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Table I. TBAF-Catalyzed Reaction of l-[Bis(trimethylsilyl)methyl]-1,2,4-triazole (4) with Carbonyl Compounds 5 
carbonvl time, products' 

entry compi h (isomer ratio, % yield) 
1 p-CICeH4CHO 2 7a p-ClC6H4CH=CHT (l:l, 89) 
2 CBH~COC~H~ 4 7b (C6H5)2C=CHT (89) 

5 cvclohexanone 4 7e c-CnHloC=CHT (40) 

3 p-ClCBH4COCH3 5 7~ p-ClC6H,C(CH3)=CHT (1~1, 80) 
4 CGH&H2CH2CHO 0.5 7d C6H5CHpCHpCH=CHT (3:2, 82) 

1 p-ClC6H4CHO 2 7a p-ClC6H4CH=CHT (l:l, 89) 
4 7b (C,H,);C=CHT (89) 

H,)=CHT (1~1, 80) 
7d C6H5CHpCHpCH=CHT (3:2, 82) 

.IT (40) 
0.5 

. ~. 
6 b  &tetralone 4 ... (0 )  

O T  = 1,2,4-triazol-l-yl. Isolated yields as a mixture of isomers whose ratio E / Z  was determined by 'H NMR spectra. No attempt was 
made to separate and determine the configuration of two components. * 98% &tetralone was recovered. 

terson reaction, whereas bis(trimethylsily1)dichloro- 
methane5 does not. 

In the case of p-tetralone, which has the most enolizable 
carbonyl group, no product was obtained, and P-tetralone 
was recovered (97.570, entry 6) due to formation of the 
enolate anion by proton transfer to the anion 3. 

Although the anion 3 reacted selectively with 5 to give 
7, anion l1 generated from 2 acted as a base as well as a 
nucleophile to remove the proton at the 5-position of the 
triazole ring, which gave the 1,2,4-triazol-5-yl compound 
12, accompanied by the production of 1,2,4-triazol-l-y1 
compound 116 (Scheme 11). This could be attributed to 
the action of the silicon atom, which stabilizes the adjacent 
carbanion in anion 3 lowering the basicity of 3 below that 
of 1. 

Experimental Section 
Melting points were determined on a Buchi apparatus and are 

uncorrected. 'H NMR spectra were recorded on a Varian T-60 
or EM-390 instrument with Me4Si as an internal standard. A 
Hitachi 260-10 spectrophotometer was used to obtain IR spectra. 
Chromatography was performed on 230-400-mesh silica gel. 

l-[Bis(trimethylsilyI)methyl]-1,2,4-triazole (4). A sus- 
pension of 1,2,4-triazole (2 g, 29 mmol), bis(trimethylsily1)- 
chloromethane2 (6.2 g, 32 mmol), powdered K&O3 (4.8 g, 35 
mmol), and dry DMF (62 mL) was stirred at  60 "C for 40 h. The 
resulting mixture was poured into ice water and extracted with 
Et20. The organic layer was washed with water, dried (Na2S04), 
and evaporated. The residue was chromatographed on silica gel. 
The fractions eluted with benzene-AcOEt (41) gave 3.99 g (61%) 
of 4: mp 27-30 "C; bp 100-101 "C (6 mm); 'H NMR (Me3SO-d6) 
6 0.03 (s, 18 H, methyl), 3.79 (s, 1 H, methine), 7.86 (s, 1 H, 
3-position of triazole), 8.23 (s, 1 H, 5-position of triazole); IR (neat) 
2950, 1485, 1250, 1140, 1005, 845, 655 cm-'. This material was 
converted to its oxalate: 82% yield from the free base; mp (ox- 
alate) 113-122 "C [Et@-(i-Pr)20]. Anal. Calcd for CllHB04N3Si2: 
C, 41.61; H, 7.30; N, 13.24. Found: C, 41.48; H, 7.26; N, 13.35. 

The fractions eluted with benzene-AcOEt (1:l) gave 195 mg 
(4%) of 2 as an oil, which was identified by 'H NMR spectra. 

General Procedure for TBAF-Catalyzed Reaction of 1- 
[Bis(trimethylsilyl)methyl]- 1,2,4-triazole (4) with Carbonyl 
Compounds. To a solution of carbonyl compound (200 mg, 
1.1-2.0 mmol) and 4 (1.2 mol equiv/mol of carbonyl compound) 
in dry THF (2.7 mL/mmol of carbonyl compound) under nitrogen 
atmosphere at  -20 OC was added anhydrous TBAF (0.1 mol 
equiv/mol of carbonyl compound, 1 M in THF). The mixture 
was stirred at -20 "C for the period shown in Table I. The reaction 
mixture was poured into ice water and extracted with EhO. The 
organic layer was washed with water, dried (Na2S04), and evap- 
orated. The residue was purified by flash chromatography, and 
the results are summarized in Table I. 

1-(4-Chlorophenyl)-2-( 1,2,4-triazol-l-yl)ethylene (7a): 1:l 
mixture of E and Z isomers as a semisolid; mp -102.5 OC; IR 
(Nujol) 1655 ( v ~ = ~ )  cm-'; lH NMR (CDCl,) 6 6.43 (d, 0.5 H, J 

(5) Fujita, M.; Hiyama, T. J. Am. Chem. SOC. 1985,107,4085. 
(6 )  For example, l-[(trimethylsilyl)methyl]-1,2,4-triazole (2) reacted 

with benzophenone (5, R' = R2 = Ph) in the presence of a catalytic 
ount of TBAF to give 2-(1,2,4-triazol-1-yI)ethanol (11, R' = R2 = Ph; 3%) and (l-methyl-1,2,4-triale-5-yl)methanol (12, R' = R2 = Ph 46%) 

after acid-catalyzed hydrolysis. 

0022-3263/87/ 1952-2315$01.50/0 

= 9.6 Hz, vinyl), 6.84-7.52 (m, 5.5 H, vinyl, phenyl), 7.90 (s,0.5 
H, 3-position of triazole), 7.95 (s, 0.5 H, 5-position of triazole), 
7.98 (s, 0.5 H, 3-position of triazole), 8.24 ( 6 ,  0.5 H, 5-position of 
triazole). Anal. Calcd for C1$I8C1N3: C, 58.41; H, 3.92; C1,17.24; 
N, 20.43. Found: C, 58.40; H, 3.82; C1, 17.33; N, 20.22. 

l,l-Diphenyl-2-( 1,2,4-triazol-l-yl)ethylene (7b): mp 65-67 
"C [(i-Pr)20-petroleum ether]; IR (Nujol) 1645 ( v m )  cm-'; 'H 
NMR (CDCl,) 6 7.08-7.48 (m, 12 H, vinyl, phenyl, 3-position of 
triazole), 7.89 (s, 1 H, 5-position of triazole). Anal. Calcd for 
C16H13N3: C, 77.71; H, 5.30; N, 16.99. Found: C, 77.92; H, 5.18; 
N, 16.96. 

2-(4-Chlorophenyl)-l-( 1,2,4-triazol-l-yl)-l-propene (7c): 1:l 
mixture of E and 2 isomers as an oil; IR (neat) 1650 ( u w )  cm-'; 
'H NMR (CDC1,) 6 2.18 (d, 1.5 H, J = 1.7 Hz, methyl), 2.28 (d, 
1.5 H, J = 1.4 Hz, methyl), 6.83-7.43 (m, 5 H, vinyl, phenyl), 7.51 
( 8 ,  0.5 H, 3-position of triazole), 7.89 (s, 0.5 H, 5-position of 
triazole), 8.04 (s, 0.5 H, 3-position of triazole), 8.24 (s, 0.5 H, 
5-position of triazole). Anal. Calcd for Cl1H1&1N3: C, 60.14; H, 
4.59; C1, 16.14; N, 19.13. Found: C, 60.13; H, 4.80; C1, 16.14; N, 
18.92. 

4-Phenyl- 1-( l,2,4-triazol- 1-y1)- 1-butene (7d): 3:2 mixture 
of E and 2 isomers as an oil; IR (neat) 1670 (v-) cm-'; 'H NMR 
(Me2SO-d6) 6 2.30-2.89 (m, 4 H, methylene), 5.32-5.64 (m, 0.4 H, 
vinyl), 6.13-6.46 (m, 0.6 H, vinyl), 6.92-7.36 (m, 6 H, vinyl, phenyl), 
8.06 (s, 0.6 H, 3-position of triazole), 8.12 (s, 0.4 H, 3-position of 
triazole), 8.64 (s, 0.4 H, 5-position of triazole), 8.71 (8,  0.6 H, 
5-position of triazole). Anal. Calcd for CI2Hl3N3: C, 72.34; H, 
6.58; N, 21.09. Found: C, 71.97; H, 6.50; N, 20.76. 

(1,2,4-Triazol-l-yl)cyclohexylidenemethane (7e): mp 
50.5-52.5 OC (petroleum ether); IR (Nujol) 1670 (v-) cm-'; 'H 
NMR (CDCl,) 6 1.39-1.82 (m, 6 H methylene), 2.07-2.42 (m, 4 
H, allyl), 4.56 (s, 1 H, vinyl), 7.96 (s, LH, 3-position of triazole), 
8.03 (s, 1 H, 5-position of triazole). Anal. Calcd for C9H13N3: C, 
66.23; H, 8.03; N, 25.74. Found: C, 66.51; H, 7.98; N, 25.64. 

2, 103817-03-4; 4, 107743-46-4; 4-oxalate, 

119-61-9; 5(R' = 4C1C6H4, R2 = Me), 99-91-2; 5(R' = Ph(CH2)2,R2 
= H), 104-53-0; 5(R1 = R2 = c-C5H9), 108941; (E)-7a, 107743-486; 
(Z)-7a, 107743-49-7; 7b, 84595-58-4; (E)-7c, 107743-50-0; (Z)-7c, 
107743-51-1; (E)-7d, 107743-52-2; (2)-7d, 107743-53-3; 7e, 

103817-08-9; TBAF, 429-41-4; (Me3Si)%CHC1, 5926-35-2; 1,2,4- 
triazole, 288-88-0. 

Registry No. 
107743-47-5; 5(R' = 4-C1C&,R2 = H), 104-88-1; 5(R' = R2 = Ph), 

107743-54-4; 11(R' = R2 = Ph), 76674-04-9; 12(R' R2 = Ph), 
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The furan ring occurs frequently in sesquiterpenes. 
However, among the many syntheses available,l only a few 

(1) (a) Dean, F. M. Adu. Heterocycl. Chem. 1982,30,167. (b) Sargent, 
M. V.; Cresp, T. M. In Comprehensiue Organic Chemistry; Sommes, P. 
G., Ed.: Peraamon: Oxford, 1979 Vol. 4, u 693. (c) Bosshard. P.; Easter, 
C. H. Adu. Reterocycl. Chem. 1966, 7,378. (d) Dunlop, A. P.; Pet&, F. 
N. The Furans; Reinhold: New York, 1953. (e) Krasnoslobodskaya, L. 
D.; Gol'dfarb, Ya. L. R w s .  Chem. Reu. (Engl. Transl.) 1969, 38, 389. 
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Scheme I 
/ O C b  

Notes 

Scheme I1 

t 

2 3 

are suitable for the preparation of furans with substituents 
only at  the 3- and 4-positions. This is because most 
electrophilic substitutions occur a t  the 2,5-positions, and 
many acyclic precursors (e.g., l,4-dicarbonyl compounds) 
are more easily prepared with substituents a t  those pos- 
itions destined to become the 2- and 5-positions of the 
furan. Successful approaches include,2 among others, the 
modification of the commercially available 3,4-furandi- 
carboxylic acid% and Diels-Alder-retro-Diels-Alder se- 
quencesFb We required a convenient route to 3-substituted 
4-methylfurans for a synthetic project and have developed 
an efficient process starting from 2-butyne-1,4-diol. 

The procedure (Scheme I) is related to a furan synthesis 
reported by Schlosser and StiU~le,~ which has also been 
utilized in various forms by other workers! Our procedure 
involves methylation of the dianion formed by metalation 
of the monomethyl ether of 2-butyne-l,4-di01.~9~ Iodina- 
tion of the intermediate allenol ether 2 followed by acid- 
ification gave an 83% yield of 3-iodo-4-methylfuran (1). 
The reaction proceeds as shown in Scheme I. The inter- 
mediate allene 2 (as its silyl ether) or the methoxydi- 
hydrofuran 3 could be isolated if the reaction mixture was 
worked up at  the appropriate stage. 

The metalation and methylation reactions must be 
performed with good temperature control to avoid the 
formation of significant amounts of 2,4-dimethyl-3-iodo- 
furan and 2-methyl-3-iodofuran. A second metalation of 
2 by the starting dianion during the methylation step is 
probably responsible for the formation of these products. 

Metal-halogen exchange of 1' proceeded smoothly on 
treatment with 2 equiv of tert-butyllithium to give the 
lithium reagent 4.8 We have used it for the preparation 

(2) (a) Corey, E. J.; Crouse, D. N.; Anderson, J. E. J. Org. Chem. 1975, 
40,2140. (b) Wilson, W. S.; Warrener, R. N. Chem. Commun. 1972,211. 
Grigg, R.; Jackson, 3. L. J.  Chem. SOC. C 1970,552. Ohlsen, S. R.; Turner, 
S. J. Chem. SOC. C 1971, 1632. Hutton, J.; Potts, B.; Southern, P. F. 
Synth. Commun. 1979,9,789. Ansell, M. F.; Caton, M. P. L.; North, P. 
C. Tetrahedron Lett., 1981,22,1727. Konig, H.; Graf, F.; Webemodiirfer, 
V. Liebigs Ann. Chem. 1981, 668. (c) Zaluski, M.-C.; Robba, M.; Bon- 
h o m e ,  M. Bull. SOC. Chim. Fr. 1970,1838. (d) Barton, D. H. R.; Dawes, 
C. C.; Franceschi, G.; Foglio, M.; Ley, S. V.; Magnus, P. D.; Mitchell, W. 
L.; Temperelli, A. J. Chem. SOC., Perkin Trans. 1 1980,643. (e) Montijn, 
P. P.; Kupecz, A.; Brandsma, L.; Arens, J. F. Recl. Trau. Chim. Pays-Bas 
1969,88,958. Garst, M. E.; Spencer, T. A. J.  Am. Chem. SOC. 1973,95, 
250. Reichstein, T.; Zschokke, H. Helu. Chim. Acta 1931, 14, 1270. 
Okazaki, R.; Negishi, Y.; Inamoto, N. J. Org. Chem. 1984, 49, 3819. 

(3) SWle ,  M.; Schlosser, M. Angew. Chem., Int. Ed.  Engl. 1979, 18, 
875. 

(4) Mantione, R.; Leroux, Y.; Normant, H. C. R. Seances Acad. Sci., 
Ser. C 1970,270, 1808. Papalardo, P.; Ehlinger, E.; Magnus, P. Tetra- 
hedron Lett. 1982.23.309. Ishirmro, M.; Ikeda, N.: Yamamoto, H. Chem. - 
Lett .  1982, 1029. 

Jon. 1955.28.80. (b) Arai. A.: Ichikizaki. I. Ibid. 1961. 34, 1571. 
(5)  (a) Ichikizaki, I.; Yao, C.-C.; Fugita, Y.; Hasebe, Y. Bull. Chem. SOC. 

- (6) We a& worked withthemonotetrahydropyranyl ether of 1,4-bu- 

(7) Reich, H. J.; Phillips, N. H.; Reich, I. L. J. Am. Chem. SOC. 1985, 
tynediol, but the methyl ether is easier to prepare. 

107,4101. 

vi 1 

2 t-C,H,Li 
5 (72%) 

OSiICH,l,R 

6 (87%) 

of the formyl derivative 5 and the siloxyallene 69 (R = 
t-C,H,) as shown in Scheme 11. 

We had hoped that the intermediate allene alkoxide 2 
could be directly trapped with carbon electrophiles (in the 
same sense that the iodination occurred) ,lo but reaction 
of it or the derived trimethylsilyl ether with dimethyl- 
chloroiminium chloride (Dh4F-oxalyl chloride),l' trimethyl 
orthoformate-TiC1,,12 or DMF-dialkyl acetals13 did not 
give the expected formyl derivatives. 

The furans 1,4, and 5 should provide convenient access 
to a wide variety of other furans by derivatizations of the 
iodo, lithio, and formyl groups. 

Experimental Section 
General Procedures. All reactions were run under a positive 

pressure of nitrogen with oven-dried (110 "C) glassware. Tet- 
rahydrofuran (THF) was freshly distilled from sodium benzo- 
phenone ketyl. Infrared spectra were recorded as neat liquids 
between salt plates. 

3-Iodo-4-methylfuran (1). To a solution of 1.93 mL (2.00 g, 
20.00 mmol) of 4-hydroxy-1-methoxy-2-butyne5 in 40 mL of THF 
a t  -78 "C was added 23 mL of a 1.75 M solution of t-BuLi (40 
mmol). The orange solution was stirred 75 min and then added 
over 25 min, via Teflon cannula, to a cold (-78 "C) flask to which 
had been added (in order) 50 mL of EhO, 0.3 mL of 1.5 M n-BuLi 
(0.45 mmol, proton scavenger), and 3.7 mL (8.5 g, 60 mmol) of 
methyl iodide. A white precipitate began forming immediately. 
The mixture was stirred 1 h at -78 "C and 30 min at 0 "C and 
treated with a solution of 5.08 g (20 mmol) of I, in 20 mL of THF. 
After 30 min, the brown mixture was added to 100 mL of rapidly 
stirred 2 N HC1. After 30 min, 14 g of Na2CO3.H20 was added 
(foaming), and the mixture was transferred to a separatory funnel 
and treated with 10 g of NaHS03 (foaming). The aqueous layer 
was extracted with 2 X 20 mL of Et20-pentane (l:l), and the 
organic extracts were washed with 25 mL of brine and dried 
(Na2S04, K2C03). Most of the solvent was removed through 
Vigreux columns (18 in., then 6 in.), and the residue was briefly 
placed on a rotary evaporator and then distilled [Kugelrohr; 65 
"C (20 mm)] to give 3.44 g (83%) of 3-iodo-4-methylfuran (1): 
lH NMR (CDCl,, 100 MHz) 6 1.96 (s, 3 H), 7.20 (br s, 1 H), 7.40 
(br s, 1 H); 13C NMR (CDCI,, 15 MHz) 6 10.7, 71.3, 123.0, 138.9, 
145.2; IR 3130,2910,1587, 1138,1050,1030,880,785 cm-'; MS, 
(M+) 207.9388, calcd for C5H610 207.9386. Small amounts of 
4-hydroxy-1-methoxy-2-butyne ( -4%) and 3-iodo-2-methylfuran 
were visible in the NMR spectrum. The isomeric iodofuran was 
isolated from a previous reaction mixture by preparative gas 

(8) Numerous 2- and 3-lithiofurans as well as 3,4-dilithiofuranzc have 
been reported: Fukuyama, Y.; Kawashima, Y.; Miwa, T.; Tokoroyama, 
T. Synthesis 1974,443. Ly, N. D.; Schlosser, M. Helu. Chim. Acta 1977, 
60, 2085. 

(9) Reich, H. J.; Eisenhart, E. K.; Olson, R. E.; Kelly, M. J. J. Am. 
Chem. SOC. 1986, 108,7791. 
(10) Formylation of enamines has been used to prepare furan-3,kdi- 

carboxaldehyde.2d This procedure also utilized 2-butyne-1,4-diol as 
starting material. 

(11) BBhme, H., Viehe, H. G., Eds. Zminium Salts in Organic Chem- 
istry; Wiley: New York, 1979. 

(12) Suzuki, M.; Yanagisawa, A.; Noyori, R. Tetrahedron Lett. 1982, 
23, 3595. 

(13) Hunig, S. Angew. Chem., Int. E d .  Engl. 1964, 3, 548. 
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chromatography (20% SE-30 on Chromasorb W, AW-DMCS, 80 
"C): NMR (CDC13, 270 MHz) 6 2.33 (br s, 3 H), 6.37 (br d, J = 
2 Hz, 1 H), 7.28 (d, J = 2 Hz, 1 H). Small amounts of 2,4-di- 
methyl-3-iodofuran were also detected in previous reaction 
mixtures: 'H NMR (270 MHz, CDC13) 6 1.92 (d, J = 1.1 Hz, 3 
H), 2.31 (8 ,  3 H), 7.13 (4, J = 1.1 Hz, 1 H). 
3-Iodo-2-methoxy-4-methyl-2,!%dihydrofuran (3). A solution 

of 0.484 mL (500 mg, 5.00 mmol) of 4-hydroxy-l-methoxy-2-b~- 
m e s  was metalated (5.7 mL, 1.75 M t-BuLi, 10 mmol), methylated 
(0.620 mL, 1.42 g, 10 mmol of methyl iodide), and iodinated (1.52 
g, 6.00 mmol of Iz) as in the previous procedure. The solution 
was poured into 10% NaazO3 -7% NaHCO3/E~&pentane. The 
organic layer was washed with brine, dried (Na804),  evaporated, 
and distilled [Kugelrohq 85 "C (20 mm)] to give 3 'H NMR (CC14, 
100 MHz) 6 1.92 (br s, 3 H), 3.24 (s, 3 H), 4.48 (m, 2 H), 5.50 (br 
s, 1 H); I3C NMR (CDC13, 50 MHz) 6 14.3, 53.0, 77.0,85.9, 112.4, 
146.1; '3c NMR (benzened6, 15 MHz)  6 13.8,52.6,76.7,86.7,112.6, 
145.7; IR 3440 (br), 2920,1658,1437,1378,1193,1123,1048,995, 
826 cm-'; MS, (M') 239.9647, calcd for CeHJOz 239.9648. A smal l  
amount of 3-iodo-4-methylfuran (-10%) was visible in the 'H 
NMR spectrum. 

1 -Met hoxy- 3-met hyl-4-[ (tnmet hy lsily 1)oxy 1- 1 &butadiene. 
To a solution of 0.29 mL of 2-butyne-1,4-diol monomethyl ethers 
(0.30 g, 3.0 mmol) in 6 mL of THF at -78 "C was added 4.2 mL 
of 1.5 M t-BuLi (6.3 mmol). After 1 h, 0.25 mL (0.57 g, 4.0 mmol) 
of methyl iodide was added, followed in 20 min by 0.51 mL (0.43 
g, 4.0 mmol) of chlorotrimethylsilane. After 15 min, the reaction 
mixture was warmed to 0 "C, stirred 15 min, then treated with 
0.15 mL of triethylamine, and partitioned between cold aqueous 
7% NaHC03 and 1:l EtzO-pentane. The organic layer was 
washed with brine, dried (Na2S04, then K2C03), and evaporated. 
A few milligrams of 3-tert-butyl-4-hydroxy-5-methylphenyl suifide 
was added, and the crude product was distilled [Kugelrohr; 80 
"C (20 mm)] to give 0.51 g (91%) of l-methoxy-3-methyl-5- 
[ (trimethylsilyl)oxy]-l,2-butadiene as a clear oil: NMR (CC14, 
100 MHz) 6 1.94 (d, J = 2 Hz, 3 H), 3.34 (s, 3 H ) ,  4.08 (br s, 2 
H), 6.52 (pentet, J = 2 Hz, 1 H); IR 2970,1951, 1462, 1260, 1135, 
1080,885,850, 764 cm-'. 

4-Methyl-3-furancarboxaldehyde. To a solution of 16.1 mL 
of 1.74 M t-BuLi (28 mmol) in 100 mL THF was added 1.50 mL 
(2.87 g, 13.8 mmol) of 3-iodo-4-methylfuran (I) over 5 min. After 
30 min, 1.16 mL (1.10 g, 15.0 mmol) of N,N-dimethylformamide 
was added. The mixture was stirred 30 min at -78 "C and 30 min 
at  0 "C and then poured into Et&-pentane (1:l)-7% NaHC03 
(50 mL each). The aqueous layer was extracted with 50 mL of 
Et@-pentane, and the combined organic layers were washed with 
brine and dried (Na,S04). The solvent was removed by distillation 
and the residue purified by Kugelrohr distillation [67 "C (20 mm)] 
to give 1.10 g (72%) of 4-methyl-3-furancarboxaldehyde: NMR 
(CDC13, 100 MHz) 6 2.08 (8, 3 H), 7.08 (br s, 1 H), 7.82 (s, 1 H), 
9.82 (s, 1 H); IR 3120,2820,2725,1685,1540,1141,1041,863,752 
cm-'; MS, (M') 110.0368, calcd for CsHsOz 110.0368. 
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In the  last two decades a-phenylthio and  a-phenyl- 
sulfinyl ketones and  esters have become very popular 

synthetic intermediates. They  have been found to serve 
effectively as reagents or intermediates for a wide variety 
of transformations in many different  situation^.^ One of 
the  attractive features of these groups is their ease of re- 
moval; several different reagents have been used for this 
p ~ r p o s e . ~  

During the course of our studies directed toward aphi- 
dicolin5 total synthesis6 as well as our efforts to explore 
diastereoselectivity and enantioselectivity in the kinetic 
Michael addition,' we encountered the necessity for re- 
ductive removal of phenylthio or phenylsulfinyl groups on 
many occasions. I n  several of these cases the existing 
methods gave unacceptably poor results due either to 
competing side reactions or to reactivity with other func- 
tional groups present in  the compound of interest. 

We have, therefore, developed a mild method for re- 
ductive desulfurization of a-phenylthio and  a-phenyl- 
sulfinyl carbonyl compounds tha t  we have found to  be 
unusually effective, particularly in the presence of other 
functional groups. The  method is based upon the  original 
observations of Russell and  Mikol, who found tha t  (me- 
thylsulfiny1)acetophenones were reduced to the  corre- 
sponding acetophenones in 8348% yields by zinc in acetic 
a ~ i d . ~ ~ ~ ~  In many cases these conditions are too acidic to 
permit the survival of other acid-labile functional groups. 
We have overcome this problem b y  the use of activated 
zinc in a mixture of THF a n d  saturated aqueous ammo- 
nium chloride solution at 25 "C. Results for the reduction 
of a series of representative a-phenylthio and a-phenyl- 
sulfiiyl ketones and esters under these conditions are listed 
in Table I. 

Several features of this reductive desulfurization are 

(1) ACS/PRF Visiting Faculty Fellow from Tennessee Technological 
University. 

(2) A portion of this work was carried out at Virginia Polytechnic 
Institute and State University. 

(3) (a) Trost, B. M. Acc. Chem. Res. 1978, 11, 453. (b) Trost, B. M. 
Chem. Reo. 1978,78,363. (c) Warren, S. Chem. Ind. (London) 1980,20, 
824. (d) Mancuso, A. J.; Swern, D. Synthesis 1981,165. (e) Solladie, G. 
Synthesis 1981, 185. 

(4) (a) Newman, M. S.; Walborsky, H. M. J. Am. Chem. SOC. 1960,72, 
4296. (b) Trost, B. M.; Arndt, H. C.; Strege, P. E.; Verhoeven, T. R. 
Tetrahedron Lett. 1976, 3477. (c) Kurozumi, S.; Toru, T.; Kobayashi, 
M.; Ishimoto, S. Synth. Commun. 1977, 7,427. (d) Oki, M.; Fukanoshi, 
W.; Nakamura, A. Bull. Chem. SOC. Jpn. 1971,44,828. (e) Aufauvre, Y.; 
Verny, V.; Vessiere, R.; Bull. SOC. Chim. Fr. 1973,1373. (f) Mioskowski, 
C.; Solladie, G. J. Chem. SOC., Chem. Commun. 1977, 162. (9) Kondo, 
K.; Tunemoto, D. Tetrahedron Lett. 1976,1397. (h) Trost, B. M.; Weber, 
L. J. Org. Chem. 1976,40,3617. (i) Trost, B. M.; Verhoeven, T. R. J. Am. 
Chem. SOC. 1977,99,3867. (j) Corey, E. J.; Chaykovsky, M. J. Am. Chem. 
SOC. 1966, 87, 1345. (k) Russell, G. A.; Mikol, G. J. J. Am. Chem. SOC. 
1966,88, 5498. For reviews, see: (1) Block, E. In Chemistry of Ethers, 
Crown Ethers, Hydroxyl Groups and Their Sulphur Analogues. 1980; 
Patai, S., Ed; Wiley: Chichester, 1980 p 539. (m) Drabowicz J.; Togo, 
H.; Mikolajczyk, M.; Oae, S. Org. Prep. Proced. Int. 1984, 16, 171. 

(5) (a) Jarvis, J. A. J.; Neidle, S.; Brundet, K. M.; Dalziel, W.; Hesp, 
B. J. Chem. SOC., Chem. Commun. 1972,1027. (b) Dalziel, W.; Heap, B.; 
Stevenson, K. M.; Jarvis, J. A. J. J. Chem. SOC., Perkin Trans. 1 1973, 
2841. 

(6) Total syntheses: (a) McMurry, J. E.; Andrus, A.; Musser, J. H.; 
Johnson, M. A. Tetrahedron 1981,37 319. (b) Trost, B. M.; Nishimura, 
Y.; Yamamoto, K. J. Am. Chem. SOC. 1979,101,1328. (c) Corey, E. J.; 
Tius, M. A.; Das, J. J. Am. Chem. SOC. 1980,102,1742. (d) Ireland, R. 
E.; Godfrey, J. D.; Thaisrivongs, S. J. Am. Chem. SOC. 1981, 103, 2446. 
(e) van Tamelen, E. E.; Zawacky, S. R.; Russel, R. K.; Carlson, J. G. J. 
Am. Chem. SOC. 1983,105,142. (f) Bettollo, R. M.; Taglietesta, P.; Lupi, 
A.; Bravetti, D. Helu. Chim. Acta 1983, 66, 1922. (g) Holton, R. A.; 
Kennedy, R. M.; Kim, H. B.; Krafft, M. E. J. Am. Chem: SOC. 1987,109, 
1597. Other approaches to the total synthesis: (h) Kametani, T.; Honda, 
T.; Shiratori, Y.; Fukumoto, K. Tetrahedron Lett. 1980,1665. (i) Cargill, 
R. L.; Bushey, D. F.; Dalton, J. R.; Prasad, R. S.; Dyer, R. D.; Bonder, 
J. J. Org. Chem. 1981, 46,3389. 

(7) Holton, R. A.; Williams, A. D., manuscript in preparation. 
(8) Zn/MesSiC1 has been reported to reduce a @-keto sulfide;" it has 

also been used for sulfoxide deoxygenation: Schmitt, A. H.; Russ, M. 
Chem. Ber. 1981,114,822. 

(9) All yields refer to isolated, spectrally (NMR) and chromatograph- 
ically (TLC) homogeneous materials. 

0022-3263/87/1952-2317$01.50/0 0 1987 American Chemical Society 


