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We have discovered that bromine electrophile and 

carboxylate nucleophile can be added to conjugated enynes 

intermolecularly in a 1,4-fashion with high 

diastereoselectivity. Highly functionalized bromoallenes with 

an adjacent stereogenic centre were prepared from readily 10 

available conjugated 1,3-enynes. 

 Halogen mediated addition of nucleophiles to alkenes is 

one of the most fundamentally important reactions.1, 2 It 

provides useful building blocks with up to two adjacent new 

stereogenic centres. Halogen-mediated 1,4-addition to 15 

conjugated enynes can produce chiral allenes3-6 together with 

a stereogenic centre. This potentially very useful reaction, 

however, received very little attention partially due to the 

complex regio- and diastereoselectivity issue as illustrated in 

Scheme 1. 20 

 

Scheme 1. Potential Isomeric Products from Halogen-Mediated Addition 

of Nucleophiles to 1,3-Enynes 

 The regioselectivity can be overcome partially by tethering 

the nucleophile with the 1,3-enyne. Indeed, examples of 25 

intramolecular halocyclizations in an 1,4-addition fashion 

have been documented in the literature. In 1982, the first 

intramolecular bromoetherification of 1,3-enynes was reported 

in a biomimetic synthesis of racemic panacene (Figure 1).7, 8 

The diastereomeric ratio for this 1,4-addition was 1:1. It was 30 

later found that the relative stereochemistry of panacene was 

assigned wrong.9 No or low diastereoselectivity were 

observed for similar intramolecular bromoetherification of 

1,3-enynes in the synthesis of laurallene,10 and 

kumausallene11, 12 with a few exceptions.13, 14 The first 35 

stereoselective biomimetic synthesis of bromoallene-

containing natural products was accomplished by us in 2011.15 

Nearly perfect diastereoselectivity was observed in the 

biomimetic intramolecular 1,4-bromoetherification of 1,3-

enynes in our enantioselective synthesis of kumausallene. 40 

 In addition to panacene, laurallene, and kumausallene, the 

bromoallene moiety is also present in dozens of other natural 

products (Figure 1).16, 17 Only a small portion of them have 

been synthesized to date.18-25 Interestingly, all haloallenes 

found in nature are disubstituted bromoallenes. Haloallene is 45 

also an important intermediate for the preparation of more 

complex allenes and other functional groups.26-44 

 

Figure 1. Selected Bromoallene-Containing Natural Products 

 In 2009, we reported the first 1,4-bromolactonization of 50 
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1,3-enynes (Scheme 2).45 Subsequently, the catalytic 

asymmetric version of this halocyclization was developed by 

us,46 which represents the first catalytic asymmetric 

halolactonization with more than 90% ee.47 A number of 

groups48-65 including us66 also developed different catalysts 5 

for asymmetric halolactonization of substituted alkenes and 

alkynes. In addition to carboxylate nucleophiles, we also 

demonstrated that high diastereoselectivity could be achieved 

for certain nitrogen nucleophiles in several halocyclizations.67 

To the best of our knowledge, the much more challenging 10 

halogen-mediated intermolecular 1,4-addition to 1,3-enynes 

has never been reported for any nucleophiles. We herein 

describe the first example of intermolecular 1,4-addition of 

halogen and carboxylate to 1,3-enynes. 

 15 

Scheme 2. Intra- and Intermolecular 1,4-Bromoesterification of 1,3-

Enynes 

 Since enyne 1 is commercially available, we began our 

investigation on the intermolecular bromoesterification with 

this substrate. We first examined the source of halogen in the 20 

absence of any additive (Scheme 3). Around 30% yield of 

desired 1,4-addition product 2a was observed with a 1:1 dr 

when DBDMH was employed, while no reaction occurred 

using NBS or TBCD. 

 To avoid the background reaction, which provides low 25 

diastereoselectivity, we then examined different catalysts that 

can activate NBS (entries 1-5, Table 1). Similar to the 

intramolecular reaction,45 DABCO afforded the highest 

diastereoselectivity (entry 1). The major diastereomer was 

assigned as syn-addition product shown in Table 1 based on 30 

our previous studies on halocyclization of enynes.17, 18, 39 We 

next investigated the effect of the amount of NBS to the dr 

and yield in the presence of 1.1 equivalent of benzoic acid 

(entries 6-8). Both dr and yield were increased with less NBS 

reagent. Other solvents (entries 9 and 10) gave poor results. 35 

The best yield was obtained when the amount of benzoic acid 

was increased from 1.1 to 1.3 equivalents (entry 11). 

Although the yield of 2a could be improved further with more 

benzoic acids (entry 12), the dr dropped from 10:1 to 7:1. 

 40 

Scheme 3. 1,4-Bromoesterification of 1,3-Enyne 1 with Different 

Halogenation Reagents 

 We also replaced NBS with TBCD under conditions in 

entry 6 of Table 1. Interestingly, the only product we observed 

was bromoalkyne 2’, where the hydrogen atom on the 45 

terminal alkyne was replaced by a bromine atom. 

Table 1. Screening of Conditions for 1,4-addition of Benzoate and 

Bromine to 1,3-Enyne 1 

 
entry catalyst x y solvent dr Yielda 

1 DABCO 2.0 1.5 CHCl3 5:1 41% 

2 DBU 2.0 1.5 CHCl3 1:1 <10% 

3 DMAP 2.0 1.5 CHCl3 1:1 <10% 

4 DMF 2.0 1.5 CHCl3 3:1 31% 

5 PPh3 2.0 1.5 CHCl3 no reaction 

6 DABCO 2.0 1.1 CHCl3 3:1 46% 

7 DABCO 1.5 1.1 CHCl3 5:1 63% 

8 DABCO 1.2 1.1 CHCl3 10:1 65% 

9 DABCO 1.2 1.1 DCE 3:1 73% 

10 DABCO 1.2 1.1 toluene no reaction 
11 DABCO 1.2 1.3 CHCl3 10:1 75% 

12 DABCO 1.2 1.5 CHCl3 7:1 83% 

a. Yield was based on NMR using CH2Br2 as the internal standard. 50 

 With the optimized condition (entry 11, Table 1) in hand, 

we then studied the scope of the carboxylic acids (Table 2). 

Similar results were obtained by using ortho- or para-methyl 

substituted benzoic acids (entries 2 and 3). A slower reaction 

was observed for benzoic acid with a strong electron-donating 55 

group (entry 4), while benzoic acid with a strong electron-

withdrawing group yielded a complex mixture (entry 5). 

Halogen substituted benzoic acids gave 44% to 70% yields of 

the desired products (entries 6-8). Lower yields for entries 7 

and 8 are likely due to the poor solubility of the corresponding 60 

benzoic acids. Aliphatic carboxylic acids generally worked 

well with slightly lower dr (entries 9-11).  
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Table 2. Scope of Carboxylic Acids 

 
entry carboxylic acid (R) product dr Yielda 

1 R = C6H5 2a 10:1 73% 

2 R = o-CH3C6H4 2b 10:1 65% 

3 R = p-CH3C6H4 2c 10:1 65% 

4 R = p-CH3OC6H4 2d 10:1 45% 

5 R = p-NO2C6H4 complex mixture 

6 R = p-FC6H4 2e 10:1 70% 

7 R = p-ClC6H4 2f 10:1 45% 

(60%)b 

8 R = p-BrC6H4 2g 10:1 44% 

(57%)b 

9 R = CH3 2h 8:1 67% 

10 R = C6H5CH2 2i 5:1 77% 

11 R = CH3CH2 2j 5:1 61% 

a. Isolated yield. b Based on recovered starting material. 

 The scope of enynes was also examined (Table 3). Enynes 

with sterically bulky groups provided higher 5 

diastereoselectivity compared with 2 (entries 1 and 2). The dr 

and yield for enyne 3c with a long-chain aliphatic substituent 

(entry 3) were similar to the parent substrate 1. No reaction 

occurred for enynes with an aryl or cyclopropyl substituent 

(entries 4 and 5).  10 

Table 3. Scope of Enynes 

 
entry enyne (R) product dr Yielda 

1 3a, R = tBu 4a 20:1 71% 

2 3b, R = TMS 4b 14:1 71% 

3 3c, R = CH3(CH2)5 4c 10:1 65% 

4 3d, R = C6H5 no reaction 

5 3e, R = cyclopropyl no reaction 

a. Isolated yield. 

 We also found that the free hydroxyl group in 1 was 

required since no reaction occurred for substrate 3f, where the 15 

OH group was masked as benzyl ether (Scheme 4). 

Surprisingly, enynes 3g and 3h with a cis-alkene also did not 

afford any desired products. Only trace amount of product was 

observed for secondary alcohol 3i under standard conditions. 

 20 

Scheme 4. Failed Substrates 

 Similar to previously reported intramolecular 1,4-addition 

of halogen and nucleophile to 1,3-enynes,17, 18, 39 the overall 

syn-addition is likely due to the interaction between the 

negatively charged carboxylate and partially positively 25 

charged electrophile. The free OH group may facilitate the 

addition by forming a hydrogen-bond with the carboxylate. 

 In summary, we have developed the first intermolecular 

1,4-bromoesterification of conjugated 1,3-enynes. 

Functionalized bromoallenes were prepared efficiently from 30 

relative simple starting materials diastereoselectively. Broad 

range of carboxylic acids and enynes with either a terminal or 

internal alkyne can participate in the 1,4-addition reaction.  

Experimental Section 

General procedure for the intermolecular 1,4-35 

bromoesterification of conjugated enynes: 

To a 6 mL vial was added enyne 1 (0.1 mmol, 8.2 mg), 

DABCO (0.02 mmol, 2.2 mg), and benzoic acid (0.13 mmol, 

15.9 mg). To the above mixture was added 1 mL of CHCl3. 

Subsequently, NBS (0.12 mmol, 21.4 mg) was added to the 40 

above solution. The reaction was stirred at room temperature 

until enyne 1 was consumed as indicated by TLC. The 

reaction was filtered through a short silica gel column. 1H 

NMR analysis of the crude mixture was performed to obtain 

the dr. The mixture was then purified by flash column 45 

chromatograph using hexane and ethyl acetate (4:1) as the 

eluent. Product 2a was obtained as a colorless oil in 73% yield 

(21.0 mg, dr = 10:1). The reaction was scaled up to 1 mmol 

for the preparation of 2a (dr = 10:1, 68% yield). 

 50 
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