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Ah&act--Alkylation of kthoxy--2-hydroxypyrimidines (lOa, b), via their anions, provides a convenient 
procedure for preparing N,-substituted derivatives. Reaction of lOa, b with t-butyl4-bromo-2-benzyloxy- 
carbamidobutyrate (17) gives good yields of the N,-alkylated products Ma, b. The latter have beem con- 
vmted to uracil- @a), thymine- (Xlb) and cytosine- (21) substituted a-aminobutyric acids. 

THE synthesis of pyrimidyl amino acids has attracted a great deal of attention in the 
search for a new class of potential antimetabolites. Several C-substituted pyrimidine 
derivatives have been reported to possess significant inhibitory activity. In connection 
with a program on the synthesis and bioorganic study of mcleotide analogues in 
which the purine and pyrimidine bases are attached, via N, and N, respectively, to 
suitable functional moieties, we wish to describe a convenient synthesis of certain 
N,-pyrimidyl a-amino acids. The synthesis of analogous purine derivatives has 
been reported earlier.* 

The N-alkylation of 2&dihydroxypyrimidine (uracil, la), under basic conditions, 
is complicated by the fact that the system possesses two ionizable protons (pKa,(,, = 
9-43 :pKa,(,, > 1315 and equilibrium between the mono anions, 2 and 3, can lead 
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to the formation of a mixture of isomeric products (4 and 5). While, in principle, it 
should be possible to obtain N,-substituted products, selectively, by carefully 
controlling the PH,~ this objective is not attained since in the N,-monosubstituted 
product the acidity of the N, proton is increased sufliciently (pKa 9.71) to give a 
competitive dialkylation reaction ; namely, formation of 6. Several approaches have 
been devised to attain N,-alkylation specifically and to circumvent the dialkylation 
process. Amongst these the (a) alkylation of 2,4dialkoxy-’ or disilyloxypyrimidines* 
(7); (b) reaction of mercury salts of 4-alkoxy-2-keto-1,2dihydropyrimidinesg (8) 
with active halides; (c) direct alkylation of 2,4-dihydroxypyrimidines in DMSO.‘O 
in presence of anhydrous K&O3 ; (d) Michael addition of dihydroxypyrimidines’ l 
and (e) alkylation of N,-substituted 2,4dihydroxpyrimidines12 (9) deserve special 
mention in view of their widespread application. It is noteworthy that none of the 
aforementioned methods are wholly satisfactory in view of the limitations from which 
they suffer. In (a), R = alkyl, for example, the alkylating reagent, usually a halide, 
has to be of greater reactivity than the reagent R-X, which is liberated during the 
reaction and can competitively cause alkylation of 7.” The Michael addition (d) 
is restricted only to electrophilic oletins, while alkylation of N,-substituted systems 
(e) rests solely upon the availability of suitable protecting groups which can be con- 

7 R =alkyl or sllyl 8 R= alkyl 9 

veniently removed later in the sequence. The other methods mentioned are also 
Frequently limited in their application to simple alkylating agents which are devoid 
of functional complexities.8b 

A form in which 2,4-dihydroxypyrimidines can, in principle, be most effectively 
utilized for exclusive substitution at N, and, what is more, with non-activated alkyl 
halides, is represented by the anion derived from 4alkoxypyrimidines (10). Such 
monoethers can be readily prepared via the sequence 11 -+ 12 -+ 13 --, 14 --) 1013 
(Scheme II). In an alternate approach 1Oa was directly obtained by careful hydrolysis 
of 15a and separation of the Calkoxy derivative from the accompanying 2-alkoxy 
isomer14 (16a). Surprisingly, an analogous hydrolysis of the thymine system l5b 
gave 16b as the only monoalkoxy product. With the facile availability of 1Oa and 
lob established, the approach involving selective substitution at Nl, with non- 
activated alkylating reagents, becomes a practically attainable objective. 

For synthesis of the desired pyrimidine substituted amino acid derivatives, 1Oa 
and lob were coupled with t-butyl 4-bromo-2-benxyloxycarbamidobutyrare4 (17), 
in DMF, with sodium hydride as base. (Scheme III). The reaction products of this 
alkylation reaction constituted good yields of the N,-substituted derivatives (l&t, 
18b), with some amount of 19a and 19b, from which the former could be conveniently 
separated by fractional crystallization. The formation of 19a, b obviously occurs via 
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the resonance form of the anion from lOa, b in which the negative charge is located 
at NJ. 

The conversion of Ma, b to the uracil @a) and thymine (2Ob) substituted &-amino- 
butyric acids (Scheme III) was achieved by unmasking of the amino acid functions 
with HBr/HOAc, followed by hydrolysis of the N,ethoxy group (dil HCl). Final 
isolation of the amino acid from its salt was carried out by passing a solution of the 
latter over a Dowex 5OW-X 8 ion exchange column. 
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For preparation of the cytosine derivative 21, the ester l& was aminated by treat- 
ment with ethanol saturated with ammonia, at room temperature, and the resulting 
Camino-pyrimidine system 22 subjected to deblocking of the amine and carboxyl 
functions. Conventional separation of the amino acid was achieved over a Dowex 
column. The structure of the various products was attested by their spectroanalytical 
data. Distinction between the N,-alkylation (R&I, b) and N,-alkylation (l!Ia, b) 
derivatives was made on the basis of UV spectra of the compounds ; comparison 
being made with spectra of appropriate model systems. The W maxima of l&, b, 
l9a, b and that of the amino acids 2&t, b and 21 at different PH,‘~ are described in 
Table 1. We have also observed that the NMR spectra of the N,- and N3-substituted 
derivatives of pyrimidines show marked differences which can be utilixed for struc- 
tural assignment of the positional isomers. A discussion on the application of NMR 
spectroscopy in distinguishing between N,- and N,-pyrimidme derivatives will be 
presented elsewhere. 

TABLE 1 

Compound Solvent &l&m) e x 10-s 

l& ethanol 278 6.26 
lgh ethanol 284 599 
I9a ethanol 259 4.26 
19h ethanol 265 4.81 
ma 01N HCl 265 9.58 
21h pH7+ 265 10.26 
20a DlN NaOH 264 7.32 
mIJ @lN HCl 270 9.25 
2ob pH7* 270 994 
28h DlN NaOH 269 844 
21 DlN HCl 281 13.73 
21 pH7* 272.5 9.53 
21 @lN NaOH 274 8.43 
22 ethanol 274 1OQO 

l S&risen-Phosphate-Buffer @IO66 m) 

EXPERIMENTAL 

All m.ps are uncorrected. Analyses were carried out by Messrs. H. Pieters, W. J. Buis and W. van Duyl 
of the Microanalytical Department of this laboratory. IR, UV and mass spectra were recorded on Unicam 
SP 200, Cary-14 Recording and AE MS-9 Spectrometers respectively. NMR spectra (concentration 100 mg/ 
0.5 ml, unless otherwise stated) were measured on a Varian Associates Model A-60 instrument. 

2-O-Erhylthymine (Mb). To a soln of 7.25 g of Na (0315 mol) in 350 ml 90”/. EtOH were added 38-3 g 
(0.23 mol) 2,4di-O-ethylthymine.16 The mixture was refluxed for 170 hr and the solvent was evaporated. 
The residue was taken up in 150 ml water and the som extracted with ether. From the ether layer 9Q g 
starting 2+di-Octhylthymine was recovered. The water layer, after evaporation to a small volume 
(80 ml), was acidi6ed with HOAc at 60“. 16b crystallixed out upon standing overnight at 0”. yield 18.3 g 
(68%). m.p. 147-148”; IR (KBr) 1660,1630,1540 cm-’ (characteristic for 2-O-ethylthymine); UV (EtOH) 
2705 nm (6910); NMR (CDCls-Varian HA-100) 1.98, d (3H, C,-CH, J = 1 c/s) 756, qu (lH, C,-H, 
J = 1 c/s). Mol. wt.(MS) 154(37649;calc. 154G7422.(Found:C, 54.4; I-I, &5;N, 18~3.C,H,,N,O,requires: 
C, 54.53; H, 654; N, 18.17%). 
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l(~Benzy&xycarbonyImnidoyt-butoxycar~ny~~fopy~~-e~~y~uf~i~ (HIa). 2.719 g (194 mmol) of 
101 were dissolved in 50 ml DMF and 0931 g (19.4 mmol) of a NaH dispersion (WA in oil) were added. 
The mixture was stirred for 1: hr at 50”, after which a soht of 7.22 g (194 mmol) 17 in 60 ml DMF were 

added. The reaction mixture was brought to 80” and stirred at that temp for 64 hr. After evaporation of the 
solvent, the residual material was triturated with CHCl,. The insoluble salts were filtered off by suction 
and the solvent was evaporated to give an oil which-after crystallization with ether-provided 50 g 
(60”/,) of pure white l&; TLC (silicagel-EtOAc) indicated the present of some more l& (RI 064) in 
the ether layer and a component with R, 040. The ether was evaporated and the resulting oil passed over a 
silicagel column which provided another 070 g of lga and lG9 g of l9a as an oil. After recrystallization 
from EtOH/water the total yield of 1& was 560 g (670/: mp. 1305-132. IR (KBr) 1730 (ester C=O), 
1660, 1630 and 1540 (characteristic for N, substituted 4-0-alkyl-uracil) and 1310 cm-’ (OCH,CH,); 
UV (EtOH) 278 nm (6269); NMR (CDCl,): 6 1.43, s (9H, t-butyl), 581, d (lH, Cs-H, J = 7 c/s) and 7.51, 
d (lH, C,-H, .I = 7 c/s). Mol. wt. (MS) 431.20340; talc. 43120562. (Found: C, 61.3; H, 74; N, 98. 
C,,Hs,NsO, requires: C, 6124; II, 6.77; N, 9.74%). 

3~~-EenzyloxycarbonyImnido_r-t-butoxyc~~nyl~opy~~O~~y~~~i~ (198) yield l@ g (13%) ; IR 
(CHCls) 1580 and 1570 cm-i (characteristic for Ns-alkylated 4O-ethyluracil); W @OH) 259 mn (4260); 
NMR (CDCl,) 5 1.46, s (9H, t-butyl) 5.10, s (2H, benaylic CHs) 6.32, d (H-I, Cs-H, .f = q c/s) 7.32, s (5H, 
phenyl) 8.13, d (lH, C,-H, J = # c/s). Mol. wt. (MS) 43120585; talc. 431.20562. 

l~y-Benzyloxyearbony~~-~-r-~toxyc~~ny~~py~O~t~yf~~~ (18b). Following the proce- 
dure described for the conversion of 101 to l&; compound lob resulted in the formation of Mb and 
19b. Starting with 3.93 g (25-S mmol) of lOh, @612 g (255 mmol) of NaH (SOA in oil), 949 g (25.5 mmol) 
of 17 in 150 ml DMF, 7a g (62%) of 18b was obtained, m.p. 106-108”; IR (KBr) 1740 (ester C==O); 1665, 
1640 and 1540 cm-’ (characteristic for N, substituted 4-O-ethylthyminel’); UV @OH) 284 mn (5999); 
NMR (50 mg in 05 ml CDCls) S 1.45, s (9H, t-butyl) 190, d (3H, C&H,) 7.23, m (lH, C,-H). Molwt. 
(MS) 44522472; talc. 44522127. (Found: C, 62.1; H, 7.1; N, 9.4. C,,Hs,N,06 requires: C, 62a; H, 7Gl; 
N, 9.43%). 

3~y-Benzyloxycmbonyl~~-~-~~xycmbe (1%) yield 2G g (18%); IR 
(CHCl,) 1600 and 1575 cm-’ (characteristic for N,-alkylated 4-O-ethylthymine); W (EtOH) 265 nm 
(4810); NMR (CD&) 6 1.46, s (9H, t-butyl) 203, broadened s (3H, C&H,), 509, s (ZH, benzylic CH,) 
7.33, s (SH, phenyl), 7.93, m (lH, C,-H). Mol. wt. (MS) 44522497; talc. 445.22127. 

l-(y-Benzyloxycarbonylamid~-t-batoxycarbony~propyf)cytosine (22). 2 g of l& were dissolved in 50 ml 
abs EtOH saturated with ammonia, and the soln was placed in a Carius tube. After 3 weeks at room 
temp the white ppt consisting of 22 was isolated by suction. The weight of the analytically pure compound 
was 1.30 g (70x), m.p. 215”; IR (KBr) 1660 and 1645 cm-i (characteristic for N,-substituted cytosine); 
W (EtOH) 274 nm (1COOO); NMR 50 mg in 0.5 ml DMSO-d,) 6 5.63, d (lH, C,-H, J = 7 c/s) 705, s (ZH, 
CiNH,) 7.38, s (G H, phenyl) 7.47 part of a d (:H, C,-H). Mol. wt. (MS) 402.19261; talc. 402.19261; talc. 
402~19031. (Found: C, 59.5; H, 6.4; N, 14.1. C,,H,,N,OI requires: C, 59.69; H, 6.51; N, 1392%). 

l-(y-Amino-y-carboxypropy&mcil (#)a) 240 g of l& were dissolved in 15 ml HOAc. To this soln, 15 ml 
HBr/HOAc (40%) were added. After stirring at room temp for 2.5 hr abs ether (60 ml) was added and the 
stirring continued for a further 4 hr. The precipitated l-(y-amino-ycarboxypropyl)-eOethyluracil 
dihydrobromide was isolated by suction and washed thoroughly with dry ether. The di-HBr salt was 
dissolved in 200 ml 1N HCl and refluxed for 2 hr. The soln was evaporated and the HCI salt of the amino 
acid so formed was dissolved in 30 ml water and put on a Dowex 5OW-X 8 cation exchanger in the H+ 
form. After washing with distilled water until the eluate showed a negative test for Cl- (with AgNO,), 
elution was carried out with 2N NH,OH, until the eluate was basic. Upon further elution with loO/. 
NH,OH and evaporation amino acid 24h was obtained as a colourless product After recrystallization from 
water the weight amounted to 800 mg (81x), m.p. 258”. One ninhydrine positive spot on TIC ; IR (KBr) 
1710,168O and 1660 (characteristic for the diketo structure of uracil) 1623 (NH:) and 1590 cm-’ (COO-); 
UV (Table 1); NMR (50 mg 2tIa and 50 mg K,COs dissolved in 075 ml D,O dioxan as internal standard) 
6 18-2.3, m (2H, CHJ 3.75-42, m (N-CH, and HC-COO-) 3-78 dioxan, 5.85, d (H-I, CI-H, J = 74 c/s) 
7.63, d (lH, C,-I-I, J = 73 c/s). Mol. wt. (MS) 213Q7619; talc. 21307495. (Found: C, 449; H, 5.3; N, 19.6. 
CsH,,N,O, requires: C, 45Q7; I-I, 520; N, 19.71%). 

l_(y-Amino-y-cmboxypropy~r~~i~ (2ob). 2GO g of Hlh was converted into %Ih by the procedure described 
for the conversion of 180 to m yield: 810 mg (St%), TIC: one ninhydrine positive spot, m.p. 252-258”; 
IR (KBr) 1685,167O (diketo structure of thymine) 1620 (NH:) ; W (Table 1) ; NMR (50 mg of 24Ih and 50 mg 
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K,CO,dissolvedin@75mlD,O;dioxaneasintemalstandardS 1.82*3,m(CHs) 192,d(C,CHs,J = lc/s) 
38-4.2 (N-CH, and HCXOO-) 3.79 (dioxan). 748, qu (lH, C,-H, .J = 1 c/s). Mol. wt. (MS) 227.09334; 
talc. 227m. (Found: C, 47.3; H, 5.7; N, 18.5. CPH,sN,O, requires: C, 4757; H. 5.77; N, 18*490/,). 

l_iy-Aminoy-carboxyp*opyl)cytosine (21). 687 mg of 22 were dissolved m 5 ml HOAc and 5 ml HBr/ 
HOAc (4004). ARer stirring at room temp for 25 hr abs ether (40 ml) was added and the stirring contirmed 
for a further 4 hr. The precipitated 1-(y-aminoy-carboxypropyl)cytosine.dihydrobromide was isolated 
by suction and washed thoroughly with dry ether. This HBr salt was put on an ion exchange column and 
the free amino acid isolated in the usual way, yield 270 mg (75%). TLC (one ninhydrine positive spot). 
M.p. dec > 318; IR (KBr) 1684 1630 and 1600 cm-’ ; UV (Table 1); NMR (50 mg 21 and 50 mg K,CO, 
dissolved in O-75 ml D,O; dioxan as internal standard) 6 369 (dioxan) 590, d (lH, Cs-H, J = 7 c/s) 7.53, d 
(lH, C,-H,J = 7 c/s).(Found: C,453;H, 5*6;N,26-5;CsHisN~Os requires:C,4528;H, 5.70;N,2640%). 
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