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3-Deoxypyridoxine and its phosphate have been in-
vestigated in a number of biological systems as -
hibitors of Bg kinases and aniino acid decarboxylases,
notably glutaniic decarboxylase.*—'¢ We have noted
antitumor activity; 3-deoxypyridoxine has au cffect
upott Murphy lymphosarconia. At 4 mg/rat, the com-
pound caused significant arrest of growth of lympho-
sarcomq iniplants i rats maintained ou a pyridoxine-
deficient diet, while the effect produced by the diet
alone was not significant. !

Experimental Section

2-Methyl-3-chloro-4-methoxymethyl-5-hydroxymethylpyridine
Hydrochloride from Pyridoxine Hydrochloride Mother Liquors.—-
A crnde residue (600 g) from pyridoxine hydrochloride mother
liquors was dissolved i water, nentralized (NaOH) to pH 7, and
extracted with benzene.  After washing well with water the bert-
zene solution was treated with Norit, filtered, and concentrated to
dryness. The residite was taken up itu ethanol, and ireated with
dry HCL. The crystalline solid which separated was recrystallized
from ethanol to constant mp 180-182°; the vield was 34 g; nltra-
violet spectrim, An” ™7 202 g (A1 2000, AR 2TT mip
(A7, 178).  FeCls and Gibbs tests for 3-hydroxyl were negative.

Anal. Caled for CJHCLNOs: ), 45.39; H, 5.51; Cl, 20.81;
N, 588, Found: C, 45.11; 11, 5.62: Cl, 20.86: N, 5.93.

3-Deoxypyridoxine Hydrochloride from Pyridoxine Hydro-
chloride Mother Liquors.--A portion of the agueons layer from
the above isolation was made sirongly alkalive with 4877 NaO1l
and extracted continmonsly with cther overnight in a lignid
lignid extraetor. The dried ether solntion was treated with
HCI to yield 28 g af mixed hiydrochlorides which gave a posiiive
FeCl; test for the 3-hydroxy group of pyridoxine.  This cantam-
inant was removed by passing i agneons solntion of the hydro-
chlorides over a column containing an excess of TRA-400 resin
on the “OH cyecle. A second passage over fresh IRA-400 was
necessary to remove the last trace of pyridoxine. The ehate,
which now gave a negative FeCly test, was made acidie with
HCl, evaporated to dryuness, and reerystallized from boiling
ethanol; yield 13.3 g; nip 206-208° (w2 mp 202-203°);  de-
pressed the melting point of pyridoxine hydrochloride; wltra-
violet spectrum, Aub” P 264 mu (A7E, 3331 ASTPTE 265 mu
(417, 194); Gibbs test negative. 'The mmr speetrimn’? showed
two ring protous at 7 1.4%8 and 2.5!

Anal. Quled for CJHLCINOS: O, HL66: 11, 6.38: N, 7.4x.
Found: €, 50.90; H, 6.53; N, 7.36.

3-Deoxypyridoxine Hydrochloride from 4-Methoxypyridoxine
Hydrochloride Mother Liquors.—-A solution of 4-methoxypyri-
doxine hydrochloride after the dinzotizalion was concentrated,
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ueittralized o pll T, and thoroughly extracted widi Dutanol.
The dried butanol solution was treated with an excess of dry H(l
and the hvdrochlorides were allowed to erystallize. A first crvop
melted at 175-178° and yielded pire 4-niethoxypyridoxine livdro-
chloride npon reerysiallization from ethanol. A secoud erop,
amontiing o one third of the whole, melted below 170°. ''his
was neetviated with an excess of boiling AcaQ), which was removed
by ecouncentration, and the crnde acetylated hydrochloride was
filtered off and washed with ethanol; mp 132-135°, Dixiraction
with hot ethyl acetate, in which it was sparingly =cluble, rised
the melting point 1o 165-167°, The lawer melting point = i
agreemcentt with the one which was previonsly reporied.t This
direerate proved to be identieal by melting point and mixionre
telling point with the dincetate prepared by aretvlating fhe
H-deoxypyridexine hydrochloride deseribed alrove,  Anal, Caled
for CLllisCINOg: ¢, 52.65; I, 6.06; N, 517, PFound;
52.05; I, 6.06: N, 5.17.

Cyclohexyl Derivatives of Dopacetantide

and Dopaminc!
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The enzymatic hyvdroxylations®—* of phieny Ialanine
to tyrosine and of tyrosine to dopa have been deter-
mined to be iniportant steps in novepinephrine biosyu-
thesis, and several investigators™® have suggested that
the inhibitiou of such aromatic hydroxylation steps
may aid in developing useful cardiovaseular and psy-
chopharniacological agents.

Efforts toward sueh an approach lrave been initiated
by Carlsson, Corrodi, and co-workers who reported the
synthesis?= of =omne derivatives of dihydroxyphenyl-
acetamides and their inhibitory activities® on the en-
zvinatie hydroxylation of phenylalanine to tyrosine, of
tryptophan to S-hydroxytrytophai, and of tyrosine to
dopa, without mhithiting catechol O-methy ltransferase.

I order to expand ou the structurc—activity rela-
tionship in this series we undertook the synthesis of «-
cyclohexyl-3,4-dihydroxyphenylacetaniide (4a, a-cyclo-
hexyldopacetaniide) and g-eyclohexyl-8-(3,4-dihy droxy-
phenyDethylamine (5, S-cvelohexyldopamine)  and
studied general syuthetic pathways to conmpounds of
these types,® 1®

The svuthetic zequence for the preparation of «-
eyclohexyl-3 4-dihvdroxypheny lneetamide (4a) and 8-
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cyclohexyl-8-(3,4-dihydroxyphenyl)etliylaniine (5) is
outlined in Schenie 1.

a-Isopropyl-3,4-dihydroxyphenylacetamide’ (4b) was
prepared it good yield using the same synthetic method,
and the reaction sequence for the preparation of the
isopropyl analog is also outlined in Scheme I. The
coniplete synthetic procedures are presented in the
Experimental Sectio.

Biological Studies.!*—Evaluation of the effect of a-
cyclohexyldopacetamide (4a) on brain norepinephrine
levels was carried out using intraperitoneal administra-
tions of 200 nmig/kg (single doses) in DMSO to two rats
(see Table I). The rats were sacrificed after 3.5 hr;

TasLe 1
DETERMINATION OF BRAIN NOREPINEPHRINE

Brain norepinephrine conen, ug/g

Control 4a
Rat (DMSO0) (200 mg/kg ip)
I (.53 0.50
2 0.56 0.57

the brains were extracted according to the procedure of
Aunton and Sayre!'* and analyzed for norepinephrine ac-
cording to the niethod of Shore and Olin.*» No signif-
icant differences in norepinephrine levels could be
detected between drug treated and control animals,
Solvent controls showed no effect on norepineplirine
levels.

Experimental Section'®

Cyclohexylidene-3,4-dimethoxyphenylacetonitrile and Iso-
propylidene-3,4-dimethoxyphenylacetonitrile.—To a solution of
6.45 g (0.28 g-atont) of sodium in 350 ml of absolute alcohol was
added 50 g (0.28 mole) of 8,4-dimethoxyphenylacetonitrile (1)
and 13.9 g (0.14 mole) of cyclohexanone. The reaction mixture
was allowed to refinx for 1 hr, cooled, and added to 1 1. of ice-
water. The mixture was extracted with ether, the extracts

(13) Biological studies were conducted by Professor A. Horita, Depart-
ment of Phiarmacology, School of Medicine, University of Washington,
Seattle, Wash. The authors gratefully acknowledge Professor Horita for
liis permission to include his results.

(14) A. II. Anton and D. ¥. Sayre, J. Phnrmucol. Kxptl, Therap,, 188, 360
(1963).

(1h) P AL Bhore and J. 8. Olin, 1h4d,, 122, 295 (1958).

(16) Melting points were taken with a Thomas—Hoover capillary appara-
tus and are corrected. The infrared spectra were determined with a Beck-
man spectrophiotometer, Model IR8, and the ultraviolet spectra were de-
termined with a Beckinan spectropliotoineter, Model DK2A.
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were dried, and the solvent was distilled #n vacuo to yield a
viscons liquid which was crystallized from dilute ethanol to
give 23.3 g (649,) of the product, mp 79-82°. A 5.0-g sample
was recrystallized from isopropy! alcohol to vield 4.4 g of white
erystalline solid, mp 83.5-85.5°, ASS%* 4.53 u (conjngated CN),
AR 974 my (¢ 6850) and 223 (19,780).

Anal. Caled for C¢HyNO;: C, 74.65;
Found: C, 74.14; H, 7.56; N, 5.49,

Isopropylidene-3,4-dimethoxyphenylacetonitrile was prepared
from 1 (0.57 mole) and acetone (0.62 mole) as described above,
bp 120-127° (0.04 mm), mp 97-98°, in 549 yield.

Anal. Caled for CsHiNO2: C, 71.86; H, 6.96; N, 6.45.
Found: C, 71.92; H, 7.18; N, 6.81.

a-Cyclohexyl-3,4~dimethoxyphenylacetonitrile (2a) and «-
Isopropyl-3,4-dimethoxyphenylacetonitrile (2b)—To a solution
of 10.0 g (0.04 mole) of cyclohexvlidene-3,4-dimethoxy phenyl-
aeetonitrile in 250 ml of absolute ethanol was added 1.0 g of 109,
Pd-C, and the mixture was shaken with hydrogen (4.13 kg /cm?)
nntil the theoretical amount of hydrogen had been taken np in
10 min. The catalyst was removed by filtration and the filtrate
was reduced #n vacuo to yield a clear syrup which was cryvstallized
from ethanol to yield 7.4 g (70.49%) of a white crystalline solid,
mp 84-86°, A3 4,48 u, AEoH 280 mu (e 3080).

Anal. Caled for C HyuNO2: C, 74.09; H, 8.16; N, 5.4b.
Found: C, 73.67; H, 8.07; N, 5.41.

a-Isopropyl-3,4-dimethoxyphenylacetonitrile (2b) wuas pre-
pared from isopropylidene-3,4-dimethoxyphenylacetonitrile as
described above, mp 45.5-49°, in 849 yield.

Anal. Caled for CsHNO,: C, 71.18; H, 7.83; N, 6.39.
Found: C, 71.13; H, 7.73; N, 6.53.

a~Cyclohexyl-3,4~-dihydroxyphenylacetonitrile and «-Isopropyl-
3,4-dihydroxyphenylacetonitrile.—A mixture of 5.0 g (0.019
mole) of 2a and 13.9 g (0.12 mole) of pyridine hydrochloride was
heated in an oil bath for 3.5 hr at 200-220°. The clear solution
was poured iunto 200 ml of ice-water, and the resulting solid was
collected and crystallized from 509, 2-propanol to yield 3.7 g
(849) of a white powder, mp 172-173.5°, Mot 2.91 and 3.01 g,
AEOH 982 mu (e 3550).

H, 7.44; N, 5.45.

Anal. Caled for C,(H;NO,: C, 72.70; H, 7.41; N, 6.06.
Found: C,72.62; H,7.60; N, 6.22.
a-Isopropyl-3,4-dihydroxyphenylacetonitrile  was prepared

from 2b as described above, mp 134.5-136°, in 789, yield.

Anal. Caled for ChHi3NO.: C, 69.09; H, 6.86. Found:
C, 69.05; H, 6.85.

a~Cyclohexyl-3,4~-dibenzyloxyphenylacetonitrile (3a) and «-

Isopropyl-3,4-dibenzyloxyphenylacetonitrile (3b).—A mixture of
45.8 g (0.2 mole) of «-cyclohexyl-3,4-dihydroxyphenylaceto-
nitrile, 56.6 ml (62.3 g, 0.5 mole) of benzyl chloride, and 77 g
(0.56 mole) of K;CO; in 1 1. of ethanol was refluxed for 4 hr
and filtered while warm and cooled. The crystalline solid was
collected and recrystallized from 700 ml of methanol to yield
70 g (869) of a white solid, mp 90-92°, Ay 4.49 4.

Anal. Caled for CisHeeNO:2: C, 81.74; H, 7.08; N, 3.40.
Found: C, 81.41; H, 7.33; N, 3.72.

a-Isopropyl-3.4-dibenzy loxyphenylacetonitrile (3b) was pre-
pared from a-isopropyl-3,4-dihydroxypheuylacetonitrile as de-
scribed above, mp 76-78°, in 849, yield.

Anal. Caled for CxHaNO2: C, 80.82;
Found: C, 80.94; H, 6.89; N, 3.30.

«a~Cyclohexyl-3,4~dibenzyloxyphenylacetamide and «-Isopro-

pyl-3,4-dibenzyloxyphenylacetamide.—To a solution of 0.85 g
(0.02 mole) of NaOH in 2 ml of water was added a slurry of 4.1 g
(0.01 mole) of 3a in 40 ml of methanol. The mixture was heated
to 50° and 8 ml of 309; H;0, was added in 5 min. The tempera-
ture was maintained at 50° for 10 hr and at room temperatnre
for 7 hr. The mixture was diluted with 400 ml of water and
cooled, and the solids were collected, washed with water, and
recrystallized once from methanol and twice from ethanol to
yield 1.4 g (32.59) of a light white solid, mp 197-198°, At
6.12 u.

Anal. Caled for CuHyuNO;: C, 78.29;
Found: C, 78.50; H, 7.17; N, 5.42.

a-Isopropyl-3,4-dibeuzyloxyphenylacetamide was
from 3b as described above, mp 131-134°, in 539 yield.

Anal. Caled for CxHxNOs: C, 77.11; H, 6.98; N, 3.60.
Found: C, 77.11; H, 7.08; XN, 3.62.

a-Cyclohexyl-3,4-dihydroxyphenylacetamide (4a) and «-Iso-
propyl-3,4-dikydroxyphenylacetamide (4b).—To a solution of
11.5 g (0.027 mole) of a-cyclohexyl-3,4-dibenzyloxyphenylacet-
amide in 250 ml of absolute aleohol was added 0.5 g of 10

H, 6.78; N, 3.77.

H, 7.28; N, 3.26.

prepared
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bPd-C. The misxtnre was shaken with hydrogen (1.5 kg/em®)
unti the theoretical amonnt had been taken up in 1 hr. The
catalyst was removed by filtration and the filtrate was rednced
in vacuo to yield a light red glass which was dissolved i 300 mil
of ether and filtered to remove the insoluble material. 'The
filtrute was treated w ith activated carbon and concentrated to
vield 4.4 g (65.67%) of a white glass, mp 77° dec, An¥it 2,08 4.

Anal.  Caled for Ci H,NOs: N, 5,02, Found: N, 522,

a-Isopropyl-3,4-dihydroxyphenylacetamide (4b) wus prepared
from a-tsopropyl-s,4-dibenzyloxyphenylacetamide nx deseribed
above, mp 59° dee, in 93.8¢7 yield.

dnal. Caled for ChHENO;: N, 6.70. Fonund: N, 6.41.

B-(Cyclohexyl)-3-(3,4-dibenzyloxyphenyl)ethylamine Hydro-
chloride. —To u dispersion of 1.94 g (0.051 mole) of LiAll, in 50
ml of ether was added 7 g (0.017 niole) of 3a it 200 ml ol ether in
15 min. The mixtnre was stirred at room temperatnre for 2 hr
abd reflnxed for S hr. It was decomposed with 10 ml of water and
the solids were removed by filtration.  The filtrate was dried
and adjnsted to acidity by vhe addition of etheresl 11CL The
preeipitated solid wis collected and reerysiallized from methanol
to yvield 6.3 g (82.197) of a light-textnred white =ahd, mp 208
210° A5SH 281 mp (e 2810).

bradds o Caled for CulaCINOL: ) 7440 H, 7080 N, 2
Found: ¢ 74.40; 1, 7.72; N, 2,08,

3-(Cyclohexy!)-3+(3,4-dihydroxypheny!)ethylamine Hydro-

chloride (5).—To u solution of 2.05 g (0.0068 molel ol g-(evela-
hexyl)-g-(3,4-dibenzyloxyphenyllethylamine  hydrochloride in
200 il of ethanol was added 0.5 g of 1077 Pd-C. The mixtnre
wis shaken with hydrogen (2.81 kg/em?p mntil the theoretical
amonnt had been taken up i 5 hr. The cataly=t wax removed
by filtration, and the filtrate was contcentrated to vield a glassy
solid which was dried thoroughly /e racie at room temperatare ta
vield 1.83 5 (10070 of a gray-white powder, wp 712w
208 4, ?\.,’,{.x 283 mip 1e3330).

nal. Caled for ("“HggCl\*()»‘ C,

6L.86; 1, s 1 CL 13.1:

N, 506, Fonnd: €, 61.6%; H, 8.07; Cl, 13.02; N, 4.8,
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The condensation of ethyl 3-hiydroxy-2-icthylindole-

-carboxylate (I, R = H) with dmlethyldmme and
formaldehyde 13 reported to vield a Mannich base in
which the dimethylaminomethiyl group has been as-
sigied to the 6 position (In).'  The discovery that thns
indole dertvative exhibits hypoglycemic wetivity in rats
led us to scek direct evidence for the position of the

R
HO 'y
R N CH,
H N E CH,

! 1

1, R=CHN(CH),: b, R-CH,; ¢ R CH_.NC>—OH

oy LN Seek,
SGa buany,

Uoos Taem 2,882.527 (lune 1, 103G Corne Ahastr. B3,

Val.

dintethylumontethyl group, ax the most likely alterna-
tive strueture 1Ta cannot be excluded.

The dimethylaminomethyl side chiain ol 1lie Mumicls
base was degraded 1o a methyl group by Runey mekel
in refluxing aleohol to give unr indole whieh must be the
4-mnethel devivative [Ib sinee it was different from the
known G-methyl somer Ih.®% 'hus the Muannieh base
must be the proaduet of =ubstitution at the 4 and not
the 6 position, v conelusion whielt s supported by the
nmy =pectra?

The structure of the Manniel base does not resemble
that of either major class ol u=eful syvnthetic insulin
substitutes, the sulfonylureas or the biguanides,  Caon-
sequently aonumber of analogs were prepared by varyving
the amine wnnpnn(‘m it the Manmieh condensuation in
the hope of linding an improved insulin <ubstitute.
One member of iz group. the t-hydroxypiperidi-
nontethivl derivative He, pppeared to be ns aetive
rats as the dinethybaninomethyl devivative
whiat less toxie.

The original plan Tor synthesis of the corvespanding
G-substituted derivatives, Lo and Ie, mvolved blocking
the 4 position with a bromine atom followed hy
Manniclh reaction and removal of the blocking wton
by o reduction process.  Surprisingly,  Dromination
ol I (11 = H), itz O-ncetate or O-benzy! ether in aeelre
actd led, in hiigh vield, to the 6-bromo derivatives [
The nmyr spectrn provided decisive evidence for 111(‘.\‘(-
structures a= the aromatic proton resonanees appeared
as two unsplit peaks.  The repson for the contrasting
courses of the bromination and Manieh reactions is
ot apparent.  The 6-bromo dervatives were never-
theless useful sinee the bromine atom could be ve-

:@—/[—COLH Romm_,m.
NC N“>SCH
H

1 1V
a0 WG by I COCTL o I = CLGGT

and sore-

placed by aonitreile group which i turn could be trans-
formed ta the destred dintethylaminomethy funetion.
The benzyl ether TITe was converted i high yield to
the nitrile ITVe by use of cuprous eyanide in a Rosen-
nund-von Brawm reaction™  Hydrogenation  catu-
lyzed by platinum in acetic neid then yvielded the G-
aminomethyl  derivative Va. Methylation by the

C,H;CH,O
sHl5 L, m()o_.c_ﬂa
R N CH,

A, o=
by R = C “Iz\T((/Hd);

lischweiler -Clarke procedure gave Vi whiceh urnished
the 6-dimethylaminontethyl-5-hydroxyindole In upon
hydrogensxti()n over palladium in aleohiol™  "This new
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See., 2029 (_1901 .
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and 1. White, Tetrakedrin Letlers, 4459 (1966),

wd QLT Newry, Chesn. Rer,, 42, 207 (F0R).
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FVe amd a large exeess of daoedodandne in die preseiee of 10450 1=

Pilayks, and AT, J. Weiss, J. dAm. Chemn. Soge., 88,



