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Isothiourea-Catalyzed Atropselective Acylation of Biaryl Phenols 
via Sequential Desymmetrization / Kinetic Resolution 
Elizabeth S. Munday,[a] Markas A. Grove,[b] Taisiia Feoktistova,[b] Alexander C. Brueckner,[b] Daniel 
Walden,[b] Claire M. Young,[a] Alexandra M. Z Slawin,[a] Andrew D. Campbell,[c] Paul Ha-Yeon 
Cheong*[b] and Andrew D. Smith*[a] 
Abstract: Axially chiral phenols are attractive targets in organic 
synthesis. This motif is central to many natural products and widely 
used as precursors to, or directly, as chiral ligands and catalysts. 
Despite their utility few simple catalytic methods are available for their 
synthesis in high enantiopurity. Herein the atropselective acylation of 
a range of symmetric biaryl diols is investigated using isothiourea 
catalysis. Studies on a model biaryl diol substrate shows that the high 
product er observed in the process is a result of two successive 
enantioselective reactions consisting of an initial enantioselective 
desymmetrization coupled with a second chiroablative kinetic 
resolution. Extension of this process to a range of substrates, 
including a challenging tetraorthosubstituted biaryl diol, led to highly 
enantioenriched products (14 examples, up to 98:2 er), with either 
HyperBTM or BTM identified as the optimal catalyst depending upon 
the substitution pattern within the substrate. Computation has been 
used to understand the factors that lead to high enantiocontrol in this 
process, with maintenance of planarity to maximize a 1,5-S•••O 
interaction within the key acyl ammonium intermediate identified as 
the major feature that determines atropselective acylation and thus 
product enantioselectivity. 

Introduction 
The development of methods for the enantioselective preparation 
of configurationally stable chiral biaryls has been developed 
widely in recent years.[1] Various catalytic strategies have been 
developed in this area,[2] with the most common approaches 
falling into three distinct categories that involve direct coupling, 
dynamic kinetic resolution (DKR), or desymmetrization.[1] Direct 
enantioselective coupling of two aromatic fragments to give 
biaryls is a well-established method, as demonstrated in seminal 
work from Buchwald using an enantioselective Suzuki coupling,[3] 
and more recently by Tang in the synthesis of Michellamine B.[4] 
However, the coupling of two inherently hindered fragments in this 
strategy often requires prohibitively expensive ligands and is 
typically restricted to specific systems. DKR approaches,[1,5] which 
install a steric barrier to rotation, are common. Notable catalytic 
approaches include Miller’s enantioselective bromination 
approach,[6] and Turner and Clayden’s biocatalytic transfer 
hydrogenation,[7] among others.[8] Desymmetrization represents 
an alternative and attractive strategy to the synthesis of chiral 

biaryls, as complexity can be introduced in a single atropselective 
step.[9] A limited number of processes have been developed that 
use this strategy,[10] with the current state-of-the-art represented 
by the bromination approach of Akiyama,[11] the cross-coupling 
approaches of Hayashi,[12,13] and the organocatalytic SNAr 
approach reported by Smith (Figure 1A).[14]   

 
Figure 1. Overview of state-of-the-art desymmetrization approaches for the 
synthesis of enantioenriched biaryls 

Lewis base-catalyzed enantioselective acylative kinetic resolution 
has recently been exploited by Sibi, Zhao and ourselves for the 
synthesis of enantioenriched biaryls.[15-18] At the onset of these 
studies the acylative desymmetrization of biaryl phenols using a 
small molecule catalyst had not been demonstrated.[19] In recent 
independent publications, Wang and Zhao disclosed the 
desymmetrization of biaryl amino alcohol derivatives via NHC-
catalyzed acylation.[20] Despite both giving excellent product 
enantioselectivity, the scope was limited to amino-alcohol 
substrates, and the process required high catalyst loadings (10-
20 mol% azolium salt precatalysts) and either a co-oxidant or 
excess acylating agent (2.5 equiv.) for optimal results. 
Isothioureas have been extensively exploited as mild, readily 
available chiral Lewis bases.[21] They are recognized as effective 
catalysts for the acylative kinetic resolution (KR) of point chiral 
primary,[22] secondary,[23] and tertiary alcohols,[24] and the 
acylative desymmetrization of diols.[25] Building upon our work on 
enantioselective acyl transfer using isothiourea catalysis,[18] we 
considered the generation of atropisomeric species through the 
acylative desymmetrization of symmetric biaryl diols (Figure 1B). 
We set out to deliver a process that would be applicable to a 
diverse scope of biaryls, without the requirement of incorporating 
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a directing group, such as that utilized in the previous work of 
Akiyama (an ether) or Wang and Zhao (N-protected aniline). In 
this manuscript this strategy is applied to the synthesis of a range 
of highly enantioenriched biaryls. Detailed experimental and 
computational studies show that this process proceeds through 
two successive atropselective steps, consisting of an initial 
desymmetrization followed by a kinetic resolution process, with 
enantiomeric amplification[26] decisive in determining the product 
configuration in these processes. For a model diol substrate, 
computational analysis has determined the structural factors and 
key interactions that lead to high product enantiocontrol. 

Results and Discussion 

As proof of concept, the acylative desymmetrization of biaryl diol 
1 was investigated (Table 1). Optimization studies using BTM 8 
as the Lewis base in CHCl3 showed isobutyric anhydride to be the 
optimal acylating agent (entries 1-4). While benzoic anhydride 
gave no acylation, acetic anhydride gave a 1:1 ratio of the 
mono:diester products 2 and 3, however monoester 2 was 
obtained in close to racemic form (54:46 er). The use of 
diphenylacetic anhydride provided moderate enantioselectivity, 
giving 4 in 65:35 er, while isobutyric anhydride gave 6 in a 
promising 84:16 er. A 65:35 ratio of 6:7 was also observed, 
indicating moderate selectivity for the formation of monoester 6. 
The use of alternative solvents was investigated (entries 5-7), with 
EtOAc and MeCN leading to preferential formation of the 
symmetric diacylated product 7 and PhMe showing a reduction in 
both ratio of mono:diester and er. The effect of temperature was 
probed, with improved product er observed at −40 °C. Screening 
a range of organic bases showed that i-Pr2NEt proved optimal for 
providing both high product er and ratio of mono:diester products 
(entries 8-10). On a preparative scale, and using i-Pr2NEt as the 
organic base, (S)-6 was isolated in 32% yield and 94:6 er (entry 
11), with the absolute configuration of 6 confirmed by X-ray 
analysis.[27] The alternative isothiourea HyperBTM 9 gave a 
similar product ratio but provided (S)-6 in reduced er (85:15 er, 
entry 12). In-situ reaction monitoring of the enantioselective 
acylation of diol 1 indicated that the er of product (S)-6 increased 
with reaction conversion (see SI for further information). In 
principle both reaction steps involved in the formation of 
monoester 6 and diester 7 could proceed enantioselectively, with 
product selectivity therefore dependent not only upon the 
selectivity of both acylation steps but also on reaction conversion 
to both the monoester and diester products. To probe the validity 
of this hypothesis, the kinetic resolution[28] (KR) of (±)-monoester 
6 was performed at −40 °C in CHCl3 using both BTM 8 and 
HyperBTM 9. BTM 8 showed optimal selectivity, giving (S)-6 in 
87:13 er at 59% conversion (s = 7),[29] consistent with preferential 
acylation of (R)-monoester 6 (Scheme 1A). This selectivity factor 
at −40 °C corresponds to a difference in energy of 0.9 kcal/mol 
between the diastereomeric transition states for acylation of each 
enantiomer of monoester 6. While this analysis allows for 
quantification of the selectivity of the second atropselective 
acylation event, the selectivity associated with the initial 
desymmetrization could not be accurately captured through 
experimental methods.  

To gain further insight into both the desymmetrization and 
kinetic resolution steps, we undertook density functional theory 

Table 1. Reaction optimization. 

 
Entry Cat. R Solvent base Temp Ratio[a] Yield (%)[a] er[b] 

1 8 Ph CHCl3 - r.t. - - - 
2 8 Me CHCl3 - r.t. 50:50 ND[c] 54:46 
3 8 Ph2CH CHCl3 - r.t. 70:30 46 65:35 
4 8 i-Pr CHCl3 - r.t. 65:35 41 84:16 
5 8 i-Pr EtOAc - r.t. 30:70 15 66:34 
6 8 i-Pr PhMe - r.t. 50:50 30 77:23 
7 8 i-Pr MeCN - r.t. 30:70 17 83:17 
8 8 i-Pr CHCl3 DBU −40 °C 50:50 34 95:5 
9 8 i-Pr CHCl3 DABCO −40 °C 55:45 36 95:5 
10 8 i-Pr CHCl3 i-Pr2NEt −40 °C 63:37 43  94:6 
11 8 i-Pr CHCl3 i-Pr2NEt −40 °C 43:57 (32) 95:5 
12 9 i-Pr CHCl3 i-Pr2NEt −40 °C 65:35 43 85:15 

[a] Ratio of mono:diester products and yield determined by 1H NMR 
spectroscopic analysis of the crude reaction mixture (isolated yield given in 
parentheses). [b] Determined by HPLC analysis using a chiral stationary phase. 
[c] product ratio could not be determined unambiguously using 1H NMR 
analysis.  

(DFT) computations to investigate the origins of selectivity 
(Scheme 1B), and also performed kinetic simulations using 
Kintecus[30] (Scheme 1B and Figure 2). Using DFT, geometries 
were optimized with M06-2X/6-31G(d) in chloroform using PCM 
using Gaussian09.[31] Thermochemistries were computed at 
−40 °C to match experiments. Final energy refinements were 
computed at the M06-2X/6-311++G(2df,p)/PCM(Chloroform) 
level.[31] These results were then further confirmed with 
wB97XD/6-31G(d)/PCM(Chloroform) in Gaussian09 and again 
with the more accurate default grid in Gaussian16.[32] In all 
structures, the isobutyrate was hypothesized to initiate the 
acylation of the substrate alcohols by deprotonation. In the 
desymmetrization step, acylation to give the experimentally 
observed (S)-monoester 6 was favored by 1.7 kcal/mol 
(Desymmetrization-TS-(pro-S)), Scheme 1B, top left). In the 
following KR process, acylation of the (R)-monoester was favored 
by 1.0 kcal/mol (Kinetic Resolution-TS-(R), Scheme 1B, bottom 
right), quantitatively matching experiments. Notably, the relative 
orientations of the substrate naphthyl unit and the acylated-BTM 
catalyst within both favoured acylation transition state structures, 
Desymmetrization-TS-(pro-S) and Kinetic Resolution-TS-(R), 
were relatively consistent. For the disfavoured transition state 
structures, Desymmetrization-TS-(pro-R) and Kinetic 
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Resolution-TS-(S), the same structural features also adopt 
similar relative positions. The relative effects of these distinct 
features of the favoured-TSs and disfavoured-TSs, and 
interrogation of the origins of selectivity, are modeled further 
below (Figure 3). 

   

 

Scheme 1. Kinetic resolution of model substrate, proposed mechanistic 
pathway, and computed selectivities for desymmetrization and kinetic resolution 
processes using DFT. Calculated DDG values are given in kcal/mol for both DFT 
and Kintecus simulation approaches for comparison. [a] (S):(R). 

Kinetic simulations using Kintecus[30] allowed for analysis of both 
the desymmetrization and KR as discrete events. Chemical 
reactions were modeled in Kintecus by numerically solving for 
concentrations of chemical species as a function of time. The 

computed energies were allowed to vary to fit the experimentally 
observed product ratios and distributions. The resulting overall 
simulation profile suggests a selectivity of 0.6 kcal/mol for the 
desymmetrization process and 1.0 kcal/mol for the KR if the 
product ratios are to match the experimentally observed 
monoester er of 94:6 and the final ratio of monoester:diester 
products (Table 1, entry 10). As observed experimentally, these 
simulations predict that desymmetrization or kinetic resolution 
alone (product er = 81:19 for desymmetrization; 87:13 for KR (see 
SI), respectively) do not achieve the same product 
enantioenrichment as the combined process (er = 94:6). In effect, 
there is an emergent enhancement in selectivity when both 
processes occur concurrently as widely recognized in related 
desymmetrization approaches. These observations are 
consistent with an initial enantioselective desymmetrization of 
biaryl diol 1 preferentially giving (S)-monoester 6, coupled with a 
second chiroablative kinetic resolution[25b] with preference for 
acylation of (R)-6, resulting in enhancement of the 
enantioenrichment of product (S)-6 as the reaction proceeds 
(Figure 2).  

 
Figure 2. Kinetic simulation of title reaction (A) and desymmetrization (B). 0.92 
equivalents of anhydride modelled to match experimental values, reaction 
conversion and product distributions. 

Based on the transition state structures obtained from DFT 
(Scheme 1), the factors that govern the selectivity in both 
desymmetrization and kinetic resolution steps were further 
investigated (Figure 3). Simplified model systems (green atoms = 
H) in which the position of the substrate naphthyl group relative to 
the acylated-BTM catalyst were restrained to the TS 
arrangements were considered, and potential catalyst-substrate 
interactions modeled in isolation. Consideration of C-H•••p,[32] 

HO OR1 HO OR1 R1O OR1

Ph
N

N

S
(S)-BTM 8 (5 mol%)

(i-PrCO)2O 
(0.6 equiv)

CHCl3, [0.04M]
⎻40 ºC, 22h(±)-6 (S)-6 7

+

BTM: c = 59%, 87:13 er,[a] s = 7
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cation•••p[33] and p•••p[35] interactions that are widely recognized 
as providing key stabilising interactions that can determine the 
outcome of catalytic processes,[36] actually revealed a small 
preference for the conformation adopted in the disfavoured TSs, 
Desymmetrization-TS-(pro-R) and Kinetic Resolution-TS-(S) 
(∆G = –0.2 and –0.3 kcal/mol respectively; Figure 3A).  
 

 

Figure 3. Exploration of origins of the reaction stereoselectivity: a) Model 
system used to describe C-H•••p, isothiouronium•••p and p•••p aromatic 
interactions (labelled green atoms constrained as H-atoms); b) Plot of ∠ S1-C2-
C3-O4 vs. energy. Favoured TSs have more planar S1-C2-C3-O4 arrangements 
which leads to stronger O•••S interactions.  

 A 1,5-O•••S interaction within acylated isothioureas is widely 
recognized as significant for both intermediate and TS 
stabilization, and is maximized when these atoms are coplanar.[37] 
The contribution of this O•••S interaction to the overall stabilization 
of the four TSs calculated for the desymmetrization and kinetic 
resolution steps was therefore evaluated as a function of the ∠S1-
C2-C3-O4 torsional angle. In the favoured Desymmetrization-TS-
(pro-S) and Kinetic Resolution-TS-(R), this angle is ~7° and 11°, 
respectively. By comparison, these torsional angles are 

significantly more distorted within the disfavoured 
Desymmetrization-TS-(pro-R) and Kinetic Resolution-TS-(S) 
(∠S1-C2-C3-O4 = ~21o). A plot of ∠S1-C2-C3-O4 vs. energy in the 
acylated BTM is shown in Figure 3B. The results reveal there is a 
large energetic preference for the more planar arrangements as 
found in the favoured Desymmetrization-TS-(pro-S) and Kinetic 
Resolution-TS-(R), respectively (∆G = 1.6; ∆G = 1.3 kcal/mol, 
Figure 3B).  

Overall, kinetic modeling and DFT calculations have been 
used to understand the factors that determine selectivity in this 
coupled desymmetrization-kinetic resolution process. While DFT 
calculations overestimate DDG for the desymmetrization reaction 
(by ~1 kcal/mol), the DDG calculated for the kinetic resolution TSs 
closely match the experimentally-determined value. Calculation 
indicates that the enantioselectivity of both processes can be 
rationalized by maximizing a 1,5-O•••S interaction in the favoured 
TSs, with deviation from the preferred planarity of the	S1-C2-C3-
O4 torsional angle resulting in a significant loss in TS stabilization. 

Further investigation probed the generality of this method 
through enantioselective acylation of a range of biaryl diols. Firstly, 
the effect of aryl substitution at C(2′) was investigated using both 
(S)-BTM 8 and (2R,3S)-HyperBTM 9 as catalysts (Scheme 2A). 
In all cases formation of the corresponding diester product 20-24 
was observed with full product ratios given in the SI. Notable 
trends showed that (2R,3S)-HyperBTM 9 gave optimal 
enantioselectivity in each case (up to 98:2 er) to give preferentially 
(R)-configured products 15-19 in up to 54% yield. The absolute 
configuration within (R)-19 was unambiguously confirmed by X-
ray crystal structure analysis.[38] Pleasingly incorporation of both 
electron-donating (4-MeC6H4, 4-NMe2C6H4) and electron-
withdrawing (3,5-F2C6H4) substituents within the (C2′)-aryl group 
was well-tolerated, with the C(2′)-4-NMe2C6H4 substituent leading 
to highest mono:diester ratio (85:15) and giving 18 in excellent 
98:2 er. Notably, (S)-BTM 8 gave enantiomeric (S)-configured 
products preferentially with moderate enantioselectivity (up to 
80:20 er), despite the catalyst being in the same enantiomeric 
series as HyperBTM 9. To probe the selectivity of the second 
acylation event, the KR of (±)-monoester 15 was carried out 
(Scheme 2B). Using (S)-BTM 8 as catalyst, acylation of (±)-
monoester 15 was essentially non-selective (s = 1). Using 
(2R,3S)-HyperBTM 9, KR of (±)-monoester 15 gave (R)-15 in 
82:18 er at 59% conversion (s = 5). These observations are 
consistent with a complimentary KR operating in the production of 
15-19 when using HyperBTM as catalyst, with the er of monoester 
(R)-15-19 enhanced through preferential acylation of (S)-15-19 in 
the kinetic resolution step. The lack of selectivity in the 
atropselective acylation of (±)-15 when using BTM as the catalyst 
indicates that the monoester product enantioselectivity derives 
entirely from the initial desymmetrization event, as the rate 
constants for acylation of each enantiomer of monoester are 
equal. Taken together, these observations imply that the initial 
enantioselective acylation event leading to desymmetrization will 
have opposite enantioselectivities for each catalyst, with (S)-BTM 
8 being (S)-selective and (2R,3S)-HyperBTM 9 being (R)-
selective despite both catalysts being in the same enantiomeric 
series.   

B. Deviation from planarity of 1,5-O•••S interaction
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Scheme 2. Scope of C(2′)-aryl-substituted biaryls. Full details of reaction product distribution given in SI. [a] Isolated yield. [b] Determined by HPLC analysis using 
a chiral stationary phase. [c] Yield determined by 1H NMR spectroscopic analysis of the crude reaction mixture, with an authentic sample isolated by preparative 
TLC for unambiguous er determination.

To further probe the scope and limitations of this process a 
series of C(2′)-alkyl derivatives (R = Me, Et, i-Pr), as well as 
C(2′)-amino and C(2′)-halogen (Cl, Br) substituted derivatives 
were prepared and evaluated (Scheme 3). In all cases 
formation of the corresponding diester product 39-45 was 
observed with full product ratios given in the SI. Within the 
C(2′)-alkyl series, (2R,3S)-HyperBTM 9 gave optimal 
enantioselectivity in each case (up to 96:4 er), to give 
preferentially (R)-configured products. Interestingly, the use of 
(S)-BTM 8 as catalyst gave the enantiomeric (S)-products with 
poor selectivity when R = methyl, but gave preferentially (R)-
configured products with improved selectivity with increasing 

size of the C(2′)-alkyl substituent (up to 96:4 er for R = i-Pr), 
consistent with a steric factor dictating the preference for the 
(R)-monoester formation. Notably, for the series of C(2′)-
heteroatom derivatives, (S)-BTM 8 proved the optimal catalyst, 
giving (S)-monoesters 32-34 in excellent (92:8 - 95:5) er in 
each case. The absolute configuration of 32 was confirmed by 
X-ray crystallographic analysis.[39] The use of (2R,3S)-
HyperBTM 9 gave the opposite (R)-enantiomer of C(2′)-
halogen-substituted monoesters 32 and 33, however 32 and 
33 were obtained in both reduced yield and er. 

 

 

Scheme 3. Scope of C(2′)-alkyl, -halogen and -amino-substituted biaryls. Full details of reaction product distribution given in SI. [a] Yield determined by 1H NMR 
spectroscopic analysis of the crude reaction mixture, with an authentic sample isolated by preparative TLC for unambiguous er determination. [b] Determined by 
HPLC analysis using a chiral stationary phase. [c] Isolated yield. [d] ratio mono:diester not determined.
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Following these observations, the KR of a representative (±)-
monoester from each series was carried out (Scheme 4). KR 
of (±)-C(2′)-Me-36 with (2R,3S)-HyperBTM 9 proved optimal, 
giving (R)-36 (s = 8 at 41% conversion), while acylation with 
(S)-BTM 8 was non-selective (s ≈ 1). For (±)-C(2′)-Cl-32, (S)-
BTM 8 gave highest selectivity, giving (S)-32 (s = 5 at 56% 
conversion), with the KR using (2R,3S)-HyperBTM-9 
significantly less selective (s = 2 at 50% conversion). In each 
case these results are consistent with the optimal catalyst in 
the overall desymmetrization process (HyperBTM 9 for C(2′)-
alkyl derivatives; BTM 8 for C(2′)-heteroatom derivatives) 
preferentially acylating the minor enantiomer of the monoester, 
produced following desymmetrization, in a complimentary 
kinetic resolution to give the chiral products in enhanced 
enantiopurity. 

 
Scheme 4. Kinetic resolution of (±)-36 and (±)-32. [a] ratio (R):(S) measured 
by HPLC analysis using a chiral stationary phase, conversion measured by 
1H NMR analysis of the crude reaction mixture. [b] ratio (S):(R) measured by 
HPLC analysis using a chiral stationary phase, conversion measured by 1H 
NMR analysis of the crude reaction mixture. 

 

To further test the enantiodiscriminating ability of the 
isothiourea catalysts, the methodology was applied to the 
desymmetrization of tetraorthosubstituted biaryl diol 46 
(Scheme 5). Interestingly, while (2R,3S)-HyperBTM 9 gave 
(S)-47 in 44% isolated yield and 98:2 er, high atropselectivity 
was also obtained with (S)-BTM 8, giving (S)-47 in 33% yield 
and 95:5 er. The absolute configuration of (S)-47 was 
confirmed by X-ray crystallography.[40] Investigation of the KR 
of (±)-47 was indicative of the operation of a complimentary 
kinetic resolution when using either HyperBTM 9 (s = 9) or BTM 
8 (s = 9) as catalyst. 

 
Scheme 5. Desymmetrization of tetraorthosubstituted biaryl diol 46. [a] 
Conversion and product ratios measured by 1H NMR analysis of the crude 
reaction mixture; [b] isolated yields given; [c] er measured by HPLC analysis 
using a chiral stationary phase. 

It is clear from the changes in product configuration obtained 
upon variation of both the substrate and catalyst that subtle 
and complex differences in the interactions between acylated 
catalyst and substrate markedly affect the enantiorecognition 
events involved in both the desymmetrization and kinetic 
resolution steps. This makes the proposal of a global 
stereochemical model to explain the observed differences in 
selectivity challenging. Despite the complexity of this process, 
qualitative conclusions (excluding atropselective acylation of 
the naphthyl substituted examples 1 and 46) can be drawn, in 
which the optimal catalyst and expected product configuration 
can be predicted based on the structure of the substrate 
(Figure 4). Biaryl substrates bearing either sp3-hybridised 
C(2′)-alkyl substituents or C(2′)-aryl substituents undergo 
desymmetrization with highest enantioselectivity when using 
(2R,3S)-HyperBTM 9, giving preferentially (R)-configured 
monoester products. Biaryl substrates bearing a C(2′)-
heteroatom substituent, as well as the parent naphthyl system, 
undergo desymmetrization with highest enantioselectivity 
when using (S)-BTM 8 as catalyst, and lead to (S)-configured 
monoester products.  
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Figure 4. Summary of observed optimal catalyst and substrate 
combinations. 

Conclusion 

In summary, a range of tri- and tetra-ortho-substituted biaryl 
diols has been applied in an acylative desymmetrization 
process using isothiourea catalysis to produce diversely-
substituted atropisomeric monoesters in high enantioselectivity. 
A tandem desymmetrization-kinetic resolution mechanism has 
been shown to be in operation and has been investigated for a 
number of different classes of biaryl substitution. Computation 
has been used to understand the factors that lead to 
enantiodiscrimination in this process for a model system, with 
maintenance of planarity to maximize a 1,5-S•••O interaction 
within the key acyl ammonium intermediate identified as the 
major feature that determines product enantioselectivity in the 
TS. The divergent stereoselectivity observed with variation of 
catalyst and substrate is indicative of subtle and complex 
changes in the interactions between the acylated catalyst and 
substrate markedly affecting the enantiorecognition events.[41]  

Experimental Section 

Representative general procedure for desymmetrization of a biaryl diol: 
The diol (1 equiv.), catalyst (5 mol%), CHCl3 (0.04 M) and i-Pr2NEt (1 
equiv.) were added to a sealed test tube and subsequently cooled to 
−40 °C. Isobutyric anhydride (1 equiv.) was added, and the reaction 
was allowed to stir for 22 h. 1 M HCl (1mL/mmol) was added to quench 
the reaction, which was then allowed to warming to RT. The mixture 
was subsequently diluted with CH2Cl2 and washed with 1 M HCl, sat. 
NaHCO3 and brine. The organic extracts were dried (MgSO4), filtered, 
and concentrated in vacuo to give a residue, which was purified by flash 
column chromatography.  
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