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It is known that by splitting off the glycolie acid moiety from the molecule of rifamycin B the antimicrobial 
activity increases dramatically in rifamycin S and rifamycin SV. Starting from the hypothesis that the presence 
of a free carboxyl group in the molecule of rifamycin B might forbid the display of the activity, a series of amides 
and Irydrazides of rifamycin B has been prepared by allowing rifamycin B to react with amines or hydrazines 
in the presence of dicyclohex3'lcarbodiimide as dehydrating agent. Analytical data and antibacterial activities 
of 49 amides and 26 hydrazides are reported. Among them, the X.X-disubstituted rifamycinamides and the 
X,N,X'-trisubstituted rifamycinhydrazides appear to possess considerable antibacterial activity against gram-
positive bacteria and Mycobacterium tuberculosis, of the same order of rifamycin SY. The in vivo activity of some 
rifamycinamides and rifamycinhydrazides in experimental staphylococcal infection in mice is very high and in 
some cases higher than that of rifamycin SV. The acute toxicity of a series of derivatives of rifamycin B is also 
reported. 

Rifamycin B is a substance isolated from the fermen
tation broths of Streptomyces mediterranei.i I t has 
been already reported t ha t rifamycin B can be con
verted into rifamycin SV, through rifamycin 0 and 
rifamycin S.6 Rifamycin SV shows considerable ant i-

rifamycin B, It = CH.COOH 
rifamycin SV, It = H 

bacterial activity and is now employed widely in the 
t rea tment of staphylococcal infections, of infections of 
the biliary tract, and of tuberculous and leprous in
fections.6 Considering the structural relations between 
rifamycin B and rifamycin SV,7 we have hypothesized 
that the low activity of rifamycin B could be due to the 

(1) T h e n a m e r i famycin has been a d o p t e d in s t ead of r i fomycin as in the 
first pape r s in order to different ia te the n a m e more fully from the commerc ia l 
n a m e s of o ther an t ib io t i c s . 

(2) Pape r X X X I V : J. E . T h i e m a n n , ( ' . flengeller. A. Virgilio, O. Buelli , 
and C. Lieciardello, Appl. Microbiol., 12, 2(10 (11)1)4). 

(3) P resen ted in p a r t a t the l l l r d I n t e r n a t i o n a l Congress of C h e m o t h e r 
apy , S t u t t g a r t , J u l y 2 2 - 2 7 , l!)li:-i. 

(4) fa) P. Sensi , P . Alargal i th , and M. T. T i m b a l , Farmaco ( P a v i a j , 
Ed. Sri., 14, 14H M959); fb'l P . Sensi. A. M. Greco, and R. Ba l lo t t a , Anti-
Inot. Chemotherapy, 262 11960); ic) P. Marga l i t h and G. Bere t t a , Myco-
pnthol. Mi/eol. Appl.. 13, 21 (1960): (d) P. M a r g a l i t h and H. Pagan i . Appl. 
Mirrobiol., 9, 32.5 (1961). 

(5) (a) P. Sensi, M . T. T i m b a l . and G. Marlii, ExperienUa, 16, 412 (1960); 
(b) P. Sensi , R. Ba l lo t t a . A. M. Greco, anil G. Gallo, Farmaco ( P a v i a ) , Ed. 
SW., 16, 165 (1961). 

(6) The l i t e r a tu re on the clinical app l ica t ions of r i famycin SV (RifocinS) 
is l isted in a review by P . Sensi, "P rog re s s in Organic , Biological a n d P h a r m a 
ceut ical C h e m i s t r y , " Societa Edi tori ale F a r m a c e u t i c a , M i l a n o , 1964, p p . 337 •• 
421 . 

(7) (a) V. Prelog, P roceed ings of t he S y m p o s i u m on C h e m i s t r y a n d Bio
chemis t ry of F u n g i and Yeasts , ool (1963); (b) V. Prelog, Chemotherapia 
(Basel) , 7, 133 (1963): fc) W. Oppolzer , V. Prelog, and P . Sensi. Experientia 
20, 336 (1964) ; (d) AI. Brufani , W. Fedeli , G. Giacomel lo , and A. Vaciago, 
H,id., 20, 339 (1964); (e) .). Lei t ich . W. Oppolzer , and V. Prelog. ibid.. 20, 
343 (1964). 

presence of a free carboxyl group in its molecule. 
Therefore, derivatives of rifamycin B with the carboxyl 
group blocked by conversion into amides, hydrazides, 
or esters might show a high antibacterial activity. 

The present paper deals with the preparation and 
properties of a large number of amides and hydrazides 
of rifamycin B. The greater part of the amines neces
sary for the preparation of rifamycinamides were ob
tained from commercial sources; only a few of them 
were prepared according to literature data. The 
X,X,X'-ti ' ialkylhydrazines were prepared by treating 
the X,X-dialkylhydrazines with formaldehyde to give 
the corresponding X. X'-dialkyl-X" '-methylenhydra-
zines.s These compounds were either reduced to the 
X,X-dialkyl-X '-methylhydrazines or treated with alkyl-
magnesium bromide to give the X,X-dialkyl-X'-
alkylhydrazines.9 The process for preparing the amides 
or hydrazides of rifamycin B consisted in treating rifa
mycin B with amines or hydrazines in the presence of 
dehydrat ing agents such as dicyclohexylcarbodiimide.1" 

Amides and hydrazides of rifamycin B are orange-
yellow substances, very soluble in methanol, ethanol, 
benzene, acetone, ethyl acetate, and scarcely soluble 
in water. They show an acidic function (pA' 3.0-
4.6), which is to be a t t r ibuted to the acidic phenolic 
group in the peri position, and therefore they form 
neutral salts with organic and inorganic bases. The 
solubility in water of the sodium salts of the amides 
and hydrazides of rifamycin B is generally rather good. 
The sodium salts of hydrazides are more soluble in 
water than those of the amides. Among the amides 
the less soluble are those bearing either aryl or long-
aliphatic chains. The amides and hydrazides of 
rifamycin B show in the ultraviolet and in the visible 
region of the spectrum absorption maxima similar to 
those of rifamycin B [220-225 m^ (e ^40,000-44,000), 
304-306 (-20,000-22,000) , and 425 (15,000-16,500)]. 
The melting points of these derivatives of rifamycin 

S< 1. H. Class, I. G. Aston, and T. S. Oakwood . ./. Am. Chen,. So,-.. 7 5 , 
2937 fl9.")3). 

0)i H. V. Joffe and [.. K. I 'oroschin, Zh. Olnthcl,. Klnrn., 29, 3154 (19o((). 
•10) J. C. Sheehan and G. P. Mess, ./. Am. Chem. Soe., 77 , 1067 (1955). 
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TABLE I 
RIFAMYCIN AMIDES 

o m p 

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 
43 
44 
45 
46 
47 
48 
49 

i." Ri 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 
G 2 H 5 
n-C3H7 
«-C4H9 
i-C4H9 
«-C5Hn 
CH2CH= 
CH,C6H 
CH3 
CH3 
CH3 
CH3 
CH3 
C2H5 
C,H3 
»-C3H, 

CH3 

CH3 

C2H5 
CH3 
CH3 
C2H5 
CH3 
C2H5 
CH3 

R : 

H 
CH3 
C2H5 
C3H7 
t'-C3H-
^-G4Xl9 

CH3 OH 
C H 3 C O O v > Q H 

CH3 

C H 3 0 ^ 

Yield 

%» 
45 
39 
70 
85 

92.1 

D L - C H 3 C H ( C H 2 ) 4 C H 3 

C6H5 
C6H4Cl-p 
C6H4Br-p 
C 6HJ-p 
CH(OH)CH3 
CH3 
C2H5 
n-C3H, 
? i - C 4 H 9 

t'-C4H9 
n-C5H„ 

=CH2 C H 2 C H = C H , 
CH2C6H5 

C2H5 
n-C3H7 
i-C3H-
ra-C4H9 
£-C4H9 
n-C3K-
M-C4Hg 
C H 2 C = C H 

. C H 2 — C H 2 

C H 2 — - C H 2 

C H 2 C H 2 

- C H , 
^ C H 2 — C H j T 

CeH5 
CH2C6Hs 
CH2CH2OH 
CH,CH2OH 
C H 2 O M 2 C 1 S 
CH2CH2N(C2H5)2 

67 
95 
40 
91 
98 
99 
75 
20 
93 
64 
82 
55 
80 
82 
60 
64 
55 
68 
63 

27.c 

CH 2 

(CH2)2N(CH2)2N(C2H5)2 
1 

C2H5 
CH2CH2C1 CH2CH2C1 

- ( C H i l r 
-CH(CH3)(CH2)2CH(CH3)-

89 
78 
50 

68 

70 

63 
84 
17 
26 
20 
64 
30 

C H 3 v J \ 

/ V / 
0 T 

C H 3
U 

F o r m u l a 

C39H50N2O13 
C40H52N2O13 
C 4 l H 5 4 ^ 2 0 l 3 
C42H06.N2O13 
C42H06N2O13 
C43H58-N2013 
C 4 6 H e 4 ^ 2 0 l 3 
C4yH54N2013 
C45H58ClN2Oi3 
C45Hg3BrN20i3 
C45H53IN2O13 
O41H.54.Ts 1O14 
C41H54X2O13 
C43H58X2O13 
C45H62X2O13 
C47H66N2O13 
C47H66X2O13 
C49H70X2O13 
C45H58X2O13 
Co3He2X20]3 
C42H56X2O13 
C43H5SX2O13 
C43HS8X2O13 
C44H60X2O13 
C44H60X2O13 
U44H6oX20]3 
C45H62X 2O13 
C4oHn8X'20l3 

C45H60X2O13 

C46H62X 2O13 

C4VH58X2O13 
C47H58X2O13 
C45H56X2O14 
C43H5SX2O14 
C 4 4 H 5 5 N 3 0 1 3 

C47H67X3O13 
C50H74X4O13 

32.5 C43H56Cl2N2Oi3 

-CH(CH2OH)(CH2)2CH(CH2OH)-
-CH(COOC2H5)(CH2)2CH(COOC2H6)-

- (CH 2 ) 5 -
-(CH2)2CH(CH3)(CH2)2-

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

~(CH2)20(CH2)2-
-(CH2)2OCH2CH(CH3)-

-CH(CH3)CH2OCH2CH(CH3)-
" Melting points were indefinite. b No attempt 

90 
38 
50 
40 
80 
52 
69 
82 
78 
75 
56 

C43H56X2O13 
C45H60X 2Uj3 
C45H60X2O15 
C49H64X2O17 
C44H58X2O13 
C45H60X2O13 
C4oH6oX"20l3 
C45H60X2O13 
C43H56X2O14 
C44H58X2O14 
C4&H60X2OH 

OH 

^ L ^ 
N ^ 

V^^ 
.NH 

H 

^H 3 

O C H z C O N ^ 

c 
62.05 
62.48 
62.90 
63.30 
63.30 
63.68 
64.77 
65.21 
62.45 
59.40 
56.48 
61.64 
62.90 
63.68 
64.38 
65.10 
65.10 
65.75 
64.73 
68.07 
63.30 
63.68 
63.68 
63.59 
63.59 
63.59 
64.42 
64.73 

64.57 

64.92 

65.72 
65.72 
63.66 
62.45 
63.37 
63.99 
63.94 

58.70 
63.84 
64.57 
62.20 
61.78 
64.21 

64.24 
64.24 
62.60 
63.00 
63.36 

s were made to improve the 3 

Calcd. , % . 
H 

6.68 
6.82 
6.95 
7.08 
7.08 
7.21 
7.56 
6.52 
6.17 
5.87 
5.58 
6.81 
6.95 
7.21 
7.44 
7.67 
7.67 
7.88 
7.00 
6,68 
7.08 
7.21 
7.21 
7.28 
7.28 
7.28 
7.45 
7.00 

7.23 

7.34 

6.81 
6.81 
6.65 
7.07 
6.65 
7.66 
7.94 

6.41 
6.98 
7.23 
6.96 
6.73 
7.10 

7.19 
7.19 
6.84 
7.02 
7.09 

'ields. 

X 

3.71 
3.64 
3.58 
3.51 
3.51 
3.45 
3.28 
3,35 
3 .24(01,4 .10) 
3.08 (Br, 8.78) 
2.93(1,13.26) 
3.51 
3.58 
3.45 
3.34 
3.23 
3.23 
3.13 
3.35 
3.00 
3.51 
3.45 
3.45 
3.37 
3.37 
3.37 
3.34 
3.35 

3.35 

3.29 

3.26 
3.26 
3.30 
3.39 
5.04 
4.76 
5.97 

3 .18(01,8 .06) 
3.46 
3.35 
3.22 
2.94 
3.40 

3.32 
3.33 
3.40 
3.34 
3.28 

. 
C 

61.88 
62.50 
62.38 
62.95 
62.85 
63.20 
65.01 
64.70 
61.82 
59.25 
56.37 
61.60 
63.00 
63.25 
64.36 
64.87 
64.20 
66.32 
64.57 
66.97 
62.73 
63.42 
62.84 
63.06 
63.79 
63.97 
63.99 
64.28 

65.20 

64.57 

64.80 
65.14 
62.61 
61.60 
62.62 
63.00 
63.95 

58.86 
63.63 
64.00 
61.64 
61.64 
63.03 
64.60 
64.10 
64.37 
63.22 
62.98 
61.64 

F o u n d , % 
H 

7.36 
6.99 
7.33 
7.52 
7.60 
7.54 
8.04 
6.88 
6.31 
6.26 
5.30 
6.91 
7.47 
7.40 
7.89 
7.84 
7.76 
7.37 
7.23 
7.09 
7.19 
7.58 
7.32 
7.77 
7.44 
7.59 
7.46 
7.50 

7.29 

8.01 

7.01 
7.39 
7.13 
7.40 
7.40 
7,88 
8.22 

6.91 
7.40 
7.75 
7.51 
6.83 
7.62 
7.67 
7.68 
7.35 
6.22 
7.33 
7.02 

N 

3.92 
3.94 
3.73 
3.80 
3.76 
3.46 
3.06 
3.33 
3 .11(01,4.61) 
3 .14(Br ,8 .86) 
2 .78(1, 13.55) 
3.79 
3.58 
3.43 
3.70 
3.51 
3.37 
2.82 
3.35 
3.30 
3.64 
3.49 
3.54 
3.44 
3.47 
3.20 
3.53 
3.40 

3.45 

3.51 

3.55 
3.71 
3,34 
3.06 
4.60 
4.44 
5.65 

3 .30(01,8.15) 
3.03 
3.60 
3.40 
3.10 
3,68 
3,24 
3,09 
3.38 
3.37 
3.37 
2.95 

B are generally not well defined owing to gradual de
composition during the heating. 

In Table I are listed the rifamycinamides and in 
Table II the rifaniycinhydrazides which have been 
prepared for biological evaluation. All these deriva
tives were tested for in vitro antibacterial activity: 

Tables III and IV report the minimal inhibitory con
centrations against a limited number of gram-positive 
and gram-negative bacteria and against Mycobacterium 
tuberculosis. A number of them were tested also for 
the in vivo activity in experimental infection and for 
acute toxicity in mice. These results are reported 
in Table V. 

O41H.54.Ts
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TABLK II 

RlFAMYCIN HVDRAZIDKS 

CH, CH,, 11 

CH, 

uip'i 

50 
51 
52 
53 
54 
55 
56 
57 
5S 
5!) 
60 
61 
62 
63 
64 
65 
66 
67 
08 
69 
70 
71 
72 
73 
74 
75 

K, 

H 
H 
CH3 

CH3 

CHa 

CH:, 
C2H6 

C2H:, 
C>H5 

C2H5 

n-C3H, 
n-C3H, 
C3H-
C,H7 

re-GH9 

rc-C4H9 

•«-0,H„ 
/<-C5H„ 
CH:, 
C,H;, 
n-G,H7 

n-C,H9 

CH:, 
C2H, 
«.-C3H7 

n-CiHs 

Melting points were 

R.. 

H 
H 
CH3 

G>H5 

ri-C3B-
n-CtH, 
CH3 

C2H5 

/i-C,H7 

«.-GH9 

CH3 

C,H6 

C3H-
n-C.H, 
CH3 

C2H3 

re-C,H7 

CH3 

-
-
-
-

CH-. 
CH.. 
CH2 

CH. 

III 

H 
C6H6 

CH3 

C,H5 

re-C3H-
n-C4H9 

CH:, 
G,H.-, 
«-C3H7 

n-CH, 
CH:, 
C2H5 

C3H7 

«-C4H9 

CH3 

G H 5 

n-C3H7 

CH3 

) : , -
) : > -
).v -

):. -
-(CH.)..()(CH.) :-
-(CH2)20(CH2)2 • 
-(CH,)2()(CH2)2-

-(CH2)20(CH2)o-

indefinite b Vo attempts 

So 
10 
70 
07.5 
62. t) 
75.6 
44.1 
02.0 
60.2 
75 
74.4 
(10.0 
71.4 
59.6 
68.5 
96.5 
64.2 
47.4 
61.0 
,S9.4 
60.5 
5S. 2 
63. S 
7S. 6 
75.5 
50.0 
72.1 

were nu 

Formula 

C3i(HslN3013 

C45H55Na()i3 

C42H57X:1()):, 
CyHeiXjOis 
C-inHoiNsOi:, 
C\„H6BXaO,3 

C4:,H59X;,0,:, 
C„H63X:,(),3 

Ci7H67X:,0la 

C.,9H71X:,(),:, 
CjiHeiX:,()]:, 
C4sH65X:,0la 

CisHoyNjOis 
C:,llH73Xa(),3 

C«H63X3013 

Ct7H67X3013 

CI9H7IX:,013 

C|6H6:,X30!:, 
C,:,H61X:,(),, 
CloH63Xa(),a 

CITH8.-,X3(>,:, 

C„HsrX;i(),:< 
C„H,9X3()r 
C,„Hf„X3(),; 

c,fiHfi3x3o,, 
C,7He3N3(),, 

de to improve the 

c 

60. <S4 
63.89 
62 13 
62.91 
63.65 
64.34 
62.53 
63'. 28 
64.00 
04.66 
62.91 
63.65 
64.34 
64.98 
63.28 
64.00 
64.66 
63.50 
63 43 
63 79 
64 14 
64.48 
(il . ss 
62.26 
62.64 
63.00 

yields. 

E i i r u . , ( 

ir 
6.67 
6.55 
7.07 
7 31 
7.54 
7 76 
7.20 
7.43 
7.65 
7 .86 
7 31 
7 54 
7.76 
7.96 
7.43 
7.65 
7 86 
7 76 
7 21 
7 33 
7 44 
7 . •>') 

6.06 
7 08 
7. 19 
7.31 

X 

5.45 
4.96 
5.17 
5.00 
4.84 
4.68 
5.08 
4.92 
4.70 
4.61 
5.00 
4.84 
4.68 
4.54 
4.92 
4.76 
4.61 
4.82 
4.93 
4.85 
4.77 
4.70 
4.92 
4.84 
4.76 
4.68 

c 

61.12 
63.13 
62.27 
62.50 
64.14 
64,41 
61 .92 
63.32 
63.70 
64.62 
62.63 
64.06 
64.14 
64.33 
63.19 
63.57 
64.23 
63.53 
63.28 
63. ~^> 
63.79 
64. 15 
61.31 
61 .50 
61 .18 
61 .92 

I U i U l U , ; ( 

7.20 
0.04 
7.31 
7 53 
7.70 
7 90 
6.34 
7.45 
7.50 
7.82 
7.67 
7.86 
7.69 
8.05 
7.52 
7.85 
7.95 
7.61 
7.59 
7.58 
7 70 
7.88 
7.25 
7.39 
7.67 
7.52 

N 

5.80 
5.10 
4.80 
4.80 
4.80 
4.49 
4. 6^ 
4.62 
4.58 
4.22 
4.92 
5.05 
4.53 
4.42 
4.71 
4.80 
4.57 
4.39 
4,64 
4.80 
4 57 
4.38 
4 81 
4.86 
4,65 
4,40 

Experimental 
Chemistry.—The condensation of rifamycin B with amines 

or hydrazines in tetrahydrofuran and in the presence of dicyclo-
hexylcarbodiimide occurrs at room temperature; 2 hr. is necessary 
for completion of the reaction with the hydrazines and several 
hours in the case of amines. The preparation of rifamyeinamides 
is therefore preferably carried out at the boiling point of the 
solvent in a period of time varying between 15 min. and 1 hr. 
according to the desired rifamycin derivative. The reaction 
was followed by thin layer chromatographic analysis on silica 
gel G plates. Using acetone as solvent, rifamycin B shows a 
very low mobility, whereas the amides and hydrazides have /vf 

values from 0.4 to 0.8; these variations are due to the nature of 
the substituents on the nitrogen. At the end of the reaction 
(he solvent was evaporated to a small volume and, on cooling, 
the dicyclohexylurea crystallized out. The concentrated solu
tion was then generally diluted with water, acidified with HC1, 
and extracted with benzene or carbon tetrachloride. After 
evaporation of the solvent, the crude rifamycin amides or hy
drazides were recrystallyzed from appropriate solvents such as 
cyclohexane, benzene-hexane, acetone-water, or ethyl acetate. 
A few typical examples are reported. 

Rifamycin B Amide (Table I, 1).—XTine grams (0.012 mole) 
of rifamycin B was suspended in 500 ml. of anhydrous tetrahy
drofuran. Then 2.7 g. (0.013 mole) of dicyclohexylcarbodiimidc 
was added followed by ill ml. of tetrahydrofuran containing 1 ' , 
of ammonia (corresponding to 0.018 mole of XH3). The mixture 

was remixed for 20 min., then cooled to about 10° and allowed to 
stand for 10-15 min. Rifamycinamide separated as lemon 
yellow crystals, which were filtered and washed with some tetra
hydrofuran. From the filtrate, crystalline dicyclohexylurea was 
obtained by concentration to a small volume. The rifamycin
amide showed, in thin layer chromatography on silica gel (< 
plates (acetone as solvent), a major spot (/tf 0.5) with traces of 
rifamycin B (/rf 0.05) and of other impurities. One crystalli
zation from ethyl acetate gave 4.1 g. (45%) of rifamycinamide 
chromatographically homogeneous. After several crystalli
zations from the same solvent and prolonged drying at 40° 
under vacuum, an analytical sample was obtained. I t had no 
definite melting point: the crystals began to soften at 160° and 
melted completely at 180-185° dec., M 2 0 D - 1 . 8 ° (<• 0.265. 
methanol), potentiometric titration in MeOH-H2() (2:1) pHi/ , 3.3. 
The ultraviolet spectrum in phosphate buffer pH 7.38 showed ab
sorption maxima at 223 HIM (e 41,260), 305 (20,670), and 428 (16, 
130). 

Rifamycin B Diethylamide (Table I, 14).—Rifamycin B 
dig. , 0.012 mole) was suspended in 250 ml. of anhydrous tetra
hydrofuran. Then 2.7 g. (0.013 mole) of dicyclohexylcarbodi-
imide was added followed by 1.4 ml. (0.014 mole) of diethylamine. 
The solution was refluxed for 15 min. then concentrated to one-
fifth of its initial volume and allowed to stand for 3 hr. at 4°. 
The dicyclohexylurea was removed by filtration. The filtrate 
was poured into about ten times its volume of water acidified 
with HC1 and the precipitate was extracted twice with 200 ml. 
of benzene. The organic phase was dried (Xa28K.).i) and, after 
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TABLE I I I 

ANTIBACTEKIAL ACTIVITY OF THE RIFAMYCIN AMIDES 

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 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

Micrococcus 
aureus 

ATCC 6538 

1.5 
0.16 
0.08 
0.25 
0.16 
0.15 
0.15 
0.1 
0.25 
0.3 
0.12 
0.075 
0.06 
0.01 
0.006 
0.003 
0.0012 
0.002 
0.005 
0.003 
0.009 
0.01 
0.002 
0.003 
0.0025 
0.0075 
0.0015 
0.003 
0.005 
0.006 
0.003 
0.005 
0.1 
0.025 
0.09 
0.12 
0.03 
0.05 
0.045 
0.005 
0.07 
0.005 
0.0075 
0.005 
0.005 
0.004 
0.3 
0.01 
0.01 

Streptococcus 
faecalis 

ATCC 10541 

9.2 
1 
0.5 
1.2 
1 
1.2 
0.6 
0.75 
0.35 
0.25 
0.16 
0.6 
0.75 
0.08 
0.06 
0.03 
0.012 
0.02 
0.05 
0.03 
0.07 
0.04 
0.02 
0.05 
0.02 
0.05 
0.02 
0.06 
0.05 
0.025 
0.04 
0.07 
1.2 
0.55 

.75 

.5 

.75 

.5 
0.37 
0.03 
1.3 
0.2 
0 .1 
0.045 
0.03 
0.03 
1.2 
0.5 
0.09 

Streptococcus 
hemolyticus 

C203 

0.18 
6.2 
0.025 
0.3 
0.06 
0.3 
1 
0.12 
0.12 
0.2 
0.1 
0.045 
0.01 
0.0075 
0.006 
0.012 
0.006 
0.025 
0.003 
0.015 
0.009 
0.006 
0.006 
0.0025 
0.004 
0.005 
0.006 
0.0015 
0.005 
0.009 
0.006 
0.006 
0.06 
0.09 
0.09 
0.03 
0.09 
0.03 
0.005 
0.005 
0.025 
0.012 
0.005 
0.01 
0.01 
0.01 
0.045 
0.0037 
0.015 

Minimal 

Bacillus 
subtilis 

ATCC 6633 

12.5 
0.06 

.o 

.5 

.2 

.5 

.75 
0.25 
0.06 
0.045 
0.09 
0.18 
0.12 
0.75 
0.18 
0.09 
0.37 
0.18 
0.37 
0.045 
0.09 
0.37 
0.18 
0.37 
0.37 
5 
1.55 
1.5 
3.1 
0.75 
0.37 
1.5 
0.18 
3.1 
0.75 
0.75 
0.37 
0.18 
0.3 
1.5 
0.18 
0.6 

inhibitory concen 
Proteus 
vulgaris 

ATCC 881 

>200 
>200 
>200 
>200 
>200 
>200 
>200 
>200 
>200 
>200 
>200 
>200 
100 

25 
12 
12 
6 
6 
12.5 
25 
12.5 
25 

12 
6 
25 
6 
25 
25 
12 

tration, 7/ml.a -

Escherichia 
coli 

ATCC 10536 

>200 
200 
150 

>200 
>200 
>200 
>200 
>200 
>200 
>200 
>200 
>200 

100 

6.2 
6.2 
6.2 

12.5 
6.2 

12.5 
12.5 
12.5 
6.2 
6.2 

12.5 
MOO 
>100 
>100 

200 
>100 
>100 

50 
6.2 

>100 
100 
25 
12.5 
25 

6.2 
200 

>100 
50 

6 
6.2 

12.5 
MOO 

100 
100 
25 
25 

100 
25 

6.2 
MOO 

50 
6.2 
6.2 
6.2 
6.2 

50 
25 
12.5 

Klebsiella 
pneumoniae 

ATCC 10031 

200 
200 
200 
200 
200 
200 
200 

>200 
>200 
>200 
>200 
>200 

50 
25 
25 
25 
25 
12. 
12. 
25 
25 
25 
12. 
25 
25 
25 
12. 
25 
25 
25 
25 
12. 

MOO 
100 
100 
50 

100 
MOO 

25 
12. 

MOO 
50 
25 

25 
12. 
50 
50 
50 

Pseudomonas 
aeruginosa 

ATCC 10145 

>200 
200 
200 
200 
200 
200 

>200 
>200 
>200 

200 
>200 
>200 

100 
50 
12.5 
50 
25 
25 
50 
25 
50 
50 
50 
50 
50 
50 
50 
50 
25 
25 
25 
50 

MOO 
MOO 
MOO 

50 
MOO 
MOO 

50 
100 

MOO 
MOO 

25 
50 
50 
25 

200 
100 
100 

Mycobacterium 
tuberculosis 

H37RV 

0.009 
0.15 
0.15 
0.18 
0.075 
0.09 
0.18 
0.01 
0.15 
0.005 
0.15 
0.09 

0.075 
0.18 
0.02 
0.3 
0.3 
0.37 
0.37 
0.37 
0.09 
0.18 
0.37 
0.37 
0.09 
0.18 
0.37 
0.09 
0.09 
0.18 
0.37 
0.15 
0.09 
0.09 
0.075 
0.18 
0.09 
0.01 
0.37 
0.18 
0.37 
0.005 
0.37 
0.18 
0.09 
0.1 
0.09 
0.09 

Rifamy
cin SV" 0.005 0.09 0.0025 0.075 25 12.5 25 25 0.05 

" Minimum inhibitory concentration is the lowest concentration of antibiotic that prevents visible growth after 18-hr. incubation. 
For comparison. 

addition of 150 ml. of hexane, was concentrated to about 400 ml. 
A slight precipitate, which was chromatographically impure, 
was removed by filtration and the filtrate was concentrated to a 
small volume. The yellow-orange precipitate so obtained 
weighed 9.0 g. (93% yield) and was homogeneous in thin layer 
chromatography (Rt 0.6 in the system mentioned before). A 
sample crystallized twice from benzene-hexane and dried for 2 
days at 40° under vacuum gave analytical results in correspond
ence with the calculated values. I t had no definite melting 
point but began to soften at 140° and melted completely at 170° 
d e c ; [a]20D —48.7° (c 0.4, methanol); potentiometric titration 

i nMeOH-H 2 0 ( 2 : l ) p H i/, 3.7; ultraviolet spectrum in phosphate 
buffer (pH 7.38): 222 m*.(« 42,820), 302 (20,770), and 421 (16,200) 

Rifamycin B Dimethylamylhydrazide (Table II, 67). —Rifa
mycin B (9 g., 0.012 mole) was suspended in 500 ml. of tetrahydro-
furan. Then 2.7 g. of dicyclohexylcarbodiimide (0.013 mole) 
was added followed by 1.70 g. (0.013 mole) of N,N-dimethyl-N'-
amylhydrazine dissolved in 500 ml. of tetrahydrofuran. After 
the addition, carried out in 30 min. with vigorous stirring at 
room temperature, the mixture was allowed to stand for 2 hr., 
then concentrated to 80 ml. The precipitated dicyclohexylurea 
was filtered off, the filtrate was poured into 1000 ml. of water 
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TABLE IV 

C u m p d , 

50 
51 

54 

56 
57 
58 
59 
60 
01 
02 
o:s 
04 

05 

06 

07 

OS 

61) 

70 

71 

Micrococcus 
aureus 

A T C C 6538 

O.OS 
0.1 
0.006 
0.0015 
0.001 
0.0012 
0.002 
0.001 
0.0012 
0.0012 
0.003 
0.001 
0.003 
0.003 
0.001 
0.001.8 
0.002 
0.0015 
0.0025 
0.0025 
0.002 
0.002 
0.005 
0.02 
0.007 
0.02 

AN 

Streptococcus 
faecalis 

ATCC 105-11 

0.7 
1 
0.05 
0.02 
0.01.5 
0.01 
0.03 
0,02 
0.015 
0.01 
0.02 
0.02 
0.02 
0.02 
0.018 
0.01 
0.02 
0.01 
0.02 
0.02 
0.01 
0.01 
0.1S 
0.18 
0.00 
0.1s 

TIBACTBRIAI. 

Streptococcus 
hernol]/ticus 

C 203 

0.06 
0.05 
0.002 
0.005 
0.0015 
0.002 
0.0015 
0.002 
0.0012 
0.0005 
0.0025 
0.0015 
0.003 
0.0025 
0.0045 
0.0.1 
0.0025 
0.007 
0.01 
0.0.1 
0.01 
0.007 
0.015 
0.0012 
0.005 
0.02 

ACTIVITY 

M i n i m a l in] 
Bacillus 
mhtilis 

ATCC 0633 

:;. 1 

:!.! 
0.18 
0.09 
0.09 
0.045 
0.18 
0.02 
0.045 
0.045 
0.18 
0.02 
0.00 
O.OM 

0.045 
0.02 
0.045 
0.045 
0.09 
0.09 
0.045 
0.045 
0.:S7 
0.75 
0.37 
1.5 

OP THE RlFAMYClX H v D R A Z I D E 

libixory conpen t r a t i " '""' " 
I'roteus 
rttlgnris 

ATCC 881 

>200 
>200 

1 2.5 
12.5 
20 
12.5 
0.2 

12.5 
25 
12.5 
5 

25 
•>~, 
25 

6.2 
12.5 
25 

0.2 
12.5 
6.2 

12.5 
6.2 

100 
50 
25 

>100 

<m, 7 n i l . " 

Ksrhcrichia 
cnli 

ATCC 1(),-)BH 

200 
200 

0 2 
12.5 
6.2 
6.2 
6.2 
0.2 
0.2 

12.5 
.'!. 1 
6.2 
6.2 

12.5 
1 .5 
0.2 
0.2 
2.5 
6.2 
6.2 
6.2 
0.2 

25 
6.2 
6.2 

50 

s 

Klehsi' el la 
pneumoniae 
A T C C 10031 

>200 
>200 

25 
12. 

• ) 

0 . 

25 
:!. 
0. 
0. 

25 
25 
25 
12. 
12. 
25 
25 
12. 
25 
25 
25 
25 
50 
50 
50 

>100 

5 

• a 

1 
75 
37 

5 
5 

5 

I'seudomonas 
aeruginosa 

A T C C 10145 

200 
200 
100 
100 
50 
2.5 
50 
50 
50 
25 
50 
50 
25 
25 
50 
50 
25 
50 
25 
25 
25 
25 

> 100 
100 
100 

MOO 

M iicoOacteri u 
tuberculosis 

1I37RV 

0. 1 5 
0.037 
0.1.S 
0.37 
0.37 
0.09 
0.18 
0.15 
0.18 
0.09 
0.15 
0.15 
0.09 
0.09 
0.15 
0. 18 
0.09 
0. 18 
0.09 
0.045 
0.045 
0.09 
0. IS 
0.37 
0.37 
1 .5 

Rifamycin SV6 0.005 0.09 0.0025 

" See footnote a in Table I I I . '• For comparison. 
0.07" 12.5 0.05 

acidified with HOI and extracted with ethyl acetate. The 
extract was dried (Na.SOi), filtered, concentrated to 40-60 ml. 
and poured into 1000 ml. of petroleum ether (b.p. 40-60°). 
The crude hydrazide, precipitated in the form of a yellow-orange 
amorphous powder, was collected and dissolved in 1600 ml. of 
benzene, then 4800 ml. of cyelohexane was added and the solu
tion was concentrated to about 200 ml. The first crop, chroma-
tographically impure, was discarded by filtration and the filtrate 
was concentrated to about 200 ml. The precipitated dimethyl-
amylhydrazide of rifamycin B was collected, washed with cyelo
hexane, and dried for 2 days at 40°. It weighed 8.0 g. (01'V 
yield) and was homogeneous in thin layer chromatography 
(/if 0.0.5, acetone as solvent). A sample crystallized twice from 
ethyl acetate-hexane and dried for 2 days at 40° gave analytical 
results in agreement with the calculated values. I t softened 
at 130° and melted completely at 150-15.5° d e c : H 2 0 D -72 .4 ° (<• 
0.166, methanol); potentiometric titration in MeOH-hTO (3:1) 
pH i,.» 4.5: ultraviolet spectrum in phosphate buffer (pH 7.38): 
222 mM(e 41,820), 302 (21,180), and 421 (16,180). 

Biological Tests. In Vitro Activity.—The antimicrobial activity 
of these new rifamycins was assayed by determining the mini
mum inhibitory concentrations against gram-positive and gram-
negative bacteria using the serial dilution technique in nutrient 
broth. The bacterial inoculum for each strain was standardized 
by turbidimetric assay in order to have comparative values for 
the different derivatives. The minimal inhibitory concentration 
was the lowest concentration of antibiotic which prevented visible 
growth after 18-hr. incubation at 37°. A comparative study of 
these derivatives was extended also to their antituberculous 
activity. The inoculum consisted of 0.5-1'( of a 7-9 day culture 
in Dubos medium of Mycobacterium tuberuclosis HmRv; the 
tests were carried out in Kirsclmer medium and observations 
were made after 7-days incubation at 37°. 

In Viro Activity.—The therapeutic activity of a certain number 
of rifamycin amides and rifamycin hydrazides was tested in acute 
experimental staphylococcal infections in mice. The sodium 
salt of rifamycin amides or rifamycin hydrazides was admin
istered by subcutaneous and oral routes in 2 daily doses to groups 
of 19 animals per dose. After 7-days treatment, deaths were 

recorded and a median therapeutic dose (EIJ50) was determined. 
Acute Toxicity.—The acute toxicity of the derivatives to be 

tested for the in isivo activity was determined in mice. The 
amides and hydrazides of rifamycin B, as sodium salts, were 
administered by intravenous route to groups of 10 animals. 
All animals were observed for 96 hr. and deaths were recorded. 
The Litchfield and Wilcoxon method was used to calculate the 
1,1)50 values. 

Discussion 

The purpose of the present work was to compare 
the antibacterial activities of derivatives of rifamycin 
B, in which the carboxyl group has been blocked by 
conversion into amides or hydrazides, with the activity 
of rifamycin SV, which is the final product of "acti
vation" of rifamycin B after the elimination of glycolic 
acid. The data reported in Tables IV and V confirm 
our hypothesis that substitution in the inactive rifamy
cin B of the free carboxyl group results in the appearance 
of high activity, in several cases of the same order as 
that of rifamycin SV. 

In the series of the amides, the unsubstituted rifa
mycin amide (1) has only a slight activity against gram-
positive and no activity against gram-negative bacteria. 
The N-monosubstituted amides (2-12) show a certain 
activity against gram-positive and 110 activity against 
gram-negative bacteria. The other rifamycin amides 
are disubstituted and the greater part of them possess 
an exceptionally high antibacterial activity against 
gram-positive bacteria and a limited, although not 
negligible, activity against gram-negative bacteria. 
Among the disubstituted amides, the less active com
pounds are those containing hydroxyl (33, 34, 41), 
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TABLE V 
In Vivo ACTIVITY AND ACUTE TOXICITY or SOME AMIDES AND HYDRAZIDES OF RIFAMYCIN B 

Compd. 

3 
8 

13 
14 
15 
16 
17 
19 
20 
21 
22 
23 
24 
26 
27 
29 
30 
31 
32 
39 
40 
43 
46 
47 
48 
49 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

Rifamycin SV° 
"For comparison. 

(staphylococcal 
Oral 

>110 
>80 

>110 
21(18.6-23.7) 
25(18.9-33) 
34(23.4-49.3) 
14(11-17.8) 
45(36-56.2) 

~ 5 5 
>80 

70(62.5-78.4) 
50(42-59.5) 
34(27.4-42.1) 
34(28.1-41.1) 
29(18-46.4) 
43(34.9-52.8) 
35(30.1-40.6) 
36(30.2-42.8) 
48(41.3-55.68) 

~ 7 0 
17.4(15.1-20.1) 

~12.3 
23(20.7-25.5) 

>110 
>80 
>80 

58(42.9-72.3) 
35.5(28.5-39.1) 
28.3(25.7-31.2) 

~ 1 6 
47(30.9-71.4) 
22(15.4-31.2) 
20(17.8-22.5) 
24.6(21.7-27.95) 
25(18.8-33.25) 
19.5(13.4-28.2) 
24.6(21.7-28) 
20(16.8-23.7) 
19(13.2-27.36) 

>75 
—24.6 

16.5(11.5-23.6) 
~ 7 0 

37.3(32.9-42.4) 
26.4(22.4-31) 
34.8(31-39.1) 

>80 

74(60-90) 

infections in mice) 
S.c. 

>21.0 
>25.0 
~15.5 

2.6(2.28-2.96) 
4.5(3.1-6.25) 

10.5(6.78-16.27) 
4.5(3.3-6.3) 
8.6(6.9-10.5) 

~20.0 
~16.0 

4.5(3.1-6.5) 
13.0(8.53-19.76) 
4.4(3.3-5.9) 
4.6(3.3-6.3) 
7.4(5.06-10.8) 
5.5(4.2-7.3) 
6.0(4.47-8.04) 
4.4(3.2-5.9) 
6.4(4.78-8.57) 

~9 .2 
5.35(4.55-6.31) 

~4 .0 
4.35(3.77-5.03) 

>20.0 
>16.0 
~15.0 

7.4(5.48-9.9) 
2.8(1.77-4.42) 

~3 .5 
~3 .7 

2.7(1.68-4.32) 
2.0(1.39-2.86) 
4.0(3.5-4.57) 
5.67(4.96-6.45) 
2.9(1.93-4.35) 
1.7(1.04-2.75) 
6.5(5.89-7.17) 
6.5(5.92-7.13) 
2.3(1.51-3.49) 

12.5(5.7-27.5) 
~6 .5 

2.5(1.92-3.25) 
3.48(3.02-4.02) 
3.0(2.63-3.49) 

~7 .0 
5.0(4.37-5.72) 

>15.0 

17.7(11-26) 

LDso, mg./kg. 
i.v. (in mice) 

719(685.4-755.7) 
350(381.5-321.4) 
564(513.3-621.1) 
429(360.5-510.5) 
175(142.2-215.2) 
141(129.3-153.6) 
152(143.3-161.1) 
245(214.9-279.3) 
185(141.2-242.3) 
720(666.6-777.6) 
368(306.6-441.6) 
275(308.0-245.5) 
265(250.0-280.9) 
230(184.0-287.5) 
205(178.2-235.7) 
283(268.2-298.5) 
212(195.3-230.0) 
257(244.2-270.3) 
222(211.4-233.1) 
680(741.2-623.8) 
233(195-277) 
285(263.8-307.8) 
220(207-233) 
925(868.5-985.1) 

~950 
695(655-736) 
640(581.8-704.0) 
350(312.5-392.0) 
250(223.2-280.0) 
198(159.6-245.5) 
470(449.7-491.1) 
302(284.9-320.1) 
210(185.8-237.3) 
188(163.4-216.2) 
272(261.5-282.8) 
192(165.5-222.7) 
240(214.2-268.8) 
172(143.3-206.4) 
212(196.2-228.9) 
129(118.8-139.9) 
209(184.9-236.1) 
146(136.4-156.2) 
280(256.8-305.2) 
190(169.6-212.8) 
185(174.5-196.1) 
149(138.4-172.8) 
865(823.8-908.2) 

550(482-627) 

cyano (35), chloro (38), diethylamino (36, 37) or carb-
ethoxy (42) groups at the alkyl chain. In the group of 
heterocyclic amides, the cyclic oxygen of the rifamycin 
morpholides (47-49) also seems to have a negative 
influence on the antibacterial activity. 

Similar correlations have been found in the series 
of hydrazides. The unsubstituted rifamycin hydra-
zide (50) and the N-monosubstituted hydrazide (51) 
show a certain activity only against gram-positive but 
no activity against gram-negative bacteria. All the 
other N,N,N'-trisubstituted hydrazides show ex
ceptionally high activity against gram-positive and a 
certain activity against gram-negative bacteria. In 
this series the less active compounds appear to be the 
N,N-diethylenoxy-N'-alkylhydrazides (72-75) bearing 

a cyclic oxygen in the molecule; this behavior is very 
similar to that mentioned above for the rifamycin 
morpholides. All the derivatives inhibit the growth 
of M. tuberculosis at very low concentrations, but the 
correlations between the activity and nature of the 
substituents do not follow the same pattern as in the 
case of the activity against the other microorganisms 
tested. 

In conclusion, the in vitro activity of the N,N-di-
substituted amides and of the N,X,N'-trisubstituted 
hydrazides, with no other functional groups on the sub
stituents, is of the same order as that of rifamycin SV 
and in some cases a little higher. 

The in vivo activity of this series of new derivatives 
of rifamycin B in experimental infections in mice was 
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tested by administering the substances orally and sub-
cutaneously. It is known that rifamycin SV is poorly 
absorbed by the oral route and that the rapid elimina
tion through the bile prevents the appearance of 
therapeutic blood levels when given orally." For 
these reasons this antibiotic is used in therapy only by 
parenteral administration. Therefore in testing new 
derivatives of rifamycin B, absorption from intestine 
and concentration in bile were systematically investi
gated for each active compound. Laboratory studies 
on these two aspects of the pharmacology of the new 
vifamycins are in progress and will be reported later. 
A preliminary screening of the oral and subcutaneous 
activity of these derivatives against experimental 
infections was thought to give some indirect informa
tion on this aspect of the problem. 

The results given in Table V lead to the following 
considerations. The monosubstituted amides (3, 8) 
give very poor in vivo protection in agreement with the 
slight in vitro activity. With the exception of the 
rifamycin morpholides, the other disubstituted rifa-
mycinamides, which show exceptionally high in vitro 
activity, have a good protective effect when admin
istered parenterally. By the oral route the EDSn 
values are always many times higher than the s.c. 
ED5o. It is interesting to note that in the homologous 
series the ratio ED6() oral/ED6o s.c. is generally higher 
for the compounds bearing the shorter alkyl chains. 
For example, this ratio is >8.0 for the dimethyl-, 
8.0 for the diethyl-, o.oo for the dipropyl-, and 3.2 
for the di-n-butylrifamycinamide. Since in a homol
ogous series the water solubility decreases and the 
lipid solubility increases with the increase of the carbon 
chains on the nitrogen, the ratio of lipid solubility-water 
solubility of the different rifainycinamides can be con-

(11) (a) (1. Maftii, C Bianchi , P. S r h i a t t i . anil (1. (1. Gal lo , Farmnro 
( P a v i a ) , Ed Sri., 16, 246 (1961); Cbi S. FUI'PSZ and R. Si-otti, ihid., 16, 202 
OWfil). 

Extensive studies of structure-activity relationships 
in the angiotensin series have been reviewed by 
Schwyzer1 as well as by Page and Bumpus.2 Alteration 
of the C-terminus of angiotensin II resulted in a striking 
quantitative change in biological activity, whereas 
modification of the X-terminus had little influence. 
Conversion of the C-terminal carboxyl group to a 
carboxamide function decreased biological activity to 
1/30, and either elimination of C-terminal ^phenyl
alanine or its replacement by D-phenylalanine abolished 

( i ) If. Scljwyzer, I'urr Appl. Chrm., 6, 2t)."> (liHWj. 
r>) I. U. Pace anil V. M. K u m p u s , J'h/isiol. Iter.. 4 1 , : « I (11101). 

sidered of importance for gastrointestinal absorption. 
As far as the in vivo activity of the rifamycin hy-

drazides is concerned, the situation is parallel to that 
of the rifainycinamides. With the exception of the 
\,X-diethylenoxy-X'-niethylhydrazide (72), which is 
slightly active, all the other trisubstituted hydrazides 
are effective in protecting the infected animal at low-
doses when administered subcutaneousiy. By the 
oral route effectiveness appears at higher doses. 

The acute toxicity of these derivatives can be judged 
from the data in Table V. In a series of homologs 
the toxicity increases with the molecular weight: for 
example, diniethylamide, (io4; diethylamide, 429; 
dipropylamide, 17f>; and dibutylamide, 141. Other 
examples of this correlation can be observed in tin-
series of rifamycin hydrazides. The less toxic deriva
tives are those containing a niorpholino group, both 
in the series of amides (47-49) and in the series of 
hydrazides (72). As mentioned before these deriva
tives show a limited therapeutic efficacy in experimental 
infections. 

In conclusion, comparison of the in vitro and in I'ivo 
activities and toxicity of the amides and hydrazides 
of rifamycin B with the corresponding data of rifamy
cin SV (which are included in Table III-V) indicates 
that a great number of the new derivatives here re
ported show favorable properties as potential thera
peutic agents. Obviously, the comparative evaluation 
of these derivatives will require further pharmacologi
cal and toxicological studies. Laboratory investiga
tions on some members of the series are in progress. 
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activity. Substitution of the X-terminal L-aspartic 
acid residue by L-asparagine had no deleterious effect 
on activity and elimination of L-asparagine decreased 
activity to only 1 2. Replacement of the X-terminal 
amino acid by n-asparagine actually increased activity. 
The C-terminus of angiotensin II, therefore, appears 
to be of greater importance for biological activity than 
the X-terminus. 

Recently, efforts have been directed toward the eluci
dation of the mode of physiological inactivation of 
angiotensin II. Information from experiments •/// 
vitro suggested that specific aminopeptidases are pri-
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D-Aspai'tyl-i.-arginj-1-i.-valyl-L-tyi'osyl-i.-valyl-L-histidyl-L-prolyl-L-phenylalaniiie amide, an analog of bovine 
angiotensin II , was synthesized, and results of enzymatic studies with leucine aminopeptidase, trypsin, chymo-
trypsin, and carboxypeptidase support its structure. The peptide increased rat blood pressure with an average 
potency of l /300th that of asparaginyl'-valyl5 angiotensin I I ; a threefold increase in the duration of action was 
exhibited at dose levels which gave an equivalent absolute response. 


