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Abstract – 3,4-Dihydroisocoumarins functionalized with alkoxy substituents 

were efficiently synthesized from dianions generated by ortho-metallation of 

t-butylbenzamides with alkoxy substituted epoxides.

 

The 3,4-dihydroisocoumarin derivatives are commonly found in many natural products, for example, 

AI-77-B (1) and apicularen (2), and exhibit a wide range of important biological properties.1,2 General 

approaches for this class of compounds3 include Diels-Alder / retro-Diels-Alder sequence of acetylenic 

esters4 and the reaction of aldehydes with benzylic anions.5 The epoxide-opening reaction of 

ortho-metallated benzamide derivatives6 is another method. However, this reaction sequence has not been 

well studied for the synthesis of complex natural products. Epoxides functionalized with an alkoxy group 

(such as 3 and 4) have yet to be investigated in this reaction sequence. The core structures of AI-77-B (1) 

and apicularen (2) could be readily accessible by this method using epoxides (3) and (4) (Scheme 1).  
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Scheme 1 



 

Herein, we report our preliminary results related to the synthesis of the functionalized 

3,4-dihydroisocoumarin derivatives starting from t-butylbenzamides and epoxides. 

t-Butylamide was used as a directing group, and after coupling, it was removed during lactone formation.7 

Commercially available epoxides (6a and 6b) were first examined. The directed ortho-metallation was 

accomplished with 2.2 equivalents of n-butyllithium in the presence of 2.2 equivalents of TMEDA 

(N,N,N’,N’-tetramethylethylenediamine) at -78 oC (Scheme 2).8,9 Coupling 6a-b with 5a-c produced the 

corresponding alcohol products (7a-f) in moderate yields (55-76%). When a catalytic amount of p-TsOH 

• H2O (p-toluenesulfonic acid monohydrate) was used for lactonization, the reaction did not go to 

completion. In order for this reaction to reach the completion point, 1 equivalent of p-TsOH • H2O was 

required possibly due to the generation of t-butylamine during the reaction. Lactonizations were 

completed in less than 2 hours and in high yields as shown in Scheme 2. Therefore, the overall yield for 

both steps ranged from 49 to 74%. 
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Scheme 2 
 

After the general reaction conditions were established, the couplings of alkoxy functionalized epoxides 

were investigated. When glycidyl phenyl ether (9) was reacted with dianions of 5a-c, the desired products 

(10a-c) were obtained in 48-56% yields (Scheme 3). In general, the amides with ortho-methoxy group 

(5b and 5c) were better substrates than the unsubstituted amide (5a). The lactonization yields were 

uniformly good; the overall two-step yields were 44-50%. 

In order to utilize the alkoxy functionality for further manipulations, O-protecting groups that can be 

deprotected under mild conditions were introduced. Unfortunately, the benzyl protected glycidol was 

unreactive under the same reaction conditions, but the starting epoxide and amides were recovered. Since 



 

the chelating nature of benzyl ether may have interrupted the reactivity of the dianions, a non-chelating 

silicon protecting group was examined. 
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Scheme 3. Reaction conditions: a) 5, n-BuLi (2.2 equiv.), TMEDA (2.2 equiv.), THF, -78 oC, 2 h; 9 (1.5 

equiv.), -78 to 25 oC; b) p-TsOH • H2O (1.0 equiv.), toluene, reflux. 

 
 

a)O N
H

O
t-Bu

HO

O

O

12 : R = TBDMS
13 : R = H

X

Y

X

Y11a : n = 1
11b : n = 2

5 OTBDMS

b) TBAF
THF

OH

c)

n

OR
n

n

5 + 11a

14a (90%)
14b (85%)
14c (88%)

5a
5b
5c

12 14

14 : n = 1
15 : n = 2

a) b), c)
5 + 11b

15a (92%)
15b (88%)
15c (91%)

5a
5b
5c

12 15a) b), c)

+

overall
yield
41%
54%
55%

overall
yield
47%
60%
60%

12d (51%)
12e (68%)
12f (66%)

12a (46%)
12b (63%)
12c (62%)

 
 

Scheme 4. Reaction conditions: a) 5, n-BuLi (2.2 equiv.), TMEDA (2.2 equiv.), THF, -78 oC, 2 h; 11 (1.2 

equiv.), -78 to 25 oC, 8 h; b) TBAF, THF, 25 oC; c) p-TsOH • H2O (1.0 equiv.), toluene, reflux. 

 

Coupling of the TBDMS-protected glycidol (11a) with dianions 5a-c furnished 12a-c (Scheme 4) in 

46-63% isolated yields. Deprotection of TBDMS group of the intermediates (12a-c) with TBAF followed 

by lactonization produced the alcohol products (14a-c).10 Similarly, the analogous epoxide (11b) was 

transformed into 15a-c in three steps. The three-step overall yields were 47-60%. To the best of our 

knowledge, this is the first successful coupling of directed ortho-metallated dianions with 

alkoxy-functionalized epoxides. Furthermore, these intermediates are useful precursors for the synthesis 

of functionalized 3,4-dihydroisocoumarin derivatives, such as AI-77-B (1) and apicularen (2).  



 

In summary, an effective method for the preparation of synthetically useful 3,4-dihydroisocoumarin 

derivatives from t-butylbenzamides and epoxides was established. Protected glycidols and a 

homoglycidol were coupled with directed ortho-metallated dianions of t-butylbenzamides for the first 

time, and the t-butyl amide was readily removed during the lactonization step under acidic conditions. 
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