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Abstract: Cohalogenation of (/?)-limonene with jV-halosuccinimides and iV-halosaccharins followed 
by base treatment (Na2C03 / EtOH / H 2 0) of the resulting halohydrins produced stereoselectively (15, 
2R, 4i?)-l,2-epoxylimonene (frans-1,2-epoxylimonene). The best results were obtained with N-
bromosuccinimide (54 % total yield). 

Introduction 

(15, 2R, 4i?)-l,2-Epoxylimonene (trans-1,2-epoxylimonene, 1) is a useful intermediate in the 

synthesis of natural products (1) and widely spread in essential oils of limes (2). It is obtained as a ca. 

1:1 mixture with the c/s-isomer by direct oxidation of (7?)-limonene (2) with diverse oxidants (3). 

Although these two isomers can be separated by preparative gas chromatography (4) or by careful 

spinning-band distillation (5), it is a difficult and slow task. More practical methodologies involve 

selective chemical destruction of the c/s-epoxide in the mixture of cis- and trans- 1,2-epoxylimonene 

(6) or oxirane ring opening of both epoxides to produce a diasteromeric mixture followed by 

separation and chemical regeneration of the irans-epoxide 1 (3). 

The chlorohydrin 3a is prepared by HCl addition to the mixture of cis/trans-1,2-epoxylimonene 

followed by derivatization and separation of the two diastereoisomeric chlorohydrins (7). The 

bromohydrin 3b is formed stereosselectively in the cobromination of limonene with N-

bromoacetamide (7) or NBS (8). On the other hand, the reaction of limonene with I2 / Cu(0Ac)2«H20 

in aqueous dioxane produced stereospecifically the iodohydrin 3c (9). Halohydrins 3 produced trans-

1,2-epoxylimonene when treated with aqueous bases ( 8 - 1 0 ) Scheme-1. 

Scheme 1 

a X = CI 
b X = Br 
c X = I 
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The cohalogenation of alkenes (halogenation in the presence of a nucleophilic solvent) provides 

valuable, vicinal halo-functionalized compounds for diverse organic transformations (11). Continuing 

our interest in both cohalogenation reactions (12) and in the chemistry of limonene (13), we 

communicate here our results on the cohalogenation of limonene with diverse TV-haloimides (NXS) e 

TV-halosaccharins (NXSac) in aqueous media. The halohydrins were subsequently converted into 

epoxides. 

Ο 

Γ ν - Χ NXS χ = CI (NCS) 
W Br (NBS) 

\ I (NIS) 

X = CI (NCSac) 
B r ( N B S a c ) 
I (NISac) 

Results 

The cohalogenation ofl imonene was performed by the reaction with 1 mol equiv. of NXS (or NXSac) 

in aqueous acetone at room temperature (14). After the end of the reaction (15), the solvent was 

evaporated under reduced pressure and the haloidrins were reacted with excess Na 2 C0 3 in aqueous 

etanol for 24 h. The crude products were analyzed by HRGC by co-injection with authentic samples 

(9, 16) and the results are summarized in Scheme-2 and Table-1. 

As expected (17), the NXSac were more reactive than the corresponding NXS and the reactivity 

decreased in order I > Br > CI. In contrast to other results (17, 18), the reaction of l imonene with 

NBSac was disappointing and NBS presented high chemo- and stereosectivity for the trans-1,2-

epoxide. On the other hand, the reaction with NISac was the only case were 8,9-epoxylimonene 

predominated. In the cases of the reaction of limonene with NCS and NCSac, HRGC-MS analysis 

showed several by-products arising from radical chlorination of the substrate. 

1) NXS (or NXSac) / M e 2 C O / H 2 0 

2) N a 2 C 0 3 / EtOH / H 2 0 / 24 h 

trans cis ^ 8,9-epoxylimonene 
Y ' 

1,2-epoxylimonene 

Scheme-2 
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Table-1 : Results obtained according with Scheme-2. 

Reagent ta Limonene Total yield (%)b Epoxides 

recovered (%) trans / cis 1,2/8,9 

NCS 120 h 24 22 3.7 5.1 

NBS 2.5 h 25 54 22.9 14.6 

NIS 15 min 19 35 4.4 1.4 

NCSac < 1 min 17 20 5.1 22.0 

NBSac < 1 min 28 2.5 2.2 3.1 

NISac < 1 min 15 25 7.1 0.6 

"Consumption of reagent. Chromatographic yield (internal standard: octadecane). 

Conclusions 

Cohalogenation of limonene with TV-halosuccinimides and iV-halosaccharins followed by base 

treatment of the resulting halohydrins produced stereoselectively ir<ms-l,2-epoxylimonene. The best 

results were obtained with N-bromosuccinimide (54 % total yield). 
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