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Listrogentc Aclivity ot UL L Analogs and rolychiorinatea sipnenyis

Joe! Bitman® and Helene C. Cecil

Because of the geometric similarity of DDT to the
synthetle gstrogen, stilbesteol, DOT and 52 related

nds were tested in a sensitive estrogen assay
in mn Lstrogenic activity was cvaluated using the
18-hr gl of the i ral uterus,
Diphcnyimethane, diph: nylethane, and triphenyl.
methane compounds wer * Active when & p- ot p'-posi-
tion was unoccupied or occupicd by an hydroxy or
methoxy group. Halide or alkyl groups in the p.p’-
positions rendcred the compounds inactive. Poly-
chlorinated biphenyls and polychlorinated tri-

enyls, compounds which are environmental pol- ’

utants of industrinl orish\. were  esirogenically
active. Ph and com-
pounds which arc used ns laxatives in drug preparas
tions, were also estrogenically active since they con-
tain the upproprinte p.p’-dihydroxy structures.
Sterco moxiels indicated that p,p’-dihydroxy com-
pounds of the active nuclei would have internuciear
distances of the hydroxyl groups which would ap-
proximate those of the natural steroidal estrogens
and the synthetic stilbene estrogens.

h

n 1945 Solt blished an ticnt and
I sive 117-page nvlew of the synthetic estrogens und the
relation between their structure and activity. In the
25 years since Solmssen's review, DDT, a chlorinated hydro-

(p-chiorophenyl)thylene;  p,p’-DDMU,  l.chloro-2.2-bis-
(p-chlorophenylicthylcne: and p,p-DDA, 2,2.bis(p-chloro-
phenyl)acetic acid.

Table I1:  o0,p'-DDT, 1,1,1-trichloro-2-(p-chlotophenyi)-2-

(ochi 1 amullath

3 0,p'-DDE, 1,1-dichloro-24{p=} 'oro~

catbon with & geometric similaricy to the syntheti

has been widely used throughout the world for pest comrol
The recent demonstration by Welsh er al. (1969) of the estro-
genie activity of o,p’-DDT and our own investigations (Bit-
man ef ol., 1968) have prompicd us 10 investigate a weries of
DDT analogs, homol, and str. lly related

in an attempt to determine relatic nships of structure Lo estro-
genic activity,

METHOD3

We used the sensitive 18-hr glycogen response of the rat
uterus as 1 measure of estrogenic activity (Bitman er af,,
1983). The potency of active compounds is reported in
terms of the minimal subcutancous dose which will increuse
slycogen 10 a level ly differcnt from control. The
18-br glycogeni 0 is il d in Figure 1, in which

(he dose-response curve for o,p'-DDT is represented. The

sieeper response line for glycogen, as compared to ulmne
weight, is rendily apparent.

phenyl) 2-(n-chlorophcnyl)uhylme. 0,p’-DDMU, 1-ch'oro-
2-(p-chlorophenyl), Z-(wchlofcphcnyl)elhylene‘ 0.p -DDD,

1,1 -dichloro-2-(p-chl 1%2-(0
m,p'-DDD, ] l-dmh\oro-2(p—cmofophenyl).z-(m-chlorm
phenyl)cthar e and p,p'-Mcth hior, 1.1,)-trichioro-2,2-bis-
{(p-mcthoxyphenylethanc.

Table 1i1: C d 20, 1,1-Diphenylmethanc; 21, 1,1+

Dichloro-1,1-diphcnylmethanc; 22, 1,1-bis(p-bromophenyl)-

methane; 23, IJphenyl)-l-(f»hydroxyphcnyl)rmlhaw 24,
1,1-bis(p-hyd hane; 25, 1-(p-hydroxyphcnyl)
1(p-meth 'l ’. | 26, 1-phenyl)-l{p-mcthoxy

d 27, 14 bis( y )

mclhlne. 28 1,1-bis(n-hydroxy
29 I-(phcnyl)-l-{p—chlovophcnyl)-l meumnot JO. ll-hs(p
h h 5 31, 2,2'dihydroxyb
3, Zd-dnhydrovacnwphcnom. 3, 44 -dmydrouybenzo-
phenone; and 34, 2,2’-dihydroxy-4,4'-dimethoxybenzophe-
none.
S of the 7 ds uscd in this study were: Nos.

Tert substunces were dmolved in olive oil or an
ethanol solution and injected ly at a screening
dose raic of 8 mg pu rat, Immature female Wiscar Tats

4, 5, 16—Rohm and Haas, Philadeiphia; 9, 13—Dr. G. F.
Fries, U.S. Dept. Agr., Beltsville; 17—E. K. Du Pont de

(21-23 days old; 36-48 g) were killed 18 hr afier the inj :
uteri wore quickly excised, weighed, and anatyzed for glycog
by the anthrone procedure (Seifter e af., 1950), Sulm-nm
showing activity were tested further at dosage icvels to 0.05
mg. Statistical comparisons were made using Student's t test
with correction for uncquat group size.

ABBREVIATIONS )

Tadle It pp"-DDT, 1,4t trichloo-2,2-bis(p-chloro-
phenyllethane; Fetrachloro-DDT, 1,1,1,2:tetrachloro-2,2-bis-
(p-chlorophenyl)ethane:  p,p'-DFDT, 1,1,1-trichloro-2,2-bis-
(mMuorophenyl)ethane;  p.p’-Perthane, 1,1,1-trichioro-2.2-

N & Co., Inc., Wilmi 18—Sigma Chemical Co..
St. Louis; 24, 27, 35, 42—K & X Laboratories, Inc., Plain-
view, N.Y.; 38—E Kodak Co., Roch ; 43-8)—
Monsanto Co., St. Louis. Al other compounds were pur-
chased from the Aldrich Chemical Co., Inc., Milwaukee.
Purity, as given by the manufacturers, was better than 99 %.

RESULTS AND DISCUSSION

The natural estrogens are sicroids which contain & phenolic
ring A and an oxygen function at the Cy: position, whik: the
synthctic estrogens, which are stilbene derivatives, contnin
two phnnohc rmu (Figure 2). It is apparent that active
estr is d dent upon the presence of at least one

bis(p-cthylphenyl)cthane: p,p’-Kelthane, 1,1,1-trichloro-2,2-
bis(m-chiorophenyl)ethane:  p.p'-DDTF, 1,1,1-trifluoro-2,2-

phenolic hydroxy ring structure. In most cstrogen tests these
ds are active in the microgram or mbmicrogmm

bis(p-chiorophenylithane; p,p’-DDD, 1,1-dichloro-2,2-bis.
{m-chiorophenyl)cthanc;  p,p'-DDE, 1,l-dichloro-2,2-bis-

”%n’bml Husbandry Rcsearch Division, Beltsville, Md.
- * To whom correspondence should be sddressed.

1503 J. AGR. FOOD CHEM., VOL. 18, NO. 6, 1970

range.
In contrast to this, the chlorinated hydrocnbm pesticides
related to DDT are only active as estrogens in milligram
amounts, & 1000-fold difference. The DDT analops arc not
phenolic, but they may give rise to aromatic phenolic sub-
stitution during metabolic conversions in the animal. The
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Figurs 1.  Dose-response relationship: aterine weight, glycogen, and 0,p"-DDT

ODT anulogs are compounds of the diphenylcthane type
(Pigure 2).  Other nnnlogs tested were compoundn of the di-
plmcynmhnm or mphmylmuhnm. series.  We have nlso
henyls and polychlori d tri-

plmwu. compounds whid\ huw becm increasingly im-
of industrial origin.

which the p,p’-positions arc occupied by halide or alkyl
groups. Almost all were devoid of estrogenic activily; p.p'-
DDT (cmpd l) and teteachloro-DDT (empd 2) exhibvted a
slight glycog y It app that halide or alkyl
substitutions in !hc p.p'-positions were mble and during me-

bolism in the animat body, little if any p,p’-phenolic hydroxy

We have nol included in (hls study any stcroids, synthetic
wstrogens, of anti-cstrogens of the stilbene muc(ure, and have
excluded almost ull ds of the X
anthracene, and phenanthrene type.

DIPHENYLETHANE COMPOUNDS
»»'-Posltions Occupled by Halide or Alkyl. The com-

compounds are produced.
p-or p,p' Position Occupicd by —H or —OCH). When oncofl

the pura of the ic ring u bstituted by » hy-
drogen or methoxy group, the hibi
- activity (Table ll). Polency is of & low order of magnitude,

being lpproximmely 1000 times fess active than compounds of
lhc sulbene series, but is similar in potency to coumarin and
(BickolT ¢s al., 1960). The minimum

pounds evalusicd in Table I arc diphenyieth i in

eﬂ'et:ﬂve dose (MED) of dicthylstilbestrol which elicited 8
p was 0.1 ug, as compared to the most active

Teble ], DI iethans Compounds with p,p’-Positions
m by l-l-lldu or Alkyl Groups

x@-c:: O
¢

-~

. Activity
Groupe M.E.D.*
No. X R R’ Name ~g

1 a H —CCl pp-DDT 4

2 . Q Ct —CCl  Tetrachloro-DDT 4

1 r H  —CCh  pp"-DFDT »

4 CHCHy H ~CCly  pp'-Perthane »

5 O OH —CCly  p.p'-Kelthane »

6 C H ~CF; ».0"-DDTF »

T C KR ~CHCY, pp'-DDD »

s Ct «.. =CCly pp'-DDE . »

9 Q ... =CHCl p,p-DDMU [ d
0 a H ~COOH p,p'-DDA »
*M.E.D. » minimum effective dose, *1 w inactive.

o "

. compound of Table If, 0,p"-DDT, cmpd 11, whose MED
was 0.23 mg.

The phenolic character of the nstural and synthetic estro-
gens has ds d the dependency of estrogenicity upon
the presence of & phenolic structure.  The aromatic rings of
the active compounds of Tablc If arc open, Le., they have a
p- ot p'-position occupicd by —H and may give rise to phenolic
substitution during metabolism, There also appears (o be a
requirement for the cthane chain to be incrt, e, either the (ri-
chlorocthane (~CH-CCls) or the vinyl halide group (>Ce
CCly) must also be present (cmpds 11, 12, 13).  Thus, cmpds
14, 135, and 19, containing more reactive 2-carbon chain con-
figurations, are inactive, even though one of the aromatic rings
could be hydroxylated to the phenolic structure. We have
concluded that rapid /n cico bolism of these ds is
vesponsibie for their lack of activity,

In the stilbesirol series (Solmssen, 1945)and in the coumarin
series (Bickofl ef al., 1960) of estrogens, p,n'-dimethoxy com-
pounds are jess active than comparable p,p’-dihydrony com-
pounds. In the chiorinated duphenylemum scries (Table 1I),

h hlor (cmpd 17) was

o pop” pound,

T Arm wmae e
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Table Il.  Dighenylethane Compounds with p- or p'-Pesition Occupied by —H or —OCH,

- .‘ 1110 J. AGR. FOOD CHEM,, ¥Ti. i3, NG, &, i770
L.

R
- { ©
U
#O-¢ O
. A' 4
Activif;
Gevape u.uf-
Ne. r3 »” o R R Name
u R --Q ct H —CCly 0,p"-DDT 0. 2
2 H a a oo w=CCly 0.0-DDE q
1] H [} (o] oee wCHC 0,p-DDMU ]
" H a [¢] H ~CHCl, 0.p"-DDD »
15 . H a m-Cl H —CHQCly m,p’-DDD »
1] H H H H ~CCly 1.1,1-Teichloro-2,2-bis(phenyl)ethane ]
17 OCH, OCH, H H —CCly pp'-Methoxychlor
" OCH) OCH, H H ~OCly Tech. Mdhoxychlov (p.p'- 4 0.p’ ) 1
11} H H o-Cl H ~—CHO 2,2-Bis( P »
o1
SME.D. = minimum sfiective dose  *] = inactive.

approximately as active as oihcr rompwnd: which might give

rioe to phenolic hyd Ml Tech-

wiosl mtbuyehlor (empd 18), which may contain an o,p'-

methoxychlos, was four times more active than pure p,p’-
NYLMETHANE COMPOUNDS;

lor.
a‘l IPHENONE COMPOUNDS

The most active compound was p,p’-dihydroxydiph nyl-
methane which elicited a glycogenic response at the 1 mg dose
level. Solmssen (1945) reported activity for this compour d at
the 100 mg level, but the diffcrences in bioassay proced ires
could explain part of this dilference in result.
In the diphenyleth scrics, ds with n phydregen
snda xnble elhlnq. chain were d to active
b h in comml. di-

tanli

A series of diphenylmeth ds was incd to

" dotermine structural corrclates of ulrogemc activity (Table

1) Active compounds contained either one or two p-hy-
droxy or p-methoxy groups (cmpds 23, 24, 25, 32, 33, 34).

& prhydroxy structure.
henylmeth ds with a p-hydrogen were not active,
probnbly being mcnbolmd rnpldly at the methane linkage
and excreted from the body.

Bénzophenone detivatives, which contain the more stable
ketone structure at the mcthane carbon, were active if &
y was present (Table I11).

-y

)

Table 1l. Diph hanc Compound:
Benzophenone Compounds

R .

) )

vQ-¢-Or
R'

DIPHENYL PROPANE COMPOUNDS;

TRIPNENYL METHANE COMPOUNDS

Two diphenylpropane compounds were active {cmpds 35
and 36), the p,p -hydroxy compound exhibiting much greater
activity than a p,p’-dimcthoxy compound. Dihydroxy di-
phenyl propane (cmpd 35) wasasactive as 0,p’-DDT.  Solms.
sen (1945) found that this compound was active at a 100 mg
dose level.

Activity
TM ’ ME.D.s Since the p,p’-dihydroxy nruclure appeared (o be the struc-
Ne. ] ’ R R mg ture conferring activity, ph halol, & phenyl substi
. Diphenyimethane derivatives ining p,p'-dihydroxy groups
20 H H H H » wu |es|ed. Phenolphlhllol was as potent as any compound
21 H H (o] a » of the types studicd. Ring closure, as in phenoiphthalcin,
;} ;’ gll a : '2' resulted in & 20-fold loss in potency. These compounds are
Y OH OH H \ H 1 not known to have estrogenic activity and are extensively
s OCH, OH H H 4 used as iaxatives in a number of drug preparations.
26 OCH, H H ‘H » In Table IV two misccllancous derivatives which bear some
2’:.‘ “ :: ": = :: relation to closed ring diphenylmethsno structures arc in-
» H a H OoH » cluded: fluorene and 9,10-dimethylanthraccne. Both of
0 e} a H OH » thesc compounds were inactive when tested at dose levels up 10
n H H “ e | 8 mg per rat.
Benzophenone derivndvel
2, H OH 2 BIPHENYL AND TRIPHENYL COMPOUNDS \
3’ OH OH e e 2 hvd hinhenvl 4
.: B e M = i ony. e 4 and 8 mg dose levels (Table V)“'l'n.:l::l:l of Pl
o e e dote, elorormeci®. ey~ chiorinated biphenyls, the ining up to 48%

chlorine were active. A: jud;ed from gic chromatograms,
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Figure 2. Struciura) formelne of gond potnd -
these f are crude mixtures s & ber of
compounds. A polychlorinated triphcnyl conumm. 2%
chiorine was found o be more active, at 8 | mg dose level. T;tﬁ&,lgm’ggﬂ'" and
CORKEILATIONS RETWEEN CMEMICAI. STRUCTURE - Activity
AND MOLOGICAL ACTIVITY N Formeda N MED*
Schucler (1946) and his coworkers (Fisher 2! al., 1952; o ";" am b
Kensling and Schueler, 1950) have theorized that a rather s ) 2,2-Bis(p-hy-  0.28
large, rigid, tipoid soluble molccular structure with two active no@-c—@cu m,‘,;.l‘. ’
hydrogen-bond forming groups located at an optimum dis- é” yhpropane
tance of 14.5 A wnits from cach other would be estrogenic. - : .
They further stated that potency is decreascd as the distahce 36 ) :‘-u,cl 1,3-Dichloro- 4
between groups is decreased or increased, : CHO —@0(", :':“b“;"
While DDT possesses a relatively large, rigid, lipoid soluble s Sew ettt
molecular constitution, || docs not present active hydrogen Y ! phenyl)
atoms at the hypoth of 14.5 A, how- on propane
ever, The p of the ¢lec gative chl atoms in »0@"@
the p.p'-ori would prohibit the of active .
hydrogen. If these p.p’ chlorine atoms were metabolized to n H,OH m,mu 02
#roups posscasing active hydrogen, the possibility of estrogen
action would cxist.  The gencral Isck of estrogenic activity of
p0"-DOT analogs that such bolism does not W@ @W
occur readily in the biological situations studied thus far.
(lmv\ mly, llm nc(iv«y of ap'- DDT raises mmc\lmg k7] . ‘:\Q . Phenole 4
n ch i and @- =0 phthalein
mmmmc nclmly The u.ﬁ chlorinc atoms are not at the
hypoth The exact nature of the
active esrogen nruclun.- arising from o,p"-DDT, if it is not
¥ Fluorene I3
o’ DDT itself, might provide important information relating » ©.©
Ior(;\‘c spatial confi ion of an active
clding Stereomodels were constructcd of many of the o, . N
active structures to detcrmine whether consistent stereochemi- 40 @@@ ";?;l::mh' !
oAl factors were present.  Internuclear distances were mea- N, cens
sured amd were given in Figure 2 for both O to O atoms of M
Sssumed dihydroxy compounds, and for the H to H distance * M.E.D. = minimum effociive dost. 1 = Inactive.

of the hydroxyl groups.  Interatomic distances for the Dreid-
Ing models of estranc and stilbene were found to be much

- MONS (087008
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- Table V. Biphenyl and Triphenyl Compounds

o0 OO

Activity
M.E.D.*
Ne, Name mg
41 o0'-Diphenol 2,2 Dlhydrouydmhu:yl 4
42 p.p"-Biphenol 44"-Di ydipheny L
Polychlorinated
ipheny! ('C)
4)  PCUB Aroclor 1221 21% Chiorine 8
44 PCh Aroclor 1232 322, C) ]
45 PCH Aroclor 1242 427, C) 8
46 PCH Aroclor 1248 4A%, Cl ]
47 PCU Arocior j234 3472, Cl »
40 PCPH Arocior 1260 60% CI »
.49 PCD Aroclor 1262 627, Ci »
% PCRB Aroclor 1268 6% CI »
31 PCB Aroclor 4485 607, PCB, 409, polychiori.
nated triphenyl (PCT),
65% Clt »
82 PCT Aroclor $442 2%, C} )
33 PCT Arocior 5460 60% Ci ¢

* M.LD. = minimum effective Josc. *1 = inactive.

smatlcr than the 14.5 A quoted by Keasling and Schucler

(1950). The 109 A we found agree closely with the X-ray

crysinllographic datn of Norton e/ al, (1963, 1964), who found

50,98 A for 173-csiradiol.  This discrepancy in interatomic dif

ferences may be related to the improved accuracy of the cur-

rent slomic mmle!s when compared to those uxed in 1950,
The diphenyl diphenyimethane, di {

arc only slightly smallcr than
in natura} and synthetic esirogens.

The structural obscrvations regarding esirogenic ac.ivity (n
the ds studicd indicated that activity is conferred
when & p- or p'-position is unoccupied (——H), or is substituted
by —OH or —OCH,. Halide, or llkyl groups, ucuﬂyin; the
p.p’-positions reader the P
A n-blc ethanc chain was found to be necessary lof uetivity,
e.x., the trichlorocthanc or the inert viny) halide group; if
either C of the cthane chain bears an oxygen function (aico-
hol, aldenyde, or acid), the compound is metabolized and no
estrogemc aclivity is observed. Some polychiorinated bie
phenyl and triphenyt compounds exhibited estrogenic ictivity,
Mcasurements of internucicar distances of Drcidin ¢ steric
models indicated that active sites would be 9-11 A apsn, »
range nmahr to those found in natural and synthetic estro~

ding bond

gens. Q similar geni lcumy way obtained
with a series of diphenylmethane or trip hanc deriva-
tives which d p-OH {i { Correlations of struc-

ture witt activity suggest that the active estrogens derived
from o,p’-analogs of DDT are p-phenolic metabotites.
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