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The oxidants of the indigo sulfonates changed color from
biue through green to yellow as the pH was gradually
changed from pH 12 to 15. Going fromn pH 10 to 12, the
absorption band in the yellow was replaced by a band in the
red extending into the infrared and from pH 12 to 14, as the
color changed froin green to yellow, the absorption band
in the red was replaced by one in the violet.

Three colored species of the indigo group are involved,
the acid or un-ionized group, the first salt or monobasic ion,
and the second salt or dibasic ion.

The form of Beer’s Law equation used was —log Po/P; =
e¢Cl where P, is the emergent power per unit cross section,
P, the incident power, e the molar absorption coefficient,
C tlie concn. in moles/liter and [ the length in cm.

The wave length maxiina (Table I1I) were detcrmined
for the potassium salts in aqueous solution and for 80%
ethanol.

Tlie absorption coefficients of indigo disulfonate were
determined also for buffers of pH 7.0, 12.5 and 14.7. The
wave length at the maxima (Fig. 1) were those used in esti-
mating the amount of the various ionic species plotted
(Fig. 2). The proportion of monobasic ion could not be
accurately estimated directly because pK’o1 and pK'o:
wecre too close.

The reductants were pale yellow in solutions more acid
than pH 4 and, as the pH was increased, they became lighter
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yellow, until about pH 9. Further increase caused no
noticeable change until beyond pH 10.5, when the solutions
became more yellow or orange (Fig. 3), indicating ioniza-
tions of about pK'g, = 7.5 and pK'r, = 12. If there were
but one ionization in the reductant above pH 10, the ab-
sorption curves would become parallel to the pH axis at
about pH 14. However, from the shape of the curves, a
third is indicated. Because of the possible interference of
this fthird ionization, pK’r, was estimated by a trial and
error method. A trial pK'rs was chosen and the transmit-
tance of a selected characteristic wave length for the di-
basic ion at this pH was assumed to be 509,; the fraction
of dibasic ion present at other pH were calculated by dividing
the transmittance at a pH by twice the transmittance at
the assuined pK’; the results were then plotted and com-
pared to the theoretical ionization curve for the pK’; the
pK’ was varied until the best fit to a particular theoretical
pK’ curve was obtained. The final pK’g, so estimated are
given in Table II.

The intermediates were bright red in color and had a
narrow absorption baud in the green which is easily recog-
nized from about pH 11 to 15. The band shifts toward the
red with increasing sulfonation (Table III). The pK’ were
estimated froin the electrometric curves; that for the di-
sulfonate from Fig. 4.

S1. Louls, M1SSOUR1
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Sulfonation of Olefins. VIII.}

Formation of Unsaturated Sulfonic Acids

By F. G. BORDWELL AND C. EDWARD OSBORNE
RECE1VED OCTOBER 8, 1958

‘The sulfonation of olefius with 8- and 8-branches was found to gi\{e predoniinantly unsaturated sulfonic acid. The position
of the double bond («,8 or B8,v) in these unsaturated sulff)mc .acxds appears to be determined primarily by steric factors.
Evidence is presented to show that the unsaturated sulfonic acids are formed from carbonium-sulfonate or 8-sultone inter-

mediates rather than by a oue-step coucerted mechianism.

The reaction of unbranched olefins such as
styrene,? 1-hexene? or cyclopentene* with an
equimolar quantity of dioxane-sulfur trioxide is
believed to forin a dioxane-solvated carbonium
ion (Ia) and/or a B-sultone (Ib). Hydrolysis of
sulfonation mixtures containing these intermediates
gives largely S8-hydroxyalkanesulfonic acids, which
can be accounted for as hydrolysis products of Ia
or Ib.

RCH==Cli, RCHCH,S0;@ RCH—CH;
+ l =
D OC4H30 0——50,
OC1,080;© &
Ia Ib

About 10-20%, of unsaturated sulfouic acids are
also formmed in the above sulfonations, and for
styrene® or 1-hexene? the proportion of unsaturated
sulfouic acid niay be increased by heating the sul-
fonation mixture prior to hydrolysis. The propor-
tion of unsaturated product is also iucreased for
styrene by treatment of the sulfonation mixture
with bases, such as pyridine, aniline, sodium
miethoxide or sodium hydroxide.?® These observa-
tions are explicable by postulating E1 and E2 type
reactions of the solvent and/or added solvents or
reagents with Ia or Ib.

(1) For Part VII, see F. G. Bordwell and G. W. Croshy, THIs JoUR-
NaL, 78, 5367 (1950).

(2) (a) F. G. Bordwell and C. S. Rondestvedt, Jr., ibid., 70, 2420
(1048); (b) F. G. Bordwell, M. L, Peterson and C. S. Rondestvedt,
Jr., sbid., 76, 3945 (1954).

(3) F. G. Bordwell and M. L. Peterson, ibid., 76, 3052 (1954).

(4) F. G. Bordwell and M. L. Peterson, ibid., 76, 3957 (1954).

Sulfonation of a-olefins with a 8-branch such as
isobutylene,® methallyl chloride,® a-methylstyrene,’
2-methyl-3-phenyl-1-propene® and methylenecyclo-
hexane?® gives predominantly unsaturated sulfonic
acids. While it is clear from the work described
above?™4 that these unsaturated sulfonic acids may
be formed from intermediates Ia or ITa, a concerted
one-step mechanism vig a quasi six-membered ring
transition state, as suggested by Arnold for sulfo-
nation and chlorination,® is an attractive alterna-
tive. Asindicated in the equation

@
OC4HBO _> RCHz"‘ (“: s CI‘IzSOqH

RCH- C=CH, 50, CH.
HCiy, o (or RCH=CCH,S0,H)
:
Cll,

this mechauisin would predict the formation of
B,y-rather than «,3-unsaturated sulfonic acids,
wlich is in agreement with most of the recorded
data.®$89  On the other hand, one would expect
a,B-unsaturated sulfonic acids to be formed from
intermediates such as Ia or Ib since this would
allow formation of the conjugated compound (El

(5) C. M. Suter and J. D. Malkemus, ibid., 63, 078 (1941).

(6) C. M. Suter and F. G. Bordwell, sbid., 65, 507 (1043).

(7) C. M. Suter and W. E, Truce, sbid., 66, 1105 (1v41).

(8) F. G. Bordwell, C. M, Suter and A. J. Webber, sbid., 67, 827
(1946).

(9) R. T. Arnold and J. I'. Dowdall, ébid., 70, 2390 (1915).
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wechanisiu) or release of the niore acidic hydrogen
(E2 meclianisin). A nuinber of other olefins have
now been sulfonated to obtain iore infornation
on tliese points.

It was necessary first to devise a imethod of
analysis of the sulfonation wixtures for «,3- and
B,y-unsaturated sulfonic acids. Relatively pure
sunples of «,8-unsaturated sulfonates give con-
siderable quantities of sulfate ion on oxidation with
potassiumn perinanganate.? However, the oxidation
to sulfate is not quantitative under the conditions
we have used. Its use for analysis is further limited
by the formnation of as inuch as 10-207; of sulfate
fromm some J,y-unsaturated sulfonates. Prelimi-
nary experiments utilizing ozone, perforinic acid or
periodic acid as oxidants were also unpromising.

In the present work titration with bromine has
been used both to estimate the amount of un-
saturated sulfonate present and to distinguish
between double bonds in «,8 and other positions to
the sulfonate group. Titrations were run both
coulometrically, by electrolytic bromiue generation
using ultraviolet light to detect tlie end point,*?
and by browide-bromate titration. The results
of these titrations with a number of «.8- and 8,7v-
unsaturated sulfonates of kunown structure arc
given in Table I.

TapLE I
ComparisoNn OF COULOMETRIC AND BROMIDE-BROMATE
TITRATIONS OF a,5- AND B,7-UNSATURATED SULFONATES

Titration value, %

Coulo- Bromide—

Unsaturated sodinm sulfonate Type metric bromate
2-Methyi-2-propette-1- B,y a8 147
2-Phenylethiette-1- a8 0 107
3-Pheuyi-2 incthyl-2-

propette-1- B.v 104 ca. 100°
Ethene- aB 0
2-Methiyl-1-propenc-1,3-di- @B 0 ce
2-Hexcite-1. (iinpure) 37 S3 88

e Forns a stable bromasultone ou titration.

In the coulometric titrations a sharp cud-point
is observed only if broimnine reacts with the carbon-
carbon double bond as rapidly as it is formmed. The
fatlure of the double bond m «,3-unsaturated sul-
fountes to be titrated 1s understandable since the
sulfouate group, despite its negative charge, is
clectron withdrawing, aud bromine rcacts only
slowlv witlh o 3-unsaturated sulfonates. The ti-
tration provides a clean-cut way of distinguishing
. d-unsatnration in these sulfonates from otler
types.

I the browide-bromate method standard bro-
unite solution is added to aun acid solution of the
unsaturated sulfonate and sodium bromide until
the wvellow bromine color persists.  The excess
broiuine present is then deterinined by adding
potassium iodide and titrating the iodine released
with standard thiosulfate. The bromine end-
point is indefimite for a.3-unsaturated sulfonates
because of the slowness of reaction and is indefinite
for B,y-uusaturated sulfonates, particularly for those
with 3- or vy-branches., becanse thev react with
more than oue utole of browine (the first 1olc

(10) J. \W. Miller and D. IN. DeVord, Anal. Chem., 29, 475 (19537).

We wish to thank Dr. J. \W. Mliller for the coulonietric titrations re-
ported herein.
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reacting by substitution as well as by addition).
For this reason a standardized procedure was used
in which bromate was added until the bromiue
color persisted for five minutes. Under these con-
ditions titration of «,8-double bonds and nou-
branched 8,y-double bounds approach 100%;. B8,v-
Unsaturated sulfonates branched at a doubly-
bonded carbon appear to absorb an average of
1506% of the theoretical quantity of bromine.

The olefins listed in Table IT were sulfonated and
the sulfonation mixtures hydrolyzed in the usual
manner. The sulfur trioxide present as suliate was
deterinined by precipitation with barium carbon-
ate. Tlie quantity of bariumt sulfonates in the
filtrate was determined by precipitating the
bariuint with sodiumn sulfate. The water was theu
removed and the sodium sulfonates separated frow
sodiuin sulfate by alcohol extraction. The two
types of brouine analyses were made using the
sodiuin  sulfonates from the alcoholic extracts.
The results of these various aunalyses are given
in Table II.

TABLE 1

DETERMINATION OF a,8- AND B3,v-UNSATURATED SULFONIC
AcCiDSs FORMED DURING OLEFIN SULFONATIONS
Sul-

Sul-  fonic Titration, % Donble
fate, acids, Bromate~ Coulo- hond
Olefin % Ce bromide mctric position
2-Methivi-1-butcuc 18 82 115 74 3,7v"
2-Mcthyl-2-buteuc 12 91 124 110 8¢
1-Hexene* 18 71 15-20 B8,y
4-Mecthyi-1-pentenc | S— 53 0 a,B
4,4-Dinethyl-1-
pentene 6 69 96 0 B3
2.3,3-Trimethyl-1-
butene 7 7 163¢ 0 a,B°
2.4,4-Trimethyl-1-
pentene 6 75 147 0 a,B3°
2 .4,4-Trimethyl-2-
pcutene 33 42 175 0 «a,B’

@ The 11.2 g band (RR‘C==CHa,) is of medium strengtis.
b Strong band at 11.2 x. ©A sultone is formed in 75
yvicld. 9 Titration of the purc unsaturated sulfonate.
¢ No baud at 11.2 g.

The abseiice of bands in the 11.2 g region for the
sulfonates from 2,3,3-trimmethvl-1-butene, 2,4,4-
trimethyl-1-pentenie and 2,4,4-trimetliyl-2-pentenc
indicates the absence of terminal methylene
croups (8,y-unsaturation) and supports the «a,3-
structure assigiinent made on the basis of the fail
ure of the coulometric titrations. Tlie absence of
terminal methylene is in itself sufficient to establish
the structures of the unsaturated sulfonic acids
from 2,3,3-trimcthyl-1-butene and 2,4,4-trimethyl-
2-pentene, since all reasonable structures. other
than «,3, would have terminal methyvlene groups.

S-(p-Chlorobenzyl! thiuronium 2,2,4-trimethyl-1-
peutene-1-sulfonate was isolated from the sul-
fonates from the sulfounation of 2,4,4-trimetlhyl-1-
pentene and was purified by crystallization. By
passing a solution of this salt over an jon exchange
resin a solution of purified 2.4,4-trimethyl-1-pen-
tene-1-sulfonic acid was obtained. Bromide-bro-
mate titration of this solution gave practically the
same unsaturation value (14897 wus. 147%) as
obtained for the sodiumn salt isolated from the
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original hydrolysate, indicating that no hydroxy

sulfonate was formed in the sulfonation and
hydrolysis. The sodiun salt exhibited a strong
tendency toward hvdration. This observation

precludes the possibility of detecting the presence
of hydroxy sulfonates by infrared analysis on the
sodium sulfonates. In geueral tlie sulfonation of
a-olefins with g-branches (or comparable types)
appears to give ouly sinall amounts of hyvdroxy
sulfouates or none at all.

Sulfonation of 2,3,3-trimethyl-1-butene gave
about 109 of an unsaturated sulfouic acid, whicl
from the above cvidence 1ust be 2,3,3-trimnethyl-1-
buteue-1-sulfonic acid (II), and about 759 of a
y-sultone of rearranged carbon skeleton.!! The
sodiui salt of II was also obtained by chlorination
of 2.3,3-trimethyl-1-butene and reaction of the
all;hc chloride (III) so formed with aqueous so-
diun sulfite.

NQL‘SO;
(CHa)aCﬁCHzCl —_—
CHg
III
[(CHS)SC]CCH:SOaNa} —> (CH,),CC==CHSO;Na
CH: CH,

II (sodium salt)

The failure of appreciable rearrangement to
occur during the chlorination of «- or B-pinenc has
led Arnold to postulate that this reaction proceeds
by way of a concerted mechanisin involving a
quasi six-membered ring transition state.!> The
products from the chlorination of 2,3,3-triinethyl-1-
butene are of particular interest in this respect since
skeletal rearrangement does occur during sulfo-
nation of this olefin.!! According to Arnold’s
mechanism (A) chlorination would be expected to
give largely the allylic chloride, 2-chloromethyl-
3,3-dimethyl-1-butene (III). This product could

also anise from the chloroniwn-carbonium ion
(CHJ)JC/\/ CI —Hu 'TCHa\aC$CHzCI
C‘\z, (CI HI CH.
H' 1)
+
Cl _
. o Cly . P N B
(CH,C (IJ ==CH, —— > |IClp ;(,,(E—(,Hju
CHs T B CHy
- Cl, . — l HC1
Cllz'wC( H.T1C1™ . (CH;;CC=CHC(I
1! J ~H(1 . 7

CH, \ qlia]tllz IV CH,

CH;=C—CCH:(I
|
V CH;

interinediate B, but it would be anticipated that
some rearranged chloride V also would be formed.
Since V is a neopentyl chloride and the other
possible product (IV) is a vinyl chloride, the only
reactive chloride forined would be I11.

(11) F. G. Bordwell, R. D. Chapman aud C. E. Osborne, THI1s JOUR-
NaL, 81, 2002 (1959),

(12) R. T. Arnold and W. W. Lee, ibid., 75, 5396 (1953).
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Chlorination of 2,3,3-trimethyl-1-butene in
methvleue chloride at 0° in the presence of sodium
carbonate gave 35%; of a monochloride fraction.
This chloride released 80.09; of chloride ion when
treated with alcoholic sodiumn hyvdroxide for two
hours at the reflux point. Under compamblc
conditions methallvl chloride released 79.19, of
chloride ion. Evidently III is the only mono-
chloride formied in the chlormation of 2,3,3-tri-
methyl-1-butene. This supports Arnold’s repre-
sentation'? of the clilorination reactioh.

Tlie formation of II freu IIT must proceed by
wayv of sodiuin 2-f-butvl-2-propene-1-sulfonate, as
shown. The shift of tlie double boud froin a
3,v- to a,B8-position under sucl mild conditions is
analogous to the shift occurrinﬂr in the forination of
sodiuin 2- methivl-1-propene-1,43-disulfonate from 2
chloromethyl-3-chloro-1-propenc aud sodiumn sul-
fite.8 The facile rearrangeinent of the double bond
in these instances under mildly acidic conditions
strongly suggests that rcarrangement of double
bonds may occur under the much stronger acidic
conditions existing during sulfonation. It seceins
very likely, then, that the double boud positions
indicated in Table II are those assuined under
equilibrium conditions.

From Table IT it appears that, whereas siiply-
brauched olefins give maiuly 3,y-uusaturated sul-
fonic acids on sulfounation,® = more highly branched
olefins give mainly the q,3-isomers. Since the
major basis for the assmmption of a concerted
mechanism® was the predominant fonuation of
B,y-unsaturation, there is no longer much reasor
for favoring this mechanisui, inasmuch as for-
mation of the 8,y-isowmers is now seeun to be the
result of a favorable equilibrium rather than the
result of a kinetically controlled reaction. Tle
best test of the concerted mechanism comes i the
sulfonation of olefins like 2,3,3-trimethyl-1-butene
where a concerted process should give unrcarranged
sulfonates whereas intermediates such as Ia could
lead to rearranged products. In this particular
instance rearrangeiuent to form a sultone!! occurs
to the extent of about 76 and about 249, of the
product is water soluble. From the 2467 of water-
soluble 1aterial about 793 of the original sulfur
trioxide was recovered as sulfate and 177 as
sulfonates. Of the sulfouates abont 99, was II aud
8% was hydroxy sulfonate (probably from hy-
drolysis of the sultone). This means that no wore
than 109 of the reaction can be occurring by a
concerted patli, and even this wuch is doubtful
since II can also arise from Ia or Ib.

The equilibrivin double bond position i thesc
unsaturated sulfonic acids will probably be de-
terinined primarily by thrce factors: (1) coujuga-
tion of C=C and SO;~ (favoring «,B8),!% (2) conju-
gation of C=C with alkyl (hyperconjugatioun,
favoring the nost highly substituted C=C) aud
(3) steric factors. 4

(13) H. Zollinger, Nature, 172,
conjugative ability of SOs .

(14) (a) K. L. Rinehart, Jr., and L. J. Dolby, J. Org. Chem., 22, 13
(1957). have recently given a delailed analysis of the position of cqui-
libriwu in a,8- and 8,y-unsaturated carbexylic acids, with particulur
emphasis on steric effects; (b) H. C. Brown and 1. Moritani, rbs.f,

T7, 3607 (1953), aud H. C. Brown and M. Nakagawa, sbid., 77, 3610,
3614 (1953), have shown that the struclure of the olefin formed from

256 (1033) has demonsirated the
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The -SO;~ group, like the -CO,~ group,!*
probably has a imuch larger steric effect than is
indicated by Fisher-Herschfelder type models,
since a full negative charge is distributed among the
oxygen atoms!®and the groupisno doubt surrounded
by a tightly lield solvent shell. Tlie -SO;~ group
appears to be sinilar to the 4-Bu group!? in avoiding
situations where it would be ¢is to an alkyl group.
At least, thie predowinant formation of 8,v-
unsaturated sulfonic acids VI and VII rather than
VIII from RCH;C(CH;)=CH: type olefins [R =

H

|
RCH, N RC
OC, 1,080, AN +
—_— CCH.S0;-1OC, ;0
l
Cli; VI +

RCll.
\

AN
C==Cl{,
Cli,

~ +
CCIL80;"110C1L:0

ClL, VII +
RCII, 11
N /s

C=C

AN +
S0; "THOC, 50
V111

H,5 Cl1,* C¢H;® or CH; (see Table II)] is explicable
if it is assumed that tlie =SO;™ group is large and
gives rise to sizeable steric effects wlien it must be
placed in a ¢is position to a methyl group, as in
VIII. When R = H,® VIII is the more highly
stibstituted 1sowmer and is also favored by conjuga-
tion of C=C and SO;~, but these factors are ap-
parently overridden by the large steric repulsion
between CH; and -SO;~. When R = CH; (see
Table II), C1® or C¢H;® the formration of VIand VII
as major products is again probably decided by the
steric factor, although VI is trisubstituted in tlese
instances, which provides some additional stabili-
zation (this is counteracted to some extent by tle
steric repulsions between R and CHj3).

When R becomes large (2,4,4-trimethyl-1-pen-
tene, R = {-Bu), VIII 1s favored over VI, pre-
sumably because the steric repulsions between R
and CH; are greater in this compound than tliose
betweenr SO;~ and CH; [¢(-Bu larger than SO37).
The situation is suuilar to that in ““diisobutylene”
itself (H instead of SO;™) where VI is not favored. !
Choice between VII and VIII is not so clear-cut
when R = ¢-Bu. In VII] C=C is conjugated with
SO;~ and tliere is a higher degree of substitution,
but SO;~ must be ¢is to CH;.  Steric repulsions
occur also in VII, liowever, between the two large
groups CH,C(CHj); and CH,SO;3~.  The formation
of VIII apparently results from a balance of these
factors with the latter being dominant.

With olefius of type IX the situation is somne-
what similar. Wheu R is sinall (2-1ethyl-2-butene,
R = CH,;) the 3,vy-isomer X is favored, but when
R is large (2,4,4-trimnethyl-2-pentene, R = #Bu)
the solvolysis of branched halides and brosylates is often determined
primarily hy steric factors, particularly when one of the groups is ¢-
hutyl,

(15) There i3 evidence for a sizeable steric effect for tlie closely

analogous~SOsCsHs group; see F. G. Bordwell and G. D. Cooper,
J. Org. Chem., 73, 5184 (1051); 79, 916 (1937).
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CH, H o
AN / OCIL,080:8
C=C —_—
/ N
Cli, R
IN U
AN D
C SO,#10CILO
i c-cit

LN
Clis, R X

o]
Cll, SO HHOC L0

s AN
CH, R NI

the «a,8-1somer XI is the principal product. It
would have been difficult to predict the latter
result, since in XI botl: SO;~ aud /-Bu arc cis
to CHs groups. This unfavoruble sterie sitiition
may be partially offset by the greater separation
of SO;~ and #Bu groups allowed in XI (120°
angle vs. 109°).

In the sulfonation of olefius of type XII the
proportion of unsaturated sulfonic acids incrcases
from about 159, when R = #-Pr, to about 50,

OC,1,0280,5
RCH,CH=Cll; —m———>
NII
R H
N s
C==C -+
/ N -
11 CIH.SO; 211 OG0
XIII
RCH, 1I
CesC
/ Nl e
H SOy 110G IO
X1v

wlien R = ¢-Pr, to about 90% when R = {-Bu-,
The unsaturated product is predowinantly XIII
when R = #-Pr, but appears to be exclusively
X1V when R = ¢-Pror {-Bu. The increase in the
proportion of unsaturated sulfonic acid with in-
creased branching at a point seeungly so remote
from the reaction site 1s striking. It is uulikely
that this remnote branching wonld have much effect
in promoting the formation of uunsaturated acids
by liydrolysis fron: iutermicdiates In or Ib.  IHow-
ever, branching in R would lower the stability of
Ia or Ib and would favor tleir decomposition to
unsaturated sulfonic wcids prior to hydrolysis.
It is also possible that as R becowes lurger formsa-
tion of intermediates Ia and Ib becowe stower and
uusaturated sulfonic acids are formed to a greater
extent by a coucerted wechanisu.  The Latter con-
sideration does not sccin to be of paramount uu-
portance, since with 2,3,3-trimnethyl-1-butene, where
the stability of the Ia and Ib interediates should
be even lower, the primary product appears to be
formued via such intennediates,!' and the operation
of the concerted 1nechanisin is of minor iiuportance,
if it operates at all.

Preferential forination of X1V ratlier than XIII
appears to correspond to the steric detnands of R
as it becowtes bulkier,
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Experimental

General Sulfonation Procedure.—A nicasured quantity
of dry methylenc chloride or cthylene chioride was placed
in a 3-ncck flask equipped with a mercury seal stirrer, stopper
and caleium chioride drying tube, and the flask and its con-
tents were weighed.  Sulfur trioxide was distilled into the
stirred solvent in the flusk whicli was cooled in an ice-bath.
Reweighing gave thie weight of sulfur trioxide. About a
109 molar excess of purificd dioxane!” was added slowly with
stirring and cooling, and then a solution of the alkene in
utethiyiene or cthiviene chloride was added dropwise with
stirring to the slurry. Stirring was continued for approxi-
mately one hiour at 0°, and then water was added witi1 vig-
orous stirring. The hiydrolysis time was about 10 min.

The layers were scparated, inverting with ether in in-
stances where an emulsion formed. The organic laver was
imnediately dried and the solvent removed under vacuum.
The water layer was treated with cxcess barium carbonate
(cantion) and the precipitate removed by filtration. The
solid was treated with dil. hydrochloric acid, dried at 150°
and weiglied to give the antount of sulfur trioxide rccovered
as bariumn sulfate (9% sulfate in Table II). The barium
sulfonate solution was treated with excess sodium sulfate
and filtcred. The weight of the precipitate, dricd at 150°,
gave the amount of sulfonic acids as bariunt sulfate (re-
corded in Table I as 9, sulfonic acids).

The solution containiug the sodium sulfonates and sodium
sulfate was evaporited to dryness and extracted repeatedly
with inethanol or 959, cthanol. Evaporation of the solvent
gave the sodiun sulfonates. In niost cases where thie salts
werc discolored, it was fotind that treatinent with activated
charcoal of alcoliolic solutions (but not aqueous solutions)
gave colorless products.  Tlie weights of sodium sulfouates
isolated varied frout about 60 to 1009, of the theorctical as
indicated by the 9 of sulfonic ucids present.

Bromide-Bromate Titrations.—About 0.5 g. of tlie so-
diuin sulfonate was dissolved i1 50 ml. of water, aud tle
solution was made 1 N with respeet to hiydrochiloric acid.
Thien 1.0 g. of potassium bromide was added, and the solu-
tion titrated with 0.03333 A/ (0.1000 N to double bond)
potassium browmate solution until a ycllow color persisted
for five minutes.  About 10 1nl. more of the brounite solu-
tion was then added.  After the mixture Iad stood in the
dark for 30 iu., 1.0 g. of potassium iodide was added, and
the liberated iodine back-titrated with freshily standardized
soditun thiosulfate solution.

Titration of samples from sulfonations is often compli-
cited by the presenee of hydroxy sulfonutes. If titration
valies greater than 10005 were obtained it was assumed that
hydroxy sulfomites were absent.  In onc instance (sulfon-
ates from 2,4 ,4-trimethyl-1-pentene) this assumnption was
sliow to be justified. If values of less than 1009 were ob-
tuined an average molecular weight was assunted in the
calculation of the percentage unsaturation.

Infrared Spectra.—A miixture containing 9877 desiceited
potassium bromide and 2% soditn sulfonite was ground to a
finc powder und pressed into a clear window, and the spee-
trum taken. The absorption band found to be most useful
was that in the 11.2 g region (disubstituted terminal double
bond) since it is botl strong and sharp. In all instances
wliere tlie sodium suifonates were obtained from rcuction
mixtures therc was a niediutn to strong hydroxyl baud in
the 2.8 u region.  However, for branclied sulfonates this is
morc likely to indicate water of hydration than hydroxy
sulfonate (sec below).

Sulfonation of 2,4,4-Trimethyl-1-pentene.—A 16.9-g.
saimnple of the olefin was sulfonated by thie procedure de-
scribed above using an cquimmolar quantity (12.1 g.) of
sulfur trioxide, 15 g. of dioxane and 100 ml. of methylene
chloride. After hydrolysis only a black tar wus obtainet
from the organic layer. The aqueous layer contained 6%,
of sulfate and 75% of sulfonates by barium sulfate deter-
minations (see ahove procedure). FExtraction of the sodium
sulfonate-sulfate mixture with 959 alcoliol, decolorization
threce times witli charcoal and evaporation yiclded €09, of

(16) Microanalyses were hy Miss Hilda Beck.
(17) L. F. Fieser, 'Experiments in Organic Chemistry,” 2nd edition,
D. C. Heath and Co., New York, N. Y., 1941, p. 368.
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colorless sodium sulfonates, which gave a bromide-bromate
titration value of 1479%. '[licrc was no absorption in the
11.2 u region.

Treatment of an aqucous solution containing 1.0 g. of
sodium sulfonate with an alcohiolic solution containing 1.1 g.
of S-(p-chlorobenzyl)-thiurouinmt chioride gave 1.7 g. of
derivative, m.p. 175-185°. Two rcerystallizations fromn
water gave 1.0 g. (54Y) of S-(p-chlorobenzyl)-thiuronium
2,4,4-trimethyl-1-pentene-1-sulfonate, m.p. 187-188°.

Anal. Caled. for CisHa0:8:N.Cl: C, 48.90; H, 6.41.
Found: C, 48.85; H, 6.21.

The S-(p-clilorobenzyl)-thiuroniuin salt in niethianol was
passed over Dow-X-50 cation exchiange resitn.  Metlinol
was used to elute the colutun. Titration of the solution with
standard sodium hydroxide sliowed a quantitative conver-
sion to 2,4,4-trimethyl-i-pentetie-I-sulfonic acid. Bromide-
bromatc titration gave a valuc of 1489, unsaturation as
compared to 1479 for the original sulfonate, which indi-
cates that thie originul was relatively pure sodiumi 2,%,4-
trimmcthyl-1-pentene- I-sulfoniate.  The salt  exhibited a
strong hydroxyl band in tuc infrared indicating water of
liydration.

A sample of sodium 2,4,4-trimethyl-1-pentene-1-sulfoate
(dried for 8 lir. under vacuum at 20°) lost 8595 of its wuter
of hydration (assuming a monohydrate) on heitting at 135°
at (.3 mm. to constant weight. The salt still showed a
strong hydroxyl band in thic infrared. This may be due to
adsorption of water whilc prepariug the potassium bromide
pelict, since on standing open to thie atmospliere at room
temperature thic salt readsorbed 129, of tlie original water
of hydration in 30 win. and 449, in 20 hr.

2,3,3-Trimethyl-1-butene.—Crude 2,53,3-trimethyli-2-bu-
tanol was obtained by the reaction of miethylinagnesium
iodide and pinacolone in the usual nianuer. It was found
to be advantageous to remove the ether prior to deliydration
as the olefin teuds to co-distil with ether.  After dehydra-
tion, by refluxing thie crude alcohol for 4 Iir. over iodine, a
729 yield (1 wiole run) of 2,3,3-trinethyl-1-buteue, b.p.
78-78.5°, n®p 1.3985, was obtained; reported’® b.p. 77.9°
(760 1nin.), n®p 1.4029.

2-Chloromethyl-3,3-dimethyl-1-butene (I).—Clilorine (20
g., 0.29 molc) was dissolved in 400 ml. of nicthylene chlo-
ride, and this solution was added with stirring over a period
of one hour to 20.4 g. (0.30 nole) of 2,3,3-trimethyl-1-bu-
tene und 42.0 g. (0.50 nole) of sodiui carbounate in 50 mi.
of methylenc chioride cooled in att ice-bath.  The reaction
ntixture was waslied with three 50-ml. portions of aqueous
sodiuin bicarboniite and witlhh one 50-ml. portion of water.
After drying over anhydrous sodiut sulfate the solvent was
rcioved and the residue distilled under vacuum to give
13.5 g. (359%) of muaterial, b.p. 63-65° (60 mm.), »n%p
1.4420, and 6.5 g. of material, b.p. 10+-106° (60 nun.),
n®p 1.4738. Tiwe latter (dichiloride) failed to decolorize
bromine in carbon tetrachloride and was not investigated
furtlier.

After 0.5617 g. (4.237 X 107% mole) of the first fraction
fiad been refluxed for 2 Iir, in 25 ml. of 95% alcohol contain-
ing 1.0 g. of sodium hydroxide and acidified with uitric
acid, 0.4834 g. (3.388 X 107% mole) of silver cliloride
(79.97%) was precipitated by addition of :lcoholic silver
nitrate. Under the same conditions 0.2066 g. (3.274 X
1073 mole) of methallyl chloride gave G.9713 g. (2.591
X 10728 molc) of silver chloride (79.139,). Since 2-chiloro-
methyi-3,3-dimethyi-1-butcne is the only allylic clidoride
of the carbon skeleton of 2.3,3-triincthyl-1-butcne, tiiis
dctermination serves as a structure proof and analysis.

Sodium 2,3,3-Trimethyi-1-butene-1-suifonate (II).—2-
Chloromethyl-3,3-dimethyl-1-butene (3 g., 0.0226 molc)
was added to a solution of 2.85 g. (0.0226 molc) of sodium
sulfite in 25 ml. of water, and the mixturc was stirred and
refluxed for 4 hr. The mixture was extracted with methyi-
ene chloride, evaporated to 10 ml. and cooled to give 2.3 g.
of sodium sulfonates, which gave negative tests for chioride
and sulfite. The mother liquor was evaporated to dryness
and extracted with boiling 95% alcohol. An additional
0.75 g. of sodium sulfounate free of chloride and sulfite was
obtained from the alcoliol, bringing the total vield to 68%.
Bromide-bromate titration of these salts gave a value of
1689, unsaturation. The S-(p-chlorobenzyl)-thiuronium
salt, m.p. 165-167°, was obtained in practically quantita-

(18) J. P. Wihaut, H. Hoog. 8. L. Langedijk, J. Overhoff and J.
Smittenhurg, Rec. trov. chim., 68, 329 (1939).
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tive yicld. Two reerystallizations fromr aquecous alcoliol
(68 and 719, recoverics) gave S-(p-chlorobenzyl)-thiuro-
nium 2,3,3-trimethyl-1-butene-1-sulfonate, in.p. 168-169°.

Anal. Caled. for C;3HaO;N-ClSs: C, 47.54; H, 6.12;
N, 7.40. Found: C, 47.85; H, 5.74; N, 7.70.

Sulfonation of 2,3,3-Trimethyi-1-butene.—2,3,3-Tri-
tetliyl-1-butene (25.0 g., 0.255 mole) was sulfonated using
20.4 g. (0.255 mole) of sulfur trioxide, 25.0 g. (0.284 molc)
of dioxane and 200 ml. of ethylcne chiloride. Hydrolysis
witit 100 1nl. of ice-cold water was carried out as rapidly as
possible (4 1nin.) in order to minimize hydrolysis of the sul-
tone.

Lvaporation of the organie layer gave 34.2 g. (75.59%) of
sultone, m.p. 140-143°. Recerystallization from ether—
cthanol gave 29.0 g. of 2,2,3-trimethyl-3-hydroxy-1-butane-
sulfonic acid sultone, m.p. 145-146°.19

(19) The reactians of this sultone will be discussed in a succeeding
naper. 11
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Anal. Caled. for C;11,0,8: C, 47,14 H, 7.92. PFound:
C, 47.16; H, 7.81.

Analysis of the water kuyver showed 790¢ of sulfuric acid and
179 of sulfounic acids to be present. The yield of sodium
sulfonates was 4.4 g. (100Y;). Bromide-bromate titri-
tion gave an unsaturation valuc of 85%,. An S-(p-chilora-
benzyl)-thinroniumn salt, m.p. 155-158°, was obtained in
139, vicld (8295 of thic unsaturated sulfonate, sce below).
One recrystallization gave a derivative, m.p. 167-168°,
wlich did not give a mixed m.p. depression with the au-
thientic sawple of S-(p-chlorobenzyl)-thiuronium 2,3 3-tri-
wethyl-1-butene--sulfonate described above. The infrii-
red spectra were identical.  Since sodium 2,3,3-trimethyi-
1-butcne-i-sulfonate gives a bromnide-bromate titration
value of 1689, about 529, of this inaterial is probably
present in the sodium sulfonates.  The remainder nty be
Iiydroxy sulfonate from tlie hydrolysis of the sultone.

Evaxstoyn, Iun.
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Sulfonation of Olefins.

IX. Sulfonation of 1,1-Diphenylethene

By F. G. BorRDWELL AND M. L. PETERSON!
RECEIVED OCTOBER 8, 1958

Sulfouation of I, I-diplicnylethiene with dioxance—sulfur trioxide gave about 7090 of 2,2-diphenyl-1-ethene--sulfanie acid,
109 of 2,2,4,4-tetraplienyli-4-liydroxybutaite-1-suifonic acid sultone and 109 of a dinter of 1,1-diphenylethene.

Most a-olefins with a 8-methyl branch react with
dioxane-sulfur troxide to give unsaturated sulfonic
acids as the principal products.? These have been
shown to be formed chiefly by way of carbonium-
sulfonate or B-sultone intermediates (like Ia and
Ib), although it is possible that they are formed to
a miinor extent by a concerted mechanism involving
a quasi six-membered ring transition state.?
Styrene gives 10-209, of unsaturated sulfouic acid

209, of the sulfur trioxide was recovered as sulfuric
acid and about 109; was converted to the sultone
of 2,24 4-tetraphenyl-4-hydroxybutane-1-sulfonic
acid(III). Formation of the latter utilizes two
moles of olefin to one of sulfur trioxide; the other
109, of olefin was converted to an unidentified dituer
of 1,1-diphenylethciie. The apparent absence of
a hydroxy sulfonate in the products is consistent
with the behavior of other 8-branched «-olefins on

under ordinary sulfonation conditions.® It ap- sulfonation.?
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peared to be of interest to investigate the behavior
of 1,1-diphenylethene, which has a g-branch, but
cannot give an unsaturated sulfonic acid by a
quasi six-nmiembered ring type of concerted miech-
anism.

Like other a-olefins with 8-branches? the reaction
of 1,1-diphenylethene with an equimolar quantity
of dioxane—sulfur trioxide gave an unsaturated
sulfonic acid, 2,2-diphenyl-1-ethenesulfonic acid-
(I1), as the major product (about 709%). About

(1) Procter and Gamble Fellow, 1948-1951.

(2) See paper VI11 in this series, F. G. Bordwell and C. E. Oshorne,
TH1S JOURNAL, 81, 1995 (1959).

(3} (1) . G Bardwell and C. S, Rondestvedt, Jr., sbid., T0, 2429
(1D48Y . (b)) I G Burdwell, M., L. PPetersan and C. 8. Rondeslvedt, Jr.,
bt T6, U1 (1951,

The formation of high yields of II is explicable in
terms of intermediates Ia or Ib and shows that the
formation of unsaturated sulfonic acids from 8-
branched «-olefins can occur in cases where the
quasi six-niembered ring mechanism is inoperative.
This supports the conclusion that this type of
process is not common in sulfonatious.?

The forimation of II and its reactions provide fur-
ther exainples of the known tendency for the main-
tenance of the double bond in 1,1-diaryl systems.
Thus the sodium salt of II reacted with bromine
in aqueous solution to give sodium 2,2-diphenyl-
1-bromocthene-1-sulfonate (IV) as the 1najor
product (89%,). .\ suall amount (87¢) of a water-
iusoluble product, which is probably the dinteric



