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Mono-1,3-benzoxazines of hydroquinone were prepared by the reaction of 2-substituted aminomethylhydro-

quinones (I) with formaldehyde.
2H-1,3-benzoxazines.
treatment with hot agqueous hydrochloric acid gave 1.

In connection with a study of the synthesis of benzox-
azines from polyhydric phenols,?3 it was found that
condensation of hydroquinone with formaldehyde and
primary amines led to bis- rather than mono-1,3-benz-
oxazines when the molar ratio of the reactants was that
required for the latter or even in the presence of a ten-
fold excess of hydroquinone.

These results along with the current interest in 1,3-
benzoxazines®—® and the related hydroquinone nitrogen
mustards® as potential anti-cancer agents stimulated
further work directed toward a feasible synthesis of
monobenzoxazines from hydroquinone.

In contrast to results obtained when the amine and
formaldehyde were used in a 1:2 molar ratio, reaction
of equimolar quantities of hydroquinone, formaldehyde,
and cyclohexylamine led to attack at a single position
on the aromatic nucleus with the resulting formation of
2-cyclohexylaminomethylhydroquinone (Ia) in 889,
yield. Condensation of Ia with formaldehyde occurred
readily to give the desired 3,4-dihydro-3-cyclohexyl-6-
hydroxy-1,3-2H-benzoxazine (IIa) in high yield (90%).
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An alternate synthesis involved the preparation of 3-substituted 6-benzyloxy-
The oxazine ring was selectively cleaved to the corresponding Mannich base, which upon

The latter (I1a) was converted to the known’ 3,4,7,8,9,-
10 - hexahydro - 3,8 - dicyclohexylbenzo[1,2-¢,4,5-¢" |bis-
1,3-oxazine (Va).

The analogous substituted 2-aminomethylhydroqui-
none Mannich bases and corresponding monobenzoxa-
zines were prepared in a similar manner from isopropyl-,
t-butyl-, e-methylbenzyl-, and sec-butylamine. How-
ever, the yield of Mannich base with the last compound
was very poor and efforts to adapt this synthesis to
benzylamine were not successful. These data are
summarized in Tables I and II.

In view of these results and the particular interest in
benzoxazines derived from benzylamine,®* an alterna-
tive route to monobenzoxazines was sought. In ex-
ploratory work it was found that the benzyloxy group
could be removed easily from 4-benzyloxyphenol by
treatment with concentrated hydrochloric acid. Ac-
cordingly, a study of the reaction of cyclohexylamine
with formaldehyde and p-benzyloxyphenol was ini-
tiated and led to a high yield (829,) of 3,4-dihydro-3-
cyclohexyl-6-benzyloxy-1,3-2H ~benzoxazine  (1Ila).
Treatment of ITla with alcoholic hydrochloric acid,
however, gave the salt of 4-benzyloxy-2-cyclohexyl-
aminomethylphenol (IVa), thus showing that under
these conditions the oxazine ring was more readily
cleaved than the benzyloxy group. It was aiso found
possible to prepare IVa directly from equimolar quanti-
ties of 4-benzyloxyphenol, formaldehyde, and cyclo-
hexylamine.

Removal of the benzyloxy group from IVa was readily
effected by warming in concentrated hydrochloric acid.
The Mannich base (Ia) also was obtained directly from
the benzoxazine (I11a) by a treatment involving heating
with concentrated hydrochloric acid in the presence of
phenylhydrazine, which removed formaldehyde as it
was formed.

The above procedure was also adaptable to the syn-
thesis of the monobenzoxazine from benzylamine. Al-
though other work in the laboratory had shown that
benzoxazines derived from benzylamine were appreci-
ably more resistant to acid hydrolysis than those from
cyclohexylamine, treatment of 3,4-dihydro-3-benzyl-6-
benzyloxy-1,3-2H-benzoxazine (IIIb) with alcoholie
hydrochloric acid again resulted in the selected cleavage
of the oxazine ring rather than the benzyloxy group.
The 2-benzylaminomethylhydroquinone (IVb), ob-
tained by removal of the benzyloxy group with hot
aqueous hydrochloric acid, was converted into the de-
sired mono-1,3-benzoxazine (IIb) in 929, yield by reac-

(7) Since this work was completed Kuehne and Keonopkat showed that
cyclohexylamine, formaldehyde, and hydroquinone form in addition to
Va an isomeric bisbenzoxazine (VIa) in 119, yield. None of the latter was
isolated in our work but the 839 yield of Va would preclude the formation
of any appreciable amount of Vla.
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TasLE I

MonNo-1,3-BENZOXAZINES

SUBSTITUTED 2-AMINOMETHYLPHENOLS AND HYDROCHLORIDES

OH
RO CH.NHR

Strue- Yield,
ture R R’ Method? M.p., °C. %
A CeHyp H A 172-173 88
A (CH;).CH H A 160-162° 77
A OHCHCH; H A 115-116¢ 2
A GCH,CHCH; H A 153-153.5° 33
A t-Octyl H A 125-1267 67
A CH.,CH, H B 120-1217 75
A CHy Ce¢H:CH, B 85-867 81
A (CH;)C CsH;CH, B 70-71° 77
A C¢H;CH, Ce¢H;CH, B 90-91° 90
B (CH;);C H C 213-214" 61
B tOctyl H A 242-244° 35
B CeH;CH, H B 176-177 75
B C:Hy C¢H;CH, B 208-205" 98
B (CH3)C C:H,CH. B 233-234% 65
B CH,CH, CsH:CH, B 170-171° 90

A

1099
A-HCI
B
C, o——  ———H, G ——N, G
Formula Caled. Found Caled. Found Caled. Found
CisH s NO. 70.56  70.59 8.65 8.83 6.33 6.17
CioHisNO, 66.27 66.41 8.34 8.26 7.73 7.94
CuHiNO, 67.66 67.56 8.78 8.35 7.17 7.16
CisH;:NO, 74.04 74.19 7.04 7.11 5.76  5.50
Ci:HasNO; 71.65 71.78 10.03 9.96 .. L
CH,;5NO; 73.34  73.33 6.59 6.52 6.11 6.11
CaHasNOy 77.13 76.90 8.09 8.03 4.50 4.35
CisHasNO, 75.75 75.76 8.12 8.06
CaHy NO; 78.78 78.71 6.62 6.69
CH sCIN O, 57.02 57.31 7.83 7.71
Ci5HaCIN O, 62.60 62.66 9.10 8.94
C14H;sCIN O, 63.27 63.49 6.06 5.90 ce .
CyHysCINO, 69.04 68.60 7.53 7.72 4.03 3.85
CysH3,CINO, 67.17 67.11 7.52 7.34 . .
CoHxCINO  70.87 70.46  6.23 6.44 3.94 4.02

@ Method of preparation: A, directly from condensation of 4-substituted phenol with equimolar quantities of amine and formalde-

hyde; B, by hydrolysis of corresponding oxazine; C, by hydrolysis of corresponding 4-benzyloxy Mannich base.
¢ Recrystallized from methanol.
¢ Recrystallized from ¢-butyl alcohol.

from 1,4-dioxane—ethanol (1:1).
7 Recrystallized from benzene.

¥ Recrystallized
¢ Recrystallized from toluene.
* Recrystallized from ethyl acetate. ! Recrystallized from

@ Recrystallized from chloroform.

ethyl acetate~ethanol (6:1). 7 Recrystallized from ¢-propyl alcohol. * Recrystallized from ethanol. ! Caled.: CI, 9.97. Found:
Cl, 9.95.
TasLE I1
3,4-DIHYDRO-3-ALKYL-6-SUBSTITUTED 2H-1,3-BENZOXAZINES
™
Yield, C, % H, % N, %
R R’ M.p., °C. % Formula Caled, Found Caled. Found Caled. Found
CesH,y H 133-134° 90 CuH,2NO: 72.07 72.03 8.21 7.97 . o
(CH,),CH H 145-146° 34 CuH1:NO, 68.37 68.15 7.82 7.79 7.25 .10
CsH;CHCH; H 143-144° 53 CisHiNO, 75.27 74.57 6.71 6.57 . .
CH,CHC,H; H 64-65" 12 CieHiNO, . . . o 6.76 6.80
(CH3)sC H 127-128° 51 CieHiN O, 69.54 69.85 8.27 8.12 .. e
C¢H;CH: H 105-106" 92 CisHi:NO, 74.66 75.04 6.26 6.44 5.80 5.79
CeHyt CsH;CH., 69-70" 82 CyHysNO, 77.98 77.79 7.79 7.79 4.33 4.49
(CH;):C C¢H;CH. 59-607 59 CysHy3NO, 76.73 76.88 7.80 7.85 .. .
CsH;CH. CeH;CH, 86-87" 61 Co:H,NO, 79.73 79.68 6.39 6.29 4.22 4.11

@ Recrystallized from ethyl acetate-ethanol (1:1).
lized from ¢-butyl alecohol. ¢ Recrystallized from benzene.
anol. * Recrystallized from methanol-ethanol (2:5).

tion with formaldehyde. Reaction of the monobenzoxa-
zine (I1Ib) with benzylamine and formaldehyde gave the
two isomeric bis-1,3-benzoxazines (Vb and VIb) re-
ported earlier® by direct synthesis from hydroquinone.

R R
ot B
0 NR 0<0O)-0
Va. R = CEHH VIa R = Can
b.R = CH2C5H0 .R = CH2C6H5
Experimental®

2-Cyclohexylaminomethylhydroquinone (Ia) from Hydroqui-
none.—7T'o a cooled solution of 9.9 g.(0.1 mole) of cyclohexylamine
in 50 ml. of methanol was added dropwise with shaking 7.5 ml. of
379 formaldehyde (0.1 mole). Then 11 g. (0.1 mole) of hydro-
quinone dissolved in 50 ml. of methanol was added and the mix-
ture kept at room temperature for 24 hr. The solvents from the

(8) All melting points are uncorrected.

? Recrystallized from ethanol.
7 Recrystallized from carbon tetrachloride.

¢ Recrystallized from chloroform. ¢ Recrystal-

¢ Recrystallized from meth-

dark reaction mixture were removed by vacuum distillation. The
resulting brownish-white solid was treated with 40 ml. of water
and 10 ml. of concentrated hydrochlorie aeid (0.12 mole) and
extracted with one 40-ml. portion and three 25-ml. portions of
ethyl ether. The combined ether extracts were washed with 5 ml.
of water. Upon evaporation of the ether 0.76 g. of solid was re-
covered; m.p. and m.m.p. with hydroquinone, 170-171°.
The aqueous extract was treated with 12 ml. of 2-aminoethanol
(0.2 mole) and upon standing a brown solid separated (18.1 g.,
88% vyield); m.p. 172-173° after two recrystallizations from a
1:1 mixture of 1,4-dioxane—ethanol.
3,4-Dihydro-3-cyclohexyl-6-hydroxy-2H-1,3-benzoxazine (Ila).
—To a solution of 6.63 g. (0.03 mole) of eyclohexylaminomethyl-
hydroquinone in 35 ml. of cold methanol was added 2.25 ml. of
37% aqueous formaldehyde (0.03 mole) in 10 ml, of methanol.
The mixture was shaken for 20 min. and then allowed to stand at
room temperature for 48 hr. The solvents were removed by
vacuum distillation. The resulting brownish-white solid was
recrystallized from ethyl acetate; 5.7 g. (819% yield), m.p. 133—
134°,
3,8-Dicyclohexyl-2,3,4,7,8,9-hexahydrobenzo[1,2-¢,4,5-¢'] bis-
1,3-oxazine (Va). To 1.5ml. of 379 aqueous formaldehyde (0.02
mole) in 20 ml. of cooled methanol was added dropwise 1.15 ml.
(0.01 mole) of cyclohexylamine dissolved in 10 ml. of methanol.
Then 2.33 g. (0.01 mole) of IIa dissolved in 30 ml. of methanol
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was added. The flask was stoppered, shaken well for several
minutes, and kept at room temperature for 24 hr. The solvents
were removed by vacuum distillation. The remaining dark liquid
was dissolved in 20 ml. of hot ethanol. Upon cooling 2.97 g.
(83%, yield) of a white solid was obtained, m.p. 158-160°. Upon
recrystallization from ethyl acetate, the m.p. was 161-162°
(lit.,2 m.p. 161-162°).
3,4-Dihydro-3-cyclohexyl-6-benzyloxy-2H-1,3-benzoxazine

(II1a).—Cyeclohexylamine (11.5 ml., 0.1 mole) was added drop-
wise with stirring to 15 ml. of 379, aqueous formaldehyde (0.2
mole) dissolved in 100 ml. of methanol at 15 to 18°. 4-Benzyl-
oxyphenol (20 g., 0.1 mole) was added and the resulting solution
kept at room temperature for 24 hr. Upon removing the solvents,
a sticky white solid remained. It was treated with a mixture of
50 ml. of ether and 40 ml. of water containing 6 g. of sodium hy-
droxide. The ether layer was separated. The aqueous portion
was further extracted with three 20-ml. portions of ether. The
ether extracts were combined. The aqueous portion was acidified
with dilute hydrochlorie acid, and 11.8 g. of white solid, m.p.
119-121°, separated. A mixture melting point with 4-benzyloxy-
phenol showed no depression. The residue obtained by removal
of solvent from the combined ether extracts was dissolved in 25
ml. of hot 959, ethanol. Upon cooling 11.9 g. of white solid, m.p.
66-69°, was obtained. After three recrystallizations from 95%
ethanol the product melted at 69-70°; 829, yield, based upon
consumed 4-benzyloxyphenol.

2-Cyclohexylaminomethyl-4-benzyloxyphenol (IVa).—To the
benzoxazine 11Ia (9.69 g., 0.03 mole) in 20 ml. of 95% ethanol
was added 3 ml. of concentrated hydrochloric acid. The flask
was warmed slowly on a water bath until 5 ml. of ethanol dis-
tilled. Then the flask was cooled and an additional 1.5 ml. of
concentrated hydrochloric acid was added. The mixture was
again distilled until 3 ml. of ethanol passed over. The undistilled
solution gradually deposited 9.6 g. of white produet, m.p. 190-
197°. After three recrystallizations from 939, ethanol the
hydrochloride melted at 203—-205°.
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A 4.8-g. sample of the hydrochloride was placed in a separatory
funnel with 50 ml. of water. After adding 4 ml. of 2-aminoethanol
with shaking, the mixture was extracted with four 25-ml. portions
of ether. Evaporation of the ether left 4.6 g. brownish-white
solid, m.p. 83-85°; after three recrystallizations from ¢-butyl al-
cohol, m.p. 85-86°. A mixture melting point with a sample pre-
pared directly by interacting equimolar quantities of cyclohexyl-
amine, formaldehyde, and 4-benzyloxyphenol gave no depression.

2-Cyclohexylaminomethylhydroquinone (Ia) from IVa Hydro-
chloride.—A 20.4-g. sample of IVa hydrochloride (0.059 mole) in
55 ml. of concentrated hydrochloric acid was refluxed for 1 hr.
After cooling, an additional 30 ml. of concentrated hydrochlorie
acid was added and the mixture warmed under reflux for 2 hr. at
90 to 95°. The resulting light brown solid was removed by filtra-
tion, washed with six 20-ml. portions of ether, and dissolved in
hot water. After cooling, 2-aminoethanol was added to the aque-
ous solution until no further solid (7.6 g.) separated; m.p. 169~
171° after recrystallization from ethanol-petroleum ether (1:1).
The melting point was not depressed by mixing with Ia prepared
directly from hydroquinone. An additional 1.3 g. was obtained
by adding 2-aminoethanol to the original filtrate after separation
of the ether; 689, total yield.

Cyclohexylaminomethylhydroquinone (Ia) from 3-Cyclohexyl-
6-benzyloxy-3,4-dihydro-2H-1,3-benzoxazine (IIla).—The benz-
oxazine 1I1a (1.0 g., 0.003 mole) and 0.5 g. of phenylhydrazine
were dissolved in 15 ml. of 379, hydrochloric acid and 15 ml. of
water. The mixture was heated under reflux at 75° for 5 hr. and
then filtered. The resulting filtrate was extracted with ether.
Upon evaporation of the ether a clear liquid remained, b.p. 179~
181°/754 mm. The b.p. of benzyl chloride taken simultaneously
was 180-181°. The aqueous layer was cooled to 0° and 2 ml. of
2-aminoethanol was added dropwise. The cloudy mixture was
extracted with ether and upon evaporation of the ether layers 0.4
g. of a white solid was obtained, m.p. 168-170°; yield, 61%.
The solid was recrystallized from methanol-benzene (19:1);
m.p. and m.m.p. with an authentic sample of Ia, 172-173°.
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On the basis of competitive reactions between 1,5,5- and 3,5,5-trimethylhydantoins added to the study of trans-
fer of positive halogen, it has been concluded that halogenation of the hydantoin ring, with several agerts, occurs
preferentially in position 3. Monohalogenation of nitrogen-unsubstituted hydantoins leads in all cases to the
1-halo derivative as a result of the intermediate formation of the 1,3-dihalo compound (isolated from various reac-
tions) and later transfer of the halogen atom on N; position to another hydantoin molecule.

By substitution reactions in the hydantoin itself or in
its derivatives, N-mono- and N,N’-dihalogenated com-
pounds have been obtained corresponding to all halogen
excepting fluorine. .

The N-chloro derivatives, known for some time, have
been obtained by utilizing different chlorinating agents:
sodium hypochlorite, hypochlorous acid generated in
the reaction medium starting from the former, or
methyl N ,N-dichlorocarbamate?; by passing chlorine
through a water solution of the hydantoin in either
neutral or alkaline medium,*—% and finally by transfer of
halogen in reactions between hydantoins and their
dihalo derivatives.”
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The preparation and use of the bromo derivatives of a
number of hydantoins were more recently described by
this laboratory,? employing bromine in an alkaline
solution of hydantoins for these preparations.

In obtaining the iodinated compounds, which were
introduced as halogenating agents for the aromatic nu-
cleus, iodine and the silver derivative of the hydantoins
were employed for the N-monoiodo compounds, while
for N,N’-diiodo-5,5-dimethylhydantoin, a solution of
the hydantoin in alkaline agueous medium was made to
react? with iodine monochloride.

As regards the structure of the products which result
from monohalogenation, very limited data were avail-
able in the literature which could allow a decision as to
the possibilities of placing the halogen in position N; or
N;. Products from chlorination by means of sodium
hypochlorite have been formulated as N; compounds, in
support of which are their solubility in alkali®; as re-

(8)(a) O. 0. Orazi and J. Meseri, Anales asoc. quim. Arg., 87, 192 (1949);
(b) O. O. Orazi, M. E. Fondovila, and R. A. Corral, ibid., 40, 109 (1952);
(e) R. A. Corral, O. O. Orazi, and J. D. Bonafede, ibid., 45, 151 (1957); and

references therein quoted.
(9) R. A. Corral and O. O. Orazi, ibid., 44, 11 (1956).



