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Abstract El The synthesis of several derivatives of 2Kpyran-3(6H)- 
ones and their Michael adducts is described. Phenylthio. benzenesulfo- 
nyl, pacetylaminobenzenesulfonyl, and pbromophenyl substituents are 
beneficial for activity against gram-positive bacteria. 2-[4-(Phenylthio) 
phenyl]-2-methyl-6-methoxy-2Kpyran-3(6H)-one (Be) showed a mini- 
mum inhibitory concentration of 1.56 pg/mL against Staphylococcus 
aureus ATCC 2593, and 2-[4-(phenylthio)phenyl]-2-methyl-6-[(p- 
nitrobenzoyI)oxy]-2Kpyran-B(6H)-one (9) showed a minimum inhibitory 
concentration of 0.75 pg/mL against Streptococcus sp. C203M. In 
general, derivatives of 6-hydroxy-2Kpyran-3(6H)-ones with substitu- 
ents at C-2 and C-6 showed significant activity against gram-positive 
bacteria. More specifically, the bulkier the C-2 substituent, the greater the 
antibacterial activity. Michael adducts of thiols (1 3) showed activity, 
which may be due to a retro-Michael reaction. In conclusion, the 
@enone system is essential for the activity of 6-hydroxy-PKpyran- 
3(6H)-ones, and the size and nature of substituents at C-2 are associ- 
ated with antimicrobial activity. 

. ___..- 

W-pyran-3(6H)-one derivatives (l), prepared by oxidation 
of furfuryl alcohols14 or by multistep manipulations of 
sugars,"7 have been reported either as versatile synthetic 
intermediates69 or as biologically important molecules with 
significant anticoccidia1,"J antibacterial,"JJ1 pesticida1,lz or 
herbicidal activity.13 Furthermore, derivatives of 1 are com- 
ponents of naturally occurring anthracycline antibiotics.14 
There is ongoing interest in the synthesis and pharmacology 
of W-pyran-3(6H)-ones, and many new derivatives have been 
synthesized with additional properties such as acaricidalls 
and fungicidal16 activities. However, little work has been 
done on the structure-activity relationships and the mode of 
action of these compounds. 

We believe17 that the double bond of compounds 1 is essential 
for their antimicrobial activity. Some experiments3 performed 
with coenzyme A and cysteine showed that W-pyran-S(W- 
ones block -SH-containing molecules. Also, substituents at C-2 
and C-6 play an important role.10 More precisely, derivatives of 
1 with a bulky aromatic group (biphenylyl, dibenzofwanyl, etc.) 
at  R2 and an ester or an ether functionality at R1 exhibit better 
antimicrobial activity.10 Finally, the Michael adducts with 
amines (2) have shown equal or better activity than the 
corresponding enones. This behavior may be due to an in vivo 
retro-Michael reaction17 of compounds 2. 

We have synthesized derivatives of W-pyran-S(6Ehnes in an 
attempt to increase their antimicrobial and anticoccidial proper- 
ties. Our results concerning the antimicrobial properties of 
derivatives 1,2, and 2' may contribute to the understanding of 
the structure-activity relationships of this class of compounds. 

Results and Discussion 
Chemistry-Ketones of the general formula 3 were con- 

verted into the pyran analogues (4; Scheme I) by coupling 
with furyllithium and subsequent oxidative rearrangement 
of the furfuryl alcohol product with m-chloroperbenzoic acid 
or N-bromosuccinimide in water. This mixture of anomers 
was treated with methyl isocyanate or ethyl isocyanate in the 
presence of triethylamine to yield the desired carbamate (5) 
and a fused bicyclic byproduct (6). The assignment of the 
conformation of 2,2-disubetituted W-pyran-3(6H)-ones is 
based on our previous findings's; that is, a quotient of 
coupling constants JB,61J4,6 of -1 indicates a trans-2,6 sub- 
stitution, and a quotient of -2 indicates a cis-2,6 substitution. 
An X-ray analysis of the structures of 5b and 8b confirmed our 
results, as well as the axial orientation of the aromatic 
substituent.18 For the carbamate derivatives, we proved that 
the panomer of 4 was converted to 5 (Scheme I), whereas the 
a-anomer was converted preferentially to the endo-Michael 
adduct, 6 (5:6 ratio, 80:20). The conformation and the ring- 
numbering system of a representative of each class of com- 
pounds presented in this work are shown in Scheme 11. 

I ) I  
I vi 

I 

N 4  

Scheme I-Synthesis of 4-10 from 3. Key to reaction conditions: (i) 
furan: 15% butyllithium, tetrahydrofuran, -5 "C, room temperature (RT), 
24 h; (ii) CHCI,, m-chloroperbenzoic acid, 15 "C, 3-6 h; (iii) Nbromo- 

EtNCGEt,N, CH,CI,, FIT, 3 h; (v) Mel-Ag,O, acetone, RT, 18 h; (vi) 
R'H, catalytic 70% HCIO,; (vil) Et,N, CH,CI,, pnitrobenzoyl chloride, 

succinimide, tetrahydr0furan:water (4:1), 0 "C, 5-10 min; (iv) MeNCO or 
0 R' 

1 2 2' RT, 3 h. 
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The anomeric ethers 7 and 8 (Scheme I) were prepared from 
4 and 5, respectively by glycosidic coupling of 41° with methyl 
iodide-silver oxide or by acidic solvolysis of 5 (with perchloric 
acid in methanol or MeOCH,CH,OCH,CH,OH) with inver- 
sion of stereochemistry at C-6. Finally, ester 9 was synthe- 
sized from 4b (Scheme I) by coupling with p-nitrobenzoyl 
chloride, whereas ester 10 was prepared according to a 
previously described method.1 

Derivatives of 2 were prepared by Michael addition of a 
nucleophile on C-5 (Scheme 111). When ammonia was bubbled 
through a solution of 7b or 7b' (methylene chloride:methanol, 
1:2) for 6 h, an unstable amino adduct was produced (one 
ninhydrin-positive spot on thin-layer chromatogram). In situ 
reduction a t  0°C with sodium borohydride gave one main 
product, which was identified as the threo isomer 11 or 12, 
respectively. Under the reaction conditions, the thermody- 
namically favored 1,4 adduct was formed selectively. The 
vicinal coupling constants of the anomeric hydrogen were 7.8 
and 6.9 Hz, respectively, for 11 and 12, indicating the 
equatorial orientation of the -NH, substituent. 

When the nucleophile was a thiolate (e.g., p-aminothiophe- 
nol), the Michael adduct was stable, and the addition occurred 
from the kinetically favored site (axial attack). The product 
(13) was flipped to the conformation having both the aryl 
substituents a t  equatorial positions, resulting in a vicinal 
coupling constant between H-5 and H-6 of -8 Hz (diaxial 
orientation of hydrogens; Scheme 11). 

Finally, to investigate further the activity of the fused 
system 6, the hydroxyl or acylamino derivative 14 or 16, 
respectively, was prepared by simple chemical transforma- 
tions (Scheme IV). Both the hydride reduction of the carbonyl 
group and the catalytic hydrogenation of the oxime gave only 
one isomer, 14 or 16, with an  equatorial OH or  NHCOCH, 
group (coupling constants between H-6 and axial H-7 were 
12.7 and 14 Hz, respectively, for 14 and 15). 

Antibacterial Activity-All the examined compounds were 
practically inactive against gram-negative bacteria (Table I). 
The W-pyran-3(6m-one derivatives (1) showed significant 
activity against Staphylococcus aureus (gram positive). 6-Hy- 
droxy or 6-acyloxy derivatives (Table I, 4 and 5) were less 
active than the corresponding ethers (7 and 8) or  esters (9), in 
accordance with previous findings10 

Of the compounds listed in Table I, 10 were tested further 
against three gram-positive species, two gram-negative spe- 
cies, and a yeast (Table 11). Two compounds (5a' and 9) showed 
activity against gram-positive bacteria, the more promising 
being 9, which exerted particularly good activity against 
Streptococcus sp. Antifungal activity was poor for all com- 
pounds except 5a. 

To combine the antimicrobial properties of dapsone and 
W-pyran-3(6H)-one, we synthesized some phenylthio, benzene- 
sulfonyl, and paminobenzenesulfonyl derivatives of 1. Among 
the synthesized derivatives, those bearing a phenylthio substit- 
uent (namely, pphenylthiophenyl; Table I, a compounds) gave 
better results. Methyl ether 8a was the best. Thepbromophenyl 

I M e / j , O l  

 an denvsti;e;) 

Scheme Il-Comformations and numbering of some characteristic 
compounds (R2 = pC,H,-S024,H,-). 

7b K'= -0Me. 11 K1= -0Me. 
12 HI= -(OCH-&H2)20Me, K~=PC~H~-SQ-GH,- 

7b' K-'= -(OCH2CH2)20Me. 

&I K2 = p13r-G,Hs- 13 

Scheme ill-Synthesis of 11-13. Key to reaction conditions: (I) 
MeOH:CH,CI, (2:1), gaseous NH,, 6 h; (ii) NaBH,, 0°C; (iii) pami- 
nothiophenol, CH2C12, room temperature, 6 h. 

n 
C. 

16 

Scheme IV-Synthesis of 14-16 from 6a'. Key to reaction conditions: (i) 
LiAIH,, room temperature, 1 h; (ii) MeOH-water, H,NOH * HCC 
CH,COONa, pH 4.5,40 "C, 3 h; (iii) CH,COOH-(CH,C0)20, 5% PdC, 
H,, 2 h. 

derivatives (d compounds) showed marginal activity. 
Reduction of the carbonyl group on the Michael adduda ( 11 and 

12) derreased the antimicrobial activity. However, 13 had en- 
hanced activity in comparison with the start ing allylic ketone, 
8d, which was most probably due to a retmhtichael reaction. 

The oxazolone-type derivatives 14, 15, and 16 were almost 
inactive. A slight improvement of activity was found after 
replacing the ketone functionality with a n  acefamido group. 

Experimental Section 
Chemistry-Melting points were determined in open capillary 

tubes (Buchi melting-point apparatus) and are  uncorrected. Thin- 
layer chromatography (TLC) was performed on 0.2-mm silica gel- 
precoated plastic sheets with fluorescent indicator (UV,,,; Merck). IR 
spectra (neat for oils and potassium bromide pellets for solids) were 
obtained on a Perkin-Elmer model 283B spectrophotometer. Proton 
nuclear magnetic resonance ('H NMR) spectra were recorded on a 
Varian 360 EM (60-MHz) spectrometer. Tetramethylsilane was uaed 
as an internal reference (chemical shift, 0.00 ppm). Elemental 
analysis was performed and maas spectra were recorded at the 
University of Thesalloniki. 

The starting ketones 3a and 3b were prepared according to 
previously reported methods.19 Ketone 3b was purchased from Fluka, 
and ketone 3c was prepared by coupling20 p-aminothiophenol and 
p-bromoacetophenone with tetrabutylammonium bromide as a 
phaae-transfer agent and subsequent acetylation of the amine with 
acetic acid, acetic anhydride, and Zn; mp, 15P156"C (literature 
value,21 156-157 " 0 .  

Spectroscopic data of new compounds are presented in Tables III 
and IV. 
2-[p-[p-(Acetylarnino)benzenesulfonyl]p henyll-6-hydroxy-2- 
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Table I-Sensltlvlty of Control Stralns of Bacterla to the New Compounds 

Inhibitory Zone (mm) with Bacteria at Indicated Concentratlon (N/disk) 
MIC, MBC. 

S. aureus 

1 10 100 
E. colic P. aeruginosa ' Compound w/ MI 

mLa mLb 

d - 12.50 >200 - 8 16 9 4b 
8 ne n 

3.1 2 50 - 1 1  14 
4c 
5a 
5a' 6.25 200 7 12 17 

10 n n 5b 
25 >200 7 15 
12.50 >200 - 9 13 

5b' 
5d 

6.25 200 7 16 19 7b 
7b' 6.25 200 - 12 19 

1.56 50 15 18 20 8a 
6.25 200 7 19 21 8b 

8b' 6.25 200 7 1 1  20 7 
8d 6.25 200 - 13 17 8 7 
9 3.12 100 9 10 1 1  7 8 

25 >200 - 7 13 10 1 1  
68 n n 
6a' n n 
6b n n 

7 11 n n 
7 12 n n 

13 3.12 100 7 19 22 n n 
9 14 n n 

15 >25 >200 - 7 10 
16 25 >200 - 8 12 

- - - - 
- - - - 

- - - - 
- - - 

- - 
- - - - 
- - - - - 

- - - - - 10 

- - - - - 
- - - - - 

- - - - 
- - - - 
- - - - 

- - 
- - 

Ampicillin 0.19 n n 22 n n n 

a MIC is the minimum inhibitory concentration. MBC is the minimum bacterial concentration. CCompound concentration, 100 Mldisk. NO 
sensitivity. n, Not tested. 

Table lCSensltlvlty of Bacterla and a Yeast to Some of the New 
Compounds. 

MICIMBC, MImL 
s. 

Strepto- cerevisiaec 

C203M 

B. S. 
Compound subtilisb aureusb 

ATCC COCCUSb AfCC 2601 ATCC 
6633 91 44 

4b 
5a 
5a' 
5b 
6a' 
9 

11 
12 
14 
16 

5011 00 
5011 00 
6.25125 - 
- 

3.1216.25 
- 
- 
- 

501> 100 

50150 
1001100 
12.511 2.5 - 
- 

3.12l6.25 - 
- 
- 
- 

12.511 2.5 
6.2516.25 
3.1 2l3.12 
25125 

1 001>100 
0.7810.78 - 
- 

501 1 00 
12.5125 

a Sensitivity against E. coli ATCC 1 1303. MIC > 100 and MBC > 100 
for all tested compounds; sensitivity against P. aeruginosa NCTC 10701, 
MIC = 100 and MBC > 100 for all tested cornpounds, where MIC is the 
minimum inhibitory concentration and MBC is the minimum bacterial 
concentration. Reported as MICIM, pglml. Reported as MICIMFC, 
Mlml, where MFC Is the minimum fungicidal concentration. '-, No 
sensitivity (>1 00/>100). 

methyl-W-pyran-3(6ne (4c)-To a solution of freshly distilled 
furan (18 mL, 0.22 mol) in anhydrous tetrahydrofuran (50 mL) was 
added in a dropwise manner n-butyllithium (n-BuLi) in hexane (15%,37 
mL, 0.085 mol) under nitrogen at  0 to -5 "C. After being stirred for 1.5 
h at  20 "C, the mixture was cooled to 0 "C, the starting ketone 3c (10 g, 
0.031 mol) diluted with tetrahydrofuran (30 mL) was added to the 
mixture in a dropwise manner, and the reaction mixture was stirred 
overnight a t  room temperature. &r hydrolysis and usual workup ofthe 
mixture, evaporation under reduced pressure gave a brown-yellow oil of 
crude furfury1 alcohol, which was oxidized without further purification. 

N-Bromosuccinimide (5.5 g, 0.03 mol) was added in portions to a 
tetrahydrofuran:water (4:l) solution of the crude furfuryl alcohol a t  

0°C. ARer the reaction was complete (as monitored by TLC), the 
mixture was diluted with ether and successively washed with potassium 
iodide (15%) and sodium thiosulfate (15%). The organic layer was 
washed with water to neutrality, dried over magnesium sulfate, and 
evaporated under reduced pressure to yield a yellow oil. The oil was 
chromatographed on a silica gel column with ether:ethyl ace ta teheme 
(3:3:4) as eluant. ARer evaporation of the solvents and crystallization of 
the residue from methanol, 5.3 g of analytically pure 4c as a white solid 
was isolated (mp, 137-138 "C). The yield for these two steps was 67%. 

6-Hydroxy-Z-[p-(phenyIt hio)phenyl]-f-methyl-W-pyran-3(6H)- 
one (4abThis  compound was synthesized as described p r e v i o ~ l y . ~  
6-Hydroxy-%-[p-(benzenesulfonyl)phenyl]-2-met hyl-2B-pyran- 

3(6H)-one (4bkThis  compound was synthesized as described previ- 
ously.'8 

6-Hydroxy-2-@-bromophenyl ) -2-methyl -2H-p-one  
(4dbKetone 3d (12.5 g, 0.06 mol) was treated with n-BuLi as before 
to yield the corresponding furfuryl alcohol, which was subsequently 
oxidized with N-bromosuccinimide to yield 10.3 g of 4d as a colorless 
oil (yield for two steps, 71%). 
2-lp-(Phenylthio)phenyl]-2-methyl-6-[[(methylamino)carbonyll 

oxyl-W-pyran-3(6%ne ( 5 a b T o  a solution of 4a (11 g, 0.035 mol) 
and methyl isocyanate (5 mL, 0.1 moll in dry ether (150 mL) was 
added triethylamine (12 mL, 1.2 mol) in a portionwise manner. After 
the end of the reaction was confirmed by TLC, the mixture was 
washed with water to neutrality, and the organic layer was dried over 
magnesium sulfate, filtered, and evaporated under reduced pressure 
to yield an oil, which was chromatographed on a silica gel column 
with ether:hexane (6:4) as eluant to give 11.8 g (yield, 90%) of a 
rapidly eluting compound that proved to be 5a (white crystals from 
ether-hexane; mp, 134-135°C) and 0.2 g (yield, 3%) of a slowly 
eluting compound that proved to be 1,5-dimethyl-5-lp-(phenylthio)- 
phenylldihydro-[1H,7H1-5H-pyrano[3,2-d]oxazole-2,6-dione (6a; 
white crystals from acetone:hexane; mp, 111-112 "C). 
2~-(Benzenesulfonyl)phenyl]-2-methyl-6~[(methylamino)car- 

bonylloxyl-2H-pyran-3(6H)-one (5b) and 1.5-Dimethyl-5-lp- 
(benzenesulfonyl)phenyl]dihydro-[ lB,7HJ-5H-pyrano[3,2-d]ox- 
azole-2,6-dione (6bbThese compounds were synthesized as de- 
scribed previously.18 

2 - l p ( P h e n y l t h i o ~ p h e n y l ] - 2 - m e t h y l - ~ ( e t h y l ~ n o ~ ~ ~ n y l ~ ~ ~  
W-pyran-3(6IOone (5a') and 5-lp-(Phenylthio)phenyl]-l-ethyl-5- 

11 28 I Journal of Pharmaceutical Sciences 
Vol. 87, No. 7 7 ,  November 1992 



Ta
bl

e 
Ill

--
C

ha
ra

ct
er

ls
tic

s 
of

 N
ew

 C
om

po
un

ds
 o

f t
he

 G
en

er
al

 F
or
mu
la
 

A
na

ly
si

s'
 

IR
 (K

Br
) A

bs
or

pt
io

ns
, c

m
-' 

'H
 N

M
R

 (
C

D
C

I,)
 

C
he

m
ic

al
 S

hi
fts

, p
pm

 (
J.

 H
z)

 M
e 

H
-4

 
H

-5
 

J4
.5 

J
5
,6

 
J4

.6
 

M
as

s 
Sp

ec
tr

al
 d

at
ab

 
C

, %
 

H,
 %

 
N

,%
 

R
2 

R
' 

c 
=

 0
 

c
-0

4
 

R
2 

R
' 

C
om

po
un

d 
Fo

rm
ul

a 
M

r 

4c
 

4d
 

5a
 

5a
' 

5b
' 

!id
 

8b
' 

C
m

H
 1s

N
O

L3
 

c
l Z

H
1 

1 B
ro

3 

C
20

H
1S

N
04

S
 

C
Z

1H
21

N
04

S
 

C
z1

H
21

N
O

sS
 

C
1
4
H

1
4
B

rN
0
4
 

C
2
3
H

2
6
0
7
S

 

C
1
3
H

1
3
B

r0
3
 

C,
,H

l,N
O

,S
 

C
2
3
H

2
6
0
7
S

 

40
1.

4 
-
 c 

-c 

28
3.

1 
-
 c 

-0
 

36
9.

5 
65

.0
2 

5.
18

 
64

.7
4 

5.
08

 

38
3.

5 
65

.7
8 

5.
52

 
65

.4
9 

5.
27

 

41
5.

5 
60

.7
1 

5.
09

 
60

.8
8 

5.
19

 

34
0.

2 
49

.4
3 

4.
15

 
51

.0
3 

4.
10

 

44
6.

5 
61

.8
7 

5.
87

 
62

.0
7 

5.
90

 

29
7.

2 
52

.5
4 

4.
41

 
52

.2
2 

4.
64

 

49
3.

5 
60

.8
5 

3.
88

 
60

.6
6 

3.
55

 

44
6.

5 
61

.8
7 

5.
87

 
61

.9
5 

5.
71

 

3.
79

 
29

5 
(l

o
),

 22
8 

(4
7)

. 
3.

46
 

36
9 

(l
o

),
 77

 (
5)

, 

3.
65

 
-
 

3.
42

 

3.
37

 
24

5 
(l

oo
),

 77
 (
90
),
 

3.
41

 
41

5 
(l

),
 32

7 
(3

0)
. 

4.
12

 
3.

93
 

83
 (

lo
o)

, 2
95

 (
10

) 
C

 

-
 

26
0 
(7
0)
 

C
 

C
 

-
 

-
 C
 

C 
-
 

-
 

2.
84

 
2.

73
 

C
 

C
 

-
 

-
 

24
5 
(2
2)
, 1

86
 (
30
).
 

77
 (

6)
, 3

27
 (1

00
1,

 
28

5 
(2

8)
, 2

60
 (

10
) 

29
7 

(7
1,

 2
66

 (
40
1,
 

83
 (2

01
, 9
8 

(l
oo

),
 

22
3 

(4
0)

, 1
84

 (1
5)

 
49

3 
(1

 ) ,
 2

45
 (

95
),

 
26

0 
(2

81
, 7
7 

(1
21

, 
32

7 
(2

),
 16

7 
(1

00
) 

26
0 

(l
),

 24
5 

(1
3)

, 
18

6 
(l

oo
),

 77
 (

23
),

 
32

7 
(8

7)
, 2

85
 (

13
) 

30
50

 
33

50
 

34
00

 
1 3

20
 

14
80

 
34
20
 

30
60

 
82

0 
30

80
 

34
80

 
15

80
 

17
20

 
74

4 
15

30
 

30
60

 
33

80
 

15
90

 
17

25
 

75
0 

15
30

 
30

60
 

34
40
 

13
00

 
17

65
 

11
60

 
16

95
 

30
90

 
34

00
 

14
90

 
17

15
 

52
5 

15
35

 
30

40
 

28
00
 

13
20

 
28

50
 

11
60

 
30

90
 

28
40

 
14

90
 

55
5 

30
50

 
17

40
 

13
15

 
11

60
 

30
50

 
28

50
 

13
10

 
28

00
 

11
60

 

16
90

 

16
90

 

16
90

 

16
85

 

16
90

 

16
90

 

16
80

 

16
85

 

16
95

 

16
80

 

10
10

 
11

05
 

12
20

 
10

10
 

12
15

 
10

10
 

12
15

 
10

10
 

12
10

 
10

10
 

12
15

 
10

00
 

12
05

 
lo

00
 

11
10

 

11
00

 

12
00

 
10

00
 

3.
1 

s 
7.

8 
m

 

7.
0 

m
 

7.
2 
s 

7.
2 

s 

7.
5 

m
 

7.
2 

m
 

7.
4 

m
 

7.
1 

m
 

7.
4 

m
 

7.
4 

m
 

5.
4 

m
 

3.
7 

s 

2.
8 

d 
4.

8 
q 

J
=

5
 

d 
-
 e 

-
 

2.
8 

d 
5.

0 
q 

J 
=

 5
.2

 
3.

4 
m

 
3.

1 
s 

3.
3 

s 

8.
0 

m
 

3.
6 

m
 

3.
3 

s 

6.
2 

dd
 

J
=

 1
0 

5.
9 

dd
 

J
=

 1
0 

6.
0 

dd
 

J
=

 1
0 

6.
1 

dd
 

J
=

 1
0 

6.
1 

dd
 

J
=

 1
0 

5.
9 

dd
 

J
=

 1
0 

5.
9 

dd
 

J
=

 1
0 

5.
9 

dd
 

J
=

 1
0 

6.
1 

dd
 

J
=

 1
0 

5.
9 

dd
 

J
=

 1
0 

6.
9 

dd
 

J
=

 1
.2

 

6.
6 

dd
 

J
=

 1
.4

 

6.
6 

dd
 

J
=

 1
.6

 

6.
6 

dd
 

J 
=

 2
.0

 

6.
6 

dd
 

J 
=

 2
.0

 

6.
5 

dd
 

J
=

 1
.8

 

6.
6 

dd
 

J 
=

 2
.1

 

6.
6 

dd
 

J 
=

 2
.8

 

6.
7 

dd
 

J
=

2
 

6.
6 

dd
 

J 
=

 2
.7

 

5.
9 

dd
 

1
.7

s 
J

=
 1

.2
 

5.
2 

t 
1.

3 
s 

J
=

 1
.4

 

6.
2 

t 
1

.6
s 

J
=

 1
.5

 

6.
3t

 
1

.7
s 

6.
3 

t 
1.

6 
s 

J
=

 1
.5

 

J 
=

 2
.0

 

6.
1 

t 
1.

6 s
 

J
=

 1
.8

 

5.
1t

 
1

.7
s 

J
=

 1
.6

 

5.
1t

 
1

.6
s 

J
=

 1
.1

 

6.
5t

 
1

.7
s 

J
=

 1
.4

 

5.
1 

dd
 

1
.6

s 
J

=
 1

.4
 

Z
M

 
0

%
 

ijk
 

To
p 

ro
w

, c
al

cd
; b

ot
to

m
 ro

w
, f

ou
nd

. *
 m

/z
 (r

el
at

iv
e 

in
te

ns
ity

). 
N

ot
 d

et
er

m
in

ed
. 

-N
H

-, 
4.

2 
m

; E
t-,

 3
.2

 m
 a

nd
 1

.2
 1; 

J 
=

 6
.8

 H
z.

 ., 
-N

H
-, 

4.
9 

m
; E

t-. 
3.

2 
m

 a
nd

 1
.2

 t; 
J 

=
 3

.3
 H

z. 
q

 ii It
 .
 

d
 



Table IV-Characterirtlcs of New Compounds of the General Formula 

Re 

IR 

6e C20H,gN04S 369.5 65.02 5.18 3.79 369 (50), 228 (W), 3080 2800 1715 1738 7.2 m 2.9 s 6.1 d 4.3 q 2.8 dq 1.6 s 
64.75 4.92 3.92 213 (loo), 99 (24), 1480 1520 

164 (38), 341 (20) 760 1250 
6a' CP1H2,NO4S 383.5 65.78 5.52 3.65 383 (95), 213 (62). 3070 2820 1715 1735 7.2 rn 3.1 rn 6.0d 4.4q 2.7dq 1.6s 

14 CP,H23N04S 385.5 65.43 6.01 3.63 385 (20), 213 (52), 3080 2850 3490 1765 7.2 m 3.4 rn 5.6 d 3.6 rn 2.1 rn 1.5 s 

J = 7.8 J = 3.4 J = 16.8 

66.01 5.55 3.46 228 (loo), 42 ( l l ) ,  1580 1528 2.3 s J = 7.1 J = 3.5 J = 14.5 
1 13 (45), 355 (33) 745 1280 J = 7.0 

C 65.38 6.05 3.70 228 (100). 42 (a), 1580 1517 l . 9 t  J = 5 . 4  - 
113 (27), 56 (1 1) 745 1280 J = 7.6 

63.07 5.37 6.90 1580 1650 1010 2.1 t J = 7.6 J = 3.5 
- d 3050 2825 3350 1735 7.1 s 3.2 m 5.9 d 3.9 q 3.4 m 1.7 se 15 C2,H,N,0,S 398.5 63.30 5.56 7.03 

750 1270 J = 7.2 - d 3060 2860 3300 1770 7.1 s 3.1 m 5.9d 4.1 m 2.07 1.8s 16 C,,H2,N,04S 425.5 64.92 5.92 6.58 
64.73 5.85 6.39 1490 1645 1250 2.1 t J = 7.6 - 

750 J = 7.2 

"Top row, calcd; bottom row, found. m/z (relative intensity). "-OH, 2.4 d, J = 8.5; H-6 (after addition of D,O). 4.1 dd, Je,78 = 12.7 Hz, Je.7e = 
3.2 Hz. dNot determined. = N-OH, 8.1 s. '-COMe, 2.2 s; H-6, 3.3 dd, Je,7a = 14 Hz, Je,7e = 3 Hz. 

methyldihydro-[ul,7HI-5H-pyrano[3,2~]ox~ole-2,6-dione ( 6 a ' F  
Alcohol 4a (10 g, 0.032 mol) was treated with ethyl ismyanate (9 mL, 
0.13 mol) and triethylamine (4 mL, 0.4 moll as before. Column chro- 
matographic separation with ether:heme (1:l) as eluant afforded 2.5 g 
of 5a' (white crystals from ether; mp, 123 "C; yield, 77%) and 0.4 gof 6a' 
(white crystals from ether-hexane; mp, 153-154 "C; yield, 14%). 
2-[p-(BenzenesulfonyI)phenyll-2-methyl-6-~[~ethylamino~car- 

bonylloxyl-W-pyran-3(6H)-one (5b)-Alcohol 4b (6.9 g, 0.02 mol) 
was treated with ethyl isocyanate (7 mL, 0.1 mol) and triethylamine 
(3 mL, 0.3 mol) as before. Column chromatographic separation with 
ether:ethyl acetate (9:l) as eluant afforded 7.5 gof 5b' (white crystals 
from ethyl acetate-hexane; mp, 155 "C; yield, 90%). The oxazoledione 
by-product was not isolated. 

t-(p-Bromop henyl)-2-methyl-6-~[(methylamino)carbonylloxyl- 
W-pyran-3(6H)-one (5dbAlcohol4d (10 g, 0.035 moll was treated 
with methyl isocyanate (5  mL, 0.11 moll and triethylamine (4 mL, 0.4 
mol) as before. Column chromatographic separation with ether:hex- 
ane (1:l) as eluant afforded 10 g of 5d (white crystals from ether- 
h e m e ;  mp, 134-135 "C; yield, 83%). The oxazoledione by-product 
was not isolated. 
2-lp-(Phenylthio)phenyll-2-methyl-6-methoxy-2H-pyran-3(6H)- 

one (tran8-7aFAkohol 4a (0.9 g, 0.003 mol), methyl iodide (4.5 g, 
0.014 mob, and silver oxide (3.5 g, 0.015 mol) were vigorously stirred 
with acetone (30 mL) at room temperature for 24 h, with exclusion of 
moisture and light. The reaction mixture was filtered through 
infusorid earth (Celite), concentrated, and chromatographed on a 
silica column with ether:hexane (80:20) as eluant to yield the trans 
(4a; colorless oil; 0.75 g; yield, 80%) and cis 8a; white solid from ether; 
mp, 86-87 "C; 0.09 g; yield, 10%) ethers in a ratio of 8:l. 
2-[p-(Benzenesulfonyl)phenyIl-2-methyl-6-methoxy-W.pyran- 

3(6H)-one (tran8-7bk-This compound was synthesized as described 
previously.18 
2-Ip-(Phenylthio)phenyl]-2-methyl-6-methoxy-2H-pyran-3(6H)- 

one (ci8-8a)--Carbamate 5a (1 g, 2.6 mol) was diluted in absolute 
methanol (0.05 M), and 70% perchloric acid (0.4 mL) was added in a 
dropwise manner at room temperature. The mixture was stirred for 
1 h, quenched with sodium bicarbonate solution, and diluted with 
ether. The organic layer was washed with water, dried over magne- 
sium sulfate, and evaporated to a pale yellow solid, which was 
recrystallized from ether to yield white crystals of 8a (0.7 g; yield, 

80%; mp, 86-87 "C). 
6-[2-[2-(Methoxy)ethoxy]ethoxyl-2-[p-(~nzene~ulfonyl~phenyll- 

2-methyl-W-pyran-3(6-one (ci8-8b' and tran8-7b')-Carbamate 
5b (5 g, 0.012 mol) was suspended in 50 mL of CH,(OCH,CH,),OH, 
and 70% perchloric acid (3.4 mL) was added in a dropwise manner at 
room temperature. After 1 h of stirring, the reaction was over. The 
usual workup and column chromatographic separation (ether:hex- 
ane, 9:l) gave cis-8b' as a colorless oil (2.9 g; yield, 63%) and truns-7b' 
as a colorless oil (0.7 g; yield, 12.5%). 
2-[p-(BenzenesulfonyI)phenyll-2-methyl-6-methoxy-W-pyran- 

3(6H)-one (ci8-8bkThis compound was synthesized as described 
previously. 18 

2-@-Bromop henyl)-2-methyl-6-methoxy-2If-pyran-3(6H)-one 
(cb-Bd)-A suspension of carbamate 5d (3 g, 0.009 mol) in absolute 
methanol (30 mL) was treated with 70% perchloric acid (2.3 mL) as 
before. The mixture gradually turned clear, and subsequently, white 
crystals of the product precipitated. The mixture was cooled to -5 "C 
to yield after filtration 1.9 gof white crystals of ether 8d (yield, 72.5%; 
recrystallization from acetone gave analytically pure compound; mp, 
113-114 "C). 
2-[p-~BenzenesulfonyI~phenyll-2-methyl-6-[~-nitrobenzoyl~oxyl- 

W-pyran-3(6-one (9tAlcohol4d (0.9 g, 2.6 mmol) andp-nitroben- 
zoyl chloride (0.6 g, 3.2 mmol) were dissolved in 25 mL of methylene 
chloride at 0 "C with exclusion of moisture. Triethylamine (0.2 mL, 0.02 
mol) was added in a dropwise manner while the reaction mixture was 
stirmi; the reaction was over after 0.5 h. The reaction mixture was 
quenched with methanol, diluted with ethyl acetate, and the organic 
layer washed with a saturated solution of ammonium chloride and 
water to neutrality, dried over magnesium sulfate and concentrated 
under reduced pressure. The crude product was passed through a small  
column of silica with ether as the elution solvent, and after evaporation 
of the solvents, the product was crystallized from acetone-heme to give 
1.2 g of white crystals of 9 (mp, 150-152 "C; yield, 83%). 

Methyl 2-Amino-5-[p-~benzenesulfonyl~phenyll-2,3.6-trideoxy- 
oDL-rib-pyranoside (ll~--Gaseous ammonia was bubbled through 
a solution of ether 7b (0.4 g, 1 mmol) in methano1:methylene chloride 
(30:15, v/v) for 6 h. The mixture was concentrated under reduced 
pressure, diluted with 30 mL of methanol, and cooled to 0 "C before 
an excess sodium borohydride was added. The pH of the reaction was 
buffered by the addition of acetic acid (1 mL), and the progress of the 
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reaction was followed by TLC. After the reaction was over, the 
mixture was diluted with ether, and the organic layer was washed to 
neutrality with water, dried over magnesium sulfate, and evaporated 
under reduced pressure. Column chromatographic separation (ethyl 
acetate:hexane:triethylamine, 8:2:0.1) gave, after evaporation of the 
solvents, 11 as a white solid (mp, 169-170 "C; 0.3 g; yield, 75%). The 
yield of the other isomer of the addition was <lo%, and the isomer 
was not purified further and characterized. Mass spectra: mlz (rela- 
tive intensity) 377 (M' 1). 260 ( l ) ,  274 (loo), 116 (80), 98 (30), 72 (50), 
53 (80). and 88 (35); IR (KBr): 3050 and 1440 (aromatic), 3330 and 
1590 (-NH,), and 3400 (-OH)cm-'; 'H NMR (CDCl,): 7.3 (m, 9H, 
aromatic), 3.45 (s,3H, OMe), 2.2 (s,2H, -NH,), 3.3 (bd, lH, -OH), 1.5 
(s,3H, angular Me), 4.2 (d, lH, H-1, J1,, = 7.8 Hz), 2.7 (m, lH, H-2), 
2.0 (m, 2H, H-3), and 3.5 (m, lH, H-4) ppm. 

Anal.-Calcd for C1,H2,NO,S (377.5): C, 55.97; H, 5.51; N, 2.84. 
Found: C, 55.69; H, 5.50; N, 2.57. 
2-[2-(Methoxy)ethoxylethyll 2-Amino-5-[p-(benzenesulfo- 

nyl)phenyl]-2,3,6-trideoxy-a-~~-n'bo-pyranoside ( 1 2 b A  solution 
of ether 7b' (0.4 g, 1 mmol) in methanohnethylene chloride (30:15, 
v/v) was treated with gaseous ammonia and sodium borohydride as 
before. Column chromatographic purification (ethyl acetate:hexane: 
triethylamine, 6:4:0.1) gave 0.35 g of alcohol 12 as the main product 
(yield, 67%, crystals from methanol; mp, 186-187 "C). Mass spectra: 
mlz (relative intensity) 465 (M' l ) ,  260 (5), 274 (67), 346 (26),77 (131, 
and 44 (100); IR (KBr): 3080,3020, and 1595 (aromatic); 2920-2840 
(several bands, polyether); and 3350 (bd, -NH, -OH)cm-'; 'H NMR 
(CDCI,): 7.3 (m, 9H, aromatic), 3.3 (m, 8H, 2 -CH,CHr), 2.9 (8,  3H, 
*Me), 1.3 (s,3H, angular Me), and4.5 (d, lH, H-l,J1,, = 6.9Hz)ppm 
(peaks from H-2, H-3, H-4, -OH, and -NH, could not been resolved). 

Anal.-Calcd for C23H31N07S (465.6): C, 59.33; H, 6.72; N, 3.01. 
Found: C, 59.51; H, 6.85; N, 2.87. 
5-(p-Aminobenzenethio)-2-(p-bromophenyl)-2-methyl-6- 

methoxydihydro[4H,5H]-2H-pyran-3(6H)-one (13)-p-Ami- 
nothiophenol (2.5 g, 0.02 mol) and 8d (3 g, 0.01 mol) were dissolved 
in 50 mL of acetone saturated with potassium carbonate. The mixture 
was stirred for 2 h, quenched with a saturated solution of sodium 
carbonate, and diluted with ether, and the organic layer washed with 
water to neutrality. Column chromatographic purification (ether: 
hexane, 1:l) gave, after evaporation of the solvents, 3.6 g of thioether 
13 as  a white solid (crystals from hexane; mp, 111-112 "C; yield, 82%). 
Mass  spectra: m/z (relative intensity) 422 (M' 15), 266 ( l ) ,  184 (5),  151 
(100). 125 (42), and 98 (99); IR (KBr): 3080 and 1490 (aromatic); 3490, 
3400, and 1600 (-NH,); and 1720 (carbonyl) cm-'; 'H NMR (CDCI,): 
7.2 (m, 4H, p-bromophenyl), 6.4 (m, 4H, p-aminophenyl), 3.7 (8,  2H, 
-NH,), 3.3 (s,3H, -OMe), 1.6 (s,3H, angular Me), 4.6 (d, lH, H-6, Js.6 
= 5.2 Hz), 3.1 (m, lH,  H-51, and 2.6 (m, 2H, H-4) ppm. 

Anal.-Calcd for C,~,&rNO,S (422.4): C, 54.03; H, 4.77; N, 3.32; 
S, 7.59; Br, 18.92. Found: C, 54.02; H, 4.64; N, 3.38; S, 7.53; Br, 18.88. 

1-E thyl-5-methyl-5-lp-(phenylthio)phenyll-6-hydroxy~rhydro- 
pyrano[3,2-dloxazole-2-one (14)-To a solution of 6a' (0.2 g, 0.5 
mmol) in anhydrous tetrahydrofuran (25 mL) at 0 "C, lithium alu- 
minum hydride (10 mg, 0.25 mmol) was added in portions. The cooling 
bath was removed, and the mixture was stirred for 1 h more. The 
reaction was quenched with a stoichiometric amount of saturated 
ammonium chloride, filtered, and concentrated under reduced pres- 
sure to afford, after crystallization from acetone-hexane, white 
crystals of 14 (0.16 g; yield, 82%; mp, 200-202 "C). 

l-Ethyl-5-methyl-5-[p-(phenylthio~phenyll~rhydropyrano[3,2- 
&xazole-2,6-dione-6-oxime ( 1 5 b A  mixture of 6a (1.5 g, 4 mmol) in 
40 mL of methanol was stirred for 12 h with a mixture of hydroxyl- 
amine hydrochloride (1.8 g) and sodium acetate (3 g) in water (15 mL) 
at 40 "C. After the reaction was over, methanol was removed under 
reduced pressure, the mixture was cooled, and the product was 
filtered off. Recrystallization from ether-hexane gave 1.36 g (yield, 
88%) of oxime 15 as white needles (mp, 157-158 "C). 

6-Acetylamino-l-ethyI-5-methyl-5-[p(phenylthio~phenyll~rhy- 
dropyrano[3,2-dloxazole-2-one (16b-A mixture of oxime 15 (550 
mg, 1.4 mmol), acetic acid (12 mL), acetic anhydride (40 mL), and 10% 
Pd/C (80 mg) was stirred under hydrogen (1 atmosphere) for 2 h. The 
mixture was filtered through Celite and distilled as an azeotrope with 
toluene to yield a solid, which after recrystallization from acetone, 
gave 490 mg of 16 as white crystals (mp, 160-161 "C; yield, 84%). 

Pharmacology-Measurement of Antibacterial Action-Assess- 
ment of the antibacterial activity of the synthesized compounds was 
carried out with the following test organisms: Staphylococcus aureus 
ATCC 25923, Escherichia coli ATCC 25922, and Pseudomom aeru- 

ginosa ATCC 27853. These bacteria are commonly used as control 
organisms in interpreting disk sensitivity tests in routine diagnostic 
work. In addition, three gram-positive bacteria (Bacillus subtilis 
ATCC 6633, S .  aurew ATCC 9144, and Streptococcus sp. C203M), two 
gram-negative microorganisms (E.  coli ATCC 11303 and P. aerugin- 
osa NCTC 10701), and a yeast (Saccharomyces cereuisiue ATCC 2601) 
were used. The compounds were appropriately diluted in a 20% 
dimethylsulfoxide solution in water, which extended no inhibitory 
effect on the growth of the bacteria tested. 

For the disk assay, Petri dishes were filled with 15 mL of 
Muller-Hinton (MH) agar (Difco). Disks of Whatman filter paper no. 
3 (5 mm in diameter) impregnated with 0.01 mL of 0.1-, 1-, and 
lO-mg/mL solutions of each compound were placed on the surface of 
the agar that was seeded with a bacterial suspension (5 x 10' 
celldmL). After incubation of the plates a t  37 "C for 24 h, the diameter 
of the inhibition zone was measured with a ruler to the nearest 
millimeter. Minimal inhibitory concentration (MIC) was determined 
by broth dilution, with a double concentration of each compound in 
MH broth at a final volume of 2 mL and an inoculum of -2 x 10' 
microorganisms. The MIC was defined as the lowest concentration 
showing no visible turbidity after overnight incubation at 37 "C. 

To determine the minimal bactericidal concentration (MBC; the 
lowest concentration of the compound giving no growth) aliquota were 
taken with a 2-mm-diameter loop from each visually clear tube of 
broth, spread on the surface of whole 90-mm-diameter MH plates, and 
incubated for 48 h to allow the diffusion of any trace of the compound 
carried over with the inoculum. For S .  cereuisiue, yeast nitrogen broth 
and yeast nitrogen agar instead of MH broth and MH agar were used, 
respectively. 
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