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An observed difference in the reactivity of amide- or ester-stabilized and aroyl-stabilized S-ylids with aldehydes 
is explained by the corresponding difference in ylid nucleophilicity and a mechanism which involves reversible, 
aligned betaine formation, bond rotation, and elimination of dimethyl sulfide. The nucleophilic behavior of 
acyl-stabilized S-ylids has been demonstrated by their reaction with nitrosobenzene, alkylation, acylation, and 
bromination. A new class of halo S-ylids has been realized by dehydrohalogenation of the corresponding salts. 
Pyrolysis of the ylids leads to products which may be rationalized as trapped carbenic intermediates. 

Phosphorus ylids 1 have proven to be of value in the 
synthesis of olefins uiu the Wittig reaction.’ Sulfur 
ylids 2, however, react with carbonyl compounds to 
produce epoxides.2,3 Stable sulfonium ylids, more- 

RIP=CRz’ + Rz”Cd)  + RsP=O + Rz’C-CRz” 
1 

/O\ 
RzS=CRz’ + R2‘C-O + RzS + Rz’C-CRz” 

2 

over, are of limited synthetic utility since nucleophilic 
reactivity is weak and reaction with carbonyl com- 
pounds sluggish or nonexistent. 3-5 The marked dif- 
ference in the apparent reactivity of these sulfonium 
ylids prompted a study of their chemical properties. 

We have found that certain carbonyl-stabilized sul- 
fonium ylids react normally with aldehydes. For 
example, N,N-diethyl-2-(dimethylsulfuranylidene)acet- 
amide (3) reacts with benzaldehyde or 4-nitrobenzalde- 
hyde to  give the corresponding glycidamides. The 
products 5 have the trans configuration. The cis- 
epoxide does not isomerize to the trans under the reaction 
conditions indicating that the reaction is stereospecific. 
This stereospecificity has previously been observed 
with nonresonance-stabilized sulfur ylids.6 

(CH&S=CHCON(CzH5)2 3- ArCHO 2 
3 

4 Sa, Ar = CeH5 
b, Ar-4-02NCsH4 

Amide-stabilized S-yliids have previously been shown 
to react with Schiff bases to produce enaminocin- 
namamides7 via aziridine intermediates, a sequence 
similar to epoxide formation with aldehydes. However, 
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2-(dimethylsulfuranylidene)acetophenone (6) gave no 
reaction or isolable adduct with either benzaldehydesi8a 
or benzalaniline. This difference in reactivity, de- 
pending upon the nature of the carbonyl group, is not 
observed with the P-ylids. A possible explanation of 
this fact is given below. 

The initial nucleophilic attack of P-ylids upon alde- 
hydes is reversible and occurs with the positive hetero 
atom and oxyanion aligned.9 The favored isomer 
7b leads to the more stable product, trans olefin (see 
Chart I), in the case of phosphorus ylids. With sulfur 

CHART I 

ArCHO 

Ar aCoR H H  

7a 

cis olefin trans olefin 
I 

ylids the favored betaine 8b would lead to less stable 
cis-epoxide, and the more hindered betaine 8a is inter- 
mediate in formation of the lower energy trans-epoxide.6 
(see Chart 11). Only if the S-ylid is extremely basic, 
as with 3,5 is the initial equilibrium favorable so as to 
allow formation of the hindered betaine 8a which leads 
to trans-epoxide. 

The lack of reaction with the phenacyl sulfonium ylids 
cannot be explained on the basis of low nucleophilicity 
of the S-ylids since their basicity is greater than P- 
ylids which are known to react.5 It is to be expected 
in these situations that basicity is proportional to 
nucleophilic reactivity. lo 

(8) During attempts to  initiate reaction of 2-(dimethylaulfuranylidene)- 
acetophenone with 4-nitrobenzaldehyde in tetrahydrofuran a 1 : 1 adduct 
was formed, mp 109-llOo. The product exhibited infrared and nmr 
spectra in chloroform solution which were simply those obtainable from 
superimposition of the spectra of the two starting compounds. A 1 : l  
mixture melting point showed a significant depression, mp 40-80” Wid 
mp 59-60; aldehyde mp 106.59. The infrared spectrum of the mixture as 
a mull indicated a strong aldehydic carbonyl although the adduct a6 a mull 
ahowed none. 

(Sa) NOTE ADDED IN PROOF.-A 10% yield oxirane has been recently 
obtained by the reaction of 6 with p-nitrobenzaldehyde: A. W. Johnson 
and R. T. Amel, Tstrohedron Letters, No. 8 ,  819 (1966). 

(9) A. J. Speziale and D. E. Biasing, J .  Am.  Chem. Soc., 86, 1888, 3878 
(1963). 

(10) S. Fliszar, R. F. Hudson, and G. Salvadori, Helv. Chim. Acta, 46 (5), 
1580 (1963). 
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0 - 
cis-epoxide 

I 
tran:r-epoxide 

The surprising lack of reactivity of less basic S-ylids 
is undoubtedly due to high energy barriers to the forma- 
tion of cis-epoxides in the second step of the reaction, 
which must be preceded by a C-C bond rotation of 
180”, and to decreased tendency to form a betaine which 
is hindered. The P-ylids reactions do not involve these 
complicating factors since least hindered betaine can 
form favored trans olefins. 

The nucleophilic character of amide-stabilized ylids is 
also demonstrated by their reaction with nitroso- 
benzene.ll N,~\;T-Diethyl-2-(dimethylsulfuranylidene)- 
acetamide reacted with nitrosobenzene to yield a- 
(diethylcarbamoy1)-N-phenylnitrone in 42% yield. 
A suggested mechanism is given below. 

1 

9 10 

(11) The reaction of dimethylsulfonium fluorenylide with nitrosobenzene 

has been shown by Johnson and LaCount: to produce a nitrone rather 
than an oxazirane. 

Reduction of the product with lithium aluminum 
hydride gave an 84% yield of N,N-diethyl-N ‘-phenyl- 
ethylene diamine consistent with either an oxazirane 
10 or a nitrone 9 structure. A singlet at  r 2.50 in the 
nmr spectrum is consistent with 9 rather than 10 

(=CH- vs. N>CH-) as is the ultraviolet absorption 
of the product: X,ax 268 mp (log E 5.00). 

An isoxazolidine 11 was formed between maleic 
anhydride and the nitrone. 

0 

0 
.I 1 

The nitrone CH at r 2.50 in the product is absent; 
instead there are observed three protons, r 4.63 singlet 
(l),  T 4.85 doublet (1, J = 8.0 cps), and Hz r 5.35 dou- 
blet (1, J = 8.0 cps). The fact that Hz is coupled to 
only one of the adjacent protons suggests that H3 is 
cis and H1 trans oriented with respect to the ring. 
Since the lJ3-dipolar addition of the nitrone to maleic 
anhydride must occur in a cis-oriented fashion Hz and 
H3 must be on the opposite side of the ring from H1 

and the ring juncture must be cis. The lJ3-dipolar 
addition supports the nitrone rather than the oxazirane 
structure. 

Alkylation of P-ylids has been reported to yield 
both 0-alkylatedl2 products 12 and C-alkylated prod- 
uctsla 13. Owing to the greater -I effect of R&+ 

0 I- OCzH6 
I /  I 

(C6&)3P=CHCR f C2HsI + (C&)$-CH=C-R 
R = CHa or C6Hs 12 

(CaHs),P=CHCOzEt f CHaI + 

r I CH3 
I ylid 

(C~HS)&--CHCO~E~ + ( C~HS)P= COzEt 
13 

+ 
compared with RIP- and the greater ability for ?r-d 

overlap with R2S,14 the contribution of 14a and 14b 
should be increased relative to the phosphorus hybrid. 

+ 

0-  

a b 
14 

C-Alkylation might be favored in this situation if the 
reaction reflects the nature of the resonance hybrid a t  
all. 
(12) F. Ramirer and S. Dershowits, J .  Org. Chem., 33, 41 (1957). 
(13) (a) H. J. Bestman and H. Halberlein, 2. Naturforach, l l b ,  (1962). 

(14) W. von E. Doering and A. K. Hoffmann, J .  Am. Chem. SOC., 77, 521 
(b) H. J.  Bestman and H. Schulz, Chem. Ber., 95, 2921 (1962). 

(1955). 
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The treatment of 2-(dimethylsulfurany1idene)aceto- 
phenone with 1 equiv of methyl iodide gives, at  room 
temperature, a mixture of 23% 2-iodopropiophenone, 
22% 2-(methylmercapto)propiophenone, 42% triben- 
zoylcyclopropane, and presumably trimethylsulfonium 
iodide. The products appear to be derived from de- 
composition of the sulfonium salt15 obtained by C- 
alkylation of the ylid. The cyclopropane arises from a 
series of displacement reactions involving the salt of 
the starting ylid.4a 

[ :-YH3 ] 
(CH&S=CHCOC&H5 + C H d  3 (CHs)z&CHCOCsHs 

6 15 

T CH3SCHCOCs& 3. CHsI 
I 

CHs (cH&S* 1 

An attempt to prepare 15 by alkylation of 2-(methyl- 
mercapto)propiophenone gave only trimethylsulfonium 
iodide and 2-iodopropiophenone. N o  ylid was formed 
in this reaction. 
CHaS-CHCOCaH6 + CHII + 

I 
I 

CH3 
CHaI 

[15] + (CH3)3S+I- + ICHCOCaH6 
I 

CH3 

The results suggest that these stable S-ylids will 
alkylate at  carbon. However, the products appear 
extremely unstable even at  room temperature. 

Further nucleophil.ic reactivity of these sulfonium 
ylids is demonstrated by their acylation and halo- 
genation. 2-(Dimet,hylsulfuranylidene)-4'-nitroaceto- 
phenone 16 yields C-acylated products 17 upon reaction 
with ethoxalyl chloride and 3,4-dichlorophenyl iso- 
cyanate, respectively. The acylation of phosphorus 

0 

-). 
2 ( C H , ) , S = C H C G + N O 2  + RCCl II 

I1 or 
0 RN=C=O 
16 

0 

0 

17a, b, R= R==CONH&Cl C02&H, 

ylids is similar although nitrogen ylids have been re- 
ported to O-acylate.16 

Bromine and iodine add to the ylids to yield the cor- 
responding a-halo sulfonium salts (18). These salts 
may be dehydrohalogenated by sodium hydride in 
tetrahydrofuran although aqueous base causes their 
hydrolysis. The reaction of halogen with the ester or 
(15) F. Weygand and H. :Daniel, Chem. Ber., 94, 3147 (1961). 

/x 
x-x 

+ I  NaH 
6 + Xz + (CHa)zSCHCOCeHs + (CHs)zS=C 

18 T H F  \ 
COCaH6 

19a, X = Br 
b , X  = I 

amide 3 leads to salts which are unstable so as to pre- 
clude their isolation. 

Upon standing the halo ylids 19 decomposed slowly 
to release halogen and form dark tars as opposed to 
the corresponding P-ylids which are stable. In 
general the acylation and halogenation of the S-ylids 
are comparable to the P-ylids except for the increased 
instability of the former ylids and their salts. The 
latter is not unexpected since the dimethyl sulfide is an 
excellent leaving group compared to triphenyl phos- 
phine. 

The decomposition of sulfonium ylids to carbenes has 
been well documented.16 The isolation of the carbonyl- 
stabilized ylids provided an opportunity to generate 
keto carbenes. Pyrolysis of the ylids did, indeed, 
provide keto carbenes which were trapped via tri- 
merization to yield cyclopropanes or by triphenyl 
phosphine to give phosphorus ylids. 

CO - Ar 
0 

3(CH&S=CHCAr I/ A 
A C O A r  

Ard  
I I  

0 
II 

(CHJzS=CHCAr + (ca5),p - 
(C&)$=CHCOh + (CHJ,S 

Extensive precautions were taken to ensure that no 
water was present so as to preclude reactions of sul- 
fonium hydroxides which would not necessarily involve 
csrbenes. Although the yields are low the reactions 
indicate possible keto carbene formation. 

The above studies indicate that S-ylids are nucleo- 
philic (as are P-ylids) in their reactions. Over-all 
reactions are modified by the ease of dimethyl sulfide 
(as opposed to t-phosphines) elimination. 

Experimental Section17 
Reaction of Ylids and Aldehydes. N ,N-Diethyl-2-( dimethyl- 

sulfurany1idene)acetamide (3). A. 4-Nitrobenza1dehyde.- 
The above ylid (0.05 mole) was prepared as previously described.' 
To the solution of ylid in tetrahydrofuran (250 ml, 0.055 mole) 
was added 4-nitrobenzaldehyde (7.6 g, 0.05 mole) in one portion. 
The red solution was cooled to lo", stirred for 1 hr, then allowed 
to warm to room temperature, and further stirred for 30 min. 
The dark red solution was concentrated to give a red solid (14.3 
g) mp 80-90". Recrystallization of this solid from methylene 
chloride-petroleum ether (bp 30-75") several times gave 8.4 g 

(16) (a) V. Franzen, H. J. Schmidt and C. Mertz, ibid., 94, 2942 (1961). 
(b) A. W. Johnson and V. J. Hruby, J .  Am.  Chem. Soc., 84, 3586 (1962). 
(0) C. Gardner Swain and E. R. Thornton, ibid., 83, 4033 (1961). (d) A. 
W. Johnson and R. B. LaCount, ibid., 83, 417 (1961). (e) F. Krollpfeiffer, 
H. Hartmann, and F. Schmidt, Ann.,  663, 15 (1949). 
(17) Melting points are uncorrected. Analyses were performed by 

Galbraitb Laboratories. 
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(647,) truns-?;,K-diethyl-3-(4-nitrophenyl)glycidamide, :mp 96- 
97". 
Anal. Calcd for CI3HlBN204: C, 59.08; H, 6.10; N: 10.60. 

Found: C, 59.16; H, 6.75; N, 10.74. 
B. Benzaldehyde.-trans-NJN-Diethyl-3-phenylglycidamide 

was prepared in the above manner in 667, yield, mp 80-84". 
Recrystallization of this solid from hexane gave mp 85 -87.5', 
identical in all respects with authentic material.'* 
2-(Dimethylsulfurany1idene)acetophenone ( 6 ) .  A. 4-Nitro- 

benzaldehyde.-The above ylid (0.025 mole) was prepared by 
the method previously describedS7 To the solution of ylid in 
tetrahydrofuran (12S ml, 0.025 mole) was added in one port'ion 
of 4-nitrobenzaldehyde (3.18 g, 0.025 mole). The solution was 
stirred a t  room teniperature for 3 hr and then concentrat,ed to 
give a yellow-green solid (8.9 g), mp 108-110' dec. The infrared 
spectrum in chloroform and t,he nmr spectrum in deuterated 
chloroform indicated a 1: 1 mixture of starting materials. An 
infrared spectrum 1 x 1  Sujol ,  however, showed no aldehyde 
carbonyl band. A 1 : 1 mixture of 2-(dimethylsulfurany1idene)- 
acetophenone (mp 5S)-60°) and 4-nitrobenzaldehyde (mp 106.5') 
exhibited a carbonyl band in the infrared spectrum (Nujol) and 
melted at 40-80". The crude product was washed repeatedly 
with ether to give a yellow solid (6.0 g, 7 2 7 , ) ,  mp 109-111". 

Anal. Calcd for CiHbN03.CloH120S: C, 61.61; H, 5.17; 
S ,  4.23; S, 9.68. Found: C, 61.65; H, 5.28; Pi, 4.43; S, 9.54. 

Several att,empt's to recrystallize the solid were not successful. 
The ether wash was concentrated to a residual red tar. 

B. Benzaldehyde.-To a solution of 2-(dimet~hylSulftiranyl- 
ide1ie)acetophenoiie (0.025 mole) in tetrahydrofuran (125 ml, 
0.025 mole) was added benzaldehyde (2.65 g, 0.025 mole) in oiie 
portion. The mixture was stirred a t  room temperature for 5 
days then concentvated to a dark oil. The oil was ext,racted with 
ether to leave 1.19 g; solid, mp >200"; recrystallization of t,his 
material from methilene chloride gave 0.3 g (26%) of 1,2,3- 
tribenzoylcyclopropane. The ether extract was concentrated to 
yield 2.1 g ( 4 7 7 )  of the st,art,ing ylid. The mother liquors were 
coiicentrated to a red oil which was characterized by infrared 
analysis as benzaltiehyde. 
a-Diethylcarbamoy1)-N-phenylnitrone (9) .-N,N-Diethyl 2- 

(diniet,h~lijulfiiraii~lii~eiie) acetamide was prepared by the sodium 
hydride method.' To the reaction mixture containiiig the sul- 
foiiiiim Slid (0.05 mole) and sodium chloride in tet,rahydiofuran 
n-as added in oiie portion of nitrosobenzene (5.36 g, 0.05 mole). 
The mixture was stirred overnight at room temperature and 
filtered to remove the sodium chloride (3.7 g, >loo%). The 
filtrate was conceiitmted and the residue crystallized by witma- 
tion with ether and petroleum ether with cooling. Fine yellow 
needles cryqtnllized ;md were filtered to give the product (4.7 
g, 0.021 mole 42%:1, mp 82-84.5'. Recrystallization of the 
nitrone from ether ;gave an analytical sample: mp 8546.5"; 
infrared spectrum (CHCl,), V C - o  1620 cm-l; nmr spectrum 
(CDCl,), ArH at r 2.59 multiplet ( 5 ) ,  -CH- a t  7 2.50 singlet (I), 
-CH1- at T 6.63 multiplet (4), -CH,- 7 8.81 triplet (6); ultraviolet 
spectrnm, Af:x:" 268 mp (log E 5.00). 

Anal .  Calcd for C12HI6X2O2 (220.27): C, 65.43; H, 7.32; 
S ,  12.72. Found: (1, 65.70; H, 7.50; X, 12.49. 

Reaction a-(Diethylcarbamoy1)-N-phenylnitrone with Maleic 
Anhydride. Formation of 3-(Diethylcarbamoyl)-2-phenyl-4,5- 
isoxazolidinedicarboxylic Acid and 3-Diethylcarbamoyl-2-phen- 
yl-4,5-isoxazolidinedicarboxylic Anhydride ( 11) .-To a solu- 
tion of the riitrorie (7.3 g, 0.0105 mole) in benzene 1120 ml 
was added maleic mhydride (1.03 g, 0.0105 mole) in one portion. 
The mixture was refluxed for 2 .5  hr and kept a t  50' for 16.5 hr. 
The solution became very dark after the first 1-1.5 hr of refluxing, 
The benzene solveiit was removed in vucuo leaving a black, tarry 
material (3.9 9) .  'The tar was suspended in ether and methanol 
was added dropwise to precipitate a brown solid (0.1 g), mp 107- 
127". The mother liquor was evaporated and the residue was 
extracted repeatedly with hexane. The hexane extract was 
concentrated to give a very small amount of yellow crystals, mp 
100-160". The filtrate was concentrated and the residiie dis- 
solved in methylene chloride. Petroleum ether was added to 
precipitate a light broxn solid (0.7 g), mp 138-141", and a 
second crop of 0.6 g, mp 135-140°, giving a total of 1.3 g (40%). 
Repeated recrystallization of this 1.3 g from methylene chloride- 
petroleum ether gave an analytical sample: mp 142-143"; 
infrared spectrum, Y O H  3300, 2500, YC-o 1740, 1640 cm-l in 

(18) c. C. Tung, A .  J. Speziale, and H. W. Frazier, J. Ore. Chsm., !d8, 
1511 11962). 

CHC13; nmr spectrum (CDCb), -COOH at  7 1.24 singlet, ArH 
a t  7 2.95 doublet, -CH2- at 7 6.80 multiplet, -CH3- at 7 8.98 
multiplet, -CH- a t  T 5.74 triplet., -CH- at T 5.01 doublet, -CH- 
a t  7 5.28 doublet. 

Anal. Calcd for ClBHZON206 (336.34): C,  57.13; H, 5.99; 
N, 8.33. Found: C, 57.80; H,  6.15; N, 8.40. 

Another run was carried out with 0.0227 mole of the nitrone 
and maleic anhydride. The solution was refluxed for 2 hr. The 
yield of anhydride was 75% using methylene chloride for the 
recrystallization solvent: crude mp 88-123"; 42%, mp 131-134"; 
infrared spectrum, Y C - o  1870 (w), 1790 (s) ,  1640 (s) em-' iii 
CHCl,; nmr spectrum (CDC13), ilrH at T 2.78 doublet, -CH- at 
7 4.63 singlet, -CH- T 4.85 doublet (8 cps), -CH a t  7 5.35 doublet 
(8 cps), - C H r  at I 6.68 quadruplet, CHa at T 8.84 quadruplet. 
There was no acid proton shown in the nmr. 

Reduction of a-(Diethylcarbamoy1)-N-phenylnitrone with 
Lithium Aluminum Hydride. Formation of N, N-Diethy1-N'- 
phenylethy1enediamine.-Into a four-necked round-bottomed 
flask, equipped with an adding fmnel, reflux condenser, calcium 
chloride drying tube, thermometer, and mechanic~al stirrer, TTas 
placed lithium aluminum hydride (1.7 g)  in dry ether (50 ml). 
To the suspension was added dropwise H .solution of nitrone in 
dry ether (-200 ml). The mixture was stirred at room tempera- 
ture for 1 hr and heated to a reflux for 14 hr. The excess lithium 
aluminum hydride was destroyed by addition of an ethanol-ether 
mixture, and finally water (50 ml) was added to  precipitate the 
white aluminum salt. The solution was decanted and the salt 
was washed with more ether. The combined ether solution was 
dried over magnesium sulfate and evaporated to give an oil 
(1.75 g 84%): infrared spectrum, Y S E  at 3340, 1580 em-1 in 
CHC13; nmr spectrum (CDC13), ArH at 7 3.25 multiplet, (j), 
NH at  T 5.80 singlet (1), -CH, a t  T 7.05 triplet ( 2 ) ,  -CH2- at 
7 7.58 quadruplet (6) ,  -CH,- at T 9.07 triplet (6). The oil was 
vacuum distilled a t  86-88" (0.4 mm) to give 1.25 g of pure XJ- 
diethyl-N '-phenylethylenediamiiie. 
Anal. Calcd for C12H?ON2 (192.30): C, 74.94; H, 10.48; N, 

14.57. Found: C, 75.07; H, 10.60; S ,  14.30. 
Alkylation with Methyl Iodide.--Sodium (4.6 g, 0.2 mole) was 

dissolved in methanol (100 ml), the solution was cooled to lo", 
and methyl iodide (14.1 g, 0.1 mole) was added. With continued 
cooling dimethylphenacylsulfonium bromide (26.7 g, 0.1 mole) 
was added in small portions with stirring. The mixture was let, 
stand 6 days, filtered, and the solid waq Fashed with methanol 
(10 ml) to leave 4.9 g (42Yc) tribenzoylryclopropane. Recrys- 
tallization of this product from acetonitrile gave mp 219-220', 
mixture melting point with authentic material 219-220'. The 
filtrate and methanol washings from 4.9 g above were con- 
centrated, benzene (150 ml) was added and the mixture was 
filtered to give 23.4 g of a red-brown water-soluble salt. The 
filtrate was concentrated to give 10.5 g of an oil which was 
analyzed by vpc 011 an SE 30, 2-ft column at 150" and shown 
to contain -6 g (23%) of 2-iodopropiophenone and -4 g ( 2 2 7 3  
of 2-methylmercaptopropiophe~ione. 
2-(Dimethylsulfurany1idene)acetophene (6).-Sodium (0.46 g) 

was dissolved in methanol (10 ml) and the dimethylphenacyl- 
sulfonium bromide (2.7 g) was added. The mixture was allowed 
to stand a t  room temperature for 6 days and then concentrated 
to 3.4 g of solid. This residue was extracted with methylene 
chloride (50 ml) and the extract was concentrated to give 1.6 g 
(86%) of brown oil which crystallized on standing. The in- 
frared spectrum of this product was identical with authentic ylid.5 

Preparation of 2-( Methy1mercapto)propiophenone.-The pro- 
cedure followed was that of Bohme and Kraiise.19 In  a three- 
necked, round-bottomed flask, equipped with a stirrer and a 
drying tube, was placed methanol (30 ml). The solution was 
cooled and sodium (3 g) was added. The mixture was stirred 
until all the sodium had dissolved. The drying tube was then 
replaced with a gas-inlet tube and a gas-outlet tube. RIethyl- 
mercaptan was bubbled into the solution until the solution no 
longer absorbed the gas. The gas-inlet tube was replaced with an 
adding funnel and 2-bromopropiophenone (25 g) was slowly added 
dropwise. Heat was immediately evolved and the reaction was 
controlled by occasional cooling with an ice bath. Addition of 
the ketone was completed within 0.5 hr and the mixture was 
heated in a water bath for 1 hr. Finally, methanol was removed 
in vuczio and water (120 ml) was added to the residual semisolid. 
An oil separated and was extracted with ether. The ether extract 
was dried and evaporated to give a crude orange oil (-20 9). 

(19) H. Bohme and W. ICrause, Chem. Ber., 83, 426 (1949). 
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The oil was vacuum distilled to give 5.5 g, 82-85' (0.4 mm), 
and 11.2 g, 91-97' (0.4 mm), a total yield of 16.7 g or 80%. 
The infrared and nmr spectra of both fractions were identical: 
infrared spectrum, vc-0 1670 cm-' in CHCl,; nmr spectrum 
(CDCI,), ArH at  T 2.38 multiplet (5), -CH- at  T 5.67 quadruplet 
( I ) ,  -CH3- at 7 8.12 singlet (3), -CH3 at  T 8.48 doublet (3). 

Anal. Calcd for CloH120S (180.27): C, 66.02; H ,  6.71; S, 
17.79. Found: C, 66.52; H, 6.70; S, 17.49. 

Attempted Alkylation of 2-( Methy1mercapto)propiophenone .- 
2-( Methy1mercapto)propiophenone (9.0 g, 0.05 mole) and methyl 
iodide (7.1 g, 0.05 mole) were mixed and let stand in a stoppered 
flask for 1 day. Benzene (25 ml) was added, the mixture was 
filtered, and the precipitate was washed with benzene (10 ml). 
The solid was dried and weighed (1.5 9).  The filtrate was con- 
centrated and let stand 3 days with methyl iodide (14.2 g, 0.1 
mole). The process was repeated to give 5.0 g of solid. hlethyl 
iodide (34.4 g, 0.24 mole) was let stand with the remainder for 21 
days to yield an additional 3.8 g. The total yield was 10.3 g 
(loo'%) of trimethylsulfonium iodide, identified by nmr analysis. 
The remaining crude 2-ioclopropiophenone (6.4 g, 50yo) was 
chromatographed on a 2.5 X 23 cm column of Woelm neutral 
alumina, activity grade I, to yield 4.0 g oil which slowly darkened. 
The nmr spectrum was identical with that, of the crude 6.4 g 
(CDCI3): ArH T 2.15 multiplet ( 5 ) ,  CH T 4.28 quartet (1, J = 
6.5 cps), CH3 7 7.78 doublet, (3, J = 6.5 cps). 

Anal. Calcd for CUH~IO:  C, 41.56; H, 3.49; I ,  48.80. 
Found: C, 41.77; H, 3.60; I ,  48.73. 
Ethyl-2-dimethylsulfuranylidene-2-oxalyl4'-nitroacetophenone 

(17a).-2-( Dimethylsulfurariylidene)-4'-nitroacetophenone (4.5 g, 
0.02 mole) was dissolved in benzene (50 ml) and methylene chlo- 
ride (10 ml) a t  45-50'. .Ethoxalyl chloride (1.4 g, 0.01 mole) in 
10-15 ml of benzene was added dropwise with stirring over 5 
min. A solid precipitated and was filtered off to give 3.8 g. The 
solid was washed with benzene and recrystallized from ethanol-. 
chloroform benzene to give 1.9 g of solid, gas evolution 80-115'. 
One recrystallization of this solid from chloroform-ethanol gave 
the desired product, mp 1.20" with vigorous gas evolution. 

Anal. Calcd for C1&HljNO&: C, 51.68; H ,  4.65; N, 4.31; 
S, 9.86. Found: C ,  52.15; H,  4.52; 4, 4.87; S, 9.99. 

Hexane was added to  thme first, filtrate to precipitate 1.0 g of 
solid. This 1.0 g and the mother liquors from the above re- 
crystallization were conceiltrated to give 1.5 g, of dimethyl- 
phenacylwilfonium chloride, mp 163.5164.5'. 

2-Dimethylsulfuranylidene-4 '-nitrobenzoyl-3,4-dichloroacet- 
anilide (17b).-To a solutilon of 2-(dimethylsulfuranylidene)-4'- 
nitroacetophenone (4 .5  g, 0.02 mole) in methylene chloride (70 
ml) was added dropwise a solrition of 3,4-dichlorophenyliso- 
cyanate (4.7 g, 0.025 rno!ej in methylene chloride. After 3 
min the product was filtered off (6.9 g, 847,), mp 225-227'. 
The filtrate was concentrated to give a solid, mp 25-150". The 
infrared spectrum of this solid showed a strong isocyanate band. 
The solid was washed with ;a small amount of methylene chloride 
to give more product (1.4 g, l6%), mp 223-229'. The solid 
was recrystallized from methylene chloride, mp 238-239'. 

The nmr spectrum (CDC13) showed bands for ArH at T 1.88 
multiplet and T 2.62 multiplet, (CH3)2S T 6.98 singlet. The 
infrared spectrum exhibited carbonyl bands a t  1660 and 1600 
cm-l as well as unasaignrd bands a t  1540 and 1360 cm-l in 

Anal. Calcd for Cl;llllCl2N2O4S: C, 49.40; H ,  3.41; C1, 
17.16; N, 6.78; S, 7.76. Found: C, 49.65; H ,  3.65; C1, 16.89; 
N ,  6.77; S, 7.73. 

Dimethyl 2-bromophenacylsulfonium Bromide (18a).-This 
salt was prepared from 2-(dimethylsulfuranylidene)acetophenone 
and bromine by a method previously describedZO in 61 % yield, 
mp 124-125'. The infrared. spectrum (Nnjol) exhibits a carbonyl 
band a t  1675 cm-l and the nmr spectruni (CDCb) ArH at  T 2.08 
multiplet, CHZ a t  T 6.76 singlet, and CH, a t  T 6.80 singlet. 

Anal. Calcd for CloH12Br20S: C, 35.31; H, 3.56; Br, 47.00; 
S, 9.43. Found: C, 35.23; H,  3.38; Br, 47.05; S, 9.61. 

2-Bromo-2-( dimethylsulfurany1idene)acetophenone ( 19a).-To 
a suspension of dimethyl-~2-bromophenacylsulfonii1m bromide ( 17 
g, 0.05 mole) in T H F  (250 ml) was added sodium hydride (2.3 g, 
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CHC13. 

0.05 mole, 53% mineral oil dispersion) in one portion. Evolution 
of hydrogen started immediately and was completed within 1 
hr. The mixture was filtered to give a white solid (17.5 g) which 
was extracted with methylene chloride. The methylene chloride 
extract was concentrated to  give white fine crystals (12.1 g, 
94%)' mp 129-132'. The product was recrystallized from meth- 
ylene chloridepetroleum ether to give an analytical sample, 
mp 129-132'. The infrared spectrum (CHC13) showed a carbonyl 
band at 1504 em-'. The nmr spectrum (CDCls) showed ArH 
at T 2.84 (A = 5, singlet), (CH3)2S- at  T 7.48 (6, singlet). 

Anal. Calcd for CloHllBrOS (259.17): C, 46.34; H, 4.28; 
Br, 30.84; S, 12.37. Found: C, 46.12; H,  4.28; Br, 30.70; 
s, 12.11. 

Dimethyl 2-iodophenacylsulfonium Iodide (18b).-This salt 
was prepared from 2-(dimethylsulfuranylidene)acetophenone and 
iodine20 as above in 88% yield, decomposition 88", mp 92'. 
The infrared spectrum (CHC13) showed a carbonyl band a t  1640 
em-'. Nmr spectrum (CDCL) showed (CH3)2S at  7 6.90 
singlet. 

Anal. Calcd for ClOH12120S: C, 27.67; H,  2.79; I ,  58.47; 
S, 7.38. Found: C, 27.92; H, 2.72; I ,  58.68; S, 7.49. 

2-Iodo-2-( dimethylsulfurany1idene)acetophenone ( 19b).-This 
iodo ylid was prepared from the above salt as described for the 
bromo ylid in 69% yield, mp 127-129". I t  rapidly decomposed 
and darkened. The infrared spectrum (CHCI,) showed a carbonyl 

band at  1520 em-'. The nmr spectrum (CDCI,) showed (CH&S 
a t  T 7.54 singlet. 

Anal. Calcd for CloH1lIOS: C, 39.23; H,  3.62; I, 41.45; 
S, 10.47. Found: C, 32.03; H, 3.19; I, 52.25; S, 8.47. 

Pyrolysis of 2-( Dimethylsulfuranylidene)-4'-nitroacetophenone. 
Formation of 1,2,3-Tri(4-nitrobenzoyl)cyclopropane (20b).-A 
solution of 24  dimethylsulfuranylidene)4'-nitroacetophenone (4.0 
g, 0.0178 mole, recrystallized and dried over PzOS) was refluxed 
for 2 days in dioxane (80 ml). The dark solution on concentra- 
tion gave a tar ( 5  g) which was chromatographed on neutral 
alumina with methylene chloride to give 0.3 g (lOyc) of crude 1, 
2,3-triben~oylcyclopropane, mp 254-260'. The product was 
recrystallized from dioxane-petroleum ether; it had mp 265- 
266". 

Anal. Calcd for C24HljN309 (489.39): C, 58.90; H ,  3.09; 
N ,  8.59. Found: C, 59.14; H ,  3.22; X, 8.27. 

Pyrolysis of 2-( Dimethylsulfurany1idene)-4 '-nitroacetophenone. 
Formation of 2-( Triphenylphosphoranylidene)-4'-nitroaceto- 
phenone.-A solution of 2-(dimethylsulfuranylidene)4'-nitro- 
acetophenone (2.5 g, 0.0111 mole, recrystallized and dried in 
uucuo over P205) and triphenylphosphine (3.0 g, 0.114 mole) in 
dioxane (50 ml) was heated for 20 hr. The solution was concen- 
trated and the residue dissolved in chloroform. [A small amount 
(0.2 g)  of black residue was filtered off .] Hexane was added to 
the filtrate and a brown solid precipitated. The brown solid 
(0.7 g) was filtered off. The mother liquor was concentrated to a 
red-brown oil which was stirred with ether (50 ml) and filtered to 
give 1.4 g of a red-brown solid, mp 124-134". 

The red-brown solid, mp 12P134', was recrystallized from 
benzene to give 0.7 g (157,) of authentic 2-(triphenylphos- 
phoranylidene)-4'-nitroacetophenone, mp 175-178". A mixture 
melting point with authentic material gave mp 178-180". The 
mother liquor was again concentrated to give 2.5 g of a residual 
gum. Excess bromine was added to the solution of the gum in 
benzene (50 ml). The solution was concentrated and extracted 
with two 50-ml portions of water. The water extract was evapo- 
rated and taken up in methylene chloride, dried over magnesium 
sulfate, and concentrated. The residue was dissolved in benzene- 
methylene chloride and chromatographed on neutral alumina. 
Elution with benzene, benzene-methylene chloride, and methyl- 
ene chloride gave no ylid or triphenylphosphine oxide. 

2-( Triphenylphosphoranylidene)-4'-nitroacetophenone .-This 
compound was prepared by the dehydrohalogenation of the 
corresponding phosphonium salt. Bn 83% yield of product was 
obtained, mp 178.5-179.5 (lit.l0 mp 156-157"). 
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(20) A. J. Speziale and K. W .  Ratts, J .  Ow. Chem., 28, 465 (1963). 


