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When phenyldimedonyliodone (1) was allowed to react with phenyl isothiocyanate, the products were iodoben- 
zene, 7 (8%), 8 (36%), and 9 (14%). Similar reaction of 1 with methyl isothiocyanate gave 7 (35%) and 9 (26%). The 
intermediacy of sulfur ylide 11, an analogous sulfur ylide from 1 and methyl isothiocyanate, and thiotrione 12 in 
those reactions seems to be indicated. An attempt to synthesize authentic 12 by treatment of 1 with hydrogen sul- 
fide failed. However, compound 9 was isolated in 40% yield. Finally, when 1 was allowed to react with thiourea, 
the delocalized sulfur ylide 13 waa obtained (67%). 

The formation of halonium ylides as reactive intermedi- 
ates when certain carbenes are generated in the presence of 
organic halides is now a matter of record.l-' However, be- 
cause of their instability, the halonium ylides have largely 
eluded isolation and study. Partially for that reason, we 
began an investigation of the chemical properties of phen- 
yldimedonyliodone (l), a stable iodonium ylide which can 
be prepared by the condensation of dimedone with iodoso- 
benzene diacetate.8 Our first objective was to characterize 
the reactivity of 1 toward several electrophilic heterocumu- 
lenes, and we have already reported that 1 reacts with di- 
phenylketene to afford ketene acetal 2 and lactone 3, pre- 
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markedly different course, and, while we fully expected to 
obtain adduct 6, that compound was not isolated. In con- 
nection with this, the reactions of 1 with methyl isothiocya- 
nate, hydrogen sulfide, and thiourea were also studied. 

Results and Discussion 
When phenyldimedonyliodone (1) and phenyl isothiocy- 

anate were allowed to react in dichloromethane at  room 
temperature, three products were obtained. One of these, 
isolated in 8% yield, was identified as phenyl 2-iododime- 
donyl ether (7), a known rearrangement product.lO A sec- 
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ond compound, isolated in 36% yield, was 2-(2-benzthiazo- 
1yl)dimedone (S), the structure of which was confirmed by 
its comparison with authentic material prepared by the ac- 
tion of bromine on dimedone-2-thiocarboxanilide (lo)." 

4 5 6 

sumably through the betaine 4, while phenyl isocyanate 
reacts with 1 to afford azalactone 5.9 We now wish to report 
that the reaction of 1 with phenyl isothiocyanate takes a 
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Chart I 

0‘ Q.o , ..- I. ’ - 
+I  

I 
Ph 
1 

-[PhCN] 

S 
12 

11 path A 

0 Qo + o,J&o- Ph* + 

‘i S 

Ph 

X 

9 

path B 

0‘ Q.o 

+I 
Ph c CH,N==C=S 

The third product, a yellow solid isolated in 14% yield, was 
identified as 9 by elemental and spectral analysis. In par- 
ticular, the 300-MHz IH NMR spectrum of 9 clearly re- 
veals two “types” of dimedone rings, one with enol symme- 
try and one with keto symmetry. The former exhibits a six- 
proton singlet at  6 1.16 and a pair of two-proton singlets at 
6 2.31 and 2.60 while the latter shows a pair of three-proton 
singlets at 6 0.89 and 1.23 and a pair of two-proton doublets 
at  6 2.51 and 3.01 (J,,, 13.5 Hz). Iodobenzene is also 
formed in this reaction, and, in a separate study, the yield 
of iodobenzene was determined by GLC analysis to be 86%. 

Several plausible reaction pathways for the formation of 
iodobenzene, 8, and 9 from 1 and phenyl isothiocyanate are 
illustrated in Chart I. 

In this scheme, reaction is presumed to be initiated by 
displacement of iodobenzene from 1 by phenyl isothiocya- 
nate with formation of sulfur ylide 11 which could then 
react in one of two ways. It could undergo an intramolecu- 
lar rearrangement which eventuates in thiazole 8 (path B) 
or it could fragment to phenyl isocyanide and thiotrione 12 
(path A). Subsequent attack of 12 on 1 would yield 9. The 
proposed sulfur ylide 11 possesses several features which 
should drive the indicated rearrangement; it has a nucleo- 
philic sulfur atom, positive charge which is most certainly 
delocalized into the benzene ring, and a basic oxygen atom 
situated favorably for deprotonation of the benzene ring at  
the right moment. Evidence bearing on this sequence of 
events was provided by the following experiments. 

Phenyl isocyanide has not been isolated from the reac- 
tion of 1 with phenyl isothiocyanate. However, an insolu- 
ble, high melting (-290O) white solid was isolated. The 
solid exhibits no distinctive spectral features, but it does 
contain 5.1% nitrogen and only trace amounts of sulfur. 

An attempt to synthesize 12 by treatment of 1 with hy- 
drogen sulfide was unsuccessful. However, compound 9 was 
isolated in 40% yield. Also, when 1 was allowed to react 
with methyl isothiocyanate, the products were 7 (36%) and 
9 (26%). It seems likely that both reactions proceed 
through a common intermediate, and one which is indepen- 
dent of the structural diversity of hydrogen sulfide and 
methyl isothiocyanate, and it seems plausible that 12 is 
that intermediate (Chart 11). 

Finally, we sought corroborative evidence that com- 
pounds containing the >C=$: moiety can indeed displace 
iodobenzene from 1. To this end, phenyldimedonyliodone 
was allowed to react with thiourea a t  room temperature, 
and compound 13 was isolated in 67% yield as a white, crys- 
talline solid. The cyclic structure 14 for the white solid is 
clearly inconsistent with its NMR spectrum. Specifically, 
the methylene groups give rise to a four-proton singlet 
rather than a pair of two-proton singlets as expected for 
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that structure.  Also, we regard 13 as a more accurate repre- 
sentat ion of t h e  true s t ructure  than 15 because the infrared 
spectrum of t h e  white solid exhibits an absorption band at 
1645 cm-l (-C=NfH2 stretch).  Thus, the known sulfoni- 
u m  ylide 1612 does no t  absorb in  that region, but methyl- 
thiouroniurn bisulfate (17) does.13 

13 14 15 

16 17 

T h e  formation of 13 f rom phenyldimedonyliodone and 
thiourea provides excellent analogy for t h e  proposed for- 
mat ion of 9 from phenyldimedonyliodone and thiotrione 
12. However, i n  t h e  case of 9, t h e  cyclic s t ructure  is favored 
over t h e  dipolar structure,  presumably because t h e  carbon- 
yl groups of t h e  thiotrione moiety would inhibit  the delo- 
calization of positive charge. 

Experimental Section 
General. lH NMR spectra (60 MHz) were recorded on a Varian 

Model A-60 NMR spectrometer (relative to internal Me&), in- 
frared spectra on a Perkin-Elmer Model 337 spectrophotometer, 
and ultraviolet spectra on a Cary-17 uv-visible-ir spectrophotome- 
ter. lH NMR spectra (300 MHz) were recorded on a Varian Model 
HR-300 NMR spectrometer a t  The University of Akron's NMR 
center. Melting points are uncorrected. GLC analyses were con- 
ducted on a Hewlett-Packard Model 5750 gas chromatograph, a 6 
f t  column of 10% Ucon W-98 on 80-100 mesh silica being utilized. 
Elemental compositions wei-e determined by Galbraith Laborato- 
ries, Inc., Knoxville, Tenn. 

Reaction of Phenyldimedonyliodone (1) with Phenyl Iso- 
thiocyanate. A solution of 1 (10.98 g, 32.09 mmol) in CH2C12 (50 
ml) and a solution of phenyl isothiocyanate (6.24 g, 46.16 mmol) in 
CHzClz (50 ml) were mixed and allowed to stir for 4.5 days at  room 
temperature. The CH& was then evaporated in vacuo, and the 
brown, viscous liquid which remained was resolved by column 
chromatography on Florisil (250 9). Twenty-one fractions of ca. 
300 ml each were collected as the elution solvent was changed in a 
systematic way: 1 (C6H12), 2-3 (CsH~p-ether, 50501, 4 (c6H12- 
ether, 20:80), 5-8 (ether), 9 (ether-CHaCOzCzHs, 80:20), 10 (ether- 
CH3COzCzH5, 50:50), 11 (ether--CH&O~CzH5, 20:80), 12-13 

(CHzClz), 17 (CHzC12-CHsOH, 50:50), 18-21 (CHaOH). Each frac- 
tion was then concentrated and subjected to NMR analysis. Frac- 
tions 5-9 gave 1.71 g of reasonably pure 8, but further resolution of 
other fractions was necessary before pure materials could be isolat- 
ed. 

Fractions 2 and  3. The crude solid (1.31 g) was divided by hand 
into colorless crystals (7) 2nd yellow crystals (9). The yellow mate- 
rial (0.70 g) was chromatographed on Florisil (50 g), six fractions of 
ca. 300 ml each being collected. The first four fractions (benzene) 
yielded 0.41 g of 9 while the last two fractions (ether) yielded 0.24 g 
of 7. 

Fraction 4. The crude solid (0.59 g) was rechromatographed on 
Florisil (50 g), six fractions of about 300 ml each being collected. 
The first fraction (benzene) gave nothing, the second fraction 
(benzene-ether, 90:lO) gave 0.23 g of mostly 7, the third fraction 
(benzene-ether, 9O:lO) gave 0.05 g of mostly 7, and the fourth frac- 
tion (ether) gave 0.18 g of 8. 

Fractions 14-17. The crude solids (5.29 g) were combined and 

( C H ~ C O Z C ~ H ~ ) ,  14 (CH3COzCzH5-CHzC12, 50501, 15-16 
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triturated with cyclohexane-ether (50:50), and 4.37 g of phenyldi- 
medonyliodone was recovered as a white powder. The washings 
were concentrated and yielded 0.9 g of a thick, brown liquid which 
has not been identified.. 

Fraction 18. This solid-liquid (1.05 g) was washed with ether 
and combined with the solids (1.24 g) from fractions 19-21. In this 
way, 2.12 g of a high melting (-290°), highly insoluble, Yellow solid 
was obtained. 

Anal. Found: C, 64.29; H, 5.77; N, 5.07; s, 0.28. 
The product yields based on the amount of UnreCOvered 1 

(19.317 mmol) follow: 7 (0.52 g, 7.8%), 8 (1.89 g, 35.8%), and 9 (0.41 
g, 13.8%). 

Purification and  Characterization of 8. The crude material 
was recrystallized from dichloromethane-cyclohexane as white 
plates: mp 200-201°; uv (CHZC12) 259 nm (rnax, c 14179, conjugat- 
ed benzene ring), 239 (sh, 10672), 271 (sh, 9925), 347 (rnax, 351491, 
334 (sh, 26716); uv (CH30H) 260 nm (max, c 13750), 238 (sh, 8945), 
271 (sh, 10078), 344 (max, 33164), 331 (sh, 26406), 314 (sh, 11797); 

H), 7.38 (t, 1 H), 7.52 (t, 1 H), 7.60 (d, 1 HI, 7.83 (d, 1 H), 16.5 (s, 1 
'H NMR (300 MHz, CDC13) 6 1.14 (s, 6 H), 2.49 (8 ,  2 H), 2.54 ( 8 ,  2 

H); 'NMR (60 MHz, CDC13) 8 1.12 (9, 6 H), 2.53 (s, 4 HI, some- 
times is recorded as a moderately resolved pair of singlets, 7.2-8.0 
(complex m, 4 H), 16.5 (broad s, exchanges with D20). 

Anal. Calcd for CljH15NOzS: C, 65.91; H, 5.53; S, 11.73. Found: 
C, 65.98; H, 5.63; S, 11.55. 

Purification and  Characterization of 9. The crude material 
was recrystallized from dichloromethane-cyclohexane as yellow 
needles: mp 176-178O; ir (KBr) 5.84 (C=O, saturated ketone), 6.04 
(C=O, ol,@-unsaturated ketone), 6.20 p (C=C); uv-visible 
(CH30H) 306 nm (max, t 4175), 289 (sh, 3744), 380 (tail, 150); UV- 
visible (CHZC12) 292 nm (max, t 4610) 312 (sh, 4082), 380 (tail, 
120), 246 (plateau, 1774); 'H NMR (300 MHz, CDC1.7) 6 0.89 (9, 3 

13.5 Hz), 2.60 (s, 2 H), 3.01 (d, 2 H, Jgem N 13.5 Hz); 'H  NMR (60 
MHz, CDCl3) 8 0.88 (s, 3 H), 1.15 (s, 6 H I  1.23 (s, 3 HI, 2.30 (s, 2 
H), 2.33 (shoulder, 0.5 H), 2.58 (apparent s, 3.5 H), 2.94 (broad ap- 
parents, 1.5 H), 3.18 (broad apparent s, 0.5 HI. 

Anal. Calcd for C16H20SO4: C, 62.31; H, 6.54; S, 10.40. Found: c, 
62.51; H, 6.72; S, 10.74. 

Reaction of 1 with Phenyl Isothiocyanate. Yield of Iodoben- 
zene. A solution of 1 (3.0520 g, 8.919 mmol) in CHzClz (20 ml) and 
a solution of phenyl isothiocyanate (1.9510 g, 14.432 mmol) in 
CH2C12 (20 ml) were mixed and allowed to stir for 5 days at  room 
temperature. The reaction mixture was then diluted volumetrical- 
ly to 50 ml with CH2C12. A 10-ml aliquot was removed, 0.1073 g 
(0.799 mmol) of durene was added, and the resulting solution was 
subjected to GLC analysis. Two separate injections yielded an av- 
erage iodobenzene-durene peak area ratio of 1.247. A known mix- 
ture of durene (0.1900 g, 1.416 mmol) and iodobenzene (0.4061 g, 
1.991 mmol), when subjected to similar analysis, gave an iodoben- 
zene-durene peak area ratio of 0.917. Thus, the iodobenzene-du- 
rene peak area ratio must be multiplied by a factor of 1.533 to give 
the correct iodobenzene-durene mole ratio. The yield of iodoben- 
zene was, therefore, 85.7%, 

The 10-ml GC sample was then combined with the remaining 40 
ml of solution, the CHzCl2 was evaporated in vacuo, and the resi- 
due was resolved by column chromatography on Florisil. Seven 
fractions of about 300 ml each were collected and concentrated, 
and the residues were subjected to NMR analysis. Fractions 1-3 
(ether) yielded a mixture of 7, 8, and 9 and fractions 4-5 
(CHsCOzC2Hj) gave 0.71 g of mostly unreacted 1. 

The crude solids from fractions 4 and 5 were combined and 
washed with ether, and 0.3217 g (0.940 mmol) of 1 was recovered as 
a white powder. The iodobenzene yield, based on the amount of 
unrecovered 1, was 95.76%. 

Reaction of Phenyldimedonyliodone (1) with Methyl Iso- 
thiocyanate. A solution of 1 (9.156 g, 26.76 mmol) in CH2Cld (50 
ml) and a solution of methyl isothiocyanate (2.46 g, 33.64 mmol) in 
CHzC1z (50 ml) were mixed and allowed to stir under nitrogen for 5 
days a t  room temperature. The solvent was then evaporated in 
vacuo, and the crude product was resolved by column chromatog- 
raphy on Florisil. Nine fractions of ca. 300 ml each were collected, 
concentrated, and subjected to NMR analysis. The details are 
given in Table I. 

Fraction 2 was resolved into its components by a second chro- 
matography on Florisil with cyclohexane followed by benzene fol- 
lowed by ether as the elution solvents. In this way, 0.160 g of 7 and 
0.390 g of 9 was obtained. 

Fraction 9 was triturated with ether and 5.873 g of unreacted 1 
was recovered. 

H), 1.16 (9, 6 H), 1.23 (s, 3 H), 2.31 (s, 2 H), 2.51 (d, 2 H,  Jgem E 
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Table I 

Fraction Solvent Wt, g State Identification 

Benzene 
Benzene-ether (90  : l o )  
Benzene-ether (50 :50 )  

Ether 
Ether 
Ether 

CH, CO, C, H, 
CH, C1, 

CH, C1, -CH, OH (50: 50) 

Hence, the yields of 7 and 9, based on the amount of 1 which had 
reacted (9.594 mmol), were 35 and 26%. 

Reaction of Phenyldimedonyliodone (1) with HzS. A solution 
of 1 (10.01 g, 29.25 mmol) in CHzClz (120 ml) was saturated with 
HzS for 30 min and allowed to stir overnight a t  room temperature. 
The solvent was then removed by vacuum evaporation, and the 
crude yellow-white solid which remained was resolved by column 
chromatography on Florisil (200 9). Twenty fractions of ca. 300 ml 
each were collected as the elution solvent was changed in a system- 
atic way: 1 (C6H12), 2-7 (CsHlz-ether, 90:10), 8-12 (CsHlz-ether, 
85:15), 13-14 (CsHlz-ether, 80:20), 15 (CsHlz-ether, 50:50), 16 
(ether), 17 (ether-CHsCOzCzHs, 5050), 18 ( C H ~ C O ~ C Z H ~ ) ,  19-20 
(CH30H). Each fraction was then concentrated, and some of them 
were subjected to NMR analysis. Fractions 4-13 yielded 1.4247 g 
of relatively pure 9, fractions 2-3 gave 0.3019 g of mostly 9 (con- 
taminated with some iodobenzene), and fractions 14-18 gave 
0.7126 g of mostly unknown material contaminated with 9. A sec- 
ond chromatography of that material yielded 0.0830 g of 9. Thus, 
the total yield of 9 was -1.8096 g (40%). 

Authentic 2-(2-Benzthiazolyl)dimedone (8). This material 
was prepared by the method of Barnikow." In the first step, dime- 
done was condensed with phenyl isothiocyanate to give 10 [21%, 
mp 126-129' (1it,l1 mp 129.5-130°)]. In the second step, 10 was ox- 
idized with bromine in acetic acid to give 8 [53%, mp 197-199' 
(lit." mp 203-203.5')]. The NMR and ir spectra of this material 
are identical with those of 8 obtained from 1 and phenyl isothiocy- 
anate. 

Reaction of Phenyldimedonyliodone (1) with Thiourea. A 
solution of 1 (10.25 g, 29.95 mmol) in CHZC12 (60 ml) and a solu- 
tion of thiourea (2.27 g, 29.82 mmol) in absolute ethanol (60 ml) 
were mixed and allowed to stir for 15 hr a t  room temperature. The 
solvents were subsequently evaporated in vacuo, and a red-orange 
solid remained. 

Purification and Characterization of 13. The crude solid was 
recrystallized from absolute ethanol (150 ml), and two crops of 
white crystals were obtained: yield 4.23, 0.44 g (67%); mp 170'; '€3 
NMR (MezSO-ds) 6 0.98 (s, 6 H), 2.23 (s, 4 H), 3.7 (very broad 

0.156 
0.570 
0.699 
0 .233  
0.065 
0.016 
0.031 
0.221 
6.468 

Liquid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Solid 

7 + C,H,I 
7 + 9 (-1:3) 
Mostly 7 
Mostly 7 
Mostly 7 
7 + unknown 
7 + unknown 
1 + unknown 
Mostly 1 

"singlet," 2 H, HzO of hydration), 8.28 (very broad singlet, 4 H, 
-NHz); ir (KBr) 1645 cm-l (C=N+Hz); uv (CH30H)Xm,, 266 nm 
(e  19607). 

Anal. Calcd for CSH~~NZOZS-H~O:  C, 46.53; H, 6.94; S, 13.80. 
Found: C, 46.54; H, 6.93; S, 13.91. 

This compound is insoluble in CHsCN, CHC13, ether, acetone, 
and cyclohexane, and for that reason, MezSO-ds was chosen as the 
NMR solvent. Sometimes the H20 resonance appears to be fairly 
sharp and sometimes very broad. We have no explanation for this 
behavior. 

Registry No.-1, 35024-12-5; 8, 56995-06-3; 9, 56995-07-4; 10, 
7721-63-3; 13, 56995-08-5; phenyl isothiocyanate, 103-72-0; iodo- 
benzene, 591-50-4; methyl isothiocyanate, 556-61-6; H2S, 7783-06- 
4; thiourea, 62-56-6. 
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