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Reactivity of Ruthenium Allenylidene Complexes with Hydrazines:
Formation of Acrylonitrile Complexes

Cai,Tao  Yang,Yu  Zhang,Li  Wen, Tingbin*
(Department of Chemistry, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005)

Abstract The cationic ruthenium allenylidene complexes [RuCl(=C=C=CR,)(DPPQ),][BPh,] (3a: R=Ph; 3b: CR,=
FN=9H-fluoren-9-ylidene) supported by the heterobidentate P,N-donor ligand 8-(diphenylphosphanyl)quinoline (DPPQ) have
been synthesized from the reactions of the dimeric complex [Ru(u-Cl)(DPPQ).].[BPhs], (1) with excess
1,1-diphenylprop-2-yn-1-ol (2a) or 9-ethynyl-9H-fluoren-9-ol (2b), respectively. Addition of hydrazines to the rutheni-
um-allenylidenes 3 led to the facile formation of ruthenium-bound acrylonitrile complexes [RuCI(N=C —CH =
CR,)(DPPQ),][BPh,4] (4a: R=Ph; 4b: CR,=FN) at room temperature. This reaction involves the intermolecular nucleophilic
attack of hydrazines at the C, atom of the allenylidene ligand, which represents the first examples of addition of hydrazines to
metal-allenylidenes affording acrylonitrile derivatives. Reaction of acrylonitrile complex 4 with an excess of propargyl alco-
hols 2a or 2b (4 equiv.) could release the organic acrylonitriles 3,3-diphenylacrylonitrile (5a) or 2-(9H-fluoren-9-ylidene)-
acetonitrile (5b) along with regeneration of allenylidene complex 3. In addition, the catalytic activity of 1 for the transfor-
mation of terminal propargyl alcohols and hydrazines into acrylonitriles has been investigated preliminarily. The results
showed that the catalytic reaction did proceed to give the desired acrylonitrile products, albeit the yield not good. Nevertheless,
our results of the catalytic reactions demonstrated that it is very promised to develop new catalytic reactions for the transfor-
mation of terminal propargylic alcohols and hydrazines into acrylonitriles via allenylidene intermediates.

Keywords ruthenium; allenylidene; alkyne; hydrazine; nitrile

potential performance in many stoichiometric and catalytic

1 Introduction transformations of organic molecules.! Especially, the
Transition metal allenylidene complexes (L,M=C,= ruthenium allenylidene complexes have been widely stud-
] o -1 [1d~1i,2]
C;=C,RR’) have attracted a great deal of attention and ied. . ) ]
achieved rapid development in past decades, due to their Experimental and theoretical studies have demonstrated

that the a- and y-carbon atoms of the allenylidene ligand
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are electrophilic centers, while the p-carbon atom exhibits
nucleophilic character.*l Thus, electrophiles usually at-
tack the C, of the allenylidene chain to afford vinylcarbyne
complexes,’® while nucleophiles usually attack the C, or
C, atom leading to the formation of vinylcarbene, vinyli-
dene or alkynyl complexes.['o"11232¢208l Tha regijoselec-
tivity of the nucleophilic addition reactions to the allenyli-
dene chain mainly depends on both electronic and steric
factors of the metallic fragment, the nucleophile and the
substituents on the allenylidene chain.[?! Numerous studies
indicate that (i) anionic nucleophiles tend to react through
the C, atom, affording neutral alkynyl complexes;**™ (ii)
neutral nucleophiles containing acidic hydrogens such as
alcohols, water, amines, and thiols prefer the initial addi-
tion of the nucleophile to the C, and protonation of the Cg
atom of allenylidene chain to give vinylcarbene deriva-
tives;*® (iii) nucleophiles containing phosphine usually
react reversibly at the C, or C, atom of allenylidene chain
to afford the a-phosphonioallenyl or y-phosphonioalkynyl
adducts, respectively, and, in some cases, a mixture of both
adducts.*®! The attack of phosphine nucleophiles at the C,
or C, atom is defined by a delicate balance of various fac-
tors, such as the nature of the metal atom, electronic and
steric properties of ancillary ligands and substituents at the
C, atom of the allenylidene ligand.™"

Hydrazines have been extensively employed as nucleo-
philes for the atom-economic synthesis of new organoni-
trogen compounds.*? In this context, a few number of
stoichiometric reactions of hydrazines with transition-
metal vinylidenes have been reported to yield either metal-
bound nitrile complexes™! or diaza-metallacyclobutene
complexes resulting from nucleophilic attack of hydrazines
at the electrophilic a-carbon of metal-vinylidenes.** More
importantly, Fukumoto et al.>**>" developed a series of
ruthenium- or rhodium-catalyzed anti-Markovnikov addi-
tion of terminal alkynes with hydrazines, which, depending
on the catalysts used as well as the nature of the alkyne and
the hydrazine substrates, could lead to the production of
nitriles™***! or aldimine-type hydrazones. The catalytic
reactions involve the intermolecular addition of the hydra-
zine nitrogen to the metal-vinylidene intermediates gener-
ated from terminal alkynes. In contrast, much less attention
has been paid to the reactivity of hydrazines with closely
related metal-allenylidenes. To the best of our knowledge,
the only one example was contributed by Fischer and
coworkers!™® in 2006 using 1,2-dimethylhydrazine or
1,1-dimethylhydrozine as dinucleophiles to react with
chromium-allenylidene complexes [(CO)sCr=C=C =
C(NMe,)Ph] and [(CO)sCr = C = C = C(O-endo-
Bornyl)OEt], which afforded the corresponding heterocy-
clic 1,2-dimethylpyrazolylidene chromium complex or the
zwitterionic 1,1-dimethylpyrazolium-5-ylidene chromium
complex via 1,2,3-diheterocyclization. The reaction pro-
ceeded by a stepwise process and was initiated by addition
of hydrazine to the C, of the allenylidene ligand followed
by displacement of one NMe; or the OEt substituent at the
C, and subsequent intramolecular cyclization.
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We have been interested in the chemistry of ruthenium
complexes with the heterobidentate P,N-donor ligand
8-(diphenylphosphanyl)quinoline (DPPQ) and have re-
ported recently the catalytic activity of a series of ruthe-
nium DPPQ complexes for the endo cycloisomerization of
terminal alkynols. It was found that, with only 1 mol%
loading of the dimeric ruthenium complex [Ru(u-
CI)(DPPQ),],[BPh,], (1), the endo cycloisomerization of a
range of terminal alkynols could be achieved to give the
corresponding endo-cyclic enol ethers in moderate to ex-
cellent yields. A series of seven-, six-, and five-membered
oxacyclocarbene ruthenium complexes such as [RuCl-
(DPPQ),{=CCH,C¢H,CH,CH,0}](BPh,;) and [RuCl-
(DPPQ),{=CCH,(CH,),CH,0}](BPh,) (n=1, 2) derived
from intramolecular nucleophilic addition of the O—H
group to the vinylidene intermediate can be accessed from
the stoichiometric reactions of 1 with corresponding
alkynol substrates and have been proved to be the key
intermeidates for the catalytic cycloisomerization."”! As an
extension of our study on the reactivity of ruthenium
DPPQ complexes, we herein report the synthesis of the
cationic bis-DPPQ ruthenium allenylidene complexes
[RuCl(=C=C=CR;)(DPPQ).][BPh,] (3a: R=Ph; 3b:
CR,=FN=09H-fluoren-9-ylidene) from the reaction of
precursor 1 with 1,1-diphenylprop-2-yn-1-ol (2a) or
9-ethynyl-9H-fluoren-9-ol (2b), as well as the reactivity of
allenylidene complexes 3 toward hydrazines (Eg. 1), which
lead to formation of ruthenium-bound acrylonitrile com-
plexes [RuCI(N=CCH=CR,)(DPPQ),][BPh,] (4a: R=
Ph; 4b: CR,=FN). The latter reaction involves the inter-
molecular attack of hydrazines at the C, atom of allenyli-
dene ligand, which provides the first examples of addition
of hydrazines to metal-allenylidenes affording acrylonitrile
derivatives. Meanwhile, reaction of acrylonitrile complex 4
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with an excess of progarylic alcohols 2 could release the
organic acrylonitriles 3,3-diphenylacrylonitrile (5a) or
2-(9H-fluoren-9-ylidene)acetonitrile (5b) along with re-
generation of allenylidene complex 3. Moreover, the reac-
tions of 1,1-diphenylprop-2-yn-1-ol (2a) or 9-ethynyl-9H-
fluoren-9-ol (2b) with hydrazines in the presence of cata-
lytic amount of complex 1 have been preliminarily inves-
tigated to test the catalytic activity of 1 for the transfor-
mation of terminal propargylic alcohols and hydrazines
into acrylonitriles.

2 Results and discussion

2.1 Preparation of ruthenium allenylidene complex-
es [RuCl(=C=C=CR,)(DPPQ),][BPh4] (3a: R=Ph;
3b: CR,=FN=9H-fluoren-9-ylidene)

The synthesis of the allenylidene complexes followed the
Selegue’s method™® by using the corresponding terminal
propargyl alcohols as building blocks. Thus, the reactions of
[Ru(u-CI)(DPPQ).].[BPhs], (1) with 10 equiv. of 1,1-
diphenylprop-2-yn-1-ol (2a) or 9-ethynyl-9H-fluoren-9-ol
(2b) in 1,2-dichloroethane (DCE) at 90 C to afford the
corresponding allenylidene complexes [RuCl(=C=C=
CPh,)(DPPQ),][BPh,] (3a) and [RuCl(=C=C=(FN))-
(DPPQ),][BPh,] (3b, FN=9H-fluoren-9-ylidene) within 4
h (Scheme 1), which were isolated as purple solids in 85%
and 94% vyields, respectively. When 5 equiv. of 2a was
used, the reaction proceeded very slowly and only 60%
conversion of 1 was observed even after 24 h, while only
trace amount of 3a could be detected when a solution of 1
and 2ainamolarratioof1 : 2.5(i.e.,al . 1.25 ratio for the
monomeric species [RUCI(DPPQ),]" and 2a) was heated at
90 C for 24 h. We have also investigated the reaction at a
lower temperature of 60 ‘C, the reaction could not be com-
pleted when a solution of 1 with 10 equiv. of 2a was heated
for 24 h (70% conversion of 1), and no appreciable reaction
can be observed even after 24 h when 5 equiv. of 2a was
used.

Complexes 3a and 3b are air-stable solids and both have
been fully characterized by spectroscopic methods and
elemental analysis. The IR spectrum of 3a and 3b shows
the characteristic absorption v(C=C=C) at 1934 and 1933
cm’, respectively. At room temperature, the *'P{'H}
NMR spectra of 3a and 3b in CD,Cl, exhibit two doublets
at 0 56.4, 48.3 (“Jpp=27.2 Hz) and 55.2, 46.7 (*Jpp=27.2
Hz), respectively, for the two inequivalent phosphino
groups in each complex. The '"H NMR spectra of both
complexes shows the expected signals in the range ¢
10.25~6.15 without characteristic resonance. The *C{*H}
NMR spectra strongly support the formation of the al-
lenylidene complexes, which display the characteristic
carbene Ru=C, low-field resonance as triplet signals at 6
311.2 (AJep=17.5 Hz) for 3a and § 312.8 ({Jcp=17.8 Hz)
for 3b, and singlet resonances for the C,; and C, carbons at
0 209.6 and 159.1 for 3a, and at § 216.7 and 153.4 for 3b
(Table 1). These results are in line with those reported for
other known ruthenium-allenylidene complexes.'”!
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Table 1 Selected **P NMR, **C {*H} NMR and IR data for the
ruthenium allenylidene complexes 3a and 3b

31 13 fl
PNMR BC{H} NMR 6 o
Comple IR vic=c=cy/ cm
plex 5 €. © @ Vemeo
3a 56.4,48.3 311.2 209.6 159.1 1934
3b 55.2,46.7 312.8 216.7 153.4 1933
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The structures of 3a and 3b were further confirmed by
single-crystal X-ray diffraction. Figures 1 and 2 show the
X-ray structures for the cations of 3a and 3b, respectively,
from which it can be seen that the Ru center in each com-
plex adopts similar distorted octahedral geometry consist-
ing of two DPPQ ligands chelating to Ru nearly perpen-
dicularly, one chlorine ligand, and one allenylidene ligand.
The N atom of one of the DPPQ ligands is trans to the
allenylidene ligand [N(1)—Ru(1)—C(1), 177.7(2)° for 3a
and 177.10(17)° for 3b], whereas the P atom is trans to the
N atom of the other DPPQ ligand [P(1)—Ru(1)—N(2),
177.96(12)° for 3a and 178.58(10)° for 3b]. The P atom of
the other DPPQ ligand is trans to the CI ligand [P(2)—
Ru(1)—CI(1), 168.98(5)° for 3a and 166.15(4)° for 3b].
The structural features closely resemble those for the series
of bis-DPPQ ruthenium oxacyclocarbene complexes
[RuCIl(DPPQ),{=CCH,C¢H,CH,CH,0}](BPh,) and
[RUCI(DPPQ),{=CCH,(CH,),CH,0}](BPh;) (n=1~3)
we reported previously,"! with the oxacyclocarbene ligand
replaced by the allenylidene ligand. The characteristic al-
lenylidene ligand is bound to the metal in a nearly linear
fashion. Taking 3a for an example, the bond angles associ-

Figure 1 Molecular structure for the cation of 3a with thermal
ellipsoids drawn at 30% probability (CCDC 1567164)

Counter anion and hydrogen atoms are omitted for clarity. Selected bond
lengths (nm) and angles (°): Ru(l) —C(1) 0.1892(6), C(1)—C(2)
0.1244(8), C(2)—C(3) 0.1359(8), Ru(1)—N(1) 0.2151(4), Ru(1)—N(2)
0.2198(4), Ru(1)—P(1) 0.22655(14), Ru(1)—P(2) 0.22967(14), Ru(1)—
CI(1) 0.24291(13); C(1)—Ru(1)—N(1) 177.7(2), C(1)—Ru(1)—N(2)
87.3(2), N(1)—Ru(1)—N(2) 94.70(17), C(1)—Ru(1)—P(1) 94.68(17),
N(1)—Ru(1)—P(1) 83.27(13), N(2)—Ru(1)—P(1) 177.96(12), C(1)—
Ru(1)—P(2) 89.37(17), N(1)—Ru(1)—P(2) 92.00(13), N(2)—Ru(1)—
P(2) 80.76(13), P(1)—Ru(1)—P(2) 99.46(5), C(1)—Ru(1)—CI(1)
97.11(17), N(1) — Ru(1) — CI(1) 81.84(13), N(2) — Ru(1) — CI(1)
90.60(13), P(1)—Ru(1)—CI(1) 88.94(5), P(2)—Ru(1)—CI(1) 168.98(5),
C(2)—C(1)—Ru(1) 174.9(5), C(3)—C(2)—C(1) 172.8(6)
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of allenylidene complex 3a with 1.1 equiv. of

Figure 2 Molecular structure for the cation of 3b with thermal
ellipsoids drawn at 30% probability (CCDC 1567165)

Counter anion and hydrogen atoms are omitted for clarity. Selected bond
lengths (nm) and angles (°): Ru(l)—C(1) 0.1883(5), C(1)—C(2)
0.1226(7), C(2)—C(3) 0.1361(8), Ru(1)—N(1) 0.2162(4), Ru(1)—N(2)
0.2214(4), Ru(1)—P(1) 0.22705(12), Ru(1)—P(2) 0.22960(12), Ru(1)—
CI(1) 0.24551(11); C(1)—Ru(1)—N(1) 177.10(17), C(1)—Ru(1)—N(2)
84.57(17), N(1)—Ru(1)—N(2) 97.81(14), C(1)—Ru(1)—P(1) 94.82(14),
N(1)—Ru(1)—P(1) 82.76(11), N(2)—Ru(1)—P(1) 178.58(10), C(1)—
Ru(1)—P(2) 91.02(15), N(1)—Ru(1)—P(2) 91.02(11), N(2)—Ru(1)—
P(2) 80.40(11), P(1)—Ru(1l)—P(2) 100.90(4), C(1)—Ru(l)—CI(1)
98.53(14), N(1) — Ru(l) — CI(1) 79.83(11), N(2) — Ru(1) — CI(1)
90.49(10), P(1)—Ru(1)—CI(1) 88.33(4), P(2)—Ru(1)—CI(1) 166.15(4),
C(2)—C(1)—Ru(1) 174.9(4), C(3)—C(2)—C(1) 169.1(6)

ated with the ruthenium diphenylallenylidene moiety are
174.9(5)° and 172.8(6)° for Ru(1)—C(1)—C(2) and C(1)—
C(2)—C(3), respectively. The bond lengths of ruthenium
allenylidene unit in 3a [Ru(l) —C(1), 0.1892(6) nm;
C(1)—C(2), 0.1244(8) nm; C(2)—C(3) 0.1359(8) nm] are
comparable with those reported for other rutheni-
um-allenylidene complexes.™ It is notable that C(1)—C(2)
is shorter than the normal C=C double bond (about 0.130
nm), while C(2)—C(3) shows longer distance, indicating a
substantial contribution of the canonical form [M]—C=
C—C"Ph; to the structure of 3a.

2.2 Reactions of 3 with hydrazines: formation of
acrylonitrile complexes [RUCI(N=CCH = CR,)-
(DPPQ),][BPh,] (4a: R=Ph; 4b: CR,=FN)

To test the reactivity of the allenylidene complexes 3
with hydrazine nucleophiles, we initially tried the reaction

4-methylbenzenesulfonohydrazide (TsNHNH,) in di-
chloromethane (DCM) at room temperature, with the in-
tention to isolate the anticipated a-hydrazinovinylcarbene
complex [RuCl(=C(NHNHSO,-p-C¢H,CH3)CH=CPh,)-
(DPPQ).][BPh,] or the hydrazino-alkynyl ruthenium com-
plex [RuCI(C=CC(NH,;NHSO,-p-C¢H,CH3)Ph,)(DPPQ),]-
[BPh,] resulted from the nucleophilic addition of a hydra-
zine to the C, or C, of the allenylidene chain. However,
rather than the above expected complexes, the acrylonitrile
ruthenium complex [RuCI(N=CCH = CPh,)(DPPQ),]-
[BPh,] (4a) was formed exclusively along with the elimi-
nated 4-methylbenzenesulfonamide (TsNH,) within 30 min
(Eq. 2), which were isolated in 97% and 85% yield, re-
spectively. Other hydrazines including the mono-substi-
tuted hydrazines such as methylhydrazine and phenylhy-
drazine or the 1,1-disushtituted ones like piperidin-
1-amine, and 1,1-dimethylhydrazine, etc. were also tested
for the reactions with complex 3a. Again, rapid and quan-
titative formation of acrylonitrile complex 4a and the cor-
responding amines were observed at room temperature.
Moreover, reactions of hydrazones such as (diphenyl-
methylene)hydrazine, propan-2-ylidene-hydrazine, (9H-
fluoren-9-ylidene)hydrazine, etc. with allenylidene 3a also
led to the exclusive formation of the acrylonitrile complex
4a and the respective imines.

Similarly, the reactions of allenylidene complex 3b
with various hydrazines and hydrazones were also investi-
gated under the same reaction condition. Indeed, analogous
acrylonitrile ruthenium complex [RUuCI(N=C —CH =
(FN)(DPPQ),][BPhy] (4b) together with the corresponding
amine or imine was isolated in high yields (Eq. 2).

Complexes 4a and 4b are yellow air-stable solids, which
have been characterized by the spectroscopic methods as
well as elemental analysis. The typical spectroscopic fea-
tures are showed in Table 2. The 'H NMR spectra of 4a
and 4b show characteristic vinyl proton N=CCH=sig-
nals at 4 5.70 (4a) and 5.86 (4b) as singlet in CD,Cl, at the
room temperature, respectively. The *C{*H} NMR spectra
of these complexes displays the characteristic CH=
signal of acrylonitrile ligand at ¢ 93.2 (4a) and 86.1 (4b)
and N=C signal at ¢ 137.9 (4a) and 134.1 (4b). Due to the
presence of two inequivalent phosphorous centers, the

BPh,
X 4
B y 1BPhe ~|BPhy B |
N
- Ph,
Ph, N P, | wPPh,
P, R| wPPh,  R'NHNH, (1.1 equiv.) R |u\c|
;\;N’ |TJ\C| DCM, r.t., 30 min . <> | o
f [
l:| RNH, ¢
Il 'R = 0-CHCH,SO, . | - Cs
'R' = p-CH3CgH4S0,, ! o _Ph N
R/C\R | PhMeetc. <|3
3a:R=Ph Ph O
4a, 97%

3b: CR, = 9H-fluoren-9-ylidene
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$1p{*H} NMR spectra of 4a and 4b inCD,ClI, exhibit two
doublets at 6 60.4, 54.8 (3Jpp=29.7 Hz) (4a) and 60.0, 54.5
(%Jpp=29.0 Hz) (4b), respectively. The IR spectra of acry-
lonitrile complexes 4a and 4b show the v(N=C) weak
absorption at 2221 and 2206 cm ™, respectively.

Table 2 Selected *'P NMR, *C {*H} NMR and IR data for the
ruthenium acrylonitrile complexes

3p NMR *H NMR 6

BC{'H}NMR J IR vn=c/

Complex

5 CH= CH= N=C cmt
4a  60.4,548 5.70 932 1379 2221
4 600,545 5.86 86.1 134.1 2206

X-ray difraction studies were carried out for complexes
4a and 4b, and the structures for the cationic moieties of
4a and 4b are shown in Figures 3 and 4, respectively, with
selected bond lengths and angles. The overall structures of
4a and 4b are similar to those of the allenylidene com-
plexes 3a and 3b, with the allenylidene ligands replaced by
the acrylonitrile ligands. In each complex, two DPPQ
ligands chelate to the Ru center nearly perpendicularly
with the N atom of one of the DPPQ ligands trans to the P
atom of the other DPPQ [P(1)—Ru(1)—N(3), 177.40(6)°
for 4a and 175.3(2)° for 4b]. Different from the cases in
the allenylidene complexes 3a and 3b, in which both al-
lenylidene ligands are trans-disposed to the N atom of the
DPPQ ligands, it is noted that the 3,3-diphenylacrylonitrile
ligand in 4a is trans to a P atom of one of the DPPQ lig-
ands, while the 2-(9H-fluoren-9-ylidene)acetonitrile ligand
in 4b is trans to a N atom of DPPQ. The characteristic ac-
rylonitrile ligands are bonded to the ruthenium centers in a

Figure 3 Molecular structure for the cation of 4a with thermal
ellipsoids drawn at 30% probability (CCDC 1567166)

Counter anion and hydrogen atoms except H(2A) are omitted for clarity.
Selected bond lengths (nm) and angles (°): Ru(1l)—N(1) 0.2081(2),
N(1)—C(1) 0.1127(4), C(1)—C(2) 0.1436(4), C(2)—C(3) 0.1350(4),
Ru(1)—N(2) 0.2075(2), Ru(1)—N(3) 0.2172(2), Ru(1)—P(1) 0.22511(6),
Ru(1)—P(2) 0.22989(6), Ru(1)—CI(1) 0.24168(6); N(2)—Ru(1)—N(1)
85.72(8), N(2)—Ru(1)—N(3) 96.07(8), N(1)—Ru(1)—N(3) 88.34(8),
N(2) —Ru(1) —P(1) 82.27(6), N(1)—Ru(1)—P(1) 93.52(6), N(3)—
Ru(1)—P(1) 177.40(6), N(2)—Ru(1)—P(2) 88.37(6), N(1)—Ru(1)—
P(2) 167.48(6), N(3)—Ru(l)—P(2) 81.31(6), P(1)— Ru(1)—P(2)
96.62(2), N(2)—Ru(1)—CI(1) 173.07(6), N(1)—Ru(1)—Cl(1) 87.67(6),
N(3)—Ru(1)—CI(1) 85.82(6), P(1)—Ru(1)—CI(1) 96.07(2), P(2)—
Ru(1)—CI(1) 98.51(2), C(1)—N(1)—Ru(1) 175.4(2), N(1)—C(1)—C(2)
178.6(3), C(3)—C(2)—C(1) 121.8(3)
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Figure 4 Molecular structure for the cation of 4b with thermal
ellipsoids drawn at 30% probability (CCDC 1834559)

Counter anion and hydrogen atoms except H(2) are omitted for clarity.
Selected bond lengths (nm) and angles (°): Ru(1)—N(1) 1.992(10),
N(1)—C(1) 0.1150(14), C(1)—C(2) 0.1423(16), C(2)—C(3) 0.1337(17),
Ru(1)—N(2) 0.2107(9), Ru(1)—N(3) 0.2218(8), Ru(1)—P(1) 0.2261(3),
Ru(1)—P(2) 0.2278(3), Ru(1)—CI(1) 0.2447(3); N(2)—Ru(1)—N(1)
174.5(3), N(2)—Ru(1)—N(3) 92.6(3), N(1)—Ru(1)—N(3) 91.7(3),
N(2)—Ru(1)—P(1) 82.8(2), N(1)—Ru(1)—P(1) 93.0(3), N(3)—Ru(1)—
P(1) 175.3(2), N(2)—Ru(1)—P(2) 94.3(2), N(1)—Ru(1)—P(2) 89.8(3),
N(3)—Ru(1)—P(2) 80.8(2), P(1)—Ru(l)—P(2) 99.57(10), N(2)—
Ru(1)—CI(1) 86.9(2), N(1)—Ru(1)—CI(1) 89.7(3), N(3)—Ru(1)—Cl(1)
88.9(2), P(1)—Ru(1)—CI(1) 90.72(10), P(2)—Ru(1)—CI(1) 169.71 (9),
C(1)—N(1)—Ru(1) 173.4(9), N(1)—C(1)—C(2) 178.3(13), C(3)—
C(2)—C(1) 122.9(11).

nearly linear fashion. Taking 4a as an example, the
Ru(1)—N(1)—C(1) and N(1)—C(1)—C(2) bond angles
are 175.4(2)° and 178.6(3)°, respectively, which, together
with the triple-bond N=C distance for N(1)—C(1) of
0.1127(4) nm and the single-bond C(1)—C(2) distance of
0.1436(4) nm, clearly indicate the ligand as an nitrile de-
rivative. The Ru(1)—N(1) bond length is 0.2081(2) nm.
These bonding parameters are close to those observed in
ruthenium-bound nitrile complexes.**'*?% The C(2) —
C(3) bond length of 0.1350(4) nm and the bond angles
around C(2) and C(3) are consistent with those reported for
acrylonitrile ruthenium complexes.”®

Several reactions involving transformation of metal-
vinylidenes into nitrile derivatives via the use of hydra-
zines have been reported in literature, including the stoi-
chiometric reactions of metal-vinylidenes with hydrazines
to give metal-bound nitrile complexes,™ as well as the
catalytic transformation of terminal alkynes with hydra-
zines into nitriles via ruthenium- or rhodium-vinylidene
intermediates.'>** Formation of acrylonitrile complexes 4
from the reaction of 3 with hydrazines is closely related to
the previously reported transformation of metal-vinyli-
denes. On the basis of the previous reports on metal-
vinylidenes, a plausible mechanism for the formation of
the ruthenium acrylonitrile complexes is outlined in
Scheme 1. Initial nucleophilic addition of the unsubstituted
nitrogen atom of the hydrazine to the C, atom and protona-
tion of the C; atom of allenlidene ligand in complex 3 gave
rise to the a-hydrazinovinylcarbene intermediate [RuCl(=
C(NHNHR")—CH=CR,)(DPPQ),][BPh,] (A), for which
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the contribution of the n'-azoniabutadienyl resonance
structure [RuCl(—C(=NHNHR")—CH =CR,)(DPPQ),]-
[BPh,] (A") may be also considered. Proton migration in A
or A" could lead to the formation of the n'-azabutadienyl
intermediate [RuCIl( — C( = NNH,;R) — CH = CRy)-
(DPPQ),][BPh,] (B), followed by subsequent deamination
to form the final ruthenium acrylonitrile complex 4. It is
noted that Albertin and co-workers™ recently reported
reaction of aryl vinylidene complexes [CpRu(=C=CHR)-
(PPh3)L][BPh,] (L =P(OEt); or P(OMe);; R=Ph or
p-tolyl) with hydrazines R'NHNH, (R'=H, Me or Ph)
leading to the nitrile complexes [CpRu(N=CCH;R)-
(PPh3)L][BPhy] along with the eliminated amine R'NH,.
They provided an alternative mechanism based on the re-
sults of the labeling experiments with PhNH*NH, and
density functional theory (DFT) calculations, which in-
volves the formation of a hydrazine-vinyl complex as an
intermediate rather than the hydrazinocarbene carbene.!**?
Nevertheless, as a neutral nucleophile with acidic hydro-
gen, addition of hydrazines with complexes 4 to give A or
A' conform to the classical behaviour expected for al-
lenylidene complexes.?#"#1 Analogous addition of pri-
mary or secondary amines to the C,—C; bond of the al-
lenylidenes to give vinylaminocarbene!®?' or n'-azonia-
butadienyl complexes??*?*#l in rythenium system is well
known. The conversion of Cr, W, Mn, 131 Ryt and
Fel™ hydrazino(methyl)carbene complexes into the cor-
responding acetonitrile complexes has also been reported.
Unfortunately, our attempts to monitor the reaction of 3a
with 4-methylbenzenesulfono- hydrazide (TSNHNH,) by
NMR at low temperature range from —78t0 0 “C did not
allow us to detect any further intermediates for this trans-
formation.

H
. R RNHNH, . ON-NHR
LLRu=c=c=c{ ———> LRu=C R
R Ne=c”
5 c=c
H R
A
L,Ru = RuCI(DPPQ),
X
pPPQ =
N H
\y
PPh, N=NHR
LRi—c R
c=c_
H
A
R +
R N—NHR
+ // —
L,Ru—N=C—C 7 bRu C\C:C/R
Ny RNH, AT
4 H R
B

Scheme 1 Proposed mechanism for the reactions of allenyli-
dene complex 3 with hydrazines to form acrylonitrile complex 4
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In fact, the reactivity of transition metal-allenylidenes
with hydrazines remains largely unexplored, which is lim-
ited to only one published examples. Fischer and cowork-
ers™™® reported that 1,2-dimethylhydrazine or 1,1-dimethyl-
hydrozine served as dinucleophiles to react with chromi-
um-allenylidene complexes [(CO)sCr=C=C=C(NMe,)-
Ph] and [(CO)sCr=C = C = C(O-endo-Bornyl)OEt] af-
fording the heterocyclic 1,2-dimethylpyrazolylidene chro-
mium complex or the zwitterionic 1,1-dimethylpyrazo-
lium-5-ylidene chromium complex via 1,2,3-dihetero-
cyclization. In this case, the diheterocyclization took place
with addition of hydrazines to the C, of the n-donor- sub-
stituted allenylidene ligand as the initiate step, which was
then followed by displacement of one NMe, or the OEt
substituent at the C, and subsequent intramolecular addi-
tion of the second NHMe or NMe, functionality to the C,
atom to complete the cyclization. We provide here the first
examples of addition of hydrazines to metal-allenylidenes
to give acrylonitrile derivatives.

2.3 Catalytic tests on the activity of 1 for the trans-
formation of propargyl alcohol with hydrazines into
acrylonitriles.

Fukumoto and co-workers have demonstrated that the
ruthenium complex TpRuCI(PPh;),™*¥ and the rhodium
system  TpRh(C,Ha),/P(2-furyl);™ [Tp = hydrotris-
(pyrazolyl)borate] can serve as efficient catalyst for the
transformation of terminal alkynes and hydrazines into
nitrile products through ruthenium- or rhodium-vinylidene
intermediate, among which the ruthenium catalyst is effec-
tive for aryl-substituted or primary and secondary al-
kyl-substituted alkynes, while the rhodium catalyst is ap-
plicable for the tertiary alkyl-substituted alkynes. In addi-
tion, nitriles are usually labile ligands, which can readily
dissociate from metal center to regenerate reactive species
for further reaction. In view of the facile formation of ac-
rylonitrile complex 4 at room temperature from the reac-
tion of allenylidene complex 3 with hydrazines and the fact
that allenylidene complex 3 can be accessed from the reac-
tion of complex 1 with the respective propargyl alcohols, it
seems to be very promised to develop the related catalytic
reaction based on this chemical behavior by employing 1
as catalyst. More encouragingly, reaction of complex 4a
with 4 equiv. of 1,1-diphenylprop-2-yn-1-ol (2a) in re-
fluxing DCE for 10 h does regenerate the allenylidene
complex 3a along with releasing 3,3-diphenylacrylonitrile
(5a) almost quantitatively, which were isolated in 96% and
90% yield, respectively. Similarly, under the same reaction
condition, reaction of allenylidene 4b with 9-ethynyl-9H-
fluoren-9-ol (2b) gave the corresponding allenylidene
complex 3b and 2-(9H-fluoren-9-ylidene)acetonitrile (5b)
in high yields (92% and 85%, respectively) (Eq. 3).

We then investigated the reactions of propargyl alcohols
2 with various N-substituted hydrazines such as TSNHNH,,
NH,NHy*H,0, Me;,NHNH,, PhNHNH, and MeCONHNH,
in the presence of catalytic amount of complex 1 to test its
catalytic activity for the formation of the respective acry-
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DCE, reflux, 10 h

R = Ph (4a), CR, = FN (4b)

lonitriles. After our efforts for the screening of the reaction
conditions, it is found that, the catalytic reaction does pro-
ceed to give the desired acrylonitrile product, yet the yield
is not good. In the presence of 2.5 mol% complex 1, the
reaction of 2a with 5.0 equiv. of TSNHNH, in DCE at
90 C for 24 h gave the best result to produce 3,3-di-
phenylacrylonitrile (5a) in 30% isolated yield only (ca. 6
turnover for the monomeric [RuCI(DPPQ),] * species)
(Table 3, Entry 1). Formation of the amine TsNH, was also
detected. It was also the case for the reaction of 9-ethynyl-
9H-fluoren-9-ol (2b) with TsSNHNH, under the same con-
ditions, which gave 2-(9H-fluoren-9-ylidene)- acetonitrile
(5b) in 28% isolated yield only (Table 3, Entry 2). In both
reactions, the substrate 2 was recovered in ca. 40%
yield.?>%1 Our attempts to further improve the yields of
the acrylonitrile products were unsuccessful. In this con-
text, it should be mentioned that Zhan and co-workers®
reported recently an efficient FeCls-catalyzed synthesis of
acrylonitriles by employing propargyl alcohols and
TsNHNH, as a combined cyano source through a domino
propargylic substitution/aza- Meyer-Schuster rearrange-
ment route. It is also noted that, in Fukumoto’s
TpPRh(C,Hy)/P(2-furyl); catalyst system, when 1,1-disub-
stituted propargyl alcohols including 1,1-diphenyl-
prop-2-yn-1-ol (2a) were employed as the alkyne sub-
strates, the corresponding S-cyanohydrins were obtained as
the products instead of the respective acrylonitriles,™*")
which suggested that the catalytic reactions proceeded
through the rhodium y-hydroxyl vinylidene intermediates
rather than allenylidenes.

At first glance, we envisioned that the unsatisfied result
of the catalytic reaction could be probably due to the rela-
tively stronger binding of the acrylonitrile to the ruthenium
center in complex 4, which then make it difficult to regen-
erate the reactive allenylidene 3 in the catalytic cycle. In
fact, when the solution of the catalytic reaction was
checked by *P NMR after the reaction was stopped, the
acrylonitrile complexes 4a and 4b were the only detectable
metal species. Thus, we looked into the reaction of com-
plex 4 with the propargyl alcohol 2 in more details. As
monitored by the in situ *P{*H} NMR, no appreciable
reaction occurred when a mixture of 4a with 2a in a molar
ratio of 1 © 1 in DCE was refluxed for 10 h. When the re-
action was performed using 1 : 2.5 molar ratio of 4a and
2a, the reaction could not be completed and became very
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Ph,
P, | \\PPh2 R H
> =—Ru
=N | | ~cq + = (3)
d R CN
L| R = Ph (5a), CR, = FN (5b)
[|
R/C\R

R = Ph (3a), CR, = FN (3b)

Table 3 Reaction of propargyl alcohol with TSNHNH, leading
to acrylonitrile catalyzed by complex 1%

OH R2 H
1 (2.5 mol% \ (
:ﬁ 2 + TSNHNH2 ( mo 0).
R DCE,90°C R' ©N

R1
, Ar, 24 h 5
Entry Substrate Product Yield®/%
OH Ph H
=—{~pp ==
1 Ph P ON 30
2a 5a
2 28
3 36
4 Trace
OH Ph H
:—@H >:<
5 Ph H ©N 20
2e 5e

# Typical reaction conditions: oil bath, 90 ‘C, propargyl alcohol (0.2 mmol),
TsNHNH; (1.0 mmol), complex 1 (0.005 mmol) in DCE (2 mL) under reflux.
®|solated yield. ® Substrates 2a and 2b were recovered in ca. 40% yield and
benzophenone or 9H-fluoren-9-one was identified as the byproducts of the
reactions (ca. 25%).%!

slow after the solution was refluxed for 10 h, which seemed
to reach a steady state with the acrylonitrile complex 4a and
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the allenylidene product 3a in about a molar ratio of 1 © 1.
This result clearly showed that the dissociated acrylonitrile
presented in the solution could compete with alkyne sub-
strate 2 to re-coordinate to the metal center, which may
furnish an equilibrium for 4a, alkyne 2a and the allenyli-
dene species 3a in the solution, and thus inhibited further
reaction. As a result, a large excess of 2 were needed to
complete the reaction (Eq. 3). The relatively stronger coor-
dination of the acrylonitrile to the ruthenium center than the
propargilic alcohols 2 can be also expected based on above
results. These observations are also consistent with our
before-mentioned circumstances on the preparation of al-
lenylidene complexes 3 from the reactions of the dimeric
complex 1 with propargylic alcohols 2, in which 10 equiv.
of 2 were needed to complete the reaction (Eq. 1, 4 h for a
1 5 ratio between the monomeric species [RuCI(DPPQ),]
" and 2). Moreover, these results also reflected the fact that
the monomeric [RUCI(DPPQ),]" species is not so reactive
in the reaction with propargyl alcohols 2 for the formation
of the allenylidene complex, which then suggested that
formation of allenylidene intermediates 3 (or the related
y-hydroxyl vinylidene precursors) from the reaction of
[RUCI(DPPQ),] " species with 2 should be rate-determining
step in the catalytic reaction. Consequently, all these factors
taken together lead to the poor catalytic activity of 1 in the
catalytic reaction, although the conversion of allenylidene
complexes 3 with hydrazines into acrylonitrile can take
place readily.

We have also preliminarily investigated the scope of the
propargyl alcohols as well as electronic effect of the sub-
stituents. The 1,1-di-p-tolylprop-2-yn-1-ol (2c) with elec-
tron-donating methyl groups at 4-position of the phenyl
substituents of the propargyl alcohol led to slightly in-
creasing of the yield of the 3,3-di-p-tolylacrylonitrile
product 3c (36% isolated yield), while introducing elec-
tron-withdrawing NO, group at the phenyl ring (substrate
2d) only gave trace amount of the desired acrylonitrile 3d
(Table 3, Entries 3 and 4). The reaction of TSNHNH, with
other propargyl alcohol such as 1-phenylprop-2-yn-1-ol
(2e) which can form ruthenium allenylidene intermediate
also led to the formation of the corresponding cinnamoni-
trile (5e), with a low isolated yield of 20% only (Entry 5).
Although the results are not good, our preliminary studies
provide a new idea for the design of catalytic transfor-
mation of terminal propargylic alcohols and hydrazines
into acrylonitriles via allenylidene intermediates.

3 Conclusions

In summary, the new cationic ruthenium allenylidene
complexes [RuCl(= C = C = CR,)(DPPQ),][BPh,] (3a:
R=Ph; 3b: CR,=FN=9H-fluoren-9-ylidene) supported
by the heterobidentate P,N-donor ligand 8-(diphenyl-
phosphanyl)quinoline (DPPQ) have been synthesized from
the reactions of [Ru(u-CI)(DPPQ),].[BPh,], (1) with ex-
cess 1,1-diphenylprop-2-yn-1-ol (2a) or 9-ethynyl-9H-
fluoren-9-ol (2b), respectively. Addition of hydrazines to
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the ruthenium-allenylidenes 3 led to the facile formation of
ruthenium-boubd acrylonitrile complexes [RUCI(N=C—
CH=CR,)(DPPQ),][BPh,] (4a: R=Ph; 4b: CR,=FN) at
room temperature. This reaction involves the intermolecu-
lar attack of hydrazines at the C, atom of the allenylidene
ligand, which represents the first examples of addition of
hydrazines to metal-allenylidenes affording acrylonitrile
derivatives. In addition, reaction of acrylonitrile complex 4
with an excess of progarylic alcohols 2 (4 equiv.) could
release the organic acrylonitriles 3,3-diphenylacrylonitrile
(5a) or 2-(9H-fluoren-9-ylidene)acetonitrile (5b) along
with regeneration of allenylidene complex 3. Inspired by
these chemical behaviors, the catalytic activity of 1 for the
transformation of terminal propargyl alcohols and hydra-
zines into acrylonitriles has been investigated preliminari-
ly. The results show that the catalytic reaction proceeds to
give the desired acrylonitrile product, albeit the yield is not
good. On the basis of the results on the examination of the
reaction of complexes 1 or 4 with different amount of pro-
paryl alcohols 2a and 2b, the relatively poor catalytic ac-
tivity of 1 could be probably ascribed to the relative low
reactivity of the monomeric [RuCI(DPPQ),]" species in
terms of the reaction with proparyl alcohol 2 for the for-
mation of the allenylidene complex, as well as the rela-
tively stronger coordination of the acrylonitrile to the ru-
thenium center than the propargyl alcohols 2. Nevertheless,
our preliminary results of the catalytic reactions demon-
strated that it is very promised to develop new catalytic
reactions for the transformation of terminal propargylic
alcohols and hydrazines into acrylonitriles via allenylidene
intermediates. Further studies aimed at improving the ac-
tivity of catalyst by modification of the 8-phosphinoqui-
noline ligand and investigations on the substrate scope for
the catalytic reaction, as well as the electronic effect of the
substituents of the propargylic alcohol substrates are un-
derway.

4 Experimental section

4.1 General details

NMR spectroscopic experiments were carried out on
Bruker AV400 and Bruker AV500. *H NMR and *C{‘*H}
NMR chemical shifts are relative to TMS, and *P{*H}
NMR is relative to the external standard (85% H3POy).
Elemental analyses data were obtained on an Elementar
Analysensysteme GmbH Vario EL Il instrument. Infrared
spectra (4000~400 cm ) as obtained from Nujol mulls
between KBr disks were recorded on a Nicolet 380 spec-
trometer. Melting points were obtained from a Yanaco
MP-500.

All manipulations were carried out under an argon at-
mosphere by using standard Schlenk techniques, unless
otherwise noted. Solvents were distilled from sodi-
um/benzophenone (THF, Et,O and n-hexane) or calci-
umhydride (CH,Cl,) under argon prior to use. The starting
material  [Ru(u-CI)(DPPQ),],[BPh,],,*"  9-ethynyl-9H-
fluoren-9-0l® and  (9H-fluoren-9-ylidene)hydrazine!*®
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were prepared according to literature methods. All other
reagents were used as received from commercial sources
without further purification, unless otherwise noted.

4.2 Experimental procedures

4.2.1 Synthesis of allenylidene complexes [RuCI(=
C=C=CR)(DPPQ),][BPh,] (3a: R=Ph; 3b: CR,=
FN)

A mixture of [Ru(u-Cl)(DPPQ),],[BPh,], (0.4 g, 0.185
mmol) and the corresponding terminal propargyl alcohol
(10.0 equiv.) in 1,2-dichloroethane was stirred at 90 C
for 4 h to give a purple solution. The solvent was concen-
trated to ca. 2 mL under reduced pressure and diethyl ether
(20 mL) was added to the residue. The mixture was vigor-
ously stirred about 10 min to give amount of purple precip-
itate. The solid was collected by filtration, washed with
Et,O (10 mLX3) and dried under vacuum, which was
identified to be the allenylidene complex 3. Crystals suita-
ble for X-ray diffraction were obtained by slow diffusion
of n-hexane into a CH,ClI, solution of 3.

[RuCl( = C = C = CPhy)(DPPQ),][BPh,] (3a): Yield
85%. m.p. 168~170 °C; 'H NMR (500 MHz, CD,Cl,) ¢:
10.30~10.16 (m, 1H, quinolyl), 8.68 (d, J=10.0 Hz, 1H,
quinolyl), 8.37~8.33 (m, 2H), 8.25 (d, J=10.0 Hz, 1H,
quinolyl), 8.20~8.13 (m, 3H), 7.95 (t, J=10 Hz, 1H,
PPh,-para), 7.85 (dd, J=10.5, 6.5 Hz, 1H), 7.77 (t, J=10
Hz, 1H, PPhy-para), 7.72 (d, J=6.5 Hz, 1H), 7.65 (t, J=
10 Hz, 2H, Ph-para), 7.53~7.50 (m, 1H), 7.43~7.35 (m,
15H, BPhg-ortho and other aromatic), 7.32~7.29 (m, 1H),
7.26~7.23 (m, 1H), 7.18 (t, J=10 Hz, 4H), 7.10~6.99
(m, 12H, BPh,;-meta and other aromatic), 6.94~6.84 (m,
6H, BPh,-pata and other aromatic), 6.82~6.70 (m, 6H),
6.18 (dd, J=14.0, 10 Hz, 2H); *C NMR (126 MHz,
CD,Cl,) d: 311.2 [t, J(PC)=17.5, Ru=C,], 209.6 (s, Ru=
C=Cy), 164.1 [dd, J(PC)=122.9, 61.7 Hz, quinolyl],
159.1 (s, Ru=C=C=C,), 155.7, 153.1, 151.8, 151.7,
151.2, 151.0, 144.1, 139.41, 139.39, 138.2, 137.6, 135.9
(BPh,-ortho), 135.5, 135.4, 132.8, 132.7, 132.1, 131.8,
131.7~130.6 (m), 130.5 (Ph-ortho), 130.2~129.3 (m),
129.0 (Ph-meta), 128.8~127.7 (m), 126.6 (br, BPh,-meta),
123.8, 122.6, 121.7 (BPh,-pata); **P NMR (202 MHz,
CD,Cl,) 4: 56.4 [d, J(PP)=27.0 Hz], 48.3 [d, J(PP)=27.0
Hz]; IR (KBr) v: 1934 (s, C=C=C) cm ™. Anal. calcd for
Cg1Hs:BCIN,P,Ru: C 76.44, H 491, N 2.20; found C
76.74,H 4.87, N 2.08.

[RuCl(=C=C=FN)(DPPQ),][BPh,] (3b): Yield 94%.
m.p. 176~178 C; 'H NMR (500 MHz, CD,Cl,) o:
10.12~10.10 (m, 1H, quinolyl), 8.67 (dt, J=7.9, 1.6 Hz,
1H), 8.41~8.37 (m, 2H), 8.29 (dt, J=7.9, 1.6 Hz, 1H),
8.26~8.22 (m, 3H), 8.01~7.95 (m, 1H), 7.85~7.81 (m,
2H), 7.72 (dd, J=5.0, 2.0 Hz, 1H), 7.59~7.55 (m, 4H),
7.49~7.40 (m, 6H), 7.39~7.29 (m, 10H, BPh4-ortho and
other aromatic), 7.12~6.98 (m, 10H, BPh,-meta and other
aromatic), 6.97~6.92 (m, 5H, BPhs-pata and other aro-
matic), 6.91~6.87 (m, 5H), 6.85~6.82 (m, 2H), 6.78~
6.74 (td, J=7.5, 2.5 Hz, 2H), 6.60 (d, J=7.5 Hz, 2H),
6.22~6.18 (m, 2H); *C NMR (126 MHz, CD,Cl,) o:
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312.8 [t, J(PC)=17.8, Ru=C,], 216.7 (Ru=C=Cy),
164.1 [dd, J(PC)=98.9, 48.5 Hz, quinolyl], 155.7, 153.4
(s, Ru=C=C=C,), 153.2, 151.7 [d, J(PC)=18.0 Hz],
151.0 (d, J(PC)=18.0 Hz), 145.7, 142.0, 139.7, 138.4,
137.8, 136.0 (BPh,-ortho), 135.5 [d, J(PC)=10.1 Hz],
133.1, 132.9, 132.8 [d, J(PC)=10.1 Hz], 131.6~127.0
(m), 125.6 (br, BPh,-meta), 123.8, 123.0, 122.7, 121.7
(BPh4-pata), 121.5; *'P NMR (202 MHz, CD,Cl,) 6: 55.2
[d, J(PP)=27.2 Hz], 46.7 [d, J(PP)=27.2 Hz]; IR (KBr) v:
1935 (s, C=C=C) cm*. Anal. calcd for CgHgeBCI-
N,P,Ru: C 76.57, H 4.76, N 2.20; found C 76.41, H 5.11,
N 2.17.

4.2.2 Typical procedure for the synthesis of acryloni-
trile complexes [RuCI(N=C—CH = CR,)(DPPQ),]-
[BPhy] (4a: R=Ph; 4b: CR,=FN)

A mixture of the allenylidene complex 3 (0.2 g, 0.16
mmol) and hydrazines (1.1 equiv.) in CH,CI, was stirred at
room temperature for 30 min to give a yellow solution,
then the solvent was removed under reduced pressure. Ad-
dition of diethyl ether (15 mL) to the residue with stirring
produced a yellow solid. The solid was collected by filtra-
tion, washed with Et,0O (10 mL X 3) and dried under vac-
uum, which was identified to be the acrylonitrile complex
4. The filtrate was also collected and evaporated to ca. 1
mL under vacuum. The residue was purified by silica gel
column chromatography to give the corresponding amine
product. Crystals of 4 suitable for X-ray diffraction were
obtained by slow diffusion of diethyl ether into a CH,Cl,
solution of 4.

[RUCI(N=C—CH=CPh,)(DPPQ).][BPh,] (4a): Yield
97%. m.p. 196~198 ‘C; 'H NMR (500 MHz, CD,Cl,) ¢:
10.55~10.53 (m, 1H, quinolyl), 8.60 (dt, J=7.9, 1.6 Hz,
1H), 8.28~8.25 (m, 2H), 8.05~7.97 (m, 4H), 7.85~7.75
(m, 4H), 7.55~7.51 (m, 1H), 7.50~7.43 (m, 4H), 7.42~
7.41 (m, 1H), 7.40~7.35 (m, 10H, BPh,-ortho and other
aromatic), 7.31 (dd, J=5.0, 1.5 Hz, 1H), 7.28~7.24 (m,
2H), 7.19~7.17 (m, 2H), 7.11~7.02 (m, 14H, BPh,-meta
and other aromatic), 7.02~6.98 (m, 3H), 6.96~6.93 (m,
1H), 6.92~6.87 (m, 4H, BPh,-pata), 6.71~6.65 (m, 5H),
6.05~6.01 (m, 2H), 5.71 (s, 1H, CH=CPh,); *C NMR
(126 MHz, CD,Cl,) §: 164.5 [dd, J(PC)=102.4, 51.7 Hz,
quinolyl], 156.1, 154.7, 154.6, 151.8 [d, J(PC)=17.9 Hz],
138.9, 137.9 (C=N), 137.6, 136.6, 135.9 (BPh;,-ortho),
135.4, 134.8 [d, J(PC)=10.7 Hz], 134.4, 132.3~127.7
(m), 126.3, 125.6 (br, BPhs;-meta), 123.9, 121.9, 121.7
(BPh,-pata), 93.2 (s, CH=CPh,); P NMR (202 MHz,
CD,Cl,) é: 60.4 [d, J(PP)=29.6 Hz], 54.8 (d, J(PP)=29.6
Hz); IR (KBr) v: 2210 (N=C) cm™. Anal. calcd for
Cg1HesBCINsP,RU: C 75.55, H 4.93, N 3.26; found C
75.89, H 5.24, N 3.25.

[RUCI(N=C—CH = FN)(DPPQ),][BPh,] (4b): Yield
92%. m.p. 205~207 ‘C; *H NMR (500 MHz, CD,Cl,) ¢:
10.82 (t, J=3.0 Hz, 1H, quinolyl), 8.63 (d, J=8.5 Hz,
1H), 8.29 (dd, J=16.5, 8.0 Hz, 2H), 8.09 (dd, J=16.5, 8.0
Hz, 2H), 7.98~7.86 (m, 6H), 7.78 (t, J=7.5 Hz, 2H), 7.63
(dd, J=7.5, 3.5 Hz, 2H), 7.53 (d, 7.5 Hz, 2H), 7.49~7.44
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(m, 4H), 7.43~7.27 (m, 12H, BPh4-ortho and other aro-
matic), 7.18~7.10 (m, 6H), 7.05 (t, J=7.5 Hz, 8H,
BPh,-meta), 6.93~6.87 (m, 6H, BPh,-para and other ar-
omatic), 6.83~6.73 (m, 4H), 6.14 (dd, J=11.0, 7.5 Hz,
2H), 5.86 (s, 1H, CH=FN); **C NMR (126 MHz, CD,Cl,)
0. 164.1 [dd, J(PC)=198.2, 49.1 Hz, quinolyl], 156.3,
155.9, 154.9 [t, J(PC)=10.1 Hz], 152.1, 151.9, 141.7,
140.8, 139.3, 138.2, 1379 [d, J(PC)=7.6 Hz], 136.0
(BPh,-ortho), 134.4 [d, J(PC)=10.1 Hz], 134.1 (C=N),
132.6~127.8 (m), 125.6 (br, BPhs;-meta), 125.4, 124.0,
122.1, 121.73, 121.67 (BPh,-pata), 120.5, 120.3, 86.1 (s,
CH=FN); *'P NMR (202 MHz, CD,Cl,) 4: 60.0 [d, J(PP)
=29.0 Hz], 54.5 (d, J(PP)=29.0 Hz); IR (KBr) v: 2200
(N=0C) cm *. Anal. calcd for Cg;HgBCINsP,Ru: C 75.67,
H 4.78, N 3.27; found C 75.65, H 5.09, N 3.12.

4.2.3 Reaction of complex 4a with 1,1-diphenylprop-
2-yn-1-ol (2a) to form complex 3a

A mixture of complex 4a (0.1 g, 0.08 mmol) and 2a (65
mg, 0.32 mmol) in 1,2-dichloroethane (6 mL) was stirred
at 90 C for 10 h to give a purple solution, then the sol-
vent was removed under reduced pressure. Addition of
diethyl ether (10 mL) to the residue produced a purple sol-
id, which was collected by filtration, washed with Et,O (10
mL X 3) and dried under vacuum. The purple solid was
identified as complex 3a (95 mg, 96% vyield). In order to
isolate the organic compound, the filtrate was collected and
evaporated to ca. 1 mL under vacuum. The residue was
purified by silica gel column chromatography to give
3,3-diphenylacrylonitrile (5a)*7 as a white solid (90%
yield). '"H NMR (500 MHz, CDCls) 8: 7.53~7.43 (m, 6H),
7.41 (t, J=7.7 Hz, 2H), 7.33 (d, J=7.7 Hz, 2H), 5.77 (s,
1H); C NMR (126 MHz, CDCls) ¢: 163.1, 139.0, 137.1,
130.4, 130.0, 129.6, 128.7, 128.6, 128.5, 117.9, 94.9.

4.2.4 Reaction of complex 4b with 9-ethynyl-9H-
fluoren-9-ol (2b) to form complex 3b

A mixture of complex 4b (0.13 g, 0.1 mmol) and 2b
(0.11 g, 0.4 mmol) in 1,2-dichloroethane (6 mL) was
stirred at 90 ‘C for 10 h to give a purple solution, then the
solvent was removed under reduced pressure. Addition of
diethyl ether (10 mL) to the residue produced a purple sol-
id, which was collected by filtration, washed with Et,O (10
mL mL X 3) and dried under vacuum. The purple solid was
identified as complex 3b (94 mg, 92% vyield). In order to
isolate the organic compound, the filtrate was collected and
evaporated to ca.l mL under vacuum. The residue was
purified by silica gel column chromatography to give
2-(9H-fluoren-9-ylidene)acetonitrile (5b)*! as a pale yel-
low solid (90% yield). *"H NMR (500 MHz, CDCl5) J: 8.43
(d, J=7.5 Hz, 1H), 7.64 (q, J=7.5 Hz, 3H), 7.47 (dtd, J=
125, 7.5, 1.1 Hz, 2H), 7.38 (td, J=7.5, 1.1 Hz, 1H),
7.33~7.28 (m, 1H), 6.11 (s, 1H); *C NMR (126 MHz,
CDCly) §: 153.5, 141.9, 140.7, 136.5, 134.9, 131.8, 131.7,
128.4,127.9,125.4, 121.5, 120.2, 120.1, 117.4, 88.5.

4.2.5 Typical procedure for the catalytic reactions

Catalyst 1 (0.005 mmol), terminal propargylic alkynols
(0.2 mmol), TSNHNH, (1.0 mmol) and DCE (2 mL) were
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added to a Schlenk tube equipped with a magnetic stirring
bar. The reaction mixture was stirred at 90 ‘C for 24 h
under argon atmosphere. The solvent was then removed
under reduced pressure, and the residue was purified by
column chromatography on silica gel [V(petroleum
ether) : V(ethyl acetate) =20 : 1] to afford the corre-
sponding acrylonitrile 5.

3,3-Di-p-tolylacrylonitrile (5¢)”4: 'H NMR (500 MHz,
CDCl,) ¢: 7.37 (d, J=7.8 Hz, 2H), 7.28 (d, J=7.8 Hz,
2H), 7.24~7.20 (m, 4H), 5.69 (s, 1H), 2.45 (s, 3H), 2.42
(s, 3H); ®C NMR (126 MHz, CDCl;) §: 163.2, 140.8,
140.2, 136.4, 134.4, 129.6, 129.3, 129.2, 128.5, 118.3,
93.4,21.4,21.3.

Cinnamonitrile (5¢)": 'H NMR (500 MHz, CDCls) §:
7.58~7.34 (m, 6H), 5.90 (d, J=16.7 Hz, 1H); **C NMR
(126 MHz, CDCly) §: 150.6, 133.6, 131.2, 129.1, 127.4,
118.2,96.4.

Supporting Information X-ray crystallographic details
for complexes 3a, 3b, 4a and 4b. *'P NMR, H NMR, *C
NMR spectra of complexes 3~5. The Supporting Infor-
mation is available free of charge via the Internet at
http://sioc-journal.cn/.
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