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ABSTRACT
PART I

Racemic 4-bromo-4'-nitrobenzhydryl hydrogen phthalate
was hydrolyzed with 18O enriched sodium hydroxide solution.
Analysis by mass spectrometry showed that the benzhydrol
obtained from this reaction was not enriched by 18O over the
natural abundance while the phthalic acid contained 99.8%
of the theoretical amount required. This supported the con-
clusions drawn from the kinetics and stereochemical evidence
obtained previously in this laboratory; that the above
hydrolysis occurs by a normal BA02 mechanism and that the

Barl and B,y2 mechanisms are not operative.

PART II

A study of the pyrolysis of a series of neopentyl-type
xanthate esters was carried out at 250°C. The S-methyl neo-
pentyl xanthate was found to yield only the corresponding
dithiolcarbonate. When the methyl groups on the beta-carbon
atom were replaced successively by the phenyl group, olefinic
products resulting from prior Wagner-Meerwein rearrasngement
were obtained as well as the corresponding dithiolcarbonates.
In the case of S-methyl 2,2,2-triphenylethyl xanthate, only
triphenylethylene was obtained and in almost quantitative

yield.
ii




From a study of the kinetics on the series of xanthates
it is concluded that neighbouring group participation plays
an important role in the removal of the xanthate moiety
since the rate of decomposition increased with increasing
phenyl substitution on the beta-carbon atom. Phenyl parti-
cipation was also supported by.a study of comparative rates
of decomposition of the 2-phenyl, the"l—para-tolyl; and the
2-para-bromophenyl-2,2-dimethylethyl xanthate esters. The
kinetics and product distribution studies showed that olefin

and dithiolcarbonate formation were two competing processes.

PART IIT

Sulphenes are generally accepted as intermediates in
the reaction of trialkylamines with aliphatic sulphonyl
'chlorides and in the reaction of sulphur dioxide with diazo-
alkanes. Attempts to prepare stable sulphenes have not been
successful thus far. In the belief that the relation between
structure and stability of sulphene would very likely obey
the same rules as other ylides, three model stable sulphenes
have been proposed: diphenylmethanesulphene, 3,5-di-tert-
butyl-4-quinoidsulphene and flaviansulphene. Attempts were
made to prepare the corresponding sulphonyl chlorides as

precursors for the stable sulphenes.
1ii
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PART I

THE BASE-CATALYZED HYDROLYSIS OF THE HYDROGEN PHTHALATE

ATALYZED HIDRVLYIOLD L s e S

ESTER OF 4-BROMO-4'-NITROBENZHYDROL - AN 180 EXCHANGE STUDY

CHAPTER I
INTRODUCTION

There are four possible mechanisms which can be postu-
lated for tﬁe base-catalyzed solvolysis of hydrogen phthalate
esters: (1) alkyl-oxygen fission involving ionizatlion (BALl);
(2) alkyl-oxygen fission involving nucleophilic displacement
(BALZ); (3) acyl-oxygen fission involving ggggg-carboxylate
anion participation (BAcl); (4) acyl-oxygen fission involving
normal ester solvolysis (BACZ).

The BALl mechanism has been observed to be quite general
when the 4-position of one of the benzene rings of the benz-
hydryl group is substituted by electron releasing groups.

Thus Davies1 showed that when optically active L-methyl-
benzhydryl hydrogen phthalate was treated with boiling methanol,
a 20% yield of racemic L-methylbenzhydryl methyl ether was
obtained along with 72% of the original ester (Fig. 1).
Similarly, optically active 4-glkylthio- and Yedialkylamino-
substituted benzhydryl esters lead to racemized products on
solvolysis.

The BALZ mechanism has not been observed in the solvolysils
of hydrogen phthalate esters and is indeed extremely rare in

the case of the base-catalyzed solvolysis of other carboxylic

1



2
esters.

The BAcl mechanism was first observed by Bender” who
showed that the ortho-carboxylate anion has an intramolecular
catalytic effect on the hydrolysis of methyl hydrogen phthalate.
More recently, Thanassi and Bruiced have shown ortho-carboxylate
anion participation in the hydrolysis of phenyl- and 21, 21,
21_trifluoroethyl hydrogen phthalate. Such was not the case
however with poor leaving groups. The authors concluded that
hydrogen phthalate esters with good leaving groups hydrolyze
with catalysis of the ortho-carboxylate anion, while those
with poor leaving groups (e.g. methoxy and 21-chloroethoxy)

hydrolyze with catalysls of the neutral carboxylic acid function.

@)
L CH;ON
HC™- 0—-C- 30ONa COOH
HO > HC-ocH; @cocm
G CH3OH
O
cr : CHg
Optically active Racemic

Fig. 1. Methanolysis of Optically Active 4-Methylbenz-
hydryl Hydrogen Phthalate.

Puckowski and Boss6 reported that optically actlve 2=,
3-, and 4-nitro, 3, 5-dinitro, and 3-bromobenzhydryl hydrogen
phthalate esters yielded optically active benzhydrols on
treatment with aqueous sodium hydroxide or with aqueous sodlium

carbonate (presumably by the BAcl or Bpa2 mechanism). In view
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of the work of Thanassi and Bruice, one might expect that the
nitro-substituted benzhydryl hydrogen phthalates would undergo

solvolysis yvia the BAcl mechanism since nitro-substituted
benzhydroxy moieties would be classified as good leaving
groups.

Recently, a study7 was cerried out in our laboratory on
the methanolysis and hydrolysis of L-bromo-4!-nitrobenzhydryl
hydrogen phthalate. The presence of the nitro group and the
bromine atom should render the benzhydroxy moiety a good
leaving group and thus the BAcl mechanism should be observed
at least to some extent. Figure 2 shows the two accepted
mechanisms for these solvolyses involving acyl-oxygen'
fission (Bpgl and BACZ).

The methoxide lon catalyzed methanolysis of the ester
exhibited second order kinetics (first order in methoxide
i1on and first order in carboxylate jon) and retention of
configuration about the asymmetric carbon atom was observed.
No U-bromo-b'-nitrobenzhydrylmethyl ether was observed; Thus
the BALl, BALZ and BAcl mechanisms were eliminated leaving
only the BACZ mechanism as the one operative in this systemn.
Similarily second order‘kinetics were observed for the
hydroxide ion catalyzed hydrolysis and again retentlon of
configuration was observed about the asymmetric carbon atom.
Again it was concluded that normal ester hydrolysls occurred
(BACZ).

In order to eliminate any possibility of nucleophilic
displacement by hydroxide ion (BALZ mechanism) which could

account for the second order Xinetics observed, it was decided



Al r
H
HE— 0 Sl & Hé_"_ O/:@
r HOZC Ar 'ozc
Bacl | Bac2

Ar r 2
ch3O|—I l CH30H
Ar A o
HC—OH + HC-OH + 3 _ /:© +CH30
1 —Cé: g oL

Fig. 2. Reaction Paths Leading to Acyl-o en Fission
in the Methoxide Ion Catalyzed Methanolysis of 4-Bromo-&4'-

nitrobenzhydryl Hydrogen Phthalate.

to conduct an 180 isotope study on the base-catalyzed hydrolysis
of the 4-bromo-4!'-nitrobenzhydryl hydrogen phthalate ester.
The absence of 185 in the L-bromo-4!-nitrobenzhydrol would

eliminate the BALZ pathway for hydrolysis.
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CHAPTFR II

RESULTS AND DISCUSSION

The L4-bromo-4!-nitrobenzhydryl hydrogen phthalate ester
was synthesized by the following route (Fig. 3).

NO, Br C
v O Ach
a
Br
S H  (NaH
HC -0 —
w@ﬁ
NOy @) Hyot

Fig. 3. Synthesis of 4-Bromo-4'-nitrobenzhydryl Hydrogen
Phthalate Ester.

In the base-catalyzed hydrolysis of this ester, cleavage
may occur at the acyl-oxygen bond or at the alkyl-oxygen bond

(Fige 4).

I8 - '
oH + R o 8y co;

roH + 0 ©

COa
alkyl-oxygen bond cleavage 18 -
— ROH 4+ ©°

Fig. 4. Probable Distribution of 18O Among the Hydrolyzed

acyl-oxygen bond cleavage
—»

Products.
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In the first case; all the 189 would be incorporated in

the phthalic acid while no 180 would be found in the benzhydrol
if hydrolysis were carried out using 18O enriched agueous
sodium hydroxide solution. In the second case, all the 189
would be incorporated in the benzhydrol while no 180 would

be found in the phthalic acid. Thus the site of cleavage

could be deduced from the distribution of 18¢ among the
hydrolyzed productse.

After the sodium hydroxide catalyzed hydrolysis of the
-bromo-L4'-nitrobenzhydryl hydrogen phthalate ester in 18p
enriched water, the benzhydrol obtained was analyzed by mass
spectrometry and found not to be enriched in 180 over the
natural abundance while the phthalic acid contained 99.8%
of the theoretical amount of 180 enrichment. These results
are consistent with those expected from acyl-oxygen cleavage
during the base-catalyzed hydrolysis of this ester and they
exclude any involvement of alkyl-oxygen bond fission. There-
fore, the conclusion drawn from the Xinetic and stereochemical
evidence obtained previously in this laboratory that the base-
catalyzed hydrolysis occurs by a normal BACZ mechanism is
further confirmed by the results of this study. In addition,
this conclusion casts some doubt on the generalization of
Thanassi and Bruice that hydrogen phthalate esters with good
leaving groups hydrolyze with catalysis of the ortho-carboxylate
anion. Thus, it would seem that one also has to consider the
possibility of base-catalyzed hydrolysis via the BACZ route
as well as by the Bypl pathway involving the ggzgg—carboxylaté

anlone.



CHAPTER III
EXPERIMENTAL

Synthesis of U4-Bromo-4'-nitrobenzhydryl Hydrogen Phthalate. -

The ester was synthesized according to the method of Mamer’
from phthalic anhydride (10.6 g, 0.72 mole), sodium hydride
(3.5 g, 0.72 mole) and L-bromo-41'-nitrobenzhydrol (22 g, 0.72
mole). Recrystallization of the crude product from an acetone-
water solvent pair yielded pale yellow crystals of pure -
bromo-4'-nitrobenzhydryl hydrogen phthalate (6 g, 80%): mp 184-
185°. No depression was observed on admixture with an authentic
sample of the compound. The ir bands were identical to those

previously recorded.

Base-catalyzed Hydrolysis of 4y-Bromo-L4 ! -nitrobenzhydryl Hydrogen

Phthalate Ester Using 180 Enriched Agueous Sodium Hydroxide

Solution. - Hydrolysis of the hydrogen phthalate ester was
carried out in a 10 ml conical flask at 25°. A solution of
ly-bromo-41-nitrobenzhydryl hydrogen phthalate (1 g, 2.2 mmole)
in 1 ml of tetrahydrofuran was mixed with an 180 enriched
aqueous sodium hydroxide solution (0.2 g, 5.0 mmole sodium

hydroxide in 1 ml 20% 18

0 enriched water). After stirring for
14 h, the tetrahydrofuran was removed using a stream of
nitrogen and the resultant aqueous mixture was filtered. The
yellow solid obtalned was washed twice with water and alir-

dried yielding U4-bromo-4!-nitrobenzhydrol (0.67 g, 99%):
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mp 158-160° (lit.7 mp 160-161°). The ir bands corresponded

with an authentic sample of l-bromo-4tnitrobenzhydrol. The
filtrate was acidified with 6 N hydrochloric acid, filtered
and refrigerated overnight. Crystals of pure phthalic acld
were formed (0.3 g). The ir bands corresponded with an
authentic sample of phthalic acid. The 4-bromo-4t-nitrobenz-
hydrol was found by mass spectrometry* not to be enriched in
18O over natural abundance while the phthalic acld contained
4,58 % 185 enrichment (99.8% of the theoretically required

amount) .

# Limiting sensitivity 180 / ( 18O + 160 ) £ 0.05%. Analysls

was performed by Morgan and Schaffer Corpe. Montreal, Quebec.
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PART IT

PYROLYSIS OF NEOPENTYL-TYPE XANTHATES

CHAPTER I

INTRODUCTION

The Chugaev reaotion1 is defined as the formation of
olefin (s) by the thermal decomposition of the xanthate ester

of an alcohol (Fig. 1).

|
-—Cc-C— — [ + RSH + coS
H c'>‘<g:-S-R >=< <

R = Alkyl

Fig. 1. The Chugaev Reactlon.

By far, the most commonly used xanthates have been the methyl
derivatives (R=CH3). From the synthetic point of view, the
reaction is simple to carry out and problems in the work-up

of the reaction mixture are seldom encountered. Like other
pyrolytic reactions, the Chugaev reaction is virtually free
from rearrangements unlike the acld-catalyzed dehydration of an
alcohol. The Chugaev reactionl’2 has been used more often than
most other pyrolytic elimination reactions for the synthesis

of olefins because lower temperatures are usually 1nv61ved

( <:200°) and no recycling of reactant is required. For example,
the pyrolysis of acetates usually involves temperatures of 350~

500° and one usually must recycle unpyrolysed ester especlally

t
R
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in the case of primary and secondary systems in order to
obtain appreciable yield of olefins.

The mechanism of xanthate decomposition has been
generally agreed to proceed through a concerted six-membered
cyclic transition state involving a cis-beta-hydrogen and

the thione sulphur atom, as shown in Figure 2.
3 )

| _H | _H.. |
_C/ S _C, S CHBSH
CI.‘ gSCH é ilSCH -~ *
VT B e cosS
Proposed Mechanlsm for the Pyrolysis of

Xanthate Esters.

This mechanism is supported by the work of O'Connor and Nace3

who observed that the decomposition of a series of S-alkyl
cholesteryl xanthate followed first order kinetics. The cis
nature of the elimination has been shown by the observatlon
that gl§:2-tert-butylcyclohexyl xanthate yielded exclusively
3-tert-butylcyclohexene on pyrolys‘.i.s.LP Cram5 confirmed the
stereochemistry by showing that the xanthate esters of threo-
and erythro-3-pheny1—2-butancl decomposed stereospecifically
with the formation of the corrééponding cis- and trans-2-
phenyl-2-butene, respectively as shown in Figure 3.

The involvement of thione sulphur in the transition state
was supported by the kinetic isotope effects studles of Bourns
and Baderé. The 834 and 013 isotope effects on the decomposition
of S-methyl trans-2-methyl-l-indanyl xanthate indicated that
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the thione sulphur atom was involved in the hydrogen abstraction

step of the reaction.

S= C’SCH~3

CHg,: :CHz
threo cis
- @) C Hy H
’Mt—l >:<CH
erytho trans

Fig. 3. Decomposition of S-Methyl Xanthate Esters of
Threo- and Erythro-3-phenyl-2-butanol.

There are some conflicting results in literature concern-
ing the cyclic mechanism in the pyrolysis of xanthate esters
in general. Thus, McAlpine7 observed that the S-isopropyl and
S-p-nitrobenzyl menthyl xanthate esters pyrolysed more readily
than the corresponding S-methyl compound. In 1956, a study of
the decomposition of a series of S-alkyl cholesteryl xanthate
esters was carried out by O!'Connor and Nace.3 They observed a
decrease in the stability of the esters with an increase in the
acidity of the leaving group. These authors reported a Hammett
rho value of + 0.85 for the series. Although no reasons were
offered for the observed differences in rates and the positive
rho value, one might conclude that some electronic influences
may be operative here and that the mechanism of decomposition
shown in Figure 2 is affected to at least some degree by the
nature of the substituents on the thiolsulphur atom. Agaln, the
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effect of the substitu ents on the alpha-carbon atom of the
alcohol moiety on the stability of the xanthate esters has also
been observed. Hence, Whitmore8 reported that primary xanthates
are much more stable to heat than are secondary and tertiary
xanfhates. Again, the decomposition of the xanthate ester of
2-octanol at reflux temperature yielded 60% of an olefinic
mixture,9 while the xanthate ester of trifluoromethyl-n-hexyl-

carbinol did not decompose under similar conditions (Fig. 4).10

H

CH3-(::‘CH2—C5H” ___’reflux Olefins
OCSyCHg
H

CF3"|C-CHQ_— CeHy ﬁjﬂ.’ No Reaction
OCSQCHg

Fig, 4, Pyrolysis of the S-Methyl Xanthate Esters of
2=0ctanol and Trifluoromethyl-n-hexylcarbinol.

Evidently, the electron withdrawing power of the alpha-tri-
fluoromethyl substituent has a declded adverse electrical

effect on the "ordering" of the cycllic transition state required
for decomposition to olefin.

Other mechanismghave been proposed by some workers to
explain the products obtained in some Chugaev reactions. Thus,
an ionic mechanism was proposed to explain the trans-eliming-
tion products observed in the pyrolysis of some xanthate esters
as shown in Table I which gives a list of trans~elimination
products along with those derived from a predominant cis-

elimination.



P

‘Table I

14

Pyrolysis of Xanthates Showing Both trans- and cis-

Elimination Products.

Xanthate

H ©CS2CHy

Olefin Distribution

SONNGS

20%

CFICF@)/[::]/C*‘CH3
CH’C H3

3
20%

IIEIII’VCHB

20%

O/C H3

Loz

oa

0-7%

80%

80%

o

51%

[:;J/CcHs

93-100%

Reference

11

11
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14 studied the pyrolysis

Recently, Djerassi and Briggs
of the S-methyl xanthate ester of cis-2-methylecyclohexanol and
its 2-d1-1abe1ed anolog. These authors found that there was a
retention of deuterium label in 44% of the resultant l-methyl-1-
cyclohexene. This was explained by the formation of a carbonium

lon intermediate as shown in Figure 5.

3,0
<__OR
+
. ‘:‘j OR
A -ROH or

-ROD
(I)
Products
H ~-ROH or
-gSCH3 3 OR ,//)Z
(I1)
Fig, 5. Proposed Carbonium Ion Intermediate in th
Pyrolysis of the S-Methyl Xanthate Ester of ~2=-methylcyclo-

hexanol.

The species (I) may either lose a proton or deuterium directly
or undergo a 1l,2-deuteride shift to yield the more stable
tertiary carbonium ion (II) which subsequently loses a proton
or deuteron to yield the olefinic products.

A homolytic cleavage of the xanthate esters was proposed
for the pyiolysis of S-p-bromophenacyl Xanthates of some
primary alcohols. Besides the expected Chugaev products, a
substantial amount of alkyl bromides, starting alcohols, carbon
disulphide and 4'-bromoacetophenone were found as shown in

Figure 6.'°



16

i 8
RCH20C~-S~CH,CAT
(1 (a)
Homolytic
Chugaev R = -CHoPh, cleavage of
eliminatio -CH2(CH2)3CH3. bond (D)
Ar = p-Br06Hz- :

cleavage of

l Homolytic
bond Sa)

8 5 0
[0} i W 1
\-alkene +COS  RCH,OB-S+ + CHpC-Ar  RCHOCs + +SCHpC-AT
3 ' ! ' !
U
+ HSCH,CAr Q
ot RCH,0+ + CSp CHjC-Ar  RCHz* + COS 7
CH5C-Ar l l
RCH ,0H RCHs

Fig. 6. A Proposed Homolytic Cleavage of the S-p-bromo-
henacyl Xanthate Esters of Some Primasry Alcohols.

In 1958, Bordwell and Landis17 reported a rather unique
case of trans-elimination in a Chugaev reaction. These authors
reported that glg-z-p—tolylsulphonylcyclohexyl xanthate (I)
decomposed on heating to yield almost entirely 1—p-tol§1su1phonyl-

cyclohexene (II) as shown in Figure 7.

O8GHT |
|O| .
Osg G IH
& - 0-2@ Q
CHag ;
—_— : —_— ~CqH
s I Qg
il CScHy S0k
H
(1) B O“éfc"'a (II)

Fige 7o Pyrolysis of S-Methyl 03 g-2-p=-tolylsulphonyl=-
cxclohexxl Xanthates
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The mechanism was interpreted as a Egggg—elimiﬁation which
proceeded by a stepwise ionization of the beta~hydrogen atom,
rendered more labile by the tosylate group on the same carbon
atom. The effect of other labilizing groups on the beta-hydrogen
atonm has not been investigated.

Recently, some synthetic improvements of the Chugaev
reaction were reported. Rutherford, Ottenbrite and Tang18 found
that pyrolysis of the potassium salt of several xanthate esters
of tertiary alcohols proceeded smoothly to give higher olefin
yields than the corresponding S-methyl xanthate esters. More-
over, the olefin distributions in most cases compared very
favourably with those obtained from the pyrolysis of the corres-
ponding S-methyl xanthate esters. However, when the potassium
salt of the xanthate esters of primary and secondary alcohols
were pyrolysed, only a very small amount of olefins were
produced along with a large amount of the corresponding
alcohols.19

Faa.cklerzo has shown that nickel (II) and other metal ions

V’ CrIII ) promote xanthate decomposition. The sensitivity

(SnI
of xanthate to the metal ion was seen from the fact that even
aqueous solutions of potassium tert-butyl zanthate produced
10-15% yields of isobutene at room temperature when varlous
metal halides were added. No olefins were found without added
metal ion under the same conditions.

Burke, Bridgeford and Turbak?l

prepared S-alkyl xanthate
esters with an unsaturated heteroatom one, two or three
methylene groups removed from the thiol sulphur atonm (Fig. 8).

After refluxing in slightly acidic boiling water for varlous
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periods of time, 40-60% olefinic yields could be obtained.

Lewis acids catalysts were found to enhance the olefinic yields.

| Olefins
—C\H S\C;=Y 100°¢

Z H*
Y =0, S.
Z = H, alkyl.
n= 1, 2, 30

Fig. 8. BBT Procedure to Convert Xanthate to Olefins.

A rather interesting side reaction observed in the
pyrolysis of some S-methyl xanthate esters involves the forma-
tion of dithiolcarbonates. For example, in the pyrolysis of the
S-methyl xanthate ester of 1l-cyclopropylethanol, Overberger22
reported yields of L45% for the olefins and 53% for the dithiol-
carbonates, of which the major component was identified as -

S-methyl l-cyclopropylethyl dithiolcarbonate. A concerted four-

membered cyclic transition state was suggested (Fig. 9).

:

CHy O CHa

N\ , ‘\ ) ' C“)

D—C( JCSCHy —» [>~ ﬁ:—SCSCH3

/7 N A
H S H

Fig. 9, 1 nsition State Proposed for the
Dithiolcarbonate Formation o) ol -Methyl 1-Cyclo-
propylethyl Xanthate.
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Recently, this rearrangement reaction was studied by
Taguchli and co-workerszB’ 2k, 25 who found that the pyrolysis
of S-methyl p_;-a_ns_—2Qdimethy1aminocyclohexy1 xanthate gave
only the corresponding dithiolcarbonate while the cis isomer
underwent the expected elimination. Participation by the

neighboring amino group was suggested in an ion-palr transition

state (Fig. 10).

CH'& ,CHg i —‘
“N Cy Oy O CH CHy CHs
Q- CH N N o meafer N
- S |
N — —HC‘Q"CH—— — —CH—CH— -CH-CH-
S8 580 HCSCS  S-CSCHy
) O O
oy | Son_
Fig, 10. Proposed don- sition_State for'the
Dithiolcarbonate Formation from the Pyrolvsis of S=Methyl

Irans- -2-dimethylaminocyclohexyl Xanthate.

In a study of the pyrolysis of some neopentyl xanthate

esters, La.a.ksoz6 reported no olefin formation whatsoever

(Fig. 11). O
il
iSCHg SCSCH;
. Ha | CHgs
CH3 CH3 A CH3 CHg
(CH3)3 C-(H-C (CH3) 4 ——A—-> (CH3) 4 C—('IH-C(CH3)3
OESCH3 SgSCHB

Fige 11. Pyrolysis of Some Neopentyl Xanthate Esters.
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The corresponding dithiolcarbonates were found in 70-80%
yield. These results would appear to indicate that xanthate-
dithiolearbonate rearrangement is a true case of the classic
cyclic SNi mechanism since one would surely expect in a neo-
pentyl-type system at least some olefin formation derived from
Wagner-Meerweln rearrangement27 if an ion-pair intermediate
existed. Therefore, a study was carried out to pyrolyse a
series of neopentyl-type xanthates in order to investigate

whether Laskso's results were a general phenomenon.
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CHAPTER II

RESULTS AND DISCUSSION

Synthesis of Xanthates

A series of S-methy? xanthate ester of neopentyl-type
alcohols were synthesized. All xanthates prepared shown in -
Table II were relatively stable. Thus these xanthates could
be purified by distillation and/or crystallization. They were
synthesized according to procedures developed in this labora-~
tory18 with the exception of the S-methyl p-bromoneophyl |

xanthate which was syntheslzed by the following route (Fig. 12).

2 NeH CH3 NeOH CH3
CgHgCH2CN ~————» CeHg-C-CN ~—————» CgH 5-C - COCH

2 CH3I CH3 CH50H/H20 CHs

(1) (I1)

Fe Chs LAATHY, CH3
— » p-BrCgH,-G-COOH ——— % p-BrCgHy~G ~CH,0H

Brp/CCly CH3 ether CHs

(II1)

NeH Gy -+ CS2 ¢H3 §
-  » p-CgH,-C-CH,0 Na ————% p-BrCgH)0CH 0CSCH
ether &%l CH3 2 CH3I Sy >

(1IV)

Fig. 12. Synthesis of S-Methyl p-Bromoneophyl Xanthate.

Tne neophyl nitrile (I) was synthesized according to the
procedure of Ha.user28 in good yield. the nitrile was hydrolyzed

successfully by the use of a modification of Heymingen's
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procedure.29 The acid (II) was brominated and reduced by the
method of Winsteln.BO Treatment of the resultant alcohol (III)
With potassium metal followed by reaction with carbon disulphide
and methyl liodide gave a multicomponent mixture. However by
using sodium hydride instead of potassium metal, a good yield
of the xanthate (IV) was obtained (95%).

As shown in Table II boiling points and melting points
of this serles increase as the formula weight increases and as
the number of beta-phenyl substituted group increases. It is.
interesting to note that neopentyl xanthate did not decompose
even at reflux temperature for twenty-four hours. Again while
an electron withdrawing group at the para-position of the beta~
phenyl group railses the decomposition temperature, an electron
donating group reduces it. The increase substitution of beta-
phenyl group also reduces the-decomposition temperature of a
given ester.

It was.then decided to study the pyrolytic products in
detall because the decomposition of these xanthates suggested
that a Wagner-Meerwein rearrangement may be occurring. The
pyrolytic temperature was chosen to be 250°C because it
represented an intermediate decomposition temperature for this

series.
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Table II

Xanthate Derivative

Xanthate mp C

(CH3)5CCHR0X
p-BrCgH), (CH4) ,CCH0X

CgH 5(CH4) ,CCHR0X
p-CH4CH, (CH4) 5CCH,0X
(CgHsg)2(CH3)CCHR0X 52-53

(CgH ) 3CCHR0X 97-98

o
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bp C Decomposition
Temperature °C
217 (760mm) #*
135 (0.1lmm) 300
105 (0.2mm) 280
122 (0.3mm) 270
2Ls
210

¥ no decomposition at boiling temperature.

X = —ESCH3.
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Product Studies

Weighed amounts of xanthate were heated at 250°C for
thirty minutes and/or several hours when required. Olefins
were separated by gas liquid chromatography and were indentified
by standard procedures. The relative amounts of each olefin
were determined by the use of gas liquid chromatography and
nuclear magnetic resonance spéctroscopy. The residues were
analyzed by similar routes. A summary of product distributions
is shown in Table III.

As can be seen from Table III no olefin was observed
after heating S~-methyl neopentyl xanthate at 250°C for forty
hours. A 42% yield of the S-methyl neopentyl dithiolcarbonate
was found to be the only reaction product.

On the other hand, S-methyl 2,2,2-triphenylethyl xanthate
gave 100Z phenylstilbene and no dithiolcarbonate was observed
after heating for thirty minutes. Atteﬁits to observe any
dithiolcarbonate formation during the pyrolysis were unsuccess-
ful at 160°C and 200°C for various periods of time.

Pyrolysis of the S-methyl xanthate ester of 2,2-diphenyl-~
propanol at 250°C for thirty minutes yielded 88% of an olefinic
mixture, 8% of unreacted starting xanthate and a small amount
of residual products ( 4%). Although the material was not
isolated in a pure state, the infrared spectrum showed the
characteristic bands of dithiolcarbonate.

In the olefinic portion only phenyl migration was
observed to the complete exclusion of methyl migration. The
olefin distribution was determined both by gas liquid chroma-
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tography and nuclear magnetic resonance spectroscopy and
contained 49% 1-benzylstyrene; 35% methyl-cis-stilbene and
124 methyl-trans-stilbene. An isomerization study of the

olefins revealed that both the trans-and cis-stilbene were

stable undef the same pyrolytic conditions. However, a trans-
formation of 48% of 1-benzylstyrene to the methyl-trans-
stilbene was found. Therefore, the 104 methyl-trans-stilbene
observed on the pyrolysis of the xanthate ester may have been
derived from l-benzylstyrene.

The pyrolysis of S-methyl neophyl xanthate gave both
olefins and dithiolcarbonate at 250°C. The dithiolcarbonate
was identified as S-methyl neophyl dithiolcarbonate by the

following route (Fig. 13).

CH3 CH3

06H5-q-CH28gSCH3 —_— C6H5-Q-CH2§ Ne®
CH3 NaOH/H20 CH
CH3
——% CgHz-C-CH
Ra-Ni 615 c':H3 3

Fig, 13, Identification of the S-Methyl Neophyl
Dithiolcarbonate.

Base hydrolysis followed by reduction with Raney Nickel gave
only tert-butylbenzene. No rearranged dithiolcarbonate was
observed. The olefinic portion was found to consist only of
2,2-dimethylstyrene and 2-benzylpropene. Here again only

products derived from phenyl migration were obtained. The
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unconjugated-to-conjugated olefin ratio was found to be 2 : 1.
An isomerization study of both olefins showed that no trans-
formation of the unconjugated to the conjugated isomer occur
under the pyrolytic conditions.

The pyrolysls of S-methyl p—bromoneophyl xanthate gave
both olefins and dithiolcarbonate. However , p-methylneophyl
xanthate gave less than 4% of the dithiolcarbonate aftér
heating for thirty minutes (70% of the completed reaction).
The olefin distributions were not studied in detail for
both compounds.

To summarize the results of Table III the following
salient points should be noted :

(1) Neopentyl xanthate undergoes only rearrangement to
the dithiolcarbonate. No evidence of methyl group participation
was observed.

(2) 1Increasing beta-phenyl substitution leads to
increasing amounts of olefin formatione. The olefinic products
are derived only from phenyl migration. No xanthate-dithiol-
carbonate rearrangement was observed at all in the decom-
position of the triphenyl—substituted xanthate ester and
only a small amount (<4%) was observed in the diphenyl-
substitutedsystem.

(3) There is a predominance of Hofmann-type olefinse.

(4) No skeletal rearranged dithiolcarbonate was observed.

These observations prompted a furthur study into the
course and nature of the pyrolysis of the xanthates under

investigation.
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There are three probable ways to account for the
products:
(a) Two competing processes to afford both olefin (s)
and dithiolcarbonates
(b) a consecutive process and

(¢) a competing-consecutive process (Fig. 14).

kp

Xanthate > Dithiolcarbonate
k
(8]
\ ( a)

Olefins

kl kz
: Xanthate ——9» Dithiolcarbonate ———9 Olefins (b)

kg
Xanthete Dithiolcarbonate

Olefins

Fig. 14. The Probabie Courses of Reaction for the
i Pyrolysis of Neopentyl-type Xanthates.

A kinetic study of the pyrolysis of these xanthates was
undertaken in the hope that the results would help to dif-

ferentiate between the above processes.



29
Kinetic Studles

Attempts to follow the decomposition of xanthate by gas
liquiad chromatography were unsuccessful partly because some
of the xanthate esters decomposed in the injection port and
partly because some of the reaction products had a prohibitively
long retention time.

A convenient method was developed which involved follow-
ing the reaction with nuclear magnetic resonance spectroscopy
using methyl benzoate as an internal standard. The thiolmethyl
group of both xanthates and dithiolcarbonates and the methyl
group of the methyl benzoate were chosen for integration. The
relative amounts of the xanthates left were determined in the

following manner:
[x] (ax
—=|— (1)
[s] \as /s

[¥] = concentration of xanthate at time t,

[s]

Ax = area of the thiolmethyl group of the xanthate,

concentration of the internal standard,

As = area of the internal standard.
[Xo] _
[s]

[Xé]: concentration of xanthate at time zero.

Ax
— (2)

As Jo

Dividing (2) by (1),

[Xo] Ax Ax (3)
[x] Nasfo/ \as/t 2
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Small samples of the xanthates were placed in loosely corked
test tubes or sealed test tubes (under a nitrogen atmosphere)
and were suspended in a constant temperature silicone oil
bath. At set intervals, samples were quenched iﬁ ice and
analyzed by nuclear magnetic resonance spectroscopy. The
temperature of the oil bath was maintained at 25090 for the
decompositions of all the xanthates except S-methyl 2,2,2-
triphenylethyl xanthate. This latter compound (Table II)
decomposed at an inconveniently fast rate at 250°C and as a
result the rate constant at this temperature was estimated by
extrapolation of the Arrhenius equation graphically solved
with decomposition rate data between 171-1-o - 22000.

The rate constants of the disappearance of the xanthates
(kt) were determined from the first order rate equation. A
plot of 1ogﬁx&]/ﬁxn vs +time as shown in Figures 15,16, 17
and 18 showed first order kinetics for these neopentyl-type
xanthates. Figure 15 also showed a first order plot of the
formation of S-methyl neopentyl dithiolecarbonate. Figure 19
shows a linear relationship between log ki of S-methyl 2,2,2-
triphenylethyl xanthate and the reciprocal absolute temperatures
with the Arrhenius constants A = (15 + 2) x10*7 sec™ and
E = (39 £ 4) Keal / mole. The ki at 250°C was then calculated
by extrapolation and found to be (9.2 % 0.7)X 103 sec-l. The

rate constants of the pyrolysis of these xanthates are shown

in Table IV.
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0.9

0.8 ——

l | | | | | l I |
8.0 16.0 24.0 32.0

Time (hours)

Fig. 15. Ihﬂ_Ei2SI_QIdﬁI_KineIiQ_EJQISLﬁLJZELIﬂﬁﬁB_
e nce of S-Methyl Neopentyl Xo and the formation
of Neopentyl Dithiolcarbonate [D] at 250°C on a Semi-logarith-

mic Paper.
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[x,1/1x]

Time (minutes)

Fig, 16, The First Order Kinetic Plots of the Disap-
pearance of S-Methyl p-Bromoneophyl (@), Neophyl (e) and

p-Methylneophyl (B) Xanthates at 250°C on a Semi-logarithmic

Paper,

v
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Time (minutes)

Fig. 17. The First Order Kinetic Plots of the Disap-
earance of S-Methyl 2,2-Diphenylpropyl nt 2500

on g Semi-logarithmic Paper.
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Time (hours)

Fig. 18, The First Order Kinetié Plots of the Disap-
pearance of S-Methyl 2,2,2-Triphenylethyl Xanthates at Four

Different Temperatures on a Semi-logarithmic Paper: (@) 174°¢;

(@) 185°%; (») 200°c; (@) 220°C.
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log (ky
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-5000 | '
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Pig, 19. The Logarithm of Rate Constants Obtained from

the Pyrolysis of S-Methyl 2,2,2~-Triphenylethyl Xanthate was
plotted Against the Reciprocal of the Absolute Temperature.
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If a given reaction occurs by two first order competing

processes as shown in (a) of Figure 14; then

ki = rate constant
. kpy = rate constant
; ¥y = rate constant
E [X = concentration
| [X;\ = concentration
[D] = concentration
[O] = concentration

Integrating (4)

Int e grating (5)

Int e grating (6)

Dividing (8) by (9)

of
of
of
of
of
of
of

Material balance, gave

'Z_[%]:‘kt [X]

disappearance of xanthate,
dithiolcarbonate formation,
olefin formation,

xanthate at time t,

xanthate at time zero,

‘dithiolcarbonate,

olefin (s).

(] =[x e

(0] ’*‘;{: [x - %)

[0] =.Tk{i [X - Xo]

[0]

> 5]

D k
[ ]=—]2- or kg =

-[O_J.ko

[%, - ¥]=[p]+[c]

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)



38

Substitute (8) and (9) into (11)

kt:kD'; kg (12)
Substitute (10) into (12)
.10
k., = k 1+ [_'—'J‘ (13)
A [p]

Thus for two competing processes the plot of [D] vs [X - Xé]
should be a straight line as predicted by equation (8)s If so,
equations (12) and (13) are also satisfied.

Figure 20 confirms the linear relationship between [D]
and [Xo - X] for both S-methyl neophyl and S-methyl p-bromo-
neophyl xanthates. The rates of dithiolecarbonate formation
(kD) were calculated from the slopes of these lines and are
shown in Table IV. Thus the production of olefin and dithiol-
carbonate are two competitive processes in the pyrolysis of
these two compounds, and because of this, equations (12) and
(13) are true.

Further studies showed that there was no olefin formation
from the pyrolysis of S-methyl neopentyl and neophyl dithlol-
carbonates under similar experimental conditions. On this
basis, the consecutive process and the competing-consecutive
process can be eliminated from further consideration. There-
fore the Wagner-Meerwein rearrangement and the dithiolcarbonate
formation appeared to be two competing processes, and subse-

quently they are discussed separately below,.
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Fig. 20, The Bate of Dis n of S=Methyl p-Bromoneophyl (@)

and Neophyl (P) Xanthates Against the Rate of Formation of
the Corresponding Dithiolcarbonates,
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Wagner-Meerwein Rearrangement Leading to Olefin Formation

The rate constants of olefin formation (ky) were calcu-
1ated according to equation (I2). For S-methyl 2,2-diphenyl-
propyl, p-methylneophyl and 2,2,2-triphenylethyl xanthates,
it was assumed that k, = k; Dbecause less than 5% of dithiol-
carbonate was observed after 70% completion of the pyrolysis.

Table V suggests that the rate of olefin formation
increases with the degree of substitution of beta-phenyl groups
particularly when the phenyl groups are‘para-substituted with
an electron donating group. These observations parallel those
‘in the acetolysis of neopentyl-type brosylates.Bo Figure 21
shows a linear free energy relationship between the data of
the two systems31 and indicaté that there is a reasonably
good correlation. It had been demonstrated that the acetolysis
rates of neophyl brosylates were moderately sensitive to
substitution effects and a Hammett plot of ot values indicated
a rho value of -2.96 for this reaction. These authors concluded
that ionization with phenyl participation was the rate deter-
mining step.

In the xanthate system, the decomposition rates of the
substituted neophyl xanthates were moderately sensitive to
the nature of substituents. This observation coupled with the
apparent similarity with the neophyl brosylate system suggests
a phenonium lon transition state for the olefin forning

process as shown in Figure 22,
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Fig, 21. The Linear Free Energy Plot of the Bates of

Pyrolysis of Neopentyl-type Xanthates (ko) and the Rates of
Acetolysis of Neopentyl-type Brosylates (kg).
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Fig., 22. Proposed Transition State for the Olefin (s)
Formation Process., :

Figure 23 is a Hammett-Taft plot that shows a fair
correlation between the cf* values of the neophyl substituents
and the apparent rate of olefin formation of these xanthates.
This further supports the proposed involvement of the
Phenonium ion transition state.

It is interesting to note that there is a predominance
of the Hofmann-type olefins in the product. In the acetolysis
of neophyl brosylate, the 2-benzylpropene to the 2,2-dimethyl-

30 Kwart 32, 33 reported a ratio of

styrene ratio was 1 : 1.
2.2 3 1 in the pyrolysis of neophyl acetate in gas phase at
575°C. Statistically speaking, the l-ene to 2-ene ratio should
be 3 : 1. Since in the pyrolysis of neophyl xanthate the
observed ratio is 2 : 1, the larger than statistically predicted
amount of conjugated olefin formed in the reaction suggests

that both statistical and thermodynamic effects are important.
The l-ene to 2-ene ratio should be 3 : 2 in the pyrolysis
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of S-methyl 2,2-diphenylpropyl xanthate if statistics was
the only controlling factor. Experimentallys; the ratio is
1 : 1 if isomerization of l-ene to 2-ene is not important
under the reaction conditions. Again, the result indicates
that both statistic and thermodynamic effects are important
during the olefin formation process. On the other hand, if all
the methyl-trans-stilbene formed were considered to come from
the isonmerization of l-benzylstyrene, the l-ene to 2-ene ratio
is 3 : 2. This ratio agrees with the statistically predicted
value. In this case the thermodynamic effect may be offset by
the repulsive bulky cis phenyl groups in the formation of
methyl-cis-stilbene. However, the reasons for the predominant
formation of methyl-cis~-stilbene over that of the trans isomer
is not clear. ferhaps the anion has a preference for abstraction

of a proton from the least hindered side (Fig. 24).

ar H +» H
CH S H it
3j::>c-—4b or
CeH 3 H
s/ CeHs CHj
\é/) -
| S .0
SCH3 \-c
\SCHB

Fig. 24, The Proposed Transition State of the Pyrolysis
of S-Methyl Diphenylpropyl Xanthate.
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Dithiolcarbonate Formation

In the xanthate-dithiolcarbonate rearrangement; neopentyl
and neophyl xanthate gave the corresponding dithiolcarbonates.
The lack of" formation of any skeletal rearranged dithiol-
carbonate indicated that the rearrangement might have proceeded
through a nonassisted tight ion-pair or a classic cyclic SNi

mechanism as shown in Figure 25.

0 0
? 4= :% ?‘ l/ \
CH3-?-CH2 J/C-SCHB or CH3-9—CH2<\ ,’C—SCHB
CH3 é CH3 \\S’

(1) (2)

R = CHB, AI‘Y]..

Fig. 25. The Possible Transition State of the Xanthate-
Dithiolcarbonate Rearrangement.

In the first case, electron donating groups at the tertiary
carbon seem to stabilize the ion-pair while electron withdraw-
ing groups tend to destabilize it. Thus it is expected that thé
rate of rearrangement would be faster when R = CH3 than when

R = Aryl. On the contrary, the rate of formation of neophyl
dithiolcarbonate was almost nine times faster than that of the
neopentyl dithiolcarbonate as shown in Table IV. Therefore

a mechanism involving the formation of a nonassisted tight lon-
pair intermediate during the xanthate-dithiolcarbonate rearrange-
ment appears to be in contradiction to the observed results.

On the other hand localized charge development is not very
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important in the concerted transition state (Fig. 25). However
electron withdrawing groups at the tertiary carbon atom will
enhance theelectrophilicity of the methylene group; thus
increasing the rate of rearrangement. This allows for the
observed faster rate of neophyl dithiolcarbonate formation than
that of neopentyl dithiolcarbonate. Moreover, a similar rate
of formation of p-bromoneophyl dithiolcarbonate to that of the
neophyl dithiolcarbonate also supports the cyclic transition
state. Therefore, the mechanism of the dithiolcarbonate forma-
tion may be best represented by a concerted four-membered

cyclic transition state (Fig. 25 (2)).

Summery ahd Conclusions

The olefin formation and the dithiolcarbonate formation
are found to be two competing processes. The Wagner-Meerwein
rearrangement becomes more important when the number of beta-
phenyl groups lncreases and when there is an electron donating
group at the para-position of the beta-phenyl group. The
transition state of the olefin formatlion process is best
representated by a stabllized phenonium ion. The driving force
of the rearrangement appears to be mainly electronic in nature,
however, release of steric strain could also play an important
role. The dithiolcarbonates are thermally more stable than the
corresponding xXanthates and their formation becomes more
jmportant when there is the least beta-phenyl substitution.
This rearrangement appears to proceed through a concerted

‘four-membered cyclic transition state.
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CHAPTER IIT

EXPERIMENTAL

A1l melting points were taken on a Fisher-John apparatus
and are uncorrected. All decomposition polnts were determined
with a CENCO electrotherme.l melting apparatus. Refractive
indices were measured with a Carl Zelss refractometer at
ambient temperature. The infrared (ir) spectra were obtained
on Beckman IR-10 and IR-12 spectrophotometers and all ir
absorptions are reported in wavenumbers (cmfl). The abbrevia-
tions s, m and w used to describe the intensities of the ir
bands, stand for strong, medium and weak, respectively. The
nuclear magnetic resonance (nmr) spectra were recorded in a
JEOLCO JNM-C60 HL instrument and the chemical shifts are
reported in 5 units relative to tetramethylsilane. The
abbreviations s, bs, d, bd, t and m to describe the bands stand
for singlet, broad singlet, doublet, broad doublet, triplet
and multiplet. Gas liquid chromatographic (gle) analyses were
carried out on an Hewlett Packard (F and M)Model 720 instru-
ment. The relative peak areas were estimated by means of a
disec integrator. Thin layer chromatography (tle) was performed
on alumina or silica gel sheéts with fluorescent indicator.
Liquid column chromatography (lec) was performed on a 350 X 25
mm column of Fisher certified neutral alumina, Brockmen Activity
1 (80-200 mesh). The elemental analyses were carried out by
Midwest Microlab Inc., 6000 East 46th St., Indianapolls

Irdiana.
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S-Methyl Neopentyl Xanthate - The xanthate was prepared

according to the method of Ottenbrite.18 Neopentyl alcohol

(44g, 0.5 mole) in dry benzene (250 ml) was reacted with
potassium (19.5 g, 0.5 mole) under nitrogen. This solution
was refluxed until all of the potassium dissolved, then diluted
to one litre by addition of anhydrous ether. A solution of
carbon disulphide (50 g, 0.7 mole) in ether was added dropwise
at room temperature. This mixture was allowed to stir overnight.
The potassium salt of the xanthate was separated by filtration
and washed thoroughly with anhydrous ether to remove any of
the unreacted alcohol. The salt was suspended in a solution
of hexane (500 ml) containing methyl iodide (71 g, 0.5 mole).
The potassium iodide was removed by filtration after the mix-~
ture was stirred overnight at room temperature. Fractional
distillation yielded pure neopentyl xenthate 63 g (70%): bp
81°¢ at 3.5 mms3 £D25 1.5163; ir (10%, ccly) 2962 and 2872 (s,
c-H), 1368 (s, C-H), 1200 (s, ¢c-0-C), 1074 (s, C=S); nmr (10%,
CDClj) 1.00 (s, 9, C(CH3)3 , 2452 (s, 3, SCHB), 4,19 (s, 2,OCH2).
Anal. Caled. for GCpHyu08p: C, 47.155 H, 7.91.
Found : ¢, 47.11; H, 8.16.

Neophyl Alcohol - The alcohol was prepared according to the

method of Whitmore.34 Oxidation of the Grignard reagent of
neophyl chloride (168 g, 1.0 mole) which was prepared from
methallyl chloride, benzene and concentrated sulphuric acid
gave neophyl alcohol 120 g (80%): bp 92°C at 4.0 mm; 2D21

1.5256 (11.35 bp 131°C at 30 mms oy 1.5261).
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S-Methyl Neophyl Xanthate - By the usuai method, S- methyl

neophyl xanthate was prepared from neophyl alcohol (30 &, 0.2
mole), potassium (7.8 g, 0.2 mole), carbbn disulphide (1.6 g,
0.2 mole) and methyl jodide (28 g, 0.2 mole) and the product
weighed 42 g (88%): bp 105°C at 0.17 mm; §D21 1.58623 QD25'5
1.5818; ir (10%, ccly) 3060 (m, Ar-H), 2970 and 2872 (s, C-H),
1600 and 1494 (w, Ar), 1360 (m, c-H), 1200 (s, €=0-C), 1070
(s, C=8); nmr (10%, cpcly) 1.35 (s, 6, C(CH3)p ), 2.40 (s, 3,
S&%),MﬁO(s,Z,O@Q),?J?(b& 5, Qﬁy.
Anal. Caled. for CqoH160S2 3 C» 59.863 H, 6.71.

Found

c, 60.083 H, 6.73.

p-Methylneophyl Alcohol ~ The alcohol was prepared according

to the method of Whitmore.Bb Ooxidation of the Grignard reagent
of p-methylneophyl cholride (107 g, 0.59 mole) which was pre-
pared from methallyl chloride, toluene and concentrated
sulphuric acid gave p-methylneophyl alcohol 68 g (70%): PP 88-
900 at 1.5 mms ap>> 1.5205 (116.3% bp 87-88°C at 1.5 mm;

EDZS 1.5193).

S-Methyl p-Methylneophyl Xanthate - By the usual method, the

xanthate was prepared from p-methylneophyl alcohol (68 g, 0.42
mole), potassium (16 g, 0.42 mole), carbon disulphide (32 &,
0.42 mole) and methyl 1odide (59 g, 0.42 mole). After vaccum
distillation, the Xanthate weighed 93 & (88%): bp 121-122°C

at 0.3 mm; gD26 1.57583 ir (10%, CH Clj) 3020 (m, Ar-H) ,2980
and 2872 (s, C-H), 1600 (w, Ar), 1370 (m, c-H), 1210 (s, Cc-0-C),
1075 (s, C=8)3; nmr (10%, CDClB) 1.38 (s, 6, C(CH3)2 )



51

2.28 (s, 3, ArCH,), 2.38 (s, 3, SCH3), 4.58 (s, 2, OCHp), 7.20
(bd, “’, C6HLP).

Analo Calcdo fOI‘ 013H18082 H C, 61.37; H, ?.13.
c, 61.65; H, 6.88.,

Found

p~-Bromoneophyl Alcohol - The alcohol was prepared according

30 with modification. 2,2-

to the method of Winstein and Heck
Dimethylphenylacetonitrile (118 g, 82%) was prepared according
to the method of Hauser.28 Base-catalyzed hydrolysis (potas-
sium hydroxide, 130 g, 2.3 mole; methanol 100 ml; water 40 ml)
of the nitrile (118 g, 0.82 mole) a% 110°C with vigorous stir-
ring‘for 1 h gave an almost quantitative yield of the corres-
ponding acid (133 g, 99%4). A mixture of the 2-phenylisobutyric
acid (130 g, 0.79 mole), bromine (135 g, 0.85 mole) and iron
wire (0.2 g) in 150 ml carbon tetrachloride was refluxed over-
night. After cooling, the solution was washed with cold 6N
hydrochloric acid and then water. The product was extracted
with a solution of 50 g of sodium hydroxide in 500 ml of water.
Acidification of the extract and cooling gave rise to the crude
acid. After drying overnight, the acid weighed 143 g (74%).
Lithium aluminum hydride reduction of the acid gave the alcohol.
Vaccum distillation yielded pure p-bromoneophyl alcohol 91 g
(80%): 11#—11500 at 0,05 mm; £D25 1.5586 (11t.30 bp 120~
123°C at 2.0 mm; n %> 1.5598).

S=Methyl p-Bromoneophyl Xanthate - By the usual method, the

alcohol was reacted sequentially with potassium, carbon disul-

phide and methyl iodide. However, a multicomponent product
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was obtained as shown by tlec analysis (silica gel, benzene).
Another attempt was made to synthesize the xanthate by using
sodium hydride instead of ‘potassium metal. After all the oil
free sodium hydride (1.0 g, 42 mmole) was feaéted with p-
bromoneophyl alcohol (9.4 g, 41 mmole) in 50 ml ether at -20°C,
followed by the addition of carbon disulphide (3.6 g, 50 mmole)
and then methyl iodide (5.9 g, 50 mmole), S-methyl p-bromo-
neophyl xanthate was obtained 12.5 g (95%). The xanthate was
purified by vaccum distillation: bp 134-135°C at 0.1 mm; £D25
1.6039; ir (10%, cCly) 3020 (m, Ar-H), 2980 and 2870 (s, C-H),
1600 (w, Ar), 1370 and 1365 (m, C-H), 1210 (s, C-0-C), 1075
(s, C=S); nmr (10%, CDCl3) 1.38 (s, 6, C(CH3)y ), 2.42 (s, 3,
SCH3), 4.48 (s, 2, OCHz), 7.30 (bd, k&, CgHy). )
Anal. Caled. for CypH,z085Br : C, 45.14; H, 4.74; Br, 25.01.
Found :t C, 45,465 H, 4.,87; Br, 25.04.

2,2-Diphenylpropanol - A suspension of lithium aluminum hydride

(4.1 g, 0.11 mole) in 100 ml ether was prepared in a 500-ml,
two-necked, round-bottomed flask which was fitted with a
reflux condenser, a magnetic stirrer and an externally applied
heating mantle. To this suspen;ion was added a solution of
2,2~-diphenylpropionic acid (25 g, 0.11 mole) in 50 ml tetra-
hydrofuran and 50 ﬁl ether. The addition was completed and the
solution was refluxed overnight. The excess lithium aluminum
hydride was destroyed by the slow addition of 6 N hydrochloric

acid at 0°C. The reaction mixture was poured into 500ml of

cold water. A stream of air was directed over .the stirred
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mixture for a period of 14 h. After ether extraction, the
organic layer was separated, washed with water and concentrated
in vacuo. Vacuum distillation gave pure 2;2-diphenylpropanol

35

19 g (83%): bp 180-181°C at 1.2 cm (1it.”” bp 186-187°¢C at

1.6 cm).

S-Methyl 2,2-Diphenylpropyl Xanthate - By the usual method,

the xanthate was prepared from 2,2-diphenylpropanol (2.11 g,
0.1 mole), potassium (3.9 &, 0.1 mole), carbon disulphide
(7.6 g, 0.1 mole) and methyl jodide (14.2 g, 0.1 mole).
Recrystallization from pentane gave the pure xanthate 16 g
(55%): mp 52-53°C; ir (10%, CCl,) 3060 (m, Ar-H), 2970 (m,
C-H), 1600 and 1490 (w, Ar), 1200 (s, C-0-C), 1070 (s, C=8)3;
nmr (10%, CDCl3) 1.75 (s, 3, CCHB), 2.30 (s, 3, SCH3), 4.85
(s, 2, OCHp), 7.02 (s, 10,C(CgHs)p ).

Anal. Caled. for CynH;1g0Sz : C, 67.513 H, 6.00.
c, 67.34; H, 5.99.

Found

Triphenylacetic Acid - Excess Dry Ice was added to an ethereal

solution of triphenylmethanesodium (0.36 mole) at -40°c. After
warming up to 25°C, the sodium salt of triphenylacetic acid
was extracted with ether saturated with water. The extract

was acidified with 6N hydrochloric acid. The triphenylacetic
acid precipitated and was collected by filtration. Recrystal-
1lization from acetone-water gave pure triphenylacetic acid

74 & (728): mp 273-274°C (11t.36 mp 267-268°C).
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2,2,2-Triphenylethanol - The triphenylacetic acid (37 g, 0.13

mole) was reduced with lithium aluminum hydride (14 g, 0.38
mole) by the usual method. Recrystallization from petroleum-
ether (bp 66-75°C) gave pure 2,2,2-triphenylethanol 29 g (82%):
mp 105-106°c (11t.37 109-110°C).

S-Methyl 2,2,2-Triphenylethyl Xanthate - By the usual method,
the xanthate was prepared from 2,2,2-triphenylethanol (8 g,

29 mmole), potassium (1.1 g, 29 mmole), carbon disulphide
(3 g, 40 mmole) and methyl iodide (4 g, 29 mmole). Recrystal-
lization from petroleum-~ether (bp 66-72°C) yielded the pure
zenthate 5 g (48%): mp 97-98°C; ir (10%, CCl,) 3060 (m, Ar-H),
2910 (m, C-H), 1600 and 1490 (m, Ar), 1210 (s, C-0-C), 1080
(s, €=8); nmr (10%, CDClz) 2.09 (s, 3, SCH3), 5.40 (s, 2, OCH,),
7.06 (bs, 15, C(Cgglz ).

Anel. Caled. for Cpolpg0Sy : C, 72.49;5 H, 5.53.

Found C, 72.153 H, 5.41.

Pyrolysis of S-Methyl Neopentyl Xanthate -~ S-Methyl neopentyl

xanthate (5 g) was refluxed under nitrogen for 48 h. No
decomposition was observed as the ir spectrum of the product
was identical with S-methyl neopent&l xanthate. Another attempt-
ed decomposition was carried out in sealed tube at higher
temperature. The xanthate 1 g was sealed in a L ml micro

test tube under nitrogen and was kept at 270°C for 5 h. The
product was analyzed by glec (8 ft Lac-728 column, 120°c, 60

cc helium / min) and gave two peaks. The first peak (ret. time,
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32 min; 60%) was 1dentified as the unreacted S-methyl neopentyl

xanthate. The second peak (ret. time 38 minj 40%) was identi-
fied as the S-methyl neopentyl dithiolcarbonate: 1r (10%, CClu)
2960 and 2870 (s, C-H), 1650 (s, C=0), 1365 (m, c-H), 860
(s, S-CO-S); nmr (10%, CDClB) 0.97 (s, 9, C(CH3)3 ), 2.48
(s,3,sm%),3m7(s,2,mmzh

In an attempt to detect olefin formation, this xanthate
(200 mg) was sealed in a nmr tube end heated in a sillcone oil
bath at 250°C. A spectrum was run every I h. After forty hours
no olefin was observed and the corresponding dithiolcarbonate

was the only product in w24 yield.

Pyrolysis of 8-Methyl Neopentyl Dithiolcarbonate - The dithiol~

cerbonate (200 mg) in a sealed nmr tube was kept in a silicone
oil bath at 250°C. A nmr spectrum was run every 10 h. After a
duration of 40 h, no decomposition was observed. The 1ir

spectrum of the resultant liquid was jdentical to that of the

starting dithiolcarbonate.

Pyrolysis of 8-Methyl Neophyl Xanthate - Decomposition of a

small amount of the xanthate (0.5 8, 2.1 mmole) was carried

out with o N-tube (Fig. 26) in a silicone oil bath at 250°C.

B D

A C
Fig. 26. A N-tube for Pyrolysis.
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The xanthate was pipetted into a straight tube AD about 12 cm
long which then was bent as shown in Figure 26, Part A of the
tube was immersed in the oil bath while part C was cooled. The
advantage of this N-tube is that the free vapour volume 1is
minimized allowing a smaller amount of xanthate to be studied
with no losses. After heating for 2 h part A was cooled and
part B was cut for the convenience of manipulation. The olefins
from part C of the tube weighed 120 mg (45%) while the residue

from part A weighed 270 mge.

Analysis of the Olefins - The olefins were separated by glc
(8 ft. Lac-728 column, 12500, 60 cc helium / min). On the
chromatograph two peaks appeared at 5.5 min (67%), and 7.5
min (33%). The first peak was ldentified as 2-benzylpropene:

0
gD25 1.5050 (1it.". 1.5057)3 ir (10%, ccl,) 3080 (s, C=CH),

3020 (s, Ar-H), 2980 and 2970 (s, C-H), 1645 (m, C=C), 1600

and 1490 (w, Ar), 884 (s, C=CHp), 690 (s, Ar-H)3; nmr (10%,

CDC].B) 1.65 (S, 3, C=CCH3), 3.2"" (S, 2, C=C—CH2-A1‘), 4.62

(s, 2, C=CHp), 7.00 (bs, 5, 06H5). mhe second peak was identi-
25 1 e367 (116.9% n 0

o, «5367 . ny

1.5400); ir (10%, CClu) 3060 (s, C=CH), 3020 (s, Ar-H), 2970

fied as 2-methyl-1l-phenylpropene:

and 2920 (s, C-H), 1659 (m, C=C), 1600and 1490 (w, Ar), 825

(m, C=CH), 690 (s, Ar-H); nmr (10%, CDClB) 1.85 (m, 6,

C=':(CH3)2 ), 6.10 (m, 1, C=CH), 7.07 (bs, 5, C6H5).
Analysis of the olefinic mjxture by nmr integration

showed a similar product distribution.
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Isomerization Study of the Olefins - A 30 mg sample of each
of the two olefins was heated separately in a N~-tube at 250°C
for 30 min. The nmr spectrum showed that no isomerization

occurred for both 2-benzylpropene and 2-methyl-1-phenylpropene.

Analysis of the Residue - The residue was separated by glc
(6 £t Lac-728 colum, 200°C, 60 cc helium / min). On the chroma-
tograph only two peasks appeared at 130 min (60%), and at 138
min (40%). The compound corresponding to the first peak was
jdentical to the unreacted xanthate. The second .component of
the residue was identified as the S-methyl neophyl dithiol-
carbonate: ED26 1.5757; ir (10%, CCL,) 3020 (w, Ar-H), 2950
and 2920 (s, C-H), 1640 (s, C=0), 860 (s, S-C0-8), 690 (s,
Ar-H); nmr (10%, CDClB) 1.34 (s, 6, C(CH3), ), 2.28 (s, 3,
S@%),BﬂO(s,Z,S&%),?&O(b& 5, %ﬁy.

Analysis of the residue by nmr integration showed a

similar product distribution.

Hydrolysis and Reduction of the Dithiolcarbonate - The
dithiolcarbonate (1 g) was hydrolyzed by sodium hydroxide
according to the method of Taguchi and co-workers23 followed
by Ra-Ni reduction according to the method of Sonheimer and
Rosentha138. The resulting reaction mixture was extracted
with ether. The organic layer was concentrated and analyzed
by gle, ir and nmr. Tert-butylbenzene was the only observed

product.
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Another xanthate sample (500 mg) was prepared in a N-

tube and was heated for 30 min; The olefins weighed 42 mg
(16%) and-nmr integration showed that the l-ene and the 2-ene
were present in the ratio 67 :33. The residue weighed 412 mg
and the nmr integration showed that the xanthate to the di?

thiolcarbonate ratio was 90 3 10.

Pyrolysis of S-Methyl Neophyl Dithiolcarbonate - The dithiol-

carbonate (22 mg) was heated in a N-tube at 250°C for 2 h.
No olefin was found. The residue was analyzed by glc, ir and

nmr and was found to be the starting dithiolecarbonate.

Pyrolysis of S— Methyl p-Bromoneophyl Xanthate - Decomposition

of the xanthate (41 mg, 0.13 mmole) was carried out in a 75 X
10 mm test tube at 250°C for 2 h. The relative amounts of pro-
ducts were analyzed by nmr integration without separation

(methyl benzoate as internal standard). The mixture contained
'50% of the unreacted xanthate and 17% of the dithiolcarbonate.

The olefinic portion was not analyzed.

Pyrolysis of S-Methyl p~Methylneophyl Xanthate - Decomposition

of the xanthate (33 mg, 0.13 mmole) was carried out in a 75X
10 mm test tube at 250°C for 30 min. The relative emount of
products were analyzed by nmr integration without separation
(methyl benzoate as internal standard). The mixture contained
27% of the unreacted xanthate and less than 4% of the dithiol-

carbonate. The olefin portion was not analyzed.
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Pyrolysis of S-Methyl 2,2-Dipheny1propy1 Xanthate -

Decomposition of the xanthate (500 mg, 1.65 mmole) was carried
out in a N-tube in a silicone oil bath at 250°C for 30 min.
No olefin was found in part C of the tube. The residue was

analyzed in the following manner.

Analysis of Olefins - The olefins were separated from the
residue by lcc (silica gel, petroleum ether (bp 30-60°C) )
and weighed 280 mg (88%). Olefins were further separated by
gle (6 £t 10 % SE-30, 170°C, 60 cc helium / min). On the
chromatograph, three peaks appeared [6.4 min (39%), 7.4 min
(49%), 10.8 min’(lz%i]. Analysis of the olefinic mixture by -
nmr integration showed a similar.product distribution. The
first peak was identified as methyl-cis-stilbene: mp L6-47°C
(11£.39 mp 48°C); ir (10%, CCly) 3060 (s, C=CH), 3020 (s,
Ar-H), 2970 and 2920 (w, c-H), 1600 and 1490 (m, Ar), 849 (m,
oeGH) | 690 (s, Ar-H); nur (108, oCly) 2.11 (&, 3, J=2o/s,
C=CCH3), 6.21 (m, 1, C=CH), 6.70-7.10 (bd, 10, C(CgHgl2 ).
The second peak was jdentified as 1-benzylstyrene: HDZM 1.5893
(11£.%0 2D25 1.5891)3 ir (102, CCly) 3060 (s, C=CH), 3020 (s,
Ar-H), 2910 (m, c-H), 1625 (m, ¢c=Cc), 1600 and 1490 (m, Ar),
890 (s, C=CHp), 690 (s, Ar-i); nmr (10%, ccly) 3.65 (s, 2,
C=CCH2AI), 4,80 (bpd, 1, C=CH), 5.25 (bd, 1, C=CH), 6.90-7.10
(bs, 10, C(06H5)2 ) The third peak was jdentified as methyl-

trans-stilbene: mp 81-82°c (1it.39 mp 82°c); ir (10%, cCl )
trans i

3060 (s, C=CH), 3020 (s, Ar-H), 2980 and 2940 (w, C-H), 1600
and 1490 (m, Ar), 849 (m, C=CH), 690 (s, Ar-H); nmr (104, CCly)
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2.17 (4, 3, J=2c/s, C=CCH3), 6,65 (m, 1, C=CH), 6.90-7.20
(m, 10, C(CéH5)2 )a

Olefin Isomerization Study - A 30 mg sample of each of the
latter three product olefins was heated separately in three
micro test tube at 250°C for 30 min. The nmr spectrum showed
that no isomerization occurred for both trans- and cis-
stilbenes. However, 48% of benzylstyrene was isomerized to

methyl-trans-stilbene.

Analysis of the Residue - The residue was separated by lcc
and it weighed 60 mg. The ir spectrum showed the characteris-
tic xenthate bands and dithiolcarbonate bands at 1645 cm."1
and 860 cm~l. The nmr spectrum showed that the residue
contained 66% of the unreacted xanthate. Attempts to isolate

the dithiolcarbonate were unsuccessful.

Pyrolysis of S-Methyl 2,2,2-Triphenylethyl Xanthate - Decom-

position of the xanthate (1 g) was carried out in a micro
test tube in a silicone o0il bath at 250°C for 30 min. The
product weighed 700 mg. The tlc analysis (silica gel, pentgne)
showed only one spot corresponding to triphenylethylene: mp

88-89°C., The ir spectrum was identical to an authenic sample.

An Attempt to Detect Dithiolcarbonate Formation - The S-methyl
xanthate ester of 2,2,2-triphenylethanocl (0.5 g) in a nmr
tube was heated in a silicone oil bath at 200°C. A nmr spectrunm

was run every 30 min for a period of 2 h. No dithiolcarbonate
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signal was observed. Another sample was heated in an oil
bath at 160°C. A nmr spectrum was run every 6 h for a period

of 36 h. Again, no dithiolcarbonate signal was observed.

Kinetic Studies - Kinetic studies of the pyrolysis of xanthate

esters were carried out on neat samples. An accurately weighed
sample (30 mg)of the solid xanthate ester to be studied was
placed in a 75 X 10 mm test tube. For the case of a liquid
xanthate ester, a 30 M1 sample was introduced into the test
tubes by means of a constant volume addition syringe and then
it was weighed accurately. The test tubes were loosely corked
or sealed under a nitrogen atmosphere and were suspended in

a constant temperature silicone oil bath at the desired temp-
erature using a Haake N-series circulator. Samples were removed
at set intervals and were immediately cooled in ice-water.

The samples were analyzed by nmr with methyl benzoate as the
internal standard. The relative amount of xanthate left and
the relative amount of products formed were estimated from
three nmr integrations of each sample. The integrated ratio
varied by 5 %. The experimental data are shown in Table VI

to XIV.
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Table VI

o
Pyrolysis of S-Methyl Neopentyl Xanthate at 250 + 1 C.

Weight of Xanthate [X] = 30.8 mg + 0.2 mg.
Weight of Benzoate [S]

9.7 mg £ 0.1 mg.

Time x)/[s] [xJ)/[x] [pl1s] [ﬂd%}l{ﬂﬂ%ﬂ

(hour

0 0.00 2.42 1.00 0.00 0.00 1.00
1 2.00 2.24 1.08

2 4,00 2.14 1.13 0.16 0.07 0.93
3 6.00 2.08 1.16 0.27 0.11 0.89
b 8.00 1.79 1.35 0.30 0.12 0.87
5 10.00 1.91 1.27 0.43 0.18 0.82
6 12,00 1.82 1.33 0.43 0.18 0.82
7 13.92 1.75 1.38 0.58 0.24 0.76
8 15.83 1.70 1.42 0.67 0.28 0.72
9 17.92 1.64 1.48 0.73 0.30 0.70
10 20.00 1.58 1.53 0.87 0.36 0.64
11 22.00 1.48 1.64 0.86 0.35 0.65
12 24.00 1.45 1.67 0.98 0.41 0.59
13 26.00 1.41 1.73 1.07 0.4 0.56
14 28.00 1.31 1.84 1.09 0.45 0.55
15 30.00 1.25 1.93 1.11 0.46 0.54
16 32.00 1.16 2.08 1.17 0.49 0.51
17 36.17 1.09 2.22 1.30 0.54 0.46
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Table VII

Pyrolysis of S-Methyl Neophyl Xenthate at 250 + 1%,

Weight of Xanthate[X] = 33.2 mg + 0.2 mg.

Weight of Benzoate[_S] = 7.5 mg + 0.1 mg.

?i?ﬁ)  x/[s) [x)/1x] [xo-x1/(s) [p)/[s]

0 0.0 2.50 1.00 0.00 0.00
1 6.0 2.34 1.07 0.16

2 12.0 2.24 1.12 0.26 0.09
3 18.0 2.06 1.21 0.4k 0.12
L 24,0 1.96 1.28 0.54 0.15
5 30.0

6 36.0 1.80 1.39 0.70 0.27
7 42.0 1.66 1.52 0.84 0.27
8 50.0

9 54.0 1.47 1.70 1.03 0.37
10  -60,0 1.1 1.77 1.09 0.37
11 66.0 1.31 1.91 1.19 0.38
12 72.0 1.24 2.02 1.26 0.40
13 78.0 1.16 2.06 1.34 0.37
ik 84.0 1.12 2.23 1.38 0.43
15 90.0 1.01 2.48 1.49 0.U46
16 100.0 0.97 2.58 1.53 0.48
17 110.0 0.85 '2.93 1.65 0.49
18 120.0 0.81 3.11 1.69 0.54
19 130.0 0.63 3.98 1.87 0.59
20 140.0 0.66 3.80 1.84 0.60

21 150.0 0.62 - Ly, 0L 1.88 0.70
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Table VIIT
Pyrolysis of S—Methyl p-Bromoneophyl Xanthate at 250 &+ 1°¢.

Weight of Xanthate [X] = 40.5 + 0.2 me.

Weight of Benzoate [S] = 8.63—_ 0.1 mg.

Time [x]/[5] [x]/[x] [%.-x1/[s] [p]/[s]

min
0 0.0 1.98 1.00 0.00  0.00
1 15.0 1.83 1.08 0.15 0.05
2 30.0 1.7 1.1 0.24 0.11
3 45.0 1.50 1.32 0.48 0.19
4 69.0 1.30 1.52 0.68 0.21
5 84.0 1.26 1.57 0.72 0.25
6 99.0 1.15 1.72 0.83 0.31
7 123.0 1.01 1.96 0.97  0.34
8 143.0 0.82 2.42 1.16 0.35
9 206.0 0.71 2.81 1.28 0.46
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Table IX

Pyrolysis of S-Methyl p-Methylneophyl Xanthate at 250'i 1°C.
33.4 £+ 0.2 mg.
8.6 + 0.1 mg.

Weight of Xanthate [X]

Weight of Benzoate [S]

Time [x]/(s] [x.17[x]
0 0.0 2.13 1.00
1 3.0 1.95 1.09
2 6.0 1.62 1.31
3 9.0 1.40 1.52
4 12.0 © 1.30 1.64
5 15.0 1.17 1.82
6 18.0 1.10 1.93
? 21.0 0.88 2.2l
8 25.0 0.78 2.7
9 28.0 0.66 3.23
10 31.0 0.58 3.67
11 36.0 0.51 417

12 k2.0 0.L46 L.6L
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Table X

Pyrolysis of S-Methyl 2.2-Diphenylpropyl Xanthate at 250 + 1°%.

40.0 + 0.5 mg.
5.3 j‘_ 0-1 mge

Weight of Xanthate [X]

Weight of Benzoate [S]

Jime [x1/[s] [xd) /[x]
0 0.00 3.39 1.00
1 0.75 3.23 1.05
2 1.50 3.06 1.11
3 2.15 2.77 1.22
b 3.00 2. 44 1.39
5 3.45 2.37 1.43
6 4.30 2.25 1.51
7 5.15 2,10 1.61
8 6.00 2.04 1.66
9 6,45 1.94 1.75
10 7.30 1.75 1.94
11 8.15 1.54 2.20
12 9.00 1.48 2.29
13 9.45 1.46 2.28
14 10.30 1.36 2.50
15 11.15 1.26 2.69
16 12.00 1.17 2.90
17 12.45 0.98 3.46
18 13.30

19 14.15 0.90 3.76

20 15.00 0.88 3.84
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Teble XI

Pyrolysis of S-Methyl 2,2,2-'I‘riphenylethyl Xanthate at 174 1°¢c.

Welght of Xanthate [X] = 140.0 + 0.5 mg.
Weight of Bengzoate [SJ = 5.3 & 0.1 mg.

Eﬁ_r_) [x]/[s] [Xdl /[x]
0 0.00 2.81 1.00
1 1.50 2.61 1.08
2 3.00 2.26 1.24
3 4.50 2.07 1.36
Ly 6.00 1.95 1.4k4
5 7.50 1.67 1.66
6 9.00 1.50 1.82
7 10.50 1.43 1.96
8 12.00 1.34 2.10
9 13.50 1.24 2.26
10 15.00 1.07 2.63
11 16.50 0.95 2.97
12 18.00 0.92 3.06
13 20.50 0.84 3.30
1k 21.00 0.79 3.58
15 ‘ 22,50 0.67 4.20
16 24.00 0.61 4,61
17 25.50 0.64 .40
18 27.00 0.60 L. b7
19 28.50 0.51 5.60

20 30.00 0.4k 6.40
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Table XIT

Pyrolysis of S-Methyl 2,2,2—Tripheny1ethy1 Xanthate at 185 £ 1°C.

Welght of Xanthate [X] = 40.0 + 0.5 mg.

Weight of Benzoate [s] = 5.3 £ 0.1 ms.

jﬁg_) [x]1/(s] [ Xo /[X]
0 0.0 2.81 1.00
1 30.0 2.58 1.09
2 60.0 2.21 1.27
3 91.0 2.02 1.39
L 121.0 1.92 1.46
5 150.0 1.78 1.58
6 180.0 1.65 1.70
7 210.0 1.50 1.87
8 240.0 1.43 1.96
9 270.0 1.28 2.19
10 300.0 1.18 2.38
11 340.0 1.01 2.78
12 360.0 0.97 2.91
13 390.0 0.90 3.13
b 422.0 . 0.83 3.38
15 450.,0 0.82 3.42
16 480.0 0.76 3.71
17 510.0 0.65 4,31
18 545.0 0.6L 4,37
19 570.0 0.68 4,10

20 624.0 0.50 5.70
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Table XIIT

Pyrolysis of S-Methyl 2,2,2-Triphenylethy1 Xanthate at 200 i.ioc

Weight of Xanthate [X] = 30.0 + 0.5 mg.
Weight of Benzoate [S] = 7.0'1 0.1 mg.

Time [x)/[5] [x)/[x]
0 0.0 1.48 1.00
1 540 1.33 1.12
2 10.0 1.30 1.15
3 15.0 1.27 1.18
L 20.0 1.18 1.26
5 25.0 1.17 1.27
6 30.0 1.06 1.39
7 35.0 1.01 1.48
8 40.0 0.94 1.60
9 45.0 0.87 | 1.71
10 50.0 0.84 1.76
11 55.0 0.77 1.95
12 60.0 0.76 1.96
13 65.0 0.73 2.04
1k 70.0 0.70 2.14
15 7540 0.68 2.18
16 80.0 0.67 2.27
17 90.0 0.61 2.50
18 100.0 0.56 2.48

19 110.0 0,50 3.04
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Table XIV

o
Pyrolysils of S-Methyl 2,2,2—Triphenylethy1 Xanthate at 220 % 1 C.

Welght of Xenthate [X]= 30.0 + 0.5 mg.

Weight of Benzoate [S] = 7.0 + 0.1 mge.

Time (18] [xd]/1x]

0 0.0 1.48 1.00
1 1.0 1.43 1.04
2 2.0 1.33 1.11
3 3.0 1.19 1.25
L 4.0 1.25 1.18
5 5.0 1.17 1.26
6 6.0 1.06 1.40
7 7.0 0.94 1.51
8 8.0 0.91 1.63
9 9.0 0.88 1.69
10 10.0 - 0.85 1.74
11 11.0 0.80 1.85
12 12.0 0.75 2.00
13 13.0 0.72 2.06
14 14.0 0.63 2.19
15 15.0 0.61 2.4k
16 - 16.0

17 18.0 0.55 2.70
18 21.0 0.46 3.22

19 24,0 0.38 3.94
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PART III

SYNTHESIS OF SOME SULPHONYL CHIORIDES

AS PRECURSORS FOR STABLE SULPHENES

CHAPTER 1

INTRODUCTION

Sulphenes1 may be considered as the S,S-dioxldes of
thioketones. They may also be regarded as the derivatives
of sulphur trioxide with one oxygen atom being replaced by
an alkylidene groupe. There are four canonical sulphene

structures (Fig. 1).

0,0 o 0 Qo 0 o O
N7 N7 N=/ N/
LN L

ct ct

| -
C C
/\ /\ /\ AN
ylide-like cummulative carbonyl-like 1,3-dipolar

Fig. 1. Canonical Structures of Sulphenes.

By far the most common mode of reaction is that correspond-
ing to the ylide-like structure. Hence, the sulphonyl group
exhibits electrophilic characteristics and the alkylidene
portion exhibits nucleophilic characteristics. Thus, sul-
phenes react with deuterated alcohols to form monodeuterated

sulphonates,2 with enamines and ketene O, N- and N, N-acetals
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to give four-membered ring sulphones.u’5 They also react with
nitronesto give five-membered ring aza-sultone intermediates .
And with dienamines to give six-membered ring sulphones.7 These

reactions are 1illustrated in Figure 2.

QAL
CHyNa2 I\ M
three-membered ring sulphone
- —§=0
{NCH= CHaty O\l_ i
EtaN R
four-membered ring sulphone
i ] Q
Y I =0
RCH-S 3 _»
O
i | NCH_;)Z
OH/ R p
R ROD | 3R crcgrs " ok
- O£ 5|~ O
RCH2S O H
xR ¢He CHs
N(CHy 1.1 agduct —sult
RCHDSOQ_OR =/_ a u'c aza-sultone
_R
>
"—‘-O
R = H, CHj , NCHy)2

six—membered ring sulphone

Fig. 2., Ylide-type Reactions_of Sulphene Intermediates.
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In the absence of trapping reagents, sulphenes react
with the starting materials. ‘I'hizs, the formation of A-chloro-
sulphoneg ,X~-chlorodisulphones and HA=chlorotrisulphones was
broposed to be the result a continuous 1,2-addition of sulphonyl
chloride to the ylide-like sulphene resonance structure

followed by a loss of sulphur dioxide (Fig. 3).8

(R ),)_CHSOQ_—Cl
l[(R )Qc’s+oz]
(R)‘,CH?OP. -S0, (R)QCH$OQ_
(R),L SO, —C] > (R),C—Cl
l[(R)ﬂé-SBQ] d-chlorosulphone
(R),CHSO,
(R),C SO ~80s
2C 502 —> (R)QCH(((R)QCSOQ)Q CD
(R)C SOp~Cl |
_ o ~chlorodisulphone
Jfwscsod]
(R)QCH'SOQ_
(R)C §O2 50,
(R),C §O2 —* (R hCH(@R hCSOy 3<:D
(R)QC SOQ"CI
& -chlorotrisulphone
R=H,CHs.

Fig. 3. 1,2-Addition Reactions of Sulphene Intermediates.
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The isolation of the mesylsulphene adduct shown in Figure L

further supported the ylide-1like sulphene resonance structure.9

[EHQ_-S+OQ] M ?Or‘\T(Cl@a

+ -
CH3SO,Cl  "CHSO,CHy + HN(GHs)s !

Fig. 4. Formation of Mesylsulphene Adduct.

Besides the ylide-1like sulphene resonance structure,
both the 1,3-dipolar and carbonyl-like resonance structures
have been postulated as reaction species. Thus, Strating10
proposed a 1,3-dipolar sulphene structure to explain the

formation of 10-camphor thiocarbonyl chloride g-oxide (Fig. 5).

| CHy, + ASOLI — c-Cl + ArSO3H

e f
[, .o |AsoC 0
e | —» cH-SC
QCH o 64 OSOA

Fige 5. A Proposed 1,§-Addition Reaction of a Sulphene
Intermediate.

In the study of the thermolysils and photolysis of the sultam (I),
King and Du:rst11 proposed a mechenism involving nucleophilic
attack on the sulphene carbon atom to give pyrrole (1II) as

shown in Figure 6. The authors proposed a carbonyl-1like

sulphene jntermediate to explain the results.
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| S A & @\-
S0, —» W 5% | — | W5
R

'
A3
R= CeHs | /@OQ '@"" SO

\
R
R (1)
Fig. 6. A Pro osed Carbon 1-1ike Reaction of a Sulphene
Intermediate.

The generation of sulphenes can be achieved by several
routes. In 1911, Wedekind and Schen.k12 first discovered that
triethylamine removes hydrogen chloride from phenylmethane-
sulphonyl chloride even in cold benzene. These authors
obtained triethylamine hydrochloride, sulphur dioxide and
stilbene and concluded that the phenylsulphene intermediate
had lost sulphur dioxide and that remaining moiety had dimerized
(Fige 7).

" H i
N(C2H5)3+ CeHs el soz—CI' —> [C6H5CH=802] + HN(GH)E!
[crscr=son| — [[rscriz ] + SO

z[céchm] — »  CHsCH=CHGHs

Fige 7o Generation of a Sulphene Intermediate with
Triethylamine.




79

Thus far, this is the most convenient way to generate sulphenes.
When triethylamine is used, the dehydrohalogenation reaction
proceeds rapidly for sulphonyl chlorides and bromides.lo’ 13
With sulphonyl fluorides, however, the reaction is too slow
to have preparative value.l(a)’ 13 Dehydrohalogenation can
best be carried out by means of trialkylamines in most, but
not all cases.lu Pyridine and similar cyclic imines are also
suitable reagents although triethylamine is most commonly
used for this purpose and has many advantages. It is easy to
purify and remove from the reaction mixture. 1ts hydrochloride
is easily separable since it is not hygroscopic and is only
sparingly soluble in petroleum ether, benzene, diethyl ether,
tetrahydrofuran and acetonitrile at ~40°. |

Sulphenes can also‘be generated by the reaction of
sulphur dioxide with diazoalkanes. Thus Standiriger and
Pfenninger3 observed that diphenyldiazomethane in an inert
solvent readily reacted with sulphur dioxide %o produce
tetraphenylethylene sulphone and tetraphenylethylene. Initial
reaction of the dlazc compound with sulphur dioxide, followed
by loss of nitrogen led to diphenylsulphene (Fig. 8)} Sub-
sequent reaction with diphenyldiazomethane yielded tetra-
phenylethylene and sulphur dioxide. Similary, the reaction of
diazomethane with sulphur dioxide led to the formation of
methanesulphene which further reacted with another molecule

of diazomethane to produce ethylene sulphone.
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- +
(CeHs)a € Ny + ;5’;2 hv (< Hg)Q_i =N
o
(CeHs), TNy l
(CéHS)Q_C = C(Cé Hs)g_-l- SOy + Ny <4— [(C6H$>2c= SOQ]

Fig. 8. Generation of & Sulphene Intermediate by the
Reaction of Diphenxliiazomethane and sulphur Dioxide.

Recently, King and co-workers reported four new routes
to the generation of sulphene intermediates. First, irrad1ation
of the sultone (I) in methanol resulted in the formation of
the corresponding sulphene (II) which reacted further with

16
methanol to form the methyl sulphonate ester (III) (Fig. 9).

i ]

CHs, s el
céH [ G Oa CHaoH céﬂs So.qocHz
qg® 9@ e
(1) - (D)

Fig. 9. Generation of a Sulphene Intermediate by
Irradiation of a Sultone. .
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Second, heating the thiet 1,1-dioxide (IV) at 375O gave the

1
unsaturated cyclic sulphinic ester (V) as shown in Filgure 10. ?

RN

(IV) (V)

—S50, A R ‘//Sclz
BiaaRS

—» I

(VD

Fig. 10. Generation of a Vinylsulphene Intermediate

from the Pyrolysis of a thiet 1,1-dioxide.

Third, chlorinolysis of 2 H-1,2,3—benzoth1adiazine 1,1-dioxide

(VII) gave the sulphene (VIII) which undergoes &a carbonyl-like

eddition to form a chlorosulphinic ester (IX) as shown in

Figure 11.18
Oo Op
Sj?—+| Cly S\N

N . {

(m)

=0

H

|
— >
CH
Cl

(YD),

Hao 1]
4—

H/Cl

(IX)

Pig. 11. Generation of a Sulphene Intermediate b

Chlorinolysis of 2 ﬂ:;lg,B-benzothiadiazine 1,1-dioxide.

AL a s e —————
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Fourth, warming 1-chlorethanesulphinic acid wlth sodium hydride
gave products derived from methylsulphene with several trapping

1
agents (Fig. 12). 9

NaH -
CH3-CH-SOpH Ak CH3-CH-SO, — [CH3CH=502]
cl | Cl l
products

Fig. 12. Generation of a Sulphene Intermediate from the
Reaction of Sodium Hydride with 1-Chlorocethanesulphinic Acid.

Sixty years after the first experiments carried out by
Wedekind and Schenk12 a stable sulphene has yet to be isolated.
In the belief that the relationship between the structure and
the stability of sulphenes would very likely obey the same

rules as other ylides, Paguette and co-workerszo attempted to

prepare some electronically stable sulphenes. Two models were
tried without success (Fig. 13 and Fig. 14). First, theeX-
carbalkoxyl group was examined for tﬁe possible assistance 1in
the delocalization of the carbanionic character imparted to

the g-sulphonyl carbon atom (Fig. 13).

| °o_ .0 .0
E RO-C-CH-5 <+——» RO-C=CH-S_

R = CQ_Hs-

3 Fig. 13. A Proposed ol-Carbalkoxyl Stabilized Sulphene.
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Although this sulphene intermediate was found to undergo

characteristic cyclo~-addition reactions attempts to isolate
it were unsuccessful. Second, because of the stabilizing
capacity of a cyclopentadienyl substituent on ylide structures

the possibility of obtaining a stable 9-fluorensulphene was
investigated (Fig. 14).

O O
\\S// O\\§//O
|

Y T CED

Fig, 14. Proposed 9-T'luorensulphene.

In the presence of N,N-dimethyl-1-isobutenylamine and triethy-
lamine, 9-fluorensulphonyl chloride (I) was transformed into

thietane dioxide (III) as illustrated in Figure 15.

o\\ //O CH3 H (CH,;)N

H PRCH N(GH); S A

, — —>
gag gay

(1) (1) | (1)

Fig. 15. Cyclo~-addition Reaction of 9-Fluorensulphene
Intermediate with N-Dimethyl-1-isobutenylamine.
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Unfortunately, attempts to isolate the sulphene (II) were

unsuccessful. The addition of triethylamine to an ethereal
solution of 9-fluorensulphonyl chloride at low temperature
afforded a bright yellow solid which exhibited only very
weak sulphone absorption in the infrared spectrum.

The unsucceséful attemﬁts to isolate a stable sulphene
may be due to the nature of the systems chosen. The insufficienf
electronic stabilization effect of the o -carbalkoxyl and the
9-fluorene structure and the absence of any stericaliy protec-
tive function may be the causes of fallure.

Following Paquette's proposal that the structure=-
stability relationship of sulphenes may be similar to that
of ylides, three models of stable sulphenes were proposed and
it was decided to synthesize their precursor sulphonyl

chlorides.
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CHAPTER II

RESULTS AND DISCUSSION

Three models were proposed as potential stable sulphenes:
(A) diphenylmethanesulphene, (B) flaviansulphene, (€c) 3,5-di-

tert-butyl-4-quinoidsulphene (Fig. 16).

CdH - '+,() g? ! Oy ﬁ?
et O
C5H§ \O
NOa

(A) (B) (C)

Fig, 16. Proposed Stable Sulphenes.

First of all, these cholces were based on the relatively high
molecular welght of these models. Secondly, the stabilizing
capacity of the phenyl, the quinoid structure, and the nitro
groups on the ylide structures should add more to the
stabilization of these proposed model sulphenes. Moreover,
the bulk effect of the 3,5-di-tert-butyl groups may block

the quinoidsulphene from further reaction. Attempts were

made to prepare the corresponding sulphonyl chlorides.

Attempted Synthesis of Diph nylmethenesulphonyl Chloride.

Over fourty-eight years ago, Wedekind and co-workerszo’21

reported unsuccessful attempts to prepare diphenylmethane-
sulphonyl chloride and 9-fluorensulphonyl chloride. Optiz 20

generalized that two phenyl groups in the alpha position to
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a chlorosulphonyl function caused sulphur dioxide elimination
even at room temperature; However, Paquette and co-workers20

prepared 9-fluorensulphonyl chloride in 32% yield (Fig. 17).

Soa.d
() 'n-Bu Li
(2) SOzCE

Flg. 17. Synthesis of 9-Fluorensulghonzl Chloride.,

We attempted to prepare the diphenylmethanesulphonyl chloride

by a similar route (Fig. 18).

| Li -+ SO0Ch |
(CeHs)y CHCI —— - (GeHs)p CH Li - —— (C4Hs)y CHSOHC|

Fig. 18. Proposed Route to Diphenylmethanesulphonyl
Chloride.

However, no sulphonyl chloride was isolated. After the addition

of a blood red solution of lithium diphenylmethane to sulphuryl

o
chloride at =40 wunder a nitrogen atmosphere, a colorless solution

was observed along with the evolution of sulphur dioxide.

Careful evaporation of the solvent and excess sulphuryl chloride

afforded a brown oil. The oil was analyzed and was found to

consist of 1,1,2,2-tetraphenylethane and three other components.

No attempt was made to identify the other components partly

because of the complicated nmr spectrum and partly because of
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the absence of the sulphonate function in the infrared

spectrum. After several attempts, the synthesis was abandoned.

Attempted Synthesis of the Sulphonyl Chloride of Flavianic’

Acid.

The chlorination of flavianic acid should be relatively
simple. However,(after a mixture of flavianic acid and
phosphorus pentachloride was stirred at room temperature
for one hour, a red oil resulted. The infrared spectrum of
the red oil showed the presence of the sulphonyl chloride
bands and the complete absence of nitro bands. No attempt
was made to further identify the red oil.

Another attempt was made to prepare the sulphonyl
chloride under milder conditions (10 min at 0°C). The excess
phosphorus pentachloride was destroyed with ice-water. the
yellow solid obtained after drying showed interesting
characteristics. The solid was soluble in benzene but
insoluble in water. After recrystallization from benzene the
solid obtained melted between the range of 40-50°C. Several
attempts to further purify this compound such that a nar-
rower melting range could be obtained, falled. The infrared
spectrum indicated the presence of sulphonate group, nitro
group, aromatic group and the absence of any hydroxyl
function. This compound could be hydrolyzed to flavianic
acid with water. The elemental analysis of the compound
was at least reasonably close to the structure of a sulphene

dimer. It is proposed that the compound may well be the
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flaviansulphene dimer (I) as shown in Figure 19.

NG

(1)

Fig. 19. Proposed Structure of Flaviansulphene Dimer.

This structure could be visualized as occurring in the

following manner (Fig. 20).

OH | O Q['

NO@
dimerize

NOg

Pig, 20, Proposed Reaction of Flavianic Acid wlth
Phosphorus Pentachloride.

It is obvious to this author that further work is necessary

with the flavianic acid approach to a potential stable sulphene.
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Synthesis of 3,5-Di-tert-butyl-4-hydroxybenzenesulphonyl

Chloride.
Hall and co-workerszz prepared 3,5-dimethyl-4-hydroxy-

benzenesulphonyl chloride by the following route (Fig. 21).

OH OH -
CH3© C'H3 CH3\ CH3 CH3 CH3
(1)H2304 I PCl5
Ccl
(2) NaOH SO3 Nel S02
Fig. 21. Preparation of =Dim 1-4- -

sulphonyl Chloride.

However, attempts to sulphonate the 2,6-di-tert-butylphenol
by this method were unsuccessful. A loss of structural
integrity was observed in every trial synthesis. The absence
of a free hydroxyl group in the infrared spectrum of the
sulphonated product indicated a structural change at the
2 and 6 position of the phenol molecule. The loss of a
tertiary-butyl group is common when polyalkylbenzenes are
treated with sulphuric acid.23 This change of structure
was observed in every trial. No attéempt was made to identify
these products.

An unsuccessful attempt was made to use chlorosulphonic
acid as a chlorosulphonating agent.zn The products obtained
were not characterized because the elemental analysis of the

product mixture showed the absence of chlorine. A multicomponent
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mixture was observed using thin layer chromatography. Finally
sulphonation using a sulphur trioxide-dioxane complex 25 gave
excellent results (ca. 70% overall yield). The corresponding
sulphonyl chloride was prepared and characterized without

complications (Fig. 22).

OH OH OH
1 SO
34D 1 ,
2 NaOH g PC1g
$G,; Na 0,Cl

Pig. 22. Preparation of 3,5-Di-tert-butyl-=L4-hydroxy—
benzenesulphonyl Chloride.

After finding this successful route to what could be a
general class of 3,5-disubstituted-4-hydrox ¥y .benzenesulphonyl
chlorides as potential precursors for stable quinoid sulphenes

it was decided to defer the program for future studies.



AVGTINT T

91
CHAPTER III

EXPERIMENTAL
All instruments used and data obtained were recorded in

the same way as described in Part IT of the thesis.

Attempted Synthesis of Diphenylmethanesulphonyl Chloride. -

The 1lithium diphenylmethane solution in tetrahydrofuran was
prepared by the method of Tamborski.26 The above blood red
solution (50 mmole) was added dropwise to an excess of
sulphuryl chloride (20 ml, 250 mmole) at -40° under a nitrogen
atmosphere. The color of the solution discharged immediately
with simultaneous‘evolution of sulphur dioxide. Careful
evaporation of the solvent and excess sulphuryl chloride in
vacuo afforded a brown oil (8.5 g). Upon the addition of
pentane to the oil, a white solid crystallized. After filtra-
tion, 4.2 g (25%) of pure 1,1,2,2-tetraphenylethane was obtained:
mp 217-220° (111:.26 mp 217-220°); ir (CHClB, 10%) 3060 and
3020 (m, ArH), 2920 (s, C-H), 1600 end 1490 (m, Ar); nmr
(cDCly, 10%) 4.78 (s, 2, ArcH), 7.13 (s, 20, CgHg). The
filtrate was washed three times with cold water and the
organic layer was separated, dried and concentrated in vacuo.
The brown oil obtained weighed 4.1 g: ir (CHClj3, 10%) 3060

and 3010 (m, ArH), 2910 (m, C-H), 1600 and 1490 (m, Ar),

1100 (s), 1050 (s), 1022 (m); nmr (CDCls, 10%) 1.5 to 3.0 (m)
3.5 to 4.5 (m), 5.40 (s), 6.13 (s), 6.23 (8), 6.9 to 7.4 (m).
Tlc (silica gel, pentane) showed three main spots with one

corresponding to benzhydryl chloride. The analysis of elements
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of the oil showed the absence of sulphur but the presence of
chlorine. This procedure was repeated several times and the

same results were obtalned in each case.

Attempted Synthesis of the Sulphonyl Chloride of Flavianic Acid. -

The flavianic acid (3.7 g, 10 mmole) was mixed with phosphorus
pentachloride (12 g, 58 mmole) in a clean dry conical flask.
Hydrogen chloride evolved immediately and the reaction was
cooled in an ice bath. The solids dissolved forming a blood
red solution after stirring for 1 h at room temperature. To the
solution, 30 g of chopped icé was added with stirring. The
resultant mixture was filtered and washed three times with
cold water. The solid after drying in vacuo weighed 2.1 g: ir
(CHC1l3, 10%) 3080 and 3.10 (w, ATH), 1800 to 1650 (m), 1600
and 1500 (m, Ar), 1390 and 1175 (s, S02Cl). The ir spectrum
showed no evidence of the nitro group. No attempt was made to
characterize this solid.

Another attempt was made to carry out the same experiment
under milder conditions. A mixture of flavianic acid (10.0 g,
27 mmole) and phosphorus penta-chloride (34.0 g, 162 mmole)
was stirred for 10 min at 0°. The solid which formed was
isolated and dried in vacuo affording a crude yeild of 7.7 g.

Recrystallization from benzene gave yellow cublc crystals: mp

30-50%; ir (CHC15, 10%) 3100 end 3050 (m, ArH), 1630, 1680,

1590 (s, Ar), 1530 and 1330 (s, NOZ), 1390 and 1180 (s, SOB)‘
It is interesting to note that this solid showed no hydroxyl
bands in the ir spectrum. The unknown solid was hydrolyzed in

the following manner. The solid (2.0 g) was dissolved in
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chloroform (10 ml) and was then refluxed in water (50 ml)
for 1 h. After the removal of solvent and water, 2.1 g of
flavianic acid was obtained; mp 109-110°C. The ir spectrum
was identical to that of a pure sample of th- acid. The
melting point showed no depression on the admixture of
authenic flavianic acid.
Anal, Calcd. for the flaviansulphene dimer:
c, 40.55; H, 1.363 N, 9.463 S, 10.82.
Found: C, 41.14; H, 2.22; N, 7.61; S, 8.86.

Synthesis of 3,5-Di-tert-butyl-4-hydroxybenzenesulphonyl

hloxri

(A) Sulphuric Acid as a Sulphonating Agent - The sulphonation
of 2,6-di-tert-butylphenol was éarried out according to the
method of Ha11.22 Thus, after heating a mixture of 2,6-di-
tert-butylphenol (10.0 g, 50 mmole) and 84% sulphuric acid
(6.0 g, 50 mmole) at 100°C for 30 nin the reaction mixture
was poured onto a saturated sodium chloride solution (50 ml).
The precipitate was allowed to settle several hours before
filtration. It was then washed several times with saturated
salt solution and petroleum ether (bp 30-600). The solid
afterdrying at 60°C in jgggg for 12 h weighed 12.2 g: ir
(KBr, 1%) 3500 to 3050 (s, bonded OH), 2960 (s, C-H), 1608
and 1500 (m, Ar), 1414 and 1360 (m, C-H), 1220 (s), 1190 (s),
1090 (s), 1030 (s). The same results were obtained when the

reaction was run at 25° and 0°c.
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(B) Chlorosulphonic Acid as a Sulphonating Agent - A solution

of 1.0 g (5 mmole) of 2,6-di-tert-butylphenol in 5 ml of dry
chloroform in a clean conical flask was cooled in a beaker

of ice at 0°Cc. Chlorosulphonic acid (5 ml) was added dropwise
with adequate shaking. After the mixture warmed up to room
temperature, the contents of the flask were poured into a

50 ml beaker containing chopped ice. The chloroform layer was
removed and washed with water. It was then dried over anhy-
drous sodium sulphate filtered and concentrated in vacuo. The
resultant yellow oil was refrigerated for 12 h. No crystalline
solid was obtained. Elemental analysiszu of the oil indicated
the presence of sulphur but the absence of chlorine. Tlc
(silica gel, chloroform) showed a multicomponent mixture.

No attempt were made to jsolate the compounds.

(¢) Sulphur Trioxide-Dioxane 1:1 Complex as a Sulphonating

Agent - The 1:1 sulphur trioxide~dioxane complex was prepared
“ccording to the method of Gilbert.>” A solution of 2,6-di-
tert-butylphenol (37.0 g, 180 mmole) in 50 g of methylene
chloride was added dropwise to the sulphur trioxide-dioxane
complex (180 mmole) in a three-necked, round-bottomed flask
which was fitted with a mechanical stirrer a condenser and a
dropping funnel. The reaction was slightly exothermic and was
held at 0°C during the addition. After the addition was com-
pleted, the reaction mixture was allowed to warm to 25°C where-
upon the solvent was evaporated. The sodium salt of 3,5-di-

tert-butyl-h—hydroxybenzenesulphonic acid was obtained by
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stirring the reaction mixture with 100 ml of saturated sodium
chloride solution and 100 ml of petroleum ether (bp 30-60°C).
The salt was collected by filtration. It weighed 56,2 g after
drying at 100°Cc for 12 h. The crude salt was used for subse-

quent reactions without further purification.

Chlorination of Sodium 3,5—Di-tert-butyl—#-hydroxybenzene-

sulphonate - A mixture of the crude sulphonic acid salt
(20.0 g) and phosphorus pentachloride (45.0 g, 0.21 mole)
was heated in a round-bottomed flask at 100°¢ for 30 min. The
mixture was cooled to 2500 and 300 ml of benzene was added.
The solution was filtered, washed twice with 50 ml portion
of ice cold water, dried and concentrated in vacuo. The
resultant solid weighed 14.2 g (ca. 70%). Recrystallization
from benzene gave pure 3,5-di-tert-butyl—h-hydroxybenzene-
sulphonyl chloride: mp 160-161°c; ir (10%, CHClB) 3630 (s,
free 0-H) 2970 (s, C-H), 15?0 and 1480 (m, Ar), 1370 and 1160
(s, 802C1); nmr (10%, CDClz) 1.53 (s, 18, (c(cHz)3)2 ), 6.1-
6.2 (bs, 1, OH), 8.00 (s, 2, CgHz).
Anal. for 014H2103SC1:
cald. c, 55.163 H, 6.94; S, 10.52; C1, 11.63.
Found : C, 54.93; H, 6.59; S, 10.25; c1, 11.81.
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