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Organic-base Catalyzed Asymmetric 1,4-Addition of  Tritylthiol to 
in Situ Generated Aza-o-Quinone Methides at H2O/DCM Interface 
Xianghui Liu,ab  Kai Wang, ab Wengang Guo, a Yan Liua* and Can Li a* 

Based on an efficient method for in situ generation of N-o-QMs 
species in the presence of base, enantioselective catalytic 
conjugated additions of tritylthiol to in situ generated N-o-QMs 
are reported. Acid-base bifunctional organocatalyst 4c (10 mol%) 
enables these transformations with high stereoselectivities (up to 
94% ee) using H2O/DCM as solvent under mild conditions. 

Aza-o-Quinone Methides (N-o-QMs), the nitrogen-based 
analogues of o-Quinone Methides (o-QMs)1, have attracted 
much attention as versatile and highly reactive intermediates 
for the synthesis of useful nitrogenous compounds.2 N-o-QMs 
are typically generated from precursors due to their unstable 
nature.3 In the asymmetric reactions, diaryl methanols are 
most common precursors for the generation of N-o-QMs by 
dehydration in the presence of acid. Thus, chiral phosphoric 
acids have been identified as highly efficient catalysts for 
several conjugate additions and formal [4+2] cycloadditions 
with in situ generated N-o-QMs (Scheme 1a).4 In addition, 2-
aminobenzyl chlorides have also been employed to be 
precursors of unsubstituted N-o-QMs in N-heterocyclic 
carbenes-catalyzed [4+2] and [4+3] cycloaddition reactions.5 

Nevertheless, the development of asymmetric reactions with 
N-o-QMs are still restricted by the scanty precursors. 
Compared with the well-developed asymmetric reactions with 
o-QMs6, the reported nucleophilic partners of N-o-QMs were 
confined to alcohols, thiophenols, indoles, enols and enamides 
(Scheme 1a). Accordingly, the development of mild and 
efficient approaches for N-o-QMs generation and subsequent 
new asymmetric catalytic reaction systems would be very 
desirable in organic synthesis and drug discovery. 

Herein, we report an efficient method for in situ generation

Previous works on bronsted acid-catalyzed systems.
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Scheme 1. Asymmetric catalytic reactions with in situ generated N-o-QMs. 

species in the presence of inorganic bases from 2-
(Tosylmethyl)anilines. Based on this approach, we developed 
the first organic-base catalyzed 1,4-conjugate addition of 
tritylthiol to  in situ generated N-o-QMs with good to excellent 
enantioselectivities (up to 94% ee) using H2O/DCM as the 
solvent (Scheme 1b). Moreover, experimental results indicate 
that water is crucial for achieving the high reactivity and 
stereoselectivity. This methodology can be complementary in 
scope to existing chiral phosphoric acids-catalyzed reactions of 
N-o-QMs, affording uniquely valuable methods for the 
synthesis of chiral ortho-amino substituted benzyl mercaptans. 

We and other groups recently reported bifunctional organic-
bases catalyzed highly enantioselective conjugate additions 
and cycloadditions of different nucleophilic partners with o-
QMs which were generated in situ from the corresponding 2-
(Tosylmethyl)phenols by removing HTs in the presence of 
inorganic bases.7  In our reaction systems, bifunctional organic-
base catalysts and oil–water biphasic system are crucial for 
achieving high reactivity and stereoselectivity. On the basis of 
our previous work, we envisioned the synthesis of 2-
substituted anilines bearing a good leaving group at benzyl 
position which can be transformed in situ to N-o-QMs under 
mild basic conditions. A bifunctional organic-base catalyst 
enables the activation of both the nucleophile by 
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deprotonation with base and N-o-QMs by hydrogen-bonding 
interactions, resulting in a well-organized transition state. 
Moreover, oil–water biphasic system can effectively realize the 
spatial separation of the inorganic base from the organic phase 
to suppress the racemic background reaction. As shown in 
Scheme 2, to screen out effective precursors of N-o-QMs for 
the corresponding asymmetric reactions, we prepared a series 
of 2-(Tosylmethyl)anilines with different N-substituted groups 
from the commercially available 6-Aminopiperonal, 
Benzenesulfonyl chloride, Grignard reagents and the p-
toluenesulfinic acid sodium salt via a four-step reaction 
sequence (see Supporting Information). 

 

NH2O

O H

O

R'X

Base

NHR'O

O H

O

1) PMPMgBr

2) TsOH, NaSO2Tol

NHR

O
O

Ts
1a: R = Ts;
1b: R = Ac;
1c: R = H;
1d: R = Bn;

OMe

1e: R = PhSO2;
1f: R = p-MeOC6H4SO2;
1g: R = p-t-BuC6H4SO2;
1h: R = 2,4,6-Me3C6H2SO2.

O

O

NO2

O

H
Fe, HCl

Scheme 2. The synthesis of 2-(Tosylmethyl)anilines. 

With these precursors in hand, we started our investigation 
of the asymmetric conjugated addition to N-o-QMs in situ 
generated from 1a. Tritylthiol (2) was chosen as its 
nucleophilic partner. Although Rueping’s group has developed 
a chiral phosphoric acid-catalyzed thiolation of thiophenols to 
N-o-QMs for the synthesis of thioethers, it is still necessary to 
establish the methodology of asymmetric conjugated addition 
of tritylthiol to N-o-QMs, because the trityl group in products 3 
could be readily cleaved under mild conditions to unmask the 
thiol functionality. As shown in  Figure 1, using dry DCM as 
solvent, the reaction proceeded with very low reactivity and 
poor enantioselectivity. Remarkably, when we chose mixture 
of H2O/DCM (solvent v/v = 1/9) as the solvent, the reaction 
was dramatically accelerated to 73% conversion in 4 hours, 
delivering product 3a with 42% ee. Moreover, as increasing the 
proportion of water, the reactivity and stereoselectivity are 
enhanced gradually. We believe the combination of hydrogen-
bonding network induced by water and the spatial separation 
between the chiral organic components and the inorganic base 
by oil-water biphasic system is crucial for enhanced reactivities 
and enantioselectivities, and our theoretical investigations are 
ongoing to elucidate the origin of observed stereoselectivities. 
When the reaction was performed in H2O/DCM (solvent v/v = 
9/1), almost complete conversion and 62% ee was obtained. 

The different N-substituted 2-(Tosylmethyl) anilines 1a−1d 
were then evaluated with regard to reactivity and 
enantioselectivity with bifunctional catalyst 4a (10 mol%) in 
H2O/DCM (solvent v/v = 9/1) (Table 1, entries 1−4). 1a, 1c−1d 
exhibited high reactivity and the reactions were completed in 
12 hours. However, the enantioselectivities showed that N-
sulfonyl substituted 1a is the precursor of choice. By lowering
the reaction temperature to 4oC, the 4a-catalyzed reaction of 2
to 1a generated the corresponding product 3a in 72% ee (entry

O
O
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Reaction conditions: 1a (0.05 mmol), tritylthiol (2, 2.0 equiv, 0.10 mmol), 

and 4a (10 mol%) with Na2CO3 (2.0 equiv) in solvent (different DCM/H2O 

ratio) were stirred (1500 r/min) at room temperature for 4 hours. a 

Reaction time: 23 hours ; b Conversion was determined by crude 1HNMR;  c 

ee was determined by chiral HPLC ( column AD-H). 

Fig. 1  Water effect in the asymmetric conjugated addition of 2 to 1a.

5). We continued to examine the catalytic potential of some 
well-established bifunctional organocatalysts, including 
Cinchona alkaloid derived squaramide catalysts (4a–4d) and 
chiral (R,R)-Cyclohexane-1,2-diamine-derived squaramide or 
thiourea catalysts (4e–4g). Hydroquinidine-derived 
squaramides 4b exhibited high catalytic activity, completing 
the reaction in 12 hours, the desired product 3a was obtained 
with 78% ee (Table 1, entry 6). To our delight, hydroquinidine-
derived squaramides 4c significantly improved the 
enantioselectivity to 86% without loss of activities (Table 1, 
entry 7). (R,R)-Cyclohexane-1,2-diamine-derived thiourea or 
squaramide catalysts 4e–4g were also evaluated, providing 
access to 3a in unsatisfactory enantioselectivies (Table 1, 
entries 9-11). To improve the enantioselectivity of this 
reaction, substrates 1 are under refined regulation with 
changing different benzenesulfonyl groups at N-position. 
Surprisingly, the products were obtained in higher ee values 
when the N-substituent became more electron-donating. For 
example, with catalyst 4c, N-p-methoxy benzenesulfonyl 
substituted substrate 1f and N-p-tert-butyl benzenesulfonyl 
substituted substrate 1g led to the corresponding products in 
87% and 88% ee, respectively (Table 1, entries 13 and 14). The 
enantioselectivity of the product was further increased to 93% 
ee by  the use of 1h as the precursor of N-o-QM (Table 1, entry 
15)

With the optimized reaction conditions in hand, the 
generality of our catalytic protocol was evaluated through 
enantioselective conjugated additions of 2 to a range of in situ 
generated N-o-QMs, and these results are summarized in 
Scheme 3. Regardless of the electronic and steric nature of the 
substituents on the aromatic ring, the in situ generated N-o- 
QMs were smoothly transformed to the corresponding 1,4-
adducts 3i−3p with high yields and excellent 
enantioselectivities (ee = up to 93%). Substrates 1q-1t, which 
possess disubstituted groups on the benzene ring, worked well
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Table 1. Optimization of catalytic reaction conditions a
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R''= H

O
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O

O

NHR

SCPh3Cat 4. (10 mol%)

Na2CO3 (2.0 eq.),
H2O/DCM = 9/1

1 2 3

NHR Ts

OMe

+

OMe

to afford the 3q–3t in excellent yields and high 
enantioselectivities. Although the reactions were 
comparatively slower, alkyl-substituted 2-(tosylmethyl)anilines 
1w−1x also underwent the 1,4-conjugated additions, 
producing the corresponding chiral thiols with good yields and 
enantioselectivities (ee = 78−84%). To our delight, different 
electron-donating substituents on the quinone methide 
fragment were tolerated as well, and products 3u–3v were 
obtained with 91–93% ee. However, the conjugated additions 
to substrates which possess ether unsubstituted or electron-
withdrawing groups on the phenyl moiety of quinone methide 
fragment did not occur. Perhaps, it is not easy for these 
substrates to generate the corresponding N-o-QM under the 
reaction conditions. The absolute configuration of the product 
3v was unambiguously determined to be R by X-ray 
crystallographic analysis(see Supporting Information). 

   To investigated the amenability of the reaction, we chose 

malononitrile and different substituted benzyl thiols as 
nucleophiles, and executed the reactions under the standard 
conditions (Scheme 4). To our delight, [4+2] cycloaddition 
product 6a was obtained with excellent enantioselectivity (93% 
ee) by the use of malononitrile as nucleophile. Moderate 
enantioselectivities (61-71%) were obtained when using benzyl 
thiols as nucleophiles, albeit with almost quantitative 
yields(6b-6h).

NHSO2Ar

R

Ts HSCPh3

NHSO2Ar

R

SCPh3+
4c (10 mol %)

Na2CO3 (2 eq)

1 2 3DCM/H2O = 9/1

Ar

4 oC

Ar
Ar =

MeO

MeO

NHSO2Ar

SCPh3

yield: 79%
ee: 91%

MeO NHSO2Ar

SCPh3

yield: 88%
ee: 93%

O

O

NHSO2Ar

SCPh3

yield: 87%
ee: 78%

O

O

NHSO2Ar

SCPh3

yield:89%
ee: 84%

3u 3v 3w a 3x a

O

O

NHSO2Ar

R

SCPh3

3i, R = 4-OMe-C6H4, 93% yield; 93% ee.
3j, R = 2-Me-C6H4, 96% yield; 92% ee.
3k, R = 3-Me-C6H4, 89% yield; 85% ee.
3l, R = C6H5, 93% yield; 93% ee.
3m, R = 4-Cl-C6H4, 89% yield; 89% ee.
3n, R = 4-F-C6H4, 96% yield; 91% ee.

3o, R = 3-F-C6H4, 93% yield; 93% ee.
3p, R = 1-naphthyl, 95% yield; 90% ee.
3q, R = 4-OMe-2-Cl-C6H3, 80% yield; 94% ee.
3r, R = 4-OMe-2-Me-C6H3, 88% yield; 90% ee.
3s, R = 4-OMe-3-Cl-C6H3, 94% yield; 90% ee.
3t, R = 2,5-diMe-C6H3, 98% yield; 90% ee.

Reaction conditions: 1 (0.1 mmol), tritylthiol (2, 2 equiv, 0.2 mmol), and catalyst 

(10 mol%) with base (2 equiv) in solvent (DCM: water=0.4 mL: 3.6 mL) were 

stirred (1500 r/min) at 4 oC for 8-12 hours. Yields were for the isolated products 

after column chromatography. The ee values were determined by chiral HPLC ( 

column AD-H). a Reaction condition: 50 oC in CHCl3/H2O for 72 hours.

Scheme 3. Substrate scope for 1,4-conjugated addition.

     

NHSO2Ar

Ts

R

+
Cat 4c. (10 mol%)

Na2CO3 (2.0 eq.),
H2O/DCM = 9/1

N

Nu

R

51 6

Ar ArNuH

O

O

NHSO2

SR

OMe

O

O

N

OMe

NH2

CN

NHTs

SR

yield: 61%
ee: 93%

6b, R = 4-OMe-C6H4, 98% yield; 61% ee
6c, R = 4-Br-C6H4, 91% yield; 65% ee
6d, R = 4-Cl-C6H4, 92% yield; 64% ee

6ea, R = 4-OMe-C6H4, 87% yield; 71% ee
6fa, R = 4-Br-C6H4, 82% yield; 63% ee
6ga, R = 4-Cl-C6H4, 85% yield; 65% ee

SO2PMPh

6a

SO2Ar

Scheme 4. Substrate scope for other nucleophiles. a 50 oC in CHCl3/H2O for 48 hours.

To evaluate the practical utility of the 1,4-conjugated 
addition to N-o-QMs, the enantiomerically enriched benzylic 
thiol 3l, which could be prepared via gram-scale 1,4-
conjugated addition of 2 and 1l under the standard conditions, 
was transformed to chiral benzyl mercaptan 7 by the selective 
removal of the trityl group in good yield and without loss of 
enantiopurity (Scheme 5). 

Et3SiH, TFA

DCM, -10°C

yied: 85%
92%ee

2.1 g
93%ee

3l

NHSO2

Ph

Ts HSCPh3+
4c (10 mol %)

Na2CO3 (2 eq)
DCM/H2O = 1/9

4 oC
1l 2

O

O

NHSO2

Ph

O

O SCPh3

NHSO2

Ph

O

O SH

7

Scheme 5. Synthetic transformations of 3l.

Entry Substrate Cat. Conv.(%) b ee (%) c

1 1a 4a >99 62
2 1b 4a -- --
3 1c 4a > 99 0
4 1d 4a > 99 0
5d 1a 4a > 99 72
6d 1a 4b > 99 78
7d 1a 4c > 99 86
8d 1a 4d > 99 68
9d 1a 4e > 99 30

10d 1a 4f > 99 0
11d 1a 4g > 99 10
12d 1e 4c > 99 84
13d 1f 4c > 99 87
14d 1g 4c > 99 88
15d 1h 4c > 99 93

a Reaction conditions: 1 (0.1 mmol), tritylthiol (2, 2.0 equiv, 0.2 mmol), and 

catalyst 4 (10 mol%) with Na2CO3 (2.0 equiv) in DCM : H2O = 0.4 mL : 3.6 mL)  

were stirred (1500 r/min) at room temperature for 4 hours. b Conversion was 

determined by crude 1HNMR; c ee was determined by chiral HPLC ( column AD-

H);  d  Reaction temperature: 4 oC, reaction time: 8-12 hours. 
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In conclusion, we developed the first bifunctional organic-
base catalyzed 1,4-conjugate addition to in situ generated N-o-
QMs with good to excellent enantioselectivities (up to 94% ee) 
at H2O/DCM interface. Being complementary in scope to 
existing chiral phosphoric acids-catalyzed reactions of N-o-
QMs, this reaction provides a uniquely valuable method for 
the enantioselective synthesis of ortho-amino substituted 
benzyl mercaptans. Experimental results indicate that water is 
crucial for achieving the high reactivity and stereoselectivity. 
This study paves a new route for the asymmetric reactions 
involving N-o-QMs. Future studies are underway to extend this 
strategy to other nucleophiles in our laboratory.
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