
tronics and waves, occupies perhaps 
another 15 percent of the physicists. 
Microwave technology, developed for 
radar during the war, has generated. 
several lines of research. On the one 
hand, it has greatly expanded the field 
of molecular spectroscopy, while, on 
the other hand, it has generated the 
maser technique, making possible opti- 
cal feats which only 30 years ago 
would have been considered complete- 
ly unfeasible. 

The remaining 13 percent of the 
physicists are busy with miscellaneous 
activities connected with a great variety 
of subjects ranging from gravitation 
to acoustics, from the improvement of 
optical instruments to plasma physics 
and gas discharges. 

Computer technology. Before I com- 
plete this brief review I must men- 
tion another development which is hav- 
ing a great impact on physics: the 
development of computing machines. 
These are deeply affecting the whole 
field of applied mathematics. In phys- 
ics they make possible computations 
which were unthinkable before the 
war. They also process vast amounts 
of experimental material with unprec- 
edented speed. They are becoming a 
standard tool, and most of our present 
students learn a certain amount of 
computer technique. 
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With this I have completed my task 
of briefly describing the postwar phys- 
ics. I am well aware that I have 
omitted many important items, but 
space and time have their exigencies. 

What are the prospects for the fu- 
ture? Here I know I am sticking my 
neck out in a dangerous way. On the 
other hand, you may be interested in 
hearing guesses, if only to be able, a 
few years from now, to show how 
wrong they were. 

First of all, many illustrious men 
of science, physicists in particular, 
have made the mistake of thinking that 
the end of physics was in sight. They 
have consistently been proved wrong 
by the opening up of completely new 
fields. Hence, I must make allowance 
for possible radically new discoveries. 

Of the fields where we already have 
some knowledge, I venture to say the 
field of elementary particles is the one 
most likely, in the foreseeable future, 
to produce intellectually interesting 
results. The task ahead is a great 
challenge and will probably test the 
forces of an entire generation. The 
outcome should be an understanding 
of the systematics of the particles, in- 
cluding their masses, quantum num- 
bers, and interactions. 

While nuclear physics will give in- 
creasingly refined results, it will reach 
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a stage similar to the present state of 
molecular spectroscopy, where the in- 
terest is more in applications and sys- 
tematics than in new fundamental 
ideas. 

Solid-state physics will be of ever- 
increasing practical importance. The 
creation of new materials with unex- 
pected and unprecedented properties 
will give us some first-class technologi- 
cal surprises. However, here I do not ex- 
pect the discovery of new principles. 

Spectacular results, leading to new 
deep insights amounting to a revolu- 
tion, are in the making in biology. 
These results will be due in part to 
the applications of physics and may 
provide some big surprises, even for 
physics. 

Finally, space exploration and the 
study of the interior of the earth are 
new departures. Here we do not yet 
see any new phenomena, but we are 
penetrating in unexplored regions. It 
is possible that these regions will not 
yield anything extraordinary, such as 
extraterrestrial life. However, they pre- 
sent phenomena on scales impossible 
to reproduce in the laboratory, and a 
change in orders of magnitude is a 
well-known source of surprises. Fur- 
thermore, we must not forget that 
particle physics originated with the 
study of cosmic rays. 
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The social, economic, and political 
problems associated with the "popu- 
lation explosion" have received great 
attention in recent years, as testified 
by the appearance of monographs (1), 
special reports (2), and numerous 
articles, including several in Science 
(3). It is generally agreed by most 
authors that control of conception con- 
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stitutes an indispensable component of 
any solution of this world problem and 
that the extensive clinical use of steroid 
oral contraceptives has been one of 
the most spectacular and promising 
new approaches to such control. The 
biological and clinical work leading 
to the development of the steroid con- 
traceptive agents now being used has 
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been ably summarized by one of the 
pioneers in the field, Gregory Pincus, 
in The Control of Fertility (4), but 
neither in tha,t book nor in the vol- 
uminous clinical literature, encompass- 
ing several hundred articles, is there 
any coverage of the history of the 
chemical developments which made 
these biological studies possible, or ci- 
tation of the original chemical publica- 
tions. 

Every synthetic drug must, by defini- 
tion, have its origin in a chemical 
laboratory. How this chemical entity 
ultimately becomes a drug depends on 
circumstances. Frequently, such sub- 
stances are synthesized in connection 
with some chemical problem and, as 
an afterthought, submitted for wide 
pharmacological screening. Alternative- 
ly, a given substance may be con- 
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ceived and synthesized for a specific 
biological purpose, found to be inac- 
tive, and then exposed to wider phar- 
macological scrutiny. The literature of 
medicinal chemistry is filled with ac- 
counts of instances where accidental 
screening uncovered an unexpected 
biological activity, which provided the 
necessary impetus for further chemi- 
cal, pharmacological, and clinical work. 

It is not surprising that the sophis- 
ticated medicinal chemist is unhappy 
with this state of affairs and that, since 
the days of Ehrlich, he has attempted 
to establish relationships between chem- 
ical structure and biological activity 
which would lead to the a priori pre- 
diction of a potentially useful drug. 
Considerable progress has in fact been 
made by chemists along these lines, 
and since the steroid oral contraceptive 
agents represent a telling example of 
this approach, it seems worthwhile to 
recapitulate the little-known history of 
the chemical developments that led to 
the growth of this presently flourish- 
ing field. 

Steroid Nomenclature 

This brief section is included for 
readers who are totally unfamiliar with 
the symbolism employed by steroid 
chemists; more extensive discussions 
may be found in standard monographs 
dealing with steroid chemistry (5). The 
term steroid is a chemical rather than 
a biological term, since it is applied 
only to compounds possessing the 
skeleton shown below (or at times a 
slight modification of it). 

poiios 10a 

methyl groups. The molecule is es- 
sentially planar, and if it is visualized 
as lying in the plane of the paper, as lying in the plane of the paper, 
the dotted bonds denote substituents 
projecting below that plane, and the 
solid ones, substituents above it. 
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Structural Specificity Associated 

with Progestational Activity 

The naturally occurring female hor- 
mone progesterone (structure 1) has 
multiple biological functions (4), one 
of which is the inhibition of further 
ovulation during pregnancy. It is for 
this reason that it is frequently re- 
ferred to as "nature's contraceptive," 
and, were it not for the fact that the 
substance is essentially inactive when 
given by mouth, it might very well 
have found practical application as an 
oral contraceptive. For a long time it 
was assumed (6) that such activity is 
extremely specific and limited to pro- 
gesterone (I) and some analogs with 
additional double bonds in the 6-7 or 
11-12 positions. This assumption was 
supported by the observation that even 
so close a relative as 17-isopro- 
gesterone (II) (7), which differs from 
the parent hormone (I) in stereo- 
chemical detail at only one center 
(carbon atom No. 17), exhibits no 
noticeable progestational activity. 

In 1944, Ehrenstein (8), at the Uni- 
versity of Pennsylvania, reported the 
multistage transformation of the car- 
diac aglycone strophanthidin (III) to 
an oily mixture of stereoisomers of 
"1 9-norprogesterone." The purpose of 
that work was to remove the angular 
methyl group, carbon No. 19, attached 
to position 10 of structure I and to 
examine the effect of such a structural 
change upon progestational activity. 
The chemical steps involved isomeriza- 
tion of two and perhaps three asym- 
metric centers (positions 17, 14, and 
perhaps 10 in IV); this seemed un- 
fortunate, since it had been shown 
earlier (7) that even inversion just at 
carbon No. 17 (see II) abolishes bio- 
logical activity. It was most surpris- 
ing, therefore, to find that this oily 
material, when tested in two rabbits 
(9), exhibited the same biological ac- 
tivity as progesterone itself. In view 
of the extremely poor overall yield 
(0.07 percent), insufficient material 
was available for further study (10). 

Prompted by these unexpected bio- 
logical results, a Swiss group (lI) 
undertook the synthesis of 14-iso-1 7- 
isoprogesterone (V), since its "wrong" 
stereochemistry at positions 14 and 
17 mimicked that of Ehrenstein's (8) 
material (IV) and it seemed con- 
ceivable that inversion of the stereo- 
chemistry of progesterone (I) at both 
carbon No. 17 and carbon No. 14 

might have been responsible for the 
activity of Ehrenstein's substance (IV). 
However, the pure, crystalline 14-iso- 
17-isoprogesterone (V) proved (11) to 
be devoid of progesta,tional potency 
and thus raised the intriguing possibili- 
ty that it was the removal of the angu- 
lar methyl group (compare IV with 
V) that was the key factor, and that 
progestational activity, therefore, was 
not as structure-specific as had been 
imagined. 

Synthesis of 19-Nor Steroids 

The likelihood that the absence of 
the angular methyl group was as- 
sociated with high biological activity 
became more remote when, 2 years 
later, Birch (12) described the syn- 
thesis of 19-nortestosterone (X)-a 
substance which was identical in every 
stereochemical detail (13) with the nat- 
ural male sex hormone testosterone 
(XI), but which exhibited consider- 
ably lower androgenic activity (14) 
than the parent hormone (XI). The 
key step in Birch's synthesis was the 
reduction, by the metal-liquid am- 
monia procedure, of an appropriate 
aromatic ether (for example, VI) to 
the dihydroanisole VII. Such enol eth- 
ers can be cleaved, upon mild treat- 
ment with acid, to the fl,y-unsaturated 
ketone VIII, while stronger acid or 
base results in complete conjugation 
to the a,/3-unsaturated isomer (IX). 

Birch's results (14) in the androgen 
series implied that removal (X -- XI) 
of the carbon No. 19 angular methyl 
group in an intact steroid hormone 
is not necessarily associated with an 
increase in biological ac,tivity. Never- 

theless, in view of our great interest 
at that time in progestationally more 

potent steroids, we decided to under- 
take the synthesis of authentic 19- 

norprogesterone (XIII) with the cor- 
rect stereochemistry at all centers. The 
requisite starting material for such a 

synthesis by means of the general 
Birch metal-ammonia procedure (VI 
-> VII -> VIII -> IX) is the pro- 
gesterone analog XII, in which ring 
A is aromatic. Fortunately, this sub- 
stance had been synthesized in 1950 
in our laboratory (15) in connection 
with another investigation, and it 

proved to be a relatively simple mat- 
ter to transform it into crystalline 19- 

norprogesterone (XIII) (16), which 
differed from the natural hormone (I) 
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only in the replacement of the angular 
methyl group by hydrogen. The sub- 
stance was found (17), by injection, 
to possess between four and eight times 
the progestational potency of the nat- 
ural hormone (I), as determined by 
the Clauberg assay, and thus con- 
stituted the most potent progestational 
substance known at that time. 

Of particular interest, therefore, was 
the removal of the angular meth- 
yl group in 17a-ethynyltestosterone 
(XIV). Chemically (compare XI with 
XIV), this substance is a close rela- 
tive of testosteione (XI), whose andro- 
genic activity is apparently reduced 
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IX 

(14) when its carbon No. 19 angular 
methyl group is eliminated (see X). 
However, biologically it should be 
classified among the progestational hor- 
mones, because the observation had 
been made (18) many years ago 
that 17a-ethynyltestosterone (XIV), 
given orally, was an effective pro- 
gestational agent, although less active 
than progesterone (I) administered by 
the parenteral route. Since the biologi- 
cal potency of progesterone (I) was 
augmented greatly upon loss (I -> 

XIII) of its angular methyl group 
(16), we argued that progestational 
activity of orally ingested 17a-ethy- 

nyltestosterone (XIV) might be simi- 
larly enhanced after elimination of its 
carbon No. 19 angular methyl group. 
This prediction was fully confirmed in 
late 1951, when we successfully trans- 
formed the estrogenic hormone estrone 
(XVI), in seven steps, into 19-nor- 
17a-ethynyltestosterone (XV) (19). 

The initial biological results, report- 
ed in 1952 (19), indicated an ex- 
tremely high order of progestational 
potency of the compound when it was 
administered orally and thus prompted 
us to submit the substance to various 
investigators for extensive biological 
(20) and clinical (21) scrutiny. The 
clinical investigations completely sup- 
ported the conclusion, based on the 
earlier animal studies, that removal of 
the carbon No. 19 angular methyl group 
from progestationally active steroids 
results in increased potency. 19-Nor- 
17a-ethynyltestosterone (XV) (19) 
was thus the first 19-nor steroid to 
find clinical application. 

These results prompted us to un- 
dertake the more laborious synthesis 
of the 19-nor analogs of the adrenal 
cortical hormones deoxycorticosterone 
(XVIII) and hydrocortisone (XX). 
While removal of the angular methyl 
group (22) in the former (XVIII -> 

XVII) caused an increase in the 
mineralocorticoid activity, a diminui- 
tion of glucocorticoid potency was ob- 
served when the angular methyl group 
of hydrocortisone (XX) was removed 
(XIX) (23). One can conclude, there- 
fore, that removal of the angular 
methyl group-an apparently trivial 
change on paper though a highly in- 
volved one in the chemical laboratory 
-may increase or diminish biological 
activity, depending upon the type of 
steroid hormone with which one is 
dealing. 

Chemical Structure and Oral 

Inhibition of Ovulation 

Slightly more than a year after our 
initial report (19) of the synthesis and 
biological activity of 19-nor-17a-ethy- 
nyltestosterone (XV), Colton (24) re- 
corded, in a patent application, the 
synthesis of its 8,,y-unsaturated isomer 
(XXI), which is an intermediate (see 
VII -> VIII -> IX) in the usual Birch 
reduction (12). These two substances 
(XV and XXI) were the first 19-nor 
steroids to be studied by Pincus and 
his collaborators in animals (25) and 
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human females (26) as agents for in- 
hibition of ovulation; they were found 
to be highly effective when admin- 
istered by the oral route, as was to have 
been expected on the basis of assays, 
reported earlier (19, 20), of pro- 
gestational activity in animals. This 
initial clinical paper by Rock, Pincus, 
and Garcia (26) led to a veritable 
flood of clinical studies and publica- 
tions (for leading references, see 4), 
which was followed by the introduc- 
tion of these two substances into clini- 
cal practice-first as effective oral pro- 
gestational agents and, a few years 
later, as specific oral contraceptive 
agents. 

The fact that 19-nor-17a-ethynyltes- 
tosterone (XV) (19) and its f,,y-un- 
saturated isomer (XXI) (24) exhibit 
qualitatively the same type of biologi- 
cal activity is not surprising, since the 
conversion of 'the fl,y-unsaturated ke- 
tone XXI to the a,fl-unsaturated isomer 
XV is usually effected in the labora- 
tory with acid and also occurs to an 

CH20H 

H l lH 

XVII R= H 
XVIII R=CH3 

appreciable extent upon exposure to 
human gastric juice (27). Similarly, 
the high progestational activity as- 
sociated with the acetate at carbon 
No. 17 (XXII) (28) of 19-nor-17a- 
ethynyltestosterone (XV)-another clin- 
ically employed oral contraceptive (29) 
-is probably associated with in vivo 
fission of the ester linkage to the free 
alcohol XV. 

More recently, two other 1 9-nor 
steroids have been introduced into clini- 
cal practice as oral contraceptive agents 
-the 3-deoxo analog XXIII (30) and 
the diacetate XXIV (31)-but as yet 
there is no evidence available to indi- 
cate whether their activity is sui 
generis or due to prior in vivo con- 
version into 19-nor-17a-ethynyltestos- 
terone (XV). 

Once the myth of the supposed great 
chemical specificity of progestational 
action had been destroyed, a large num- 
ber of divers steroids were screened 
for progestational and antiovulatory 
activity. A detailed survey of the re- 

CH20H 

HO.-.. .-.~OH 

R 

XIX R=H 
XX R=CH3 
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lationship between these steroid struc- 
tures and biological potency has been 
published by Kindl and Dorfman (32), 
but for the purposes of this review it 
is only necessary to consider those 
few compounds which have so far re- 
sulted in clinically utilized oral con- 
traceptives. 

In the foregoing discussion of 17a- 
ethynyltestosterone (XIV) (18) as the 
reference substance having progesta- 
tional activity when given orally, it 
was noted that removal (19) of the 
angular methyl group attached at posi- 
tion 10 resulted in greatly increased 
activity. Another chemical manipula- 
tion which has a similar effect is the 
addition, rather than the removal, of 
a methyl group in certain selected 
loci. A relevant example is 6a,21-di- 
methyl- 17a-ethynyltestosterone (XXV), 
which has been shown (33) to be 
superior to the unmethylated parent 
XIV in terms of progestational activity. 
It is now used as a clinically effective 
oral contraceptive. 

Two other oral contraceptive agents 
(XXVII, XXVIII), which have been 
introduced into clinical practice in the 
United States only during the past 
year, represent chemical modifications 
of the progesterone (I) rather than 
the 17a-ethynyltestosterone (XIV) 
molecule. The development of these 
substances was prompted by the ob- 
servation (34) that introduction of an 
acetoxyl substituent at carbon No. 17 
of progesterone confers appreciable pro- 
gestational activity, relative to that of 
the parent hormone (I), when the sub- 
stances are administered orally. The re- 
sulting 17a-acetoxyprogesterone (XXVI) 
was not sufficiently active in the hu- 
man to lead to production of a drug of 
wide clinical acceptability, but intro- 
duction of further substituents, such as 
a 6a-methyl group (35) and, especially, 
a 6-chlorine atom, together with an ad- 
ditional double bond (36), produced the 
highly active 6a-methyl- 17a-acetoxypro- 
gesterone (XXVII) and 6-chloro-6-dehy- 
dro-17a-acetoxyprogesterone (XXVIII), 
which are now used as oral contracep- 
tive agents. There is little doubt that 
several other, related steroids, which 
have shown promise in laboratory ex- 
periments, will be added in the not-too- 
distant future to the list of clinically 
efficacious oral contraceptives. One of 
them-the analog of XXVII in which 
an additional double bond (35) is 
present between carbon atoms 6 and 
7-has already been introduced in 
Europe. 
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Chemical Supply and Clinical Demand 

At present, it is estimated, at least 
7 million women are using steroid oral 
contraceptives. Of these, in the United 
States 19-nor-17a-ethynyltestos.terone 
(XV) and its two chemical relatives, 
XXI and XXII, account for over 
80 percent of the consumption, while 
the remainder is apportioned among 
XXV, XXVII, and XXVIII. The ad- 
ministration of oral contraceptives 
only received government approval in 
1960, and it is very likely that the 
number of users will rapidly increase 
beyond the 7 million figure estimated 
for 1965. These prospects immediately 
raise two questions. (i) Can the chem- 
ist satisfy the demand? (ii) Is it worth 
while to synthesize additional com- 
pounds as potential candidates for oral 
contraceptives? The answer to both 
these questions is unqualifiedly in the 
affirmative, and it seems appropriate 
to end this historical survey with an- 
swers to both questions. 

At present all the synthetic steroid 
drugs, irrespective of their ultimate 
clinical utility, are prepared by partial 
rather than total synthesis. The term 
partial implies that the chemist starts 
with one steroid and transforms it into 
another, while "total" synthesis refers 
to the de novo construction of the 
steroid skeleton, commencing with 
simple chemicals. 

In the field of oral contraceptives, 
the most common starting material is 
diosgenin (XXIX), a naturally occur- 
ring plant sapogenin; steroids such 
as the soya sterol stigmasterol (XXX) 
and, to a lesser extent, the animal 
sterol cholesterol (XXXI) are also 
used. 

As noted above, over 80 percent of 
the presently employed oral contracep- 
tive agents are 19-nor steroids; until re- 
cently, all of them were synthesized by 
a modified Birch reduction (see VI ~ 
VII -- VIII ---> IX), which required the 
female sex hormone estrone (XVI) as 
starting material. This is another il- 
lustration of the familiar theme in 
steroid chemistry that a given hormone 
(in this instance, estrone) eventuallyv 
becomes an intermediate in the syn- 
thesis of a chemically more complex 
drug. Several multistage chemical 
transformations of diosgenin (XXIX) 
to estrone (XVI) have been worked 
out in the past (5), but in view of the 
complexity of the operations and the 
necessity of several subsequent steps 
to 19-nor steroids [notably, the metal- 
4 MARCH 1966 

liquid ammon,ia reduction (VI -> 

VII)], doubt has been expressed from 
time to time that such partial syn- 
theses could keep up with the rapidly 
increasing demand, and it has been 
thought that total synthetic procedures 
would have to be introduced. This con- 
clus,ion proved to be false, and it is 
very unlikely that the situation will 
change during the next few years, in 
spite of the fact that many total syn- 
theses (37) of estrone (XVI) and of 
19-nor steroids have been accomplished 
in the laboratory. The reasons for this 
prognosis are threefold. 

XXI 

-CECH 

First, as the demand for such con- 
traceptive agents rose, continuing clini- 
cal experimentation demonstrated that 
the effective dose was much lower 
than had been assumed originally. 
Thus, while the daily regimen in 1960 
was based on a 10-milligram pill, cur- 
rent work has demonstrated that I 
milligram and, very probably, even 
lower dosages are equally effective. 
Therefore, the demand, in kilograms 
of steroids, did not rise at all in pro- 
portion to the rapidly increasing num- 
ber of users. 

Second, the commercial importance 
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of steroid oral contraceptives prompt- 
ed extensive work on alternate partial 
syntheses, which would obviate the use 
of estrone (XVI) as an intermediate. 
A very efficient procedure (38) was 
discovered virtually simultaneously by 
two groups working independently in 
Mexico and in Switzerland, who ap- 
proached the problem through chemi- 
cal functionalization of the angular 
methyl group at position 10. Addition 
of hypobromous or hypochlorous acid 
to the double bond of cholesterol ace- 
tate (XXXII, R - C8H17) or other 
readily available steroids (XXXII, R 
= 0 or COCH3) afforded the halohy- 
drins XXXIII, which, upon oxidation 
with lead tetraacetate, led to the versa- 
tile oxide intermediate XXXIV, in 
which functionalization of the angu- 
lar methyl group had thus been ef- 
fected. By simple chemical steps, such 
oxides as XXXIV can be transformed 
into the intermediates XXXV and 
XXXVI, which in turn are conver- 
tible into the 19-nor steroid types VIII 
and IX. The need for metal-ammonia 
reductions is thus avoided. 

Third, a most significant develop- 
ment occurred in 1965 which promises 
to change the supply problem drastical- 
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ly and to make total synthe 
dures (37) a very unlikely 
route to synthesis of the pres 
ployed oral contraceptive a, 
and his collaborators (39) 
that the intermediate XXX 
able (38) in three steps () 
XXXIII -- XXXIV -* XX) 

cholesterol acetate (XXXI 
C8H17), was transformed t 
microorganism in 72-percent 
rectly to estrone (XVI). A 

ly, the same organism coul 
in one step the chloroepoxide 
of the cholesterol series (R 
into the unsaturated ketc 
(XXXV) of the 17-keto 
series (R = 0). These two 
microbiological syntheses thu 
far the shortest and mos 
routes to 1 9-nor-17a-ethynylt( 
(XV) and to the related st 
traceptive agents XXI, XX 
and XXIV. 

The second question whi( 
was whether it is worthwhi 
scientific standpoint, to syn 
ditional potential oral cont 
in view of the fact that nir 
chemical entities are already 
ployed for such purposes 

practice. Of the numerous arguments 
that can be advanced in support of an 
affirmative answer, the following is 
probably the most cogent one. 

The relatively recent introduction of 
steroid oral contraceptive agents and 
the surprisingly rapid acceptance of 
these substances by women has greatly 
stimulated research in this area of con- 
ception control. The development of 

= CIoHi9 nonsteroidal chemicals, which would 

C- CH probably be cheaper than the present 
=8 CH7 steroids, may be desirable, although 

cost of the biologically active ingredi- 
ent is not the problem which is cur- 
rently inhibiting the use of these agents. 
At present, it is assumed that all the 
oral contraceptives work through in- 
hibition of ovulation. That this is not 
the only biological mechanism where- 

Vill by they can operate was recently dem- 
onstrated clinically (40) when it was 
found that 6-chloro-6-dehydro-17a-ace- 
toxyprogesterone (XXVIII) can pre- 
vent conception when given in doses 
that do not inhibit ovulation. Pincus 
(4) and more recently Rudel and Kincl 

Hi^A.. (41) have summarized the diversity of 
biological effects of progesterone (I) 

-,, and other steroidal progestational 
agents. There is no reason to believe 

IX that it will not be possible to synthe- 
size substances, steroidal or nonsteroi- 
dal in nature, in which the two activi- 

.tic proce- ties can be separated-substances 
practical which may thus offer alternative and 

sently em- possibly preferable means of oral con- 
gents. Sih traception. It is likely that, as in the 
discovered past, the next major advance in this 
VI, avail- area of conception control will origi- 
(XXII -> nate in the chemical laboratory. 
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I, R = References and Notes 

by a soil 1. See, for example, R. L. Meier, Modern Sci- 
t yield di- ence and the Human Fertility Problem (Wiley, 

New York, 1959); R. 0. Greep, Ed., Humtan 
Olternative- Fertility and Population Problems (Schenk- 

Id convert man, Cambridge, Mass., 1963); S. Mudd, 
Ed., The Population Crisis and the Use of 

(XXXIV) World Resources (Junk, The Hague, 1964). 
_ C sH 2. J. M. Jones, Does Overpopulation Mean 

8x 17) Poverty? (Center for International Economic 
) epoxide Growth, Washington, D.C., 1962); "The 

Growth of U.S. Population," Natl. Acad. 
androstane Sci. Publ. 1279 (1965). 

chemical- 3. P. M. Hauser, Science 131, 1641 (1960); 
H. F. Dorn, ibid. 135, 283 (1962). 

is offer by 4. G. Pincus, The Control of Fertility (Academic 

;t efficienlt Press, New York, 1965). 
5. L. F. Fieser and M. Fieser, Steroids (Rein- 

estosterone hold, New York, 1959); C. W. Shoppee, 
Chemistry of the Steroids (Butterworths, Lon- 

;eroid con- don, ed 2., 1964). 

II, XXIII, 6. See M. Ehrenstein, Chem. Rev. 42, 457 
(1948). 

7. A. Butenandt, J. Schmidt-Thom6, H. Paul, 

ch I posed Chem. Ber. 72, 1112 (1939). 
8. M. Ehrenstein, J. Org. Chem. 9, 435 (1944). 

le, from a 9. W. M. Allen and M. Ehrenstein, Science 100, 
251 (1944). thesize ad- 10. This synthesis was repeated more than 10 

traceptives, years later [G. W. Barber and M. Ehrenstein, 
Ann. Chem. 603, 89 (1957)], and a pure crys- 

le different talline isomer was isolated, whose stereo- 

being em- chemistry (IV) did indeed correspond in 
beini^g c - 

every detail [C. Djerassi, M. Ehrenstein, 
in clinical G. W. Barber, ibid. 612, 93 (1958)] to that 

SCIENCE, VOL. 151 

--- - - 
--- 



(V) of 14-iso-17-isoprogesterone. This crys- 
talline isomer (IV) was found [M. Ehren- 
stein, G. W. Barber, H. Hertz, Endocrinology 
60, 681 (1957)] to be even more active bio- 
logically than progesterone (t). 

11. P. A. Plattner, H. Heuser, A. Segre, Helv. 
Chim. Acta 31, 249 (1948). 

12. A. J. Birch, J. Chem. Soc. 1950, 367 (1950). 
An important experimental improvement has 
been recorded by A. L. Wilds and N. A. 
Nelson, J. Amer. Chem. Soc. 75, 5366 (1953). 

13. C. Djerassi, R. Riniker, B. Riniker, J. Amer. 
Chem. Soc. 78, 6377 (1956). 

14. A. J. Birch, Ann. Rept. Progr. Chem. Chem. 
Soc. London 47, 210 (1950). 

15. C. Djerassi, G. Rosenkranz, J. Iriarte, J. 
Berlin, J. Romo, J. Amer. Chem. Soc. 73, 
1523 (1951). 

16. L. Miramontes, G. Rosenkranz, C. Djerassl; 
ibid., p. 3540; C. Djerassi, L. Miramontes, 
G. Rosenkranz, ibid. 75, 4440 (1953). 

17. W. W. Tullner and R. Hertz, J. Clin. Endo- 
crinol. 12, 916 (1952). 

18. H. H. Inhoffen, W. Logemann, W. Hohlweg, 
A. Serini, Chem. Ber. 71, 1024 (1938). 

19. C. Djerassi, L. Miramontes, G. Rosenkranz, 
'Amer. Chem. Soc. Meeting, Apr. 1952, Div. 
Medicinal Chem., Abstr." (1952), p. 18J; 

and F. Sondheimer, J. Amer. Chem. 
Soc. 76, 4092 (1954). 

20. R. Hertz, W. Tullner, E. Raffelt, Endocrin- 
ology 54, 228 (1954); D. E. Jadrijevic, E. 
Mardones, A. Lipschutz, Proc. Soc. Exp. Biol. 
Med. 91, 38 (1956). 

(V) of 14-iso-17-isoprogesterone. This crys- 
talline isomer (IV) was found [M. Ehren- 
stein, G. W. Barber, H. Hertz, Endocrinology 
60, 681 (1957)] to be even more active bio- 
logically than progesterone (t). 

11. P. A. Plattner, H. Heuser, A. Segre, Helv. 
Chim. Acta 31, 249 (1948). 

12. A. J. Birch, J. Chem. Soc. 1950, 367 (1950). 
An important experimental improvement has 
been recorded by A. L. Wilds and N. A. 
Nelson, J. Amer. Chem. Soc. 75, 5366 (1953). 

13. C. Djerassi, R. Riniker, B. Riniker, J. Amer. 
Chem. Soc. 78, 6377 (1956). 

14. A. J. Birch, Ann. Rept. Progr. Chem. Chem. 
Soc. London 47, 210 (1950). 

15. C. Djerassi, G. Rosenkranz, J. Iriarte, J. 
Berlin, J. Romo, J. Amer. Chem. Soc. 73, 
1523 (1951). 

16. L. Miramontes, G. Rosenkranz, C. Djerassl; 
ibid., p. 3540; C. Djerassi, L. Miramontes, 
G. Rosenkranz, ibid. 75, 4440 (1953). 

17. W. W. Tullner and R. Hertz, J. Clin. Endo- 
crinol. 12, 916 (1952). 

18. H. H. Inhoffen, W. Logemann, W. Hohlweg, 
A. Serini, Chem. Ber. 71, 1024 (1938). 

19. C. Djerassi, L. Miramontes, G. Rosenkranz, 
'Amer. Chem. Soc. Meeting, Apr. 1952, Div. 
Medicinal Chem., Abstr." (1952), p. 18J; 

and F. Sondheimer, J. Amer. Chem. 
Soc. 76, 4092 (1954). 

20. R. Hertz, W. Tullner, E. Raffelt, Endocrin- 
ology 54, 228 (1954); D. E. Jadrijevic, E. 
Mardones, A. Lipschutz, Proc. Soc. Exp. Biol. 
Med. 91, 38 (1956). 

21. E. T. Tyler, paper presented at the annual 
meeting of the Pacific Coast Fertility Society, 
Nov. 1954; J. Clin. Endocrinol. Metab. 15, 
881 (1955); R. B. Greenblatt, ibid. 16, 869 
(1956; R. Hertz, H. H. White, L. B. 
Thomas, Prov. Soc. Exp. Biol. Med. 91, 418 
(1956). 

22. A. Sandoval, L. Miramontes, G. Rosenkranz, 
C. Djerassi, F. Sondheimer, J. Amer. Chem. 
Soc. 75, 4117 (1953). 

23. A. Zaffaroni, H. J. Ringold, G. Rosenkranz, 
F. Sondheimer, G. H. Thomas, C. Djerassi, 
ibid. 76, 6210 (1954). 

24. F. B. Colton, U.S. patent 2,725,389 (Nov. 
1955). 

25. G. Pincus, M. C. Chang, E. S. E. Hafez, 
M. X. Zarrow, A. Merrill, Science 124, 890 
(1956). 

26. J. Rock, G. Pincus, C. R. Garcia, ibid., p. 
891. 

27. H. J. Ringold, Ann. N.Y. Acad. Sci. 71, 515 
(1958). 

28. 0. Engelfried, E. Kaspar, A. Popper, M. 
Schenk, German patent 1,017,166 (1957). 

29. See, for example, G. L. Foss, Brit. Med. J. 
1960-II, 1187 (1960); E. Mears and E. C. 
Grant, ibid. 1962-11, 75 (1932); R. Bredland, 
Intern. J. Fertility 7, 347 (1962). 

30. M. S. de Winter, C. M. Siegmann, S. A. 
Szpilfogel, Chem. Ind. London 1959, 905 
(1959). 

31. F. B. Colton and P. Klimstra, in Inter- 
national Congress on Hormonal Steroids, 1st, 
Milan, L. Martini and A. Pecile, Eds. (Aca- 

21. E. T. Tyler, paper presented at the annual 
meeting of the Pacific Coast Fertility Society, 
Nov. 1954; J. Clin. Endocrinol. Metab. 15, 
881 (1955); R. B. Greenblatt, ibid. 16, 869 
(1956; R. Hertz, H. H. White, L. B. 
Thomas, Prov. Soc. Exp. Biol. Med. 91, 418 
(1956). 

22. A. Sandoval, L. Miramontes, G. Rosenkranz, 
C. Djerassi, F. Sondheimer, J. Amer. Chem. 
Soc. 75, 4117 (1953). 

23. A. Zaffaroni, H. J. Ringold, G. Rosenkranz, 
F. Sondheimer, G. H. Thomas, C. Djerassi, 
ibid. 76, 6210 (1954). 

24. F. B. Colton, U.S. patent 2,725,389 (Nov. 
1955). 

25. G. Pincus, M. C. Chang, E. S. E. Hafez, 
M. X. Zarrow, A. Merrill, Science 124, 890 
(1956). 

26. J. Rock, G. Pincus, C. R. Garcia, ibid., p. 
891. 

27. H. J. Ringold, Ann. N.Y. Acad. Sci. 71, 515 
(1958). 

28. 0. Engelfried, E. Kaspar, A. Popper, M. 
Schenk, German patent 1,017,166 (1957). 

29. See, for example, G. L. Foss, Brit. Med. J. 
1960-II, 1187 (1960); E. Mears and E. C. 
Grant, ibid. 1962-11, 75 (1932); R. Bredland, 
Intern. J. Fertility 7, 347 (1962). 

30. M. S. de Winter, C. M. Siegmann, S. A. 
Szpilfogel, Chem. Ind. London 1959, 905 
(1959). 

31. F. B. Colton and P. Klimstra, in Inter- 
national Congress on Hormonal Steroids, 1st, 
Milan, L. Martini and A. Pecile, Eds. (Aca- 

demic Press, New York, 1965), vol. 2, p. 23. 
32. F. A. Kincl and R. I. Dorfman, Acta Endo- 

crinol. Suppl. 73, 17 (1963). 
33. A. David, F. Hartley, D. R. Millson, V. 

Petrow, J. Pharm. Pharmacol. 9, 929 (1957). 
34. K. Junkmann, Arch. Exp. Pathol. Pharmakol. 

223, 244 (1954). 
35. J. C. Babcock, E. S. Gutsell, M. E. Herr, 

J. A. Hogg, J. C. Stucki, L. E. Barnes, W. E. 
Dulin, J. Amer. Chem. Soc. 80, 2904 (1958); 
H. J. Ringold, J. Perez Ruelas, E. Batres, 
C. Djerassi, ibid. 81, 3712 (1959); S. P. Bar- 
ton, B. Ellis, V. Petrow, J. Chem. Soc. 1959, 
478 (1959). 

36. H. J. Ringold, E. Batres, A. Bowers, J. Ed- 
wards, J. Zderic, J. Amer. Chem. Soc. 81, 
3485 (1959). - 

37. For a recent review see L. Velluz, J. Valls, 
G. Nomin6, Angew. Chem. Intern. Ed. Engl. 
4, 181 (1965). 

38. A. Bowers, R. Villotti, J. A. Edwards, 
E. Denot, 0. Halpern, J. Amer. Chem. Soc. 
84, 3204 (1962); B. Berkoz, E. Denot, A. 
Bowers, Steroids 1, 251 (1963); J. Kalvoda, 
K. Heusler, H. Ueberwasser, G. Anner, A. 
Wettste.in, Helv. Chim. Acta 46, 1361 (1963). 

39. C. J. Sih, S. S. Lee, Y. Y. Tsong, K. C. 
Wang, F. N. Chang, J. Amer. Chem. Soc. 
87, 2765 (1965). 

40. J. Martinez Manatou, J. Giner, V. Cortes, 
J. Casasola, R. Aznar, H. W. Rudel, Fertility 
Sterility 17, 49 (1966). 

41. H. WV. Rudel and F. A. Kincl, Acta Endo- 
crinol. 51, Suppl., 301 (1966). 

demic Press, New York, 1965), vol. 2, p. 23. 
32. F. A. Kincl and R. I. Dorfman, Acta Endo- 

crinol. Suppl. 73, 17 (1963). 
33. A. David, F. Hartley, D. R. Millson, V. 

Petrow, J. Pharm. Pharmacol. 9, 929 (1957). 
34. K. Junkmann, Arch. Exp. Pathol. Pharmakol. 

223, 244 (1954). 
35. J. C. Babcock, E. S. Gutsell, M. E. Herr, 

J. A. Hogg, J. C. Stucki, L. E. Barnes, W. E. 
Dulin, J. Amer. Chem. Soc. 80, 2904 (1958); 
H. J. Ringold, J. Perez Ruelas, E. Batres, 
C. Djerassi, ibid. 81, 3712 (1959); S. P. Bar- 
ton, B. Ellis, V. Petrow, J. Chem. Soc. 1959, 
478 (1959). 

36. H. J. Ringold, E. Batres, A. Bowers, J. Ed- 
wards, J. Zderic, J. Amer. Chem. Soc. 81, 
3485 (1959). - 

37. For a recent review see L. Velluz, J. Valls, 
G. Nomin6, Angew. Chem. Intern. Ed. Engl. 
4, 181 (1965). 

38. A. Bowers, R. Villotti, J. A. Edwards, 
E. Denot, 0. Halpern, J. Amer. Chem. Soc. 
84, 3204 (1962); B. Berkoz, E. Denot, A. 
Bowers, Steroids 1, 251 (1963); J. Kalvoda, 
K. Heusler, H. Ueberwasser, G. Anner, A. 
Wettste.in, Helv. Chim. Acta 46, 1361 (1963). 

39. C. J. Sih, S. S. Lee, Y. Y. Tsong, K. C. 
Wang, F. N. Chang, J. Amer. Chem. Soc. 
87, 2765 (1965). 

40. J. Martinez Manatou, J. Giner, V. Cortes, 
J. Casasola, R. Aznar, H. W. Rudel, Fertility 
Sterility 17, 49 (1966). 

41. H. WV. Rudel and F. A. Kincl, Acta Endo- 
crinol. 51, Suppl., 301 (1966). 

NEWS AND COMMENT 

The Krebiozen Case: 
What Happened in Chicago 
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Chicago. The main question left 
standing in the Krebiozen case after 
15 years of controversy and a 9-month 
criminal trial ending in acquittal for all 
the principals is how so many people 
could spend so much time on a prob- 
lem so limited and come up with so 
little. The federal government prose- 
cuted Andrew Ivy, Stevan Durovic, 
and two of their associates, Durovic's 
brother Marko and a Chicago physi- 
cian, William Phillips, with all the 
zeal of the crusaders pursuing infidels. 
But, despite the government's efforts, 
the record is thin and full of contradic- 
tions. Immediately after the trial the 
Food and Drug Administration and the 
American Medical Association issued 
statements stressing that the verdict in 
no way altered their scientific judgment 
that the alleged anticancer agent is 
therapeutically worthless. Whether the 
public will accept that view, however, 
is open to doubt. As a challenge to pub- 
lic policy, the question of Krebiozen 
is plainly not yet settled. 
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To understand what happened at 
the trial it is important to realize how 
badly the government wanted to win 
the Krebiozen case. The passion was 
generated in part by certain character- 
istics of the Food and Drug Adminis- 
tration, in part by the peculiar in- 
tractability of the Krebiozen problem. 
The FDA has long had difficulty main- 
taining its scientific capability and in 
navigating the tricky shoals of drug 
regulation. But it has been unfailingly 
proud of its record against quackery: 
the agency is happiest when it is left 
to the fight against frauds. 

In the case of Krebiozen, the FDA 
had much at stake. Throughout the 
1950's, while Krebiozen, already con- 
troversial, was being distributed as an 
experimental drug, the agency took the 
position that the problem belonged in 
other hands. But in 1963 it became en- 
gaged -in a full-scale investigation of the 
drug. FDA's involvement began as an 
effort to help the National Cancer In- 
stitute gather data on Krebiozen-treated 
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patients to determine whether a long- 
sought official test of the drug seemed 
indicated (Science 21 June, 28 June, 
5 July, 1963). It soon spread into an 
ambitious campaign to reconstruct all 
aspects of the drug's clinical, financial, 
and chemical history. 

By the fall of 1963, FDA had 
reached its scientific conclusions. The 
Krebiozen powder, the agency an- 
nounced, had been identified by several 
chemical tests as creatine. The contents 
of Krebiozen ampules were identified 
as mineral oil, with minute amounts of 
two other substances, amyl alcohol and 
1-methylhydantoin, found in ampules 
shipped in 1963. FDA's chemical anal- 
ysis was soon supported by the findings 
of the National Cancer Institute that 
Krebiozen "does not possess any anti- 
cancer activity in man." 

These announcements had two ef- 
fects. First, they put FDA's scientific 
reputation on the line: if Krebiozen 
were ever demonstrated to be some- 
thing other than creatine, the agency, 
fighting hard for a progressive image, 
would find itself aligned instead with 
all the discredited reactionaries in the 
history of science. Second, no bureauc- 
racy is sensitive to ambiguity, but the 
findings completely obliterated what- 
ever appreciation of the complexities of 
the Krebiozen mystery FDA officials 
had previously been able to muster. 
From then on, they treated it as an 
open-and-shut case. If Krebiozen was 
creatine, it was obviously fraudulent. 
If it was fraudulent, the men marketing 
it were not erring scientists but crooks. 
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