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from rats have been described.!* An aqueous solution of
the radioactive drug was administered by intraperitoneal
injection to rats at a dose level of 10 mg./kg. of body weight.
The dog experiments were performed on a female chihuahua
weighing two kilograms. The collection of urine and respir-
atory carbon dioxide was done through the use of a specially
designed all glass metabolic cage. The dose employed for
the dog study was 5.0 mg./dog (i.p.).

Urine samples were hydrolyzed by refluxing 1 hr. after
adding 109% by volume of concentrated hydrochloric acid.
In the case of the rat urine hydrolysis by incubation with
B-glucuronidase was also employed.!* The hydrolyzed
urine samples were first extracted at pH 2, and then a second
extract was made at pH 8. Ether was used as the extrac-
tion solvent. The pH 8 extracts from the dog urine con-
tained 55~659%, of the urinary radioactivity. The figure was
75-85% in the case of the rat. The amount of radioactive
material in the acid extracts was negligible and was not in-
vestigated further.

The material which was extractable at pH 8 was examined
by chromatographic separation on Whatman No. 1 paper,
which had been buffered by treatment with 0.1 M phosphate
buffer (pH 6.1). The papergrams were developed with ¢
amyl alcohol-n—butyl ether-water (80:7:13).% The radio-
active spots were located in an automatic scanner equipped
with a windowless gas flow counter. Phenols were located
by spraying with diazotized sulfanilamide.’

(14) R, E. McMahon, THIS JoOURNAL, 80, 411 (1958).
(15) A. Brossi, O. Haflinger and O. Schnider, Arzneim. Forsch., 5,
62 (1955).
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Isolation of the Metabolite III from Urine.—Two dogs
were given a total of 320 mg. of II by i.p. injection, and the
urine was collected for 36 hr. The urine was made 1 N with
hydrochloric acid and refluxed for 1 hr. An extract of the
acidic solution was made and discarded, and the urine was
t}lden adjusted to pH 8 and extracted with methylene chlo-
ride.

The alkaline extract was a dark oil which was acetylated
by dissolving in a mixture of 3 ml. of pyridine and 0.5 ml. of
acetic anhydride. The diacetate so obtained was heated to
boiling with 1 N alcoholic NaOH to hydrolyze the ester
grouping. The crude N-acetyl derivative of the metabolite
was then purified by chromatography on silica gel (David-
son) using benzene—ether mixture for elution. The peak
radioactive fractions were combined to give 10 mg. of radio-
active metabolite which had an infrared spectrum quite
consistent with the proposed structure, 7.e., the N-acetyl
derivative of III. Other properties of this material are dis-
cussed in the text.

The same material was also isolated from the urine of rats
which had received a total of 50 mg. of II by intraperitoneal
injection. The physical properties (infrared, ultraviolet and
paper chromatographic behavior) were identical to those of
the material isolated from dogs.
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Degradation of jaconecic acid with lead tetraacetate at 100° yielded carbon dioxide, acetaldehyde, 8-methyllevulinic acid

and B-methyl-y-carboxy-+v-valerolactone.

Under the same conditions 7sejaconecic acid gave a ketonic acid CoH140;.

The

lithium aluminum hydride reduction product of dimethyl jaconecate is almost inert to periodic acid, whereas that from di-

methyl ¢sojaconecate consumes more than one mole, and liberates formaldehyde.

These results, together with the ferric

chloride test and active hydrogen determinations establish that 4sojaconecic acid is an e-hydroxy acid whereas jaconecic acid

is not.

lithium aluminum hydride, consumes two moles of periodic acid and liberated formaldehyde.

The dimethyl ester from the acid CoH14Os obtained by nitric acid oxidation of jaconecic acid, on reduction with

These, together with previous

results, have been reinterpreted in terms of new formula, which are supported by nuclear magnetic resonance data.

A number of different structures have been
proposed for jaconecic acid (Ta),® (Ib),2 (IT),?
zsojaconecic acid (III)!™ and the chlorodilactone
(IV),** (V).3¢ These formulas were based on the
assumption that, in the chlorodilactone, the
presence of an infrared carbonyl band at 1781 cm. ™!
and the absence of a band between 1750 and 1735
cm.~!®indicated the presence of two five-membered
lactone rings. Relevant data are collected in
Table I. However, it is possible for spiro-type
é-lactones to show absorption in the region 1793-
1786 cm. 1,7 and this shift can occur where there is

(1) (a) R, B, Bradbury, Chemistry & Industry, 1021 (1954): (b)
R. B. Bradbury and J. B. Willis, Aust. J. Chem., 9, 258 (1956),

(2) R. B. Bradbury, Tetrchedron, 2, 363 (1958).

(3) R. Adams, M. Gianturco and B. L. van Duuren, THIS JOURNAL,
78, 3513 (1956).

(4) R. Adams and M. Gianturco, "Festschrift Prof. Arthur Stoll,’’
Druck von Birkhauser Ag., Basel, Switzerland, 1957, p. 77.

(8) L. J. Bellamy, ""The Infrared Spectra of Complex Molecules,’
2nd ed., Methuen and Co., Ltd., London, 1938, pp. 179, 185, 186.

(6) R. Adams, P. R. Shafer and B. H. Braun, THIS JoURNAL, T4,
5612 (1952),

TaBLE I
INFRARED CaRBONYL FREQUENCIES, CM.~! (CHLOROFORM)
Chlorodilactone 1781
Jacolinecic dilactone acetate 1780, (1742)
p-Bromophenacyl derivative of g-methyl-y- 1779, (1751,

carboxy-vy-valerolactone 1702)
Monocrotalic acidé
R CO.H
| | la}
c——~C i ° =
pa I\\ aC}§,5.6 ,Ro H 1774
HsCCH CHg CHJ 0 acid, —60.0 1782
acid, -5.0°,R = OH 1780

co

ring strain® In addition, since it has hitherto
been necessary to postulate methyl group migration?
to explain the conversion of Ib to B-methyl-v-
carboxy-vy-valerolactone, and since the formulas
proposed by Adams®*%® cannot be satisfactorily
explained in terms of the experimental data, the

(7) R. N. Jones and F. Herling, J. Org. Chem ., 19, 1252 (1954).
(8) R. Adams and M, Gianturco, Angew. Chem., 69, 1252 (1954).
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assumption that the chlorodilactone contains two
five-membered lactone rings has now been dis-
carded. It is the purpose of this paper to present
new results which, together with those previously
obtained, can be interpreted iu terms of new
formulas.

is0Jaconecic acid, together with jaconecic acd,
has been obtained from the alkaline hydrolysis of
jacobine, jaconine and the chlorodilactone (Cy-
H,;0.Cl) and is undoubtedly also formed under the
same conditions from tomentosine® and othosenine,®
but has apparently been overlooked by the Ameri-
can and Russian workers. It is produced in ap-
proximately equimolecular proportions to jaconecic
acid, and was first detected by its higher rotation
and different R¢ value. Although jaconecic acid
can be obtained pure by recrystallization of the
mixed acids from ethyl acetate, a clear separation
of zsojaconecic acid can only be achieved by parti-
tion chromatography on silica gel or, better, anion
exchange chromatography. Itis possible that some
specimens of jaconecic acid previously obtained
were contaminated with ¢sojaconecic acid since
they gave a faint color with ferric chloride. It has
now been found that pure jaconecic acid does not
give a reaction with ferric chloride whereas iso-
jaconecic acid does. When the test is performed
on neutral solutions of the acids prepared by addi-
tion of a slight excess of ammonia and boiling, both
give brown solutions, but Zsojaconecic acid gives a
brown precipitate which gradually dissolves on
standing. Jacomnecic acid gives a positive iodoform
reaction. The difference in reactivity of jaconecic
and ¢sojaconecic acids with oxidizing agents is
notable. While jaconecic acid is readily oxidized
by dilute nitric acid to oxalic acid, «,8-dimethyl-
malic acid and two other dibasic acids (CyH14Os
and CgH1:07},1° isojaconecic acid is largely recovered
unchanged. With lead tetraacetate in aqueous
acetic acid at 100° jaconecic acid reacts vigorously
liberating carbon dioxide and acetaldehyde. This
contrasts with its inertness to periodic acid at room
temperature which was taken to indicate the ab-
sence of a glycol grouping.!? Extraction of the

(9) E.S.Zhdanovich and G. P. Menshikov, J. Gen. Chem., U.S.S.R.,

11, 835 (1941).
(10) R. B, Bradbury, Aust. J. Chem., 9, 521 (1956).
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non-steam volatile products from the lead tetra-
acetate reaction mixture gave two liquid acids
which were detected by paper chromatography and
separated by partition chromatography on silica
gel.  The first, which analyzed for the formula
CeH 1003, was an optically active, monobasic acid
containing a carbonyl group and two carbon methyl
groups. It did not give a Schiff’s test, nor was
it oxidized by dilute alkaline permanganate at (°,
but gave a positive iodoform test, and therefore
was a methyl ketone. It was isolated as a hy-
groscopic oil, which could be distilled without de-
composition, and therefore was not a 8-keto acid.
The infrared spectrum of the oily ketonic acid
showed carbonyl absorption at 1716 cm.™!. Its
p-bromophenacyl derivative showed bands at 1698
and 1745 cm. ! due to phenacyl carbonyl and ester
groupings, respectively. This compound was
thought to be a-methyllevulinic acid, and a syn-
thetic specimen of this acid was prepared by the
condensation of ethyl o-bromopropionate and
ethyl acetoacetate, followed by hydrolysis and
decarboxylation.!? The synthetic and natural
acids showed only one spot ou paper at the same
R¢value. Their semicarbazones, although melting
at the same temperature, showed depression when
admixed, and the dinitrophenylhydrazones were
different. Resolution was achieved using cinchoni-
dine, to give on recovery the pure dextrorotatory
a-methyllevulinic acid, but its specific rotation was
much lower than that of the natural acid, and its
semicarbazone and p-bromophenacyl derivatives
were different. The only other likely alternative,
B-methyllevulinic acid, was prepared in a similar
manner from ethyl bromoacetate and ethyl methyl-
acetoacetate,!! followed by hydrolysis and de-
carboxylation. The semicarbazone and dinitro-
phenylhydrazone showed no depression when ad-
mixed with the derivatives from the natural keto-
acid obtained from the action of lead tetraacetate on
jaconecic acid.

The second product from the action of lead tetra-
acetate on jacomnecic acid was also a hygroscopic,
optically active oil, which gave a positive iodoforin
test, but a negative Schiff’s test. Analvsis of the
p-bromophenacyl derivative indicated the formula
C/Hy;pOys, and it contained two carbon methyl
groups, but did not yield carbonyl derivatives.
It behaved as a monobasic acid on titration witlh
alkali at room temperature, but required a second
equivalent of alkali at 100°, indicating a lactone
structure. The p-bromophenacyl derivative was
evidently dimorphous since when first prepared
it had m.p. 82-83°, but on standing changed to
109°. The infrared spectrum of this derivative
showed carbonyl absorption at 1702, 1751 and 1779
cm.~! due to phenacyl carbonyl, ester and a v-
lactone, respectively. The band at 1751 cm. ™! is
somewhat higher than the frequency for a normal
ester (vide infra), and corresponds with that of an
ester with an oxygen containing substituent on the a-
carbon atom.!®!? There is no band in the hydroxyl

{11) E. A. Braude and C. J. Timmons, J. Chem. Soc., 3313 (1933).

(12) The p-bromophenacyl ester of the stereoisomer, [alp —60.0°,
of dihydroanhydromonocrotalic acid (R. Adams and F. B. Hauserman,
THIS JoURNAL, T4, 694 (1952)) shows a band in the infrared at ap-
proximately the same frequency.
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region. This compound was thought to be 8-
methyl-y-carboxy-y-valerolactone, and a specimen
was prepared in small yield by treatment of 8-
methyllevulinic acid with liquid hydrogen cyanide
followed by hydrolysis and lactonization. The
crude product showed three spots by paper chroma-
tography at R¢ 0.86 due to unchanged S3-methyl-
levulinic acid, one at Rt 0.66 corresponding to the
compound CyH;Q, obtained from jaconecic acid,
and an unidentified spot at Rt 0.71. The com-
pound of R: 0.66 was separated from unchanged
B-methyllevulinic acid by partition chromatography
on silica gel, and resolved by means of the cinchoni-
dine salt to give a dextrorotatory oil having ap-
proximately the same specific rotation as that of the
carboxylactone obtained from the lead tetraacetate
oxidation of jaconecic acid. Its p-bromophenacyl
derivative melted at 105-106°, and showed no de-
pression with the derivative of the natural prod-
uct, and the infrared spectra in Nujol were virtu-
ally identical, only small differences in resolution of
bands being evident, which could be attributed to
admixture of the natural sample with the lower
melting dimorphic form.

The oxidation of <sojaconecic acid with lead
tetraacetate under the same conditions gave
carbon dioxide, a small amount of acetaldehyde,
and from the non-steam volatile residue a relatively
large yield of an oil which showed two spots by
paper chromatography, one corresponding to
unchanged <sojaconecic acid and the other to a new
compound. Separation of these on silica gel as be-
fore yielded a new optically active, monobasic acid of
the formula CgH;40s. The infrared spectrum of
the p-bromophenacyl derivative of this acid,
showed three bands in the carbonyl region at 1702,
1726 and 1743 cm.™*, which correspond to the
phenacyl carbonyl, ketone and ester groupings,
respectively, and no band in the hydroxyl region.
An attempt to prepare a dinitrophenylhydrazone
resulted in the formation of a compound having
the probable formula C,HyO11Ng.'? It contained
a free carboxyl group.

Jaconecic and isojaconecic acids also differ in the
reactivity of their hydroxyl groups. Whereas
jaconecic acid yields a monoacetate'® with acetyl
chloride, a crystalline derivative could not be ob-
tained from <sojaconecic acid. Active hydrogen
determinations carried out on dimethyl ¢sojacone-
cate and bis-p-toluene sulfonyl derivative of its
lithium aluminum hydride reduction product gave
approximately one-third of one mole of methane.
Normal values corresponding to one mole of meth-
ane were obtained with these derivatives of jacone-
cic acid. However, although only bis-p-toluene-
sulfonyl derivatives of the lithium aluminum
hydride reduction products of both dimethyl
jaconecate and dimethyl <sojaconecate were ob-
tained, triacetates of both resulted on reaction
with acetyl chloride. These results suggest the
presence of a secondary hydroxyl group in jaconecic

(13) This compound was at first thought to have the formula CyHie-
OsN4,? and was considered to be a derivative of methylacetoacetic acid.
However, in attempts to prepare an authentic specimen only the pyra-
zolone resulted. The nitrogen values are about 1% too low for the
formula Ca1H32:0uNe, but this may have been due to the formation of a
difficultly combustible nitrogenous tar in the micro-Dumas nitrogen
determination.
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Fig. 1.—Nuclear magnetic resonance spectra in CDCl
solution: A, chlorodilactone; B, dimethyljaconecate; C.
dimethyl isojaconecate.

acid and probably a tertiary hydroxyl in <so-
jaconecic acid. Analyses of the derivatives con-
firm the formula C;pHyO4® for the reduction
products, and since an oxygen atom is unaccounted
for in the formation of derivatives and in active
hydrogen determinations it must be present in an
oxygen containing ring which is resistant to lith-
ium aluminum hydride. The reduction products
of jaconecic and <sojaconecic acids consume 0.2
and 1.3—-1.8 mole of periodic acid per mole of
substance, respectively, and the latter yields
formaldehyde, which definitely establishes the
presence of an a-hydroxy acid group in 7sojaconecic
acid. Extraction of the steam distilled solution
from the reaction between periodic acid and the
reduction product of dimethyl Zsojaconecate gave
an oil from which a solid, m.p. 232° (probable
formula CigH»O7), was obtained. This substance
showed no carbonyl absorption in its infrared spec-
trum, but strong hydroxyl absorption at 3436
cm.~! It has not been studied further. The
residual oil after the removal of this solid gave
a  bis-2,4-dinitrophenylhydrazone, CyHasO1cNg,
which indicates a formula CyH;604 for the oxidation
product.

The relationship between jacobine and jaconine
has previously been established!® as that of an
epoxide and a chlorohydrin, respectively, and the
suggestion then made that jacoline wasithe cor-
responding glycol'® has now been confirmed.
Jacobine can be hydrolyzed with 25%, sulfuric acid
to jacoline, with the concomitant formation of a
neutral compound which on acetylation gives acetyl
jacolinecic dilactone. Periodic acid oxidation of
jacoline has also been found to yield acetaldehyde.

By a consideration of the products obtained from
the reaction of jaconecic acid with lead tetraacetate,

(14) Information kindly supplied by Dr. T. A. Geissman.
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namely, carbon dioxide, acetaldehyde, 8-methyl-
levulinic acid (VIII) and B-methyl-y-carboxy-+-
valerolactone (VII), it is possible to arrive at a
formula VT for jaconecic acid. The decomposition
can be represented

o GOH e GOH L
3 CH\(\:/O\C/LOQH PbAO, 3\ \ /‘O C()z
“CH; sHr ¢ SCH
4o | o | | 3
CH:—CH (AcOiPb=0  Cp—cH
|
VI CH,; i CH;
v
n
0N, */OI({) COH coogfo COOH
NN PhAcD, A\ P
C ~ HgO C C—QHs
Sy CH
(AcO);Pb0' | I 3 |
C z“(I,‘H CH;“‘L;H
‘ CHg ~ CHd
i GH,—CHO
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0] CH:
0= C O\C/COOH hydrolysis COOHKC/ ’
| | \CHd oxjdation |
CH2 CH of a-hydroxy CHg—'CH
| acid |
vir + O 4 CHa
C/Oz CO) -
VIII

This formula can explain most of the properties of
jaconecic acid: positive iodoform test, negative
ferric chloride test, formation of a monoacetate
with acetyl chloride and an anhydride (IX) with
acetic anhydride and reduction of its dimethyl

CH&“C+CH CH;,
/ co
\, !

CI—CH2
H;C—CH—-0Ac
X

ester with lithium aluminum hydride to yield a triol
which is almost inert to periodic acid. The lithium
aluminum hydride reduction product of the di-
methyl ester of the dibasic acid C¢H,4Os, obtained
from nitric acid oxidation of jaconecic acid,!®
consumed two moles of periodic acid and liberated
formaldehyde., The infrared spectrum of the bis-
p-bromophenacyl derivative of the dibasic acid
CoH,0;1° showed bands at 1770, 1748 and 1702
cm.”! However, until further results are ob-
tained, structures cannot with certainty be pro-
posed for these compounds.

Isojaconecic (X) 1s an a-hydroxy acid, and when
oxidized with lead tetraacetate it gives carbon
dioxide, a small amount of acetaldehyde and a keto-
acid CoH;404 (XI), according to the scheme X-XII.
When treated with 2,4-dinitrophenylhydrazine
in acid solution ring opening and oxidation occurs
to give a bis-dinitrophenylhydrazone (XII).!3

(13) A small amount of acetaldehyde can be explained in a similar
manner to that used for jaconecic acid.
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XII
The lithium aluminum hydride reduction prod-
uct of dimethyl 4sojaconecate consumed more
than one mole of periodic acid with the liberation
of formaldehyde, and the non-steam-volatile prod-
uct formed gave a bis-dinitrophenylhydrazone

(XIII), corresponding in composition with that
O\ /CH3 /O\ /Cf"I(;
H:,C— CH C\CHzOH H10, HJC—-C CI:\CHQOH
HO- /!
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above (XII). Isojaconecic acid is not appreciably
oxidized by nitric acid in contrast to jaconecic
acid.’® Advantage can be taken of this fact to
obtain pure Zsojaconecic acid.

The proton magnetic resonance spectrum?
(curve A) of the chlorodilactone XIV (wide infra)

P
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(18) This is remarkable because of the ease with which cineolic acid
is oxidized by mitric acid (O, Wallach and E. Gildemeister, Ann., 246,

H,c._ O _CH; HO,C._ O
CH CH-COH
o ¥ $con
' CH CH, CH—CH,
HO.C CH;

265 (1888)), and the resistance shown by tetrahydrofuran-2,5.di-
carboxylic acid under the same conditions (W. W, Haworth, W. G. M.
Jones and L. F. Wiggins, J. Chem. Soc., 1 (1943)).

(17) All spectra of the compound (in deuterated chloroform) were
obtained at 40 megacycles per second in a magnetic field of approxi-
mately 9400 gauss, employing benzene as a reference.
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showed a peak at 87 c.p.s. (area == 1 proton, quad-
ruplet), demonstrating that one hydrogen is at-
tached to a carbon (C-8) carrying a methyl group
(C-9) and chlorine atom. In the C-methyl region,
a doublet (area =< 3 protons) at 210 and 216 c.p.s.
can be ascribed to the C-5 methyl group. Peaks
at 191 and 197 c.p.s. (area = 6 protons) comprise a
doublet, assigned to the C-9 methyl group, and a
singlet, assigned to the C-3 methyl group. The
spin-spin coupling constant, J, between the C-9
and C-8 methine group is 6 c.p.s.

In the case of dimethyl ¢sojaconecate (curve C),
singlets at 102 (area =< 3 protomns), 106 (area = 3
protons), 197 (area 2 3 protons) and a doublet at
219 and 226 c.p.s. (area = 3 protons) are assigned
to C-11 (or C-12), C-12 (or C-11), C-3 and C-5
methyl groups, respectively. Peaks at 115 c.p.s.
(area =2 1 proton, quadruplet), 208 and 215 c.p.s.
support the presence of the C-8 and C-9 system
(the coupling constant, 7 c.p.s.). The appearance
of the proton resonance of the hydroxyl group at
an unusually low field can be rationalized by strong
hydrogen bonding of the a-hydroxy ester.

The overlapping of peaks in the spectrum of
dimethyl jaconecate VI (curve B) presents some dif-
ficulty in interpretation, with the exception of
the methyl ester peaks at 105 and 107 c.p.s.
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~ | -
-00c¢< 5 ;(gﬂo
CHs—CH :
CH,
0 CH
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H;CCH—CCH,CHCCOOR
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XVIII, R unknown basic moiety
Careful measurement of each area and comparison
with the spectrum of dimethyl 7sojaconecate, how-
ever, leads to quite reasonable assignments. The
area at 202, 209 and 216 c.p.s. corresponds to 1.5,
1 and 0.5 protons. This suggests the presence of
(1) one singlet at 202 c.p.s., (2) one doublet at
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202 and 209 c.p.s., and (3) one doublet at 209 and
216 c.p.s. In a similar manner to that used for
dimethyl sojaconecate, these peaks are assigned,
C-3, C-9 and C-5 methyl groups, the second one
being coupled with the C-8 proton, which ap-
peared at 92 c.p.s. (quadruplet).

Jacobine, jacoline and jaconine can be repre-
sented as XV, XVI, and XVII, respectively,
the chlorodilactone as XIV and mechanisms of
hydrolysis to jaconecic and Zsojaconecic acids as
shown. Tomentosine? must now be written as
XVIII.

Further confirmation of the structure of jaco-
bine has been obtained by its reaction with lead
tetraacetate in which acetaldehyde and B-methyl-
levulinic acid are formed. With periodic acid a
solid compound of the formula CigHerOsNI, (see
Experimental) is formed. A compound analogous
to jaconine hydrochloride of the composition
CisH27O¢NBry can be isolated by treating jacobine
with two moles of hydrobromic acid,'® and this
confirms the presence of an epoxide group in this
compound.

Acknowledgment.—Thanks are due to Mr. S.
Mosbauer for capable technical assistance, and to
Dr. J. B. Willis and Mr. A. Moritz for measuring
the infrared spectra.

Experimental'®

Reaction of Jacobine with Hydrobromic Acid.!*—When
jacobine was treated with exactly two moles of aqueous hy-
drobromic acid as described previously!P colorless prisms
from alcohol, m.p. 254°, were obtained.

Anal. Caled. for CiHpOsNBr: C, 42.12; H, 5.30;
N, 2.73; Br, 31.14. Found: C, 42.3; H, 5.4; N, 2.5;
Br, 30.9.

Reaction of Jacobine with Periodic Acid.—Jacobine
(0.179 g.) was treated with aqueous periodic acid following
the procedure of Jackson® and allowed to stand at room
temperature for 64 hr. It dissolved slowly in the solution
and at the end of 64 hr, was found on titration to have con-
sumed only 0.4 mole of periodic acid per mole substance.
Toward the end of the titration with iodine brown crystals
separated, and more could be obtained by addition of excess
of iodine (total 0.37 g.). Recrystallization from alcohol
gave glistening purplish-brown needles, m.p. 209-210°.

Anal. Caled. for CsHiOsNIi: C, 25.10; H, 3.16; O,
11.15; N, 1.63; I, 58.95. Found: C, 25.5; H, 3.1; O,
11.7; N, 1.5; I, 58.7.

Reaction of Jacobine with Lead Tetraacetate.— Jacobine
(3.5 g.) in glacial acetic acid (90 ml.) and water (20 ml.)
was heated to 100° and lead tetraacetate (3.5 g.) added
portionwise. Gas was evolved. The solution was steam
distilled and the distillate collected in 2,4-dinitro-phetyl-
liydrazine (0.5 g.) in 2 N HC! (100 ml.). A yellow pre-
cipitate was obtained which when recrystallized from al-
cohol gave colorless plates, m.p. 165~166°, undepressed
when admixed with acetaldehyde dinitrophenylhydrazone.
The steam-distilled solution was treated with dilute sulfuric
acid (5 ml. concd. to 50 ml. water) and the lead sulfate fil-
tered and washed with water. The filtrate was continu-
ously extracted with ether for 16 lir. The ether was distilled
and left a viscous residue which when chromatograplied
on silica gel gave a fraction from which a p-bromophenacyl
derivative, m.p. 91° (4A#nal. Caled. for CpaHjs04Br: C,
51.4; H, 4.6. Found: C, 51.2; H, 4.8), was obtained

(18) All melting points are corrected. Microanalyses were carried
out in the C.S.I.LR.O. Microanalytical Laboratory at the Melbourne
University. The spectrophotometer employed for the nuclear mag-
netic resonance spectra was a Varian Associates high resolution n.m.r.
spectrophotometer with superstabilizer,

(19) This experiment was performed by S. Mosbauer.

(20) E. L. Jackson, "“Organic Reactions,’”” ed. R. Adams, Vol, 2,
John Wiley and Soans, Inc., New York, N. V., 1944, p. 361.
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which was identical with the p-bromophenacyl derivative of
S-methyllevulinic acid described later.

Reaction of Jacoline with Periodic Acid.—Two experi-
ments using the procedure of Jackson? showed that jacoline
consumed one mole of periodic acid per mole substance after
a period of one hour and twenty minutes. When the steam
distillate was collected in an aqueous solution of dimedone,
colorless needles, m.p. 142-143°, undepressed on admixture
with the authentic derivative of acetaldehvde, were ob-
tained.

Reaction of Acid Moiety from Jacoline with Periodic Acid.
—Jacoline (1.34 g.) was hydrolyzed with sodiumn hydroxide
(0.5 g.) and water (25 ml.) at 100° for 2 hr. The solution
was acidified with hydrochloric acid and on continuous ex-
traction with ether gave a yellow oil (0.58 g.). This re-
quired 38.93 ml. of 0.0872 N sodiwn hydroxide on titration.
The neutral solution was evaporated to dryness and treated
with periodic acid in the usual way.?® After standing for
16 hr. at room temperature 1.13 moles of periodic acid was
consumed. Steam distillation of the solution and collection
of the distillate in dimedone (0.5 g.) i water (100 ml.)
vielded a solid, m.p. 140-141°, identical with an authentic
derivative of acetaldehyde.

Separation of Jaconecic and Isojaconecic Acids on an An-
ion Exchange Resin.—Two chromatographic columns of di-
mensions 3 X 46 cm. and 1.8 X 32 cm. were packed with
—40 4+ 50 B.S.S. and —80 + 100 B.S.S. Deacidite FF
resin, respectively, and connected together. The columns
were waslied several times with carbon dioxide free 0.1 NV
livdrochloric acid and 0.1 N sodium hyvdroxide interspersed
with carbon dioxide-free water. After regeneration of the
columns with sodium hydroxide a mixture of jaconecic and
isojaconecic acids (16.8 g.) in water was run through fol-
lowed by 0.1 N hydrocliloric acid. When the first eluate
emerged, fractions of 50 ml. were collected using an auto-
matic fraction collector.2? These were tested for lioino-
geneity using paper chromatography!® and imilar fractions
were combined as shown in Table II.

TaBLE I

ANION EXCHANGE SEPARATION OF JACONECIC AND 1s0-
JAacoNECIC ACIDS

Frac-
tion Rt value Wt., g. Designation
1-7 0.86,0.70,0.43 3.1  Probably mixt. of mono-
lactonic monocarboxylic
acids
8-13 0.76 6.7  soJaconecic acid
14-19 0.76, 0.582 2.3  Mixt. of <sojaconecic and
jaconecic acids
20--98 0.52 1.22 Jaconecic acid

isoJaconecic Acid.——A purer saumple tltan that previously
obtained!? was recovered unclianged after reaction with lead
tetraacetate (see below). Wlen recryvstallized from ethyl
acetate-light petroleum it guve colorless needles radiating
from a center, m.p. 119-120°, {«'1p +116.5° (water, ¢
0.94).

Anal.  Caled. for CyoHys0s: C, 51.7; H, 6.9; 3 CHiC,
19.4; neut. equiv., 116. Fouud: C, 52.1; H, 6.9; CH,C,
18.9; neut. equiv., 115.

It uppeared to be very hvgroscopic. Re-examiuation of
tlie ferric chloride reaction showed that pure 7sojaconecic
acid gave a positive, jaconecic acid a negative test. Sam-
ples were also tested according to the procedure given by
Mann and Saunders.??  Saniples of jacouecic and isojacone-
cic acids were made slightly alkaline with dilute ammonia,
and the solution boiled until free of ammmonia, thien two drops
of ferric chloride solution added. ¢soJacouecic acid gave a
brown color and a precipitate wlicli redissolved on stauding.
JTaconecic acid gave a brown color but 1o precipitate.

Anhydride of jaconecic acid was prepared by refluxing
jaconecic acid (1.0 g.) with acetic anlivdride (10 ml.) for two
hours, removil of the excess acetic anhvdride and distillation
»f tlie residue. A colorless oil, b.p. 134-135° at 0.5 mm.,
wis obtained.

(21) G.F.H. Boxand R. B. Bradbury, J. Sci. Instr., 34, 183 (1957).
(22) F. G. Mann and B. C. Saunders, *Practical Organic Chemjs-
try,” 2nd edition, Longmans, Green and Co. Ltd., 1952, p. 215.
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Anal. Caled. for C:HyisQs: C, 56.2; H, 6.3; CH;CO,
16.8. Found: C, 56.6; H, 6.4; CH;CO, 16.6.

It was insoluble in water, and could be neutralized on
warming with alkali, Acidification and extraction of the
solution with ether gave a residue which when recrystallized
from ethyl acetate yielded monoacetyljaconecic acid, m.p.
195°, undepressed on admixture with an authentic speci-
men.

Attempted Reaction of Jaconecic Acid with Hydrochloric
Acid in the Presence of Retronecine Hydrochloride.—
Jaconecic acid (0.5 g.), retronecine hydrochloride (0.5 g.)
and agueous (1:1) hyvdrochloric acid (10 ml.) were refluxed
for 24 hours. XNo crystals of the chlorodilactone (CioHjs-
0,Cl) separated on cooling, so the solution was diluted some-
what with water, and continuously extracted with ether for
96 hours. The residue (0.5 g.) showed only one spot by
paper chromatography at the same R; value as that of au-
thentic jaconecic acid, and when recrystallized from ethyl
acetate gave colorless needles, m.p. 182-183°, undepressed
on adinixture witli an authentic specinien. Jaconecic acid
gave a positive iodoform test.

Dimethyl IsoJaconecate.—isoJaconecic acid (9.1 g.) in
ether was treated with diazomethane in ether froin nitroso-
methylurea (21 g.), and allowed to stand for 16 hours. After
removal of the excess diazontethane and ether the liquid was
distilled. The middle fraction (5.0 g.) had b.p. 130-131°
at 1.2 mm., m.p. 51-52°, [«]¥p +98° (ethanol, ¢ 1.51),
n18p 1.4681 d18, 1.171.

Anal. Caled. for CoH2:0s: C, 55.4; H, 7.7; 2 CH;O,
23.8; 3 CH;C, 17.3; 1 act. H, 0.39; sapou. equiv., 130.
Fouud: C, 55.6; H, 7.7; CH;0, 22.3; CH;C, 15.8; act.
H, 0.11; sapon. equiv., 129.

Tlie infrared spectruin sliowed bands in the hydroxyl region
at 3492 and 3570 cm1. 71, at 1722 and 1739 cm. ! in the car-
bony1 region and at 1195, 1158, 1145, 1128 and 1081 em. ™.

Reduction of Dimethyl ssoJaconecate with Lithium Alu-
minum Hydride —Dimethyl ¢sojaconecate (7.6 g.) in dry
etlter (150 ml.) was added dropwise to powdered lithium alu-
minum hydride (20 g.) in dry ether (150 ml.) with shaking.
After standing for 16 hours at room temperature and reflux-
ing for 1 liour, 10, aqueous sulfuric acid (200 ml.) was
added cautiously to tlie cooled solution. The mixture on
continuous extraction with ether for 8 hours gave an oil (5.4
g.) whicli after drving 7n vacuo over solid sodium hiydroxide
liad [e]!®p +58.6° (ethanol, ¢ 1.60).

Preparation of a Bis-p-toluenesulfonyl Derivative. —Tlc
above oil (0.40 g.), p-toluenesulfonyl chloride (2.2 g.) and
pyridine (5 ml.) were lieated on a boiling water-bath for 0.5
hour. After pouring into ice-cold water (10 ml.), the oily
material was extracted with ether, and the ether solution
dried over sodiumi sulfate. Evaporation of the etlier left
an oil wlhich gradually solidified. Wlien recrystallized froin
benzenezlight petroleum it formed colorless prisins, mip.
116-117°.

Anal. Caled. for C-:4H5203Sf_‘1 C, 56.2; H, 63 S, 12.5;
1 act. H, 0.196; mcl. wt., 513. Found: C, 35.9; H, 6.2;

S, 12.2; act. H, 0.08; niol. wt. (Rast), 540.

Triacetate of Reduced Dimethyl isoJaconecate.~—Tho
above oil (0.89 g.) was refluxed with acetvl chloride (10 ml.)
for 1.25 hours. The excess acetyl chloride was removed aid
tlie residue distilled. The middle fraction had b.p. 148° at
0.6 mni., [«] D +47.8° (ethanol, ¢ 1.80), #¥p 1.4590.

Anal. Caled. for CisHsOr: C, 58.2; H, 7.9; 0,33.9: 3
CH;0, 39.1. Found: C, 58.2; H, 7.8; 0, 33.3; CH,;CO,
37.9.

Oxidation with Periodic Acid.—Using the procedure of
Jackson? tlie reductiont product of dimethyl isojaconecate
cousumed 1.3—1.8 moles of periodic acid per mole substatee
over periods of 17-90 hours. Steum distillation of the oxida-
tion solution and collection of the distillate in an aqgueous
solution of dimedone gave colorless needles, m.p. 1897, un-
depressed when admixed with the authentic dimnedouc de-
rivative of formaldehyvde.

Continuous extraction of the steam distilled solution witl
ether gave an oil, [«]®¥p +8.0° (509, ethanol, ¢ 0.996).
From 0.63 g. of the lithium aluminum reduction product 0.5
g. of the oil was obtained. When this was treated with a
small amount of alcohol a solid separated, which when re
crvstallized from acetone-benzene gave colorless needles,
m.p. 232°.
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Anal. Caled. for C;sH3:0,: C, 60.0; H, 8.9; 4 act. H,
1.12. Found: C,60.0,H, 8.9; act. H, 1.05.

This compound showed no carbonyl absorption in its in-
frared spectrum, but strong absorption at 3436 cm.~! due
to hydroxyl groups.

The residual oil remaining after removal of the above com-
pound (0.11 g.) was treated with a solution of 2,4-dinitro-
phenylhydrazine (0.26 g.) in 2 N hydrochloric acid (50 ml.).
After heating on a boiling water-bath a derivative separated
which gave red granules from alcohol, m.p. 192-193°, de-
pressed on admixture with 2,4-dinitrophenylhydrazine.

Anal. Caled. for CqHuOpNs: C, 46.0; H, 44; N,
20.4. Found: C, 45.8; H,4.5; N, 20.1.

The 0il (0.134 g.), platinum oxide (0.1 g.)and ethanol (20
ml.) were shaken with hydrogen for 6 days when almost two
moles of hydrogen was absorbed. The oily product con-
sumed approximately 0.5 mole of periodic acid per mole
substance.

Reduction of Dimethyl Jaconecate with Lithium Alumi-
num Hydride.—This experiment had been carried out pre-
viously!® using a less pure sample of dimethyl jaconecate.
Dimethyl jaconecate (6.4 g.) in dry ether (100 ml.) was
added dropwise to powdered lithium aluminum hydride
(20 g.) in dry ether (100 ml.) and the solution was refluxed
for 16 hours. To the well cooled mixture cold 5% aqueous
sulfuric acid (200 ml.) was added dropwise, and then the
mixture continuously extracted with ether. Removal of
the ether gave an oil (4.2 g.), [«]¥p +25.4° (ethanol, ¢
2.28). Reaction with periodic acid showed that it con-
sumed only 0.23 mole per mole substance after 48 hours.

Preparation of a Bis-p-toluenesulfonyl Derivative.—The
reduction product of dimethyl jaconecate (0.43 g.) in pyri-
dine (6 ml.) was treated with p-toluenesulfonyl chloride (2.2
g.) and heated on a boiling water-bath for 0.5 hr. The
solution cooled to 0° was poured into ice-cold water (20 ml.)
and extracted with ether (6 X 20 ml.). The ether extract
after drying over sodium sulfate and removal of the ether
left an oil (1.09 g.). Attempts to recrystallize it from ben-
zene-light petroleum were unsuccessful. Chromatography
on alumina using benzene—ether mixtures for elution gave a
fraction (0.68 g.) which on recrystallization from benzene-
light petroleum yielded colorless prisms, m.p. 109-110°,
depressed to 97-99° on admixture with the tosyl derivative
from reduced dimethyl 7sojaconecate.

Anal. Caled. for CosH3:0:8,: C, 56.2: H, 6.3; S, 12.5;
lact.H,0.196. Found: C, 56.3; H,6.4; S, 13.0; act. H,
0.23.

The triacetate was obtained as before, b.p. 151-152° at
0.5 mm., [a]?p +12.2° (ethanol, ¢ 2.29).

Anal. Caled. for CisHeO7: C, 58.2; H, 7.9; O, 33.9;
CH;CO, 39.1. Found: C, 58.3; H,8.1; 0, 33.2; CH;CO,
37.8.

Reduction of the Dimethyl Ester of the Compound CsHj.-
Qg Obtained from the Nitric Acid Oxidation of Jaconecic
Acid with Lithium Aluminum Hydride.—The dimethyl es-
ter C;iH130428 (1.65 g.) in dry ether (50 ml.)wasadded drop-
wise to powdered lithium aluminum hydride (6 g.) in dry
ether (50 ml.) with shaking. The mixture was refluxed for
2 hr., allowed to stand at room temperature for 16 hr., and
cautiously treated with dilute aqueous 109, sulfuric acid (100
ml.) with cooling. The mixture was continuously extracted
with ether for 6 hr. to give an oil (0.92 g.). Quantitative
tests® showed that this oil consumed 2.1 and 2.2 (two tests)
moles of periodic acid per mole substance over a period of 20
hr. Steam distillation of the titration solution and collec-
tion of the distillate in an aqueous solution of dimedone gave
colorless needles, m.p. 190°, undepressed on admixture
with tlie dimedone derivative of formaldehvde. In another
experiment tlie dinitrophenvlhydrazone of formaldehyde was
obtained.

Oxidation of isoJaconecic Acid with Lead Tetraacetate.—
1soJaconecic acid (5.7 g.) dissolved in glacial acetic acid (50
ml.) and water (10 ml.) was lieated on a boiling water-bath
and lead tetraacetate (10 g.) added portionwise. When
evolution of carbon dioxide had ceased, the solution was
steam distilled and the distillate collected in a solution of
2,4-dinitrophenylhydrazine (1 g.) in 2 N hydrochloric acid
(200 ml.). The precipitate (0.47 g.) when recrystallized
from alcohol gave orange-yellow needles, m.p. 147-148°.

(23) This compound itself is unreactive to periodic acid.
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Anal. Caled. for CsHsO:Na: C, 42.8; H, 3.6; N, 25.0.
Found: C, 43.0; H,3.7; N, 24.4.

This was evidently one of the dimorphic forms of acetalde-
hyde 2,4-dinitrophenylhydrazone.?* The steam distilled
solution was treated with N sulfuric acid (50 ml.), the lead
sulfate filtered, and the filtrate continuously extracted with
ether for 4 hr. A yellow viscous oil (4.17 g.) was obtained
which showed two spots on paper at Rg 0.88 and 0.73.
Chromatography on silica gel (500 g.) containing 0.5 N sul-
furic acid (50 ml.) using chloroform-acetone mixtures for
elution gave the fractions.

Fraction Rt value Wt., g. Designation
1-28 .. 0.15 Discarded
29-43 0.88 2.10 Pure oily fraction
44-69 .. Nil
70-81 0.73 1.14 Pure 7sojaconecic acid

Fraction 29-43 was a yellow oil having [«]7D +48.2° (water
¢ 1.20). It gave a positive iodoform test. )

Preparation of a p-Bromophenacyl Derivative.—Fraction
29-43(0.23 g.) on titration with 0.1843 N sodium hydroxide
required 7.5 ml. This solution was evaporated to dryness,
p-bromophenyl bromide (0.38 g.) added, and alcohol to
effect solution, and the solution refluxed for 1 hr. It was
taken to drymess, extracted with boiling acetone, filtered
hot and the filtrate evaporated to dryness (0.27 g.). Re-
crvstallization from alcohol gave small colorless needles
radiating from a center, m.p. 107-108°.

Anal. Caled. for CisHysOsBr: C, 53.3; H, 5.0; Br,
20.8; 3 CH;C, 11.8; mol. wt., 383. Found: C, 53.5; H,
5.1; Br, 21.2; CH,C, 10.7; mol. wt. (Rast), 318.

The infrared spectrum of this compound shows carbonyl
absorption at 1702, 1726 and 1743 c¢m.~! due to phenacyl
carbonyl, unconjugated carbonyl and ester carbonyl groups,
respectively.

Preparation of a 2,4-Dinitrophenylhydrazone.—Fraction
20-43 (0.18 g.) was treated with 2,4-dinitrophenylhydrazine
(0.5 g.) in 2 N hydrochloric acid (100 ml.). An orange col-
ored solid separated which when recrystallized from alcohol
had m.p. 240°.

Anal. Caled. for CyHnOuNs'®: C, 44.8; H 3.9; XN,
19.9. Found: C,44.9,45.0; H,4.3,4.4; X, 18.5, 18.8.

The semicarbazone of this compound was prepared from
the oily material (0.155 g.), semicarbazide hydrochloride
(0.093 g.), hydrated sodium acetate (0.113 g.) and 509
alcohol (1 ml.). The derivative when recrvstallized from
acetone-benzene gave colorless prisms, ni.p. 165-166°.

Anal. Caled. for CoH;O:Ny: C,49.4; H,7.0; N, 17.3.
Found: C,49.8; H,6.9; N, 16.7.

Oxidation of Jaconecic Acid with Lead Tetraacetate.—
Jaconecic acid (5.0 g.) in glacial acetic acid (50 ml.) and
water (10 ml.) was heated on a boiling water-bath and lead
tetraacetate (10 g.) added portionwise, allowing the carbon
dioxide evolution to abate before tlie next addition. The
steam distillate was collected in a solution of 2,4-dinitro-
pheuylhydrazine (1.0 g.) in 2 N hydrochloric acid (200 ml.).
The yellow precipitate after drying (0.82 g.) was chromato-
graphed on alumina (150 g.) using benzene—ether mixtures
for elution. The main fraction (0.80 g.) when recrystallized
from alcohol gave orange-yellow plates, m.p. 168°, unde-
pressed when admixed with the dinitrophenylhydrazone of
acetaldehvde.

Anal. Caled. for CHgOsNy: C, 42.8; H. 3.6; N, 25.0.
Found: C, 43.0; H, 38; N, 24.5.

The steam-distilled residue was treated with N sulfuric
acid (50 ml.) and the lead sulfate filtered. The filtrate on
continuous extraction with ether gave a slightly yellow oil
(1.45 g.) which showed by paper chromatography the pres-
ence of three spots at R; 0.83, 0.70 and 0.49. The oily
mixture from two experiments (2.8 g.) was chromato-
graphed on a column of silica gel (280 g.) containing 0.5 N
sulfuric acid (28 ml.) using chloroform—acetone mixtures for
elution. The fractions as tabulated were obtained.

Compound CsH;p03;.—Fractions 23-27 on distillation gave
a middle cut at 0.7 mm. as a colorless mobile liquid, b.p.
112-113° [«]D +43° (water, ¢ 1.56).

(24) Southwick, et al., TH1s JoUrRNAL, 78, 10 (1956).
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Fraction Ri value Wt., g. Designation
1-22 0.14  Discarded
23-27 0.84 .83  Pure oily fraction
28-32 0.86,0.70 .56 Mixture
33-42 0.68 .23 Pure oily fraction
43-111 0.49 .14 Unchanged jaconecic acid
Anal. Caled. for C5H1003v0.5 H.0O: C, 51.8; H, 8.0;

0, 40.2; CH;C, 21.6; neut.equiv., 139. Found: C, 51.4;
H, 7.8; 0, 40.2; CH;C, 20.1; neut. equiv., 138.

It gave a negative reaction with Schiff reagent, was not
oxidized by alkaline permanganate at 0° for 64 hr., but gave
a positive iodoform test. The infrared spectrum of this
compound showed carbonyl absorption at 1716 cm. 1.

Preparation of a p-Bromophenacyl Derivative.—The
above 0il (0.19 g.) required 7.75 ml. of 0.1843 N sodium hy-
droxide to the phenolphthalein end-point, and the solution
was evaporated to dryness in vacuo. p-Bromophenacyl bro-
mide (0.39 g.) and alcohol (5 ml.) was added and the solution
was refluxed for 1 hr. The alcohol was distilled and the resi-
due taken to dryness in vacuo. The residue was refluxed
with acetone, filtered hot, and the filtrate concentrated to
dryness to give a slightly yellow solid (0.18 g.) which on re-
cry;stallization from alcohol gave colorless needles, m.p.

Anal. Caled. for C;yHy1;04Br: C, 51.4; H,4.6; Br, 24.4;
2 CH3C, 9.2. Found: C, 51.7; H, 4.7; Br, 24.8; CH,C,
9.9.

The infrared spectrum of this compound showed carbonyl
absorption at 1698 and 1745 ¢cm. ! due to phenacyl carbonyl
and ester carbonyl groups, respectivelv.

The p-phenylphenacyl derivative was prepared in a similar
manner and when recrystallized from acetone-light petro-
leum gave colorless plates, m.p. 59°.

Anal. Caled. for CyHzQ4: C, 74.0; H, 6.2; mol. wt.,
324. Found: C,74.0; H, 6.2; mol. wt. (Rast), 354.

The semicarbazone was prepared from the oil (0.15 g.),
semicarbazide hydrochloride (0.18 g.), hydrated sodium
acetate (0.22 g.) and water (2 ml.). The crystals separated
after about 0.5 hr. standing, and when recrystallized from
alcohol gave colorless granules, m.p. 186-187°, [«]2?'D 4-62°
(ethanol, ¢ 0.45).

Anal. Caled. for CG;H;303N;3: C, 44.9; H, 7.0; N, 22.5.
Found: C,45.2; H,6.7; N, 22.0.

The 2,4-dinitrophenylhydrazone prepared from the oil
(0.18 g.) and 2 N hydrochloric acid (26 ml.) was obtained as
orange-yellow prisms from benzene, m.p. 152°,

Anal, Caled. for CoHuOsNy: C, 46.4; H, 4.5.
C,46.6; H, 4.5.

Compounds C;H;y0s.—Fractions 33-42 were an alinost
colorless oil, [«]®Dp +13.0° (water, ¢ 1.38).

Anal. Caled. for C;Hy04.5H,0: C, 50.3; H, 6.6; 2
CH,C, 18.0. Found: C, 49.0; H, 7.0; CH,C, 17.7.

It gave a negative Schiff test, but a positive iodoform test.

Preparation of a p-Bromophenacyl Derivative.—This
derivative was prepared i a similar manner to that previ-
ously described, and was obtained as colorless plates from
alcohol, m.p. 83-84°, which changed on standing to 108°.

Anal. Caled. for C;;Hyi:O0;Br: C, 50.7; H, 4.3; Br,
22.5; 2 CH,;C, 8.5; mol. wt., 355. Found: C, 51.0; H,
4.3; Br.22.9; CH;C, 9.2; mol. wt. (Rast), 328.

Its infrared spectrum showed carbonyl absorption at 1702,
1751 and 1779 cm. ™! due to phenacyl, ester and y-lactone
carbonyl, respectively.

a~-Methyllevulinic Acid.—The method of Baker and
Laufer® was used. To a cooled solution of sodium ethylate
prepared from sodium (12.7 g.) and ethyl alcohol (200 ml.),
ethylacetoacetate (71.8 g.) was added, and then gradually
ethyl e-bromopropionate (100 g.). The solution was refluxed
for 2 lir., filtered, the ethyl alcohol removed, and the residue
distilled. Diethyl 1-acetyl-2-methylsuccinate (48 g.), b.p.
147° at 22 mm., was obtained. This compound (25 g.)
was hydrolyzed and decarboxylated by refluxing with con-
centrated hydrochloric acid (100 ml.) for 2 hr. Continuous
extraction of the solution with ether gave a mixed product
(17.4 g.) showing two spots by paper chromatography, one
at the same R value as the compound CsHyQ; obtained from
jaconecic acid. This was chromatographed on silica gel in the

Found:

(25) J. W. Baker and A. 8. Laufer, J, Chem. Soc., 1342 (1937).
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usual way and cleanly separated into 3-carboxy-2,4-dimeth-
ylbuten-3-olide (5.6 g.), m.p. 180°, and a-methyllevulinic
(6.7 g.) which on distillation gave a colorless liquid, b.p.
117-118° at 1.4 mm. Its semicarbazone was obtained as
colorless prisms from alcohol, m. p. 184-185°, depressed on
admixture with the semicarbazone of the compound CgHy,Os
obtained from the reaction of jaconecic acid with lead tetra-
acetate.

Anal. Caled. for CG;Hy303Ny: C, 44.9; H, 7.0; N, 22.4;
Found: C,45.0; H,7.1; N,21.8.

Its 2,4-dinitrophenylhydrazone was obtained as yellow
prisms from alcohol, m.p. 195°.

Anal. Caled. for CuHysOsNy: C, 46.4; H, 4.5; N, 18.1.
Found: C,46.8; H,4.6; N, 17.7.

The infrared spectrum of a-methyllevulinic acid showed a
ratlier broad band in the carbonylregion at 1704 cm. 7%,

Resolution of a-Methyllevulinic Acid.—a-Methyllevulinic
acid (1.11 g.), cinchonidine (2.52 g.) and water (15 ml.) were
heated until a solution was obtained, the water was then
completely removed under vacuum, and the residue recrys-
tallized from acetone. Colorless needles radiating from a
center were obtained (2.0 g.), m.p. 146-147°, [«]%-5p —8B°
(ethanol, ¢ 1.40). Another recrystallization from acetone did
not change the rotation.

Anal. Caled. for CpH30:N,: C, 70.7; H, 7.6; N, 6.6.
Found: C,71.1; H,7.6; N, 6.6.

The e-methyllevulinic acid (0.33 g.) was recovered by
treatment with dilute 1:1 hydrochloric acid (20 ml.) and
continuous extraction with ether. It had [«]!?D +22.6°
(water, ¢ 151). The semicarbazone of this optically active
methyllevulinic acid had m.p. 178°, [«]%D + 66.3° (etha-
nol, ¢ 0.935). Recrystallization did not raise the melting
point, and it was depressed when admixed with the semi-
carbazone from the natural product. The p-bromophenacyl
derivative prepared in the usual way was obtained as color-
less needles from alcohol, m.p. 74-75°.

Anal. Caled. for Ci4HisO:Br: C, 51.4; H, 4.6; Br,
24.4. Found: C,51.4; H,4.6; Br,24.4.

B-Methyllevulinic Acid.—To sodium ethylate prepared
from sodium (7.6 g.) and ethanol (130 ml.) and ethyl
methylacetoacetate (47.4 g.), was added ethyl bromo-
acetate (55 g.) with shaking and cooling. After refluxing for
2 hr. the sodium bromide was filtered and the ethauol re-
moved. The product on distillation gave diethyl 1-acetyl-1-
methylsuccinate, b.p. 112-117° at 2 mm. (37.3 g.). This
compound (20 g.) and coned. hydrochloric acid (70 ml.)
were refluxed for 3 hr. and continuously extracted with
ether. A yellow oil (12.3 g.) which on distillation had b.p.
120-123° at 2 mm. was obtained. It gave a spot by paper
chromatography at the same R value as that obtained with
the natural compound. Its semicarbazone gave colorless
granules from alcohol, m.p. 182-183°, undepressed on ad-
mixture with the semicarbazone of the natural product.

Anal. Caled. for CyH30;Ny: C, 44.9; H, 7.0; N, 22.4.
Found: C,44.9; H,6.8; N, 22.3.

The 2,4-dinitrophenylhydrazone crystallized fromn alcoliol
as orange-yellow prisms, m.p. 148-149°, undepressed when
admixed with the same derivative of the natural product.

Angl. Caled. for Ci:HuOsNy: C, 46.4; H, 5.5; O,
29.9. Found: C,46.2; H,4.6; 0,29.7.

Preparation of 3-Methyl-v-carboxy-vy-valerolactone.—g-
Methyllevulinic acid (4.05 g.) was treated with liquid liydro-
gen cyanide (3.9 g.) and a few crystals of sodium cyanide,
and allowed to stand at room temperature for 70 hr. Tle
colorless solution was then heated on a boiling water-bath
under vacuum to remove the excess hydrogen cyanide. The
residue (4.15 g.) was refluxed with concd. hydrochloric acid
(25 ml.) for 4 hr., cooled and continuously extracted witls
ether for 8 hr. A mobile oil (4.0 g.) was obtained which by
paper chromatography showed three spots at R¢ 0.86, 0.73
and 0.66, corresponding to B-methyllevulinic acid, an un-
known compound and the sought carboxylactone, respec-
tively. These were separated on silica gel in the usual man-
ner to give unchanged g-methyllevulinic acid (2.1 g.), a mix-
ture of 8-methyllevulinic acid, the new compound and the
carboxylactone, and the pure carboxylactone (0.34 g.).

Resolution of B-Methyl-y-carboxy-y-valerolactone.—The
oily product from the last experiment (0.34 g.), and cin-
chonidine (0.55 g.) was dissolved in acetone (10 ml.) at the
boiling point. Ou cooling, colorless needles (0.33 g.), m.p.
201°, were obtained.
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Anal. Caled. for CysH;0eN2.0.56H,0: C, 67.6; H, 7.2;
N, 6.1, Found: C,67.5; H,7.7; N,5.9.

This salt was dissolved in dilute (1:4) hydrochloric acid
(20 ml.) and continuously extracted with ether for 8 hr.
Removal of the ether gave a colorless oil (0.096 g.) which
was dried over solid sodium hydroxide 4n vacuo for 16 hr.,
[@]¥-*D +14.5° (water, ¢ 1.93).

Anal. Caled. for C;H;Oq:
equiv., 162,

equiv., 158. Found: neut.

SYNTHESIS OF DIHYDROCONESSINE 5209

The p-bromophenacyl derivative prepared in the usual
way after recrystallization once from benzene-light petro-
leum and twice from alcohol gave colorless needles radiating
from a center, m.p. 105~106°, undepressed when admixed
with the derivative from the natural carboxylactone.

Anal. Caled. for CysHs0sBr: C, 50.7; H, 4.3; Br,
22.5. Found: C, 50.7; H, 4.4; Br, 22.8.
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The Synthesis of Dihydroconessine!

By E. J. CoreY® anD W. R. HERTLER®
Rece1vep Marcy 20, 1959

Dihydroconessine has been synthesized from 38-acetoxybisnorcholenic acid.

Introduction of the amino function at Cys

was effected by the free radical chain decomposition of 38-dimethylamino-20«-methylchloroaminoallopregnane (Hofmann—
Loffler-Freytag reaction), which offers a general method for the selective functionalization of the Cys angular methyl group

of steroids.

The structural feature which imparts special
interest to the Holarrhena steroid-alkaloid cones-
sine (I) is the presence of functionality at the Cy
angular methyl group, a feature shared with the
related alkaloid holarrhimine® (II) and the im-
portant steroid hormone aldosterone (III). The
synthesis of such structures poses a unique prob-
lem, functionalization of an angular methyl group
which cannot be activated by standard procedures,
for which the extensive steroid literature provides
little assistance.
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Attempts to synthesize aldosterone from steroid
precursors lacking substitution at C;3 by cleavage
and reclosure of ring D* have led to products
lacking the appropriate stereochemistry, and
previous to this work the preparation of Cp-
substituted steroids with normal configurations
has been limited to arduous total synthesis as

NH,

(1) Described in a preliminary communication, TH1S JoUrRNAL, 80,
2903 (1958).

(2¥(a) Department of Chemistry, Harvard University, Cambridge
38, Mass.; (b) Predoctoral Research Fellow (AF-7544, 1957-1958) of
the National Institute of Arthritis and Metabolic Diseases; Alfred
P. Sloan Foundation Fellow (1956, 1957).

(3) See L. Labler, V. Cerny and F. Sorm, Coll. Csech. Chem. Comm.,
20, 1484 (1955), for the elegant interrelation of conessine and holar-
rhimine.

(4) D. H. R. Barton, A. Da S, Campos-Neves and A. I, Scott, J,
Chem. Soc., 2698 (1957).

exemplified by the recent work on aldosterone.®
A different approach to the problem appeared to
be the use of reactions capable of transforming
unactivated angular methyl groups selectively
because of favorable proximity, and in this con-
nection the free-radical chain decomposition
of a Cy-N-chloroamine (Hofmann-Loffler-Freytag
reaction)® seemed especially attractive. This re-
action, which generally results in the transforma-
tion of an aliphatic chloroamine to a pyrrolidine’
as shown in equation 1, should in the case of a
steroidal N-chloro-20-amine result in the forma-
tion of a Ci3—Cy imine bridge as is found in cones-
sine. This paper describes the synthesis of di-
hydroconessine (XVII) using the Hofmann-Lof-
fler-Freytag reaction as the key step.

RCH,CH,CH,CH,NR'Cl S50t + HCL ()
MR
g

Jeger, Arigoni and co-workers® in a preliminary
communication have described a similar synthesis
of the previously unknown conanine (V) from 20qa-
methylchloroaminoallopregnane (IV).  Jeger® also

CH.
N /
\al CH,
Iv : \Y

(5) (a) J. Schmidlin, G. Anner, J. R. Billeter and A. Wettstein,
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stein, ibid., 12, 50 (1956); W. S, Johason, J. C. Collins, R. Pappo and
M. B. Rubin, THrs JoURNAL, 80, 2585 (1958).

(6) (a) A. W. Hofmann, Ber., 16, 558 (1883); (b) K. Léffler and C.
Freytag, ibid., 42, 3427 (1909).

(7) See, however, S. Wawzonek and P. J.Thelen, TH1s JOURNAL, 72,
2118 (1950), and S. Wawzonek, M. F. Nelson and P, J. Thelen, £bid.,
78, 2806 (1951).

(8) P. Buchschacher, J. Kalvoda, D. Arigoni and O. Jeger, ébid., 80,
2905 (1958).

(9) F. Greuter, J, Xalvoda and O. Jeger, Proc. Chem. Soc., 349
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