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addition of 6 ¥ HCl and diluted with a fourfold volume of ace-
tone. The crystals were collected by filtration and dried. They
nmelted at 188-194° dee and weighed 4.7 g (73.09%). The
analytical sample obtained by recrystallization from the same
solvent melted at 197-199° and showed [a]p +150° (H.0),

Anal. Caled for CisHuN.0s8-HCl: C, 48.80; H, 7.96;
N, 6.32; 8, 7.24. Found (corrected for 5.549 water): C, 48.58;
1, 8.19; N, 6.04; 8, 7.36.

Methyl N-(1’-Methyl-4’-n-butyl-L-prolyl)thiolincosaminide
Hydrochloride (cis and trans) (9, R = n-CH;),—A mixture of 2.0
g of 8 (R = n-C,H,), 2.0 ml of 379, formalin, 150 m! of methanol,
and 500 mg of 10¢}, Pd—C was shaken under 2.45 kg/cm? of H,
for 3.5 hr. The catalyst was removed by filtration. Ivapora-
tion of the methanol yielded a partially crystalline residue which
when assayed by tle consisted chiefly of the cis and trans isomers
of 9 (R = n-CyH,) in a ratio of about 3:1.

Separation of Isomers.—The above product was dissolved in a
nmixture of methanol-methylene chloride and 1.5 ml of triethyl-
anline was added. To this solntion was added 7 g of silica gel and
the solvent was distilled under vacuum. This solid was sifted
on top of a chromatographic column of 200 g of silica gel packed
with a4 solvent mixtnre consisting of ethyl acetate, acetoue, and
water in a ratio of 8:5:1.  The column wag developed by eluting
with the same solvent and 20-ml fractions were collected. Tle of
each fraction showed that fractions 31-38, 310 mg, were essentially
pure trans isomer and 49-74, 326 mg, were essentially pure cis
isomer. Fractions 39-48 cousisted of a mixture of isomers which
conld be further separated by repeated chromatography. Each
isomer was dissolved in a few drops of dilute HCl and the hydro-
chloride precipitated by addition of acetone. In this maunner
there was obtained 50 mg of trans 9 (R = C;Hy), mp 135-137°
dec, and aboat 150 mg of ¢is ixomer, mp 105°, softening with
farther meltiig at 175-185° dee.

The trans isomer was recrystallized from the same solvent and
then melted at 161-168° dee.

Anal. Caled for CiIheN.OgS-HCl: C, 49.93; 11, 8.16;
N, 6.13; S, 7.02. Found: C, 50.32; 11, 7.98; N, 6.20; S, 6.67.
N and S analysis corrected for 4.07¢; H.O; C and I sample
dried at 100°.

Similarly, recrystallization of the c¢is isomer gave a product
melting at 194 -198° dec.

Anal. Found (corrected for 4.34¢7 water):
8.20; N, 6.05; S, 6.65.

Methyl N-(1’-Ethyl-4'-n-butyl-L-prelyl)thiolincosaminide Hy-
drochloride (cis and trans) (10, R = n-C,H,).—A mixture of 2.0
g of 8 (R = n-CyM,), 1.5 m! of acetaldehyde, and 750mg of 1065
Pd-C in 150 ml of methanol was shaken under 2.45 kg/em? of

C, 49.82; H,
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H; for 5.5 hr. The catalyst was removed by filtration to give a
residue consisting chiefly of ¢is and irans 10, R = n-C,H,.

Separation of Isomers,—As described above, the mixture of
Isomers (2 g) was chromatographed over 200 g of silica gel, using
for elution a solvent system of ethyl acetate-acetone-water
(8:5:1). Fractions 33-42 appeared by tlc to be pure irans
isomer and were combined. Fractions 47-64 were essentially
pure ¢is isomer and were alzo combined. Fractions 43-48 were a
niixture of isomers which could be purified by rechromatography.
Each isomer was dissolved i1 a few drops of dilute HCI and the
crystalline hydrochloride precipitated on dilution with a large
volume of acetone.

The frans isomer fraction of 415 mg gave 340 mg (15.99,) of
crystalline trans product, mp 144-151°. Recrystallization from
dilute acetone raised the melting point to 148-151°.

Anal. Caled for CyHasN:OS -HCl: C, 50.99; H, 8.35; XN,
5.95; 8, 6.81. Found (corrected for 4.08% water): C, 51.33;

1, 8.68; N, 5.81; S, 6.57.

The cis isomer fraction of 645 mg atforded 300 mg (14.19,) of
crystalline hydrochloride, mp 135-139°.  Recry=tallization from
dilute acetone gave erystals, mp 134-138°,

Anal. Fouud (corrected for 3,306, water):
8.54; N, 5.08; 8, 6.50.

Methyl N-(1’-Ethyl-4’-n-hexyl-vL-prolyl)-7-deoxy-7(S)-chloro=-
thiolincosaminide (11, R = n-C¢H;,).—Thiony! chloride (1.4 ml)
was added to a stirred suspension of methyl N-(1'-ethyl-4’-n-
hexyl-1~prolyl)thiolincosaminide (1.4 g) in 28 ml of CCl,. The
reaction mixture was heated at reflux for 2 hr and evaporated to
dryness under vacuinm. Chloroform (100 ml) was added and
then removed under vacunm. The CHCl; addition and evapora-
tion were repeated two more times to ensure complete removal
of residual SOCL. The solid residue was dissolved in 5 ml of
ethanol, cooled in an ice bath, aud the pH wasz adjnsted to 10 by
the addition of 1 ¥ NaOH., Water (200 ml) was added and the
hasie solution was extracted well with CHCl;. The extracts were
dried and evaporated to give 1.0 g of crude produet. This mate-
rial was purified by chromatography over silica gel using MeOH-
CHCI; (1:6) for elntion. The fractions containing the desired
material as determined by tle were combined and evaporated.
The residue was couverted to its hvdrochloride salt as described
above.

C, 50.94; II,

Acknowledgment,—The author is indebted to Dr.
D. J. Mason and C. Lewis for in vitro and in vivo testing,
to Dr. J. E. Gray for toxicity data, and to R, J. Reid
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The 6-Deoxytetracyclines.

IX.

Imidomethylation

MicuaeL J. MARTELL, JR., ADMA S. Ross, AND Javes H. BooTHe

Organic Chemical Research Section, Lederle Laboratories Division, American Cyanamid Company, Pearl River, New: York

10965

Received October 19, 1966

Reaction of 6-demethyl-6-deoxytetracycline with N-hydroxymethylphthalimide gives 7-phthalimidomethyl-

6-demethyl-6-deoxytetracycline.

Reaction of ather N-methylolimides is also described.

7-Citraconimido-

methyl-6-demethyl-6-deoxytetracycline has an in vitro biological activity 12 times that of tetracycline.

The reaction of an aromatic compound with an N-
hydroxymethylamide or an N-hydroxymethylimide to
form an amidomethyl- or imidomethyl-substituted
product has beeen known for many years as the
Tscherniac—Einhorn reaction.! This reaction has re-
cently been reviewed excellently by Zaugg and Martin?®

(1) J. Tscherniac, German Patent 134,979 (1902); Chem. Zentr.,
II, 1084 (1902); A. Einhorn, J. Bischkopff, and B. Szelinski, Ann.., 848,
223 (1905).

(2)(a) H. E. Zaugg and W. B. Martin, Org. Reactions, 14, 52 (1965);
(h) R. Schréter in Houben—Weyl **Methoden der Organischen Chemie,"
Vol. X1/1, 4th ed, G, Thieme, Stuttgart, 1957, pp 795-805; (c) H. Hell-
mann, Angew. Chem., 69, 463 {1957); H. Hellmann in “"Newer Methods of
Preparative Organic Chemistry," Vol. 2, W. TFoerst, F.d., Academic Press
Inec.. New York, N. Y., 1963, pp 277-302.

as well as by other workers;?*¢ however, the reaction
does not seem to have enjoyed very wide synthetic
import. No example of a natural product having
been subjected to this reaction is reported by these
reviewers, although it is clear that the general scope
that it encompasses is broad.

Nitration® and halogenation* of 6-deoxytetracyclines

(3)(a) J. J. Beereboom, J. J. Ursprung, H. H. Rennhard, and C. R.
Stephens, J. Am. Chem. Soc., 82, 1003 (1960); (b) J. Petisi, J. L. Spencer,
J. J. Hlavka, and J. H. Boothe, J. Med. Pharm. Chem., 5, 538 (1962).

{4y J. J. Hlavka, A. Schneller, H. Krazinski, and J. H. Boothe, J. Am.
Chem. Soc., 84, 1426 (1962): C. R. Stephens, J. J. Beereboom, H. 1. Renn-
hard, P. N. Gordon, K. Murai, R. 1. Blackwoo:l, and M. Schach Von
Wittenau, 7hid., 85, 2643 (1963).
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in strong acid have been described from these and other
laboratories and lead to products which in many cages
have favorably enhanced biological activity.  Secking
theu to find other areas of clectrophilic substitution
which would be adaptable to G-deoxytetracyclines we
subjected 6-demethyl-6-deoxytetracycline (I) to the
conditions of the Tscherniac-Einhorn reaction.  Wheu
I and N-hydroxymethylphthaliniide were treated in
coneentrated sulfuric acid at room temperature for
about 40 min n crude mixture was obtained (Scheme T)

Scnesvy 1

N(CHjy); 0
OH = H.S0.
+[7 [ NCH.OH ——
NH, S
0O
I
0 I|\ 0O
(]‘,H._. N(CH,).
OH
~ |
>~ NH,

0
OH O HOHO O
11

which showed a new gpot on a paper chromatogram and
phthalimide earbony! bands in the infrared spectrum
at 5.6 and 3.5 g. Subjection of the mixture to liquid-
Hguid partition chromatography on neutral (acid-
washed) diatomaceous earth gave what appeared to
be o single product, which was difficult to separate
from excess starting material. This product had an
in vitro biological activity 3.2 times that of tetracycline
or n twofold increase over starting material.  ‘The
biological data are summarized in ‘Table 1.

Tasre [
Briamves Acmivimies or IMIDOMETHYL DERIVATIVES

e T T

Cyanel Tacryiya® Oral 1v
3 3.2 1 o
HH T < 0,06 <008
IV 2.0 0.5-1.0 0.25
\ 120 =006 (1.25
Vvl 0,382 <), 00 EL )

* Determined agaiust Staphylococcus aureus 200P by the
method of K. Peleak and A, Dormbush [Ann. V. ¥, dcad. Sei.,
51, 218 (1940)]. ¥ Determined against Staphylococcus aireus
straivp Smith in mice. ¢ Tetracyeline = 1.0.

The assignment of the position of substitution at
the 7 position is based on radioactive labeling experi-
ments, similar to those which were used to determine
the structure of nitration® and halogenation® products.
Thus, I with a tritium atom at 78" was treated with N-
metliylolphthalimide and the c¢rude reaction product
subjected to paper chromatography. The spot cor-
responding to 1T wasg cut out and combusted, and the
radioactivity was determined. There was no rise in
radioactivity above background. As a control re-
action, radioactive I was dissolved in sulfuric acid at
room temperature and isolated after 40 min. Approxi-
mately half the radioactivity had been lost by exchange

toss, axn J. H. Bootur

Vol 10

but the amount retained still exeeeded the background
connt= and IT by a factor of about 10.

Time studies determined that unlike halogenation
and nitration this reaction did not proceed well at ice-
hath temperatures, and about 40 min at room tempern-
ture wis required. A study of other acids alzo showed
that concentrated sulfuric acid was the best agent for
effecting this condensation, although methanesulforric

aud anhydrons HE also gave partial suceess. Acids
siieh as trifluovoncetic and polyphosphorie  failed,

however, ax did less conceutrated solutions ol HLSO),
with water or acetic neid.

Zaugg and Sehnefer® have alzo reported that bromo-
methyiphthalimide vencts with phenol without the aid
of zine chlovide or other Lewis ncid to give aromatie
substitution.  However, bromomethylphthalimide and
[ in refluxing dimethoxvethane did not give 11, althotigl
1t was clear that reaction had taken place from paper
chronttographic evidence, since no starting mateyial
wis left.,

Attempts to “deblock™ 11 to the aminomethyl
derivative by reaction with hvdrazine™ gave reaction
at the 11 12-diearbonyl system® ax shown by ultraviole
spectra, and the use of r-butylunine in vefluxing wieth-
anol”  catised  decomposition. Zaugg and  Martin®
have stated that p-phthalimidomethylphenol conld not
be converted to p-hydroxybenzylamine either with
hydrazine or by hvdrolytic means without destruction
of the molecule.

Conversion of I ta 7-methyl-6-demethyl-6-deoxy-
tetracyeline could not be achieved and failed by the
methods  tvied.  Although  hydrogenolysix  of acyl
benzylamines s extremely  difficult! and s ravely
successful, reaction with sodinm and Hquid sunmonia
has been reported to be effective.’? However, I1 was
destroved by the reaction conditions, the BCD ring ¢hro-
mophove being attacked.

Sinee I had substantial biologieal activity (Iable
1) preparatiou ol simpler anadogs seemed of intevest,
Thus N-hydroxymethylmaleimide® reacted similarly
with T to give [II (by aunlogy with 11) which could
be purified by liquid-liguid partition chromatography.

R R’

<’>:1:i>:o

Cl. N(CH.)s
Z OH

NH.
) 1 0O 1
OH O HOHO o©
III. R=R'=H
IV, R=R’=CH,
V. R=1t: R/ =CIt,

i5) 11 B Zange and D, Scoaefer, J. Ocg. Chen, 88, 2025 (19635,

(6) H.lng and R. M. 1" Manske, J. Chem, Soe., 2348 114026).

(7) J. 8heehan and V. = I'rank, J. Am. Chem. Soc., TL, 1856 {14944).

(8) U. Valeavi, (i. Campanella, and N. DPacini, Gazz. Chine Hal., 93,
416 (19637,

() 1. Goldman and . W. Marsico, JJ. Med., Chem., 6, £13 (1063); 17 =
spring and J. C. Wooils, Naiurce, 158, 754 (1946).

(10) 11. ¥, Zanee and W. 14 Nartin, OUeg. Reactions, 14, 123 {14065).

(11} W. L. Schaeffer and A, (. MeXinnis, UL =, Patent 2,088.576 (Inne
13, 196D,

112) 8. Sngasawa and T
{1058,

A3y 1O, Tawney. R. D Sayvder, R, 1L Conger, 1N AL Lieldbrand, ¢ 11
Saiteler, and A, R, Williawms, J, Gey, Chem., 26, 15 (1061).

I'njii, Chem, I'hiaem. Bull. (Tokyoy, 6, 587



May 1967

Table I shows that this compound had an in vitro activ-
ity seven times that of tetracyecline.

In order to define more clearly the parameters for
biological activity which seem acutely sensitive to subtle
chemical differences at the 7 position, alkylated male-
imides were investigated. N-Hydroxymethyl-2,3-di-
methylmaleimide reacted with I to give a mixture of
products from which two components could be sepa-
rated by liquid-liquid partition chromatography.
One of these was antibacterially active and was assigned
structure IV. The other compound which had physi-
cal properties very similar to IV was not biologically
active. An nnir spectrum  fin  (D:C).SO] clearly
showed that the material was a 7.9-disubstituted deriva-
tive. Signals at 420, 272, and 115 cps were in a ratio
of 1:4:12 corresponding to the aromatic, benzylic
and C-methyl protons.

To complete the investigation, a synthesis of N-
hydroxymethyl-2-methylmaleimide (N-methylolcitra-
conimide) was effected from the difficultly made
citraconimide synthesized by a modification of the
literature procedure.!* The 7-citraconimidomethyl-6-
demethyl-6-deoxytetracycline (V) which resulted from
the ensuing condensation, after purification, had an
in vitro activity 12 times that of tetracycline, the most
potent known such derivative. Its activity compared
favorably with that of novobiocin against gram-posi-
tive organisms.

Reduction of IIT gave 7-succinimidomethyl-6-de-
methyl-6-deoxytetracycline (VI) which had only about
49 the in vitro activity of IIT. Reaction of N-hydroxy-
methylsuccinimide and T failed.

The generality of the reaction was demonstrated by
extending the reaction to the anhydrotetracycline
series. In this case, however, anhydrous HI' proved
to be a more effective reaction medium since concen-
trated H.S0, caused extensive sulfonation of the
starting material. When 6-demethylanhydrotetracy-
cline (VII) was treated with N-methyloleitraconimide
in liquid anhydrous HY', two products were isolated
(Scheme II). One of these products had a substantially
enhanced in witro biological activity (0.4 times that of
tetracyeline) compared with the activity of starting
material (0.2 times that of tetracycline). Thig repre-
sents the first example of an anhvdrotetracycline
having its activity favorably enhanced by chemical
modification. This compound was assigned the 7-
substituted structure VIII on the basis of its activity.
The other compound obtained, which was biologically
inactive, was identified as the 7,9-dicitraconimido
structure IX on the basis of its nmr spectrum in (D;C),-
SO. The Cg aromatic proton at 435 cps was unsplit
as was the Cg proton at 423 cps. The aromatic pro-
tons, the vinyl protons at 400 cps, the benzylic protons
at 287 and 279 cps. and the C-methyl protons at 120
and 122 ¢ps were in the properly integrated ratio.

From the data presented one can make some em-
pirical observations concerning the interesting biological
activities of these compounds. First, the double bond
in the imide group appears to enhance activity since
VI is comparatively inactive. Second, the steric en-
vironment around the double boud is important since
IT and IV are disubstituted and are far less active than

(14} P. M. Brown, ). B, 8piers, and M. Whalley, J. Chem. Soc., 2882
(1957).
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Scueme 11

N(CHs) CH,

OH _ .
0 o
O s+ 0=
OH

|

OHOHO O O CH,0H
VII
CH;
0={__>=0

N

CH, N(CH,).
OH

Oe“ NH, +

OH
OHOH O O O
VIII
CH;
0:4\;:0
CH, N(CHs;)2
N OH
P , NH,
(‘:H2 OH OH OOH
N. 0o O
(o) =0
B
X
IIT and V. JMaleimide and citraconimide are known

to add SH groups very rapidly?® which may be of im-
portance in the antibacterial activity or decreased
n vivo activity of these compounds.

Experimental Section

Dezcending paper chromatography was carried ont on What-
man No. 1 paper buffered with (.2 M phosphate buffer, 1sing a
system 1-butanol-phosphate buffer pH 2.0 (2:1). Liquid-
liquid partition chromatography!® was carried ont on nentral
(acid-washed) diatomaceons earth (Celite). Melting points
were determined on a Thomas—Hoover apparatus and are cor-
rected. Nmr spectra were determined on a Varian A-60 spec-
trometer nsing MesSi as the iuternal standard. Aunalysex were
performed by Mr, L. Brancoue aud staff or by the Schwartz-
kopf Microanalytical Laboratory, Woodside, N. Y. Optical
rotations and =pectra were determined by Mr. W. Fulmor and
staff.

N-Hydroxymethyl-2,3-dimethylmaleimide.—To a mixture of
1.25 g (10 mmoles) of 2,3-dimethylmaleimide!™ and 0.81 ml
(11 mmole=x) of 406, agneons formaldehyde was added 0.03 ml
of 5% aqueon= NaOH (ca. pH 7.5). The =olid dissolved, and the
solntion was allowed to stand at room temperature for 3 hr, then
evaporated to an oil in vacwo. The flask was placed in an ace-
tone-Dry Tce bath wherenpon the oil froze to a glass. TUpon
warming to room temperature, the glass crystallized. The
vield was quantitative. The material wax snblimed at 50°
(0.1 mm) for analysis, mp 48-50°.

Anal. Caled for C;HeNO;: C, 54.2; H, 5.9: N, 9.0, Found:
C,54.5; H,5.8; N,9.0.

N-Hydroxymethylcitraconimide.—The material was prepared
from citraconimide!* as described above. The compound wax
recrystallized from benzene—hexane and =ublimed at 60° (0.1 mn1)
for analysis, mp 68°.

Anal. Caled for CgH-NQO;: N, 9.93. Found: N, 10.07.

(15) E. Friedmann, et al., Brit. .J. Pharmacol., 4, 105 (1949); Biochem.
Biophys., Acta, 9, 61 (1952); D. H. Marrian, E. Friedmann, and J. L.
Ward, Biochem. J.. B4, 65 (1953).

(16) M. J. Weiss, R. E. 8chauhb, G. R. Allen, Jr., J. F. Poletto, C. Pidacks,
R. 3. Conrow, and C. J. Coscia, Tetrahedron, 20, 357 (1964).

(17) R. Otto and H. Beckiirts, Ber., 18, 835 (1885).
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Boorur

Tasie

T*artition
chromatograplia
Jdaia®

H-TJA-ME~W

fel*y, deg ir,
mechoxyethanol?

+4 .5 (0.464)

Derivatlive of 6-DIMDOTC!
7-Phthalimidomethyl-

,'de.
0.9

(1. 4-0.6¢
(=D -W

i6:5:

BV
3250

7-Maleimidometbyl- 0.08  —3800,527

=W
T4l
HBY
6.5-0.0

—_—

7-Citraconimidonmethyl- 079 =3200.500) (-

7-2,3-Dimethyhnalehuido 080 —1.07 H-FA-MT-AV
methvl- (0, H07) 165:35:
20:10)
HBV
741000
7.9-Di}(2,3-dinet hylmale- 045 — 186G H-FA-ME-W
idomethybhl]- HIBEE S 165330
20 101
HBV
1101801
7-=necinimidomethyl- 0.49
T-Citraconimidomethyl-G- 083 F 13100 517y IL-FA-ME-W
denmethylanhyvdrotetr- (73:25:
eveline 17:6)
HBV

265N

 I7¢ valies are for the system 1-batanol-phosphate buffer, pIt 2.0.
e IIBV = hold-back volame (colamn =olverd refention).
! 6-Demethyl-6-deoxytetracyeline,

W =
by mmr.

water, C = cyclohexane, D = p-dioxaue.

¢ Solvent determined by vpe.

General Method for Preparation of the Substitution Products.
7-Maleimidomethyl-6-demethyl-6-deoxytetracycline,—A  =oli-
tien of 453 mg (1.0 mmole) of 6-demethyl-6-deoxvtetracychine
hydrochloride in 5 ml of 96¢¢ .80, at room temperature was
treated with 100 mg (1.5 mmoles) of N-hydroxymethylmalei-
uiide. The =olution was stirred at room temperatire for 35 min,
then poured into 150 ml of dry ether. The precipitate was
filtered aff, washed well with dry ether, and dried, 500 mg. The
precipitate was dissolved in 18 ml of water and the pH was ad-
justed to 5.0 with 1 N aqueons NaOH. The precipitated mate-
rial was filtered off, washed with two 1-ml portions of water, and
dried in vacuo, 305 mg. The material was purified by lquid-
liquid partition chromatography on neutral (acid-washed)
diatomaceons earth as indicated in Table TI. A column was
packed with 65 g of diatomaceous earth, moistened with 32.5 ml
of the aqueous layer of a mixture of cyclohexane—p-dioxane--
water (6:5:1). The sample (85 mg) was dissolved in 5 ml of
aqueons phase and packed with 10 g of diatomaceons earth at the
top of the cohimn.  Product (21 mg) was elnted in the fonrth and
fifth hold-back volumes of the cohunn as the colnmin was de-
veloped with nupper phase.

7-Succinimidomethyl-6-demethyl-6-deoxytetracycline.——A «o-
hition of 315 mg (0.6 mmole) of chromatographically pure 7-
waleimidomethyl-6-deniethyl-6-deoxytetracyveline in ¢ ml of
nethoxyethanol and 100 mg of PtO: was hydrogenated at at-
mospheric pressure and room temperative. Uptake (32 nil,
theory 34 ml) was complete in 1.5 hr.  The catalyst was filtered
off and the filtrate was evaporated to dryness tn vacrwo. The
residiie was trithrated with anhydrous ether, filtered off, and
dried, 260 mg.

Reaction of 7-*H-6-Demethyl-6-deoxytetracycline with N-
Hydroxymethylphthalimide.—A solution of 7-*H-6-demethyl-6-
deoxytetracycline hydrochloride (226 mg, 0.5 mmole) in 3.3 ml
of concentrated Ho80, was treated at room temperature with 133
mg (0.75 mmole) of N-hydroxymethylphthalimide. The sola-
tion was stirred at room temperature for 40 min then slowly
poured into 20 ml of dry ether. The precipitate was filtered off,
washed well with dry ether, and dried. 336 mg. The crude mate~
rial (15-ug load) was ran on a paper chromatogram aud the solverd

Tahel, Iveamnl,
I“ormala [ 11 N ( )1 N

Canl1rN00), G282 4T T oo 62 196 6 oD

Clal B N0 OO THO T SR D4 GONT 0 4 66

CusHu N0 GO s 506 TR 60,

Cal TN, 0, GA 9T 580 762 6071 541 714
Caal b NGOy - THO) SOAN S T 50,06 567 T a6
CullxnNgO 0510 58042 5298 786 5853 6.21 749
(11 NGO, O5TROY 50 80 4 81 T 72 6h.o3 520 750

ethyl acetate, MT = methoxyethanol,
I Rolvent. determiied

“IT = heptave, 1WA =

front was alowed to run off the sheet to completely sepainte the
produet from auy remaining startivg material. A coutrol ex-
periment.  with 7-?T1-6-demethyl-6-deoxytetrneyclive was 1
to determine the extent of exchange and a comparison with
product and backgroiid made.  Aveas corresponding to starting
material and prodaet were cut ont and eombasted, and the rato-
activity was deterived (Table ITD.

Thaer I11

Comyel Comntg min Dpm
H 122 5,700
122 5,085
Conutrol a25 065, G687
7-4H-6-DM DOTC 1447 75,0065
Backgroand ot 2,762
|22 5,085

+ 7-Tritio=6-demetlovl-6-deoxyietracy clioe.

7-Citraconimidomethyl-6-demethylanhydrotetracycline and
7,9 - Dicitraconimidomethyl - 6 -demethylanhydrotetracycline.—A
solatiow of 412 mg (1.0 mmole) of 6-demethylanhydrotetrn-
eveline, nentral in 10 ml of anhydroas liquid HF in a polyethyleie
vessel in an ice bath, was treated with 155 mg (1.10 mmoles) of
N-methyloleitraconimide. The solution was stirred v the cold
for 50 min, then the HF was removed by passing Nu throngh
the reaction mixture. The residne was dissolved in 40 ml of
water and brought to pH 5.0 with 157 agueons NaOH. The
vellow precipitate was filtered off, washed well with water,
and dried, 535 mg.

A 150-mg portion of the above crude material was subjected
to lignid-liquid partition chromatography on unentral (acid-
washed) diatomaceons enrtll, using a solvent system heptane-
ethyl acetate-methoxyetharol-water (75:25:17:6).  The mouo-
snbstitated derivative wies obtaived iic hold=back volames 2.6-
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3.8 (26 mg) and the disubstituted derivative (as shown by nmr)
(see discussionn) was obtained in hold-back volumes 8.2-12.7
(18 ng).

Acknowledgments.—The authors are indebted to
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Semisynthetic Penicillins. 1V.
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The preparation of the semisyuthetic pyridyimethylpenicilling Ina—d and the related cephalosporins Tla—c¢ is

described. The n vitro antibacterial properties of these sabstances are reported.

broad-spectrum activity.

The work described in this paper was undertaken as
part of a program designed to prepare, by chemical
modification of 6-aminopenicillanic acid? and 7-amino-
cephalosporanic acid,® semisynthetic antibiotics with
useful activity against both gram-positive and gram-
negative bacteria. In the penicillin series,* benzyl-
penicillin (penicillin G) has excellent ¢n vitro and in vivo
activity against many gram-positive bacteria. How-
ever, it has only modest activity against gram-negative
organisms and has rarely proved clinically useful
against them. Phenoxymethylpenicillin (penicillin V)
has poorer gram-negative activity than benzylpeni-
cillin. The same is true of the sterically encumbered
arylpenicilling, e.g., methecillin (2,6-dimethoxyphenyl-
penicillin) and oxacillin  (3-methyl-3-phenyl-4-isoxa~
zolylpenicillin) which were designed to have resistance
to staphylococeal penicillin lactamase. The only
penicillin in clinical use with notable gram-negative
activity is ampicillin, the p-g-amino derivative of
benzylpenicilin. Another amino derivative of benzyl-
penicillin, p-aminobenzylpenicillin, has also been re-
ported to have slightly enhanced in vitro gram-negative
activity.? These data suggested that good gram-nega-
tive activity might be expected when the arylmethyl
side chain of benzylpenicillin was retained and a basice
site was incorporated into the molecule.® The pyridyl-
methylpenicillins fulfill these structural requirements.
Scant data are available about structure—activity rela-
tionships in the cephalosporin series, but it has been
suggested that the cephalosporin system is more
amenable than the penicillin system to the develop-
ment of derivatives which have gram-negative activity.”
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Sone of them show promising

We therefore decided to prepare the three isomeric
pyridylmethylpenicillins®® and the corresponding ceph-
alosporins.

RCONH S
RCONH S CH, N
A ECH;; 0 7 NCHOCOCH,
0 COOH COOH
[ (8

e Qo ane \Dcn
N

CH, dR- @CH._,
CH.Nz

The penicillins Ia—¢ and the cephalosporins IIa—c
were prepared by condensiug the appropriate pyridine-
acetic acids with 6-aminopenicillanic acid or 7-amino-
cephalosporanic acid. The quaternary derivative Id
was obtained by treating Ib with methyl iodide. The
general method of preparing semisynthetic penicillins
and cephalospirins by acylation of the appropriate
nucleus is well established,! but its application in the
present case required considerable departure from the
customary techniques. The pyridineacetic acids or
their hydrochlorides were converted to their acid c¢hlo-
ride hydrochlorides.!! The use of this technique for
activating the pyridineacetic acids? was particularly
advantageous in the case of the 2 and 4 isomers since
it avoided the necessity of handling these compounds
in their unstable zwitterionic form.,!'2 The acid chlo-
rides were coupled with 6-aminopenicillanic or 7-

b,R=

©
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