Accepted Manuscript

Synthesis and Characterization of Novel Carbene Complexes of Phosphorus(V)
Fluorides with Potential Liquid-Crystalline Properties

Romana Pajkert, Tobias BQttcher, Maksym Ponomarenko, Matthias Bremer, Gerd-
Volker RCschenthaler

PII: S0040-4020(13)01155-1
DOI: 10.1016/j.tet.2013.07.062
Reference: TET 24643

To appearin:  Tetrahedron

Received Date: 30 May 2013
Revised Date: 15 July 2013
Accepted Date: 16 July 2013

Please cite this article as: Pajkert R, B&tcher T, Ponomarenko M, Bremer M, RCschenthaler G-V,
Synthesis and Characterization of Novel Carbene Complexes of Phosphorus(V) Fluorides with Potential
Liquid-Crystalline Properties, Tetrahedron (2013), doi: 10.1016/j.tet.2013.07.062.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2013.07.062

1

Synthesis and Characterization of Novel Carbene Complexes of Phosphorus(V)
Fluorides with Potential Liquid-Crystalline Properties

Romana Pajkeft Tobias Bottche?, Maksym Ponomarenkbatthias Bremérand Gerd-Volker
Roschenthalét

@ School of Engineering and Science, Jacobs University Bremen, Campus Ring 1,
28759 Bremen, Germany
® Merck KGaA, 250 Frankfurterstr., 64271 Darmstadt, Germany

b Merck KGaA, 250 Frankfurterstr., 64271 Darmstadt, Germany

*Corresponding Authors: r.pajkert@jacobs-university.de
Tel. +49 421 200-3269

g.roeschenthaler@jacobs-university.de

Tel. +49 421 200-3138

Fax. +49 421 200-3229

Abstract

R®=Hor Ox

A series of novel push-pushand push-pullll carbene-stabilized complexes of phosphorus(V)
fluorides bearing substituents with liquid crystalline properties were synthesized by the oxidative
addition of difluoroamines to phosphorus(lll) halides. These octahedral complexes were

characterized by NMR spectroscopy and X-Ray analysis.



1. Introduction

Over the last five decades, carbenes have played an important role as transient intermediates,
however only during the past two decades, the understanding of carbene chemistry has advanced
dramatically with the preparation and isolatioithe first stableN-heterocyclic carbene (NHG).

Since then, nucleophilic diaminocarbenpagh-pushcarbenes) and their analogues have emerged

as a powerful class of ligands for catalysis which show superior properties in comparison with their
phosphine counterpartsDespite the rapid evolution of NHCs as stromglonor ligands for
transition metals, their application in other areas has experienced substantial advances only during
the last 10 years. Especially the increased stability of the;M-Bond of NHCs complexes as well

as the possibility for structural diversity of NHCs beneficiated for their use in biomedical
application§i luminescent componeﬁtsr self-assembled structuren the latter case, the self-
assembly of amphiphilic metal-NHC complexes into birefringent materials provides a suitable
approach for preparing metal-containing liquid crystals which are attractive due to the possibility of
combining the physico-chemical metal-like propertie®. (color, magnetism, polarizability,
spectroscopic properties, redox behavietg) with those of the organic framework. These
complexes (metallomesogens) can be treated as a new kind of materials with many potential
applications in optical and electronic deviées.

Up to now, only a small number of gold(Isilver()® and palladium(Ij N-heterocyclic carbene
complexes with various wingtip chain lengths has been proved for liquid-crystalline behavior.
Generally, these compounds exhibit increased thermal stability connected with the strong covalent
metal bonding to prevent decomposition at the clearing point. Moreover, they possess lower melting
temperatures as well as birefringence. It should be however noted, that limited synthetic routes to
these molecules and the use of expensive reagents hamper their potential application. Therefore, it
is of great interest to design other types of carbene complexes, which are easy to apply, with
exceptionally large dipole moments, a prerequisite for applications as liquid crystals. Usually, the
dipole moment serve to improve their properties, which in turn could lead to increased brilliance in
smarthphone displays or faster circuit time in monitors and flat screens. To fulfill these
requirements, a series of carbene complexes of phosphorus(V) fluorides with potential liquid-
crystalline properties has been investigated. These liquid crystalline properties could be achieved by
the use of different sources of carbepash-pushor push-pul) as well as by variation of the
periphery of carbenes, substituents at nitrogen (the wingtip groups) or at phosphorus. As
substituents with liquid-crystalline properties, 4-propyl-1,1'-bi(cyclohexane) and 1-methyl-4-(4-
propylcyclohexyl)benzene were used. The carbene ligands were introduced via oxidative addition

using difluorobis(dialkylamines)p(sh-pushcarbenes), as well as difluoroorganyldialkylamines
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(push-pullcarbenes)’ The latter precursor was reported by our group just recently and only a few
examples of main group element compounds coordinated by these carbene ligands are known
because aryl(amino)carbene are highly reactive in their free form and the first isolation was
achieved not before 2001.

Thus, in this paper we report the preliminary results of these studies as well as structural
investigations of novel carbene complexes of phosphorus(V) fluorides with potential liquid-

crystalline properties.

2. Result and Discussion:

In order to gain an access to difluorinated carbene precursors, the synthetic route to various
N,N-disubstituted or 2-substituteddN-dimethyl imidazolidinones was initially investigated. A
symmetrical compound, bearing liquid-crystalline wingtip substituents attached to the nitrogen
atoms, was successfully obtaingd dibenzylation of the sodium salt of imidazolidinone using two
equivalents of 1-(bromomethyl)-4-(4-propylcyclohexyl)benZimerefluxing 1,4-dioxane (Scheme
1). Consecutively, the appropriate bromo derivafiweas prepared by reducing the carboxylic acid

3 leading to benzyl alcohdl, which was then brominated with 48% of hydrobromic acid to Bive

CO,H
LAH OH 48% HBr
3 THF 4 toluene

80°C

Br
O e 00
2 N

H
HN" NH
. 1(70%)
1,4-dioxane
reflux

Scheme 1.

The peripheral liquid-crystalline functions were introduced using two different approaches. The 2-
substituted\,N-dimethyl imidazolidinone precursé&rwas obtained from the corresponding alkene

6 which was firstly brominated as presented in Scheme 2. This step furnished 1,2-dibromgalkane
which was then substituted with 2 equiv. of sodium azide to give com@ymicr to the reduction

of azide groups to appropriate 1,2-diaménéilkylation of the amino groups was then achieved by
the reaction of9 with 2 equiv of chloroformate, followed by reduction of the corresponding
formamide10 with lithium aluminium hydride. Subsequent cyclization of dimethylamibéo the
desired imidazolidin-2-onB was achievedipon deprotonation df1 with 2 equiv ofn-butyllithium,

followed by addition of ethyl chloroformate (Scheme 2).
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In contrast, the construction of the imidazolidin-2-one fi@gvas successfully accomplished using
palladium-catalyzed carboamination bEallylurea 13 with phenyl bromide1l4 (Scheme 33
Treatment ofl2 with phenyl bromidel4 and Na@-Bu in the presence of 1 mol % of palladium
catalyst and 2 mol % of Xanthos afforded the desired product in good yield. It should be however

noted, that an attempt to scale up this reaction to more than 14guasvided lower yield o2

Br

|
OyNy | Pd,(dba)s(1%)/Xantphos(2%)/NaOt-Bu Oy‘N/
Noex toluene, 120 °C, 48 h -N

13 12 (56%)

14
Scheme 3.

N-Allylurea 13 was readily obtained by the reaction of methyl isocyah8tesith appropriateN-
allylamine 15 which was prepared6 via its formylation and subsequent reduction of the
formamidel? using lithium aluminium hydride (Scheme 4). Methyl isocyarid@evas synthesized
by reaction of sodium azidE9 with acetyl chloride20, followed by the Curtius rearrangementirof

situ formed acyl azide to isocyanate in dry diglyme as illustrated at Scheme 4.

H H
HoN_ HCOEt  H No LiAIH,/Ether Noay

reflux e} reflux
16 17 (90%) 15 (84%)
O .
NaNg+ J dVME . CHLNCO
19 20 18 (67%)
CHNCO + N_o S0 Oﬁ’
No

15 13 (82%)



Scheme 4.

The method used to prepare the precursor of aryl(amino)carbene precursor (berzamadeged
the preparation of an appropriate acyl chlo@@drom carboxylic acicB, followed by the amidation

of 22 with N,N-dimethylamine as presented in Scheme 5.

0
COH cocl N
socl, /\/O/@ HNMe, €2
reflux
3 22 21

Scheme 5.

In the next step, appropriate imidazolidinone and benzamides were conveniently
transformed tgoush-pushcarbene precursors - 2,2-difluagN-dimethylimidazolidinone3a-d
and push-pull carbene source - 1,1-difluohdN-dimethyl-phenylmethyldiamines by the known
proceduré? This method was based on the halogen exchange reaction of appropriate cPMaides
d, prepared from the respective precursors upon heating with oxalyl chloride, with an excess of
spray-dried potassium fluoride in refluxing acetonitrile (Scheme 6). After filtration of the inorganic
salts (KCI, KF), washing with MeCN or £, DFI was isolated in a pure form from the reaction

mixture by evaporation of the filtrate.

CI CI_

FF
A
N Nt (GO o NANTRE L KE | rNTNTR
R HR2 R neat ;(RZ MeCN \—ﬁRZR
24a-d 23a-d
aR'=R?=H

Scheme 6.

Two approaches were applied to the preparation of the correspangidigluoroamine. Bearing in

mind that various benzamides are able to undergo direct chlorination with using phdsgene,

have examined if the similar process for fluorination of amides using difluorophosgene might
proceed. For these reasons, we condensed the appropriate amount of carbonyl difluoride onto the
solution of amide21a-bin dry acetonitrile. Stirring of the resulting mixture at room temperature for

12 hours, subsequent addition of the catalytic amount of Lewis acidHEPF) and refluxing in
acetonitrile led however to the desired difluoroamidga-b in only moderate yield (15% fdt5a

and 45% for25b, according to'®F NMR). The main product formed during the reaction was
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probably the more stable es&%’ (30%), which might form the conjugated system together with
phenyl ring und unreacted carbonyl difluoride as proposed in Scheme 7. Based on these results, we
therefore carried out the fluorinatiefa a modified procedure to improve the yiéldConsequently,
benzamide21a,b was chlorinated using oxalyl chloride to chlorid®a,ly then fluorinated with
triethylamine tris(hydrogen fluoride) in the presence of triethylamine to give-

difluoro(aryl)amine25a-bin good yield (Scheme 7).

F
9 1. F2CO, MeCN, r.t RE OA
/©)L,Tl/ .F,CO, MeCN, r.t. /@XI‘\I/ N \Kl/,
R 2. BF3E(0, 4 R R S
21a,b 25a (15%) 25'
b (45%)
Cl
(€OCI), | ~ EtsN-3HF FF
N toluene mN EtsN /©>(f}l/
R 80°C R Et,0 R
21a-b 26a-b 25a-b
a.R=H
bR={ )\
Scheme 7.

Compound®3a-dand25a-bwere then used as sources of carbene ligands in the oxidative addition
to phosphorus(lll) halides (fluorides or chlorides) to give carbene-stabilized complexes of
substituted and unsubstituted phosphorus(V) fluorides. Noteworthy, difluoroamines are also prone
to halide metathesis, therefore the use of easier-to-handle chlorophosphines instead of

fluorophosphines is sometimes preferred, like in the cag@¥f

Thus, compoun@7 was readily obtained from bromd2rCP28 upon treatment with magnesium to
give the corresponding Grignard reag2ftwhich was then reacted with CIP(NJgtto furnish30.

By the substitution of amino groups for chlorine atoms using gaseous anhydrous HCI, the
chlorophosphin®7 was formed conveniently. Noteworthy, attempts to prepare difluorophosphine
31 from chlorophosphin@7 were unsuccessful, however, and led to the oxidation of phosphorus.
Therefore in this case the chlorophospHiiievas used as a source of trivalent phosphorus (Scheme
8).
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Scheme 8.

As mentioned above, carbene complexes of phosphorus(V) fluorides were obtained by oxidative
addition of 2,2-difluorobis(alkylamines3a-d and 25a-b to phosphorus(lll) halides. The
complexes seriels(push-pustcarbene complexes) aiid (push-pullcarbene complexes) were thus
obtained as presented in Scheme 9.

All reactions were carried out under Schlenk conditions in dry diethyl ether or tetrahydrofuran at
-196 or -40 °C for 12 h, giving rise to complex@2a-e(seried) in very good oB3a-c(seriedl ) in
moderate yield. In a typical procedure, phosphorus fluoride was condensed onto a frozen mixture (-
196) of difluoroamine3b,c,d; 25bin anhydrous diethygther or appropriate dihalophosphine was
added to a cooled (-40 °C) solution of difluoroam?3a,b; 25a,bin dry EtO or THF to furnish the
corresponding adduct82a,c,d; 33aor 32b,e; 33b,crespectively (Scheme 9). As observed, the
increased reactivity in the series of diaminocarbét8zsd resulted from the donation of the two
strong s-donors (nitrogen lone pairs) and hence enhanced nucleophilicity of the reaction center
(higher vyields of products) when compared to aryl(amino)carbenes. In the case, when
dichlorophosphin®7 was used as a substr&2e 33c, the chloroamidinium chloride precipitated

as a by-product was removed by washing with water. All liquid-crystalline compd2ees and
33a-cwere obtained as colorless solids, which are stable toward air and moisture. The stability of
hexacoordinated phosphorus(V) fluorides in water is known and was reported some time ago by our
working group*® A general, plausible mechanism toward the formation of these species is presented
in Scheme 10. Noteworthy, this process could only be conducted when at least a single electron

pair-active substituent is present in the structure of the carbene precursor.
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Thus, in the first step a fluoride is transferred from the difluoride to phosphorus fluoride to give a
phosphoranide and monofluorinated species. In the second step, the carbon atom at the 2 position of
monofluoride cation undergoes nucleophilic attack by the phosphoranide to give a carbon-
phosphorus bond. In the latter step, the redox-rearrangement takes place, where the electron poor
and highly acidic phosphorus(lll) abstracts the second fluoride and is oxidized to give phosphorus
(V), whereas carbon(lV) is reduced to the carbene atom.

F F
R' F Foo F R! | _F R! F R' | F
< DB OeF o = ) = DHopiRe
—N_F R? —N>——" 'R N, “PFRRZ - -NFL
R" = aryl or amine
R? = aryl
Scheme 10.

All products were characterized By, **C, *F and>*'P NMR spectroscopy and high resolution
mass spectrometry. The most distinguished features could be obseRfednd®P NMR spectra.

Selected chemical shifts and coupling constants were presented in Table 1.

Table 1 Selected chemical shifts [ppm] and coupling constants [Hz] of carbene complexes

32a 32b 32¢c 32d 32e 33a 33b 33c
o [ppm], J [HZ]
9 -53.4 -42.2 -56.6 -56.8 -45.0 -59.4 -47.9 -47.0
(dd) (d) (dd) (dd) (d) (dd) (d) (d)
Jep 798 Jp871 Jrp 759 Jep 796 J-p865 Jrp815 J-p887 Jrp887
Je53.5 Je51.0 Jr50.6 Jee50.
-75.2 -74.7 -74.6 -73.3
(dquint) (dquint) (dquint) (dquint)
Jep 769 Jrp 758 Jrp 796 Jrp 751
Jre53.4 Je51.0 Jr=50.6 Jre33.2
SIp [ -153.3 -138.9 -150.3 -150.4 -139.1 -149.8 -140.8 -139.1
(dquint) quint (dquint) (dquint) (quint) (dquint) (quint) (quint)
Jpr800 Jpe800 Jpe797 Jpe796 Jpr865 Jre815 Jrr886 Jpe887
Jpe770 Jpe760 Jpe758 Jpe744

For the diaminocarbene addu8®a, c, d two magnetic environments for the fluorine centers could

be distinguished. These two fluorine signals (doublet of doublets and doublet of quintets) occur in a
1:4 ratio and correspond to the axial (opposite to the carbene) and equatorial (adjacent to the
carbene) fluorine sites. Moreover, the larger F-P coupling constants to the equatorial fluorine
substituents than to axial is observed what could be explained by kigharacter of orbitals used

by phosphorus to make its equatorial bonds. *fReNMR spectra 082a, ¢, dshow a doublet of
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guintets at about -150 ppm, which clearly indicates the presence of a hexacoordinated phosphorus
center. For the RPh adduct82b, e the'®F resonance appears as a doublet at about -42.2 and -
45.0 ppm, suggesting four equatorial fluorine sites whef®bsIMR spectrum shows a quintet at -

138 and -139 ppm, respectively. Examining the data given for aryl(amino)carbene cor8fkexes

the similar coupling pattern HiF as well asP NMR is observed for RF33a) and PEPh 33b, ¢
complexes when compared to the previously described diaminocarbene adducts. However for the
products derived from theush-pushN-heterocyclic carbene source, the phosphorus resonance
occurs at slightly higher field than for the adduct derived froamsh-pull carbene precursor
indicating, as expected, greater relative electron donating ability of the diaminocarbene. Moreover,
analysis of thé*C NMR chemical shifts of the carbene centers suggests a strong phosphorus bond
to carbene carbon nuclei. Examining the resonance of the corresponding free carbenes, these signals
fall approximately 60 ppm upfield for diaminocarbene complexes and 110 ppm for
aryl(amino)adduct$™*’

As reported above, adducts derived from oxidative addition of difluoroamines to phosphorus(lil)
fluorides (chlorides) were stable compounds and compo82d could conveniently be
recrystallized to produce suitable crystals for X-Ray analysis. Single crysi32eoivas thus
obtained by slow diffusion of diethyl ether into a solution of the adduct in acetonitrile. Compound
32e crystallizes in the triclinic space grodpl and its X-Ray crystal structure is illustrated in

Figure 1. Selected structural parameter82&are given in Table 2.

Table 2.Selected bond lengths [pm] and angles [°C]32e

32e
CcarbenzP 190.7(5)
P-Caryi 181.9(5)
av CearbenaN 133.4(6)
av P-F 162.8(3)
CearbenaP-Caryi 179.3(2) °
NHC/phenyl 87.3°

The structure oB2e shows the expected octahedral geometry at the phosphorus atom, with almost
linear C-P-C bond (179.3°). The four equatorial fluorine atoms form a plane with a slight up-down
altering arrangement of the fluorines. Moreover, similarly to the Arduengo carbene Hdithect,

NHC and the phenyl ring are twisted by 87.3° to perpendicular configuration (Figure 1), what could

be explained by the packing effects of the crystal lattice (Figure 2). As observed, the crystal consists
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of parallel layers of head-to-tail ‘dimers’, where imidazole and phenyl rings are in every layer

parallel to each other.

Figure 1.

Figure 2.

The carbene-phosphorus bond distanc&32a is rather long (190.7 pm), but very similar to the
corresponding NHC carbene adducts described in the litefatiré The C-P bond length of the
ipso-carbon of the phenyl substituent resembles a normal P-C single bond whereas the C-N bond

distance is typical for NHC complexes but longer as for qibish-pullcomplext*
3. Conclusions

A series of novepush-pushand push-pullcarbene complexes of phosphorus(V) fluorides
bearing liquid-crystalline substituents has been prepared and characterized by NMR spectroscopy.
Compound32ewas additionally characterized by X-Ray. Moreover, for the first time 1,1-difluoro-
N,N-dimethyl-1-phenylmethanamine was used in the oxidative addition to phosphorus(lll) halides
as a source of aryl(amino)carbene. Further studies including the properties and application of novel

carbene complexes as liquid-crystalline molecules will be reported in due course.



12

4. Experimental Part

All reactions were carried out under an atmosphere of dry argon. THF was freshly distilled
from sodium benzophenone ketyl. Reagents obtained from commercial sources (1.3-
dimethylimidazolidinone,N,N-dimethylbenzamide, phosphorus trifluoride), were used without
further purification. All other reagents were distilled or recrystallized, if necessary. DFI was
obtained according to the known procedtirehenyldifluorophosphine was prepared by the method
of Rieselet al'® Column chromatography was performed using Merck silica gel 60 (230400 mesh
ASTM) and TLCs using Merck silica gel 60 F254.Visualization was achieved by UV light or by
spraying with Ce(S§), solution in 5% HSO,. *H (400 MHz),"*C (100 MHz),"*F (376 MHz) and
3P NMR (161 MHz) spectra were measured on a JEOL ECX 400 MHz spectrometer at room
temperature using 5 mm tubes. TMS was the internal standari NMR, CFCE was used as a
reference forF NMR and 85% KPO, in *'P NMR. Chemical shiftssf are reported in ppm and
coupling constantsJ) in Hz. *'P NMR spectra were broadband decoupled from hydrogen nuclei.
High resolution mass spectra were recorded on a MicroTOF-Q fitted with an ESI source. Elemental
analysis was performed by the ‘Microanalytical Laboratory Beller-Matthies’ in Géttingen. Melting
points were determined with an Electrothermal 1A9100 Digital Melting Point Apparatus and are
uncorrected.
[4-(4-Propylcyclohexyl)phenylmethan@)
Lithium aluminium hydride (3.1 g, 2 equiv.) was added to a solution of carboxylic3gdid g, 1
equiv.) in dry THF and the mixture was refluxed for 10 h. The reaction was quenched with water
(10 mL), 15% NaOH (10 mL) and water (30 mL), stirred for 1 hour and then filtered. The filtrate
was dried over N&OQ, evaporated under reduced pressure to give pure [4-(4-
propylcyclohexyl)phenyllmethandlas a white solid.
Yield: 93%;*H NMR (400 MHz, CDCJ) 8: 0.9 (t,J = 7.3 Hz, 3H), 1.1 (m, 2H), 1.3 (m, 8HHC
OH), 1.9 (m, 2H), 2.6 (tt) = 12.2, 3.2 Hz, 1H), 4.7 (s, 2H), 7.2 @5 7.0 Hz, 2H), 7.3 (dJ= 7.0
Hz, 2H)
1-(Bromomethyl)-4-(4-propylcyclohexyl)benzénge
Toluene (100 mL) and 48% hydrobromic acid (20 mL) were mixed together with benzyl adcohol
(15 g, 65 mmol) and the mixture was stirred at 80°C for 14 hr. After partitioning, the organic layer
was successively washed with water (50 ml), saturated aqueous sodium hydrogen carbonate (50 ml),
water (50 ml) and saturated brine and dried over magnesium sulfate. After filtration and solvent
evaporation, the residue was driadracuoto give2 asapale-yellow oil.
Yield: 84%:H NMR (400 MHz, CDGJ) 6: 0.9 (t,J=7.3 Hz, 3H), 1.1 (m, 2H), 1.3 (m, 7H), 1.9 (m,
2H), 2.5 (t,J= 12.2, 3.2 Hz, 1H), 4.5 (s, 2H), 7.2 (s 7.0 Hz, 2H), 7.3 (d] = 7.0 Hz, 2H)
1,3-Bis[4-(4-propylcyclohexyl)benzyllimidazolidin-2-oflg
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A mixture of cyclic urea (1.5 g, 17 mmol), NaH (0.8 g, 34 mmol) and dioxane (100 mL) was
refluxed for 1.5 h. The suspension was cooled to 20°C and then br@nii@eg, 34 mmol) was
added. The mixture was refluxed for 5 hrs, cooled to r.t. and filtered. The solvent was evaporated
from the filtrate, to afford a white solid which was purified by recrystallization from
dichloromethane-pentane.

Yield: 70%; mp 180-190°CH NMR (399.8 MHz, CDGJ) §: 0.9 (t,J = 7.3 Hz), 1.0 (m, 4H), 1.3

(m, 14H), 1.9 (m, 8H), 2.4 (m, 2H), 3.2 (s, 4H), 4.4 (s, 4H), 7.16 £08.2 Hz, 4H), 7.19 (d]= 8.2

Hz, 4H).'*C NMR (100.5 MHz, CDG) §: 14.5, 20.1, 33.7, 34.4, 37.1, 39.8, 44.4, 48.3, 127.1,
128.3, 134.8, 147.2, 161.2£0)

4-(1,2-Dibromoethyl)-4'-propylbi(cyclohexang)

To a solution o6 (0.2 mol) in hexane (30 mL), 1 equiv. of bromine was added slowly at ambient
temperature, and then the reaction mixture was stirred for 3 hrs. Hexane was remacemband

the dibromide7 was obtained as yellow crystals whiakere used in the next step without further
purification.

Yield: 98%; mp. 51-53 °CH NMR (399.8 MHz, CDGJ): 5 0.86 (t,J = 6.8 Hz, 3H, CH), 0.90-

1.44 (m, 14H), 1.62-1.86 (m, 10H), 3.74 (A-part ABX= 10.4, 9.6 Hz, 1H), 3.81 (B-part ABX,
=10.4, 5.6 Hz, 1H), 4.16 (m, 1H).

4-(1,2-Diazidoethyl)-4'-propylbi(cyclohexan@)

A mixture of 7 (0.2 mol) and Nadl(2 mol) in DMSO (30 mL) was stirred at 96 for 10 h. Than

the mixture was diluted with 150 mL of water and extracted with hexane (5x20 mL). The organic
layers were combined, washed with brine and dried over NaB®@ solvent was removed and the
residue was purified by column chromatography eluting witlexane, giving pur8 as an yellow

oil.

Yield: 65%;'H NMR (400 MHz, CDCJ):  0.86 (t,J = 6.8 Hz, 3H, CH), 0.79-1.20 (m, 13H),
1.22-1.34 (m, 2H), 1.45 (m, 1H), 1.62-1.86 (m, 8H), 3.25 (m, 1H), 3.34 (A-part ABX2.8, 7.8

Hz, 1H), 3.44 (B-part ABX,) = 12.8, 3.7 Hz, 1H)*C NMR (100 MHz, CDCJ):  14.5, 20.1, 28.9,
29.4, 29.5, 29.9, 30.1, 33.6, 37.7, 39.9, 40.4, 43.0, 43.3, 53.3, 67.7.
1-[4'-Propylbi(cyclohexan)-4-yllethane-1,2-diami(@)

A mixture of8 (0.2 mol) and 0.05 equiv. of Pd (10% on C) in EtOH (30 mL) was stirred overnight
under B atmosphere at room temperature. The Pd/C was filtered off and EtOH was removed giving
pure9 as an yellow oil.

Yield: 87%;*H NMR (400 MHz, CDCJ): & 0.79-2.0 (m, 31H), 2.44 (m, 2H), 2.77 (m, 1HC

NMR (100 MHz, CDC)): § 14.5, 20.1, 28.7, 29.9, 30.0, 30.1, 33.7, 37.7, 39.9, 42.3, 43.4, 46.1,
58.7.

N,N'-1-[4'-Propylbi(cyclohexan)-4-yl)ethane-1,2-diyl]diformam{d®)
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A mixture of 9 (0.02 mol), 10 equiv. of ethyl formate in 20 mL of CH@las refluxed for 24 hrs.

All volatiles were removed at reduced pressure and the residue was crystallized from acetone giving
a crystalline product containing ~80% of the desit@daccording to NMR). This mixture was used

in the next step without further purification.

Yield: 67%;*H NMR (400 MHz, DMSOdg): 5 0.80 (t,J = 6.8 Hz, 3H, CH), 0.77-1.00 (m, 10H),

1.08 (m, 2H), 1.23 (m, 2H), 1.65 (m, 10H), 2.98 (m, 1H), 3.27 (m, 1H), 3.66 (m, 1H), 7.70-8.05 (m,
4H, NH, C(O)H).

N,N-Dimethyl-1-[4'-propylbi(cyclohexan)-4-yllethane-1,2-diam{hé&)

To a suspension of LiAlH(0.035mol) in 50 mL of dry THF, diformamide (0.02 mol) was added
portionwise under stirring and cooling with an ice bath. The reaction mixture was refluxed for 15 h.
Than 5 mL of water was dropwise added. All precipitates were filtered off and washed with diethyl
ether. The organic layers were extracted with water (5x10 mL), dried over NaOH. The solvent was
removed givindlL1 as an yellow oil, which was used in the next step without purification.

Yield: 74%;*H NMR (400 MHz, CDCJ): & 0.86 (t,J = 6.8 Hz, 3H, CH), 0.79-1.20 (m, 10H), 1.11

(m, 2H), 1.28 (m, 2H), 1.42 (bs, 2H, NH), 1.61-1.80 (m, 10H), 2.25 (m, 1H), 2.39 (A-part ABX,

12.0 Hz, 8.4 Hz, 1H), 2.38 (s, 3H, ©H2.40 (s, 3H, Ch), 2.59 (B-part ABX,J = 12.0 Hz, 4.0 Hz,
1H); **C NMR (100 MHz, CDGJ): 5 14.5, 20.1, 25.7, 28.7, 30.0, 30.2, 33.7, 34.8, 36.9, 37.7, 39.3,
39.9, 43.5, 43.6, 52.5, 64.2, 68.1.

1,3-Dimethyl-4-[4'-propylbi(cyclohexan)-4-yllimidazolidin-2-o(t8

To a stirred solution 011 (24 mmol) in 100 mL of THF, two equiv. of 2.5KBuLi in hexanes

were dropwise added. The reaction mixture was stirred at ambient temperature for 2 hrs. Then the
reaction mixture was cooled to -30 °C and one equiv. of ethyl chloroformate (2.61 g, 24 mmol)
dissolved in 10 mL of THF was dropwise added upon stirring. The resulting solution was stirred at
room temperature overnight and filtered through a glass frit. The solution was washed with brine,
and dried over NaSOThe solvent was removed, and the residue was purified by chromatography
(eluent: CHGJ/AcOELt = 10/1), giving pur® as white crystals.

Yield: 56%; mp 69-80 °CH NMR (400 MHz, CDCJ): 6 0.85 (t,J = 6.8 Hz, 3H, CH), 0.79-1.08

(m, 10H), 1.12 (m, 2H), 1.29 (m, 2H), 1.51-1.82 (m, 10H), 2.73 (s, 3H),&¥5 (s, 3H, Ch),

2.97 (A-part ABX,J = 8.7, 7.8 Hz, 1H), 3.19 (B-part ABX,= 8.7, 7.0 Hz, 1H), 3.31 (m, 1H)C

NMR (100 MHz, CDC)): § 14.5, 20.1, 25.6, 28.8, 29.4, 29.9, 30.1, 31.3, 33.6, 37.7, 38.5, 39.9,
43.4, 43.6, 47.0, 59.7, 161.8.

1-Allyl-1,3-dimethylureq13)

An oven- or flame-dried round bottom flask equipped with a stirbar was cooled under a stream of
nitrogen and charged witl-allylamine 15 (0.02 mol), the appropriate isocyanate (0.022 mol), and

CH.CI; (20 mL). The reaction was stirred at room temperature until the starting amine was
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completely consumed as monitored by TLC analysis. The reaction mixture was then condentrated
vacuoand the crude product was purified by column chromatography on silica gel j8/amyan
yellow oil (eluent: CHCI,).

Yield: 82%;'H NMR (400 MHz, CDCJ): 5 2.84 (s, 3H, Ch), 2.78 (d,J = 6.0 Hz, 3H, CH), 3.85

(dm,J = 6.5 Hz, 2H, CH), 4.39 (bs, 1H, NH), 5.12 (m, 1H), 5.15 (s, 1H), 5.76 (m, 1H).
1,3-Dimethyl-4-[4-(4-propylcyclohexyl)benzyllimidazolidin-2-qae)

An oven- or flame-dried Schlenk tube equipped with a stirbar was cooled under a stream of nitrogen
and charged with B¢tba) (1 mol % complex, 2 mol % Pd), Xantphos (2 mol %), NaOtBu (1.2
equiv), N-allylurea13 (1.0 equiv), and the aryl bromidet (1.2 equiv). The tube was purged with
nitrogen and toluene (4ml/mmol of urea) was then added. The urea was added at the same time as
toluene. The Schlenk tube was then heated to 110 °C with stirring until total consumption of the
starting materials as judged by GC of the reaction mixture. The mixture was then cooled to r.t.,
saturated aqueous NEI (4—6 mL/mmol substrate) was added, and the mixture was extracted with
methylene chloride (3%x7 mL). The combined organic extracts were dried ox@ON\éltered and
concentratedn vacuo The crude product was purified by chromatography on silica gel (eluent:
CH.CI,) to give12 as an yellow oil.

Yield: 56%;'H NMR (400 MHz, CDCJ): 5 0.89 (t,J = 7.3 Hz, 3H, Ch), 1.02 (m, 2H), 1.16-1.48

(m, 7H), 1.8-1.9 (m, 4H), 2.43 (1,= 11.9, 3.2 Hz, 1H), 2.55 (dd,= 13.7, 9.2 Hz, 1H), 2.71 (s,

3H, CH), 2.79 (s, 3H, Ch), 2.91 (ddJ = 8.7, 7.8 Hz, 1H), 3.08 (dd,= 15.6, 4.6 Hz, 1H), 3.17 (t,

J = 8.7 Hz, 1H), 3.57 (m, 1H), 7.05 (d= 8.0 Hz, 2H), 7.13 (dJ = 8.0 Hz, 2H);**C NMR (100

MHz, CDCEk): 6 14.5, 20.1, 29.8, 31.3, 33.6, 34.4, 37.1, 38.4, 39.8, 44.3, 50.8, 57.2, 127.2, 129.1,
134.1, 146.5, 161.8.

General procedure for the synthesis of chloroamidinium chlori@ds-dy N,N"-Disubstituted

cyclic urea (6 mmol) was dissolved in toluene (50 mL) and oxalyl chloride (7.6 g, 5.2 mL, 60
mmol) was added. The resulting mixture was stirred at 80 °C for 12 hrs. The white precipitate was
then filtered off under an inert atmosphere, washed with anhydreQsatl driedn vacuoto give

the pure chloride as a white solid.
2-Chloro-1,3-bis[4-(4-propylcyclohexyl)benzyl]-4,5-dihydro-1H-imidazol-3-ium chlofdi)

Yield: 82%;H NMR (400 MHz, CDGJ) ¢: 0.9 (t,J = 7.3 Hz), 1.0 (m, 4H), 1.3 (m, 14H), 1.9 (m,

8H), 2.4 (m, 2H), 3.4 (s, 4H), 4.9 (s, 4H), 7.18 1d; 8.2 Hz, 4H), 7.22 (d) = 8.2 Hz, 4H).**C

NMR (100 MHz, CD()) o: 14.5, 20.1, 33.6, 34.4, 37.1, 39.8, 44.3, 47.7, 53.2, 127.5, 128.7, 131.7,
148.4, G not observed.
2-Chloro-1,3-dimethyl-4-[4-(4-propylcyclohexyl)benzyl]-4,5-dihydro-1H-imidazol-3-ium  chloride
(24c)
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Yield: 89%;'H NMR (400 MHz, CDC}): § 0.86 (t,J = 7.3 Hz, 3H, CH), 0.80-1.18 (m, 13H), 1.29

(m, 2H), 1.49 (m, 1H), 1.61-1.90 (m, 8H), 3.27 (s, 3H), 3.30 (s, 3H), 3.69 (m, 1H), 4.55 (m, 1H),
4.69 (m, 1H).
2-Chloro-1,3-dimethyl-4-[4'-propyl-1,1'-bi(cyclohexyl)-4-yl]-4,5-dihydro-1H-imidazol-3-ium

chloride (24d)

Yield: 79%;'H NMR (400 MHz, CDC)): 5 0.88 (t,J = 7.3 Hz, 3H, CH), 1.03 (m, 2H), 1.16-1.48

(m, 7H), 1.80-1.90 (m, 4H), 2.43 (trd,= 8.7 Hz, 1H), 3.05 (A-part ABXJ = 14.2, 7.8 Hz, 1H),

3.15 (B-part ABX,J = 14.2, 5.0 Hz, 1H), 3.15 (s, 3H, ©H3.30 (s, 3H, Ch), 3.77 (ddJ = 11.0

6.9 Hz, 1H), 4.40 (tJ = 11.5 Hz, 1H), 4.93 (m, Hz, 1H), 7.10 @z 8.2 Hz, 2H), 7.16 (d] = 8.2

Hz, 2H);

N-{Chloro[4-(4-propylcyclohexyl)phenyllmethylene}-N-methylmethanaminium chi{2@is

Yield: 82%;H NMR (400 MHz, CDGJ) 8: 0.9 (t,J = 7.3 Hz, 3H), 1.1 (m, 2H), 1.3 (m, 8HH(,

1.9 (m, 2H), 2.5 (t) = 12.4 Hz, 1H), 3.3 (s, 6H), 7.2 @z 8.2 Hz, 2H), 7.3 (d] = 8.2 Hz, 2H)

General procedure for the synthesis of difluori¢2&b-d}.

To a solution of imidazolium chlorid24b-d (3.5 mmol) in anhydrous acetonitrile 60 mL, (10
equiv.) of spray dried potassium fluoride were added. The reaction mixture was heated with stirring
at 85 °C under argon for 12 hours. After cooling to room temperature, insoluble solids (KCI, KF)
were filtered off under an inert atmosphere. The solids were washed three times with anhydrous
Et,O. The filtrate was concentrateédvacuoto give pure difluoride.
2,2-Difluoro-1,3-bis[4-(4-propylcyclohexyl)benzyl]imidazolidif&3b)

Yield: 76%; white hygroscopic solidd NMR (400 MHz, CDC}) : 0.9 (t,J = 7.3 Hz), 1.0 (m,

4H), 1.3 (m, 14H), 1.9 (m, 8H), 2.4 (m, 2H), 2.9 (s, 4H), 4.1 (s, 4H), 7.16X®8.2 Hz, 4H), 7.19

(d, J = 8.2 Hz, 4H)!*F NMR (376 MHz, CDGJ) ¢: -67.3 (s, 2F).
2,2-Difluoro-1,3-dimethyl-4-[4-(4-propylcyclohexyl)benzyllimidazolid{g8c)

Yield: 86%; colorless oil**F NMR (376 MHz, CDGJ): 6 -73 (bs)
2,2-Difluoro-1,3-dimethyl-4-[4'-propyl-1,1'-bi(cyclohexyl)-4-yllimidazolidi¢g3d)

Yield: 83%; colorless oil**F NMR (376 MHz, CDGJ): 6 -73 (bs)

General procedure for the synthesis of difluori{#sa, b}

A solution of benzamid&laor b (67 mmol) in dichloromethane (60 mL) was placed into a 2-neck
250 mL flask equipped with a reflux condenser. Oxalyl chloride (74 mmol) was slowly added and
the reaction mixture was refluxed for 1 h. After reaching room temperature, triethylamine
trinydrofluoride (50 mmol) was added, followed by dropwise addition of triethylamine (100 mmol).
The reaction mixture was diluted with 40 mL of dichloromethane and stirred for 3 hrs. Compounds
25ao0rb were obtained by fractional distillation of the reaction mixture under reduced pressure.
1,1-Difluoro-N,N-dimethyl-1-phenylmethanami2&a)
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Yield: 83%; colorless liquid; bp 50-51 °C/0.001 B&r NMR (400 MHz, CDGCJ) §: 2.5 (s, 6H,

CHa), 7.4-7.6 (m, 5H, Ph)’F NMR (376 MHz, CDGJ) J: -85.7 (s, 2F).
1,1-Difluoro-N,N-dimethyl-1-[4-(4-propylcyclohexyl)phenyllmethanan{iih)

Yield: 90%; colorless liquid; bp 100-102 °C/0.001 BYE NMR (376 MHz, CD{) o: -67.5 (s,

2F)

N,N,N',N'-Tetraethyl-1-[4-(4-propylcyclohexyl)phenyl]phosphinediar{®0g

A solution of28 (10g, 36 mmol) in dry THF (40 mL) was slowly added into a 250 mL 2-neck flask
equipped wit a reflux condenser, to a suspension of magnesium turnings (0.87 g, 36 mmol) in THF
(20 mL). The reaction mixture was refluxed for 1h and then cooled to -20 °C. A solution of
CIP(NEY), (7.6 g, 36 mmol) in THF (15 mL) was slowly added. The reaction mixture was stirred
for 16 h, during which it was allowed to reach room temperature. After removing of all volatiles
under reduced pressure, the residue was dissolved@n(EdO mL) and filtered through a celite to

give a pale yellow solution &0.

3P NMR (161 MHz, EO): § 98.1 (s)

Dichloro[4-(4-propylcyclohexyl)phenyl]phosphiri2a7)

Dry gaseous HCI was passed through a solutid®d¢ii1g, 36 mmol) in EO (100 mL) at r.t. until

the reaction was completed (monitoring®¥ NMR). The reaction mixture was then passe through

a P4 glass frit and all volatile components were removed under reduced pressure. The residue was
washed with small amount of £1. Dryingin vacuogave27 as a pale yellow solid.

Yield: 88%;%'P NMR (161 MHz, E£0): § 162.6 (S)

General procedure for the synthesis ofsRRRrbene complexg82a,c,d)and (33a} Onto a frozen
solution (-196 °C) of an appropriate difluorid@b,c,d ; 25b(5 mmol) in dry diethyl ether (20 mL),

an equimolar amount of phosphorus trifluoride was condensed using a vacuum line. The resulting
mixture was then left with stirring overnight and concentratedhcuo The precipitate was filtered

off, washed with cold ether, ethanol and hexane to give the corresponding adduct which was
additionally recrystallized from acetonitrile.
1,3-Bis[4-(4-propylcyclohexyl)benzyllimidazolin-2-ylidene — phosphorus(V) pentafluoride adduct
(32a)

Yield: 80%; white crystals; mp 235-245°84 NMR (400 MHz, CDCJ): 6 0.9 (t,J = 7.3 Hz), 1.0

(m, 4H), 1.3 (M, 14H), 1.9 (d, = 11.0 Hz, 8H), 2.5 (m, 2H), 3.4 (s, 4H), 4.9 (s, 4H), 7.18 @,

8.2 Hz, 4H), 7.23 (dJ = 8.2 Hz, 4H);*C NMR (100 MHz, CDGJ): 6 14.5, 20.1, 33.6, 34.4, 37.1,

39.8, 44.3, 48.2, 52.5, 127.9, 128.7, 149.3, 155-GoCobserved:’F NMR (376 MHz, CDGJ): § -

75.2 (dquintJep = 768.7 Hz Jer = 53.4 Hz, PEF), -53.4 (dd Jpr = 797.6 Hz Jer = 53.5 Hz, F4F);

3P NMR (161 MHz, CDG)): 6 -153.3 (dquintJpr = 800.4 Hz Jpr = 770.4 HZPF4F); HRMS (ESI,
positive): Calcd for ggHssFsNo.PNa 664.3920 [M+N4&] found: 664.3914.
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1,3-Dimethyl-4-{4'-propyl-[1,1'-bi(cyclohexan)]-4-yl}imidazolin-2-ylidene - phosphorus(V)
pentafluoride adduat32c)

Yield: 76%:; white crystals; mp 180-182 °&§ NMR (400 MHz, Acetone): & 0.84 (t,J = 7.3 Hz,

3H, CH), 0.91-1.18 (m, 13H), 1.29 (m, 2H), 1.43 (m, 1H), 1.57 (m, 1H), 1.65-1.85 (m, 7H), 3.20
(s, 6H), 3.64 (m, 1H), 3.89 (m, 1H), 4.02 (m, 1M NMR (100 MHz, CDGJ): § 13.9, 19.7, 26.1,
29.3, 29.9, 30.8, 31.5, 31.9, 34.5, 37.7, 38.2, 40.5, 41.4, 43.1, 535 €d11.0 Hz), 61.2 (dJcp =

10.3 Hz);*'P NMR (162 MHz, Acetoneg}t 5 -150.27 (quint,dJ = 796.6, 760.1 Hz)!F NMR

(376 MHz, Acetone): & -56.6 (dd Jep = 758.6 Hz Jer = 50.6 Hz, 4F), -74.7 (dquindgp = 758.2

Hz, J,e = 50.6 Hz, 1F); Anal. Calc. forgHssFs N2 P: C, 55.80%; H, 8.43%; N, 6.51%. Found: C,
55.91%; H, 8.36%; N(6.41%).

1,3-Dimethyl-4-[4’-(4-propylcyclohexyl)benzyllimidazolin-2-ylidene - phosphorus(V) pentafluoride
adduct(32d)

Yield: white crystals; mp 192-195 °GH NMR (400 MHz, Acetone): § 0.88 (t,J = 7.3 Hz, 3H,
CHs), 1.07 (m, 2H), 1.00-1.11 (m, 2H), 1.15-1.23 (m, 2H), 1.31 (m, 3H), 1.47 (m, 2H), 1.83 (m,
4H), 2.45 (tmJ = 12.4 Hz, 1H), 2.82 (dd,= 13.7 Hz, 8.7 Hz, 1H), 3.07 (s, 3H, @H3.21 (dd,J =

13.7 Hz, 4.1 Hz, 1H), 3.33 (s, 3H, @H3.55 (dd,J = 11.9 Hz, 6.4 Hz, 1H), 3.85 (,= 11.5 Hz,

1H), 4.33 (m, Hz, 1H), 7.12-7.25 (m, 4HJC NMR (101 MHz, Acetone): & 13.8, 19.8, 33.5,
34.3, 34.3, 36.6, 36.9, 39.7, 44.2, 55.7 Jgh = 10.6 Hz), 63.4 (dJcp = 9.7 Hz), 127.1, 129.5,
133.0, 146.6%'P NMR (162 MHz, Acetonegt & -150.47 (quint,dJ = 796.5, 758.8 Hz)'°F NMR

(376 MHz, AcetoneJ): & -56.8 (dd Jep = 796.2 Hz Jer = 50.6 Hz, 4F), -74.6 (dquindge = 796.2

Hz, Jr.r = 50.6 Hz, 1F); Anal. Calc. for&Hs,Fs N2 P: C, 57.53%; H, 7.36%; N, 6.39%. Found: C,
57.45%; H, 7.28%; N, 6.32%.

Dimethylamino[4-(4-propylcyclohexyl)phenyllmethylidene - phosphorus(V) pentafluoride adduct
(33a)

Yield: 53 %; white solid, mp 170-172°¢4 NMR (400 MHz, CDCJ): ¢ 0.88 (t,J = 7.3 Hz, 3H,
CHa), 1.04 (m, 2H), 1.19-1.49 (m, 7H), 1.8-1.9 (m, 4H), 2.53)(t,11.9, 3.2 Hz, 1H), 3.1 (s, 3H,
CHs), 3.9 (s, 3H, Ch), 7.1 (d,J = 7.8 Hz, 2H), 7.3 (dJ = 8.2 Hz).2°®F NMR (376 MHz, CDCJ): &
-59.4 (dd,Jrp 814.9 Hz,Je=49.1 Hz); -73.3 (dquint)ep 751.4 Hz,Jer33.2 Hz).3'P NMR (161
MHz, CDCh): ¢ -149.8 (dquintJer 815.4 Hz,Jpr 744.2 Hz); HRMS (ESI, positive): Calcd for
CigH26FsNPNa 407.1777 [M+N4] found: 407.1772.

General procedure for the synthesis oi,PF carbene complex€32b, 33Db):

Phenyldifluorophosphine (3.4 mmol) was added to a solution of diflugdi@emmol) in 30 mL of
anhydrous EO or THF at -40°C. After warming to room temperature the solid formed was
collected by filtration yielding2b or 33h.
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1,3-Bis[4-(4-propylcyclohexyl)benzyllimidazolin-2-ylidene  —  tetrafluoro(phenyl)phosphorane
adduct(32b)

Yield: 80%; white solid, mp 133-136 °&4 NMR (400 MHz, CDCY) o: 0.89 (t,J = 7.3 Hz, 6H,

CHs), 1.04 (m, 4H), 1.18-1.48 (m, 14H), 1.8 (m, 8H), 2.4t 11.9 Hz, 3.2 Hz, 2H), 3.4 (s, 2H),

3.5 (s, 2H), 7.14-7.1 (m, 11H), 7.7 ®z= 7. Hz, 1H), 7.8 (d) = 6.8 Hz, 1H)*F NMR (376 MHz,
CDCly): 6 -42.2 (d,Jpp 871.4 Hz);*'P NMR (161 MHz, CDG): 6 -138.9 (quintJpr 800.4 Hz);
HRMS (ESI, positive): Calcd for SHeoFsN2PNa 722.4327 [M+N4] found: 722.4321.
Dimethylamino[4-(4-propylcyclohexyl)phenylmethylidene - tetrafluoro(phenyl)phosphorane
adduct(33b)

Yield: 45 %; white crystals; m.p. 164-167 & NMR (400 MHz, CDCJ): ¢ 0.89 (t,J = 7.3 Hz,

3H, CHy), 1.04 (m, 2H), 1.18-1.48 (m, 7H), 1.8 (m, 4H), 2.4Jtt 11.9, 3.2 Hz, 1H), 3.1 (s, 3H,
CHs), 3.9 (s, 3H, Ch), 7.15-7.28 (m, 7H), 7.64 (d,= 7.6 Hz, 1H), 7.69 (d] = 6.8 Hz, 1H).°F

NMR (376 MHz, CDC}) d: -47.9 (d,Jee = 887.2 Hz);*'P NMR (161 MHz, CDG): ¢ -140.8
(quint, Jpr 886.4 Hz); HRMS (ESI, positive): Calcd fopsEssFsNPNa 465.2184 [M+N4d] found:
465.2178.

General procedure for the synthesis of carbene complexes using dichloropho$ph&e33c)

A solution of 27 (17 mmol) in dry THF (70 mL) was placed into a 2-neck 250 mL flask equipped
with a septum. At -40 °C a solution of difluori@8a; 25a(49 mmol) in THF (15 mL) was slowly
added through the septum. During a period of 18 hrs the reaction was allowed to reach r.t. All
volatiles were then removed under reduced pressure and the residue was treated with cold water
(100 mL) and stirred for an additional 1 h. The aqueous solution was decanted and the insoluble
residue was washed with addition portion of water, followed by ethanol and diethyl ether.iBrying
vacuogave the desired produ8fe or 33c. Compound32e was additionally crystallized by slow
diffusion of diethyl ether into a solution 82ein acetonitrile.

1,3-Dimethylimidazolin-2-ylidene - tetrafluoro[4-(4-propylcyclohexyl)phenyl]phosphorane adduct
(32e)

Yield: 64%; white crystals; mp 165-166 °C (de¢H; NMR (400 MHz, CDCJ): § 0.9-1.0 (m, 3H),
0.9-1.1 (m, 2H), 1.1-1.2 (m, 2H), 1.3-1.4 (m, 2H), 1.4-1.5 (m, 2H), 1.8-1.9 (m, 4H), 2.4-2.5 (m,
1H), 3.3 (s, 6H), 3.7 (s, 4H), 7.1-7.2 (m, 2H), 7.6-7.7 (m, 2¥MNMR (376 MHz, CDGJ): § -45.0

(d, Jrp = 865 Hz);31P NMR (161 MHz, CDGJ): 6 -139.1 (quintJpr 885 = Hz).
(Dimethylamino)(phenyl)methylidene — tetrafluoro[4-(4-propylcyclohexyl)phenyl]phosphorane
(33c)

Yield: 64%; white crystals; mp 110-111 °C (de¢H; NMR (400 MHz, CDCY): ¢ 0.8-0.9 (m, 3H),
0.9-1.1 (m, 2H), 1.1-1.5 (m, 6H), 1.8-1.9 (m, 4H), 2.3-2.5 (m, 1H), 3.1 (s, 3H), 4.0 (s, 3H), 7.0-7.1
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(m, 2H), 7.2-7.3 (m, 2H), 7.4-7.5 (m, 3H), 7.5-7.6 (m, Zﬁff; NMR (376 MHz, CDCJ): ¢ -47.1
(d, J-p = 886 Hz);31P NMR (161 MHz, CDGJ): 6 -140.1 (quintJpr 887 = Hz).
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