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isolation of the resultiiig ligriari glycoside acetals, the reaction 
mis wah dild with CHCI, and the cat,alyst was removed by fil- 
tratioti or washing out with H,O. After removal of excess 
carbonyl compd the reaction product was obtd i n  pure form after 
cdnmti chromatogr or by direct cry.-tn. Konrryst product-: were 
purified by pptii from a suitable solvent. 

Method A. 4'-Demethyl-l-0-[4,6-0-(2-thenylidene)-p-n- 
glucopyranosyl] epipodophyllotoxin (19).--l)ried 4'-demet hylepi- 
p(idophy1lotosiii p-~-gIiic.opyraiio.ide' (6.8 g )  was siispendcd i n  
i i8 ml of freshly distd 2-thiophetiecarlsosaldeh3.de, 3.4 g of 
iuihyd Z i i C l ~  \vas added. ant1 the mist \vas shakeii Iinder I!. 
The coiirhc of the coiideiisatioii was followed by tlc. After 3-4 
h r ,  the yellow col was dild with : N O  nil of CHCI, atid 300 in1 of 
I 1 2 0 .  The org layer wn- sepd arid the H20  phase was extd twice 
\villi C'JIC13. The conihiiied CI1C1, estn were w:i..hed Feveral 
tinies with ITrO :tnd then concd in zucuo to 50-70 nil. The re- 
niaiiiitig c.olorles~ oil wa5 di,opped into 1000 1111 of pentane with 
>tii4iig, where\)\ :in oil>- ppt formed. hf te r  decanting the sol- 
vrtit the ppt RX- takeii up i i i  40 nil of CI1CI3, and this solti 
atlded di,opwise t ( i  1500 nil o f  pent:ine, The ppl xi, filtered 

Idfrolii J . : IOH:  liip 246-255'; [ n ] " ~ )  - 104.6" 
IeOII, 0 :  1 j: ir [Xiijol) :3490, 

I7h0 [ -,-hrtiiiie): 1602, 1514, 1504, 1487 (:irom 
il)llSO-d+,) 6 X.24 ( 1  11, 5 ) )  H> phenol 011, 7.7-6.8 (4 €1, i n ) ,  
If of thiophene i,iiig and €1 :it '2-8, 6.56 ( 1  11, F), I1 a t  C-5, 6.22 
( 2  J 1 ,  c ) ,  11 : i t  C-2' ii~ld I I  a t  C-6', 6.04 ( 2  11, >) CH?O:, 5.8Y 
1 1  1 1 :  - 1 ,  :iret:il I 1  of t h r  theiiylideiie ginlip, i3.64 (6 1-1, .). 2 
( 1l.A ). 

4 '-Demethyl-1-0- [4,6-0- iisopropylidene )-p-r)-glucopyrano- 
syl] epipodophyllotoxin (42).--To a srispeii*ioii of  8 g of 4'-de- 
merhylepipodophyllotositi p-i)-gliii~opyraiioside i i i  1 ti0 ml of 
C1I3XO2 was added 4 g of :inhyd Zn iid 32 nil of acetone di- 
iiiethyl kcial, mid the mist w w  -tiired for 0.5 hr nt 20" with 
c w l i i 4 o n  ( i f  moistwe. The cleat, .wI xah tlieii dild xi th  500 nil 
o f  ('11('1,3 and wnrhed :: times, with 50-1111 portioiis of Ifn(). 
Thc. (~1.8 1 : i j ~ r  wa* dried (SauSOi) aiid ev:ipd to  dryiiei.q. The 
residi~c was chromatographed on  1 50  g of kieselgel ming CHC13-- 
l l c 0 I I  f!)X: 2 )  a.: eliwit. Thc tlc-piire fractioiiq xere 
f i . on i  ~ 1 ~ 0 1 1  yieldiiig 5.11 g :  mp 210-212"; [ w ] ~ ~ I I  -108' 

(c 1, CHC13); ir (CHqClr) 3580, 3*527 (OH); 1775 (?-lactone); 
1618, 1.51,5, 1303, 1484 (arom C=C); nmr (CI>Cl,) 6 6.85 
(1 H, s), 6..56 (1 H, s), 6.27 (2 H, s), H, C-8, H,  C 4 ,  and 2 H, 
C-Z', C-6', 3.99 (2 H, s), CH20?, 5 .52  (1 HI s), H, phenol OH, 
3.76 (6 H ,  s), 2 CH30, 1.52 (3 H, s) and 1.44 ( 3  H, s )  €1 isopro- 
pylideiie. 

Method B. 4'-Demethyl-l-O- [4,6-0-(ethylidene)-p-~-glu- 
copyranosyl] epipodophyllotoxin (5).-To a suspension of 1.5 g of 
4'-demethylepipodophyllotoxin p-D-plticopyranoside iti 30 ml of 
CH3N0, was added 6 in1 of acetaldehyde dimethyl acetal and I50 
mg of p-TsOH, and the mixt was stirred under i T 2  for 1 hr a t  20". 
The solti m-as dild with 400 ml of CHCL and washed 3 times with 
H,O (2.5-nil portions). The org phase was dried (IC'a$Oa) and 
evapd in vacuo yielding 1.74 g of crude product. Chromatog 
on  100 g of kieselgel iisitig CHC13-31eOH 195:;) as eluant 
afforded 1.24 g of pure material whic,h was crystd from MeOH: 
nip 2:16-2.ilo; [a]20u - l l O . + i o  f c  0.6, CHCl,); ir (CHrC12) 
:3.-)78. :3,i27 iOII ), 1776 (-,-laczturie), 1610, 1.515, 1503, 1484 
( a r o m  c'=C): nnir (I)lISO-&) 6 8.23 (1 H, s), H of the phenolic 
0 1 1 ,  7.0:: ( 1  11, s ) ~  6..5.i (1 H, s), 6.21 ( 2  H ,  s), H a1 C-8, (2-5, 
('-2' ti11d C X ' ,  6.04 f2 H, s) I1 CHrO?, 3.62 (6 JI, s), 2 CHaO, 
1 ,?.-l i : :  11, d,  J = 5 I I z )  C H ~ C H .  

Method C. 4'-Demethyl-l-0-[4,6-0-(cyclopentylidene)- 
p-i)-glucopyranosyl] epipodophyllotoxin (44): -A mixt of 2 g of 
dried l'-dcmeth3lepipodophyllotosiir p-u-glircopyiaiioside i t i  
40 nil of c~yc.lopeiitano~ie aiid 4 g of 1)owr.e~ K X 2  ion exchanger 
iva. .<tiired fur 2 hr at 20' with exclusion of moistii;e. The 
i~italyrt \vas tillereti, : i i i t i  the filtrate was dild with 500 ml of 
CHCI,. The solii \\:I.- \\a.heci several time!: with IIiO, dried 
i Sa2S0,  1, :itid evapd. The residue was chromatographed on 
120 g i i f  kie.;elgel wing CHCh-lleOH (96:4) as eluant. A pure 
prodiict w:w ol)tti after repeated chromatog of the main fractions. 
Thr a i d ,  sample 1400 mg) was cry;jtd from 14:tOH-EtrO: nip 
176-182"; [a]2"1) -10.5.8' i c  0.8, CHC13): ir (CIlrCI,) ::575, 
' >Xi ( O I I ) ,  177,; (-f-l:ictone), 1620, I-il8, 1.504, 148.5 (arom 

==('I ;  tinit' fCIl)C13) 6 6.83 (1 11: -:), 6..5iJ (1 11, -:), 6.24 ( 2  H, s), 
H at C-8, C-.i, C-2', aiid C-6', 5.96 (2 If ,  x ) ,  CH&, 5.6-5.4 
f 1 €1, i n ) ,  H of phenolic OH, 3.74 (6 H, s), 2 CH,O, 2.25-1.4 

Carcinogenic and Adrenocorticolytic Derivatives of Benz[a]anthracene' 
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A >erieh of dimet,hyl, trimethyl, hydrosymethyl, atid formyl derivatives of benz [a ]  anthracene structurally 
i,elated to i he cai,cinogenic 7-methy1-, 12-methyl-, and 7,12-dimetjhylbenz [a]  anthracene and to the adreno- 
(~oi.ticolytic T-h~d~osymethyl- l~-meth~lbenz[a]ai i thrac~e~ie were synthesized. >le ;irtbstjitution outside the 
"criticnl" regioii ( i , ~ . ,  the 6, 7 ,  X, and 12 pwitions) was shown to block sarcomagenic, activity when i i i  the 1, 2, 
:!, 4, aiiti 5 positioiis (one exception noted), wheren- intnidiict,ioii of Ale group:: elsewhere in the molecule w a ~  
xithoiit appaiwit effecat 011 the biological actioii. 

In1 roduct,ion of onc', tivo, or three Ale groups into the 
6,  '7, S, or 12 positions of benz [alanthracene dramat,icall>, 
tr:tmforms this biologically inert hydrocarbon into n 
high]!, potent carcinogen.? The position of substitu- 
tion is critical in that 11e groups in other sites fail to 
(>licit these effects. 7,12-Dimethylbenz [alanthracene 
(7,12-11lIBA) appears unique in this series in its 
abilit?. to also destroy tho adrenal cortex of the 
rat ." 7-Hydroxymethyl-lL'-niethylberiz [a]anthracene, 

( 1 ;  ' l ' l i i -  investigation \ \ as  siiiiportril I]? grants f rom tlie .\merican Cancer 
Smi ia t  i , .Jane Coffin C i i i l i l ~  3Iemorial l 'un i i ,  and Daisy Sclin-immer Memo- 
llnl  l~Ill,,i. 

12) (a) .I. I'ataki ani1 C'. I{. Hugpins, Ctincer li)w,, 29, 506 (1969): il,i 
( ' .  14. llripgins, , J .  I'ataki, and 1%. G .  I I a rvey ,  J'roc. .Voi. Acnd .  Sct. r . .  S,, 
68, 2233 (1967) ~ (d .J. Pataki and C .  13. IIiiEpinP, Jemsnlem Sump. (;)wintum 
Cliem. BznrhPni. 1, 61 (196!l1. 

(:I) ( a )  .I. I 'ataki, R .  \ \ ' Ius,  anit Y. Clio, . I .  .1fcd. Ci irm. ,  11, 1083 (19681: 
1 .  I'ataki ani1 C. I < .  I l u g ~ i n s .  Biochem. I ' /~ ! i rmncd . ,  16, 607 (1967):  i c j  

('. i%. lliigains, 5 .  RIorii, and .J. I'ataki, J'roc. S n l .  .-lead. Sci. C.. S., 62, 704 
I I ! l t i ' l  I . 

formed ? H  rziv, ha5 been sho\\n to be the active inter- 
mediate speciesJ4 and several other 7-hydroxyalkyl 
(and potential 7-hydroxyalkyl) derivatives of beriz [a ] -  
anthracene have also been found active. Jil 

In connection with our continuing investigations of 
the relation betn een the structure and the carcinogenic* 
and andre~iocorticolytic~ activity of derivatives of 
benz [alanthracene, we prepared a series of dimethyl, 
trimethyl, hydroxymethyl, and formyl derivatives of 
benz [alanthracene including several active new com- 
pounds, whose synthesis we now report. 

The trimethylbenz [alanthracene (TJIBA) isomers 
synthesized,i except for 6,8,12-TNBA, \yere members 

14) I). N. \Vlieatle)-, I .  K .  liernokan, and .\. R .  Currie, .\-<rture ( L o n d o r i ) .  
211, 387 (1966). 

t There are tileoretically possil>le a total of 220 tr imetlislbenr:[i i lsntl~ra- 
cene and 66 dirnetl~?lbenx[nlantliracene isomers: oi the latter, 21 have one 
or hot11 Ale groups in the  7 or 12 positions. 
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of the series z,7,12-TMBA, specifically those where x = 
2, 3, 5, 6, 9, and These molecules, distinguished 
by the presence of Ale  groups in both the "critical" 
region (Le . ,  6, 7, 8, and 12 positions) and elsewhere in 
the benz [alanthracene structure, were of particular 
interest in connection with the question of whether 
methyl substituents outside the critical region play an 
active or a passive role. I n  other words, do these Ale 
groups block biological action or merely fail to activate 
the molecule for biochemical transformation? 

Scheme I depicts the approach adopted for the syn- 

SCHEMIC I 

1 2 

4 

5 

a b C d 
H H 8-CH3 %CHI 

R1 5-CH3 6-CH3 6-CH3 6-CH3 
R I  

R3 CH3 CHI CH3 CH3 
R4 CH3 CH3 H CH3 

e f g h i 
H H H H H 
4-CH3 5-CH3 6-CH3 4-CH3 6-CH3 
CH3 CHI CH3 H H 
H H H CH3 CHa 

The numbering system utilized throughout corresponds to that 
of benz[a]anthracene: 

thesis of the majority of the compounds reported 
herein. The starting materials were the keto acids 
1 derived from interaction of phthalic anhydride or its 
Me derivative with the Grignard reagent from the 
appropriately substituted 1-bromonaphthalene. Thus, 
5,7,12- and 6,7,12-TMBA 5a,b were obtained through 
a sequence of transformations beginning with phthalic 
anhydride and the Grignard reagent derived from 

( 5 )  Two additional isomers (t = 4 and 8 )  were prepared according t o  

(6) C. Descamps and R. Martin,  Bull. Soc. Chim. Belg., 61, 223 (1952) .  
(7) W. Bachmann and J. Cliemerda, J .  Amer. Chem. Sac., 60, 1023 

(1938). 

methods previously 

1-bromo-4- and 1-bromo-3-me t hylnap ht halene , resp. 
The keto acids la,b formed in the initial step underwent 
conversion upon treatment with MeRlgBr to  the methyl 
lactones 4a,b; hydrolysis in alcoholic NaOH and reduc- 
tion with Zn furnished the acid 2a,b. Cyclization of 
the latter to the ketone 3a,b was smoothly effected in 
liquid HF;  methylation with MeLi and acid-catalyzed 
dehydration afforded 5a,b. 

A similar approach was utilized for the preparation 
of 6,8,12-T111BAE 5c from 3-methyl phthalic anhydride 
and l-bromo-3-methylnaphthalene, except that  63,-  
12-trimethylbenz [a]anthr-7-one 3c was reduced in- 
stead of being methylated in the final stage. Reaction 
of 3c with AIeLi and dehydration of the product with 
POCls afforded 7-methylene-6,8,12-trirnethyl-7,12-di- 
hydrobenz [a ]anthracene 6 rather than the isomeric 
tetramethylbenz [alanthracene 5d. The structure as- 
signed to 6 n-as supported by the nmr spectrum which 

%# CHB CH2 CH3 

6 

exhibited a pair of vinylic protons as an apparent singlet 
at  6 5.7, a benzylic proton as a quartet a t  4.8 ( J  = 7 
Hz), two N e  singlets (6 H)  at 2.6 and 2.7, and a Me 
doublet (3 H) at  1.5 ( J  = 7 Hz). Isomerization of 6 
to 5d could not be effected under acid or alkaline condi- 
tions, apparently due to steric inhibition of resonance. 

Dimethyl derivatives of benz [alanthracene bearing a 
Me group in either the 7 or 12 positions were readily 
synthesized by appropriate modification of this ap- 
proach. Thus, the cyclic dimethyl ketones 3e,a,b, 
upon reduction and dehydration afforded 4,12-, 5,12-, 
and 6,lZdimethylbenz [alanthracene (5e,f,g) resp. 
Treatment of 4- and 6-methylbenz [a]anthr-7-one (3h,i) 
with MeMgBr and lIeLi,  resp, followed by acid- 
catalyzed dehydration furnished 4,7- and 6,7-dimethyl- 
benz [alanthracene (5h,i), resp. 

An alternative synthetic approach 11 as employed for 
the s,7,12-TRIBA isomers for which z = 2,  3, and 10. 
These compounds \\ere prepared from the corresponding 
s-methylbenz [alanthracene via the sequence : (1) Li- 
NH3 reduction; ( 2 )  methylation with n-BuLi and 
hleBr in liq "3; and (3) rearomatization with S 
(Scheme 11). 

Although 1-step reductive dialkylation in liq ?\", is 
f e a ~ i b l e , ~  the 2-stage approach was found advantageous 
in that it allowed more efficient removal by recrystal- 
lization of minor secondary products formed in the 
initial stage. Dimethylation of the purified dihydro 
derivatives, 7, proceeded smoothly to furnish virtually 
quantitative yields of the corresponding x,7,12-tri- 
methyl - 7,12 - dih\ drobenz [alapthracene compounds 
8a-8c. These nere designated as cis on the basis of 
prior assignment of cis stereochemistry to the product 

(8) During the preparation of this manuscript, Professor RZ S Neuman,  
Ohio State UniXersit\ informed u s  in a pr i la te  communication of the syn- 
thesis of 6c bg D r  i t  Hung in his laborator> ita an  essentially identical 
approach the mp of I C ,  as \\ell as those of the  intermediates ZC,  4c, and 
3c, \\ere in close agreement nitli the  \allies reported tierrin 

(11) R G H a r \ w  and C C Daxis J Oig Chem , 34 ,  3607 (1969) 
(9) (a) R G Har ie )  and L \riadon Tetrahedron,  26, 4887 (1969) 
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SCHEME I1 

- 0  Li-NH, & 0 -CH3 

7 

1. BuLi-NH3 
2. CH3Br I & -CH3 ~ @ x-CH3 

000 0 0  
Ck3 H 

9 8 

a , x  = 2 
b , x  = 3 
c, x = 10 
d, x = 11  

of analogous reaction of benz [alanthracene; nmr chem- 
ical shift data in comparison with that reported earlier 
for the related cisQ and translo isomers of benz[a]- 
anthracene was also consistent with this assignment. 
Dehydrogenation of 8a-8c with sulfur afforded the 
fully aromatic trimethylbenz [alanthracene derivatives 
9a-9c. 

Attempted synthesis of 7,11,12-TlIBA from 11- 
AIBA by an analogous approach was frustrated by the 
resistance of the 7,12-dihydro intermediate 8d to dehy- 
drogenation with all reagents employed (S, DDQ, Pd/C, 
AlCI,) ; decomposition ensued under more strenuous 
conditions. This resistance undoubtedly stems from 
the strong steric interaction expected between the Me 
group a t  C-12 and the substituents in the adjacent 1 and 
11 positions of the aromatic product 9d. 

The remaining z,7,l2-T11BAA isomer, 7,9,12-TJIBB, 
was obtained through treatment of 9-methylbenz [a]- 
anthraquinone v-ith AIelIgI, utilizing a modification of 
the procedure of Sandin and 1;ieser." 

Introduction of the formyl group into the 7 position 
of 12-methylbenz [alanthracene was previously achieved 
in low yield by Badger and Cook12a by the method of 
Bachmann.lzI) We found it more convenient to  pre- 
pare the analogous 4,12- and 5,12-dirnethyl-7-formyl- 
benz [alanthracene compounds 10a,b, from 5e,f, by 
treatment with oxalyl chloride and DAIP' in (ClCH,),. 
Reduction of the formyl derivatives with KaBH4 in 
pyridine proceeded smoothly :it room temp to furnish 
the corresponding 7-hydroxymethyl derivatives l la,b.  

E'inally, 7,12-dicyanobenz [alanthracene n-as syn- 
thesized from the dioxime of 7,l'L-diformylbenz [a]- 
anthracene by treatment with AclO at reflux temp. 

The sarcomagenic activity of the compounds re- 
ported herein are summarized in Table I. Included for 
the sake of completeness are data reported earlierza for 
ieveral of the compounds. Since the results of more 
complete biological evaluation are to be presented else- 
\\ here, we shall only summarize briefly the salient 
features of these results. Ale bubstitution outside the 

( I O )  11. G. Harvey, L. . \ rzadon,  . J .  Gran t ,  anti Ii. Urberg, J .  S m e r .  C h e m .  

( 1 1 )  R .  Sandin and I,. Fieser, ibid., 62, :joy8 (1940). 
( 1 2 )  (a) G. M. I3adrer and  J .  W. Cook,  .I. Chem. Soc., 409 (1940): (1,) 

Soc., 91, 4535 (1969). 

1V. 1'. Ilnckmann, J .  Org .  Chem., 1, 3.47 (1'336). 

TABLE I 
SPINDLE-CELL SARCOMA EVOKED B Y  ALKYL DERIVATIVES 

OF ~ E N Z [ ~ ] A ~ T H R . ~ C E N E ~  

r o m p d  

1,12-1>MBA* 
4,7-DhlBA 
4,lZ-DMBA 

6,7-DMBAb 
6,12-DMBAh 
7,8-D51BAb 
7 , l l -DhlBA 
7,12-DMBAfJ 
8, 12-I)MBAb 

S,lZ-DAlBA 

7-CH,OH-4,12-D?rlBA 
7-CH,OH-5,12-DMBAC 
2,7,12-ThlBA 
3,7,12-TJIBA 
4,7,12-TllBA 
.5,7,12-T;\IBA4 
6,7, 12-T?\IBAb 
6,4, 12-TMBAb 

7,10,12-T31BA 
7,12-Dicyano-BA 

7,9,12-TJ\IBA 

N o  of N o  \\It11 

Rata Sarcoma 

'1 0 
N 0 
X 0 
Y 0 
8 x 
7 7 
7 7 
7 7 

20 20 
% 8 
Y 1 
5 0 

16 0 
s 0 
h 8 
8 1 
6 6 
7 7 
5 x 

7 
1% 0 

- 

Range, days 

70-126 
36-153 
82-163 

109-190 
67-1 16 
67-97 

246 

852-97 
121 
102-130 
32-123 
46-94 
55-97 

81 LIale Long-Evatih rats, 2.5 days old were injectedim with a 
>elution of sesame oil, O..i ml, containing 2.3 mg of t,he compound. 
The experiment was terminated at 9 month .  Carcinogenic 
activity previoiisly reported.2a This compd is also inactive 3s 
:til adienoc'orticolytic agent despite the high activity of 7- 
hydroxyniet hy1-12-methylbena [a] snt,hracene.a 

5 -  MXCH3 000 - 
CHO 

~ H ~ O H  
11 

a , x = 4  
b, x = 5  

critical region in the 1, 4, arid 3 positions of 7 -  arid 12- 
methylbenz [alanthracene appears to effectively abolish 
activity; n-hereas, introduction of 1\Ie groups into the 
6, S, or 11 positions of these Same hydrocarbons is 
without effect on biological activity within the limits of 
the experimental method. The consequences of -1Ie 
substitution in 7,12-D;\IBA are similar; activity is lost 
lvith methyl groups in the 2, 3 ,  and 5 positions, and 
retained with l I e  groups in the 4, 6, 5, 9, and 10 posi- 
tions. The only inconsistency between the two series 
is the high activity of 4,7,12-TlIBA compared with the 
inactivity of 4,12-D-11Bll. Tentatively, therefore, it 
appears that 1 Ie  substitution in positions 1 through 5 
of carcinogenic benz [alanthracene compounds can 
block biological action of these molecules, whereas 
methylation elsewhere is nithout effect is this respect. 
Allthough the significance of this finding is a t  present 
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unknown, an attractive hypothesis is that  metabolic 
activation of the carcinogen occurs in this region. 

Experimental Section13 
2- [ 1-(4-Methylnaphthoyl)] benzoic Acid (la).-A Grignard 

soln, prepd from 97.3 g (0.44 mole) of l-bromo-4-methyl1iaphthal- 
ene and 12.9 g (0.53 g-atom) of Zilg turnings in 250 ml of EtLO 
and 90 ml of C6H6, was added within 25 min to a stirred warm 
soln of 71.60 g (0.48 mole) of phthalic anhydride in 750 ml of 
c6H6. The mixt was then refluxed for 2.5 hr and cooled, and 400 
ml of ice-cold 10% HCl was slowly added. Conventional work- 
up and crystn from C& afforded 92.21 g of la ,  mp 130-132'; 
anal. sample, mp 133-155'. Anal. (ClsH140,) C, H. 

2- [ 1-Hydroxy-1-( 4-methyl-l-naphthyl)ethyl] benzoic Acid Lac- 
tone (4a).-To a stirred soln of 50.00 g of l a  in 750 ml of C& 
and 375 ml of EtaO, 170 ml of a 3 A1 MellgBr soln was added 
slowly. The soln was then refluxed for 2 hr, cooled, and decom- 
posed with l o  HCl soln. Work-up by conventional procedures 
gave 46.90 g of neutral fraction, which crystd from EtOH to 
provide 29.59 g of 4a, mp 145-148'; anal: sample, nip 148.5- 
150'. Anal. (C20H1602) C. H. 

2- [1-~4-Methyl-l-naphthyl)ethyl] benzoic Acid (2a).-A s o h  of 
25 g of 4a in 500 ml of a 5YG NaOH soln in 85yc EtOH was evapd t,o 
dryness under reduced pressure, and the solid residue was dis- 
solved in 750 ml of HzO. To  this was added 75.0 g of Zn dust, 
and the mixt was stirred a t  reflux temp for 25 hr. The filtrate 
from the reaction mixt was acidified with HCl, and the resulting 
ppt  was collected and dried. On crystn from hIeOH-C& 15.30 
g of 2a, mp 193-194', and 5.74 g, mp 191.5-193", were obtd; 
the anal. sample (PvleOH) had mp 193-194'. Anal. (CroHlsOz) 
C, H. 
5,12-Dimethylbenz[a]anthr-7-one (3a).-A sohi of 18.20 g of 

2a in 120 ml of anhyd H F  was allowed to evaporate overnight, a t  
room temp. The residue was dissolved in C6H6, nashed with 
5% aq Xa2COt and H20, and evapd to dryness to  afford 17.36 g of 
crude 3a as a yellow foam. 

5,7,12-Trimethylbenz[a] anthracene (5a).-To a st'irred s o h  of 
13.18 g of crude 3a in 130 ml of Et'tO and 65 ml of CBHG, 100 ml 
of a 57G s o h  of XeLi was added, and the soln was refluxed for 2.3 
hr under Nz. The soln was cooled, then decompd with ice-cold 
6T0 HCl, and worked up in the usual way. The resulting yellow 
foam (14.90 g) was dissolved in 200 ml of C6He and stirred with 
2.0 g of TsOH for 1 hr a t  refliix temp. The cold soln was washed 
until neutral with aq Na2C03 and evapd to  dryness, and the 
residue (13.64 g)  was chromatogd over 420 g of alumina. Ellition 
with 12y0 Et20-petr ether afforded 11.80 g of material which was 
crystd from hexane to  give 10.57 g of 5a, mp 127.3-129.3"; anal. 
sample, mp 129-131'. Anal. (CaH18) C, H. 

2-[ 1-(3-Methylnaphthoyl] benzoic acid i l b )  was prepd from 
119.5 g of l-brom0-3-methylnaphthalene1~ and 89.6 g of phthalic 
anhydride by essentially the same method employed for synthesis 
of la. The yellow cryst product (121.1 g) was recrystd from CsH6 
to furnish 79.00 g of lb ,  mp 189-192', 19.47 g, mp 184-18X0, 
and 9.32 g, mp 182-187'; anal. sample, mp 192-193'. Anal. 
(Ci9HLh) C, H .  

2- [ 1-Hydroxy-1-( 3-methyl-l-naphthyl)ethyl] benzoic Acid 
Lactone (4b).-To a stirred s o h  of 75 g of l b  in 1900 ml of warm 
CeHs, 275 ml of a 3 Af MeMgBr s o h  was added dropwise over 
45 min. The mixt was then refluxed for 2 hr and worked up in 
the usual manner. The neutral portion recrystd from cGII6- 
EtOH gave 36.99 g of 4b, mp 186-189'; anal. sample (EtOH, 2x) 
mp 188-189". Anal. (C2oHleOz) C, H. 

2- [ 1-(3-Methyl-l-naphthyI)ethyl]benzoic acid (2b) was prepd 
from 36 g of 4b by the procedure utilized for 2a except that re- 
fluxing with Zn (120 g) was contd for 48 hr. The crude material 
recrystd from CeH6 gave 32.09 g of 2b, mp 185-186'; anal. 
sample, mp 186.e5-187.50. Anal. (CIOH,,O,) C, H.  
6,12-Dimethylbenz[a]anthr-7-one (3b).-A s o h  of 31.0 g of 

2b in 150 ml of anhyd €IF was allowed to evap in a hood over- 
night. The residue was dissolved in EtOAc, washed with 5%, 

(13) All mps were determined on a BUchi capillary m p  apparatus and are 
uncor. T h e  structures of all compds were supported by ir and nmr spectra, 
obtained on a Perkin-Elmer Model 137 infracord spectrometer and a Varian 
.4-60 spectrometer, resp. Where analyses are indicated only by symbols of 
the elements, anal. resuits obtained for these elements mere within 10.470 
of the  theor values. 

(14) 1M. S. Newman and S. Blum, J .  .%Zed. Chem., 7 ,  466 (1964). 

aq NazCOz and H20, arid dried. The evapn residue, 28.60 g, was 
a light yellow syrup. 
6,7,12-Trimethylbenz[a~anthracene (Sb).-Treatment of 15.10 

g of crude 3b with l IeLi  (6  hr) by the procedure for 5a afforded 
an oil which crystd from CH2CI2-hexane to  give 7.15 g of 5b, mp 
177-178'; anal. sample, mp 178-178.5'. Anal. (Cz1Hl8) C, H .  

2- [ 1-Hydroxy-1-( 3-methyl-l-naphthyl)ethyl] -6-methylbenzoic 
Acid Lactone (Ic).-Inter,zction of 30.20 g of IC (mp 189-191.5O; 
lit.l4 182-183') with MeJIgBr by the method described for 4a 
(addition 20 min; reflux 24 hr) afforded a neutral product fraction 
portion (28.39 g)  which gave (from EtOH) 25,;jl g of 4c, mp 
143-147'; anal. sample, mp 146.5-147", lit.15 147-148". Anal. 
(CziHi,02) C, H. 

2- [ 1-(3-Methyl-l-naphthyI)ethyl] -6-methylbenzoic Acid (2c).- 
The rehidue obtained from treatment of 25.0 g of 4c with ethaiiolic 
NaOH in the usual maiiiier was taken up in 750 ml of H20 and 
1.50 ml of concd XI-TAOH; 75 g of Zn dust was added, and the 
mixt was stirred a t  reflux for 43 hr. The product was worked up 
as for 2a. The acid portion, 22.46 g, was crystd from C8H6, 
affording 19.82 g of Zc, mp 220-222", arid a second fraction of 2.13 
g, mp 218-221'; anal. sample, nip 220.5-222"; lit.15 210-220". 
Anal. (CnH,oOz) C, H. 
6,8,12-Trimethylbenz[a]anthr-7-one (3c).-Treatment, of 20.6 

g of 2c with 200 ml of anhyd H F  as for 3a afforded 19.44 g of a 
rieritral prodiict. Cryst11 from EtOAc-EtOII provided 16.76 g 
of 3c, mp 165.5-167', and 2.07 g, mp 162.6-165°; anal. sample 
(EtOAc), mp 166-167'; lit.15 165-166". Anal. (C11H180) C, H. 
6,8,12-Trimethylbenz[a]anthracene (5c).-A soln of 4.00 g of 

3c in 32 ml of toliiene was stirred wider reflux with 100 nil of 
KaOH sohi and 20.0 g of Zn-Cii couple for 30 hr. The mist was 
filtered, and the org layer sepd. The evapn residue (3.70 g )  was 
dissolved in 200 ml of C6EI6 and refluxed with 2.0 g of TsOlI for 
45 min. hft,er the usual work-lip, the crude product was 
from EtzO-hexane to give 2.30 g of 5c, mp 131.5-133". Recrysitn 
from hexane gave the pure compd, nip 138-138.3"; lit.15 137- 

7-Methylene-6,8,12-trimethyl-7,12-dihydrobenz [a ]  anthracene 
(6).-To 6.00 g of 3C dissolved in 100 ml of C 6 H ,  100 nil of a 
5.16yc AIeLi s o h  in Et20 was added. The solii was stirred at  
reflux for 6.5 hr under N?, then cooled in an ice bath and decompd 
with HC1. The org layer was washed rvith H,O and dried (?;ar- 
SO,), and the solvents were removed. The residue (7.13 g) \vas 
dissolved in 53 ml of anhyd pyridine, and 3 ml of POC1, was added 
to the s o h  a t  0". After standing 24 hr a t  room temp, the reactioli 
mixt was worked iip in t'he irsual manner. The crude dehydration 
product (6.20 g )  was chromatogd over 200 mg of aliimiiia. 
Petr ether-CsHs (1: 1) eluted 4.26 g of a product which crystd 
from hexane to yield 6, 1.784 g, mp 112-114", nnd 1.14 g, mp 
109-111.3; anal. sample, nip 113-114'. Anal. (Ci,Hy0) C, €1. 

2- [ l-Hydroxy-l-(5-methyI-l-naphthyl)ethyl] benzoic Acid Lac- 
tone (&).-TO a well-stirred soln of 35.70 g of le6 i i i  1100 ml of 
anhyd C6H6 and 300 ml of auhyd Et&, 120 ml of n :3 JI AIeSIgBr 
solu was added over 33 min. The ppt which initially formed, 
dissolved at  the end of the addii. The s o h  was refliised with 
st,irring for 2 hr, cooled, and decompd with 105; IIC1. The org 
layer was washed with aq Na2COa and H?O, and dried. Evnpii of 
the solvelit left 37.09 g of a reddish foam. 

2- [ 1-(5-Methyl-l-naphthyI)ethyl] benzoic Acid (2e).-Coiiver- 
sion of the crude lactone 4e (37.00 g) t o  the acid 2e waq achieved 
by the method employed for nynt.hesis of 2c, except the reaction 
was maintained at  refliix for 27 hr oiily. The filtered soln was 
acidified with coticd IICl, and the resiiltiiig ppt was takeii tip in 
CsH6-Et10 (1:2). Thesoln wasextd 3 times with L'..iC; aq Sa2CO0, 
the exts were again acidified with concd HC1, and the ppt was 
filtered off arid washed well with HrO. After drying, the soln was 
coricd until incipient crystn to  yield 13.75 g of 2e, nip 189-191, 
and 6.89 g, mp 188-190.5'; anal. sample, mp 189.5-191.5°. 

4,12-Dimethylbenz[a]anthr-7-one (3e).-Cyclization of 20.5 g 
of 2e in anhyd ITF by the method employed for 3b afforded, after 
the uslial work-up (EtOAc solvelit), a residiie, 17.75 g, which was 
crgstd from EtOAc-EtOH to afford 15.76 g of 3e, mp 110.5-121"; 
anal. sample, mp 120-121O. 
4,12-Dimethylbenz[a]anthracene (5e).-To a solii ( i f  15.50 g 

of 3e in 240 ml of diglyme, 5.0 g of NaBI14 was added, and the 
soln was allowed to staiid for 22 hr at  room k m p .  Coiiventioual 
work-up gave a residiie, 1Y.02 g, which was refluxed in 300 ml of 
CsH6 with 3.0 g of TsOH for 1 hr, cooled, and washed with aq 

138". Anal. (CnHis) C, H .  

Anal. (CxHiaO,) C ,  H. 

Anal. (C20H16O) C? IT. 

( 1 5 )  hI. S. Newman and \V. Hung, private commiinication. 
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solvents, was recrystd from CBHB and melted a t  273-274”. 
A d .  (CZOHIONZ) C, H, N. 

including 1-, 3-, and 11-methylbenz [alanthracene, and 
for detailed description of the synthesis of l-bromo- 
3-methylnaphthalene. We are also grateful t o  Pro- 
fessor Charles B. Huggins, The University of Chicago, 
for permission to cite the biological test data obtained 
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A general approach to specific enzyme inhibition is discussed. The synthesis arid results of assay of 4-(4- 
imidazolyl)-3-aminoS-butanone (2), 4-(4-imidazolyl)-3-acetamidoS-butanone (4), and 4-(4-imidazolylmethy1)- 
2,5-dimethyloxazole are described. 

The receptor sites of many metabolic enzymes 
which utilize amino acids as substrates can be depicted 
as having 2 binding sites and 1 active site. The 
binding sites can be designated as specific and non- 
specific. For example, if one viens a model for the 
receptor site of a specific amino acid decarboxylase 
(Figure l), the specific binding would be to  the R 
group and would act to  differentiate the amino acid 
to  be used as a substrate. A nonspecific site Tvould 
bind the amino group; the latter would act as the 
orienting function and would place the carboxyl 
group in juxtaposition to  the site of chemical change, 
the active site. 

On the basis of this model, an active-site-directed 
inhibitor of a decarboxylase enzyme should be capable 
of binding with the specific as well as the nonspecific 
sites of the enzyme but it should be incapable of 
undergoing the required chemical transformation, 
decarboxylation, at  the active site. The same argu- 
ment should apply to  transaminases, aminopeptidases, 
aminesynthetases, certain oxidases, etc. 

In  order to  investigate the applicability of this 
hypothesis, histidine \vas chosen as the substrate to  be 
modified. L-Histidine decarboxylase is specific for 
the biosynthesis of and a specific inhibitor 
of this enzyme should possess an imidazole ring which 
would approach and bind to the specific binding site, 
a basic r\; for binding to  the nonspecific site, and a 
function incapable of decarboxylation to  approach the 
active site. This phase of the investigation considered 
only reversible endo binding to  the r e ~ e p t o r . ~  In  
the initial study of the requirements of histidine 
analogs for decarboxylase inhibitor activity 3 compds 
were prepared. The cu-amino ketone 2 would be 
expected to  have the specific and nonspecific binding 

( 1 )  Taken in part  from the dissertation presented by J. A Weis, Sept 
1968, t o  the Graduate School of the University of Kansas, Lawrence, Kan , 
in partial  fulfillment of the requirements for the Doctor of Philosophy De- 
gree. 

( 2 )  G. Kahlson, E. Rosengren, and R .  Thunberg, J Physzol. (London).  
169, 467 (1963). 

(3) B. R Baker, “Design of Active-Site-Directed Irreversible Enzyme 
Inhibitors,” Wiles. Neir York, N Y , 1967. 

‘Q q C O C H 3  NH2 

1 2 

3 4 

functions of histidine (1). The oxazole 3 would 
possess the basic nonspecific function and the specific 
imidazole ring but sterically might be less capable 
of endo binding t o  the receptor site. The N-acetyl- 
a-amino ketone 4 would have the specific binding 
function and the active-site-directed function which 
is incapable of decarboxylation, but it does not have 
the nonspecific binding group required for orientation 
of the Ac group to  the active site. 

It could be predicted that  2 would bc an excellent 
and specific inhibitor, 3 would be specific but less 
active, and 4 would possess little or no activity as ail 

inhibitor. 
These compds I\ ere prepared from histidine .HC1 

(1) which undern ent decarboxylative acetylation in 
pyridine and AcLO soln to provide 4-(4-imidazolyl)- 
3-acetamido-2-butanone. HC1 (4) in 64y0 yield. Dakin 
and West4 were unable to  characterize this material, 
since they failed to obtain a crystalline product. 
In  this study a crystalline product was obtained and 
spectral data support the proposed structure. The 
maximum yield was secured with mild reaction condi- 
tions. 

The hydrolysis of the acetamido ketone 4 to  produce 
4-(4-imidazolyl)-3-amino-2-butanone~ 2HC1 (2 )  11 a3 
accomplished in 82y0 yield with 4 N HCI. 

4-(4-ImidazolyImet hy1)-2,5-dimethyloxazole HC1 (3) 
was obtained in 407’ yield by refluxing the acet- 

(4) H. D. Dakin and R. West, J .  B i d .  Chem., 78, 745, 75; (1928). 


