First catalytic dihydroamination of a phosphaalkyne. Crystal and molecular
structure of trans-[PdCIx{P(PriNH),CH,But},]
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Treatment of a dichloromethane solution of ButCP, contain-
ing a catalytic amount of TiCl,, with an excess of the primary
amines RNH, (R = Pri, But) quantitatively affords the
corresponding  bis-dialkylaminophosphine = P(ButNH),-
CH,But. P(PriNH),CH,But is structurally characterised by a
single crystal X-ray diffraction study of its bis-trans-PdCl,
complex.

The direct addition of nucleophiles HNR, to alkenes and
alkynes has been shown to be kinetically unfavourable due to
high activation barriers caused by unfavourable approach of the
substrates.r Catalysis is therefore of fundamental importance
for the amination of alkynes, by providing alternative lower
energy kinetic pathways. A survey of the literature in this area
reveals a stronger precedence for catalytic intra-molecular
hydroamination of alkynes employing complexes of titanium,2
nickel,3 palladium,# gold> and lanthanides.® In contrast, cata-
lytic inter-molecular hydroamination of alkynes appears much
more difficult and these reactions are often hampered by low
turnover numbers. The use of Hg"' reagents appears to be the
most general route for the hydroamination of akenes and
alkynes”8 and examples of thalium,® lanthanides,® uranium
and thorium?! containing catalysts exist.

Recently, Bergman et al.12 have demonstrated the utility of
the zirconocene diamide [Zr(n5-CsHs)2(NHCeH3-Mey),] 1 for
the stoichiometric and catalytic addition of amines to internal
alkynes and allenes, yielding enamines and imines respectively.
The thermolysis («-elimination) of 1 yields the transient imide
‘[Zr(n5-CsHs)2(NCgH3z-Mey)]” 2 which catalyses the addition
of akynes (RCCR, R= Me, Ph) to 2,6-dimethylaniline.
Although intermediates have not been observed during the
catalytic cycle, the proposed intermediate metallacyclobutene
complex [Zr(n5-CsHs){ N(CsHa-Mey)(Ph)CC(Ph)}] 3, formed
from a stoichiometric [2 + 2] addition of diphenyl acetylene to
the metal nitrogen unsaturated bond of 2, has been prepared and
structurally characterised (see Scheme 1).
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Although phosphaalkynes, RCP, contain a slightly polarised
bond?3 their similarity in reactivity to alkynesis now very well
established.24 However, athough nucleophilic, trans-metal-
lations and 1,2-additions have been described,13 there are no
examplesto date of hydroaminations of this class of unsaturated
molecule. Recently we have been interested in the cycloaddition
chemistry of the phosphaalkyne ButCP with Ti and Zr imides.15
Thereaction of ButCPwith thetransient imide ‘[CpoZrN(CeHs-
Mey)]” 2 affords the azaphosphacyclobutadiene complex
[Cp2ZrN(CeHs-Mex) PC(BUt)] 4 which is isostructural with 3.

The MNPC fragment in 4 is in agreement with the expected
bond polarity of the unsaturated reactive sites.
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During the course of this work we have discovered that the
reaction of catalytic amounts of TiCl, with the primary amines
RNH, (R= But, Pri) followed by the addition of PCBut yields
the dialkyldiaminophosphines P(NHR),CH.But (R= Pri 5t
But 61) in near quantitative yields (90-95%) (Scheme 2). No
reaction occurs in the absence of TiCl,.

R
/
TiClaeat) P=C—Bu' HN
+ _— JP—CH;
56 RNH, CH,Cly, 24 h HN, B!
R=Pr 5, Bu'6 R
Scheme 2

Compounds 5 and 6 are colourless oils which can be easily
purified from the crude reaction mixtures by sublimation in
vacuo on to acold finger (liquid nitrogen, 6070 °C, 10—2 mbar,
yield 95%). The 1H NMR spectrum of 5 displays the expected
fivesignals. The septet at 6 3.16 and two doubletsat 61.40, 1.31
are assigned to the methine, methylene and NH protons
respectively, the NH resonance being broadened by 14N
quadrupolar coupling. The singlet at § 1.1 is attributed to the
tert-butyl protons, and the doublet of doublets at 6 1.03 is
assigned to the diastereotopic methyl groups of the isopropyl
unitswhich arefurther coupled to the methine protons. The 31P-
{*H} NMR spectrum displays a singlet at 6 57.2. In order to
unambiguosly assign the connectivity of 5, the bis-diamino-
phosphine complex trans-[PdCl{ P(PriNH),CH,(But)},] 71
was prepared from the reaction of [PdCI,(NCPh),] 8 and 2
equiv. 5 in acetone. Crystals suitable for X-ray analysis were
grown from a concentrated toluene solution cooled to —50 °C
and the molecular structure is depicted below together with
relevant bond lengths and angles (Fig. 1).f The structure is
unremarkable, but serves to confirm the dihydroamination of
the phosphaalkyne. The bis-aminophosphine units adopt a

Fig. 1 Molecular structure of [PdACly{(NHPri),PCH,(But)}] 7. Selected
distances (A) and angles (°): Pd-P 2.313(1), P-C(1) 1.829(3), P-N(1)
1.667(2), P-N(2) 1.662(2), A. P-Pd—CI’ 87.19(4), N(2)-P-N(1) 103.8(1)
P—Pd-Cl 92.81(4) N(1)-P-C(1) 110.0(1), N(2)—P—Pd 116.32(9), N(1)—-P—
Pd 112.26(8), C(1)—P—Pd 114.49(9)°. Displacement ellipsoids are shown at
50% probability level. Hydrogen atoms are omitted for clarity.
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trans-orientation in 7 and the phosphorus atoms display a
tetrahedral coordination geometry.

Surprisingly, a survey of the literature shows a relative
paucity of structural information on diaminophosphines and
only P(Ar"NH)Ar (Arr = CgHyBu3-2,4,6)16 and P(Ar;N-
H),Ar (A = CgHx(CF3)s-2,4,6)17 have been crystalo-
graphically characterised. A few complexes of the group 6
metals have also been reported.18

The mechanism of formation of the diaminophosphine has
not been fully determined, however Winter et al .19 reported that
treatment of TiCl, with an excess of primary amines affords
imido complexes of type [TiCl(NR)(NH2R),)] 9 which clearly
are likely candidates for the active catalytic species. Fur-
thermore, in unpublished results Regitz and Asmus? have
recently shown that the reaction of [Ti(n5-CsHs)Cls] with
BuNH, and PCBut in toluene vyields [Ti(n3-
CsHs)CI{ PNBUuf(NHBUY)CHBUt} ] 10, (probably via a [2 + 2]
addition of PCBut to the intermediate titanium imide
[Ti(CsHs)CI(NBUY)], followed by a 1,2 addition of NH,But
across the activated P=C bond) (Scheme 3).

The mechanism of formation of the diaminophosphines5 and
6 by di-hydroamination of PCBut probably proceeds via the
intermediacy of [TiClx(NR)(NH2R),)] 9 and
[TiICI(NR)P(NHR)CHBuU] which is analogous to 10, the
excess[NH3ButCl] formed subsequently removing the resulting
substrate ‘{PNR(NHR)CHBuUt}' via a double protonation
step.
We thank the EPSRC for financia support (D. J. W.) and
Professor Manfred Regitz for unpublished results cited in ref.
20.

Notes and references

T Characterisation data for: P(NHPr),CH,Bu 5: 1H NMR (ds-benzene,
295 K) 52.36 [&ﬂ)t, 1H, CH, 3J(HH) 6.4 HZ], 14 [d, ZH, CHQ, ZJ(HP) 25 HZ]Y
1.31[d, 2H, NHC(CHg)3, 3wy 7.14 HZ], 1.11[s, PCH,C(CHg)4], 1.05, 1.0
[d x 2, 12H, CH(CH3),]. 31P-{1H} NMR 6 57.16.

P(NHBuU!),CH,But 6: 1H NMR (ds-benzene, 295 K): 6 1.19 [s, 18H,
CH,C(CHa3)3], 1.09[s, 9H, C(CH3)3], 1.27 [d, br, 2H, CH,]. 13C-{1H} NMR
655.9 [d, C(CH3)s, 2J(cp) 6.83 HZ], 50.97 [d, PC, 1Jcp) 14 Hz], 32.69 [d,
NHC(CHz3)s, 3J(cp) 8.93 Hz], 31.80 [d, CH,C(CHa3)3, 2J(cp) 9.03 Hz], 31.1
[d, NHC(CHa)3, 2J(cpy 12.28 Hz] 31P-{1H}: NMR 6 40.88. EI-MS mVz (%):
246 (30) [M]*, 233 (13) [M — (Me)]*, 175 (80) [M — (NHBu) — (Me)].
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[PACI{ P(NH2Pr'),CH,But} ;] 7 1H NMR (de-benzene, 295 K): 6 3.5 [s,

br, 2H, NH], 2.8 [sept., 2H, CH(CHa), 3wy 7.1 Hz], 1.8 [d, 4H, CH,P,
ZJ(HP) 3.92 HZ], 1.39 [S, 9H, C(CH3)3 ], 1.05 [d, 12H, CH(CH3)2, 3\](HH) 4.1
Hz] 1.19 [d, 12H, CH(CHa3)z, 3Jm) 4.1 Hz]. 13C{1H} NMR:§ 44.3
[C(CHa)4], 41.1 [pseudo-t, PCHa, ey 22 Hz], 32.6 [br, C(CH3)4], 31.09
[NCH], 26.1, 25.6 [d, CH(CH3),]. 3'P-{*H} NMR 6 64.8. EI-MS m/z (%):
614 (25) [M]* , 543 (5) [M — (CC(CHa)3]* Analysis calculated for
C22Hs4CloN4P,Pd: C, 43.04; H, 8.87. Found: C, 43.00; H, 8.90%.
1 Crystal data for CzgHgsCloN4PPd 7: M = 794.2, triclinic, a = 7.869(3),
b = 10.919(3), c = 12.754(5) A, o = 90.44(3), B = 103.26(3), y =
95.81(3)°, U = 1060.6(6) A3, T = 173(2) K, space group P1 (no. 2), Z =
1, (Mo-Ka) = 0.71073 A, 5107 reflections measured which were used in
all calculations. Final Rindicesfor [| > 20(1)] with 4563 reflectionswas R1
= 0.038. Single crystals of [PdClx{ P(NH,Pri),CH,(But)},] were grown
from a saturated toluene solution (—53 °C), mounted in inert oil and
transferred to the cold gas stream of the diffractometer. The structure was
solved using direct methods and refined by full-matrix |east-squares on F2.
CCDC 182/1830. See http://www.rsc.org/suppdata/cc/b0/b0075120/ for
crystallographic files in .cif format.
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