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The bromoacetal XV was sought as an intermediate 
in an alternate, but subsequently abandoned, route to 
111. The bromination of the uracil acetal XIV6 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-hpdroxydi- 
hydrouracils is well known,* the isolation of a relatively 
stable crystalline one from a uracil lacking a &sub- 
stituent is u n u s ~ a l . ~  Hydrolysis of either acetal XV 
or XVI afforded the same bromoacetaldehyde XVII. 

DL-Willardiine mustard 111 and a number of inter- 
mediates mere screened by the Cancer Chemotherapy 
Sational Service Center (CCKSC) for antitumor activ- 
ity according to established CCSSC protocoLi2 The 
mustard I11 and its ethyl ester IX were screened against 
Walker carcinosarcoma 256 (subcutaneous) in albino 
rats. The results show that neither I11 nor IX ex- 
hibited significant activity. 

Several intermediates, X, XI, and XIV, were 
screened against Sarcoma 1SO and leukemia L1210; no 
significant activity was found. All the intermediates 
tested in cell culture against I<B cells were inactive. 

Experimental Section13 
3- [ 5-Nitr0-3,4-dihydro-2,4-dioxo-l( 2H)-pyrimidinyl] -DL-ala- 

nine (5-Nitro-n~-willardiine) (IVa).-To an ice-cooled, stirred 
mixture of 25.0 g (0.113 mole) of DL-vdardiine6~6 in 50 ml of 
concentrated H2HOa was added dropwise 11 .0 ml of red-fuming 
HX03.  The mixture was stirred for 2 h r  at ice temperature, 
3.5 hr a t  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 SH4OH. The 
crystalline precipitate was kept cold overnight, then collected, 
washed with 400 ml of H20, and dried at  50' wz vacuo to afford 
24.1 g (86%) of IT'a.H20, 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 
H20,  mp 232-23.5". It was homogeneous in solvents A and B 
with R f  0.18 and 0.81, respectively. 

Anal. Calcd for C,H8?IT406: C, 34.4; H, 3.30; X, 22.95. 
Found: C, 34.6: HI 3.42; S, 22.96. 

I n  this nitration, larger ratios of red-fuming HSOa to H$04 

(8) (a) See ref 7, pp 172-174, 256-258; (b) S. Y. Wang, J .  Org. Chem., 
'24, 11 (1959); (c) A. hl .  Moore and S .  M. Anderson, Can. J .  Chem., 37, 590 
(1959). 
(9) (a) When the 5 position is substituted, the crystalline intermediate 

has been isolated.10 When the brominations of uracil are carried out in alco- 
hol, the 5-bromo-6-alkoxyuracils have been isolated." (b) H. A. Loseron, 
M.  P. Gordon, T .  Gabriel, W. Tauts. and R. Duschinsky, Biochemistry, 3 ,  
1844 (19641, have successfully isolated dl-5-5-fluoro-6-hydroxydihydrouracil. 
(10) (a) K. Dimitrov and B. Kurtev, Compt. Rend. Acad. Bulgare Sci., 

11, 497 (1958); Chem. Abstr . ,  64, 1530 (1960); (b) R. Duschinsky, T. 
Gabriel, W. Tauts,  A .  Nussbaum, 31. Hoffer, E. Grunberg, J. H. Burchenal, 
and J. J. Fox, J .  Med. Chem., 10, 47 (1967). 
(11) B. Kurtev and RI .  Kirilov, Bulgar. Akad.  .Ynuk, Otd. G e o L  

Geograf. Khim.  .\'auki, Iru. Khim.  Ins t . ,  1, 277 (1951); Chem. Abstr., 47, 
1607 (1953). 

( 1 2 )  Cancer Chemotherapy Rept., 25, 1 (1962). 
(13) Melting points were taken on a Fischer-Johns apparatus and are not 

corrected. Paper chromatography was done by  the descending technique 
on Whatman No. 1 paper unless otherwise noted (except solvent A). The 
solvent systems were A, CoHshIeOH-H2O (2:6:1) run on Sohleicher and 
Schuell No. 2496 acetylated paper: B, 5% aqueous NazHPOd, pH 8.9; 
C, n-BuOH-HZO (saturated): D, n-BuOH-HOAc-H20 (5:2:3); E, i- 
PrOH-2 N HCl (65:35): Thin layer 
chromatograms (tlc) were run on ailica gel H F  (F. Merck A. G., Darmstadt) 
in MeOH-EtOAc (ME)  where thc  per cent of MeOH is denoted by a num- 
eral after ME. For example, ME-2 denotes the above solvent combination 
containing 2% MeOH. The  spots were detected onall  chromatograms under 
ultraviolet light. 

F, n-BuOH-2 M HC1 (saturated). 

gave lower yields and other grades of HNO, were unsatisfactory. 
The use of HOAC-H~SO~ mixtures was also not satisfactory. 

Ethyl 3- [5-Nitro-3,4-dihydro-2,4-dioxo-l(2H)-pyrimidinyl] -DL- 
alaninate (Ethyl 5-Nitro-~~-willardiinate) (IVb).-Refluxing 2.60 
g (10. 6 mmoles) of the acid IVa in EtOH saturated with gaseous 
HC1 for 4 hr yielded 2.82 g (807,) of IVb, mp 162-164", homo- 
geneous in solvents A and C with Ri 0.35 and 0.20, respectively. 

Anal. Calcd for C S H ~ ~ N Y ~ ~ O ~ . H C ~ . C ? H ~ O H :  C, 37.3; HI 5.40; 
N, 15.8. Found: C, 37.2; H, 5.22; N, 15.7. 

Ethyl 3-[5-Nitro-3,4-dihydro-2,4-dioxo-l(2H)-pyrimidiny~] -N- 
phthaloyl-nL-alaninate (V).-A mixture of 16.2 g (0.046 mole) 
of IVb.TTC1.EtOT-I in 150 ml of pyridine was allowed to react 
with 7.4 g (0.05 mole) of phthalic anhydride for 1.5 hr a t  room 
temperature and 1.5 hr a t  reflux and worked up by the usual pro- 
cedure14 to afford 15.9 g (87%) of T' as a tan solid, mp %%9-231', 
with spectral and chromatographic characteristics similar to the 
recrystallized samples. This was suitable for iise in the next 
step. Recrystallization of V from EtOAc gave the analytical 
sample, mp 247-248." It was homogeneous in solvent ME-2 with 
Ri 0.86 (starting material, Ri 0.08). 

Anal. Calcd for CliHlJ;408: C, 50.8; H, 3.51; K, 13.93. 
Found: C, 50.3; H, 3.43; S, 13.66. 

Ethyl 3-[5-Amino-3,4-dihydro-2,4-dioxo-l(2H)-pyrimidinyl]- 
N-phthaloyl-DL-alaninate (VI).-A mixture of 3.2 g (7.9; mmoles) 
of V, 400 mg of 5% Pd-C, 80 ml of absolute EtOH, aiid :3 ml of 
absolute EtOH saturated with HC1 (at  0") was hydrogenated at  
room temperature and pressure. After the theoretical amount 
of H2 was consumed in 2.7 hr, the mixture was diluted with 50 
ml of EtOH, warmed to effect solution of the product, and filtered 
t,hrough Celite to remove the catalyst. The catalyst was 
thoroughly washed wit'h EtOH. The EtOH filtrate and washes 
were evaporated to  dryness to afford the theoretical yield of the 
hydrochloride of T? as a white, crystalline solid, mp  192-200" with 
sintering from 17.5-190". This was suitable for use in the next 
step. The hydrochloride could be converted to the free base TI, 
identical in properties with the analytical sample below. 

I n  an earlier experiment, hydrogenation of T' in 2-methoxy- 
ethanol without the use of HC1 had given, after recrystallization 
from EtOH, an 80% yield of VI, mp 207.6-208.5", homogeneous 
in solvent. C with Rf 0.58 (starting material streaks to  Kr 0.10) and 
solvent, ME-20 wit,h Rr 0.81. 

Anal. Calcd for Cl7Hl6K4O6: C, 54.8; H, 4.33; K, 15.1. 
Found: C, 54.5; H, 4.39; N, 14.9. 

Ethvl 3-~5-Bis[2-hvdroxvethvl~am~no-3,4-dih~dro-2,4-dioxo- 
1( 2H)-pyrimidinyl]'-N-phthaioyI&L-alaninate ( VIi).-A' solution 
of 0.80 g (1.9.5 mmoles) of VI.HC1, 40 ml of HOAc, 10 ml of 
ethylene oxide, 5 ml of HzO, and 2.0 g of anhydrous NaOAc was 
stirred overnight at room temperature, then evaporated to dryness 
in vacuo. The residue was partitioned between 75 ml each of 
EtOAc and H20. The EtOAc vas dried and evaporated in vacuo 
to afford 0.70 g (777,) of material nrhich, after crystallization 
from EtOAc afforded 0.50 g (55%) of cream-colored crystals of 
VII, mp 144-1445', It moved as a single spot in solvents C 
and LIE-20 wit,h Ri 0.74 and 0.11, respectively. 

Anal. Calcd for C21H24N408: C, 54.8; HI 5.25;  IC, 12.2. 
Found: C, 54.4; HI 5.45; N, 12.6. 

Ethyl 3-[5-Bis(2-chloroethyl)amino-3,4-dihydro-2,4-dioxo-1- 
(2H)-pyrimidinyl] -N-phthaloyl-DL-alaninate (VIII).-A solution 
of 0.30 g (0.65 mmole) of the crystalline VI1 in 2.8 ml of POC13 
was heated for 2.5 hr a t  75-80', then poured onto 30 ml of crushed 
ice and H20, stirred for no more than 5 min, and extracted with 
CH2C1,. The organic layer was dried and evaporated in z'acuo 
to leave 0.43 g of a lime-colored solid foam. Crystallization 
from 5 ml of absolute EtOH afforded 0.27 g (84Yc) of light yellow 
needles of VIII, mp  167-168". It moved as a single spot with 
Rr 0.81 in solvent E and with I i l  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 C21H?2C12N406: C, 50.6; H, 4.45; C1, 14.3; 
N, 11.3. Found: C, 50.5; HI 4.77; C1, 13.9; S, 11.4. 

Ethyl 3-[5-Bis(2-chloroethyl)amino-3,4-dihydro-2,4-dioxo- 
l(2H)-pyrimidinyl] -DL-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 NHsNH, in 
5 ml of RleOH, then stirred a t  40" for 5 days, and evaporated 
in oacuo. The residue was triturated thoroughly with CH2C12 

(14) H. F. Gram, C. W. hfosher, and B. R. Baker, J .  A m .  Chem. Soc.. 81. 
3103 (1959). 




