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The ionic chlorination of 9,10-dihydro-9,10-ethenoanthracene was shown to yield ero- and endo-4-syn-8-

dichlorodibenzobicyelo[3.2.1]octadiene as the sole reaction products.
The structure proofs of these addition-rearrangement reaction products and some of

preponderant product.
their chemistry are discussed.

Tonic chlorination of 9,10-dihydro-9,10-ethenoanthra-
cene (I) in carbon tetrachloride gave two isomerie di-
chlorides, A and B, neither of which were cis- or trans-
11,12-dichlorodibenzobicyclo[2.2.2 Joctadiene (IV) and
(V), which had been previously prepared in this lab-
oratory.? Both isomers gave an immediate precipitate
of silver chloride when treated with silver nitrate in
acetone. Compounds IV and V were unreactive to this
reagent under these conditions.

Addition rearrangements during the halogenation of
bicyelic olefins have been previously reported,®—3 and
this type of reaction seemed to be the best expla-
nation for the formation of compounds A and B during
the chlorination reaction. The formation of four iso-
meric dichlorinated hydrocarbons, 11, ITI, VI, and VII,
from the addition—rearrangement to I is possible.
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Catalytic hydrogenation of each of the dichlorinated
isomers with palladium on barium sulfate yielded the
same monochlorinated product (C), which might have
any of the structures VIIT to XT.

Since the steric arrangement of one of the chlorine
atoms in each isomer was thus shown to be identical with
that in the other, it then follows that the isomeric pair
(A and B) could have only the following combination
of structures: I, ITIT; III, VII; VI, VII; orII, VI

At first, it appeared obvious that hydrogenolysis of
the benzyl chloride of the rearranged dichlorides A and
B had taken place to produce a monochlorinated hydro-

(1) Previous paper in series: 8. J. Cristol, L. K. Gaston, and D. W. John-
son, Tetrakedron Letters, in press.

(2) 8.7, Cristol and N. L. Hause, J. Am. Chem. Soc., T4, 2193 (1952).

(3) H. Kwart, ibid., 75, 5042 (1953).

(4) J. D. Roberts, F. O. Johnson, and R. A. Carboni, Zbid., 76, 5692

(1954).
(5) H. Kwart and L. Kaplan, ibid., 76, 4072 (1954).

The less stable of these isomers was the

Cl

carbon with a chlorine atom substituted at the 8-posi-
tion. However, it was reported that the specific rate
constant for the solvolysis of anti-7-chloronorbornene®
in 809, ethanol at 50° is 8.7 X 10~% sec.~, and the cor-
responding constant for a-phenylethyl chloride is 16.4
X 1078 sec.~ !, It, therefore, seemed possible that the
syn-c8-hloride under the influence of the unsaturation
from the benzene ring might undergo hydrogenolysis at
a faster rate than the benzyl chloride. This involves
the perhaps unjustifiable assumption that hydrogenoly-
sis and solvolysis are comparable, and that assistance
from the r-electron system is comparable to that from
a carbon—-carbon double bond.8

It, therefore, seemed necessary to establish the posi-
tion of the chlorine atom which was removed upon hy-
drogenolysis of the chlorinated products. Addition of
t-butyl hypochlorite to I in acetic acid gave the same
chloroacetate as was obtained from the acetolysis of
either A or B.® ¢(-Butyl hypochlorite, when used as an
ionic chlorinating agent, donates a chloronium ion to an
olefinic double bond.* A positive charge when placed
on the 11-position of I induces a Wagner—Meerwein re-
arrangement and transforms the [2.2.2] ring system
into the [3.2.1] ring system®!! which then reacts with
acetic acid at the benzyl position to give a chloroacetate
(XII).

Reduction of XII with lithium aluminum hydride
gave the chlorohydrin XIII. Permanganate oxidation
of XIII gave a chloro ketone, XIV, which when sub-
jected to Clemmensen reduction gave the same mono-
chlorinated hydrocarbon which was obtained upon hy-

(6) W.G. Woods, R, A, Carboni, and J. D. Roberts, ibid., T8, 5653 (1956).

(7) E. Grunwald and S. Winstein, ibid., 70, 846 (1948).

(8) It has subsequently been shown by P. D. Bartlett and W, P. Giddings
that this type of rate enhancement in solvolysis is not so great with a benzene
ring as with a double bond. P. D. Bartlett and W. P. Giddings, 1bid., 82,
1240 (1960).

(9) D.D. Tanner, Ph.D. thesis, University of Colorado, 1961.

(10) M. Anbar and D. Ginsberg, Chem. Rev., 54, 925 (1954).

(11) 8. J, Cristol and R. K. Bly, J. Am. Chem. Soc., 82, 6155 (1960).
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drogenolysis of either A or B. (Numbers XII through
X1V refer to the correct structure assignments.)

The method of preparation of X1I establishes the po-
sition of the chlorine atom which is replaced during hy-
drogenolysis. The position of the reactive chlorine
atom was further investigated by taking an ultraviolet
spectrum of XIV. The usual absorption band at
2400-2450 A. often associated with an aromatic con-
jugated ketone was not seen in the ultraviolet spectrum
of XIV, taken in absolute ethanol. This absence of a
strong absorption maximum is not unique since the ke-
tonic band at this wave length fails to appear in the
spectra of l-indanone,'? 1-tetralone,'* 2,3-benz-1-sub-
erone,'®  2-keto-anti-8-methyl-3,4,6,7-dibenzo{3.2.11bi-
eyclooetadiene-1-syn-8-dicarboxylic acid,** and syn-8-
hydroxydibenzobicyclo [3.2.1]octadien-2-one.

When the speetrum of XIV was taken in concentrated
sulfuric acid, a strong absorption band appeared at
3030 A. (e 13,000). This observation was in good
agreement with the fact that conjugated aromatic ke-
tones show a bathochromic shift of 300-600 A. in con-
centrated sulfuric acid, and the extinction coefficient of
this shifted maximum is very much exalted over the
weak, indistinguishable band at 2400 A.2%Y Similar
halochromic behavior has been observed in the case of
all of the above mentioned aryl ketounes.

With the establishment of the hydrogenolysis prod-
uct of A and B as a hydrocarbon substituted in the 8-
position by a chlorine atom, the structure of compound
C must be either VIII or X.

Dipole moments were utilized for the final structure
assignments.’® TFrom the chemical evidence, the iso-
meric pair of dichlorinated products must either be II
and III or VI and VII. Calculated dipole moments for
the first pair were 4.0 and 1.9 D., respectively, and for
the second pair, 2.2 and 2.7 D., respectively. The ob-
served values for A and B were 3.40 and 1.94 D. The
dipole moments of the two isomers thus unequivocally
demonstrated that the chlorination products were exo-
4- and endo-4-syn-8-dichlordibenzobicyclo[3.2.1]octa-
diene, IT and IIT, respectively.

Differential infrared analysis'® established that II
and III were found in the reaction mixture at 889, and
129, respectively

Examination of models of the rearranged dichlorides
suggested that the major isomer, II, should be the less
stable of the two isomers. The models clearly indicate

XIII 0
XIV
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a large steric interaction between the diaxial chlorine
atoms in 11, which is relieved in III.

When II was dissolved in liquid sulfur dioxide and
cresol at room temperature, all of the dichlorinated
rroduct that was recovered after column chromatog-
raphy (559%,) was shown to be isomer III.

These results made us suspect that the endo product
III found in the chlorination was the result of an epi-
merization of the exo isomer. We found, however,
that the exo isomer did not appear to rearrange under
simulated reaction conditions or work-up conditions,
even for extended time periods so it would appear that
III is an initial reaction product. In addition, neither
IV nor V is isomerized to II or III under reaction con-
ditions.

The addition—rearrangement reaction is an heterolytic
process, as indicated by the fact that the reaction pro-
ceeds in the dark and has no apparent induction period.
Free-radical reactions in bridged bicyclic systems of this
type have not led to rearrangement, although evidence
for such rearrangements has been sought.?—22

The simplest mechanism which might be proposed in-
volves addition of a chlorine cation to I to yield the
classical carbonium ion XV which then rearranges to the
more stable benzylic cation XVI. Coérdination of
XVI with chloride ion would give products II and III.
The structure of the principal product (syn—exo) 1I is
consistent with that observed in the addition of other
ionic species to 1%% and also with the concept that XV
and XVI represent resonance structures of the meso-
meric cation XVII, but the formation of substantial
amounts of 11T appears inconsistent with the latter as-
sumption.?* As indicated in the models described
above for IT and III, the exo isomer II has interference
between the two diaxial chlorine atoms and its forma-
tion from XVI would obviously not be favored over

that of ITI on steric grounds.
Cl cl
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(20) 8.J. Cristol and G. D. Brindell, J. Am. Chem. Soc., T8, 5699 (1854).

(21) J. A. Berson and W. M. Jones, bid., T8, 6045 (1956).

(22) N. A. LeBel, ibid., 82, 623 (1960).

(23) F. Pwu, Ph.D. dissertation, University of Colorado, 1961.

(24) The syn—exo- configuration of the addenda in this bicyclodetane ring
systemn is similar to the corresponding additions in biecycloheptane systems,3 %
and to oxide-ring openings in bicycloheptane® -2 and bicyclobctane sys-
temns.!1.28

(25) H. M. Walborsky and D. F. Loncrini, J. Am. Chem. Soc., 76, 5396
(1954).

(26) H, Kwart and W. E. Vosburgh, ibid., 76, 5400 (1954).

(27) S. B. Soloway and 8. J. Cristol, J. Org. Chem., 28, 327 (1960).

(28) H. Kwart and G. C. Gatos, J. Am. Chem. Soc., 80, 881 (1958).
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On the other hand, stereoelectronic considerations
may be invoked to rationalize the preferred formation
of II from XVI. p—n-Overlap of the benzylic carbon
atom with the benzene ring will be lost less rapidly if
chloride ion codérdinates from the axial (ezo) position
than from the equatorial (endo) position, so that the
transition state for the former situation may be ex-
pected to be more stable than that for the latter. This
argument is also consistent with the greater reactivity
observed® for solvolysis reactions of exo (axial) substit-
uents in these systems. Rearrangement of II to III
may also proceed through XVI and is consistent with
the solvolysis reactivities.

This mechanism does not rationalize the fact that
only syn-8-chloro isomers are found —that is that only
the bond anti to the entering chlorine cation migrates.
This result could be accommodated by the assumption
that XV is in fact not involved, but that donation of a
chlorine cation by chlorine or by ¢-butyl hypochlorite
gives the chloronium ion XVIIT which opens with re-
arrangement directly to XVI. This latter explanation
does not appear consistent with observations that the
[3.2.1] ring system analogous to XVI may undergo re-
arrangements to the [2.2.2] systems analogous to XV
under appropriate conditions, and again with stereo-
chemical purity.®?® For the present, this problem re-
mains unsettled.

Experimental

The Chlorination of 9,10-Dihydro-9,10-ethenoanthracene (I).—
The chlorination reactions of I are summarized as follows.

Experiment 1.—In a glass-stoppered flagk, wrapped with
aluminum foil to exclude light, was placed 2.002 g. (9.80 mmoles)
of compound I,2 m.p. 119.5-122°, dissolved in 30 ml. of dry
carbon tetrachloride. The flask was cooled in an ice bath to
0°. To this mixture was added a chilled sotution of 1.04 g.
(0.014 mole) of chlorine in 20 ml. of dry carbon tetrachloride.
The reaction mixture was stoppered and allowed to stand at room
temperature for 41 hr. The solvent was removed by rotary
evaporation, and 2.739 g. (101%) of a gummy, white crystalline
product was obtained, m.p. 91-124°. The product was dis-
solved in benzene, and the benzene was removed by rotary
evaporation. The product was dried under vacuum over
phosphorus pentoxide and paraffin. An analysis for chlorine was
obtained on this mixture.

Anal. Caled. for C;HiCle: Cl, 25.77. Found: Cl, 25.85.

The reaction mixture was subjected to infrared analysis and
found to contain 129 of the endo dichloride III and 889, of the
ezo dichloride II.

Experiment 2.—To a continuously stirred solution of 1.361 g.
(6.66 mmoles) of I in 25 ml. of dry carbon tetrachloride was
added dropwise 18 ml. of dry carbon tetrachloride containing
630 mg. (8.88 mmoles) of chlorine. The solution was added in
the dark over a period of 1 hr. at room temperature, and the
solvent was removed by rotary evaporation. The dried reaction
mixture was subjected to infrared analysis and found to contain
129, endo dichloride III and 889 of the exo dichloride II.

Experiment 3.—To a solution of 20 ml. of dry carbon tetra-
chloride containing 700 mg. (9.87 mmoles) of chlorine was added
dropwise a solution of 1.352 g. (6.61 mmoles) of I dissolved in 45
ml. of dry earbon tetrachloride. The solution was added in the
dark over a period of 1 hr. at room temperature, and the solvent
was removed by rotary evaporation. The dried reaction mix-
ture was subjected to infrared analysis and found to contain 129,
endo dichloride III and 889, of the ezo dichloride II.

Experiment 4.—To a solution of 344 mg. (1.68 mmoles) of I
in 30 ml. of dry carbon tetrachloride was added 20 ml. of carbon
tetrachloride containing 240 mg. (3.38 mmoles) of chlorine.
The mixture was stoppered and allowed to stand in the dark for
13 days. The dried reaction products were subjected to in-
frared analysis, which showed the product composition to be
189, I1I and 829, I1.
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Experiment 5.—Experiment 4 was repeated, only the solvent
was removed by rotary evaporation immediately after addition
of the chlorine solution. The yellow color of chlorine had disap-
peared 13 min. after the addition of the chlorine solution, and all
the solvent had been removed by the time 28 min. more had
elapsed. Infrared analysis showed a product composition of
18% of I1I and 829 of II.

The discrepancy in the analytically determined product
composition between experiments 1, 2, and 3 and experiments
4 and 5 may possibly be within experimental error. However,
it must be noted that the reactions which yielded 129, endo
dichloride (experiments 1, 2, and 3) were done under conditions
where the temperature of the solution remained relatively
constant, while the reactions yielding 189, endo product (experi-
ments 4 and 5) were subjected to local heating due to the exo-
thermie nature of the reaction.

Isolation of II and III.—A solution of 1.63 g. (8.0 mmoles) of
I in 30 ml. of carbon tetrachloride was placed in a foil-wrapped
flask. Then, 604 mg. (8.5 mmoles) of chlorine dissolved in 10
ml. of carbon tetrachloride was added. Evaporation of the
solvent left 2.21 g. of material. Crystallization from 27 ml. of
ethanol gave 1.77 g. (819,) of II, m.p. 122-128°. Purification
by sublimation gave II, m.p. 128-129°.

Anal. Caled. for CsHoCl: C, 69.83; H, 4.40. Found:
C, 69.77; H, 4.57.

The mother liquors were evaporated to dryness and absorbed
on 20 ml. of activated alumina (Fisher). Elution with chloro-
form gave 120 mg. (5.59%) of III, m.p. 98-98.5°.

Anal. Caled. for CigHiCle: C, 69.83; H, 4.40. Found:
C, 69.66; H, 4.65.

Both II and IIT gave precipitates of silver chloride within 5
min., when treated with silver nitrate in acetone.

Infrared Analysis of the Products of Chlorination of I.—
The ratio of IT and IIT in the chlorination of I was determined by
differential quantitative infrared analysis, using a double-beam
Perkin-Elmer Model 137 Infracord spectrophotometer. Po-
tassium bromide opties were used to obtain the desired frequency
range, 13-25 .  The exo isomer II had absorption peaks at 14.4,
15.7, 16.3, 16.6, 17.7, 18.3, 18.9, 20.7, and 22.8 y, and the endo
isomer III had peaks at 14.6, 15.3, 16.3, 17.3, 17.7, 18.1, 19.2,
21.2, 22.3, and 23.3 u. Analytical results seem to be correct to
+3%.

Hydrogenolysis of II and III.—A mixture of 50 mg. of 109
palladium on barium sulfate catalyst in 18 ml. of ethanol and 2
ml. of 1.2 N sodium hydroxide was pre-reduced with hydrogen
at room temperature and atmospheric pressure. Then 100 mg.
(0.363 mmole) of II was added and the flask shaken under an
atmosphere of hydrogen for 24 hr. The catalyst was removed by
filtration and water was added to precipitate the product. Re-
crystallization from aqueous ethanol gave 70 mg. (809 ) of syn-8~
chlorodibenzobicyelo[3.2.1]oetadiene (VIII), m.p. 143.5-144.5°.

Anal. Caled. for C,H;Cl: C, 79.53; H, 5.44. Found:
C, 79.83; H, 5.61.

Similarly, 64 mg. of IIT was hydrogenated. The product was
identical with the sample of VIII produced from II.

Attempts to remove the second chlorine atom by further hy-
drogenolysis over platinum led to saturation of one of the benzene
rings without removal of the chlorine atom. Which ring was
hydrogenated was not determined. Fifty milligrams of ITI was
shaken under hydrogen with 30 mg. of Adam’s platinum oxide
catalyst in 14 ml. of ethanol containing 5 ml. of 5 ¥ hydrochloric
acid for 24 hr. The product was precipitated with water and
recrystallized from ethanol, m.p. 60-61°. A Beilstein test
indicated the presence of chlorine in the product.

Anal. Caled. for C,¢HyCl: C, 77.87; H, 7.76.
C, 78.00; H, 7.49.

syn-8-Chlorodibenzobicyclo(3.2.1]octadien-exo-2-yl Acetate
(XII).—To g stirred and cooled solution of 1.100 g. (5.39
mmoles) of ethenoanthracene, I, in 70 ml. of glacial acetic
acid wag added 1.00 g. of ¢-butyl hypochlorite (9.80 mmoles)??
over the course of 30 min. After the addition of the hypochlo-
rite, the reaction mixture was poured into an excess of water,
and the precipitate which formed was filtered and dried over
phosphorus pentoxide. The crude yield was 1.441 g. (89.59%)
of an oily white gum. The product was dissolved in hot petro-
leum ether (b.p. 60-70°) and chromatographed on an alumina
column. Three oily fractions were obtained by elution with 5%,
chloroform in carbon tetrachloride, 109, chloroform in carbon

Found:

(29) C.F. Irwinand G. F. Hennion, J. Am. Chem. Soc., 63, 858 (1941).
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tetrachloride, and 1009 chloroform, and weighed 500 mg., 675
mg. and 129 mg., respectively.

When fraction 1 was crystallized from absclute ethano], it
gave 193 mg. of a white crystalline compound, m.p. 135-148.5°;
recrystallization gave 105 mg., m.p. 146.5-154.5°.

When fraction 2 was crystallized from absolute ethanol, there
sesulted 390 mg. of white crystals, m.p. 150-153°. An analytical
rample was taken from this product, and the recrystallized prod-
uct melted at 157-158°.

Anal. Caled. for CisH;;ClO;:
C, 72.31; H, 4.89.

When fraction 3 was recrystallized from absolute ethanol, it
vielded 22 mg. of white crystals, m.p. 145-155°. Mixture melt-
ing points with fractions 1 and 2 were not depressed. Mixture
melting points and solution infrared spectra of this compound
showed it to be identical with the chloroacetate obtained from
the acetolysis of IT or IT1.8

syn-8-Chlorodibenzobicyclo[3.2.1]octadien-exo-2-0l. (XIII).
—A slurry of 40 mg. of crushed lithium aluminum hydride in
approximately 20 ml. of ether, which had been dried over sodium
ribbon, was stirred while an ethereal solution of 134 mg. (0.448
mmole) of the combined fractions 1 and 2 above (compound XII)
was slowly added. The reaction mixture was stirred at room
temperature for 2.5 hr., and the excess lithium aluminum hy-
dried was destroyed by the addition of water. The solution was
decanted, the residual aluminum hydroxide was washed several
times with ether, and the decantates were combined. The
solvent was evaporated in an air stream and the residue was
dride under vacuum over phosphorus pentoxide, leaving 112 mg.
(979%) of white crystals, m.p. 111-122°. An infrared spectrum
taken in carbon disulfide solution showed a strong hydroxyl peak
at 2.80 u and no acetate carbonyl absorption.

The product was recrystallized from absolute ethanol, yielding
35 mg. of white crystals, m.p. 130-134.5°. A second crop of
crystals was taken, yield 13 mg., m.p. 127.5-136.5°. The crude
vield was 429. Crop 1 was recrystallized twice from absolute
ethanol to give pure XIII, m.p. 137.5-138.5°.

Anal. Caled. for CHi;ClO: C, 74.78; H, 5.10. Found:
C, 74.91; H, 5.08.

syn-8-Chlorodibenzobicyclo[3.2.1]octadien-2-one (XIV).—A
mixture of 312 mg. (1.21 mmoles) of erude XIII (m.p. 120-135°),
40 ml. of benzene, 2 g. of potassium permanganate (12.7 mmoles),
20 ml. of t-butyl aleohol and 6 ml. of water was heated at 60° for
75 hr. with constant stirring. The excess potassium perman-
ganate was destroyed by the addition of aqueous sodium bisulfite.
The solution was dried under vacuum, 40 ml. of water was added,
and the manganese dioxide precipitate was filtered and washed
with water. The filter cake was extracted with hot chloroform,
and the extract dried over sodium sulfate. The organic solvent
was removed under vacuum, leaving 190 mg. of a white crystal-
line material, m.p. 106-112°. The product was dried over phos-

C, 72.36; H, 5.06. Found:
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phorus pentoxide under vacuum, and the infrared spectrum
showed no hydroxyl absorption and a strong carbonyl absorption
at 5.88 u.

Of the 190 mg. obtained, 72 mg. of the product was chromato-
graphed on an alumina column. By dissolving in hot petroleum
ether (b.p. 60~70°) and eluting with chloroform, a fraction
weighing 66 mg. (609), m.p. 114.7-116°, was obtained. Re-
crystallization from absolute ethanol gave syn-8-chlorodibenzo-
bicyelo[3.2.1]octadien-2-one (XIV), m.p. 115.5-116.5°.

Anal. Caled. for C;sHClO: C, 75.44; H, 4.35.
C, 75.47; H, 4.38.

The Reduction of syn-8-Chlorodibenzobicyclo[3.2.1]octadien-
2-one (XIV).—A mixture of 110 mg. (0.432 mmole) of XIV, 5 g.
of amalgamated zine, 6 ml. of concentrated hydrochloric acid,
5 ml. of acetic acid, and 5 ml. of toluene was heated at reflux for
22 hr. During this time, three 5-ml. portions of concentrated
hydrochloric acid were added. The reaction mixture was ex-
tracted three times with 30-ml. portions of benzene. The ben-
zene extracts were washed with sodium ecarbonate solution,
followed by several washings with water, and dried over anhy-
drous sodium sulfate. The solvent was removed under vacuum,
leaving a thick, yellow oil. The product was chromatographed
on an alumina column (25 g. of Merck Co., acid-washed alumina
packed in petroleum ether, b.p. 60-70°) and was eluted with
carbon tetrachloride. The crude yield was 73 mg., m.p. 110-
143°. Recrystallization from absolute ethanol yielded a product
weighing 32 mg., m.p. 142-144.5° (36%).

Mixture melting point showed no depression with the hydro-
genolysis product of compound II, and the infrared spectrum was
identical with that of product VIII.

Isomerization of Dichloride II to III in Liquid Sulfur Dioxide.—
In a sealed Pyrex tube was placed 1 ml. of o-cresol, 398 mg. of II,
and approximately 50 ml. of liquid sulfur dioxide. The mixture
was allowed to stand for 4 hr. at 0° and then at room tempera-
ture for 10 hr. The sulfur dioxide was allowed to evaporate,
and the solution was chromatographed on alumina by dis-
solving in petroleum ether (b.p. 60-70°) and eluting with carbon
tetrachloride. Two fractions were obtained. The first was 220
mg. (559) of a white crystalline product, m.p. 95-99°. After
recrystallization from absolute ethanol, a melting point of 100-
100.5° was obtained. The product had an infrared spectrum
identical with that of III, and a mixture melting point with that
compound showed no depression. A mixture melting point with
II was depressed. The second fraction was an oil, 23 mg. (69%),
which was not investigated.

Found:
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The Synthesis of 2-Acetamido-2-deoxy-3-0-(s-D-galactopyranosyl)-a-D-glucose!
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The synthesis of 2-acetamido-2-deoxy-3-0-(8-p-galactopyranosyl)-a-p-glucose, a product of degradation of
a tetrasaccharide isolated from human milk and of various glycoproteins, is described, starting from p-galactose

and p-glucosamine.

The structure of 2-acetamido-2-deoxy- 3-0-(8-p-galac-
topyranosyl)-p-glucose (VI) has been assigned to a
disaccharide of p-galactose and p-glucosamine, which
has been isolated from the products resulting from the

(1) Amino Sugars. XXXI, This is publication no. 327 of The Robert
W. Lovett Memorial Unit for the Study of Crippling Disease, Harvard
Medical School at the Massachusetts General Hospital, Boston 14, Mass.
This investigation has been supported by research grants from the Na-
tiohal Institutes of Arthritis and Metabolic Diseases, National Institutes of
Health, T. 8. Public Health Service (A-3564-C-2), and the National
Science Foundation (9-2312).

(2) On leave of absence from the Weizmann Institute, Rehovoth, Israel

degradation of oligosaccharides obtained from human
milk.?4 This compound has also been found, together
with 2-acetamido-2-deoxy-4-0-(3-p-galactopyranosyl)-
D-glucose, in the controlled acid-hydrolyzate of blood
group A substance,®~" in which it forms an essential
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