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Addition of benzenesulfenyl chloride to electron-rich olef i i  in the presence of silver produces 6-fluoro thioethers. 
The trans adducts could also be prepared from (3-chloro thioethers and silver fluoride. 

Attempts to introduce fluorine selectively into organic 
substrates under mild conditions led to a study of the 
addition of sulfenyl chlorides to alkenes in the presence 
of silver fluoride. Addition of benzenesulfenyl chloride to 
an alkene in acetonitrile in the presence of certain metal 
fluorides results in the formation of 0-fluoro phenyl thio- 
ethers. The results, shown in Table I, indicate that the 
reaction is dependent on the particular metal fluoride used 
and that the regiochemistry is dictated by the structure 
of the alkene. 

RCH=CH2 + PhSCl C H ~ C N -  MF 

1 
RCHFCHzSPh + RCH(SPh)CH,F (1) 

2M 2A 
The regiochemistry of the addition of benzenesulfenyl 

chloride in the presence of metal fluorides is similar to that 
observed when methanesulfenyl chloride is added to ter- 
minal o1efins.l In that case a high proportion of the 
anti-Markovnikoff adduct, with a primary chlorine, was 
observed for alkyl-substituted terminal alkenes. With time 
this adduct rearranged to the thermodynamically favored 
Markovnikoff adduct, with the sulfur in the primary 
position. Mueller and Butler1 suggested that steric factors 
determine the direction of ring opening of an intermediate 
episulfonium ion. Since that time, the intermediacy of 
episulfonium ions during the addition of sulfenyl chlorides 
to alkenes has been questioned. During an investigation 
into the mechanism of sulfenyl halide addition reactions, 
Smit et a1.2 prepared episulfonium hexafluoroantimonates 
and treated them with various nucleophiles. Because the 
ratio of Markovnikoff (2M) and anti-Markovnikoff (2A) 
product differed from that observed during the alkene 
addition reaction, they concluded that episulfonium ions 
are not intermediates in the reaction. When Smit et al. 
treated the episulfonium ion from propene and (phenyl- 
thio)hexafluoroantimonate with fluoride ion, they found 
greater than 95% of the Markovnikoff adduct.2 

CH3 

(2 )  
\ 

CH-CH2 t F -  - CHSCHCH2SPh 
I \ /  

S+ 
F I 

Ph 

After an extensive kinetic study on the addition of 
benzenesulfenyl chloride to a large number of alkenes 
under nonpolar conditions, Stirling and co-workers3 con- 
cluded from the insensitivity of the substituent groups that 
there is a little charge localization on carbon in the tran- 
sition state. They also noted intramolecular interaction 
of sulfur with heteroatom substituents on selected alkenes. 
These results which suggest the intermediacy of a neutral 
sulfurane are supported by ab initio SCF-MO  calculation^.^ 

(1) Mueller, W. H.; Butler, P. E. J .  Am. Chem. SOC. 1968, 90, 2075. 
(2) Smit, W. A.; Gybin, A. S.; Bogdanov, V. S.; Krimer, M. Z.; Voro- 

(3) Jones, G. A.; Stirling, C. J. M.; Bromby, N. G. J .  Chem. Sac., 
bieva, E. A. Tetrahedron Lett. 1978, 1085. 

Perkin Trans. 2 1983, 385. 
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Further support for sulfuranes comes from the isolation 
of the analogous selenuranes formed by reaction of the 
corresponding arene selenyl halides with a1kenes.j 

In a recent review the entire spectrum of intermediates 
ranging from free episulfonium ions to neutral sulfuranes 
is proposed depending upon the reaction conditions.6 
Under nonpolar conditions the absence of ionic interme- 
diates can be inferred since solvent incorporation7 and 
skeletal rearrangements8 are not observed. Our results also 
suggest that the formation of the 0-halo thioethers in 
nonpolar solvents occurs by way of intermediate halo- 
sulfuranes as shown in Scheme I. 

Results 
When benzenesulfenyl chloride is added to cyclohexene 

in acetonitrile in the presence of silver fluoride at room 
temperature, l-fluoro-2-(phenylthio)cyclohexane is formed 
in 70% yield. None of the corresponding chloro derivative 
is observed in the NMR of the crude reaction product. 
The phenylthio and the fluorine are trans to one another 
as determined by NMR. From the spin-decoupled spec- 
trum of l-fluoro-2-(phenylthio)cyclohexane, a 3JH-H of 10.5 
Hz is obtained for bhe protons on C-1 and C-2. A coupling 
constant of this magnitude is expected for a 1,2-diaxial 
proton in te ra~t ion;~  hence the PhS and F, equatorially 
disposed, are trans to one another. Treatment of t rans -  
l-chloro-2-(phenylthio)cyclohexane with silver fluoride also 
results in formation of trans-l-fluoro-2-(phenylthio)- 
cyclohexane. 

In the reaction of 3,3-dimethyl-l-butene with benzene- 
sulfenyl chloride in the presence of AgF at room temper- 
ature only l-fluoro-2-(phenylthio)-3,3-dimethylbutane, the 

(4) Csizmadia, V. M.; Schmid, G. H.; Mezey, P. G.; Csizmadia, I. G. 

(5) Garrett, D. G.; Schmid, G. H. Can. J .  Chem. 1974,52, 1027, 3599. 
(6).Smit, W. A.; Zefirov, N. S.; Bodrikov, I. V. In “Organic Sulfur 

(7) Hogg, D. R.; Kharasch, N. J .  Am. Chem. Soc. 1956, 78, 2728. 
(8) Vorobieva, E. A,; Krimer, M. A,; Smit, W. A. Izu.  Akad. Nauk 

(9) Chamberlain, N. F. “The Practice of NMR Spectroscopy”; Plenum 

J .  Chem. SOC., Perkin Trans. 2 1977, 1019. 

Chemistry”; Pergamon Press: New York, 1980; pp 159-173. 

SSSR, Ser. Khim. 1976, 1318. 

Press: New York, 1974; p 300. 
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Table I. Preparation of P-Fluoro Thioethers 
alkene metal fluoride product yield, % bp, "C (mmHg) 

70 115-116 (0.5) 

ph8 40 

AgF 

HgF 1 

PhS CI 
\ /  

KF a a 

n 
CsF 
PbF, 

(CH,),CCH=CH, AgF 
HOC(CH,),CH=CH, AgF 
CH,( CH, ),CH= CH , AgF 

PhC(CH,)=CH, AgF 
AgF CH3 

AgF 
b 
CH,=CHCH,Cl 

u 

(CH,),CCH(SPh)CH,F 
HOC(CH,),CH(SPh)CH,F 
CH,(CH,),CH( SPh)CH,F 
CH,(CH,),CH( F)CH,SPh 
PhCF(CH,)CH,SPh 

"K 
FCH,CH( SPh)CH,CI 

a Not determined. Elemental analysis not obtained as it dehydrofluorinates. 

anti-Markovnikoff product, is formed. No products of 
rearrangement or of solvent incorporation were observed. 
The fluoride, unlike l-chloro-2-(methylthio)-3,3-di- 
methylbutane, did not rearrange to the thermodynamically 
more stable isomer. Treatment of l-chloro-2-(phenyl- 
thio)-3,3-dimethylbutane with silver fluoride under the 
reaction conditions produced the corresponding fluoride, 
as shown by NMR. 

An attempt to prepare 2-chloro-l-(phenylthio)-3,3-di- 
methylbutane according to the literature procedurelo re- 
sulted only in the formation of its isomer. We have been 
unable to effect isomerization to the Markovnikoff product. 
l-Chloro-2-(phenylthio)-3,3-dimethylbutane (3) rearranged 
when treated with anhydrous aluminum chloride as shown 
in eq 3. The trimethylbenzothiane 6 was identified by 
NMR. 

AlCls 
(CHJ)~CCHCH~CI - (CH3)3CCH-CH2 I 'st' 

I SPh 

3 Ph 
4 

Like 3,3-dimethyl-l-butene, 2-methyl-3-buten-2-01 
formed the anti-Markovnikoff addition product as shown 
in eq 4. A 60% yield of 2-methyl-3-(phenylthio)-4- 
fluoro-2-butanol (7) was obtained from the reaction with 
benzenesulfenyl chloride in the presence of silver fluoride. 
On attempted distillation this adduct underwent the loss 
of HF to form oxetane 8. 

CH3 CH3 

I I 1  
HOCCH=CH2 I + PhSCl HO-C-CHCH2F I - hra i  vsph 

CH3 SPh 

7 

Addition of benzenesulfenyl chloride to a-methylstyrene 
in the presence of silver fluoride led exclusively to 1- 

(IO) Zefirov, N. S.; Sadovaya, N. K.; Novgorodtaeva, L. A.; Bodrikov, 
I. V. Zh. Org. Khim. 1978, 14, 463. 

a 
a 
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60 
21 
42 
51 
57 

35 

a 
a 
94-96 (0.6) 

b 
130 (0.4) 
oilb 
oil 

112 (0.3) 

(phenylthio)-2-fluoro-2-phenylpropane. As shown by 
NMR this 8-fluoro thioether dehydrohalogenated on 
standing to a mixture of 9 and 10 in a manner analogous 
to the chloro adducta3 

AgF - PhC(=CH2)CH2SPh + PhC(CH,)=CHSPh (5) 
9 10 

PhC(CH3)=CH2 + PhSCl - PhCF(CHJCH2SPh 

1-Methyl-1-cyclohexene reacted with benzenesulfenyl 
chloride in acetonitrile in the presence of silver fluoride 
to provide exclusively the Markovnikoff adduct, whereas 
allyl chloride gave only the anti-Markovnikoff adduct. 
When 1-decene was used as the substrate, a 2:l mixture 
of adducts was formed with the Markovnikoff product 
predominating. Under the reaction conditions isomeri- 
zation of the anti-Markovnikoff product did not occur. 
Neither acrylonitrile nor 2-cyclohexen-1-one formed an 
adduct. 

Both silver(1) fluoride and mercury(I1) fluoride in ace- 
tonitrile gave rise to 0-fluoro thioethers, whereas potas- 
sium, cesium, and lead(I1) fluorides resulted only in the 
formation of P-chloro thioethers. The yield of fluorinated 
adduct was lower when HgF2 was used as the fluoride 
source than when AgF was used. Addition of benzene- 
sulfenyl chloride to the alkene in the presence of 18- 
crown-6 and KF did not lead to fluoride incorporation. 

Discussion 
We propose that the mechanism shown in Scheme I is 

operative during the addition of benzenesulfenyl halides 
to alkenes in nonpolar solvents. A neutral chlorosulfurane 
is formed reversibly. Schmid and co-workers have shown 
that 2-chlorocyclooctyl aryl sulfide reacts with 1-octene to 
form cyclooctene and 2-chlorooctyl aryl sulfide, which in- 
dicates that the overall reaction is reversible." A catalytic 
amount of chloride ion attacks the sulfurane from the back 
side forming the trans adduct and generating chloride ion. 
This step must also be reversible. In the presence of silver 
fluoride, fluoride ion attacks the sulfurane generating the 
trans 8-fluoro thioether and chloride ion which precipitates 
from the solution as silver chloride. 

Free episulfonium ions are not involved in the reaction 
as evidenced by the lack of rearrangements or solvent 

(11) Schmid, G. H.; Fitzgerald, P. H. J. Am. Chem. SOC. 1971,94,2547. 
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incorporation from the addition of benzenesulfenyl chlo- 
ride to 3,3-dimethyl-l-butene. Smit and co-workers8 have 
prepared episulfonium ion 4 and find that it is stable a t  
-20 "C but rearranges to 6 to +20 "C. We studied the 
addition of benzenesulfenyl chloride to 3,3-dimethyl-1- 
butene a t  room temperature and found no evidence of 
rearrangement. As little as 1% of 6 would have been 
detected in the NMR spectrum of the crude reaction 
mixture. 

The formation of these /3-fluoro thioethers from ben- 
zenesulfenyl chloride in the presence of silver fluoride is 
not a displacement reaction of fluoride ion on the chloro 
adduct. Although a primary fluoride can be prepared by 
a simple SN2 displacement of chloride by fluoride, a sec- 
ondary fluoride cannot be prepared in this manner. The 
time required for formation of the fluoride from the 
chloride is greater than that needed from the alkene. 
Further, when trans-l-chloro-2-(phenylthio)cyclohexane 
is treated with silver fluoride, the trans fluoro compound 
is formed, indicating assistance from the neighboring 
sulfur. 

Stirling's group noted the order of addition of benzen- 
esulfenyl chloride to alkenes is cyclohexene > l-methyl- 
cyclohexene > a-methylstyrene > allyl chloride >> acryl- 
onitrile. In the preparation of /3-fluoro thioethers, the yield 
of product also decreases in this order. Electron-with- 
drawing groups retard formation of the intermediate so 
that a competitive reaction between benzenesulfenyl 
chloride and silver fluoride occurs. In the case of acrylo- 
nitrile, no addition product is formed. 

In the absence of substrate, benzenesulfenyl chloride 
reacts with silver fluoride and acetonitrile. The addition 
of benzenesulfenyl chloride to silver fluoride in acetonitrile 
results in the instantaneous formation of a white precip- 
itate and a canary yellow solution. Within an hour at room 
temperature, the solution fades to become almost colorless. 
The white precipitate that forms is silver chloride, and the 
solution contains diphenyl disulfide. Thus, an oxidation 
also must be occurring. Mercury(I1) fluoride is known to 
fluorinate acetonitrile to  give various compounds con- 
taining N-F linkages;12 however, in our reaction no N-F 
bonds are detected by I9F NMR. Observations during the 
reaction lead us to postulate the intermediacy of benzen- 
esulfenyl fluoride which fluorinates the solvent according 
to eq 6. On attempted isolation, the fluorinated compound 
decomposes. 

2PhSC1+ 2AgF - 2AgC1+ [2PhSF]- 
CH,CN 

PhSSPh + [CH,C(F)=N-N=C(F)CH,] (6) 

The metal fluoride included in the reacting solution 
determines which halogen is incorporated. In acetonitrile, 
the soft Ag(1) and Hg(I1) cations are solvated, and the 
reactivity of the fluoride is enhanced. In the case of silver 
fluoride, the insolubility of silver chloride in a~etonitri le '~ 
is a driving force that pushes the reaction to completion 
as shown in Scheme I. When the reaction is run in THF, 
no organic fluoride is formed because of the insolubility 
of AgF in this solvent. The yield of 0-fluoro thioether is 
low when HgF, is used to promote the reaction because 
HgFz is not solvated in CH3CN as well as AgF, and also 
HgFz can fluorinate acetonitrile.12 Since lead(I1) ion is 
borderline and both potassium and cesium are hard cat- 
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ions, no complexation with acetonitrile is observed, and 
the salts are virtually insoluble. Therefore, no reaction 
involving fluoride ion occurs. 

The addition reaction to form p-fluoro thioethers uses 
mild conditions compared with most fluorination proce- 
dures. This is particularly true for the case of tertiary 
fluorides that cannot be prepared by displacement reac- 
tions. We are currently investigating various methods of 
desulfurizing these compounds. 

Experimental Section 
General Data. 'H NMR (90 MHz) and '9 NMR (84.67 MHz) 

were obtained on a Varian EM-390 NMR spectrometer. Chemical 
shifts are reported in ppm downfield relative to internal Me,Si 
for 'H NMR data and to external CFC13 for 19F NMR, with CDC13 
as solvent in both cases. Microanalyses were performed by At- 
lantic Microlab Inc., Atlanta, GA. Boiling points and melting 
points are uncorrected. Silver fluoride was obtained from Ozark 
Mahonning. 
General Preparation of 8-Fluoro Thioethers. After ace- 

tonitrile (100 mL) and metal fluoride (0.03 mol) were stirred 
together for 10 min in an Erlenmeyer flask, the alkene (0.03 mol) 
was introduced. Then benzenesulfenyl chloride3 (0.03 mol) was 
added dropwise from an addition funnel. Immediate workup 
showed that the reaction was complete. However, usually the 
mixture was stirred overnight and filtered and the solvent removed 
by rotary evaporation. The composition of the product mixture 
was then determined directly by NMR. The products were pu- 
rified by distillation. 

trans -1-Fluoro-2-( pheny1thio)cyclohexane: bp 115-116 OC 
(0.5 mm); 'H NMR 6 1.2-2.4 (m, 8 H), 3.0-3.4 (m, 1 H, 3JH_H = 
10.5 Hz), 4.4 (m, 1 H, 2JH-F = 48 Hz), 7.2-7.6 (m, 5 H); 19F NMR 
6 -167 (m). Anal. Calcd for CI2Hl5FS: C, 68.60; H, 7.14; S, 15.40. 
Found: C, 68.52; H, 6.98; S, 15.49. 
Fluoro(pheny1thio)decanes: bp 130 O C  (0.4 mm); 'H NMR 

6 0.6-2.0 (m, 17 H); 7.2-7.6 (m, 5 H) [peaks also observed a t  6 
3.0-3.4 and 4.5 (m, 3 H) attributed to protons (Y to fluorine and 
phenylthio groups]; 19F NMR 6 -175, -212 (m, 2:l). Anal. Calcd 
for Cl6HZ5FS: C, 71.60; H,  9.30; S, 11.91. Found: C, 71.61; H, 
9.42; S, 12.02. 

l-Fluoro-2-(phenylthio)-3,3-dimethylbutane: bp 94-96 OC 
(0.6"); 'H NMR 6 1.0-1.2 (s, 9 H), 3.05 (6 lines, 1 H), 4.6 (6 
lines, 2 H), 7.2-7.6 (m, 5 H); 19F NMR -208 (m, J H F  = 48 Hz). 
Anal. Calcd for CI2Hl7FS: C, 67.90; H, 8.01; S, 15.09. Found: 
C, 67.97: H, 8.08; S, 14.96. 
2-Methyl-3-(phenylthio)-4-fluoro-2-butanol (7):  oil; 'H 

NMR 6 1.31-1.39 (d, 6 H), 2.51-2.61 (s, 1 H), 3.26 (6 lines, dt, 1 
H), 4.62 (6 lines, 2 H, 2JHF = 48 Hz), 7.13-7.52 (m, 5 H); "F NMR 
-211 (dt). Attempted distillation at 140 "C (3 mm) gave 8: oil, 
'H NMR 6 1.06 (9, 3 H,  1.35 (s, 3 H), 2.8-3.2 (m, 3 H), 7.2-7.5 
(m, 5 H). Anal. Calcd for Cl1Hl4OS: C, 67.94; H, 7.26; S, 16.50. 
Found: C, 67.94; H, 7.27; S, 16.46. 

l-(Phenylthio)-2-fluoro-2-phenylpropane: oil; 'H NMR 6 

(m, 10 H); 19F NMR 6 -142(m). On standing, dehydrofluorination 
occurs to give a mixture of 9 and 10 (30:70) as determined by 'H 

1.75 (d, 3 H, 3 J ~ - ~  = 24 Hz), 3.28,3.31, and 3.52 (3 S, 2 H), 7.07-8.52 

NMR. 9: 'H NMR 6 3.85, 5.10, 5.30, 7.08-7.53;14 10: 'H NMR 
6 1.55, 7.08-7.53. 

l-Fluoro-l-methyl-2-(phenylthio)cyclohexane: oil; 'H NMR 
6 1.2-2.2 (m, 11 H), 3.31 (m, 1 H), 7.1-7.6 (m, 5 H); "F NMR 6 
-133. Anal. Calcd for C13H17FS: C, 69.60; H,  7.64; S, 14.29. 
Found: C, 69.35; H, 7.55; S, 14.42. 

l-Fluoro-2-(phenylthio)-3-chloropropane: bp 112-113 "C 
(0.3 mm); 'H NMR 3.32-3.78 (m, 2 H), 3.8-3.96 (d, 1 H), 4.4-4.93 
(dd, 2 H, 2JH-F = 45 Hz), 7.17-7.6 (m, 5 H); "F NMR 6 -220 (m). 
Anal. Calcd for CgHloCIFS: C, 52.80; H, 4.80; S, 15.69. Found: 
C, 52.71; H, 4.90; S, 15.65. 
Fluorination of &Chloro(phenylthio)alkanes. To a solution 

of AgF in CH3CN, an equimolar portion of chloride was added. 
After the mixture was stirred overnight, the solid was filtered off 
and the solvent removed to provide the fluoride. On immediate 
workup of the reaction after mixing, 0-chloro thioether was 
present. 

To l-chloro-2-(phenyl- 
thio)-3,3-dimethylbutane* (1.2 g, 5.3 mmol) in 2 mL of CH&& 

Isomerization of 3 with AlC13. 

(12) Nerdel, F. Naturwissenschaften 1952, 39, 209. 
(13) Alexander, R.; KO, E. C. F.; Mac, Y. C.; Parker, A. J. J .  Am. Chem. 

(14) Fox, M. A,; Triebel, C. A,; Rogers, R. Synth. Commun. 1982, 12, 
Soc. 1967,89, 3703. 

1055. 
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anhydrous AlC13 (0.5 g, 3.8 mmol) was added. The solution which 
stirred overnight at 0 “C turned wine red. The CHzClz solution 
was extracted with cold water; removal of solvent gave 6, an oil: 
‘H NMR 6 0.98 (d, 3 H, J = 6 Hz), 1.29 (s, 3 H), 1.35 (s, 3 H), 
2.0 (m, 1 H), 2.70 (dd, 1 H, JAB = 6 Hz, JAC = 14 Hz), 3.35 (dd, 

Reaction of AgF with Benzenesulfenyl Chloride. To 0.88 
g of AgF (6.9 mmol) in acetonitrile (4.0 mL) under nitrogen was 
added 1.00 g of benzenesulfenyl chloride (6.9 mmol) with stirring. 
A precipitate formed, and the solution turned canary yellow. After 
1 h, the solution was almost colorless. Silver chloride (0.81 g, 82%) 
was recovered by filtration. 19F NMR of the remaining solution 
showed a multiplet at 6 -173. On attempted distillation the signal 
disappeared. Diphenyl disulfide (0.73 g, 95%) was recovered after 
removal of solvent. 

1 H, J B A  = 5 Hz, J B C  = 14 Hz), 6.96-7.59 (m, 4 H). 

Acknowledgment. We thank Dan Woodard for tech- 

Registry No. 3, 57187-86-7; 6, 54442-00-1; 8, 100655-83-2; 9, 

nical assistance. 

84538-93-2; 10, 36219-91-7; AgF, 7775-41-9; HgFz, 7783-39-3; 
FCHzCH(SPh)CHzCl, 100655-81-0; CH3(CHZ)&H(F)CHzSPh, 
100655-82-1; (CH,),CCH(SPh)CHZF, 100655-76-3; HO- 
(CHJZCH(SPh)CHZF, 100655-77-4; CH3(CHz)&H(SPh)CHzF, 
100655-78-5; PhCF(CHs)CH*SPh, 100655-79-6 (CHJ&!CHUHz, 
558-37-2; HOC(CH3)2CH=CHZ, 115-18-4; CH,(CHZ)&H=CHZ, 
872-05-9; PhC(CHJ=CHz, 98-83-9; CHZ=CHCHzCl, 107-05-1; 
cyclohexene, 110-83-8; 1-methylcyclohexene, 591-49-1; benzene- 
sulfenyl chloride, 931-59-9; diphenyl disulfide, 882-33-7; 1-(phe- 
nylthio)-2-fluorocyclohexane, 97231-52-2; 2-methyl-2-fluoro-l- 
(phenylthio)cyclohexane, 100655-80-9. 

Preparations and Reactions of 10-(Halomethy1ene)anthrones 

Kiyoichi Hirakawa,* Eriko Ogiue, Jiro Motoyoshiya, and Toshio Kakurai 

Department  of Chemistry, Faculty of Textile Science and Technology, Shinshu University, 
Ueda,  Nagano 386, Japan 

Received June 19, 1985 

(Halomethy1ene)anthrones 3 and 4 were prepared by the simple method from 10-methylene- and 10- 
benzylideneanthrones. The reaction of 3 with azide ion gave 10-(azidomethy1ene)anthrone 5a, which afforded 
16 and/or 17 by photolysis and thermolysis, while similar treatment of 4 led to spiro[anthroneazirine] 19. The 
reaction of 3 and 4 with cyanide ion gave the corresponding 10-(cyanomethy1ene)anthrones 5b and 6b. 
(Halomethy1ene)anthrone 3 reacted with methoxide ion, hydroxide ion, and aniline to give 5c, 5d, and 5e, 
respectively. 

Methyleneanthrones are members of a class of com- 
pounds which are called “quinone methides”, that is, 
compounds in which one carbonyl oxygen atom of a qui- 
none is replaced by a methylene (or substituted methylene) 
group. This system is unstable and is subject to ionic 
addition and cycloaddition reactions because of the strong 
driving force for reaction supplied by aromatization of the 
product.’ However, 10-methyleneanthrones, e.g., 1 and 
2, are stable and show no tendency toward spontaneous 
aromatization. The low probability of the central ring 
becoming aromatic makes their quinone methide character 
weak. Since the ethylenic bond is comparatively isolated 
from the carbonyl group in the molecule, these compounds 
behave as a quinone methide as well as an olefin.’ 

The chemistry of methyleneanthrones having an un- 
substituted and aryl-substituted exomethylene group has 
been widely studied. They are useful starting or inter- 
mediate materials for a number of syntheses including the 
preparation of fused polycyclic compounds,le*c 9,lO-di- 
substituted anthracenes whose substituents are function- 
alized,l@ and spiroanthronyl-substituted compounds which 

(1) (a) Wagner, H.-U.; Gompper, R. In “The Chemistry of the Quino- 
noid Compounds”; Patai, S., Ed.; Wiley-Interscience: New York, 1973; 
Chapter 8. (b) Gruenanger, P. In “Methoden der Organichen Chemie 
(Houben-Weyl)”; Mueller, E., Ed.; Georg Thieme Verlag: Stuttgart, 1979 
Vol 7/3b, p 395. (c) Bayer, O., in ref lb,  Vol. 7/3c, p 294. 

(2) (a) Cook, J. W. J. Chem. SOC. 1926,2160. (b) Rigaudy, J.; NBdBlec, 
L. Bull. SOC. Chim. h.. 1960,400. (c) NBdBlec, L.; Rigaudy, J. Ibid. 1960, 
1204. (d) Buchanan, G. L.; Jhaveri, D. B. J .  Org. Chem. 1961,26,4295. 
(e) Al-Kafaji, A. N. Ph.D. Dissertation, University of Texas, Austin, TX, 
1966. (0 Starnes, W. H.; Jr. J .  Org. Chem. 1970,35, 1974. (9) Becker, 
H.-D.; Sanchez, D.; Arvidsson, A. Ibid. 1979,44, 4247. 
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contain an anthrone (quinonoid) moiety and a carbocycle 
or heterocycle in s p i r o c ~ n f i g u r a t i o n . ~ ~ ~ ~ ~  On the other 
hand, methyleneanthrones whose exomethylene is sub- 
stituted by a group other than an aryl have received less 
attention, though some of their unique properties were 
known as described below. 10- (Hydroxymethylene)- 
anthrone, prepared by the treatment of spiro[anthrone- 
10,2’-oxirane] with boron trifluoride etherate, is in tau- 
tomeric equilibrium in solution with 10-formylanthrone 
and 10-formyl-9-hydroxyanthracene. Also it has been 
converted into a-chloro-, a-methoxy-, and a-benzoyloxy- 
substituted methyleneanthrones.2b-d The solvolysis reac- 
tion via intermediate vinyl cations of 10-(a-bromo- 
arylidene)anthrones, which are prepared by dehydrobro- 
mination of 10-arylideneanthrone dibromides, has been 
~ t u d i e d . ~  The present paper is concerned with the 
syntheses and reactions of a-substituted 10-methylene- 
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