
 

 

 University of Groningen

Dynamic control of chiral space
Vlatković, Matea

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Vlatković, M. (2016). Dynamic control of chiral space. [Thesis fully internal (DIV), University of Groningen].
University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/18918b3f-9469-435c-8ec6-d362267d3571


CHAPTER 2 

Dual stereocontrol over the Henry reaction using 
light and heat triggered organocatalyst 

 

 

 
This chapter is an adaptation of the original paper: 

M. Vlatković, L. Bernardi, E. Otten, B. L. Feringa, Chem. Commun. 2014, 50, 7773-
7775  
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2.1 Introduction 
The challenge of achieving dual stereocontrol in asymmetric transformations 
using single enantiomers of catalysts is an important goal in stereoselective 
synthesis as it enables the use of a single catalyst to obtain either of the 
enantiomers of a product on demand.1 Several examples have been reported, 
frequently by serendipitous discovery, in which the asymmetric induction 
offered by an enantiopure species inverts by applying various additives, nature 
of the solvents2 or coordinating metals.3 Each of these systems is, however, 
restricted to a specific transformation by design. In contrast, a more general and 
rational approach to achieve dual stereocontrol is to use metastable catalytic 
species that can exist in two (pseudo)enantiomeric forms that can be 
interconverted by an external stimulus. This goal has been realized using 
polymers4 whose helicity depends on solvent polarity, and more recently using 
an organometallic complex,5 wherein the two redox states of the metal ion 
influence the relative disposition of external catalytic units.  

A distinct strategy towards dynamic dual stereocontrol is to change the active 
conformation6 of a catalyst by less invasive external triggers such as light and 
heat. Unique amongst photoswitchable molecules, unidirectional molecular 
rotary motors7 are intrinsically multistage molecular switches. Recently, our 
group has shown that by using a first generation molecular motor equipped 
with two distinct moieties that can cooperatively catalyze a reaction (1)8 (Figure 
1), it is possible to obtain both enantiomers of the Michael adduct of 2-
methoxythiophenol and 2-cyclohexen-1-one, by applying as catalyst the two 
pseudoenantiomeric cis states of the motor during its rotary cycle. This 
organocatalyst bears a 2-aminopyridine base and a weakly acidic thiourea 
functionality,9 that engage in bidentate coordination to the substrate. We 
examined this catalyst performance in reactions involving nitroalkanes and 
nitroalkenes,9,10 however catalyst 1 showed poor catalytic performance in these 
reactions both in terms of activity and stereoselectivity. Therefore, we decided 
to develop a novel molecular motor-based catalyst 2, in which the phenyl 
spacers between the motor core and the catalytic functions are absent (Figure 
1b). We anticipated that bringing the catalytically active groups (thiourea and 
DMAP) in greater proximity would result in a more effective cooperative action 
between these two functionalities. The novel design, due to its more 
constrained catalytic pocket, is shown here to be a much more versatile and 
efficient catalyst than the original catalyst (1). Furthermore, its synthesis 
requires fewer steps and is accomplished with a higher overall yield. 
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Figure 1 Responsive asymmetric organocatalyst: molecular motor based catalyst for dual 
stereoselective synthesis, the original and novel design of the catalyst. 

2.2 Results and discussion 
2.2.1 Synthesis of the novel motor-organocatalyst 

The new catalyst 2 (Scheme 1), was prepared using a Buchwald-Hartwig 
amination of enantiopure dibromo-motor 311 to yield the diimine 4. 
Chromatographic separation of the cis and trans isomers of derivative 4 was 
readily achieved and the trans derivative was hydrolysed to yield the diamine 
5. DMAP catalytic group was introduced at one of the aniline moieties via a 
Buchwald-Hartwig amination.9a Finally, the introduction of the thiourea moiety 
was achieved in moderate yield by treating the mono-DMAP-motor 6 with 3,5-
bis(trifluoromethyl)phenyl isothiocyanate resulting in catalyst 2 in its stable 
(P,P)-trans form. 
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Scheme 1 Preparation of catalyst 2 in its (P,P)-trans state. 

2.2.2 Photochemical and thermal isomerization studies 

UV-Vis absorption, CD and NMR spectroscopy confirmed that compound 2 
underwent a full unidirectional rotary cycle (Scheme 2), and hence operates 
fully as a molecular rotary motor. Upon irradiation of (R,R)-(P,P)-trans-2 (stable 
trans) with 312 nm a photo-induced isomerization takes place, which leads to 
the formation of (R,R)-(M,M)-cis-2 (unstable-cis). In this newly obtained form 
the methyl substituent at the stereogenic center is forced to adopt an 
energetically unfavorable pseudo-equatorial orientation. The steric strain is 
released after an irreversible thermal helix inversion step yielding (R,R)-(P,P)-
cis-2 (stable cis). Upon subsequent irradiation with 312 nm (R,R)-(M,M)-trans-2 
(unstable-trans) is obtained, which undergoes  thermal helix inversion yielding 
(R,R)-(P,P)-trans-2 (stable-trans). During each step of the cycle an inversion of 
helicity can be observed by CD (Figure 2), which is the behavior expected for a 
molecular motor, and is consistent with the behavior of 1. 

 
Scheme 2 Rotation cycle of motor based organocatalyst 2. 
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Figure 2 CD spectra of compound 2 (1.5 x 10-5 M) before and after each isomerization process of 
the four-step unidirectional rotary cycle. (A) CD spectra before and during irradiaton of (R,R)-
(P,P)-trans-2 at 312 nm in dichloroethane (B) CD spectra before and during thermal helix 
inversion ((R,R)-(M,M)-cis-2  (R,R)-(P,P)-cis-2 on heating in dichloroethane at 60 °C (C) CD 
spectral changes before and after irradiation of (R,R)-(P,P)-cis-2 at -70 °C in DCM yielding (R,R)-
(M,M)-trans-2 (D) CD spectra before and after warming (R,R)-(M,M)-trans-2 in DCM from -70 °C 
to -10 °C yielding (R,R)-(P,P)-trans-2. 

In order to confirm that the reversal of helicity of 2 is not caused by using 
different solvent for the CD measurement, both CD spectra were recorded at 
room temperature in DCM and DCE (Figure 3). It was shown that using a 
different solvent doesn’t influence the helicity of the catalyst 2.  

             
a)                                                          b) 

Figure 3 CD spectra of compound 2 (4 x 10-5 M)  in (a) DCM and (b) DCE. 

The photoisomerization (P,P)-trans-2 (stable trans) → (M,M)-cis-2 (unstable cis) 
was followed by UV-Vis spectroscopy. The changes of UV-Vis absorption 
spectra upon photoirradiation at 312 nm were monitored (Figure 4). The 
expected red shift of the absorption of the species 2 is shown along with the 
occurrence of the photoinduced isomerization, as well as two isosbestic points 
at λ1= 275 nm, λ2= 350 nm indicating a unimolecular process. 
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Figure 4 Irradiation of stable trans-motor catalyst 2 (1.5 × 10-5 M) at 312 nm followed by UV-Vis 
spectroscopy.  

The thermal helix inversion of the unstable form of cis-2 to the stable form of 
cis-2 was followed by UV-Vis spectroscopy at 5 different temperatures (65, 60, 
55, 50, 40 °C) in DCE (Figure 5) and over 4 temperatures (60, 55, 50, 40 °C) in 
toluene (Figure 6), delivering the kinetic data shown in the Figures below. Since 
the catalytic reactions have been performed in toluene, it was decided to 
measure the half-life of the thermal helix inversion12 also in this solvent. 
Remarkably, a significant difference has been observed between the half-lives 
in the above mentioned solvents (19.2 in DCE vs 149.5 h in toluene). 
Nevertheless, this study indicated that at least in toluene the half- life featured 
by the (M,M)-cis-2 form is suitable for catalytic applications. 

 
Figure 5 Thermal isomerization from (2R,2’R)-(M,M)-cis-2 → (2R,2’R)-(M,M)-cis-2 in DCE, 
followed by absorption changes in the UV spectrum at 365 nm, at five different temperatures (65, 
60, 55, 50, 40 °C). The rate constants k of the first order decay at different temperatures were 
obtained using the equation A=A0e-kT (A and A0 are the absorbance at different time t). By 
analysis of this data using the Eyring equation following data have been calculated: k20°C (s-1) = 1.0 
x 10-5, t1/2= 19.2 h, ΔH‡ = 63.9 kJ mol-1, ΔG‡ (20 °C) = 99.8 kJ mol-1, ΔS‡ = -122.6 J K-1 mol-1. 



Chapter 2 

67

0 20000 40000 60000 80000 100000

0.10

0.15

0.20

0.25

0.30

0.35

0.40

A

t/s

 T40
 T50
 T55
 T60

 
 

Figure 6 Thermal isomerization from (2R,2’R)-(M,M)-cis-2 to (2R,2’R)-(M,M)-cis-2 in toluene was 
followed by absorption changes at 365 nm at five different temperatures (60, 55, 50, 40, °C). The 
rate constants k of the first order decay at different temperatures were obtained using the 
equation A=A0e-kT (A and A0 are the absorbance at different time t). By analysis of this data using 
the Eyring equation following data have been calculated k20 °C (s-1) = 1.3 x 10-6, t1/2= 149.5 h at 20 °C, 
ΔH‡ = 110.5 kJmol-1, ΔS‡ = 16.7 J K-1 mol-1, ΔG‡ (20 °C) = 105.6 kJ mol-1. 

By irradiating a solution of (P,P)-trans-2 in CD2Cl2 and by following the 
photoisomerization by 1H NMR spectroscopy (Figure 7), it was possible to 
determine accurately the PSS ratio for this isomerization, which was found to 
be 92:8 in favour of the (M,M)-cis form. Such a high PSS is highly suitable for 
the utilisation of (M,M)-cis-2 as catalyst by its in situ generation from the (P,P)-
trans-2 precursor through irradiation at 312 nm. 

 
Figure 7 1H-NMR changes upon irradiation of (R,R)-(P,P)-trans-2 at 312 nm in DCM and after 
thermal helix inversion ((R,R)-(M,M)-cis-2 → (R,R)-(P,P)-cis-2). 

(P,P)-cis-2 

(M,M)-cis-2 

(P,P)-trans-2 
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Importantly compound 2 showed a ca. 92:8 photostationary state (PSS) in 
favour of the cis form for the photochemical transition (R,R)-(P,P)-trans-2  
(R,R)-(M,M)-cis-2 and a half-life of 156 h at room temperature for the thermal 
helix inversion11 from (R,R)-(M,M)-cis-2  (R,R)-(P,P)-cis-2 in toluene. High 
thermal stability and a high photostationary state ratio are essential features of 
a compound to be used effectively as a dual stereoselective catalyst. 

2.2.3 Catalytic studies 

With the new catalyst 2 at hand, the activity and selectivity of each of its 
interconvertible states in a typical Henry reaction,13,14 i.e. the addition of 
nitromethane to 2,2,2-trifluoroacetophenone was examined.15  

Table 1 Optimising conditions for the Henry reaction using (M,M)-cis : (P,P)-trans 
mixture at PSS (92:8). 

 
 

Catalyst 
loading (% 
mol) 

Solvent (M) t/ºC t/h Conversiona  e.r.b 

10 Toluene (1.0) -25 8 full 86:14 

5 Toluene (1.0) -25 8 full 86:14 

2 Toluene (1.0) -25 16 85% 85:15 

5 Toluene (1.0) -50 8 85% 86:14 

5 THF (1.0) -25 8 full 83:17 

5 DCM (1.0) -25 8 80% 82:18 

5 TBME (1.0) -25 8 full 86:14 

5 Toluene(0.001) -25 24 90% 86:14 
aConversions were determined from the 1H-NMR spectrum of the crude reaction mixture. 
bDetermined by CSP HPLC analysis. 

As evident from Table 1 using different solvents and lowering the temperature 
of the catalytic reaction did not result in improvements in the enantiomeric 
ratios.  
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Table 2 Results of the Henry reaction of nitromethane with α,α,α-trifluoroketones 
catalysed by the different states of catalysts 1 and 2. 

  

Entrya R Catalyst 7 Yieldb (%) e.r.c 

1 C6H5 (M,M)-cis-2 7a                93 86:14d 
2 C6H5 (P,P)-cis-2 7a                92 29:71 

3 C6H5 (M,M)-cis-1 7a              <10 50:50 
4 C6H5 (P,P)-trans-2 7a                20 50:50 
5 4-FC6H4 (M,M)-cis-2 7b               90 80:20 
6 4-BrC6H4 (M,M)-cis-2 7c                90 73:27 
7 4-BrC6H4 (P,P)-cis-2 7c                90 43:57 
8 Bn (M,M)-cis-2 7d               80 78:22 
9 Bn (P,P)-cis-2 7d               80 30:70 
10 Et (M,M)-cis-2 7e               72 77:23 
11 Et (P,P)-cis-2 7e               70 41:59 

a All values are averages of multiple runs. b Yield of isolated product after flash chromatography. c Determined by CSP 
HPLC analysis. d Absolute configuration determined as R for the major enantiomer14  

After screening of solvents and reaction conditions (Table 1), it was apparent, 
Table 2 (entries 1 and 2), that the two cis forms of 2 could direct the 
stereochemical outcome of this reaction (e.r. 86:14 and 29:71, respectively), 
when performed at -25 °C in toluene. The improved performance compared to 
the parent catalyst (M,M)-cis-1 (Table 2, entry 3), which afforded only traces of 
product 7a in racemic form are obvious. This can be attributed, as previously 
hypothesised, to a more efficient cooperative action of the two catalytic groups, 
which are in greater proximity in (M,M)-cis-2 compared to (M,M)-cis-1. Indeed, 
the use of the (P,P)-trans form of catalyst 2, wherein the two groups are farther 
apart, led to very poor conversion and stereoselectivity (Table 2, entry 4). 
Although beyond the present study, the considerably different activity 
displayed by the cis and trans forms of catalyst 2 hold great promise for its 
utilisation as a controlled catalytic system, able to exist in three reversibly 
interconvertible catalytically active and inactive states. 16 The influence of the 
structure of the substrate on the reaction was investigated through a series of 
α,α,α-trifluoromethylketones with the catalyst (M,M)-cis-2, generated by 
irradiation of (P,P)-trans-2 at 312 nm in situ prior to the reaction. The 
corresponding α-trifluoromethyl-β-nitro alcohols 7b-e (Table 2, entries 5,6,8,10) 
were obtained in yields and enantiomeric ratios comparable to the 
trifluoroacetophenone product 7a, even when derived from aliphatic 
trifluoroketones. It is worth to note that due to the long half-life it was possible 
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to recover the catalyst (M,M)-cis-2 after the reaction and use it up to 3 times 
without significant loss of enantioselectivity (using the catalyst for the third 
time afforded product 7a in e.r. of 85:15). 

As expected, depending on which pseudoenantiomeric cis form of the 
molecular motor was used, different enantiomers of the products were 
obtained. However, the enantiomeric ratios of some of the products obtained 
with (P,P)-cis-2 are slightly lower than those obtained with its 
pseudoenantiomer (M,M)-cis-2 (Table 2, entries 1,2 and 8,9), and even very low 
in other cases (Table 2, entries 7 and 11). The difference between the 
performance of the two pseudoenantiomeric states of the catalyst, which was 
less obvious in the case of the previously developed catalyst 1,8 is attributed to 
the fact that the catalytic moieties are now attached directly to the motor core. 
Thus, with the new design these groups are more rigidly oriented in space, and 
since they are in immediate proximity subtle differences in the chiral core, 
which are evidenced by, e.g., the remarkably different shielding displayed by 
one of the xylyl methyl groups in the 1H NMR spectrum of the two forms 
(Figure 7), affect the sterics of the chiral pocket and consequently the 
stereochemical outcome of the reactions. 

2.2.4 Structure of the catalyst and proposal of the binding mode of 
substrates to the catalyst 

Fortunately, we were able to obtain a crystal of the catalyst 2 by slow 
evaporation from THF. Building upon the configuration and conformation of 
the chiral core determined by X-ray analysis of (R,R)-(P,P)-cis-2 (Figure 8, left),17 
and knowing the absolute configuration of the products 714 obtained with the 
same catalyst, a tentative reaction model can be proposed (Figure 8, right), in 
which the two catalytic units are able to bind the substrate and reagent at the 
transition state through a double H-bond interaction.  

 

 

Figure 8 Crystal structure of (R,R)-(P,P)-cis-2 (solvent molecules have been omitted for clarity) 
and proposed substrate binding into the chiral pocket. 

While the cooperative action is evident from the poor activity displayed by the 
trans form of the catalyst, the difference between the conformation of the 
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thiourea moiety in the free catalyst and in the complexed form is fully in line 
with previous proposals.18 

 

2.3 Conclusion 
A novel molecular motor based organocatalyst 2 was synthesized. It can be 
successfully switched from a trans state, with low catalytic activity, to two cis 
states in which catalytic groups are brought in close proximity, and which 
furnish the products of a model Henry reaction with opposite 
enantioinduction. To the best of our knowledge, this is the first reported 
asymmetric C-C bond formation using a chiral photoswitchable catalyst. 

2.4 Experimental section 
General information: 

Solvents and commercial starting materials were used as received (from 
Fluorochem or Sigma Aldrich). Dibromo-motor 311, catalyst 18 and 2-bromo-4-
pyridyl(dimethyl)amine19 were prepared as described in the literature. 
Technical grade solvents were used for extraction and chromatography. Merck 
silica gel 60 (230-400 mesh ASTM) was used in flash chromatography. UV-Vis 
measurements were performed on a Jasco V-630 spectrophotometer. CD 
measurements were performed on a Jasco J-815 CD spectrophotometer. UV 
irradiation experiments were carried out using a Spectroline model ENB-
280C/FE lamp. NMR spectra were obtained using a Varian Mercury Plus (400 
MHz) and a Varian VXR-300S (300 MHz). Chemical shift values are reported in 
ppm with the solvent resonance as the internal standard (CHCl3:  7.26 for 1H,  
77.0 for 13C, DCM:  5.32 for 1H,  53.8 for 13C). Enantiomeric ratios were 
determined by HPLC analysis using a Shimadzu LC 10ADVP HPLC equipped 
with a Shimadzu SPDM10AVP diode array detector and chiral columns as 
indicated. Sample injections were made using an HP 6890 Series Auto sample 
Injector. Exact mass spectra were recorded on a LTQ Orbitrap XL (ESI+) or on a 
DART Xevo G2 QTof. Optical rotations were measured in CHCl3 on a Perkin 
Elmer 241 MC polarimeter with a 10 cm cell (concentration c given in g/mL). 
All reactions requiring inert atmosphere were carried out under argon 
atmosphere using oven dried glassware and standard Schlenk techniques. 
Dichloromethane and toluene were used from the solvent purification system 
using a MBraun SPS-800 column. THF was distilled over sodium under 
nitrogen atmosphere prior to use. Melting points were determined using a 
Büchi Melting Point B-545 apparatus. 
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Compound 4 ((2R,2'R) –(P,P) –E–N6,N6'-bis(diphenylmethylene)-2,2',4,4',7,7'-
hexamethyl-2,2',3,3'-tetrahydro-[1,1'-biindenylidene]-6,6'-diamine): 

In an oven dried Schlenk flask equipped with a 
stirring bar compound 3 (1.00 g, 2.11 mmol) (ca 1:1 
cis:trans ratio), Pd(OAc)2 (24 mg, 0.11 mmol), DPPF 
ligand (88 mg, 0.16 mmol) and anhydrous NaOtBu 
(405 mg, 4.22 mmol) were dissolved in dry toluene 
(12 mL). Subsequently benzophenone imine (0.88 

mL, 5.27 mmol) was added dropwise to the solution which was then heated to 
90 °C. After stirring for 16 h the reaction mixture was cooled down to rt and 
washed with water. The water layer was than extracted with (3 x 20 mL) DCM. 
The combined organic layers were dried over MgSO4, filtered and the solvent 
was evaporated. After purification via flash chromatography with 
pentane/Et2O=95/5 (Rf=0.15), product was obtained as a yellow solid (593 mg, 
0.84 mmol, Y=80% based on trans-3). 

mp= 187-189 °C. 

[α]D20 = + 134.5 (c = 0.14 in CHCl3) 

1H NMR (400 MHz, CD2Cl2) δ 7.88-7.92 (m, 4H), 7.45-7.57 (m, 6H), 7.31-7.39 (m, 
6H), 7.25-7.30 (m, 4H), 6.38 (s, 2H), 2.51-2.58 (m, 2H), 2.41-2.50 (m, 2H), 2.26(s, 
6H), 2.12-2.20 (m, 8H), 1.08 (d, J=6.4 Hz, 6H). 
13C NMR (101 MHz, CD2Cl2) δ 167.5, 149.7, 142.3, 141.9, 140.2, 137.4, 137.0, 131.6, 
130.8, 129.6, 129.4, 128.8, 128.5, 128.1, 121.6, 119.7, 42.1, 38.8, 19.3, 18.8, 18.4. 

HRMS (APCI+, m/z): calculated for C50H47N2 [M+H]+: 675.3734, found: 675.3474. 

Compound 5 (2R,2'R,E) –(P,P) –2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-
[1,1'-bisindenylidene]-6,6'-diamine: 

Compound 4 (550 mg, 0.82 mmol) was dissolved in 2 mL of 
THF and 2 M HCl (aq) (0.90 mL, 1.80 mmol) was added via 
a syringe to the solution. Upon addition a colour change 
from yellow to red-orange could be observed, followed by 
formation of a white precipitate. After 1 h the reaction was 

completed (followed by TLC pentane:Et2O =1:1, Rf(3)=0.3). The reaction mixture 
was diluted with 20 mL of 0.5 M HCl (aq) and washed 3 times with 10 mL of 
diethyl ether. Subsequently the water layer was basified (pH>10) by addition of 
solid Na2CO3 and the product was extracted with EtOAc (3 x 10 mL). The 
combined organic layers were dried over MgSO4 and the solvent was 
evaporated under reduced pressure to yield product 5 as a white solid (256 mg, 
0.74 mmol, Y=90%). 
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mp= 112- 114 °C. 

[α]D20 = - 221.3 (c = 0.15 in CHCl3). 
1H NMR (300 MHz, CDCl3) δ 6.50 (s, 2H), 3.58 (bs, 4H), 2.88-3.00 (m, 2H), 2.59-
2.72 (m, 2H), 2.34 (s, 6H), 2.15-2.23 (m, 8H), 1.18 (d, J=6.4 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 143.1, 142.1, 141.5, 132.5, 131.6, 116.4, 114.8, 42.0, 
38.3, 19.2, 18.2, 16.9. 

HRMS (APCI+, m/z): calculated for C24H31N2 [M+H]+: 347.2482, found: 347.2481. 

Compound 6 N2-((2R,2'R,E)-(P,P)-6'-amino-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-
tetrahydro-[1,1'-biindenylidene]-6-yl)-N4,N4-dimethylpyridine-2,4-diamine: 

2-Bromo-4-pyridyl(dimethyl)amine (182 mg, 0.91 
mmol), compound 5 (314 mg, 0.91 mmol), Pd2dba3 (83 
mg, 0.09 mmol), 1,3-bis(diphenylphosphino)propane (74 
mg, 0.17 mmol), and NaOtBu (168 mg, 1.8 mmol) were 
dissolved in 30 mL of dry toluene which was previously 

purged with argon. The mixture was heated at 105 °C under N2 for 2h. Then the 
mixture was cooled down to rt and filtered through celite. Subsequently the 
solvent was evaporated under vacuum. The residue was purified by silica gel 
column chromatography using ethyl acetate/triethylamine (100/3) as the eluent 
affording 157 mg (0.34 mmol, Y=37%) of 6 as a light yellow solid. 

mp= 136-138 °C. 

[α]D20 = - 164.7 (c = 0.14 in CHCl3). 
1H NMR (400 MHz, CDCl3): δ = 7.90 (d, J=6.0 Hz, 1H), 7.04 (s, 1H), 6.46 (s, 1H), 
6.31 (bs, 1H), 6.10 (dd, J=6.0, 2.4 Hz, 1H), 5.75 (d, J=2.4 Hz, 1H), 3.56 (bs, 2H), 
2.95 (s, 6H), 2.92-2.82 (m, 2H), 2.70-2.55 (m, 2H), 2,35 (s, 3H), 2.29 (s, 3H), 2.15 (s, 
3H), 2.13 (s, 3H), 2.11-2.21 (m, 2H), 1.12 (d, J=6.4 Hz, 3H), 1.10 (d, J =6.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 158.3, 156.2, 148.5, 143.3, 142.8, 142.2, 141.2, 138.7, 
137.4, 132.4, 131.9, 131.8, 126.7, 123.6, 116.6, 115.0, 99.8, 88.2, 42.2, 42.0, 39.2, 38.8, 
38.3, 19.3, 19.2, 18.3, 17.0. 

HRMS (APCI+, m/z): calculated for C31H39N4 [M+H]+: 467.3169, found: 467.3183. 

Compound 2 1-(3,5-bis(trifluoromethyl)phenyl)-3- ((2R,2'R,E)-(P,P)-6'-((4-
(dimethylamino)pyridin-2-yl)amino)-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-
tetrahydro-[1,1'-biindenylidene]-6-yl)thiourea: 

3,5-Bis(trifluoromethyl)phenyl isothiocyanate (68 
mg, 0.25 mmol) was added dropwise to a solution of 
compound 6 (100 mg, 0.21 mmol) in 10 mL of dry 
THF which was cooled down to 0 °C . The reaction 
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mixture was allowed to warm up to room temperature (20 °C) and stirred for 
14 h. The solvent was then evaporated and the crude product purified by silica 
gel chromatography using first pentane/EtOAc/Et3N=50/50/3 as eluent and then 
increasing the polarity of the eluent to EtOAc/Et3N=100/3. Compound 2 (62 mg, 
0.10 mmol, Y=40%) was isolated as a white solid. 

mp= 132-134 °C. 

[α]D20 = - 59.0 (c = 0.14 in CHCl3). 
1H NMR (400 MHz, CD2Cl2) δ 8.13 (s, 2H), 7.77 (d, J=6.1 Hz, 1H), 7.69 (s, 1H), 
7.07 – 7.04 (m, 2H), 6.09 (dd, J=6.0, 2.4 Hz, 1H ), 5.75 (d, J=2.4 Hz, 1H), 2.95-2.87 
(m, 7H), 2.74 – 2.82 (m, 1H), 2.61 - 2.72 (m, 2H), 2.41 (s, 3H), 2.33 – 2.21 (m, 2H), 
2.31 (s, 3H), 2.22 (s, 3H), 2.16 (s, 3H), 1.09 (d, J = 6.4 Hz, 6H). 
13C NMR (101 MHz, CD2Cl2) δ 180.4, 158.2, 156.4, 147.8, 143.5, 143.3, 143.2, 142.1, 
140.5, 138.6, 137.7, 133.3, 132.2, 131.9, 131.6, 131.3, 130.9, 128.9, 126.8, 126.6, 
124.5, 124.2, 124.0, 121.8, 118.5, 99.9, 88.2, 42.3, 42.2, 38.9, 38.7, 38.5, 18.8, 18.7, 
18.1, 17.94, 17.91, 17.88. 

HRMS (APCI+, m/z): calculated for C40H42F6N5S [M+H]+: 738.3060, found: 
738.3067 

General procedure for the catalytic reactions: 

Into a vial equipped with a magnetic stirring bar catalyst 2 (0.01 mmol, 7.4 mg, 
(P,P)-trans, or (M,M)-cis : (P,P)-trans mixture at PSS (92:8), or (P,P)-cis) was 
added and dissolved in toluene (0.10 mL). Nitromethane (10 equivalents, 120 
μL) was added and the reaction mixture was cooled down to -25 °C. 
Subsequently, a solution of a trifluoroketone acceptor (0.2 mmol in 0.10 mL of 
toluene) was added. The mixture was stirred at the same temperature, and the 
reaction progress was monitored by TLC. After completion, the mixture was 
purified directly by column chromatography (diethyl ether:pentane=8:2). The 
analytical data of the obtained Henry adducts 7a-e are in agreement with 
published values.15 The major enantiomers of the obtained products 7 were 
determined by comparing the HPLC elution order with the literature values (as 
the same CSP (chiral stationary phase) and similar eluent mixtures were 
employed). (M,M)-cis-2 : (P,P)-trans-2  PSS mixture as catalyst was found to 
favour the formation of the R enantiomers of products 7, whereas (P,P)-cis-2 as 
catalyst gave predominantly the S enantiomers. 
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1,1,1-Trifluoro-3-nitro-2-phenylpropan-2-ol (7a) 
Following the general procedure the title compound was obtained 
as a white wax in 92% yield and 86:14 er favoring the R 
enantiomer using (M,M)-cis-2 : (P,P)-trans-2 PSS mixture (92:8) as 
catalyst, and in 93% yield and 79:21 e.r. favouring the S 

enantiomer using (P,P)-cis-2 as catalyst. HPLC analysis: OD-H column (210 
nm), 40 °C, 0.5 mL/min method: heptane/IPA=80/20, t1=14.2 min, t2= 17.7 min.  

1H NMR (400 MHz, CDCl3) δ 7.56-7.63 (m, 2H), 7.42-7.48 (m, 3H), 5.10 (d, J=13.8 
Hz, 1H) , 5.01 (d, J=13.8 Hz, 1H), 4.63 (s, 1H). 

1,1,1-Trifluoro-2-(4-fluorophenyl)-3-nitropropan-2-ol (7b) 
Following the general procedure the title compound was 
obtained as a pale yellow oil in 90% yield and 80:20 e.r. 
favoring the R enantiomer using (M,M)-cis-2 : (P,P)-trans-2 
mixture at PSS (92:8) as catalyst. HPLC analysis: OJ-H, 40 °C , 

0.5 mL/min, heptane/IPA=90/10, t1=27.6 min, t2= 29.8 min. 1H NMR (400 MHz, 
CD2Cl2) 7.61 (dd, J = 8.5 Hz, 5.3, 2H), 7.17 (d, J = 8.6 Hz, 2H), 5.12 (d, J = 13.7 Hz, 
1H), 5.04 (d, J = 13.7 Hz, 1H), 4.62 (s, 1H). 

2-(4-Bromophenyl)-1,1,1-trifluoro-3-nitropropan-2-ol (7c) 
Following the general procedure the title compound was 
obtained as a pale yellow oil in 90% yield and 73:27 e.r. 
favoring the R enantiomer using (M,M)-cis-2 : (P,P)-trans-2 
mixture at PSS (92:8) as catalyst, and in 90% yield and 57:43 

e.r. favouring the S enantiomer using (P,P)-cis-2 as catalyst. HPLC analysis: OJ-
H, 40 °C , 0.5 mL/min, heptane/IPA=90/10, t1=24.4 min, t2= 30.7 min; 1H NMR 
(400 MHz, CDCl3) δ 7.59 (d, J=8.7 Hz, 2H), 7.47 (d, J=8.5 Hz, 2H), 5.05 (d, J=13.4 
Hz, 1H), 4.99 (d, J=13.4 Hz, 1H), 4.65 (s, 1H). 

2-Benzyl-1,1,1-trifluoro-3-nitropropan-2-ol (7d) 
Following the general procedure the title compound was 
obtained as a pale yellow oil in 80% yield and 78:22 e.r. favoring 
the R enantiomer using (M,M)-cis-2 : (P,P)-trans-2 mixture at 
PSS (92:8) as catalyst, and in 80% yield and 70:30 e.r. favouring 

the S enantiomer using (P,P)-cis-2 as catalyst. HPLC analysis: OJ-H (210 nm), 40 
°C , 0.5 mL/min, heptane/IPA=90/10, t1=18.4 min, t2= 19.7 min. 1H NMR (400 
MHz, CDCl3) δ 7.33-7.40 (m, 3H), 7.27-7.32 (m, 2H) , 4.64 (d, J=13.2 Hz, 1 H), 
4.32 (s, 1H), 4.24 (d, J=13.2 Hz, 1H), 3.31(d, J=14.4 Hz, 1 H), 2.93 (d, J=14.4 Hz, 
1H). 
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1,1,1-Trifluoro-2-(nitromethyl)butan-2-ol (7e) 
Following the general procedure the title compound was obtained 
as a pale yellow oil in 72% yield and 77:23 e.r., favoring the R 
enantiomer using (M,M)-cis-2 : (P,P)-trans-2 mixture at PSS (92:8) as 
catalyst, and in 72% yield and 59:41 e.r. favouring the S enantiomer 

using (P,P)-cis-5 as catalyst. HPLC analysis OD-H, 40 °C , 0.5 mL/min, 
heptane/IPA=99/1, t1=50.2 min, t2= 57.9 min. 1H NMR (400 MHz, CDCl3) δ 4.67 
(d, J=13.6 Hz, 1H), 4.57 (d, J=13.6 Hz, 1H), 4.02 (s, 1H), 1.77-1.97 (m, 2H), 1.06 (t, 
3H). 

X-ray crystallography 

Crystals of compound 2 (CCDC 966782) could reproducibly be obtained by 
slow evaporation of a THF solution, but X-ray analysis of these crystals was 
thwarted by facile loss of co-crystallized THF from the lattice. Attempts to 
obtain crystalline material from different solvents failed, and thus we resorted 
to analysis of the crystals from THF. ‘Crystals’ of several batches were tested 
only to give low quality diffraction images, likely related to loss of THF from 
the lattice and its collapse. Ultimately, a small platelet was found that gave a 
sharp (but weak) diffraction pattern and this was used for the crystal structure 
determination using Cu Kα (1.54178 Å) radiation. The crystal was mounted on 
top of a cryoloop and transferred into the cold nitrogen stream (100 K) of a 
Bruker-AXS D8 Venture diffractometer. Data collection and reduction was 
done using the Bruker software suite APEX2.7 The final unit cell was obtained 
from the xyz centroids of 9916 reflections after integration. A multiscan 
absorption correction was applied, based on the intensities of symmetry-related 
reflections measured at different angular settings (SADABS)20. The structure 
was solved by direct methods using SHELXS21. From subsequent refinement of 
the structure (SHELXL)22 it was clear that one of the CF3 groups was highly 
disordered; the density could be described by two disorder components (major 
fraction 56%) with restrain instructions for the C-F bond lengths applied 
(DFIX). All non-hydrogen atoms were refined with anisotropic displacement 
parameters, and hydrogen atoms were included riding on their carrier atoms. 
Due to the weak scattering power of the crystal, a few atoms refined to non-
positive definite anisotropic displacement parameters. Ultimately, the data was 
cut off at 1 Å resolution and SIMU/DELU instructions were applied in the 
refinement. The absolute structure was identified based on anomalous 
dispersion, with Flack’s parameter9 refining to 0.01(3). Crystal data and details 
on data collection and refinement are presented in Table 3. 
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Table 3 Cystalographic data for 2 

chem formula C44H49F6N5OS 
Mr 809.94 
cryst syst monoclinic 
color, habit colorless, platelet 
size (mm) 0.11 x 0.08 x 0.02 
space group P2(1) 
a (Å) 15.683(3) 
b (Å) 16.311(3) 
c (Å) 17.436(3) 

, deg 110.279(4) 
V (Å3) 4183.8(14) 
Z 4 

calc, g.cm-3 1.286 

μ(Cu K ), cm-1 
1.254 

F(000) 1704 
temp (K) 100(2) 

 range (deg) 4.69–50.42 
data collected (h,k,l) -15:15, -16:16, -17:17 
no. of rflns collected 43545 
no. of indpndt reflns 8717 
observed reflns 6605 (Fo  2 (Fo)) 
R(F) (%) 5.90 
wR(F2) (%) 13.16 
GooF 1.022 
Weighting a,b 0.0797, 2.5483 
params refined 1071 
restraints 1126 
min, max resid dens -0.451, 0.474 
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