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The Aminomethylation of Styrene.

A New Synthesis of

3-Amino-1-phenylpropanol!

By S. L. MEISEL, J. J. DicKERT, JR., AND H. D. HARTOUGH
REcCEIVED MaAyY 21, 1956

Styrene condenses with forinaldehyvde and amnmonium chloride to form 6-phenyltetrahydro-1,3-oxazine (I) and bis-(IN-6-

phenyltetrahydro-1,3-oxazino)-methane (II),

Reaction of I or II with methanol and hyvdrochloric acid vields 3-amino-1-

phenylpropanol (III), while reaction with acetic anhydride leads to the N-acetyl derivative of I.

The Prins reaction, which involves the acid-
catalyzed addition of formaldehyde to olefins to
form unsaturated alcohols, glycols, dioxanes and
other oxygenated derivatives, is well known.?
Recently, this reaction has been extended to in-
clude the preparation of amino compounds by
adding either ammonium or amine salts to the
standard mixture.®=® This paper discusses the
reactions of styrene, formaldehyde and ammonium
chloride to form 6-phenyltetrahydro-1,3-oxazine
(I), its N-bis-methylene derivative IT and the con-
version of I and II to 3-amino-1-phenylpropanol
(III) and N-acetyltetrahydro-1,3-oxazine.
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Davies and Powell have prepared III previously
by the reduction of B-aminopropiophenone and
have compared its activity with epinephrine.®

The reaction of T or IT with acetic anhvdride
leads to N-acetyltetrahydro-1,3-oxazine.

Experimental

Bis-(N-6-phenyltetrahydro-1,3-oxazino )-methane.—To
104 g. (1 mole) of styrene were added 340 g. (4 moles) of 369,
formaldehyde solution and 108 g. (2 moles) of ammonium
chloride. The well-stirred mixture was warmed to 75-80°
for 40 minutes and cooled. An oily layer of about 60 g.
separated. This layer contains unreacted styrene, for-
maldehyde, 4-phenyl-1,3-dioxane and possibly 1ninor
amounts of other products formed in the normal Prins reac-
tion. The aqueous layer was extracted three times with
diethyl ether to remove additional oily material and then re-
acted with 2 moles of sodium hydroxide (as a 409 solution).
This caused a separation of an amine and aqueous laver.
The aqueous layer was extracted with ether and this extract
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was combined with the amine layer. Removal of the sol-
vent yielded 88 g. of a light yellow viscous oil. About 70 g.
(437% based on styrene charged) of this material erystallized
on standing to form bis-(N-6-phenyltetrahydro-1,3-oxa-
zino)-methane. The remaining oil (119;) contained iinpure
6-phenyltetrahydro-1,3-oxazine. The N-bis-methylene de-
rivative was recrystallized from ethanol to vield a product
welting at 125.5-126°.

Anal. Caled. for CyHeeN:0,: C, 74.56; H, 7.69; N, 8.28;
mol. wt., 338. Found: C, 74.11; H, 7.75; N, 8.31;
mol. wt. (b.p.), 376.

N-Acetyl-6-phenyltetrahydro-1,3-oxazine.—To 161 g. of a
mixture of I and IT were added 250 ml. of benzene and 214 g.
of acetic anhydride. The reaction mixture was cooled
during the addition and then refluxed for 3 hr. Removal of
the benzene yielded 164 g. of crude product. Distillation
vielded a center cut, 133 g. (659%), b.p. 145-146° (0.5 mm.).
This material crystallized on standing and was recrystallized
from n-heptane; m.p. 84-85°.

Anal. Caled. for CH;;NO.; C, 70.24; H, 7.32; X\,
6.83. Found: C, 70.35; H, 7.51; N, 6.87.

3-Amino-1-phenylpropanol.—To 85 g. (0.25 mole) of
bis-( N-8-phenyltetrahydro-1,3-oxazino)-methane were added
50 g. of coned. hydrochloric acid, 150 ml. of water and
300 ml. of methanol. The mixture was stirred for 1 lir.
at room temperature and then allowed to stand for 16 hr.
The reaction mixture was refluxed (69-72°) for 1 hr. and
distilled to a reaction temperature of 100° to remove the
methylal and excess methanol. After cooling, the reaction
mixture was treated with 55 g. of 409 sodium hydroxide.
A water-insoluble layver formed and was separated from the
reaction mixture. The oil layer was then distilled in vacuo.
A center cut of 53 g. (709 vield), b.p. 117-119° (1.0 mm.),
crystallized on standing. A foreshot of 9 g. and a residuc
of 13 g. also produced some crystalline material when seeded.
The center cut was recrystallized twice from benzene; m.p.
61-62°; 1it.® 63.5-64°.

Anal. Caled. for GH;3NO: C, 71.52; H, 8.61; N, 9.27.
Found: C, 70.82; H, 8.54; N, 9.16.

A phenylthiourea derivative of this material was prepared
and recrystallized three times from absolute ethanol; m.p.
135-135.5°.

Anal. Caled. for CgH;sN-08: C, 67.13; H, 6.29; X,
9.79. Found: C, 67.28; H,6.51; N, 10.29.

Discussion

The mechanism of this reaction is probably
similar to those proposed for the Prins reaction’
and for the aminomethylation of olefins with sec-
ondary amines.*® However, they are not entirely
comparable reactions. Extremely reactive olefins,
such as a-methylstyrene, are needed for the latter
reaction. Both our work and that of Hennion,
Price and Wolff* have shown that styrene con-
denses readily with ammonia but not with second-
ary amines. This difference may be related to
either the ease of formation or the reactivity of the
carbonium ion intermediates, CH,NH,* from am-
monia and R,NCH,* from secondary amines.

The condensation of formaldehyde with 3-
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amino-1-phenylpropanol to form the oxazine deriv-
atives probably involves a formaldimine inter-
mediate. It is possible that a tautomeric equilib-
rium exists between oxazine and formaldimine,

CH,
4 +
CeH;—CH CH, H
‘ < C6H5C—CH2CH2N=CH2
O NH Oofg- |
NCH, OH

Some evidence for this is derived from the reaction
of oxazine derivatives with methanol and acid to
form 3-amino-1-phenylpropanol. This reaction is
actually a reversal of the last steps in the amino-
methylation reaction. Based on work in the thio-
phene series,® it seems likely that this reaction of
the oxazines goes through a formaldimine inter-
mediate. Treatment of the oxazines with sulfuric
acid or urea and hydrochloric acid also produces the
primary amine. Similar reactions were observed
with the formaldimines of the thiophene series.
However, in both the oxazine and thiophene series,
the primary amines are synthesized best by the
methanol procedure.

(8) H. D. Hartough and S. L. Meisel, Tuis JournaL, 70, 4018
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Styrene can also be condensed with methylamine
hydrochloride. However, this reaction goes less
readily ‘than the one with ammonium chloride.
Improved yields can be obtained with paraformal-
dehyde and acetic acid as the solvent. The iden-
tity of the nitrogen compounds was not investigated.

A series of olefins, other than styrene, which can
be condensed with formaldehyde and ammoninm
chloride include e-methylstyrene, isobutylene, 2-
ethyl-1-butene, 2-methyl-1-pentene, o-pinene and
B-pinene and butadiene.? Olefins such as 1l-oc-
tene and 1-hexene did not react. Reaction con-
ditions were generally similar to those used for
styrene. Exceptions were with isobutylene, where
a pressure vessel was used, and with the very re-
active olefins, a-methylstyrene and 8-pinene, where
lower reaction temperatures were used.

The structures of these amines were not deter-
mined. On the basis of our work and that of
Schmidle and Mansfield,? it seems likely that they
are mixtures which contain the 6-substituted tetra-
hydro-1,3-oxazine and 4-substituted-4-piperidinol
systems. The latter systems cannot form with
olefins of the RCH==CH, type, such as styrene.

(9) C. J. Schmidle and R. C. Mansfield, ibid., 77, 5698 (1955); 78,
1702 (1956).
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Heterocyclic Vinyl Ethers. XII. The Synthesis of Arylmercaptoacetylenes and
a New Cleavage Reaction of Benzo-1,4-dithiadiene'?

By WiLLiaM E. PaArRHAM AND PauL L. STRIGHT?
RECEIVED APRrIL 5, 1956

This paper describes comparative studies of the reaction of ¢is and frans-bis-(phenylmercapto)-ethylene (II) and benzo-
1,4-dithiadiene (I), with butyllithium. Both cis and frans II react with butyllithium in ethyl ether at 0° to give phenyl-
mercaptoacetylene (III). The ease of preparation of ethylenes of type II and the high vield of products suggest that this
reaction will serve as a convenient source for terminal mercaptoacetylenes. Benzo-1,4-dithiadiene, the cyclic analog of cis-
II, does not undergo appreciable metalation by reaction with butyllithium in ethyl ether at 0°; however, when such re-
action mixtures are treated with dimethyl sulfate, a substitution—elimination (Snx-€) reaction occurs, leading to the formation
of 1-(n#-butylthio)-2-methylthiobenzene (XIII) and acetylene. Possible mechanisms for these reactions are discussed.

In paper IX* of this series, attention was called
to the fact that open chain analogs of benzo-1,4-di-
thiadiene (I), such as II, also undergo certain elec-
trophilic substitution reactions at the ethylenic
double bond.
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This report describes comparative studies of the re-
action of I, and c¢s and #rans 11, with butyllithium.
cis-Bis-(phenylmercapto)-ethylene  (II)  was
treated with »-butyllithium in ethyl ether at 0°,
and the product was separated into a water-soluble
and an ether-soluble fraction. The water-soluble
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fraction contained the lithium salt of thiophenol,
which was characterized by its oxidation to the
known diphenyl disulfide. Distillation of the ether
solution afforded an orange-yellow oil (609),°
which rapidly changed in color to red-brown. The
composition of this product (CsHeS) suggested that
it was phenylmercaptoacetylene,® and the infrared
spectrum showed absorption typical of terminal
acetylene (3290 and 2040 cm.—'). The terminal
acetylenic group was confirmed by the conversion of
the product into the corresponding mercury deriva-
tive IV (m.p. 137°). The reaction sequence can
thus be formulated as shown in the equation
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4
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IV (829)

CGHES_‘CECH
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(5) The yield of undistilled product was estimated to be 80%.
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