


remarkably sensitive to the aniount of arid used. Less 
than 2 ecluiv of acbid rcsultcd in up to 307, epimer for- 
iuit io1 i .  

A-\ssignmeiit of the bt rurtures 1 ~ : ~ s  established pri- 
m:wily by thc use of high-resolutiori ma 
razdiol:~heliiig cxpcrinients, and X-ray carystallographic 
structural :ui:ilysis. Other attempts such as iimr to 
tlcfiiie the structure gave ambiguous results. 

S m r  spertra. of IT in CDC1, revealed a sharp singlet' 
:Lt 7 i..SS rorresponding to  the diniethylamino group. 
However VI, in the ?;-methyl region, showed a doublet. 
Onc pc:~k at T i . 42  was approxiniately twice the peak 
height of the other peak which was at 7.54 (return t'o 
h:~se line was not avhieved obviating precise integra- 
tion). Similar results were obtained with VI1 as solu- 
t ion in hexadeuteriodimethyl sulfoxide. 

High-resolut ion mass spertrometry provided a more 
definitive tool for assignment of the structures resulting 
from the reductive alkylation. h value of m / e  457.1818 
was found for TI (as the hydrochloride) as opposed to 
a cal(w1ated value of 457.1849 for which only a molecu- 
lar formula of' C23H:7S307 was consistent. A similar 
r r d t  w:w obtained for t,he 9-dimethylamino compound 
T'II. 

Additional support for the structure of VI was fur- 
nished through radiolabeling experiments. If the re- 
ductive alkylation were carried out on I1 using 2 equiv 
of IT-formaldehyde, the resultant product' had a molar 
specific activity of twire that of the starting formalde- 
hyde, demonstrating the fact that tiyo methyl groups 
were incorporated into the molecule. -4s a final con- 
firniat ion of structural assignment, a monohydrobro- 
mide of VI was prepared and a crystal was subjected to 
X-ray crystallographic analysis by Dr. J. Van den 
Hende of these laboratories. The results show the 
structure of T'I to be as pictured and details of this 
study will be published elsewhere. 

Compound T'II could be crystallized easily from 
methanol but VI could be obtained only as a bright 
yellow-orange solvated aniorphous solid although a 
crystalline monohydrochloride dihydrate could be made. 
X crystalline "_lLannich" derivat,ive of VI was prepared. 
This pyrrolidinoinethyl derivative VI11 which analyzed 
1x11 for the assigned structure was prepared from VI 
and molar quantities of formaldehyde and pyrrolidine 
in methoxyethaiiol. Curiously VI11 was quite water 
insoluble and resistant to acid hydrolysis which is 
c3ontr:try to the behavior of related subst,ances of t'his 
type, which find dosage advantage in their extreme 
water solubility. This derivat,ive was also very in- 
soluble in almost all organic solvents as well. 

Reductive alkylation with aretaldehyde instead of 
formaldehyde gave 7-diethylamino- A-demethyl-6-deoxy- 
tetraryrline (IX) which was also purified by liquid- 
liquid partition chromatography on neutral (acid- 
washed) diatoniaceous earth. 

The biological act'ivity of 19, VIII, and IX is out- 
standing and unique among the known tetracyclines. 
Table I illustrates the in ~ i t r o  spectrum of VI as com- 
pared to tetracycline. It should be noted that against 
t et riLc.yc,liiie-seiisit ive organisms, 7-dimet hylamino-6-de- 
methyl-6-deoxytetracycline (VI) shows a somewhat 
greater activity than tetracycline. However, the unique 
difference is illustrat'ed by the infinitely greater activit,y 
against the tetracycline-resistant staphylococci. 

T IBLE 1 
ACTIVITY OF TETR ICTCLINE .!SI) I~ERIVATIVES 

3Iin inliib concn, Irg 'ml 

Organism 

Tetracycline sensitive 
Baczllus cereus ATCC 10702 
Baczllus sitbtzlis ATCC 6633 
Escher ichza coli ATCC 9637 
Jlycobacterium ranae 
Jfycobacterium smegmatis ATCC 607 
Proteus zulgaris ATCC 9484 
Pseudomonas aemginosa ATCC 1014.5 
Salinonella galinarzurn Lederle 604 
Streptococcus faecalis ATCC 8043 
Streptococcus pyogenes C203 
Staphylococcus aureus ATCC 6538P 
Staphylococcus aureus strain Smith 

Staphylococcus aureus 
Tetracycline resistant" 

strain Roqe ATCC 14154 
strain No. 3 

5 
9 

15 
20 
23 

Tetracycline 
HC1 

0 . 5  
1 . 0 

15 .0  

2 . 0  
1 s , 0  
31.0 
15.0 
2 . 0  
0 . 5 
2 . 0  
1 . 0  

2 . 0  

250 
250 
250 

>280 
>250 
>250 
>250 

v I 

0 . 2 5  
0 . 2 5  
S . 0  
0 . 5  
0 5 
2 , 0 

31.0 
I -5 . 0 
1 , 0 
0 . 5  
1 . 0  
0 . 5  

4 
8 
4 
4 
R 
4 
8 

a These strains of S. aureus are pathogenic clinical i\olates 
911 of resiqtant to tetracycline and several other antibioticq. 

these resistant strains are virulent for mice. 

I n  addition, the development of resistance by re- 
peated growth cycles in the presence of sublethal 
amounts of VI of different strains of staphylococci 
was markedly slower and to much less a degree than a 
number of antibiotics including tetracycline. For ex- 
ample, against S.  aureus strain Smith after seven serial 
transfers, the minimum inhibitory concentration of VI 
had increased by 64-fold (from 0.03 to 2.0 pg/ml), 
while the corresponding concentrations of tetracycline 
and novobiocin had increased by 1024- and 512-fold, 
respectively. This low level of resistance to VI re- 
mained stable for at least 25 transfers. 

The in vivo activity of VI closely parallels that of 
the in vitro results, especially against the resistant 
staphylococci and the mycobacteria. In  addition, oral 
dosage in animals produces higher blood levels than 
does te t ra~ycl ine.~ 

The in vitro and in vivo activity of VI11 and I X  is 
similar to  but less than VI while T'II is devoid of unique 
antibacterial activity. 

Experimental Section 
Descending paper chromatography was determined on 16-hr 

preequilibrated Whatman Yo. 1 paper bnff ered with phosphate- 
citrate buffer pH 3.4 and run at 0" for about 3 hr in a system of 
nitromethane-benzene-pyridinepH 3.4 buffer (40:20:6:6). 
The spots were developed by dipping the dried sheet in an acidic 
methanolic solution of magnesium acetate. Liquid-liquid 
partition chromatography was carried out on neutral (acid- 
washed) diat,omaceous earth (Celite). Nmr spectra were de- 
termined on a J-arian Associates HR-60 or A-60 instrument using 
tetramethylsilane as the internal standard. Analyses were 
performed by Rlr. L. Brancone and staff and by Schwarzkopf 
Alicroanalytical Laboratory of Woodside, N. Y. Rotations were 
determined in 0.1 S HCI. hlass spectra n-ere determined on an 
hI.S.-9 or a CEC-21-110 instrument. 

(3) G. S. Redin, 6th Interscience Conference on Antimicrobial Agents 
and Chemotherapy, Oct 20-28, 1966, Philadelphia, PR., paper 132. 




