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MECHANISM OF VARIOUS ORGANIC REACTIONUS

Analogies ere commonly drawn between sulfate anc sulfonic
esters and the corresponding alkyl hallides (1}, the attention
veing focused cn the alcohol moiety., Tommila (2,3) and Goubau
(4) have made kinetic studies of alcoholysis of aromatic sul-
fonyl chlorides. Similar kinetic studies of aliphatic sulfonyl
chlorides carried cut as part of this project (5) have demon-—
stratad the bimoleculsr nature of the alcoholysis in agreement
with the findings cf Temmila (2) with aromatic sulfonyl chlor-
ides. Thus an analogy can &lso be drawn between aliphatic
sulfonyl chloricdes and primary alkyl chlorides,

In order to determine the steric requirements of various
sulfonyl chlorides for comparison with those of the analogous
primary alkyl halides 1t was proposed to study the kinetics of
alcoholysis of a selected group of variously branched sulfonyl

" chlorides. As most of the compounds in this group were unknown

a considerable part of the effort toward carrylng out this

prograz has been directed tcward the preparation of some of
them,.

Synthesis and properties of the required sulfonyl chloridee
has led to study of the mechanism of some of the reactions in-
volved, particularly an explanation of the fallure of the retro-
pinaccl rearrangement to cccur (6) when one might normally have

expected it, the mechanism of formation of sulfonyl halldes by

reacting a Grignard reagent with sulfuryl chloride and the
mechanism of decomposition of unstable aliphatic sulfonyl
chlorides. Cherbuliez has proposed a cne—-step reaction for the
synthesis (7) while Richter indicates that sulfuryl chloride
forms equimolar qQuantities of sulfinic acid salt and alkyl
chioride with Grignard resgents (8)., Smook has recently shown
that polyethylenesulfonyl chlorides can be decomposed by e free
radicel mechanism initiated by ultraviolet 1ight (9).

If the sulfo group 1s considered to be analogous to the
methylene group from a mechanistic viewpoint the steric re-
quiremsnts of tertiary sulfonyl chlorides should be consider—
able, prohably enough to force displacement reactions through
the higher snergy Syl mechanism, This seems to be borne out
by the fact that the product resulting from rsacting sulfuryl
chloricde wilth t-butylmagnesium chloride does not form a sul-
fonamide with an amine but ylelds t-butyl chloride snd the
sulfur dioxide addition product of the emine (5}. The decom—

position of sulfonylium ion to carbcnium ion is without paral-
lel for carbonium ions,

Asinger reports the preparation of t—-iscbutenesulfonyl
chloride in good yield from the corresponding sulfonic acid
with phosphorus pentachloride (10). By analogy to the con-
version of necopentyl alcohol into & halide a rearranged product
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would be expacted insteed of the corres;onding sulfonyl chlor-
ide or a product resulting from docomposition of thc sulfonyl-
ium ilon might be expected. Asingor's sulfonyl chloride has
distinctly different physical and chemicecl properties from that
prepared from the Grignard reagent; the former 1s a stable
liquid which reedily yields a suifonsmide whereas the latter
is an unstable solid which reacts readily snough with anmines
but, as peinted out ubove, does not yield a sulfonemide.
Numerous cther discrepcnsies in th: t-butyl system also were
pointad cut in past reports, there being contredictory reports
rogarding the sulfonic acld and its esters as well as the
sulfonyl chloride,

Discussion

Contrary to current vicws, strained cations do not re-
arrange per sc but arc rearranged by base attack at the beta
carbon atom,. Oxonium ions form little unrearranged piroducts
from normal Sy2 atteck when this attack 1is sterically hindered.
Instead there occurs an unhindered attuack by the cerbenion
displaccd by the bese attack at a beta carbon atom. Access of
tho bete carbon atom to basc attack and strongth of attacking
base determine thc proportion of recrranged producte. Increas—
ing the steric rsquirements of the base or the beta carbon atom
prevents rearrangement bty shiclding the beta carbon from attack.
Electron—dense substituents can also shield the beta carbon,

Attached to this report is = reprint of a publicetion discuss-
ing these viecws,

In viaw of the facts that reccting Grignard recgents with
sulfuryl chloridc¢ results in sulfonyl halide yields generally
of the order of some thirty percont and in formation of consid-
erable byproduct alkyl chloride it 1s believed that the sul-
finic scid is an intermecdiate, If this 1s correct the helo-
magnesium salt of the suifinic acid represents another zanalogy
betwoen the sulfo and the mcthylenc groups and the salt should
have some of the properties ass aciated with Grignerd reagents,
It is probable that the chlorinuting uction of sulfuryl chlor-
ide on the Grignard reagent results in the byproduct alkyl
chloride and that analogous chlorination of the halomagnesium
sulfinate forms the sulfonyl chloride. By eliminating the
possibllity of chlorination of Grignard reagont 1t should be
possible to obtain much better yicids of suifonyl chloridss
than are gonerally obtained. As a preliminary step in estab-
1ishing this mechanism benzylmagnesium chloride was reacted
with sulfur dioxide and the product was chlorinated. The yield
of a-toluenesulfonyl chloride was about sixty percernt and it is

expected that a short study of conditions and chlorineting
agent should result in considerebly more increase over the
normal thirty-five percent from reacting the Grignard reagent
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directly with sulfuryi chloride. This proposed mechanism for
sulfonyl chloride formetion rether than = one-step one might
nccount for unsuccessful attempts (11) to prepeare sulfonic
esters by reacting Grignard reagents with ethyl chlorosulfcnate
An unexpected sdwvantage in the chaonge from sulfuryl chlorlide

i1s that neither step 1s particularlvy exothermic whereas the
action of sulfuryl chloride 1s quite viclent. ©Since the de-
composition of sulfuryl chloride into sulfur dioxlde and
chlorine should be endothermic this suggests that the violent
action of sulfuryl chloride is due to alkyl chloride formation.
A study of heats of resctions involved in sulfonylation of
Grignard reagents 1s now being considered. It 1s planned to
determine the structure of the byproduct alkyl chloride formed
in B-stralned cases, for example neopentylmagnesium chloride,
as it is known that inorganic acid chlorides and aluminum
chloride decompose sulfcnyl halides into alkyl chlorides {(12),

Retes of ethunolysis of sulfonyl chlorides having differ-
ent steric requirements were determined by refluxing witih
ethanol containing some hydrogen chloride and finding the
amounts of unreacted sulfonyl chloride, of ethyl sulfonate
and of sulfonic acld present at verlous times., Resultant
values for thz {lrst order solvolytic attack on elght sulfonyl
chlorides are summarized:

e L,

Sulfonyl chloride k t
,(mins;—l) (miné.)

octane-2- 0.014 50
neopentune- 0.016 43
camphane-10- 0,018 39
s—1soamylmethane- 0,048 14
a—~toluene-— 0,063 il
necpoentylmethene-~ 0,084 8
octane-~1-~ 0.089 8
dl~cemphor—10— 0.171 4

From these values 1t appears that the sterle requirements of a
sulfonyl chloride having cne alpha-methyl group (octune-2-
sulfonyl chloride) are of the scme order as those of ¢ sulfonyl
chlorlde having two beta-methyl groups (ncopentanesulfonyl
chloride) or two rigldly fixed beta-metrnylene groups (camphenz-—

10-sulfonyl chloride)., Probably two beta-methylene groups
which are not rigidly fixed will increa

1l inereazs the steric Pa\luire—
ments with consequent retardation of Sy2 attack., On the other
hand, two gammn-methyl groups do not appreciably alter the
steric requirements for ethanolysis (compare ncopentylmethane—
sulfonyl chlorlde with octsne-l-sulfonyl chioride) but well
could slow down attack by a base having considerably greater
steric requirements than those of ethunol. One beta-methyl
group significantly lncreases the steric requirements (s-iso-
eémylmethanesulfonyl chloride). These effocts are those that

A
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might have been predicted from a comparison of the rates of
SN2 reaction of analegous alkyl bromides (13) when allowance
1s mades for the fact that the sulfur atom is approximately
a third larger than carbon,

Altuough cne might expect the phenyl grcup to partlclpate
in the displaecement of the chloride from a-trluenesulfenyl
chleride by enalegy to B-phenyl tosylates (14) the slower rave
of ethanolysis (k = 0,083 mins.—l) compared with octane-1-
sulfcnyl chloride (k = 0,089 mins.~1l) indicates that this is
not the case. The steric requirements cf a planar grcup such
as phenyl shculd be relatively smaller than the bulky ones in
camph&ne—10- or s-isoamylmethanesulfonyl chloride and 1t is
probable that the withdrawl inductive effect of the phenyl
group 1s largely responsible for the slower resction. Append-
ed tc this repert 18 a menuscript submitted for publication
concerning steric rejuiroments cf sulfunyl chlorldes.

The ccnsider<bly greater rate of ethanclysis of camphor-
10-sulfenyl chleride 1s attributed t¢ the keto group. Very
probably its pcsiticn is critical; in the gamma or in the delta
position the carbonyl oxygen shculd be cupable of relatlively
rapid displacement of the chloride while the cthancl is
strongly attrzcted by the carbonyl carb.:n, The resultant
gamma— or delta—-ethexysultone might be expected to tautom-
erlze to the cthyl gamma-~ or delte-=ketosulfonate 1f the sulfo
grcup behaves like a carboxyl group. But if the analogy
between sulfc &nd niethylene grcups 1s malntalnzd the pseudo-—
glycosidic structure shruld not recrrange. In positions closer
to the sulfo grcup & ketn group might only have an inductive
effect although in the elpha position 1t might participate
through an alpha-sultcne intermediste, Conant's studies of
the effect of the keto group on rate of reuscticn of alkyl
chlorides with potassium iodide (15) shiuld afford an interest-
ing comparis:n with its effect on sulf:nyl chlrrides.

It 1s planned tc further investigate the analogy betwecen
alkyl chlorides and sulfcnyl chl.rides by comparing the
nelghbor effect in dleplacement reccticns of beta—-chlorcethyl
sulfides {16) and alpha-alkylthismethunesulfcnyl chlorides,

Alpha-glkcxymethanesulfonyl chlorides slso are of interest
in this connecticn,

Goubau (4) shuwed thut hydrigen chlnride catalyzes the
ethanclysis cf crematic sulfonyl chlorides. He attributed
an apparent drift from first -rder kinetics tc autocatalysis
but based his ccnclusions cn total acidity, neglecting tc
correct for sclvolytic attack on the ester,cccurring concurr
ently with attack by hydrogen chloride,which doubles the
acidity. The rate >f ethanrlysis of cemphune-1l0-sulfinyl
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chloride was found to be unaffected by as much as & seven-
mol ratio of hydrogen chloride to sulfonyl c¢hloride. Sorc
hydrogen chloride was accordingly included in the ethanol used
in the alcoholyses ! ordor te reduce the number of variables.

While the reactions of sulfonic esters have teen shown to
be more nearly like those of alkyl halides (1) the analogy has
alwsys been considered from the viewpoint of the alcohol molety,
not the sulfonic ncid part. The rotes of attack by ethanolic
hydregen chloride and by ethanol on ethyl esters of sulfonic
acids having different sterie requirements are shown below.

Ethyl sulfonate k (minutes—1)
ethanolic HCl solvolytic
camphane~10- 0.016 0,001
neopentane- 0.029 0,002
s—-1soamylmethane~ 0,021 0.003
octane—2- 0.041 0,003
neopentylmethane~ 0.052 0,003
octane~1- 0.051 0.004

Although these values are not as dependable as those obtained
from the sulfonyl chlorides they do show a significant differ-
ence 1In steric requirements, These differences are consider-—
ably less than wculd be expected if the mechanlism of reactions
of the esters were the same as those of carboxylic esters, in
which case they would be about the same as for the sulfonyl
chlorides, That solvelysis accounts for only a small part of
the attack by the elcoholic hydrogen chloride on the esters
is shown by the comperison of ratecs of attack by ethenol alone.
The solvelysis constants are morc reliable and are more nearly
in agreement with steric requirements. Inconsistences in
determinations using ethanolie hydrogen chloride are being
studied. An investigation of the steric requiroments of
sulfr-nic csters has been initiated in which the suvlfonic acid
and the elcohol moleties arc to be varied. Neutral chloridc
ion attack seems to be more depcndable than hydrogen chleride

for this purpose and a cocmparison of rates and products under
the two conditions is belng nr le,

It 1is believed that t—isobutanesuifcenyl chloride is the
product obtuined from reacting t-butylmasgncsium chloride with
sulfuryl chloride (5) and not from reacting potassium t-iso-
butanssulfonate with phospnorus pentachicride (10j. The rirst
product is an unstable solid which decomposes slowly to t-butyl
chloride and sulfur dioxide and 1s vigcrously decomposed by
amines; the second is a stzble 1liquid which reacts with amines
as an unhindercd sulfonyl chloride., It is believed that the
steric requirements of a tertiary sulrenyl chloride ere too
great for "normal” amine rescticns and that the B-strain is so

great that instability is characteristic although Folkers (17)




—B—
NR 058 222
10-1-53

rceported a sulfonyl chloride dorived from a tertiary sulfonic
acld related to penicilluminc to form sulfeonamides. That Smook
found sulfonyl chlorides of polycthylone decomposc when 1r-
radiated with ultraviolet light (9) does not rule out the
possibility of ilonic decomposition uncder normal conditions. If
it 1s requisite for 2 carbonium lon to assume a configuration
approaching plancrity a bridgeneed carbonlum lon in a bleyelo-
(2,2,1)-hcptane system (18,19) 1s not possible and a bridze-:
head sulfonyl chloride of such a systom will be stable towaxd
ionic decomposition., Stability of such & sulfonyl chloride
will cdisallow homolytic decomposition since it has becen shewn
that & planer configuration 13 not rcquisite to stablc freec
radical formation (20,21).

Chlorosulfonyluticn of norcamphane might yield thrce
sesondery sulfonyl chlorides as well as the tertlery cne.
Although it 1s bolisved that the seccndary ones can be pre-—
ferontially reacted out or decormposed the bridgehead sulfonyl
chloride has not yet been 1solated. This may be largely
because of the very stable emulsions that have been encounteresd

so far, A means of obtalning a bridgehead free radical ia
a superior routc; fcr cxemple, the brominative decarboxylation
of the silver sclt of apocamphane-l-carboxylio acld 1n the
presence of sulfur dioxide or sulfuryl chlorido is presently
being studied. Sulfonylation of a bridgehicad carbanion also
is being studled.

A third means of obtalning a bridgehead substituent 1s to
forn the bridge efter the substituent is lncated., Thus 9,10-
dichloroanthracene was reacted with malelc anhydride to yield
9,10-ethannvanthraceno-11,12-dicaerboxylioc acid anhydride.
Hydreclysis of the bridgehead chlorides did not occur with
aqueous scdiur: hydrnxide bhelow 160°C,., at which temperacure a
retrograde Dilels-Alder reaction occurrcd. Apparently the
shorter bond lengths in the arometic bridges meke neccessary a
greater straln in order to to obtain a bridgeheecd carbonium
ion then in a saturated bicyclo-(2,2,2)-octane systen.
Attempts to obtaln similarly a stable bridgehead sulfur com-
pound have not been successful, During this phase of the
investigetion 9,10-dichlcroanthracene also was reacted with
indsne. The readily formed adduct, melting at 166°C,, appar—
ently 1s a new compound. Adducts of indene offer the advan—
tage over malelc anhydride ol having no funitlional groups
characteristic of the dienecphile.

Instability of the sulfonyl chlorilde obtained when t--butyl-
magnesium chloride 1s reccted with culfuryl chloride (5) and
fallure to obtain a tertiary sulfonyl chloride upon chloro—-
sulfonylating isobutane (10) mekes questicnaeble claims to
nreparing chloro tertiary sulfounyl chlorides by chlorosulfon-—

-4
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ylating several branched alkyl chlorides (22). No proof of
the structures of these supposed tertiary sulfonyl chlorldes
was presented and the ruascning offered for concluding such
structures seems unsound. As a sultone did not result when
the acid frcm hydrolysis of chlorosulfonylatod i-butyl chlorlde
was heated undor reduced pressure, Helberger concluded that
the sulfc group is tortiary on the assumption that the five—
mombered sultune shcould have fcrmed if the sulfo group were
primery, Fr.m this he concluded that the sulfonyl chlorldes
from chlorosulfonylating each i-amyl chloride and 4-chloro—-2-
mothylpentane nust be tortiary since sultones resulted when
the scids cbtelncd by hydrolysis «f the sulfonyl chlorides
wore heated under reduced pressurce. However if the view is
takcn that all of the sulfcnyl chlcrides in questlon ere
primery, six-mombercd sultones formed under the conditlons
used while the five—membered cne d1d not., This has sone
suppert in our failure sc far to obtaln tho flvo—membered
sultcne from chlorcsulfonylated neopentyl chloride. An inves-—
tigution is also becing made of possible sultone formation from
the chlorination prcduct of neopentylmethenesulfonyl chloride,
cnly four or six-ncrberecd rings belng possible in tkis case,
Attcmpts t» repent Helberger's work and tc prove the structure
of his sultrncee have been initicted.,

When diisopropyl was chlerinuted in the presence of a
250-watt clear infrered lemp at 20-30°C., the conversion to
tertiary chloride wes almost twice as greot s to the primsry
while when a 150-wati projoctor flood lamp wns used at 0-10°C,
conversion to primary and tertlery was ebout the same., As
this difference may not be fortuit~us an investigation is being
made, there being nc immediztely appsrent explenation.

New compounds fcrmed in connection with this study are:

S—1sopentanesulfonyl chloride, preparcd from the sodium salt
resulting fr-m addition cf s~dium bisulfite to B-isoamylene
(88% yield, 48% conversion to erude sudium selt) in a dilute
elcocholic solutl of the nitrate cnd nitrite of sodium, b.
64~65°/ 1 mri., nf° 1.4620. The sulfur content was too high
fcr acceptable purlity although propcrtiosns of the other
elements were satlsfactory. This new sulfonyl chloride hes
been dorivatized with benzylamine, The amide, n. 86-87°, was
not quite analyticelly accoptable,

cyclopentane, b, 55% 0.4 mm,, nf° 1.4889, The sulfur content
was too high for analytical purity although the proportions

of the cther elcnents were satlsfactory. Actuzlly this 1s not
a2 new sulfonyl chleride but 1t hes n~% been adequately
characterized (23).

Cyclopentanesulfonyl chloride, OE elned by chlcrosulfonylating

. |
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Necpeatsnesulfonyl chl-ride, previcusly reported, has been
further derivatized with morpholine and with n-butylamins.

The amides, each of which arse analytically acceptable, nclt

at 113-114° and 54-55°, respectively. The morphclide of
neopentanodisulfonic acid, m. 159-160°, obtained by reacting
with morphsline the less volatile residual byproduct from .
chlorosulfonylation of neopentane, wes analytically acceptable.

Chlorcneccpentanesulfonyl chloride, cbteined as a bypr~duct in
chlorosulfonylatlon of nenpontane, b. 78-79°/ 0.8 rm., 84-85°/
1.8 mm., n ©71,4838., The chlorine centent was unacceptably

low «lthough propoerticns of the other elements was sctisfactory.
This sulfenyl chlcride was derivatized esch with amminia,
benzylamine and morphcline, the melting points of the amides
being, respectively, 85-86°, 63-64°, 109-110°. Only the last
hes been shown t be snalvtically acceptable material, the
second cne 1s almcst so, the first has not been analyzed.

Neopentylmethanesulfonyl chloride, previnusly reported, has
been further derivatlzed with cyclohexylemine. The emide,

m. 120,5-121.5°, has not been analyzed. Ethyl necpentylmeth-
anesulfonete, prepared by recccting the silver salt of the
cocrresponding acid with ethyl icdide, is analytically accept--
able wheireas thet derived from the acid with dlazoethgpne was
nct. Its proportics, b, 87-89°/ 1 mm., n S 1.4337, da3* 1,0276,
Mp 49.2 (cele'd 49,.0) arc scmewnat different from those when
d?azoethane was used (5).

Camphene-~10-sulfonyl chloride, m. 84-85°, propared from the
sulfonic ueld salt resulting from a Wolff-Kishncr reduction
of dl-camphor-10-sulfonic acid, was characterized by ccnver-
sion t¢ the N-benzyl sulfinamide, m, 114-115°, the sulfon-
morphiolide, m. 195-194°, and the ethyl sulfonate, m, 66-68°,
The last named was prepared by the silver salt rcute. All

of these compounds were anelyticolly acceptable., Although the
sulfonyl chloride of dl-camph:-r—-10-sulfonic acld melts ot
nearly the same temperature (81-82°) as dres its deketonated
analog the molting point ¢f a mixturc of the sulfonyl chloriiers
i1s significantly lcwer. While dl-ccnphor—10-sulfonlc aclid
melts at 202¢, the crude deketunated eccid 1s 2 1iquid at room
temperuture, The morpholide from dl-camphor-1l0-sulfconic scid

meclts signiflecantiy lower (137-140°) than thet from the
reduced acid (193-194°),

The Diels—Alder adduct of 9,10-dichlornanthracene and indene,
me 168°, hus not been analyzed,

Calibretion of the refractometer used in determinations
reported in the 1952 annuul report (pp. 16-17) was found to to

in error., All refractive index values in that report are
0.,0009 lovw,
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A STUDY OF ALIPHATIC SULFONYL COii OUN
I. OCTANE-1- and —-2-SULFONYL CHLORIDES

By Robert B. Scott, Jr.2 and Robert E. Lutzd

Some time ago Goubau (1) found that the solvolysis of
aromatic sulfonyl chlorides 1s essentlally first order when
carried out in a largse excess of alcohol at 0° to 50°, Recent
investigations by Tommila (2) indicate that the reaction takes
place by a bimolecular (Sy2) mechanism, Except for Goubau's
reference to some unpublished work with phenylmethanesulfonyl
chloride and its p-nitro derivative kinetic studies of aliphat-
ic sulfonyl halides have not heretofore been reported, u,,-g&'«o?

Sinces alcoholysis of aliphatic sulfonyl chlorides very
probably also proceeds in a bimolecular manner, the mechanisms
of reactions of aliphatic sulfonyl nalides should be compareble

to those of prinary alkyl halidss snd thus subjeet to steric
and polar influences which affect primary alkyl halldes. An
investigation of the effccts of substituent groups on the ratas
of alcoholysis in bolling ethanol therefore was undertaken.

This report, which is concerned with data obtained for
octane-1—- and —-2-sulfonrnyl chlorides, represents the tfirst of a
serles of studies cn the magnitude of steric and polar influ-
ences on reactions of aliphatic sulfonyl compounds.

New preparations of these known sulfonyl chlorides of
octane and determinations of their physical propertles are
described hereln because previous investigators (3,4) daid not
report density determinations and re¢ferred to slight decom-
position teking place during distillation.

Octane-l-sulfonyl chioride was prepared by oxidative
chlorination of the corresponding merceptan according to
Zieglor (3), by sulfonylation of n-octylmagnesium chloride’ witxh
excess ethereal sulfuryl chloride according to Cherbullez (5}
and by heating the mercaptan-~derived sulfonic acid with eitrer
phosphorns pentachloride or thionyl chloride. The products
from thes¢ thrce routcs had idnntical ggysical progorties

(me Ps 15.5-16.5°, b. p. 94°/ 1 mm., ng0 1.4591, ng5 1.4570,
%5 1.0817, My 53.56) and yiolded th

the same amids . .N o) uecon—-

position occurred during distillation when crystals of potassiurm
carbecaate wore uscd as boiling stones. The refractive index
1s in agrecment with that reported in the literature (3).

Octsne—2-sulfonyl chloridoc was prepared by sulfonylation
of 2~octylmagnesium chlorido (5). Distiilation under vacuum
without decomposition was mede possible by potassium carbonute
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stabilization of the dGistilland 2nd by using an unpagked
distillation column (b, p. 90°/ 1 mm., nf° 1.4599, a§° 1.0834,
Mp 53477, noblle 1llquid at about -70°§5 The literaturc vealuo
for the refractive index (4) 1s substantielly the sameo.

Discussion

Potassiun cerbrnote stebilizss these sulfonyl chlorides

(and their cthyl estcrs) against decomposition during reduced

ressure distillation but it is necessary to use an unpacked

column such os a Vigreaux and probebly partial condensation
reflux is preferred to total, VWhitmcere (6) observed that

t-alkyl chlorides cuan similarly be stablllzed against auto- b
catalytic decomposition and Gilman (7) feound that sulfonic

esters reported tc be therrally unstable can be distilled
without decomposition after drying with potassium carbonate. -
Rossander (8) t£lso repoirted having used this for drying esters i
cf sulfonic acids. This stabilization helps justify the :
analogy of aliphatic sulfcnyl helides to alkyl haildes, just as 3
an anclogy 18 quite commonly drawn between alkyl sulfates or -
sulfonates and &lkyl helides.

In determining the rate of ethanolysis of thesc sulfonyl {
chlorides & relatively large volume of ¢thanol was used to
reduce the kirstics to first order. As hydrcgen hallde 1is a
product of alcoholysis of o sulfonyl helide, ethandic hykrgen chkride
was used in order to mininizc zny offects cn rates of attack on
sulfenyl chlciide or sulfonic ester caused by variations in its
concentraticn®, 1In perts A cnd B of Table I are shown the
ancunts of sulfonyl chlcrido, sulfcnic ester ani sulfonic acid
prescnt at diffeorent times during slecholysis cof these sulfonyl
chlorides with boiling cthannlic hydrcgen chleride. Graphic
representations of thesc data in T'igures 1 and 2 1llustrate the
first order attack on sulfcnyl chl-ride 2nd ccnsecutive conver-—
sion of the resultant sulfeoniec estor into sulfoenic acid,

Only differences 1in steric rcyulremcnts ~f the two sulfonyl
chlerides can satisfactiorily anccount for the significantly
greater rate of ethannlysis deterrilned for octune-l-sulfonyl
chloride { k = 0,089 mins.~1) than that found for octane—2-
sulfenyl chliridoe ( k = 0,014 nins.”j cnd the assumption that
the alcoholysls of sliphutic sulf-nyl halides proceeds by a
mechanism shailar to thet for prirary alkyl helldes seems well
Justificd. The relative ratoas of 6.4 to 1 1s about what would
be expected (n the basis of the relative rutes of Sy2 reaction
of similarly hindered slkyl bromides with potassium i1odide in
acetone (9), assumii:g that the sulfo group 1s the equivalent
of a mcthylene grour except ebout a third largerS,

Apparently uncatalyzed alcoholysis tc produce sulfoaic
esters 1s less practicable for sulfonyl halides having large
steric requircments than for straight chain ones, Filgure 2

2
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demonstratirg that the secondsry sulfenic ester 1s more rapidly
attackod than its sulfonyl chlorile while Figure 1 shows that
the primary one is less rapidly attacked than its sulfonyl
chloride.

Although rate constants calculated for the consecutive
attack cn the sulf-nic esters are too erratic ¢ be more than
qualitativo (see parts A and B ~f Table I) they cre of the
same order as the nore accurate censtants resulting from data
(see parts C and D of Table I) ~bteined when the pure svlfonic
ostoers werc reactcd with boiling ethconolic hydrogen chloride.
The amcunt of hydrogen chloride necessarily varies during
ethenclysis of sulfonyl chlerides comsequently the naximum b
anount that could be present was used in deternining the rate
of attack on the purc esters. Therefore tae rcsulting ccnstants
represent thne maximunm rates for the consecutive reaction during
ethanolysis of the sulfonyl chlaride, 3

In Figure 3 the rates of attack on the sulfonic csters 1s .
grarhically compared with thet for iie sulfunyl chlorides. The
primary sulfcnic estor reacts ( k = 0,051 mins,~1l) abgut 1.2
timcs es fast as the secvndery one ( k = 0,041 mins.™ ), there-
by indicating thut the steric requirements of the letter arc
significantly grceter., Alth.ugh these esters alicylate the
solvent as well es react with the hydrcgen chloride, the
reaction with beiling ethanol slone 1s only about 7% as fast as
with the alccholic hydrogen chloride., Agsin the steric require-
ments of the secondary sulf.niec estcr (k = 0,003 mins,.,wl) are
grec.ter than those of the primary one (k = 0,004 mins.~1l).

Since bases incrcaso te cf alcoholysis of sulfonyl
halides the othanolysis of the sulfanyl

chlorides was carricd cut at 25°. Even sc the reaction is so
rapid that n» sulfonyl chloridc remcins in either case after
three minutes while the rosultant esters then cre moro slowly
attacked, thus supporting HirsjBrvit's conclusion (10) that
shorter than conventicnal recction pericds wiuld be better for
preparing sulfonic esters in this mntnner. As o feure—to—fives .
fold excess of cthoxide weas present after the sulfonyl chloridos
had been rcacted the base attack ~n the resultant esters cen bs
considercd ts> be partially reduccd trward first order for
ccmparative purposes., At least these rough values (k; = 0.004
mins.,~l, ks = 14 x 10~& moles-1l mins,~l for the primery and

ki = 0,008 nins 1w, =k x 102 01652 mins.—2 for the

secondary) serve to ffx the crder of magnitude end to indicate
that vase attack 1s much more prominent at this foemperature
than 1s solvolysis (see parts E end F of Table I).

As further svidence nf the greater steric requirements of
the seccndary sulfonyl chlaride, saponification with hot
aqueous potassium csrb-nate solution proceeds roughly eight
times as fust with the primary as with the secondary sulforsi
chloride. '

5
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TABLE 1

ATTACK ON OCTANESUL: ONYL C4MPOUNDS RY ETHANOL, BY EYDROGEN
CHLORIDE AND BY SUDIUYM ETHOXIDE
TR I : 3

r 2 3¢ S 5 5% 3 3¢ S 5 ”* 3% 3 3 3 2
Exper— Tine R304C1 RSO,0Ct RSO, CH k3 ko
imont* mins., Mg.moles Mg.moles Mg.noles mins.,”! nins,"1
obt'd Cale'd
8.5P 4.7 4.7 0.3 0.6 .090
13 .5P 3,0 5.8 1.1 1.2 0.089 0,01¢
A 18.5P 1.9 5.8 2.2 2.3 0.090 0,03°
28 5P 0.8 5.1 4,1 4.& 0,089 0.04¢
___________________ Average® _ 0.089 _ _ _ _ '
30 6.5 1.2 0.4 2.3 0,014
49 5.5 1.7 0.9 2.8 0,012 0,04°
B 60 4,6 1.5 0.9 3.9 0,013 0,05 i
82 3.0 1.2 3.0 5.8 0,015 0,06°
___________________ Averaged _ 0.014 _ _ _ _ i
11 6.2 3.0 3,8 0,043
C 33 1.6 793 8.4 C.vue
53.5 0.6 8.9 gc‘;_ 0.0ua‘
e e e e e e e = s Averaged _ 0.051 _ _ _ _
12 5.7 2.6 4,3 0,047
25 3.7 4.3 6,3 0,040
D 45 1.7 6.7 8.3 0,039
6045 0.9 7.0 9'& 0.040
o e e e e e e e e e Avoreget 0,041 _ _ _ _
3 0.0 5.3 4,7 1.
E 10 0.0 542 4,8 0.004°
e ..,59 _____ 0 :.0_. —_ - _.4:.4 ______ '?_’°§ ________
3 0.0 8.2 108 ‘l.
F 14 0.0 765 2.5 0.008f

A~ Ethanolysis of Octane-l-sulfcayl Chloride. Mixturc of 2,13
ge. cf sulfonyl chloride, 0,50 go of hydr.gen chleride and
11,2 g. of dry ethencl reofluxed different times and analyrod,.

B- Ethanclysis of Octane—-2-sulfunyl Chloride. Treated as A.

C~ Alkylation ~f Hydr-gen Chloride with Ethyl Octane=l—sulfrnsts
in Bthanol. Hixture cf 2,22 g, «f ethyl sulfonate, 0.83 .
of HC1l and 11,0 g. =f dry ethenol refluxed and analyzed.

D- Alkyletlon of Hydrogen Chloride with Ethyl Octane—2-sultourcte
in Ethancl, Treuated as C.

E- Alkaline Ethaaolysis of Octane-l--sulfonyl Chluride. Mixturs
of 1.0 go of sodiw: in 50 cc, of dry ethancl revcted wiih
2,13 g. of sulfunyl chl.ride at 20-25° and analyzed.

F— Alkaline Ethaaolysis «f Octane-2--sulf-nvl Chloride., Treated
as E.
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The cnly derivative previously roported for  ctine-.-
sulfecnic acid is the phpnv1hxdruz1ne selt (11). Acc-rdingly
severnl charccterizing derivetivos werc prepered {(sec Toble
iI) in the cenventional minner except frr the sulfonphthai-
imide., This cmpound (iie pe 120,5-122%) which ¢~ vlid nct b2
mede by reacting the sulfiinvl chirride with phthalimids or
its salt, presumibly because of the lsrge sterlc requiremcnts
of the base, 1s the acylaticn pr-duct of the sulrcnamice nnd
phthalyl chlcride by u medificaticn of the meth~d of Zvans
(12) in which the higher roccti-n tempersturo was attalned
by the omissicn of a s:i:lvent. No sclid derivative of octane-
2-sulf.'nic acid has been disclqsed in the literature, The
sulfonphthalimide (m. po $5.5-96.5°), prepcred from the crude
1i3uid sulfinamide, wus the unly sclid derivative obtalnable

for this systen.

Although the ¢thyl sulf . natcs cen bo preparcd dirocetly
frem these sulfonyl chlarides in the prescnce of cold
pyridine (13) = nore satisfactory syntiicsis is the essentlal-
1y quanvitative rcacticn of the su1°>nic acids with excess
ethiereal dluzoethane snelng:us t~ the preparation of methyl
sulfonctes using diszomcthance (1l4). Like tho sulfonyl
chl*ridou, these esters con be distilled under reduced pres-—
sure in ine prcsencn nf p‘t&ssium carbon2te withot decomposition,
R R LI X e ar O R " S R

Wrotnote tu Teble £

8 Hach experiment based on 10.0 ng.mcles sterting sulfo cmpd.
Actuel time measured wes 1.5 mins. longer in each case. The
following cnsts, were obt'a based ~n time cther than zero:

0.090 (10 & 15 mins.), 0,092 (15 & 20 mins.), 0,086 (20 & 30

mina.), 0,091 (10 &% 20 mins.), 0.089 (10 & 30 mins.), 0,038

(15 & 30 mins,); mean value cf 0,089 was used then for cal-

culatiocn of tinec zern, With 1,5 mins,., deducted from observed

times zll points including czlculcted time zeroc fell on a

straight line¢ 1n & log cenc, vs time plrt, Accuracy of data

may n~t warrant such c-rrecti®n, however, the meen pate con-

stant czlculated from cbserved tlmc (k=0, 082 nins.”*) also

gignific antly differs from that ththe sgccndary suifonyl d¥mde.
Calc'd from B =(kjhg/kp-k;) (<1 —k2%) in which B = cnic.

cf ester at time t; ky = rate c.nst, for disappearing RSC.iI;

éO' init. ccnc. RSO Cl; ko= rate c-nst. four disa ppearingewr*.
Aversge values determinad graphically.

< Assuning 1lst crder 2nd e leulsti.ne based on datu for 3 «
50 mins, or for 10 cnd 50 mins. Seci'nd crder constent
sinilarly determincd is 0,080ls noles—L mins,—1l,

f Assuming first order and celculati ns besed ~n dats for
S and 14 mins. Segc.nd crder constant similarly deterrired
is 0.906a$ roles~l mins.—1,

* ¥ % 3 L W LN % kS & 5¢ aw b +* 3¢ W 0
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TABLE II
A, IDE DERIVATIVES OF UCTnﬂh‘L*SVhF NIC ACID
Ecriva:ivz T mip.% oomoE AAQ_Eseé (%) v ﬁ_
velculetac Pouna

C h N T H I
Dincthvinmide? £3.5-24.5 6.33 5.63
Plperiiide 35-34 5,36 5.28
Dibenzylarids 35.5-36.5 70,73 8.37 70.46 8.42
Anilide «1,5~42,5 5.20 5.37
Morphelide +7T—48 5.32 e
Methylamide 47,548 5<,.15 10.21 52,00 10,06
p~T-luidide 5% ,5-55.5 4,94 <94
Cyclchexylanidebd .5-64 45 5.09 5.30
p—~Chlcrnoanilide 64-65 ¢.61 4 43
Amide 70457145 49,71 9,91 7.25 49,70 9,90 7.29
Benzylanilide 74-75 70.18 8,13 69,50 8.18
B-Naphthylamide75,5-76.5 4 458 4,45
Benzylamide 77.5-79 63.56 8,88 63.82 8,70
n—-Octylamide 87.5-88.5 4.59 G 47
p~Nitroanilide 92,5-94 8.91 9.17

Phenylhycdrazide 126-127.5
L wow W % o L S IR T S -]

% Not analytically pure.

>
%

s
-~

i<

Dec'mposed before analysis
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Experimentzl

Ethanclysis of the Sulfonyl Chlorides - A mlxture of 2.15 g.
lG.oIUSlﬁGleT‘of*fhé’ﬁa?ticular sulfcnyl chloride, 0.50 g.
(0.014 mole) cf hydrogea chloride and 11,2 g. ‘G 24 mole! of
dry ethenol was refluxed, Weighed 21iqu-.ts woerc portedieclly
rencved and yucenched in crld water, The crmpositican of the
mixturs of sulfcnyl chleride and sulfcnic estor remalning
aftor squeous extracticn ~f the sulfonic acid was estimated
fronm the weight of the wmixture and its rofractive index ofter
totel distillaticn in a small electrically heated statlic type
molecilar still (5-10 mm, distilletion peth, 0.,02-0,05 mm
pressvice) equipped with a U-shaped cundenser instead of the
conventi nal celd-finger in order to increase the rate v
distillaticn, Temperaturcs in excess «f 50° were avnided and
the matsrial balance of tho distillaticns was gced. The
aquenus extract ccntaining sulfrnic acid was crncentrated and
treated with barium chloride soluticn., The ancunt cf sullcn—
ic ecid in the alc~holysia rnass then was cclculated from the
weight of dried (7£° in vacuc) berium sulfonate precipitated.
It alsc was calculated by stoichicmetric difference from the
smounts of sulfonyl chloride and ester. The materlel balonce
was good in the case of the prinary sulfonyl chlcoride buc
cnly fair in the case (f the secondary cne because of ihs
appreciable solubility of its berlium sulfonate., The results
are recorded in parts A and B ¢f Table I.

Ethyl octans-l-sulfonate was prepared in 62% cinversiuns by
ethencIysis of tne sulfoavl chloridc in the presecnce of coid
pyridine and in essentially quantitative yleld by distilling
ethereel diczcethane into un ether sclution of the sulfonlce
acld and was distilled through a 36 cuie X 16 mnm, Vigreaux
column fitted with a partiscl condensation still head, 1In
order to cvnld possible decompugition during the reduced
pressure distillation crystals cf potassium carbonate were
used as bgiliné stones. ngsical characteristics are: B. p.
113°/ 1 mm., n§5 1,4382, d5° 1.0009, M, 58.3.
Anal, Calc'd for CyoHpo0z3¢ C, 54.,02;7H, 9.98.
Found: C, 542057 9,53

y 43 odUO

Ethyl octanc-2-sulf-nate was prcpared in analcgrus menner

by reccting the sulfcnic acid with diazoethane (b. p. 101°/
1 mm., n§5 1.4388, 445 1.0029, My 58.3).
Anal. Calc'd for CipHoofzR: £, 5%.02; H, 5.98,

’

Frund: C, 53,0.; H, 9.76.

Action _f Alcohclic Hydrogen Chleride on the Sulfcnic Esters-
Retcs cf attack on the intermediate ethvl esters by ethanclic
hydrogen chloride were determined in & manner scmewhat like
that described for ethenolysis of the sulfonyl chlorides. A
nixture of 2,22 g, (0,0100 mnle) of the ethyl octunesulfor -
atc, 0.83 go (0,023 mcle) of hydrcgen chliride znd 11.0 g.
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(0.24 mole) of dry ethanol wes prefluxed., Pericdlcally
weighed aliquots were removed and treated as for ethanoly-
sis of the sulfonyl chlorides except that the atsence of
sulfonvl chloride obviated distillation of recovered ester.
'The results are recorded in parts C end D of Table I.

Solvolysis of the Sulfonlc Esters ~ Rates of attack by the
solvent were est . wated by refluxing a mixture of 1.1l g.
(0.0050 mole) of ethyl ester in 20 cc, of othanol for 9.5
hours., after agqueous extraction of the sulfonic acld pro-
duced, 0,51 g. (0,000§ mole) of the primary sulfonic ester
and 0,20 g. (0.0009 mole) of the secondary were rocccvered,
thus ipdicating that solvolysis had procecded S0 (k = 0,004
nins.”1) and 82% (k = 0,003 mins.~l) respectively.

Saponification of thu Sulfonyl Chlorides - To 0.21 g. (1.0
rg.molc) ~f sulfonyl chloride in a cnvered 10-cc. beaker

was added 0,15 go (l.1 mg.moles) of potassium carbonate as

a 10 aqueous snlutlicn, After the mlxturc had been heated
morantarily to belling, the covercd boaker was placed on a
steam batiy which maintained the rcacticn mass at about 75°,
After scprovimately an hour the primary sulfonyl chioride
had becn cempletely saponifisd as judgcd by its disappear—
ance as a4 screrate phase, A trace of the secondary remalncd
as a scparets rhuso after about cight hours,

Alkeling Mthaanlisis ¢f the Sulfonyl Chlcrldes - The sulfo-
nyl chiioridc (2.1% g., 00,0100 ncilc), followed by a lO—ce.
¢thancl rinse, was added rapidly t» a stirred sclution of
1.0 g. (0.043 g.at:n) of sodiun in 40 cc., of dry cthanol at
19°, Allgucts were perloedically renoved frem the charge,
which was rmaintelnzd at 20-25° by cooling, and analyzed ior
sulfonyl chloride and estcr in the nanner described under
the carlicr scetli-n on e¢thanclysls of the sulfonyl chlorides,
The sulf.onyl chlerido whicu had rcacted ulsc was determined
by mercur ic nitrate titration of tne chliride ion preducced.
The ancunt of sult'onlc acld was estinwted by stolchlometric
diffcerence., The rosulty are shown in poarts E and F oof

Table I.

Sclid Derlvatives frem the Sulf.nyl Chlorides -- HNumcrous
sulf numldcs were proparced In the ¢ nventi nal manncer froo
cetine—1-suli-nyl chl..ridc, heuting the cnine-sulfonyl
chloeride mixture with pyridine as a cutalyst bolng necessary
in the cise . £ cromatic anines while aliphatic amines recct
qQuite vigerously in cther s.lutl-n. "lso-cctene® (2,2,4-
trincthvipuintane) is a n.st satisfact:ry sclvent £-r re-—
erystellilzation of the numldes, In Tablc II are shown the
vzrl:us dorivatives proparzd.

rreparuticn ~f & sclid derivetive from etanc—-2-sulfo-
nyl chl.ride was difficult. wecithser the amlae, the benzyl-
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anide, nor the p-chioroanilide culd be induced te crystal-
lize, The sulf-nyl chlueride did nct reuct whon neated with
potassium phtheliride, The mcth.d 3f fermatlion of the
sulfonphthilinide recommended oy Evans (12), whorein the
sulfonemide¢ 1s resctod with phthelyl cklceride in belling
tclucne, fuiled to force u reaction., Lewsver, when on cjul-
mclar mixture of the crude ligquid sulf-nainide (0.82 g.,
0.0042 mnle) snd phthalyl chleoride (synmotrical) (0.86 g.)
was hented hydr gen chlcride begen to ev.lve at 130-140°,
Heat was increascd until nr more gas wos gilven off at 225°,
After the residwe had becn dissclved in benzene nnd clurificd
with cherceral, the sulf:nphthalimide was repeatcdly crystul-
lized from "is~"ctane" containing 5% (by volume) benzene or
8% cnlurcform untll there was noe incrcase in melting point
{(95.5-96.5°). The yield <t such recrystzllized product wus
cnly 9» (0.12 g., 0.0004 meclc).,
Anasl, .lule'd for CygHo10,NS: C, 59.42; H, 6.55.
Found: C, 5&.43; ,» 6.13,

Likxz the seccndary sulfenyl chloride, the primary would
not resat vith potassium phthiliinide, ner would it roeoct
with phtaalinlie slone., The sulfonphthazlimide was proprred
from the nricary sulf. numide (0.70 g., 0.0036 nmole) br-
heeting with an cyuin lar yuantity of symaetrical piathalyl
chlsride (0.73 g.) 38 in the case 5f the seccnduiry except
thaet hydr.:ien chliride did not conmence to be evelved until
the charge had been heoeted to 175°, A 60p yield (0.969 g,
0.0021 mule) ..f e¢nz2lytically pure sulfenghthelimide (n. pe.
120,5-122°) was cbtaincd,. .

Anal, Csalc'd fur Cygh 1O%NS: C, 59.42; H, 6.55.
Found: C, 55.3%; i, 6461,

Sunniary

Octzne-1- and —-2-sulf.nyl chl. ridos and the e¢thyl e¢sters
of the curresponding sulfonic scids can be distilled in vacur
withiut decempnsiticn through cn unpacked co~lumn provided tho
distilland 1s stabiiized wit) p-tassium cerbenate,

Useful physical constints have been determined for nctone—
1= and -2--11finyl chlurides cnd £ r the ethyl esters ~f the
c.rresp-n@ing sulf:nic scidc,

A number of solid derivntives - f rctane-l-sulficnyl chlor—
ide and ¢(ne sclid derivative «f ~ctzne-~2-sulfcnyl chloride
have been preparcd,.

Steric hindronce to ethonoalysis by cctane~2-sulfonyl
chloride has been demonstrated,
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Footnotes

Princlpzlly frim the 1949 disscrtation presented by
Robert TT. Seett, Jr. in partial fulfillment <f the
requirements for the degree of Doctur of Fhilosophy

at the Uotvcrsicy of Virginie, A minor part of this
werk wes zorplsted at the Unilverslity of Alabama as a
contributicn to project NR 055 222 under contract

N9 onr 96100 with the Cffice of Naval Rescarch. Rights
reserved f.r raproducticn in whale or in part fcr any
purpase of the Unlted States Gouvernment.

E. I. Cu Port de Wemours Research Felluw 1947-48. Prsasent
eCdress: Departrnent of Chemistry, University of Alabina,
University, Ala.

Cobb Chemical Laburatory, University of Virglnis,
Charlcttesville, Ve,

Goubau (1) considered an apparent drift from first order
ethanclysis of aramatic sulfanyl chlorides was due to
aut-cetalysis from hydrogen chloride. If allowance is
made for an increase in the total acidity on which he
bas=d kils culculatinns duc tc slow sclvelytic sttack on
the suifonic ester {(cuncurrent with the more rapid attack
by hydregen chloride which results in nc change in teotal
acidity) the apparent drift disappears, Althcugh Gcubau
obsarved an increased ratc of c¢thanolysis when alcoholic
hydrogen chloride was used this would not be expected to
affect a comparison of isomeric sulfuvnyl chlorides,
Recent work with ancther aliphatic sulfonyl chloride by
Jchn B, Gayle at the ULanlversity of Alcbamu indicates that
there is no change in ratc occassioned by the added
hydrogen chloride. '

Since n-butyl bromwide is attacked by potessium iodide in
acct.nc sixtcen timge as fast as B-methylbutyl bromide,
the priasry sulfonyl chloride would rcuct 16(0.77/1.04)5=
6.5 timus as fust as the sec.ndary wne assunming that the
hindrance veries lnverscly us the surfece expesed of the
attacked ztoms.
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{ConTrIBUTION FROM THE DEPARTMENT OF CwIMIsTRY, UNIVERSITY OF ALABAMA]

MECHANISM OF RETROPINACCL-TYPE REARRANGEMENTS!
ROBERT B. BCOTT, ir., axp JOHN B. GAYLE

Rersived Tansiar:: & 1228

.......................

The consensus of modern theories of rearrangement is that strained carbonium
ions derived from carbinols, halides, olefins, etc., rearrange spor.taneously when
less-strained intermediates are formed by migration of alkyl or aryl groups (1).
Such views do not account for the fact that considerably greater proportions of
rearranged producis are obtained from strained carbinols than from the cor-
reeponding olefins even though the same carbonium ion is considered to be in-
volved during replacement of the hydroxyl group of a particular carbinol and
addition of a hydrogen halide to the corresponding olefin. Likewise, these views
iail to account for the fact that different hydrogen halides give different propor-
tiona of rearranged products when added to the same olefin. Thus, pinacoiy!
alcohol gives almost exclusively rearrangement products with hydrogen ckloride

(2), whereas tert-butylethylene gives about 60 ¢ rearrangement products with
hydrogen chloride and {19z with hvrlv-nmn -mluln (2.

Me H‘,O" Me H,
| V' I

Me-C CHMe — Me-C ,CHMe

/x/'

o

i
C/ Me

Fi1G. )

“When the coramon view-point is modified, however, to consider that, first, a
carbonium ion does not rearrange per se but may be rearranged by base attack,
and second, an oxonium ion c¢an be rearranged in similar manner, many appar-
ent anomalies become logical. In spite of the fact that Winstein has inferred such
a mechanism (4) from the work of Bartiett (5), no one has followed this reasoning
to the logical explanation of apparently anomalous results as is done in the fol-
lowing descriptions of probable reaction mechanisrs for the cases cited above.

When pinacolyl alcohol is reacted with hydrogen chloride, an oxonium ion is
formed. Some of this loses water to give an equilibrium mixture of oxonium (I)
and carbonium (iI) ions. Thai remaining as oxonium ion is converted slmost
exclusively to rearrangement products because normal Sy2 attack is too hin-
dered to be significant. Instead of attacking the oxonium carbon atom, the

1 From a part of the research of Johr 2. Cayls tu Uo iucurpurmed into bie uissertation
in partial fulillment of the requirements for the d~gree of Doctor of Philesophy. Carried
out as part of project NR 055 222 under contract N9onr 86100 between the Office of Navai
Research and the University of Alabama. Rights reserved for reproduction in whole or in
part for any purpose of the United States Government.
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RETROPINACOL-TYPE REARRANGEMENTS 741

chloride ion attacks, by defsult, the beia, or neo, carbon atom and displaces a
methyl carbanion. This readily attacks the bacic face of the oxonium carbon
atom to give a rearranged product (III) because there is no hindrance to such
attack. (See Figure 1.) The carbonium ion portion of the equilibrium mixture
gives rise to the same proportions of rearrangement products as does tert-butyl-
ethylene, for the carbonium ion probably is the only intermediate involved when
o hydrogen helide is added to the latter, In thie instance, a considerabls amount
of unrearranged product (IV) results from simple neutralization of the carbon-
ium ion, thereby demonstrating that the base is not necessarily hindered from

% 0
|
MesC-CHMe <=  Me,C-CHMe

v (%)
¢l cL cr

Me,CCICHMe, Me,C-CHC/IMe

( (v

attacking the carbonium carbon atom. However, an attecking base which is so
located that it is hindored from such s reaction may neutralige the earbonium
ion indirectly by mears of a methyl carbanion which it displaces by attacking
the beta, or neo, carbon atom, thereby yielding a rearranged product. Thus the
difference in amwoun!s of rearranged product from pinacolyl alcohol and from
tert-butylethylene raay now be explained on a fundamental basis. Carbinols form
mixtures of oxonium icns and carbonium ions. The oxonium ions may be highly
hindered from normal sttack and lead to rearranged products. The carbonium
ione are relatively unhindered and conzenuently lead to greater amounts of
normal products. Because olefins form only carbouiuwa ions, smaller amounts of
rearranged products are to be expected. Since a smaller base will have greater
access to the neo carbon atom, ii is not surprising that hydrogen chloride adds
to tert-butylethylene with formation of more rearrangement products than does
hydrogen iodide, for the chloride ion is considerably smaller than the icdide ion.
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The accessibiiity of the veta carbon atom is an important factor in accounting
for many apparent anomalies. Viewing the mecheniem of the retropinacol-type
rearrangement gs involving o base attack at the ol carbon atom, it foliows ihat
hindrance to such attack will result in reaction taking place to a greater extent
through the carbonium ion intermediate, thereby forming less rearrangement
products. This hindrance may be of two types:

(a) The result of bulky substituents which shield the beta carbon atom and/or
the result of a bulky attacking base, and

(b) The result of electrostatic repulsion by electron-densc substituents lo-
cated in a position to shield the bela carbon atom from a rearranging base attack.
In this type the electron density of the base also is significant.

Hindrance to base attack at the beta carbon atom accounts for many cases
frequently pointed out as ancinalous. For example, Wheland considers the re-
arrangement of carbonium ions per se as heing a completely successful view in
that it permits correlation of a large number cf facts and does not appear to he
in direct conflict with known facts “although it may perhaps occasionally lead
one to expect the formation of a rearranged product which is not actually oh-
tained (sic)” (6). Likewise, Whitmore points out the “radicai difference’” between
pentaglycol, Mey;C(CH,;0OR);. and neopentyl aicohol in that the former is net
rearranged by hydrogen bromide (7). Other cases iii which rearranged products
might be expected but are not actually obtained are discussed helow. For instance,
10-hydroxytenchone (V) is not rearranged on treatment with phosphorus penta-
chloride (8) because the beta carbon atom is located at a cage-head of a bicyclo
(2.2.1) system, and, therefore, is protected from base attack. Less obvious is
the hindrance afforded by the distorted methylene bridge and its substituents
when 3-hydroxymethylcamphane (VI) is dehydrated without rearrangement by
syrupy phosphoric acid (9), whereas dehydration of cycloheptyl carbinol with
oxalic acid or zinc chloride leads to rearrangement (10). With the commonly
accepied views of cationic rearrangements, the strained bicyclic compound would
be expected to lead to more rearrangement products than the relatively strain-
less mcnoeyclic one. Conversion of 8-hydroxycamphane (VIi) (11) and tri-
eyelo! (VIII) (12) into the corresponding chlorides by phosphorus pentachloride
siso take place without the formation of rearranged products. Likewise, 2, 10-
dichlorocamphane (IX) yields the unrearranged dihydroxy compound with
silver oxide in boiling dilute aleohol (13) and the corresponding dibromide yields
10-bromo-2-camphano! with silver hydroxide in aqueous acetone (14). Similarly,
ihionyi chloride converts 3-hydroxymethylcamphor (X) into 3-chloromethyl-
camphor {14).

Besides pentaglycol, the folloiving show non-rearrangement, probably because
of the high election density of the neo carbon siom substiiuents: Pentserythritol
on reaction with hydrogen bromide and the resultant bromide on conversion to
the original poly-alcohol (15); pentaglycerol, MeC(CH,OH);, on conversion
tc the tribromide {16); and y-}-piperidylneopentyl alcohol on conversion to
the corresponding chloride with thionyl chloride (17). Of course, the larger bulk
of the substituted groups helps somewhat to shield the neo carben atom.

The literature is repiete with further data supporting this view of the retro-

.




RETKOPINACOL-TYPE REARRANGEMENTS 743
pinacol-type rearrangements. The examples cited, however, seem adequate to

f:stab'iish the validity of the proposed mechanism. The utility of this mechanism
i8 evident from the foregoing discussion of probable reaction mechanisms.

C H‘oOH Me

° ()

7
Mez C/?OH

v/ V)

Me C HZOH

(1X) (X)

In conclusion, it appears that:

1. The rearrangement of carbonium ions per se is not a completely successful
view of retropinacol-type rearrangements. With such views rearranged products
are expected in many cases in which they are not obtained. Nor dv such views
have quantitative value.

2. Considering retropinacol-type rearrangement: to be the result of an at-
tack by a secondary base (carbanion) displaced by Sn2 base attack at the beta

Temwiaa IV Laa
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carbon atom not only accounts for all cases of such rearrangement but also
ascounts for ihose cases in which rearrangement fails to take place. Fuither,
this view has more than qualitative value in accounting for varying proportions
ol rearranged producis undei different conditions.

3. Shielding the bela carbon atom, either by bulky groups or by electron-dense
neighbors, hinders base attack at that carbon and, hence, hinders resrrangement.

SUMMARY

Contrary to current views, strained cations do not rearrange per se but are
rearranged by base attack at the beta carbon atom. Oxonium ions form little
unrcarranged products from the normal! S;2 attack when the base is sterically
hindered; instead, an unhindered carbanion attacks when it is displaced by base
attack at the beta curbon atom. Normal and rearranging base attacks may like-
wise occur with carbonium ions with the great difference that tbe carbonium
carbon atom is relatively unhindered and greater proportions of normal products
are obtained. Access of the befa carbon atom to base attack and, probably,
strength of the base determine the proportion of rearrangement products. Re-
arrangement can be prevented by shielding the beta carbon atom by either bulky
or electron-dense groups. Size and electron density of sttacking base must be
considered conjointly with shielding groups. Many “ancmalous” cazes of failure
of the retropinacol-type rearrangement to occur are shown to result {rom pro-
tection of the beta carbon atom.

UNIVERSICY, ALABAMA
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