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(66%); uv m a x (H20) 275 (pH 7), 295, 315 nm (shoulder) (pH 13); 
i w x (KBr) 1660 (C=C), 3350 c m - 1 (OH). Anal. (C9H7F3O) C, 
H. 

l-Trifluoromethyl-2-(4-hydroxyphenyl)ethane (4). A solution 
of 0.04 g of 3 (0.21 mmol) in 4 ml of absolute EtOH was hydroge-
nated at room temperature at 1 atm in the presence of 0.01 g of 
10% Pd/C. Reduction was complete in 10 min and filtration of 
the catalyst and removal of solvent gave a quantitative yield of 
product as a clear oil. The oil was distilled at 75° (bath tempera
ture) and 0.1 mm to give a product which showed no C = C band 
in the ir; uvn (H20) 272 (pH 7), 292 nm (pH 13). Anal. 
(C9H9F3O) C, H. 

Product Analysis. The phenol (0.05 g) was dissolved in 0.5 ml 
of 1 N NaOH and the solution allowed to stand at room tempera
ture for 12 hr. Uv spectra in base at this time corresponded to 
those reported for the corresponding hydroxy acids.24-26 The solu
tions from 1 and 2 were acidified to pH 1-2 with concentrated 
HC1 and cooled to give crystals. 1 gave salicylic acid, 0.02 g, mp 
155-157°; 2 gave p-hydroxybenzoic acid, 0.03, g, mp 213-214°. Hy-
drolyzed 3 was acidified with Dowex 50-X8 (H* form) to give p-
coumaric acid, 0.01 g, mp 210-215°; ir spectrum identical with lit
e ra tu re s p e c t r u m . 2 7 
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Oxidation of Furans. 2.f Synthesis and Biological Properties of 
6-Hydroxy-2iJ-pyran-3(6.ff)-ones and Derivatives 
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The anticoccidial and in vitro antimicrobial properties of a series of 6-hydroxy-2if-pyran-3(6//)-ones VI and their 
derivatives VII-XI were investigated. Compounds VI were readily prepared by the peracid oxidation of the appro
priate 2-furanmethanols V. Activity was mostly found with compounds substituted with a 4-biphenylyl group and, 
in particular, 29-47. The nature of the substituents greatly influenced the degree and type of activity. 

In a recent commun ica t i on , 1 we briefly repor ted the 
synthesis of 6-hydroxy-2if-pyran-3(6Jf)-ones VI (R 3 = H ) . 
These pyran der ivat ives are chemical ly re la ted to the na t 
urally occurring ant ib io t ic asperl in I, isolated from Asper
gillus nidulans,2 and they were considered to be the most 
sui table s t a r t ing mate r ia l s for t he p repa ra t ion of analogs 
II of asperl in. Unexpectedly , very good in vitro an t imicro
bial propert ies were found in compounds of type VI ra ther 
t h a n in the analogs II. T h e present pape r will give a more 
deta i led account of the chemis t ry of 6-hydroxy-2H-pyran-
3(6i?)-ones and discuss their biological proper t ies as well 
as those of their derivat ives VI I -XI . 

I, asper l in 
II 

t For part 1, see ref 1. 

Chemistry . 1. 6 -Hydroxy-2#-pyran-3(6H)-ones VI (R3 

= H) . As previously repor ted, x the hydroxypyranones VI 
(R3 = H) were p repared by the process depicted in 
Scheme I; react ion of an a ldehyde or ketone III wi th a fur-
yl l i th ium derivat ive IV afforded the 2-furanmethanols V 
which were converted into VI upon t r e a t m e n t with m-
chloroperbenzoic acid (or occasionally peracet ic acid) in 
chloroform or methy lene chloride. Except ional ly the 
fu ranmethano l XIII, precursor of compound 65 (Table I), 
was prepared by react ing the l i th ium derivat ives XII with 
2-acetylfuran (Scheme II) . In view of their uns tab i l i ty the 
2-furanmethanols were used wi thout purif icat ion. 

2. Der iva t ives of 6-Hydroxy-2#-pyran-3(6.H)-ones 
(VII -XI ) . Mos t 6-hydroxy-2W-pyran-3(6fl)-ones were 
found to be sensit ive to s trong acid or alkal ine m e d i a l and 
special p recaut ions had to be t aken for the p repara t ion of 
t he derivat ives VI I -XI . 

tin strongly acidic media the 6-hydroxy-2K-pyran-3(6if)-ones are con
verted into crotonic acid y-lactone derivatives, while they dimerize in alka
line media. 
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Scheme I Scheme II 
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VIII, 
IX, 
x, 

XI, 

= H 
= acyl 
= alkyl or tetrahydropyranyl 
= monoalkylcarbamoyl 
= dialkylcarbamoyl 
= alkyl carbonate or alkyl thiocarbonate 

R, R1 are H, alkyl, or aryl 
R2 is in general H; occasionally alkyl or aryl 

The esters VII were obtained by treating VI (R3 = H) 
with acyl anhydrides, preferably in the presence of sodium 
acetate. In the same manner compounds VI were convert
ed to the corresponding carbamates IX and carbonates or 
thiocarbonates XI upon reaction with the appropriate 
isocyanates and chloroformates or chlorothioformates in the 
presence of triethylamine. Replacing the above reagents 
with dialkylcarbamoyl chloride yielded the dialkylcar-
bamates X but only under specific experimental condi
tions. 

Unexpectedly, the 6-hydroxy-2rY-pyran-3(6rY)-ones VI 
(R2 = R3 = H) could not be converted to the methyl 
ethers with methanol and a strong acid, in contrast to the 
analogous reaction in carbohydrate chemistry. They were 
formed with methyl iodide and silver oxide. When R2 was 
alkyl, however, the methyl ethers could be obtained with 
methanol and p-toluenesulfonic acid. The higher ether 
homologs were synthesized by reacting a methylcarba-
mate IX (R3 = CONHCH3) with the appropriate primary 
or secondary alcohols in the presence of acid. This method 
allowed the detection of two isomers, arbitrarily designat
ed as A and B. Isomer A was predominantly obtained by 
classical methods while isomer B was predominant in the 
exchange method. Reaction of the carbamate 43 with ace
tic acid and acid similarly gave the acetates 30 and 31. In 
this case, however, isomer A (30) was predominant. The 
relative configuration of the two isomers was not estab
lished. The 6-hydroxy-2if-pyran-3(6H)-ones and their de
rivatives are listed in Tables I and II. 

Biology. 1. Methods, (a) Antibacterial Screening. 
The compounds were tested in vitro against a variety of 
bacteria by halving dilutions in nutrient broth (Difco). 
The gram-positive organisms were Staphylococcus py
ogenes S (penicillin-sensitive), Staphylococcus pyogenes R 
(penicillin-resistant), and Streptococcus faecalis. The 
gram-negative organisms were Escherichia coli No. 198, 
Aerobacter aerogenes, Salmonella pullorum, Pseudomonas 
aeruginosa, Proteus vulgaris, Klebsiella pneumoniae, and 
Serretia marcescens. The results are expressed in Tables I 
and II as the minimum concentration of the compound 
which inhibits growth after 24 hr of incubation at 37°. 

(b) Antifungal Screening. The compounds were 
screened in vitro against a yeast and fungi by halving 
dilutions in Sabouraud broth. The organisms were Cand
ida albicans, Microsporum gypseum, and Trichophyton 
granulosum. The results are expressed as the minimum 

r 
CH, 

65 

XIII 

concentration of the compound which inhibits growth 
after 5 days of incubation at 37° for Candida albicans and 
10 days at 28° for the two other organisms. 

In these two screens, compounds that inhibit growth at 
a concentration greater than 32 Mg/ml are designated as 
being inactive ( - ) . 

(c) Anticoccidial Screening. The compounds were 
screened for their anticoccidial properties against Eimeria 
tenella in experimental infections in chickens. The test 
compounds were administered orally 1 day prior to infec
tion at a concentration of 0.05% of the diet. The efficacy 
was evaluated after 6 days on the basis of survival and 
weight gains. In Tables I and II the compounds are desig
nated as inactive ( - ) when survival and weight gains are 
equal to or poorer than the nonmedicated infected con
trols, slightly active ( + ) when there is improved weight 
gains but little improvement in mortality, active ( + + ) 
when there is moderate improvement in both parameters, 
and very active ( + + + ) when weight gains and survival 
are equal to that of the noninfected controls. 

2. Results. Two general observations may be drawn 
from Tables I and II. First, antimicrobial and anticocci
dial activities were mainly found with compounds substi
tuted with a biphenylyl residue or by a similar group 
(dibenzofuryl or 10,ll-dihydro-5H-dibenzo[a,d]cyclohept-
adienyl). Second, minor chemical modifications often pro
duced unpredicted effects on activity. This is particularly 
the case for compounds 29-47 where the nature of R3 had 
influence both on the degree and the type of activity. 

(a) Antibacterial Activity. As a rule the 6-hydroxy-
2/f-pyran-3(6//)-ones and their derivatives only exhibited 
activity against gram-positive bacteria and were essentially 
inactive against gram-negative organisms. Derivatives, 
particularly ethers, were the most effective compounds. 
Worth mentioning are the ethers 37-39 and the hepta-
noate 13. Carbamates were generally inactive. With the 
exception of 51, 63, and 65 compounds in Table I in which 
R2 = R3 = H were found to exhibit little activity. Re
placement, however, of the hydrogen in position 6 by an 
alkyl group (Table II, R2 ^ H) produced an enhancement 
of activity. 

(b) Antifungal Activity. Antifungal activity was mostly 
found against Microsporum gypseum and Trichophyton 
granulosum, while little activity was noted against Cand
ida albicans with the exception of 6 and 39. Contrary to 
the antibacterial effects, activity was found with the 6-
hydroxy-2H-pyran-3(6H)-ones as well as with their deriva
tives. Compounds 11, 12, 16, 28, 30, 33, 39, 41, 57, and 58 
were highly active. 

(c) Anticoccidial Activity. The most effective agents 
were the carbamate derivatives, particularly 25, 43, 44, 
53, and 66. Also worth mentioning is the ether 39. Effec
tiveness was demonstrated at a dose of 0.05% of the diet 
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Compd 
no. 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

R 

H 

H.,( - \ / 
0 

C6H ; ,CH(CH3) 
C6H ;, 
C6H5 

p-C6H5CH2OC f ,H4 

P-C6H5CH2OC6H4 

P-C1CCH4 

2,4-Cl2C6H3 

p-CeHsCeH,, 
P-C6H5C6H4 
P-C6H5C6H4 
p-CeHaCcHi 
P-C0H5C6H4 
p-C6Hr,C6H4 
P~C6HsC6H4 
(C6H5)2CH 
(C«H6)2CH 
2-Dibenzofuryl 

OOO 
5'-Cir,H,3 

5'-C,5H13 

C6H5 

(C6Hr,)2CH 
(C6H5)2CH 
3,4-(CH3)2CcH3 

3 , 4 - ( C H , ) 2 C G H 3 

p~C GH »C eH 4C H 2 
p-CeHfjCeHd 
p - C e H s C g H i 
P-C6H5C6H4 
p-CeHyCeH^ 
p-CeHsCoHU 
p-C$Ht>G&lli 
p-C6H5C6H4 

p - C s H 5 C s H 4 
p-CfiHr (CGH4 

p-C6H5C6H4 

p-C 6H,C 6H 4 

P-C6H5C6H4 
P~C6H5CeH4 
p-C6H,r,C6H4 

R 1 

H 

H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 

H 
H 
CH :, 
CH 3 

CH 3 

C 6 H, 
C6Hr, 
C H 3 

C H 3 

C H , 
C H 3 

C H 3 

CH 3 

CH : t 

CH 3 

CH., 
C H 3 

CH,, 
CH:, 
CH., 
C H , 
CH 3 

R 3 

H 

H 

H 
H 
CH 3 CO 
H 
CH 3 CO 
H 
H 
H 
CH3CO 
CH 3 (CH 2 ) 2 CO 
CH.,(CH2) [,CO 
C lCH,CO 
2-Te t rahydropyrany l 
C H 3 

H 
C 2 H,OCO 
H 

H 

CH 3 OCO (A) 
C H , 
H 
H 
C H 3 N H C O 
H 
CH 3 CO 
H 
H 
CH 3 CO (A) 
CH 3 CO (B) 
p - N 0 2 C 6 H 4 C O 
C H 3 (A) 
C H 3 (B) 
C,H 5 (B) 
(CH3)2CH (A) 
(CH : ,)2CH (B) 
CcHf lCH2 (B) 
CH 3 0(CH,) . . (A) 
CH 3 OCO 
C.H:,OCO 
C-.HJ3CO 

Formula 

C sH603* 

CsHio04C 

C i 3 H ] 4 0 3 

C H . o O , 
C, ,H, 2 0 4 

C18H16O4 
C2oH1803 

C„H 9 C10 3 

CnHsC^O;; 
C17H14O3 
C19H16O4 
C2lH2 0O4 
C24H2604 
CiyHi&ClCX 
C22H22O4 
CisHifiOa 
CisHieOg 
C21H20O5 
C17H12O4 

C20H18O3« 

C22H20O;, 
C21H.20O3 
C12H12O3 
C19H18O3 
C2 ,H2 1NO, 
C„H1803<1 

C21H20O4 
C10H18O3 
C18H16O3 
C20H18O4 
C20H18O4 
C2 5H1 9NO, 
C10H18O3 
C I D H I S O S 

C<2oH2oO;{ 
C21H22O3 
O21H22O3 
^2sH220,i 
C21H22O4 
C20H18O., 
C21 H20O5 
C21H20O4S 

0. 

K1' 

Yield, 

% 
41 

40 
70 
40 
55 
70 
68 
37 
75 
80 
62 
72 
75 
60 
60 
62 
65 
50 

85 

85 
80 

75 

55 
70 
75 
80 
60 
20 
20 
70 
70 
80 
80 
80 
65 

5 
83 
85 
75 

>̂r 
M p , °C 

58 59 

Oil 

84 85 
74-75 
64-65 
92 94 

118-119 
93-95 

146-147 
124 126 
96-98 
73-74 
< r o o m t e m p 
69-71 
80-83 
69-71 

159-160 
76-77 

117-118 

150 152 

148 150 
107-108 

8 1 - 8 2 . 5 
141-142 

82-84 
158-160 
Oil 
115 116 
166 167 
89 90 

103-105 
130 131 

85-87 
68-70 
90-92 
62 64 
80-82 
95 97 
67-69 

104 106 
58-60 
75-77 

Solvents" 

E H 

E H 
E - H 
E H 
E - H 
T - H 
M 
B 
B 
E 
M 

T 
H 
M 
B 
E - H 
T 

M 

E 
M 
A H 
A H 
E 
M 

E - H 
M 
E 
H 
C 
E H 
H 
H 
PE3„ 
P E M 

H 
H 
E 
E - H 
H 

Antimicrobial 
Staph. 

pyogenes 

~s" 
— « 

— 
— 
— 
— 
— 
— 
1 2 . 5 
— 
— 
— 
1.6 

— 
6 .2 
6 . 2 

— 
— 
— 

-

_ 
3 . 2 

— 
25 
— 
1 2 . 5 

3 .2 
— 
1 2 . 5 
12 .5 

3 .2 
3 .2 
6 . 2 
6 . 2 
6 .2 
6 .2 
1.6 
0 . 8 
0 . 8 

— 
— 
— 

R 

— 

— 
— 
— 
— 
— 
— 
1 2 . 5 
— 
— 
— 
3 .2 

— 
6 .2 
3 .2 

— 
— 
— 

-

6 .2 
_ 
12 .5 
-
12 .5 

3 .2 
— 
12 .5 
25 

6 .2 
6 .2 
6 . 2 
6 .2 
6 .2 
6 .2 
1.6 
0 . 8 
6 .2 
— 
— 
— 

act iv i ty (1 

Strep. 
faecalis 

— 
— 
— 
— 
— 
— 
1 2 . 5 
— 
— 
— 
1.6 

— 
6 .2 
6 .2 

— 
— 
— 

-

_ 
2 . 5 

— 
25 
-
12 .5 

1.6 
— 
25 
12 .5 

6 .2 
3 .2 
6 .2 

12 .5 
6 .2 
6 .2 
1.6 
0 . 8 
6 .2 

— 
— 
— 

'.n vitro), 

C. 
albicans 

— 

— 
— 
— 
3 .2 

— 
— 
— 
16 
16 
— 
— 
16 
— 
16 
— 
— 
16 

-

— 
— 
— 
— 
— 
N D 
— 
— 
— 
— 
16 
— 
32 
16 
— 
— 
32 
— 
4 

N D 
— 
32 

M I C values 

M. 
gypseum 

— 

— 
— 
32 

4 
4 

— 
— 

8 
4 
2 

32 
4 

32 
4 

— 
— 

1 

32 

— 
16 
— 
— 
— 
32 
— 
4 
— 
4 
4 

— 
2 
2 

— 
-
— 
— 
4 

N D 
— 

8 

in Mg/ml 

T. granu-
losum 

— 

32 
32 

4 
8 
4 
8 

16 
4 
2 
2 

16 
4 

32 
2 

— 
— 
8 

16 

_ 
4 

— 
— 
— 
32 
— 
0 .5 

— 
0 . 8 
2 . 5 

— 
0 .8 
8 

— 
-
— 
— 

1.2 
N D 

0 . 2 
8 

Ant i 
coccidial 

-

-

— 
N D " 
_ 
— 
_ 
— 
_ 
+ 
— 
N D 
— 
— 
— 
+ 
+ 
-

+ 

+ 
— 
N D 
N D 

+ + 
— 
N D 
— 
— 
+ 
N D 

+ 
+ 
— 
— 
N D 
— 
— 
+ + 
+ 
+ 
— 



43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

p-CcHsCsH-i 
p-CcH5CBH4 

p-CeHr.CeHj 
p-C6Hf,C6H4 
p-C6H ; ,C6H4 

p-ClCsHtCdU 
p-C\C,niC(,Hi 

P - C I C C H ^ C H , 

p-BrCGH4CGH4 

p-BrCMiC^U 
p-CH3OC6H4C6H4 
P - C G H 5 C G H 4 
P - C G H S C G H 4 

p-C6H6C6H4 
p-C 6 H s C 6 H 4 

P - C 6 H ; , C G H 4 
P - C G H 5 C 6 H 4 
P-C6H5C6H4 
P-C6H5CGH4 

P - C G H 5 C G H 4 

P - C G H 5 C G H 4 

2-Dibenzofuryl 
5 -C15H13 

5'-C15H13 

Chlorhexidine diacetate 
Griseofulvin 
M e t h y l benzoquate 7 

C H 3 

CH., 
CH 3 

C H 3 

C H 3 

C H 3 

C H , 
C H 3 

C H 3 

C H 3 

C H 3 

CH2C1 
CH2C1 
C 2H 5 

C2H5 

C 2H 6 

C2Hf, 
n-CMi 
n-C 3 H, 
re-C3H, 
CeH5 

C H 3 

C H 3 

C H 3 

C H 3 N H C O 
(CH 3 ) 2 NCO 
C 2 H 5 N H C O 
(C2H,,)2NCO 
rc-C3H7NHCO 
H 
CH;,CO 
C H 3 N H C O 
H 
C H 3 N H C O 
H 
H 
C H 3 

H 
C H 3 C O 
C H 3 N H C O 
(CH a ) 2 NCO 
H 
CH 3 CO 
C H 3 N H C O 
H 
H 
H 
C H 3 N H C O 

c.oH.jvro! 
C 2 . H 2 . N 0 4 
C 2 . H 2 . N 0 , 
CjsHssNO* 
C 2 2 H 2 3 N 0 4 

C,8H,5C103 

C20HJ7CIO4 
C2oH, sClN04 
C1 8H,,,Br03 

C20H,8BrNO4 
Ci.)H1804 
C I 8H,5C103 

CigHnClOs 
C19H08O3 
O21H20O4 
C2 ,H2 1N04 
C 2 2 H 2 3 N 0 4 

C20H20O3 
C22H 2 204 
C 2 2 H 2 3 N0 4 

C23H18O3 
Cl8H 1 4 04 
C2,H20O3 ' ! 

C23H23N04 

82 
65 
85 
40 
80 
76 
84 
90 
85 
95 
70 
85 
65 
75 
90 
50 
45 
70 
70 
60 
60 
57 
60 
75 

127-128 
120-122 

90-92 
116 117 
100-101 
159-160 
80-81 

151-152 
165-166 
155-156 
198-199 
187-188 
90 92 

159-160 
95 96 

123-124 
129-130 
146-147 

96 97 
108-110 
137-138 
139-140 
162-164 
175-178 

A H 
E 
P E M 
E 
B 
B 
H 
A H 
A H 
E - H 
E t 
N 
E - H 
A H 
A H 
E t - H 
E 
A H 
E 
E t H 
B 
T 
B 
E 

_ 
6 .2 

— 
— 
— 
6 . 2 
3 . 2 

_ 
3 .2 

_ 
6 .2 

25 
1.6 

1 2 . 5 
— 
— 
— 
— 

3 .2 
25 

3 .2 
25 

3 . 2 
_ 
0 . 8 

_ 
6 .2 
_ 
— 
— 
6 .2 
3 .2 
— 
3 .2 
_ 

12.5 
_ 
0 . 8 

12 .5 
— 
— 
— 
— 
3 .2 

25 
6 .2 

25 
3 .2 
_ 
1.6 

— 
6 .2 

— 
_ 
— 
6 .2 
3 . 2 
— 
6 .2 

_ 
_ 
_ 
1.6 

12 .5 
_ 
_ 
— 
— 
3 .2 

25 
3 .2 

25 
1 2 . 5 
_ 
3 .2 

_ 
_ 
_ 
— 
— 
32 
N D 
— 
32 
— 
— 
_ 
— 
_ 
— 
_ 
_ 
32 
— 
— 
— 
32 
— 
_ 

> 1 0 

16 
8 
8 

— 
8 
2 

N D 
16 

0 . 6 
8 
8 

— 
2 

— 
2 
2 

— 
4 

— 
4 
8 
1 

— 
— 
_ 
1.25 

16 
— 
4 

— 
8 
8 

N D 
4 

— 
16 

8 
— 

4 
— 

2 
2 
4 
4 
8 
4 
8 
4 

— 
— 
_ 

1.25 

+ + 
+ + + 
+ 
+ 
— 
+ 
— 
+ 
— 
— 
— 
— 
— 
— 
— 
+ + + 
+ 
+ 
— 
— 
— 
— 
+ 
+ + 

+ + + 
" T h e recrystallization solvents are A = Me 2 CO; B = C G H 6 ; C = cyclohexane; E = E t 2 0 ; E t = E tOAc ; H = ra-hexane; M = methylcyclohexane; N = C H 3 N 0 2 ; P E 3 0 = pe

t roleum ether (bp 30-60°) ; PE 6 0 = petroleum ether (bp 60-90°) ; T = C6Hr,CH3. b Th i s product is highly soluble in H 2 0 a n d t h e work-up is different: a t t h e end of t he react ion, t h e 
mix ture is evaporated to dryness. H 2 0 is added and the m-chlorobenzoic acid is filtered off. T h e produc t is isolated by cont inuous E t 2 0 extract ion. C T h e s tar t ing mate r ia l is c ro ton-
aldehyde. T h e formation of the epoxide is concomitant t o t h a t of t he py ran ring. d T h e oxidant is 40 % peracetic acid in acetic acid. ' T h i s will be designated by t h e radical 5 ' -C.5Hi3 

in subsequent appearance in t h e table . / Against Eimeria tenella a t a concentra t ion of 0.002% of t he diet . » (—) indicates t h a t compounds exhibit M I C > 32 jug/ml a n d t h a t t h e y 
a re considered inactive. '' N o t de te rmined . 

T a b l e I I . 6-Hydroxy-2H-pyran-3(6H)-ones and Der iva t ives . S t ruc tures and Act iv i ty 

Compd 

( R 2 # H ) 

Antimicrobial ac t iv i ty {in vitro), M I C values in / ig/ml 

R R 1 R 2 R 3 
Yield, 

Fo rmula % 

Staph, 
pyogenes 

M p , °C Solvents" R 
Strep. C. M. T. gran- Ant icoc-

faecalis albicans gypseum ulosum cidial 

67 
68 
69 
70 
71 
72 

P - C G H 3 C G H 4 
(C6H5)2CH 
(CcHr,)2CH 
(C6Hr,)2CH 
(C6H5)2CH 
P-CGH5C6H4 

H 
H 
H 
H 
C H 3 

C6H5 

C H 3 

C H 3 

C 2HS 

C2H5 
C H 3 

C H , 

H 
H 
H 
C H , 
H 
H 

Ci8H.603 

CioH.803 

C2oH2o03 

C2iH2203 

C2oH2o03 

C24H2o03 

33 
50 
57 
44 
80 
40 

110-111 
155-156 
106 107 
73-74.5 
125-126 
149-150 

T - C 
T 
T 
H 
E - H 
A H 

6 . 2 
3 . 2 
3 .2 

3.2 
0.8 

12 .5 
3 . 2 
3 .2 

2 
1.6 

6 . 2 
3 . 2 

1 2 . 5 

6 .2 
0 . 8 

32 

32 
0 T h e recrystallization solvents are A = Me 2 CO; C = cyclohexane; H = ra-hexane; and T = C 6 H 5 CH 3 

C2.H2.N04
C2.H2.N0
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but at lower concentration only marginal activity was de
tected. 

Conclusion 

In conclusion, 2-substituted 6-hydroxy-2/f-pyran-
3(6iT)-ones were found to possess good in vitro antimicro
bial activities comparable to standard agents. Chemical 
modifications have led to compounds exhibiting inter
esting in vivo anticoccidial effects. 

Experimental Section 

The compounds had satisfactory analyses for C and H and 
where applicable for N, CI, Br, and S. In addition, the nmr and ir 
spectra were in agreement with the proposed structures. The 
melting points are uncorrected. 

Start ing Materials III. Commercial aldehydes and ketones 
were used without prior purification. The other starting materials 
were prepared according to known procedures: 4'-(p-chloro-
phenyl)-. 4'-(p-bromophenyl)-, and 4'-(p-methoxyphenyl)aceto-
phenones, 4'-phenylpropiophenone, 4'-phenylbutyrophenone, 2-
acetyldibenzofuran, and 2-dibenzofurancarboxaldehyde by Frie-
del-Crafts synthesis3; 4-biphenylylacetone from 4-biphenylylace-
tonitrile by the procedure used for the synthesis of phenylace-
tone;4 and 10,ll-dihydrodibenzo[a.d]cycloheptadiene-5-carboxaI-
dehyde by reacting the corresponding 5-one with methoxymethyl-
magnesium chloride followed by acid t reatments 

2-Furanmethanols (V). The 2-furanmethanols were obtained 
from the appropriate carbonyl-containing starting materials III 
and 2-furyllithium derivatives IV according to a modified method 
of Ramanathan and Levine.5 

The furyllithium derivatives were prepared in situ by reacting 
n-BuLi with furan, 2-methylfuran. 2-ethylfuran,6 or 2-phenylfu-
ran." This reaction was carried out in Et20 at room temperature 
with furan and preferably in boiling E t 2 0 for the substituted fu-
rans. Freshly prepared (in Et 2 0) or commercial (22% in hexane) 
rc-BuLi was used. 

The general procedure for the preparation of the 2-furanmetha-
nols is illustrated by the following example. Freshly prepared n-
BuLi in E t 2 0 (1.88 N, 60 ml) was added to a solution of distilled 
furan (8 ml) in E t 2 0 (80 ml) cooled to 10°. After stirring for 1 hr 
at room temperature, 4'-phenylacetophenone (19.6 g, 0.1 mol) 
was added portionwise. The reaction was allowed to proceed at 
room temperature for 2.5 hr. The excess furyllithium was decom
posed with 50% THF-H 2 0 , followed by H 2 0 . The organic layer 
was washed to neutrality (H 20), dried (MgSOi), and evaporated, 
affording crude «-(4-biphenylyl)-o-methyl-2-furanmethanol (23 g, 
87%) of sufficient purity for further conversion. 

0-Hydroxy-2H-pyran-3(6ff)-ones (VI). The following example 
will illustrate the general procedure. m-Chloroperbenzoic acid 
(87%, 15.0 g, 0.075 mol) was added by portions to a cold solution 
of (i-(4-biphenylyl)-a-methyl-2-furanmethanol (13.2 g, 0.05 mol), 
prepared above, in CHCI3 (200 ml). The temperature was kept 
between 10 and 15° during the addition. After stirring for 90 min 
at room temperature, the mixture was cooled to 0° and the solid 
that had formed was filtered (m-chlorobenzoic acid). The filtrate 
was washed (20% KI, 30% Na 2 S 2 0 3 , NaHC0 3 , and H 20) dried 
(\lgSO4). and concentrated to one-third its volume. Addition of 
hexane afforded a solid which was stirred for 15 min with methyl-
cyclohexane to give pure 29 (11.2 g. 80%). 

In some cases the 6-hydroxy-2.r7-pyran-3(6H)-one coprecipitat-
ed with m-chlorobenzoic acid. This was overcome by using a larg
er quantity of solvent or 40% peracetic acid as oxidant. 

Derivatives of 6-Hydroxy-2H-pyran-3(6r7)-ones (VII-XI). 
The preparation of the derivatives of 29 will illustrate the general 
procedures. 

Esters VII. Acetate 30. A mixture of 29 (8.0 g, 0.028 mol), Ac20 
(30 ml), anhydrous NaOAc (7.0 g), and C6H6 (200 ml) was re-
fluxed for 30 min. The cool mixture was washed (H20) and then 
stirred for 30 min with aqueous NaHC0 3 . After washing (H20) to 
neutrality, the solution w:as dried (MgS04) and evaporated. The 
residue was chromatographed on silica gel. Elution with 50% 
Et20-hexane gave an oil which was crystallized from E t 2 0 to give 
pure 30 (5.5 g, 60%). 

Ethers VIII (Isomer A). Methyl Ether 33. To a solution of 29 
(8.0 g. 0.028 mol) in Me2CO (400 ml) were added with constant 
stirring Mel (14.2 g. 0.1 mol) and Ag20 (18.5 g. 0.08 mol). The 
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mixture was stirred at room temperature overnight and filtered 
on Celite. and the filtrate was evaporated to dryness. The residue 
was chromatographed on silica gel (ratio 1:100). The pure frac
tions (tic system 25% Et20-hexanel . eluted with 40% hexane-
E t 2 0 . were combined and crystallized from Et20-hexane Recrys-
tallization from hexane gave pure 33 (5.88 g, 70%). 

Carbamates IX. Methylcarbamate 43. A solution of 29 (8.0 g. 
0.028 mol), MeNCO (4 ml), and Et3N (5 ml) in C6H6 1100 ml) 
was stirred for 45 min at room temperature. The solution was left 
at room temperature on a rotating evaporator for 30 min and then 
washed (H20) to neutrality. The dried solution was absorbed on 
silica gel (ratio 1:15). Elution with 507c Et20-hexane gave a solid 
which was recrystallized from Me2CO-hexane to yield the meth
ylcarbamate 43 (7.2 g. 82%). 

The carbamates are easily cyclized to the corresponding pyra-
nooxazoles. To avoid this, the reaction and isolation of the prod
ucts must be carried out under mild conditions. 

Carbamates X. Dimethylcarbamate 14. 2-(4-Biphenylyl)-6-
hydroxy-2-methyl-2H-pyran-3(6H)-one (29, 50.4 g, 0.18 mol) was 
added to a suspension of NaH dispersed in oil (12 g. 0.5 mol) in 
CeHs (120 ml): the mixture was stirred under X2 for 1 hr at room 
temperature and for 20 min at 30-35°. Me2NCOCK30.1 g. 0.28 mol) 
was slowly added at 30°, giving a mild exothermic reaction (f <40°). 
The resulting brown solution was kept at 30° for 20 min. After cool
ing to 10° glacial AcOH (20 ml) was slowly added. The solid that 
formed was filtered off on Celite and the filtrate was chromato
graphed on silica gel (ratio 1:40). Elution with 5% EtOAc-CuHg 
gave an amorphous product which was crystallized from Et2(). 
Recrystallization from CH2Cl2-hexane gave pure 44 (41 g. 65%). 

Carbonates and Thiocarbonates XI. Methyl Carbonate 10. 
MeOCOCl (11.3 g, 0.12 mol) was slowly added to a cold suspen
sion of 29 (19.6 g. 0.07 moll. Et3N (12 ml), and CH2C12 (300 ml). 
During the addition the temperature was kept at 10°. The mixture 
was stirred at 20° for 25 min, washed (H20). dried (MgS04). and 
evaporated. The residual red oil was chromatographed on silica 
gel (ratio 1:50). Elution with 20% Et20-hexane gave a yellow oil 
which was crystallized from E t 2 0 . Pure 40 was obtained by fur
ther crystallization from Me2CO-hexane (20.0 g, 857cI. 

Ethyl Thiocarbonate 42. EtSCOCl (9.96_g. 0.08 mo!) was added 
dropwise to a stirred mixture of 29 (16.8 g. 0.06 moll. Et3N (S 
ml), and E t 2 0 (400 ml). Stirring was continued for 1 hr. The solid 
that had formed was filtered. The filtrate was diluted with 500 ml 
of hexane and absorbed on Florisil (ratio 1:751. Elution with hex
ane and then with 15%- Et20-hexane gave an oil which was crys
tallized from hexane to give the thiocarbonate 42 (16.6 g. 757c I. 

2-(4-Biphenylyl)-(i-tetrahydropyranyloxy-2W-pyran-3((iW)-
one (15). A mixture of 2-(4-biphenylyl)-6-hydroxy-2//-pyran-
3(6H)-one (10) (2.66 g, 0.01 mol). dihydropyran (3.5 ml), C6H6 

(10() mil, and TsOH acid (600 mg) was stirred at room tempera
ture for 30 min. The solution was washed (aqueous \TaHC0 3 and 
H2Ol. dried (MgSOil, and evaporated. The residual yellow oil 
was crystallized from methylcyclohexane hexane. Recrystalliza
tion from hexane gave pure 15 (2.12 g, 60%). 

fi-Ethyl-2-diphenylmethyl-6-methoxy-2r/-pyran-.'S(()H)-one 
(70). A mixture of 6-ethyl-2-diphenylmethyl-6-hydroxy-2/-/-pyran-
3(6H)-one (69, 10.7 g. 0.034 mol)". Me OH (225 ml), and' 70% 
HCIO4 (0.1 mil was stirred for 10 min at room temperature. The 
solution was poured into a saturated solution of NaHC0 3 and the 
mixture extracted with E t 2 0 . The ethereal solution was washed 
(saturated N'aCl solution), dried (MgS04). and evaporated. The 
residue was chromatographed on silica gel (ratio 1:50). The trac
tions eluted with 27c EtOAc-Cf)H6 were combined and crystal
lized from hexane to give the ether 70 (5.0 g. 44%). 

2-(10,l l-Dihydro-aH-dibenzola.c/lcyclohepten-.i-yD-fi-hy 
droxy-2-methyl-2cL/-pyran-3(()W)-one (Bo). n-BuLi in hexane 
(227c. 0.05 mol) was added to a cold solution of 10,11-dihydrodi-
benzo[a,cY]cycloheptadiene (9.7 g, 0.05 moll in anhydrous Et 2 0 
(100 ml). The solution was stirred and refluxed for 1 hr. After 
cooling to 10°, 2-acetylfuran (5.5 g, 0.05 mol) was added dropwise 
while keeping the temperature between 10 and 15°. The mixture 
was stirred at that temperature for 90 min; H 2 0 was added and 
the organic layer washed to neutrality. The dried solution was di
luted with 100 ml of hexane and absorbed on silica gel (ratio 
1:30). Elution with 1577 Et20-hexane afforded the furanmethanol 
XIII as a yellow oil (6 g). To a cold solution of the latter in CHCI3 
(100 ml), 407c peracetic acid (18 ml) was added dropwise. After 
stirring for 1 hr at room temperature, the solution was washed 
(H 20, XaHC0 3 . KI. Xa 2 S 2 0 3 . NaHC0 3 , H 20), dried (MgS04). 
and concentrated. The residue was crystallized from Et 2 0 . Re-
crystallization from C,;H6 gave pure 05 (9.6 g. overall yield 60771. 
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The naph thoqu inones probably exert their an t ima la r i a l 
act ivi ty by compet ing with coenzyme Q to d i s rup t mi to
chondrial electron t r anspor t . 2 ' 5 - 6 On the basis of this 
mechanism of action we expected that the inactive mole
cules should differ from the active ones in oxidation-re
duction properties. As a measure of these properties we 
calculated (1) the energy of the lowest empty molecular 
orbital (£LEMO) by the Htickel technique and (2) the stan
dard redox potential, Eo. 

Experimental Section 

Since the drugs act within the lipoidal mitochondrion, the 
physical properties were calculated for the uncharged species. 

Part i t ion Coefficients (P). The log P values were calculated 
from known values by additivity procedures.7 Except where noted 
x values (log P [derivative] - log P [parent]) were taken from 
Fujita, et al.,8 for the aromatic ring substituents. The known log 
P's which were used are listed in Table II. Ring systems other 
than 1,4-naphthoquinones were calculated as follows. 

1,4-Quinolinequinone: the difference between the log P for 
naphthalene and quinone is 1.34. Therefore, since 1,4-naphtho-
quinone has a log P of 1.71, the equivalent quinoline would have a 
log P of 1.71 - 1.34 or 0.37. 1,4-Thionaphthenequinone: this log P 
was calculated in the same manner as the 1,4-quinolinequinone. 
The difference between the log P for naphthalene and thiona-
phthalene is 0.25; therefore, the log P for 1,4-thionaphthenequi-
none would be 1.71 - 0.25 or 1.46. 

Other values can be calculated in the same way. For example, 
the log P for a 3-isoamyl substitution is the log P for 2-hydroxy-
3-isoamyl-l,4-naphthoquinone minus the log P for 2-hydroxy-l,4-
naphthoquinone or 3.87 - 1.38 or 2.49. Likewise the log P for a 3-
(CH2)3C6Hu substituent is 5.31 - 1.38 or 3.93 and for 2-OH is 
1.38 - 1.71 or -0.33. Log P values were calculated in this manner 
for all compounds reported. 

It is assumed that 1,4-naphthoquinoneimine has the same log P 
as 1,4-naphthoquinone, or the imine group has the same contri
bution to P a s the carbonyl group. 

Log P's for the 1,2-naphthoquinones were reduced by 1.00 from 
that of the corresponding 1,4-naphthoquinone. This is based on 
the measured cyclohexane values reported in ref 7. 

EQ. Whenever data were available £o values were calculated by 
summing substituent effects upon Eo of the parent or related qui
none. For example, the substituent effect of a 2-methyl group was 
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Studies have been made of the lipophilic and oxidation-reduction properties of active vs. inactive naphthoquinone 
antimalarials reported by Fieser in 1948. The results suggest that, in addition to the appropriate partition coefficient, 
the active quinones possess a rather limited range in ease of reduction as measured by either the energy of the lowest 
unoccupied molecular orbital (UI.EMO) or the redox potential. These results are consistent with the known chemistry 
and biochemistry of the molecules. The model also correctly predicts the curative properties of 28 series of related 
molecules (more recently) synthesized as antimalarials. 


