
J.  Org. Chem. 1991,56,5723-5726 6723 

Scheme I 
PhSe 0 dark " 

ccli (6 mL) 
P h m  + (PhSe), + PhSeH 2, 

PhhSePh + PhxSePh 
3 a  2 8  5 25'C, 2 h 6 4 8  

6 mmol 6 mmol 2 mmol 0.9 mmol 3.2 mmol 

t t 

Ph 4 
t 

7 

NMR (68 MHz,  CDClJ 6 125.99 (p), 127.37 (p), 127.41 (p), 128.23 
(m and =CH), 128.60 (o) ,  129.13 (m), 129.22 (m), 130.51 (ipso), 
130.65 (ipso), 131.16 (ipso), 132.06 (o) ,  133.03 (o), 139.54 (=C); 
nSe NMR (51.5 MHz, CDC13) 6 406.35 (J- = 27.6 Hz), 508.94 
(J- = 27.6 Hz); IR (NaCl) 3052,1576,1475,1438,1070,1021, 
736,689 cm-'; MS (EI) m/e  = 416 (M+, 71). Anal. Calcd for 
CpHl&,: C, 57.99, H, 3.89. Found C, 57.71; H, 4.07. Zisomer: 
'H NMR (270 MHz, CDC13) 6 7.06-7.57 (m, 16 HI; '8c NMR (68 
MHz, CDClJ 6 126.61 (p), 127.27 (m), 127.49 (p), 127.84 (p), 128.26 
(m), 129.09 (m), 129.38 (o), 130.33 (ipso), 130.86 (o), 131.00 (ipso), 
131.49 (ipso), 133.20 (01,136.04 (=CHI, 140.52 (=O; nSe NMR 

Hz); IR (NaCl) 3055,1577,1476,1438,1022,733,690 cm-'; MS 
(EI) m/e  = 416 (M+, 71). Anal. Calcd for C&I16Sez: C, 57.99; 
H, 3.89. Found C, 58.07; H, 4.05. 

Radical Cyclization of Enyne 3h Induced by the Phe- 
nylseleno Radical. In a Pyrex g h  tube were placed enyne 3h 
(0.5 mmol), diphenyl diselenide 2a (0.5 mmol), and benzene (1 
mL). The tube was sealed under reduced pressure. The mixture 
was irradiated with a tungsten lamp (500 W). The solvent was 
then evaporated in vacuo. The reaidue was purified by preparative 
TLC on silica gel (n-hexane/EhO, 101) to provide 197 mg (70%) 
of cyclic 4h' along with 22 mg (8%) of the adduct 4h. 4h': 'H 

J = 7.0 Hz), 2.11 (dd, 1 H, J = 9.5, 13.1 Hz), 2.78 (dd, 1 H, J = 
5.8,11.9 Hz), 2.87-3.22 (m, 5 H), 4.17 (q,2 H, J = 7.0 Hz), 4.19 
(q, 2 H, J = 7.0 Hz), 6.33 (8, 1 H), 7.22-7.29 (m, 6 H), 7.41-7.51 
(m, 4 H); '*C NMR (68 MHz, CDC1,) 6 13.92 (OCHzCH3), 13.96 
(OCHzCHs), 3405 (Jc-e, = 32.4 Hz, CH&Ph), 40.26,40.46,43.96, 
58.16 ( O - - C C W ) ,  61.58 (0CH2CHJl 61.61 (OCHZCH,), 112.10 
(C-CH), 126.80 (p), 127.02 (p), 129.03 (m), 129.13 (m), 129.98 
(ipso), 131.08 (ipso), 131.82 (o), 132.92 (o), 147.43 ( W H ) ,  171.13 
(C-O), 171.23 (C-0);  IR (NaCl) 3056,2980,2933,1731,1578, 
1477,1438,1250,1179,1022,737,691 cm-'; MS (EI) m/e  = 552 
(M+, 0.6). Anal. Calcd for C,6Hze0,Se+ C, 54.60; H, 5.13. Found 
C, 54.46; H, 5.46. 
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The regiospecific introduction of substituents onto 
aromatic rings has been an important objective in synthetic 
organic chemistry. Electrophilic substitution is one of the 
common procedures to give various substituted aromatic 
compounds, but this method is not suited to some sub- 
stitution patterns.' Recently, regiospecifically directed 
metalation of aromatic rings has attracted attention, and 
many functional groups that orient the lithiation to the 
ortho position of the aromatic ring have been reportede2 
During studies on the lithiation reactions of pyridyl sulf- 
oxides, we found that regiospecific ortho lithiation of aryl 
pyridyl sulfoxides afforded the corresponding aryl ortho- 
substituted pyridyl sulfoxides in moderate yields? In this 
note, we report a new ortho-lithiation reaction of diaryl 
sulfoxides that allows the arylsulfinyl group to be easily 
removed after introduction of enantiomerically enriched 
alcohol groups onto the benzene ring with optically active 
sulfoxides. 

Results and Discussion 
When diphenyl sulfoxide was allowed to react with 

lithium diisopropylamide (LDA) at -78 "C in THF and 
subsequently with acetaldehyde, 2-(1-hydroxyethyl)phenyl 
phenyl sulfoxide was obtained in 60% yield, which was 
found to be a mixture of two diastereomers in the ratio of 
63:37. However, similar treatment of phenyl p-tolyl sul- 
foxide with LDA and acetaldehyde gave mixtures of three 
sulfoxides, one of which was found to be alkylated at the 
ortho position of phenyl group, another at the ortho poa- 
ition of p-tolyl group, and the other at the methyl group 
of p-tolyl group. In the course of further studies on the 
regioapecific lithiation of diaryl sulfoxides and also asym- 
metric induction in the reactions of the lithiated inter- 
mediates with aldehydes, o-halophenyl p-tolyl sulfoxides 
(la, X = C1; Ib, X = Br; IC, X = I) together with optically 
active sulfoxides (S')-(-)-la and (S)-(-)-lb were synthes- 
ized.' When the sulfoxides la-c were treated with or- 
ganolithium reagents and then with acetaldehyde, the 
products changed dramatically depending on the sulfoxide 
and organolithium reagents employed. Namely, the sul- 
foxide la gave solely the sulfinyl transfer product 4, which 
was racemized completely, while the sulfoxide l b  gave a 
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Table I. Reactions of o-Halophenyl p-Tolyl Sulfoxides 
(1a-c) with a-BuLi or LDA 

yield W diastereomer 
X R-met 2 3 4 ratio 

C1" n-BuLi w 
C1' LDA 94 6931 
Brb n-BuLi 40 34' 6535 
Brb LDA 95 71:29 
I n-BuLi 92 6535 
I LDA 59 72:2ad 

a [a]%D -142.0O (optical urity 100%). * [a]%D -112.6' (optical 
purity 58%). 0'. BDetermined by lH NMR. 

Table 11. Reactions of Lithiated o-Chlorophenyl p-Tolyl 
Sulfoxide with ElectroDhiles 

diastereomer 
aldehyde product yield (W) ratio 

CeHoCHO 5a 95 66:34 
p-CH&HICHO 5b 96 6535 
&H3OCsH,CHO 5~ 96 6535 
PCF~CSH~CHO 5d 91 6337 

mixture of diastereomeric alcohols 2 and racemized 4. On 
the other hand, sulfoxide IC afforded only the same dia- 
stereomeric mixture of alcohols. When the sulfoxides la-c 
were treated with LDA at -78 "C, lithiation was found to 
take place regiospecifically at  the 6-position on the o- 
halophenyl ring to give the alcohols 3a-c, respectively, as 
diastereomeric mixtures in the ratio of about 7:3. No 
racemization was observed at the sulfur center of the al- 
cohols 3a or 3b. This diastereomeric mixture 3 can be 
easily separated by silica gel column chromatography. The 
results are shown in Scheme I and are summarized in 
Table I. Characterization of the diastereomeric isomers 
of the alcohol 3a and 3b was performed by mp, 'H NMR, 
IR, mass, and elemental analysis. 

Thus, the present results demonstrate that the regios- 
pecific lithiation of o-halophenyl sulfoxides can be accom- 
plished by using LDA, but butyllithium induces racemi- 
zation of the diaryl sulfoxides via a facile ligand exchange 
reaction at the sulfinyl sulfur atom.6 

The reactions of the optically pure (,!+(-)-la with sev- 
eral aldehydes were carried out following the procedures 
described above and gave ortho-substituted products Sa-d 
in good yields (Scheme I1 and Table 11). The diastereo- 
mers were separated quite easily by column chromatog- 
raphy, and their ratios were determined to be from 66:34 
to 63:37. The results indicate that diastereomeric selec- 
tivity is not significantly influenced by the electronic effect 
of the substituents on the aldehydes. 

After the separation, the sulfinyl group of each diaste- 
reomer of 3a and 5b could be removed easily by reaction 
with Grignard or organolithium reagents to afford optically 
pure l-chloro-3-(l-hydroxyethyl)benzene (6) and 3- 

(6) The result9 have been submitted. Furukawa, N. Heteroatom 
Chemiutry; Block, E., Ed.; Verlag: New York, 1990, pp 166. 
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Table 111. Desulfinylation Reactions of Sulfoxides 3a and 
5b with Grirrnard or Ornanolithium Reatzents 

substrate R-met 
3a, major EtMgBr 
3a, minor EtMgBr 
3a, major PhMgBr 
3a, major n-BuLi 
3a, major PhLi 
5b, major EtMgBr 
5b, minor EtMgBr 

temp yield op 
('C) product (W) (W) config 

0 6a 91 100 R 
0 6b 89 100 S 
0 6a 72 99 R 

-78 6a 84 100 R 
-78 6a 70 99 R 

0 7a 93 100 
0 7b 91 100 

chloro-4'-methylbenzhydrol(7) in good yields as shown in 
Scheme I11 and Table 111. 

These procedures involving preparation of optically 
active sulfoxides, separation of diastereomers, and removal 
of the sulfinyl group by substitution reaction, provide a 
new synthetic approach to optically active arylcarbinols 
via ortho-directed lithiation of diaryl sulfoxides. 

Experimental Section 
General. All melting pointa are uncorrected. Optical rotation 

was measured on a digital polarimeter. All reagents were obtained 
from Wako Pure Chemical Industries, LM. or Ndrich Chemical 
Co. Solvents (ether, THF) were further purified and dried by 
general methods.s 

(5)-(-)-o-Chlorophenyl p-Tolyl Sulfoxide (la). A solution 
of I-menthyl p-tolueneaulfinate" (5.00 g, 17.0 "01) in ether (100 
mL) was treated dropwiee with 0.72 M (2-chlorophenyl)magneaium 
bromide (50 mL, 36 "01) for 1 h at 0 OC. The mixture was added 
to saturated aqueous NH,Cl until the inorganic salta precipitated, 
leaving a clear ether solution. The inorganic residue was extracted 
with ether (3 x 150 mL). The combined ether solution was dried 
(MgSO,), and the solvent was evaporated under reduced preasure. 
The residue was purified by column chromatography (silica gel; 
eluent, hexane/EtOAc = 7/3) to give 3.62 g (85%) of sulfoxide 
la. Recrystallization from hexane gave colorless crystals: mp 

7.61 (ABq, J = 8.1 Hz, 4 H, TolH), 7.32 (dd, J = 7.8, 1.0 Hz, 1 
H, 3-ArH), 7.38 (td, J = 7.8, 1.5 Hz, 1 H, 4-ArH), 7.50 (M, J = 
7.8, 1.0 Hz, 1 H, 5-ArH), 8.07 (dd, J 7.8, 1.5 Hz, 1 H, 6-ArH); 
IR (KBr) 1049 cm-I (SO); MS (m/z )  250 (M'); [ a ] * ~  - 142.0' 
(c = 2.0, acetone); op (optical purity) = 100%. Anal. Calcd for 
CIBHIICIOS: C, 62.27; H, 4.42. Found C, 61.97; H, 4.35. Optical 
purity was calculated on the basis of the optical rotation of ethyl 
p-tolyl sulfoxide, which was obtained by the reaction of the 
sulfoxide la with ethylmagnesium bromide. 

(S)-(-)-o-Bromophenyl p-Tolyl Sulfoxide (lb). The title 
sulfoxide was prepared from I-menthyl p-toluenesulfinate and 

90.5-91 OC; 'H NMR (500MHz, CDCld 6 2.35 (8.3 H, CH3), 7.24, 

(8) Perrin, D. D.; Armarego, W .  L. F. Purification of Laboratory 
Chemicab; Pergamon Prees: New York, 1988. 
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Hz, 3 H, CH3), 2.33 (br s, 1 H, OH), 2.38 (s,3 H, TolCHB), 5.68 
( q , J =  6.4 Hz,lH,CH),7.27, 7.47 (AE3q,J= 8.2 Hz,4H,ToM), 
7.35 (dd, J = 7.9,l.O Hz, 1 H, SArH), 7.44 (t, J = 7.9,l H, 4-ArH), 
7.63 (dd, J = 7.9,l.O Hz, 1 H, 5-ArH); IR (KBr) 3416 (OH), 1040 
cm-' (SO); MS ( m / z )  278 (M+ - 0,276 (M+ - H2O); [also -163.5' 
(c = 2.0, CHCl,). Anal. Calcd for C1&ClO#: C, 61.12; H, 5.13. 
Found C, 60.90, H, 5.36. 3a (minor diastereomer): yield 86 mg 
(29%); mp 169-170 OC; 1H NMR (500 MHz, CDC13) 6 1.26 (d, 
J = 6.5 Hz, 3 H, CH3),2.39 (8, 3 H,TolCHB),4.49 (br s, 1 H,OH), 
5.38 (9, J = 6.5 Hz, 1 H, CH), 7.28,7.49 (ABq, J = 8.2 Hz, 4 H, 
TolH), 7.39 (dd, J = 7.9, 1.3 Hz, 1 H, 3-ArH), 7.44 (t, J = 7.9, 
1 H, 4-ArH), 7.53 (dd, J = 7.9,1.3 Hz, 1 H, 5-ArH); IR (KBr) 3378 
(OH), 1023 cm-' (SO); MS ( m / z )  278 (M+ - O), 276 (M+ - HzO); 
[a]25D -178.2O (c  = 1.0, CHC13). Anal. Calcd for C16H16C102S 
C, 61.12; H, 5.13. Found C, 60.76; H, 5.03. 3b (major diaste- 
reomer) yield 229 mg (68%); mp 167-168 "C; 'H NMR (500 MHz, 
CDClB) 6 1.50 (d, J = 6.3 Hz, 3 H, CH3), 2.26 (br s, 1 H, OH), 2.36 
(e, 3 H, TolCH3), 5.67 (9, J = 6.3 Hz, 1 H, CH), 7.25, 7.46 (ABS, 

J = 7.9, 1.0 Hz, 5-ArH), 7.63 (dd, J = 7.9, 1.0 Hz, 1 H, 3-ArH); 
IR (KBr) 3374 (OH), 1048 cm-' (SO); MS (m/z )  322 (M+ - 01, 
320 (M+ - H20); [ct]%D -110.5O (c  = 3.0, CHCl,). Anal. Calcd 
for CI5HlSBrO2S: C, 53.10; H, 4.46. Found C, 53.20; H, 4.41. 
3b (minor diastereomer): yield 93 mg (27%); mp 163-164 "C; 
'H NMR (500 MHz, CDClJ 6 1.19 (d, J = 6.3 Hz, 3 H, CHJ, 2.38 
(s, 3 H, TolCHa), 4.51 (br s, 1 H, OH), 5.40 (9, J = 6.3 Hz, 1 H, 
CH), 7.28,7.49 (ABq, J = 8.1 Hz, 4 H, TolH), 7.36 (t, J = 7.9 Hz, 

H, 3-ArH); IR (KBr) 3378 (OH), 1025 cm-' (SO); MS (m/z) 322 

Calcd for CI5Hl5BrO2S C, 53.10; H, 4.46. Found C, 53.26; H, 
4.43. 3c (diastereomeric mixture): yield 228 mg (59%); colorless 
liquid; IR (KBr) 3358 (OH), 1046 cm-' (SO); MS (m/z)  368 (M+ 
- H20). The diastereomeric ratio (72:28) was determined by 
500-MHz 'H NMR with CDC13 as a solvent. Major diastereomer: 

J = 8.1 Hz, 4 H, TolH), 7.35 (t, J = 7.9 Hz, 1 H, 4-ArH), 7.55 (dd, 

4-ArH), 7.58 (d, J = 7.9 Hz, 1 H, 5-ArH), 7.59 (d, J = 7.9 Hz, 1 

(M+ - O), 320 (M' - H2O); [~]%~-116.4" (c 1.2, CHCls). hd.  

6 1.47 (d, J 6.3 Hz, 3 H, CH3), 2.37 (s, 3 H, TolCHS), 5.64 (9, 
J = 6.3 Hz, 1 H, CH), 7.20 (t, J = 7.8 Hz, 1 H, 4-ArH). 7.27,7.46 
(ABq, J = 8.1 Hz, 4 H, TolH), 7.72 (d, J = 7.8 Hz, 1 H, 5-ArH), 

J = 6.3 Hz, 3 H, CH3), 2.35 ( ~ , 3  H, TolCHS), 5.56 (9, J = 6.3 Hz, 
7.82 (d, J = 7.8 Hz, 1 H, 3-ArH). Minor diastereomer: 6 1.46 (d, 

1 H, CHI, 7.24-7.74 (m, 7 H, ArH). 
Reactions of Optically Active o-Lithio-(S)-(-)-o-chloro- 

phenyl p-Tolyl Sulfoxide with Several Aldehydes. To a 
stirred solution of sulfoxide la (250 mg, 1.0 mmol) in THF (10 
mL) at -78 OC under N2 was added 1.0 M LDA (1.0 mL, 1.0 mmol) 
in THF solution. The mixture was stirred for 15 min at -78 "C, 
and benzaldehyde (0.30 mL, 3.0 mmol) was added. The mixture 
was stirred for 30 min at -78 OC and treated with water. After 
hydrolysis and extraction with CH2C12 (3 X 20 mL), the extract 
was dried (MgSO,) and the solvent was removed under reduced 
pressure. The residue was purified with column chromatography 
(silica gel; eluent, hexane/E%OAc = 7/3) to give each dwtereomer 
of 5a. 5a (major diastereomer): yield 224 mg (63%); mp 86-87 
"C; 'H NMR (500 MHz, CDC13) 6 2.37 (9, 3 H, CH3), 4.98 (br s, 
1 H, OH),6.45 (br s, 1 H,CH), 6.89-7.35 (m,8 H,ArH),7.26,7.51 
(ABq, J = 8.0 Hz, 4 H, TolH); IR (KBr) 3246 (OH), 1033 cm-' 

(c = 2.0, CHCl,). Anal. Calcd for CpHI7ClO8: C, 67.31; H, 4.80. 
Found: C, 67.03; H, 4.81. 5a (minor diastereomer): yield 115 
mg (32%); mp 82-83 "C; 'H NMR (500 MHz, CDClB) 6 2.31 (8, 
3 H, CH3), 3.83 (br s, 1 H, OH), 6.74 (br a, 1 H, CH), 7.07-7.52 
(m, 12 H, ArH, TolH); IR (KBr) 3362 (OH), 1025 cm-' (SO); MS 

CHC13). Anal. Calcd for C&I17C10#: C, 67.31; H, 4.80. Found: 
C, 67.33; H, 4.76. Sb (major diastereomer): yield 231 mg (62%); 
mp 176177 "C; 'H NMR (500 MHz, CDClJ 6 2.28 (a, 3 H, 4'-CHS), 

Hz, 1 H, CHI, 6.82, 7.02 (ABq, J = 7.9 Hz, 4 H, 2',3',5',6'-ArH), 
6.93 (dd, J = 7.8,l.O Hz, 1 H, 5-ArH), 7.26 (td, J = 7.8,l.O Hz, 
1 H, 4-ArH), 7.29, 7.53 (ABq, J = 8.0 Hz, 4 H, TolH), 7.35 (d, 
J = 7.8 Hz, 1 H, 3-ArH); IR (KBr) 3178 (OH), 1021 cm-' (SO); 

CHC13). Anal. Calcd for C21HleC10#: C, 68.01; H, 5.16. Found 
C, 67.89; H, 5.03. 5b (minor diastereomer): yield 125 mg (34%); 
mp 165-166 "C; 'H NMR (500 MHz, CDClB) 6 2.28 (s,3 H, 4'-CHs), 
2.31 (8,  3 H, CH3), 3.79 (br s, 1 H, OH), 6.68 (br s, 1 H, CHI, 

(SO); MS (m/Z)  340 (M+ - O), 338 (M+ - HzO); [.]%D -261.8' 

( m / z )  340 (M+ - O), 338 (M+ - H2O); [ a ] % ~  -40.2" (C = 2.0, 

2.40 ( ~ , 3  H, CH3), 4.78 (d, J = 3.9 Hz, 1 H, OH), 6.38 (d, J = 3.9 

MS (m/Z) 354 (M+ - O), 352 (M+- H2O); [a]%~-293.1" (C = 2.0, 

(2-bromopheny1)magnesium bromide at -105 "C by the same 
procedure as la. l b  yield 3.81 g (76%); mp 88-89 "C; 'H NMR 

Hz, 4 H, TolH), 7.29 (td, J = 7.8, 1.7 Hz, 1 H, 4-ArH), 7.49 (dd, 

8.06 (dd, J = 7.8, 1.7 Hz, 1 H, 6-ArH); IR (KBr) 1050 cm-' (SO); 
MS (m/ z )  294 (M+); [a]%D -112.6' (c = 2.0, acetone); op = 58%. 
Anal. Calcd for CI3HllBrOS C, 52.89; H, 3.76. Found C, 52.96; 
H, 3.71. Optical purity was determined by the same procedure 
as la. 

(f)-o-Iodophenyl p-Tolyl Sulfoxide (IC). o-Iodophenyl 
p-tolyl sulfide was prepared from 2-chloronitrobenzene and p- 
thiocreaol via diazonium salt? To a stirred solution of the sulfide 
(5.55 g, 17.0 mmol) in CH2C12 (100 mL) at 0 OC was added 85% 
m-chloroperoxybenzoic acid (3.45 g, 17.0 mmol) in CH2C12 (100 
mL). The mixture was stirred at 0 OC for 10 h and treated with 
anhydrous ammonia. The resulting solid was separated by fil- 
tration and the filtrate was evaporated under reduced pressure 
to afford crude sulfoxide, which was purified by column chro- 
matography (silica gel; eluent, hexane/EtOAc = 7/3) to give 5.29 
g (91%) of sulfoxide IC. Recrystallization from hexane gave 
colorless crystals: mp 82-83 "C; 'H NMR (500 MHz, CDC13) 6 

(td, J = 7.7, 1.6 Hz, 1 H, 4-ArH), 7.58 (td, J = 7.7, 1.0 Hz, 1 H, 
5-ArH), 7.78 (dd, J = 7.7, 1.0 Hz, 1 H, 3-ArH), 8.00 (dd, J = 7.7, 
1.6 Hz, 1 H, 6-ArH); IR (KBr) 1040 cm-' (SO); MS (m/z) 342 (M+). 
Anal. Calcd for Cl3HllIOS C, 45.63; H, 3.24. Found C, 45.69; 
3.20. 

Reaction of o-Halophenyl p-Tolyl Sulfoxides (la-c) with 
n-Butyllithium and Acetaldehyde. In a typical run, to a stirred 
solution of o-bromophenyl p-tolyl sulfoxide (lb, 400 mg, 1.4 "01) 
in THF (15 mL) at -78 OC was added 1.58 M n-butyllithium (0.89 
mL, 1.4 mmol) in hexane solution under N2 at -78 OC for 15 min. 
Then to this mixture was added acetaldehyde (0.23 mL, 4.2 "01). 
The mixture was stirred for 30 min, treated with water, and 
extracted with CH2C12 (3 X 30 mL). The combined organic phase 
was dried (MgSO,) and concentrated under vacuum to afford the 
crude products. The crude products were separated by column 
chromatography (silica gel; eluent, hexane/EtOAc = 3/21 to give 
the two diastereomers of 2 4  1-hydroxyethy1)phenyl p-tolyl sulf- 
oxide (2) in 40% yield and butyl ptolyl sulfoxide (4) in 34% yield. 
2 (major diastereomer): mp 116-117 OC; 'H NMR (500 MHz, 

4.34 (br s, 1 H, OH), 5.17 (9, J = 6.4 Hz, CH), 7.15-7.75 (m, 7 
H, TolH, 3,4,5-ArH), 7.83 (dd, J = 7.8, 1.3 Hz, 6-ArH); IR (KBr) 

1.9" (c = 1.4, CHCl,). Anal. Calcd for Cl5HlBO2S: C, 69.20; H, 
6.19. Found: C, 69.28; H, 6.24. 2 (minor diastereomer): mp 

3 H, CH3), 2.31 (s, 3 H, TolCH3), 4.12 (br s, 1 H, OH), 5.28 (9, 
J = 6.4 Hz, 1 H, CHI, 7.15-7.75 (m, 7 H, TolH, 3,4,5-ArH), 7.78 
(dd, J = 7.8,1.3 Hz, 1 H, 6-ArH); IR (KBr) 3360 (OH), 1055 cm-' 
(SO); MS (m/ z )  242 (M+ - H20); [ctIsD -16.8" (c = 0.5, CHC13). 
Anal. Calcd for Cl5Hl6OBS; C, 69.20; H, 6.19. Found C, 69.56; 
H, 6.25. 6: mp 88-89 "C (lit! mp 89.5-90 "C); 'H NMR (CDC13) 
6 0.70-3.00 (m, 9 H, Bu), 2.40 (8,  3 H, CH3), 7.30, 7.54 (ABq, J 

acetone). 
Reactions of o-Halophenyl p-Tolyl Sulfoxides (la-c) with 

LDA and Acetaldehyde. A typical experimental procedure is 
as follows. To a stirred solution of sulfoxide la (250 mg, 1.0 "01) 
in THF (10 mL) at -78 OC under N2 was added 1.0 M LDA (1.0 
mL, 1.0 mmol) in THF solution. The mixture was stirred for 15 
min at -78 "C, and acetaldehyde (0.17 mL, 3.0 mmol) was added. 
The mixture was stirred for 30 min at -78 "C and treated with 
water. After hydrolysis and extraction with CH2C12 (3 X 20 mL), 
the extract was dried (MgSO,) and the solvent was removed under 
reduced pressure. The residue was purified with column chro- 
matography (silica gel; eluent hexane/EtOAc = 3/2) to give each 
diastereomer of 3a. 3a (major diastereomer): yield 191 mg (65%); 
mp 171-172 "C; 'H NMR (500 MHz, CDC1,) 6 1.53 (d, J = 6.4 

(7) Tarbell, D. S.; Todd, C. W.; Paulson, M. C.; Lindstrom, E. G.; 

(8) Mielow, K.; Green, M. M.; Law, P.; Melillo, J. T.; Simmons, T.; 

(500 MHz, CDCl3) 6 2.33 ( ~ , 3  H, CH3), 7.22, 7.63 (ABq, J = 8.1 

J 7.8,l.O Hz, 1 H, 5ArH), 7.8,l.O Hz, 1 H, 3-ArH), 7.54 (td, J 

2.35 ( ~ , 3  H, CH3), 7.23, 7.65 (ABq, J = 8.1 Hz, 4 H, TolH), 7.16 

CDCl3) 6 1.09 (d, J = 6.4 Hz, 3 H, CHJ, 2.32 (8,  3 H, TolCHS), 

3360 (OH), 1056 cm-' (SO); MS (m/Z) 242 (M+- H,O); [a]=D- 

114-115 OC; 'H NMR (500 MHz, CDC13) 6 1.40 (d, J 6.4 Hz, 

= 8 Hz, 4 H, TolH); MS (m/z )  196 (M'); [ c t ] = ~  0' (C 0.5, 

Wystrach, L. P. J.  Am. Chem. SOC. 1948,70,1381. 

Ternay, A. L., Jr. J .  Am. Chem. SOC. 1965,87,1968. 
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7.03-7.52 (m, 11 H, ArH, TolH); IR (KBr) 3234 (OH), 1023 cm-' 

= 2.0, CHCld. Anal. Calcd for C21Hl&10& C, 68.01; H, 5.16. 
Found: C, 67.M H, 5.15. 6c (major diastereomer): yield 241 mg 
(62%); mp 134-135 "C; 'H NMR (500 MHz, CDC13) 6 2.39 (s,3 
H,CH3),3.74 (8, 3 H,0CHs),4.87 (br s, 1 H, OH),6.37 (br 8, 1 
H, CH), 6.75, 6.86 (ABq,J = 8.6 Hz, 4 H, 2',3',5',6'-ArH), 6.95 
(t, J = 7.8 Hz, 1 H, 5ArH), 7.27 (t, J = 7.8 Hz, 1 H, 4ArH), 7.28, 
7.52 (ABq, J = 8.1 Hz, 4 H, TolH), 7.35 (d, J = 7.8 Hz, 1 H, 
3-ArH); IR (KBr) 3326 (OH), 1031 cm-' (SO); MS (m/z) 370 (M+ 

for CzlHlgC1OsS: C, 65.19; H, 4.95. Found C, 64.76; H, 5.00. 
5c (minor diastereomer): yield 130 mg (34%); mp 122-124 "C; 

OCH3), 3.90(br s, 1 H, OH), 6.66 (br 8, 1 H, CHI, 6.75-7.58 (m, 
11 H, ArH, Tow); IR (KBr) 3306 (OH), 1021 cm-' (SO); MS (m/z) 

Anal. Calcd for CZ1Hl&10& C, 65.19; H, 4.95. Found C, 64.68; 
H, 4.92. 5d (major diastereomer): yield 244 mg (57%); mp 

(br s, 1 H, OH), 6.59 (br s, 1 H, CHI, 6.97 (d, J = 7.9 Hz, 1 H, 
5-ArH), 6.99, 7.40 (ABq, J = 8.2 Hz, 4 H, 2',3',5',6'-ArH), 7.24, 
7.47(ABq, J=8.1 Hz,4H,TolH),7.31 (t, J=7.9Hz,lH,4ArH), 
7.38 (d, J = 7.9 Hz, 1 H, 3-ArH); IR (KBr) 3330 (OH), 1039 cm-' 

(c = 2.0, CHC13). Anal. Calcd for C21Hl$3C102S: C, 59.37; H, 
3.80. Found C, 58.90; H, 3.80. Bd (minor diastereomer): yield 
143 mg (34%); mp 101-102 "C; 'H NMR (500 MHz, CDCld 6 2.31 
(a, 3 H, CHJ, 4.38 (br 8, 1 H, OH), 6.70 (br 8, 1 H, CHI, 7.1h7.46 
(m, 11 H, ArH); IR (KBr) 3372 (OH), 1039 cm-' (SO); MS (m/z) 

Anal. Calcd for C21H16F3C10@: C, 59.37; H, 3.80. Found: C, 
58.89; H, 3.76. 

Desulfinylation Reactions of 3a and 5b with Grignard or 
Organolithium Reagents. In a typical run, to a stirred solution 
of major diastereomer of sulfoxide 3a (200 mg, 0.68 "01) in THF 
(10 mL) at 0 "C was added 1.0 M EtMgBr (1.36 mL, 1.36 "01) 
in THF solution under Nz at 0 "C for 15 min. Then this mixture 
was treated with water and extracted with CHzClz (3 x 20 mL). 
The combined organic phase was dried (MgS04), filtrated, and 
concentrated under reduced pressure. The crude products were 
separated by column chromatography (silica gel; eluent hex- 
ane/EtOAc = 3/2) to give 96.9 mg (91%) of optically active 
l-chloro-3-(l-hydroxyethyl)benzene (6a) and 112 mg (98%) of 
optically active ethyl p-tolyl sulfoxide. 6a: bp 116-118 "C (20 
Torr); 'H NMR (500 MHz, CDCld 6 1.40 (d, J = 6.5 Hz, 3 H, CHd, 
3.00 (br 8, 1 H, OH), 4.76 (q, J = 6.5 Hz, 1 H, CH), 7.17-7.27 (m, 
3 H, 4,5,6-ArH), 7.33 (8, 1 H, 2-ArH); IR (neat) 3338 cm-' (OH), 
MS ( m / t )  156 (M+); [(YI1"D +38.6" (c = 1.5, acetone). Anal. Calcd 
for C8HeC10 C, 61.35; H, 5.79. Found: C, 61.20; H, 5.85. 6 b  
yield 94.8 mg (89%); bp 116-117 "C (19 Torr); 'H NMR (500 MHz, 
CDCld 6 1.43 (d, J = 6.5 Hz, 3 H, CHd, 2.59 (br 8, 1 H, OH), 4.80 
(9, J = 6.5 Hz, 1 H, CHI, 7.14-7.25 (m, 3 H, 4,5,6-ArH), 7.31 (8,  

-39.0" (c = 1.2, acetone). Anal. Calcd for C8H9C10: C, 61.35; 
H, 5.79. Found C, 61.20; H, 5.84. Optical purities of the alcohols 
6a and 6b were determined by 'H NMR in CDCls using Eu(tfc), 
as a chiral shift reagent. Absolute configurations of the alcohols 
6a and 6b were determined on the basii of the rotation of optically 
active 1-phenylethanol, which was obtained by the reaction of 
alcohol 6a or 6b with lithium. Ethyl ptolyl sulfoxide: 'H NMR 
(CDClJ 6 1.77 (t, J - 7 Hz, 3 H, CHd, 2.40 (e, 3 H, TolCHJ, 2.80 

-202.1" (c = 1.0, acetone). Optical purity and absolute configu- 
ration were 100% and S, respectively. la: yield 117 mg (93%); 
colorless liquid; 'H NMR (500 MHz, CDClJ 6 2.33 (s, 3 H, 
TolCHd, 5.74 (br s, 1 H, CHI, 7.13-7.25 (m, 7 H, 4,5,6-ArH, TolH), 
7.39 (a, 1 H, 2-ArH); IR (neat) 3392 cm-' (OH); exact masa calcd 
for C1,Hl3C1O 232.0655, found 232.0614; [U]=D +43.1° (c = 2.0, 
acetone). 7 b  yield 114 mg (91%); colorleas liquid; 'H NMR (500 
MHz, CDClJ 6 2.33 (e, 3 H, TolCHJ, 5.74 (br s, 1 H, CH), 
7.13-7.26 (m, 7 H, 4,5,6ArH, TOW, 7.38 (e, 1 H, 2-ArH); IR (neat) 
3412 cm-' (OH); exact maw calcd for Cl4HlSC1O 232.0655, found 
232.0617; [C?IsD -42.9" (c - 2.0, acetone). Optical purities of the 
alcohols 7a and 7b were determined by the same procedures as 
6a and 6b. 

(SO); MS ( m / ~ )  354 (M+-O), 352 (M+-H,O); [u]16D-19.70 (C 

- o), 368 (M+- H&); [u]%D -295.8" (c 2.0, CHClJ. hd. cdcd 

'H NMR (500 MHz, CDClS) 6 2.31 (8,  3 H, CHI), 3.74 (8, 3 H, 

370 (M+ - 0), 368 (M+ - H2O); [ a I N ~  -21.7' (C 2.0, CHCl3). 

116-117 "C; 'H NMR (500 MHz, CDClJ 6 2.37 ( ~ , 3  H, CH3), 4.65 

(SO); MS (m/z) 408 (M+ - O), 406 (M+ - H2O); [a]% -233.8' 

408 (M' - 0), 406 (M+ - HzO); [ C Y ] ~ D  -54.9" (C 2.0, CHClJ. 

1 H, 2-ArH); IR (neat) 3338 UI-' (OH); MS (m/Z) 156 (M'); [C~]=D 

(4, J = 7 Hz, 2 H, CHz), 7.29,7.52 (ABq, J 8 Hz, TolH); [U]=D 
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Recent reports from these laboratories have disclosed 
the synthesis1I2 and utility2 of 4,6-dialkoxy-2-(trifluoro- 
methyl)pyridine-3-carboxylates and 4,6-dialkoxy-2-(tri- 
fluoromethyl)pyridine-3,5-dicarboxylates as herbicides or 
herbicide intermediates. Although a variety of 4,6-dialk- 
oxypyridine-3-carboxylates were derived from the corre- 
sponding dihydroxypyridines by alkylation with an excess 
amount of alkyl halides, the methodology permitted the 
synthesis of only those dialkoxy derivatives wherein the 
two alkoxy groups are identical. For a complete struc- 
ture-activity correlation study we required examples of 
dialkoxypyridines with nonidentical alkoxy groups. In this 
paper, we describe the regioselective partial ether cleavage 
reactions of some symmetrical 4,6-dialkoxy-2-(trifluoro- 
methyllpyridine mono- and dicarboxylates to the corre- 
sponding monoalkoxy derivatives and their subsequent 
elaboration to the unsymmetrical dialkoxypyridines. 

The reaction of dimethoxypyridine 1 with 1 equiv of 
sodium methanethiolate in DMF at 80 "C resulted in clean 
conversion to the methoxypyridinol2 in 76% yield (eq 1). 

OH 

1 2 

Likewise, the diisopropoxypyridines 3a and 3b underwent 
selective cleavage of one of the isopropoxy groups when 
treated with a stoichiometric amount of anhydrous alu- 
minum chloride at 0 "C to provide isopropoxypyridinols 
4a and 4b in 83% and 80% yield, respectively (eq 2).8 

OH 

58 R-H 
5b R-CQM 

48 R - H  
4b R - C q M  

(1) Lee, L. F.; Normaneell, J. E. J.  Org. Chem. 1990,55, 2964. 
(2)  Lee, L. F. Eur. Pat. Appl. EP 181 311,1986; U.S. Patent 4 609 399, 

1986; Chem. Ab&. 1986,105,97334. 
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