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

n r 3
log BR = 0.094 log P + 0.325 G 0.782 0.116 (5)
log BR = 0.137(pK, — 9.5) + 0.668 6 0.248 0.180 (6)

log BR 0.099 log P + 0.190(pK, ~
9.5) + 0.354 6

0.833 0.112 (7)

TFor 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 MeMahon’s conelusion 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 coeflicient ig as-
sociated with (pK, — 9.5). This means that the lower
the electron density on nitrogen (ag measured by
R;NTH = RyN 4 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 = or
log P is determined® so that it is independent of the
degree of dissociation; hence = and pK, are independent
variables. Actually, both ean play a role m the dis-
tribution of the amines between the aqueous and lipo-
philic phases. The role of pK, in this process is dif-
fleult 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 ix the minor limportance of sterie effects on the
rate of demethylation. One might expect that the
demethylation rate of a molecule with such highly
branched substituents as {-amyl-t-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 Brown?® has clearly demonstrated that
the steric requirements for a proton reacting with
highly substituted amines are wmmiquely low. It is
also clear from Brown’s work that the sterie require-

(41 H. C. Brown, J. Chem. Eluc., 36, 424 11059},
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wents of other electron-seeking substances such as
BH;, B(CH,)s;, ete. do not parallel those of the proton.
The fact that such good eorrelation ix obtained using
pA,, o constunt dependent on the stevie and clectronie
requirements of protonation of the amines in question,
argues strongly against the electronie term v eq. o,
reflecting action with a funetion larger than a proton.
We interpret this to mean {hat an enzyvme cannot be
mvolved with the lone-pair clectrons on nitrogen or
thoze 1 the N-—-CHy bond in the rate-determining step
of demethyintion.

Au attractive mechantsto in which sterie influence of
the highly branched alkyl group would be at o nini-
e woutld be n displacement on hivdrogen.  Proton-

SNCHH 4 enzmie —— [>NCHaw ~——=

>1\'(3H5] + H:ienzvime X1
S>NCH.H + :enzvme — [>NCHy" ~———

>.{-:"’C}{g] + H:enzvime (9)

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 ix
complex, If it is very high, the amine ig primarily
in the ammonium lon form and its lipophilie character
ix lowered. If it ix too low, then the availability of the
electrons for stabilizing an intermediate is decreased.
In order to test this hypothesis we have derived cq. 10
for compounds 1--18 in Table 1. Thix gives a slightly

tog BR = 0.484 log P — 0.068(phK, — ¢ 5
0.5)2 — 0.267(pK. — 9.5) — 1.225 0024 0,193 L0

better correlation than eq. 4. An 17 test indieatex the
squared termt to be significant at >0.95. Equation 10
does indicate a slightly nonlinear dependence of log
BR on the electron density, indicating a possible dual
role for the lone-pair eleetrons. 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 tetracyelines involving the carbox-
amide function have previously been achieved mainly
rie the Manmnich or Ritter reactions. Condensations
of tetracyelines with formaldehyde and various primary
or secondary amines have led to Mannich base deriva-
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tives, some of which possess enhanced solubility in
water.! The Ritter reaction, also used in preparing
substituted carboxamide analogs,? proceeds wvia 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
aleohol and have the general structure shown in Table
I, where Ry and R; can vary depending on the parent

Tasre 1
ALKOXY ALKYLTETRACYCLINES

N(CHs)2
o fl
0“@ CONHCOR4
OH O OH O Ra
Compd. Ry Re Rs R:
I H CH, H CH,
11 H CH, CH, CH,
111 H CH, C.H, CH,
v Cl CH, H CH,
v Cl CH, CH, Ch,

VI Cl CH; C.H; CH;
tetracycline employed, while R; and Ry vary with
respect to the aldehyde and alcohol used in each
synthesis.

The original derivative synthesized, N-(1-methoxy)-
methyltetracyeline (I), was obtained by refluxing a
nmixture of tetracycline, formaldehyde, and methanol.
The infrared spectrum of I indicated an ether (9.54
u) and a monosubstituted amide (6.55 u). As expected,
the ultraviolet spectrum &LV ECL 918 my (e 14,800),
270 (20,000), and 360 (14,400)] was essentially the same
as that of tetracyeline. 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, distinet g value on paper chromatograms.?
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 ¢n wifro assays
against Staphylococcus aureus,* compounds I-VI
varied in activity from 12 to 469, of the parent anti-
biotic. In vivo tests in mice showed the activities to
be 6-1009, of the parent antibiotic, depending on the
particular structure of the compound and mode of
administration. The ¢n vivo results are given in Table
II. MMice 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., U. S, Patent 3,028,409 (April 3, 1862); Chem.
Abstr., 87, 9769g (1962).

(3) The compounds were spotted on papergrams which had previously
been treated with a buffer system {0.2 M Na:HPO04-2.249 citric acid (30:70) |
adjusted to pH 3.36, and dried. The papergrams were developed using
the following system: nitromethane-benzene-pyridine-~Na:HPOs-citrie
acid buffer at pH 3.36 (20:10:3:3), run at 5°.

(4) A. C. Dornbush and F. J. Pelcak, Ann. N. Y. Acad. Sci., 81, 218
(1948).,
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TaprLe I1
COMPARISON OF i1 Vive ACTIVITIES OF
ALKOXYALKYLTETRACYCLINES #s, TETRACYCLINES

Fraction of bioactivity

of compd. by various routes® Parent antibiotic

Compd, R: i.p. p.0. s.C. (as HCh
1 H 0.25 0.062 0.125 Tetracycline
11 CH; 0.25 0.25-0.530 0.25 Tetracycline
111 CH; 0.25 0.25-0.50 0.50 Tetracycline
v H 0.062 0.062 0.062 Chlorotetracycline
vV CH; 0.062 0.25 0.25  Chlorotetracveline
VI CH, 0.25 1.00 0.25  Chlorotetracyeline

@ Activity of parent = 1.00.

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 subeutaneous routes,

TFrom Table II it is evident that increasing the size
of R; from H to C,Hj; results generally in increased
bioactivity. This might be explained by the fact that
when Rj is larger, more facile hydrolysis of the alkoxy-
alkyltetracyeline can oceur, 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 v/mg. ¢s. tetracycline- HCl) was dissolved (5
mg./ml.) in 0.01 N HCl. In 2 days the bioassay value
doubled. After 2 weeks, a maximum value of 422
v/mg. was obtained. Concurrently, paper chromat-
ograms showed an increase of tetracycline compo-
nent and decrease of 1.3

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 R; 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 tetracyecline (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 tetracyeline molecule with dehydrating agents.

Experimental Section®

N-(1-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 methanol® (120 ml.) and
refluxed 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 anhydrons
ether. The yield of light yellow erystalline I (methanolate)
was 12.7 g (419); ALY 59 218 my (e 14,800), 270 (20,000),
and 360 {14,400).

Anal. Calcd. fOI‘ CstazNzOmI
Found: C, 57.48; H, 5.90; N, 5.19.

C, 57.68; H, 6.20; N, 5.38.

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

(6) Methyl Formeel is a 46.0% solution of formaldehyde in methanol,
ohtained from Celanese 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 «
clear solution. The time in each case was determined hy i«
preliminary small-seale reaction, followed closely by paper chro-
matography. The solntion was allowed to cool, then taken to
dryness in raciio, nud worked up with anhydrons ether to a solid.
Analytical samples were obtained by dissolving the crude solid
i1 chloroforin, then washing several thnmes with water. The
chloroform, after drving (Na.S80,), was evaparnted (i racvo,
and the residne was worked np with anhydrons ether to vield
the appropriate alkoxvalkyltetracyveline.

N-(1-Methoxy )ethyltetracycline (1I)—Tetracyveline (4,44 g,
0.01 mole), methanol (75 ml.), and acetaldehyvde (25 1ml) were
refluxed 2.5 hr. A portion (85¢) af the cooled soluticn, when
worked np, gave 1.5 g. of crude I, From the ernde material
there was obtained 400 mg. of analytically pure IT: 220 "¢
218 1mu (¢ 14,800), 270 (19,100), and 360 (12,100,

Anal. Caled. for CpHN.Oy: C, 50.75; H, 6.02:
Found: C, 59.64; H, 5.99; N, 5.04, 5.32.

N-(1-Methoxy)propyltetracycline (III).——A mixture of tetra-
cycline (8.88 g., 0.02 mole), methanol (150 wl.}, and propion-
aldehyde (50 ml.) wus refluxed 2.5 hr. to give 3.65 g. of crude T11.
From 2.4 g. of crude material 250 mg. of analytically pure 111
was obtained: ALY 218 my (e 15,6000, 270 (19,100), and 360
(13,900).

Anal.  Caled. for CygHpaNyOg: C, 60.45; H, 6.25; N, 5H.42.
Found: C, 59.70: H, 6.39; N, 5.65.

N-(1-Methoxy )methylchlorotetracycline (IV)--A mixture of
ebloratetracyeline (24.0 g., 0.05 mole), methanol (300 ml.), and o
46.57; solution of formaldehyde in methanolt (100 ml.) wasg re-
fluxed 45 min.  Work-np gave 19.5 g. uf crude material.  From
3.0 g. of ernde material, 900 mg. of analvtically pure IV was
obtained: ALY FY 230 mu (e 17,200), 268 (18,000}, and 370
(9140).

RETIR

N, 447

Caled. for CyHACIN. Oy O, :
6.7%; N, 5.36. Found: C, 534.85; H, 5.27; CL 7.09; X, 5.27.

N-(1-Methoxy )ethylchlorotetracycline (V).--A mixture aof
chlorotetracycline (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 erude material.  From 2.0 g. of erude produet, 820 mg.
of analytically pure V was obtained: Al M7 230 mu (e 17,700),
268 (18,200), und 370 (10,200).

Anal. Caled. for CuHaCINOy: C) 55.02: H, 5.44; Cl
6.60; N, 522, Found: €, 55.44; H, 5.22; Cl, 6.52; N, 5.22.

N-(1-Methoxy)propylchlorotetracycline (VI).-——A mixture of
chlorotetracyeline (9.6 g., 0.02 male), methanol (120 1wl.), and
prapionaldehyde (40 ml.) was reflnxed 1.5 . Wark-up yvielded
0.7 g. of crude materinl. From 2.0 g of crnde material there
wis obtained 830 mg. of analvtically pure VI: AL 7900580 ng
(e 17,600), 266 (1%,150), and 370 (10,200},

Snal. Caled. for CuHanCINGOs: €, 56.07; H, 5.67: L,
6.44; N, 5,08 Found: €, 56.50; H, 3.81; Cl6.50; N, 5.20.

N-(1-Methoxy )methylchlorotetracycline (IV) Ethylenediamine
Salt,--To IV (500 mg., 0.96 mmole) was added 14 ml. of a 10¢]
water-in-methanol  solution. Triethyvlamine (0.28 1ml)  wus
added and the solution warmed to 50°. Next 2.0 ml. of an
ethylenedianmine-in-methanol solution (prepared by adding 1.0
ml. of ethylenediamine to 14.4 ml. of MeOH) was added, und
after several minutes of stirring the crystalline salt appeared.
After cooling and filtering, the erysials were washed with a 109/
water-in-methanol solntion, then anhyvdrans ether, aud dried.

Anal. Cualed. for CuHgCINOW: € S6; H, 6.05. C
6.08: N, 0.61. Found: €, 53.20: H, 6.33: Cl, 6.19, 6.23; N,
0.59.

N-(1-Methoxy)ethylchlorotetracycline {V) Ethylenediamine
Salt.-—Treatment of V, ns above, guve the crystalline ethylene-
diamine sult of V.

Anal. Caled. for CyHuCIN, Oy €, 54.31; H, 6.25; Cl,
5.04; N, 938 Found: C,53.95: H,5.75: Cl,6.02; N, 9.24.

I and Methanesulfonyl Chloride.-A solution of I (1 g., 1.9
minales) 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 gnmmy solid obtained was washed several times
with anhydrons ether, then worked np by stirring with acetone.
A solid was obtained wliich was shown ta he mainly [ and same
tetracycline.  The infrared speetrnm shawed no nitrile absarp-
tion at 4.53 .

Cl
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Under identical conditions, tetracyeline was dehydrated at the
carboxnmide ta give retracyeline nitrile as the major produet,’
as demonstrated by paper chromatography and infraved spec-
trnn tabsorption at 403 &),

Various Alkoxyalkylation Attempts Followed by Paper Chro-
matography.- Reactions of tetracyelines with ather aleohals and
aldehyvdes were earried ant as previonsly deseribed for 1-V1,
These were followed by paper chramatagraphy,® and in most
eases new cowpanents were detected an chrmmatograms. These
renction proditets were nat characterized, it are helieved 1o
b atkoxyalkyltetraevelives anntogons to T-VID Those reactions
which pradineed new compnands as demaonstrated by paper
chranmtography woe simunmrized.

Tetracyeline and formaldehyde reacted with the fnHowing
atcohals: ethanol, r-buryt aleohal, byl aleahal, benzyl nleahot,
a-hydroxyacetic acid, 2-phenylethancl, etic acid, sarbirol.
and mannitel. Tetraeveline and meihanal rencted with the
following aldehvdes:  glyoxylie acid, 2-pyvridivenldehyde,  p-
nitrahenzaldehyde, p-chlorabenzaldehyde, 2-furfural, aml chloro-
aeetuldehyde. Similarly 6-demethyHetrneyeline and methanol
rencted with farmaldebyde and propionaldehyvde.
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In continuing previous studies® in this laboratory on
the synthesis of potential anticancer agents, u further
series of heterocyelic-substituted chromoues and ve-
lated compounds has been prepared and submitted
for sereening under the auspices of the Cancer Cheno-
therapy National Service Center.

The chromones were synthesized by a standard
three-step procedure involving (1) condensation of
the appropriate 2-hvdroxyacetophenones with hetero-
cycelie acid chlorides to form the esters listed in Table 1,
(2) Baker-Venkataraman rearrangement® of thesce
esters to the corresponding  1,3-diketones listed n
Table II, and (3) dehvdrative cyelization of the di-
ketones to the corresponding chromones shown in
Table III. The diketone, 1-(2-hydroxy-5-mecthoxy-
phenyl)-3-(2-quinolyl) propane-1,3-dione, was not iso-
lated in the pure state; Baker-Venkataraman re-
arrangement of the correspouding ester (II) gave an
inseparable wixture of red and white products (pre-

(1) This work was snpparted by tie National Cancer Institate, Nationat
Tustitutes of Health, lierhiesda 14, M,

(2) Deceased.

31 DT Devin, AL Timoney., and M. A, Viekars, J. Oy, Cloge., 26,
1941 (1961,

i4) W. Baker. J. Cheg. Sue., 1381 11933): 110 5, Malal and K. Venka-
varaman, Clppent Spio tindiar, 2, 214 (1943 B, G, Doyle, I'. Gogan, J. F.
Cowan, J. Xeane, and T S0 Wheeler, Sofo Fon. Roy. Todidp Sop., 24, 201
{1948,
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