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Abstract: The Grignard reagent made from 1 -methyl- l-(2-bromophenyl)ethanol and phenylphosphonous dichloride give 
l-phenyl-3,3-dimethyl-3/f-2,l-benzoxaphosphole (2). Stable compounds 3 and 4, thought to be borderline cases between 
halophosphoranes and phosphonium halide salts, are obtained from 2 and methyl iodide or benzyl bromide, respectively. 
Spectroscopic data are presented in support of the assigned structures. Stable, covalent monocyclic alkoxyphosphoranes 5 
and 6 are obtained from 3 and carbanions. These phosphoranes are found to be moderately strong bases. 

Seeking stable models for reactive intermediates,2 we have 
recently prepared a stable P-hydroxyphosphorane,3 a sodium 
phosphoranoxide,4 a bromoalkoxyphosphorane,5a and a lithium 
phosphoranide (a tetracoordinated phosphorane).4 These related 
species5b are of both practical and theoretical interest in the rapidly 
expanding area of organophosphorus chemistry. Studies of hy-
pervalent organosulfur species6 and of other hypervalent com
pounds7 have yielded closely parallel mechanistic and structure-
stability-reactivity correlations for species with like geometries. 

Little is known of the chemistry of bromoalkoxyphosphoranes 
except that they are sometimes present in solutions during the 
Arbuzov rearrangement and related reactions.5'8 The same is 
true for the monoalkoxyphosphoranes bearing four carbon ligands.9 

Most alkoxyphosphoranes are relatively unstable species which 
are easily hydrolyzed.9 We now report simple and versatile 
syntheses of stable isolable examples of both classes of compounds. 
Evidence is presented that compounds 3 and 4 may have structures 
intermediate between halophosphoranes and phosphonium halides, 
with covalent phosphorus-halogen bonds which have a very large 
degree of ionic character. 

Experimental Section 

Infrared spectra were recorded for CHCl3 solutions. NMR chemical 
shifts are reported in parts per million downfield from Me4Si for 1H and 
13C and in parts per million downfield from 85% H3PO4 for 31P. Unless 
otherwise stated, NMR spectra were obtained for CDCl3 solutions. 
Electron-impact mass spectra were obtained at 70 eV and 150-200 0C 
source temperature by using the direct insertion probe. Solution of 
products in organic solvents were dried (MgSO4) and evaporated under 
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reduced pressure. Elemental analyses (C, H, Br, I, P) are within 0.4% 
of calculated values, unless otherwise noted. 

l-Phenyl-3,3-dimethyl-3i/-2,l-benzoxaphosphole (2). 1-Methyl-l-
(2-bromophenyl)ethanol10 (10.8 g, 50 mmol) in dry tetrahydrofuran 
(THF) (70 mL) was treated with CH3MgBr (16.5 mL of 3.1 M in ether, 
51.2 mmol) with stirring. Magnesium shavings (1.22 g, 0.05 mol) were 
then added, and the mixture was refluxed until most of the magnesium 
was dissolved (1.5-3 h). The resulting dark brown solution was cooled 
in a nitrogen atmosphere, and a solution of phenylphosphonous dichloride 
(7.9 g, 44 mmol) in dry THF (10 mL) was added dropwise. This mixture 
was stirred for 18 h at room temperature and then added to cold aqueous 
NH4Cl solution. The THF layer and one ether (70 mL) extract were 
either dried and used without further purification or fractionally distilled; 
bp 145-150 0C (1 mmHg) (7.] g, 66%); 1H NMR 5 1.41 (3 H, s, Me), 
1.60 (3 H, s, Me), 7.00-7.85 (9 H, m, H-Ar); 31P NMR & 113.0. This 
compound was always contaminated with variable amounts of its P-oxide 
(l-phenyl-3,3-dimethyl-3#-2,l-benzoxaphosphole 1-oxide): 1H NMR 
a 1.70 (3 H, s, Me), 1.78 (3 H, s, Me), 7.05-7.85 (9 H, m, H-Ar); 31P 
NMR 6 43.5. 

l-Phenyl-l,3,3-trimethyl-3i/-2,l-benzoxaphospholium Iodide (3). The 
crude product 2, from the above reaction (ca. 7.] g, 29 mmol), in dry 
ether (100 mL) was treated with CH3I (12 g, 85 mmol) in the dark for 
24 h. The crystalline precipitate, mp 188-189 0C dec (ethanol), was 
stored in a dark container (7.5 g, 67%); 1H NMR 5 1.92 (3 H, s, Me), 
1.95 (3 H, s, Me), 3.14 (3 H, d, VHP = 14 Hz, MeP), 7.55-8.27 (8 H, 
m, H-Ar), 8.65-8.85 (1 H, m, H ortho to P); 31P NMR S 87.1; MS (no 
M+), m/e (relative intensities) 256 (M - HI, 100%), 255 ( M - H I - H, 
63), 241 (M - HI - H - Me, 57), 179 (71), 165 (72), 91 (21), 77 (20). 

Metbylphenyl-(2-(l-methyl-l-hydroxyethyl)phenyl)phosphine Oxide 
(7). Methiodide 3 (0.1 g, 0.26 mmol), in CHCl3 (5 mL) was successively 
washed with aqueous NaHCO3, sodium bisulfite solutions, and water. 
The crude oil obtained from the organic layer (0.6 g, 83%) could not be 
further purified: 1H NMR 6 1.63 (3 H, s, Me), 1.69 (3 H, s, Me), 2.12 
(3 H, d, VHP = 13 HZ, MeP), 7.11-7.80 (9 H, m, H-Ar); field desorption 
MS, m/e (relative intensities) 275 (M + H, 6%), 257 (M - OH, 100). 

l-Betizyl-l-phenyl-3,3-dimethyl-3//-2,l-benzoxaphospholium Bromide 
(4). Crude 2 (0.4 g, 1.65 mmol) in dry ether (5 mL) was treated with 
benzyl bromide (0.4 g, 2.34 mmol) for 1 day. The resulting precipitate 
was recrystallized from 1:1 ethanol ether: mp 216-218 0C (0.5 g, 71%); 
1H NMR 6 1.20 (3 H, s, Me), 1.78 (3 H, s, Me), 4.48 (1 H, dd, 2/HH 
= 15 Hz, VHP = 18 Hz, CHPh), 6.20 (1 H, dd, 27HH = 15, V1n. = 9 Hz, 
CHPh), 7.15-7.76 (11 H, m, H-Ar), 8.29-8.55 (2 H, m, phenyl H ortho 
to P), 9.21-9.48 (1 H, m, H ortho to P); 31P NMR 6 86.6. 

Benzylphenyl-(2-(l-methyl-l-hydroxyethyl)phenyl)phosphine Oxide 
(8). A CDCl3 (0.5 mL) solution of 4 (0.1 g, 0.24 mmol) was shaken with 
water (0.1 g, 5.6 mmol) 1H NMR showed ca. 1:1 mixture of 4 and 8, and 
the aqueous layer was acidic to litmus (HBr). Addition of excess sodium 
bicarbonate completed the hydrolysis. The organic layer and a CHCl3 
(2 mL) extract gave the phosphine oxide 8: mp 121 0C (pentane-ether) 
(50 mg, 59%); 1H NMR 5 1.50 (3 H, s, Me), 1.56 (3 H, s, Me), 1.90 (1 
H, s, HO), 3.72 (1 H, dd, V„„ = 15 Hz, 2Jm = 19.5 Hz, CHPh), 3.87 
(1 H, dd, VHH = 15 Hz, 27HP = 21 Hz, CHPh), 7.05-7.78 (14 H, m, 
H-Ar); 31P NMR 6 40.8; field desorption MS, m/e (relative intensities) 

(10) W. Egan, R. Tang, G. Zon, and K. Mislow, /. Am. Chem. Soc, 93, 
6205 (1971). 
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350 (M+, 41%), 335 (M - Me, 100), 259 (M - PhCH2, 98). 
1-Benzyl- l-phenyl-3,3-dimethyl-3i/-2,l-benzoxaphospholium Tri-

fluoromethanesulfonate (9). A solution of phosphine oxide 8 (20 mg, 
0.057 mmol) and trifluoromethanesulfonic acid (25 mg, 0.17 mmol) in 
CDCl3 (0.5 mL) was added to dry ether (40 mL), which was then cooled 
to-20 0C. Crystalline 9 (22 mg, 81%) was collected by filtration: mp 
148 0C; 1H NMR 6 1.18 (3 H, s, Me), 1.74 (3 H, s, Me), 4.24 (1 H, dd, 
VHH = 15 Hz, VHP = 16.5 Hz, CHPh), 4.98 (1 H, dd, VHH = 15 Hz, 
2JHP = 8 Hz, CHPh), 7.13-7.78 (11 H, m, H-Ar), 7.90-8.18 (2 H, m, 
H-Ar), 8.50-8.70 (1 H, m, H ortho to P); 31P NMR & 85.9. The 1H 
NMR of 9 was not changed by twofold dilution of the CDCl3 solution. 

l-Phenyl-l,l,3,3-tetramethyl-3H-2,l-benzoxaphosphole (5). (a) 
Methiodide 3 (0.56 g, 1.46 mmol) was suspended in dry THF (10 mL), 
and methylmagnesium bromide (5 mL of 3.1 M ether solution) was 
added. The exothermic reaction was completed by brief swirling of the 
flask. An hour later, aqueous ammonium chloride (5 mL of 4 M solution, 
15.5 mmol) was added. The organic layer was separated as quickly as 
possible and the solvent removed under reduced pressure. The crude 
product mixture was extracted with ether (10 mL), giving phosphorane 
5 (0.2 g, 50%); mp 52 0C (pentane); 1H NMR & 1.26 (6 H, s, Me), 1.74 
(6 H, d, 2/HP = 10 Hz, MeP), 7.10-7.70 (9 H, m, H-Ar); 31P NMR 
(THF) 5 -78.7; 13C NMR 5 27.16 (d, 1J0? = 73 Hz, MeP), 31.30 (s, 
Me), 70.08 (s, CMe2), 122.10-154.56 (m, C-Ar); MS, m/e (relative 
intensities) 272 (M+, 0.1%), 271 (M - H, 0.3), 257 (M - Me, 100), 195 
(M - Ph, 12), 121 (10); field desorption MS m/e (relative intensities) 
273 (M + H, 90%), 257 (M - Me, 100). (b) A suspension of methiodide 
13 (0.5 g, 1.25 mmol) and sodium hydride (80 mg, 3.3 mmol) in dry 
ether (50 mL) was magnetically stirred at room temperature for 6 h, 
allowing evolved hydrogen to escape through a calcium chloride tube. 
Filtration and evaporation of the ether gave 5 (0.34 g, 100%), melting 
point and spectra the same as those above. 

Reaction of Phosphorane 5 with Aqueous Ammonium Iodide. Phos
phorane 5 (50 mg, 0.19 mmol) was dissolved in CDCl3 (0.4 mL), and the 
1H NMR was recorded. Aqueous NH4I (0.3 mL of 3 M solution, 0.9 
mmol) was added. The tube was swirled well, and ammonia was detected 
by smell and pH measurement. The 1H NMR was identical with that 
of methiodide 13. (See below.) 

Dimethylphenyl-(2-(l-methyl-l-hydroxyethyl)phenyl)phosphonium 
Iodide (13). Methiodide 3 (5.7 g, 14.8 mmol) was suspended in dry THF 
(40 mL) and methylmagnesium iodide (prepared from methyl iodide (7.3 
g, 51.4 mmol) and magnesium shavings (1.2 g, 0.05 mol, in ether (30 
mL)) was added dropwise with cooling and stirring. The resulting 
mixture was stirred at room temperature for 2 h, and then aqueous NH4I 
(40 mL) of 3 M solution was added and the stirring continued for 20 min. 
The organic layer and a CHCl3 (40 mL) extract gave light sensitive 
methiodide 13 (4.5 g, 76%) (ether trituration): mp 186 0C, 1H NMR 
6 1.52 (6 H, s, Me), 2.59 (6 H, d, VHP = 12.5 Hz, MeP), 4.75 (1 H, br 
s, HO), 7.28-7.83 (9 H, m, H-Ar); 31P NMR 5 19.3; MS, m/e (relative 
intensities) 257 ( M - H I - Me, 100%), 213 (10), 195 (16), 128 (16); field 
desorption MS, m/e (relative intensities) 257 ( M - H I - Me, 100%), 213 
(10), 195 (16), 128 (16); field desorption MS, m/e (relative intensities) 
400 (M+, 1%), 273 (M - I, 100). 

Methyldiphenyl-(2-(l-methyl-l-hydroxyethyl)phenyl)phosphonium 
Iodide (14). A suspension of methiodide 3 (1.8 g, 4.7 mmol) in dry THF 
(15 mL) and phenyllithium (15 mL of 3.18 M 47.7 mmol) was stirred 
at ambient temperature for 3 h and then quenched with ice water. The 
organic layer and a CHCl3 (20 mL) extract were vigorously stirred with 
aqueous NH4I (20 mL of 3 M solution, 60 mmol) for 20 min. The 
precipitated light sensitive product 14 (0.7 g, 32%) was filtered off and 
washed with ether: mp 201 0C, 1H NMR 5 1.66 (6 H, s, Me), 3.14 (3 
H, d, VHP = 13 Hz, MeP), 4.10 (1 H, br s, HO), 7.10-7.80 (14 H, m, 
H-Ar); 31P NMR & 26.4. 

l,l-Diphenyl-l,3,3-trimethyl-3if-2,l-benzoxaphosphoIe (6). A sus
pension of methiodide 14 (0.4 g, 0.87 mmol) in dry ether (50 mL) with 
sodium hydride (0.1 g, 4.17 mmol) was stirred for 18 h at ambient 
temperature, allowing molecular hydrogen to escape through a calcium 
chloride tube. Filtration and removal of the solvent gave phosphorane 
6 (0.23 g, 80%); mp 100 0C (pentane); 1H NMR 5 1.40 (6 H, s, Me), 
2.40 (3 H, d, VHP = 12 Hz, MeP), 6.49 (1 H, dd, VHp = 12 Hz, VHH 
= 8 Hz, H ortho to P), 7.06-7.45 (13 H, m, H-Ar); 31P NMR (THF) 
5 -65.4; 13C NMR 5 26.41 (d, lJCP = 103 Hz, MeP), 31.23 (s, MeC), 
73.50 (d, VCP = 3 Hz, CMe2), 122.10-150.58 (m, C-Ar); MS m/e 
(relative intensities) 334 (M+, 0.1%), 333 (M - H, 0.4), 319 (M - Me, 
100), 275 (12), 257 (M - Ph, 95), 183 (14), 152 (14); field desorption 
MS m/e (relative intensities) 334 (M+, 28%), 319 (M - Me, 72), 257 
(M - Ph, 100). 

Dimethylphenyl-(2-(l-methyl-l-hydroxyethyl)phenyl)phosphonium 
Fluoride (15). Phosphorane 5 (40 mg, 0.15 mmol) was dissolved in 
CDCl3 (0.5 mL), in a polyethylene vial, and anhydrous HF was carefully 
passed through the solution for 10 s. The resulting solution was dried 

Scheme I 

over anhydrous K2CO3. The 1H NMR spectrum showed a 3:2 mixture 
of salt 15 and olefin 20: 1H NMR 5 1.44 (6 H, s, Me), 2.35 (6 H, d, 2Jm 
= 12 Hz, MeP), 7.25-7.95 (9 H, m, H-Ar) and 1.68 (3 H, m, Me), 2.38 
(6 H, d, VHP = 13.5 Hz, MeP), 4.60 (1 H, m, CH), 5.18 (1 H, m, CH), 
7.25-7.95 (9 H, m, H-Ar); 31P NMR 6 20.5 and 17.6, respectively. This 
mixture was not further purified. 

MethyldiphenyI-(2-(l-methyl-l-hydroxyethyl)phenyl)phosphoniuin 
Fluoride (16). Phosphorane 6 (26 mg, 0.078 mmol) was dissolved in dry 
ether (2 mL), in a polyethylene vial, and anhydrous HF was passed 
through the solution for 10 s. The resulting solution was evaporated, and 
the residue was extracted with CDCl3 (0.5 mL); 1H NMR 5 1.48 (6 H, 
s, Me), 2.98 (3 H, d, VPH = 12 Hz, MeP), 6.85-7.65 (14 H, m, H-Ar); 
31P NMR a 25.8. 

Dimethylphenyl-(2-(l-metbyl-l-hydroxyethyl)phenyl)phosphonium 
Trifluoromethanesulfonate (17). Trifluoromethanesulfonic acid (30 mg, 
0.2 mmol) was added to phosphorane 5 (40 mg, 0.15 mmol) in dry ether 
(10 mL), and the precipitated crystalline product was collected (50 mg, 
81%): mp 126 0C; 1H NMR S 1.38 (6 H, s, Me), 2.44 (6 H, d, VHP = 
12.5 Hz, MeP), 7.30-7.90 (9 H, m, H-Ar); 31P NMR & 21.2. 

Results and Discussion 
Synthesis. The preparation of the monocyclic phosphorus 

compounds 2-6 and 9 is illustrated in Scheme I. The key in
termediates in this synthesis are the Grignard reagent made from 
1 and the cyclic phosphinate 2. This Grignard reagent has been 
prepared earlier in this laboratory, using Rieke magnesium11 or 
magnesium powder,3 but it is now confirmed that ordinary 
magnesium turnings are quite satisfactory in this reaction. 

Phosphinite 2 is easily oxidized by air and therefore is accom
panied by the corresponding cyclic phosphinate. For the same 
reason, 2 is also difficult to purify. The products made from 2 
in this work are, however, easily purified. (See Experimental 
Section.) The iodide 3 and bromide 4 are produced by an atypical 
"half-way" Arbuzov reaction. They are stable compounds which 
do not decompose at room temperature to give the normal Arbuzov 
reaction products (compounds with a P = O bond plus alkyl 
halides). All the iodides reported here are light sensitive and are 
best kept in dark containers. 

Structure and Reactivity, We have recently reported52 the 
preparation of a thermally stable bromoalkoxyphosphorane (10). 
A relatively simple structure change, the introduction of a bulky 

(11) J. C. Martin and T. M. Balthazor, J. Am. Chem. Soc, 99, 152 
(1977). 
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ortho substituent in one of the phenyl rings, provides 11, which 
we represent as an ionic phosphonium bromide salt. Evidence 
for these two structures came from both 31P and 1H NMR 
chemical shift measurements. Pentacoordinate phosphorus de
rivatives (phosphoranes) usually show 31P chemical shifts at higher 
field than phosphoric acid, while phosphonium salts are found at 
lower field than phosphoric acid. Compounds 10 and 11 give 31P 
chemical shifts consistent with the pictured structural assign
ments,53 -17.8 and +70.9 ppm, respectively, they also show 1H 
chemical shifts for the aromatic ring proton ortho to phosphorus, 
at 8.33-8.53 ppm for 10 and 6.75-8.10 ppm for 11, which provide 
evidence for these same structures. We have studied a wide variety 
of trigonal-bipyramidal hypervalent species, including compounds 
of sulfur,12 iodine,7a and silicon,7b which share the feature of a 
five-membered ring linking an apical oxygen to an equatorial 
aromatic ring carbon. In all of these species the proton of this 
aromatic ring which is ortho to the hypervalent central atom is 
found at 1-3-ppm lower field than the other aromatic ring protons, 
generally in the range 8.1-9.7 ppm.12 It is clear from the drawing 
of Figure 1 that the preferred geometry of these TBP systems, 
in which the three-center, four-electron bond joining the apical 
ligands to the central atom E is nearly linear, places the ortho 
proton in question, H0, in close proximity to the polar E-X apical 
bond, where X is an electronegative apical substituent. 

In all such cases which have been studied the conversion of the 
hypervalent species to the corresponding "onium" species by E-X 
bond heterolysis, despite the fact that such an ionization places 
a full positive charge on the central atom E, results in an upfield 
shift of adjacent protons such as the H0 proton of Figure 1. This 
was first reported for hypervalent sulfur species by Johnson and 
Rigau13 for an arylalkylalkoxyhalosulfurane. This observation 
can be understood if one considers the principal determinants of 
chemical shift for the ortho proton H0 in 10. The proximity of 
the C-H0 bond to the E-X electric dipole results in a polarization 
of the C-H0 bond electrons in such a way as to bring about marked 
magnetic deshielding of proton H0.

14 The deshielding of such 
a proton can be treated quantitatively by eq I,15 where A is an 

A<5el = Afi(3 cos 0i cos </>R - cos <pll)R'} (1) 

empirically determined factor which is given14 values in the range 
(2-4.2) X 10"12 (esu), </>] is the angle between the E-X bond and 
a line extending from the proton to the center of the E-X bond, 
</>R is the angle between this line and the C-H bond, and </>M is 
the angle between the direction of n0 and the C-H bond. 

It is clear from eq 1 that the downfield shift for such an ortho 
proton should increase as the E-X bond dipole (Figure 1) in
creases. This is expected14 to be the most important factor in 
determining chemical shifts in systems, such as those being con
sidered here, in which the E-X bond is very dipolar and the proton 
being observed is very near the E-X bond. 

The compound assigned structure 4 differs from bromo-
phosphorane 10 in that an equatorial phenyl ligand of 10 has been 
replaced by a benzyl substituent. While the 31P NMR of 10 is 
in the range characteristic of phosphoranes, that of 4 is consistent 

(12) G. W. Astrologes and J. C. Martin, J. Am. Chem. Soc, 99, 4390 
(1977). 

(13) C. R. Johnson and J. J. Rigau, J. Am. Chem. Soc, 91, 5398 (1969). 
(14) R. F. Zurcher in "Progress in N.M.R. Spectroscopy", Vol. 2, J. W. 

Emsley, J. Feeney, and S. H. Sutcliff, Eds., Pergamon Press, Oxford, 1967, 
Chapter 5. 

(15) Equations 10 and 11, p 217 of ref 14. 

Figure 1. The geometrical relationship between an apical E-X bond and 
the adjacent ortho proton, H0. 

with the molecule being an ionic phosphonium bromide. This is 
perhaps not surprising if one considers that the substitution of 
the sp3 benzylic carbon of 4 for the more electronegative sp2 phenyl 
carbon of 10 would be expected to promote P-Br ionization by 
<T-electron donation. In an apparent contradiction to this ob
servation, the chemical shift of the ortho proton in 4, at 5 9.21-9.48 
(identified by its coupling to phosphorus, 37PH ~ 10 Hz) is in the 
range expected12 for a covalent phosphorane rather than for the 
ionic phosphonium bromide structure postulated from a consid
eration of the 31P chemical shift. The chemical shift of this ortho 
proton moves upfield by about 0.7 ppm on conversion of the 
bromide to the (probably ionic) triflate of 9. 

The importance of this dipolar effect on chemical shift is also 
reflected in the large difference in chemical shifts for the dia-
stereotopic benzylic protons of 4 (5 4.48 and 6.20) and the low-field 
shift of one of them. The lower field proton shifts from & 6.20 
upfield to 5 4.98 upon going from 4 to the ionic triflate 9. 

These observations are consistent with a structure for 4 which 
is borderline between the phosphorane and the phosphonium 
bromide, a structure with enough covalent character to maintain 
the position of the bromine atom expected for the structure drawn 
for 4 and a structure with the apical P-Br bond approximately 
colinear with the P-O bond. A change in structure which increases 
the ionic character of the P-Br bond (e.g., the change from 10 
to 4) will be expected to move the 31P NMR absorption downfield 
toward the region characteristic of phosphonium ions. At the same 
time, since the electric dipole of the P-Br bond is increasing, its 
effect on the nearby ortho C-H bond will shift the 1H peak to 
still lower field, exaggerating the evidence for the penta-
coordination of phosphorus. When the directional character of 
the P-Br bond becomes weak enough, upon the introduction of 
suitable substituents, that the P-Br dipole is no longer oriented 
as in 4, it is fair to say that heterolysis has occurred and the system 
exists as a phosphonium bromide ion pair as in 11. Triflate 9 is 
very likely ionic. 

The calculation of the effect of the P-Br dipole of 4 on the ortho 
proton using eq 1 can be carried out by using reasonable esti
mates16 for the geometry and for the P-Br dipole of 4. 

The value calculated for the downfield shift is 1.5-3.1 ppm 
depending on the choice of reported best values for A in the range 
(2.0-4.2) X 10~12. It is easy to see that as the bond becomes more 
ionic the increasingly downfield chemical shift of the ortho proton 
becomes a more reliable indicator of remaining covalent character 
in the P-Br bond than is the 31P chemical shift, which is ap
proaching that appropriate for the phosphonium salt. This is true 
even though the chemical shift difference between the covalent 
phosphorane and the ionic phosphonium halide is greater in 31P 
NMR than in 1H NMR (for the ortho proton). We therefore 
feel justified in suggesting that 4 has the borderline structure with 
the P-Br bond being largely ionic but with enough covalent 
character to preserve a geometry approximately that of a phos
phorane. 

The evidence for the covalent nature of iodophosphorane 3 is 
ambiguous since the downfield shift of the ortho proton (5 
8.65-8.85) is much less pronounced than for 4. 

Both this new type of structure and the relative sensitivity of 
1H and 31P NMR chemical shifts to structural changes in orga-

(16) We used values of 2.40 A for the P-Br bond distance, 1.83 A for C-P, 
1.41 A for aromatic C-C, and 1.00 A for C-H and 0R = 94.8°, 4>i = 64.8°, 
<t>f = 30°, and /J = 9 D , The value of n assumes the bond approaches 100% 
ionic character (which would predict 11.1 D for the P-Br dipole). 
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nophosphorus compounds have a recent precedent.17'18 An X-ray 
diffraction study17 on benzyl-(2-methoxyphenyl)diphenyl-
phosphonium bromide has revealed that the P-O distance, in the 
crystal, is substantially shorter than the sum of the van der Vaals 
radii of phosphorus and oxygen. The oxygen is leaning toward 
the phosphorus. This weak bonding interaction is analogous to 
the P-Br bonding suggested in this work and very similar to the 
one discussed in our5a related paper. With the assumption that 
the weak P-O bonding obvious in the X-ray structure persists in 
solution, it has been shown18 that such weak bonding is not re
flected in the 31P NMR chemical shift but is evidenced in the 1H 
NMR chemical shift of the benzylic protons. These observations 
are quite analogous to our findings. 

The chemical shift difference between the two benzylic geminal 
protons of 4 (1.72 ppm) is comparable to the differences between 
certain benzylic protons which have been reported as being ex
traordinarily large (1.75 ppm19a and 1.99 ppm19b). The non-
equivalent benzylic protons in 4, 8, and 9 are also nonisogamous. 
In each compound, the two benzylic protons show different cou
pling constants 27Hp. (See Experimental Section.) 

The analogy between 10 and 3 or 4 is extended to their hy
drolysis.5a When a CDCl3 solution of 4 is shaken with a drop of 
water, an equilibrium mixture containing comparable amounts 
of 4, 8, and HBr is established. Bromoalkoxyphosphorane 10 
behaves similarly. In both cases the equilibrium is shifted toward 
hydrolysis products by quenching the HBr with bicarbonate. It 
is clear that the hydrolysis is a reversible process. 

The high thermal stability of 3 and 4 is attributed to the 
five-membered ring effect,20 a known source of stabilization of 
hypervalent derivatives of phosphorus2 and sulfur20 in which the 
heteroatom is included in a five-membered ring. Further stabi
lization is possibly due to the Thorpe-Ingold effect21 provided by 
the gem-dimethyl group, a conformational effect favoring cyclic 
products. Steric crowding around the sp3-hybridized ring carbon 
retards nucleophilic attack by halide at this site, thus suppressing 
completion of a normal Arbuzov reaction. 

The reactions of 3 with methylmagnesium bromide or phe-
nyllithium provides a route to monoalkoxy phosphoranes 5 and 
6 bearing four carbon ligands. While yields are only modest, 
isolation by way of the hydroiodides 13 and 14 is very easy. 
Further reaction of 5 or 6 to give species of type 12 is not seen 

Scheme II 

, ^ P - C H 3 

12 

OH NaH, - c 

. M + r H I" ==± 5 or b 
C 5 V > \ ^ L H 3 NH4I i 

P h / ^ R JHX 
1 3 , R = Me, 6 3 1 p 19.3 

1 4 , R = Ph, e . l p 26.4 Cm3CR, 

OH 

U J ^ +/CH3 

P h / ^R 

15, R = Me, X = F 
16, R = Ph, X = F 
17, R = Me, X = CF3SO3 

phonium salts 15-17, but not with water. 
Many oxyphosphoranes are both water and heat sensitive,9,22 

even when the phosphorus is included in a five-membered ring. 
Phosphorane 5 was heated in air for 2 h at 120 0C without any 
noticeable decomposition. Shaking chloroform or ether solutions 
of 5 or 6 with aqueous ammonium halides produces ammonia and 
phosphonium salts such as 13 or 14. The nucleophilicity of 5 or 
6, however, is small. Boiling a CDCl3 solution of 6 with excess 
benzyl bromide for 1 day did not lead to any detectible change 
in these reagents by 1H NMR. Nucleophilic attack of 5 or 6 on 
methyl fluorosulfonate in ether was observed at room temperature 
within 1 h. 

Conversion of 13 and 14 to phosphoranes 5 and 6, respectively, 
is quantitatively achieved by stirring an ether or THF suspension 
of the salts with excess sodium hydride until no more hydrogen 
is evolved. Ylides which could have been formed by deprotonation 
of a methyl directly bonded to phosphorus are not observed under 
these experimental conditions. Nor have we observed olefin 
formation from deprotonation of the gem-dimethyl group. 

The basicity of 5 or 6 is considerably larger than that of sym
metrical dioxyphosphoranes. Phosphorane 185 and related di-

CHo CHr, 

18, -44.5 

even when excess Grignard or organolithium reagent is employed. 
This may be yet another manifestation of the well-established 
above-mentioned five-membered ring effect.20 

Phosphoranes 5 and 6 are fairly strong bases, stronger than 
ammonia. They react with acids22 (Scheme II), to give phos-

(17) J. S. Wood, R. J. Wikholm, and W. E. McEwen, Phosphorus Sulfur, 
3, 163 (1977). 

(18) G. L. Keldsen and W. E. McEwen, / . Am. Chem. Soc, 100, 7312 
(1978). For a very recent related observation see: M. M. C. F. Castelijns, 
D. van Aken, P. Schipper, J. J. C. van Lier, and H. M. Buck, Reel. Trav. 
Chim. Pays-Bas, 99, 380 (1980). 

(19) (a) A. H. Lewin, J. Lipowitz, and T. Cohen, Tetrahedron Lett., 1241 
(1965); (b) P. L. Southwick, J. A. Fitzgerald, and G. E. Milliman, ibid., 1247 
(1965). (c) For a review see: W. B. Jennings, Chem. Rev., 75, 307 (1975). 

(20) J. C. Martin and E. F. Perozzi, J. Am. Chem. Soc., 96, 3155 (1974). 
(2I)R. M. Beesley, C. K. Ingold, and J. F. Thorpe, J. Chem. Soc, 107, 

1080 (1915); C. K. Ingold, ibid., 119, 305 (1921). 
(22) (a) A. R. Hands and A. J. H. Mercer, J. Chem. Soc. C, 1099 (1967); 

2448 (1968); (b) M. Masaki, K. Fukui, and M. Ohta, J. Org. Chem., 32, 3564 
(1967); (c) E. E. Schweizer, W. S. Creasy, J. C. Lieher, M. E. Jenkins, and 
D. L. Dalrymple, ibid., 35, 601 (1970); (d) J. Wulff and R. Huisgen, Chem. 
Ber., 102, 1841 (1969). 

oxyphosphoranes3,23 are inert toward strong acids. In fact, they 
may be prepared3,23 by acid-catalyzed dehydration of the ap
propriate precursor hydroxyalkyl- or carboxyphenylphosphine 
oxides. This marked difference is adequately explained by con
sideration of the expected polarization of the unsymmetrical 
hypervalent C-P-O bond. Such a polarization would imply an 
important contribution of 19 to the resonance structures of 5 and 
6. This is consistent with the observed basicity of 5 and 6, greater 
than ammonia but less than that expected from a tertiary alkoxide 
lacking the kind of phosphorus-oxygen interaction implied by the 
P-O bond in the structure drawn for these species. The basicity 
of the alkoxy oxygen in structure 19 is markedly lowered by 
intramolecular "solvation" by the electrophilic phosphorus making 
the compound less basic than hydroxide. 

Considerable polarization of the hypervalent bond in unsym
metrical sulfuranes has been clearly demonstrated.24 The 

(23) D. Hellwinkel and W. Krapp, Chem. Ber., I l l , 13 (1978). 
(24) L. J. Adzima, E. N. Duesler, and J. C. Martin, J. Org. Chem., 42, 

4001 (1977); P. Livant and J. C. Martin, / . Am. Chem. Soc, 99, 5761 (1977). 
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chemical shift values observed for 5 and 6 (5 -78.7 and -65.4) 
are, however, typical9 of pentacoordinate phosphorus compounds 
(phosphoranes) rather than tetracoordinate phosphonium salts 
such as structure 19. Consequently, we conclude that structures 

CH, CH, CH1 

19 

Q ^ F-
CH3

 X Ph 

20, « , I p » . 6 

5 and 6, rather than 19, are dominant for these compounds but 
with considerable polarization of the hypervalent C-P-O bond. 

The large P-O dipole is, however, not near to the rigidly oriented 
ortho proton in 5 or 6 so we do not find the downfield shift seen 
for the related proton in 4. 

One example of an acid-catalyzed dehydration was observed. 
Treatment of 5 with anhydrous HF in CDCl3 gave a 3:2 mixture 
of the salts 15 and 20. It may well be that 15 undergoes acid-
catalyzed dehydration, giving 20. 
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Abstract: 2,5-Dihydrotellurophene 1,1-dichloride was isolated in 62% yield when TeCl4 was heated in acetonitrile with an 
excess of butadiene. Isoprene and 2,3-dimethylbutadiene reacted similarly affording the 3-methyl- and the 3,4-dimethyl-substituted 
2,5-dihydrotellurophene 1,1-dichlorides which were easily reduced with aqueous Na2S to the corresponding 2,5-dihydrotellurophenes. 
2,5-Dihydrotellurophene could be converted to its 1,1-dibromide and 1,1-diiodide, respectively, by treatment with Br2 and I2. 
Treatment with XeF2 afforded the 1,1-difluoride and oxidation with H2O2 similarly afforded 2,5-dihydrotellurophene 1-oxide, 
which was not isolated. The double bond of 2,5-dihydrotellurophene 1,1-dichloride was inert to treatment with Br2 or Cl2, 
probably due to an interaction, either steric or electronic, with the TeCl2 group. 

The unsaturated five-membered heterocycles 3-pyrroline ( l a ) Scheme I 

O O 
Ia5X=NH 2a, X = NH 3 
lb, X= O 2b, X= S 
Ic, X=S 2c, X = Te 
Id1X = PCl3 2d, X=Se 
Ie, X = GeI2 

If5X = SiCl, 
Ig, X= Te 
Ih, X = Se 

and 2,5-dihydrofuran (lb) have long been known. The former1 
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of the fully hydrogenated system has also been described.'d (a) Lohner, W.; 
Praefcke, K. Chem. Ber. 1978, 111, 3745. (b) Barton, T. J.; Roth, R. W. J. 
Organomet. Chem. 1972, 39, C66. (c) Fringuelli, F.; Marino, G.; Taticchi, 
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TeClu 

CH3CN- O 
A 

Cl C! 

+ CI -CH 2 -CH=CH-CH 2 —Cl 

was obtained by reduction of pyrrole (2a), and the latter was 
formed by dehydrohalogenation of 3-bromotetrahydrofuran.2 

2,5-Dihydrothiophene (Ic) was one of the reduction products from 
thiophene (2b) when treated with sodium in liquid ammonia.3 
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