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The reaction of N-methylisatoic anhydride (la) with dimethyloxosdfonium methylide (2) gives dimethyloxo- 
sulfonium 2-(methy1amino)benzoylmethylide (4a), a new, stable ylide which is a useful intermediate for hetero- 
cyclic synthesis because of participation in ring closure reactions of the ortbsituated methylamino grouping. 
Reaction of 4a with triethyl orthoformate gives l-methyl-3-methylsulfinyl-4(1H)-quinolinone (P), which is desul- 
furized with Raney nickel alloy and alkali to l-methyl-4(lH)-quinolinone. Triethyl orthoacetate converts 4a 
into 1,2-dimethyl-3-methylsdfinyl-4( la)-quinolinone (1 1). Condensation of 4a with carbon disulfide in pyridine 
gives l-methyl-2-mercapto-4( 1H)-quinolinone (16). Reaction of 4a with nitrosobenzene in ethanol gives l-meth- 
ylisatin-2-mil (19), while with aqueous hydrochloric acid containing sodium chloride, 2-methylamino-a-chloro- 
acetophenone (22) is formed. Possible mechanisms for the above reactions are discussed. 

Acyl-subst,ituted ylidesza-c XCH-S+(=O) (CH& (X 
= R b z 0 )  are derived from the versatile dimethyloxo- 
sulfonium methylideZas3 (2) by reaction with carboxylic 
acid derivatives (chlorides, anhydrides, and phenyl 
esters) or with ketenes. In contrast with 2 itself, these 
acyl derivatives are isolable and reasonably stable. 
Other stabilized ylides which have been reported re- 

cently have X = RNHC=O,zb~c X = ROOCC=C-,zc-d 
X = RSOZ-,Ze and X = ROOC-.zf Substitution of both 
hydrogens of the ylide carbon in 2 by the same electro- 
negative group has also been reported.2b~c~f 

We wish to report the synthesis of dimethyloxosul- 
fonium 2-(methylamino)benzoylmethylide (4a) by the 
reaction of dimethyloxosulfonium methylide (2) with 
K-methylisatoic anhydride (la). The presence of the 
ortho-situated methylamino group in 4a makes this new, 
isolable, and stable ylide an interesting intermediate 
for the synthesis of several heterocyclic systems, as 
described below. 

The ylide 4a is obtained in 70% yield by the reaction of 
la with 2 (from trimethyloxosulfonium iodide and 
sodium hydrideza) in DMSO solution for 1 hr a t  50-60". 
The (presumed) intermediate adduct 3a can give rise to 
4a by loss of carbon dioxide and a prototropic shift. 
Carbon dioxide is indeed evolved from the reaction 
mixture, but its 1 : 1 adduct with 2, reported by Corey 
and Chaykovsky,z* is either not formed or is not stable 
under these conditions. The yield of 4a is not increased 
by the use of more 2. 

The yellow, crystalline stable ylide 4a melts at 141- 
143" with only slight decomposition. Its n m  spectrum 
(DCCls) shows an aromatic multiplet between 7.5 and 
6.3 ppm, a broad weak signal a t  8.2 ppm (N-H), a broad 
signal a t  5.0 ppm (C-H), a singlet a t  3.36 ppm (S-CHB), 
and a singlet, a t  2.51 ppm (N-CH3) (ratio 4:1:1:6:3). 
The absorptions due to the ylide portion of 4a are in 
good agreement with values reported for other stabilized 
oxosulfoniuni ylides.2 The low carbonyl absorption 

I /  

(See Scheme I.) 
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ton University from t h e  National Cancer Institute, National Institutes of 
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versity, The Netherlands. 
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Chem., S O ,  3972 (1965); (d) J. Ide and Y. Kishida, Tetrahedron Letters, 1787 
(1966); (e) W. E. Truceand G. D. Madding, ibid., 3681 (1966); (f)  H. Nozaki, 
D. Tunemoto, S. Watubara, and K. Kondo, Tetrahedron, 18, 545 (1967). 
(3) For a recent revieu on sulfur ylides, see A. W. Johnson, "Ylid Chem- 

istry," Academic Press Inc., New York, N. Y., 1966, p 304 ff. 

SCHEME I 
n 

5 
a, Y=H; b,Y=NO,! 

band at  1520 em-' is likewise consistent with previous 
observations on related systems.za-c 

Treatment of 4a with perchloric acid gave a per- 
chlorate salt (Sa), whose nmr spectrum (DMSO-&) was 
similar to  the spectrum of 4a except for a two-proton 

I 
signal a t  6.12 ppm (-CH2S+=0 in Sa) instead of the 

one-proton signal a t  5.0 ppm (-CH-S+=O in 4a). 
In complete analogy with the above results, reaction 

of 6-nitro-N-methylisatoic anhydride (lb) with 2 gave 
the nitro derivatives 4b (in 66% yield) and Sb. 

Dimethyloxosulfonium 2-(methy1amino)benzoyl- 
methylide (4a) is converted to 1-methyl-3-methylsul- 
finyl+l(lH)-quinolinone (9) (see Scheme 11) in 90% yield 
by refluxing with a mixture of triethyl orthoformate and 
ethanol containing a small amount of acetic acid as 
catalyst. The n m r  spectrum of 9 (DCCI,) showed a 

I 
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five-proton aromatic multiplet between 8.4 and 7.2 ppm 
(in which a one-proton singlet for the C-2 hydrogen was 
discernible a t  7.96 ppm) and two three-proton singlets 
a t  3.96 (NCHa) and 2.89 ppm (SCHa). Its infrared 
spectrum showed a carbonyl band a t  1615 cm-I, con- 
sistent with a 4(1H)-quinolinone ~ t ruc tu re ,~  and a sul- 
foxide 6 0  band a t  1050 em-'. Reductive desul- 
furization with Raney nickel alloy and sodium hydrox- 
ide in aqueous ethanol6 gave l-methyl+I(lH)-quino- 
linone, while desul furizaton with Raney nickel in 
aqueous ethanol gave l-methyl-5,6,7,8-tetrahydro-4- 
( lH)-quinolinone.6 

Catalytic reduction of 1-methyl-4( lH)-quinolinone 
with Raney nickel as a catalyst gave the 5,6,7,8- 
tetrahydro derivative. According to Price, however,' 
this transformation cannot be effected by the Raney 
nickel alloy-alkali method,6 although the corresponding 
3-carboxylic acid is transformed under these conditions 
to the 5,6,7,&tetrahydro derivative. It thus appears 
that an electronegative substituent must be present in 
the heterocyclic ring for reduction of the benzene moiety 
to be effected by the Raney nickel alloy-alkali method. 

(4) N. J. McCorkindale, Tetrahedron, 14, 223 (1961). 
(5) (a) D. Paps,  E. Schwenk, and B. Whitman. J .  Ow. Chcm., 7 ,  587 

(1942); (b) D. Papa, E. Schwenk, and H. F. Ginsberg, ibid., 16, 253 (1951); 
(c) E. Schwenk, D. Papa, H. Hankin, and H. F. Ginsberg, "Organic Syn- 
theues,"Coll. Vol. 111, John Wiley and Sons, Inc., New York, N. Y., 1955. p 
742. 

(6) Our evidence does not exclude the l-methyl-2-methylsulfinyl-4( 1H)- 
quinolinone structure, but i t  is hard to  design a reasonable reaction scheme 
which would explain its formation. Equal difficulty is experienced in pro- 
posing a reasonable route to  the corresponding isomeric structure (l&di- 
methyl-2-methylsulfinyl-4(1H)-quinolinone) for 11 (ride infra). 
(7) J. R. Price, Australian J .  Sei. Res., SA, 272 (1949). 

It follows that reductive removal of the methylsulfinyl 
grouping in 9 under these conditions must be rapid, for 
otherwise concomitant reduction of the benzene ring 
might have been expected. 

Oxidation of sulfoxide 9 with hydrogen peroxide gave, 
as expected, l-methyl-3-methylsulfonyl-4(lH)-quino- 
linone. Its nmr spectrum was similar to that of com- 
pound 9 and showed (DMSO-&) singlets at 8.48 (C, H), 
3.85 (NCH3), and 3.13 ppm (S02CH3). The infrared 
spectrum of the sulfone exhibited the characteristic SO2 
bands at 1150 and 1295 em-'. 

The ylide carbon in acyl-stabilized oxosulfonium 
methylides still retains nucleophilic properties, although 
to a lesser extent than in 2 itself.2b Thus the first step 
in the reaction of 4a with triethyl orthoformate (pro- 
tonated by the acetic acid employed as catalyst)8 may 
lead either to 6 or to 7 (there being no a priori  basis for 
judging the relative nucleophilicities of the -NHCH3 vs. 
the ylide CH-S+(=O) (CH3)z groupings). The second 
step could then be the formation of the cyclic ylide 8 
either by nucleophilic attack by the ylide carbon on the 
very reactiveaminoacetal grouping in 69 or by cyclization 
of acetal 7. Aromatization of 8 by elimination of ethyl 
methyl etherlo would then lead to 9, the observed prod- 
uct." This mechanistic interpretation provides a 
reasonable explanation for the unusual formation of a 
sulfoxide (9) from the oxosulfonium ylide 4a.12 

Similarly, 4a and triethyl orthoacetate in the presence 
of a small amount of acetic acid as catalyst gave 1,2-di- 
methyl-3-methylsulfinyl-4( 1H)-quinolinone (1 1) in 8701, 
yield.la As in compound 9, the carbonyl stretching 
band in 11 appears a t  low frequency (1625 cm-l); 
the sulfoxide S=O band appears a t  1025 cm-l. Its 
nmr spectrum (DCC13) shows an aromatic multiplet 
between 8.3 and 7.1 ppm and singlets at 3.75 ppm 
(NCH3) and at 3.04 and 2.87 ppm (SCHI and CCH3, or 
vice versa) (ratio 4 : 3 : 3 : 3). Compound 11 apparently 
undergoes partial rearrangement or decomposition upon 
recrystallization either from benzene or acetone (in the 
presence of air). The melting point, originally 179- 
181", becomes indistinct (130-175"), additional absorp- 
tions in the infrared spectrum appear around 3400 and 
1550 cm-I and new, ill-defined signals appear in the 
higher field region of the nmr spectrum. The origin of 
these changes has not been elucidated. 

Reaction of dimethyloxosulfonium 2-(methylamino)- 
benzoylmethylide (4a) with carbon disulfide in pyridine 
solution gives a light yellow compound which, on the 
basis of the following evidence, is assigned the struc- 
ture l-methyl-2-mercapto-4( 1s)-quinolinone (16). A 
weak, broad -SH band a t  2550 cm-' and a carbonyl 
band at 1625 ern-' are distinguishing features of its 

(8) For a discussion and pertinent references, see E .  C. Taylor and W. A. 
Ehrhart, J. Ore. Chem., 38, 1108 (1963). 

(9) H. Meerwein in "Methoden der organisohen Chemie," Houben-Weyl, 
Vol. 6/3, Thieme Verlag, Stuttgart, 1965, pp 259 IT. 

(10) Although aromatization is depicted as intramolecular and concerted, 
there is no present evidence to exclude a two-step process proceeding aia 
elimination of ethoxide from 8 to  give the dimethyloxosulfonium salt corre- 
sponding to S, followed by loss of methyl to solvent. No attempt was made 
to  isolate ethyl methyl ether from the reaction mixture. 

(11) Other sequences of reactions (e.g., 7 - 10 -L 8 -+ S, or 7 -L loa (via 
lo?) -c 0 )  are also possible. 

(12) Another example, the formation of CsH&H(NHCaHr)CHzSOCHa 
from benzalaniline and I, has been reported (H. Konig, H. Metzger, and 
K. Seelert), Chem. Be?., 911, 3724 (1965) : see alao ref 2a. 

(13) The formation of 11 from 4a supports the conclusion that the carbon 
atom a t  position 2 in 0 originates from triethyl orthoformate and not, by 
some unspeuified reaction, from one of the S-methyl groups in la. 
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infrared spectrum. Its nmr spectrum (DMSO-&) 
shows an aromatic multiplet between 7.9 and 7.0 ppm, 
a singlet a t  6.89 ppm (C3 H),  a broad band at  11.15 ppm 
(SH), and a singlet a t  3.97 ppm (NCH3) (ratio 
4 : 1 : 1 : 3). Reductive desulfurization with Raney nickel 
alloy and alkali5 gives 1-methyl-4( 1H)-quinolinone. In 
contrast to the reaction of 4a with ortho esters, this reac- 
tion with carbon disulfide results in the loss of the sul- 
foxide grouping. We propose the reaction course de- 
picted in Scheme I11 to account for this unexpected re- 

SCHEME I11 
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/ I  
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sult. The reaction presumably is initiated by nucleo- 
philic addition of either the methylamino grouping or the 
ylide carbon to carbon disulfide (4a -t 13 or 14). Sub- 
sequent ring closure, with transfer of one of the di- 
methyloxosulfonium methyl groups to S (13 or 14 + 15) 
does not, however, result in aromatization (as in the 
conversion of 8 to 9, Scheme I). The loss of dimethyl 
disulfide S-oxide14 from 15 (rather than hydrogen sul- 
fide) may be favored because of the formation of a S-S 
bond in the elimination step. The conversion of 13 (or 
14) into 16 may be considered in effect as a synchronous 
insertion of the dithiocarbamic acid =S into the SCH3 
bond. 

Utilization of 4a as an intermediate for the formation 
of an indole derivative is conceivable as a result of 
intramolecular nucleophilic attack of the methylamino 
group a t  the protonated ylide carbon (17), with expul- 
sion of DMSO (Scheme IV).16 The resulting product, 
N-methylindoxyl (18), which has not been reported, 
might be expected to be oxidized readily to N,N‘-di- 
methyl indigo,16 a reaction characteristic of indoxyls.17 
We assume that some N,N‘-dimethyl indigo is indeed 
formed from 4a via 18, because of the observation of a 
small blue spot in thin layer chromatograms of 4a fol- 
lowing recrystallieation from hot ethanol. Further- 

(14) We did not attempt to isolate dimethyl disulfide %oxide, or its dia- 
proportionation products, from this reaction mixture. The intermediacy of a 
four-membered transition state (or even intermediate) in the aromatization 
step is conceivable. 

(15) The comparable formation of a furan ring system from o-hydroxy- 
aldehydes and dimethyloxosulfonium methylide (2) has been reported r e  
cently by B. Halt  and P. A. Lowe, Tetrahedron Letters, 683 (1988). 

(18) L. Ettinger and P. Friedlander, Chem. Ber., 46, 2074 (1912). 
(17) For reviews on indoxyl chemistry, see P. L. Julian, E. W. Meyer, 

and H. C. Printy in “Heterocyclic Compounds.” Val. 3, R. C. Elderfield, 
Ed., John Wiley and Sons, Inc., New York, N. Y., 1952, p 186; W. C. 
Sumpter and F. M. Miller in “The Chemistry of Heterocyclic Compounds,” 
Val. 8, A. Weissberger, Ed., Interscience Publishers, Inc., New York. N. Y., 
1954, p 183. 

more, when 4a is refluxed with nitrosobenzene in ethanol 
solution, l-methyli~atin-2-anil~~ (19) is formed in 61% 
yield. Acid hydrolysis of 19 gives N-methylisatin18 
(20) in 57% yield. The ani1 19 is presumably formed 
by direct condensation of N-methylindoxyl (18) with 
nitrosobenzene, since a similar reaction of indoxyl itself 
with nitrosobenzene has been described.l9 It is also 
possible, however, that 4a may react first with nitroso- 
benzene to give an oxaziranezO (21), which can also 
give rise to 19 as shown. The usual reluctance of 
oxaziranes to undergo nucleophilic ring openingz1 would 
be expected to be decreased in 21 because of the carbonyl 
substituent. 

Intermolecular nucleophilic displacement of DMSO 
from 17 has also been observed.22 Reaction of 4a with 
aqueous hydrochloric acid containing sodium chloride 
afforded 2-methylamino-a-chloroacetophenone (22). 

Experimental Section23 
Dimethyloxosulfonium 2-(Methylamino)benzoylmethylide 

(4a) and Perchlorate (Sa) .-A solution of dimethyloxosulfonium 
methylideza was prepared from sodium hydride (12.0 g of a 50% 
dispersion in mineral oil, 0.25 mole) and trimethyloxosulfonium 
iodide (55.0 g, 0.25 mole) in 250 ml of anhydrous dimethyl- 
sulfoxidez4 in a 1-1. vessel equipped with two pressure-equalizing 
dropping funnels. A solution of N-methylisatoic anhydridez6 
(35.4 g, 0.20 mole) in 300 ml of anhydrous DMSO was added in 
5 min to the magnetically stirred solution of dimethyloxo- 
sulfonium methylide. By the time addition was complete, C02 
evolution had commenced vigorously. After heating a t  50-60” for 
1 hr, the cooled mixture was poured into 3 1. of ice-water and 
the solution was saturated with NaCl and extracted five times 
with dichloromethane. The combined extracts were dried over 
NaoS04 and concentrated in uucuo to give a greenish oil which was 
dissolved in dichloromethane (75 ml). Slow addition of diethyl 
ether (250 ml) caused crystallization of the yellow ylide (31.7 g, 
0.14 mole) (70%), mp 138-141’. The melting point was raised 
to 141-143’ (slight decomposition) upon crystallization from di- 
chloromethane-diethyl ether. 

Anal. Calcd for CllHtsNOzS: C, 58.64; H, 6.71; N, 6.22; 
S, 14.23. Found: C, 58.40; H,6.88; N, 6.11; S, 14.05. 

A mixture of perchloric acid (70% in water, 10 ml) and ethanol 
(30 ml) was added to a hot solution of dimethyloxosulfonium 
2-(methylamino)benzoylmethylide (I .O g) in ethanol (80 ml), 
under nitrogen. Rapid chilling resulted in crystallization of the 
yellow perchlorate (1.35 g, 92%), mp 130-132’ dec. 

Anal. Calcd for C11H16C1NO&: C, 40.55; H, 4.95; C1, 
10.89; N, 4.30; S, 9.85. Found: C, 40.56; H, 4.85; C1, 
11.48; N, 4.39; S, 10.18. 

Dimethyloxosulfonium 2-M ethylamino-5-nitrobenzoylmethylide 
(4b) and Perchlorate (Sb).-In similar fashion to the prepara- 
tion of 4a described above, the 5-nitro derivative was obtained 
from 1.20 g of sodium hydride (joy0 dispersion in mineral oil, 
0.025 mole), 5.50 g of trimethyloxosulfonium iodide (0.025 
mole) in 25 ml of anhydrous DMSO, and 4.44 g (0.020 mole) of 

(18) R. Pummerer, Chem. Ber., 44, 338 (1911). 
(19) R. Purnmerer and M. Goettler, ibid., 43, 4269 (1909). 
(20) Oxaziranes have been proposed as  possible intermediates in the for- 

mation of nitronea from a number of sulfonium ylidea and nitrosobenzene 
(ref 3, p 338). 

(21) For a review of oxazirane chemistry, see W. D. Emmons in “The 
Chemistry of Heterocyclic Compounds,” Val. 19, 4 .  Weissberger, Ed., Inter- 
science Publishers, Inc., New York. N. Y . .  1964, p 624. 

(22) A similar reaction has been reported by Konig and Metzger.zb 
(23) All reactions were carried out under nitrogen; furthermore, nitrogen 

wan bubbled through all reaction mixtures for 30 min prior to heating. 
Microanalysea were performed by the Spang Microanalytical Laboratory, 
Ann Arbor, Mich. Infrared spectra were determined on a Perkin-Elmer 
grating spectrophotometer, Model 237B, from samples mulled in Nujol. 
Nmr spectra were taken on a Varian A-80 A instrument in the indicated 
solvents. with absorptions measured in parts per million downfield from 
internal TMS. 

(24) Anhydrous DMSO (Matheson Coleman and Bell) was stored over 
Molecular Sieves (Linde, Type 5A) and used without further distillation. 

(25) From J. T. Baker Chemical Co., Phillipsburg, N. J. 

Melting points are  uncorrected. 
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6-nitro-N-methylisatoic anhydride26 in 20 ml of DMSO. The 
greater insolubility of the product allowed isolation without 
extraction. After the reaction was complete, the cooled reaction 
mixture was poured into 500 ml of ice-water and the yellow 
precipitate was collected after stirring for 30 min. The crude 
product (3.98 g) was crystallized from a mixture of DMSO 
(70 ml) and ethanol (550 ml) to give 3.54 g (0.013 mole, 66%) of 
yellow needles, mp 214-215" dec. 

Anal. Calcd for CnH14N208: C, 48.88; H,  5.22; N, 10.37; 
S, 11.86. Found: C,  48.64; H ,  5.30; N, 10.04; S, 12.26. 

The perchlorate 5b was obtained as described above for Sa. 
The product was obtained in 93% yield in the form of yellow 
needles, which became green at 190-195' and decomposed about 
197". 

Anal. Calcd for ClIH1&lN2OeS: C, 35.63; H,  4.08; C1,9.56; 
N, 7.55; S, 8.65. Found: C,  36.01; H,  4.25; C1, 9.64; N ,  
7.66; S, 8.55. 

l-Methyl-3-methylsul5yl-4( lH)-quinolinone (9) .-A mixture 
of dimethyloxosulfonium 2-(methylamino)benzoylmethylide (4a) 
(1 8 0  g, 0.008 mole), triethyl orthoformate (20 ml), absolute 
ethanol (20 ml), and acetic acid (0.75 ml, 0.012 mole) was 
refluxed for 5 hr; the solution was concentrated in vacuo to about 
15 ml, cooled to O", and the white solid collected by filtration 
and washed with ether: yield, 1.59 g (0.0072 mole) (90%); 
mp 169-171 O . Recrystallization from benzene-hexane raised 
the melting point to  169.5-171 5'. 

Anal. Calcd for C11HIINOZS: C, 59.70; H,  5.01; N ,  6.33; 
S, 14.49. Found: C, 59.59; H,  4.92; N, 6.38; S, 14.48. 

Desulfurization of l-Methyl-3-methylsul5yl-4( 1H)-quinoli- 
none ( 9 )  with Raney Nickel Alloy.-Raney nickel alloy (3.5 g) 
was added in small portions in the course of 6 hr to a stirred, 
refluxing solution of 1-methyl-3-methylsulfinyl-4( lH)-quinolinone 
(0.50 g)  in a mixture of 35 ml of 10% sodium hydroxide and 20 
ml of ethanol. The reaction mixture was concentrated in vucuo 
in order to remove the ethanol and was extracted five times with 
dichloromethane. After drying over anhydrous sodium sulfate, 
the extract was concentrated to dryness. The solid residue (270 
mg, mp 129-136') was shown by tlc to consist of two main com- 
ponents, one of which was identified as l-methyl-4(1H)-quinoli- 
none by comparison with an authentic sample.27 The other 
unidentified component was shown by tlc not to be l-methyl- 
5,6,7,8-tetrahydro-4(1H)-quinolinone (vide infra). The crude 
product, after crystallization from benzene, afforded 110 mg 
(3170) of pure l-methyl-4(lH)-quinolinone, mp 149-151', which 
was identical (mixture melting point, infrared and nmr spectra) 
with an authentic sample prepared by methylation of 4(1H)- 
quinolinone.27 

(261 From Maumee Chemical Co.. Toledo, Ohio. 
(271 J.  A. C. Allison, J. T. Hraunholtz, and F. G .  Mann. J .  Chem. Soc., 403 

(1954); see also ref 4. 

20 

Raney Nickel Desulfurization of l-Methyl-3-methylsul5yl- 
4(1H)-quinolinone (9).-A stirred mixture of l-methyl-3- 
methylsulfiny14(1H)-quinolinone (1.00 g), about 18 g of wet 
Raney nickel,% and 50 ml of ethanol was heated on a steam bath 
for 5 hr. The reaction mixture was extracted overnight (Soxhlet) 
with additional ethanol (200 ml) and the extracts were concen- 
trated to dryness. The solid residue was extracted five times 
with dichloromethane, the dichloromethane was evaporated, and 
the residue was dissolved in water (20 ml). Addition of 100 ml 
of saturated aqueous picric acid solution gave a yellow picrate 
which, after recrystallization from methanol, weighed 1.15 g 
(65%), mp 248-250' dec. This material was identical (mixture 
melting point, infrared spectrum) with an authentic sample of 
the picrate of l-methyl-5,6,7,8-tetrahydro-4(1H)-quinolinone 
prepared as described by Price' (obtained by decarboxylation of 
the corresponding 3-carboxylic acid) and also with a sample 
prepared by reduction of 1-methyl-4( 1H)-quinolinone with Raney 
nickel by the procedure described above. 

1 -Methyl-3-methylsulfonyl-4( 1H)-quinolinone .-Hydrogen 
peroxide (30% in water, 5 ml) was added to a solution of 1- 
methyl-3-methylsulfinyl-4( 1s)-quinolinone (4.42 g) in a mixture 
of 20 ml of acetic acid and 5 ml of acetic anhydride. After stand- 
ing at  room temperature for 3 days, the solution was treated with 
charcoal, filtered, and the filtrate added to 400 ml of ice-water 
to give 3.61 g (76%) of colorless sulfone, mp 225-227'. The 
analytical sample, mp 225.5-227.5', was crystallized from 
ethanol. 

Anal. Calcd for CllHllNOsS: C, 55.67; H,  4.67; N, 5.90; 
S, 13.51. Found: C, 55.55; H, 5.02; N, 5.83; S, 13.39. 

1,2-Dimethyl-3-methylsul5y1-4( 1H)-quinolinone (1 1 ).-A 
mixture of dimethyloxosulfonium 2-(methy1amino)benzoyl- 
methylide (5.40 g, 0.024 mole), triethyl orthoacetate (90 ml), 
absolute ethanol (30 ml), and acetic acid (3 ml) was refluxed for 
3 hr. The finely divided crystalline precipitate which formed 
upon cooling was collected by filtration, washed with ether, and 
dried to give 4.87 g (0.0207 mole, 87%) of the sulfoxide, mp 
179-181'. It was used without further purification both for the 
elemental analysis and for spectral determinations, since re- 
crystallization from either benzene or acetone resulted in changes 
in composition which are not understood (see text). 

Anal. Calcd for C~ZH,,NOZS: C ,  61.23; H, 5.69; N,  5.95; 
S, 13.62. Found: C, 61.35; H ,  5.60; N, 5.90; S, 13.70. 

l-Methyl-2-mercapto-4( 1H)quinolinone (16).-Carbon di- 
sulfide (40 ml) was added to a solution of dimethyloxosulfonium 
2-(methylamino)benzoylmethylide (3.60 g, 0.016 mole) in dry 
pyridine (40 ml) under nitrogen. The reaction mixture, which 
became red almost instantly, was stirred for 17 hr, the solvents 
were removed in vacuo, and the pasty residue was pressed upon a 
porous plate to give 2.1 g of a crude solid. Crystallization from 

(28) From W. R.  Grace and Co. 
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methanol (300 ml) gave 1.10 g (0.00576 mole, 36%) of yellow 
crystals, mp -260" dec. 

Anal. Calcd for CloHSNOS: C, 62.78; H,  4.75; N, 7.32; 
S, 16.76. Found: C, 62.59; H,  5.10; N, 7.22; S, 16.74. 

Desulfurization of l-Methyl-2-mercapto-4( la)-quinolinone 
(16) with Raney Nickel Alloy.-Raney nickel alloy (3.0 g) was 
added in small portions in the course of 5 hr to a stirred, boiling 
solution of l-methyl-2-mercapto-4(1H)-quinolinone (500 mg, 
0.0026 mole) in a mixture of 10% sodium hydroxide (30 ml) and 
ethanol (15 ml). Water (50 ml) was added and most of the 
ethanol removed by concentration of the solution to  about half 
its volume. The aqueous layer was saturated with sodium chlo- 
ride and extracted five times with dichloromethane while the 
solid residue was extracted overnight with dichloromethane. 
The combined extracts were dried over anhydrous sodium sulfate 
and concentrated to dryness to give 0.34 g of a solid which con- 
sisted of two major components by tlc. As with the Raney nickel 
alloy reduction of compound 9 described above, one component 
was l-methyl-4(lH)-quinolinone, while the other unidentified 
component was shown not to be l-methy1-5,6,7,8-tetrahydro- 
4(1H)-quinolinone. The crude product (0.34 g) was purified by 
chromatography (Florisil and ethyl acetate-methanol 1 : 1) to  
give 0.24 g (0.0015 mole, 57y0) of l-methyl-4(1H)-quinolinone, 
which was identical with an authentic samplez7 as judged by a 
mixture melting point determination, by comparison of infrared 
and nmr spectra, and by tlc. 

1-Methylisatin-2-anil (19) .-A solution of dimethyloxosulfo- 
nium 2-(methylamino)benzoylmethylide (450 mg, 0.002 mole) 
and nitrosobenzene (430 mg, 0.004 mole) in absolute ethanol 
(40 ml) was refluxed for 1 hr, excess ethanol was removed, and 
the resulting red oil was dissolved in chloroform and passed 
through a column of Florisil. Evaporation of the eluate gave a 

red solid which was crystallixed from 100 ml of petroleum ether 
(bp 60-70') to give 300 mg (61%) of the anil as dark red needles, 
mp 129.5-131' (lit.'* mp 132'). 

The anil (500 mg) was hydrolyzed by heating under reflux 
for 1 hr in 50 ml of 2 N hydrochloric acid.'* Cooling and neu- 
tralization of the solution with sodium bicarbonate resulted in 
the separation of crude 1-methylisatin (140 mg, 4197,), which 
melted at 127-130" after recrystallizatioD from water. The 
compound was identical with an authentic sample of l-methyl- 
isatin by a mixture melting point determination, by comparison 
of infrared spectra, and by tlc. 

2-Methylamino-a-chloroacetophenone (a?).-Dimethyloxo- 
sulfonium 2-(methylamino)benzoylmethylide (1 .OO g, 0.00444 
mole) was stirred in a mixture of 150 ml of saturated sodium 
chloride solution and 5 ml of 2 N hydrochloric acid for 3 hr. 
The reaction mixture was then extracted overnight with di- 
chloromethane, the extract dried over anhydrous sodium sulfate, 
and concentrated in vacuo. The residue was chromatographed 
over a large column of silica gel with chloroform. Elution of 
the first yellow band and evaporation of the chloroform eluate 
provided 300 mg (37%)20 of yellow crystalline 2-methylamino-a- 
chloroacetophenone, mp 8142.5". The infrared spectrum showed 
an N-H band a t  3340 cm-l and a C = O  band a t  1650 cm-1. 
The nmr spectrum (DCClr) exhibited a three-proton doublet a t  
2.90 ppm (J  = 5 cps) (NCH,), a two-proton singlet a t  4.59 
ppm (CHz), and a four-proton aromatic multiplet between 6.5 
and 7.8 ppm. The N-H signal was not observed. 

Anal. Calcd for CoHlClNO: C, 58.86; H,  5.49; C1, 19.35; 
N,  7.63. Found: C, 58.92; H, 5.51; C1, 19.30; N, 7.58. 

(29) No attempt was made to find optimum conditions for this reaction. 

A New Rearrangement of Sulfonium Ylides 
K. W. RATTS AND A. N. YAO 

Monsanto Company, Agricultural Division, Research Department, St. Louis, Missouri 65166 

Received June $8, 1967 

Alkyl- or arylmethylphenacylsulfonium ylides rearrange in boiling water to produce a-(alkyl- or arylthio)- 
methoxystyrenes rather than alkyl or aryl a-methylphenacyl sulfides m expected by a Stevens rearrangement, 
Alternate reactions occur under these conditions depending upon the structure of the S-ylides including alkyl 
migration, elimination, or hydrolysis. S-Ylides stabilized by two carbonyl groups do not react under the above 
conditions. The newly discovered molecular rearrangement and alternative reactions of S-ylides are discussed 
in terms of ylide structure and mechanism. 

The Stevens rearrangement' of ammonium salts 
(e.g., 1) has been extensively studied. This electro- 
philic, intramolecular 1,2 rearrangement presumably 
involves an intermediate ylide (2). An example of 
the reaction, outlined in eq 1, leads to amine (3). 

Sulfonium salts similarly rearrange, via vlides, 
For example, Bohme a i d  Krauiea report 

that dimethylphenacylsulfonium bromide (4), re- 
fluxed with an equivalent of 1 N potassium hydroxide 

(1) (a) H. E. Zimmerman, "Molecular Rearrangements," P .  delllayo, 
Ed., Interacience Publishers, Inc., New York, N. Y., 1963, p 378. (b) M. 9. 
Newman, "Steric Effects in Organic Chemistry," John Wiley and Sons, Inc., 
New York, N .  Y.,  1956, p 279. 

(2) T. Thompson and T. S. Stevens, J .  Chem. SOC., 66, 69 (1932). 
(3) H. Bohme and W. Krause. Chem. Em..  OS, 426 (1949). 

for 5 hr, gave methyl a-methylphenacyl sulfide (6) 
via the ylide 5 (eq 2). The product 6 was characterized 

by synthesis of authentic material from a-bromopro- 
piophenone and methyl mercaptan and by oxidation 
to the sulfone.a 

In the course of a study of S-ylide chemistry this base 
rearrangement of dimethylphenacylsulfonium bro- 
mide was repeated as described by Bohme and 
Krause. The molecular weight and analysis of the 
product oil, bp 95" (1 mm), do indeed correspond to 
CloH120S, but the infrared and nmr spectra (Table I) 
suggest a-(methy1thio)methoxystyrene (7) rather than 
methyl a-methylphenacyl sulfide (6) .4 The product 

(4) K. W. Ratts and A. N. Yao, J .  Ow. Chem., 81, 1689 (1966). 


