Aug. 20, 1956

(b).—A batch of 3.5 g. of crude 4-ethoxy-2,3,6-triamino-
pyridine dihvdrochloride was refluxed with 20 ml. of 989,
formic acid for 19 hours. The volatile muterial was then
evaporated and the residue wus refluxed for ¢ hours with
20 ml. of cotcentrated hydrochloric acid, Upon rentoval of
the excess liydrochloric acid the residue was taken up with a
little water, then made weakly alkaline with sodium bi-
carbonate. The crystalline material which separated
weighed 1.4 g. (579% from nitroso compound). A saniple
was_ charcoaled and recrvstallized from water, m.p. 238~
240°.

Anal.
31.6.

5-Amino-7-hydroxy-1,3,4-imidazopyridine (6-Hydroxy-2-
amino-1-deazapurine, 1-Deazaguanine) (XII). (a).—A mix-
ture of 1.1 g. of 6-ethoxy-2-amino-1-deazapurine and 15 ml.
of 489, livdrobromic acid was refluxed for 4 hours. The
crystallite material wliich separated on cooling was filtered
off (0.8 g.) and dissolved in 5 ml, of water. This solution
was neutralized with sodium bicarbonate and the separated

Caled. for CgHppXNiO: N, 31.4. FPound: N,
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solid material was filtered off. The yield was 0.3 g. (29.5%).
Recrystallized several times from water, once witlt the
addition of charcoal, deazaguanine was obtained as a mouo-
liydrate, m.p. above 300°.

Anal. Caled. for CiH¢NO-H.O: C, 42.86; H, 4.80;
N, 33.3. Found: C, 43.07, 43.11; H, 4.77, 4.86; N,
33.5, 33.2.

(b).—A 4.6-g. sainple of 4-ethoxy-2,6-diamino-3-nitroso-
pyridine was reduced with hydrogen sulfide as above and
tlie reduction product condensed with forinic ucid. Tle
crude cyclization product was refluxed with 50 ml. of 489,
liydrogen bromide for several hours. The crystals werc
filtered off after cooling, dissolved in a little water and made
weakly alkaline witlt aqueous sodium bicarbonate. A
crop of 2.3 g. (549%) of crude material was separated.
Recrystallized several timnes from water, oice with cliarcoul,
it was obtained as shiny, colorless leaflets, m.p. above 300°.

Anal. Caled. for CeHiNO-H,O: C, 42.86; H, 4.80;
N, 383.3. Found: C,42.94; H,4.82; N, 33.2.
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The Willgerodt Reaction with Acylmesitylenes.

The Mechanism of the Reaction

By WiLLiam G. DAUBEN AND JOHN B. Rogax!
RECEIVED JANUARY 3, 1956

Tlie Willgerodt reaction with acylmesitylenes has beent investigated.

In all cases, keto-tliioamides are formed. Suclt

results suggest that carbonyl addition and reduction are 110t necessary steps for this reaction and a modification of previously

postulated mechanisms is presented.

The mechanism of the Willgerodt reaction has
attracted considerable attention during the past
decade, and to date there still is doubt as to ex-
actly what processes are involved. To a large de-
gree, this has been due to the failure to isolate inter-
mediates directly? or to identify them.

The technique of treating theoretically possible
intermediates under conditions of the Willgerodt
reaction in order to determine whether or not they
are actual possible intermediates has revealed the
fact that the reaction is not limited to ketones, as
originally supposed, but is applicable to olefius,*—?
acetvlenes,*> alcohols,>* halides,® amnines® and
even alkyl-substituted aromatic compounds.?

Perhaps the most satisfactory mechanism vet
suggested for the conversion of ketones into amides
(or thicamides) under Willgerodt conditions is that
of King and McMaillan” which envisions reduction of
the carbonyl group to a hydroxvl (or thiol) fol-
lowed by elimination to an olefin. This latter func-
tional group is regarded as proceeding aloug tlhe
carbon chain by a series of reversible additions and
eliminations of hydrogen sulfide until the terminal
carbon is reached, at which point irreversible oxida-
tions occurs. A similar inechanism was suggested

(1) Recipient of the U. S. Rubber Co. Pellowship in Chemistry,
1954-1955.

(2) One notable exception (M. A, Naylor and A. W, Anderson,
THis JournaL, 78, 3392 (1933)) is the isolation of what appears to be
diisobutyl disulfide and trisulfide from the reaction of isobutylene, sul-
fur and aqueous ammonia. These compounds were capable of being
transformed into isobutyramide when resubjected to Willgerodt con-
ditions.

(3) J. A, King and F. H. McMillan, Tuis JourNAL, 68, 525 (1947,

f4) M. Carmack and D. F. DeTar, *hid., 88, 2020 (1046).

(5, . B. Pattison and M. Carmack, thid., 68, 2033 (1014:;

(6) R.T. Gerey and 15 V. Brown, /b, T8, 740 (1un3)

G 1A King el 1711 MeAillun, thid., 88, 632 (1914,

by Carmack and DeTar* except an acetvlenic in-
termediate was postulated.

In any event, both mechanisms require initial
attack at the carbonyl group. In an attemipt to
determine whether or not such a step is in reality a
necessary requirement, acetylmesitylene was al-
lowed to react under the conditions of the Willger-
odt reaction. The decreased reactivity toward car-
bonyl addition of such a hindered ketone is well
known.?

From the reaction of acetylesitylene, sulfur aud
morpholine there was isolated an orange-yvellow
crystalline solid (I) in 349 vield which contained
both nitrogen and sulfur. Although no recogniz-
able product could be obtained from acid hydroly-
sis, prolonged saponification afforded a mixture of
an acid (IT) and a neutral nitrogen-containing ma-
terial (III). These latter two compouuds were
shown to be mesitylglyoxylic acid and its morpho-
lide, respectively, bv comparison with authentic
samples. When the original reaction product I
was allowed to react with Rauey nickel, both desul-
furization and reduction of the carbonyl group oc-
curred and an amnino alcohol IV was obtained. The
structure of this material was established as «-
mesityl-8-(N-morpholino)-ethanol by comparison
with a sample prepared by the lithiumn aluminum
hydride reduction of w-(N-morpholino)-acetylmesi-
tylene, which in turn was prepared by allowing c-
bromoacetylmesitylene to react with morpholine.
On the basis of the foregoing degradations, the ace-
tylmesitylene Willgerodt product can be assigned
the structure I.

The compound I muy be regarded etther asu nor
(8) R O\ Kadexrh thil,, 66, 1207 (1044;; 1. Y. Sebwartrmar, shyd |
76, 78 (1V01y; 1. T8 Peatsen omd 0 Gyeey, i TT, 1204 (1050,
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mal Willgerodt product, except that the carbonyl
group has been retained, or as a product resulting
from the direct oxidation of an active methyl group
by sulfur and thus bear no relationship to the Will-
gerodt reaction. To distinguish between these
possibilities, propionylmesitylene (V) was allowed
to react with sulfur and morpholine under the same
conditions as acetylmesitylene, The product of the
reaction was a pale yellow solid containing both ni-
trogen and sulfur and gave an intense violet fer-
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ric chloride enol test and which was soluble in
dilute aqueous base. On treatment with acid, the
material was both hydrolyzed and decarboxylated
to yield acetylmesitylene which, in turn, was identi-
fied as the dinitro derivative, On the basis of this
degradation sequence and on the analytical data,
the product of the Willgerodt reaction with propi-
onylmesitylene was assigned structure VI, N-{(a-
mesitoylthioacetyl)-morpholine. ~ The compound
V1 appears to exist largely in the enolic form VIa

and/or VIb, The ultraviolet spectrum which is
COCH=C<S —
/ N 0
~
cr” Y \CH,
Via
CH, OH S
c=CHC</
/ N o
N
cHy” Y \CH,
VIib

shown in Fig. 1 consists of a single broad intense
band with a maximum at 290 mg (e 17,000) and
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this is to be compared with the spectrum of N-(a-
phenylthioacetyl)-morpholine, also shown in Fig, 1,
which shows a sharp band at 279 mu (e 14,100) and
a shoulder at 365 mu (e 230). For further com-
parison, the spectrum of N-(mesitoylthioformyl)-
morpholine is shown in Fig. 2. This latter com-
pound displays three maxima which are at 258 mu
(e 8000), 314 mp (e 5900) and 407 mu (e 540).
The bathochromic shift of 11 mg found with VI
can be accounted for on the basis of either struc-
ture VIa or VIb., The infrared spectrum of VI,
however, gives evidence that perhaps VIa is the pre-
ferred form, There are weak absorptions in the 4u
region which are characteristic of S-H stretching®
while in the 3u region there are no bands charac-
teristic of O-H stretching, A strong band appears
at 6.29 u and could be due to chelated unsaturated
ketone structure® as is present in VIa. In the
6.7-6.9 u region there are two bands which are
characteristic of a thioamide grouping® and which
are found in the spectra of all of the thioamides in
this study. If this grouping was conjugated with a
double bond, as in VIb, these bands would be ex-
pected to be shifted to longer wave length,

Although remote, the possibility exists that the
formation of VI could have been due to enolization
of propionylmesitylene followed by oxidation at the
w- or allylic carbon, Thus, z-butyrylmesitylene
(VII) also was subjected to the Willgerodt reaction
and the expected N-(8-mesitoylthiopropionyl)-
morpholine (VIII) was isolated.

cHy”

CH;
COCH,CH,CH,
/ —
VN CH, ﬁ
CH, CH, COCH,CH,CN 0
VII / N
cH Y N\cH, VIII

The ultraviolet spectrum of VIII is shown in Fig, 2,
and it is seen that the 279 mu (e 13,500) band, char-
acteristic of the thiomorpholide grouping, is pres-
ent. Therefore, it appears that the products re-
sulting from these three acylmesitylenes are, in-
deed, due to a Willgerodt type reaction.

The fact that acetyl-, propionyl- and #z-butyryl-
mesitylene upon reaction with sulfur and morpho-
line under Willgerodt conditions yield a thicamide
which retains the original carbonyl group instead of
the usual des-keto thioamide canonly be interpreted
to mean that attack at the carbonyl group is not a
necessary step in the reaction. Instead, the car-
bonyl group would appear to serve only to activate
the a-carbon, and it is on this carbon atom the re-
action begins. Other evidence consistent with this
view is available from the results obtained by Por-

(9) L. J. Bellamy, "The Infrared Spectra of Complex Molecules,”
John Wiley and Sons, Inc., New York, N. V., 1954.
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Fig, 1.—N-(«-Phenylthioacetyl)-morpholine, —; N-(a-

mesitoylthioacetylj-morpholine, ------ .

ter,’® who studied the reaction of alkylpyridines
with sulfur and amines. It is known that an «-
or vy-alkylpyridine behaves similarly to an alkyl ke-
tone in that the pyridine nucleus activates the ad-
jacent methylene group. Reaction of «- and «-
alkylpyridines with an amine and sulfur yields w-
thioamides or compounds derived from them,
whereas §8-alkylpyridines are recovered unchanged.

Whether this initial attack on the methylene
alpha to the carbonyl is common to the Willgerodt
reaction with both hindered and unhindered ketones
1s not known, but at the present time there appears
to be no need for separate mechanisms for the two
classes of compounds. At any time subsequent to
the initial attack at the a-carbon, the carbonyl
group of the unhindered ketone could be reduced to
a methylene group. That such a reduction is pos-
sible is to be seen in the fact that the formation of a
saturated hydrocarbon sometimes is a side reaction
in the Willgerodt reaction.!*!* It is unlikely that
H,S alone can be the reducing agent, since it is
known to react with ketones to form gem-dithiols!?
and with B-keto-esters to vield §-thioketo-esters.!4

In light of the present results, it is reasonable to
propose that the initial intermediate in the reaction
1s not an olefin, as postulated by King and McMil-
lan,” but rather an «,3-unsaturated ketone. Such
an intermediate could be formed by attack on the
a-carbon by sulfur followed by loss of H»S. This
olefinic linkage could then migrate down the chain,
as suggested by King and McMillan,” by reversible
additions and eliminations of an amine or H,S to the
olefinic bond. When a terminal double bond is
formed, it is irreversibly oxidized to an acid deriva-
tive. If these steps be involved, the Willgerodt re-
action on a methyl ketone could occur only by di-

(10) H. D. Porter, THIS JOURNAL, 76, 127 (1954),

(11) L. F, Fieser and G. W. Kilmer, ¢bid., 62, 1354 (1940).

(12) C. Willgerodt, Ber., 31, 534 (1888).

(13) T.L. Cairns, G. L. Evans, A, W, Larchar and B, C. McKusick,

THIs JOURNAL, T4, 3982 (1952),
(14) S. K. Mitra, .7, Indian Chem. Soa., 16, 31 (1938),
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Fig. 2.—N-(Mesitoyltlioformyl)-morpholine, —; N-(8-

mesitoylthiopropionyl)-morpholine, ----- .

rect oxidation of the methyl group followed by re-
duction of the carbonyl group. It is to be realized,
however, that as the number of different types of

0
| I
RéCHZCHzR’ —> RCCH=CHR’ —>

?
!
RCCHz(fHR’
NR; (or SH)

compounds which undergo reaction with sulfur and
an amine increases, the concept of a single mech-
anism for the Willgerodt reaction becomes meaning-
less.

Experimental’

Willgerodt Reaction with Acetylmesitylene.—A mixture
of 2.00 g. (12.3 mmoles, b.p. 121.5-123.0°, »%p 1.5153) of
acetylmesitylene, 0.40 g. (12.3 mmoles) of sulfur and 1.08 g.
(12.3 mmoles) of morplioline was heated under reflux for 8
hr. The dark reaction mixture was cooled, poured into
water and extracted with benzene. The benzene extract
was washed with water and the solvent removed on the
steam-bath under reduced pressure. The residue was dis-
solved in a mixture of 70-30 hexane-benzene and chro-
matographed on 20 g. of Merck alumina. Elution with
70-30 hexane—benzene afforded 0.87 g. (43.5%) of unreacted
acetylmesitylene. Continued elution with the same solvent
mixture yielded, after recrystallization from hexane, 0.71 g-
(20.8%) of N-(mesitoylthioformyl)-morpholine (I) as or-
ange-yellow needles, m.p. 99.2-101.1°. ’

An analytical sample was obtained by rechromatography
on alumina and recrystallization from methanol-water,
m.p. 101.0-101.5°.

Anal. Caled. for C;H;30.NS: C, 64.95; H. 6.90; N,
5.05; S, 11.56. Found: C,64.69; H, 7.08; N, 5.12; S,
11.61,

When the above reaction wus performed except that 3
equivalents of sulfur were employed, the yield of thiomor-
pholide was increased to 33.5%, but the purification of the
product was more difficult due to the presence of unre-
acted sulfur.

(15) Analyses were performed by the Mictoanalytical Laboratory,
Department of Chemistry and Chemical Engineering, University
of California, All melting points are corrected.
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Alkaline Hydrolysis of N-(Mesitoylthioformyl)-morpho-
line (I).—A solution of 200 ml. of 959, ethanol, 10 ml. of 1
N NaOH solution and 2.50 g. (9.03 mmoles) of N-(mesitoyl-
thioformyl)-morpholine was heated under reflux for 2 days,
after which an additional 10 ml. of 1 N NaOH solution was
added and the refluxing continued for one day longer.
The condenser was removed and the ethanol distilled.
When the residue was acidified with dilute HCl, H,S was
evolved, The acidic mixture was extracted with ether,
the ethereal solution washed with water and then extracted
with dilute NaOH.

The alkaline aqueous layer was acidified, extracted with
ether, the ethereal solution washed with water, dried over
MgSO, and the ether removed on a steam-bath. The resi-
due (1.31 g.) was a dark oil which solidified on standing.
Recrystallization from hexane-benzene yielded 1.05 g.
(60.5%) of mesitylglvoxylic acid (II) as pale yellow, hard,
dense crystals, m.p. 118.8-119.4° (lit.!¢ 116°), mixed m.p.
with authentic mesitylglyoxylic acid (m.p. 116.7-117.9°),
was 117.9-119.3°. The infrared spectra of the two samples
in CHCIl; were identical.

Anal. Caled. for C;;H205:
neut. equiv., 191.5.

neut. equiv., 192.2. Found:

The ether solution containing tlie neutral fraction was
washed with water and dried over MgSO,. The ether wus
removed on the steam-bath and the residual solid recrystal-
lized from hexane, yield 508 mg. (21.5%), in.p. 127.8-
128.5°, mixed m.p. with authentic N-(mesitoylformyl)-
morpholine (III) (128.6-129.7°) was 128.8-129.6°. The
infrared spectra of the two samples in CS; were identical.

An analytical sample was obtained by chromatography
over alumina followed by recrystallization from hexane,
m.p. 129.1-129.7°. The ultraviolet spectrum in 95%,
ethanol exhibited a maximum at 276 mu (e 8180) with rising
end absorption toward 220 mu.

Anal. Caled. for Ci;H;30O;N: C, 68.94;
5.36. Found: C, 68.95; H, 7.01; N, 5.14.

Mesitylglyoxylic Acid.'®—With stirring, 2.00 g. (12.6
mmoles) of KMnO, dissolved in 40 ml. of water was added
dropwise over a period of 30 minutes to a mixture of 1,00 g.
(6.17 mmoles) of acetylmesitylene and 10 ml. of 29, NaOH
solution. On continued stirring, the temperature of the
reaction mixture rose to 40° and at that time the reaction
was cooled in a cold water-bath. After a total of 2.5 hours
of stirring, the reaction mixture was filtered through Super-
Cel and the filtrate extracted with ether. Acidification of
the alkaline filtrate gave an oil that was dissolved in ether,
the ether layer washed witli water, dried over MgSQ, and
the ether evaporated. Most of the oily residue solidified
on standing in the cold. The entire residue was triturated
with hot hexane-benzene and u small amount of white
insoluble solid would not dissolve. The extract, on cooling,
deposited 492 mg. (41.5%) of mesitylglyoxylic acid as a
yvellow solid, m.p. 115.0-117.5°. Two recrystallizations
from benzene-hexane gave 320 mg. of material, m.p. 116.7—
117.9° (1it.16 116°).

N-(Mesitoylformyl)-morpholine (IIl).—A mixture of 100
mg. (0.52 mmole) of mesitylglyoxylic acid, 1 drop of pyri-
dine and 0.5 ml. (6.9 mmoles) of purified thionyl cliloride
was heated at 50° for 45 minutes. The excess thionyl
chloride was removed under reduced pressure and the
cooled residue treated with 0.50 g. (5.8 mmoles) of mor-
pholine. After the exothermic reaction had subsided, the
reaction mixture was heated on the steam-bath for ten
minutes, cooled and water added. The solid was filtered
and recrystallized from hexane to yield 111 mg. (81.6%)
of the acylated morpholine, m.p. 128.6-129.7°.

Desulfurization of N-(Mesitoylthioformyl)-morpholine
(I).—A mixture of 2.50 g. (9.02 mmoles) of N-mesitoylthio-
formyl)-morpholine, 250 ml. of ethanol and approximately
80 ml. of washed commercial Raney nickel was heated
under reflux with vigorous stirring for 7 hr, The pale green
solution was decanted and then filtered through Super-Cel.
The residual Raney nickel was washed three times with hot
ethanol and the washings filtered, The solvent from the
combined ethanolic solutions was removed on the steam-
bath and the residue dissolved in hexane. Attempts to
extract this solution with dilute HCl solution resulted
in the formation of considerable white solid wliich was
filtered, vield 0.8 g. (26.47¢). TReecrystallization of the

H, 7.33; N,

IR AL L Van Sehiwrpenzeel) Reo frage. chim., 19, 379 (1900),
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solid from ethanol-benzene yielded two crops of material.
The first crop amounted to 268 mg., m.p. 201-210° dec.,
and the second crop to 856 mg., m.p. 201.0-201.6° dec.
Recrystallization of the second crop gave 306 mg. of mate-
rial, m.p. 202.1-202.4° dec., mixed m.p. with authentic
a-mesityl-8-( N-morpholino)-ethanol hydrochloride (m.p.
200.5-201.7° dec.), 201,0-201.8° dec.

Anal. Caled. for Ci;sH;30;N-HCI-H,O: neut. equiv., 304.
Found: neut. equiv., 306.

The aqueous acidic layer from tlie filtration of the extrac-
tion was basified with NaOH solution and the curdy pre-
cipitate which formed was extracted with hexane. Tle hex-
ane was removed on the steam-bath and the residual yellow
oil (0.62 g., 27.6%%) whiclt solidified on standing wus re-
crystallized from agqueous methanol to yield 430 mg. of
material, m.p. 85.8-86.5°. Recrystallization from aqueous
methanol gave 344 mg. of o-mesityl-8-(N-morpholino)-
ethanol (IV), m.p. 85.7-86.5°, miixed mi.p. with authentic
material, 85.5-86.3°. The infrured spectra of the two
samples in CS; were identical.

w-(N-Morpholino)-acetylmesitylene.—While cooling in
an ice-bath, 5.0 g. (31 mmoles) of bromine was added to a
stirred solution of 5.0 g. (30.9 mmoles) of acetylmesitylene
in 20 ml. of glacial acetic acid over a period of 20 minutes.
Tlie reaction mixture (no bromine color) was poured into 50
ml. of cold water and extracted witlt liexane. The hexaue
extract was washed three times with water, dricd over
magnesiuin sulfate and tlie solvent removed on the stea-
bath to vield 8.0 g. (of crude w-bromoacetylmesitylene).

A solution of the crude bromo-ketone, 10.0 g. (115
mmoles) of morpholine and 50 ml. of anhydrous benzene
was heated under reflux for 10 hr. The reaction mixture,
containing solid material, was poured into water and the
aqueous laver separated. An attempt to extract the or-
ganic layer with dilute acid resulted in tlie formation of a
solid which was filtered. The crude liydrochloride was
recrystallized from aqueous ethanol to vield 3.13 g. (33.5%)
of w-(N-morpholino)-acetyl mesitylene hydrochloride inono-
hydrate, m.p. 252-254° (sintering 225°) dec. The analyti-
cal sample was dried at 115° and 0.5 mm. for 24 hr.

Anal. Caled, for C;HnO:N-HCI-H,O: C, 59.69; H.
8.01; N, 4.64; neut. equiv., 302. Found: C, 59.86; H,
8.16; N, 4.74; neut. equiv., 301.

The aqueous layer from the two phase filtrate was basified
with NaOH and the oil extracted with ether. After dryving
over MgSO,, the ether was evaporated. The residual oil
(1.40 g.) could not be induced to crystallize and so it was
converted into the hydrochloride, m.p. 248-251° dec.

a-Mesityl-g-(N-morpholino )-ethanol (IV).—A mixture of
470 1ng. (1.55 mmoles) of w-(N-morpholinoacetylniesitylene)
liydrochloride nionoliydrate, dilute NaOH solution and ben-
zette was sliaken until all tlie solid liad disappeared. Tlic
benzene layer was dried over MgSO; and tlie solvent evapo-
rated on the steamn-batli. Tlie residue was dissolved in 23
ml, of anhydrous ether aud 0.25 g. (6.7 minoles) of cruslied
LiAlH, was added in sinall portions, with stirring. Stir-
ring was continued for 2 hr., and the excess livdride was de-
composed with a mixture of ethanol-benzene. Water wus
added and the organic layer separated from the pasty solid.
The solid was washed with a portion of ether and the ethereal
solutions combined. After washing tlie etliercal solution
with water, the solvent was removed on tlie steam-bath.
The residual oil crystallized on standing and was recrystal-
lized from aqueous metlianol, yield 242 mg. (62.37;), n1.p.
85.5-86.2°.

Anal. Caled. for C15H3302N: C, 72.25:
5.62. Found: C, 72.31; H, 9.39; N, 5.69.

The hydrochloride prepared from tliis material liad a
m,p. 200.5-201.7° (dec.).

Willgerodt Reaction with Propionylmesitylene.—A 1mix-
ture of 3.0 g. (17 mmoles, b.p. 132-134° (19 mm.), #%D
1.5095) of propionylmesitylene,” 1.09 g. (34 mnioles) of
sulfur and 1.74 g. (20 mmoles) of morpholine was heated
under reflux for 9 hr. The dark reaction niixture was
diluted with water and extracted with ether. The ethereal
layer was washed with saturated sodium chloride solution and
the ether removed on the steam-buth. The residue was dis-
solved in 50-50 hexane-benzene and chromatographed
on 50 g. of alumina. Eliution with 200 ml. of 50-50 hexuite--
benzene yielded 1.07 g. (35.77%) of propimuyvlnicsitylene.

H, 9.30; N,

(17) A. Klages, Ber., 88, 2240 1902,
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Continued elution with the same solvent mixture gave 1.48
g. (29.8%) of crude N-(a-mesitoylthicacetyl)-mmorpholine
(VI). Recrystallization, first from hexane and then from
aqueous methanol, vielded 1.21 g., m.p. 128.8-130.4°.

Anal. Caled. for CHy0.NS: C, 65.94; H, 7.26; N,
4.81; 8, 11.01. Found: C, 66.06; H, 7.17; N, 4.97; S,
10.79.

The miaterial fromn anotlier experimnent lias a m1.p. 121.0-
123.6° after recrystallization from hexane. Tlie two dif-
ferent melting forms are diinorphic crystals since their
infrared spectra in CHCl; were identical. Tlie compound
gave an intense red color witll aqueous metlianolic FeCl;
and was soluble in 5% aqueoys sodium liydroxide and re-
covered upon acidification.

Acid Hydrolysis of N-(a-Mesitoylthioacetyl)-morpholine
(VI).—A mixture of 185 mg. (0.64 mmole) of N-(a-mesitovl-
tliioacetyl)-morpholiite, 5 ml. of 6 N hyvdrocliloric acid and 5
ml. of acetic acid was heated under reflux for 6 lir., duriug
wlich time hydrogen sulfide was evolved. The reaction
mixture was cooled, diluted with water and extracted with
etlier. Tlie extract wus washied witli 5% sodiunt hydroxide
(acidification of which yvielded no material), saturated NaCl
solution and dried over MgSO,. Tlie ether was removed
o1 a steam-bath and the residue was an oil.  This material
was nitrated it 0° with fuming HNO4.®  Tlie reaction 1ix-
tire was swirled inn tlie ice-batlt for 30 sceouds and tlien

(18) R. C. Fuson and J. T, Walker, TH1s JoizrNAL, B2, 3260 (1030)
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diluted with ice-water. The wlite precipitute was filtercd
and recrystallized froimn aqueous ethunol to yield 72 mg.
(459;) of material, m.p. 136.5-138.5°. A mixed m.p. with
an authentic sample of dinitroacetylmesitviene (m.p. 138.5-
140.2°) was 137.5-138.8°. The iufrared spectra of tlie two
solid derivatives in CHCl; solution were identical.

Willgerodt Reaction with #-Butyrylmesitylene.—\ mix-
ture of 2.0 g. (10.5 mnioles, b.p. 145-147° (20 nu.), #*D
1.5049) of n-butyrylmesitylene,’ 0.67 g. (21 mmoles) of
sulfur and 1.80 g. (20.7 mmoles) of morpholine wus heated
under reflux for 7 hr. The reaction mixture was diluted
with benzene, waslied twice withl water and tlien with
saturated NaCl solution. Tlie benzene was removed on the
steam-bath and the residual oil dissolved in a mixture of
75-25 hexane—benzene aud chromatographed on 25 g. of
alumina. Elution witlt 50-50 hexune-benzene first yielded
1.13 g. of starting ketone and then 700 img. of material
whiclt solidified ou standing. Tlie crude N-(g-niesitoyltliio-
propionvl)-ntorpliolite was recrystallized three tintes from
benzene—liexante, yield 285 mg. (8.897), m.p. 99.7-100.4°.

Anal. Caled. for C;Hyu0.NS: C, 66.86; H, 7.59; X,
4.59; S, 10.530. Found: C, 66.78; H, 7.32; X, 4.87; S,
10.41.

Tlie low recovery yield from thie reerystallizations was
dire to thie extreme diffienlty in obtainiug colorless ritlier
tlian sliglitly discolored erystals.

BerkeLEY 4, CaLtr,
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The Aconite Alkaloids. XXX.! Products from the Mild Permanganate Oxidation of

Atisine!?
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Tlie structures assigned eurlier to atisine (I) and isoatisiite (I1} are given additional support by furtlier oxidation studies.
Thus mild permanganate oxidation of atisine gave the +-lactam, a-oxoatisine (VIIa), the 8-lactain, S-oxoatisine (VIIIa,
and an unsaturated base (XI) in which the oxyethyl group of atisine is lacking. Cutalytic rediction of 8-oxatisitte in 709%
acetic acid gave the known dihyvdroéxoisoatisine (IX), tlius relating oxidation products from the atisine und isoatisitie series.
Selective oxidation of a- and 8-oxoatisine with a periodic acid-permanganate mixture afforded the corresponding dicarboxylic
icids X and VI. A inixture of these acids was also isclated from the acidic fraction obtained from the mild permauganate
oxidation of atisine. Vigorous permanganaute oxidation of atisiue i1 tlie presence of pyridine and sodium hydroxide gave a
mixture from which only the §-lactam dicarboxylic acid (VI) could be isnlated. Tlhe transformations described interrelate
tlie various degradation products of atisinte and plice the structures assigned to atisine and isontisine on a firmer basis.

In recent commmunications on the Aconite -Al-
kaloids, it has been shown that the various reac-
tions of atisine® and isoatisine may be accounted
for on the basis of structures I and II, respec-
tively.%4* Mild permanganate oxidation of iso-
atisine in acetone and acetic acid furnishes a good
vield of oxoisoatisine, CapH3NQO;,® 111 (vide infra),
while more vigorous conditions give rise to an oxo-
isoatisinedicarboxylic acid’” and an oxoisoatisine-

» CH,CH,OH CH,R L~

(1) For paper XXIX in this series, see S. W. Pelletier and W. A. N /\t_CHz NS o

Jacobs, Chem. and Ind., 1383 {1953).
(2) Presented in part at the Gordon Research Conference on Sterolds

! : 4 C
and Related Natural Products, New Hampton, N. H., August 21, J%O/\/ L%'O e
1955. o

)

o

(3) E. S. Stern, The Aconitum and Delphinium Alkaloids in "*The CHs CHs
Alkaloids, Chemistry and Physiology,” edited by R. H. F. Manske .
and H. L. Holmes, Vol. IV, Academic Press, Inc.,, New York, N. VY., 111 I\_- R = CH.OH
Vv, R = CO:-H

1954, p. 280.

(4) K. Wiesner, R, Armstrong, M. F, Bartlett and J. A. Edwards,
Chemistry and Indusiry, 132 (1934); K. Wiesner and J. A. Edwards,
Experientia, 11, 255 (1955). These workers were the first to propose
the presently accepted carbon skeleton for the atisine alkaloids.

(5) S. W. Pelletier and W. A. Jacobs, THis JouRNaL, 76,
(1054,

iy P Hoebner and W. A, Jacobs, J. Biol (Chvw 170, V100140075,

7)WL A Javabs, J o tirg Chem, 16, 10503 11900,

tricarboxylic acid® which will be shown to have
structures IV and V, respectively. Although oxi-
dation of atisine under vigorous conditions has
given an analogous oxoatisinedicarboxylic acid

174, (ho1
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(8) ¢, I'. Huehner and W. A. Jacnbs, J. Biol. (Chewi,

L1048y,



