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was replaced by a white turbidity. After standing for several
hours, the mixture was filtered and the white powder washed
with water, alcohol, and ether, in succession. The product,
weighing 0.392 g. (60%), was insoluble in the usual organic sol-
vents, both hot and cold, was only very slightly soluble in hot
glacial acetic acid and was readily soluble in hot dimethylform-
amide from which it crystallized as an extremely fine powder.
It did not melt below 300°. After air-drying, the product still
contained 1.51%, of water; the analytical sample was dried at
100° (0.1 mm.). On heating to boiling a mixture of a few crystals
and aqueous ferric chloride, a dark green color appeared which
changed to brown-green on standing at room temperature.

Anal. Caled. for C:H;N;0;: C, 51.54; H, 3.09; N, 25.76.
Found: C,51.62; 3.18; N, 25.63.

6-Acetamido-2,3-dihydroxypyrido(2,3 )pyrazine,—By a proce-
dure similar to the foregoing, there was obtained 5.37 g. of 6-
amino-2,3-dihydroxypyrido(2,3)pyrazine from the reaction of
214 g. of 2,3,6-triaminopyridine oxalate with 100 ml. of ethyl
oxalate. The yellow powder had a tendency to pass through filter
paper when an aqueous suspension was filtered. This was over-
come by making the aqueous mixture slightly acid with dilute
hydrochloric acid and washing the product with very dilute acid
rather than with pure water. Bernstein, et al.,” prepared the
amine by a similar method but did not describe these difficulties.
The amine did not melt below 300°.

Anal. Caled. for C;HgN.O:-0.5H0: C, 44.92; H, 3.77; N,
29.94; H,0, 4.81. Found: C, 45.15; H, 3.50; N, 29.87; H.O,
4.73.

The product lost its water of hydration when heated at 120°
(0.1 mm.) for several hours.

Anal. Caled. for C:HgN:O.: C, 47.19; H, 3.39; N, 31.45.
Found: C,47.19; H,3.41; N, 31.32.

A mixture of 0.898 g. of 6-amino-2,3-dihydroxypyrido(2,3)-
pyvrazine and 100 ml. of acetic anhydride was heated under
reflux for 139 hr, After chilling, the product which precipitated
was collected by filtration and washed with methanol. The air-
dried amide contained 1.009, water and did not melt below 300°.
The analytical sample was dried at 120° (0.1 mm.).

Anal. Caled. for CsHgNOs: C, 49.09; H, 3.66; N, 25.45.
Found: C, 48.87; H,3.81; N, 25.55.

The product is presumed to be the 6-acetamido derivative
inasmuch as analogous hydroxypyrido(2,3)pyrazines and quin-
oxalines are readily methylated, with methy! sulfate in alkaline
solution, on a ring nitrogen which is not adjacent to a hydroxylic
carbon rather than on one of the hydroxyl substituents.® This
chemical property, coupled with their extreme insolubility and
high melting points, suggests that the 2,3-dihydroxy pyrido(2,3)-
pyvrazines are predominantly cyclic amides, tautomeric with their
enolic forms; the presence of the latter is indicated by their
solubility in aqueous alkali and color reactions with ferric chloride.

6-Amino-2,3-diphenylpyrido(2,3)pyrazine Hydrochloride,—A
mixture of 4.93 g. (0.025 mole) of 2,3,6-triaminopyridine dihy-
drochloride, 5.25 g. (0.025 mole) of benzil, 50 ml. of ethyl methyl
ketone, 100 ml. of water, and 3 ml. of concentrated hydrochloric
acid was heated under reflux for 5 hr.  After adjusting the pH of
the solution to 6-7 with ammonia water and chilling in a re-
frigerator overnight, the yellow salt which precipitated was sep-
arated by filtration and washed twice with a cold solution con-
sisting of ethanol-butanone-water (1:1:2, by vol.). The product
weighed 1.27 g. (159%) and melted at 291.5-293°, after recrystal-
lization from glacial acetic acid. On recrystallization again from
this solvent, the melting point of the yellow powder remained
constant at 293.5-294.5°,

Anal. Caled. for C19H14N4‘HC1: C, 6817, H, 452, N,
16.74; Cl, 10.59. Found: C, 68.19; H, 4.55; N, 16.73; Cl,
10.54.

The 6-acetamido derivative melted at 265-266° in good agree-
ment with the reported value.*

2,3-Dimethylpyrido(2,3)pyrazine.,—A solution of 0.655 g.
(0.006 mole) of 2,3-diaminopyridine and 1 ml. of diacetyl in 15
ml. of isopropyl alcohol was heated under reflux for 45 hr. The
solvent was removed and the residue sublimed at 120-130° (14
mm.). The sublimate, obtained as yellow needles, on recrystal-
lization from isopropyl ether, was isolated as a pink solid, 0.730
g. (759), m.p. 141-142.5°. On recrystallization from the same
solvent, the compound melted at 143.5-144°.°

(8) C. L. Leese, and H. N. Rydon, J. Chem. Soc.. 303 (1955).
(9) V. Petrow and J. Saper, 1bid., 1389 (1948).
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Anal. Caled. for CsHoN3: C, 67.90; H, 5.70; N, 26.40.
Found: C,67.85; H, 5.61; N, 26.24.

2,3-Diphenyl(2,3)pyrazine, prepared in the same fashion,
melted somewhat higher (141-142°) than the reported value*
(136-138°).

2,6-Dialkylpiperazines. I. Synthesis of

cis-2,6-Dimethylpiperazine Derivatives
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Research Laboratories of Lepetit S.p.A., Milano, Italy
Received October 22, 1963

In connection with pharmacological research on 3,8-diazabi-
cyelo[3.2.1]octane derivatives (I),1.2 we became interested in
studying the behavior of 2,6-dimethylpiperazines (II) struc-
turally related to I. A survey of the literature showed that class
II was only represented by cis-2,6-dimethylpiperazine (V)3-3
and 1,2,4,6-tetramethylpiperazine (II, R, R’ = CH;).* Con-
venient key intermediates to II appeared to be 4-benzyl-cis-
2,6-dimethylpiperazine (I1I), II, R = H; R’ = CH,C¢Hj;, and its
l-benzy! isomer (IV), II, R = CH,C¢H;, R’ = H. We wish to
point out that, starting from III or IV, it is possible to obtain
N-monosubstituted or N,N’-disubstituted 2,5-dimethylpiper-
azine of definite structure ruling out any ambiguity on the position
of the N-substituents. In addition, V can be now synthesized in
high yield through a new convenient method.

Experimental

N-Benzyl-a-bromopropionamide (VI).—Although this product
was described by Bischoff,® details of the preparation are given
because a different procedure was employed. To a cooled solu-
tion of 900 g. of benzylamine in 300 ml. of chloroform, 74 g. of
a-bromopropionyl bromide was added dropwise with stirring.
The reaction mixture was stirred an additional 3 hr. at room teni-
perature, water was added to dissolve the benzylamine hydro-
bromide, the organic layer was shaken with water and dried over
sodium sulfate. The solvent was concentrated to the point of
incipient crystallization, and an equal volume of petroleum ether
(b.p. 34-60°) was added. After standing overnight, 73 g. (88%,)
of VI, m.p. 88-91°, was collected. The analytical sample was
crystallized from 2-propanol, m.p. 96-97°, 1it.¢ m.p. 92°.

Anal. Caled. for C,oHipBrNO: C, 49.60; H, 4.99; Br, 33.0;
N, 5.87. Found: C, 46.53; H, 5.15; Br, 33.05; N, 5.60.

2,2’-Iminodipropionic Ethyl Ester Benzylamide (VII).—To a
stirred solution of 105 g. (0.43 mole) of VI, 43.5 g. (0.43 mole) of
triethylamine, and 500 ml. of toluene, a solution of 50.4 g. (0.43
mole) of dl-a-alanine ethyl ester? in 50 ml. of toluene was added
at room temperature, and the mixture was refluxed 18 hr. with
stirring.  After cooling, triethylamine hydrobromide was filtered,
and the solvent was evaporated under reduced pressure. The
residue was suspended in 109, HC], the unchanged VI (~10 g.)
was extracted with ether, the acid solution was made basic with
sodium carbonate, and the separated oil was extracted with ether.
The extract was dried over sodium sulfate, the solvent was evape
orated, the oily residue was distilled, and the fraction boiling
at 155-160° (0.5 mn1.) was collected. The yield was 80 g. (659);
infrared spectrum 3310 cin.~! (>NH stretching), 1740-1190
em.~! (=COOR), 1685 c¢m.~! (amide), 1540 e¢m.~! (ainide II),
and 740-700 ¢cm. ~! (CH out of plane of phenyl group).
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Anal. Caled. for CHuNOy: €, 64.80; H, 7.97; N, 10.07.

lround: C, 64.89; H, 7.52; N, 10.36.
4-Benzyl-cis-2,6~-dimethyl-3,5-diketopiperazine (VIII).—

VII (75 g.) was heated at 200-205° for 3 hr. nuder atiospheric
pressure, and the ethyl aleohol formed was collected. The
residual viscous oil was distilled, collecting the fraction (65 g.)
boiling at 150-170° (0.6 min1.).  The crude product was dissolved
in ethanol, and an ether solution of dry HCI was added to pre-
cipitate the hydrochloride of VII which was filtered and suspended
in sodiuin carbonate solution. The liberated buse was extracted
with ether, the solvent was cvaporated, and the residue was dis-
tilled to yield 53.4 g. (859%) of VIII, b.p. 150-155° (0.6 mmn. &
Oun standing, the product solidified, m.p. 62-63° {petrelenns
cther).

And.
Found: C,67.18; H, 7.12; N, 12.07.

The hydrochloride crystallized from ethanol, m.p. 212-214°,

Anal. Caled. for CuHpCINO: C, 58.10; H, 6.57; Cl, 13.19;
N, 1042, LFound: C,57.95; H, 6.57; Cl, 13.54; N, 10.32.

The infrared spectrum of VIII showed bands at 3280
nL "t (>NH stretching), 1730-1675 cm.~¢ (>CO of imidic
group), and 740-700 cu1.=! (CH ot of plane of plenyl group).
The cis configuration of VII was demonstrated by the nan.r.
spoectrum® which showed absorption at 1.41 5 (doublet, 6H, methyl
hydrogens), 1.5% & (singlet, 1H, hydrogen attaclied to nitrogen),
3.57 6 (quartet, 2H, hydrogens bonded to the carbong of the ring),
+4.90 5 (singlet, 2H, 1ethylene hydrogens), and 7.27 & (multiple,
5H, aromatic hydrogens). The presence of 4 doublet at 1.41 6
and of & quartet at 3.57 5 is consistent with an identical orlenta-
tion of the 2,6-C-H bonds.

4-Benzyl-cis-2,6-dimethylpiperazine (III),—A solution of 44.5
g. of VIII in 500 ml. of anhydrous etlier was added with stirring
to u suspension of 44 g. of lithiuw alwinimim hydride in 500 ml. of
ctlier, and the mixture was refluxed for ¢ hr. On cooling, the
reaction mixture was decomposed by adding dropwise 135 ml. of
water and by stirring the mass for 1 hr. at roour temperature.  Tlie
inorganic salts were filtered, thoroughly washed with cther, and
the filtrates were dried over sodium sulfate.  After reinoving
the solvent, the olly residue was distilled and the fraction, b.p.
N3-86° (0.6 nm.), was collected, vield 38 g. (054 ), n¥n 1.5363.

Anal.  Caled. for CHaNa: C, 76.42; H, 9.86: N, [3.71,
lPound: C, 76.63; H, 10.04; N, 13.61.

The dipicrate erystallized from 700 ethanol, m.p. 245-247°.

Anal.  Caled. for Cg;,ngNg()];.’ (‘, 45.3 ; }'I, 3.95: N, 16.01.
Found: C,44.95; H,4.10; N, 17.17.

1-Benzyl-cis-2,6-dimethylpiperazine (IV).—A solution of 30
g. of I-benzoyl-cis-2,6-dimethylpipcrazine (X) in 300 ml. of ether
wus added dropwise with stirring to a cooled suspension of 30 g.
of lithimn aluminum hydride in 300 ml. of ether.  The mixture
was refluxed for 6 hr., then cooled at —5° and cautiously de-
composed with 90 ml. of water.  The mass was stirred for 1 hr.
at room temperatnre, the inorgauie salts were filtered and waghed
with cther. The filtrate was colleeted and dried over sodinm
snlfate; the solvent was evaporated, and the residne was
distilled to yield 25.8 g (9297) of IV, b.p. 07-05° (0.6 mmnc,
n®p 1.5473.

Adnal. Caled. for CuHyNar O, 76.42; H, 0.56; N, 15761
Pound: C, 76.40; H, 10.09; N, 13.51.

¢1s-2,6-Dimethylpiperazine (V).—A solution of 10.2 g. of 111
(or IV) in 50 ml. of ethanol was hydrogenated at atinospheric
pressure over 3 g. of 1097 palladiwm-on-curbon.  After 5 hr., the
theoretical amount of hydrogen had been consumed, and the
reduction was stopped.  The catalyst was filtered and the filtrate
wis distilled at atinospheric pressure collecting the fraction -8
z.) boiling at 140-145°. The product solidified at room teni-
perature and after crystallization fram ether melted at 115~
116° (et mup. 110~111°), vield s4¢¢.  The nmr. speetrm®
showed absorption at 0.92 § (doublet, 611, methyl hydrogens '
1.04 6 (singlet, 3H, hyvdrogen attached to nitrogei), and 2.30-2.&80
s (multiplet, 6H, hydrogens attached to the carbons of pipera-
zine ring ).

1(4)-Benzoyl-4(1)-benzyl-c/s-2,6-dimethylpiperazine (IX, XI).
~—To a cooled suspension of 0.1 mole of 4(1)-beuzyl-cis-2,6-
dimethylpiperazine (IT1, TV) in 300 ml. of 59 sodium hydroxide,
0.12 mole of benzoyl chloride was added with stirring. The

Caled. for CuHeNaOy: € 67.21;

o H, 6.94; N, LLOG.

(8) The oo speelctou wus obtitued wsteg w0 Vioro= =60 speetyotae (e
operaticg ot B0 Me. e eachoa tel cqehloonde with tetriciee thylsthicoe ws inters
el cofecewee; the ehiepdenl stofts wre repocted ax 4 videes.
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reaction wmixture was stirred for 2 hir. at roow temperature and
acidified with hydrochloric acid.  The unreacted bhenzoyl chloride
wug extracted with ether. The acid lnyer was made basic with
sodinm earbonate, and the viscous separated oil was thoronghly
extracted with ether.  After drying over sodium sulfate, the sol-
veut was evaporated and the residue was distilled by the tech-
nigque of Roneo, ¢t al.,® obtaining IN in S6%¢ vield, b.p. 100--105°
1.

el Caled. for CaHy NoO: ()
Found: C,77.52; H, 9.02; N, 0.31.

XT, bup. 200° (1 mne ) was obtained i 904 vield.

Joals Caled. for Ca,HaN2O: (4 7087, H, 784 N, 0.0N.
Found: ¢, 78.11; H, 5.03; N, 8.80.

1(4)-Benzoyl-cis-2,6-dimethylpiperazine (X, XII),-—A solution
of 0.1 mole of 1N (XI) in 500 ml. of absolute ethanol was liy-
drogenated at 60° and 51.65 kg. of initial hydrogen presgsure/cm.?
in the presence of 10 g of 104 palladium-on-carbon. The
catalvet was filtered, the solvent was evaporated, and the residue
was distilled. N, b.p. 128-130° (0.5 mm.) was isolated in 87¢;
vield.  On standing, the produet salidified and after two crystal-
lizatious from ether melted at [10-112°, (lit.* m.p. 109-110° for a
hypothetical 1-beuzovl-2,6-dimethylpiperazine to whieh, how-
ever, the structure was assigned withont adequate proof).

Anal. Caled. for CpuHgN.O: €, 7152, H, 8.30; N, 12.83.
Fonnd: ,51.39; H, S42; N, 12.66.

Infrared spectriia of N (in CHCL) showed, besides baunds at
3400 (>NH) and 1610 e ~¢ (~<CON<), strong absorption at
450 eny, 0 The nur. gpeetnm® showed absorption at 1..28
5 (doublet, 6H, methy] hydrogens), 1.45 & (ginglet, 1H, hydrogen
bonded to nitrogen ), 2.74 8 (doublet, 6H, methylene hydrogens),
4.12 8 tomltiplet, 2H, livdrogens bonded to the earbon of the
piperazine ring), and 7.29 8 (singlet, 5H, aromatic hydrogens).

The p-tartrate was obtained by evaporating to dryiiess an
ethanol solution of cquimolar amount of the base and p-tartaric
acid.  The solid prodoct was purified by erystallization fromn
ethianol, m.p. 195-200°.

dral. Caled. for CoHeNLO-CllDg: C) 55042,
N, 7.60. Fouud: €, 55.21; F, 6.67; N, 7.63.

NIL bop. 1602 0 v g, was dsolated in 82970 vield.  Own stand-
g, the product salidified and was crvstallized from ether, m.p.
LI7-119° (litt mp. 117° for the hypothetical d-benzoyl-2,6-
dimethylpipernzine .  Infrared spectrnm (in CHCLy) showed
bandg at 3400 em. "¢ (>NH), 1620 e~ (-CON<), and char-
acteristic strong bands at 1430-1450, 1275, and 1085 ¢m. =4
The wan.r. spectninm® showed absorption at 0.97 8 (doublet, 6H,
methyl hydregens), 1.32 & {ginglet. 1H, hydrogen attached to
nitrogen), 2.65 & fmultiplet, 6H, methylene hydrogens), 4.00 5
(nltiplet, 2H, hydrogens bouded to the carbon of the piperazine
ring b, and 7.31 § (singlet, H5H, aromatic hvdrogens).

By evaporating to dryness an equimolar amont of the base aid
p-tartaric seid, a gunnny residue was obtained which, after boiling
in weetone~cthaned, separated a di-n-tartrate, m.p. 223-225°.«
The product erystallized from ethuaol, m.p. 228-229°.

Anel. Caled. for CullsN.0-2C 3104 C, 6141
N, 055, Found: O, 6143 H, 725 N, 0.2,

o KL Rogeo, B Petis, el L Belewowevee, Ifodes Chine Acta, 39, 2088
AT

A1 By this procedice, Pope q@ld Read ¢ golated a p=turtrate, (g 227
228%,  Howevee, these uthoes eccowcousty wtteibated to it the formada of «

TTNT, M, TS N, 908,

, 6.57:

H, 7.21:

wone sudt.
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buring the comrse of an immunochemical investigation cur-
rently being nndertaken in this Laboratory, it beemme desirable

to svithesize glyeosides derived from p=vinyiphenol and certain
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