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charcoal) and evapmated The residue was taken up in a mini-
mum amount of 959 ethanol and cooled. The erystalline product
was collected and Iecr}btalhzed repeatedly until only a single
radioactive spot could be seen after radioscanning a tle strip.

Tasre IIT

Spec
Amt Reaction act.,

used, time, % Y ucuries/
Isomer mg hr recovery exchange mg
I1a 450 12 51 50.9 9.95
IIb 450 15 42 52.4 9.13
ITc 500 9.5 63 26.7 4.98

Acknowledgment.—The authors are grateful to Dr.
William H. Beierwaltes for his interest and encourage-
ment during the course of this work. Support for this
investigation was provided by Grants CA-08349-01

from the National Cancer Institute, U. 8. Public Health

Service, Bethesda, Md., and PRA-18 from the American
Cancer Society, New York, N. Y. Grants from the
Horace H. Rackham School of Graduate studies and
the Cancer Research Institute of the University of
AMichigan contributed to the initiation of this study.

Tumor Inhibitors. XXV. The Synthesis and
Evaluation of 9-Nitro-1,2,3,4-tetrahydro-
phenanthrene-8-carboxylic Acid*

S. Morris KvpcHaN aND MicHAEL MokoToOFF?

Department of Pharmaceutical Chemistry,
University of Wisconsin, Madison, Wisconsin

Recetved April 7, 1967

In the course of a continuing search for tumor in-
hibitors of plant origin, aristolochic acid (I) was
characterized as a tumor (Adenocarcinoma 7355)-
inhibitory principle from Aristolochia indica 1.3 A
subsequent report described a synthetic approach to
aristolochic acid and related phenanthrene carboxylic
acids.* We report herewith the synthesis and evalua-
tion of an aristolochic acid analog without oxygen ether
functions and with a saturated ring, namely 9-nitro-
1,2,3,4-tetrahydrophenanthrene-S-carboxylic acid (XI).

Naphthostyril (8-amino-1-naphthoic acid lactam, IT)
proved to be a useful starting material for a Haworth
synthesis of XI (see Scheme I). In accord with expecta-
tion based upon analogy to similar acvlations of acetyl
derivatives of aniline’ and l-aminonaphthalene® suc-
cinoylation of naphthostyril afforded ITI, with the acyl
group para to the amido nitrogen. Attempts at
Clemmensen reduction of IIT or its methyl ester (IV)
were unsuccessful. However, Wolff—~IKishner reduction
under the conditions of Huang-Minlon” gave v-(5-
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naphthostyril)butyrie acid (V). Cyclization of V with
polyphosphoric acid® proceeded smoothly to yield 1-
keto-9-amino-1,2,3,4-tetrahydrophenanthrene-8-carbox-
vlie lactam (VIII). Huang-Minlon reduction of VIII
gave VII. Lactam VII was hydrolyzed with NaOH
in refluxing aqueous dioxane, and the liberated amino
acid was directly converted, ria a Sandmeyer re-
action,®!0 to 9-nitro-1,2,3,4-tetrahvdrophenanthrene-§8-
carboxylic acid (XI) in 379 yield. The Sandmeyer
reaction was markedly pH dependent, and a satisfac-
tory yield was obtained only at about pH 6.5. Under
more strongly acidic conditions the yield of desired
product decreased, and the principal isolable product
was  9-hydroxy-1,2,3,4-tetrahydrophenanthrene-8-car-
boxylie aecid lactone (VI). An alternative projected
route to XI was VIII — XIII — XI. However, the
poor vield in the Sandmeyer-type conversion of VIII
to 1-keto-9-nitro-1,2,3,4-tetrahydrophenanthrene-8-car-
boxylic acid (XIII) made this approach less practical.

The structure of XTI was proven by decarboxylation
to 9-nitro-1,2,3,4-tetrahydrophenanthrene (XII), and
this was characterized by conversion to the known
9-amino-1,2,3,4-tetrahydrophenanthrene (IX)!' and 9-
acetylamino-1,2,3,4-tetrahydrophenanthrene (X).!

Compounds VII and XTI were evaluated for tumor-
inhibitory activity against Adenocarcinoma 755 in mice
and against human carcinoma of the nasopharynx
carried in cell culture (KXB).?? No significant inhibitory
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(12) Cytotoxicity and in vive inhibitory activity were assayed under the
auspices of the Cancer Chemotherapy National Service Center, National

Cancer Institute, National Institutes of Health, The procedures were those
described in Cancer Chemotherapy Rept., 28, 1 (1962).
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activity
tested.

was= obrerved for either of the compounds

Experimental Section!s

v-(5-Naphthostyril)-+-ketobutyric Acid (Ill). -A \U\‘pell,\‘i(m
of 4.0 g (24 mmoles) of naphthostyril und 4.8 g (48 mmolex) of
finely powdered succinic anhydride in sym-tetrachloroethane wus
cooled i dee and stirred vigorouslv.  Anhvdrous powdered
AICL (26.0 g, 196 mmolex) was added over < 2-hr period.  The
ice bath was removed and the xtiring was continued for approxi-
nmately 72 hre When the initial yvellow suspension became green
tabout 1 hr after the addition of the AICL ) the reaction mixtuye
thickened. The mixtwre wasx treated (while cooling in ice) with
100 mlof 100, HCLand steam dixtilled until no more tetrachloro-
ethane came over: the hot vellow mixture was immediately
filtered.  Thix vielded a brown precipitaie (A) and yvellow
filtrate (B, Precipitate A was suspended 10 aqueous Na(lO),
~tirred for 1 hr, and filtered, and the brown filtrate was cautiously
actdified with HCL to vield 3.1 g of crude product (111), mp >275°
dec. Filtrate B, upon cooling, deposited a precipitate which wax
shown to be mainly erude uaphthosiyril. Treating the recovered
ernde naphthoztyril with NaeCO; =olution and acidifying the
filtrute vielded 0.2 g of TII.  Recovered naphthostyril weighed
1.3 g Both crops of 11T were combined and recrystatlized from
hoiling acetic acid with Norit 1o vield 2.8 g 429, of light min
colored fine needles, mp ~27%° dee. Repeated ervstallizations
vielded fine vellow needles: mp ~278° dec: Ay 280598 4
(00 A 237 o (e 16,000, 252.5 (14,900), 326 (5220), The vield
of I, based on unrecovered naphthost )11!. was 83, .

Anal. Caled for CHpNOe €0 66910 HL 4020 N, S.20:
neat equiv, 2649, Found: 0 66.72: H, £330 N, 517 newt
equiv, 266.

The methyvl ester IV was prepared by CHuNy methylation of
the acid TII. Recrystallizations from toluene gave vellow needles:
mp IRLS 1830 Ay 5,76, D800 5,98 4.

Anal. Caled for CilsNO;: O, 678540 H, 4630 N, 4,95,
Found: ¢, 67.57: H, 4.91; N, 4.75.

- 5-Naphthostyril)butyric Acid (V). A mixtwre of kelune 110
(350 g, 13 mmoles), KOH (3.70 g, 66 mmole~), and 857 hydra-
Zine h_\ drate (3.8 ml in diethylene glveol (35 ml) was Uealed by
the procedure of Huang-Minlon” The cooled dark brown solu-
tion was powred into 130 ml of water to form a clear =olution,
which vielded a precipitate when poured into 70 ml of cold 6 .V
HCL The vield of crude green precipitate v wax 2.8 g The
crude precipitate Vowas dissolved in aqueous NayCOy =olution
and filtered free of nonacidic =substances and the filtrate wax
acidified to vield 2.0 g of green prec ipitate, mp 200-220°, A
portion of 1}10 product (023 g) was further purified by adsorbing
onto 1O g of silicie acid, which wax added ax a dry powder to
6.0 g of silicie acid pucked in benzene. The desired prudu(t v
wax eluted with 1077 MeOH in CHCL (019 g), mp 220-225°
tepeated crvstallizations from 1el]dh)dmf111 an (THE) gdvv an
.nml\'li('dl \’(unple of Noomp 225-227°0 Ay 340 mu Le 41000,

324 (2750, 236.5 (22,200, 213 (34,1007,

Anal. (,‘11((1 for ,,H NO;: (‘, THOs H,
Found: O, 70.67; H, N, 061

Lactam of 1-Keto- 9 amino 1,2,3,4- tetrahydrophenanthrene-S-
carboxylic Acid (VIII). - Polyphosphoric acid (25 g) was weighed
directly into w tared 150-ml beaker and heated (o whoul S0°.
While =tirring, the acid V (2.5 g, 10 mmoles) was added, and
gradually the =uspension becume u dark brown-red =olution.
The reaction proceeded for 30 min and then was <tapped by pour-
ing the =olution into cold water, to vield a vellow-green precipi-
fate.  Thix precipitate wax suspended in Na,C'O; solution to
remove unrencted acid, The nonacidic produet was sublimed st
210° (0.3 mm) to vield vellow eryvetalline product VIIL, 1.8 g
(747, ). The melting point wax indefinite: the compound =ub-
limed and decomposed above 270°0 One resublimation gave an

5080 N S,

1135 Melting points were determined on a Fisher-dohns melting point
~stage which had been ecalibrated with standacd samples;  melting poines
ubove 250% are uncorrected,  Cliravivlen ubsorption specira were deter
mined In 454 ethanol on a Beckman (Model DR2A) recording spectropho
tumeter and a Cary (Model 11-M3) recording spectrophotometer. Infrared
ubsorption spectra were recorded in KBr as microdisks (magnified with a
Beckman beum condenser) on a Beckman ¢ Model 5.A) double-beam infrared
recording spectrophiotometer.
\lieino, Metuchen, N. J. Skelly=olve I3 refers to petrolenm ether fraction
hotling wt 6068, The naphthostyril was obiained from K and K Labhora-
tories und recrystatlized from benzene with Norir treatment.,

Microunalyses were performed by Mreo Jo 1L
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analytical sample: A 290 (5) dactam carbonyl), 6.01 u 1=:
tketone): Apax 237 mu e 27,0000, 271 (32,500), 273 (33,000,
348 (3200).

NAnal. (‘dl(d for CHNO.:
Found: ', 75.99; H, 4.81; N .

The 24 dmltrophenylhydrazone was recrvstallized frome di-
nmethy lfunndm]de to give rust-colored needlex mp >290° dec.

Anal. Caled for CyuyHpN;O: G, 60430 H, 3.62; N, 16.7%
Found- €, 6th44; 1L 371 N, 16.55.

Lactam of 9-Amino-1,2,3,4-tetrahydrophenanthrene-8-
carboxylic Acid (VII), -To asoluiion of KOH (1.00 g, 18 mmoles)
12 ml of diethylene glyeol, were added ketone VIIL (0.90 g,
AN mmolex i and Lo ml of 859, hyvdrazine hvdrate. The proce-
dure and work-up were identical with those for the reduction of
ketone TT1. After acidification, a greenish precipitate (0.76 g
was obtained, mp 210 240°, This was dissolved in "THEF und
adsorbed onto 10 g of Merck alumina by gradual evaporation
of the =olvent. This dry mixture wus added to 21 g of the <ame
adsorbent in benzene. Compound VI was eluted with CHCL:
vield .64 g (7670, mp 225-230°  Repeated crvstallizations
from weetone waier, followed by sublimation at 150° (0.3 mm
vielded an analytical sample of VIL mp 288-239%0 A, 5.93 u
tlactam caobonvly Ny 261 mu te 27,0000, 325 033000, 341
142300 ;.

Anal. Caled Tor CpllaNO:D O
Found: ¢, 8035 H, 6.04: N, 6.29.
9-Nitro-1,2,3,4-tetrahydrophenanthrene-8-carboxylic Acid
iXI). To a =olution of NaOH (157 g, 14 mequiv) i hot water
(10 mly was added a <olution of the lactam V(15 g, 0.7 mmole:
i dioxane 6 b, and the misture wax refluxed for 17 he. The
resulting orange sotution was cooled in ice and NaNO, (0.40 g,
5.8 mmole~y wax added.  The solution was added dropwixe 1o
anjee-cooled solution of 5.0 ml (60 mequiv) of HCLand 10 ml of
witter (positive g-naphthol test). The 1'(*\111111|g<11'(inge suspension
wits added with umlm;. to u \u~pvn~um of NaNO. (4.5 g, 65
mmole<), NadICO; 3.5 g, CusO-H,0 (0.8 gy, and CuO) (0.5 g
in S0 ml ol water. lhv resulting foam was l)mken with a few
milliliters of ether. The solution was stirred for 2 hr and allowed
to stand overnight. The suspension was filtered and the filtrate
ipll ~6.531 was acidified (HC to yvield a light buff colored
precipitate of N1, 0,068 g (3777 ), mp 245-260°. Repeated crys-
tallizations from acetone-water, with Norit, gave an analytical
sample of N1 a~ light vellow crystals: mp _’(»_ 265° dect N
394, 609, 743 1 Aas 232 mig (e 43,0005
Anal. Caled tor CpHNO;: ) 6641
Found: €, 66.91: T, £.6%: N, 5.3
Lactone of 9-Hydroxy-1,2,3,4-tetrahydrophenanthrene-8-
carboxylic Acid (VI --A mixture of lacram VIT {0.50 g, 2.2
mmoles), NaO (2.0 g, 30 mequiv), dioxane (21 ml), and water
3% ml) was reflused for 24 hre, Sodium nitrite (1,25 g0 18 munoles)
wits added and the =olution wus added dropwise to a solution of
concentrated HCL (IS ml, 216 mequiv) and water (32 ml).
The resulting orange =uspension of the dinzonium =alt was added
to NaNO, (150 g), CusO,-H.0 2.5 g1, NaHCOy 5.0 g, and
CrpO 2.0 ) incwater. The mixture <howed evolution of brown
NO, and a decidediy acid reaction 1o pH paper. The suspension
wis filered aud the precipitate was extracted with acetone, to
vield lactone V1. Recryvstallization from acetone--water afforded
vellow needlex (0,18 g, 3670, mp 164.5-166°.  Recrystallization
twice more from acetone gave vellow prisms, mp 168-168.5°,
Aoy 64 u (5 =lactone .
Anal. Caled for CLH00:
SO370 H, 044
1-Keto-9-nitro-1,2,3,4-tetrahydrophenanthrene-8-carboxylic
Acid (XIII). The procedure described for the syvnthesix of X1
was followed, using 0.40 g (1.7 mmoles) of keto lactam VIIL
Upon ueidificution of the filtrate, a pinkish tan precipitate (0.16
@) was obtained,  This precipitate wis colleeted and dissolved i
0 xmall amount of methanol and adsorbed onto 0.4 g of Davison
silicn gel by evaporation of the solvent. The dry orange powder
wux added to 7.1 g of the sume ad=orbent packed in henzene,
The iractions eluted with 109, ether in benzene were combined
(010 g, 2100, mp 230-235°.  The combined material was re-
chromatographed in the same way on 4.8 g of silica gel, and ugain
the fractions eluted with 10, ether in benzene were combined
10.077 g). Kepeated cryvstallizations from methanol-wafer gave
an analvtical sample of N1 mp 239-241°0 A 68.98, 744 p
(o roup s Auee 257 mu e 40,100), 310 (5330).
Anal, Caled for CoHGNO, O 63,160 H, 3800 N, .91
Found: €, 6308, 63,00 110039, 3,97, N, 504,

C, 708 1L 467 N, S0,

N4 T ST N, 627

H, 4830 N, 506,

O, =033 H, A839. Found:
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9-Nitro-1,2,3,4-tetrahydrophenanthrene (X1I).—A mixture of
XI (0.05 g, 0.18 mmole), copper (0.075 g, electrolytic metal,
Fisher), and quinoline (8 ml) was heated for 15 min at reflux
temperature. The dark brown solution was cooled, dissolved in
CHCl;, and filtered free of copper. The CHCl; solution was
extracted four times with 109, HCI, twice with saturated
NaHCQ;, twice with water, and dried (Na;S0,). The CHCI;
was evaporated under reduced pressure to leave a brown oily
residue (0.046 g) which was dissolved in a minimum amount of
Skellysolve B and chromatographed oun 1.5 g of Merck alumina
in Skelly=olve B. The second 10-ml fraction eluted with Skelly-
solve B vielded 0.024 g (619%) of yellow crystalline material
(XTI), mp 75.5-76.3°, Apma * 6.63 and 7.46 u, which was used as
such for reduction.

9-Acetylamino-1,2,3,4-tetrahydrophenanthrene (X).—A mix-
ture of 0.027 g (0.12 mmole) of XII, 0.080 g (1.2 g-atoms) of
zine dust, and acetic acid (3.5 ml) was refluxed for 1.5 hr. The
suspension was filtered hot, and the resulting yellow filtrate was
diluted with water and the solution was evaporated to dryness
under reduced pressure. The residue (0.023 g) was taken up in
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CHCI; and dried (NapSQs). Evaporation of the CHCl; under
reduced pressure left a semisolid brown residue which was dis-
solved in a minimum amount of benzene and chromatographed
on 1.0 g of Merck alumina in benzene. Fractions (10 ml) were
collected, and fractions 3, 4, and 5, eluted with 39 ether in
benzene, yielded light yellow material. These fractions were
combined, dissolved in benzene, and rechromatographed on 1.0
g of Davison silica gel in benzene. The fractions eluted with 109
ether in benzene yielded crystalline residues; these were combined
and recrystallized from ethanol-water with Norit to afford
colotless fine needles (2 mg): mp 192.5-193°%; Amax 3.04 (3),3.26 (w)
(NH of amide), 6.05 u (s) (“amide-I band’’). The latter physical
data supported characterization of the material as X (lit.!! mp
191-192° from ethanol).

9-Amino-1,2,3,4-tetrahydrophenanthrene (IX).—The nitro
compound XII was reduced catalytically with Pt and hydrogen.
Recrystallization of the product from Skellysolve B gave light
tan crystals: mp 76-77°; Amax 2.89 (8), 2.96 (w) (free NH,
stretching), 6.18 x (w) (NH bending). The literature!! reports
mp 76.5-77° for IX from ethanol-methanol.

New Compounds

A Direct Synthesis of
1-3-p-Arabinofuranosyl-5-fluorocytosine!

F. KeLLER, J. E Buxgsgr, aNnp A, R. TYRRILL

Medicinal Chemisiry Section, Research Division, Riker Laboratories,
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The interesting cancer chemotherapeutic agent, 1-8-p-ara-
binofuranosyl-5-fluoroeytosine (1), has recently been synthesized?
by an application of the Fischer-Helferich procedure? in a seven-
step sequence. The Hilbert-Johnson® method when applied to
the synthesis of this compound has resulted in a more direct
synthesis of 1 and 1-8-p-arabinofuranosyl-3-fluorouracil (2).235¢

An unusual feature of the nmr spectra of the nucleosides in the
5-fluoropyrimidine series was the appearance of a pair of doublets
for the anomeric hydrogen rather than the expected doublet
which is attributed to an apparent long-range coupling effect of
the 5-fluoro group on the C,’ proton’ (see Table I). The effect
is also evident in the very recently published nmr spectra of a-
and g-5-fluoro-2-deoxyvuridine,® wherein the pattern for the
anomeric proton appears as a split triplet (multiplet of six) and a
split pair of doublets (multiplet of eight) in the 8 and « anomers,
respectively, rather than the normal patterns consisting of a
triplet (pseudo-triplet) or a pair of doublets (multiplet of four)
expected in the nonfluorinated compounds.
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therapy National Service Center, National Cancer Institute, National
Institutes of Health, Public Health Service, Contracts No. SA-43-ph-3764
and PH43-66-904. The opinions expressed in this paper are those of the
authors and not necessarily those of the Cancer Chemotherapy National
Service Center.
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TasLe I
60-Mc NMR Specrra oF C/H 1N

1-3-D-ARABINOFURANOSYLPYRIMIDINES
d

Base T Description J, cps
3-Fluorouracil (2) 4.02¢ Pair of doub 4,2
27.3%,5-Tri-O-acetate of 2 3.726  Pair of doub 4.5, %
5-Fluoroeytosine (1) 3.98+  Pair of doub 4,2

5-Fluoro-4-methoxy-1H-pyrimi-
din-2-one (3)
4-Methoxy-3-methyl-1H-pyrimi-

[V

.99+ Pair of doub 4,2

din-2-one 3.94¢  Doub 4
Cytosine 3.88¢  Doub 4.5
Uracil 27,3’,5’-tri-O-acetate 3.64* Doub 4
Thiouracil 27,3%,5-tri-O-acetate 3.66>  Doub 4

e Ty DMSO-de. ?In CDCl;. ¢ In DyO. < Relative to TMS
internal standard for organic solvents and sodium 2,2-dimethyl-
2-silapentane-3-sulfonate (DSS) for D:0.

Experimental Section

1-(8-p-Arabinofuranosyl)-5-fluoro-4-methoxy-1H-pyrimidin-

2-one (3).—2',3’,5’-Tri-O-benzyl-1-( p-nitrobenzoyl) - o - arabino-
furanose!! (28.5 g, 0.05 mole) was added to dry methylene chlo-
ride (350 ml) which had been saturated with HCl at 0°. The
solution was allowed to stand at 0° for 2 hr while bubbling in a
slow stream of anhydrous HCL. The p-nitrobenzoic acid which
had separated in nearly quantitative yield was removed by rapid
filtration through a sintered-glass funnel. The filtrate was
concentrated to dryness in vacuo (bath 40°) and evacuated (0.1
mm) for 16 hr (25°). The residual chloro sugar was dissolved
in dry CH,Cl; (320 ml) and 2,4-dimethoxy-5-fluoropyrimidine!?
(7.9 g, 0.05 mole) in CH,Cl, (80 ml) was added along with molec-
ular sieves!® (20 g). The mixture was stirred for 3 days at am-
bient temperature protected by a drying tube. The mixture
was filtered (Celite) and the filtrate and a CH,Cl, wash were
combined and concentrated in vacuo to a pale yellow syrup
(29.2 g). The syrup was dissolved in dry CH;OH (400 ml)
and hydrogenated in two batches each using freshly prereduced
PdCl: (3 g) and an initial hydrogen pressure of 3 atm. Reduction
was complete in 15 min and the systems were bled free of hydro-
gen and flushed with N, and the mixtures were filtered from the
catalyst. The catalyst was washed with CH;0H and the fil-
trates and washes were neutralized by stirring with Dowex

(11) R. Barker and H. G. Fletcher, Jr., J. Org. Chem., 26, 4605 (1961).

(12) M. Prystas and F. Sorm, Collection Czech. Chem. Commun., 30,
1900 (1965).

(13) Linde Molecular Rieves Type -1\, !/i-in. pellets, Linde Division,
Tnion Carhide Corp.



