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Abstract: Sulfurane 1 [Ph,S(ORF)2, where Rg = PhC(CF;),] reacts with secondary amides RCONHR' to form sulfilimines
(R’N=SPh,) and esters (RCO;RF) or, in the case of amides with bulky R’ substituents, to form imidates [R'N=
C(ORF)R]. The amide cleavage reaction occurs within seconds at room temperature for a favorable case and is selecti\je for
secondary amides. Tertiary amides do not react. Primary amides give N-acylsulfilimines. Evidence is presented for the inter-
mediacy in the reaction of diaryl(amido)sulfonium ions (PhaS*N(COR)R’) which react with alkoxide (RFO™) at the car-
bonyl carbon to yield amide cleavage products in a step following the rate-determining step of the reaction. Mechanistic evi-
dence is reviewed which points to the probability that the rate-determining step of the reaction is the ligand exchange reac-
tion in which an alkoxy ligand to sulfurane sulfur is replaced by an amido ligand. It is suggested that ligation of the bidentate
amide at the carbonyl oxygen rather than at the nitrogen leads to the formation of imidates. Procedures are described for the
facile recovery of amines from the sulfilimine or imidate products of this reaction, providing a remarkably selective and mild
procedure for the removal of the acyl group from a secondary amide function. This suggests the utility of this reaction in re-
moving masking amide functions used in protecting primary amine functions during synthetic operations.

The versatility of sulfurane reagents in synthetic organic
chemistry has been demonstrated by showing that sulfurane
1 [Ph,S(ORE),, where Rg = PhC(CF3),] reacts with sec-
ondary or tertiary alcohols to form olefins in excellent yield
under uniquely mild conditions,? with glycols to form epox-
ides and other cyclic ethers in a single step reaction,’ and
with primary amines or amides’* to form sulfilimines, in-
cluding some unavailable by any other route. We here re-
port a study of the cleavage of secondary amides by reac-
tion with sulfurane 1, a reaction of significant synthetic and
degradative potential, which serves to delineate the scope of
the reaction and provides evidence for a mechanistic scheme
of considerable predictive value.

Experimental Section

Sulfurane 1 was prepared according to a published? procedure
or according to a simplified standard procedure developed by us.’
All reactions were carried out in vessels allowing rigorous exclu-
sion of water or under dry nitrogen in an inert atmosphere box.

Elemental analyses for the new compounds reported in this
paper are, unless otherwise indicated, within 0.3% of the calculated
values for C, H, N, and S.

Where NMR peak integrals are used for product analyses, any
ambiguity in assignment of the peak was removed by addition of a
small amount of authentic material to the reaction mixture, and
the increase in area of all peaks assigned to the substance was
monitored. This was particularly important for the assignment of
'9F NMR peaks which, in these compounds, show appreciable sol-
vent dependence of chemical shift.

Alternative Preparation of Esters and Imidates. The esters and
imidates of Table 11 were alternatively prepared by stirring a solu-
tion of the respective acid chloride or imidoyl chloride (prepared
by refluxing the corresponding amide in SOCl, and distillation of
the imidoyl chloride under reduced pressure)® with 1 equiv of
KORGE for 1-2 hr, filtration of KCI, and distillation under reduced
pressure and/or passage through a short silica column (pentane) to
provide an oil, which crystallized from pentane (at ca. —25°). Two
of the esters (p-CIC4H4CO2Rf and p-O:NCeH4CO2RE) crystal-
lized directly by adding pentane to the crude reaction mixture
(after filtration of KCl) and cooling. All of the esters and imidates
gave substantial molecular ions in their 70-eV mass spectra.

Reactions of Amides with Sulfurane 1. (a) N-Methylbenzamide.
Samples of sulfurane 1 (212.3 mg, 0.316 mmol) and N-methylben-
zamide (27.4 mg, 0.203 mmol) were combined in ca. 2 ml of
CDCl3. The 'H NMR spectrum revealed the disappearance of the
doublet of N-methylbenzamide at § 3.0 and the appearance of the

singlet of S,S-diphenyl-N-methylsulfilimine at & 2.6, formed in
98% yield by NMR integration using the integral of the total aro-
matics as an internal standard. The '°F spectrum displayed two
singlets at 704 and 752 ppm upfield from CFCl;
(PhCO,C(CF3),Ph, 98% by NMR integration, and
HOC(CF3),Ph). To monitor the rate of reaction, a sample of 1
(142.3 mg, 0.212 mmol) and N-methylbenzamide (23.9 mg, 0.177
mmol) were combined at ca. =50° in 2 ml of CDCl; in an NMR
tube. The 'H NMR methyl peaks of N-methylbenzamide and
S,S-diphenyl-N-methylsulfilimine were monitored after warming
the NMR tube to 0°; 50% of the starting amide was consumed
within 10 min.

To confirm the identity of S,S-diphenyl-N-methylsulfilimine, a
preparative scale reaction was carried out. Samples of 2.44 g (3.63
mmol) of 1 and 0.47 g (3.48 mmol) of N-methylbenzamide were
combined in ca. 10 ml of ether. After all of the amide dissolved,
addition of pentane and crystallization gave 1.3 g (2.83 mmol,
82%) of CH3;N=SPh, HORf which, after two crystallizations
from ether-pentane, gave a mp (89-90°) and an NMR spectrum
identical with those of an authentic sample prepared from 1 and
methylamine.'

(b) Benzanilide. A solution of benzanilide (42.9 mg, 0.217 mmol)
and 1 (211.8 mg, 0.316 mmol) in 2 ml of dimethylformamide was
made up at 0° and warmed to 41° while the '9F spectrum was
monitored in an NMR probe. The amide underwent 50% reaction
in less than 3 min, as reflected in the appearance of the '°F singlet
of PhCO2RF and the disappearance of the '°F absorption of 1. The
integral of the '9F spectrum indicated 98% yield of the ester
PhCO:RF.

Treatment of 1.15 g (5.86 mmol) of benzanilide in 40 ml of
ether with 4.32 g (6.41 mmol) of 1 with stirring for 3 hr, followed
by direct crystallization (ether-pentane), gave 1.16 g (4.18 mmol,
72%) of fine yellow needles of triphenylsulfilimine, mp 109.5-
110.5°, identical by NMR, infrared spectroscopy, and elemental
analysis with an authentic sample prepared by the direct reaction
of 1 with aniline."

(c) Acetanilide. Sulfurane 1 (274.2 mg, 0.41 mmol), acetanilide
(27.8 mg, 0.21 mmol), and benzotrifluoride PhCF; (74.6 mg, 0.51
mmol) were combined in 0.76 ml of CDCl; at ca. —50°. Warming
to 41° led to complete consumption of the acetanilide within 3 min
to form the ester CH3CO,R ¢ (60% yield by integration of the '°F
NMR singlet at 70.5 ppm upfield from CFCl; using the singlet of
PhCF; as an internal standard, or 62% yield by integration of the
methyl peak of CH3CO,RF in the 'H spectrum, using the total ar-
omatic integral as an internal standard) and ylide 19, Ph,S=
CHCO,RE (24% yield by integration of the '°F singlet at 70.2 ppm
upfield from CFCls). To 0.98 g (7.25 mmol) of acetanilide in ether
was added 5.43 g (8.1 mmol) of 1. Concentration of the solution
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and addition of pentane led to separation of an oil and white crys-
tals (169 mg, 0.36 mmol, 5%) of 19 which, after recrystallization
from ether-pentane, gave the analytical sample, mp 159-161°:
220-MHz 'H NMR (CDCl;) § 7.6-7.1 (complex unresolved aro-
matic spectrum); '*F NMR 70.2 ppm upfield from CFCl; (s, -CF;
of ORg); ir (KBr) 1680 cm™—! (C=0); mass spectrum (70 eV)
mje 470 (M.*), 186 (M.* — CHCO;RE). Further reduction in
volume caused deposition of 0.381 g (2.46 mmol, 34%) of
PhN=SPh,, identical (mp, NMR, ir, and mass spectrum) with a
sample prepared from 1 and benzanilide. Treatment of 1.5 g (11.1
mmol) of acetanilide with 8 g (11.9 mmol) of sulfurane in a second
preparative reaction in ether (50 ml) and work-up as above in-
creased the isolated yield of PhN=SPh, to 50%.

(d) N-n-Butylacetamide. Samples of 33.5 mg (0.29 mmol) of N-
n-butylacetamide and 1 (392.7 mg, 0.59 mmol) were combined in
1.09 ml of CDCls. After 10 min at 25°, the 'H NMR spectrum of
the reaction mixture revealed 50% consumption of the starting
amide. After 3 hr, no detectable starting amide remained. The
220-MHz 'H NMR spectrum of the reaction mixture showed ab-
sorptions of the ester CH3;CO»Rf (47%), the imidate n-
C4HoN=C(ORF)CH; (49%), and the sulfilimine n-
C4HgN=SPh, (47%). Yields were determined by integration of
the fully resolved aliphatic peaks of each product using the total
aromatic integral as an internal standard. The '°F NMR spectrum
revealed three peaks, at 69.3, 70.3, and 75.3 ppm upfield from
CFC13 (—CF;’S of n-C4H9N=C(ORF)CH3, CH}COzRF, and
RfOH). The infrared spectrum of the reaction mixture displayed
strong absorptions at 1790 (C=0 of CH3CO,R¢) and 1720 cm™!
(C=N of n-C4HgN=C(ORF)CHj3). Treatment of 1.1l g (9.6
mmol) of N-n-butylbenzamide with 8.815 g (13.1 mmol) of 1in 25
ml of CH,Cl, gave, after standing overnight and after three ex-
tractions with 15% aqueous NaOH, removal of CH,Cl; and chro-
matography of the resulting oil on a short silica gel column (pen-
tane), 1.77 g of a clear oil which contained CH3CO,Rf (0.19 g,
0.66 mmol, 7%), n-C4HgN=C(ORF)CH3 (0.91 g, 2.7 mmol,
29%), and RgOH (0.67 g), determined by 'H NMR. Preparative
GLC of this mixture on a 5 ft X 0.25 in. 20% SE-30 on Chromo-
sorb W column at 175° provided an analytical sample of liquid n-
C4HgN=C(ORF)CHj;: 220-MHz NMR (CDCl3) § 7.3 (s, 5 H,
C5H5C(CF3)2_), 30 (t, 2 H, NCH,), 2.0 (s, 3 H, n-C4HgN=
C(ORg)CH3), 1.16 (m, 2 H, NCH,CH,), 091 (m, 2 H,
NCH,CH,CH3y), 0.71 (t, 3 H, NCH,CH,CH,CH3); ir (salt

plate) 1720 cm™"' (C=N); mass spectrum (70 eV) m/e 341 °

(M-*).

(e) N-2-Propylacetamide, Treatment of 26 mg (0.27 mmol) of
N-2-propylacetamide with 360 mg (0.54 mmol) of 1 in 1.0 ml of
CDCl; resulted in 50% consumption of the amide in 20 min at 25°,
determined by monitoring the aliphatic '"H NMR spectrum. After
12 hr, 94% conversion to the product ((CH3);CHN=
C(OR§)CH3) was evidenced by NMR integration using the inte-
gral of the total aromatics as an internal standard. The 'F NMR
spectrum displayed peaks at 69.1 and 75.0 ppm upfield from
CFCl; (-CF3’s of CH3C(ORfF)=NCH(CH3); and RFOH). The
infrared spectrum (CDCl;) of the reaction mixture displayed a
strong absorption at 1720 cm~' (C=N). Treatment of 1.8 g (17.8
mmol) of N-2-propylacetamide with 18.08 g (27 mmol) of 1 in ca.
30 ml of CH,Cl; for 10 hr, followed by three extractions with 15%
aqueous NaOH, removal of solvent, and passage of the resulting
oil through a short silica column (pentane), gave 3.2 g (9.8 mmol,
55%) of CH3C(ORf)=NCH(CH3;),, pure by NMR, which was
further purified for microanalysis by preparative GLC on a § ft X
0.25 in. 20% SE-30 on Chromosorb W column: NMR (CDCls) é
7.20 (s, S H, OC(CF3)2CeHs), 3.27 (septet, | H, NCH(CH3)2),
1.95 (s, 3 H, CH3;C(OR{)(=NCH(CH;),)), 0.7 (d, 6 H,
NCH(CH3),); ir (salt plate) 1720 cm™' (C=N); mass spectrum
(70 eV) m/e 327 (M-+).

(f) N-n-Butylbenzamide. Samples of N-n-butylbenzamide (35.6
mg, 0.20 mmol) and 1 (28.08 mg, 0.42 mmol) were combined in
0.77 mi of CDCl;. After 2 hr, 50% of the starting amide had been
consumed, as evidenced by integration of the NCH: 'H NMR
peaks of the starting amide and products using the total integral of
the aromatics as an internal standard. The '°F and 220-MHz 'H
NMR spectra of the final reaction mixture revealed formation of
PhCO2Rfr (61%), n-C4HoN=C(ORg)Ph (36%) and the sulfil-
imine n-C4HgN=SPh, (61%). The aliphatic n-butyl absorptions
of the sulfilimine and the imidate were fully resolved at 220 MHz.

(g) N-Phenyl-2,2-dimethylpropionamide. Treatment of 201 mg
(0.30 mmol) of 1 with 26.6 mg (0.15 mmol) of N-phenyl-2,2-di-
methylpropionamide in 0.56 ml of CDCl; resulted in 50% con-
sumption of the amide after 2.5 hr at 25° as determined by inte-
gration of the 'H aliphatic NMR peaks using the total aromatic
integral as an internal standard. A solution of 1 (8.31 g, 12.4
mmol) and N-phenyl-2,2-dimethylpropionamide (1.41 g, 8.06
mmol) in ca. 20 ml of CH»Cl, was allowed to stand 24 hr, the sol-
vent was removed, and the resulting oil was passed through a short
silica column (pentane). The resulting pentane solution was ex-
tracted three times with 15% aqueous NaOH, concentrated, and
passed through a second short silica column (pentane) to give 3.11
g (7.78 mmol, 96%) of the imidate PhN=C(ORg)C(CH3)s,
which, after two recrystallizations from pentane (—50°), gave the
analytical sample, mp 75.0-75.5°: NMR (CDCl3) 7.38 (broads, 5
H, C¢HsC(CF3)2-), 7.3-6.2 (m, 5 H, NCeHs), 1.2 (s, 9 H,
(CH3)3C-); '9F NMR 68.9 ppm upfield from CFCl; (s, -CF; of
~ORF); infrared (CHCl3) 1720 em™" (C=N); mass spectrum (70
eV) m/e 403 (M.7).

(h) N-Benzylbenzamide. Samples of 7.47 g (11.1 mmol) of 1 and
1.28 g (6.07 mmol) of N-benzylbenzamide were mixed in 20 ml of
CDCl;. After 3 hr at 25°, the '"H NMR spectrum indicated 50%
consumption of starting amide, by integration of the benzyl ali-
phatic peaks using the total aromatic integral as an internal stan-
dard. After 10 hr, the '"F NMR spectrum of the reaction mixture
revealed the presence of a singlet at 70.4 ppm upfield from CFCl;
(-CF; of PhCO3Rf) and 75 ppm (-CF; of RFOH). The infrared
spectrum of the reaction mixture (CDCl;) displayed absorptions at
2240 cm™' (C=N of PhCN) and at 1760 cm~' (C=0 of
PhCO5R§). The reaction mixture was washed twice with 20%
aqueous NaOH to remove RFOH, dried over Na,SOy,, filtered,
and, after evaporation of the solvent, chromatographed on a short
silica gel column (pentane) to give diphenyl sulfide (1.47 g, 7.9
mmol, 71%) and the ester PhCO,Rf (0.88 g, 2.43 mmol, 42%),
both giving NMR and infrared spectra identical with those of au-
thentic materials. Elution with ether gave an oil containing benzo-
nitrile and benzaldehyde. This mixture was analyzed by quantita-
tive GLC on a 5 ft X 0.25 in. 20% SE-30 on Chromosorb W col-
umn at 100° using authentic standards and was found to contain
147 mg (1.39 mmol, 23%) of benzaldehyde and 125 mg (1.2l
mmol, 20%) of benzonitrile. Continued elution with ether gave
benzamide (207 mg, 1.71 mmol, 28%).

(i) N-2-Propylbenzamide (36.1 mg, 0.22 mmol) and 1 (300 mg,
0.45 mmol) were combined in 0.81 ml of CDCl;. After 6 hr, the
isopropyl doublet of the amide at 6 1.2 in the 'H NMR spectrum
had decreased to 50% of its initial peak area and displayed a peak
area equal to that of a new doublet appearing at § 0.71. At the
same time, a singlet appeared at 69.0 ppm upfield from CFCl; in
the '°F NMR spectrum. After 4 days at room temperature, the re-
action was complete, giving 96% yield of the imidate
(CH3)2CH—N=C(ORF)Ph, determined by NMR integration
using the total aromatic integral as an internal standard or using
the '°F peak at 69.0 ppm. The infrared spectrum of the reaction
mixture (CDCl;) displayed a strong absorption at 1700 cm™'
(C=N).

(j) N-n-Butyl-2,2-dimethylpropionamide. Samples of 1 (313.4
mg, 0.467 mmol) and N-n-butyl-2,2-dimethylpropionamide (38.4
mg, 0.244 mmol) were combined in 0.87 ml of CDCl3. The methyl
singlets of the starting amide and product ((CH3);CCONH-n-
C4Hy and n-C4Hg-N=C(OR§)C(CH3)3) were monitored to de-
termine the rate of reaction. After 49 hr at 25°, 50% consumption
of starting amide was achieved. After 2 weeks, no detectable amide
remained. The yield of product was 99%, determined by NMR in-
tegration of the fully resolved aliphatic peaks of the product using
the aromatic integral as an internal standard. The infrared spec-
trum of the reaction mixture displayed a strong absorption at 1710
cm™! (C=N).

(k) N-tert-Butyl-2,2-dimethylproplonamide. A solution of 36.3
mg (0.184 mmol) of N-tert-butyl-2,2-dimethylpropionamide and
332.5 mg (0.495 mmol) of 1in 0.92 ml of CDCIl; underwent no re-
action after | month at room temperature, as determined by moni-
toring the mixture NMR spectrum.

(1) Succinimide. A sample of finely ground succinimide (290 mg,
2.93 mmol) and 1 (1.99 g, 2.96 mmol) were stirred in ca. 15 ml of
ether for 3 hr, filtered to remove unreacted succinimide, and re-
duced to an oil. The NMR spectrum of the oil indicated ca. 79%
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yield of 22, from the integral of the aliphatic product peaks, using
the total aromatic integral as an internal standard. The oil was
washed with pentane to remove RrOH, leaving crude 22 (1.05 g,
1.95 mmol, 68%), which crystallized after 3 weeks at —25° from
ether-pentane to give the analytical sample (310 mg, 0.59 mmol,
20%): mp 58-60°; 220-MHz NMR (CDCl;) 6 7.68 (m, 4 H, S-
phenyl ortho protons), 7.5-7.1 (m, 11 H, meta and para S-phenyl
protons and protons of ORp), 2.90 (AA'BB” m, 4 H,
CH,CH,CO,R§); 'F NMR (CDCl3) 70.1 ppm upfield from
CFECl; (s, -CF3 of CO3Rg); mass spectrum (70 eV) mje 527
(M-*+);ir (KBr) 1792 (C=0).

(m) Reaction of Sulfurane 1 and N-Methylformamide. Solutions
of sulfurane 1 (2.05 g, 3.05 mmol) and N-methylformamide (178
mg, 3.02 mmol) in CHCl; were degassed on a vacuum line with
two freeze-thaw cycles and mixed at room temperature. The gas
above the reaction mixture at —78° was trapped in a gas infrared
cell and shown by infrared spectroscopy to be carbon monoxide.”
The 'F NMR spectrum of the reaction mixture showed the singlet
of RFOH. Removal of the solvent from the crude reaction mixture
and crystallization from ether-pentane gave 720 mg (1.57 mmol,
50%) of the RfOH complex of S,S-diphenyl- N-methylsulfilimine,
identical by mp and NMR with an authentic sample.

(n) Reaction of Sulfurane 1 with Diamide 23. To a sample of 58.8
mg (0.15 mmol) of spirobicyclic sulfurane 23® in ca. 1 ml of
CDCl; was added 0.796 g (1.18 mmol) of sulfurane 1in ca. 3 ml of
CDCls. After 12 hr, the solution was filtered, and the '"H NMR
spectrum revealed a complex aromatic spectrum and the singlet at
6 2.30 of ester 6, R = CH3, ca. 80% yield, with no detectable start-
ing material. Addition of ether to the reaction mixture caused pre-
cipitation of 63.8 mg (0.095 mmol, 64%) of crystalline bissulfil-
imine 24, mp 197-200° dec. The 220-MHz NMR spectrum re-
vealed a complex aromatic pattern (6 7.7-7.1) and no aliphatic ab-
sorptions. Infrared (KBr) 1720 cm™' (C=0). Mass spectrum (70
eV) mje 186 (Ph,S-*), no M.+ observed. Field desorption mass
spectrometry gave a molecular ion (m/e 670) and base peak (m/e
186) (Ph3S-%), a mode of cleavage characteristic of S,S-diarylsul-
filimines.' )

Competitive Reaction of N-Methylbenzamide and p-Chloro- N-
methylbenzamide with Sulfurane 1. To a solution of 159 mg (0.94
mmol) of p-chloro-N-methylbenzamide and 132 mg (0.98 mmol)
of N-methylbenzamide in CHCl; was added a solution of 772 mg
(1.15 mmol) of 1 in CHCI; with rapid stirring. The 'F NMR in-
dicated 87% (0.995 mmol) conversion of amides to esters (based on
1). Integration of the partially resolved peaks of PhCO,Rf and p-
CIC¢H4CO,RF with a Du Pont Model 310 curve resolver gave
0.427 mmol of PhCO2RF and 0.567 mmol of p-CIC¢H4CO2RF.
Using the integrated rate equation ke = [log ((4 = X)/A4)}/[log
((B = Y)/B)], where A and B are starting concentrations of p-
chloro-V-methyl- and N-methylbenzamide, and X and Y are con-
centrations of the product esters p-CICcH4CO,RF and PhCO,RF;
ket is calculated to be 1.69 (p-Cl > H).

Competitive Reaction of p-Nitro-N-methylbenzamide and N-
Methylbenzamide with 1. To a solution of 39.7 mg (0.294 mmol) of
N-methylbenzamide in 2.0 ml of CHCI; was added 14.8 m] of a
solution of 53.8 mg (0.299 mmol) of p-nitro-N-methylbenzamide.
To this rapidly stirring solution was added 247 mg (0.442 mmol)
of sulfurane 1 in 2.0 ml of CHCI;. The total yield of esters was
59.8% (0.264 mmol), based on 1 determined by !1°F NMR. Inte-
gration of the ester singlets in the 'F NMR spectrum with a Du
Pont Model 310 curve resolver showed 37% (0.0978 mmol) forma-
tion of PhCO;R¢ and 63% (0.166 mmol) formation of p-O,N-
C¢H4CO,RF. Using the integrated rate equation as above, k.t =
2.00 {(p-NO; > H). Some local depletion of reagents may have oc-
curred as the result of inefficient mixing of the rapidly reacting re-
agents, resulting in a compressed k. value in this experiment.

Reaction of 3 with KORF, HORF, and p-Chloro- N-methylbenza-
mide, Compound 3 was generated in situ by combining a solution
of §,S-diphenyl-N-methylsulfilimine (71 mg, 3.3 mmol) of benzo-
yl chloride (458 mg, 3.27 mmol) in 5 ml of CHCls. (A control re-
action was run to demonstrate the formation of 12; consumption of
S.,S-diphenyl-N-methylsulfilimine by an equimolar quantity of the
acid chloride is seen to occur within seconds at —30° in CDCl;,
monitoring the disappearance of the sulfilimine NCHj; peak at 8
2.6 and the appearance of the methyl peak of 12a at § 3.3.) The so-
lution containing 12 was added with rapid stirring to a solution in
CHCl; (4 ml) and ether (3 ml) of KORF (998 mg, 3.54 mmol),
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HORF (899 mg, 3.68 mmol), and p-chloro-N-methylbenzarnide
(608 mg, 3.6 mmol). The 'F NMR spectrum displayed the sharp
singlet of PhCO;RF (91% yield, based on PhCOCI) and no detect-
able p-CIC¢H4CO2RF.

Reaction of 12b with KORf, HORE, and N-Methylbenzamide.
To a slurry of p-nitrobenzoy! chloride (0.262 g, 1.41 mmol) in 5 ml
of CHCl; was added 0.319 g (1.48 mmol) of S,S-diphenyl-N-
methylsulfilimine in 3 ml of CHCl;. The solution immediately be-
came homogeneous. A solution of KORf (501 mg, 1.78 mmol),
HORE (320 mg, 1.31 mmol), and N-methylbenzamide (276 mg,
2.04 mmol) in 5 ml of ether was added with rapid stirring to the
chloroform solution. The reaction mixture was concentrated to an
oil, dissolved in ca. 1.5 ml of CDCl3, and excess unreacted amide
and KCl were removed by filtration. The '"H NMR spectrum dis-
played a singlet at § 8.25 (p-OsNCgH4CO2RF) and no detectable
absorptions at 6 8.25-8.0 (ortho protons of C¢HsCO,RF). The 'F
NMR spectrum displayed only a singlet of p-O:NCsH4CO2RF
and no detectable PhCO,RF.

Preparation and Reaction of 15 with KORr and HORg. A sample
of §,S-diphenyl(N-n-butylbenzamido)sulfonium chloride (15) was
prepared by treating 910 mg (3.54 mmol) of §,S-diphenyl-N-n-
butylsulfilimine (n-C4HgN==SPh,) in a dry box with excess benzo-
yl chloride in dry ether at ca. —30°. The resulting precipitate was
filtered and washed thoroughly with dry ether to remove traces of
excess benzoyl chloride and dried under vacuum to give 1.2 g (3.02
mmol, 85%) of 15: NMR (CDCl;) 6 8.25-7.1 (m, 15 H,
(CeHs5)2SNCOCeHs), 4.25 (t, 2 H, NCH>), 1.8-0.8 (m, 7 H,
NCH,CH,CH,CH3). Addition of water to the NMR sample re-
sulted in hydrolysis within 3 min to a 1:1 mixture of diphenyl sulf-
oxide and N-n-butylbenzamide.

Treatment of 0.5 g (1.20 mmol) of 15 in CHCI; with a solution
of 1.2 g (4.3 mmol) of KOR¢ and 1.0 g (4.1 mmol) of HORF in
ether-chloroform (3:4) (7 ml) gave, after filtration of KCI, peaks
in the 'F NMR spectrum of PhCOsRp (70.4 ppm upfield fro
CFCl3) and R¢OH (75.3 ppm) and no detectable imidate.

Attempted Reactions of Alkoxysulfonium Triflate 14 with N-
Methylbenzamide and N-n-Butylbenzamide. Equimolar quantities
of 14° and N-methylbenzamide or N-n-butylbenzamide were com-
bined in CDCls. In neither case did the 'H and '9F NMR spectra
show a change from those of starting materials after 24 hr.

Hydrolysis of Imidate 9 (R = Ph, R’ = CH(CHa3)z). A sample of
474 mg (1.45 mmol) of the imidate was stirred in 5 ml of absolute
methanol with 10 drops of concentrated H,SO;. The 'F NMR
spectrum, taken after |0 mm of stirring, revealed the complete dis-
appearance of the imidate and the formation of RFOH. The mix-
ture was stirred for 3 hr after adding 10 drops of water and re-
duced to an oil under vacuum. The oil was treated with 10 ml of
CHCl; containing excess benzoyl chloride and shaken with [5%
aqueous KOH. The chloroform phase was reduced to an oil and
stirred with 15% aqueous KOH for 2 hr to remove excess benzoyl
chloride. The oil was redissolved in chloroform, dried over
Na,SOy, and filtered. Removal of the solvent left crystalline N-
isopropylbenzamide, 192 mg (1.18 mmol, 81%), identical by NMR
and ir with an authentic sample.

Hydrolysis of Imidate 9 (R = Ph, R’ = n-C4Hs). A solution of
2.09 g (5.18 mmol) of the imidate in 8 ml of absolute methanol
was treated with 7 drops of concentrated H,SO4 and stirred for
several minutes. The 'F NMR spectrum of the mixture showed
complete disappearance of the singlet of 9 at 69 ppm upfield from
CFCl; and the appearance of RFOH at 75 ppm. The solution was
treated with 20 drops of water and stirred for 2 hr, diluted to 20 ml
with dilute aqueous HCI, and extracted with 15 ml of CCly. The
NMR spectrum of the CCly solution, after extraction with aqueous
NaOH to remove RFOH, showed no detectable N-n-butylbenzam-
ide and was identical with the NMR spectrum of an authentic
sample of methyl benzoate. Chromatography of the solution on a §
ft X 0.25 in. 20% SE-30 on Chromosorb W GLC column at 100°
gave a peak with retention time identical with that of authentic
methyl benzoate.

Resuits

Table I lists the reactions of sulfurane 1 with secondary
amides. Some of the reactions of Table I were run under
uniform conditions of solvent and concentration. In those
cases, the time required for 50% reaction is tabulated. Table
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Table I. Reactions of Sulfurane 1 with Secondary Amides

Amide Solvent

-

Reaction time?

Products Yield, %

PhCONHCH,

cpel,,
(or ether)?

PhCO,R§

98¢

Fast&

CH,N==SPh,-HORf 98¢ (824)
PhCONHPh DMF PhCO,RF 98¢ <3 min
(or ether)? (in DMF)
Ph,S==NPh (724)
CH,CONHPh €D, CH,CO,Rp 60¢ <3 min
(or ether)?
Ph,S==CHCO,Rf 24, 5d
Ph,S==NPh 34¢ (50d)
CH,CONH=-CH, CDCl, CH,CO,RE 47¢ 10 min
(or CH,Cl,)?
n-C H,N==SPh, 47¢
n-C HN==C(OR)CH, 49¢c (294)
CH,CONHCH(CH,), CDCl, (CH,),CHN=C(ORF)CH, 94c (559) 20 min
(or CH,CL,)»
PhCONH-%-C H, cpcl, PhCO,RF 61¢ 2 hr
n-C H,N=C(OR)CH, 36¢
n-C ,H,N==S(CH,), 61¢
(CH,),CCONHPh CDCl, PhN==C(OR)C(CH,), (969) 2.5 hr
(or CH,Cl,)»
PhCONHCH,Ph CDCl, PhCO,RE 42d 3hr
Ph,S 71d
PhCONH, 28d
PhCN 20€
PhCHO 23
PhCONHCH(CH,), CDCl, (CH,),CHN==C(ORf)C H, 96¢ 6 hr
(CH,),CCONH-n-C H, CDCl, n-C, HN=C(ORF)C(CH,), 96¢ 49 hr
(CH,),CCONHC(CH,), CDCl, No reaction
Succinimide Ether 22 79,c 204
HCONHCH, CHCl, co f
CH,N==SPh,"HORF 52d
23 CDCl, 24 624 f
CH,CO,RF 80¢

4 Time for 50% consumption of amide at ca. 25°, using ca. 0.54 M 1 and 0.27 M amide. ? Solvent used for preparative runs for which yields
are listed in parentheses. ¢ Yield determined by '°F or 'H NMR. 4 Yields based on weights of isolated products. € Yield determined by quanti-

tative GLC. f Not determined. £ <10 min at 0°.

Table II. Esters and Imidates

Compd“ Mp,°C  '*F chemical shift? 'H NMR¢

CH,CO,Rg 45-47 70.5 5743 (s, 5 H, CH,CO,C(CF,),CH,), 2.30 (s, 3 H,CH,)

(CH,),CCO,RF 37-38 70.1 5 7.4 (s, S H, (CH,),CCO,C(CF,),C,H,), 1.4 (s, 9 H, C(CH,),)

CH,CO,Ry 47.5-49 70.4 6 8.25-8.0 (m, 2 H, ortho benzoyl protons), 7.7-7.3 (m, 3 H,
meta and para benzoyl protons), 7.45 (s, S H,
CH,CO,C(CF,),CH;)

p-O,NC,H,CO,RF 138-139 70.65 5 8.25 (s,4 H, p-O,NC,H), 7.38 (s, S H, C(CF,),CH,)

p-CICH,CO,RF 90-91 70.64 5 8.0 and 7.42 (pair of AA’BB’ doublets, 4 H, p-CIC,H,),
7.40 (s, 5 H, OC(CF,),C,H))

n-C,HN=C(OR g)C(CH,), d 68.94 (220 MHz) 6 7.4 (s, 5 H, OC(CF,),CH,), 3.34 (t, 2 H, NCH,),
1.37 (s, 9 H, (CH,),C), 1.02 (m, 2 H,NCH,CH,), 0.71
(m, 2 H,NCH,CH,), 0.7t (m, 2 H,NOH,CH,CH,), 0.59
(t, 3 H, NCH,CH,CH,CH )

n-C , HN=C(ORy)CH, 46.5-48.5 68.99 (220 MHz)(NMR-4) 6 7.7-7.3 (m, 10 H,

==C(0OC(CF,),CH,)CH,), 3.2 (t,2 H,NCH)), 1.1 (m,

2 H, NCH,CH,), 0.89 (m, 2 H, NCH,CH,CH), 0.64 (t,3 H,
NCH,CH,CH,CH,)

i-C,H,N=C(OR )CH; 58.5-59.5 68.97 (220 MHz) 6 7.63-7.35 (m, 10 H, N=C(OC(CF,),CH)CH ),

3.51 (septet, 1 H, NCH(CH,),), 0.71 (d, 6 H, NCH(CH ),

4R = (C(CF,),CH,). ? All compounds gave singlets; chemical shifts are in parts per million upfield from CFCl, of 10% solutions in CDCl,,

¢In CDCl,. 4 Bp 100° (ca. I Torr).

I1 lists esters and imidates prepared by independent routes
for comparison with products of the reactions of 1 with sec-
ondary amides and lists their 'H and '°F NMR spectra.
The '"F NMR chemical shifts of Table II and throughout
the experimental section vary with concentration and tem-
perature, typically over a range of 0.2 ppm. Thus the chem-
ical shift for the same 'F-containing ester may vary slight-
ly between experiments.

Discussion

The “Typical” Reaction. The reactions of secondary am-
ides with 1 follow two principal routes which can be illus-

trated by the reaction of N-methylbenzanilide (which gives

almost exclusively cleavage products) and N-isopropylben-

zanilide (which gives almost exclusively the imidate) as il-

lustrated below.

PhCONHCH, + 1 — PhCOR; + CH,N=SPh,HOR;
98¢% 98%

PhCONHCH(CH,;), + 1 — (CH,),CHN=C(OR,)CH,
96%
For certain other amides, such as N-n-butylbenzanilide,
both modes of reaction are seen.
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PhCONHnCH, + 1 —

PhCO,R, + n-CHN=SPh, + n-CHN=COR,CH,
47% 47% 499

Certain other secondary amides with specific structural
features such as N-methylformamide (which gives CO in-
stead of ester in the amide cleavage reaction) and N-alkyla-
cetamides (which under certain circumstances yield sulfur
ylides) are found to react with 1 to give products which are
not those expected from these two typical reactions. We dis-
cuss below those structural features of secondary amides
likely to favor “atypical’” reactions as well as those which
mediate the choice between the two typical pathways.

Mechanism of the Amide Cleavage Reaction. Analogy
with previously reported mechanistic studies of the reac-
tions of sulfurane 1 with alcohols,®° hydroquinones,® gly-
cols, and amines! has led us to suggest* that the reactions
of 1 with secondary amides occur via a dissociative dis-
placement reaction introducing an ambident amido ligand
to sulfur in exchange for an alkoxy ligand of 1. Scheme I

Scheme I
RCONHR' Ph,SORE
+ —2 R
PhaSORek b
1 RCONR'
5 le
ReOH ReOH
+ + N
ROONR RC=NR
P =9
oRe 3 Phe$
7 ORe
c f
: RC=NR'
RCONR {
PrSe  —E— L
- 22
RrOH™OR 8- - HORe
| g
R OH ReOH
* +
PSR’ o Ph,SO
+
o) *ANR
RC? _~*NR
ORe R C‘ORF

suggests that this can lead either to sulfurane containing a
nitrogen-centered ligand (3), which is the precursor to the
observed esters (6) and sulfilimines (8), or to sulfurane 7,
with the oxygen-centered amido ligand providing the locus
for reaction leading to imidate 9.

Several experiments provide evidence for the mechanism
of Scheme 1. The proposed role of ion pair 4 in Scheme 1
was established by generating 4 by an alternative route.
Treatment of sulfilimine 10 with benzoyl chloride provides
amidosulfonium chloride 12a. Solvated sulfonium alkoxide
ion pair 4, a precursor to amidoalkoxysulfurane 3, was gen-
erated from sulfonium chloride 12a by treatment with
KORF and HORF. When this was done in the presence of
N-methyl-p-chlorobenzamide, the reaction regenerated sul-
filimine 10 and formed benzoate 13a with no detectable
amount of p-chlorobenzoate ester 13c. This provides good
evidence that attack of alkoxide at the carbonyl of 4
(Scheme 1) is faster than reversal of step ¢, b, and a to re-
generate amide (and sulfurane 1, whose further reaction
with the added amide to produce the crossover ester 13¢
was not observed) and that step d is therefore not rate de-
termining. In an experiment which was the inverse of this
one with respect to the substituents on the amide and the
amido ligand, the reaction of the p-nitrobenzamidosulfon-
ium salt 12b with KORF-HORGF led only to p-nitroben-
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zoate ester 13b, with no detectable amount of benzoate
ester 13a when carried out in the presence of the unsubsti-
tuted N-methylbenzamide (see Scheme II).

Scheme II _
Cr ., _CH,
Ph,S=NCH, + p-XCHCOCI — PhSN
10 1a, X=H COCHX-p
b, X = NO, 12a. X =H
¢, X=Cl b. X = NO,
¢ X=Cl
12a + pCICHCONHCH, + KOR, + HOR, —
10 + pXCH,COOR,
13a. X=H
(no 13¢. X =Ch
12b + CH;CONHCH, + KOR, + HOR, —
10 + pXCHCOOR,
13b, X = NQO.
(no 13a. X =H)

Competitive reactions of limited quantities of 1 with mix-
tures of N-methylbenzamide and its p-chloro- and p-nitro-
substituted analogs gave relative rates of amide cleavage in
the order H(1.0) < p-CI(1.7) < p-NO»(2.0). The increase
in rate seen with electron-withdrawing substituents!®
suggests that the approach to the transition state involves
the partial transfer of the amide proton'! to RFO~. Such
would be expected for steps a and b (or €) in Scheme I but
not for step ¢ (or f).

Ligand exchange of alkoxysulfonium triflate 14 with
RFOH (eq 1) is slow on the NMR time scale. Secondary
amides do not react with 14 (eq 2) at room temperature.
These observations can be understood to reflect the impor-
tance of the base catalysis in step b (or ¢) in Scheme |, with
the substitution of the less basic triflate anion for the alkox-
ide anion of 2 in Scheme I making the collapse to covalent
sulfuranes 3 or 7 less probable. Related observations of ex-
change rates for alkoxysulfonium salts with alkoxides (fast)
and alcohols (slow) have been reported by Johnson and
Phillips.!?

CF.S0,” clow CF.S0,”
+ HORy =— HOR, )
Ph,.SOR,’ Ph,.SOR
14
14 + RCONHR’ — no reaction (2)
OR; (|)Rb"
slow
PhS  + KOR/ === Ph_,’T + KOR, )
OR¢ OR,
OR; OR/
fust
Ph.S + HORY === PhS + HOR, b
OR, OR,

The ionization of sulfurane 1 in step a of Scheme I paral-
lels the rapid ionization which has been established? to be
the first step in the rapid ligand exchange reactions between
sulfurane 1 and alcohols. The rates of degenerate ligand ex-
change reactions of 1 are rapid enough to be accessible to
study by NMR lineshape analysis.2® Since exchange of 1 is
slower with KORF (eq 3) than with HOR (eq 4) it has
been suggested?® that the ionization is acid catalyzed. In
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the analogous step a in Scheme I, the amide serves as gener-
al acid catalyst for this ionization.

The rates of reaction of amides with 1 (Table I) generally
decrease with the increasing bulk of substituents about the
amide bond, consistent with increasing steric hindrance to
ligand attachment at the crowded sulfur. For example, in
the series of benzamides, PhCONHR, rates of reaction with
sulfurane 1 in CDCl; decrease in the order R = CH; > n-
C4Hg > CH,Ph > CH(CH3);. (Although benzanilide (R =
Ph) is about as fast as acetanilide, the reaction was run in a
different solvent (DMF) and involves a considerably more
acidic amide.!!) The reactivity order N-n-butylacetamide
> N-n-butylbenzanilide > N-n-butylpivalamide reflects
the order of steric bulk in the acyl portion of the amide with
the more sterically hindered amides reacting more slowly.
Unambiguous analysis of this point must await more exten-
sive studies of the reactions of 1 with amides. For synthetic

applications, all but the most hindered secondary amides

react within range of times from a few minutes to several
hours at room temperature.

The formation of imidates is favored in the reactions of 1
with the more sterically hindered amides, such as the piva-
lamides and N-isopropylamides. Ligation of the amide at
oxygen, to give unsymmetrical sulfurane 7 and eventually
imidate 9, removes the steric bulk of an N-substituent two
bond lengths further from the sulfur than is the case for li-
gation at nitrogen and allows conformations to be adopted
which minimize repulsive interactions involving a bulky
acyl substituent.

The partitioning between sulfilimine (5) and imidate (9)
products may in principal occur via the direct interconver-
sion of azasulfonium ion 4 and oxasulfonium ion 8 (or of
the sulfurane analogs, 3 and 7) by a sigmatropic 1,3-shift of
diphenyl sulfide.!4 Though the reaction of N-n-butylbenza-
mide with 1 results in the formation of both imidate (9, R =
phenyl) and ester (6, R = phenyl) plus sulfilimine (5, R’ =
n-C4Hy), treatment of amidosulfonium salt 15 with KORFp
and HORF gives only the ester.

H'C4H5,

. KOR,  PhCOOR, + PhS=N=»-CH,
Ph,SN —

~ HOR; N-n-C,H,
_COPh f P
cl no PhCZ_

15 OR;

This observation argues against a direct interconversion
of 4 and 8 (or 3 and 7) which is rapid relative to alkoxide
attack and, in conjunction with the evidence outlined ear-
lier, points to steps b and e as the product-determining (and
rate-determining) steps in the mechanism of Scheme I.

In this scheme, step g can be viewed as proceeding by
alkoxide attack on the C==N bond of 8, with loss of diphe-
nyl sulfoxide from the resulting tetrahedral intermediate, or
by loss of Ph,SO from 8 to form the nitrilium alkoxide
which collapses to form 9. The solvolysis of imidoyl chlo-
rides in aqueous acetone is known® to proceed via a nitri-
lium chloride ion pair in a process closely analogous to the
latter pathway.

Oxidations

We have reported' oxidations of secondary amines to im-
ines by reaction with 1. A similar reaction is seen for certain
secondary amides. For example, N-benzylbenzamide is oxi-
dized to Schiff base 16 which is hydrolyzed to give 23% of
benzaldehyde product. The oxidation to benzonitrile (20%)
by 1 probably follows the normal amide cleavage pathway
shown in Scheme II1 with subsequent oxidation of the sulfi-
limine to the nitrile, possibly via sulfurane imine 17 as dis-
cussed in the preceding paper of this series.!

Scheme 111
1 + PhCONHCH,Ph ———s PRCONCH,Ph
PhaS+
PhCOsRe ORe
- !
Ph,S=NCH,Ph Ph,S
I :
PhCON=CHPh
?RF 16
PRSeNCHoP + PhyS IHZO

ORe 17 PRCONH, + PRCHO

2Ph,S + 2HOR
+PhCEN

Oxidations such as that leading to 16 are probably to be
expected when the substituent on nitrogen contains an a-
proton with a somewhat enhanced acidity, as the benzylic
protons might be expected to show in the reactions of
Scheme I1I.

The reaction of acetanilide with sulfurane 1 gives ylide
19, in addition to ester 18 and triphenylsulfilimine. Com-
pound 19 may arise via the generation of ketene and its re-
action with sulfurane 1. Mechanisms by which ester 18

Scheme IV

PANCOCH
ths *
/éRF
PhyS=NPh PhyS=NPh
+ +
CH3C02RF CH2=C=O
18
1
HOR, CH.C00R
+ o ———— ths
Ph,S=CHCOORs R,
19

reacts directly with 1 or with triphenylsulfilimine are ruled
out since 18 is stable in the presence of 1 and triphenylsulfi-
limine under the conditions of the reaction.

Related Reactions

Sulfurane 1 reacts rapidly with N-methylformamide,
forming sulfilimine 10 and carbon monoxide. The reaction
presumably proceeds via amidosulfonium alkoxide 20. Such

0
Vs
H—C Z
~

N—CH, — Ph,S=NCH, + ROH + CO

PhS.
“OR,
20
a reaction would, of course, be possible only for formam-
ides.

The reaction of succinimide with 1 to give 22 is postu-
lated to proceed by an analogous route involving the inter-
mediacy of 21. A closely related set of intermediates hds
been postulated!® in a study of the reaction of N-chlorosuc-
cinimide with dimethyl sulfide.

Kapovits’ spirobicyclic sulfurane? 23 reacts with 1 to lose
its acetyl groups to yield 24, in a reaction which selectively
cleaves the secondary amide functions while leaving the hy-
drolytically sensitive sulfuranyl function intact. This
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0 | (6]
SN
oY o 0
Ph,S —>  Ph,S=NCCH,CH,CO.R;¢
| 22
OR;
21

suggests a potential synthetic application of this reaction in
the removal of protective groups from primary amines. This
reaction proceeds in high yield with 23, as well as with other

0]
i 1 (excess)
CH,CONH : NHCOCH;, ——
0
0

23 0

Ph,S=N =SPh,

(0]
24

secondary acetamides of Table I, without detectable incur-
sion of the ylide-forming reaction observed in the reaction
with acetanilide. Although further work will be required to
determine the conditions under which ylides will be formed,
the greater acidity of the N-H protons in 23 relative to
those of acetanilide® is one factor favoring the amide cleav-
age in this case.

The efficient recovery of amines from sulfilimines has
been achieved by treatment with hydrogen chloride, which
leads to the rapid deamination of N-alkylsulfilimines!:'®

PhS=NR + HCI —
CI- H,NR® + PhS + chlorinated products
R = (CH,),C,CH,Ph,CH,

or by catalytic hydrogenolysis, which liberates the parent
sulfide and the free amine from N-aryl- and N-alkylsulfil-
imines.!!?

latm H,
5% Pd/C

Ph,S=NFR/
C.H,0H

Ph,S + HNR’

Recovery of the amine from imidate product is readily
achieved by acid catalyzed methanolysis of the imidate fol-
lowed by acidic hydrolysis of the resulting methyl imidates.
In this two-step process, imidates 9a and 9b produced the

1. CH,OH.H,S0,
R’'N=C(ORy)R ;—H_O———)
ga, R=CH, R’ = CH(CH,),
b,R=CH;R =n-CH,
R'NH, + RCO.CH, + R.OH

corresponding free amines with no detectable formation of
the parent amides. Direct heterogeneous acid hydrolysis of
the O-fluoroalkyl imidates leads primarily to regeneration
of the amide.!8
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Conclusions

The reactions of 1 with secondary amides are, for some
purposes, superior to alternative methods of cleaving the
amide bond. Secondary amides require relatively extreme
conditions of temperature and medium to achieve useful
rates of hydrolyses.!® Other comparable procedures involve
other methods for conversion of the amide to a more readily
hydrolyzable species, for example, by treatment with tri-
methyloxonium tetrafluoroborate followed by acidic hydrol-
ysis of the resulting imidate.2°

OCH,
(CH,),0BF," _  HO
RCONHR —m———— RC=1§HR’ BF, —
RCO,CH, + R'NH,

Treatment of an amide with thionyl chloride?! or phospho-
rus pentachioride?? forms the corresponding imidoyl chlo-
ride (R’N=C(CI)R), which, after alcoholysis to the corre-
sponding imidate (R’N=C(OR)R), undergoes facile hy-
drolysis to the free amine. The reactions of NaH—CS,??
and SF4%* with secondary amides also result in cleavage of
the amide bond.

The high overall yields and mild conditions of the reac-
tions of 1 with secondary amides, when combined with effi-
cient methods of recovery of amines from amide cleavage
products, make further synthetic applications of this reac-
tion highly attractive. In particular this reaction makes it
possible to view the secondary amide function as a viable,
selectively removeable blocking group of potential utility in
synthetic organic chemistry.
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Abstract: The anodic oxidation of enol acetates in acetic acid gave two types of products, namely a-acetoxy ketones (type A)
and a,B-unsaturated enones (type B), and their distribution was remarkably influenced by the character of the supporting
electrolyte. In the anodic oxidation of a-alkylated alicyclic enol acetates, the exclusive formation of «,3-unsaturated enones
in an excellent yield was achieved by the use of tetraethylammonium tosylate (T salt). On the contrary, the employment of
potassium acetate (or triethylamine) instead of T salt brought about the selective formation of «-acetoxy ketones from acy-
clic and a-nonalkylated alicyclic enol acetates in a sufficient yield. Furthermore, applying this anodic technique, a number of
2,3-disubstituted 2-cyclopentenones were synthesized in the satisfactory overall yield.

In our previous study,? it was demonstrated that the an-
odic oxidation of enol acetates in acetic acid using tetraeth-
ylammonium p-toluenesulfonate (T salt) as a supporting
electrolyte gave a-acetoxy ketones (type A) and/or a,(-
unsaturated carbonyl compounds (type B) (see Scheme I).
The initiation process of this anodic oxidation has been es-
tablished to be the electron transfer from enol ester to
anode yielding a cationic species. The electrophilic attack of
the cationic intermediate to the solvent gave the product of
type A, whereas the proton elimination from the intermedi-
ate in concert with the second electron transfer yielded
a,B-unsaturated enones (type B). The existence of the a-
alkyl substituent R on the starting enol acetates was one of
the main factors to control the relative rates of these two
competitive pathways A and B. For instance, acyclic and
a-nonsubstituted alicyclic enol acetates gave preferentially
a-acetoxy ketones (type A), whereas a-alkylated alicyclic
enol acetates yielded «,B-unsaturated enones (type B) ex-
clusively.

In the present study, we report our new findings that the
nature of the supporting electrolyte also possesses a signifi-
cant influence on the relative rates of these competitive
pathways A and B, and the selective formation of a-acetoxy
ketones or «,B-unsaturated enones in a good or excellent

yield is successfully attainable. Furthermore, a novel and
general synthetic method of a-acetoxy ketones? or 2,3-di-
substituted 2-cyclopentenones* including dihydrojasmone
was established.

Resuits and Discussion

As shown in Table I, the use of potassium acetate (or tri-
ethylamine) instead of T salt as a supporting electrolyte
generally brought about a remarkable improvement in the
yield of a-acetoxy ketones (the type A product) in the anod-
ic oxidation of enol acetates in acetic acid. Namely, the se-
lective formation of a-acetoxy ketones 1a—4a in a good yield
was observed in the reaction of acyclic and a-nonalkylated
alicyclic enol acetates 1-4. Moreover, the introduction of an
acetoxy group even to a hindered tertiary position could be
achieved in the oxidation of a-alkylated alicyclic enol ace-
tates 5 and 6 which, on the contrary, gave «,3-unsaturated
enones 5b and 6b exclusively when T salt was used as a sup-
porting electrolyte. When the alkyl substituent of cyclopen-
tenyl acetates is allyl- (7), trans-2-butenyl- (8), or propar-
gyl- (9), the anodic oxidation of them using potassium ace-
tate (or triethylamine) gave a-acetoxy ketones 7a, 8a, or 9a
in a2 moderate yield, whereas the substitution of T salt for
potassium acetate resulted in the formation of a large
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