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Abstract

The reaction of RuCl,(PMe,X1°-C¢Me,)  with HC=C-CHOH-(2-MeO-C.H,) 2 and NaPF, in methano! led 1o the rrans-alken-
yicarbene complex [LoRu=C(OMe)CH=CH(2-MeO-C,H )JPE, 3 (LaRu = Ru(CINPMe, Xn"-CMe,)) with the s-cis conformation of

the carbene ligand. The activation by i of the racemic and of the (S,S) i of the liic alcohol HC=CCHOH{(v>-(2-
Me—C H,)Cr{CO), 4 afforded the same two diastereoisomers [LnRu C(OMe)CH"CH(n"«(Z Me-CH, )CI(CO),B’F,, 5a /b with low
stereoselectivity in the ratio 55:45 (80%) and in the s-cis conf By the activation of HC=CCOH(MeXn">-C,H,)CKCO);

8 by 1 led to two diastereoisomers [LnRu=C(OMe)CH=CMe(7"-C ;HJCr(CO), JPF, 92 /b (64:34) with the s-trans conformation of the

organometallic carbene ligand.
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1. Introduction

The activation of prop-2-yn-1-ols by ruthenium(il)
complexes has first resuited in its dehydration to afford
ruthenium allenylidene complexes such as
[Ru=C=C=CPh,(PMe,),CH,IPF, [1] or
[Ru=C=C=CPh,(CIXPh,PCH,PPh,), IPF; [2]. With
the electrophilic (arene)ruthenium(IT) complexes of type
I, the allenylidene intermediate IT is very reactive to-
wards weak nucleophiles such as methanol to give the
alkenyl carbene complexes III [3] (Scheme 1). As com-
plex 1 is prochiral it might be expected that a chiral
prop-2-yn-1-ol could more easily approach one of the
two faces of the 16-electron transient species IV. This
would stereoselectively produce one of the two di-
astereoisomers of the alkyne adducts Va or Vb, which
would lead to an excess of one enantiomer of the
allenylidene intermediate of type II and thus of the
alkenylcarbene complexes VIa or VIb. Alternatively,

" Comresponding authors.

the use of an alkynol bearing two stercocenters (with
chiral R! or R?) could lead to an excess of one of the
alkenyl carbene ruthenivm diasterecisomers. We report
here (i) the activation of an optically active I-aryl
prop-2-yn-1-of by RuCl,(PMe,XC;Me;) complex 1
which leads to a new alkenyl-carbene complex in
methanol but without transfer of chirality, and (i) the
activation of organometallic prop-2-yn-i-ol di-
astereoisomers, having an  ortho-disubstituted and
Cr(CO); coordinated 1-aryl substituent, by the same
derivative 1 which gives new mixed chromium and
ruthenium containing alkenyl carbenes, existing as two
diastereoisomers.

2. Results and discussion

In order to study the activation of a chiral 1-aryl
prop-2-yn-1-ol by RuCl,(PMe, X7®-C Me,) 1, the reac-
tion was first studied with the racemic alcohol. Thus
complex 1 was reacted in the presence of NaPF, and
methanol with one equivalent of the (RS}HC=C-
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CHOH—(2-MeO-C,H,) derivative 2 [4] The new
alkenyl carbene complex 3 was isolated in 71% yield
(Scheme 2).

The structure of 3 was established by NMR. The
NMR spectra are consistent with the trans configuration
of the CH=CH bond [5 ppm: 8.69 (d) and 7.36 (dd),
3 Jigg = 15.1 Hz, *Jpyy = 1.7 Hzl. The °C NMR spectrum
shows a doublet ai low field for the (Ru=C) carbon
nucleus [8 ppm: 301.19 (d, 7, = 20.9 Hz)]. These data
are analogous to those found for the related complex
[Ru=C(OMe)CH=CHPh(CI)(PMe; }(n"-C Me, )IPF,
[31{8 (Ru=C) = 302.56 ppm (d, *J, = 20.3 Hz)]

A nuclear Overhauser effect was observed by irradia-
tion of the Ru=C{OMe) methoxy protons (8 = 4.38 ppm
(s)) whicb led to an increase of 15% of the =CHa
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Scheme 2.

signal (8 =7.36 ppm (dd)), whereas the imadiation at
8=397ppm (s), under the same conditions, of the
arylmethoxy group led only to an increase of 5% of the
ortho proton signal (8 = 7.76 ppm) and not of the =CH
and =CH, signals. These observations are consistent
with the privileged s-cis conformation of the carbene
ligand. Such a conformation was also observed for
monosubstituted alkenylcarbene—ruthenium complexes
3}

The same reaction has been performed at room tem-
perature but vith the enantiomeric pure alcohol (S)-
HC=C-CHOH-(2-Me0O-Cg¢H,) (S)-2 which was al-
ready prepared by addition of ethynylmagnesmm bro-
mide to the complexed aldehyde (+)-(15)-(2-MeO-
C4H CHOXCr{(CO),, followed by photochemical de-
complexation {4,5). Complex 1 and NaPF; reacted with
:%)-2 to afford the same alkenyl carbene complex 3*
which was isolated in similar yield (70%) (Scheme 2).
The study of the optical rotation of the latter complex
3" showed no optical activity at all. The absence of an
enantiomeric excess in the synthesis of 3° from (S)-2
was also supported by the NMR spectra of 3" with an
optically active europium(IIl) sait. Thus, on the basis
that stable stereochemistry had previously been ob-
served [6] for chiral arene ruthenivm(II) complexes, this
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observation indicates that the homochiral aleohol (S)-2
leads to the racemic chiral complex 3 without transfer
of chirality. This absence of stereoselectivity may be
due to a fast equilibrium between the 16-electron species
IV and its alkyne adducts Va, Vb with respect to the
dehydration rate of the latter to generate the allenyli-
dene II (Scheme 1).

The activation of a diastereoisomeric prop-2-yn-1-ol,
having both a planar chirality and a stereogenic C,
carbon by a ruthenium(II) complex, as an amempt to
generate a heterobimetallic allenylidene intermediate
[1~3,7), was never undertaken from an organometallic
1-aryl propargylic alcohol derivative. Thus we exam-
ined the activation of Cr(CO),-complexed atkynols 4
and 6. The complex RuCl,(PMe,Xn®-C;Me,) 1 was
reacted with an excess {1.5equiv.) of the diastereoiso-
mer (RR/SS) 4 [4], in the presence of NaPF; and
methanol, at room temperature. Complex 1 was com-
pletely converted after 48 into two violet mixed (Cr,
Ru) metal containing alkenyl carbene complexes ob-
tained as a mixture 5a /b (55:45) in 84% yield.

The reaction of complex 1 with one equivalent of the
optically pure diastereoisomer (S,5)4 and of NaPF; in
methanol was attempted. The reaction was stopped be-
fore completion, after 23h at .oom temperature, the
resulting complex mixture contained 17% of the starting
product 1, 30% of Sb and 53% of 5a. The Sa/b
diastereoisomers are in the ratio 55:45, but could not be
separated (Scheme 3). Thus, the coordination of the
chiral alkyne 4 to the ruthenium shows a slight prefer-
ence for one face of the 16-clectron mithenium interme-
diate (Scheme 1), although this asymmetric induction is
fow.

Under similar conditions the activation of the racemic
prop-2-yn-1-ol HC=CCHOH(n*-(2-MeO-
C4H,)CK{CO), 6 [4] occurred. The activation of 6 by
complex 1 in methanol led to a mixture (79%) of two
violet carbeae complexes 7a /b in almost equimolecu-
lar amount (49.5:50.5) and analogous to 5a /b (Scheme
4).
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TheNMRspecuaoflhenﬁxmreofcomplcxuS
showed the presence of two 1somers a/b ir the ratio
55:45. Twosmgletswereshownm 'P NMR [8 ppm =
11.26 (a) and 11.95 (b)]. The 'H NMR spectrum showed
two singlets for the (MeO) protons [5 ppm = 4.40 (a)
and 4.39 (b)) and two sets of AB systems for two
trans-CH= CH— groups [CH=CH- C(OMe) Ruo:
& ppm 7.05 (a, Jm.l 14.8Hz) and 7.03 ‘b, *Jip =
15.6H2)L

It was shown previously by Le Bozec and coworkers
[3] that for related alkeny! carbene comp!exes
[(C4Me XPMe,)CIRu=C(OMe)CH=CR'R*IPF, the
s-cis conformation was favoured for monosubstituted
derivatives (CR'R? = CHR), whereas with disubstituted
compounds (CR'R? = CPh,) the s-frans conformation
was observed (Scheme 5). The *'P chemical shift for
the PMe, group was observed in the range 3 5-8ppm
for the latter and 6 12—14 ppm for the former. Thus. on
the basis of this observation, the P NMR of 5a/b
suggested that both isomers adopted the favoured s-cis
conformation {§ ppm: 11.95 and 1126}

To support this hypothesis in the case of alkenyl
carbene containing arene—Cr(CO); as one R group, the
synthesis of a gem disubstituted ethylidenylcarbene was
undertaken in order to check whether the s-frans con-
formation was generated and could be cbserved by *'P
NMR. The reaction of the precursor 1 with HC=C—
C(OHXMeX7’-C;H,C(CO);) 8 in the presemce of
NaPF; and methanol led to the formation of a mixtre
of two deep red alkenyl carbene complexes 9a /b in the
ratio 64:36 (Scheme 6). The *'P NMR showed two
singlets at 5 ppm =8.41 (a) and 7.75 (b) that were
consistent with the s-rans conformation already ob-
served for other disubstituted derivatives [3]).

These data support the idea that arene wicar-
bonylchromium containing ethylydenyl complexes 5a/
b retain the s-cis conformation, as do their chromium
free counterparts. However, no information was given
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Scheme 5.
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on the relative conformation of the ruthenium moiety
and the (0-MeC¢H,)Cr(CO); groups of 5. A nuclear
Overhanser effect study of complexes 5 was performed
in order to observe on which H, or Hy proton signal
the irradiation of the methoxy protons could be re-
flected. The irradiation of the OMe signal at &=
4.40ppm (5a) led to an increase of 11% of the H,
signal (& = 7.05 ppm) and not of the H, signal. Analo-
gously, the irradiation of the OMe signal at &=
4.39ppm (5h) led to an increase of 11% of the H,
signal (8 = 7.03 ppm) and not of the H, signal (Scheme
7). The irradiation of the orfho-methyl group, linked to
the (arene)Cr{CQ); group of the same complex 5, led to
an increase of the Hy signal only: the irradiation of the
signal at & 2.46ppm (5a) or 8 = 2.47ppm (5b) led to
an increase of 15% of the signal at & 8.49ppm (H,.
Hg ) without affecting the H,, H,. signals (Scheme 7).
These observations are consistent not only with a pre-
ferred conformation of the ortho-methyl group close to
the Hy atom but also with a coplanarity of the arene and
the alkenylcarbene moiety as a rotation around the
Cy—Claryl) bond would lead to an increase of both H,
and Hy signals. Moreover, these data are also in line
with the preferred conformation generally adopted by
ortho-substituted styrene chromiumtricarbonyl com-
plexes [8].

The above NMR and NOE studies are consistent
with the structure for 5a and 5b as shown in Scheme 3.
From the racemic diastereoisomer 4, the two di-
asterecisomers 5a /b are produced: they differ only by
the relative position of the PMe, ligand with respect to

)
Hp
Cn,c

s-cis

Scheme 7.

Cr{CO)5

the C{CO), group. However, it is not possible at this
stage to identify them by spectroscopy.

3. Conclusion

The activation of the chiral, organometallic pro-2-yn-
1-ols HC=CC(R)MOH(n*<(2-R-C H,)CI{CO), by
RuCl,(PMe, X1*-C¢Me,) 1 takes place with low stere-
oselectivity in the chioride substitution at the ruthenivm
center by the alkyre, but constitutes a convenient route
to new bimetallic rrans-alkenylcarbene—ruthenium
derivatives containing an aryl-Cr{CO); complexed lig-
and with the s-cis and s-trans conformation according
to the nature of the R! group.

4. Experimental

4.1. Synthesis of [(n°-C,Me;)CI{PMe,)-
Ru=C(OMe)CH = CH{0-MeO-C4H,)IPF 3

4.1.1. From the racemic HC=CCHOH-(0-MeO-C,H,)
2

In a Schlenk tube containing 0.61 mmol (0.25g) of
RuCl,(PMe, Xn-C;Me,) 1 and 0.61 mmol (0.10g) of
NaPF, were successively introduced 10ml of degassed
methanol and 0.62mmol (0.10g) of HC=C-CHOH-
(0-MeO-C¢H,) [4]. The solution color changed from
red to dark yellow. After 3h stirring at room tempera-
ture, the solvent was removed under vacuum and the
solid was washed with diethyl ether. The complex was
dissolved in 10m! of CH,Cl, and the sclution was
filtrated in order to eliminate NaCl. The obtained com-
plex was dissolved in S5ml of CH,Cl, and slowly, in
order to maintain two phases, 15ml of diethylether and
15m! of n-pentane were added. 30mg (71%) of com-
plex 3 was obtained.

IR (KBr, » ecm™'): 1587 (s, vc-c). 839 (s, vp_p).
'"H NMR (CD,Cl,, 297K, 300.134MHz): 5 ppm 8.68
(d, 1H, =CH-CH ,~OMe, *J; ,;, = 15.1 Hz), 7.76 (dd,
Jwy=T9Hz, Sy = L6 Hz, IH, C(H,), 7.59 (1d,
Eifn 4
Jawpy = T.5Hz, “Jyy = L7Hz, 1H, CH,), 7.36 (dd,
*Jyumy = 15.1Hz, *Jpu = 1.3Hz, 1H, HC=), 7.05 (m,
2H, CH,), 4.38 (s, 3H, Ru=C-OMe), 3.97 (s, 3H,
OMe), 2.06 (d, *Jp,,, = 0.5Hz, 18H, C Me,), 1.36 (d,
%Jpay = 10.7Hz, 9H, PMe,). ' P('H} NMR (CD,Cl,,
297K, 121.496 MHz): & ppm 11.73 (s, PMe,), — 143.40
(sept, 'Jpr, = T10Hz, PE;). “C('H} NMR (CD,Cl,,
297K, 75.469 MHz): 3 ppm 301.19 (8, * Jp ¢, = 20.9 Hz,
Ru=C), 165.13 (s, = CH-C4H,~OMe), 160.76 (s, Co
(MeO-C)), 13621, 130.67 (s, C,H,), 125.68 (s,
Ru=C-C), 123.96 (s, Ci (C4H,)), 121.75, 112.61 (s,
(C4H,)), 105.83 (d, 2Jp ¢, = 2.6 Hz, C,Mey), 64.62 (d,
*Jpc)= L4Hz, Ru=C-OMe), 56.36 (s, OMe), 16.39
(s, CoMeg), 1600 (d, 'Jpc,=349Hz, PMe,). 1C
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NMR (CD,Cl,, 297K, 75.469 MHz): 8 ppm 165.16 (d,
Yew = 160 Hz, =CH-C,H,-OMe), 13621 (dd,
Uies = 1615 Hz, *Jc,y, = 8.5Hz, Co or Cm (C H.,),
130.66 (dt, 'Jcy, =159.2Hz, ’Jy,=68Hz, Cp
(C.H,). 125.68 (q, 'J,C_Hi =155Hz, Ru=C-CH),
121.76 (dd, 'S¢ 4y, = 164Hz, “Jcy, = 7.6 Hz, Co or Cm
(CHY)), 11260 (dd, 'Jeypy = 160THz, ey =
7.7Hz, Co or Cm (C¢H,)), 64.63 (q, 'Jc,y, = 149Hz,
Ru=C-OMe), 56.36 (3, 'Jcy = 145.5Hz, OMe),
1639 (g, 'Jcu, =1288Hz, CoMe,), 1600 (qdm,
Uy = 1303Hz, 'Jpc, = 348 Hz, PMe,). Anal
Found: C, 43.78; H, 5.57; Cl, 7.10. C,,H,,CIF,0,P,Ru
-0.25CH,Cl, Calc.: C, 43.96; H, 5.55; Cl, 7.41%.

4.1.2. From the optically pure (8)-HC=C-CHOH-(o-
MeO--C4H,) (5)-2

The above procedure was applied to 0.48 mmol
(0.20g) of 1, 0.48 mmol (0.08g) of NaPF;, 10ml of
methanol and 0.52mmol of (S)-2 [4] [[a], = +25.3°
[C =0.3(CHCL,)], ee 98%). 24mg of 3° (70%) was
obtained. Complex 3* was identified as the previous
one by NMR spectroscopy.

4.2, [(n5-C4Meg)CUPMe; )Rul = C(OMe)CH = CH~
(n°-0-MeC4H,)CH(CO), ]PF, §

4.2.1. Method A: from the racemic diastereoisomer 4

In a Schlenk tbe were introduced successively
165 mg (0.401 mmol) of RuCl,(PMe; XC Me,) 1, 87 mg
(0.52mmol) of NaPE, and 170mg (0.602 mmol) of
HC=CCH(OH)—(1®-0-MeC H,)Cr(CO),) 4 [4] in
15 ml of methanol. The mixture was stirred for 48h at
room temperature and in the dark, and thus led to the
complete wransformation of 1. After solvent removal
under vacuum the solid was washed twice with 10ml of
diethylether and dissolved in 15 ml of dichloromethane.
After filtration, the addition of diethylether led to the
precipitation of a violet solid. 274 mg (84%) of the
violet diastereoisomer complexes 5a/b was obtained.
An attempt to separate them by recrystallisation was not
successful.

4.2.2. Method B: from the optically pure 4

According to the above procedure the reaction was
performed with 128mg (0.313mmol) of 1, 52mg
(0.314 mmol) of NaPF, and 89 mg (0.315 mmol) of the
pure optically active diastereoisomer HC=CCH(OH)-
(1®-0-MeC4H,)Cr(CO),) 4 [4], and 15m! of degassed
methanol. The mixture was stimed for 23h at room
temperature and in the dark. After filtration, the addition
of diethylether led to the precipitation of a violet solid
(180mg). The NMR spectrum showed the presence of
17% of the starting product 1 and 83% of complexes §
(30% of 5b and 53% of 5a).

IR (KBr, » cm™'): 1968, 1897 (s, vg), 1581 (m,
Ve.c), 840 (s, vep). 'H NMR (CD,Cl,, 300.133 MHz,

297K): 8 ppin (H’, P’ correspond to the major

a,a/b (55:45%)) 8.49 (mt, 2H, =C H(C H (Me), 7.05
(@, *Jyy=148Hz, tH, =CH), 7.03 (d. *Jyg =
1559 Hz, IH, =CH,), 6.21 (d, J, = 6.8Hz, TH.__),
617 (d. J,=65Hz, 1H_ ), 593 (t J,=68Hz
1H,,), 5.82 (t J,=6.5Hz, 1H_ ), 536-5.21 (m,
4H, H,,,), 440 (s, 3H, OMe), 4.39 (s, 3H, OMe),
247 (s, 3H, Me), 2.46 (s, 3H, Me’), 2.09 (s, I8H,
C(Me,), 2.05 (s, 18H, C Me}), 1.36 (d, *Jpyy = 10.7 Hz,
9H. PMe,), 1.35 (d, *J,,, = 10.7 Hz, 9H, PMe;). ' P{*H}
NMR (CD,Cl,, 121.496 MHz, 267K): & ppm 11.95 (s,
PMe,), 11.26 (s, P’Me,), —14390 (sept, 'Jp=
710Hz).

4.3. [(n°-C4Me,)CH(PMe,)Rul = C(OMe)CH = CH-
(n®-0-MeOC H,)Cr{CO}, IPF, 7

According to the above procedure leading to § the
reacion of 1 (180mg, 0.439mmol) with 209mg
(0.702 mmol) of HC=C-CHOH(%’-0-MeOC.H ,~
JCH{CO), 6 [4] and NaPF, (95mg, 0.57 mmol) led after
48h at room temperature to 237 mg (79%) of a violet
powder identified as a mixture of complexes 7a /b. IR
(KBr, v cm™!): 1964, 1894 (s, vcg). 1576 (m, ve_c),
840 (s, vp). 'H NMR (CD,Cl,, 300.133MHz, 297K):
& ppm (H’, P’ correspond to the major product 2, a/b
(50.5:49.5%)) 844 (d, *Jy, = 15.1HD), | H,
=CHPWCACO),)), 826 (d. *Jyy = 148Hz, IH,
=CH'PHCACO),), 7.10 (d, *J,.p=148Hz, IH,
=CH’), 697 (d. *Jyy = 15.1Hz, 1H, =CH), 6.27 (d,
J,=66Hz, 1H,,,), 609(d, J,=62Hz, 1H,,,), 6.04
(t, J,=6.7Hz, IH,_.), 598 (¢, J,=6.6Hz, 1H_,).
5.33-5.17(m, 3H, H,.,,), 5.09(¢, J,=62Hz, IH,_),
4.37 s, 3H, =OMe'), 4.34 (5, 3H, =OMe), 3.92 (s, 3H,
OMe,_,), 3.87 5, 3H, OMe, ). 2.08 (s, 18H, C;Me)),
206 (s, 18H, CMe,), 136 (4, “Jpy = 10.7Hz, 9H,
PMe}), 1.34 (d, Jg = 10.7Hz, 9H, PMe,). ¥P{'H}
NMR (CD,Cl,, 121.496 MHz, 297K): 5 ppm 11.45 (5,
P'Me;), 1095 (s, PMe,), —14391 (sept, 'Jor=
711Hz). "P{!tH} NMR (CD,Cl,/CH,Cl, (15:85),
121496 MHz, 193K): & ppm 14.66 (s, P'Mk;), 14.0 (s,
PMe;,).

4.4 [(n°-C,Me, )CI(PMe, )Rul = ClOMe)CH=CIMe)-
(05-Cs H JCr(CO), IPF, 9

According to the above general procedure complex 1
(116mg, 0.283 mmol) and NaPF, (51 mg, 0.311 mmol)
were reacted with the organometallic prop-2-yn-1-of
HC=C-C{OH)Me(7*-C,H,CHCO);) 8 in 15ml of
methanol. After 48h of the reaction at room tempera-
ture 179 mg (78%) of a deep red powder of complexes
9a /b was obtained.

IR (KBr, » cm™'): 1966, 1890 (s, ). 1560 (m,
e o) 840 (s, vpe). 'H NMR (CD,Cl,, 300.133MHz,
297K): & ppm (H', P’ comrespond to the major product
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2 a/b (64:36%)) 7.28 (5, IH, =CH), 688 (s, 1H,
=CH'), 6.18-6.08 (m, 2H, H_,,), 5.80-5.54 (m, 4H,
H_..) 542, 523 (m, 4H, H___), 4.63 (s, 3H, =OMe),
422 (s, 3H, =OMe’}, 2.29 (s, 3H, Me), 2.12 (s, 18H,
CeMeg), 2.11 (s, 18H, C Me}), 2.05 (s, 3H, Me'), 1.42
{d. *J; = 10.2Hz, 9H, PMe,), 1.12{d, “Jpy =931 Hz,
9H, PMe;). "'P{'H} NMR (CD,Cl,, 121.496MHz,
297K): Sppm 841 {s, PMe,), 7.75 (s, PMe,),
—143.94 (sept. 'Jor = 711 Hz). Anal. Found: C, 42.07;
H, 4.87. C,Hy,CICF,O,P,Ru Calc.: C, 42.68; H,
482%.
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