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2-DIETHYLAMINOETHYL 2-FFTHOX Y-4-(w-ALKYLAMINOACYLAMINO )BENZOATE D1HYDROCHLORIDES
COOCH,CH, N (C,H;).
2HCl
NHCO(CH),NR,R;,
Yield,® Mp, Carbon, %, Hydrogen, ¢, Cllorine, ¢, Nitrogen, %
No. 7 NRR- % °C Formtula Caled Found Caled Found Caled Found Caled Found
19 1 Diethylamino 80 190 dec C2HuCliN3O4 54,06 54.18 8.00 8.07 15.21 15.36 9.01 9.18
131~134 Picrate 52.08 51.84 6.15 6.12 13.50 13.60
20 1 Isopropylamino 87 195 dec CyHuCLN3O,  53.09 53.18  7.80  7.85 15.67 15.82 9.29 9.32
21 1 Piperidino 73 195 dec CaHrCl:N3O4 55.24 55. 44 T.79 T.74 14.82 14.91 8.78 8.56
144~146 Picrate 52.99 52.82 6.03 6.05 13.25 13.36
22 1 Morpholino T 183 dec CxHaCLN3Os 52.50 52.32 7.33 7.34 14.76 14.77 8.76 8.63
152-154 Picrate 50.94 51.06 5.70 6.82 13.20 13.41
23 2 Diethylamino 78 167 dec CaH3eClN3Os 54.99 54.81 8.18 8.06 14.76 15.03 8,73 8.64
24 2 Isopropylamino 53 168 dec CoHyClaN3O4 54.06 53.86 8.00 7.76 15,21 15.13 9.01 8.72

@ Yields of the salts are based on the starting chloroacylamino derivatives.

the ester was collected by filtration and recrystallized from ab-
solute ethanol. Yields and analytical data are given in Table L.

Alkyl 2-Alkoxy-4-(w-alkylaminoacylamino)benzoates.—A sus-
pension of the chloroamide (0.05 mole) in 200 ml of absolute
ethanol was refluxed for 2 hr with an excess of the appropriate
amine (0.15 mole). The ethanol was then distilled, the residue
was treated with 50 ml of a saturated NaHCOj;solution and 50 ml
of water, and the separated aminoacylauiline was extracted with
ether, The constants of the aminoacylanilines were prepared
and their salts, after recrystallization from absolute ethanol or
absolute ethanol-anhydrous ether, are given in Table II.

2-Diethylaminoethy! 2-Ethoxy-4-(w-alkylaminoacylamino)ben-
zoates.—2-Diethylaminoethyl  2-ethoxy-4-(w-chloroacylamino)-
benzoate hydrochloride (0.025 mole) was added in portions
to a solution of the appropriate amine (0.125 mole) in 100 ml of
anhydrous benzene, cooled in an ice-water bath. The mixture
was left for 1 hr at room temperature and then refluxed for 4 hr.
After distillation of the benzene, the residue was treated with 80
ml of a saturated NaHCOj; solution and the separated amino-
acylaniline was extracted with ether. The same products were
obtained when the procedure was carried out using either abso-
lute ethanol as solvent or in the absence of solvent. The di-
hydrochlorides of the aminoacylanilines were obtained and their
analytical data, after recrystallization from absohite ethanol, are
described in Table III.
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Pyridoxine analogs, modified in the 2, 3, and 6 posi-
tions of the pyridine ring, were synthesized and exam-
ined as possible substrates for the enzyme pyridoxine
dehydrogeniase. A modification of an existing proce-

(1) (a) Tlis work was stpported by a National Defense liducation Act
fellowship. (b) A preliminary account of this work was presented at the
150th National Meeting of the American Chemical Society, Atlantic City,
N. J.. Sept 12-17, 1965. (¢) Submitted by David L. Marshall to the
faculty of Auburn University, 1866, in partial fullfillment of the require-
ments for the Ph.D. degree.

All amino esters were oily.

dure? was used to synthesize the analogs listed in Table
I. In the final step of the synthetic scheme, the
pyridine dicarboxylic acid groups were reduced to
hydroxymethyl groups with NaBH~AICl; in diethylene
glycol dimethyl ether.?

TaBLE |
AcTIviTY OF ANALOGS
CH,0H
R, 7 CH,OH
|
R” N R,
Act.,
Conen, mumoles/

Compd Ry R: Rz pmoles/ml 10 min Km, M
Pyridoxine CH; OH H 10.0 2000 4.0 X 10-3
Ie CoHs OH H 6.0 1900 2.1x10-3
11 CH(CHs): OH H 5.0 490 1.6 X 10-3
111 CH; NH: ClI 15.0 0 FN
1v CHs OH (it 12.5 440 7.1 X 10-8
A\ CH;, H H 15.0 0
VI CH; NH: H 15.0 0 A
¢ This compound was a gift from Dr. Stanton A. Harris of

Merck Sharp and Dohme.

The ability of the analogs to replace pyridoxine was
studied with the enzyme found in yeast which is
responsible for the conversion of pyridoxine to pyri-
doxal.* The oxidation of pyridoxine and its analogs to
pyridoxal compounds, as catalyzed by pyridoxine de-
hydrogenase, was assayed using the spectrophoto-
metric method of Wada and Snell.> In this method the
aldehyde formed is measured as the highly colored
phenylhydrazone. The activity of the analogs is
summarized in Table I. The importance of the 3-
hydroxy group of pyridoxine in this metabolic reaction
is demonstrated by the analogs in which the 3-hydroxy
group has been replaced by hydrogen (V) or by an
amino group (VI). These two structural analogs of
pyridoxine had no activity under the conditions of the
enzyme assay. Replacing the 2-methyl group of
pyridoxine with an ethyl group (I) gave an analog which
was hearly as active as pyridoxine. This 18 consistent

(2) H. AL Waest, J. AL Digot, Tk, J. Delioer, 15, vau ler Wal, and J. I,
Wibaut, Rec. Trae. Chim., T8, 226 (1959).

(3) R. XK. Blackwood, G. 3. Hess, C. E, Larrabee, and F. J. Pilgrim, J. 4m.
Chem. Soc., 80, 6244 (1958).

{(4) Y. Morino and Y. Sakamoto, .J. Biochem. {Tokyo), 48, 733 (1960).

(5) H. Wada and E. E. Snell, J. Biol. Chem., 286, 2089 (1961).
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with other studies of the metabolism of pyridoxine in
which this analog was tested.®® However, replace-
meunt of the 2-methyl group with the bulkier isopropyl
group (II) or the addition of 31 chloro substituent ut
position 6 (IV) resulted in analogs with ouly one-fourth
the netivity of pyridoxine.

Experimental Section®

Synthesis.  2-Isopropyl-3-hydroxy-4,5-bis( hydroxymethyl )-
pyridine (II).—The syuthesiz of this analog is illustrative of the
method used for the other compounds. 3-Cyvuno-4-ethoxy-
enrbony-6-tsopropyl-2-pyridone wux prepared by dissolving the
<odinm =alt of etliyl irobutyropyruvated (36 g, (.174 mole) nud
evitnoacetamide (15 g, (018 mole) i 250 ml of absolite ethanol
and refluxing for 2 hr.  After cooling to room temperature, 35
nil of concentrated HCl made up to 210 nil with ice and water
wis ~lowly added with stirring.  The product, after filtration
and washing with tee water, amonnred to 29 g (71%) and melted
at 1O1-195°,

Anal. Caled for CuluN.040 ) 61.5:
Foind: ¢, 61.6: 1, 5.6: N, 11,0,

Thix componnd (157.5 g, (L5685 niole) was then nitrated with
fmming 1HNO=Ae.() as deseribed by Whext, ef al.,? to give 121.6
g (74 of  3-evano-4-ethuxyvearboxyvl-i-nitro-6-isopropyl-2-
pyridone melting it 2535-2144°,

Aual, Caled for CrulluNOs:
Fod: €, 52,1 11, 48 N, 14.7.

The chlorinated  eompound, 2-isopropyl-3-nitro-4-ethoxyear-
bonyl-5-cyuno-6-chloropyridine, was prepared by heating together
the nitropyridone (123 g, 0.44 mole) and PClL, (104 g, 0.5 mole)
at 120-1530° for 2 hr. The liguid reaction mixtiure was cooled
and the POCL was removed 20 vacuo. The viseons residite was
added to erushed ice aud stirred nntil solidification was conrplete.,
Reerystallization from ethanol gave 97 g (T44) of prodiet melt-
g ar 75-77°.

Al Caled for CullpCINGD,: O, 48.4;
Found: C, 43.9; 11, 4.5 N, 135,

Lednetion of the S-nitro gronp to an amino gronp with tron
powder and HCI® gave 2-isopropyl-s-amino-4-ethoxyearbonyl-5-
ryvimo-6-chloropyridine (mp 167-170°).

Aual. Caled for Crol1CIN,OL: C) 54.85: H, 5.27; N, 15.7.
Found: €, 54.39; H, 5.53; N, 15.02.

Removal of the 6-chloro group by hydrogenolysis followed
by aeid hydrolysiz of the ester and evano groups as described by
Whest, et al.,2 gave the dicarboxylie acid componnd, 2-isopropyl-
Swnmtinopyridine-4,5-dicarboxylie acid melting at 218°.  Diazoti-
ztion gave 2-isopropyl-3-hydroxypyridine-4,3-dicarboxylic neid
Gup 2530=235°). Reduction of this compound (1.35 g, 5.50
nunolesj with NaBH,-AlCL in diglyme according to Blackwood,
el ul.* gave L6 g (4690 of II, mp 193-1053° (1it.? mp 192°).

2-Methyl-3-amino-4,5-bis( hydroxymethyl)-6-chloropyridine
(IID).---The syvuthesis of this analog up to the aminochloro com-
pound, 2-methyl-s-amino-4-ethoxyearbonyl-5-cyano-6-chloro-
pyridine, wix essentially as dexcribed previously.? Alkaline liy-
drolysis, however, was nsed to obtain the dicarboxylic neid,
2-methyl-3-amino-6-chloropyridine-4,5-dicarboxylie acid. Re-
diretion with NaBH,~AICl; in diglyme gave 111, mp 217-219°
(W mp 220-222°).
2-Methyl-3-hydroxy-4,5-bis(hydroxymethyl)-6-chloropyridine
(IV). ~Analog ITT was diazotized by treating a 1-g solution in
2 V1180 with 1 g of NaNOq in 5 ml of water. The temperature
wis munintained at 70-80° for 15 min.  After cooling and neutraliz-
ing to pl 7 with NaOld, the solutionn was evaporated to dryness
fw aean. The residue was extracied with 30 ml of hot absolute
ctlumol and fihered. The filtrate was taken to dryness aud the

11, 5.6: N, 120

o016 11, 470 N, 150,

11, 4.1: N, 4.1,

61 DB MeCorick aml 112, Saell, /. Biol. Chem., 336, 2085 (1u61).

(71 Melting poiws were (determined o a Fisclier-Jolins apparalus aml
are wocorcecled.  Micrpgaalyses were by 1le Rehwaczkopf Microanalvtical
Lichoratory, Wieslstle, NUY.

s%i OO S0 Alevel wool 1o L Dcegee o Organie Syadieses,” Coll, Vi, f,
1. Gilogaa, I, Joba Wiley aqd Sons, 1ue., New York, N. Y., 1946, 1 208,

a1 Davoll awd 170 B Ipping, . Chem. Sor,, 1385 11853},

CHIr 1 vacder Wil T Deloer, awd 11, OL Huismian, Ree. T, Chvar,
80, U1 1G0 ),

Vol 10

rexidine remaiiing wis extracted with erher in o Soxhler eximaor,
Redneing the volume of the ether extraet 10 5 ml (ollowed by
standing at room termperatire for 2.3 I vesnliod e the tormstiog
ot crystals, which, afrer filtering aod deving, amoasred 1o 175
@ 210 5 mp ISS= 1022 (07 nrp 192 1oie

2-Methyl-4,5-bis(hydroxymethylipyridine V: 5-Cvino-id-
ethoxyearbonyl-G-methyvl-2-pyridines  waos clilorngsd 100 give
2-eliloro=S-evino-d-cthoxy carbonyl=-Gamethylpyridine el 1then
livdrogensted nsing Pd-BaCO; o< previonsly deseribed ! oo give
2-methyl-d-cthoxyearhonylh-eyvanopyreidie  tmp 57 A8 i
mp 5%°0 Alkaline saponification of 1lns compomal with 150
NaOL for 16 e at 1202 gave, afier acidification of the salt with
2500 1HCL 2mehvlpyridines4,o-dicarboxylic aeid fmp 2440 2507,
Hi qup 240-251° ¢ Redineiion o tlis digend with Nal3ll,
ALCL ndiglhvine gove Vo 210-212° Shin Sy e e

2-Methyl-3-amino-4,5-bis{ hvdroxymethylipyridine «Vi.
The procedire employved (or the Zaisopropy] smtloe 11 was
followed, nsing ethyl neetopyrrvaie in e tnitial condensatio
<tep in place of mhivl isobuyropyirnvale. The final siep. vednes
tion of the 4,5-diearboxylic netd with NalB3ll AICE wave e
expected procdinet, mp 192-H03° hiCe my 1077,

Enzymatic Assay Procedure. -The cuzyie was pariiaily
purified from biker's verst essenttally ax desertbed by Morineg
and Sualennoro The sy mixnnre contained, oo final volinne
of 2.5 ml, 2.5 wuoles of NADDPIL 100 gmoles of N, CO5- NallOO),
butter (pll .01, s the appropriate anmonat of enzyiie and snb-
strate. The snbstre concenteationas e enel case was the snoaa
required to give naxinnm acetivity. The snbsteate selntion wis
added after the other compoweris lund ineubared ar 57 for 2
i, The vemetion was stopped aiter Fowin by adding 02l of
HOUC tw /v i tiebloroaestie aeid. The precipitated protein was
removed by filtrion. Aligaots ol the filtrate weresudded 1o 112
nl of phienylhydeazine solntion® sud the vadinme wis adjinsted
io 4 ml. After heniing ot 607 Lo 20 nun o develop the color of
the phenylhivitranzone, the absorbianee at 10w was ieasived i
1 Bauselt and LomD Spectronte 21 eolorimeter.

(I ML Reslee weel RGO Eblecfiebl Jo Oy Chowe, T,288 111

32y AL Co Meblewo uml oS0 Spetee, 0 Clivse, Sip MEGTR I

(130 A Iebiba, Ko ADeDhis sl 80 Fowne, Sevs Pamces Dosts T (5
fees. (Tokyol. 39, 126 11911,

Mectabolisnt of 5-(3-PyridyDtetrazole

S KL Iocpor axp ML Senaven vox Wrrres o

Depactwent of Plhavowcoloyy, Clus, Phzee & Cal Ty
Groloa, Conncctival

Feceived .lngum‘ TN

It a recent publication Holkand and Peretrn deseribed
the synthesis and lipolysiz inhibitory property ol
group of heterocyclic tetruzoles,!  One member of this
group H-{3-pyridyl)tetrnzole (1) was shown to he
considerably less netive tle nicotinie netd i an e edeo
assay. but was equipotent to nieotinic neid when
tested n rovo in the dog.'  More striking, however.
was the difference in the duration of pharmacoltogiesd
effect between 1 and nicotinie acid.  In the dog nieo-
tinie acid produced 1 fall in plasma frec fatty acid which
lasted approximately 1 hr, whereas the duration of
deerensed plasmn Tree fatty neid enused by 1 Listed
approximately 5 hr.  Since nicotinde neid is knowin to be
extensively metabolized, it wnas speculated that the
improved durntion of aetion af 1 over nieotinie acid
nmy be attributabhe to grenter metabalie stability o' 1.
Results reported here indeed show thint 5-(3-pyridyl)-

PG ot sl 10N Peevia 0 Wk O, 10,1 R 106G
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