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Fig. 2. --Ultraviolet absorption spectra:
dihydroequilenin-178 {XVai; - 17-dihydroequilenii-
178 3,17-diacetate.

Acetylation  produced 17:dihydroequilenin-173 3,17-
diacetate with m. p.. 124-126° (Kofler), [a]?p --12°,
. v. spectrum Fig. 2; reported,? m. p. 124°,

Anal. Calcd. for ngquOg! C, 7498, H, 6.86. Found:
C, 75.19; H, 7.04.

B. By Selenium Dioxide Dehydrogenation of AS-De-
hydroestradiol 3,17-Diacetate.—Dehydrogenation of 1 g.
of diacetate. with 156 mg. of freshly sublimed selenium
dioxide in 15 cc. of boiling acetic acid for eight minutes
produced 0.81 g. of 17-dihydroequilenin-173 3,17-diace-
tate with . p. 115-118°. - Recrystallization from ether-
hexane raised the m. p. to 125-127% (Kofler), {«]*p —15°.
No depression of the ni. p. was obgerved ou mixing with
the sample prepared by method A and the ultraviolet
absorption spectra proved to he identical.
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Alkaline saponification afforded 17-dihydroequilenin-
178 with m. p. 246-248° (capillary), undepressed on ad-
mixture with a specimen prepared according to method
A, {a]®p 4+ 56° (dioxane). The ultraviolet absorption
spectrum was practically identical with that depicted in
Fig. 2 for material prepared by procedure A.

Summary

A recapitulation of the earlier work of Inhoffen
and Butenandt on the bromination of A%3-keto-
steroids (I), which had led to the conclusion that
these ketones could not be employed for the partial
synthesis of the estrogens, has demonstrated sev-
eral inconsistencies. The reinvestigation of the
dibromination in ether-acetic acid solution of
At-3-ketosteroids (I), in particular of the andro-
stane series, has shown that the resulting dibromo
derivatives on collidine dehydrobromination pro-
duce Al4$-trien-3-ones (XII) in satisfactory over-
all yield. On the basis of these results, several al-
ternate structures are proposed for the intermedi-
ate dibromo compounds, taking into considera-
tion their marked tendency toward rearrange-
nient and their ultraviolet absorption spectra.

Al48_Androstadiene-3,17-dione  (XIIb), thus
obtained, has already' been converted into A°-
isvequilin, estrone and equileniu, and its corre-
sponding 17-acetoxy derivative on similar treat-
ment has now led to AS-dehydroestradiol, estra-
diol and 17-dihydroequilenin-178. The stereo-
chemistry of the C-17 isomeric dihydroequilenins
is discussed.

The present experiments thus constitute a
novel, partial synthesis of all of the major, natu-
rallv occurring female sex hormones from the po-
tent male hormones testosterone and A*-andro-
stene-3,17-dione.
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Steroids. VIHI.!* The Dienone-Phenol

Rearrangement in the Steroid Series.

Synthesis of a New Class of Estrogens

By Cart Djrrasst, G. RoseNkranNz, [.

Partial aromatization of a bicyclic ring system
possessing an angular methyl group with concomi-
tant migration of the angular substituent was first
observed in the santomin (I) series.® This rear-
rangement can be carried out at or near room teni-
perature in acetic anhvdride containing a swnall
amount of acid* and furnishes the phenol, desmo-
troposantonin (IT}, in high vield. = Subsequently,

(1) Presented in part on the program of the Division of Medicinal
Chemistry at the Philadelphia, Pa., mecting of the American Chemi-
cal Society, April 11, 1950.

{2) Paper VII, Dijerassi, Rosenkrane,
Pataki, THis Jourxat, 72, 4534 . 1950).

(38) Andreocci, Ber , 86, 1373 (189%:; Clemo, Haworth sl Wal
ton, J. Chem. Soc., 1110 {1930},
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Inboffen and co-workers® applied these reaction
conditions to analogous steroidal dienones (IIT)
in the hope ol preparing members of the female
sex hormone series. The resulting products,
though insoluble i1 alkali, were clearly shown to
be phenols, and by analogy to the santonin—des-
motroposaltonin  rearrangement they were as-
signed the [-methyl-3-hydroxy-1,3,3-triene struc-
ture IV, Thus in the case of Alf.androstadien-
17-0l-3-oue (I1la), l-methylestradiol (IVa) was
believed to have been obtained. In spite of the
comparative nou-specificity of estrogenic activity,
exhibited by a variety of substances, this close

53 See Inhotfen. Augeus. Chew: | 88, 471 11040); 89, 207 (1947},
Loe . BB3, U7 (U400



Oct., 1950

relative of the poterit female sex hormone estradiol
was totally devoid of biclogical activity.
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In 1946, the generality of this type of rearrange-
ment was emphasized and the term ‘“‘dienone—
phenol rearrangement’” was proposed.® The prep-
aration® of the chrysene dienone V and the proof,
by total synthesis, that its rearrangement product
possessed the 1-methyl-3-hydroxy structure VI
provided considerable, though indirect, support
for Inhoffen’s structures® and the latter were ac-
cepted in a considerable number of other rear-
rangements of steroidal A'*-dien-3-ones (III).
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Recently, however, Woodward and Singh?® ob-
served that the simple, synthetic dienone VII on
rearrangement afforded 1-methyl-4-hydroxy-5,6,-
7,8-tetrahydronaphthalene (VIII) rather than the
expected 1-methyl-3-hydroxy derivative IX. This
reaction was rationalized as proceeding through
the carbonium form X which subsequently
through spiran structures such as XIa and XIb
gave rise to the observed product VIII. As
pointed out by Woodward and Singh,? if applied to
the analogous steroidal Ab*-dien-3-ones III, their
rearrangement products most likely would possess
the 1-methyl-4-hydroxy or 1-hydroxy-4-methyl
structure rather than the Il-methyl-3-hydroxy
configuration (IV) postulated by Inhoffen.® In
the case of the chrysene derivative V, where the
structure of the rearrangement product VI had

(8) Wilds and Djerassi, Tris JoURNAL, 68, 1715 (1946).

(7) Djerassi, ¢t al., ibid., 68, 1712, 2125 (1946);
70, 1011 (1948); J. Org. Chem., 18, 807, R48 (1948).

(8) Woodward and Singh, THIS JoURNAL, 72, 494 (1950). We are

grateful to Prof. R. B. Woodward, Harvard University, for informing
us of his results several months prior to publication.
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69, 2404 (1947);
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been proved,® it was suggested® that the various
carbonium ions (positive charge distributed
through the entire naphthalene ring system) would
confer considerable double bond character on the
4a-4b (chrysene numbering system) bond, so that
conventional methyl migration (as in santonin) by
the usual pinacol-type rearrangement? prevails.
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The ready availability of the recently de-
scribed®®  steroidal = Al%®-trien-3-ones (XII)
prompted us to investigate the dienone-phenol
rearrangement of such an unsaturated system.
Application of the usual rearrangement conditions
(acetic anhydride—p-toluenesulfonic acid) 7 to
the trienones XIIa and XIIb smoothly yielded
1-methyl- AS-dehydroestradiol  (XIIIa) ([«]%D
—124°) and 1-methyl- A%-dehydroestrone (XIIIb)
([@]®p —77°), interconvertible through lithium
aluminum hydride reduction of the latter. Both
phenols were alkali soluble and exhibited a strong
maximum at 268 mu (log E 3.90), typical of A®-
dehydrophenols of the steroid series.?® Cataly-
tic hydrogenation of 1-methyl- A%-dehydroestrone
(XIIIb) proceeded in nearly quantitative yield
affording 1-methylestrone (IVb) with m. p. 250~
252°, [a]®D + 257°, u. v. maximum at 280 mu (log
E 3.26) The substance thus exhibited the char-
acteristic change in the sign of rotation and in the
absorption spectrum on hydrogenation of the 6—7
double bond as was found for the estrogens lacking
the l.methyl group.>?® Furthermore, the com-
pound was soluble in dilute, aqueous alkali and pos-
sessed approximately one-half the biological activity
of estrone in rats.'® In contrast, the so-called
“1-methylestrone”®’ (with which our product
gave a marked melting point depression) is insol-
uble in alkali and estrogenically inactive in one-
thousand times the threshold dose of estrone.
Similar experiments with 1-methyl- A®-dehydroes-

(9) Arnold, Buckley and Richter, ¢bid., 69, 2322 (1948).

(10) Kaufmann, Pataki, Rosenkranz, Romo and Djerassi, ¢bid.,
72, 4531 (1950).

(10a) The preliminary estrogenic tests were carried out by Dr.
Elva G. Shipley, The Endocrine Labdratories, Madison 5, Wiscon.
sih. Subsequent experiments have shown that the estrogenic
activity of these I-methylestrogens (IV) differs cousiderably, de-

pending on the tes( method emploved. 'The details will appear
elsewhere,
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tradiol (XIIla) gave the same results, our I-
methylestradiol (IVa} (m. p. 116°, [«]®D +146°,
dipropionate with four times the biological activ-
ity*2 of estrone) differing completely from the
product described in the literature® (m. p. 231-
232°, [alp +179.5°).'"" Finally, both l-methyl-
Ab-dehydrophenols (XI11) were readily converted
into 1-methyl-17-dihvdroequilenin (X1Va) and 1-
methylequilenin (XIVb) on warming for a few
minutes with selenium dioxide in acetic acid or
cioxane solution; and exhibited, with minor differ-
ences, the same ultraviolet absorption spectrum
(Fig. 2) as equilenin.

It is evident that the dienone—phenol rearrange-
ment of the Al%S-trien-3-ones XII is formally
much more closely related to the proved case in
the chrysene secries {V),” because of the additional
conjugated double bond, than is that of the Al
dien-3-ones I1I, which resemble Woodward’s® ex-
ample VII. Threecarboniumions, XVI, XVIIand
XVTII, are of importance in cousidering the course
of the reaction. Of these XVI would give rise to
the 1-methylphenol (XIII) by direct methyl mi-
gration® while XVII would yield spiran structures
{analogous to XI) leading to the “abnormal” prod-
ucts observed by Woodward and Singh® and ap-
parently occurring in the steroid series with A+
dien-3-ones III. It should be noted that the car-
bonium ion XVII would be in equilibrium with
form XVIII, which while probably more stable
{conjugated system of double bonds) than XVII
could not satisfy the electron deficiency by migra-
tion etc. It seems most likely therefore, as dein-
onstrated in the case of the chrysene dienone V.,
that the presence of an additional conjugated double
bond causes methyl migration to proceed in prefer-
ence to spiran formation.’'® Evidently, lower

{11y The imfrared curves-of IVa and X{{lw (as their qiacemt.e;;
showed warked sirilarities to those of the correspomling estradiol
derivatives, tat differed - completely from (hat of Inhoffen's |-
methylestradiol *  We are indebted to Dr. Kourad Dobriner, Sloan-
Kettering Instiente for Capcer Research, for this information.

Chrel It s since bec possible Lo prove thys e ivoeally in the
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energy  transition
states are involved
in the methyl mi-
gration through the
carbonium ion XVI
(with its stabilizing
feature of a series of
conjugated double
bonds), than
through the equi-
‘ librium forms XVII
R } and XVIII, where
the partial double
bond character of
the 56 bond may
tend to prevent
spiran formation.?

The substances
described earlier in
the literature®’ as
1-methylphenols of the steroid series must, there-
fore, possess either the l-methyl-4-hydroxy or
l-hydroxy-4-methyl structure!? and it is suggested
that until unequivocal proof is forthcoming, these
compounds be referred to as '‘x-methylhetero-
phenols.”

N

R = OH
R = O

Experimental s 14

Dienone-Phenol Rearrangement of Al-‘5-Androstatri-
ene-3,17-dlone (XHb).—A mixture of 15.5 g. of AL#b.
androstamenew'} 17-dione (XIIb),20 3.90 g. of p-tolu-
enestilfonic acid and 600 cc. of acetic anhydride was heated
for five hours ou the steam-bath. The cooled solution was
hydrolyzed by swirling with water, the crystalline product
was filtered, dried and recrystalhzed from methanol;
yield, 12.85 g. (729%,), m. p. 147-149°. Further recrys-
tallization from the same solvent gave pure l-methyl-Af-
dehydroestrone acetate with m. p. 152-153° (Kofler),

[«]®n —04° idioxane), u. v. muxima at 222 my (log £
4.41) and 264 my (log E 3.93).
Anal. Caled. for CyHuOy: C,77.75: H, 7.45. Found:

C, 78.09; H, 7.53.

Saponification of the acetate was uccomplished in 979,
yield by refluxing with 2% methanolic sodium hydroxide
solution for one hour. Two recrystallizations from meth-
.mol gave - 1-methyl-AS-dehydroestrone (XIIIb) with

p. 250-252° (Kofler), [a]®p —87.7°, —76.8° (diox-
;um). ¢, v. maxima (Fig. 1) at 228 mu (log E 4.49), 268
mu (log E 3.90) and 306 my (log E 3.28).

dnal, Caled. for CigHuaO.: C, 80.81; H, 7.85.

Sl 10; H 7.54.

Found:

uaplltlmlo.ue series (Sandoval, Miramontes, Rosenkranz and Djerassi,
to be submitted for publication).

£12} The isolation of benzene-1,2,3,4-tetracarboxylic ac¢id from the
nitrie acid oxidation of such a pheunol (Wilds and Djerassi, THis
JouurnNav, 68, 1712 (1946)) atfords strong indication that ring B is
six-niembered,

{13) Melting points marked Kotler were determined on the Kofler
block and are corrected; all others were carried out in capillaries and
are uncorrected unless noted otherwise. Rotations were determined
on c¢a. 60-100 mg. of substance in chloroform solution {unless indi-
cated otherwise) in a 2-dem. tube of 10-ce. capacity. When two
values are given, the Arst one ajways refers to chloroform solution,
Ultraviolet absorption spectra were meastred in 95% ethanol solution
with v Beckinman Quartz Photoelectric Spectrophotometer.

i14) The wicrounulyses were carried ont in our Microanalyticat
Department under the direction of Srta. Ampare Barba. Th-
Srtas. Paguita Revague and Aun Rochiman were responsible for atl
spevirz asol rothtions.
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Fig. 1.—VUltraviolet absorption spectra (in 95%, ethano!
solution ): 1-methyl- AS-dehydroestrone (XIIIb):
1-methylestrone (IVb).

Hydrogenation of 1-Methyl-A%-dehydroestrone to 1-
Methylestrone (IVb).—A solution of 4 g. of 1-methyl-
Af-dehydroestrone acetate (m. p. 147-149°) in 60 cc. of
ethyl acetate was shaken in the presence of hydrogen with
800 mg. of 109, palladium-on-charcoal catalyst (American
Platinum Works) for two hours, at which time the hydro-
gen up-take corresponded to one mole. After filtration,
evaporation and recrystallization from methanol, 3.5 g.
(87%) of l-methylestroe acetate was obtained with
m. p. 157.5-158.5° (Kofler), [a]¥D +224° +219° (di-
oxane), u. v. maximum at 268 mu (log E 2.52) and mini-
mum at 252 myu (log E 2.31). The so-called 1-methyl-
estrone described in the literature” did not form a crystal-
line acetate.

Anal. Caled. for CyHyOs: C,77.26; H, 8.02. Found:
C, 77.14; H, 8.20.

Alkaline saponification in the usual manuer led in quan-
titative yield after recrystallization from methanol to 1-
methylestrone (IVb), m. p. 250-252° (Kofler), [a]¥p
+257°, +246° (dioxane), u. v. maximum (Fig. 1) at
282 my (log E 3.26) and minimum at 250 mu (log E 2.51).
The so-called 1-methylestrone, described in the literature,?
had m. p. 249-251°, [a]p +271.6° and a mixture of the
two specimens melted at 212-223°. In contrast to the
latter substance, 1-methylestrone dissolved on warming in
5% aqueous alkali and exhibited approximately one-half
the estrogenic potency of estrone in rats.!s

Anal. Caled. for C;yH»0,: C, 80.24; H, 8.50. Found:
C, 80.05; H, 8.50.

Dehydrogenation of 1-Methyl-AS-dehydroestrone
(XIIIb) to 1-Methylequilenin (XIVb).—A solution of 1 g.
of 1-methyl-Af-dehydroestrone acetate in 20 cc. of glacial
acetic acid or dioxane was refluxed for ten minutes with
0.17 g. of freshly sublimed selenium dioxide under nitrogen.
After filtration of selenium, the solution was diluted with
water, the pink solid (0.90 g., m. p. 160~165°) was filtered
and recrystallized from methanol, yielding 0.62 g. of 1-
methylequilenin acetate as colorless crystals with m. p.
171-172.5° (Kofler), [a]®p +4113°, u. v. spectrum shown
in Fig. 2.

Anal®  Caled. for CyHpO: C, 78.23; H, 6.88.
Found: C, 78.54; H, 6.98.

Alkaline saponification afforded I1-methylequilenin
(XIVb), which after recrystallization from aqueous meth-
anol had m. p. 215-217° (cor., red melt), [a]#D +138.5°

(15) This analysis was carried out by Mr. Joseph F. Alicino,
Metuchen, New Jersey.
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Fig. 2.—Ultraviolet absorption spectra; -e—s—s—e— 1-
methyl-17-dihydroequilenin (XIVa); — 1-methyl-17-
dihydroequilenin 3,17-diacetate; x-x-x-x 1-methylequilenin
(XIVb); -++++ l-methylequilenin acetate.

(dioxane). The u. v. spectrum closely resembled that of
equilenin?® and is shown in Fig. 2.

Anal?®  Caled. for C;sHypO,: C, 81.40; H, 7.19.
Found: C, 81.65; H, 7.30.
1-Methyl-aAf-dehydroestradiol (XIIla). A. By Dien-

one-Phenol Rearrangement of Al-%$.Androstatrien-17-
ol-3-one 17-acetate (XII, R = OAc).—The rearrangement
was carried out in the customary manner with 2.7 g. of
androstatrienolone 17-acetate (XII, R = OAc),? 100 cc.
of acetic anhydride and 1 g. of p-toluenesulfonic acid and
afforded 2.89 g. (95%) of 1-methyl-AS-dehydroestradiol
3,17-diacetate with m. p. 110-112°. Recrystallization
from hexane gave the analytical sample (71%) with m. p.
116-117° (Kofler), [a]®p —149°, u. v. maxima at 222
mu (log E 4.46) and 264 mu (log E 3.96).

Amnal. Caled, for CpsHysO4: C,74.97; H, 7.65. Found:
C,74.76; H, 7.38.

Saponification led in nearly quantitative yield to 1-
methyl-A®-dehydroestradiol (XIIla), which had m. p.
130-133° unchanged after several crystallizations from
either hexane-acetbne or dilute methanol, [a]®p —124°,
—184° (dioxane) u. v. maxima at 226 myu (log E 4.57)
and 266 mu (log E 3.95). The compound retained solvent
tetlaciously and required extensive drying at 78° and
0.002 mm. before correct analytical values were obtained,

Anal.1s Caled. for ClgHMOgI C, 8024, H, 8.50.
Found: C, 80.48; H, 8.50.

The above phenol, which was readily soluble in 2 N
aqueous sodium hydroxide, was benzoylated by the
Schotten-Baumann method and the 1-methyl-AS-dehy-
droestradiol 3-monobenzoate was crystallized from hex-
ane-acetone; m. p. 146-147.5° (Kofler), [a]®p —123°.

Anal. Caled. for CysH50;5: C, 80.42; H, 7.27. Found:
C, 80.35; H, 7.19.

B. By Lithium Aluminum Hydride Reduction of 1-
Methyl- A%-dehydroestrone Acetate.—A solution of 2 g.
of 1-methyl- AS-dehydroestroue acetate in 600 cc. of dry
ether was refluxed with 1 g. of lithium aluminum hydride
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for thirty minutes. After the usual work-up, there was
obtained 1.54 g. (88%;) of 1-methyl-Aé-dehydroestradiol
with m. p. 129-132°, which gave no depression on admix-
ture with the sample prepared according to (A) and pos-
sessed the same rotation and spectrum.

Hydrogenation of 1-Methyl- AS-dehydroestradiol 3,17-
Diacetate to 1-Methylestradiol 3,17-Diacetate.—Hydro-
genation of the A%-dehydro diacetate in the usual manner
in ethyl acetate solution with 109, palladium-on-charcoal
catalyst (barium sulfate supported catalyst was equally
satisfactory) afforded 819 of shiny, prismatic blades
(from methanol) of 1-methylestradiol 3,17-diacetate with
m. p. 178-180° (Kofler), {«}®p +111°, u. v. maximum at
268 mu (log E 2.53) and minimun at 252 my (log E 2.44).
The so-called 1-methylestradiol 3,17-diacetate described
in the literature®” had m. p. 138.5--139°,

Anal. Caled. for CpuH504: €, 74.56: H, K.16. Pound:
C,74.50; H, 8.19.

1-Methylestradiol (IVa), prepared either by saponifica-
tion of its diacetate or by hydrogenation of 1-methyl- Aé-
dehydroestradiol  (XIlla), was obtained from ether-
hexane as a microcrystalline powder, which shrank at
95° and melted at 110-116° (Kofler), [«]2p +146°, u. v,
maximum at 284 mu (log E 3.28) and miniinum at 250
mp (log E 2.25). The pliysical constants of this alkali-
soluble phenol are in complete contrast to those reported
for the so-called 1-methylestradiol’”: iusoluble in alkali,
crys)tallizes readily, m. p. 235.5-236.5°, [aln +185° (diox-
ane).

Amnal. Caled. for CigHy: 0y C.79.67; H, 8.14. Pound:
C, 79.87; H, 9.36.

The 3,17-dipropionate was isolated in nearly quantitative
yield on heating 1-methylestradiol (IVa) for one hour with
propioiiic anhydride and pyridine; colorless plates from
methanol, m. p. 125.5-127° (Kofler), [«]¥*p +101.5°
u. v. maximum at 268 mu (log E 2.58) and minimum at
254 myu (log E 2.45).

Anal. Caled. for CysH3 04 C,75.34; H, 8.59. Found:
C, 75.16; H, 8.63.

1-Methyl-17-dihydroequilenin-1738 (XIVa).—This
phenol was obtained by both selenium dioxide oxidation
of 1-methyl-A®-dehydroestradicl 3,17-diacetate followed
by saponification, or by lithium aluminum hydride reduc-
tion of l-methylequilenin acetate exactly as described
for the analog lacking the 1-methyl group.®

M, L. WoLrroM, WILBUR L. SHILLING AND W. W, BINKLEY
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1-Methyl-17-dihydroequilenin-17 8 crystallized as small.
prismatic needles from ejther aqueous methanol or hexaie—
acetone, m. p. 225-227° (Kofler), [a]?Dp +33° (dioxane),
w. v. spectrum Fig. 2.

Anal. Cualed. for CyH,0,: C, 80.81; H, 7.85. Found:
C, 80.534; H, 7.65.

The 3,17-diacetate was obtained as colorless needles
from methanol, m. p. 145-147° (Kofler), [a]¥p —16°,
The u. v. spectrum was very similar to that of 1-methyl-
cquilenin acetate and is depicted in Fig. 2.

Anal. Caled. for C;aHpO4: C, 75.38; H, 7.15. Found:
C,7h.68; H,7.12.
Summary

The dienone-phenol rearrangement of the re-
cently described®i® Al#S-androstatrien-17-0l-3-
one and the corresponding 3,17-dione (XII)
produced 1-methyl- A’-dehydroestradiol and 1-
methyl- AP-dehydroestrone (XIII). Dehydrogen-
ation led to the corresponding 1-methylequilenin
derivatives (XIV), whilé catalytic hydrogen-
ation afforded l-methylestradiol and I-methyl-
estrone, characterized by alkali solubility and high
estrogenic potency. A considération of the reac-
tion mechanism and earlier work on model com-
pounds®® indicates that the present compounds
are the true l-methylestrogens in contrast to the
rearrangement products of steroidal Ab4-dien-3-
ones (III), previously believed to have this struc-
ture,® which should now be referred to as “‘x-
methylheterophenols.”

The present work, coupled with the results of
Woodward and Singh,® demonstrates that the
dienone-phenol rearrangement in the steroid se-
ries proceeds in different directions depending on
the presence or abseuce of an additional, conju-
gated double bond,
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The Structures of g-Diacetone-D-fructose and g-Monoacetone-D-fructose

By M. L. WoLrroM, WILBUR L. SHILLING! AND W. W. BINKLEY!

Fischer? obtained two crystalline products on
treating b-fructose with acetone in,the presence of
acid and these have come to be designated a-di-
acetonefructose and B-diacetonefructose wherein
the prefixes were assigned in accordauce with the
order of isolation and bear no anomeric signifi-
cance. The structure of the former can be con-
sidered to be adequately established as 1,2:4,5-
diisopropylidene-p-fructopyranose®* while that of
the latter cannot.
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It is known that C, is open in the B-isomer since
on oxidation with alkaline permanganate an acid
was obtained without acetone removal and this
acid on hydrolysis yielded 1-C-carboxy-p-arabin-
ose (2-keto-D-gluconic acid).® The main diffi-
culties preventing a solution of this problem have
been those encountered in preparing the mono-iso-
propylidene derivative, essential to the structure
determination. Both isopropylidene residues hy-
drolyze at nearly the same rate and on partial hy-
drolysis there is obtained a difficultly separable
mixture of starting material, b-fructose and a rela-
tively smiall amount of the sirupy mono-isopropyl-
idene-p-fructose. - In the work herein reported the
mono detivative has been separated by chroma-
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