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Abstract

Hydrogen bonding ligand functionality is introduced into the N-heterocyclic carbene (NHC) ligand of [Rh(cod)(NHg)PRIfcod =
1,5-cyclooctadiene) to look for molecular recognition effects on the selectivity of the reduction ofFRBHIEOMe by EtSiH. Selectivity
differences are indeed found between the control catalyst and those containing molecular recognition groups, particularBratiteof
the silyl enol ether product.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction generally modest rate accelerations seen from these catalysts
may indicate that the substrate or product may be bound too
Current homogeneous catalysts are usually designed withtightly to the catalyst for optimal reaction rate. On the simple
minimal reference to enzymes, yet the latter are accepted af?auling model of catalytic action, this could result from the
having many superior qualities in terms of selectivity and rate binding site providing too high a stabilization for the bound
[1-3]. While very useful for many specific transformations, reagentorbound product states and not sufficient to the bound
enzymes are not major contributors to organic synthesis andtransition state. Catalytic antibodies provide an interesting
industrial chemistry because they have limitations, for exam- approach but rates are still far from enzyme-like, partly for
ple, in terms of robustness, both thermally and to poisons, in the same reasds].
ease of product isolation, in their requirements for expensive  Recent advances in the study of enzymes have led to a
cofactors, which are sometimes even required in stoichio- more dynamic model of catalytic action with the recognition
metric amounts because they enter into the reaction itselfof the role of active site flexibility in promoting reaction. This
(e.g., NADH in certain reductiorfd]). We are tryingtocom-  new view has been supported by theoretical studies, site di-
bine molecular recognitiof] with homogeneous catalysis rected mutagenesis, structural studies, and NMR studies of
by building a variety of homogeneous catalysts that embody the dynamic$9]. Recent studies in asymmetric organometal-
hydrogen bonding groups, as found in natural enzyjhps lic catalysis suggest that introduction of a judicious degree of
Efforts along this line have had limited success to date. flexibility in the ligand system can give improved selectivity
Synthetic catalysts have been reported where arigid pocketig10-15}
provided, for example, by molecular imprintiftg], or via an
organic receptdj6]. Organic recognition-based catalysts are
also knowr7], including one from our own groufb]. The 2. Catalyst design
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SO,CF; The N-heterocyclic carberj@6] (NHC) ligand was cho-
sen for this purpose because it promotes a variety of catalytic

Ar reactions and the wingtip groups at N1 and N3 are readily
|/ varied. In addition, the wingtip groups are not only mobile,
N giving the desired flexibility, but also can easily point in the
\ direction of the metal so that they can in principle interact
‘ ~ & with the catalytic transition state(s) involved. Other classic
/Rh\ N Ar catalytic ligands, such as BRare harder to modify, have
A PPh 4 \/ R groups that point away from the metal, and any hydro-
gen bond functionality is harder to isolate electronically from
the ligand core making safe comparisons more difficult. The
presence of one PRhroup on the metal along with the NHC
group was expected to give better catalyst performance be-
cause the PRhwas expected to block the posititrans to
the NHC and encourage the catalytic chemistry to ocizr
%o the NHC where the hydrogen bonding groups could have
their maximum effect. The weakly coordinating and weakly
hydrogen bonding triflate anion was satisfactory for isola-
tion of the complexes and to avoid the anion outcompeting
the substrate for hydrogen bonding.

Fig. 1. Rhodium catalyst, Ar = m-CgH4NHCO(n-Bu) (1a) and GHs (1b).

coupled catalytic and recognition groups by using a flexible
linker between the two, in this case-&€H,— group. Another
advantage of this arrangement is electronic isolation becaus
the electronic effect of the ligand on the metal is expected to
remain essentially invariant between the hydrogen bonding
and non-hydrogen bonding control catalyst. The Ar group
was either GHs (no H bonding) orm-CgH4sNHCO(n-Bu)

(H bonding). The position of the recognition group (amide)
was expected to be important for the interaction with the sub-
strate. Compounds containing the latter H bonding group are
designated by a superscript HB, ad@'B. Clearly, any ex- ~ 3- Results

perimental search for selectivity differences has to involve

a comparison, such as that betwekh'® and 1b (Fig. 1), The new complexes were made by the sequence of
and any such comparison should preferably be uncontami-Scheme 1using AgO to form the silver carbene, then
nated by ligand electronic effects so as to identify the role of transmetallating to Rh(l), as already reported by our
hydrogen bond. group[17]. After halide removal with silver triflate (silver

KAr
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trifluoromethane sulfonate), triphenylphosphine is added. the effect of catalyst HB groups could best be tested: it
This mild route avoids the problems of unselective BuLi de- has a hydrogen bonding acceptor functios=(@} and hav-
protonation that would occur if the usual rolifes] via the ing two functional groups, can exhibit several types of se-
free carbene had been chosen, the hydrogen bonding amidéectivity changes. A variety of products in principle pos-
group being readily deprotonated by BuLi. The complexes sible, for example, reduction of €C versus &0 or of
were identified from their NMR spectra by comparison with both groupsE versusZ isomers are also possible in many
closely related derivatives reportftba] previously. cases.

o

N 1 mol% Catalyst
+ Et;SiH —
OSiEty OSiEty 0
N F ) Z
OSiEt

5 6 7 8
The hydrogenation product PhG8H,COMe was also
The ligand with Ar (GHs) wingtips was made as pre- formed in some of these experiments along with the expected
viously reported[18]. The ligand with hydrogen bonding hydrosilylation products. This could arise from silane de-
wingtips was made followingcheme 2 hydromerization or silane hydrolysis pathways which would
Catalytic studies were carried out ons&itH hydrosi- give coproducts ESiSiR; or R3SIOSIRs, respectively, de-
lylation of PhCH=CHCOMe (Eq. (1)) in refluxing dried  pending on which path is followed. The O atom in the latter
THF and followed by NMR spectroscopy and by compar- would have to come from the water present so we looked to
ison with authentic products. Ph&@HCOMe hydrosilyla- see if the catalytic results were affected by using specially
tion was chosen because it is an unselective reaction wheredried materials, but even with dried solvents the reduction
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Table 1
Salt effects in the hydrosilylation of PhGECHCOMe by E§SiH

Catalyst NaBR

Table 3

Effect of addition of wingtip mimic in the hydrosilylation of
PhCH=CHCOMe by E%SiH catalyzed bylb in the presence af mmoles
of PACONH@-Bu) (4)

Ratio of products (%)

(mmol)
6 ’ 8 n (mmol) Time (h) Ratio of products (%)
1b 0 29.6 25.9 22.2 22.2
1@® 0 333 26.7 26.7 13.3 5 6 ’ 8
1b 0.01 35.0+: 4% 28.0+ 42 26.6+3* 10.5+6? 1 No reaction - - - -
1aB 0.01 149+ 8 61.1+£12 125+6% 116422 0.01 22 37.2 27.9 30.2 4.7

Catalyst:  [Rh(cod)(NHC)(PRHSOsCFs,
1.00 mmol, solvent: 5 ml of THF, time: 20 min.
2 Standard deviation.

0.01mmol, substrate: Catalyst: 0.01 mmol, substrates: 1 mmol, solvent: 5ml THF.

SO4CF;

still occurs. To better test which pathway was involved in our
case we looked for the presence afFSiR; or R3SiOSIR;

and found that BSiIOSiR; was indeed formed in amounts
sufficient to account for the hydrogenation. Compouftds
and? are clearly excellent silane hydrolysis catalysts but we
have not developed this aspect in the present paper. Similar
complexes have proved to be catalysts for the related alcohol-
ysis reaction in the pa$19]. In these cases the mechanism
was found to be nucleophilic attack by the alcohol ongh (
R3SiH)M intermediate, so a similar path may occur here, 9
but we defer discussion to a future study.

Comparison ofla® and1b as catalyst shows only small
selectivity changesTable ). However, the addition of a
catalytic amount of sodium tetrafluoroborate enhances theseto which was added the hydrogen donor ligand mindic (
changes, largely fata™® (Table J) presumably by a salt ef-  PhCONH@-Bu) in 1:1 mole ratio but this gave no special
fect. Experiments with different salts show that NaBRuses selectivity effects Table 3.
the largest changes. The concentration of the salt does not The hydrogen bonding effectis independent of the number
play an important role, which may mean that the salt helps of X—H groupg24]. The catalyst with the hydrogen bonding
remove water that might otherwise interfere with hydrogen group present in only one ar@ (Fig. 2) gave essentially
bonding. The differences seen are real: standard deviationghe same resultsTéble 4. The one armed catalyst is more
were determined for the last two entriesTable 1 readily available so this gives a practical advantage. It also

In order to understand better this behavior, several control suggests that only one NHCO group is involved in giving the
experiments were carried out. selectivity.

First of all, we wanted to check, if the BFeounterion The N-H group of the wingtip is essential because when
by itself can give us selectivity changes. We carried out the it was replaced by oxygeriQ) or by an NMe (1) group no
catalysis with tetrafluoroborate as catalyst counterion insteadselectivity was observedéble 5.
of trifluoromethanesulfonate. Indeed, the ratio of the product = Themetaorientation is also essential because neither the
6 from 1,4 addition is enhanced and the selectivity is fur- ortho (12) nor the para (13) position gave selectivity en-
ther improved by the addition of sodium tetrafluoroborate hancement of produét(Table §. Both cases showed a smalll
(Table 2. enhancement of allylic ether.

The hydrogen bonding group must necessarily be attached = Other electronic and geometric modifications of the amide
to the catalyst in order to obtain selectivity. We looked at the group were also carried out. Giving more flexibility to the
catalyst without any hydrogen bonding donor wingti) wingtip as in compound4 (Fig. 3), gave no special selec-

Fig. 2. Catalys®.

Table 4

Table 2 One versus two HB wingtips in the hydrosilylation of Ph€BHCOMe
Hydrosilylation of PhCH=CHCOMe by E§SiH catalyzed byl with Et3SiH with NaBF, added
R Time (min) Ratio of products (%) Catalyst Ratio of products (%)

5 6 7 8 5 6 7 8
CHAr 460 34.7 25.7 29.8 9 1a® 14.9 61.1 12.5 11.6
CH,ArHB 460 276 406 180 18 9 14.3 61.9 13.3 10.5
CH,ArHB + salt 65 15.5 61.9 14.4 3

Catalyst: 0.01 mmol, substrates: 1 mmol, salt: 0.01 mmol NaB&lvent:
5ml THF.

Catalyst9 with only one Ar = m-CgHsNHCO(n-Bu) wingtip group:
0.01 mmol, substrates: 1 mmol, NaB.01 mmol, solvent: 5 ml THF, time:
20 min.
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tivity enhancements fds (Table 7, even when salt is added.
As in Table § some enhancement 6fwas seen.

as we saw for the amide caSable §. Since the sulfonamide
has greater acid character than the anfjitlg, we tried to

Changing the amide for stronger hydrogen bonding donor improve the selectivity with this wingtip, by using a stronger

sulfonamide 16) in the wingtips of the catalyst gave salt

hydrogen bond acceptor salt such as but without result.

dependent selectivity changes but none as great in magnitudd he proportion of the product coming from 1,2 addition is

Table 5
Effect of peptide mutation in the hydrosilylation of PhEBHCOMe by
Et3SiH and NaBEg added

Ar Ratio of products (%)

5 6 7 8
m-CsHsOCOn-Bu) 32.7 22.9 21.6 29
m-CgHsNCHz(n-Bu) 38.3 23.4 28.7 7

Catalyst9: 0.01 mmol, substrates: 1 mmol, NaBB.01 mmol, solvent: 5ml
THF, time: 20 min.

Table 6
Effect of the HB wingtip orientation in the hydrosilylation of
PhCH=CHCOMe by E$SiH with NaBF; added

Position Ratio of products (%)

5 6 7 8
Ortho 39.4 23.6 25.2 18
Para 39.0 27.4 27.4 @2
Meta 14.3 61.9 13.3 16

Catalyst9 with Ar = CgHsNHCO(n-Bu): 0.01 mmol, substrates: 1 mmol,
NaBF4: 0.01 mmol, solvent: 5 ml THF, time: 20 min.

Table 7
Effect of longer linker in the hydrosilylation of PhGECHCOMe by E§SiH
with n mmoles of NaBE added

reduced. Another way to change the donor properties of the
N—H group is by the interchange of NH and CO to give
wingtip 15 (Fig. 3). This experiment gave us much enhanced
selectivity (Table 9. This catalyst was the most selective of
the entire series.

Table 8
Effect of sulfonamide wingtip in the hydrosilylation of PhEl€HCOMe
with EtzSiH

Salt Time Ratio of products (%)
5 6 7 8

NaBF 20 min 37.8 22 22.2 178
NaSQCR; 20min 32.9 197 26.3 21
LiSO3CR3 80min 25.8 e 12.4 539
LiF 80min 18.9 14 235 117
BusNF 20min 375 25 215 155
BusNBr2 38h 13.3 19 12.3 63

Catalyst9 (Ar = m-CgH5sNHSO,(n-Bu)): 0.01 mmol, substrates: 1 mmol,
salt: 0.01 mmol, solvent: 5ml THF.
a There is also 26.1% of unreactagB-ketone.

Table 9
Effect of inversion of the peptide bond in the hydrosilylation (Eq. (1) +
nNaBF;)

n Ratio of products (%) n Ratio of products (%)

5 6 7 8 5 6 7 8
0.01 41 27 24 7 0.01 0 74 19 7
0.0 34 20 22 23 0.00 24 28 17 8

Catalyst9 with 15 as hydrogen bonding wingtip: 0.01 mmol, substrates:
1 mmol, solvent: 5ml THF. Time: 20 min.

Catalyst9 with mCgHsCONH(n-Bu) as wingtip: 0.01 mmol, substrates:
1 mmol, solvent: 5ml THF. Time: 20 min.
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Table 10 Table 12
Effect of different salts on hydrosilylation (Eq. (1)) with catalgst Hydrosilylation of PhCH=CHCOMe by E4SiH with addition ofn mmoles
Salt Time Ratio of products (%) of NaBF

n Ratio of products (%)

5 6 7 8

LiBF, 135min 330 314 18 141 5 6 ’ 8
NaBF, 20min 12.3 72.5 13 29 0.01 4.7 78.7 9.48 11
NaBPhy 80 min 12.2 70.7 B 7.3 0.005 5.6 75.9 7.8 16
RbBPh, 90 min 22.3 55.3 19 75 0.003 4.4 78.8 7.9 9
LiSO3CFs 100min 368 324 26 103 Catalyst9 (Ar = m-CsHsNHCO(n-Bu)): 0.01 mmol, substrates: 1 mmol,
NaSQCR 100min 39.3 32.8 18 9.8 solvent: 5 ml dried THF, time: 20 min.
MgSOy 165 mint 24.3 19.3 163 9.63
Cahp 100 mirf 28.0 20.6 1738 131
Molecular sieves 60 mih 14.5 16.5 eI 3.68 Table 13

CatalystlaB: 0.01 mmol, substrates: 1 mmol, salt: 0.01 mmol, solvent: 5ml Hydrosilylation of PhCH-CHCOMe by E4SiH with addition ofn mmoles
THF. Forl, 2, 3thereis 15.2, 10.3, 28.3 of unreactef-ketone respectively. of water with constant NaBH0.1 mmol)

n Ratio of products (%)

Table 10shows the effect of different salts on the selectiv- 5 6 7 8
ity. Large non-coordinating anions such ay,BRand BPh~ 0.02 Q4 75.7 73 75
are best for enhancing the selectivity for 1,4 addition. In apro- 0-1 ;ﬁ ii-g 1;71 E—g
tic solvents, such as THF, the ionic dissociation constant in- g 291 1% 236

creases with the size of the catif##0], so lithium salts are
not very well dissociated, possibly explaining why lithium
salts do not give enhanced selectivitipbles 10 and 1)1

If a more coordinating anion and therefgre aIsE) a bet-  However, since it is known that there is always residual
ter hydrogen bond acceptor such as386;~ or F~ is water in THF, and that this is not easy to remove, we decreased
used, the proportion of the products becomes almost equakne concentration of NaBFversus concentration of catalyst
(Tables 10 and J1 The selectivity is improved somewhat 55 another control experimeifiaple 13. When the concen-
when we increased the basic character of the salt, for exam+ration of NaBF is less than the concentration of catalyst,
ple, going from NaF to BsNF. Since the ratios depend on e selectivity is still enhanced, with similar results as when
both cation and anion, we can assume that the entire salt iSye have equal concentrations. This may indicate that the salt
playing arole in the selectivity notjust the cation orthe anion. gjmply hydrates trace water more effectively than does the
_ Since the salts that give us selectlylty can also act as des'catalyst peptide group; the salt presumably associates with
iccants, we used known desiccants in heterogeneous phasg,itiple water molecules per ion pair, accounting for the salt
to see if simple removal of water gives enhanced selectivity. offect at lower ratios than 1:1. The fact that we do not de-
The results show that this is not the case, however, and segct any interaction between the peptide and the salt either

lectivity with these dessicants is not as good as with NaBF by |R spectroscopy or electrospray MS tends to confirm this
(Table 1Q but reaction is also much slower in these cases and picture.

Catalyst1a®: 0.01 mmol, substrates: 1 mmol, solvent: 5ml of dried THF,
NaBF4: 0.1 mmol.

unreacted enone is also seen in the products. The addition of water to the system caused loss of se-
lectivity when the concentration of water is greater than the
Table 11 concentration of NaBE as shown infable 13

Effect of different salts on hydrosilylation (Eq. (1)) with catalgst

3.1. Discussion

Salt Time Ratio of products (%)

5 6 ! 8 These results suggest that hydrogen bonding wingtip
NaBFy 20 min 5.4 77.0 6.8 18 group can play a role in determining the selectivity of the
BusNBF4 20 min 13.0 67.0 14.0 0 Catalytic reaction.
NaBPh, 10 min 12.4 65.4 13.6 8 . . I
KBPh, 100 min 177 551 163 1 I'F may bg useful to consider thls'lnteractlo'n in other cat-
RbBPh, 40 min 13.8 63.8 12.8 8 alytic reactions such as asymmetric catalysis, where small
LiSO3CFs 40 min 36.1 25.9 22.2 13 energy effects are involved in discriminating between two
NaSQCFs 80 min 22,5 27.9 23.4 26 pathways.
LiF 1h 40 min 28.6 30.2 22.2 19
NaF 60 min 31.3 25.3 22.9 p:)
BusNF 2h 25.7 45.8 20.8 B )
BusNBr 38,51 142 179 139 2 4. Conclusions
Catalys®9 (Ar=m-CgHsNHCO(n-Bu)): 0.01 mmol, substrates: 1 mmol, salt:
0.01 mmol, solvent: 5ml THF. We have shown that hydrogen bonding wingtip groups can

& There is also 24.9% of unreacte(B-ketone. be successfully introduced into metal carbene catalyst by a
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mild transmetallation procedure. On their own, these groups 45.62 CH>, benzyl); 33.63, 29.530H>, cod); 38.17, 28.40,
do notlead to any useful improvement in the selectivity of the 23.16 CH», amide); 14.37 CH3, amide). Anal. Calcd. for
probe reaction. Addition of salts, that may tie up trace water, C3sH4602N4CIRh (MW = 693.11): C, 60.65; H, 6.69; N,
particularly NaBR,;, causes one of the four reaction products 8.08. Found: C, 60.59; H, 6.78; N, 8.01.
to be formed selectively. We propose that the transition state
involves hydrogen bonding between the substrate and the5.2.2. Compoun@b
catalyst. Control reactions show that the NH group of the  Yield: 0.4027 g (83.26%¥H NMR (CD,Cl>, 298K): 7.40
hydrogen bonding wingtip group is required for selectivity. (m, 10H, G-H, aromatic); 6.72 (s, 2H, -€H, backbone im-
idazolin); 6.00 (d, 2H, €, benzyl,J = 14.80 Hz); 5.65 (d,
2H, CH>, benzyl,J=14.80 Hz); 4.99 (broad, 2H,H, cod);
3.33 (s, broad, 2H, €H, cod); 2.34 (m, 4H, €, cod); 1.91
(m, 4H, CHy, cod).13C NMR (CD,Cly): 184.56 (d, NCN,
Jrh-c =51.69); 121.69C—H, backbone imidazolin); 137.60,
129.37, 129.00, 128.81 (aromatic benzyl); 99.34CeH,
[Rh(cod)CI} [21], the substituted imidazolium sa[&2], cod, Jrn—c = 6.79); 69.18 (d,C—H, cod, Jrh-c = 14.46);
and their silver substituted derivativils’] were synthesized  55.26 CHa, benzyl); 33.61, 29.560H>, cod). Anal. Calcd.
as previously described. All synthesis were performed using for CosH2gN2CIRh (MW = 494.87): C, 60.68; H, 5.70; N,
reagent grade solvents, which were used as received. 1s05.66. Found: C, 59.05; H, 5.64; N, 5.35.
lated yields are given for all products. NMR spectra were
recorded on 400 or 500 MHz Bruker spectrometers at 300K 5.3. [{1,3-Bis-(arylmethyl)-imidazolin-2-ylidirje

5. Experimental

5.1. General methods

(*H NMR) and 100 or 125 MHzC NMR), respectively,
and referenced to SiMg$ in ppm,J in Hz). NMR spectra
were obtained at room temperature unless otherwise noted
Infrared spectra were recorded on a Midac FT-IR spectrom-

{1,5-cyclooctadieng{triphenylphosphing rhodium(l)]
trifluoromethanesulfonatel 6 and 1b)

Complexes2a andb were treated with PRh(0.5 mmol)

eter, using NaCl plates. Elemental analyses were performedand sodium trifluoromethanesulfonate (0.5 mmol) in acetone
by Atlantic Microlab, Inc. (20 mL) for 1 h to give a solution that was filtered, and hex-
anes added to precipitate the complex. Recrystallization from
5.2. [{1,3-Bis-(arylmethyl)-imidazolin-2-ylidije CH.Clo/hexanes gave analytically pure material.
{1,5-cyclooctadiengehloro rhodium (1)] @aand2b)
5.3.1. Compounda®
The metallation procedure used was that described previ-  Yield: 0.2957 g (54.95%)IH NMR (CD,Cl,, 298 K):
ously[17], itself a modification of the procedure of Wangand 8.59 (s, 2H, N-H), 7.91 (pd, 2H, €&H, aromatic benzyl);
Lin [23], [Rh(diene)CI} (0.420 mmol) and the appropriate  7.53, 7.45, 7.35 (m, 15H,-€H, aromatic phosphine); 7.30

[imidazolin-2-ylidine]silver dichloroargentate (0.840 mmol) (pd, 2H, G-H, aromatic benzyl); 7.26 (s, 2H-E1, aromatic

were combined in ChCl, (20 mL). The mixture was stirred

at room temperature for 1 h, and filtered through Celite. The
solution was carefully concentrated in vacuo at room tem-
perature. The yellow powder so obtained was washed with
pentane (X 5mL) and dried in vacuo. The data for the new
compounds follows:

5.2.1. Compoun@a’®

Yield: 0.5117 g (87.00%)H NMR (CD,Cl,, 298K):
7.66 (pd, 2H, GH, aromatic benzyl); 7.62 (s, 2H,-NH);
7.57 (s, 1H, GH, aromatic benzyl); 7.32 (t, 2H,-€H, aro-
matic benzyl); 7.15 (pd, 1H,-€H, aromatic benzyl) = 7.20);
6.75 (s, 2H, backbone imidazolin); 5.99 (d, 2H;1£ ben-
zyl, J = 15.20); 5.55 (d, 2H, 85, benzyl,J = 14.80); 4.97
(s-broad, 2H, €H, cod); 3.33 (s-broad, 2H, -, cod);
2.32 (pt, 4H, ®2, n-butylamide); 2.32 (pt, 4H, B2, cod);
1.89 (m, 4H, G5, cod); 1.65 (m, 4H, @2, n-butylamide);
1.37 (m, 4H, G2, n-butylamide); 0.92 (t, 6H, 83, n-
butylamide,J = 7.20).23C NMR (CD,Cl,, 298K): 172.24
(CO); 139.84, 138.34, 130.02, 124.13, 119.99, 119.91 (aro-
matic benzyl); 121.99G—H, backbone imidazolin); 99.45
(C—H, cod,Jrn-c = 10.94); 69.44C—H, cod,Jrn-c = 14.34);

benzyl); 6.8 (s, 2H, €H, backbone imidazolin); 6.74 (pd,
2H, G-H, aromatic benzyl); 5.82 (d, 2H,K5, benzyl,J =
14.80); 4.85 (broad, 2H,-H, cod); 4.36 (d, 2H, €, ben-
zyl,J=15.20); 2.35(pt, 4H, B, n-butyl); 2.35 (pt, 4H, El>,
cod); 2.17 (m, 4H, €y, cod); 1.63 (m, 4H, E>, n-butyl);
1.36 (m, 4H, &2, n-butyl); 0.913 (t, 6H, Ei3, n-butyl, J =
7.20).13C NMR (CD>Cl,): 179.24 (dd, XN, Jrn-c = 50.24,
Jo_p = 14.15); 173.25C0); 141.12, 136.22, 130.16, 123.99,
120.40, 118.65 (aromatic benzyl); 134.38 (d, aromatic phos-
phine,Jp_c = 11.70); 129.78 (d, aromatic phosphidg,c =
9.56); 131.80, 131.75 (aromatic phosphine); 122G9H,
backbone imidazolin); 98.95 (€—H, cod); 95.20 (dC—H,
cod); 31.18, 30.79¢H>, cod); 55.14 CH2, benzyl); 37.69,
28.43, 23.08CH_, n-butyl); 14.39 CH3, n-butyl). 1°F NMR
(CDoClp): —79.13 (s, &3). 3P NMR: 27.08 (d,Jrn-p

= 155.81). Anal. Calcd. for §3Hg105N4F3PSRh (MW =
1069.12): C, 60.67; H, 5.75; N, 5.24. Found: C, 60.47; H,
6.00; N, 5.34.

5.3.2. Compoundb
Yield: 0.3870g (85.00%)H NMR (CD,Clp, 298K):
7.53 (pt, 2H, GH, aromatic benzyl); 6.98 (m, 3H,
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C—H, aromatic benzyl); 7.45, 7.38 (m, 15H—4, aro- 5.6. 1,3-Bis-(3-butylamidebenzyl)-imidazolium
matic phosphine); 6.73 (s, 2H, €, backbone imi- chloride @)
dazolin); 5.67 (d, 2H, @2, benzyl, J = 14.80Hz);
4.80 (s-broad, 2H, €H, cod); 4.30 (s-broad, 2H, -cH, The synthesis was done as reported me{2agl
cod); 2.39 (m, 4H, €, cod); 2.26 (m, 4H, CH Yield: 0.3913 g (40%)1H NMR (acetone-g): 11.00 (s,
cod). 13C NMR (CD.Cl,, 298K): 179.16 (dd, KN, 1H, N-H); 9.60 (s, 1H, GH, backbone imidazolium); 8.19
Jrh-c = 50.24, Jc—p = 14.43); 134.79, 129.70, 129.23, (pd,2H, C-H, aromatic); 7.76 (m, 1H,€H, aromatic); 7.71
128.17 (aromatic benzyl); 134.01 (d, aromatic phos- (pd, C-H, backbone imidazolium); 7.24 (pt~Ei, aromatic);
phine, Jp.¢ = 11.32); 131.56, 131.40 (aromatic phos- 7.09 (pd,G-H,aromatic);5.57 (s, B2, benzyl); 2.50 (t, €2,
phine); 129.53 (d, aromatic phosphindp_c = 9.68); n-butyl); 1.63 (m, G, n-butyl); 1.36 (m, Gz, n-butyl);
97.59, 97.57, 95.37G—H, cod); 123.13 C—H, back- 0.91 (t, tHz, n-butyl). 13C NMR (acetone-g): 173.10 CO);
bone imidazolin); 55.07 GH», benzyl); 30.89, 30.51 142.66, 138.18, 130.31, 123.48, 120.73, 119.39 (aromatic
(CH2, cod). 1°F NMR (CD,Cly, 298K): —79.92 (s). benzyl); 135.69, 124.470-H, imidazolium); 54.04 CHo,
31p NMR (CD;Clp, 298K): 26.80 (d,Jrnp = 157.49). benzyl); 37.72, 28.98, 23.4TCH,, n-butyl); 14.65 CH3, n-
Anal. Calcd. for G4H4403N2F3sPSRh (MW = 871.79): butyl). Anal. Calcd. for G7H3502N4Cl (MW = 483.055): C,
C, 60.69; H, 4.98; N, 3.22. Found: C, 60.12; H, 4.97; 67.13;H,7.30;N, 11.60. Found: C, 64.65; H, 7.38; N, 11.03.
N, 3.19.

5.7. 1-Butyl-3-(3-butylamidebenzyl)-imidazolium
5.4. 3-Butylamide benzyl alcohol chloride @)

3-Amino benzyl alcohol (20 mmol) and valeric anhydride N-butyl imidazole (2mmol) and 3-(butylamide)benzyl
(20 mmol) were stirred in ethyl acetate (25 mL) for 5 h. After chloride (2mmol) were made to react in toluene under
the evaporation of the solventin vacuo, the desired compoundreflux overnight. The compound was recrystallized from
was obtained. Recrystallization from acetone—hexanes gavemethanol-diethyl ether.
white crystals. Yield: 0.7751 g (71.43%):H NMR (CDCls): 9.94 (s, 1H,

Yield: 1.4533 (59.00%)H NMR (acetone-g, 298 K): N—H); 9.69 (s, 1H, GH, imidazolium); 7.50 (pd, 2H, €H,
9.08 (s, 1H, N-H); 7.65 (s, 1H, GH, aromatic); 7.56 (pd,  aromatic); 7.18 (pd, 2H,-€H, backbone imidazolium); 6.79
1H, G-H, aromatic); 7.22 (pt, 1H,€H, aromatic); 7.02 (pd, (pt, 1H, G-H, aromatic); 6.72 (pd, 1H,-€H, aromatic); 5.03
1H, C-H, aromatic); 4.59 (d, 2H, B, benzyl,J = 6.00); (s, 2H, My, benzyl); 3.87 (t, 2H, G2, n-butyl); 2.09 (t,
4.24 ¢, 1H, J = 5.60, OH); 2.35 (pt, 2H, B2, n-butyl); 2H, CH», n-butylamide); 1.48 (m, 2H, By, n-butylamide);
1.65 (m, 2H, ¢, n-butyl); 1.37 (m, 2H, G, n-butyl); 0.91 1.25 (m, 2H, G2, n-butylamide); 0.55 (t, 3H, B3, n-
(t, 3H, CH3, n-butyl). 13C NMR (acetone-g): 172.38 CO); butylamide); 0.5 (t, 3H, €3, n-butyl). 13C NMR (CDCk):
144.45, 140.85, 129.63, 122.49, 118.88, 118.58 (aromatic);173.23 (CO); 140.28, 136.33, 129.59, 123.31, 120.76,
64.99 CH», benzyl); 37.88, 28.83, 23.41CH>, n-butyl); 119.99 (aromatic benzyl); 133.70C{H, imidazolium);

14.53 CHs, n-butyl). Anal. Calcd. for GoH1702N (MW = 122.59, 122.38¢—H, backbone imidazolium); 53.3€Ho,
207.275): C, 69.54; H, 8.27; N, 6.76. Found: C, 69.52; H, benzyl); 49.68, 32.39, 19.36CH,, n-butylimidazolium);
8.30; N, 6.76. 36.91, 27.78, 22.420H>, n-butylamide); 13.90 ¢H3, n-
butylamide); 13.42CH3, n-butylimidazolium). Anal. Calcd.
5.5. 3-Butylamide benzyl chloride for C19H280N3CI-H,0 (MW = 367.918): C, 62.03; H, 8.22;

N, 11.42. Found: C, 60.05; H, 7.90; N, 10.94.
3-Butylamide benzyl alcohol (10 mmol) and thionyl chlo-
ride (11.4 mmol) were stirred in benzene (50 mL) at@Gor 5.8. {1-Butyl-3-(3-butylamidebenzyl)-imidazolin-2
2 h. The solvent was evaporated in vacuo, an oil was gotten-ylidine}{1,5-cyclooctadienghloro rhodium (1)
and washed with hexanesx510 ml). White crystals were
gotten. Yield: 0.17 g (53.03%)'H NMR (CDCl): 7.84 (pd, 1H,
Yield: 1.6315g (78.71%)'H NMR (acetone-g, 298 K): C—H, aromatic); 7.56 (s, 1H, N\H); 7.51 (s, 1H, GH, aro-
7.81 (s, 1H, GH, aromatic); 7.60 (d, 1H, €H, aromatic); matic); 7.32 (pt, 1H, €H, aromatic); 7.51 (pd, 1H, €H,
7.28 (t, 1H, G-H, aromatic); 7.11 (d, 1H, €H, aromatic); aromatic); 6.84 (d, 1H, €H, backbone imidazolin); 6.69 (d,
4.67 (s, 2H, €1y, benzyl); 2.36 (t, 2H, @, n-butyl); 1.65 1H, G-H, backbone imidazolin); 6.15 (d, 1H, = 14.40,
(m, 2H, CH2, n-butyl); 1.37 (m, 2H, G2, n-butyl); 0.92 (t, CH»> benzyl); 5.29 (d, 1HJ = 16.01, @42 benzyl); 5.04
3H, CH3, n-butyl). 13C NMR (acetone-g| 298 K): 172.42 (m, 2H, G-H, cod); 3.34 (m, 2H, €H, cod); 2.37 (m, 6H,
(CO); 141.18, 139.76, 130.21, 124.52, 120.51, 120.14 (aro- CH>, cod +n-butylimidazolin); 1.96 (m, 6H, 6>, cod +n-
matic); 47.32 CHy, benzyl); 37.80, 28.73, 23.4CHy, n- butylamide); 1.7 (m, 2H, 85, n-butylimidazolin); 1.52 (m,
butyl); 14.51 CHs, n-butyl). Anal. Calcd. for GoH160ONCI 2H, CH», n-butylamide); 1.39 (m, 2H, By, n-butylamide);
(MW =225.717): C,63.86; H, 7.15; N, 6.21. Found: C, 64.12; 1.27 (m, 2H, ®&2, n-butylimidazolin); 1.07 (t, 3H, Es,
H, 7.11; N, 6.23. n-butylimidazolin); 0.94 (t, 3H, €3, n-butylamide).13C
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NMR (CDCls): 182.05 (d, N, Jrpc = 51.50); 171.75

5.11. 1-Butyl-3-(3-butylesterbenzyl)-imidazolium

(CO); 138.93, 137.12, 129.36, 123.53, 120.74, 120.55 (aro- chloride

matic); 119.57, 119.540—H, backbone imidazolin); 98.62
(d, C-H, cod, Jrn—c = 6.84); 68.39 (dC—H, cod, Jrn-—c =
14.48); 68.15C—H, cod,Jrn-c = 14.48); 54.34CH>, ben-
zyl); 50.70, 28.87, 22.400H3, n-butylimidazolin); 37.52,
27.62, 20.19CH2, n-butylamide); 32.97, 31.620H,, cod);
13.86 CH3, n-butylamide); 13.90CHS3, n-butylimidazolin).
Anal. Calcd. for G7H39ON3CIRh (MW = 559.98): C,

Yield: 0.3g (96.74%).1H NMR (CD,Clp): 10.27 (s,
1H, G-H, imidazolium); 7.60 (s, 1H, €H, aromatic);
7.52 (s, 1H, GH, backbone imidazolium); 7.40 (pd, 1H,
C—H, aromatic); 7.28 (pt, 1H, €H, aromatic); 7.24 (s,
1H, C-H, backbone imidazolium); 6.97 (pd, 1H-€, aro-
matic); 5.59 (2H, Gy, benzyl); 4.17 (pt, 2H, H2, N-

57.91; H, 7.02; N, 7.50. Found: C, 57.92; H, 7.14; N, butylimidazolium); 2.47 (pt, 2H, 8, n-butylester); 1.73

7.29.

5.9. [{1-Butyl-3-(3-butylamidebenzyl)-imidazolin-2-
ylidine}{1,5-cyclooctadieng{triphenylphosphing
rhodium ()] trifluoromethanesulfonaté®).

Yield: 0.048 g (57.49%)*H NMR (CDCls): 9.27 (s, 1H,
N—H); 8.04 (d, 1H, GH, aromatic); 7.50 (s, 1H, €H,
aromatic); 7.50, 7.42, 7.28 (m, 15H;-8, aromatic phos-
phine); 6.99 (s, 1H, €H, backbone imidazolin); 6.91 (s,
1H, G-H, backbone imidazolin); 6.50 (d, 1H,-El, aro-
matic); 5.60 (d, 1H, @, benzyl,J = 15.60); 4.87 (broad,
1H, C—H, cod); 4.64 (broad, 1H, €H, cod); 4.27 (d, 1H,
CHy, benzyl,J = 15.20); 4.22 (broad, 2H,-€H, cod); 2.46
(m, 2H, H, n-butylimidazolin); 2.30 (broad, 4H, I,
cod); 1.68 (m, 4H, El2, n-butylimidazolin and amide); 1.38

(broad, 4H, G, n-butylimidazolin and amide); 0.91 (pt, 6H,

CHa, n-butyl imidazolin and amide)}3C NMR (CD»Cl,):
177.81 (dd, NN, Jrn—c = 49.80,Jp_c = 14.59); 173.19

(CO); 141.00, 136.08, 130.11, 124.05, 123.01, 122.37 (aro-

matic benzyl); 134.32 (d2—H, aromatic phosphingp_c =

11.44); 131.71, 131.7Z(H, aromatic phosphine); 129.74

(d, C—H, aromatic phosphinep_c = 9.93); 120.30, 119.60
(C-H, backbone imidazolin); 98.50, 97.54 @€H, cod);
95.95 (d,CH, cod,Jrn-c = 7.12); 94.35 (dCH, cod,Jrn-c
= 7.09); 55.09 CF3); 54.50 (CH benzyl); 31.43, 31.12,
30.91, 30.81 CH2, cod); 51.67, 32.53, 23.09CH>, butyl
imidazolin); 37.71, 28.42, 21.0ZH,, butyl amide); 14.39
(CH3, butylimidazolin); 14.21 (CH, butyl amide)°F NMR
(CDCl): —78.58 (s, &3). 3P NMR (CDCk): 27.21 (rn-p
= 153.37). Anal. Calcd. for £Hs5404N3SFPRh (MW =

935.86): C, 59.04; H, 5.82; N, 4.49. Found: C, 58.88; H,

6.03; N, 4.21.

5.10. 3-Butylester benzyl chloride

IH NMR (CDCh): 7.24, 7.12, 7.02, 6.94 (m, 4H &,
aromatic); 4.45 (s, 2H, 83, benzyl); 2.45 (t, 2H, €y, butyl);
1.63 (m, 2H, G, butyl); 1.34 (m, 2H, E2, butyl); 0.86
(t, 3H, CHs butyl). 13C NMR (CDCk): 172.55 €O, car-

bonyl); 151.31, 139.37, 130.08, 126.18, 122.71, 122.03 (aro-

matics); 45.91 CHz, benzyl); 34.49, 27.37, 22.65CHo,
butyl); 14.14 CH2 butyl). Anal. Calcd. for GoH1603

(m, 2H, H2, N-butylimidazolium); 1.61 (m, 2H, 8o,
n-butylester); 1.33 (m, 2H, By, n-butylester); 1.20 (m,
2H, CH2, N-butylimidazolium); 0.87 (t, 3H, @3, N-
butylimidazolium); 0.81 (t, 3H, €3, n-butylester).13C
NMR (CD2Cly): 172.87 CO); 136.00 C—H, imidazolium);
152.12, 138.97, 131.09, 127.03, 123.44, 122.99 (aromatic);
122.59, 122.39G—H, backbone imidazolium); 53.2&H,,
benzyl), 50.68, 32.71, 22.97CH>, n-butylimidazolium);
34.69, 27.61, 20.250H>, n-butylester); 14.25 ¢H3, n-
butylimidazolium); 13.96 CH3, n-butylester). Anal. Calcd.
for CpgH2702N2Cl (MW = 350.88): C, 65.05; H, 7.76; N,
7.98. Found: C, 63.44; H, 7.90; N, 7.94.

5.12. {1-Butyl-3-(3-butylesterbenzyl)-imidazolin-2-
ylidine}{1,5-cyclooctadienechloro rhodium (1)

Yield: 0.33g (71.06%)1H NMR (CD.Cl,): 7.36, 7.28,
7.14, 7.05 (m, 4H, €H, aromatic); 6.91 (d, 1H, €H,
backbone imidazolin); 6.74 (d, 1H,-E, backbone imi-
dazolin); 5.97 (d, 1H, 62 (benzyl),J = 15.21); 5.61 (d,
1H, CH2 (benzyl),J = 14.80); 4.95 (broad, 2H,-€H, cod);
3.44 (q, 2H, Gy, n-butylimidazolin); 3.30 (m, 2H, €H,
cod); 2.55 (t, 2H, @2, n-butylamide); 2.36 (m, 4H, B,
cod); 1.93 (m, 6H, €5, cod +n-butyl imidazolin); 1.71 (m,
2H, CH», n-butylamide); 1.50 (m, 2H, B>, n-butylamide);
1.44 (m, 2H, G2, n-butylimidazole); 1.056 (t, 3H, By,
n-butylimidazole); 0.967 (t, 3H, B>, n-butylamide).13C
NMR (CD2Clp): 183.72 (NCN, Jrh-c = 51.31); 172.88
(CO); 151.99, 139.43, 130.47, 126.48, 122.26, 122.15 (aro-
matic); 121.70, 121.220—H, backbone imidazolin); 69.21
(C—H, cod,Jrn-c = 14.4); 68.60C—H, cod,Jrn-c = 14.10);
51.36 CHa, benzyl); 34.75, 29.47, 23.0CH>, butylimida-
zolin); 33.73, 33.57CH>, cod); 29.74, 27.71, 20.8€H,,
n-butylester); 14.44@Hs, n-butylimidazolin); 14.32 CHs,
n-butylester). Anal. Calcd. for £H330,N>CIRh (MW =
560.968): C, 57.81; H, 6.83; N, 4.99. Found: C, 56.83; H,
6.70; N, 4.95.

5.13. [{1-Butyl-3-(3-butylesterbenzyl)-imidazolin-2-
ylidine}{1,5-cyclooctadieng{triphenylphosphing
rhodium (1)] trifluoromethanesulfonatg.0)

Yield: 0.4g (79.94%)H NMR (CD,Clp): 7.51, 7.42,
7.28 (m, 15H, GH, aromatic phosphine); 7.37, 7.07, 6.81,

(MW = 208.26): C, 69.21; H, 7.74. Found: C, 64.33; 6.71 (m, 4H, GH, aromatic benzyl); 7.00 (d, 1H,-G&,

H, 6.80.

backbone imidazolin); 6.76 (d, 1H,~E, backbone imida-
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zolin); 5.60 (d, 1H, El2 (benzyl),J = 14.80); 4.50 (d, 1H,
CH» (benzyl),J = 15.21); 4.83, 4.69 (2H, €H, cod); 4.27
(broad, 2H, G-H, cod); 2.55 (t, 2H, €, n-butylimidazolin);
2.46, 2.36, 2.24 (m, 8H, I3, cod); 1.70 (m, 2H, CH, n-
butylester); 1.60 (m, 2H, B, n-butylimidazolin); 1.40 (m,
2H, CHa, n-butylester); 1.35 (m, 2H, CH n-butylester);
1.30 (m, 2H, @2, n-butylimidazolin); 0.96 (t, 3H, E3,
n-butylimidazolin); 0.93 (t, 3H, €l3, n-butylester).13C
NMR (CD2Cly): 172.83 (carbonyl); 152.23, 136.80, 131.10,
125.64, 123.55, 122.89 (aromatic benzyl); 134.30 (d, aro-
matic phosphineJp-c = 11.44Hz); 131.89, 135.53 (aro-
matic phosphine); 129.83 (d, aromatic phosphifec =
9.81Hz),122.70, 122.0Z(H, backbone imidazolin); 97.74
(t,C—H, cod); 97.66 (tC—H, cod); 96.09 (dC—H, cod,Jrn-c

= 7.32); 94.99 (dC—H, cod, Jrr-c = 6.95); 51.79 CHo,
benzyl); 34.70, 27.63, 21.0CH,, butylester); 32.59, 22.98,
15.88 CH>, butylimidazolin); 14.28CHs, butylester); 14.24
(CH3, butylimidazolin).1°F NMR (CD»Cl»): —79.39 (CR).
31p NMR (CDxCl): 26.90 (rn-c = 155.05). Anal. Calcd.
for C46H3505N2F3P3Rh (MW = 936.84): C,58.98; H,5.70;
N, 2.99. Found: C, 58.03; H, 5.63; N, 3.02.

5.14. 4-Butylamide benzyl alcohol

Yield: 2.52 g (75%)1H NMR (acetone-g): 9.08 (s, 1H,
N—H); 7.61 (d, 2H, G-H, aromatic); 7.26 (d, 2H, €H, aro-
matic); 4.55 (s, 2H, €2, benzyl); 2.34 (t, 2H, G, butyl);
1.64 (m, 2H, ®,, butyl); 1.37 (m, 2H, €y, butyl); 0.91
(t, 3H, CH3, butyl). 13C NMR (acetone-g): 172.22 CO);
139.69, 138.48, 128.27, 120.12 (aromatic); 6404, ben-
zyl); 37.81, 28.81, 23.420H>, butyl); 14.53 CH3, butyl).
Anal. Calcd. for GoH1702N (MW = 207.275): C, 69.54; H,
8.27; N, 6.76. Found: C, 69.50; H, 8.35; N, 6.76.

5.15. 4-Butylamide benzyl chloride

Yield: 2.5345 g (75.3%)'H NMR (acetone-g): 9.21 (s,
1H, N-H); 7.67 (pd, 2H, &H, aromatic); 7.36 (pd, 2H,€H,
aromatic); 4.67 (s, 2H, 8>, benzyl); 2.36 (t, 2H, €l», butyl);
1.65 (m, 2H, Gy, butyl); 1.37 (m, 2H, El2, butyl); 0.91
(t, 3H, CHs, butyl). 13C NMR (acetone-g): 172.51 CO);
141.07,133.77,130.59, 120.32 (aromatic); 47@34, ben-
zyl); 37.85, 28.74, 23.400H>, butyl); 14.53 CH3, butyl).
Anal. Calcd. for GoH160ONCI (MW = 225.717): C, 63.86;
H, 7.15; N, 6.21. Found: C, 63.89; H, 7.12; N, 6.15.

5.16. 1-Butyl-3-(4-butylamidebenzyl)-imidazolium
chloride

Yield: 1.06 g (94.45%)'H NMR (DMSO-ds): 10.26 (s,
1H, N-H); 9.42 (s, 1H, GH, imidazolium); 7.86 (m, 2H,
C—H, backbone imidazolium); 7.71 (d, 2HEl, aromatic);
7.40 (d, 2H, GH, aromatic); 5.39 (s, 2H, &, benzyl);
4.21 (t, 2H, 2, butylimidazolium); 2.36 (t, 2H, 6>, buty-
lamide); 1.81 (m, 2H, 8, butylimidazolium); 1.59 (m, 2H,
CHy, butylamide); 1.34 (m, 2H, By, butylimidazolium);
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1.28 (m, 2H, G2, butylamide); 0.93 (s, 6H, s, butyl
amide and imidazolium)13C NMR (DMSO-d): 171.91
(CO); 140.27, 129.36, 129.26, 119.63 (aromatic); 136.34
(C—H, imidazolium); 123.09, 122.79C~H, backbone im-
idazolium); 52.00 CH>, benzyl); 49.00, 31.62, 22.1&H,,
butylimidazolium); 36.42, 27.58, 19.1€KH>, butylamide);
14.10 CHgs, butylimidazolium); 13.63 CHs, butylamide).
Anal. Calcd. for GgH2g0NsCl (MW = 349.883): C, 65.22;

H, 8.07; N, 12.00. Found: C, 65.25; H, 8.09; N, 11.95.

5.17. {1-Butyl-3-(4-butylamidebenzyl)-imidazolin-2-
ylidine}{1,5-cyclooctadiengchloro rhodium (1)

Yield: 1.06 g (94.45%)*H NMR (CD,Cly): 7.53 (pd, 3H,
N—-H and G-H aromatic); 7.34 (pd, 2H, €H, aromatic);
6.87 (d, 1H, GH, backbone imidazolinJ = 2.00); 6.67
(d, 1H, G-H, backbone imidazolin) = 2.00); 5.97 (d, 1H,
CHy (benzyl),J = 14.40); 5.47 (d, 1H, 8> (benzyl),J
= 14.40); 4.94 (m, 2H, €H, cod); 4.50 (m, 2H, E>, n-
butylimidazolin); 3.32 (broad, 2H,-€H, cod); 2.40 (m, 2H,
CHa, butylamide); 2.33 (m, 4H, B;, cod); 1.89 (m, 6H,
CHa, cod andn-butylimidazolin); 1.66 (m, 2H, €y, buty-
lamide); 1.49 (m, 2H, @5, n-butylimidazole); 1.38 (m, 2H,
CHa, n-butylamide); 1.04 (t, 3H, Hs, n-butylimidazolin);
0.94 (t, 3H, GH3, n-butylamide) 13C NMR (CD,Cl,): 183.07
(NCN, Jrn—c =51.31); 172.25¢0); 139.18, 132.80, 129.67,
120.56 (aromatic); 121.49, 121.08+H, backbone imida-
zolin); 98.82 (tC—H, cod), 69.29C—H, cod,Jrn-c = 14.46);
68.56 C—H, cod,Jrn-c =14.46); 51.34CH,, benzyl); 38.07,
29.41, 23.15CHpy, n-butylimidazolin); 29.79, 28.40, 20.89
(CH2, n-butylamide); 33.37, 33.7&8H2, cod); 14.64 (€3,
n-butylimidazolin); 14.39 (CH, n-butylamide). Anal. Calcd.
for Co7H39ON3RhCI (MW = 559.9645): C, 57.91; H, 7.02;
N, 7.50. Found: C, 58.02; H, 7.20; N, 7.41.

5.18. [{1-Butyl-3-(4-butylamidebenzyl)-imidazolin-2-
ylidene{1,5-cyclooctadieng{triphenylphosphing
rhodium] trifluoromethanesulfonaté §)

Yield: 0.59 g (70.66%)*H NMR (CD,Cl,): 8.63 (broad,
1H, N-H, amide); 7.67 (d, 2H, €H, aromatic benzyl);
7.52, 7.42, 7.28 (m, 15H,-H, aromatic phosphine); 6.93
(pd, 1H, G-H, backbone imidazolinJ = 1.60); 6.85 (d,
2H, C-H, aromatic benzyl); 6.71 (pd, 1H,~E1, backbone
imidazolin, J = 2.00); 5.52 (pd, 1H, 8> (benzyl),J =
14.80); 4.82, 4.72 (broad, 2H,—@l, cod); 4.45 (pd, 1H,
CHa, benzyl,J = 14.40); 4.25 (broad, 2H,-€H, cod); 2.38
(m, 10H, H;, cod and butylamide); 1.64 (m, 4H,H3,
butylamide and butylimidazolin); 1.36 (m, 4HH3, buty-
lamide and butylimidazolin); 0.92 (m, 6H,H3, butylamide
and butylimidazolin)1°F NMR (CD,Cl,): —79.34 (s, €3,
trifluoromethanesulfonate$P NMR (CDCly): 26.86 (d,
phosphine Jrp-p = 154.56).13C NMR (CD,Cly): 177.65
(dd, NCN, Jrn-c = 49.93,Jc-p = 15.22); 173.16 CO);
140.64,131.49, 129.16, 120.92 (aromatic benzyl); 134.33 (d,
aromatic phosphine]c—p = 11.32); 131.86, 131.82CH,
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aromatic phosphine), 129.82 (d, aromatic phosphiaep

= 9.56); 123.49, 122.27C~H, imidazolin); 97.97, 97.49
(C—H, cod); 95.82 (dC—H, cod,Jrn-c = 7.29), 94.8 (dC—H,
cod,Jrr-c = 7.04); 54.98 CF3, trifluoromethanesulfonate);
51.76 CHa, benzyl); 37.73, 30.91, 23.1XH5, butylim-
idazolin); 32.61, 28.43, 21.04CH>, butylamide); 31.39,
31.06 CHa, cod); 14.44CHas, butylimidazolin); 14.25CH3,
butylamide). Anal. Calcd. for ggHs5404N3F3SRh (MW =
904.84): C, 61.06; H, 6.02; N, 4.64. Found: C, 58.49; H,
5.93; N, 4.40.

5.19. 2-Butylamide benzyl alcohol

Yield: 1.40 g (83.18%)*H NMR (CD,Cl,): 8.55 (broad,
1H, N-H); 7.95 (pd, 1H, &H, aromatic); 7.30 (pt, 1H,€H,
aromatic); 7.21 (pd, 1H,€H, aromatic); 7.08 (pt, 1H, €H,
aromatic); 4.65 (pd, 2H, B, benzyl); 2.80 (t, 1H, @);
2.35 (t, 2H, QHp, butylamide); 1.67 (m, 2H, B2, buty-
lamide); 1.40 (m, 2H, @, butylamide); 0.95 (t, 3H, B3,
butylamide). 13C NMR (CD,Clp): 172.78 CO); 138.32,
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32.73, 28.66, 20.190H>, butylimidazolium); 14.54 CHs3,
butylamide); 13.94 CHs, butylimidazolium). Anal. Calcd.
for C19H280ON3Cl (MW = 349.88): C, 65.22; H, 8.07; N,
12.00. Found: C, 59.36; H, 8.14; N, 11.99.

5.22. {1-Butyl-3-(2-butylamidebenzyl)-imidazolin-2-
ylidine}{1,5-cyclooctadiengchloro rhodium (1)

Yield: 0.20 g (49.90%)*H NMR (CD,Cl,): 8.51 (s, 1H,
N—H); 7.79 (d, 1H, G-H, aromatic); 7.37 (m, 2H, €H, aro-
matic); 7.19 (m, 1H, €H, aromatic); 6.83 (pd, 1H, €H,
backbone imidazolin,J = 2.00); 6.66 (d, 1H, €, ben-
zyl); 6.63 (d, 1H, GH, backbone imidazolinJ = 2.00),
5.03 (d, 1H, Gy, benzyl); 5.01, 4.88 (m, 2H,-€H, cod);
3.46, 3.28 (m, 2H, €H, cod); 2.47 (m, 6H, El,, butylamide
and cod); 2.24 (m, 2H, B;, butylimidazolin); 2.03 (m, 2H,
CHa, butylamide); 1.82 (m, 6H, B>, butylimidazolin and
cod); 1.52 (m, 2H, €, butylamide); 1.32 (m, 2H, Bo,
butylimidazolin); 1.06 (t, 3H, €3, butylamide); 0.90 (t, 3H,
CH3, butylimidazolin).13C NMR (CD,Cly): 182.34 (NCN,

131.14, 129.68, 129.51, 124.97, 123.29 (aromatic); 64.87 Jrn-c =50.81);173.56C¢0); 137.89,131.73,129.71,127.20,

(CH2,—OH); 38.30, 28.52, 23.140H>, butylamide); 14.40
(CHs, butylamide). Anal. Calcd. for GH170oN (MW =

207.268): C, 69.54; H, 8.27; N, 6.75. Found: C, 69.31; H,

8.36; N, 6.74.
5.20. 2-Butylamide benzyl chloride

Yield: 0.30g (61.22%)H NMR (CD,Cly): 7.75 (pd,
1H, G-H, aromatic); 7.40 (s-broad, 1H,MH); 7.28 (m, 2H,
C—H, aromatic); 7.08 (pt, 1H, €H, aromatic); 4.55 (s, 2H,
CHy, benzyl); 2.33 (t, 2H, €, butylamide); 1.63 (m, 2H,
CHpy, butylamide); 1.35 (m, 2H, By, butylamide); 0.88 (t,
3H, CH3, butylamide).23C NMR (CD»Cl,): 172.19 CO);

127.06, 125.58 (aromatic); 120.61, 121.Z7-H, backbone
imidazolin); 99.26 (d,C—H, cod, Jrn—c = 7.04); 98.99 (d,
C—H, cod,Jrn-c =6.92); 70.41 (dC—H, cod,Jrn-c = 14.81);
68.41 (d,C—H, cod,Jrn-c = 14.54); 51.48CHa, benzylic);
36.97, 31.66, 23.160H, butylamide); 34.42, 33.93CHo,
cod); 32.76, 28.73, 20.89CH>, butylimidazolin); 30.40,
29.10 CH2, cod); 14.53 CHs, butylamide); 14.35 GHs,
butylimidazolin). Anal. Calcd. for gH3gON3CIRh (MW
=559.96): C, 57.91; H, 7.02; N, 7.50. Found: C, 56.92; H,
6.95; N, 6.97.

5.23. [{1-Butyl-3-(2-butylamidebenzyl)-imidazolin-2-
ylidine}{1,5-cyclooctadieng{triphenylphosphing

137.46, 130.79, 130.56, 129.40, 125.92, 125.31 (aromatic);rhodium (1)] trifluoromethanesulfonaté @)

44.99 ((Hy, benzyl); 38.03, 28.44, 23.14 K3, butylamide);
14.35 (QH3, butylamide). Anal. Calcd. for GH160NCI
(MW =225.71): C, 63.86; H, 7.15; N, 6.20. Found: C, 64.03;
H, 7.20; N, 6.19.

5.21. 1-Butyl-3-(2-butylamidebenzyl)-imidazolium
chloride

Yield: 0.25 g (59.72%)*H NMR (CD,Cl,): 10.34 (s, 1H,
N—H); 9.66 (s, 1H, &H, imidazolium); 7.55 (s, 1H, €H,
backbone imidazolium); 7.42 (s, 1H-€, backbone im-
idazolium); 7.36 (pd, 1H, €H, aromatic); 7.27 (m, 2H,
C—H, imidazolium); 7.10 (pt, 1H, €H, aromatic); 5.57
(CH2, benzyl); 4.10 (t, 2H, @2, butylamide); 2.48 (t, 2H,
CHa, butylimidazolium); 1.74 (m, 2H, B2, butylamide);
1.57 (m, 2H, Gy, butylimidazolium); 1.27 (m, 4H, By,
butylamide); 0.86 (m, 6H, B3, butylimidazolium and buty-
lamide).13C NMR (CD,Cl,): 207.33 C-H, imidazolium);

Yield: 0.145 g (58.0%)*H NMR (CD,Cl,): 8.72 (broad,
1H, N-H); 7.40 (m, 17H, GH, aromatic phosphine and ben-
zyl); 7.08 (m, 1H, G-H, aromatic benzyl); 6.94 (s, 1H-E,
backbone imidazolin); 6.78 (s, 1H~El, backbone imida-
zolin); 6.44 (d, 1H, GH, aromatic benzyl); 5.79 (d, 1H K5,
benzyl); 4.84, 4.74 (broad, 2H-E, cod); 4.38 (d, 1H, €,
benzyl); 4.29, 4.21 (broad, 2H,-E, cod); 2.27 (m, 12H,
CHa, butylamide and imidazolin, and cod); 1.74 (m, 2HH£
butylamide); 1.60 (m, 2H, By, butylimidazolin); 1.45 (m,
2H, CHa, butylamide); 1.38 (m, 2H, B,, butylimidazolin);
0.96 (m, 6H, ®i3, butylamide and imidazolin}?'P NMR
(CDoCly): 27.09 (d,Jrh-p = 155.60).13C NMR (CD»Cl,):
178.50 (dd, N, Jrp-c =52.50 Jc-p = 14.38); 173.51C0);
136.53, 132.97, 129.14, 127.84, 127.27, 126@B4H, aro-
matic benzyl); 134.43 (d;—H, aromatic phosphin€c_p =
11.47); 131.78, 131.645+H, aromatic phosphine); 129.67
(d, C—H, aromatic phosphine€c—p = 9.55); 124.57, 122.18

174.54 CO); 137.94,137.29,131.18,130.56, 128.65, 127.04 (C—H, backbone imidazolin); 98.87, 96.83{H, cod), 93.65

(aromatic); 123.49, 122.46 (&, backbone imidazolium);
50.54 CH>, benzyl); 36.70, 31.37, 23.18H>, butylamide);

(C—H, cod); 51.72 CF3, trifluoromethanesulfonate); 51.57
(CHa, benzyl); 36.94, 29.85, 23.3CH2, butylamide); 32.78,
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28.63, 21.03 CH2, butylimidazolin); 31.41, 31.17, 30.16
(CHj>, cod); 14.53 (CH, butylamide); 14.26 (Cgl butylim-
idazolin). Anal. Calcd. for GgHs5404N3F3PSRh (MW =
935.84): C, 59.04; H, 5.82; N, 4.49. Found: C, 58.91; H,
5.75; N, 4.50.

5.24. 3-Butylsulfonamide benzyl alcohol

3-Butylamide benzyl alcohol (3.25mmol) and 1-
butanesulfonyl chloride (3.25 mmol) were stirring in pyridine
(20 ml) at room temperature for 3h. The solvent was evap-
orated in vacuo, an oil was gotten, which was purified by
column with 1:1 acetone—hexanes as eluent.

Yield: 0.484 g (61.26%)'H NMR (CDCls): 0.74 (t, 3H,
CHag, butyl); 1.24 (m, 2H, €z, butyl); 1.63 (m, 2H, Ei,,
butyl); 2.95 (pt, 2H, El,, butyl); 4.49 (s, 2H, El,, ben-
zyl); 6.97, 7.05, 7.12 (m, 4H,€H, aromatic); 7.87 (s, 1H,
N—H). 13C NMR (CDCk): 13.89 CHs, butyl); 21.75, 25.70,
51.72 CH2 butyl); 64.89 CH2 benzyl); 119.14, 119.59,
123.72, 130.09, 137.68, 143.06 (aromatic). Anal. Calcd. for
C11H1703NS (MW = 243.257): C, 54.31; H, 7.04; N, 5.76.
Found: C, 53.62; H, 7.06; N, 5.58.

5.25. 3-Butylsulfonamide benzylchloride

3-Butylsulfonamide (1.64 mmol) and thionyl chloride
(2.93 mmol) were stirring in toluene (20 ml) at 40 for 2 h.

An oil was gotten, which was purified by column with 1:1
acetone—hexanes as eluent.

Yield: 0.316 g (73.41%)'H NMR (CDClg): 7.74 (broad,
1H, N-H); 7.19 (m, 4H, aromatic); 4.96 (dd, 2HH3, ben-
zyl); 3.10 (t, 2H, GHy, butyl); 1.77 (m, 2H, El,, butyl); 1.37
(m, 2H, CHy, butyl); 0.85 (t, 3H, CH, butyl). 13C NMR
(CDClz): 138.08, 137.09, 130.39, 125.65, 120.65, 120.41
(aromatic); 64.24¢H,, benzyl); 51.84, 25.70, 21.7%H,,
butyl); 13.91 CHgs, butyl). Anal. Calcd. for @ H1602NSCI
(MW =261.70): C, 50.49; H, 6.16; N, 5.35. Found: C, 52.78;
H, 6.38; N, 5.23.

5.26. 1-Butyl-3-bis-(4-butylsulfonamidebenzyl)-
imidazolium chloride

Yield: 0.24 g (81.23%)*H NMR (acetone-g): 10.55 (s,
1H, N-H); 10.28 (s, 1H, €H, imidazolium); 7.91 (d, 2H,
C—H, aromatic); 7.79 (s, 1H,-€H, aromatic); 7.53 (pd, 1H,
C—H, backbone imidazolium); 7.25 (m, 2H,—-€l, back-
bone imidazolium and aromatic); 5.66 (s, 2HHE ben-
zyl); 4.39 (t, 2H, @y, sulfonamide); 3.14 (m, 2H, Id;,
imidazolium); 1.91 (m, 2H, CH sulfonamide); 1.73 (m,
2H, CHa, imidazolium); 1.36 (m, 2H, 6>, sulfonamide);
1.11 (m, 2H, G2, imidazolium); 0.90 (m, 3H, CHl sulfon-
amide); 0.82 (m, 3H, B3, imidazolium) 13C NMR (acetone-
ds): 141.57 C—H, imidazolium); 138.55, 137.04, 130.76,
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(CH>, butylimidazolium); 33.13 CH>, butylsulfonamide);
14.35 CHs, butylimidazolium); 14.21 CH3, butylsulfon-
amide). Anal. Calcd. for ¢ggH2g02N3CIS (MW = 385.951):

C, 56.02; H, 7.31; N, 10.81. Found: C, 53.32; H, 6.95; N,
8.46.

5.27. {1-Butyl-3-(4-butylsulfonamidebenzyl)-
imidazolin-2-ylidiné {1,5-cyclooctadienechloro
rhodium (1)

Yield: 0.14 g (39.38%)H NMR (CD.Cly): 7.25 (s, 1H,
N—H); 7.25 (m, 4H, aromatic); 6.91 (s, 1i&—H, backbone
imidazolium); 6.73 (s, 1H, €H, backbone imidazolium);
5.98 (d, 1H, G2, benzyl); 5.50 (d, 1H, €, benzyl); 4.95
(broad, 2H, GH, cod); 4.51 (broad, 2H, €H, cod); 3.32
(broad, 2H, @15, cod); 3.07 (t, 2H, El,, butylsulfonamide);
2.40 (pd, 2H, @13, butylimidazolin), 2.31(broad, 2H, cod);
1.84 (m, broad, 8H, B, cod, butylsulfonamide and butylim-
idazolin); 1.49 (m, 2H, @y, butylsulfonamide); 1.36 (m,
2H, CH>, butylimidazolin); 1.04 (t, 3H, €3, sulfonamide);
0.87 (t, 3H, GH3, butylimidazoline).:3C NMR (CD,Cl,):
183.31 (carbene))rh-c = 51.43; 139.32, 138.82, 130.53,
125.01, 121.72, 121.32 (aromatic sulfonamide); 120.93,
120.65 C—H, backbone imidazolin); 99.04 (¢€G—H, cod,
Jrh-c = 6.79); 98.93 (dC—H, cod, Jrn-c = 6.79); 69.26
(d, C—H, cod, Jrn-c = 14.46); 68.81 (dC—H, cod, Jrn-c
= 14.46); 54.87 CH>, benzyl); 52.28, 31.39, 22.1&H,,
sulfonamide); 51.39, 26.16, 20.89 (gHoutylimidazolin);
33.70, 29.58 ¢—H, cod); 33.70 CH>, butylimidazolin);
14.41 CHs, sulfonamide); 14.09GH3, butylamide). Anal.
Calcd. for GgH4002N3CISRh (MW =596.96): C, 52.31; H,
6.75; N, 7.04. Found: C, 52.99; H, 6.76; N, 6.87.

5.28. [{1-Butyl-3-(4-butylsulfonamide benzyl)-
imidazolin-2-ylidiné {1,5-cyclooctadienge
{triphenylphosphingrhodium (1)]
trifluoromethanesulfonatel 6)

1H NMR (CD,Cl,): 7.84 (broad, 1H, NH); 7.41 (m,
17H, C-H, aromatic phosphine and benzyl); 7.15 (s, 1H,
C—H, aromatic benzyl); 6.98 (pd, 1H-E1, backbone imida-
zolin); 6.87 (pd, 1H, €H, backbone imidazolin); 6.67 (pd,
1H, CG-H, aromatic sulfonamide); 5.63 (d, 1HH3, ben-
zyl); 4.85 (broad, 1H, €H, cod); 4.64 (broad, 1H, €H,
cod); 4.42 (d, 1H, €y, benzyl); 4.26 (broad, 2H, €H,
cod); 3.80, 4.26 (broad, 3H,H3, cod); 3.8 (m, 1H, Ely,
cod); 3.07 (pt, 2H, @y, sulfonamide); 2.35 (m, 8H, Id;,
cod and butylimidazolin); 1.75 (m, 2H,H5, sulfonamide);
1.59 (m, 2H, &, butylimidazolin); 1.36 (m, 4H, 85, sul-
fonamide and butylimidazolin); 0.90 (q, 6HH3, sulfon-
amide and butylimidazolin}l®F NMR (CD,Cly): —79.23
(SO3CFs). 3P NMR (CD,Cly): 26.90 (dd Jrh-c = 153.01).
13C NMR (CD,Cly): 178.07 (dd, KN, Jrp-c = 50.09,Jc-p

124.68, 123.95, 123.83, 121.97 (aromatic); 121.97, 121.60= 14.68); 139.83, 137.11, 130.77, 124.01, 123.41, 122.62

(C—H, backbone imidazolium); 53.4&€H,, benzyl); 52.50,
33.13, 22.47 CHa, butylsulfonamide); 50.65, 26.56, 20.49

(aromatic benzyl); 120.63, 120.36€€H, backbone imida-
zolin); 134.39 (d, aromatic phosphilp,c =11.47); 131.78,
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131.41 (aromatic phosphine); 129.78 (d, aromatic phosphine,(m, 2H, CH», butylamide); 4.01 (m, 1H, B>, butylamide);

Jp-c = 9.66); 96.03, 95.96, 94.48, 94.40CH, cod), 54.26
(CFs, trifluromethanesulfonate), 53.70K2, benzyl); 52.47,
32.57, 22.26CHo, sulfonamide); 51.69, 26.03, 21.03H>,
butylimidazolin); 31.32, 31.23, 31.04, 30.7&€H,, cod);
14.09 CHs, butylsulfonamide); 13.880H3, butylimida-
zolin). Anal. Calcd. for GsHs505N3CIF3S;PRh (MW =
1008.39): C, 53.60; H, 5.50; N, 4.17. Found: C, 55.27; H,
5.63; N, 4.15.

5.29. N-(4-hydroxybutyl)benzamide

Yield: 1.589 (79.46%)'H NMR (CDCl): 7.6 (m, 2H,
aromatic); 7.2 (m, 3H, aromatic); 6.7 (broad, 1H;#); 3.5
(m, 2H, CH>, butyl); 3.25 (m, 2H, El2, butyl), 2.9 (broad,
1H, OH); 1.5 (m, 4H, ®,, butyl). 13C NMR (CDCh):
168.26 CO); 134.98, 131.77, 128.90, 127.33 (aromatic);
62.62, 40.25, 30.19, 26.62 (GHbutyl). Anal. Calcd. for
Ci11H1502N (MW = 193.24): C, 68.37; H, 7.82; N, 7.24.
Found: C, 68.18; H, 7.65; N, 7.12.

5.30. N-(4-chlorobutyl)benzamide

Yield: 0.4 g (72.09%)*H NMR (CDCL): 7.7 (m, 2H, aro-
matic); 7.4 (m, 3H, aromatic); 6.2 (broad, 1H;-N); 3.6 (m,
2H, CHa, butyl); 3.4 (m, 2H, G2, butyl); 1.8 (m, 4H, ¢,
butyl). 13C NMR (CDCk): 168.01 CO), 134.96, 131.90,
129.02, 127.22 (aromatic); 45.04, 39.63, 30.28, 27CH 2,
butyl). Anal. Calcd. for GiH140ONCI (MW = 211.683): C,
62.41; H, 6.67; N, 6.61. Found: C, 62.55; H, 6.66; N, 6.48.

5.31. 1-Butyl-3-(4-benzylamidebutyl)-
imidazolium chloride

IHNMR (CDCl3): 10.03 (broad, 1H, €H, imidazolium);
8.64 (t, 1H, N-H); 7.96 (pd, 2H, aromatic); 7.62 (s, 1H,
C—H, backbone imidazolium); 7.29 (m, 4H-El, aromatic
and backbone imidazolium); 4.30 (t, 2HHg, butylamide);
4.10 (t, 2H, Gz, butylimidazolin); 3.40 (m, 2H, 8>, buty-
lamide); 1.89 (m, 2H, 6, butylamide); 1.73 (m, 2H, B>,
butylamide); 1.61 (m, 2H, By, butylimidazolium); 1.22 (m,
2H, CHp, butylimidazolium); 0.82 (t, 3H, Ckl butylimida-
zolium). 13C NMR (CDCk): 168.04 CO); 137.63 C—H,
imidazolium); 134.48, 131.63, 128.70, 128.08 (aromatic);
123.18, 122.04G—H, backbone imidazolium); 50.29, 38.44,
28.04, 26.00CH>, butylamide); 49.74, 32.54, 19.8€i.,
butylimidazolium); 13.83 CH3, butylimidazolium). Anal.
Calcd. for GgH260N3Cl (MW = 335.856): C, 64.37; H, 7.80;
N, 12.51. Found: C, 58.52; H, 8.30; N, 11.60.

5.32. {1-Butyl-3-(4-benzylamidebutyl)-imidazolin-2-
ylidine}{1,5-cyclooctadiengchloro rhodium (1)

Yield: 0.07 g (84.44%)H NMR (CD,Clp): 7.89 (m,
2H, aromatic benzyl); 7.57 (t, 1H,-NH); 7.40 (m, 3H, aro-
matic benzyl); 6.89 (s, 2H,-H, backbone imidazolin); 5.05
(m, 1H, CH>, butylamide); 4.88 (broad, 2H,-&, cod); 4.5

3.67 (m, 2H, Gy, butylimidazolin); 3.35, 3.27 (broad, 2H,
C—H, cod); 2.42 (m, 4H, €, cod); 1.82 (m, 10H, Ea,
cod, butylamide and butylimidazolin); 1.48 (m, 2H, gH
butylimidazolin); 1.04 (t, 3H, CH, butylimidazolin). *3C
NMR (CD,Cl3): 181.58 (NCN, Jrp-c = 51.06); 167.89C0);
134.60, 131.21, 120.87, 120.83 (aromatic); 128.63, 127.80
(C—H, backbone imidazolin); 98.69, 98.59, 69.09, 68.45
(C—H, cod); 51.13, 49.80, 38.61, 33.66 (gttod); 33.29,
33.00, 31.96, 29.68, 28.89, 25.74, 20.56 (CHutylimi-
dazolin and butylamide); 14.22 (GHbutylimidazolin and
butylamide). Anal. Calcd. for §&H39ON3CIsRhCH,CI»
(MW =630.889); C,51.40; H, 6.23; N, 6.66. Found: C, 53.25;
H, 6.30; N, 6.98.

5.33. [{1-Butyl-3-(4-benzylamidebutyl)-imidazolin-2-
ylidine}{1,5-cyclooctadieng{triphenylphosphing
rhodium (1)] trifluoromethanesulfonatd.4)

H NMR (CDCls): 8.01 (m, 2H, aromatic amide); 7.91
(t, 1H, N-H); 7.47, 7.40 (m, 12H, aromatic amide and phos-
phine); 7.20 (m, 7H, aromatic phosphine); 7.29, 6.89 (back-
bone imidazolium); 4.71 (m, 2H,-€H, cod); 4.22 (m, 4H,
C—H cod and CH, n-butyl); 3.67, 3.46 (m, 4H, CH butyl);

2.4 (m, 10H, CH, cod and butyl); 1.73, 1.50 (m, 4H, GH
butyl); 1.31 (m, 4H, CH, butyl); 0.92 (t, 3H, CH, butyl).1°F
NMR (CDCl): —78.65 (SQCF3). 3P NMR (CDCh): 26.85
(Jrn-p = 155.44).13C NMR (CDCk): 175.99 (dd, TN,
Jrh-c = 49.43,Jp_c = 15.72); 168.08¢0); 134.73, 131.03,
128.68, 127.86 (aromatic amide); 123.12, 121.70 (backbone
imidazole); 133.80 (d, aromatic phosphide,p = 11.70);
131.41, 131.36 (aromatic phosphine); 129.39 (d, aromatic
phosphineJc-p = 9.68); 97.60, 96.57 (€H, cod); 95.08 (d,
C—H, cod,J = 6.29); 93.78 (d, CH, cod] = 6.67); 51.15
(SOsCRs), 50.95, 39.61, 32.16, 31.32, 27.72, 27.03, 20.65
(CHy, butyl); 31.03, 30.94, 30.75, 30.48 (GHod); 14.06
(CHgs, butyl).

5.34. 3-(N-butyl)amide benzyl chloride

Yield: 0.91 (38.11%)'H NMR (CDCl): 7.7 (s, 1H, G-H,
aromatic); 7.6 (pd, 1H, €H, aromatic); 7.4 (pd, 1H, €H,
aromatic); 7.3 (pt, 1H, €H, aromatic); 6.1 (s, 1H, broad,
N—H); 4.5 (s, 2H, ®1,—Cl); 3.4 (m, 2H, >, butylamide);
1.5(m, 2H, (Hy, butylamide); 1.4 (m, 2H, B2, butylamide);

0.9 (t, 3H, MHs, butylamide).23C NMR (CDCk): 167.36
(carbonyl); 138.41, 135.87, 131.81, 129.45, 127.53, 127.11
(aromatic); 46.05 CH,—Cl); 40.29, 32.13, 20.57CH>);
14.21 CH3s). Anal. Calcd. for GoH160ONCI (MW = 225.72):
C,63.85;H, 7.15; N, 6.21. Found: C, 63.61; H, 7.15; N, 6.08.

5.35. 1-Butyl-3-(4-(N-butyl)amidebenzyl)-imidazolium
chloride

Yield: 0.16 g (42.38%)'H NMR (CDCl3): 10.40 (broad,
1H, C-H, imidazolium); 8.53 (broads, 1H, broadN); 8.31
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(s, 1H, G-H, aromatic); 7.84 (d, 1H, €H, aromatic); 7.72
(s, 1H, G-H, backbone imidazolium); 7.50 (d, 1H--©, aro-
matic); 7.24 (m, 2H, €H, backbone imidazolium and aro-
matic); 5.58 (s, 2H, €5, benzyl); 4.14 (m, 2H, 8>—NH);
3.32 (m, 2H, &, butylimidazolium); 1.93 (m, 2H, B,,
butylamide); 1.55 (m, 2H, B2, butylimidazolium); 1.26 (m,
4H, CHa, butylamide and butylimidazolium); 0.82 (m, 6H,
CHs, butylamide and butylimidazoliun3C NMR (CDCk):
167.02 CO); 133.81 C—H, imidazolium); 137.45, 136.31,

131.73, 129.63, 129.37, 128.55 (aromatic benzyl); 123.03,

122.25 C—H, backbone imidazolium); 53.29CH,, ben-
zyl); 50.26, 32.32, 20.6H2, imidazolium); 40.31, 31.35,
19.82 CHo, amide); 14.23CH3, imidazolium); 13.77CHs,
amide). Anal. Calcd. for ggH2g0ON3Cl (MW = 349.88): C,
65.22; H, 8.07; N, 12.00. Found: C, 62.43; H, 8.02; N, 11.33.

5.36. {1-Butyl-3-(4-(N-butyl)amidebenzyl)-imidazolin-
2-ylidine}{1,5-cyclooctadiengchloro rhodium (1)

Yield: 0.166 g (94.20%)'H NMR (CD,Cly): 8.10 (s, 1H,
N—H); 7.86, 7.51, 7.42 (m, 4H, aromatic benzyl); 6.91 (d, 1H,
C—H, backbone imidazolinly-y = 2.00); 6.77 (d, 1H, €H,
imidazolin, Jy—y4 = 2.00); 6.41 (d, 1H, €5, benzyl,Jy-H
=14.40); 5.07 (d, 1H, 85, benzyl,Jy-y = 14.40; 4.97 (m,
2H, G-H, cod); 4.56 (t, 2H, El;, amide); 3.40, 3.32 (m, 4H,
C—H, cod and E1>—N imidazolin); 2.42 (m, 4H, €2, cod);
1.91, 1.87 (m, 6H, B3, cod and amide); 1.53 (m, 4HHG,
imidazolin and amide); 1.35 (m, 2HH3, imidazolin); 1.05
(t, 3H, CH3, imidazolin); 0.90 (t, 3H, €3, amide) 13C NMR
(CD2Cl»): 182.96 (d, carbendrn-c = 51.56); 167.02C0O);
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135.92, 130.36, 129.88, 127.87, 127.85 (aromatic amide);
134.34 (d, aromatic phosphink,-p=11.44); 131.78,131.48
(aromatic phosphine); 129.79 (d, aromatic phosphiaey
=9.68); 124.02, 122.50 (backbone imidazolin); 97.98, 97.63
(C—H, cod); 96.21 (dC—H, cod,J = 7.32); 94.46 (dC—H,
cod, J = 7.31); 54.96 CH>, benzyl); 51.71, 32.58, 21.02
(CHa, butylimidazolin); 31.52, 31.07, 30.95, 30.86Hp>,
cod); 40.55, 32.38, 20.95CH>, butylamide); 14.36 CH3,
butylimidazolin); 14.22 CHz, butylamide). Anal. Calcd. for
C46H5404N3F3SPRhCHCI, (MW = 1020.818): C, 55.30;

H, 5.53; N, 4.12. Found: C, 56.51; H, 5.61; N, 4.19.

5.38. 4-Butyl(N-methyl)amide benzyl alcohol

1H NMR (CDCl): 7.33 (pt, 1H, aromatic), 7.27 (pd, 1H,
aromatic), 7.14 (s, 1H, aromatic), 7.01 (pd, 1H, aromatic);
4.67 (s, 2H, E©l; benzyl); 3.18 (s, 3H, NCH3); 2.00, 1.47,
1.13 (CHa, butyl); 0.73 (3, butyl). 13C NMR (CDCh):
173.88 CO); 144.80, 143.52,130.15, 126.60, 126.39, 125.87
(aromatic); 64.79 CH,—OH); 37.75, 28.06, 22.75CH2,
butyl); 34.18 (N-CH3); 14.17 CHg, butyl). Anal. Calcd. for
C13H1902N (MW = 221.299): C, 70.56; H, 8.65; N, 6.33.
Found: C, 69.10; H, 8.71; N, 6.15.

5.39. [{1-Butyl-3-(4-butyl, N-methylamide)-imidazolin-
2-ylidine}{1,5-cyclooctadieng{triphenylphosphing
rhodium ()] trifluoromethanesulfonate

H NMR (CDCl): 7.43, 7.35, 7.22, 7.07 (m, 19H, aro-
matic phosphine and benzyl); 7.03, 6.77 (d, 2H;H;

137.62, 136.21, 130.77, 129.29, 128.59, 127.36 (aromaticbackbone imidazolin); 5.55, 4.66 (d, 2HHg, benzyl);

benzyl); 122.19, 121.2683-H, backbone imidazolin); 99.57
(d, C—H, cod, Jrn-c = 6.79); 99.29 (dC—H, cod,Jrn—c =
6.84); 69.38 (ddC—H, cod, Jrn-c = 14.68); 51.44 CHo,
benzyl); 40.38, 29.74, 21.0€H,, butylamide); 33.79, 33.55
(CHa, cod); 29.74, 29.46, 20.8€H,, amide); 14.43CHg3,
butylamide); 14.37CH3;, butylimidazolin). Anal. Calcd. for
C27H390N3CIRh (MW=559.96): C, 57.91; H, 7.02; N, 7.50.
Found: C, 57.62; H, 7.03; N, 7.31.

5.37. [{1-Butyl-3-(4-(N-butyl)amidebenzyl)-imidazolin-
2-ylidine} {1,5-cyclooctadieng{triphenylphosphing
rhodium (1)] trifluoromethanesulfonate %)

H NMR (CDCl,): 7.75 (1H, N-H); 7.76 (m, 1H, aro-
matic amide); 7.34, 7.43 (m, 3H, aromatic amide); 7.51, 7.43,
7.31 (m, 15H, aromatic phosphine); 6.98 (d, 1HHG back-
bone imidazolinJy-y = 2.00); 6.86 (d, 1H, €H, backbone
imidazolin,Jy-n =2.00); 7.04, 6.89 (m, 2H,H, cod); 4.85,
4.68 (broad, 2H, €H, cod); 5.69 (d, 1H, €, benzyl,Jgem
=15.00); 4.65 (d, 1H, CH benzyl Jgem= 15.00); 3.39, 2.40,
1.59, 1.40, 1.36 (m, 12H, K, imidazolin and amide); 2.44,
2.23 (m, 8H, G2, cod); 0.95 (pt, 6H, €3, imidazolin and
amide).’®F NMR (CD,Cl,): —79.04.31P NMR (CD,Cl,):
26.76 (rnp = 146.16).13C NMR (CD»Cl,): 178.04 (dd,
NCN, Jrpc = 50.05,Jp¢c = 14.34; 167.19¢O); 136.97,

4.76, 4.66, 4.17 (broad, 4H,-&l, cod); 3.09 (broad, 3H,
N—CHs); 3.68, 1.55, 1.28 (m, 6H, i@, butylimidazolin);
1.89, 1.45, 1.15 (broad, 6H,H3, butylamide); 0.84 (pt,
3H, CHs, butylimidazolin); 0.75 (broad, 3H, Gl buty-
lamide). 3'P NMR (CDCk): 26.89 (rnp = 153.29).1%F
NMR (CDCl): —78.52 (SQCF3). 13C NMR (CD,Cly):
175.01 CO); 146.11,131.71,131.38,127.04,123.43,122.89
(aromatic benzyl); 134.30 (pd, aromatic phosphikec =
11.44); 131.92 (s, aromatic phosphine); 129.85 (pd, aromatic
phosphineJp_c =9.68); 123.13, 120.5&-H, backbone im-
idazolin); 97.66,97.58,95.87,95.22{H, cod); 51.81CHp>,
benzyl); 34.61, 31.31, 23.1TCH,, butylimidazolin); 32.56
(N—CHg3); 31.00, 30.79 (Chl, cod); 29.85, 28.24, 21.02H>
butylamide); 14.40 (Chkl butylimidazolin); 14.22 (CH,
butylamide). Anal. Calcd. for £Hs604N3F3sPSRhCHCI»
(MW = 1034.844): C, 55.71; H, 5.65; N, 4.06. Found: C,
53.92; H, 5.43; N, 3.95.

5.40. Control experiment§éble 13

All manipulations were done under inert atmosphere. (1)
Entry 1:n = 0.01. 0.65mmol of each substrate was added
to a round Schlenk and dissolved in 3 ml of dried THF, then
0.0065 mmol of catalys®, 0.0065 mmol of sodium tetraflu-
oroborate and 5ml of dried THF were added and refluxed
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for 20 min. The solvent was evaporated and 0.024 of 1,3,5 [6] V. Jubian, R.P. Dixon, A.D. Hamilton, J. Am. Chem. Soc. 114 (1992)
tri-tert-butyl-benzene as internal standard was used. (2) En- _ 1120.
try 2: n = 0.005. The procedure was the same as in the last [/ (&) C. Gibson, J. Rebek, Org. Lett. 4 (2002) 1887;

b) K. Kavallieratos, R.H. Crabtree, Chem. Comm. (1999
case, but 1.30 mmol of each substrate and 0.013 mmol of cat- (21)09_2110V ! (1999)

alyst were used. (3) Entry 8:= 0.003. Following the same  [g] m.M. Mader, P.A. Bartlett, Chem. Rev. 97 (1997) 1281.
procedure 1.96 mmol of each substrate and 0.0196 mmol of [9] M. Akke, Curr. Opin. Struct. Biol. 12 (2002) 642.
catalyst were used. [10] K. Mikami, T. Korenaga, M. Terada, T. Ohkuma, T. Pham, R. Noyori,
Angew. Chem. Int. Ed. 38 (1999) 495.
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