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INTRODUCTION

The ready availability of dimethyl sulfoxide in recent years has led
to extensive research programs concerned with the utilization of the re-
markable physical and chemfca] properties of not only dimethyl sulfoxide
but sulfoxides in general. As a dipo]a} aprOtic.so]vent it has found ever
increasing use particularly as medium for the géneration of carbaﬁions
-under relatively mild cbnditions...Sulfoxides are also extremely useful
reagents capable of undergoing oxidatioﬁ, reduction, or rearrangement,
as well as carbanion formation at the alpha position. This study was
undertaken fn hopes of expanding the synthetic utility of the known con-
~ densation of sulfoxides with esters to giVe a class of compounds known

as pP-keto su]foxideée



LITERATURE SURVEY

Sulfoxides can be prepared in a variety of ways; these methods have
been reviewed in several places (1-3). The properfies of sulfoxides,
dimethyl‘sulfOxide in particular, as solvents and reactants have also
been extensively reviewed (3-7). |

The methylsulfinylcarbanion has been generated in low equilibrium
concentrations by alkali metal -alkoxides (8-11). This

CH,SOCH, + £-BuOK = CH, SOCH K + ~BuOH
equilibrium has been measured to be 3.3 x 10—5 at 25° in pure dimethyl
sulfoxide (12). In df]ute solutions this allows approximately equal con-
centrations of t-butoxide and ﬁethy]su]finy]carban{on. The equilibrium is
rapidly established as shown by the rapid formation of adducts with
carbonyl groups (13,14).
| The methy]su]finyfcarbanion has also been formed in an irreversible
fashion by using sodium hydride, sodium amide, lithium hydride, and
butyllithium as the base (8,15,16).
CH,SOCH, + NaH = CHBSOCHZNa + H, |
The extremely reactive species formed in this manner has been named
idimsylsodium™ (17). Recently there has been a tendency to speak of the
dimsyl!' anion regardiess of the method of formation. This is not a par-
ticularly sound practice because of the wide range of basicity, H-, avail-
able in different sysfems of base and dimethyl sulfoxide. For example,
the basicity dimethyl sulfoxide-methanol-sodium methoxide has been

shown to vary from 12 to 19 as the solvent goes from pure methanol to 95%

dimethyl sulfoxide (18). Further reduction of the alcohol content to



0.02% raises the basicity to 27 (19). ‘'“Dimsylsodium' itself has_a basicity _
of 31 to 33 (17).

Preparation from sodium hydride requires heating the suspension at
70-750, but care should be taken since extensive decomposition takeé placé
above 80° (15). Several reports of explosive decomposition have been made
(20,21). These explosions occurred in reactions iﬁvolving several.moles
of sodium hydride. However, reactions involving two moles of methyl-
sulfinyl carbanion have been carried out routinely in these laboratories
without incident.

Recently the methylsulfinyl carbanion has been prepared from sodium
hydride and dimethyl sulfoxide by gubjecting the suspension to ultrasonic
radiation instead of heat (22). Solutions prepared in thfs manner are
clear and exhibit very little decomposition. If mineral oil is layered on
top, the solution may be frozen and stored at least two months. A]fquots
may be taken by hypodermic or pipette sgmply by thawing the solution and
then refreezing the remainder. -

The methylsulfinylcarbanion forms adducfs with ketones (9,13,14,23,
2Lt), aldehydes (13,f6,25), olefins (23,24,26,27), alkynes (28), benzyne
(13,16), epoxides (29,30), and esters (10,15,16). Certain aromatic com=-
pounds have been methylated by attack of the methylsulfinylcarbanion
followed by base catalyzed elimination of methylsulfinic acid (27,31).

~ Beta-keto sulfoxides were not prepared unti1‘1963, al though the
analogous beta~keto sulfides and beta-keto sul fones had been known for
twenty years (32-34). .The direct oxidation of B~keto sulfides to sulfox-
ides has not been accomplished. This is probably best accounted for by

the difficulty of stopping the oxidation at an intermediate stage and the



tendency of the sulfoxides to undergo the Pummerer rearrangement in the
generally acid oxidatfon media (10,35). The intermediacy of B-keto
sQIfOXIdes has been postulated in the air oxidation of mixtures of thiols
and phenylacetylene, (35). Similar oxidations of olefins with thiols
give rise to B-hydroxy sulfoxides (36,37).

PhC=cH + RSH + 0. — PhC(OOH)=CHSR - (PhCOCHZSOR) - PhCOCH (OH) SR

2

The first B-keto sulfoxide isolated w-(methy]sulfinyl)-gfmethoxyace-
tophenone, was prepared by oxidation with active manganese dioxide of the
B~hydroxy sulfoxide formed by addition of the methylsulfinylcarbanion
té anisaldehyde (23). A more convenient preparation was found to be the
alkoxide catalyzed c0ndensa£ion of dimethyl sulfoxide with aroﬁatic ésters
(10). This reaction was later extended to aliphatic estérs by using
dimsylsodium (15,16). The analogous P-keto sulfones can be prepared by
adding dimethyl sulfone to the reaction mixture (8).

In the course of this study a series of disulfoxides and disulfones
were prepared. It was desirable to reductively desulfurize these com-
pounds.

Generally sulfones are quite resistant to reduction. Two thiophene-1,
I-dioxides have been reduced to the sulfides by zinc in hyerCthric and
acetic acid'mixtures (38,39). Lithium aluminum hydride has in some cases
reduced sulfones td sulfides (39) and alpha-disulfones to disulfides and
mercaptans (40). Reductions with cleavage of sulfur has been accomplished
in a few cases. Aryl or aryl-alkyl sulfones produce hydrocarbons and
sulfinic acids when treated with sodium amalgam‘(ﬁl).

ArSOR + NaHg — ArSO,H + RH

2



Complete reduction to hydrocarbon for both alkyl and aryl sulfones may be
effected by high temperatures and pressure hydrogenation using a moly-

'bqenum sulfide catalyst (42). Beta-keto sulfones have been desul furized
RSOR  M9% o 2w
-

375°
100 ATMH2

by aluminum amalgam (15,16).

RCOCHZSOZCHB + Al (Hg) . RCOCH

3
A number of aryl sulfones have been réduced to hydrocarbons by Raney
nickel (43).

Sulfoxides are much more readily reduced than sulfones. SulfOXide§
may be reduced to sulfides by zinc in acetic acid (3,15). However, in
certain activated mOIeculés, such as B-keto sul foxides, the C-S bond is
cleaved by this reagent (44). This same cleavage can also be accomplished
by using aluminum amalgam (15,16). Lithium aluminum hydride has been used
to reduce sulfoxides to sulfides without cleavage of the C-S bond (39,45).
H.wever, fhe milder sodium borohydride in aqueous solution does not affect
the sulfoxide moiety (46). Certain thianthrone sul foxides have recently
been reported to be reduced to sulfides by sodium borohydride (47).
Diborane, which can be generated from sodium borohydride and boron tri=-
fluoride, reacts with dimethyl sulfoxide ts yield sulfide (48,49).
Although relatively few cases have been reported, sulfoxides can be re=-
duced with cleavage of the C-S bond by Raney nickel (40). An active nickef
catalyst.prepared in situ by reaction of nickel chloride with sodium

bofohydride in. ethanol hés been used toxéduce sul foxides to hydrocarbons



(50). The fact that the catalyst is not pyrophoric and the time saved
because prior preparation of the catalyst is not necessary are advantages

which more than offset the slightly poorer yields.



RESULTS AND DISCUSSION

The methylsulfinylcarbanion (CH3SOCH2-), formed in dimethyl sulfoxide
solutions of strong bases, has been shown to react with esters to -give
good yields of B-keto sulfoxides (8,10,15,16)., An analogous reaction of

the methylsulfonylcarbanion (CH3SOZCH2_) yields the B-keto sulfones (8).

CH SOCHZ- + RCOOR' — TRCOCHSOCH

3 7 7 ~ RCOCH,SOCH

3 2 3
B-Keto sulfoxides can be converted to a variety of products with or with-
out the sulfur moiety. Some of the major reactions investigated which
lead to sulfur containing products are summarized in Figure 1.

B-Keto sulfoxides cannot be converted directly to B-keto sulfones
since the conventional reagent (acidic hydrogen peroxide) causes B-kefo'
sulfoxides to undergo the Pummerer rearrangement to yield Q-keto heﬁi-

mercaptals.

RCOCH,,SOCH ; B ReocH(ow)scH

3

B-Hydroxy sulfoxides (illa, I1lb) and B-hydroxy sulfones (IVa) are
readily prepared by the reduction of fh; B-keto sulfoxides (la, 1b) or
B-keto sulfones (ila) with sodium borohydride iﬁ cold aqueous methanol.
‘The reverse reactions are readily achieved by the use of active manganese
dioxide. The sulfoxidebgroup of B-hydroxy sulfoxides is not as labile
with respect to the Pummerer rearrangement as‘in the B-keto sulfoxide;
consequently, oxidation by acidic hydrogen peroxide to f-hydroxy sulfones
is possible. PB-Hydroxy sulfoxides and sulfones have been prepared previous-

ly by the addition of the methylsulfinylcarbanion (13,14,25) or the

methylsulfonylcarbanion (34) or the corresponding Grignard reagents
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Figure 1, Reactions of B-keto sulfoxides
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(33,51) to aldehydes and ketones, and by thé autoxidation of mixtures of
certain olefins and mercaptans (36,37).

The selective reduction of a sulfoxide to a sulfide in the presence
of other functionality had been reported for the case methionine-S-oxide
(52). The reducing agent employed was aqueous sodium metabisul fite
(Na28205) at room temperature for several days. Under these condiiions.
B-keto sulfoxide (la) remained unchanged for up to ten days.- However,
increasing the temperature to approximately 90O for 24 hours produced the
B-keto sulfide (Vla) in 50-55% yield. The increase in acidity as the
reaction proceeds causes a competing reaction path-Pummerer rearrangement,
loss of methyl mercaptan to form phenylglyoxal, and formation of the water
soluble bisulfite addition product. In other sulfoxides where rearrange-
‘ment is not facile excellent yields of sulfide are obtained (see
experimental). When the reduction.was attempted using sodium bisulfite
instead of sodium ﬁetébisu]fite only unreacted keto sul foxide and the
bisulfite adduct of phenylglyoxal were obtained.

Simultaneous reduction of both the ketone and the sulfoxide to give
the B-hyaroxy sulfide (Va, Vb) can be achieved by refluxing with Tithium
aluminum hydride in tetréhydfOfuran. Compound Va can be oxidized to the
B-hydroxy sulfoxide (ll1la) with sodium metaperiodate or to the B-hydroxy
sulfone (iVa) with acidic Hydrogen peroxide or to the B-keto sulfide (Via)
with active maﬁganése dioxide. B=Keto sulfides can of course be easily
prepared by the reaction of the mercaptide anion with phenacyl'halides.

B-Hydroxy sglfoxides Illa and I1ib upon treatment with sodium hydride

in,tetrahydrofuran react to form white solids which upon treatment with
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methyl iodide yield the corresponding B-methoxy sulfoxides (Vlla, VIiib).
Similar treatment of the P-hydroxy sulfide Va yields the pP-methoxy sulfide
(Vllla). However, treatment of the P-hydroxy sulfone IVa with sodium
,hydridé failed to form é salt; anq treatment of the reaction mixture with
either water or methyl iodide before product isolation had no effect upon
the product isolated, which was w=(methylsulfonyl)=-styrene (Xa).

Apparently the equilibrium between the alkoxide anionland the carbanion is -
such that elimination is greatly preferred for the B-hydroxy su]foné

(R.= C6H5).

RCH(O-)CHZSOCH3 <= [RCH (OH) CHSOCH , ] )

RCH(07) CH,$0,CH, 2= [RCH(OH) CHSO,CH,] =~ RCH=CHSO,CH,+ OH
Treatment of the B~hydroxy sulfoné, [Va, or B-hydroxy sul foxide,
Illa, with phosphoric acid resulted in the formation of the unsaturated
sulfone (Xa) and unsaturated sulfoxide (Xla) respectively. Apparently
only a single isémgr (trans) was formed. 'The olefinic hydrogens had

coupling constants of fJ 15.6 c.p.s. in both cases. Distillation

asl *
of the B-hydroxy sulfide, Va, from potassium bisulfate yielded the un-
saturated sulfide (Xlla) as a mixture of trans (predominant), IJABI +
15.8 c.p.s., and cis (minor), [JABI =11 c.p.s., isomers. The sodium
metabisul fite reduction of the trans unsaturated sulfoxide, Xla, gave pure
trans sulfide (Xlla). 'The unsaturated sulfide is readily oxidized to the
sulfoxide (Xla) or sulfone (Xa).

Attempts to prepare a B-methoxy sulfone (I1Xa) by oxidation of Vlla

with acidic hydrogen peroxide gave rise to mixtures of [Xa and Xa which

could not be separated. Evidently IXa is very sensitive to the elimination



11

of methanol under either acidic or basic conditidns.

Treatment of Vlla with sodium hydride followed by heating in tetra-
hydrofuran solution gives rise to m-methylsuifinylstyrene (X1a). Tfeat-
ment of VIlb under identical conditions yielded the B,y-unsaturated

sulfoxide w-(methylsulfinyimethyl) methylenecyclohexane (XIb').

CHCHZSOCH3

Xib!

This result is in accord with the reports that basic solutions of un-
satufated sulfoxides equilibrate to give'predominantly the B,y~isomers
(53-55).

Reduction of the unsaturated sulfoxide Xla with lithium aluminym
hydride gave the saturated sulfide (X111a) which could be oxidized to w-

- (methylsulfinyl) ehtylbenzene (XlIVa) ornm-(methylsulfinyl) ethylbenzene
{Xva). The latter compound can also be prepared by the Tithium aluminum
hydride reduction of the unsaturated sulfone (Xa).

Since sulfoxides with Egzg_hyarogens have been shown to readily under-
go pyrolysis to yield olefins (56), pyrolysis of the B-hydroxy §nd B~
methoxy sulfoxides seemed to be a very plausible route to ketongs and enol-
ethers respectively. Pyrolysis of Illa and 1llb yielded acetophenone and
acetylcyclohexane respectively. The same ketones can be obtained from the
corresponding B-hydroxy sulfides Va and Vb by heating in the presence of a

trace of dicumyl peroxide, presumably via the following reaction.sequence.
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Dicumyl peroxide —lL————E> c

C* + RCH(OH)CH,SCH,  ———> CH + Ré(OH)CHZSCHB
RE(OH)CHZSCH3 — RC(OH) =CH,, + CH S
CHS® + RCH(OH)CH,SCH, ———> CH JSH -+R&(0H)CHZSCH3

Pyrolysis of Vila, however, did not yield the desired enolether. The main
product was acetophenone; presumably the methanesulfinic acid formed in the

reaction catalizes the decomposition of any enol-ether present.

A

RCH(OMe)CHZSOCHB-—§> RC(OMe)=CH2 + CH SCH —> RCOCH

3 3

Compound Viila failed to react with dicumyl peroxide under the conditions
employed.

The synthetic utility of B-keto sulfoxides is significantly enhanced
by the fact that the methylene gfoup glghi'to both the carbonyl and the
sulfoxide functions can be alkylated in high yield (46,57). Formation of
propiophenone in 67% yield from XVIII has been achieved. Considerably lower
yields of propiophenone (approximately 30%) have béen observed in the
. pyrolysis of XVIla. The conversion of XVIIb and XVillb té ketones has not

yet been achieved by these routes.
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-RCOCHZSOCH3
J/B-, Mel
RCOCH(CHB)SOCH3
XV1 A
}lAlf:;////// NaBH,,
RCH(OH)CH(CHB)SCH3~ ' , RCH(OH)CH(CHB)SOCHB
XVILL Xvil
\/ A + ROOR ' A J/ _
- . +
RCOCHZCH3 + CHBSH RCOCHZCHB CH3SOH.

a, R = C6H5’ b, R = C6H]]

* The synthesis of enol-ethers has been accomplished by a different
_route. Treatment of P-methoxy sulfides with potassium t-butoxide in
dimethyl sulfoxide in a nitrogen atmosphere produces mixtures of enol=
ethers and unsaturated sulfides. Table | summarizes the data for a
number of compounds of this type. Compounds in which R4 = C6H5 were pre-
pared from the reaction of thiophenol with phenacyl chloride followed by
C-methylation, sodium borohydride reduction, and O-methylation. Although
with one exception the final step yields are roughly comparable for both

RI+ =CH_, C6H5’ the latter series is preferable because all steps in the

3
latter series are equal or better yields, cleaner reactions, and much
shorter reéaction times. The one exception, 2-phenyl-2-methoxy=~t-butyl
methylsulfide (XXa), has proven to be very difficult to obtain in a pure

state. The dimethylation of the B-ketosulfoxide is not clean. There is

evidence that after monoalkylation a significant amount of O-methylation



Table 1. Preparation of énol- ethers by base catalyzed elimination of

B-methoxy sulfides

R CH(OMe)CR

p-Methoxy Sulfide

R.SR, —2—> R, CH(OMe)=CR,R

Percent Yield

CH=CRZSR4

R, fRz Ry Ry Enol-Ether Unsaturated iulfide
C6H5 H. H CH3 56 16
"ooH, HoHy L3 NP1

" CH3 CH3 CH3 ? ?

1 H H C6H5 L9 15

" CH3 H C6H5 6L Nil

" CH3 CH3 C6H5 82 Nil

is taking place. The distillation of (XXa)‘has.panéd ineffectual.
Attempted column chromatography on alumina ied to complete decomposition.
Therefore, the material subjected to the reaction was not completely pure,
No enol-ether was detected (no analogous ketone either). The enol-ethers
are extremely sensitive to acid and hydrolyze readily to their respective
ketones.

B-Hydroxy sulfoxides or vinyl sulfoxides can be converted td the ace-
tylenic sulfides. Tre;tment of Illa with thionyl chloride yields a chloro-
styrenyl sulfide (from nmr) which can be dehydrohalogenated with alcoholic
potassium hydroxide to yield methyl phenethynyl sulfide (XXVIl) in a 63%

overall yield. Evidence for the proposed reaction scheme is furnished by
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the observation that Xla reacts with thionyl chloride to give the methyl

chlorostyrenyl sulfide in high yield.

I1a + socl, - C6H5CH(C1)CHZSOCH3 - C6HSCH=CHSOCH3
soc12 c6H5c(c1)=CHSCH3 » go: = C6HSECSCH3

25 XXV

The intermediate methyl chlorostyreyl sulfide could not be obtained
in a highly purified staté. Four isomeric structures are possible (cis,
trans, Q-chloro, B-chloro) and in some samples four methyl singlets could
be detected by n.m.r. although one singlet greatly predominated (2,41
P.p.m.). However, all samples gave only a single sharp vinyl resonance at
6.57 p.p.m. The predominant structure of the methyl chlorostyrenyl sul-
fide was proven as a—chloro-B-methylmercaptostyrene by the observation
that p-phenyl-p-deuterioxy-t, C-dideuterioethyl methyl sulfoxide
(C6H50H(0D)CDZSOCH3) reacte? with thionyl chloride to give a methyl

.chlorostyrenyl sulfide without any absorption by a vinyl proton in n.m.r.

- C6H c(c1)=CDSCH

CGHSCH(OD)CDZSOCH3 + 50012

5 3

+ SO2 + 2DC1 + HCI

Treatment of P-deuterio-p-methylsulfinylstyrene with thionyl chloride
yielded a methyl chlorostyrenyl sulfide with 6.2 of a vinyl hydrogen atom
absorbing at 6.57 p.p.m. Apparently, the major reaction is to yield the
a~chloro-B-deuterio-B-methylmercaptostyrene.

C6H5CH=CDSOCH3 + SOC]2 - C_6H5C(Cl)=CDSCH3 + 502 + HCI
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However, the hydrogen chloride formed partially exchanges with the
deuterium atom in B-deuterio-pB-methylsulfinylstyrene. Such exchange is

not experimentally observed starting from

=CD + - = + DC1
C6H5CH C SOCH3 HC1 C6H5CH CHSOCH3 C

the a,x-dideuterio-p-deuterioxy sulfoxide because the reaction with thionyl
chloride produces two moles of deuterium chloride to one mole of hydrogen
chloride; The reaction of thionyl chloride with B-methylsulfinylstyrene
gave only tars in pyridine so]ution.‘ .

From the above observations it is obvious that transition state A is
preferred to B or C in the reaction of thionyl chloride with the unsatu~
rated sulfoxide. The preferance of A over B or C may be due to steric
effects in the non-planar transition state or due to the stability of the

reaction products

3

+
CHCH(C1)SCH

-t
A - C6H5CH(C1)=SCH

5

BorcC- C6H 3

In a similar manner it seemgd logical that pB-methylsulfinylstyrene
(Xia) would rearrange to an enol-acetate (XXXVIIla) if transition state A]
(transition states A], B], and C1 are anaiogous to transition states A, B,
and C in Figure 2, substituting an acetyl group for the chlofosulfinyl
group) were preferred; if transition states Bl or CI were preferred, a
different enol-acetate (XX1Xa) would be formed. Hydrolysis of XXVIla would
yield -methylmercapto)acetophenone (Via). Hydrolysis of XXIiXa would give
the methyl thioester of pheny]écetic acid (XXXa). However, the actual pro-
duct found upon refluxing Xla in acetic anhydride, neutralization with sod-

ium bicarbonate, and extraction with chloroform was acetoxymethyl B-styrl



H ~N_S
(:)'//’/ \\\\C::Fﬁ:s
A
A O=c.—Cl
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C

Figure 2., Transition states for the reaction of thionyl chloride with
w-methylsulfinylstyrene '
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sulfide (XXXla). Evidently the intermediaté acetoxy sulfonium salt is
not as readily attacked by the double bond as is the chlorosulfinyl sul-
fonium salt. In this case, thefefore, a normal Pummerer rearrangement Is
obtained, directed to the alpha carbon bearing the most acidic hydrogen,
i, e. the carbon best able to support a partial negative charge as re-
quired for the favored mechanism of the Pummerer rearrangement (58,595..

Treatment of XXXla with mineral acid causes a disproportionatfon to
formaldehyde.and the B-styryl mercaptal of formaldehyde (XXXila). This
reaction has previously been noted for simple hemimercaptals of formalde-
hyde (60). The attempted sodium borohydride reduction of XXXla in aqueous
alcohol gave no apparent reaction, Lithium aluminum hydride reduction in
tetrahydrofuran gave a small amount of a multicomponent oil with an ex-
.tremely sickening stench, possible due to B-styryl mercaptan or its tauto-
meric thioaldehyde. Attempts to i;olate thfs mercaptan as .its copper or
mercgry.mercaptide failed. |

In view of the facile alkylation of the methylene .of B=keto sulfoxides,
acylation also seemed to be a promising extension. Acylation would‘give B,

6-diket6 sulfoxides (XXXI1) which should hydrolyze to give triketones

(XXX111) or their hydrates.

H+

3 ~ RCOCOCOR'

RCOCHZSOCH3

1 \L B, (R*¢0) ,0 | XXX XXX111

B'(R'co)zo RCOCH (COR")SOCH
: /

RCOCH(OR‘)SCH3 _

XXX1V

However, acylation attempts using sodium hydride and acid anhydrides



6H C=CHSOCH

\L (CH co)

3

C6~_H5CH=CHS(OCOCH3)CH3
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3

C6HSC(0C0CH3)=CHSCH3 " CLH..CH=C (0COCH ) SCH
65 3 3
XXViila XXVXa
i/ H* \LH+
0
C6H5COCHZSCH3 6H5CH c scn3
Via XXXa

T~

, +
C6H50ﬂ=CHS(0COCH3)C H,

00"
\L CH ,€00

C6H5CH=CP{SCH20COCH3

XXX1a
(C6HSCH=CHS)2CH

XXX1la

Figure 3. The possible reactions of acetic anhydride with w-methylsulfinylstyrenc.

61
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produced only Pummerer rearrangement préducts - O~acyloxy sulfides

(XXX1V). When the reaction was tried using previously monoalkylated B~keto
sulfoxide (XVia), only o-acylation was detected. Possibly, the additional
alkyl substituent gives some added stabilization to the double bond of thé
enolate anion and causes the equilibrium between the carbanion and the
enolate anion to shift in favor of the latter. (A similar effect fs noted
in dialkylation. See experimental section.) It was not possible to purify
the o-acylated product due to instability with respect to distillation or
chromatography. Their existence is justified only by n.m.r. and infrared
spectroscopy.

Acylation of the pB-keto sulfides followed by oxidation to the sulfox~.
ides would give the desired product. When w=-(methylmercapto)acetophenone
(Vla) was treated with sodium hydride and acetic anhydride it too gave ex~-
clusive o-acylation. This enol-acetate (XXVilla) is a stabile crystalline
material. [t has been shown previously that o-acylation is the rule for
B=-keto sulfones(61).

One other alternate route to the desired B,B-diketo sulfoxides was
attempted utilizing alkylsulfinyl chlorides (RS(0)Cl) (XXXV) which are now
readily available (62,63). However, treatment of the sodium salts of B-
diketones in tefrahydrofurah with methylsulfinyl chloride led to products
which contained no sulfoxide. The infrared spectrum, however, did indicate
a sulfone group. Furthér analytical data proved the products to‘be sulfone- |
sulfides of the structu}e XLlI. One may visualize alternate pathways to
such a product. Both paths wqu]d involve the initial formation of the 8,

B-diketo sulfoxide (XXXVI). Path A assumes that the methine proton in XXXVI

.,
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is so acidic that immediately upon forming XXXVI reacts with another mole-

cule of the p-diketone salt to form another sodium salt (XXXVii).
(RCO)ZCHNa + CH3SOC1
r (Rco)ZCHSOCH3 ]

(RCQ)ZCiZi/// XXV \\\Eg CH S0C!

Path A Path B

' +
I (RCO) ,CNasOCH 5 ] _ [ (RC0) ,CHS (0SOCH ) CH, ]
XXXV11 J/CH3SOCI | \L XXX 1X
[ (Rco)zc(SOCH3)z ] [ (Rco)zc_=s(oso<:H3)CH3 ]
XXXV111 \\\\\§ ' XL
_SCH, 2(//ﬁ :
(Re0) ,c
50,0H,
XL1 ‘

Figure ¥, The possible reaction paths of methylsulfinyl chloride with the
' sodium salt of a p-diketone.

Intermediate XXXVI1 then reacts with another molecule of methylsulfinyl
chloride to giQe a disu]foxide'(XXXVlll) which undergoes an intramoleculaé
disproportionation to the pfoduct. Such a disproportionation might be
pictured as taking place through a transition.state such as D.

. Similar disproportionations have been postulated in 1,4-dithiadiene
systems (3). Sulfoxides have also been shown to exist in solution as dimers
of type E By n.m.r. techniques (64) and by vapor phase osmémetry (65).

Dimethyl sulfoxide itself has been shown to form association polymers in the



’CH3
6+ S
RCO \C/ \0 5~
RCO s+ S'— CH
| 3
&0
D
/o‘
RS L /SR2
“
E

neat state (66) ér in behéene solution (67). Path B requires the reaction
of XXXVl with another molecule of methylsulfinyl chloride to form a sul=-
fonium salt (XXX1X). Intermediate XXXIX loses a proton to give XL which
rearranges to give the product. In agreement with experimental results,
both mechanisms require that only 50% of the diketone react when equimolar
amounts of reactants are used. When the diketone itself is refluxed with
methylsulfinyl chloride no reaction occurs. When two equivalents of methyl-
sulfinyl chloride to one equiyalent of sodium salt was used the yield in-
creased slightly--from 31 to 40% based on the salt. This increase is not
sufficient to demand that path B is the propér one. An argument against
path B can be made from the fact that acyl halides react with sulfoxides

to form Q-halo sulfides (68%70). Therefore, If intermediates like XXXIX
and XL are involved, attack by an external nucleophile, chloride, should be

favored over a cyclic intramolecular rearranéement. Evidence against path
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A, however, is also available. Methylsulfonyl chloride (CHBSOZCI) adds
only once to salts of B-diketones to give moderate yields of the sulfone
analog of XXXVI (32). Also, when the sodium salt of la was treated with
- methylsulfinyl chloride a 75% yield of benzoyl(methylmercapto) (methyl-

sulfonyl)methane (XLIl1) was obtained. A mechanism similar to path A would

SCH
A 1) NaH/THF ‘
C_H_COCH.S
C¢H5COCH,SOCH > C6HECOCH\\
2). CH,S0C! 50,,CH

la XL11

3

predict the formation of the very interesting species (XLIl1) containing
a sulfide, sulfoxide, and sulfone group all attached to the same carbon
atom. More work in this area is necessary before a definite mechanism can

be assigned. ////, SCH3
C6H coc: — SOCH3

5

\\\\\ SOZCH3

XL111 '

Other attempted acylations of B-keto sulfoxides which failed include
reaction with excess ethyl benzoate in the initial condensation reaction
| yielding B-keto sulfoxide.(10). Acylations of the p-keto sulfoxide were
were attemp;ed in etﬁy] acetate.” Neither lithium or sodium salts of the
B-keto sulfoxide underwent C-acylationL lntraﬁolecular condensation of

B-acyloxy sul foxides (XL1V) with p-keto sulfoxides failed to yield C-

acylated products.

1
RC(OCOR )CHZSOCH3

XLIV
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An obvious extension of the condensat{on of dimethyl sulfoxide with
esters was the condensation with diesters to produce cyclic products.
Becker and Russell have shown that dimethyl sulfoxide in the presence of
sodium methoxide adds to diethyl phthalate to yield the 1,3-indandione
system (8,58). The reaction product isolated upon acidification with hy=-
drochloric acid proved to be 2-chloro-2-méthy1mercapto—],3-indandf0né'
(XLVi). The reaction of XLVl with hot water leads to good yields 6f
ninhydrin hydrate (XLVIl). A probable reaction sequence is shown in

Figure 5. Intermediate XLV has been isolated (58).

COOR NaOMe COCH,,SOCH
+ CH SOCH,  —mi>
COOR 33
o COOR

0 0
NaOMe S0CH H+ _OH
ey ) LN <
H
0 v -
XLV - |
. |
: ci 0 OH
—> . —
- " VseHy 100 . oH

XLV ' XLVII

Figure 5a. Sodium methoxide catalzed reaction of dimethyl sulfoxide
with diethyl phthalate. - :
In attempting to generalize this reaction and form a series of cyclic
triketones or triketone hydrates little success has been attained. Only in

the case of dimethyl 2,3-naphthalene dicarboxylate was the analogous Q-
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chlorothioether (XLVIIl) obtained, and that only in poor yield and con-

taminated with laEge quantities of the diacid.

0
X
{  scH,

XLVIT] . XLIX

-The conversion of XLV!fl to XLIX can be effected but in lower yield than
the conversion XLVI to XLVII. Considerable amounts of a brown, insoluble
solid which does not melt below 325o are also formed. The reaction with
1,8-naphthalene dicarboxylates led only to anhydride formation. Attempts
to react esters of maleic and 2Z,3-dimethylmaleic acids yie]ded only tarry
residues from which no identifiable product could be obtained.

Since the more reactive carbanion from sodium hydride and dimethyl
sulfoxide is capable of reacting with aliphatic esters, it was decided
to explore this area. The first aliphatic diester tried was dimethyl 3,
3=-dimethylglutarate. 'The'product'iso1ated'upon~quencthg'with;water,
neutralization, and extraction proved to be a mixture of the diastereomers
of 5,5-dimethyl-2-(methylsulfinyl)-3-(methylsulfinylmethyl)-Az-cyclo-
hexenone (LII1).

Two different_routes to LIIl can be envisioned, Figure 5. O0f these
two, bafh A seems the more likely since path B involves an intermediate
(L1) which should lead to a triketone. [t also seems more reasonable that
in the presence of a large excess of relatively free carbanion both ester
groups wbuld react with different methy}sulfinylcarbanions. In the case

of the alkoxide catalyzed reaction of diethyl phthalate, only a low
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COOR
+ NaCH,SOCH,
COOR
QZ(/ : : ) 5\§§B
‘ 0
COCH,,SOCH, H
| SOCH,
COCH, SOCH, o b -
. Li
L 44(/
0
H
SOCH
oH 2
CH,SOCH
LIt
J/ ~H,,0
0
SOCH
3
CH,SOCH
LIt

Figure 5b. Possible reaction paths for the reaction of sodium methyl-
sulfinylmethane with dimethyl 3,3-dimethylglutarate.
concentration of the carbanion is .present. Consequently, the reaction of
one ester group forms a pB-keto sulfoxide which has a more acidic hydrogen
atom than dimethyl sulfoxide and can successfully compete for the remaining

base. Hence, only one mofe of dimethyl sulfoxide is incorporated. This
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fundamental difference between the two systems should demand that different
products be formed in those systems which are reactive to both; i. e.,
aromatic esters. Indeed, when diethyl phthalate was reacted with the
methylsulfonyl carbanion, prepared from sod}um hydride and dimethyl sul- ‘

fone in dimethyl sulfoxide solution, two products (LIV and LV) were formed.

Both products had incorporated two moles of dimethyl sulfone. Compound

0 G
COOR :
~ NacHysOCH; O So,0H; + O’ SO,CH; |
COOR | Koo
CH,S0,,CH CHSO,,CH
Ly 2 203 Ly 273

LV differed only in the direction Iin which water had eliminated could be-
converted to LIV treatment with base in dimethyl sulfoxide. The analo-
gous reaction wifh the methylsulfinyl carbanion itself gave no identifiable
product. The dimethyl 2,3-naphthalene ﬁicérboxy]ate behaved similarly

although only the product with the double bond in the ring (LVI) was found.

COOR - NaCH.,S0..CH
COOR

CHZSOZCH3

LVI

Further evidence that the concentration of the cérbanion is the factor’
which determines the product is the fact that when the reaction is run in |
the inverse manner, i. e., adding the preformed carbanion dropwise to a
well-stirred solution of the diester, one obtaxns the ch]orundandlone
XLVI and the chloronaphthindandione XLVIII in 31 and 59% yields, res-
pectively. Here again, however,vthe 1,8-naphthalene dicarboxylate and

maleate systems do not give identifiable products.
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Before proceeding to find other similar cyclic condensations it seemed
advisable to-study the chemistry of LIl itself. |f compounds of this
type COQId be reductively desulfurized, one could obtain B-methyl cyclic
ketones. Ketones of this sort could be of value to electron spin re- |
sonance studies éf semidione radical "anions being conducted in these
laboratories. Russell and Mikol have shown that p-keto su]foxides‘are
reduced to methyl ketongs in good yield by zinc in acetic acid-absolute
ethanol solution (44). When compound LIIl was treated in a similar manner

Zn

RCOCH. SOCH

) -~ RCOCH

3

\

3
HOAc-EtOH :
for one hour a 30% yield of 3,5,5-trimethyl-2-(methylsulfinyl)-2-cyclo-

hexenone (LVII) was formed. Longer reaction times gave a wide variety of

products, the most prédominant being the analogous sulfide (LVIII).

SOCH '
_ 3 Zn SGCH., . SCHy

~ 3

HOAc-EtOH” ' ...

CHZSOCH3

LIt ' LVII LVitl

Reductions with a]ﬁminum amafgam in aqueous tehalydrofuran and sodium
or lithium in liquid ammonia also gave mixtufes of products.

Raney nickel (w-é) proved to be an effective méthod of accomplishing
this complete desulfurization. The drawbacks of this method are the time
required to prepare the catalyst and the fact that massive amounts of

Raney nickel are required since sulfur poisons the catalyst. A ratio
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approximately twenty-five to one, Raney nickel to substrate, in refluxing
ethanol was required. The product isolated from the reaction of LIll was

a mixture of the isomers of 3,5,5-trimethylcyclohexanol (LIX).

0 OH
SOCH3 Ni(H)
SO >
’ Pl
CHZSOCH3 refluxing
ethanol
L1l LIX

Compound Liil, when treated with hydrochloric acid in aqueous dimethyl
sul foxide, rapidly undergoes the Pummerer rearrangement at the activated
‘position. Under these conditions. the hehimercaptal formed also splits

out methyl mercaptan to give an aldehyde (LX).

0 0 0.
SOCH Hel SOCH, | SOCH,
—_—— I ) —_
CHZSOCH3 aq. DMSO CH(OH)SCH3 CHO
, Ly ,

The reaction is complete in about 30 minutes. WUnder these same conditions
w=-(methylsulfinyl)acetophenone takes 24 hours to rearrange; and, the pro-
duct isolated .is the hemimercaptal (10}. The remaining sulfoxide group in
compound LX is very labile with respect to disproportionation with the
dimethyl sulfoxide in thé solvent. Thus LX is always contaminated by the
analogous sulfide (LXI).

© This facile rearrangement is one of the major reasons for the relatively
low yields (38-58%) of LIll. As formed in éhe basic reaction media the
produét exists as an enolate anion. [t is necessary to neutralize the

solution to .convert to the ketonic form which can be extracted. Even
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very careful neutralization in well mixed, iced solutions cannot prevent

some loss via rearrangemgnt. In order to circumvent this problem, the

reaction was run with the methylsulfonylcarbanion to produce the analo-

gous sulfone which could not undergo the Pummerer rearrangement. In this

manner yie]ds of slightly greater than 80% of compound LXl! were obtained.
SOZCH3 o 502C6H5

CHZSOZCHB I CH2502C6H5
LXI11 | LX111

The attempted desulfurization of LXll with Raney nickel produced only
a mixture of products which still contained a sulfone group. The 1it-
eratufe has very few examples of the desulfurization of sulfones. The one
case where aliphatic sulfones have been reduced to hydrocarbons required
3500, IOO-atmospheres of hydrogen preséure, and a molybdenum sulfide
catalyst (42). However; it was noted fhat several sulfones containing an
aromatic moiety in the molecule had been rgduced to hydrocarbons under
re]atively mild conditioné-(43). Therefore, the condensation was carried
out using methyl phenyl sulfone in the place of dimethyl sulfone. Compound
LXI11 was obtained.in L4E% yield and was readily reduced to 3,5,5-tri-
methy]cyclohexanof (L1X) by Raney nickel in ﬁeluxing ethanol. However,
the reduced yield of the condensation product (pfobably due to"the in-
creased steric requirement of the phenyl groups although no effort was
made to maximize this yield) and the large excess of catalyst required

combined with the large molecular weight reduction of the final step make
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the entire route somewhat impractical.
The significantly more convenient conditions of the Papa-Schwenck

reduction (Thé nickel-aluminum alloy is added directly to a hot solution
of the sulfone in aqueous sodium hydroxide.) (71,72) allows the clean '

partial reduction the dimethyl sulfone adduct:(LXll) to a monosul fone

(LXIV) in 94% yield. o

SO
ZCH3

LXI1V

. Diethyl cyclohexane-cis-1,2-dicarboxylate reacts with the methyl-
sulfinyl carbanion to give a 29% yield of hexahydro-2-(methylsulfiny}l)=3-

(methylsu]finy]methy])-Az-inden-l-one (LXV). The analogous reaction with

SOCH SO, CH
3 273
CHZSOCHB B : ' CHZSOZCH3
LXV : _ LXVI

the methylsulfonyl carbanion produced a 93% yield of hexahydro-2-(methyl-
su]fohy])-3-(méthylsu1fony]methyl)—Az-ihden-l-one (LXvi).
Compound LXV when treated with Raney nickel in refluxing ethanol for

four hours gave a-70% yield of hexahydro-3-meﬁhyl-1-indanone (Lvii).
Longer reaction times introduced two isomeric alcohols (LXViil) into the
mixture. Compound LXVI gave only partial reduction td LXIX after six hours.

Attempts to effect ring closure to a bicylo-(3,3,1) system by conden-

sation with dimethyl 1,3-cyclohexanedicarboxylate failed. The methyl-
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sulfinyl carbanion gave no identifiable product and the methylsulfinyl

0 OH OH :
LXVIi1 LXVITI - LXIX

carbanion added_two moles dimethyl sulfone but did not cyclize. Reaction
periods of up to ten days and temperatures up to 80° were tried. Compound

LXX was treated with potassium t-butoxide in dimethyl formamide or dimethyl

COCH,, S0, CH COOR

2°72""3 CH,S0,CH,
+ NaCH, S0, CH
< a3 > 3
COCH,,S0,,CH, COOR | 0 0,CH,
LXX LXX

sulfoxide, but only starting material was recovered.

Two products are possible in the reaction of the methylsulfonyl car-
banion with dimethyl homophthalate--LXXI! in which the double bond and the
ketone are in direct conjugation with the aromatic ring, and LXX{{1 in

which the double bond and the aromatic ring are in cross conjugation with

the ketone (Figure 6). In both ketones, however, the situation is highly
favorable for tautomerization to the corresponding naphthols (LXXIV and
LXXV). Apparently, compound LXXIll is formed preferentially since its
tautomer (LXXV) was the only naphthol found. The only other product found
was LXXVI in which only one ester group had reacted. |t was found only

in those reactions which had reaction times of two hours or less. Proof of
structure of LXXV was obtained by reduction with Raney nickel in ethanol to

yield the known 3~-methyl-5,6,7,8-tetrahydro=-1-naphthol (LXXVIl). The Papa-



CH25020H3

So.Ch - COOR COCH S0, CH
S0.,CF + NaCH.S0. CH
o273 <+ - 2°72
O‘ . CH,COOR 3 —>
0 CH,,COOH
LXXI | : | \ : LXXVI

' ' CH,S0,CHg OH
Oe $0,CHy OO S0,CH, S0,CHy
. ' ‘ <f_i_
~~ OH . | 7 ~.CH S0, CHg 1950,CH,
L),(X,'V LXXV LXXI11
b \
- OH OH ot
H3 CH3 | CH3_

LXXVI | LXXVIILT LXX1X

Figure 6. The reaction of methylsulfonylmethylsodium with dimethyl homophthalate.
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Schwenck reduction of LXXV gave rise to two compounds--3-methyl 1-naphthol
(LXXViI1) and.3-methy]-2-(methylsu1fony])-]-naphtho] (LXXIX); Either
LXXVILI or LXXIXicouId be made to predominate by'a ration of approximately
3 to 1 by varying the amount of nickel-aluminum alloy used. Neither could
be obtained exclusively. With large excesses of alloy some tetralol forma-
tion was observed.

One aromatic diester gave the same product regardless of the source
or concentration of-tﬁe carbanion. Dimethyl diphenate (LXXX) adds two
moles of the methylsulfinyl carbanion and closes to a seven membered ring
but does not eliminate wéte} (Figure 7). Since the preferred conformation
of-diphenates'has the ester groups oﬁ oppdﬁite sides, both esters react
with the methylsu]finyi carbanion before rofation about the diphenyl
linkage and cross-linking to LXXX} can take place.v At first glance, it
would appear that elimination of water should be mgre~facile in this case
than in any of the others since very extensive conjugation appears to be
possible. However, if one tries to make the ho]ecular model of LXXXI|
one notes considerable strain. Heating in base and dimethyl sulfoxide does
not éffect the dehydration. The addition of methyl iodide to form a more
favorable leaving group led to no identifiable product.

Reduction-of LXXX! with zinc and acetic acid~removés the activated
sulfoxide group to give LXXXIII as a mixture of diastereomers.

Treatment of LXXXI with hydrochloric acid in aqueous dimethyl sulfox-
ide leads to an interesting rearrangement product (LXXXIV). Compound
LXXX1V was too unstable to withstand the rigors of being sent micro-

analysis, but spectral data (including mass spectrum) indicate its existence.



' | - LXXXI \\\\\\E§ S Lxxx1{

~ e
¢! CHSOCH, IT" CH,SOCH;

CHASOLCH
: 272 '3
SOLHS -
LXXXIIE , ' LXXX1V | 2§: :3.
LXXXV
Q.
O O- ) o’ o
LXXXV1 LXXXVIT _ LXXXVITY

Figure 7. Products derived from diethyl diphenate

s€
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[f compound LXXXIV is treated with potaésium t-butoxide in dimethyl
sulfoxide in an electron spin resonance ce]i; a stroné signal indicates
the presence of a radical gpecies. The spectrum consists of a major
quintet (1.68 gauss) with further splitting (approximately 0.4 gauss)
given in spectrum or Figu}e 8. This spec£rum could be explained by saying
that the base removes the hydroxyl proton of LXXXIV and then a methyl=-
sulfinyl carbanion is ejected fo give a triketone (LXXXVI). Since under
these conditions triketones normally loses carbon monoxide to form a semi-
dione radical anion with one less carbon atom (73), the radical observed
would be 9,10-phenanthrene semiquinone (LXXXVIl1). The published spectrum
of LXXXVII (74,75) was very similar bugshad been observed in aqueous .
solution. When 9,10~-phenanthrene quihoﬁe was reduced by electron transfer
from propiophgnone in dimethyl sulfoxide a spectrum was obtained which was
superimposable with that observed for LXXXIV.

Compound LXXX1 can be oxidized in poor yield by hydrogen peroxidé to
the analogous sulfone (LXXXV) which can also be made by direct condensation
of the methylsulfonyl carbanion with dimethyl diphenate in 92% yield.

Attempts to form an aliphatic seven-membered ring from dimethyl adi-
pate and the methylsulfonyl éarbanion gave only LXXXIX, the prodﬁct from’
initial Dieckmann condensation (76) fo]lowedvby condensation of the remain-

ing ester group.

"0
(CHZ) L*(COOR) ) F NaCH

280,CH3 O cocn25020H3

LXXXIX



Figure 8. First-derivative e.s.r. spectrum of 9, 10-phenanthrene
semiquinone produced by the reaction of LXXXIV with
potassium t-butoxide in dimethyl sulfoxide.
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Dimethyl succinate prefers to condense with itself to give the dimer
2,5-dicarbomethoxy-1,4=-cyclohexanedione (XC).

COOR

2SOZCH3 - ROOC

(CHZCOOR)2 + NaCH

0
XC

However, dimethyl tetramethylsuccinate which cannot self-condense gives

the expected product (XCI).

S0, CH

23
[(CHB)ZCCOO%]Z + NaCHZSOZCH3

CH

CHZSO2 3

XCl

Diethyl dimethylmalonate undergoes condensation at both ester groups;

but, as expected, it does not cyclize to give a cyclobutenone derivative

(XCI11).
(CHB)ZC(COOR)Z + NaCH,S0,CH; = (CHz),C(COCH,S0,CH3),
XCII
0 iﬁ SO..CH
\ 273
CH,S0,CH,
“XC111

Attempted condensations with both dimethyl oxalate and diethyl car-
bonate failed to give a product although on an e.p.r. scale a radical was

obtained for the oxalate case which indicated that condensation had taken



Lo

place (73). In both cases a gas was evolved upon neutralization of the
basic‘reaction media.

One other condensation is of interest. It is the one case where
there is evidence for(Both carbon atoms alpha to the sulfoxide reacting.'
When diethyl phthalate was added to a slurfy of sodium hydride and di=-
benzyl sulfoxide in dimethylformamide at 60° yfe]dS'varying from O.to 2547,
of 2,3-diphenyl-1,4-naphtha-quinone (XCV) were obtained. The other product
which was ideﬁtified was trans-stilbene, which is known to arise from
heating dibenzyl sulfoxide with base in dimethylformamide (77). It seems
Tikely XCV could arise from XCIV inAa similar manner. The low, varying
yields are consistent with the unfavorable ;ompetitioh.due to the diffi=
culty of attaining conditiéns guitable for the multistep réaction sequence

necessary to form XCV.

0]
Cefs
COOR NaH %0
+ (c6H5(:H2)Zso_ —DM—F—->
COOR .
s Cefs
- XCiv -
) J/ -
0]
' C6H5
0

XCvV
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EXPERIMENTAL

All melting points were determined on a Mel-Temp or Fischer-Johns
melting point apparatus and are uncorrected. Microanalyses were performed
by Spang'Microana]ytical Laboratories, Ann Arbor, Michigan, or Schwartz-
kopf Microanalytical Laboratories, W§odside, New Ygrk. Infrared spectra
were taken on a Perkin-Elmer Model 21 double beam infrared spectrophoto-
meter. Nuclear magnetié resonance spectra were obtained on eifher Varian
Associates HR-60 or A-60 spectrophotometers. All chemical shifts are
reported as parts per million from tetramethylsilane (élsca]e).

- Dimethyl sulfoxide was distilled from ;alcium hydride under reduced
pressure and stored over Molecular Sieves in tightly sealed glass contain-
ers. Tetrahydrofuran was distilled as needed from 1ithium aluminum hy-
dride. Sodium hydride was obtained as a 50-60% suspensién in mineral oil
from MetaI.Hydrides, Incorporated. The mineral oil was removed just priof
to use by.washing with Skellsolve A and decanting three times. All re- .
actions involving the presence of a base in dimethyl sulfoxi@e'were run in
an atmosphere of dry prepﬁrified nitrogen. All esters were prepared from
commercially available acids by sulfuric acid catalyzed esterification
with the following exceptions; Dimethyl 1,8-naphthalenedicarboxylate was
prepared from fﬁe disilver salt and methyl iodide in a sealed tube (78).
Dimethyl cis=-1,2~-cyclohexanedicarboxylate was prepared by the Diels~Alder
reaction of 1,3-butadiéne and ha]eic anhydride, esterification, and hydro-
genation of the doub]é bond with a palladium charcoal catalyst at 1 to 2
atmospheres of hydrogen pressure (79). Dimethyl tetramethylsuccinate was

prepared by coupling the monomethyl ester of dimethylmalonic acid in the
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presence of potassium persulfate (80). All other chemicals were commer-

cially available and unless otherwise stated were used as received.

Experimental Detail for Products Derived from
B=Keto Sulfoxides

Preparation of B-keto sulfoxides, |

w=-(Methylsulfinyl)-acetophenone, la, and (methylsulfinylmethyl) cyclo-

hexyl ketone, Ib, were prepared as previously reported (10,15,16). .

Preparation of B-hydroxy-g-phenethyl methyl sulfoxide, Illa

Compound [a (30 g.)'was,aisso1ved in 100 ml. of water and cooled In an
ice bath. While stirring with a.magnetic st%rrer, sodium borohydride
(1.70 g.) in 10 ml. of water was added slowly. After stirfing for two
hours the solution was thoroughly -extracted with chloroform. The extracts
were dried over magnesium sulfate and filtered. Evaporation o? the solvent
left a coloriess.oil which after removal of the final traces of solvent at
1 mm. crystallized in colorless needles (29.9 g., 98%) melting at 78-123.
Recrystallization from ethyl acetate did not effect separation of the
diastereomers. The infrared spectrum was super-imposable with an authentic
sample prepared by_addition of the methylsulfinyl carbanion to benzalde~

hyde (25).

Preparation of B-hydroxy=B-cyclohexylethyl methyl sulfoxide,.lilb .

By the same procedure used to prepare llla, compound Ib (2.04 g.) gave
I11b (1.98 g., 97%) as a white solid. Recrystallization from isopropyl
ether permitted separation into two pairs of isomers, the more soluble

isomer melting at 50-52 and the more insoluble isomer melting a 94-96. The
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sample for analysis was not separated into diastereomers.

Analysis Caled. for C9H18QZS: C, 56.82; H, 9.54; S, 16,82.
Found: C, 57.02; H, 9.55; S, 16.83. =

Infrared (chloroform) 2.97, 3.45, 3.52, 6.82, 7.23, 7.70,
7.9-8.6'(br§ad), 9.75 (broad), 10.40, 10.75, 11.23
microns. | |

N. M. R. (deuterochloroform) broad absorption 1.0-2.0 (10H);
multiplet 2.6-2.9 (5H); broad absorption 3.8-4.1 (2H).

Shaking the sample with deuterium oxide reduced the

absorption at 3.8-4.1 by one proton.

Preparation of B-hydroxy-B-phenethyl methyl sulfone, 1Va

By the same procedure used to prepare llla, compound Ila (0.10 g.)
gave IVa (7.89 g;, 86%) as colorless crystals melting at 102-104°,
crystallization from benzene-carbon tetrachloride mixtures raised the m.p.

to 105-106(1it. (34) m.p. 106-106.5°).

Preparation of B-hydroxy=-g-phenethyl methyl sulfide, Va

According to the procedure of G. J. Mikol of the laboratories, a
solution of la (20.0 g.) in 200 m!. of tetrahydrofuran Was added dropwise
lithium aluminum hydride (6.5 g.) suspended in tetrahydrofuran at.a rate
sufficient to maintain reflux. The mixture was refluxed for 24 hours,
cooled, and diluted carefully with 106 ml. of water. The hydroxides which
were formed we}e dissolved with hydrochloric acid. The aqueous solution was
extratted with chloroform. The éombined extracts were dried over magnesium

sulfate and filtered. Removal of the solvent left a yellow liquid which was
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distilled at 1 mm. A fraction boiling at 92-95 (13,54 g., 73%) was

collected (1it. (81) b.p. 142-3 at 15 mm.).

Preparation of B-hydroxy-g-cyclohexylethyl methyl sulfide, Vb

When- Ib (9.90 g.) was treated in the manner used to prepare Va, the
product Vb (6.54 g., 75%) was obtainéd as the fraction boiling at 92° at
1 mm.

Analysis Calcd. for C9H]SOS: C, 62.04; H, 10.41; S, 18.37.

Found: C, 61.93; H, 10.36; S, 18.29.
Infrared (carbon tetrachloride) 2.90, 3.45, 3.52, 6.81, 9.40,
11.00, }1.24 microns. ’
N.M.R. (carbon tetrachloride) broad absorption 1.0-2.0 (11H);
singlet 2,09 (3H); multipet 2.4-2.7.(2H); singlet
2.81 (1H); multiplet 3.203.6 (1H). Shaking the sample

with deuterium oxide removes the singlet at 2.81.

Preparation of B-methoxy-B-phenethyl methyl sulfoxide, Vlla

Compound 1lla (9;20>g.) in 100 ml. of tetrahydrofuran was added to a
suspension of sodium hydride (1.10 g.) in 25 ml. of tetrahydrofuran at
such a rate that refluxing did not occur. Excess methyl iodide was added,
The mixture was then added carefully to 500 ml. of water. The aqueous
mixture was extracted with chloroform. The'gxtracts were driéd over magne-
sium sulfate and filtered. Removal of the solvent left a light yellow oil
which was vacuum distilled. The fraction boiling at 135-7° at 1 mm. (6.48

'ge, 72%) was collected.
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Infrared

N.M.R.
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Calcd. for €y f;,0,5: C, 60.59; H, 7.07; S, 16.14
Found: C, 60.38; H, 7.13; S, 16.07
" (chloroform) 3.42, 3.5k, 6.24, 6.70, 6.89, 7.12,
7.38, 7.70, 8.7k, 9.10 (intense), 9.75 (broad,
intense), 10.15 microns.
(carbon tetrachloride) 2 singlets 2.46 and 2.52
(total 3H); multiplet 2.7-3.1 (2H); 2 singlets
3.19 and 3.22 (total 3H); multiplet L4.5-4.7 (2H);

broadened singlet 7.30 (5H).

Preparation of B-methoxy=-B8-cyclohexylethyl methyl sulfoxide, Vlilib

By repetition of the procedure used to prepare Vlila, compound IlIlb

-(5.10 g.) produced compound VIib (3.95 g., 72%) as a mixture of diastereo-

mers boiling at 118-139° at 0.5 mm.

Analysis

Infrared

N.M.R.

Calcd. for ClOHZOOZS: C, 58.80; H, 9.87; S, 15.67.
Found: C, 58.67; H, 9.76; S, 15.80. ‘

(carbon tetrachloride) 3.45, 3.51, 6.92, 9.15,
9.55 microns.

(carbon tetrachloride) broad absorption 1.0-2.0 (11H);

multiplet 2.5-2.9 (5H); multiplet 3.2-3.5 (&4H).

Preparation of B-methoxy-8-phenethylimethyl sulfide, Vilia

" In the manner used to prepare Vlla, compound Va (20.1 g.) produced

Vilia (17.17 g., 81%) boiling at 86-91° at 2mm. The compound was identi-

fied by oxidation to the sulfoxide and comparison with an authentic sample

of Vila.
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Preparation of B-methoxy-B-cyclohexylethvl methyl sulfide, Villb

In the manner used to prepare Vlla, compound Vb (4.90 g.) produced

VItIb (3.90 g., 65%) boiling at 49-54° at 0.10-0.15 mm.

Analysis Calcd. for C]OHZOOS: C, 63.79; H, 10.71; S, 17.00.

Found: C, 63.92; H, 10.54; S, 16.87

Infrared (carbon tetrachloride) 3.47, 3.52, 6.92, 9.15 microns.
N.M.R. (carboh tetrachloride) broad absorption 1.0-2.0 (11H);

singlet 2.09 (3H); doublet 247 and 257 (2H); broad

absorption 2.8-3.2 (1IH); singlet 3.35 (3H).

Preparation of w-methylsulfinylstyrene, Xla

Compound Vila (1.98 g.) in 25 ml. of tetrahydrofuran was added to a
suspension of sodium hydride (0.36 g.) in 25 ml. of tetrahydrofuran. The
‘mixture was refluxed for one hour ‘and then poured into water. The aque-
ous solution was extracted with chloroform. The extracts were dried over
magnesium sulfate and filtered. Removal of the solven£ left Xla (1.64 g.,
100%) as a slightly yellow solid, m.p. 45-500. Recrystallization from
ether raised the m.p..to 61-2°.

Anzlysis  Calcd..for CJH (0S: C, 65.05; H, 6.07; S, 19.26.

Found: C, 65.21; H, 6.14;° S, 19.20.
Infrared (chloroform) 3.38, 6.20, 6.92, 7.13, 7.75, 9.65
(broad), 10.45 (intense) mi;rons.

N.M.Rs (carbon tetrachioride) singlet 2,60 (3H); AB quartet

8y = 6.91. by = 7.20, [Jp5| = 15.5. c.pss.; multiplet

 7.2-7.6 (5H).
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Preparation of w-(methylsulfinylmethyl)-methylenecyclohexane, Xlb'®

When compound VIIb (4.08 g.) was treated with base as in the above

procedure, XIb! (3.4 g., 100%) was obtained as a pasty solid. Re-

crystillization from ethyl acetate gave a white solid, m.p. 38-90. The

material may also be distilled at 92-4° at 0.1 mm.

Analysis

Infrared

N.M.R.

Caled. for Coiig0S: Cs 62.76; H, 9.36; S, 18.58
Found: C, 62.66; H, 9.29; S, 18.61.

(carbon tetrachloride) 3.41, 3.50, 6.0k, 6.81, 7.03
7.-11, 7.45, 7.76, 9.50 (broad, intense), 10.15,

10.46, 10.75, liQZO; 11.82 microns.

(carbon tetrachloride) broad absorption 1.3-2.3 (10H) ;
singlet 2.41 (3H); doublet centered at 3.35, J = 8

c.p.s. (2H); triplet centered at 5.13, J = 8 c.pos. (IH).

Preparation of methyl w=styryl sulfide, Xlla

Potassium hydrogen sulfate (50 g.) was placed in a flask equipped

with a pressure compensating dropping funnel and a distillation head. The

temperature was raised to 230°'and the pressure was reduced to 0.3 mm.

After one hour Va (11.56 g.)'was added dropwise. The dark brown distillate

was taken up in ether, dried over magnesium sulfate, and filtered through'

charcoal. Removal of the solvent gave 5.23 g. of a light yellow liquid.

The liquid was fractionally distilled and the fraction boiling at 110-30

at 3 mm. (3.96 g., 38%) was collected. The cis olefin is reported to

boil at 100-5° at Lmm. (82).

(carbon tetrachloride) singlet 2.23 (3H); AB quartet

§A= 6.18, 6g= 6.66, Jag = 15.6 c.pes. (2H); multiplet
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7.0-7.4 (5H). A low intensity quartet 8= 6.02,

6= 6.32, J,, = 11.0 c.p.s. indicates the presence of

AB

a trace of the cis olefin.

Preparation of w-methylsulfonylstyrene, Xa

Compound IVa (5.00 g.) in 100 ml. of tetrahydrofuran was added -to a
suspension of sodium hydride (2.56 g.) in 25 ml. of tetrahydrofuran. The
mixture was refluxed for one hour and then poured into water. The aqueous
solution was extracted with chloroform. The extracts were dried over
magnesium sulfate and filtered. Removal of the solvent gave Xa (3.42 g.,
74%) as a pasty solid. Recrystallization from aqueous ethanol raised the
m.p. to 78-90, A mixed m.p. with an authentic sample prepared by phos-
phori; acid catalyzed dehydration of [Va showed now depression.

N.M.R. (deuterochloroform) singlet 3.02 (3H); AB quartet

8= 6.99, §B7.66, Jpp = 15.5 c.p.s. (2H); multiplet

7.2-7.6 (5H).

Preparation of B-phenethyl methyl sulfide, Xilla

When Xla (0.85 g.) was refluxed with lithium aluminum hydride in
tetrahydrofuran the prodﬁct obtained was Xlila (0.6 g., 82%), b.p. 65-7°
at 1 mm. Proof of structure was obtained by integrated n.m.r. spectrum
and by oxidation to the known sulfone, m.p. 83-5° (lif. (83) m.s. 85—605.

N.M.R. (carbon tetrachloride) singlet 2.00 (3H); multiplet

2.4=3.0 (4H); broadened singlet 7.15 .(5H).

Preparation of @iphenethyj methyl sulfone, XVa

When compound Xa (5.00 g.) was refluxed with lithium aluminum hydride
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in tetrahydrofuran the product obtained was XVa (2.80 9., 55%), m.p. after

recrystallization from methanol, 86-7° (lit. (83) m.p. 85-60).

Sodium metaperiodate oxidations

All of the sodium metaperiodate reactions were carried out essen-
tially by the method of Leonard and Johnson (84,85).

Compound VA (500 mg.) when treated with sodium metaperiodate gave a
light yellow solid. Recrystallization from ethyl acetate gaye pure Illa
(410 mg., 75%)° The infrared spectrum was superimposable with Illa pre-
pared by sodium borohydride reduction of la.

Compound Villa (5.46 g.) when oxidized by sodium metaperiodate pro-
duced Vila (5.35 g., 90%). The infrared spectrum was supefimposable with
Vila produced by methylation of Illa.

Compound Xlla (500 mg.) when oxidized by sodium metaperiodate pro-
duced Xla (424 mg., 77%). The infrared spectrum was superimposable with
Xla produced by treatment of Vlla with base. A mixed m.p. showed no
depression.

Compound XIlla (1.00 g.) when oxidized with sodium metaperiodate pro-
duced X1Va (0.79 g., 72%) as a colorless oil.

Analysis Calcd. for‘C H,,0S: C, 64.27; H, 7.19; S, 19.03.

912
Found: C, 64.17; H, 6.97; S, 19.19.

Infrared (chloroform) 3.42, 6.25, 6.70, 6.80, 9.75 (broad,
intense).
N.M.R. (carbon tetrachloride) singlet 2.40 (3H); broadened

singlet 2.90 (LH); singlet 7.18 (5H).
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Hydrogen peroxide oxidations

In all reactions the material to be oxidized was dissolved in a
minimal amount of glacial acetic acid. Excess hydrogen peroxide was
"added, and the reaction mixture was warmed on a steam bath for 30 minutes.
The mixture was diluted with an equal volume of water and cooled. |If
crystallization did not occur the solution was neutralized with sodium
bicarbonate and extracted with chloroform. After drying the extracts
over magnesium sulfate the solvent was removed to give the product.

Compound 1ila (10.0 g.) when treated with acidic hydrogen peroxide
gave I1Va (9.02 g., 83%) m.p.V102-4°. The infrared spectrum was super-
imposable with [Va produced by sodium borohydride reduction of lla.

Compound Xla (1.00 g.) when treated with acidic hydrogen peroxide
gave Xa (0.93 g., 85%) m.p. 67-706. Recrystallization from aqueous
ethanol raised the m.p. to 77-90. The infrared spectrum was superimposable
with Xa produced by acid and base catalyzéd dehydration of 1Va.

Compound XIVa (501 mg.) when treated with acidic hydrogen peroxide
gave XVa (L492 mg., 89%) « The infrared spectrum was identical with XVa

produced by lithium aluminum hydride reduction of Xa.

Manganese dioxide oxidations

The use of manganese dioxide to.oxidize B-hy&rdxy sulfoxides to B~
keto sulfoxides has been reported previously (25). The same procedure
was used to oxidize the analogous B-hydroxy sulfides and sulfones.

Compound Va (123 mg.) when oxidized with manganese dioxide gave Via

(99 mg., 82%). The infrared spectrum was superimposable with that of an
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authentic sample prepared from w-bromoacetophenone and methyl mercaptén.
Compound I1Va (100 mg.) when oxidized with manganese dioxide gave

1la (89 mg., 88%) m.p. 97-100°. Recrystallization from a chloroform=-

ethanol mixture raised thé m.p. to 104-6. A mixed m.p. with an authentic

sample showed no depression.

~Sodium metabisulfite reductions

For all reactions the reactants were dissolved in water and heated to
approximately 90O while stirring for 24 hours. For every gram of sulfoxide ”
to be reduced, ten grams of sodium metabisulfite and 25 ml. of water were

‘used. At the end of the reaction period the mixture was cooled and ex=-
tracted thoroughly with ether. The extracts were dried over magnesium
sulfate and filtered. Removal of the solvent gave the corresponding sul-

fide, usually in a high state of purity.

Compound la (2.00 g.) when treated with sodium metabisulfite gave
Vlia (0.95 g., 52%). The. infrared spectrum was identical with Vla pre-
pared from-w-bromoacetophenohe and methyl mercaptan.

Compound 111a (4.60 g.) Qhen treated wifh sodium metabisulfite gave
Va (3.90 g., 93%). The infrared spectrum was identical to Va prepared by
the lithium aluminum hydride redu;tion of la.

Compound Vila (1.00 g.) when treated with sodium metabisulfite gave
Vitia (0.73 gq., 80%). The infrared spectrum Qas identical to that of
Viila prepared by the action base and methyl iodide on Va.

Compound Xla (1.00 g.) when treated with sodium metabisulfite gave
Xlia (0.59 g., 66%). The infrared spectrum was identical to Xlla pre-

pared by dehydration of Va with potassium bisulfate.
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Compound XLIV (2,00 g.) when treated with sodium metabisulfite gave
B-acetoxy-B-phenethyl methyl sulfide (1.65 g., 89%). The infrared
spectrum was identical to that of the compound prepared by the reaction

of Va with acetyl.ch]oride in pyridine.

" Pyrolysis reactions of B-hydroxy sul foxides

The material to be pyrolyzed was placed in a small flask equipped
with a reflux condenser. The flask was then immersed in a Wood's metal
bath at 230-2’-{-0o for 15 minutes. The pyrolysate was then either chroma=-
tographed on silica gel or taken up in efhanol, filtered through charcoal,
and treated with 2,4~dinitrophenylhydrazine. The results are shown in

Table 2.

Table 2. Pyrolysis of pB-hydroxy sulfoxides

Material Pyrolyzed . ' Product Yield (%)
C6H5CH(OH)CHZSOCH3 C6H5COCH3 77
CGH]]CH(OH)CHZSOCHB CGHHCOCH3 . 26
C6HBCH(OH)CH(CH3)SOCH3 C6H5C0CH26H3 29

C6H”CH(OH)CH(CH3)SOCH3 C6H1]COCH2CH3 trace
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Reactions of dicumyl peroxide with p-Hydroxy Sulfides

The substrate was placed in a small flask equipped with a reflux
condenser. Approximately 0.1 equivalént of dicumyl peroxide was added.
The flask was immersed in an pi] bath at 150-5o for 24 hours. The stench
of methyl mercaptan-immediately became noticeable. . The mixture was then
fractionally distilled through a Vigreﬁx column. The results are summar=-

ized in Table 3.

Table 3. Decomposition of B~hydroxy suffides by free radical mechanism

Substrate | mmoles mmoles . Product® hmoles

Substrate Dicup | (Yield %)
CeHCH (OH)CHZSCH3 20.6 - 2.9 | C6H5COCH3b 19.0 (93)
CBH”CH(OH)CHZSCHB 36.4 3.5 CgHyCOCH 29.8 (82)
'C6H5CH(0H)CH(CH3)§CH3 21.5 2.9 C6H5C0CH2CH3' 14.8 (67)
CgHy CH (OH)CH (CH;)SCH,  15.8 1.8 CH, COCH ,CH trace

¥some acetophenone was found in all cases, presumably due to de-
composition of dicumyl peroxide.

bWhen the reaction is carried out in a sealed tube using t-butyl

peroxide the main product is the methyl mercaptal of acetophenone

(86). :

Preparation of w-methyl-w-{(methylsulfinyl)-acetophenone, XVI

Using the procedure of G. J. Mikol of these laboratories, sodium

hydride (0.54 g.) was slurrfed with 50 ml. of tetrahydrofuran. While

'stirring, la (3.64 g.) in 100 ml. of tetrahydrofuran was added dropwise.
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A white solid formed immediately. Fifteen minutes after the addition
was complete, excess methyl iodide was added and the mixture was allowed
'tp stir at room temperature for 3 hours. The reaction mixture was poured
into 400 ml. of water containing a few crystals of sodium thiosulfate.
The aqueous sd]ution was extracted thoroughly with chloroform. The com=-
bined extracts were dried over magnesium sulfate and filtered. Removal
of the solvent gave XVia (3.95 g., 100%) as‘a light yellow oil shown by
n.m.r. to be an approximately equal mixture of the expected diastereomers.
_Upon cooling in an ice bath and triturating with ether one of the dia=
stereomers crystallized. Filtration and washing with more ether gave a
white solid, m.p. 74-5°,
Analysis Caled. for C H,,0,5: C, 61.21; H, 6.17; s, 16.31.
Found: - C, 61.23; H, 6.19; S, 16.19. |
Infrared (chloroform) 3.26, 3.35, 6.00 (intense), 6.26, 6.32,
| 6.90, 7.27, 7.56, 7.71, 9.16 (broad, intense), 9.99,
10.4k, 10.67 microns.
N.M.R. (deuterochlioroform). Doubliet centgred at 1.56, J = 7 Cupes.
(3H); singlet 2.52 (3H); quartet centered at L4.73,

J =7 copes. (IH); multiplet 7.2-8.2 (5H).

Preparation of I-(methylsulfinyl)=-ethyl cyclohexyl ketone, XVib

In a manner similar to the preparatipn of XIva, Ib (7.80 g.) produced
XVib (8.40 g., 100%). Here again crystallization of one diastereomer was
effected, m.p. 36-40°.

Analysis Calcd. for C)cfl;g0,S: C, 59.38; H, 8.97; S, 15.82.

| Found: C, 59.39; H, 8.95; S, 15.8k.
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Alnfrared (carbon tetrachloride) 3.42, 3.51, 5.90 (intense),
6.80, 7.05, 7.30, 7.60, 7.75, 8.26, 8.78, 8.95,
9.40 (broad, intense), 10.25, 10.70, 11.24 microns.
N.M.R.. (carbon tetrachloride) broad.absorption 1.0-3.0 (17H);

quartet centered at 4.08, J =7 c.p.s. (1H).

k‘Preparation of (1-hydroxy-1-phenyl)-2-propyl methyl sulfide, XVilia

Compound XVia (18.2 g.) when treated with lithium aluminum'hydride
in the same manner as for the conversion of la to Va, produced XVlila
(12.8 g., 69%), b.p. 105-6° at 0.5 mm. (lit. (85) b.p. 85-7° at 0.3 mm.).

Anaixsis Calcd. for CygH,,08: C, 65.91; H, 7.74; S, 17.56. '

Found: C, 66.02; H, 7.69; S, 17.48.

Preparation of (l-cyclohexyl-1-hydroxy)-2-propyl methyl sulfide, XVIilib

Compound XVib (9.40 g.) when treated with lithium aluminum hydride
in the same manner as for the conversion of la to Va, produced XVIIib
(6.27 vy 72%), bup. 86-8° at 0.5 mm.
Analysis Caled. for C]OHZOOS: C, 63.79; H, 10.71; S, 17.00
Found: C, 63.83; H, 10.6L4; S, 16.9k.
Infraréd (carbon tetrachloride) 2.78, 3.43, 3.50, 6.80, 7.20
7.35, 7.50, 7.65, 7.95, 8.95, 9.18, 10.10, 10.50,
11.25 microns.
N.M.R. (carbon tetrachloride) broad absorption 1.0-1.9 (14H);
| singlet.].99‘(3H); singlet 2.55 (1H); singlet 3.15 (IH).

Shaking the sample with deuterium oxide removed the

sing]et‘at 2.55.
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Preparation of l-phenyl-2-(methylsulfinyl)-propanol, XVila

Compound XVia (19.8 g.) when reduced with sodium borohydride as in
the conversion of la to llla gave XVlla (19.7 g., 98%) as light yellow
oil which crystallized after standing fér 3 weeks, m.p. 79-]0]O after
recrystallization from ethyl acetate. (The time requ{red for the reaction
of methylated B-keto sulfoxides to go to completion is greater than 2
times the time needed for unmethylated B-keto sulfoxides due to the added
steric hinderance.) |

Analysis Calcd. for C]OH]AOZS: C, 60.59; H, 7.12; S, 16.15.

Found: C, 66.37; H, 7.27; S, 16.29.
Infrared  (chloroform) 3.00, 3.40 (broad), 6.26, 6.71, 6.90, 7.28
7.55, 7.72, 9.85 (broad, intense), 10.60 microns.
~ N.M.R. (Deuterochloroform) multiplet 0.8-1.1 (3H); multiplet
2.4-3.2 (4H); broad absorption L.3-5.5 (2H);Asinglet
7.32 (5H). Shaking the sample with deuterium oxide

reduces the absorption at 4.3-5.5 by 1 proton.

Preparation of l-cyclohexyl-~2-(methyisulfinyl)-propanol, XVIib

In the same manner reduction with sodium borohydride of XVib (3.76 g.)
gave XVilb (3.73 g., 98%).
Analysis Caled. for CIOHZOOZS: c, 58.80; H, 9.87; S, 15.67.
Found: C, 58.71; H, 9.73; S, 15.64.
Infrared (ch]orofoym) 2.95, 3.42, 3.50, -6.90, 9.80 (broad,
infense), 10.26 microns.

N.M.R. (Deuterochloroform) practically continuous absorption

from 0.8-4.2; integration useless.
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Preparation of 1-methoxy-I-phenyl-2-propyl methyl sulfide, X!Xa

Compound XXVilla (13.6 g.) when treated with base and methyl iodide
as in the conversion of Va to Vllla, produced XiXa (7.40 g., 51%) as a
mixture of diastereomers boiling at 68-710 at 0.2 mm.
Infrared (carbon tetrachloride) 3.35, 3.42, 3.54, 6.24, 6.88,
6.95, 7.27, 7.36, 8.38, 8.90, 9.17 (intense), 9.75,
10.45 microns.
N.M.R. (carbon-tetrachlqride) 2 doublets centered at 1.00
and 1.24, J = 7 c.p.s. (total 3H); 2 singlets 1.78
and 2.02 (téta] 3H); multiplet 2.5-3.0 (IH);
broadened singlet 3.12 (3H); 2 doublets centered at
L.,03 and 4.08, J = 7 c.p.s. (total 1H); Eroadened

singlet 7.21 (5H).

Preparation of 2-pheny]-2—methoxx7t-but§l methyl sulfide, XXa

Compound la was treated 2 equivalents of sodium hydride and an excess
of methyl iodide in dimethyl sulfoxide solution according to the pro-
cedure of Gassman and Richmond (57). The produce mixture was very crude.
N.M.R. at this point indicated that a large part of the material had under-
gone o-methylation after mono-C-methylation. Column chromatography was
used to separate approximately a 40% yield of w,w-dimethyl-w-(methyl-
sulfinyl)-acetophenone still as an 611 which Qou]d not crystallize. This
méterial was reduced with Tithium aluminum hydride

N.M.R. (carbon tetrachloride) overlapping singlets 1.54 and

1.58 (total 6H); singlet 2.30 (3H); multiplet 7.2-7.6

(3H); multiplet 7.8-8.1 (2H). e
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as in the conversion of la to Va. The crude product obtained here was
directly treated with sodium hydride and methyl iodide in tetrahydrofuran.
The spectra of the crude product were in accord with impure XXa. Distilla-
tion could not effect the removal of all the impurities. Attempts to
chromatograph the material led to decomposition. Consequently, only

impure material obtained.

-

Preparation of B-methoxy-B-phenethyl phenyl sulfide, XXI

Using the method of Werner (88) and 87% yield of w-(phenylmercapto)-
'acetophenone was obtained from phenacyl chloride and thiophenol. This
keto sulfide (11.4 g.) in 50 ml. of methanol was reduced sodium borohydride
(0.5 g.) in 50 ml. of water. After stirring at room temperature for 2
hours the reaction mixture was worked up as in the conversion of la to
I1la. The hydroxy sulfide was obtained as ; colorless oil (I].IC g.
96%). The hydroxy sulfide (11.0 g.) was treated with sodium hydride and
methyl jodide in the same mannef as for the conversion of Va to Villa to
yield XXI (11.0 g., 94%), b.p. 130-2° at 0.2 mm.

Infrared (carbon tetrachloride) 3.30, 3.35, 3.42, 3.55, 6.75,
6.88, 6.95, 7.40, 9.05, 9.16 (intense), 10.25, 10.98 |
microns.

N.M.R. (deuterochloroform) ;ultiplet 2.8-3.5 with a methyl

spike at 3.20 (total 5H); multiplet 4.1-4.4 (1H);

multiplet 7.0-7.5 (10).

Preparation of 1-methoxy-l-phenyl-2-propyl phenyl sulfide, XXlI
w-(Pheny]mercapto)-acetophenone (22.8 g.) in 50 ml. of dimethyl

“sulfoxide was added to a slurry of sodium hydride (2.4 g.) in 25 ml. of
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dimethyl sulfoxide in a nitrogen atmosphere; When the evolution of hy-
drogen had ceased, methyl iodide (14.2 g.) was added. The reaction was
stirred for 30 minutes, quenched with 300 ml. of water, and thoroughly
extracted with chloroform. The extracts were washed with water and dried
over magnesium sulfate. Removal of the solvent gave crude w-methyl-w-
(methylmercapto)-acetophenone (23.4 g., 97%) which was reduced with sodium
borohydride (97% yield) and o-methylated (95% yield) as in the preparation
of XXI. An overall yield of 77% was obtained from phenacyl chloride.

The mixture of diastereomers (predominantly one) boiled at 110-115° at

0.06 mm.
Infrared (carbon tetrachloride) 3.30, 3.3&, 3.42, 3.54, 6.75,
6.88, 6.95, 7.27, 7.35, 8.25, 8.45, 8.63, 9.16 (intense),
9.75,. 10.45 microns.
N.M.R. (carbon tetrachloride) 2 doublets centered at 1.05 and

1.22, J = 7 c.p.s. (totat 3H); multiplet 3.1-3.8 with
spikes at 3.17 and 3.22 (total 4H); doublet centered at

4,10 (1H); multiplet 7.0-7.5 (10H).

Preparation of l-methoxy-l1-phenyl-2-methyl-2-propyl phenyl sulfide, XXIII
In the same fashion.as in the prepa}atiqn of XX1il, w=-(phenylmercapto)-
acetophenone was dimethylated in one step (91% yield), reduced with
sodium borohydride (91% yield), and o-methylated (97% yield). The over=-
all yield of XXI111 from phenacyl chloride was 70% as white crystals, m.p.
67-710. Recrystallization from hexane raised the m.p. to 70-7i°.
Infrared - (carbon»tetrachloride) 3.30, 3.38, 3.42, 3.55, 6.70,

6.88, 6.95, 7.25, 7.35, 8.66, 8.96, 9.11 (intense)



60"

9.33, 9.76, 10.54, 10.95 microns.

N.M.R. (deuterochloroform) singlet 1.05 (3H); singlet 1.22

(3H); singlet 3.21 (3H); singlet 4.08 (1H); multiplet

7.1-7.7 (10H).

Preparation of enol-ethers from B-methoxx,sd]fides

In all cases the B-methoxy sulfide in dimethyl sulfoxide was placed,
in a flask equipped with a magnetic stirrer; reflux condenser, and a
nitrogen inlet and outlet. An excess of potassium t-butoxide was added
and the temperature raised to 70-750. Reaction times for phenyl sulfides
were 5 hours. For the methyl sulfides times of 12 to 24 hours were re-
quired. After the desired reaction time, the mixture was cooled and
poured into ice water. Aftef extractfon with ether, the extracts were
washed with wafer and dried over magnesium sulfate. Removal .of the solvent
gave the crude product from which the enol-ether was distilled. The pot
residue was chromatographed on silica éel to obtain unsaturated sulfides
if the crude n.m.r.‘indicated their presence.

Compound Villa (9.1 g.) when treated with potassium t-butoxide (6 g.)
in 25 ml. of dimethyl sulfoxide géve a-methoxy styrene XX1V (3.74 g., 56%)
boiling at 5051° at 2 mm. (lit. {89) b.p. 30-2° at 0.4 mm.) and Xila
(1.25 g., 16%) identical with that produced by sodium metabisulfite re-
duction of Xla. Compound XXIV was readily converted to acetophenone by a
trace of acid.

Infrared (carbon tetrachloride) 3.33, 3.40, 3.52, 6.09, 6.25,

6.70, 6.80, 6.88, j.59, 7.62, 7.77, 8.36, 8.85, 9.30,

8.54, 11.08 microns.
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N.M.R. (carbon tetrachlofide) singlet 3.70 (3H); 2 doublets

4.10 and 4.58, J = 3 c.p.s. (total 2H); multiplet
7.0-7.6 (5H).

~ Mass Spectrum molecular ion = 134,

Compound XiX (4.90 g.) when treated with potassium t-butoxide (3 g.)
in 25 ml, of dimethyl sulfoxide gave a—metﬁoxy-B-methylstyrene (XXV)
(1.72 g., L3%) as a mixture of isomers boiling at 56-7° at 2 mm. (1it. (90)
b.p. 96-8° at 19 mm.). No unsaturated sulfide could be detected by n.m.r.
Compound XXV was readily converted to propiophenone by treatment with a
trace of acid.
Infrared (carbon tetrachloride) 3}28, 3.34, 3.40, 3.53, 6.64,
6.25, 6.69, 6.81, 6.90, 7.32, 7.60, 7.68, 7.79, 7.94,
8.20, 8.35, 8.86, 9.10, 9.31, 9.54, 9.72, 9.85, 10.52,

10.91, 11.07 microns.

N.M.R. (carbon tetrachloride) 2 doublets centered at 1.67,
1.7, J = 7 c.pss. (total 3H); 2 singlets 3.45 and 3.54
(total 3H); 2 quartets centered at 4.69 and 5.22 (total
1H); multiplet 7.0-7.5 (5H).

Mass Spectrum molecular ion = 148

Only impure XX was available and when it was treated with potassium
;fbutbxide in dimethyl sulfoxide no trace of g-methoxy-B,B-dimethy]styrene
was detepted by n.m.r.

Compound XX! (10.8 g.) when treated with‘pota§sium t-butoxide (6 g.)
in 50 ml. of dimethyl sulfoxide gave x-methoxy-styrene (XXiV) (2.65 g.,
L9%) and p-(phenylimercapto)-styrene (1.44 g., 15%). The sulfide Qas

identified by hydrogen peroxide oxidation to the sulfone, m.p. 73-74°
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(1it. (91) m.p. 7b-74.5°).

Compound XX1! (3.03 g.) when treated with potassium t-butoxide (1.7
g.) in 25 ml. of dimethyl sulfoxide gave a-methoxy-p-methylstyrene (XXV)
(1.18 g., 64%). No unsaturated sulfide was detected by n.m.r.

Compound XXI111 (3.40 g.) when treated with potassium t-butoxide
(2.5 g.) in 25 ml. of dimethyl sulfoxide gave a-methoxy-8,p-dimethylstyrene

(XXvi) (1.65 g., 82%) boiling at 59-60° at 2 mm. as the only detectable -

product.
Infrared (carbon tetrachloride) 3.36, 3.45, 3.54, 6.02, 6.71,
6.85, 6.94, 7.26, 7.31, 7.80, 7.89, 8.40, 8.82 (intense),
9.35, 9.55, 9.76, 10.24, 10.90 microns.
N.M.R. (carbon tetrachlofide) singlet 1.60 (3H); singlet 1.79

(3H); singlet 3.20 (3H); singiet 7.21 (5H).

Mass Spectrum molecular ion = 162.

Preparation of methyl phenethynyl sulfide, XXVI|

Compound 1l1la (46 g.) in 200 ml. of methylene chloride was added drop-
wise to thionyl chloride (1]8 g.) in 200 ml. of methylene chloride. The
mixture was stirred for 10 hours. The solvent and the excess thionyl
chloride were removed én—a steam bath. The residue was distilled under
reduced pressuré, 108-114° at 0.5-1.0 mm., to give a light yellow liquid
(39 g.). This was dissolved in 150 ml. of absolute ethanol and added drop-
wise to potassium hydréxide (29 g.) in 100 ml. of absolute ethanol. The
mixture was refluxed'OQernight. ~After filtering, the solvent was removed
at aspirator pressure. The product (XXVIl) (23.2 g., 63%) was distilled

at 85-7° at 2 mm. (1it. (92) b.p. 74° at 2mm.)
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Infrared (carbon tetrachloride) 3.26, 3.42, 4,62, 6.27, 6.73,
6.94, 7.04, 7.64, 9.39, 9.76, 10.28, 11.00, 11.62
microns. |

N.M.R. (carbon tetrachloride) singlet 2.38 (3H); multiplet
7.1-7.5 (5H).

Methyl phenethynyl sulfide could also be prepared by the reaction of
w~methylsulfinylstyrene (Xla) with thionyl chloride followed by alcoholic
potassium hydroxide treatment. The same intermediate methyl chloro-
styrenyl sulfide was produced as forméd in the reaction of thionyl chloride
wfth illa. The intermediate methyl ch]orostyfeny] sulfide had a single
olefinic hydrogen resonance at 6.57 § in the n;m.r. and gave an infrared

olefinic absorption at 6.04 microns in carbon tetrachloride.

Preparation of w,w-dideuterio-w-(methylsulfinyl)-acetophenone

Compound la was dissolved in deuterium oxide containing a trace of
pdtassium carbonate. After sti}ring for 1 hour at room temperature the
solution was thoroughly extracted with chloroform, dried over magnesium
sulfate, and filtered. Removal of the solvent gave a white solid, m.p.
83-84.5°.

N.M.R. (deuteréch!oroform) singlet 2.72 (3H); multiplet

7.3-8.1 (5H).

Preparation of B-phenyl-g~deuterioxy~c,a~-dideuteriocethyl methyl sulfoxide

In the same manner as the conversigh of la to Illa, sodium boro-
hydride reduction of w,w-dideuterio-w-(methylsulfinyl)-acetophenone in
deuterium oxide gave a 97% yield of B-phenyl-p-deuterioxy-c,a-dideuterio-

ethyl methyl sulfide as a mixture of diastereomers.
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N.M.R. (deuterochloroform) overlapping singlets 2.48 and 2.56

(total 3H); broad absorption 4.8-5.3 (1H); broadened

singlet 7.33 (5H).

~ Preparation_of B-deuterio-@;methy]sulfiny])—étyrene

Treatment of B-phenyl-B-deuterioxy-0,0~dideuterioethyl methyl sulfoxide
(3.00 g.) wItH excess sodium hydride and methyl iodide in tetrahydrofuran
as in the preparation of Xla produced B-deuterio-g-(methylsulfinyl)-styrene
(2.08 g.), m.p. 62=3.

N;M.R. (carbon tetrachloride) singlet 2.59 (3H); broadened

singlet 7.08 (1H); multiplet 7.1-7.6 (5H).

Preparatﬁon of g~chloro-B-deuterio-p-methyimercapto)-styrene

Treatment of either B-phenyl-p-deuterioxy-0,0-dideuterioethyl methyl
sulfoxide of B-deuterio-B=-(methylsulfinyl)=-styrene.with thionyl chloride
produced predoﬁinant]y a-ch]oro-ﬁ-deuterio-ﬁ-(methy]mercato)-styrene. The
n.m.r. showed .a methyl absorption at 2.41 p.p.m. and aromatic absorption .at
7.2-7.6 p.p.m. In the B-deuterio-p-(methylsulfinyl)-styrene case some
exchange occurred as evidenced by olefinic absorption at 6.57 p.p.m. which
integrated to less than 0.2 of a proton based on the integration of the
methyl peak. The a-chloro-p-deuterio-p-(methylmercapto)-styrene pro-
duced from B-phenyl-B-deuterioxy &,x~dideuter.ioethyl methyl sulfoxide

did not show any absorption in the olefinic region in the n.m.r.

Preparation of acetoxymethyl B-styryl sulfide, XXXla

Compound Xla (5.00 g.) in 20 ml. of acetic anhydride was placed on a

steam bath for 12 hours. The mixture was cooled and added cautiously to a
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saturated solution oF sodium bicarbonate. When the reaction had ceaséd,
the mixture was extracted.thoroughly with chloroform. The extracts
were dried over magnesium sulfate. Removal of tﬁe solvent followed by
distillation under reduced pressure gave XXXla (4.78 g., 92%) as a co]or-'
less liquid boiling at 94-95° at 0.08 mm.
‘Analysis Calcd. for C]lHiZOZS: C, 63.45; H, 5.81; S, 15.37.
Founa:. C, 63.40; H, 5.84; s, 15.38.
Infrared (carbon tetrachloride) 3.32, 5.71 (intense), 6.27, 6.70,
6.93, 7.07, 7.32, 7.59, 7.95, 8.39 (intense), 9.84, 10.25,
10.65 microns. '
N.M.R. . (carbon tetrachloride) singlet 1.98 (3H); singlet'5.22

(2H); AB quartet, 8, = 6.53, 8y = 6.77, J,., = 15.5 c.p.s.

AB
(2H); broadened singlet 7.18 (5H).

Reaction of acetoxy B-styryl sulfide, XXXla, with mineral acid.

Compound XXXla (1.00 g.) in 5 ml. of water and 10 ml. of 85% phosporic
acid was refluxed for 2 hours. Upon cooling, the reaction mixture was
extracted with chloroform and dried over magnesium sulfate. Removal of
the solvent gave the B-styryl mefEéﬁ%él of formaldehyde (XXXila) (0.68 g.)
as a brown oil. Compound XXXlla apparently decomposed on attempted g.l.p.c.
purification. It was necessafy to raise the temperature too high to elute
the materié] in a reasonable time; Column chromatography on silica.gel
using benzene as the eluent did not remove the color. Other attempts at
hydrolysis of XXXlIla using hydrochloricfacid and aqueous ethanol solvent
led to the same product. However, traces of acetaldehyde were detected

by n.m.r.
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Attempted acylation of w-(methylsulfinyl)-acetophenone, la

Compound la (9.10 g.) in 100 ml. of tetrahydrofuran was added drop-
wise to well stirred slurry of sodium hydride (1.3 g.) in 50 ml. of
tetrahydrofuran. Afte} the evolution of hydrogen had ceased, acetic
anhydride (5.1 g.) was added dropwise. The reaction mixture was stirred
at room temperature for 2 hours, then quenched with water, and extracted
with chloroform. The extraéts were washed with saturated sodium bi-
cargonate solution and then water. After drying over sodium su]faté, the
solvent was removed to give a light yellow Ai]. Distillation gave w-
acetoxy-w-(methylmercapto)-acetdphenone‘(XXXlVa) (8.35 g., 75%) boiling
at 98-1000 at 0.1 mm. Identical material could be obtained by treatment
of m-hydroxy-w-(methy]mercaptoj-acetophenone (Pummerer reafrangement
product of la) with acetic anhydride in pyridine.
Infrared | (carbon tetrachloride) 3.30, 3.43, 3.50, 5.70 (intense),
5.92 (intense), 6.27) 6.91, 7.00, 7.32, 7.45, 8.25
(broad, intense), 9.60, 10.45, 11.15 microns.

N.M.R. (carbon tetrachloride) singlet 1.99 (3H); singlet 2.08
(3H); singlet 6.74 (1H); muitiplet 7.2-7.5 (3H); multi-

plet 7.8-8.1 (2H).

Attempted acylation of (methylsulfinylmethyl) cyclohexyl ketone, Ib

By the same procedure used in the attempted acylation of la, compound
ib (4.6 g.) when treated with sodium hydride (0.8 g.) and acetic anhydride
(2.6 g.) produced XXXIVb (4.05 g., 71%), b.p. 105-9° at 0.5 mm. Identical
material could be obtained by treating the Pummerer rearrangement product

of Ib with acetic anhydride in pyridine.
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Infrared (carbon tetrach]oridej 3.%2, 3.51, 5.70 (intense), 5.83
(intense), 8.80, 9.65, 10.28, 10.95 ﬁicfons.

N.M.R. (carbon tetrachloride) broad absorption 1.0-3.0 with
methyl singlets at 1.99 and 2.10 (total 17H); singlet

5.90 (IH).

Attempted acylation of w-methyl-w=-(methylsulfinyl)-acetophenone, XVla

When the éame procedure used in the attempted acylation of la was
applied to XVia (4.90 g.) the light yellow oil (5.55 g.) obtained gave
spectra indicative of a mix£ure of starting material and o-acylated pro-
duct. The infrared showed carbonyl absorption at 5.65 microns, vinyl
acetate C-0 stretch at 8.33 microns, and sulfoxide absorption at 9.55.
© The n.m.r. showed that most of the normal aromatic absorption (2 ortho

protons shiftéd to lower field than the meta and para protons when a car-

bonyl is adjacent to the ring) had collapsed to a more compact absorption
envelope slightly to higher field. Attempts to separate the enol-acetate
from 1a by column chromatography on silica gel apparently led to hydrolysis

since only la was obtained upon elution.

Acylation of w-(methylmercapto)-acetophenone, Vla

Following the same proéedu}e used for the attempted acylation of la,
compound Via (k.15 g.), sodium hydride (0.6 g.), and acetic anhydride
(2.55 g.) produqed exclusively the o-acylated product (XXVlilla) (4.92 g.,
92%) as a viscous oil. The oil slowly crystallized upon standiné. Re=~
crystallization from ether gave colorless prisms, m.p. 55-56°.

Analysis  Caled. for C,H,,0,5: C, 63.45, H, 5.81, S, 15.37.

1171272
Found: C, 63.62; H, 5.82, S, 15.35.
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Infrared (carbon tetrachloride) 3.30, 3.43, 5.66 (intense), 6.23,
6.70, 7.00, 7.32, 8.40 (intense), 9.62, 9.75, 11.20
microns. |

N.M.R. (carbon tetrachloride) singlet 2.23 (3H); singlet 2.30

(34); singlet 6.31 (1H); broadened singlet 7.26 (5H).

Preparation of 3-(methylmercapto)-3-(methylsulfonyl)-2,4-pentanedione,

XLl (R = CH,)
o

A solution of 2,4-pentanedione (10.0 g.) in 100 ml. of tetrahydro-
furan was added dropwise with stirring to a suspension of sodium hydride
(2.4 g.) in 25 ml. of tetrahydrofuran. When the evolution of hydrogen
ceased, methylsulfinyl chloride (9.8 g.) was added cautiously. The
reaction mixture was allowed to stir overnight at room temperature. The
mixture was poured into 400 ml. of water and extracted throughly‘with chloro-
form. The extracts were dried over magnesium sulfate. Removal of the
solvent gave 11.6 g. of a yello@ pasty mass. Two recrystallizations from
a chloroform-ether mixture gave XL! (7.0 g., 31% based on pentanedione)
as colorless needles, m.p. 102.5-104°,

Analysis Calcd. for C7H]20452: C, 37.50; H, 5.40; S, 28.55.

| Found: C, 37.35; H, 5.41; S, 28.85.
Infrared (chloroform) 3.42, 5.81 (intense), 7.14, 7.38 (intensez,
7.60 (intense), 8.85 (intenée), 10.40, 11.4 microns.
N.M.R. (deuterochloroform) singlet 2.29 (3H); singlet 2.4]

(6H); singlet 3.10 (3H).
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Preparation of dibenzoyl-(methylmercapto)-(methylsulfonyl)-methane,

XLl (R = C,H_

o

By the same procedure described for the preparation of XLI (R = CH3),
dibenzoylmethane (4.48 g.) was treated with sodium hydride (0.5 g.) and
methylsulfinyl chloride (2.0 g.). Fractional crystallization of the crude
product mixture gave unreacted dibenzoylmethane and XLl (R = C6H5)'(1.94
ge., 28% based.onndibenzoylmethane), mep. 143-4°,

Analysis Calcd. for CI7H160452: C, 58.62; H, L4.63; S, 18.32.
Found: C, 58.33; H, 4.71; s, 18.14
Infrared (chloroform) 5.95 (intense), 6.02 (intense), 6.26, 6.33,
6.92, 7.54, 7.64 (intense), 8.80 (intense), 9.95,
10.37 microns.
N.M.R. (deuterochloroform) singlet 2.20 (3H); singlet 3.21 (3H);

multiplet’7.2-7.6 (6H); multiplet 7.8-8.2 (4H).

Preparation of w-(methylmercapto)-w-(methylisulfonyl)-acetphenone, XLII

A solution of w-(methyisu1finy])-acetoﬁhenone (9.10 g.) in 150 ml,
of tetrahydrofuran was added with stirring to a suspension of sodium hy-
dride (1.2 g.) in 25 ml. of tetrahydrofuran. When the evolution of hy-
drogen had ceased, methylsulfinyl chloride (5.0 .g.) was added dropwise.
Stirring was continued for 1 hour after the addition was complete. The
reaction mixture was poured into 300 ml. of water and extracted with
chloroform. After drying over magnesfum sulfate, the solvent was femoved
to give XLII (9.15 g., 75%) as a white solid, m.p. 100-111°. Recrystalli=-
zation from'a chloroform-ether mixture raised the m.p. to ]15-70. |

Analysis Calcd. for CIOHIZOBSZ: C, 49.18, H, 4.95; S, 26.21.
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Found: C, 49.06; H, L4.91; S, 26.15.
Infrared (chloroform) 5.97 (intense), 6.26, 6.92, 7.08, 7.65
(intense), 7.85, 9.01 (intense), 10.50 microns. |
N.M.R. (deuterochloroform) singlet 2.47 (3H); singlet 3.23 (3Hj;
singlet 5.36 (IH); multiplet 7.4-7.7 (3H); multiplet

7.9-8.1 (2H).

Preparation of B-acetoxy-B-phenethyl methyl sulfoxide, XLiVa

Compound tila (18.4 g.) was dissolved in 100 ml. of pyridine. Twenty
milliliters of acetic anhydride was added carefully. The mixture was
‘stirred at room temperature for 24 hours and then poured into 300 ml. of
water. After thorough extraction with chloroform, the extracts were washed
with dilute hydrochloric acid and then water. After drying over magnesium
sulfate, the solvent was removed to give XLIVa (11.4 g., 47%) melting at
]O7-1i09. Recrystallization from ether raised the m.p. to 110-111°.
vAna]xsis Caled. for CI]H]403S: C, 58.40; H, 6.24; s, 14.10.
Found: ¢C, 58.40; H, 6.19;. S, 14.30.

Infrared (chloroform) 3.42, 5.75 (intense), 6.70, 6.88, 7.13,
7.30, 7.71, 8.2 (broad, intense), 9.6 (broad, intense),
10.25, 10.50 microns.

N.M.R. (deuterochloroform) singlet 2.00 (3H); multiplet 6.0-6.3

(1H); singlet 7.36 (BH);
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Experimental Detail for the Condensations of Dimethyl
Sulfoxide and Dimethyl Sulfone with Dicarboxylic Esters

And Further Reactions of the Condensation Products

_Preparation of 2-chloro-2—(methy]mercagto)—],3-naphthindandioné1 ALVIill:

Reaction of dimethyl 2.3-naphthalenedicarboxylate with dimethyl sulfoxide

in the presence of sodium methoxide

According to the procedure of Becker and Russell (8), dimethyl 2,3-
naphthalenedicarboxylate (2.44 g.) in 10 ml. of dimethyl sulfoxide was
added dropwise to a suspension of sodium methoxide (2.16 g.) in 20 ml. of
dimethyf sulfoxide. The mixture was stirred under nitrogen for 4 hours.
The solvent was removed under reducea pressure ( l.mm., bath temperatufg
650). To the pasty yellow residue was added 50 ml. of ice water and 50
ml. of ether. The aqueous layer was added dropwise to a well stirred
beaker_of 5M hydrochloric acid (100 ml.) in an ice bath. The yellow pre-
cipitate was filtered and dried in a vacuum desiccator. This material
(2.55 g.) which proved to be mostly 2,3-naphthalenedicarboxylic acid, was
taken up in hot 95% ethanol. Upon slight cooling, light yellow crystals
of XLVIII (337 mg., 12%) formed, m.p. 145-150°. (The solution was still
slightly warm when filtered since strong cooling brought out the acid.)
Recrystallization from a chloroform~hexane mixture raised the m.p. to
154-155°.

Analysis Calcd. for C]4H901025: C, 60.76; H, 3.28;»C1, 12.81;

S, 1].59.
Found: C, 60.91;.H, 3.46; C1, 12.70; S, 11.45.

Infrared (chloroform) 5.71 (intense), 5.82 (intense), 6.18, 6.91,
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7-15, 9.00 (broad), 11.00 microns.
N.M.R. (deuterochloroform) singlet 2.48 (3H); multiplet 7.6~7.9
(2H); multiplet 8.0-8.3 (2H); singlet 8.53 (2H).

+
‘Mass Spectrum molecular ion = 276; M +2 = 39% of M+ indicating 1

chlorine atom and 1 sulfur atom. bl

Preparation of 2-chloro-2-(methylmercapto)=-1,3~naphthindandione, XLVIiIil:

Inverse addition of methylsulfinylcarbanion to dimethyl 2,3-naphthalene-

~ dicarboxylate.

A solution of methylsulfinylcarbanion made from sodium hydride (2.4 g.)
and 50 ml. of dimethyl sulfoxide was added over a 1 hour period by a hypo-
dermic syringe to dimethyl 2,3—naphthé]enedicarboxylate (6.10 g.) in 50
ml. of diméthy] sulquide. Vigorous. stirring i% essential during the |
‘addition. As soon as the addition was complete, the mixture was boured
into 100 ml. of ice water. Ether extraction was employed to remove any
unreacted ester. The aqueous layer was added dropwise to 100 ml. of 6M
hydrochloric acid in an ice bath. The precipitate was filtered and dried
to give XLVIII (4.10 g., 59%). The infrared and n.m.r. spectra were
identical with that of the material produced by the sodium methoxide

catalyzed reaction.

Preparation of 1,2,3-naphthindantrione hydrate, XLIX

Compound XLVII1 (1.00 g.) was added to 500 ml. of hot water in a 1
liter erlenmeyer flask and kept on a steam bath for 24 hours. The volume
was reduced to approximately 100 ml. * The reaction mixture was filtered

while hot to remove a brown, extremely insoluble solid (upon drying this
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solid weighing 240 mg. did not melt below 3250, and was very in-

soluble in most of the common organic solvents). Upon cooling to room

.temperature, the filtrate deposited XLIX (280 mg., 34%) as light yellow

needles, m.p. 278-280° after turning green uﬁon loss of water at 140--

150° (1it. (93) m.p. 279-281°, loses water at 150° and turns green).

Both XLVII! and XLIX give a green color reaction with amino acids in con=-

trast to the purple color with niﬁhydrin. ‘

N.M.R. (dimethyl sulfoxide) broad absorption 7.3-7.7 (2H);

multiplet 7.7-8.0 (2H); multiplet 8.2-8.5 (2H); singlet
8.74 (2H). Shaking the sample with deuterium oxide

causes the absorption at 7.3=7.7 to disappear.

Mass Spectrum as expected, XL{X shows no molecular ion--only

M - 187 = 210.

Preparation of S,S-dimethyl-z-(methylsulfiny])-3-(methylsulfiny]methy[}—Az-

cyclohexenone, L1l

A solution of dimethyl 3,3-dimethylglutarate (4.7 g.) in 50 ml. of
tetrahydrofuran was added dropwise to a solution of methylsulfinylcarbanion -
prepared under nitrogen from sodium hydride (2;4 g.) and 50 ml. of dimethyl

"sulfoxide. The mixture was stirred for three hours at room temperature
and then poured into 100 ml. of ice water, carefully neutralized with
dilute hydrochloric acid, and thoroughly extéacted with chloroform. The
extracts were dried over magnesium sulfate and filtered. Removal of the
solvent on a rotary evaporator yielded a yellow oil. Trituration with
cold ether produced Llll_(3.0 g-> 46%),vm.p. 68-81°. Column chroma-

tography on silica gel produce an additional 0.8 g. for a total yield of .
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58%. Recrystallization from chloroform-ether solution did not effgct
separation of the diastereomers, m.p. 68-88°.

Analysis Calcd..for C]]HISOBSZ: C, 50.37; H, 6.92; s, 24.90.
Found: C, 50.47; H, 7.00; S, 24.68.

Infrared (chioroform) 3.42, 6.01 (intense), 6.26 (intense),
6.83, 7.12, 7.30, 7.40, 7.71, 8.80, 8.98, 9.65 (broad,
intense), 10.20, 10.45, 11.06 microns. ‘

N.M.R. (deuterochloroform) singlet 1.11 (6H); singlet 2.40

(2H); singlet 2.65 (2H); 2.75 (3H); 2 singlets 2.97
and 2.99 (total 3H); multiplet 3.6-5.2 (2H).

In addition, the chromatography produéed a yellow oil (0.3 g.)
shown to be S,S-dimethyI-Z-(methylmercapto)-B-carboxaldehyde-z-cyclo-
hexenone (LX1). |

Infrared (carbon tetrachloride) 3.38, 3.42, 3.50, 5.93 (intense),

| 5.98 (intense), 6.80, 7.05, 7.21, 7.31, 8.00, 8.45,
8.74, 8.88, 9.07, 10.15, 10.45, 11.24 microns.

N.M.R. (carbon tetrachloride) singlet 1.05 (6H); 2 singlets
2.73 and 2.40 (total 7H); singlet 10.56 (1H).

+ +
Mass Spectrum molecular ion = 198; (M*2) ion = 6% of M indicating

one sulfur atom.

Preparation of 2-(methylsulfonyl)-3-(methylsulfonylmethyl)-indenone, LIV

To a solution of methylsulfonylcarbanion prepared under nitrogen
from dimethyl sulfone (9.4 g.), sodium hydride (2.4 g.), and 50 ml. of
dimethyl sulfoxide was added diethyl phthalate (5.55 g.) in 50 ml. of

tetrahydrofuran. After stirring for 3 hours at room temperature, the
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mixture was poured into water and acidified with hydrochloric acid. The

mixture was thoroughly extracted with chloroform. The extracts were

washed with water and dried over magnesium sulfate. Removal of the sol-

vent gave LIV (5.20 g., 70%) as a bright yellow solid m.p. 173-178°.

Several recrystallizations from hot chloroform-methanol mixtures raised

the m.p. to 193-50.

Analysis

Anfrared

Calcd, for CIZHIZOBSZ: C, 48.01; H, 4.03; S, 21.32.
Found: C, 47.98; H, L4.05; S, 21.38.

(Potassium bromide) 3.32, 3.43, 5.82 (intense), 6.22,
6.36, 6.88, 7.10, 7.32, 7.67 (intense), 8.45, 8.75
(intense), 9.01, 9.25, 9.70, 10.35, 10.78, 11.53,
13.15 (broad), 13.77 microns. |
(Deuterochloroform) singlet 3.17 (3H); singlet- 3.26

(3H); singlet 4.98 (2H); broadened singlet 7.56 (4H).

Mass Spectrum molecular ion = 300.

Upon standing overnight the aqueous phase deposited some white

crystal (773 mg., 10%) of an isomer (LV) melting at 215-217°. This com-

pound was considerably more insoluble than LIV.

Infrared

N.M.R.

(potass.ium bromide) 3.32, 3.42, 5.76 (intense), 6.11,
6.26, 6.31, 6.80, 7.03, 7.67 (intense), 7.86, 8.08
8.32, 8.48, 8.84 (intense), 9.47, 10.43, 11.79, 11.95,

12,24, 12.55, 13.01, 13.20, 13.35 microns.

- (trifluoroacetic acid) singlet 3.48 (6H); doublet

centered at 6.18, J = 1.5 c.p.s. (1H); doublet centered

at 7.40, J = 1.5 c.p.s. (IH); multiplet 7.7-8.2 (LH).

Mass Spectrum molecular ion = 300.
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Preparation of 2-(methylsulfonyl)=-3-(methylsulfonylmethyl)-naphthinde-

none, LVI
Dimethyl 2,3-naphthalenedicarboxyiate (2.44 g.) in 10 ml. of
dimethyl sulfoxide was added dropwise to a solution of methyl-sulfonyl-
carbanion prepared under nitrogen from dimethyl sulfone (3.8 g.) and
.sgdium hydride (1 g.) in 25 ml. of dimethyl sulfoxide. After stirring for
3 hours at room temperature, the mixture was poured into water and
acidified with hydrochloric acid. A yellow precipitate formed immediately.
Filtration and vacuum drying produced LVI (2.94 g., 84%), m.p. 225-2350,
decomposition. Recrystallization from acet}c acid-ethanol raised the
m.p. to 244~ 246° decomposition.
Analysis Caled. for C]6H140552: C, 54.86; H, 4.03; s, 18.27.
Found: C, 54.85; H, 4.06; S, .18.27. '
infrared (potassium bromide) 3.33, 3.42, 5.88 (intense), 6.16,
6.24, 6.40, 6.90, 7.10, 7.65 (intense), and 8.59, 8;8b
(intense), 9.46, 10.38, 11.10, 12.79 microns. |
N.M.R. (trifluoroacetic acid) 2 singlets 3.47 and 3.52 (total

6H); singlet 5.37 (2H); multiplet 7.6-8.2 (6H).

The zinc-acetic acid reduction of LIII

According to the procedure of Ruéséll and Mikol (44), compound LIl
(9.20 g.) dissolved in 300 ml. of acetic aci&-éthano] solvent (60-40 by
-volume) was added slowly to a well stirred slurry of zinc dust (20 g.)
in 300 ml. of the same mixed solvent. Stirring was continued for 1 hour.
The mixture was filtered, and the solids were washed with benzene. The

filtrate was neutralized with sodium bicarbonate and extracted with
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benzene. The combined benzene solutions were dried over magnesium sulfate.
Removal of the solvent gave 2-(methylsulfinyl)=-3,5,5-trimethyl-A2-cyclo-
hexenone (LVII) (2.2 g., 31%), m.p. 77—780.

Analysis Calcd. for C]OHi6OZS: C, 59.98; H, 8.05; s,.15.98.
Found: C, 59.88; H, 8.19; S, 15.89.

Infrared  (chloroform) 3.0, 6.00.(intense), 6.23, 6.82, 7.11,
7.20, 7.30, 7.40, 7.72, 7.90, 8.80, 8.96, 9.60, (broad,
intense), 10.50, 10.75 microns.

N.M.R. (deuterochloroform) singlet 1.05 (6H); 2 singlets 2.32
and 2.38 (total 7H); singlet 2.90 (3H).

If the reaction was allowed to run for longer periods of time, a
large number of products were obtained, -the major one being 2-(methyl-
mercapto)~-3,5,5-trimethyl-2-cyclohexenone (LVIiIl), b.p. 82-84° at 0.5 mm.
Compound LVII1! could be oxidized to LVII.

N.M.R. (deuteroch]oroform) singlet 1.02 (6H); broadened

singlet 2.21 (6H); broadened singlet 2.35 (&H).

The Raney nickel reduction of LI1lI

Compound Llll (2.00 g.) wasldissolved in 200 ml. of absolute ethanol
and placed in a flask containing approximately 50 g. of W-2 Raney nickel
(9L). The flaék was equipped with an efficient stirrer and a reflux
condenser. While stirring, the ethanol was Heated'to reflux. After 6
hours the reaction was cooled and filtered through scintered glass
funnel. The residue was £horough]y washed with ethanol, taking care to
always keep the filter cake covered with solvent (Raney nickel is highly

pyrophoric). Removal of the ethanol produced 3,3,5-trimethylcyclo-
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hexanol (LIX) (692 mg., 64%) as a colorless oil which solidified when a
seed crystal from an authentic sample was added. The authentic sample
was prepared by a two-step reduction (hydrogen over palladium on charcoal
followed by sodium borohydride) of isophoroﬁe. The infrared spectra

were superimposable.

The Pummerer rearrangement of LIl

Compound LIIT (0.8 g.) was dissolved in 2 ml. of dimethyl sulfoxide,
10 ml. of water, and 2 ml. of concentrated hydrochloric acid. A yellow
oil began to settle out of solution almost immediately. The reaction
appeared to be complete ig 30 minutes but was allowed to proﬁeed for 2
hours. The n.m.r. showed 2 aldehyde protons at 10.56 p.p.m. and 11.00
.p.b.m. in roughly equal amounts. The peak at 10.56 had been shown to
arise from the aldehyde function of LXI (see preparation of Lil). Although
the compounds could not be isolated thé peak at 11.00 p.p.m. was assumed

to belong to the corresponding sulfoxide (LX)..

Preparation of 5,5-dimethyl-2-(methylsul fonyl)-3-(methylsul fonyl-methyl)-

Az-cyclohexenone, LX11

Dimethyl 3,3-dimethylglutarate (4.70 g.) was reacted under nitrogen
with the methylsulfonyl carbanion prepared from dimethyl sulfone (9.4 g.), -
| sodium hydride (2.4 g.), and 50 ml. of dimethyl sulfoxide. When worked
up- by the procedure used- in the preparation of LIV, LXIl (5.89 g., 30%)
was obtained as a white solia m.p. 150-162°. Recrystallization from
chloroform raised the m.p. to 174-174.50. Cémpound LXI1 was obtained in

fow yield when only one equivalent of carbanion was used. Compound LXII
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(70%) was also obtained when potassium t-butoxide was used instead of
sodium hydride as the base. |[f one equivalent of dimethyl sulfone was
used with 4 equivalents of base the product was still LXIl (22%). Inverse
addition of the carbanion to the diester also led to LXII (31%). |
Analysis Calcd. for C]1H180582: C, bh.90; H, 6.17; S, 21.76.
Found: C, 45.06; H, 6.13; S, 21.78.
~Infrared (ch]oroform) 3.45, 5.93 (intense), 6.25 (intense),
6.81, 7.13, 7.28, 7.37, 7.65 (intense), 8.84 (intense),
9.08, 1Q.]7, 10.35, 10.65, 10.80, 11.60 microns.

N.M.R. (deuterochlioroform) singlet 1.09 (6H); singlet. 2.45

(2H); singlet 2.79 (2H); singlet 3.08 (3H); singlet

3.27 (3H); singlet 4.88 (2H).

Preparation of 5,5-dimethyl=2-(phenylsulfonyl)=3-(phenylsul fonylmethyl)-

2
A -cyclohexenone, LXII1{

Essentially the same procedure as for the preparation of LIV was
used; but, pheny] methy]léulfone (15.6 g.) was used instead of dimethyl
sulfone. Dimethyl 3,3-dimethylglutarate (4.70 g.) gave LXIIl (4.84 g.,
L46%) as white crystals, m.p. 205-207°.

Analysis Caled. for CZIHZZOSSZ: C, 60.28; H, 5.30; S, 15.30.

Found: €, 60.66; H, 5.35; S, 15.10.
Infrared (chloroform) 3.40, 5.93 (ihténse), 6.29 (intense),
6.82, 6.91, 7.12, 7.20, 7.30, 7.37, 7.63 (intense),
8.74 (intense), 9.27 (intense), 10.02 microns.
N.M.R. (deuterochloroform) singlet 1.03 (6H); singlet 2.27

(2H); singlet 2.90 (2H); singlet 5.12 (2H); multiplet



80

7.4-7.7 (6H); multiplet 7.9-8.2 (LH).

The reaction of Raney nickel with LXI| -

When compound LX1I was treated with W=2 Raney nickel in refluxing
ethanol for periods up to 48 hours only mixtures of compounds still con-
taining sulfones were obtained. Adding external hydrogen pressure (up to
1000 p.s.i.) had no effect. However, when the reaction was carried out
in the manner of Papa and Schwenck (71,72) a single product was obtained.
Compound LXI 1 (3.00 g.) in 100 ml. of 10% sodium hydroxide was heated to
approximately 90o and treated with Raney nickel-aluminum alloy (10 g.) in
small portions while stirring. Stirring and heating were continued for
1 hour after the addition was complete:A The volume was maintained constant
by the addition of water frbm time to time. The mixture was filtered
while hot and‘washed with several volumes of hotigé£er. (Caution! The
residue is pyrophoric.) The filtrate was added to an excess of hydro-
chloric acid to avoid the precipitation of aluminum salts. The acidic
solution was extracted with chloroform. After drying over magnesium
sulfate the solvent was removed té give a white solid, 2-(methylsulfonyl)=-
.3,5,5-trimethy]éyclohexanone (LX1v) (2.09 g., 94%), m.p. 67-70°. Re-
crystaliization from ether raised the m.p. to'7]-72°.
Analysis Calcd. for C]OH]803S: C, 55.03; H, 8.31; S, 14.66
Found: C, 55.08; H, 8.30;-5, 14.69.

Infrared (carbon tefrachloride) 3.42, 5.86 (intense), 6.87,
7.12, 7.25, 7.33, 7.64 (intense), 8.44, 8.82 (intense),
9.10, 9.27, 9.57, 10.45, 11.38 microns.
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N.M.R.. (carbontetrachloride) singlet 1.02 (6H); doublet
centered at 1.30, J = 6.5 c.p.s. (3H); broad absorption
1.5-1.7 (2H); broadened singlet 2.30 (2H); multiplet
2.4-2.9 (IH); singlet 2.97 (3H); doublet centered at

3.50, J =10 c.p.s. (1H).

- The reaction of Raney nickel with LXill

Compound LXIi] (500 mg.) was treated with Raney nickel (40 g.) in
200 ml. of refluxing ethanol for 12 hours. When worked up as in the -
reaction of LIIl the product was 3,5,5-trimethylcyclohexanol (L1X) (69 mg.,

L7%). The infrared spectrum was identical with an authentic sample.

Preparation of hexahydro-2-(methylsulfinylimethyl)=A2-inden-l-one, LXV

The procedure used was the same as for the preparation of LIII.
Diethyl cis-1,2-cyclohexanedicarboxylate (5.70 g.) gave LXV (2.30 g., 29%)
as a white solid, m.p. 131—1340. Recrystallization from a chloroform-
:ethervmixture raised the m.p. to l34-]37°,~decomposition,
Analysis Calcd. for C]2H150332: C, 52.55; H, 6.62; S, 23.34.
Found: C, 52.41; H, 6.65; S, 23.47.

infrared (chloroform) 3.43, 3.51, 5.88 (intense), 6.30, 6.37,
6.95, 7.14, 7.38, 7.76, 8.61, 8.95, 9.15, 9.55 (broad,
intense), 10.50 (broad), 11.67 microns.

N.M.R. (deutefochIoroform) broad absorption 1.0-3.0 with

methyl singlets at 2.72 and 2.99 (total 16H); AB quartei
(almost AX) = 3.98, &

=L4.90, |J,.] =12 c.p.s.

oA B AB

(2H).
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The reaction of Raney nickel with LXV

Compound LXV (567 mé.) was treated with Raney nickel (15 g.) in
250 ml. of refluxing ethanol for 5 hours. Work up as in the reaction
of L11! gave hexahydro-3-methyl-1-indanone (LXVI!) (221 mg., 70%). The-
2,4-dinitrophenylhydrazone melted a 151-3° (1it. (95) m.p. 152-4°).
Infrared (carbén tetrachloride) 3.42, 3.50, 5.75 (intense),
6.?1, 7.10, 7.27, 8.60; 8.87, 9.33 microns.
N.M.R. (carbon tetrachloride) broad absorption 0.8-2.6 with
doublet centered at 1.02, J = 6.5 c.p.s.
If the reaction is aliqwed to go for‘longer times two alcohols
(LXVELL) appéar at the expense of LXVII. The 3 components can be
separated by g.l.p.c. on a 6 foot 20% GEXE60 silicone gum'on Chromosorb

W column.

Preparation of hexahydro-2-{methylsulfonyl)-3-(methylsulfonylmethyl)~

2
A -inden-l-one, LXVI

Using the same procedure as for the preparation of LIV, diethyl cis-
1,2-cyclohexanedicarboxylate (5.70 g.) gave LXVI (6.60 g., 93%) as a
pale yellow solid, m.p. ]4]-1449. Recrystallization from methanol raised
the m.p. to 143-1449.\
Analysis . Calcd. for.C]ZHISOSSZ: C, 47.06; H, 5.63; S, 20.90.
Found: C, 47.00; H, 5.71; S, 20.83.
Infrared (chtoroform) 3.41, 3.48, 5.81 (intense), 10.37, 10.49,
11.09, 11.60 micronss
N.M.R. (deuterochloroform) broad absorption 1.0-3.0 (10H);

singlet 3.12 (3H); singlet 3.20 (3H); AB quartet
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(almost AX) 8, = 4.18, 8y = 5.40, lJAB\ = 12 c.p.s. (2H).

The reaction of Raney nickel with LXVI

Compound LXVI (2.00 g.) was treated with W-2 Raney nickel (50 g.) in
200 ml. of refluxing ethanol for 6 hours. Work up as in the.reaction of
LI1ll gave a pasty solid (550 mg.) which was put on a Florisil column and
eluted with chloroform. In this way hexahydro-2-(methylsulfonyl)-3-

methyl-1-indanol (LXIX) (373 mg., 25%) was obtained as a white solid,

m.p. 1510. ,
Infrared (chloroform) 2.83, 3.4k, 3.51, 6.9%4, 7.12, 7.75,
(intense), 8.91 (intense), 9.44, 10.35, 1{.06 microns.
) N.M.R. " (deuterochloroform) broad absorption 0.8-2.4 with a

doublet rising out at 1.18, J = 6.5 c.p.s. (tota] 144) ;
broad absorption 2.6-2.8 (1H); multiplet 2.9-3.2 with
singlet at 3.05 (tofél L4H); multiplet 3.7-L4.1 (1H).
Shaking with deuterium oxide‘causes the ébsorption

2.6-2.8 to disappear.

The reaction of the methylsulfonylcarbanion with dimethyl cis-1,3~

cyclohexanedicarboxylate

Using the same procedure as for the preparation of LIV, dimethyl cis=
1,3-cyclohexanedicarboxylate (5.0 g.) gave 1,3-cyclohexylenyl cis (methyl-
sulfonylmethyl) ketone (LXX) (5.25 g., 65%) as a white solid m.p. 153~
155°. Recrystallization from chloroform wiﬁh a trace of methanol raised
the m.p. to" 157-158°.

Analysis Calcd. for c]2H200652: C, bl bh; H, 6.22; S, 19.74.
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Found: C, 44.37; H, 5.93; S, 19.89.

infrared (potassium bromide) 3.33, 3.41, 3.51, 5.86 (intense),
6.89, 7.10, 7.33, 7.65 (intense) 8.20, 8.65 (intense),.
8.87 (intense), 9.45, 9.15, 10.33, 10.66, 11.08, 11.26,
12.44, 13.10, 13.75 microns. |

N.M.R. (trifluoroacetic acid) broad absorption 1.0-3.2 (IOH);

singlet 3.30 (6H); singlet 4.57 (L4H).

No bicyclic compound (LXX1) could be detected even when the reaction
time was extended to ten days or when the reaction temperature was raised
to 80°. Treatment-of LXX with potassium t-butoxide in dimethy]formaﬁide
had no effect. When the reaction was run with the methylsulfinylcarbanion
only a trace of material was recovered by the extraction w}th chloroform.
~The infrared of this trace indicated a conjugated carbonyl af 6.01 microns

as well as the non-conjugated carbonyl at 5.86 microns.

Preparation of 2-{methylsulfonyl)-3-(methylsulfonylmethyl)=-1-naphthol,

LXXV.

The procedure used was essentially the same as that used for the
preparation of LIV; however, the reaction time was extended to 20-24
hours. Dimethyl homophthalate (10.4 g.) gave LXXV (14.90 g., 95%) as a
fluffy, pinkish solid, m.p. 194-2000. RecrYstallization from acetic acid
raised the m.p. to 200-202°. '

Analysis Calcd. for C]BHAAOSSZ: C, 49.68; H, 4.49; S, 20.36.

Found: C, 50,00; H, 4.47; S, 20.58.
Infrared  (potassium bromide) 2.90, 3.22, 3.31, 3.40, 6.15, 6.27,

6:31'1', 6065, 70]5: 7965 (intense)) 7078, 7093 (intense);
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8.15, 8.62, 8.76, 8.95 (intense), 9.05, 9.21, 9.91,
10.35, 10.45, 10.92, 11.08, 11.50, 12.01, 13.07
(intense), 14.08.

N.M.R. (dimethyl sulfoxide) singlet 3.02 (3H); singlet 3.52
(3H); singlet 5.25 (2H); multiplet 7.5-8.0 (4H);
mu]tip]ef 8.2-8.5 (IH); very low intensity broad
absorption 10.5-11.5 (1H). Running the sample in
hexadeuteriodimethyl sulfoxide causes the 10.5-11.5
absorption to disappear and causes a multiplet
characteristic of pentadeuteriodimethylsu]foxide to
.appear at 2.6.

(trif]ufoacetic acid) singlet 3.27 (3H); singlet 3.45
(3H); singlet.4.80 (2H) ; multiplet 7.5-8.0 (4H);
multiplet (IH); the hydroxyl proton falls under the
solvent peak.

Mass Spectrum molecular ion = 314; (M+2)+ = 9.6% of the molecular

ion intensity indicating 2 sulfur atoms.

I f shorter reaction times are used the acid {LXXVIl) derived from
addition.to the aromatic ester and hydkolysis of the aliphatic ester is
obtained in addition to LXXV. Compound LX*VI usually crystallizes slowly
from the aqueous layer after filtration of LXXV. The thte needles melt
at 176-179°.

Infrared (potaséium bromide) 2.8-4.0 (broad), 5.86 (intense),

5.93 (intense), 6.25, 6.35, 6.68, 6.91, 7.02, 7.68

(intense), 8.10, 8.27, 8.53, 8.90 (intense), 10.24,
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10.49, 10.70, 11.16, 11.28, 11.80, 12.25, 12.88,
13.38, 14.10, 14.85 microns.

N.M.R. . (of the methyl ester) (deuterochloroform) singlet 3.12

(3H); singlet 3.68 (3H); singlet 3.95 (2H); singlet
4,57 (24); multiplet 7.2-8.0 (L4H).

~Mass Spectrum molecular ion = 256.

The reaction of Raney nickel with LXXV

Compound LXXV (2.00 g.) was treated with W=-2 Raney nickel (50 g.)
in 200 ml. of refluxing ethanol for 6 hours. Work up according to the
procedufe for the reaction of LIl gave 3-methyl-5,6,7,8-tetrahydro-1-
naphthol (LXXVII1) (372 mg., 36%), m.b. 92-95°. Récrystal]ization from
hexane raised the m.p. to 95-96° (tit. (95) m.p. 98,50).
Infrared | (carbon tetrachloride) 2.77, 3.42, 6.17, 6.35,.6.95,
7.46, 7.64, 7.77, 7.87, 8.16, 8.30, 8.67, 9.35, 9.63,
11.10 microns.

N.M.R. (carbon tetrachloride) broad aggg?ption 1.5-2.0 (4H);
singlet 2.11 (3H); broad absorption 2.3-2.8 (4H);
singlet 5.12 (IH); 2 broadened singlets 6;19 and 6.33
(total 2H). Shaking the sample with deuterium oxide
removes the peak at 5.12.

Mass Spectrum molecular ion = 162.

When the Papa-Schwenck technique was employed two different products
were obtained. Compound LXXV (3.00 g.) was dissolved in 100 ml. of 10%
sodium hydroxide and the témperature raised to approximately 900. Nickel=-

aluminum alloy (15 g.) was added in small portions. Heating was con-



87

tinued for one hour after the addition was complete. The mixture was

filtereﬁ while hot and washed with several volumes of hot water. The

filtrate was acidified with hydrochloric acid and extracted with chloro-

"form; After drying, the solvent was removed to give an oil (1.55 g.).

Upon trituration with hexane part of the oil dissolved while the rest

formed a semisolid mass.

1-naphthol (LXXVII1), m.p. 88-89° (1it. (96) m.p. 89-89.5°).

N.M.R.

(carbon tetrachloride) singlet 2.30 (3H); singlet

* 5.52 (1H); doublet centered at 6.45, J = 1.5 c.p.s.

(1H) multiplet 7.1-7.8 (4H); multiplet 7.9-8.2 (1H).
Shaking the sample with deuterium oxide removed the

absorption at 5.52.

The residue from trituration with hexane was recrystallized twice

from ether to LXXIX, m.p. 93.5-949. The yields were determined from the

integration of the n.m.r. of the mixture to be 28% LXXVIiII and 50% LXXIX.

Analysis

Infrared

N.M.R.

Caled. for C,. H,.0.S: C, 61.01; H, 5.12; S, 13.55.

1271273
Found ¢, 60.96; H, 5.07; S, 13.50.
(carbontetrachloride) 3.13, 3.27, 6.16, 6.30, 6.37,
6.69, 6.98, 7.15 (intense), 7.62, 7.68, 7.95 (intense),
8.20, 8.63, 8.27, 9.00 (intense), 9.18, 9.80, 10.05,
10.50 (intense), 11.48, 11.90 microns.
(carbon tetrachloride) singlet 2.65 (3H); singlet 3.15
(3H); multiplet 7.0-7.6 (4H); multipiet 8.2-8.4 (1H);
singlet 11.05 (1H). Shaking the sample with deuterium

oxide removes the absorption at 11.05.

Following the same procedure but using 200 ml. of sodium hydroxide and

Cooling the hexane in the freezer gave 3-methyl-



88

L0 g. of nickel-aluminum alloy compounds LXXVIII and LXXIX were obtained

in 47 and 18% yields respectively. A trace of LXXVIl was also detected.

Preparation of 3-hydroxy-2-{(methylsul finyl)=-3~(methylsul finylmethyl)-

~dibenzocycloheptanone, LXXXI

Using the same procedure as in the preparation of Llll, diethyl
diphenate (LXXX) (14.9 g.) gave LXXXI (14.3 g., 79%) as a light yellow
solid, m.p. 150-1770. Recrystallization from ethy? acetate removed the
yellow color but did not change the melting range significantly. The
same product was obtained when the reaction was carried out usinglpotassium
t-butoxide according to the procedure of Russell, et al. (10). This sub-
stance was extremely insoluble in most normal solvents. |t dissolved
but reacted with trifluoroacetic acid. Dimethyl sulfoxide was a fair
solvent; but, it obscures the resonances of the methylsulfinyl groups in
the n.m.r. Hexadeuteriodimethyl sulfoxide causes not only the hYdroxyl
but also the methylené and methine protons to disappear. This made it
impossible to get an adequate n.m.r. spectrum; however, spectra of the
analogous sulfone were obtained. No.trace of the tropolone derivative
(LXXX11) was found.
Analysis Caled. for CI8H180452: C, 59.66; H, 5.01;. s, 17.66.
Found: C, 59.51; H, 5.13; S, 17.7k.

Infrared (potassium bromide) 2.90, 3;25,v3.35, 3.44, 5.98
(intense), 6.28, 6.39, 6.77, 6.9, 7.10, 7.35, 7.75,
7.85, 7.95, 8.36, 8.89, 9.63 (intense), 9.80, 10.10,
13.23 (intense) microns.

Mass Spectrum molecular ion = 362; showed strong (M-IS)+ peak.
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Preparation of 3-hydroxy-3-{methylsul finylmethyl)-dibenzocycloheptanone,

LXXXI11
According to the procedure of Russell and Mikol (44), compound
LXXXI (8.70 g.) dissolved in 75 ml. of acetic acid-ethanol (60-40 by
volume) was a&ded slowly to a cooled slurry of zinc dust (20 g.) in 75
ml. of the same mixed solvent. Rapid stirring was employed throughout
the reaction. The cooling bath was removed after the addition was com-
plete. The reaction was allowed to come to ;oom tempe?ature for 3 hours.
Work up as described by Russell and Mikol gave LXXXIII (5.25 g., 87%) as
a mixture of diastereomers, m.p. 160-168°.
Analysis Calcd. for C]7 ]6035: C, 67.99; H, 5.37; S, 10.66.
Found: C, 68.08; H, 5.11; S, 10.62.
Infrared - (potassium bromide) 3.15 (broad), 6.00 (intense), 6.28,
6.79, 6.95, 7.06, 7.63, 7.79, 8.01, 8.18, 8.50, 8.88,
9.03, 9.35, 9.50, 9.95 (intense), 10.15, 10.55, 12.80,
13.31_(intense), 13.56 microns.
N.M.R. (deuterochloroform) 2 snnglets 2.32 and 2.35 (totzl
3H); singlet 3.07 (ZH) multiplet 3.3-3.6 (ZH), singlet
5.41 (1H); multiplet 7.3-8.1 (8H). Shaking the sample

with deuterium oxide removed the singlet at 5.4l.

Preparation of 3-hydroxy-3-(methylsulfinylmethyl)=-dibenzo-1,2-cycio-

heptanedione, LXXX1V

Compound LXXX! (1.0 g.) was dissolved in 10 ml. of dimethyl sulfoxide.
To this solution 3 ml. of water and 2 ml. of concentrated hydrochloric acid

were added. The mixture was allowed to stand for 24 hours. The reaction
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mixture was diluted with 25 ml. of water and extracted with chloroform.
The extracts were washed with water ard dried over magnesium sulfate.
Removal of the solvent gave a yellow paste. Addition of ether containing
a trace of chloroform gave LXXXIV (0.37 g., 42%) és a yellow solid which
decomposed at 180-]900.' Compound LXXXIV decomposes uponvstanding;
consequently, no accurate elemental analysis could be obtained. This
substance is also very insoluble. It reacts with trifluoroacetic acid;
however, if one works rapidly a fair spectrum can be obtained. The spec-
- trum after one hour is consistent with the Pummerer rearrangement pro-
8uct.
Infrared (potassium bromide) 3.10 (broad), 5.82 (intense), 5.93
(intense), 6.26, 6.78, 6.91, 7.03, 7.15, 7.76, 8.00,
8.19, 8.82, 9.00, 9.18, 9.80, 9.98, 10.30, 10.55,
11.20, 12.53, 12.85, 13.21, 13.37 (intense) microns.
N.M.R. (trifluoroacetic acid) trace of singlet at 2.30;
singlet 2.62; AB quartet Sp = 3.60, 8g =4.02,
JAB = l4.c.p.s.; broad absorption 7.5-8.2; the hydroxyl
proton falls under the solvent peak. If one designates
the aromatic region as 8 protons the AB quartet is 2
protons and the singlet at 2.62 is slightly less than
3 protons. As the reaction proceeds the singlet at
2.30 grows at the expense of the one at 2.62. In one
hour the spectrum showed: singlet 2.30 (2H); singlet
3.43 (2H) (as the asymetric sulfoxide is destroyed it
is cqnsistent that the AB quartet should.collapse);

broad absorption 7.2-8.1 (8H).
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Mass Spectrum molecular ion = 3.4.

E.S.R. (dimethyl sulfoxide) and potassium t-butoxide, no
oxygen) major pentent (1.68 gauss); further split to
approximate pentet (0.4 gauss); spectrum is super=

impossible with spectrum from 9,10-phenantrenequinone.

Preparation of 3~hydroxy-2-(methylsul fonyl)~3-(methylsulfonylmethyl)-

~dibenzocycloheptanone, LXXXV

Using - the same proeedufe as in the preparation of LIV, diethyl
diphenate (7.45 g.) gave LXXXV (9.15 g., 92%), m.p. ]73-]770. Re-
crystallization from glacial acetic acid raised the m.p. to.187-188o.
Compound LXXXV could also be preparéd‘by oxidation of LXXX! with hydrogen
peroxide. | '

~ Analysis Ca]éd. for C]8H180652: C, 54.82; H, 4.60; S, 16.23.
Found: C, 54.70, H, 4.65; S, 16.23.
Infrared =  (potassium bromide) 2.95, 3.33, 3.40, 5.99 (intense),
6.29, 6.40, 6.70, 6.88, 6.95, 7.10, 7.70 (intense),
7.95, 8.75, 8.86 (intense), 10.00, 10.28, 11.12, 12.38,
12.88, 13.27 (infense), 13.72 microﬁs.

N.M.R. (trifluoroacetic acid) singlet 3.22 (6H); broad singlet

L.80 (3H); multiplet 7.2-8.0 (8H); the hydroxyl proton

falls under the solvent peak.

The reaction of the methylsulfonylcarbanion with dimethyl adipate

When dimethyl adipate (4.35 g.) was treated with the methyl sul fonyl -

carbanion as in the pfeparation of L1V, the major product isolated was
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(méthylsu]fonylmethyl)2-oxocyclopentyl ketone (LXXX1X) (3.45 g., 67%9 a
white solid melting at 90-50. Recrystallization from chloroform raised
the m.p. to 98-100°. A dark red color was obtained with ferric chloride.
~ Analysis Calcd. for C8H]2045: C, 47.06; H, 5.92; s, 15.67.
Found: C, 47.17; H, 5.98; S, 15.80.
Infrared (chloroform) 2.8-4.0 (broad), 5.98 (intense, shoulder
at 5.86), 6.20 (intense), 6.85, 6.92, 7.15, 7.39,
7.60 (intense), 7.81, 8.75 (intense), 9.17, 10.40,
11.02, 11.80 microns.
N.M.R. (deuterochloroform) malfiplet 1.8-2.9 (6H); singlet
3.91 (ZHj; broad singlet 13.0 (IH). Shaking with
deuterium oxide removed the absorption ét 13.0.

A trace of the straight chain disulfone was found, m.p. ]30-1320.

The reaction of the methylsulfonylcarbanion with dimethyl succinate

When dimethyl succinate (8.00 g.) was treated under nifrogen with
the methylsul fonylcarbanion as in the preparation of LIV, the only pro-
duct isolated was 2,5~dicarbomethoxy=-1,4~cyclohexanedione (XC) (1.5079.J
33%), m.p. 154-154.5° (1it. (97) m.p. 155.5-7°). A dark purple color
was obtained with ferric chioride.

Infrared (chloroform) 2.75-4.0 (broad), 6.03 (intense), 6.17
(intense), 6.95, 7.45 (intense), 8.82, 9.35, 10.56
microns.

N.M.R. ~ (deuterochloroform) singlet 3.16 (4H); singlet 3.79
(6H); singlet 12.10 (2H). Shaking the sample with

deuterium oxide removed the absorption at 12.10.
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Preparation of 2-(methylsul fonyl)-3-(methylsul fonylmethyl)-4,4,5,5=

_tetramethylcyclopentenone, XCI

Diethyl tetramethylsuccinate (2.20 g.) was treated with the methyl-
sulfonyl carbanion as in the preparation of LIV. Work up gave a semi-
solid paste (1.9 g.) which appeared to be a mixture of the cyclic and
non-cyclic adducts. Recrysta]]iéation once from ethyl acetate and
twice from chloroform-ether mixtures gave pure XCl (1.03 g., 3#%); m.p.
179.5-180°.

~ Analysis Caled. for CIZHZOOSSZ: C, 46.75; H, 6.54; S, 20.76.

Found: C, 46.70; H, 6.50; S, 20.70.

infrared (chloroform) 3.42, 5.79 (intense), 6.21, 6.87, 7.16,
7.24, 7.29, 7.63 (intense), 8.70, 8.85 (%ntense),
10.38 microns.

N.M.R.. | (deuterochloroform) singlet 1.10 (6H); singlet 1.20
(BH); 2 singlets 3.17 and 3.21 (total 6H); singlet
4.82 (2H).

The reaction of the methylsul fonylcarbanion with diethyl dimethyl=-

malonate
When diethyl dimethyimalonate (k.70 g.) was treated with the methyl=-
sulfonyl carbanion as in the preparation of LIV, only the non-cyclic
product XCI1 (1.15 g., 16%) was isolated, m.p. 107-108°.
Analysis Calcd. for C9H]606$2: C, 38.03; H, 5.67; S, 22.52.
‘Found: C, 38.14; H) 5.66; S, 22.45.
Infrared (potassium bromide) 3.31, 3.39, 3.44, 5.86 (intense),

6.83, 6.94, 7.08, 7.17, 7.27, 7.35, 7.55, 7.65 (intense)
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7.76, 8.23, 8.32, 8.51, 8.62, 8.88 (intense), 9.42,
10.00, 10.30, 10.78, 11.37, 12.45 microns.

N.M.R. (trif]uorOacefic acid) singlet 1.57 (6H); singlet 3.0l

(6H); singlet 4.62 (4H).

Preparation of 2,3-diphenyl-1,4-naphthoquinone, XCV

Dibenzyl sulfoxide (3.5 g.) and sodium hydride (1.5 g.) in 100 ml.
of dimethyl formamide were placed in a water bath at 700; Diethyl
phthafate (3.4 g.) was added dropwise with stirring. After the addition
was complete, the heating was continued for one hour. The mixture was
stirred for two hours at room temperature. The reaction was quenched
with water. The aqueous mixture was extracted with ether. The extracts
were dried over magnesium sulfate. Removal of the solvent gave an oil
‘which was chromatographed on alumina. A trace of stilbene (less than 0.1
g.) was eluted with hexane. A hexane-benzene mixture gave XCV (1.1 g.,
24%), m.p. 132-]380. Recrystallization from glacial acetic acid raised
the m.p. to 139:5-140.5° (1it. (98) m.p. 139-140°). Later elution .
fractions included unreacted starting material énd indefinable tars.
Attempts to repeat this reaction sometimes led to zero % yield of quinone.
Wide‘variations as to temperature, reaction time, time of.addition of
ester, reactant concentration, and solvent did not produce a consistently
good method.

Infrared (chloroform) 3.33, 6.02 (intense), 6.26, 6.70, 6.75,

6.92, 7-44, 7.57, 7.77 (intense), 9.01, 9.46, 9.75,
10.00 microns. |

N.M.R. (deuterochloroform) multiplet 6.9-7.3 (I10H); multiplet
8.0-8.3 (2H).
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APPEND I X

Miscel]aneoué Reactions

A number of other projects were started and brought to a halt when
it became evident that the initial goal could not be achieved and no
worthy secondary goal could be determined. Nevertheless, in a few cases
certain individual experiments were of intereét and shou{d be mentioned.

The methylsulfinylcarbanion adds to epoxides of terminal olefins
such as styrene to give y~hydroxy sulfoxides with exclusive addition to
the terminal carbon atoh. This result has been corroborated by the
recent application of this reaction to long chain alpha-olefins to pro-
duce detergents (29,30). Our interest was in a potential p-carbonyl
~system which might be derived from rearrangement of the sulfoxide, oxi-
dation of the benzylic acetafe, and cleavage of the hemimercgpta]. The
rearrangement, however, is directed to the methyl group instead of the

methylene group giving XC1X rather than XCVil. This problem could be

Ac.0

RCH (0H)c:r12c1-1zsom3 ‘ %2 RCH (OAC)'CHZCH (0A<:)S(:H3
XCVI XCVI1
\LACZ'O J/
RCH (OAc)ACH »CH,SCH,0Ac RCOVCH ,CHO
XCciX . XCVI1

circumvented by using methyl phenyl sulfoxide; but, it is not nearly as
readily available as dimethyl sulfoxide and is more difficult to work with

since it is a solid at room temperature; When the reaction was tried with
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chalcone epoxide (benzalacetophenone epoxide) a very complex product mix-
ture was obtained. Spectra of the crude material indicated that{additionv
to the carbonyl as well as addition to both ends of the eboxide had taken
place. | |

Since dimethyl sulfoxide condensed so readily with estérs, it
seemed possible that a similar reaction might take place with lactones.
Such a reaction would have the advantage of introducing an additional
functionality (an hydroxyl group) with which to work. Unfortunately,
when the reaction was tried with phthalide self-condensation took place

to give Cl instead of ‘the desired product (C).
0

COCH,,SOCH

CH20H

Electron spin resonance studies in these laboratories had indicated
the formation of radical anion (Ci!) when the methylsulfinylcarbanion re-
acts with esters of lactic acid (73). 1t was hoped that it might be

CH3CH(0H)COOR + NaCHZSOCH 3

3' a-CH3CH(0H)COCHZSOCH -

CH3c(0°) = c(o‘)cH3

Clt
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_possible to isolate an addition product Clll from mandeli¢ esters. The

reaction with ethyl mandelate failed to give an identifiable product.

C6H5CH(0H)CO(?HZSOCH3

Clil

However, when the acetate of ethyl mandelate was reacted a low yield (13%)
- of l;phenyl-l,2-propandedione was obtained.  This product must result |
from addition followed by pyrolytic elimination of methane sulfinic acid
upon distillation. Reactions with ethyl benzoylformate gave no identi-
fiable products.

Previously it had been shown that unsaturated sulfoxides generated

in situ were capable of -adding carbanions in the Michael manner (25).

Since the unsaturated sulfoxide, Xla, was readily available, the addition
of acetophenone was carried out to give a y-keto sulfoxide (Clv). Py-

rolysis of CIV gave an olefin (CV) which rapidly isomerized to dypnone

(cvi).

A ’ -
C6H5C0CHZCH(C6H5CHZSOCH3 —_—_— c6HSCOCH2c(c6H5) = CH,

civ. \L cv

C6H5C0CH = C(CH3)C6H5

oVl
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Experimental Detail for Miscellaneous Reactions

The reaction of the methy]sulfiny]carEénion with styrene oxide
Styrene oxide (30 g.) was added dropwise ﬁnder nitrogeh to the
"methylsulfinylcarbanion prepared from sodium hydride (§_g;) in 125 ml. of
dimethyl sulfoxide. The reaction was stirred at room temperature for 3
hours. The mixture was poured into an equal volume of water and extracted
with chloroform. The extracts were dried over magnesium sulfate and
filtered. Removal of the solvent gave y-hydroxy~y-phenyl propyl methyl
sulfoxide (XCVI, R = C6H5) (17.2 g., 36%) as an oil which would not
crystallize.
N.M.R. (Deuterochloroform) broad absorption 1.7-2.9.with
singlet sticking out a 2.30 (total 7H); broad absorption
4.5-5.1 (2H); singlet 7.25 (5H). Shaking the sample
with deuterium oxide removed one proton from the
absorption at 4.5-5.1 and left a triplet centered at
4,70, J =7 cep.Se.

Reaction of acetic anhydride with XCVI

tompound Xcvl (R = CGHS) (2.00 g.) in 10 ml. of ‘acetic anhydride was
héated on a steam bath for 20 hours. The mixture was neutralized with
saturated sodium bicarbonate and extracted with chlioroform. The extracts
were dried and filtered. Removal of the solvent gave XCIX (R = C6H5)
(1.7 g., 62%) which was also an oil.
N.M.R. (deuterochioroform) broad aBsorption 1.8-2.8 with strong
singlet at 1,99 (total 10H); singlet 5.03 (2H); triplet

centeéed at 5.76, J = 7 c.p.s. (IH); singlet 7.22 (5H).
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The reaction of the methylsulfinylcarbanion with phthalide

Phthalide (6.60 g.) in 25 ml. of dimethy] sulfoxide was added'drop-
wise unéer nitrogen to the methylsulfinylcarbanion prepared from sodium
hydride (2.4 g.) and IOO-ml. of dimethyf sulfoxide. After stirring for
1 hour at room temperature the mixture was worked up according to the
procedure for LIlIl. The crude brown solid was washed thoroughly with
ether to give Cl (2.7 g., 44%) as bright yellow solid, m.p. 211-215°.
The material was extremely insoluble; consequently, the integré] of the
n.m.r. taken at very high spectrum amplitude was of little value. The
spectrum did indicate, however, only one singlet at 5.65 p.p.m. in
addition to the aromatic region.

Infrared  (chloroform) 5.75 (intense), 5.96, 6.2k, 6.86, 7.16,

7.78, 8.90, 9.08, 9.29, 9.95, 10.26, 11.17 microns.

Mass Spectrum molecular ion 250,

The reaction of the methylsulfinylcarbanion with the acetate of ethyl

mandelate

Ethyl mandelate was converted to the acetate by treatment with acetic
anhydriae in pyridine. The distilled acetate (11.1 g.) was added drop-
wise to the methylsulfinyl carbanion prepared from sodium hydride (4 g.)
and 100 mi. of dimethyl sulfoxide. After 2 hours the reaction was worked
up as in the preparation of Lill. The crude_oil was distilled at 80-100°
at 0.7 mm. with a pot temperature of 150°. The yellow distillate (1.0 g.)
was shoWn by g.l.p.c. to be greater than 90% 1-phenyl-1,2-propanedione.
The infrared and n.m.r. gpectra were identical with that of an authentic

sample (Aldrich).
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Michael addition of acetophenone to Xla

Sodium hydride (2.5 g.) was slurried in 150 ml. of tetrahydrofuran.
Acetophenone (12.0 g.) was added and the reaction mixture warmed until
hydrogen started to evolve. Compound Xia (17.7 g.) in 50 ml. of tetra-

‘hydrofuran was added and the température maintained at 55o for 30
minutes. After cooling, the mixture was poured into 100 ml. of water and
extracted with chloroform. The extracts were dried & = ..gnesium sul=-
fate and filtered. Removal of the solvent gave CIV (26.2 g., 88%), m.p.
]33-86°§ Recrystallization from a methylene chloride-ether mixture
raised the m.p. to 139-139.5°. The material had a lTight cotton-like
consistency.

Analysis Calcd. for C]7H]8025; C, 71.31; H, 6.34;'s, 11.17.

| Found: C, 71.43; H, 6.53; S, 11.20
infrared (chloroform) 3.28, 3.41, 5.95 (intense), 6.26, 6.32
6.70, 6.90, 7.12, 7.34, 7.6-8.5 (broad), 9.80 (broad),
10.18, 10.42, 10.75 microns.
N.M.R. (deuterochloroform) singlet 2.49 (3H); multiplet 2.9-

L,2 (5H); multiplet 7.2-7.6 (8H); multiplet 7.8-8.0 (2H).

Pyrolysis of ClV

‘Combound Clv (2.50 g.) was placed in a 10 ml., flask equipped with a
short-path distillation head. The pfessure was reauced 0.1 mm. The
flask was immersed in an oil bath at 180°, A Tight yellow oil distilled at
130-2°. The oif (1.65 g., 85%) proved to be a mixture (nem.r.) of CV and
CVi. Column chrométography on either alumina or silica gel causes iso-

merization of CV to CVI.
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