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tropine and g-tropine. It is seen from Table 1 that the
deviations in pogition of A¢—¢ afforded by substitution
of cither relatively cleetronegative (NOw, 1Y, (1 Br) ar
clectrapasitive (CHy OCH3) substituents on the aryl nu-
cleus af trapine- ar g-tropine-series esters are quite small,
ranging in maximun exeursion ta only several hun-
dredths of 1 mieran from the reference 5.77 ¢ value.
Indeed. the mean exeursion {absalute! noted for eleetro-
negatively =ubstituted esters s £0.01 g far the tro-
pine serie= S and =0.01 g for the g-trapine scries; far
cleetropasitive substitution, the coresponding mean
excursions fram the =ame reference level are =0.02 w
far cach af the twa series. T contrast, with thesc
=nudl varintions in A= indueed by arvl substitution,
the final calumn of Table T Mustrates the very con-
sidernble ifluence of substituents N an bialagieal
patener. Far this purpase, briet graups of previously
dactunental? 1.5, values (Iintravenous! in miee are
cited as representative indexes af bialagieal poteney af
the exters, with tbulation of datn inunits of gmoles of
ester kg ol bady weight. Notewarthiy increments of
taxte potencey oceur on =ubstitution of the arvl ring by
ne-CLEVE snd p-CHIVID graups,

Forther from Table 101t ix 1o be noted that hexahy-
dragenation of the arvl ring in either parent ester T ar
[-¢ praduces an exaltation af 4+0.02 ¢ in the wave-
length o the earbonyvl-stretehing  vibration,  Alsa,
camparing =nbstitutian effeets in the S-tropanyt (trans-
aldy =eries with these in the 2-e-traponyl transoid}
<eries reveals that (10 ester TIT pe ester XV at constant
P-NOy substitution demonstrates o negative 1 —0.03 w
displacement in peak position on =hifting =eries, aad
ey ester X1 s ester NVI at canstant p-CHy substitn-
tion also shows @ negative §—0.04 b displacement in
neak position vu shifting serles, Finadly, 1t ean be
<cen that esters enntaining the electranegative CHCL
grouping it replacement al the entive CHW.C H X residue
af compounds XTIV alza show a negative (—0.04 w2
displacement in peak position Trom the reference 5.77 u
level ol the phenylacetates.

Accordingiv, it scems clear that cleetronic perturba-
tion= pradueced by manosubstitution of' T ar I-¢ ave anly
minimablly refleeted in electron-density changes abaut
the region of the earbanyt funetion, as inferred fram the
tinyv alterationsin Ne—o.  Therefore, with esters T-XIV
i ench stereochemicnl series, the pronaunced effects of
arvl group substitution on poteney of interaction with
cential and peripheral chemorcceptors i tissues and
intact animals must be taken a= reflecting the result of
alterntions inthe eleetron-density ap of the arv) residue
itself. with little ar no proliferation in effeet beyond the
in=ulnting methyvlene ink.  In thiz event, the bialogienl
effcet= ol ilistartion in eleetran-density pattern within
the ring by relatively  electronegative  substituents
which inercase taxic pateney® in the mouse may best be
interpreted by {13 a direet interaction between the aryl
ring and an clectron-paor reglon nf a tissue receptor
surinee:; and 22 specitfie digplacement of ring w-electron
density away from the linking -CH.- proup, for facilita-
tion of interaction of esters with this type of receptor.
These canditions are pictured <chematieally below.  In
this interaction dingram, the dominant eleetron-dis-

i Ta dids assessmeal (he deviativa o) estec VI Trom the eelecear leves
Los am beva incluled, sawe it olerives Teom weasiremencs ja a diffecrat
solvem svscear,

R —

Recepror Surface

Ester ~receptor ynteractior mocel

placement mechani=im activated jointly by N oand tis-
sue receptors has previously been ferred® ta be of the
inductive variety, stemming from =tudies with pasi-
tional isumers. Further. this pleture i= conzanant with
the abrupt loss of ahility to evoke =tercaspecifie re-
sponses fram mouse receptor svstems when the phenyl
ring of T and I-¢ ix hexahvdragenated® <inee the x
banding of an arvl locus to n loealized ehirge eenter an
A tixsue surface u= one cantributor ta trapine rs. y-tro-
pine-scries specificity s denied ta the evelahexyl esters,

LExperimental Section

All ol the exiers Tao which dara have beee giver by Table |
were nvailable e analviies]l pavity as sevstalline hydroehlovide
(NI ns the methiodide s <cpptes Trom previons <indies? in tlds
=ertes. Solutions of esters o Fizher Spectimalyzed CHCLL were
prepared jast helcae gee a1 o coneentration level near 57 fw v
and serially diliterd witlohie smmne <olvesa for recording ol =pecti
over the coneentration sapge T 57, ow v With the p-Cl estes
VI Tnited solnbiliny peochntel the nse ol pore CHCL as <olvera.
For this esicer, mc equivnlume mistiee ol CHCL ansl Flaoroliine
was employed.

Spectra were shigised witlovhe Beekiaan TS infroed speciro-
phatometer, employving an Trorae2 lignid cell with tu23amn.
spacing. Al speare were sesimed agninst <olvent sneetra ob-
tained witlh the scoae eell. Particolar enve was tikerc e mens=nre-
et of the position o the x- o valie Yor the cavhonyl-<trercloag
vibration nesas 58 g Chserved wivelsigtles were enrrectid i
ah=olnie vabie Taonee v o calibisting =<pectrnm taken with
stanehrd pojystyrene B,
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5.0-Disubstituted hydantoins have pharmacalagieal
activity ns hapnaties,! anticonvulsants.* hypoglyece-
mies,? ete. The svstematie introduction of methoxy
groups in 5.5-disubstituted hydantoins, that have
important phanacological effect in some other drugs,
was considered of intevest by us.  Methoxy and dioxy-
niethylene derivatives of 5,5-diphenylhyvdantoin and
methoxy  derivatives of  5-phenyl-3-benzylhydintoin
were obtained. The ndvantages of using DMI as o

1 R, H HeehwsCwod 17 DL dohrsoo, J. A, Cheney See., 54, 2403 (19523,
(2) 1a) V. 8 Palkac aod 1N I Swmith, J. Org. Chen., 20, 125 (1915); O
C. Lnebiick anl J. Ahecov. rzacomttel-Forsch., 18, 1231 (1963):  (e¢3 11,
I, Merrit aad . J. Pocoom, Felepaia, 3, 51 {1945).
(T Cl Lombardioe aad O 1. Gerber, J. Hel. Chom., T, 97T (1064,
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MrrHOXY DERIVATIVES OF 3-PHENYL-3-BENZYLHYDANTOIN
O c: o
O
N
R,

R R: R: R, Rs Rs Yield, ¢ Mp, °C Formula Analyses
H H H H H H 100 214-215 CsH 14N LOs C,H N
H H OCH; H H H 60 226-227 C3H 6N10; C H N
H H OCH; OCH; H H 100 217-218 CisHisN04 C,H N
OCII; H OCH; H H H &0 231-232 CisH N0y C, HN
QCIT; QCH; OCH; H H H 80 246-247 Ci¢HaNLO5 C, H YN
OCH; 1L OCH,; OCH; H H 80 232-233 C1yHpN.0; C,H XN
OCIT; OCH; OCH; OC1I; H H 80) 212-213 CagHaaN4O5 C, HN
OCH OCH; H H H H 85 208-209 CisHsN+04 C,H N
H H OCH; OCH; OCH; H 80 32-233 CisHiNO; C, H N
OCII OCH; OCH; OCH; OCH; H 40 283-284 CyHauNLO5 C, HN
1 I H H o CH, 03 22-203 CHiN.0: N
H H OCH; H H CH; 03 195-106 .0 N
11 H OCH; OCH; H CH; 995 174-175 CuHa N30, N
OClIs H OCH,; H H CH; 97 1857-186 CrHaeN .04 N
OClHL OCH;, OCH; H H CH; 93 195-196 CiyHsN:05 N
OClL; H OCH; OCH; H CH; 93 167-168 CaeHuN0; N
OCIl; OCIIL OCH;, OCH; H CH; (a3 201-202 CyHuuNO5 N
solvent i preparing the latter hydantoins has been TaBLE 1T

already noted i a previous communication.*
Pharmacological Evaluation.—The pharmacological
test was carried out using the method of Swinyard,
et al.’ an rats. The drugs were administered as a
suspension in tragacanth gum by a gastric catheter
(15 111L, ku;) The tests were compared to those with
5,5-diphenyilivdantoin used as control.  The anti-
cony 1113 ant action was lowered when a phenyl group
was replaced by a benzyl group. The introduction of
methoxyl groups increased the drug efficacy.  The ac-
tion of bis(3,4-dimethoxyphenylhydantoin was simi-
lar to that of 5,5-diphenylhydantoin but delaved the
appearance of the anticonvulsant effect. With 5,5-di-
phenyihvdantoin the anticonvulsant effect appeared
after approximately 3-4 hr, while with the tetrame-
thiaxy compound it was observed only after 6-7 hr.

Experimental Section

Melting points were taken on a Fisher-Johus apparatus and
are uncorrected. Where analyses are indicated only by symbols
of the elements, analytical results obtained for those elentents
were within 0.3 of the theoretical values.

Methoxy Derivatives of Deoxybenzoin.—P.0; (1 mole) and
1.8 moles of H;POy (d 1.71) were heated at 120° with continuous
stirring for 4 hr.  After cooling to 60-70°, 0.33 mole of the acid
(phenylacetic, 4-niethoxyphenylacetic, 3,4-dimethoxyphenyl-
acetic) nnd 0.33 mole of the methoxybenzene of choice (nmethoxy-
benzene, 1,2-diniethoxybenzene, 1,2,3-trimethoxybenzene) were
added ta the polyphosphoric acid. The mixture was heated at
67-70° for 2 hr and then at 80-83° during 1 hr. The reaction
niixture was caoled and poured slowly into water with stirring.
The solid was filtered, washed (H.0O, 109, NaOH, H.0), and re-
erystallized (EtOH); vield 70-80¢.

(4) A. Novelli and A. De Santis, Bol. So¢. Quim. Pereg, 30, 155 (1964).
(5) E. A. Swinyard, W. C. Brown, and L. 8, Goodman, J., Pharmacol.
Exptl, Therap., 106, 319 (1952).

METHONY AND DIOXYMETHYLENE DERIVATIVES OF
5,0-DIPHENYLHYDANTOIN

R,
R,
R,
R, C-——IT'H
0oC CO
I
R ER Rs R: MMy, °C Formala Analyses
OCH; H H H 220-221 CisHuNOs C,H, N
OCH; H OCH: H 236237 CrHuNaOs C, H N
0sCH: H H 210-211 CreH@pN20Oy C, H X
0.CHs OCH; H 234-235 CiHuN.O; C,H N
0:CHas 0.CHs 222223 CaHeNOs C, H, N
2,3,4-Trimethoxydeoxybenzoin, mp 70°. Anal. (C;H;s0,)
C, H.
2,3,4,3',4’'-Pentamethoxydeoxybenxoin, mp 86°. Anal.

(CreH:06) C, H.

Methoxy Derivatives of 5-Phenyl-5-benzylhydantoin., General
Method.—A suspensiont coutaining 279 of (NHy),CO; and 115
of KCN in 75 ml of H:O was added to a solution of 5 g of the
deoxybenzoin derivative inn 73 ml of DMF.f The mixture was
heated at 80-90° for 2 hr and then at 90-100° for 8 hr. H.0
(80 ml) was added and the mixture was filtered. The filtrate was
acidified with 109, HCI, and the hydantoin was collected by
filtrationn. The crude product was purified by dissolving it in
109, NaOH, precipitating by acidification to pH 3, and re-
erystallization (EtOH); yield 40-1009; (Table I).

The 3, N-methyl derivatives were obtailed by the usual method.”

Derivatives of 5,5-Diphenylhydantoin. General Method.—
Urea (1 g) was dissolved in a boiling solution of Na (0.4 g) in

(6) To obtain hydantoin from cliolestanone, J. W. Cremlyn and M.
Chisholm [J. Chem. Soc., 53117 (1963)] have used the same solvent, but have
found that the product was the N-formyl derivative of the amino acid.

(¥) H. Bilts, Ber., 41, 1379 (1908).
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50 ml of EtOF. The henzil emplayed (2 g) was added in smuall
nortions and the mixture was refluxed for 50 min.  Most of the
EAOH was remaved hy distillation and HaO (100 ml) was added.
The mixture staod avernight and was filtered, the filtite was
acidified with 10¢; HCIl, and the salid was filtered aff, washed,
and reerystallized (FtOH): yield 70-750; (Table IT).

The methoxybenzil derivatives were prepared by condensing
(he respective aldelivdes® mid the product was then oxidized
with CuR0, solution in pyridine on o boiliig-water baih.®
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Synthesis of 3,5-Bishydroxymethyl-6-methyl-

2-pyridone, an Isomer of Pyridoxine
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A number of positional isomers of pyridoxine (1)
have been prepared! and a theory coucerning the strue-
ture-uetivity relationship for the vitumin Be like com-
pounds has Dbeen proposed.*  The preparation and
biological testing of 3,5-bishvdroxymethyl-G-methyl-2-
pyridotie {2) arce now described,

CH,OH

HO | \-CH.OH Rozc)l\/\/[coy

CHA N CH” N>R
1 3.R'=OH;R=H

4.R'=0H; R=Et
5.R'=0CH,P:R=H

H()CH_jl\/i CHOH .
CH. R0

The known dibasic acid? 3 was converted to the di-
cthyl ester 4 on treatment with ethanol and sulfuric acid
in refluxing benzene. Reaction with POCl; followed
by sodium in benzyl aleohol vielded the corresponding
benzyl ether dibenzyl ester.  Reduetion of the benzyl
ether diacid 5, which was easier to handle than the di-
exter, with lithiuni aluminum hydride afforded the
ether diol which was hyvdrogenolyvzed to give the re-
quired pyridoxine isoner.

Comipound 2 exhibited no vitamin Bg like activity
against Saccharomyces carlsbergensis in the range 5-500
ng/ml which is consistent with the proposed structure--
activity theory.? It showed a slight anti-Be activity
which did not merit further investigation on higher
organisizg.

hydroxpyridine
tautomer

[ S as)

(1) ¢al K. G, lones, J. Ane. Chem. So¢., T4, 1489 119523; 1y I°. Hoffinaa
Swiss Patent 224,314; Chem. Ahstr., 43, 1811g (1949); c) D. Heyl, E. Luz
and 8. A, Harris, J. Am. Chem. Soc., T8, 4474 (1938): (d) . B. MeCormick.
M. LI, Gregory, and E. E, Snell, J. Biol. Chem., 236, 2083 (1961); (e} B.
vaa der Wal, TL. J. de Boer, and H. O. Huisman, Rec, Trax. Chim., 80,
227 (14U61),

(2) 15, E, Suell, Vitanins Hormones, 16, 77 (1438).

31 J. L. Simonseu, J. Chem. Soc., 1022 (1908); G. Errera, Ber., 33,
U637 1900),
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Experimental Section*

3,5-Dicarboethoxy-6-methyl-2-pyridone (41, 6-Methvl-2-
pyridone 3,3-dicarboxylic aeid (1D.7 g, 1.1 male) was retlaxed with
absalure ECOTE (300 D), PR (300 ml), and coneentrinal TELRO,
¢35 ml) below o Saxhler containing 40 g of Moleenlar Sieves,
Union Carbide 44, for 7 dayv=®  Rednetion to half-volnme by
pvaporation nider redneed pressive aned caoling gave the diester
as white needle<:  reerystallized from FaOTL mp 1961987
[T g (6RC0): i TKCLy dem™9y 1G70. 1703, 17 e CHCL
(ppm ) 1.24 o< 1o 502 (o dy, T2 0% 30 860 dor s, taal, - Cull-
NOC, 1L N
2-Chloro-3,5-dicarboethoxy-6-methylpyridine . -},3-Dicarh -
ethoxy-ti-methyl-2-pyridone (15 g, 0.059 male) and POCL; 175
ml) were reflnxed together for 3.5 hr ider anhydrons ronditions.
The cooled solntion, in H-mil partinns, was eantionsly added 1o
iee water with <linking. The boff precipitate (1553 g) was filtered
aml dvied moacvacamn desicentor, Ether extraction of the filtrm e
afforled fimher marerial (114 g1 Crvstallizanion from FrO1T-
[LO gave white needles: nip 53.5-34.57 14 ¢ (83, 5 ir i KCL
fern ™ 17500 e iCDCLE tppm ) 13 6x 13 5060 g Ay T2 s 0,
Nt o ed (CaTCINOG C, HL CL N
2-Benzoxy-6-methyIpyridine-3,5-dicarboxylic Acid (3}, 'To
Na (LG g 00605 g-ntom) dissolved i henzyl aleohal 1200 ml
wis ndded 2-chlovo-s, d-diemrboethoxy-G-methylpyridine (11,5 g,
00423 moled and the mixture =<tivred at aboit 182 for 17 oy
AcOTL (2 ml maymolet was added dropwise to the stirred =oln-
tion sned the bilk ot the solverd was remaved under redneed
pressnve. The residne was dissolved in absolute FoOll 75 ml,
10 agneons NaOTL (73 mly was added, and the whole was
refinxed Tor 33 e Evaporation o half-vnhnne under sedneael
pressare and cantions acidificntione of the residual lignor with
dilute HCT gave o white precipitate, W08 g 74700 Crvstalliza-
tion Trom O H-1LO gave the analytieal sample: <oftens 186+

ISSE decompozes 260°: i CKCL Zem =1y 1oba, 17200 .
PO TN O C) 1T N
2-Benzoxy-3,5-bis{ hydroxymethyl)-6-methylpyridine. -A <oln-

tion of crnde benzyl ether dineid (4 g, 0.0314 wolel inahy T
00N was refinxed for 5 he helow a Soxhlet containing LiAlLE
P20 g 6o maled. The mixtmre was eqoled and stirred, and
O agqueons NaOH (7.0 ml was added dropwise, Filoadon ol
the grny precipitate sid evaporation af the fileeate nder redneed
pressure gave cride henzyl ether diol. Crystallization from
petrolenm ether (hp 40-607) gave white needles: mp SG.5-RT7:
S g SO s crap: e ARCH (e 0 1200, 1000: e «CDICT
rppm 46 s 2 A4S i 23 551 v 2 TS Sliad 200 leol
‘(l(-',nt'..\-”;s} (bl. II, N.

3,5-Bishydroxymethyl-6-methyl-2-pyridone (2j.- The benzyl
ether diol (5.4 g 1,021 mole} in absalnte 1StO1T (100 ) was
<haken with 5% Pd--C 250 mg) nnder Tl at che ambient repipern-
uee and pressnre, resulting in an uptake of 505 ml of Tl {eqniva-
lent ta 2H/moles. Removal of 1he entalyst and evaportion ol
the lignor gave the pyridone in gquantitadive vield.  Crextallizn-
tion fram EtOlL gave fine white needles: mp IST-181.5%
(KCH tem = 16300 e (D00 yppm) 2.2 0% 14 5.4 0= 41, 7.3
<oy el (CUHHZNO C HLONL

The diacetate wus prepaved in ArOTl: i TG 1457 1 Cul T
i CRCH Tem 0 12400, 1650, 1725, Jtuel. (CuELNOL CO LN

Acknowledgment.-—-We thank Nederluuds Instituut
voor Valksvaeding far testing compound 2.

) Meltiag porots gee nocorreccel. The onlglion ia pareathes
to desreibiog ae spectea celecs yo the (ype aad protha inheeeal of (he sizan),
A YL Ltas Nypnow Zugpikor Xesshe, 88, 145 (1462).
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In our continuing study of the synthesis and phar-
macologieal properties of sulfur analogs of biologically

i1 Coatrivbaljoa Noo 1h03. Deazo{bjthiopheae Derivatives, XI. Pact
X: L. Cawmpaicae and T. Bosia, J. Ved. Chen., 10, 945 (1967).



