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The Reaction of ortho-Quinones and ortho-Quinonimines with Primary Amines

By GEORGE McCov! aAND ArLLaN R. Day

While the reactions of retenequinone and
phenanthraquinone with ammonia to form the
corresponding quinonimines have long been
known,? no work has been reported on the be-
havior of these quinones with primary amines
under similar conditions. We have found that
certain primary amines react with retenequinone
to form 2-substituted retenoxazoles. Only those
amines which have two a-hvdrogen atoms will
react to form retenoxazoles. This is shown by
the fact that isopropylamine and a-methylben-
zylamine do not yield oxazoles, whereas #-butyl-
amine, ethanolamine and benzylamine yield 2-
substituted retenoxazoles.?

The following mechanism is proposed for this
reaction
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The formation of the Schiff buse type of com-
pound II is indicated by the fact that when the
reaction was carried out in dry toluene water
was liberated, and when the quinone was re-
placed by the quinonimine ammonia was formed
with subsequent formation of a 2-subsituted
retenoxazole. Evidence for the formation of III
was obtained by adding hydrochloric acid at the

proper time to a reaction mixture consisting of

(1) Present address, University of Pennsylvania, Philadelphia, Pa.

12) Bamberger and Hooker, Auy., 229, 102 (1881); Pschorr.
Ber., 35, 2729 {1902).
{3) Lthyvlenediamine < an exception for it reuacts winh retene-
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retenequinone and benzylamine in alcohol. Benz-
aldehvde was isolated as its semicarbazone from
the hydrolysis products. The hydrolysis of III
should also yield 9-amino-10-retenol. Therefore,
if aminoretenol were condensed with an aldehyde
to yield an oxazole, the above evidence would be
confirmed. Since aminoretenol is very unstable,
9,10-aminophenanthrol was prepared instead and
condensed with #x-butyraldehyde and benzalde-
hyde, giving 2-propyl- and 2-phenylphenanthrox-
azoles, respectively.

Evidence for the course of reaction involved in
ring closure is strongly in favor of the one postu-
lated. Knoevenagel,* Mayer’ and Stein and
Day® have established the fact that active hydro-
gen compounds readily add to Schiff bases under
suitable conditions. That the dihydrosxazole
(IV) was dehydrogenated by the quinone could
10t be established directly due to the instability of
retenehydroquinone.  Satisfactory evidence for
this step was obtained by adding p-benzoquinone
to reaction mixtures of retenequinonimine and
primary amines. Both hydroquinone and quin-
hvdrone were isolated from these reactions,’
It the reaction follows the proposed final step. a
maximum yvield of 5065 would be expected when
retenequinoiie and amine are used in equivalent
amounts. The higher vields actually obtained
may be explained by the ease with which retene-
hydroquinone undergoes air oxidation to retene-
quinone, The dehydrogenation mav be rep-
resented as
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(4) Knoevenagel, Ber., 31, 2596 (1898).

(1) Mayer, Bull, Suc. Chim., 383, 157, 30, 498 (19DH1.

1€) Stein and Day, THIS JoUrNaL, 64, 2369 (1942).

(7} The rate of reaction between the prinary amine and p-henzo-
quinone is greater than the rate of reactios between the amine and
retenequinone, makiug it ympracticul to separate any liydroquinone
from the mixture of jrroducts. However, when retenequinone was
replaced by D1s isoster, retenequinonirine, e rites were fivarably
reversed
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N /O\ N nitrogen, and warmed in a stream of nitrogen until solution
(‘; C—“R " ?’“OH was effected. The solution was diluted with 100 cc. of air-
'(': I‘\ (Il——-OH free water and 0.9 g. (0.0048 mole) of sodium hydrosulfite
7 / VI added. Wlen the solution became practically colorless,
v /

When retenequinone is replaced by retene-
quinonimine. the reactions proceed more rapidly
and give higher yields of oxazoles. The formation
of the latter rather than imidazoles indicates that
the initial condensation takes place at the imino
group. The fact that higher yields are obtained
may be attributed to the liberation of ammonia in
place of water, thus eliminating any secondary
hydrolysis reactions.

The reaction of phenanthraquinone with ben-
zylamine gave small amounts (9¢) of 2-phenyl-
phenanthroxazole and 1-benzyl-2-phenyl-phen-
anthrimidazole (2.79). Benzaldehyde was re-
covered in the steam distillate from this run as its
phenylhydrazone and semicarbazone.® The use
of phenanthraquinonimine in place of the quinone
gave better yields of 2-phenylphenanthroxazole
and the reaction with butylamine gave a 357
yield of 2-propylphenanthroxazole as contrusted
with the complete failure of the reaction when the
quinone was used.

Experimental

All of the melting points represent corrected values aud
check the literature values unless otherwise stated.

Retenequinone.—This compound was prepared from
retene by the method of Kreps and Day,® m. p. 197-199°.

Phenanthraquinone was prepared from phenanthrene
according to the directions of Gracbe!® and the purification
was carried out by the method of Courtot.!! It was then
recrystallized from 5077 acetic acid; yields 55-609,; m. p.
208-209.5°,

Retenequinonimine.---The quinouinune was prepared
fromi relenequinone aud animonia according to Bainberger
and Hooker? and recrystallized from warm (30°) dry
alcohol saturated with amimonia; yiclds 50-60%,; m. p.
107-108°.

Phenanthraquinonimine.—The  metlud  of
was used for this preparation.  The crude product was
recrystallized fromn warm (50°) dry aleoliol saturated with
ammonia; yields 70-757; nmi. p. 156-157°.

9,10-Aminophenanthrol  Hydrochloride. - Ouc
(0.0048 mole) of phenauthiraquinonimine was added to Tno
cc. of dry alcohol, which liud heen previon-ly flushed with
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(8) The ease witle wliclt benzuldehyde splivs nul i thus case (x
interesting in view of tte fuect twt (i a stmilar ruw witlo retenequume
it was necessary to add livdrocldorie acid before uny bheuzaddelnyde
could be isolater].  This wornld indicate that the ttermeldiale 111
formed in the <econd step i< more readily lolrolyzed o the cuse of
phenanthraquinoue tlan witle retewcquinone aal
the lower yields of oxazoles nhituiued,
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(10) Graebe, Ann., 167, 140 '(=TAl
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the nitrogen was replaced with dry hydrogen chloride.
The aminophenantlirol hydrochloride precipitated as a
white, fluffy compound; yield 1.1 g. (929;). It has no
melting point, but becomes red and starts to decompose
around 120°.1¢

Anal. Caled. for C,;H:NOCI:
5.58.

N, 5.70. Found: N,

Reactions of Retenequinone with Amines.—A scries «f
experiments were carried out to deterinine the optimuin
temperature conditions. In general 5 g. (0.019 mole) of
retenequinone and 2.1 cc. (0.019 mole) of benzylamine
were added to the dry solvent (alcohol, toluene, cymene or
nitrotoluene) aud the mixture either allowed to stand or
heated for a definitc period of tinie. After cooling, the 2-
pheuylrctenioxazole was removed by filtration. Concen-
tration of the filtrate usnally gave more of the oxazole.
The product was then recrystallized from dry alcohol and
tlie pure product obtained as white, fibrous needles, m. p.
174-176°. Mixed melting point determinations with a
sainple prepared by Stein aud Day® showed no depression.
Tu sonie cases wlicere the crude product was coutaminated
with guiimy inaterial, the rcaction mixture was steam
distilled and the residiie so obtained then recrystallized
from dry alcoliol. At room temiperature the reaction pro-
ceeds very slowly. The best yields (70-80%,) were ob-
tained by healing tlic reaction mixtures at 75-100° for
three hours. Hceatiug for longer periods of time or at
higher termnperatures did not increase the yields.

Experiments were then carried out to determine thic
effect of a wholly alipliatic amine, #-butylamine, and of an
aroluatic-aliphatic type, benzylmnine, on the rate of the
reaction, Tlie (uinone and aines were taken in 0.019
molar quantitics anil 100 cc. of dry alcohol was used as the
solveut for cacli experiiment.  Thie procedure was as de-
scribed above, excepr that it was found niore convenient in
the reactions with »-butylamine to evaporate the reaction
mixtures to dryness and reerystuallize the residue fronm
alcohol il colorless crystals ol 2-propylreicicoxazole
were obtained: . po 100 101°0 Mixed melting point
determinations with a sample prepared by Stein and Day®
showed no depression.
yields (f2¢7
cight to eleven lvaws while aximmn yiclds of 2plienyl-
retenoxazode were ddauined i three hours, 10 should lwe
potnted cart v hat the joesence of 1the phenyl gronp w ben-
zylanine wonlid be exjecred 1o faciltcae the hiydrogen
shifr nored carlicr wanl vhins inervase the rate ol oxazole

Tewas Drannd thiaa a1 78° maximuim
coof fpropylretenozazode were oblained  in

formation.

Lxperinients were lawdly carried our 1o determine the
cifeer of the ritticovd the reactants on the yields when the
tine wis kepd erastant. These reactions were ruat in dry
ulecdiad o~ deserthedd sldwnve, 1t was Toarmd that jncreasing

the coteenttad iy o oo on e otlier ol the reavtants hiad
wecadrecid de elfeer v e vichls
Reactinn ¢f Reteucquinone with «.-Methylbenzylamine.
SThe veio b o voreen o with ety ibenzyl-
[ The mctliet G0 ol 200 8502720 (i) aond Selemitt
ver 38, e e tob oo e cononen|
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amine was carried out under a variety of conditions, but
ouly intractable gums were obtained from which no
oxazole could be isolated. Extraction of these gums with
alcoholic hydrochloric acid followed by treatiug the acid
extract with hydroxylamine hydrochloride and excess
sodium acetate yielded acetophenone oxime; m. p. 38°.
A mixed melting point determination with an authentic
sample gave no depression.

Siniilar results were obhtained with isopropylammine.  The
identification of a ketone in these mixrures is defintte proof
thiat 1he initial condensation bLetween thie quinonce amd
amine did occur. The fact that 1o oxazole could be iso-
lated suggests that there must be two a-ltydrogen atoms in
1lie amine for oxazole formation to take placc.

Reaction of Retenequinone with Ethanolamine. Prepa-
ration of 2-Hydroxymethylretenoxazole.-—}live grains
(1LU1Y mole) of retenequinene and 1.2 ce. (0019 wmoie) of
ethanolamine were added to 50 cc. of dry alcohol and re-
fluxed for six hours, The solution was cvaporated 1o
dryness and the gummy residue triturated with dilute
hydrochloric acid until it had entirely soltditied.
solid residue was recrystallized from divxaue and finally
from alcohol; colorless needles, mi. p. 187.5-184%; yicld
2.4g (419%). This compound has not been reporied previ-

Tite

ously.
Anal. Caled. for CouHWNO.: C, 78.65; H, d7, N,
4.59. Found: C(, 7861; H,6.32; N, .40,

‘To confirmi the identity of the above comipound, a sample
was converted into 2-acetoxymethylrcicnoxazole by re-
fluxing with acetic anhydride and pouriug thic solution iuto
cold water. The conversion was ticarly guanuizative;
m. p. 134.5-136°.

Anal. Caled. for CooHyNO;: C, THIM;
4.09, Found: C, 7590, H, 6.1, N, fui

Reaction of Retenequinone with Ethylenediamine.
Preparation of 12-Methyl-6-isopropylphenanthrapyrazine.
—Kive gramis {0.D19 moler of retenciuinenc and 1 ce.
{0.019 mole) of 95" ethylencdiamine were disaolved in Si
ce. of warm tolucne and retluxcd lor six The
toluene was removed by steant di-tillaticar and the resiidae
extracted with a mixture of alcoliol and ¢ilier.  Tlie exuract
was cvaporated and the residue reeryvsiadlized from ey
alcohol until a colorless product was oltiiind; yoll 2N g
BUCLY mLop. 126-126.07
CoHWNL N, T

H, Bo4; N,

Bours,

Anal. Caled, ior Fomd: N,

401,

Study of the Course of Reaction. Step 1.
tion of Retenequinonimine with Benzylamine.
{0.0038 mole) of retenequinoninnne wud 42 ey ool beneyl-
arine were dissolved in 30 cc. uf dry tuluene sund retluxed
for four hours. The evolyved atnania wa- collected in 44y
boric acid solution and turaivd with hydreehlorie acd
the presence of nicthyl red; annnonia evolved D108 mole.
The reaction mixture wus steant distilled and the residue
recrystallized from alcubiol; yiddd ol 2-phenylretenoxazole
1.11 g (8491, m. p. \74-17117,

Step 2. Reaction of Retenequinone with Benzylamine.
—[ive grams (19 el af receneguinone wias dissidved

The Reac-

Coge grinn

in 300 ce. ol Loihig absoduwre alerdied amd 42 cen oS
mwole) of benzylamine added.  The solution wis retluxed

anel as soom as the solutiore tusned dark an oxeess of 13
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hiydrochloric acid was added slowly. The solution was
refluxed for an additional hour, cooled and niltered. The
filtrate was then diluted witli water and extracted with
etlier.  Tiie eithier was reanoved by diaillation and the
residue  steamr distilled.  Benzaldeliyde was recovered
from the steain distillate as its semicarbazone, m. p. 220-

223° and its pheuylhydrazone, ni. p. 157-198°. A sinilar
runt - with  plenanthraquinone and benzylaniine also

yielded benzaldeliyde.

Reaction of 9,10-Aminophenanthrol with Benzaldehyde.
--One gram {0004 mole  of wninophenanthrol liydrochly-
ride, 0.34 g. (0.004 nole) of sodium acectate and 0.41 cc.
{0.004 molei of benzaldehyde were added to 60 ce. of dry
alcolinl and refluxed for two and one-half hours.  On cool-
g, .75 2. (630461 of 2-plicuylphenanthroxazole separared.
L1 was reerystallized from aleoliol; m. p. 207-208°.

Reaction of 9,10-Aminophenanthrol with n-Butyralde-
hvde.
butyraldeliyde i place of benzaldehyde and the solution
reftuxed] for nine liours; yield of X-propylphenanthroxazole
DT g, ikt Afrer reerystallization fromn alcohol and
water it melted at SE-R67,

Step 4. Reaction of Retenequinonimine with n-Butyl-
aniine in the Presence of p-Benzoquinone.—Two grains
St wole; of retencgninouimine and D81 ce. (0.0076
mole! ol a-butylamine were dissolved i 20 ce. of warm
wluene and the solution licated.  As soon as the solution
becane dark an equivalent of p-benzoquinone in 10 ce. of
dry tednene was added. White needles of hydroquinone
After veery=rallization from water the
nvdroguinee melied av (T18-172.3°0 A inixed melting
petnt derernthidion witlt an antuestie saiple showed 1o
depressicar; m p. of diaceiyl derivaiive, 122.2-122.5°,

The aboove esperinienc was carcied out with on-

001l ~eparaied,

The wbove experiiment was repeated with two equiva-
jents of  p-benzoquinoite and  quinliydroue instead of
hydrocquinioue separated Tromr the solution. It was re-
crystallixed from waler; m. p. 1G5 1707,

La both of the above caperimens Z-propylretenoxazole
wits oluted from thie fittrates by ramoving the toluene
witht stean and reerystallizing ilic residie from alcohol
o awaiers L P 100=1917,

Reaction of Retenequinonimine with n-Butylamine.—
oo gricns GiLaind i mole ; al reteniequinonimine and 0.8 co.
v Hnede s ol -binylonnne were added 1o 50 ce. of dry
alenlod aind retluxed Tor cight hours.  The solution was
evihorced and e residue recrystallized frota aleohol and
waier witlt the aid of decolorizing carbon; yield 1.6 g.
Lo un p. Ini-101°,

Reaction of Retenequinonimine with Benzylamine.--
This eaperirnent is recorded under Step 1 in the exper:
mictal work ain the course of thie reaction.

Reaction of Phenanthraquinone with Benzylamine.
fa; InToluene.—liive grams i 10.024 mole) of pheuauilira-
quinone amnd 2.6 ce 0024 moley of benzylaniine were dis-
solved it 30 ce. of liot tolucne aud relluxed for three hours.
Filiration of 1lie reaction mixiure gave 3.7 g. of an intrac-
tabde, browrrsadid. The ilirate was steamt distilled and the
distillate benzaldehyde,  Both the pheuyl-
iydracone fun po L -178% and semticarbazone (. .
2o 2z of beozaldehyde were 1solated.,

tested  for

The residue
from lie stewn distllavion was fractionally crystallized

fecan w0 opstare od dry adeohol and benzene,  The least
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soluble fraction (0.65 g.. 99) was recrystallized from alco-
hol and proved to be 2-phenylphenanthroxazole, m. p. 206-
207°. The more soluble fraction (0.25 g., 2.7%) was 1-
benzyl-2-phenylphenanthrimidazole; m. p. 241-241.5°.
This compound has fiot been previously reported.

Anal. Caled. for CyiHypNo: C, 87.46; H, 5.24; N,
7.27. Found: C, 87.69; H, 5.30; N, 7.12.

(b) In Glacial Acetic Acid.—The same quantities of
quinone and amine were dissolved in 25 cc. of glacial acetic
acid, refluxed for three hours and filtered while hot. The
brown residue (3.1 g.) was digested with hot dioxane and
subsequently with hot nitrobenzene. This left a green
residue of phenanthroxazine; yield 2.2 g. (48%); m. p.
> 360°.

Anal.
3.46.

The original filtrate on cooling deposited 2-phenyl-
phenanthroxazole which was recrystallized from alcohol;
yield 1 g. (14%); m. p. 206-207°. Water was added to
the filtrate from the oxazole, precipitating a gum. The
latter was dissolved in a hot mixture of acetone and ether,
from which 1-benzyl-2-phenylphenanthrimidazole sepa-
rated on cooling. It was recrystallized from alcohol;
yield 04 g. (4%); m. p. 241-241.5°.

Reaction of Phenanthraquinone with »-Butylamine in
Toluene.—Although this reaction was carried out under
various conditions, only intractable brown solids and
gums were obtained.

Reaction of Phenanthraquinonimine with Benzylamine.
—One gram (0.0048 mole) of phenanthraquinonimine and
0.53 cc. (0.0048 mole) of benzylamine were dissolved in
50 cc. of hot toluene and refluxed for three hours, The

Caled. for CuHisNO: N, 3.66. Found: N,
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solution was steam distilled and the residue recrystallized
from alcohol; yield of 2-phenylphenanthroxazole 0.83 g.
(59%,); m. p. 205-206°. No imidazole could be isolated.

Reaction of Phenanthraquinonimine with »-Butylamine.
—Two grams (0.0097 mole) of phenanthraquinonimine and
0.96 cc. (0.0097 mole) of #-butylamine were dissolved in 35
cc. of hot toluene and refiuxed for eight hours. After
steam distillation, the residue was dissolved in a mixture of
dry alcohol and benzene, A small amount (0.1 g.) of a
red, amorphous solid remained. The solution was evapo-
rated and the residue recrystallized from alcohol; yield of
2-propylphenanthroxazole 0.9 g. (35%): m. p. 85-86°. A
mixed melting point determination with a sample prepared
by Stein and Day® showed no depression.

Summary

1. It has been shown that primary amines
which have two hydrogen atoms on the alpha-
carbon atom react with retenequinone and phen-
anthraquinone (or their isosters, the quinoni-
mines) to form the corresponding oxazoles.

2. The course of the reaction has been shown
to consist of the following probable steps: (1)
an aldol-type of condensation between the quinone
and the amine; (2) a shift of hydrogen in the
two adjacent triad systems from carbon to oxy-
gen; (3) addition of OH across a —N=CH—
linkage; and (4) oxidation of a dihydrosxazole
{by a quinone) to an oxazole.

PHILADELPHIA, Pa. RECEIVED APRIL 28, 1943
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The Fluorescence of Vitamin A

By HARRY SOBOTEKA,! SusaN KANN AND ERICH LOEWENSTEIN

The fading green fluorescence of vitamin A
under ultraviolet irradiation has been used for its
histochemical demonstration in slices of liver
and other animal organs.? An attempt by one of
us (E. L.) to utilize this fluorescence for the quan-
titative analysis of vitamin A solutions by a photo-
electric fluorometer led to the observation that
vitamin A preparations in alcoholic solution dis-
play upon irradiation an initial steep increase in
fluorescence, followed by complete destruction
of fluorescence during prolonged irradiation. In

(1) Supported by a Grant from Nutrition Foundation Inec. A
report of the work was given at the Conference on vitamin research
held at Gibson Island, Marylaud, under the auspices of the A.A A.S,,
July 2CGth, 1943.

(2) H. Popper, Proc. Soc. Exptl. Biol. Med., 43, 133 and 234
(1940); Arch. Path., 81, 766 (1941); H. Popper and R. Greenberg,
ibid., 83, 11 (1941); R. Greenberg and H. Popper, Am. J. Physiol.,
184, 114 (1941).

contrast to this, the fluorescence of vitamin A
solutions in ether, chloroform, or benzene shows
sometimes a small initial drop, but always as-
sumes quickly a level of steady intensity which
decreases but slowly.

The fluorescence of vitamin A in non-polar as
well as in polar solvents is fairly proportional to
its concentration over a range from 0.1-5.0 1.U./
ml. under our experimental conditions. Although
not quite as sensitive as the Carr-Price reaction,
fluorescence may serve as a satisfactory basis for
an analytical method. In concentrations below
0.1 1.U./ml. erratic results are often obtained.
In polar solvents such as methanol, ethanol, or
isobutanol fluorescence follows a curve such as
“1’”" in Fig. 1. Symbatic curves are obtained for
varying concentrations, the ordinates (intensity



