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Abstract- An easy and efficient synthesis of 1,3,2-~'~~-di~aphos~hininones (3, 4) substituted 
with a phosphine oxide or a phosphonate group in the 5-position is described. The key step is a 
cyclocondensation reaction of substituted p-enamino amides (1) to phosphorus michloride and 
phenylphosphonous dichloride. Subsequent ueament of 1,3,2-Pffl-dia~aphos~hininones (3) with 
elemental sulfur, water or hydrogen peroxide afforded the substituted 2-thio- (7, 8) and 2-0x0- 
1,3,2-~~-diazaphos~hininones (5, 6 ,  9). 

Diazaphosphininel ring systems represent an important class of compounds2 and have attracted an attention 

in recent years for their biological activities.3 Likewise, 1,3,2-diazaphosphinine derivatives have been used 

in the preparation of malonic acid receptors with decarboxylative activity4 and as versatile precursors of 

1 ,2 -a~a~hosphin ines ,~~  polyfunctional phosphinines5b and hicyclic heterocycles.5c In this context, we are 

interested in the design of new 1,3,2-diazaphosphinine derivatives substituted with a phosphine oxide or a 

phosphonate group in the 5 position of the heterocyclic system. This suhstituent could regulate important 

biological functions and could increase the biological activity of these type of compounds, in a similar way 

to that reported for other pharmaceuticals.6 Classical approaches2 to 1,3,2-diazaphosphinine involving 

cyclocondensation reactions of acyclic precursors such as phosphorodiamidates and diacyl chlorides7 as 

well as from 4-aminoazabutadienes8 or dia~at i tanacycles~~ with phosphorus halides have been reported. 

However, to the best of our knowledge, the synthesis of phosphorus substituted 1,3,2- 

diazaphosphininones has not been reponed. 

In connection with our interest in the synthesis of five9 and six10 membered phosphorylated nitrogen 

heterocycles we have used P-functionalized enamines derived from phosphazenes, phosphonium salts, 

phosphine oxides and phosphonates as synthetic intermediates in the synthesis of acyclic derivatives such 

as oximeslla allylamines,llb hydrazones,llc azadienes,"d aminodienes,lle and P-amino functionalized 

compoundsl1f.g as well as of phosphorus containing heterocycles.12 Continuing with our interest in the 

synthesis of new phosphorus suhstituted heterocycles we report here an easy and high yielding synthesis of 

1,3,2-diazaphosphininone derivatives (1) from phosphonrs halides and amido-enamines containing a 
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phosphoryl or a phosphonyl group (II), prepared from functionalized enamines13 or ene hydrazines.14 

(Scheme I). 

Scheme 1 

Functionalized p-enamino (R2=Ak or Ar) (1) and p-ene hydrazino amides (R2=R2N) (2) were casily 

prepared by reaction of p-enaminesl3 and p-ene hydrazinesl4 derived from phosphine oxides and 

phosphonates with isocyanates. The reaction of enamino-amides derived from phosphine oxides (1, ~4 = 

Ph) with phosphorus trichloride in the presence of triethylamine and aqueous work-up gave high yields of 

substituted 2-0x0-1,3,2-Pv-diazaphosphinin-4-ones (5) (see Table 1, entries 5-10). 

1 R2 = R (ref. 13) 

R2 = R2N (ref. 14) 

Scheme 2 
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The formation of these heterocycles (5) can he explained by cyclocondensation reaction of the phosphorus 

halide with compounds (1) and insertion of the phosphorus atom between both nitrogen atoms to give 

1,3,2-P111-diazaphosphinin-4-ones (3), followed by oxidation with water (Scheme 2). Compounds (5) 

were characterized on the basis of their spectroscopic data. Thus, the 3 1 ~ - ~ ~ ~  spectrum of compound 
4 (5a) showed two well resolved doublets with the long-range coupling constant Jpp  = 29.8 Hz for the 

diphosphoryl group (ijp = 36.8 ppm) and for the heterocyclic phosphorus atom (& = 3.8 ppm) while in 

the "c-NMR spectrum of this compound (5a) C-5 resonates at ijC = 89.0 ppm as a double doublet with 
3 coupling constants ' J ~ C  = 116.6 and J p c  = 19.4 Hz. 

Table 1. 1,3,2-PWDiazaphosphinin-4-ones 3, 2-0x0-l,3,2-PV-Diazaphosphinin-4-ones ( 5 6  and 

9) and 2-thio-l,3,2-Pv-Diazaphosphinin-4-ones (7 and 8). 

Entry Compound R' R2 R3 R4 Yield (%) mp ("C) 

The crude pmlucu (3) were characterized ('H, 13c and 3 1 ~  NMR) without isolation, Yield of isolated purified 
compounds ( 5 ,  7 and 9) from functionalized amides (1). Yield of isolated purified compounds (6) and (8) from 
functionalized amides (2). Decomposition. Purified by flash chromatography. 
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Table 2. Selected spectral data for compounds (3, 5, 6, 7,s and 9). 

Corn- 3 1 ~ - ~ M R  IH-NMR (CDC13Y I3C-NMR (CDCI3Y I R ~  M S C  

pound (CDC13Ia 6 (pprn) S ( P P ~ )  v ( m - 1 )  (mlz) 

31.9 (POPh2). 2.21 (5, 3H. CHJ, 2.32 (s. 3H. 20.4 (CH?). 21.0 (CH3). 107.0 d d 

83.5 (N-P-N) CH,). 7.01-7.82 (m. 24H. Ar) (d, ' Jpc  = 112.8 Hz. C-P). 
118.0-137.5 (CA,). 162.8 (d. 
'IpC= 12.8 Hz), 165.9 

27.9 (POPb21, 1.13 (t ,  3H, ' J H H =  7.2 Hz. 12.6 (CHI), 20.4 (CHj), 20.7 d d 

81.3 (N-P-N) CH3). 2.05 (s, 3H, CHI), 2.24 (CH3). 37.5 (CH2). 109.6 ( 4  

(s, 3H, CH3), 3.84 (q, 2H, jJH8 ' l pC  = 119.3 Hz, C-P), 117.7- 
= 7.2 HG CH2). 7.02-7.80 (m. 137.0 (CA,). 163.5. 166.3 
19H. Ar) 

28.8 (POPh2), 0.64 (t. 3H, * j H H  = 7.2 Hz. 11.9 (CH?). 25.7 (CH2). 101.3 d d 

84.7 (KP-N) CH,). 2 . 5 7 ~ 2 8 3  (m, 2H. CHI), (d. 'Ipc = 114.8 Hz. C-P). 
6.83-7.85 (m. 25H, Ar) 1 1 8 4 ~ 1 4 2 . 9  (CAT) ,  169.0. 

169.7 
1 5 1  1.29 (m. 6H. CHI), 2.47 (s, 16.1 (CH,). 19.8 (CH,). 44.8 d d 

(PO(OEII2), 3H. CHI), 3.75 (m. 2N. CH2- (CH2-N). 61.1 and 62.2 ( C H 2 ~  
22.1 (N-P-N) N), 3.98 (m. 4H. CH2-0). 5.21 0 ) .  80.1 (d. ' I p C =  196.4 Hz, 

(m, 2H. =CHI). 5.85 Lm. IH, C-P), 116.5-139.9 (C,,, =CHI 
=CH). 7.16~7.58 (m. 10H. Ar) and CH). 165.3. 166.0 

3.8 (d, 1.71 (s. 3H, CH,), 2.38 ( 8 .  3H. 19.0 (d. j lpc= 2.5 Hz. CHI),  1514, 1182, 512 (Mi. 25%) 
29 8 H z ,  CHI). 7.15-7.95 (m. 19H, Ar) 21.2 (CH,). 89.0 (dd, 'Jpc = 1129 
P=O). 36.8 116.6 Hz, J JpC  = 19.4 Hz. C~ 
(d. ' J p p  = P). 120.2-137.2 (CA,)  172.0, 
29 .8  Hz .  173.1 
POPh,) 
2.8 (a. 1.47 (t, 3H. 31f,H = 7.1 HZ, 15.4 (CHj). 18.7 (CHJ), 21.1 1597, 1103 464 (M*. 23%) 
3 0 . 9  H z ,  CHI).  1.64 ( s ,  3H, CHI). 2.37 (CHI), 43.9 (d. ' J ~ c =  6.1 Hz, 
P=O).  3 5 7  (s. 3H. CH?). 4 1 0  (q, 2H. j l , ,~  CH2-N). 87.3 (dd. ' Jpc= 116.8 
(d. ' l p p  = = 7.1 Hz. CH& 7.25-7.82 (m. Hz. 3 J p C  = 18.6 Hz, C~P). 
3 0 9  Hz.  14H. Ar) 1 2 7 . 4 - 1 3 9 2  (CA,l, 172.3, 
POPh2) 174.4 

6.8 (d. 'Jpp= 1 6 5  (s. 3H. CH3). 4.78 (d. 2H. 18.6 (CHI). 47.1 (CH2). 89.3 1567. 1182. 512 (Mi. 54%) 
3 1  1 Hz .  ? IpH=  7.2 Hz. CHz), 7.15-7.92 (dd. 'Jpc = 113.3 Hz. 'JK = 1 l Z 2  
P=O), 36.4 (m. 20H. Ar) 19.1 Hz, C-P). 115.3-1457 
(d. ' J p p  = (C,,). 170.4. 174.4 
3 1 . 1  H z ,  
POP$) 
4.9 (d, 4Jpp= 1.07 (1, 3H, 31HH 7.5 HZ. 19.8 (CHI). 21.3 (CH3), 27.6 1571. 1110 526 (M+, 55%) 
2 9 . 6  H z .  CH3). 2.35 (s. 3H. CH,), 3.25 (CH2). 89.7 (dd. ' J p r =  116.1 
P=o). 3 7 1  (q. 3H. ' J f l ~  = 7.5 Hz. CH2). Hz. ' IpC = 19.0 Hz. C ~ P ) ,  
(d ,  = 7.02-7.87 (m, 19H. Ar) 119.0-138.5 (CA,) ,  166.3. 
29 .6  H z .  171.4 
POPh"1 
7.4 (d. 41pp= 0 38 (t. 3H. 'IHH = 7.1 Hz. 9.4 (CHI). 24.9 (CH2), 46.8 1445. 1188 526 (M*. 34%) 
31 7 H Z .  CH,), 2.15 (q, 2H, l J R ~ =  7.1 ( C H 2 - N ) ,  87.8 (dd, ' J p c  = 
P=O).  3 7 2  Hz, CH?). 5.02 (m. 2H. CH2). 114.3 Hz, 3 ~ p c  = 19.6 Hz. C- 
(d. " P P = 7.24-8.15 (m, 20H. Ar) P), 122.5-137.4 (CA,) 171.1. 
3 1  7 H z ,  172.9 
P0Ph2) 
3 7 (d. 2.08 (6, 3H. CHI), 2.14 (s. 3H. 20.9 (CH3), 21.0 (CH3). 51.6 1567, 1182. 602 (M+.  100%) 
29 6 Hz .  CH3). 3.48 (s, 3H, CH2). 6.90- (CH2). 88.3 (dd. 'JpC = 115.3 1109 
P=O). 37.6 7.88 (m. 23H, Ar) Hz. j J p c  = 19.1 Hz. C-P). 
(d. = 120.1-140.5 (CAT) .  1 6 2 1 ,  
2 9 . 6  H Z .  173.0 
P0Ph2) 
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Table 2. (continuation) 

8.1 (d, 'Ipp= 1.31 (1, 6H, jIHH = 7 1  Hz, 16.2 (CHI), 16.5 (d, 3 ~ p C  = 4.0 1548, 1179, 383 (M* - 15. 
5 0 . 0  Hz ,  CH,), 2.32 (s, 3H, CHI), 4.03 Hz, CH,), 46.1 (CHI-N), 62.8 1038 100%) 
P=O). 17.3 (m, 4H, CHI), 4.42 (m. 2H. ( C H 2 ~ O ) ,  89.9 (dd, 'Ipc = 
(d. " P P  = C H I ) ,  5.28 (m, 2H. = C H d ,  202.9 HZ, 31pc = 20.6 Hz, C~ 
5 0 0  H z .  5.94 (m, 1H. =CH), 7.21-7.78 p), 119.3 (=CHI), 122.3 (=CH), 
PO(OE93 (m. 5H. Ar) 127.9-137.1 ( C a r ) ,  167.7. 

174.3 
1.8 (d, qPp = 1.67 (8 .  9H, CHI), 1.82 (s, 3H, 17.2 (CHI), 30.6 (CH3), 46.5 1580, 1104 445 (M', 1%) 
3 2 . 3  H Z ,  C H I ) ,  2.99 (s, 6H, C H I N ) .  (CHIN) .  58.4 (C), 84.4 (dd, 
P=O). 36 .8  7.27-7.76 (m. IOH, Ar) 'IpC = 116.8 Hz, j J p c  = 17.6 
id, ' J p p  = Hz. C-P), 1285-133.1 (C*,). 
3 2 . 3  H z .  171.3. 173.0 
POPh2) 
30.7 (POPh2), 2.26 (s. 3H. CHI). 2.38 (s, 3H, 23.3 (CH3), 25.7 (CH,). 105.1 1548, 1202, 604 (M', 15%) 
66.7 (P=S) CH3). 6.89-7.93 (m, 24H.Ar) (d, = 120.9 Hz, C-P), 685 

118.7-139.5 (CA,) ,  169.8, 
170.1 (d, 2JpC = 12.1 Hz) 

31.1 (POPhz). 1.01 (t. 3H. jJHH = 6.9 Hz. 14.3 (CH,). 20.9 (CHI). 21.1 1642. 1170, 556 (M'. 55%) 
67.8 (P=S) CH3),  2.28 (s. 3H, CHI). 2.33 ( C H d ,  39.3 (CH2). 1 0 4 1  (d, 692 

(n. 3H. CH3). 3.46 (q. 2H. jJHH '1pC = 120.7 Hz, C-P). 124.8- 
= 6.9 Hz. CH2). 7.10-7.92 (m, 139.2 (C,,). 163.5. 165.0 
19H. Ar) 

30.9 (POPh2). 0.99 (t 3H. J J ~ ~  = 7.2 Hz. 14.8 (CHI). 25.7 (CH2). 105.0 1540, 1104. 604 (M'. 62%) 
66.6 (F=S) c H I ) .  2.97 (q, ZH, = 7.2 (d. )Ipc = 117.1 Hz, C ~ P ) ,  698 

Hz, CHI), 6.92-7.97 (m, 25H, 118.6-139.7 (CA,) ,  169.9, 

Ar) 170.1 
22.0 1.37 (m, 6H, CHI), 1.60 ( 8 ,  16.3 (CHI), 34.9 (d, 'Ipc = 1575, 1036 490 (Mt, 51%) 
(PO(OE1)2). 3H. CH,). 3.89 (m. 2H. C H 2  15.6 Hz. CH,). 45.2 (CH2-N). 
55.6 (P=S) N), 4.20 (m, 4H. CHI-0). 5.14 62.7 and 63.2 (CH2-0). 85.1 

(m, 2H, =CH2), 5.80 (m. IH. (d, IlpC = 193.4 Hz. C-P), 
=CHI, 7.09-7.97 (m. IOH, Ar) 117.1 ( = c H ~ ) ,  127 .6-1356  

(CAr and =CH). 162.5, 165.4 
29.6 (POPh2). 1.05 ( t ,  3H, 3JHH = 7.2 Hz, 13.9 (CH3). 24.2 (CHI), 4 6 1  1652. 1513. 571 (M', 23%) 
55.6 (P=S) CH,), 2.83-2.90 (m, lH, CH2), (CHIN), 46.7 (CH3N), 104.7 (d, 1114, 727 

3.17 (s. 3H. CHIN). 3.20 (s. ' I p C =  115.3 Hz. C-P), 127.1- 
3H. CH3N), 3 . 6 3 ~ 3 6 9  (m, lH, 135.2 (CA,), 163.0 (dd. ' Ipc=  

C H d .  6.91-7.89 (m. ZOH, Ar) 12.1 HZ. 'Jpc = 4.0 Hz). 173.7 
(dd, 'Ipc = 12.1 HZ. 2JpC = 
23.2 Hz) 

12.0 (P=O),  2.28 (s, 3H. CHI). 2.52 (s. 3H. 19.7 (CHI), 20.9 (CH,), 100.9 1669, 1360, 588 (M*, 100%) 
32.1 (POPh21 CH,), 7.01-7.93 (m, 24H, Ar) (d. 'Ipc = 119.4 Hz. C-PI. 1103 

118.5-1395 (CA,), 163.0 (d. 
2JPC = 8.6 Hz), 165.8 (d. 'JpC 

= 14.1 Hz) 
12.1 (P=O). 0.89 (1, 3H, jJHH = 6.1 Hz, 14.3 (CHI), 20.9 (CHI), 21.2 1611, 1219. 572 (Mi, 65%) 
3 2 1  (P0Ph2) CH3). 2.27 (s, 3H, CH,), 2.32 (CH,). 39.1 (CHI). 104.0 (d, 1110 

(s .  3H. CHI). 3.63 (q. ZH, 'JxH 'JpC = 120.0 Hz. C ~ P ) ,  124.8- 
= 6.1 Hz. CH*). 6.90-7.92 (m. 139.2 (Car). 163.2, 164.8 

19H. Ar) 
12.6 (P=O). 1.11 (1, 3H. 3JHH = 6.9 Hz, 14.7 (CH,). 23.8 ( C H h  101.2 1641. 1228. 588 (Mi. 65%) 
3 2 4  (POPb) CH,), 3.10 (q, 2H. JjHH = 6.9 (d, 'IpC = 115.8 Hz. C-P), 1170 

Hz, CH,). 7.07-7.99 (m, 25H, 126 .8-1351  ( C a r ) ,  163.7, 
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Table 2. (continuation) 

Corn- 3 1 ~ - N M R  IH-NMR (CDC13)' l 3 c - N I d ~  (CDC13)a I R ~  MSc 
pound ( C D C I ~ ) ~  6 ( P P ~ )  6 (PP) v ( ~ m - 1 )  (dd 

Yd 15.1 (P=O), 1.43 (m. 6H. CH3), 2.87 (s, 13.2 (CHI), 28.9 (d. 1680. 1260, 474(Mi,51%) 
22.1 3H, CHI). 3.98 (m. 2H, CH,- 15.0 Hz, CH,). 45.3 (CHI-N). 1036 
(PO(OW3 N), 4.34 (m, 4H. CHI-0). 5.27 62.4 and 62.7 (CHI-0). 85.2 

(m. ZH. =CHI). 5.93 (m, IH. (d, J J p C  = 194.4 Hz. C-P), 
=CH) .7 .21 -7 .88 (rn , lOH.Ar)  117.3 (=cH>). 118.6 (=CH), 

127.6-134.7 (CA, ) ,  162.2. 

a Obtained on a Vanan VXR 3M) Spectromeler, Recorded in a Nicolet FTIR Magna 550. Oblained on a Hewlett Packard 
5890 Speclrorneter. The crude products (3) were characterized (IH, I3C and 3 1 ~  NMR) without isolation. 

In order to enhance the scope and the synthetic use of this reaction, the reaction or polifunctionalized 

derivatives (1) with phosphorus dihalide was explored. Treatment of enamino-amides (1) with 

phenylphosphonous dichloride in the presence of triethylamine led to the formation of 1,3,2-PHI- 

diazaphosphinin-4-ones (3, R5 = Ph) in excellent yields (Table I, entries 1-3 ). Spectroscopic data were in 
31 agreement with the assigned structure. P-NMR spectrum of compound (3a) showed two absorptions at 

6 p  = 83.5 and 31.9 ppm for the heterocyclic phosphorus atom and for the diphosphoryl group. However, 

these phosphorus derivatives (3) which proved to be unstable to distillation or chromatography, were 

therefore not isolated, and crude reaction mixtures without purification were oxidized to the thio- and oxo- 

derivatives with sulfur and hydrogen peroxide. Treatment of 1,3,2-PI~1-diazaphosphinin-4-ones (3a-c) 

with elemental sulfur in THF yielded 2-thio- l,3,2-Pv-diazaphosphinin-4-ones (7) (Table 1, entries 13-15), 

while these compounds (3a-c) underwent oxidation with hydrogen peroxide to give the corresponding 2- 

0x0-1,3,2-Pv-diazaphosphinin-4-ones (9) (Table 1, entries 18-20). This methodology used for the 

preparation of heterocyles derived from phosphine oxides (3), (S), (7) and (9) can also be applied not only 

to phosphonate derivatives (Table 1, entries 4, 11, 16 and 21) but also to hydrazino (R2 = R2N) 

compounds (6) and (8) (Table 1, entries 12 and 17). 

In conclusion, the synthesis described in this paper provides an efficient and easy access to 1,3,2- 

diazaphosphinin-4-ones (3) and the corresponding 2-thio (7, 8) and 2-0x0 (5, 6, 9) derivatives 

substituted with a phosphine oxide or a phosphonate group in 5 position, making use of readily available 

starting materials. 
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