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described before, melted at 147-148°, after crystallization
from methanol. Admixture with the same derivative of the
sulfinic acid obtained by the rearrangenient of phenyl 2,4-
xylyl sulfoite did not depress the melting point.

Anal. Caled. for CyHyuClHg: Cl, 8.53.
8.51, .80.

Found: Cl,
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Rearrangements of Aryl Sulfones.

III.

The Kinetics of the Reaction of

o-Methyldiaryl Sulfones with n-Butyllithium!

By WiLrLiam E. TRUCE AND WiLLIAM . RAy, JR.
RECEIVED JUNE 2, 1958

A mgrked diﬁerence in the kinetics of the reaction of phenyl o-tolyl- and phenyl 2,6-xylyl-type sulfones was observed.
This difference is attributed to the steric influence of the 6-mmethyl group on the latter reaction.

Introduction

In 1937, McClement and Smiles? reported that
the rate of the base-induced rearrangement of 2-
hydroxy-2’-nitrodiphenyl sulfones was accelerated
by a methyl group in the 6-position. This ac-
celeration was attributed by them to the electron-
releasing ability of the methyl group. Bunnett
and Zahler,® however, later pointed out that this
acceleration can best be explained as the result
of a steric rather than an electronic effect, and
Bunnett and Okamoto* recently have presented
convincing evidence in support of this view. These
workers found that chloro and bromo as well as
methyl substituents in the 6-position exerted a
tremendous accelerating effect on the reaction,
their presence increasing the first-order rate con-
stant of the rearrangement by as much as 500,000-
fold over that of the unsubstituted sulfone. Since
the electronically opposite halo and methyl sub-
stituents produced a similar accelerating effect on
the rearrangement, this effect was taken to be
steric in nature and a consequerice of the size of
the substituent.

These workers also showed that the entropy of
activation in all cases examined approached zero
and that, ““. .. the changes in rate, owing both to
electronic and steric effects, arise principally from
changes in the energy of activation.”* They also
reasoned that, ‘““Since in the transition state. . .the
6-substituent is in an open and relatively un-
crowded situation, it is unlikely that the enthalpy
of the transition state is greatly dependent on the
bulk of a 6-substituent. Therefore, a 6-substit-
uent must change the energy of activation mainly
by increasing the enthalpy of the unrearranged
sulfone anions.”* This change in enthalpy is
explained as the result of steric factors which favor
conformations similar to M over those similar to
N in sulfones lacking a 6-substituent, while favoring
conformations such as N over those such as M when
a bulky 6-substituent is present. The enthalpy
of tlie favored conformations in the latter case
must be substantially greater than the enthalpy of
the favored conformations in the former case

(1) Abstracted from Ph.D. thesis of W. J. Ray, Jr.

(2) C. 8. McClement and S. Smiles, J, Chem. Soc., 1016 (1937).

(3) J. F. Bunnett and R. E. Zahler, Chem. Reys., 49, 369 (1951).
(4) J. F. Bunnett and T. Okamoto, THIS JOURNAL, T8, 5363 (1956).
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due to ‘.. .steric repulsions between the solvated
ionized hydroxyl group and the carbon atoms of the
other ring....”’* Since the rearrangement occurs
from conformations such as N, there will be a net
difference between the energy required for the re-
arrangement of these two classes of sulfones equal
to the energy necessary to bring about the trans-
formation M—>N, prior to rearrangement, in sul-
fones lacking a bulky 6-substituent.
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With this in mind, it was of interest to examine
the kinetics of the related rearrangement of o-
methyldiaryl su'fones described in parts I%® and
1I%0 of this series. Of special interest was the fact
that in sulfones such as mesityl phenyl sulfoue,
the two o-substituents are of the same size and both
are possible sites for metalation and subsequent
rearrangement.

Results and Discussion

A mechanism has been postulated for the reaction
of o-methyldiaryl sulfones with n-butyllithium5a

Cprsorn st Cpan — o
CH; I

CHQL]
SO.H

CHQCGHs

If the metalation reaction is rate determining,
the over-all reaction rate should be proportional
to the sulfone concentration, other variables re-
maining constant. That this is contrary to fact is
indicated by the rate studies involving mesityl
phenyl, phenyl 2,4-xylyl and phenyl o-tolyl sul-
fones, the results of which are summarized in
Table 1.

(5) (&) W. E. Truce, W. J. Ray, Jr, O. L. Norman and D. B.

Eickemeyer, ibid., 80, 3625 (19538); (b} W. E, Truce and W. J.
Ray, Jr., ¢bid., 81, 481 (1959).
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TaBLE I

RATE CONSTANTS FOR REARRANGEMENT OF ¢0-METHYLDI-
ARYL SULFONES
Moles of

sulfone
per mole
of n- Rela-
butyl- k, Average tive
Sulfone lithium min, "t k rate
Pheny! 2,6-xylyl 1.00 0.306° 0.31 82
1.00 .315°
Mesity! phenyl 0.98 .259° .26 68
.97 .239°
1.96 .268*
Phenyl 2,4-xylyl 0.98 .0231 .025 7
.98 .0243
.98 .0251
1.96 .0274
Phenyl o-tolyl 1.00 L0187 018 5
1.00 .0175
2.00 .0184
Mesityl 1.00 .00378° 0038 1

@ Applies to the second stage of the rearrangement, for
which see the foregoing discussion.

The independence of the over-all reaction rate
from the rate of metalation was further substan-
tiated for each sulfone examined by the first-order
kinetics of the over-all reaction. The rearrange-
ment of o-methyldiaryl sulfones is therefore quite
analogous to the Smiles rearrangement of 2-hy-
droxy-2’-nitrodiphenyl sulfones and parallel effects
in the two rearrangements may well be expected
from like structural changes in the parent sulfones.

For the purposes of this discussion, the sulfones
whose rearrangement rates were investigated
are divided into two classes. The first class in-
cludes o-tolyl-type sulfones, those sulfones having
a single o-methyl substituent, 7.e., phenyl o-tolyl
sulfone and phenyl 2,4-xylyl sulfone. The second
class includes those sulfones having two o-substit-
uents in the same ring, or 2,6-xylyl-type, ‘..,
mesityl phenyl and phenyl 2,6-xylyl sulfones.
The rearrangement of both of the sulfones in the
o-tolyl-type class was strictly first order while the
rearrangement of the 2,6-xylyl type sulfones oc-
curred in two stages, the first stage, which ac-
counted for 20 to 259 of the over-all rearrangement,
being much too fast to measure at 35° with our ap-
paratus. The rate of the second stage of the re-
action was measured, however, and this stage
proved to be first order.

Since the two-stage reaction occurred only with
sulfones containing the 2,6-xylyl-type group, it
seems that the dual-stage character of the re-
action is somehow related to the second o-methyl
group present in these compounds. Thus, if the
rotation of the 2,6-xylyl-type group about the
carbon-sulfur bond in these sulfones is somewhat
restricted, metalation could produce two dif-
ferent intermediates, II and III, which are not
freely interconvertible. (Here, as in M and N, the
benzene rings which are viewed edgewise are repre-
sented by a line and those which present their
broadside to the reader’s line of vision are drawn
in the usual way.) The rearrangement of II
should proceed directly because of the favorable
geometric relationship between the nucleophilic
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group and the rearrangement site, while IIT would
need to be converted to II by means of rotation
about the carbon-sulfur bond of the xylyl group,
before rearranging, since III is not geometrically
suited to rearrangement. The rearrangement of
11, then, would represent the first stage of the over-
all rearrangement of 2,6-xylyl-type sulfones.®
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Following this reasoning, the second stage of
the rearrangement would be the rate-controlling
conversion of III to II followed by a rapid rear-
rangement of II as in the first stage. The similar-
ity of the rate constants for the second stage of the
rearrangement of mesityl phenyl and phenyl 2,6-
xylyl sulfones, 0.26 and 0.31, respectively, is con-
sistent with this explanation since these two
sulfones are identical with respect to the four o-
substituents. The rate of conversion of III to II
would of course be influenced primarily by the ef-
fective size of the o-substituents. The p-methyl
group of the former sulfone would not be expected
to appreciably influence the reaction rate.

If this is true, one might then expect mesityl
sulfone to rearrange in two stages, also. The
first stage should be rapid as in the cases of mesityl
phenyl and phenyl 2,6-xylyl sulfones. The second
stage, however, should be much slower since the
two o-hydrogens of those sulfones have been re-
placed by methyl groups in mesityl sulfone.
Such a change should increase the energy required
for the rotational conversion III — II (via IV).
Molecular models indeed indicate that particu-
larly in mesityl sulfone the transition state 1V
probably would be strained. (The presence of
the p-methyl group in mesityl sulfone attached to
the ring undergoing substitution would not be
expected to greatly influence the rearrangement of
this sulfone as compared to mesityl phenyl sulfone.)
The rearrangement of mesityl sulfone did indeed oc-
cur in two stages. The first stage, representing
267 of the over-all reaction, was complete within
25 to 30 seconds,” as was the case with mesityl
phenyl and phenyl 2,6-xylyl sulfones. The second
stage of the rearrangement of mesityl sulfone,
however, was only about 0.014 as fast as the second
stage of the rearrangement of those sulfones. The
assumption that the rate-controlling step in the
second stage of the rearrangement of 2,6-xylyl-
type sulfonesis the rotational transformation III —
II is thus in agreement with experiment.

The rearrangement of phenyl o-tolyl and phenyl
2,4-xylyl sulfones is first order and occurs in a single

(6) This explanation for the two-stage character of the rearrange-
ment is somewhat weakened by the observation that although immedi-
ate carbonation of the metalated reaction mixture from mesityl! phenyl
sulfone gave an acid with the expected neutral equivalent {arising from
111), the material balance was poor.

(7) The rate may actually be much faster than this indicates, 25 to

30 seconds merely representing the time required to mix the reagents
and withdraw the first aliquot.



486

stage. This probably means that the rotation of
the o-tolyl-type ring about the carbon-sulfur bond
is sufficiently less restricted than the rotation of
the 2,6-xylyl-type ring so that V and VI are readily

interconvertible. In spite of this, however, a
G L)
o, CHLi o
‘/\M//h\\ o W/, b
RN = >\ S
CH.L1
V.R=-H,-CH, VI, R=-H,-CH;

comparison of the rates of rearrangement of phenyl
o-tolyl and phenyl 2,4-xylyl sulfones with those of
mesityl phenyl and phenyl 2,6-xylyl sulfones indi-
cates that the former pair rearranges considerably
more slowly than the latter pair. Thus, although
the energy requirement for the rotational conver-
sion of the non-rearranging form VI to the re-
arranging form V of these sulfones is almost cer-
tainly less than that for the conversion of II1I to II
in the case of 2,6-xylyl-type sulfones, the over-all
energy requirement for the reaction (IVeV)—
Ar’SO,Li apparently is greater than that for III —
I — ArSO,Li. The rate-controlling step in the
rearrangement of the phenyl o-tolyl-type sulfones,
then, cannot be the rotational transformation VI—
V, but must be the actual rearrangement step,
V — Ar’SO.Li. This rearrangement, then, must
be considerably slower than the corresponding step
II — ArSO.Li in the case of the 2,6-xylyl-type
sulfones. Although we were unable to measure
the rate of the initial rearrangement step, 11—
ArSO.Li, of any of the three phenyl 2,6-xylyl-
type sulfones, a lower limit for the rate constant
of this step may be estimated for comparison with
the rate constant of the rearrangement step, V—
ArSO,Li, of the phenyl o-tolyl-type sulfones. With
each of the phenyl 2,6-xylyl-type sulfones, this
first stage of the rearrangement was complete,
within experimental error, in 25 to 30 seconds.’
Assuming the reaction was 909, complete at this
time, the rate of the reaction II—>ArSQO;Li must
then be at least 200 times faster than that of
V — Ar’SO.Li.

That II should rearrange much faster than V, al-
though it differs from V by a single 6-methyl group,
is not surprising in view of the recent work of
Bunnett and Okamoto* referred to earlier. Ap-
parently the same type of steric effect described
by those workers is operative here. Thus the 6-
methyl group might well enhance the rate of re-
arrangement of II by increasing its enthalpy, as
compared to V, while having little effect on the
enthalpy of the respective traunsition states. Or,
in other words, the enhancement can easily be
explained as the result of steric strain in II which
is relieved in the transition state. Such strain
might involve repulsions between the 6-methyl
group and the sulfone oxygens resulting in a de-
crease of the C-S~C bor(ld) ar_l)gle of II relative to V.
This would force the ~CH,Li group of 11 nearer to
the face of the opposing benzene ring and thus into
a position of higher energy.

The explanation here advanced regarding the
rearrangement of 2,6-xylyl-type sulfones suggests
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that properly substituted derivatives of such
sulfones, particularly mesityl sulfone, might be
capable of optical isomerism similar to that cu-
countered in hindered biphenyl derivatives, owing
to the restricted rotation of the 2,6-xylyl or mesityl
groups about the carbon sulfur bond. Optical
activity has not heretofore been observed in such
sulfones; one unsuccessful attempt® to resolve a
derivative of mesityl sulfone has been reported.

Experimental

The Reaction of o-Methyldiaryl Sulfones with »-Butyl-
lithium: Rate Studies.—A 1000-ml., 3-neck flask equipped
with a utecltanical stirrer and a water condenser was used for
all rate studies. A large, Dry Ice condenser was attached to
thie water condenser, and vented to the atmosphere vig a U-
tube. A short section of 12-mm. Pyrex tubing was sealed
to the flask to act as a nitrogen inlet. The flask also was
equipped with a 10-ml., buret-type sample remover cou-
structed from a 3-way stopcock (stopcock I). Onearm of this
stopcock was extended into the flask almost to the bottour.
To the second arm, extending vertically from the flask, was
attaclied a bulb so that this arm resembled a short pipet.
Graduations indicating volunies of 0.1 ml. were placed on
each side of the 10-ml. mark above the bulb. The buret
could be exliausted through the third arm of the stopcock.

Nitrogen was introduced into the system vie a 3-way stop-
cock (stopcock II) through either the nitrogen inlet or the
top of the sample buret. Between stopcock II and tle
buret was placed a T-tube which was vented to the atmos-
phere v7a¢ a U-tube.

Before each reaction, the apparatus was tlioroughly dried
at 110° and assembled while still hot. After introducing the
sulfone,? the system was fluslied with a slow stream of nitro-
gen overnight. When flushing was complete, the Dry Ice
condenser was filled and 600 ml. of anhydrous ether intro-
duced into the flask. A very slow stream of nitrogen was
used from this point on cxcept when taking samples. Tl
solution was heated almost to reflux and the niechanical
stirrer started. To the refluxing solution was added, rap-
idly, the required amount of z-butyllithium vie a burct.
The organometallic was prepared and standardized by the
method of Jones and Gilman.* The addition was carried out
via the nitrogen inlet, the nitrogen coumnection being brokeu
momentarily to allow this.

During the run, stopcock I remained closed except when
samples were taken. To take an aliquot, this stopcock was
turned so that the flask was connected to tlie sampling buret
and the flow of nitrogen was increased sharply. At the same
time, the nitrogen vent was closed, thus forcing the reaction
mixture into the sainpling buret. When the buret had been
filled to the mark, stopcock I was closed and the nitrogen
vent opented. After the volume of the solution in the buret
was 11oted, the contents were exliausted by opening stopcock
I and turning stopcock II so that nitrogen entered the top of
the buret. TUsing such a procedure, three 10-ml. aliquots
accurate to 0.1 ml, could be taken each minute under a nitro-
gen atmosplere.

The aliquots were run into 50-ml. beakers containing 1 ml.
of methanol. After the cther was evaporated with air, 15
ml. of water was added and each aliquot neutralized to plien-
olphtlialein with dilute acid. The analysis utilized the in-
solubility of ferric sulfinates described by Krislina and
Singh.! Thus, to tlie neutral solution was added 10 ml. of
a standard iron solution containing 1.80 g. of ferric chloride
hexahydrate and 5 1ul. of conceutrated hydrocliloric acid per
liter. The beakers then were covered witlt watch glasses
and lieated for 25 minutes on a steam-plate. The insoluble
ferric sulfinate in each aliquot was filtered off using a sintered
glass, biichner-type fuunel of medium porosity. The fil-
trate was diluted to 100 ml. and a 10-ml. aliquot analyzed
colorimetrically for residual ferric ion using a method similar to

(8) M. E. Maclean and R. Adams, THis JoUrNAL, 66, 4685 (1633).

(9) Fifteen millimoles of sulfone was used except where tlie effect on
the rate of increasing the sulfone concentration was studied: see
Table 1.

(10) R. G. Jones and H. Gilman, “Organic Reactions,’” Vol. V1,
John Wiley and Sons, Inc., New York, N. V., 1951, p. 339,

(11) 8. Krishna and H. Singh, THis JOURNAL, 80, 702 (1028).
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that described by Fortune and Mellon.!? Thus, to each ali-
quot was added 0.5 ml. of 159 hydrochloric acid, 2 ml. of
159, hydroxylamine hydrochloride, 10 ml. of a saturated
sodium acetate solution and 10 ml. of 0.19}, a-phenanthroline
solution. The resulting red solution was diluted to 100 ml.
and the color intensity measured in a round absorption cell
approximately 22 mm. in diameter. A Fisher electrophoto-
meter equipped with a green filter, Amax approximately 525
mu, was used for the color measurements. The difference
between the absorption with and without added sulfinic acid
is a measure of the precipitated ferric sulfinate which may be
related to the amount of added sulfinic acid. The analysis
was calibrated for each sulfinic acid by analyzing various
aliquots of a standard solution of that acid5é in the same
manner as above. The first-order rate constants for the re-
arrangement of each of the sulfones listed in Table I were
determined by plotting In (100— 9, reaction) vs. time in
minutes. The slopes of the resulting straight lines were de-
termined by the method of least squares and the rate con-
stants so calculated are shown in Table I together with the
number of runs for each sulfone. Except for phenyl 2,4-
xylyl sulfone, 10 to 12 points were taken during each run and
the run was carried to within 70-85%, completion. With

(12) W. B. Fortune and M. G. Mellon, Anal. Chem., 10, 60 (1938).
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phenyl 2,4-xylyl sulfone, 15 points were taken up to 60 to
709, completion. Since the conversion with phenyl o-tolyl
and phenyl 2,4-xyly! sulfones was only about 609 ,% the anal-
ysis gave somewhat less satisfactory results than with the
other sulfones, the standard deviation of a single measure-
ment being about 5¢,. For the other sulfones this value
was about 3%,. The standard deviation of rate constants
from successive runs was generally slightly greater than the
above values but was not greater than 7%,

For mesityl phenyl, phenyl 2,6-xylyl and mesityl sulfones,
the first-order plot gave a straight line which did not pass
through the origin on extrapolation. The extrapolated link
intersected the ordinate at a point representing the percent-
age of the over-all reaction accounted for by the first stage,
for which see the Discussion. The ‘% reaction’’ which was
plotted for these sulfones represents the fraction of the reac-
tion in excess of this first stage.
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Synthesis of 2-Iodo-2'-Methoxybiphenyl.

A New Route to o-Terphenyls!

By RevNorp C. FusoN AND ROBERT L. ALBRIGHT?
RECEIVED AucusT 21, 1958

2-Todo-2’-methoxybiphenyl has been prepared from biphenyleneiodonium sulfate by a three-step transformation. 2-
Acetoxy-2’-iodobiphenyl, obtained by the action of sodium acetate on the iodonium sulfate, underwent methanolysis to give

the corresponding phenol.
sulfate.

The transformation was nearly quantitative at each step.

Finally, the desired iodo methyl ether was produced by methylation of the phenol with methyl

The Grignard reagents made from 2-iodobiphenyl and

2-iodo-2'-methoxybiphenyl were condensed with duryl o-methoxyphenyl ketone to give the corresponding o-terphenyl

derivatives.

In connection with a study of Grignard reagents
containing ether functions® attention was directed
to the reagents corresponding to the 2-halo-2’-alk-
oxybiphenyls. It was hoped that the iodo ethers
of this series could be made by the action of alkoxide
ions on biphenyleneiodonium salts. The jodonium
salts had been made available by adaptation of the
method of Beringer, Drexler, Gindler and Lump-
kin? to 2-iodobiphenyl.5 The first experiments de-
signed to this end involved treatment of biphenyl-
eneiodonium sulfate (I) with sodium methoxide.

9

I |80, + 2CH,0™ — 2 © som
T 4
I II

By analogy with similar experiments in the diaryl-
iodonium series® it seemed possible that sodium

I

2
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Carbonation of the Grignard reagent from the methoxy iodide yielded 2’-methoxy-2-biphenylcarboxylic acid.

methoxide might bring about displacement to give
2-iodo-2’-methoxybiphenyl (1I).

It soon became evident that nucleophilic dis-
placement with methoxide ion in the cyclic iodonium
salts was much more difficult to accomplish than in
the open-chain analogs. The products were bi-
phenyl, 2-iodobiphenyl and 2,2’-diiodobiphenyl.
None of the desired 2-iodo-2’-methoxybiphenyl (II)
could be found.

An indirect method was developed, however, by
which this compound could be made, the initial step
of which was displacement by acetate ion. This re-
action, which was carried out in boiling glacial ace-
tic acid, proved to be catalyzed by copper salts.
The product, 2-acetoxy-2’-iodobiphenyl (III), was
obtained in nearly quantitative yields.

Methanolysis of the iodo acetate gave the corre-
sponding phenol IV, which in turn was methylated
to produce the methoxy iodide II. The yields in
these steps were very high also.

O OCOCH; OH

— 11
9l o
111 v
The methoxy iodide formed a Grignard reagent as
was shown by carbonation; the product was the
known 2’-methoxy-2-biphenylcarboxylic acid (V).
(7) H. G. Rule and E. Bretscher, J. Chem. Soc., 925 (1927).



