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Abstract: Using the new P(O)tBu2 Directed Metalation Group, a
variety of ortho-substituted aryl di-t-butylphenylphosphine oxides (2a-
k) have been prepared, its relative metalation ability has been
established, and reduction and homocoupling products (Scheme 4) have
been obtained.

In the realm of heteroatom-containing Directed Metalation Groups
(DMGs),3 existing phosphorus-based DMGs (Scheme 1) exhibit
limitations of synthetic inaccessibility, ineffective directing ability, and
competing side reactions.4 Of particular note is the diphenylphosphinyl
DMG which allows access to important phosphino aryl ligands but is
plagued with competing attack at phosphorus.5 To overcome this
limitation, Schmid6 and Brown7 implemented a cooperative meta-OMe
DMG effect which allows regioselective in-between metalation using t-
butyllithium or LDA. Herein we report on the di-t-butylphosphinyl
DMG, assign its relative metalating position vis a vis other useful
DMGs, and demonstrate its utility for the synthesis of diversely
substituted aromatics, including sterically compromised arylphosphines,
systems of increasing interest as ligands in organometallic catalysis.8,9

Scheme 1

Di-t-butylphenylphosphine oxide (1) was chosen for metalation studies
based on the absence of α-deprotonation sites and the expectation that
the hindered P(O)tBu2 moiety would serve to minimize P-nucleophilic
attack. Furthermore, a calculation (MM2 force field) indicated a
proximate oxygen-ortho-H distance (2.3 Å) which, with well-
recognized caveat understood, suggested favorable ortho
metalation.10,11 Substrate 1, readily prepared in good yield by
modification of a literature procedure (Scheme 2)6,12,13 was subjected
to metalation with t-butyllithium (1-2 equiv), chosen largely for
purposes of degeneracy. The resulting suspension of the yellow ortho-
lithio species was treated with a representative series of electrophiles to
give a range of 2-substituted arylphosphinyl derivatives 2a-k (Table
1).14 Thus, aside from the classical carbon electrophiles (entries 1-5),
quenching with B(OMe)3 followed by oxidation furnished a phosphinyl
phenol (entry 7) and treatment with other heteroatom electrophiles led
to silicon, phosphorus and halogen arylphosphinyl derivatives (entries
8-11). Treatment of the ortho-P/B substituted aromatic (entry 6) with
propanediol (MgSO4 / CH2Cl2 / rt) afforded the boronate 2f whose X-
ray structure (Figure 1)11,15 reveals a strong boron-oxygen interaction
(B-O distance = 1.67 Å) and thus a planar P-O-B heterocyclic
arrangement with a tetrahedral boron atom.16

In order to evaluate the relative metalating power of P(O)tBu2 in the
DMG hierarchy,3 intra- and inter-molecular competition experiments
were performed on substrates 3 - 5 (Scheme 3).17 Using kinetically

limiting conditions (t-BuLi / THF / -78°C / 5 min)18 and TMSCl
quench, substrates 3 and 4 underwent exclusive metalation ortho to the
phosphinyl and ortho to the amide group respectively (1H NMR
analysis, isolated % yields of products are shown). Metalation of 5
afforded the anionic ortho Fries rearrangement product 6.19 In
intermolecular competition experiments, a 1:1 mixture of 1 and PhOMe,
PhCONEt2, and PhOCONEt2 were allowed to compete for 1 equiv of t-
BuLi (THF / -78°C / 5 min) followed by excess TMSCl quench. Product
analysis indicates the following results: 1:PhOMe = > 95: < 5;
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1:PhCONEt2 = 2:8; 1:PhOCONEt2 = < 5: > 95. With the appropriate
caveat,18 these results suggest an order of metalation power, DMG =
OCONEt2 > CONEt2 > P(O)tBu2 > OMe.

As an initial indication of cooperative metalation effects of the P(O)tBu2
DMG, lithiation - tBuNCO quench of 7a17 provided a 8:1 ratio (56%
combined isolated yield) of 8 and 9. Similarly, metalation - TMSCl
quench of 7b,17 afforded 8 as the only isolable product.

Scheme 3

In pursuit of chemistry of potential value for ligand studies, phosphine
oxide 2i (Scheme 4) was reduced with trichlorosilane to give the
unsymmetrical bisphosphine 10 and 2k was subjected to typical
Ullmann homocoupling conditions to afford the 2,2'-bisphosphinyl
biaryl 11 in excellent yield. Attempts to further metalate 11 were
unsuccessful, results which may be understood on the basis of the single
crystal X-ray analysis of 1111 which shows alignment of both oxygens
towards the centres of the opposite rings thereby placing them in
unfavourable orientation for directing ortho-deprotonation.

Scheme 4

In summary, this work has introduced the P(O)tBu2 ortho-metalation
group for the regiospecific synthesis of new P-based aromatics,
evaluated its relative hierarchy with respect to several other DMGs, and
revealed its potential for the construction of new phosphorus ligands.
Extension and application of these preliminary results is under active
study.
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