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INTRODUCTION

_ A survey of the literature reveasls that intensive study
of thé chemistry of the sulfoxide group is a relatively new
area of organic chemistry. The commercial availability df
dimethyl sulfoxide has stimulated numerous programs aimed at
uﬁilizing the novel properties of this compound.

As a dipolar, aprotic solvent, it is especially useful
as a medium for the generation of éarbanions under relative-
ly mild conditions. This property has been utilized in
extensive studies on the steroohemistry'of carbanions,
acidity of hydrocarbons and oxidation of hydroczrbons via a
carbanion intermediate. The éolvent properties of dimethyl
suifoxi&e have also been used to advantage in synthetié '
prdcedures involviﬁg displacement reactions on saturated
carbon atém. |

Since the sulfoxide group is in an intermediate state
of oxidation, it is easily oxidized of reduced. Numerous
studies have demonstrated the ability of dimethyl sulfoxide
-to act as an oxidizing agent for halides, alcohols, and
alcoﬁol defivatives. ! )

The present study was undertaken to find ways to‘in-
.oorporate éhe methy;sulfinylmethylene group (CHBSOCHZ_)
into a variety_of organic molecules such as nitriles!

haiides, epoxides, and esters. The initial products derivéd



from these reactions

RCN —— RC(=NH) CHZSOCH3

X — 'BCHZSOCHB

RR'C~—CR''R!!'!? ""‘f’RB‘C(OH)C(CHZSOCHB)R“R"'

\O/

!

. 1 .
BCOZR —"> RCOCHZSOCH3

(1)
(11)
(111)

(iv)

showed promise of being useful synthetic¢ intermediastes.

The B-keto sulfoxides, formed from aromatic esters,

Equation 4, proved to be an interesting class of compounds.

Efforts were then directed toward exploring the chemistry

of these compounds. The bifunctional nature of B-keto

sulfoxides was utilized in attempts to devise practical

synthetic procedures for the formation of ketones, ketols,

glyoxéls, o-diketones, glyoxalic acids and esters, and

glycols.

In the brief review which follows, some of the more

!

impbftant aspects of the chemlstry of sulfoxide derivatives

have been presented. The review is by no means complete

since the reports of uses for, and studies on dimethyl

sulfoxide, and sulfoxides in geﬁeral, are legion.,

The term, "dimsylsodium" has been coined for sodium

(methylsulfinyl)-methide, CHBSOCH2

Na (1). Similarly, the

term, "dimsylpotassium" can béiapplied to the potassium i

salt. These terms will be used in the discussion that

!
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follows. It is to be understood that "dimsflsodium” refers
to the salt generated from dimethyl sulfoxide and sodium

hydride, and "dimsylpotassium" reflers to the salt generated
from dimethyl sulfoxide and potassium t-butoxide in t-butyl

alcohol. Exceptions to this will be pointed out.



L

LITERATURE REVIEW

The preparation gf sulfoxides, thelr structure, and
chemical behavior have been refiewed (2, 3, 4). _Reviews
with specific emphasis on the use of dimethyl sulfoxide as
a reactant and a solvent are also available (5, 6, 7).

The Methylsulfinylcarbanion:
Generation and Properties
’ The methylsulfinylcarbanion has been generated using
sodium methoxide (8), or potassium t-butoxide (9, 10) in
dimethyl sulfoxide; The‘carbanion is generated reversibly

and in low concentration in tﬁese systems. The equilibrium

shown in Equation 1 has been measured

!

' . Kl
CH,SOCH, + £-Bulk =—=> CH3SOCH,K + t-BuOH (1)
2
-_ -
(Ph) 5CH + CH4S0CH,K ——9'(Pn)3CK + CH3S0CH, (2)
(Ph) 5CH + t-BuOK<==—> (Ph)4CK + t-BuOH (3)
(Ph) ,CO + CH3SOCH Ke=—> (Ph)ZC(OH)CPIZSOCHB (4)

to be 1.5 + 0.5 x 1077 at 25°C. (11). The rapid and
nearly quantitative formation of an adduct with benzophe-

none at room temperature (12, 13),'as shown in Equation 4,
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‘has been cited as evidence that the equilibrium shown in
Equation 1 1s rapidly established'(14). Measurement of the
equilibfium of Equation 3 and calculaticn of K, from the
data gave the values, K2 =8 x 10° and K3 = 1.2 x_10'3.
Thus, in this system, the methylsﬁlfinylcarbahion is about
eight thousand times more basic than the triphenylmethyl
anion.
- As Equation 4 shows, the methylsulfinylcarbanion

forms adducts with carbonyl compounds, forcing the equi-
librium of reéctions-l and 4 to the right. A similar situ-
atioh prevéils when sodium methoxide, an even weaker base,
was advantagedusly used to effect condensation of dimethyl
sulfoxide With diethyl phthalaﬁe (8). The basicity, H_ 4
of a dimethyllsulfoxide-methanol-sbdium methoxide systemnm
has been shown to vary from 12 to 19 as the solvent was
changed from pure methanol to 5% methanol-95% dimethjl
sulfoxide (15). The effect of alcohol on the basicity of
the.medium is dramatically.illustrated}by comparison with a
more recent study in the same system which iﬁdicates that
dimunition of the alcohollcontent tc 0.02% raises the
basicity to H_ = 27 (16).

‘ The methylsulfinylcarbanion has also been genersted
using sodium hydride, sodium amide, 1lithium hydride, or
butyllithium (8, 17; 18). This results in the irreversible

formation of the anion as an extremely reactive, non-

1]



6

hydrogén bonded carbanion. In contrast to the dimethyl
sulfoxide methanol-sodium methoxide system, the basicity
of a two molar solution of dimsylsodium corresponds to an
alkaline solution with'H_'= 31-33 (1). In a solution of
dimsylpotassium in alconol-free dimethyl sulfoxide, the
acidity of triphenylmethane has been placed at pKa 27.2 and
that of dimethyl sulfoxide, at pK; 31.3 (16). This islin
good agreement with a recent report which indicates that
dimsylsodium in dimethyl sulfoxide-tetrahydrofuran mixtures
is aboﬁt two to.three'powers of ten more basic than the
triphenylmethide iom (18), and verifies the value for
'dimsylpotaSSium obtained from measurements in dimethyl
sulfoxide-g}butyl alcohoi (11).

The differences in the reactivity of these two basic
| systems are not usuglly evident in the reactions with
carbonyl compounds. However, the reaction of 1,2,5,6-
tetrabromocycldoctane with dimsylsddium and dimsylpotassium
réveals interesting differeﬁces (19). As shown in Equation
5a, dimsylsodium effects debromination and does not cause
isomerization of the 1,5-diene to the more stable 1,3~
-diene, Dimsylpotassium, on the other hand, causes dehydro-
halogenation and is known to rapidly isomerize the 1,5-
diene (20). Debromination was also observed in the. re-
action of 36-ohloro—Sa-bromo—éR—bromocholestané (19). The

@,B-unsaturated chloride could be recovered in 82% yield
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when subjected to the reaction conditions.

. CH3SOCH, Na
' > ' - (5a)
Br Br / CHBSOCHB |
B Br \L £-BuOK
, > (5b)
| | CH3SO0CH;
CH,SOCH,Na
3°00h, 5 /C@ (6a)
/ CH;SOCH, o1
Cll g \ t-BuOK )
rBr — > (6b)
CH,SOCH,

These differences can be attributed to the fact that the

A

predominant basic species in reaction 5b is potass;um
t-butoxide for which'O—H bond formation, 1eading to
dehydrohalogenation is more favorable than O-Br bond for-
Eation, 1ead1ng to dehalogenation.

Though no comparison with dimsylpotassium is avail-
able, it 1is interesting to note that dimsylsodium acts as
a nucleophile in the'reaCtion of normal Cy, to Cig alkyl
bromides and tosylates. . The sulfoxides were formed in
70-85% yield and no olefinic pfoducts wefe reported (21).

The addition product of benzophenone, Equation L, is

formed’with dimsylpotassium (13, 9, 14) or dimsylsodium



(12, 22). Thne cleavage of a tertiary alcohol into a ketone
and a carbanion is a known reaction, and has been studied
extensiveiy iﬁ aprotic solvents cqntaining alkoxide baées
(23). Thus the benzophenone adduct should be, and is,
.formed reversibly. Whenlreaction L was quenchéd after 36
minutes at room temperature, an 80%'yield of the'adduct was

obtainéd. However, when the reaction was carried out at
6500., or when the adduct was added to the basic solution
at this temperature, an 80% yield of benzophenbne was
obtained (14). The analogous adduct with dimethyl sulfone
cleaves in the same mammer at room temperature in the |
presence of dimsylpotassium (9). ‘

The methylsulfinylcarbanion also adds to benzaldehydé
(12, 18) and other aromatic aldehydes (24) as illustrated
by Equation 7. This addition

ArCHO + CH3SOCH,M ——> ArCH(OM)CH,SOCH,

: (7)
(M = Na or K)

is also reversible as indicated by the formation of
benzaldehyde'when the adduct was treated with sodium
hydride in tetrahydrofuran solution.?

In the presence of substances with Hyirogens that are

2E. T. Sabourin, Dept. of Chemistry, Iowa State
University, Ames, Iowa. Reversible addition. Private com-
munication, February, 1966.
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more acidic than those of dimethyl sulfoxide, such as acti-
vated toluene derivatives, the reaction was found to take
a different course. The react;on of p-tolylsulfone or
methyl toluate with a variety of éubstituted benzaldehydes
was found to result in the formation of stilbene deriva-
tives (13, 24),.

The addition of the methylsulfinylcarbanion to the
carbon-carbon double bond of olefins has also been reported
(14, 22, 25, 26), and recently, additions to aromatic
carbon-carbon double bonds have been effected (26, 27)
There is no ev1dence for the reversibility of these addi—
tions though, in the addition to aromatic compounds, theyl
might reasonably be postulated as such.

Dimsylsodium adds to the triple bond of diphenyl-
acetylene and 1,4-diphenylbutadiyne (28). . A mono-zdduct
was formed in the latter case. The mono-adduct with
diphenylacetylene undérgoes‘é second addition to the ole-
finiq double bond, followed by beta-elimination of the
methylsulfinyl groups to form 1,B-diphenyl-l,3-butadieﬁe.

Ketones of the type ArCOCHZS(O)nR have been prepared
by a variety of methods. Reaction of aryl halomethyl
ketones with methyl mercaptan in sodium ethoxide-ethanol
solution yielded the beta-keto sulfide (n—o) (29, 30). The
beta-keto sulfone (n=2) was prepared from the sulfide by
oxidation of the sulfide with ortho-monoperphthalic aciad
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(29). Beta-keto sulfones were also prepared by the chromic
acid oxidation (31) of beta-hydroxy sulfones (31,‘32).'
Condensation of dimethyl sulfone with aromatic esters has
been found to be an efficient method for the synthesis of

beta-keto sulfones (33).

'

Béta-keto Sulfoxides

Preparation of beta-keto sulfoxides (n=1) by oxidation
of the sulfide has not been reported, presumably due to the
difficulty in stopping the oxidation ét the intermediate
oxidation state, and the ease with which beta-keto sul-
foxides rearrange under acidic condition. The classical
hydrogen peroxide-acetic acid oxidation was attempted with
aryl or aikyl phenacyl sulfides, Only-the phenyl phenacyl
sulfoxide could be isolated; the other compounds (R = CHB’
02H5, n—Cqu) led to rearranged products '(34). '

Reagents fof effecting specific oxidation of sulfides
to sulfoxides are known (2). Many of these oxidation pro-
cedures take advantage of the fact that, for a giveﬁ sgries
of sulfides, the second oxidation to the sulfone is slower
than the oxidatioh from the sulfide to the sulfoxide. The
eaée of oxidation of different types of sulfides and
sﬁlfoxides is dependent on the nature of the substituents
(2). A good rho—sigma correlation was fdﬁnd in,thé oxi-

dation of substituted diphenyl sulfoxides with perbenzoic

1
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acid, indiceting that the ease of oxidation is, related to
the electron density at sulfur (35).

The betafketo sulfoxide,.w—(methylsulfinyl)—p—
methoxyacetophenone (Ic, Ar = p-MeOFh) was first prepared
by manganese dioxide oxidation of the B-hydroxy sulfoxide
formed by addition of dimsylpotassium to enisaldehyde-(24).
It was found to be more readily prepared by the reaction of
ethyl anisate with dimsylpotassium, as depicted by Equation
8. This method was applied to a variety of aromatic esters
and gave the keto sulfoxide in high yield (10).

ArCO R + CHBSOCHB + B” —————%)APCO%HZSOCHB + RC™ BH (8)
An alternate procedure using dimsylsodium was later re-
pvorted (17, 18). This latter procedure is also appliceble
to elkyl esters,

, Air oxidation of a mixture of styrene and mercaptans
was reported to yield the beta—alkylsulfinyl‘alpha—
prhenylethanol, The oxidation was studied using grpropyl,
t-butyl and peanisyl mercaptan (36), Equation 9a., The |
yields were moderate and only the thiophenol exidized at a
reasonable rate without added initiator. No keto sulfoxide
was found although reduction of the hydroxy sulfoxide
yielded both acetoephenone and alpha-phenethanol. In view
of the extensive purification of the oxidation product,-it

must be assumed that the ketone was formed by dehydrogena-

tion of the alconol by the Baney nickel catalyst. A beta-
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hydroky sulfoxide; derived from étyrene and beta-phenethyl
mercaptan was formed in the @istillation of a substahce
believed to be.beta-phenethyl disulfide (37).
Phenylacetylene reacts in a similaf’manner when ox-
i@lzed iﬂ the presence of mercaptans. The intermediate ip
this case is a vinyl hydroperoxide which‘decomposes to a
hemimercaptal, presumably through the intermediate fdrma-
tion of a beta-keto éuifoxide, Equation 9b (34). The
PhC=CH, + BSH + 0, —>

(9a)
[PnCH(00H) CH,SH ——>PhCH(OH) CE,SOR
PhC=CH + BSH + 0, —>Pnc(00H) =CHSR ——>
' | (9b)

[PhCOCH, SOB] ——>PnCOCH(OH) SR

vinyl hydroperoxide with R = phenyl could be isolated, but

~none of the keto sulfoxides were isolated.

Asymmetry of the Sﬁlfoxide'Group

The beta-keto and beta-hydroxy sulfoxides prepared by
these reactions_are racemic_mixtures'sincé the sulfoxide
group is an asymmetric center. The structure of the
sulfoxide group had been compareé to the carbonyl group,
apd in fact, many of the early studies on the chemical re-
activity of sulfoxides gave results which were analogous to
known reactions éf ketones (38).

However, the preparation and resolution of ethyl
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RO RO
' + . N - +
\C=O <—>\C—O \C=O - :S=0 €>» :5—0 :5—0
v 7 7 /s / 7
Carbonyl Carboxylic Sulfoxide Sulfinic
group acid ester group acld ester

Figure 1. Structure of the carbonyl and sulfoxide group
p-toluenesulfinate iﬁto optlcally active forms showed that
the SO group wes structurally different from the CO group
in that the presence of a -COOR group 1is not a éufficient
condition for observing optical activity (39). Elucida-
tion of the structure of sulfinic acid esters suggested thé
dipolar representation of the S-0 bond was more consistent
wifh the chemical and physical properties. This formula-
tion would suggest a tetrahedral or pyfamidal.configuration
aboﬁt the sulfur atom rather than a planar structure, and
- would provide a basis for the differences of the optical
propertieé of the CO and SO groups. .Since this type of
structure could a2lso be written for sulfoxides, it was
reasoned that they too should show optical activity. The
successful synthesis and resolution of the d- and l-isomers
of 4-amino-4' -methyldiphenyl sulfoxide and methyl
p-éarboxyphenyl sulfoxide establisned this in fact (40).
Thexasymmetfy ofAthe>su1foxide group manifests itself
1n.thé pmr spectra of sulfoxides of the type, RCH.SCE'.

2
The methylene protons of the beta-keto sulfoxides, I, in

[
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deuterochloroform orabarbon tetrachloride'apbear as AE

quartéf%, J,n = 13-14 c.p.s. (10, 18). Ihe unsubstituted

AB
and p-chloro derivatives'of W~ (phenylsulfinyl)-acetophenone
also have this pattern, Jpg = 14 c.p.s. (34)., The methyl-
ene protons of diethyl.sulfoxidé, and ethyl iso-propyl '
sulfoxide (41), 2-thiaindan-2-oxide (42), and a number of
alpha-(alkylsulfinyl)-cinnamic acid derivatives (43) also
give AB pattefns, JAB = 13-16 c.p.s. That the presence of
‘a sulfoxide group in a molecule of this type is a pre-
requisite, but not a sufficient condition, for observing

. the non-equivalence of the methylene group has been demon-'
strated by studying the effect of soivent on the N.M.R.
spectra of a number of sulfoxides (43). A typical exaﬁple
is that‘of benzyl phenacyl sulfoxide, PhCHaHbSOCHCHdCOPh.
In deuterochloroform the gb prqtons appear as a singlet and
the cd protons appear as an AB quartet, J,q = 14.0 c.p.s.
In acet?ne, the gb protons now appear as an ABE quartet,

JaB = 13.0 c.p.s.; and the cd protons appear as a singlet.

Chemical Reduction of Sulfoxides |
Since sﬁlfoxides are in an oxidation state (+IV) ‘
between thét of the sulfide (+II) and the sulfone (+VI)
‘they can be reédily reducéd'or oxidized to these valeﬁce
states. Reduction reactioms, leading to the'formatioh of

the sulfide or the hydrocarbon, sre of the greatest value
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ffbm a synthetic viewpoint;

Reduction of the sulfoxide group to the sulfide can. be
accomplished with zinc in acetic acid (2, 17). The C-S
bond in unactivated molecules is not readily CIeévea by
this reagent. The use of Spdium metabisulfite, Na28205, in
agueous solution is reported to reduce.methionine'sulfoxide
and 1-alpha-(ethylsulfinyl)-2,3,4,6,-tetra-0-acetyl glucose
to the sulfide (44). (Since the metabisulfite is formed by
thermal dehydration of sodium bisulfite, presumably in
aqueous solution, the active reducing agent is the bisul-
fite ion). o

Tripheénylphosphine cleanly reducés‘sulfoxides to the
sulfide in high yield. This type bf reduction generally
requires acid catalysis but can be carried out in neutral
éolution if carbdn tetrachloride.is‘used as the solvent
(45). It is interesting to note that the reaction is
postulated as proceeding via transfer of a dighloromethyl-
ene from (Ph)3P0012 to the sulfoxide with-subsequent forma-~
tion of (Ph)BPO, in analogy to the reaction with ketones.

Reduction of the sulfoxide moiety with metal hydrides
has not been-widely studied. Lithium aluminium hydridg in
ether effects reduction of a sulfoxide to the sulfide with-
out cleavage of thne C-S bond (46, 47). ‘Sodium borohydride

in aqueous or ethanolic solution.reduces the carbonyl group
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of the beta-keto sulfoxides, but the sulfoxide portion is

‘not reduced under these conditions‘(48).

However, sodium borohydride-boron trifluoride, which
generates diborane, is reported to react slowly with
dimethyl sulfoxide though the nature of the product from

this reaction was not disclosed (49). This reagent reduces

.2-carboxy—3-(phenylsuifinyl)-bioyclo 2.2.1 heptane to the

corresponding 2-hydroxymethyl-3-thiophenoxy derivative
(50). Diborane is cleaved by dimethyl sulfoxide in a

unsymmetrical manner to give an adduct, Equation 10,

-78°¢.

; : + -
BH2[§S(CH3)é]2BH4
' | (10)
—0%C. 5 2H, + 4B,Hg + 4B,05 + 2CH;SCH,

which decomposes violently at temperaturesAabove -600.
(51). Reaction of'decahydrodecaborate and dodecahydrodo-
decaborate anions in the presence of acid also reduce
dimethyl sulfoxide to the sulfide (52).

v These differences in reactivity of spdium’borohydride
compared to the borane derivatives can be rationalized on
the basis of their basic and acidic nature. Sodium boro-.

hydride, a base, reacts at an electron deficient center,

.the carbonyl carbon. The diborane is a strong Lewis acid

and reacts at a position of high electron density, the

sulfoxlde oxygen atom (49, 53).
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Reduction with cleavaege of the C-S bond oaﬂ‘be ef-
-fected by use of Raney nickel (54). There are very few
recorded instances of redﬁction of sulfoxides, but sinee
sulfoxides ‘are readily reduced to the sulfides, and these
can be desulfurized by Raney nickel (54, 55), the method
should be generally applicable.

The mercaptan and the symmetrical disulfide, sulfide,
and sulfoxide in the series,_p-CHBPhS- can be reduced to
toluene in ethanol solution by reaction with nickel chloride
with sodium borohydride. An active nickel catalyst and |
hydrogen gas is generated in situ by use of these reagents.
The nickelicatalyst generated in this manner, in contrast
to Raney nickel W-2, does not reduce sulfones (56).

In the beta-keto sﬁlfoxide system, reduction tq the
ketone was accemplished by use of an aluminum amalgam in
tetrehydrofuran-water mixtures (17, 18); This facile-
cleavage of the C-S bond must be attributed fo’the ease
of reduction of alpha—substituéed ketones, rather than to
‘the nature of the reducing agent.

The reduction product of w-(methylsulfinyl)-
acetophenone with sodium borohydride, the B-hydroxy
sulfbxide; was pyrolyzed to acetophenone (57). In the
strict senseethis'is not a reduction but rather an oxida-
tion since the pyrelysis is believed to involve beta-

elimination of CH;SOH to form an olefin, The "olefin"
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formed in this case, however, is the.enoi of acetophenone
which immediately tautomerizes to the ketone. However,
the net effect of the two step reaction is a reddétion of
the keto sulfoxide, with éarbon—sulfur bond cleavage, to
the ketone.

The reaction of organomagnesiﬁﬁ/halides with
sulfoxides generally résults in reduction of the sulfoxide
to the sulfide, though more complex reactions can occur
concurrently with reduction. The original reaction scheme
proposed By Grignard (58), Equations 1la-c, has been veri-
fied to some extent by later studies.-

RMgX + R,SO —4———%>3380ng ——>R,SO0H + Mg(OMX (1la)

3350ng ———-—€>st + ROMgX —————€>st + ROH + Mg(OH)X (11b)

Colont1

32 —————%)BQS‘+ CnHZn + Mg(OH)X (11c)

: OoMgX

Grignard reported that reactions 1la-c do not occur if R is
an aryl group, With isoamylmagnesium bromide and diisoamyl
sulfoxide, reactions 1la and 11b occur, whereas diethyl .
sulfoxide and ethylmagnesium bromide react via reactions
11a and 1ic. “

Methylmegnesium iodide reduced diisoamyl, diphenyl,
and benzyl phenyl sulfoxides to the sulfides (59), but no

; o , A
.attempt was made to obtain a mass balance on the reactiom,

1
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so the postulate of Grignard regarding alcohollformatian
can not be checked,

| While aryl sulfoxides do not react under Grignard's
conditions, the reaction of diphenyl sulfoxide with 1
arylmagnesium bromides in refluxing benzene or di-n-butyl
ether results in formation of triarylsulfonium salts (re-
action 11a) in i2-49% yields (60). Another departure from
the original scheme was noted in thé reaction of aryl-,
alkyl- and aralkylmagnesium bromides with dimethyl.
sulfoxide. Reduction of the sulfoxide portion with con--
comitant incorporation of the organic moiety was found to
be the general course of the reaction, Equation 12a- (61),
The ylelds wére low (10-36%) even though an excess of
Grignard reagent was used.  Consistent with Grignard's
postulate, ethyl-, n-propyl-, and n-butyl-magnesium bromide
gave a large amount of ethylene, propene, and l-butene.

The rearrangement noted &ith benzylmagnesium chioride,
Equation 12b miéht be visualized as pfoceeding according to
Equation 12a and then undergoing a Sommélet-Hauser type
rearrangement (62) in the presence of the strong base to
give the obsgrved prbduct. Alternatively, the addition of
,formalaehyde, benzaldehyde, and the pseudohalogens at the
ortho position of benzylmagnesium halides is well estab-
lished (63). An analogous reaction via the same exo-

methylenecyclohexadiene intermediate could occur at the
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C=S of the complexed ylid intermediate shown in Equation

7

12a.

X
, Ar Nge0 | ,
Aﬂgx4-m%smm3————9cg;-§—m% E 5

+
| (12a)

CH2 X

Ar’ﬁ voee ArCH,SCH
) S 2775
CHF== 5—CHs Mg (OH) X

L _ L U

¢ ?HB
PhCHpMgCl + CHySOCH3 ———> PhCHy— S—OlegX

(12b)

o CHZSCHB

0-CH3PhMgBr + CH;SOCH, —_— > : (12¢)
Reaction of the o,B-unsaturated sulfoxide, B-styryl

p-tolyl sulfoxide, with ethyl- or phenyl—magnesium‘bromide

leads to the formation of 1,4-diphenyl-1,3-butadiene and
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the alkyl or aryl p—toly; svlfide. In addition, phenyl-
magnesium bromide gives a small amount of B,8,8-
triphenylmethyl p-tolyl sulfide (64). Since the un-
saturated sulfide does nat react under the reéction condi;
tions, the sulfoiide’must eliminate the PhCH=CH- group

prior to reduction.

Pummerer Rearrangement
Treatment of sulfoxides with organic and mineral
acids, and inorganic.aﬁd organic acid haiides or anhydrides
leads to a2 product in wﬁich the sulfoxide has been feduCed
to the sulfide and the alpha carbon,vpfoviding it contains
at least one hydrogen, is substituted with a nucleophile
(N) usually derived from the =2cid, 2s depicted in Equation
13. |
RSOCH; + AN ———>RSCH,N + AOH - o (13)
This type of reaction 'between dibenzyl sulfoxide and
hydrogen chloride was first reported by Smythe in 1909
(65). The chemical properties of the sulfoxide and the
reaction products (benzaldehyde, benzyl meroéptan, dibenzyl
disulfide, benzyl sulfide, aﬁd benzyl benzylthiolsulfonate)
were rationalized as being derived from one or both of the

"tgutomeric" forms of the sulfoxide (Equation 14):

- OH
; |
PhCH,S0CH,Ph === PhCHSCH,Ph (1

"keto" form "enol" form
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The vigorous reaction with acetic anydride or benzoyl
chloride was attributed to the read& production:of the
"enolic" form in the presence of dehydrating agents.

This type of reaction was also noted by Pummerer later'
that year when he treated phenylsulfinylacetic acid with
dilute mineral acids and observed the formation of

thiophenol and glyoxalic acid. The reactions observed by

Pummerer are summarized in Equations 15a-c (66, 67).

(4 H,0 + HCL ——>PnSCH(OH)CO,R ——> 15a)
PhSH + R0,C-CHO (R = H)

PhSOCH,CO,R ;+ HC1 ———>PhSCH( 01)cozﬁ (R = H) (15b)
| .|+ (CH5C0) ;0 ——>PnSCH(OCOCH;) CO,R

{ (15¢)

+ CHBCOZH (R = CZH5)

The reaction of sﬁlfoxides with acetic anhydride was
later developed as a method for the sénthesis of acyeclic
(68) and cyclic (69) o,B-unsaturated sulfides by pyrolysis
of the resultant o-acetoxy sulfide (Equation 16).
RSOCHZCHZR + (CHBCO)ZOj———-€>RSCH(OCOCH )CHZR (16)
%BSCEFCHB + 2CH;CO,H" '

BSOCH R + SOClZ ——>RSCH(C1)R + SO, + HCl (17)

2 2

An analogous reaction with thionyl chloride, shown in
Equation 17, was investigated as a means of preparing
o-chlorosulfides (70). Most sulfoxides, with the ‘exception

of tetramethylene sulfoxide and ethyl phehyl sulfoxide,
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reacted readily to give thé chlorosulfide in good yield.
The mechanism of this type of reaction has been
debated for many yearé; Pummerer originally :suggested the
sequence shown in Equation 18a and 18b (66). The postu-
lated sulfonium salt intermediave could rearrange by a 1,2
shift of "X" (X = Cl), or could be hydrolyzed to the
aldehyde and thiophenol. The latter reaction has an anal-

ogy in the hydrolysis of immonium salts, (32N=CHR'2)+X“.

. /r+€>PhSCH(X)COZH (18a)
X

]
PhSOCH,CO,H ——> PhS=CHCO,H -
. \%PhSH + OHC—CO,H (18b)

Further study of the decomposition of phenylsulfinyl-
acetic acid with (71) or without (72) added acid catalysts,
has shown that dithiophénoxyacetic acld is produced in
addition to the thiophenol and glyoxalic acid., This has
been rationalized in terms of é_qleavage-recombination
mechanism (71) shown in path A, Figure 2, and an intra-
molecular rearrangemeﬁt (72), shown in path B, Figure 2.
The'aqtual cleavage reéombination mechanism shown can be
discounted as unlikely since the most basic site of the
sulfoxide is the oxygénlatom and hence, protonation at the
sulfur atom doeé not seem reasonable. Also, the reaction

was carried out under conditions (11 hour reflux in scetic

acid) which would favor cleavage of the hemimercaptal, 2h.>



Figure 2. Possible mechenism for the Pummerer Rearrangement
Path A: cleavage-recoubination mechanism

Path B: intramolecular or "external nucleo-
PpPhile" mechanism
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o - - i
Ton] [ 7 & OCCH,
REFCR,| —|RSCCR,|—>R,CO —> RSCR,

2a 2 A“ |
A |
R A
RSECR, + H* . RSCR,—(RICR,
- 2h
_‘l - HZOT
'_(lDH - (I)H - CPH | 'HZO' ]
RS-CR, — R$-CR, <> RS=CR,—RS-CR,
H | S
— + H* | _

2C 2d 2 2d

!

o]

2f -
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While the protonated sulfenate ester, 2b, is & reasonable
formulation for a short lived intermediete, the polariza-
- tion of the C-S bond indicated in 2a would not be espe- |
cially favorable in this particular case in which one of
the R groups 1s’a carboxyl group.

Wnen the reaction is carried out under milder condi-
tions (refluxing beﬁzene for four hours with no added acid
catalyst), the hemimercaptal could be isolated a2long with
the aldehyde, mercaptan and‘mercaptall(72). It is sig-
nificant that a 32% yield of thelmercaﬁtal, 2j, was
obtained in the presencebof hydrezine sulfate, even though
an independent experiment showed that the hydrazine.reacted
with the aldehyde faster than the mercapbtan reacted to form
the mercaptal., Thus, if the free aldehyde were an inter-
mediate it should have been scavenged by the hydrazine.

The.feafrangement of W-(methylsulfinyl)-acetophenone,
Ia, oceurs aﬁ‘room temperature under the influence of
minersl acid catalysts. Under these mild conditions the
product of the reaction is the methyl hemimercaptal of
rhenylglyoxal, formed without any evident intervention'of
the free glyoxal as an intermediate species (10),

The intramolecular rearrangement, psth B, Figufe 2,
1s more consistent with these observations that free
carbonyl compounds are not formed in the reaction. More-

over, the reaction 'of dimethyl sulfoxide with 018 zcetic
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anhydride (73) established that the intermediate 3a, Figure
3 (analogous to 2e, Figure 2) reacts with an external
nucleophile, path A, rather than by an intramolecular
transfer of the acetoxy group from sulfur to carbon, path
B, as has been proposed (68, 69, 70). ,

Gentle heating of the pyrimidothiazine, Figure 4a (74)
or the indandione, Figure 4b (75) with nucleophilic sol-
vents such as ethanol, methanol, water, and acetic acid,
results in rearrangement with incorporation of the "acid"
anion into the réarranged pfoduct. When rearrangement of
the indandione is effected in concentrated hydrochloric
acld, the chloride is substituted in the 2-position of the
sulfide. The z-hydroxy derivative can not be converted to
the 2-chloro derivative as had been proposed prior to the
isolation of the intermediates (8). . '

Thése experiments would suggest'that the formation of
the hemimercaptal of glyoxalic acid, under aﬁhydrous con-
ditions wés actually due to reaction of the intermediate
2e with adventitious water, or due to acid catalyzed
dehydration of the intermediate to give thé resonance sta-
bilized carbonium ion, 2g, which is then converted to the
hemimercaptal. Subséquent to this work a carbonium ion of
this type was postulated to account for skeletal rearrange-
meﬁts in a Pummerer reaction (?6)..

General base’éatalysis of the comversion of 2¢ to 2d



Figure 3. Mechauism of the reaction of acetic anhydride-013
with dimethyl sulfoxide
,Path A: 02 = 0P = 018,
calc., 0.49 atom-% excess 018
Path B: 02 = 018, oP = 016,
calc., 0,28 atom-% excess "018

Found, 0.50 atom-% excess 018

: |
Figure 4. Pummerer Rearrangement involv1nv incorporation of

solvent into the product .

bg, 1-propyl-3-ebhyl- 1H—oyr1m1do[: 3, 4-0][1,5]
thiazine-2,4,7-(3H, 6H, 8H)-trione 5-oxide

Lo, 2—(methylsu1finyl)-1,3—indandione
JHA = CHBOH, CZH5OH, HZO’ CHBCOZH, HC1

(gaseous)



29 .
o NI
0 o o . OCCH,
CH,SCH, CHC-O-CCH, —=H'" chd=CH

2

+CHCOO-
* - . | m_l_u
romoz -0 B g

CH M.OI  CHSCH,OCCH,  CH,SCH,
moomz _ ‘
O




30

is suggested by the observation that maleic, ortho-

phthalic, and succinic anhydrides do not react with sul--

foxides (68).

- As shown: in Equations 19 and 20, this same mechanism
:.;.b:"s}" ’ '
"~ can be used

RSCH; + 1, ——>[RSC1,08; —> BscH, ]

o1 e
! (19)
——> BSCH,CL + HC1
. |
RSOCH,+ ACL —>[BS<gH, “|> BSCH,C1 + HOA | (20)
£0 Gog _‘ | '

to account for the formation of alpha-chlorosulfides in the

chlorination of alkyl sulfides (70, 77, 78) or in the re-
éction of sulfoxides with organié and inorganic acid
halidés (70, 79, 80, 81, 82).

Tt has been suggested (71) that the copper ion cata-
,iyzed reaction of sulfides with peroxy ‘esters (83) proceeds
by oxidation to the sulfoxide and subsequent rearrangement

" of the sulfoxide catélyzed by the acid formedlin the re-
action. Thérg was speculation in this regerd concerning a
similar react;on with diacyl perbxides (68). The analogous
réaction of:pefoxy esters with ethers is known and is
belie%ed to proceed by abstraction of the alpha-hydrogen
atom and raﬁical coupling (84). A similar reaction

sequence could be operative in the reaction with thio-

'ethers.
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It is interesting to note that according to a proposed
mechanism for oxidation of sulfides with hydroperoxides
(85), an intermediate sulfonium salt would be formed as

shown in Figure 5. This intermediate, identical
\ _ .

OCOR
N

' OCOR : OCCR -

] - l
/ RSCHZR + RCO‘2 —>—>RSCHR + RCOZH
+ s

RSOCH R + (BCO)ZO -

Figure 5. Diacyl peroxide oxidation of sulfides

to the intermediate formed in the reaction of sulfoxides
with.acid anhydrides (73), could rearrange directly to the
- observed products. This reaction sequence is less teneble

for the reaction of peroxy esters.

Dimethyl Sulfoxide gs an 0xidizing Agent
The fact that formation of alkoxysulfon;um salts gen-
lerally results in reduction of the sulfoxide has been
utilized in reactions ﬁhich involve sulfoxides, estecially
dimethyl suifoxide; as oxidizing agents. Late in'1§57,
~ Kornblum reported that gentle heating of phenacyl halides
with dimethyl sulfoxide resulted in formation of dimethyl

sulfide and the dicarbonyl compound in yields in excess of‘



32

70% (86). The resction of alpha-bromocarbonyl compounds
with dimethyl sulfoxide was later reported to give low
yields of ‘the dicarbonyl compound znd 45-50% yields of
trimethylsulfonium bromide (87).

Sulfoxides have been shown to uﬁdergo both O~ and S~
alkylation when treated with halides and tosylates (88).
While methyl iédide gives only S-alkylated product, methyl
tosylate, brosylate, and nitrate give 0O-alkylated products
which can be isolated. The 0-21kyl derivatives are quite
unstable and can be easily hydrolyzed to form dimethyl |
sulfoxide and an alcohol.

Benzyl‘tosylate in dimethyl sulfoxide yielded an O-
alkyl salt which was converted to an S-a2lkyl salt with
longer reaction times. The tendency toward &somerization‘
in which the kinetically controlled product (0-alkyl) 1is
converted to the thermodynamically controlled product ,
(S-21kyl) decreases with change in the anion in the order,
I” > NOj > oTs” (88). |

Trimethylsulfoxonium iodide (S-alkyl) is formed
readily from methyl iodide. and dimeth}l sulfoxide., This
salt, Which can be converted to the chloride or hydroxide
with silvéf chloride or silver oxide, was shown to be a
| good methylating agent for pyridine, quinoline and p-

nitrophenol (89). 1In the presence of acidic substances,

dimethylsulfoxonium methylide is converted to a trimethyl- -
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sulfoxonium salt and méthylateg the anion of the acid,
Equation 21, .
AH +'CHpSO(CHg) , ———>A” + CH3§'0(CH3)‘2 —>

: - ACH; + SO(CHy), (21)
Phenol, benzaldehyde'phenylhydrazone,-carboxylio acids, andl
oximes react in this manner (90).

The other lower molecular weight (02—05).a1ky1 halides
do not react readily with dimethyl sulfoxide. However, re-
action of dimethyl sulfoxide Wit?,CS'Clz primary and sec-
ondary alkyl halides and tosylates and with substituted
benzyl halides and toéyiates at elevated temperatures
(100-120°C.) leads to the formation of aldehydes and
ketones, generally in yields above 65% (91, 92, 93, ou) .
This method of oxidation has also been a?plied to tosylates
(95) and alpha-bromoketones (96, 97) in the cholesterol
seriés, generally without much succeés. The steric effects
due to the bulk of the reagent and the rigid stereochemis- |
try of the éteroid system often prevent the SNZ displace-~
ment of the tosylate or bromidelwhich is necessary for the
formation of the alkoxysulfonium salt. |

The utility of the method is goﬁerned by the extent
to which compéting side reactions can be controlled., A
" base, usually sodium bicarbonate, was used to neutrslize

_the acid formed in the reaction, and to aid in the removal
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of the aipha-proton from the halide or tosylate (Figure 6).
The hydrohalic acids reduce dimethyl sulfoxidel(98) and the
halogen and diﬁethyl sulfide formed can effect broﬁination
(99) and sulfonium salt formation on the substrate (100).
Methylliodide and 1,2-epoxy-3-phenoxypropane nave been ﬁéed
effectively as scavengers fpr'dimethyl sulfide aﬁd hydrogen
bromide respectively (100). With straight chain secondary
élkyl tosylates and the steroidal tosylates, elimination to
form olefins, often in quite high yields, is the predomi-
nant reaction (95, 101).

Alcohols can also be oxidized directly to the aldehydes
or ketones'by dimethyl sulfoxide. Good yields of substi-
tuted benzaldehydes were obtained by heating the benzyl
alcohol in dimethyl sulfoxide at 190°C., for 24 nours (102).
The reaction does not occur in the zbsence of oxygen,
fhough no oxygen is consumed in the reaction. Anerobic
oxidation can be effected in the presence of di-t-butyl
peroxide.

Treatment of an alcohol with phosgene and deoompoéi—
tion of the crude chloroformate in diméthyllsulfoxide with
trimethylamine apparently proceeds by way of an alkoxy-
sulfpnium salt intermediate (103). However, reactionvby
base catalyzed eliminztion of hydrogéﬁlbhloride and carbon
monoxide, in a menner similar to that reported for the

preparation of glyoxals by the decomposition of nitrste
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esters in dimethylbsulfoxide (104), is also a possible mode
of reaction. - , -

Oxidation of alcohols using acetic‘anhydride (105) or
dicyclohexylcarbodiimide (DCCD) with acid catalysis in the
presence of dimethyl sulfoxide has been reported (106, 107,
108, 109, 110). The method has been restricted primerily
to steroid alcohols and other complex molecules, but it
would seem to be of general utility.

A rather extensive study of the reaction variables of
the dimethyl sulfoxide-DCCD oxidatien has been made (108).
Using testosterone as the alcohol it'has_been shown that
the acid catalyst, DCbD,'and dimethyl sulfoxide are ell
necessary for the oxidastion to occur to a significant )
extent. Phosphoric andehosphorous‘acids are effective but
the strong inorganic acids and trifluoroacetic acid are
not.. The pyridinium salts, most notably, pyridinium
trifluoroacetate, are quite efficient "neﬁtral" catalysts.
Optimum concentrations for tﬁe various components of the
system were also determined.

A number of epimeric pairs of steroidal alcohols were

oxidized (109). The C, and C,, epimers show minor differ-

3 17
ences in rate, with the equatorial alcohol being oxidized
slightly faster throughout.the reaction. The ll-alpha-
hydroxyl (equatorial) is resadily oxidized, whereas the

beta-epimer is almost ihert. This is to be contrasted with
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the chromic acid oxidation of steroidal alcoho%s in which

the axial'eﬁimer is oxidized more rapidly than the equa-~-

torial. Since both oxidations require abstraction of the

alpha-proton, the rate determining step in the oxidations

with dimethyl sulfoxide and DCCD would appear to be forma-
tion of the alkoxysulfonium szalt. |

Apparently the 6pposite situation prevails in the
oxidations of yonimbine and methyl reserpate with acetic
anhydride 'and dimethyl sulfoxide. 1In these oxidations the
axial glcohols appear to oxidize faster than the equatorial

' alcohols (105). 1In view of the differences in bulk of the

 intermediate, 6c, from which the alkoxysulfonium salt is
formed, these differences are not contradictory. The pro-
posed mephanisﬁ fér these oxidations s shomn in Figure 6.

_ The oxidation of epoxides to alﬁha—hydroxy ketones.
(111, 112) is related %o the oxidation of alcohols, halides
and tosylates and can réadily be zccomodated within the
mechanistic scheme'given in Figure 6,

The scheme depicted for reaction with halides or
tosylates shows an initial Sy2 displécemeﬁt of X~. This is
consistent with the marked steric effects observed in the
oxidation of steroidal tosylates (95, 96, 97) and with the
observation that primary halides énd tosylates react faster
than the secondary isomers, even under fofcing conditions

, (92). The variation of ease of oxidation with variation of



Figure 6, Mechsnism of oxidations by dimethyl sulfoxide
B, B' = hydrogen, alkyl, aryl
B" = CgHyq

X = halide or tosylate

<
It

CgHy 1 NHC=NC4Hy 1, or CH3CO
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H H

R'NECENR'+H* —> R'N-ENR" — R'N-C=NR”
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(HC)SC% -X' y CHSCH
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RHC=GHR — RHC—-\CHR + BF,

(H Joksde)
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the leaving group TsC > I > Br > Cl (93, 100) is in the
order expected for an Sy2 reaction. The effect of the
anion on the stability of the infermediate, 6a, has been
discussed earlier., The presence of electron withdrawing
groups,‘R end R' also aids the reaction (93, 100) possibly
due to polarization of the C-X bond making it more suscep-
tible to nucleophilic attack, or by weakening the C-H bond,
facilitating reaction A or D respectively.

This latter factor appears to be operative in the
oxiéation of alcohols by the radical (102) or the acid
catalyzed (106, 109) reactions. The formetion of 6a frpm
6c by displacement of Y0~ from the alkoxysulfonium salt by
an alcohol @as been established by use of Ols—benzhydrol
(105) and by studies with opticéily sctive sulfoxides and
alkoxysulfonium‘salts (113). With crowded alcohols, some
ether formation, as shown in Eguation 22, occurs as a side
reaction. Since it occurs to a significant extent only

with alcohols which are difficult to oxidize, the Pummerer

rearrangement
| ROH
CHLS(OY)CH ———> CH,=S(0Y)CH, —> ROCH,SCH (22)
3% gt 2 3 _voH 2~big

on dimethyl sulfoxide (proton loss tb form the ylid) must
be slower than the oxidation sequence (displacement on

sulfur to form the alkoxysulfonium salt).
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The reaction illustrated by Equation 22 is the pre-
dominant reaétion 6f carboxylic acids and hindered phenols
'with dimeyhyl sulfoxide and phosphorous pentoxide or DCCD
(114, 115, 116)., With these reagents thére is no conjugate
base of the acid catalyst and the carboxylid acid or phenol
is the only available nucleophilic speclies available to

j
react with .the ylid.
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EXPERIMENTAL

Ali melting points &ere determined on a Mel-Temp or
Fischer-Jonns melting point apparatus and are uncorrected.
Microanalyses were‘performed By Schwarzkopf Microanzlytical
Laboratories, Woodside, New York. Infrared spectra were
taken on a Perkin-Elmer Model 21 double beam infrared
spectrophotometer., Nuclear magnetic resonance spectra
were obtained on Varian Associates HB-60 or A-60 spectro-
photometers.. —

The chemicals employed were commercially available
products, Sodium formaldehydeéulfoxylate was obtained from
Eastman Kodak Co. Ethyl benzoate was dried by stirring for
four hours with calcium hydride; the suspended solids were
removed by filtration. All other esters were used as
received without drying or further purification.

" Dimethyl sulfoxide was distilled from calcium hydride
under reduced pressuré and stored in tightly sealed.glass
containers. ErBUtyl alcohol was stirred with calcium
vhydride for several hours, distilled ét atmoépherio pres-~
sure under s nitrogen atmosphere, and stored in tightly
sealed containers. Tetrahydrofuran was distilled as needed
from lithium aluminium hydride. |

- Sodium hydride was obtained as a 50-60% suspension in

mineral oil from Metal Hydrides, Incorporated. The mineral
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0il was removed by washing with light petroleum ether and
decanting three times., The potassium oxide and hydroxide
coating on the potassium must be removed, observing reason-
able precautions, prior to dissolution in the t-butyl
" alcohol, |
Thé inffared spéctra are recorded in the text as the
wavelength, in microns, of the significant absorptions.
The letters after the numbers designate the intensity of
'the absorption: w =iweak, m = medium, s = strong. A broad
.absorption is designated by the letter b after the inten-
sity symbol, | |
Preparétion of Mefhylsulfinylmethyl Aryl
Ketones, I: Reaction of Aromatic Esters
with Dimethyl Sulfoxide and Potassium t-Butoxide
The preparations, chemical properties and analytical
data for compounds Ia-Ic have already been described else-
where (10). The experimental procedure described below

gives ylelds which'are 10-15% nigher than those previously

reported. .

!

W-(Methylsulfinyl)-acetophenone, Ia

A 250 ml., three-necked flask was fitted with a me-
chapical stirrer, a small pressure equalizing addition
funnel containing 9.6 ml. (67 mmoles) ethyl benzoate, and
a Claisen distillation apparatus set up for vacuum distil-

lation., The Claisen head was fitted with a pressure equal-
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izing addition funﬁel containing 50 ml. of dry dimethyl
sulfoxide. A mineral oil bubble trap served to close £he
system to the atmosphere.

Clean potassium, 2.7 g. (69:3 mmoles) and 50 ml. of
dry t-butyl alcohol were placed in the'flask and the mix-
ture stirred and heated at 75-80°C. until the pﬁtassium had
’dissolved. The dimethyl sulfoxide was added, followed.by
dropwise addition of the ethyl benzoate. After 2 hours at
room temperature, the solvent was removed by vacuum distil-
lation until the residue became extremely viscous.- The )
system was opened to the atmosphere and 40 ml. of cold
water was added. The homogeneous solution obtained after
rapid stirring for several minutes was transferred to a
separatory funmnel and the flask was rinsed with 10 ml, of
water.

After extraction of the agueous solution with three,
25Am1. portions of ethyl ether a2nd acidification fo ﬁH
1-2 with 5-6 ml. of concentrated hydrochloric acid, the
solution was quickly extracted with 25 ml. of chloroform
and then vigorously extrscted with an additional three,

25 ml. portions of cnloroform. The combined chloroform
exﬁracts were extracted with 10 ml, of saturated aqueous
sodium bicarbonate solution, dried over megnesium sulfate
and filtered. Removal of the solvent usingAa rotzry

evaporator left 10.9 g. of a pale yellow solid. This was

!
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pulvérized and air dried for twenty-four hours. The prod-
ucf;'Ia: 10.7 g. (88%), m.p. 85-86°C. (1literature (10) m.p.
85-8600.) can be obtained as white qblorleés-crystals of
the same melting point after washing with ether or re-
crystallization from chloroform and ether.
' Repetition of the above procedure using 8.4 ml, (67

mmoles) methyl benzoate instead of ethyl benzoate gave an

86% yield of the keto sulfoxide, Ia.

w-(MethylsﬁlfinYl)—p-methylaoetophenone, Ib

The reaction of 8 ml., (56 mmoles) of methyl p-
methylbenzbate, according to the proce@ure‘described above,
yielded 9.6 z. (87.4%) ofIIb as a pale yellow solid, m.p.
106-107°C, (literature (10) m,p. 105-106°C.).

Evaporation of the ether extract of the basic re-
action mixture yielded 0.19 g. (2.5%) of p-carbomethoxy-
benzyl p-toiyl ketone, XXVI, m.p. 123-125°C. The analyti-

cal and spectral data of this compound has already been

presented (10).

1

W-(Methylsulfinyl)-p-methoxyacetophenone, Ic

The reaction of 11.1 g. (67 mmoles) of methyl p-
methoxybenzoate, according to the procedure described
above, yielded 13.4 g. (94.5%) of Ic as an off-white solid,

m.p. 101-103°C. (literature (10) m.p. 100-101°C.).
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i

w-(Methylsulfinyl)-p-bromoacetophenone, Id

Using the apparatus described above, 2.2 g. (56.6
mmoles) potéssium was dissolved in 50 ml. t-butyl alcohol,
After solution was effected, the excess élcohol was removed
under reduced pressure until the white solid ap?éared to be
dry. A solution of 12.9 g. (56 mmoles) of ethyl p-
bromobenzoaté in 45 ml, of dimethyl sulfoxide and 15 ml, of
t~butyl alconol wes added to the base while cooling the re-
action flask with a cold water batn (15°C.). After re-
acting fof 5:5 hours at roog temperature the flask was
immersed in 2 7000. 0ll bath and the solvent was vacuum
distilled (1 um, Hg). The residue was dissolved in 300 ml.
of ice water, extracted with 100 ml. of ether, and acidified
with dilute hydrochloric acid to pH 1. The précipitate
which formed was filtered and the filtrate was extracted
with three, 50 ml, portions of chloroform. The solid ’
obtained above was dissolved in the chloroform extract and |
this solution was extracted with two, 25 ml. portions of
saturatéd sodlum bicarbonate solution. Evzporation of the
chloroform yielded 11.6 g. (79%) of a White solid, m.p.
128-13100, Recrystallization from chloroform and ether

gave white needles, m.p.'128-129.500.
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W-(Methylsulfinyl)-o-acetonaphtone, Ie
. The reaction of 12 g.. (60 mmolesg) of ethyl o-nephthoate,
according to the procedure déscribed for the pfeparation of
Ia, yielded 14,2 g. (103%) of 2 viscous, amber liguid. The
yields on this preparation were consisténtly high and often
above 100%. A éery small amount o% dimethyl sulfoxide could
be detected in the N,¥.R. of a sample from one preparation,
even though'the cnloroform extract was washed with water, A
purified sample gave a satisfactory analysis.
Analysis Calc. for CiBHIZOZS: - C, 67.23; H, 5.21;
S, 13.28
Pound: ¢, 67.02; H, 5.,16; S, 13.55
Infrared (chloroform) 3.33~3.43w, 6.02s, 6.27m, 6.36m,
6..67w,-‘6..85r.~1, 7.15m, 7.35m, 7."‘33s,v.9.238,
9.72s, 10.3m, 10.61s, 11.6w (microns).
N.M.R. (deuterochloroform) singlet (area 3) 2.750;

!

AB quartet (total area 2) 4.29, 4.5995, JAB =

14,7 c.p.s.; aromatic multiplet (total area
7) 7.28-8.106,

W-(Methylsulfinyl)-f-acetonaphthone, If

Using the apparatus described gbove, in the prepara-
tion of Ia, 2.2 g. (56.5 mmoles) of potassium were dis-
solved in 50 ml., of t-butyl alcohol. After solution was

effected the excess alcohol was removed under reduced pres-

/
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sure., PForty milliliters of @imethyl sulfoxide weré added to
the white'semi—folia mass. Distillation was continued until
a precipitate began to form in the solution. A solutibn of
6.8 g.-(34 mmoles) of ethyl.B—naﬁhthoate in 10 ml. of
dimethyl sulfoxide was added. Aftef reacting for four nours
at room temperature, and distillation of the solvent under
reduced pressure, the viscous residue was dissolved in 500
ml., of‘watsr end extrzcted twice with 75 ml. of ether. The
aqueous solution was acidified to pH 6 and extracted with
four, 1QO ml. poréions of chloroform, The chioroform.ex—
tract was washed with 100 ml. éf‘water, dried over magne-
sium sulfate, and filtered, Removal of the solvent by
distillation yielded a red-brown cil., The oil was stirred
with ether and a tan solid formed. This was pulverized,
slurried.with ether, filtered and air dried, yielding 6.2 g.
(91%) of a solid, m.p. 91-94°C. The so0lid can be recrys-
tallized from chloroform snd ether to yield tan granules, /
m.p. 93-94°C. | |
Anglxsis Calc, for clBleozs c, 6?.23; H, 5.21;
S, 13.28 |
Found: C, 66.68; H, 5.00; 13.32
Infrared (XBr) 3.47w, 5.96s, 6.18m, 7.36s, 7.77m,
8.10m, 9.80s, 12.32m (micronms).
N.M.R.'(deutefochloroform) singlet (area 3) 2.735;.

AB quartet (total area 2) 4.3, 4.68, J,p =
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14,6 c.p.s.; complex multiplet (total area
6) 7.42-8,075; singlet (area 1) 8.4706,
Preparation of Methyl Hemimercaptals of
Arylglyoxals, II: DPummerer Rearrangement of
Methylsulfinylmethyl Aryl Ketones, I
The preparations, chemical properties, analyses, and
N.M.RB. spectra of compounds IIa-IIc have already been de-
scribed elsewhere (10). The experimental procedure de-

scribed below gives yields of IIa and IIb which are 20%

higher than those previously reported.

Methyl hemimercaptal of phenylglyoxal, Ila

Eighty-three grams (0.46 mole) of w-(methylsulfinyl)-
acetophenone Iz, were dissolved in 166 ml. of dimethyl |
sulfoxide. The solution was diluted with 166 ml. of con-
centrated nydrochloric acid and 1245 ml, Qf watef and
allowed to stand at room temperature for twenty-four hours.
The white precipitate which formed was removed by suctioh
filtration and the fiiter cake was washed Wifh 600 ml. of
watef; The pgrtially dry solid was pulverized and allowed'
to dry for 24-36 nours st room temperature, or at 85-90°cC. -
for 8-12 hours. The product, 78.5 g. (94.6%), m.p. 104-
106°C., can be recrystalized from Skelly-B or ethanol-
water to yield colorless needles, m.p. 106-107°C., but this

was not routinely done since the product is in a high state
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of purity as obtained from the reaction.
The material of melting point 106-10?°C. has the same

¢

infrered spectrum as the materisl previously.prepared and
reported to have a melting point of 101°C. (10). Re-
crystallization from ethanol-water was generally found te
give a product of slightly lower melting point than when
recrystallized from non-agqueous solvents.

The preperation is efficient on any scale of reaction.
The rearrangement'can be carried out on a smaller scale
than described using 2 ml, of dimethyl sulfoxide, 2 ml, of

concentrated hydrochloric acid, and 15 ml. of water for

every gram of the keto sulfoxide.

Methxl hemimercaptal of p-methylphenylglyvoxal, IIb

Following the procedure described above, 46 1 g.
(0.237 mole) of w—(methylsulfinyl)-p-methylacetopnenone,
| Ib, were converted to the methyl hemimercaptal, IIb; The
product 1is obtained as pale yellow needles, m,p. 90~ 91°C
(1literature (10) m.p. 90-91 C ) in 96.5% yield. Re-
.crystallization from benzene-Skelly-B gives white needles,

m:p. 91~ 92 C. 1

Methyl hemimercaptal of p-methoxyphenylelyoxal, IIc

. 'Thirty grams of w—(methylsqlfinyl)-p-methoxy—

acetophenone (0,141 mole), Ic, were dissolved in 150 ml. of
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dimethyl sulfoxide. The solution was diluted with 240 ml.
of water and 62 ml., of concentrated hydrochloric agid and’
allowed to react at room temperature for 60 hoqrs. The
pale yellow solid which formed was removed by‘filtration,
washed with water and air dried. The product, IIc, was
obtained in 87% yield, m.p. 85-8?00. Recrystallization -
from benzene-Skelly-E gave colorless crystals, m.p. 92-

9400. (1iterature (10) m.p;‘89-9100.).

Methyl hemimercaptal'of p-broméphenxlglzoxai, ITd

Eleven grams. of w-(methylsulfinyl)-prromoacetophenone,
Id, (42.2 mmoles) were dissolvedlin 50 ml. -of dimefhyl
sulfoxide. The.solﬁtion was heated to 50°C. and 5 ml. of |
concentrated hydrochloric acid gnd 25 ml. of hot water were'
added. The solution was cooled to room temperature and
allowed to react for 48 hours. The solid which formed was
removed by filtration and washed with 200 ml. of cold water
and air dried to yield 6 g. (54.6%) of a very paie yellow
solid, m.p. 86-8800.v The filtrate was diluted with 200 ml,
of water and after 24 hours additional material haq pre-'

cipitated. After filtration, washing and drying this
amounted'to 2.46 g. (22.47%), Total yield, 77%.

Methyl hemiﬁercaptalﬁof a-néphthxlglxoxal, ITe

A solution of 6 g. (25.8 mmoles) of w-(methyl-

sulfinyl)-ea-acetonaphthone, Ie, in 10 ml, of dimethyl
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‘sulfoxide was diluted with 6 ml. of water and acidified
with 4,2 ml.‘of conéentrated hydrochloric aézd. The solu-
tion became milky and an oil pfecipitated. The mixture was
stirred forVBIhdurs at 35°C. and thnen diluted with 100 ml.
of water, and filtered. The solid was washed with 40 ml.
of water and air dried to yield_3.74 g. (62.5%) of pale
yellow flakes, m.p. 93-101°C. Recrystallization from
benzene and 'Skelly-B gave tan crystals, m.p. 109-110°C.
_Another preparation‘of the compound produéed tan crystals,
m.p. 111-112.5%.
| Analxsis Célc. for C15H10,8: €, 67.25; H, 5.21;
S, 13.77
Found : C,.éS.OE; H, 5.29; S, 13.78
Infrared (KBf) 2.98s, 3.27w, 3.42w, 5.97s, 6.28m,
6.64m, 6.97m, 7.88m, 8,07s, 8.30s, 8.51s,
8.79w, 8.97m., 9.30s, 9.47s, 9.80w, 10.31w,
10.46m, 10.62m, 11.0w, 11.55w, 11,74m,
12.28m, 12.69s, 12.98s, 13.18m, 13.50w
(microns).
_N.M.R. (deuterochloroform) singlet (area 3) 2.063;
broad absorption (area 1) 4,56; unresolved
doublet (area 1) 6.20; aromatic multiplet

(area 7) 7.25-8,206,
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Methyl hemimercaptal of B-naphthylglyoxal, IIf

A solutibn of 5.6‘2. (24.1 mmoles) of W-(methyl-
sﬁlfinyl)-B—acetonaphthone in 30 ml, of dimethyl sulfoxide
was diluted with 30 ml., of water and acidified with 5 ml.
of coﬁcénﬁrated hydrochloric aoi@. After 6ne hour an oil
had precipitated. The clear agueous layer was decanted and
kept at room temperature for 12 hours. The solid which
formed was removed by filtration, washed with water and air
dried to yield 3.5-g. (62.5%) of IIf. After.two recrystal-
lizations from Skelly;B, the product melted at 94-97°C.

Preparation of the Methyl Hemimercaptal of
Phenylglyoxal, ITIa: Direct Rearrangement of -
W~ (Methylsulfinyl)-acetophenone

The reaction apparatus was described in the procedure
for the preparation of compound Ia, Clean potassium, 43 g.
(1.1 moles), was dissolved in 800 ml. t-butyl alcohol by
heating at 70-80°C. The excess alcohol was removed by
distillation under reduced pressure, Dimethyl sulfoxide,
185 ml.,, was added and the distillation was continued until
a precipitate began to form. The volume of the mixture was
about 750 ml. at this point. After the dropwise addition of
155 ml. (1;08 moles) of ethyl benzozte ﬁhé mixture was l
stirred and kept at room temperature fof five hours. The
solvent was removed by vacuum distillation until the re;

action mixture waS'reduced to a voiume of 325 ml, The
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residue was dissolved in one liter of an ice-water slurry
and extracted with 100 ml. of Skelly-B. The total volume
of the solution was.1255‘m1.- '

A portion of this solution (755 ml., containing the
uequivalent of'0;653 mole of the initial ester) was treated
as described previously to yield 97.2 g. (0.534 mole, 82%)
of the keto sulfoxide, Ia. |

The remainder of the basic solution (500 ml., con-
taining the equlvalent of 0.432 mole of the initial ester)
was diluted with 660 ml., of water. A solution of 178 ml.
of concentrated hydrochloric acid and 100 ml, of dimethyl
sulfoxide was added and this solution was sllowed to react
a2t room temperature for 24 hours. The solid which formed
was removed by suction filtrafion, washed With 800 ml., of
colﬁ water, pulverfzed, and dried at room temperature for
one hour and at 9500. for three hours. The product, IIs,
was obtzined as a pale yellow powder, m.p. i04-106°C. The
yield, based on the initial ester, was 79.5%. The yield,
based on the amount of keto.sulfoxide, Ia, formed in this

reaction, is 95%.
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Preparation of o-(Methylsulfinyl)-o-
alkylacetophenones, IITa: BReaction of
w-(Methylsulfinyl)-acetophenone, Ia, with Sodium
Hydride and an Alkyl Halide in Tetrahydrofuran

Preparation of l-pnenyl-2-(methylsulfinyl)-l-propanone,
IIIa, R' = CH3 ' '

An amount of a sodium hydride susﬁension in mineral oil
‘equivalent to 21.6 mmoles of sodium hydride was washed by
_decantation three times with Skelly-B and suspended in 20
ml., of dry tetrahydrofuran. A solution of 3.64 g. (20
mmoles) of the keto sulfoxide, Iz, in 40 ml. of dry tetra-
hydfofuran wés slowly addéd. After the hydrogen evolution
ceased, 2 ml, (32 mmoles) of methyl iodide was added and a
precipitate began to form. The mixture was stirred and |
refluxed slowly for 23 hours., The sodium iodide was removed
by filtration snd was washed with 25 ml. of chloroform. The
filtrate was concentrated under reduced pressure. The—rés-
idue was dissolved in 50 ml. of chlorofbrm, éxtrécted with
lofml. of watef, 10 ml. of a dilﬁte sodium thiosulfate
. solution, dried over magnesium sulfate, and filtered. Re-
moval of the solvent under reduced pressure yieldéd L,o7 g.
(106%) of a yellow-orange liquid. On attempted vacuum
distillatioh, some addifional solvent wés removed but the
keto Sulfoxidé‘decomposed; 'In a subseqﬁent preparation, .
the liquid formed a smgll amounﬁ of a pasty solid at the

top of a storage vial. This solid was mixed with the
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liquid and after several hours 2 semi-solid mass had formed.
This was filtered and the solid was recrystallized from
chloroform and ether, giving colorless crystals, m.p. 75-
7600.
Anslysis Calc. for CygHy0,8: C, 61.20; H, 6.16; S,
16.34 '
Found: C, 61.23; H, 6.19; S, 16.19
Infrared (chloroform) 3.26w, 3.35w, 6.00s, 6.26m,
6.32w, 6.90m, 7.27m, 7.56m, 7.7im; 9.40s,
9.66s, 9.99m, 10.44s, 10.67s (microns).
N.M,B. (deuterochloroform) doublet (area 3) centered
at 1.569, Jpg = 7 c.p.s; singlet (area 3)
2.528; quartet (area 1) centered at 4.739,

H

Jap = 7 c.p.s.; multiplet (total area 5)
7.25-8,.258, |
The alkylation product was reduced with zind dust in
acetic azcid to yield a pale yellow liquid. Vacuum distil-
lation of this liquid yielded 2.55 g. (95%, over-all yield,
based on the keto sulﬁoxide, Ia) of propiophenbne, VIIIa,
R' = CHB’ identified by comparison of its infrared. spectrum
with that of an asuthentic sample (Matheson Coleman and

Bell),
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Attempted preparation of l-phenyl-2-(methylsulfinyl)-1-
butanone, IITa, R' = CoHg

The reaction of the keto sulfoxide; Ia, with ethyl
iodide according to the procedure described. above, at room

temperature for 32 hours yielded 95% of starting material.

i

+ Attempted preparation of 1,3-divhenyl-2-(methylsulfinyl)-
l-propanone, IIla, R' = CHyPh

The reaction of the keto sulfoxide, Ia with benzyl
. chloride according to the above procedure, refluxing for
12 hours yielded 93% of starting material.
Preparstion of a-(Methylsulfinyl)-o-
alkylacetophenones, IIIa: Reaction of

: w-(Methylsulflnyl)-acetophenone Ta, with Potassium
t-Butoxide and an Alkyl Halide in Dimethyl Sulfoxide

Preparation of 1—pheny1-2-(methylsulfinyi)-1-propanone,
III=, R' = Q§3

The apparatus and procedure utilized in this prepara-
tion is the same as thét described for the preparstion of
the 8-keto sulfoxides, I, except thatla solution of 10.9
.’ g. (60 mmoles) of the keto sulfoxide, Ia, in 45 ml. of |
dimethyl sulfoxide replaced the ethyl benzoate. The keto
sulfoxide was added to a potassium t-butoxide-dimethyl
sulfoxide slurry prepared from 2.34 g. (60 mmoles) of
potassium, 45 ml. of t-butyl alcohol.and 15 ml. of dimethyl
sulfoxide, |

After additiop of the keto sulfoxide solution, the re-

f
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iaction mixture was heated at 50-6000. under vacuum for one
hour. The solutidn was cooled'énd 8.5 g. (60 mmoles) of '
methyl lodide Wére added, After reacting for 2 hours at
room temperature, the solution was poured into 300 ml. of
water and acidified to pH 2 with 0.5 ml. of concentrated
hydrochloric acid. The agueous solution was extracted with
two 50 ml. portioms of chlproform. The_combined chloroform
extracts were washed with 50 ml. of water, dried over
magnesiunm sulfate, and filtergd. Removal of the solvent
under reduced pressure yielded 12,1 g. (103%) of a yellow
liquid. The infrared spectrum compares to the product
obtained with the other method but appezsrs to have dimethyl
sulfoxide present also, |

Preparation of 1-pﬁeny1—2—(methylsulfinyl)-1—butanone,
IIla, RB' = CpHg , _ ,

The reaction of the keto sulfoxide with ethyl iodide
according to the procedure described zbove yieldéd 18.5 g.
(60%) of an orange liquid. Apparent gas evolution when
ethyl lodide was addéd and low yield of butyrophenone after
reduction with zinc and acetic acid suggests-that ethylene
was formed in considerable amoUnys. Purified product |
could not be obfained from this reaction énd the course of

the resction ;s based on the conversion to the ketone.:
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Preparation of 1,3-diphenyl-2-(methylsulfinyl)-1l-propanone,
IITa, B' = CHoPh

The reaction of 5.21g. (28.5 mmoles) of the keto
sulfoxide, Ia, with 3.8 g. (30 mmoles) of benzyl chloride.
accoréing to the procedufe described above yielded 8.6 g.
(105%) of an orange liquid.

The 1iquid was reduced in 80% yield with zinc dust in
acetlic acid to 1,3-diphenyl-l-propanone, VIIIa, R': = CHoPh,
m.p. 6?—6800. (literature (117)‘m.*. 7OOC.).

Preparation of wLBromo-w-(methylsulfinyl)—
acetophenone, IVa: Reaction of w-(Methylsulfinyl)-
acetophenone with Bromine -and Sodium Hydride

An amount of sodium hydride suspension in mineral oil
equivalent to 52.mmoles of sodium hydride was washed by
decantation with three 15 ml. portions of Skelly-B and
slurried with 50 ml. of dry tetrahydrofuran.

A solution of 9.1 g.' (50 mmoles) of the keto sulfoxide,
Ia, in 75 ml, of tetrahyd;ofuran‘was a2dded over a 0.75 hour
period to the base. When hydrogen evolution ceased a solu-
tion of 8 g. (50 mmoles) of bromine in 10 ml. of carbon
tetrachloride was added over a one hour period. The mixture
bééan to turn &éllow toWard the end of the reaction. The
solvent was removed at reduced pressure and the semi-solid

mass was shaken with methylene chloride; and filtered. Tﬁe

sodium bromide was washed with methylene chloride. The
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organic solutions wéré combined and evaporated to complete
dryness under_reduoed pressure and at low temperaﬁure (25~
359¢,). A tan solid, 13.3%4 g. (102%), m.p. 103-105°C.
remained. - BecrYstailization was accomplished by dissolu-
tion of the solid ih 60 ml, of refluxing methylene chloride
followed by the slow addition of 60 ml. of ether. &he
solution wasvallowed to stand at room temperature for sevé'
eral hours, was cooled in an ice bath for one-half hour and
?hen filtered. The crystals were washed with ether and air
dried, yielding 6.3 g. of white solid, m.p. 104-105°C.
Concentration of the filtrate to near dryness,'addition of
ether and filtration of the semi-solid mass yielded asddi-
tional solid. This was washed with ether and air dried,
giving an additional 2.93 g. The total yield was 9.23 g.
(728). |
In another preparation of this compound, a solid, m.p.
95-100°C. was obtained. ‘The N.M.R. indicateﬁ that two
isbmers were present in the approximate rétio of 2:1.
Infrared (KBr) 3.36w, 6.00s, 6.27m, 6,38m, 6.91m,
7.06m, 7.15w, 7.56m, 7.65m, 7.785, 8.38s,
8.87w, 9.60s, 10.08m, 10.41im, 10.75m,
12.41m, 13}18m, 13.83s, 14,685 -(microns).
N.M.R. (deuterochloroform) singlet, 2.715,ising1et,

2.83%; aromatic multiplet, 7.33-8.18;

!
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singlet, 6.196, singlet, 6.269.
The total peak areaes forithe low-field
singléts, aromatic, and upfield singlets are
in the ratio 1:5:3. Each singlet of the
pair is in the ratio of 1:3 with the lower-
+, field proton of the pair. |
Due to the rapid'decomposition of this compound, an
analysis wes not obtained,
Preparation of 2,3-Diphenyl-2,3-butanediol, V:
Desulfurization and Bimolecular Reduction of w-
(Methylsulfinyl)-acetophenone with Aluminium Amslgan
A solution of 9.1 g. (50 mﬁoles) of Iz in 40 ml. of
dry benzene and 40 ml. of absolute ethsnol was prepared.
One gram of mercuric chloride was dissblved in 20 ml, of
absolute ethanol and added to the sulfoxide solution. This -
solution was added to 2 250 ml, two-necked flask equipped
with a reflux condenser and mechanical stirrer and qon;
taining 4.9 g. (0.182 mole) of zluminium foil out into 1-2
inch squares. The flask was heated to reflux temperature
and vigorously stirred at that.femperature for 9 hours.
All of the gluminium had dissolved. The solution wss
poured into 400 ml, of an ice-water élurry containing 50
ml, concentrated hydrochloric acid and the acidic solution
was extracted wiﬁh five, 50 ml., portions of chloroform.

The chloroform extracts were combined, dried over magunesium
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sulfate, filtered’and‘evaporated'gnder reduced pressure.
The residue, 5.9 g. (97%) is a very.viscous, amber liquid,
the infrared spectrum of which is superimposable With an ~
authentic.sample of V prépared by reduction of aqetophenone
‘with sodium amalgam, m.D. 123-124°C, (literature (118) m.p.
122°C.). However, only z small amountlof thne cfystélline
glycol could bé'obtained from thé stereoisomeric mixture.
A similar difficulty wes experienced in the preparstion of =
this compound from acetophenone (118)., |
Reduction of the keto sulfoxide, Ia, in abéolute
ethanol using 20%, 10%, 5% and 2% sodium amalgems gave 12-
15% yields of crystalline glycol in addition to
acetophenone, alpha-phenyl ethanol and sulfur éontaining
prqducts. ‘
Prepération of B-Hydroxy-f-phenylalkyl Methyl

Sulfides: Reduction of B-Keto Sulfoxides
with Lithium Aluminium Hydride

8-Hydroxy-B-phenethyl methyl sulfide, Via

A solution of 4.55 g. (50 mmoles) of w»(methylsulfinyl)—j
acetophenone, Ia, in 100 ml. of dry tetrashydrofuran was |
added slowly to a stir;ed slurry of 2.85 g. (71.5 mmoles,
calculated on the basis of 95% purity) of lithium aluminium
hydride in 100 ml, of tetrahydrofuran. The mixture was

heaﬁed to a répid reflux for 24 hours, The solution was
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hydrolyzed w;th 15 ml, of waterq.filtered, and'the hy-~
droxides were dissolved with‘exceSS‘dilute hydrochloric
acid, The aqueous layer was separated and extracted'with
three, 50 ml. portions of chidroform;- The organic layer
was coﬁcentratéd under reduced pressure. The residue was
dissolved in 100 ml. of chloroform and separated from the
aqﬁeous layer. The chloroform solutions were combined,
- dried with magnesium sulfate and concentrated under reduced
pressure. The 1liquid residue, after vacuum distillation.
through a short-path distillation head, yielded 6.3 g.
(75%) of VIa, b.p. 88-91°C./0.3 mm. Hg. The methiodide
derivative was prepared by reacting the sulfide with an
excess of methyl iodide in acetone solution for three days,
The salt was recrystallized from methanol and ether, m.p.
158-139.500. (literature (30) sulfide, b.p. 141-142°¢, /12
mm..Hg; methiodide, m.p. 132.5-133.500;; corrected).
Infrared (carbon tetrachloride) 2.85w, 3.30w, B.UUW;
6.25w, 6.69w, 6.87m, 7.03w, 7.10w, 7.25w,
7.52w, 8.15w, 8.43m, 9.26w, 9.47s, 9.73w,
9.88w, 10.98w (microms).
N.M.R., (carbon tetrachloride) singlet (area 3) 1.956;
multiplet (total area 2) 2.55-2.675; singlet
(area 1) 3.226; multiplet (total area 1)
L ho-L 708 singlet (area 5) 7.23. |
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8-Hydroxy-8-phenylpropyl methyl sulfide, IXa, R' - CHj

Reduction of 3.92 g. (20 mﬁo;es) of IIIa, B' - CHy by
the'abo§e'propedure, butvrefluiing for 30 hours gave 3.71 g.
of a yellow 1iqui&; The infraréd spectrum showed a very weak
cérbonyl and é very strong hydroxyl absorption. The product
was purified by distiliation through a short-path distilla-
tion head, b.p. 98-101°C./2 mm. Hg (literature (30) b.p.
85-87°C./0.3 mm. Hg).

Infrared (carbon tetrachloride) 2.87w, 3.30w, 3.37m,

| | 3.43m,.3.50m, 6.25w, 6.69w, 6.88s, 7.23m,

K 7.52m, 7.60m, 8.25m, 8.43s, 8.52m, 8.98w,
9.23m, 9.38m, 9.63m, 9.98w, 10.27w, 10.50w,

10.96w (microns).

[

Preparation of B-Methoky-e—phenethyl Methyl
. Sulfide, XXIV: Reaction of 8-Hydroxy-B8-phenethyl

Methyl Sulfide, VIa, with Sodium Hydride and Methyl Iodide

A solution of 20.2 z. (0.11 mole) of B-hydroxy-B-phen-
ethyl methyl sulfide, VIa, in 120 ml. of tetrahydrofuran was
slowly added to a suspension of 0.13 mole of sodium hydride
in 120 ml. of tetrahydrofuraﬁ. The nixture waé stirred at
room temperature until nydrogen evolution ceased. 'Methyl
iodide, 18.5 g. (0.13 mole), was added and the mixture was
stirred at 55°C. for 12 hours. After cooling, concentrating

under reduced pressgre; and filtering, the salts were washed

with two, 50 ml. portioms of carbon tetrachloride. The

!
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organic portions were combined, washed with 25 ml., of dilute
sodium thiosulfate solution, dried over magnesium sulfate and
filtered. Removal of the solvent and distillation of the

residue through a short-path distillation head yielded

17.7 g. (81%) of XXIVa as a pale yellow liquid, b,p. 94--
6°c./2 mm. Hg. ‘

Infrared (carbon tetrachloride) 3.35m, 3.43m, 3.55m,
6.26m, 6.70s, 6.88s, 6.96s, 7.03m, 7.40m,
7.60wb, 8.26s, 8.70m, 9.05s, 9.15s, 9.35m,
9.é5w, 9.75m, 10.45m, 10.60w, 10.76m,
10.98w, 11.80w (microns).

N.M.B. (carbon tetrachloride) singlet (area 3) 1.958;
multiplet (total area 2) 2.53-2.97%; singlet
(area 3) 3.15%; multiplet (total ares 1)
h,12-8.328; singlet (area 5) 7.26-

The sulfide was identified by conversion ﬁo the sulfox-
ide, as described in the next experiment, snd comparison of
its infrared with the sulfoxide prepared by Mr, E. T.
Sabourin in these laboratories by O-methylation of the
.dimsylsodium-benzgldehyde adduct (57).

Preparation of 8-Methoxy-8-phenethyl Methyl Sulfoxide,
XXV: Oxidation of 8-Methoxy-B8-phenethyl Methyl Sulfide,
XXIV, with Sodium Metaperiodate
The sulfide, XXIV, 5.46 g. (30 mmoles), was added to a .

solution of 6.76 g. (31.4 mmoles) of  sodium metaperiodate
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in 300 ml. of water and 50 ml. of* tetrahydrofuran. The
mixture was stirred rapidly for 4.5 nours at 0°Cc. and for
7 hours at room tempéfature. The aqueous.solution was ex-
tracted with four, 100 ml. portions of methyléne chloride,
The methylene chloride was dried over magnesium sulfate and
filtered., Evaporation of the solvent yielded 6.13 g.
(103%) of a colorless liquid. The liquid was stirred and
heated at 35-40°C$ for one hour under vacuuﬁ. Additional
solvent was removed during this period., The product, 5.36
'g. (96%) had an infrared spectrum superimposable with the
product obtained from the O-methylation of the B-hydroxy
sulfoxide (48). | : |
Analysis Calc. for Cq4Hq,0,8: C, 60.61; H, 7.07; S,
| 16,16 |
Found: €, 60.38; H, 7.13; s, 16.07
Tnfrared (carbon tetrachloride) 3.28m, 3.34m, 3.41s,
3.53m, 6.25&, 6,68m, 6.88s, 7.02m, 7.12m,
7.37m, 7.70m, 8.25s, 9.10sb, 9.5sb, 10,18m,
10.77m, (microns).
N.M.R. (carbon tetrachloridé) pair of singlets (total
area 3) 2.46, 2.525;_mu1tiplef (total area
2) 2.75-3.055; pair of singlets (total area
3) 3.19, 3.228; multiplet (total area 1)
4.50-4.708; aromatic (area 5) 7.39.
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Preparation of Aryl Alkyl Ketones, VII, VIII:
Reduction of B-Keto Sulfoxides, I, III, wlth Zinc
and Acetic Acid -

Acetophenone, VIIa

| A solution'of~9;1 g. (50 mmoles) of w-(methylsulfinyl)-
‘acetophenone, Iz, in 23 ml. of absolute alcohol and 15 ml.
of glacial acetic ‘acid was added over a L0 minute period to
a rapidly stirred mixture of 16.3 g. (0.25 mole) of zinc
dgst in 23 ml. of absolute alcohol and 15 ml. of glacial
acetic acid., The feaction flask was cooled with a cold
water bath and the temperature of the reactibn mixture waé

kept below BOOC. The mixture was stirred for 45 minutes

!

‘ aftef.the addition was compléted. The suspended solids
were removed by suction filtration and.wéshed three times
by slufrying in 50 ml, portions of benzene and filtering.
Four hundred milliliters of saturated sodium bicarbonafe
solution was carefuvlly added in small portions and the
organic layer was separated from the aqueous layer. The
agueous solut;on was extracted with two, 100 ml. porfions
of benzene,. Thé benzene extracts weregcombined with the
organic layer, extracted with'EO‘ml. of saturated aqueous
sodium bicarbonate and 100 ml, of 50 aqueous mercuric
chloride solution, dried over magnesium sulfate and fil-

tered. The solvent was removed under reduced pressure,

Vacuum distillation of the residue yielded 5.28 g. (88%)
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of a colorless liquid, b.p. 105-110 C./pressure varisble,
water aspirator. r

Recrystallization of the solid distillation residue
yilelded 2-3% of the bimolecular reduction product,
(PaC(OH) (CH3)) 2, m.p. 123-125°C. o

The infrared spectrum of the product was superimposable
with that of a authentic sample of acetophenpne (Mafheson
Coleman and Bell). Vapor phase chromatographic analysis on
an SE-30 column, columﬁ température-zooob, failed to reveal
any products other than acetophenoné.

The procedure described above is generglly applicable
- to the reduction of a'variety of R-keto sulfoxiqes, and, if
efficient cooling of the reaotioﬁ vessel can be attained,
the reaction‘éan be carried out on a fairly large scale
(0.1-0.2 mole). 1In general, 1 mmole of the keto sulfoxide
was dissolved in 7.5 ml, of é solution which was composed
of 40% glacial acetic acid and 60% absolute ethanol (% by
volume), This was added to a slﬁrry'of 5 mmoles of zinec
dust in 7.5 ml, of the same solvent mixture at such a rate
that the temperature was kept below 3009. A total reactioh
time of 1.5-2 hours was found to be éufficient. The product
.isolation describedJabove is generally applicable. On'the
iarger séale preparations the extraction with the mercuric
chloride solution was omitted. Further examples of the -

reduction are given below.
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p-Methylacetophenone, VIIb

" Using the proeedure described above, 11.7 g. (59
mmoles) of wa(methylsulfin&l)-p—methylacetophenone, Ib, was
converted to p-methylacetophenone -in 83% yield (distilled
product). The ketone was obtained as a colorless 1iquid-
the infrared spectrum'of‘which is superimposable with that

of an authentic sample (Eastman Kodak).

p-Methoxyacetophenone, VIIC

Using the procedure described above, 21.2 g. (0.1
mole) of w-(methylsulfinyl)-p-methoxyacetophenone, Ic, was
converted to p-methoxyacetophenone, VIIc, in 87% yield
(distilled product). The ketone,‘a pale yellow solid, ﬁ.p.
34—3500., had- an infrared spectrum which was superimposable

i

with that of an authentic sample (Eastman Kodak). The
!

mixed melting point was not depressed.

B-Acetonaphthone, VIIf

A solution of 4,64 g. (20 mmoles) of w-(methylsulfinyl)-
B-acetonaphthone, If, in 25 ml, of alacial acetic acid and
10 ml. of ethyl acetate was stirred W1th 10.4 g. (160
mmoles) of acid washed, 30 mesh, granular zinc. The'mix-‘
ture was stirred at room temperature for 15 hours and then
filtered to remove the suspended solids. The filtrate was
diluted with 100 ml. of chloroform and carefully extracted

with 50 ml. portions of 1M aqueous sodium bicarbonate solu-
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tion and two 50 ml portions of water. Removal of the sol-
vent by distillation at atmospheric pressure ylelded 2.34
g. (71.5%) of an orange liquid Fesidue which solidifies
after standing at room temperature for one day. The solid
melted at'50-55°¢. and left tracés of a solid which melted
ovef 2 wide range, 68-75°C. The ketone can be purified by’
sublimation to give colorless plates, m.p. 54—5500.
(literature (119) m.p. 560C.).

ThlS change in the procedure was necessitated by the
1nsolub111ty of the keto sulfox1de, If, in the ethanol-

acetic acid solvent mixture.

Propiophenone, VIIIa, (R' = CHj)

Reduction of 3.82 g. (21.4 mmolés)'qf o-(methyl-
sulfinyl)—propiophenoné, ITI=a, R' = methyl, according to
the prooeduré described for the preparation of acetophenone,
“yielded propiophenone. Vacuum distillation through a short
path distillation heaq gave a 96% yield of the kétone as a
colofless ligquid. The_infrared spéctrum was superimposable
with that of an authentic samﬁlé (Matheson Coleman and

Bell).

1,3-Diphenyl-1l-propanone, VIIIa, (R' = CHoPh)

Reduction of 2.8 g. (10.6 mmoles) of 1,3-diphenyl-2-

(methylsulfinyl)-1-propanone, IIIa, R' = benéyl, according

!
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fo the procedure described for the'preparation of aceto-
phenone, yielded the ketone VIIIa, B' = benzyl, in 81%
yield, m.p. 69-71°C. (literature (117) m.p. 70°C.).
Preparation of a-Hydroxyacetopheﬁone, Xa:
Reduction of the Methyl Hemimercaptal of Phenylglyoxal,

IIa with Zinc/Acetic Acid or
Sodium Formaldehydesulfoxylate

e-Hydroxyacetophenone, Xa: zinc/acetic gecid reduction

A solution of 9.1 g. (50 mmoles) of ﬁhe hemimercaptai,
ITa, 1n'1oo ml, of glacial acetic acid was cooled to 15-
20°C. and stirred rapidly while 32.7 g. (0.5 mole) of zinc
dust was added. The temperature was maintained at 23-25°¢C,
by ecooling the reaction flask with a cold water bath for
two hoursi The solidg were removed by filtratipn and
washed with 100 ml. of benzene. A& saturatéd agueous solu-
fion of sodium bicarbonate (about one liter) was carefully
added in small portions until'vigorous gas evolution
ceased, The aqueous solution was extracted six times with
80 ml.'portions of chloroform. The bénzene and chloroform
solutions were combined, extfacted carefully'with 20 ml. of
| sodium bicarbonate solution, dried over sodium sulfate and
concentrated by distillation of the solven£ at atmospheric
pressure. The residue was vacuum distilled through a
short-path distillation head. A white tb pale yellow
solid, 4.23 g. (62.2%), m.p. 82-83°C. The infrared spec-
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"trum showed traces of acetophenone to be present, Re-
crystallization from ethyl acetate gave white crystals,

m.p. 87-838°C. (literature (119) =m.p. 86°C.).

Further distillation of the resction mixture yielded

0.2 2. (3.4%) of acetophenons.

o-Evdroxyacetophenone, X2: sodium formsldenydesulfoxylate
reduction ' _ ‘

A solution of 9.1 g. (50 mmoles) of the hnemimercaptal,

=

IIa, was prepared by heating with 75 ml. of ethanol. The
ethanol solution was cooled and trested with an excess.
(35-40 mmoles, 25 mmoles required) of cupric acetate powder,
The mixture was stirred for 1 hour sund then filtered. A
solution of 7.7 g. (50 mmoles) of sodium formzldehyde-

- sulfoxylate dihydrate in 35 ml. of water snd 5 ml. of 5N
sodium hydroxide solution was added. The reaction was
allowed to proceed zt room temperéture for 36 nours with
siow stirring. The small emount of brown-black precipitate
which formed was removed bj filtration, the filtrate was
concentrated under reduced pressure, and the solid residue
was dissolved by shaking with ethyl acetate and water.

The organic layef wés separated and the agueous layer wss
extracted with 25 ml. of ethyl acetate. The orgsnic solu~
tions weére combined, dried over sodium sulfate and evapo-
rated under reduced pressure. A pale yellow solid, 5.4 g.

(80%), m.p. 80-82°. (after recrystallization from ethyl
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acetate) was obbained. The infrared spectrum was suﬁerim-
posable with that of an aﬁthentié sample.

Reduction of fhe hemimercaptal by essentially the szume
procedure except that the pfeoipitation of the mercaptide
with copper was omitted resulted in léwer'yields (40%) of
the ketol.

Preparation of Arylethylene Glycols,.XI:

Reduction of Methyl Hemimercaptals of Arylglyoxals,
IT, with Lithium Aluminium Hydride

Styrene glycol, XTa

A solution of 5 g. (27.5 mmoles) of the hemimercaptal,
IIa, in 15 ml. of dry tetrahydrofuran was added slowly to a
stirred slurry of 1{65 g, (41.3 mmoles, on the basis of 95%
purity) of lithium aluminium hydride in 25 ml, of dry ethyl
ether., The mixture was refluxed for 28 hours and then
hydrolyzed with 10 ml. of water and 25 ml. of 6N hydro-
chloric acid.  The aqueous layer was separated and extracted
with two 25 ml, portions of chloroform. The organic por-
tions were combined, washed with 20 ml, portions of water -
and dilute sodium bicarbonate, dried over magnesium sul-
fate, filtered and concéntrated under reduced pressure, -
Three grams (79%) of a pale yellow oil were obtaiﬁed;v The
611 solidified on cooling. Recrystallization from Skelly-

‘B gave colorless plates, m.p. 61-6200.; from Skelly-B and -

!
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benzene, plates, m.p. 60-61°C.; from carbon tetrachloride,

‘plates, m.p. 63—6&00._(literature (120) m.p. 67-68°C.).

p-Methylstyrene glycol, XIb

A solution of 5 g. (25.5 mmoles) of thé methyl hémi-
méfoaptal of p-methylphenylglyoxal, IIa, in 15 ml. of
- tetranydrofuran was added to 1.65 g. (41.3 mmoles) of
lithium aluminium hydride in 25 ml. of ethyl ether and re-
fluxed for 28 hours. After work-up according to the
procedure descrited above, 3.4 g.b(95%) of a pale yellow
solid were obtained. Recrystallization by repeated ex-
traction with hot Skeliy—B gave a 93% yield of colorless

plates, m.p. 75-76°C. (literature (121) m.p. 76-77°C.) .

o-Naphthylethylene glycol, XIe

A solution of 2.75 g. (97 mmoles) of.the methyi hemi-
mercaptal of’d-naphthlyglyoxal; IIe, in 25 ml.‘of=¢thy1
ether.was added to excess lithium aluminiumhhydridé in 15
ml, ethyl ether and refluxed for 2.5 hours. Product iso-
lation by the method described in the preparation of XIa
yielded 1.33 g. of a white solid, m.p. 149-15005. (1litera-

ture (122) m.p. 114.5-115°.),
| Analysis Calc; for Cy,H;,0,: c, 76.52; H, 6.42 ,
Found: €, 77.04; H, 6,72
Infrared (XBr) 3.08s, 3.40m, 6.25m, 6.62m, 6.85w,

!
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7.27m, 7.35m, 7.51m, 8.13m, 8.58m, 9.0ks,
9.26s, 9.40s, 9.72s, 9.77m, 10.00m, 10.55w,
10.89m, 11.14m, 11.54m, 12.55s, 12.85s,
13.00s, 13.57m (microns).

N.M.R. (dimethyl sulfoxide) a pértion of a multiplet

(Blocked by solvent) 3.37, 3,608; triplet
(area 1) 4.836; multiplet (total area 2)
5.22-5,446; multiplet (total area 7) 7.32-
8.256, - |

(dimethyl sulfoxide, deuterium oxide) singlet
3.55%; multiplet (total area 1) 5.22-5.448;
multiplet (totel area 7) 7.32-8.256.

Cn the basis of the N.M.R. and some éxperiments to be
describéd later it was concluded that the compduﬁd isolated
was actually the desired glycol.

Preparation of Arlyethylene Glycols, XI:

Reduction of Methyl Hemimercaptels of
Arylglyoxals, II, with Sodium Borohydride

Styrene glycol, XIa i

A éblution of 5.1 g. (28 mmoles) of the hemimercaptal,
IIa, in 80 ml, of absolute ethanoi‘was slowly added to a
solution of 0.88 g. (28 mmoles) of sodium borohydride in 9
ml. of water and 2 ml. of.ZN sodium hydroxide solution. !

. The mixture was refluxed for"3.5 hours. . The reaction mix-
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ture was cooled, acidified to pH 3 with dilute hydrochloric
acid and concentrated under reduvced pressure, heating with
a steam bath. The solid which formed Was filtered from the
agueous phase and dissolved in chloroform. The filtrate
was extracted with chloroform, combined with ﬁhe first
chloroform solution, dried over magnesium'sulfate, and
filtered, Evaporation.éf the solvent under reduced pressure
gave 3.7 g. (95.6%) of 2 tan solid. Recrystallization from |
carboﬁ tetrachloride gave colorless: plates, m.p. 63-64°C,

(literature (120) m.p. 67-68°C.).

p-Methylstyrene glycol, XIb

" Reduction of 4,44 g, (22.7 mmoles) of the hemimercaptal,
IIb, according to the procedure described above, gave 3.4k
g. (99.5%) of a very pale yellow sbiid, m.p. 63-679C. Re-
6ryétallization from carbon tetrachloride or hot Skelly-BE.
gave 2.8 g. (81.3%) of small colorless plates, m.p. 76-
77°C. (literature (121) m.p. 76-77°C.). |

p-Methoxystyrene glycol, XIc

lBedquion of 4.5 g, (21.2 mmoles) of ﬁhe hemimercaptal,
IIc, according to the procedure described above for the
o preparation_of XIa gave 3.06 g. (86%) of a pale yellow
solid,'m.p.'72;7500. Recrystallization from‘carbdn

tetrachloride gave 2.8 g. (78.8%) the glycol as colorless
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plates, m.p. 79-81°C. (literature (123) m.p. 82°C.).

&—Naphthylethylene glycol, Xle

' 'The ﬁethyl hemimercaptal of o-naphthylglyoxal, IIe,
3.45 g. (15 mmoles) was qissolved in 75 ml. of absolute
ethanol. The reduction wes carried out as described above.
Isolatioﬁ 6f the product and recrystallizstion from 95%
ethanol gave 2,65 g. (94%) of white crystals, XIe, m.p;
146-147°C. (literature (122) m.p. 114.5-115°C.).

B-Naphthylethylene glycol, XIf

| The methyl hemimercaptal of B-nephthylglyoxal, IIf,
1.68 g. (7.25 mmoles) was dissolved by refluxing in 40 ml.
of absolute ethanol, After reduction and work-up in the
manner described ébove, 1.46 g, of a brown semi-solid mass
remains. This was slurried with ether and filtered to
yield a ten solid, m.p. 123-130°C, Recrystallization from
95% ethanol gave a 40% yield of the desired glycol; m.p.
134-135.5°C. |
Analysis Cale.'for CyoHy,05: C, 76.57; H, 6.43
Found: C, 75.97; H, 6.34
Infrared (X¥Br) 3.09sb, 3.41w, 3.49w, 6.25w, 6.65w,
6.82m, 7.35w, 7.51w, 7.88w, 8.19w, 8.52w,
.~ "8.66w, 8.93s, 9.19s, 9.58s, 9.67s, 10.36w,
10.55w, 11.1s, 11.21s, 12.23s, 12.9m, -
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i3.49m (microns).

N.M.R. (dimethyl sulfoxide) multiplet (total area 2.2)
3.5-3.98; broad singlet (area 1) 4.2-4;655;
rough triplet (area 1.93) 4.65-5.24%8; mul-
biplet (botal area 7.2) 7.2-8.06.
(deuterium oxide, acid added) multiplet
(total area 2) 3;62-3.856; roﬁgh triplet

~ (area 1) 4.65-5.i5; multiplet (total area
7.1) 7.2-8,06,
Preparation of e-Naphthylethylene Glycol
Dibenzoate XIg: Reaction of o-Naphthylethylene
Glycol with Benzoyl Chloride
A solution of 0.68 g. (3.62 mmoles) of.the glycol,
XIe, in 3.3 ml. of pyridine wﬁs cooled to 0°C. Benzoyl
chloride, 1 ml. (83 mmole), was added slowly and the solu-
tion was refluxed for one hoﬁr. The pyridine solution was
poured iﬁto a‘solution of 10 ml. of concentrated sulfuric'
acid and 100 ml. of water. The aqueous solution was ex-
tracted with two 50 ml, portions of chloroform, The chlo-
roform solution was extracted with 10 ml. of saturated
sodium bicarbonate, and dried over magnesium sulfate,
After evaporation of the solvent, the residual solid was
pulverized, washed'with hot Skelly-B and filtered. The
melting point of the product, 167-10900., did not change

on recrystallization from hot Skelly-B. Evaporation of the
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métﬁer liquor and the initial filtrate, and recrystalliza-
tion of the residue yielded additional méterial. The total
vyield of XIg was 1.2 g. (83%), (literature (122) m.p.
107%¢c.).
Preparation of o-Naphthylethylene Glycol
Dibenzoate XIg: Reaction of o~-Naphthylethylene
with Iodine and Silver Benzoate

A mixture of o-naphthylethylene, 5 g. (32.5 mmoles)?
8;25 g. (32.5 mmoles) of iodine, and 14.9 g. (65 mméle;) of
silver benzoate was refluxed in 175 ml. of benzene for 28
hours. The mixture was cooled and the silver iodide (98%)
. was removed by filtration. The filtrate was -evaporated
under reduced pressure, Treatment of the residuzsl red-
orange oil with ether produced a semi-solid mass which was
filtered. The solidfwas washed wlth ether. Evaporation of
the filtrate and repetition of the procedure three times
gave additional solid materiasl. The.residual oil from the
final treatment was dissolved in chloroform and extracted
with sodium biqarbonate solution. Evaporation of the sol-
vent and treatment with ether yielded additional crystal-~
.line material. The solids, 3.48 g. (27%) were recrystal—
lized from hot Skelly-B and yielded material of melting
point 107-108°C. (literature (122) m.p. 107°C.).

The iﬁfrared spectra of the dibenzozte, XIg,'prepared

by the two different methods, are superimposable,
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A solution of 1.65 g. (4.16 mmoles) of the dibenzoate,
XIg in 40 ml. of 95% ethanol and 2 ml. of.Z.SM sodium hy-
droxide was refluxed for six hours., The solution was con-
céntratéd under reduced pressure and the residue was dis-

. solved by shaking with 2 chlorofdrm-water mixture. The |
chloroform layer was sepafated, washed once with water and
then evaporated.' The solid residue was recrystallized from
95%-ethanol to yield 0.73 g. (83%) of white crystals, m.p.
147-148°C.

'Simiiar'treatment of the.dibenzoate prepared from the
glycol of m.p. 146-147°C, gave a hydrolysis product with
the same melting pdint. The infrared spectra of the
product of the.hydroiysis of each of the dibenzoates are
superimposable with each other and with the glycol ob-
tained from the reduction of the'methyl hemimercaptél of
a-naphthylglyoxal, IIf; "Mixture welting paihts of the
hydrolysis products showed no depression; | '

Preparation of 1,4-Diphenyl-2,3-
dihydroxybutane-1,4-dione, XIIa: Reduction

of the Methyl Hemimercaptal of Phenylglyoxsl,

ITIa, with Cupric Acetate/Sodium
Pormaldenydesulfoxylate

A solution of 4.55 g. (25 mmoles) of IIa in 50 -ml. of

95% ethanol wés prepared, Finely powdered cupric acetate

monohydrate, 6 g. (30 mmoles) was added. The mixture was

étirred vigorously and g solution ofv7.2 g. (50 mmoles) of
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sodium formaldehydesulfoxylate dihydfate in 50 ml., of

water, and 5 ml. of aqueous, 5N sodium hydroxide was adéed.
After'one-half hour a yellow precipitate hed formed,; this
slowly‘changes to a brick-red color over a five hour
period. The mixture was stirred at 30-35°C. for sixty-five
hours. The precipitate was removed by filtration and the
.alcohOl was evaporastéed under reduced preséure. The aqueous
solution was extracted with four 50 wl. portions. of chlo;
roform. The chloroférm solution was extracted with 15 ml.
of dilute aqueous sodium bicarbonate and dried over magne-
sium sulfate. Removal of the solvent under reduced pressuré
left a yellow liguid which formed a semi-solid mass after
four hours at room temperature, The solid waS'removed.by
filtration and washed with cold carbon tetrachloride, . White
crystals, 0.57 g. (8.4%) of XIIa m.p. 119-122°C, were ob-
tained, (literature (124, 125) w.p. 119-121%., 127-128°C.).
- Concentration of the filtrate and repetition of the iso-
lation procedure gave 0.83 g. of a white solid, m.p. 66-
67°C., whoselinfrared spectrum is superimposable with o-
hydroxyacetophenone, (litefature (119) m.p. 85-86°C.). In
the preparation of ao-hydroxyacetophenone described previous-
1ly it was noted that this compound is very difficult to
purify by recryétallization. This could éccount for the

low melting point of the substance isolated. The compo-
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sition of the residue (1.2 g., 24.2% by weight) was not de-
termined., No other crystzlline materizl could be obtained
from it. _

It was found that if crude phenylglyoxal, XVIa, or
the hemihydrate, XVIIa, was subjected to the reaction con-
ditions XIIz could be obtained in significantly greater
yields, The necessary modification of the above procedure
would simply Ee to react the hemimercaptal with the cupric
acetate in the absence of the sodium forﬁaldehydesulfoxyléte,
filter the precipitated cupric methylmercabtide after one
hour, add the sodium formaldehydesulfoxylate solution and
adjust the solution to pH 8. The procedﬁre utilizing
phenylglyoxal hemihydraﬁe, XVIIa, is described below.

A solution of 5.64 g. (19.7 mmoles) of the hemihydrate,
XVIIa, in 60 ml., of 95% ethanol was prepared. A solution
of 6.12 g. (40 mmoles) of sodium formaldehydesulfoxylate
monohydrate and 0.24 g. (1 mmole) of cupric nitrate tri-
hydrate in 40 ml, of water was =2dded. The solution was
adjusted to pH 8 by the addition of 2N sodium hydroxide
solution,. The.reaction was stirred at room temperature for
60 hours; a brick-red precipitate forms during this time.
The so0lid was removed by filtration snd the alcohol was
- removed under reduced pressure. The aqueous-organic mix-
ture Was extracteé with two, 50 ml. pbrtions of ethyl

acetate, acidified to pH 1 with dilute hydrochloric acild
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and quickly extracted with .a third portion of ethyl acetate.
The cpmbined extracts were dried over magnesium sulfate and
the solvent was rempved'under reduced preésure. The pale
yellow solid which remains was pulverized, slurried in
ether, filtered, and wasﬁed with a small portion of ether.
A white so0lid, 3.16 g. (59.4%), m.p. 105-11900., was ob-
tained, Some of the crystals which were not in the melt
melted at 117-119°C. |
| The mixture of diastereomers of XIIa can be fractioﬁ—
ally recrystallized. Treatment of the solid by partial dis-
solution in 15 ml. of hot benzene, refluxing the mixture
gently for a few minutes, decanting the solution. The
so0lid was partially dissolvedvby réfluxing ih‘1§ ml, of
benzene. The liquid was decahtéd,and the solid residué was
dissolved by slow refluxing in a minimum amount of benzeune.
This solution was allowed to cooi slowly to room tempera-
ture; after several hours colorless prismatic crystals,
m.p. 128-129°C., precipitated.

Recrystallization of a portion of the diastereomeric
" mixture from ethanol gave colorless prisms, m.p. 118-
121°., with some softening around 115°%,

The d,1 isomer of tﬁis compound, m.p. 119-12000., was
”prepared in thése laboratories by Dr. E. RBR. Talaty, by

oxidation of trans-1,4-diphenyl-2-butene-1,4-dione with
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pofassium permanganate., The ﬁ.M.H. data for these compounds
are giﬁen in Table 1.
Infrared (KBr) 4,1 isomer 2.87s, 3.26w? 3.44w, 5.93s,
6.26s, 6.33m, 6.69w, 6.89m, 7.15m, 7.65m,
7.73m, 8.05s, 8,22m, 8.53m, 9.02s, 9.30&,
- 9.92m, 10.05m, 10.32s, 10.73m, 11.75w,
11.88w, 12.50m, 13.43s, 14.45s, 14.70m
(microns).
(KBr) meso isomer~2a96é; 3.27w, 5.97s,
6.27m, 6.34w, 6.92m, 7.18w, 7.57m, 7.65m,
8.10m, 8.36m, 9.32m, 9.59m, 9.73m, 9.86m,
10.00w, 10.18w, 10.78w, 12.35w, 12.93w,
13.51m, 13.77w, 14.33s, 14,65s (microns).
Preparation of 1,4-Ditolyl-2,3-
dihydroxybutane-1,4-dione, XIIb: Reduction
of the Methyl Hemimercaptal of'
p-Methylphenylglyoxal, IIb, with Raney Nickel
A slurry of approximately 2 g.,bf Raney nickel (126) -
in 20 ml, of ethyl ether was refiuxed for one hour. A
. solution of 0.67 g. (3.42 mmoles) of the hemimercaptal,
ITb, in 15 ml. of ethyl ether was added. The mixture was
‘stirred under slow reflux for eight hours. The mixtire was
filtered and the residue was washed with three, 5 ml. por-
tions of ether. Evaporation of the ether gave a semi-
solid residue. Thiél upon ﬁreatment with ether, gave 0.27

g. (53%) of a light brown solid. Recrystallization from



| 82
gave white crystals, m.p. 128-129°C.; 131-132°C,
Anslysis Calc. for C,gH;g0y: C, 72.24; H, 6.0k
_ Found: 'C, 72.19; H, 6.08 -

Infrared (KBr) m.p. 131-132°C.: 2.90m, 3.45w, 5.97s,
6.23s, 6.38m, 6.95w, 7.19m, 7.65s, 7.80s,
8.10s, 8.27m, 8.49s, 9.08s, 9.25s, 9.60m,

‘10.18m, 10.35s, 11.72m, 11.91m, 12.05m,
12.64m, 13.03m, 14.03w, 14.21m (microns).

A diastereomeric mixture of compounds, from which two
isomers of XIIbuwere'isolated, was obtéined from ahother
- preparation.

A solution of 4.5 g. (23 mmoles) of the hemimercaptal
in 100 ml. of ether was sdded to a slurry of approximately
10 g. of Raney nickel in 25 ml. of ether. The'mixtﬁre waé
stirred under reflux f§r 19.5 hours. The mixture was
filtered and the nickel residue was washed with ether.
Evaporgtion of the ether produced a2 solid. The melting
ppint‘of this solid indicated it was largely starting
material., When the solid was dissolved in 50 wml, of ether,
a small amount of white solid was note&,' This was removed
' by fiitration and recrystallized‘from 95% ethanol. Pale
yéllow needles, m.p.'165-166.500,, 0.13 g. (3.8%) were ob-
tained. The ether éoiution was stirred and refluxed with

another 10 g. portion of Raney nickel for 9 hours. Fil-
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tration and evaporation of the filtrate yielded a solid
mass which, after washing with ether gave 0.82 g. (24%) of
white crystals, m.p. 125-130°C. and 150-155°C. Attempted
separation of the isomers by fractional recrystallization
was unsuccessful, |
The analysis for the high melting isomer was not saﬁis-
factory, but the N.M.R. gund infrared are consistent with the
diol-dione structure, XIIb.
Analysis Calc. for CygHygOy: C, 72.24; H, 6.0k
Found: C, 71.60; H, 5.81 .
Infrared (EBr) m.p. 165-166: 2.87s, 3.40w, 6.043,
6.23é, 6.38w, 6.93uw, 7.06m, 7.14m, 7.27w, .
7.61m, 7.75s, 8.10w, 8.483,'9.26s, 9.56w,
10.05m, 10.25m, 11.7ém, 11.93m, 12.20w,
12.87m, 13.20w, 13.72m, 14 46w (microns).
The reductive, coupling reaction was not observed in
the reduction of the hemimercgptsl ITa wifh Raney nickel.
Only a ;mall amount of vnidentified organic material was

obtained from the reaction.®

@Dpr, E. R. Talaty, Dept. of Chemistry, Iowas State
University, Ames, Iowa. Reduction with Raney nickel.
Private communication, August, 1965.



Table 1%,

N.M.R. data for the compounds (ArCOCE,(OHy)-),

Ar m.p.,OC.

Solvent »SHAr (area) 6HA (area) GHX (area) Iax
Ph (éfi) CDC1g M, 7.3-8.1(5) ) 5.?4§1) Db, 3.89(1) 7.5 C.P.S.
CDCl3/Dp0. M, 7.3-8.1(5) S, 5.34(1) -- --
Ph (igio) CDCly M, 7.2-7.9(5) S, 5f38(1) S, 3.84(1) -
CDCl3/Dy0 N, 7.2+7.9(55 S, 5.38(1) -- --
p-CH3ph° 131 CDC14 Q, 7.74(L) D, 5.35(1) D, 3.93(1) 7.46 c.p.s.
CDC1l3/Dp0 @, 7.74(4) S, 5.35(1) -- —-
p—CHBPhC - 165 ' CDCl4 Q, 7.46(4) Db; 5.35(1) Db, 3.99(1) 6.98 C.P.S.
CDCl3/D,0  Q, 7.46(4) '8, 5.35(1) - --

ay = multiplet, S = singlet, D = doublet, Q = quartet;

~are given as the oosition of the center of the multiplet.

symmetrical multiplets

bSlight further splltting ls observed; all splitting is eliminated by minute

amounts of acid.,

" CThe p-CHy resonance is at 2.426 (area 3).

118
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Attempted Preparation of Phenylacetic Acid,
XIVa (R" = H): BReaction of w-(Methylsulfinyl)-
acetophenone, Ia, or w-(Methylsulfonyl)-
acetophenone, XIITa, with Concentrated
Potassium Hydroxide Solution
Alpha elimination of. the methylsulfinyl group from the
anion of Ia or XIITa would form a carbene intermediate
which could undergo rearrangement to a ketene intermedlate.
This could then react with water-hydroxide ion (or t-butyl
alcohol-t-butoxide ion) to form pnenylacetic acid or the

t-butyl ester. The following experiments were-directed

toward that end.

Reaction of @w-(methylsulfinyl)-scetophenone, Ia

.A solution of 5 g. (27.2 mmoles) of the keto sulfoxide,
Iz, in 25 ml. of 50% aqueous potéssium hydroxide was pre-
pareg. A precipitate forméd almost immediately. The ﬁix—
ture was refluxed for 1.5 hours, aﬁd then dissolved in 75
ml, of ice water and neutralized with 6.5 ml. of concen-
trated sulfuric acid. The aqueous solution was extracted
with chloroform. Evaporation of the chloroform under
reduced pressure ylelded 2.75 g. (84%) of a paie yellow
solid, Recrystallization from hot water gave white plates,
m,P. 120-12100. Mixed melting point determination and the
infrared spectrum confirmed the substance as being beﬁzoic.

_acid, The odor of phenylacetic acid could not be detected.

1
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.Beaction of w-(methylsulfonyl)—acetophenone,.XIIIa
Repetition of the above procedure with the sulfone,
XI1Ia, heating for 0.75 hours and standing at room tempera-
ture for 6 hours: before acidification gave an 80% crude
yield‘of benzoic acid, m.ﬁ. 113-11500. Recrystallization
from water gave white plates, m.p. 120-121°C.
Attemptéd Prepafation of t-Butyl
Phenylacetate, XIVa (R" = t-Bu):
Reaction of w-(Methylsulfinyl)-acetophenone,

Iz, or w-(Methylsulfonyl)-acetophenone,
XIITa, with Potassium t-Butoxide

Reaction of w-(methylsulfinyl)-acetophenone, Ia

1

A solution of 1 g. (25.6 mmoles) of potassium in 25
ml. of t-butyl alcohol was prepared. A solution of 2 g.
(11 mmoies) of the keto sulfoxide, Ia, in 20 ml., of t-butyl
'alcbhol was added. The alcohol was removed by heating
‘under vacuum (2 mm. Hg) until a white solid remained. The
solid was neated at 110°C. under vacuum for one hour. The
contents of the flask were dissolved in 30 ml. of water.
The solution was acidified to pH 1 and extracted with 25
.ml. of ohloroform., Evaporation of the chloroform yieldéd
1.6 g. (80%) of starting material, m.p. 81-82°C. Re-
crystallization'from chloroform aﬁd éther raised the melting

point to 84—850C. No other organic product was obtained .

from the resction.
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Reaction of w-(methylsulfonyl)-acetophenone, XIIIa

'Aigolution of 1.4 g. (36 mmoles) of potassium in 30
ml. of t-butyl alcohol was evaporated to-dryness under
‘vacuum. A solution of 2.38 g. (12 mmoles) of the sulfone,A
XIIIa, in 15 ml. of dimethyl sulfoxide was added., The
remainder of fhe,alcohol was distilled by heating.strﬁngly
under vacuum for a few minutes, The solution was heated at
100-11500. for 4 hours. .After cooiiﬁg, it was poured into
ice water, acidified to pH 1 with concentrated sulfuric
aéid and extracted with four, 15 ml. portioné of chloro-
form,: The'chloroform sélution was dried over magnesium
sulfate, filtered, and the solvent was removed under
reduced pressure. Starting material, 2.34 g. (98%), m.p.
103-104°C., was obtained.

The sharp melting point indicates that there'are 1o
products due to displacement of the methylsﬁlfqnyl car-
banion by the methylsﬁlfinyl carbanion or the ﬁrbutoxide'
ion. |

Preparatioh of Arylglyoxal Hemihydrates, XVII:

Hydrolysis of the Methyl Hemimercaptals of
Arylglyoxals, II in Aqueous Ethanol

Phenylglyoxal hemihydrate, XVIIa

The methyl hemimerdaptal of phenylglyoxal, IIa, (5 g.,

27.6 mmoles) was dissolved inm 20 ml. of 95% ethanol, 50 ml.



88

-

of water and 5 ml, of concéntrated-hydrochloric acid‘by
heating under reflux., A very slow stream of air was used
to-sweep the methyl mercaptan from the flask, After 2.5
'houfé; 5 ml. of con¢entrated hydrochloric acld was added
énd refluxing was conﬁinged for an additionél 4.5 hours,
.Thirty'milliliters of liquid (mainly ethanol) were removed
by distillation. The agueous solution was codled in an
ice bath and the pale yellow crystals which formed were
removed by'filtratioq and air dried. The adqueous filtrate
was allowed to evaporate at room témperature oﬁer a period
of 36 hours. The pale yellow solid which remained was.
identical to that obtained in the,initial precipitation.
The total yield of product; the hemihydrate of phenyl-
'glyoxal, XVIIa, m.p. 75-77°C., was 3.5 g. (83%). The
literature melting points vary; a compdund reported to be
the hydrate of phenylglyoxal, XVIIIa, has a melting point
of 91%. (127). | |
Infrared (XBr) 2.96s, 3.25w, 3.46w, 5.95s, 6{25s,
~ 6.33m, 6.69w, 6.89s, 7.64s, 8.15s, 8.51w,
8.76s, 9.03s, 9.33m, 9.9%4s, 10.01s, 10.33s,
11.26w, 11.75w, 13.02m, 14.02s, 14.43s,
14.63s (microns).
N.M.R. (saturated solution in deuterochloroform)

Pair of doublets (total area 4) 5.04%,
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6.366, J,, = 11 c.p.s.; complex multiplet

AB
(total area 10) 7.27-8.348,

When the reaction was repeated using 59.5 g. (0.33
mole) of IIa in 400 ml.Aof 95%4 ethanol, and 50 ml. of con-
centrated hydrochloric acid, approkimately_ZS g. of a
yellow orange oil was formed. Workup of fpe decanted
aqueous solution as described above yielded 18.2 g. (36.4%)
‘of phenylglyoxal hemihydrate, XVIIa. The oil was dissolved
in 100.m1. of 50% aqueous, acidic ethanol énd refluxed 'for
six hours, The.solution was cooled, decanted from the oil
and e%aporated to dryness at room temperature.. Bepetition

of this procedure four times gave'an additional 22% (total)

of phenylglyoxal hemihydrate,

p-Methylphenylglyoxal hemihydrate, XVIIb

;A éolution of the meﬁhyl hemimercaptal of p-
methylphenylglyoxal; ITb, 7.1 g. (36.2 mmo;es) iﬁ 25»m1.
of 95% ethanol and 25 ml. of watér was heated to reflux and
.then acidified with 6 ml. of concentrated hydrochloric )
-aqid. After one hour; 25 ml., of Water.and 5 ml. of con-
centrated hydrochloric acid were added. The solution was
refluzed for an addifional nine hours, After distillation
of 20-25 ml. of liQuid, the soiution was cooled and the
aqueous 1ayer'w§s decanted from the yellow oil. The solid

t

which formed on cooling in an ice bath was removed by suc-
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tion filtration and air dried yielding L g, (66.7%) of a
pale yellow solid, m.p. 95-97°C. (litérature (128) softens
95OQ., m.p. 101-102°C., reported as the hydrate, XVIIIDb).
infrared (KBr) 2.95s, 3.43w, 6.22m, 6.36w,'6.97Wb,
" ?7.11w, 7.25w, 7.7w, 8.15m, 8.27m, 8.42m,
9.03s, 10.37m, 10.51m, 11.62m, 12.4w,
‘ 12.,69m, 13,57m, 14.42w (microns).

N.M.R. (dimethyl sulfoxide) broad singlet, 5.78;
doublet centered at 6.698, Jyp = 7-9 c.p.S.;
quartet centered at 7.688; ratio of areas,
roughly =-:2:4.

Treatment of the oily residue in the manner described

above yielded an additional 6.7% of XVIIb,

p-Methoxyphenylglyoxal hemihydrate, XVIIc

A solution of 6.67 g. (31.4.mmoles) of the methyl
hemimerbaptal of p-methoxyphenylglyoxal, IIc, in 60 ml. of
warm 95% ethanol was added to a solubion of 100 ml. of
boiling water and 5 ml. of concentrated hydrochloric acid,
The remainder of the reaction was carried out as described
aboVé.' The product obtained was the hemihydrate XVIIc,
2.16 g. (37.8%), m.p. 107-109°C. (literature (129) m.p.
'107-10900.); Treatmen% of thé'oily resiaue in the manner

described above and evaporation of the aqueous filtrates

obtained in this procedure yielded an additional 2.3 g.
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(40%) of XVIiIc.

Infrared (KBr)-2.93s, 3.45w, 3.52wW, 5.963, 6,26s,
6.35m, 6.66m, 7.02m, 7.83m, 7.95s, 3.13s,
8.52s, 9.03%, 9.61m, 9.76s, 9.90m, 10.38m,
10.,60m, 11.64m, 12.29m, 12.64m, 13.7w,

14,45m (microns).

Q}Bromophenylglj@xal hemihydrate, XVIId

Six grams (23 mmoles) of the methyl nemimercaptal Qf
p-bromophenylglycxal, II&, were dissolved im 25 ml. of 95%
ethanol, 25 ml. of water, and 5 ml., of coﬁcentrated hydro-
chloric acid. By the procedure described above, 3 g.
k56.5%) of p-bromophenylglyoxal hemihydréte, XVIId, m.Dp.
107-119°C. were obtained (literature (130) m.p. 127.5-
130°C., recrystéllized from benzene-water as the hemi-
hydrate, XVIId). |

Infrgred (KBr) 2.96s, 3.43w, 5.92s, 6.31s, 6.73w,

6.93w, 7.17m, 7.82m, 8.17s, 8.88s, 9.33s,
9.76s, 9.89s, 10.31s, 10.51s, 11.61s,
12.37s, 13.6m, 14.18w, 14,96m (micronél.

N.M.R. (acetone) broad singlet, 2.920, partislly

blocked by solvent; broad singlet, 5.8868;
quartet centered at 7.920, After 5 minutes,
in addition to the aQove resonances, broad

1

absorption, 6.388; singlet, 9.548,
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Preparatién of Pheﬁylglyoxal, XVIa:
Hydrolysis of the Methyl Hemimercaptal

of Pnenylglyoxal, IIa, in Aqueous Acetic Acid

An aqueoué acetic acid solution (15% by volume aéetic
.aéid) was hested to reflux and the metﬁyl hemimercaptal of
- phenylglyoxal, IIa, (one mmole per 2 ml, of solvent)-was
added, The solution was vigorously stirred and heated
under reflux at 120-130°C. for 25-30 hours. After cooling
to room temperature, the aqueous phase was decanted from
the small amount of oily residue and neutralized with one-~
half molar equivaleht of pdwdered sodium carbonaté.v The
agueous solution was extracted with small portions of chlo-
rpform until the organic layer was colorless or Verx pale
yellow (about fifteen extractions). The chloroform was
removed under ré@uced pressure and the yellow viscous
residue waé heated under reduced pressure until the water
was rgmoved, and yellow vapors began'to come ovef.' Vacuum
distillation of the crude anhydrbﬁs product yielded a clear
yellow 1iquid, b.p. 65-67°C./3 mm. Hg, 53-55°C./0.3 mm. Hg
(literature (127) b.p. 96-97°C./25 mm. Hg). The anhydrous
glyoxal can be detected by means of the intense absor@tions
at 3.56, 5.81, and 6.02 microns in the infra:ed‘sﬁectrum.

The'y;eld of phenylglyoxal obtained from this prep-
aration varied with the amount of matérial prepared: moles

-IIa (percent yield of phenylglyoxal), 0.1 bole (81%), 0.23 "

!
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mole (70%), 0.47 mole (64%).

Preparation of Phenylgiyoxal, XvI:
Aqueous Phosphoric Acid Hydrolysis '
of w-(Methylsulfinyl)—acetophenone, Ia
A solution of 4,55 g. (50 mmoles) of W-(methylsul-

finyl)-acetophenéne, Iz, in 50 ml. of water and 10 ml. of
85% phosphoric acid was heated to reflux tempersture. A
precipitate which formed after 15 minutes redissolved when
reflux temperature was’attained.. The solutlion was stirred
'vigorously and heated at reflﬁx for 35 hours, and was then
cdoied and extracted with f;ve 50 ml, portions of chlo-
roform. The combined chloroform extracts were dried over
- magnesium sulfate. Eﬁaporation of the solvent under reducgd
preséure and vacuum distillation of the residue gave 4.6 g.
(68.6%) of phnenylglyoxal as a yellow li@uid, b.p. 60-63°%./1
mm. Hg. '

Repetition of the zbove procedure using 75.5 g. (0.42

oQ

mole) of Ia in 620 ml. of wseter and 62 ml. of 85% phos-

phoric acid gave 33.3 g. (?O%) of phenylglyoxal.
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_ Preparation of Arylglyoxals, XVI:
Reaction of the Methyl Hemimercaptals,
IT, witp Mercuric Oxide or Cupric Acetate

Phenylglyoxal, XVIa: mercuric oxide

A solution of 9.1 g. (50 mmolFs) of the methyl hemi-
ﬁercaptal of phenylglyoxél, IIa, was prepared by heating
the solid in 50 ml. of 95% ethanol. The solution was
stirred rapidly and 10.9 g. (50.2 mmoles)'of red mercuric
;oxide‘powder anle.Z? g. (1 mmole) of mercuric chloride
wére,added. (If the solution is near reflgx temperature
when the mérouric oxide is added, a vigorous Preaction sets
in within a few minutes, causing some decomposition of the
organic matter,) Stirring was continued znd the mixture
was heated at 55-60°C. for six hours., The mixture was
cooled and the grey precipitate was removed by suction
filtration and washed with 100 ml. of carbon tetrachloride,
Evaporation of the filtrate gave a yellow viscous residue
which was heated under reduced pressure (water aspirator)
at 95-100°C. until ali the solvent and traces of water had
been removed., Vacuum distillation through a short-path.
distillation head yielded 4.7 g. (70%) of a yellow liquid,
b.p. 67- 69°C./0.3 mm. Hg. |

The fact that the boiling point is higher than would
be expected at the pressure indicated (see previous prep-

arstions) can be attributed to the close proximity of the
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thermometer to the hot distillation flask. The infrared

spectrum in dry carbon tetrachloride was superimposable

with that of an authentic sample of phenylglyoxél.

!

Phenylglyoxal, XVIa: cuprié scetate

A solution of 9.1 g. (50 mmbles) of the methyl hemi-
mercapfal of phénylglyoxal, IIa, in 50 ml. of chloroform
was mixéd withllo g. (50 mmoles) of finely powdered cupric
acetate monohydrate. The mixture was stirred rspidly at
room temperature for one hour and then filtered. The solid
was washed with 50 ml, of chloroform and the chloroform
filtrate was extracted with 20 ml. of water. The agueous
layer was separated and extracted with two 15 ml. portions
of chloroform. The combined chloroform éolutions were
extracted with two 20 ml, portions of ssturated agueous
"sodium bicarbonate and dried over magnesium sulfate. Evap-
oration'of the solvent yielded a yellow residue which was
vacuum distilled through a short-path distillation head.
Phenylglyoxal, XVIa, 5.93 g. (88.5%) was obtained as a
yellow liquid, b.p.'61—6300./0.6 mu, Hg.
p—Methylphenylglyoxal;'XVIb: -cupric acetate

i

Repetition of the above procedure using 9.8 g.. (50
mmoles) of the methyl hemimercaptal of p-methylphenyl-

glyoxal, IIb, gave the anhydrous glyoxal as a yellow
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liquid, b.p. 77-80°C./0.35 mm. Hg in 86% yield. The liquid
.polymerized to a glass-like substance on 'standing; the

monomer can be regeherated by distillation.

p-Methoxyphenylglyoxal, XVIc: cupric acetate

By the above procedure, i0.6 g. f50-mmoles) of the
methyl hemimercaptal of p-methoxyphenylglyoxal, IIc, was
converted to the anhydrous glyoxal, XVIc, in 75% yield.

' The product is a yellow liquid, b.p. 92-95°¢./0.35 mm. Hg
(1iterature (131) b.p. 125-127°C./6 mm. Hg) which solidifies
to'a yellow solid on cooling.
Preparation of 1-Phnenyl-1,2-propanedione,
XIXa: Reaction of 1-Phenyl-2-(methylsulfinyl)-
. 1-propanone, IIIa, R' = CHj3,
with Aqueous Phosphoric Acid

A mixture of 6.4? g, (33 mmoles) of the keto sulfoxide
in 15 mii of water and 3 ml. of 85% phosphoric acid was
heated to reflux and maintained at that ?emperature for 94
hours, stirring rapidly. The mixture was cooled and 25 ml.
of chloroform was added. The chlofoform layér was sep-
arated from the aqueohs layer and the latter was extracted
with two, 20 ml. portion of chloroform, The chloroformi o
solutions were combined.and dried over magnesium sulfate,
and concentrated under reduced preséure. Vacuum distil-

lation of the residue yielded 2.45 g, (50%) of XIXa as &
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clear yellow liquid, b.p. 55-57°C./0.7 mm. Hg (literature
(132) b.p. 55-56°C./0.5 mm. Hg).

The infrared spectrum is superimposable with thét of
an authentic sample (Eastman Kodak) . ,

N.M.R. (65% by,vOlume in carbon tetrachloride) singlet
(area 3) 2.386; multiplet (total area 5)
7.15-8.06. |

In the preparation of the afylglyqxals it was noted

that the presence of acids causes extensive decomposition
of the glyoxal during distillation. In this experiment, the
chloroform extract was not washed with sodium bicarbonate
solutiom.

" Preparation of Phenylglyoxélic Acid

Derivatives, XX, XXI, XXII: Decomposition of
W-Bromo-wW-(methylsulfinyl)-acetophenone, IVa

Preparation of phenylglyokalio acid, XX

| The bromo ketone waé prepared by the addition of
bromine in benzene to a solution of 1.82 z. (10 mmoies)
the keto sulfoxide, Iz, in benzene aﬁd,triethylamine.
Thi's gave a nonécrystalline product which was dissolved in
100 ml, of dimethyl sulfoxide, 1 ml, of‘water and 2 ml, of
concentratedAhydrochloric,apid. This solution was allohed

i

to stand at room temperature for twenty-five days. Work-up

i

of the reaction mixture by:dilution with water.and extrac-
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tion with chloroform yielded a semi-solid residue. This
mixture of acids was convérted to the esters by treatment )
with éxcess diazomethane., The yield of methyl phenyl-
glyoxalate was approximétely 41% with trace (less than 3%).
of methyl benzoate. MNethyl phenylgzlyoxalate was identi-
fied by comparison of the infrared spectrum of the product
of this reaction with that of an authentic sample pfepéred
by treatment of the acid (Aldrich Chemical Co.) with

diazomethane in ether solution., No attempt was made to

optimize the yield from this reactibn.

Preparation of methyl phenylglyoxelate, XXII

Preparation of the bromo ketone, IVa, in methanol and
triethylémine solution also gave a partially decomposed,
non-crystalline product. This ?as dissolved in methanoll
and allowed to stand at room~témperature for 14.5 days.
Removal of the solvent and vacuum distillation of the res-
idue gave 5 g. (60%, calculated on the basis of pure XXII)
' of 2 liguid, b.p. 83-90°C./1.mm. Hg. The liguid was iden-
ti%ied.as mefhyl phenylglyoxalate By comparison of its
infrared spectrum with that of an authentic:sampie. The
infrared élso showed the presence of an ether (3.53, 9.03
microns) which has not been identified but is believed to

/ : .

be a solvolysis product of the bromo ketone. The product

mixture contained halogen.
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Preparation of methyl thiolphenylglyoxalate, XXI

The bfomo ketone; IVa, 19.3 g. (74 mmoles) was dis-
solved in 75'&1. of dimethyl sulfoxide, 25 ml, of water,
and 5 ml. of concentrated sﬁlfuric acid and allowed to .
stand at 30-3500. for 11.5 days.  The solution was poured
into 300 ml. of water and extrzcted thoroughly with four,
50 ml, portions of chloroform. The chloroform solution was
washed with two, 15 ml. portioms of saturated aqueous
sodium bicarbonate solution, dried over magnesium sulfate
and evaporated., The residue, 9.22 g., on vacuum distil-
lation yielded 6.59 g. (approximately 49%) of a yellow l
ligquid which contained no halogen. After standing at room
temperature for several weeks, the ligquid solidified the
glass vial was scratched with a steel rod. The solid was
recrystallized from 95% ethanol to yield yellow plates,
m.p. 39.5-41°C. )

. Analysis Calc. for CgHg0,S: C, 60.00; H, 4,48;
S, 17.77 | | |
Found: C, 59.88; H, b.bl; 5, 17.81

Infrared (carbon tetrachloride) 3.01w; 3.26m, 3.43m,

doublet 5.95, 6.02s, 6.,27s, 6.91s, 7.05m,
7.22w, 7.48w, 7.63s, 7.90s, 8.26m, 8.48s,
8.65w, 9.35sb, 9.';7w, 10.02m, 10.41m,
10.74w, 12.05s (microns).
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N.M.R. (carbon tetrachloride) singleF (area 3) 2.375;

multiplet (total area 5) 7.72-8.2098,

The 9.35 micron peak in fhe infrared spectrum did not
move to a longer wavelength in chloroform solution, This
would indicate that this absorption is not due to a
" sulfoxide group in the molecule, (Dimethyl sulfoxide in )
carbon fetraohloridé shows an intense péak at 9.37
microns,) The liquid obﬁained initially was contaminated
with a small amount (10-11% by integratipn of the N.M.R.)
of methyl methanethiolsulfonate,'identified by its strong
infrared absorptions at 7.47, 8.78, and 10.51 microus,
identicel to those in the spectrum of thevthiol ester
prepared by oxidation of dimethyl disulfide (133) and by
weak absorptions in the N.M.R. at 2,60 and 3.256 (total
area 0.8). |

Some of the liquid was dissolved in methanol with a
émalllamount of sulfuric acid and refluxed for 24 hours.
The solvent was evaporated and the residue was dissolved in
chloroform, extracted with sodium bicarbonate solution,
driedonér magnesium sulfate and filtered. Evaporation.of
the solvent left a yellow residue, identified as a mixture
of methyl methanethiolsulfonate and methyl phenylglyoxalate,
XXII, by comparison of the infrared spectra‘wiéh'authentic

samples.
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Preparation of 4,1 Mandelic Acid, XXIII:
Benzilic Acid Rearrangement of the Methyl
Hemimercaptal of Phenylglyoxal, IIa
A solution of 8.25 g. of potassium hydroxide pellets

in 15 ml. of methanol was prepared by refluxing gently
until solutioh had been effected. The solution was cooled
and added fo'a 501ution of 5 ml. 6f formaiin and 9.1 g.
(50 mmoles) of IIa in 75 ml. of methanol. The solution was
stirred at 35-4000. for three hours and then heated at
65°C.‘for 5 hours., The solutioﬁ was poured into water and
extracfed thfeé times with benzene., The agueous portion of
the solution was saved. After washing with 100 ml. of
water, the benzene was dried and evaporated under reduced
pressure, The residual‘solid, recrystallized from carbon
tetrachloride, yielded 0.55 g. (7.25%) bfvwhite'crystalg,.
m.p. 117.5-118°C. identified as mandelic acid by compari-
son of its infrared spectrum znd melting poiﬁt with an
‘authentic sample, (Aldrich Chemical Co.) um.p. 117—11800.
(literature (119) m.p. 118°C.).

The'aquequs solution was acidified to pH 1 with con-
centrated nydrochloric acid and extracted with tﬁree, 100 .
ml. portioﬁs of chloroform. Evaporation of the chloroform
yiélded a small amount of ﬁrown residue-which was not
further purified. It waé not realized at the time that the

extreme solubility of mandelic acid in agueous solution
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made it difficult to extract. It is felt that a much higher
yield of the aci@ could have been obtained héd the solution
begn more thorougnly extracted,. '

u A more convenient method of preparing thé acid is to
first precipitate the mercaptan with cupric acetate. A
solution of 9.1 g. (50 mmoles) of IIa in 80 ml. of warm
absolute ethanol was vigorously stirred for 1 hour'with 7.5
g. (37 mmbles) of powdéred cupric acetate monohydrate. The
precipitate was removed by.filtraﬁion ond the filtrate was
mixed with a solution of 8 g, (0.2 mole) sodium hydrokide
in 20 ml. of water, and heated at 65-70°C. for 7 hours. A
solid mass which formed after 2 hours was broken up by
vigorous shakiﬁg and the reaction appeared to have been
completed after 4 hours. |

The slurry was poured into éOO ml. .of water, gcidified
to pH 1 with concentrated hydroohlorio aéid and filtered to
remove the fine suspended solid. The sdlutibn wés thér;
oughly extracted with 500'm1. of chlorbform in 75 ml., por-
tions. Evaporation of the chloroform left a light brown
solid m.p. 104-109°C. The acetic acid formed in the pre-
cipitation of the mercgptsn was allowed tb evaporate’over
a period of four days to yleld 5.3 g. (70%) of the acid
. m.p. 110-112°C. Evaporation of the aqueous solution

yielded an additionel 1.4 g. (18%) of the acid. The acid
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can be recrystallized very efficientiy from carbon tetra-
chloride to remove the last traces of acetic acid and other
impurities snd give colorless crystals, m.p. 116-118°¢.
“Obviously, use of cupric chloride or cupric sulfate
would eliminate contemination of the mandelic acid with

another organic acid.

Preparation of p-Carbomethoxybenzyl p-Tolyl
Ketone, XXVI: Self-condensation of Methyl p-ToluatQ

The apparatus described in the preparstion of the
beta-keto sulfoxides, I, was used in this preparatidn.'

A solution of 13.5 g. (0.35 mole) of potassium in 250
ml, of t-butyl alconol was distilléd under reduced pressufe
until a white semi?solid mass had formed. This was dis-
solved by the addition of 60 ml. of dimethyl sulfoxide and
distillation was continued until the base mixture was
almost solid. The reactlion vessel was cooled and 52 ml,
(0.35 mole)Aof methyl p-toluate ﬁas added., The mixture was
stirred at room ﬁemperature for 4.5 nours and then concen-
trated to a syrupy liquid by vacuum distillation of the
solvent. This residue was poured into 7OQ ml, of ice water{
.and extracted with four 200 ml. portions of .ether. Eﬁap-
oration of the ether yielded 28 g. (68%) of a pale yellow
solid, m.p. 119-122°C. Recrystzllization from 95% ethenol

gave white crystals, nm.p. 126-127°C. The analysis and
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N.M.R. data, which have beén published previously (10),
support the structure XXVI. | A

Acidification of the agueous solution to pH 6, extrac-
tion with four 100 ml, portions of chloroform, and evapora-
tion of the chloroform yielded 17 g. (25%) of'Ib, m.p. 105~
106°c. | |
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DISCUSSION OF RESULTS: ’

"The B-keto sulfoxides, very readily‘bﬁtained by con-
densation of.afoﬁatic esters with dimsylpotassium (10) or
dimsylsodium (17, 18), have proven to be very versatile
synthetic intermediates. Subsequent reactions generally
result in elimination of sulfur from the molecule with the
pfqduction of compounds with'one carbon (ér more) added to
the side-chain of the original ‘substrate. The reactions
wili be discussed individuvally Below, but the reader may
wish to make frequent reference to the summér& of reacfions
presented in Figure 7. in order to-relate the particular re-
action under discussion to thé over-all reaction scheme.
Compounds are referred to by the Roman numéral'indicating
the type-of'compound and a lower case letter to designate
the nature of the'aryl group.

Condensations with Dimethyl Sulfoxide:
B-Keto Sulfoxide Formation

C?ndensation_of dimsylpotassium with esters occurs as

depicted in the following equations: '
| CH3SOCH3 + t-Buff e=— KCH,SOCH5 + _t_-BubH (232)
OK

R + KCH,SOCH; &= ArC-CH,SOCH; ——> -
, OR (23b)

ArCOCH,SOCH3 + ROK
(1)

ArCO2



Figure 7., Reactions of f-keto sulfoxides and methyl hemimercaptals of aryl-
glyoxals (Ar = a, C6H5; b,.p-CH306H4; c, p—CH3006H4; d, p-BrCgHy;
e, d—clOHrP; f, F_C:LOH7) .
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: X

ArCOCH,SOCH, + ROK e——\‘—Ar'g;CHSOCHB + ROH (236)
Acidification of the reaction mixture and extraétion with
chléroform yields the B-keto sulfoxide, I, generally as a
crystalline, ether insoluble solid, in high yield.

Under the conditions normally used to effect the con-
densation, the equilibrium nature of this reacéion is not
evident. Disfiliatioh of the éolvent after the reaction.
has been allowed to proceed for 2-5 hours forces the equi-
1ibria shown ihn Equations 23a and 23c¢ to the right. How-
ever, under equilibrium conditions the amount of R-keto
sulfoxide, la, formed in the reaction was found to be
roughly proportiohal to the base'doncentration for a given
period of reaction, ahd proportional to the reaction tinme
for a given base concentration. This latter obseréation
suggests that fhe'equilibrium'is not rapidly established at
rgom temperature under these conditions. The_reaotion_of}
esters with dimsylsodium is complete within one hour (17,
18) sihce the enolate anion i; formed by an.irreversible
acid-base reaction (regction with the methyléulfinyl-
carbanién) eliminating the need for distillation to shift
the equilibrium. These effects are summarized in Table 2.

Dimsylpotassium gave yields of the B—keto sulfoxides

which were comparable to, and in some cases better than,

those which could be attained using dimsylsodium. However,
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Table 2, The effect of base concentration and reaction
" time at 25°C, on the yield of w—(methylsulfinyl?—
acetophenone, Ia

Ratio, @ Approximate molarity Time
‘base/ester® of base (nhours) Ia
i . ‘
1 0.6 - 4 887
2 2.5 .. 3 7é%°
-1 0.6 7 <10%
1 0.8 12 17-23%
1 1.0 o 12 20-25%
1 1.0 2k k5-50%

3potassium t-butoxide/ethyl benzoate.
bsoilvent removed by distillation after 4 hours.

CReaction with'dimsylsodium by procedure in reference
18, but no tetrahydrofuran added.

dimsylsodium is the preferred base for the reaction with
methyl p-toluate. The data in Table 3 shows fhat in the
reaction of dimsylsodium with methyl p-toluate the con-
densétion product, w—(methylsulfinyl)-p—methylacetophénone;
IIb, is formed in high yield with no apparent formation of
the self-condensation product,.p—carbomethoxybeﬁzyl p-tolyl

ketone, XXVI. The ratio of IIb to XXVI shows an apparent
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Table 3. The effect of base and ester concentration in the
self-condensation of methyl p-toluate (at 25°C.)

!

Approximate molarity

| Base/ester = of base XXVI Ib
28 2 — 87%
2P 2 6.7% 68%
2P 5 5-7% 79%
1b 6 19% 50%
1P 7 - 60% 30%

' @prepared using dimsylsodium according to the proce-
dure in reference 18, but no tetrahydrofuran used.

Ppotassium t-butoxide-f-butyl alcohol-dimethyl
sulfoxide system.

dependence on both the base concentration énd the base to
ester ratio.

Two points.must be emphasized., First, becauée.of the
metnod and apparatus used (Experimental, pp. 41,‘103. Base
concentration was adjusted by removing varying amounts of
alcohol by distillétion.) the base concentration could only
be estimated."This is especially true of the data dis- -
played in Table 3. Consequently this -data must bé con-
sidered ass illustrative rather than difinitive. Second,

the reaction using dimsylpotassium involves concentration

I
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of the reaction mixture at the end of the reaction, whereas
the reaction using dimsylsodium does not. Tnus, the two
systeams are not strictly comparable, and the effect of the
initial base concentration in the dimsylpotassium system

mey be obscured.
The observed results may'be attributed to several fac-

tors. The reactions which can occur in this reaction medium

are shown in Equations 24s-e.

CH3SOCH; + £-BuOK S KCH,SOCH; + £-BuOH (24a)
CH3ArCO,CHy + £-BuOK = KCH,ArC0,CH; + t-BuOH (24D)

CH,ArCO_CH, + KCH_SOCH, === KCH_ArCoO CH3 +

3 23 2 3 2 2
(;40)
CH5SOCH,
(" ‘e
CH;ArCO,CHy + ICPZSOCHB —_— CH,ArCOCH,SOCH; +
' (244)
' KOCH, |
CH.A ; (CH. =
ATCO,CHy + KCH ArCO,CHy == CHArCOCH,ArCO,CHy ey
, 24e

+ KOCH
3

(Ar = CgHy, p-substituted)

Dimethyl sulfoxide and methyl p-toluate would be expected
to have approximately equal acidities. Assuming that the
rate determining step in the reaction sequence is carbanion
formatlon from methyl n-toluate or dimethyl. sulfox1de and

that the addltiop of either carbanlon to the carbonyl group
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is rapid, an increase in ester concentration should favor
formation of XXVI.  Such an effect was observed (Table 3).
Since the base concentrastion could be considered to be
essentially constant, within the limitations of ,the method,
the over-all effect of tne decrease in the base to ester
ratio waslto incfeasé the ester concentration.

Refenence has been made to the increase in the basic-
ity of a dimethyl sulfoxide-methanol-sodium methoxi&e sys-
tem as the alcohol content of the medium was decreased
(15, 16). 1In the presént work, the base concentration of
the medium was increaséd by distilling varying amounts of
alcohol from thelsolvent-base mixture. By this technique,’
not‘only Was the base concentration'increaséd, but the
basicity of the medium was also incfeased.' Yhile ioniza-
tion of the methyl groups of methyl p-toluate and dimethyl
_snlfoxidg should be favored by these effects, the change
in ‘the solvent to a more highly solvating medium could
affect‘thé rate of ionization of either methyl p-toluate or
.- dimethyl sulfoxide, If such an effect is operative, it
appears to favor ionization of methyl p-toluate.

Of obvious importance to the rezsction are the rates
of ilonization of the pfotons of the p-methyl group with
potassium t-butoxide and with'dimsylpotassium. Conditioné
under which the methylsulfinylcarbanion concentration is

low rélative to the potassium t-butoxide concentration
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I

would favor the formétion‘of YXVI if the rates of ioniza-
tion by the two species were gpproximately equal, -This is
due to the fact that the‘formation of XXVI is, within this
system, a general-base oétalyzed‘reaction whereas formation
9f Ib specifically requires the methylsulfinylcarbsnion.
The difference in the products of the reaction of
dlmsylsodlum as opposed to those with dimsylpotassium might
also be attributed to differences in their rates of re-
action in the ionization quuation 24c). Or, it might be
another manifestetion of the difference in the nature of
the reaction medium. Dimsylsodium has; been shown to be an
effective nucleophile toward bromide and saturated carbon
atoms, (19, 21). In the reaction with methyl p-toluate
there is an épparent pfeferenée for nucleophilic gddition
to the carbonyl carbon rather than ionization of a proton
from the activated p- metnyl grou On the other hand in
reactlons involving dlmsylpotass1um there are two basic
species in solution, the alkoxide base and the carbanion
base., The alkoxide base can ionize the p-methyl group and
this carbanion then would react as shown in Equatibn 2ue,
This reaction has been shown to occur to an appreciable
extent when methyl p-toluate and potassium t-butoxide are
reacted in N,N-dimethylformamide (10)ﬂ Thus, even if the

two carbanionic species, dimsylpotassium or dimsylsodium,
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have about the same degree of nucleophilicity, the competi-
tive reaction, lonization of the active.hydrogens in this
éxtremely good ionizing medium, changes the course of the.
reaction. This would also account for the failure during
the present &brk to effect condensations with aliphatic
esters, e.g., diethyl succinate, with dimsylpotassium,
whereaé dimsylsbdium reacts readily with diethyl adipate
(17, 18). |

The B8-keto sulfoxides prepared (isolated and charac-
terized) by'condensation of aromatic esters with dimsyl-
potassium and by subsequent o-substitution reactions are
shown in Table 4,

The condenéation of éthyl o-naphthoste with dimsyl- -
sodium has béen reported (18) to give a quaﬁtitative vield
"of the B-keto sulfoxide as a pale yellow oil which crys-
tallized upon stzending overhight in 2 cold room." The
soiid'is reported to have a melting point of 111-113°C.‘
The'N.M.R. spectrum reporéed agrees well with that obtained
earlier in theseIlaboratories.during the course of this
work, The B-keto sulfoxide, Ie, has never been obtained as
~a solid, However, when subjected to the conditions .of the
Pummerer rearrangement a2 pale yellow solid, m.p. 110-112%¢.
was obtained. The N.M.R. spectrum, the infrared spectrum,

and the analysis support the methyl hemimercaptal structure,



Table 4. Yields of B-keto sulfoxides (I) a2nd methyl hemimercaptals of aryl-
' glyoxals (II) .

Ar Compound Yield® m.p. (°C.) Compound Yie1dP m.p.(°C.)
CeHg Ia 88% 85-86 IIa 95% 105-106
p-CH4C gH), Ib 874 106-107 I1b 96 90-91

- p-CH30CgH), Ic . 95% 101-102 IIc 87% 92-94
p-BrCgHy Ia 9% 128-130° | I1a - gl : 86-88
m-CloH? Ie ; >95%. PSR Ile- . 63% 110—112
A=Cy gy Iif 91% 93-94 IIf 634° 94-97
CgH, B' = CHy IIIa " g6zl 75-76 | i
CgHg IVa 66%° 104-105

CTT

QCondensation on a 50 mmole scale,
byield from B-keto sulfoxide.
CYield of product before recrystallization.

dover-all yield from ethyl benzoate; yield on methylation is 98%.

€0ver-all yield from ethyl benzoate; yield on bromination is 75%.
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IIe (see p. 50, Experimental). It is possible that the
réported N.H.R. spectrum was obtained.on the liguid ahd
that traces of acid present from the workup caused the re-
arrangement, .

The use of other types of organic molecules as sub-
strates was generally'unsucceésfulw Several attempts were
made to obtain a product from the reaction of dimsyl-
potassium with aromatic nitriles. Dark colored, resinous
materials were the only organic substances‘isolated from
the reaction under a variety of conditions.. The product,
ArC(=NK) CH,yCH3 would be prone to oxidation, hydrolysis, and
polymerization. When the reaction was carried out at room
tempergture or ét OOC; under a nitrogen atmosphére, resin
.foymation occurred., Hydrolysis of the product in acid
solution did not produce the P-keto sulfoxide, I, or the
rearranged product, II,

Reaction of dimsylpotassium with styrene oxide pro-
duced 3-(methylsulfinyl)-1—pheny1—1-propanol 2s a mixture
of‘diastereomers. The chemistry of this compound was not
explored, but on the basis of the known chemistry of sul-
foxidgs_it could serve as an intermediate for a series of
compounds: PnCH(OH)CHyX (X = CHO,ICOZH, SCHj), and
PhCH(OH) CH=CHX (X = H, SCHj). |

The asymmetry of the sulfoxide group causes the meth-
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ylene protons of the B-keto sulfoxides to be nonequivalent.
.In all of the compounds.of typé I which haveAbeQn prépared
during the course of this'work, the N:E.B. spectrum shows
an AB-quartet centered between 4.3 and 4.55; with a geminal
couplinglcbnstant of 14-15”§.p.s. Tﬁis'characteristic has
béen noted in a variety of sulfoxides of the type R'SOCHZR
(34, hi, 42, 43), Ounly one exception to this hss been
noted in the present series. The N.M.R. spectrum of w-
(methylsulfinyl)-p-bromoacetophenone, Id, in deuterocnloro-
form shows a sharp singlet at 2,736 (—SOCEB),and & sherp
singlet at 4.359% (-cgzso-) with areas in the ratié of three
to two., The aromatic ApB, quartet was centered at 7.778,
The N.M.B.‘spectrum of TIa in deuterochloroform shows

!

an AB-quartet centered at 4.428 for the meth&léne protons.
However, in dimethyl sulfoxide, the methylene protgns of Ia
appear as a singlet at 4,688, The methylene protons of
2-thiaindan-2-oxide show increased or decreased splitting
as the temperature is 1ncreased or decreased, é phenomeﬁon
attrivuted to increasing the molecular association.-as the
temperature was decreased until the molecules became ssso-
ciated in such a manner as to place the methylene protons
in an essentially equivélent environment (42), as illus-

trated schematically in Figure 8, Since Ia was present in

low concentration -(about 0.6M) in deuterochloroform snd in
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monomer association dimer

ure 8, Planar projection of a portion of.the 2-
thiaindan-2-oxide molecule showing the monomeric
and associated forms
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relstively high concentration (1.67M) in dimethyl'sulfoxide,
2 similar association—dissociafion prhenomenon could occur
as a result of the conoentfation change. Alternatively,
dimethyl sulfoxide could form an association complex with
- Ia wnich would distqrt the tetrahe@rél donfiguration of
sulfur to th; extent that the methylene prctons would be in
an equivalent environﬁent. The formation of dimers aﬁd
association polymers of_sulfoxides is a well known phenome-
non (134) and has been postulsted to occur during the dis-
proportionation of éulfoxides to sulfides and sulfones
(2, 5). |

The utility of B-keto sulfoxides, I, as intermediates
in synthetic chemistry can be seen in PFigure 7. Thelr use
és sypthetic intermediates can be extended because of the
' possibility of readily forming the methyl hemimercaptals
of,arylglyoxéls (II), end o-alkylated (III) or a-brominsted

1

(IV) derivatives.
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Methyl Hemimercaptals of Arylglyoxals:
Pummerer. Rearrangement
The Pummerer rearrangement of B-keto sulfoxides yields
the methyl heﬁimercaptals or arylglyoxals, (Equation 25).
The réarrangement can be effected under acidic conditions

H+ . .
ArCOCH,SO0CH; —> ArchH(OH)SCH3 (25)

in a variety of solvents such as water, alcohol, acetic
acid, dimethyl sulfdxide, énd mixtures of these. The
method of preparation described in this work was chosen.
because the reaction occurred readily at room temperature
in the polar medium and the product was almost quantita-
tivgly precipitatéd from the predominantly.aqﬁeous solution,
This type of compound has also been prepared by oxi-
‘dation of phenylacetylene in the presence of mercaptans;
methyl mercaptan reacted to give a 70-80% yield of IIa,
but the yields were variable, and with other mercaptans,
10& (34). dbviously, treatment of arylglyoxals with a
mercaptan and an acid catalyst will also produce thé hemi-
mercaptal (135), but this necessitates the prior pr-epé.ra-=

tion of the desired glyoxal, often a laborious procedure.

"For the purp6Ses of the present work this preparation would

'__pe unnecessary since the reactions to be described actually

involve the glyoxal formed frdm the methyl hemimerqaptal in

solution.
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Since the methyl hemimercaptals can be prepared from
readily available esters and diméthyl sulfoxide, the tedious
preparation of the glyoxal can be eliminated..'Thus it be-
'comes practical to consider the synthesis of a variety of
compounds, inoluding'arylglyoxals, utilizing these poly—
functional compounds as intermediates. MNost of the re-
actions of II to be described later can be visuelized as
occurring by initial elimination of methyl meréaptan to form
the arylglyoxal in'solution, Equatioﬁ 26,

ArCOCH(OH)SCH3-——————>uArCOCHO'+ HSCHy . (26)
o-Substitution Reactions of
f-Keto Sulfoxides

In addition to forming the hemimerqaptais, the B-keto
sulfoxides can be coﬁverted to other useful intermediates
by éubstitution of an alkyl group for'a’hydrogen of the
methylene grdupﬂ :

Initially, Ia was alkylated in dimethyl sulfoxide
solution in an attempt to prepare the enol ether., It wés
thought that the highly polaf‘reactipn medium could favor
O—alkylétion (136); only C-a2lkylated product was obtained
(Equation 270b). ‘The same result has been reported for the

QB' i .

ArCOCH,SCCH3, t-Bulk
ni . 3!
—> ArCOCHSOCH; (27D)
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reaction of the sulfone derived from Ia with benzyl chlo-
ride. The enol benzoate, however, could be prepared by
reactinggthe sulfﬁne with benzoyl chloride in basig, alco-
holic solution (137).

| Preparation of the C-alkylated derivatives, IIIa,
R' = CHz, CpHs, and CHyPh, has been sccomplished in dimethyl
sulfoxide ‘using potassium t-butoxide as the base. While tThe
methylation with methyl: iodide occurs readily, the ethyl-
ation (ethyl iodide) and benzylation (benzyl chloride) are
nof as cleanly and readily accomplished, probzbly due to
steric factors and the much slower ratés of reaction of
these halides (138)., Eenzylation has also been effected by
the method described for the reaction with the sulfone
(137). | |

Methylation of Ia withvmethyl iodide in tetrahydro-
furan using sédium hydride as the base occurs iﬁ nearly
_quantitative yield. However,'etﬁyl iodide and benzyl chlo-
ride did not react in this non-polzr medium, even under
vigorous conditions.

Since a new asymmetric center is ;ntroduced into the
moiecule in tﬁe alkylatibn reaction, four possible isomers
exist. While all of the alkylated products are believed to
be solids, their preparation as stereoisomeric pairs gen-

erally gives liquid products. Only one isomer of IIIa,
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"R!' = CHB; has been obtained in a crystalline state. The
other 'compounds, R' = CZHS’ and CHyPh, non-crystalline and
non-volatile liquids, have been identified only by redué—
tion to the sulfur-free ketones which are known compounds,

Reaction of Grignard reagents with sulfoxides ﬁés not
been widely studied. The B-keto sulfoxides seemed like
especially iﬁteresting molecules to react with Grignard
reagents for.two reasons; Reaction could occur at any of
four sites, the carbonyl group, and in anéiOgy with k
Grignard  reactions with other sulfoxides, at the o-carbon
atoms (61) and at the sulfoxide group (58, 59). If re-
actions were to occur at the methyl or methylene group, it
would offer a means of introducing zryl groups into the
~molecule, a feaction which would not be possible by-‘the
usual methods used for alkylation.

Refluxing;la with phenylmagnesium bromide (1 to 2
ratio of Ia to phenylmasgnesium bromide) in tetranydrofufan
for twelve hours, followed by work-up under zcid donditions,
yielded a dark colored liguid. Attempted vacuum distilla-.
tion of the productlresulted in complete decomposition.

Surprisingly, the infrared spectrum of the crude
product reveals that the carbonyl grbup is 'still present.
The products of the reactionvhave not been isolated. A

small amount of ftrimethnylsulfonium iodide was isolat?d
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after treatment of the crude reéction product with methyl
jodide in acetone solution for seversl déys. This might
indicate that dimethyl sulfoxide or dimethyl sulfide was
displaéed from the carbonyl by the phenylmagnesium bromide.
Hdwever, simple reductioﬁ of the sulfoxide by the Grignard
reagent (58, 59) and reaction of the resultant methyl
phenacyl sulfide with methyl iodide and/or hjdrogen iodide
could ultimetely lead to the same product.
’,The N.M.B. of the crude reaction mixture shows a sharp
singlet at 2.03%, the normal position fér an -SCH3 resonance.
Also present are singlets at 2,31%, 2,448, gnd 5.236, A
stable base—linelcould not be obtained so the integral is
only of slight value. However, the integral for the 2.316
and 2,448 peaks is well defined snd shows the intensities
to be in the ratio of i to 1. Their position and intensity
ratio is suggestive of two different methylene groups. The
5.23 singlet is at a position nominal for a carbon bearing
three electronegative substituents (e.g., PhCOCﬂ(Br)SOCHB,.
6.1-6.2 vs. PhCOCH(CH;)SOCH3, 4.758).

The reaction is believed to take the course shown in
Figure 9, similar to thst propoéed earlier for the reaction
of arylmagnesium halides with dimethyl sulfoxide, Reaction

at the carbon of the ylid (9a or 9b) with a second molecule

. of phenylmagnesium bromide with loss of magnesium oxide
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PhCOCH,SCCHy + PhMegBr
PhiMg

N\
0 0 Br~

' Phg +é——CH3 |
CHZ

Phiig PhMg
. P \ ) . \
R 1]
PnC S—CH, - PnC £=CH2
\ #Z . . \ /7
CH | ~cHy
9a ' ~ 9b
l PhMgBr ’ i PhlgBr
PhCOCHSCH PhCOCH,.SCH.Ph
s HpSCH

Figure 9. Proposed path for the resction of phen&l-
magnesium bromide with w-(methylsulfinyl)-
acetophenone

leads to the observed products. The striking parallel with
the mechanism previously proposed for the Pummerer re-
grrahgement_(Figﬁre 2, P. 25) is intended. The magnesium
(+I1) ion is a Lewis acid; the Pummerer rearrangement gen-
erally'results in’the_incorporatiOn of the acid anion at
the ao-position of the sulfoxide; ‘

If the reaction does,:in'fact, give this mixture of
products, it would not be of much value as a éynthetic

method., RBecause of the ease of ionization of the methylene
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proton, . the. product from 9a should predominate, This
methylene group might partake ;n a keto-enol type of.reso;
nance to afford stabilization to the chelate intermediate.
'This might favor the'inéermediate 9b and would be consist-
ent with the greater intensity of the resonances attributed
to the methylene prptons. However, judging from the rel-
ative intensities of the methyl and methylene resonances,

- a prodﬁct.With an SCHy group predominates. This could also
be methyl phenacyl sulfide,

| The alkylation reactions, in principle, extend the
utility of the reactions developed for the B-keto sul-
fbkides, I. A limitation arises by virtue of the fact that
'the Pummerer rearrangement of the alkylated P-keto sul-
foxides does not proceed as cleanly as with I. Since the
rearrangement is an important reaction in the synthetic
scheme, the utilization of compounds of type III has been
somewhat limited, TUnder conditions where Ia rearranges
smoothly, IIIs, R' ='CH3, precipitates as a liquid which
does not contain either an hydroxyl or a second carbonyl
group. The infrared spectrum sh;wed an olefinic band at
6.1 microns! This could arise by dehydration of the keto
hemimercaptal (2h, Figure 2, . 25) or loss of a proton

from the methyl'grbup of an intermediate of type 21,

Figure 2, during the resrrangement.
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The last product to be derived from the 8-keto sul-
foxide by a substitution reaction to the o-carbon is the

brominated compound, IVa (Equation 28). The reactions of

!

1. NsH Br
PhCOCHQSOCHB _— PhCOCHSOCH3 (28)
- 2. Br2 IVa : -

this compound will be discussed later. This compound,
though also produced as a diasterebmeric mixture of com-

" pounds, can be obtained crystalliné under the proper con-
ditions. The N.M.R. of one sampie of IVa, m.p. 95-10000.
showed two enantiomers to be present in the ratio of 2 to 1
(at 6.268, -BrCH-, and 2.848, ~S0CH3, for one enantiomer
and at 6.196 and 2,718 for the other). This suggested ﬁhe
péssibility of aﬁ asymmetric induction by the sulfoxide
group. The mother ligquor from the recrystallization
yielded additional solid, m.p. 103-104°C. after evaporstion
of the solvent, The N.M.R. of this solié showed only one
component with singlets at 6,136 and 2,868, Though the
position of the methyl proton resonance corresﬁonds,closely
to that of the major component of the mixture, the methine
resonénce is at a higher field than either of the other
two.j This could be a concentration effect, though this
.seems unlikely. A more reasonable explsnation is that the
higher mélting'compound is the diastereomer which has the

same configuration at sulfur as one of the enantiomers of
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the mixture. No further work was done to establisﬁ.whether
the observed results were éctually a fortuitous consequence
of the isolation and purification procedure, or do in fact
occur as tThe normal course‘df the reaction. - |
Glycol Alcohol and Ketone Formation
from B8-Keto Sulfoxides

Figure 7 shows the types of products which can be
derivéd from the B-keto sulfoxides I snd III by reduction.

The reduction (with aluﬁinium amalgam) of Ia to aceto—
phenoﬁe with simultaneéus or subsequent bimolecular redud-.

tion of the carbonyl group to the pinacol-type product, Va,
PhCOCH,SOCH; _Alﬂge (PhCH(OH) CH3) » (29)
‘ Va

shown in Equation 29, occurs readily and in high yield.
Because of the formation of stereolsomers, the product 1s
difficult to obtain in é'crystalling state., The formation -
of Va as the product iﬁ this resction was estsblished by
_comﬁarison of the infrared spectrum of the product with
that of an autheﬁtic sample. A similaf difficulty has been
‘experienced in the reduction of acetophendné by the same
method of reduction (119).

Sodium amalgam in various concentrations (20, 10, 5,
and 2% by weight sodium) produces 15-30%.yields of crystal-

line Va along with acetophenone, o-phenethanol, and sulfur
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coﬁtaining liguids. The yieids are verisble and show no.
particular dependence on the amount of sodium in the
amalgam,

 Reduction’of either I or III with lithium aluminium

nydride results in the formation of B-hydroxy sulfides, VIa

PhCOCH(R' ) S0CH; ——2ts,  PRCH(OH) CH(R' ) SCH;

(30)

Via, B' = H; IXa, R' = Cilg

and IXa, as illﬁstrated in Equatioﬁ 36. Consistent with
previous observations (46; 47), the carbon-sulfur bond is
not cleaved by this reducing agent. This type of compound
had previously been prepared by reaction of an @-halo
ketone with a mercaptan and reduction of the resultsint keto
sulfide ﬁith aluminium iso-propoxide (30).

The inability to effect complete reduction of the 8-
‘keto sulfoxide with less than a one to one molar ratio of'!
| keto sulfoxide to lithium alumiﬁium hydride and the gen-
eration of an intense purple color during the reduction
suggésts the formation.of complexed ions (pr, less likely,
radical-ions) as intermedistes. The color fades on cooling
under nitrogen, but it can be regenerated sgain by heating
the solution to reflux temperature. The net change in the

oxidation state of Ia corresponds to a four-electron gsin

which could be aocounted for by incorporation of two hy-
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dride lons intd the wmolecule, by donation of one electron
by each of four hydride ions, or a combination of these
two modes of feduction.: Beduction by two hydride ions
would require a third for the ibnizatiéh of the methylene;
the electron transfer or a combination-mechanism would re-
quire at least four hyariae ions. The sensitivity of the
coiored intermediate to oxygen and/or moisture, and the
necessity of working at 60-70°C. discoursged sttempts to
transfer the solution to a cell for observation of the
substance in tﬁe E.S.R.

This reaction was studied zs a part of a route to the
preperation of enol ethers involving reduction of the keto
sulfoxide, O—methylétion of VIa end éulfonium saif forma-
tion followed by elimination of dimethyl sulfide by base.
The hydroxyl group can be alkylated to give the methyl
ether, PhCH(OCHB)CHZSCHB, AXIVa. Whil; the alcohol (VIa)
forms a sulfonium salt readily, the ether does not.

As an zlternate method, treétment of XXIVs with potas—.
sium t-butoxide in 80% dimethyl sulfoxi:-le-zo% t-butyl al-
conol at 80°C. resulted in the'formation of some of the
~desired enol ether, Ph(CHBO)C=CH2, among other prdducts.
The intermediscy of the sulféxide derived from XXIVa by
oxygen exchange with dimethyl sulfoxide (2, 5) was-rgled

out by preparing this sulfoxide'by'sodium metaperiodate
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oxidation and subjecting it to the reaction conditions. An
olefinic product, different (by infrsred) from that cb-
tained from the sulfide, was produced. The olefin was later
isolated and identified as e—(methylsulfinyl);styrene,
PhCH=CHSOCH3 (work by Hr. Z. T. Sebourin (57)).

Because of the mixture of products'obtained, this
method of preparation of enél ethers from the B-keto sul-
foxides wss developed further, Yo attémpt was made to find
conditions which would favor thé formation of the enol )
et@er and decresse the by-produots.

The °-keto sulfoxides I and III can be readily reduced
to the ketones. A reduction using sgluminium amalgem (17,
18) hes already been reported for the conversion of B-keto
sulfoxides.of type I to the corresvponding éryl alkyl
ketones. Reduction with zinc dust in acetic acid-ethanol
solution, Ecuation 31, has zlso been found to.be effective
for thié-reduction and a useful procedure fpf large scale
(0.1-0.2 mole) conversion of I to ketones has been developed
during the course of the present work. It is felt that the
aluminium amalgem reduction is useful for the preparstion
of millimole quantities of the ketone or for use on acid-
sensitive molequles.  quévef, the need to menipulate the
iargeféﬁéntitieé of solvént and aluminium foil when the
'feduction is carried out on a iargerﬁscale makes the zinc

!

reduction more favorable.
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Zn, CHyCO, .
> [ErcocH(R')SCH,]
e (31)

AI‘COCH(R‘)SOCH3

———— > ArCOCH,R! VII, R' = H; VIIL, R' = CE;

The reduction was oarried out under many different
conditions but the reaction variables (metal surféoe area,
solvent composition, time, and temperature) were not 6hanged
in a manner thst would peramit observation of trends due to
change in a2 single variazble. A fewnpoints are worthy of
note, I

Because of the much greater surface area to weight
ratio, reduction with ziné dust (5 to 1 molér ratio to the
sulfoxide) is much more repid and vigorous than that w%th
‘granular zinc (30 mesh, 8 to 1 ratio); cooling of fhe re-
action mixture is imperative,

Reaction at 75-80°C. with granular zinc in'?5% aceétic
acid-25% water (or ethanol) resultéd in the formastion of
apprecigble amounts of Va, and eo-phenethyl acetate. A
higher yield of the glycol was obtained in an agueous
medium than in an alcoholic solution (21% vs. 4.73).

Bxtended reaction times lead to the production of the
glycol, Va, o-phenethanol and the corresponding acetate,
Zinc dust in 40% acetic aéid-éO% ethanol with Iz gave an
83% yield of acetophenone after 1.25 hours and only a 46%

vield after 13 hours. The.amounts of the by—products'were
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not determined,

The rate of reduction increasés with change in solvent
in the order: 100% acetic acid < ethénol-écetic gcid <
water—acetidvacid. This parallels the increase in the
acidity of the medium. !

The intermediaste sulfide illustrated in Equation 31
has not been isolated; thus direct reduction of the C-SO
bond is avpossible reaction path;

, As would be anticipated, reduction of I=2 with Raney
nickel resulted in carbon-sulfur bond scission and fdrmation
of acetophenone in 75% yield. It has been pointed out that
mild reducing agents, aluminium emalgam/water or zinc
dust/acetic acid, do not ordinsrily bring about carbon-
sulfur bond scission. <Since o-substituted ketones are known
to be readily reduced to the ketones, the very facile re- ,
duction in the case of phe R-keto sulfox;des must be attrib-
uted to this property rsther than to a low rgduction roten-
tial fof’the carbon-sulfur bond (or the C-SO bond) or to
any intrinsic properties of these two reducing agents.

The activation provided by the ketone group is dra-
matically‘illustrated by the results of the atfempted re-
duction, illustrated in Equation 32; After refluxingﬁthe

o-nydroxy sulfoxide in acetic acid for 24 hours with zine

dust, only sterting material (11%; mixed melting point,
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(Ph) ,CH(OH )CHZSOC” —-——C—Oﬁ (Ph) ,C=CHSCHj (32)
372" \_}’VII

infrared) and 1,1~dipheny1—2—methylmercaptoethy1ene, XKLVIX

- (60%; m.p. 71-72°C., N.NM.R.: singlet (area 3) 2.276;
singlet (area 1) 6.425; singlét (arez 5) 7.148; singlet
’(area 5) 7.278): ‘The 8-kéto sulfoxide is completely reduced
wiéhin two hours at room temperafure! |

It is interesting to‘note ﬁhat réfluxing the Rf-hydroxy
sulfoxide in tetrashydrofuran with lithium 2luminium hydride
for 24 hours also produced XXVII. This compound was ini-
tislly prepared Ey the "pyrolysis" 6f the B8-hydroxy sul-
foxide (14, 15).

Reference has been made to the reduction of ‘a sulfoxide
to 2 sulfide by sodium metabisulfite,(##).in agueous solu-
tion. It was presﬁmed that the reducing agent was bisulfite
ion, formed by hydration of the metabisulflte ion, An
éttempt to reduce the 8-keto sulfoxide, Ia, to the P-Aeto
sulfide or acetophenone using sodium bisulfite gave only
starting material (23%) and the water soluble bisulfite
vaddition product of phenylglyoxal after four days at room
- bemperature. A small smount of 2 yellow liquid was ob-
tainea during the isolation of Ia; thislmay have contaiﬁed

some acetophenone,

Reduction of the methyl hemimercaptals Qf the aryl-
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glyoxais, IT provides access to compounds which are some-
times difficult to obtain by.other methods., A number of
examples will serve to illustrate this point.

Desulfurizetion of the Methyl

Hemimercaptals of_Arylglyoxals |

Conversion of Ila tb'a—hydroxyacetophenone, Xa, can be
"accomplished'by reducticn with zing.dust in glacial acetic
acid, illustrated in'Equation 33. The reaction can reason-
, , .

ably be postuleted ze& proceeding by formetion of the

glyoxal in solution and subsequent reduction on the metal

ZPlflCOCH(OH)SCH3 _— EHCOCHO + HSCH3 %FhCOCHZOIE
(33)

+ (PhQOCH2 > + Zn(SCH3)2
surface, , This particular method hss some limitations.
Like the ketone preparétion, the reaétion is heterogeneous
énd even more sensitive to solvent and femperature vari-
ations. —The proﬁuct is repidly reduced to fhe ketone at
temperafures above 3000. end in the preéence of small
amounts of water. Small amounts (1-3%)£of 1,4~
‘diphenylbutane-1,4-dione have been isolated, suggesting
fthat the reduction proceeds through radical intermediates,
presumably the radical-snion of the glyoxal which can
dimerize and undergo a second reduction resulting in loss

of the hydroxyl groups and formation of the 1,4-diketone.

!
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There was littlévabpérent veristion in yield with tem-
perature, below,25°C. In thé renge 257350C.,~the ketol
yields were reduced. Eecause of the need for temperature
control, and therefore for efficient heat trensfer from
the reaction mixtufe, the yield of Xa was eveﬁ'dependent on
the rate of stirring. This fsctor also prohibited carrying
the resction out efficiently on a larger scale, |

In 40% acetic acid-60% ethanol reduction of the ketol
appeared to be as fest as its formstion since the yield of
acetophenone was often equal to or grester than that of Xa.
fdowever in glacial acetic scid, using a 10 to 1 mole ratio
of zinc dust to IIz, a 57-62% yield of Xa could be obtained
after the reaction for 2 hours at 25°¢C, with rapid stir-
ring, on a 50 mmole scale. With high sveed stirring and
the use of a cold water bath during the reactioﬁ,'the tem—-
perature could be controlle@ within the desired reunge 2nd
reproducible yields cbuld be obtained.

Sodium formaldehydesulfoxylate (SFs), NaCSOCHZOH, is
a mild reducing agent which converts IIa to a-nydroxy-
acetoéﬁenone in moderste yield. The advantage over the
zinc/acetic acid reduction is that the reaction variables
need not be as carefully controlled.

The reducing agent in 50% aqueohs ethanol has a pH of

10-11,. Addition of IIa lowers the basicity to pH 6-7, =2nd

i
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sfter two days at room temperature, the reaction mixture is
slightlylacidic (pH 2—3). Thié suggests the reaction
'sequence illustrated by Eauations 342 and 34b. The re-
action is z crossed-Cennizzaro reaction with SFS serving
as a source of formsldenyde in the basic solution. - The

PhCOCH(OE) SCHy + HO™ &—==PhCOCHO + H,0 + CH3S™  (3k4a)

PhCOCHO + H,0 + NaOSOCHZOHHPhCOCHZCfI + HCOH |
(34b)
+ NaOSOH

generation 6f'sodium hydrogen suvlfoxylate in the reaction is

indicated by the raspid formation of Qoiioidai sulfur when

the reaction mixture is gecidified., Sulfoxylic scid is

known to be unstable and tb decompose to sulfur and water.
Significently higher yields of the ketol were attained

/
by reduction of the hemihydrate of phenxlglyoxal, XVIia, .
which cen be simply aﬁd auickly prepsred by the method de-
scribed in the Experimental involving précipitation of the
mercaptan from s solution of IIa with cuprié or mercuric
salts. When'mercufic selts were used to precipitate the
mercaptan, the reductioan could be carried out on the crude
product by adding the reducing agent and zdjusting the
solution to pH 8. Wnile cupric salts are less desirable
for removal of the mercsptan in this particular reaction, a

good yield of the ketol was obtained in the presence of

’

!
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cupric selts by controlling the pi. o,

!

Eimolecular Reduction of Methyl
Hemimercaptals of Arylglyoxals

When cupric sszlts are used for vprecipitating the mer-
captan, some cuprib’ion‘goes into solution even in non-
aqueous solvents (ethanol, chloroform,laoetone). A com-
piication then arises by virtue of the fact that/the ré—
éction of Iia or XVIIia Wiﬁh SHFS 'in the presence of cupric
ion may teke either of two courses, producing either ﬁhe
ketol, Xs or the dimer, XIIa. The results in Table 5
suggest that the reéction is strongly »H dependent, but the
optimunm oon@itions for the production of either Xz or XIla.
in the presence of cupric ion hsve not been established.

The ‘bpimolecular réduction:is believed to proceed

'according to the sequence shown in Equations 35a-c. An

agueous solution of cupric nitrate znd SFS

!

2cut2 _SHSy omy+ (352)

2PhCOCHC + 2Cut =2 PhCOé‘HOH Cu+2 23 2PnCOCH,0H (35b)
na

PhCOCH o]cm + (+2H%) __> PhCOCH(OH) -CH(OH) COPh

XIla
(35¢)

+ 2cut2

Metallic copper precipitates from an agueous solution of |

7

cupric nitrste and SFS after three days at room temper-
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Table 5. ZProduct selectivity in the reduction of Phenyl-
zlyoxal derivetives (at 259C.)

'

. Retio, Time

Reactant?® resctant/cut2 pH (hours) . Xa XIIa
XVIIa® 3.5 b 24 82.5% --
XVIIa® 5.4 7 72 - 36%
xvIIad 8.3 b 18 - 56%
XVIIad 16,6 7-8 60 -—  59%
XVIla e | 8 112 91% -
II= 1,66 8 65 244 8,3%

aCombound in 60% ethanol-40% water (1 mmole/5 ml,)
with SFS (1 mmole oompound/? mmole SFS).

pr of solution not checked after mixing} in other
cases, found pH 6-8 at this point, :

CCommon source of starting material.

1

dcommon source of starting materisl but different
from that used in the first two experiments.

®¥o cupric ion present.

e '
ature, demonstrating that SFS is able to effect the initial
reduction shown in Equation 35a. The one-electron reduction

of the carbonyl group is a well known rezction snd has been

effected with srylglyoxals using magnesium and iodine in
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benzene and ether; the yields were-generélly poor (125).

The reverse of reaction 35¢ is known to occur in bésic
solution and the radical anion of phenylglyoxal has been
observed by E.S.R. (139). This'oleavége of the central
carbon-carbon bond in basic sﬁlution mey explain, in pa}t,
the apparent pH dependeqcé of this reaction snd the for-
mation of the dimer when the initial pH was near the
neutral point rether than around pH 2 (Table 5). The
radical-anion could revert to phenylglyoxel or form the
enolate anion of Xa by a one-eiéctron,oxidation or reduc—
tion (Equation 35b). The kestol if formed by this path,
couldvalsq be recycled to phenylglyoxal by oxidation by
cupric ion (140, 141). The competitive reduction of |
phenylglyoxal by the Cannizzaro reaction-would be elimi~
nated in the neuéral or slightly acidic solution, and the
bimolecular reduétion product should predominete under
these Eonditions.

On the basis of the factors discussed above per-
taining to control of the pH-dependent resctions, it is
felt that the resction can be specifically directed to the .
formation of either Xa or XIIa.m A slightly basic solution
(about pH 8) would direct thb‘reaction to the formgstion of -
Xa, with SFS acting as the reducing agent in a crossed-

Cannizzaro reaction with phenylglyoxal., Strongly basic.
I . .
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sélutions are - to be avoided since maﬁdelio acid is formed
under these conditions. A neutral or slightly acidic solu-
tion (pH 6) would direct the reaction to the formation of
the ketol dimer, XIIa. In this reaction SFS reduées the
cupric ion to‘the cuprous ion which then reacts in the
electron-transfer step. |

The catalytic nature of the reaction cén be seen in I
the stoichiometry indicated in Table 5. Note the relative-
ly constant yield whén the molar ratio of pvhenylglyoxal to
cupric ion wss changed from ié.é'to 1 to 33.2 to 1 (one
molé of the hemihydrate can yield two moles of phenyl-
glyoxal).

Perhaps t@e most unique feature of .this reaction is
the simplicity of the method.h The,bimolecular'reduction
of carbonyl compounds normally occurs only under strictly
enhydrous conditions, the previously cited magunesium-lodine
reduction of arylglyoxals andvthe aluminium ama}gam reduc-
tioﬁ of Iz being pertinent examples. However, the bimo-
lecular reduction described here occurs in reasonable yield’
in agqueous solution with pH 6ontrol being the only spparent
critical factor. ’

. An analogougs compound, XIIb, derived from the methyl

hemimercaptal of p~-tolylglyoxal has been prepared by reduc-

tion with hydrogen deficient Reney nickel., The efficiency

of the reduction was quite varisble, as might be expected
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with a heterogenous system ﬁtilizing a catalyst subject to
ageing effects. The reaction sequence shown in Eguations
35a-c, with nickel acting as thne electrbn donor, could
occur, However, homolytic scission of the carbon-sulfur
bond during desulfurization reactions has been observed
(54). Badiczal coupling could then lead to the observed
product.

The cuprous ion reduction of IIb nhas not been at-
tempted, gnd an attempt by Dr. E. R. Telaty in these labora-
tories XIIa by Raney nickel reduction of IIs was pot suc-
cessful. Thus, the generality of either reduction has not
been estesblished.

Glycol Formation from Méthyl Hemimerceptals
of Arylglycxals by Metal Eydride Reductions

An exceptionally straight-forward and efficient prepé-
ratign of arylethylene glycols, XI, has been developed.
This type of compound has.normally been prepared by peracid
oxidation of the olefin and hydrolysis of the epoxide, or
by the Provost resction, involving resction of an olefin
with silver benzoate gnd iodine, fbllowed by saponification
of the vicinal dibenzoate,

Reduction of the methyl hemimercaptals of arylglyoxals,
II, with lithium sluminium hydride or sodium Borﬁhydride,

illustrated by Equation 36, gives the glycols, XI, in nigh



arcocH(ox)schy Iy ArcH(CE)CH,OH + CHySH  (36)

yield, Sodium borohydride reduction is the method of
qhoicé since it does nct require anhydrous solvents and is
generally more efficient than lithium aluminium hydride,
though both give good yields of the glycols. For example,
ethyl benzoste cen be converted to styrene glycol in 75%
over-all yield from the ester. Ethyl o-naphthoate was con-
verted to o-naphthylethylene glycol in an over-all yield of
58%; the &ield of this glycol from the Provost reacticn was
23%, end the starting msterial is not ss readily obtained

ag the ester. The yields of the glycols obtained by the

two methods are given in Table 5.

Teble 6. Yields in the preparation of ArCH(CH)CH,(CH) by
met2l hydride reduction -

¥ield by reduction witn:

&r Compound LislH, WaBH,
Céis Xt - 7988 9558
p-CH3CgHy XIb 95%2 99%%, 82i%°
p-~CH, 0C4H), XIc B 8678, 30%P
@-C, o H, XIe 73%P 9Lz
8-Cy o Hy XIf - 527P (minimum)

o

@Yield of product before recrystsllizatiom.

byield of purified product.
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Only one literature reference could be fbund for the
preparation of,a-naphthylethyiene glycol. The melting
point of the product obtained by reduction of IIe did not
agree with the litersture value (122). The absence of a
carbonyl ‘group in the infresred spectrum of XIe snd the loss
of two prqtons (by N.M.E.) when the compound was trezted
‘with deuterium oxide.in dimethyl sulfoxide were observa-
tions consistent with a glycol structure. Since a benzoate
group could have teen lost by a p-.—el:‘Lmination during the
saponification leading to the formétion of XIe, the re-
actions illustrated in Figure 10 wefe carried .out to check
the identity of the products obtained by the two methods.

Melting boints snd infrered spectra of the glycol and
dibenzoate obtained By both resction schemes confirm the
identity of the compounds. Mixed melting points of the
glycols ‘and dibenzostes from the two reactions showed no
depression. ' o | .

a—NpCOCH(OH)SCHB .E2§E£> a—NpCH(OH)CHZOH
’ m.p. 147°C.

) BzCI
\L pyridine

o-NpCH=CH, é_%_cﬁ% o-NpCH( 08z) CH, 0Bz —2Hs, o_NpCH( 0H) CH, OH
, 2 m.p. 108°¢% EtOH m.p. 1459C,

Figure 10. Reagctions in the vreparation of o-naphthyl-
ethylene glycol
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2 New Method for the Synthesis
of a-Dicarbonyl Compounds

Another group of compounds which can readily be pre-
pered from the methyl hemimerceptals of arylgiyoxals are
the arylglyoxals, XVI. Reference has been ma2de to thehprep-
aretion of a—hydroxyacetophenone!and its o-dimer, XITa,
from phenylglyoxal. A method of syhthesis which would re-
guire phenylglyoxal or other arylglyoxals as starting ma-
Teriel would only be practical if an efficient synthesis
.for arylglyoxals were aveilsble. Several different methods
for converting ITa to phenylglyoxal were studied.

A report of the preparation of isocyenates by mercuric
or silver ion assisted elimination of merogptan from S- .
methyl—N-arylthiolcarbamates (142),‘as depicted by Equation
37 suzgested that’such a method might be applicable to the
conversion of IIa to XVIa. Initial attempts to produce
ArNHCOSCHB + agt o+ RgN ——>A4rN=C=0 + AgSCH; + -3NH+ (37)
phenylgiyoxal, pure and in high yield, were unsuccessful
largely due to the isolation and purification procedures
used at that time, !

Consequently, a number of hydrolytic conversioné of
Ia to XVIa were attempted.  Refluxing IIa in aqueous
ethanol in the presence of hydrochloric acid, or in aqueous
acetic acid produces phenylglyoxal hemihydrate, XVIIa, from

which the anhydrous glyoxal can be obtained by distillation.
!
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’Siqce the ‘hemihydrate is volatile, the mercaptan cannot be
swept out_of‘the reaction mixtu?e without simultaneous loss
of XVIIa. Thus, the loss of methyl,mercapfan'must essen-

,
tially be a diffusion prboess, 2nd the extended period of
reflux necessary for diffusion to occur causes some de-
composition of the product and considerable product loés
due to'side reactions. Two products, formed as illustrated
in.Equation 38a and 38b, have been isolated and identified
from the residue of the aqueous'ethanOI hydrolysis of II=a.

When tne reaction was carried out om a 0.4-0.5 mole scélé
2PhCOCH(OH)SCHB———€>PhCOCH(SCH3)2 + PhCCCHO (38a)

'PhCOCH(OH)SCH3 + HZO-——%>PhCH(OH)COZH + CHBSH (38b)
as much as 45% (by weight) §f the starting materisl was
lost. Decrease in yield of phenYlglyoxal as the sczle of
the reaction was increased was noted in all the prepara-
tions involving hydrolysis. .The by-pfoducts of the prepara-
tion’of the oﬁher zlyoxals have not been identified,_but
they are presumed to be of the same type ss those formed in
the preparstion of phenylglyoxel.

Isdlation of mendelic acid from the pnenylglyoxal
preparation was unexpected since ﬁhis product is Abrmally
formed from ﬁhenylglypxal in basic solution'in a manner
analogous to the rearrasngement of benzil in basic media

(143) . Rearrangement of o-keto aldehydés and relsted com-

<xe
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pounds has been reported to occur on refluxing the com-
pounds in 6N agueous hydrochloric zcid. Phenylglyoxal has
been converted to mandelic acid in this manner'(144); The
reaction was plctured as proceeding via a 1,2-hydride shift
from an sldenyde group. In concentrated acid solution, a
second rezsonsble mechanism would involve acid caéalyzed
enolization to a hydroxy ketene intermediate, followed by
hydration in the usual manner to'yield the hydroxy écid.
During the course of studying the cupric ion cata-
lyzed nitrozen dioxide oxidatipn of the hemimercaptal, IIe,’
it wes noted that the blue color of the cupric ion was disQ
chzrged immediately upon mixing with a solution of IIa.
Tﬁis was ettributed to its oxidastion to the cuprous state
by the mercaptan. However, when larger amcunts of the salt
were,a&ded,,it wWas noted‘that the discharge of color was
accompanied by precipitate formatioh. This led to the
development of 2 vefy simple and efficient method for the
synthesis of arylglyoxals, illustrated in Equationv39.

28rCOCH(QH) SCH3 + Cu(0,CCHy) ; ———> 2ArCOCHO + 59)
39)

Cu(SCH3)2 + CHBCOZH

Cupric mercsptide can be removed from the alcohol or

l .
chloroform solution by filtration, leaving the glyoxal and
acetic acid in solution. After neutrzlization of the acid

and eveporation of the solvent, vacuum distillation yields



the anhydrous glyoxal in good yield., For example,'the aryl-
glyoxals XVIa, XVIb, a2nd XVIc were prepared on 2 50 milli-
mole scale in yields of 88, 86, and 747 respéotively;

In principle, the méthod should be applicable to ﬁhe
preparation of o-diketones, XIX, from the alkylated P-keto
sulfoxides, ITI. However, as mentioned previously, the
product of the Pummerer rearrangement has not been isolated.
Nevertheless, the preparation of l-phenylpropene-1,2-dione

has been effected by acid hydrolysis of the 8-keto sul-
1

foxide IITa, B' = CHj, as illustrated by Equetion 40. This
PHCOCH(R' )SOCH; + H3PO)y =295 PnCOCOR' + CHaySH
CoH5OR |
- ' (40)

R' = H (XVIz), CHy(XIXa)

method had been applied ofiginally to the ?-keto sulfoxide
Ia 2s a possible method of vreparing phenylglyoxsl. In
both reactions the yield was low (XVIa;f65%; XIXa, 50%) due
to décomposition of the product in the az2cid medium.

‘Tne reaction of sulfoxides with thionyl chloride (70)
wags utilized in an attempt to find 2 milder method for
preparation of the w-diketcnes. The crude product from tﬁe
reaction did not contain a sulfoxide function (by infrared
enalysis) and was presumed to.be the o-chlorosulfide,
PhCOCH(C1) (CH)SCHy. Hydrolysis in agueous alcohol in the

presence of mercuric oxide did not produce the diketone,

. ?
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The product(s) from this resction was not identified.

As slternstives to the hydrolytic methods, and prior
to the develbpment of the heavy-metal jon assisted elimi-
nation of mercesptan, other methods of preparation of
glyoxals from II had been unsuccessfully inVestigated.' TWo
of these are worthy of mention, ‘

Pyrolysis of o-bromo-co-acetoxyacetophenone has been
reported to yield phnenylglyoxal snd acetyl bromide (145).
This suggested thet d-methylmerczpto-a-acetoxyacetophenone,'
prepared from Ia by reaction with acetic anhydride, might
undergo a similar elimination to yield phenylglyoxal and

methyl thiolacetate., Heating the ~-acetoxysulfide under

!

vacuum did not result in decomposition., This type of de-
comﬁosition has been observed in other cases under more
severe conditious. )
: Attempted okidative conversions of the mercaptsn to
the disulfide were élso unsuccessful, Potassium hypo-
chlorite in scidic or basic sclution did not effect eny
chenge; only starting material wés recovered, though not in
quantitative yield. The similarity of the iﬁfréred spectra
of the starting material and the hemihydrate makes identi-
fication of the latter compound by tHis method somewhat
difficult; some XVIIa could have been produced and.gscaped

detection.

Thus,'essentially five methods of preparing aryl-
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glyoxals from 2-keto suifoxides have been developed aﬁring
“the course of this work. They.are: (1) the,acid hydroly-
sis of B-keto sulfdxides, I, (2) the nhydrolysis of the
methyl hemimercaptals of arylglyoxals, II, with agueous,
ethanolic hydroéhlorio acid, (3) hydrolysis with'aqueous
acétic,acid, (4) removal of the mercaptan from II by 0Xi-
dizing it to the disulfide and, (5) precipitation of the
mercsptan with cupric or mercuric salts,

The hydrolytic methods, starting with either the 8-
keto sulfoxide or the hemimercapﬁal, are time consuming and
limited to use in small sczle prepasrations.  The formation
and the 'nature of the by-products from these methodS'have
been aescribed. |

The last procedure is the method of choice. ‘It is
fast, efficient, ahd'appears to be gpplicable, with little
variztion in yield, to prepafations carried out on élmost
any sqale} The use of mercuric oxide with an scid csta-
lyst gave small amounts oflthe diethyl,aéetal as e by-
product, but this does not account for the 1arge decrease
in yield noted in the 0.25 mole preparation. In this
preperation however, the temperature of the'reaction mix-

. ture wss not contrdlled end g large amount of z gummy resi-
due was formed,'rather then the grenulasr solid produced in
the other experiments. | |

The oxidation of the meroaptan to the disulfide with
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nitrogen dioxide and a trace of cupric ion has nct been
effective. While phenylglyoxal was‘produced‘in the re-
action, it w%s contsminated by the oxidation product of
methyl disulfide. (The reaction will be discussed more
fully below.) The facile oxidation of the disulfide will
impose g limitgtion on any other method based on this
method: & specific and mild oxidizing agent must be used.

Some typical results illustrating the efficiency of
The hydrolysis and precipitation procedures can be seen in
Table 7.

A reaction of interest is the cupric ion cstalyzed
oxidation of TIa with nitrogen dioxide. The resction does
produce phenylglyoxal; but it is not 2 useful reactiocn from
a synthetio point of view., The N.M.R. spéctrum of the dis-
'tilledlpfoduct snowed an impurity having two equai inten-
sity singlets at 2,548 and 3.138., This, and the infrared
spectrum suggested a substance of the type CH3S(O)nSCH3, 
n =1 or 2. Oxidation of methyl disulfide with nitrogen
dioxide gave a substance with & very strong parent ion peak
at mass 126 (n ; 2) .2nd a very low intensity peak at mass
110 (n = 1). The N.M.ﬁ. of the substance shows singlets of
equal intensity et 2,696 and 3.278, and the stroﬁg infrared
absorptions at 7.47, 8.78 and 10.51 microns are close to

the absorptions reported for methyl methénethiolsulfoﬁate,
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Teble 7. Comparison of the efficiency of various methods
for the prepsration of arylglyoxals, ArCOCHO(HZO)n
Yield for 2 given scale
of reasction (moles)
Method . Ar 0.02-0.04 0.1 0.25 0.35-0.45-
13 l .
1% Cglg 69% nogP - 60%
z 06H5C 83% -- 5% - L%
2 3C6HLP 737.; —_ — R
2 o= CtLBCC6I-1L.r° 787 _— - —_—
2 p-Brcéﬂud 57% .- - —_
3° CHs -- 81% 70 6%
5%0¢ Cglig 89% 87 82% 883%
5¢ p-CHyCgHy, 86% - - -
5€ p-CH30C6H4 L7 - - -
5t CeH), 70% . 637 55% --
8product isolated as the anhydrous glyoxal, (n = 0)

by distlllation, when these procedures were used

b

The total product mixture (extrzct and oily residue)

was not distilled in this experiment; a slight increasse in
yield was noted when this was done in the other .two experi-

ments.

CProduct isolzted as tne

dProdubt‘isolated as the

€With cupric acetate.

fyitn mercuric oxide znd

chloride,

i

hemihydrate (n' =

hydrste (n

1).

2.

a 1/50 mole ratio of mercuric
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n =2 (81, 133). These-absorptions are also seen on the
spectrum of the impure phenYlglyoxal. A downfield shift’
of this substznce in phenylglyoxal can be attributed to’the
magnetic anisotropy ofvthe "solventt", ?br these reasouns,
the impurity in the phenylglyoxal is believed to be methyl
methanethiolsulfonate.

'The proposed thiol ester could arise by initizl oxi-
dation of the mercaptan to methyl disulfide and further
oxidation by nitrogen dioxide (146) to a trsnsient disul-
foxide, CH3SOSOCH3, which' can undeﬁgo intramolécular dis-
proportionation to e sulfone and a sulfide group. A second
alternative is oxidstion of only one of the sulfuq atoms to
form 2 thiolsulfinic ester, which can disproportionate to
the thiolsulfoﬁic ester end meth&l disulfide (2).

An interesting possibility for this reaction is that
it proceeds through the annown qfhydroxy-s-keto sulfoxide,
XVa. This intermediste could then lose methanesulfenic
écid to produce_phenylglyoxal. The metﬁanesulfenic ecid
could disproportionate to yiéld the ester and methyl di-

sulfide (Equatién L1v),

OH
I . ,
IEQCOCH-SOCH;I—-—} PICOCHO + CH,SCH (41a)
XVa : XVia
HCH3SO0H ———> CH3S0,5CH5 + CH3SSCH3 + 2H,0 (41b)

Both methyl methanethiolsulfonate and methyl disulfide
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have been found in the reaction mixture. As a result, no
choice between the two reaction paths can be made on the
basis of the products isolated,

The same product mixture wes obtained when the oxida-
tion was carried out using potassium persulfate, ferric
chloride and nitrogen dioxide, a molar equivalent of cupric
nitrate, and dilute nitric acid. Cupric nitrste forms
cupric methyl mercaptide and nitric =2c¢id; in alcohol or
acetone solﬁtion, g very'vigorous oxidation commences after
e few minutes, Addition of pyridine appears to decrease the
amount of thiolsulfonate ester formed by this side reaction,
but because of ths small difference between the boiling
points of thé ester and phenylglyoxal the two substances
cannot be separsted efficiently.

When the rezction was cesrried, out with cetalytic
amounts of cupric acetate in the presence of suspended,
powdered sodium carbonate, there wes no zpparent reaction.
Eubbling oxygen through the solution for 8 hours with cupric
acetate as a catalyst resulted in the formation of traces

of methyl disulfide, but the nemimercaptal was recovered in

almost quasntitstive yield,

The Structure of Hydrated Arylglyoxals

The arylzlyoxals prepared by the hydrolysis methods

i

did not always have-meltihg points which agreed with those



: 154

in the literature. The glyéxals can exiét in the anhydrous
form, ArCOCHO (XVI), or as the heminhydrate, (ArCCCH(OH)-),
(XvII), or hydrate'ArCOCH(OH)2 (XVIII). The asnhydrous

. glyoxals which have been prepared'by the various.methods
described cen be distilled. They generally so0lidify to @
glass or a orystallipe solid after several days.

The hemihydrates and hydrztes ususlly are resdily con-
verted to one another which mskes identification of either
-fprm difficult. Examination of the infrared and N.i.R.
spectre of the compounds is very instructive in this regard.

The corfelation of the melting points with the struc-
tures of the hydrates of p-methoxyphenylglyoxai has been
accomplished (129). The hemihydrate XVIIc, m.p. 107-109°C.
wes formed by melting the hydrste, XVIIc (melting at about
700C.; resolidified at 75°C.) or by heating IIc with hydro-
cﬁloric acid., The N.HLR. spectrum of XVIIc was definitive
in that it showed a pair of doublets (representing the
Hy-C-OHy group) centered at 6.325 (Hy) and 5.125 (Hy), with
JAX = 10.3 c.p.s. |

The melting'points repqrted for "phenylglyoxal hy-
drate' range from 73°C. to 91°C.; the latter melting point
hes been assigned to the hydrate, XVIIIa. A solid of this
melting point could not be obt%ined from any of the prep-

arztions develdped in this work. The melting point would
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vq;y'depending on the scolvent used for the recrystallization
and was generally in the 67-75°C. rsnge.

Detérmination'qf the structure of some of the glyoxals
by studying the N.If.R. spectra was of limited velue due to
the low soiubility of the hydrates of phenylglyoxal and the
p—methyl'and p-bromo derivatives. A saturatedisolution of
hydreated phenylglyoxal, m.D. 75-?700., in deuterocnloro-
lform, showed @ pair of doublets centered at 5.368 (HA’ ares
2) and 5.045 (Hy, srea 2), with—JAx = 11 c.p.s. This is’
fully consisten@ with the hemihydrste structure, XVIIa. ,
Other samples gave less definitive spectra, usuvally showing
only a brozd sbsorption for Hy.
| A hydreted p-methylphenylglyoxal in dimethyl sulfoxide
solution showed a rough-doubletvcentered at 6,698, with
',JAX = 7;9 c.p.s. and a broad zbsorption a% 5,785, Because
of the brozd solvent abso}ption, a good integrsl could not
be obtained for the entire spectrum, but the ratio of tune
grométic orotons to the 6.698 doublet was 4:2. The ratio
of the doublet to the singlet was approx;mately 2:2.7 This
ratio is indicative of the hemihydrate strudfure. After
being wermed in the probe for 10-15 ﬁinutes,‘the doublet
collapsed to a brozd singlet., The solution turned yellow,
indiceting that dehydration énd formation of the annydrous
glyoxal was occurring. No gldehyde proton could e detect-

ed, presumably due to the low concentratiocn of this species.
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The M.¥.R. spectrum of p-bromophenylglyvoxal, m.»n. 122-
1240C,, obtained in acetone solution, was of little value.

Due to the broad solvent absorptions, only & broad singlet

at 5.888 and en A B, quartet, centered at 7.92% could be

2
clearly distinguished. Again, a good integral could not be

obtained. .After seveféltmiﬂutes_in the probe, the sample
showed a broad singlet at 6.3% and a sherp singlet at 9,636
in addition to the above mentioned resonancés. The reso-
nance at 6,36 is at’'a position nominal for HA of the nemi-
hydrate structure; the resonsnce at 9,548 increzsed in
intensity with time and was sttributed to the aldehyde
vroton of the free glyoxal., |

Recently p-bromophenylglyoxal, m;p. 125—126.500. has
been reported'to have an N,M,R. spectrum (in dimethyl sul-
foxide) counsisting of a triplet contered at 5.79% (area 1,
J =6 c.p.s.) and g doublet at 6.87% (area 2.05, J = 6 |
c.pP.s,). This and the elementzl snalysis is counsistent
with the hydrate structure, XVIIId (104).
‘It has been necessary to use poiar solvents iun ordér
to‘attainldoncentrations of the compounds which are suit-
able. for N.M.R. work. These solvents may promote dehydra-
tion of the compounds or set up an equilibrium between the
hydrate, hemihydrate, ana anhydrous forms. Formation of a

small smount of p-bromophenylglyoxal when the hydrate was
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dissolved in acetone supvorts this idee. This tends to de-
crease the utility of this method cf determining the degree
of hydration of glyoxals. Use of infrared analysis bf the
compounds may be more benefioial.

The heminydrate structure (C-C-C) group was tentatifely
proposéd for the hydréted phenylglyoxal obtained in these
}aboratories on the basis bf the brozd infrared sbsorption
of the substance (in chloroform solution) between 9.0 and
9.2 microns.. An intense, sharp absorption atb9.03 microns
was found wnen the spectrum was obtained.on a sample in a
vpotassium bromide pellet. Examination of the infrared
spéctrum of p-methoxyphenylglyoxal (in potassium bromide)
revealed thét tﬁis compound also had an intense absorption
at 9.03 micréns. |

The p-methyl derivative (m.p. 95-979C.), for which the
N.M.R., suggests the hemihydrate structure, also haé the
9.03 micren absorption, Thié.compound has been reportéd as
the hydrate (123), m.p. 101-102°C. (with softening at
95°.). | |

A sample of p-bromophenylzlyoxal thained by hydrolysis
for IId had 2 melting point (107-10909.) which did not cor-
respond to that reported for the hydrate or the "hemi-

nydrate" (m,p., 125-126,5°C. (104), and 127.5-130°C, (130),

respectively).  Recrystallization from acetone raised the
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melting point fo 122-124°C, A lack of én ebsorption from
this sample (in potassium bromide) at 92.03 microns suggests
that there is no C-0-C gfoup present, and supports’t@e hy-
drate sﬁructure proposed on the basis of the N.M.R. specitrum
(104) . '

There islé obvious need for a systematic and thorough
examination of the hydration phenomena of this class of |
compounds. The sensitive instrumentsl methods utilized in
these preliminary-studies seem'to be, ideally suited for
this purpose. ' . ,

Oxidation end Cxidation-reduction Reactious on
. R-Keto Sulfoxides and Methyl
Hemimercaptzls of Arylglyoxals

The preparations discussed vp to thiSfpoint have in-
volved the reactions of the 8-keto sulfoxides,or.the methyl
hemimercaptals derived from them,with reducing sgents. The
érylglyoxal preparation is zu exception in thst the net re-
sult of the Pummeref'rearrangement and precipitation oé the
- mercgptan hzs resulted in oxidation of the methylene group
of the B-keto sulfoxide to a carbonyl group, even though no
oxidizing agéﬁts were used in the reactions,

Attempts to derive compounds-from either I or II Dby
reacting them with oxidizing agents have been markedly less
fruitful than the reduction reactions. Some obvious oxida-

tion nroducts which could not be prepared are shown in
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Pigure 7. o

Cxidastion of the B-keto sulfoxide Iz to fhe sulfone
with hydrogen peroxide in acetic aoi@ cculd not be accom-~
?lished. The difficulty in this case was the ease with
which Iz rearrsnges under scidic conditions, Since the
sulfone can be bbtained directly from ethyl benzoate by con-
densaﬁion with dimethyl sulfone (33), the reaction is of
little synthetic value,

An attempted preparatioq of the o-hydroxy-8-keto sul-

. o }

foxide XVa by bubbling oxygen through a2 solution of Iza in
I-butyl alcohol-potassium t-butoxide for S hours was un-
successful, Starting materigl was recovered in almost quan-
titative yield, Nitrobenzene failed to catzlyze the OXi~
datiom. ihe poséible formetion of this compound by oxi-
dation of IIa with nitrogen dioxide has alresdy been dis-
cussed, |

Conversion of Ia to phenylacetiéléoid or its t-butyl
ester might be visualized as proceeding thropgh the resction
sequenoe’shown in path B, Figure 11. A related reaction,
the photochemical'conversion of the S-alkylated salt of Ia
in methanol to metnyl phenylacetate has beeun reported (147).
. In the reacticn in basic solution, the anticipated o=
eliminetion of the methane sulfenate anion to form a carbe-

noid intermediate, which could resrrsnge to the ketene in-

termediate 11b, did not occur.. The reaction at 110-115°C,
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PNCOCH,Y + BT & PhCOCHY + BH —> PhCCCH: + ¥

A =]
(')_ .
Ph- ? CHZ_ PhCH=C=C
112 , 11b
E-
H+
 Pn-CO-B + ~CH,Y PhCH,- CO-B
llc 114

= SOCHB, SOZCH3 E = HO-, t-Euc~

Figure 11, Reazction path for the proposed conversion of
W-(methylsulfinyl)-acetophenone to vhenylacetic

acid derivatives

of the sulfoxide and the suvulfone with excess potaésium t-
butoxide in'grbutyl alcohol and t-butyl alcohol-dimethyl
sulfoxide respectively for one and four houfs yielded
starting material as the only isolable organic product (82
and 93% respectively). Use of 50% squeous potassium hy-
droxide with ﬁhe sulfoxide aﬁd sulfone géve benzoic acid in
Bﬁ% and 82% yield respectively, after 1.5 and 0.75 hours at

!

100°¢.

Thus, the only reaction with hydroxide ion is by path

A, Potassium - butox1de probably only ionizes the methyl-
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ene group of Ta (Y = SOCH3).V If the reaction with potassium
t-butoxide does occur by path A, the equilibrium would be
éxpected to lie predominantly on the side of starting
material. The reaction-bf the sulfone with potassium t-
butoxide in the presence of dimethyl sulfoxide might be
expected-to form some B-keto sulfoxide, since the base could
form dimsylpotsssium,., If fhis reacted by addition to the

carbonyl carbon, the intermediate 1la (¥ = SO,CH,, B =

CH SOCHz”) should preferenticlly eliminate the weaker base,

3
the metnylsulfonylcarbanion. However, 98% recovery of the
sulfoﬁe makes reaction by path A very unlikely in this case,
On the basis of these results, it has been concluded that
the intramolecular oxidstion-reduction of Ww-(methyl-
sulfinyl)~zcetophenone does not occur in vesic solution.
Intramolecuvlar oxidation—ré&uotiom of the methyl hemi-
merceptal of phenylglyoxal illustrated in Equstion 42, hes

teen zccomplished. When IIa was dissolved in egueous sodium

PhCOCE(OH) SCHy + NaOH ——>PnCH(CH)CO,H + NeSCHy - (42)
IIa . X¥IIIa :

hydroxide and stirred at_room_teméerature forl8 hours, a
small amount of =zcetophenone was obtained from the reection
miiture. An aéidic product, presumea to be mandelic acid,
was obtained, but the product was not identified. The re-

action was intended simply to cause methyl mercaptan to be

eliminated from IIs to produce phenylglyoxsl. Formation of
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the acid was not anticipated in the attempted’crossed-
Cannizzaro reaction of ITa with formaldehyde in basic solﬁ-
tion, = resction intended to produqe w—hyﬁroxyacetophenone.
A small amount of XXITa but no ketol was isolated from this
reaction, Under the conditions of the,reaction (3 hours at
40°C. snd 5 nours at 65°C.) considerable tarry material was
fOrqed. This Benzilic Acid Rearrsngement of phenylglyoxal
was later found to result in evhigher yield of more pure
product if the mefcabten was first removed by precipitation
with cupric acetzte in absolute ethanol. After filtration,
treatment of the glcohol solution with a taree- Iold excess
of 7M agueous sodivm nydroxide at 65°C. for 6 nours yielded
85;90% of mahdelic acid., Though the reszction had not been
considered during the course of this worlk, use of sodium
methoxide cdﬁld result in the direc% formation of the ,

methyl ester of XXIIIa (143).

As in the case of the reductioﬁ of IIz to the ketol
(Xa) and in the bimolecular reduction of IIa to XIIla, the
desired reactlon did occur with the hemimercaptal, but
improved yields were atteined by the simple expedient of
removing the mercaptan from the solution of IIa prior to
adding the reaﬂenfSZ

Since II contains a ootpnulpl aldehjde group, it snould

undergo faclle ox1datlon to a carboasllc acid vroup, a re-

action which would result 1n the formation of zrylglyoxalic

-
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acids;,KX. Thé oxidation of IIa with votzssium hypochlorite
or hydrogen peroxide zave starting material zs the bnly
identifisble product, as did sodium metapefiodate at 0°c.

in neutral soluticn. At room temperature, the lstter

reagent effected oxidation end decarboxylation; btenzoic

acid wes the only product isoleted. Tollen's reggent did
not yield any identifisble orgesnic material. - Potassium

permanganate yielded only benzoic acid, although phenyl-
glyoxelic acid can ve prepsred by permengsnate oxidation
of acetophenone (143),

Oxidation of the -CH-QOH group of Ii Qould produce the
thiol ester of’arylglyoxéiic acids, XXI. Reaction of IIz
and IIb with menganese dioxide yielded only starting mate-
fial and some mercaptel (from IIs, 2 cowmpound later found
to be an artifsct of the purificetion of the hemimercaptal).

Though direct oxidations appear to behof no practiéal

| e
value, the phenylgly0xa1ate_moiety cen be generated as the

acid, thiomethyl ester, or =2lkyl ester by decomposing the

]

@-bromo-°-keto sulfoxide, IVa, under controlled conditioms.
The reactions sre illustrated in Figure 12.

Decomposition of tne solid (IVa) occurs when it stends
at room temperapuré for sbout two days., If the reaction
mixture is worked up after ébout a day, phénylglyoxalio-
scid can be obBtained in low yieldl(lj—BO%). Since nydrogen

bromide is evolved in the reaction, the glyozxalic acid is
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eadily converted to beunzoic scid under the strongly acidic
conditions. The major product of the decomposiﬁion was a
orowa ligquid contzining halogen and sulfur., Distillation
' géve-a clear yellow liguid which redecomposed after seversl
deys. No attempt was mede to identify thié substance.

If compound IVs is dissolved in methanol or ethanol
with a small amount of scid, rspid decomposition of the
bromo ketone yields methyl or ethyl phenylglyoxelate as.the
major product. A small amount of an ether, presumably‘the
sélvolysis product of the bfomo ketone, 1is also obtained.
The présence of an alkoxide groupr st the o-carbon retards
the Pummerer rearrangement in the pyrimidothiszine systenm,
discussed previousl& (74)., The ether, if indeed it is
formed, could yield the glyoxalste sster by the same type
of rearraﬁgement, but. the resction mey be quite slow. How-
ever, even when the reactioﬂ was carried out in refluxing
methanol and dimethyl sulfoxide under agidic conditicuns
for 3 days, the ether was not eliminated from the product
mixture. Elther more vigorous conditions are nesded to
effect the rearrangemesnt of this compound, or the compound
is not the o-methoxy sulfoxide.

Finally, when the decomposition is carried out in
acidic, zqueous dimethyl sulfoxide, the thio ester XXIs can
be obtained in 50-55% yield as a yellow crystelline solid,

" m.p. 39-40°C. No identifisble products could be obtained
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by treatment of the bromo ketone with dimethyl sulfoxide
and sodium carbonate. This oxidation snould occur readily,
since the reacticu is fzvored by electron withdrawing
groups atteched to the halﬁgén besring carbon (95, 895).

The mgchanism for this oxidstion hss already been poresented
(Figure 6, p. 37). By analogy wita the reactions lezding
to a-keto aldehydes and o-diketones, the mechanism for the
conversion of IVa to the pnenylglyoxeslate derivatives is
vigualized as proceeding by én in;tiél Pummerer resrrange-
ment and spontaneous decomposition of this préduct, as
illustrated in Pigure 12.

Numerous other possibilities exist for the conversion
of the o-bpromo ketone to the thiocester: intermolecular
oxidation of the carbon atom af one molecule b& the sul-
‘foxide group of another, and intramolecular oxidation of
the cerbon by the adjaceﬁt‘sulfoxide function are inter-
esting possibilities. The apperent scid cstalysis and the
stability of the a—brbmo ketone in dilute chloroform solu-
tion argue agsinst the intramolecular oxidation. Similar-
1y, the intermolecular oxidation should not show acid
catalyéis. In actual fact, a number of'paths or combina-
tions of paths could give the observed products. Regard-
less of the mechanism, the sulfoxide function would be |

reduced by the action of hydrogen bromide, and thus, the



Figure 12. Formation of o-dicarbonyl compounds using the
. Pummerer Resction on B-keto sulfoxides

Y
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OHO 0
PRC-G-SCH, —2—  pné-CscH
| H+
Z Z
Q Q-H Q9
Z=H: PhC-G-SCH; —> PhC-CH  +  CH,SH
A
Qo+ )
Z=CH: PRE-CSCH, —> PrC-C-cH, + CH,SH
CHy

/= ABr“ :

0 OH |
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isolation of a sulfide does not implidate the sulfoxide
function as the oxidizing zgent.

Cne intereéting aspect of this thiol'esfer vias itg
infrared spectrum. The intense pegk at 9.35 microns sug-
gested 2 sulfoxide group; the slightly brozd absorption af
5.95-6.02 microns suggested the presence of only one
carﬁbﬁyl group. |

Alkyl benzostes exhibit an infrered absorption nesr 5.8
microns wheress the’corresponding thiol esters absorb around
6.0 microns. Since the carboxyl of methyl phenylglyoxaiate
absorbs at 5.75 microns, a similar shift iﬂ the thiol ester
would place this sbsorption under the ketone carbonyl at
5.96 microus,

On the gssumption that 2 dicarbonyl compound was ob-
tained, it was formulsted as containing an-—SCH3 rather than
an -S0CH; on the following basis: (1) the "sulfoxide"
infrared absorption did~not.éxhibit the usuz2l 0.2-0.3 micron
shift to a longer wavelength when the solvent was changed -
from'carbon tetrachloride to chloroform, (2) the -Cﬂg reso-
nance in the N.M.R. appeared at 2.37%, & position intermedi-
ete between that for sn -3CH; (-2.08) and an -S0CH3 (-2.7%),
end consistent with a 0.2-0.48 downfield shift when an —OCH3

‘or :NCH3 is bonded to a carbonyl carbon .rather than a

satursted cerbon atom,
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!
Lfter eventual purification, the elementsl analysis

established the efficacy, if not the validity, of this

approach.
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SUMMARY

The condensation of aromatic esters with dimethyl sul-
foxide has been shown to be a éeﬁeral reaétion. Optimum
conditions have been established for the conversion of
arometic esters to B-keto sulfoxides of the type ,
AerCHZSCCHB, I, with Ar = (a) 0635; (b) P-CH3CgHy, (c)
p-CH40CgH),, (d) p-BrCghy, (e) @-CygH,, end (f) B-CyyH,.

Tae'chemistry of:thesé compounds parallels the known
reactions of sulfoxides, which have been reviewed., The
chemistry of the methyl hemimercaptals derived frsm the f~
keto sulfoxides has been explored with regard to synthetic
applicebility.

All of the P-keto sulfoxides readily undergo the
Pummerer rearrangement in aqueous, acidic dimethyl:sulfoxide
at room temperature, Under theée mild conditicns the methyl
hemimercaptals of arylglyoxels, ArCOCH(OH)SCHB, II, pfecip—
itate and can be isolated in yields.ih excess 6f 80%; Ila
and IIb were prepared 'in 94-967% yield.

Nﬁmérous reactions have been described illustrating
the chemistry snd syntﬁetic utility.Of the P-keto sulfoxides
and the nemimercaptals. Reaction of B-(methylsulfinyl)-
acetophenone, Ia, with gluminium amalgam produces 2,3~
diphenyl-2,3-butanediol. This same B-keto sulfoxide was

reduced to the corresponding B8-hydroxy sulfide with lithium
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alﬁminium h&dride. Eeduétioh of the B-keto suifoxide with
zinc dust in ethanolic zcetic acid has been developed =5 a
method for preparing zryl methyl ketones. Phenylglydxal
has been prepared from Ia by hydrolysis in aqgueous scid
solution, 1 | |

An gttempt to extend the utility of these last two re-
eactions to the preparation of aryl alkyl ketones and o-
diketones has met with only limited success, due largely to
difficulty in alkyleting Ia with groups other than a methyl
group. While the réduction of the alkylated derivetives
was efficient, the efficacy of the nydrolysis reaction
leading to the formation of ~-diketones was reduced By the
occurrence of acid catalyzed dehydration and condensation
reactions,

Reactions with the methyl hemimercaptals ha&e been
more productive. Reducﬁion of these compounds with sodidm
borohydride (or lithium aluminium hydride) produces zryl-

L) .

being a

1

ethylene-lecols. The method 1s presented a:
marked improvement over existing methods. Hydrolysis of
the hemimercaptals in agueous gcid produces the arylglyoxal
.hydrates, bu% mercaptal formation and scid catalyzed re-
arrangements, fesulting in decreased yie}ds of the glyoxal
hydrates, have been shown to occuf. However, précipitation
'of methyllmercaptan from the methyl nemimercaptals with

cupric or mercuric sezlts in non-azqueocus media does provide

!
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an efficient and convenient method for the preparaticn of
arylglyoxais. In a typical experimeat, ethyl benzoate wes
converted to phenylzlyoxal in an over-all yield of 63/5.

Desulfurizétion of ITe with zinc dust in écetic acid
produced o-nydroxyacetopnenong; the same produét was ob-
tained by regction of Ils with sodium formaldéhyde—
sulfoxyléte (SFS) in aqueous ethanol. The reasction of Ila
with SFS in the preseunce of cupric ion produced a mixbure
of w-hydroxyscetophenone and its dimer, (C6H5COCH(OH)-)2.
The p-tolyl derivstive of this latter compound was obtained
by Reney nickel desulfurization of the corresponding methyl
hemimefoaptal. Binsglly, the reacticn of IIz with concen-
trated aqueous base produces mandelic scid,

These reactions can be visualized s oroceeding
through the intermediate formztion of the glyoxal in solu-
tion. In fact, improved yields of the ketol, the dimer, -
and mandelic acid were realized.by the simple expedient of
precipitaeting methene thiol from 2 solution of IIs, re-
moving the cupric mercaptide by filtrastion, and then adding
the otﬁer reactants tc the crude phenylglyoxal.

Reactions utilizing this procedure appeared to be
strongly pH dependent., The effect of the besicity of the
medium was zccounted for on tﬁe basis of ite effect on
three reactions: (1)_Qn the dimerization of the ohenyl-

glyoxal radicezl enion, formed by reducpion of Cu(+II) to
, .
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Ccu(+I) by SFS and subsequent electron transfer by Cu(+i) to
phenylglyoxal, (2) 'on the crossed-Cannizzsro resction of -
phenylglyoxal with formaldehyde or its equivalent, formed
from SFS in the basic solution and, (3) on the Benzilic

Acid Rearraﬁgement of phenylglyoxal;. |

A limited number of attempts.to oxidize the o-kato
sulfoxides have been unsuccessful.. Conversion of Ia to
phenylglyoxel represents sn oxidation of the methy;ene
group of the original molecule, but this was not effected
by a direct oxidation reaction,

Oxidation of Ta witn oxygen in t-butyl alcohql—
potassium t-butoxide failed to produce the hypothetical
compound, 06H5COCH(OH)2CH3. The stable enoclate anion formed
in besic solution could not be oxidized in the presence of

nitrobenzene. The possible formation of.this B-nydroxy
sulfoxide as a trensient inter&ediate in the ozidation of
IIa with nitrogen dioxide could not be ruled out.On the
basis of the products isolated. .

Oxidationé of Ila witﬁvcommon oxidizing sgents, in-
tended to effect svecific oxidation of the hemimercaptsl
to e darboxylic acid or to oxidize -the -CH-0H group to a
oarbonyl group, have resulted in either oxidastive cleavage
to kbenzoic ac;d or the recovery of starting meterial. How-
ever, the hoped-for phenylglyoxalié gcid derivatives have

been obtained indirectly. HMono-bromination of the methylene
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of Ia yielded pnenylglyoxalic acid and benzolic acid (in
variable yields) by & spontaneous decomposition after a few
dzys at room temperature, The methane thiol ester, or ﬁhe
allyl ester of phenylglyoxalic acid were obtained by de-
composition of the sglid in aqﬁeous acidic dimethyl sul-
foxide or alcohol. The formation of these compounds was
explained in terwms of an initiél Pummerer rearranQQment
though seversl other possibilities, including Qxidation by
dimethyl sulfoxide or the sulfoxide function within the

molecule, do exist,
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SUGGESTICHS FCR FURTHER WORK

-e

Fﬁrther iﬁvestigation of the slkylztion reactioun would
appnear to be of value since this would enhaunce the utiiity
of the reactions which hnave been developed to-date. The
course of the Pummerer rearfangemeﬁt on these éompounds

s somewnat obscure and might profitably be studied.
= ) v

l_h

Since considerable effort was directed towsrd ob-
taining optimum conditions for many of the reactions, mech-

nistic aspects of many of the resctions had to be ignored,

1))

©

tat

(=0
(=3
<

ual

o

e informgtion regarding mecnanisms could often

e obtained simply frém;observations mede during the course
of The reaction or during work-up. The competition between
the formation of o-hydroxyacetophenone and thelbimolecular
reduction product, with varigtion in the pH of the'medium,
seems interesting 2t this stzge of devélopmént.

The mechanism, propvossed on the basis of rather méager
evidence, for the reaction of phenylmagnesium bromide with
w-(methylsulfinyl)-scetoohenone is of intérest because of
the perallel to the Pummerer resrrangement. Thus far, the
rearrangement has been reﬁorted to occur only‘in acid solu-
tion.

A detailed study of the Pummerer rearrangement within
this B-keto sulfoxide system could substantiate some of the

more subtle aspects of the mechanism., The facile rearrange-
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ment of the phenyl derivstive stands in marked contrast to
the p-methozxyphnenyl compound in that the latter does not:

regrrznge readily under thne same conditions.as the phenyl

substituted compound. The p¥methyltderivative appears to

OoCCuPy an intermediate~position.

These effects, if real, would nave bearing on a mecnh-
anism'involving proton removal from the metnylene group of
the protoneted sulfoxide, or enolization and intrsmolecular
proton transfer to the sulfoxide oxygen. A comparison of
the réte of exchange of the methylene protons in szcid medisz
and the rste of the rearfangementlshouid be instructive in
this respect. This could be done with ﬁ.ﬁ.R.:since the
disapﬁearance of the methylene or -S0CH-, and the sppearance
of the -CH and -SCHB could e observed,

The intremoclecular proton transfer mechanism could

account for the slow decomposition of purified samples of

the f-keto sulfoxide.
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