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Abstract

Reactions of 2-chloro-4-fluoropyridine (8), 2-chloro-4-nitropyridine (9), and their
corresponding N-oxides 7 and 3 with the n-heptanolate anion were investigated in three
solvents. The desired 2-chloro-4-heptyloxypyridine-N-oxide (4a) was obtained most
efficiently from 3 in DMSO. A reaction of 4a with AcSNa followed by deacetylation
with MeONa gave the sodium salt of 4-heptyloxy-1-hydroxypyridine-2-thione (1a),
which was isolated as the adamantane-1-carboxylate O-ester 2a. Similarly, the 4-

decyloxy and 4-((Z)-hex-3-enyloxy) derivatives 2b and 2¢ were prepared from 3.



Introduction

1-Hydroxypyridine-2-thione has been extensively used as a reagent in synthetic
chemistry,' an active component of medicinal and cosmetic products,” and as a ligand for
metal complexes.” Surprisingly, there has been little effort to investigate derivatives of
this heterocycle and to optimize its properties for applications. The few known
substituted 1-hydroxypyridine-2-thiones include 4-propyl,® 4-fluoroalkyl,” mercapto,’ 4-
methoxycarbonyl,® 3-ethoxy’ and several methyl’'' and dimethyl'’ derivatives. Many of
these compounds are described in the patent literature'> and only a handful main-stream
publications have been dedicated to the chemistry of the substituted 1-hydroxypyridine-2-
thione. Our interest in this class of compounds prompted us to develop synthetic access
to virtually unknown 4-alkoxy-1-hydroxypyridine-2-thiones such as 1."

In this paper we report systematic investigations and preparation of three 4-alkoxy
derivatives of 1-hydroxypyridine-thione 1, which were isolated and characterized as

adamantane-1-carboxylic acid O-esters 2.
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Results and Discussion

Synthesis of 1-hydroxypyridine-2-thiones typically involves a reaction of
appropriate 2-halopyridine-N-oxide with a hydrosulfanylating reagent such as NaHS,>**'*
thiourea,® or thioacetamide.” Therefore, the preparation of 4-substituted thiones 1 can be

envisioned as sequential substitution of group X with an alkoxy group followed by



replacement of the halogen with hydrosulfanyl as shown in Scheme 1. The use of N-
oxide I as the common starting material in path a allows for the preparation of 1 in two
steps through oxide II, and eliminates the occasionally troubling N-oxidation step in path
b (IV—II). A successful synthesis of 1 according to Scheme 1, requires higher mobility

of X relative to the halogen in nucleophilic aromatic substitution" in both precursors, I in

path a and III in path b.
Scheme 1
X X
O —C
» »
N Hal l;l Hal
] 1 O
l path b lpatha
OR OR
L — )
» »
N Hal l}l Hal
v n o l
OR
| AN
l}l S
1 OH

A search for commercially available reagents of type I, led to 2-chloro-4-
nitropyridine-N-oxide (3). To establish regioselectivity of nucleophilic substitution in 3,
we investigated its reaction with sodium n-heptanolate in three solvents: THF, DMF, and
DMSO (Scheme 2). Analysis of reaction products obtained from 3 and 1 equivalent of
the n-heptanolate in THF revealed that the desired 4-heptyloxy derivative 4a was

completely absent and the 2-heptyloxy derivative 5 was the sole product isolated in 44%



yield. This yield was increased to 62% when 2 equivalents of the nucleophile were used
and the reaction was conducted for 90 min at ambient temperature. When left overnight,
the 2,4-diheptyloxypyridine-N-oxide (6) was the main product as evident from NMR and
MS analysis.

Reactions of 3 with 1 equivalent of the n-heptanolate conducted in DMF and
DMSO gave the 4-heptyloxy derivative 4a as the main product. The amounts of § varied
somewhat from run to run but they were always less than 20% of 4a. Also reactions run
in DMSO appeared to be somewhat cleaner than those performed in DMF. In each
reaction, however, there was up to 50% of unreacted heptanol recovered, despite the use
of rigorously dried solvents, and no starting 3 was observed in the worked-up reaction
mixture. The use of 20% excess NaH did not improve the conversion of the alcohol. The
disubstituted product 6 was generally absent or appeared in trace amounts based on the
NMR spectra of the crude mixtures. On the basis of these results, preparative scale
reactions of 3 were conducted in DMSO and 4a was being isolated in a consistent yield
of about 30%-35%.

The selectivity for the 2 position observed in the heptyloxylation of 3 in THF is
consistent with scant literature reports. Thus, it was reported that a reaction of 3 with
either allyloxide or benzyloxide anion in THF gave the corresponding 2-substututed
derivatives as sole products isolated in 44% and 79% yield, respectively.'® In contrast,
reaction of 3 with MeONa in methanol gave the 4-methoxy-2-chloro derivative in 70%

yield.'*"
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In order to increase the efficiency of the alkoxylation reaction, we briefly
investigated 2-chloro-4-fluoropyridine-N-oxide (7), the fluoro analog of 3, which was
prepared by oxidation of the available 2-chloro-4-fluoropyridine (8). We also
investigated the preparation of 4a via path b using pyridines 8 and 9 (compounds of type

III in Scheme 1).
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Results showed that reactions of N-oxide 7 with of sodium n-heptanolate proceed

with lower selectivity than those of 3 under similar conditions. In both solvents, THF



and DMSO, reactions of 7 with 1 equivalent of the nucleophile gave significant amounts
of 2,4-diheptyloxy derivative 6 (Scheme 3). In THF a reaction of 7 gave the 2-
substituted derivative 10 and 2,4-diheptyloxy 6 in approximately equal amounts, in spite
of the fact that only about half of n-heptanol was consumed. In DMSO however, 4-
heptyloxy derivative 4a was formed in twice the amount of 10 and was equal to the
amounts of 2,4-diheptyloxy derivative 6. These results indicate that, the 2-Cl is only
somewhat more reactive than 4-F and significantly more reactive than 4-NO, in THF. In

DMSO the order is reversed and 4-NO, appears to be most reactive followed by 4-F and

2-CL
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In contrast to N-oxides, substrates 8 and 9 smoothly reacted with the n-
heptanolate in both DMSO and THF giving the 4-heptyloxy derivative 11a as the sole
product (Scheme 4). Thus, product 11a was conveniently isolated in 63% yield from the
reaction of 8 with n-heptanolate in THF. These results are consistent with literature
reports showing that 9 smoothly reacts with alcoholates in a variety of solvents giving the

corresponding 4-alkoxy derivatives in moderate to very good yields.'*'***



Oxidation of 11a to 4a was accomplished using CF,CO;H in CH,Cl,. The reaction
required 2 days for completion and the product was isolated in 40% yield (Scheme 4).
Attempted oxidation of 11a with H,0, in the presence of a Re catalyst™ did not work, and

after 2 days no product was detected and mostly starting material was recovered.
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The chloro derivative 4a was further transformed to the thione 1a as shown in
Scheme 5. The N-oxide 4a was reacted with AcSNa generated in situ in dry MeCN to
give thioacetate 12a, which subsequently was reacted with 1 eq of MeONa in dry MeOH.
Evaporation of the solution gave the sodium salt of the thione 1a-Na with the purity
>90%. The free thione 1a was liberated with dil. HCI and analyzed by NMR and MS
techniques. Both, the thioacetate and the thione are oils that are sensitive to silica gel and
therefore could not be rigorously purified. For the purpose of analysis, the sodium salt
la-Na was treated with adamantane-1-carbonyl chloride to give the crystalline ester 2a.

The same method was used to prepare the 4-decyloxy and 4-(Z-hex-3-enyloxy)
derivatives, 2b and 2c¢, respectively from the corresponding N-oxides 4b and 4c¢. In all
three cases the overall yield for the preparation of the O-esters was about 50%-60% based
on 4. The required chlorides 4b and 4¢ were obtained from 3 in DMSO as described for

4a.



Scheme 5
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Conclusions

The preparation of 4-alkoxypyridine-2-thiones (1) was accomplished in three
steps and a reproducible overall yield of about 30% from the common precursor 3. The
modification of the hydrosulfanylation step by using AcSNa/MeONa allows for the
efficient and convenient preparation of the thione sodium salt 1-Na in purity sufficient
for the O-acylation step.

In path b the alkoxylation step proceeds more easily but the required N-oxidation
step is only moderately efficient and it may interfere with the alkene functionality. A
comparison of results for pyridines 8 and 9 with those for their respective N-oxides 7 and
3 demonstrated that oxidation of the nitrogen atom significantly lowers the mobility of
the substitutent in the 4 position (NO, and F). In consequence, alkoxylation of pyridines
8 and 9 is highly selective for the 4 position, while the same reaction of N-oxides 7 and 3
occurs at 2 position in THF. In DMSO a mixture of the two products is obtained with the

preference for the 4 substitution.

Experimental Section



'H NMR spectra were obtained at 300 MHz field in CDCl3 and referenced to the

solvent. Melting points were taken in an open capillary.
4-Alkoxy-1-hydroxypyridine-2-thione sodium salts (1-Na). General
procedure. To the solution of crude 2-thioacetoxy-4-alkoxypyridyne-N-oxide (12, 1
mmol) in dry methanol (2 mL), the methanol solution of sodium methanolate (1 mmol)
was added. The reaction mixture was stirred for 0.5 h and solvent was evaporated. The
resulting solid (100%) of crude 1-Na was used for the preparation of esters 2. Samples of
4-alkoxy-2-thiopyridine-N-oxides (1) were obtained by treatment of 1-Na with dil HCI
and extracting the product to CH,Cl,. Evaporation of the solvent left thione 1 as a
yellowish viscous oil, which was >95% pure, based on NMR analysis.
4-Heptyloxy-1-hydroxypyridine-2-thione (1a). 'H NMR 6 0.89 (t, J = 6.6 Hz,
3H), 1.20-1.47 (m, 8H), 1.78 (quin, J = 6.9 Hz, 2H), 3.97 (t, J = 6.5 Hz, 2H), 6.37 (dd, J,
=7.5Hz, J, =3.1 Hz, 1H), 7.10 (d, J = 3.1 Hz, 1H), 7.88 (d, J = 7.5 Hz, 1H). HRMS,
calcd for C,,H,\NO,S: m/z 242.1215; found: m/z 242.1197.
4-Decyloxy-1-hydroxypyridine-2-thione (1b). 'H NMR & 0.88 (t, J = 6.6 Hz,
3H), 1.22-1.47 (m, 14H), 1.77 (quin, J = 6.9 Hz, 2H), 3.97 (t, J/ = 6.5 Hz, 2H), 6.37 (dd,
J,=7.5Hz,J,=3.1Hz, 1H), 7.10 (d, J = 3.1 Hz, 1H), 7.88 (d, J = 7.5 Hz, 1H); FAB
MS, m/z 284 (MH", 75), 268 (34), 144 (100). HRMS, calcd for C,sH,,NO,S: m/z
284.1684; found: m/z 284.1689.
4-((Z)-Hex-3-enyloxy)-1-hydroxypyridine-2-thione (1¢). 'H NMR 8 0.99 (t, J =
7.5 Hz, 3H), 2.07 (quin, J = 7.1 Hz, 2H), 2.53 (q, J = 6.7 Hz, 2H), 3.97 (t, J = 6.8 Hz,
2H), 5.35 (dtt, J, = 10.8 Hz, J, = 7.2 Hz, J, = 1.6 Hz, 1H), 5.56 (dtt, J, = 10.8 Hz, J, =7.3

Hz, J;, = 1.5 Hz, 1H), 6.37 (dd, J, = 7.5 Hz, J, = 3.1 Hz, 1H), 7.10 (d, J = 3.1 Hz, 1H),



7.88 (d, J = 7.5 Hz, 1H); FAB MS, m/z 226 (MH", 100), 207 (65), 147 (78). HRMS,
calcd for C,H,(NO,S: m/z 226.0902; found: m/z 226.0903.

Adamantane-1-carboxylate esters 2. General procedure. Adamantane-1-
carbonyl chloride (1.0 mmol) was added to the suspension of sodium salt 1-Na (1.0
mmol) in dry CH,Cl, (2 mL) and the reaction mixture was stirred for 2h -14h. It was
passed through a silica gel plug and the product was eluted with CH,Cl,. The solvent was
evaporated and the solid residue was recrystallized from MeCN/AcOEt to give white
crystalline product.

Ester 2a. Yield 50%: mp 111-112 °C; '"H NMR 6 0.89 (t, J = 6.6 Hz, 3H), 1.23-
1.46 (m, 8H), 1.71-1.82 (m, 8H), 2.06-2.13 (m, 3H), 2.14-2.19 (m, 6H), 3.96 (t, J/ = 6.5
Hz, 2H), 6.26 (dd, J, = 7.7 Hz, J,= 3.2 Hz, 1H), 7.11 (d, / = 3.1 Hz, 1H), 7.33 (d, J = 7.7
Hz, 1H). Anal. Calcd for C,;H,;NO,S: C, 68.45; H, 8.24. Found: C, 68.17; H, 8.20.

Ester 2b. Yield 62%: 'H NMR 8 0.88 (t, J = 6.5 Hz, 3H), 1.20-1.45 (m, 14H),
1.65-1.82 (m, 10H), 3.96 (t, J = 6.5 Hz, 2H), 6.26 (dd, J, = 7.7 Hz, J, = 3.1 Hz, 1H), 7.10
(d,J=3.1Hz, 1H), 7.33 (d, J = 7.7 Hz, 1H).

Ester 2c¢. Yield 62%: 'H NMR 6 0.98 (t, J = 7.5 Hz, 3H), 1.70-1.79 (m, 12H),
1.94 (br d, J = 2.8 Hz, 6H), 2.02-2.12 (m, 8H), 2.17 (br d, J = 2.8 Hz, 6H), 2.51 (brq, J =
6.8 Hz, 2H), 3.96 (t, J = 6.7 Hz, 2H), 5.33 (dtt, J, = 10.8 Hz, J, = 7.2 Hz, J, = 1.5 Hz,
1H), 5.55 (dtt, J, = 10.8 Hz, J, = 7.3 Hz, J, = 1.6 Hz, 1H), 6.26 (dd, J, = 7.7 Hz, J, = 3.2
Hz, 1H), 7.11 (d, J = 3.2 Hz, 1H), 7.33 (d, / = 7.7 Hz, 1H).

2-Chloro-4-nitropyridine-N-oxide (3). 'H NMR § 8.05 (dd, J, = 7.2 Hz, J, = 3.0

Hz, 1H), 8.38 (d, J = 3.0 Hz, 1H), 8.40 (d, J = 7.3 Hz, 1H).
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4-Alkyloxy-2-chloropyridine-N-oxides 4. General procedure. Alcohol (1
mmol) was added to the suspension of NaH (1.2 mmol) in dry DMSO (5 mL) and the
reaction mixture was stirred for 2 h under N, atmosphere. Then a solution of 2-chloro-4-
nitropyridine-N-oxide (3, 175 mg, 1 mmol) in dry DMSO (2 mL) was added. The
reaction mixture was stirred for 24 h at rt, poured into water, extracted (AcOEt, 3x10
mL), dried (Na,SO,), solvents were evaporated, and the remaining of DMSO was
removed under vacuum. The crude product was purified by column chromatography
(acetone/MeOH, 10:1) to give 4 (>95% purity by NMR) as a yellowish oil.

2-Chloro-4-heptyloxypyridine-N-oxide (4a). Yield 33%: '"H NMR & 0.89 (t, J =
6.8 Hz, 3H), 1.25-1.50 (m, 8H), 1.80 (quin, J = 6.9 Hz, 2H), 3.98 (t, J = 6.5 Hz, 2H), 6.76
(dd, J, =7.2 Hz, J,=3.3 Hz, 1H), 6.99 (d, J = 3.3 Hz, 1H), 8.23 (d, /= 7.3 Hz, 1H).

2-Chloro-4-decyloxypyridine-N-oxide (4b). Yield 35%: '"H NMR § 0.88 (t, J =
6.6 Hz, 3H), 1.20-1.49 (m, 14H), 1.79 (quin, J = 6.9 Hz, 2H), 3.98 (t, J = 6.5 Hz, 2H),
6.76 (dd, J, =7.3 Hz, J, = 3.3 Hz, 1H), 6.99 (d, / = 3.3 Hz, 1H), 8.23 (d, / = 7.3 Hz, 1H).

2-Chloro-4-((Z)-hex-3-enyloxy)pyridine-N-oxide (4c). Yield 30%: 'H NMR 6
0.98 (t, J =17.5 Hz, 3H), 2.09 (quin, J = 7.3 Hz, 2H), 2.54 (q, / = 6.9 Hz, 2H), 3.98 (t, J =
6.8 Hz, 2H), 5.36 (dtt, J, = 10.7 Hz, J, = 7.3 Hz, J, = 1.5 Hz, 1H), 5.56 (dtt, J, = 10.8 Hz,
J,=73Hz,J,=1.6 Hz, 1H), 6.76 (dd, J, = 7.3 Hz, J, = 3.3 Hz, 1H), 7.00 (d, J = 3.3 Hz,
1H), 8.23 (d, J = 7.3 Hz, 1H); FAB MS, m/z 228 (MH", 100), 194 (78), 146 (77). HRMS,
calcd for C,H,;CINO,: m/z 228.0791; found: m/z 228.0778.

2-Heptyloxy-4-nitropyridine-N-oxide (5). n-Heptanol (3.25 g, 28 mmol) was
added to the suspension of NaH (800 mg, 60% in oil, 20 mmol) in dry THF (100 mL) and

the reaction mixture was stirred for 1 h under N, atmosphere. The solution of 2-chloro-4-

11



nitropyridine-N-oxide (3, 2.44 g, 14 mmol) in dry THF (10 mL) was added. The reaction
mixture was stirred at room temperature for 1.5 h, poured into NH,Cl, extracted (CH,Cl,,
3 x 5 mL), dried (Na,SO,) and solvents were evaporated. The solid residue was purified
by crystallization (i-octane) to give 2.10 g (62% yield) of § as a yellow crystalline solid:
mp 82-83 °C; '"H NMR 6 0.89 (t, J = 6.5 Hz, 3H), 1.26-1.44 (m, 6H), 1.45 -1.58 (m, 2H),
1.98 (quin, J = 7.2 Hz, 2H), 4.31 (t, / = 6.7 Hz, 2H), 7.71 (d, J = 2.8 Hz, 1H), 7.77 (dd, J,
=24 Hz, J,=7.1 Hz, 1H,), 8.34 (d, J = 7.1Hz, 1H). Anal. Calcd for C,,H;;N,O,: C,
56.68; H, 7.13; N, 11.02. Found: C, 56.87; H, 10.97; N, 10.97.
2,4-Diheptyloxypyridine-N-oxide (6). A reaction of 3 with 2 eq of n-C,H,;ONa
conducted in THF over 24 hr at room temperature gave 6 as the sole product: 'H NMR §
0.85-0.92 (m, 6H), 1.25-1.55 (m, 20H), 1.79 (quin, J = 6.8 Hz, 2H), 1.94 (quin, J =7.1
Hz, 2H), 3.97 (t, J = 6.5 Hz, 2H), 4.19 (t, / = 7.0 Hz, 2H), 6.37 (d, J = 3.0 Hz, 1H), 6.44
(dd, J, = 7.3 Hz, J, = 2.9 Hz, 1H), 8.15 (d, J = 7.3 Hz, 1H); FAB MS, m/z 324 (MH",
100), 226(61). HRMS, calcd for C,,H,,NO;: m/z 324.2539; found: m/z 324.2536.
2-Chloro-4-fluoropyridine-N-oxide (7). A solution of 2-chloro-4-fluoropyridine
(8,0.50 g, 3.8 mmol) and mCPBA (3.0 g, ~50% pure) in dry CH,Cl, (10 mL) was stirred
overnight at ambient temperature. It was washed with 10% NaOH (20 mL), water (20
mL), extracted with CH,Cl, (3 x 10 mL), dried (Na,SO,), and the solvent was evaporated.
The residue was purified by flash chromatography (SiO,, CH,Cl, followed by acetone) to
afford 330 mg (58% yield) of N-oxide 7 as a yellowish oil: 'H NMR & 6.99-7.08 (m, 1H),
7.77 (dd, J, = 6.0 Hz, J, = 3.1 Hz, 1H), 8.34 (t, J = 6.3 Hz, 1H); FAB MS, m/z 148 (MH",
100), 130 (44), 114 (44). HRMS, calcd for C;H,CIFNO: m/z 147.9965; found: m/z

147.9967.
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Reaction of 2-Chloro-4-fluoropyridine-N-oxide (7) with n-C,H,;ONa. The
reaction was conducted in THF in the same way as described for the preparation of 1a in
DMSO. The reaction mixture was worked up and the NMR analysis of the crude product
showed two sets of signals in approximate ratio of 1:1 attributed to 6 and 4-fluoro-2-
heptyloxypyridine-N-oxide (10): '"H NMR (selected signals) & 4.21 (, J = 7.0 Hz, 2H),
6.63-6.71 (m, 2H), 8.25 (t, J = 6.6 Hz, 1H).

2-Chloro-4-fluoropyridine (8). 'H NMR (400 MHz) 8 7.00 (td, J, = 6.7 Hz, J, =
2.0 Hz, 1H), 7.10 (dd, J, = 8.3 Hz, J, = 2.0 Hz, 1H), 8.38 (dd, J, = 8.3 Hz, J, = 5.7 Hz,
1H).

2-Chloro-4-heptyloxypyridine (11). n-Heptanol (88 mg, 0.76 mmol) was added
to the suspension of NaH (37 mg, 60% in oil, 0.9 mmol) in dry THF (2 mL) and the
reaction mixture was stirred for 1 h under N, atmosphere. 2-Chloro-4-fluoropyridine (8,
100 mg, 0.76 mmol) in dry THF (1 mL) was added and the reaction mixture was stirred
at room temperature for 24 h. The reaction mixture was poured into water, extracted with
CH,CI, (3 x 5 mL), dried (Na,SO,), solvents were evaporated, and the remaining heptanol
was removed under vacuum. The crude oily product was purified by column
chromatography (SiO,, CH,CL,) to give 123 mg (62% yield) of 11 as a colorless oil: 'H
NMR 9§ 0.89 (t, J = 6.7 Hz, 3H), 1.22-1.50 (m, 6H), 1.79 (quin, J = 7.0 Hz, 2H), 3.99 (t, J
= 6.5 Hz, 2H), 6.72 (dd, J, = 5.8 Hz, J, = 2.1 Hz, 1H), 6.81 (d, / = 2.0 Hz, 1H), 8.16 (d, J
= 5.8 Hz, 1H). Anal. Calcd for C,,H,(CINO,: C, 63.29; H, 7.97. Found: C, 63.73; H,
8.03.

4-Alkoxy-2-thioacetoxypyridine-N-oxides (12). General procedure. Thioacetic

acid (76 mg, 1.0 mmol) was added to the suspension of NaH (1.0 mmol) in dry MeCN (2
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mL). After 20 min the solution was added to 4-alkyloxy-2-chloropyridine-N-oxide (4,
Immol) in MeCN. The reaction mixture was stirred for 0.5 h, poured into 2% HCI,
extracted with CH,Cl, (3 x 10 mL), dried (Na,SO,) and the solvent was removed. The
oily residue (quantitative yield) was used without purification for the preparation of 1-
Na. Attempted separation of 12 on a silica gel column resulted in decomposition of the
compound.

4-Heptyloxy-2-thioacetoxypyridine-N-oxide (12a). 'H NMR § 0.88 (t, J = 6.6
Hz, 3H), 1.20-1.45 (m, 8H), 1.77 (quin, J = 6.9 Hz, 2H), 2.44 (s, 3H), 3.97 (t, / = 6.5 Hz,
2H), 6.28 (dd, J, =7.7 Hz, J, = 3.2 Hz, 1H), 7.11 (d, J/ = 3.2 Hz, 1H), 7.43 (d, J = 7.7 Hz,
1H). HRMS, calcd for C,,H,,NO,S: m/z 284.1320; found: m/z 284.1323.

4-Decyloxy-2-thioacetoxypyridine-N-oxide (12b). 'H NMR § 0.88 (t, J = 6.6
Hz, 3H), 1.25-1.48 (m, 14H), 1.77 (quin, J = 7.0 Hz, 2H), 2.43 (s, 3H), 3.97 (t, J = 6.5
Hz, 2H), 6.28 (dd, J, = 7.7 Hz, J,=3.2 Hz, 1H), 7.11 (d,J =3.2 Hz, 1H), 743 (d, J = 7.7
Hz, 1H).

4-((Z)-Hex-3-enyloxy)-2-thioacetoxypyridine-N-oxide (12¢). 'H NMR § 0.98 (t,
J =7.5Hz, 3H), 2.07 (quin, J = 7.4 Hz, 2H), 2.43 (s, 3H), 2.52 (q, J = 6.6 Hz, 2H), 3.97
(t, J =6.7 Hz, 2H), 5.28-5.41 (m, 1H), 5.49-5.62 (m, 1H), 6.28 (dd, J, =7.7 Hz, J, = 3.2
Hz, 1H), 7.11 (d, J = 3.2 Hz, 1H), 7.43 (d, J = 7.7 Hz, 1H); FAB MS, m/z 268 (MH", 38),

226 (57) 147 (100). HRMS, calcd for C;H,;NO,S: m/z 268.1007; found: m/z 268.1016.

Acknowledgement

This project was supported in part by the NSF (DMR-0606317).

14



References

1.

10.

11.

12.

13.

14.

Knight, D. W. in Encyclopedia of Reagents for Organic Synthesis, L. A. Paquette
Ed.; Wiley&Sons, New York, 1995, Vol 4 pp 2775-2778. Crich, D. in
Comprehensive Organic Synthesis, B. M. Trost, I. Fleming, S. V. Ley, Eds.;
Pergamon, New York 1991, Vol 7 pp 717-734, and references therein.

For instance Zinc Pyrithione (Zinc Omadine®). For properties and uses see:
http://en.wikipedia.org/wiki/Zinc_pyrithione.

Edrissi, M.; Massoumi, A. Microchem. J. 16, 353-358 (1971); Edrissi, M.;
Jadbabaee, M. J.; Dalziel, J. A. W. ibid 526-537; Edrissi, M.; Massoumi, A.;
Dalziel, J. A. W. ibid 538-547.

Xiong, R.-G.; Song, B.-L.; You, X.-Z.; Mak, T. C. W.; Zhou, Z.-Y. Polyhedron
15, 991-996 (1996).

Sun, J.-Y.; Qiu, X.-L.; Meng, W.-D.; Qing, F.-L. Tetrahedron 62, 8702-8706
(2006).

Rees, C. W. J. Chem. Soc., 3684-3685 (1956).

Puszko, A.; Talik, Z. Pol. J. Chem. 65, 377-380 (1991).

Yale, H. L.; Losee, K.; Martins, J.; Holsing, M.; Perry, F. M.; Bernstein, J. J. Am.
Chem. Soc. 75, 1933-1942 (1953).

Shaw, E.; Bernstein, J.; Losee, K.; Lott, W. A. J. Am. Chem. Soc. 72, 4362-4364
(1950).

Abramovitch, R. A.; Knaus, E. E. J. Heterocycl. Chem. 12, 683-690 (1975).
Puszko, A. Pol. J. Chem. 68, 657-664 (1994).

For instance: Shaw, E. N.; Bernstein, J. US Pat. 2686786 (1954). Bernstein, J.;
Losee, K. A. US Pat. 2713049 (1955). Cislak, F. E. US Pat. 2786847 (1957).
Bouillon, C.; Kalopissis, G.; Lang, G. Ger. Offen. DE 2165752 (1972). Elslager,
E. F.; Worth, D. F. Ger. Offen. DE 2407937 (1974). Muntwyler, R. E. Ger.
Offen. DE 2714041 (1977).

4-Methoxy and 4-ethoxy derivatives were mentioned in patent literature but no
detals were provided: Nakanishi, M.; Saheki, S.; limori, K. JP 47040057 and JP
47040052 (1972).

Zhong, P.; Guo, S.; Song, C. Synth. Commun. 34, 247-253 (2004).

15



15.
16.

17.
18.
19.
20.

21.
22.
23.

Miller, J. Aromatic Nucleophilic Substitution; Elsevier: New York, 1968.
Alker, D.; Ollis, W. D.; Shahriari-Zavareh, H. J. Chem. Soc. Perkin. Trans. 1.,
1623-1630 (1990).

Talik, Z. Roczniki Chem. 35, 475 (1961).

Talik, Z. Roczniki Chem. 36, 1313-1320 (1962).

Connon, S. J.; Hegarty, A. F. Eur. J. Org. Chem., 3477 - 3483 (2004).

Kim, B. Y.; Ahn, J. B.; Lee, H. W.; Kang, S. K.; Lee, J. H.; Shin, J. S.; Ahn, S.
K.; Hong, C.1.; Yoon, S. S. Eur. J. Med. Chem. Chim. Ther. 39, 433-447 (2004).
Kuduk, S. D.; DiPardo, R. M.; Bock, M. G. Org. Lett. 7, 577-579 (2005).
Walters, M. A.; Shay, J. J. Tetrahedron Lett. 36, 7575-7578 (1995).

Copéret, C.; Adolfsson, H.; Khuong, T.-A. V.; Yudin, A. K.; Sharpless, K. B. J.
Org. Chem, 63, 1740-1741 (1998).

16



