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flukes. After the administration of therapeutic doses, 
IV could not be detected in the milk6 

Experimental Section 

4,4f,6,6'-Tetrabromo-2,2f-biphenyldiol Mono(dihydrogen 
phosphate) (IV).-A mixture of 502 g (1 mole) of the biphenyldiol 
(I) ,  1.5 1. of PhMe, 2 ml of pyridine, and 110 ml (1.2 moles) of 

The solution was evaporated in 
vucuo to dryness to remove excess POCly, preferably repeating 
the distillation with an additional amount of PhMe to prevent 
formation in the next step of difficultly hydrolyzable pyrophos- 
phates which would largely prevent the crystallization of the end 
product I V  and diminish the yield. The very hard crystalline 
cyclic phosphorochloridate (11) wa$ dissolved in 1.5 1. of warm 
PhMe and this solution was added cautiously with stirring to a 
solution of 232 g (5.8 moles) of KaOH in 860 ml of HzO and 300 ml 
of EtOH. The 
aqueous layer was acidified with 0.5 1. of concentrated HC1 and 
extracted (EtOAc). The extract was evaporated in vacuo at  low 
temperature to a total weight of 680 g. The syrupy residue was 
dissolved as rapidly as possible by shaking with CsHs (1.5 1.). 
Crystallization started in a few minutes. After keeping the mix- 
ture at room temperature for a t  least one night 436 g of crystalline 
phosphate ( IV)  was collected. The mother liquor was evap- 
orated to dryness a t  low temperature, and the residue was dis- 
solved in a small amount of EtOAc add extracted with a solution 
of 21 g of NaHC03. From this slightly alkaline solution an addi- 
tional 64 g of IS' could be obtained in an analogous way; yield 
500 g (867c). Recrystallization of I V  in the usual way is not 
possible as heating in a solvent is accompanied with gradual 
cyclization to the more difficultly soluble 111. 

Compound I V  has no melting point; cyclization to I11 and 
gradual decomposition occurs on heating up to above 350". 
Thorough drying is accompanied by partial dehydration. For 
analytical purposes the more stable cyclic phosphate (111) was 
prepared by refluxing for some hours a concentrated solution of 
I V  in EtOAc and isolating the precipitated 111. 

Anal.  Calcd for C1~HjBr404P: C, 25.54; H, 0.89; Br, 56.72; 
P, 5.50. 

By potentiometric titration one OH group could be detected 
in 111, whereas I V  revealed three OH. Additional support for 
the given structure of I V  is obtained from its ready solubility 
both in EtOAc and in cold aqueous NaHC03; I11 is only very 
sparingly soluble in these media. The starting material I is 
readily soluble in EtOAc, not in aqueous NaHCO3. 

was refluxed for 6 hr. 

The mixture was boiled for 2 hr and cooled. 

Found: C, 25.37; H, 0.91; Br, 56.90; P, 5.48. 

(6) H. B. de Boer and J. F. Kleinepier, Neth. MiLiz Dairy J., in press 
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A continuing search for new nitrofuryl heterocycles 
possessing antimicrobial activity prompted an investi- 
gation of 2-(5-nitro-2-furyl) cinchoninic acid derivatives. 
2-(2-Furyl)cinchoninic acid (1) reportedly has been pre- 
pared by the Doebner quinoline synthesis from furfural, 
pyruvic acid, and aniline.2 Attempts to duplicate that 
procedure in this laboratory have failed. However, a 
74% yield of 1 was obtained by the Pfitzinger quinoline 
synthesis froni 2-acetylfuran and isatin. Mixed acid 
nitration of 1 and 2 gave the respective 5-nitro-2-fury1 
derivatives 3 and 4. The position of nitration was con- 

(1) For the previous paper in this series see H. A. Burch, J .  Med. Chen. ,  11, 

(2) R. Civsa and F. Bellino, Gam. Chin.  Ztal., 66, 452 (1936). 
79 (1968). 

firmed by nmr analyses. Acid 3 was characterized 
further by the formation of its ethyl ester 5 and amide 6. 
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The compounds in Table I were screened for antibac- 
terial activity by methods reported previ~usly.~ Com- 
pounds 3-6 showed some activity in vitro against both 
gram-positive and gram-negative organisms. Amide 6 
was inactive orally in mice against a Staphylococcus 
aureus infection but gave an ED60 value of 5 mg kg when 
administered intraperitoneally. Acid 4 effectively con- 
trolled a Salmonella gallinarum infection in chickens at  
a drug !eve1 of 0.011% by weight in feed. 

Experimental Section 

All melting points were determined on a hot stage (Fisher- 
Johns) melting point apparatus and are uncorrected. The nmr 
spectra were determined on a Varian Model A-60 spectrometer in 
DMSO-de using Me8i  as an internal standard. The ir spectra 
were determined as Kujol mulls on a Perkin-Elmer Model 137 
spectrophotometer. 

2-(2-Furyl)cinchoninic Acid (l).-A solution of 454 g (11.3 
moles) of SaOH pellets and 355 g (2.42 moles) of isatin in 3 1. of 
HzO was heated for 0.5 hr a t  80-90". With vigorous stirring, 
266 g (2.42 moles) of melted 2-acetylfuran was added cautiously 
in small portions during 0.5 hr. The reaction was very exothermic. 
Refluxing was continued for 2 hr following the addition after 
which the mixture was chilled to 0" and filtered through sintered 
glass. The residual Ka salt was dissolved in 2.5 1. of H20 and 
the resulting solution was acidified with AcOH. The crude 1 
separated as yellow needles decomposing at  228-230 O, yield 
450 g (77.67,). A decomposition point of 227" has been reported.2 

Compound 2 was prepared similarly in 4 5 5  yield from 2-acetyl- 
furan and 5-chloroisatin; mp 285-287" (AcOH). Anal. (C14Hp 
ClSOI) C, H, C1. 

2-( 5-Nitro:Z-furyl)cinchoninic Acid (3).-Powdered 1 (50.0 g, 
0.21 mole) was added in small portions with stirring to 300 ml of 
concentrated HzSO~ at  0". When solution was complete, a cold 
solutiod of 25 ml of concentrated HS03 in 25 ml of concentrated 
H2S04 was added dropwise during 0.5 hr. Stirring was continued 
in the cold for 1 hr following the addition. The mixture was then 
poured cautiously with vigorous stirring into 4 1. of ice-HeO. 
The crude 3 was filtered, washed (HzO), and recrystallized (AcOH, 
charcoal). The product separated as yellow microneedles 
decomposing at  281.5-282.5", yield 32.2 g (54L7). Snal .  (C14Hp 

Compound 4 was prepared similarly from 2 in 627, yield; 
mp 293-295" dec (AcOH). Anal. (C14H7ClKz0,) C, H, N. 

Ethyl 2-(5-Nitro-2-furyl)cinchoninate (5).--Anhydrous HCl 
was bubbled through a solution of 30 g (0.11 mole) of 3 in 1 1. of 
EtOH. When solution was complete, the HC1 inlet tube was 
replaced by a stopper and the solution was refluxed for 4 hr. 

NzO,) C, H, S. 

(3) F. F. Ebetino, W. F. Carey, and B. F. Stevenson, J .  Med. Chem., 6 ,  633 
(1963). 
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11 ua5 chilled, diluted with Et,O, and filtered liecryitalliL,ttioii 
ot the product from aqueous Dl IF  (charcoal) gave 5 as yellon 
needles, nip 174-175', jield 8 g ( 2 3 . 5 ( c ) .  Inal.  (CMHESIO J 
C ,  H, \ .  I r  shoned a C=O <tretchmg Ixmd at 1700 cin I 

(COIEt ). 
2-(5-Nitro-2-furyl)cinchoninamide (6). i wlutioii of 39 g 

(0 21 mole) of 3 in 485 ml of SOC12 was refluxed for 5 hr. Exceqi 
SOCI, rn a b  removed under reduced pressure and the residue \va* 
~ioured cautiously into ice-SHaOH The resulting miuture sdi  

neut rali7ed with HC1 and filtered Recrystallization of the residue 
f lo l l l  aqueoui D l I F  (charcoal) gave 6 a5 yellou microneedle. 
decomposing at 288-289", yield 22 g ( 3 8 ' 0 .  d n u l .  ( C ~ ~ H ~ S I O ~ )  
C ,  H, S.  I r  showed a. C=O stretching 1)and at 1670 cn1-I 
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Potential Antimalarials. Some Novel 
a-(Disubstituted Aminomethyl)-9- 

phenanthrenernethanolsl 

rls p:u t ot tht. curreiit Army Research Program O I I  

l I a l :~r ia ,  T ~ P  uiidertook the synthesis of soinc iicn- 

C)-~~lieiiaiitlirc~iiemethaiiols as potential, curative agriiti 
aguiiist thc, drug-resistant strain of Plasri~odi u m  j ' d c i -  
/ x i /  utu.  The basis for this iiivestigation is given by tlir 
1:ic.t that ,  during the search for effective aiitimalarials 
(luring \Vorlti War 11, a number of simple a-(dialkyl- 
ainiiiorrit~thy1)-9-pheiiaiithreneIiiethaiiols showed signifi- 
( 8 : u i  t thcmpeutic effect against blood-induced Plasmo- 
di u r t ~  qalbnaceuni malaria ; a  particularly outstanding 111 

i I i i i  rlsss is (i-hromo-a-(tlihc~ptylamiiiomethy1)-9-phell- 

( I )  'l(h17 uork ua, suvpoited bg U 5 Irm! Alediral RPsearch and D?>~IoI>-  
riitsnt Command Contract DADAIT-67-C-7144 Contribiitmn No 5 1  i t o  thr 
.irmi Reieurch Program on hlalaiiw 

f2)  I t  ('ontnex It ( r o o p e l  V h Ediii ,  a i d  J Lreenbrlg, >111\<\ 
of 4ntimalarial Agents ' I'uhlic Health \IoIiugiapIi N o  9 U. R Governmmt 
I'tiiiting Office, Washmgton, 1) ( I O i  1 


