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concomitant generation of an a$-unsaturated ketone function 
in the side chain. Similarly, ester enolates containing f i  hy- 
drogens effect reduction of aryl halides by intermolecular 
hydrogen atom transfer.I2 

Accordingly, we postulate that  phenyl radical, besides 
adding to 1 (eq 3), abstracts a /3 hydrogen as shown in eq 7. 
Thereby formed are henzene and 6, which is the radical anion 
of 5. 

6 

Being the radical anion of an a,P-unsaturated ketone, 6 is 
probably too stable to transfer an electron rapidly to iodo- 
benzene, as in eq 8. Were that to happen a propagation cycle 

(8) 

comprising steps 2 ,  7 ,  and 8 would coexist with the normal 
S R N ~  cycle of steps 2, 3, and 4, and no interpretation of the 
sluggishness of'the overall reaction of PhI  with 1 would be 
offered. (The very low S R N ~  reactivity of acetophenone enolate 
ions with aryl and heteroaryl halides is probably of similar 
origin, the radical anion [ArCH2COPh]-. being unable to 
transfer an electron rapidly enough to ArX, as in step 4, to 
maintain the propagation cycle.) 

The sluggishness of the overall reaction of PhI  with 1 
suggests that  termination steps accompany or follow the for- 
mation of benzene and 4. We suggest that disproportionation 
of 6, as in eq 9, is the termination step. Dianion 7 is rapidly 
protonated to form 1, as shown, and 1 adds to 5 to form 4 (eq 
6). 

6 f PhI ft. 5 i- [Phi]-. 

7 

The present results demonstrate for the first time that in- 
termolecular hydrogen atom transfer can be a significant 
competing process in photostimulated reactions involving 
ketone enolates and carboaromatic substrates. With halo- 
genated aromatic azines, however, this mode of reductive 
dehalogenation plays a less important role.2 
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Reactions in Dry Media. Ferric Chloride Adsorbed 
on Silica Gel. A Multipurpose, 
Easily Controllable Reagent' 

Summary:  FeCl3 adsorbed on a chromatographic type silica 
gel was found to be effective for rapid, high yield and selective 
dehydration of alcohols, as well as for pinacol and acyloin type 
rearrangements. The same reagent containing ca. 2% water 
epimerizes tertiary alcohols and converts epoxides into 
diols. 

Sir: One of the advantages of reactions on solid adsorbents is 
their use as support for selective reagents which are inefficient 
or inactive in We report on the use of such a re- 
agent, consisting of ferric chloride adsorbed on chromato- 
graphic grade silica gel for rapid, high yield, selective dehy- 
dration and epimerization of alcohols, epoxide openings, and 
rearrangements involving carbonium or oxonium ion inter- 
m e d i a t e ~ . ~  

When silica gel (Merck Kiesegel60, particle size 0.063-0.200 
mm, 70-230 mesh) is mixed with -10% its weight of hydrated 
ferric chloride (FeC13.6H20) dissolved in a polar volatile sol- 
vent (such as methanol, acetone, ether, etc.). followed by 
evaporation a t  -50-60 "C under high vacuum (0.1 Torr) for 
-3 h, a dry yellowish-brown powder is ~ b t a i n e d . ~ ~ ~  This 
powder is an effective reagent for dehydration of allylic, ter- 
tiary, and sterically strained secondary alcohols, as exempli- 
fied in Table I. 

The dehydrations are performed either by dissolving the 
substrate in a volatile solvent, mixing it with -100 times its 
weight of reagent, and evaporating to dryness under high 
vacuum or when the substrate is volatile, by mixing it directly 
with the reagent. After. being left for a short time a t  room 
temperature, the products are eluted from the silica gel with 
an organic solvent. The dehydrations are very fast, generally 
taking place immediately on contact of the substrate with the 
adsorbed reagent, and resulting in high yields of pure prod- 
ucts. 

Addition of -2% water by weight to the dry FeC13-SiO2 
reagent results in a bright yellow powder (wet FeC13-Si02 
reagent) which is still capable of dehydrating allylic alcohols, 
and to a lesser extent, tertiary alcohols. However, high water 
concentration (210%) may completely deactivate this re- 
agent. 

We have observed that the wet FeCls-SiOz reagent in some 
cases efficiently epimerizes tertiary carbinols. Thus both cis- 
and trans - 1,4-dimethylcyclohexanols were converted quan- 
titatively to an equilibrium mixture of the two epimers, con- 
sisting of 56% of the trans epimer.6 When these cyclohexanols 
were labeled with 180,  the ensuing mixture of epimers was 
devoid of the label. On the other hand, by using wet FeC13- 
Si02 reagent prepared by adding Hzl*O to the dry FeCl&iOa 
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Table I. Selective Dehydrations Carried out with FeC1, on Silica Gel 

Entry Substrate Product (% yieldps b 

1 

2 

3 

4 

5 R = H  
6 R = O H  

7 

8 

9 6cu 
10 60 

11 

1 2  

--OH e 

R # OH 
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On 

HO,' C t P  H 

HO.' @ H  HO 

I 
$0 

0 &-OH OH 

m+m 

R d P  
AcO #OH 

HO'* 
H 

HO" 

I 
P 

0 &OH 

( 7 5 )  

(> 90)Cbi 

0 The yields were not optimized. b All the known compounds were identified by a comparison with the authentic samples. 
CThese conversions were almost quantitative and no other products were isolated. d The ratio of 9,10-octalin and 1,g-octalin 
was 1 .4 : l .  eprepared from cedrol with 0, on S O , :  E. Keinan, Ph.D. Thesis, Feinberg Graduate School, the Weizmann 
Institute of Science, Rehovot, Israel (1977). See also: E. Trifilieff, L. Bang, and G. Ourisson, Tetrahedron Lett.,  2991 
(1977). . f [ c u ] ~  + 10"; 'H NMR (CDC1,) 6 0.96 (s, 3 H), 1.06 (s, 3 H), and 5 .3  (m, 2 H). gReference 9. h M .  Lahav, L. 
Leiserovitz, R. Popovitz, and Ch.P. Tang, J .  A m .  Chern. SOC., in press. 'B. M. Bloom, E. J. Agnello, and G. D. Laubach, 
Experientia, 1 2 ,  27 (1956). 

reagent, an  incorporation of I S 0  into both epimers was ob- 
served. Impregnation of cis-9-decalol into the wet FeCls-Si02 
reagent resulted in -85% conversion to  a 1:4 mixture of alco- 
hols and olefins consisting of trans- and cis-decalols and 9,lO- 
and l,9-octalines in a 4:l and 1.4:l ratio, respectively. An 

identical mixture was obtained from truns-9-decaloL7 
To simplify the experimental procedure, and at the same 

time to control the formation of the desired products, the 
substrate was impregnated into the inactive FeC13-SiOz re- 
agent (containing -10% water by weight). This powder was 



1022 J.  Org. Chem.,  Vol. 43, No. 5,1978 Communications 

Table 11. Epoxide Opening and Rearrangements Carried 
Out with FeCl, on Silica Gel 

Entry Substrate Product (% yield)a, b 

3 

R = H (65)e 
R = OH (55)f9e 

a The yields were nclt optimized. b All the known com- 
pounds were identified by a comparison with the authentic 
samples. C These conversions were almost quantitative and 
no other products were isolated. d With wet FeCI,-SiO, 
reagent. e With dry FeC1,-SiO, reagent. fAccompanied by 
cholestan-6-one (15%) and a rearranged product. g D. K. 
Fukushima, S. Dobriner, M. S. Heffler, T. H. Kritchevsky, 
F. Herling, and G. Roberts, J.  A m .  Chem. SOC., 77,  6585 
(1955). hD.  Taub, R. D. Hoffsommer, H. L. Slates, C. H. 
Kuo, and N. L. Wendler, J.  A m .  Chem. SOC., 82, 4012 
(1960). 

connected either to a high vacuum pump or left in a desiccator 
over PzO5. The slow water removal a t  room temperature 
gradually transformed the reagent into its active form. The 
concurrent reaction progress is easily followed by sampling 
or by the change in color from bright to brownish yellow. This 
reaction may be stopped a t  the desired stage by adding a polar 
solvent which dissolves FeCl3, and may be resumed after re- 
moving the solvent under vacuum. Thus, cis- and trans- 
1,4-dimethylcyclohexanols impregnated into the inactive 
FeCl3-Si02 reagent were epimerized after being left for a short 
time in a dessicator over P2O5, and were dehydrated to 1,4- 
dimethylcyclohexene after a longer time. The dehydration of 
the other alcohols listed in Table I was also performed by 
mixing with the inactive reagent, and then by evaporating a t  
high vacuum, or leaving in a desiccator over P205. 

The FeCl3-Si02 reagent was found in some instances to be 
a highly effective Lewis-acid type reagent, converting epoxides 
into 1,2-diols or chlorohydrins, rearranging ketols, 1,2-diols, 
and epoxides as exernplified in Table 11. The hyd.ro1ytic 
opening of the epoxides was performed with wet FeCl3-SiOz 
reagent (Table 11, entries 1 and 2, footnote d ) .  On the other 

hand, the dry reagent converted the epoxides to mixtures 
consisting mainly of chlorohydrins* (Table 11, entries 1 and 
2, footnote e ) .  

The examples in Table I show a selectivity of the FeC13- 
Si02 reagent in dehydration of polyhydroxy compounds which 
is normally difficult to attain in solution. These regioselective 
dehydrations are synthetically useful since they do not ne- 
cessitate special protection of the additional hydroxyl func- 
tions present in the moiecule (Table I, entries 5 ,6 ,7 ,8 ,9 ,10)  
or specifically designed reagents (Table I, entry 8).1° 

It is also noteworthy that  the rearrangement of'the ketol, 
17a-hydroxyprogesterone (Table 11, entry 3), leads to a dif- 
ferent product than the one obtained with Lewis acids in so- 
lution.ll This and the previous examples suggest that  the 
definite geometrical requirements necessary for the interac- 
tion between the adsorbed FeC13 and the oxygen function of 
the substrate are responsible for the specificity of this re- 
agent. 
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