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Ab8hW Dlthloacetals mcludmg 1.3~Qthmnes end 1,3&h1olenes are. effkzntly cleaved by the tule reagent 
system to the parent carbonyl competmds The cleavage of &pn%%ed symmetrical adketones end pphcnylcne- 
dktones gwes monoketones m good ylclds Amide. l$dtoxolene, &sultidede. ester. ether, hydmxy, nttnle, nttm, 
snd sultide functmns are relanvely stable under the cleavage cond~tmns but duoIs arc ox&ed to dlsultides 

NFluoropynduuum salts, such as 1 (Scheme I), are useful reagents for fluormauon of acuvated aromauc 
and ahphauc substrates * In particular, the treatment of ahphauc sulfides with 1 in anhydrous dichloromethane 
under an inert atmosphere produces a-fluoro sulfides 2 The fluonnauon of Qthtoacetals has not been reported 

In our hands the treatment of 1 ,fdithtane (2a) with 1 under the condmons described for sulfides2 gave a 

number of products, none of them major, as shown by a GC analysts Surpnsingly, the substrate 2a was 
consumed m wet dtchloromethane contammg four equivalents of water to grve a much wmpler outcome 
Treatment of the rmxture wrth ether gave a precrpttate of 2,4,6mmethylpyndmmm fluonde (6), and the soluuon 
contained formaldehyde (3a) and 1,2-dlthiacyclopentane (4) Obvrously, 2a was hydrolyzed in the reagent l- 

mediated reaction 
Dithroacetals mcludmg 1,3dtthtanes and 1,3&Lolanes am common protecave groups for a carbonyl 

funchon 3 It was of mterest, therefore, to determme whether or not dtthtoacetals denved from other cat-bony1 
compounds can also be cleaved under smular condtuons As can be seen from Scheme I the cleavage of 
dtthioacetals 2 ts highly efficient Wtth a single exception (see footnote b m Scheme I) the best results were 
obtained wrth 1.2 eqmv of 1 in a mtxture of CH2ClflHF (1 1) contauung 5 eqnv of water under an inert 
atmosphere 4 The high yields correspond to isolated, analytically pure carbonyl compounds For the reacaon 

of 2b, after the pyndmmm salt 6 had been precipnated wuh ether, a GC analysis of the solution showed 
aldehyde 3b and 1.2-d1thu~yclopentane (4) as the sole low molecular weight products In a suxular way, only 

two peaks comspondmg to a carbonyl compound (3c-m) and 1,2.5.6-tetrathuqclocctane (7) were observed 

m the chromatograms of each of the remauung rmxtures 1,2-Dlth~acyclobutane (5) IS the expected pnmary 

product but this compound IS known to undergo a factle dtmenzauon to 7, the observed product 5 
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A Scheme I 
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*Yields of isolated products. 
b In contrast to facrle hydrolysis 
of drtioacetals 2a-k and 2m 
with 12 equiv of the reagent 1 
the cleavage of 21 mqured at 
least 2 0 eqmv of 1. 

The cleavage of two acychc dnhmacetals 8 derived from benzaldehyde (9) was also mvesngated (eq 1). 

The formatron of &sulfides 10 1s m agreement with the pattern dtscussed above 

S-R 
CHO + R-S-S-R 

S-R 75-805- (1) 

8a,b a R = n-Bu 9 
b R=Ph 

10a.b 

A number of common funcnonal groups included m Scheme I are companble wnh reagent 1 Perhaps the 
most gmttfymg result 1s the stabthty of a methylthto funcnon m compound 2k because sulfides can be effctently 
oxldtxed to sulfoxtdes by 1 m the presence of water 6 The rdenuflcatton of dlsultides 4,7 or 10 m the mixtures 

strongly suggests that the &sulfide funcaon IS also compauble wnh the reagent system l/H20 Indeed, the 
treatment of dtbutyl dtsulfide (1Oa) wtth l/H20 under the condmons that cause complete hydrolysis of 
dnhioacetals dtd not result m any apprecrable changes of 1Oa. The stamng dtsulfide was recovered in an 80% 
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yrekl In a simrlar way rt was shown that 2-phenyl- 1.3dioxolane. a cyclrc acetal derrved from 9 and ethylene 
glycol, 1s mert under these con~uons. On the other hand, a thud funchon undergoes efficrent oxuiation to a 
&sulfide. A number of throls, erther alone or III competition expenments wnh &thioacetals, were allowed to 
react with the reagent system l/H20 to grve &sulfides rap@ 

Cleavage of one duhmacetal funcuon m hs(drthrolanes) can be achieved wrth 12 eqtuv of 1 to grve 
monoketones in reasonable yields (eqs 2-4) As can be seen from equauon 2 the rat10 of a monoketone to a 
drketone, 12/13, for the reacuons of 11 decreases with mcreasmg separauon between the two drduohute 
funcuons m 117 As expected, a hfuncuonal compound 14 derived from cyclohexane-l&&one (16) IS 
cleaved to gtve monoketone 15 pre.ferenttally* (eq 3) 
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The order of cleavage selecuvny, as a funcuon of a lrnker length between two d~th~olane groups in the 
molecule, IS reversed for the reactions of aromaac denvattves 17 (eq 4) Chemoselecttvuy IS greater for the 
formauon of the para-subsututed ketone 18a than the meta isomer 18b 
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We have compared the chemoselecnv~ty of cleavage of brs(&thtolanes) 1 la and 17a by 1 in the presence 
of water to those of the selected magent systems3 commonly used for cleavage of a chthmacetal funcnon (Table 
1). As can be seen, the use of 1 IS supenor not only m producmg monoketones 12a and 18a m higher ytelds 
but also wth greater selcctwmes 12a/13a and 18a/19a It is hkely that the reagent system l/H20 wdl also 

compare favorably ~rlth other reagents when used for the desned selecuve cleavage of 11,14,17, and 
shucturally related Ins(&thioacetal) denvanves of other d&tones 9 

Table 1 Percent Yieldsa of the products m the Cleavage Reacnons of Bls(&thlolanes) 1 la and 17a by 
Selected Reagent System& 

Reagent System 12a 13a 
Cleavaee of 17a 
18a 19a 

l/cH2ClflHm20 74 5 76 5 
NBs/acetone/H~o c 51 32 51 28 
MeIfMeOHlHfl c 62 30 42 37 
l*MSoc 40 31 35 32 
Et@+BF&uSO&-I~O c 62 17 57 22 

aYields of isolated products bCon&hons were optnmzed to smve at the best yields of monoketones 12a 
and 18a. CSelected from reference 3 

Fmally, we would hke to comment on a possible mechamsm of cleavage of bthloacetals with the l/H20 
reagent system The much higher selectrvtty ratio 18a/19a for cleavage of the para Isomer 17a m comparison 

to the ratio 18b/19b for the reaction of the meta isomer 17b strongly suggests the importance of electromc 

effects and 1s consistent ~rlth a catlonlc nature of tntermedlate products The monoketone 18a would be more 
resistant to an electrophhc reaction at the &duolane substituent to gwe tietone 19a than the isomer 18b to gve 

19b, resulMg m a better selechvity for the formation of 18a than 18b. as observed. In a similar fashton, the 
efficient synthesis of 12a and 15 may be explamed by the mducnve effect of the carbonyl group In these 
compounds In agreement ~nth the suggested Importance of the electron-wthdrawmg effect the yields of 
monoketones decrease m the order 12a>l2b>l2c with a concormtant increase III yields of the respective 
tietones 13 as the separanon between the carbonyl group and the dlduolane funcuon m the molecules of 12 
mcreases In ad&non. the cleavage of Qthloacetals to the parent carbonyl compounds was efficient only when 
conducted under an inert atmosphere of argon or tutrogen A number of urndennfied addmonal products was 
observed for the reachons conducted tn the presence of oxygen, a free r&Cal scavenger, and/or mtrobenzene. a 
putatwe electron scavenger lo 

All these results are consistent urlth the suggested mechanism of cleavage (Scheme II), the first step of 
which mvolves single electron transferto (SET) from a &tioaLetal to the pyndnnum cation of 1 It IS known 
that sulfides are easily oxldzed to radical canons under proper con&nons,11-13 and evidence has been 
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Scheme II 
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accumulatmg recently that Nfluoropyndinnun caaons can act as electron acceptoral~l‘t A dnvmg force for the 

SET process would be the formation of a sulfur-centemd radical cation 20 stab~hzed by lntewhon with the 

adIacent sulfur atom Such a stabrhzatton has been consistently suggested rn several mdependent studies Is-l7 
The suggested reaction of 20 with water to form a radrcal22 also has precedence m the hteratum16 A second 
electron transfer process from 22 to the aromattc radical 21 would result m the formahon of 2,4,6- 
mmethylpyndme (24) and fluonde ion, the observed products, and cation 23, a postulated direct precursor to 
ketone 3 and cychc disulfides 4 or 5 Alternatrvely, cauon 23 would be produced m the oxnlatton reachons of 
nuhcal22 by radical catron 20 and/or pyndmmm catton 1. Agam, closely related oxidation processes have 
been described previously 16J* 

In summary, it appears that the reagent l-assisted hydrolysis of hhoacetals does not involve transfer of 

an electmphthc fluonne atom Thus 1s m sharp contrast to the proposed mechanisms for fluormahon of organic 
substrates wnh 1 and smnlar Nfluompyrnhmum canons * 

EXPERIMENTAL SECTION 

All reagents were obtamed from Aldrich GC analyses were conducted on an H-P 5890 Senes II Gas 
Chmmatograph equipped wnb an on-cohnnn mlector, a poly(dunethylsrloxane)-coated capdlary column (25m x 
0 32mm), and a 5970 Mass Selective Detector M ps (Pyrex capillary) are not corm&d Unless mdrcated 
otherwise tH NMR spectra were recorded on a Vanan VXR-400 spectrometer (400 MHZ) m CDC13 solutions 

wtth MySi as an internal standard and 13C NMR spectra were recorded on a Jeol GX-270 spectrometer (68 
MHz) in CDC13 solunons with the solvent (77 0 ppm) as a secondary reference Compounds reported in the 
hteratum were nientdied by comparison of the spectral data obtamed (MS and 1H NMR) unth those reported or 
by independent synthesis Syntheses of 2b.19 2c.20 2f.21 2g,z2 2i.21 2j,2t 2131.23 1 la.24 1 lb,25 1 ~c,~S 
12a,26 12b,27 12c,2* I4,* and IS* have been pubhshed 
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Preparation of N-Fluoro-2,4,6_trimethylpyridinium Trifluoromethanesulfonate1 (1) A 
rmxture of finely grounded luhmm mfluoromethanesulfonate (15 6 g, 0.1 mol), anhydrous 2,4,6- 

tnmethylpyndme (12.1 g, 0.1 mol), and anhydrous acetommle (400 mL) was snrred at 23OC under an 
atmosphere of argon or muogen for 15 mm and then cooled to -4OY! Molecular fluornre d&ted wrth argon 
(10% F2, avarlable from Arr Products and Chermcals, Jnc , Allentown, PA 18195, USA) was slowly bubbled 
through the suspension at -4O’C and with continuous sumng Caution: moleculu fluoriue ir a toxic 
gas and a strong oxidatttl~ After about 4 5 L of the gas had been passed (0 2 mol of Fz), the rmxture was 
flushed wrth argon or mtrogen to remove excess fluorme, and then filtered at 23OC through srhca gel (10 g) to 

remove lubmm fluonde The soluuon was concentrated to 30 mL on a rotary evaporator, diluted wuh ether (70 
mL), and then cooled to -20°C. The resultant whrte precipitate was crystaked from drchloromethan~ether 
(1.2) to yield 17.2 g (60%) of 1. Product 1 IS stable for several months at 23°C when stored under an argon 
atmosphere m the presence of phosphorus pentoxnle 

Syutheais of dithioacetals. All non-commercml dnhmacetals were obtamed from the correspondmg 

carbonyl compounds in a BF3-catalyzed reaction by using a general procedure 25 Solid products were 
crystaked from hexanes 

2-(2-Cyanophenyl)-19dithiolane (2d). M p 107-108’C. *H NMR 6 3 30-3 55 (m, 4 J-J), 5 95 
(s,1H),730(t,J=65Hz,1H),760_770(m,2H),790(d,J=81Hz,1H);~~CNMR6399,528, 
116.6, 117.0, 128 1, 128 6, 132 7, 144.8, MS m/z 146, 148, 178(100), 207(M+). Anal. Calcd for 
CujH9NS2: C, 57.94, H, 4 38 Found C, 57 79, H, 4 42 

2-[2-(Trifluoromethyl)phenyl]-1.3~dithiolane (2~). An 011, tH NMR 6 3 30-3 65 (m, 4 H), 
6.00 (s, I H), 7.35 (t, J = 6 5 Hz, 1 H), 7 50-7 70 (m, 2 J-i), 8.05 (d, J = 8 1 Hz, 1 H), 13C NMR 6 40.4, 
50.8, 122 2, 125 3, 126 1, 128.0, 131.1, 132.2, 140 4, MS m/z 153(100), 189, 25O(M+) Anal. Calcd for 
C~JH~F~S~: C, 47 98, H, 3 62 Found C, 48 16, H, 3 70 

2-[4-(Acetoxy)phenyl]-1,3-dithiolanc (Zh). M p. 99-100°C, 1H NMR 6 3 44 (m. 4 H), 3 91 (s, 3 

H), 5.65 (s, 1 J-J), 7.59 (d, J = 6 5 Hz, 2 H), 7 98, (d, J = 6.5 Hz, 2 H), 13C NMR 6 20.8, 39 8, 54 8, 118 7, 
128.4, 135 2, 148.6, 168 8, MS m/z 137, 169, 170(100), 198,240@4+) Anal Calcd for CJJH1202S2’ C, 
54 97; H, 5.03. Found. C, 54 88; H, 5 10 

2-[4-(Methylthio)phenyll-1,3-dithiolaae (2k) M p 7475OC, lH NMR 6 2.48 (s, 3 H), 3 42 (m, 
4H),561(s,lH),718(d.J=65Hz,2H),744(d.J=65Hz,2H).~~CNMR6156,397,554, 
125.8,128 3,136 6,137 8, MS m/z 153(100), l67,228(M+). Anal Calcd for Cu-$-JJ2S3. C, 52 59; H, 5 30 
Found: C, 52 64, H, 5 35 

2-[4-(Acetamido)phenyl]-1.3~dithiolane (21) M.p 140-141’C; ‘H NMR (DMSO-&) 6 2 04 (s, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
NMR @MSO&) 6 23.6.39 4.54 2, 118.8, 128 2, 134.1, 138 2, 168 2, MS m/z 136(100). 137. 168,211, 
239(M+). Anal. Calcd for ClrH13NOS2 C. 55 20, H. 5 47 Found C. 55 02, H, 5 41 

1,4-Bia(2-methyl-l,3-dithiolan-2-yl)benzene (17a). M p 124-125“C, lH NMR 6 2 16 (s. 6 
J-J), 3 25-3 55 (m, 8 H), 7 68 (s, 4 H), l3C NMR 6 33 6,39 8.67 8, 126 2, 144 4, MS m/z 179,225, 
299(100), 314(M+) Anal. Calcd for CJ4HmS4 C. 53 46, H. 5 77 Found C, 53 55, H, 5 59 
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l,3~Bis(2-methyl-1,3-dithiolan-2-yl)benzene (17b). M p. 94-95OC, tH NMR 6 2.12 (s, 6 H), 

3.20-3.60 (m, 8 H), 7.25 (t, J = 6.5 Hz, 1 H), 7.55-7.70 (d, J = 6 5 Hz, 2 H), 8.17 (s, 1 H); 1% NMR 6 
33 7, 39.9,68.6, 125.3, 125.7, 127 7, 145 4, MS m/z 225.299(100). 314(M+). Anal. Calcd for C14H&4. 
C. 53.46; H, 5.77 Found C, 53.33; H. 5 83 

Cleavage of dithioacetals. A solutum of 1 (0.35g. 1.2 mmol) in CH&IflHF (1.1, 15 mL) was 
smred at -10°C under an argon or mtmgen atmosphere and treated dropwrse wrth a soluaon of drthtoacetaJ(l0 
mmol of 2a-k, 2m, 8a,b, 1 la-c, 14,17a.b, 0 55 mmol of 21; 0 55 mmol of 1 la for cleavage of two 
drthiolane funcuons) m CH#l2 (3 mL) Water (0 1 mL) was then added at -10°C. and the mtxture was stured 

at 23” tutu1 TLC or GC analysrs showed the absence of the dtthtoacetai (24-32 h) The mixture was 

concentrated on a rotary evaporator at 23“C to 5 mL, treated wuh ether (25 mL), and the resultant pmcrpnate of 
salt 6 was filtered off The ether was washed wrth water (5 mL), a saturated sohmon of NaCl(5 mL), dned 
(Na2SO4), and then concentrated Chromatographtc separaaon was conducted on a chmmatotmn (srhca gel, 

hexanedether, 2.1) Solid products 18a. b were crystalhzed from hexanes/cyclohexane (1.1) 
2-(4-Acetylphenyl)-2-methyl-1,3-dithiolane (18a). M p 63-64’C; 1H NMR 6 1.63 (s, 3 H). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
33.2,40.2, 684, 126.9, 1284, 1426, 1428. 151.8; MS m/z 151, 223(100), 238@4+) And Calcdfor 
Ctflt4GS2. C, 60 46, H, 5 92 Found C, 60 31, H, 5 86 

2-(3-Acetylphenyl)-2-methyl-1.3-dithiolatte (18b). M p 112-113°C; tH NMR 8 2.08 (s, 3 H), 
2.66 (s, 3 H), 3 15-3 45 (m, 4 H), 7.45 (t, J = 6 5 Hz, 1 H), 7.87-7 96 (26, J = 6.5 Hz each, 2 H), 8.06 (s, 1 

H). 13C NMR 6 24 1, 33 6,40 6. 64 2, 126 2. 128 2, 142 4, 145.2, 152.1, MS m/z 151, 162, 223(100), 
238(M+) Anal Calcd for Ct2Ht4OS2. C, 60 46, H, 5 92 Found. C, 60 34; H, 6.01. 
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