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CHAPTER 4 

Dynamic control of the Henry reaction using a 
bisthiourea motor-organocatalyst 
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4.1 Introduction 
Bisthiourea catalysts have been shown to accelerate various asymmetric 
chemical transformations, such as Mannich1, Henry2, Aza-Henry3, Morrita-
Baylis Hillman4 and Diels-Alder reaction5. 

Even though such catalytic diversity has been reported for the bisthiourea 
catalysts a responsive version with which control of activity or selectivity might 
be achieved has not been reported so far. As already shown by our group 
molecular motors provide a unique platform to achieve this goal, since they are 
three-stage organocatalysts6 and provide a possibility of achieving dual 
stereocontrol. In order to make a responsive bisthiourea catalyst we have 
decided to attach the thiourea moieties directly to the first generation molecular 
motor core (Figure 1). Since we have already studied the catalytic activity of the 
bifunctional molecular motor catalyst containing DMAP and thiourea moieties 
in the Henry reaction6b, we decided to test the new bisthiourea analogues in the 
same reaction. 

 
Figure 1 Novel bisthiourea responsive catalysts 1 and 2 (only the cis stable forms of the catalysts 
are depicted). 

We decided to make both an aliphatic and aromatic analogue of the catalyst 
since in the recent study by J. Cheng7 and coworkers it has been shown that the 
catalyst containing aliphatic thiourea is more active than its aromatic analogue 
and provides better enantioselectivities in Michael additions reactions. We 
aimed to check if our bisthiourea catalysts would behave similarly in the Henry 
reaction.  

4.2 Results and discussion 
4.2.1 Synthesis of the catalysts 

Catalysts 1 and 2 were prepared in an identical manner, by reaction of chiral 
diamine precursor6b and the corresponding isothiocyanate in tetrahydrofurane 
(THF). (Scheme 1). 
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Scheme 1 Synthesis of aromatic and aliphatic bisthiourea motor catalysts. 

4.2.2 Photochemical and thermal isomerization studies 

The photochemical and thermal isomerization behavior of catalysts 1 and 2 was 
examined using UV-Vis and 1H NMR spectroscopy. Full unidirectional rotary 
cycle (Scheme 2) was demonstrated using CD spectroscopy for catalyst 1. 

 
Scheme 2 Unidirectional rotary cycle of catalysts 1 and 2. 
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The photoisomerization process from (P,P)-trans-1 (trans-stable) to (M,M)-cis-1 
with 312 nm light was followed by UV-Vis spectroscopy (Figure 2). An 
isosbestic point was observed at λ=330 nm along with a bathochromic shift of 
the absorption maximum characteristic for the unstable cis form of first 
generation motors.8 

Figure 2 Photoisomerization from (P,P)-trans-1 to (M,M)-cis 1 at 312 nm in THF followed by UV-
Vis spectroscopy. 

The thermal helix inversion of the cis-unstable 1 to cis-stable 1 was followed by 
UV-Vis spectroscopy by absorption changes at 365 nm over 5 temperatures (35, 
40, 50, 55 and 60 °C) in THF (Figure 3). Using the Eyring equation, the Gibbs 
free energy was calculated to be 100 kJ/mol corresponding to a half-life of 30 h 
at 20 °C, and at -17 °C the calculated Gibbs energy was 95 kJ/mol corresponding 
to a half-life of 543 h (22 d). High half-life at low temperature indicated that the 
cis unstable form of the catalyst 1 is stable enough for catalytic reactions at low 
temperatures, as well as for fast organocatalytic reactions occurring at room 
temperature. 

Figure 3 Thermal isomerization from (M,M)-cis-1 to (P,P)-cis-1 in THF, followed by absorption changes 
in the UV spectrum at 365 nm, at five different temperatures (60, 55, 50, 40 and 35 °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 the following data 
have been calculated: k20 ̊C (s-1) = 9.02 x 10-6, t1/2= 30 h, ΔH‡ = 64.5 kJ mol-1, ΔG‡ (20 °C) = 100.2 kJ mol-1, 
ΔS‡ = -122.0 J K-1 mol-1. 



Chapter 4 

97

The photoisomerization from (P,P)-cis-1 (cis-stable) to (M,M)-trans-1 (trans-
unstable) was followed by UV-Vis spectroscopy. The changes of UV-Vis 
absorption spectra upon photoirradiation at 312 nm were monitored (Figure 4), 
showing the expected red shift of the absorption of the species along with the 
occurrence of the photoinduced isomerization, as well as an isosbestic point at 
λ=330 nm. 

 
Figure 4 Photoisomerization from cis-stable catalyst 1 to trans-unstable catalyst 1 at 312 nm, -20 °C in 
THF, was followed by UV-Vis spectroscopy. 

The thermal helix inversion of the trans-unstable 1 to trans-stable 1 was 
followed by UV-Vis spectroscopy by absorption changes at 355 nm over 5 
temperatures (-20, -15, -10, -5 and 0 °C) in THF (Figure 5). Using the Eyring 
equation, the Gibbs free energy was calculated to be 82 kJ/mol corresponding to 
a half-life of 1 min at 20 °C, and at -17 °C calculated half-life was 2 h, which is 
not sufficient for the use in catalysis. 

  
Figure 5 Thermal isomerization from (M,M)-trans-1 to (P,P)-trans-1 in THF, followed by absorption 
changes in the UV spectrum at 355 nm, at five different temperatures (-20, -15, -10, -5 and 0 °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) = 1.6 x 10-2, t1/2= 1 min, ΔH‡ = 73.7 kJ mol-1, ΔG‡ (20 °C) = 82.0 kJ 
mol-1, ΔS‡ = -28.3 J K-1 mol-1. 
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CD spectroscopy was used to characterize the unidirectionaly rotary cycle of 
catalyst 1, where a change in helicity can be observed upon every step. (Figure 
6). 

a)                                                                    b) 

     
    c)                                                                     d) 

 

Figure 6 CD spectra of compound 1 before and after each isomerisation process of the four-step 
unidirectional rotary cycle a) CD spectral changes of catalyst 1 (6 x 10-6 M) upon irradiation of 
(P,P)-trans catalyst 1 at 312 nm in THF at 20 °C. b) CD spectral changes during thermal helix 
inversion of (M,M)-cis-1 upon heating in THF at 20 °C. c) CD spectral changes of catalyst 1 (7.7 x 
10-5 M) upon irradiation of (P,P)-cis-1 at 312 nm in THF at -78 °C, d) CD spectral changes during 
thermal helix inversion of (M,M)-trans-1 upon heating in THF at -78 °C. 
 
Cis-unstable catalyst 2 was obtained by irradiating the cis-stable 2 isomer at 4 
°C to the trans-stable 2, and further irradiation provided PSS mixture rich in cis-
unstable 2. The thermal helix inversion of the cis-unstable 2 (1.5 x 10-5 M) to cis-
stable 2 was followed by UV-Vis spectroscopy by absorption changes at 365 nm 
over 5 temperatures (40, 45, 50, 55 and 60 °C) in THF (Figure 7). Using the 
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Eyring equation, the Gibbs free energy was calculated to be 102.4 kJ/mol 
corresponding to a half-life of 80.2 h at 20 °C, and at -17 °C calculated half-life 
was 755 d. Due to its high half-life even at room temperature, catalyst 2 in its cis 
unstable form could be potentially used for catalytic reaction at room 
temperature. 

Figure 7 Thermal isomerization from cis-unstable 2 to cis-stable 2 in THF, followed by absorption 
changes in the UV spectrum at 365 nm, at five different temperatures (60, 55, 50, 45 and 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) = 3.5 x 10-4, t1/2= 1 min, ΔH‡ = 89.2 kJ mol-1, ΔG‡ (20 °C) = 102.4 kJ 
mol-1, ΔS‡ = -45.0 J K-1 mol-1. 

Photoisomerization process was followed for both catalysts with 1H-NMR 
spectroscopy. By irradiation of a solution of trans-stable catalyst 1 in THF-d8 
and following the photoisomerization by 1H NMR spectroscopy it was possible 
to accurately determine the PSS for this isomerization. The PSS ratio was 92:8 in 
favor of the cis unstable form. Due to high PSS ratio the cis unstable catalyst 1 
formed in situ from the trans precursor through irradiation at 312 nm is suitable 
to be used in catalytic reactions. After reaching PSS the sample was heated in 
an oil bath at 60 °C. By heating the cis unstable form is switched to the cis stable 
form via thermal helix inversion. (Figure 8). 

Exposure of the stable-cis 2 isomer to 312 nm light gave direct access to the PSS 
mixture of stable trans-2/unstable cis-2 (Figure 9). The PSS ratio was 85:15 in 
favor of the cis unstable form.  
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Hb 

 

Figure 8 1H NMR spectrum of stable trans-1 in THF-d8 and spectral changes after irradiation with 
312 nm for 2 h giving predominately unstable cis-1. Subsequent heating at 60 °C for 24 h induces 
thermal isomerization to stable cis-1 (insert: zoomed 1H NMR spectra in the aliphatic region 
around representative peak of Hb). 
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Figure 9 1H NMR spectrum of stable cis-2 in DCM-d2 and spectral changes after irradiation with 
312 nm giving the PSS mixture of stable trans-2/unstable cis-2. (insert: zoomed 1H NMR spectra in 
the aliphatic region around representative peak of Ha). 

4.2.3 Catalytic studies 

With the new catalysts 1 and 2 at hand, the activity and selectivity of each of its 
interconvertible states was tested in the Henry reaction.9,10 In order to check if 
the amount of base would affect the outcome, we have first screened a Henry 
reaction between nitrobenzaldehyde and nitromethane with catalyst 1, using 
various amounts of DABCO as a base (Table 1). It was observed that the 
amount of added base doesn’t have any significant influence on the 
stereoselectivity, but decreasing the amount of base has drastical influence on 
the activity of the catalytic system (it drops significantly). Subsequently 
catalysts 1 and 2, in their cis stable states, were tested with different bases in the 
Henry reaction. Surprisingly, catalyst 2 did not affect the stereochemical 
outcome of the reaction in any of the tested conditions (Table 2). The screening 
of catalyst 1 was performed exclusively in THF, as the catalyst was poorly 
soluble in other solvents (Table 3). From the initial screening with various bases 
it was observed that for the reaction of benzaldehyde with nitromethane, using 
cis-stable catalyst 1, Et3N was the best base in terms of achieving the highest e.r. 

Ha 

Ha 

Hb 

Hb 
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of the product. There was no significant difference in the performance of the 
other tested bases (Table 3). 

Table 1 Screening the amount of added base for the Henry reaction using cis stable catalyst 1. 

 
Entry Base Base mol% time / days Isolated yield%a e.r.b 

1 DABCO 5 2 74 74 : 26 
2 DABCO 10 2 85 74 : 26 
3 DABCO 20 2 98 73 : 27 

aYield of isolated product after flash chromatography. b Determined by CSP HPLC analysis. 

Table 2 Screening the conditions using cis-stable catalyst 2 in the Henry reaction of nitromethane 
with p-nitrobenzaldehyde. 

 

Entry Base Solvent Catalyst mol % catalyst temperature / °C time / 
h e.r.a 

1 Et3N DCM 2 5 -17 16 50 : 50 
2 Hünigs base THF 2 5 -17 16 50 : 50 
3 Et3N THF 2 5 -17 16 50 : 50 
4 Hünigs base toluene 2 5 -17 16 50 : 50 
5 DABCO toluene 2 5 -17 16 50 : 50 

aDetermined by CSP HPLC analysis. 
Table 3 Screening various bases for the Henry reaction of nitromethane with p-
nitrobenzaldehyde using cis stable catalyst 1. 

 
Entry Base Solvent time / d isolated yield/%a e.r.b  

1 Et3N THF 1 88 83 : 17  
2 DABCO THF 1 70 73 : 27  
3 Hünigs base THF 1 90 74 : 26  
4 DMAP THF 1 91 72 : 28  

                   aYield of isolated product after flash chromatography. b Determined by CSP HPLC analysis. 
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Other aromatic substrates for the Henry reaction were tested as well using 
various bases (Table 4). With all aromatic substrates tested the catalyst 2 did not 
show stereoselectivity in the reaction (entries 4, 11, 15) whereas with catalyst 1 
very good yields and selectivities of the products were observed. There was 
only a slight influence of the nature of the base on the enantioselectivity of the 
reaction (e.g. differences in entries 1-3 vary by only 2%). 

Table 4 Screening various aromatic substrates for the Henry reaction using stable cis 1 and 2 as 
catalysts. 

 

Entry Substrate Base Catalyst Time/days isolated 
yield/%a e.r.b 

1 R1=NO2, R2= H DABCO cis-stable 1 1 78 74 : 26 
2 R1=NO2, R2= H Hünigs base cis-stable 1 1 90 74 : 26 
3 R1=NO2, R2= H DMAP cis-stable 1 2 91 72 : 28 
4 R1=NO2, R2= H DABCO cis-stable 2 2 74 50 : 50 
5 R1=H, R2= H DABCO cis-stable 1 4 77 69 : 31 
6 R1=H, R2= H Et

3
N cis-stable 1 4 70 62 : 38 

7 R1=H, R2= H Hünigs base cis-stable 1 4 25 65 : 35 
8 R1=H, R2= CF3 Et

3
N cis-stable 1 2 90 23 : 77 

9 R1=H, R2= CF3 DABCO cis-stable 1 2 47 21 : 79 
10 R1=H, R2= CF3 Hünigs base cis-stable 1 2 >95 20 : 80 
11 R1=H, R2= CF3 Et

3
N cis-stable 2 2 86 48 : 52 

12 R1=H, R2= COOEt Et
3
N cis-stable 1 2 45 22 : 78 

13 R1=H, R2= COOEt DABCO cis-stable 1 2 47 31 : 69 
14 R1=H, R2= COOEt Hünigs base cis-stable 1 2 72 28 : 72 
15 R1=H, R2= COOEt Et

3
N cis-stable 2 2 70 47 : 53 

aYield of isolated product after flash chromatography. b Determined by CSP HPLC analysis. 

In order to check if our newly synthesized bisthiourea 1 indeed function as 
responsive catalyst, screening of the Henry reaction was done with various 
isomers of the catalyst (Table 5). 
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Table 5 Results of the Henry reaction with various aromatic substrates using different isomers of 
catalyst 1. 

  

Entry Substrate Catalyst Isolated 
yield%a 

e.r.b 

1 R1=NO2, R2= H cis-stable 1 90 74 : 26 
2 R1=NO2, R2= H cis-unstable 1 92 18 : 82 
3 R1=H, R2= H cis-stable 1 22 64 : 36 
4 R1=H, R2= H cis-unstable 1 28 30 : 70 
5 R1=H, R2= COOEt cis-stable 1 72 28 : 72 
6 R1=H, R2= COOEt cis-unstable 1 >95 88 : 12 
7 R1=H, R2= CF3 trans-stable-1 30 50 : 50 
8 R1=H, R2= CF3 cis-stable 1 >95 20 : 80 
9 R1=H, R2= CF3 cis-unstable 1 82 81 : 19 
aYield of isolated product after flash chromatography. b Determined by CSP HPLC analysis. 

It was evident from screening of various substrates with both cis forms of 
catalyst 1, that the dual stereocontrol of Henry reaction was achieved (Table 5, 
entries 1-9). In all cases the opposite enantiomers of the nitro-alcohol product 
were obtained using the cis-stable and cis-unstable form of the catalyst. Using 
the trans state of the catalyst, in which the thiourea groups are far apart, 
resulted in lower activity of catalyst and in no stereoselectivity (Table 5, entry 
7). This indicates that the cooperativity between the thiourea groups is crucial 
for the induction of stereoselectivity. 

Just like with the previously reported bifunctional DMAP-thiourea catalyst,6b 
the enantioselectivities obtained with the cis-unstable form were slightly higher 
than those obtained with the cis-stable form, resulting from the differences in 
structure of two pseudoenantiomeric cis forms of the catalyst. The results 
obtained using the cis states of the bisthiourea catalyst with addition of an 
external base (Table 5, entry 8 and 9) were comparable to the results obtained 
with bifunctional motor catalyst6b (almost identical e.r.) indicating that the base 
does not need to be the part of the catalyst to achieve efficient responsive 
catalysis. 

We have also decided to test an aliphatic substrate in order to check if the 
structure of the substrate would have significant influence on catalysts´ activity 
and selectivity (Table 6). 
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Table 6 Results of the Henry reaction of nitromethane with hexanal with catalysts 1 and 2. 

 
Entry catalyst e.r.a conversion/ %b 

1 cis-stable 1 62 : 38  84 
2 cis-unstable 1 33 : 67  85 
4 cis-stable 2 56 : 44  >95 
5 cis-unstable 2 44 : 56  >95 

a Determined by CSP HPLC analysis. bConversions were determined from the 1H-NMR spectrum of the crude 
reaction mixture. 

Using the aliphatic substrate for Henry reaction, an effect on the stereochemical 
outcome and dual stereocontrol could be observed with both bisthiourea 
catalysts 1 and 2 (Table 6). As expected, with the aromatic bisthiourea catalyst 1 
the enantioselectivites of the obtained product were slightly lower for aliphatic 
substrate, compared to those obtained with aromatic substrates, presumably 
due to decreased interactions of the aromatic moieties of the catalyst. 
4.3 Conclusion 
A novel molecular motor based bisthiourea organocatalysts 1 and 2 were made 
with which dual stereocontrol of Henry reaction can be achieved. Aromatic 
bisthiourea catalyst 1 proved to be the better catalyst than catalyst 2 in terms of 
stereoselectivity. To the best of our knowledge, this is the first reported case of 
a responsive bisthiourea catalyst. 

4.4 Experimental section 
General information: 

Solvents and commercial starting materials were used as received (from Sigma 
Aldrich or Acros Organics). Technical grade solvents were used for extraction 
and chromatography. Merck silica gel 60 (230-400 mesh ASTM) was used in the 
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 ENG-280C/FE lamp. NMR spectra were obtained using a 
Varian Mercury Plus-400 (400 MHz) and a Varian Inova-500 (500 MHz) 
spectrometers at 298 K. Chemical shift values (δ) are reported in parts per 
million (ppm) with the solvent resonance as the internal standard (CD2Cl2: δ 
5.32 for 1H, δ 53.8 for 13C, THF-d8: δ for 1H 1.72 and 3.58, δ 67.2 and 35.2 for 13C). 
The following abbreviations are used to indicate signal multiplicity: s (singlet), 
d (doublet), t (triplet), q (quartet), m (multiplet), br (broad) or dd (doublet of 
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doublets). 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 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) at 20 °C. All reactions requiring 
inert atmosphere were carried out under nitrogen 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. 

1,1'-((2R,2'R,Z)-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-[1,1'-
biindenylidene]-6,6'-diyl)bis(3-(3,5-bis(trifluoromethyl)phenyl)thiourea) or 
(cis-stable 1) 

Cis bis-amine motor (250 mg) was dissolved in dry THF 
(34 mL) and cooled down to 0 °C in an ice bath. 3,5-
Bis(trifluoromethyl)phenyl isothiocyanate (430 mg) was 
added to the reaction mixture. It was allowed to warm 
up to room temperature and left to stir overnight. The 
solvent was evaporated and the crude product was 
purified by silica gel chromatography by using first 
(pentane/CH2Cl2 = 5/95) as eluent and then increasing the 
polarity of the eluent to pure CH2Cl2. Compound cis 

stable 1 (584 mg, 96%) was obtained as a white solid. 

Mp: 200 °C (dec.) 

[α]D20 = +216 (c=0.1 in THF). 
1H NMR (400 MHz, THF-d8) δ 9.20-8.90 (m, 4H), 8.06 (d, J = 6.2 Hz, 4H), 7.66 (s, 
2H), 7.07 (s, 2H), 3.49-3.40 (m, 2H), 3.12 (dd, J = 15.2, 6.2 Hz, 2H), 2.58- 2.50 (m, 
2H), 2.23 (s, 6H), 1.51 (s, 6H), 1.09 (d, J = 6.4 Hz, 6H). 
 
13C NMR (400 MHz, THF-d8) δ 181.7, 143.8, 142.8, 135.6, 132.5, 131.8, 129.6, 
129.5, 128.3, 126.7, 125.2, 120.2, 118.2, 42.3, 39.1, 20.4, 18.13, 18.12,  
 
HRMS (APCI+, m/z): calculated for C42H37F12N4S2 [M+H]+ : 889.2200, found 
889.2202. 
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1,1'-((2R,2'R,E)-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-[1,1'-
biindenylidene]-6,6'-diyl)bis(3-(3,5-bis(trifluoromethyl)phenyl)thiourea) or 
(trans-stable 1)  

Under a N2 atmosphere, trans-bisamine motor 
(20 mg) was dissolved in dry THF (2 mL) and 
cooled down to 0 °C in an ice bath. 3,5-
bis(trifluoromethyl)phenyl isothiocyanate (34 

mg) was added to the reaction mixture. It was allowed to warm up to room 
temperature and left to stir over night. The solvent was evaporated and the 
crude product was purified by silica gel chromatography by using first (SiO2, 
pentane/CH2Cl2 = 5/95) as eluent and then increasing the polarity of the eluent 
to pure CH2Cl2. Compound trans-stable 1 (39 mg, 79 %) was obtained as a white 
solid. 

Mp: 152 °C. 

[α]D20 = +28 (c=0.1 in THF). 
1H NMR (500 MHz, CD2Cl2) δ 8.20 (s, 2H), 8.10 (s, 4H), 7.74 (s, 2H), 7.72 (s, 2 H), 
7.07 (s, 2H), 2.95-2.81 (m, 2H), 2.69 (dd, J = 14.9, 5.7 Hz, 2H), 2.43 (s, 6H), 2.32 (d, 
J = 14.9 Hz, 2H), 2.24 (s, 6H), 1.11 (d, J = 6.5 Hz, 6H). 
 
13C NMR (400 MHz, CD2Cl2) δ 180.2, 143.7, 143.2, 142.0, 140.2, 133.8, 132.9, 132.1, 
131.8, 131.4, 131.1, 129.0, 127.1, 124.5, 124.28, 124.26, 121.7, 119.0, 46.6, 42.5, 38.7, 
18.8, 18.6, 17.9 

HRMS (APCI+, m/z): calculated for C42H37F12N4S2 [M+H]+ : 889.2200, found 
889.2205. 

 

1,1'-((2R,2'R,Z)-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-[1,1'-
biindenylidene]-6,6'-diyl)bis(3-(2,2,2-trifluoroethyl)thiourea) or (cis stable 2)  

Under a N2 atmosphere, cis-bisamine motor (40 mg) was 
dissolved in dry THF (5 mL) and cooled down to 0 °C in an ice 
bath. 1,1,1-trifluo-2-isothiocyanatoethane (36 mg) was added to 
the reaction mixture. It was allowed to warm up to room 
temperature and left to stir over night. The solvent was 

evaporated and the crude product was purified by GRACE automatic column 
chromatography using pentane/dimethyl ether as eluent and increasing the 
polarity of the eluent to pure dimethyl ether. Compound 2 (78 mg, 94 %) was 
obtained as a pale yellow solid. 

Mp: decomposition starts at 176 °C. 
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[α]D20 = +20 (c=0.1 in THF). 
1H NMR (400 MHz, CD3Cl) δ 9.18 (s, 2H), 6.89 (s, 2H), 5.83 (s, 2H), 4.70 – 4.51 
(m, 2H), 4.51 – 4.25 (m, 2H), 3.40 (m, 2H), 3.12 (dd, J = 15.2, 6.2 Hz, 2H), 2.48 (d, J 
= 15.3 Hz, 2H), 2.25 (s, 6H), 1.36 (s, 6H), 1.10 (d, J = 6.7 Hz, 6H). 
13C NMR (400 MHz, CD2Cl2) δ 181.9, 144.8, 142.9, 141.3, 132.3, 130.3, 126.9, 125.5, 
122.8, 46.0, 41.6, 38.7, 20.2, 18.3, 16.3. 
 

HRMS (APCI+, m/z): calculated for C30H35F6N4S2 [M+H]+ : 629.2100:, found 
629.2102. 

General procedure for the catalytic reactions: 
Into a vial with a magnetic stirring bar the catalyst was added (0.005 mmol, cis-
stable 1, cis-stable 2, trans-stable 1, cis-unstable 1*). The substrate was added (0.1 
mmol) (via automatic micro syringe if a liquid). Dry THF (0.1 mL) was added 
next and the reaction mixtures were cooled down in an ice bath. The base was 
added fast (0.02 mmol) via automatic microsyringe and the vials were 
transferred to -17 °C and stirred for 30 minutes. Nitromethane (1 mmol, 54.16 
μL), precooled to -17 °C was added via micro syringe. The reaction mixture was 
left to stir for 16 h at -17 °C. After completion the reaction mixture was 
quenched with saturated solution of NH4Cl, extracted with ethyl acetate, 
washed with water and brine and dried over MgSO4. The crude product was 
evaporated and purified by column chromatography (benzaldehyde and 4-
nitrobenzaldehyde hexane/EtOAc = 5:2, 2,2,2-trifluoro-1-phenylethan-1-one via 
automatic GRACE column chromatography with solvent gradient from 5% to 
10% then 100% of ether in pentane, ethyl 2-oxo-2-phenylacetate product 
hexane:EtOAc = 9:1). The analytical data of the obtained products are in 
agreement with published results.11 

* The cis unstable 1 catalyst (PSS mixture, cis unstable : trans stable = 98:2) 
preparation procedure: Trans stable catalyst 1 is dissolved in CD2Cl2 and 
irradiated with 312 nm UV lamp for 2 hours at 4 °C. The solution is transferred 
to the reaction vial and the DCM is evaporated first in a stream of nitrogen gas, 
then in vacuuo.  

2-Nitro-1-(4-nitrophenyl)ethan-1-ol  
Following the general procedure the title compound was 
obtained as a white wax in 90% yield and e.r. = 74:26 using 
(P,P)-cis-1 as catalyst, and in 92% yield and e.r. = 18:82 
favoring the opposite enantiomer using (M,M)-cis-1 : (P,P)-
trans-1 PSS mixture (92:8) as catalyst.. HPLC analysis: OD-

H column (220 nm), 40 °C, 0.5 mL/min method: heptane/IPA = 85/15, t1= 29 min, 
t2= 35 min. 
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1H NMR (400 MHz, CDCl3) δ 7.56-7.63 (m, 2H), 7.42-7.48 (m, 2H), 5.18-5.23 (m, 
1H), 4.93-5.03 (m, 2H), 4.63 (s, 1H). 

2-Nitro-1-phenylethan-1-ol  
Following the general procedure the title compound was 
obtained as a white wax in 22% yield and e.r. = 64:36 using 
(P,P)-cis-1 as catalyst, and in 28% yield and e.r. = 30:70 
favoring the opposite enantiomer using (M,M)-cis-1 : (P,P)-

trans-1 PSS mixture (92:8) as catalyst. HPLC analysis: OD-H column (220 nm), 
40 °C, 0.5 mL/min method: heptane/IPA = 85/15, t1= 18 min, t2= 22 min. 
1H NMR (400 MHz, CDCl3) 7.42-7.35 (m, 5H), 5.45- 5.42 (m, 1H), 4.54-4.49 (m, 
1H), 4.43-4.40 (m, 1 H), 2.96 (s, 1H)  
1,1,1-Trifluoro-3-nitro-2-phenylpropan-2-ol  

Following the general procedure the title compound was 
obtained as a white wax in >95% yield and e.r = 20:80 
using (P,P)-cis-1 as catalyst, and in 82% yield and e.r. = 
81:19 favoring the opposite enantiomer using (M,M)-cis-1 

: (P,P)-trans-1 PSS mixture (92:8) as catalyst. HPLC analysis: OD-H column (220 
nm), 40 °C, 0.5 mL/min method: heptane/IPA = 80/20, t1= 17.7 min, t2= 22.7 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). 

Ethyl 2-hydroxy-3-nitro-2-phenylpropanoate  

Following the general procedure the title compound was 
obtained as a white wax in 72% yield and e.r. = 28:72 
using (P,P)-cis-1 as catalyst, and in >95% yield and e.r. = 
88:12 favoring the opposite enantiomer using (M,M)-cis-1 : 
(P,P)-trans-1 PSS mixture (92:8) as catalyst. HPLC 

analysis: OD-H column (220 nm), 40 °C, 0.5 mL/min method: heptane/IPA = 
80/20, t1= 12.9 min, t2= 15.6 min. 

1H NMR (400 MHz, CDCl3) δ 7.62-7.60 (m, 2H), 7.43-7.40 (m, 3H), 5.26 (d, J = 
14.0 Hz, 1H), 4.68 (d, J = 14.0 Hz, 1H), 4.44-4.31 (m, 2H), 4.22 (s, 1H), 1,34 (t, 3H) 

1-Nitroheptan-2-ol  
Following the general procedure the title compound 
was obtained as a colorless oil in >95% conversion 
(determined by NMR) and e.r. = 56:44 using (P,P)-cis-2 

as catalyst, and in >95% conversion and e.r. = 44:56 favoring the opposite 
enantiomer using (M,M)-cis-2 : (P,P)-trans-2 PSS mixture (85:15) as catalyst. 
When using (P,P)-cis-1 as catalyst the product was obtained in 84% conversion 
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and e.r. = 62:38, whereas using (M,M)-cis-1 : (P,P)-trans-1 PSS mixture (92:8) as 
catalyst product was obtained in 84% conversion and e.r. = 37:63 favoring the 
opposite enantiomer. HPLC analysis: AD-H column (210 nm), 40 °C, 0.5 
mL/min method: heptane/IPA = 89/11, t1= 13.1 min, t2= 15.5 min.  
1H NMR (400 MHz, CDCl3) δ 4.55-4.25 (m, 3H), 2.68 (bs, 1H), 1.60-1.15 (m, 8H), 
0.9-0.7 (m, 3H) 
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