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Dedicated to the memory of our head academician N. S. Zefirov

xed phosphonium–iodonium ylides represent a rather rare 
e of ylides1 which was studied within the last two decades 

der the leadership of academician N. S. Zefirov and still has 
ch potential for further developments. A systematic study of 
cyclic substituted phosphonium–iodonium ylides gave 
dence of a wide synthetic potential, varying with substituents 
phosphorus and the ylidic carbon atoms, the reaction medium 
 conditions as well as reactants, e.g., nitriles or alkynes. 
number of novel photochemical transformations of mixed 
des with nitriles2 and alkynes3 leading to unique phosphorus-
taining heterocyclic systems were discovered. We recently 
essed a new structural type of mixed ylides containing a 
formationally fixed cyclic phosphonium moiety. Using the 
mple of the six-membered 10-phenyl-10H-phenoxa-

osphinine, we have shown that the general concept of the 
thesis of mixed ylides is applicable to cyclic phosphonium 
tems.4 
In this study, we turned to the five-membered 5-phenyl-5H-
zo[b]phosphindole, also often referred to as 5-phenyl-5H-
enzophosphole (DBP) 1, as a synthon to create mixed ylides. 

Despite the fact that the chemistry of DBP and its derivatives is 
being actively studied, the number of classical phosphorus ylides 
based on them is desperately limited.5 Even in these particular 
examples of ylides, including a five-membered phosphorus-
containing cycle, a peculiarity of their chemical properties is 
observed. This arouses interest in terms of the possibility of 
creating mixed ylides based on them. In this work, a new mixed 
phosphonium–iodonium ylide was synthesized based on a 
phosphonium ylide5(a) containing a DBP fragment. Among the 
numerous approaches to b,d-fused phospholes,6 we focused on 
the simplest and most convenient method for the synthesis of 
DBP 1 which consisted in the intramolecular cyclization of 
tetraphenylphosphonium bromide under the action of lithium 
diethylamide.7 

Alkylation of DBP 1 with phenacyl bromide followed by 
deprotonation of the resulting salt 2 with sodium methoxide gave 
phospholium ylide 3.5(a) The key stage in the synthesis was the 
oxidation of ylide 3 with (diacetoxyiodo)benzene, followed by 
the isolation of mixed ylide 4 in the form of tetrafluoroborate 
(Scheme 1).

It should be noted that in the crystalline state ylide 4 is quite 
stable, however in solutions it would readily decompose to 
form the corresponding phosphonium salt 2' (analogue of salt 2 
with different counter-anion, Scheme 2). Importantly, this 
decomposition rate is higher than we observed earlier for 
triarylphosphonium or phenoxaphosphonium models.2(b),4

The structure of the obtained compounds was confirmed by 
1H, 13C, 31P NMR spectra. For compounds 2–4, IR spectra were 
also recorded. For mixed ylide 4, high-resolution mass 
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 alkylation of 5-phenyl-5H-dibenzophosphole with 
enacyl bromide followed by deprotonation and oxidation 
the resulting phosphonium ylide with (diacetoxyiodo)-

nzene. The influence of the cyclic nature of the 
osphonium moiety on the dynamic E/Z isomerism in the 
xed ylide is discussed.
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Scheme 2 Reagents and conditions: i, MeCN, room temperature.
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spectrometry data is provided. The presence of the BF4
– 

counterion in the mixed ylide 4 was proved by IR and 19F NMR 
spectroscopy. In the 31P NMR spectrum of ylide 4 recorded at 
room temperature, the phosphorus singlet is observed as broad 
line, which is a signal coalescence of two geometric isomers E-4 
and Z-4. This is indicative of a certain degree of double-bond 
character of the ylide fragment (Figure 1). The carbonyl singlet 
in the 13C spectrum is also broadened, however the signal for the 
ylide carbon atom appears at 21.53 ppm as a sharp doublet with 
a spin–spin coupling constant 1JCP = 101.7 Hz. For the C(O)Ph-
substituted acyclic ylide containing Ph3P+ group a doublet of 
ylide carbon atom could be observed only at a reduced 
temperature.8

To conclude, an approach to a new type of mixed 
phosphonium–iodonium ylides containing a cyclic dibenzo
phospholium fragment was developed. The cyclic nature of 
phosphonium moiety increases the barrier and necessary 
activation energy for the isomerization of mixed ylide. Such 
modification of ylide molecule can extend the application 
potential towards new compound types with spiro- or multicyclic 
structures.
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Figure  1  E/Z equilibrium of ylide 4. 




