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product after six recrystallizations from 95% ethanol
yielded 0.6 g. of 1-(a-thienyl)-1,4,4a,9a-tetrahydroanthra-
quinone, m.p. 159-160°.

Oxygen was bubbled through a solution of 0.5 g. of the
1-(a-thienyl) -tetrahydroanthraquinone dissolved in 25
ml. of 0.2 N alcoholic sodium hydroxide until the solution
changed from red to colorless and an almost quantitative
yvield of 1-(a-thienyl)-anthraquinone had precipitated
therefrom. It crystallized from 959, ethanol as yellow
needles, m. p. 175.5-176.5°.

Anal. Caled. for CsH,00:S: C, 74.48; H, 2.90; S,
11.03. Found: C,74.22; H,3.78; S, 11.08.

4-(a-Thienyl)-A%-tetrahydrophthalic Anhydride (IX).—
One gram of 2-(a-thienyl)-butadiene-1,3 (VIII) obtained
by the dehydration of (VII) was converted to (IX) ac-
cording to the method previously indicated, yielding a
colorless crystalline compound which after four recrys-
tallizations from a benzene-low boiling ligroin mixture
melted at 112-113°.

Anal, Caled. for CsHi005S: C, 61.53; H, 4.27; S,
13.63. Found: C, 61.52; H, 4.25; S, 13.71.
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Depression of the melting point of a mixture of (V) and
(IX) confirmed the lack of identity between them.

Acknowledgment.—The authors wish to ac-
knowledge the assistance of Dr. K. N. Campbell
during the portions of the investigation con-
cerned with ozonization and to Drs. C. C. Price,
Ernest Eliel and G. F. Hennion for their advice
and interest.

Summary

A series of a-thienyl substituted butenols has
been prepared, characterized, and their dehydra-
tion products studied. The product obtained by
the reaction of a-thienylmagnesium bromide with
butadiene monoxide has been identified as 4-(a-
thienyl)-buten-2-o0l-1 formed by 1,4-addition.

NoTRE DaME, INDIANA RECEIVED JANUARY 13, 1950
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Rearrangement of N-Diphenylmethyl-o-toluidine

By H. A. IppLes aND W. L. HarTOP, JR.

In earlier studies concerning the rearrangement
of the triphenylmethyl ether of o-cresol and of N-
triphenylmethyl-o-toluidine, as well as in the
related direct introduction of the triphenylmethyl
radical into the para position of either o-cresol or
of o-toluidine, the entrance of only

who prepared N-diphenylmethyl-

with diphenylcarbinol in acetic acid medium led
to the production of a mixture of products, These
could be separated by the precipitation of the sul-
fate salt of a mono-substituted product IIT and
the recovery of an ether-soluble fraction which was

one triphenylmethyl radical has NHs . QH
been observed.! In extending (CsH,):CHOH NCHs diazotization
. . —
these ohservations, the less highly i HOAc l y
substituted diphenylmethyl ether
of o-cresol was rearranged; the C“Hﬁ—g—c"Ha C“H"—g—cﬁH"
conditions were determined ‘lead- 111 v
ing to the direct introduction of CHL
one and two radicals into the HOAc [“ s
nucleus and the orientation of the  NH, HCl[ H—N—C—C¢H;
products was established by direct CH, J OAc
syntheses. — CHy ~——> IlandV
The elucidation of these struc- HCl
tures has now been utilized in inter- 1 I in presence of o-cresol
preting the analogous introduction [
of the diphenylmethyl radical into ‘ HOAc
o-toluidine and in extending the | HCl
earlier work of Busch and Rinck? v CHs H;Ce
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o-toluidine II from benzylidene-
o-toluidine and phenylmagnesium
bromide and found that this mate-
rial, when heated with o-toluidine
hydrochloride in a sealed tube at
210°, rearranged to give a product
which they postulated to be 2-methyl-4-diphenyl-
methyl aniline III.

In this study a direct condensation of o-toluidine
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proved to be the disubstituted product IV. Each
of these free amines was diazotized and converted
to the corresponding phenols V and VI, whose
derivatives proved to be identical with the analo-
gous products previously characterized in the o-
cresol series.*
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As the next step the N-diphenylmethyi-o-tolui-
dine II was rearranged by heating in an acetic
acid-hydrochloric acid mediunt.  When the reac-
tion mixture was made alkaline and subjected to
steam distillation, e¢-tolundine came over leaving
the rearrangement products which were recovered
as in a direct condensation and counsisted of the
mono and disubstituted derivatives, the latter nna
molar gquantity corresponding to the quantity of
o-toluidine produced. The identity of products
111 and 1V prepared by direct condensation or by
rearrangement was demonstrated since no depres-
siont was observed in a mixed melting point com-
parison of the acetyl and benzoyl derivatives of
cach compound. A further rearrangement of
compound IT in the presence of o-cresol and in the
same acid medium gave a reaction mixture from
which the p-nionosubstituted amnine III and the
analogous phenalic derivative V were recovered
and identified,

These direct condetsations and rearrangements
demonstrate the possibility of introducing two di-
phenylimethyl radicals into the nucleus of o-
toluidine in exact analogy to the work in the o-cre-
sol series. Further the course of the reaction is
showi to be intermolecular in character from three
points of evidence (1) the migration of one group to
the para position indicates a reaction of intermo-
lecular type(2),* the productionof the disubstituted
derivative and an equivalent amount of o-toluidine
from IT must involve an intermolecular change, (3;
the transfer of a diphenylmethyl group from comn-
pound II to a foreign molecule, o-cresol, offers fur-
ther evidenice of an intermolecular change.

Experimental

Direct Condensation of ¢-Toluidine and Diphenylcar-
binol.-—Ten grams of o-toluidine hydrochloride and 19 g.
of diphenylecarbinol were dissolved in 50 mt. of glacial ace-
tic acid and refluxed for three hours.  The resulting durk
red solution was added to an escess aof saturated sodium
bicarbonate solution producing a tan spongy mass. The
supernatant liquid was decanted wnd the residue was heated
with 300 ml. of very dilute sodium hydroxide, then cooled
and extracted with ether. Upon evaporation of the ether,
a reddish-brown oil consisting of the disubstituted and
monosubstituted products resulted. These products were
separated by pouring into 3.5 liters of hot dilute sulfuric
acid, made by dissolving 100 ml. of concentrated sulfuric
acid in 8.5 liters of water, forming the sulfate salt of the
monosubstituted product which crystallized ont upon
cooling while the disnbstituted prodoct remained as a
brown amorphons muss.  The differing character of the
two solids made possible the separation of the suspended
crystalline sulfate from o botrtom solid layer.  The sulfate
salt was purified by several extractious with hot ether and
these ether washings were combined with the ether-
soluble brown amorphous layer. Final purification of the
sulfate salt was accomplished by suspending in hot ligroin
to remove trace impurities leaving the insoluble salt in a
vield of 9.7 g., m. p. 151°. From the combined ether ex-
tracts 14.4 g. of a viscous brown oil was purified by dis-
tillation at 260-275° and 2 mm. pressure and recrystal-
lized from 959 ethyl alcohol yielding 8.1 g. of the disub-
stituted product, m. p. 112.5-113°,

Shert amd
142, fiun

{4} Behagel and Freiensehmer. Ber.. 67, 1368 {104:345:
Srewart, J, Chom, Soc., 553 1024 Hickinhotion. Nodw:z
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At Caled. for CuHgeN: N, 3.17. Found: N, 3.14,

3.19,

The tolal yield on the basis of the ¢-toluidine hydro-
chloride used was 709

Isolation of Product III.---To isolate the monosubsti-
tuted product from its sulfate salt, 10 g. was heated with
154, NaOH yielding an oil which was taken up in ether,
wushed and dried.  Upon evaporation of the ether, the
residue was vaenum distilled at 196-202° and 2 mm.
pressure, vielding a solid product which was recrysiallized
from 95¢, ethyl alcohol, m. p, 69-70°,
Caled, for CoHaN: N, 5,12, H.02,

i, Found: X,

214,

Preparation of N-Diphenylmethyl-o-toluidine.—The N-
derivative wus prepared according to the derCthI’h of
Busch and Rinek?® in a 355 yield, 1. p. 83-84°.

Anal. Caled, for CoHypN: N, 5,12, Fouud: N, 3.21.

Preparation of Rearranged Products from N-Diphenyl-
methyl-o-toluidine.---To carry ont a direct rearrangement.
30 g. (0,11 moled of the N-diphenylmethyl-o-toluidine
was refluxed in i glaciul acetic acid-hydrochloric acid
mixture {150 ml, and 45 ml,) for four hours, then cooled
and made basie, producing the free organic bases. The
minture was steam distilled as long as any e-toluidine
cane over, By meuns of ether extraction of the distillate.
a final recovery of 2.9 g. of o-toluidine, L. p. 198°, resulted.
It was churacterized by forining the 3,5-dinitrobenzoyl
derivative, m. p. 1353° and the phenyl isothiocyanate de-
rivative, . (1o 136°, each of which corresponded with
similar derivatives prepared from a known sample of o-
tolnidine.  The oily residues fromn the steam distillation
were extracted with ether, the ether distilled off and the
resniting oil added to hot dilute sulfuric acid. The re-
covery and separation of the two rearranged products I1]
and 1V followed the procedure outlined under the direct
condensation with the following resnlts in two parallel
runs:

Run I Run 1I

yrans  moles  grams  moles
Monosubstituted snlfate salt  12.¢ 0.020 15.0 0.023
Disubstituted product 11.6 0260 9.5 022

s=-Tolnidine 20 Q27
Totul vield, ¢ o i}

2.6 024
¥3.9

Thix isolation of both the monosubstituted product and
the disubstittted product points to an intermolecular
mechanism aud it is further noted that for each molecule
of the disubstituted product formed a nolecule of o-
tolnidine was also formed.

Rearrangement of N-Diphenylmethyl-o-toluidine in the
Presence of o-Cresol.—Twenty grams of N-diphenyl-
iethyl-o-toluidine and 10 g. of o-cresol was refluxed for
two hours in a glacial acetic acid-coned, hydrochloric acid
mixture (150 ml.—45 ml.). It was then poured into 4 1. of
water and the precipitated material was extracted with
ether, followed by several washings with 109 sodium hy-
ilroxide to remove nnreacted o-cresol,  After drying the
cther extract, the ether was distilled off and the resultant
reddish-orange oil was taken up in ligroin and extracted
with Claisen solution which yielded an oil upon acidifica-
tion and this was distilled at 212-215° at 2 mm. pressure.
To surmount difficulties in crystallization it was methyl-
ated with dimethyl sulfate producing a methyl ether which
crystallized from ethyl alechol and melted at 75.3°. A
mixed melting point with a synthetic product (la) was
75.4° proving the original phenolic product to be V.

The ligroin layer was evaporated and the residue poured
into 3.5 liters of hot dilute sulfuric acid from which 1.8 g.
of the sulfate salt of III was obtained. Neither the di-
substituted o-toluidine derivative nor the analogous o-
cresol derivative was recovered,

Characterization of Product III.—The acetyl derivative
of the monosubstituted product II1 was prepared by dis-
solving 1 g. of material, 0.3 nl. of acetic anhydride und
0.3 g0 of sodiunt acctate in 10 anl. of glacial acetic acid
which was then refluxed for two lours. The reaction
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mixture was poured into water, filtered and dissolved in a
minimum of ethyl alcohol and treated with Norite. Final
recrystallization from ligroin gave a fine needle-like prod-
uct’ melting at 151-152°. Aunal. Caled. for CyuHyNO:
N, 4.45. Found: N, 4.34, 440. Bromination of this
derivative in chloroform solution yielded a product, m. p.
184-186°. Amnal. Caled. for CgpHyONBr: N, 3.55.
Found: N, 3.84.

The benzoyl derivative was prepared by warning 2.0 g.
of the product with 4 ml. of benzoyl chloride. Upon crys-
tallization from a ligroin—acetone mixture a colorless prod-
uct was obtained, m. p. 188.0-188.4°. A4Amnal. Calcd. for
CyH»ON: N, 3.71. Found: N, 3.65.

For further charucterization, 5 g. of the diphenylmethyl-
o-toluidine sulfate was dissolved in 50 ml. of glacial acetic
acid and 3 ml. of sulfuric acid, cooled to 30° and diazo-
tized by the slow addition of 4 ml. of amyl nitrite. A por-
tion of the diazotized solution was poured into boiling
water, then allowed to cool and extracted with two 50-ml.
portions of ether. Upon evaporation of the ether the re-
sulting oil was converted to its methyl ether, 2 methyl-4-
diphenylmethylanisole, m. p. 75.8°. This gave a mixed
m. p. of 75° with the identical material m. p. 74-76° pre-
viously prepared in the o-cresol series.? A second portion
of the diazotized solution was treated with zinc dust in
ethyl alcohol, replacing the original amino group with
hydrogen. The product melted at 61.5° and was shown
to agree by mixed melting point with the product made by
direct syntheses.!®

Characterization of Product IV.—The acetyl derivative
of the disubstituted product IV was prepared in a manner
analogous to the preparation of the monosubstituted
product. The colorless crystals melted at 189-189.5°.
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Anal. Caled. for C3Hy:ON: N, 2.91. Found: N, 3.27.

The benzoyl derivative was prepared as described above
and melted at 232-233°. Anal. Caled. for CoHyON:
N, 2.58, Found: N, 2.85.

The disubstituted product IV was diazotized as above
and poured into boiling water. Upon cooling, 2 g. of the
dark brown solid was acetylated by warming with 10 ml.
of acetic anhydride and a trace of sulfuric acid. After
reaction, a yellow tarry mass was obtained which was re-
crystallized from alcohol yielding a colorless crystalline
product, m. p. 142-143°, No melting point depression
was observed when this material was mixed with O-acetyl-
2-methyl-4,6-bis-(diphenylmethyl)-phenol as previously
prepared.?

Summary

1. The rearrangement of N-diphenylmethyl-o-
toluidine or the direct reaction of diphenylearbinol
with o-toluidine yields products with one and two
diphenylmethyl radicals in the nucleus which is
analogous to comparable reactions in the o-cresol
series,

2. An intermolecular mechanism is demon-
strated, since a para rearrangement takes place;
equal amounts of the disubstituted product and o-
toluidine are produced and an actual migration of
the diphenylmethyl radical from the nitrogen to
an o-cresol nucleus was observed.

DuruaM, N. H. RECEIVED MARcH 9, 1950
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Oxidation of Terpenes with Molecular Oxygen. I.

Oxidation of Terpinolene in

Aqueous Dispersion!

Bv J. N. BorgLIN, D, A, LisTER,? E. J, LORAND AND J, E. REESE

The autoxidation of terpenes has been the sub-
ject of numerous investigations, some of which
date back almost a century; however, there have
been no data available on the oxidation of terpino-
lene with molecular oxygen. This is surprising in
view of the considerable interest in 1,4-diene sys-
tems (e. g., linoleic acid) and the easy oxidizabil-
ity of this terpene. The only oxidation studies
published on terpinolene deal with the action of
dilute potassium permanganate,® chromic acid,?
and lead tetraacetate.® This neglect might have
been due to the fact that terpinolene of satisfac-
tory purity was not readily available. Recently
this situation has changed, inasmuch as terpino-
lene of 85-909%, purity can now be obtained by ef-
ficient fractionation of the higher boiling constitu-
ents of wood turpentine or of the monocyclic ter-
pene by-products formed in the hydration of wood
or gum turpentine. The main impurities re-
maining with terpinolene are 2,4(8)-p-menthadi-
ene (isoterpinolene) and fenchone. By further

(1) Presented before the Philadelphia Meeting of the American
Chemical Society, April, 1950,

(2) Deceased.

(3) Wallach, Ann., 868, 202 (1908); 368, 10 (1909).

(4) Henry and Paget, J. Chem. Soc., 134, 25 (1931).
(5) Ward, THIS JOURNAL, 80, 325 (1938).

fractionation in a high-efficiency colunn, the fen-
chone-terpinolene azeotrope can be eliminated to
obtain a terpinolene of 959, or higher purity (b. p.,
100 ., 120.6°, %, 0.8620, »*p 1.4900).
Oxidation of Terpinolene with Molecular
Oxygen in a Single-phase System.—Since ter-
pinolene has a methylene group (position 3 in
Formula I) activated by two double bonds, oxi-
dative attack should readily start here. Indeed,

17

we have found at the outset that oxygen reacts
with terpinolene more readily than with any of the
other common terpenes, and that the oxidation
does not require a catalyst, initiator, stronger
than diffuse light, The reaction is not inhibited
by the presence of other terpenes. At room tem-
perature about one mole of oxygen per mole of
terpinolene may thus be absorbed rather rapidly,



