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REACTIVITY OF CYCLOPENTENYL-ANION ANALOGOUS HETEROCYCLES:
SYNTHESIS AND 1,5-ELECTROCYCLIZATION OF HOMOPHOSPHOLE
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Summary: The key step of a novel homophosphole synthesis is the reaction of the phospholes 3 with

diazomethane in the presence of water leading surprisingly to the oxidized 1,3-dipolar cycloadducts

7. The 1,5-electrocyclization of homophosphole was observed by the racemization of optically active

10c at 120°C to be 641 times slower than that of homofuran 1a. The activation barrier seems to be

largely determined by the barrier of inversion at the phosphorus which has to proceed concomitantly.
Carbonyl ylides, thiocarbonyl ylides and azomethine ylides - formally the products of the oxirane, thiirane
and aziridine ring- opening - have attracted great attention (e.g. as reaction partners in 1,3-dipolar
cycloadditions).! The corresponding ylides of type 2 were recently shown to be involved in the 1,5-electro-
cyclization of the heterocycles homofuran la, homothiophene 1b, and homopyrrole le2 The rate of
reaction was found to be strongly dependent on the nature of the heteroatom. At 120°C the ring-opening of
homothiophene 1b, and homopyrrole 1¢ proceeds 63100 times and 72 times faster, respectively, than that
of homofuran 1a. Evidently the heteroatoms (O, N and S) stabilize the carbonyl ylide-like intermediate
very differently. The extraordinarily strong effect of sulfur may be explained by its ability to form a dm-pr
interaction in 2b.} As a second row element, phosphoruas should also be able to stabilize the corresponding,
hitherto unknown phosphomethine ylide 2d by a similar electronic interaction, In this communication a
novel synthesis of the homophosphole system and its electrocyclization are reported.
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The preparation of 1,2,5-triphenylhomophosphole, the only known homophosphole, was started by
a 1,3-dipolar cycloaddition of diazomethane to 1,2,5-triphenylphosphole-1-oxide.# Since the oxides of the
parent and the methyl-substituted phospholes 3a-d are unstable and rapidly dimerize in a Diels-Alder
fashion,’ we investigated the addition of diazomethane to the phospholes 3a-d.

The reaction of the phospholes 3 with diazomethane led only in the presence of a small amount of
water (10% relative to 3) 10 identificable products, which were characterized by their spectral properties
('H NMR, IR, MS) to be not the expected 1,3-dipolar cycloadducts of 3, but the corresponding oxides 7
(Table 1).5 In order to account for the surprising formation of the oxidized cycloadducts 7, we suggest the
following mechanism depicted in scheme 2: The first step consists of the addition of diazomethane to the
phosphorus of 3,7 followed by the hydrolysis of the phosphazines 4. The intermediate phosphole oxides 5
react spontaneously with excess of diazomethane to give the observed cycloadducts 7. As an alternative
route first cycloadditon of diazomethane to 4 and subsequently hydrolysis leading again to 7 cannot be
excluded. The observation, however, that in the reaction of 3a and 3b the Diels-Alder dimers 6a and 6b are
formed as by-products when more than 10% water are used supports the hydrolysis-cycloaddition
mechanism, Using a tenfold excess of diazomethane, 3a can also be converted into the bisadduct 8a (80%
besides 20% 7a).
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Starting from 7 the desired homophospholes 10 can be obtained by photochemically or thermally
induced N, extrusion (high pressure mercury lamp, HPK 125 (Philips), pyrex (7c,d) or quartz (7a,b),
toluene, yield 50-91%, or 120°C, yield ca. 50%}), followed by reduction of 9 using trichlorosilane (tenfold
excess in refluxing benzene, 1.5h, yield 35-75%).

Table 1: Selected spectral propetties (!H NMR (400MHz, CDXCl5)) and yields of the new compounds:

. 3 [ppm] J('P-'H) [Hz])
°°(l"1‘1?§3“" yield [%]
2-H 3.H 4-H 5-H 6endo-H | 6exo-H
7a 50 | 80 2.40 6.0 7.40 (>26) | 6.20 (24.0) | 5.12 (19.0) | 4.88 (14.5)
8a 20 2.68 598 - : 4.80 (18.0) | 4.53 (16.0)
7b 137°C| 60 2.45 585, 2479 5.82 525 (19.0) | 4.90 (14.5)
7¢ 156°C| 86 2.05 1.679) 2.37'3)) 576 (22.8) | 5.28 (19.0) | 4.93 (14.2)
7d 87°C 91 134 1.080) 1859 | 5.23(22.0) | 544 (17.5) | 4.47 (13.8)
10b 13® 1.60 222, 1.08D) 5.40 0.08 1.20
10¢ 543) | 137 (11.5) 1389 2029 | 535@1.5) | 02265 | 1.05(7.5)
10d 408) | 1.12(1L.5) 127D 1901 | 5.15(39.5) | 0.05(5.8) | 0.94 (6.0

a) over all yield starting from 7
b) 8 (CH,) instead of & (H)

Racemic 10c was separated into its enantiomers by HPLC on triacetylcellulose (Macherey and
Nagel) with 95% ethanol as eluant, first fraction: (+)-8c, second fraction: (-)-8¢. The enantiomeric excess
(ee) of (-)-8¢ ([e]*°=756° (463nm), c=0.00571g/ml in ethanol) was determined by HPLC to be 88%.
Optically active 10¢ racemizes at temperatures above 100°C. The temperature dependence of the rate
constants determined by the decrease of [ot]435 with time between 110 and 150°C (in decalin) fits the
Arrhenius’ equation:

k = 6.8x10'2 exp [(-32.01 £0.17) keal /RT] [s7]]
129°C: AH* =(31.21 £0.17) kcal / mol; AS™ = (-2.41 % 0.43) cal K'! mol’!
A comparison of the activation parameters of the racemization in the related heterocycles 1 and 10¢

shows that the electrocyclic ring- opening in homophosphole 10c¢ at 120°C is even 641 times slower than
that in homofuran 1a (AAH"=3_5Skcal/mol).
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Accordingly a dr-pr interaction stabilizing the intermediate phosphomethine ylide 11¢ seems to be
negligible. The racemization of homophosphole, however, requires an inversion of configuration at the
phosphorus to proceed concomitantly with the epimerization of the cyclopropane ring.® The barrier of
inversion at the phosphorus known for tetrahydrophosphole and benzodihydrophosphole derivatives? is in
the same order of magnitude as the barrier of racemization of 10c¢ and seems to make a significant
contribution to the rate of the electrocyclic ring-opening.!® Thus, both reactions may be considered as
cooperative processes. The question for the dn-pr interaction in the phosphomethine ylide, however, has to

remain still open.
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