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was necessary. The lyophilized product was dissolved in acetone, 
and the solution was dried with MgS0 4 and evaporated. At­
tempts at crystallization were unsuccessful. The residue was re­
peatedly redissolved in acetone and recovered by evaporation, 
until it was only weakly positive to starch-iodide test paper. A 
final lyophilization afforded a grainy yellow solid (92% yield on a 
15-g scale) that was negative to starch-iodide: mp softening 85-
105° dec; flr 0.45 (1:4) with no 14 at 0.20; pmr (D20) b 4.87 (d. 
H-l, J = 3.5 Hz), 3.48 (s, OCH3), 3.13 (s, NCH3); no 14 at b 2.70 
(limit of detection < 2%). Anal. (C9Hi7N3O7-0.1CH3COCH3. 
0.4H2O) C, H, N. The solid was stored at 25° for 16 months 
with no change. A solution in D2O was unchanged after 1 week. 

Methyl 6-Deoxy-6-(3-methyl-3-nitrosoureido)-a-D-glucopy-
ranoside (18). Lyophilization afforded a yellow foamed glass that 
was crystallized (69%, 3.7 g) from hot i'-PrOH: mp 102-104° dec 
(lit.6 106-107°); Rs 0.45 (1:4); pmr (D20) 5 4.78 (d, J = 3.0 Hz). 
3.30 (s, OCH3), 3.13 (s, NCH3). Anal. (C9H1 7N307) C, H," N. 

Methyl 2,3,6-Trideoxy-3-(3-methyl-3-nitrosoureido)-a-L-
/.vxo-hexopyranoside (21). In one 5-g run, renitrosation was nec­
essary for complete conversion of 20. Lyophilization produced a 
yellow gum that crystallized on trituration with ether (50% yield): 
mp 97-99°; Rf 0.70 (1:4); pmr <5 4.78 (rough t, H-l), 3.40 (s, OCH3), 
3.21 (s, NCH3). Another sample in CHC13 solution was washed with 
H2O, recovered rjy evaporation, and triturated (10% yield): mp 
98-101°. Anal. (C9H1 7N305) C, H, N. A sample stored 8 months 
at 25° had decomposed. 

Methyl 3-A-Carboxyamino-3-deoxy-u-D-altropyranoside 7-
Lactam (22). When the reaction solution from nitrosation of 10 
was neutralized with prewashed Dowex 2X-8 (CO3), lyophiliza­
tion afforded a white solid (63%). Recrystallization from i'-PrOH 
vielded 33%: mp 124-128°; R, 0.25 (1:4"); ir 5.63, 5.83 (film from 
CHCl3-MeOH), 5.7 M ( C = 0 ) ; pmr (DMSO) 6 3.32 (s, OCH3), no 
XCH3. Anal. (CsHisNOe) C, H, N. 

A'-(3-Amino-3-deoxy-«-D-ribofuranosyl)-A-methylamine 
A'.iV'-Cyclic Carbonate (23). A solution of 4.9 g (20 mmol) of 3 in 
30 ml of 80% tritluoroacetic acid was concentrated after 3 hr at 
25°. The residual white solid (4.1 g, mp 192-197°) was recrystal-
lized from 95% EtOH to give 2.6 g (63% yield): mp 205-207°; ft, 
0.2 (1:4): ir 6.0 M ( C = 0 ) ; pmr (DMSO) b 4.59 (q. tentatively as­
signed to H-l, J = 2.0 Hz. 3.8 Hz), 2.83 (s. NCH3). Anal. 
( C 7 H 1 2 N 2 0 4 ) C H , N. 

A c k n o w l e d g m e n t . T h e au thors are indeb ted to Miss 
E l izabe th M . M c C a r t h y for the e lementa l analyses . 

Rifampic in , 1 the well-known semisynthe t ic ant ibiot ic of 
the rifamycin family orally effective aga ins t tuberculosis 
and other bacter ia l infections, has been extensively s tud­
ied for its biological proper t ies . Other semisynthe t ic ri­
famycin der ivat ives are , however, endowed wi th biological 
activit ies, in some cases different from t h a t of r ifampicin, 
and deserve further s tudy . One class of these derivat ives is 
t h a t of the oximes of 3-formylrifamycin SV, some m e m ­
bers of which have been synthes ized by Sensi and cowork­
ers in 1965.2 Our a t t en t ion on th is class was aroused some 
years ago by the observat ion t h a t the O-benzyloxime 2 

(compound 40, T a b l e II), in cont ras t to r i fampicin, ap ­
peared to inhib i t R N A synthesis in chick embryo fibro­
b las t s . 3 We then tes ted th is compound for o ther biological 
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proper t ies and observed t h a t a t 20 /ug/ml it was active in 
vitro against a Staphylococcus aureus s t ra in res is tant to 
200 Mg/ml of r i fampicin . Th i s p r o m p t e d the synthesis of 
other derivat ives of th i s series. In th is pape r we describe 
the synthesis of these compounds by condensa t ion of 3-
formylrifamycin SV 4 and the appropr ia t e O-subs t i tu ted 
hydroxylamines and the p repara t ion of some of these in­
t e rmed ia te s and report the in vitro act ivi ty on several mi­
crobial s t ra ins and in vivo act ivi ty on S. aureus infections 
in mice . T h e biological proper t ies of th i s class of rifamy-
cins, observed in our and other laborator ies , are discussed 
in re la t ionship to the i r chemical s t ruc tu re . 

Synthes i s of the Intermediate O-Subst i tuted Hydrox­
y l a m i n e s . T h e O-subs t i tu ted hydroxylamines used for the 
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Table I. O-Substituted Hydroxylamine Derivatives RONH2 

C o m p d 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

R 

—0x1(03*17) C3H7 
—CH(C2H5)C4H9 
- C H (03x17)04x19 
—CH (02x15)0 5H11 
- C H ( C H ) 3 C 5 H n 
- ( C H 2 ) 6 O H 
—CH2-CeH3-o,p-Cl2 

- ( C H 2 ) 4 C H ( B r ) C H 2 B r 
- ( C H 2 ) 4 C H = C H 2 

- (CH 2 ) 2 - c -NC 4 H 8 

- ( C H 2 ) 2 - c - N ( C H 2 C H 2 ) 2 N - C H 3 

Formula" 

C 7 H n N O 
C7H1 7NO 
C 8 H 1 9 NO 
C 8H 1 9NO 
C H n N O 
C 6 H 1 5 N0 2 

C 7 H,C1 2 N0 
C6H1 3Br2NO 
C 6 H l a NO 
C 6 H 1 4 N 2 0 
C 7 H „ N 3 0 

B p (mm), °C 

3 7 - 3 8 ( 0 . 1 ) 
3 6 - 3 9 ( 0 . 1 ) 
4 1 - 4 5 ( 0 . 1 ) 
3 7 - 4 0 ( 0 . 1 ) 
31-32 (0.5) 
84-85 (0.3) 
8 5 - 8 6 ( 0 . 2 ) 
b 
70 (22) 
5 2 - 5 3 ( 0 . 1 ) 
80-83 (0.4) 

"All compounds were analyzed for C, H, N, CI, and Br. The analytical results were within ±0.4% of the theoretical values. 
Th i s compound decomposes on heating. 

synthesis of the rifamycins can be divided in three groups: 
(1) O-alkyl, alkenyl, and aralkyl derivatives; (2) O-alkoxy-
alkyl and phenoxyalkyl derivatives; and (3) miscellaneous 
derivatives. 

The hydroxylamines used for the synthesis of rifamycins 
1-12, 14, 33, 40-44, 46, 48-50, 52, 54, and 55 (Table II) 
were known products and were prepared according to 
published procedures (see, for instance, ref 5). The hy­
droxylamines of group 2, used for the synthesis of rifamy­
cins 28-39, and some of the hydroxylamines of group 1, 
used for the synthesis of rifamycins 20-23 and 25-27, were 
kindly supplied by Drs. B. Cavalleri and A. Omodei-Sale 
of our laboratories; their syntheses will be reported else­
where. In Table I are reported the other new O-substitut-
ed hydroxylamino derivatives; their syntheses have been 
performed according to a known method,5 reaction of the 
suitable alkyl bromide with the K salt of the hydroxyure-
thane and alkaline hydrolysis of the intermediate O-alk-
ylhydroxyurethane; details are reported in the Experimen­
tal Section. 

Synthesis of 3-Formylrifamycin SV Oximes. The 
products have been synthesized by condensation of 3-
formylrifamycin SV4 with the suitable O-substituted hy­
droxylamine derivative in THF at room temperature. The 
reaction is complete within a few minutes and tic of the 
reaction mixture shows the disappearance of the starting 
rifamycin, Rt 0.3 in the solvent system used (see Experi­
mental Section), and the formation of the new product 
with higher Rt, varying between 0.4 and 0.6. The products 
could be crystallized from various solvents (generally 
methanol). The yields were high as is shown in Table II 
where the physicochemical characteristics of the com­
pounds are reported. 

These rifamycins vary in color from yellow-orange to 
red; they are very soluble in common organic solvents but 
practically insoluble in water and in both acidic (0.1 N 
HC1) and alkaline media (saturated solution of NaHC0 3) , 
with the exception of compounds 1-3 and of compounds 
carrying functionally substituted chains. The structures 
have been confirmed by physical data (pmr, uv, and visi­
ble spectra). In particular the pmr spectra were interpret­
ed on the basis of the assignments made for 3-formylri-
famycin SV,4 the main variations being the shift of the 
signal at 10.59 ppm (attributed to the formyl proton) to 
8.8 ppm and the appearance of the new signals due to the 
O-substituted hydroxylamine derivative residue. For ac­
tivity comparison purposes, discussed later, the 
16,17,18,19,28,29-hexahydro derivative of rifamycin SV 3-
octyloxime, that is, the hexahydro derivative of compound 
10, was synthesized by condensing iV-octylhydroxylamine 
with hexahydro-3-formylrifamycin SV. The preparation of 
the latter from hexahydrorifamycin SV6 is reported in the 
Experimental Section. 

Antibacterial Activity. Table III reports the in vitro 

antibacterial activity, the in vivo activity, and the acute 
toxicity of these rifamycins. The compounds are very ac­
tive in vitro on gram-positive organisms (see Table III, 
columns 1, 3, and 4), although it can be noted that the 
activity decreases with the lengthening of the aliphatic 
chain (compounds 1-14, 33-36) or with the addition of 
phenyl groups (compare compounds 2-4 with 40-43). The 
presence of double or triple bonds in the chain does not 
affect significantly the activity (compare compounds 4 
with 20 and 27; 6 with 21); some variation is observed 
when OH groups are introduced (c/. 3 with 46 and 8 with 
47). As previously observed7 for other rifamycin series the 
presence of a carboxyl group decreases dramatically the 
activity (see compounds 48-50). Several compounds 
show an excellent activity on Mycobacterium tuberculo­
sis. Substantially higher concentrations are needed for in­
hibition of gram-negative bacteria (see Table III, columns 
5-8), but it is noteworthy that even difficult strains, like 
Pseudomonas aeruginosa, are sensitive to most com­
pounds. Qualitatively, the same observations on activity-
structure made for gram-positive organisms hold for M. tu­
berculosis and gram-negative bacteria; for the latter the 
range of activity appears narrower in part because MIC's 
higher than 100 /tig/ml were not determined. All these ob­
servations indicate that the antibacterial activity of the 
compounds decreases linearly with the increase of lipophi-
licity of the substituent at position 3, the carboxyl com­
pounds being the only exception. A quantitative analysis 
of these relationships with the Hansch approach has been 
made and published elsewhere.8 

The mechanism of action of this series of compounds 
appears to be the same as that of rifampicin and the other 
rifamycins,9 since representative compounds are shown, in 
a cell free system, to inhibit DNA-dependent RNA poly­
merase extracted from a sensitive strain. In the condition 
adopted (see Experimental Section) a concentration of 1 
Mg/ml resulted in a complete inhibition of the E. coli en­
zyme activity. 

As mentioned in the introduction, a reason for the syn­
thesis of these compounds was to test their activity on ri-
fampicin-resistant strains. In Table III (column 2) the 
MIC's obtained on a S. aureus strain resistant to 200 
Mg/ml of rifampicin are reported. Similar activities have 
been observed with other S. aureus mutants, whereas ri-
fampicin-resistant E. coli strains were found insensitive to 
high concentrations of the drugs. The activity against the 
resistant S. aureus strain increases with the length of the 
aliphatic chain and reaches the highest value when the 
chain is of 8 C atoms; for a longer chain the value de­
creases rapidly (see compounds 1-14). Addition to the 
chain of phenyl groups increases considerably the activity 
(compounds 40-45) whereas addition of nitrogen heterocy-
cles results in inactive compounds (compounds 53-56). 
The presence in the chain of double or triple bonds slight-



T a b l e II . O-Substi tuted Oximes of 3-Formylrifamycin SV 

Compd" 

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 

Lab code 

AF-O 
A F - M O 
A F - E O 
AF-08 
AF-09 
AF-010 
AF-012 
AF-024 
AF-022 
AF-013 
AF-021 
AF-023 
AF-025 
AF-018 
AF-026 
AF-028 
AF-029 
AF-032 
AF-030 
AF-047 
AF-046 
AF-045 
AF-044 
AF-027 
AF-049 
AF-051 
AF-048 
AF-053 
AF-055 
AF-034 
AF-039 
AF-054 
AF-052 
AF-035 
AF-036 

R 

H 
CH 5 

C2H5 

ra-C3H7 

*"-C3H7 

ra-CH, 
ra-CsHn 
«-C6Hi3 

n-C,H, , 
7I-C8H,7 
7i-C9H,.j 
n-CioHoi 
n-C„H23 
n-Ci2H2r, 
CH-n - (C . , 4 , ) : 

C2H6CH-ra-C4H !, 
n-C 3H 7-CH-rt-C 4H, 
CH3CH-71-Cr.Hu 
C aH6CH-ra-C5H„ 
C H ! C H = = C H 2 

C H 2 C H ^ C H C H 3 

CH2C(CH3)=--CH2 

CH 2 C(C 2 H 5 ) - C H 2 

( C H ^ C H - C H , 
Geranyl 
Farnesyl 
C H 2 C = C H 
(CH 2 ) 2OCH 3 

(CH2)2OC2H f, 
(CH2)20-s-C3H7 

(CH 2 ) ,C(OCH : l )HCH ; ! 

(CH 2 ) ,OC 4 H, 
(CH2)2OC6H., 
(CH,)4OCcH ; , 
(CH2)6OC6H5 

NOR 

Crys tn solvent 

E t O A c 
E t O A c hexane 
E t O A c - h e x a n e 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
Hexane 
Hexane 
Hexane 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
Hexane 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
M e O H 
Hexane 
Hexane 

Me 0 
Yield 

% 

70 
70 
70 
85 
80 
75 
80 
60 
60 
70 
60 
50 
50 
60 
70 
60 
90 
42 
40 
90 
85 
70 
70 
55 
50 
50 
90 
85 
80 
85 
82 
20 
85 
75 
35 

M p , ° C 

190-193 ' 
240-250" 
214-215 
181-183 
229-231 
220-222 
200 202 
137 140 
134-140 
188-190 
177-181 

97 101 
170-173 
95 104 

167-171 
195 -210" 
102-110" 
132 136 
100-110" 
170 173 
185-188 
160-162 
163-165 
174-175 
138-140 
150-153 
192-194 
237-239 
225-227 
189-191• 
210-212 
175-177 
137-140 
126-129 
138-142 

Formula" 

C 3 8H 4 8N 20 
C3 9H5 0N2O 
C4»H62N20 
C « H 6 4 N 2 0 
C 4 1H 5 4N 20 
C 4 2H 6 6N 20 
C 4 3H 6 8N 20 
C44H60N2O 
C 4 5H 6 2N 20 
C « H 6 4 N 2 0 
C „ H 6 6 N 2 0 
C 4 8H 6 8N 20 
C4 9H7 0N2O 
C50H72N2O 
C 4 5H 6 2N 20 
C « H 6 2 N 2 0 
C 4 6H 6 4N 20 
C 4 5H 6 2N 20 
C 4 6 H M N 2 0 
C „ H 5 2 N 2 0 
C 4 2H 5 4N 20 
C 4 2H 5 4N 20 
C « H 5 6 N 2 0 
C44H5 8N20 
C 4 8H 6 4N 20 
C 5 3H 7 2N 20 
C4iH50N2O 
C 4 I H 5 4 N 2 0 
C 4 2H 6 6N 20 
C 4 3H 5 8N 20 
C „ H 5 8 N 2 0 
C42H60N2O 
C « H 5 6 N 2 0 
C48H60N2O 
C M H 6 4 N 2 0 

X,„„ 

O 
3-

ax, n m 

323 
325 
325 
326 
327 
326 
325 
327 
328 
329 
330 
330 
330 
330 
326 
327 
328 
328 
328 
327 
327 
326 
327 
327 
330 
330 
326 
327 
327 
328 
327 
325 
326 
327 
330 

Spectrophotc 

20 ,300 
22 ,500 
21 ,800 
23 ,500 
21 ,700 
22 ,500 
22 ,300 
21 ,300 
20 ,500 
20 ,000 
21 ,600 
19 ,700 
19,600 
20 ,000 
19,700 
22 ,700 
21 ,000 
22 ,400 
17,600 
22 ,200 
22 ,000 
22 ,000 
22 ,700 
22 ,600 
21 ,200 
22 ,100 
20 ,900 
21 ,700 
22 ,400 
21 ,900 
23 ,000 
21 ,600 
21 ,200 
22 ,400 
21 ,800 

imetrie da ta ' ' 
i , „ „ , n m 

468 
470 
470 
468 
468 
468 
468 
470 
475 
475 
480 
480 
475 
480 
470 
472 
475 
475 
475 
471 
470 
470 
472 
470 
480 
480 
473 
472 
474 
472 
470 
470 
470 
475 
478 

e 

13,300 
14,950 
14,100 
15,000 
15,000 
14,000 
14,000 
13,800 
12,800 
12,200 
13,500 
12,100 
12,550 
12,600 
12,700 
14,000 
12,600 
13,900 
12,700 
14,400 
14,400 
14,700 
15,000 
14,500 
13,200 
13,200 
13,000 
11,800 
13,200 
13,850 
14,000 
14,100 
13,500 
14,400 
13,600 

•974, 

§ 
^ s ) 

£ O 

•few 

O 

p ' 
t-« 
3 
0 

3 ' 

"2 
3 
0 

5' 

C/D 

CH3CH-71-Cr.Hu
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Figure 1. Effect of rifamycins on DNA-dependent RNA polymer­
ase from a rifampicin-resistant E. coli strain: O O, rifampi-
cin; • A, 3-formylrifamycin SV O-benzyloxime; • • , 
3-formylrifamycin SV O-diphenylmethylmethyloxime. The dotted 
line indicates the inhibition by the same compounds of RNA 
polymerase extracted from a wild type E. coli strain. 

ly decreases the activity (compare compounds 20, 21, and 
24 with compounds 4, 6, and 8); a stronger negative effect 
is provided by the hydroxyl group (compounds 46 and 47) 
and more drastically by the carboxyl group (compounds 
48-50). 

It appears clear from these observations that the activi­
ty of the compounds on the resistant mutant is related to 
their structure in the opposite way to that of sensitive 
strains, increasing almost linearly with the lipophilicity of 
the substituent until a very high lipophilicity value is 
reached, after which time the activity sharply decreases 
(compounds 12-14). 

No definite conclusions could be reached about the 
mechanism by which the growth of rifampicin-resistant 
strains is prevented by the new derivatives. In all the 
cases so far examined mutation to rifampicin resistance 
has been shown to be due to an altered RNA polymerase, 
insensitive to the antibiotic action. Unfortunately we were 
unable to establish whether or not these new rifamycins 
active against resistant strains were also active against the 
resistant polymerase in vitro due to technical difficulties 
in obtaining a purified DNA-dependent RNA polymerase 
from S. aureus. Indirect evidence was sought by examin­
ing the effect of some of these compounds on the enzyme 
from E. coli. 

In Figure 1 the in vitro inhibition of a RNA polymerase 
extracted from a rifampicin-resistant E. coli strain, shown 
by different concentrations of the diphenylmethyl and the 
benzyl derivatives (compounds 40 and 43), is compared 
with the inhibition shown by rifampicin itself. Although 
the concentration of compound 43 needed to inhibit 50% 
of the enzymatic activity is substantially lower than that 
of rifampicin, in our opinion the difference is not suffi­
cient to allow definite conclusions. Moreover, the activity 
of compound 40 appears similar to that of rifampicin. It 
can be noted here that low concentrations at this product 
stimulate the enzymatic activity, an effect reported also 
in respect of its activity on RNA instructed DNA poly­
merase of oncogenic viruses.10 Further studies on one of 
the most active compounds, the octyl derivative (com-



Table III. Antibacterial Activity of Oximes of 3-Formylrifamycin SV 

Compd 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
1 8 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

S. 
aureus 
Tour 

0.02 
0.002 
0.005 
0.005 
0.005 
0.01 
0.01 
0.05 
0 . 1 
0 . 1 
0 . 2 
2 
2 

10 
0.05 
0 . 1 
0 . 2 
0.05 
0 . 2 
0.005 
0.005 
0.005 
0.01 
0.02 
0 . 5 
5 
0.005 
0.005 
0.005 
0.005 
0.005 
0.01 
0.005 
0.01 
0.05 
5 
0.005 
0.001 
0.01 

S. aureus 
Tour 

resistant to 
rifampicin 

>100 
>100 

100 
50 
50 
20 
10 

5 
2 
1 
2 

10 
50 

>100 
5 
5 
2 
2 
5 

50 
50 
50 
10 
10 

2 
>100 

100 
>100 
>100 
>100 
>100 

50 
20 

5 
2 

100 
>100 
>100 

50 

s. hemolyticus 
C 203 

0.01 
0.01 
0.01 
0.05 
0.05 
0 . 1 
0 . 2 
0 . 5 
2 
0 . 5 
5 
1 
2 

10 
1 
1 
2 
1 
1 
0.02 
0.05 
0.05 
0 . 1 
0 . 5 
2 
2 
0.02 
0.01 
0.05 
0.05 
0.05 
0.05 
0 . 1 
0 . 2 
1 
5 
0.02 
0.02 
0.05 

Minimal inhibitory concentration, jug/ 

Diplo. 
pneumoniae 

U. C. 41 

0.01 
0.01 
0.005 
0.02 
0.02 
0.02 
0.02 
0.02 
0.05 
0.02 
0.02 
0 . 1 
0 . 1 
0 . 2 
0.05 
0 . 5 
1 
0 . 5 
1 
0.01 
0.02 
0.02 
0.05 
0.01 
1 
2 
0.01 
0.01 
0.02 
0.02 
0.05 
0.02 
0.05 
0 . 1 
0 . 5 
1 
0.02 
0.02 
0.02 

P. 
vulgaris 

ATCC 881 

10 
2 
2 

10 
10 
10 
10 
20 
10 

> 5 0 
>100 
>100 
>100 
>100 
>100 
>100 
>100 

20 
>100 

10 
10 
10 
20 
10 

>100 
>100 

10 
10 
10 
10 
50 
10 
10 

5 
> 5 0 

>100 
10 
10 
50 

E. coli 
ATCC 
10536 

5 
5 
5 
5 
5 
5 

10 
10 

>100 
> 5 0 

>100 
>100 
>100 
>100 

20 
50 

>100 
20 

>100 
10 
10 
10 
10 
10 

>100 
>100 

10 
10 
10 

5 
5 

10 
10 
20 

> 5 0 
>100 

5 
10 
10 

ml 

Klebs. 
pneumoniae 

ATCC 10031 

20 
10 
20 
20 
20 
20 
20 
50 

>100 
> 5 0 

>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 

10 
10 
10 
10 
20 

>100 
>100 

10 
20 
20 
20 
20 
10 
10 
20 

> 5 0 
>100 

20 
50 
20 

Pseud. 
aeruginosa 

ATCC 
10045 

10 
10 
10 
20 
20 
20 
50 
20 

>100 
> 5 0 

>100 
>100 
>100 
>100 

20 
>100 
>100 
>100 
>100 

10 
20 
20 
20 

>100 
>100 
>100 

10 
20 
20 
20 
20 
20 
20 
20 

> 5 0 
>100 

20 
20 
50 

M. 
tuberculosis 

H 37 Rv 
ATCC 9360 

5 
0.05 
0 . 1 
0.05 
0.05 
0 . 1 
1 
0 . 5 
2 

> 5 
10 
20 
50 

>20 
1 
1 
2 
2 
2 
0 . 2 
0 . 1 
0 . 2 
0 . 2 
0 . 5 
5 

20 
0 . 2 
0 . 1 
0 . 2 
0 . 1 
0 . 1 
0 . 2 
0 . 2 
0 . 5 
2 

10 
0 . 5 
0 . 5 
0 . 5 

ED50, mg/kg (S. aureus 
infections 
OS 

5.66 
0.53 
0.87 
2.46 
1.87 
5.28 
5.28 

12.8 

13 
16 

> 1 6 
> 1 6 
> 1 6 

13 
> 1 6 
> 1 6 

> 1 6 
1.63 
3.03 

10 
8.57 

11.3 
30.8 

1.48 
0.93 
1.78 

4.41 
8.0 

in mice) 
SC 

2.46 
0.87 
0.76 
1.87 
1.41 
4.60 
4.29 
8.57 

17.1 
16 

> 1 6 
> 1 6 
> 1 6 

9 .2 
> 1 6 
>16 

> 1 6 
1.23 
3.25 
5.28 
7.47 
9.85 

35.4 

1.29 
0.76 
1.32 

3.73 
6.96 

LD„„, 
mg/kg iv 
(in mice) 

690.0 
152.0 
154.0 
94.5 
93.5 
73.2 
82.9 

86.0 
88.0 
96.0 

152.0 
70.0 

157.0 

73.0 
73.5 
79.0 
89.0 

123 
160 

85 
66.0 
77.5 
80 

135.0 
200 
330.0 
256.0 
212.0 
219.0 

110.0 
139.0 
96.5 

162.0 
458.0 
370.0 
190.0 
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pound 10), have shown that its nonspecific binding to dif­
ferent proteins may be the reason for its inhibitory prop­
erties on rifampicin-insensitive RNA polymerase and 
other enzymes.11 

Activity on Nonbacterial Systems. Representative 
compounds have been given together with rifamycins be­
longing to different series to other laboratories interested 
in assessing their activity on nonbacterial transcribing 
systems. Of special interest is the activity on RNA-in-
structed DNA polymerase (RIDP) of mouse Sarcoma 
virus, studied in M. Green's laboratory, which was found 
to be inhibited10 to different extents by a concentration of 
100 Mg/ml of the alkyl-substituted compounds 6, 7, and 10 
and the aralkyl substituted 40 —»• 43. Compounds 10 and 
43 appeared the most active (complete inhibition at 20 
jig/ml). This fact and the inactivity shown by compounds 
53, 54, 48, 46 (bearing hydrophilic substituents), and 2-4 
with short alkyl chains indicated that a lipophilic side 
chain was needed for this activity. A similar screening was 
contemporarily performed at N.C.I, by R. Gallo and co­
workers12 on RIDP from murine leukemia virus and on 
RIDP extracted from human leukemic leucocytes, and out 
of 200 rifamycins compounds 7, 10, 42, and 43 were select­
ed to be further evaluated together with six derivatives 
belonging to other series. As a part of the evaluation, 
these compounds were tested on DNA-instructed DNA 
polymerase from leukemic and normal blood cells and 
found active to about the same extent on both these en­
zymes. 

A further indication of the rather general activity of ri-
famycin oximes with lipophylic side chains on transcrib­
ing enzymes was provided by the results obtained at the 
same time by Chambon, et al., on DNA-instructed RNA 
polymerases A and B extracted from calf thymus.13 His 
results demonstrate that compounds 6, 7, 10, 40, and 43 
are about as active on the mammalian enzyme as on the 
viral transcriptases, the activity increasing with the lipo-
philicity of the side chain. Another transcribing enzyme, 
the phage T2 transcriptase, was shown by Chamberlin14 

to be inhibited by compounds 10, 43, 42, 41, and 40, the 
concentration to obtain a 50% inhibition of activity vary­
ing from 45 jug/ml for compound 10 to 140 /ug/ml for the 
least active compound 40. 

Most of the work of other laboratories was concentrated 
on the activity of diphenyl derivative 43 and the octyl de­
rivative 10. Inhibition of RNA polymerases from rat 
liver15"17 and yeast18-19 as well as inhibition of immunogen­
ic RNA synthesis20 '21 and of ribonuclease H from rat liver22 

has been reported. It appears thus rather improbable that 
these most active compounds can be used as selective in­
hibitors of any transcribing enzyme, because they are 
about equally effective on most of them and because of 
their nonspecific binding to proteins. No direct evidence 
for the selective inhibition of one or the other macromo-
lecular synthesis has been so far obtained for these com­
pounds in intact cells systems like tissue cultures. A se­
lective inhibition of Rous Sarcoma virus production in 
transformed chick fibroblast was, however, reported by 
Barlati and Vigier.23 It is possible that some specificity 
could be demonstrated by some of the moderately active 
compounds; Di Mauro, for instance, has observed! a sig­
nificant difference in inhibition of yeast polymerases lb 
and II by compound 8. To assess whether the structural 
features of the rifamycin molecule needed for inhibition of 
bacterial RNA polymerase were also necessary for activity 
on other transcribing enzymes, the activity on RIDP of 
Rausher MuLV of the hexahydro derivative of compound 
10 was determined in comparison to that of compound 10 

t E. Di Mauro, personal communication. 
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itself. The two products were equally active on this en­
zyme, whereas the former is substantially less active on 
the bacterial system. From this and other evidence we 
concluded24 that the structural requirements for activity 
on bacterial RNA polymerase differ from those reached for 
activity on reverse transcriptase. 

In Vivo Activity. As an indication of in vivo activity the 
compounds were tested in S. aureus experimental infec­
tion in mice; the ED50 values obtained are reported in 
Table III, column 10. All the compounds carrying a lower 
alkyl, alkoxyalkyl, or alkenyl chain are remarkably effec­
tive both when subministered orally or subcutaneously. 
The efficacy appears proportional to the in vitro activity. 
The compounds most active on the rifampicin-resistant S. 
aureus mutant were tested on mice infected with this 
strain but no cure was observed even with the high dos­
ages of 200 mg/kg. For some of the most active com­
pounds the oral acute toxicity was determined in mice; in 
all cases the LD50 values were over 2000 mg/kg, a result 
that cannot be interpreted solely as due to lack of absorp­
tion because of the mentioned efficacy of the products in 
curing orally the experimental infections. The intravenous 
LD50 values are reported in Table HI, last column. This 
type of subministration was chosen to eliminate as far as 
possible the differences in absorption between the prod­
ucts in order to obtain a parameter that could be com­
pared with the activity of the compounds on mammalian 
enzymes. It has to be said, however, that the values re­
ported are not completely reliable because to be adminis­
tered some of the compounds had to be dissolved at very 
alkaline pH's and some alteration of the rifamycin mole­
cule, like desacetylation,25 may be occurred. 

Concluding Remarks. Because of their antimicrobial 
activity, their efficacy in experimental infection, and rela­
tively low toxicity, some of the compounds appear poten­
tially useful therapeutic agents for bacterial infections, 
although none of them seems superior to rifampicin, the 
currently used rifamycin. However, compounds like 2, 3, 
and 28 which are five to ten times more active in vitro on 
M. tuberculosis than rifampicin could be taken into con­
sideration as antitubercular agents. 

Several properties of the compounds appear linked to 
the lipophilicity of the substituent of the oxime oxygen: 
decreased activity on most pathogenic strains, decreased 
efficacy in experimental infections, increased activity on 
rifampicin-resistant S. aureus, and increased activity on 
several transcribing enzymes. From the data reported in 
Table III it also appears that a lipophilic side chain con­
fers some toxicity to the compounds although here the 
correlation is not so evident as for the other properties. 
The lack of specificity of their action leaves little hope for 
a therapeutic usefulness of the lipophylic members of this 
series of rifamycins. 

Experimental Section 

Chemistry. Pmr spectra were taken on a Varian D60 spectrom­
eter at 60 MHz in CDC13 (TMS) (0.00 ppm); electronic absorp­
tion spectra were obtained on a Perkin-Elmer Model 4000A spec­
trometer; tic was performed with silica gel HF254 (Merck). 

Synthesis of the Rifamycin Oximes. All the products listed in 
Table II were prepared according the procedure below exemplified 
for compound 10. 

3-Formylrifamycin SV O-n-Octyloxime (10). To a suspension 
of 7.25 g (0.01 mol) of 3-formylrifamycin SV in 100 ml of THF was 
added 1.6 g (0.011 mol) of O-re-octylhydroxylamine at room tem­
perature. After 15 min tic (CHCl3-MeOH, 9:1) showed only the 
yellow spot of the new rifamycin derivative (R; 0.5). The solution 
was concentrated to dryness. The residue was dissolved in 200 ml 
of EtOAc and washed twice with 30 ml of dilute (10%) HC1, to 
remove the excess O-rc-octylhydroxylamine, and then twice with 
30 ml of water. The organic layer was dried (Na2S04) and con­
centrated to dryness. The residue was dissolved in MeOH and the 

solution concentrated to about 30 ml. The product crystallized 
out and, after chilling (2 hr), was collected, washed with cold 
MeOH, and dried (8 g). The pmr spectrum shows, together with 
the common signals of rifamycins, the presence of new signals: 
-(CH2)7CH3 (t, 0.9), -CH2 (m. 1.35. 12 H), OCtf2(CH2)6 (t. 4. 2 
H ) , - C H = N ( s , 8.8,1H). 

Synthesis of O-Substituted Hydroxylamines. The hydroxyl-
amine derivatives used for the preparation of rifamycins have 
been prepared (except compound 64; Table I) with the following 
standard synthetic procedure. 

O-Hex-5-enylhydroxylamine (65). Hydroxyurethane (0.1 mol) 
and 6-bromo-l-hexene (0.1 mol) were added, at 0°, to absolute 
EtOH (60 ml) containing dissolved KOH (0.1 mol), and the reac­
tion mixture was boiled for 6 hr. After removal of KBr by filtra­
tion, the alcohol was distilled off under reduced pressure. The 
residue oil was dissolved in water (50 ml) containing NaOH (20 g) 
and was refluxed for 8 hr. The oily layer which separated was 
taken up in ether, and after distillation under vacuum 0.065 mol 
of O-hex-5-enyl hydroxylamine was obtained: bp 70° (22 mm). 
The pmr spectrum shows the following signals: 0(CH2)2C/i2C.f/2-
(m, 1-2. 4 H), OCH 2-CH 2- (m, 2.10, 2 H), OCH2- (t. 3.67, 2 H), 
- C H = C H 2 (m, 4.8-6.2, 3 H), ONH2 (broad signal, 5.45, 2 H). 
which disappears after exchange with D 2 0 . 

0-5,6-Dibromo-rc-hexylhydroxylamine (64). Bromine (0.011 
mol) was added, at room temperature, during 15 min to a stirred 
solution of 0.01 mol of the above compound (65) in CCU (50 ml). 
The solution was washed twice with 15 ml of a dilute (10%) solu­
tion of Na2C03 to remove the excess of bromine and dried 
(Na2SC>4), and the solvent was removed under vacuum. It has 
been impossible to determine the boiling point of this compound, 
because it decomposes on heating. Pmr of the crude material 
shows the disappearance of the signals of the - C H = C H 2 group. 

3-Formylhexahydrorifamycin SV. To a solution of 1.1 g 
(0.0157 mol) of hexahydrorifamycin S6 in 200 ml of THF were 
added 8.3 ml (0.078 mol) of fert-butylamine, 5 ml a 40% formal­
dehyde solution, and 8.3 g of M n 0 2 and the mixture was heated 
at 55° during 7 hr, with stirring. After removal of MnC>2 by filtra­
tion, to the mixture was added a solution of 11 g of ascorbic acid 
in 100 ml of H2S04 (8%) and the mixture allowed to stand to 
room temperature with stirring. After 3 hr, the reaction mixture 
was diluted with cold water (300 ml) and extracted with EtOAc 
(2 x 300 ml). The organic layer was washed with water (3 x 100 
ml), dried (Na2S04), and concentrated to dryness. The residue 
was dissolved in 10 ml of CHCI3, placed on a column of 550 g of 
silica gel, prewashed with CHCI3, and then eluted with a mixture 
of CHCl3-MeOH (98:2). The first eluate (about 800 ml) was dis­
carded; then the further eluate (about 2000 ml) was collected and 
concentrated to dryness. The residue was dissolved in 150 ml of 
hexane and concentrated under reduced pressure to about 30 ml. 
The product crystallized out and, after chilling (2 hr), was col­
lected and dried (2.5 g). The pmr spectrum shows, together with 
the common signals of hexahydrorifamycin S, the disappearance 
of the signal of the proton in position 3 of the aromatic ring (0 
7.80) and the presence of the signal of the formyl proton at 5 
10.65; mp 126-133°; ultraviolet spectrum in phosphate buffer (pH 
7.38) Xmax 329 mix U 11,600), 496 (11.000). Anal. (CssHssNO^) C. 
H, N. 

3-Formylhexahydrorifamycin SV O-n-Octyloxime. To a solu­
tion of 730 mg (0.001 mol) of 3-formylhexahydrorifamycin SV in 
20 ml of THF was added 160 mg (0.0011 mol) of O-n-octylhydrox-
ylamine at room temperature. After 15 min tic (CHCl3-MeOH, 
9:1) showed only the yellow-orange spot of the new derivative (Rs 

0.7). The solution was concentrated to dryness and, after usual 
treatment, the product crystallized out from heptane (700 mg). 
The pmr spectrum shows, together with the common signals of 
hexahydrorifamycin, the presence of new signals: - ( C H ^ C H s (t, 
0.9), -CH2 (m, 1.3, 12 H), OCH2- (t, 4.2, 2 H), - C H = N (s, 8.8); 
mp 85-92°; ultraviolet spectrum in phosphate buffer (pH 7.38) 
Xmax 330 mM U 18,000), 477 (10,700). Anal. (C46H7oN2Oi3) C, H, N. 

Biological Tests. Antimicrobial Activity. In vitro antibacteri­
al activity was tested in liquid media by the serial dilution meth­
od. The results are expressed as minimum inhibitory concentra­
tions (MIC) determined as previously described.26 

The in vivo activity was tested in acute experimental infections 
in mice as previously described27 and the data are expressed as 
ED50 . 

Acute Toxicity. The acute toxicity of the derivatives was de­
termined in mice. The compounds were administered by intrave­
nous route to the animals; these were observed for 168 hr and 
deaths were recorded. The Litchfield and Wilcoxon28 method was 
used to calculate the LD50 values. 
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RNA Polymerase Inhibition Test. DNA-dependent RNA 
polymerase from a rifampicin-sensitive and a rifampicin-resistant 
E. coli strain was purified by ammonium sulfate fractionation 
and DEAE cellulose chromatography, according to the procedure 
of Burgess.29 Polymerase activity was assayed by determining the 
incorporation of [14C]AMP into acid insoluble material using 
highly polymerized calf thymus DNA as a template. The assay 
conditions were as reported by Burgess,29 the concentration of the 
enzyme in our tests being about 8 units per milliliter of final 
assay mixture. 
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1 and 2 have included the addition of methyl hypobromite 
to uracil derivatives followed by reaction with sodium di­
sulfide.8 The latter procedure is suitable for the thiolation 
of polynucleotides.9,10 Because of the success of the use of 
chlorothiocyanogen11,12 (C1SCN) in the preparation of 
sulfur analogs of dopamine and norepinephrine, and be­
cause of our continuing interest in modified polynucleo­
tides,13"16 we have investigated the thiocyanation of py­
rimidine nucleosides as a route to 5-mercaptopyrimidine 
nucleosides. (For a preliminary account of a portion of 
this work, see ref 17.) 

Chemistry. Exploratory experiments with 1,3-dimethyl-
uracil (3) revealed that the 2,4-dioxopyrimidine ring 
readily reacted with chlorothiocyanogen to give a moder-
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The reaction of chlorothiocyanogen (C1SCN) with various derivatives of uracil was investigated as a potential route 
to 5-mercaptouracils. Reaction of 1,3-dimethyluracil, l-(/?-D-ribofuranosyi)uracil, l-(2'-deoxy-j3-D-ribofuranosyl)ura-
cil, l-(0-D-arabinofuranosyl)uracil, l-(2',3',5'-tri-0-chloroacetyl-/3-D-ribofuranosyl)uracu, and l-(2',3',5'-tri-0-acetyl-
0-D-ribofuranosyl)uracil with ClSCN in acetic acid gave the corresponding 5-thiocyanato derivatives in fair to ex­
cellent yields. These 5-thiocyanatopyrimidine nucleosides can be reduced by dithiothreitol, sodium dithionite-2-
mercaptoethanol, or glutathione to the biologically active 5-mercaptopyrimidine nucleosides. The intermediate 5-
thiocyanatopyrimidine nucleosides themselves show significant biological activity, probably as the result of in vivo 
reduction. 


