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(16.8 g, 0.10 mole) in dry hexamethylphosphoramide (HMPA, 
110 ml) with NaH (4.1 g of a 58.6yc NaH dispersion in mineral 
oil, 0.10 mole of NaH) a t  60-80" under X2 until the evolution of 
hydrogen ceased. 

Likewise, the sodium salt of 2,6-dichloro-3-methylaniline 
was prepared by warming a solution of the amine (17.6 g, 0.10 
mole) in HMPA (110 ml) with XaH (4.1 g of a 58.67, NaH 
dispersion in mineral oil, 0.10 mole of XaH) at  50-60" under SZ. 

The solution of the amine salt was added to the suspension 
of the pyrimidine acid salt and the mixture was heated, with 
stirring, a t  120' for 18 hr under Nz. 

N o s t  of the H U P A  was removed from the reaction mixture 
in a rotary evaporator. The residue was added to cold water, 
and the mixture was washed with Skellysolve B (bp 60-80"). 
The resulting aqueous solution was acidified with 10% aqueous 
HC1. The precipitated solid was collected, washed with cold 
water, and partially dried. The damp product was crystallized 
from ethanol to give several crops of 32 B-ith a total yield of 14.5 g 
(4837$). The first crop (8.0 g)  had mp 280-282' dec. 

A repeat of the above reaction replacing HAIPA with a mix- 
ture of DLIF and diglyme resulted in a 13c0 of yield 32. 

4 4  2,4,6-Trichloroanilino)pyrimidine-5-carboxylic Acid (33).-A 
solution of the sodium salt of 2,4,6-trichloroaniline was formed 
by heating a stirred suspension of the amine (4.67 g, 0.0238 mole) 
and XaH (0.973 g of a 58.67, NaH dispersion in mineral oil, 
0.0238 mole of YaH)  in diglyme (20 ml) a t  50" under Y Z  until 
hydrogeri evolution ceased. The solution was added to a stirred 
suspension of sodium 4-ethoxypyrimidine-5-carboxylate prepared 
by treating a suspension of the acid16 (4.0 g, 0.0238 mole) and XaH 
(0.973 g of a 58.6% NaH dispersion in mineral oil, 0.0238 mole 
of S a H )  in diglyme (50 ml) a t  140". The resulting mixture was 
heated, with stirring, a t  140" for 20 hr under Kg. It was cooled 
to 25" and the solid material was collected and vashed succes- 
sively with cold diglyme and ether. An aqueous solution of the 
product was acidified to pH 4 with concentrated HC1. The 
precipitate was collected and crystallized from ethylene glycol 
dimethyl ether to give 33 (0.82 g, 10.8%), mp 269-270' dec. 
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Because of the biological activity of certain imidazo- 
l id inedio~ies ,~~~ we are synthesizing a number of such 
compounds incorporating variously substituted fluorene 
nuclei, connected through their 9 posit,ions (spiro- 
hydantoins), and through their 2 positions (4-fluorenyl- 
4-methylimidazolidinediones) . This is part, of a pro- 
gram aimed at  exploiting the fact that a number of 
fluorene compounds (particularly halogen-substituted 
derivatives) have shown antitumor a ~ t i v i t y . ~  

The method of synthesis was a modificat>ion of the 
Rucherer-Bergs The ketone was treated 
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nith K C S  and (SH&C03 in a closed system. High 
yields of l a  and 2a were obtained from fluorenone and 2- 
acetylfluorene. Fluorenones with halogens substi- 
tuted at  both the 2 and 7 positions were less reactive 
than the unsubst itut ed ketone. 

Chlorination and nitration of spiro [fluoren-9,4'- 
imidazoIidine]-2',5'-dione (la) gave the 2,7-disubsti- 
tuted derivatives IC and le, respectively. Structures 
were confirmed as in Scheme I. 

OLNH 

b, X(Y)=Br; Y(X)= H 
c, x- Y = c1 

e ,  X Y a NO, 

1 a, X =  Y = H  ?.a, X = H  
b, X== C1 

d, X =  Y = NH, 

c&p 0 c1 

3,Sandmeyer 

Bromination of l a  in acetic acid-it-ater-ferric chlo- 
ride a t  SO-100" gave l b  in good yields. N-Chlorina- 
tion of l a  and 2a with t-butyl hypochlorite gave 3 and 
2b, respectively. 

In  order to elucidate the structure of la, 9-cyano- 
fluoren-9-amine was prepared from the bisulfite addi- 
tion compound of 9-fluorenylidenimine. Reaction 
of the cyanoamine with KCSO gave an a-ureidonitrile 
n hich, upon hydrolysis and ring closure, gave l a .  

Attempts to prepare spiro [fluoren-9,4'-imidazol- 
idine]-2',S'-dithione from fluorenone, K C S ,  SH4CI, 
and CS, in dilute methanol in a closed system failed to 
give the desired compound. Instead, 9,9'-difluorenyl 
disulfide as formed. Apparently formation of H,S 
and S H s  @ e . ,  (SHJ2S) occurred in the reaction. Sub- 
sequent reaction betwe11 (SH4),S and fluorenone gave 
t h  ? disu1fide.O 

Intitumor screening results are presented in Table I. 
CI mpounds l b ,  IC, arid 2a showed some activity against 
LI n-is lung carcinoma. Compound 3 ;dw shoned ac- 
t i  ity against Sarcoma 1SO. 

5 )  M, S. Nenman and W, 1l. Lntz, J .  A m .  Ckem. SOC., T S ,  2469 (1956). 
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mole) was stirred in 95% ethanol (200 ml) while a solution of 
NaHS03 (18 g, 0.17 mole) in water (30 ml) was added dropwise 
over a period of 10 min. The reaction mixt'ure was stirred at  
room temperature for 0.5 hr then in an ice bath for 1 hr. The 
crystals were collected, washed with a small amount of cold 
methanol and then ether, and dried, giving 45 g (95yc) of sodium 
9-amino-9-fluorenesulfonate which was mixed with water (750 
ml) and cooled in ice. To the stirred mixture a solution of KCX 
(21 g)  in water (100 ml) was added dropwise over a period of 
23 min. The mixture was stirred in  the ice bath for 1 more hr 
and at  room temperature for several hours and the 9-amino-9- 
cyano derivative was isolated giving 23 g (70%,). Recrystalliza- 
tion from ether-petroleum ether (bp 30-60') gave a pure product, 
mp 95-96.5' (1it.lo mp 93-96"). 

N-Acetyl derivative, mp 237.5-238'. 
A n a l .  Calcd for Ci6H12N20: C, 77.40; H, 4.87; S, 11.28. 

Found: C, 77.19; H, 4.76; N, 11.48. 
N-9-( S-Cyanofluorenyl)urea.-9-Cyanofluoren-9-amine (1.1 g, 

5 mmoles) was dissolved in AcOH (30 ml) containing concentrated 
IICl (0.5 ml). To the stirred solution KCYO (0.4 g, 5 mmoles) 
was added. The mixture was then heated at  65-75' for 1 hr 
aiid diluted with water. The product was isolated and re- 

tallized from methanol-benzene giving lustrous crystals 
(0.5 g), mp 270" dec (with a preheated bath). 

S n a l .  Calcd for C ~ J H I ~ T ~ O :  C, 72.28; H, 4.43; N, 16.86. 
Found: C, 72.56; H, 4.55; S,  17.01. 

9,9'-Difluorenyl Disulfide.-Fluorenone (9  g), CS2 (25 ml), 
methanol (200 ml), water (100 ml), KCN (13 g), and NHaCl 
(10.8 g )  were mixed and stirred in a Parr apparatus a t  115-125' 
for 2 hr and the solvent evaporated. The residual gummy solid 
was triturated in water and boiled in 93% ethanol (200 ml). 
The crystalline material was collected on a filter giving 4.6 g 
(%3%), mp 163-167". Recrystallization from benzene-meth- 
an01 gave silky crystals, mp 168-169" (lit.s mp liO-lilo). 

Anal. Calcd for C?GH1&: S, 16.26. Found: S, 16.20. 
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The main metabolic pathway for the elimination 
from the body of analgesics bearing phenolic hydroxyl 
groups is conjugation with glucuronic acid; the main 
site of conjugation is the phenolic hydroxyl group.3 

Interference with this mechanism by masking the site 
may well have a profound effect upoti the nature atid 
clurat ic ) I  I of activity of such aualgesics. E t  herificat io1 I 

i i  :i better meat15 of achieving such masliing that1 iz 
:IC> latioil since a c ~  latcd phenols, such a b  diacctj 1- 
niorphine (heroin), are rapidly hydrolyzed zn uiuo.? 
Allthough the potenc!~ of phenolic analgesics is con- 
qiderably reduced when they are alkylated ( e . g . ,  
morphine + codeine), it was considered of interest to  
cxamitic ether5 that :~rc  much 1 st able chemically 
t hati hiniple alhyl etherh, e.y., niethoxy1iiethy1 ether\. 
The in uzuo rate of breakdown of methoxymethyl ethers 
of phenolic analgesics may be such that the speed 

of conjugation is reduced while allowing sufficient free 
phenol to  be liberated a t  the site of action to  produce 
a potent analgesic response. 

The phenolic analgesics selected for this study were 
morphine (I) and phenazocine (11). Methoxymethyl- 
morphine (111) was first reported by Mannich4 and 
later used by Rapoport, Baker, and Reist,j in a syn- 
thesis of morphinone, as a derivative in which the 
phenolic moiety is stable to oxidizing agents. S o  re- 
ports of pharmacological studies have been found. 
The procedure of Mannich was repeated and gave the 
desired derivative in 50% yield; isopropyl ether- 
ethanol was found to  be far superior to the described 
solvent, dilute alcohol, as a crystallization solvent for 
the product. 

Difficulties were encountered in applying the same 
process to  phenazocine. The sodio derivative of 
morphine, prepared by dissolving the base in sodium 
ethoxide-ethanol-water, precipitated when its solutiori 
was diluted with ether and was readily collected, 
washed, and dried. In  contrast, the sodium salt of 
phenazocine did not precipitate and needed to  be dried 
by azeotropic distillation with benzene followed by 
storage in a vacuum desiccator over concentrated sul- 
furic acid. The dry product was soluble in CHC1, (in 
contrast to sodium morphinate) and after reaction with 
chloroniethyl methyl ether gave an oil (insoluble in 
aqueous KaOH), that could not be induced to solidify. 
This mas chromatographed on neutral alumina. Ben- 
zene eluates yielded the desired ether (IV) as an oil, 
characterized as the crystalline acid succinate (salts 
with strong acids were avoided due to the lability of 
the ether group). Elution with lY0 methanol in 
benzene gave unchanged starting material. The latter 
should normally have been removed by the isolation 
procedure, but it was observed that phenazocine base 
was sparingly soluble in aqueous KaOH, in contrast to 
inorphine; furthennore, the hydroxyl stretching band of 
the phenol was not apparent in the infrared spectruiii 
of phenazocine either as the free base or hydrobromide 
salt. h better yield of the methoxyniethyl ether of 
phenazocine (IV) was obtained by treating the phenolic 
base with sodium naphthyl followed by the halide, 
conditions previously found suitable for forming sodio 
derivatives of secondary alicyclic alcohols.'" The 
product from this reaction was further characterized as 
a methiodide. 

N-CH, 

I , R = H  11, R=H 
111. R = CH30CH, IV, R = CH,OCH? 

Pharmacological Evaluation.-In the mouse hot 
])late test for :malgesic activity, 3-methosyniethyl- 
illorphilie (111) showed a iiiouse EDjo of 28.0 nig/kg 
(25.0-33.2) with a duration of 168 min6 (cf. morphine 
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