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We report herein a direct, selective synthesisxdminophos-
phine oxidesl! and bisphosphinoylaminomethar@s via metal-
mediated insertions of isocyanides to P{®) bonds (eq 1).
Compounds bearing afC—N or a P-C(N)—P unit often show
unique biological activity and are of current interest. For example,
a-aminophosphonates can mimic the action of natural amino acids
and act as inhibitors of enzymésyhile the methylene bisphos-
phonates are mediators of bone metaboltsialminophosphorus
compounds are potentially versatile synthetic intermediates for the
preparation of these compourfdslowever, currently only a few
methods for their preparation are knok#Successes in discovering
a series of transition-metal-mediated regio- and stereoselective
additions of P(O)-H bonds to carborcarbon unsaturated borfds
prompted us to ascertain a new strategy for the preparatidmpf
the metal-mediated direct insertion of isocyanides to P¢®ponds.

As shown in eq 1, we found that a palladium catalyst and a rhodium
catalyst can selectively produeeiminophosphine oxide4 and
bisphosphinoylaminomethan@srespectively. To the best of our
knowledge, this finding represents a rare example of selective
addition of a H-heteroatom bond to a isocyanide by group 10 metal
catalysts since oligomerization of isocyanides usually competes
severely under these conditiotig!
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The reaction of P#P(O)H (0.5 mmol) with 2,6-MgNC¢H3NC
(0.5 mmol) in the presence of a catalytic amount of(Boa) (5
mol %) in toluene (2.5 mL) at 60C proceeded efficiently to give
the 1:1 adductaselectively in a high yield (eq 2). Another possible
adduct2a (2:1 adduct of P§P(O)H to the isocyanide) could be
hardly detected?
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This palladium catalyst is essential for this addition reaction;

Table 1. Palladium-Catalyzed Selective Addition of Secondary
Phosphine Oxides to Isocyanides Forming Iminophosphine
Oxides?

entry H-phosphine oxide  isocyanide % yield of 1 (1/2)°
1 Ph,P(O)H EtzNONC 91 (88)° (1b) (98/2)
2 <:>—Nc 90 (88)° (1c) (99/1)
B
3 u\_f_NC 74 (70)° (1d) (99/1)
4 (4-CF4CgH4),P(O)H NC 91 (86)° (1e) (95/5)
5 (4-CICgH4)2P(O)H 96 (90)° (1f) (98/2)
6 (4-MeOCgH,),P(O)H 94 (89)° (1g) (98/2)
7 PhMeP(O)H 92 (87)° (1h) (100/0)
8 Ph(t-Bu)P(O)H 41 (39)° (1i) (100/0)
9 Me,P(O)H 43 (41)° (1j) (100/0)
10 n-Bu,P(O)H 81 (80)° (1k) (100/0)
11 (cyclohexyl),P(O)H trace

a8 Reaction conditions: H-phosphine oxide (0.5 mmol), isocyanide{0.5
0.7 mmol), Pd(dba} (2.5-5 mol % based on H-phosphine oxide) in
tolueneels (2.5 mL) at 60°C, 12-24 h. b Determined by!P NMR. ¢ Isolated
yields.

dimer [GHsPdCIL and other group 10 metals [Ni(cedNi(cod),/
4PPh, and Pt(PP§),(CH,=CH)] did not catalyze the addition at
all.

By employing the reaction conditions of eq 2, the reaction of
secondary phosphine oxides with isocyanides was investigated
thoroughly (Table 1). In addition to the bulky 2,6-M&H3sNC,
aromatic isocyanides, such as 4-{f{CsHsNC, can also give high
yield of 1b with high selectivity. Aliphatic isocyanides also worked
well. Thus cyclohexylisocyanide and 1,1,3,3-tetramethylbutyliso-
cyanide produced the correspondihgn 90 and 74% vyields with
excellent selectivities, respectively (entries 2 and 3). As for aromatic
secondary phosphine oxides, substrates with an electron-withdraw-
ing group (Chk, entry 4) or an electron-donating group (MeO, entry
6) on the benzene ring all gave high yields of the correspontling

that is, in the absence of the catalyst, no adduct could be obtainedwith good selectivity. In addition to aromatic substrates, H-phos-

under similar reaction conditions. As for other zero-valent palladium
species, Pd(PRBh also produced a high yield dfa (95% yield
1la/2a = 95/3). Moreover, the addition of a large amount of PEt
did not affect the reaction (Rdba/PEt; Pd/PEt = 1/20, 93% yield,
1la/2a = 93/2). On the contrary, palladium(ll) complexes showed
low catalytic activity under similar reaction conditions: Pd(OAc)
(11%), PdC} (0%), Pd(PP§.Cl, (0%). Allylpalladium chloride
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phine oxides bearing an aromatic and an aliphatic substituent
(entries 7 and 8) or aliphatic H-phosphine oxides can also be
employed (entries911). It appears that steric factors determine
the reactivity of these H-phosphine oxides. Thus, while PhMeP-
(O)H gavelh in 92% vyield, the crowded PhBuU)P(O)H only
producedli in 41% vyield. A similar phenomenon was observed
with aliphatic H-phosphine oxidé8.Thus, while (-Bu),P(O)H
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Table 2. Rh-Catalyzed Selective Addition of Secondary
Phosphine Oxides to Isocyanides Forming 22

entry R',P(O)H catalyst % yield of 2°
1 PhP(O)H Rh(PPRsCI 95 (2a)¢
2 PhP(O)H Rh(PPK)3Br 88 (2a)¢
3 PhP(O)H Rh(PPg)sl 69 (2a)d
4° PhP(O)H Rh(cod)Cl> 94 (2a)¢
5 PhP(O)H RhC} 0 (29)
6 (4-CRCsHa4)-P(O)H RhCl,codh 68 (2b)d
7 (4-CIGsH4)2P(O)H Rh(PPE)sCI 72 (20
8 (4-MeOGH4),P(O)H Rh(PPR)sCI 47 (2d)d

aReaction conditions: H-phosphine oxide (1.0 mmol), isocyanide (0.5
mmol), Rh(l) (5 mol % based on isocyanide) in toluene (2.5 mL) at@0
4 days.” Determined by?'P NMR. ¢ At 60 °C. 4 Isolated yields: entry 1,
92%; entry 6, 65%; entry 7, 71%; entry 8, 43%.

Scheme 1. A Proposed Pathway for the Addition of R,P(O)H to
Isocyanides Forming a-Iminophosphine Oxides 1 (ligands on Pd
were omitted for clarity)
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gave 81% yield ofik, the bulky biscyclohexylphosphine oxide only
produced a trace amount &f(<5% yield).

Remarkably, the minor 2:1 adduct of {O)H to isocyanide
in eq 2 could be selectively generated by using rhodium catdfsts.
Thus, under similar reaction conditions, when the catalysdPd)
in eq 2 was replaced with Rh(P¥CI (5 mol %), 2a was
predominantly formed in 41% yield based on,P{O)H (lal2a =
1/41); although slowly, the yield ¢fa could increase to 95% after
4 days (eq 3 and entry 1 in Table 2). Under similar conditions,
other rhodium(l), but not the rhodium(lll), complexes also produce
2a selectively (catalyst, yields o2a): Rh(PPh)sBr, 88%; Rh-
(PPh)sl, 69%; [Rh(cod)Cl}, 94%; RhC}, 0% (entries 25).
Representative examples of the selective formatio2 efa the
rhodium-catalyzed addition of aromatic phosphine oxides to 2,6-
Me,NCgH3NC are shown in Table 2 (entries-8). Alkylphosphine
oxides, such as-Bu,P(O)H, only gave a trace amount of bisphos-
phinoylaminomethan& under similar conditions.
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RNC + R';P(O)H (3)

R = 2,6-dimethylphenyl

Although the detailed reaction mechanism remained to be
clarified, we rationalized that the palladium-catalyzed addition
perhaps proceeds via the oxidative addition of the P{®)ond
of R,P(O)H to Pd(0) to give a hydridopalladiuB) which reacts
with isocyanide to give via the Pa-H addition* SubsequentPC
bond-forming reductive elimination from producedl with the
regeneration of Pd(0) (Scheme113.15.16

In summary, we have successfully revealed the first highly
selective palladium- and rhodium-catalyzed additions of secondary
phosphine oxides to isocyanides, leadingotdminophosphine
oxides1 and bisphosphinoylaminomethargsespectively. Studies

on the reaction mechanism and applications to other H-phosphorus (16)

compounds are now in progress.
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The rhodium-catalyzed reaction was thought to proceed in a similar way
(ref 14b). Although4 has not been successfully isolated, our preliminary
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may be assignable to [B(O)]PtCH=NAr (the platinum analogue &f).
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