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ABSTRACT 

Reqctions of 1 -phenyl- and 1 -methoxy-2-phospholene 
1 -oxides with bromine in aqueous organic solvents 
or in a protic medium, such as methanol, easily af- 
forded the corresponding 2-bromo-3-hydroxy- or 2- 
bromo-3-methoxy~hosphospholane 1 -oxide derivatives. The 
reaction mechanism was postulated based on the ste- 
reochemistry of  the products. 

INTRODUCTIQN 
Cycloaddition reactions of conjugated dienes with 
phosphorus halides were first reported by Mc- 
Cormack in 1953 [l]. Since Quin's studies on the 
structure of the adducts in 1968 [2,3], some reports 
concerning stereochemistry, ozonolysis, reaction 
with a carbene, photochemistry, and other reac- 
tions of the phospholenes have been published [4- 
71. We previously reported the synthesis of tetro- 
furanose derivatives of phosphono sugars, which 
are sugar derivatives having a phosphorus atom 
instead of an oxygen atom in the hemiacetal ring, 
from 2-phospholene 1-oxides and showed that the 
2-phospholene derivatives were potentially useful 

'To whom correspondence should be addressed. 

precursors for the synthesis of phosphono sugars 
[8]. The present article deals with the reaction of 
2-phospholene 1 -oxide derivatives with bromine in 
an organic solvent-water (either homogeneous or 
heterogeneous) system or in a protic solvent, such 
as methanol, to provide a convenient and novel 
route for the synthesis of bromohydrin derivatives 
of phospholanes from 2-phospholenes. 

RESULTS AND DISCUSSION 
1 -Phenyl-2-phospholene l-oxide (la) was prepared 
by the reaction of phenylphosphonous dichloride 
with 1,3-butadiene [2]. Strangely, the well-known 
addition reaction of bromine to an olefin [9] did 
not smoothly take place in the case of the 2-phos- 
pholene la to produce the dibromide [lo]. From 
the reaction of the 2-phospholene la and bromine 
in carbon tetrachloride or in chloroform for 1 day 
at 25"C, the phospholene was recovered unchanged 
from the reaction mixture. Only a very small 
amount of olefinic proton disappearance was ob- 
served by 'H NMR spectral measurements of the 
reaction mixture. An addition reaction of hydrogen 
bromide to the 2-phospholene derivative in meth- 
anol also did not proceed during a reaction carried 
out for 1 day at 25°C. Actually, in a heterogeneous 
solvent system composed of chloroform and water, 
or in a homogeneous aqueous organic solvent sys- 
tem composed of acetone or THF and water, the 2- 
phospholene la readily underwent reaction with 
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TABLE 1 Reaction of 2-Phospholene 1-Oxides with Bro- 
mine in Some Media 

P P ~ o s -  
pholene 
1 -Oxide Reaction Condition9 Product 

No. R Solvent Time/Day No. R' Yield/% 

l a  Ph CHCI,-H,O 1 2a OH 67 
l a  Ph Me2CO-H20 1 2a OH 75 
l a  Ph MeOH 1 3a OMe 97 
l b  OMe CHC13-H20 1 2b OH 98 
l b  OMe THF-H20 3 2b OH 55 
l b  OMe MeOH 1 3b OMe 97 
"Reaction carried out at room temperature. 

bromine to afford 2-bromo-3-hydroxy- 1 -phenyl- 
phospholane 1-oxide (2a) in good yield (see Table 
1 and Scheme 1). When methanol was used as the 
solvent, 3a was obtained. 

The adduct 2a showed two peaks (area ratio of 
the two peaks bein 2: 1) on silica gel HPLC chro- 

two peaks at S 63.0 and 65.8 in a ratio of 2: 1. The 
results indicate that the adduct consists of diaste- 
reomers. The two diastereoisomeric adducts were 
separated by fractional crystallization from chlo- 
roform-carbon tetrachloride into a major compo- 
nent 2aT (mp 180-183°C) and a minor one 2aE (mp 
136-139°C). From the 'H NMR spectrum of 2aE, 
the chemical shift for the P-CH-CH proton was 6 = 
4.1 and that for the P-CH-CH proton was 6 = 4.7. 
These observations, together with the data for some 
bromohidrin derivatives prepared later, strongly 
suggested that the bromo substituent was attached 
to the a carbon atom (2-position) and the hydroxyl 
group to the p carbon (3-position) to the phospho- 
rus atom of the original phospholene derivative [l 11. 
The 'H NMR chemical shifts for the P-CHBr-CH(0H) 
protons of 2aT and 2aE differed remarkably from 
each other, and the values were S = 4.7 and 4.4, 
respectively. The IR spectra of 2aT and 2aE showed 
strong absorptions of the OH group at 3200 and 
3250 cm-' (KBr), respectively. The difference of the 
frequency suggested that the former isomer was 
subjected to intramolecular hydrogen bonding in- 
volving the OH group at the 3-position [12]. The 

matography. The P P NMR spectrum also showed 
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SCHEME 1 Reaction of 2-phospholene 1-oxides with bro- 
mine. 
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FIGURE 1 Structures of bromohydrins 2a,b and 4. 

IR absorption of the OH grou in solution was ob- 
served at 3220 and 3380 cm- (CDClJ for 2aT and 
2aE, respectively. 

Acetylation of 2aT afforded 3-acetoxy-2-bpmo- 
1 -phenylphospholane 1 -oxide (4) [ 131, whose cou- 
pling constants for the P-CHBr proton at 6 = 4.15 
of its 'H NMR spectrum were *JPH = 10.6 and 3JHH 
= 7.1 Hz. These values suggest that the oxygen of 
the phosphoryl group and the hydrogen at the 2- 
position are cis and the two hydrogens at the 2- 
and 3-positions are trans to each other (Figure 1) 
[14]. Thus, a trans addition of Br and OH had oc- 
curred. Therefore, it follows that the major isomer 
was threo 2aT and the minor one erythro 2aE [ 1 1,151. 

1 -Methoxy-2-phospholene 1 -oxide (1 b) reacted 
with bromine in an aqueous organic solvent sys- 
tem to afford adduct 2b under the same reaction 
conditions as those for the formation of la. The 'H 
NMR spectrum of 2b showed a pair of singlets for 
Me0 protons in the ratio of 6:5. The lower ste- 
reoselectivity observed in the addition reaction of 
bromine to l b  (isomer ratio = 6 : 5 )  than in that to 
la  (isomer ratio = 2: 1) may be attributable to the 
relative degree of steric hindrance of the substi- 
tuent on the phosphorus atom of the 2-phospho- 
lenes, i.e., Ph > OMe. The added stability caused 
by hydrogen bonding of the 3-OH and the oxygen 
atom of the phosphoryl group (P = 0) may also 
affect the ratio (see 2aE, 2aT, 2bE, and 2bT in Fig- 
ure 1) of diastereomers formed [16]. Stabilization 
by hydrogen bonding may be expected in 2aT, 2bE, 
and 2bT but not in 2aE; therefore, the relative 
amounts of diastereomers formed should be 2aT > 
2aE and 2bT - 2bE. 

Reaction of bromine with la proceeded 

P 
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B r 2  + R' 014 R '  O B r  + H+ + B r -  
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SCHEME 2 A plausible mechanism for the reactions of 2- 
phospholene 1 -oxides with bromine in protic media. 

smoothly in methanol at room temperature to af- 
ford 2-bromo-3-rnethoxy-1-phenylphospholane 1 - 
oxide (3a). The 'H NMR spectrum obtained for 3a 
showed a pair of doublets for the 3-OMe protons 
in a ratio of ca. !3:6. The observed nonstereoselec- 
tivity in the reac:tion of la with bromine in meth- 
anol reflects the absence of added stability by hy- 
drogen bonding in the 3-methoxyphospholane 
derivative formed. 

The stereochemistry of addition of bromine to 
olefins is well established [9,17]. According to the 
reported mechanism, formation of a cyclic bro- 
monium ion intermediate is achieved in the rate 
controlling step through mobile pre-equilibrium 
association of olefin and bromine, and then the in- 
termediate is attacked by the nucleophilic bro- 
mide ion. Even if a similar mechanism is plausible 
for the present reaction, the bromonium intenne- 
diate formed may be destabilized by the presence 
of the powerful electron withdrawing phosphoryl 
group; therefore, the equilibrium formation of a T 
complex of olefiri with bromine (i.e., the cyclic in- 
termediate formation) should be depressed, and 
then dibromination might not be successful for 2- 
phospholene 1-oxides 1. 

On the other hand, bromine forms hypobro- 
mous acid or hypobromite ion in the presence of a 
protic solvent, such as water or methanol, in an 
equilibrium reac:tion [ 17,181. The reactive species 
formed can react with the 2-phospholene affording 
a cyclic bromonrum ion intermediate in a similar 
manner to the action of bromine on an olefin. The 
cyclic bromoniurn intermediate thus formed might 
then be attacked by a nucleophile (e.g., -OH or 
-OMe), as shown in Scheme 2. In the final step, the 
nucleophile attacks at the more positive carbon 
atom, i.e., the 2-position of the 2-phospholene, and 
from the less hindered direction in a stereospecific 
trans fashion; therefore, it may be rationalized 
that 2-bromo-3-hydroxy- or 2-bromo-3-methoxy-l- 
phenylphospholane I -oxide is the sole product and 
that the major isomer is threo 2aT and the minor 
one eythro 2aE. The mechanism postulated in 
Scheme 2 well explains the present results; how- 

ever, within the framework of the data obtained so 
far, the mechanism in which the cyclic bromo- 
nium intermediate is formed initially via associa- 
tion of a 2-phospholene derivative with bromine 
cannot be ruled out. 

EXPERIMENTAL 
Measurements 
'H NMR spectra were measured on either a Hita- 
chi R-24B (60 MHz) or on a JEOL JNM-EX90 (90 
MHz) spectrometer with tetramethylsilane (TMS, 
6 = 0 ppm) as an internal standard. I3C and 3'P 
NMR spectra were recorded by a JEOL JNM-EX90 
(22.4 MHz and 36.1 MHz, respectively) spectrom- 
eter with CDC13 (6 = 77.0) and Ph3P (6 = -5.60), 
respectively, as the solvent and/or the internal 
standard. Mass spectra were measured on a Hita- 
chi RMU 7M GC-MS spectrometer and IR spectra 
on a JASCO A-3 or a JASCO FT/IR-8000 infrared 
spectrophotometer. JASCO UNIFLOW-2 1 1 was used 
as an HPLC instrument with UNIDEC-100-11 as the 
detector and Fine Pack Sil as the column. Melting 
and boiling points were uncorrected. 

Reaction of 1 -Phenyl-2-phosphobne 1 -Oxide 
(la) with Bromine in Chloroform-Water 
To a heterogeneous solution of 2-phospholene l a  
(1.00 g, 5.6 rnmol; bp 133"C/0.15 mmHg [19], Ref. 
121 bp 153-155"C/0.2 mmHg) in chloroform (10 mL) 
and water (10 mL) was added bromine (0.40 mL, 
7.8 rnmol), and the mixture was stirred for 24 hours 
at room temperature. After complete consumption 
of the starting material was confirmed by TLC, 
aqueous sodium sulfite (10 mL) was added. The 
separated organic layer was dried over anhydrous 
sodium sulfate and evaporated in vacuo to give the 
residue. The residual product was fractionally 
crystallized from chloroform-carbon tetrachloride 
to afford threo-2-bromo-3-hydroxy-l-phenylphos- 
pholane 1-oxide (ZaT, 0.66 g, 43% yield, mp 180- 
183°C) and the erythro derivative 2aE (0.37 g, 24%, 
mp 136-139°C). 2aT: 'H NMR (CDC13/TMS): S = 
2.0-2.8 (m, 4H, P-CH2-CH3, 4.1-4.8 (m, 2H, P-CHBr- 
CH(OH), 5.7-6.0 (m, lH, OH), and 7.3-8.0 (m, 5H, 
Ph); I3C NMR (CDC13/CDC13): S = 24.7 ('Jcp = 64.2 

('JCp = 62.8 Hz, CH-Br), 77.4 ('JCp = 17.4 Hz, CH- 
OH), 128.3 ('JCp = 12.0 Hz, o-CH), 129.7 ('JCp = 99.6 

Hz, P-CHZ), 30.2 ("cp = 2.6 Hz, P-CH,-CH,), 47.2 

Hz, X-CH), 131.6 (3Jcp = 9.4 Hz, m-CH), 132.7 (3Jcp 
= 3.4 Hz, p-CH); 31P NMR (CDCl,/Ph,P): 6 = 63.0; 
IR (KBr): v = 3200 (OH), 1440 (P-Ph), 1180 (P=O), 
and 540 cm-' (C-Br); IR (CDC13, 2 mg/80 pL): Y = 
3220 (OH); MS (rn/z): 274 (M') and 276 (M+ + 2). 

2aE: 'H NMR (CDCl,/TMS): 6 = 1.6-2.8 (m, 
4H, P-CH2CH2), 3.9-4.3 (m, lH, P-CHBr), 4.7 (dm, 
lH, JHcp = 16Hz, P-CHBr-CH(OH), 5.8-6.1 (m, lH, 
OH), and 7.3-8.3 (m, SH, Ph); I3C NMR (CDC13/ 
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CDC13): 6 = 25.7 ('Jcp = 65.5 Hz, P-CHJ, 29.5 ('Jcp 
= 3.3 Hz, P-CH,-CHJ, 48.8 ('Jcp = 61.5 Hz, CH-Br), 
77.5 ('Jcp = 12.7 Hz, CH-OH), 128.6 ('JCp = 12.7 Hz, 
O-CH), 130.6 ('Jcp = 96.2 Hz, X-CH), 130.7 (3Jcp = 
10.0 Hz, m-CH), 132.3 ('Jcp = 3.3 Hz, pCH); 31P NMR 
(CDC13/Ph3P): 6 = 65.8; IR (KBr): Y = 3200 (OH), 
1440 (P-Ph), 1180 (P=O), and 540 cm-' (C-Br); IR 
(CDC13, 2 mg/80 pL): v = 3380 (OH); MS (m/z):  
274 (M') and 276 (M' + 2). 

Reaction of 1 -Methoxy-2-Phospholene 1 -Oxide 
(1 b) with Bromine in Chloroform-Water 
To a heterogeneous solution of the 2-phospholene 
l b  [20] (0.65 g, 5.6 mmol; bp 79"C/0.4 mmHg, Ref. 
[21] bp 143-146"C/0.08 mmHg, Ref. [22] bp 79"C/ 
0.4 mmHg) in chloroform (10 mL) and water (10 
mL) was added bromine (0.40 mL, 7.8 mmol), and 
the mixture was stirred for 24 hours at  room tem- 
perature. After complete consumption of the start- 
ing material was confirmed by TLC, aqueous so- 
dium sulfite (10 mL) was added. The separated 
organic layer was dried over anhydrous sodium 
sulfate and evaporated in vacuo to give 2-bromo- 
3-hydroxy- 1 -methoxy-phospholane 1 -oxide (2b, 1 .17 
g, 98% yield); 'H NMR (CDC13/TMS): 6 = 1.5-3.4 
(m, 4H, P-CH2-CH2), 4.0,4.1 (2d, JHcop = 12 Hz, 3H, 
2P-OMe), 4.0-5.0 (m, 2H, P-CHBr-CHOH), and 5.3 
(bs, lH, OH). 

Reaction of 1 -Phenyl-2-phospholene 1 -Oxide 
(la) with Bromine in Methanol 
To a solution of the 2-phospholene la (0.185 g, 1.04 
mmol) in methanol (10 mL) was added bromine 
(0.10 mL, 1.94 mmol), and then the mixture was 
allowed to stand for 24 hours at room tempera- 
ture. After complete consumption of the starting 
material was confirmed by TLC, chloroform (30 mL) 
and aqueous sodium sulfite (10 mL) were added. 
The separated organic layer was dried over anhy- 
drous sodium sulfate and evaporated in vacuo to 
give the residue. The residue was chromato- 
graphed on silica gel to give 2-bromo-3-methoxy- 
1-phenylphospholane 1-oxide (3a, 0.291 g, 97% 
yield); oil; 'H NMR (CDC13/TMS): 6 = 1.8-2.9 (m, 
4H, P-CH2-CH2), 3.20 (s, 1.35H, C-OMe), 3.29 (s, 
1.65H, C-OMe; ratio of the two C-OMe areas = ca. 
5:6), 3.7-4.8 (m, 2H, P-CHBr-CHOMe), and 7.2-7.8 
(m, 5H, Ph); IR (KBr): Y = 1440 (P-Ph), 1200 (P=O), 
and 540 cm-' (C-Br); MS (m/z):  288 (M') and 290 
(M' + 2). 

Reaction of 1 -Methoxy-2-Phospholene 1 -Oxide 
(1 b) with Bromine in Methanol 
To a solution of the phospholene lb (0.23 g, 1.74 
mmol) in methanol (10 mL) was added bromine 
(0.10 mL, 1.94 mmol), and then the mixture was 
left to stand for 24 hours at room temperature. 

Workup as above gave 2-bromo-l,3-dimethoxy- 
phospholane l-oxide (3b, 0.41 g, 97% yield; oil; 'H 
NMR (CDC13/TMS): 6 = 1.6-2.8 (m, 4H, P-CH2-CHJ, 
3.40 (s, 3H, C-OMe), 3.6,4.2 (2d, 3H,JHCoP = 12 Hz, 
P-OMe), and 3.7-4.7 (m, 2H, P-CHBr-CHOMe); IR 
(KBr): Y = 3500 (OH) and 1240 cm-' (P=O). 
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