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Abstrset-3-Vinyl-I&indene was employed for the first time as a diene in the McCormack cycloaddition with 
phenylphosphonous dibromide. The adduct was heated to rearrange the double bond, and on hydrolysis there was 
obtained 1,2,3,&tetrahydro-I-phenylindeno[2,1-blphosphole l-oxide. The bromohydrin was formed with NBS in 
water; elimination of a molecule of HBr and of HrO gave 1,2dihydrel-phenylindeno[2,1-blphosphole oxide (I). 
The phosphine was formed by de-oxygenation with HSiClrpyridine and has the proper saturation for formation of 
a benzophosphapentalenyl anion on abstraction of a proton. However, mixtures of products were obtained with 
various bases, and with t-butyllithium a M-addition reaction occurred to form a compound identified as 
3-tert-butyl-l.2,3.&tetrahydro-I-phenylindeno[2,I-b]phosphole (isolated as the l-oxide). Indications were obtained 
that n-butyllithium and lithium dicyclohexylamide also add to the diene unit of 1. Another I.4addition (of the 
equivalent of H2 occurred with I when the HSiCI, deoxygenation was attempted in the absence of pyridine. 
Products of this study were characterized by “P and “C NMR spectrometry. A new ring effect on “P shifts was 
noted; relative to cyclohexano[b]phosphoL2ine derivatives, cyclopentano[b]phosphol-2ene consistently have 
shifts displaced by IO-IS ppm uptield. 

Until recently, trivalent phosphorus was largely ignored 
as a possible contributor to the establishment of a cyclic 
delocalized system. However, numerous studies* on the 
S-membered phosphole ring have given some support to 
the notion that this system ought to be included along 
with the better known thiophene-pyrrole-furan series in 
considerations of this property. No direct determination 
of the resonance energy of a simple phosphole has been 
made, and it seems doubtful if the system will have a 
greater value than that of the rather weakly aromatic 
furan. Other ?r-excessive delocalized ring systems can be 
conceived of for phosphorus, and indeed we recently 
reported on the synthesis and properties of a derivative 
of the 9-membered phosphonin system3 with ten n- 
electrons. Unfortunately, this derivative possessed two 
fused benzo groups which contributed to out-of-plane 
distortion of the ring and hindered orbital overlap. No 
example is yet known of the ten n-electron system 
resulting from substitution of trivalent phosphorus for an 
anionic carbon in the pentalenyl dianion system, al- 
though several examples exist of thia-, aza-, and oxa- 
derivatives.’ We have therefore initiated work aimed at 
preparing suitable phosphine precursors (1 and 2) of such 
anions. In our first synthesis, we have prepared a benzo 
derivative 3 of system 1. This compound has not yet 
been successfully converted into the anion, due in some 
cases to interference by a competing reaction with the 
basic reagents used. This reaction, a nucleophihc 1,4- 
addition to the diene system of 3, is of interest in its own 
right, as is the accomplishment of the tirst synthesis of 
the indenophosphole ring system, represented by 3, 
which has an uncommon pattern of unsaturation. Chu 

results are presented in this paper. Some other unusual 
reactions were encountered during the synthesis and are 
also described. 

The synthetic scheme leading to 3 can be viewed as 
consisting of two phases. The tricyclic skeleton was first 
established in the form of phospholene oxide 4, and the 
phosphine 3 containing the requisite unsaturation was 
then constructed. Each phase of the synthesis is dis- 
cussed below. 

Construction of the tricyclic skeleton (Scheme I). The 
highly versatile McCormack cycloaddition of a diene 
with a P(III) halide was used to construct the requisite 
tricyclic system. This reaction required the ready 
availability of diene 6, a substance previously prepared 
by Bergamasco and Porter.’ Their two-step sequence of 
the addition of vinylmagnesium bromide to 1-indanone, 
followed by dehydration of the resulting tertiary alcohol 
S with iodine-quinoline, provided the diene. Early in our 
work we discovered that the quality of this diene was 
crucial to success in the McCormack cycloaddition; a 
further complication is the pronounced tendency for the 
diene to polymerize. Best results were obtained when the 
diene was purified and mixed with the P(M) halide on 
the same day as it was prepared. The preferred pro- 
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58.63, rather than five-membered ring, fused to the 2- 
phospholene unit. This apparent ring effect has not been 
noted before, but on re-examining some published data 
other examples can be found. 

4 8 

cedure for purifying the diene consisted simply of filter- 
ing the solution through a pad of dry silica gel, followed 
by vacuum-stripping of the solvent. Distillation is to be 
avoided, since polymerization is extensive. The pro- 
cedure described in the Experimental Section, which has 
been repeated several times, is reasonably reliable, but 
minor deviations are likely to reduce the yield. 

Diene 6 reacted very slowly with CaHSPC12, although 
the desired phospholene derivative with the double bond 
in the position shown in 4 was obtained. It was, however, 
more practical to use the faster reacting CJIsPBr2, even 
though this reagent is known6 to allow the double bond 
to remain in its initially established position as in 7. 
Heating cycloadduct 7 in chloroform caused complete 
rearrangement to 8, and hydrolysis then gave the desired 
phospholene oxide 4. The success of the rearrangement 
of 7 to 8 is highly dependent on the quality of the 
cycloadduct; best results were obtained when the cyclo- 
adduct isolated was a pale yellow powdery solid, as is 
formed with high-purity diene. Occasionally the cyclo- 
adduct formed as an orange, sticky solid; yields of rear- 
ranged product were then low. A dark-brown, glassy 
form of the adduct was unsuitable and was discarded 
when obtained. 

Phospholene oxide 4, a crystalline solid, was readily 
characterized by NMR spectrometry. The position of the 
double bond was confirmed by the absence of olefinic 
proton signals. The “C NMR spectrum possessed three 
signals for sp3 carbons, with only dne having the large 
coupling associated with direct attachment to “P(S 
31.79, .Ipc = 73.2 Hz). The C-3 and C-8 signals appeared 
at 8 23.26 (.I = 2.9) and 34.39 (.I = 10.7). respectively. 
These assignments were made by comparison with the 
spectrum of indene,’ whose methylene carbon is mar- 
kedly deshielded (S 38.9). The slight upfield shifting in 
the spectrum of 4 can be attributed to y-effects arising 
from the substituents on P, an effect we have observed 
in other systems.’ The double bond carbons were easily 
distinguished from the two sets of aromatic carbons; 
conjugation with P = 0 causes pronounced downfield 
shifts of f3-carbons,9 here to 6 166.92 (J = 36.1), while 
a-carbons are recognized by large one-bond coupling (S 
138.97, J = 106.5). Some tentative assignments to aroma- 
tic carbons are given in the Experimental Section. The 
“PNMR signal for 4 appeared at 6 47.2; this value is 
substantially more upfield than might have been expected 
from comparison to the homolog with a bmembered (6 
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Construction of the double bond system (Scheme II). 
The desired P-oxide with the proper location of un- 
saturation for conversion into a phosphapentalene is 
shown as 11. Its construction from 4 commenced with the 
formation of bromohydrin 9 by reaction with N-bromo- 
succinimide in water. The orientation in the addition to 
the double bond had to be confirmed by the chemical 
properties of the product since its general insolubility 
hindered direct characterization by 13C NMR spectros- 
copy. Thus, dehydrobromination with l,&diazabicy- 
clo[5.4.0]undec-7-ene (DBU) in DMSO gave an un- 
saturated alcohol (by IR and ‘H NMR) that clearly had 
the double bond in the position shown in 10 as seen from 
its NMR spectral properties. Only one of the two pos- 
sible diastereoisomers was obtained. The characteristic 
benzylic CH2 ‘H NMR signal of 4 was no longer present 
and the ‘% NMR spectrum had the carbinol carbon in 
the expected region (8 90.52, Jpc = 26.4 Hz). The other 
sp’ carbons had the expected characteristics, as did the 
sp2 carbon (C-8a) attached directly to P (6 150.39, Ipc = 
99.6Hz). However, the usual strong deshielding of a 
p-carbon was suppressed in this case by the influence of 
the benzo group; in indene, the corresponding carbon is 
noticeably shielded (tentatively assigned’ to 6 120.9 or 
123.6) and the conjugation with P = 0 does not shift this 
signal below 8 150. No definite assignment has been 
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made to this carbon; the spectrum is complex and the 
three downfield doublets that can be recognized (6 
148.98, J = 8.79; 141.63, J = 13.6; 141.50, J = 7.8; coup 
ling confirmed at a different field) can variously be 
assigned to C-3b, C-7a, or C-8. However, these charac- 
teristics are quite in accord with the assigned structure; 
the alternative structure (from the inverted positions of 
Br and OH in 9) would have the double bond between 
C-3 and C-3a, which is ruled out. The “P NMR signal 
was displaced significantly upfield (from +47.2 in 4 to 
+ 33.9 in 10). This shift effect was discovered in previous 
work* to be quite characteristic for the structural unit 
resulting from attachment of the phosphorus atom to an 
sp’ carbon located at the ring fusion position. The com- 
bination of this effect with that arising from the S- 
membered ring makes this shift appear at remarkably high 
field. The double bond effect has been noted* to conform 
with the empirical observation that shielding is increased 
as “P approaches an eclipsed relation with &CH bonds, 
either on sp’ or sp’ carbon.” 

The double bond of 10 was found to be very sensitive 
to nucleophilic attack. Thus, when the dehydrobromina- 
tion of 9 to give 10 was first attempted with sodium 
ethoxide in ethanol, the product 13 was found by ‘H and 
“C NMR to contain an ethoxy group which presumably 
was introduced by Michael addition to the initially for- 
med 10. It was later shown that the Michael product 
could indeed be obtained in 85% yield by subjecting a 
pure sample of 10 to the same set of conditions. Reduc- 
tion of the phosphine oxide group in bromohydrin 9 with 
trichlorosilane in an attempt to form the corresponding 
phosphine, so as to give a more soluble and spectrally 
characterizable derivative, was accompanied by com- 
plete loss of the elements of HO-Br, forming phosphine 
12 instead. This compound, 6 “P 12.45, was identified by 
its conversion into oxide 4 on treatment with H202. This 
reaction appears to be related to the debromination of 
vicinal dibromides with HSiCL, first encountered in ear- 
lier work in this Iaboratory14 as a side reaction in the 
deoxygenation of 3,ddibromophospholane oxides. AI- 
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cohol 10 reacted readily with numerous dehydrating 
agents (iodinequinoline, POCI,-pyridine, p-toluenesul- 
fonic acid, HzS04, DMSO, etc.), to give complex mix- 
tures. However, the product mixture from refluxing a 
xylene solution of 10 over anhydrous KHSOI was more 
tractable, and the desired product was found to be 
remarkably easily separated from all of the rest by 
dry-column chromatography. Simply placing the dehy- 
dration mixture on silica gel, and eluting with chloro- 
form, gave the desired product 11 as a cream-colored, 
analytically pure solid on removal of solvent. Yields as 
high as 40% have been obtained by this procedure. The 
product undergoes some minor decomposition on 
attempted recrystallization but is stable indefinitely at 
room temperature in the solid state, and gives spectral 
data that confirm the structural assignment. The 
“P NMR shift remains on the relatively high-field side 
(8 + 29.2), proving that the original double bond had not 
migrated. ’ C NMR confirmed the structure by showing 
only one sp’ carbon to be present, with the charac- 
teristically large coupling to be expected from direct 
attachment to “P (8 41.61, JF = 74.2Hz). The olefinic 
sp’ carbons were not easily distinguished from the 
aromatic carbons on this complex spectrum; only C-8a is 
assigned with confidence (6 137.02, J = 94.7), and again 
as in 10 the signal for the carbon /3- to P = 0 was 
upfield-shifted and not clearly recognized. Integration of 
the ‘H NMR spectrum also indicated only one CH2 group 
to be present, a multiplet at 8 3.40-3.68. One of the two 
olefinic protons was adequately resolved from the large, 
complex aromatic region to be detectable; it appears as a 
doublet from “P coupling (S 6.94, 3JpH = 26 Hz) with 
further small splitting. These properties suggest assign- 
ment to the proton on C-3. 

Structure 11 represents the first known 3-phospholene 
with an exocyclic double bond at the 2-position. It is a 
tautomeric form of a phosphole oxide, but we have 
detected no tendency for rearrangement to occur to the 
phosphole oxide. Such a structure would have quite 
different spectral properties from those reported for 11. 
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16.6). 141.22 (C-8a, J = 104.5). 148.83 (C-3b. J = 7.82). 167.92 (C- 
3a, J = 34.2); benzo carbons 122.69, 123.69, 123.78, 125.34, un- 
assigned; phenyl carbons not resolved. Mass spectrum m/e 322 
(M +). (Found: C. 77.47: H. 7.28: P. 9.43. Calc. for C,,H,,OP: C. 
78.241 H. 7.19; P. 9.6l%)..The mass spectrum showed that&es of 
chloroform were tenaciously retained by the compound even 
after pumping at - IO-‘Torr for several hours, accounting for 
the low C value. 
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