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Abstract- An easy and efficient synthesis of imidazol-2-ones 5 substituted with a phosphonate
group in the 5-position is described. The key step is a heterocyclization of functionalized

Theee ‘armod hy additinn af nrimary R_anaminamhnacmhanatas 1 ¢n
enamincs 3. These C(,‘mpsﬂ.“.ds 3 are formed 0y aGGilion O1 primary p-enaminopnospnonails i o

diethyl azodicarboxylate 2. @ 1998 Elsevier Science Ltd. All rights reserved.

Imidazol-2-one ring systems represent an important class of compounds.! They may be formed
by the reaction of angiotensin I with ascorbate under physiological ditions22 and may be uscful as
antioxidants in vivo.2b Likewise, imidazol-2-ones constitute a part of the backbone of the nucleoside

a
antibiotic Nikkomycin X isolated from Streptomyces tendae,’

and imidazol-2-ones have shown

anticonvulsant activity4d and have been used as selective prostaglandin D2 receptor agonists for the study

of intraocular pressure regulation#® and as cardiotonic vasodilators#¢ such as enoximone4d and

piroximone.#¢ In this context, we are interested in the design of new imidazol-2-one derivatives

substituted with a phosphonate group in the 5 position of the heterocyclic system. This substitutent could

regulate important biological functions and could increase the biological activity of these types of

compounds, in a similar way to that reported for other pharmaceuticals.> Classical approaches! to

imidazol-2-ones involving acyclic62 and heterocycli
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ursors®b have been reported. However, to the
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In connection with our interest in the synthesis of five’ and six® membered phosphorylated
nitrogen heterocycles we have used f-functionalized enamines derived from phosphazencs, phosphonium

salts, phosphine oxides and phosphonates as synthetic intermediates in the synthesis of acyclic
derivatives such as oximes,% allylamines,% hydrazones,9¢ and B-amino functionalizaed compounds®d.e
as well as of phosphorus containing heterocycles. 10 Furthermore, in previous papers we have reported a
preparation of primary [3-enamines derived from phosphazenes!! and from phosphonates8P and we have
used them in the synthesis of cyclic80.10.12 and acyclic911 compounds. Continuing with our interest in
the synthesis of new phosphorus substituted heterocycles and with the reactivity of functionalized
cnaminges, we report here an easy and high yielding synthesis of 5-phosphonylimidazol-2-cnes 5 from
primary B -enaminophosphonates 1 and diethyl azodicarboxylates 2.

Primary enamines exhibit marked ambident nucleophilicity,!! but when
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phosphonates 1 were allowed to react with an equimolecular amount of dieth

refluxing THF, functionalized enamines 3 were obtained (see table 1) in a regioselective fashion (Scheme
1). The structure of the 1:1 adducts 3 is supported by the spectroscopic data. Mass spectrometry of 3a
| — L — Y S § Ay

showed the molecular ion peak (m/z, 430, 25%) and in the "C-nmr spectrum of compound 3a, the
absence of coupling constant observed in the ipso aromatic carbon ( Y rc =0 Hz) can be taken as a steady
indication for the inversion of the Z-configuration8?.9¢ around the enaminic moiety (C2-C3) of
functionalized primary f§-enaminophosphonates 3 related to the starting enamine 1. In *'P-nmr there
appeared two values for the adducts 3 separated by 8=0.5 ppm aproximately, which suggests the
existence of two conformers in solution for these compounds. Formation of these compounds 3 can be
explained through regioselective addition of cnamine 1 to diazene linkage of azodicarboxylate in a

similar way to that previously reported for tertiary cnamines!3 (Scheme 1).
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Scheme 1

However, enamines 3 underwent cyciocondensation to an heterocyclic compound 4 or 5 by expuision of
a molecule of ethanol when adducts 3 were treated with sodium hydride in tetrahydrofuran (Scheme 2)
and can altematively be prepared in “one pot” synthesis from B-enamines 1, when crude 1:1 adducts 3 are
directly treated, without their isolation, with sodium hydride in THF, Mass spectromectry of heterocyclic
compounds 4a or Sa showed the molecular ion peak (m/z, 384, 100%) and the cyclocondensation sccms
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P
*Jc=9.8 Hz assignable to the urea carbonyl group, as well as doublets at 8c=130.6 ppm with a “Jp-=20.1
Hz and 8¢c=110.0 ppm with a 'Jpc=229.1 Hz for the heterocyclic carbon atoms. On the other hand, the
presence of an intermolecular and an intramolecular hydrogen bond is supported by two peaks 3157 cm-!
and 3401 cm-! in the FT-IR spectrum of a highly dilute (0.0625M) CH,Cl; solution of 4a or 5a and this
result could be consistent not only with 4a but also with 5a. Therefore, microanalytical, mass-, and
spectroscopic data could be in agreement with both of these structures 4 or 5. In order to confirm and

ained in the cyclocondensation of compounds 3 with a base, corresponds 10 a

establish if the product, ob

five or to a six membered heterocycle, X-ray analysis of the crystalline compound 5a was performed.
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The structure of imidazol-2-one Sa was determined by X-Ray analysis (Fig. 1). There are several
hydrogen bonds present in the structure; among them, there is an intramolecular bond linking the oxygen

atom of the 2-imidazolone ring with the exocyclic NH group. In addition, it is worth noting the presence
of a intermolecular hydrogen bond between the oxygen of the phosphonate and the NH group of the 2-
imidazolone ring, which could be responsible for the relative orientation of the phosphonate. On the other
hand, the 2-pyridine ring is rotated 28° from the 2-imidazolone ring. Finally, the presence of unusually
high thermal factors for the terminal carbon in one of the ethoxy groups of the phosphonate, led us to a
disordered model for that part of the molecule.
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Table 1. Functionalized enamines 3 and imidazol-2-ones 5.

F. Palacios et al. / Tetrahedron 54 (1998) 2281-2288

Compound R Yield (%) mp (°C)
3a 2-pyridyl 84b 110-112
3b phenyl 91b 126-127
3¢ p-tolyl 87b 145-146
3d 2-thiophenyl g5t 113-115
3e 2-furyl g8b 101-102
S5a 2-pyridyl 91a 93b 158-159
Sb phenyl 944 96b 180-182
3¢ p-tolyl 95b 184-185
5d 2-thiophenyl 9Qb 168-170
Se 2-furyl 934 93b 170-171

aYield of isolated products 5 based on 1 in a "one pot" reaction. byield of isolated products based on 3.
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malenals, Imuiddazo-L-0ncs

3
1

antibiotics 3@ and are useful COI’l’lpOUHGS in medicinal cnemlslry since these

se
range of biological activities and have been widely used as pharmaceuticals. 2-
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EXPERIMENTAL SECTION

General. Melting points were determined with a Buchi SPM-20 apparatus and are uncorrected.
Analytical TLC was performed on 0.25mm silica gel plates (Merck). Visualization was accomplished by
UV light and iodine. Solvents for extraction were technical grade and distilled from the indicated drying
agents: THF (sodium benzophenone ketyl); toluene (Na). All solvents used in reactions were freshly
distilled from appropriate drying agents before use: THF (sodium benzophenone ketyl), toluene (Na).

111 1), tuikdedle LIvd ).

All other reagents were recrystallized or distilled as necessary. Mass spectra were obtained on a Hewlett

H-NMR spectm ere recorded on a Varian 300 MHz rometer usmg ictramethylsilane (0.00 ppm)
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or chloroform (7.26 ppm) as an internal reference in CDCi3 solutions. /3C-NMR spectra were recorded
/3 solutions. 37 P-NMR spectra
were recorded at 120 MHz with 85% phosphoric acid as an external reference. Elemental analyses were

at 75 MHz with chloroform (77.0 ppm) as an internal reference in CDCI

performed in a Leco CHNS-932 instrument. Chemical shifts are given in ppm (§); multiplicities arc
indicated by s (singlet), d (doublet), dd (double-doublet), t (triplet) q (quadruplet) or m (multiplet).
Coupling constants, J, are reported in hertz. Infrared spectra (IR) were obtained as solids in KBr. Peaks

reported in the form m/z (intensity relative to base = 100). All reactions were performed in oven (125
°C) or flame-dried glasswarc under an inert atmosphere of dry N2

General Pracedure for the Preparation of the functionalizated 3-enaminophosphonates 3. A
dry flask, 100-ml, 2-necked, fitted with a dropping funnel, gas inlet, and magnetic stirrer, was charged

with 1..27 g (5 mmol) of B-enaminophosphonate 1 (R=phenyl), and 25 mL of THF. A solution 0.8 ml
(5 mmol) of diethyl azadicarboxylatc Z and 10 mi of THF was added over 10 min. The mixture was
stirred and refluxed until 7LC indicated the disappearance of the f-enaminophosphonate 1 (1 day). The

mixture was concentrated and the crude product was purified by recrystallization (AcOEt).
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3-Ethoxycarbonil 2-(2-amine l-duthoxypiosphoryl 2-(2-pyridyl) ethenyl) carbazate (3a). 1827 mg (84 %) of 3a as
a white solid. Data for 3a: mp 110-112 °C; {H-NMR (300 MHz): 0.91 (s, 3H, (‘H3) 1.18 (s, 3H, CH73), 1.25 (¢,

~ o Ty Ve LYt e 20T )

6.9 Hz, CH 3 and NH ), 3.59 (s, ZH, OCH?2), 3.92 (s, ZH, OCH 2), 4.18 (q, 5H, /HH—nv Hz, OCH2 and N
H vi

ALY aeceny 137 MASR (75 MUY 14 1 (OHAY 15§ (CHAY 150 (CHa)Y 600 (OCHAY 61 9 (OQOCHH)
“ll, AL, miVIVEIN \/J IVARRL). i*%. % \\"131’ A (A

(@ Lipc=243.7 Hz, =C-P), 124.4-148.8 (CH-arom), 152.3 (C-ipso,arom.), 155.6-158.2 (C-N, C=0, C=0). 3/P-NMR (120

MHz). 19.5 and 20.1; IR (KBr) 3480, 3306, 3227, 3157, 1737, 1702, 1260 cm™L; MS (EI) 430 (M*, 25). Anal. Calcd for
C17H27N407P: C, 47.44; H, 6.37; N, 13.00. Found: C, 46.66; H, 6.36; N, 12.52.

2137, EJ.7 \NAL9 )y UV IR ), ULS \V\aalzl, s

3-Ethoxycarbonil 2-(2-amine 1-diethoxyphosphoryl 2-phenyl ethenyl) carbazate (3b). 1951 mg (91 %) of 3b as a
white solid. Data for 3b: mp 126-127 °C; 1g.NMR (300 MHz): 0.92 (s, 3H, CH3), 1.12 (s, 3H, CH3), 1.25 (t, 8H, 3JHH= 7.2
Hz, CH3 and NHp), 3.61 (s, 2H, OCHp), 3.83 (s, 2H, OCH?), 4.17 (q, 5H, 3Jyy= 7.2 Hz, OCH2 and NH), 7.31-7.46 (m, 5H,
arom). UC NMR (75 MHz): 14.2 (CH3), 15.6 (CH3), 16.1 (CH3), 60.8 (OCH?), 62 2 (OCH?7). 62 7 (OCH?), 96.8 (d,/Jpc=

z, =C-P), 126.7-129.7 (CH-arom), 134.9 (C-ipso,arom.), 158.2-160.8 (C-N, C=0, C=0). 31p NMR (120 MHz). 19.5
3309, 1255, 3209, 1743, 1712 1212 em” L. pr6 21y 429 {m :

1u JU7, 3L, J4UZ, LitD,y 2004, LL14 il T, a¥A) Dy

9. Found: C, 50.75; H, 6.51; N, 9.77.

b T AFY IR, R | PRUUSISINE NP COUPY Iy Iy R Py .
J-niuuxyuu Dunn b'(&'dmlnt l -un:l.nuxypnusplml yl A \p-iun

white solid. Data for 3¢: mp 145-146 °C, IH NMR (300 MHz): 0.93 (s, 3H, C} 12), 1.1 and NH), 1.21 (
3Jyy=7.0 Hz, CH3), 2.31 (s, 3H, CH3), 3.66 (s, 2H, OCH?), 3.87 (s, 2H, NH?), 4.16 (q, 6H 3JH —70Hz ocm) 7, 10

7.35 (m, 4H, arom). 13C-NMR (75 MHz): 14.7 (CH3), 16.0 (CH3), 16.4 (CH3), 21.6 (CH3), 61.1 (OCH?), 62.3 (OCH2), 63.2
(OCH?),97.2 (d, 1]pc= 212.6 Hz, =C-P), 128.5-128.8 (CH-arom), 132.3 (C-ipso,arom.), 140.1 (C-ipso,arom.), 156.3-160.8
(C-N, C=0, C=0). 3 p.NMR (120 MHz). 19.5 and 20.1; IR (KBr) 3414, 3304, 3226, 3144, 1740, 1712, 1249 cm"}; MS (EI)

AAT RA+ Acanl T3 o £V ST o SRT e D r-: 1 A7, 11 z N 3 AQ T N D A1

44D vt 7, 6) Anal. Calcd 1 r C 188N 5 Jroe, o144/, 0, 0. /0 1N, ¥.40. r'()unu L,Jl DO, 1’1,060 IN, Y.42.

I)
oy
fast
)
k=)
3\
e

3-Ethoxycarbonil 2-(2-amine 1-diethoxyphosphoryl 2-(2-thiophenyl) ethenyl) carbazate (3d). 1849 mg (85 %) of
3d s a white solid. Data for 3d: mp 113-115 °C; LH-NMR (300 MHz): 1.07 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.34 (1, 6H,

3igK= 172 He CH3), 3.79 (s, 2H, OCH2), 4.02 (s, 2H, OCHp), 4.26 (q, 5H, *Jyy= 7.2 Hz, OCHp and NH), 5.82 (s, 2H,
NLIAY 7NR_T7 80 frn LT v 13/“_MIMD (TR AT 1A £ (T AY 1TE£N T A\ 16 A ML A £1 & OV £ & (O\OITRY £2 7
INXR//, 0~ 7 .07 \alL, 511, dlUlllL) LmIVIVEIN S D VUL ), 1AL ), 1OV ALTL ), 10900114/, 01.0 (ULI1)), UL o \ULT)), UD.0
(OCH), 98.2 (d,1Jpc= 242.6 Hz, =C-P), 127.4-130.6 (CH-arom), 134.9 (C-ipso,arom.), 156.6-158.6 (C-N, C=Q, C=0),
31p.NMR (120 MHz). 19.6 and 20.1; IR (KBr) 3447, 3302, 3216, 3177, 1741, 1710, 1248 l; MS (ED 435 (M*, 40). Anal
Caled for C1gHgN307PS: C, 44.13; H, 5.97; N, 9.65; S, 7.35. Found: C, 44,24; H, 6.06; N, 9.69; S, 7.28.

3-Ethoxycarbonil 2-(2-amine 1-diethoxyphosphoryl 2-(2-furyl) ethenyl) carbazate (3¢) 1844 mg (88 %) of 3e as a
brown solid. Data for 3e: mp 101-102 °C; {H-NMR (300 MHz): 1.06 (s, 3H, CH3), 1.23 (m, 9H, CH3), 2.68 (s, 1H, NH), 4.15
(m, 8H, OCH?7), 6.05 (s, 2H, NH?7), 6.42-7.44 (m, 3H, arom). 13C.NMR (75 MHz): 14.3 (CH3), 15.9 (CH3), 16.1 (CH3), 61.3

(OCH2). 62.2 (OCH?), 63.1 (OCH ), 95.6 (d, JJPC 239.7 Hz, =C-P), 111.8-143.5 (CH-arom), 145.6 (C-ipso.arom,), 148.6-

o T N s sy 2] .
158.5(C-N, C=0, C=0), 2“P-NMR (120 MHz). 19.5 and 20.0; IR (KBr) 3407, 3301, 3217, 3146, 1742, 1711, 1268 cm -1, s MS
(FI)AIOIM"‘ 2A)Y Anal Caled for CizHANADoD: ' A5 22- 620: N, 1000 Found: . 4497 H 6,18 N 968
i L2NVL L, JUS S ARV SV U (IR0 VRN L W, TUL04, 1L UlLU, LY, ALV UL L, 5T, 0T, D010, I, JUO

General Procedure for the Preparation of the Imidazol-2-ones 5. A dry flask, 100-ml, 2-necked,
fitted with a dropping funnel, gas inlet, and magnetic stirrer, was charged with 0.15 g (6.25 mmol) of
sodium hydride and 25 mL of THF, this solution is cooled at 0°C, and then a solution (5 mmol) of

functionalizated enamine (3) and 10 mL of THF was added over 10 min. The mixture was stirred until
TILC i ~ated the dicunnearance of functinonalizated enamine (D (1 day) The mivinra wac cnncentratad
LAy LS WAL i uluuklll\-“-ll Qilviy U TUlIVUIVIIQIIZ.AQ00U VILOLLLELIN \-.’J \l uu]}. 10 HIEEALUIL WADd LULILLiIualvg
and tha ~mida neadaest no rmairitind her ranevotalligatine £ A ANTa
dAliu uie CIUuUc pruducte wad [ruaiiiicu Uy 1 L«l)’blalllLdLlU 1 {ALvun }.

1-Amine Carboxylate 4-(2-pyridyl) 5-diethoxyphosphoryl imidazol-2-ones (5a). 1785 mg (93 %) of 5a as a white
solid. Ddta for Sa: mp 158-159 °C; TH-NMR (300 MHz) 1.28 (m, 9H, CH3), 4.17 (m, 6H, OCH?), 7.22-8.51 (m, 4H, arom),
791 (s, 1H, NH), 9.70 (s. IH, NH); {3C-NMR (75 MHz) 15.8 (CH3), 16.1 (CH3), 62 4 (OCHz) 63.0 (OCH?), 110.0

an « YIS I & o

/3 S 1 > 7al 1 AT 181 Q /3
G, JPC= LL‘/.I nz, = .-r), 123.0-14 6 [ d.rUl'IlJ IJUOUJ “JPC ZU. I AZ, =C-IN), 101.8 ((1,

- 09y

ipCc=9.8 Hz, C=0), 1554 (O-
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C=0y: 3 P_NMR (120 MHz) 4.3 IR (XBr) 1393, 3165, 1756, 1708, 1242, cmm~1: MS (ED) 384 (M*, 100). Anal. Caled for
=), IVAVER \ L4V IVRERE] S0, I\ J 53575, 51302, 2130, 2/us, 14548, Ul 7, S0 \Day U5 VL, AUV ARG, e AUR
C15H2N4OgP: C, 46.87, H, 547; N, 14.58. Found: C, 46.79; H, 541; N, 14.67.

X-Ray Analysis of imidazol-2-one (5a). A yellowish prismatic crystal of Cj5H210gN4P having approximate
dimensions of 0,30 X 0.30 X 0.30 mm was mounted on a glass fiber. All measurements were carried out by means of a Enraf-
Nonius CAD4 diffractometer with graphite monochromated MoKa radiation. Crystal data: C15H2106N4P, T = 293 K,

monoclinic, space group P2 1/n, with a = 8.778(2) A, b= 12.158(2) A, ¢ = 17.742(4) A, y=95.75(1) °, V = 1883.8(7) A3 and Z
=4 (dcalc=1355¢ cm'g), m (MoKa)=0.18 mm-1, no absorption correction; 3316 unigue reflections and all of them were
used in refinement; R = 6.6%, Ry = 16.0% for all reflections (R = 44% for reflections with Fg > 45(F)). The crystal data
have been deposited at the Cambridge Crystallographic Data Centre.

T Ammineg Marhoavelata d_nhoanel S diathavenhacnharel § immidaral =’),nnon {
ATAIINU Lal uvi ]lalc S-puliiy: J-ulblnultyylluopllvn yl IIBUALUIS&~URIVS |

Data for 5b: mp 180-182 °C; {H-NMR (300 MHz) 0.92 (s, 3H, CH3), 1.20 (s, 6H, cm) 4.04 (s, 2H, OCHy), 4.14 (s, aH,
OCH?), 7.22-7.46 (m, 5H, arom), 8.36 (s, |H, NH), 11.17 (s, 1H, NH); {3C-NMR (75 MHz) 14.7 (CH3), 16.4 (CH3), 62.6
(OCH2), 63.1 (OCHp), 108.1 (d, {Jpc= 235.1 Hz, =C-P), 128.3-130.2 (C-arom), 133.1 (d,2JpC= 19.1 Hz, =C-N), 153.8
,3Jpc=10.5 Hz, C=0), 155.9 (0-C=0); 31P-NMR (120 MHz) 4.8; IR (KBr) 3396, 3171, 1761, 1705, 1246, cm™1; MS (EI)

383 (M ¥, 68). Anal. Caled for C16H22oN306P: C, 50.13; H, 5.74; N, 10.96. Found: C, 50.32; H, 5.82; N, 10.92
1-Amine Carhoxylate 4-(p-tolyD SAd..thaxyphw,.hu. y! imidazol-2-snes (5c). 1885 mg (95 %) of Sc as a white solid.

Data for S¢: mp 184-185 °C; /H-NMR (300 MHz) 0.98 (t, 3H, 3/ = 6.9 Hz, CH3), 1.22 (t, 6H, SJyy= 6.9 Hz, CH?), 2.28(s,
3H. CH3), 4.04 (g, 2H, 3Jyy= 6.9 Hz, OCH2), 4.16 (q, 4H, 37y 4= 6.9 Hz, OCHp), 7.09-7.39 (m, 4H, arom), 7.78 (s, 1H,
NH), 10.74 (s, 1H, NH); I3C-NMR (75 MHz) 14.6 (CH3), 16.2 (CH3), 62.4 (OCH?), 62.8 (OCH?), 107.4 (d,1JpC=236.7 Hz,
=C-P), 125.2-139.8 (C-arom), 133.2 (d,2/pC= 19.1 Hz, =C-N), 153.6 (d,5/pC= 9.6 Hz, C=0), 155.7 (0-C=0); 3/ P-NMR
(120 MHz) 5.5; IR (KBr) 3391, 3148, 1754, 1712, 1236, cm™1; MS (EI) 397 (M+, 100). Anal. Calcd for C 17H24N30¢P: C,
51.38; H, 6.04; N, 10.58. Found: C, 51.03; H, 5.96; N, 10.44.

1-Amine Carboxylate 4-(2-thiophenyl) 5-diethoxyphosphoryl imidazol-2-ones (5d). 1750 mg (90 %) of 5d as a
white solid. Data for 5d: mp 168-170 °C; H-NMR (300 MHz) 1.17 (m, 9H, CH3), 4.10 (m, 6H, OCH?2), 6.93-7.42 (m, 3H,
arom), 8.22 (s, 1H, NH), 11.24 (s, 1H, NH); /3C-NMR (75 MHz) 15.7 (CH3), 16.0 (CH3), 62.3 (OCH?2), 62.8 (OCH2), 107.4
{4, 17pc=232.6 Hz, =C-P), 126.6 (4,27 pC= 18.6 Hz, =C-N), 127.1-129.4 (C-arom), 153.2 (d,37pc= 10.0 Hz, C=0), 155.5 (O-
C=0y; 3/P-NMR (120 MHz) 4.1; IR (KBr) 3401, 3178, 1758, 1712, 1252, cm-1; MS (ED) 389 (M*, 100). Anal. Calcd for
C14Ho0N30gPS: C, 43.18; H, 5.14; N, 10.79; S, 8.22. Found: C, 42.71; H, 5.15; N, 10.97; S, 7.84.

1-Amine Carboxylate 4-(2- furyl) S-diethoxyphosphoryl imidazol-2-ones (5e). 1734 mg (93 %) of Se as a brown

solid. Data for Se: mp 170-171 °C; {H NMR (300 MHz) 1.27 (m, 9H, CH3), 4.21 (m, 6H, OCH»), 6.44-7.30 (m, 3H, arom),

’l Q0 (o AILIN T £7T 7« 1TIT NTITN. ]_? ATRAD (77
7.99 (s, 1H, NH), 10.67 18, 1r1, INf1), C-NMR \I.‘) 1vu'1u i4.5 (Lnj), 16.3 u,ns), 62.7 (U\,H2), 63.1 (ULH’)), 106.2

(d, Lipc= 2342 Hz, =C-P), 112.4-143.5 (C-arom), 123.9 (d,2/pC= 18.6 Hz, =C-N), 152.9 (d.3/pc= 9.7 Hz, C=0), 155.7 (O-

C=0); JIP-NMR (120 MHz) 4.0; IR (KBr) 3398, 3156, 1765, 1718, 1244, cm~1; MS (ED) 373 (M*, 100). Anal. Calcd for
C14Ho0N307P: C. 45.04; H, 5.36;, N, 11.26. Found: C, 45.26; H, 5.41; N, 11.03.
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