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Summary - The reaction of 2-lithio-, 2-lithio-5-bromo-, and 2-Uthio-5-(phenylethynyl) derivatives of 3,4-dimethyl-
1-phenylphosphole with a series of aryl-alkynyl-sulfones affords the corresponding 2-alkynylphospholes. The X-ray crys­
tal structure analysis of 2,5-bis(phenylethynyl)-3,4-dimethyl-l-phenylphosphole shows a pyramidalization of phosphorus 
and a lengthening of the intracyclic P-C bonds by comparison with 1-benzylphosphole. The alkynyl substituents appear 
to switch off the delocalization within the phosphole ring. The reaction of the 2-lithio-5-bromophosphole with bis(tert-
butylsulfonyl)acetylene gives the expected bis(2-phospholyl)acetylene whose transformation into its 5,5'-bis(trimethyl-
silylethynyl) derivative has been achieved. Long (phosphole-ethynylene) chains are now Eiccessible. 

phosphorus-carbon heterocycle / phosphole / 2-alkynyl phosphole / 2,5-dialkynyl phosphole / organolithium com­
pound 

Resume - Synthese et analyse structurale par rayons X de phospholes a-acetyleniques. La reaction des 
2-lithio, 2-lithio-5-bromo- et 2-lithio-5-(phenylethynyl)-l-phenyl-3,4-dimethylphospholes avec une serie d'aryl-alcynyl-
sulfones foumit les 2-alcynylphospholes correspondants. L'analyse de la structure X du 2,5-bis(phenylethynyl)-l-phenyl-
S,4-dimethylphosphole montre une pyramidalisation du phosphore et un allongement des liaisons P-C intracycliques par 
comparaison avec le 1-benzylphosphole. II semble que les substituants alcynyles detruisent la delocalisation d I'interieur 
du cycle phosphole. La reaction du derive 2-lithio-5-bromophosphole avec le bis(teTt-butylsulfonyl)acetylene conduit au 
bis(2-phospholyl)acetylene attendu dont la transformation en derive 5,5'-bis(trimethylsilylethynyle) a ete realisee. De longues 
chaines (phosphole-ethynylene) sont maintenant accessibles. 

heterocycle phosphore-carbone / phosphole / 2-alcynyl phosphole / 2,5-dialcynyl phosphole / compose organolithie 

I n t r o d u c t i o n 

2,5-Difunctional phosphole derivatives are key interme­
diates in t he synthesis of t h e phosphorus analogues 
of polypyrrole chains [1] or macrocycles [2]. Wi th 
such ta rge ts in mind, we were interested in the pos­
sibilities offered by alkyne-functionalized phospholes. 
Clearly, t he installation of an acetylenic bridge be­
tween the a-posi t ions of two phosphole rings could 
serve to create fully conjugated polyphosphole chains. 
In t he th iophene series, this idea has been il lustrated by 
the synthesis of molecular wires based on (thiophene-
ethynylene) oligomers [3]. Moreover, such C = C bridges 
could be transformed into Z-vinylene bridges by cis-
hydrogenation, 1,2-addition or cycloaddition, thus cre­
at ing an ideal s tar t ing point for t he synthesis of 
polyphosphole macrocycles. These considerations mo­
tivated a preliminary investigation of the synthesis and 
properties of some a-acetylenic phosphole derivatives. 

R e s u l t s a n d d i s c u s s i o n 

Since the 2-bromo-[4] and 2,5-dibromo-[l] derivatives 
of l-phenyl-3,4-dimethylphosphole are available, one of 
the most a t t ract ive routes to t he desired acetylenic 
phospholes relied on a classical Stille coupUng [5]. Using 
the t in derivative P h C = C S n M e 3 as the reaction part­
ner, we tr ied to perform the coupling in the presence of a 
[PdL2] catalyst wi thout any success. In order to increase 
the reactivity of t he halogenophosphole, we also investi­
gated the possible use of t he 2-iodo-5-bromo derivative, 
which was synthesized via the reaction of t he 2-lithio-
5-bromophosphoIe [1] wi th di iodomethane [6]. Even in 
this case, t he Stille coupling failed. We had more suc­
cess by using a different procedure devised by Hagihara 
[7] (eq 1). 

The reaction appeared to be quite fast (10 min in 
boiling T H F ) , bu t gave only a modest yield of the de­
sired product (identified by ^^P NMR, MS and compar­
ison with an authent ic sample, see below) together with 
a variety of other unidentified materials . 

* Correspondence and reprints 
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6 R= SiMea, X= Br, (26%) 
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Ph 

Ph 
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Ph- Ph (3) 
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Fig 1. Ortep view of 7 with thermal ellipsoids at the 50% probability level. Hydrogen atoms are omitted for clarity. Important 
bond lengths (A) and angles (deg): P(l)-C(2) 1.815(2), P(l)-C(5) 1.821(2), P(l)-C(24) 1.839(2), C(2)-C(3) 1.367(1), C(2)-
C(6) 1.423(3), C(6)-C(7) 1.199(3), C(7)-C(8) 1.434(3), C(3)-C(4) 1.458(2), C(4)-C(5) 1.365(2), C(5)-C(14) 1.416(3), C(14)-
C(15) 1.201(3), C(15)-C(16) 1.438(3); C(2)-P(l)-C(5) 89.19(8), C(2)-P(l)-C(24) 102.74(8), C(5)-P(l)-C(24) 100.42(8), P ( l ) -
C(2)-C(3) 111.5(1), P(l)-C(2)-C(6) 122.3(1), C(2)-C(3)-C(4) 113.9(1), C(3)-C(4)-C(5) 113.3(2), P(l)-C(5)-C(4) 111.6(1), 
P(l)-C(5)-C(14) 122.5(1). 

Since this first approach could not be considered ac­
ceptable, we decided to s ta r t from the highly reactive 
2-lithio- and 2-lithio-5-bromophospholes [1, 4]. The 
problem was to find suitable acetylenic electrophiles. 
T h e answer was found in the work of Smorada and 
Truce on the reaction of arylsulfonylacetylenes with 
organoli thium reagents [8]. Satisfactory results were 
thus obtained (eq 2). 

A further advance was made when we found tha t 
the 5-bromo derivative 5 could be converted in turn 
into its corresponding 5-lithio analog using a classical 
metal lat ion procedure (eq 3). This offered the possibil­
ity of grafting another functionality into the 5-position 

or, alternatively, preparing a 2,5-diacetylenic phosphole 
derivative. We checked this last point and obtained 7 
in acceptable yield. 

T h e X-ray crystal s t ruc ture analysis of 7 (fig 1) al­
lowed an examinat ion of t he effect of the acetylenic 
groups on the geometry of the phosphole ring. The 
s t ructure of 1-benzylphosphole [9] serves as a refer­
ence for comparison. Phosphorus appears to be signifi­
cantly more pyramidal in 7 t h a n in 1-benzylphosphole: 
E ( C P C angles) = 292.4 vs 302.7°. Moreover, the intra-
cyclic P-C bonds are significantly longer in 7 t han in 
1-benzylphosphole: 1.815-1.821 vs 1.780-1.786 A. 
These da t a clearly establish t h a t the ring delocaliza-
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t ion is almost switched off in 7. T h e recent work of 
Schleyer [10] has clearly demonst ra ted t ha t phospholes 
are weakly aromatic (ca 7 kcal mol~^ of aromatic sta­
bilization energy) and t h a t s t ructura l da t a const i tute 
a valid criterion for assessing aromatici ty in a five-
membered heterocyle. In 7, the weak aromatici ty of 
t he ring is destroyed by the conjugation of t he dienic 
subuni t wi th the two acetylenic subst i tuents , with the 
result t h a t t he phosphorus lone pair no longer partici­
pates in any electronic delocalization. 

The next s tep concerned the building of an acetylenic 
bridge between two phosphole units. T h e availability 
of the bis-sulfone 13 [11] allowed us to extend our 
procedure to t he synthesis of the bis-phosphole 8 in fair 
yield (eq 4). 

2a 
' B u S O j ^ ^ S O a ' B u 13 

THF, -100°C 
Br 

Ph Ph 
8 (55%) 

Br (4) 

The bis-phosphole 8 is obtained as a 1:1 mixture 
of two diastereomers, which result from the presence 
of two chiral phosphorus centers. Their main spectro­
scopic differences concern the ^^P N M R and acetylenic 
^^C N M R chemical shifts. Compound 8 is a versa­
tile synthon which can be transformed into its 5,5'-di-
lithio derivative and, hence, gives access to a wide vari­
ety of 5,5'-bifunctional derivatives. Alternatively, it can 
serve to prepare 5,5'-bis-acetylenic derivatives. Thus , 
t he compound 9 is also obtained as a mixture of two 
diastereomers (eq 5). 

8 2 "BuLi 

THF, -100°C 
Ph Ph 

1 2 
M e g S i ^ // \\_// W •^-SiMea (5) 

Ph Ph 

9 (20%) 

At this stage of our research, it is clear t ha t we 
have at our disposal all t he tools necessary to build 
phosphole-ethynylene oligomers. Since all the phospho­
rus centers are pyramidal , it must emphasized tha t 
these products will be obtained as complex mixtures 
of isomers. 

E x p e r i m e n t a l s e c t i o n 

All the reactions were carried under dry nitrogen, in a 
Schlenk tube previously dried at 130 °C, in solution in 
freshly distilled anhydrous THF. Degassed silica gel (70-
230 mesh) was used for chromatographic separations. NMR 
spectra were recorded on a Bruker AC 200 SY spectrome­
ter operating at 200.13 MHz for ^H, 50.32 MHz for " C and 
81.01 MHz for ^^R Chemical shifts {b in CDCI3) are ex­
pressed in ppm downfleld from internal TMS (^H and '^C) 
or external 85% H3PO4 ( " P ) . The ^H and " C number­
ing is given in the figure 2. The coupling constants (J) are 
given in Hz and concern only the i^C-^^P couphngs in the 

^^C spectra. Mass spectra were obtained at 70 eV by the 
direct method with a Shimadzu QP 1000 spectrometer. The 
phospholyle anions l a and 2 a were generated according to 
references [4] and [1] respectively. The acetylenic sulfones 1 1 
[12], 1 2 [13] and 1 3 [11] were prepared by pubUshed proce­
dures. 

7 . .6 
4 - 3 
// W 

X-5. 2-8=9-R 

F i g 2 

3,4-Dimethyl-l-phenyl-2-(phenylethynyl)phosphole 3 
and its sulfide 

To a solution of the 2-phospholyl anion l a (7 x 10"^ mol) 
in THF (20 mL) maintained between - 9 5 and -100 °C was 
added, in one portion, the acetylenic sulfone 1 1 (1.96 g, 
7.7X 10~^ mol). The reaction mixture was stirred for 15 min 
at the same temperature and then allowed to warm at room 
temperature. After vacuum distillation of the solvent, the 
residue was chromatographed with hexane/toluene (8:2). 
Yield 1.36 g (67%) of a light yellow oil which slowly crystal­
lized. 
='ip NMR: S 12.4. 
'H NMR: S 2.02 (dd, *J(H-H) = 1.3, *J(H-P) = 3.2, 3H, 

7 Me), 2.19 (d, •*J(H-P) = 3.1, 3H, 6 Me), 6.38 (d, 
V ( H - P ) = 38.7, IH, 5 CH) , 7.20-7.40 (m, lOH, Ph). 

^'C NMR: S 16.0 (s, 6 Me), 17.97 (d, = 2.1, 7 Me), 86.34 
(d, = 22.8, 9C), 98.26 (d, V = 4.5, 8C), 123.82 (s, 
9C-C ipso), 126.25 (d, ^ J = 2.9, 2C), 128.83 (d, V = 4.6, 
5C), 149.47 (d, V = 4.7, 4C), 152.77 (d, V = 13.7, 3C); 
P-phenyl C: 128.39 (d, = 7.6, meta), 128.98 (s, para), 
131.90 (d, V = 14.8, ipso), 132.77 (d, = 18.4, ortho); 
acetylenic phenyl C: 123.82 (s, ipso), 127.69 (s, para), 
128.12 (s, meta), 131.13 (s, ortho). 

Mass spectrum: m/z 288 (M+, 40%), 273 (M+ - Me, 40%). 
Anal calc for C20H17P: C 83.3, H 5.94. Found: C 83.01, 

H 6.01. 
• Sulfide: by standing of the phosphole 3 with 1.2 equiv 
sulfur in toluene overnight. Purified by chromatography, first 
with hexane then dichloromethane; white soUd. Yield 85%. 
'̂̂ P NMR: S 51.0. 

'H NMR: 6 2.12 (pseudo t, ' 'J(H-H) = 1.7, ^J(H-P) = 1.7, 
3H, 7 Me), 2.23 (d, V ( H - P ) = 2.0, 3H, 6 Me), 6.10 (dt, 
V ( H - H ) = 0.8, V ( H - P ) = 30.7, IH, 5 H); phenyl H: 7.25 
(m, 3H), 7.44 (m, 5H) and 7.86 (m, 2H). 

'*C NMR: 6 16.01 (d, V = 12.2, 6 or 7 Me), 1787 (d, 
V = 16.4, 6 or 7 Me), 81.77 (d, = 14.9, 9 C), 102.09 
(d, = 6.2, 8C), 123.10 ( d , ^ J = 82.5, 5C), 123.29 (d, 
V = 88.7, 2C), 154.17 (d, = 14.5, 3 or 4C), 154.57 
(d, V = 25.7, 3 or 4C); P-phenyl C: 126.98 (part of a 
doublet, ipso), 130.46 (d, J = 10.0, meta or para), 131.62 
(d, J = 2.1, para or meta), 132.14 (d, = 2.8, ortho); 
acetylenic phenyl C: 122.65 (d, *J = 2.5, ipso), 128.17 (s, 
meta or para), 128.60 (s, para or meta), 128.83 (s, ortho). 

3,4-Dimethyl-l-phenyl-2-(trimethylsilylethynyl) 
phosphole 4 and its sulfide 4 a 

To a solution of anion l a (2 .6x10"^ mol) was added, under 
the conditions described above, the acetylenic sulfone 12 
(0.75 g, 3 X 10~' mol). After warming to room temperature 
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the reaction mixture was acidified with a few drops of acetic 
acid. The THF was vacuum evaporated and the residue 
chromatographed with hexane/toluene (80:20) leading to 
0.4 g of a mixture of 4 and 3,4-dimethyl-l-phenylphosphole 
(60:40 based on ' H NMR spectra). Yield about 28%. Other 
attempts to purify the product were fruitless. 
^ ' P NMR: 6 4 13.7. 
^H NMR: 6 4 0.17 (s, SiMe), 2.09 (dd, *J(H-H) = 1.0, 

' 'J(H-P) = 3.1, 7 Me), 2.17 (d, ' 'J(H-P) = 3.2, 6 Me), 
6.47 (d, V(H-P) = 38.4, 50), 7.35 and 7.81 (m, Ph). 

NMR: <5 4 0.14 (s, SiMe), 16.08 (s, 6 Me), 18.07 (d, 
= 2.8, 7 Me), 101.57 (d, *J = 21.3, 90) , 102.58 

(d, = 3.0, 8C), 126.23 (s, 20) , 128.29 (d, = 3.1, 
5C) 149.50 (d, = 5.2, 40) , 153.74 (d, = 13.7, 
3C); aromatic C: 132.20 (d, ' J = 15.2, ipso), 128.48 (d, 

= 7.2, meta), 128.86 (s, para), 132.57 (d, V = 18.2, 
ortho). 

• Sulfide: the above mixture was heated with an excess 
of sulfur in toluene. Chromatography with hexane/toluene 
(80:20) gave first the sulfide 4 a of the acetylenic phosphole 
and subsequently the sulfide of dimethylphenyl phosphole 
{6p 46.2). 
" P NMR: 6 50.3. 
^H NMR: 6 0.15 (s, 9H, SiMe), 2.12 (t, V(H-H) = 1.8, 

' 'J(H-F) = 1.8, 3H, 7 Me), 2.17 (d, ^J(H-P) = 1.8, 3H, 
6 Me), 6.08 (dq, V(H-H) = 0.8, V(H-P) = 30.5, IH, 
5H), 7.35 (m) and 7.81 (m, 5H, Ph). 

" 0 NMR: S - 0 . 9 (s, SiMe), 15.81 (d, = 12.3, 60 or 70), 
17.65 (d, *J = 16.4, 6C or 70) , 93.39, (d, = 13.8, 
90) , 108.35 (d, V = 6.0, 80) , 123.10 (d, V = 82.5, 20), 
123.29 (d, V = 88.7, 50), 153.69 (d, V = 13.18, 30 or 
40) , 155.55 (d, '^J = 5.5, 3 0 or 40); aromatic C: 127.88 
(d, i J = 86.5, ipso), 128.44 (d, J = 13.7), 130.24 (d, 
J = 12.1) and 131.41 (d, J = 2.9). 

5-Bromo-3,4-dimethyl- l-phenyl-2- (pkenylethynyl) 
phosphole 5 

The acetylenic sulfone 1 1 (0.8 g, 3.2 x 10"* mol) was added 
in one portion to a solution of anion 2 a (2.9 x 10"* mol) 
in THF (20 mL) maintained at -100 ° 0 . After 15 min 
at —95 °C, the mixture was allowed to warm at room 
temperature. The solvent was then removed under vacuum 
and the residue chromatographed first with hexane then 
with a mixture of hexane/dichloromethane (9:1), leading to 
a yellow solid. Yield 0.25 g (25%). 
*ip NMR: 6 20.2. 
^H NMR: S 2.06 (d, ^J(H-P) = 2.6, 3H, 7 Me), 2.28 (d, 

^ J(H-P) = 3.2, 3H, 6 Me), 7.24 (m) and 7.35 (m, aromatic 
H). 

" 0 NMR: 6 16.05 (s, 60) , 16.98 (s, 70) , 85.57 (d, * J = 23.8, 
90) , 96.65 (d, V = 4.3, 80), 123.59 (d, V = 18.1, 
50) , 124.60 (s, 20) , 147.04 (d, V = 7.2, 40) , 152.93 (d, 
2 j = 10.9, 30); P-phenyl 0 : 130.28 (d, V = 15.4, ipso), 
128.79 (d, *J = 7.8, meta), 129.82 (s, para), 133.11 (d, 

= 19.0, ortho); acetylenic phenyl 0 : 123.55 (s, ipso), 
127.89 (s, meta), 128.14 (s, para), 131.15 (s, oHho). 

Mass spectrum: m/z 369 (M+ for ^^Br, 97.5%), 367 (M+ for 
^^Br, 100%). 

5-Bromo-3,4-dimethyl-l-phenyl-2-(trimethylsilylethynyl) 
phosphole 6 

The monoanion 2 a (5.8 x 10"* mol) in THF (20 mL) at 
— 100 °C was treated with the silylated acetylenic sulfone 
1 2 (1.6 g, 6.35 x 10"* mol). After 15 min, the reaction 
mixture was slowly heated to room temperature and then 

poured into ice-cold 5% aqueous hydrochloric acid solution. 
The products were extracted with dichloromethane, washed 
with water and dried over magnesium sulfate. After vacuum 
distillation of the solvent, the residue was chromatographed 
with a mixture of hexane/dichloromethane (9:1). Yield 0.6 g 
(26%) of a white solid. 
*ip NMR: 6 21.2. 
^H NMR: 6 0.15 (s, 9H, SiMe), 2.05 (d, ' 'J(H-P) = 2.6, 3H, 

7 Me), 2.22 (d, V(H-P) = 3.3, 3H, 6 Me), 7.21-7.46 (m, 
5H, Ph). 

" C NMR: 6 0.22 (s, SiMe), 16.23 (s, 6 or 7 Me), 17.18 (s, 6 
or 7 Me), 100.91 (d, * J = 21.4, 90) , 104.28 (s, 80) , 123.53 
(d, i J = 18.3, 50) , 125.00 (s, 20) , 147.14 (d, = 7.4, 
40) , 154.07 (d, V = 11.1, 30); aromatic 0 : 130.62 (d, 
' J = 15.4, ipso), 128.94 (d, *J = 7.7, meta), 129.89 (s, 
para), 131.85 (d, = 19.6, ortho). 

Mass spectrum: m/z 364 (M+ for ^^Br, 67%), 362 (M+ for 
™Br, 63%), 349 (M+ - Me for *'Br, 29%), 347 (M+ for 
^»Br, 27%). 

2,5-Bis(pkenylethynyl)-3,4- dimethyl-1 -phenyl-
phosphole 7 

The synthesis of the diacetylenic compound 7 was performed 
from the dibromophosphole 2 (1 g, 2.9 x 10~* mol), in a one-
pot reaction. The first part of the reeiction was conducted 
as described for the bromoacetylenic compound 5 . After the 
first addition of 1 1 , the solution was allowed to warm to 
- 5 0 ° 0 and then recooled to -100 °C. ButyUithium (2 mL, 
3.2 X 10"* mol) was then added by S3Tinge and after 15 min 
at -100 ° 0 , the sulfone 1 1 (0.8 g, 3.2 x 10"* mol) was intro­
duced. After 15 min the reaction mixture was slowly warmed 
to room temperature and then poured into iced water. The 
product was extracted with dichloromethane, washed with 
water and dried over magnesium sulfate. After vacuum dis­
tillation of the solvent, the residue was chromatographed 
with first hexane then toluene. Yield 0.3 g (26.5%) of yellow 
crystals; mp 185 ° 0 . 

*ip NMR: 6 22.6. 
iH NMR: <5 2.29 (d, V(H-P) = 3.1, 6H, Me), 7.28, 7.40 and 

7.54 (m, 15H, Ph). 
" C NMR: 6 16.62 (s. Me), 86.41 (d, *J = 21.7, 9 and 9 '0) , 

99.50 (d, 2 j = 4.5, 8 and 8 '0) , 125.51 (s, 2 and 5C), 
128.96 (d, V = 6.8, P-0 ipso), 155.40 (d, V = 9.3, 3 
and 40). 

Mass spectrum: m/z 388 (M+, 88%), 373 (M+ - Me, 100%). 
Anal calc for O28H21P, % 0 86.58, H 5.45, P 7.55. Found, 

% C 86.01, H 5.45, P 7.97. 
• X-ray Structure Determination for 7 [I4]: Crystals of 
7, C28H21P were grown from an hexane solution of the 
compound. Data were collected at - 150 ± 0.5 "C on 
an Enraf Nonius CAD4 diffractometer using Mo Koi 
radiation(A = 0.71073 A) and a graphite monochroma-
tor. The crystal structure was solved and refined using 
the Enraf Nonius MOLEN package. The compound crys­
tallizes in space group Fco2i (29), a = 11.753(1) A, 
6 = 23.619(2) A, c = 7.540(1) k\ V ^ 2 093.04(63) A*; 
Z = A; (fcalc = 1.233 g/cm*; fi = 1.4 c m - ^ F(OOO) = 816. 
A total of 3 486 unique reflexions were recorded in the range 
2° ^29 ^ 60.0° of which 934 were considered as unobserved 
(F^ < 3.0a(F^)), leaving 2 552 for solution and refinement. 
Direct methods yielded a solution for all atoms. The hy­
drogen atoms were refined isotropically in the final stages 
of least-squares refinement while using anisotropic temper­
ature factors for all other atoms. A non-Poisson weighting 
scheme was applied with a p factor equal to 0.06. The final 
agreement factors were R = 0.031, R^ = 0.041, GOF = 1.05. 
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1,2-Bis (5-bromo-3,4-dimethyl-1 -phenyl-2-phospholyl) 
ethyne 8 

Disulfone 13 (1.4 g, 5.2 x 10"^ mol) was added to a solution 
of the anion 2a (8.3 x 10"^ mol) in 100 mL of THF at 
— 100 °C. After 15 min, the reaction mixture was warmed 
and the THF was vacuum removed. Chromatography of the 
residue with toluene gave 1.25 g (about 55% yield) of an 
orange oil which slowly crystallized. Recrystallization of an 
analytical sample in a mixture of dichloromethane/hexane 
lead to orange crystals, as a mixture of two diastereomers, 
A and B; mp 162 °C. 
3 1 P NMR: 6 20.4 and 20.5. 

NMR: 6 2.05 (d, V ( H - P ) = 2.4, 6H, 7 Me), 2.12 (d, 
V ( H - P ) = 3.3) and 2.14 (d, V ( H - P ) = 3.2, 6H, 6 Me of 
A and B), 7.32 (m, lOH, Ph). 

^^C NMR: ,5 16.10 (s, 6 or 7 Me), 16.92 (s, 6 or 7 Me), 95.00 
(q, ^ J = 3.8, 3 J = 22.8) and 95.50 (q,^ J = 4.3, ^ J = 22.9, 
acetylenic C of A and B), 122.93 (d, V = 20.3, 5C), 
125.46 (s, 2C), 147.50 (d, = 5.5, 4C), 151.65 (pseudo 
t, = 12.1 and = 7.3, 3C of A and B); aromatic 
C: 130.42 (d, ' J = 16.9, ipso), 128.72 (d, = 8.8, 
meta), 129.66 and 129.75 (s, para of A and B), 132.94 
(d, V = 19.7) and 133.06 (d, V = 19.7, ortho of A and 
B). 

Mass spectrum: m/z 556 (M, 100%); isotope pattern for M"*"; 
calc 559 (14.4%), 558 (51.7%), 557 (29.0%), 556 (100%), 
555 (14.8%), 554 (50.3%). Found: 559 (14%), 558 (62%), 
557 (29%), 556 (100%), 555 (14.5%), 554 (49%), 

Anal calc for C24H22Br2P2: Br 28.73, P 11.14. Found: Br 
28.51, P 11.86. 

l,2-Bis[3,4-dimethyl-l-phenyl-5-(trimethylsilylethynyl)-
2-phospholylJethyne 9 

To a solution of 8 (1.0 g, 1.8 x 10"^ mol) in THF (40 mL) at 
— 100 °C, was added by syringe a solution of butyllithium 
in hexane (2.5 mL, 1.6 M, 4.0 x 10"^ mol), followed af­
ter 15 min at —95 °C, by the acetylenic sulfone 12 (1.1 g, 
4.3 x 10~ ' mol). The reaction mixture was slowly warmed 
to room temperature and then acidified with a few drops of 
acetic acid. The THF was removed and the residue chro­
matographed with a mixture of hexane/dichloromethane 
(from 9:1 to 8:2). Yield 0.2 g (about 20%) of a sticky deep-
orange solid, mixture of two isomers, A (about 25-28%) and 
B (about 75-78%, by integration of the methyl ^H NMR sig­
nals). 
' ^P NMR: 6 23.9, 24.2, 24.5 (pseudo triplet); small uniden­

tified signal at 31.3. 
^H NMR: 6 0.24 (s, about 0.25 x 18H, SiMe isomer A), 0.31 

(s, about 0.75 x 18H, SiMe isomer B), 2.23 (m, about 
0.84 x 12H, 6 and 7 Me of B and 6 or 7 Me of A), 2.33 
(d, " J = 3.9, about 0.14 x 12H, 6 or 7 Me of A), 7.35 and 
7.56 (m, lOH, Ph). 

" C NMR: 6 0.25 (s, SiMe of B), 0.45 (s, SiMe of A), 16.20 
(s) and 16.36 (s, 6 and 7 Me of A), 16.46 (s) and 16.52 (s. 

6 and 7 Me of B), 96.54 (q, V = 3.8, V = 22.1 central 
triple bond of A or B), 96.80 (q, V = 3.7, V = 21.9, 
central triple bond of A or B), 101.64 (d, V = 21.7, 9C 
of B), 101.85 (d, V = 21.4, 8C of A), 104.82 (s, 8C of 
A), 105.19 (s, 8C of B), 124.23 (s, 2C of A), 125.17 (d, 
V = 9.1, 2C of B), 125.99 (s, 5C of B), 126.27 (s, 5C 
of A); 152.18 (d, = 11.5), 154.50 (d, = 10.4) and 
157.35 (d, ^ J = 4.7, 3C and 4C of A and B); aromatic 
C, A isomer: 128.35 (s, para), 128.62 (d, ^ J = 8.5, meta), 
132.22 (d, V = 18.1, ortho), 132.77 (d, ^7 = 14.1, ipso); B 
isomer: 128.74 (d, V = 7.6, meta), 129.34 (d, ' J = 14.4, 
ipso), 132.14 (d, V = 18.0, oHho). 

Mass spectrum: m/z 590 (M+, 100%); isotope pattern for 
M+: calc 590 (100), 591 (50.9), 592 (19.3), 593 (5.0), 594 
(1.0); Found: 590 (100), 591 (53), 592 (19), 593 (5), 594 
(1)-
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