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was diluted with an equal volume of petroleum ether, to afford
2.12 g (309,) of the crude 15d in two crops, mp 161-162 and 158.5—
1539.5°, identical by infrared spectra and thin layer chromatog-
raphy. A portion was chromatographed on a thick layer plate
of silica gel, developing with EtOA¢~CHCl; (1:1) to afford 15d
that was crystallized once for the analytical sample.

1,3-Ditrityl-5«[(2-hydroxyethyl }(2-mesyloxyethyl )amino|uracil
(18).—A 1.04-g (9.1 mmoles) portion of MeSO.Cl was added to a
cold (~10°), stirred solution of 2.00 g (2.86 mmoles) of the bis-
hydroxyethylaminouracil 15d. The solution was stirred for 2
hr at 2°, then partitioned between 200 ml of toluene and 300 ml
of H,O. The organic layer was washed with two 200-ml portions
of H:0, dried, concentrated to ca. 20 ml, then diluted with an
equal volume of petroleum ether to afford 1.95 g (889;) of 18.

In a similar way, 19 was prepared from 15d and p-toluene-
sulfonyl chloride. The same procedure, when applied to 15a and
15b, gave the bistosyl derivatives 16a and 16b, respectively.

1,3-Dibenzyl-5-[bis(2-fluoroethyl)amino]uracil (17b).—By the
literature procedure,® a mixture of 5.0 g of anhydrous KF and
5.00 g (7.1 mmoles) of 1,3-dibenzyl-3-[bis(2-tosyloxyethyl)-
aminojuracil (16b) in 7.5 g of N-methyl-2-pyrrolidone was
heated at 160-175° for 40 min to afford 2.69 g (969 ) of crude
17b which was purified by plate chromatography.

Acknowledgment.—We are indebted to MMr. Os-
borne P. Crews, Jr., and his staff for the large-scale
preparation of many intermediates and to Dr. Peter
Lim and his staff for the spectra and paper chroma-
tography.
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The synthesis and antitumor evaluation of a number
of 2,4-diamino-6-arylaminopyrimidines bearing various
functions substituted at position 5 of the pyrimidine
moiety (I) have been reported from our laboratories in
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1

recent years.2—¢ Among these compounds, the 6-(halo-
gen-substituted anilino)pyrimidines with a 5-nitroso
group demonstrated interesting activity against Adeno-
carcinoma 755 tumor system.? For the retention of
biological activity, available information indicates that
substitution at position 5 is restricted to a particular
size (comparable to -N=0) and its electronic effect
(electron withdrawing). This is illustrated by the fact
that the corresponding 5-cyano?® and 5-nitro* derivatives
possess similar biological activity but the 5-ethyl,
5-bromo, and 5-carbamoyl derivatives were inactive.?

(1) This investigation was supported by the Cancer Chemotherapy
National Service Center, National Cancer Institute, National Institutes of
Health, Public Health Service, Contract PH-43-65-94.

(2) D. E. O'Brien, F. Baiocehi, R. K. Robins, and C. C. Cheng, J. Med.
Pharm. Chem., 5, 1085 (1962).

(3) D. E. O'Brien, F. Baioechi, R. K. Robins, and C. C. Cheng, ibid,,
6, 467 (1963).

(4) D. E, O'Brien, C. C. Cheng, and W. Pfleiderer, ibid., 9, 573 (1966).
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As a continuation of this study, synthesis of the corre-
sponding 5-carboxaldehyde derivatives was initiated.

A search in the literature revenled that 5-pyrimidine-
carboxaldehydes may be prepared by ozonolysis of
ethylenic groups,® by hydrolysis of nitromethyl groups,®
and by proper conversion of cyano,” earboxy,® trichloro-
hydroxyethyl,® and hydroxymethyl® groups. Iormyl
groups have also been introduced directly by acylation
reactions,!'=1 and by the Reimer-Tiemann reaction.!
Recently, it was reported by Klotzer and Herberz that
2-amino-4,6-dichloro-3-pyrimidinecarboxaldehyde (Ila)
was prepared in good vield from 2-amino-4,6-pyrimi-
dinediol by a modified Vilsmeier-Haack synthesis. 16
This material was therefore used as the starting material
for the present investigation.

When IIa was stirred with ethanolic ammonia at
room temperature, 2,4-diamino-6-chloro-5-pyrimidine-
carboxaldehyde (IIb) was obtained in good yield.
Treatment of the intermediate IIb with 2 equiv of a sub-
stituted aniline in refluxing ethanol vielded the anils of
2,4-diamino-6-(substituted  anilino)-3-pyvrimidine-car-
boxaldehyde (III), with characteristic ultraviolet ab-
sorption maxima in the 350-360-mpu region at pH 1
and 11. The desired 2,4-diamino-6-(substituted ani-
lino)-5-pyrimidinecarboxaldehydes (IV) were readily
obtained by acid hydrolysis of IITin 0.1 N HCL. These
products do not possess any ultraviolet absorption
maxima above 340 my in either pH 1 and 11.
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These 5-pyrimidinecarboxaldehydes (IV) displayed
no significant anticancer activity against leukemia
L1210 and Walker carcinosarcoma 256,
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(b) E. Ochiai and M. Yanal, 1bid., 68, 397 (1938).

(6) F. E. King and T. J. King, J. Chem. Soc., 943 (1947).

(7) M. Delépine and K. A. Jensen, Bull. Soc. Chim. France, 6, 1663
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(15) W. Klotzer and M. Herberz, Monatsh. Chem., 96, 1567 (1965); cf.
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(16) A similar preparation of 4,6-dichloro-5-pyrimidinecarboxaldehyde
by the reaction of 4,6-dihydroxypyrimidine with a mixture of phosgene
and dimethyiformamide was recently reported by H. Bredereck, G.
Simchen, A. Santos, and H, Wagner, Angew. Chem., T8, 717 (1966), ¢/. Z.
Arnold, Collection Czech. Chem. Commun., 24, 4048 (1939).
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Experimental Section

Where analyses are indicated only by symbols of the elements,
analytical results obtained for those elements were within = 0.3,
of the theoretical values.

2,4-Diamino-6-chloro-5-pyrimidinecarboxaldehyde (Ilbj.- A
sispension of 5.76 g (0.03 mole) of finelv powdered 2-amino-4,6-
dichloro->-pyrimidinecarboxaldehyde® (ITa) in 250 ml of ethanolic
NH;y (prepared by saturating dry N1y in absolute EtOIT at 5°)
was stirred at room temperature for 18 hr. The resulting white
precipitate was filtered off, washed (1,0, cold EtOI), and dried
at 80° I wax reervstallized from EtOH o give 4.3 g (837,
vieldy of analytically pure produet which decomposed at 240°
upon rapid heating: NA 264 my (e 10,800), 305 (16,500); AL
264 e (e 11,0009, 303 (18,500).  Anal.  (CH,CIN,O) C, H, N,

2,4-Diamino-5-|N-(p-bromephenyl)formimidoy!! -6-( p-bromo-
anilino)pyrimidine (II, Y = Br, Z = H).--A mixture of 8.6
g (0.05 mole) of ITh and 25.8 g (0.15 mole) of p-bromoaniline
was refluxed in 230 ml of EtOH containing 1 ml of concentrated
HCL A vellow =olid gradually precipitated from the rvefluxing
solution.  After 3 hr the solid was filtered off {rom the hoiling
reaction mixture, triturated with Na;COy solution, filtered,
washed well with 1,0, and finally recryvstallized from a large
volume of O (1 g/1000 m!) to vield 13.6 g (39C¢). mp 269~
2720 Jec: AL 269 mu (e 32,300) and 364 112,900): AL 234 mp
(e 18,0007, 278 (24,000), and 362 (18,3000, Anal. 1Cal BNy
¢, 1, N.

The following compounds have also been similarly prepared:
their uv absorption bands were as expected.  2,4-Diamino-5-[N-
{ p-tolyDformimidoyl]-6-(p-toluidino }pyrimidine (II1, Y = CIl;:
7= 11y, 734 yield, mp 130-135° dec. Anal. (CillyNe HCL-
1L,OY ¢, 1, N, 2,4-Diamino-3-[N-{p-iodophenyD)formimidoyi]
6-( p-iodoanilino)pyrimidine (ITT, ¥ = 1, Z = ), 66 viel},
mp 257-238° dec.  tnal. (CRITLLNg €, T, NO o 2,4-Diamino-
-1 N-(3,4-dichlorophenyDformimidoyl]-6-(3,4-dichloroanilino Jpy-
rimidine (111, Y, Z = CI), 367 vield, mp 304-306° dec. Anal.
(CrCLNG- THCH C, H, N

2,4-Diamino-6-( p-bremoanilino)-5-pyrimidinecarboxaldehyde
(IV, Y = Br; Z = H).—A suspension of 5 g of IIT (Y = Br;
7 = 1) in 1000 ml of 0.1 ¥ HCI was refluxed for 3 hr. The
resulting solution, which still contained a small amount of in-
<oluble material, was treated with decolorizing churcoal and
filtered.  The pH of the filtrate was brought 10 8-0 by the careful
addition of NallCO;, and the precipitated product was collected
by filtration. It was washed (cold HeO) and recrvstallized
from 12tOH-TLO to give 2.04 g (617, vield) of analytically pure
product: mp 210-213%; o' 268 mu (e 38,8000 0" 265 my
(e 30,500), 206 (17,200). .inal. {(Cull,BrN,O) C, H, N,

The following 3-pyrimidinecarboxaldehydes have also been
similarly prepared. Their uv absorption bands were as expecied.
2,4-Diamino-6-(p-toluidino )-3>-pyrimidinecarboxaldehyde (IV, Y
= Cly: 7 = H), 46¢, vield, mp 221-224° {nal. (CplaNO)
¢, M, N, 2,4-Diamino-6-(3,4-xvlidino )-3-pyrimidinecarboxal-
dehvde (1V, Y, Z = CIl3) was obtained directly from IIb and
34-xvlidine in 320, vield, mp 215218 dnal. (CHipNO)
¢, H, N. 24-Diamino-6-{p-iodoanilinoj-3-pyrimidinecarbox-
aldehyde (IV, Y = T: Z = H), 417, vield, mp 228-230°. Anal.
(CHIN;O) ¢ HL, N

Acknowledgment.-—The authors wish to thank My~
Leland R. Lewis, Mrs. Margaret. L. Rounds, and My
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forming analytical and instrumental measurements.
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Reeently a number of 4-N-substituted amino- and
carbamoyl-2,3-polymethylencequinolines  were  synthe-
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sized and found to exhibit a wide speetrum of pharma-
cologieal propertiex,!  An carlier report deseribed the
analeptic activity of aminocycloheptaquinoline®  In
the present communication the svnthesis of 11-sub-
stituted 7.549,10-tetrahydro-6 H-cxveloheptalb Jquino-
lines and the evaluation of these compounds for antide-
pressant activity is deseribed.

7.5,0,10-Tetrahydro-GH -cveloheptald fquinolin-1 1~

ones (Lai) Table ) were prepared by refluxing

Tanie [

580 10 Tereanyoro-6H-cyenodeerafbluiNnoniN-T1-oNEs
AND -1 1-THIONES

v B
Yield., Recrystn?

Compd N Y Ap, € r <olvent Formuin®
Ta" O H 430 dee 2 \ CaHENO
|6 0 20 380 dee T8 \ CLulCINO
1" O 3-Cl 390 dec 60° A CuHuCING
il 00 271 dec 50 A CullnCING
le O 3-0C1H; 311 dee 28 A CipHir N O
If (8} 3-N O 335 dec GO 13 « :
I ] 3-C1 355 dec St A CiptlglaNO
ih 9] 2 4-Chy 15 A CutsCENO
li (8] 25 -0 H 7 \ il NOy
Iia = 1t 59 ¢ Cr NS
Iih = 2-01 (48] o Crg g CEN S
Ile b 3. 18] (™ Cubl CINS

« Reference 3. " These compounds are described by M. V.
Sigal, Jr., BoJ. Breut, and P Marching, U, S0 Patent 3,252,045
{1966); Chem. Abstr., 64, 14174 (1966}, by condensing p-chlovo-,
w-chloro-, and o-chloroaniline with 2-carbethoxyceycloheptanone
with melting point= of 360, 360, and 264-265°, respeetively.
“Crude vield. ¢ A = ethanol;, B = DMF, and C = pyridine -
waier.  ©All compounds were analyzed for C, 11, N, Where
analyses are indicated only by =ymbols of the elements analytical
results obtained for those elements were within =037, of the
theoretical values.

o-uminobenzoie acid and substituted o-aminobenzoie
acids with eveloheptanone in xylene while removing
water azeotropically.,  Using this procedure the yvields
were muceh higher than those obtained on heating the
two reactants without solvent® and, in many cases, the
erude produets could be used for subsequent reactions
without further purification.  7,8,9,10-Tetrahydro-6H-
evelohepta [b lquinoline-11-thiones  (ITa~¢)  (Table 1)
were obtained by reaction of 7,89, 10-tetrahydro-6H-
evelohepta b Jquinolin-11-ones (In-¢) with phosphorus
pentasulfide in pyridine (Scheme 1), Alkylation of
7.8,9,10-tetrahydro-6H-eyveloheptalb Jquinolin-11-ones
(Ia-1) with dialkylaminoalkyl halides in dimethyl-
formamide and sodium hydride yielded 1l-dialkyl-
aminoalkoxy - 7.8.9,10 - tetrahvdro - 6H- cyelohepta (b ] -
guinolines (I1la-o0) (Table II}.  Similar treatment of
Ila—¢ with dialkylaminoalkyl halides gave 11-dialkyl-
aminoalkylthio derivatives (IVa-g). 7.8,9,10-Tetra-
hvdro-6H-exvelohepta[b Jquinolin-11-ones  (In-c) were
converted to  11-chloro-7.8,9.10-tetrahydro-6H-cyelo-
hepta{b Jquinolines (Va-¢) with phosphorus oxyehlo-
ride.t Compounds Va-c were condensed with dialkyl-

L1y Gl K. Patnaik, M. M. Vohra, Jo 50 Bindra, C. P Garg, and N Anand
J. Med. Chem., 9, 483 (1966;.

(2; N. Plotnikoff, J. Keith, M. Heimann, W. Keith, and (. Perry, Arch.
Tatern. Pharmacodyn.. 146, 406 (10963).

037 WL L Perkin, Jr., and 8. G, P Plant, J. Chene. Soc., 131, 2685 (T928).



