PHENOLIC MANNICH BASES :

CARL WREATHERBEE, RICHARD P. RYAN,
ond GAROLD E.

Mitlikin Tniversity,

ApsTRACT—The gynthesis of several
2-bie ( heta- hydrnxyethyl 3 aminomethyl-
p-substitute d phenols, 2 his (heta-
hydroxypred ylyaminom sthyl-p-substi-
tuted phenols, and thelr conversion 10
the corresponding npitrogen mustards, is
reported.
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. In previous work (Weatherbee,
1936, p. 1138) condensation of equai-
mole qguantifies of hydroguinone,
formaldehyde, and N,N-iminpdietha-
nol in methanol solation regulted in
the isolation of # 60% yield of 2-
N,N-Bis - (beta-hy_droxyethyl) ami-
pomethylhydroguinons, but only a
239% yield of 2,5-Bis [N,N-bis {beta-
hydroxyethyl) aminomethyl] hydro-
quinone was seenred upon the inter-
aotion of hydroguinone, formalde-
hyde, and N,N—iminmliethanol in a
1:2:2 mole ratio, respectively.

In continnation of this work the
condensations of p-&ubst-ituted phe-
nols, formaidehyde, and bis (beta-
hydroxyalkyl) amines were investl
gated. Details of the experimental
work are given at the end of this
paper.

TReaction of p-tert-buty].phenol,
formaldehyde, and N N-iminodietha-
nol in a mole ratio of 1:1:1 gave a
«alt of the cxpeeted Mannich base,
2-bis (beta—hydroxyethyl) aMinomme-
thyl - D - tort-putylphenol - hydro -

_ ;o__-.t6-i°t-buty1phe.n0]ate‘ The expected
Mannich base .apparently reacted
stoichiometrically Cwith the p-tert-
butylphenol. Similarly when bis
{heta - h_y_droxyprnpyl) amine was
used in liea of the N,N-iminodietha-
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nol, the stoichiometrie addition com-

pound of 2-his (beta-hydroxypmpyl}
aminomethyl-d-fert Jputylphenol with
p—te-rt-—buty]phcnol was the only
crystalline produet isolated.

In view of the salt formation, con-
densations were carried out in aleo-
polic hydrochloric acid solutions;.
low yields of the Mannich base hy-
drochlorides oF gtarting materials
were obtained. Addition of dry
hydrogen chloride to reaction mix-
tures of equimole guantities of
amine, formaldehyde, and phenol
after the usual reaction time with-
out the removal of the solvents ve-
gulted in the jmolation of tars and
scous materials. Tlowever, removal
of the golvent from the eondensation
of p-substituted phenols, formalde-
hyde, and bis (beta-hydrox.\_-'lalkyl}
pmines in methanol at 25° for 20
hours or at gentle refiuxing for 2
hours gave oils. When the oils were
digsolved in methanol followed by
the addition of dry hydrogen chlor-
ide, the Mannich pase hydroehlorides
were seeurcd. 13y use of this pro-
cedure the average vields of 2.5-Bis
[N,N-bis (beta-hydroxyethyl) ami-
nomethyl] hydroquinone Were in-
creaged from 23% to over 60%, and
the yields of other previously ve-

ported derivatives of hydroquinone
{ W eatherbee, 1956, p. 1138) were
inereased. L

The hydroguinone derivative, 2,5-
Big [N,N-his (heta-hydruxyethyl)
aminomethyll.. hydrogquinone,. Was
used as an intermediate in the prep
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aration of 25.Bjg [N,N-hig (beta-
chloroethyl) aminomethyl] hydro-
guinene hydroehloride, which ig
effective aguingt Ca 755, L1210,
Dunuing Leukeniia, Lymphoma 8,
Ehrlich E¥, Yoshida Hepatoma;
and Walker 255 ascites, pultnonary
and solid substaneons {Wilson, 1961,
P. 198). Mannich bases prepared in
this work have been submitteq to the
Nationai Institutes of Health for
evalnation against Walkep 256 rat
tumors, KR cell cultnre,
routine thres t-umor—bca.ring animal
sereens (lymphoid Leukemia 1210,
‘Adenocareinoma 755, and Sarcoms
180}, : o

The wusnugl
1941,

procedure (Raizigs,
p. 3124) (Speziale, 1956, p.
2556)  for converting beta-hydro-
xyalkyl amineg to their correspond-
ing beta-chiorg derivatives with thio-
nyl chioride involves ‘the ‘addition
of the latter to a solution of the
hydroxy alkylamines in chloroform,
methylene chloride, benzene, or other
inert solvent, followeq by refluxing.
The use of diethylene glyeol dimethy]
ether as a solvent has also heen re.
ported (Lyttle, 1958, p. 80), ;
small yields of. bPhenolie hitrogen
mustards from the 2-hig (beta-hydre.-
xyalkyl) amines were seeured by
‘this procedure, It was found ¢0n-
Yenient to add the thiony! ‘ehlovide
dropwise to the golid . beta-hydro.
xyalkyl amine h_ydrochlorid_e on an
ice bath and Dermitting the reaction
‘mixture 1o slowly warm to room
temperature, In certain instances
.the reactipn mixture wag warmed tp
35-40° aftar the addition of the
thiony? chloride, hyt temperatures in
excess of 40° rewylted in the forma-
tion. of tars and -noncrystalline mg-
terialg. Addition of thiony] chloride
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to the free bagey { beta-hydroxya}kyl
amines) gave somewhat lower ¥ields
than when the amine hydrochlorides
were employed.

Reaction of 2-bis ( beta.-hydroxy-
ethyl) aminomethy].-4~benzyloxyphe-
nel with thionyl chlorida at 30-35°
resulted in the isolation of 2-his
{beta - chloroethyl} amimmethylhy
droguinone h Ydrochloridae rather
than the desired 2-bis (beta-chlaro.
ethyl} amlnomethyl-él--benzyloxyphe-
nol-hydroch]oride, the thionyl ahior-
ide or hydrogen ehloride formed dur-
ing the reaction readily cleaved the
benzyloxy Ztoup, - : ’

Proceprres

~The C, H microanalyses were per-
formed by Weiler and Stranss, Mi-
croanalyticg) Laboratory, Oxford,
England. The N analyses wora per-
formed by Alfreq Bernhardt Mikrpo.
analytischeg Laboratoriim im Max.
Planek-In‘stitut fur Kohlenfop-
sehung, Ruhr, Germany, The tem-
beratires are reported in degrepy
centigrade, :

2,5-Bis [bis (B eta-kyd-rox-yé#kyl )
aminomethyl] hydroguinone dihy-

2rochloride.—To 4206 g (4 mole)

- of N, N-iminodiethano] in 100 m) of

methanol ut 14-17° was added drop.
wise with stirring 2162 g of 55%
formaldehyde (4 mole) in methanol,
After adding 220 '8 (2 mole} of.
hydroguinone, the mixture * wag
stirred well for 5 minutes. The re.
sulting solution wag warmed at 30-
40° for 2 hourg and then at 45.50°
for 2 hours, The solvents were re.
moved by vacuum and the resulting

-0il wasg dissolved in 150 m! of meti.
Aanol.

Dry hydrogen chloride was
bubhled through the solution untii
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no further precipitate appeared 1o
gorm. Upon filtration 470 g of white
solid was secured. An additional 38
g was obtained by concentrating the
filtrate at room temperature. Total
¢rnde yield was 508 ¢ (60%), m.p
198-200° (dee). After 4 reerystalliza-
tions from 90% methanol-water
golution, the produoet melted at 208-
209° (dec). { Analysis:, Caleunlated
for CH,CLNO6: o, 46.05; I, 7-
24. Found: C, 46.35; H, 7.36).
aBis ( beta-hydmmyethyl ) emi-
nomet hyl—é-i'e-rt-?mt-yl-pke-n-ol hydro-
fp-tert-butylphe?mlate.——'l‘o 7.5 ml of
37% tormaldehyde (0.1 mole) was
added with stirring over & period of
3 minutes 9.6 ml of N,N-iminodietha-
pol (0.1 mole) dissolved in 10 ral
methanol at 15-16°. After adding
15 g of p-t_e-rt-but-ylphenol (0.1 mole)
in 25 ml of methanol, the misture
was stirred for 5 minutes at 15-18°
and then set aside in 2 gtoppered
flask for 22 hours ab 95-28°.
splvents were removed by evapora-
tion under a hood leaving a reddish-
prown solid. Upon reerystallization
from ecyclohexane, the
weighed 10 & (72% ). M.P- 97-59°.
Two additional reerystallizations
© gave M.D. 100-101°, {Analysis: Cal-
culated for ¢, H,.NO; HOC, O
(CHy)s: G 71.90; H, 9.41; N, 3.36.
Found: C, T1.73; H, 9.46; N, 3.20,
3.34). '
2-bis(b eta-hydroa}yp-ropyl Jominon-
eth-yl—é-tert—butylpkenal-hydro-p-
tert-hutylphenolate. — Repetition of
the sbove experiment using bis (beta-
hydroxypropyl) amine in lien of the
sminodiethanol gave & 689 yield of
2-b.is(beta-hydroxypro_pyl) aminom-
ethyl-4—tert-butylphenol-hydro—p-
tert-butylphenolate, m.p. 111-112°.
(Analysis: Caleulated for C, H,NO:

product -
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H()C-5114C((?HR)H: ¢, 72.77; H,
9.73; N, 3.14 Tound: C, 7234
73.19; H, 9.52, 0.66; N, 3.01, 3.17).

2-his(h eta-chloraethyl)amfmom-
eth-yL-é-tert-but-ylphe%aE hydrochlo-
ride—To 10 g (0,035 mole) of 2-bis
(beta-hydr oxyeihyl) aminomethyl-4-
‘fert-butylphenol hydroehloride
cooled on an ice path was added
Aropwise 15 ml of thionyl chloride.
The mixture was allowed to slowly
warm to room temperature and stand
for 14 hours. The excess thionyl
chloride was removed by vacuum
leaving a viscous material which was
Qigsolved in 20 ml of ethyl acetate
containing a trace of ethyl aleohol.
Upon cooling 92 g (75%) solid, m.p.
120-123° was removed by filtration.
Three reerystallizations from ethyl
acetate eontaining a trace of ethyl
alecohol gave m.p. 140-142°. {Anal-
s Caleulated for ¢, H,.CLNO
HC: C, 52873 H, 7.10; Tonie Cl,
10.40; N, 411 Found: C, 53.03; H,
746 Tonic Cl, 10.70; N, 4.04).

The following compounds were
prepared under conditions similar to
the formation of 2,5-bis(beta-
hy droxyethyl) aminomethyl hy dro-
quinone dihydrochloride:

2.pis { beta-hy droxyethyl}amin omethyl-4-

promophencl hydrochloride, m.p. 158°,

yield T0%. Analysis: Calcnlated for

Cp HBriNOs = () FR o 4D.45; H, 5245

jonic Cl, 10.85. Found: C, 40.72: H, 5.33;
ionic ¢, 11.04.

2.his (Deta-hydroxy ethyl)yamin omethyl-4
tertiaryhutylphenol hydrochloride, m-D
162-i64°, yield 58¢,. Analysis: Calen
lated for N0 HOL: G H
8.63; lonic Cl, 11.67; N, 4.81. Found
C, 59.64; H, 8.6G; lonic Cl, 11.82; N, 4.4

2-his (beta—hydroxyethyl) aminomethy}-
tertiaryamylphenbl hydrochloride, m.]
145°, yield §1%. Analysis: Calculate
for CheFlaMN0s Ho: ¢, 60.48; H,
fonie Cl, 11.16; N, 4.40. Found: C, 60,64
H, 8.83; ionie 1, 11.35; 11.17; N, 4.43.

59.30;



2-his (beta-hydroxyethyl Yaminometh ¥1-4.
be'nzyloxyphenol hydrochloride, .p.
Analygis: Calculated

2-bis (beta—hydroxypropy
-tertiarybutylphenol hy .p.
208-21¢°, yield 419, Analysig: Calen-
Iated for CyyHyNQ, HOI: . B
0.68. Found: <, 61.75;

9.11; jonte Cl, 1
H, 9.00; jonic Cl

A-his( betamhydroxypro
-tertiaryamyl bhenol

-henzyloxyphenog]

Prepared unde

to the formation o
ethyl}aminometh

phenol hydrock

2-his {befta-chloroethyl } aminomethyl-4-
r]rochlorlde, mmp. 175-
Analysis: Caleulateq
4; H, 4.16;

bromopheng] hy
176°, yield 78,

for CuH, . Bro1L,NO HCI: ¢, 36.2
3.85. Found: C, 26.11:
08; ionic (], 9.61; N,

ionie €1, 9.75; N,
36.25; H, 4.23, 4
14,14,

Found: ¢, 53.78) 5465; B, 7.61, 7.79;
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» 10,91,

loride:

ionie €1, 10.32; total Cl, 29.35,

2-hisg (beta-chloroeth

hydroxypheno] h
216°, yleld Ther,

for €, H,,.C1,NO, -HCE;

Found: C, 4447,

H, 5.44.

pleaminomethyl—4
hydrochloride, m.p.
191-193°, vyigid 48%. Analysis: Caleu-
lated for Cp,H,,\NO, . ¥ (1
9.33; ionie Cl, 10.25: N,
C, 62.44; H, 9.45; ionic Cl, 10.05:; N, 4.00,

2-bia( bota-hydroxypro

C, 62.50; H.
4.05. Found:

pyl)aminomethyl-zl
hydrochloride, m.p.
171-1732, yield 379, Analysig; Calen-
lated for CoH,. N0, HOT:
7.39; ionie Cl, 9.20. F
H, 7.45; ionie Cl 95.40,

The foliowing compounds wepa
r conditions similap
T 2-bis (beta-chioro-
yl-é-tertiarybntyl-

C, 62.90; m,
ound: C, 62.71;

¥i )aminomethy]-4-
tertlaryamylphenol hydrochloride, m.p.

yl)aminomethyl-4—
ydrochloride, m.p. 215

Analysia: Calculateq
G, 43.95, o, 537

2-bls(betwohloropropyl)aminomothy1-4-
tertiarybutylphenol hydrochloride, m.p.
162-163°, yielg G69¢%, Ahalyris; Caleu-
lated for CyH,.CLINO -HQL: ¢, 56.37; @,
7.65; ionig CI, 9.82; N, 3.7a, Found:
G, 56.14; H, 7.84; ionfe Ol 8.70; N, 3.64,

2-bis(beta-chloropropyl)a,minomethyl-4-
tertiaryamyiphenol hydrochlorido, m.p,
].50-152“, yield T3, Analyaig: Caley-
Iated for CisH.,CLNO -HCL: €, 56.47 ;) H,
7.90; ionie ., 9.2g; total 1, 2799,
Found: ¢, 56.10, 58,70; H, 7.62, 8.09;
lonie Cl, 9.43; tota] Ci, 27.7.
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