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l3 72 

.I 60 

.i 45 

C 16" 

C 5c 

h 47 
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Dee. pt. ,  -Calcd., %--- --Found, %- 
"C." Formula C H N C H N 
189 CaoHarN9011 63.64 i . 2 1  3 . 7 1  62 .88  7 .55  3 .53  

186-188 CarHsoNzOia 62 .98  7 . 5 5  3 .50  62 .43  7 . 9 0  3 50 

180-185 CazHs6NzOiz 64.60 6 . 9 7  3 . 5 9  63.82 7.50 3 .70  

190-192 C4aHssNzOlz 64.97 7 . 3 5  3.52 64.10 7 .55  3.17 

176-180 CazHasNzOla 63.30 7.08 3.52 63.48 7 .28  3 .60  

220 CisHseS~On 63.76 7.34 5.19 63.20 7 . 6 5  5 . 1 4  

202-206 CasHdiz016 65.67 7 .59  3 . 4 0  65.84 7.80 3 .29  

190-195 CiiHsoNnOia 62 84 7 19 3 33 62 03 T 60 3 37 

200-203 CarHsaNzO1z 65 33 7 48 3 46 64 84 7 80 3 39 

180 C I ~ H & Z O ~ Z  65.33 7.48 3 .46  64.87 7.65 3.44 

200-205 CisHezSzO1z 65.67 7.59 3 .40  64 .71  7.92 3 .39  

170 C41H16~2013 62.74 7.19 3 .57  62.24 7.60 3 . 2 7  

Spectrophoto 
metric datab 

hllax, 
mp 

314 18,070 
447 14,300 
315 17,380 
445 14,090 
314 17,810 
448 13.*30 
315 18,250 
450 13,740 
316 20,010 
450 14,070 

t 

314 21,050 
450 14,110 

314 17 ,920  
446 14,020 

314 17,890 
447 13,600 
314 17,680 
448 13,660 

315 17,190 
446 13,730 

314 19,210 
448 14,760 
314 18,950 
447 14.430 

a Melting poiiits were indefinite. * Phosphate buffer pH 7.38. All derivatives show an absorptioii maximum at approximately 220 
m p .  The values of e are not reported here. Ko attempts were made to improve the yields. 

TABLE I1 
X-OXIDES OF N-SUBSTITL-TED AMIKOMETHTLRIFAMY( 'INS sv 

Dec. 
Tield, Pt . .  -----Calcd., X- 

Compd. R n' % "C. Formula C H 
13 CHI CHa 22h 165 C4aNrN201a 62.33 7.05 

14 ( C H P ) ~  36 180 C12H&2013 63.30 7 .07  

15 (CHI), 13" 160 C42H66X2O14 63.73 i . 2 1  

16 CHZCH~OCH,CHI loh 170 CIsH6sN?Ola 62.04 6.93 

a Phosphate buffer pH 7.38.  I, Fio attempts were made to improve the yields. 

Spectrophotometric 
dataa 

- -. ---Found, %----- A,.,, 
N C H N ma 

3 63 61 47 7 30 3 66 316 16,740 
452 12,300 

3 58 62 94 7 08 3 60 316 18,880 
453 13,360 

3 23 62 82 5 24 3 40 316 18,400 
452 12,460 

3 44 61 31 5 50 3 52 316 16,860 
450 11,620 

e 
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T.\BLE I V  

S\- m i )  THEIR N-OXIDES 
112 ViVO .!lVTIVITY" OF x-sIBSTITUTEU ~ M I ~ O M ~ ' ~ H Y L R I F . ~ ~ l ~ ~ l S ~  

- .- ~ ~ - . ~ ~  ~~ -EIjbll ,  mg./kg.  ( range)  --- -- .- - -- 
Compii. l ' . O .  S.C. 

1 13 H(1.5 9-12.21 2 (2.28-1 , i 5 j  
2 1' 1 (1:3,6-10,8) 6 . 4  (6.76-5.:39 j 
3 16 ( 19. :3-1;3. :$) 1. :: (4. so-3 .83 1 
4 7 .  ( 8  .Y0-6.26) 1 ( 4  7s-3, ?G) 
I 9.S(l0.S-S.!)8) 9 . 2  (10.6-7,96) 

6 > 16 ti .  5 ( 7 . 1 M  . $12) 
I 10 .6  (12 .1-9 .17)  7 . 5  (S.36-6,67) 
8 . . .  . .  
9 12 1 (13,6-10.8) 4.0 (5 .59-4 .34)  

10 7 ( 7 . 7 4 - 6 . 2 7 )  5 . 3  (5.92-4.  io) 
I1 10.6(11.!&9.36) 5 . 7  (6.4.5-4,IIfi) 
12 > 16 <S 
I :3 > 16 - 16 
14 > 16 > I6 
l a  - lti -1' 
16 - Ili 1 12 

S\'h '60 LO 7 

- 

Ilifamycii I 

a .!let ivit,y against staphylococcal infections in mice. Fur 
comparison. 

Experimental Section 
Chemistry.-The Mannich derivatives were synthesized fol- 

lowing three main procedures. Method -4 consisted of treating 
the rifamycin with an excess of the amine and aqueous formal- 
dehyde in tetrahydrofurm a t  room temperature, followed by 
separation of the desired product from unreacted rifamycin and 
other by-products by column chromatography. Procedure B 
differed from -4 in that the unreacted rifamycin and other by- 
products were separated by est,raction and the pure product, 
crystallized from various solvents. In procedure C rifamyciii 
was submitted to more severe reaction conditions, ;.e.,  at the 
boiling point of the solvent, with excess of reagents, purificatioii 
and isolation being accomplished by column chromatography. 

The amines used were available from commercial sources: 
otily 2,5-dihydrosyrnethylpyrrolidiiie was syiithetized accord- 
ing to the procedure of Cignarella.' 

The derivat,ives obtained were tested by thiir layer uhro- 
matography, on siliva gel plates, following Ptahl's techiiique,* 

( 7 )  G .  C'irnarella aricl G .  ( 2 ,  Sat l ianwl in ,  ( larz .  c / ( ; m .  i ta [ . ,  90, 14!4.7 

_ _ _ ~  ~. ~ 

[ 19601. 

iisitig uceloiie :IS eliietrt (/si viii,>.iiig frorii U..--i).S): they \$-c'r(s 
checked speclrophotoriietric'ally for their purity, reading at)sorl)- 
lion values after dissolution iri phosphate bufler a t  pH 7.4s. 

The N-osides of t he 31aiiiiic~li derivatives uf rifaniyrii~ S\ 
listed in Table I1 were synthesized according to a geiieral pro- 
cedure. Any attempt to  oht ai11 a n  oxide from 3-diethylanli11o- 
inethylrifaniyciti S\. (Table I, 2)  failed: the sribstancae was re- 
(*overed unchaiiged ai the eitd of the reaction. The N-osides, 
obtained in crystalline fomi were esarnined b y  thin layer rhro- 
niatography o i i  silicd gel; their IZf i i i  acetone varied from 0.1- 
(1.3, sharply diflerent from those of the starting materials. 

To a stirred solution of i g. (0.01 mole) of rifamycin 8 in 50 ml. of  
tetrahydrofuran was added mutiously 1.7 nil. (0.02 mole) of 
pyrrolidirie arid 2.3 nil. (0.03 mole) of aqueous formaldehyde 
(40';; )>  at room temperature. The solution was kept overnight 
a t  the same teniperatnre aiid then concentrated under reduced 
pressure to 15 nil. The conrentrate was poured into 35 ml. of :I 

IO(,'; aqueous solution of ascorbic acid, stirred, and cooled at 
5--10a. After I O  inin. the slurry was estracted twice with 50 n i l .  

(.if ethyl acetate. The comhiiied estracts were dried ( S a 8 0 1  1 

:tiid c,oiicentrated 1 o a h i t  10 nil. The coiireiit rate was placwi 
( I I ~  ii c~iluniii e l f  150 g. of silica gel iZIerck, 0.2-i).5 inm.). p r ~ -  
washed with ethyl acelate theii cluted n.ith ethyl acetate. 'l'hcl 
first eluate (200 ri l l . )  was dismrded theii llie further e1u:tt <, 
(about  400 ni1.i W a s  collected, concellt rated 10 :I small vulunic~. 
:nid poured uiitier agitatioii iiil o :I heaker cwntaiiiing 10 vol. of 
hexane. The precipitated product was collected and dried ( 3 . 2  
g. ). The aniorphous yellow-orange product g:tve a single si)( 11 
( R i  u O . 7 )  oii thin layer chromatography. The n n a l y t i d  dat :~ 
obtained from a sample r r y s t a h e d  from et haiiol-water w m  iii 
nrcordance with the calculated values. 
3-Diethylaminomethylrifamycin SV (Table I, 2). Procedure B. 
Rifamycin t; ( 7  g., 0.01 mole) was dissolved into 50 1111. 0 1  

tetrahydrofuraii a t  r11o11i temperature. To the stirred solut i o i t  
w:is added 2.1 nil .  (11.02 niolel of diethylanii~ie, followed I I ~  2.;; 
nil. (0.03 mole) i i f  aqueous forrritildehyde (40: j. The solutioii 
was kept at roont temperature for 24 hr., then poured into 50 

queous solutioii of aswrbic' acid, stirred, and cvoletl 
at 5-10', After dilution with 800 nil. of water, the whole was 
extracted with 350 nil. of et,hyl acetat,e. The organir extract 
wis cwicentrated under reduced pressure to approximately 35 nil. 
The product crystallized out readilJ- and, after chilling (2-3 hr. ), 
\vas collected, wtshed with ethyl acetate, and dried (5.05 g , ) .  
The crystalline, oraiige producat W I ~ S  homogeiieous iii thin layer 
(,tiroriratogra1,1i~, i N f  -0.65) :is :xbove. A sarnple recryst:tllixed 

3-Pyrrolidinomethylrifamycin SV (Table I, 3). Procedure A.- 
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from ethyl acetate gave analytical results in agreement with the 
calculated values. 
3-Morpholinomethylrifamycin SV (Table I, 5 ) .  Procedure C.- 

To a stirred solution of 7 g. (0.01 mole) of rifamycin S in 50 ml. of 
tetrahydrofuran 1.75 ml. (0.02 mole) of morpholine and 2.3 ml. 
(0.03 mole) of formaldehyde (407,) were added at  room t,empera- 
ture. The solution was then refluxed for 14 hr. and concentrated 
to a small volume. The concentrate was poured, with stirring, 
into 35 ml. of a 10%; solution of ascorbic acid a t  5-10'. After 
10 min. the crude product was extracted with ethyl acetate, con- 
centrated to 10 ml., and passed through a silica gel column (as in A) 
with ethyl acetate as eluent. The first 500 ml. of eluate was 
discarded, then the subsequent 600 ml. containing the pure prod- 
uct was collected and concentrated to a small volume under re- 
duced pressure. The concentrate was poured with stirring into 
10 vol. of hexane. The yellow-orange precipitate was filtered, 
washed with hexane, and dried (1.1 g.). It was chromatographi- 
cally homogeneous (Rr -0.7, in the same system as A and B) 
and was analytically pure. 

3-Pyrrolidinomethylrifamycin SV N-Oxide (Table 11, 14).- 
Twenty grams (0.025 mole) of 3-pyrrolidinomethylrifamycin SV 
(Table I, 3) was dissolved in 130 ml. of ethyl acetate. The solu- 
tion was cooled at  0-5' and then, with stirring, 2.38 ml. of HzOZ 
(35%) (0.025 mole) was added followed by 3.48 ml. (0.025 mole) 
of triethylamine. The solution was kept at 4-5" for 24 hr., after 
which two extractions with 130 ml. of phosphate buffer, pH 7.3, 
were made. The combined aqueous extracts were washed with 
ethyl acetate. The solution was then acidified with 10 g. of 
ascorbic acid and re-extracted with ethyl acetate. The organic 
'extract was dried (NanSOa) and concentrated under vacuum to  
10-15 ml. After cooling overnight at  0-5', a yellow product 
crystallized out. It was collected, washed with ethyl acetate, 
and dried under vacuum at 40" (6 g.). The product so obtained 
showed a single spot in thin layer chromatography and its analyti- 
cal data were in agreement with the calculated values. 

3-Pyrrolidinomethylrifamycin SV (Table I, 3) from Its N- 
Oxide (Table 11, 14).-Three grams (0.0038 mole) of 3-pyr- 
rolidinomethylrifamycin SV was dissolved in 260 ml. of ethanol, 
and  under cooling and stirring a solution of 1.3 g. (0.0076 mole) 
of sodium hydrosulfite in 130 ml. of water was added drop by 
drop. After 10 min. the reaction solution was poured into 1300 
ml. of water, then extracted with ethyl acetate. The organic 
extract, washed with water once, was concentrated under vacuum 
t o  100 ml. and poured into 1000 ml. of hexane. The yellow- 
orange precipitate was collected, washed with hexane, and dried 
under vacuum a t  40" (2.0 g., 66.6%). The product, crystallized 
once from 1: 1 ethanol-water, showed analytical data (thin layer 
chromatography, n.m.r. and ultraviolet spectra) identical with 
those of 3. 

Biological Tests. In  V i t r o  Activity.-The antimicrobial ac- 
tivity of these new rifamycins was assayed by determining the 
minimum inhibitory concentrations (LIIC) 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 compara- 
tive values for the different derivatives. The PIlIC was the 
lowest concentration of antibiotic which prevented visible growth 
after an  18-hr. incubation at  3 i" .  A comparative study of these 
derivatives was extended also to their antituberculous activity. 
The inoculum consisted of 0.5-lyc of a 7-9 day culture of Myco- 
bacterium tuberculosis HaiR, grown in Dubos medium; the tests 
were carried out in Kirschner medium and observations were 
made after 7 days of incubation a t  37". 

I n  V i v o  Activity.-The therapeutic activity of the Mannich 
derivatives of rifamycin ST. and their oxides was tested in acute 
experimental staphylococcal infections in mice. The bacterial 
suspension contained 57, hog gastric mucin. The animals were 
infected by administering 0.5 ml. of the suspension intraperi- 
toneall?.; ten mice for each dose of antibiotics were employed. 
Treatment was started 30 min. after infection and was given in 
two daily administrations (morning and evening) for 3 days. The 
EDso expressed as mg./kg. was calculated according t o  the method 
of S~aerman-Karber ,~  7 days after infection; the untreated con- 
trols died within 48 hr. 

(9) D. J. Finney, "Statistical Methods in Biological Assay," C. Griffin 
a n d  Co. Ltd., London, 1952, p.  524. 

Discussion 
The substitution of the only aromatic hydrogen in 

the molecule of rifamycin SV with N-substituted amino- 
methyl groups (or their S-oxides) does not suppress the 
antibacterial activity. I n  comparison with rifamycin 
SV, there are some changes in the activity against 
gram-positive, gram-negative and mycobacteria, but 
from these changes a correlation among the type of the 
substituents and activity is hardly possible. For the 
gram-positive bacteria a certain decrease of activity of 
the Mannich derivatives in comparison with rifamycin 
SV is particularly evident in the case of Staphylococcus 
aureus,  Streptococcus hemolyticus,  and Bacil lus  subtil is ,  
but not for Streptococcus faecalis.  The activity of the 
llannich derivatives against Klebsiella pneunzoniae 
and Pseudomonas aeruginosa is of the same order as 
that of rifamycin SV and in most instances a little supe- 
rior against E. coli. As a general consideration, the ratio 
of the activity against gram-negative to that against 
gram-positive bacteria is more favorable for these deriva- 
tives than for rifamycin SV. The activity against M .  
tuberculosis is generally decreased in comparison with 
rifamycin SV. 

The I\;-oxides present, in each case, a lower activity 
than that of rifamycin SV. It is interesting to note 
that the reported activities in some cases show a certain 
range. This fact no doubt is attributable to the high 
instability of these derivatives and consequently to a 
partial and variable degradation during the incuba- 
tion time. The lorn activity against AI. tuberculosis 
is perhaps a consequence of the long incubation period 
necessary for this microorganism. 

The in vivo data in Table IV deserve some comments. 
As reported in a previous paper,3 our preliminary 
screening of new rifamycins includes the test of oral 
arid subcutaneous activity on the staphylococcal in- 
fection in mice. The ratio ED,, p.o. /EDjo s . ~ .  is sup- 
posed to give some information on the potential use 
of new rifamycins by the oral route. Among the Man- 
riich derivatives, most of them show a very good in 
vivo activity by subcutaneous administration. Some 
of them show, in our experimental conditions, a ratio 
EDso p . o . / E D j o  S.C. of from 1-2 which is very favorable 
in comparison with rifamycin SV. The solubility in 
water of the Mannich derivatives of rifamycin SV is 
very low because of their amphoteric nature, while 
their lipid solubility is high. The results obtained 
with these derivatives fit well with the hypothesis3 
that the ratio of lipid solubility to water solubility has 
to be considered of importance for the gastrointestinal 
absorption of new rifamycins. The JIannich deriva- 
tives with a low ratio EDjo  p.o. /EDjo s.c. were selected 
for further investigations on the oral absoTption and 
biliary elimination. These studies are now in progress. 
The K-oxides show an in vivo activity lower than that 
of the Nannich derivatives and were not further in- 
vestigated. 

Acknowledgment.-The authors are indebted to l l r .  
A. Restelli for the microanalysis, to  Dr. R. Pallanza for 
the in vitro tests and to D r .  G. G. Gallo and Dr. R. C. 
Pasqualucci for the physicochemical determinations. 


