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charcoal) and evaporat,ed. The residue was take11 up iii R mini- 
ilium amount of 95% ethanol and cooled. The crystalliiie product 
was collected and recrystallized repeatedly tmtil o11ly a sir& 
radioactive spot could be seen after radioscanning a tlc strip. 

T h B L E  111 
Spec 

h i n t  Reaction act . ,  
iised. time, C I  I C  c -  ,’C’ pcuries/ 

Isomer Ini: h r  recovery exchange mg 

I Ia  4.50 12 !5 1 30.9 9 . 93 
I Ib  4.50 1 *i 42 ,52. 4 0 . 18 
I Ic  . N O  9 .  .i 0.; X i  4. !)h 
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In  the course of a continuing search for tumor iii- 
hibitors of plant origin, aristolochic acid (I) was 
characterized as a tumor (;lderiocxrc~irionia I m)- 
inhibitory principle from Aristolochiu indica. A 
subsequent report’ desrribed H synthetic q q x w c h  to 
aristolochic acid arid related phenanthrene carboxylic 
: ~ c i d s . ~  We report herewith t>he synthesis and evalun- 
tion of an :iristolochic acid arialog without oxygeii ether 
fuiictioiis :md with a saturated ring, namely 9-nitro- 
1 ,“3,-l-tetrahydro1heriaiit hrene-S-c.arbor;ylic acid (XI). 

Saphthostyril (S-aniiiio-l-ri3plithoic acid lac4:im, 11) 
proved to  be a useful starting material for a Haworth 
synt,hesis of XI (see Scheme I) .  111 ac~*ord with expecta- 
tion based upon arialogy to similar arylatioiis of acetyl 
derivatives of aiiiliriej arid l-aniiiioiiaphthalerle,fi suv- 
ciuoylatioii of naphthostyril afforded 111: with the aryl 
group para to the amido nitrogen. Attempts at  
Clemmetisen reduction of I11 or its methyl ester (IT) 
were uiisuccessful. However, JTolff-I<ishiier redurtiori 
under the conditions of Huaiig-l\Iiiiloii7 gave y ( 5 -  

- - -  

(11 la) Par t  S S I V :  S. AI .  Kllpchan, T.-11. Tang ,  G. S. Vasilikiotis 
11. IT. Barnes, and AI. L. King, .J. Am. Chem. Soc., 89, 3Oi6 (196;). ( 1 ) )  
This investigation was sitpported by research grants  from the h-ational 
Cancer Inst i tute  (CA-04500) and the .\inerican Cancer Society (T-2i5).  

(2)  American Foundation fo r  Pharmaceutical Education Fellou, 1963- 
1965. 

(3) 6 .  AI. Kugcliaii niid K. \ \ .  I)oakotcli, J .  21e.d. I’hu,,nr. Chent., 6 ,  BAT 
(1962). 

(-1) S. 11. K I I I J C ~ ~ I ~ I I  ani1 H. C’. \\‘uriilst.r, J. Ory. L‘hrm., 30, 2792 (1965). 
( 5 )  J. 1’. Enulisii. K.  I?. Clai)i), Q. P. Cole, and J. Iirapctio, J .  A m .  Chrm. 
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Soc., 67, 2263 (19161. 
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IX. R =  H XI, R =  COOH XI11 
XII. R = H X, R = A c  

naphthost?ril)butyri(, acid (I?). Cyclization of T with 
polyphosphoric acid* proceeded smoothly to yield 1- 
keto-9-amino-1 ,“,3,-l-tetrah3.drophetia1it hrene-S-carbox- 
ylic lactam (YIII), Huang-l\lillloli reduction of T’III 
gave VII. Lactani IT1 wis hydrolyzed with S a O H  
in refluxiiig aqueous dioxane, and the libemted aniiiio 
acid was directly coiiverted, cia a Sandmeyer re- 
actioii,gliO to 9-nitro-1 ,‘,3,~-tetrahydropheiiaIit h r e i i e - 8 -  

carboxylic2 wid (XI) in 3774 yield. The Saridmeyer 
reaction T V ~ Y  markedly pH dependent, and a satisfa(,- 
tory yield was obtained only at about pH 6.5. Uiider 
more st’rongly acidic coiidit,ions the yield of desired 
product decreased, and tmhe priiicipal isolable product 
TYRS 9-h?droxy-1,2,3,l-tetrahydropheii~iiithreiie-S-(~:~r- 
boxylic acid lactone (T-I). An alternative projevted 
route to XI was 7711 + XI11 -+ XI. However, the 
poor yield in the Sandmeyer-type coilversion of TXI 
to l-lieto-9-1iitro-l,2,3,4-tetrahydropheiia1ithre1ie-S-c~r- 
boxylica acid (XIII) made this approach less practical. 

The structure of XI was proven by decarboxylatioii 
to 9-riitro-l,2,3,-l-tetrah?-dropherlarithrerie (XII), arid 
this was characterized by conversion to the liiion-ii 
9-ami1io-l,2,3,-l-tetrahydrophe1ia1ithreiie (1X)Il aiid 9- 
acetylamiiio-l,”.3,~-tetr:ihydrophenarithreiie (X) . l l  

Compounds T-I1 and XI were evduated for tumor- 
inhibitory nctivitl- agaiiist ~ ~ d e i i o c a r c ~ i i i o m a  T.55 iii  mice 
aiid agaiiist human carcinoma of the iiasopharynx 
caarried in cell culture (KB) , I 2  Ko significmit inhibitor!. 

( 8 )  F. Uhlig and H. R. Snyder, Aduan. Ory.  Chent.. 1, 35 (1960). 
(9) H. Goldstein and P. Francey, Helo. Chim. Acta ,  16, 1362 (1932). 
(10) E. R.  Ward, C. D. .Johnson, and J. G .  Hawkins, .I. C h e m .  Soc., 881 

(1960). 
(11) \V, E. 13acliillniin and .\I. \Y. ( ‘ rony~ i ,  J .  Oiy. Chem.,  8 ,  -158 ( l U 1 : 3 ) .  
(12)  Cytotoxicity and i n  uiuo inhibitory activity were assayed under die 

ausyices of the Cancer Chemotherapy National Service Center, Sat ional  
Cancer Institute, Sat ional  Institutes of Health. TIw pruce(1rires uere  those 
described in Cancer Chemotherapy K e p t . ,  26, 1 (1962). 





979 

9-Nitro-1,2,3,4-tetrahydrophenanthrene (XlI).-A iiiixture of 
XI (0.05 g, 0.18 mmole), copper (0.075 g, electrolytic metal, 
Fisher), and quinoline (8 ml) was heated for 15 mill a t  reflux 
temperature. The dark brown solution was cooled, dissolved in 
CHCI,, and filtered free of copper. The CHCL solution was 
extracted four times with 10% HCI, twice with saturated 
SaHCOr, tu-ice with m-ater, and dried (Sa2S04).  The CHCl:, 
was evaporated iitidei, reduced pressure t,o leave a hrowi oil>- 
residue (0.046 g j  xhich was dissolved in a miniminn aniouiit of 
Skellj-solve B and chromatographed on l..j g of l lerck alumina 
in Skellysolve B. The second 10-ml fraction eluted with Skelly- 
wlve B yielded 0.U24 g (61%) of yellow crystalline material 
(SII), nip 72,3-76.3', hL':F'3 6.63 and 7.46 p, which was used as 
such for reductioii. 

9-Acetylamino-1,2,3,4-tetrahydrophenanthrene (X).--A niix- 
lure of 0.027 g (0.12 mniole) of X I !  0.080 g (1 .2 g-atoms) of 
ziiic dust, aiid acetic acid (3.5 nil) was refluxed for 1.5 hr. The 
*uspeiisioii was filtered hot, and the resulting yellow filtrate w-ah 

diluted with w;.:tter aiid the zcilutioii T V ~ S  evaporated to  dryiie1s 
iitidei reduveri pi'e.i-ui.e. T!ie yeqidue (0.023 g )  was taken up i i i  

CHCL arid dried (Sa2S04).  Evaporation of the CHC13 uiider 
reduced pressure left a semisolid brown residue which was dis- 
solved in a minimum amount of benzene and chromatographed 
on 1.0 g of RIerck alumina in benzene. Fractions (10 ml) were 
collected, and fractions 3, 4, and 5 ,  eluted with 5yo 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 107; 
ether in benzene yielded crystalline residues; these were combined 
uiid recrystallized from ethaiiol-water with Norit to afford 
cdorless fine iieedlea (2 mg) mp 192.2-193'; X,,,S.04 (s), 3.26 (w) 
( S H  of amide), 6 .0 j  p (s) ( amide-I band"). The latter physical 
data supported characterization of the material as S (1it.ll mp 
191-192" from ethanol). 

9-Amino-l,2,3,4-tetrahydrophenanthrene (IX).-The iiitro 
compound SI1 wa? reduced catalytically v i th  Pt aiid hydrogen. 

llixntioii of the product from Skellysolve B gave light 
als: nip 76-Ti": Amax 2.89 ( s ) ,  2.96 (w) (free S H ?  

The literatiu.ell reports stretching), 6.18 p ( w )  (XH bending). 
inp 76.5-77' for IS from ethanol-methanol. 
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The interesting cLtiicer chemotherapeutic agent, 1-8-o-am- 
hinofuranosyl-5-fluoroc!.tosirie ( l ) ,  has recently been synthesized2 
by an application of the Fischer-Helferich procedi~re~ in a seven- 
step seqrience. The Hilbert-Johnsou' method when applied to 
the synthesis of this compound has resiilted in a more direct 
synthesis of 1 and l-p-~-arabiiiofur:~iiosyl-5-fltii~ro~iracil ( 2).2 

An uiiiisual feature of the nmr spectra o f  the nucleosides in the 
.j-fluot,opyrimidiiie aeries was the appearance of a pair of doublets 
for the ariomeric hydrogen rather than the expected doublet 
which is attributed to an apparent long-raiige coupling effect of 
the 5-fluoro groiip on the C,' proton7 (see Tahle I). The effect 
is also evident i n  the very recently published iimr spectra of a- 
and ~-~-fltioro-2-dei~s~iiridine,~ wherein the pattern for the 
anorneric protoii appears as a split triplet (multiplet of six) and a 
hplit pair of doitblets (multiplet of eight) iii the P and a anomers, 
respectively, rather than the normal patterns consisting of a 
triplet (pseudo-triplet) or  a pair of doiihlet. (midtiplet of four) 
expected in the rionfluorinated c o m p o ~ i r i d s . ~ ~ ~ ~  

(1) This work \\ah carried oiit under the auspices of the Cancer Chemo- 
therapy Xationai Service Center, National Cancer Insti tute,  National 
Insti tutes of Health. Public Health Seryice. Contrac:s No. S.4-43-ph-3T64 
and PH43-66-RO4. The  opinions cxpre.sed in this paper are tlioae of the 
authors and not neressaiily those of the  Canrer Clieniotherapy h-ational 
Service Center. 

(2)  J. J. F o x ,  K. lI i l ler ,  and I. \Veinpen. J .  M e ( / .  C/!cin., 9 ,  101 (lY66). 
(3) S .  C. 1-ung, J. H .  13urclienal. R. Feclier, H. i)n-chinsky, and  J. J. 

1,'ox. .I. A m .  C h e m .  Soc.. 83, 4060 (1961). 
(4) T. T. Shen, H. 31. Lewis. and  It-. V. Kuyle, J .  O r g .  Chem., 30, 835 

(1965); F. Keller, and h. R. Tyrrill,  ibid. .  31, 128Y (1966). 
( 5 )  E. J. Reist, J. H. Osiecki, L. Goodman, and 13. H. 13aker, J .  Am. C h e m .  

Soc., 83, 2208 (1961). 
(6) F. Reller, N.  Sugisaka. A. Tyrrill. L. 11. I3ron-n, J .  E, Eunker,  and  I. 

J .  Rotvinick, J .  C r g .  Chem.,  31, 3842 (1Y66). 
(7)  \Ye wish to thank Dr. E. .J. Reist, Stanford Research Insti tute,  Menlo 

Park, Calif., for confirming the presence of this spectral feature in ano- 
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TABLE I 
6O-l \ IC I?JhlR SPECTK.1 OF Cr'H 1 N  

~ - ~ - D - ~ ~ R , ~ B I ~ O F ~ R ~ ~ O s Y L P T R I ~ f l D I ~ E ~  

Base 7 d  Description , I ,  cps 

.j-Fluorouracil (2) 4 ,  V2a Pair of doub 4 , 2  
2',3',S'-Tri-O-acetate of 2 3 .  i2* Pair of doub 4 . 5 ,  L 
5-Fluorocytosine (1) 3.98" Pair of douh 4 , 2  
.j-Fluoro-4-me thox y- 1 €I-p j - h i -  

din-2-one (3) 3.99" Pair of doub 4 , 2  
4-AIethoxy-3-methyl-lH-pyrimi- 

din-2-one 3.94" h u b  4 
Cytosine 3.8Sc Doub 4 . 5  
Uracil 2',3',5'-tri-O-acetate :3.64b Doub 4 
Thiouracil 2',3',5'-t,ri-O-acetate 3 ,  66b Doub 1 

In DlISO-t&. In CDCI,. 111 DyO. li Relative to T l I S  
internal staiidard for organic bolvents aiid sodiiini 2,Z-dimethyl- 
2-silaI)eiit,aiir5-sulfoiiate (IISH) for I)&. 

Experimental Section 

1 -( p-u-Arabinofuranosyl)-5-fluoro-4-methoxy-lH-pyrimidin- 
2-one (3).-2',3',5'-Tri-O-benzyl-l-( p-iiitrobenzoyl) - D - arabino- 
furanose11 (28.5 g, 0.05 mole) was added to dry methylene chlo- 
ride (350 ml) which had heen saturated with HC1 at  0". The 
solution  as allowed to stand a t  0" for 2 hr while bubbling in a 
,slow stream of anhydrous HC1. The p-riitrobenaoic 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 vucuo (bath 40') and evacuated (0.1 
mm) for 16 hr ( 2 5 ' ) .  The residual chloro sugar was dissolved 
in dry CH2C12 (320 ml) and 2,4-dimethoxy-5-fluoropyrimidine'2 
(7.9 g, 0.05 mole) in CH?CI? (80 ml) was added along with molec- 
ular sieves13 (20 g). The mixture was stirred for 3 days a t  am- 
bient temperatiire protected by a drying tube. The mixture 
was filtered (Celite) and the filtrate and a CH2Ch wash were 
combined and concentrated in z'acuo to  a pale yellow syrup 
(29.2 g). The syrup was dissolved in dry CHsOH (400 ml) 
and hydrogenated in two batches each using freshly prereduced 
PdClz (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 X? and the mixtures were filtered from the 
catalyst. The catalyst was washed with CHIOH and the fil- 
trates alii1 washes were neiitralized by stirring m-ith Dowex 

- 

(11) R. Barker and H. G .  Fletcher, Jr.. J .  Org. Chrm. ,  26, 4605 (1Y61). 
(12) XI .  Pryatas and  F. Sorm, Collection Creeh. C h e m .  C o m m u n . ,  30,  

(1:i) Linde Aloleciilar 3iex-es Tylie . 4 . \ ,  1, js-in. I ) e I Ip ts ,  1.indt. Ilivi-ion, 
1900 (1965). 
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