220

0.56), respectively. The last mentioned free chalcone
appeared only in a small guantity and gave a faint spot,
while maritimetinn was hardly detectable in a fresh extract.
A spot (R; 0.48), which became yellow witlh ammonia
vapor and green with ferric chloride, corresponded to
flavanomarein.

So as to make clear thie distribution in tlie plant of these
compounds, tube and ray flowers were carefully separated
from the flower disks aud, as described in the case with
Cosmos sulphurens ! the former were dissected into stigma,
style, ovary, anther, pollen, filainent, upper and lower part
of corolla and bract and the latter into corolla, bract and
sterile ovary. One-lundredth to 1.0 g. cach of these parts
was extracted witls 1-10 ml. of boilinig ethanol for about 3
min., and tlie extraction was repeated two or three times.
The combined ethanolic extracts were evaporated and the
residue was dissolved in 0.01-1.0 ml. of 30%; ethanol to give
a solution of original volume, which was most adequate for
the paper chromatographic detection. Spotting an equal
voluite of the plaat extract and standard solution of control
substance side by side, cliromnatogramns svere then run. A
semi~quantitative determinstion was made by comparison
of the size and deptli of color of the spots, in visible or
ultraviolet light, with those of known substances in known
concentrations on filter paper. For the detection of antho-
cyanin, each part dissected was extracted with 5 times its

(11) S. Hattori, M. Shimokoriyama and . Oka, Bull. soc. chim.
Biol., 88, 557 (1956).
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weight of 19; methanolic hydrochloric acid in the cold.
Naked flower disk was also tested. The results are sum-
marized in Table II. The concentration of chrysauthemin
and of an unknown pignient in the table means merely a
probable relative amout.

Chalconase Test.—Fresh rays were taken in a gluss mortar
with an equal volume of water, two-fifths of Mcllvaine
buffer solutions of various pH aud 0.1 to 0.04 of 0.05 M
potassium cyanide and macerated for 10 min. The homog-
enate was then mixed with an equal quantity of ethanol
and heated on a boiling water-bath for a while followed by
filtration. Five to ten drops of the filtrate was spotted on a
filter paper. The chromatograms were run as above.
The optimum pH for the conversion of chalcone to aurone
was found to be 5.5 in tlie case of C. finctoria and C. mari-
tima or Cosmos sulphureus as well. An example for the
chalconase-catalvzed reaction is shown in Fig. 1.
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Exploratory work directed toward the total synthesis of physiologically active 19-norsteroids poss_essing_ a carbonyl
group at C.11 has led to the synthesis of a tricyclic diketone containing the elements of the A, B and C rings with carbonyl

groups and a double bond in appropriate positions.

Other experiments carried out in this connection suggest that modifica-

tion of the present synthetic scheme to include incorporation of the D-ring should involve no insurmountable difficulties.

The formation of condensation products of type
II in the reaction of aldehydes with two molecular
equivalents of ethyl acetoacetate has been studied
extensively by Knoevenagel,® Rabe,® Horning,*
and others. The results of these investigations
have established that the primary condensation
products II can be readily cyclized to 5-alkyl-4,6-
dicarbethoxy-3-methylcyclohexenones III, which
are in turn convertible into monocarbethoxy
derivatives IV by partial hydrolysis and decar-
boxylation under a variety of conditions. When
formaldehyde is employed as the aldehyde com-
ponent,® the ultimate product is the well known
Hagemann ester (IV, R = H),® which has found
wide application as an intermediate in various syn-
thetic procedures. In particular, two projected

(1) This investigation was made possible by a generous grant from
the National Science Foundation, Preliminary phases of the work were
supported by funds provided by the Eli Lilly Co., Indianapolis.

(2) E. Knoevenmagel, Ann., 288, 321 (1805); 303, 223 (1898).

(3) P. Rabe, bid., 313, 129 (1900); P. Rabe and F. Elze, ibid., 323,
83 (1902); P. Rabe and A. Billmann, sbid., 382, 22 (1904).

(4) E. C. Horning, M. O. Denekas and R. E. Field. J. Org. Chem.. 9,
547 (1944); E. C. Horning and R. E. Field, TH1S JoURNAL, 68, 384
(1946).

(5) E. Knoevenagel and A, Klages, Ann., 281, 94 (1894); E. Berg-
mann and A. Weizmann, J. Org, Chem., 4, 266 (1939); L. 1, Smith and
G. F. Rouault, THis JoUurNaL, 66, 631 (1943).

(G) O 'lh L. Hagewaaa, Ber 26, 876 {1893,

steroid syntheses involving the use of Hagemann’s
ester, as well as bicyclic and tricyclic analogs of
this substance, have been briefly explored by Hogg’

O CH; O CH; O CH; 0 CH;
N/ N/ Ay N/
lc C [c C
|
CH, CH, CH CH
/ N N / N
Et0O0C COOEt Et00C CH COOEt
CHO
| R
R
I 11
o] CH;, o] CH;
N S XN
! { 5 : J
// \ /\\
Etool | COOLt I COOERL
R R
I11 v

and by Mukharji.® In both approaches the ring
possessing the vinylogous B-ketoester function pro-
vides the elements of ring C, although different
applications of the functional groups were suggested
by the two investigators.

(7) J. A. Hogg, TaIs JourNaLr, 70, 161 (1948).
(83 P C Nukburii, J fod Chem Soc 85, 867 373 4 1948),
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In view of current interest in modified steroids,
especially in the physiologically active 19-nor an-
alogs of the natural sex and adrenal hormones,® we
have undertaken an examination of the potential-
ities of the Knoevenagel procedure as a possible
route to such substances. Particular consideration
has been given to methods for the elaboration of
derivatives possessing an 11-keto group, for which
purpose the Knoevenagel approach is well suited.
The present paper describes various synthetic op-
erations involving the products derived from con-
densations of é&-hydroxyvaleraldehyde and of §-
(2,5-dimethoxyphenyl)-propionaldehyde with ethyl
acetoacetate.

§-Hydroxyvaleraldehyde is readily obtainable as
an equilibrium mixture of hydroxyaldehyde and
lactol forms by hydration of dihydropyran.!®
The mixture of ring—chain tautomers prepared in
this way was employed directly in the condensation
reactions noted below.

At the outset it was apparent that the presence
of a hydroxyl group at carbon atom 5 of the alde-
hyde component might result in complications ow-
ing to the possibility of ring closure (V — VI) at an
intermediate stage in the Knoevenagel reaction.
We were therefore prompted to investigate initially

0 CH, 0O CH, O CH,
\C/ \ / \ /
& 1o
N\ / \/ O\
Et0OC k/ Et00C t/ U

A%

the reaction of 5-hydroxyva1eraldehyde with one
molar equivalent of ethyl acetoacetate in benzene
solution with piperidine as the catalyst. Under
these conditions condensation proceeds rapidly
with separation of the theoretical amount of water
and formation of a product (799, yield) that was
identified as ethyl tetrahydropyranylacetoacetate
(VI) by carbon-hydrogen analyses and by infrared
absorption measurements. The substance was fur-
ther converted by hydrolysis and decarboxylation
under the influence of barium hydroxide into
tetrahydropyranylacetone (VII), from which a
crystalline dinitrophenylhydrazone could be ob-
tained. Compound VI fails to react with a second
molecule of ethyl acetoacetate under piperidine
catalysis, even at the boiling point of benzene, al-
though reaction of this substance with ethyl
acetoacetate and sodium ethoxide, followed by
treatment with acetic acid-sulfuric acid furnishes
a mixture of VIIIla and IXa in 309, yield.

In order to effect the condensation of §-hydroxy-
valeraldehyde with two molecules of ethyl ace-
toacetate under mild conditions, and at the same
time to avoid insofar as possible diversion of mate-
rial through formation of VI, the Knoevenagel re-
action was carried out in an excess of ethyl aceto-

(9) A. Sandoval, L. Miramontes, G. Rosenkranz, C. Djerassi and
F. Sondheimer, THIS JoURNAL, 78, 4117 (1933); C. Djerassi, L.
Miramontes and G. Rosenkranz, ¢bid., T6, 4440 (1933); A. L. Wilds
and N. A. Nelson, 7b:d., T8, 5366 (1958); C. Djerassi, L. Miramontes,

G. Rosenkranz and F. Sondheimer, {b:d., T6, 4092 (1954).
(10) L. E. Schniepp and H. H. Geller, 75/, 68, 1646 (1946,
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acetate without other solvent and with piperidine
as the catalyst. The crude condensation product
(II, R = —(CH,):OH) thus obtained could not be
purified by distillation owing to extensive decom-
position and resinification, but a low boiling frac-
tion containing the excess ethyl acetoacetate could
be removed, which afforded 3% of ethyl tetra-
hydropyranylacetoacetate (VI) on redistillation.
It was subsequently found that the Knoevenagel
product can be crystallized from ether at low tem-
perature, and a pure specimen, m.p. 88-89°, was
finally obtained in this way. The losses of mate-
rial on crystallization from ether, however, are con-
siderable, and the crude condensation product was
ordinarily employed in the next step without fur-
ther purification.

Direct cyclization and decarboxylation of the
Knoevenagel product in a mixture of acetic acid
and sulfuric acid* was accompanied by acetylation
of the free hydroxyl group and yielded the sub-
stituted Hagemann ester VIIIa as a mobile oil,
b.p. 132-133° (0.01 mm.), Amax 232 my, € 14,150,
contaminated by small amounts of the completely
decarboxylated product IXa. Attempts to remove
the latter impurity by fractional distillation were
unsuccessful, and a satisfactory solution to this

(o] CH; (6] CHj; (6] CH;
\O\A/ A/ NN
RO}CHz‘1 COOEt ROICHZ‘ HOCH;‘
VIIIa, R = CH;CO- IXa, R = CH;CO- X
=H b,R =H

problem was found in a two-step process involving
cyclization with hydrochloric acid in benzene—
ether solution, followed by partial hydrolysis and
decarboxylation in aqueous ethylene glycol at
145°. The product VIIIb obtained in this way
gave correct analyses for the formula CyHyO4 and
furnished a pure dinitrophenylhydrazone melting
at 132-134°, TFurther transformations of VIIIb,
described in the Experimental section, yielded
5-(8-hydroxybutyl) - 3-methylcyclohex-2-en-1-one
(IXb) (dinitrophenylhydrazone, m.p. 76-77°) and
5-(8-hydroxybutyl)-3-methylcyclohexan-1-one (X)
(dinitrophenylhydrazone, m.p. 152-153°; p-nitro-
benzoate, m.p. 82-83°).

In 1948 Mukharji® treated Hagemann’s ester
(IV, R = H) with potassium cyanide under the
Lapworth conditions!! and obtained a liquid nitrile-
ester (XI), which on subsequent alcoholysis, Clem-
mensen reduction, and vigorous hydrolysis with
concentrated hydrochloric acid gave trans-1-meth-
ylhexahydrophthalic acid (XII). The conclu-
sion drawn by Mukharji that the nitrile-ester XI
must likewise possess the frams structure is, in our

CH;
O CH; { COOH
|
] i
1 M
4 COOEt N
COOH
XI XII

(11) A. Lapworth, J. Chem. Soc., 83, 945 (1906},
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opinion, not entirely justified in view of the op-
portunities for epimerization that exist in the steps
leading to XII. Although the stereochemistry of
the cyanide addition reaction is a matter of some
importance in connection with the present synthetic
scheme, a discussion of this aspect of the problem
must be deferred until more conclusive evidence is
available.

In accordance with the general procedure out-
lined by Mukharii, compound VIIIb was treated
with potassium cyanide in an aqueous ethanol
solution containing 0.68 equivalent of acetic acid
per equivalent of potassium cyanide. The product
was isolated as a dark oil, which slowly deposited
crystalline material on standing. Several recrys-
tallizations of this substance afforded a pure
sample of a neutral, nitrogen-containing com-
pound, m.p. 142-143°, which showed no evidence
of conjugated carbonyl absorption in the ultra-
violet. The infrared spectrum was devoid of
nitrile absorption, but possessed an amide band,
and the product was subsequently identified as the
ester-amide XIII. Hydrolysis of the nitrile func-

N
HO[CHz COOEt
N XII

tion must therefore occur during the addition reac-
tion which is carried out in weakly basic solution,
or in the process of isolation.

Since the carboxyl functions present in XIII pro-
vide groups that can be utilized for construction of
the steroid D ring by well established procedures,!?
attention was next directed toward the more press-
ing problem of elaboration of the A/B ring system.
Although methods for accomplishing this end
starting with XIII can be visualized, experiments
that have been carried out thus far have dealt with
products derived from B-(2,5-dimethoxyphenyl)-
propionaldehyde (XVIII) which constitutes a more
promising starting point for this purpose than does
the hydroxyvaleraldehyde.

Two procedures have been developed for prepara-
tion of the required B-(2,5-dimethoxyphenyl)-
propionaldehyde. In the first method 2,5-di-
methoxybenzaldehyde,!? obtained from hydroqui-
none dimethyl ether by the Gattermann cyanide
synthesis, was converted into 2,5-dimethoxycinna-
mic acid® by treatment with acetic anhydride and
sodium acetate. In addition to the cinnamic acid,
there was obtained a small amount of a neutral by-
product, m.p. 112°, that was identified as the diace-
tate XIV.% Catalytic hydrogenation of the unsatu-
rated acid gave $-(2,5-dimethoxyphenyl)-propionic
acid, m.p. 66-67°, which was converted into the
corresponding acid chloride and thence into 8-
(2,5-dimethoxyphenyl)-propionaldehyde by Rosen-

(12) Cf. W. E. Bachmann, W. Cole and A. L. Wilds, THIS JOURNAL,
62, 824 (1940); J. C. Sheehan, R. A. Coderre and P. A. Cruickshank,
ibid.. T8, 6231 (1953).

(13) A. Neuberger, Biochem. J., 48, 599 (1948),

(14) . Kauffmann and K. Burr, Ber., 40, 2352 (1907).

(15) We are indebted to Drs. D. Buckley and M. S, Gibson for this
information.
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mund reduction. The over-all yield based on
hydroquinone dimethyl ether was 26%.

CHscl) _/OCOCH,
Ch
/
7 \OCOCH,
N
CH,0 XIV

A better yield of the propionaldehyde derivative
was obtained by a second method of synthesis, in
which commercially available 2,5-dimethoxyaceto-
phenone served as the starting material. Conden-
sation of this material with ethyl formate gave the
hydroxymethylene ketone XV, which was con-
verted directly without purification into the cor-
responding ethylene acetal (XVI), m.p. 47°, by
treatment with ethylene glycol and p-toluenesul-
fonic acid. Removal of the carbonyl group of
XVI was accomplished by a two-stage process in-

OCH;;
©/
VA 70N
CH;O COCH=CHOH
XV
OCH;
o
/NN /
CH;0 COCH.CH
o
XVI

volving lithium aluminum hydride reduction fol-
lowed by hydrogenolysis of the resulting benzyl
alcohol over a palladium—charcoal catalyst. The
free aldehyde group was finally liberated by shak-
ing an ether—petroleum ether solution of the desoxo
acetal (XVII) with 1 IV aqueous hydrochloric acid.
The over-all yield of B-(2,5-dimethoxyphenyl)-
propionaldehyde (XVIII) obtained in this series of
reactions was about 509%,.

OCH3
0
/NN /
CH;0 CH,CH.CH ] OCH,
XVII
VA YN
CH;0 CH,CH,CHO
XVIII

Condensation of XVIII with two molar equiva-
lents of ethyl acetoacetate proceeded smoothly in
the presence of small amounts of piperidine, and
furnished 699, of a product (XIX) melting at
114-115°. 1In this connection it was observed that
the use of ether as a solvent for the condensation
reaction has a retarding effect on the rate of for-
mation of XIX, although reaction of B-(2,5-
dimethoxyphenyl)-propionaldehyde with the first
molecule of ethyl acetoacetate is apparently fast,
judged by the rapid separation of water from the
reaction mixture.

Treatment of XIX with acetic acid-sulfuric acid
yielded an oily product containing substantial
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quantities of the substituted Hagemann ester XX,
As in the previous case (¢f. VIIIa), however, con-
tamination by the product of complete decarbox-
ylation (XX1I) wasindicated. Thus, reaction of the

O CH;O0 CH;

AN N\
\(}:/ \C/
CH CiiH (e] CH;
VANIVAN NN
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OCH; OCH; COOEt
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7
—
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XXV XXVI

crude mixture with dinitrophenylhydrazine fur-
nished material from which two crystalline dinitro-
phenylhydrazones melting at 137-138° and at
127-128° could be isolated, which were subse-
quently identified as the dinitrophenylhydrazones
of XX and of XXI, respectively.

In order to avoid the difficulties inherent in sep-
aration of the mixture obtained at this stage, and
at the same time to simplify exploratory operations
on the methoxylated aromatic system, attention
was focused on the substituted cyclohexenone XXI.
This substance, obtained directly in 749, yield
from XIX by cyclization followed by total hydroly-
sis and decarboxylation, distilled as a viscous oil,
b.p. 170-172° (0.001 mm.), gave satisfactory an-
alytical values for the formula C;7yHgOs, and fur-
nished the dinitrophenylhydrazone, m.p. 127-128°,
uncontaminated by other derivatives.

Treatment of XXI with sodium, or with lithium,
and alcohol in liquid ammonia resulted in simul-

CH;,
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taneous reduction of the aromatic ring and con-
jugated ketonic system present in this molecule.
Although the crude reaction product obtained after
hydrolysis of the intermediate enol derivative con-
sisted of a mixture of difficultly separable materials,
approximately 309 of the hydroxydiketone XXII
could be isolated by fractional crystallization and
careful chromatography of the mother liquors on
alumina. The product proved to be unusually
soluble in water, and its complete extraction from
aqueous solutions could be accomplished only
after saturation of the aqueous phase with ammo-
nium sulfate.

In the belief that the low yield obtained in the
Birch reduction of XXI might be attributable to
extensive hydrogenolysis of methoxyl groups,!®
we were led to investigate the behavior of the
analogous system present in toluhydroquinone di-
methyl ether (XXVII) toward reduction under the
Birch conditions, Treatment of this compound

CH,O O
CH;; ” CH;;
/
l l
CH;O o
XXVII XXVIII

with sodium and alcohol in liquid ammonia pro-
ceeded without difficulty and afforded methyleyclo-
hexane-2,5-dione (XXVIII),” m.p. 48°, semicar-
bazone, m.p. 240°, in 609, yield. This matter
has not been pursued further, and the factors re-
sponsible for the poor yields of XX11I are a subject
for future investigation.

Chromic acid oxidation of the hydroxydiketone
(XXII) proceeded smoothly in acetic acid—chloro-
form solution at 0° and yielded the triketone XX-
I1I as colorless prisms mielting at 123-124°, This
derivative possesses a 1,7-dicarbonyl system capa-
ble of internal aldol cyclization, and it seemed most
probable that the proximate product of such a
ring closure (XXIV) would isomerize via an inter-
mediate §,v-unsaturated form into the more stable!®
transoid structure represented by XXV. This
expectation was, indeed, realized, and treatment of
XXIII with hydrochloric acid and acetic acid af-
forded a product XXV crystallizing in long pris-
matic needles, m.p. 119°, that showed maximum
absorption in the ultfaviolet at 239 mu, e 15,700.
The position of absorption observed for this com-
pound does not correspond to that predicted!® for
XXIV (257 my), nor to that predicted for the alter-
native structure XXVI (225 mu). The intensity
of absorption is furthermore considerably higher
than that expected for a conjugated ketone of the
s-cis type (XXIV),20

The success achieved in the exploratory experi-
ments outlined in this paper suggest that further

(16) A. J. Birch, Quart. Revs.. 4, 69 (1950),

(17) B. Helferich, Ber., 54, 161 (1921),

(18) Cf.J. G. Aston, G. Szasz, H. W. Woolley and F. G. Brickwedde,
J. Chem. Phys., 14, 67 (1946): A. D. Walsh, Nature, 157, 768 (1946).

(19) R. B. Woodward, TrIS JOoURNAL, 63, 1123 (1041); 64, 76
(1942).

(20) R. B, Turner and D. M. Voitle, {bid., T3, 1403 (1951).
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efforts in this direction may be rewarding. Ad-
ditional work along these lines is now in progress.

Experimental®!

Preparation of Ethyl Tetrahydropyranylacetoacetate (VI).
—A benzene solution of 40 g. of d-hydroxyvaleraldehyde,
prepared as a mixture of hydroxyaldehyde and lactol forms
by the method of Schniepp and Geller?® (b.p. 53-57°, 3
mm., #%¥p 1.4493), and 52 g. of ethyl acetoacetate was
treated with 4 ml. of anhydrous piperidine. A vigorous
reaction ensued, and the water which separated from the
reaction mixture was removed continuously by azeotropic
distillation. After 1.5 hours, 6.8 ml. (1 molar equivalent)
of water had been collected. The solution was then cooled,
diluted with ether, and washed successively with dilute
hivdrocliloric acid, saturated sodium carbonate solution and
water. After drying over anhvdrous sodium sulfate the
solvents were removed, and the product was distilled under
reduced pressure. The main fraction consisted of 66 g.
(799%,) of a colorless liquid boiling at 92-94° (0.5 mm.),
1D 1.4502, d% 1.0555.

Anal.  Caled. for CiyH304: C, 61.66; H, 8.47.
C,61.71; H, 8.65.

Preparation of Tetrahydropyranylacetone (VII).—A mix-
ture of 30 g. of ethyl tetrahydropyranylacetoacetate and
15.3 g. of barium hydroxide in 140 ml. of water and 60 ml.
of ethanol was refluxed with stirring for 6 hours. The
reaction mixture was then filtered, aud the bulk of the
alcohol was removed under reduced pressure. The product
VII was finally extracted into ether and was isolated by
fractional distillation. In this way 9.9 g. of material, b.p.
106-108° (41 mm.), #3?Dp 1.4450, d* 0.9732, was obtained.

Anal. Caled. for CsH1O.: C, 67.57; H, 9.93. Found:
C,67.21; H, 9.97.

The dinitrophenylhydrazone prepared as a derivative was
purified by recrystallization from dilute methanol, m.p.
97-98°,

Anal. Caled. for CuHiNOs: C, 52.17; H, 5.63; N,
17.38. Found: C, 51.87; H, 5.70; N, 17.26.

Reaction of é-Hydroxyvaleraldehyde with Excess Ethyl
Acetoacetate.—A mixture of 100 g. of &-liydroxyvaleralde-
hiyde and 380 g. of ethyl acetoacetate was cooled to 0°
and treated with a solution of 8 ml. of anhydrous piperidine
in 10 ml. of absolute ethanol. Three additional 4-ml.
portions of piperidine were added at 24-hour intervals, and
at the end of 5 days at 0° the reaction mixture was diluted
with ether and washed with dilute aqueous acetic acid,
saturated sodium bicarbonate solution and finally with
water. Distillation of the dried solution under reduced
pressure gave 187 g. of volatile material, which on redistilla-
tion furnished ethyl acetoacetate, b.p. 90-91° (40 mm.),
7D 1.4130, and 5.4 g. of ethyl tetraliydropyranylaceto-
acetate, b.p. 148-152° (40 mm.), #%2p 1.4430. The major
portion of the condensation product (230 g.) could not
be distilled without decomposition, and the crude mate-
rial was accordingly cyclized directly by the procedure
described below. Crystallization of a small sample of the
crude product from ether at low temperature gave fine
needles, which after repeated recrystallization from ether
melted at 88-89°.

Anal. Caled. for CsHO07: C, 59.28; H, 8.19.
C, 59.04; H, 8.23.

Cyclization and decarboxylation of the crude Knoevenagel
product was accomplislied by the following methods. (A)
A solution of 25.9 g. of the crude diester in 40 ml. of acetic
acid was treated with 2.5 ml. of concentrated sulfuric acid
and refluxed for a period of 1 hour. The reaction mixture
was then poured onto ice, and the product was extracted
into ether. The ethereal solution was washed with water
and sodium bicarbonate solution and was dried over an-
hiydrous sodium sulfate. Removal of the solvent gave a
dark oil that oun distillation under diminished pressure
afforded 12.4 g. of a pale yellow liquid VIIIa, b.p. 122-
125° {0.005 nun.), #¥Dp 1.4806, d?" 1.0741, Amax 232 mu,
e 10,600. The 1aterial showed broad absorption in the
carbouy! region of the infrared, and no band corresponding
to hiydroxyl absorption was present. Carbon-hydrogen
analysis gave results that were somewhat high, and the

Found:

Fouund:

(21) All melting puints are corrected. Microanalyses were carried

out by 8. M. Nagy, M.I.T.
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product was evidently contaminated with IXa, whicl,
however, could not be removed by repeated fractional dis-
tillation.

Treatment of the material witli etlianolic hydrogen
chloride resulted in removal of the acetoxyl group and
formation of a hydroxyl containing substance VIIIb, which
was finally obtained in pure form by careful fractionation,
b.p. 135-136° (0.001 mm.), #*p 1.4948, d*° 1.0760, Muax
233 mu, € 12,500.

Amnal. Caled. for C14H2204: C, 66.11, H, 8.72.
C, 66.07; H, 8.66.

The dinitrophenylhydrazone melted at 132-134°.

Anal. Caled. for CyHoO:Ny: C, 55.29; H, 6.03; XN,
12.90. Found: C, 55.22; H, 5.91; N, 12.90.

(B) A 1nore satisfactory preparation of VIIIb involved
thie following procedure. The crude Knoevenagel product
(163 g.) was dissolved in 100 ml. of benzene and 250 ml. of
ether, and 5 ml. of concentrated hvdrochloric acid was
added. After standing overnight at room temperature, the
solvents were removed under reduced pressure, benzene
being added from time to time until all of the hydrochloric
acid iad been removed. Tlie residual material (III, R =
-(CH,):OH) wus then taken up in 480 ml. of ethylene
glvecol and 20 ml. of water and was heated for 6 hours at
145°. The resulting solution was cooled, diluted with an
equal volume of water, and extracted repeatedly with
benzene. Distillation of the benzene soluble product
afforded 47 g. of VIIIDb ideutical in all respects witli inaterial
obtained by procedure A.

Preparation of 5-{§-Hydroxybutyl)-3-methylcyclohex-2-
en-1-one (IXb).—A solution of 25 g. of keto ester VIIIb in
70 ml. of wuter and 50 ml. of ethianol containing 12 g. of
sodium hydroxide was lieated to reflux temperature for 0.5
hour. A mixture of 25 ml. of concentrated sulfuric acid and
50 ml. of water was then added, and refluxing was continued
for an additional 15 minutes. The product was finally
isolated by ether extraction, and on distillation furnished
12.5 g. of material boiling at 140-142° (0.6 mm.), #¥D
1.5008, d?7 1.0210, Apax 234 1, € 11,800.

Anal. Caled. for C;iHyi30:: C, 72.49; H, 9.96.
C, 72.52; H,9.72.

Tlie comnpound yielded a dinitrophenylhydrazone as red
needles, m.p. 76-77°. i

Anal. Caled. for C-HyO;N.: C, 56.34; H, 6.12; XN\,
15.46. Found: C, 56.39; H, 6.44; N, 15.57.

Preparation of 5-(3-Hydroxybutyl)-3-methylcyclohexa-
none (X).—A solutionnof 3.3 g. of the unsaturated ketone IXb
in 35 ml. of etliyl alcohol was stirred in a hydrogen atmos-
phere in the presence of 300 mg. of a 109}, palladium—-charcoal
catalyst. When the absorption of liydrogen ceased, the
catalyst was removed by filtration, and the product was
distilled under reduced pressure. Redistillation furnished
the analytical saniple, b.p. 103° (0.001 mm.), #»¥D 1.4755,
a¥ 0.9942.

Amnal. Caled. for CiiH,0,: C, 71.69; H, 10.94.
C, 71.73; H, 10.83.

Tlie product yielded u dinitrophenylhydrazone melting at
153-154°.

Anal. Caled. for CisHuO;Ng: C, 56.03; H, 6.64; N,
15.38. Found: C, 56.34; H, 6.72; N, 15.41.

Tlhe p-nitrobenzoate was also prepared, and after several
recrystallizatious from ether—petroleum ether a pure sample,
m.p. 82-83°, was obtained.

Awnal. Caled. for C18H9305N: C, 6485;
4.20. Found: C,64.82; H, 7.06; N, 3.93.

Reaction of VIIIb with Hydrogen Cyanide.—To a solution
of 19.5 g. of the keto ester VIIIb in 50 ml. of ethianol, there
was added 10 g. of potassium cyanide dissolved in a small
amount of water. The mixture was cooled to 0°, and 6.0 ml.
of acetic acid was introduced by slow addition through a tube
extending below the surface of the solution. After standing
at 5° for 2 days, aun additional 1.8 ml. of acetic acid was
added, and the reaction mixture was lieated on the steain-
bath for 20 minutes. At the ceud of this time, the solution
was cooled, diluted witls water and extracted with ether and
with ethyl acetate. Removal of tlie solvents (hood!)
gave a dark oil, wlich furnished 5.0 g. of a crude product,
m.p. 110-115°, on crystallization from ethyl acetate con-
taining a small amount of methanol. After several re-
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crystallizations from the same solvent mixture, a pure
sample melting at 142-143° was obtained. The infrared
spectrum of the material XIII showed maxima at 3380
cm.”! (OH), 3225 ecm. ! (NH), 1712 cm. ™! (C=0) and 1675
cm.! (-CONH,).

Anal. Caled. for CisHasOsN: C, 60.18; H, 8.42; N,
4.68. Found: C, 60.15; H, 8.58; N, 4.89.

Preparation of 2,5-Dimethoxycinnamic Acid.—A mixture
of 241 g. of 2,5-dimethoxybenzaldehyde (m.p. 50-51°;
dinitrophenylhydrazone, m.p. 204-206°),1% 142 g. of freshly
fused and powdered sodium acetate, and 380 g. of acetic
anhydride was heated under reflux for 8 hours according to
the procedure of Kauffimann and Burr.!'* The mixture was
then cooled and diluted with water, whereupon the product
separated as a crystalline mass. The material was isolated
by filtration and purified by extraction from an ethereal
solution with 2 N sodium carbonate. The acidic product
obtained in this way crystallized as long needles melting at
147-148°, literature value, 143°.1¢ The yield was 649.

A small amount of neutral product, m.p. 112°, was
isolated from the ether solution remaining after carbonate
extraction, which proved to be the diacetate of 2,5-dimeth-
oxybenzaldehyde hydrate (XIV).

Anal. Caled. for C3HysOq: C, 58.20; H, 6.01.
C, 58.23; H, 5.89.

Preparation of 8-(2,5-Dimethoxyphenyl)-propionic Acid.—
2,5-Dimethoxycinnamic acid (180 g.) was dissolved in 959,
ethanol and shaken with hydrogen at atmospheric pressure
in the presence of 6 g. of 109, palladium-charcoal catalyst.
The theoretical amount of hydrogen was absorbed in 2.5
hours. At the end of this time, the catalyst was removed
by filtration, and the filtrate was clarified by passage through
Celite. Removal of the solvent, and crystallization of the
product from dilute methanol gave 159 g. (879) of 8-(2,5-
dimethoxyphenyl)-propionic acid melting at 64-66.5°.
The analytical sample, m.p. 66-67°, was obtained after
several recrystallizations from the same solvent.

Anal. Calcd. for C11H14041 C, 6284, H, 6.71.
C, 63.07; H, 6.61.

Preparation of 8-(2,5-Dimethoxyphenyl)-propionaldehyde
(XVIII) from g-(2,5-Dimethoxyphenyl)-propionic Acid.—3-(2-
5-Dimethoxyphenyl)-propionic acid (40 g.) was carefully
dried under vacuum and was heated to a temperature just
above the melting point with 25 g. of freshly distilled thionyl
chloride, added in portions. After addition of the thionyl
chloride was complete (about 30 minutes), the mixture was
heated on the steam-bath for 20 minutes, and the excess
thionyl chloride was finally removed under vacuum. Dis-
tillation of the residual material afforded 35.3 g. (829,)
of the acid chloride, b.p. 125-128° (0.01 mm.), which was
reduced directly by the Rosenmund procedure.

A solution of 34.0 g. of acid chloride in 200 ml. of anhy-
drous xylene together with 4 g. of 5% palladium-barium
sulfate catalyst was placed in a 500-ml. 3-neck flask equipped
with a mercury-sealed stirrer, a gas inlet tube extending
below the surface of the solution, and a reflux condenser
connected through a drying tube to a trap containing 1 N
sodiuni1 hydroxide. A quinoline-sulfur poison2?? (80 mg.)
in 10 ml. of xylene was then added, and the mixture was
heated to reflux temperature while a slow stream of hydrogen
was passed through the solution with vigorous stirring.
When the evolution of hydrogen chloride ceased (as deter-
mined by titration of the sodium hydroxide solution), the
catalyst was filtered out, and tle filtrate was shaken for a
period of two days with 300 ml. of a concentrated aqueous
solution of sodium bisulfite. The bisulfite addition com-
pound separated as a voluminous precipitate, which was
filtered and thoroughly washed with ether. This material
was then treated with an excess of 2 N sodium carbonate,
and the resulting aldehyde was extracted with ether and
finally distilled; yield 19.6 g. (689%), b.p. 105-107° (0.001
mm. ), #2p 1.5272, d2¢ 1.1046.

Anal. Caled. for CyHuO5: C, 68.02; H, 7.27.
C, 68.22; H, 7.20.

A yellow dinitrophenylhydrazone, in.p. 133-134°, was pre-
pared as a derivative.

Anal. Caled. for CyH30sNy: C, 54.54; H, 4.85; N,
14.97. Found: C, 54.75; H, 4.91; N, 14.66.
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(22) E. Mosettig and R. Mozingo, Chapter 7 in “‘Organic Reac-
tions,”” Vol. IV, John Wiley and Sons, New York, N, Y., 1948, p. 368.
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Preparation of g-Ethylenedioxy-2,5-dimethoxypropiophe-
none (XVI).—Ethyl formate (330 g.) was added slowly with
stirring to a suspension of alcohol-free sodium methoxide
(prepared from 60 g. of sodium) in 1 1. of anhydrous benzene.
The air in the reaction vessel was displaced by a stream of
dry nitrogen, and a solution of 156 g. of 2,5-dimethoxy-
acetophenone (Aldrich Chemical Co., Milwaukee, Wisc.)
in 300 ml. of anhydrous benzene was added over a period of
one to two hours with external cooling. Stirring was con-
tinued and the mixture was allowed to warm up to room
temperature. Ice was then added, and the aqueous phase
containing the sodium salt of the hydroxymethylene deriva-
tive was washed with ether and immediately acidified with
cold 2 N sulfuric acid. The acidified solution was extracted
several times with ether, and the ether layers were finally
combined and dried over anhydrous magnesium sulfate.
Removal of the solvent left 174 g. of a yellow 0il, Amax
287 my, € 13,600, which crystallized on cooling (m.p. about
30°). The material could not be satisfactorily recrystal-
lized, however, and was employed in the next step without
further purification.

The crude hydroxymethylene ketone XV was dissolved in
1.5 1. of anhydrous benzene containing 52 g. of ethylene
glycol and 0.5 g. of p-toluenesulfonic acid. The resulting
solution was then refluxed (mitrogen atmosphere) under a
water separator for 18 hours. At the end of this time the
dark solution was cooled and washed twice with 159, potas-
sium carbonate solution and several times with water.
After drying over anhydrous magnesium sulfate, the solvent
was removed under reduced pressure, and the product was
rapidly distilled iz vacuo in two batches; total yield 167 g.,
b.p. 184-185° (0.4 mm.). The oily product crystallized
on standing, and after recrystallization from ether—petro-
leum ether afforded 142 g. (779, based on 2,5-dimethoxy-
acetophenone) of white needles, m.p. 45.5-46.5°, Amax
250, 335 mu, € 5,800, 3,400. The analytical sample melted
sharply at 47°,

Anal. Caled. for C3Hs05: C, 61.89; H, 6.39.
C, 62.22; H, 6.61.

Preparation of 8-(2,5-Dimethoxyphenyl)-propionaldehyde
Ethylene Acetal (XVII).—Lithium aluminum hydride
(25.0 g.) was stirred under reflux with 1 1. of anhydrous
ether for 1 hour. A solution of 98.5 g. of X VI, obtained as
described in the preceding experiment, in 250 ml. of dry
ether was then added dropwise with stirring. After gentle
refluxing overnight, the reaction mixture was hydrolyzed
by the cautious addition of the minimum amount of water,2?
and the granular precipitate that formed was removed by
filtration. The filtrate was then dried over anhydrous
magnesium sulfate, and after evaporation of the solvent,
95 g. of a viscous oil was obtained that could not be induced
to crystallize,

The crude alcohol obtained at this stage was dissolved
in 200 ml. of glacial acetic acid and was stirred in an atmos-
phere of hydrogen with 15 g. of 109, palladium-charcoal
catalyst. After about 20 hours the uptake of hydrogen
ceased, and the catalyst was removed by filtration. The
filtrate, after clarification by passage through Celite, was
poured into water containing excess potassitm carbonate,
and the product was isolated by ether extraction. Distilla-
ation gave 81 g. (879%) of a colorless oil, b.p. 159° (0.04
mm. ), Amax 227, 279 mu, € 8,400, 3,800.

Anal. Caled. for C3Hs0s: C, 65.53; H, 7.61.
C, 65.58; H, 7.49.

Preparation of §-(2,5-Dimethoxyphenyl)-propionaldehyde
(XVIII) from XVII.—To a solution of 30 g. of XVII in 1 1.
of ether—petroleum ether (1:3) there was added 500 ml. of
1 N hydrochloric acid. The mixture was vigorously
agitated under nitrogen by means of a ‘‘vibromischer’’24
for a period of 4 hours. The organic layer was then sepa-
rated and washed with dilute sodium carbonate solution,
and the product XVIII was finally isolated via the bisulfite
addition compound as described in the previous preparation;
vield 11.5 g. (67%,).

Condensation of g-(2,5-Dimethoxyphenyl)-propionalde-
hyde (XVIII) with Ethyl Acetoacetate.—A mixture of 10.3
g. of B-(2,5-dimethoxyphenyl)-propionaldehyde (XVIII)
and 13.8 g. of ethyl acetoacetate was cooled to 0° and treated

Found:
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(23) Since the reduction product is unusually soluble in water, the
use of excessive amounts of water is to be avoided.
(24) A. G. fiir Chemie-Apparatebau, Ztirich.
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with a solution of 1 ml. of piperidine in 2 ml. of absolute

ethanol. After standing at 0° for 3 days, considerable
quantities of crystalline material had separated. The re-
action mixture was then diluted with ether, and, after a
period of several hours at 0°, the product (12.4 g., m.p.
114-115°) was collected by filtration. The filtrate was
dried over anhydrous magnesium sulfate, and, after standing
for 3 more days at 0°, an additional 3.0 g. was obtained;
total yield, 15.4 g. (699%,).

Several recrystallizations from dilute ethanol furnished
the analytical sample, m.p. 116-117°. .

Amnal. Caled. for CuH3:04: C, 63.28; H, 7.39. Found:
C, 63.10; H, 7.23.

Reaction of XIX with Acetic Acid-Sulfuric Acid.—The
Knoevenagel condensation product XIX obtained in the
preceding experiment (19.0 g.) was dissolved in 30 ml. of
acetic acid containing 2 ml. of concentrated sulfuric acid,
and the resulting solution was refluxed for 1 hour, during
which time the vigorous evolution of carbon dioxide was
observed. The reaction product was isolated by standard
procedures, and on distillation under reduced pressure 7.8 g.
of a pale vellow oil, b.p. 186-190° (0.001 mm.) »%D 1.5389,
was obtained. The material gave unsatisfactory analyses,
and could not be purified further by fractional distillation.

A sample of the material was treated with dinitrophenyl-
hydrazine, and the resulting oily product was chromato-
graphed on alumina. Two pure dinitrophenylhydrazones
were obtained in this way. One of these substances (m.p.
127-128°) was identified as the dinitrophenylhydrazone
of XXI (see below), whereas the second product (m.p.
137-138°) proved to be the dinitrophenylhydrazone of XX.

Anal. Caled. for CstzoOsNAI C, 5931, H, 574, N,
10.64. Found: C, 59.37; H, 6.06; N, 10.48.

Preparation of 5-8-(2,5-Dimethoxyphenyl )-ethyl-3-methyl-
cyclohex-2-en-1-one (XXI).—A solution of 45 g. of XIX
in 270 ml. of benzene and 225 ml. of ether was treated under
nitrogen with 4.5 ml. of conceutrated hyvdrochloric acid.
After standing at room temperature for 2 days, the mixture
was washed successively with water, saturated sodium
bicarbonate solution, water, saturated sodium chloride,
filtered through anhydrous magnesium sulfate and evapo-
rated to dryness. The residual oil (43.8 g.) was then taken
up in a mixture of 90 ml. of ethanol and 135 ml. of water
containing 28.3 g. of sodium hydroxide and allowed to stand
at room temperature under nitrogen for 2 days. At the
end of this time the solution was heated under reflux for 1
hour, cooled and treated cautiously with a solution of
36 ml. of concentrated sulfuric acid in 135 ml. of water.
When the evolution of carbon dioxide had subsided, the
mixture was carefully heated to reflux temperature, and
refluxing was continued for 0.5 hour. Distillation of the
neutral product XXI under diminished pressure afforded
20.8 g. (749%) of a viscous oil boiling at 172-174° (0.06
mm.).

Anal. Caled. for C3HO;: C, 74.42; H, 8.08.
C, 74.22; H, 7.82.

Tlie dinitrophenylhydrazone melted at 127-128° and did
not depress tlie melting point of the dinitrophenylhydrazone
m.p. 127-128°, isolated in the preceding experiment.

Anal. Caled. for CpHasOsNy: C, 60.78; H, 5.77; N,
12.33. Found: C, 60.71; H, 5.93; N, 12.37.

Birch Reduction of XXI.—Liquid aminonia (1 1.) dried
by distillation from sodium wuas collected in a 2-1. 3-neck
flask equipped with a mechanical stirrer, dropping funnel
and outlet tube protected from the atmosphere by a soda
lime drying tower. Tlie reaction vessel was inaintained at a
temperature of about —40° and a solution of 16.9 g. of 5-3-
(2,5-dimethoxyplienyl)-etliyl-3-methylcycloliex-2-en-1-one
(XXI) in 80 ml. of absolute ethanol was introduced. Sodium
(30.0 g.) was then added in small pieces with stirring over a
period of 2 hours. At the end of 12 hours alcohol was
added until tlie blue color disappeared, and the ammonia
was then allowed to evaporate. The product was taken up
in etlier, waslied witli water, and the ether was removed
in vacuo. Hydrolysis of the residual oil was carried out by
warniing the material for 0.5 hour with 1 N hydrochloric acid

Found:

R. ANLIKER, A. S. Linpsey, D. E. NETTLETON, JR., AND R. B. TURNER

Vol. 79

in 20% aqueous ethanol, in which solvent thie hydroxy-
diketone XXII is quite soluble. After liydrolysis was
complete, the remaining insoluble material was removed by
extraction with small amounts of petroleum ether, and the
clear aqueous alcoholic phase was saturated with ammoniumn
sulfate, and tlioroughly extracted with ether. The ether
extracts were combined, dried over anhydrous sodium
sulfate, concentrated to small volume, and allowed to stand
overnight at 0°. At the end of this time 2.0 g. (15%) of the
hydroxydiketone XXII, m.p. 92-94°, had separated. A
further 2.0 g. of this material could be obtained from the
filtrate by repeated cliromatography on alumina. Several
recrystallizations from benzene—petroleum ether gave the
analytical sample, m.p. 103-104°.

Anal. Caled. for C3HuOy: C, 71.39; I, 9.50.
C, 71.21; H,9.78.

The compound furnished a bis-dinitrophenylhydrazone
melting at 210° dec.

Anal. Caled. for CyHgpOsNg: C, 52.93;
18.28. Found: C, 52.97; H, 5.57; N, 18.21.

Preparation of 5-8-(2,5-Diketocyclohexyl)-ethyl-3-methyl-
cyclohexanone (XXIII).—A solution of 2.44 g. of the hy-
droxydiketone XXII in 15 ml. of glacial acetic acid and 5
ml. of alcohol-free chloroform wus cooled to 0° and treated
with a solution of 1.3 g. of chroniium trioxide in 3 ml. of
acetic acid and 2 ml. of water. After standing overnight at
0° the reaction mixture was diluted with water, and the
product was isolated by extraction with methylene clhiloride.
Crystallization from inethylene chloride—ether gave 1.5 g.
of triketone XXIII mielting at 122-123°, The analytical
sample, m.p. 123-124°, was obtained after several recrystal-
lizations from benzene—petroleum ether.

Anal. Caled. for CysH20;5: C, 71.97; H, 8.86.
C, 72.23; H, 9.09.

Preparation of 2-Methyl-a3¢a)-dodecahydrophenanthrene-
4,7-dione (XXV).—Tle triketone XXIII (503 ing.) was dis-
solved in 50 ml. of acetic acid. Concentrated hydrochloric
acid was added, and the mixture was lieated to 100° under
nitrogen for 16 hours. The dark solution was then poured
into water containing an excess of potassium carbonate, and
the product was extracted with ether. Removal of tle
solvent gave 443 mg. of a red oil that crystallized on stand-
ing. The materiul was taken up in benzene, and after
passage througl a short column of alumina, 384 mg. of light
vellow crystals was obtained. Recrystallization from
hexane afforded the analytical sample as white prismatic
needles melting sharply at 119°, Apax 239 mu, € 15,700,
vmax 1700, 1659, 1617 cm.~1.

Anal. Caled. for C;;HyO,: C, 77.55; H, 8.68.
C, 77.82; H, 8.52.

Birch Reduction of 2,5-Dimethoxytoluene (XXVII).—
Liquid ammonia (1.3 1.) was dried with sodium and distilled
into a 2-1. 3-neck flask equipped with a meclhanical stirrer
and maintained at a temperature of about —40°. A
solution of 21.3 g. of 2,5-dimethoxytoluene in 75 ml. of
absolute ethunol was introduced, and 30 g. of sodium was
added in sinall pieces with stirring over a period of several
liours. After 12 liours tlie ammonia was allowed to evapo-
rate, ether being added from time to time in order to precipi-
tate the sodium ethoxide formed during the reductiou.
The ethereal solution was decanted from tlie solid material,
and was thoroughly washed with water, dried and distilled.
The product (15.9 g., b.p. 208° at 760 mm.) was suspended
in aqueous methanol to which several drops of concentrated
hydrochloric acid were added. The flask was then shaken
until all of tlie material dissolved (about 15 minutes), and
the solution was diluted with water, washed with a small
amount of ether and saturated with ammonium sulfate.
Repeated extraction with ether furnished 10.3 g. of crystal-
line 2-methylcvelohexane-1,4-dione, whicli, after recrystal-
lization from ether—petroleum ether melted at 48° (literature
value, 50°).® The compound furnished a bis-semicarba-
zone, nt.p. 240° dec. (literature value, 240°).18
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