W/ =

TETRAHEDRON
Pergamon Tetrahedron 55 (1999) 3105-3116
An Easy Strategy for the Synthesis of 5-Phospherylated

Pyrimidin-2,4-diones from -Phosphine Oxide and
Phosphonate Enamines

bsiraci: An casy and efficient synthesis of pyrimidin-2,4-diones substituted with a phosphine oxide
or phosphonate group in the 5-position is described. The key step is the cyclization of functionalized
amides, with ethyl chloroformate in the presence of base. In the same way, functionalized thioamides

afforded substituted 5-phosphorylated 2-oxo-pyrimidin-4-thiones. © 1999 Elsevier Science Ltd. All rights reserved.

;;

Pyrimidone ring systems represent an important class of compounds,! within which 2,4-dioxo-
pyrimidines constitute a part of the backbone of the antibiotic Sparsomycin2a and have been used for molecular
recognition and self-replication.2b Likewise, uracil I (Scheme 1) is an important naturally occurring pyrimidine
base, which is a constituent of nucleic acids34 and can be used for the preparation of biologically active
enzymatic inhibitors,3b 011,fzonucleotldf:b3L or nucleosides.3d 5-F luoraczl4a’b IIa and its derivatives,4¢-d mainly

used for cancer therapy whilce orotic acid TIT has been recently applied to industrial enzymatic production of
rrtiding Ainhaonhata AOTDY L1252 .- .. i msialantiAscID i A iaa A Lot m i i O L
Cytiaine aipnospnaic (CDP) cnoline 2 1€ nucieoiiaes’? and used for the protection of post heart

1 &8~

nd
attacks against global ischemia®© and for the formation of paliadium and platinum compounds with antitumour

activity.>d

With this in mind and taking into account the importance of regiosclective functionalizalion9 at the 5-
position of uracil derivatives, as has been observed for 5-substituted fluoro compounds? II, we are interested in
the design of new pyrimidone derivatives substituted with a phosphine oxide or a phosphonate in the 5-position
of the heterocyclic system. These substituents could regulatc important biological functions and could increase
the biological activity of these types of compounds in a similar way to that reported for other

pharmaccuticals.ob.

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(99)00069-1
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Classical approaches! 1o pyrimidin-2,4-diones have been reported and recently the preparation of
phosphonoalkyl substituted uracils has been described.” However, to the best of our knowledge, the synthesis
of phosphorus substituted pyrimidin-2,4-dione derivatives has not been reported. In this context and in
connection with our interest in the synthesis of five8 and six? membered phosphorylated nitrogen heterocycles
we have used B-functionalized enamines derived from phosphazenes, phosphonium salts, phosphine oxides
and phosphonates as synthetic intermediates in the synthesis of acyclic derivatives such as oximes,10a
allylamines,10b hydrazones,10¢ azadienes,10d aminodicnes10¢ and B-amino functionalized compounds!Of.2 as
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them in the synthesis of cyclic82.9b.4,118,13 and acyclic!?
synthesis of new phosphorus heterocycles and with the reactivity of functionalized enamines, we report here an
easy and high yiclding synthesis of 5-phosphonyl pyrimidin-2,4-dione derivatives IV, from ethylchloroformate
and amide-enamincs or amide-enehydrazines containing a phosphoryl or a phosphonyl group V, prepared from
functionalized enamines!1214 or ene hydrazines!® VI (Scheme 2).
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Functionalized secondary B-enamino (R? = Ar) 4 and B-ene hydrazino amides (R2=R,N) 5 were easily
prepared by reaction of B-enamines!4 1 and B-ene hydrazines!5 2 derived from phosphine oxides and
phosphonates with isocyanates (see Experimental Section). The reaction of enamino-amides, derived from

hosphine oxides (4, R4 = Ph), with ethylchloroformate in the presence of MeLi (1.6 M in Etp0) and agucous

le 1. entries 1-3) The
e 1, entries 1-3). 1'n
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Compounds 8 were characterized on the basis of their spectroscopic data. Thus, in the 3lp NMR spectrum of
compound 8a the phosphoryl group resonates at 8p = 29.0 ppm while the Bc.NMR spectrum of this
compound 8a showed absorption at §¢c = 151.7 ppm for the urea carbonyl group, as well as doublets at 3¢ =
161.7 ppm with a 2JpC = 11.3 Hz, at §¢c = 103.1 ppm with a i]pcz 115.3 Hz and at 8¢ = 164.1 ppm with a
%Jpc = 12.2 Hz for the heterocyclic carbon atoms C-4, C-5 and C-6. In a similar way, the use of a mixwurel4 of
enamino and imino-amides 4/4’d (66:34) led to the formation of 2,4-dioxo-pyrimidine 8d (see Table 1, entry
4).
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Scheme 3
This methodology, used for the preparation of pyrimidin-2,4-diones derived from phosphine oxides 8,
can also be applicd to amino substituted (R2 = RoN) compounds 9 (Table 1, entries 5-9) when mixtures of
amido-cnchydrazines and -hydrazones!® 5/5’a-e are used. Likewise, pyrimidin-2,4-diones derived from

phosphine oxides 8 and 9 were alternatively prepared in a “one pot” synthesis from isocyanates and [3-enamine
1 or B-cne hydrazines 2, when crude 1:1 adducts 4 and 5/5” are directly treated, without their isolation, with
base in THF (Table 1, entries 1, 5, 6). However, the reaction of substituted amido-enamines 4e,f and amido-
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phosphonic ester group 1, in order to enhance the scope and the synthetic use of this reaction.

=

diones wit
Treatment of primary enamino-amides!12 6 with ethyl chloroformate in the presence of BuLi (1.6 M in
hexanes) at 0 °C led (o the formation of S-phosphorylated pyrimidin-2,4-diones (10, R4 = OEt) in excellent
yields (Table 1, entries 10-12). Taking into account the interest in aminophosphonic acid derivatives,ob.c.16,17
the ester cleavage of phosphonates was explored. Phosphorylated pyrimidin-2,4-dione (10¢, R4 = OEt)
underwent ester cleavage with trimethylsilyl bromide8¢ in chloroform followed by hydrolysis with water to give
heterocycle 11.

Table 1. Pyrimidin-2,4-diones 8, 9 and 10 and 2-oxopyrimidin-4-thiones 14 and 15 obtained.

Entry Comp. R1 R2 R3 R4 Yield (%) m.p. °0)

] 8a Me p-Me-Ph Ph Ph 812 66 > 275
2 8b Me p-Me-Ph Et Ph 763 105-106
3 8¢ Et p-Me-Ph Ph Ph 712 > 275
4 8d p-Mc-Bn p-Me-Ph Ph Ph 66¢ 216-217
5 9a Me MesN Ph Ph 88d 73¢ 203-204
6 9b Me MesN Et Ph 80d 70¢ 215-216
7 9c Me MeoN p-Me-Ph Ph 77d 231-232
8 9d Et MceoN Ph Ph 81d 175-176
£ e Et MiesN Et Ph 85¢ 184-185
10 ifa p-Me-Ph H Ph OFEL 66! 211-212
il i0b Ph H Ph OEl 7if 224-225
12 10c Ph H p-MeO-Ph  OEt 59f 221-222
13 11 Ph H p-MeO-Ph OH 828 265 (dec)
14 14a Me p-Me-Ph Ph Ph 74h 275-276
15 14b Et p-Me-Ph Ph Ph 77h 235-236
16 15a Me MesN Ph Ph 78i 236-237
17 15b Me MepsN Et Ph 761 215-216

2 yicld of isolated products 8 based on 4. P Yield of isolated products 8 in “one pot” reaction from 1. ¢ Yield

of isolated pmduu 8d based on 4/4°d. 9 Yield of isolated products 9 based on 5/5°. © Yield of isolated

products 9 in “one pot” reaction from 2. f Yield of isolated products 10 based on 6. & Yield of isolated
product 11 bascd on 10¢. ! Yield of isolated products 14 based on 12°. 1 Yield of isolated products 15 based
on 13°,

This methodology used for the preparation of pyrimidin-2,4-diones 8-10 can also be applied to the
synthesis of 2-0xo-pyrimidin-4-thiones 14 and 15 when imino-thioamides!4 12’ or hydrazono-thioamides!’
13’ are used. The reaction of imino-thioamides!4 12’ or hydrazono-thioamides!3 13’ with ethyl chloroformate
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(Table 1, entries 14-17).

In conclusion, the synthesis described in this paper provides an efficient and easy access to pyrimidin-2,4-
diones 8-16 and the corresponding 2-oxo-pyrimidin-4-thio derivatives 14, 15 substituted with a phosphine

oxide or a phosphonate group in the 5-position, making use of readily available starting materials.
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General procedure for the reaction of enamine carbanions derived from phosphine oxides 1
(R4=Ph) and phosphonates 1 (R4=OEt) with isocyanates or isothiocyanates. For experimental
details for preparation of compounds 4a, 4¢, 4/4’d (66:34), 4e and 12’a and NMR spectroscopic data, see
reference 9¢, Compounds 4b, 4f and 12°b were prepared similarly.

1-Ethylcarboxamide-2-p-tolylaminoprop-1-enyldiphenylphosphine oxide (4b). 1360 mg (65 %)
of 4b as a white solid. Data for 4b: mp 128-129 °C; {H-NMR (300 MHz) 0.93 (t, 3H, 3Jyy = 7.2 Hz, CHjy),

~ry »\rv —~r -~ ~ an ATTY n —~

i.41 (s, 3H, CHa3), 2.23 (s, 3H, CHa3), 3.15 (t, 2H, 3Jyy = 7.2 Hz, CH;), 6.85-7.80 (m, 14H, arom), 8.70
(s, 1H, NH), 10.90 (s, 1H, NH) ppm; 3C-NMR (75 MHz) 13.0 (CH3), 20.4 (CH3), 21.2 (d, ?Jpc = 6.2 Hz,

CHa), 84.3(d, Upe=115.1 Hz, C-P), 115.2-148.6 (C-arom), 164.1, 164.3 ppm; F/P-NMR (150 MHz) 34.4
ppm: JR (KBr) 3323, 2919, 1659, 1514, 1129 cm-1; MS (70 eV) 418 (M+_ 5). Anal. Calecd for Cy5H,7N,0;P:

—
Nt
O

0
(7
C,71.77; H, 6.46; N, 6.70. Found: C, 71.85; H, 6.61; N, 6.59.
Diethyl 2-allylamino-1-phenylcarboxamideprop-1-enylphosphonate (4f). 710 mg (67 %) of 4f as
an oil. Data for 4f: {H-NMR (300 MHz) 1.26 (t, 6H, JJyy = 7.0 Hz, CH3), 2.16 (s, 3H, CHa), 3.87 (m, 2H,
CH,-N), 4.04 (m, 4H, CHj), 5.16 (m, 2H, CH,=), 5.81 (m, 1H, CH=), 6.92-7.49 (m, 5H, arom), 11.29 (s,
1H, NH), 12.35 (s, 1H, NH) ppm; *C-NMR (75 MHz) 15.9 and 16.0 (CH3), 17.4 (d, *Jpc = 3.0 Hz, CH3),
45.4 (CH-N), 61.2 and 61.3 (CH,-0), 79.6 (d, 1Jpc =196.9 Hz, C-P), 116.6 (CH;,=), 120.2 (CH=), 122.3-
139.1 (C-arom), 169.7 (d, 2Jpc = 19.6 Hz), 170.4 (d, 2Jpc = 16.1 Hz) ppm; 3/ P-NMR (150 MHz) 28.4 ppm:
IR (KBr) 3207, 2985, 1649, 1555, 1266, 1031 cm-i; MS (70 eV) 352 (M+, 8). Anal. Calcd for

C7H155N,04P: C, 537.95; H, 7.10; N, 7.95. Found: C, 57.67; H, 7.21; N, 7.69.

1-Phenylthiocarboxamide-2-p-tolyliminebutyldiphenylphosphine oxide (12°b). 1860 mg (75 %)
of 12°b as a white solid. Data for 12°b: mp 154-155 °C; IH-NMR (300 MHz) 0.91 (¢, 3H, 3Jyy = 7.8 Hz,
CHz3), 2.06 (q, 2H, ¥Tyg = 7.8 Hz, CHy), 2.24 (s, 3H, CHjy), 5.36 (d, 1H, 2Jpy = 9.9 Hz, CH-P), 6.72-7.96
(m, 19H, arom), 11.74 (s, 1H, NH) ppm; 3C-NMR (75 MHz) 11.0 (CHz), 20.8 (CHz), 29.0 (CH;), 65.7
(d, 1Jpc = 47.8 Hz, C-P), 119.1-139.0 (C-arom), 169.8 (C=N), 189.0 (C=S) ppm; 3IP.NMR (150 MHz)
29.5 ppm; IR (KBr) 3174, 3013, 1582, 1520, 1367 cml; MS (70 eV) 496 (M*, 21). Anal. Calcd for
C30H9N,OPS: C, 72.59; H, 5.85; N, 5.65. Found: C, 72.70; H, 5.93; N, 5.52

General procedure for reaction of hydrazone carbanions derived from phosphine oxides 2
(R4=Ph) and phosphonates 2 (R4=0FEt) with isocyanates or isothiocyanates. For experimental
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details for preparation of compounds 5/5’a-e (R* = Ph) and 13’a-b (R* = Ph) and NMR spectroscopic data,
see reference 15. General procedure for the preparation of compounds 5f-i (R4 = OE(): toa-78 °C 1.6 M
solution of MeLi in Et;O (5 mmol) in THF (45 mL) was added a solution of diethyl B-N,N-
dimcthylhydrazonopropylphophonate 210¢ (Rl = Me, R4 = OEt) (1.18 g, 5 mmol) in THF (40 mL). The

PO T SR R SPE S PY JSU SE AE N TEPE S I SRS TEILD 10 nT )
IHL\lu[C was an0Owed to Sir at wais wempeldiuic 1 T 1 N0 ana a Somution o1 1500 Yydll i (2 m uuUl} l Il inr (1UinL)
wac than adAdad at tha cama tanminaratiira A ftar tha miviiras wwae allaaarard vy iy v tho raanfinn mevinera wao
was tnen aaaed at e same wemperatule. AICT Ui MIXWIC was duwed W wdrm 10 I, e reaCiion mixiure was
stirred at rt until TLC indicated the disannearance of the comnound 2 (~ 24 h). The mixture wag diluted with
ed until L0 1ngcal sappearance o1 the uulllyu\ ng & {(~ 24 n). 1he mixture was guuled wity

trr 1 the Al th
water (40 mL) and extracted with CH,Cly (3 x 20 mL).
dried over MgSOy, and concentrated. The crude residue was punfxed by flash-chromatography eluting with 1: 1
Et,O/hexanes.
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Diethyl 2-(N,N-dimethylhydrazino)-1-phenylcarboxamideprop-1-enylphosphonate (5f). 1330
mg (75 %) of 8f as an oil. Data for 5f: /H-NMR (300 MHz) 1.33 (I, 6H, 3Jyg = 7.1 Hz, CH3), 2.39 (s, 3H,
CH3), 2.57 (s, 6H, CH3N), 4.08 (q, 4H, ’Jyy = 7.1 Hz, OCH3), 6.97-7.53 (m, 5H, arom), 8.45 (s, 1H,
NH) 9.72 (s, 1H, NH) ppm; 3C-NMR (75 MHz) 14.5 (CH3), 16.5 (CH3), 47.9 (CH3N), 61.5 (OCH,),

).3 (d,/Jpc = 174.5 Hz, C-P), 118.7-139.2 (C-arom), 169.8, 170.3 ppm; “P NMR (150 MHz) 27.9 ppm;
IR( Br) 3560, 3279, 2785, 1784, 1737, 1637 cm-1; MS (70 eV) 355 (M+, 19). Anal. Calcd for

NN N D SANL. T 729 N 11 | 1- M &4 1&£. LY 7248 N 11 Q&

CrertagiNgUgr:. U, J4.06; 4, 7.36; IN, 11.65. rouna: €, 34.16; 11, /.56, N, 11.86.
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mg (73 %) of 5g as an oil. Data for 5g: 1H-NMR (300 MHz) 1.09 (1, 6H, *Iy = 7.2 Hz, CHa), 1.25 (t, 3H,
gy = 7.1 Hz, CHs), 2.28 (s, 3H, CHs), 2.49 (s, 6H, CH3N), 3.18 (q, 2H, ?Jgy = 7.1 Hz, CH,), 3.97 (q,
4H, Ty = 7.2 Hz, OCH,), 8.72 (s, 1H, NH), 9.08 (s, 1H, NH) ppm: {3C-NMR (75 MHz) 13.6 (CH3)

14.9 (CH3), 15.0 (CH3), 32.5 (CHy), 46.7 (CH3N), 59.7 (OCH,), 76.1 (d, /Jpc = 198.4 Hz, C-P), 167.8
(d, 2Jpc = 16.0 Hz), 169.7 (d, 2Jpc = 19.5 Hz) ppm; 3/P-NMR (150 MHz) 28.3 ppm; IR (KBr) 3572, 3495,
3270, 1621, 1425, 1270, 1032 cm!; MS (70 eV) 307 (M*, 3). Anal. Calcd for Cy2H26N304P: C, 46.90; H,
8.53; N, 13.67. Found: C, 47.02; H, 8.50; N, 13.64.

Diethyl 1-'butylcarboxamide-2-(N,N-dimethylhydrazino)prop-1-enylphosphonate (5h). 921
mg (55 %) of 5h as an oil. Data for Sh: 'H-NMR (300 MHz) 1.28 (1, 6H, 3Jgz = 7.0 Hz, CH3), 1.32 (s, 9H,

CH3), 2.29 (s, 3H, CHj3), 2.53 (s, 6H, CH3N), 3.92-4.15 (m, 4H, OCH;), 8.94 (s, 1H, NH), 12.55 (s, 1H,
NH) ppm; IC-NMR (75 MHz) 15.9 (CHs), 16.0 (CH3), 28.9 (CHa3), 47.8 ( H3N) 50 1 (C), 60.8 (OCH2),

69 Hz C-P) IAQOIA ZI,A_. 16.1 Hz). 1705 d 2 m- 3ID_NMP (180
U.7 1UG.7 \U, "opC — 1VU.1 11L), W

R (KBr) 3264, 3078, 90“ 1554, !2317 12221023 ¢m

s LLL,

Calcd for C4H3gN304P: C, 50.14; H, 9.02; N, 12.53. Found: C, 51.16; H, R .99:
Diethyl 2-(V,N-dimethylhydrazino)-1-p- methoxyphenylcarboxamldeprop 1- enylphosphonate
(5i). 1270 mg (66 %) of 5i as an oil. Data for 5i: ZH-NMR (300 MHz) 1.31 (t, 6H, }Jyy = 6.9 Hz, CHa),
2.36 (s, 3H, CHa3), 2.54 (s, 6H, CH3N), 3.74 (s, 3H, OCH3), 3.98-4.13 (m, 4H, OCH;), 6.77-7.40 (m, 4H,
AA’BB’ system), 11.09 (s, 1H, NH), 12.66 (s, 1H, NH) ppm; I3C-NMR (75 MHz) 15.8 (CHj3), 16.1 (CHjy),
47.6 (CH3N), 55.0 (OCHas), 61.1 (OCH»), 77.0 (d, /Jpc = 197.3 Hz, C-P), 113.5, 122.1, 132.0, 155.2 (C-
arom), 169.2 (d, 2Jpc = 20.1 Hz), 169.6 (d, 2Jpc = 16.1 Hz) ppm; 3/P-NMR (150 MHz) 27.7 ppm; IR (KBr)
3201, 3061, 2987, 1538, 1235, 1()20 cm-l; MS (70 eV) 385 (M+, 19). Anal. Calcd for C17H23N30sP: C,

52.98; H, 7.32: N, 10.90. Found: C, 53.20; H, 7.11; N, 10.67.

General procedure for reaction of enamine carbamons derived from phosphonates 3

sgevanates. Toa () 0(‘ 1.6 M solutio
DULJ CIILALND. A .U LYd OULUL

Q

D
(5 mmol) in THF (40 mL). The mixture was
allowed to stir at this temperature for l h and a solution of isocyanate (5 mmol) in THF (10 mL) was then added
at the same temperature. After the mixture was allowed to warm to rt, the reaction mixture was stirred at rt until

TLC indicated the disappearance of the compound 3 (~ 15 h). The mixture was diluted with water (40 mL) and

Y
}
added a so
added a solution of p-cnammophosphonate (X

tion of ﬁ enaminophosphonate 39 (R4 = QFt
l
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Diethyl E-2-amino-1-phenylcarboxamide-2-p-tolylethen 10sphonate (62a), 890 mg (46 %) of
6a as a white solid. Data for 6a: mp 184-185 °C; 'H-NMR (300 MHz) 1. , 6H, Iy = 7.2 Hz, CH3), 2.33
(s, 3H, CHa3), 3.77 (m, 4H, 3Jyy = 7.2 Hz, OCHy), 5.30 (s, |H, NH), 7. I% 7.54 (m 9H arom), 10.97 (s,
1H, NH), 11.24 (s, 1H, NH) ppm; 3C-NMR (75 MHz) 15.8 (CH3), 21.4 (CH3), 61.2 (OCH,), 82.8 (d,
1Jpe = 199.4 Hz, C-P), 120.5-139.4 (C-arom), 168.9 (d, ?Jpc = 18.6 Hz, CN), 170.9 (d, 2Jpc = 15.6 Hz,
C=0) ppm: 3/P-NMR (150 MHz) 24.8 ppm; IR (KBr) 3213, 3120, 3072, 1655, 1246 cm-1; MS (70 eV) 388
(M+, 16). Anal. Calcd for CooHasN204P: C, 61.85; H, 6.44; N, 7.22. Found: C, 61.62; H, 6.33: N, 7.48.

Diethyl E-2-amino-2-phenyl-1-phenylcarboxamideethenylphosphonate (6b). 900 mg (48 %) of
6b as a white solid. Data for 6b: mp 170-171 °C 1H NMR (300 MHz) 1 04 (m, 6H, CH3), 3.76 (m, 4H,

N, 7.49. Found. C, 61.1.3, H, 5.89; N, 7.40.

Diethyl E-2-aminc-2-phenyl-1-p-methoxyphenylcarboxamideethenylphosphonate (6c). 830 mg
(41 %) of 6¢ as a white solid. Data for 6¢: mp 180-181 °C; /H-NMR (300 MHz) 1.05 (m, 6H, CHj3), 3.73 (m,
4H, OCH,;), 3.74 (s, 3H, OCH3), 5.48 (s, 1H, NH), 6.79-7.46 (m, 9H, arom), 10.96 (s, 1H, NH), 11.07 (s,
1H, NH) ppm; 3C-NMR (75 MHz) 15.7 (CH3), 55.4 (OCHj3), 61.1 (OCHj;), 83.6 (d, 1Jpc = 198.7 Hz, C-
P), 113.8-155.7 (C-arom), 168.5 (d, 2Jp¢ = 18.5 Hz, CN), 170.4 (d, ?Jpc = 15.6 Hz, C=0) ppm; 3/P-NMR
(150 MHz) 24.9 ppm; IR (KBr) 3235, 3113, 3078, 1696, 1234 cm™!; MS (70 eV) 404 (M*, 42). Anal. Calcd
for CpoH2sN,OsP: C, 59.40; H, 6.19; N, 6.93. Found: C, 59.23; H, 6.39; N, 7.07.

mlxture was allowud to stir at this u,mperamre for 1 h and a solunon of ethyl chlorotormatc (0.29 mL 3 mmol)
in THF (10 mL) was then added at the same temperature. After the mixture was allowed to warm (o rt, the
reaction mixture was stirred and refluxed until 7LC indicated the disappearance of the compound 4/4” or 12 (~
2-3 days). The mixture was diluted with water (30 mL) and extracted with CH»>Cl, (3 x 20 mL). The combined
organic layers were washed with water, dried over MgSQOy, and concentrated. The crude residue was purified
by flash-chromatography eluting with 1:1 AcOEt/hexancs. An analylical sample was obtained by
recrystallization from CH,Cly/hexanes. Pyrimidin-2,4-diones 8 can also be obtained in “‘one pot” reaction: to a
0 °C solution of a mixture of enaminophosphine oxide and iminophosphine oxide 1 (3 mmol) in THF (20 mL)

was added a 1.6 M solution of MeLi in Et;O (2.19 mL, 3.5 mmol) in THF (10 mL). The mixture was allowed
to stir at this temperature for 1 h and a solution of isocyanatc (3 mmol) in THF (10 mL.) was then added at the

nnnnnnnnnnnnnnnnn Aftae tha mivtiien ne allassrnd t0y xxrarmn a1t tha ranntinm frivinea ssino otivead Ffae 1T& hh at ot
Saltic CllllJCLd,lUlC ALWCL LIC HTHALULC Wad dlTuwedd 1O wadllil W L, UIC 1CAaGiiULl 1A LUL dd dULICU LUl 1o 1 at it
and a enlnitinn nf athvyl chlnrafarmata (1 20 mT L mmnl) in THE (10 mTI Y wrac than addad at »t Dnﬁm;r‘“n=7 A=

1 A SVAUUUIE UL Gyl CIHVIVIULULALWS \U. 47 1ily, J HIIIUL) 11 XX AV 1L ) WAD LHUI dUUCU db 2t & YU L,
diones 8 obtained was purified as described above.

S-Diphenylphosphinoyl-6-methyl-3-phenyl-1-p-tolylpyrimidin-2,4-dione (8a). 1400 mg (81 %)
of 8a as a white solid. Data for 8a: mp >275 °C; /H-NMR (300 MHz) 2.42 (s, 3H, CH3), 2.67 (s, 3H, CH3),
7.11-7.95 (m, 19H, arom) ppm; /7C-NMR (75 MHz) 18.9 (CH3), 21.3 (CH3), 103.1 (d, /Jp=115.3 Hz, C-
P), 128.2-139.9 (C-arom), 151.7 (C=0), 161.7 (d, 2Jpc = 11.3 Hz, C=0), 164.1 (d, 2Jpc = 12.2 Hz, =C-N)
ppm: #P-NMR (150 MHz) 29.0 ppm; IR (KBr) 3031, 1721, 1569, 1401, 1193 cm}; MS (70 eV) 492 (M*,
80). Anal. Calcd for C3gHy5N,03P: C, 73.17; H, 5.08; N, 5.69. Found: C, 73.36; H, 5.19; N, 5.72.
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5-Diphenylphosphinoyl-3-ethyl-6-methyl-1-p-tolylpyrimidin-2,4-dione (8b). 1010 mg (76 %)
of 8b as a white solid. Data for 8b: mp 105-106 °C; ‘H-NMR (300 MHz) 1.12 (t, 3Jyy = 7.2 He, 3H CHs),
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3H, CHsy), 3.25 (q, 3JHH_ 7.3 HL, 2H, CHZ), 7.03- 7.87 (m, 19H, arom) ppm, 13C NMR (75 MHZ) 14.8
(CHas), 21.2 (CHy), 22.9 (CHa3), 101.2 (d, {Jpc = 113.8 Hz, C-P), 128.0-139.7 (C-arom), 151.5 (C=0),
161.9 (d, 2Jpc= 11.1 Hz, C=0), 169.4 (d, 2Jpc = 12.1 Hz, =C-N) ppm; 3/P-NMR (150 MHz) 28.5 ppm; IR
(KBr) 2950, 1706, 1613, 1390, 1097 cm™!; MS (70 cV) 506 (M*, 32). Anal. Caled for C3,H,7N,05P: C,
73.51: H, 5.37; N, 5.53. Found: C, 73.76: H, 5.16; N, 5.42.
5-Diphenylphosphinoyl-3-phenyl-1-p-tolyl-6-p-tolylmethylenpyrimidin-2,4-dione (8d). 1920

mg (66 %) of 8d as a white solid. Data for 8d: mp 216-217 °C,; {H-NMR (300 MHz) 1.59 (s, 2H, CH,), 2.20

21T M1 T TT N\ T O Fan ATT i e [V ATAATY /7S RATEN AN /O N AT R

\b, 211, \.,ﬂ’i}, 447 \\, Jn \ nsj, I U? 1.0/ \ll, £Jlri, droti) p)ll, Tl -INVIIC (O an) U7 (Lri3), £1.1

(CH3)., 34.4 (CHy), 104.2 (d, 1Jpc=113.3 Hz, C-P), 127.9-139.2 (C-arom), 151.4 (C=0), 161.9 (d. 2Jpc =
K

L TP = 14, A Riig

2
11.6 Hz, C=0), 165.1 (4, 2]p~= 12.1 Hz ;CéN) ppm; 3IP_NMR

paii 4 Tiviva

2897, 1698, 1643, 1175 cm1; MS (70 V) 582 (M+, 20). Anal. Calcd for C37H4
N, 4.81. Found: C, 76.66; H, 5.16; N, 4.42.

5-Diphenylphosphinoyl-6-methyl-2-0x0-3-phenyl-1-p-tolylpyrimidin-4-thione (14a). 1130 mg
(74 %) of 14a as a white solid. Data for 14a: mp 275-276 °C; /H-NMR (300 MHz) 2.35 (s, 3H, CH3), 2.50
(s, 3H, CH3), 7.00-7.86 (m, 19H, arom) ppm; I3C-NMR (75 MHz) 20.6 (CH3), 20.7 (CH3), 115.0 (d, 1Jp¢
=121.8 Hz, C-P), 127.9-139.9 (C-arom), 149.4 (C=0), 160.3 (d, 2Jpc = 15.1 Hz, =C-N), 160.3 (d, 2Jpc =
15.1 Hz, C=S) ppm; *P-NMR (150 MHz) 33.9 ppm; IR (KBr) 3021, 1721, 1569, 1401, 1176 cm-1; MS (70
eV) 508 (M*, 62). Anal. Calcd for C30H,5N,0,PS: C, 70.87; H, 4.92; N, 5.51. Found: C, 70.66; H, 4.79;

N, J3./U.

S-Diphenyiphosphinoyi-6-ethyi-2-oxo0-3-phenyi-i-p-tolyipyrimidin-4-thione (i4b). 2010 mg
(77 %) of 14b as a white solid. Data for 14b: mp 235-236 °C; /H-NMR (300 MHz) 1.00 (1, 3JHH =7.5 Hz,
3H, CH3), 2.30 (s, 3H, CHa), 3.29 (q, YTy - 7.5 Hz, 2H, CH;), 6.98-7.84 (m, 19H, arom) ppm; /3C-NMR
(75 MHz) 14.5 (CHa»), 21.2 (CHy), 234 (CHZ), 113.1 (d, 1Tpc= 121.4 Hz, C-P), 127.8-139 0 (C-arom),
149.4 (C=0), 165.7 (d, 2Jpc = 16.1 Hz, =C-N), 190.0 (d, 2Jpc = 5.6 Hz, C=S) ppm; 3/P-NMR (150 MHz)
339 ppm: /R (KBr) 3402, 3086, 1703, 1542 cm-!; MS (70 eV) 522 (M+, 34). Anal. Calcd for

C31H27N,O2PS: C, 71.26; H, 5.17; N, 5.36. Found: C, 71.66; H, 5.46; N, 5.49.

General procedure for the preparation of S-phosphorylated pyrimidin-2,4-diones 9 and 2-
oxopyrimidin-4-thiones 15. To a - 78 °C solution of LDA (5 mmol) in THF (45 mL) was added a solution
of enc hydrazino-amide §/5” or hydrazono-thioamide 13’ (5 mmol) in THF (40 mL). The mixture was allowed
to stir at this temperature for 1 h and a solution of ethyl chloroformate (0.48 mL, 5 mmol) in THF (10 mL) was
then added at the same temperature. After the mixture was allowed to warm to rt, the reaction mixiure was
stirred and refluxed until TLC indicated the disappearance of the compound 5/5° or 13’ (~ 2-3 days). The
mixture was diluted with water (40 mL) and extracted with CH;Cly (3 x 20 mL). The combined organic layers
were washed with water, dried over MOS(L, and concentrated. The crude resi

chromatography eluting with EtQ,. Pyrimidin-2.4-diones 9 can also be obtained in a “one pot” reaction: to a -
78 °C solution of LDA (5 mmol) was added a solution ﬁ-N,N-dxmethylhydrazonopropyldlpheny]phophme
oxide 219 (Rl = Me, R4 = Ph) (1.50 g, 5 mmol) in THF (40 mL). The mixture was allowed to stir at this

temperature for 1 h and a solution of isocyanate (5 mmol) in THF (10 mL) was then added at the same

d!..v was pnnhpd bv tlash-
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temperature. After the mixture was allowed to warm o rt, the reaction mixture was stirred for 3 h atrt and a
solution of ethyl chloroformate (0.48 mL, 5 mmol) in THF (10 mL) was then added at rt. Pyrimidin-2,4-dtones
9 obtained was purified as described above.

MR ak B3 £ oa b ¥ b Lt 0 £ 4k B BBt At A A B (O TOQLN
I-Hncinyta ‘IIIIIU‘D-UIPIIE Yipnospninoyi-o-mceunyi-o=-prncinyipyriniiulii-&,4-Uiviic {174). 170U
mo (R G\ nf Qa ac o white ¢enlid Nata far Qa: mn 20N O TIT_NAMR (200 NMLIZ) o AFT OHI_NN
Hig {00 70) Ul Za dd a Willle JSULIU. sdld 1UL Fa. 1P culd-Lua T-IVIVEIN (JUU LVELLL ) 9, OL1, ax3ivj,

c 1 Hz 7 Hz, C=0) ppm; /P-
NMR (150 MH/) 79 ’% ppm; IR (KBr) 1716 1664 158‘5 14()% 1]82 cm- -1, MY (70 eV) 45 (M*, 25). Anal.
Calcd for CpsHagN3O3P: C, 67.39; H, 5.43; N, 9.44. Found: C, 67.25; H, 5.44; N, 9.41.

1-Dimethylamino-S-diphenylphosphinoyl-3-ethyl-6-methylpyrimidin-2,4-dione (9b). 1590 mg
(80 %) of 9b as a while solid Data for 9b: mp 215-216 °C; !H-NMR (300 MHz) 1.07 (t, Yy = 7.0 Hz, 3H,
CH3), 2.89 (s, 3H, CHas), 2.90 (s, 6H, CH3N), 3.79 (q, 3Ty = 7.0 Hz, 2H, CH,), 7.26-7.83 (m, 10H,
arom) ppm: C-NMR (75 MHz) 12.6 (CH3), 15.8 (CHj3), 36.0 (CHy), 43.0 (CH3N), 100.7 (d, 1Jpc = 118.1
Hz, C-P), 127.9-134.2 (C-arom), 149.4, 160.7 (d, Jpc = 11.9 Hz), 166.4 (d, 2Jpc = 12.0 Hz, C=0) ppm;
Fp-NMR (150 MH7z) 29.5 ppm; /R (KBr) 1720, 1662, 1576, 1440, 1117 cm-1; MS (70 eV) 397 (M+, 37).

Anal. Calcd for C, HayN3O3P: C, 63.45; H, 6.09; N, 10.58. Found: C, 63.30; H, 6.10: N, 10.56.

1T Mivanétbh oo o P ‘nl‘nnnl‘--\niy' £ eanthol 2 a tondolmgrimiidia P 4 diama (On) 177N
1-1711 ll:lllyldllllllU J unpucn_ylpl Uaplll IU! l‘\"lllcllly I'J'll'lUlylp_yllllllulll'b,""ulullc \AC). L1 iV
mg (77 %) of 9¢ as a white solid. Data for 9¢: mp 231-232 °C; /H-NMR (300 MHz) 2.32 (s, 3H, CH3), 2.95
(s, 6H, CH3N), 3.03 (s, 3H, CHj3), 6. 94 7.22 (m, 4H, AA’BB’ gystem), 7.41-7.89 (m, 10H, arom) ppm;

I3C-NMR (75 MHz) 16.1 (CHs), 21.2 (CHa), 43.4 (CH3N), 101.3 (d, {Jp¢c = 120.3 Hz, C-P), 127.8-138.9
(C-arom), 149.9, 161.8, 167.4 (d, 2Jpc = 11.3 Hz, C=0) ppm; J/P-NMR (150 MHz) 28.6 ppm; IR (KBr)
1724, 1678, 1569, 1403, 1182, 1115 cm-1; MS (70 ¢V) 459 (M+, 9). Anal. Calcd for C;5H,6N3O3P: C,
67.95; H, 5.71: N, 9.15. Found: C, 67.76; H, 5.73; N, 9.12.

1-Dimethylamino-5-diphenylphosphinoyl-6-ethyl-3-phenylpyrimidin-2,4-dione (9d). 1860 mg
(81 %) of 9d as a white solid. Data for 9d: mp 175-176 °C; 'H-NMR (300 MHz) 1.35 (t, *Jyy = 7.2 Hz, 3H,
CHa), 2.99 (s, 6H, CH3N), 3.70 (4, 3J g = 7.2 Hz, 2H, CH;), 7.06-7.90 (m, 15H, arom) ppm; 3C-NMR
(75 MH/) 14.7 (CHa), 22.0 (CHy), 44.1 (CHaN), 101.2 (d, IJpe = 114.9 Hz, C-P), 127.6-134.2 (C-arom),
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3 6 Dlethyl 1-dimethylamino-5- d1phenylphosphmoylpyrlmldm -2,4-dione (9e). 1750 mg (85 %)
of 9e as a white solid. Data for 9e: mp 184-185 °C; 'H-NMR (300 MHz) 1.02 (t, Jyzz = 7.0 Hz, 3H, CH»),
1.20 (1, *Tgy = 7.3 Hz, 3H, CHa3), 2.89 (s, 6H, CH3N), 3.48 (4, 7Jgy = 7.3 Hz, 2H, CHy), 3.74 (q, YJyn =
7.0 Hz, 2H, CHy), 7.33-7.80 (m, 10H, arom) ppm; /3C-NMR (75 MHz) 12.7 (CHs), 14.5 (CH3), 21.7
(CH3), 36.2 (CHy), 43.9 (CH3N), 100.0 (d, {Jpc = 117 Hz, C-P), 127.9-134.6 (C-arom), 149.8, 161.2 (d,
Jpc =109 Hz), 171.3 (d 2Jp¢ = 12.2 Hz, C=0) ppm; /P-NMR (150 MHz) 29.3 ppm; IR (KBr) 1712, 1655,
1568, 1439, 1116 cm-1; MS (70 eV) 411 (M*, 2). Anal. Calcd for Cp;Hp6N304P: C, 64.21; H, 6.37; N,

10.22. Found: C, 64.41; H, 6.35; N, 10.25.

1-Dimethylamino-S-diphenylphosphinoyl-6-methyl-2-o0xo0-3-phenylpyrimidin-4-thione (15a).
1800 mg (78 %) of 15a as a whiie solid. Data for 15a: mp 236-237 °C; {H-NMR (300 MHz) 2.92 (s, 3H,
YT N NN s LYY O LVIT RIN £ QQ T Y S TEVT naanan\ mnenn. [T OATAAD /1L NATT N 17T A F/VTT N A 1 FOTT NTN
H3), £.Y8 (§, 041, LHaN), 0.60-/.Y< (M1, 1OoM, arom) ppm; ““C-ivyire (73 MZ) 1/.4 (L3}, 42,1 (L3iN),
11AN0 A 1Y — 17920 > DY 11Q 2 1ANK (T _avrnmY 1477 162 A /4 T_ . 181 Hzy 12Q 0N (A 21 .. —
114V (04, ‘opCc = 1£3.7 T1Z, -rj, 110.0-14V.J \\o-allill), 1547.7, 1003.4\U, JpC = 1J).1 112, 107U \U, “JpC =
15.6 Hz, C=S) ppm; F/P-NMR (150 MHz) 33.3 ppm; IR (KBr) 2895, 1714, 1552, 1182 cm'!; MS (70 eV)
461 (M+, 0.5). Anal. Calcd for Co5sHo4N3OoPS: C, 65.06; H, 5.24; N, 9.10. Found: C, 64.86; H, 5.25; N,

9.07.

1-Dimethylamino-5-diphenylphosphinoyl-3-ethyl-6-methyl-2-oxopyrimidin-4-thione (15b).
1570 mg (76 %) of 15b as a white solid. Data for 15b: mp 215-216 °C; ZH-NMR (300 MHz) 1.16 (1, \Jgn =
7.0 Hz, 3H, CHs), 2.84 (s, 3H, CHj3), 2.96 (s, 6H, CH3N), 4.34 (q, JJyy= 7.0 Hz, 2H, CHy), 7.26-7.86
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(m, 10H, arom) ppm; 3C-NMR (75 MHz) 11.4 (CHa), 17.3 (CH3), 42.2 (CHy), 43.1 (CH3N), 112.0 (d,
1Jpc = 131.8 Hz, C-P), 127.9-134.9 (C-arom), 147.4, 162.6 (d, Jpc = 14.7 Hz), 187.4 (d, 2Jpc = 15.8 Hz,
C=S) ppm; #/P-NMR (150 MHz) 33.9 ppm; IR (KBr) 1703, 1552, 1403, 1176 cm-1; MS (70 eV) 414 (M*+1,

100). Anal. Calcd for Cy1H24N30,PS: C, 61.03; H, 5.85; N, 10.17. Found: C, 60.83; H, 5.83; N, 10.14.

anaoral nennadizra Frr tha mranavrntinm ~F & nhnnn [ n nnnnnnnnnnnn T ~ (Y O
Ut Gl PIULTUUIT 1Ul UMIT patpal duvil Ul o-pilivdp y aitu pyil uluuuu-ua,-o-tuuuca .IU 1V a U L
1.6 M solution of BuLi in hexanes (5 mmol) in THF (25 m ) as added a solution of primary enamino-amide
6 (5 mmol) in THF (40 mL). The mixture was allowed to stir at this temperature for 1 h and a solution of ethyl

chloroformate (0.48 ml., 5 mmol) in THF (10 mL) was then added at the same temperature. After the mixture
was allowed to warm to rt, the reaction mixture was stirred and refluxed until 7LC indicated the disappearance
of the compound 6 (~ 2-3 days). The mixture was diluted with water (40 mL) and extracted with CH,Cl; (3 x
20 mL). The combined organic layers were washed with water, dried over MgSQy, and concentrated. The
crude residue was purified by flash-chromatography eluting with 1:1 AcOEt/hexanes.

5-Di cthoxyphosphoryl 3-phenyl-6-p-tolyl-1(H)pyrimidin-2,4-dione (10a). 1370 mg (66 %) of

10a as a while solid. Data for 10a: mp 211-212 °C; /H-NMR (300 MHz) 1.03 (m 6H, CHjz), 2.38 (s, 3H,
CH3), 3.99 (m, 4H, OCHjy), 7.17-7.49 (m, 9H, arom), 9.28 (s, 1H, NH) ppm; /3 NM’R (75 MHz) 15.8
(CHaj), 21.4 (CH3), 62.5 (OCH,), 101.3 (d, /Jpc = 215.0 Hz, C-P), 128.1—141 3 (C-arom), 150.7 (C=0),
159.0 (d, 2Jpc = 16.1 Hz, CN), 162.1 (d, 2Jp¢ = 11.1 Hz, C=0) ppm; 3/P-NMR (150 MHz) 12.4 ppm; IR
(KBr) 3230, 1733, 1671, 1235 cm-1; MS (70 eV) 414 (M+, 87). Anal. Calcd for C,;H,3N,05P: C, 60.87; H,

5.55: N, 6.76. Found: C, 60.54; H, 5.71; N, 6.89.
S-Diethoxyphosphoryl-3,6-diphenyl-1(H)pyrimidin-2,4-dione (10b). 1420 mg (71 %) of 10b as
a white solid. Data for 10b: mp 224-225 °C; /H-NMR (300 MHz) 0.91 (m, 6H, CH3), 3.75 (m, 2H, OCH,),
3.78 (m, 2H, OCHy), 7.11-7.44 (m, 10H, arom), 9.78 (s, 1H, NH) ppm; 7C-NMR (75 MHz) 15.9 (CH3),
62.5 (OCHy), 101.6 (d, 1Jp¢c = 215.5 Hz, C-P), 128.0-133.6 (C-arom), 150.6 (C=0), 158.7 (d, 2Jpc = 15.6
Hz, CN), 162.0 (d, ?Jpc = 11.1 Hz, C=0) ppm; */P-NMR (150 MHz) 12.0 ppm; IR (KBr) 3226, 1728,
1692, 1224 cm-1; MS (70 eV) 400 (M+, 100). Anal. Calcd for CooH2N,OsP: C, 60.00; H, 5.25; N, 7.00.
Found: C, 58.75; H, 5.31; N, 6.96.
5-Diethoxyphosphoryl-3-p-methoxyphenyl-6-phenyl-1(H)pyrimidin-2,4-dione (10c¢). 1270 mg
id 16c: i h i 77

~ oo o vxrhita ol TRt Finoe P ..—.ﬂ lale] N O .7 - P
(59 %) of 10c as a white solid. Data for mp 221- 2“4 C; {H-NMR (300 MHz) 0.95 (m, 6H, CHjs), 3.77
(s, 3H, OCHj), 3.83 (m, 2H, OCH;), 392 (m, 2H, OCH;), 6.91-7.48 (m, 9H, arom), .06 {s, 1H, NH)
ppm; BC-NMR (751 ‘HZ) 15.9 (CH3), 554 (OCH3), 62.6 (OCH 102. ( IJpc 18.1 Hz, C-P), 114.7-

8

3 1 1 3), 62
150.5 (C-arom), 158.4 (d, ?Jpc = 15.6 Hz, CN), 159.7 (C=0),
NMR (150 MHz) 12.2 ppm; IR (KBr) 3228, 1726, 1654, 1211 cm-
for C21H23N206P: C, 58.60; H, 5.35; N, 6.51. Found: C, 58.97; H, 5.23, N, 6.39.

General procedure for the synthesis of 2,4-Dioxo-3-p-methoxyphenyl-6-phenyl-
1(H)pyrimidin (bis)phosphonic acid (11). To a solution of 5-diethoxyphosphoryl-3-p-methoxyphenyl-
6-phenyl-1(//)pyrimidin-2,4-dione 10¢ (5 mmol) in chloroform (25 mL) was added trimethylsilyl bromide
(4.60 g, 30 mmol) at rt. The mixture was allowed to stir at 45 °C for 5 hours. The solvent was evaporated and
the crude was diluted with AcOEt/H,0. The mixiure was stirred for 30 minutes, and the aqueous layer was
filtered through celite. The solvent was evaporated and 1530 mg (82 %) of phosphonic acid 11 was obtained as

a white solid. Data for 11: mp 265 °C (dec); TH-NMR (300 MHz) 3.80 (s, 3H, OCH3), 7.07-7.45 (m, 9H,
arom) ppm; FC-NMR (75 MHz) 51.1 (OCHj3), 100.9 (d, {Jpc = 215.9 Hz, C-P), 110.7-173.4 (C-arom, CN
and C=0) ppm; */P-NMR (150 MHz) 4.8 ppm: IR (KBr) 3426, 1713, 1647, 1172 ¢cm™!; MS (70 eV) 374 (M*,
2). Anal. Calcd for Cy7H5N,0¢P: C, 54.54; H, 4.01; N, 7.49. Found: C, 54.71; H, 4.26; N, 7.38
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For excellent reviews see: a) Wamhoff, H.; Dzenis, J.; Hirota, K. Adv. Heterocycl. Chem., 1992, 55,
129. b) Brown, D. J. in “Comprehensive Heterocyclic Chemistry” Vol. 3, Ed. by Katrizky, A. R;
Rees, C. W, Pergamon, Oxford, 1984, p. 57. ¢) Kwiatkowski, J. S.; Pulman, B. Adv. Heterocycl.
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