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[Rh(P,N2)X] complexes 2-X, X = Cl, BF,;) featuring tetradentate iminophosphorane phosphine

ligand were synthesised and characterised. The X&Ralysis evidences a square planar geometry
10 without coordination of the chloride anion. Thesamplexes proved to be air-sensitive, and their

oxidation to Rh(Ill) complexe8-X was observed in air. The controlled reactior2dF, with one

equivalent hexachloroethane also yielded [RN@PCI,(BF,)] (3-BF,). The direct synthesis &-Cl

can be realised by coordination of theNi] ligand to [RhCI(THT}] (THT= tetrahydrothiophene)

as well. The reactivity of Rh(l) complexe® was further investigated, and no reaction was
15 observed with silanes, arylhalides, or pinacolberarhile the decomposition of the complex was

observed under 1 atm of,ipon prolonged heating. Interestingly, the reduttid complex3-Cl

was observed in NMR when reacting with silanes adism isoproxide. Therefore, compl&xCl

was used for catalytic transfer hydrogenation ofapdonds. The reduction of aromatic and

aliphatic ketones can be carried out using 1% gataaind 10% sodium isopropoxide. In these
20 conditions an imine can be partially reduced.

favoured synthetic strategies involving the Kirsameaction

INTRODUCTION

Tetradentate ligand systems featuring two phosggharal two
nitrogen donors either amine or amide functionsehaeen
widely studied for almost 30 years (Chart'1ffurthermore,
25 efficient enantioselective catalysts have been kbges via
the introduction of chirality within their carbonabkbone;
main successes being obtained with iriditipalladium® or

rutheniunf complexes. More recently, Morris and coworkers
have developed iron based systems able to achibee t

w efficient asymmetric transfer hydrogenation of gobends®
Motivated by these results, we have recently stirte
investigate their phosphorus analogues, nameljJHigands
exhibiting iminophosphorane group instead of anonémine
functionalities (Chart 1). We anticipated that takctronic

3s and steric properties of these new ligands will kedty differ

which allows the use of amines as the nitrogen Ui his

has allowed a high-yielding two steps synthesis of

tetradendate mixed phosphine-iminophosphorane,NjP
ss ligands, which was first coordinated to group 1Qtaheenters
(Pd, Ni). The obtained complexes were shown toxieeemely
stable and were able to catalyze Suzuki couplimgagueous
biphasic mediuni™ Then, a series of iron(ll) complexes was
synthesised from tetradentate ligands combining
iminophosphorane  with  phosphine, thiophosphine, or
phosphine oxide groups, and was used for the dataly
transfer hydrogenation of acetophendhePursuing our
investigations concerning this tetradentate mixadgphine-
iminophosphorane ligand, we report here its coatiom to
es Rh(l) and Rh(Ill) centers. The reactivity of thesemplexes
was investigated and their catalytic performances thie
catalysed transfer hydrogenation of polar bondspaeeented.

60

from those of classical imine derivatives. Indeed, / X Ph Bh

iminophosphoranes behave as strangnd 1 donors because CHy=NH H\NiCH Phi p—N N:P(uph

of the presence of two lone pairs at the nitrogeama YT T 4 <

Moreover, they do not present any acceptor character Q—ppthth—@ P, PX X—P.1IPh
o because of the absence of a reml system. Clearly, Ph Ph

iminophosphorane based ligands are much less eggdlon
catalysis than their carbon analogues, neverthelbgsr
potential in coordination chemistry is now well astished®
and they were successfully employed in a numbetiféérent

X =lone pair, S, O

= 0’ y= 1

= 1’ y= 2
Carbon-based tetradentate Phosphorus based
[P2N,] ligands tetradentate ligands

s catalytic  processe’s. Noteworthy, most iminophosphorane

based ligand preparations rely on the Staudingeictien
involving the addition of an azide to a phosphin&his
methodology, though very clean, induces severetéitinns
concerning the substitution pattern at the nitrogetom,
so because of the limited availability of azides. Weavé

Chart 1: Tetradentate JR;] ligands

2 RESULTS AND DISCUSSION

A Coordination and reactivity studies

This journal is © The Royal Society of Chemistry [year]
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S) 0.5 equiv. [Rh(COD)CI],
Ph, @' CI@ Ph Ph THF, 60T Ph en |9 X0
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Phir. P NH HN—R" ) ) Philp—N N—R"Ph Phip= N/ N=R—=Ph
> MeLI (2 equiv.) < 0.5 equiv. [Rh(COE),Cl], / \
THF

hu/P P\”Ph ph,P AV Ph TRt Ph L P~ph

Ph Ph Ph 1 equiv. [Rh(COD),|BF4 Ph Ph

THF, 60C
1-(HCI), 1 2-X

Scheme 1Synthesis of complek-X

All coordination experiments were realised by aibditof a
s rhodium precursor to a THF solution of ligatdwhich was

supporting information) is almost identical to thaft 2-Cl,
aside from the tetrafluoroborate anion replacing thloride

obtained byin situ deprotonation of bis(aminophosphonium) one.
adductl-(HCI), using 2 equivalents of MeLi (Scheme 1). To

synthesise the Rh(l) complexes, different metalcprsors
were employed. [(fN,)RhCI] complex2-Cl was synthesised
10 by addition of half an equivalent of the [Rh(COD)Cor the
[Rh(COE)CI], ) precursorsAfter elimination of the lithium
salts, and washing with diethyl ether, compl2xCl was
isolated in 84% vyield. However, the reaction coiwdis were
found to be highly dependent on the nature of trecyrsor.
15 Thus, with the cyclooctadiene dimer 6h of heating6@°C
was required whereas with cyclooctene complex #ation

occured smoothly and was achieved within 6h at room

temperature or 2h heating (60°C). The coordinatidnthe
phosphine and iminophosphorane arms could be iedeinrom
wthe AA'BB’ signal pattern observed in th&P{H} NMR

spectrum. This comple®-Cl indeed logically appears as a

doublet EJori= 18.5 Hz) of virtual triplets pp= 3Jpp = 13.0

Hz) centred ab,(THF)= 38.2 ppm corresponding to the P=N

groups and a doublet of doublet of doublet centaad
2 8y(THF)= 41.5 ppm o= 19.5 Hz,%Jp= 13.0 Hz, 'Fpri=
171.0 Hz) for the phosphines. This new complex father
characterised by multinuclear NMR spectroscopiP( *H,
13C) and elemental analyses. Moreover, monocrystsitslse
for X-Ray analysis were obtained by slow diffusiaf
30 hexanes solution into concentrated dichloromethsolation
of 2-Cl. An Ortep view of one molecule is presented inufig
1.
As can be seen, complexCl is a cationic species which
adopts a square planar geometry, as expected faf a
s complex, with the chloride anion being being mdnart 4 A
away from the metal centre. The deviation from platy is
very small 0.98(11)° for the P2-N1-N2-P4 dihedragke. The
two five-membered Rh-N-P-C-P metallacycles presamilar
bond lengths and angles. Moreover, the observadtctstral
40 parameters are in the range of those measured bgllCand
coworkers for Rh(l) complexes bearing bidentate gpine-
iminophosphorane (PR&H,PPh=NR) ligand®® In particular,
the N-Rh and P-Rh bond distances 2rCl were measured
respectively at 2.079 and 2.1915 A on average, lwhie only
45 slightly shorter than those observed by Cavell.
The tetrafluoroborate derivative of compleX was also
synthesised by reacting ligardd(free of LiCl salt or prepared
from 1-(HBF,),, with one equivalent of [Rh(COB)BF,)
(Scheme 1). This way, compleX-BF, was isolated as a
so yellow powder in 75% yield after classical work-Ugs NMR

’f: 3

‘fz;;,fi
"

p3®— —@N2

s5 Figure 1: Molecular structure of complegClI. Thermal ellipsoids drawn
at the 50% probability level. Hydrogen atoms haweerb omitted for
clarity. Selected distances (A ) and angl@sR2-Rh1 2.1935(6), N1-Rh1
2.075(2), N2-Rh1 2.082(2), P4-Rh1l 2.1896(6), Rh1-61434, P1-N1
1.604(2), P3-N2 1.603(2), P1-C15 1.805(3), P2-C1&3(2), P3-C40
60 1.805(3), P4-C40 1.879(2); P4-Rh1-P2 100.40(2)Rk1-N2 80.39(8),
P4-Rh1-N2 89.66(6), P2-Rh1-N1 89.55(6), P1-N1-Ri®14@), N1-P1-
C15 105.1(1), P1-C15-P2 107.4(1), C15-P2-Rh1 1@8)5T40-P4-Rh1
105.21(8), P4-C40-P3 106.4(1), C40-P3-N2 105.1(PB-N2-Rhl
117.4(1), N1-P2-P4-N2 -0.78(9), P1-P2-P4-P3 -1A)R2-N1-N2-P4 -
65 0.98(11), P2-P1-P3-P4 -10.36(4).

Finally, we found that syntheses of both complezesld be
conveniently carried out in dichloromethane usih@gnd the
required rhodium precursor, a procedure which avaiolvent
exchange to remove the lithium salts. In this cas® night
7o stirring at room temperature was necessary to dtive
reaction to completion. Note that usually iminopblosrane
derivatives decompose when standing in dichloroameth
which stresses out the particular stability of fRgN,] ligand.
Complexes 2-Cl and 2-BF, were found to be oxygen
75 sensitive. When exposed to air, §H, solutions of complex
2-Cl and2-BF, with traces of chloride saltsvolvedtowards
the formation of a new compleX In 3'P{H} NMR, this new
species also exhibits a AA'BB’ spin system patternwhich
the chemical shifts of the coordinated phosphigard P(Il1)
so and the iminophosphorane P(V) are inversed. Thug, ithe
signal corresponding to the coordinated phosphireum is
centred ad,(THF)= 19.4 ppm and appears as a doubligixf
= 104.0 Hz) of virtual tripletpp= 3Jpp = 15.0 Hz). The P(V)
atoms resonate &,(THF)= 41.2 ppm and logically the signal

data are similar to those @ECl, and its X-Ray structure (seess appears as a virtual tripletspl= 15.5 Hz) of doublets’orn=

2 | Journal Name, [year], [vol], 00—00
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6.5 Hz). Noteworthy, the coupling constant betwete
phosphine ligand and the rhodiufdgzy) is lower in3 (Jprim

[PoN,] in the median plane and two chlorine atoms in the
apical positions. The deviation from planarity igktly more

104 Hz) than i2 (3pri= 171 Hz), this may be attributed to pronounced than i@ (N1-P2-P4-N2 7.31(5)). The oxidation is

the oxidation of the
s literature!*
This hypothesis was confirmed by parallel

oxidation process (Scheme 2). Reaction®2éBF, with one
equivalent of hexachloroethane in dichloromethateardy

wYyielded the expected comple3-BF, in good yield (96%).
Definitive evidence concerning the structure BF, was
obtained by X-Ray analysis. An Ortep view of thelewolar
structure is presented in figure 2 together witke timost
relevant structural parameters.

C)
BF,4 BFC?
® |
Ph, m Ph LiCl, air Ph Ph
PhiP=N, > ~=Ph CH,Cly, 3d |PhP= N/, N R==Ph
P/ \P CoCl o \P
PR | = “Ph ch,cy rt, an | PR - ~Ph
Ph Ph 2~2 ph a Ph
2-BF, 3-BF,
L
N
& )
b c1 i
o Lo J
o AP1.N1/ X 1
!S '@:_@5 N(Z) B
w A ars
@ ong o e Vg
*T > c40
G—hP2 \
~"§ fn N8 ?P“
!Q,\—w‘lti w 2 ”1&\ &
R & s /| o
P S
i w‘f‘c—é

15 Scheme 2xidation of compleX-BF,

Figure 2: Molecular structure of comple8-BF,. Thermal ellipsoids
drawn at the 50% probability level. Hydrogen atdmase been omitted

for clarity. Selected distances (A ) and angl$P2—Rh1 2.2974(7), N1—

Rh1 2.077(2), N2-Rh1 2.080(2), P4A-Rh1 2.3097(7)-RHL 2.3653(7),

20 Rh1-ClI2 2.3616(7), Rh1-B1 7.040, P1-N1 1.591(3);N2 1.585(2),
P1-C15 1.803(3), P2-C15 1.848(3), P3-C40 1.806@)}C40 1.851(3);
P4-Rh1-P2 106.56(3), N1-Rh1-N2 80.5(1), P4-Rh1-8a787), P2—
Rh1-N1 86.85(7), Cl1-Rh1~CI2 173.23(3), Cl1-Rh1-$&202(2), Cl1~
Rh1-P4 85.73(3), P(3)-N(2)-Rh(1) 123.3(1); N(2B)PC(40) 103.4(1);

25 C(40)-P(4)-Rh(1) 100.3(1); C(15)-P(2)-Rh(1) 101)3((1)-P(1)-C(15)
104.3(1); P(1)-N(1)-Rh(1) 122.9(1);P1-C15-P2 109.2(P4—-C40-P3
109.3(1), N1-P2—P4-N2 7.31(5), P1-P2-P4-P3 7.7R2N1-N2-P4
10.03(14), P2-P1-P3-P4 4.93(3).

The resulting complex is cationic and features ataloedral
30 geometry around the metal center, with coordinatidrthe

rhodium centre according toe th accompanied by a decrease of most the inner angtbe five

3s membered metallacycle in particular the C-P-Rh BRRh-P

experitaen angles go from respectively 105.39° and 89.61° warage in
aiming at the synthesis of complex@ghrough a controlled

2-Cl to 100.8° and 86.77° on average3uBF,. Only the P-C-
P angle widens after oxidation (from 107.4(1)° 2rCl to
109.2(1) in3-BF,). This accompanies an elongation of the P-
» Rh bond lengths (from 2.19 A on average2imersus 2.30 A
on average ir8), and a shortening of the,PC bonds (from
1.876 A in the Rh(l) complex to 1.850 A on averagethe
Rh(lll) derivative). No substantial evolution is s#rved for
the N-Rh and P-N bond lengths.
4s Interestingly complex3-Cl was directly obtained by reacting
ligand 1 with one equivalent of [Rh@THT)s] (THT:
tetrahydrothiophene) complex (Scheme 3). In thedaeating
overnight at 80°C was required to complete the tieac
Complex3-Cl precipitated from the reaction mixture and was
so isolated in 90% yield after washing with diethyhet. This
complex proved to be poorly soluble in most orgasvtvents
(toluene, THF, CHCI,, or CDCE), nevertheless complete
NMR characterisation was achieved using saturatédtion
of the compound in CECl,. These NMR data are identical to
ss those of3-BF,. X-Ray diffraction analysis revealed that the
molecular structure 08-Cl is also very similar to that d3-
BF, (see Supporting Information). Contrary to compkeRe
which are rather sensitive to air and moisture, glexes3
can be handled and stored without particular précawn the

Cl ® o
P:h‘P N/\N - Ph “
MeLi (2 equiv) 1 RNhCI5(THT); TR
1_(HCl), ~
Toluene Toluene, 80T
Ph f P‘Ph
Ph ¢
3-Cl
s0 bench.

Scheme 3Synthesis of comple3-Cl

The reactivity of Rh(l) complexe2 towards arylhalides,
pinacolborane, and silane ¢6tH, PhSiH,) was investigated
but no reaction was observed even at high temperatinder

es H, atmospher (latm), decomposition was observed upon
prolonged heating (50° C). In the end, as mentioabdve,
only the oxidation to the Rh(Ill) species could bkeanly
performed.
More significant results were obtained by reactireg

70 suspension of3-Cl in THF with one equivalent of silane
(PhSiH, or EtSiH;). After 8h heating at reflux a colour change
of the reaction mixture from yellow to brown-greewvas
observed. Thé'P{H} NMR spectrum of the crude mixture
evidenced a signal pattern similar to that obserfigd2-Cl

7sand 2-BF, suggesting that a reduction to Rh(l) occurred.
Importantly, the!H NMR spectrum of the reaction mixture (in
ds-acetonitrile) revealed the presence of a hydritiéctv

This journal is © The Royal Society of Chemistry [year]
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Table 1.Crystal data and structural refinement detailfonplexe-Cl and3-BF,

Compound 2-Cl 3-BF,
Molecular formula @2H43N2P4Rh, 4(CHC|2), Cl Q2H4EC|2N2P4Rh, 3(CHC&), BF,
Molecular weight 1302.87 1443.53
Crystal system monoclinic monoclinic
Space group R P 2/c
a(h) 11.715(1) 10.806(1)
b(A) 21.218(1) 35.589(1)
c(R) 23.598(1) 16.434(1)
a(®) 90.00 90.00
B(°) 91.563(1) 100.108(1)
V(%) 90.00 90.00
V(A3) 5863.5(6) 6222.0(7)
z 4 4
Reflections measured 13346 40501
Unigue data 13346 17688
Rint 0.0329 0.0373
R1 0.0376 0.0476
CCDC number 772851 772853

appears as a complicated multiplet centred,6€D;CN)= -

complex3-Cl as the catalyst and full conversion is achieved

16.18 ppm). In théH{3'P} spectrum, this hydride appears as in 18h. As expected, the same reaction carriedwotit Rh(l)
s a (broad doubletylk, = 19.0 Hz) thus confirming the presences complex2-Cl was more rapid leading to total conversion after

of a Rh-H bond. Unfortunately the poor solubility this
complex in acetonitrile or THF combined with itsstability

precluded the recording of ifSC NMR spectrum and a full

characterisation. Several crystallization attemptsre also

1o made but suitable crystals for an X-ray structuaahblysis
could not be obtained. Based on these NMR indicatiove
nevertheless propose that this complex
derivative4 (Scheme 4).

o
®
cl
Ph Ph
Ph Ph K
Phi PN, | \N—P=p Ph“}P:N:_\\\N:P'<Ph
R PhSiH3 RE
——
7N THF, 60, 8h N
P P PH" H P~ph
Ph™ ) s Ph 1 :
Ph & Ph Ph Ph
3-Cl 4 (postulated)

Scheme 4Reduction o8-Cl

15 Importantly when reacting the Rh(Ill) complek with two
equivalents of sodium isopropoxide
isopropanol/THF (1:1) (for solubility purpose) a0°&€ for

some hours, the'P NMR of the crude mixture evidenced the

formation of a Rh(l) complex, since signals simitarthose of
20 2 were observed (38.4 (vtdgnd= 18.5.0 Hz, gp = Jp= 12.5

Hz); 41.5 (ddd, g 170.0 Hz, 3p = 14.0 Hz, 3 =19.5 Hz)).

Unfortunately this Rh(l) complex could not be ideld This

last observation prompted us to investigate thetieity of

these rhodium complexes in the catalysed
25 hydrogenation of polar bonds.

B Catalytic Transfer hydrogenation experiments

Reactions were conducted using 1% of com@e&l as the
catalyst, 10% isopropoxide as the base in reflugegropanol
(reaction were very sluggish at room temperatureeoeen
2050°C). The progress of the reaction was monitorgd'
NMR and these data are gathered in table 2. Fompla
acetophenone is reduced in 90% after 4h (entry dihou

is the Hdgdri

in a mixture of

transfer

4h (entry 2). Note that in the employed conditions
([iPrONa]~0.03 mol [Y), only half-conversion can be
achieved after 18h in the absence of any catafyBecause
Rh(lIl) complex3-Cl gave satisfactory results and was by far

40 easier to handle than compl2xCl, it was used for the rest of
the study. With 1% of 3-Cl catalyst loading, the
hydrogenation ofpara-substituted acetophenone was also
efficiently achieved (entries 3-5), the reactioninge more
rapid for 4-methylacetophenone (99 % conversioarah).

45 Table 2 Catalytic transfer hydrogenatibn

X complex3clin H
)k . iPrONa 10%, )\ .
R R" iProH reflux R R
Entry X R R’ Conversion after 4h, 8h, 18h {%)

1 (e} Ph CH 90, 97, 99
2 (0 Ph CH 100 (4h)
3 (¢} p-Cl-Ph CH 44,51, 99
4 O pMe-Ph CH; 98, 99 (8h)
5 O p-OMe-Ph CH; 74, 86, 96
6 e} Ph iPr 51, 55,71
7 (e} CH iPr 47, 65, 85 (94% after 24h)
8 NPh Ph H 22,32, 58 (67% after 24h)

2 typical catalyst runs were performed with 1.4 mrhofsubstrate, 1%
of 3-Cl as catalyst, 10% iPrONa (0.03 mol)l;PrOH (5mL) at reflux
(82 °C)? Conversion into reduction product determinedi$yNMR,

s0 average of two run§,Same conditions except comp®Cl was used as
catalyst in place d3-ClI

Isobutyrophenone was also hydrogenated but only 71%

conversion was observed after 18h (entry 6). These

performances compare favorably with the ones regoty

ss Gao for Rh(l) complexes bearing tetradentate antingphine
ligands. Indeed, with these carbon based ligand8&9%,
and 38% conversions were observed for acetophenéne,
methoxylacetophenone and isobutyrophenone resmdgtiv
(conditions: 22h in isopropanol at reflux with 1%talyst and

s0 1% potassium isopropanolaté)Nevertheless, other rhodium

based catalytic systems have been shown to efflgien

4 | Journal Name, [year], [vol], 00—00
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catalysed the reduction of aromatic ketones und@dem ssfrom Na/benzophenone (THF, diethylether, petrolestimer),
conditions®* from P,Os (dichloromethane). Aminophosphonium sdlt
Interestingly comple®-Cl is also able to catalyse the transfer (HCI),,° [Rh(COD)CI}L (COD= cyclooctadieney®
hydrogenation of 3-methyl-but-2-one, allowing 94 % [Rh(COE)CI], (COE= cyclooctene}® [Rh(CODYLBF,],'" and
conversion after 1 day reaction (entry 7). Moreoube RhClL(THT)3] (THT = tetrahydrothiophenéf, were prepared
reduction of N-benzylideneaniline can be also performee according to literature procedure. All other redgemand
yielding 67% of amine after 24h. chemicals were obtained commercially and used witho
Regarding the mechanism of the catalytic reactitime further purification, except for isopropanol whiclwas
reduction of 3-Cl by isopropoxide was established distilled under dry nitrogen from calcium hydridBuclear
independently by NMR experiments. In addition the magnetic resonance spectra were recorded on Brkance
monitoring of a catalytic test b¥*P{H} NMR spectroscopy e 300 spectrometre operating at 300 MHz ¥ 75.5 MHz for
confirmed the presence of a,[®] rhodium (I) complex. C and 121.5 MHz for’'P. Solvent peaks were used as
Despite those evidences, the formation of a hygatAe internal references folH and**C chemical shifts (ppm)*P
hydride active species remains difficult to explagince no  are relative to a 85% 4RO, external reference. Coupling
vacant site is indeed available to allow the transéf a constant are expressed in hertz. The following ebiations
hydride on the rhodium. An active role of the ligacan not = are used: b, broad; s, singlet; d, doublet; dd, btktu of
be ruled out, the iminophosphorane function beiblg @0 act  doublets; t, triplet; m, multiplet; v, virtual. Bleental analyses
as a masked amide by the nitrogen atom or as atrebdilic were performed by the "Service d'analyse du CNRS$"Gif
site by the phosphorus one. Another possibility ldooe the sur Yvette, France.

liberation of one coordination site by a transitqriyosphine
decoordination. A stoechimetric reaction betweempglex 2-
Cl and one equivalent of isopropoxide was carried iout 7 2-Cl: MeLi (140 ul, 0.223 mmol) was added to a suspension
THF-dg at room temperature and then at 60°C to shed bght of 1-(HCI), (100 mg, 0.111 mmol) in THF (5 mL) cooled at -
this question. Unfortunatly, the analysis of theds mixture ~ 78°C, and the suspension was stirred at room tembyer for

by *P{H} and 'H NMR spectroscopy was rather difficult. 15 minutes. [Rh(COE)C}](40 mg, 0.056 mmol) was added,
However, no free phosphine nor hydride was seene@é  and the solution turned yellow. After heating fdr at 60°C,
signals with complicated coupling patterns were esed = all volatiles were removed in vacuo and dichloromagte was
which may indicate a desymmetrization of the complEhe added to filtrate off precipitated LiCl salts. Aftevaporation
elucidation of this mechanism may require a conglet of CH,Cl,, the obtained solid was washed with petroleum

Synthesis of complex 2

theoretical study. ether (3x10 mL) to deliveR-Cl as a yellow solid (90 mg,
84%)3'P {*H} NMR (CD,Cl,) & 37.8 (dvt,?Jgpp = 31.5 Hz,
CONCLUSION 85 2Jpp= 3Jpp = 13.0 Hz, ), 41.5 (ddd *Jgpp= 170.0 Hz 2Jpp=

. . . 13.0 Hz,2Jpp= 19.0 Hz, B") ppm.*H NMR (CD,Cl,) & 3.20
In conclusion we have synthesised rhodium(l) andt) (I (4H, t, ®Jpy= 4.5 Hz, N-Gi,), 3.53 (4H, dd’Jp= 3.5 Hz,

complexes 2 and 3 respectively featuring tetradentate 2Jo= 8.5 Hz, PE,P), 6.94 (4H, t,%Juu= 7.5 Hz, p-H
iminophosphorane based ligands. The reactivity loésé (Ph,P")) 7.07 (8H, dd3Juy= 7.5 Hz,*Jpy= 8.5 Hz, mH
complexes was investigated.did not react with arylhalides, o (thp(m))), 7.14 (8H, dd3Ju= 7.5 Hz,%Jpw= 11.0 Hz,0-H
silanes, nor pinacolborane. Under 1 atm of &hd high (thp(m))), 7.34 (12H, vtd3duy= 7.5 Hz,*Jpr= 2.0 Hz,p-H,
temperature, decomposition of the complex was ofeser 4 (PhPM)), 7.50 (8H, ddJp= 11.5 Hz,2Jpu= 7.5 Hz,0-H
Only the oxidation of Rh(l) derivatives into theroesponding (Ph,PY)) ppm. 2C {1H} NMR (CD,Cl,) & = 39.8 (dd,“Jp=
Rh(lll) complex was neatly carried out. Moreovehet ,g Hz, 2Jpc= 87.0 Hz, BH,P), 53.5 (d,2Jpc= 14.0 Hz,
reduction of complex3 using silanes or isopropoxide was, NcH,), 126.0 (dJec= 83.5 Hz,C'Y PhPM), 127.1 (vt,4Jp=
inferred from in situ NMR spectroscopy analysis. This 5 p; n.cH-(Ph,PM)), 128.3 (d,%Jpc = 12.0 Hz, 0-CH-
prompted us to investigate the transfer hydrogenadf polar  (p pliny) 1290 (s, peH-(PhPY)), 131.5 (d, Jp= 9.5 Hz,
bonds using the stable Rh(lll) compleR. Transfer — cy (ph,piNY)) 132.0 (d,%Jp= 6.5 Hz, m-CH-(Ph,PY)),
hydrogenations of substituted aromatic ketones amdalkyl 132.1 (d,2Jpc= 13.0 Hz,0-CH-(Ph,PY)), 134.6 CV(Ph,PV)

substituted ketone were achieved. Partial hydrogemaf N- "5 ¢ measurable).sgH,sCIN,P,Rh, calcd : C 64.84, H 5.02,
benzylideneaniline was also realised. Additionaperxments N 291 - found : C 65.08. H 4.86. N 2.64.

could not fully rationalize the observed hydridenfation and
the hydrogene transfer but a complete theoretitalysmay  »_gr,: This complex was obtained with a similar proceur

cast some light on those aspects. using [Rh(COD)BF,] (45 mg, 0.111 mmol) as the rhodium(l)
105 precursor and eithet-(HBF,), or 1-(HCI), as the reagent.
EXPERIMENTAL When usingl-(HCI),, the lithium salts have to be removed
before the addition of the metal precurstiBF, was obtained
Synthesis as a yellow solid (89 mg, 75 %) and present NMRadsmilar

to those of2-Cl. CsoH4gBFARNNLP,, calcd @ C 61.56, H 4.77,
10N 2.76 ; found : C 61.71, H 4.63, N 2.54.
For both compounds crystals suitable for X-ray rdi¢tion

All experiments were performed under an atmosplodérdry
nitrogen or argon using standard schlenk and glbos
techniques. Solvents were freshly distilled under mitrogen

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 5



analysis were grown by diffusion of hexanes solutim
concentrated dichloromethane of the complex (sdg ES

Synthesis of complex 3

s 3-BF,;: C,Cls (23 mg, 0.099 mmol) was added to a solution of P-Cl-acetophenone
2-BF; (100 mg, 0.099 mmol) in dichloromethane (5 mL).

After 3h stirring at room temperature, solvents aveemoved
in vacuo and the obtained solid was washed witraheg (3x5
mL) to give3-BF, as a yellow solid (103 mg, 96%}'P {*H}
10 NMR (CD,Cl,) 5 19.4 (dvt,"Jgpe= 104.0 Hz2Jpp=2Jpp= 15.5
Hz, F'), 41.2 (vtd,2pp= 3Jpp= 15.5 Hz,2Jgyp = 6.5 Hz, )
ppm.*H NMR (CD:Cl,) & 3.15 (4H, vt3Jpp= 5.5 Hz, N-CGH,),
4.23 (4H, td,2Jp= 11.5 Hz,*Jpp= 1.0 Hz, PEI,P), 7.10 (4H,
t, 33yy= 7.5 Hz,p-H Ph,PM) 7.19 (8H, vt3Jy= 7.5 Hz,*Jpi=
157.5 Hz,0-H (Ph, P'")), 7.36 (4H, t3Jyu= 7.5 Hz,p-H (Ph,
PUNY), 7.56 (8H, td3Jyy= 7.5 Hz,3Jpy= 2.5 Hz,m-H Ph,PY),
7.67 (8H, td,%Jyy= 7.5 Hz,*Jpy= 1.5 Hz,mH (Ph, P'")),
7.96 (8H, dd3Juy= 7.5 Hz,3Jp= 12.5 Hz,0-H (Ph,PM)). 13C
{*H} NMR (CD,Cl,) 8 52.0 (s, N\CH,), 105.2 (t,%Jp= 38.0
20 Hz, PCH,P), 128.1 (vt*Jpc= 5.0 Hz,p-CH (Ph, PY)), 128.8
(CV(PhP" J not measurable), 129.4 #pc= 12.0 Hz,m-
CH (Ph,PM)), 131.2 €V (PhP™) J not measurable}31.4 (s,
p-CH-(Ph,P")), 133.4 (d,%Jp= 11.5 Hz,0-CH-(Ph,PV)),
133.7 (d,%Jp= 10.0 Hz,0-CH-(Ph,P"")), 133.9 (bsm -CH-

25 (PRPM")). CsHasClBFsRNN,P,, caled : C 57.54, H 4.46, N \www.ccdc.cam.ac.uk/conts/retrieving.html

2.58 ; found : C 57.37, H 4.68, N 2.73.

Table 3:*H NMR chemical shifts considered to monitor thegming
conversion of catalytic reactichs

Subtrate d Product NMR signa
Acetophenone 2.58 1-phenylethanol 1.47
(s,3H) (d, 3H)
2.58 1-(p-chlorophenyl)ethanol 1.47
(s,3H) (d, 3H)
p-Me-acetophenone 2.54  1-(p-methylphenyl)ethanol 1.46
(s,3H) (d, 3H)
p-OMe-acetophenone2.55 1-(p-methoxyphenyl)ethanol 1.47
(s,3H) (d, 3H)
3-methyl-butan-2-one 2.45 3-methyl-butan-2-ol 1.46
(sept,1H) (oct?, 1H)
N-benzylideneaniline 8.47 N-benzylbenzenamine 4.35
(s, 1H) (s, 2H)

3 chemical shift in CDGl(ppm);® oct: octuplet

60

X-ray Crystallography

General consideration: Data were collected on a Nonius
Kappa CCD diffractometer using a MaxKA = 0.71073 A) X-
ray source and a graphite monochromator. Crysté dad
es Structural refinement details are gathered in tdbte in table

S1. CCDC 772851 to 772854 contain the supplementary

crystallographic data for this paper. These data te
obtained free of charge at
[or fromhet
70 Cambridge Crystallographic Data Centre, 12, UniooadR
Cambridge CB2 1EZ, UK; fax: +44-1223/336-033; E-mai

3-Cl: MeLi (140 I, 0.223 mmol) was added to a suspension deposit@ccdc.cam.ac.uk].The crystal structure wabves
of 1-(HCl); (100 mg, 0.111 mmol) in toluene (5 mL) cooled ysing SIR 9%%and ShelxI-97°ORTEP drawings were made

o at -78°C, After warming to room tempereature stigriwas
pursued 15 minutes, then the lithium salts wergafied off.

using ORTEP Il for Window$!

75

[RhCI3(THT)3] (52 mg, 0.110 mmol) was subsequently added

to the ligand solution inducing a red coloratiorftek heating
12h at 80°C, the complex which precipitated frora teaction
3s mixture was filtered and washed with hexanes (3x5.r8-Cl
is obtained as an orange solid after drying in wa¢l00 mg,
90 %). Monocrystals were grown by diffusion of dhgt ether
in acetonitrile solution of the complex. NMR data &imilar

to those of3-BF,. Cs5,H45CIsN,P4RN, calcd : C 60.40, H 4.68,

20N 2.71 ; found : C 60.27, H 4.92, N 2.51.

General procedure for the transfer hydrogenation ofpolar
bonds

A schlenk was charged under nitrogen atmosphetie 3viCl

45 (8.0 mg, 0.07 mmol) and sodium isopropoxide (6.3 @7
mmol). Isopropanol (2.5 mL) and ketone or imine7(hmol)
were then added and the reaction mixture was vigglyo
stirred under isopropanol reflux (82 °C). The pexg of the
reaction was monitored b\H NMR. At the appropriate time,

so an aliquot was taken from the reaction mixtureedriip under
vacuum, flushed on a short silica column with CH@b
remove the rhodium complexes, and then analysed'tby
NMR. For the transfer hydrogenation of 3-methyl-Bubne,
the progress the reaction was monitored on crudetuns

ss without any evaporation due to the low boiling poof the
substrate.
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