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lated: 0.31 g. of VIII (63%); 0.19 g. of IT (35%,); 0.20
g. of salicylic acid and traces of carbomethoxysalicylic acid.
One gram of the ester under the same conditions yielded
0.18 g. of VIII after refluxing for five minutes.

3,3’ - Methylenebis - (4 - hydroxycoumarin) dibenzoate
(1.12 g.) in 12 ml, of absolute ethanol was refluxed with 2
moles of sodium ethoxide for fifteen hours. Two moles of
1 N hydrochloric acid was added and the combined pre-
cipitate of IT and VIII was filtered off and II separated
from VIII by means of its solubility in dilute NaOH.
VIII (0.13 g.) m. p. 318-320° and II (0.56 g.) m. p. 290°
were obtained. One mole of NaHCO; was added to the
filtrate and after concentration to dryness n vacuo, the
residue was acidified and extracted with ether. The acid
fraction yielded 0.12 g. of benzoic acid, m. p. 118-120°, and
the neutral solution yielded 0.02 g. of ethyl benzoate, b. p.
206-207°.

. 3,3’-Methylenebis-(4-hydroxycoumarin) Disalicylate. —
The di-(o-benzyloxybenzoate) of I (3.9 g.) in 200 ml. of
dioxane was hydrogenated at 1900 pounds pressure and
100° for three hours over Raney nickel. The catalyst was
filtered off and the filtrate concentrated to dryness i
vacuo. The residue was taken up in a small volume of hot
dioxane and the insoluble residue of IT was filtered from the
hot solution. This process was repeated three times.
After a final recrystallization from acetic acid the disali-
cylate.of IT melted at 223-225°, yield 0.7 g.

Anal. Caled. for C;3HyOyp: C, 68.75; H,347., Found:
C, 68.62; H, 3.68.

3-Phenyl-4-hydroxycoumarin Salicylate.—3:Phenyl-4.
hydroxycoumarin o-benzyloxybenzoate (1.5 g.) was dis-
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solved in 200 ml. of acetic acid-ethyl acetate (1:1) and
hydrogenated at 1 atmosphere over palladium on charcoal.
In thirty minutes one mole of hydrogen had reacted.
The catalyst was filtered off and the filtrate concentrated
to dryness in vacuo. The residue was recrystallized twice
from ethyl acetate and once from benzene, m. p. 185-187°,
yield 0.9 g.

Anal.  Caled. for Cz-}HHOgZ
C, 73.72; H, 4.09.

Acknowledgment.—The authors are indebted
to Dr. Ivan Wolff for carrying out the high pres-
sure hydrogenation experiments and to Mr.
Miyoshi Ikawa for some of the C and H deter-
minations.

C,73.74; H, 3.63. Found:

Summary

1. A series of diesters of some 3,3’-alkylidene-
bis-(4-hydroxycoumarin)s and of monoesters of
3-phenyl-4-hydroxycoumarin have been prepared.

2. The o-benzyloxybenzoic acid esters have
been converted to the corresponding salicylic
acid esters by hydrogenolysis.

3. The 3,3" - alkylidenebis - (4 - hydroxy-
coumarin)s yield 3,3 - alkylidene - 4,4’ - epoxydi-
coumarins upon treatment with sodium ethoxide.
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Studies on.4-Hydroxycoumarins.

V. The Condensation of «,5~-Unsaturated

Ketones with 4-Hydroxycoumarin'

By Mi1vosHl IKAWA, MARK ARNOLD STAHMANN AND KARL PAuL LINK

It has been observed by Sullivan, ef al.,? that
when salicylaldehyde is condensed with 4-
hydroxycoumarin (I), an «,8-unsaturated ketone
is formed, which reacts with another molecule of
I by a Michael type addition. Accordingly a
study of the condensation of other «,8-unsatu-
rated ketones with 4-hydroxycoumarin was under-
taken. The Michael type condensation is usu-
ally carried out in an alcoholic medium in the
presence of an acid® or base catalyst. According
to Conner and McClellan* secondary amines
(e. g., piperidine) are the most suitable catalysts
in that they seldom cause other than the normal
condensation, but they are not as effective as the
metallic alkoxides.

The condensation of benzalacetone with 4-
hydroxycoumarin under the usual conditions in
ethanol with either sodium ethylate, hydrochloric
acid, or piperidine as catalyst gives u mixture of
products. The mixture contains the normal
condensation product and the cyclic ketal formed

(1) Published with the approval of the Director of the Wisconsin
Agricultural Experiment Station. Supported through special grants
from the Graduate School Research Committee, and the Wisconsin
Alumni Research Foundation.

(2) Sullivan, Huebner, Stahmanu and Link, THIS JoUurNaL, 68,
2288 (1943).

(3) Breslow and Hauser, sbid., 83, 2385 (1940).
" (4) Conner and McClellan, J. Org. Chem., 8, 570 (1839).

by reaction with ethanol. However, by carrying
out the reaction in pyridine alone, satisfactory
yields of the Michael condensation products can
be obtained. The condensation of benzalacetone
with 4-hydroxycoumnarin can also be brought
about by refluxing the two components with
water without the addition of a catalyst.

The a,8-unsaturated ketones II-VIII which
were condensed with 4-hydroxycoumarin (I)
are indicated below along with the structures of
the resulting condensation products (IX-XV).
On treatment of the condensation products
(IX-XV) with 49, hydrogen chloride in absolute
methanol cyclic ketals (XVI-XXII) are formed.
This reaction is rationalized on the basis that the
Michael type condensation products are é-
hydroxy ketones and can therefore undergo ring
closure to the corresponding cyclic hemi-ketals
which are then methylated. An analogous ex-
ample is the reversible ketal formation of 4-
salicyl-butan-2-one.®* Evidence for the cyclic
ketal structure of the benzalacetone product
XVIII resides in the following transformations.
When X1 was methylated with diazomethane, the
methyl ether XXIII was obtained, which differed
from the isomeric cyclic ketal XVIII. By re-
fluxing XVIII with aqueous methanolic HCI the

(5) Baker and Walker, J. Chem. Soc., 646 (1935).



June, 1944 CONDENSATION OF a,3-UNSATURATED KETONES WITH 4-HYDROXYCOUMARINS 903
L
.1[°~ ¢—=0 R . OCH,
N 2
C=0
§ Y L T
C—R’ 10 4c_RI
| / » MeOH / v
@ﬂ Y @ﬁ R o @ VSR
» 8 5
O \O R ~0 \0 7 \(6) \O
I II-VIII IX-XV XVI-XXII
Ketones Products Substituent groups
R R’ R’
Ethylideneacetone (II) IX XVI —CH; —CH; —H
Mesityl oxide (IIT) X XVII —CH; —CH, —CH,
Renzalacetone (IV) XI XVIII —CH; —@ —H
Anisalacetone (V) XII XIX —CH, —@ocm —H
OCH;
/
Vanillylalacetone (VI) xm Xx —cH, —¢{__YOH —H
Benzalacetophenone (VII) XIV XXI —@ —@ —H
Benzal-o-hydroxyacetophenone (VIII) XV XXII —-@ —@ —H
6u
original material XI was recovered. On treat- CH; OCH;
ment of XVIII with aqueous methanolic NaOH >C
an alkali soluble product was obtained, which & tm,
on acidification gave XVIII with no trace of XI. | L, N
The sodium hydroxide had evidently opened up / /\ SCHC >
CH, N | oona
[%0 Na
N XXIV
OCH; CH, )
[ | the lactoue ring (product XXIV), which closed
\ /CHQ on acidification, without affecting the ketal
an, system.
NN e When a,8-unsaturated ketones derived from
0 salicylaldehyde (XXV-XXVII) are condensed
XXIII with 4-hydroxycoumarin, the Michael condensa-
CH, tion products undergo spontaneous dehydration
é= to give products with high melting points, which
N are alkali insoluble and have low solubility in
o CH: HC ethanol (XXVIII-XXX).
1 l MeOIH A similar dehydration has been observed by
AV /CH e Sullivan, ef al.,? in the condensation of salicylalde-
I b o alc hyde with 4-hydroxycoumarin,
AV %N HCl Mesityl oxide (III) when condensed with 4-
0 hydroxycoumarin gives rise to two compounds.
XI In addition to the normal condensation product
CH; OCH,

¢,
\O

\0 NaOH
XVIII

(X) there is obtained an alkali insoluble product.
It can easily be separated from X by its solubility
in hexane. The properties and elementary analy-
sis indicate XXXI to be the structure for this
compound.

The compound XV resulting from the condensa-
tion of benzal-o-hydroxyacetophenone (VIII)
with 4-hydroxycoumarin has also been prepared
by degrading 3,3’-benzylidenebis-(4-hydroxycou-
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marin) (XXXII) with sodium hydroxide.® The
synthesis of XV by these two different methods
establishes its structure.

O/j—CH———_ NaOH
\NO o 7 o7
XXXII
O
II
e/ N+ €O

YO No O Ho”

The «,8-unsaturated esters, ethyl cinnamate
and ethyl benzalmalonate, as well as phorone,
dibenzalacetone, and furfuralacetone, when re-
fluxed in pyridine with 4-hydroxycoumarin failed
to yield the Michael products.

The condensation products obtained from 4-
hydroxycoumarin and «,8-unsaturated ketones as
well as the corresponding cyclic ketals have rel-
atively high a.ntxcoagula.nt properties when
compared with 3,3’-methylenebis-(4-hydroxycou-
marin). A report on their physiological activity
will appear elsewhere.

Experimental

The a,8-Unsaturated Ketones and Egters.—The mesityl
oxide (III), benzalacetone (IV), anisalacetone (V), o-
hydroxybenzalacetophenone (XXVI), furfuralacetone, di-
benzalacetone, ethy! cinnamate and phorone were ob-

(8) Unpublished work of this Laboratory.
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tained from the Eastman Kodak Company. Ethylidene-
acetone’ (IT), vanillylalacetone? (VI), benzalacetophenone?
(VII), benzal-o-hydroxyacetophenone® (VIII), salicylal-
acetonel! (XXV), and ethyl benzalmalonate? were pre-
pared according to the references cited.

2,2’-Dihydroxybenzalacetophenone (XXVII).—Ten
grams of salicylaldehyde and 10 g. of o-hydroxyaceto-
phenone were dissolved in 300 cc. of water containing 10
g. of sodium hydroxide and kept at 85° for ten to fifteen
hours. Upon acidification of the reaction mixture an
oil was obtained which crystallized partially on standing.
The product was filtered off and recrystallized from
ethanol, m. p. 160° dec., yield 2.4 g. (149).

Anal. Caled. for CisH;,0s: C, 75.0; H, 5.0. Found:
C, 75.0; H, 5.2.

The dibenzoate was prepared by heating XXVII with
benzoyl chloride in pyridine and was recrystallized from
ethanol, m, p. 114°.

Anal. Caled. for ngHzoOei
C,775; H, 48

The Condensation of 4-Hydroxycoumarin with «,3-Un-
saturated Ketones and Esters.—The condensations were
made by refluxing the reactants in 2 to 3 times their weight
of pyridme.” Equimolar amounts of the reactants were
used (except for mesityl oxide). The reaction mixture was
poured into a large volume of water and acidified with
hydrochloric acid. An oil separated out in all ¢cases which,
if condensation took place, solidified. The products IX~
XV were purified by recrystallization from ethanol and
XXVIII-XXX by recrystallization from dioxane. IX-
XV were soluble in dilute sodium hydroxide whereas
XXVIII-XXX were not. Other details are given in
Table I. ‘

Condensation of 4-Hydroxycoumarin with Mesityl
Ozxide.—Sixteen and two-tenths grams (0.1 mole) of 4-
hydroxycoumarin and 19.6 g. (0.2 mole) of mesityl oxide
were refluxed in 50 cc. of pyridine for 2 days. The reac-
tion mixture was poured into 1.5 1. of water. An oil was
obtained which solidified. It could be separated into 2
fractions with boiling hexane. The hexane insoluble
material (X) was recrystallized from ethanol and melted
at 212° (3.3 g.).  The hexane solution on concentration
yielded large crystals of XXXI which, when recrystallized
rom hexane, melted at 93° (8.3 g.). Other details are
included in Table I.

The Condensation of 4-Hydroxycoumarin with Benzal-
acetone in Water. —Thirty grams (0.18 mole) of 4-hydroxy-
coumarin and 27 g. (0.18 mole) of benzalacetone were
refluxed in 500 cc. of water for twelve hours. The mixture

C, 77.7, H, 45. Found:

(7) Grignard and Fluchaire, Ann. chim., 8, 10 (1928).

(8) Francesconi and Cusmano, Gass. ckim. ital., 88, II, 75 (1908).

(9) Gilman and Blatt, *’Organic Synthesis,”” Coll. Vol. I, 2nd ed.,
John Wiley and Sons, Inc., New York, N. Y., 1941, p. 78.

(10) Feurstein and v. Kostanecki, Ber., 81, 715 (1898).

(11) Harries, ¢bid., 24, 3180 (1891).
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TaBLE I
PropuUCTS FROM THE CONDENSATION OF a,8-UNSATURATED KETONES WITH 4-HYDROXYCOUMARIN
Reflux ~ Analyses, % -
time, Yield, M. p, Carbon Hydrogen
No. Compound hours % °C Formula Caled, Found Caled. ound
(a) R = 4-hydroxycoumarin
IX 3-(a-Methyl-B-acetylethyl)-R 24 44 141 CuHuO( 68.3 68.0 5.7 5.5
3-(a-Methyl-S-acetylethyl)-R methyl ether® lig.  CisHisO4 .
X 3-(a,a-Dimethyl-B-acetylethyl)-R 48 13 212 CiHisO4 69.2 69.2 6.3 6.3
XI 3-(a-Phenyl-g-acetylethyl)-R 4-8 40 161 CpH;O4 74.0 74.2 5.2 5.4
3-(a-Phenyl-B-acetylethyl)-R methyl ether’ 127  CyHisOy 74.5 74.3 5.6 5.7
XII 3-(a-Anisyl-8-acetylethyl)-R 4-12 456 160 CgH;s0s 71.0 70.9 5.3 5.2
3-(a-Anisyl-B-acetylethyl)-R methyl ether’ Sirup CaHyOs
XIII 3-[a-(p-Hydroxy-m-methoxyphenyl)-5- 6-24 18 181 CpH;s0s 67.8 68.0 5.1 5.2
acetylethyl}-R
XIV 3-(«a-Phenyl-g8-benzoylethyl)-R 4 37 160 CuHisO, 77.8 77.7 4.9 5.0
3-(«-Phenyl-g8-benzoylethy!l)-R methy!
ether? 91 CuxHxO. 78.1 78.0 5.2 5.3
XV  3-(a-Phenyl-g-salicylylethyl)-R 12 34 194 CuH;s05 74.6 74.8 4.7 4.6
(b) R = (1)benzopyrano-(4,3-b)(1)benzopyran
XXVIII 6-Oxo-7-acetonyl-R 1 60 263d CyHi O 74.5 74.4 4.6 4.6
XXIX 6-Ox0-7-benzoylmethyl-R 12 76 240d C,HieOs 78.25 78.25 4.4 4.4
XXX 6-Ox0-7-salicylylmethyl-R 12 75 241d CyHisOs 75.0 74.7 4.2 4.3
XXXI 3-(2-Methyl- A%-penten-4-ylidene)-2,4- 48 34 93 CypHuO, 74.4 74.1 5.8 6.0
diketochroman
¢ Distilled at 0.5 mm, at a bath temperature of 170°. A4nal. Caled. OCHj, 11.9; found, 11.4. ?® Amal. Caled.

OCH,, 9.6; found, 9.4,

4 Anal. Caled. OCH;, 8.1; found, 8.3.

¢ Distilled at 0.5 mm. at a bath temperature of 240°,

Anal. Caled. OCHs, 17.6; found 16.1,

TABLE I1

PropUCTS FROM THE METHANOLIC HYDROGEN CHLORIDE

Derivatives of Reflux
-5-oxo-dihydropyrano(3,2-¢c) time, Yield,
No. (1)benzopyran hours %
XVI 2,4-Dimethyl-2-methoxy- 1 29
XVII 2,4,4-Trimethyl-2-methoxy- 24 80
XVIII 2-Methyl-2-methoxy-4-phenyl- 1/, 83
XIX 2-Methyl-2-methoxy-4-anisyl- 4 75
XX 2-Methyl-2-methoxy-4-(p-hydroxy-
m-methoxyphenyl)- 1 82
XXI 2,4-Diphenyl-2-methoxy- 20 13
XXII 2-Salicyl-2-methoxy-4-phenyl-* 1 50

¢ Recrystallized from 47, hydrochloric acid in methanol.
Gave a melting point depression when mixed with XV,

was cooled to 0° for twelve hours, whereupon a heavy gum
separated out. The aqueous phase was decanted off and
the gum recrystallized from an acetone-water mixture.
The yield of XI was 27.5 g. (48%,).

Treatment of the Michael Condensation Products with
Methanolic Hydrogen Chloride.—One gram of the con-
densation products was refluxed with 10 g. of 49, hydro-
chloric acid in absolute methanol for the times indicated
in Table II. The products were obtained either directly
from the reaction mixture on cooling or by the addition
of water, and were recrystallized from ethanol. Further
details are given in Table II. .

2-Methyl-2-ethoxy-4-phenyl-5-oxo-dihydropyrano(3,2-
C)(1)benzopyran.—Two grams of XI was refluxed with
25 cc. of 39 hydrochloric acid in ethanol for twenty-two
hours, Crystals were obtained on cooling (m. p. 135-
152°). After two recrystallizations from ethanol 70 mg.
of the desired product was obtained melting at 177°.
It was also obtained in poor yield when 4-hydroxycoumarin
and benzalacetone were refluxed in ethanol + sodium
ethylate for two days.

Anal. Caled. for CiyHgO4: C, 75.0; H, 6.0. Found:
C, 75.0; H, 6.2.

TREATMENT OF THE MI1CHAEL CONDENSATION PRODUCTS

Analyses, %
Hydrogen

M. p., Carbon Methoxyl
°C.

Formula Caled. Found Caled. ound Caled. Found
124 Ci;HieO4 69.2 69.4 6.2 6.0 11.9 11.6
102  CgeHisO¢ 70.1 70.1 6.6 6.4 11.3 10.1
166 CpH;s0s 74.5 74.5 5.6 5.9 9.6 9.5
163 CuHxOy 71.6 71.5 5.7 5.8 17.6 16.7
187 CuHOs 68.5 68.6 5.5 5.6 16.8 16,5
205 CpHypO, 78.1 77.9 5.2 54 81 8.4
194d CyHO; 75.0 74.9 5.0 5.1 7.7 7.6

Should be thoroughly dried before taking a melting point.

Methylation of the Michael Condensation Products with
Diazomethane.—The methyl ethers of IX, XI, XII, XIV
were prepared by distilling an excess of ethereal diazo-
methane into an ether suspension of the compounds and
allowing to stand for several hours. On methylation the
solids went into solution. The excess diazomethane was de-
composed by adding glacial acetic acid. The ether solu-
tions were concentrated and the products, when solid, re-
crystallized from ethanol. The ethers of XII and IX could
not be crystallized and were therefore distilled under low
pressure. Further details are included in Table I.

Treatment of XVIII with Aqueous Methanolic Hydro-
chloric Acid.—One-half gram of XVIII was refluxed with
50 cc. of 109, hydrochloric acid (in 509, methy! alcohol)
for six hours. The methanol was distilled off. The
reaction mixture was made alkaline with sodium hy-
droxide, thoroughly triturated and filtered. The filtrate
was acidified with hydrochloric acid and the precipitate
obtained recrystallized from ethanol: 170 mg. of a product
was obtained which melted at 159-161° and showed no
m, p. depression when mixed with XI.

Treatment of XVIII with Aqueous Methanolic Sodium
Hydroxide,—Omne-half gram of XVIII was refluxed with 50
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ce. of 109 sodium hydroxide (in 509 methy! alcohol) for
six hours. The methyl alcohol was distilled off. An oil
was obtained which on the addition of water dissolved
eompletely. Upon acidification of the aqueous solution
with hydrochloric acid an oil separated which solidified.
This acidic solution including the solid was again made
alkaline with sodium hydroxide, thoroughly triturated
and filtered. This time some insoluble material remained.
The filtrate was acidified with hydrochloric acid and 97
mg. of an oily precipitate was obtained from which no
XI could be isolated. From the sodium hydroxide in-
soluble solid the starting material XVIII was isolated.

Acknowledgment.—We are indebted to Mr.
Lloyd Graf for some of the C and H determina-
tions and to Dr. Charles F. Huebner for the many
valuable suggestions that he contributed to this
work.

Summary

1. 4-Hydroxycoumarin has been condensed
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with the following «,8-unsaturated ketomes by
the Michael type addition: ethylideneacetone,
mesityl oxide, benzalacetone, anisalacetone, vanil-
lylalacetone, benzalacetophenone, benzal-o-hy-
droxyacetophenone, salicylalacetone, salicylalace-
tophenone, and 2,2’-dihydroxybenzalacetophe-
none, The condensations were carried out by
refluxing in pyridine.

2. The condensation products from sahcyl-
alacetone, salicylalacetophenone, and 2,2’-dihy-
droxybenzalacetophenone undergo spontaneous
dehydration to 7-substituted 6-oxo-(1)benzo-
pyrano(4,3-b)(1)-benzopyrans.

3. The other condensation products (not
inicluded above) were converted to the corre-
sponding cyclic methyl ketals by refluxing in
methanolic hydrogen chloride.
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VI.

Glucosides of 4-Hydroxycoumarins'

By CHARLES F. HUEBNER, SULO A. KARJALA, WILLIAM R. SuLLIVvAN aAND KARL PauL LINK

Glucosides of the anticoagulant, 3,3'-methyl-
enebis-(4-hydroxycoumarin)? and of related 4-
hydroxycoumarins were desired for use in the
study of the relationship between chemical struc-
ture and hypoprothrombinemia inducing capac-
ity. Glucosides of the keto-enol 4-hydroxy-
coumarins have heretofore not been prepared.
Certain chemical properties of these glucosides
are worthy of note. They are readily hydrolyzed
by alkali and some of them undergo cleavage to
the aglucone when their acetates are subjected
to catalytic deacetylation in methanol by metal
alkoxides. Because of the uniqueness of this
behavior, the deacetylation reaction was studied
in detail.

When stable silver salts of the enol aglucones
were realizable they were treated with aceto-
bromoglucose to form the acetylated glucosides,
A modification of Robertson’s method for phenol
B-glycosides® was applied to the cases in which the
silver salts of the enol aglucones were unstable.
No reaction occurs between these enols and aceto-
bromoglucose in the presence of silver oxide un-
less a catalytic quantity of quinoline is included.
In all probability quinoline hydrobromide is the
first product of the coupling and the excess of silver
oxide regenerates the catalyst. If more than a
trace of quinoline is used, the reaction proceeds

(1) Published with the approval of the Director of the Wisconsin
Agricultural Experiment Station. Supported through special graats
from the Graduate School Research Committee and the Wisconsin
Alumni Research Foundation. Part of this work is from the thesis
submitted by Charles F. Huebner to the faculty of the Graduate
School of the University of Wisconsin in partial fulfillment of the
requirements for the degree of Doctor of Philosophy, June, 1943.

(2) Stahmann, Huebner and Link, J. Biol. Chem., 188, 513 (1941).
(3) Robertson and Waters, J. Chem. Soc., 2729 (1930).

with decomposition and the production of un-
crystallizable sirups.

4-Hydroxycoumarin glucoside tetraacetate (I),
4-hydroxy-6-methylcoumarin glucoside tetraace-
tate (II), 3-phenyl-4-hydroxycoumarin glucoside
tetraacetate (III), and 3,3'-methylenebis-(4-hy-
droxycoumarin) monoglucoside tetraacetate (IV)
were prepared by the silver salt method. The
modified Robertson method was used in the
preparation of 3,3’-methylenebis-(4-hydroxycou-
marin) diglucoside octaacetate (V) and 3-[G-
oxo(1)benzopyrano(4,3-b)(1)benzopyran-7-yl}-4-
hydroxycoumarin glucoside tetraacetate (VI).

Because of the method of preparation and the
substantial negative rotation of all except two of
these glucosides (IV and V), the 8-configuration
can be assigned with some confidence.

All the glucosides and glucoside acetates in-
volving the 4-hydroxycoumarins reduce boiling
Febling solution within two minutes. The acidic
nature of 4-hydroxycoumarin (Kx = 2.3 X 10-%)
probably accounts for this alkaline hydrolysis.
Hibbert* and co-workers have shown that the rate
of alkaline hydrolysis of phenol glycosides in-
creases with the order of acidity of the parent
phenol.

The deacetylation of I and II was accomplished
by the catalytic barium methoxide procedure.
No method was found for effecting simple deacet-
ylation-of the glucoside acetates in which there
are substituents on position 3 of the coumarin
residue. When III was catalytically deacetyl-
ated, the rate of mutarotation gradually fell and
the rotation becamne constant after two weeks.
At least 809, of the starting compound had been

(4) Fisher, Hawkins and Hibbert, TrIs JoURNAL, 68, 3031 (1941).



