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Summary: The yields of the epoxides obtained from the reaction of 1,2-diols with the "triphenyl- 
phosphine-tetrachloromethane-potassium carbonate reagent" range from 27-85% depending 
on the relative concentration of triphenylphosphine and diol. In the absence of hetero. 
geneous potassium carbonate, reactions of 1,2-diols with triphenylphosphine-tetra- 
chloromethane give largely 1,2-chlorohydrins. 

The chlorination of primary and secondary alcohols with triphenylphosphine (TPP) and tetra- 

chloromethane (CC14) is rapidly becoming a useful synthetic tool. 
1 Quite recently, we reported 

that a series of acyclic, aliphatic diols [e.g., HO(CH2),0H, where n = 3, 5, and 61 undergoes pre. 

ferential chlorination to chlorohydrins and dichlorides with TPP-CC14. The exceptions (n=4) are 

1,4-diols [e.g., 1,4-butanediol, cis-2-butene-1,4-dial, and cis-1,2-bis(hydroxymethyl)cyclohex- - - 

ane] where cyclodehydration to the appropriate tetrahydrofuran is preferred* (Eq. 1). It was 

HO(CH$,OH + Ph3P 
cc14 

* HO(CH&,Cl + Cl(CH*),Cl + os2)n (1) 
n = 3-6 

also inferred that 1,2-diols may be susceptible to "controlled cyclodehydration" rather than 

chlorination with TPP-Ccl4 in the presence of heterogeneous potassium carbonate (K2C03). Here, 

we report our preliminary findings on the synthetic potential of the "TPP-CC14-K2C03" reagent as 

a preparative method for epoxides from 1,2-diols. 

We have examined the reactions of several diols with both "TPP-CC14" and "TPP-CC14-K2C03" 

reagents. The general experimental procedure 
3. involves addition of the diol (5 mmol) to a 
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mixture of TPP (1.97 g, 7.5 mmol) and anhydrous K2C03 (1.38 g, 10 mmol) in anhydrous tetrachloro- 

methane (15 mL) with stirring at reflux for 24 h. After cooling to ambient temperature (ca. 25"), 

the composition of the reaction mixture was determined by 1sC and 'H NMR analyses3 as well as gas- 

liquid chromatography (GLC)3 comparisons with retention times of authentic materials, Isolation 

and purification of the products can be achieved by removal of K2C03 (KCl) by filtration, follow- 

ed by washing the Ccl4 solution with water (2 x 100 mL), drying (over Na2S04) and concentrating to 

dryness (rotary evaporator). 

duct(s).4 

Distillation of the oily residue at reduced pressure gives the pro- 

The reaction of 4-methyl-1,2_pentanediol (1) with a molar equiv of TPP in Ccl4 solvent gave 

4-methyl-1-chloro-2-pentanol (26%), 4-methyl-2-chloro-1-pentanol (32%), and unreacted diol J_ 

(42%). Similarly, 1,2-decanediol (2) gave 1-chloro-2-decanol (17%), 2-chloro-1-decanol (44X), and 

unreacted diol 1 (39%). The ratios of the regioisomeric chlorohydrins (Z-CC/I-CL) strongly sug- 

gest that they are formed largely from an "At" type reaction of the epoxide with hydrochloric 

acid. 5 It is anticipated that a regioselective chlorination of 1 or 2. with TPP-CC14' should fa- 

vor the primary hydroxyl group over the secondary hydroxyl.' The presence of epoxides as inter- 

mediates was easily proven by treating diols J_ and 2 with a 1.1 molar equiv of TPP in Ccl4 over 

K2C03(an HCl scavenger)2 affording 4-methyl-1,2-epoxypentane (45%) 

respectively. 

and 1,2-epoxydecane (49%), 

R 
\CHCH~OH 

CC14' 77°C. 24 h R R 

OH 

v ~HCH~C~ + 

OH 

\CHCH~OH + 

Cl 

R = CH2CH(CH3)2 (l_) 

(42%) TPP-Ccl4 26% 32% 

(49%)a TPP-CC14-K2C03 0 0 

R = .?-C8H17 (2,) 

(39%) TPP-Ccl4 17 44 

(25%)b TPP-CC14-K2C03 0 0 

R 
\CH-CH~ P-C&/l-CL 

'd 

0% 1.22 

45 

0 2.59 

49 

'Analysis of a sample of thebreaction mixture by IsC NMR indicated the presence of an unid- 
entified substance (6%). The 13C NMR spectrum (COCl,) of a sample of the reaction mixture 
indicates the presence of a substance (26%) with 13C signals at 6 64.5 and 71.1 (this region 
is characteristic of alkyl carbonates). 

The yields of some of the monosubstituted epoxides depend on the relative concentration of 

TPP in the "TPP-CC14-K2C03" reagent and diol. For example, reaction of 1,2-propanediol (2) with 

1.25 (2.0) molar equiv of TPP gave 1,2-epoxypropane in 33% (85%) by 1H NMR analyses. A similar 

trend is observed when phenyl-1,2-ethanediol (4_) is subjected to analogous reaction conditions. 

Treatment of diol 5 with 1.25 (1.50) molar equiv of TPP afforded 39% (69%) yield of phenyl-1,2- 

epoxyethane. Generally, attempts to improve the yields of the epoxides by increasing the molar 

concentration of TPP much beyond 2 molar equiv were unsuccessful. In fact, a diminution in the 
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overall yield of epoxide was observed with higher TPP concentrations perhaps resulting from com- 

petitive reactions between the epoxide and "phosphorus reagents" (i.e., Ph3P-C12,8 TPP') 

The only cyclic diol examined here, trans-1,2-cyclohexanediol (2) is readily converted into 

trans-2-chlorocyclohexanol (88%) with TPP-CC14; however, the presence of K2C03 effectively sca- 

venges the hydrochloric acid formed in the reaction to afford 86% cyclohexene oxide. 

Increased alkyl substitution about the carbinol carbons of the diol has a pronounced effect 

on the yield of the epoxide. Specifically, 2-methyl-1,2_pentanediol (a) gives slightly more 

epoxide (50% yield) than diols 2 and 4 under comparable reaction conditions (1.25 equiv of TPP). 

?” TPP-CC14-K2C03 /O\ 

CH3CH2CH2FCH20H * CH3CH2CH2C-CH2 

CH3 
77°C 

50% CH3 

By contrast, the diastereoisomeric 2-methyl-2,3-pentanediol (L) reacts with 2.0 equiv of TPP 

in CC14 solvent containing K2C03 to afford 77% of 2-methyl-3-pentanone @), but no epoxide. 

Ketone 8 apparently arises via a 1,2-hydride shift from either the dioxyphosphorane A or perhaps 

fH3,0H TPP-CC14-K2C03 
~ (CH~)~CHF=O 

1. 

CH2CH3 

2 (77%) 

more likely, the oxyphosphonium salt 8. Surprisingly, the reaction of 2,3-dimethyl-2,3-butane- 

diol (9) with 1.1 (2.2) equiv of TPP in Ccl4 solvent with K2C03 did not afford 3,3-dimethyl-2- 

+ 
Ph3’o\‘ q- 

H3C0iFCHZCH3 

butanone via a methyl migration but gives instead 27% (36%) of 2,3-dimethyl-2,3-epoxybutane (10) - 

OH 0 

) (C”3)2&“3)2 

OH I C"3 
(C”3)2C-~(C”3)2 + (CZH~)~C-C(CH~)~ + cH2=c-c=c~2 

OH ;1 
1?. 10 11 12 

tH3 

- - - 

(50-63%) 

(2%) 

TPP-CC14-K2C03 

TPP-CC14-CH3CN 

27-36% lo-14% 0% 

0% 80% 18% 
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and 10% (14%) of 2,3-dimethyl-3-chloro-2-butanol (11). - In the absence of K2C03 and in the mixed 

solvent system (CC14-CH3CN), a good vield of chlornhydrin _ll_ (80%) and 18% of 2,3_dimethylbuta- 

1,3-diene (12) can be realized. - It has been oreviously reported that the reaction of diol zwith 

TPP-Ccl4 in acetonitrile solvent gave diene 12. in 88%!' Chlorohydrin 11 probably comes from the - 
reaction between 2,3-dimethyl-2,3-epoxybutane and HCl while diene 12 may originate from sequential - 
dehydration of diol 2 or elimination-dehydration of chlorohydrin 11 -* 
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