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reason for this may be the relatively little variation in 
pifa for these compounds compared to the variation in 
log P. 

log BR = 0.094 log P + 0.325 

log BR = 0.137(pXa - 9.5) + 0.66S 

log BR = 0.099 log P + 0.190(pA'a -
9.5) + 0.354 

n r s 
t> 0.782 0.116 15) 

0 0.248 0 J 8 0 (0) 

6 0.853 0.112 (Is 

For the work in this report, P is the octanol-water 
partition coefficient so that the larger the value for P, 
the more lipophilic the compound. Thus the positive 
coefficients associated with log P in eq. 2-5 bear out 
Brodie's idea and McMahon's conclusion that the more 
lipophilic the compounds are, the more rapidly they are 
demethylated. 

Where electronic terms are significant in the above 
equations, we note that a negative coefficient is as­
sociated with (p-ftTa — 9.o). This means that the lower 
the electron density on nitrogen (as measured by 
R3N+H <=> R3N + H+), the greater the demethylation 
rate. An obvious interpretation of this could be that 
the lower electron density reduces the chance of pro-
tonation of the nitrogen and hence the aqueous solu­
bility of the amine. It must be kept in mind that v or 
log P is determined8 so that it is independent of the 
degree of dissociation; hence r and p/i'a are independent 
variables. Actually, both can play a role in the dis­
tribution of the amines between the aqueous and lipo­
philic phases. The role of pA~a in this process is dif­
ficult to assess accurately since it will vary with the 
pH of the environment and the endobio environment 
at the sites of action may be different from that of the 
external solution. 

One of the most interesting aspects of McMahon's 
study is the minor importance of steric effects on the 
rate of demethylation. One might expect that the 
demethylation rate of a molecule with such, highly 
branched substituents as i-amyl-i-butylmethylamine 
would be so different from n-dipropylmethylamine that 
an equation such as 4 without a steric parameter would 
give good correlations. It seems to us this would of 
necessity be true if any group other than a proton were 
involved in reaction with the nitrogen lone-pair elec­
trons. 

The work of Brown9 has clearly demonstrated that 
the steric requirements for a proton reacting with 
highly substituted amines are uniquely low. It is 
also clear from Brown's work that the steric require-

(H) H. C. Brown, J. Chem. M u c , 36, 424 (1M59). 

merits of other electron-seeking substances such as 
BH3, B(CH3)3, etc. do not parallel those of the proton. 
The fact that- such good correlation is obtained using 
pA'a, a constant dependent on the steric and electronic 
requirements of protonation of the amines in question, 
argues strongly against the electronic term in eq. 4, 
reflecting action with a function larger than a proton. 
We interpret this to mean that an enzyme cannot be 
involved with the lone-pair electrons on nitrogen or 
those in the X--CH;t bond in the rate-determining step 
of demethylation. 

An attractive mechanism in which steric influence of 
the highly branched alkyl group would be at a mini­
mum would be a displacement on hydrogen. Protona-

>NC'H2H 4- -enzyme > [>NCH->- ^—*-

>N"OH2:| 4- IFenzynie (Si 

>5fCH2H 4- .-enzyme > | > N C H 2 ' ^ -

> N = C H 2 ] + H:enzyme (111 

tion of the nitrogen would inhibit either mechanism 8 
or 9 by tying down the lone-pair electrons and thus 
preventing their stabilization of the intermediates 
through resonance. 

Thus the role of the electron density on nitrogen in 
the above suggested mechanism for demethylation is 
complex. If it is very high, the amine is primarily 
in the ammonium ion form and its lipophilic character 
is lowered. If it is too low, then the availability of the 
electrons for stabilizing an intermediate is decreased. 
In order to test this hypothesis we have derived eq. 10 
for compounds 1-18 in Table I. This gives a slightly 

Dg BR = 0.484 log P - 0.068(pA'„ -

!)..j)2 - 0.267(pA', - 9.5) - 1.225 0,924 0.193 d i n 

better correlation than eq. 4. An F test indicates I he 
squared term to be significant at >0.9o. Equation 10 
does indicate a slightly nonlinear dependence of log 
BR on the electron density, indicating a possible dual 
role for the lone-pair electrons. A further analysis of 
this point using amines having higher and lower elec­
tron densities than those studied would be worthwhile. 
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Modifications of tetracyclines involving the carbox-
amide function have previously been achieved mainly 
ria the Mannich or Ritter reactions. Condensations 
of tetracyclines with formaldehyde and various primary 
or secondary amines have led to Mannich base deriva-
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fives, some of which possess enhanced solubility in 
water.1 The Ritter reaction, also used in preparing 
substituted carboxamide analogs,2 proceeds via the 
tetracycline nitrile, formed by dehydration of the 
carboxamide, the nitrile adding to an appropriate 
olefin to give an alkyl-substituted carboxamide deriva­
tive. 

We have synthesized a new class of carboxamide-
substituted compounds named alkoxyalkyltetracy-
clines. These compounds were prepared by condensa­
tion of a tetracycline antibiotic with an aldehyde and 
alcohol and have the general structure shown in Table 
I, where Ri and R2 can vary depending on the parent 

TABLE I 
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TABLE I I 

COMPARISON OF in Vivo ACTIVITIES OF 
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Compd. 
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tetracycline employed, while R3 and R4 vary with 
respect to the aldehyde and alcohol used in each 
synthesis. 

The original derivative synthesized, N-(l-methoxy)-
methyltetraeycline (I), was obtained by refluxing a 
mixture of tetracycline, formaldehyde, and methanol. 
The infrared spectrum of I indicated an ether (9.54 
M) and a monosubstituted amide (6.55 n). As expected, 
the ultraviolet spectrum [X 0.1 N HCI 218 mM (e 14,800), 
270 (20,000), and 360 (14,400) ] was essentially the same 
as that of tetracycline. Compounds II-VI, prepared 
in a similar manner, were amorphous but were ana­
lytically and paper chromatographically pure. Their 
infrared and ultraviolet spectra were consistent with 
the proposed structures. Each of the compounds I-VI 
had a single, distinct Rf value on paper chromatograms.3 

Crystalline ethylenediamine salts of compounds IV and 
V were also prepared and were identical with pure IV 
and V on paper chromatograms. 

Biological Data.—In turbidimetric in vitro assays 
against Staphylococcus aureus* compounds I-VI 
varied in activity from 12 to 46% of the parent anti­
biotic. In vivo tests in mice showed the activities to 
be 6-100% of the parent antibiotic, depending on the 
particular structure of the compound and mode of 
administration. The in vivo results are given in Table 
II. Alice infected with S. aureus were treated with 

(1) W. J. Gottstein, W. F. Minor, and L. C. Cheney, J, Am. Chem. Soc, 
81, 1198 (1959). 

(2) C. R. Stephens, Jr., TJ. S. Patent 3,028,409 (April 3, 1962); Chem. 
Abstr., 57, 9769g (1962). 

(3) The compounds were spotted on papergrams which had previously 
been treated with a buffer system [0.2 M NaiHPOi-2.24% citric acid (30:70)] 
adjusted to pH 3.36, and dried. The papergrams were developed using 
the following system: nitromethane-benzene-pyridine-Na2HP04-citric 
acid buffer at pH 3.36 (20:10:3 : 3), run at 5°. 

(4) A. O. Dornbush and E. J. Pelcak, Ann. N. Y. Acad. Sci., 51, 218 
(1948). 
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the test compound, and results are expressed as a 
decimal fraction of the protection afforded infected 
mice by the parent antibiotic under the same test 
conditions. The compounds were tested by intrave­
nous, oral, and subcutaneous routes. 

From Table II it is evident that increasing the size 
of R3 from H to C2H5 results generally in increased 
bioactivity. This might be explained by the fact that 
when R3 is larger, more facile hydrolysis of the alkoxy-
alkyltetracycline can occur, yielding the active parent 
compound. After oral administration, the stomach 
acidity would be expected to cause even more rapid 
hydrolysis to the parent tetracycline. This could 
account for the relatively high potency of VI by the 
oral route. Chemical evidence also exists indicating 
that bioactivity is due to breakdown to the parent 
antibiotic. 

In a typical example, I (original turbidimetric assay 
= 121 7/mg. vs. tetracycline-HCI) was dissolved (5 
mg./ml.) in 0.01 N HCI. In 2 days the bioassay value 
doubled. After 2 weeks, a maximum value of 422 
7/mg. was obtained. Concurrently, paper chromat­
ograms showed an increase of tetracycline compo­
nent and decrease of I.3 

Another feature of these derivatives is their utility 
as blocking agents in preventing nitrile formation by 
dehydration of the carboxamide moiety. In com­
pounds where R3 is H, it can be shown that agents 
which normally dehydrate the carboxamide to the 
nitrile do not affect these analogs. For example, 
under conditions identical with those used to prepare 
tetracyclinonitrile from tetracycline (see Experimental 
Section), I gave no nitrile, as shown by paper chroma­
tography and infrared analysis. Thus, alkoxyalkyla-
tion could provide a means of protecting the carbox­
amide group when it is necessary to treat other portions 
of the tetracycline molecule with dehydrating agents. 

Experimental Section6 

N-(l-Methoxy)methyltetracycline (I).—Tetracycline (26.64 g., 
0.06 mole) was added to a stirred mixture of methanol (360 ml.) 
and a 46.5% solution of formaldehyde in methanol6 (120 ml.) and 
remixed for 2 hr. The dark amber solution was cooled at 5° 
for several days. The crystals which formed were filtered and 
washed successively with cold methanol and cold anhydrous 
ether. The vield of light yellow crystalline I (methanolate) 
was 12.7 g. (41%); \™J sa 218 m / ( e 14,800), 270 (20,000), 
and 360 (14,400). 

Anal. Calcd. for C25H32N2O10: C, 57.68; H, 6.20; N, 5.38. 
Found: C, 57.48; H, 5.90; N, 5.19. 

(5) The ultraviolet spectra were determined on a Cary Model 11 recording 
spectrophotometer. 

(6) Methyl Formcel is a 46.5% solution of formaldehyde in methanol, 
obtained from Oelanese Corp. 
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Compounds II-VI were prepared by the following general 
procedure. The tetracycline was added to a stirred mixture 
of the alcohol and aldehyde, and the mixture refluxed to give a 
clear solution. The time in each case was determined by a 
preliminary small-scale reaction, followed closely by paper chro­
matography. The solution was allowed to cool, then taken to 
dryness in vacuo, and worked up with anhydrous ether to a solid. 
Analytical samples were obtained by dissolving the crude solid 
in chloroform, then washing several times with water. The 
chloroform, after drying (Na-jSOj), was evaporated in vacuo. 
and the residue was worked up with anhydrous ether lo yield 
the appropriate alkoxyalkyltetracycliue. 

N-(l-Methoxy)ethyltetracycline (II).- -Tetracycline (4.44 g.. 
0.0L mole), methanol (7.5 ml.), and acetaldehyde (25 nil.) were 
refluxed 2.5 hr. A portion (85 r

c ) of the cooled solution, when 
worked up, gave 1.5 g. of crude I I . From the crude material 
there was obtained 400 mg. of analvticallv pure I I : X'.!;.1^ I ] r : 

218 m M U 14,800), 270 (19,100), and 360 (12,100). 
Anal. Calcd. for C25H:l0N2O9: C, 50.75; H, 6.02: X, 5.57. 

Found: C, 59.64; H, 5.99; X, 5.04, 5.152. 
N-(l-Methoxy)propyltetracycline (III).—A mixture of tetra­

cycline (8.88 g., 0.02 mole), methanol (150 ml.), and propion-
aldehyde (50 ml.) was refluxed 2.5 hr. to give 3.65 g. of crude I I I . 
From 2.4 g. of crude material 250 mg. of analvticallv pure III 
was obtained: X°i v H r l 218 m/t (e 15,600), 270 (19,100), and 360 
(13,900). 

Anal. Calcd. for C26H32N ;09: C, 60.45; H, 6.25; N, 5.42. 
Found: C, 59.70; H, 6.39; N, 5.65. 

N-(l-Methoxy)methylchlorotetracycline (IV).—A mixture of 
ehlorotetracycline (24.0 g., 0.05 mole), methanol (300 ml.), and a 
46.5'( solution of formaldehyde in methanol6 (100 ml.) was re­
fluxed 45 min. Work-up gave 19.3 g. of crude material. From 
3.0 g. of crude material, 900 mg. of analvticallv pure IV was 
obtained: A"/1/Y H r l 230 mM (« 17,200), 26S (18,000), and 370 
(9140). 

Anal. Calcd. for C M H . - C I N . O V C, 55.12; H, 5.20; CI, 
6.78; X, 5.36. Found: C, 54.85; H, 5.27: CI, 7.09: X, 5.27. 

N-(l-Methoxy)ethylchlorotetracycline (V).--A mixture of 
ehlorotetracycline (7.2 g., 0.015 mole), methanol (30 ml.), and 
acetaldehyde (15 ml.) was refluxed for 2.75 hr. Work-up gave 
5.47 g. of crude material. From 2.0 g. of crude product, 820 mg. 
of analytically pure V was obtained: A"-'/ " r l 230 m,u (t 17,700), 
268 (18,200), and 370 (10,200). 

Anal. Calcd. for C^rFsClX^V. C, 55.92: II, 5.44: CI, 
6.60; X, 5.22. Found: C, 55.44; 11,5.22; CI, 6.52; X, 5.22. 

N-(l-Methoxy)propylchlorotetracycline (VI).—A mixture of 
ehlorotetracycline (9.6 g., 0.02 mole), methanol (120 ml.), and 
propionaldehyde (40 ml.) was refluxed 1.5 hr. Work-up yielded 
9.7 g. of crude material. From 2.0 g. of crude material there 
was obtained 850 mg. of analytically pun; VI: X";,;S

A H< ' 230 mu 
(e 17,600), 266(18,150), and 370(10,200). 

Anal. Calcd. for C M H ^ C I X . O , , : C, 56.67; H, 5.07: CI. 
6.44; X, 5.08. Found: C, 56.50; H, 5.81; CI, 6.50; X, 5.20. 

N-(l-Methoxy)methylchlorotetracycline (IV) Ethylenediamine 
Salt.—To IV (500 mg., 0.96 mmole) was added 14 ml. of a H) f , 
water-in-methanol solution. Triethylainine (0.28 ml.) was 
added and the solution warmed to 50°. Xext 2.0 ml. of an 
ethylenediamine-in-methanol solution (prepared by adding 1.6 
ml. of ethylenediamine to 14.4 ml. of MeOH) was added, and 
after several minutes of stirring the crystalline salt appeared. 
After cooling and filtering, the crystals were washed with a 10rr 
water-in-methanol solution, then anhydrous ether, and dried. 

Anal. Calcd. for C2eH3SClX409:' C, 53.56; H, 6.05: CI, 
6.OS; N, 9.61. Found: C, 53.20: H, 6.33: CI, 6.19, 6.23; X, 
9.59. 

N-(l-Methoxy)ethylchlorotetracycline (V) Ethylenediamine 
Salt. -Treatment of V, as above, gave the crystalline ethylene-
diamine salt of V. 

Anal. Calcd. for CKH37C1X409: C, 54.31: H, 6.25; CI, 
5.94; N, 9.38. Found: C, 53.95: H, 5.75: CI, 6.02; X, 9.24. 

I and Methanesulfonyl Chloride.—A solution of 1 (1 g., 1.9 
mmoles) in pyridine (10 ml.) was cooled to 0°. To this was slowly 
added methanesulfonyl chloride (0.3 ml.) while the temperature 
was kept below 5°. The mixture was stirred 1 hr. at 0-5° and 
filtered. The filtrate was precipitated into anhydrous ether (40 
ml.). The gummy solid obtained was washed several times 
with anhydrous ether, then worked up by stirring with acetone. 
A solid was obtained which was shown to be mainly I and some 
tetracycline. The infrared spectrum showed no nit rile absorp­
tion at 4.53 ix. 

Under identical conditions, tetracycline was dehydrated at the 
carboxamide to give tetracycline nitrile as the major product,7 

as demonstrated by paper chromatography and infrared spec­
trum ( absorption at 4.53 LI). 

Various Alkoxyalkylation Attempts Followed by Paper Chro­
matography. Reactions of tetracyclines with other alcohols and 
aldehydes were carried out as previously described for 1 VI. 
These were followed by paper chromatography," and in most 
cases new components were detected on chroniatogranis. These 
reaction products were not characterized, but are believed to 
be alkoxyalkyltet racvclines analogous to I- AT. Those reaction.-
which produced new compounds a* demonstrated by paper 
chromatography are summarized. 

Tetracycline and formaldehyde reacted with the following 
alcohols: elhanol, //-butyl alcohol, (-butyl alcohol, benzyl alcohol, 
a-hydroxyacetic acid, 2-phenylethanol, lactic acid, sorbitol, 
and inamiitol. Tetracycline and methanol reacted with the 
following aldehyde.-: glyoxylic acid, 2-pyridinealdehyde, \>-
nitrobenzaldehyde, p-chlorobenzaldehyde, 2-furfural, and cliloro-
acetaldehyde. Similarly 6-demethyltefracycline and methanol 
reacted with formaldehyde and propionaldehyde. 
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In continuing previous studies3 in this laboratory on 

the synthesis of potential anticancer agents, a further 

series of heteroeyclie-substituted chromones and re­

lated compounds has been prepared and submitted 

for screening under the auspices of the Cancer Chemo­

therapy National Service Center. 

The chromones were synthesized by a standard 

three-step procedure involving (1) condensation of 

the appropriate 2-hydroxyaeetophenones with hetero­

cyclic acid chlorides to form the esters listed in Table 1, 

(2) Baker-Yenkataraman rearrangement4 of these 

esters to the corresponding 1,3-diketones listed in 

Table II , and (3) dehydrative cyclization of the di-

ketones to the corresponding chromones shown in 

Table I I I . The diketone, l-(2-hydroxy-o-methoxy-

phenyl)-3-(2-quinolyl)propane-l,3-dione, was not iso­

lated in the pure s tate; Baker-Venkataraman re­

arrangement of the corresponding ester (II) gave an 

inseparable mixture of red and white products (pre-

(1) Th is work was suppor t ed by riie Na t iona l Cancer I n s t i t u t e , Na t iona l 
I n s t i t u t e s of Hea l th . Kethesda 14, Md , 

(2) Deceased. 
(3j P . F. Dev i t t , A. T i m o n e y . and M. A. Vickars, ,/. Ctrij. CI,em.. 26, 

4941 (19fil). 
i t ) W. Baker, ,/. Chun. Sin-., 1:581 (litliU): 11. S, Maha l and K. Venka­

t a r a m a n . Current ,S,-i. ( Ind ia! , 2, 214 iHIKli); Ii. G. Doyle, !•'. Gogan, J . E . 
C o w a n , .1. Keane, and T. S, Wheeler , See l'mc. Rail. DiMit, Sot-., 24, 2111 
i 11)48). 
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