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Dakin.® Four recrystallizations from alcohol gave 13.5 g.
of pure levo g-phenyl-n-propylamine neutral d-malate and
4 g. more was obtained from the mother liquors; m. p.
182-184°; [a]?D —21.9° (¢, 4; water).

The resolution of the B-phenyl-n-propylamine by the
tartrate salt was very slow. Tlhe salt, prepared by mixing
the dl-amine with d-tartaric acid in mole proportions of
1:1, was recrystallized from alcohol twenty-three times, the
last three recrystallizations changing the specific rotation
from 31.2° to 31.7° (¢, 4; water). The yield of the re-
covered amine was 10-15%; b. p. 102° (20 mm.); [e«]%*D
35.4° (¢, 2; absolute alcohol).

Anal. Caled. for CoHiN: neut. eq., 135.1.
neut. eq. with methyl red, 138.3.

Found:

The salt prepared by treating the dl-amine with d-
camphoric acid in mole proportions of 1:1 was recrystal-
lized eighteen times from a mixture of equal parts of alcohol
and ethyl acetate, the last three recrystallizations changing
the specific rotation from —12.6 to —12.9° (¢, 3.2; water).
This salt contained the levo form of the amine.

Resolution with camphorsulfonic acid and menthoxy-
acetic acid was also extremely slow in ethyl acetate.

Resolution of N-Methyl-3-phenyl-n-propylamine.—This
compound was much more difficult to resolve than the pre-
vious, unmethylated one. The malate did not crystallize.
N-Alkylation lowers the melting points of the salts of an
amine and often makes resolution more difficult.

Seventy-six grams of N-methyl-g-phenyl-z-propylamine,
supplied by the Wm. S. Merrell Co., and 118 g. of d-cam-
phorsulfonic acid were dissolved in 1200 ml. of ethyl ace-
tate. After cooling in ice for several hours, 65 g. of salt
was filtered off. This was recrystallized by dissolving in
about 0.8 its weight of absolute alcohol, carefully adding
56 volumes of ether, and allowing to stand in ice for a
short time. After 8 recrystallizations, 11 g. of pure dextro
N-methyl-g-phenyl-z-propylamine d-camphorsulfonate

(5) Dakin, J. Biol. Chem., §9, 7 (1924).
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was obtained; m. p. 118-19°; [«]?D 28.8° (¢, 4; water).
By working up the recrystallization liquors, 8.3 g. more was
obtained; total yield, 19.3 g. or 20%,.

The amine was recovered from 18.3 g. of the salt by
liberating it with sodium hydroxide, extracting with ether,
drying and distilling. The yield was 7 g., a 929, recovery;
b. p. 103° (21 mm.); [«]®*D 32.2° (¢, 2; absolute alcohol).

Anal. Caled. for C,oHi:N': neut. eq., 149.14. Found:
neut. eq., 150.0.

The levo formi was obtained with d-mandelic acid.
Thirty-eight grams of N-methyl-g-phenyl-z-propylamine
recovered from the mother liquors of the above resolution
reacted with 38 g. of d-mandelic acid in 30 ml. of abso-
lute alcohol. The salt was precipitated with 200 ml. of
ether. In subsequent recrystallizations, the salt was dis-
solved in about 0.5 its weight of absolute alcohol and ether
equal to 9-10 times the volume of alcohol used was added.
The clear, supersaturated solution was allowed to stand in
ice for a short time while crystallization took place. After
12 recrystallizations, 8.5 g. of pure levo N-methyl-3-phenyl-
n-propylamine d-mandelate was obtained; m. p. 86-7°;
[a]22D 39.8° (¢, 7; water). From the mother liquors 4.5
g. more was obtained; total, 13 g.

The levo amine was recovered from 15.4 g. of the salt in
the maunner employed for the dextro form. The yield was
7 g., a 929 recovery; b. p. 101-102° (19 nim.); [a]®%D
—31.7° (¢, 2; abhsolute alcoliol).

Summary

1. pB-Phenyl-n-propylamine has been com-
pletely resolved with /- and d-malic acids.

2. Both antipodes of N-methyl-8-phenyl-n-
propylamine have been obtained by resolution
with d-camphorsulfonic acid and d-mandelic
acid.
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The Reaction of the Grignard Reagent with Esters of Highly Hindered Acids

By RevynoLDp C. Fuson, E. M. BOTTORFF AND S. B. SPECK

Failure to obtain tertiary carbinols from ben-
zoylmesitylene and Grignard reagents! does not
necessarily - preclude the possibility of preparing
them from mesitoic esters and the Grignard
reagent. Morton and Peakes? found, in fact,
that 2,4,6-tribromotriphenylcarbinol was formed
by the action of phenylmagnesium bromide on
methyl 2,4,6-tribromobenzoate but could not be
made by the action of this reagent on 2,4,6-
tribromobenzophenone. . Whereas the carbonyl

¢1) Puson, Armstrong and Speck, J. Org. Chem., 7, in press (1942).
(2) Morton and Peakes, T#is JouRNaL, 88, 2110 (1€33),

group of esters is less reactive than that of ke-
tones, it seemed that in highly hindered molecules
this difference might be outweighed by the small
size of the OR group as compared to that of the
phenyl radical. ’

As a test of this possibility certain alkyl and aryl
esters of mesitoic acid have been prepared and
treated with the Grignard reagent. Evidence of
reaction was obtained in all cases. Alkyl mesi-
toates when treated with alkylmagnesium halides
yield mesitoic acid and the alkyl halide formed
from the alkyl group of the ester and the balogen
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atom of the reagent. No alkylation was observed
in any of these reactions.?

Aryl mesitoates reacted with the Grignard
reagent in an entirely different manner. When
alkylmagnesium halides were used, the ester was
converted into the corresponding alkyl mesityl
ketone and the phenol derived from the aryl radi-
cal that is removed.

MesCO.Ar + RMgX —> MesCOR + MgX(OAr)

In this way high yields of aceto- and propio-
mesitylerie were obtained from p-tolyl mesitoate
and methyl- and ethylmagnesium halides, re-
spectively. p-Cresol was formed also in each
instance.

In a similar manner p-tolyl 2,4,8-triisopropyl-
benzoate reacted with methyl- and ethylmagne-
sium halides to yield, respectively, 2,4,6-triiso-
propylacetophenone and 2,4,6-triisopropylpro-
piophenone.

The products obtained by the action of aryl-
magnesium halides on aryl mesitoates were more
complex but the first step in each case appeared
to be the formation of the ketone. Thus, p-tolyl-
magnesium bromide reacted with p-tolyl mesi-
toate to yield p-cresol and 2-p-tolyl-4-methylbenz-
oylmesitylene (II). This result is to be explained
by assuming that the ketone (I) is formed first just
as with the alkylmagnesium halides. It has been
shown! that ketones of this type may react with
Grignard reagents in such a manner as to suffer
arylation in an ortho-position. For example,
when p-toluylmesitylene (I) was treated with
p-tolylmagnesium bromide the tolylated ketone
(IT) was found among the products.

MesCOK__ DCH; + CHC__ >MgBr —>

Mesco©cH3 + MgBr(OCsH,CHj)

I
MesCOS__DCH; + CHiC___HMegBr —>

MesCO: CH,

CeH,CH;,
II

Similar results were obtained in the condensation
of phenyl- and a-naphthylmagnesium bromide
with p-tolyl mesitoate. In addition, the action of
o-methoxyphenylmagnesium bromide on p-tolyl
mesitoate gave rise to o-(o-methoxyphenyl)-ben-
zoylmesitylene, and o-(m-methoxyphenyl)-ben-
zoylmesitylene was produced from p-tolyl mesito-

(3) See Arnold, Benk and Liggett, THIS JoOURNAL, 68, 3444 (1941).
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ate and m-methoxyphenylmagnesium bromide.
It was obvious that arylation could be prevented
by the use of mesitylmagnesium bromide. This
experiment did indeed yield a small amount of
dimesityl ketone. Curiously, the ketone was ac-
companied by a trace of mesitil. The formation
of the latter has not been explained.

Experimental

Esters.—The esters studied in this work were prepared
by the condensation of the corresponding acid chloride and
alcohol or phenol.

Benzyl Mesitoate.—One hundred and fifty-nine grams
of mesitoyl chloride* was added slowly to 140 g. of benzyl
alcohol, with stirring. After the addition was complete
the mixture was heated for an hour, allowed to cool and
poured into water, acidified with sulfuric acid. The ester
was extracted with ether. The ether solution was washed
with potassium bicarbonate solution, then with water and
dried with sodium sulfate, The solvent was removed and
the residue distilled under reduced pressure. The yield
was 193 g. of benzyl mesitoate boiling at 164-169° (2.5
mm.); m. p. 38-39° (cor.).

Anal. Caled. for C;H;30::
C, 80.41; H, 7.35.

n-Butyl mesitoate was prepared in the same manner;
b. p. 119-121° (3 mm.); d2% 0.9839; #2p 1.4920,

p-Tolyl Mesitoate.—Thirty-three and one-half grams of
mesitoyl chloride was added slowly to 20 g. of p-cresol.
The solution was warmed until the evolution of hydrogen
chloride ceased. The reaction mixture was dissolved in
ethyl ether and the solution washed with three portions of
109%, sodium hydroxide solution and then with one portion
of water. The ether was removed by evaporation and the
residue was crystallized once from alcohol. The yield was
41.5 g. of p-tolyl mesitoate, colorless needles melting at 73°
(cor.).

Anal. Caled. for C;H;302: C, 80.30; H, 7.10. Found:
C, 80.29; H, 7.10.

p-Tolyl 2,4,6-triisopropylbenzoate was prepared in 859,
yield from 2,4,6-triisopropylbenzoyl chloride and p-cresol.
It was purified by distillation; b. p. 181-184° (3 mm.);
m. p. 66-68° (cor.), from methanol.

Anal. Caled. for CosHsO,: C, 81.61; H, 8.93.
C, 81.67; H, 8.60.

2,4,6-Triisopropylpropiophenone.—A solution of 23.1 g.
of propionyl chloride in 50 cc. of carbon disulfide was
added slowly, with stirring, to a mixture of 55 g. of 1,3,5-
triisopropylbenzene, 37.5 g. of anhydrous aluminum chlo-
ride and 150 cc. of carbon disulfide at 10°. After addition
of the acid chloride was complete, the ice-bath was re-
moved and the reaction mixture was stirred at room tem-
perature for three hours. It was then poured on cracked
ice and 200 cc. of concentrated hydrochloric acid. The
water layer was extracted with benzene and the extracts
were combined with the carbon disulfide solution. This
solution was washed with 109, sodium hydroxide solution
and water. The splvents were removed and the residue

(4) Fuson, Corse and M¢Keever, thid., 61, 2010 (1939).

C,80.28; H,7.13. Found:

Found:
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TaBLE I
REeacTiONS®
Ester Grignard reagent Product Yield, % Product Yield, %
MeSC02CHzCaH5 n-C4HgMgBr MesC02H 50 CeHsCHzBrb
MesCO,CH,Ce¢Hs CeH Mgl MesCO.H 65 CeH;CH,1 70
MeSC02CH3 n-C,;HgMgBr MesCOzH 25 CHsBI‘ 20
MesCO,CH,CH,CH.CH; C¢H;MgI MesCOH 61 71-CeHgl 54
MesCO,CH; Mgl MesCOH 80
MesCO,CH,CsH; Mgl MesCO.H 97 C¢H;CH.CH,CeHs
MesCO,CeH,CHj; CH;Mgl p-Cresol 76 MesCOCH; 45
MesCO,CeH,CH: C.H:MgBr p-Cresol 54 MesCOCH,CH; 614
MesCO,CsH,CHs CeH;CH.MgCl p-Cresol 35 MesCOCOCsH; small amount«
TipCO.CsH,CH; CH;Mgl p-Cresol 78 TipCOCHj; 467/
'I‘lpCOJCeH.;CHJ CszMgBr p-Cr_esol TipCOCH.,CH; 43
= SN Vs ~ TN .
I\IesC02<\\\__/j)CH3 CH;;/\; />MgBr p-Cresol 95 MesCO\/\‘m />LH3 13
|
MesCOzCH;; a-NaphMgRr p-Cresol 40 MesCO<i> tracel
CyoH;
MesCOgCHg p-Cresol 74 13¢
MesCO:CH,CH; < OMeBr p-Cresol 75 i
|
CH;0

MesCOz®CHg MesMgBr p-Cresol 85 MesCOMes 3

MesCOCOMes trace

¢ The radicals mesityl and 2,4,6-triisopropylphenyl are represented in the table by Mes and Tip, respectively.
® Identified by conversion into benzaldehyde [(Delépine, Compt. rend., 157, 852 (1913)]. ° Identified by prepara-

tion of the 3,5-dinitro derivative; m. p. 140° {Fuson and Walker, THis JOURNAL, 52, 3269 (1930)].
m. p. 99° [Fisher, Snyder and Fuson, bid., 54, 3669 (1932)].

version to a,a-dibromo-3,5-dinitropropiomesitylene;

¢ Identified by con-

¢ Identified by carbon and hydrogen analysis and a mixed melting point determination with an authentic sample. ” A

mixed melting point of this compound with an authentic sample showed no depression.
compound with an authentic specinien prepared by the Friedel-Crafts method was not depressed.
Caled. for CpH20: C, 89.95; H, 6.04.
C, 83.58; H, 6.72.
Found: C, 80.09; H, 6.89.

ethanol-chloroform. A4nel.
ethanol. Anal. Caled. for CoHy0s:
Anal. Caled. for CosHuOs: C. 79.96; H, 6.72.

was distilled under reduced pressure. The yield of 2,4,6-
triisopropylpropiophenone, b. p. 123-126° (3 mm.), was
35g. This ketone melted at 81-83° (cor.) after recrystal-
lization from methanol.

Anal. Caled. for CisHsO: C, 83.02; H,
Found: ¢, 83.10; H, 10.92.

2,4,6-Triisopropylacetophenone.’—This compound was
prepared in a similar manner by condensing acetyl chloride
with 2,4,6-triisopropylbenzene. The yield was 53% of the
theoretical and the compound melted at 87.5-88° after
crystallization from methanol. It is not the same as the
compound reported by Koch and Steinbrink.®

10.84.

(5) This experiment was carried out by Df. E. C, Horning.
(6) Koch and Btelubrink, Brennstoff-Chene, 39, 277 (1938).

¢ A mixed melting point of this
M. p. 180°, from

‘M. p. 94°, from
M. p. 144°, from alcoliol.

Found: C, 89.64; H, 6.35.
Found: C, 83.53; H, 6.%4.

Anal, Caled. for CpHyO: C, 82.85; H,
Found: C, 82.97; H, 10.59.

Treatment of Hindered Esters with Grignard Reagents.
—The reactions of several hindered esters with various
Grignard reagents have been studied. The results of this
work are shown in the table. Since the experimental pro-
cedure was very similar for all the reactions carried out,
two procedures used will be selected as representative of
the methods employed and presented in detail.

n-Butyl Mesitoate and Phenylmagnesium JIodide.—
Phenylmagnesium iodide was prepared from 30.6 g. of
iodobenzene and 3.6 g. of magnesium in 60 cc. of #-butyl
ether. Sixty-six grams of #-butyl mesitoate dissolved in
35 ce, of n-butyl ether was added. The reaction mixture

10.63,
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was refluxed for twenty-six hours in a nitrogen atmosphere.
The contents of the flask were poured into dilute sulfuric
acid. The n-butyl ether layer was separated and the water
layer washed once with ether. The ether solution was ex-
tracted with a saturated solution of potassium bicarbonate.
Acidification of this extract produced 30 g. of mesitoic acid.

The ether solution was distilled after drying over mag-
nesium sulfate. The first fraction, collected from 100 to
131°, was a mixture of #-butyl ether and n-butyl iodide.
A small portion of it was used to make n-butyl 3,5-dinitro-
benzoate; m. p. 64-65° (cor.). The remainder of this frac-
tion was treated with alcoholic silver nitrate solution until
precipitation was complete. The precipitated silver iodide
weighed 19 g. and corresponded to 14.9 g. of #-butyl iodide.

The remainder of the n#-butyl ether solution was distilled
under reduced pressure. A small amount of biphenyl and
14 g. of n-butyl mesitoate were obtained.

p-Tolyl Mesitoate and p-Tolylmagnesium Bromide.—
A solution of 12.7 g. of p-tolyl mesitoate in 50 cc. of #n-
butyl ether was added with stirring to the reagent prepared
from 3 g. of magnesium and 17.1 g. of p-bromotoluene in
40 cc. of n-butyl ether. The temperature was maintained
at 115° for five hours and the reaction was run under an
atmosphere of nitrogen. During the reaction the originally
colorless solution slowly became deep red'in color.

The reaction mixture was decomposed with cold dilute
hydrochloric acid and the aqueous layer extracted twice
with ether. The ether solution was washed once with
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water, then with three 100-cc. portions of 109, sodium
hydroxide. The combined sodium hydroxide extraction
was washed twice with ether, acidified with hydrochloric
acid and extracted with ether. This ether extract was
washed with water, dried over magnesium sulfate and the
ether removed by evaporation. The residue was weighed
as p-cresol, 5.1 g. being obtained.

The solvent was removed from the ether solution and the
thick, red oil distilled under reduced pressure. A small
amount of p-bitolyl was obtained in the forerun. The
fraction distilling at 180-230° was a thick yellow oil which
when taken up in alcohol yielded about 2.2 g. of pale yellow
crystals melting at 101° (cor.).

Anal, Caled. for CouHO: C, 87.75; H,7.37.
C, 87.78; H, 7.48.

Found:

Summary

The Grignard reagent reacts with alkyl mesi-
toates to give mesitoic acid and the alkyl halide
formed from the alkyl group of the ester and the
halogen of the reagent.

The Grignard reagent reacts with aryl 2,4,6-
trialkylbenzoates in the 1,2-manner to form the
corresponding monoketones or products derived
from them.

URBANA, ILLINOIS RECEIVED FEBRUARY O, 1942

[CONTRIBUTION FROM THE SCHOOL OF CHEMISTRY OF THE UNIVERSITY OF MINNESOTA]

The Oxidation of Benzophenone Oxime'

By W. M. LAuer aND W. S. DyYER?

The oxidation of benzophenone oxime has been
reported?® to yield benzophenone, a yellow com-
pound melting at 156° and a white compound,
which melts with decomposition at 193°. Addi-
tional data have now been obtained which lead to
structural formulas and a possible mechanism for
the formation of these products is presented.

The yellow compound is believed to be diphenyl-
ketazine oxide (I), although a cyclic structure
(IT) has also been suggested.*

(C5H5)2C=N——I¢\I=C(C5H5)2

(0]
I
(CeH5).C N=N——-C(CsHj):
L o ]
II

(1) This study was begun under the guidance of the late Professor
W. H. Hunter.

(2) Abstracted from the Ph.D. Thesis of W. S. Dyer, June, 1938.
Original manuscript received December 4, 1941,

(3) Hunter and Dyer, THis JOURNAL, 86, 5053 (1933). See also
von Auwers and Wunderling, Ber., 668, 538 (1933); 68, 1072 (1935).

(4) Schénberg and Barakat, sbid,, T1, 995 (1938); cf. v. Auwers,
#bid., 71, 1260 (1938).

Treatment of this yellow oxidation product with
boiling concentrated hydrochloric acid produced
a high yield of benzophenone; pyrolysis yielded
nitrogen, diphenyl ketazine and benzophenone
and catalytic hydrogenation gave a practically
quantitative yield of diphenylketazine.

The colorless compound is probably CasH2ziO:Ne
and not (CyisH;ON)s. Molecular weight deter-
minations using benzene as the solvent gave values
which are approximately one-half of the previ-
ously reported value. The earlier determinations
were carried out in benzophenone and it is pos-
sible that association accounts for this discrep-
ancy. This colorless oxidation product is tenta-
tively assigned structure III.

(CeHs)zC=N——O—If=C(CeH5)z

0O
III

Several investigators® have shown that nitronic

(8) See, for example, Nef, Ann., 380, 286 (1894); Bamberger, Ber.,
84, 580 (1901); Arndt and Rose, J. Chem. Soc., 1 (1935); Thurston
and Shriner, J. Org. Chem., 2, 183 (1937).



