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Stiring was continued approximately S0 min and the ethereal
phase washed with ice-water and dried.  Determination of
peroxide content nsing 1 NSOy tinrntion technigne indicared
1700 vield (0.032 mole) of ethyt sebacyl peroxide.  The erhereal
solution of pernxide Vowas 1zed direetly in preparation of carbo-
styril V1,

6-Hydroxy-5,8-dioxocarbostyril (IIIL.-—Oxidation of pyridone
1T in DAMSO-£-BuOH with molecnlu 11 wies repented ns pre-
vionsly deseribed? exeept the mixnue wux vigorously shaken or
stirred. therehy redueing total reaction thne 1o 3 o, Crystalliza-
tion of erude produet fram THF gave, in addition 1o ¢ninone II1,
the mten=ely  red  5,6-dioxo-S-hvdroxyeohostyvril  (IV, 107,
vieldi,  o-Quinane IV exhibited A, 227, 322, and 443 g
(log e 4,16, 4.27, and 2.61). Both quinone I iand TV were soluble
i aqueons NallSOp Intraconversione of isomeric quinones
I and 1V was easily realized.  Reeryvstallizing o-quinone 1V
from THI vielded p-quinone 111, Filtering a soliion of p-
quinone HI in THE through @ colnmn of <ilica gel provided
a-qainone 1V,

6-Hydroxy-7-(8-ethoxycarbonylocty!)-5,8-dioxocarbostyril (VI ).
- vdroxyquinane TID (5.4 g0 0.03 mole) was dissolved in hed
(~team batl AcO (600 ml). Heating and stirring were con-
timued 2 1o wiile slowly adding the erhereal =olution of erhyl
scbiend peroxide (0.03 male).  Shudtmeonsly 1.0 was removed
by dixtillation.  Before complerely removing snilvent in rvaceo,
heating was rontinued another 3 hr. The residne was trinraied
with BiO and the less soluble starting material (quinone I110
wis collecterl, The ethereal filtrate wies exniaaed with dilare
Nal1CO; =olution and the aqueons extraet was washed well with
L0, The basie =ohution wax aeidified with 2.V HCLand quinone
VI was exteneted with 0, Following removal of <olvent, the
red oily residne ervstallized from EtOH us orange clnsters (1.5 g
pire by tle with 12 CHCL=MeOI6 ax =alvent;.  An analytical
speehnen was reerystallized from 10O in the <ame color and
crvetal forne: mp 162-165°; Ap.x 294, 529, and 446 mu (log €
401, 405, and 283 viee $180, 5120, 1778, 1740, 1680, 1645,
and 161 cwm™; piy, 8 L.27 (vipler, 5 Clle protons, o = ¥
ep=1o E3S throad singler, 12 CHa protonss, 2250 {vipler, 4 ClL
protons, J = 7 eps). 44 Goipler, 2 ClL protons, J = 7 cpsl,
405 (et 2 =CHO0- protons, J = 7 cpri 6.584 {doubler, |
vinyl proton, J o= 1 ep=y, 801 (donble, T vinyl proton, / = 9
epsi, and .08 ceomplex, a2 proton signal removed 1o contact
with 10,0,

Aned, Caled Tor CepllaNOg: €, 63080 1L 0.7 N, 3.5,
Foand: € 6415; 1, 6.84: N, 3.7

5,6.8-Triacetoxy-7-(8-ethoxycarbonyloctyljcarbostyril (VIIL.-
T aspension of erhiyl esrer VI 2.0 g) in Ae.O (4 ml) wax
added Zie dose 12 g uand smbhydrons NaOAe (0.4 g1 Sthring
(magnetieallyd was maintained w1 room temwperative 4 hr,
AcO1l 115 mly was added and the =ohuion was filtered. The
pale vellow tilirate was diluted with 1.0 ¢ 1530l and mriacetoxy-
quinoline V11 separared. Trincerate VIL was eollecred, washed
(Han, and dried: vield 2.4 g (969« Reervsradlizdion from
050 121011 gave an smalytieal sample a= a white powder melting
At 164 1570 e, CHCOL-MeOT] (2 Ay 297, 209, and 205
Wity 3270, 1746, 1690, and 1660 e =7 piry, 8 122 Giriplet,
3 CH; protore, J = 7 eps), 132 (broad ~ingler, 12 CLL protonsi.

202 (singler, neertate), 137 (singlet, acetale} 2.30 (_1111111,ip1¢1,
4 CLL protons=), 2,56 (singlet, acetate), 4,12 fquartet, 2 -CH.0
protons, J = 7 epsl, 6.63 (doublet, I vinyl jroton, f = O eps),

7.69 (donblet, 1 proton, J = O cpsy, and TLOS fdilfnse singlet,
P pradon disappearing npan equilibration wirh 1.0,
Awad, Caled for CullgNOg: 062,00 1, 6.61: N, L.78
Foaml: ¢, 62020 H, 6.70;0 N, 200,
6-Hydroxy-5,8-diox0-7-(9-hydroxy-9-pentyltetradecyl jcarbo-
styril (VIID.--Trincetoxyquinoline VIT 1.0 g) in THF (50 ml,
alumina dried? was added during 2 In' 1o the Grignard reagent
prepared frome I-bromopentaite (8.8 g5 Mg tnrnings (1.9 g), and
dry cdistilled from Nal 1260 ¢5tcmdi. - Before adding 2 N HCI
(FOt by, =tiring at room temperatire wag continued 15 hr.
The aqaeons Inyver wis disearded and air was bubbled through
the ethereal =ohuion for 1h min,  Following removal of solvent
e cucwo, the residual oil in Cells (200 ml) was washed (five
thsest with .87, NaHCO; in 7:15 11.0-MeOl1. The combined
NallCO, extract was washed with Cylle and ncidified with 2 .V
HCL Extraction with Cglle and removal of solvent from the
combined extimet led o a red oil. Crestallization fram EtOH

1100V, R, Kokacunr and M. Jeliue, /. 1m. Coem. Sec., 63, 1432 (1941).
11, A R, Buenrdt awt R, 1L Thoroson, /. Chem, Soe., €, 1261 (19671,
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provided wn orange powder (Ei ) homogencoas on ale ¢F:2
CHCL-MeOll as solvent).  One reervstallizaticn from EtO]]
afforded w pre specimen ax an orange powder meliing ar 130
1ote: 234, 8330, and 445 mu (log e 1.27, 430, and 2520
P Aa20 thrond), 3230, 1688, 1665, 650, wnd FOEN ey
i, 3 0.90 Nriplet, 6 CHyprotons, /= Sepsi Bt ihroed <ingler,
30 CH protons i, 2036 (poarly resolved triplet, 2 CHL protonss,
6.85 (doublet, T vinyl proton, o/ = 0 epsigand SO0 cdonbler,
vinvl proton, o = 0 ¢psi,

Aned. Caled for CollgNOh: ()
Fonnd: Com0.04: H, 9,19 N, 288

yEOa: I 9E5: N, Lo,
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Dicthylstilbestrol (DIIS) uthibits mitosis ol clilek
heart fibroblastic cells' wnd epithelial growth in humnan
prostatic  adenoma  and  adenocarcinoma i tissue
culture.*®  p-Anunobenzoic acid (PABA) hasx been
found to iuhibit or retard the cuzyvinatic oxidation af
DES aud henee it was speculated that PABA has o
protective or sparing action or DESH

[n this study the syuthesis of the PABA ester of
DES s reported and its effect on protein syuthesix in
mouse fibroblastic cells (12071 in tissue culture is
ssessed.

The syuthesi= of di-p-aminobenzoyl ester of diethyl-
stilbestrol (4) from 3,4-bis(p-hydroxyphenyl)-3-hexene
(1) and p-thionylaminobenzoy! chloride (2) i= proposced
ta oceur after the formation of 34-bis(p-thionyl-
aminobenzovl-p-hydroxyphenyl)-3-hexene (3) (Scheme
1.
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DES, DES ester, PABA. and DES 4+ PABA m
0.3-ppm level did not affect total cell count but at
3.0-ppni level DES, DES ester. and DES + PABA
decreased total cell count us compared with the 0-ppm
level (Table 1). PABA at 3.0 ppm exhibited no
effect.

(1) H. Leirtré and H. Ferulols, Z. {Hyviol. Chemn., 278, 201 10431,

12y A. Wojewski and D. P, Kaniewicz, J. Urol., 93, 721 {196

{3y G. & Tarnowski, F. A. Scbinid, J. G, Cappnecino, and C. €', Srock,
Cancer fes., 26, 181 (19661,

£4) 8. Anshacber, W. A. Wisansky, niel G, J. Marvu, Federaddion Prac,
1, 98 (1942).
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TasLE I

EFrECT OF DIETHYLSTILBESTROL Di-p-AMINOBENZOATE
oN ToraL CeLL CoUNT

Total cell count

Treatment. ppm X 1074
0 241.0 = 10.9
DES» 0.3 263.0 &= 16.2
DES, 3.0 154.8 &= 8.6
DES ester,” 0.3 245.5 &= 20.0
DER ester, 3.0 169.0 = 4.1
DES + PABA, 0.3 235.8 &= 9.6
DES + PABA, 3.0 203.8 &= 11.9
PABA <03 249.3 =+ 23.1
PABA, 3.0 248 0 = 4.3

e Diethylstilbestral.
¢ p-Antinobenznic acid.

» Diethylstilbestrol di-p-aminobenzoate.

The MC-leucine incorporation into cellular protein
was increased when DES, DES + PABA, and DES
concentrationr was 0.3 ppm but decreased as the con-
centration was increased to 3 ppm (Table II). The

TasLE II

ErrECcT OF DIETHYLSTILBESTROL DI-p-AMINOBENZOATE ON
ProTEIN SYNTHESIS

Specific act.,

Treatment, ppra cpm/mg of protein

4] 4299 .8 =+ 183.4
DES;» 0.3 5756.4 £ 445.1
DES, 3.0 3269.5 == 223.0
DES ester,” 0.3 6216.2 £ 288.1
DES ester, 3.0 2933.2 &= 218.3
DES 4+ PABA, 0.3 5395.4 £ 647.4
DES 4+ PABA, 3.0 2814.7 £ 428 .4
PABA,s 0.3 48328 £ 527.9
PABA, 3.0 4778 .3 4+ 106.3

¢ Diethylstilbestrol.
¢ p-Aminobenzoic acid.

¥ Diethylstilbestrol di-p-aminobenzoate.

effect of DES ester at 0.3 ppm was not different from
that of DES and DES 4+ PABA. PABA at 0.3 and
3.0 ppm showed no effect on protein synthesis. These
results would indicate that the effect of DES ester is
attributed to the DES moiety of the molecule.

DES stimuluates the activity of several enzymes at
low concentrations but the activity is decreased at
higher concentrations.?~® Hence, the increase in
protein synthesiz in the present study may be the
result of increases in tissue enzyme activities,

Experimental Section

All melting poiuts were determined using a Thiele melting
point apparatus. Nitrogen content was determined by Nessleri-
zation.® The uv spectra were determined over the range of
300-300 mp on a Hitachi-Perkin-Elmer spectrophotometer.
The esterification of DES resulted in a bathochromic shift.

p-Thionylaminobenzoy! chloride (2) was prepared by the
methods described by Graf and Langer!! and McMaster and
Altmann.’2 SOCl. was refluxed by dry p-aminobenzoic acid at
75° for 2 hr and finally 2 was purified by vacuum distillation.

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

(5) R. Glass, J. Loring. J. Spencer, and C. Vibee, Endocrinology, 68, 327
(1961).

(6) J. C. Warren. D, O. Carr, and 8. Grisolia, Biockem. J., 93, 409 (1964).

(7) W. D. Noteboom and J. Gorski, Proc. Natl. Acad. Sei. U. S.. 60, 250
(1963).

(8) C. Kidson and K. 3. Kirby, Nature, 208, 599 (1964).

(9) T. H. Hamilton, Pcoc. Natl. Acad. Sei. U. 8., 49, 373 (1963).

(10) F. C. Kochand T. L. McMeekin, J. Am. Chem, Soc., 46, 2066 (1924),

(11) R. Graf and W. Langer, J. Prakt. Chem., 148, 161 (1937).

(12) L. MecMaster and T. F. Altmann, J, Am, Chem. Soc., 60, 145 (1928).
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preparation aof the PABA ester of DES was based on the Schatten—
Baumann reaction of acylating two phenolic groups of DES with
2 in dry pyridine, then converting the thionylamino groups to
amino groups in H.0.11.12 The dry ernde product was purified by
recrystallization from a mixture of DMF and HyO (1:2, viv),
washed with Et,0, and finally dried at 60° in a vacuum oven uutil
a constant weight was obtained; yield 8097 ; mp 195°. A4nal.**
(CsHgoN>Oy) N.

Biological Activity.—Mouse fibroblastic cells (L2071) ix a
laboratory line maintained in the Carver Research Foundation
Laboratory from the original strain which was received from Dr.
Wilton Earl and described by MecQuilkin, ef al.* These cells
have been maintained as a separate line by serial transfer over a
period of more than 8 years before storage under liquid nitrogen.

Stock solutions of diethylstilbestrol (DES), diethylstilbestrol
di-p-aminobenzoate (DES ester), and p-aminobenzoic acid
(PABA) were prepared by dissolving 12.5 and 125 mg of each
compouud in a mixture of 0.5 ml of N,N-dimethylacetamide and
4.5 ml of Tween 80. After filtration through a Millipore filter
(0.5-u pore), 0.1 ml of each solution was added to 100 ml of culture
medium (Eagles’ medium 905 plus calf serum 10¢%) to produce
solutions of 2.5 and 25 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 plux
PABA solutions were prepared by mixing equal volumes of
equivalent concentrations of DES and PABA solutions. Solu-
tions coutaining DMAC and Tween 80, but without DES and
DES ester, served as controls.

Each solution (5 ml) was added to an accurately determined
number of cells (1.5 X 10%) in 5 ml of culture medium to give
final concentrations of 0, 0.3, aud 3 ppm of DES, DES ester,
PABA, or DES 4+ PABA. Before incubation at 36° for 48 hr,
0.2-uCi of uniformly labeled L-lencine-*C (specific activity 200
mCi,/mu) was introduced into each culture.

At the end of the incubation period the cells were centrifuged
aud then washed and resuspended in 10 ml of Hauk's balanced
salt solution. A 2.0-ml aliquot of the evenly dispersed cellilar
suspension was used for a radioactivity count by the method
described by Bruno and Christian® using a Tri-carb liquid
scintillation spectrophotometer, The N coutent in the remaining
8-ml portion was determined by Nesslerization.

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

(13) L. Ansclintz and H. Boedeker, Ber. Deut. Chem. Ges., 62, 826 (1929).

(14) Analytical resnlt obtained is within 40.4% of tlie theoretical value.

(15) W. T, MecQuilkin, V. J. Evans, and W, R. Earle, J. Nail. Cancer
Inst., 18, 885 (1957).

(16) G. A. Bruno and J. E. Christian, 4nal. Chem., 38, 1216 (1961).
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The potent carcinogen, 7,12-dimethylbenz(a]an-
thracene (7,12-DABA), is unique among the car-
cinogenic polycevelie aromatic hydrocarbons by causing
destruction of two zones of the rat's adrenal, selec-
tively.? Boyland and Sims? showed that 7,12-DNBA
is metabolized in rat liver principally to the 7-hydroxy-
methyl (1) and 12-hydroxymethvl (2) derivatives.
Later, Boyland, Sims, and Huggins! found that 1 is
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