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A nitrogen ninstard (111) has been svithesized from pr-willardiine. This was nitrated, then the e-aniino and

cirboxyl gronps were protected by phthaloylation and esterifieation.
containing hydrogen chloride smoothly eouverted the nitro compaund to an amme.

Catalytical hydrogenation in a solvent
Hydroxyethylation, chlo-

rination, and stepwise removal of the N-phthaloyl and ethyl ester gronps afforded the pr-willardiine mustard IT1.
Neither III nor its ethyl ester exhibited any significant activity against Walker earcinosarcoma 236 (subcutane-

Ol=) 1N rats,
cells.  No significant activity was observed.

Chlormmbuetl  (Ia}®  and  phenylalanine  mustard
(Ib)? are two clinteally useful antitunior agents whose
uracil analogs (IT and ITI) may be of nterest as anti-
tumor agents.  The mracilalkanoie acids IIa and IID
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hiave been synthesized.* We now report the synthesis
and antitunior sereening of pr-willardiine mustard (I11)
and soute interiediates.

The route for introducing the mustard group into
pr-willardiine®® generally followed that established
with the model compounds ITa aud 1Ih.*  prL-Willardi-
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e® was uitrated under precise reaction conditions to
afford I'Via, By standard methods, IVa was converted
to the ethyl ester IVh, and then to the N-phthaloyl
ester V. Catalytic hydrogenation” of V proceeded
=moothly 11 the presence of hydrogen chloride, but
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500, Tle opinious expressed in this paper are those of 1be aatliors and not
pecessarily those of the CONSC.
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Some of the intermediates were screened against other timor systems and by cell enlture with KB

very erratically inits nbsence, to afford the hydrochlo-
ride of the amine VI, Hydroxyethylation and chlo-
rination with phosphoryl chloride yielded the blocked
musgtard VIII Careful purification of VIIT was essential
to suecess in the subsequent steps.

Complete deblocking of VIII to pr-willardiine -
tard was attempted. Chromatograplic data suggested
that after 3 hr of lieating in 12 N hydrochloric acid,
the deblocking was complete. However, much de-
cottposition ltad oceurred, as indicated by low chlorine
analysis and the fact that little, if any, III could be
olated.  Stepwise, deblocking of VIII was morc
satisfactory.  Reactivn with hydrazine at 40° for
several days afforded the amino ester IX, which was
purified and choracterized as the hydrochioride.  Heat-
g the pure ester [X briefly i1 12 N hiydrochloric aeid
gave the desired prewillardiine nmstard 111, as the
hiydrochloride. A less soluble zwitterionie form of I11
wils 1solated by precipitation at pH 2-3.

The nmstard IIT retained different proportious of
hiydrogen elloride and water depending on the vondi-
tons of isolation and dryving.  The hydrochloride of
componnd 1T was stable for weeks at rooin teniperature
when kept as a solid, but decomposed rapidly in | N
hydrochlorie acid.
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We examined rhe posgible preparation of S-nitro-
willardiine (IVa) by the sequetice S-nitrouracil - X —
XI — IVa. ‘T'he reaction of S-uitrouracil with bromo-
acetal proceeded readily to X in about 509 yield,
Hydrolvsis of this acetal to the aldehyde XTI i1 aqueons
dioxane with a sulfonie acid ion-exchange resin as n
catalyst was satisfactory. However, all attempts to
convert XI to the amino acid IVa by the Strecker
reaction failed. The syrupy diacetal XII was isolated
as a by-produect in the formation of X.
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The bromoacetal XV was sought as an intermediate
1 an alternate, but subsequently abandoned, route to
III. The bromination of the uracil acetal XIV® to
give XV was studied under nonacidic conditions that
would not hydrolyze the acetal. Treatment with
bromine in pyridine afforded XV, but bromine in aque-
ous sodium hydroxide gave the 5-bromo-6-hydroxy-
dihydrouracil XVI, isolated as a crystalline compound.
While the formation of such 5-bromo-6-hydroxydi-
hvdrouracils is well known ® the isolation of a relatively
stable erystalline one from a uracil lacking a 5-sub-
stituent is unusual.® Hydrolysis of either acetal XV
or X VT afforded the same bromoacetaldehyde XVII.

pr-Willardiine mustard IIT and a number of inter-
mediates were screened by the Cancer Chemotherapy
National Service Center (CCNSC) for antitumor activ-
ity according to established CCNSC protocol.}? The
mustard ITI and its ethyl ester IX were screened against
Walker carcinosarcoma 2356 (subcutaneous) in albino
rats. The results show that neither III nor IX ex-
hibited significant activity.

Several intermediates, X, XI, and XIV, were
screened against Sarcoma 180 and leukenia 1.1210; no
significant activity was found. All the intermediates
tested in cell culture against IXB cells were inactive,

Experimental Section'?

3-[5-Nitro-3,4-dihydro-2,4-dioxo-1(2H)-pyrimidinyl]-pL-ala-
nine (5-Nitro-pL-willardiine) (IVa).—To an ice-cooled, stirred
mixture of 25.0 g (0.115 mole) of pL-willardiine®¢ in 50 ml of
concentrated H,80; was added dropwise 11.0 ml of red-fuming
HNQ;. The mixture was stirred for 2 hr at ice temperature,
3.5 hr at room temperature; complete solution was attained dur-
ing this period. The solution was poured over 800 g of crushed
ice, and adjusted to pH 5-6 with concentrated NH,OH. The
crystalline precipitate was kept cold overnight, then collected,
washed with 400 ml of H,O, and dried at 50° in vacuo to afford
24.1 g (869%) of IVa-H.0, mp 200-205°. This was homogeneous
by paper chromatography (in solvents A and B) and suitable for
use in the next step; recrystallization afforded fine needles from
H,0, mp 232-235°. It was homogeneous in solvents A and B
with R; 0.18 and 0.81, respectively.
Anal. Caled for C;HsN.Oe: C, 34.4; H, 3.30; N, 22.95.
Found: C, 34.6; H, 3.42; N, 22.96.
In this nitration, larger ratios of red-fuming HNO; to H,SO,
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gave lower yields and other grades of HNO; were unsatisfactory.
The use of HOAc-H,S0, mixtures was also not satisfactory.

Ethy! 3-[5-Nitro-3,4-dihydro-2,4-dioxo-1(2H)-pyrimidinyl]-pL-
alaninate (Ethyl 5-Nitro-pL-willardiinate) (IVb).—Refluxing 2.60
g (10. 6 mmoles) of the acid IVa in EtOH saturated with gaseous
HCI for 4 hr yielded 2.82 g (809;) of IVb, mp 162-164°, homo-
geneous in solvents A and C with R 0.35 and 0.20, respectively.

Anal.  Caled for CaH,NOg HCY C,H,OH: C, 37.3; H, 5.40;
N, 15.8. Found: C, 37.2; H, 5.22; N, 15.7.

Ethyl 3-[5-Nitro-3,4-dihydro-2,4-dioxoe-1(2H)-pyrimidinyl]-N-
phthaloyl-pL-alaninate (V).—A mixture of 16.2 g (0.046 nole)
of IVb-HCH- EtOH in 1506 ml of pyridine was allowed to react
with 7.4 g (0.05 mole) of phthalic anhydride for 1.5 hr at room
temperature and 1.5 hr at reflux and worked up by the usual pro-
cedure!* to afford 15.9 g (879) of V as a tan solid, mp 229-231°,
with spectral and chromatographic characteristics similar to the
recrystallized samples. Thix was suitable for use in the next
step. Recrystallization of V from EtOAc gave the analytical
sample, mp 247-248.° It was homogeneous in solvent ME-2 with
R;:0.86 (starting material, B 0.08).

Anal. Caled for C;;H1uNQOs: C, 50.8; H, 3.501; N, 13.93.
Found: C, 50.3; H, 3.43; N, 13.66.

Ethyl 3-[5-Amino-3,4-dihydro-2,4-dioxo-1(2H)-pyrimidinyl]-
N-phthaloyl-pL-alaninate (VI).—A mixture of 3.2 g (7.95 mmoles)
of V, 400 mg of 59, Pd-C, 80 ml of absolute EtOH, and 3 ml of
absolute EtOH saturated with HCI (at 0°) was hydrogenated at
room temperature and pressure. After the theoretical amount
of H; was consumed in 2.7 hr, the mixture was diluted with 50
ml of EtOH, warmed to effect solution of the produiict, and filtered
through Celite to remove the catalyst. The ecatalyst was
thoroughly washed with EtOH. The EtOH filtrate and washes
were evaporated to dryness to afford the theoretical vield of the
hydrochloride of VI as a white, erystalline solid, mp 192-200° with
sintering from 175-190°. This was suitable for use in the next
step. The hydrochloride could be converted to the free base VI,
identical in properties with the analytical sample below.

In an earlier experiment, hydrogenation of V in 2-methoxy-
ethanol without the use of HCI had given, after recrystallization
from EtOH, an 809, yield of VI, mp 207.5-208.5°, homogeneous
in solvent C with B; 0.58 (starting material streaks to £;0.10) and
solvent ME-20 with R 0.81.

Anal. Caled for CH(NiQq: C, 54.8; H, 4.33; N, 13.1.
Found: C, 54.5; H,4.39; N, 14.9.

Ethyl 3-[5-Bis(2-hydroxyethy!)amino-3,4-dihydro-2,4-dioxo-
1(2H)-pyrimidinyl] -N-phthaloyl-pL-alaninate (VII).—A solution
of 0.80 g (1.95 mmoles) of VI-HCI, 40 ml of HOAe¢, 10 m! of
ethvlene oxide, 53 ml of H;0O, and 2.0 g of anhydrous NaOAc was
stirred overnight al room temperature, then evaporated to dryness
in vacuo. The residue was partitioned between 75 ml each of
EtOAc and H,O. The EtOAc was dried and evaporated in vacuo
to afford 0.70 g (77%) of material which, after crystallization
from EtOAc afforded 0.50 g (539;) of cream-colored crystals of
VII, mp 144-144.5°. It moved as a single spot in solvents C
and ME-20 with R; 0.74 and 0.11, respectively.

Anal. Caled for CaHuN.QOs: C, 54.8; H, 5.25; N, 12.2.
Found: C, 54.4; H, 5.45; N, 12.6.

Ethyl 3-[5-Bis(2-chloroethyl)amino-3,4-dihydro-2,4-dioxo-1-
(2H)-pyrimidiny!]-N-phthaloyl-prL-alaninate (VIII).—A solution
of 0.30 g (0.65 mmole) of the crystalline VII in 2.8 ml of POCl;
was heated for 2.5 hr at 75-80°, then poured onto 30 m! of crushed
ice and HO, stirred for no more than 5 min, and extracted with
CH,Cl;. The organic layer was dried and evaporated in vacuo
to leave 0.43 g of a lime-colored solid foam. Crystallization
from 5 ml of absolute EtOH afforded 0.27 g (845%) of light vellow
needles of VIII, mp 167-168°. It moved as a zingle spot with
R; 0.81 in solvent E and with R 0.98 in ME-20.

Material from an earlier run was twice recrystallized from
EtOH to afford pure VIII, mp 165.5-166.5°,

Anal. CalCd for 021H22012N4051 C, 506‘ H, 445, Cl, 143,
N, 11.3. Found: C, 50.5; H,4.77; C},13.9; N, 11.4.

Ethyl 3-[5-Bis(2-chloroethyl)amino-3,4-dihydro-2,4-dioxo-
1(2H)-pyrimidinyl}-pL-alaninate (IX).—A mixture of 7.17 g
(14.4 mmoles) of VIII, 1.0 ml of H.O, and 85 ml of 2-methoxy-
ethanol was treated with 1.11 g (34.8 mmoles) of NH,NH, in
5 ml of MeOH, then stirred at 40° for 5 days, and evaporated
in vacuo. The residue was triturated thoroughly with CH.Cl,

{14) H. F. Gram, C. W. Mosher, and B. R. Baker, J. Am. Chem. Soc., 81,
3103 (1959).
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and filteredd. The filtrate was saturated with anhydrons 11CH
then evaporated to dryness in vacuo. The residue, after tritura-
tion with CH.Cly, was recrystallized fron1 30 ml of absolnte E1Q1l
to give 2.32 g (40%¢) of IX as a yellow zolid, mp 167-178°,
homogeueons m =olvent 1 (K¢ 0.80), and suitable for use in the
next step. The CH,Cl, mother liguors were evaporated (o af-
ford 0.80 g of =starting material VIIT (467; conversion to IX).
Recrystallization from EtOH of a similar sample from au earlier
run afforded pure IN-HCL mp 180-183°%: it had £; 0.80 in <ol-
vent .

Anal. Caled for CpllyCLNOGHCE ) 385 1L 5.26;
Ch 204 N 1300 Found: €, 3880 1L 5012 (206000 N,
f4.2.

3-|5-Bis(2-chloroethyl)amino-3,4-dihydro-2,4-dioxo-1(2H )-
pyrimidinylj-nL-alanine (pL-Willardiine Mustard) (III).—A sohi-
tion of 1.0 g (2.48 mmoles) of the recrystallized IXN-HCL in 70
uil of 12 .V 1ICH was heated for 30 min on a steam bath, then
evaporated to dryness in racue (20° 1O mm). The white, crystal-
line residue was triturated with 100 mil of Me.CO, collected, and
dried far 2.0 hre at 202 (L0 nun) ta afford 0.98 ¢ (916¢) of T1I-
2HC-TATHLO, mp 155-100° (sintered and resolidified, then
decomposed without melting at 240°). Tt moved ax a single
=pot o1l paper chromatograms when a sample wus dissolved in
12 N HCH and spotted on Whatman No. 3 paper immedintely:
5 087 ang 0.36 m solvents B and I, respectively,

dAnale Caled for O H,CENLOL - 2HCEH 1L67HLO . €, 3
t, 4.92; ClL 3250 N, 1280 Found: ¢, 20.8; 1, 5.00; CL 3
N\, 127

Samples of HI were dried at 35 and 56°,  The amount of 11CH
and 1) decrcased with nereasing temperative and time.  The
snuples gave satisfuctory analyses.

some of the dihydrochloride, T11-2HCH LUTH), was dis-
=olved in cold 11,0 and the acidity was adjnsted to plT 2-3. The
white ery=tatline solid that precipitated was collected, dried at
20° 110 mm), and vecrystallized from DMF (o afford a white
solid, mp >500° 1t wax honlogeneous on Whatiman No. 3
puper i solvents Ioand FFowith B¢ 0.7 and 037, respectively.
Ou the busiz of the above properties aud the analysis, the ma-
verial is presunied (o be the zwitterionic form of II1.

Anal.  Caled for CuHCLN O €, 3890 H, 4.75:
Found: C, 38.8; H, 4.89; N, 16.2.

1-(2,2-Diethoxyethyl)-5-nitrouracil (X)-—By the reported
procedure for the preparation of XIV,6 the renction of 28.3 g of
J-mitronracii aund 140 g of 2-bromo-1,1-diethoxyethane gave 21.7
g (44 () of the acetal X, mp 91.5-92.5°, and 4 second crop, 3.4 g
(total H190), mp 88-00°. This was homogeneous i solvents €
and Bowith /y values of 0.85 and 0.83, respectively (starting
niterial, Kr 0.16 and 0.56, respectively ). Recrvstallization from
LEtt-petroletn ether (bp 6a- 110°) afforded the walvtical cani-
ple of X, mp Y0.5-91.5°.

Anal. Caled for CuHENO;:
Found: C,43.8; 1, 2.62; N, 1.4,

5-Nitrouracil-1-acetaldehyde (XI).—A mixture of 11.0 g (0.040
mole) of the acetyl X, 40 ce of Dowex 50-N StH), 60 ml of t,2-
dietboxyethane, and 60 mt of H.O wax stirved and heated on a
steaut Hath for 5 e The resin wax separated by filtration and
wushed with 1,2-diethoxyethane. The tiltrate und washings were
concentrated in vacuo to abont 40 ml, then chilled i ice to afford
O g (0170 of the aldehyde XTI n= tan crystals, mp 236-237°;
it was homogenesus i solvent 3 with f/y 1L50. Recryvstallization
fronm 1) atforded n lower melting (perhaps hecanse of hydra-
ton) =ample of X1, mp 228-230°.

Adaal, Caled for ColliNLOL- 11O C, 3320 1L, 32250 N, 1004
Found: ¢ o032 HO3400 N, 1905,

0.
R

2
i

N, 16.5.

C, 44.0; 1, 553 N, 154,

. Ler, axp L. Goobaas

Vol. 11

NI gave in gquantitative vield, a semiearbazone, mp 2511
250.1°:1 other derivatives were also prepared.is

5-Nitrouracil-1,3-diacetaldehyde (XIIT).- -‘The mother hquors
from several rmux from the ervstallization of N were evaporated
(i cacuo, and the S0 g of residue was colummed throngh 450 g
of neutral ahimina, ehining exhaustively with CH.Clo to vield 50 g
of the bisacetal NIT, a homogeneous oil with £ 0.00 in =olvent
ME-10. Further elution of the cohnun with MeO1t alforded an
additional 15 g of X

The oily XTI (6.04 g3 was hvdrolvzed by the procedire nsed
1o obtain XTI to afford 4.4 g of the diacetaldehyde XTIT, a homo-
geneon=s <olid foam with £2; 0.79 in =olvent ME-10. Componnd
NT1I gave o cryvsiathine biz-N -methytthiosenticarbazone

1-{2,2-Diethoxyethyl)-5-bromouracil (XV). - "I, a <tirred sohi-
tion of 0.8 g £3.6 uonolex) of 1-(2,2-diethoxyethyDuracil (NTV#
i 5 mi of pyridine wax added 018 ml (055 g0 3.6 nunoles) of
Bry,  The =olufion, protected from moisture, wias maintained
at 50°, hy heat Trom i infraved fanp, for 2 hry, then evaporated
i vacro. The residire was heated with 25 ot of O on o stenm
hath for t.5 min, chilted b ice, collected, nnd dried (o give 0,50 g
(5300 of NV, mp 118-120° Recryv=tallization from ItOH-11L6o
afforded 0.35 g (497, of XV, mp 121-122°: it was honogencons
i solvent A with £ 0.30, MO 282 iy e 8140, AT O
Le TOU0) N2 278 g Le GITO).

dnal. Cuded for CulBeNGOc ¢ 30010 H, 12020 B, 26,10
N, 0.1 Found: ) 5030 T 5040 Bry 2020 N, 902

1-¢2,2-Diethoxyethyl)-5-bromo-5,6-dihydro-6-hydroxyuracil

(XVI).--A cold, sUrred sohution of 0,46 g (2 mmoles) of the uracil
NIV in 2 mbof 1.V NaOl was added diopwise to 1 5-ml sohition
of 0.32 ¢ (2 nnnohs=) of Brain sl of 1.V NaOHL. The cold =oli-
tion wis kepl iy an ee barh under oo white, infyaved bght for 6o
wiin, then ventralized with 5t of 1.V HCL and kept cold for 50
min more: the white crvsinls were eolleeted, washed with iee
.0, and dried at A6° 0T ) foy 2 o afford 048 g 1797 100
NV mp 92059357 1t has exsentinlly vo nv ah=orption.

dnal. Caled for CulliBeNGOq G 30,9, T 5270 Br, 246,
NLNG20 Found: C, 09700 H, 5600 By, 24060 N, 867,

When the renction was performed at 85°, nsing an infraved lamp
as heat sonree, 1 407, vield of NVI was obtained.  No produet
was obtained when the experiment was repeated nt both tem-
peratures withont the mfrared lamp.

5-Bromouracil-1-acetaldehyde (XVII). A, From XVI.. A
mixture of .13 ¢ (0.49 mmole) of XVI, (115 g of NHCL aund
5.0 mlb of He) was heated at reflux temperature for 60 min.
The colorless solution wax cooled 11 ice to precipitate a1 crop of
white, shiny platex.  Thisx was collected, washed with 10 1wl of
cold H.0, and dried at 507 (v raceo to afford 040 g (ST of the
aldehyde, mp 230-233°, homogeneous with /¢; 0.53 b solvent A,
A ORO [ (e SUAU Y, ALY T 2R i Ce TNEG), AT 8T i (e 603U

dwal. Caled Tor U EBrNaOy- PO € 287 1L 2810 B,
S1NDN, 1120 Found: 2870 2,70, Br, 31.8; N, 1L

B. From XV.- A mixture of 100 mg (0.3 ninole) of XV, 0.11)
g of NH,ClL one drop of 128 HCEL and 2 ml of a0 was treated
s nbove to afford 50 g (65 2 of NVIL identical with that ob-
taived above (phy=ical properties. ivo and additional chromntog-
riphy =ystems).
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