 
tate drying. A small amount of acid was recovered by 
acidifying the filtrate. The yield was 19.3 g., 98%; 
m. p. 199-200" cor. The anhydride crystallizes in red 
platelets from anhydrous dioxane; m. p. 199-200'. It is 
readily hydrolyzed to the acid by alcoholic sodium hy- 
droxide. 

ilna2. Calcd. per cent. azoyl: 96.30. Found: 94.80 
Chromatographic Adsorption.-Three sizes of columns 

For test purposes a column 9 mrn. in diameter 

33.45% I. 

were used. 

TABLE IV 
EFFECTOFTHESOLVENTAND ADSORBENTONTHESEPARA- 
TION O F  p-D-GLUCOSE PENTAAZOATE AND p-CELLOBIOSE 

OCTAAZOATE 
Adsorbent Solvent Development 

dicalite zene, chloroform 

dicalite alcohol by vol. 

dicalite alcohol 

Magnesol andl-1-1, ligroin, ben- None 

Magnesol and Same with 0.4% Two good bands 

Magnesol and Same with l - l O %  Poor to none 

Silicic acid 1-1-1, as above Two good bands, no 
displacement of cel- 
lobiose band 

Silicic acid Same with 0.4Y0 Two bands fair 

Silicic acid Same with 1-10% Poor to none 

Two bands, no dis- 
Silicic acid Same with 0.1% placement of cello- 

biose band 

ment of cellobiose 
band 

Silicic acid Chloroform 

Silicic acid Same with 0.2% Two bands, displace- 

alcohol 

alcohol 

1 alcohol 

alcohol 

Silicic acid Same with >0.2% Poor 
alcohol 

(16) The work on azoic anhydride was done in conjunction with 
Mr. Frank Stuart of this Laboratory. 

and 45 cm. long proved satisfactory with 10 mg. of each 
component. Where quantitative separations were to be 
made on a mixture of two components a column 25 mm. by 
45 cm. was used with 75 mg. of each. For separations 
involving several azoates a column 40 mm. by 70 cm. was 
used with 150 mg. of each component. The adsorbent 
was packed in the column by filling it several times with a 
benzene suspension of the adsorbent and filtering under 
pressure of 20 cm. of mercury. This pressure of nitrogen 
gas was also used throughout all separations. 

The mixture of azoates was dissolved in the smallest 
possible amount of chloroform" from which they were ad- 
sorbed on the column. The chromatogram was developed 
by passing the required solvent through the adsorbent. 
The adsorbent was pushed out and cut into bands. The 
adsorbed azoate was eluted with chloroform containing 
5-10% of methyl alcohol. The chloroform solution was 
concentrated, filtered into a tared receiver, evaporated to 
dryness and dried at 105' for one hour. After weighing, 
the azoate was dissolved in chloroform, transferred to a 
25-ml. volumetric flask and the optical rotation measured. 

Typical Chromatographic Separations 

1-Azoyltetraacetyl-P-D-glucose and l-bzoylheptaacetyl- 
fi-cellobiose.-Adsorbent, silicic acid; solvent, chloroform 
with 0.27, alcohol; column, 27 mm. diameter. From 
125 mg. of each derivative there was formed a top band 
(not displaced) 2.5 cm. wide. From this was eluted 114.4 
mg., [cY]26€438 54.75", corresponding t o  the pure cellobiose 
derivative of [ 0 1 ] ~ ~ ~ 3 8  54.5", calculated purity 99%. The 
lower band was separated from the upper by 1.5 cm. The 
lower band was 2 cm. wide. From this was obtained 115.9 
mg., [ a ] 2 5 ~ 3 8  62.6", corresponding to the glucose deriva- 
tive [ C Y ] ~ ~ M S ~  63", calculated purity 99%. Both deriva- 
tives crystallized on evaporation of eluant. 

a-D-Galactose and P-D-Galactose Azoates.-Adsorbent, 
silicic acid; solvent, chloroform with 0.270 alcohol; 
column, 27 mm. diameter. The chromatogram was de- 
veloped well down the column. From 125 mg. of each 
derivative was obtained a small intensely colored top band 
giving by elution 140.0 mg. of derivative [a]25~438 194', 
corresponding to 8-D-galactose azoate [ a I z 5 g 4 3 8  170°, calcu- 
lated purity 91%. The lower band was wide and diffuse, 
giving on elution 107.0 mg., [ c Y ] ~ ~ , Q s ~  434', corresponding to 
a-D-galaCtOSe azoate [ a ] 2 6 ~ 3 s  436", calculated purity 99%. 

a,a-Trehalose and P,P-Trehalose Azoates.-Adsorbent, 
silicic acid; solvent, chloroform with 0.5% alcohol; 
column, 27 mm. diameter. From 125 mg. of each deriva- 
tive was obtained a more or less solid band of 5 cm. width 
which was split in approximately the middle. From the 
upper half was eluted 94.1 mg., [aIz66488 44", corresponding 
to [ a ] 2 5 ~ 4 3 8  17' for pure &%trehalose azoate, calculated 
purity 85%. From the lower half was eluted 143.3 mg., 
[ a ] 2 5 ~ 3 8  167", corresponding to [ ~ Y ] ~ ~ 6 4 3 8  2.10' for pure 01, 

w-trehalose azoate, calculated purity 780/,. 
8-D-Arabinose and 8-L-Arabinose Azoates.-Adsorbent, 

silicic acid; solvent, chloroform with o.5yO alcohol; 
column, 27 mm. diameter. From 75 mg. of each derivative 
was obtained a single band which when split in approxi- 
mately the middle gave on elution for the top 59.7 mg., 

Oo, and the lower 78.9 mg., [CY]*~U~E 0". 

(17) Alcohol-free chloroform was used throughout the separations. 
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p-D-Glucose, a,a-Trehalose, and @-Cellobiose Azoates. 
--Adsorbent, silicic aiid;  solvent, chloroform with 0.2piO 
alcohol; colurnn, 27 nun. diameter. From 75 mg. of each 
rlerivative was obtaincd a top band of 81.6 mg., [ 0 1 ] * ~ e p ~ ~  

1 lei", corresponding to / a ] 4 ~ ~ ~ ~ ~  105" for 6-cellobiose azoate. 
A second hand of 6.7 mg.. [ a j 2 s ~ 4 3 i  178', corresponding to 

r (u,o-trehalose azoate. X third band 
6~:35 -33",  Corresponding to [cu]"~,,w -50 

for fi-D-glucose azoate. These separations represent a 
purity of at least 85..S~.)7c. 

6-L-Arabinose, $-D-Glucose, u,a-Trehalose, and p- 
Cellobiose Azoates.-Adsorbent, silicic acid : solvent, 
chloroforni with 0.1 alcohol; colutnti, 40 rnin. diameter 
aiid developed for twelve hours. One hundred and fifty 
niilligrams of each derivative was used and four bands 
obtained. The top band which vas  not displaced was 11 
cm. wide from which iras eluted 133.7 mg.. l a ! 2 5 ~ ~ a ~  logc, 
corresponding to [ a ] 2 5 s i T s  105" for 8-cellobiose azoate. The 
eluted material wa:, %yringly soluble in chloroform as is 6-  
cellobiose azoate. A second hsi id  3 cm. in width was sepa- 
rated from the Erst hand tiy l cm. and was intensely 
colored. The second b31id pave on elution 136.0 mg., 
[e]25~3s l99", eorrciponrling to i ~ ] ~ ~ ~ ~ ~ ~  210" for a,a- 
trehalose azoate. The eluted material was a glassy amor- 
phous solid which ir characteristic of a,a-trehalose azoate 
after evaporation of it c*lilorofoiIn solution in which i t  is 
extremely soluble. There was 15 cn:. between the 
second and third bauds. The third hand was 10 cm. 

sponding to [ ( Y ] ~ ~ ~ ~ s s  -50" for P-D-glucose azoate. ' lhc  
eluted material was typical of 6-D-glucose azoate in appear- 
ance and solubility. The fourth band was 7 cm. below the 
third and was 10 cm. wide. L t  gave on elution 130.4 mg.. 
[ C Y ] ~ ~ ~ W  721 ', corresponding to [ C U ] ~ ~ B W  750' for 8-r. 
arabinose azoate. The eluted material formed the golclt~ii 
crystals typical of 6-L-arabinose azoate. 'The purity of 
band three was calculated as 92.5y0, assuming (3-L-arahi- 
nose azoate as the impurity. The purity nf band four wai 
calcuhted as 96.25'4, assuming B-u-glncose azoate as t h r  
impurity. 
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Summary 
1. The method of preparation, purification 

and analysis of the azoyl derivatives of sugars 
has been modified and several new sugar azoates 
have been prepared. 

2 .  Chromatographic adsorption separations 
have been carried out with closely related coni- 
pounds as well as with several new types of azoyl 
derivatives. One separation involving four sugar 
derivatives "as accomplished. 
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Poly alkylb enzene s. XXXIII.' 4,6,7-Trhethyl coumaran-3 -one and its Conversion 
into 2-Isopropyl-4,6,7-trimethyl-5-hydroxycoumaran 

I$Y I,FE IRVITi SMITII, JOHN A. KING, W I L I  A IRWIN GVSS AXD JOSEPH ?uTICl-IOLS 

In a previous paper' there was described a suc- 
cessful synthesis of '3-isopropyl-4,Ci,'i-trimethyl-5- 
hydroxycoumarm ( 1 i ,  a substance of interest 
in connection mith rhe chemistry of vitamin E. 
Previous to this successiul synthesis, experiments 
had been started nith 'L view to a synthesis of 2- 
isopropyl--l,B,'T-trirneth!, Itoumaran (J711 by means 
of a series of redctioiis 111 which, as a first step, 
~,Y,j-trimethylphenol ( I I )  was to be convcrted 
into 8,3,j-trimethylphenox?.acetlc acid (111). The 
latter was then to he cyclized to 4,6,7-trimethyl- 
coumaran-S-onc ( I  ',") Condensation of IIT with 
acetone would gibe ~-isopropylidine-~,6,i-tri- 
methylcoumaran-.3-onll (\'), which by reduction 
under the proper conditions cvuld be transformed 
into VI ,  The resetions apparently proceeded 
normally, but the properties of the substance 
supposed to  be 1' were so unusual that for some 

(1) XXXII, THIS J O U R N A L ,  66, 202 (1943) 
(2) Smith and King ~ 6 r d  66, 441 (19431 

CHB 
HyC ' 'H3"\\.CH((",), H3Cb\OR 

"h/' -- b" I 

CHL CH3 
I, R = OH VII, R = Br 

VIII, R = MgBr 
XV, R = OAc 

11, R = H 
VI, R = H 111, li = CH.COC)H 

\u ---'so 
CH, 

IV, R = H 
V, R + R = =C(CHa)s 

time it was believed the substance could not pos- 
sibly have this structure. However, later work 
showed that the substance actually had this struc- 
ture; it was possible, though difficult, to reduce V 
to VI. The coumaran V I  was identified by trans- 
forming i t  into the known hydroxycoumaran I, via 


