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50 ml of EtOH. The benzil employed (2 g) was added in small
portions and the mixture was refluxed for 50 min. Most of the
EAOH was removed by distillation and H,O (100 ml) was added.
The mixture stood overnight and was filtered, the filtrate wax
acidified with 10¢; HCI, and the solid was filtered off, washed,
and reerystallized (EtOH); yield 70-757; (Tuble II)

The methoxybenzil derivatives were prepared by condensing
the respective aldehydesx® and the product was then oxidized
with CuSO; solution in pyridine on a boiling-water bath.?
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A number of positional isomers of pyridoxine (1)
have been prepared! and a theory eoncerning the strue-
ture-aetivity relationship for the vitamin Bg like com-
pounds has been proposed.* The preparation and
biological testing of 3,5-bishydroxymethyl-6-methyl-2-
pyridone (2) are now described.,
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The known dibasic acid? 3 was converted to the di-
ethyl ester 4 on treatment with ethanol and sulfurie acid
in refluxing benzene. Reaction with POCI followed
by sodium in benzyl alcohol vielded the corresponding
benzyl ether dibenzyl ester.  Reduction of the benzyl
ether diacid 5, which was easier to handle than the di-
ester, with lithium aluminum hydride afforded the
ether diol which was hydrogenolyvzed to give the re-
quired pyridoxine isomer.

Compound 2 exhibited no vitumin Bg like activity
against Saccharomyces carlsbergensis in the range 5-500
ng/ml which is consistent with the proposed structure—
(lCtIVIt) theory.? It showed a slight anti-Bg activity

which did not merit further investigation on higher

organisms.
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Experimental Section*

3,5-Dicarboethoxy-6-methyl-2-pyridone (4). 6-Methyvl-2-
pyridone 3,5-dicarboxylie acid (19.7 g, 0.1 mole) was refluxed with
absolute KAOH (300 mly, PhH (300 ml), and coneentrated .80,
5.5 ml) below a Soxhlet containing 40 g of Molecnlar Sieves,
Union Clarbide 44, for 7 day=? Reduction to half-volume by
evaporation nnder reduced pressure and cooling gave the diester
as white needle<:  recrystallized from O, mp 1061987
17 g (6RC ) v (KCL fem =4y 1670, 1703, 1725 nmr (CDCLy)
(ppm) 1.24 = 1562 (g 40, 7.2 1230, 865 (v 60 nad Coll -
NO. ¢ I, N

2-(3hlor0-3,5-dicarboethoxy-ﬁ-methylpyridine.- =3.0-Dicarh -
ethoxy-6-methyl-2-pyridone (l'w g, 0.059 mole) and POCL (75
ml) were refluxed mguhez for 3.5 hr under anhydrons conditions.
The cooled =olution, in H-ml 1)()1\1011.\'. was eautiously added 1o
e water with shaking. The buff precipitate (15.3 g) was ﬁllm’ml
and dried m o vacuum desiceator, Erher extraction of the filt
afforded further material (1.14 g), C 1\~\.1111/n11>n 11(»111 I t()H

HL.O gave white needlex: mp 33.5-31.5% 14 g 837, 5 v (KCl:
fen 17300 nmr (CDCL) (ppm) 1.5 0= l‘), 560 (g1 =

N6 e 6 bl (CRITCINOG C, H, CLNL
2-Benzoxy-6-methylpyridine-3,5-dicarboxylic Acid (3).- ‘T

Na (1.6 g 0.0695 g-atom} dissolved in benzvl aleohol (200 mls
was added 2-chloro-s,H-dicarboethoxy-6-methyipyridine (11.5 g,
0.0425 molei and lhc mixture stirred at about 1=° for 17 hr,
AcOTT (4.2 ml 0.07 moled wax added dropwise to the stirred sol
tion and the bulk of the solvent was removed under reduced
pressure.  The residue was dissolved in absolute ItOT1 (75 ml),
107 aqueons NaOH (75 mby was added, and the whole was
refluxed for 3 hre Evaporation 1o hali-volume under reduced
pressure and caurious acidification of the rvesidual liquor with
dilute TECL gave a white precipitate, .08 g (747 Crvstalliza-
ton from FtOH- 10 gave the analytieal sample: =oftens 186+
ISR decompozex 260°: v TRKCL femn ™1 1695, 17200 Al
(CplhaNO) C) TN

2-Benz0xy-3,5-bis(hydroxymethyl)-ﬁ methylpyridine A =olu-
tion of erude benzyl ether diacid (9 g, 0.0314 mole) o diy THIEF
P30t mly was refluxed for 3 hr below a N)xhler containing LiAHI,
2.5 g, .066 mole). The mixture was cooled and stirred, and
7o aqueons NaOH (7.5 ml) was added dropwise. Filtration of
the gray precipitate and evaporation of the filtrate under veduced
pressure gave evude benzyl ether diol.  Crystallizziion from
pvlm]eum ether thp 40 h( ) gdve \xhlle needle mp S6.5-877:
A4 g 8O first erop: e CRCTH Cem =1 1200, 1000 e «CDCL
rp])m? 4.6 (= 20, «').4N (% 21000 s 20 715 fhroad 2% Awal
iCpHENOy; ¢ H, N

3,5-Bishydroxymethyl-6-methyl-2-pyridone (2).- -‘I'hc benzyvi
ether diol (3.4 g, 0.021 mole} in absolute EtOH (100 ml} was
shaken with 50, Pd--(" (250 mg) under Hs at the ambmm remperi-
ture and pressure, resulting in an uptake of 505 ml of Il (equiva-
lent to 2H{/mole). Removal of the catalyst and evaporation of
the liquor gave the pyridone in quantitative vield. Crvstalliza-
tion from EtOIH gave fine white needles: mp INI-ISLA3% ar
(KCH tem =1 16500 nne (DO ippm) 2.2 (< 1), 5.4 = 40, T
=3 el (CHWNOG C) HLONL

The diacetate was prepared in AcOT: mp 1461487 1 Culla):

(KO (om0 1240, 1650, 1725, Anad. (CLHENOD ¢, HL, N
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In our continuing study of the synthesis and phar-
macological properties of sulfur analogs of biologically

(1) Contribution No. 1516. Benzo{bjthiophene Derivatives, XI. Part
N: F. Campaigne and T. Bosin, J. Ved. Chem., 10, 945 (1967).



January 1968

active indole derivatives, some 3-aminomethyl-5-hy-
droxybenzo [b]thiophenes (I) were prepared and evalu-
ated pharmacologically. Since 5-hydroxylation of bio-

HO. : .CH,Z-HCl
|
S

Ia, Z=NH,

Ib,Z=N >

logically active indole derivatives imparts increased ac-
tivity,? and 5-hydroxygramine produces strong uterine
contractions,® the pharmacodynamic properties of these
derivatives might be of interest.

Gramine possesses convulsant, parasympathomi-
metic,? antiepinephrine,® oxytocie,® serotonin-mimetie,
and antiserotonin properties.2®? The sulfur isosteres
of gramine and related derivatives have been prepared
and found to exhibit the variety and nonselectivity in
pharmacological properties characteristic of the cor-
responding indole compounds.® Iddon has prepared
some S-substituted sulfur analogs of gramine and re-
lated tertiary amines and found them to be orally active
and to exhibit strong in viwo antiserotonin activity,
in contrast to gramines which are often extremely
active n vitro but only weakly active in vivo.® Some
5-hydroxy- and 5-amino-2-aminomethylbenzo [b]thio-
phenes have been synthesized and the latter have been
shown to be weakly antagonistic toward serotonin,
histamine, and acetylcholine.’ A patent has claimed
3-(1,2,3,4-tetrahydroisoquinolinomethyl)- and 3-(iso-
indolinomethyl)benzo[b]thiophene to have useful hypo-
tensive properties. !

Compound Ta was prepared via a Gabriel reaction
involving  3-bromomethyl-3-benzoyloxybenzo [b]thio-
phene!? (II) and potassium phthalimide in dimethyl-
formamide, followed by hydrolysis of the substituted
phthalimide intermediate according to the method of
Ing and Manske.'* Compound Ib was synthesized by
treating II with piperidine in benzene solution at room
temperature, followed by basic hydrolysis. !¢

Pharmacology.—Compounds Ia and Ib were tested
as both substrates and inhibitors of monoamine oxidase
and as substrates for bovine plasma amine oxidase.
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TasLE I
PrarRMACOLOGICAL SCREENING RESULTS

————Substrate act.——— % inhib act.
Compd MAO PAO of MAO
Ia None# None? 64 (1 X 1073 3])

Ib 92 (1 X 1073 M)
12 (1 X 10~ )
100 (1 X 1073 M)
100 (1 X 107 30)

Pargyline- HCI

eFrom 1 X 107%to2 X 107¢ M.

The results of this evaluation are summarized in Table
I. The lack of substrate activity in la is surprising in
view of Zeller’s finding'® that meta-substituted benzyl-
amines are better M[AO substrates than either the ortho-,
para-, or unsubstituted benzylamines.

The CNS effect of Ia was studied by amplitude anal-
ysis of the cortical electroencephalogram of male albino
rabbits.”” No detectable stimulant or depressant
effects were observed within the dose range 0.2-2.0
mg/kg, indicating pharmacological inactivity as com-
pared to 3-B-aminoethyl-5-hydroxybenzo[bthiophene
in this test, !>

Experimental Section!®

3-(N-Phthalimidomethyl)-5-benzoyloxybenzo h]thiophene.—
3-Bromomethyl-5-benzoyloxybenzo[b}thiophene!? (2.0 g, 5.76
mmoles) and potassium phthalimide (1.07 g, 5.76 mmoles) were
dissolved in 15 ml of DMF. The resulting solution was heated
to reflux (153°) for 3 hr, eooled to room temperature, and poured
into 200 ml of water. The tan solid which separated was col-
lected and air dried. Recrystallization from EtOAc and de-
colorization with Norit gave 1.84 g (77%) of white needles, mp
205-206.5°. Anal. (CyHi:NOsS) N

3-Aminomethyl-5-hydroxybenzo[b]thiophene Hydrochloride
(Ia).—3(N-Phthalimidomethyl)-5-benzoyloxybenzo[bjthiophene
(4.2 g, 0.010 mmole) was dissolved in MeOH and treated with
1.3 ml of N,H, (9549). The resulting solution was heated to
reflux and maintained for 3 hr, whereupon a white precipitate
separated. The reaction mixture was cooled to room temperature,
H,0 (30 ml) was added, and MeOH was removed under reduced
pressure, HCI (12 ml) was added and the mixture was heated
to reflux for 1 hr, and cooled to 0° prior to filtration to remove
phthalhydrazide. The acidic yellow filtrate was made alkaline
with 159% NaOH solution and heated 1 hr to ensure hydrolysis
of the benzoyloxy group. The alkaline solution was saturated
with CO, (pH 8.3) and continuously extracted with ether for
1 week. During the ether extraction the product precipitated
from solution. A trace of MeOH was added to the ether extract
to complete solution, prior to treatment with dry HCL. The
crude product was isolated by evaporation of the ether solution.
Recrystallization of the crude product from MeOH-EtOAc and
decolorization with Norit gave 1.3 g (59%) of long white needles:
mp 231-232°; ¥ 298 (phenolic OH), 3.23-3.45 (NII;*), and
strong absorptions at 6.24, 6.70, and 6.94 wu; uv spectrum,
A% EOH Imu (e)] 235 (15,950), 262 (6300), 270 (3930), 312
(3450), and 317 (3340); uv spectrum with 1 drop of 109, NaOH,
Ao EOR Tmy (e)] 250 (22,400) and 334 (5040). Anal. (CoHy-
CINOS) C, H, N.

3-Piperidonomethyl-5-hydroxybenzo [b]thiophene Hydrochlo-
ride (Ib)..—A solution of 3-bromomethyl-5-benzoyloxybenzo[b]-
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thiophene ¢ 1.0 g, 2.88 mmoles) in 20 ml of dry CyH, was treated
with piperidine (0.29 ml, 2.88 mmolex) and allowed to stir as
room temperature for 2 weeks, C;Hp wax removed under reduced
pressure, vielding a yellow solid which wa~ dissolved iu IO
(o mly rreated with excess 1007 NaOH, and gently warmed for
1 hr. The veaction mixture was then poured into .0 (100 ml:
and the pil was adjusted to 7 with dilute 1ICL The aqueois
~olittion was extracted with four 30-ml portions of ether, and the
combined ether extracts were dried (Na=Ogr and treated with
dry HCL producing an oil. The oil solidified readily under
vacuim, and was reerystallized from BIOH=-CHCL o vield
DS @ 05N of thick white ervstals: mp 2522
V53000 H-bonded phenolie O, 3.7-3.0 (1IN

,u“‘(' ~Coaromatie. Anal 1CLITCINOS COH, N

A3.0° dee:
“1oand 6.23
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Gerzon and his coworkers*™ have =shown that in-
troduction ol the adamantane group imparts interest-

ig biological propertiex to representative compounds
of various claxses. Similarly, Zakrzewski, et a5 found
that N-adamuntyvl-p-aminobenzamide was an inhibitor
of  Lscherichia coli. Hydrophobie binding  of  the
adamantane moiety to the receptor site has been in-
voked @5 u probable explanation for the biologieal ae-
tivity of the varlous adamantane derivatives,®

In order to investigate the chemieal and hiological
usefulness of the adamantoyvl group in vitamin Bs
chemistry  and  pharmacology.  we  prepared  some
adamantoates of pyridoxel (Scheme I).  Of particular
interest to us is their potential utility in probing for
hyvdrophobie regions within the receptor sites at which
pyridoxol analogs bind,  The possibility of the exis-
tence of such regions suggested itself in the course of our
previous studies.?

Methods for the \electlve 11111()du(-nonof the adaman-
tov] group into the & and a* positions of pyvridoxol are
indicated in Schome and utilize the two isomeric
isopropvlidene derivatives™ of pyridoxol starting

i1 Pyridoxine Cliemistry. NVIL Previous papers in this series: H.
Ahrens and W, Korvenyk, J. Heterocye. Chem., in press. part XVI of the
series; W. Woryvtayk and B. Paul, J. Org. Clrem., 82, 3791 {1967}, part XV
of the series: and ref 2.
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ntertals.  Adamantoviation by adamantoy! ehloride
hud to be carried out under more vigorous conditions
than the similar reactions with other aext ehlorides
indicating sterie hindrance.  Nevertheless, 3-O-nda-
mantoyl-at .o -xopropylidenepyridoxol {1V was found
to rearrange to give the a-O-exter Voo this respeet.,
adwnantoy! does not ap pear 1o ditfer from other aeyl
aroup, although i~ conecivable that the bulk of the
adamantoyl group could interfere with the formation
of the orthoncld intermedinte during the reavrange-
ment. The =tructures of the resulting exters have
been contirmed by nmr, i, and uv =pectroscopy,  The
free phonoli(- hyvdroxyl in o~O-adamantoyipyridosol i
indieated by u positive Gibbs test and by churacteris-
tie <hifts in the uv spectra in aeidie aind basie solutions.”
Preliminary cvaluation of the o' and o”-adaman-
toates (TIL wnd V) with Saccharomyees carlshergensis
(ATCC 9080) indicates that they are compur: m\(l\
weak growth inhibitors, producing approximately hali-
maximal growth at 10-* 1/

Experimental Section

Where analyses are indicated only by syvmbols of elements,
Lmal\ tical re<ult~ obtained for those elements were within 0.3,
of the theoretical valuex.

a*,3=0-Isopropylidene-«’-O-adamantoylpyridoxol (1[).--To o
sti]'x'ed solution of «3-O-zopropvlidenepyridoxol’ (I, 0.50 g) in
5 ml of anhydrous pyridine, adamantoyl ehloride (1.0 g} in 34
ml of pyridine was added. Stirring was continued for 24 hr and
then the mixture was refluxed for 0.5 hr. (The reaction wiux only
partially complete after4 hr.) Water (few drops) wax introduced,
the mixture was =tirred for 1 hr, poured into ice water (30 ml),
let stand overnight, and extracted with ether. The ether extract
was washed (Na,COy, H.O) and dried (CaS04). Evaporation of
the ether solution /n racuo left an oil, from which 0.81 g (837 ) of
the crude hydrochloride (mp 140-160°) was obtained by the
addition of anhydrous ethereal TICl.  Recrystallization from
CsHy-ether raised the melting point to 173-174.5°.  Anal.
(CuHyCINOy) C, H, N.

o’-0-Adamantoylpyridexel Hydrochloride (II).—a*,3-0)-Is0-
propylidene-es-O-adamantovipyridoxol (I, 0,177 g) was ve-

() WL Worytnyvk and 13, Paul, Tetrdiedron Letters, T77 (1966},

10) Dr. A, Bloeh, personal communication.



