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Supporting infor mation

Cooper ative nucleophilic-electr ophilic or ganocatalysis by ionic liquids

Vittorio Lucchini,* Marco Noe, Maurizio Selva, Mdsso Fabris, Alvise Perosa*

Experimental procedures.

Thereaction conditions. The experimental procedure for kinetic determimatia**C NMR
spectroscopy has already been described (refeBeimcthe article). We here point to some
differences. The desired quantities of the iorgaili, or of DBU, or of phosphazene were
weighed in a screw-cap NMR tube, which was chavwgéuthe correct volume of
cyclohexenone. The tube was then equipped witlaledeapillary, containing pure §iDMSO
and blocked in a coaxial position by means of dohe$pacer, for locking and homogeneity
purposes. The kinetic measurements were direatiyirthe spectrometer, at the temperature of
60° C, as regulated by the spectrometer.

The course of a reaction, in the absence of a sglwden reagents and products are at the
greatest concentration, could be adequately foliblwe"*C NMR spectroscopy. The spectra
were collected under the regime'bf inverse gated decoupling, with the aim of minimiz

NOE effects. In a typical experiment, a seriespafcsra were consecutively acquired: 16 or 32
scans per spectrum, 16 s relaxation delay, 32#atd points, FT with zero filling to 256K,
Gaussian window function. The transformed specteewsubjected to automatic phase
adjustment and line base correction. The sign#stsesl as representative of the involved
species were extracted and, in order to overcomaérttits of the numerical integration
procedure of the spectrometer, deconvoluted imonabination of Gaussian and Lorentzian
functions:

alpha*Lorentzian + (1 - alpha)*Gaussian

and the analytical integral of this combination \eaaluated. Examples of this procedure are
presented, in a graphic form, in Figures S1-S5.Kihetic times were given by the internal
clock of the spectrometer host computer.

The evaluation of the kinetic parameters. The kinetic times and the analytical integrals aver
then transferred into a Cartesian plot. The irglsgrequired a normalization factor. Because no
side reaction was observed, the sum of the integpaiesenting cyclohexanoiend of twice

the integral representing the din@&was chosen as the normalization factor. Thus the
normalized amounts of the specifeand8 were represented as “unitary molar fractions”, and
symbolized by X}. The amounts of the catalysts were similarly dedi from their normalized
integrals, properly weighed.

The most appropriate kinetic parameter that cofflel @ quantitative measure of the complex
reaction system, represented by the scheme inrtickeawas the initial rate constant
—(d{7}o/dt)/{ 7} for the decrease of cyclohexenahd he initial rate d{} o/dt is customarily
derived from the slope of the straight line passimgugh the first kinetic points. As the choice
of the number of initial points is rather arbitrawe devised to take advantage of the Newton
interpolation of the whole set of kinetic points5# degree polynomial was visually
satisfactory. The first order coefficieat of the polynomial is the zero order coefficientioé
derivative, and is the only surviving coefficietizaro time. As the attainment of the experiment
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temperature and of a satisfactory homogeneity wasstantaneous, the very initial kinetic
points were usually missed, and the value®{vas less than unitary. The determination of
{7}o rested upon a single measurement: a better chaise¢he intercept of the polynomaal
Thus the ratio &;/ap could be considered the best estimation for Ag{it)/{ 7} o.

The results for the “productive” kinetic runs aregented in Figures S6-S15. It can be
appreciated that the molar fractions of the catalgted non change during the whole reaction
course. The average values are reported in theteatdible. Because of the elevated number of
monitored points, the errors on the valuea;adinday and on the average catalyst molar
fractions are negligible.
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# freqppm  height width,Hz alpha area % areaabs
1 1497865 22771.28 1.533407 T.03415E-03 5919036 74.58611
2 143403 1122609 1617908 O0T7S289E-02 32.01045 40 33656
3 1325904 3915119 1.244258 1453485 8799185 11.08792
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Figure S1. Example of deconvolution of select& resonances for the evaluation of the kinetic
runs 1 and 2 in Scheme 1. Taken from run 1, spectnonitored at time 1.69 h.
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143.4085 21013.5 1834511 2828325 1858255 5 232068
37.99244 1830765 1827729  BBOZB3E 10350958 9619042
A7.35303 1885188 1.702363 4090823 1642671 B.161811

36918567 5H253 785 40516593 5722274 11603386 5785285
3681416 2142662 1532534 A2411 1690825 B.401067

(+ 5 B0 S I B

L U N
o o @,tpﬁk

L1

=

. T ——

T 1 1 L] L L] L] 1 1 L]
149.8 145.'2 143.5 143 38.5 38 37.3 37 36.5

Figure S2. Example of deconvolution of selecte@ resonances for the evaluation of the kinetic
run 5 in Scheme 1. Taken from spectrum monitoredtreg 3.70 h.
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#  freqppm height.  width Hz alpha area®:  area.abs
1 148.7426 24000 2270454 0 8613779 1160006
2 1434585 3152.051 1658051 2823443E-02 9B87T197 1331598
3 47650068 THO.3321 2500477 B823407 3975008 5353504
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Figure S3. Example of deconvolution of selecte@ resonances for the evaluation of the kinetic
run 6 in Scheme 1. Taken from spectrum monitoredireg 3.48 h.
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freq.ppm height width, Hz alpha ares %% aresshs
1800323 2383958 1.3117B1 2538445 588074 7461549
143.7575 M31016 1283524 4687533 2084879 37.808149
B216325 1897725 1280017 4348077 4849588 6.142766
3134355 25bB.335 1.232443 4343232 85304224 80950201
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Figure $4. Example of deconvolution of selecté@ resonances for the evaluation of the kinetic
runs 7-11 in Scheme 1. Taken from run 9, spectrumitored at time 2.93 h.



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

LORENTZEGALISS
height
2374835

178302
23523588
2098.634

e G b o-s T

freq.ppm
150 2566
1436078
52 11625
48 70807

widih Hz
1031418
1.0%8561
1.201535
1.163315

alpha
8.615133E-02
3516438
3368165
8138723

4837202

5.936871

area abs
54 53431
A8 87402
G.O81493
7.20064

area %
4158873

8130674

DR, , S,

-

Lo

FU | J—

T ¥ ]
i138.6 138.2

" ned.m

L
144 14358 .6

T
32.2

T
1.8

T T
49 48.3

Figure S5. Example of deconvolution of selecté@ resonances for the evaluation of the kinetic
run 12 in Scheme 1. Taken from spectrum monitoteuine 1.69 h.
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Figure S6. Conversion (entry 1 in the table) of cyclohexemdmto dimer8 under the catalysis of
Ps 881 MeOCQ 1. The interpolation of the decrese ¢into a 5th degree polynomial and the
corresponding coefficients are shown.
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Figure S7. Conversion (entry 2 in the table) of cyclohexem@dmto dimer8 under the catalysis of
Ps 881HOCQO, 2. The rest of the caption as in Figure S6.
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Figure S8. Conversion (entry 5 in the table) of cyclohexemdmto dimer8 under the catalysis of
phosphazens. The rest of the caption as in Figure S6.
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Figure S9. Conversion (entry 6 in the table) of cyclohexemdmto dimer8 under the catalysis of
DBU 6. The rest of the caption as in Figure S6.
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Figure S10. Conversion (entry 7 in the table) of cyclohexemémto dimer8 under the cocatalysis
of Psgg1Br3and DBUG6. The rest of the caption as in Figure S6.
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Figure S11. Conversion (entry 8 in the table) of cyclohexemémto dimer8 under the cocatalysis
of Psgg1Br3and DBUG6. The rest of the caption as in Figure S6.
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Figure S12. Conversion (entry 9 in the table) of cyclohexemémto dimer8 under the cocatalysis
of Psgg1Br3and DBUG6. The rest of the caption as in Figure S6.
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Figure S13. Conversion (entry 10 in the table) of cyclohexamointo dimer8 under the
cocatalysis of £551Br 3 and DBUG. The rest of the caption as in Figure S6.
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Figure S14. Conversion (entry 11 in the table) of cyclohexamointo dimer8 under the
cocatalysis of £551Br 3 and DBUG. The rest of the caption as in Figure S6.
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Figure S15. Conversion (entry 12 in the table) of cyclohexamointo dimer8 under the
cocatalysis of BMim Bd and DBUG6. The rest of the caption as in Figure S6.



