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Structural characterization of the tautomeric forms of the zwitterions proposed in the phosphine cata-
lyzed transformations of electron-deficient allenes by utilizing a cyclodiphosphazane with a P-NH-t-Bu
group and Ph2P(NH-t-Bu) is described. Spontaneous resolution of the products (R and S enantiomers of
the crystals) via crystallization is highlighted.

� 2008 Elsevier Ltd. All rights reserved.
Phosphine activated reactions of electron deficient alkenes/
alkynes have found diverse and useful applications for a variety
of organic transformations.1,2 The species Ph3P+C(CO2Me)@C�(CO2-
Me) (1) is proposed as an intermediate in the reaction utilizing the
Ph3P–DMAD combination (cf. Scheme 1). This combination also
leads to many other products,3 and to our knowledge, no structural
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proof for 1 is available. Phosphines also initiate the polymerization
of acrylonitrile, wherein the zwitterion R3P+CH2CH�CN (2) is the
likely initiator.4,5 In the umpolung nucleophilic addition to the es-
ter allene H2C@C@C(H)CO2Me, a species of type 3 is involved as an
intermediate; it is possible that an analogous species is involved in
the reaction using the isomeric compound H3CC„CCO2Me.1a In
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earlier reports on heterocyclic syntheses utilizing pyridine–DMAD
or disulfide–DMAD, the involvement of zwitterions 4 and 5 is pro-
posed.5 One of our interests in this connection is to characterize
species such as 1–5 and find utility for them later. Toward this
end, we used the PIII compound [t-BuNHPN(t-Bu)]2 (6, cyclophosp-
hazane heterocycle) which has a PNH(t-Bu) group.6 Tautomeric
forms of the expected zwitterions (e.g., 7) or novel heterocycles
(e.g., 8) were thus synthesized. The choice of this substrate was
dictated by our desire to obtain crystalline materials that will be
amenable for conclusive X-ray structural studies. As a continuation
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of this study, we have explored the reaction of phosphorylated
allenes (allenylphosphonates) with 6 and extended it in one case
to Ph2P(NH-t-Bu) (9). A comparison is made to the reactions with
alkynes and acrylates. An interesting case of spontaneous resolu-
tion via crystallization is also presented.

Scheme 2 shows the results obtained from the reaction of differ-
ent allenes with the phosphazane 6.7,8 It is clear from these reac-
tions that the PIII end of the cyclophosphazane reacts with the b-
carbon of the allene. The difference between the proposed interme-
diate 3 (Scheme 1) and compounds 11a–c is that in the latter, the
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Figure 3. ORTEP diagram (probability ellipsoid 20%) of compound 14 [P(2)–C(17)
1.831(2), P(2)–N(1) 1.672(2), P(2)–N(2) 1.678(2), P(2)–N(3) 1.518(2), P(1)–N(1)
1.739(4), P(1)–N(2) 1.738(2), P(1)–N(4) 1.652(2) Å].
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proton of the NH-t-Bu group from 6 has migrated to the a-carbon.
The 13C NMR spectra of compounds 11a–c show the a-carbon in
the expected aliphatic region [d 24.9–41.8] with a 1J(P–C) value of
127 Hz. In compound 11c, the ipso-carbons of the four CMe3 groups
exhibit separate signals, which could indicate that resolution of the
enantiomers may be possible.

In contrast to the above, in the reaction using the ester allene
12, we obtained the rearranged product 14 by keeping the initially
formed normal product 13 in solution over a period of 2 d (for com-
plete conversion).9 Thus the allenylphosphonates and ester allene
differ marginally as regard the nature of the final product. We have
also shown in Scheme 2 that the aminophosphine Ph2P(NH-t-Bu) 9
leads to a product similar to that from 6 which suggests that the
reaction is more general for compounds with a P-NH-t-Bu group.
Confirmatory structural proof for 11c (R and S forms) and 13-14
is given by single crystal X-ray crystallography (Figs. 1–3).10,11

It should be noted that in compounds 11c and 15, a chiral center
is generated at C(22) in each case. Interestingly, in both of these
cases, the compounds crystallized in the chiral space groups, P-
na21 and P212121, respectively. The absolute configurations at the
chiral center as suggested by checkcif are S and R, respectively. In
the case of 11c, we checked the structures of several crystals and
were able to obtain the structures of both the S and the R enantio-
mers (Fig. 4). Although a priori identification of the crystals was not
feasible because of similar morphology of the crystals, this feature
suggests that there is spontaneous resolution upon crystalliza-
Figure 1. ORTEP diagram (probability ellipsoid 20%) of (S)-11c [P(1)–C(23)
1.826(3), P(1)–N(1) 1.677(3), P(1)–N(2) 1.688(3), P(1)–N(3) 1.543(3), P(2)–N(1)
1.751(3), P(2)–N(2) 1.742(3) P(2)–N(4) 1.661(3) Å].

Figure 2. ORTEP diagram (probability ellipsoid 20%) of compound 13 [P(1)–C(17)
1.806(6), P(1)–N(1) 1.683(4), P(1)–N(2) 1.686(4), P(1)–N(3) 1.525(4), P(2)–N(1)
1.735(4), P(2)–N(2) 1.724(4), P(2)–N(4) 1.649(5) Å].

Figure 4. The R (left) and S (right) configurations at C(22) in the two different
crystals of 11c.
tion.12 The CD spectra (Fig. 5) of the crystals showed expected fea-
tures in the UV region, but in solution we were not able to obtain
significant optical rotation. The enantiomeric forms of crystals
were detected using the CD spectrum as an indicator. We are
exploring this aspect further.

In summary, we have reported structural proof for the attack of
a PIII center at the b-carbon of allenes. The NH proton of the P-NH-
t-Bu group migrates to the a- or c-carbon of the allene resulting in
the formation of a phosphinimine.13 Spontaneous resolution
through crystallization has been observed in two cases (11c and
15), wherein a chiral center is generated during the reaction. In
the case of 11c, both the (R) and (S) enantiomers have been char-
acterized via crystallization in the absence of any chiral agent.
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Figure 5. CD spectra of the R and S forms of crystals of 11c.
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The P@N center in these compounds is attacked readily by acids
and even by carbon dioxide/moisture leading to new ionic species.
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