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During a study of the photochemistry of glycidic esters in 
the presence of metallic salts, a reaction of ethyl (2)-2- 
methyl-3-phenylglycidate (2-1) with an equimolar amount 
of FeC13 in ether was observed to take place rapidly a t  room 
temperature in the dark. After 2 min the ether solution was 
washed with water and found to give a mixture of threo- and 
erythro-ethyl 2-methyl-3-chloro-3-phenyllactate (2) in 82% 

I 
C" j 

OH 
I 

I 
1 FeCI, ether 
2 H,O 

C&-CH-C-COOC,H, 
I I  
C1 CH, 

2 
yield,' uncontaminated by starting material or rearrangement 
products. 

The reaction was stereoselective, yielding predominantly 
the product of back-side attack onto the benzylic carbon- 
oxygen bond. Thus, the ratio of threo- to erythro-2 was 3.5:l 
from 2-1, while it was 0.62:l from E-1 under the same condi- 
tions. 

It is well known that the reaction of Lewis acids with ep- 
oxides may follow several paths: isomerization to carbonyl 
products, isomerization to allylic alcohols or derivatives, or 
reaction with nucleophiles.2 In this last category, the forma- 
tion of fluorohydrins and bromohydrins in reactions with 

boron trifluoride and magnesium bromide, respectively, are 
examples where the nucleophile is derived from the Lewis acid 
itself, but there are very few examples of chlorohydrins having 
been prepared by reaction of an epoxide with a metal chloride, 
and only one where ferric chloride was used for this conver- 
sion.3 There, ethylene and propylene oxides were shown to 
give their chlorohydrins in 23 and 34% yield, respectively. 

Before checking on the generality of the reaction of FeC13 
in ether with other epoxides, the published reactions were 
repeated with similar results, and their complexity was con- 
firmed by a GLC analysis which disclosed the presence of a t  
least 28 products in the reaction with ethylene oxide. These 
were not investigated further. 

Other examples of epoxides which were investigated are 
shown in Table I. 

Cyclohexene oxide (3) yielded 2-chlorocyclohexanol which 
had NMR and ir spectra practically superimposable on those 
of the trans isomer obtained by hydrogen chloride treatment.4 
The trace of cis isomer was detected by GLC. 

1-Methylcyclohexene oxide (4) was studied in order to 
compare its reaction with FeC13 to that with MgBr2 which 
yielded carbonyl products exclusively, without any brom- 
ohydrins." We found that although 4 reacted with FeC& in 
ether to produce small amounts of aldehyde and ketonic 
materials (from NMR and ir analysis), a good yield of trans 
chlorohydrin was obtained. This product as well as that ob- 
tained by reaction of 4 with HCl was free from the cis isomer 
(GLC analysis).6 

The stereoselectivity was not as good in the reaction of 
epoxides which were not part of a fused bicyclic system. Thus 
chalcone oxide [(E)-2-phenyl-3-benzoyloxirane, 51 yielded a 
mixture of chlorohydrins which was nearly 50% produced by 
cis opening.7 The major by-product of the reaction was 2- 
benzoylphenylacetaldehyde, the usual rearrangement product 
of this epoxide.8 We note that in this case both the yield of 
chlorohydrins and the stereoselectivity of the reaction were 
not as high as reported in the treatment with SnCL8 

Ethyl (E)-2-phenylglycidate (6) reacted almost identically 
with FeC13 in ether and with HCl in ether, in terms of yield and 
stereoselectivity. 

Finally, (E)-stilbene oxide (7) gave quantitative isomer- 

Table I. Reaction of Ferric Chloride in Ether with Selected Epoxides 
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ization to diphenylacetaldehyde, even though an independent 
treatment of the expected chlorohydrin showed it to be stable 
under the reaction conditions. In this case, it is likely that the 
phenyl migration took pllace concertedly with the epoxide ring 
opening, or (less probably) from an organoiron derivative of 
the chlorohydrin i t ~ e l f . ~  

In all this work, we made no attempts to characterize the 
intermediate organoiron compounds produced in the reac- 
tions, which we formulate as 8 by analogy with the reaction 
of other metal halides with epoxides.2 

CI R, 

8 R, i)FeC12 
Ether seemed to be the solvent of choice since 1 did not 

react with FeC1:I in chlclrobenzene, toluene, dimethyl sulfox- 
ide, or when no solvent was used. In carbon tetrachloride, 
there was only 50% conversion after 25 min, while in acetoni- 
trile the conversion was very slow, yielding 30% of 2 after 16 
h. In methanol, the solvent participated in the reaction, and 
2-1 gave threo- 3-methoxy-3-phenyllactate stereospecifically 
in 30% yield after 20 h. Under the same conditions, there was 
no reaction with the E isomer. Benzene gave mixed results: 
FeC1:I is appreciably soluble in this solvent, and the conversion 
of 2-1 to 2 took place readily with good stereoselectivity (66% 
threo). However, 4 did not yield any chlorohydrins in these 
conditions, and instead isomerized quantitatively into 2- 
methylcyclohexanone, a reaction reminiscent of that described 
with MgBr-, in ether:? 

The high solubility of FeC13 in ether containing hydrogen 
chloride has been used .for the selective extraction of this salt 
from aqueous solutions,1° and the crystalline mono- and 
dietherates of HFeC14 were prepared from such ether solu- 
tions." Similarly. the preparation of a mono-11J2 and a 
dietherate" of FeC1:I itself has been claimed, but the physical 
properties of these com.pounds were barely described. How- 
ever, the monoetherate obtained by concentration of a solu- 
tion of FeC1:I in ether wils reported to be soluble in benzene.12 
We therefore attempteld to use such a solution for preparing 
2 from 1. Here the con.version took place smoothly at  room 
temperature, but withclut stereoselectivity. 

The reaction of 4 wit,h ferric chloride etherate in benzene 
yielded a mixture of th'e isomeric l-methylcyclopentanecar- 
boxaldehyde (33%) and 2-methylcyclohexanone (66%), while 
it gave a mixture of the chlorohydrin (50%), the aldehyde 
(26%), and the ketone (24%) with ferric chloride etherate in 
carbon tetrachloride. 

We also observed that benzene provided no improvement 
over ether in the reaction of 7 with ferric chloride etherate. 
Complete rearrangement to diphenylacetaldehyde also took 
place. 

Finally, the superior solvent power of isopropyl ether over 
ethyl ether for FeCl,3I2 suggested the use of that solvent as a 
possible improvement in the procedure. However, when 
treated with FeCl:, in isopropyl ether, 2-1 could be recovered 
quantitatively. 

In conclusion, although FeC13 or its etherate(s) may be oc- 
casionaly used in other solvents, no combination proved su- 
perior to  FeClrI in ether, which is a very convenient, if not 
general, reagent for synthesizing chlorohydrins from epox- 
ides.]-' 

Experimental Section 
Representat ive H e a c t i o n  of an E p o x i d e  with F e r r i c  C h l o r i d e  

in Ether .  Anhydrous FeCls (150 mg, 0.73 mmol)  was dissolved in 50 
ml o f  anhydrous ether. The reaction was exothermic, and produced 
an orange solution, to which 150 m g  (0.73 mmol) o f  1 was added. After 
2 min of stirring, the green-black solut ion was d i lu ted w i t h  25 ml of 
ether and washed w i t h  two 50-ml  port ions o f  water. T h e  aqueous 

extracts were combined and extracted w i t h  50 ml o f  ether. T h e  com- 
bined ether extracts were dried over MgS04 and concentrated under 
vacuum, and yielded 145 m g  (0.60 mmol, 82% yield) o f  a slightly yellow 
liquid which crystallized slowly. T h e  sol id mel ted at 45-70 O C :  mass 
spectrum m / e  242 (M+), 206,190, 11/, 116, 115, 105, and 91; NMR 

and 5.07 ppm (s, 1 H )  for  the ery thro (22.5%), and 1.18 (s, 3),1.32 (t, 
J = 7 Hz, 3 H ) ,  4.30 ( q , J  = 7 Hz, 2 H) ,and5.12ppm (s, 1 H )  f o r t h e  
threo isomer (77.5%). The aromatic signals were centered a t  7.32 ppm 
(m, 5 H) ,  and the hydroxyls a t  3.30 ppm (disappearing in the presence 
of D20)  for b o t h  diastereoisomers.18 

Reg is t ry  No.--E-1,7141-24-4; 2-1,7042-28-6; threo- 2,59069-85-1; 
erythro-  2, 59069-84-0; FeC13, 7705-08-0. 

(CDC13) 1.15 ( t , J  = 7 Hz, 3 H), 1.60 ( ~ , 3  H) ,  4.05 ( q , J  = 7 Hz, 2 H) ,  
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In connection with other work underway in these labora- 
tories, a short and efficient method for the preparation of large 


