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Organocatalytic Enantioselective aza-Friedel-Crafts Reaction of 2-

Naphthols with Benzoxathiazine 2,2-dioxides 
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An organocatalytic enantioselective aza-Friedel-Crafts addition of 

2-naphthols to benzoxathiazine 2,2-dioxides is described using a 

quinine-derived bifunctional catalyst. The method allows the use 

of a wide range of aromatic compounds as nucleophiles, including 

1-naphthol and sesamol, and benzoxathiazines 2,2-dioxides, 

expanding the existing state of the art in the enantioselective 

synthesis of aminomethylnaphthol derivatives.  

The enantioselective addition of aromatic compounds to imines 

(aza-Friedel-Crafts reaction) is an important strategy for the 

synthesis of enantioenriched benzylic amines, which are present in 

a wide variety of natural products.
1
 The addition of indoles to 

different imines has been, by far, the most studied example, 

especially using chiral phosphoric acids derived from BINOL as 

catalyst.
2
 However, the enantioselective addition of arenes with 

lower nucleophilicity has been less developed. Enders presented 

the phosphoric acid catalyzed addition of activated arenes to imino 

esters in 2010, obtaining excellent results in terms of 

enantioselectivity, although it suffered from long reaction times.
3
 

Moreover, Hui reported in 2010 the addition of 2-naphthols to tosyl 

aldimines using a stoichiometric amount of a dinuclear zinc-

aminoalcohol complex, obtaining the desired product with good 

results.
4a

 The first substoichiometric versions of this reaction were 

published in 2011 almost simultaneously by Wang and Chimni. Both 

authors employed Cinchona alkaloid derivatives to catalyze the 

addition of 1-naphthols or 2-naphthols, respectively, to 

sulfonylimines.
4b,4c

 Both groups found Cinchona alkaloids bearing a 

hydroxyl group in the C6’ position were ideal catalysts for this 

transformation and proposed a transition state where nucleophile 

and electrophile are simultaneously activated. More recently, two 

examples of 2-naphthol addition to tosyl aldimines have been 

reported using a vanadium complex as metal catlyst
4d

 or a chiral 

trisimidazoline as organocatalyst.
4e

 All these examples used sulfonyl 

imines as electrophiles and the scope regarding to naphthols was 

certainly narrow (Scheme 1a). 
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Scheme 1. Enantioselective aza-Friedel-Crafts reactions of naphthols with imines. 

On the other hand, benzoxathiazine 2,2-dioxides have recently 

emerged as interesting substrates in several enantioselective 

transformations. The benzoxathiazine 2,2-dioxides are a special 

kind of cyclic imines, derived from salicylic aldehydes, which have a 

rigid structure that reduces their conformational mobility and avoid 

the E/Z isomerization, facilitating the stereodiferentiation and 

making them optimum partners for enantioselective 

transformations. Additionally, the sulfamidate moiety generated 

after the addition reaction is a versatile functional group which is 

present in biologically active compounds (Figure 1).
5
 Consequently, 

benzoxathiazine 2,2-dioxides have been used in several transition 

metal catalyzed enantioselective transformations such as 

hydrogenation, alkenylation, allylation, arylation, Mannich reactions 

and alkynylation.
6
 They have also been used in organocatalyzed 

reactions, such as Diels-Alder reaction with α,β-unsaturated imines, 

Mannich reaction with acetone, [4+2] cycloadditions with enones 

and ynones or [4+2] cycloaddition with allenoates.
7
 Although 

arylations of related imines with aryl boronic derivatives have been 

described,
6e-g,6j

 the enantioselective Friedel-Crafts addition of 

nucleophilic arenes to benzoxathiazine 2,2-dioxides has not been 

reported yet. 
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Fig. 1 Biologically active sulfamidates. 

We envisioned that the organocatalytic asymmetric aza-Friedel-

Crafts reaction of naphthols to benzoxathiazine 2,2-dioxides could 

be carried out, expanding the applicability of the Friedel- Crafts 

reaction and accessing to a new family of enantioenriched  

aminomethylnaphthols, which are of great interest in medicinal 

chemistry and as chiral ligands.
8 

Table 1 Optimization of enantioselective aza-Friedel-Crafts reaction of 2-naphthol (1a) 

and benzoxathiazine 2,2-dioxide (2a)
a
 

 

a
 Reaction conditions: 1a (0.1 mmol), 2a (0.1 mmol), catalyst (20% mol) and 

solvent (1.0 mL). 
b
 Isolated yield. 

c
 Determined by chiral HPLC analysis. 

d
 Naphthol 

was added dissolved in 0.5 mL of ClCH2CH2Cl to a solution of imine and catalyst 

(10% mol) in 0.5 mL of ClCH2CH2Cl during 12 h using a syringe pump. 
e
 Imine was 

added to a solution of naphthol and catalyst. 

We started our study screening different bifunctional catalysts in 

the addition of 2-naphthol (1a) to benzoxathiazine 2,2-dioxide (2a) 

and we found that 9-O-benzylcupreine (Ia) (which derives from 

quinine) met optimal structural characteristics for this 

transformation,
9,10

 confirming that the free 6’-OH moiety was key 

for an optimum enantioselectivity.
11

 Next, we examined different 

solvents and temperatures, obtaining our best results using 

chlorinated solvents, specially 1,2-dichloroethane and performing 

the reaction at -20 °C (Table 1, entry 6). Then, we tested different 

cupreine derivatives with varied substituents on the secondary 

hydroxyl group. We observed that the presence of a bulkier benzylic 

substituent, as in catalyst Ib, had no effect on the enantioselectivity 

(Table 1, entry 9) whilst catalyst Ic with a bulky aromatic grup 

(PHN=phenanthryl) directly linked to the oxygen was less efficient 

(Table 1, entry 10). Finally, we checked different acyl substituents 

on the secondary hydroxyl group, obtaining the best result with the 

benzoyl derivative Id (Table 1, entry 11). A reduction of the catalyst 

loading had a detrimental effect on the enantiomeric excess. 

However, to our delight we were able to overcome this drawback 

by adding the nucleophile dissolved in 1,2-dichloroethane slowly to 

a solution of the benzoxathiazine 2,2-dioxide and the catalyst using 

a syringe pump. This new procedure allowed us to decrease the 

amount of catalyst to 10% mol, providing the product 3aa with 82% 

yield and 88% ee (Table 1, entry 14). Interestingly, the slow addition 

of the imine 2a to a solution of naphthol 1a and catalyst Id provided 

comparable results, in terms of yield and enantioselectivity (Table 

1, entry 15). 
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Scheme 2 Scope of the aza-Friedel-Crafts reaction of benzoxathiazine 2,2-dioxide (2a) 

with different arenes (1, 4, 5). Reaction conditions: To a solution of 1 (0.1 mmol) and 

catalyst Id (0.01 mmol) in ClCH2CH2Cl at -20 °C, 2a (0.1 mmol) was added using a 

syringe pump, reaction time: 36 h. 
a
 Reaction carried out at 0 °C during 72 h, without 

syringe pump. 

Entry Catalys

t 

Solvent T (°C) t (h) Yield
b
 (%) ee

c
 (%) 

1 Ia CH2Cl2 0 44 90 52 

2 Ia Toluene 0 16 82 22 

3 Ia THF 25 48 <10 – 

4 Ia CHCl3 0 24 99 50 

5 Ia ClCH2CH2Cl 0 24 88 65 

6 Ia ClCH2CH2Cl -20 24 84 80 

7 Ia ClCH2CH2Cl -30 48 78 75 

8 Ia ClCH2CH2Cl -10 20 74 72 

9 Ib ClCH2CH2Cl -20 24 72 79 

10 Ic ClCH2CH2Cl -20 24 78 70 

11 Id ClCH2CH2Cl -20 24 88 86 

12 Ie ClCH2CH2Cl -20 24 75 83 

13 If ClCH2CH2Cl -20 24 81 81 

14
d
 Id ClCH2CH2Cl -20 36 82 88 

15
e
 Id ClCH2CH2Cl -20 36 80 88 
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With the optimized reaction conditions in hand, we studied the 

scope of the reaction regarding to the nucleophile employing 2-

naphthols with electron-donating groups in different positions. The 

desired sulfamidates 3 were isolated in good to high yields and 

excellent enantioselectivities. The reaction is also compatible with 

electron-withdrawing groups such as bromide or an ester group. 

Remarkably, when 6-methoxycarbonyl-2-naphthol was used as the 

nucleophile, product 3fa was obtained with 96% ee. Finally, we 

demonstrated the wide applicability of our method, reacting imine 

2a with 1-naphthol (4) and sesamol (5), obtaining the corresponding 

products, 6 and 7 respectively, in moderate to good yields and good 

enantiomeric excesses. The aminomethylsesamol moiety, or its 

derivatives, is present in molecules with antitumor or antibacterial 

properties, such as oxaazapodophyllotoxin I,
12

 and some methods 

have been recently described for the enantioselective addition of 

this electron-rich phenol to tosyl imines.
13

 

 

Scheme 3. Scope of the aza-Friedel-Crafts reaction of 2-naphthol (1a) with 

different benzoxathiazine 2,2-dioxides (2). Reaction conditions: to a solution of 2 

(0.1 mmol) and catalyst Id (0.01 mmol) in ClCH2CH2Cl at -20 °C, 1a (0.1 mmol) 

was added using a syringe pump, reaction time: 36 h. 

Next, we applied the optimized conditions to different 

benzoxathiazine 2,2-dioxides. Both electron-donating and electron-

withdrawing groups with different steric demand in the 6-position 

were well tolerated. This methodology was also suitable for the 

addition of 2-naphthol to imines bearing alkyl groups in the 8-

position of the benzoxathiazine 2,2-dioxide and also for the 

disubstituted derivative 2h. 

Product 3aa was recrystallyzed from hexanes/ethyl acetate in order 

to obtain enantiopure crystals. The X-ray analysis of these revealed 

an R absolute stereochemistry, as a result of the attack of the 

naphthol to the Si face of the benzoxathiazine 2,2-dioxide. For the 

rest of the products a uniform reaction mechanism was assumed 

(see Supporting Information for further details). The observed 

stereochemistry can be explained through a transition state 

involving a tertiary complex between the catalyst and the 

substrates.
4c

 The hydrogen bonding between the quinuclidine 

tertiary amine and the naphthol OH group explains also the absence 

of reaction of 2-methoxynaphthalene under the optimised reaction 

conditions (Figure 2). 

 

Figure 2. Proposed transition state and X-ray structure of compound 3aa. 

Finally, we carried out some synthetic transformations on the 

product 3aa. The reduction of the sulfamidate group using LiAlH4 

yielded the corresponding aminomethylphenol, which was 

protected as its Boc derivative 8 in a one pot procedure, in high 

yield and without loss of optical purity. Additionally, pentacyclic 

compound 9 was prepared after acidic treatment of product 3aa in 

the presence of paraformaldehyde. We were able to obtain a 

crystal of this product which was suitable for X-ray diffraction,
14

 

confirming the absolute configuration obtained for product 3aa. 

O

O

S
N

O

O

(HCHO)n
TFA

50% 9
CH2Cl2

OH

O

S

H
N

O

O

1) LiAlH4, THF, rt

2) Boc2O

76%

3aa

8

OH

OH

NHBoc

 

Scheme 4. Synthetic transformations of 3aa and X-ray structure of compound 9. 

Conclusions 

In summary, we present an organocatalytic enantioselective 

aza-Friedel-Crafts reaction employing naphthols (and a 

electron-rich phenol) and benzoxathiazine 2,2-dioxides as 

reaction partners and 9-O-benzoylated cupreine (Id) as 

bifunctional catalyst. The corresponding chiral sulfamidates 
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were obtained in good yields and enantioselectivities, which 

can be interesting products from both synthetic and medicinal 

chemistry points of view. This method represents the first 

enantioselective Friedel-Crafts addition of electron-rich arenes 

to benzoxathiazine 2,2-dioxides. 
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