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was isolated from the hydrolysate by absorption from solution a t  
pH 6-7 onto a column of Dowex 1-X8 (acetate form) and elution 
with S acetic acid. The fractions showing strong absorption a t  
260 mp deposited crystals which were dissolved in water by bring- 
ing to pH 8 with sodium hydroxide and reprecipitated by 
adding hydrochloric acid to pH 3.7. The yield of colorless prod- 
uct was 26 mg., m.p. 241-242' dec. 

Anal .  Calcd. for CRH10X203S: C, 44.85; H, 4.70; N, 13.08. 
Found: C,44.64; H,  4.94; N, 12.98. 

B.-7-Aminocephalosporanic acid (8.81 g., 0.025 mole) dis- 
solved in 100 nil. of water containing 4.20 g. (0.05 mole) of 
sodium bicarbonate was hydrogenated for 1.5 hr. a t  4 kg./cm.2 
over 27 g. of 5yc palladium on barium ~u1fate . l~ The catalyst 
was removed and washed with dilute sodium bicarbonate. To 
the dark solution were added 60 ml. of 6 S hydrochloric acid and 
9 g. of charcoal. Filtration gave a clear yellow solution which 
was cooled in ice and brought to pH 3.7 with 2 X sodium hy- 
droxide to precipitate 3.32 g. (62%) of light, tan crystals, suf- 
ficiently pure for the preparation of derivatives. A colorless 
product was obtained by dissolving in 0.5 S hydrochloric acid 
and reprecipitating by adding sodium hydroxide to pH 3.7. 
An analytical sample (reprecipitated as in method A)  was in- 
distinguishable by m.p., infrared spectrum and electrophoretic 
mobility from material prepared by method A. 

Anal .  Calcd. for C8H10S203S: C, 44.85; H, 4.70; N, 13.08. 
Found: C, 44.63; H,4.75; K, 13.03. 
7-Phenylacetamidodesacetoxycephalosporanic Acid (IId).-A 

solution of 4.29 g. (0.02 mole) of I Ib  in 200 ml. of water containing 
5.04 g. (0.06 mole) of sodium bicarbonate was mixed with 300 ml. 
of acetone and stirred a t  -20" while 3.71 g. (0.024 mole) of 
phenylacetyl chloride was added. The reaction mixture 
was kept a t  -20" for 30 min. and then at  3" for 2 hr. Two wash- 
ings with ether removed the acetone. The aqueous residue was 
acidified with 30 nil. of 6 S hydrochloric acid and extracted twice 
with ethyl acetate. The extracts were washed with a little 0.5 
S hydrochloric acid and evaporated to dryness. The residual 
foam was triturated with ether to give 5.51 g. of white solid 
( I Id  as free acid). This was dissolved in 300 ml. of 1-propanol 
cont,aining sc , )  of water and treated with 12 nil. of 1.65 N po- 
tassium 2-ethylhexanoate16 in 2-propanol to precipitate 5.14 g. 
(65yi) of the colorless potassium salt of the product. A sample 
recrystallized from water-1-propanol and air-equilibratedI6 had 
m.p. 212-213' dec.; lactani carbonyl stretching at  5.75 p (Sujolj. 

Anal .  Calcd. for C,cH15KX,0aS.1 .5H,O: C, 48.35; H, 4.56; 
N, 7.05. 
7-(2-Thienylacetamido)desacetoxycephalosporanic Acid (IIe). 

-A procedure similar to that described in the foregoing 
experiment was used to acylate 1.07 g. (0.005 mole) of I Ib  with 
2-thienylacetyl chloride" and to isolate the product as the free 
acid (1.25 g. of white solid). This was dissolved in 80 nil. of 
2-propanol containing 5'/c of water and 2.7 nil. of 1.8 ibf sodium 
2-ethylhexanoate1* in 2-propanol was added to precipitate 1.17 g. 
(63(,.1) of the colorless sodium salt. A sample recrystallized 
from water-2-propanol and air-equilibrated had m.p. 231-232' 
dec.; lnctam carbonyl stretching a t  5.75 p (Nujol). 

Anal .  Calcd. for C1aH13~~Sa04Sz.O.5H?O: C, 45.52; H, 
3.82; N, 7.58. Found: C,45.50; H, 3.66; S, 7.57. 
7-Ureidodesacetoxycephalosporanic Acid (IIf).-A suspension 

of 2.14 g. (0.01 mole) of I Ib  in 20 ml. of water containing 0.811 g. 
(0.01 mole) of potassium cyanate was stirred for 7 hr. a t  room 
temperature. ilcidification of the resulting clear solut,ion to pH 
0.5 with hydrochloric acid gave 1.95 g. of white solid (IIf as free 
acid). This was suspended in 70 ml. of methanol and stirred 

The solid 
dissolved and the solution was evaporated to a foam which was 
crystallized from water-tert-butyl alcohol to give 1.74 g. (459;) 
of the colorless cyclohexylammonium salt of the product, m.p. 
173-174' dec. after air-equilibration; lactam carbonyl stret'ching 
a t  5.71 p (Sujol). 

Found: C,48.18; H,4.43; S,7.14. 

lohexylamine was added to pH 7 .3 .  

(14) From Engelliard Industries, Inc., Newark, N .  J.  The catalyst was a 
hronn ponder.  4 gray-colored palladium on barium sulfate produced by 
the same company gave less satisfactory results, a8 did palladium on carbon. 

(15) German Patent 965,703 (1957). 
(16) Several weeks were required for equilibration. A shorter period gave 

material with propanol of crystallization. 
(17) 2-Thienylacetic acid (J. H. Ford, G. C. Prescott, and D. R. Colings- 

nor th ,  J .  Am.  Chem. Soc., 72, 2109 (1950)) was converted to  the acid chloride 
(h.p.  32' a t  0.2 inin.) hy  refluxing with thionyl chloride in benzene. 

(18) .i. Gourevitch, C. T .  Holdrepe. C;.  .1. Hunt,  FV. F. Minor, C. C.  
Falnipan. I.. C. Cheney. and J. Lein, dntibiot .  Chemotherapy. 12, 318 (1962). 

Anal .  Calcd. for C ~ H , , ~ ' , O ~ S . C ~ H , J ~ H ~ ~ :  C, 45.11; H, 
7.00; S, 14.96. 
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Found: C, 48.17; H, 6.89; 5, 14.68. 
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In  1959 Hellman and associates2 demonstrated that 
the serum cholesterol levels of hypercholesterolemic 
patients could be reduced by the parenteral adminis- 
tration of androsterone (3a-hydroxy-5a-androstan- 
17-one). Later studies by Cohen, et u Z . , ~ ~ ~  however, 
showed that this hypocholesterolemic effect was not 
achieved when the steroid was given orally. As a 
consequence of these findings, a program was initiated 
in our Laboratories aimed at preparing an orally active 
androsterone analog having a good separation of hypo- 
cholesterolemic and androgenic properties. Since i t  
had been previously shown4>j that orally administered 
androsterone is rapidly conjugated in the liver and 
excreted predominantly as the 3-glucuronide, it was felt 
that etherification of the 3a-hydroxyl group mould 
inhibit this conjugation and lead to orally effective 
compounds. As a result, a series of 3a-methoxy-5a- 
androstane derivatives was synthesized and biolog- 
ically evaluated. 
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The methyl ether of androsterone (I)6 was readily 
prepared (74% yield) from epiandrosterone (3P-hy- 

(1) Paper 111: R .  E. Connsell, P. D. Klimstra, and R. E. Ranney, J 
M e d .  Pharm.  Chem., 6 ,  1224 (1962). 

(2) L. Hellman, H. L. Bradlow, R. Zunioff, D. K. Fukushima, and T. F. 
Gallagher, J. Clin.  Endocrinol. Metab., 19, 936 (1959). 

(3) UT. D. Cohen, N. Higano, and R. W. Robinson, Circda t ton ,  22, 659 
(1960). 

(4) UT. D. Cohen, N. Higano, R. W. Robinson, and R. J. LeReau. J .  Cl in.  
Endocrinol. ,Metab., 21, 1208 (1961). 

( 5 )  0. CrBpy, RI. F. Jayle, and F. hIeslin, Compt .  rend .  SOC. biol. .  161, 234 
(19.37). 

(6) Since completion of this work. this compound liar been prepxred in 
essentially the same manner by R. Gardi, R. Vitalli, and 1. Ercui i ,  GQZZ. 
Chim. I tal . .  92, 632 (1982). 
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3 n a l .  Calcd. fur C22H3802: C, 78.98; H, 11.45. Found: 
C, 78.85; H, 13.25. 
3p-Methoxy-17~-methyl-5~-androstan-17p-o1 (VII).-To a 

solution of 3p-methoxy-17a-meth.ylandrost-5-en-17p-o115 (1.0 g.) 
in 95% ethanol (35 ml.) was added 5 7 ,  palladium-on-carbon 
(0.1 g.). The mixture was hydrogenated a t  atmospheric pres- 
sure and room tempera t~re .1~  Hydrogen uptake was complete 
after 3 hr. and the catalyst was removed by filtration and washed 
with ethanol. The solvent was removed from the filtrate and 

(15) 11. N. Huffnian and J. u'. Sadler, J .  Org. Chem.. 18, 924 (1953). 

the residue crystallized from 95% ethanol. This gave VI1 
(0.8 g.), m.p. 178-179', and a second crop (0.15 g.), m.p. 176-178". 
Recrystallization from methanol-water atlorded an analytical 
sample, m.p. 180-181°, [aIz6n -16.5'. 

-4nal. Calcd. for Ct1H3602: C, 78.69; H, 11.32. Found: 
C, 78.71; H, 11.35. 

Acknowledgment.--We wish to thank Dr. F. B. 
Colton for his interest and comments during the course 
of this work. 
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In view of the suspected causal relationship between certain 
polynuclear compounds related to benz( a)anthracene found in 
some polluted air and lung cancer,2 we decided to prepare the 
three isomeric 7-pyridylbenz( a)anthracenes and have them 
screened for possible carcinogenic activity. The synthetic route 
to these compounds involves extensions to useful cyclodehydra- 
tion reactions previously r e ~ o r d e d . ~ ~ ~  

Experimental5 
2-( 1.Naphthylmethyl)phenyl 4-Pyridyl Ketone.-A Grignard 

reagent was prepared in dry ether from 1.6 g. (0.068 mole) of 
magnesium and 20 g. (0.068 mole) of 2-( 1-naphthylmethy1)- 
bromobenzene.6 When the reaction was complete, a solution of 
7.0 g. (0.068 mole) of 4-~yanopyridine~ in dry ether was added 
dropwise and t,he mixture was then heated under reflux overnight. 
It was then cooled, decomposed with dilute hydrochloric acid, 
stirred, and heated under reflux for 4 hr. The aqueous layer was 
separated, made basic with sodium hydroxide, and extracted with 
an acetone-ether mixture. The organic portions were combined, 
dried over anhydrous magnesium sulfate, and concentrated. 
The residue was distilled; yield, 13.5 g. (627,), b.p. 246-254" 
( 3  mm.). The viscous oil crystallized on standing and was re- 
crystallized twice from ethanol, m.p. 107-108". 

Anal .  Calcd. for C23H17NO: C, 85.45; H ,  5.30; S,  4.33. 
Found: C,85.12; H,5.28; S,4.29. 

The 3- and 2-pyridyl isomers were prepared in a similar manner. 
The 3-isomer, b.p. 248-255" (3 mm.) was obtained in 48% yield 
as a viscous red oil. The analytical sample was taken from a 
redistilled portion, b.p. 237-239" (0.5 mm.). 

Anal. Calcd. for C23HliNO: C, 85.45; H, 5.30; S, 4.33. 
Found: C, 85.82; H, 5.28; X, 3.90. 

The 2-isomer, b.p. 250-253' ( 2  mm.) was obtained in 40% yield 
as a viscous red oil. The analytical sample was taken from a 
redistilled portion, b.p. 225-226' (0.5 mm.). 

Anal .  Calcd. for C23HliSO: C, 85.45; H, 5.30; S, 4.33. 
Found: C, 85.59; H, j.38; E, 4.37. 
7-(4-Pyridyl)benz(a)anthracene.-A mixture of 1 g. (0.0031 

rnole) of 2-( 1-naphthylmethy1)phenyl 4-pyridyl ketone and 7 g. 
of dihydrogen phenyl phosphate was heated a t  190" for 5 hr. 

~~ 

(1) This in\.estigation was supported by a research grant (.IP-88) from 
tlie Division of Air Pollution, Bureau of State Serricp, Public Health Service. 

12) E. L. Wynder, F. R. Lemon, and 1. J. Bross, Cancer, 12, 1016 (1969). 
( 8 )  C. K. Bradsher, J .  Am. Chem. Sac.. 63, 486 (1940). 
(4) F. A. Vingiello, E. Kramer, 6-G.  Quo, and J. Sheridan. J .  O r g .  Chem., 

26, 2669 (1961). 
( 5 )  .I11 melting points nere taken on a Fisher-Johns melting point block 

and are corrected: a l l  the  analyses were carried out by Geller Laboratories 
Bardonia, New York, except those marked with a n  asterisk which were car- 
ried out by Galbraith Laboratories. Knoxville. Tennessee. 

(6) A Grignard reaction between 2-bromobenoaldehyde and 1-napht,hyl- 
magneeium bromide gave a mixture which was reduced to  2-(1-naphthyl- 
niet1iyl)bromobenzene. For details see P. Polss. Ph.D. dissertation, Virginia 
Polgtechnic Institute, Blacksburg, Ya., 1962. 

17) I). G .  Leis and Br. C. Curran. . I .  Am.  Chem. So:., 6'7, 7Y (1H45). 

The mixture was cooled and made alkaline with sodium hydroxide 
solution. The precipitate which resulted was collected and dried ; 
0.9 g. (96%), m.p. 243-244". The material was recrystallized 
from ethanol giving light tan plates; m.p. 245-246". 

S n a l .  Calcd. for C23Hd:  C, 90.46; H, 4.95; Ti 4.59. 
Found*: C, 90.29; H? 4.92; X, 4.47. 

The same product was obtained in 87(x yield using a previously 
described standard acid mixture.8 

The 3-pyridyl isomer, m.p. 221-222", was obtained in 69% 
yield (45%, by standard acid mixtures8). I t  was recryst,allized 
from ethanol and formed white plates, m.p. 222-223'. 

Anal .  Calcd. for C2aHljN: C, 90.46; H, 4.95; 5, 4.59. 
Found*: C, 90.24; H, 4.86; S, 4.57. 

Anal .  Calcd. for C23H1SN: C, 90.46; H, 4.95; X, 4.59. 
The 2-isomerJ m.p. 151-152", was obtained in 45c/t (80yG8) 

It was recrystallized from ethanol as white plates, m.p. 

Anal .  Calcd. for C23HljS: C, 90.46; H, 4.95; X, 4.59. 

yield. 
182.5-153.5 '. 

Found': C, 90.15; H, 4.99; K, 5.64. 

18) F. .1. Vingiello and J. G. Van Oot. ihid. ,  73, 6070 (1951). 

a-Alkyloximinocarboxamides for Biological 
Testing 

DOMIXICK A. COVIELLO 

Department of Chemistry, College of Pharvkacy, Unizlersity of Illinois 
at the Medical Center, Chicago 12, Illinois 

Received October 2, 1363 

The title compounds, not previously reported, were prepared 
according to the procedure outlined by kVoolley and co-workers.' 
At present the compounds are being screened for biological 
activity. 

70 Amide based % Xitrogen' 
Amide on acid bI.p., ' C .  Calcd. Found 

a-Benzyloximino- 

a-Benzy1oximino-p- 

a-Benzy loximino- 

a-Methyloximino- 

a-Benzyloximino- 

butyramide 70.4 59-61 13.59 13.80 

phenylpropionamide 3jb 86-88 10.44 10.47 

propionamide 86.7 91-94 14.58 14.72 

propionamide 35 .1  G8-Tl 24.13 2 3 3 2  

phenylacetamide 80.4 100-I02 11.02 11 .ou 
Sitrogen analyses were obtained from the Colernan Sitrogen 

Analyzer. Prepared from a-benzyloximino-6-phenylpropionyl 
chloride and aqueous ammonia. Acids were prepared from sub- 
stituted malonic esters by established procedures. 2 , 3  

Acknowledgment.-The author wishes to  thank the University 
of Illinois Research Board for financial assistance and G. \V. 
Adelstein, P. V. Halushka, and 6. R .  Janik for technical assist- 
ance. 

28, 2012 (1963). 
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(2) J. Martin and W. H. Har tunr ,  ihid.. 19, 338 ( 1 9 2 ) .  
(3)  W. E. R'eaver and W. I€. Hartune, & b i d . ,  15, 7.11 (1920). 


