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ABSTRACT: Reactions of complexes RhH{κ3-P,O,P-[xant(PiPr2)2]} (1) and Rh(Bpin){κ3-P,O,P-[xant(PiPr2)2]} (2; Bpin = pina-
colboryl, xant(PiPr2)2 = 9,9-dimethyl-4,5-bis(diisopropylphosphino)xanthene) with diphenylacetylene have been studied. Complex 
1 reacts with the alkyne to give the E-alkenyl derivative Rh{(E)-C(Ph)=CHPh}{κ3-P,O,P-[xant(PiPr2)2]} (3) as a result of the syn-
addition of the Rh-H bond to the C-C triple bond. In benzene, at room temperature, complex 3 is unstable and slowly evolves into 
its Z-alkenyl isomer Rh{(Z)-C(Ph)=CHPh}{κ3-P,O,P-[xant(PiPr2)2]} (4), which is also unstable and undergoes an alkenyl-to-ortho-
alkenylaryl transformation to afford Rh{C6H4-2-(E-CH=CHPh)}{κ3-P,O,P-[xant(PiPr2)2]} (5). The latter adds HBpin. The resulting 
rhodium(III) species, RhH(Bpin){C6H4-2-(E-CH=CHPh)}{κ3-P,O,P-[xant(PiPr2)2]} (6), eliminates trans-4,4,5,5-tetramethyl-2-(2-
styrylphenyl)-1,3,2-dioxaborolane and regenerates 1, closing a cycle for the hydroboration of the alkyne to the ortho-alkenyl-aryl 
compound. However, this cycle is not catalytic. The direct reaction of the alkyne with the borane in presence of 1 leads to Z,E-
mixtures of PhCH=C(Ph)Bpin. Diphenylacetylene also undergoes syn-addition of the Rh-B bond of 2. The Bpin group accelerates 
the isomerization of the alkenyl ligand. Thus, the resulting E-β-borylalkenyl derivative Rh{(E)-C(Ph)=C(Bpin)Ph}{κ3-P,O,P-
[xant(PiPr2)2]} (7) rapidly evolves into its Z-isomer Rh{(Z)-C(Ph)=C(Bpin)Ph}}{κ3-P,O,P-[xant(PiPr2)2]} (8), which also undergoes 
alkenyl-to-ortho-alkenylaryl transformation to give Rh{C6H4-2-[E-CH=C(Bpin)Ph]}{κ3-P,O,P-[xant(PiPr2)2]} (9). However, in 
contrast to 5, complex 9 is less stable than its precursor 8. 

INTRODUCTION 
9,9-Dimethyl-4,5-bis(diisopropylphosphino)xanthene 

(xant(PiPr2)2) is an ether-diphosphine,1 which has demonstrat-
ed a higher capacity than other related diphosphines, such as 
its diphenyl-counterpart2 xant(PPh2)2 or bis[(2-
diphenylphosphino)phenyl]ether (DPEphos),3 to coordinate κ3-
P,O,P-mer. Because of this notable ability, it can stabilize 
uncommon species as the mer-tris(boryl) derivative 
Ir(Bcat)3{κ

3-P,O,P-[xant(PiPr2)2]} (Bcat = catecholboryl), 
which challenges the concept of trans-influence.4 In spite of 
this marked trend to act as pincer, it is a very valuable ligand 
because of its functional flexibility, which allows it to adapt its 
coordination to the steric and electronic requirements of the 
complexes to be stabilized (Scheme 1). It changes the coordi-
nation from mer to fac to minimize the steric hindrance be-
tween the PiPr2 groups, when the complex is a dimer (a),5 or 
releases the oxygen atom to act as κ2-P,P-bidentate when 
replacing hydride by carbonyl (b).6 The change mer to fac is a 
consequence of the structural flexibility of the xanthene linker. 
In contrast to the latter, the more rigid dibenzofuran prevents 
the change and the formation of the dimer (c).5,7 

 

 

 

 

 

Scheme 1. Structural Flexibility of xant(PiPr2)2 

 

The π-donor ability of the xanthene oxygen atom increases 
the ligand value. Platinum group metal complexes containing 
1-e- donor ligands are almost invariably saturated and resist 



 

Scheme 2. Reactions of 1 and 2 with Bis(alkyl)alkynes 

 
 

becoming unsaturated without the presence of a π-donor co-
ligand or the steric protection of the metal center, as for exam-
ple that provided by three phosphines in square planar rhodi-
um(I) derivatives.8 The π-donor co-ligand partially cancels the 
unsaturated character of the metal center. Thus, the formation 
of the pincer by coordination of the oxygen atom allows 
xant(PiPr2)2 to stabilize square-planar hydride,9 aryl,10 boryl,10a 
and silyl11 complexes of rhodium(I) without the above men-
tioned protection (Chart 1). This, along with the oxygen labil-
ity of the ligand, was revealed as key for developing catalysis 
with these compounds,12 including borylation reactions10a,13 
that have particular interest because of the relevance of C-B 
bonds in organic synthesis.14 

Chart 1. Square-planar Rhodium Complexes Stabilized by 
the xant(PiPr2)2 Ligand 

 
 

Hydride RhH{κ3-P,O,P-[xant(PiPr2)2]} (1) and pinacolboryl 
Rh(Bpin){κ3-P,O,P-[xant(PiPr2)2]} (2) complexes add the Rh-
H and Rh-B bonds to the C-C triple bond of bis(alkyl)alkynes, 
in a syn-manner.13 The formed E-bis(alkyl)-alkenyl derivatives 
evolve into Z-bis(alkyl)-alkenyl counterparts, via four-
coordinate rhodacyclopropene intermediates, resulting from 
the release of the xanthene oxygen and the coordination of the 
alkenyl-Cβ atom.13a The stability of these alkenyl species de-
pends upon the length of the chain attached to the Cα atom. 
Chains longer than methyl undergo Cγ-H bond activation to 
form four-coordinate allyl compounds, bearing a κ2-P,P-
bidentate phosphine (Scheme 2).13b In the presence of 
bis(pinacolato)diboron, the alkenyl-isomerization, the Cγ-H 
bond activation, and the reaction with the diborane are com-
petitive processes. As a consequence, complexes 1 and 2 cata-
lyze borylation reactions to yield products that depend upon 
the alkyl substituent. 2-Butyne selectively affords (Z)-
pinBC(Me)=C(Me)Bpin (eq 1),13a whereas 3-hexyne and 4-

octyne give equimolecular mixtures of conjugated boryldienes 
and borylolefins (Scheme 3). The mixture is generated through 
a catalytic cycle formed by two stoichiometric reactions on the 
alkyne, a dehydrogenative borylation and a hydroborylation, 
in which 1 and 2 collaborate. Complex 2 promotes the dehy-
drogenative borylation to afford 1. The latter is responsible of 
the hydroborylation, which regenerates 2. The end result is the 
addition of the B-B bond of the diborane to different mole-
cules of alkyne and a hydride transfer from one to the other.13b 

 
Scheme 3. Borylation of 3-Hexyne and 4-Octyne 

 
The relevance of the borylation processes to develop com-

pounds bearing B-C bonds and the fascinating behavior of 1 
and 2 with bis(alkyl)alkynes prompted us to study the reac-
tions of both complexes with diphenylacetylene and the be-
havior of the resulting species with HBpin and B2pin2, respec-
tively. This paper shows the influence of a Bpin substituent at 
the Cβ atom of the alkenyl group on the alkenyl-isomerization, 
the stability of the ortho-alkenylaryl compounds resulting of 
alkenyl-to-alkenylaryl transformations, and the reactions of 
the alkenyl and ortho-arylalkenyl complexes with B2pin2 and 
HBpin, respectively. 

RESULTS AND DISCUSSION  
Reactions of 1. The addition of diphenylacetylene to pen-

tane solutions of 1 instantaneously gives the E-alkenyl deriva-
tive Rh{(E)-C(Ph)=CHPh}{κ3-P,O,P-[xant(PiPr2)2]} (3), as a 
result of the syn-addition of the C-C triple bond of the alkyne 



 

into the Rh-H bond (Scheme 4). The reaction was performed 
at room temperature and the product was isolated as a red 
solid in 89% yield. Assignment of the product is strongly 
supported by the 13C{1H} NMR spectrum of the red solid in 
toluene-d8, at 253 K, which shows at 168.4 ppm a doublet of 
triplets with C-Rh and C-P coupling constants of 40.1 and 12.1 
Hz, respectively, corresponding to the alkenyl Cα-atom. The 
31P{1H} NMR spectrum displays a doublet (1JP-Rh = 182.4 Hz) 
at 32.8 ppm, as expected for a mer-coordination of the pincer 
with equivalent PiPr2 groups. 

 

Scheme 4. Stoichiometric Reactions of 1, 3, 4, 5, and 6 
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Complex 3 is unstable in benzene solution and evolves into 
its Z-isomer Rh{(Z)-C(Ph)=CHPh}{κ3-P,O,P-[xant(PiPr2)2]} 
(4), in agreement with that observed for bis(alkyl)alkynes.13 

Noticeable spectroscopic features of the new species are a 
doublet of triplets (1JC-Rh = 42.5 Hz and 2JC-P = 11.8 Hz) at 
168.6 ppm in the 13C{1H} NMR spectrum, due to the alkenyl 
Cα atom, and a doublet (1JP-Rh = 177.6 Hz) at 33.4 ppm in the 
31P{1H} NMR spectrum, corresponding to the pincer. This 
compound is also unstable and undergoes the transformation 
into the functionalized aryl derivative Rh{C6H4-2-(E-
CH=CHPh)}{κ3-P,O,P-[xant(PiPr2)2]} (5) before the alkenyl 
isomerization is finished. After 30 min, at 50 ºC, the 3:4:5 
molar ratio is 31:45:24. As expected for a M-aryl bond strong-
er than a M-alkenyl bond,15 the aryl derivative 5 is the only 
species in solution after 4 h. 

The ortho-alkenylaryl complex 5 was isolated as a red solid 
in 78% yield and characterized by X-ray diffraction analysis. 
The structure has two chemically equivalent but crystallo-
graphically independent molecules in the asymmetric unit. 

Figure 1 shows one of them. The most noticeable molecular 
feature is the E-stereochemistry (trans-diphenyl) at the C-C 
double bond of the aryl substituent, which is consistent with 
the isomerization followed by CH bond activation. In accord-
ance with the mer-coordination of the etherdiphosphine, the 
Rh{xant(PiPr2)2} skeleton is T-shaped with the rhodium atom 
in the common vertex. The geometry around the metal center 
can be rationalized as square-planar with the aryl ligand dis-
posed trans to the phosphine oxygen atom. The Rh(1)-C(1) 
distances of 1.993(8) and 2.007(8) Å lie within the range re-
ported for the scarcely characterized square-planar aryl-
rhodium(I) compounds (1.84-2.10 Å).10,16 In agreement with 
the E-stereochemistry at the C-C double bond of the aryl lig-
and, the 1H NMR spectrum of the obtained red solid, in ben-
zene-d6, at room temperature contains two doublets, at 9.17 
(C(7)H) and 7.52 (C(8)H) ppm, with a characteristic trans H-
H coupling constant of 16.5 Hz. In the 13C{1H} NMR spec-
trum, the resonance due to the metalated aryl carbon atom 
C(1) is observed as a doublet of triplets (1JC-Rh = 42.3 Hz and 
2JC-P = 11.8 Hz) at 168.7 ppm, whereas the signals correspond-
ing to the olefinic C(7) and C(8) atoms appear at 141.4 (3JC-Rh 
= 3.3 Hz) and 122.3 ppm, respectively.17 The 31P{1H} NMR 
spectrum shows a doublet (1JP-Rh = 174.7 Hz) at 36.7 ppm, as 
expected for equivalent PiPr2 groups. 

 

 
Figure 1. Molecular diagram of complex 5 (ellipsoids shown at 
50% probability). All hydrogen atoms (except those of the alkenyl 
group) are omitted for clarity. Selected bond distances (Å) and 
angles (deg) for the two independent molecules in the asymmetric 
unit: Rh(1)-P(1) = 2.244(2), 2.251(2); Rh(1)-P(2) = 2.228(2), 
2.246(2); Rh(1)-O(1) = 2.226(5), 2.218(5); Rh(1)-C(1) = 
1.993(8), 2.007(8); C(7)-C(8) = 1.334(12), 1.339(11); P(1)-Rh(1)-
P(2) = 162.27(6), 161.49(8); P(1)-Rh(1)-O(1) = 82.16(15), 
82.29(15); P(2)-Rh(1)-O(1) = 83.04(15), 82.05(15); O(1)-Rh(1)-
C(1) = 177.3(3), 177.9(3); P(1)-Rh(1)-C(1) = 97.1(2), 99.0(2); 
P(2)-Rh(1)-C(1) = 97.2(2), 96.4(2). 

The transformation of 4 into 5 can be rationalized according 
to Scheme 5; i. e., the process could imply a rhodium-
mediated 1,4-hydrogen shift from the phenyl substituent at-
tached at the alkenyl Cβ atom to the alkenyl Cα atom (a) or 
alternatively a rhodium-mediated 1,3-hydrogen shift from the 
phenyl substituent attached at Cα to Cα (b). The former should 
take place via the five-membered rhodacycle intermediate A, 
whereas the second pathway should proceed through the four-
membered rhodacycle B. 

 



 

Scheme 6. Reaction of 1-d1 with Diphenylacetylene 

 

 

Scheme 5. Plausible Pathways for the Transformation 
from 4 into 5 

 
The reaction of the deuteride complex RhD{κ3-P,O,P-

[xant(PiPr2)2]} (1-d1) with diphenylacetylene was performed in 
order to know the pathway for the formation of 5. The addition 
of 1.0 equiv of the alkyne to both benzene-d6 and benzene 
solutions of 1-d1 selectively led to Rh{C6H4-2-(E-
CD=CHPh)}{κ3-P,O,P-[xant(PiPr2)2]} (5-d1. δD, 9.14; δC(8)H, 
7.53 (s)), containing the deuterium atom at the olefinic C(7) 
position, after 4 h at 50 ºC. In agreement with Scheme 4 the 
transformation took place through the respective isomers 3-d1 
and 4-d1 (Scheme 6). The position of the deuterium atom 
suggests that the formation of 5 from 4 takes place via path-
way a of Scheme 5 by 1,4-hydrogen shift involving oxidative 
addition followed by reductive elimination. 

Ortho-alkenylaryl complexes are rare. Chirik and co-
workers have described the preparation of four-coordinate 
cobalt(I) derivatives by a similar procedure to that summarized 
by Schemes 4 and 5, which involves insertion of diphenyla-
cetylene into Co-R bonds (R = H, CH3) and subsequent 1,3- or 
1,4-hydrogen shift.18 Vicente and co-workers have reported 
the formation of ortho-alkenylaryl-palladium complexes by 
Wittig reaction of ortho-formylaryl-palladium precursors with 
ylides RCH=PPh3 

19 and by oxidative addition of alkenyl 
substituted arylbromides to Pd(dba)2 (dba = dibenzylideneace-
tone).20 Palladium(II) and nickel(II) compounds have been 
prepared by reactions of trans-dihalo-bis(phosphine)-metal 

precursors with 2-vinylphenylmagnesium halides.21 We have 
shown that the treatment of OsCl{(E)-CH=CHPh}(CO)(PiPr3)2  

with phenyllithium produces a phenyl-styryl coupling, which 
leads to an osmium(0)-(trans-stilbene) intermediate. The latter 
experiences aromatic ortho-CH bond activation to finally give 
OsH{C6H4-2-(E-CH=CHPh)}(CO)(PiPr3)2.

22 

Complex 5 reacts with pinacolborane, in benzene, at 60 ºC 
to quantitatively give trans-4,4,5,5-tetramethyl-2-(2-
styrylphenyl)-1,3,2-dioxaborolane (I) and to regenerate the 
monohydride 1.23 The reaction takes place via the hydride-
boryl-rhodium(III) intermediate RhH(Bpin){C6H4-2-(E-
CH=CHPh)}{κ3-P,O,P-[xant(PiPr2)2]} (6), which undergoes 
reductive elimination of the boronic ester. Noticeable spectro-
scopic features of 6 are a broad resonance at -5.99 ppm in the 
1H NMR spectrum, corresponding to the hydride ligand, and a 
doublet at 69.5 ppm in the 31P{1H} NMR spectrum, due to the 
diphosphine, which displays a typical P-Rh(III) coupling con-
stant of 128.7 Hz. 

Scheme 4 shows a cycle for the addition of pinacolborane to 
diphenylacetylene, which affords trans-4,4,5,5-tetramethyl-2-
(2-styrylphenyl)-1,3,2-dioxaborolane. In order to know the 
catalytic feasibility of the process, we performed the direct 
reaction of HBpin with diphenylacetylene, in octane, under 
argon, using 5 mol% of complex 1 as catalyst, and 0.18 M of 
borane and alkyne, in the temperature range 80-120 ºC. Under 
these conditions, the formation of the borylated ortho-alkenyl-
aryl compound was not detected. In contrast, the almost quan-
titative transformation of the reagents (about 90%) into Z:E 
mixtures of PhCH=C(Ph)Bpin was observed, after 24 h. The 
Z:E molar ratio depends upon the reaction temperature, de-
creasing as the temperature increases (eq 2). 

 

These results indicate that the cycle shown in Scheme 4 is 
not catalytic. The catalysis would imply the oxidative addition 
of the H-B bond of the borane to 3 and 4 and the subsequent 
reductive elimination of the borylated olefin from the corre-
sponding hydride-boryl-alkenyl-rhodium(III) intermediates 
related to 6 (C and D in Scheme 7). According to the absence 
of borylated ortho-alkenyl-aryl compound in the catalytic 
mixture, both processes are faster than the formation of 5. 



 

However, they are competitive with the isomerization from 3 
into 4; i. e., the oxidative addition to 3 and 4 and the subse-
quent reductive eliminations have activation energies similar 
to the alkenyl isomerization and lower than the alkenyl-to-
ortho-alkenylaryl transformation. 

 

Scheme 7. Catalytic Cycle for the Hydroboration of Di-
phenylacetylene 

 

Reactions of 2. Diphenylacetylene also undergoes syn-
insertion into the Rh-B bond of 2. The reaction leads to the E-
β-borylalkenyl derivative Rh{(E)-C(Ph)=C(Bpin)Ph}{κ3-
P,O,P-[xant(PiPr2)2]} (7), the boryl counterpart of 3 (Scheme  
8). Nevertheless, complex 7 is much less stable than 3. It was 
only observed and characterized at -20 ºC, in toluene solution. 
At room temperature, the rapid isomerization of the alkenyl 
group takes place, which gives rise to Rh{(Z)-
C(Ph)=C(Bpin)Ph}}{κ3-P,O,P-[xant(PiPr2)2]} (8), the boryl 
counterpart of 4. Like the latter, complex 8 undergoes a 
alkenyl-to-ortho-alkenylaryl transformation, which affords 
Rh{C6H4-2-[E-CH=C(Bpin)Ph]}{κ3-P,O,P-[xant(PiPr2)2]} (9). 
However, in this case the β-borylalkenyl complex 8 is more 
stable than the ortho-alkenylaryl 9. Both compounds form an 
equilibrium mixture, which displays an 8:9 molar ratio of 7:3, 
at room temperature. 

The β-borylalkenyl complex 8 was separated from the mix-
ture as red crystals suitable for X-ray diffraction analysis 
characterization. The structure (Figure 2) proves the disposi-
tion mutually trans of the phenyl groups at the alkenyl C-C 
double bond. The β-borylalkenyl ligand lies trans to the oxy-
gen atom of the diphosphine (C(1)-Rh-O(2) = 169.3(3)º), 
which coordinates mer (P-Rh-P = 163.11(6)º and P-Rh-O(2) = 
81.56(3)º) in a square-planar environment. The Rh-C(1) and 
C(1)-C(8) distances of 2.028(11) and 1.347(13) Å, respective-
ly, compare well with those reported for other rhodium-
alkenyl derivatives.8a,13,24 

Figure 2. Molecular diagram of complex 8 (ellipsoids shown at 
50% probability). All hydrogen atoms are omitted for clarity. 
Selected bond distances (Å) and angles (deg): Rh-P(1) = 
2.2560(12), Rh-O(2) = 2.243(5), Rh-C(1) = 2.028(11), C(1)-C(8) 
= 1.347(13), P(1)-Rh-P(1A) = 163.11(6); P(1)-Rh-O(2) = 
81.56(3), O(2)-Rh-C(1) = 169.3(3), P(1)-Rh-C(1) = 95.3(4). 

The increase of the rate of the alkenyl isomerization, as a 
consequence of the replacement of the CβH-hydrogen atom by 
a Bpin group, appears to be due to an increase of the contribu-
tion of the resonance form Rh+=C(Ph)-C¯(Bpin)Ph to the Rh-
alkenyl bond. The increment of both the nucleophilic power of 
the alkenyl Cβ atom and the double bond character of Rh-Cα 
favor the formation of the rhodacyclopropene intermediate, 
which is the key for the isomerization. The increase of the 
strength of the Rh-Cα bond in 7 and 8, with regard to 3 and 4, 
is strongly supported by the 13C{1H} NMR spectra, which 
show the resonance corresponding to the alkenyl Cα atom at 
191.3 (1JC-Rh = 42.0 Hz and 2JC-P = 8.3 Hz) ppm for 7 and at 
184.8 (1JC-Rh = 41.7 Hz and 2JC-P = 11.2 Hz) ppm for 8, shifted 
by about 23 and by about 16 ppm towards lower field than that 
observed for the respective counterparts. The increase of 
strength of the Rh-Cα bond25 in 8 could be also responsible of 
the inversion of stabilities, in the equilibrium between the 
alkenyl and ortho-alkenylaryl species, which results from the 
H/Bpin replacement. In this context, it should be mentioned 
that is the M-C bond strengths that dominate in the determina-
tion of the position of the hydrocarbon activation equilibria.15 
Interestingly the 1H NMR spectrum of 9 shows the olefinic 
CH resonance at 10.86 ppm. This chemical shift agrees well 
with that of the C(7)H hydrogen atom of 5 and suggests that 
the formation of 9 takes place via 1,3-hydrogen shift (pathway 
b in Scheme 5), in contrast to 5. In agreement with the latter, 
the 13C{1H} NMR spectra displays the resonance due to the  

 

 



 

Scheme 8. Reaction of 2 with Diphenylacetylene 

 
 

metalated carbon atom at 161.4 ppm, as a doublet of triplets 
with C-Rh and C-P coupling constants of 42.0 and 12.7 Hz, 
respectively. As expected for equivalent PiPr2 groups, the three 
boryl derivatives display a doublet between 30 and 35 ppm in 
the respective 31P{1H} NMR spectrum. A broad resonance at 
about 31 ppm in the 11B NMR spectra is also a characteristic 
feature of these compounds. 

The equilibrium mixture of 8 and 9 does not react with 
B2pin2, in contrast to that previously observed for 
Rh{C(alkyl)=C(Bpin)alkyl}{κ3-P,O,P-[xant(PiPr2)2]} com-
plexes.13 As a consequence, complex 2 is not an active catalyst 
for the diboration of diphenylacetylene. 

CONCLUDING REMARKS 

This study shows that diphenylacetylene undergoes syn-
insertion into the Rh-H and Rh-B bonds of RhH{κ3-P,O,P-
[xant(PiPr2)2]} and Rh(Bpin){κ3-P,O,P-[xant(PiPr2)2]} to give 
the respective E-alkenyl derivatives. These species are not 
stable and evolve into their Z-alkenyl isomers, which experi-
ence rhodium-mediated 1,4- or 1,3-hydrogen shift, from a 
phenyl substituent to the alkenyl Cα atom, to reach an equilib-
rium mixture with ortho-alkenylaryl complexes. The compari-
son of these reactions, starting independently of each precur-
sor, and their products reveals that the Bpin group attached at 
the Cβ atom of the alkenyl moiety has a dramatic influence on 
the rate of the alkenyl isomerization and on the alkenyl-to-
ortho-alkenylaryl transformation. Because it increases the 
contribution of the resonance form Rh+=C(Ph)-C¯(Bpin)Ph to 
the Rh-alkenyl bond, it increases the isomerization rate since 
favors the formation of the rhodacyclopropane intermediate, 
which is the key for the process. The increment of the zwitter-
ionic resonance form to the metal-alkenyl bond translates into 
an increase of the Rh-Cα bond strengths, which results in a 
higher stability of the β-borylalkenyl species with regard to its 
ortho-(β-borylalkenyl)aryl counterpart. 

In summary, there are significant differences between β-
borylalkenyl and alkenyl ligands. Therefore, the extrapolation 
of the behavior of one of these classes of transition metal 
complexes into the other one should be made very carefully. 

EXPERIMENTAL SECTION 
General Information. All reactions were carried out with exclu-

sion of air using Schlenk-tube techniques or in a drybox. Instrumental 
methods and X-ray details are given in the Supporting Information. In 
the NMR spectra the chemical shifts (in ppm) are referenced to resid-
ual solvent peaks (1H, 13C{1H}), external 85% H3PO4 (31P{1H}), or 
BF3·OEt2 (11B). Coupling constants J and N are given in hertz. 
RhH{κ3-P,O,P-[xant(PiPr2)2]} (1)9 and Rh(Bpin){κ3-P,O,P-
[xant(PiPr2)2]} (2)10a were prepared by the published methods. 

 

Reaction of RhH{κ3-P,O,P-[xant(PiPr2)2]} (1) with Diphenyla-
cetylene: Preparation of Rh{(E)-C(Ph)=CHPh}{κ3-P,O,P-
[xant(PiPr2)2]} (3). Diphenylacetylene (33 mg, 0.18 mmol) was 
added to a solution of 1 (100 mg, 0.18 mmol) in pentane (5 mL). An 
instantaneous change of color from black to red was observed, and 
immediately, it was concentrated to dryness to afford a red residue. 
This residue was washed with the minimum amount of pentane (3 x 
0.5 mL) to afford a red solid that was dried in vacuo. Yield: 118 mg 
(89%). Anal. calcd. for C41H51OP2Rh: C, 67.95; H, 7.09. Found: C, 
67.58; H, 7.43. HRMS (electrospray, m/z) calcd. for C41H51OP2Rh 
[M]+: 724.2465; found: 723.2455. IR (cm-1): ν(C=C) 1577 (w), 1556 
(w), ν(C-O-C) 1026 (m). 1H NMR (300.13 MHz, C6D6, 298 K): δ 
7.89 (d, 3JH-H = 7.6, 2H, CH Ph), 7.35 (d, 3JH-H = 7.7, 2H, CH Ph), 
7.27 (m, 2H, CH POP), 7.23 (dd, 3JH-H = 7.6, 3JH-H = 7.6, 2H, CH Ph), 
7.13 (dd, 3JH-H = 7.6, 3JH-H = 7.5, 2H, CH Ph), 7.06-7.02 (m, 4H, 1H 
CH Ph + 2H CH POP + 1H =CH), 6.90 (t, 3JH-H = 6.9, 1H, CH Ph), 
6.85 (t, 3JH-H = 7.7, 2H, CH POP), 2.36 (br, 4H, PCH(CH3)2), 1.46-
1.06 (br, 30H, 6H CH3 + 24H PCH(CH3)2). 

13C{1H}-apt NMR 
(100.62 MHz, C7D8, 253 K plus HSQC and HMBC): δ 168.4 (dt, 1JC-

Rh = 40.1, 2JC-P = 12.1, Rh-C=), 157.4 (vt, N = 15.7, C-arom POP), 
152.2 (s, C Ph), 141.2 (d, JC-Rh = 3.9, C Ph), 131.9 (vt, N = 5.3, C-
arom POP), 131.5 (s, CH-arom POP), 129.5, 128.8, 128.6 (both s, CH 
Ph), (s, =CH), 128.5, 127.7 (both s, CH Ph), 127.2 (s, CH-arom POP), 
125.1 (vt, N = 16.0, C-arom POP), 124.4 (s, CH-arom POP), 124.0, 
123.0 (both s, CH Ph), 35.3 (br, C(CH3)2), 34.9 (s, C(CH3)2), 32.9 (br, 
C(CH3)2), 26.1, 24.6 (both br, PCH(CH3)2), 20.0, 19.5, 18.9, 18.1 (all 
br, PCH(CH3)2). 

31P{1H} NMR (121.49 MHz, C6D6, 298 K): δ 32.8 
(d, 1JP-Rh = 182.4). 

 
Spectroscopic Detection of Rh{(Z)-C(Ph)=CHPh}{κ3-P,O,P-

[xant(PiPr2)2]} (4). In an NMR tube, a solution of Rh{(E)-
C(Ph)=CHPh}{κ3-P,O,P-[xant(PiPr2)2]} (3) (20 mg, 0.0027 mmol) in 
C6D6 (0.5 mL) was heated during 30 min at 50 ºC. The 31P{1H} NMR 
spectrum registered after this time shows a mixture of complexes 
3:4:5 in a ratio 31:45:24. 

Selected NMR data of Rh{(Z)-C(Ph)=CHPh}{κ3-P,O,P-
[xant(PiPr2)2]} (4). 1H NMR (500.13 MHz, C6D6, 298 K): δ 9.29 (br, 
2H, CH Ph), 8.35 (dd, JH-H = 8.2, JH-H = 1.5, 2H, CH Ph), 7.46 (m, 
1H, =CH), 7.31-6.82 (m, overlapping with the resonances of 4 and 5, 
12H, Ph and CH-arom POP), 2.23, 2.10 (both m, 2H, PCH(CH3)2), 
1.22 (s, 3H, CH3), 1.18 (m, overlapping, 6H, PCH(CH3)2), 1.17 (s, 
3H, CH3), 1.13 (m, overlapping, 6H, PCH(CH3)2), 1.03 (dvt, 3JH-H = 
7.1, N = 14.8, 6H, PCH(CH3)2), 0.99 (dvt, 3JH-H = 6.2, N = 12.5, 6H, 
PCH(CH3)2). 

13C{1H}-apt NMR (100.62 MHz, C7D8, 253 K plus 
HSQC and HMBC): δ 168.6 (dt, 1JC-Rh = 42.5, 2JC-P = 11.8, Rh-C=), 
156.0 (s, C Ph), 155.6 (vt, N = 14.4, C-arom POP), 144.5 (s, C Ph), 
131.4 (s, CH-arom POP), 130.8 (vt, N = 5.1, C-arom POP), 130.5 (s, 
CH Ph), 130.2 (s, CH Ph), 129.7 (t, 3JC-P = 3.6, =CH), 128.3 (s, CH 
Ph), 127.7 (s, CH Ph), 127.1 (s, CH-arom POP), 125.6 (m, C-arom 
POP), 124.3 (s, CH-arom POP), 123.9, 122.5 (both s, CH Ph), 34.5 (s, 
C(CH3)2), 34.4 (s, C(CH3)2), 32.7 (s, C(CH3)2), 26.0, 25.9 (both m, 
PCH(CH3)2), 18.6, 18.5 (br, PCH(CH3)2), 18.2, 17.6 (s, PCH(CH3)2). 
31P{1H} NMR (161.98 MHz, C6D6, 298 K): δ 33.4 (d, 1JP-Rh = 177.6). 

 
Preparation of Rh{C6H4-2-(E-CH=CHPh)}{κ3-P,O,P-

[xant(PiPr2)2]} (5). A solution of Rh{(E)-C(Ph)=CHPh}{κ3-P,O,P-
[xant(PiPr2)2]} (3, 100 mg, 0.14 mmol) in pentane (5 mL) was heated 



 

during 4 h at 50 ºC. After this time, it was concentrated to dryness to 
afford a red solid. It was washed with the minimum amount of pen-
tane (3 x 0.5 mL) and finally it was dried in vacuo. Yield: 78.4 mg 
(78%). Anal. calcd. for C41H51OP2Rh: C, 67.95; H, 7.09. Found: C, 
67.89; H, 6.73. HRMS (electrospray, m/z) calcd. for C41H51OP2Rh 
[M]+: 724.2465; found 724.2358. IR (cm-1): ν(C=C) 1594 (w), 1565 
(w), ν(C-O-C) 1019 (m). 1H NMR (500.13 MHz, C6D6, 298 K): δ 
9.17 (d, 3JH-H = 16.5, 1H, =C(7)H), 8.20 (dt, 3JH-H = 7.5, 4JH-P = 1.9, 
1H, Rh-Ph), 7.72 (t, 3JH-H = 8.0, 2H, Ph), 7.71 (d, 3JH-H = 7.1, 1H, Rh-
Ph), 7.52 (d, 3JH-H = 16.5, 1H, =C(8)H), 7.20 (m, 2H, CH POP), 7.10 
(m, 3H, Ph), 7.04 (m, 1H, Ph), 7.03 (dd, 3JH-H = 7.7, JH-P = 1.1, 2H, 
CH POP), 6.97 (t, 3JH-H = 7.4, 1H, Ph), 6.83 (t, 3JH-H = 7.6, 2H, CH 
POP), 2.43 (m, 2H, PCH(CH3)2), 2.31 (m, 2H, PCH(CH3)2), 1.29 (s, 
3H, CH3), 1.24 (dvt, 3JH-H = 7.7, N = 15.5, 6H, PCH(CH3)2), 1.15 (dvt, 
3JH-H = 6.8, N = 13.4, 6H, PCH(CH3)2), 1.12 (s, 3H, CH3), 1.12 (dvt, 
3JH-H = 7.6, N = 14.8, 6H, PCH(CH3)2), 1.08 (dvt, 3JH-H = 7.5, N = 
15.8, 6H, PCH(CH3)2). 

13C{1H}-apt NMR (75.48 MHz, C6D6, 298 K 
plus HSQC and HMBC): δ 168.7 (dt, 1JC-Rh = 42.3, 2JC-P = 11.8, Rh-
C), 156.1 (vt, N = 15.7, C-arom POP), 143.2 (t, JC-P = 2.2, C Ph), 
141.4 (d, 3JC-Rh = 3.3, =C(7)H), 140.4 (s, C Ph), 139.6 (t, 3JC-P = 2.6, 
CH Ph), 131.1 (s, CH-arom POP), 130.9 (vt, N = 5.3, C-arom POP), 
128.8 (s, CH-arom POP), 128.7, 126.5, 125.9 (all s, CH Ph), 125.5 
(vt, N = 15.4, C-arom POP), 124.5 (d, 3JC-Rh = 2.8, CH Ph), 124.1 (s, 
CH-arom POP), 123.4 (d, JC-Rh = 1.3, CH Ph), 122.3 (s, =C(8)H), 
119.4 (s, CH Ph), 34.3 (s, C(CH3)2), 34.1 (s, C(CH3)2), 31.4 (s, 
C(CH3)2), 25.7 (dvt, JC-Rh = 2.6, N = 17.9, PCH(CH3)2), 24.7 (dvt, JC-

Rh = 3.3, N = 18.2, PCH(CH3)2), 19.3 (vt, N = 6.9, PCH(CH3)2), 18.8 
(vt, N = 8.7, PCH(CH3)2), 18.4 (vt, N = 4.3, PCH(CH3)2), 17.9 (s, 
PCH(CH3)2). 

31P{1H} NMR (121.50 MHz, C6D6, 298 K): δ 36.7 (d, 
1JP-Rh = 174.7). 

 
Preparation of RhD{κ3-P,O,P-[xant(PiPr2)2]} (1-d1). A solution 

of 1(50 mg, 0.018 mmol) in a mixture of toluene-d8 (1mL) and 2-
propanol-d7 (1 mL) was stirred during 24 h at room temperature. The 
resulting solution was concentrated to dryness to afford a dark solid 
that was dried in vacuo. The 1H NMR spectrum shows that the deuter-
ium incorporation at the hydride position is 85%. Yield: 47 mg (94%). 

 
Reaction of RhD{κ3-P,O,P-[xant(PiPr2)2]} (1-d1) with 

diphenylacetylene. Two NMR tubes were charged with 1-d1 (15 mg, 
0.03 mmol). To the first NMR tube was added 0.5 mL of bencene and 
to the second was added 0.5 mL of bencene-d6. Diphenylacetylene (5 
mg, 0.03 mmol) was added to both samples and they were heated 
during 4 h at 50 ºC. After that time, the 1H and 2H NMR spectra 
showed the presence of 5-d1. The 1H NMR (400 MHz, C6D6, 298 K) 
data were identical to those reported for 5 with the exception of the 
intensity of the signals at 9.17 (0.15H, =CH) and a singlet at 7.53 
ppm. 2H NMR (76.77 MHz, C6H6, 298 K): δ 9.14 (s, =CD). 

 
Reaction of Rh{C6H4-2-(E-CH=CHPh)}{κ3-P,O,P-

[xant(PiPr2)2]} (5) with HBpin. (a) With 1 equiv of HBpin: An NMR 
tube containing a solution of 5 (30 mg, 0.04 mmol) and HBpin (6 µL, 
0.04 mmol) in C6D6 (0.4 mL) was heated at 60 ºC and it was checked 
periodically by 1H and 31P{1H} NMR spectroscopies. After 3 h the 
31P{1H} NMR spectrum shows signals corresponding to 5 (58%), 
Rh(Bpin){κ3-P,O,P-[xant(PiPr2)2]} (2, 3%) and RhH{κ3-P,O,P-
[xant(PiPr2)2]} (1, 40%). (b) With 2 equiv of HBpin: An NMR tube 
containing a solution of 5 (30 mg, 0.04 mmol) and HBpin (12 µL, 
0.08 mmol) in C6D6 (0.4 mL) was heated at 60 ºC and it was checked 
periodically by 1H and 31P{1H} NMR spectroscopies. After 9 h the 
31P{1H} NMR spectrum shows signals corresponding to 5 (4%), 
Rh(Bpin){κ3-P,O,P-[xant(PiPr2)2]} (2, 75%), together with a doublet 
(21%) at 69.5 ppm (1JP-Rh = 128.7) assigned to RhH(Bpin){C6H4-2-
(E-CH=CHPh)}{κ3-P,O,P-[xant(PiPr2)2]} (6). The 1H NMR spectrum 
shows a hydride resonance at -5.99 ppm. After 11 h the 31P{1H} NMR 
spectrum shows the quantitative conversion of 5 into 2. Additionally, 
the formation of a precipitate at the bottom of the NMR tube was 
observed. After removing the solution via cannula, the solid was dried 
in vacuum and dissolved in CDCl3. The 13C{1H} and 11B{1H} NMR 
spectra show peaks that agree with those previously reported for 
trans-4,4,5,5-tetramethyl-2-(2-styrylphenyl)-1,3,2-dioxaborolane.26 

13C{1H}-apt NMR (75.48 MHz, CDCl3, 298 K): δ 143.5, 138.1, 
136.2, 131.2, 130.1, 129.4, 128.8, 127.2, 126.7, 124.6, 83.4, 24.7. 
11B{1H} NMR (96.29 MHz, CDCl3, 298 K): δ 31.2 (s). 

 
Hydroboration of Diphenylacetylene Catalyzed by RhH{κ3-

P,O,P-[xant(PiPr2)2]} (1). In an argon-filled glovebox, Ace pressure 
tubes were charged with 1 (5 mg, 0.009 mmol), HBpin (26.6 µL, 0.18 
mmol), diphenylacetylene (33 mg, 0.18 mmol) and n-octane (1 mL). 
The resulting mixtures were stirred during 24 h at different tempera-
tures to afford mixtures of (Z)- and (E)-2-(1,2-diphenylvinyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (at 80 ºC:  Z:E 53%:37%. At 100 ºC: 
Z:E 35%:52%. At 120 ºC: Z:E 40%:56%). The yield of the reactions 
was determined by 1H NMR by adding 1,2-dichloroethane as an 
internal standard, while the ratio Z:E was determined by gas chroma-
tography. 

Spectroscopic data of (Z)-2-(1,2-diphenylvinyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane:27 1H NMR (400.16 MHz, CDCl3, 
298 K): δ 7.36 (s, 1H, =CH), 7.29-7.27 (m, 1H, CHarom), 7.25-7.20 (m, 
2H, CHarom), 7.17-7.15 (m, 2H, CHarom), 7.11-7.09 (m, 3H, CHarom), 
7.06-7.03 (m, 2H, CHarom), 1.30 (s, 12H, CH3). 

13C{1H}-apt NMR 
(100.63 MHz, CDCl3, 298 K): δ 143.3 (=CH), 140.5, 137.1 (both 
Cipso), 130.1, 128.9, 128.3, 127.9, 127.7, 126.4 (all CHarom), 83.9 
(C(CH3)2), 24.9 (CH3). 

11B NMR (96.29 MHz, CDCl3, 298 K): δ 30.9 
(br). MS: 306 [M+]. 

Spectroscopic data of (E)-2-(1,2-diphenylvinyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane: 1H NMR (400.16 MHz, CDCl3, 298 
K): δ 7.51-7.44 (m, 4H, CHarom), 7.36-7.24 (m, 7H, =CH and CHarom), 
1.29 (s, 12H, CH3). 

13C{1H}-apt NMR (100.63 MHz, CDCl3, 298 K): 
δ 142.7 (Cipso), 140.9 (=CH), 138.9 (Cipso), 128.6, 128.4, 128.2, 127.1, 
127.0, 126.6 (all CHarom), 84.2 (C(CH3)2), 25.0 (CH3). 

11B NMR 
(96.29 MHz, CDCl3, 298 K): δ 30.9 (br). MS: 306 [M+]. 

 
Reaction of Rh(Bpin){κ3-P,O,P-[xant(PiPr2)2]} (2) with Diphe-

nylacetylene a Low Temperature: Spectroscopic Detection of 
Rh{(E)-C(Ph)=C(Bpin)Ph}{κ3-P,O,P-[xant(PiPr2)2]} (7). A screw-
top NMR tube containing a solution of 2 (15 mg, 0.02 mmol) in 
toluene-d8 (0.3 mL) and cooled at -78 ºC  was treated with a solution 
of diphenylacetylene (4 mg, 0.02 mmol) in toluene-d8 (0.2 mL). The 
NMR tube was immediately introduced into an NMR probe cooled at 
-20 ºC. The immediate and quantitative conversion of 2 to Rh{(E)-
C(Ph)=C(Bpin)Ph}{κ3-P,O,P-[xant(PiPr2)2]} (7), together with a 
small amount of Rh{(Z)-C(Ph)=C(Bpin)Ph}{κ3-P,O,P-[xant(PiPr2)2]} 
(8, 7%), was observed by 1H and 31P{1H} NMR spectroscopies. 1H 
NMR (400.13 MHz, C7D8, 253 K): δ 7.59 (d, 3JH-H = 7.6, 2H, CH Ph), 
7.32 (d, 3JH-H = 7.7, 2H, CH Ph), 7.16-7.09 (m, 4H, 2 CH POP + 2CH 
Ph), 6.99-6.95 (m, 4H, 2 CH POP + 2CH Ph), 6.88 (t, 3JH-H = 7.6, 1H, 
CH Ph), 6.86 (t, 3JH-H = 7.6, 2H, CH POP), 6.78 (t, 3JH-H = 7.6, 1H, 
CH Ph), 2.85, 2.22 (both m, 2H, PCH(CH3)2), 1.47 (dvt, 3JH-H = 8.0, N 
= 15.3, 6H, PCH(CH3)2), 1.40 (dvt, 3JH-H = 7.0, N = 14.1, 6H, 
PCH(CH3)2), 1.29 (s, 3H, CH3), 1.21 (s, 12H, CH3 Bpin), 1.16-1.07 
(m, 12H, PCH(CH3)2), 1.00 (s, 3H, CH3). 

13C{1H}-apt NMR 
(100.62MHz, C7D8, 253 K plus HSQC and HMBC): δ 191.3 (dt, 1JC-

Rh = 42.0, 2JC-P = 8.3, Rh-C=), 155.7 (vt, N = 14.4, C-arom POP), 
150.5, 148.9 (both s, C Ph), 132.1 (s, CH Ph), 131.2 (s, CH-arom 
POP), 131.1 (br, C-arom POP), 129.6, 128.8, 127.5, 127.2 (all s, CH 
Ph), 126.5 (s, CH-arom POP), 124.8 (vt, N = 15.4, C-arom POP), 
124.0 (s, CH Ph), 123.2 (s, CH-arom POP), 82.2 (s, C Bpin), 35.1 (s, 
C(CH3)2), 34.3 (s, C(CH3)2), 30.4 (s, C(CH3)2), 25.8 (br, PCH(CH3)2), 
25.5 (s, CH3 Bpin), 25.8 (br, PCH(CH3)2), 19.7, 18.5, 18.0 (all br, 
PCH(CH3)2). 

31P{1H} NMR (161.98 MHz, C7D8, 253 K): δ 30.4 (d, 
1JP-Rh = 189.8). 11B NMR (128.38 MHz, C7D8, 253 K): 30.7 (br). 

 
Reaction of Rh(Bpin){κ3-P,O,P-[xant(PiPr2)2]} (2) with Diphe-

nylacetylene at Room Temperature: Formation of Rh{(Z)-
C(Ph)=C(Bpin)Ph}{κ3-P,O,P-[xant(PiPr2)2]} (8) and Rh{C6H4-2-
[E-CH=C(Bpin)Ph]}{κ3-P,O,P-[xant(PiPr2)2]} (9): Diphenylacety-
lene (27 mg, 0.15 mmol) was added to a solution of 2 (100 mg, 0.15 
mmol) in pentane (5 mL) at room temperature. An instantaneous 
change of the color of the solution from black to red was observed. 
Immediately, it was concentrated to dryness to afford a red residue. 
This residue was washed with the minimum amount of pentane (3 x 



 

0.5 mL) to afford a red solid that was dried in vacuo. Yield: 102 mg 
(80%). The 31P{1H} NMR spectrum shows a mixture of complexes 
8:9 in a ratio 70:30. HRMS (electrospray, m/z) calcd. for 
C47H62BO3P2Rh [M-H]+: 849.3247; found 849.3270. IR (cm-1): 
ν(C=C) 1586 (w), 1513 (w),  ν(C-O-C) 1141 (m). 

Spectroscopic data for Rh{(Z)-C(Ph)=C(Bpin)Ph}{κ3-P,O,P-
[xant(PiPr2)2]} (8): 1H NMR (500.12 MHz, C6D6, 298 K): δ 9.26 (d, 
JH-H = 7.7, 2H, CH Ph), 7.94 (d, JH-H = 7.5, 2H, CH Ph), 7.35 (dd, JH-H 
= 7.1, JH-H = 7.5, 2H, CH Ph), 7.26 (dd, JH-H = 7.1, JH-H = 7.7, 2H, CH 
Ph), 7.24-7.02 (m, 4H, 2H CH Ph +2 CH POP), 6.99 (dd, 3JH-H = 7.7, 
JH-P = 1.5, 2H, CH POP), 6.80 (t, 3JH-H = 7.6, 2H, CH POP), 2.06 (m, 
4H, PCH(CH3)2), 1.22-1.16 (m, 18H, 12H PCH(CH3)2 + 6H CH3), 
1.09 (s, 12H, Bpin), 1.06-1.02 (m, 12H, PCH(CH3)2). 

13C{1H}-apt 
NMR (75.48 MHz, C6D6, 298 K plus HSQC and HMBC): δ 184.8 (dt, 
1JC-Rh = 41.7, 2JC-P = 11.2, Rh-C=), 155.9 (s, C Ph), 155.2 (vt, N = 
13.2, C-arom POP), 147.3 (s, C Ph), 131.1 (s, CH-arom POP), 131.0 
(vt, N = 4.9, C-arom POP), 129.5 (s, CH Ph), 127.6 (s, CH Ph), 127.0 
(s, CH Ph), 126.3 (s, CH Ph), 124.6 (vt, N = 17.7, C-arom POP), 
123.7 (s, CH-arom POP), 123.4 (s, CH Ph), 81.9 (s, C Bpin), 34.0 (s, 
C(CH3)2), 33.8 (s, C(CH3)2), 31.8 (s, C(CH3)2), 25.4 (s, CH3 Bpin), 
25.1 (m, PCH(CH3)2), 19.9 (vt, N = 7.3, PCH(CH3)2), 19.1 (vt, N = 
8.8, PCH(CH3)2), 17.7, 17.1 (both s, PCH(CH3)2). 

31P{1H} NMR 
(121.49 MHz, C6D6, 298 K): δ 31.6 (d, 1JP-Rh = 183.7). 11B NMR 
(128.38 MHz, C7D8, 253 K): 31.0 (br). 

Spectroscopic data for Rh{C6H4-2-[E-CH=C(Bpin)Ph]}{κ3-P,O,P-
[xant(PiPr2)2]} (9). 1H NMR (500.12 MHz, C6D6, 298 K): δ 10.86 (s, 
1H, =CH), 8.41 (d, JH-H = 6.8, 1H, CH Ph), 7.72 (d, JH-H = 7.2, 1H, 
CH Ph), 7.24-7.02 (m, 11H, 7 CH Ph + 4 CH POP), 6.85 (t, 3JH-H = 
7.6, 2H, CH POP), 2.59 (m, 2H, PCH(CH3)2), 2.35 (m, 2H, 
PCH(CH3)2), 1.39 (s, 3H, CH3), 1.28 (dvt, 3JH-H = 7.7, N = 15.7, 6H, 
PCH(CH3)2), 1.22-1.16 (m, 18H,  6H PCH(CH3)2 + 12H Bpin), 1.10 
(s, 3H, CH3), 1.06-1.02 (m, 6H, PCH(CH3)2), 0.88 (dvt, 3JH-H = 7.8, N 
= 15.2, 6H, PCH(CH3)2). 

13C{1H}-apt NMR (75.48 MHz, C6D6, 298 
K plus HSQC and HMBC): δ 161.4 (dt, 1JC-Rh = 42.0, 2JC-P = 12.7, 
Rh-C), 157.4 (vt, N = 16.8, C-arom POP), 147.0 (s, C Ph), 142.6 (s, C 
Ph), 139.8 (s, CH Ph), 136.9 (s, =CH), 132.0 (vt, N = 4.7, C-arom 
POP), 131.1 (s, CH-arom POP), 130.8 (s, CH Ph), 129.1 (s, CH Ph), 
127.6 (s, CH-arom POP), 127.0 (s, CH Ph), 126.4 (s, CH Ph), 126.1 
(br, C-arom POP), 125.8 (s, CH Ph), 124.3 (s, CH Ph), 123.7 (s, CH-
arom POP), 118.7 (s, CH Ph), 83.3 (s, C Bpin), 34.9 (s, C(CH3)2), 
34.6 (s, C(CH3)2), 26.4 (s, C(CH3)2), 25.9 (vt, N = 17.0, PCH(CH3)2), 
25.5 (s, CH3 Bpin), 24.5 (m, PCH(CH3)2), 19.3 (vt, N = 6.9, 
PCH(CH3)2), 18.6 (vt, N = 8.5, PCH(CH3)2), 18.5 (vt, N = 10.8, 
PCH(CH3)2), 17.9 (s, PCH(CH3)2). 

31P{1H} NMR (121.49 MHz, 
C6D6, 298 K): δ 34.2 (d, 1JP-Rh = 187.6). 11B NMR (128.38 MHz, 
C7D8, 253 K): 31.0 (br). 

ASSOCIATED CONTENT  
Supporting Information. The Supporting Information is availa-
ble free of charge on the ACS Publications web site.. 
 

General information, crystallographic data, and NMR 
spectra (PDF) 

 
Accession codes 
CCDC 1943084 and 1943085 contain the crystallographic data for 
this paper. These data can be obtained free of charge via 
www.ccdc.cam.ac.uk/data_request/cif, or by e-mailing da-
ta_request@ccdc.cam.ac.uk, or by contacting The Cambridge 
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 
1EZ, UK; fax: +44 1223 336033 

AUTHOR INFORMATION 

Corresponding Author 

* maester@unizar.es 
  
Notes 
The authors declare no competing financial interest. 

ACKNOWLEDGMENT  
Financial support from the MINECO of Spain (Project CTQ2017-
82935-P (AEI/FEDER, UE)), Gobierno de Aragón (Group 
E06_17R and project LMP148_18), FEDER, and the European 
Social Fund is acknowledged.  

REFERENCES 
(1) (a) Asensio, G.; Cuenca, A. B.; Esteruelas, M. A.; Medio-

Simón, M.; Oliván, M.; Valencia, M. Osmium(III) Complexes with 
POP Pincer Ligands: Preparation from Commercially Available 
OsCl3·3H2O and Their X-ray Structures. Inorg. Chem. 2010, 49, 
8665-8667. (b) Alós, J.; Bolaño, T.; Esteruelas, M. A.; Oliván, M.; 
Oñate, E.; Valencia, M. POP-Pincer Osmium-Polyhydrides: Head-to-
Head (Z)‑Dimerization of Terminal Alkynes. Inorg. Chem. 2013, 52, 
6199-6213. (c) Haibach, M. C.; Wang, D. Y.; Emge, T. J.; Krogh-
Jespersen, K.; Goldman, A. S. (POP)Rh pincer hydride complexes: 
unusual reactivity and selectivity in oxidative addition and olefin 
insertion reactions. Chem. Sci. 2013, 4, 3683-3692. (d) Alós, J.; 
Bolaño, T.; Esteruelas, M. A.; Oliván, M.; Oñate, E.; Valencia, M. 
POP-Pincer Ruthenium Complexes: d6 Counterparts of Osmium d4 
Species. Inorg. Chem. 2014, 53, 1195-1209. (e) Alós, J.; Esteruelas, 
M. A.; Oliván, M.; Oñate, E.; Puylaert, P. C-H Bond Activation 
Reactions in Ketones and Aldehydes Promoted by POP-Pincer Osmi-
um and Ruthenium Complexes. Organometallics 2015, 34, 4908-
4921. (f) Esteruelas, M. A.; Fernández, I.; García-Yebra, C.; Martín, 
J.; Oñate, E. Elongated σ‑Borane versus σ‑Borane in Pincer-POP-
Osmium Complexes. Organometallics 2017, 36, 2298-2307. (g) 
Esteruelas, M. A.; García-Yebra, C.; Martín, J.; Oñate, E. Dehydro-
genation of Formic Acid Promoted by a Trihydride-Hydroxo-
Osmium(IV) Complex: Kinetics and Mechanism. ACS Catal. 2018, 8, 
11314-11323. (h) Adams, G. M.; Colebatch, A. L.; Skornia, J. T.; 
McKay, A. I.; Johnson, H. C.; Lloyd-Jones, G. C.; Macgregor, S. A.; 
Beattie, N. A.; Weller, A. S. Dehydropolymerization of H3B·NMeH2 
To Form Polyaminoboranes Using [Rh(Xantphos-alkyl)] Catalysts. J. 
Am. Chem. Soc. 2018, 140, 1481-1495. (i) Esteruelas, M. A.; Fer-
nández, I.; García-Yebra, C.; Martín, J.; Oñate, E. Cycloosmathiobo-
rane Compounds: Other Manifestations of the Hückel Aromaticity. 
Inorg. Chem. 2019, 58, 2265-2269.  

(2) See for example: (a) van der Veen, L. A.; Keeven, P. H.; 
Schoemaker, G. C.; Reek, J. N. H.; Kamer, P. C. J.; van Leeuwen, P. 
W. N. M.; Lutz, M.; Spek, A. L. Origin of the Bite Angle Effect on 
Rhodium Diphosphine Catalyzed Hydroformylation. Organometallics 
2000, 19, 872-883. (b) Moxham, G. L.; Randell-Sly, H. E.; Brayshaw, 
S. K.; Woodward, R. L.; Weller, A. S.; Willis, M. C. A Second-
Generation Catalyst for Intermolecular Hydroacylation of Alkenes 
and Alkynes Using β-S-Substituted Aldehydes: The Role of a 
Hemilabile P-O-P Ligand. Angew. Chem. Int. Ed. 2006, 45, 7618-
7622. (c) Ledger, A. E. W.; Mahon, M. F.; Whittlesey, M. K.; Wil-
liams, J. M. J. [Ru(NHC)(xantphos)(CO)H2] complexes: intramolecu-
lar C-H activation and applications in C-C bond formation. Dalton 
Trans. 2009, 6941-6947. (d) Williams, G. L.; Parks, C. M.; Smith, C. 
R.; Adams, H.; Haynes, A.; Meijer, A. J. H. M.; Sunley, G. J.; 
Gaemers, S. Mechanistic Study of Rhodium/xantphos-Catalyzed 
Methanol Carbonylation. Organometallics 2011, 30, 6166-6179. (e) 
Dallanegra, R.; Chaplin, A. B.; Weller, A. S. Rhodium Cyclopentyl 
Phosphine Complexes of Wide-Bite-Angle Ligands DPEphos and 
Xantphos. Organometallics 2012, 31, 2720-2728. (f) Johnson, H. C.; 
McMullin, C. L.; Pike, S. D.; Macgregor, S. A.; Weller, A. S. Dehy-
drogenative Boron Homocoupling of an Amine-Borane. Angew. 
Chem. Int. Ed. 2013, 52, 9776-9780. (g) Johnson, H. C.; Leitao, E. 
M.; Whittell, G. R.; Manners, I.; Lloyd-Jones, G. C.; Weller, A. S. 
Mechanistic Studies of the Dehydrocoupling and Dehydropolymeriza-
tion of Amine-Boranes Using a [Rh(Xantphos)]+ Catalyst. J. Am. 
Chem. Soc. 2014, 136, 9078-9093. (h) Heather C. Johnson, H. C.; 
Torry-Harris, R.; Ortega, L.; Theron, R.; McIndoe, J. S.; Weller, A. S. 
Exploring the mechanism of the hydroboration of alkenes by amine-
boranes catalysed by [Rh(xantphos)]+. Catal. Sci. Technol. 2014, 4, 
3486-3494. (i) Karmel, C.; Li, B.; Hartwig, J. F. Rhodium-Catalyzed 
Regioselective Silylation of Alkyl C-H Bonds for the Synthesis of 



 

1,4-Diols. J. Am. Chem. Soc. 2018, 140, 1460-1470. (j) van Leeuwen, 
P. W. N. M.; Kamer, P. C. J. Featuring Xantphos Catal. Sci. Technol. 
2018, 8, 26-113. (k) Adams, G. M.; Weller, A. S. POP-type ligands: 
Variable coordination and hemilabile behavior. Coord. Chem. Rev. 
2018, 355, 150-172. 

(3) See for example: (a) Moxham, G. L.; Randell-Sly, H.; Bray-
shaw, S. K.; Weller, A. S.; Willis, M. C. Intermolecular Alkene and 
Alkyne Hydroacylation with β-S-Substituted Aldehydes: Mechanistic 
Insight into the Role of a Hemilabile P-O-P Ligand. Chem. Eur. J. 
2008, 14, 8383-8397. (b) Baumann, W.; Spannenberg, A.; Pfeffer, J.; 
Haas, T.; Köckritz, A.; Martin, A.; Deutsch, J. Utilization of Common 
Ligands for the Ruthenium-Catalyzed Amination of Alcohols. Chem. 
Eur. J. 2013, 19, 17702-17706. (c) Ensign, S. C.; Vanable, E. P.; 
Kortman, G. D.; Weir, L. J.; Hull, K. L. Anti-Markovnikov Hydroam-
ination of Homoallylic Amines. J. Am. Chem. Soc. 2015, 137, 13748-
13751. (d) Stevens, T. E.; Smoll, K. A.; Goldberg, K. I. Direct For-
mation of Carbon(sp3)-Heteroatom Bonds from RhIII To Produce 
Methyl Iodide, Thioethers, and Alkylamines. J. Am. Chem. Soc. 2017, 
139, 7725-7728. (e) Barwick-Silk, J.; Hardy, S.; Willis, M. C.; 
Weller, A. S. Rh(DPEPhos)-Catalyzed Alkyne Hydroacylation Using 
β‑Carbonyl-Substituted Aldehydes: Mechanistic Insight Leads to 
Low Catalyst Loadings that Enables Selective Catalysis on Gram-
Scale. J. Am. Chem. Soc. 2018, 140, 7347-7357. (f) Adams, G. M.; 
Ryan, D. E.; Beattie, N. A.; McKay, A. I.; Lloyd-Jones, G. C.; Weller, 
A. S. Dehydropolymerization of H3B·NMeH2 Using a 
[Rh(DPEphos)]+ Catalyst: The Promoting Effect of NMeH2. ACS 
Catal. 2019, 9, 3657-3666.  

(4) Two ligands with a strong trans influence destabilize the com-
plexes when they are situated mutually trans and boryl groups are 
among the strongest trans influence ligands. See: Esteruelas, M. A.; 
Fernández, I.; Martínez, A.; Oliván, M.; Oñate, E.; Vélez, A. Iridium-
Promoted B-B Bond Activation: Preparation and X‑ray Diffraction 
Analysis of a mer-Tris(boryl) Complex. Inorg. Chem. 2019, 58, 4712-
4717. 

(5) Esteruelas, M. A.; García-Yebra, C.; Martín, J.; Oñate, E. mer, 
fac, and Bidentate Coordination of an Alkyl-POP Ligand in the 
Chemistry of Nonclassical Osmium Hydrides. Inorg. Chem. 2017, 56, 
676-683. 

(6) Antiñolo, A.; Esteruelas, M. A.; García-Yebra, C.; Martín, J.; 
Oñate, E.; Ramos, A. Reactions of an Osmium(IV)-Hydroxo Com-
plex with Amino-Boranes: Formation of Boroxide Derivatives. Or-
ganometallics 2019, 38, 310-318. 

(7) Esteruelas, M. A.; Honczek, N.; Oliván, M.; Oñate, E.; Valen-
cia, M. Direct Access to POP-Type Osmium(II) and Osmium(IV) 
Complexes: Osmium a Promising Alternative to Ruthenium for the 
Synthesis of Imines from Alcohols and Amines. Organometallics 
2011, 30, 2468-2471. 

(8) See for example: (a) Braun, T.; Noveski, D.; Neumann, B.; 
Stammler, H.-G. Conversion of Hexafluoropropene into 1,1,1-
Trifluoropropane by Rhodium-Mediated C-F Activation. Angew. 
Chem. Int. Ed. 2002, 41, 2745-2748. (b) Goikhman, R.; Aizenberg, 
M.; Ben-David, Y.; Shimon, L. J. W.; Milstein, D. New Tridentate 
Phosphine Rhodium and Iridium Complexes, Including a Stable 
Rhodium(I) Silyl. Si-S Activation and a Strong Effect of X in 
(PP2)M-X (X = H, Cl, Me) on Si-H Activation. Organometallics 
2002, 21, 5060-5065. (c) Esteruelas, M. A.; Herrero, J.; Oliván, M. 
Dehalogenation of Hexachlorocyclohexanes and Simultaneous Chlo-
rination of Triethylsilane Catalyzed by Rhodium and Ruthenium 
Complexes. Organometallics 2004, 23, 3891-3897. (d) Douglas, S.; 
Lowe, J. P.; Mahon, M. F.; Warren, J. E.; Whittlesey, M. K. Synthesis 
and structural characterization of rhodium hydride complexes bearing 
N-heterocyclic carbene ligands. J. Organomet. Chem. 2005, 690, 
5027-5035. (e) Teltewskoi, M.; Panetier, J. A.; Macgregor, S. A.; 
Braun, T. A Highly Reactive Rhodium(I)-Boryl Complex as a Useful 
Tool for C-H Bond Activation and Catalytic C-F Bond Borylation. 
Angew. Chem. Int. Ed. 2010, 49, 3947-3951. (f) Shaw, B. K.; Patrick, 
B. O.; Fryzuk, M. D. Thermal Rearrangement via P-C Bond Cleavage 
of a Tridentate Diphosphine-N-Heterocyclic Carbene Ligand System 
Coordinated to Rhodium. Organometallics 2012, 31, 783-786. (g) 
Raza, A. L.; Panetier, J. A.; Teltewskoi, M.; Macgregor, S. A.; Braun, 

T. Rhodium(I) Silyl Complexes for C-F Bond Activation Reactions of 
Aromatic Compounds: Experimental and Computational Studies. 
Organometallics 2013, 32, 3795-3807. (h) Teltewskoi, M.; Kalläne, 
S. I.; Braun, T.; Herrmann, R. Synthesis of Rhodium(I) Boryl Com-
plexes: Catalytic N-H Activation of Anilines and Ammonia. Eur. J. 
Inorg. Chem. 2013, 2013, 5762-5768. (i) Kalläne, S. I.; Braun, T. 
Catalytic Borylation of SCF3-Functionalized Arenes by Rhodium(I) 
Boryl Complexes: Regioselective C-H Activation at the ortho-
Position. Angew. Chem. Int. Ed. 2014, 53, 9311-9315. (j) Kalläne, S. 
I.; Teltewskoi, M.; Braun, T.; Braun, B. C-H and C-F Bond Activa-
tions at a Rhodium(I) Boryl Complex: Reaction Steps for the Catalyt-
ic Borylation of Fluorinated Aromatics. Organometallics 2015, 34, 
1156-1169. (k) Perea-Buceta, J. E.; Fernández, I.; Heikkinen, S.; 
Axenov, K.; King, A. W. T.; Niemi, T.; Nieger, M.; Leskelä, M.; 
Repo, T. Diverting Hydrogenations with Wilkinson’s Catalyst to-
wards Highly Reactive Rhodium(I) Species. Angew. Chem. Int. Ed. 
2015, 54, 14321-14325. 

(9) Esteruelas, M. A.; Oliván, M.; Vélez, A. Xantphos-Type Com-
plexes of Group 9: Rhodium versus Iridium. Inorg. Chem. 2013, 52, 
5339-5349. 

(10) (a) Esteruelas, M. A.; Oliván, M.; Vélez, A. POP-Rhodium-
Promoted C-H and B-H Bond Activation and C-B Bond Formation. 
Organometallics 2015, 34, 1911-1924. (b) Esteruelas, M. A.; Oliván, 
M.; Vélez, A. Conclusive Evidence on the Mechanism of the Rhodi-
um-Mediated Decyanative Borylation. J. Am. Chem. Soc. 2015, 137, 
12321-12329. (c) Curto, S. G.; Esteruelas, M. A.; Oliván, M.; Oñate, 
E.; Vélez, A. Selective C-Cl Bond Oxidative Addition of Chloroa-
renes to a POP-Rhodium Complex. Organometallics 2017, 36, 114-
128. 

(11) Esteruelas, M. A.; Oliván, M.; Vélez, A. POP-Pincer Silyl 
Complexes of Group 9: Rhodium versus Iridium. Inorg. Chem. 2013, 
52, 12108-12119. 

(12) Esteruelas, M. A.; Nolis, P.; Oliván, M.; Oñate, E.; Vallribera, 
A.; Vélez, A. Ammonia Borane Dehydrogenation Promoted by a 
Pincer-Square-Planar Rhodium(I) Monohydride: A Stepwise Hydro-
gen Transfer from the Substrate to the Catalyst. Inorg. Chem. 2016, 
55, 7176-7181. 

(13) (a) Curto, S. G.; Esteruelas, M. A.; Oliván, M.; Oñate, E.; 
Vélez, A. β‑Borylalkenyl Z-E Isomerization in Rhodium-Mediated 
Diboration of Nonfunctionalized Internal Alkynes. Organometallics 
2018, 37, 1970-1978. (b) Curto, S. G.; Esteruelas, M. A.; Oliván, M.; 
Oñate, E. Rhodium-Mediated Dehydrogenative Borylation-
Hydroborylation of Bis(alkyl)alkynes: Intermediates and Mechanism. 
Organometallics 2019, 38, 2062-2074. 

(14) (a) Miyaura, N. Metal-Catalyzed Reactions of Organoboronic 
Acids and Esters. Bull. Chem. Soc. Jpn. 2008, 81, 1535-1553. (b) 
Takaya, J.; Iwasawa, N. Catalytic, Direct Synthesis of Bis(boronate) 
Compounds. ACS Catal. 2012, 2, 1993-2006. (c) Yoshida, H. Boryla-
tion of Alkynes under Base/Coinage Metal Catalysis: Some Recent 
Developments ACS Catal. 2016, 6, 1799-1811. (d) Obligacion, J. V.; 
Chirik, P. J. Earth-Abundant Transition Metal Catalysts for Alkene 
Hydrosilylation and Hydroboration: Opportunities and Assessments. 
Nat. Rev. Chem. 2018, 2, 15-34. (e) Carreras, J.; Caballero, A.; J. 
Pérez, P. J. Alkenyl Boronates: Synthesis and Applications. Chem. 
Asian J. 2019, 14, 329-343. 

(15) (a) Jones, W. D.; Feher, F. J. Comparative Reactivities of Hy-
drocarbon C-H Bonds with a Transition-Metal Complex. Acc. Chem. 
Res. 1989, 22, 91-100. (b) Esteruelas, M. A.; Oliván, M. C-H Activa-
tion Coupling Reactions, in Applied Homogeneous Catalysis with 
Organometallic Compounds: A Comprehensive Handbook in Four 
Volumes 3rd Edition (B. Cornils, W. A. Herrmann, M. Beller, R. 
Paciello, Eds), Wiley, 2017, chapter 23, 1307-1332. 

(16) (a) Darensbourg, D. J.; Grötsch, G.; Wiegreffe, P.; Rheingold, 
A. L. Insertion Reactions of Carbon Dioxide with Square-Planar 
Rhodium Alkyl and Aryl Complexes. Inorg. Chem. 1987, 26, 3827-
3830. (b) Boyd, S. E.; Field, L. D.; Hambley, T. W.; Partridge, M. G. 
Synthesis and Characterization of Rh(P(CH3)3)2(CO)CH3 and 
Rh(P(CH3)3)2(CO)Ph. Organometallics 1993, 12, 1720-1724. (c) 
Krug, C.; Hartwig, J. F. Direct Observation of Aldehyde Insertion into 
Rhodium-Aryl and -Alkoxide Complexes. J. Am. Chem. Soc. 2002, 
124, 1674-1679. (d) Krug, C.; Hartwig, J. F. Imine Insertion into a 



 

Late Metal-Carbon Bond To Form a Stable Amido Complex. J. Am. 
Chem. Soc. 2004, 126, 2694-2695. (e) Macgregor, S. A.; Roe, D. C.; 
Marshall, W. J.; Bloch, K. M.; Bakhmutov, V. I.; Grushin, V. V. The 
F/Ph Rearrangement Reaction of [(Ph3P)3RhF], the Fluoride Congener 
of Wilkinson’s Catalyst. J. Am. Chem. Soc. 2005, 127, 15304-15321. 
(f) Sun, Z.-M.; Zhao, P. Rhodium-Mediated Decarboxylative Conju-
gate Addition of Fluorinated Benzoic Acids: Stoichiometric and 
Catalytic Transformations. Angew. Chem., Int. Ed. 2009, 48, 6726-
6730. (g) Truscott, B. J.; Fortman, G. C.; Slawin, A. M. Z.; Nolan, S. 
P. Well-defined [Rh(NHC)(OH)] complexes enabling the conjugate 
addition of arylboronic acids to α,β-unsaturated ketones. Org. Biomol. 
Chem. 2011, 9, 7038-7041. 

(17) The olefic C-H resonances in the 1H and 13C{1H} NMR spec-
tra were assigned based on the 1H,13C-HSQC NMR spectrum. The 
chemical shifts are in agreement with those previously reported for 
other transition metal complexes containing ortho-alkenylaryl ligands. 
See references 18-22. 

(18) Semproni, S. P.; Milsmann, C.; Chirik, P. J. Four-Coordinate 
Cobalt Pincer Complexes: Electronic Structure Studies and Ligand 
Modification by Homolytic and Heterolytic Pathways. J. Am. Chem. 
Soc. 2014, 136, 9211-9224. 

(19) (a) Vicente, J.; Abad, J.-A.; Bergs, R.; Jones, P. G.; Bautista, 
D. The First Ligand-assisted Stereoselective Wittig Reactions. Syn-
thesis and Crystal Structure of the 3-Palladaindan-1-one, 
[Pd{C6H[C(O)CH2]-6-(OMe)3-2,3,4}(Me2NCH2CH2NMe2)]. J. 
Chem. Soc., Dalton Trans. 1995, 3093-3095. (b) Vicente, J.; Abad, J.-
A.; Bergs, R.; Ramirez de Arellano, M. C.; Martínez-Viviente, E.; 
Jones, P. G. Palladium-Assisted Formation of Carbon-Carbon Bonds. 
9. Synthesis of (2-Alkenylaryl)- and Indenylpalladium Complexes. 
Organometallics 2000, 19, 5597-5607. 

(20) (a) Vicente, J.; Abad, J.-A.; Martínez-Viviente, E.; Ramírez de 
Arellano, M. C.; Jones, P. G. Synthesis of Palladium Complexes with 
ortho-Functionalized Aryl Ligands. Organometallics 2000, 19, 752-
760. (b) Fernández-Rodríguez, M.-J.; Martínez-Viviente, E.; Vicente, 
J.; Jones, P. G. Mono- and Dipalladated Derivatives of 2,5-
Distyrylbenzene. Reactivity toward XyNC and Alkynes. Synthesis of 
Complexes with Indacenediide Ligands. Organometallics 2015, 34, 
2240-2254. 

(21) Miller, R. G.; Stauffer, R. D.; Fahey, D. R.; Parnell, D. R. 
Alkenylaryl Compounds of Nickel(II) and Palladium(II). Influence of 
the Transition Metal on Ligand Proton Chemical Shifts. J. Am. Chem. 
Soc. 1970, 92, 1511-1521. 

(22) Esteruelas, M. A.; Lahoz, F. J.; Oñate, E.; Oro, L. A.; Sola, E. 
Carbon-Carbon Coupling and Carbon-Hydrogen Activation Reactions 
in Bis(triisopropylphosphine)osmium Complexes. J. Am. Chem. Soc. 
1996, 118, 89-99. 

(23) Complexes 1 and 2 were spectroscopically observed during 
the process since the rates of the reactions of 5 and 1 with HBpin are 
comparable. 

(24) See for example: (a) Itazaki, M.; Yoda, C.; Nishihara, Y.; 
Osakada, K. C-C and C-H Bond Activation of Dialkylmethylenecy-
clopropane Promoted by Rhodium and Iridium Complexes. Prepara-
tion and Structures of M(η1:η2-CH2CR2CH=CH2)(CO)(PPh3)2 and 
trans-M(CH=CHCMeR2)(CO)(PPh3)2 (M = Rh, Ir, R = CH2CH2Ph). 
Organometallics 2004, 23, 5402-5409. (b) Kumazawa, S.; Rodriguez 
Castanon, J.; Onishi, N.; Kuwata, K.; Shiotsuki, M.; Sanda, F. Char-
acterization of the Polymerization Catalyst [(2,5-
norbornadiene)Rh{C(Ph)=CPh2}(PPh3)] and Identification of the End 
Structures of Poly(phenylacetylenes) Obtained by Polymerization 
Using This Catalyst. Organometallics 2012, 31, 6834-6842. (c) On-
ishi, N.; Shiotsuki, M.; Masuda, T.; Sano, N.; Sanda, F. Polymeriza-
tion of Phenylacetylenes Using Rhodium Catalysts Coordinated by 
Norbornadiene Linked to a Phosphino or Amino Group. Organome-
tallics 2013, 32, 846-853. 

(25) The intensification of the contribution of the zwitterionic res-
onance form to the alkenyl structure increases the strength of the M-C 
bond due to the increase of the double bond character. 

(26) Fyfe, J. W. B.; Seath, C. P.; Watson, A. J. B. Chemoselective 
Boronic Ester Synthesis by Controlled Speciation. Angew. Chem. Int. 
Ed. 2014, 53, 12077-12080. 

(27) Kim, H. R.; Yun, J. Highly regio- and stereoselective synthe-
sis of alkenylboronic esters by copper-catalyzed boron additions to 
disubstituted alkynes. Chem. Commun. 2011, 47, 2943-2945.  

 

 



 

 

11

 

 


