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1. Synthetic Procedures

All commercially available reagents and solventsemesed without further purification.
NMR spectra were obtained at 400 MH# (NMR) and 100 MHz 'fC NMR) using
CDsCN or CDC} as solvent. Chemical shifts are reported in pphative to TMS.
Electrospray ionization mass spectra (ESI-MS) weakected on a Thermo Finnigan
LCQ instrument. Samples were dissolved in ACN f@& Bhalysis (1 mg/mL).

[Bis(2-(diphenyl phosphino)phenyl)ether]palladium(l 1) dichloride.

To a solution of (1,5-cyclooctadiene)palladiumighloride (540 mg, 1 mmol) in 25 mL
of CH,Cl, was added bis[2-(diphenylphosphino)phenylletheB5(2mg, 1 mmol)
dissolved in 6 mL of CLCl,. After stirring at room temperature for 3.5 houtise
mixture was filtrated and the precipitate was washieh 3 mL of CHCI, followed by 20
mL of hexanes. After drying under vacuum, 586 mgZ0mmol, 82%) of [bis(2-
(diphenylphosphino)phenyl)ether]palladium(ll) dictile was obtained.'H NMR
(CDCl) 6 =6.73 (ddJ = 8.0 Hz, 8.0 Hz, 2H), 6.86 (dd~= 7.5 Hz, 7.5 Hz, 2H), 6.96 (m,
2H), 7.26-7.42 (m, 16H), 7.56-7.63 (m, 6/)C NMR (CDCk) 5 = 121.5, 124.9, 127.8,
128.8, 129.4, 130.7, 132.8, 134.9, 135.1.

Bis(acetonitriIe)[bis(2-(di£)henyIphosphino)phenyl)ether]palladium(l 1)

hexafluor oantimonate, 1.

To a solution of [bis(2-(diphenylphosphino)phentfir]palladium(ll) dichloride (286
mg, 0.4 mmol) in 5 mL of ACN was added Ag3l{E74.4 mg, 0.8 mmol, 2 equivalents)
dissolved in 3 mL of ACN. After stirring at roomngerature for 20 minutes, the mixture
was filtrated through a short celite column usingd,Cl, as mobile phase. The solvents
were removed and the residue was passed throudheargelite column using Gigl..
After redissolving in 3 mL of CECl,, recrystallization upon addition of 20 mL of
hexanes gave 468 mg (0.4 mmol, 98%).afs a yellow solid.'"H NMR (CDsCN) & =
1.97 (s, 6H), 6.81 (m, 2H), 7.09 (ddbks1.2 Hz, 7.4 Hz, 7.4 Hz, 2H), 7.20 (m, 2H), 7.53-
7.72 (m, 22H).*C NMR (CD:CN) & = 1.8, 118.9, 123.6, 126.8, 127.4, 127.8, 130.9,
134.7, 135.5, 137.3, 137.4, 160.1. Anal. Calcd.GaH3z4F12N,OP,PdSh: C, 40.08; H,
2.86; N, 2.34. Found: C, 40.44; H, 2.87; N, 2.21.

Bis(acetonitrile)[1,1'-bis(diphenylphosphino)ferrocene]palladium(i 1)

hexafluor oantimonate, 2.3

To a solution of AgSbE(75.6 mg, 0.22 mmol, 2.2 equivalents) in 3 mL dZM was
added 81.6 mg (0.1 mmol) of [I;his(diphenylphosphino)ferrocene]palladium(ll)
dichloride (complex with dichloromethane) underragen. After stirring at room
temperature for 30 minutes, the mixture was fiétdathrough a short celite column using
CH,Cl, as mobile phase. The solvents were removed andé¢satue was passed through
another celite column using GEl,. Removal of solvents gave 118 mg (0.1 mmol, 98%)
of 2 as a purple solidtH NMR (CD;CN) & = 1.97 (s, 6H), 4.57 (s, 4H), 4.77 (s, 4H),
7.56-7.62 (m, 8H), 7.72-7.83 (m, 12HJC NMR (CD:CN) 6 = 1.8, 69.0, 78.0, 80.2,
118.9, 130.2, 131.3, 135.2, 135.4.
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'H and C NMR spectra of bis(acetonitrile)[bis(2-(dipherytisphino)phenyl)ether]
palladium(ll) hexafluoroantimonaté,
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'H and *C NMR spectra ofbis(acetonitrile)[1,tbis(diphenylphosphino)ferrocene]
palladium(ll) hexafluoroantimonatg,
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'H and *C NMR spectra of [bis(2-(diphenylphosphino)phentyiie]palladium(l)
dichloride.
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2. Sensing Experiments

A stock solution of sensdt or 2 (0.01 M) in ACN was prepared and 100 pL of this
solution was placed into a 4-mL vial. Then, solof®f substrates (0.01 M for diamines
and 0.02 M for amino alcohols) in ACN were preparadd 100 pL of a substrate

solution was placed in the vial containing 100 pfLtlee sensor stock solution. The
mixture was diluted to 1.25x%0M for CD analysis unless noted otherwise. CD spect
were collected with a standard sensitivity of 108eq, a data pitch of 0.5 nm, a band
width of 1 nm, a scanning speed of 500 nm/s andspanse of 0.5 s using a quartz
cuvette (1 cm path length). The data were baseloreected and smoothed using a
binomial equation. The following amines and amiroohBols (only one enantiomer

shown) were analyzed.

OH NH, O
NH2 H
\‘/\OH /Y\OH
"NH, NH, NH, NH; NH
6 7 8 9 10
ﬂ\‘/\ OH NH,
OH

NH; NH,

11 12 13 14

NH, NH, o NH,
[ :[ ’>—OH ()/\/ Ph\/k'<Ph
pnOH

15 16 17

2.1. MSand NMR Analysis of the Substrate Coordination

MS analysis in ACN (1 mg/mL) of a mixture contaigithe palladium compleg or 2
and either diaminé or 8 showed formation of a 1:1 complex. Mass spectrametr
detection of the corresponding amino alcohol comgdewas unsuccessful due to the
formation of a palladium hydride species formedtigh oxidation of the alcohol group.
The coordination of the substrate to the palladicenter was also evident by NMR
analysis.
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MS spectrum of bis(acetonitrile)[bis(2-(diphenylgbbino)phenyl)ether]palladium(ll)

hexafluoroantimonatd..
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MS spectrum of the complex obtained frarand diamines.
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MS spectrum of the complex obtained frarand diamines.
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MS spectrum of bis(acetonitrile)[Z;kis(diphenylphosphino)ferrocene]palladium(ll)

hexafluoroantimonate.
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MS spectrum of the complex obtained fr@mand diamineb.
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MS spectrum of the complex obtained fr@rand diamines.
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'H NMR Spectra of sensdr diamine8, and a 1:1 mixture in CiTN.
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2.2. CD Spectroscopy

CD spectra of the complex formed frdnand (R, 2R)-6 (solid line) or (5 29-6
(dashed line) in ACN (1.25xT0Mm).
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CD spectra of the complex formed fréhand (R, 2R)-6 (solid line) or (5 29-6
(dashed line)n ACN (1.25x10" M).
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CD spectra of the complex formed frdnand (R, 29-7 (solid line) or (B, 2R)-7
(dashed linejn ACN (1.25x10" M).
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CD spectra of the complex formed fréwand (R, 29-7 (solid line) or (B, 2R)-7

(dashed linejn ACN (1.25x10" M).
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CD spectra of the complex formed frdnand (R, 2R)-8 (solid line) or (E, 29-8

(dashed line)n ACN (1.25x10" M).
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CD spectra of the complex formed frdnand R)-9 (solid line) or §-9 (dashed line) in
ACN (1.25x10" M).
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CD spectra of the complex formed fréwand R)-9 (solid line) or §-9 (dashed line) in
ACN (1.25x10" M).
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in ACN (1.25x10" M).
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CD spectra of the complex formed fréhand R)-10 (solid line) or §-10 (dashed line)
in ACN (1.25x10" M).
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in ACN (1.25x10" M).
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CD spectra of the complex formed frdnand R)-12 (solid line) or §-12 (dashed line)
in ACN (1.25x10" M).
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CD spectra of the complex formed fréhand R)-12 (solid line) or §-12 (dashed line)
in ACN (1.25x10" M).
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CD spectra of the complex formed fréhand (R,3R)-13 (solid line) or (&539-13

(dashed line) in ACN (1.25x10Mm).
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CD spectra of the complex formed frdnand (R,25)-14 (solid line) or (52R)-14

(dashed line) in ACN (1.0x1M).
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CD spectra of the complex formed frdnand (15,2R)-15 (solid line) or (R,29-15

(dashed line) in ACN (1.0x1M).
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CD spectra of the complex formed fréhand (152R)-15 (solid line) or (R,29-15

(dashed line) in ACN (1.25xT0Mm).
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20 -

CD spectra of the complex formed fréhand §)-16 (solid line) or R)-16 (dashed line)
in ACN (1.25x10" M).
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CD spectra of the complex formed frdnand R)-17 (solid line) or §-17 (dashed line)
in ACN (7.5x10° M).
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CD spectra of the complex formed fréhand R)-17 (solid line) or §-17 (dashed line)
in ACN (1.0x10*M).
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CD spectra of the complexes obtained upon additfiaiiamine8 to Pd complexe&-4 in
ACN (1.25x10" M).
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Comparison of the CD spectra obtained upon adddfamino alcoho¥ to eitherl or 2
and to Pd(Shd, in the absence of a tropos ligand in ACN (1.25%1).
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3. Quantitative Analysis of Concentration and Enantiomeric

Composition

3.1. Calibration Curve and Ee Determination Using Palladium Complex 2 and

Amino Alcohol 7

To determine the practical use of the sensors,ctiimptical response of palladium
complex 2 to the coordination of amino alcohd@l was investigated. Stoichiometric

mixtures were prepared in ACN (1.25%1®) with varying ee of substraté (100%,

80%, 50%, 20%, 0%, -20%, -50%, -80%, -100%). The @@plitudes (mdeg) at 310.0
nm and 278.0 nm were plotted versus %ee. The aéllor curves showed a linear

relationship at both wavelengths (megg.=0.5869xeel.1968, B=0.9996, mdegsnr-

0.5671xee +1.6354,°R0.9985).

CD spectra of the complex formed frémand7 with varying ee in ACN (1.25x1bM).
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0%ee.

-20-



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Plots of CD amplitude at 310.0 nm and 278.0 nmugeféee of

60 - = 0.5869x - 1.196
mdeg Y R2 = 0.999

40 -

20 -

-100 -50 100
()
20 . Yoee

-40 -
y =-0.5671x + 1.63
-60 - R2=0.9985
Red: 310.0 nm, blue: 278.0 nm.

Five scalemic samples of amino alcofalith varying ee were prepared and treated with
2 as described above. Using the linear equationldesd above and measuring the CD
amplitudes at 310.0 nm and 278.0 nm, the ee of gheples was determined.
Experimentally obtained average data were withd8@of the actual values.

Experimental vs. actual ee’s of 5 scalemic sampiesnino alcohol’ determined with

Pd complex?
Actual ee% Calculated %ee at Calculated %ee at Average %ee
310.0 nm 278.0 nm
60.0 62.0 64.0 63.0
40.0 42.3 40.9 41.6
30.0 31.0 33.9 32.0
-40.0 -40.3 -41.1 -40.7
-60.0 -61.2 -61.2 -61.2

3.2. Linear CD Response Using Palladium Complex 1 and Diamine 8

The chiroptical response ol to the coordination of diamin& was investigated.
Solutions containing equimolar amount of the serssut the substrate with varying ee
(100%, 70%, 40%, 0%, -40%, -70%, -100%) in ACN %110 M) were prepared. The
CD amplitude (mdeg) at 284.0 nm was plotted ve®as. The calibration curve showed
a linear relationship (mdeg=0.7206x@8413, R=0.9971).

-21 -
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CD spectra of the complex formed frdnand8 with varying ee in ACN (1.25%10-4 M).
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3.3. Determination of Both Enantiomeric Excess and Concentration of Diamine 6
Using Sensor 1

To investigate the possibility of determination thfe concentration and ee, a UV
calibration curve was plotted usirg(1.25 x10* M) and diamine6 with varying ratio
(0.0/0.2/0.4/0.6/0.8/1.0 equivalent). The calilwati curve showed a sigmoidal
relationship at 374.0 nnAE0.5272p/1]3-0.8413p/1]%-0.163p/1] +0.7459, R2 = 0.9973).

-22 -
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UV-Vis spectra of sensdrupon addition of various amounts of diamée
2.5

0 T T T
250 300 350 400 450 hm 500

Sensorl (1.25 x10* M) and varying amounts of diamisén ACN. Red: 0 equiv., green:
0.2 equiv., orange: 0.4 equiv., black: 0.6 equiurple: 0.8 equiv., blue: 1.0 equiv.

Plot of the absorption maximum at 374 nm versusvadgnts of6
0.8

0.6

0.4 -

y =0.5272% - 0.8413% - 0.163x + 0.745
R2=0.9973

0.2 T T T T T 1
0 0.2 0.4 0.6 0.8 [36]/[1] 1.2

The chiroptical response ofl to the coordination of diamin® was investigated.
Solutions containing equimolar amount of the serssut the substrate with varying ee
(100%, 70%, 40%, 0%40%,-70%,-100%) in ACN (1.25 x18 M) were prepared. The
CD amplitude (mdeg) at 287.0 nm was plotted vetsiee. The calibration curve showed
a linear relationship (mdeg3.5486xee+3.2993, R2 = 0.9993).
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CD spectra of the complex formed frdnand6 with varying ee in ACN (1.25x10M).

460
nm

60

Ee of diamineés. Red:100% ee, blue: 70% ee, green: 40% ee, H4clee.

Plot of CD amplitude at 287.0 nm versus %eé of
60 -

100
%ee

-100 -50 0
-20 -

-40 | y =.0.5486x + 3.299

R2=0.9993

-60 -

Four scalemic samples of diami@evith varying concentration and ee were preparet an
treated withl as described above. Using the UV and CD calibrationves developed
above, the concentration and ee of each sample detezrmined experimentally. This
was achieved by fast UV and CD measurements usengame sample solution in ACN
(1.25 x10' M). The measured UV response was first used wulzk the concentration
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of 6. Based on the observation that the CD respongieegballadium complex increases
linearly with relative concentration of the substrat a given ee, the concentration value
determined by UV analysis was then applied in @deutation of the sample ee.

Experimental vs. actual concentrations and eeZksifalemic samples of diamifie
obtained using palladium compléx

Actual ratio Actual % ee Calculated Calculated % ee
[6)/[1] concentration
0.90 80.0 0.91 85.9
0.70 60.0 0.63 67.7
0.50 50.0 0.49 49.6
0.50 -60.0 0.53 -66.7
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