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Abstract- A new and efficient avnrhe:m of 1.5 ’7-dla7:\nhnﬁnhnrm9n ig described. The ka step isa

base-induced heterocyclization of funcuonahzed urea compounds These compounds are tormed by
addition of primary f§-enaminophosphonates to isocyanates. © 1999 Elsevier Science Ltd. All rights reserved.

Pyrimidone ring systems represent an important class of compounds,! within which 2,4-dioxo-
pyrimidincs constitute a part of the backbone of the antibiotic Sparsomycin,22 and have been used for
molecular recognition and sclf-replication.2b Likewise, thymine Ta is an important naturally occurring
pyrimidine basc, which is a constituent of nucleic acids.3 Thymidine nucleosides derived from
arabinofuranosyl-thymine have been used for the preparation of deuterated nucleosides for structural NMR
analysis*2 as well as of anti hepatitis B virus (HBV) agents with a favorable therapeutic index,%® and have
shown anti-viral activity especially in the case of zidovudine Ib (3’-azido-3’-doeoxythymidine, AZT)¥d o
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¢ interested in the design of new pyrimidone analogues containing a phosphorus atom in the heterocyclic
ystem, such as 1,5,2-diazaphosphorinones I1.5 These compounds II (Scheme 1) can be considered as
thymine derivatives I by replacement of the carbonyl group with a phosphonyl group. The presence of the
phosphorus atom in the heterocycle could regulate important biological functions and could increase the
biological activity of these types of compounds, in a similar way to that reported for enzymatic inhibitorsa.b
and for other pharmaceuticals.5¢d Classical approaches’ to 1,3,2-diaza-phosphorines have been reported.
However, to the best of our knowledge, the synthesis of only the 1,5,2-diazaphosphorine®2 , the 6-0x08b and

the 2, 6-dioxo-2-amino8¢ derivatives has been reported and the lack of general methods of synthesis of these

7]

he[@r(( cles 73 has nrnhahlv limit

d the use of these compounds.
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Scheme 1

In connection with our interest in the synthesis of phosphorylated nitrogen heterocycles?10 and
phosphorus containing heterocycles.80.11 we have uscd PB-functionalized enamines derived from

phosphazenes, phosphonium salts, phosphine oxides and phosphonates as synthetic intermediates in their

Ji £

and acyclic12.14 compounds. Continuing with our interest in the synthesis of new phosphorus heterocycles
and with the reactivity of functionalized enamines, we report here an easy and high yielding synthesis of
1,5,2-diazaphosphininonc derivatives from primary P-enaminophosphonates and isocyanates.
Retrosynthetically, we envisaged obtaining these compounds by heterocyclization processes involving
nitrogen-phosphorus bond formation of functionalized phosphonates I1I (Scheme 1) and preparing these key

intermediates III by simple addition of isocyanates to primary B-enamino-phosphonates.

Preparation of the substituted urea derived from phosphonate 3 was initially attempted by means of the
metallation of primary B-enamino-phosphonates 1. However, when primary f8-enamino-phosphonates 1 (R1
=Ph) was allowed to react with lithium diisopropylamide (LDA) followed by addition of phenyl isocyanate 2
[ ¢ N-substituted compound 3a (R! = RZ = Ph) but also of
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compounds 3a and 4a were separated a"xd isolated by crystallization and were characterized by their
spectroscopic data. Mass spectrometry of 3a showed the molecular ion peak (m/z, 374, 11%) and in the H-

NMR spectrum of 3a, the vinylic proton resonates at 8y = 4.70 ppm as a well resolved doublet with coupling
constant of 2Jpy = 12.2 Hz, while the vicinal coupling constant observed in the ipso aromatic carbon (2Jpc
= 19.1 Hz) supports the Z-configuration99:16.17 of the N-substituted compound 3a. Conversely, 4a showed
clearly different absorptions, with absence of absorption for the vinylic proton. The formation ol both
compounds 3a and 4a can be explained due to the marked ambident nucleophilicity which mctallated

enamines exhibit, 13
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Table 1. Functionalized enamines 3/3' and 7/7'.
Entry Compound Rl R2 Z/Fa Yield (%)f

1 3/3'a () ) 0/100 98

\ W4 N4
2 3/3'b AN ) 0/100 97

S | g
3 3/3'c A3 -5 0/100 97
o N-a =\ ~
4 3/3'd B — 60/40b 95
5 33 — H-cn ) 35/65¢ 96

— 3 N/,
6 33 - hd 0/100 97
7 3/3'g A -~ 0/100 98

~ /\S/
8 3/3'h L) L ) OCH, 25/75¢ 90
7 7 8
9 334 C) TMS 0/1004d 53
10 77'a _Q _O 85/15¢ 94
o o N— =\ < i s
11 7/7'b B — 100/0¢ 96
12 77'c hdt 100/0¢ 89
13 717'd =< o~ 100/0¢ 95
a LI » PrS - 31 WTR A PO, mzr stk A 1 . b Z_3d/£'_3t 31 hn{R

Z-3/E-3' Ratio deiermined by d Ratio determined by - 'P-NM

troscopy, method B. C Z-3h/E-3 o determined b method A (1h), dZ-3l/[' 3
determmed by 31p.NMR spectroscopy, method A (15 ). Desﬂylated produc b(ame € Z-7/E-7' Ratio determined by
31p.NMR spectroscopy. f Yield of isolated products 3/3' and 7/7', based on 1 and 6‘
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In order to enhance the synthetic use of this process and to avoid mixi
compound 3 and the C-substituted enamine 4 obtained from metallated enamines, the reaction of primary j-
enaminophosphonates 1 and isocyanates without the presence of base was explored, with the aim of reducing
the ambident character of the enamine. Thus, the addition of isocyanates 2 to B-enamino-phosphonates 1 led
to the regioselective formation of the N-substituted compounds 3/3' (Scheme 3), isolated as a mixture of the
Z- and E-isomers (see Table 1, entries 4,5,8,10) separated by crystallization, although in some cases, when the

process developed in the absence of solvent, only the 3' E-isomers were obtained (see Table 1, entries 1-3, 6,

the other hand, in the 13C-NMR spectrum of compound 3'a,
the coupling constant observed in the ipso aromatic carbon (3Jpc= 6.1 Hz) can be taken as an indication for
the inversion of the Z-configuration9.16,17 around the enaminic moiety (C2-C3) of functionalized
phosphonates 3' related to the starting enamine. In this context, it is noteworthy that for our subsequent
purposes the separation of both 3 (Z-) and 3' (E- isomers) is not necessary, given that not only the treatment
of compounds 3', but also of the mixture of isomers 3/3' with LDA afforded 1,5,2-diazaphosphorines 5 (see

Table 2, entries 1-9).
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Functionalized phosphonates 3/3' underwent cyclocondensation to heterocyclic compounds § (see Table
2, entries 1-9) by expulsion of a molecule of ethanol when adducts 3/3' were treated at low temperature (-78
°C) with LDA 1in tetrahydrofuran (Scheme 3), and were alternatively prepared in a “one pot” synthesis from
fB-enamine 1, when crude 1:1 adducts 3/3' were directly treated, without their isolation, with LDA in THF
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(Table 2, entry 4). In some cases, the cyclocondensation of the N-subsiituied compounds 3/3' took place at
room temperature by using methyllithium as base (see Table 2, entries 6, 7, 9). Mass spectrometry of
heterocyclic compounds 5a showed the molecular ion peak (m/z, 328, 100%) and the cyclocondensation
seems to involve the urea moiety and the ethoxy group bonded to the phosphorus atoms, while the BC.NMR
spectrum of this compound Sa showed absorption at 8¢ = 153.1 ppm with a 2Jpc = 6.5 Hz assignable to the
urea carbonyl group, as well as doublets at ¢ = 86.7 ppm with a {Jpc=171.2 Hz and 8¢ = 150.5 ppm with a
2Jp¢ = 3.5 Hz for the heterocyclic carbon atoms.

Table 2. 2,6-dioxo-1 ,5,2-PV-diazaphosphoﬁnes Sand 8.

| P P P 3 rl » Raoartinn i3 f07 \a
nlur_y \,,Ullll)ﬂl.l na " LA AL G aUrax TICIA {70 )
Conditions
1 5a ) ) LDA/-78 °C 98
- — VY Ve = P o
2 Sb /(IS\) .-U LDA/-/8 7C 8D
3 5c A - LDA/-78°C 91
O
4 s5d N ) LDA/-78 °C 87 (85)
\ — [ \\J AN 7
5 Se a4 ) LDA/-78 °C 96
6 5f L—j gl MelLi/r.t. 98
7 5g A g MelLi/r.t. 99
8 5h - — )-och.  LDAL78°C 95
o - =\ . - v s P
v S1 ——U H Melbl/r.t. ol
10 8a _@ BuLi/A 99
11 8b AR ) BuLi/A 98
\=/ 7
12 8c _Q ad BuLi/A 80 (94)b
13 8d AR -~ BuLi/A 87
\t—74

4 Yicld of isolated products 5 and 8 based on 3/3' and 7/7". © Yield of isolated products 5 and 8 based on 1 and 6 in
a "one pot" reaction.

Ll smcmiirsdsinem P Ny, [, PR .
this reaction, and to explore the synihesis o

hese results prompited us o extend the scope o
diazaphosphorines 8 substituted with a methyl group. The reaction of primary -enamino-phosphonates 6
with LDA, or in absence of base, followed by addition of isocyanates at room temperature gave exclusively
the N-substituted compound 7 in a regioselective fashion, principally as Z-isomers (see Table 1, entries 11-

13). Spectral data are in agreement with structure 7 keeping the Z-configuration around the enamidic moiety
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c for 2-
4 days at 60 °C in the presence of LDA afforded 3-methyi-6-o0xo0-1,5,
yields (see Table 2, entries 10-13). These heterocycles 8 can also be prepared in a “one pot” synthesis (rom p-
enamines 6, without isolation of compounds 7, when the enamines 6 are directly treated with LDA and

mazrapnospnonnes 8 in excelient

isocyanates in THF and the reaction is preformed at 60 °C (see Table 2, entry 12).
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In conclusion, we describe a new and efficient method of synthesis of 1,5,2-diazaphosphorinones 5, 8
making use of readily available starting materials. These phosphorus heterocycles 5, 8 may be useful
compounds in medicinal chemistry since they could display a broad range of biological activities and could
be widely used as enzymatic inhibitors® and as pharmaceuticals. 34
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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.
Solvent used in reactions was freshly distilled from appropriate drying agent before use: THF (sodium
benzophenone ketyl). All other reagents were recrystallized or distilled as necessary. Mass spectra were

obtained on a Hewlett Packard 5890 spectrometer. Infrared spectra were taken on a Nicolet IRFT Magna 550
spectrometer. H-NMR spectra were recorded on a Varian 300 MHz spectrometer using tetramethylsilanc
(0.00 ppm) or chloroform (7.26 ppm) as an internal reference in CDCI3 solutions. 13C-NMR spectra were

recorded at 75 MHz with chloroform (77.0 ppm) as an internal reference in CDCI3 solutions. 31P-NMR
spectra were recorded at 120 MHz with 85% phosphoric acid as an external reference. Elemental analyses
were performed in a Leco CHNS-932 instrument. Chemical shifts are given in ppm (8); multiplicities are
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 are reported in
cm-L. Mass spectra (EI) were obtained with an ionization voltage of 70 eV. Data are reported in the form
m/z (intensity relative to base = 100). All reactions were performed in oven (125 °C) or flame-dried
glassware under an inert atmosphere of dry N2.
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General Procedure for Preparation of fu
Method A. A dry flask, 100-mL, 2-necked, fitted with a dropping funnel, gas inlet, and magnetic stirrer, was
charged with 5 mmol of B-enaminophosphonate 1/6 and 5 mmol of isocyanate. The mixture was stirred and
heated below the boiling point of isocyanale, until TLC indicated the disappearance of the B-
cnaminophosphonate 1 (1 hour - 15 days). The crude product was purified by recrystallization (Et20).
Method B. A dry flask, 100-mL, 2-nccked, fitted with a dropping funnel, gas inlet, and magnetic stirrer, was
charged with 5 mmol of B-enaminophosphonate 1, and 25 mL of THF. A solution of 5 mmol of isocyanate
and 10 mL of THF was added over 10 min. The mixturc was stirred and refluxed until TLC indicated the
ran sphonate 1 (15 hours). The crude product was purified by
recrystallization (Et0).

" PApS W | A s £ 11\1\“7 1 Llesq A oot

Method C. A dry flask, 100-mL, 2-necked, fitted with a dropping funnel, gas inlet, and magnetic stirrer, was
charged with 5 mmol of B-enaminophosphonate 6, and 25 mL of THF. The temperature was allowed to
descend to 0 °C and a solution of butyllithium (1.6 M in n-hexane) (5 mmol) in THF was then added. The
mixture was allowed to stir for 1 hour. A solution of 5 mmol of isocyanate in 10 mL of THF was added at
this temperature. The mixture was stirred and refluxed until TLC indicated the disappearance of the -
enaminophosphonatc 1 (15 hours). The mixture was washed with water and extracted with CHCly. The
organic layers were dried over MgSOy, filtered, and concentrated. The crude product was purified by

recrystallization (EtpQ).
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to descend to -30 °C and a solution of B-enaminophosphonate 1 (5 mmol) in THF was then added. The
mixture was allowed to stir for 1 hour. A solution of 5 mmol of isocyanate in 10 mL of THF was added at
this temperature. The mixture was stirred at -30 °C during 7 hours, and then the mixture was washed with
water and extracted with CHClp. The organic layers were dried over MgSQy, filtered, and concentrated. The
crude product was purified by recrystallization (Et0).

3 and 3' were separated from each other by fractionated crystallization (Et30).

Z-N-Phenyl-N'-(1-phenyl-2-diethoxyphosphoryl ethenyl) urea (3a). 1440 mg (77%) of 3a following

the method B, and 860 mg (46%) of 3a following the method D as a white solid. Data for 3a: mp 149-150 °C;
{H-NMR (300 MHz): 1.29 (m, 6H, CH3), 4.07 (m, 4H, OCH2), 4.70 (d, 1H, 2Jpy= 12.2 Hz, CH), 7.18-7.42
(m, 10H, arom), 8.66 (s, 1H, NH), 9.53 (s, 1H, NH). 13C NMR (75 MHz): 16.2 (CH?R), 62.1 (OCH3), 92.2

(d,1Jpc= 184.3 Hz, CH), 118.9-129.7 (CH-arom), 137.9 (d,3JpC= 19.1 Hz, C-ipso,arom), 138.7 (C-
ipso,arom.), 151.7 (CN), 158.5 (d,4Jpc= 4.0 Hz, C=0). 3/ P-NMR (120 MHz). 20.3; IR (KBr) 3297, 3213,
1722, 1231 cm-1; MS (EI) 374 (M+, 11). Anal. Calcd for C19H23N204P: C, 60.96: H, 6.15; N, 7.49. Found:
C, 60.78: H, 6.32: N, 7.23.

£-N-Phenyl-N'-(1-phenyl-2-diethoxyphosphoryl ethenyl) urea (3'a). 1830 mg (98%) of 3'a
tollowing the method A as a white solid. Data for 3'a: mp 188-189 °C; ! H-NMR (300 MHz): 0.96 (m, 6H,
CH3), 3.47 (m, 4H, OCH?), 6.45 (d, 1H, 2/py= 12.8 Hz, CH), 7.21-7.53 (m, 10H, arom), 8.34 (s, 1H, NH),
8.63 (s, 1H, NH). /3C-NMR (75 MHz): 16.0 (CH3), 61.4 (OCHy), 90.0 (d,1Jpc= 205.0 Hz, CH), 118.9-
129.8 (CH-arom), 136.5 (d,jJPC= 6.1 Hz, C-ipso,arom.), 139.0 (C-ipso,arom.), 152.7 (CN), 1544 (d,‘iJPC:
17.6 Hz, C 0). ”P-NMR (120 MHz). 22.4; IR (KBr) 3301, 3225, 1716, 1221 cm-1; MS (ED) 374 (M, 14).

Anal Caled far C10HAAN AN D (Y £0) QK- LI K15 N 740 Found- O ANAKO- T K AA N ’7’2/1
Adiai. \,au,u LULD U YT/ N U4 U, BULIU, 13, UL, 1Y, [.497, rouna: ©, 6uU.0Y, 11, 0.40; I\,
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E-2-Amino-2-phenyl-1-phenylcarboxamide ethenyl diethyl phosphonate (4a). 900 mg (48%) of 4a
following the method D as a white solid. Data for 4a: mp 170-171 °C; TH.NMR (300 MHz): 1.04 (m, 6H,
CH3), 3.76 (m, 4H, OCH2), 5.29 (s, 1H, NH), 7.19-7.34 (m, 10H, arom), 10.99 (s, 1H, NH), 11.24 (s, 1H,

NH). {3C-NMR (75 MHz): 15.7 (CH3), 61.3 (OCH2), 83.8 (d,{Jpc= 191.5 Hz, C=), 118.5-128.9 (CH-
arom), 137.9 (C-ipso,arom.), 139.1 (C-ipso,arom.), 168.3 (d, 2JPC‘ 18.2 Hz, CN), 170.6 (d, ZJPC 15.1 Hy,

21 n araen s1An wary_ Yn /7N AN1TN nl\nn 1M 1AM -1, 200 /oMy fv'" Byt n)

C-—-G) "‘I’ NMK (14U MUZ) L‘l- ! IK \Aﬂr) 3214, Jiél 1V , 1007/, ILUJ CIn *, Vid (X1) /4 (M’ V).
Anal. Calcd for C1gH23N204P: C, 60.96; H, 6.15; N, 7.49. Fo ___l,C 61.13; H 589 N, 7.40.

E-N-Phenyl-N'-(1-(2-thiophenyl)-2-diethoxyphosphoryl ethenyl) urea (3'b). 1840 mg (97%) of 3'b
following the method A as a white solid. Data for 3b: mp 165-167 °C; {H-NMR (300 MHz): 1.08 (m, 6H,
CH3), 3.64 (m, 4H, OCH?2), 6.30 (d, 1H, 2/pf= 12.4 Hz, CH), 6.68-7.33 (m, 8H, arom), 8.48 (s, 1H, NH),
8.60 (s, 1H, NH). /3C-NMR (75 MHz): 16.0 (CH3), 61.5 (OCH2), 92.3 (d,/ Jpc= 203.9 Hz, CH), 119.1-
132 2 (CH-arom) 137 1 (d 3Inn: 785 Hy Conen arom ) 13RO (Coincn araom ) 146 O (d 4Inn: 1 H
AU \NRaTQ1VIIL )y, AT .0 My VL Ted Lidy TG UI U Jy X TUT \NTEII UG WE UL ]y LTV \Uy U FRVRVES § 72
C=0), 152.5 (CN). 31p.NM. (120 MHz). 21.9; IR (KBr) 3286, 3214, 1735, 1246 em 1 M, El) 380 (MT,
8). Anal. Calcd for C17H21N204PS: C, 53.68; H, 5.52; N, 7.36; S, 8.42. Found: C, 53.89; H, 5.43; N, 7.30;
S, 8.51.

E-N-Phenyl-N'-(1-(2-furyl)-2-diethoxyphosph henyl) urea (3'c). 1760 mg (97%) of 3'c
following the method A as a white solid. Data for 3'c: mp 157-158 °C; IH-NMR (300 MH/) 1.17 (m, 6H,
CH3). 3.93 (m, 4H, OCH?2), 6.44-7.49 (m, 8H, arom), 6.56 (d, 1H, 2JPH— 9.6 Hz, CH), 8.37 (s, 1H, NH),
8.83 (s, 1H, NH). /3C-NMR (75 MHz): 15.5 (CH3), 60.7 (OCH2), 91.3 (d,/Jpc= 202.5 Hz, CH), 111.1-
142.5 (CH-arom), 138.1 ((‘ ipso,arom.), 140.2 (d, 4Jpc— 15.7 Hz, C=0), 146.9 (d, 3JPC 7.5 Hz, -
ipsa,arom.), 151.9 (CN). 31 P-NMR (120 MHz). 20.8; IR (KBr) 3276, 3187, 1723, 1219 cm-1; MS (EI) 364
(M, 14). Anal. Calcd for C17H21N205P: C, 56.04; H, 5.77; N, 7.69. Found: C, 56.31; H, 5.63: N, 7.49.
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Z-N-Phenyl-N'-(1-(2-pyridyl)-2-diethoxyphosphoryl ethenyl) urea (3d). 1060 mg (60%) of 3d
following the method B as a white solid. Data for 3d: mp 156-157 °C (dec); H-NMR (300 MHz): 1.20 (m,
6H, CH3), 4.06 (m, 4H, OCH2), 5.22 (d, 1H, 2Jpg= 12.5 Hz, CH), 6.90-8.53 (m, 9H, arom), 8.61 (s, 1H,
NH), 9.56 (s, 1H, NH). I3C-NMR (75 MHz): 16.1 (CH3), 62.2 (OCH2), 95.5 (d,/7pC= 184.8 Hz, CH),
119.2-148.7 (CH-arom and C-ipso,arom.), 154.8 (d, JJP(*— 20.6 Hz, C- zpso arom.), 155.9 (CN), 157.0

P 27 ~ ...-.—.,.A,\..-
(C=0). 2*P-NMR (120 MHz). 19.8; IR (KBr) 3215, 3146, 1707, 1248 cm- 1 MS (ED) 375 (MT, 9). Anal.
Caled for C1g§H22N304P: C, 57.60; H, 5.77; N, 5.87. Found: C, 57.46; H, 5.50; N, 6.08.

E-N-Phenyl-N'-(1-(2-pyridyl)-2-diethoxyphosphoryl ethenyl) urea (3'd). 780 mg (40%) of 3'd
following the method B as a white solid. Data for 3'd: mp 163-164 °C (dec); { H-NMR (300 MHz); 1.05 (m,

Y

H, CH3), 3.73 (m, 4H, OCH2), 6.55 (d, iH, ZJPH— 10.8 Hz, CH), 6.97-8.53 (m, 9H arom), ¥.39 (s, IH,

O
NIIN O L& /o 11T \TT'I‘\ ]?rv ATRAD /M1 NATT N\, 1L i\ FATY N\ FaYal & PRy /\r\n = ry YT
INI1), 0.05 (8, I, NOj. - C-IvMIK (/> MHZ). 10.U (CH3), 61.6 (ULHZ) 82.0 ((1 JPC— V3.0 1z, LH),
119.3-148.7 (CH-arom and C-ipso,arom.), 148.4 (C-ipso,arom.), 152.6 (CN), 153.1 (C=0). 31P-NMR (120
MHz). 21.7; IR (KBr) 3254, 3119, 1698, 1239 cm™L; MS (EI) 375 (M, 11). Anal. Calcd for C1gH22N304P:
C, 57.60; H, 5.77; N, 5.87. Found: C, 57.34; H, 591 N, 6.12.

E-N-Phenyi-N'-(1-p-tolyi-2-diethoxyphosphoryi ethenyl) urea (3'e). 1211 mg (65%) of 3'e
following the method B as a white solid. Data for 3'e: mp 173-174 °C; 1H-NMR (300 MHz): 1.09 (m, 6H,
CH3), 1.97 (s, 3H, CH3), 3.43 (m, 4H, OCH»), 6.30 (d, 1H, 2Jpg=12.7 Hz, CH), 6.99-7.43 (m, 9H, arom),

[ PR O3 I § T2, VAR VLAY 2A3, A2y ARy, V.TT

8.29 (s, 1H, NH), 8.59 (s, 1H, NH). I3C-NMR (75 MHz): 16.1 (CH3), 20.7 (CH3), 61.1 (OCH?), 89.4
(d{Jpc= 203.9 Hz, CH), 119.2-129.3 (CH-arom), 133.7 (d, 3Jpc= 6.0 Hz, C-ipso,arom.), 139.4 (C-
ipso,arom.), 140.8 (C-ipso,arom.), 152.6 (CN), 155.1 (d, 4Jpc= 17.6 Hz, C=0). 31P-NMR (120 MHz). 22.8:
IR (KBr) 3211, 3104, 1723, 1214 cm~1; MS (EI) 388 (M*, 16). Anal. Calcd for C20H25N204P: C, 61.86; H,
6.44; N, 7.21. Found: C, 61.72; H, 6.28; N, 7.41,

Z-N-(1-Phenyl-2-diethoxyphosphoryl ethenyl)-N' -propyl urea (3f). 1270 mg (75%) of 3f, trough
treatment of E-N-(1-Phenyl-2-diethoxyphosp h ryl ethenyl) N propyl urea (3'f) “With MecLi at room
temperature after 15 minutes gave compound 3f as a white solid. Data for 3f: mp 135-136 °C; TH-NMR (300

ArE  mw v rw T

MHz): (.79 (m, 3H, CH3), 1.27 (m, 6H, CH3), 1.40 (m, 2H, CH2), 3.01 (m, 2H, NCHp), 3.98 (m, 4H,
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OCH)y), 4.53 (d, IH, 2JPH- 12.0 Hz, CH), 5.05 (s, 1H, NH), 7.19-7.39 (m, SH, arom), 9.42 (s, 1H, NH).
I3C-NMR (75 MHz): 11.2 (CH3), 16.2 (CH3), 23.0 (CH2), 42.0 (NCH2), 61.8 (OCH2), 91.0 (d.2Jpc= 183 8
Hz, CH), 126.3-129.4 (CH-arom), 138.0 (d, 3Jpc= 18.6 Hz, C-ipso,arom.), 153.9 (CN), 158.8 (C=0). 3ip.
NMR (120 MH?) 20.8; IR (KBr) 3253, 3199, 1706, 1230 cm” 1. MS (EI) 340 (M, 19). Anal. Calcd for

3 S RN C e AT 75N 297 Fennd (0 K6 A7-H 7 40- N & 01
len;v'cZuq.r C,56.47; H, 7.35; N, 8.23. Found: C, 56.22; H, 7.49; N, 801

E-N-(1-Phenyl-2-diethoxyphosphoryl ethenyl)-N'-propyl urea (3'f). 1650 mg (97%) ot 3'f following
the method A as a white solid. Data for 3'f: mp 167-168 °C; IH-NMR (300 MHz): 0.84 (m, 3H, CH3), 0.93
(m 6H, CH3), 1.39 (m, 2H, CH?), 3.00 (m, 2H, NCH?2), 3.44 (m, 4H, OCH?), 6.26 (d, 1H, 2Jpp=13.3 Hz,

H), 6 42 (s, TH, NH), 7 18-7.28 (m, 5H, arom), 8.05 (s, lH NH). /3C-NMR (75 MHz): 11.5 (CH3), 15.9

3.0 (CHp), 41.3 (NCHp), 61.1 (OCH?2), 89.6 (ainc— 205.5 Hz, CH), 127.9-129.4 (CH-arom),
).

H%
\ '? A'_._ 1™ £ YT __ ral FAVRTY QIT\ AT

JpC= 6.1 Hz, C-ipso,arom.), 154.1 (d,"JpC= 17.6 Hz, C=0), 155.5 (CN). £ P-NMR (120 MHz).
nal

. Calcd for C1gH25N204P: C,

(O e ] /“'
3

’%
2.7: R (KB ) 3231, 3128, 1690, 1214 cm-1; MS (ED) 340 (M+, 20
6.47; H, 7.35: N, 8.23. Found: C, 56.36; H, 7.29; N, 8.07.

E-N-Propyl-N'-(1-(2-thiophenyl)-2-diethoxyphosphoryl ethenyl) urea (3'g). 1690 mg (98%) of 3'g
tollowing the method A as a white solid. Data for 3'g: mp 150-151 °C; IH_NMR (300 MHz): 0.86 (m, 3H,
CH3), 1.03 (m, 6H, CH3), 1.42 (m, 2H, CH?2), 3.03 (m, 2H, NCH?), 3.63 (m, 4H, OCH?), 6.20 (d, 1H,
2Jpy=12.8 Hz, CH), 6.50 (s, 1H, NH), 6.84-7.27 (m, 3H, arom), 8.21 (s, 1H, NH). I3C-NMR (75 MHz):
11.4 (CH3), 16.0 (CH3), 23.1 (CH?), 41.4 (NCH}), 61.4 (OCH?), 91.5 (d,]JP(:: 204.5 Hz, CH), 126.6-
129.5 (CH-arom), 137.6 (d, 3Jpc= 7.0 Hz, C-ipso,arom.), 146.7 (d.#Jpc= 16.1 Hz, C=0), 155.3 (CN). 31p-

NMR (120 MHz). 22.3; IR (KBr) 3277, 3189, 1735, 1251 cm-1; M S (EI) 346 (M*, 12). Anal. Caled for
C14H23N204PS: C, 48.55; H, 6.65; N, 8.09; S, 9.25. Found: C, 48.67; H, 6.81; N, 7.88: S, 9.34.

E-N-(1-Phenyl-2-diethoxyphosphoryl ethenyl)-N' -p-methoxyphenyl nrea (3'h). 1360 mg (75%) of
3'h following the method A as a white solid. Data for 3'h; mp 176-177 °C; JH-NMR (300 MH/) 1.02 (m,
6H, CH3), 3.54 (m, 4H, OCH2), 3.79 (s, 3H, OCH3), 6.48 (d, 1H, 2Jpg= 13.0 Hz, CH), 6.82-7.35 (m, 9H,
arom), 8.31 (s, 1H, NH), 8.58 (s, 1H, NH). /3C-NMR (75 MHz): 15.9 (CH3), 55.4 (OCH3), 61.2 (OCH?),
89.8 (d, ffpc— 204.0 Hz, CH), 113.9-129.7 (CH-arom), 132.1 (C-ipso,arom.), 136.6 (d, 3JPC~ 6.0 Hz, C-
ipso,arom.), 152.9 (C-ipso,arom.), 154.4 (d,Jpc= 18.1 Hz, C=0), 155.2 (CN). 31 p- NMR (120 MHz). 22.6;
IR (KBr) 3204, 3098, 1742, 1210 cm-1; MS (EI) 404 (M, 9). Anal. Calcd for C20H25N205P: C, 59.40; H,
6.19; N, 6.93. Found: C, 59.23: H, 6.34; N, 6.77.

E-N-(1-Phenyl-2-diethoxyphosphoryl ethenyl) urea (3'i). 790 mg (53%) of 3'i following the method
A as a white solid. Data for 3'i: mp 159-160 °C; {H-NMR (300 MHz): 1.00 (m, 6H, CH3), 3.67 (m, 4H,
OCH2), 6.21 (s, 1H, NH), 6.45 (d, 1H, 2/pg= 12.6 Hz, CH), 6.79 (s, 1H, NH) 7.33-7.41 (m, 5H, arom), 8.36
(s. 1H, NH) 1 ?c NMR (75 MHz): 15.8 (CH3), 60.2 (OCH2), 91.2 (d, JPC— 203 5 Hz, CH) 127.1-129.2

1T Y T FraAYE & §

= 0. U nz, C- lpSO arom, ), 152.0 (L lp.SO rom.
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Z-N-Phenyi-N'-(i-phenyl-2-
following the method A and 1760 9 ! it d
179-180 °C; TH-NMR (300 MHz): 1.31 (m, 6H, CH3), 1.59 (d, 3H, 3Jpy= 13.9 Hz, CH3), 4.07 (m, 4H,
OCH?3), 6.84-7.36 (m, 10H, arom), 7.63 (s, 1H, NH), 9.99 (s, 1H, NH). I3C-NMR (75 MHz): 14.5 (d,2JpC=
7.0 Hz, CH3), 16.2 (CH3), 61.9 (OCH2), 98.5 (d, {Jpc= 174.2 Hz, C=), 119.2-129.6 (CH-arom), 136.2
(d,3JpC= 17.6 Hz, C-ipso,arom.), 138.6 (C-ipso,arom.), 151.7 (CN), 152.5 (d,4Jpc= 8.0 Hz, C=0). 31 p.

NMR (120 MHz) 24.2; IR (KBr) 3278, 3087, 1718, 1214 cm- 1. pms (ED) 388 (M™*, 21). Anal. Calcd for
Co0H?25N204P: C, 61. 85 ,6.44; N, 7.22. Found: C, 62.21; H, 6. 18 N, 7.35.

Z-N-Phenyl-N'-(1-(2-pyridyl)-2-diethoxyphosphoryl-1-propenyl) urea (7b). 1870 mg (96%) of 7b
following the method A and 1850 mg (95%) of 7b following the method C as a white solid. Data for 7b: mp
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170-171 °C; {H-NMR (300 MHz): 1.27 (m, 6H, CH3), 1.55 (d, 3H, JJpy= 13.9 Hz, CH3), 4.06 (m, 4H,
OCHD?), 6.84-8.63 (m, 9H, arom), 7.52 (s, 1H, NH), 10.15 (s, 1H, NH). {3C-NMR (75 MHz): 13.7 (d,2Jpc=
7.0 Hz, CH3), 162 (CH3), 62.0 (OCH2), 99.3 (d, 1jpc=173.2 Hz, C=), 119.1-151.5 (CH-arom, CN and

C=0), 154.8 (d,7Jpc= 20.6 Hz, C-ipso,arom.). 31p.NMR (120 MHz). 23.8; IR (KBr) 3278, 3087, 1718, 1214
cm-1; MS (EI) 389 (M*, 23). Anal. Calcd for C19H24N304P: C, 58.61; H, 6.17; N, 10.80. Found: C, 58.98;
H, 5.83; N, 10.66.

Z-N-(1-Phenyl-2-diethoxyphosphoryl-1-propenyl)-N'-propyl urea (7¢). 1570 mg (89%) of 7c¢
following the method A as a white solid. Data for 7¢: mp 164-165 °C; 1 H-NMR (300 MHz): (.75 (m, 3H,
CH3), 1.29 (m, 6H, CH3), 1.31 (m, 2H, CH2), 1.51 (d, 3H, 3/pg= 13.7 Hz, CH3), 2.93 (m, 2H, NCH2), 4.05
(m, 4H, OCH2), 5.37 (s, 1H, NH), 7.15-7.31 (m, 5H, arom), 9.65 (s, 1H, NH). I3C-NMR (75 MHz): 10.9
(CH3), 14.1 (d, 2JpC=7.5 Hz, CH3), 16.0 (CH3), 22.7 (CH2), 41.6 (NCH2), 61.5 (OCH2), 96.4 (d, {JpC=
173.7 Hz, C=), 125.8-131.0 (CH-arom), 136.3 fd,3J,Df‘— 17.6 Hz, C-ipso,arom.), 152.6 (d,2Jpc= 8.5 Hz,
CN), 154.1 (C=0). 31P-NMR (120 MHz). 24.3; IR (KBr) 3224, 3159, 1729, 1208 cm"~ 1 pms (EI) 354 (M,
29). Anal. Calcd for C17H27N204P: C, 57.63; H, 7.63: N, 7.91. Found: C, 57.49; H, 7.72; N, 7.83.

Z-N-(1-(2-Pyridyl)-2-diethoxyphosphoryl-1-propenyl)-N'-propyl urea (7d). 1520 mg (90%) of 7d
f ”Q wing the method A as a white solid. Data for 7d: mp 158-159 °C; /H-NMR (300 MHz): 0.77 (m, 3H

j3Siwisgl iR QS 4 WILT SURIG. Gl UL 20 AATIVAVALN \JVUNV AVARRL). 17 \iily Jii,

CH3), ()91 (m, 2H, CH2), 1.29 (m, 6H, CH3), 1.48 (d, 3H, 3JPH— 139HZ CH3), 2.97 (m, 2H, NCH?2), 4.06

(m, 4H, OCH2), 4.83 (s, 11, NH), 7.21-8.56 (m, 4H, arom), 9.97 (s, 1H, NH). 13C-NMR (75 MHz): 11.0
(CH3). 13.9 (d. 2Jpc= 7.3 Hz, CH3), 16.0 (CH3), 23.0 (CH2), 41.4 (NCH2), 62.0 (OCH2), 98.6 (d, {Jpc=
174.1 Hz, C=), 125.8-154.3 (CH-arom, C-ipso,arom., CN and C=0). 3/ P-NMR (120 MHz). 24.5: IR (KBr)
3289, 3111, 1716, 1204 cm” I; MS (EI) 355 (M+, 7). Anal. Calcd for C16H26N304P: C, 54.08; H, 7.32; N,

11 917 ™ YY £ 00

11.83. Found: C, 54.51; H, 6.88; N, 11.39.

General Procedure for Preparation of 2 6-dioxo-1,5,2-PV-diazaphosphorines Sand 8

Method A. A dry flask, 100-mL, 2-necked, fitted with a dropping funneli, gas inlet, and magnetic stirrer, was
charged with 5 mmol of Iithium diisopropylamide (LDA), and 25 mL of THF. The temperature was allowed
to descend to -78 °C and a solution of the functionalizated B-enaminophosphonate 3/3' (5 mmol) in THF was
then added. The mixture was allowed to stir for 1 hour at this temperature. The temperature was allowed to
ascend to room temperaturc. The mixture was stirred at room temperature during 5 hours, and then the
mixture was washed with water and extracted with CH»Cly. The organic layers were dried over MgSOg,
filtered, and concentrated. The crude product was punfled by recrystalhzauon (EtpO).
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uring 18 hours. The mixture was washed with water and extracted
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mixture was stirred at this temperature
with CHpClp. The organic layers were dried over MgSOQy, filtered, and concentrated. The crude product was
purified by recrystallization (Etp0).

Method C. A dry flask, 100-mL, 2-necked, fitted with a dropping funnel, gas inlet, and magnctic stirrer, was
charged with 5 mmol of the functionalizated B-enaminophosphonate 3/3', and 25 mL of THF. Then, at room
lemperature, a solution of butyllithium (1.6 M in n-hexane) (5 mmol) in THF was added. The mixture was
stirred at this temperature during 1 hour, and then was refluxed until 7LC indicated the disappearance of the
d 12 NMMaCN. Fils Cd anrnd ~AmAaantea | o

Tha ~ Aa At aay
iy OVver Mgoly, {iite , and concentrated. 1ne cruae proauct w
1.
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1,4-Diphenyl-2,6-dioxo-2-ethoxy-1,2,5,6-tetrahydro-3,5-(H)-1 SJ-PV-dluaphosphonne (5a). 1610
mg (98%) of S5a following the mcthod A as a white solid. Data for Sa: mp 212-214°C; IH-NMR (300 MHz)
1.04 (m, 3H, CH3), 3.71 (m, 1H, OCH?), 3.89 (m, 1H, OCH3), 5.38 (d, 1H, JJPH=89HZ CH), 7.18-7.46
(m, 10H, arom), 9.17 (s, 1H, NH); /3C-NMR (75 MHz) 16.0 (CH3) 63.7 (ocm) 86.7 (d,1Jpc=171.2 Hz,

1w

CH), 126.2-130.8 (CH-arom), 132.8 (C-ipso,arom.), 133.8 (d,’ 3ipc= 18.6 Hz, C-ipso,arom.), 150.5 (d,2JpC=
N £ YT FVRTN 127 1 7.3 ) S £ £ YYX_. £\ N '? ATAAD 71N AAYT..N 1A N, TN /7D 2732377 1£01 1AL :..-..«-‘.
3.5 Hz, CN), 153.1 (d,«/pC= 6.5 Hz, C=0). < P-NMR (120 Mz} 14.G; IR {RKBr) 3337, 1661, 1241 Cin™~;
AAC (EETY 29Q N+ 10N Awmal Caled far CamalTaNANAD Y £ 10 1 £ 12N &84 Fnund- O A201- H
MY (L1 3206 (W1, 1vv). Alldl. CaiCh 10T U7l 7INZuU3sr: U, Us. 17, 11, J.16, 1N, 6.0%9. I'Uulil. L, U4V, 1,
5.33; N, 8.42.

2,6-Dioxo-2-ethoxy-1-phenyl-4-(2-thiophenyl)-1,2,5,6-tetrahydro-3,5-(H)-1,5,2-PV-
diazaphosphorine (5b). 1420 mg (85%) of 5b f Iouowmg the method A as a white solid. Data for 5b: mp 206-
" 84 d

’)f\QOI‘ ]U ATRAD (200 MALTI2Y 1 NA (en 2H CTTAY 2 78 TH MNHAY 208 (m 1TH MNWCH
o TAXCINIVIIN \JUV IVIX1Z) 1.UU \il1, J1X, I13), J.7J \lll 111, \,111';, J.70 (1, 148, v ni/ ), J.ad

ZJpH— 6.3 Hz, CH), 6.81-7.41 (m, 8H, arom), 9.12 (s, 1H, NH); 13C-NMR (75 MHz) 16.2 (CH3), 63.
(OCH2), 85.6 (d, IIDF" 173.7 H/ CH), 120.2-132.9 (CH-arom), 136.2 (d3lpr*- 21.1 Hz, C-ipso,arom.),

137.5 (C-ipso,arom.), 143.5 (d,2JpC= 4.5 Hz, CN), 153.0 ((1,2.IPC 6.5 Hz, C=0). 31 P-NMR (120 MHz)

13.3: IR (KBr) 3327, 1675, 1213 cem-1: MS (ED) 334 (M*, 72). Anal. Calcd for C15H15N203PS: C, 53.89; H,
4.49: N, 8.38; S, 9.58. Found: C, 53.67; H, 4.78; N, 8.29; S, 9.46.

- 1 =nla 119 £
-1-phenyl-4-(2-fiiryl)-1,2,5
¢ A
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bl =1,
fc ,]!nunno the method A as a white § ata O"
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1e1thod

NMR (300 MHz) 1.13 (m, 3H, CH3), 3.81 (m, 1H, OCH>), 3.98 (m, 11, OCH2), 565 (d,
CH), 6.43-7.51 (m, 8H, arom), 8.82 (s, 1H, NH); 13C-NMR (75 MHz) 16.1 (CH3), 63.8 (OCHZ), 82.9
(d,/Jpc= 175.7 Hz, CH), 111.3-145.6 (CH-arom, C-ipso,arom. and CN), 145.8 (d3Jpc= 20.4 Hz, C-
ipso.arom.), 152.9 (C=0). 3IP-NMR (120 MHz) 14.1; IR (KBr) 3229, 1709, 1207 cm"1; M5 (E) 318 (M™,
83). Anal. Calcd for C15H15N204P: C, 56.60; H, 4.72; N, 8.80. Found: C, 56.97; H, 4.88; N, 8.52.

2 ﬁ-nlnvn-'? pfhnvv-1-n]1pnv| A-(’)-nvndvl\-l ‘) : K-fnh-nhvrlrn-'\ :..(“\-1 5§ 2. PV.diazanhaen! harine

AUT&TTIARU A Y " & \AKJS Agelgm™a CUARL G PIAUS pJATUR IR

(5d). 1430 mg (87%) of 5d tollowme the me[hod A as a white sohd Data for 8d: mp 196-197°C; IH-NMR
(300 MHz) 1.07 (m, 3H, CH3), 3.76 (m, 1H, OCH?2), 3.94 (m, 1H, OCH2), 5.86 (d, 1H, 2Jpgj= 7.2 Hz, CH),
7.36-8.60 (m, 9H, arom), 9.46 (s, 1H, NH); I3C-NMR (75 MHz) 16.1 (CH3), 63.7 (OCH?), 85.5 (d./Jpc=
172.7 Hz, CH), 120.1-148.6 (CH-arom), 137.5 (C-ipso,arom.), 145.2 (d,2Jpc= 3.5 Hz, CN), 147.1 (d3JpC=
22.2 Hz, C-ipso,arom.), 151.5 (d,2JpC= 6.0 Hz, C=0). 3/ P-NMR (120 MHz) 14.8; IR (KBr) 3284, 1695,
1254 cm-1; MS (EI) 329 (M+, 93). Anal. Calcd for C16H16N303P: C, 58.36: H, 4.86; N, 12.76. Found: C,

O NE. 1Y A OO }

= NT N LA
J0.40, I, 4.77, IN, 1 2,04,

2,6-Diox0-2—ethoxy-1-phen_yl-4—p-tolyl-1,2,5,6-tetrahydr0-3,5-(H)-l,S,Z-PV-diazaphothorine (Se).
1640 mg (96%) of Se following the method A as a white solid. Data for Se: mp 188-189°C; IH-NMR (300
MHz) 1.05 (m, 3H, CH3), 2.31 (s, 3H, CH3), 3.71 (m, 1H, OCH?), 3.89 (m, 1H, OCHp), 5.35 (d, 1H, 2/pg=
9.0 Hz, CH), 7.07-7 .44 (m, 9H, arom), 8.67 (s, 1H, NH); 13c.NMR (75 MHz) 16.1 (CH3), 21.3 (CH3), 63.7
(OCH?), 86.0 (d,/Jpc= 171.2 Hz, CH), 126.0-131.0 (CH arom), 131.2 (d3Jpc= 18.5 Hz, C-ipso,arom.),

W T =] 1»-»\'\/1 > oo orT

132.9 (C-ipso,arom.), 141.5 (C-ipso,arom.), 150.2 (d,27pc= 3.5 Hz, CN), 152.8 (d2JpC= 6.5 Hz, C=0).
)

211’) ATAAD 170N NATT..\ TD /7D 1, AL /TTX nan Al /YT T
SEL-INVIIC (1L VINZ) l‘+ ‘) 1K {(ADT) 7Jl /, 1 7 1 l, ILUD cm™+; MY (El) 242 (MT, 8¥). Anal. Lalca 10r
8.48

C18H19N203P: C, 63.16; H, 5.55; N, 8.19. Found: C, 63.34; H, 5.19; N,

2,6-Diox0-2-ethoxy-4-phenyl-l-propyl-l,2,5,6-tetrahydro-3,5-(H)-1,5,2-PV-diazapho§phorine (51).
1440 mg (98%) of Sf following Lhe method B as a white solid. Data for 5f: mp 135-136°C; {H-NMR (300

NALT -\ Y O7F (e 2LT /MITAY 1 METAY 1 OTT AN TYX NIMLY¥-y 2 £1 £ L NTa B Y
WILIZj .6/ Ull ari, wris), 1. LI \Ill ')I'] i), lOn \lll Lrl L“Z},k 77 \lll 1r1 INLI12), 2.01 (11, 1r1 INLI1)/),

3.96 (m, 2H, OCHY), 5.23 (d, 1H, 2]PH*90HZ CH), 7.36-7.54 (m, 5H, arom), 9.32 (s,
(75 MHz) 11.3 (CH3), 16.3 (CH3), 22.4 (CH2), 43.0 (NCH2), 62.9 (OCH32), 85.4 (d,/Jp(C

126.4-130.9 (CH-arom), 134.1 (d,3Jpc= 17.5 Hz, C-ipso,arem.), 1509 (d2Jpc= 3.5 H
(d.2JpC= 5.5 Hz, C=0). 31P NMR (120 MHz) 17.0; IR (KBr) 3227, 1696, 1246 cm -1 Ms (EI)
100). Anal. Calcd for C14H19N203P: C, 57. 14 H, 646 N, 9.52. Found: C, 57.31; H, 6.28; N, 9.43,

91-3104 3101
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2,6-Dioxo-2-ethoxy-1-propyl-4-(2-thiophenyl)-1,2,5,6-tetrahydro-3,5-(H)-1, 5,2‘1’ -
dlazaphosphonne (5g). 1480 mg (99%) of Sg following the mcthod B as a white solid. Data for 5g: mp 141-
143°C; {H-NMR (300 MHz) 0. 93 (m, 3H, CH3), 1.29 (m 3H, CH3), 1.76 (m, 2H, CH2), 3.47 (m, IH,
m, 2H, OCH2), 5.33 (d, 1H, 2Jpg= 7.4 Hz, CH), 7.02-7.66 (m, 3H,
\

PN & B 1LY ATTT l-?/* ATE & RATY. N 11 A (YT AN 1£ 72 (METAY AN & M TTay A2 1 AATMLIT AL ( O
arom), 9.63 (s, 1H, NH); +*C-NMR (75 MHz) 11.4 (CH3), 16.3 (CH3), 22.5 {(CH3), 43.1 ‘mvnu 2.9
(OVCOTITAY QA Y (Al T 1£€0 7 LI LN 1797 9 19Q 7 (I _avmm) 124 A /Aj’hr'_ MYE e O inen Arm 1 )
uwnjl), o4.2 4, spC= 107,/ 1Z, Cil), 1o/, 4-1206.7 \(Ln-aromlj, 150.4 \G,-J P = LU0 1L, LIPSO, diam. j,

A1 (d2)pr=4.6 Hz. CN). 1534 (d2Jper= 6.0 Hz. C=0). 3IP-NMR (120 MHz) 16.3: IR (KBr) 334]
19910 \UL,T Y LU R4, N, LT A\UT o (S RAVAD 8 VA D 4 TIVIVAAN (R &\J iVARZ io] A \Jeody AEN (Ex&PT [ Y
1669, 1236 cm1: MS (ED) 300 (M*, 96). Anal. Calcd for C12H|7N203PS: C, 48.00; H, 5.66; N, 9.33; S,
10.66. Found: C, 47.62; H, 5.78; N, 9.52; §, 10.69.

2, 6 -Dioxo-2-ethoxy-d-phenyl-1-p-methoxyphenyl-1 2,5,6-tetrahydro-3,5-(H)-1,5,2-PV-

Aiazan a (RhY 1700 ma (QASTN of &h Al tho mathad A vhite ecnlid Nata for She mn 192
t.uabapuuapuunulc \JLLf. L/UV MIE \ 7070 UL J11 i\lll\)Wlllé the method A as a white soiid. Data {or dh: 1Hip 174=

194°C; {H-NMR (300 MHz) 1.14 (m, 3H, CH3), 3.79 (m, 1H, OCH2), 3.84 (s, 3H, OCH3), 3.97 (m, 1H,
OCH3), 5.40 (d, 1H, 2Jpy= 8.7 Hz, CH), 6.96-7.53 (m, 9H, arom), 8.44 (s, LH, NH); /13C-NMR (75 MHz)
16.2 (CH3), 55.4 (OCH3), 63.7 (OCH?), 87.1 (d,IJ_pC_ 170.2 Hz, CH), 114.5-131.1 (CH-arom), 134.2
(d,3Jpc= 18.1 Hz, C-ipso,arom.), 150.1 (d,2Jpc= 3.5 Hz, CN), 153.0 (d,2JpC= 7.0 Hz, C=0), 159.7 (C-
ipso,arom.). 3 P-NMR (120 MHz) 14.0; IR (KBr) 3306, 1696, 1246 cm~1; MS (ET) 358 (M+, 93). Anal. Calcd
for C1gH19N204P: C, 60.33; H, 5.31; N, 7.82. Found: C, 60.54; H, 5.07; N, 7.61.

2 K.nlnvn-')-pthnvv-d- henvl-1.2.5 6-tetrahvdro-1.3.5-(H).1.5.2- PV.diazanhosphorine (5i) 770 m g

Dioxo-2-ethoxy-4-phenyl-1,2,5,6-tetrahydro-1,3,5-(H)-1,5,2-PV.diaz aphosphorine (5i).
(61%) ot 5i following the method B as a white solid. Data for 5 mp 111-113°C; 1H-NMR (300 MHz) 1. 18
(m, 3H, CH3), 4.03 (m, 1H, OCH2), 4.15 (m, 1H, OCH2), 5.19 (d, 1H, 2Jpy= 8.7 Hz, CH), 7.41-7.65 (m,
SH, arom), 8.40 (s, 1H, NH), 10.15 (s, 1H, NH); 13C-NMR (75 MHz) 16.1 (CH3), 63.4 (OCH2), 86.5
(d,1Jpc=171.5 Hz, CH), 113.7-158.2 (CH-arom, C-ipso,arom., CN and C=0). 3/ P-NMR (120 MHz) 14.2;
IR (KBr) 3395, 3372, 1685, 1249 cm-1; MS (EI) 252 (M, 37). Anal. Calcd for C| {H]3N203P: C, 52.38; H,
.00 N, TLEL. Found:l C, D1.9); H, 3.3/ N, 1U.80.

1,4-Diphenyl-2,6-di0x0-2-ethoxy-3-methyl-1,2,5,6-tetrahydro-5-(H)—1,5,2-PV-diazaphosphorinc
(8a). 1690 mg (99%) of 8a following the method C as a white solid. Data for 8a: mp 203-204°C; TH NMR
(300 MHz) 1.03 (m, 3H, CH3), 1.82 (d, 3H, 3Jpy= 14.4 Hz, CH3), 3.72 (m, 1H, OCH2), 3.89 (m, 1H,
OCH2), 7.26-7.42 (m, 10H, arom), 7.79 (s, 1H, NH); /3C-NMR (75 MHz) 11.4 (d, ZJpc— 7.0 Hz, CH3), 16.1
(CH3), 63.9 (OCH2), 96.1 (d,!Jpc= 161.6 Hz, C=), 128.0-130.0 (CH-arom), 133.0 (C-ipso,arom.), 133.5
(d.37pc=17.6 Hz, C-ipso,arom.), 144 8 (d, 2Jpc— 8.6 Hz, CN), 151.9 (d.2JpC= 6.0 Hz, C=0). 3/ P-NMR

Non AT rn TN e e I e L Wt YW I o §

(120 MHz) 16.6; IR (KBr) 3314, 1723, 1236 cm-!; MS (ED) 342 (M+, 95). Anal. Calcd for C18H19N203P:
(‘RQIKT—IKQQNSZ]OI-TnnndFé’Z’Z’ILI 81\7’704

S. 17, Fuuill S0y K1y J, &0, 1N, 1.7

2,6-Dioxo-2-ethoxy- 1-phenyl-3-methyl-4-(2-pyridyl)-1,2,5,6-tetrahydro-5-(H)-1,5,2-PY -
ia aphusphnrme (8b). 1680 mg (98%) of 8b following the mclhod C as a white solid. Data tfor 8b: mp 171-

e

173°C; {H-NMR (300 MHz) 1.06 (m, 3H, CH3), 2.16 (d, 3H, 3jpy= 14.4 Hz, CH3), 3.77 (m iH, OCH?2),
3.96 (m, 1H, OCH2), 7.35-8.65 (m, 9H, arom), 8.46 (s, 1H, NH); {3C-NMR (75 MHz ) 12.1(d2Jpc= 6.0 He,
CH3), 16.1 (CH3), 63.9 (OCHY), 97.7 (d,/Jpc= 161.7 Hz, C=), 124.7-149.9 (CH-arom and C-ipso,arom.),
141.2 (d,2Jpc= 8.0 Hz, CN), 151.5 (d,2/pc= 6.0 Hz, C=0). 3IP-NMR (120 Muz) 7.0; IR (KBr) 3220,
1711, 1233 cm~1; MS (EI) 343 (M+, 100). Anal. Calcd for C17H18N303P: C, 59.47; H, 5.25; N, 12.24
Found: C, 59.36; H, 5.29; N, 12.31.
2,6-Dioxo-2-ethoxy-4-phenyl-3-methyl-1-propyl-1,2,5,6-tetrahydro-5-(H)-1,5,2-PY -

Aiazanhnenharinag (KoY 172U mo (RONTN nf a Fallawing ths mao 111 2t el wvhita enlid Tata far e mn 18Q
ulul‘al)ll Jollllullll'y \UJe LIV IIIE \OU /) UL U AULLUVVAIIE i lll\al.ll\,f\.l A ) (1\) ﬂ. Wllllb OSULIUL. L/4ala 11Ul Ou. 111 120
159°C; | H-NMR (300 MHz) 0.90 (m, 3H, CH3), 1.35 (m, 3H, CH3), 1.68 (m, 2H, CH2), 1.84 (d, 3H, JJpp=
13.8 H7 CH3), 3.37 (m, lH NCHz) 3.54 (m, 1H, NCH3), 4.06 (m, 2H, OCH2), 731 7.45 (m 5H arom),

9.38 (s, 1H, NH); 13C-NMR (75 MHz) 11.2 (d,2JpC= 7.6 Hz, CH3), 11.4 (CH3), 16.3 (CH3), 22.3 (CH?),
43.1 (NCH?), 62.8 (OCH?), 94.5 (d,{Jpc= 158.1 Hz, C=), 128.1-129.7 (CH arom), 133.4 (d,37pc= 16.6 Hz,
C-ipso,arom.), 145.5 (d,2JpC= 8.1 Hz, CN), 152.4 (d27pC= 5.5 Hz, C=0). 3/ P-NMR (120 MHz) 19.6; IR
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(KBr) 3361, 1688, 1256 cm-1: MS (EI) 308 (M, 45). Anal. Calcd for C15H21N203P: C, 58.44; H, 6.82; N,
9.09. Found: C, 58.61: H, 6.67; N, 9.22.
2,6-Dioxo-2-ethoxy-3-methyl-4-(2-pyridyl)-1-pro opyl-1,2,5,6-tetrahydro-5-(H)-1,5,2-PV-
diazaphosphorine (8d). 1340 mg (87%) of 8d following the method C as a white solid. Data for 8d: mp 143-
- 144°C; TH-NMR (300 MHz) 1.02 (1, 3H, 3!}1,1-[-— 7.5 Hz, CH3), 1.41 (m, 3H, CHg), 1.85 (m, 2H, CH)), 2.21
(d, 3H, 3Jpg=14.7 Hz, CH3), 3.56 (m, 1H, NCH3), 3.70 (m, 1H, NCH?2), 4.11 (m, 2H, OCH)?), 7.44-8.77

(m, 4H, arom), 8.70 (s, 1H, NH); /3C-NMR (75 MHz) 11.2 (CH3), 11.6 (d,2JpC= 6.6 Hz, CH3), 16.1 (CH3),
22.4 (CHp), 43.0 (NCH?), 62.8 (OCH?), 96.0 (d,/Jpc= 157.6 Hz, C=), 124.5-149.6 (CH-arom), 141.8
(d,2JpCc= 1.5 Hz, CN), 149.8 (d3/pC= 20.6 Hz, C-ipso,arom.), 151.8 (d,2JpC= 5.5 Hz, C=0). 31 P-NMR
(120 MHz) 19.8; IR (KBr) 3316, 1712, 1208 em-1; MS (ED) 309 (M*, 37). Anal. Calcd for C14H20N30O3P:
C,54.37; H,6.47; N, 13.59. Found: C, 54.03; H, 6.72: N, 13.67.
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