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The synthesis of h3-azaphosphinines has received recent attention 1.2, but there are few reports on 
the preparation and synthetic applications of h5-azaphosphinines. 4,4-Diphenyl-1,4 X5-azaphosphinines 3 , 
3,3-diethoxy-1,3 h5-azaphosphinines 4, 2,2-dialkoxy- 1,2 h5-azaphosphinines 5 and recently a new 1,4 h5- 
azaphosphinine 6 have been prepared. However, the methods of preparation are not general. We would like to 
describe the synthesis and the reactivity of a series of new 1.2 h5-araphosphinines 7. 

Results and discussion 

The I-tert-butyl-1,2-dihydro-1,2 hj-azaphosphinines 1 and I-tert-octyl-1,2-dihydro-1,2 h3- 
azaphosphinine 2 were easily prepared by the reaction of dichlorophenylphosphine with imines 8,9. Alkylation 
of azaphosphinines 1 and 2 with methyl iodide in toluene gave the phosphonium salts 3 and 4 in good yields. 
The thermolysis of these salts yielded isobutene and phosphonium salts 5 in an excellent yield (table 1). The 
easy formation of isobutene by thermolysis of I-tert butylazaphosphinines 1 and 1-tert-octyl azaphosphinines 2 
has been previously reported *. Treatment of a solution of salts 5 in ether-acetonitrile under nitrogen at room 
temperature with potassium carbonate produced 1.2 hs-azaphosphinines 6. The structure of the h5- 
azaphosphinines was determined by tH-NMR and I%NMR spectroscopy (table 2). 
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Compd. 
Temp (“C) 
Time (min.) 
Yield of 5 (%) 

Table 1. Thermolysis of salts 3 and 4. 

3a 3b 3c 3d 4 
23.5 220 215 205 207 
30 30 20 20 15 
98 98 96 93 96 

According to their NMR spectra, particularly the large high-field shifts of carbons 3 and 5 and the 
large values of the tJpc3, the 1,2 hs-azaphosphinines 6 can be classified as six n-electron phosphorus 
ylides to. But, while 3,4,5,6-tetrahydro-1.2 h5-azaphosphinine can give Wittig olefination 11, 1,2 hs- 
azaphosphinine gave no reaction with benzaldehyde in refluxing diethyl ether. The 1,2 hs-azaphosphinines 6 
were air sensitive. 

Table 2. Selected NMR spectral data of 1,2 hs-azaphosphinines 6. 

Compd. Yield @tP SC3 &Cd SC5 Q &P-Me others 
(%)a (JPc) (JPG’JcH) (JPc) (JPc,‘JcH) (JPG~JcH) 

6a 94 21.8 91.8 146.1 104.5 146.5 15.7 17.5,18.2,129.8, 

(74.8) (4.5;146.1) (28) (10.2;171) (78.7;129) 128.7,131.3 
6b 86 21.7 97.9 143.2 111.8 146.1 16.3 14.3,16.5,24.3,26.4, 

(73.3) (5.6;148.8) (28.7) (10.4;167.6) (77.8;129) 128.7,130.0,131.3 
6c 80 22.1 95.1 144.4 109.8 146.9 16.2 13.5,13.7,23.1,25.0, 

(73.2) (5.9~148.4) (28.7) (10.0;168) (78.1;129) 33.6,35.4,128.6, 
129.9,131.3 

6d 83 22.0 96.1 144.3 110.2 146.5 16.2 13.8,14.0,22.1,22.3, 

(75) (5.6;154) (28.0) (9,8;1fj4) (78.5;129) 32.1>33.0,31.23.1, 
128.6,129.9,131.3 

a Isolated yield based on the amount of 3. 

1,2 L5-Azaphosphinines 6 were slowly oxidized and hydrolyzed on exposure to air, even in the 
dark, to give formamide (detected by ‘H NMR on the crude product) and a mixture of phosphine oxides 72, 
8E and 9Z. The product ratios of 7,8 and 9 are shown in table 3. The time of complete air oxidation was 40 h 
and the time of oxidation in oxygen atmosphere was 17-18 h. The oxidation of azaphosphinines 6 can be also 
achieved by treatment with hydrogen peroxide. In these conditions, 6d gave 8d in 80 % yield. Compounds 7, 
8 and 9 were separated by chromatography on silica gel and the structures were determined by IR, lH-NMR, 
31P-NMR, 13C-NMR and MS spectral analyses. 

A slow isomerization of 72 into 7E was observed in solution at room temperature. The structure of 
isomers 7E and 72 was established by 1H NMR spectroscopy. The coupling constant 3Jp~s was higher when 
H3 and the phosphorus atom are in trans position (3Jp~s = 33-36 Hz for 72) than in cis position (3Jp~s = 20. 
2 1 Hz for 7E)l*. 

Ph Me H 8d R2=Bu.R3=Pr 9c,d 
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Table 3. Product ratios in the air oxidation of azaphosphinines 6 in CHzCl2 for 40 h a 

Starting product 72 (%) SE (%) 92 (%) 
6a 100 0 0 
6b 88 12 0 
6c 76 12 12 
6d 50 20 30 

a Product ratios determined by lH NMR. 

Phosphine oxides 7b-d rearranged quantitatively to phosphine oxides 8b-d in the presence of base 
as sodium hydroxide, potassium carbonate or barium oxide. In these conditions 72 gave quantitatively 7E. The 
structure of phosphine oxides 8 was very likely E, because 3JpB3 = 20 Hz as in 7E. Two diastereoisomers 
9c,d of configuration Z were obtained (3JpB3 = 37 Hz). 

The following scheme 1 shows plausible pathways for conversions of azaphosphinines 6 into 
phosphine oxides 7 and 9. The oxidation can proceed through a peroxi anion 10, as in the oxidation of 
alkyliden phosphoranes t3-‘5 or the oxidation of naphtoxide 16 or enamines 17. Hydrolysis of 10 leads to the 

intermediate 12, precursor of 9Z (path B). The cyclization of 10 into dioxetane 11, precursor of 72 and 
formamide, seems to be assisted by the steric bulk of the R2 group (table 3) (path A). 
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In conclusion, we have developed a facile route to I,2 h5-azaphosphinines starting from readily 

available 1,2-dihydro-1,2 X3-azaphosphinines. X5-Azaphosphinines are easily oxidized and hydrolyzed to give 
functionalized phosphine oxides. 

Experimental section 

General. tH, 3tP and l3C NMR spectra were recorded on a Bruker AC 300 spectrometer operating 
at 300, 121 and 7.5 MHz respectively. Deuteriochloroform was used as the solvent. IR spectra were obtained 
using a Perkin Elmer 1420 instrument. Mass spectra were recorded under electron impact at 70 eV on a Varian 
MAT 311 instrument of the Centre de Mesures Physiques, Rennes. 
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General procedure for the preparation of salts 3 and 4 

To a solution of azaphosphinine 1 or 2 (8 mmol) in dry toluene (20 ml) under nitrogen was added 
dropwise a solution of iodomethane (2.27 g, 16 mmol) in dry toluene (20 ml). The mixture was stirred at the 
refluxing temperature for 1 h. The solvent was removed in vacua. Trituration of the residue with diethylether 
yielded yellow crystals recrystallized from ethyl acetate. 

I-tert.Butyl-2-phenyl-2,3,S-trimethyl- ,2-dihydro-I .2 15~uzaphosphininium iodide 3a. 47 %. mp 
163°C. ‘H NMR 6 1.39 (s, 9H), 1.80 (d, 3H, J pi = 16 Hz), 1.95 (s, 3H), 2.88 (d, 3H, JPH = 12.8 Hz), 
6.59 (d, lH, JPH = 20 Hz), 6.92 (d, lH, J pH = 34 Hz), 7.77-X.17 (m, 5H). l3 C NMR 6 16.81, 17.42, 
19.21, 30.93, 63.46, 10X.01, 110.14, 126.70, 127.43, 130.50, 132.05, 135.36, 144.23. 31P NMR 6 35.9. 
Anal. calcd for C17H25NPl : C, 50.87 ; H, 6.23 ; N, 3.49 ; P, 7.73 ; I, 31.67. Found : C, 50.59 ; H, 6.36 ; 
N, 3.54 ; P, 7.78 ; I, 32.03. 

l-tert.Bu~l-3.5-diethyl-2-merhyl-2-p~~~nyl-l,2-dihydro-l,2 AS-azaphosphininium iodide 3b. 
67 %, mp 86°C. ‘H NMR 6 0.96 (t. 3H, JHH = 7 Hz), 1.11 (t, 3H, JHH = 7 Hz), 1.40 (s, 9H), 1.95 (m, 
2H), 2.27 (m, 2H), 2.87 (d, 3H, JPH = 12 Hz), 6.56 (d, lH, J PH = 22 Hz), 6.91 (d, lH, JPH = 34 Hz), 
7.72-8.12 (m, 5H). 3lP NMR 6 34.9. 3b was crvstallized with water which comes probably from water 
saturated ether. Anal. calcd for Ct9H2yNPI. 2H20 : C, 49.03 ; H, 7.09 ; N, 3.01 ; P, 6.66 ; I, 27.31. Found : 
C, 4X.85 ; H, 6.85 ; N, 2.X8 ; P. 6.44 : I. 27.17. 

l-tert.Butyl-3,5-di~~r~~p~l-2-meth?;i-en~l-l.2-dih~riro-l,2 Abzaphosphininium iodide 3c. 
61 %, mp 140°C. ‘H NMR 6 0.76 (t, 3H, J HH = 7 Hz), 0.91 (t, 3H, JHH = 7 HZ), 1.40 (m, 4H), 1.41 (s, 
9H), 2.14 (m, 4H), 2.91 (d, 3H. JPH = 12 Hz), 6.53 (d, lH, J PH = 21.6 Hz), 6.88 (d, lH, JPH = 34 HZ), 
7.75-8.15 (m, 5H). 31P NMR 6 34.6. Anal. calcd for C2tH33NPI : C, 55.14 ; H, 7.27 ; N, 3.06 ; P, 6.77 ; I, 
27.74. Found : C, 54.56 : H, 7.15 ; N, 3.1.5 : P, 6.55 : I, 27.66. 

I -tert.B~~tyl-3._F-~~it~~~tyl-2-m~ti~~l-2-p~~~n~l~I,2~dil~ydro-1,2 AS-azaphosphininium iodide 3d. 
63 %. mp 156lh03C. ‘11 NMR 6 0.71 (t, 3H. Jtl11 = 7 Hz). 0.92 (t, 3H, JHH = 7 Hz), 1.32 (m, 8H), 1.42 

(s, 9H), 2.22 (m, 4H), 2.84 (d, 3H. Jp~j = 12 Hz), 6.55 (d, IH, J PH = 20 Hz), 6.90 (d, lH, JPH = 35 Hz), 
7.75-X.20 (m, SH). 31P NMR 6 34.6. Anal. calcd for CI~H~~NPI : C, 56.90 ; H, 7.68 ; N, 2.88 ; P, 6.38 ; I, 
26.14. Found : C, 57.10 ; H. 7.X9 ; N, 2.93 : P. 6.33 : 1, 25.91. 

l-tert.Oc~1-2-phenyl-2.3,S-trimeth~l-1,2-dihydro-l,2 X5-azaphosphininium iodide 4. 83 ‘$6. mp 
64°C. ‘H NMR 6 0.94 (s, 9H), 1.47 (s, 3H), 1.55 (s, 3H). 1.72 (s, 2H), 1.82 (d, 3H, JPH = 17.6 Hz), 2.01 

(s, 3H), 2.92 (d. 3H, JPH = 12 IIz), 6.55 (d. lH, J PH = 22.4 Hz), 6.96 (d, lH, JPH = 32.8 Hz), 7.70-7.80 
(m, SH). 13C NMR 6 17.0, 17.5, 19.3, 30.3. 3l.S, 31.8, 54.X, 66.1, 108.0, 110.0, 126.5, 127.8, 130.4, 
132.0, 135.3, 144.4. 31P NMR 6 34.2. Anal. calcd for C;?lH?;NPI : C, 55.14 ; H, 7.27 ; N, 3.06 : P, 6.77 ; 
I, 27.74. Found : C, 55.0X : H, 7.13 ; N. 3.16: P, 6.X0; 1. 27.79. 

General procedure for the thermolysis of salts 3 and 4 

A flask (25 ml) was filled with salts 3 or 4 (5 mmol) and was heated in a oil bath at a stable 
temperature (+ 4’C) and for a time given in table I, The salts Sa-c were obtained and used without further 
purification. 

2-Phenyl-2,i.~-trim~tl~yi-l.2-dih~dro-1.2 AS-uzaphosphininium iodide 5a. Black oil. tH NMR 6 
1.82 (s, 3H), 2.00 (d, 3H. J PH = 16 HZ), 2.66 (d. 3H, JPH = 13,4 HZ), 6.52 (dd, lH, JPH = 22 Hz, JHH = 
~Hz), 7.01 (d, 1H. JPH = 33.6 Hz). 7.65 7.95 (m, 51~). 9.10 (t, lH, JPH = JHH = 6 Hz). 31P NMR 6 
29.7. 

3,_c-Diethyl-2-meth~l-2-phenyl-l,2-di/2ydro-l,2 dj-azaphosphininium iodide 5b. Black oil. IH 

NMR 6 1.06 Ct. 3H), 1.11 (t, 3H), 2.11 (m. 4H), 2.70 (d, ?H, JPH = 14.4 Hz), 6.50 (dd, lH, JPH = 23 Hz, 



Synthesis of I .2 h’-azaphosphmineb 9629 

JHH = 6 HZ), 7.04 (d, lH, Jpll = 34 Ilz), 7.65 7.95 (m, SII), Y.12 (t. IH, JPH = JHH = 6 Hz). 3’P NMR 6 
29.4. 

3,5-Dipropyl-2-~nrtl~yl-2-phenyi-~,2-dih~dro-l,2 ;l-F-azaphosphininium iodide SC Black oil, tH 
NMR 6 0.87 (m, 6H), 1.44 (m, 4H), 2.12 (m, 4H), 2.68 (d, 3H, JPH = 13.6 Hz), 6.55 (dd, IH, JPH = 
22 Hz, JHH = 6 Hz), 7.03 (d, IH, JPH = 35 Hz), 7.67 7.92 (m, 5H), 9.19 (t, lH, JPH = JHH = 6 Hz). 31P 
NMR 6 29.2. 

3,5-Dihutyl-2-n~cth~l-2-phen~l-l,2-dihydro-l.2 ~-~-azaphosphininium iodide 5d. mp 88°C 
(AcOEt). ‘H NMR 6 0.85 (t, 3H), 0.90 (t, 3H). 1.37 ( m, XH), 2.15 (m, 4H), 2.69 (d, 3H, JPH = 14.4 Hz), 

6.54 (dd, III, JPH = 22.8 Ilz, JI{H = 6 tlz). 7.01 (d, IH, JPH = 34.4 Hz), 7.67-7.92 (m, 5H), 9.25 (t, lH, 
Jpu = JHH = 6 Hz). 31P NMR 6 29.2. Anal. calcd for CtyH2yNPI : C, 53.15 ; H, 6.81 ; N, 3.26 ; P, 7.21 ; I, 
29.56. Found : C, 52.92 ; H. 6.90 ; N, 3.01 ; P, 6.98 ; I, 29.70. 

Preparation of I,2 As-azaphosphinines 6 

To a solution of crude salt 5 obtained from 3 (5 mmol) in dry acetonitrile (50 ml) and ether (SO ml) 
was added, under nitrogen, finely powdered KzCO3 (4 g). The mixture was stirred for 30 min. at 20°C. After 
filtration and solvent evaporation. the residue was dissolved in Cf ICI? (25 ml). The solution was filtrated, then 
evaporated to dryness. Crude azaphosphinine was used for the next step without further purification. 31P NMR 
spectm of 6 show a good purity. 

2-Phen~l-2..i.?-trinzrth~~l-1.2 ~~-clzu~h~l,sf/zinine 6a. Yellow oil. ‘H NMR 6 1.78 (s, 3H), 1.85 
(d, 3F1, JPH = 13 Hz) ; 1.97 (d, 3H, JPH = 13.3 Hz). 6.76 (d, IH, JPH = 2X.6 Hz) ; 7.07 (d, IH, JPH = 
46 Hz), 7.5-7.6 (m, 5H). HRMS m/z calcd for CIJHlhNP 217.10203. found 217.1024. 

3,5-Dieth~l-2-mrrk~l-2-phen~i-1.2 ~5.nzaphosphinine 6h. Yellow oil. tH NMR 6 1.03 (t, 3H), 
1.06 (t. 3H), 1.98 (d, 3b1, JPH = 13.3 IIz), 2.10 (m. 411). 6.83 tdd, IfI. JHH = 1.2 Hz, JPH = 29.4 HZ), 7.09 
(dd, lH, JpH = 46 Hz, Jtjtd = I.2 HI). 7.47 (m, 311). 7.58 (m. 2H). HRMS, m/z calcd for C15HzoNP 
245.1333. found 245.1321. 

.~,5-Dipro~p~l-2-~~~~tl~~f-2-plren~l-1,2 ~‘-n--~lp/l~j,sphtnirlc 6~. Yellow oil. IH NMR 6 0.86 (t, 3H). 
0.87 (t. 3H), 1.40 (m, ~HJ, 1.02 (d, 3H, JPH = I4 Hz). 2.04 (m. 3H), 6.7Y (d, lH, JPH = 29 Hz), 7.08 (d, 
1H. JPH = 47 Hz), 7.47 (m, 3H). 7.60 (m, 2H). HRMS calcd for Cl7HgNP : 273.16463. Found 273.1641. 

3,.S-Dihut~/-2-m~t/~~l-2-p~~~~~~l-l.2 ~-F-azupkosphinitze 6d. Yellow oil. IH NMR F 0.81 (t, 3H), 
0.87 (t, 3H), 0.95 (m, 8H). 1.95 (d. 3t1, JPH = 13 llz), 2.05 (m, 4H), 6.77 (dd. lH, JPH = 29 Hz, JHH = 
I.3 HZ), 7.04 (dd. lH, Jpt( = 45 Hz, JHH = I.3 11~1, 7.45-7.60 (m, 5H). HRMS calcd for ClyH2gNP : 
301,19592, found 301.1951. 

Oxidation of azaphosyhinines 6. Preparation of phosphine oxides 7Z and 9Z. 

A stream of oxygen was bubbled through a solution of azaphosphinine 6 (3 mmol) in dry CH2C12 
(20 ml) for 15 min. then the solution was allowed to stand at room temperature overnight. The solvent was 
evaporated in vacua to leave crude products which were chromatographrd on silica gel. 

2-(meth~lphen?lphosphin~l)-2-penten3-one 7aZ. Oil purified by silica gel column 
chromatography (chloroform/acetone, 1 : I), 47 7~. IH NMR 6 1.93 (d, 3H, JPH = 13 Hz), 2.04 (d, 3H, JPH 
= I I Hz), 2.17 (s, 3H), 6.68 (dt, IH. J pH = 33 Hz. Jbfl~ = 1 Hz), 7.75-7.52 (m, 5H). l3C NMR 6 15.26, 
21.83, 30.63, 128.50. 130.00, 131.70. 133.51. 130.02, 143.33, 199.30. 6 31P 31.80. IR (Nujol) v 

1690 cm-l. MS m/z (rel. intensity) 222 (M+ 50). 207 (60), I79 (24). 157 (37), 140 (100). HRMS calcd for 
C12H1502P 222.08096. Found : 222.0X02. Anal. calcd for C~:HISOIP : C, 64.86 ; H, 6.80. Found : C, 
64.5X ; H, 6.92. 
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3-(merhylphenylphosphinyl)-3-hepten-j-one 7bZ. The crude product was chromatographed over 
silica gel column and eluted with 12:9 chloroform/acetone to give 7bZ. Oil, 46 %. IH NMR 6 0.90 (t, 3H), 
1.11 (t, 3H), 1.96 (d, 3H, JPH = 14 HZ), 2.42 (m, 4H), 6.59 (dt, IH, JPH = 35.2 Hz, JHH = 1 HZ), 7.40. 
7.86 (m, SH). l3C NMR 6 7.44, 13.18, 15.53, 27.06, 36.60, 128.40, 130.16, 131.70, 133.40, 138.08, 
148.40, 203.00. 3’P NMR 6 30.67. IR (Nujol) v  1680 cm- ]. MS m/z (rel. intensity) 2.50 (M+, IO), 235 (24), 
221 (lOO), 193 (21), 157 (24). 140 (52), 139 (73), 125 (35), 77 (33). HRMS calcd for C14Ht902P 
250.11226. Found 250.1138. Anal. calcd for Ct4Ht902P : C, 67.18 ; H, 7.66. Found : C, 66.97 ; H, 7.88. 

The crude product of oxidation of 6c was chromatographed over silica gel with 3:2 
chloroform/acetone as eluent to give 9c and 7c. First eluted was 9c. 

4-(Methylpheny/phosphinyl)-4-nonen-6-one 7cZ. Oil, 44 %%. tH NMR 6 0.71 (t, 3H), 0.86 (t, 
3H), 1.40 (m, 4H), 1.94 (d, 3H, JPH = 12.8 Hz), 2.32 (m, 4H), 6.59 (dt, lH, JPH = 35.2 Hz, JHH = 1 HZ), 
7.37-7.82 (m, 5H). ‘3C NMR 6 13.5, 13.7, 15.8, 17.00, 22.40, 36.40, 45.20, 128.20, 130.20, 131.40, 
133.80, 138.00, 149.00, 201.61. 3’P NMR 6 32.50. IR (Nujol) v  1685 cm-l. MS m/z (rel. intensity) : 278 
(M+, 46), 249 (81), 235 (94), 208 (50), 207 (lOO), 173 (34), 140 (61), 139 (81), 125 (36), 77 (31). HRMS 
Calcd for Cl6 H23O2P 278.14356. Found 278.1426. 

The major diastereoisomer 9c was purified by flash chromatography on silica gel with 
chloroform/acetone 4:3 as eluent. 

4-(methylphen~lphosp~~inyl)-4-nonen-(i-nl-6-curhoxuldehyde 9cZ. Colorless oil, 8 %. ‘H NMR 6 
0.87 (t, 3H), 0.92 (t, 3H), 1.42 (m. 4H), 1.87 (d, 3H, JPH = 12.8 Hz), 1.90 (m. 5H), 6.50 (d, lH, JPH = 
36.8 Hz), 7.50-7.60 (m, 5H), 9.71 (s, IH). 33C NMR 6 13.6, 14.2, 14.5, 22.4, 22.6, 35.6, 41.2, 79.3, 

128.8, 130.4, 131.4, 132.3, 135.3, 149.3, 204.6. 31P NMR 6 36.17. IR (Nujol) v  3100-3500, 1720 cm-‘. 
MS m/z (rel. intensity) 279 ((M-CHO)+, lOO), 278 (33), 157 (13), 146 (IO), 140 (21), 139 (43), 125 (15), 77 
(12). HRMS calcd for Cl6 H24O2P (M-CHO)+ 279.15138. found 279.1505. 

The crude product of oxidation of 6d was chromatographed (silica gel, chloroform/acetone 19:12) 
to give 7d and 9d. First eluted was 9d. 

5-(methylphenylphosphinyl)-S-undecen-7.one 7dZ. Colorless oil, 45 %. IH NMR 6 0.88 (m, 
6H), 1.41 (m, 8H), 1.98 (d. 3H, JPH = 13.6 Hz), 2.40 ( m, 4H), 6.60 (dt, IH, JPH = 35.2 Hz, JHH = 1 HZ), 
7.40-7.85 (m, 5H). 13C NMR 6 13.8, 13.9, 15.7, 22.0, 23.0, 25.5, 31.3, 34.2, 42.9, 128.2, 130.2, 131.4, 
133.6, 138.2, 148.8, 201.6. 3tP NMR 6 32.2. IR (Nujol) v  1700 cm-l. MS m/z (rel. intensity) 306 (M+, 12), 
263 (53), 249 (21), 222 (56), 221 (IOO), 140 (70), 139 (91), 125 (42), 91 (29), 77 (31). HRMS calcd for 
CtxH27O2P 306.17486, found 306.1750. 

5-(Methylphenylpho.sphinyl)-~-~~ndecen~7-~~1-7-carho.~aldehyde 9dZ. Major diastereomer purified 
by flash chromatography (silica gel, chloroform/acetone 15 : 10). Colorless oil, 9 %. IH NMR 6 0.87 (m, 
6H), 1.25 (m, 13H), 1.88 (d, 3H, JPH = 12 Hz), 6.48 (d, IH, JPH = 36.8 Hz), 7.5-7.8 (m, 5H), 9.69 (s, 
IH). 13C NMR 6 13.7, 13.8, 14.0, 22.1, 23.1, 2.5.0. 33.1, 33.5, 38.5, 79.2, 128.8, 130.4, 132.0, 132.4, 
135.0, 148.7, 204.6. 31P NMR 6 35.77. IR (CCld) v  3580, 3160, 1720 cm-t. MS m/z (rel. intensity) 307 
(M-CHO)+ (IOO), 292 (13), 140 (42). 139 (61), 125 (2e), 77 (10). HRMS calcd for CigH#&P (M-CHO)+ : 
307.18268, found 307.1776. Anal. calcd for C19H2903P : C, 67.83 ; H, 8.69 ; found C, 68.01 ; H, 8.75. 

Isomerization of 72 into 7E 

A solution of 7bZ, 7cZ or 7dZ (1 mmol) in CH2Cl2 (10 ml) was stored at room temperature for 
8 days. Removal of the solvent gave a mixture of Z and E isomers 7 (ratio 3:2) analyzed by NMR. 

7bE. 3’P NMR 6 33.68. ‘H NMR 6 7.01 (d, IH, JPH = 21 Hz, H-4). 

7cE. 3’P NMR 6 33.20. ‘H NMR 6 6.99 (d, IH, JPH = 21 Hz, H-5). 
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7dE. 31P NMR 6 33.20. ‘H NMR 6 7.00 (d, IH, JPH = 20 Hz, H-6). 

Reaction of phosphine oxides 72 with sodium hydroxide 

To a solution of 72 (2 mmol) in dichloromethane (5 ml) was added 1N NaOH (5 ml). The mixture 
was stirred at room temperature for 3 h. The organic phase was washed with water (10 ml) and dried 
(Na2S04). After evaporation, the crude product was purified by flash chromatography (silica gel, 
chlorofotm/acetone 3:2). (The same reaction can be performed with powdered barium oxide (2 g). The mixture 
was stirred at room temperature for 2 h). 

2-(methylpheny/phosphinyl)-2-penten-4-one 7aE. Yellow oil, 90 %. 1H NMR 6 1.86 (d, 3H, JPH 
= 12.8 Hz), 2.04 (dd, 3H, J pi = 14.4 Hz, JHH = 2.4 Hz), 2.26 (s, 3H), 7.07 (dq, lH, JPH = 20 HZ, JHH = 
1 Hz), 7.42-7.82 (m, 5H). l3C NMR 6 13.1, 14.7, 31.9, 128.9, 130.0, 131.0, 132.3, 135.2, 146.4, 198.6. 
31P NMR 6 33.1. Anal. calcd for C12H1502P : C, 64.86 ; H, 6.80. Found : C, 64.62 ; H, 7.01. 

3-(methylphenylphosphinyl)-2-hepten-j-one 8bE. Yellow oil, 73 %. ‘H NMR 6 0.90 (t. 3H), 
1.73 (dd, 3H, JHH = 7.2 Hz, JPH = 3.2 Hz), 1.74 (d, 3H, JPH = 12.8 Hz) ; 2.30 (m, 2H), 3.33 (d, 2H, JPH = 
13.6 Hz), 6.55 (dq, IH, JPH = 20 Hz, JHH = 7 Hz), 7.42-7.82 (m, 5H). jlP NMR 6 34.00. IR (Nujol) V 

1715 cm-‘. HRMS calcd for C14Ht902P 250.11226. Found 250.1130. 

4-(methylphenylphc~sphinyl)-3-nonen-6-one 8cE. Yellow oil, 57 %. ‘H NMR 6 0.75 (t, 3H), 0.99 
(t, 3H), 1.30 (m, 2H), 1.71 (d, 3H. JPH = I2 Hz), 1.97 (m, 2H), 2.20 (t, 2H), 3.27 (d, 2H, JPH = 16 HZ), 
6.44 (dt, IH, JPH = 20 Hz, JHH = 7.2 Hz), 7.40-7.82 (m, 5H). ‘3C NMR S 12.9, 13.6, 15.0, 17.1, 23.0, 
40.5, 44.3, 126.0, 127.0, 129.3, 130.0. 131.3, 148.8, 206.1. 31P NMR 6 34.04. IR (Nujol) v  1715 cm-l. 
MS (rel. intensity) : 278 (M+, I), 208 (loo), 199 (22), 140 (39), 139 (44), 112 (61), 77 (54). HRMS talc for 
C16H2302P : 278.14356, found 278.1435. 

Oxidation of azaphosphinine with hydrogen peroxide. Preparation of 5- 
(methylphenylphosphinyl)~4-undecen-7-one 8dE. 

To a solution of azaphosphinine 6d (0.6 g, 2 mmol) in toluene (15 ml) was added dropwise 
hydrogen peroxide (35 wt % solution in water, 1.5 ml). The mixture was stirred at room temperature for 
15 min. The organic phase was washed with water (2 x IO ml) and dried (Na2S04). After evaporation, the 
phosphine oxide 8d was purified by flash chromatography (silica gel, chloroform/acetone 1:l). 

Light yellow oil. 80 %. 1H NMR 6 0.90 (m, 6H), 1.32 (m, 6H), 1.76 (d, 3H, JPH = 13.6 Hz), 
2.12 (m, 2H), 2.27 (t, 2H), 3.31 (d, 2H, JPH = 14.4 Hz), 6.50 (dt, IH, JPH = 20.8 Hz, JHH = 8 Hz), 7.42. 
7.82 (m, 5H). 31P NMR 6 33.50. 1R (Nujol) v  1700 cm-l. MS m/z (rel. intensity) 306 (M+, 4), 291 (5), 263 
(7), 222 (IOO), 221 (2X), 207 (22). 194 (17), 193 (33). 157 (12), 140 (41), 139 (55), 125 (23), 8.5 (8), 77 
(13). HRMS calcd for ClgHl7O2P : 306.17486, found : 306.1750. Anal. calcd for CtsH2702P : C, 70.56 ; H, 
8.88. Found : C, 70.41 ; Ii, 8.93. 
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