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Polymerization of 4-t-butyl-2-cyclohexylaminomethylphenol occurred readily upou lieating to yield a bright yellow solid
polymer, cyclohexylamine, 4-t-butylphenol and a high melting crystalline solid tentatively identified as a cyclic tetramer of

4-t-butylphenol and formaldehyde.

Physical and chemical studies on the yellow polymer indicated the presence of 2-

hydroxy-5-t-butylbenzyl repeating units and approximately one anil end group per two polymer chains,

The instability of certain phenolic Mannich
bases has created problems in the purification and
use of these versatile intermediates. For example,
Wheatley and Cheney? found that attempts to
purify 2-benzyl-6-dimethylaminoniethylphenol by
distillation resulted mainly in the formation of a
black residue. Likewise Snyder and Demuth?®
reported p-hydroxydibenzylamine to be so heat
sensitive that even concentration of an ethanolic
solution led to extensive polymerization, and Crom-
well and Hoeksema* found it expedient to charac-
terize 2-methylaminomethylphenol as the hydro-
chloride.

The study of Mannich bases from phenols, form-
aldehyde and primary amines in this Laboratory®
has been concerned in part with providing a better
understanding of the crosslinking of phenol-
formaldehyde condensates with hexamethylene-
tetramine. In connection with this work it was
found that 4-f-butyl-2-cyclohexylaminomethyl-
phenol could be converted to a bright yellow solid
polymer upon heating. The characterization of
this product was of interest in order to obtain addi-
tional information concerning the structure of two-
stage phenolic polymers and also that of the poly-
meric products from labile phenolic Manunich bases.

The reaction of hexamethylenetetramine with
phenols has been considered in detail.5 Although
it was found” early that nitrogen-containing prod-
ucts could be obtained from such systems, it was
not generally appreciated until recently that a
major portion of the nitrogen in hexamethylene-
tetramine may be retained in a combined form in
cured two-stage phenolics.® In model studies
Zinke and co-workers® showed that hexamethylene-
tetramine condensed with 2,4-dimethylphenol to
form bis-(3,5-dimethyl-2-hydroxybenzyl)-amine
(I), which upon heating yielded the corresponding
anil IT along with mesitol and 2,4,5,7-tetramethyl-
xanthene.

The  4-t-butyl-2-cyclohexylaminomethylphenol
(III) used in this work was prepared® by the
(1) TUniversity of Utali Research Committee Fellow, 1954-1956.

(2) W. B. Wheatley and L. C. Cheney, THIS JourNaL, T4, 2010

1952).
( (3) )H. R. Snyder and J. R. Demuth, ¢bid., T8, 1981 (1954).

(4) X. H. Cromwell and H. Hoeksema, ibid., 67, 1658 (1915).

(5) (#) W. J. Burke, ibid., T1, 609 (1949); (b) W. J. Burke, R. I”
Smith and C. Weatherbee, 7bid., T4, 602 (1952): (¢) W. J. Burke and
C. W. Stephens, ibid,, T4, 1518 (1952).

(6) (a) K. Hultzsch, “Chemie der Phenolharze” Springer-Verlay,
Berlin, Ger., 1950; (b) A. Zinke, J. Appl. Chem. (London), 1, 257
(1951); (c) R. W. Martin, “The Chemistry of Phenolic Resins,”” John
Wiley and Sons, Inc., New York, N. Y., 1056.

(7) L.V.Redman, A. J. Weith and F. P. Brock, Ind. Eng. Chem., 6,
3 (1914).

(8) A. Zinke and St. Pucker, Monatsh. Chem., 79, 26 (14181 AL
Zinke, G. Zigeuner and . Weiss, ibiil., 80, 148 (104,
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direct condensation of 4-t-butylphenol with foral-
dehyde and cyclohexylamine. The polynierization
was accomplished by heating the monomer III un-
der nitrogen at 200°. Cyclohexylamine started to
evolve and the reaction mixture became yellow
when the bath temperature reached 165°. In ad-
dition to cyclohexylamine (88.5%, yield) and the
bright yellow polymer IV, 4-t-butylphenol (8.5%
vield) and a small amount of a very slightly solu-
ble, high melting white crystalline product were re-
covered. The last was characterized as the acetyl
derivative and tentatively identified as the cyclic
tetramer V, which was reported earlier to be ob-
tained from 4-t-butylphenol and formaldehyde.’
Physical and chemical studies on the yellow poly-
mer were consistent with a mixture of closely re-
lated polymers differing only in end group, as

|
CIh—/j-«CI{zN_-Cfi--)/\TCPIK

1 1
H/\ | N
CI)H \/—CH2— /]\
l l
Ny —CHaNHC:H / OH OH
! CH, CH.
.\T P \ ?H ?1{ /
C(CHy), I /\—CHg—'J N\
Lol b
R4 \!/
R R
V, R = C(CHy),
?H |‘ o1 1 o
“‘/\“W-CHQ -~-(\1«cng« i—\/ N R
1 o
L/ \ J W
C(CHy) C(CH)s s C(CHL

1V, R = H or CH=NC;Hn

) A. Ziunke, R, Kretz. 14, ILeggewie and H. Hossinger. jbil., 88,
1213 (190H2).



July 5, 1958

CI)H

OH
l LiAlH,
-—

RCHQCH2NHC5HH

CIJ(CHs)s

= polymer residue
Xb,R = H IVb,R = H

H2o/ C¢HiNH:

OH

\ AC2O
RCH,; CHO _—
C:H:N

l

C(CHs)s
polymer residue
H

Via, R
Vib, R

shown in IV. Cryoscopic molecular weight deter-
minations indicated an average value of about
seven for # in this formula.

The bright yellow color of a dioxane solution of
the polymer disappeared rapidly upon heating in
the presence of aqueous hydrochloric acid. An es-
sentially white polymer (VI) and cyclohexylamine
were isolated from the reaction mixture. This
behavior is characteristic of an anil type linkage.
An infrared spectrum (Fig. 1) of the original yellow
polymer showed a definite band at 6.10 u, which is
characteristic of an anil group. While the spec-
trum (Fig. 1) of the hydrolyzed polymer VI did
not have this band, this product did absorb in the
region of 6.03, an absorption characteristic of hy-
droxyaromatic aldehydes.

Since these bands were relatively close, 5-¢-butyl-
3-methylsalicylaldehyde (VIb) and the previously
undescribed N-(5-f-butyl-2-hydroxy-3-methylben-
zylidene)-cyclohexylamine (IVb) were prepared as
model compounds for infrared studies. The anil
IVb showed an absorption maximum at 6.11 u and
the aldehyde VIb absorbed strongly at 6.03 u (Fig.
1). Both the models and the original and hydro-
lyzed polymers showed strong bands characteristic
of a phenolic hydroxyl group in the region of 2.8
to 3.1 u. Treatment of the white hydrolyzed poly-
mer with cyclohexylamine yielded a yellow poly-
mer. The infrared spectrum of this product and
that of the original yellow polymer were essentially
identical. These studies, accordingly, were con-
sistent with the presence of an anil end group in
the yellow polymer IVa!® and of an aldehyde end
group in the hydrolyzed polymer VIa.

Condensation of the hydrolyzed polymer VI
with aniline gave a bright orange product which
showed a definite absorption band at 6.17 y, typical
of conjugated anils. Reaction of aniline with 5-¢-
butyl-3-methylsalicylaldehyde provided a conven-
ient synthesis for the previously unknown N-(5-¢-
butyl- 2 - hydroxy - 3 - methylbenzylidene) - aniline,

(10) Throughout the paper IV is used to designate the polymer mix-
ture and IVa to indicate polymer chains having an anil end group.
The derivatives obtained from IV are treated in the same manner.
Thus VI indicates the complete hydrolysis mixture, while VIa is used

to designate the polymer chains from IVa, ¢.¢., those having aldehyde
end groups.
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Fig. 1.—Infrared spectra: (A} N-(5-t-butyl-2-liydroxy-3-
methylbenzylidene)-cyclohexylamine (IVb); (B) polynier
IV from 4-i-butyl-2-cyclohexylaminomethylphenol; (C)
5-t-butyl-3-methylsalicylaldehyde (VIb); (D) hydrolyzed
polymer (VI). All samples were observed as solutions in
cyclohexane.

I N

5.5

which served as a model in spectral studies. This
product showed a strong band at 6.16 u.

Molecular weight determinations on the original
polymer IV from 4-t-butyl-2-cyclohexylamino-
methylphenol, the hydrolyzed polymer VI and the
polymers formed from the condensation of the
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hydrolyzed polymer with cyclohexylamine and
with aniline were all in the same range (1490 to
1530). This indicated that no significant changes
took place in the polymer residue during the hydrol-
ysis or condensation reactions. All of these poly-
mers softened in the range of 165-185° and were
soluble in most of the common organic solvents.

In the hydrolysis of the polymer IV from 4-t
butyl-2-cyclohexylaminomethylphenol the amount
of cyclohexylamine isolated was equivalent to about
one mole per 18 repeating polymer units when care
was taken to make the extraction quantitative.
With an average molecular weight of about 1500
this is equivalent to about one anil type end group
per two polymer chains. Elemental nitrogen anal-
yses on the polymer were rather inconsistent and
less reproducible than the amount of cyclohexyl-
amine directly recoverable from the hydrolysis
reaction. Considering the polymeric nature of the
material and a probable nitrogen content of the or-
der of 0.5%, or less, this is perhaps understandable.

The original yellow polymer IV reacted readily
at room temperature with acetic anhydride in
pyridine. The infrared spectrum of the resulting
white polymer (VII) had the expected ester car-
bonyl band at 5.78 u and did not show bands in the
region of 2.8 to 3.1 or at 6.10 u, characteristic of
phenolic hydroxyl and anil groups, respectively.
Since acetic anhydride has been shown!! to add
across the double bond of an anil with the forma-
tion of O-acetyl and N-acetyl linkages, the ab-
sence of an anil bond inthe acetylated polymer would
be anticipated. Further indication of this type of
reaction was obtained from the determination of
both O-acetyl and total acetyl. The analytical
results indicated tlie presence of one N-acetyl
group per two polymer chains.

The hydrolyzed polymer VI also was subjected
to acetylation studies. Reaction with acetic
anhydride in pyridine yielded a product (VIIT),
the analysis of which corresponded verv closely to
one acetyl group per 2-hydroxy-5-f-butyvlbenzyl
repeating unit. However, further acetylation with
acetic anhydride in acetic acid solution occurred in
the presence of perchloric acid as catalyst. In this
instance the acetyl analysis agreed very well with
that calculated for a product (IX) having a sali-
cylidene triacetate end group for each eighteen
2-acetoxy-5-i-butylbenzyl repeating units. This
would be equivalent to about one end group of this
type for each two polyuer chains.

The hydrolyzed polymer VI was treated with
lithium aluminum hydride. The infrared spec-
trum of the resulting product did not have the
characteristic hydroxyaromatic aldehyde band at
6.03 u. The reduced product yielded a light tan
polymer of higher molecular weight when heated
at 150° for 36 hours in bis-(2-ethoxyethyl) ether as
solvent and p-toluenesulfonic acid as catalyst.
This behavior can be accounted for on the basis of
a hydroxymethyl end group in the reduced polymer.

The original yellow polymer IV also was treated
with lithium aluminum hydride. The absence of
the band at 6.10 u in the infrared spectrum of the

(11) H.R. Snyder, R. H. Levin and P. F. Wiley, TH1$ JoUurnat., 60,
2025 (1938).

W. J. BURKE, B. A. BARTON, P. A. GARDNER AND J. D. LEWIS

Vol, 80

resulting white polymer X indicated the reduction
of the anil end groups. Caldwell and Thompson!?
found that the dialkylaminomethyl group of re-
lated monomieric phenolic Mannich bases was re-
placed with methyl by high temperature catalytic
hydrogenation. In order to determine whether
this type of reaction was importaut under the mild
conditions used to reduce the polymer IV, the
model compound N-(5-¢-butyl-2-hydroxy-3-metlhyl-
benzylidene)-cvclohexylamine (IVb) was treated
with lithium aluminum hydride. The isolation of
4-t-butyl-2-cyclohexylaminomethyl-6-methylphenol
(Xb) in 979, vield showed that little if any replace-
ment of an anil radical with a methyl group oc-
curred. Since the polymer IV contained a much
larger number of phenolic hydroxy groups, which
liberate hydrogen upou reaction with lithium alu-
minum hydride, than the inodel compound IVb, the
reduction of the latter (IVb) with lithiun aluminum
liydride also was performed in the presence of 2,6-
bis - (2 - hydroxy - 5 - methylbenzyl) - 4 - methyl-
phenol. The presence of the added phenolic
model compound did not appear to alter the reduc-
tion, as again 4-f-butyl-2-cyclohexylaminomethyl-
6-methylphenol was obtained in high yield. Direct
condensation of 4-f-butyl-2-methylphenol with
formaldehyde and cyclohexylamine provided an
independent synthesis of this previously unde-
scribed Mannich base (Xb).

The reduced polymer X was acetylated readily
with acetic anhydride in pyridine. Acetyl deter-
minations indicated the presence of about one N-
acetyl group for each two polymer chains. The
characteristic odor of cyclohexylamine was ob-
served when the reduced polymer was heated at
200°. The resulting polymer had a higher molec-
ular weight and showed a weak band at 6.10 g,
indicating the presence of an auil end group.

Methylenequinones have been proposed!® as
intermediates in reactions involving the elimina-
tion of ammonia or an amine from a phenolic Man-
nich base. A mechauism utilizing such an inter-
mediate in the polymerization of 4-t-butyl-2-cyclo-
hexylaminomethylphenol offers a plausible route
to the products formed. The attack of a 5-t-butyl-
2-hydroxybenzyl carbonium ion (XI) on the free
o-position of the monomer 11T would yield a dimeric
product (XII), which upon elimination of cyclo-
hexylamine would vield a substituted benzylcar-
bonium ion. Repetition of this process would re-
sult in chain growth. Iutroduction of a terminal
anil group (R = C¢H ;N=CH— in IV) by the de-
hydrogenation of a cyclohexylaminomethyl sub-
stituent would provide a means of stopping the
polymierization. Reaction of a substituted benzyl-
carbonium ion (XI) with 4-¢-butylphenol, shown to
be present in the reaction mixture, could also stop
the chain growth with tlie formation of an end
group where R = Hin IV.

An alternative route involving the condensation
of two molecules of the monomer III to form N,N-
bis - (2 - hydroxy - 5 - ¢ - butylbenzyl) - cyclohexyl-
amine (XIII) might also be considered in view of

(12) W. T. Caldwell and T. R. Thompson, ¢bid., 61, 2354 (1939).

(13) H. R, Snyder and J. H. Brewster, ibid., 70, 4230 (1948) ref.
6a, p. 99.
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the results of Zinke® and Hultzsch.!* Elimination
of N-methylenecyclohexylamine from the tertiary
base XIII would yield bis-(2-hydroxy-5-t-butyl-
phenyl)-methane (XIV). Condensation of the
latter with N-methylenecyclohexylamine would
serve as a route to the dimeric amine XII, which is

OH OH
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also proposed as an intermediate in the above mech-
anism. It is of course possible that the elimination
of cyclohexylamine may take place by both intra-
molecular and intermolecular routes.

Experimental

Polymerization of 4-t-Butyl-2-cyclohexylaminomethyl-
phenol (III). Procedure A.—4-t-Butyl-2-cyclohexylamino-
methylphenol (190.0 g.) was heated under nitrogen in a
flask connected to a distilling condenser and traps cooled
in ice and in methanol-Dry Ice. Amine elimination was
initially observed when the bath temperature reached 165°
The bath was heated to 200°. After three hours the pres-
sure was reduced slowly to 0.3 mm. and maintained there as
long as amine distilled (45 minutes). The product in the
reaction flask was digested with 600 ml. of acetone and the
white insoluble solid (1.28 g., fraction A) was removed
by filtration. Fraction A melted® above 300°. The
residue obtained by removal of the acetone was taken up
in 500 ml. of absolute ethanol and the small amount (0.9 g.,
fraction B) of insoluble material removed by filtration was
not investigated further. Water was added to the alcohol
solution of the polymer until a 70-30 alcohol water mixture
resulted. The yellow product (fraction C) which separated
was removed by filtration, washed thoroughly with water
and air-dried. The polymer (110.2 g.) melted in the range
of 165-170° and had an inherent viscosity of 0.048.1% The
infrared spectrum showed a peak at 6.10 u,

Amnal. Fraction A, Caled. for (CyH140)s: C, 81.44; H,
8.70. Found: C, 81.17; H, 8.84. Fraction C, Caled. for
H(CuHuO0)s(CroHyz.s0) (CH=NC¢Hu)o.s: C, 81.1; H, 8.8;
mol. wt., 1503. Found: C, 81.1; H, 9.0; mol. wt., 1500
(eryoscopic in benzene).

The colorless liquid (60.1 g.) which collected in the re-
ceiver was distilled, b.p. 129° (654 mm.). Reaction of a
portion of this liquid with p-toluenesulfonyl chloride resulted
in a product which melted at 88-89° and did not depress the
m.p. of N-cyclohexyl-p-toluenesulfonamide (lit.1" m.p.

(14) Reference 8a, p. 94.

(15) Zinke (ref. 9) reported that the cyclic tetramer of p-f-butyl-
phenol and formaldehyde (V) gradually decomposed above 300°.

(168) All inherent viscosities reported in this paper were measured in
N.N-dimethylformamide at 25° at a concentration of 0.5 g. of polymer
per 100 ml. of solution.

(17) A. Skita and H. Rolfes, Ber., 83, 1254 (1920).
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86°). The cyclohexylamine recovered corresponded to
0.825 mole of amine per mole of monomer used. Re-
crystallization of the residue left after distillation of the
cyclohexylamine, from petroleum ether (b.p. 30-60°), gave
8.2 g. of material which melted at 99-100° and was un-
depressed on admixture of p-t-butylphenol. The benzoate
melted at 81.5-82° (lit.® m.p. 83°). The material (3.92 g.)
soluble in 709, alcohol solution (fraction
D) was not characterized.

Procedure B.—The polymerization was
carried out as in procedure A above except
that a trap containing 130 ml. of 6 N sul-
furic acid followed the receiving flask
cooled in ice. The yellow polymer (110.8
g.) melted in the range of 178-185° and
had an inherent viscosity of 0.051. The
infrared spectrum was essentially identi-
cal to that of the polymer from proce-
dure A.

Anal. Caled. for H(CyiH140)s(CroHuz.5-
O)(CH==NCsHu)os: C, 81.1; H, 8.8;
mol, wt., 1503. Found: C, 81.5; H, 8.9;
mol. wt., 1530 (cryoscopic in benzene).

As inn procedure A there was obtained
from tlie reaction flask small amounts of
OH acetoue-insoluble (2.7 g.) and absolute
| alcohol-insoluble (1.1 g.) solids. The

cyclohexylamine recovered by distillation
of the material in the receiving flask
weighed 67.3 g. and an additional 3.07
g. was recovered from the acid trap.
| This corresponded to 0.885 mole of cyclo-
C(CHa) hexylamine per mole of monomer. There
was 9.3 g. of p-t-butylphenol recovered
(8.5%). The cyclohexylamine and p-i-
butylphenol were identified as described in procedure A.

Acetylation of the Cyclic Tetramer V.-To 0.5 g. of fraction
A, procedure A, suspended in 10 ml. of dry pyridine was
added 2 ml. of acetic anhydride. After ten days at 25°
the suspension was poured into 250 ml. of ice and water,
the solid removed by filtration, washed free of pyridine, and
air-dried. The product did not melt below 310°.

Anal. Caled. for (CyH;;0-CH;CO)y: CH3;CO, 21.07.
Found: CH;CO, 21.00, 21.18.

Hydrolysis of the Polymer from 4-f-Butyl-2-cyclohexyl-
aminomethylphenol (IV).—Concentrated hydrochloric acid
(3 ml. in 25 ml. of absolute ethaiol) was added to a cold
solution of 15.5 g. of the polymer from 4-t-butyl-2-cyclo-
hexylaminomethylphenol (procedure A) in 150 ml. of di-
oxane. The resulting mixture was heated for two hours on
a steam-bath, cooled and added to water agitated in a War-
ing Blendor. The almost white polymer was removed by
filtration, washed with water and dried. The filtrate was
extracted three times with 200-ml. portious of ether, neu-
tralized with sodium bicarbonate and then extracted with
200-ml. portions of ether four times. After drying over
anhydrous sodium sulfate and then over calcium sulfate tlie
ether solution was saturated with dry hydrogen chloride.
The resulting product (0.53 g.) was remnoved by filtration.
Reaction of a portion of this material with acetic anhydride
in pyridine gave a product which melted at 104° and did not
depress the m.p. of N-cyclohexylacetamide (lit.®® m.p.
104°). The infrared spectrum of the polymer showed a
medium peak at 6.03 u. The iulierent viscosity was 0.044,

Anal. Caled. for H(C;H;;0)5(CipoHi2.50)(CHO)os: C,
80.9; H, 8.7; mol. wt., 1463. Found: C, 80.8; H, 9.1;
mol. wt., 1490 (cryoscopic in benzene).

The hydrolysis was repeated in order to obtain a quantita-
tive estimate of the amount of cycloliexylamine liberated.
The almost white polymer was removed by filtration,
washed with water and dried. The filtrate was acidified
with 50 ml. of dilute hydrochloric acid and the distillation
was continued until most of the p-dioxane was removed.
The solution was then neutralized with sodium hydroxide
and the cyclohexylamine distilled into 1.2 N hydrochloric
acid. Evaporation of the acid solution resulted in the

CH,NHCHy

(18) R. L, Shriner, R, C, Fuson and D. Y. Curtin, ‘The Systematic
Identification of Organic Compounds,” John Wiley and Sons, Inc.,
New York, N. Y., 1936, p. 326.

(19) Ref, 18, p. 288,
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recovery of 0.70 g. of cyclohexylamine liydrochloride.
This is equivalent to about one molecule of cyclohexylamine
for every two polymer chains.

Anal. Caled. for H(CnHuo)s(Clon.;O)(CHO>0.5: C,
80.9; H, 8.7; mol. wt., 1463. Found: C, 80.4; H, 8.8;
mol. wt., 1500 (cryoscopic in benzene).

Reaction of Hydrolyzed Polymer VI with Cyclohexyl-
amine.—A solution of 1.5 g. of the hydrolyzed polymer in
15 ml. of cyclohexylamine was heated for 45 minutes on a
steam-bath. The reaction inixture was dissolved in 200
ml. of ether. The solution was washed successively with
saturated aqueous citric acid solution, water, aqueous sodium
bicarbonate and water and then dried over sodium sulfate.
The residue obtained by removal of ether was dissolved in
absolute alcohol. The alcohol solution was added to water
agitated in a Waring Blendor. The yellow precipitate was
washed thoroughly with water. The infrared spectrum
showed a medium peak at 6.10 u and was essentially iden-
tical with that for the polymer from 4-f-butyl-2-cyclohexyl-
aminomethylphenol.

Anal.  Caled. for H(CyHpO0)s(CroHy.;0)(CH=NC;-
Hyos: C, 81.1; H, 8.8; 1nol. wt., 1503, Found: C,
81.8; H, 9.5; mol. wt., 1500 (cryoscopic in beuzeue).

Reaction of Hydrolyzed Polymer VI with Aniline.—A
solution of 1.0 g. of the hydrolyzed polymer from 4-¢-
butyl-2-cyclohexylaminoinethylphenol in 15 ml. of aniline
was heated on a steam-bath for 45 minutes. The resulting
orange polynier was isolated by a procedure similar to that
described above. The product showed a niedium absorp-
tion band at 6.16 u.

Anal. Caled. for H(CnHuo)s(Clon,50)(CI‘1=NC6'
Hs)o.s: C, 81.3; H, 8.6; mol. wt., 1500, Found: C,
80.6; H, 8.9; mol. wt. 1550 (cryoscopic in benzene).

Acetylation of the Polymer IV from 4-t-Butyl-2-cyclo-
hexylaminomethylphenol.—To 5.0 g. of polymer from 4-¢-
butyl-2-cyclohexylaminomethylphenol (procedure B) in 50
ml. of dry pyridine was added 15 ml. of acetic anhydride.
After 15 hours at roomn temperature the light vellow solution
was added with stirring to 1500 ml. of ice and water and the
nearly white material removed by filtration, washed free of
pyridine and air-dried. The method of Kunz?® was used
for O-acetyl analysis and total acetyl analysis was deter-
mined by the method of Freudenberg as modified by Match-
ett and Levine.2!

Anal. Caled. for H(C11H130‘COCHs)g(C10H11.5OCOCH3)
(CH-OCOCH;-CeHnNCOCH3)g.5:  O-acetyl, 21.2; total
acetyl, 22.3. Found: O-acetyl, 21.0, 21.2; total acetyl,
22.8, 22.9, 22.8.

Acetylation of the Hydrolyzed Polymer VI.—To 5.0 g. of
hydrolyzed polymer from 4-i-butyl-2-cyclohexylamino-
methylphenol in 50 ml. of dry pyridine was added 15 ml. of
acetic anhydride. After 18 hours at roomn temperature
the light red solution was added with stirring to 1500 ml. of
ice and water. The pink polymer was removed by filtra-
tion, washed with water and air-dried.

Anal. Caled. for H(Cnngo~COCH3)3(C10H11.5O-COCH;;)
(CHO)¢.5: acetyl, 21.0. Found: O-acetyl,® 20.8, 20.9;
total acetyl,?120.9.

Acetylation of the Acetate of the Hydrolyzed Polymer VIII
under Acid Conditions.—To 1.70 g. of the acetate of the
hydrolyzed polymer, prepared as described above, in 8 ml.
of glacial acetic acid, was added 10 ml. of acetic anhydride.
Four drops of 729, perchloric acid?? were added with shaking
and the resulting mixture kept at room temperature for five
days. The solution was added with stirring to one liter of a
mixture of ice and water. The tan colored solid product
which precipitated was removed by filtration, washed thor-
oughly with water and air-dried.

Anal. Caled. for H(CqusO COCI‘I;)g(CmHnaOCOCII;)
(CH-(OCOCH,;)s)e.5: CH:CO, 22.7. Found: CH;CO,®
22.6, 22.4, 22.6.

Reduction of Hydrolyzed Polymer VI with Lithium
Aluminum Hydride.—A solution of 7 g. of the hydrolyzed
polymer from 4-f-butyl-2-cyclohexylaminomethylphenol in
100 ml. of purified tetrahydrofuran was added dropwise

(20) A. Kunz and C. S. Hudson, THIS JoURNAL, 48, 1082 (1924).

(21) J. R. Matchett and J. IL.evine, Ind. Eng. Chem., Anal, FEd., 18,
98 (1841).

(22) H. Burton and P. F. G. Praill, J. Chem. So¢., 522 (1951).
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with stirring to 1.0 g. of lithiuin aluminum lhiydride dissolved
in 100 ml. of dry ether. After the reaction mixture was
stirred for two hours and kept overnight at room tempera-
ture, the excess hydride was destroyed with water. The
reaction mixture was poured into 600 ml. of 109, hydro-
chloric acid at 2°. The aqueous phase was adjusted to
pH 6 by addition of sodium bicarbonate. The ether layer
was separated, washed with water, and dried over anhydrous
sodinm sulfate. The residue obtained by removal of ether
was dissolved in absolute alcohol. The white polymer
obtained by pouring the alcohol solution into water agitated
in a Waring Blendor was thoroughly washed with water.
The product had an inherent viscosity of 0.045.

Anal. Caled. for H(CnHuO)g(C10H12.5O)(CH20H)0.5: C,
80.9; H, 8.7; mwol. wt., 1464. Found: C, 81.1; H, 8.9;
miol. wt., 1490 (cryoscopic in benzene).

Thermal Treatment of the Reduced Hydrolyzed Polymer.
—The above reduced hydrolyzed polymer (4.0 g.), 0.1 g.
of p-toluenesulfonic acid and 6 ml. of bis-(2-ethoxyethyl)
cther were heated in a sealed tube at 150° for 36 hours.
The solution was added dropwise to 700 ml. of a mixture of
ice and water agitated in a Waring Blendor. The precipi-
tate was reinoved by filtration and washed thoroughly with
water aud dried. The iuherent viscosity was 0.070.

Anal. Caled. for H(CuH;0)1-CioHyisO: C, 81.4; H,
8.7; 1nol. wt., 1947. Found: C, 80.2; H, 8.7; mol. wt,,
1960 (crvoscopic in benzene).

Reduction of the Polymer IV from 4-;-Butyl-2-cyclohexyl-
aminomethylphenol.—A solution of 7.0 g. of the polymer
from 4-i-butyl-2-cyclohexylaininoinethylphenol (procedure
A) in 100 ml. of purified tetrahydrofuran was added with
stirring to 1.0 g. of lithium aluminum hydride dissolved in
100 ml. of dry ether. After the reaction mixture was stirred
for two hours and kept overnight at room temperature, the
excess hydride was destroyed with water. The reaction
mixture was poured into 300 ml. of 159, hydrochloric acid
at 2°. The aqueous phase was adjusted to pH 6 by the
addition of sodium bicarbonate. The ether layer was
separated, washed with water and dried over sodium
sulfate. The residue resulting from the removal of the
ether was dissolved in absolute ethanol. The white polymer
obtainied by pouring the alcohol solution into water agitated
in a Waring Blendor was thoroughly washed with water and
dried. The infrared spectrum did not have an absorption
maximum at 6.10 4. The inherent viscosity was 0.049.

Anal. Caled. for H(C11H14O)3(C10H12.5O)(CH2NHC6-
Hies: C, 81.1; H, 8.9; mol. wt., 1504. Found: C,
80.3; H, 8.9; mol. wt., 1510 (cryoscopic in benzene).

Acetylation of the Reduced Polymer X from 4-t-Butyl-2-
cyclohexylaminomethylphenol.—To 5.0 g. of the polynier
in 50 ml. of dry pyridine was added 15 ml. of acetic anhy-
dride. After 18 hours at room temperature the solution
was added with stirring to 1500 ml. of ice and water. The
light yellow polymer was removed by filtration, waslied free
of pyridine and air-dried.

Anal. Calcd. fOI‘ H(C11H130~COCH3)8(C101{11.5O-
COCHs)(CHQNCeHn'COCHs)o_si O—acetyl, 20.4; total
acetyl, 21.5. Found: O-acetyl, 20.2; total acetyl, 21.4.

Thermal Treatment of the Reduced Polymer X from 4-¢-
Butyl-2-cyclohexylaminomethylphenol.—The reduced poly-
mer (1.25g.) and 1.5g. of methoxypolyethylene glycol (Carbo-
wax 750) were dissolved in 10 ml. of ether and the etlier
slowly removed. The mixture was heated under nitrogen
for three hours at atmospheric pressure and for 15 minutes
at 0.3 min. A solution of the mixture in 10 ml. of bis-(2-
ethoxyethyl) ether was added to 750 ml. of ice and water
agitated in a Waring Blendor. The light yellow product
was removed by filtration, washed with water and dried.
The polynter melted in the range of 195~199° and had an
inherent viscosity of 0.080. The molecular weight was 2180
(eryoscopic in benzene). The iufrared spectrum showed a
weak band at 6.10 u.

Preparation of 4-t-Butyl-2-cyclohexylaminomethyl-6-
methylphenol (Xb).—To 60 ml. of isobutyl alcohol coutaining
15.0 ml. of 37%, aqueous formaldehyde (0.2 mole) was
added, with cooling, 21 g. of cyclohexylamine (0.212 mole).
4-t-Butyl-2-methylphenol (30.0 g., 0.2 mole) in 90 ml. of
isobutyl alcohol was added and the solution lheated at
reflux for 7 hours. After removal of the solvents under
reduced pressure thie colorless oil was dissolved in 100
nil, of acetone and the solution saturated with dry hydrogeun
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chloride. The white crystalline solid was removed by
filtration, washed with cold 709, acetone and dried, 53.2 g.
(869, yield), m.p. 230°.

Anal. Caled. for
Cl, 11.47, 11.30.

The free base was prepared by dissolving 42.0 g. of the
hydrochloride in methanol and adding sodium bicarbonate.
The white crystals which separated were recrystallized
three times with 809, methanol and once from 809, ethanol,
nt.p. 69-70°.

Anal. Caled. for CiHyuNO: C,
Found: C, 77.71; H, 10.63.

Reduction of N-(5-t-Butyl-2-hydroxy-3-methylbenzyli-
dene)-cyclohexylamine (IVb).—Three grams of N-(5-t-
butyl - 2 - hydroxy - 3 - methylbenzylidene) - cyclohexyl-
amine (0.011 mole) in 75 ml. of dry ether was added dropwise
with stirring to 0.41 g. of lithium aluminum hydride (0.044
equiv.) dissolved in 100 ml. of dry ether. After the reaction
mixture was stirred for three hours and kept overnight at
room temperature, the excess hydride was destroyed with
water. The reaction mixture was poured into 159 hydro-
clhiloric acid at 2°. After adjusting the acidity of the
aqueous layer to pH 6 with sodium bicarbonate, the ether
layer was separated, washed with water and dried over
sodium sulfate. The oil left after removing the ether was
dissolved in 100 ml. of acetone. Addition of dry hydrogen
chloride and cooling resulted in the precipitation of a hydro-
chloride (3.31 g., 97.4%,).

Anal. Caled. for CiHzpCINO: Cl,
Cl, 11.33, 11.28.

After two recrystallizations from dilute ethanol the free
base melted at 68.5-69° and did not depress the m.p. of
4-t-butyl-2-cyclohexylaminomethyl-6-methylphenol, pre-
pared as described above.

Reduction of N-(5-;-Butyl-2-hydroxy-3-methylbenzyli-
dene)-cyclohexylamine (IVb) in the Presence of p-Cresol
Trimer.—N - (5 - t - Butyl - 2 - hydroxy - 3 - methylbenzyli-
dene)-cyclohexylamine (2.50 g.) and 10.5 g. of 2,6-bis-(2-
hydroxy-5-methylbenzyl)-4-methylphenol in 650 ml. of
absolute ether was added with stirring to 2.50 g. of lithium
aluminum hydride in 500 ml. of dry ether. After stirring six
hours the reaction mixture was allowed to stand at room
temperature overnight. The excess hydride was destroyed
by the cautious addition of water and the resulting slurry

CisH3CINO:  Cl, 11.37. Found:

78.49; H, 10.61.

11.37. Found:
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was poured into 15% hydrochloric acid at 2°.  After adjust-
ing the pH to 6 with sodium bicarbonate the ether layer was
removed, washed with water and dried over anhydrous
sodium sulfate and then over anhydrous calcium sulfate.
Dry hydrogen chloride was added and the solid removed by
filtration, washed with ether and air-dried, 2.50 g., 88.5%.

Anal. Caled. for C;HgpCINO: Cl, 11.37. Found:
Cl, 11.32, 11.42.

The free base melted at 69-70°. The in.p. was not
depressed by admixture with 4-¢-butyl-2-cyclohexylamino-
methyl-6-methylphenol. .

Preparation of N-(5-i-Butyl-2-hydroxy-3-methylbenzyli-
dene)-cyclohexylamine (IVb).—To 5.8 g. of 5-f-butyl-3-
methylsalicylaldehyde (0.03 mole) in 35 ml. of dry benzene
was added 3.0 g. of cyclohexylamine (0.03 mole) in 20 ml. of
dry benzene. The solution was kept at room temperature
for 15 hours. After removal of the benzene under reduced
pressure the product was distilled. A yellow liquid (8.2 g.)
boiling at 151-153° at 0.3 mm. was recovered. The infra-
red spectrum showed a prominent band at 6.10 u.

Anal, Caled. for CsHyyNO: C, 79.07; H, 9.96.
C, 78.95; H, 9.88.

Preparation of N-(5-t-Butyl-2-hydroxy-3-methylbenzyli-
dene)-aniline.—To 5.8 g. of 5-t-butyl-3-methylsalicylalde-
hyde (0.03 mole) in 40 ml. of dry benzene was added 3.1 g.
of aniline (0.033 mole) in 40 ml. of dry benzene. The solu-
tion was heated at reflux for 30 minutes. After removal of
the benzene under reduced pressure the bright orange oil was
dissolved in 150 ml. of ether and the solution extracted three
times with 75 ml. of saturated citric acid solution to remove
the excess amine. After drying over sodium sulfate the
ether was removed under reduced pressure and the material
distilled at 140-143° at 0.45 mm. The resulting dark
orange crystals (8.0 g.) melted at 60-61°. The product
absorbed strongly at 6.17 u.

Anal. Caled. for CsHyNO: C, 80.86; H, 7.92.
C, 80.55; H, 7.82.

Infrared Absorption Spectra.—A Perkin-Elmer 1nodel 21
spectrophotometer equipped with a sodium chloride prism
was used.
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Rearrangement of 3-chloroisoquinoline-N-oxide with acetic anhydride produces mainly 3-chloro-4-acetoxyisoquinoline

and very little 3-chloroisocarbostyril.

Other oxides studied included derivatives of N-hydroxyisocarbostyril, which was
synthesized by cyclization of ¢-carboxyphenylacetaldoxime.

N-Tosyloxyisocarbostyril rearranges readily under various

condi"cions at about 90° to yield mainly 4-substituted isocarbostyrils, though in one reaction in an aqueous medium sub-
stitution at the 3-position also was observed. The products and conditions of these transformations, together with obser-
vations on other substituted N-oxides, are considered in connection with possible mechanisms for the rearrangements.

Treatment of isoquinoline-N-oxide with reflux-
ing acetic anhydride and hydrolysis of the resulting
acetates produces isocarbostyril, the expected re-
arrangement product, in approximately 609 yield,
along with 4-hydroxyisoquinoline in yields averag-
ing 995.2 Similar results have been observed with
3-methylisoquinoline-N-oxide, and no products of
substitution at the 3-position have been isolated
from either reaction.? On treatment of isoquino-

(1) This investigation was supported in part by a research grant,
number C-2374, from the National Cancer Institute of the National
Institutes of Health, Public Health Service,

(2) M. M. Robison and B. L. Robison, J. Org. Chem., 21, 1337
(1956).

line-N-oxide with p-toluenesulfonyl chloride, how-
ever, substitution at the 4-position is predominant,
only relatively small quantities of isocarbostyril
being formed.? Several possible mechanisms have
been considered for the rearrangement to the 4-
position?3? but little evidence has been offered for
any of them. In an effort to learn more about the
detailed course of the transformation, the rearrange-
ments of various substituted isoquinoline-N-oxides
were investigated to determine the effects of sub-
stituent groups on the course of the reaction. Al-
though the investigations have not provided any

(3) E. Ochiai and M. Ikehara, Pharm. Bull. Jopan, 8, 454 (1953).



