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2,6-Bis(chloromethyl)-1-methylpyrid-4-one,-—-30Cl: (150 ml}
was added to the preceding diol (44 g) with ice-cooling and
=tirring. After tlie initial reaction had subsided, the mixture wax
refluxed for 30 min and the excess SOCL was then cvaporated.
The residue crystallized from MeOH in prisins (39 g, 60¢7), mp
200° dee, Apax 219.5 and 278 mu (e 18,520 aud 16,070).  .tral.
(GslI,CLNO-HC) C, I, N, CL

2,6-Bis(methoxymethyl)-1-methylpyrid-4-one. - ‘The preceding
clidlore compound (565 g) was refluxed overnight withh NaOMe
(from 13.53 g of Nua) i MeOIH (1300 ml).  After filtration the
resilting solution wax evaporated to dryness and the residne wis
recrystallized flurn CCly to afford prisims (37 g, 7600, Apal
(ColleNOJLO)Y C, H, N.

2,6-Bls(methox5meth)l) 1-methylpiperid-4-ol.--Tlie pteceding
hisietlioxymethyl derivative (8 g) by IStOI {800 ml) wax liv-
drogenated over Raney Ni W7 at 1530° and 105 kg/cm? for 3 hir.
The filtered =olution was evaporated yuder rednced pressure and
the residne 1y dry B0 was treated with dry HCL The prodact.
which initially separated ax a guui, erystallized Trom 2-PrOT--
iopropyl ether to afford the hydrochloride 3.3 ¢, 257), mp
173-174°. . tnal. (CollaNOsHCL €, H, N

2,6-Bis(methoxymethyl)-1-methylpiperid-4-yl N-Methylcar-

bamate.-- A mixture of the preceding piperidol hyvdrochloride (2
g), methyl isveyanate (2 ml), and dry C;HsN (20 ml) was kept at
room temperature overnight and then refluxed for 3 hr.  After
the removal of reagents under reduced pressure, 1.0 wax added
and the product was collected in Celly. The residue from evape-
ration of the dried solution was taken sip in dry Lt and treaved
with HCL  The resulting hydrochloride .7 g 30¢7 ), recrystal-
lized from Me,CO-IEt,0 llall mp 139 - 16t° Anal. {CuluyN.O
1T H0) C, H, N

2,6-Bis(methoxymethyl)-1-methylpiperid-4-yl Diphenylacetate.
The piperidol hydrochloride (1 g) and dipheuylacetyl ehlorvide 12
g) were refluxed together in dry C:H;N (20 ml) overnight.  The
CHsN was removed nnder reduced pressitre, Nua.CO)y solution
wias added to the residie, and the product was extracted into
14OAce, The residue after removal of the solvent was converted
to the liydrocldoride (0.7 g, 4365 ) which, recrystallized from CCL,
liad mp 143-143°.  Anal. (CuHupNO,- HCL-TH0) €, H, N, CL

2,6-Bis(methoxymethyl)-1-methylpiperid-4-yl Mandelate,—A
mixture of the piperidol hydrochloride (2.4 g), phenylglyvoxylyl
chloride (2.0 g), and CsHe (30 ml) was kept at roomn tenmperainre
for 16 hr and then refluxed for 0.3 hr.  The resulting crnde phesnyl
glvoxylate (3.1 g), isolated inr the usual way, was refluxed i wet
Et,0 50 ml) with Al-Hg (0.3 g of Al washed with 147 HgCl.
solution) for @ v, Evaporation of tlie filtered solution left the
oily mandelate base whiclt was couverted by ethereal HClto it~
hydrochloride (2.4 g), mp 80°, after crystallization from 2-
PrOH. Anal. (CellyNOs;-HCL-HL03 C,) H, N.

2,6-Bis{methoxymethyl)-1-methylpiperid-4- wlAcetylmandelate
~~~~~~ A mixture of thC‘l)lpE‘lld()l hydrochloride (1.5 g), acetyhuandelyl
chloride (1.5 g), GyUN (15 ml), and Cglle 30 1ml) was refluxed
for 16 hr. The residue from evaporation of the HyO-washed
solution was redissolved i1 dry Et.0) and treated with hydrogen
choride.  The resulting lhiydrochiloride (1.3 g), np 13%-141°,
recrystallized from Me.O-E+.0, tnol. (CooHsNOg- 1O C, H, N,
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A kahuretic response is a well-recognized undesirable

pharmacologie effeet produced by most diureties. A
vpokalemic alkalosis which often accompauies drug-
hypokal Heal hich oft ceompat lrug

Norgs
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induced natriuresis is found with she use of many of the
diwretic compounds currently available.  Recently,
some  pyrazine derivatives have been reported s
dinretic agents which spare potassium.'*  The most
promizing  of  these  was  N-amidine-3,5-diamino-6-
chloropyrazinecarboxamidc ll}(ll‘()(‘hl()lld(‘, dihydrate
(amiloride hydroehloride).  Of additional lnterest are
reports that this diug exhibits a svnergistic effcet when
given in comnation with other diurctic agents =uch
as peetazolamide or the thiazides.®  This antikaliuretic
effect has also been demonstrated in a number ol
clinical studies.?

Chemistry .- W wish to report liere the syuthesis and
activity of geveral substituted N-carbamoylpyrazine-
carboxamides, a related series of compound=. Reaction
of the appropriate cster with monosodium urea® in
DM was found to be a good method for preparing the
desired  compounds®  PFollowing thix procedure, the
subgtituted  N-carbamoylpyrazinecarboxamides i
were preparcd.

("OOCH o CONHCONH.
Na \H(()\H
I I TV I I
NH.
i i1
It .
N 11 11
Iy Ci 11
v 1 NiCHal,
d (@ \(( f{g (2= (.;1“‘,‘3
T 1 NGl n-Cyliat
f 1 N(CH:)(n-Cy
% 1 \((Hg\(n C 1H
b 1 N(CF )((H(H-('Hv;l
1 1 \(('H)n( Hy

While the procedure readily produced the S-dialkyl-
amino derivatives, reaction of the related d-amino or
S-methyvlamino ester with monosodiunt wrea gave only
starting material.  This reaction was repeated un-
successfully several times varying the ratio of ester {o
monosodium urea. It ix of interest to speculate why
the S-dimethylumino ester (Ie¢) should react while the
S-amino ester ix unreactive.  lu the case of the latter,
it seems quite possible that a proton-exchange reaction
ix involved betaveen the ester and the monosodium urea
to producc urca and the sodiun =alt of the cster. The
sodium salt of the ester is then wmrcactive to any
additional amounts of monosodium urea.

After several unsuceessful approaches, the synthesis
of N-carbamoyl-3,5-diamino-06-chloropyrazinecarbox-
amide (VI), the direet analog of amiloride, was ac-
complished using Ihv following svnthetic seheme.  Re-
action of methyl 3-amino-3-methyimereapto-6-chloro-
pyrazineearboxy 1.11( (I with monosedium urca vields
N-carbamoy-3-amino-7 -ethylmercapto-6 - chloropyr-

iy L Cragoee, Jr., OO W Woltersdort, Jr., J. B, Bicking, 8. 1) Kwonp.
and J. 1. Jones, J. Med. Chem., 10, 66 (1967,

121 1. 5. Bicking, J. W. Mason, O. W. Woltersdorf, Jr., .
Kwong, C'. M. Robb, and 5. I. Cragoe, Jr., 8, 638 (1963).

3y J. 1o Baer, C. B, lones, 8. A. Spitzer, and H. ¥. Russa, J. Phurmacal.
Ezp. Ther., 187, 472 (1467).

4) 8. Alter, P. Cushmap, aml J. Hilton, Clin. Phaemacol, Therap., 8,
243 (1967).

(3) R.J. Sperber aini =, Fisch, Clin. Res., 14, 262 (1966).

'6) H. Kampfmeyer and J. Conway, Clin. Pharmacol. Therap., 9, 350
C1968).

(7)WL ltaba, L Lane, I N Smitl, and Go Wilson, dhid.. 9, 318 (1968

(8) R. A. Jacobson, /. 1m, Chem. Soc., 58, 1984 {1036).

iy AL Siempel, o Zelauskas, and Jo AL Aeschliinann, /. Org. Chem., 20,
112 (19450
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Oxidation of IV with HyO,
gave the 5-mesyl derivative V, which is then easily
converted to VIa by treatment with NH;. The 5-
methylamino compound VIb was also prepared in this
manner,

azinecarboxamide (IV),

COOCH,
~‘\HCONHQ

/VL I — Towr
CONHCONH, ¢
I I HOAc

CONHCONH,

I I NH,R
SN

CH,S0,
:[ ICO’\4’HCOl\4H>
RHN
Via,R=H
b, R = CH;,

Pharmacology.—All of these compounds were tested
for diuretic activity in both normal rats and hydrated
dogs. The normal rats and hydrated dogs were given
several doses according to the procedures of Cummings,
et al.,*® and Little and Cooper,!! respectively. Com-
pounds IIa~f and VIab were found to be active in the
rat. They increased the total urine volume and en-
hanced the excretion of Na+ and Cl—. However, only
one of the compounds, IIa, showed antikaliuretic
activity. When coadministered with quinethazone,
N-carbamoyl-3-aminopyrazinecarboxamide (ITa)
showed a slight potentiation of the quinethazone-
induced natriuresis. All of the compounds were tested
in the dog and found to be inactive. IIa at low doses
in combination with quinethazone again showed a
natriuretic effect, but it was too small to be significant.

Experimental Section!?

Methyl 3-aminopyrazinecarboxylate (Ia) was prepared from
3-aminopyrazine-2-carboxylic acid by the method of Ellingson,
Henry, and McDonald.!3

Substituted methy! 3-aminopyrazinecarboxylates (Ib—i, III)
were prepared following the procedure of Cragoe, et al.}

General Procedure for the Substituted N-Carbamoylpyrazine-
carboxamides (ITa-1),—To 15 ml of dry DMF was added 0.9 g
(0.015 mole) of urea. To the stirred solution cooled to —15° was
added 0.7 g (0.015 mole) of NaH (509 in oil). The mixture was
Ieft to stir for 1 hr. To the cooled mixture was then added 0.004
mole of the methyl substituted 3-aminopyrazinecarboxylate.
This was left to stir for 2 hr. The reaction mixture was then
poured onto 25 g of ice—-H,O made slightly acidic with AcOH.
The mixture was stripped to dryness and H;O was added to
precipitate the crude product. The solid was then dissolved in
hot 3 N HCJ, filtered, and precipitated with dilute NaOH, An

(10) J. R. Cummings, J. D. Haynes, L. M. Lipchuck, and M. A. Ronsberg,
J. Pharmacol. Exp. Ther., 128, 414 (1960).

(11) J. M. Little and C. Cooper. Jr., Fed. Proc., 9, 296 (1950).

(12) Yields, physical data, and analyses are listed in Table I. Melting
points were taken on a Mel-Temp apparatus and are uncorrected. Micro-
analyses were performed by Mr, L. M. Brancone and staff; where analyses
are indicated only by symbols of the elements, analytical results obtained
for those elements were within 0.49, of the theoretical values.

(13) R. Ellingson, R. L. Henry, and F. G. McDonald, J. Am. Chem. Soc..
67, 1712 (1945).
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TaBLE I
YiELDS, PHYSICAL, AND ANALYTICAL DaTa
Yield. Mp, Recrystn
No. %% °C solvent?® Formula Analyses
II& 32 288b \V CeH7N502 C, H, N
IIb 16 240 M CiH.CIN:O, C, H, N, Cl
ITc 28 218 M CanClN602 C, H, N, Cl
I1d 29 198 M  CwHuCINO,; C, H, N, Cl
IIe 27 165 1\1 ClelchNGO? C, H, N, Cl
IIf 16 148 M CyHuiCINO; C, H, N, Cl
IIg 24 191 M CuHiCINGD, C, H, N, Cl
ITh 36 168 M CpHisCINgO, C, H, N, Cl
IIi 54 176 M CuH&CINO, C, H, N, Cl
IV 27 2250 M  CGHCIN:O,S H, N, Cl, 8; (e
v 41 215b M GHCIN;OS C, H,N,CLS
Via 82 260 M CH,CINGO, C, H, N, Cl
Vib 37 245% M CGH,CINO: C, H, N, Cl
e W = H,0, M = MeOH. ? Compound melts with decomposi-~
tion. ¢ C: ecaled, 32.1; found, 32.6.

analytical sample was prepared by crystallizing the produet from
MeOH.
N-Carbamoyl-3-amino-5-methylmercapto-6-chloropyrazine-
carboxamide (IV).—To 15 ml of dry DMF was added 0.3 g
(0.005 mole) of urea. To the stirred solution cooled to —15° wax
added 0.25 g (0.005 mole) of NaH (509, in oil). This was left
to stir for 1 hr. To the cooled mixtiure was added 1.0 g (0.004
mole) of methyl 3-amino-5-methylmercapto-8-chloropyrazine-
carboxylate and stirring continued an additional 2 hr. The re.
action mixtiire was then poured onto 13 g of ice—H,0O made slightly
acidic with AcOH. A yellow solid precipitated from solution was
filtered and washed with H,O to give 0.7 g of crude product.
Crvstalhzatlon from MeOH gave 0.3 g (279) of product, mp
225° dec, Apex .77 and 5.93 pu.
N-Carbamoyl-3-amino-5-mesyl-6-chloropyrazinecarboxamide
(V),—A suspension of 1.0 g (0.004 mole) of N-carbamoyl-3-
amino-5-methylmercapto-6-chloropyrazinecarboxamide (IV) in
40 ml of AcOH and 10 ml of 309, aqueous H.0; was stirred at
room temperature. After 110 hr an additional 3 ml of 309, H,0,
was added and stirring was continuned for a total of 168 hr, The
yellow solid which precipitated was removed by filtration and
washed with EtOAc to give a total crude vield of 0.65 g. Re-
crystallization from MeOH yielded 0.45 g (419) of produet:
mp 215° dec; AEE 5.80, 5.88, and 5.97 u.
N-Carbamoyl-3,5-diamino-6-chloropyrazinecarboxamide (VIa),
—A suspension of 0.42 g (0.0014 mole) of N-carbamoyl-3-amino-
5-mesyl-6-chloropyrazinecarboxamide (V) in 2 ml of -PrOH was
stirred while 0.14 g of NH; in 4 ml of ¢-PrOH was added and the
mixture was reflixed for 1 hr. The solution was cooled in an ice
bath and the yellow product that separated was removed by
filtration. Crystallization from MeOH yielded 0.27 g (82%,), mp
260° dec, NE% 5.84 and 6.01 u.
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As part of our current study of quinuclidine deriva-
tives of potential pharmacological value,! we have

(1) (a) J. L. G. Nilsson, J. Wagermark, R. Dahlbom, and W. M. Benson,
Acta Pharm. Suecica, 8, 9 (1968); (b) J. L. G. Nilsson, J. Wagermark, and
R. Dahlbom, #bid., 5, 71 (1968); (c) R. Dahlbom and J. Dolby, 7bid., 6, 277
(1969).



