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TABLE I 

o s  TOT.IL CELL COUNT 
EFFECT O F  I)IETHYLSTILBESTROL Di-p-AMINOBENZOATE 

Total cell count 
Treatment.  i,pm x 10-4 

0 241.0 f 10.9  
UES,,l 0.:; 263.0 f 1 6 . 2  
DES, 3.0 1.54.8 f 8 . 6  
DES ecter.& 0.3 24.5 ..5 f 20 .0 
DES e-ter. 3.U 169.0 =k 4 . 1  
DES + P.1B.L 0.3 2.7.5.8 f 9 . 6  
DES + P.1B.1: 3.0 203.8 =t 11.9  
PABA,? 0.3 249.3 i 2 3 . 1  
P;\B;\! :;.O 248.0 f 4 . 3  

a L)iethylstilbestrol. Diethylstilbestrol di-p-aminobenzoat e. 
c p-Aniitiobenzoic acid. 

The 14C'-leuc.ine iricorporatio~i into cellular protein 
was iiicren>eii when DES, DES + PABA, and DES 
co1icentrntio:i v-n.; 0.3 ppm but decreased as the coli- 
centration W:I- increnqed to 3 ppni (Table 11). The 

TABLE I1 
EFFECT (IF  I )IETHI-LSTILBESTROL ~ > I - ~ - . ~ J I I ~ O B E ; U Z O . ~ T E  o s  

PROTEIX SYSTHESIS 
Specific act., 

Treatment.  i.,br> cpm/mg of protein 

0 4299.8 + 183.4 
DES;, ( J . 2  ,5736.4 3~ 445.1 
DES, 3.0 3269.5 + 223.0 
DER e*ter," 0,:3 6216.2 =t 288.1 
DES e-ter? 3.0 2933.2 i 218.3 
I)ES f P.lB.Xj 0.:j .i39.7.4 f 647.4 
DES + P.1B.k: 3.0 2814.7 i 428.4 
PABXj,. 1G 4Y32.S =k 327.9 
P h B h ,  3.0 4778 3 =t 106.3 

a Diet hyls t i l tm t r( rl. 
p-Aminobeiizoic a d .  

Diethylstilbestrol di-p-aminobenzoate. 

effect of DES e-ter a t  0.3 ppm was not different from 
tha t  of DES ancl DES + PABA. P-IBA a t  0.3 and 
3.0 ppni showed 110 effect on protein synthesis. These 
results n-oultl iiidicate that  the effect of DES ester ih 
attributed to the DES moiety of the molecule. 

DES stimulnte. the activity of several enzymes at 
low coi1centr:itions but the activity is decreased at 
higher co~ic.entrntions.~ -9 Hence, the increase in 
protein syntlieG. in the present study may be the 
result of increase. in  tissue enzyme activities. 

Experimental Section 

All melting puitit> were determined using a Thiele melting 
point apparatii-. Sitrogen content was determined by Nessleri- 
sation.l0 The i i v  Fpectra were determined over the range of 
300-500 mp 011 R Hitachi-Perkin-Elmer spectrophotometer, 
The  esterification of DES resulted in a bathochromic shift. 

p-Thionylaminobenzoyl chloride (2) was prepared by the 
methods deqcrihed by Graf and Langerll and RIcMaster and 
Altmann.l2 POCI, n-aG reflnxed by dry p-aminobenzoic acid a t  
75" for 2 hr and finally 2 was purified by vacuum distillation. 

Diethylstilbestrol Di-p-aminobenzoate (DES Ester) (3).-The 

(5) R.  Glass. J .  Lorins. J .  Spencer, and C. Villee, E?~docr inoZogy ,  68, 327 

(6) J .  C. Karren. D. 0. C u r ,  and  5. Grisolirt, B i o c h e m .  J . ,  93, 409 (1964). 
(7) W. D. Sotel)oom and J. Gorski, P r o c .  Satl .  S c a d .  S c i .  L-. S., SO, 250 

(1963). 
(8 )  C. Kidson and K. 5. Iiirhy, S a t u r e ,  203, 599 (1964). 
(9) T .  H. Hamilton. Proc. So t l .  Acad.  S c i .  L'. S . ,  49, 373 (1963). 
(10) F. C. Koch and T. L. SIcMeekin, J .  Am. Chem. Soc . ,  46, 2066 (1921). 
(11) R. Graf and \\-. Langer. J .  Prakt .  Chem., 148, 161 (1937). 
(12) I,. l\lcl\Iaster and  T. F. Altmann, J .  Am. Chem. Soc . ,  SO, 145 (1928). 

(1961). 

preparation of the PABA ester of DES was based on the Schotten- 
Baumann reaction of acylating two phenolic groups of DES with 
2 in dry pyridine, then converting the thionylamino groups to 
amino groups in H10.11313 The dry crude product, %-as purified by 
recrystallization from a mixture of DLLF and H2O ( l : % )  v:v), 
washed with Et20, arid finally dried at  60' in a vaciium oven until 
a constant weight was obtained; yield 8 0 5 ;  mp 195'. dna / . I4  
(C33H3oNiO4) 1;. 

Biological' Activity.-llouse fibroblastic cell? (L2071) i h  a 
laboratory line maintained in the Carver Rescarch Foundation 
Laboratory from the original strain which was received from I j r .  
IT'ilton Earl and described by IlcQuilkin, et al.15 Thew cell,. 
have been maintained as a separate line by serial transfer over a 
period of more than 8 years before storage under liquid nitrogen. 

Stock iolritions of diethylstilbestrol (DES), diethylstilbeytrol 
di-p-aminobenzoate (DES ester), and p-aminobenzoic acid 
(PABA) were prepared by dissolving 12.5 and 125 mg of each 
compoiind in a mixtiire of 0.5 ml of N,N-dimethylacetamide and 
4.5 ml of Tween 80. After filtration through a Millipore filter 
(0.5-p pore), 0.1 nil of each solution was added to 100 ml of cnltiire 
medium (Eagles' medium 90% plus calf serum 1 0 5 )  to produce 
solutions of 2.5 and 23 ppm concentrations, respectively. Each 
stock solution (24 ml) was made up to  100 ml with culture medium 
to produce solutions of 0.6 and 6 ppm concentrations. DES pluh 
P.4BA solutions were prepared by mixing equal volumes of 
eqriivalent concentrations of DES and P.kBA solutions. Solu- 
tion.: containing D1\IAC and Tween 80, biit without DES and 
DES est,er, served as control,. 

Each sohition (j ml) was added to an accurately determined 
number of cells (1.3 x 106) in 5 ml of culture medium to give 
final concentrations of 0, 0.3, and 3 ppm of DES, DES ecter, 
PABB, or DES + PAB.4. Before incubation at  36" for 48 hr, 
0 . 2 4 3  of uniformly labeled ~ - l e i i c ine -~~C (specific activity 200 
mCi mp) war introduced into each culture. 

At the end of the incubation period the cells were centrifuged 
and then wa5hed and resuspended in 10 ml of Hank's balanced 
salt soliition. A 2.0-ml aliquot of the evenly dispersed cellular 
bu.spension wa, used for a radioactivity coiint by the method 
described by Bruno and Christian'e using a Tri-carb liquid 
scintillation spectrophotometer. The S content in the remaining 
8-ml portion was determined by Xesalerization.10 

Each experiment was run in duplicate and repeated three 
times. The average value and standard deviation of the mean 
xere calculated. 

(13) L. Anschutz and H. Boedeker, Ber. Deut. Chem. Ges., 62, 826 (1929). 
(14) Analytical r e ~ u l t  ohtained is n-ithin +O,4Yc of the theoretical value. 
(15) I\-. T .  LIcQuilkin, Y. J. Evans, and  \I-, R.  Earle, J .  S a t l .  Cuncer 

(16) G. A.  Bruno and J .  E. Christian, A n d .  Chrm., 5 3 ,  1216 (1961). 
I n a t . ,  19, 885 (195i). 
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The potent carcinogen, 7,12-dimethylberiz [alan- 
thraceiie ('7,12-D_11BA), is unique among the car- 
cinogenic polycyclic aromatic hydrocarbons by causing 
destruction of tIvo zones of the rat's adrenal, selec- 
tively.* Boyland and Sims3 showed that  7,12-DlIB.I 
is metabolized in rat  liver principally to the 7-hydroxy- 
methyl (1) and 12-hydroxymethyl (2) derivatives. 
Later, Boyland, Sims, and Huggins4 found that 1 i i  

(1) This investigation v a s  supported by grants from American Cancer 
Society, Jane  Coffin Childs hIemorial Fund for Medical Reseaich, and 
Daisy Schvimmer l lemorial  Fund. 

(2) C. Huggins and  S. Slorii, J .  Erptl. M e d . ,  114, 741 (1961). 
(3) E. Boy!and and P. Sims, B i o c h e m .  J. ,  95, 780 (1965). 
(4) E. Boyland, P. Sims, and C. Huggins, Sature,  207, 816 (1965). 



. c w ~ a l  timeh more effevtive in provoking atlreiial tlani- 
:ige than the parent hydrocarbon. and \Theatley and 
cmvorkersj presented conclusive cvidenre that thi. 
metabolite aiid iiot the precursor T.l.'-DJIBAl n 
;kcativc adrerioc.ortic.ol!.ti(~ agent. To gain :itltl 
iiiformatiori concerning the structural requirement\ for 
iilduc.tiori of :idrc.iial rierr 
c~iiiogenic.ity aiid at1renoc.o 
heiiz [u]anthrawrir, TI t' .> I 

poutid1 rclntetl to 7,l?-D.\IBLi, The r+iilt. of f l i (1  

i)iologic.:~I evaluntioii of the  ne\\ compoiuitl- havc I m t i  
prcicntcd elsewhere.6 Here, l i e  n i i h  to r(1l:ite our I\ 0 1 . k  

c.oiicwmd with their -ynthe4. 
Compounds l a  and l b  were prepared from i - h >  tlror\ - 

iiicthyl-l~-niethylheiiz [a]:-tnthr:icene (1) t); ( Y P I I -  

vciitioiiul method+. The ;-formyl tlerirative ( IC)  
w : t Y  fir+t b j  nthesized b ~ r  B:~dger aiid C'o01\~ frorii 12- 
iriethylbc~nz [aj:inthr~wciie i n  low yield. .I. relativclj 
large :mounts  of thi\ compound were rieedccl for hio- 
logic*:al experini(>tit+ arid further traiidormntioti, \\ c' 

foutitl that it  \ \ a s  more coriveriieiit to preparc IC hi  
ori(1:itioii of 1 with .',8-dicliloro-3,B-clic\-aiioberlzo- 
(Iuiiione (IIIIQ) .b The re:wtion proceeded ovcwiight 
:ii room temper:iture to give IC in better than \OC( 
\ ic1ltl. 111 thtl ra>e of 2, oxidation of the .teririill\ 
hiiitl(~ret1 l.'-h> droxynieth! 1 group i v a b  rather .luggi-h 
,iiitl after 5 da j  c :it room temperature the > iel(1 of 2a 
I\ :I. only 505; ;\t higher t emperaturei, :I coniplr\ 

product> re\ultrtl, :is determined h! t l c .  
not further invc~tigatecl Thr greLit ( l i f -  

renctivit! :it po4tioiii 7 and 12 allonctl 114 

the >elective transformation of 7,12-dih> d r o y  methyl- 
t xwz  [a]:mthriicen~ (3)s into 3a. The aldehyde protoii 
.igiial of 3a appeared :it the  w n e  Ion field a? that of 
IC The c o n w r + m  of 3a into the dialdeh!-de 3b proved 
to he niorc difficult th:w cxpc~ctcd. After 1 &I> 5 .  oi11~ 
trLicc> of the tlinld ere formed. Eveii d t e i .  A 
twrtiori  time of 12 could be isolated 111 :L J ic~ltl 
of o n l ~  IO%-,, nhhile i oc :  of thc i -mor ionl r~e l i~ . (~~~ 
\\ :i+ recoverrtl unchangetl 

The alcoholi Id :ind l e  iwre prepared from thc  al- 
t l v h j  tie IC hy (irigti:wd reaction xvith lIe3lgBr a t l t l  
ISt .\IgRr, re+pectivcl\ , Compouiid l e  could iiot  tw 
oht:riiicd in cry~t:iIliiie form and n as purified :i. th(> 
:icct:itc, If. i-I-obut? I-l.'-meth~lbcriz [alaiit hr:irc~ic 
( lg )  \\:IC .\.iithr.izcd from 1%-tiiethylbenz [alaiithr-7- 

The  +:me ketorie w:ih uwd to  
pr(y:ir(l the  i-:tcetoq derivative lh, nhich iii tiirii 

et1 :IS strirtilig ninterial for the ether? li :iiitl lj, 
ri-iiig the method of Fieqer aiicl Hcrshherg." 12c:lctioii 
of 2a with .\leJIg€31. gttx c i-iiietliyl-l?-( 1-111 tlroxr - 
(>I h! I)bcriz [a]:iiithr:~crtic (2b) 

Thc 5) nt he4Y of ?-met h? 1- 1 %-et liylhenz [a ] ;ti1 t hra- 
cciic ( 5 )  \ v a ~  firit reported hy .\likhailov aiid Blolihina.'? 
T h q  clnim to hnvc i-olatetl thi- compound directly 

arid i-Ru3IgBr. 

,.j] I ) .  N. \ \ ! ipat iey,  I .  I< ,  Iiernohan. and .I. R. Currie, .Yciliiw, 211, 

taki a n < i  ( ~ .  H. i i u g y i n a .  Bioc/,zrti. I'harmacol., 16, GO7 11967). 
, Badger anti J. \\-. Cook, J .  Chem. Soc..  40Y (1940). 

(8) (a )  E. .i, Rraude, R .  1'. 1,instead. and I<. R.  H. T\-ooldridee. Oiid., 
: 3 O T O  11956): i!,) J .  C',  Orr. 0 .  Fialpern, 
1, i i e  la R < , z ,  -1. A I .  KuiL. a n d  .\. H o n e r  

( 9 )  G .  AI. Badger ani1 .I. \T. Cook. . I .  
0 )  B. 11. Alikhailov a n d  S .  G. C 
'R ,  20, 5iY (1938): 
1 )  I.. Y, Fieser and I<. B. IIerslil,erg, J .  A m .  C'hem. SOC., 60, 1893 (1H38j. 

112) 13, 31. 1Iikliailov and  .\. S .  Blokl~ina.  . J .  Geri. Chem. 1.S.SH.  10, 1793 
, IU i IU :  

Chum. .ib.ti... 33, 58429 (1'339). 

Chcni. : lbrtr . .  36, 400;' ( lY i l ) .  

1, R = CH,OH 
1% R = CH,C1 
lb,R = CH,Br 
IC, R = CHO 
Id ,  R = CHOHCH, 
le, R = CHOHCH,CH 

g#p 
CH, 

2, R = CH,OH 
2a, R = CHO 
Zb, R = CHzCHOH 

d CH, 4 

R 
I f .  R = CH(OCOCH,EH,CH, 
Ig. R = CH*CH(CH-): 
lh, R OCOCH, 
1;. R = OCH, 
1;. R = OC,H, 

R 
3, R = R, CH,OH 
3a, R = CH,OH R, = CHO 
3b, R = R, =CHO 

R 
5, R = CH:, 

5a, R = CHLOH 
5b. R = CHO 

cp 
CH3 

6 .R=CH3 
6a, R = CH,OH 

-tabilit! of 4 i. t luc l  to  the .troiig .teric* ititer:i(dtioii 
between the etli!.l gioup :iiid thc liydrogeii :it ( ' -1  
which ensues wheti the ring bearing the e th j  1 .uh- 
stituent become+ :ironxitic.. Brief trentment of 4 wit 11 
;wid gave 7-iiietli) 1-12-ethylbriiz [a]:irithrat~e~ic~ i n  
quantitative yield. 

1,ead tetraacetatc oulnt ioi i  of 5 aiid ~ubseqiieiit 
hydrolysis of the priniarilj formed acetate led to thcl 
alcohol 5a, in  ahout 5OC; yield. The  h j  droxy writ- 

pound was snioothl~ i,oiir-crted to the aldehyde 5b 
with DDQ. Similar to the oxidation of 5 ,  I'b(OAc), 
treatment of 7-eth? l-l?-nicth\ lheiiz [a]arithracene (6)."' 
followed b? hydrol\ producled 7-ethyl- 12-hytIroxj - 
methylbenz [a]aiitliruc~etie (6a). The structureh :is- 
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signed to 5a and 6a were confirmed by their nmr 
spectra. E'ormation of products hydroxylated in the 
ethyl side chains could not be detected in either case. 

Summarizing briefly the results of the biological 
evaluation.6 only five of the compounds, 1, la ,  IC, Id, 
and le, were effective in provoking adrenal necrosis in 
female Sprngue-Dawley rats. Compared to 7.12- 
DJIBA, the carcinogenicity of 1 was greatly reduced, 
while Id a n d  l e  were devoid of activity, in male rats 
of Lorig-Evan< .train. l 3  

Experimental Section1e 

7-Chloromethyl-1.2-methylbenz[a]anthracene (la).-To a siis- 
pension of 1.00 g (3.68 mmoles) of 7-hydroxymethyl-12-methyl- 
benz[a]anthracene (1)" in 20 ml of anhydrous C6H6 1.0 ml (1.6.5 
g, 13.8 "ole?) of SOCl? was added. The crystals dissolved on 
stirring. The solution wab refluxed for 30 min under anhydroiis 
condition>. Ewe?. reagent and the solvent were removed nnder 
rediiced pressiire. The residue (1.10 g )  gave (from CeH6) 0.74 
g of l a ,  mp 137-1:N0 dec. The analytical sample hhowed mp 
139-140' dec. Anal. (CpoHl$l) C, H, C1. 
7-Bromomethyl-12-methylbenz[a]anthracene ( 1  b).-.4 soh-  

tion of 3.97 g (14.6 nimoleb) of 1 in 80 ml of anhydrous C6Hs wah 
heated under reflux with 4.56 g (16.8 mmoles) of PBr3 for 1 hr. 
The solution was chilled in ice-water and any excess reagent was 
decomposed by dropwise addition of H?O. 4 crystalline material 
separated which was filtered off, washed (C6H6), and dried. The 
product (2.67 g)  melted at 138-141" dec. From the benzene 
layer of the filtrate additional material (1.49 g) melting at 136- 
140" dec war obtained on concentration. Recrystallization of 
the pooled crystalline fractions from CsHs yielded analytically 
piire bromide (2.91 g), mp 140-142" dec, and a second crop of 
0.74 g, mp 139-141' dec. dnal. (CSOHL3Br) C, H, Br. 
7-Methyl-12-formylbenz[a]anthracene (Za).-To a stirred 

soliition of 3.03 g i 11.0 mmoles) of i-mcthyl-12-hydroxymet~hyl- 
benz[a]anthacene (2)3 in 45 ml of anhydrous dioxane 3.45 g (14.5 
mmoles) of DI>Q was added. The soliltion was stirred for 6 hr, 
then set aside for 116 hr at room temperature. The prcipitated 
hydroqiiinone was removed by filtration. The filtrate was dilnt,ed 
with 2.50 ml of CHZCl? and washed several times (3% NaOH 
H20) .  The residue was passed through a column of 60 g of 
neutral aliimina which was then washed (CH&lz). The crystalline 
residue from the evaporation of the combined solutions was re- 
crystallized twice ( l IeUCO) and gave 1.32 g (50%) of pure 2a, 
mp 128-130'. The analytical sample melted a t  129-131'; 
nmr, 175 (s, 3, CH,), 619 cps (s, 1, 12-CHO). Anal. ( C ~ Z H I ~ O )  
C, H. 
7-Formyl-12-methylbenz[a]anthracene (l~).~-Compoiind 1 

(3..5.i g, 13.0 ninioles) was oxidized with DDQ (3.5.5 g, 15.6 
mmoleh) in 60 nil of anhydrous dioxane for 16 hr a t  room tem- 
perature. The reaction mixture was worked up in the same manner 
as for 2a; yield 2.93 g (82.75;) cf l e ;  mp 112-114' after crystal- 
lization from CHKX-Et20, melting point of the analytical 
sample 114-115' (lit.; mp ll l ,3-l12.5°);  nmr, 187.9 (3, 3, 
CHI) ,  673.9 eps is ,  1, 7-CHO). Anal. (C.rOHl4O) C, H .  

( 1 d ).-To 
a stirred soliition of 1.78 g of 3IelIgBr in 20 ml of anhydrous 

7 4  1 -Hydroxyethy 1 )-l2-met hyl benz [a ]  an thracene 

(13) Recently. Flesher and  coivorkersl4 reported tha t  the  carcinogenicity 
of 1, administered by gastric instillation to  female SpragueDawley  rats, 
approximated tha t  of 7.12-DMBA. Boyland and Sims's found tha t  both 1 
and 2 are strong carcinogens when injected subcutaneously into C57 black 
strain mice (male and  female). This again points to  the necessity of exercis- 
ing caution when comparing carcinogenic activities ohtained by different 
methods in different species, or even strains. 

(14) J. IV. Flesher, S. Soedigdo. and  D. R. Kelley, J .  M e d .  Chem., 10, 932 
(1967). 

(15) E. Boyland and  P. Sims, Ititern. J .  Cancer. 2, 500 (1967). 
(16) Melting points were determined in open capillary tubes on a Buchi- 

Tottoli melting point apparatus and  are not corrected. The  nmr spectra 
were ohtained on a Varian A-60 instrument in deuterioohloroform n+th 
T M S  as  internal standard, when not otherwise indicated. The  EtMgBr  
and  MeMRBr reagents were analyzed commercial solutions diluted to  the 
desired concentrations with the  appropriate solvents. All Grignard reac- 
tions were run  under N 2 .  Microanalyses were performed by Mr. J. Alicino, 
Metuchen, N.  J. Where analyses are indicated only by symbols of the  ele- 
ments, analytical results obtained for those elements were within f0.4'% 
of the  theoretical values. 

E t 2 0  and 10 nil of anhydrous CsHe cooled in an ice bath, l..i7 g of 
IC was added in one portion. In  a few minutes a clear solution 
resulted, then stirring was continued for 4 hr at room tempera- 
ture. The reaction mixture was worked up in the usual way. 
The evaporat,ion residue gave, after three crj  stallizations from 
RIeOH, 0.92 g of pure Id, mp 124-126'. Anal. (CBIHNO) C, H .  

7 4  l-Acetoxypropyl)-12-methylbenzia]anthracene (lf).--7- 
Formyl-12-methplberre[a]anthracene (1.88 g)  was stirred with 
3.2 g of EtXIgBr in 10 ml of anhydrous Et20 and 15 ml of a n h y  
droris C6He for 5 hr at room temperatiire. After the usual work- 
up, evaporation of the solvents left 2.02 g of a yellow foam which 
did not crystallize. 

The crude carbinol l e  was acetylated with 5 ml of AcPO mld 
5 ml of pyridine a t  room temperature overnight. The evapora- 
tion residue (2.27 g) crystallized from Et,O-MeOH to give 1.71 g 
of l f ,  mp 89-95"; two recrystallization.* from XeOH raised the 
melting point to 94-96'; on tlc plate the compound appeared as 
one spot; nmr, 56.8 ( t ,  3, CH&H), 122.9 (s, 3, CHICOO),  141.8 
(m, 2, CHCH2CH3), 196.6 (s, 3, CHJ) ,  432.2 cps (t,  1, CHBCOO- 
CHCH,). Anal. (C~H220e) C, H. 

7 4  1 -Hydroxypropyl)-12-methylbenz [alanthracene (le).-Com- 
pound If (1.2 g)  was dissolved in 12.5 ml of T H F  and the solu- 
tion was diluted with 20 ml of 60% JIeOH containing 0.5 g of 
KOH. The solution was stirred under S 2  for 3 hr at room tem- 
peratiire. m'ater (1.iO ml) was then added, and the mixture wa? 
extracted (EtaO).  The extracts were wayhed (HzO) and dried, 
and the ether was removed under reduced pressure. The alcohol 
l e  was obtained as a light yellow, foamy product which could 
not be crystallized. For analysis, it was dissolved in ether and 
precipitated by addition of MeOH as an amorphous solid, melting 
around 120'. Anal. (CrZHpOO) C, H. 

7-Methyl-124 1 -hydroxyethyl)benz [ a ]  anthracene (2b).-To a 
solution of 2.30 g of AIeMgBr in 23 ml of anhydrous Et20 and 
20 ml of anhydrous CsI16, 2.00 g of 2a was added at once. The 
crystals disbolved quickly. Stirring was continiied for 22 hr a t  
room temperature. After the usual woi,k-up, the dried organic 
layer was concentrated and cooled. The crystalline product 
(2.06 g) was recrystallized from RIe2C0 and gave 1.91 g of ana- 
lytically pure 2b, mp 203.5-204.5'. ;2nal. (C21H~sO) C, H .  

7-Formyl-12-hydroxymethylbenz[ajanthracene (3a).-The 
solation of 2.89 g (10 mmoles) of diol 3 9  and 2.72 g (12 mmoles) 
of UUQ in 112 nil of anhydrous dioxane waj stirred for 23 hr. 
The precipitated hydroquinone was filtered off and washed well 
(EtpO). More ether was added to the filtrate and it was then 
washed (2% XaOH, H20, saturated NaCI). After drying (Nar- 
Sod), the solution was filtered through a column of 30 g of alri- 
mina which was washed with 400 ml of ether. The combined 
solutions were evaporated in uacuo. The residue (2.81 g) gave 
from EtOAc 1.97 g of 3a, mp 139-143'. Additional material 
(0.30 g, mp 13.5-140') was obtained from the mother liqiior. 
After two recrystallizations, the analytical sample melted at 
143-144.5"; nmr (in DJISO-dg) ,  162.1 (m, 1, CH&H), 318.5 

7,lZ-Diformylbenz [alanthracene (ab).-The hydroxy aldehyde 
3a (2.05 g, 7 . 2  mmoles) was dissolved in 100 ml of anhydrouh 
dioxane. The solution was stirred with 2.05 g (9.0 mmoles) of 
DDQ for 20 hr and then allowed to stand for 12 days a t  room 
temperature. A 0.5% S a O H  solution (600 ml) was added to the 
filtered solution and the mixture was extracted (EtOAc). The 
extract was washed (H20 saturated NaC1) and dried ( S a S O 4 ) .  
The solvent was then evaporated. The residue (2.03 g) was dis- 
solved in boiling absolute EtOH and the solution was concen- 
trated to about 100 ml. On cooling, 0.21 g of a product, mp 
189-194.6", crystallized. The volume of the mother liquors was 
reduced to about 50 ml and 0.10 g of material melting at 178-291" 
was recovered. The combined crystals gave from absolute EtOH 
0.22 g of pure 3b, mp 201.5-203.5"; the melting point did not 
change on further crystallization; nmr (saturated in DMSO-de), 

C, H. 
From the mother liquors 1.38 g of starting material was 

recovered, after evaporation of the alcohol and crystallization 
of the residue from EtOAc. 

7-Methylene-l2-ethyl-7,12-dihydrobenz[ajanthracene (4).- 
12-Ethylben~[a]anthr-i-one~~ (5.00 g) dissolved in 120 ml of 
anhydrous Ce& was added to a solution of 12.0 g of 3leMgBr in 
100 ml of ether over a period of 30 min a t  room temperature. 
After stirring for 22 hr, the reaction flask was cooled in ice and 
40 mi of saturated NHAC1 solution was added dropwise. The 
organic layer was separated and washed (dilute HC1, H20) 

(s, 2,  12-CHpOH), 681.1 CPS (5, 1,T-CHO). d n d .  (C?oH140p) C, H. 

628.9 (s, 1, 12-CHO), 684.1 CPS (s, 1, 7-CHO). A n d .  (CpoHlrO) 




