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An efficient and convenient two-step synthesis of new fluorinated uracils is described. The first step involves the condensation of an ester
enolate with a fluorinated nitrile to furnish fluorinated f-enamino esters. In turn, these compounds react with organic isocyanates or
isothiocyanates to give C-6 fluorinated uracils or thiouracils, respectively, in excellent yields. This synthesis has been successfully adapted
to solid-phase conditions with high diversity, thereby facilitating the creation of small (thio)uracil libraries.

The design of antimetabolites with structures similar to those  One important example of a fluorinated nucleoside is
of nucleosides and nucleotides has become a very attractiveTrifluridine (5-trifluoromethyl-2'-deoxyuridine3), a potent
field of research due to the essential role that nucleic acidsinhibitor of thymidylate synthaskwhich has been used as
play in metabolic processes. The structures can be modifiedan antiviral agent againsterpes simplejinfections. Modi-

to affect the base ring, the sugar, or both. For some time fications to the nitrogen base of this compound give rise to
now, analogues of nucleosides have been successfully usedther significant antimetabolites which are generally active
as antineoplasic and antiviral agehts. this particular area,  only after their in vivo conversion to nucleotides. A
much attention has been devoted to the preparation ofrepresentative example is 5-fluorouradil which displays
nucleosides with pyrimidinic bases and their derivatives, potent anticarcinogenic activify.

especially uracils with fluorinated groups in positions 5 or

6 of the ring (see structurk below). While compounds in o 0 o
which the substituent appears on C-5 have applications as HNJ\N/Sugar Ar\NJkNH HNJKN/"R
antitumoral agent%:,’ghpse in which it appears on C-6 are OM . OMCFS O)\/
used mostly as herbicides (ddearyl-6-trifluoromethyluracil 5 F(R) CF,

2 below), insecticides, and acaricid&s. 1 2 3

(dR=2'-deoxyribose)

T X-ray analysis.
(1) Nucleosides and Nucleotides as Antitumor and Avati Agents Chu, o X
C. K., Baker, D. C., Eds.; Plenum Press: New York, 1993. AN | sy R Re=ATCR, CF(CFZ)
(2) Ozaki, S.Med. Res. Reu1996,16, 51-86. R'= H, alkyl, aryl
(3) As examples, see: (a) Tohyama, Y.; Sanemitsu, Y. Eur. Pat. Appl. O;\% Re A2 R2= alkyl, aryl
EP 1122244 A1, 2001. (b) Theodoridis, G.; Crawford, S. D. (FMC F R X=08
Corporation, USA) US 6277847 B1, 2001. (c) Drewes, M.-W.; Andree, '
R.; Dollinger, M. (Bayer A.-G., Germany) Ger. Offen. DE 19632005 A1, 4 5
1998. (d) Koiso, T.; Ono, S.; Kondo, H.; Asada, T. (Dainippon Ink and
Chemicals, Inc., Japan) Jpn. Kokai Tokkyo Kono JP 09241245, 1997. (e)
Ka?;ff(wagirf"?(’_;v Al((ip‘nzno?g,c?g;Cﬁﬁ;‘gﬁ?'?\l?‘,’\h’i;ﬁé) #J S E&g&zzﬂiBAlr,aiz,OOL Combinatorial chemistry has become a powerful tool for
K.; Ishii, S. Pest Manag. Sc2000,56, 65-73. the discovery of new bioactive compourfdSolid-phase
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organic synthesis is now widely accepted as a key methodo!-jj N RN
ogy fqr the preparatlon of Iarge. numbers_ of potentla!ly Table 1. Results for the Preparation of FluorinatgéEnamino
bioactive compounds without tedious and time-consuming gsierss from Nitriles 6 and Esters

purification steps. For this reason, the development of new o NH, O
strategies for carbon—carbon and carbon—nitrogen bond Aoa 1. LDAJTHF, So*c Moa
. . . F
formation on solid support has become a nece$ditpre- R 2. ReCN (6 -78 °C R!
over, the solid-phase synthesis of organofluorinated com- 7 3. NH,Cl sat. 8 (70-97%)
pounds has been studied only infrequently, in stark contrast
with that of nonfluorinated compounds. entry 6 7 R Re? 8  yield (%)°
In this paper, we describe a novel and efficient synthetic 1 6a 7a H CF,CeHs 8a 97
strategy for the preparation of C-6 fluoroalkylated urabils 2 6a 7b CH3z CFyCeHs 8b 87
from fluorinated nitriless and ester§ via the corresponding 3 6a 7c CeHs CFyCeHs 8c 93
fluorinated 3-enamino ester8 (Scheme 1, retrosynthetic 4 6b 7a H CFa(a-CioH7)  8d 70
5 6C 7a H CFg(CFz)e 8e 91
Scheme 1
X =0C=N-R? —C= e .
PN ENR g O 0 Specifically, ester¥ (R® = Et) were treated with 1.25
NS - S— RFMOFF — %LOFP equiv of LDA at—5Q°C to gfford thei_r enolate_s,_ which were
. R i then condensed with various fluorinated nitril@st —78
5(X=0.5) i R =Et~) °C, which gaves-enamino ester8 in yields ranging from

70 to 97% (Table 1) after hydrolysis. The method appears
to be general, with all compounds appearing exclusively in
analysis) with both solution- and solid-phase techniques. the enamino form. In this fashion, a variety of compou8ds

In our synthesis, one aliphatié¢) and two aromatios@, was prepared (see Table 1).
6b) fluorinated nitriles were used as starting materials. While ~ In the second step, tifeenamino ester8 were condensed
perfluorooctanenitrile &c), is commercially availablesa with either isocyanates or isothiocyanates to furnish the
(2,2,difluoro-3-phenylethanenitrifé and 6b (2,2,difluoro- ~ corresponding uracils. First, compourgiwere treated with
3-a-naphthylethanenitril€)were prepared by slightly modi- 1.8 equiv of NaH in DMF at OC for 30 min after which
fying1® procedures previously described in the literature. ~ time 1.2 equiv of the iso(thio)cyanat@swere added. This

In the first step of our synthesis, fluorinated nitriksere ~ l€d to the N-acylation of the enamine, which then underwent
transformed into their corresponding fluorinag@enamino @ cyclization to yield the (thio)uracils. The yields were
esters through reaction with enolates of esterélithough ~ Varied; when isocyanates were used, the corresponding
this reaction, known as the Blaise reaction when performed Uracils were obtained in good yields (690%, Table 2),
with zinc enolated! has been previously used with nonflu- whereas the thiouracils were obtained in somewhat lower
orinated nitriles, it often displays serious drawbacks; in most Yields (64-70%). Allin all, 20 new fluorinated (thio)uracils
cases, the yields are only low to moderate and the reaction® Were easily prepared in only two steps and in high yields
itself is not general in that its result is often dependent on from fluorinated nitriles5, esters’, and iso(thio)cyanate

the structures of the reactardfsin contrast, fluorinated Compoundbq, the structure of which displays interesting
nitriles 6 reacted smoothly and consistently, affording Potential for coupling reactions, could not be prepared by
excellent y|e|ds (Tab|e 1) to givlé_enamino esters. merely br0m|nat|ng the Correspondlng urdsl. Rather, the

preparation of this compound required a brominated enamino
(5) Dolle, R. E.J. Comb. Chen2001,3, 477-517 and references therein. ~ ester (entry 17, Table 2), which was prepared by brominating

(6) For recent reviews, see: (a) Lorsbach, B. A.; Kurth, MChem. i i i 13
Rev. 1999 99, 15491581, (b) Sammelson, R. E.; Kurth, M.Ghem. Re. the corresponding enamino esga with NBS.™
2001,101, 137—202. The structure of these compounds was confirmed through

(7) Presented in part (FLUOO0O0O06) at the 226th ACS National Meeting, X-ray diffraction analysis oBe(Figure 1, ORTEP diagram).
Sept 7—11, 2003, New York. . . . .
(8) Kotoris, C. C.; Chen, M.-J.: Taylor, 3. Org. Chem1998 63, 8052 The high yields of this two-step synthesis and the ease

8057. with which diversity can be introduced into the molecule

28é97) Middleton, W. J.; Bingham, E. MJ. Org. Chem1980,45, 2883~ led us to believe that this process might be a good candidate
(10) We obtained improved chemical yields i (91 vs 61%) using for solid-phase methodology. The diversity can be introduced

2.2 equiv of Deoxofluor (dimethoxyethylaminotrifluorosulfurane) at room jntg gr R (from different ester from different iso-
temperature for 24 h instead of DAST. See: Lal, G. S.; Pez, G. P.; Pesaresi 0 groups ( om different este S)’F( om different iso

R. J.; Prozonic, F. M.; Cheng, H. Org. Chem1999,64, 7048—7054. ‘(thio)cyanates), R(from different fluorinated nitriles), and

(b)((l:1) @ ?Iais_e, E EtCk FIQ_- Fv!lebt#hsf%ltnce?S Algafllj yoéhl?’llggg- X (using either an isocyanate or an isothiocyanate). This
ason, J.; Rinenart, K. L., Jr.; ornton, s. D., rg. em y - - . . "

18, 1594—1600. (c) Kagan, H. B.; Suen, Y.-Bull. Soc. Chim. Fr1966, grea_tly facmta_tes the creation of small I|brar|e$ of fluorinated

1819-1822. (d) Syed, J.; Férster, S.; Effenberger, TEtrahedron: uracils for their subsequent biological evaluation. To the best

Asymmetrn1998, 9, 805-815. (e) Mauduit, M.; Kouklovsky, C.; Langlois, ;
Y- Riche C.Org. Lett. 2000.2, 10531056, of our knowledge, there is only one recent precedent of the

(12) (a) Hiyama, T.; Kobayashi, K. Tetrahedron Lett1982,23, 1597
1600. (b) Hannick, S. M.; Kishi, YJ. Org. Chem1983,48, 3833—3835. (13) Fustero, S.; Salavert, E.; Sanz-Cervera, J. F.; Roman, R.; Fernandez-
(c) Lee, A. S.-Y.; Cheng, R.-YTetrahedron Lett1997,38, 443—446. Gutiérrez, B.; Asensio, ALett. Org. Chem2004,1, 93-98.
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s Our solid-phase synthesis of fluorinated uracils as outlined

Table 2. Results for the Reaction of Compoun@svith in Scheme 2 is parallel to that described above. First, Wang
Iso(thio)cyanate®

X
NH, O 2
.R
x NaH HNJ\N Scheme 2
Rf OEt + X=C=N-RZ ——
R1 DMF, 0 °C RF)\(&O o
9 Ac,0 [ Pyridine
-EtOH 1 Cy V!
8 R OOH i O)LCHg
5 (X=0,9) 25°C, 15h.

Wang resin (10}

- 1
entry Re Rt R2 X 5 vyield (%)
1 CFyCeHs H  p-F-CeHa O 5a 90 , O NH,
2 CFsCHs H  p-CHO-CsHs O 5b 84 i L S O_O i
3 CF,CeHs H m-CF3—CgHa O 5¢ 76 2. RgCN (6a)/-7T8°C FF
4  CF,CgHs H CgHs O 5d 86 3. NH,Cl sat. 12
5 CF2C5H5 H SeC-C4H9 O b5e 71
6 CF2C5H5 H C2H5 O 5f 78 x
7 CFCeHs H  (S)-CeHs(Me)CH O 5g 90 X=C=N-R? REN)LNH
8 CF.CsHs H  p-(COOEt)-Ce¢Hs O 5h 75 9 . ;\%\(@
9 CF.CeHs H  CH,COOEt O 5i 73 NaH, DMF, 0°C o .8
10 CF.CeHs H  p-F-CsHq S 5j 64 E1OH
11 CFC¢Hs H  p-CH3—CgHa S 5k 68 5(x=0.8)
12 CF,CHs H  p-NO»—CgH, s sl 70
13 CFyCeHs H  CiHs S 5m 66
13 Eizgzﬂj gﬂj fn_FCFfG_F(';‘M 8 22 352; resin 10 (0.83 mmol/g loading) was loaded with acetic
16 CF,CeHs CeHs p-F—CeHa O 5p 85 anhydride in the presence of pyridine at room temperature
17 CF,CsHs Br  p-F—CeHq O 5q 78 for 15 h, followed by washings with DMF, CGi€l,, and
18 CFo(o-CioH7) H  p-F—CeHa O 5r 64 MeOH to afford the acetylated Wang redith (0.80 mmol/g
19 CRy(CF2s H  p-F-CeHs O 5s 82 loading, Scheme 2). Next, resihl was reacted with an
20 CR5(CFs  H  CeHs 05 &4 excess (3 equiv) of LDA in THF at-50 °C for 1.5 h to
aYields of purified products. generate the enolate, which was then treated with difluo-

rophenylacetonitrilésa (3 equiv) at—78 °C for 3 h.

After hydrolysis with aqueous NKEI solution and wash-
ings, the coupling was confirmed by means of FT-IR
spectroscopy of the resin, which showed the appearance of
two new characteristic NH tension bands, which correspond
_ to the new amino group at 3523 and 3417 énas well as

bands for the carboxyl €O tension, 1731 cmi) and
enamino groups (C=C tension, 1679 ¢ These bands
confirmed the presence of&enamino ester bound to the
resin in12.

Resinl12 was then treated with 3.6 equiv of NaH in DMF
at 0 °C for 30 min, followed by addition of 2.4 equiv of
several different iso(thio)cyanat&sand orbital stirring for
15 h. This caused not only the formation of the uracils but
also their cleavage from the resin, which precluded the need
for a specific cleavage step. This cyclization—cleavage
strategy thus combines linker cleavage and ring formation
in a single reaction stel§. After extraction of the uracil with
Figure 1. Ellipsoid plot of compounde (50% probability level). EtOAc and removal of the solvents in a vacuum, the C-6-
difluorobenzylated uracild (X = O) were obtained in
) , , satisfactory yields (6789%) and with high purity (6599%)
the literature contains very few examples of solid-phase (Figure 2). In contrast, the corresponding C-6-difluoroben-
parallel syntheses of fluorinated compour®ls, fact that ;v jated thiouracils (X = S) prepared with thioisocyanates
makes the search for new solid-phase syntheses for orgajsiead of isocyanates were obtained in lower yields{55
nofluorinated compounds even more appealing. 63%) and with lower purity (6373%). This result was not
surprising, as our solution synthesis of the thiouracils had

synthesis of uracils in the solid phase, but in that case the
diversity introduced was minimal and only mixtures of
isomeric nonfluorinated uracils were obtairté&urthermore,

(14) Wahhab, A.; Leban, Jetrahedron Lett2000,41, 1487—1490.
(15) See, for instance: (a) Vidal, A.; Nefzi, A.; Houghten, R.JAOrg.

Chem.2001,66, 8268—8272. (b) Volonterio, A.; Chiva, G.; Fustero, S.; (16) Brase, S.; Dahmen, S. klandbook of Combinatorial Chemistry
Piera, J.; Sanchez Rosello, M.; Sani, M.; ZandaTktrahedron Lett2003 Nicolau, K. C., Hanko, R., Hartwig, W., Eds; Wiley-VCH: Weinheim, 2002;
44, 7019-7022. Vol. 1, pp 59-169.
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o F 0 OCH o Q 0 0
HN)LN/O/ HNJ\N/@ HNJ\N CFs HNJ\NJ\/ HNJ\N/\
FF FF FF FF FF
9

5a, 88% (89%) 5b, 81% (96%) 5¢, 89% (>99%) 5e, 86% (79%) 5f, 80% (>99%)
CH S
CO,Et 0o s /©/F s /©/ 3 J\
o
~
HNJ\N/Q/ HN)J\N/\COZE’: HN)LN HNJ\N w
N0 o "o o FF °
FF FF FF FF
5h, 67% (65%) 5i, 83% (92%) 5§, 63% (61%) 5K, 55% (73%) 5m, 58% (64%)

Figure 2. Uracils and thiouracil$ prepared with solid-phase methodology. Shown are yields and, in parentheses, purities of the crude
products after cyclative cleavage before purification.

already shown clearly lower yields than for the uracils. In the creation of extensive fluorinated uracil and thiouracil
any event, a variety of (thio)uracils were prepared through libraries in a straightforward manner.
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In conclusion, we have described a simple and efficient
synthesis of fluorinated (thio)uracils that starts with an ester
and a fluorinated nitrile to furnish the corresponding ;
fluorinated8-enamino esters, which in turn react with iso- 12, and crystal datg fqr com.pourﬁia in CIF format (;1
(thio)cyanates to yield the desired products. The solution pages). This materlal is available free of charge via the
method has been successfully adapted to solid-phase meth'—nternet at http://pubs.acs.org.
odology with high diversity, which allows for the first time  0OL049668Z
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