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tropine and Atropine. It is seen from Table I that the 
deviations in position of X c_0 afforded by substitution 
of either relatively electronegative (XOo. F, CI, Br) or 
electropositive (CH3. ()CH;j) substituents on the aryl nu­
cleus of tropine- or i/'-tropine-scries esters are quite small, 
ranging in maximum excursion to only several hun­
dredths of a micron from the reference ,">.77 n value. 
Indeed, the mean excursion (absolute) noted forelectro-
negatively substituted esters is ±0 .01 p. for the tro­
pine series.11 and ±0 .01 n for the ^-tropine series; for 
electropositive substitution, the corresponding mean 
excursions from the same reference level are ±0 .02 p. 
for each of the two series. In contrast, with these 
small variations in ,Vw, induced by aryl substitution, 
the linal column of Table I illustrates the very con­
siderable influence of substi tuents X on biological 
potency. For this purpose, brief groups of previously 
documented- FI)-„ values (nil ravenous; in mice are 
cited a- representative indexes of biological potency of 
the estei's. with tabulation of data in units of yumoles of 
ester kg of body weight. Noteworthy increments of 
toxic potency occur on substitution of the aryl ring by 
///-('I iYl: and p-V\ (VII) groups. 

Further from Table I. it is to be noted that hexahy-
drogenation of the aryl ring in either parent ester I or 
\-\p produces an exaltation of +0 .02 p in the wave­
length of the earbonyl-M retching vibration. Also, 
comparing substitution effect?- in the :>-tropanyl (trans-
oid; series with those in the 2-o-tropanyl :transoid) 
series reveals that ; 1 ; ester III CN. ester XV at constant 
j j - . \ ( ) ; substitution demonstrates- a negative1 i—(I.O.'i p) 
displacement in peak position on shifting series, and 
;2; ester XI r.s. ester XVI at constant /j-CH- substitu­
tion also shows a negative (—0.04 p) displacement in 
peak position on shifting series. Finally, it can be 
seen that ester;- containing the electronegative (TKT. 
grouping in replacement of the entire (TFCiiFFX residue 
of compounds I--XIV also show a negative (—0.04 pi 
displacement in peak position from the reference o.77 p 
level of the phenylacetates. 

Accordingly, it seems clear tliar electronic perturba­
tions produced by monosubstitution of I or \-\p are only 
minimally reflected in electron-density changes about 
the region of the carbony! function, as inferred from the 
tiny alterations in . \ ( = o- Therefore, with esters I XIV 
in each stereochemical series, the pronounced effects of 
aryl group substitution on potency of interaction with 
central and peripheral chemoreceptors in tissues and 
intact animals must be taken as reflecting the result of 
alterations in the electron-density map of the aryl residue 
itself, with little or no proliferation in effect beyond the 
insulating methylene link. In this event, the biological 
effects of distortion in electron-density pattern within 
the ring by relatively electronegative substituents 
which increase toxic potency'- in the mouse may best be 
interpreted by (1) a direct interaction between the aryl 
ring and an electron-poor region of a tissue receptor 
surface; and (2; specific displacement of ring Tr-electron 
density away from the linking -CH«- group, for facilita­
tion of interaction of esters with this type of receptor. 
These conditions are pictured schematically below. In 
this interaction diagram, the dominant electron-dis-

aij In tliis assessment lhe dev ia t ion of ester V I I from the reference leve 
has not l.een included, since it derives from m e a s u r e m e n t s in u different 
solvent sys tem. 
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Ester - r e c e p t o r m t e r a c t i o r m o c e i 

placement mechanism activated jointly by X and tis­
sue receptors has previously been inferred7 to be of the 
inductive variety, stemming from studies with posi­
tional isomers. Further, this picture is consonant with 
the abrupt loss of ability to evoke stereospecific re­
sponses from mouse receptor systems when the phenyl 
ring of I and I-i/< is hexahydrogenated.5 since the TT 
bonding of an aryl locus to a localized charge center on 
a tissue surface as one contributor to tropine vx. i/'-tro­
pine-scries specificity is denied to the cyclohexyl esters. 

Experimental Section 

All nt lite es ie i - fur which da t a h a v e been given in T a b l e I 
were ava i lab le in analy t ica l p a r i t y as crys ta l l ine hydroch lo r ide 
( X I I as 1he m e t h i n d i d r samples from previous s tud ies - in th i -
t-eries. Solut ions of e-ier.- in Fisher S p e d ranalyxed C'HCI; were 
p r epa red just before u~e ai a concent rat ion level near .V , tw v ! 
and serially d i lu ted with 1 he s a m e solvent for recording of spec! ra 
over the concen t ra t ion ianjte 1 ">', iw v :. Wi th the p-V\ estei 
VII . l imi ted solubil i ty precluded the n><- of pure C'IIC'1., as solvent . 
f o r th is ester, an e i |u ivol iune mix tu re of C I K ' b and Fh io ro lubc 
was employed . 

Spec t ra were ob ta ined with the Beck man II i s infrared spec t ro­
p h o t o m e t e r , employ ing an Ir l ran- 'J l iquid cell wi th O.irj.Vmm 
spacing1. All spec t ra were scanned against solvent spectra ob­
ta ined with the same cell. Par i iculai care was taken in measure­
ment of the position of the .V ., va lue for the ca rbony l - s t r e t eh ing 
v ibra t ion near o.s ;U. e b s e r v e d w a v e l e n g t h s were corrected in 
abso lu te va lue by u-< . ,f a ca l ib ra t ing s p e c t r u m taken with a 
s t a n d a r d poh . l y r e m lilm. 
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o.o-Disubstituted hydantoins have pharmacological 
activity as hypnotics,1 anticonvulsants.2 hypoglyce­
mics,3 etc. The systematic introduction of methoxy 
groups in .">,.3-disubstituted hydantoins, that have an 
important pharmacological effect in some other drugs, 
was considered of interest by us. Methoxy and dioxy-
methylene derivatives of .i,5-diphenylhydantoin and 
methoxy derivatives of .i-phenyl-5-benzylhydantoin 
were obtained. The advantages of using D M F as a 

U) I i . U . Herds! and V. I!. Johnson . ./. . t in, Clum. .Soc. 54, 246.3 (19321. 
l2) (a) V. S. Fa lka r and P. F. Smitl i , ./. Org. Chem... 20, 125 (1905); (1.) 

C. KnebSck and ,1. AiFerty. Ariia-imittil-Fonch., 15, 1231 (1965); (<•) II. 
II. -Merrit and F . J. P u t n a m , /; ;>.7< p.-ci, 3, 51 (1945). 

..:!) J. C. Loinl .ar . l ino and V. F . Gorber, .1. Med. Chcm., 7, 97 (lilO-l). 
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TABLE I 

METHOXY DERIVATIVES OF O-PHENYL-5-BENZYLHYDANTOIN 

R3 

R i 

II 
H 
H 
OCII;, 
OCRs 
OCII:. 
OCII:, 
OCII:, 
11 
OCII:, 
II 
II 
11 
CCIIs 
OCII:. 
OCII:. 
OCII:. 

R : 

H 
H 
H 
H 
OCH3 

II 
OCH3 
OCIT3 

II 
OCHs 
II 
II 
II 
II 

OCH3 
11 
OCH3 

Ra 

H 
OCH3 
OCIT3 
OCH., 
OCH3 
OCH3 
OCHs 
H 
OCH3 
OCHs 
H 
OCH3 

OCII:. 
OCH., 
OCH3 
OCH:, 
OCH3 

Rt 

H 
H 
OCH3 
H 
H 
OCHs 
OCHs 
H 
OCH3 
OCHs 
H 
11 
OCHs 
H 
II 
OCII3 
OCHs 

R i - 1 

Rs 

H 
H 
H 
H 
II 
H 
H 
H 
OCH 
OCH 
H 
H 
H 
H 
H 
II 
H 

R9 

b - C H 2 -

Re 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 

CH3 

CH3 

CH3 

CH5 

CHs 
CHs 

p 

| 
OC 

X N 
R 

-R4 
-Ro 

- N H 

CO 
/ 

Yield, % 

100 
60 

100 
80 
80 
80 
80 
85 
80 
40 
95 
95 
95 
95 
95 
95 
95 

l i p , °C 

214-215 
226-227 
217-21S 
231-232 
246-247 
232-233 
212-213 
208-209 
232-233 
283-284 
202-203 
195-196 
174-175 
185-186 
195-196 
167-168 
201-202 

Formula 

Ci6HI4X202 

CnH16X20s 
C.sHisX^Oi 
CisHi8X204 

CioH,0X.>05 

C l9H20X,O, 
C2„H22X,06 

C l sH18X,04 

Ci9H20X2Os 
C2,H24X207 

C I7H16X,0, 
C15HlsX20s 
C19H20X2O4 

C19H20X2O4 

C20H22X,Os 
C20H22X2O5 

C21TT,4X206 

Analyses 

C, H, X 
C, H, X 
C, H, X 
C, H, X 
C, II, X 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
X 
X 
X 
X 
X 
X 
X 

solvent in preparing the latter hydantoins has been 
already noted in a previous communication.4 

Pharmacological Evaluation.—The pharmacological 
test was carried out using the method of Swinyard, 
et a/./' on rats. The drugs were administered as a 
suspension in tragacanth gum by a gastric catheter 
(15 mg kg). The tests were compared to those with. 
5,5-diphenylhydantoin used as control. The anti­
convulsant 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-dimethoxyphenyl)hydaiitoin was simi­
lar to that of 0,0-diphenylhydantoin but delayed the 
appearance of the anticonvulsant effect. With 5,5-di­
phenylhydantoin the anticonvulsant effect appeared 
after approximately 3-4 hr, while with the tetrame-
thoxy compound it was observed only after 6-7 hr. 

TABLE II 

METHOXY AND DIOXYMETHYLEXE DERIVATIVES OF 

5,5-DLPHENYLHYDANTOIN 

R 3 

R: 
OCHs 
OCHs 
0 2 C H 
O J C H 

0 » C H 

Ri 

H 

Rs 

H 
O C H s 

H 
OCHs 
0 ; C H ; 

Ri 
H 
H 
H 
H 

Ml), °C 
220-221 
238-237 
210-211 
234-235 
222-223 

F o r m u l a 
O s H u X s O s 
C I T H . O X S O . 

C n H i ! \ - . 0 4 
C n H u N . O s 
C I T H 1 S N » O B 

Analyses 
C, H, X 
C, H, X 
C, H , X 
C, H, X 
C, H , X 

Experimental Section 

Melting points were taken on a Fisher-Johns apparatus and 
are uncorrected. Where analyses are indicated only by symbols 
of the elements, analytical results obtained for those elements 
were within ± 0 . 3 % of the theoretical values. 

Methoxy Derivatives of Deoxybenzoin.—P2Oo (1 mole) and 
1.8 moles of H3P04 (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-methoxyphenylacetie, 3,4-dimethoxyphenyl-
acetic) and 0.33 mole of the methoxybenzene of choice (methoxy -
benzene, 1,2-dimethoxybenzene, 1,2,3-trimethoxybenzene) were 
added to the polyphosphoric acid. The mixture was heated at 
65-70° for 2 hr and then at 80-85° during 1 hr. The reaction 
mixture was cooled and poured slowly into water with stirring. 
The solid was filtered, washed (H20, 10% XaOH, H20), and re-
crystallized (EtOH); yield 70-80%. 

2,3,4-Trimethoxydeoxybenzoin, mp 50°. Anal. (Ci7Hls04) 
C, H. 

2,3,4>3'.4'-Pentamethoxydeoxybenxoin, m p g6°. Anal. 
(CI9H2,06) C, H. 

Methoxy Derivatives of 5-PhenyI-5-benzyIhydantoin. General 
Method.—A suspension containing 27% of (XH4)2C03 and 1 1 % 
of KCX in 75 ml of H 2 0 was added to a solution of 5 g of the 
deoxybenzoin derivative in 75 ml of DMF.6 The mixture was 
heated at 80-90° for 2 hr and then at 90-100° for 8 hr. H20 
(80 ml) was added and the mixture was filtered. The filtrate was 
acidified with 10% HC1, and the hydantoin was collected by 
filtration. The crude product was purified by dissolving it in 
10%, XaOH, precipitating bv acidification to pH 3, and re-
crystallization (EtOH); yield'40-100% (Table I) . 

The 3,X-methyl derivatives were obtained by the usual method.7 

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

(4) A. Xovell i a n d A. D e Sant i s , Bol. Soc. Q-uim. Pent, 30, 153 (1964). 
(5) E . A. Swinyard , W . C. Brown, and L. S. G o o d m a n , J. Pharmacol. 

Exvtt. Therap., 106, 319 (1952). 

(6) T o ob t a in h y d a n t o i n from choles tanone , J . W. Cremlyn a n d M . 
Chisholm [./. Chem. Soc, 5117 (1965)] h a v e used t he s ame solvent , but h a v e 
found t h a t t h e p roduc t was t he X"-formyl de r iva t ive of t he amino acid. 

(7) H, Bil ts , Ber., 4 1 , 1379 (1908). 
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50 ml of EtOH. The benzil employed (2 g) was added in small 
portions and the mixture wan refluxed for 50 min. Most of the 
EtOH was removed by distillation and H20 (100 ml) was added. 
The mixture stood overnight and was filtered, the filtrate was 
acidified with 10r< HC1, and the solid was filtered off, washed, 
and recrystallized (EtOH); yield 70-75', ' (Table I I ; . 

The methoxybenzil derivatives were prepared by condensing 
the respective aldehydes,8 and the product was then oxidized 
with OuSOj solution in pyridine on a boiling-water hath.9 
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A number of positional isomers of pyridoxine (1) 
have been prepared1 and a theory concerning the struc­
ture-activity relationship for the vitamin B6 like coin-
pounds has been proposed.- The preparation and 
biological testing of 3,o-bishydi'oxyniethyl-(>-meth\i-2-
pyridone (2) are now described. 

CH,0H 

HO^ / L / C H , 0 H R0,(X ^ ^COR 

CH 

HOCH 

CH N %R' 

CH 

CH.OH 

X" 
H 
2 

3.R' = 0H;R = H 
4,R' = 0H;R = Et 
5.R' = 0CH,Ph;R = H 

^ hydroxpyridine 
"" tautomer 

The known dibasic acid3 3 was converted to the di­
ethyl ester 4 on treatment with ethanol and sulfuric acid 
in refluxing benzene. Reaction with POCI3 followed 
by sodium in benzyl alcohol yielded the corresponding 
benzyl ether dibenzyl ester. Reduction of the benzyl 
ether diacid 5, which was easier to handle than the di-
estcr, with lithium aluminum hydride afforded the 
ether diol which was hydrogenolyzed to give the re­
quired pyridoxine isomer. 

Compound 2 exhibited no vitamin B6 like activity 
against Saccharomyces carlsbergensis in the range 5-500 
ng/ml which is consistent with the proposed structure-
activity theory.2 It showed a slight anti-B6 activity 
which did not merit further investigation on higher 
organisms. 

l l ) ia) 11. G. Jones . ./. Am. Chem. Soc, 74, U 8 9 (1952); (b) F. Hoffman 
Swiss P a t e n t 224,314: Chem. Abstr., 4 3 , 1811 9 (1949); (c) I ) . Heyi , E. Luz ' 
and S. A. Har r i s , ./. Am. Chem. Soc. 78 , 4474 (19.56); (d) P . IS. M c C o r m i c k . 
M. K. Gregory, and E. E . Snell, ./. Biol. Chem., 236, 2085 (1961); (e) H. 
van der Wal , Tl i . J . de Hoer, and H. O. Hu i sman , Ret: Trai: Chirn., 80, 
221 (1961). 

(2) E. E . Snell, Vitamins Hormones, 16, 77 (1958). 
Vi) J . L. Simonsen, ./. Chem. Soc:, 1022 (1908); G. Er re ra , Bet:, 33 , 

29119 (1900). 

Experimental Section4 

3,5-Dicarboethoxy-6-methyl-2-pyridone i4). ti-.Meihyl---
pyildone 3,5-dicarboxylic acid (19.7 g, 0.1 mole) was refluxed wit h 
ai)soIute EtOH (300 ml), PhH (300 ml), and concentrated IhSO; 
t.")..") ml) below a Soxhlet containing 40 g of Molecular Sieves, 
Onion Carbide 4A, for 7 days,5 Reduction to half-volume by 
evaporation under ieduced i)ressure and cooling gave the diester 
as white needles: reerystallized from EtOH, nip 196-19S0: 
17 g (6S f , ) : ir iKCli iVm-') 1070. 1703, 1725: unit '01)01:;) 
(ppm) 1.24 (s 1 ',, 5.02 i<] 4), 7.2 's 3 i, S.05 (tr 6). Amd. C I I , , - -
XO,) C, II, X. 

2-Chloro-3,5-dicarboethoxy-6-methyIpyridine. 3.5-1 lirarb ,-
elhoxy-0-methyl-2-pyridone (15 g, 0.050 mole) and FOCI:, (75 
nil) were refluxed together for 3.5 hr under anhydrous conditions. 
The cooled solution, in 5-ml portions, was cautiously added to 
ice water with shaking. The buff precipitate (15.3 g) was filtered 
and dried in a vacuum desiccator, fit her extraction of the lilt rale 
afforded furl her material 0.14 g r Crystallization from KtOII-
IIaO gave white needles: mp 53.5-54.5°; 14 g iS.V, i; ir iKCli 
(cni - 1) 1730: nnir (CD013) (ppm) 1.5 << l't, 5.05 ;q 4 : 7.2 is 3 i. 
•s.l) Hr (ii. Anal. ( C . H M C I X O J ) C, H, CI, X. 

2-Benzoxy-6-methylpyridine-3,5-dicarboxylic Acid (5). --To 
Na M.O g, 0.0605 g-atom) dissolved in benzyl alcohol (200 ml) 
was added 2-chloro-3,5-dioarboeihoxy-0-meihyIpyridine i 11.5 g. 
(1.0425 mole i and the mixture Mined at about ls= for 17 hr. 
AcOH (4.2 ml. n.07 niole'i was added dropwise to the siirivd solu­
tion and the bulk of the solvent was removed under reduced 
pressure. The residue was dissolved in absolute KtOII (75 nil), 
111'', aqueous N'aOM (75 ml) was added, and the whole was 
refluxed for 3 hr. bvaporal ion to half-volume under reduced 
pressure and cautious acidification of the residual liquor with 
dilute HOI gave a white precipitate, 0.11S g (74'',,'!. Crystalliza­
tion from EtOH- HjO gave the analytical sample: softens lMi-
1SS°, decomposes 20(1°. ir (KOI) ' ( a i r 1 : 1095. 1721). Anal. 
.C.-.IIriXO,) c , II, X. 

2-Benzoxy-3 5-bis( hydroxymethyl)-6-methylpyridine. A sola-
tion of crude benzyl ether diacid (9 g, 0.0314 mole) in dry Till'" 
i 500 ml) was refluxed for 3 hr below a Soxhlet containing Li All I, 
1 2.5 g, O.tltiO mole). The mixture was cooled and stirred, and 
7' , aqueous X'aOll (7.5 ml) was added dropwise. Filtration of 
i he gray precipitate and evaporation of t he filtrate under reduce,I 
pressure gave crude benzyl ether diol. Crystallization from 
petroleum ether ibp 40-00°; gave white needles: mp S0.5-N7': 
3.14 g OSS' , ! fust crop: ir (KOI) (cm "• 1 1200, 1000: nnir i( 'I)Cl,i 
1 ppm I 4.0 (s 2i. 5.4s ; s 2) 5.51 ;s 2i 7.15 (broad 2i. Anal. 
(C„1I17X03; C, II, X. 

3,5-BishydroxymethyI-6-methyI-2-pyridone (2).~ T h e benzyl 
ether diol (5.4 g, 0.021 mole) in absolute KtOII (10(1 ml) was 
shaken with 5' , Pd•-(' ( 250 mg) under l b at the ambient tempera­
ture and pressure, resulting in an uptake of 505 ml of l b (equiva­
lent to 2II/molei. Removal of the catalyst and evaporation of 
the liquor gave the pyridone in quantitative yield. Crystalliza­
tion from EtOH gave fine white needles: mp 1S1-1S].5°: ir 
(KOI) : c u r ; i 1650: mur t'D-.O) ippni) 2.2 is It, 5.4 is 4 1. 7.5 
is 3). Anal. (CJI„XO : l i C, If, X. 

The diacetate was prepared in AcOIl: mp 140 14-S-" iCI l , , ) : 
ir (KC1) [cm-1 ', 1240. 1650. 1725. Anal. ( C I T - X O , ) C, II. X. 
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In our continuing study of the synthesis and phar­
macological properties of sulfur analogs of biologically 
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