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2-Ethyl-3-phenacyl-4,5-dihydrooxazolium bromide 1 enolizes spontaneously in dimethyl sulfoxide so- 
lution. Condensation with phosphorus trichloride nevertheless involves both the methylene groups in 
2- and 3-position and thus yields a five-membered ring. Hydrolysis of the resulting 1-methyl-3-benzoyl- 
5,6-dihydro-l.3-azaphospholo[5,1-b]oxazole 2 selectively opens the P - C 3  bond of the azaphosphole 
ring to give the zwitterionic 4,5-dihydrooxazolio phosphinate 3. 

Key words: Anellated 1,3-azaphosphoIes; 3-alkyl-4,5-dihydrooxazolium bromides; keto/enol equilibrium; 
cyclocondensation with PCI,; 'IP-, 'H-, "C-NMR spectra; mass spectral fragmentation. 

INTRODUCTION 

A general way to synthesize 02h3-heterophospholes1 is provided by the cyclocon- 
densation of compounds having a suitable four-membered chain with phosphorus 
trichloride and triethylamine or with phosphorus tris(dia1kylamide). In most cases 
primary or secondary amino groups or sufficiently activated methylene groups 
constitute the reactive ends of the four-membered chain. Following this route and 
starting from 1,2-dialkyl, 1-alkyl-2 amino and 1,2-diamino cycloimmonium salts we 
recently developed a simple and straightforward synthesis for anellated aza- 
phospholes, including 1,3-azaphospholo[ 1,5-a]pyridines (2-phosphaindolizines) ,2.3 

1,3-azaphospholo[5,1-b]thiazolines and benzothia~oles,~ 1,4,2-diazaphospholo- 
[4,5 -~]pyridines ,~ thiazolo[3,2 - d ] [  1,4,2]diazapho~pholes,~ thiazolo[2,3 -el[ 1,2,4,3]- 
triazaphospholes' and 1,2,4,3-triazaphosphoIo[ 1,5-a]pyridine~.',~ As compared to 
the dialkylcycloimmonium salts used so far 2,3-dialkyl-4,5-dihydrooxazolium saltsyJo 
are less well known and it was not clear, whether they can successfully be used for 
the synthesis of 5,6-dihydro-1,3-azaphospholo[5,1-b]oxazoles. We now obtained 
the first representative of this ring system by the described method. 

RESULTS AND DISCUSSION 

The starting compound 2-ethyl 3-phenacyl-4,5-dihydrooxazolium bromide 1 is read- 
ily obtained from 2-ethyl-4,5-dihydrooxazole and phenacyl bromide as colorless 
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140 R. K. BANSAL et al. 

crystalline solid." According to its 'H- and 13C-NMR spectra 1 exists in dimethyl 
sulfoxide solution exclusively as the enol tautomer b: Its N - C H =  group is doc- 
umented by 6lH = 8.76 (s), 6I3C = 116.8 (dt), lJCH = 208.4 Hz, 3JCH = 4.2 Hz 
and i t s -C(OH)= group by 6I3C = 151.1 (dt), 2JcH = 12.8 Hz, ,JC- = 4.7 Hz.12 
The oxazolinio substituent thus exerts a definitely stronger acidifying influence on 
the 3-methylene group than the thiazolinio substituent: For the 4,5-dihydrothia- 
zolium bromide corresponding to 1 only the keto tautomer is observed under the 
same  condition^.^ 

c- + Br- + PCI, 

Me Me 
Ph Ph 

a b I 1 

P O  
+ 4 NEt3 

- - 3 HNEt3+Br- HNEt3'CI- * '&>Me 
Ph 

2 

Cyclocondensation of 1 with the equimolar amount of PCI, and the fourfold 
molar amount of triethylamine in acetonitrile at ambient temperature yields the 1- 
methyl-3-benzoyl-5,6-dihydro-l,3-azaphospholo[5,1-b]oxazole 2. The reaction is 
complete within 8-10 h. 2 is isolated as a pale yellow fine crystalline solid. It is 
readily soluble in solvents like diethylether, chloroform or acetonitrile. 

The shift of the ,'P-NMR signal of 2 (6 = 198.5) is almost the same as that of 
the corresponding 5,6-dihydro-l,3-azaphospholo[5,1-b]thiazole (6 = 193A4). Re- 
markably, the ',C-NMR signal of C-1 (6 = 114.9) is found at substantially higher 
field than in similarly 1,3-disubstituted 2-phosphaindolizines (6 = 133- 142)2 and 
1,3-azaphospholo[5,1-b]benzothiazoles (6 = 130-132).4 A similar upfield shift of 
the 13C-NMR signal is known for other unsaturated systems when C or S in a 
geminal position is exchanged for oxygen.', 

In the mass spectrum of 2 the molecular ion (m/e = 245) forms the base peak. 
Its fragmentation reflects the stability of the azaphosphole ring (Scheme I). 
In contrast to monocyclic 1,3-azaphosphoIes and their benzo derivatives' the 

anellated azaphosphole 2 is quite sensitive to moisture. Like phosphaindolizines2 
it adds two equivalents of water and yields the zwitterionic dihydrooxazolio phos- 
phinate 3 involving selective cleavage of the P - C 3  bond in the azaphosphole ring. 
The dihydrooxazolium ring, being generally also susceptible to hydrolytic cleavage,' 
is preserved here. 

Although 3 has not been isolated, its structure results unambiguously from its 
,lP-, 13C- and IH-NMR spectra. The 3'P-NMR signal (6 = 27.0) of 3 appears at 
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ANELLATED I ,3-AZAPHOSPHOLES 141 

-C2H@/ -C& 1 * v* 
- C2H4 CGH~NOP' - C,HsNOP+ * C1 ,HgNOP+ 

CTH~NO,P+ 

og+ Ph +[$Me 

SCHEME I Mass spectral fragmentation of 2 and tentative interpretation of two fragments. Frag- 
mentation steps, for which appropriate metastable ions are observed, are marked with *. 

3 4 

lower field and the P,H coupling (552.5 Hz) is slightly larger compared to those 
of the corresponding pyridinio phosphinates 4 (FUR' = WH, H/Me, Bu/H, S3'P 
= 12-16, 'JpH = 535-542 Hz)., In 3 the P-bonded carbon atom has become a 
chiral center and as a consequence the protons of each methylene group are dia- 
stereotopic. The resulting shift difference is more pronounced for the OCH, protons 
than for the exocyclic NCH, protons and is much less pronounced for the endocyclic 
NCH, protons. 

EXPERIMENTAL 

All manipulations involving phosphorus compounds were carried out under dry nitrogen using standard 
Schlenk technique. Tetrahydrofuran, diethylether and acetonitrile were distilled and dried by standard 
procedures before use. 2-Ethyl-4,5-dihydrooxazole and phenacyl bromide are commercially available 
(Aldrich) and were used without further purification. Melting points were determined on a Tempo 
instrument and are uncorrected. NMR spectra were recorded on a Jeol FX-90-0 ("P, 36.23 MHz) and 
Jeol EX-400 (IH, 399.78 MHz and I T ,  100.54 MHz) spectrometer. Chemical shifts are given with 
respect to 85% H,PO, ("P) as external and TMS (IH, I T )  as internal standard. The mass spectrum 
was recorded on a Varian-CH-7 spectrometer. 

2-Eihyl-3(2-oxo-2-phenylerhyl)-4,5-dihydrooxazolium bromide 1: 2-Ethyl-4,5-dihydrooxazole (4.9 g, 
0.05 mol) is added to a solution of phenacyl bromide (10.0 g, 0.05 mol) in tetrahydrofuran (40 ml) and 
the reaction mixture is stirred at ambient temperature (-20°C) for 2-4 d. A colorless crystalline solid 
precipitates, which is separated, washed with diethylether (2 x 20 ml) and dried in vacuo. Yield: 64%. 

Hz, 2H; (2-CH,), 3.83 (A-part of AA'MM', N = 9.8 Hz, 2H; CH,-4), 4.35 (M-part of AA'MM', N 
= 9.8 Hz; 2H; CH2-5). 8.76 (s, 1H; N-CH=),  7.84 (m, 2H; o-H), 7.5-7.6 (m, 3H; m-, p-H). 5.3 

M.P. 98-100°C. 'H-NMR (d,-DMSO): 6 = 1.41 (t. 'J"" = 7.5 Hz, 3H; CH,), 3.30 (9, 111," = 7.5 
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(broad s. 1H; OH). "C-NMR (d,-DMSO): 6 = 8.9 (qt, IJ,, = 130.3 Hz, 2JCH = 5.2 Hz; CH,), 19.7 
(tq, 'JcH = 133.6 Hz, ' J c , H  = 4.6 Hz; 2-CHJ, 51.1 (t, 'JCH = 145.2 Hz; C-4). 58.3 (tt, 'JcH = 143.8 
Hz, ' J c H  = 3.1 Hz; C-5). 116.8 (dt, 'J,.,  = 208.4 Hz, 'JCH = 4.2 Hz; N--CH=), 151.1 (dt, 'JeH = 
12.8 Hz, 'JCH = 4.7 Hz; <(OH)=), 124.2 (t, 'JCH = 7.8 Hz, C-i), 124.6 (m. JCH not evaluated; C- 
0). 129.5 (m,  JcH not evaluated; C-m), 130.8 (dt. 'JCH = 163.0 Hz, 'JCH = 7.6 Hz; C-p), 167.0 (m. 
JCH not resolved; C-2). 

I -Merhyl-3-benzoyl-S. 6-dihydro-I,3-~zaphospholo[S, I -b]oxazole 2: A solution of triethylamine (8.1 g, 
0.08 mmol) in acetonitrile (5 ml) is added to 1 (6.0 g, 0.02 mol) dissolved in acetonitrile (50 ml) with 
stirring. The resulting mixture is cooled to 0-5°C and freshly distilled phosphorus trichloride (2.7 g. 
0.02 mol) in acetonitrile (10 ml) is added with stirring. The reaction mixture is allowed to come to 
ambient temperature (-20°C) and stirring is continued for another 10- 12 h. After completion (checked 
by "P-NMR) the solvent is removed in vacuo and the residue is extracted with diethylether (2 x 50 
ml). The combined extract is concentrated to 50 ml and kept in refrigerator (0°C) for 12 h, when 2 
separates out as a pale yellow crystalline solid, which is filtered and dried in vacuo. Yield: 42%. M.p. 

3H; 1-CH,), 4.70 (A-part of AA'MM'X, N = 8.3 Hz, JJpH = 3.5 Hz, 2H; CH2-5), 5.01 (M-part of 
AA'MM'X, N = 8.3 Hz, sJpH C1.0 Hz, 2H; CH2-6), 7.90 (m, 2H; o-H), 7.40 (m. 2H; m-H), 7.49 (m, 

117-119°C. "P{'H}-NMR (CDCI,): 6 = 198.5 (s). 'H-NMR (CDCI,): 6 = 2.15 (d, 'JpH = 10.9 Hz, 

IH; p-H). 13C{'H}-NMR (CDCI,): 6 = 114.9 (d, 'Jp, = 47.4 Hz; (2-1). 143.9 (d, 'JpC = 58.8 Hz; C- 
3). 48.3 (d, 'Jpc = 4.3 HZ; C-5). 74.7 (s; C-6). 159.6 (d, 'JpC = 9.5 Hz; C-8). 10.3 (d, 'Jpc = 22.3 Hz; 
1-CH,). 185.9 (d, 'Jpc = 22.8 Hz, CO), 139.4 (d, 11, = 1.4 Hz; C-i), 129.1 (d, 'Jpc = 8.5 Hz; C-o), 
127.9 (s; C-m), 131.4 (s; C-p). The assignment of the "C-NMR signals is based on a lH/"C-correlated 
spectrum. MS (70 eV, 35°C): m/e = 245 (100% rel. int.) C,,H12N02P+, 230 (57) CI2H,NO2P+, 202 
(15) CllH,NOP', 168 (40) C,H,NO,P+, 140 (24) C,H,NOP+, 112 (52) C,H,NOP+ , 105 (74) C,H,O + , 
77 (61) C,H,+. 

Hydrolysis of2: TO a solution of 2 (20 mg. 0.08 mmol) in deuterochloroform (0.5 ml) water (3 mg, 
0.17 mmol) is added. After 4d at ambient temperature (-20°C) the ,IP-NMR spectrum shows only the 
signal of 3. "P-NMR (CDCI,): 6 = 27.0 (ddq, 'JpH = 552.5 Hz, 2JpH = 20.3 Hz, 'JpH = 19.3 Hz). 

3H; CH,), 2.86 (dq. ' J ~ H  = 20.3 Hz, 'JHH = 7.1 Hz; 1H; CH), 4.63, 4.69 (AB, '.IHH = 17.6 Hz; 3- 
CH,), 3.4-3.5 (AB-part of ABMN: CH,-4), 4.30 (M-part of ABMN, ,.IHH = 7.1 Hz, 3.8 Hz. 'JHH = 
12.7 Hz; CHZ-5), 4.80 (N-part of ABMN, ' J H H  = 5.5 Hz, 3.6 Hz, lJHH = 12.7 Hz; CH2-5). 7.82 (m,  
2H; o-H), 7.39 (m. 2H; m-H), 7.56 (m, 1H; p-H). 13C('H}-NMR (CDCI,): 6 = 43.4 (d, = 71.1 

(s; CO), 134.6 (s; C-i), 129.0 (s; C-o), 128.2 (s; C-m), 133.6 (s; C-p). 

'H-NMR (CDCI,): 6 = 6.87 (d, ' JpH = 552.5 Hz, 1H; PH), 1.25 (dd, 3JpH = 19.3 Hz, ' J H H  = 7.1 Hz; 

Hz; CH), 9.5 (s, CH,), 171.0 (d, ' J p c  = 6.2 Hz; C-2). 46.1 (s; 3-C), 52.1 (s; C-4). 59.3 (s; C-5), 191.1 
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