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ABSTRACT: The use of silyl nitronates is reported for the isothiourea-catalyzed synthesis of -nitro-substituted silyl 
esters containing up to two contiguous stereocenters in good yield and with excellent enantioselectivity (up to 93% yield, 
99:1 er). The serendipitously-discovered formation of silyl ester products in this reaction demonstrates a novel platform 
for catalyst turnover in α,β-unsaturated acyl ammonium catalysis.    

Within the field of Lewis base organocatalysis, the gener-
ation and exploitation of α,β-unsaturated acyl ammonium 
intermediates has been showcased recently in a range of 
enantioselective catalytic processes.[1–3] These synthetical-
ly versatile intermediates provide new avenues to access 
stereodefined products through electrophilic reactivity at 
the C(1) and C(3) positions, as well as latent nucleophilici-
ty at C(2) (Scheme 1). Traditionally, such processes re-
quire a reaction partner that contains two nucleophilic 
sites to perform firstly C(3) conjugate addition and sec-
ondly intramolecular turnover of the Lewis base catalyst 
through addition at C(1) (Scheme 1a).[1–3] To overcome this 
limitation, we recently reported the use of α,β-
unsaturated aryl esters as α,β-unsaturated acyl ammoni-
um precursors, where catalyst turnover was promoted by 
the aryloxide counterion released in situ during the reac-
tion (Scheme 1b).[4] While demonstrating successful 
proof-of-concept, this work was limited by the relatively 
long reaction times (16 h) and the requirement of using a 
nitroalkane as both the pronucleophile and the solvent.[5] 
In this manuscript, a new protocol in α,β-unsaturated 
acyl ammonium catalysis is demonstrated. Using silyl 

nitronates as reactants,[6] -nitro-substituted silyl ester 
products containing up to two contiguous stereocenters 
are obtained in good yield and with excellent enantiose-
lectivity (12 examples, up to 95% yield, 99:1 er) (Scheme 
1c). The silyl nitronate is therefore not only required for 
the initial conjugate addition, but also serves an essential 
role in enabling catalyst turnover. Significantly, the cata-

lytic reactions take ≤ 1 h and require only 1.5–2 equiva-
lents of the silyl nitronate, allowing the application of 
structurally-diverse nitroalkane substrates in this meth-
odology. 

Scheme 1. Catalyst turnover strategies in ,-
unsaturated acyl ammonium catalysis 

 

Initial studies investigated the application of silyl nitro-
nates in an isothiourea-catalyzed Michael addition to α,β-
unsaturated aryl ester 1 (Scheme 2a). Using silyl nitronate 
2 (1 equiv), HyperBTM 3 as catalyst (20 mol %), and i-
Pr2NEt as base (1 equiv) in MeCN gave Michael addition 
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product 4 in 45% yield and 95:5 er after 5 h at room tem-
perature. Interestingly, a second Michael addition prod-
uct was also observed (~5%), which was identified as silyl 
ester 5. Intrigued by the origin of this unanticipated 
product, further optimization studies focused on maxim-
izing the yield of silyl ester 5.[7] Variation of the α,β-
unsaturated acyl ammonium precursor demonstrated 
that the use of α,β-unsaturated anhydride 6 provided silyl 
ester 5 in 41% yield and an excellent 99:1 er (Scheme 2b). 
Significantly, the reaction was complete within just 30 
minutes. In addition to silyl ester 5, an approximately 
equal quantity of carboxylic acid 7 was identified in the 
crude reaction product mixture,[8] indicating that ~80% of 
the silyl nitronate had been transformed in the desired 
Michael addition process. Increasing the equivalents of 
silyl nitronate 2 (to 1.5 equiv) and using anhydrous 
MeCN[9] minimized the amount of carboxylic acid 7, al-
lowing isolation of silyl ester 5 in 92% yield and 99:1 er 
(Scheme 2c). This methodology therefore represents a 
significant advance over our previous work using α,β-
unsaturated aryl ester 1 and 2-nitropropane as solvent, in 
which only 46% of Michael addition product 4 was ob-
tained after 16 h.[4] 

Scheme 2. Reaction optimization 

 
Isolated yields given; er determined by CSP-HPLC analysis; TIPS = 
triisopropylsilyl; a er determined following conversion to the corre-
sponding morpholinyl amide;[4] b yield determined by 1H NMR spec-
troscopy of the crude product mixture using an internal standard; c 
ND = not determined.  

Using 1.5 equiv of silyl nitronate, 1 equiv of i-Pr2NEt and 
20 mol % of HyperBTM 3 in anhydrous MeCN at room 
temperature for 30 minutes as standard, the scope and 
limitations of the method were investigated (Schemes 3 
and 4). Variation of the β-substituent of the anhydride 
showed that methyl ester and morpholinyl amide substit-
uents were tolerated, giving products 8 and 9 in excellent 
yield and with high enantioselectivity (Scheme 3). The 
absolute configuration of 9 was confirmed by single crys-
tal X-ray analysis. The use of cinnamic anhydride did not 
provide the expected Michael addition product, but in-

stead gave the isolable nitroso cinnamate ester derivative 
10 in 55% yield.[10] Based on literature precedent, this side-
product 10 is proposed to form through O-acylation of the 
silyl nitronate followed by a formal [2,3]-sigmatropic rear-
rangement (Scheme 3, grey box).[11] This result indicates 
that conjugate addition was disfavored in this case, and is 
consistent with previous examples of α,β-unsaturated acyl 
ammonium catalysis where the presence of a β-electron-
withdrawing group is often beneficial for activity.  

 

Scheme 3. Reaction scope: Variation of ,-
unsaturated anhydride 

 

Isolated yields given; er determined by CSP-HPLC analysis; TIPS = 
triisopropylsilyl; majority of hydrogen atoms omitted for clarity from 
representation of X-ray crystal structure of 9. 

The potential to apply this method to access more struc-
turally-complex products was next probed through the 
use of a diverse set of silyl nitronate reactants (Scheme 4). 
The use of a cyclic silyl nitronate provided cyclohexyl-
substituted derivative 11 in 60% yield and with excellent 
enantioselectivity (98:2 er), again in just 30 minutes. No-
tably, in our previous methodology,[4] the use of nitrocy-
clohexane as the solvent provided no Michael addition 
product, emphasizing the vastly improved reactivity ob-
tained by using silyl nitronates. The application of un-
symmetrically-substituted silyl nitronates, leading to 
products containing two contiguous stereocenters, was 
investigated next. The use of a dialkyl-substituted nitro-
nate allowed a single diastereoisomer of 12 to be isolated 
in 26% yield with >99:1 er. The relative and absolute con-
figuration of 12 was confirmed by single crystal X-ray 
analysis following conversion to the benzylamide deriva-
tive 13. Signals corresponding to the other diastereoiso-
mer could not be identified in the 1H NMR spectra of the 
crude reaction mixture; however ~ 50% of a nitroso 
fumarate ester product (analogous to 10) was also isolat-
ed,[7] contributing to the low yield of 12. The nitroso ester 
product was presumably also formed following O-
acylation of the silyl nitronate, and may be a consequence 
of the increased steric demands of this nitronate retard-
ing the rate of the desired Michael addition. Next, a selec-
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tion of (hetero)aryl-alkyl-substituted nitronates was in-
vestigated. Michael addition products 14, 16 and 17 were 
obtained in moderate to good yield and with high enanti-
oselectivity (94:6 to 96:4 er). The diastereoselectivity in 
each case was ~70:30; however the diastereoisomers were 
readily separable by column chromatography. The rela-
tive and absolute configuration of the major diastereoi-
somer within this series was confirmed by single crystal 
X-ray analysis following conversion of silyl ester 14 to the 
morpholinyl amide derivative 15. The protocol was further 
extended to monoaryl-substituted nitronates,[12,13] with 
additional optimization showing that 2 equivalents of silyl 
nitronate and the absence of base was optimal for these 
substrates.[7] Variation of the aryl group within this series 
provided Michael addition products 18–21 in good yield, 
~75:25 dr and consistently excellent er (up to >99:1). The 
relative and absolute configuration of the major diaster-
eoisomer within this series was confirmed by single crys-
tal X-ray analysis following conversion of silyl ester 21 to 
the morpholinyl amide derivative 22. 

Scheme 4. Reaction scope: Variation of silyl nitro-
nate 

Isolated yields given; dr determined by 1H NMR spectroscopy of the 
crude product mixture; er determined by CSP-HPLC analysis; TIPS = 
triisopropylsilyl; majority of hydrogen atoms omitted for clarity from 
representations of X-ray crystal structures of 13, 15 and 22. a Product 
isolated as a single diastereoisomer; b ND = not determined; c reac-
tion performed at 0 °C; d each diastereoisomer isolated separately, 
yield given is the sum of both diastereoisomers; e 2 equiv silyl nitro-
nate and no i-Pr2NEt used; f isolated yield is of a mixture of diastere-
oisomers.  

Epimerization studies were performed to provide insight 
into the origin of diastereoselectivity for each series of 
silyl nitronate (Scheme 5). Applying a single diastereoi-
somer of 14 under the standard reaction conditions re-
sulted in no change in diastereo- or enantiopurity 
(Scheme 5a), indicating that the ~70:30 dr obtained in the 
catalytic reaction arises from kinetic control. In contrast, 
when a single diastereoisomer of 21 was treated with Hy-
perBTM (20 mol %) in MeCN, the dr readjusted to 78:22 
within 30 minutes (Scheme 5b). This result can be ration-
alized by epimerization at the C(1′) stereocenter (α to the 
NO2 group), indicating that the diastereoselectivity ob-
served in the catalytic reaction most likely reflects the 
relative thermodynamic stability of the two diastereoiso-
mers. 

 

 

 

 

Scheme 5. Epimerization studies 

 
dr determined by 1H NMR spectroscopy of the crude product mix-
ture; er determined by CSP-HPLC analysis; TIPS = triisopropylsilyl. 

Based on previous work,[1–4] the following reaction mech-
anism is tentatively outlined (Scheme 6a). N-Acylation of 
HyperBTM 3 by α,β-unsaturated anhydride 23 gives the 
key α,β-unsaturated acyl isothiouronium intermediate 24, 
to which the silyl nitronate 25 undergoes stereoselective 
Michael addition. The α,β-unsaturated acyl isothiouroni-
um 24 is believed to adopt an s-cis conformation, with a 
syn-coplanar non-covalent 1,5-O•••S interaction providing 
a conformational lock.[2c,3a,14,15] The stereochemical out-
come of the reaction can be rationalized by the ste-
reodirecting phenyl substituent of the isothiourea catalyst 
controlling Michael addition of the silyl nitronate to the 
Si-face of α,β-unsaturated acyl isothiouronium 24 to give 
ammonium enolate 26.[16] To release silyl ester product 27 
and regenerate HyperBTM 3, three events are required: (i) 
protonation at C(2), (ii) incorporation of an oxygen atom, 
and (iii) silyl transfer. A variety of reasonable mechanisms 
can be postulated in which these steps can take place in 
any order. One of the simplest possibilities is desilylation 
of alkyl nitronium ion 26 by adventitious water to gener-
ate silanol 29, which is then responsible for catalyst turn-
over; however, control experiments suggest that direct O-
acylation of silanol 29 is unlikely (Scheme 6b). Although 
alternative mechanisms for catalyst turnover can be spec-
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ulated,[7] differentiation between these possibilities is the 
subject of on-going investigations and is beyond the 
scope of this communication. 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 6. Mechanistic outline and control studies 

 
a Followed by in situ 1H NMR spectroscopy through comparison to 
authentic samples of expected reaction products. 

In conclusion, a new approach for isothiourea catalyst 
turnover in α,β-unsaturated acyl ammonium catalysis has 
been demonstrated. The use of a silyl nitronate in this 
Michael addition was essential to promote catalyst turno-

ver, giving -nitro-substituted silyl esters with up to two 

contiguous stereocenters in good yield and with excellent 
enantioselectivity (12 examples, up to 93% yield, >99:1 er). 
The catalytic reactions are complete within 1 h, and re-
quire only 1.5–2 equivalents of the silyl nitronate. This 
methodological advance therefore allows significantly 
more valuable, bespoke and structurally-diverse nitroal-
kane substrates to be applied in α,β-unsaturated acyl 
ammonium conjugate additions for the first time. Further 
investigation and exploitation of the synthetic potential 
and mechanistic aspects of this catalyst turnover ap-
proach is currently underway in our laboratory.[17] 
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