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6-(1-Naphthylmethylamino)uracil (1) and three of its derivatives substituted on the naphthalene ring with
7-chloro (2), 6,7-dichloro (3), and 6,7-dimethy! (4) were synthesized for evaluation as inhibitors of Escherichia

coli B thymidine phosphorylase.

acetate, then dehydrogenated to the naphthalene-1-acetic esters (14) with o-chloroanil.

The appropriate a-tetralone (12) was condensed with triethyl phosphono-

Reaction with hydra-

zine gave the crystalline hydrazides (15) which were degraded with NOCI to the corresponding substituted

l-uaphthylmethylamines (17); the latter were condensed with 6-chlorouracil to give the inhibitors 1-4.

These

four compounds were excellent inhibitors of thymidine phosphorylase being complexed 1900-5800-fold better
to the bacterial enzyme than the substiate, 5-fluoro-2’-deoxyuridine (FUDR); the best inhibition was ob-

served with 2.

The dimensions of the hydrophobic bonding region
of Escherichia coli B thymidine phosphorylase were
previously determined with 29 derivatives of 6-anilino-
uracil and 6-benzylaminouracil where substituents were
placed on the benzene ring; from these studies emerged
the map of the hydrophobic bonding region shown in
Figure 1. One of the predictions from this map was
that 6-(a-naphthylmethylamino)uracil (1) should be an
excellent inhibitor by hydrophobic complexing with
areas C and D. Whether position 14 or 17 was hydro-
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phobic was less certain, although it appeared that one of
these two positions was hydrophobic; that position 14
was hydrophobic, but position 17 was not, has now
been established by synthesis and evaluation of 2-4.
The results are the subject of this paper.®

Enzyme Results.—Insertion of the D ring (Figure 1)
on 6-benzylaminouracil (5) resulted in 1 which gave 30-
fold better binding (Table I); this increment in binding
is the same order when the D ring is inserted on 6-
anilinouracil (6) to give 7, thus verifying that the D
ring complexes to a flat hydrophobic area.?

Insertion of 7-chloro group (2) on 1 gave a further
threefold inerement in binding indicating that position
14 (Figure 1) is hydrophobic. The corresponding 6,7-
dichloro (3) and 6,7-dimethyl (4) derivatives were no
more effective than 2, indicating that position 17 was
not a hydrophobic area. 6-(7-Chloro-1-naphthyl-

(1) This work was supported in part by Grant CA-08695 from the National
Cancer Institute, U. 8. Public Health Service.

(2) For the previous paper of this series see B. R. Baker and N. M. J.
Vermeulen, J. Med. Chem., 13, 82 (1970).

(3) For the previous paper on this enzyme see B. R. Baker and W, Rzeszo-
tarski, ibid., 11, 639 (1968).

(4) NSF trainee on Grant No. GZ-796,

(5) For the possible chemotherapeutic utility of a tissue-specific blockade
of this enzyme see (a) B. R. Baker, J. Med. Chem., 10, 297 (1967), paper
LX XV of this series; and (b) B. R. Baker, ''Design of Active-Site-Directed

Irreversible Enzyme Inhibitors,” Johin Wiley & Sons, New York, N. Y.,
p 80.
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#M concn for
No. R 509, inhibn ([S1/11D0.s¢
1 1-Naphthyl-CHy- 0.21 1900
2 7-Cl-1-naphthyl-CH,- 0.079 5800
3 6,7-Cly-naphthyl-CH- 0.11 3700
4 6,7-Mey-naphthyl-CH,- 0.10 4000
b) C¢H;CH, 6.24 65
6 CeH: 404 10
7 2-Naphthyl 2.24 180
8 2,3-C1,Ce¢H; 0.354 1100

a The technical assistance of Mauwreen Baker and Julie Leseman
is acknowledged. °® Thymidine phosphorylase was a 45-909;
(NH,):80, fraction from E. coli B prepared and assayed with 400
uM  2'-deoxy-3-fluorouridine (FUDR) in arsenate-succluate
buffer (pH 5.9) containing 109, DMSO as previously described.®
¢ Ratio of 400 uM FUDR to concentration of inhibitor giving 509,
inhibition. 4 Data from ref 3.

methyl)aminouraeil (2) is the most powerful inhibitor
of E. coli B thymidine phosphorylase vet observed; 2
was complexed to the enzyme 5800-fold more effectively
than the substrate, FUDR.

A striking species difference in the hydrophobic bind-
ing area between the enzyme from E. coli B and Walker
256 rat tumor has been observed; both 1 and 8 were
1100-fold less effective on the tumor enzyme than the
bacterial enzyme. Contrariwise, 5-benzvluracil was an
excellent inhibitor of the Walker 256 and rat liver
enzymes with an ([S]/[I])e; ratio of 60, but was 300-
fold less effective on the E. coli B enzyme; such species
differences in binding to a hydrophobic bonding region
adjacent to the active site have been previously ob-
served with dihydrofolate reductase.’

Chemistry.—The 6-(1-naphthylmethyl)aminouracils
(1-4) were synthesized by condensation of 6-chloro-
uracil with the appropriate l-naphthylmethylamines
(17);3® the parent l-naphthylmethylamine was com-
mercially available, but its derivatives (17) were syn-
thesized by the sequence shown in Scheme I. The

(6) B. R. Baker and J. L. Kelley, manuscript in preparation.
(7) B. R. Baker, J. Med. Chem., 10, 912 (1967), paper XCVII of this

series.
(8) A. Paul and D. Sen, Indian J, Chem., 2, 212 (1964).
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PHYSICAL CONSTANTS 1]

R,
Methad
No. R R they
1 I Npu C Q204
2 7-Cl N1 C (241
3 6,7-Cl, NI C 481
4 6,7-Ne, NHT* C (72
1o 7-Cl CONHNII, A
15b 6,7-Cl, CONHNH, A
15¢ 6,7-Mes CONHNE, A
15d 7-Me CONHNLI, A
174 7-C1 NH.-HBr I3
17b 6,7-Cla NH.-HBr 1B
17¢ 6,7-Me. N1l HBr B

“ All gave analysis for C, H, aml N within 0.4¢7 of theory.
from HOAe~I1,0. ¢ Recrystallized from DT,
13. * Recrystallized from EtOFL.
f Conversion to 17d did uot give a crvstalline prodnet.
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R.
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a, R,=Cl; Ro=H
b, R,=R,=Cl
¢, R,=R.,=CH;
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aroylpropionic acids (10)*—'' were reduced with NoH,
aitd IKOH in ethylene glyeol™ to 11. Cyelization of 11

191 E. 3. Barnect awl F. G, Sanders, J. Chem, Soc., 434 (1833},

(10) 8. Skraup and E. Schwamberger, Ann,, 462, 135 (1928).

(11) E. A. Steck, R. P. Drundage, and L, Fletcher, J. Am. Chem, Snc., 78,
1117 (1953).

(12) Huang-Minlon, 7bid., 68, 2487 (1446).

"NHU =
£ Another sample wax recrystallized from HOAe-T1.0 for analysis.
* Recryvstallized from MeOH-H,0.
» Recrystallized from EtOH-E1,0.

CH.K,
Yield, < My, 7O Iorvmla
14° 526 dec Ca NGO,
157 322 dee CalEaCINGO, - 0.5 L0
{207 > 56t CulnCLN;O.- 02510 A
153 BT (I(!(' (,‘1;Il|7x:g()g
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1) 272 dew CuHCLN - 1TBy
13 261 dee CuHEN - HBr

G-nracilaii, “ Recrystallized
4 Yield:nf 12t

2700 ot 12 recovered.

* Recrystallized from HOAc.

7 Recrystallized from CylT-hexane.
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Tignre 1.—A proposed map of the hydrophobic bouding region
of E. coli B thymidine phosphorylase: ——, hyd 1oph(;h|( liter-
activn; -, 16 hydrophobic interaction; », nnkuown.  Trom
ref 3.

with 1%0; . HyPO"™® gave the a-tetralones (12).
Wittig condensation of 12 with triethyl phosphono-
acetate and NaH in dimethoxyethane' afforded the
a.S-unsaturated esters (13) as g mixture of ¢is and trans
isomers. Dehydrogenation of 13 with o-chloranil in
boiling PhCH; afforded the l-naphthylacetic cesters
(14) which were isolated as their hydrazides (15). The
hydrazides were subjected to Curtius rearrangement
with NOCIY in C¢Hg containing benzyl aleohol; the
resultant carbobenzoxy  derivatives (16) were nat
purified, but subjeeted directly to ecleavage by anhy-
drous HBr-HOAe" to the crystalline I-naphthyl-
methyvlamine hydrobromides (17).

Experimental Section

Melting points were 1aken in capillary tubes on a Mel-Tenp
block and are uncorrected. Iach analytical sample had ir aml
uv spectra compatible with its strnetnre and was essentially
homogeneons on tle ou Brinkman xilica gel GF. The following
solvent systems for tle were n=ed: A, 9:1 Csl-petrolenm ether

(131 AL L Birel, R, Jaeger, aud R. Robinson, J. Chem. Soc., 582 (19451,

(14) 1. Takamatsu, 8. Umemwvto, 1. Shimizu, and A. Kagembvio.
Yukugoku Zasshi, 88, 973 (1965); Chem. Abstr., 64, 5016u {1066).

(15) E. A. Braude, A. G. Brook, and R. P. Linstead, J. Chem. Soc., 3564
{1954).

(16) J. Honzl aud J. Radinger. Collect. Czech. Chem. Comonun., 36, 2541
(1961).

(17 D Ben-{shai, J. Org. Chem., 19, 52 {1954).
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(hp 60-110°); B, 5:3 CgHe~HOAc. All analytical samples gave
combustion values within 0.49 of theory.

v-(3,4-Dichlorophenyl)butyric Acid (11b).—Huang-Minlon re-
duction'? of 10b (prepared by ref 11 at 100°) gave 83% of crude
product, bp 140-144° (0.1 mm), mp 48-64°, that was suitable
for the next step. Three recrystallizations from EtOH-H.O gave
white crystals, mp 62-65°. Anal. (C,0H,CL1,0,) C, H.

6,7-Dichloro-1-tetralone (12b).—To 184 g of polyphosphoric
acid was added 18.4 g of P;0O; followed by 18.4 (78 mmoles) of
11b. The mixtnre was stirred at 100° for 30 min, then cooled to
50° and dilnted with 500 ml of ice water. The product was
collected on a filter, washed with water, and recrystallized from
EtOH-H,0; vyield 11.9 g (699) of white crystals, mp 104-105°,
tle in solvent A, Anal. (C,,HsClO) C, H, Cl.

Synthesized in the same way were 12d [bp 77° (0.1 mm), mp
35° (lit.® mp 35%)], 12a (mip 93-95°, lit.}¥ mp 94°), and 12¢
[bp 84-90° (0.05 nim), mp 44-46°]. Anal. (C..H,O) C, H.

6,7-Dichloronaphthyl-1-acethydrazide (15b) (Methed A).—To
a stirred sispeusion of 3.7 g (92 mmoles) of 609 suspension of
NaH in mineral oil in 200 ml of dimethoxyethane (previously
dried with molecular xieves) protected from moisture was added
18.8 g (34 mmoles) of triethyl phosphonoacetate. After being
stirred at ambient temperature for 43 min, Ho evolution was
complete. A solution of 12 g (56 mmoles) of 12b in 12 ml of
dimethoxyethane was added, then the mixture was refluxed for
24 hr. The cooled reaction mixture was diluted with 400 ml
of HyO and extracted twice with CHCl;. The combined extracts
were washed with H.0, dried with MgSO,, aud evaporated
in vacuo. Distillation gave 13.1 g (88;) of 13b, bp 127-130°
(0.07 mm), ax a colorless oil; tle in solvent A showed oue major,
one minor, and two trace spots. The ir and nmr spectra were in
agreenlent with this strueture.

A solution of 14,9 g (61 mmoles) of o-chloranil and 15.7 g (76
nimoles) of 18b in 700 mi of PhMe was refluxed for 4 hr; duriug
thix time the solution tiuwned red, then orange. The solntion was
evaporated in vacio and the residue dissolved in 700 ml of CHCl,.

(18) J. v. Braun, A. Rolimer, H. Jungman, F. Zobel, L. Rrauns, O.
Bayver, A. Stuckensclimidt, and J. Reutter, Ann., 451, 1 (1926).
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The solution was washed successively with three 400-ml portions
of 0.1 N KOH and two 150-ml portions of H.O, then evaporated
in vacuo leaving crude 14b with the proper uv, ir, and nmr
spectra.

A mixture of the crude 14b, 350 ml of 85¢; N.H,-H»0, and 110
ml of EtOH was refluxed for 4 hr, then evaporated to a small
volume ¢n vacuo. The solid was collected on a filter and washed
extensively with H:Q. The crude product was stirred with 1.5 1.
of 0.3 & HCI and 1 1. of MeOH nntil sohition was essentially
coniplete. The filtered sohition was carefully made slightly
basic with 39, NaHCOQ;. The solid was collected on a filter,
washed with H,O, theu recrystallized from MeOH-H.O with the
aid of charcoal; yield 3.56 g (249 ), mp 198° on a Kofler—
Heizbank since a melting point taken in the usual fashion showed
no definite melting point due to decomposition. See Table II
for additional data and other coniponnds prepared in this way.

6,7-Dichloro-1-naphthylmethylamine Hydrobremide (17b)
(Method B).—A solution of 1.49 g (2.2 mmoles) of C:H;CH,OH
in 270 ml of CsHe was dried with molecular sieves, then 2.93 g
(11 mmoles) of 15b was added. The stirred suspension was
saturated with NOC]. After beiug stirred 30 miu at ambient
temperature (N; evolved), the solution was refluxed 4.5 hr, then
evaporated ¢n vacuo. To the residual crude 16b dissolved in 20
ml of HOA¢ was added a solution of 4.5 g of HBr gas in 40 ml of
HOAc¢; CO, evolution was complete in 15 min aud the product
began to separate. The nixture was diluted with several volumes
of Et;0, then the prodict was collected on a filter and washed
with Et;O; yield, 2.1% g (65%) of crystals, mp 283-284 dec,
suitable for the next step. For analysix a sample was recrystal-
lized from EtOH-Et.0; see Table II for additional data and
other componnds prepared by this method.

6-(6,7-Dicluoro-1-naphthylmethylamino)uracil (3) (Method C).
—A mixture of 2.10 g (6.8 mumoles) of 17b, 0.564 g (6.8 mmoles)
of NaAc¢, 0.75 g (5.2 mmoles) o 6-chloronracil,® and 78 ml of
H:0 was refluxed with stirring for 48 hr. The hot solution was
filtered and the product washed with H.O; yield 0.82 g (45%).
Recrystallization from DMF gave 0.22 g (1297) of product,
mp >360°; tlc in solvent B showed one spot. See Table I1 for
additional data aud other componnds prepared by this method.

6-Fluorotetracyclines'

PanavoTra Bitua, JoserH J, HLavkA, AND James H, BooTHE

Lederle Laboratories, A Division of American Cyanamid Company,
Pearl River, New York 10965
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The reaction of 1la-halotetracyclines with liquid HF results in the replacement of 6-OH with F,

When

11a-chloro-6-demethyltetracyecline is treated with HF, the two possible 6-F stereoisomers were isolated. A

tentative assignment of stereochemistry is given.

When either 7,11a-dichloro-6-demethyltetracycline or 7,11a-
dichlorotetracycline is treated with HF, only the more stable 6a-F isomers were isolated.

In the latter caxe

some previously reported 6-methylene derivative was also isolated,

The lability of the 6-OH in the tetracycline molecule
to both acid® and base degradation® has thwarted past
efforts at successful replacement of this group with other
than H.* Recently we have found that reaction of

(1) A preliminary report of this work was given at the First Northeast
Regional Meeting of thie American Clemical Society, Boston, Mass., Oct
1968.

(2) C.R. Stepliens, L. H. Conover, R. Pasternack, F. A. Hochstein, W. T.
Moreland, P. P. Regna, F. J. Pilgrim, K. J. Brunings, and R. B. Woodward,
J. Am. Chem. Sec., 76, 3568 (1954); C. Waller, B. L, Hutchings, C. F.
Wolf, A. A. Goldman, R. Broschard, and J. H. Willams, ibid., 74, 49081
(1952). Acid treatment of tetracycline results in a ready trans elimination
of the 6-hydroxy group to vield anhydrotetracycline.

+

H
HO._y CH, GH
OH ¢ OH OH

1la-chloro-6-demethyltetracyeline (1) in liquid HF
yielded a mixture of two 6-fluoro stereoisomers, 2ab
(Chart I). Dehydrochlorination of either of these
stereoisomers afforded the same 5a(6)-anhydro-6-
fluoro-6-demethyltetracycline (3). An nmr of this

(3) Base treatment of tetracycline yields isotetracycline.
: CH.
cH. OH :

on 2, OOH

I
OH ¢ o

OH 0 0)

(4) (a) J. R. D. McCormick, E. R. Jensen, P. A. Miller, and A, P.
Doerschuk, J. Am. Chem. Soc., 83, 3381 (1960); (b) C. R. Stephens et. al.,
ibid., 80, 5324 (1958).



