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ated by two successive treatments with methyl iodide and
silver oxide in dimethylformamide,®-2 The methylated
galactomannan was fractionated from chloroform solution
by gradual addition of hexane (b.p. 64-65°). The bulk of
the material precipitated between hexane concentrations of
84 to 86%,; [«]®p +58° (¢, 1.0 in chloroform); methoxyl
content 44.1%,.

Hydrolysis and Isolation of Methylated Sugars.—Two
grams of methylated galactomannan were methanolized 10
hr. in methanol containing §% hydrogen chloride to a con-
stant optical rotation of [«]®¥p +66.2°, The mixture was
concentrated under reduced pressure to a sirup and after
addition of water and boiling for 7 hr., again concentrated.
The solution was neutralized with silver carbonate and de-
ionized with Amberlite IR 120 H. The solution, free of sil-
ver and chloride ions, was concentrated to a sirup (2.0 g.).
Chromatographed on paper with ethyl acetate:pyridine:
water, as above, indicated three components with R; values
of 0.82, 0,77 and 0.57, respectively. An aliquot from the
above hydrolyzate was quantitatively analyzed by paper
chromatography. The paper was irrigated as above and the
sugars determined with alkaline hypoiodite.?? The results
correspond to a ratio of tetra-O-methyl- to di-O-methyl- to
tri-O-methyl-sugar of 2.1:2:1,

A portion (1.48 g.) of the methylated sugar sirup was sep-
arated on a cellulose column with benzene:ethanol:water
(167:47:15v./v.) asanirrigant and using an automatic frac-
tion collector.!® The first fraction of 0.604 g. with R; of
0.82 and [«]®p +101° (¢, 1.0 in water) was 2,3,4,6-tetra-O-
methyl-p-galactose. Caled.: OCHj, 52.5. Found: OCH,,
52.5, When 25 mg. of the sirup was boiled with 15 mg. of
distilled aniline in 10 ml, of absolute ethanol, there was ob-

(20) R, Kuhn, H. Trischmann and I, Léw, Angew, Chem., 67, 32
(1955).

(21) J. Saarnio, Ph.D. Thesis, University of Helsinki, Finland, 1956.

(22) S. K. Chanda, E. L, Hirst, J. K. N. Jones and E. G, V., Per-
cival, J. Chem. Soc., 1289 (1950).
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tajned 28 mg. of N-phenyl-p-galactopyranosylamine 2,3,4,6-
tetramethyl ether,?® m,p, 192-193°, Caled.: N, 4.5.
Found: N, 4.6. The second effluent sirup of 0.257 g. with
an R value of 0.77 had an optical rotation of [«]®p +27.9°
(¢, 1.0 in ethanol) and was 2,3,6-tri-O-methyl-p-mannose.
Caled.: OCHj;, 41.8. Found: OCHj, 42.7. On demethyl-
ation of 5 mg. in 1 ml. of 489, hydrobromic acid for § minutes
at 100°, only mannose was obtained by paper chromato-
graphic examination of the products. When 50 mg. of the
methylated sirup was boiled with 0,18 of distilled aniline in
10 ml. of absolute ethanol, N-phenyl-p-mannopyranosyla-
mine 2,3,6-trimethyl ether?4 was obtained; m.p. 128-130°
unchanged when mixed with an authentic sample. When
0.1 g. of the methylated sirup was oxidized with 10 ml. of
bromine water and the solution concentrated, 2,3,6-tri-O-
methyl-p-mannonolactone was obtained as a sirup. This on
boiling with phenylhydrazine in ethanol gave 2,3,6-tri-O-
methyl-p-mannonic acid phenylhydrazide® (60 mg.), m.p.
130° unchanged on admixture with an authentic sample.
Caled.: N, 8.5, Found: N, 8.4.

The third effluent sirup of 0.453 g. with an R value of 0.57
had an optical rotation of [«]%®p +9.4° (¢, 2.0 in ethanol)
and was 2,3-di-O-methyl-D-mannose. Caled.: OCHj;, 29.8.
Found: OCHs, 29.9. Oxidation with bromine water gave
2,3-di-O-methyl-p-mannonolactone, m.p. 110-111°.
Caled.: OCHjs, 30.1. Found: OCHj,, 28.6. When the lac-
tone was boiled with phenylhydrazine in ethanol, there was
produced 2,3-di-O-methyl-p-mannonic acid phenylhydra-
zide,? m.p. 168-170°, and [a]®p —22° (¢, 0.5 in water).
Caled.: N, 8.9, Found: N, 9.0.
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Reduction of diphenylketene-p-tolylimine (I) with lithium aluminum hydride gave the amino alcohol I1 by reaction viz a

hydroperoxide.

The ketenimine I reacted with phenylmagnesium bromide to give a stable hydroperoxide III which could

be reduced catalytically to the ketone imine IV or with lithium aluminum hydride to the amino alcohol V. Mesitylmag-

nesium bromide also yielded a stable hydroperoxide VI when allowed to react with I.
by acid to give benzophenone (VII) and the toluide of benzoic acid (VIII),

i Hydroperoxide III was cleaved
Mesitylphenylketene-p-tolylimine (IX) was

reduced by lithium aluminum hydride to give the stable vinylamine X and reacted with mesityllithium to give the vinyl-

amine XI,

Early in the investigation of the reactions of the
nitrogen analogs of ketenes an attempt was made to
characterize diphenylketene-p-tolylimine (I) by re-
duction with lithium aluminum hydride. The fact
that the product was an amino alcohol prompted
the present investigation on the course of this type
of reaction and resulted in the isolation and charac-
terization of the hydroperoxides III and VI and
the stable vinylamines X and XI.

The reduction of the ketenimine I with lithium
aluminum hydride in ether solution gave a 60%
yield of crude amino alcohol II, which was charac-
terized by analysis and an acetate derivative. The

(1) Presented before the Organic Division at the 127th Meeting of
the American Chemical Society, Cincinnati, Ohio, April, 1955, p. 13N,

(2) The preceding paper in this series was submitted by C. L.
Stevens and J. C. French, THis JoURNAL, 76, 4398 (1954).

(3) Public Health Service Research Fellow of the National Heart
Institute, 1956~1958.

structure was established by independent synthesis
from o-hydroxydiphenylacetic acid p-toluide by re-
duction with lithium aluminum hydride.

The introduction of an oxygen atom into the
product suggested a probable reaction course in-
volving reduction of the ketenimine linkage with
one equivalent of hydride, followed by oxidation of
the resulting metal salt of the vinylamine with mo-
lecular oxygen to form the hydroperoxide salt and
then further reduction of the hydroperoxide link-
age to the alcohol and of the ketone imine linkage to
the amine.

The oxidation of an enolate salt formed from a
ketone and a Grignard reagent to give a hydroper-
oxide has been studied by Kohler and Mydans.*
Also, the alkoxide-catalyzed autoxidative cleavage

(4) E. P, Kohler and W, E, Mydans, Turs JourNAL, 54, 4667
(1932),
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of ketones has been formulated as oxidation of the
ketone enolate with molecular oxygen followed by
base-catalyzed cleavage.® The vinylamine salt in
the present work is the nitrogen analog of the eno-
late salt in the work of these authors.

In addition to these salts, organic compounds
containing the triad Ro;C=X—Y (X = CR, Y =
NHR, OH; X = N, Y = NHR) are known to re-
act with molecular oxygen to form hydroperoxides.
Fuson® and his students have studied the reaction
of stable vinyl alcohols with oxygen and the reac-
tion of a stable vinylamine, tetrahydrocarbazole,
with molecular oxygen to give a stable hydroperox-
ide was reported by Beer, McGrath and Robert-
son.” Criegee® recently has reinvestigated the
formation of hydroperoxides from the reaction of
hydrazones with oxygen and certain Schiff bases®
have been found to react in a like manner. Witkop
and co-workers!® have recognized that molecular
oxygen may participate in the metal hydride reduc-
tion of compounds containing carbon-nitrogen
double bonds.

Lithium aluminum hydride reduction of the hy-
droperoxide of a-phenylskatole (A) gave only the
parent skatole!! (B) while the hydroperoxide of 1-
benzyl- 2,3 - diphen$1- 2,3 - dehydropiperazine (C)
gave 1-benzyl-2,3-diphenylpiperazine (D) under
essentially the same conditions,!?
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That a hydroperoxide of the type proposed as an
intermediate 1s reduced by hydride to an amino
alcohol was demonstrated by the isolation, charac-
terization aud reduction of the hydroperoxide III.
Phenylmagnesium bromide and diphenylketene-p-
tolylimine were allowed to react in refluxing ether for
24 hr., after which the relatively stable hydroper-
oxide TII could be isolated in 689 yield. Evideuce
for the structure of III. which liberated iodine from
acidified potassium iodide solution, was the catalytic
reduction of the hydroperoxide linkage with plati-
mun in acetic acid to give the a-hydroxy Schiff
base IV in 929 vield. IV was hydrolyzed to the

{3) W. von E. Doering and R. M. Haines, THIS JoURNAL, T6, 482
(1954).

i6) Cf. R. C. Fuson and H. L. Jackson, #bid., T2, 1637 (1950).

(7) R.J.S. Beer, L. McGrath and A. Robertson, J. Chem. Sec., 2118,
3283 (1930).

(8) R. Criegee and G. Lohaus, Ber., 84, 219 (1951).

(%) B. Witkop, Tris JoUurNaL, T8, 2873 (1956).

(10) B. Witkop and ]. B. Patrick, tbid.. T6. 4476 (1953);
and H, M. Kissman, ¢bid., T, 1975 (1958).

(11) B. Witkop and J. B. Patrick, ibid., T4, 3855 (1932).

(12) C. D. Lunsford, R. E. Lutz and E. E. Bowden, J. Org. Chem.,
20. 1513 (1955). These authors favor the cyclic peroxide formulation
ior C.

B. Witkop
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known o-hydroxy-e,a-diphenylacetophenone and
p-toluidine, isolated in 91 and 779, yield, respec-
tively.

Acid decomposition of the hydroperoxide III
provided further evidence for the structure. From
an acetone solution of IIT containing hydrochloric
acid, benzophenone (VII) was isolated in 859 yield
as the dinitrophenylhydrazone and benzoic acid
p-toluide (VIII) was isolated in 779, yield. This
cleavage is exactly analogous to the rearrangement
of the vinylamine hydroperoxide (E) reported by
Pfeiffer and deWaal'® in 1935 and recognized by
Schonberg and Michaelis!* in 1937. More re-
cently, Witkop!® has investigated this type of reac-
tion in some detail, and Lutz!? has reported an ex-
ample in the piperazine series.

Reduction of the hydroperoxide IIT by lithium
aluminum hydride gave the amino alcohol V in 789,
yield. The same compound resulted from the cata-
Iytic reduction of the a-hydroxy Schiff base IV us-
ing platinum and acetic acid solvent. The structure
of this amino alcohol was confirmed by independ-
ent synthesis from N-p-tolyldesylamine and phen-
ylmagnesium bromide.

From the reaction of mesitylmagnesium bromide
with the ketenimine I, the hydroperoxide VI was
isolated in only 359, yield; the products of rear-
rangement, benzophenone and mesitoic acid p-tolu-
ide, were found in the mother liquors. VI was char-
acterized by acid-catalyzed decomposition, which
proceeded in excellent yield.

Hydroperoxide formation was inhibited when
mesitylphenylketene-p-tolylimine (IX) was sub-
stituted for I. The reduction of IX with lithium
aluminum hydride under essentially the same con-
ditions as those with I yielded a crystalline prod-
uct which was isolated from the reaction in 50%
vield; it contained no oxygen and was assigited the
structure of the stable vinylamine X. Catalytic
hydrogenation of X proceeded with the absorption
of one equivalent of hydrogen to give N-p-tolyl-2-
mesityl-2-phenylethylamine (XII) in 889, yield.
XII was synthesized independently in 899, yield
from mesitylphenylacetic acid p-toluide by reduc-
tion with lithium aluminum hydride. The choice
between the vinylamine structure X and the alter-
nate tautomeric Schiff base structure was made on
the basis of a comparison of the infrared and ultra-
violet spectra with the spectra of an authentic vin-
ylamine XIII which could not tautomerize. X
clearly showed an N-H band at 3.0 ¢ and an ultra-
violet maximum at 334 my, € 27,500. The model
XTIII had Amax. 337 mg, € 21,400.

(13) P. Pfeiffer and H. deWaal, 4nn., 620, 185 (1935).

(14) A. Schonberg and R. Michaelis, J. Chem. Soc., 109 (1937).

(15) B. Witkop and J. B. Patrick, THis JoUrNAL, 78, 2196 (1951);

L. A. Cohen and B. Witkop, tbid., TT. 6595 (1955): see also references
8 and 10.
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The mesitylphenylketeniinine IX reacted with
mesityllithium to give the stable vinylamine XI as a
well-defined crystalline solid in 619, yield. The in-
frared spectrum contained the N—~H band at 3.0 4,
and the ultraviolet curve (Amax. 332, € 15,000) was
similar to that of the model vinylamine XIII.
Vinylamine XI was extremely stable; it was re-
covered unchanged from basic hydrogen peroxide
solution after two days, from acetic anhydride and
pyridine after two days and from concentrated hy-
drochloric acid at the reflux temperature after two
days.

Experimental

Diphenylketene-p-tolylimine (I).—A mixture of 60.2 g,
(0.2 mole) of N-p-tolyldiphenylacetamide,® 41.71 g. (0.2
mole) of phosphorus pentachloride and 200 ml. of anhydrous
thiophene-free benzene was refluxed for 2 hr. The benzene

(16) C.L. Stevens and J. C. French, Tars JoUrNAL, T8, 657 (1953).

<>

O VII

R = =
O

VIII

MesLi |

@_cm _ MesC=CIlNH—©—CH,
S X1

Me

)
I |
MesICHCNH—@—CHs @—c:m LTZCHS

NIII

and resulting phospliorus oxyclhiloride werc removed by dis-
tillation under vacuum from a warm (40°) water-bath.
Three additional 100-ml. portions of anhydrous benzene were
added and distilled separately to remove the last of the
phosphorus oxychloride. The resulting viscous yellow oily
iminochloride was not further purified but was used directly
in the preparation of the ketenimine.l”

The crude imino chloride was dissolved i 100 ml. of an-
hydrous ether and 200 ml. of anhydrous petroleun: ether
(30-60°), To the resulting pale yellow solution was added
100 ml. of redistilled anhydrous triethylamine. An imme-
diate precipitation of triethylamine hydrochloride occurred,
after which the suspension was refluxed for 12 hr. The re-
sulting reddish-brown suspension was réemoved by filtration
and washed with anhydrous petroleum ether and the solvent
evaporated. A dark brown solid, 1.83 g., probably the
ketenimine dimer, was insoluble in petroleum ether. There-
maining solution was treated with carbon and allowed to crys-
tallize in therefrigerator. The total yield of successive crops
of crude ketenimine was 40.14 g.; this was recrystallized

(17) C. L. Stevens and J. C. French, ¢#bid., 76, 4398 (1954).
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from anhydrous petroleum ether to yield 37 g. (65%) of
bright yellow ketenimine crystals!® melting at 82-85.5°.

In another experiment, the crude ketenimine—ether solu-
tion resulting from the filtration of triethylamine hydro-
chloride was evaporated to dryness under vacuum, dissolved
in about 2 1. of dry petroleum ether and placed on a neutral
alumina column containing 600 g. of alumina.!* The first
500 ml. of eluate contained pure ketenimine, m.p. 83-84°,
vield 60%. Continuing the elution with about 1 1. of 109,
ether-petroleum ether yielded a small amount of the pure
bright yellow ketenimine dimer. Finally, elution of the
column with acetone gave unreacted starting amide.

The ketenimine was characterized by the addition of
ethyl alcohol to give the imino ester, ethyl diphenyl-N-(p-
tolyl)-iminoacetate, m.p. 101-102°.

Anal. Caled. for Cp3HxNO: C, 83.85; H, 7.04. Found:
C, 84.44; H, 7.10.

Compound II by Lithium Aluminum Hydride Reduction
of Diphenylketene-p-tolylimine.?—A solution of 0.74 g. of
the ketenimine I in 40 ml. of dry ether was stirred for seven
days with 1.08 g. of lithium aluminum hydride. After de-
commposition of the excess lithium aluminum hydride, the
ether layer was extracted with cold 6 N hydrochloric acid.
Neutralization of the acid extract with ammonium hydrox-
ide gave an oil which crystallized within two days. The
crude solid, 0.45 g., was recrystallized from petroleum ether
to yield 0.22 g. of a-(N-p-tolylaminomethyl)-benzhydrol
(IT), white needles, m.p. 84-85°,

Anal. Caled. for CyHyNO: C, 83.13; H, 6.98. Found:
C, 83.37; H, 7.29,

Upon evaporation, the ether layer from the hydrochloric
acid extractions gave 0.16 g. of an oil. Since the infrared
spectrum showed the presence of a carbonyl compound, a
2,4-dinitrophenylhydrazone was prepared and found to
melt at 224-229°, The mixture melting point with benzo-
phenone 2,4-dinitrophenylhydrazone (m.p. 234-236°) was
229-233°.

Independent Synthesis of o-(N-p-Tolylaminomethyl)-
benzhydrol.22—A solution of 0.11 g. of a-hydroxydiphenyl-
acetic acid p-toluide in 15 ml. of dry ether was stirred for 44
hr, with 0.25 g. of lithium aluminum hydride. In addition
to 0.05 g. of starting amide, a considerahle amount of basic
material was isolated which, when crystallized once from
petroleum ether, yielded 0.02 g. of needles, m.p. 83-85°,
Mixture melting point with the above material was unde-
pressed.

An acetate derivative was prepared from a 1:1 acetic
anhydride-pyridine mixture, m.p. 151-152°,

Anal, Caled. for CzastNOz! C, 79.97;
Found: C, 80.30; H, 6.69.

Preparation of «,a-Diphenyl-o-hydroperoxyacetophenone
p-Tolylimine (III).—The Grignard reagent was prepared
under nitrogen from 7.3 g. (0.3 g. atom) of magnesium rib-
bon and 47 g. (0.3 mole) of bromobenzene in 70 ml. of an-
hiydrous ether, the reaction being initiated with 3 drops of
methyl iodide. To the resulting refluxing pale yellow
Grignard solution was added dropwise over a 1-hr, period
8.5 g. (0.03 mole) of diphenylketene-p-tolylimine dissolved
in 100 ml. of anhydrous ether., The resulting orange solu-
tion was then refluxed with rapid stirring for 24 hr, De-
composition was effected by the addition of 250 ml. of a cold
slightly ammoniacal saturated solution of ammonium chlo-
ride. The ether layer was removed, the aqueous layer ex-
tracted twice with 100-ml. portious of ether, and the com-
bined ether extracts washed with water and then dried over
auliydrous magnesium sulfate. Evaporation of the solvent
in vacuo gave a pale yellow solid, The solid was washed
with 20 ml, of pentane to give 5.65 g. of white crystalline
hydroperoxide, m.p, 112-113.5°, The pentane was evapo-
rated from the filtrate and again treated in the above man-
x(lgg(yt{o) give an additional 2.34 g. The total yield was 8 g.

o)

(18) These are the experimental results referred to in footnote 9 of
reference 17,

(19) Aluminum Company of America, Alcoa Activated Alumina,
Grade F-20, minus 80 mesh, prepared according to the procedure of
O. Mancera, D. H. R. Barton, G. Rosenkranz and C. Djerassi, J.
Chem, Soc., 1025 (1952), except that after being washed with methanol
followed by petroleum ether, the alumina was dried in a vacuum
dessicator and not reactivated by heat.

(20) Experimental results of J. C, French.

H, 6.71.
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Anal, Caled, for CyunHgON:
Found: C, 82.51; H, 6.10.

Acid-catalyzed Rearrangement.—One gram of the hy-
droperoxide was dissolved in 20.0 ml. of acetone containing
3 drops of 109 hydrochloric acid. The resulting mixture
was allowed to stand at room temperature for two days,
then evaporated to dryness under vacuum, dissolved in dry
hexane and chromatographed on an alumina column. It
was eluted first with hexane and then with a 90%, hexaie-
109, acetone mixture. As previously shown, the benzo-
phenone was isolated as the 2,4-dinitrophenylhydrazone,
vield 0.78 g. (859,), m.p. 235-235.5°,

The benzoic acid p-toluide was isolated from thie hexane-
acetone-soluble fraction, m.p. 155-156°, 0.46 g. (92%).

Compound IV by Catalytic Reduction of «,x-Diphenyl-a-
hydroperoxyacetophenone p-Tolylimine with Platinum in
Ethyl Acetate.—Reduction of 30 mg. (0.13 milliinole) of
platinum oxide in 10 ml, of ethyl acetate in the microhydro-
genation apparatus was completed in 1 hr., at which time
500 mg. (1.27 millimoles) of the hydroperoxide dissolved in
20 ml. of ethyl acetate was added and the reduction re-
sumed. Very rapid uptake of 1 mole of hydrogen (31 ml.)
was completed in 5 minutes. After the platinum was re-
moved by filtration, the pale yellow ethyl acetate filtrate
was evaporated to dryness under vacuum, vielding 0.44 g.
92%) of white crystalline «,a-diphenyl-a-hydroxyaceto-
phenone p-tolylimine (IV) melting at 108-111°. Recrystal-
lization from acetone-water gave 0.35 g. of white crystals
melting at 113-114°, Infrared data showed bands charac-
teristic of the OH (2.85 u) and C=N— (6.10 u) groups.

Anal. Caled. for Ci;H;NO: C, 85.91; H, 6.14. Found:
C, 86.07; H, 6.14.

Acid Hydrolysis of a,a-Diphenyl-a-hydroxyacetophenone
p-Tolylimine (IV).—A mixture consisting of 230 mg.
(0.006093 mole) of the above hydroxy Schiff base, m.p.
113-114°, 20.0 ml. of acetone, 10 drops of concentrated hy-
drochloric acid and sufficient water to produce a slight tur-
bidity was refluxed for 15 hr. The resulting orange solution
was evaporated to dryness, 10 ml. of water added and the
aqueous layer extracted several times with ether. The
combined ether extracts were washed once with water,
dried over anhydrous magnesium sulfate and evaporated to
dryness, yielding 210 mg. of impure white solid melting at
75-83°, Recrystallization from ligroin (90-120°) gave
160 mg. (91.2%) of a white solid melting at 81-83°. An
infrared curve and a mixture melting point with an authentic
sample of a-hydroxy-a,a-diphenylacetophenone prepared
previously in this Laboratory?! confirmed the structure.

The residual aqueous layer was made basic with dilute am-
monia, extracted with 100 ml. of ether and the ether extract
dried over anhydrous magnesinm sulfate and finally evapo-
rated to dryness. A pale yellow solid was obtained (65 mg.).
which after recrystallization from petroleum ether gave 50
mg. (77%) of white crystalline plates melting at 43-45°
and having an infrared curve and mixture melting point
identical with those of p-toluidine. .

Compound V by Catalytic Reduction of the Hydroperoxide
III with Platinum in Ethyl Acetate and Glacial Acetic Acid.—
Reduction of 500 mg. of the hydroperoxide was carried out
as in the above procedure with 30 mg. of platinum oxide in
ethyl acetate, After the uptake of 1 mole of hydrogen, the
platinum was removed by filtration and the yellow filtrate
evaporated to dryness. Without further purification, the
resulting pale yvellow a-hydroxy Schiff base IV was dis-
solved in 20 ml. of glacial acetic acid and the reduction con-
tinued using a new 50-mg. portion of reduced platinum oxide.
After 2 lir., the addition of a second miole of hydrogen was
complete and a white insoluble precipitate had formed.
The reduction was stoppered, 20 ml. of acetone was added to
dissolve the precipitate and the platinum was removed by
filtration. The resulting solution was evaporated to dry-
ness in vacuo. Yield of crude white 2-(N-p-toluino)-1,1,2-
triphenylethanol (V) was 0.51 g., m.p. 204-212°. Three re-
crystallizations from acetone-water gave white crystals,
0.45 g. (93%,), melting at 213-216°. .

The infrared curve was identical with the one obtained
for the product of the lithium aluminum hydride reduction
of the hydroperoxide III and with that obtained for 'the coni-
pound which was synthesized fromn phenylmagnesinm bro-

C, 82.42; H, 5.80.

(21) C. L. Stevens and J. J. DeYoung, Tris JourNaL, T6. 718
(1954).
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mide and N-p-tolyldesylamine. A mixture melting point
with the latter compound was not depressed.

Anal. Caled. for CyyHy;NO: C, 85.46; H, 6.64. Found:
C, 85.61; H, 6.69.

Compound V by Reduction of the Hydroperoxide III with
Lithium Aluminum Hydride.—The hydroperoxide (1.00 g.,
0.00255 mole) was dissolved in 40 ml. of dry ether, and this
solution was added dropwise over a 30 min. period to a slurry
of 0.20 g. (0.00528 mole) of lithium aluminum hydride in
50 ml. of dry ether. After 6 hr., 0.94 g. of a pale yellow
solid melting at 205-212° was isolated. Three recrystalli-
zations from acetone-water gave 0.75 g. (78%) of a white
crystalline solid melting at 213-216°, Infrared data on this
compound were identical with those on the compounds ob-
tained by catalytic reduction and independent synthesis;
mixture melting points were not depressed.

Independent Synthesis of V.—N-p-Tolyldesylamine,
m.p. 145-146°, was obtained in 849, yield from benzoin and
p-toluidine. A Grignard reagent was prepared from 6.08
g. (0.25 g. at.) of magnesium turnings, 39.25 g. (0.25 mole)
of bromobenzene and 100 ml. of ether under nitrogen. To
this was added dropwise over a 1-hr. period a solutjon of
15.07 g. (0.05 mole) of N-p-tolyldesylamine in 400 ml. of
dry benzene, The resulting mixture was refluxed for 6
hr. and finally decomposed by the addition of a cold satu-
rated ammonium chloride solution. The benzene layer
was separated and the aqueous layer extracted twice with
200 ml. of ether. The combined extracts were washed with
water, dried over anhydrous MgSOQ, and evaporated to dry-
ness in vacuo, The yield of crude white solid melting at
190-207° was 21.01 g. Three recrystallizations from ace-
tone-water gave 16.94 g. (89.49%) of small white needles
melting at 213-216°. Infrared curves of this and the com-
pounds resulting from the catalytic and lithium aluminum
hydride reductions of the hydroperoxide were identical and
mixture melting points were undepressed.

Compound VI from the Grignard Reaction between Di-
phenylketene-p-tolylimine and Mesitylmagnesium Bromide.
—A Grignard reagent was prepared from 4.98 g. (0.025
mole) of dry bromomesitylene in 10.0 ml. of anhydrous ether
and 0.49 g. (0.02 g. at.) of magnesium ribbon cut into
small pieces. To this was added dropwise, over a period of 1
hr., 2.83 g. (0.01 mole) of diphenylketene-p-tolylimine dis-
solved in 50.0 ml. of anhydrous ether. The resulting mix-~
ture was refluxed under nitrogen with vigorous stirring for
15 hr. After cooling in an ice-bath, the mixture was de-
composed by the addition of 50.0 ml. of ice-cold saturated
ammonium chloride solution made just basic to litmus with
ammonium hydroxide. The ether layer was removed and
the aqueous layer extracted three times with 100-ml. por-
tions of ether. The combined ether extracts were dried over
anhydrous sodium sulfate, filtered and evaporated to dry-
ness ¢# vacuo by warming on a 30-40° water-bath, The re-
sulting residual oil was covered with about 10 ml. of dry pen-
tane and cooled in a Dry Ice-acetone-bath with vigorous
scratching, A white solid, m.p. 93-96° with evolution of
gas and decomposition, was obtained in the amount of 1.82
g. After treating with carbon, recrystallization from warm
hexane and drying in a vacuum desiccator gave 1.52 g. (35%)
of the solid 2,4,6-trimethyl-o,a-diphenyl-a-hydroperoxy-
acetophenone p-tolylimine (VI) with a m.p. of 98~100°,

Anal. Caled. for CypHgpNO,: C, 82.73; H, 6.71.
Found: C, 82.99; H, 6.99,

The mother liquors from the above recrystallizations were
evaporated to dryness under vacuum, then dissolved in hex-
ane and passed through a column of alumina. Upon elu-
tion with hexane, followed by evaporation of the fraction, a
pale yellow oil was obtained which showed a carbonyl group
in the infrared and proved to be benzophenone, The 2,4-
dinitrophenylhydrazone, m.p. 235-236°, gave no depression
in m.p. when mixed with an authentic sample.

Elution of the column with a hexane-acetone mixture
gave a third compound having a m.p. of 172-173°, The
latter gave no depression in m.p. when mixed with a known
sample of mesitoic acid p-toluide, but did give a depression
in m.p. when mixed with a sample of diphenylacetic acid
p-toluide. The mesitoic acid p-toluide and the benzophenone
apparently result from the acid-catalyzed decomposition of
the vinylamine hydroperoxide.

Acid-catalyzed Rearrangement of the Hydroperoxide VI.
~—One gram of the above hydroperoxide, m.p. 98~100°, was
dissolved in 20.0 ml. of acetone containing 3 drops of 109,
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hydrochloric acid, The solution was allowed to stand for 2
days at room temperature and was then evaporated to dry-
ness in vacuo. The pale yellow residual oil was dissolved
in hexane and chromatographed on an alumina column, be-
ing eluted first with hexane and finally with a 909, hexane—
109, acetone mixture. The hexane solutions, after evapora-
tion, yielded benzophenone which was characterized as its
2,4-dinitrophenylhydrazone, m.p. 235-236°, 0.52 g. (62.5%).

The mesitoic acid p-toluide was isolated from the hexane-
acetone-soluble fraction in a yield of 0.52 g. (89%), m.p.
174-175°.

Mesitylphenylketene-p-tolylimine (IX).—The ketene was
prepared in 83% yield by the method of Fuson?? starting
with 51 g. of mesitylphenylacetic acid. The ketene (39 g.,
0.166 mole) was dissolved in 100 ml, of dry ether, and a solu-
tion of 43 g. (0.40 mole) of p-toluidine dissolved in 200 ml. of
ether was added dropwise, The initial exothermic reaction
was controlled by an ice-bath, and the solution was then
refluxed for 4.5 hr, A small amount of p-toluidine hydro-
chloride resulting from free acid chloride in the ketene was
removed by filtration and the filtrate was washed with water,
59, hydrochloric acid, 5%, sodium hydroxide and again with
water. After drying overnight with anhydrous magnesium
sulfate, the ethereal solution was filtered and then evapo-
rated ¢z vacuo. The residue was recrystallized twice from
methanol-water to yield 84.3 g. of white needles melting at
124.5-125.5°. Concentration and recrystaliization of the
mother liquors led to an additional 9.0 g. of the amide.
The total yield was 43.0 g. (84%). This procedure gave a
much better yield of purer mesitylphenylacetic acid p-toluide
than that obtained vza the acid chloride and p-toluidine,

Anal, Caled. for CoHysNO: C, 83.92; H, 7.34. Found:
C, 84.17; H, 7.61.

The amide was converted to the crude ketenimine via the
imino chloride using the procedure described above, Chro-
matographic purification of the crude ketenimine resulting
from 0.1 mole of the amide was accomplished with 300 g. of
neutral alumina and produced a 659, vield of the pure ke-
tenimine, m.p. 106~108°, after elution with petroleum ether,
The ketenimine had ultraviolet absorption maxima at 267
myu (e 29,400) and 348 mu (¢ 1010); it was characterized by
hydrolysis to the amide for which characteristic infrared
absorption bands were observed at 3.36(CH), 4.99(C=
C=N), 6.26, 6.33, 6.65 (phenyl conjugation), 7.27, 11.71,
11.96 and 12.16 (mesityl conjugation).

Anal. Caled, for CyHyN: C, 88.57; H, 7.12. Found:
C, 88.31; H, 7.22.

The ketenimine (0.304 g.) was hydrolyzed in an acetone—
water solution containing a few drops of concentrated hy-
drochloric acid. The yield of amide was 96%, m.p. 124~
125°.

Compound V by Reduction of Mesitylphenylketene-p-
tolylimine with Lithium Aluminum Hydride.—From 1.63 g.
of ketenimine IX and 1.90 g. of lithium aluminum hydride
in 50 ml. of ether 1.84 g. of a pale yellow solid melting at
146-147.5° was obtained. Recrystallization from acetone-
water gave 0.82 g. (50%) of 2-mesityl-2-phenyl-N-p-tolyl-
vinylamine (X) as white platelets melting at 148-149°,

Anal. Caled. for C4HasN: C, 88.02; H, 7.70. Found:
C, 87.93; H, 7.40. Characteristic infrared absorption oc-
curred at 2.88 (NH)k 3.25, 3.36 (CH), 6.12 (C=C), 6.19,
6.28, 6.59 (phenyl conjugation), 11.53, 11.68 and 12.39
(mesityl group).

Compound XII by Catalytic Reduction of Vinylamine X
with Platinum in Ethyl Acetate.—Catalytic reduction of 200
mg. (6.12 millimoles) of the vinylamine in 25 mi. of ethyl
acetate was carried out at 25°, using 50 mg. of platinum
oxide in 10 ml, of ethyl acetate, The reduction was al-
lowed to continue overnight, after which time 15.0 ml. of
hydrogen uptake had occurred. Theoretical uptakefor 1 mole
was 14.9 ml. The resulting suspension was filtered from
the platinum and the bright green filtrate evaporated to dry-
ness in vacuo. A pale green solid, 200 mg., melting at 152-
154°, was obtained. Recrystallization from acetone—
water gave 175 mg. (87.5%) of 2-mesityl-2-phenyl-N-p-
tolylethylamine (XII) as white platelets melting at 153-
154°, The infrared spectrum showed characteristic bands
at 2.94 (NH); 3.38, 3.42, 3.46 (CH); 6.15, 6.26 and 6.58
(phenyl conjugation).

(22) R.Fusen, L. Armstrong, J. Kneisley and W, Shenk, TRIS JoURr-
NAL, 66, 1464 (1944).
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Anal. Caled. for CoHyyN: C, 87.49; H, 6.56. Found:
C, 87.39; H, 6.66.

Conipound XII by Reduction of Phenylmesitylacetic Acid
p-Toluide with Lithium Aluminum Hydride.—A solution of
3.43 g. (0.01 mole) of the amide in 50 ml. of anhydrous
tetrahydrofuran was reduced with 3.80 g. (0.10 mole) of
lithium aluminum hydride. From this reaction 3.43 g. of
crude product melting at 128-160° was obtained. Three re-
crystallizations from acetone-water gave 2.93 g. (899,) of
white solid melting at 153-154°. The infrared curve of
this compound was identical to that obtained for the prod-
uct from catalytic reduction. A mixture melting point was
not depressed. Lithium aluminum hydride reduction of tle
amide could not be effected in ethyl ether solution.

Anal. Caled. for CoHyyN: C, 87.49; H, 6.56. Found:
C,87.49; H, 6.68.

Preparation of 1,2-Dimesityl-2-phenyl-N-p-tolylvinyl-
amine (XI),—Lithium metal (1.39 g., 0.20 g. at.), cut into
small pieces under ether and nitrogen and weighed into a
beaker of ether, was placed in a 500-ml. three-necked flask
equipped with a stirrer, condenser, drying tube, dropping
funnel and nitrogen inlet tube and covered with 50 ml. of
ether. A solution of 19.91 g. (0.1 mole) of bromomesitylene
in 30 ml. of ether was then added dropwise over a 1-hr.
period to the vigorously stirred lithium-ether suspension.
The resulting suspension was stirred and refluxed for 24 hr.
Ether was added occasionally to compensate for losses
through evaporation. At the end of this period, a solution
of 3.25 g. (0.01 mole) of mesitylphenylketene-p-tolylimine,
m.p. 106-108°, in 50 ml. of dry ether was added dropwise
over a l-hr. period to the stirred lithium aryl suspension at
the reflux temperature while a slow stream of nitrogen was
passed through the mixture. The resulting suspension was
refluxed an additional hour and then stirred at room tem-
perature for two days after the addition of 100 ml. of ether.
Decomposition was effected by the dropwise addition of 100
ml. of cold water. The ether layer was removed, the aque-
ous layer extracted twice with 100-ml. portions of ether
and the combined ether extracts washed with cold water,
dried over anhydrous magnesium sulfate, filtered and finally
evaporated to dryness under vacuum. The resulting pale
vellow residue was washed thoroughly with pentane and then
recrystallized from isopropyl alcohol. The yield of white
platelets melting at 195-196.5° was 2.72 g. (61%,).

Anal, Caled. for Cy3HgsN: C, 88.94; H, 7.92. Found:
C. 88.62; H, 8.26.

A mixture consisting of 1.00 g. of the vinylamine XI, 50
ml. of methanol, 1.00 ml. of 20%, sodium hydroxide solution
and 5 ml. of 309, hydrogen peroxide was stirred at room
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temperature for two days and then refluxed for 5 hr. The
vinylamine was recovered (77%) unchanged. A mixture
of 158 mg. of the vinylamine, 5 ml. of acetic anhydride and
2 ml, of dry pyridine was allowed to stand for two days at
room temperature and was then refluxed for 1 hour from
which 140 mg. of XI was recovered.

A mixture of 187 mg. of the compound melting at 191-
192°, 20.0 ml. of acetone and & ml. of concd. HCI was re-
fluxed for two days. Evaporation of the mixture to dryness
under vacuum gave 170 mg. of the starting material.

Preparation of 2,2-Diphenyl-N-methyl-N-phenylvinyl-
amine.—A homogeneous solution of 9.81 g. (0.05 mole) of
diphenylacetaldehyde, 10.72 g. (0.1 mole) of N-methyl-
aniline and 100 ml. of dry benzene was refluxed in a 200-
ml. flask equipped with a Dean-Stark water separator, a con-
denser and a drying tube. The theoretical volume of water,
0.90 ml., had separated after 10 hir. The resultant pale
vellow solution was evaporated to dryness iz vacuo and the
residual liquid distilled <% wacuo. Three fractions were
collected, The first boiled at 40-60° (0.3 mm.) and
amounted to 5.11 g. of unreacted methylaniline. Tle
second fraction, b.p. 100-150° (0.3 mm.), 2.80 g., was not
identified but probably contained a small aniount of the
vinylamine. The third fraction, b.p. 150-160° (0.3 mm.),
8.53 g., was the vinylamine. Refractionation of the latter
pale yellow viscous oil gave 6.55 g. (46%) of a pale yellow
extremely viscous oil boiling at 173-176° (0.5-0.6 mm.).

Anal. Caled. for CyHpN: C, 88.38; H, 6.71. Found:
C, 88.18; H, 6.88.

The ultraviolet absorption of the following compounds
was determined in absolute ethanol using a Cary automatic
recording ultraviolet spectrophotometer.

Maximna, Extinction
Compound mu €)

1. 2,2-Dipheuyl-N-methyl-N-plienyl-
vinylamine (XIII) 337 21,400

2. 2-Phenyl-2-mesityl-N-p-tolylvinyl-
amine (X) 334 27,500

3. 2-Phenyl-1.2-ditnesityl-N-p-tolyl-
vinylamine (XI) 332 15,000
Acknowledgment,—The authors are indebted

to Dr. J. M. Vandenbelt, Mr. R. B. Scott and their
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Erythromycin. X.!

Structure of Erythromycin
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Evidence for the comnplete structure of erythromycin is presented.

Previous papers in this series? have reported that
the antibiotic, erythromycin, is a polyhydroxyketo-
lactoue having the molecular formula CyHeNOgs.
In the molecule there are an aminosugar, desosa-
mine and a nitrogen free sugar, cladinose. The struc-

(1) Previous paper in this series: **Erythromycin. 1X. Degrada-
tive Studies of Erythromycin B,” K. Gerzon, R. Monahan, O.
Weaver, M. V. Sigal, Jr., and P. F, Wiley, TH1s JoUrRNAL, T8, 6412
(1936).

(2) (a) E. H. Flynn, M. V. Sigal, Jr., P. F. Wiley and K. Gerzon,
tbid., 76, 3121 (1954); (b) M. V. Sigal, Jr., P. F. Wiley, E. II. Flynn,
U. C. Quarck and O. Weaver, ¢bid., T8, 388 (1936); (¢) P. F. Wiley and
0. Weaver, 7bid., T8, 808 (1956); (d) K. Gerzo 1. E. H. Flyan, M. V.
Sigal, Jr., P. . Wiley, R. Monahan and U. C. Quurck, fbid., T8, 6336
(1936).

tures of desosamine®* and cladinose® and of diliy-
droerythronolide,?® the reduced aglycone portion
of erythromycin, have been published. For the
complete elucidation of the erythromyecin structure
there remains to be established the positions of the
sugar moieties, the position of the ketonic carbonyl
and the size of the lactone ring. The solutions of
these problems are described in this paper, and I is
shown to be the structure of erythromyein.
Oxidation of erythromycin N-oxide® with so-
dium periodate followed by mild alkaline hydrolysis
gave rise to a steam volatile product VI. This

(3) R. XK. Clark, Antibiotics and Chemotherapy, 8, 663 (1953).



