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shon-n to he identical with IX, the structure proposed by 
Diels. 

Anal. Calcd. for C4H4N104: C, 27.93; H, 2.32; N, 32.55; 
mol. K., li2, Found: C, 27.92, 27.96; H, 2.25, 2.26; N, 
32.20, 32.30; Mol. W. (Rast), 195, 196. 
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also wish to thank Dr. C. J. Grundmann for his in- 
terest in the work and for stimulating discussions. 

THE OHIO STATE USIT ERSITY RESE.4RCH FOUKDATIOS 
Co1,EnfBlJS 10, OHIO 

Stereochemical Control by Solvent in the 
Thermal Rearrangement of Aryl a-Phenethyl 

Ethers 

[IAROLD HART A S D  JOHN R. KOSAK’J 

Received July 3, 1958 

In  the thermal rearrangement of alkyl aryl ethers 
to alkylphenols, it was shown3 that an a-phenethyl 
group migrated (ortho or para) with retention of 
configuraiion. But when the reaction was necessar- 
ily intermolecular (as in the cross-alkylation of 
phenol with optically active a-phenethyl mesityl 
ether) optically inactive product was obtained. 
These stereochemical results were taken as evidence 
for an intramolecular thermal rearrangement, very 
likely proceeding via ionic intermediates. This 
mechanism was made more explicit by Cram4 who 
suggested the intermediacy of ion-pairs (Scheme 1). 
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Several alternatives may ensue following ioniza- 
tion. Dissociation could yield phenol and styrene, 
(1) Taken from a portion of the Ph.D. thesis of J. R. K. 

submitted to  Michigan State University, 1957. 
(2) Resertrch Corporation Fellow 1956-57. 
(3) H. Hart and H.  S. Eleuterio, J .  Am. Chem. SOC., 76, 

519 (1954) 
(4) D. J. Cram in M. S. Ne&-man’s Steric Effects in 

Organic Cht’mistry, John Wile. and Sons, Xew York, 1956, 
p. 298. 
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products always found in these reactions. Ion-pair 
collapse might give active or racemic alkylphenols, 
depending upon the degree to which the cationic 
part of the ion-pair maintains configuration. Alkyla- 
tion by an intermolecular process n-ould also give 
racemic alkylphen~ls.~ 

If an ion-pair mechanism of this type were opera- 
tive, one would anticipate that retention of optical 
purity (and configuration) should be high in sol- 
vents of lorn ionizing power, but that in good ionizing 
solvents separation of the ion-pair partners into 
separately solvated ions should increase the chance 
for racemization of the cationic fragment, thus de- 
creasing the overall stereospecificity of the rear- 
rangement. Previous ~ v ~ r k ~  m s  done without a 
solvent; we wish here to report on the rearrange- 
ment of several a-phenethyl aryl ethers in 131 solu- 
tions in 0-methylnaphthalene, phenyl ether, and 
diethylene glycol. The ethers had p-aryl substitu- 
ents (CH,, C1, OCH,) so that a single isomer (o- 
alkyl) would be formed on rearrangement. 

Table I gives the yields and rotations of the 
several ethers and ortho-a-phenethylphenols pre- 
pared by the alkylation (0- and C-) of certain p- 
substituted phenols rvith optically active a-phen- 
ethyl chloridee6 The ethers were rearranged ther- 
nally in several solvents, as shon-ii in Table 11. The 
per cent retention of optical purity was calculated 
as the ratio (X  100) of rotations of o-a-phenethyl- 
p-X-phenol obtained by ether rearrangement to 
that obtained by direct synthesis (Table I). Suitable 
control experiments showed essentially no racemi- 
zation of the products under rearrangement coiidi- 
tions. 

The data in Tables I and I1 give additional3 ex- 
amples of thermal migration of an a-phenethyl 

TABLE I 
STEREOCHEMISTRY OF WPHENETHYL ARYL ETHERS A N D  
O - ~ - ~ H E S E T H Y L P H E S O L S  PREPARED FROM CERTAIN p-X- 

PHESOLS 

a-Phenethgl o-a-Phenethyl- 
Rota- Aryl Ether p-X-phenol 
tion of % Rota- 70 Rota- 

X RCla Yield tion Yield tion 

CH, +27.2 89.0 +2.5zb 2 . 5  +6.25C 
c1 +42.5 57.3 +1.48b 4.6 +4.90b 
OCHI +65.2 60.2d +9.7ia 6.8 +14.lOb 

a R = or-phenethyl, observed rotations at  aso, 1 = 1 dm., 
neat. 1~12, c = 40, benzene. [ 0 ( ] 2 g j )  c = 20, benzene. 

This ether is new; m.p. 21-21.5’, b.p. 138-141’/1 mm. 
Anal. Calcd. for CljH1602: C, 78.9; H, 7.11. Found: C, 
78.68; H, 7.0. 

~ _ _ _  

(5) Another alternative, collapse of the ion-pair to active 
or racemic ether, has not been tested experimentally. 

(6) The procedure, using potassium carbonate suspended 
in acetone, was that  of H. Hart and H. S. Eleuterio, J .  A m .  
Chem. SOC., 76, 516 (1954). It is assumed in the present 
work (but was proved previously) that  the ether and ortho- 
alkylphenols have identical configurations, opposite t o  that 
of the a-phenethyl chloride used. It is further assumed that 
they also have equal optical purity. 
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TABLE I1 
STEREOCHEXISTRY OF THERMAL REARRASGEMEST OF 
CERTAIN ~-PHENETHYL P-X-PHELYL ETHERS I N  SEVERAL 

SOLVENTS 

7" 
o-a-Phenethvl- Reten- 

Hota- p-X-phenol tion of 
Sol- tiori of 5; Rota- Optical 

X vent' lStherb Yieldc tiond Puritx, 

CHj N + 2  52 10 4 + 5  65 90 4 
CH3 I'E 1 2  52 12 3 +5 45 87 2 
CH? 1)G + L  52 17 0 +1 02 16 3 

OCH3 DG +'I 77 18 4 f l  95 13 8 
OCH, 1% + O  Ti 14 0 t ( j  90 48 9 

c1 PE + I  48 16 2 + 2  65 54 0 

N = p-methylnaphthalene, PE; = phenyl ether, DG = 
diethylene glycol. These values have the samc significance 
as in Coluriiii 4, Table I. This is the yield of distilled o- 
alkj-lphe-io1 isolated after 5 hr. reflux of a 1J I  solutiori of 
the particular ether in the indicated solvent. c = 
20, henzenc. 

group from oxygen to the ring with retention of con- 
figuration. They demonstrate further that the ex- 
tent to nhich optical purity is retained depends 
indeed upou the solvent in a fashion predictable 
from the ion-pair mechanism. Racemization was 
nearly coinplete in the highly polar diethylenegly- 
col, whereas the non-polar 0-methylnaphthalene 
allowed :I high degree of retention of optical purity. 

The series of para substituents was too limited to 
draw any definite conclusioiis, though one would 
expect th:it substituents which stabilize the pheno- 
late anion might decrease the stereospecificity of 
the reaction. In the same solvent (phenyl ether) 
methyl (877, retention) seemed superior to meth- 
oxy1 or chlorine (49 and 54yo respectively). 

In  sun- mary, these experiments leiid consider- 
able support to the suggestion* that alkyl aryl 
ethers which caiinot isomerize by a cyclic path' rear- 
range to phenols by an ion-pair mechanism. 

EXPERIMENTAL 

Preparatlbn of the ethers. The procedure of Hart and Eleu- 
terio6 was used. Yields and optical rotations are given in 
Table I. 

Soluents. Commercially available solvents were purified 
by vacuun distillation; #-met,hylnaphthalene, b.p. 88.- 
91°/5 mm., phenyl ether, b.p. 103-105°/4 mni., diethylene 
glycol 92-95'14 mm. 

Rearrangement procedzire. A solution of 0.05 mole of the 
ether in 50 g. of solvent was refluxed for 5 hr. at atmospheric 
pressure, nitrogen atmosphere. Reflux temperatures ranged 
from 240-260'. After cooling to room temperature 100 mi. 
of benzene was added and the mixture extracted with four 50- 
ml. port,ions of Claisen's alkali (350 g. of pot,assium h?.- 
droxide in 250 g. of water, diluted t,o one liter with meth- 
anol). When the solvent was diethylene glycol, 100 ml. of 
water was added to the cool reaction mixture which W:W 
then extracted with tm-o 100-ml. port,ions of benzene. The 
latter was 1,hen ext,racted with Claisen's alkali RS above. 

(7) See . J .  Hine, Physical Oiganzc Chemistry, NcGraw- 
Hill Book Company, Inc , S e w  York, 1956, p. 455, for a 
recent revimv of the Claisen and similar rearrangements. 

The combined alkaline extracts t~eere acidified with 1:2 
sulfuric acid, extracted with benzene, dried over anhydrous 
sodium sulfate, and fractionated. The ortho-a-phenethyl- 
phenol9 'i? ere identified and checked for purity by comparison 
of their infrared spectra with those of authentic samples. 
Yields and optical rotations are summarized in Table 11. 
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SEMESTSOV, ROBERT J. KIESEL, MARTI& E. RI&REt\L, 
. ~ S D  WILLIAM F. HART 

There are numerous references in the chemical 
literature to the fact that only low to moderate 
yields of dialkyl sulfates are obtained by the reac- 
tion of alkyl chlorosulfonates with alcohol ate^^-^ 
and by the reaction of sulfuryl chloride with alco- 
h ~ l a t e s ~ ~ ~ ~ ~  and a l ~ o h ~ l s . ~ ~ ~ - l ~  All caseb studied iii- 
volved the preparation of symmetrically and uii- 
symmetrically substituted4p5 dialkyl sulfates from 
the l o w r  alcohols. Our experiments with butyl, 
hexyl, and octyl alcohols confirm these data. How- 
ever, n e  have found that from fair to good yields of 
di-n-alkyl sulfates in which the alkyl groups con- 
tain ail even number of carboii atoms may be ob- 
tained from decyl, dodecyl, tetradecgl, hexadecyl, 
and octadecyl alcohols by reaction of the alkyl 
chlorosulfonates with the alcoholates or alcohols. 

IbOSO,C1 + I < O S a  --j. (IiO)?PO, I sac1 
I108O>C1 + IiOH --+ (1tO)zSOi + HCI 

The best yields are obtained by use of the alco- 
hols a t  moderate temperature, tht. yields in- 
creasing with increasing chain length. All of these 
compounds have been previously described. l1 The 
yields reported are minimal. The yields of the 

(1) Presented before the Division of Organic Chemistry, 
Sen- ZIork Section of  the ilmerican Chemical SocietI Meet- 
ing-in-lliniature, Sew York Cit \ ,  March 14, 1958. 

(2) l'ortioiis of this paper have been abstracted from the 
thesis of Robert J .  Kiesel presented to  the Graduate School 
of St. John's Universitx in partial fulfillment of the require- 
ments for the degree of Master of Science, June 19.58. 

(3) J. U. Sef,  Ann., 318, 40 (1901). 
(4) F. W. Bushong, A m .  Chem. J . ,  30, 212 (1903). 
( 3 )  J. B Niederl, M. E. McGred, and W. F. Hart, .I 

(6) L. Bert, Bull. soc. chziiz , (4) 37, 1258 (1925). 
(7) S. S LIedivedew and E. N. Alexejewa, Ber , 65, 131 

(8) It Levaillant and 1,. J .  Simon, Conzpt. rtncl., 169, 

Org. Chenz., 14, 579 (1949). 

( 1932). 

854 ilR19). 
(91 R. Levaillant. Comnt. rend.. 188. 261 11929). 
(10) W. Nekrosow and J. F. Komissarotv, J .  prakt. 

(11) C. Barkenbus and J. J .  Owen, J .  d m .  Chem. Soc., 
(;hem., (2) 123, 166 (1929). 

56, 120.2 (1924). 


