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TETRAHEDRON PRIZE FOR CREATIVITY IN ORGANIC CHEMISTRY

The Executive Board of Editors for Tetrahedron Publications is pleased to announce that the 1991
Tetrahedron Prize for Creativity in Organic Chemistry has been awarded to Professor W. S. Johnson of
Stanford University, California for his development of methods for the synthesis of complex natural
products by biomimetic pathways. There follows a summary of his accomplishments, a Curriculum Vitae, a
list of his collaborators and a list of publications.

Fifty Years of Research

A Tribute to My Co-workers

by William S. Johnson

Department of Chemistry, Stanford University, Stanford, California 94305-5080

In 1944, when | was a young assistant professor at the University of Wisconsin, a very promising new
graduate student, C. David Gutsche, chose me as his thesis advisor. At some point during his stellar perform-
ance, which resulted in his completing his Ph.D. work in a record time of two years and five months, | was
bragging to Professor Sam McElvain, one of my senior colleagues, about this sensational student of mine. Sam, a
man of great wisdom, then said to me, "If you are lucky enough to attract several students of Gutsche's caliber to
your research group, these people are likely to make you famous.” That sage remark permanently oriented my
attitude concerning the matter of where the credit belongs. Accordingly | submit that the efforts of over 100
predoctoral and 200 postdoctoral co-workers over a period of 50 years have been largely responsible for the
results which are described in the publications listed at the end of this document. [t is now my pleasure to set
forth selected highlights of these accomplishments and in this way fo pay tribute to my co-workers who are
named in the accompanying list.

Adolf Windaus, in his 1928 Nobel Lecture! on steroids, said, "The synthesis of such a substance appears
to the chemist particularly difficult, and up till now | have not dared to attempt it." At that time and for the
following 10-15 years the tools of organic synthesis were greatly limited, and the art for the diastereoselective
production of molecules with several asymmetric centers was essentially non-existent. Sir Robert Robinson
and Werner Bachmann who were the foremost pioneers of steroid synthesis at the time never reached the point
of trying to cope with the stereochemical problems. 1| remember Robinson saying that he felt that there was an
intrinsic tendency for chemical reactions to lead to products with natural configuration, hence he was not
inclined to worry about the problem. Be that as it may, in 1951 he and Cornforth, et al.2 completed the first
synthesis of a non-aromatic steroid, epi-androsterone, which has seven chiral centers (64 possible dia-

stereoisomers). This was an amazing tour de force considering that, at a number of stages, separation of
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diastereoisomers was required. The Woodward steroid synthesis,3 which was completed at about the same time,
was the first to even consider the problems of diastereoseleclivity and represented a real advance in the way of
thinking about synthesis.

The hydrochrysene synthesis of steroids. Our first (1952)4.5 synthesis of a non-aromatic
steroid is outlined in Figure 1. The hydrochrysene derivative 4 was easily produced by the sequence of two
Robinson annulation reactions (2 —» 3 and 3 — 4). Diastereoselective Birch reduction of the enone system and
the styrene double bond of 4 proceeded readily, but the aromatic nucleus was totally resistant to all variations
we tried. We had about given up when Brian Bannister, one of Robinson's last Ph.D. students, arrived on the
scene and volunteered to try some forcing conditions he had heard about. He saved the day and was able to obtain

a fair yield of the mixture of ., and B,y ketones 5 which on hydrogenation gave a single diasteraocisomer 6.
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Figure 1. The first Wisconsin total synthesis of a nonaromatic steroid.

Thus step 4 — 5 introduced six new asymmetric centers diastereospecifically to give, after hydrogenation, a

single diastereoisomer 6 having natural steroid configuration as proved by its conversion into racemic
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epi-androsterone. As in the case of model methodology, developed by my own hands (see bibliography), the
angular methylation-ring contraction sequence 6 — 7 was not diastereoselective, requiring an easy chromato-
graphic separation of 13« and 138 epimers. Nevertheless the total results represented a major step forward
in achieving diastereoselectivity.6 Also this route was quite short making it possible o achieve a synthesis that
was completely total while the earlier ones were “formal” total syntheses. This term was coined by Cornforth
and Robinson for a synthesis that depends on one or more "relays” through intermediates which are obtained
(for the further steps) by degradation of readily available natural products.

It is noteworthy that the aforementioned studies were performed without the aid of NMR spectroscopy.
The story of the 1957 visit to Wisconsin by John D. Roberts, the foremost pioneer in the application of NMR to
organic chemistry, of how he taught me to use our newly acquired 40 MHz spectrometer and to interpret the
results, and of how he and | became involved in some collaborative research on diazomethane reactions is told in
some detail elsewhere.”

Eventually we prepared intermediate 4 in kilogram quantities which made possible the completely total
synthesis of many of the important steroids including aldosterone.? In this last case the process was completely
diastereoselective. It was during the early stages of this synthesis that | went to Harvard for a year as Visiting
Professor, and Raphael Pappo was made a temporary faculty member at Wisconsin in order to act as a most
inspiring adviser to my research group. Throughout his three years at Wisconsin he made many innovative as
well as practical contributions to ourrresearch program. Our adaptation of the above hydrochrysene approach to
the synthesis of 11-hydroxy corticoid types® would not have been realized without the help of Gilbert Stork who
has always been strongly supportive of my work as described elsewhere.” The synthesis of conessine!9
deserves special mention because the novel stereoselective strategy used for the development of ring D was
conceived as well as performed by Jim Marshall. The names of other co-workers who made this program
possible may be found in the publications listed under "Hydrochrysene Approach” in the bibliography.

Conformational Studies. Just as chemists of the Robinson generation worked without concern for
stereochemical factors so we, in the early days, were working in ignorance of conformational considerations
until Derek Barton showed us the light in 1950.11 My colleague, Al Wilds, and | had the privilege of hearing
him give a private discourse on his classical revelations before they were published. That occasion suddenly
litted a heavy veil of mystery that enshrouded much of the chemistry in which we were all involved, and |
immediately became a Barton disciple, spreading the gospel at home and abroad. We were inspired 1o perform a

number of studies in this area, which resulted in ten publications, the most significant of which involved the
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first experimental determination of the difference in enthalpy (5.5 kcal/mole) between the chair and boat
forms of cyclohexane. This was accomplished by combustion calorimetry (performed by my colleague John
Margrave) on a pair of fused-ring lactones (formulas 4 and 5 (Figure 2) that differed only in that the central
rings are in the chair and boat form respectively).'2 The synthetic work was deftly executed by my predoctoral
student, Victor Bauer, who obtained the boat isomer 5 by Iactoniz;tion of the diaxial hydroxy acid 2 under
forcing conditions. The diequatorial isomer 3, ir; contrast, underwent facile 1actonization to give 4. It was in

the full paper!2P that the term "twist* boat was coined.
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Figure 2. Synthesis of chair and boat cyclohexane derivatives.

Biomimetlc Polyene Cyclizations. Inspired by the classical work of Bloch, et al., and Woodward!3
who demonstrated that the open-chain polyene, squalene, is the key biogenetic precursor of lanosterol, and by
the theoretical concepts of Stork, et al.14 and Eschenmoser, et al.15 regarding the mechanism of the biocycliza-
tion of squalene to give polycyclic triterpenoids, we began in 1960 an investigation of the non-enzymic cycliza-
tion of polyenes which we are still studying. Early experiments to effect tricyclizations were so unsuccessful
that by 1963 realization of the objective was generally regarded as hopeless.'6:17 | was about to give up our

studies in the area when we discovered that certain acetal functions in the presence of Lewis acids served as
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excellent initiators of polyene cyclizations. At about the same time we found that appropriately substituted
allylic cations (generated by the action of acid on the corresponding alcohols) also proved to be good initiators.
An early example of the latter type of initiation is the cyclization 1 — 2, shown in Figure 3. Marty Semmel-
hack performed the exploratory experiments on the scheme shown in Figure 3 and realized the first steroid
synthesis via biomimetic polyene cyclization methodology.18 It is noteworthy that even though rings A and D of
compound 2 are opened by ozonolysis, the stereochemical integrity of the five asymmetric centers, generated in
the cyclization step, is still maintained through to the final product 4. Refinement of this scheme and the

realization of the 66% cyclization yield was due mainly to Chuck Harbert's efforts.19
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Figure 3. First steroid synthesis via biomimetic polyene cyclization methodology.

This type of tricyclization was extensively exploited. When our asymmetric synthesis of hydrocortisone
(see Figure 4) was announced,20 it was, by considerable measure, more efficient than any of the previous total
syntheses. With further improvements {unpublished) our polyene cyclization approach, yielding cortisone,2!
was on the verge of being commercially feasible; however, at about that time the major market for antiinflam-
matory agenis was being taken over by new, very effective, non-steroidal drugs.

From an academic point of view, the synthesis of corticoids is one of the most widely studied areas which
has yielded a wealth of new synthetic methodology. Many of my co-workers played important roles in our syn-
thesis. Brian Metcalf designed and developed an elegant method for making the cyclization substrate 2 in its

racemic form. Ray Brinkmeyer later led the studies that resulted in the asymmetric synthesis of 2 via the
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reduction of the corresponding ketone with Mosher's reagent (LAH/Darvon alcohol) to give the enantiomers of 2
in the ratio of A:S = 92:8. The cyclization step 2 — 3, strikingly retarded by the 11-hydroxyl group, was our
most difficult problem; indeed it falled completely until Sina Escher discovared conditions involving the "magic”
reaction solvent, trifluoroethanol, which gave 3 In ylelds of 29-35%. After considerable effort by many co-

workers this yield was improved to 43% at best.

HO,,
S l 15% TFA
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Figure 4. The Stanford total asymmetric synthesis of a corticoid.

A number of other steroids and related natural products have also been synthesized via a cyclopentenol-
initiated biomimetic polyene cyclization. In three of these instances especially significant contributions were
made by my co-workers as follows. In connection with the synthesis of progesterone, Mike Gravestock was
largely responsible for developing the methodology for utilizing the methylacetylenic function as a cyclization
terminator in conjunction with the cyclopentenol initiator. The estrone synthesis was completely conceived as
well as reduced to practice by Paul Bartlett while a graduate student, and in the case of longifolene, Bob
Volkmann perceived how an unexpected product of his cyclization could be converted into this natural product,
and he proceeded to complete the synthesis.

Until recently atiempts to realize non-enzymatic tetracyclizations have been abortive. Only one type of

substrate, involving the acetal initiator, gave some promise: in a procedure involving a two-phase reaction
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mixture, which was discovered by Koen Wiedhaup, the tetracyclic product, consisting mainly of compound 2
(Figure 5) and its C-4 epimer, was formed in about 30% yield. For 20 years this was the world record yield
for a non-enzymic polyene tetracyclization.

In 1985 a possible way for improving such cyclizations occurred to me. This new concept employs a
polyene substrate having a cation-stabilizing (C-S) substituent appended to one (or more) of those carbons that
are destined to develop positive character in the cyclization transition state, thus lowering the activation energy
of the process. A beneficial effect of a C-S function can alternatively be envisaged for a step-wise cyclization

mechanism via stabilization of the intermediate (partially cyclized) carbocations. To test this idea the acetal 3

Figure 5. Enhancement of polyene cyclizations by a cation-stabilizing auxiliary.

(Figure 5), having the cation-stabilizing isobutenyl group in place of H at pro-C-8 (steroid numbering) was
ingeniously prepared by Stephen Telfer and Soan Cheng. They also carefully studied the cyclization of this
substrate which gave mainly substance 4 along with some isomers also having the all trans configuration of the
ring fusions, in a combined yield of 77%.22 Thus the effect of the C-S auxiliary at pro-C-8 was to more than
double the yield of tetracyclic product.

An even more dramatic effect was observed in another case23 studied by Steve Lindell and John Steele as

follows. The rate of TFA-catalyzed cyclization of the substrate 5§ (X = H) is strongly attenuated by the hydroxyl
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group at pro-C-11; therefore, side-reactions become a significant factor and the optimized yield of product 6
(X = H) was only 20% after a reaction time of 24 h (Cf. the exampls in Figure 4). In striking contrast the
cyclization of the substrate § (X = -CH=CMap), having the isobutenyi C-S auxiliary at pro-C-8, was complete
in less than 1 min and the product 6 (X = -CH=CMe2) was isolated in 80-83% yield. v

On the basis of the foregoing observations | have proposed24 a mechanism for the action of oxidosqualene
cyclases whereby negative point charges are delivered so as to form ion pairs with and therefore stabilize the
positive centers that develop in the cyclization fransition states (see Figure 6). This model has the advantage
that, in contrast to previously entertained postulates, no particular conformational control is required by the
enzyme, not even for the non-Markovnikov closure of ring C. Thus, the bicyclic cation species at pro-C-8, that
is stabilized by point charge b, may be regarded as forming a = complex with the 13,14 olefinic bond which now
has partial positive charge at pro-C-13 as well as -14. Since point charge c is available to pro-C-13 but not
-14, the six-membered ring C is formed in the non-Markovnikov manner. The involvement of point charge
complexes in enzymic processes is well established, e.g., the well documented Phillips mechanism for the action
of lysozyme involves a negative point charge (from Aspartate 52) interacting electrostatically with a carbon-

jum ion intermediate.25

gdenotes site of negative point charge

dammarenyl cation protolanosterol cation

Figure 6. Proposed models for 2,3 oxidosqualene cyclases.
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Recently we have been studying the use of the fluorine atom as a C-S auxiliary in polyene cyclizations.
After considerable exploratory work this methodology has been applied to the total synthesis of B-amyrin
(Figure 7), the key step being the cyclization 1 — 2. The fluorine atom at pro-C-13 not only enhanced the
cyclization, but controlled the regiochemistry so as 1o give the six-membered ring C. The olefinic bond involved
in the formation of ring D has the Z-configuration (see formula 1) so that, according to the Stork-Eschenmoser
principle the closure gives the D/E syn-cis configuration shown in formula 2. That the major product of the
cyclization of 1 was indeed compound 2 was shown by its conversion to racemic B-amyrin which was identified
unequivocally with the natural product. The principle co-workers in the fluorine studies were Balan Chenera,
Vernon Fletcher, Vuligonda Vidyasagar (exploratory studies, formation and structure proof of tetracyclic
products), Bob Buchanan (basic studies directed toward pentacyclic triterpenoid types), and Mark Plummer,

Singham Pulla Reddy (8-amyrin synthesis).

d!- B-amyrin

Figure 7. The fluorine atom as a C-S auxiliary in the total synthesis of B-amyrin.

Before leaving the subject of polyene cyclizations, | want to emphasize that the major part of this 31-
year effort, involving 163 co-workers, was concernéd with the steroselective synthesis of the polyenic
substrates. In the early stages of our work there were very few stereoselective, high-yield methods for
producing trisubstituted olefinic structures, so we became involved in developing new methodology. Two of

these methods are noteworthy because they have been used extensively.
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Julia's method for converting cyclopropylcarbinols into homoallylic bromides2” gave very poor stereo-
selectivity when the olefinic bond in the product was trisubstituted. My student Steve Brady carried out a
scholarly analysis of the problems involved in this type of rearrangement and, after making an important
structural change in the substrate, developed a procedure, based on the work of J. D. Roberts,28 that gave fairly
good yields of >97% E-olefinic products. This method which | call the "Brady-Julia olefin synthesis” has been
widely used in the synthesis of polyenic substrates as well a variety of natural products, e.g., insect hormones,
listed in the bibliography.

When | suggested to my co-workers that they might try using triethyl orthoacetate directly with an
allylic alcohol to induce a Claisen rearrangement that would generate a tri-substituted olefinic function, it had
not occurred to me that this process might show any special stereoselectivity; indeed, | was completely (and
delightfully} surprised when the E-product was formed almost exclusively and in high yield. After the fact, my
co-workers Fred Ui and John Faulkner suggested a reasonable rationalization which is mentioned in the publica-

tion announcing the ortho-ester Claisen reaction.2® This paper also discloses the 3-methoxyisoprene reaction
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Figure 8. An asymmetric cyclization induced by a homochiral acetal.’
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with allylic alcohols in the Claisen rearrangement and its application to the synthesis of squalene which was
beautifully developed by Lucius Werthemann. Lucius' studies were well advanced when we learned that John
Faulkner, after moving to Scripps Institute of Oceanography, had also become involved in this approach to
squalene; so | invited him and his student Michael Petersen to join us as coauthors of our first Claisen
communication.

Asymmetric Syntheses Mediated by Chiral Acetals. My idea of testing this concept by cyclizing
an acetal derived from R,R-butane-2,3-diol was elegantly reduced to practice by Chuck Harbert in 1968.30
Although the bicyclic products were formed in a surprisingly high (83-84%) ee, we were discouraged from
pursuing this methodology further because removal of the chiral auxiliary from the product was a low yield
process. It was not until 15 years later when John Elliott had the idea of using the acetals from enantio-pure
pentane-2,4-diols that exploitation of the methodology became practical because of the ease of removing the
chiral auxiliary as shown in Figure 8. Moreover when the cyclization was performed at -78° with TiCl4 the
resulting enantiomeric excess was much improved.31

During the above development it dawned on me that the intermolecular version, as shown in Figure 9,

had great potential; hence it was rapidly exploited by us as well as others, some of whom have generated useful
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Figure 9. Generalized intermolecular reaction of homochiral acetals with nucleophiles.

modifications of the chiral auxiliary. A number of reviews of the field have appeared, the latest being the most
thorough.32 Our own studies involved the examination of a variety of nucleophiles NuY (see under "Asymmetric
Reactions of Chiral Acetals” in the bibliography) which led to enantiorich intermediates for preparing products
of biological interest. John Elliott made numerous, significant contributions in the planning and execution of
this program. Mechanistic contributions were largely due to Paul Bartlett who is a coauthor of our first paper
on the intermolecular process.33 Others involved in this program are named in the bibliography.
Conclusion. While | am truly grateful for this opportunity to pay tribute to my co-workers, at the

same time | have found this exercise frustrating because the limitations in space have necessitated my omitting
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the work of a very large number of these people who have made truly significant contributions and are deserving

of, but did not receive, special mention. Their names and their areas of involvement in research may be found in

the bibliography.

My appreciation extends well beyond those who have worked in my laboratory. Special mention goes to

Derek Barton, Konrad Bloch, Albert Eschenmoser, Jack Roberts and Gilbert Stork who are special cases because

their work and teachings have greatly influenced my own in more ways than the few examples mentioned above.

These five people were my choice when my Stanford colleagues decided to establish an annual symposium bearing

my name, and asked me to select the speakers for the first event.

Finally, | wish to express my gratitude to the National Institutes of Health, the National Science

Foundation, the American Chemical Society Petroleum Research Fund and the Wisconsin Alumni Research

Foundation for research grants. In addition, special thanks are due the following industrial organizations for

generous, unrestricted gifts in support of our research: Hoffman-La Roche, Pfizer, G. D. Searle, SmithKline

Beecham, Sterling-Winthrop Research Institute, and Upjohn.
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Collaborators who worked in the Johnson laboratories either at the

University of Wisconsin (1940-60) or at Stanford University (1960-Present)

ABRAMS, Garth D., No address (formerly Asst. Prof. at U. of Saskatchewan), Postdoc 1969-71, Stanford.

ACKERMAN, James H., Sr. Res. Chemist, Sterling Res. Gp., Ph.D. 1954, Wisconsin.

ALLEN, C. Freeman, Prof., Pomona College, Ph.D. 1952, Wisconsin.

ALLEN, Duff S., Jr., Sr. Res. Scientist, American Cyanamid Co., Ph.D. 1960, Wisconsin.
ANDREW, Robert, No address (formerly with ICI Pharmaceuticals), Postdoc 1987-88, Stanford.
ANDREWS, Glenn C., Pfizer, Inc., Postdoc 1974-75, Stanford.

ARNOLD, Robert A., Syntex Chemicals, M.S., 1969-70, Stanford.

BAILEY, Denis M., Exec. VP of Diagnostic Imaging, Sterling Res. Gp., Ph.D. 1963, Stanford.
BANNERJEE, Dilip K., Prof. Emeritus, Indian institute of Science, Postdoc 1947-49, Wisconsin.
BANNISTER, Brian, Upjohn, Postdoc 1953-55, Wisconsin.

BARTLETT, Paul A, Prof., U. of California-Berkeley, Ph.D. 1972, Stanford.

BARTLETT, William R., Prof., Fort Lewis College, Ph.D. 1969; Visiting Scholar, 1986-87, Stanford.
BARTMANN, Wilhelm, Hoechst Aktiengesellschaft, Postdoc 1958-59, Wisconsin.

BASS, J. Dolf, Patent Liaison Off., Eastman Kodak, Ph.D. 1960, Wisconsin.

BAUER, Victor J., President, Hoechst-Roussel, Ph.D. 1960, Postdoc 1960, Wisconsin.
BAYLISS, Geoffrey S., No address, Postdoc 1963-64, Stanford.

BECKER, Dan, Prof., Technion, Postdoc 1975-76, Stanford.

BELEW, John S., Prof. and Exec. VP for Academic Affairs, Baylor University, Ph.D. 1951, Wisconsin.
BELL, Russell A., Prof., McMaster University, Ph.D. 1963, Stanford.

BERNER, Daniel, No address, Postdoc 1979-81, Stanford.

BHATTACHARYYA, B. K., Prof., Jadavpur University, Postdoc 1949-51, Wisconsin.

BIELLMAN, Jean Frangois, Prof., Université Louis Pasteur, Postdoc 1959-60, Wisconsin.
BIRKELAND, Stephen P., Tech. Dir., Audiovisual Div., 3M, Postdoc 1959-61, Stanford.

BLOOM, Barry M., President, Central Res., Pfizer, Inc., Postdoc 1951-52, Wisconsin.

BOOTS, Sharon G., Managing Editor, Analytical Chemistry, Ph.D. 1964; Postdoc 1978-81, Stanford.
BRADY, Stephen F., Sr. Res. Fellow, Merck, Ph.D. 1967, Stanford.

BRANDSTADTER, Stephan, Postdoc 1989-Present, Stanford.

BRINKMEYER, Raymond S., Res. Manager, DowElanco, Postdoc 1975-77, Stanford.

BROCKSOM, Timothy J., Prof., Universidade Federal de S#o Carlos, Postdoc 1968-70, Stanford.
BROT, Frederick E., Biochemist, Sigma Chemical Co., Ph.D. 1966, Stanford.

BROWN, Morris, No address, Ph.D. 1962, Stanford.

BRUYA, James E., Farr, Friedman and Bruya, Inc., Ph.D. 1977, Stanford.

BRYSON, Thomas A., Prof., U. of South Carolina, Postdoc 1970-71, Stanford.

BUCHANAN, Robert A., Occidental Chemical Corp., Postdoc 1987-89, Stanford.

BUELL, Bennett G., Retired (Sr. Res. Chemist, American Cyanamid), Ph.D. 1950, Wisconsin.
BULL, James R., Prof., University of Cape Town, Postdoc 1964-65, Stanford.

BUMPUS, F. Merlin, Chairman (Emeritus), Cleveland Clinic Foundation, M.S., 1947, Wisconsin.
BUNES, Leonard A., Riedel Environmental Services, Ph.D.1974, Stanford.

BURCKHARDT, Urs, Ciba Geigy, Postdoc 1965, Stanford.

CALZADA, José G., Deceased (formerly Prof., Universidad de Costa Rica), Postdoc 1974-75, Stanford.

CAMERON, Donald D., Retired (Sr. Res. Assoc., DuPont), Ph.D. 1953, Wisconsin.
CAMPBELL, Simon F., Dir. of Discovery Chem., Pfizer, Ltd., Postdoc 1968-69, Stanford.
CANNON, Carolyn A., No address, Postdoc 1956-60, Wisconsin.

CARLSON, Janet, Prof., Macalester College, Ph.D. 1978, Stanford.

CARNEY, Robert L., Zoecon Corp., Ph.D. 1970, Stanford.

CASTER, William O., No address, M.S. 1943, Wisconsin.

CHAN, Ming Fai, Abbott, Postdoc 1984-85, Stanford.

CHEN, Yu-Qun, Prof., Shanghai Institute of Organic Chemistry, Visiting Scholar 1980-82, Stanford.
CHENERA, Balan, SmithKline Beecham, Postdoc 1987-89, Stanford.

CHENG, Soan, Telios Pharmacsuticals, Inc., Postdoc 1985-87, Stanford.

CHEUNG, Yak-Fa, No address (formerly Merck), Postdoc 1976-77, Stanford.

CHINN, Leland J., Retired (G. D. Searle), Ph.D. 1951, Wisconsin.

CHOI, Vanessa M.-F., Gov't Lab, Forensic Div., Kowloon, Postdoc 1982-84, Stanford.
CHRISTIANSEN, Robert G., Retired (Sterling-Winthrop Res. Inst.), Ph.D. 1951, Wisconsin.

XXv
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CLEMENT, Robert A., Retired (DuPont), Postdoc 1953-54, Wisconsin.

COHEN, Noal, Hoffmann-LaRoche, Postdoc 1965-67, Stanford.

COLE, John E., Jr., DuPont, Ph.D. 1960, Wisconsin.

COLLINS, Joseph C., Jr., Ret., VP, Sterling-Winthrop Res. Inst., Ph.D. 1958, Wisconsin.
CONKLIN, Edward J., VP, Pierce, Ph.D. 1962, Stanford.

CONROW, Raymond E., Alcon Labs, Inc., Postdoc 1984-85, Stanford.

COVERDALE, Charles E., Upjohn, Postdoc 1965-66, Stanford.

COX, John M., ICI Plant Protection, Postdoc 1966-67, Stanford.

CRACKETT, Peter H., Roche Projects, L.td., Postdoc 1983-85, Stanford.

CRADDOCK, Henry A., Oxford Chemicals Ltd., Postdoc 1986, Stanford.

CRANDALL, Jack K., Prof., Indiana University, Postdoc 1963-64, Stanford.
CRAWFORD, Robert J., Proctor & Gamble, Postdoc 1965-67, Stanford.

CROSBY, Guy A., Dir. of Technology, Food & Pharm. Products Div., FMC Corp., Postdoc 1969-70, Stanford.
DARLING, Stephen D., Prof., U. of Akron, B.S. 1954, Wisconsin.

DAUB, Guido H., Deceased (formerly Prof., U. of New Mexico), Ph.D. 1949, Wisconsin.
DAUB, G. William, Prof., Harvey Mudd College, Postdoc 1977-78, Stanford.

DAVID, Israel A., DuPont, Ph.D. 1954, Wisconsin.

DAVIS, Chester E., Consultant, M.S. 1948, Wisconsin.

DAWSON, Marcia |., SRI International, Ph.D. 1967, Stanford.

DE ACETIS, William, Jr., No address, Ph.D. 1854, Wisconsin.

DEHM, Henry C., President, Dehm Associates, Ph.D. 1954, Wisconsin.

DE JONGH, Henk A. P., AKZO NV, Postdoc 1964-66, Stanford.

DELLA, Ernest W., Prof., Flinders U., Postdoc 1963, Stanford.

DEMNITZ, F. W. J., Sandoz Pharma AG, Postdoc 1990-91, Stanford.

DE WALT, Harry A., Jr., Deceased, Postdoc 1951-52, Wisconsin.

DICKIE, John P., No address, M.S. 1957, Wisconsin.

DOLAK, Lester A., Upjohn, Postdoc 1966-67, Stanford.

DOMINQUEZ, José N., Prof., Universidad Central de Venezuela, Postdoc 1974-75, Stanford.
DOSHAN, Harold D., Consultant, Bio-Research Labs, Ph.D. 1968, Stanford.

DUBAS, Lawrence F., Res. Supervisor, DuPont, Ph.D. 1978, Stanford.

DUBOIS, Grant E., Director, Product Discovery, NutraSweet, Postdoc 1972-73, Stanford.
DUMAS, Donald J., Sr. Chemist, DuPont, Postdoc 1979-81, Stanford.

DUNATHAN, Harmon C., Provost, Hobart William Smith College, Postdoc 1963-64, Stanford.
DUNNIGAN, Daniel, No address (formerly with Abbott), M.S. 1949, Wisconsin.

DUTTA, Jadugopal, Prof. Emeritus, U. of Burdwan, Postdoc 1955-57, Wisconsin.

EADE, Ronald A., Prof. Emeritus, U. of New South Wales, Postdoc 1965, Stanford.
EASTHAM, Jerome F., Prof., U. of Tennessee, Postdoc 1951-52, Wisconsin.

EDINGTON, Clare, ICI Plant Protection, Postdoc 1982-83, Stanford.

EGGELTE, Teunis A., Royal Tropical Inst., Postdoc 1975-77, Stanford.

ELLIOTT, John D., Asst. Dir., Medicinal Chemistry, SmithKline Beecham, Postdoc 1981-83, Stanford.
ELLIOTT, Raymond, ICI Plant Protection, Postdoc 1981-83, Stanford.

ERICKSON, Ciifford A., Retired (FMC), M.S. 1950, Wisconsin.

ESCHER, Sina D., Dir. Sc. Techn. ETH, Firmenich, Postdoc 1972-74, Stanford.
ESWARAKRISHNAN, Seetha, PPG Industries, Postdoc 1986-87, Stanford.

FAGUNDO, Carmen P., Prof., U. of La Laguna, Postdoc 1977-79, Stanford.

FAULKNER, D. John, Prof., Scripps Res. Inst., Postdoc 1967-68, Stanford.

FEDORUK, N. Andrew, No address (formerly with DuPont), M.S. 1962, Stanford.

FiNN, Robert, Eastman Kodak, Ph.D. 1978, Stanford.

FIRMINHAC, Ralph H., No address, M.S. 1942, Wisconsin.

FISH, Robert A., Undergraduate Res. Asst. 1955-56, Wisconsin.

FITZ!, Konrad O., Ciba-Geigy, Postdoc 1962-63, Stanford.

FLETCHER, Vernon, Self-Employed, Postdoc 1988-90, Stanford.

FONKEN, Gunther S, Retired (Upjohn), Postdoc 1951, Wisconsin.

FRANCK, Richard W., Prof., Hunter College, Ph.D. 1962, Stanford.

FREI, Bruno, Ciba-Geigy, Postdoc 1979-80, Stanford.

FUNG, Victor A., National Toxicology Program, NIH, Ph.D. 1970, Stanford.

GANEM, Bruce, Prof., Cornell, Postdoc 1973-74, Stanford.

GAO, Yun, No address, Postdoc 1988-89, Stanford.,
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GARST, Michael E., VP, Chem. Sciences, Allergan, Postdoc 1975-76, Stanford.

GASTAMBIDE, Bernard, Prof., Université de Reims, Postdoc 1955-57, Wisconsin.

GELOTTE, Karl O., Dir. Process Res., Ciba-Geigy Pharmaceuticals, Postdoc 1961-63, Stanford.

GIARRUSSO, Frederick F., No address, M.S. 1962, Stanford.

GLENN, Howard J., No address, Ph.D. 1948, Wisconsin.

GOLDMAN, Arthur, No address, Ph.D. 1944, Wisconsin.

GOPALAN, Aravamudan S., Prof., New Mexico State U., Postdoc 1980-82, Stanford.

GRABER, Robert P., No address (formerly with G. D. Searle), Ph.D. 1949, Wisconsin.

GRAHAM, Donald W., Merck, Postdoc 1964-66, Stanford.

GRAVESTOCK, Michael B., Mgr, Corporate Carbohydrate Gp., ICI Plant Protection, Postdoc 1969-70, Stanford.

GUAY, Daniel, Merck Frosst, Postdoc 1986-88, Stanford.

GUTSCHE, C. David, Prof., Washington U. (1947-90), Welch Prof., Texas Christian U., Ph.D. 1947, Postdoc
1947, Wisconsin.

HAAG, William G., ICI Americas, Postdoc 1972-74, Stanford.

HABICHT, Ernst R., Jr., No address, Ph.D. 1967, Stanford.

HADLER, Herbert I., Prof., Southern lllinois U., Ph.D. 1951, Wisconsin.

HAHN, Roger C., Prof., Syracuse U., Visiting Scholar 1975, Stanford.

HALL, H. Tom, Deceased, Ph.D. 1973, Stanford.

HAMON, David P. G., Prof., U. of Adelaide, Postdoc 1961-63, Visiting Scholar 1977, Stanford.

HANSON, Gunnar, Searle, Postdoc 1980-81, Stanford.

HARBERT, Charles A., Exec. Dir., Pfizer, Inc., Postdoc 1967-69, Stanford.

HARDING, Kenn E., Prof., Texas A&M U., Ph.D. 1967, Stanford.

HARSY, Stephen G., W. R. Grace, Undergraduate 1975-77, Stanford.

HEINZ, Walter E., No address, M.S. 1948, Wisconsin.

HELMS, John F., No address, M.S. 1943, Wisconsin.

HENDRICK, Michael E., Pfizer, Inc., Postdoc 1973-74, Stanford.

HERRADON, Bernardo, No address, Postdoc 1989, Stanford.

HERRIN, Thomas R., Abbott, Postdoc 1968-69, Stanford.

HIGHET, Robert J., Chief, Section on Structural NMR, NIH, Ph.D. 1953, Wisconsin.

HINDERSINN, Raymond R., Consultant, Hindersinn Associates, Ph.D. 1954, Wisconsin.

HIRSCHMANN, Ralph P., Prof., U. of Pennsylvania (formerly Sr. VP Chem., Merck), Ph.D. 1950, Wisconsin.

HOBBS, Frank W., DuPont, Ph.D. 1978, Stanford.

HOOZ, John, Prof., U. of Alberta, Postdoc 1964-65, Stanford.

HUDRLIK, Anne M., Prof., Howard U., Postdoc 1968-69, Stanford.

HUDRLIK, Paul F., Prof., Howard U., Postdoc 1968-69, Stanford.

HUESMANN, Peter L., DuPont, Postdoc 1979-80, Stanford.

HUFFMAN, William F., Dir. of Peptide Chem., SmithKline Beecham, Postdoc 1971-73, Stanford.

HUGHES, Leslie R., ICI Pharmaceuticals, Postdoc 1976-78, Stanford.

HUNT, Richard H., Retired (Sr. Res. Chemist, Shell), Ph.D. 1949, Wisconsin.

HUNTER, Norman R., Prof., U. of Manitoba, Postdoc 1970-71, Stanford.

HUNTRAKUL, Charus, No address (formerly Prof., Mahido!l U.), Postdoc 1972-73, Stanford.

HUSSEIN, Ahmad Q., Prof., U. of Jordan, Visiting Scholar 1989-90, Stanford.

IRELAND, Robert E., Prof., U. of Virginia, Ph.D. 1954, Wisconsin.

JACKSON, Peter H., No address, (Prof., Nasson College 1967) M.S. 1947, Wisconsin.

JAGODZINSKI, Jacek J., Dionex, Postdoc 1981-84, Stanford.

JAMES, Keith, Pfizer Ltd., Postdoc 1980-81, Stanford.

JAQUES, Brian, Prof., Portsmouth Polytechnic, Postdoc 1961-63, Stanford.

JEFFAY, Henry, Prof., U. of lllinois, M.S. 1950, Wisconsin.

JENSEN, Norman P., Asst VP Research & Dir. Chem., Ayerst, Postdoc 1965-66, Stanford.

JOHNS, William F., Sr. Dir., Medicinal Chem., Sterling Res. Gp., Ph.D. 1955, Wisconsin.

JOHNSON, Howard C. E., No address, Ph.D. 1943, Wisconsin.

JONES, A. Russell, No address, Ph.D. 1948, Wisconsin.

JONES, Evan T., Product Dev. Mgr., Eastman Kodak, Ph.D. 1960, Wisconsin, Postdoc 1960-61, Stanford.

JORDAN, Lawrence M., No address (formerly Prof., Auburn U.), Postdoc 1974-75, Stanford.

KAPOOR, Vijaya M., Deceased, Postdoc 1977-78, Stanford.

KATNER, Allen S., Deceased (formerly with Eli Lilly), Postdoc 1964-66, Stanford.

KEANA, John F. W, Prof., U. of Oregon, Ph.D. 1964, Stanford.

KELLOGG, Michael S. NutraSweet, Postdoc 1972-73, Stanford.



Xxviii W. S. JOHNSON

KELSON, Andrew B., SRI International, Postdoc 1984-86, Stanford.

KEMP, A. D., Deceased (formerly Prof., U. College of Rhodesia & Nyasaland, Postdoc 1951-52, Wisconsin.
KERTESZ, Denis J., Syntex, M.S. 1960, Wisconsin.

KIKUCHI, Katsuo, Prof., Yamagata U., Postdoc 1962-63, Stanford.

KINNEL, Robin B., Prof., Hamilton College, Postdoc 1964-66, Stanford.

KLOEK, James A., Res. Dir., Plant Agriculture, Eastman Kodak, Postdoc 1973-74, Stanford.
KLOSS, Robert A., Deceased (formerly Prof., Northern lllinois U.), M.S. 1948, Wisconsin.
KLUIBER, Rudolph W., Prof., Rutgers, Ph.D. 1954, Wisconsin.

KOBAL, Val Michael, Dentist, Postdoc 1974-75, Stanford.

KORST, James J., Operations Manager, Pfizer, inc., Ph.D. 1959, Wisconsin.

KREUTZER, Armin, VP & Exec. Dir., Haarmann & Reimer, Postdoc 1960-61, Stanford.
KROPP, Paul J., Prof., U. of North Carolina, Ph.D. 1961, Wisconsin.

LABOVITZ, Jeffrey N., VP, Sogetal, Postdoc 1973, Stanford.

LAGO, M. Amparo, SmithKline Beecham, Postdoc 1987-88, Stanford.

LAI, Yen-Shi, Postdoc 1990-Present, Stanford.

LAZAR, Joseph, DuPont, Postdoc 1962-63, Stanford.

LEMAIRE, Henry C., No address, Postdoc 1951-52, Wisconsin.

LEOPOLD, Eric J., Self-employed, Postdoc 1966-67, 1977-80, Stanford.

LEWIS, Arthur, No address, Postdoc 1974-75, Stanford.

LI, Tsung-tee "Fred", Vanguard Info Center, Inc., Postdoc 1967-69, Stanford.

LI, Ying, Shanghai Institute of Meteria Medica, Postdoc 1981-82, Stanford.

LINDELL, Stephen D., Schering Agrochemicals, Postdoc 1982-85, Stanford.

LIU, Hshiou-ting, Syva, Postdoc 1988-89, Stanford.

LIVINGHOUSE, Thomas S., Prof., Montana State U., Postdoc 1980, Stanford.

LOEB, William E., W. E. Loeb & Associates, Postdoc 1954, Wisconsin.

LOEW, Peter, Ciba-Geigy, Postdoc 1969-71, Stanford.

LOWE, John, Pfizer, Inc., Postdoc 1977-79, Stanford.

LUNN, William H. W., Sr. Res. Scientist, Eli Lilly, Postdoc 1961-63, Stanford.

LYLE, Terry A., Merck, Postdoc 1979-80, Stanford.

MACDONALD, Timothy L., Prof., U. of Virginia, Postdoc 1975-77, Stanford.

MANATT, Stanley L., Jet Propulsion Lab, Postdoc 1958-59, Wisconsin.

MARKEZICH, Ronald L., No address, Postdoc 1971-72, Stanford.

MARLOWE, Charles K., Chiron Corp., Postdoc 1985-86, Stanford.

MARSHALL, James A., Prof., U. of South Carolina, Postdoc 1960-62, Stanford.

MARTIN, David G., Sr. Scientist, Upjohn, Ph.D. 1957, Wisconsin.

MASSANET, Guillermo M., Prof., U. of Cadiz, Postdoc 1878-79, Stanford.

MATHEWS, Frederick J., President, Laboratory Craftsmen, Ph.D. 1943, Wisconsin.
MELTZER, Theodore H., No address, M.S. 1942, Wisconsin.

METCALF, Brian W., VP, Chemical and Biological Research, SmithKline Beecham, Postdoc 1971-72, Stanford.
METLER, Thomas J., no address, Graduate Student 1969-70, Stanford.

MEYER, Walter L., Prof., U. of Arkansas, Postdoc 1957-58, Wisconsin.

MILES, D. Howard, Prof., U. of Central Florida, Postdoc 1970-71, Stanford.

MILLER, Max W., no address, Ph.D. 1950, Wisconsin.

MITZ, Milton A., Deceased (Physician), M.S. 1949, Wisconsin.

MOLLOY, Bryan B., Eli Lilly, Postdoc 1964-65, Stanford.

MOLONEY, Brian A., Schering Agrochemicals, Postdoc 1987-89, Stanford.

MORTON, Douglas R., Jr., Director, Metabolic Diseases, Upjohn, Postdoc 1971-73.
MOYER, Patricia H., Member of Faculty, Phoenix College, Ph.D. 1953, Wisconsin.
MULLER, Robert K., F. Hoffmann-La Roche, Postdoc 1973-74, Stanford.

MYERS, Robert F., Asst Dir., Drug Regulatory Affairs, Pfizer, Inc., Postdoc 1969-71, Stanford.
MCCARRY, Brian E., Prof., McMaster U., Ph.D. 1972, Stanford.

MCCLOSKEY, Allen L., Retired (formerly VP and Dir., U. S. Borax), Ph.D. 1951, Wisconsin.
NABNEY, John, no address, Postdoc 1959-60, Wisconsin.

NATARAJAN, Sankaran, no address, Postdoc 1981-83, Stanford.

NEDERLOF, Pieter J. R., Consultant, Shell Canada, Postdoc 1978-79, Stanford.

NEEMAN, Moshe, no address, Postdoc 1957-58, Wisconsin.

NEUSTAEDTER, Pedro J., Dir., Planeacion , Ph.D. 1965, Stanford.

NEWTON, Clive, no address, Postdoc 1985-87, Stanford.
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NIEM, Tony, no address, Postdoc 1974-75.

NIWA, Mineo, Dir. Biotechnology Div., Fujisawa Pharmacsutical Co., Postdoc 1978- 79 Stanford.
OFFENHAUER, Robert D., no address, Ph.D. 1944, Wisconsin.

OHKI, Eiji, Zenyaku Kogyo Co., Postdoc 1960-61, Stanford.

OKORIE, Dominic, Prof., U. of Ibadan, Postdoc 1971-72, Stanford.

OKUDA, Shigenobu, Prof., U. of Tokyo, Postdoc 1958-59, Wisconsin.

OLSON, Gary L., Hoffmann-La Roche, Ph.D. 1971, Stanford.

OWYANG, Raymond, no address, Ph.D. 1964, Stanford.

PAPPO, Raphael, Retired (Searle), Postdoc 1952-55, Wisconsin.

PARKER, Kathlyn A., Prof., Brown U., Ph.D. 1971, Stanford.

PARRY, Ronald J., Prof. Rice U., Postdoc 1970-71, Stanford.

PEDROSA, Rafael, Prof., Universidad de Valladolid, Visiting Scholar 1982-83, Stanford.
PETERSEN, Jack W., Deceased, Ph.D. 1945, Wisconsin.

PHILLIPS, Donald K., Sterling Res. Gp., Postdoc 1958-60, Wisconsin.
PIETRUSZEWSKI, Cornel, No address, Ph.D. 1976, Stanford.

PIKE, John E., Upjohn, Postdoc 1954-56, Wisconsin.

PLUMMER, Mark S., Parke-Davis, Postdoc 1988-90, Stanford.

POSVIC, Harvey W., Prof. Emeritus, Loyola University of Chicago, Ph.D. 1946, Wisconsin.
PRESTWICH, Glenn D., Prof., SUNY-Stony Brook, Ph.D. 1974, Stanford.

RABOLD, Gary P., No address, graduate student 1961, Stanford.

RAMEZANI, Saeed, Self-Employed, Postdoc 1985-86, Stanford.

RAPALA, Richard T., Deceased (formerly with Eli Lilly), Ph.D. 1949, Wisconsin.
RASMUSSON, Gary H., Sr. Investigator, Merck, Postdoc 1962-64, Stanford.
RATCLIFFE, Bruce (aka Ryane Snow), No address, Postdoc 1971-72, Stanford.
RAVELO, Angel G., Prof., Universidad de La Laguna, Postdoc 1976-78, Stanford.
REINECKE, Manfred G., Prof., Texas Christian U., B.S. 1956, Wisconsin.

RICH, Daniel H., Prof., U. of Wisconsin, Postdoc 1969-70, Stanford.

RICHTER, Peter, Prof. Dr., Ernst Moritz-Arndt-Universitat, Visiting Scholar 1987, Stanford.
RiZZI, George P., Procter and Gamble, Postdoc 1963-67, Stanford.

ROBERTS, Bryan W., Prof., U. of Pennsylvania, Ph.D. 1964, Stanford.

ROBERTS, John Paul, Surgeon, Undergraduate Research Assistant 1975-76, Stanford.
ROBLIN, Richard O., No address, M.S. 1965, Stanford.

ROGIER, Edgar R., No address, Postdoc 1950-52, Wisconsin.

RONALD, Robert C., Prof., Washington State U., Ph.D. 1970, Stanford.

ROTH, Marie M., Lecturer, U. of Wisconsin Ctr, Ph.D. 1951, Wisconsin.

RUBIN, Mordecai B., Prof., Technion, Postdoc 1956-58, Wisconsin.

SARGENT, G. Dann, Deceased (formerly Prof., Amherst College), Visiting Scholar 1969-70, Stanford.
SAUSEN, George N., Mgr, Info Science, DuPont, Ph.D. 1953, Wisconsin.

SCHAAF, Thomas K., Dir. Agricultural Products R&D, Pfizer, Inc., Ph.D. 1969, Stanford.
SCHIESS, Peter W., Prof.,, U. of Basel, Postdoc 1960-61, Stanford.

SCHMID, Rudolf, F. Hoffmann-La Roche, Paostdoc 1978-79, Stanford.

SCHMIEGEL, Klaus K., Research Scientist, Eli Lilly, Ph.D. 1968, Stanford.

SCHMITZ, Francis J., Prof., U. of Oklahoma, Postdoc 1961-63, Stanford.

SCHNEIDER, William P., Retired (Upjohn), Ph.D. 1850, Wisconsin.

SCHUBERT, Elliot N., Retired (Searle), Ph.D. 1949, Wisconsin.

SCHUBERT, Ulrich, Prof., Universitdt Wiirzburg, Postdoc 1975-76, Stanford.

SCOTT, John W., Dir. Chemical Development Dept., Hoffmann-La Roche, Ph.D. 1967, Stanford.
SEMMELHACK, Martin F., Prof., Princeton U., Postdoc 1967-68, Stanford.

SEN, Stephanie, Postdoc 1990-Present, Stanford.

SHAFER, Paul R., Prof. Emeritus, Dartmouth College, Ph.D. 1951, Wisconsin.

SHAHAK, lsrael, Prof., Hebrew U., Postdoc 1961-63, Stanford.

SHARPE, Robert W., Deceased, M.S. 1949 (Wisconsin).

SHELBERG, Wesley E., Retired, Ph.D. 1944, Postdoc 1945-56, Wisconsin.

SHENVI, Ashok B., ICI Pharmaceuticals (Delaware), Ph.D. 1976, Stanford.

SHULMAN, Sol, Prof., lllinois State U., M.S. 1954, Wisconsin.

SILVERMAN, I. Robert, FMC, Postdoc 1983-85, Stanford.

SINGAM, Pulla Reddy, Postdoc 1989-Present, Stanford.

SMALL, Vernon R., Sr. Res. Chemist, Chevron Research, Ph.D. 1979, Stanford.
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SNELL, Brian K., Section Mgr., ICl Plant Protection, Postdoc 1960-61, Stanford.

SOUKUP, Victor G., Vic Soukup & Associates, M.S. 1951, Wisconsin.

STALMANN, Leonard, No current address, M.S. 1952, Wisconsin.

STASKUN, Benjamin, Prof., U. of the Witwatersrand, Postdoc 1968, Stanford.

STEELE, John, Sr. Research Scientist, Pfizer Ltd., Postdoc 1984-86.

STELLING, Gary D., No address (formerly with Monsanto), Ph.D. 1970, Stanford.

STEPHENS, Lawrence J., Prof., Eimira College, Postdoc 1968-69, Stanford.

STERN, Walter, Prof., N.S.W. Institute of Tech., Postdoc 1966-67, Stanford.

STIPANOVIC, Robert D., U.S. Dept. of Agricuiture, Postdoc 1966-67, Stanford.

STROMBERG, Verner L., No address (formerly with Pet Milkk Co.), Ph.D. 1949, Wisconsin.

SUDHAKAR, Anantha, Schering Research, Postdoc 1987-89.

SULTANBAWA, M. U. S., Prof. and Chancellor, Eastern U., Sri Lanka, Postdoc 1966-67, Visiting Scholar
1975-76, Stanford.

SWOBODA, Johann J., BASF Aktiengesellschaft, Postdoc 1964-65, Stanford.

SZMUSZKOVICZ, Jacob, Adjunct Prof., Notre Dame, Postdoc 1948-50, Wisconsin.

TARAZONA, Maria Pilar, Prof., University of Alcald de Henares, Res. Asst. 1976-77; Postdoc 1980, Stanford.

TARNEY, Robert E., DuPont, Ph.D. 1958, Wisconsin.

TEBBY, John C., Prof., North Staffordshire Polytechnic, Postdoc 1961-62, Stanford.

TELFER, Stephen J., Polaroid, Postdoc 1985-86, Stanford.

TEMPLE, Kenneth L., No address, M.S. 1942, Wisconsin.

THAKUR, Raghunath S., Central Institute of Madicinal and Aromatic Plants, India, Postdoc 1963-64, Stanford.

THOMPSON, Michael D., Bristol Myers, Postdoc 1981-82, Stanford.

THOMPSON, Quentin E., Retired (Sr. Fellow, Monsanto), Ph.D. 1950, Wisconsin.

TRUETT, William L., No address, Postdoc 1961, Stanford.

TSATSOS, William T., Prof. Emeritus, City College of San Francisco, Ph.D. 1954, Wisconsin.

TURNER, Robert J., Retired (Tech. Director, Morton Chemical), Ph.D. 1950, Wisconsin.

VAN DER GEN, Arne, Prof., Leiden University, Postdoc 1965-67, Stanford.

VELASCO, Mercedes, No address, Project Asst. 1956-57, Wisconsin.

VOLKMANN, Robert A., Pfizer, Inc., Postdoc 1972-74, Stanford.

VREDENBURGH, Walter A., Pa. Industrial Chem. Corp., Ph.D. 1959, Wisconsin.

VULIGONDA, Vidyasagar, Postdoc 1990-Present, Stanford.

WAHL, Volker, J. Carstens GmbH and Co., Postdoc 1962-63, Stanford.

WANG, Zhi-qin, Director, Shanghai Institute of Organic Chem., Visiting Scholar 1981-82, Stanford.

WARD, Carl E., Sr. Research Chemist, Chevron, Ph.D. 1977, Stanford.

WARNHOFF, Edgar W., Prof., U. of Western Ontario, Ph.D. 1953, Wisconsin.
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Am. Chem. Soc., 1973, 95, 4414-4416.
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Am. Chem. Soc., 1973, 95, 4416-4417.

Acetylenic Bond Participation in Biogenetic-Like Olefinic Cyclizations in Nitroalkane Solvents.
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Chem. Soc., 1978, 100, 4268-4273.

Biomimetic Polyene Cyclizations. Participation of the Trimethylsilylacetylenic Group as a Termin-
ator and the Total Synthesis of a D-Homosteroid, Johnson, W. S.; Yarnell, T. M.; Myers, R. F.; Morton,
D. R. Tetrahedron Lett., 1978, 2549-2552.

Biomimetic Polyene Cyclizations. Participation of the Phenylacetylenic Group as a Terminator and
the Formation of C/D Cis Steroidal Products, Johnson, W. S., Hughes, L. R.; Kloek, J. A.; Niem, T.;
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Biomimetic Polyene Cyclizations. Trapping of the Resultant Carbocation by an Internal Nucleophile,
Garst, M. E.; Cheung, Y.-F.; Johnson, W. S. J. Am. Chem. Soc., 1979, 101, 4404-4406.

Participation of the Allylsilane Group as a Terminator of Biomimetic Polyene Cyclizations to Form
Steroid-Like Products, Hughes, L. R.; Schmid, R.; Johnson, W. 8. Bioorg. Chem., 1979, 8, 513-
518.
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Direct Formation of the Steroid Nucleus by a Biomimetic Cyclization, Johnson, W. S.; McCarry, B. E.;
Markezich, R. L.; Boots, S. G. J. Am. Chem. Soc., 1980, 102, 352-359.

Propargylsilane Function as a Terminator of Biomimetic Polyene Cyclizations Leading to Steroids,
Schimid, R.; Huesmann, P. L.; Johnson, W. 8. J. Am. Chem. Soc., 1980, 102, 5122-5123.

Biomimetic Polyene Cyclizations. Participation of the (Trimethylsilyl)-acetylenic Group and the
Total Synthesis of the D-Homosteroid System, Johnson, W. 8.; Yarnell, T. M.; Myers, R. F.; Morton, D.
R.; Boots, S. G. J. Org. Chem., 1980, 45, 1254-1259.
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Polyene Cyclizations, Johnson, W. S.; Ward, C. E.; Boots, S. G.; Gravestock, M. B.; Markezich, R. L.;
McCarry, B. E.; Okorie, D. A; Parry, R. J. J. Am. Chem. Soc., 1981, 703, 88-98.

The Carboalkoxyallylsilane Terminator for Biomimetic Polyene Cyclizations. A Route to 21-

Hydroxyprogesterone Types, Johnson, W. S.; Newton, C.; Lindell, S. D. Tetrahedron Lett., 1986, 27,
6027-6030.

Synthesis of Natural Products and Analogs
Eichtelit

An Efficient, Stereospecific Polyolefinic Cyclization. Total Synthesis of di-Fichtelite, Johnson, W. S.;
Jensen, N. P.; Hooz, J. J. Am. Chem. Soc., 1966, 88, 3859-3860.

Allylic Cation Promoted Olefinic Cyclizations. The Stereospecific Formation of a Tricyclic System and

the Total Synthesis of di-Fichtelite, Johnson, W. S.; Jensen, N. P.; Hooz, J.; Leopold, E. J. J. Am.
Chem. Soc., 1968, 90, 5872-5881.

Podocorpane Series

Entry into the Podocarpane Series Through a Biogenetic-Like Stereoselective Olefin Cyclization,
Johnson, W. S.; Schaaf, T. K. Chem. Commun., 1969, 611.

Total Synthesis of di-19-Nor-16,17-dehydroprogesterone, Daum, S. J.; Clarke, R. L.; Archer, S.;
Johnson, W. S. Proc. Natl. Acad. Sci. USA, 1969, 62, 333-336.

Biomimetic Polyene Cyclizations. Synthesis of Racemic 19-Norprogesterone, Johnson, W. S;
Huffman, W. F.; Boots, S. G. Recl. Trav. Chim. Pays-Bas, 1979, 98, 125-126.

Biomimetic Polyene Cyclizations. Total Synthesis of d/-19-Nor-4-pregnen-20-one. Asymmetric
induction by the Initiating Center, Peters, J. A. M.; Posthumus, T. A. P.; van Viiet, N. P.; Zeelen, F.
J.; Johnson, W. S. J. Org. Chem., 1980, 45, 2208-2214.

Progesterone

Acetylenic Bond Participation in Biogenetic-Like Olefinic Cyclizations. Il. Synthesis of d/-Proges-
terone, Johnson, W. S.; Gravestock, M. B.; McCarry, B. E. J. Am. Chem. Sac., 1971, 93, 4332-

4334.
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Acetylenic Bond Participation in Biomimetic Polyene Cyclizations. Model Studies Directed toward the

Synthesis of 20-Keto Steroids. Synthesis of d,FProgesterone and d,-D4-Androstene-3,17-dione,
Gravestock, M. B.; Johnson, W. S.; McCarry, B. E.; Parry, R. J.; Ratcliffe, B. E. J. Am. Chem. Soc.,
1978, 100, 4274-4282.

Testosterone

Acetylenic Bond Participation in Biogenetic-Like Olefinic Cyclizations in Nitroalkane Solvents. A
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1973, 95, 4419-4420.

Biomimetic Polyene Cyclizations. Participation of the Methylacetylenic Terminator and Nitro-

alkanes. A Synthesis of Testosterone, Gravestock, M. B.; Morton, D. R.; Boots, S. G.; Johnson, W, 8. J.
Am. Chem. Soc., 1980, 102, 800-807.

Estrone

A Stereosepcific Total Synthesis of Estrone via a Cationic Olefinic Cyclization, Bartlett, P. A.;
Johnson, W. S. J. Am. Chem. Soc., 1973, 95, 7501-7502.

Serratenediol

Application of Nonenzymic Biogenetic-Like Olefinic Cyclizations to the Total Synthesis of dl-
Serratenediol, Prestwich, G. D.; Labovitz, J. N. J. Am. Chem. Soc., 1974, 96, 7103-7105.

Longifolene

A Novel Synthesis of Longifolene, Volkmann, R. A.; Andrews, Glenn C.; Johnson, W. S. J. Am. Chem.
Soc., 1975, 97, 4777-4779.

Jaxodione

An Approach to Taxodione Involving Biomimetic Polyene Cyclization Methodology, Johnson, W. S.;
Shenvi, A. B.; Boots, S. G. Tetrahedron, 1982, 38, 1397-1404.

Corticoid

A Stereospecific Total Synthesis of Racemic 11a-Hydroxyprogesterone via a Biomimetic Polyene
Cyclization; Johnson, W. S.; Escher, S.; Metcalf, B. W. J. Am. Chem. Soc., 1976, 98, 1039-1041.

Asymmetric Total Synthesis of 11a-Hydroxyprogesterone via a Biomimetic Polyene Cycli-zation.
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Rate Enhancement of Biomimetic Polyene Cyclizations by a Cation-Stabilizing Auxiliary, Johnson, W.
S.; Lindell, S. D.; Steele, J. J. Am. Chem. Soc., 1987, 109, 5352-5353.
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Spironolactone

Stereoselective Induction of Biomimetic Polyene Cyclizations by Remote Chiral Centers. Effect of a
Pro-C-7 Substituent in a Substrate Leading to Steroidal Products, Johnson, W. S.; Berner, D.;
Dumas, D. J.; Nederlof, P. J. R.; Welch, J. J. Am. Chem. Soc., 1982, 104, 3508-3510.
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Euphol and Tirucallol
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Theoretical Considerations Including the use of Cation-Stabilizing Auxiliaries
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1966-1972.

Olefinic Cyclizations. VIIl. The Butenylmethylcyclohexenol System, Johnson, W. S.; Neustaedter, P.
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Biomimetic Polyene Cyclizations. Total Synthesis of d/-19-Nor-4-pregnen-20-one. Asymmetric
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J.; Johnson, W. S. J. Org. Chem., 1980, 45, 2208-2214.
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Rate Enhancement of Biomimetic Polyene Cyclizations by a Cation-Stabilizing Auxiliary, Johnson, W.
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Chiral Acetal Induced Asymmetric Polyene Tetracyclization Assisted by a Cation-Stabilizing
Auxiliary, Guay, Daniel; Johnson, W. S.; Schubert, Ulrich, J. Org. Chem., 1989, 54, 4731-4732.
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Stereoselective Olefin Synthesis
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A Highly Stereoselective Synthesis of trans-Trisubstituted Olefinic Bonds, Brady, S. F.; liton, M. A,;
Johnson, W. S. J. Am. Chem. Soc., 1968, 90, 2882-2889.

Natural Products Synthesis
C1g Cecropia Insect Juvenile Hormone

A Highly Stereoselective Synthesis of the Racemic Juvenile Hormone, Johnson, W. S.; Li, T.-t.;
Faulkner, D. J.; Campbell, S. F. J. Am. Chem. Soc., 1968, 90, 6225-6226.

Dendrolasin

Synthesis of Dendrolasin, Parker, K. A.; Johnson, W. S. Tetrahedron Lett., 1969, 1329-1332.

C17 Cecropia Insect Juvenile Hormone

Total Synthesis of the Racemic Form of the Second Juvenile Hormone (Methyl 12-homojuvenate)
from the Cecropia Silk Moth, Johnson, W. S.; Campbell, S. F.; Krishnakumaran, A.; Meyer, A. S. Proc.
Natl. Acad. Sci. USA, 1969, 62, 1005-1009.

Claisen Rearrangements

Ortho Ester Method

Squalene

A Simple Stereoselective Version of the Claisen Rearrangement Leading to trans-Trisubstituted
Olefinic Bonds. Synthesis of Squalene, Johnson, W. S_; Werthemann, L.; Bartlett, W. R.; Brocksom, T.
J.; Li, T.-t.; Faulkner, D. J.; Petersen, M. R. J. Am. Chem. Soc., 1970, 92, 741-743.
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Monarch Butterfly Pheromone

A Short Stereoselective Synthesis of Some Terpenes from the Pheromonal Secretion of the Queen and
Monarch Butterflies, Miles, D. H.; Loew, P.; Johnson, W. 8.; Kiuge, A. F.; Meinwald, J. Tetrahedron
Lett.,, 1972, 3019-3022.

Olefinic Ketal; Chloro Ketal Methods
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Olefinic Ketal Claisen Reaction. A Facile Route to Juvenile Hormone, Johnson, W. S.; Brocksom, T. J.;
Loew, P.; Rich, D. H.; Werthemann, L.; Arnold, R. A,; Li, T.-t.; Faulkner, D. J. J. Am. Chem. Soc.,
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Siddall, J. B.; Spain, V. L.; Werthemann, L. Proc. Natl. Acad. Sci. USA, 1970, 67, 1824-1826.

The Synthesis of the Optically Active Form of the C-18 Cecropia Juvenile Hormone, Loew, P.;
Johnson, W. S. J. Am. Chem. Soc., 1971, 93, 3765-3766.

Squalene

Application of the Chloro Ketal Claisen Reaction to the Total Synthesis of Squalene, Werthemann, L.;
Johnson, W. S. Proc. Natl. Acad. Sci. USA, 1970, 67, 1465-1467.

Application of the Chloro Ketal Claisen Reaction to the Total Synthesis of Squalene. Experimental
Detalls, Werthemann, L.; Johnson, W. 8. Proc. Natl. Acad. Sci. USA, 1970, 67, 1810-1813.

Other Approaches to the Synthesis of Natural Products

Introduction of the Angular Group in Fused Ring Systems

Seminal Studies

Introduction of the Angular Methyl Group. The Preparation of cis- and trans-9-Methyl-decalone-1,
Johnson, W. S. J. Am. Chem. Soc., 1943, 65, 1317-1324.

Introduction of the Angular Methyl Group. Il. c¢is- and trans-8-Methylhydrindanone-1, Johnson,
W. S. J. Am. Chem. Soc., 1944, 66, 215-217.

Introduction of the Angular Methyl Group, Johnson, W. S.; Posvic, H. J. Am. Chem. Soc., 1945, 67,
504.

Introduction of the Angular Methyl Group. 1ll. The Alkoxymethylene Blocking Group, Johnson, W. S.;
Posvic, H. J. Am. Chem. Soc., 1947, 69, 1361-1366.

Stereochemical Control of Angular Methylation. A Stereoselective Total Synthesis of a 9,11-
Dehydrosteroid, Johnson, W. S.; Allen, D. S., Jr. J. Am. Chem. Soc., 1957, 79, 1261.

A Novel Stereoselective Approach to the C/D Ring System of Steroids, Johnson, W. S.; Martin, D. G.;
Pappo, R.; Darling, S. D.; Clement, R. A. Proc. Chem. Soc., 1957, 58-59.
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Stereochemical Control of the Angular Methylation of Fused-Ring Ketones, Johnson, W. S.; Allen, D.
8., Jr.; Hindersinn, R. R.; Sausen, G. N.; Pappo, R. J. Am. Chem. Soc., 1962, 84, 2181-2196.

Estrone and Stereoisomers

The Total Synthesis of Estrone and the Remaining Stereoisomers, Johnson, W. S.; Banerjee, D. K.;
Schneider, W. P.; Gutsche, C. D. J. Am. Chem. Soc., 1950, 72, 1426.

Totally Synthetic Lumiestrone, Johnsen, W. S.; Chinn, L. J. J. Am. Chem. Soc., 1951, 73, 4987.

The Total Synthesis of Estrone and Three Stereoisomers Including Lumiestrone, Johnson, W. S;
Banerjee, D. K.; Schneider, W. P.; Gutsche, C. D.; Shelberg, W. E.; Chin, L. J. J. Am. Chem. Soc.,,
1952, 74, 2832-2849.

14-Isoestrone Methyl Ether and its Identity with Totally Synthetic Material, Johnson, W. S.; Johns,
W. F. J. Am. Chem. Soc., 1957, 79, 2005-2009.

Configuration of the Estrones. Total Synthesis of the Remaining Stereoisomers, Johnson, W. S.; David,
I. A.; Dehm, H. C.; Highet, R. J.; Warnhoff, E. W.; Wood, W. D.; Jones, E. T. J. Am. Chem. Soc., 1958,
80, 661-679.

A Stereoselective Total Synthesis of Oestrone, Cole, J. E., Jr.; Johnson, W. S.; Robins, P. A.; Walker,
J. Proc. Chem. Soc., 1958, 114,

A Stereoselective Total Synthesis of Oestrone and Related Studies, Cole, J. E., Jr.; Johnson, W. S.;
Robins, P. A.; Walker, J. J. Chem. Soc., 1962, 45, 244-278.

8a,98-Estrone Methyl Ether, the Elusive Boat C-Ring Isomer, Johnson, W. S.; Boots, S. G.; Habicht,
E. R. J. Org. Chem., 1968, 33, 1754-1758.

Hydrochrysene Approach
Basic Studies

Steroid Total Synthesis—Hydrochrysene Approach. |. General Plan and Summary of Major Objec-
tives, Johnson, W. S. J. Am. Chem. Soc., 1956, 78, 6278-6284.

Steroid Total Synthesis—Hydrochrysene Approach. [l. 1-Methoxy-8-keto-10a-methyl-5,6,8,9,-
10,10a,11,12-octahydrochrysene, Johnson, W. S.; Szmuszkovicz, J.; Rogier, E. R.; Hadler, H. | ;
Wynberg, H. J. Am. Chem. Soc., 1956, 78, 6285-6289.

Steroid Total Synthesis—Hydrochrysene Approach. Ill. Reduction of the Olefinic Bonds and of the
Carbonyl Group in 1-Methoxy-8-keto-10a-methyl-5,6,8,9,10,10a,11,12-octa-hydrochrysene,
Johnson, W. S.; Rogier, E. R.; Szmuszkovicz, J.; Hadler, H. I.; Ackerman, J.; Bhattacharyya, B. K.;
Bloom, B. M.; Stalmann, L.; Clement, R. A.; Bannister, B.; Wynberg, H. J. Am. Chem. Soc., 1956, 78,
6289-6302.

Steroid Total Synthesis—Hydrochrysene Approach. [V. 1-Methoxy-6a-hydroxy-8-keto-10a-
methyl-5,6,6a,7,8,9,10,10a,11,12-decahydrochrysene and Reduction Products, Johnson, W. S,;
Ackerman, J.; Eastham, J. F.; DeWalt, H. A, Jr. J. Am. Chem. Soc., 1956, 78, 6302-6311.

Steroid Total Synthesis—Hydrochrysene Approach. VI. Catalytic Hydrogenation of the Aromatic
Nucleus. Synthesis of d/-3B-Acetoxy-14-iso-etioallohomobilianic Acid, Johnson, W. S.; Rogier, E.
R.; Ackerman, J. J. Am. Chem. Soc., 1956, 78, 6322-6331.

Steroid Total Synthesis—Hydrochrysene Approach. Vi, di-38,11B-dihydroxyandrostane-17-one,
Johnson, W. S.; Pappo, R.; Johns, W. F. J. Am. Chem. Soc., 1956, 78, 6339-6347.
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Steroid Total Synthesis—Hydrochrysene Approach. IX. Preparation of Comparison Substances by
Partial Synthesis, Pappo. R.; Bloom, B. M.; Johnson, W. S. J. Am. Chem. Soc., 1958, 78, 6347-
6353.

The Nature of the Intermediary Ketols in the Robinson Annelation Reaction, Johnson, W. S.; Korst, J.
J.; Clement, R. A.; Dutta, J. J. Am. Chem. Soc., 1960, 82, 614-622.

Natural Products and Analogs
Epiandrosterone

Total Synthesis of Epiandrosterone, Johnson, W. S.; Bannister, B.; Bloom, B. M.; Kemp, A. D.; Pappo,
R.; Rogier, E. R.; Szmuszkovicz, J. J. Am. Chem. Soc., 1953, 75, 2275-2276.

Steroid Total Synthesis—Hydrochrysene Approach. VII. Metal-in-Ammonia Reduction of the Aro-
matic Nucleus. dl-Epiandrosterone and the Lumi Epimer, Johnson, W. S.; Bannister, B.; Pappo, R. J.
Am. Chem. Soc., 1956, 78, 6331-6339.

Corticoid | it

Total Synthesis of 11-Oxygenated Steroid, Johnson, W. S., Pappo, R.; Kemp, A. D. J. Am. Chem. Soc.,
1954, 76, 3353-3354.

Steroid Total Synthesis—Hydrochrysene Approach. V. Introduction of Oxygen at the 11-Position,
Johnson, W. S.; Kemp, A. D.; Pappo, R.; Ackerman, J.; Johns, W. F. J. Am. Chem. Soc., 1956, 78,
6312-6321.

Steroid Total Synthesis—Hydrochrysene Approach. VIIl. dI-38,11B-dihydroxyandrostane-17-one,
Johnson, W. S.; Pappo, R.; Johns, W. F. J. Am. Chem. Soc., 1956, 78, 6339-6347.

Teslosterone

Total Synthesis of Testosterone, Johnson, W. S.; Bannister, B.; Pappo, R.; Pike, J. E. J. Am. Chem.
Soc., 1955, 77, 817-818.

Steroid Total Synthesis—Hydrochrysene Approach. X. Total Synthesis of Testosterone, Johnson, W.
S.; Bannister, B.; Pappo, R.; Pike, J. E. J. Am. Chem. Soc., 1956, 78, 6354-6361.

Steroid Total Synthesis—Hydrochrysene Approach. Part XIl. An Alternative Route to Testosterone.

The Synthesis of /Testosterone and of dl-13-Isotestosterone, Johnson, W. S.; Vredenburgh, W. A.;
Pike, J. E. J. Am. Chem. Soc., 1960, 82, 3409-3415.

Aldosterone

Total Synthesis of Aldosterone, Johnson, W. S.; Collins, J. C.; Pappo. R.; Rubin, M. B. J. Am. Chem.
Soc., 1958, 80, 2585.

Steroid Total Synthesis—Hydrochrysene Approach. XV. Total Synthesis of Aldosterone, Johnson, W.

S.; Collins, J. C., Jr.; Pappo. R.; Rubin, B. M.; Kropp, P. J.; Johns, W. F.; Pike, J. E.; Bartmann, W. J.
Am. Chem. Soc., 1963, 85, 1409-1430.

Conessine, Progesterone, Cholestero|

The Synthesis of Conessine from the Corresponding 3-Keto-a4-Unsaturated System, Johnson, W. S.;
Bauer, V. J.; Franck, R. W. Tetrahedron Lett., 1961, 72-75.
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Total Synthesis of Racemic Conessine, Marshall, J. A.; Johnson, W. S. J. Am. Chem. Soc., 1962, 84,
1485-14886.

Racemic Progesterone, Johnson, W. S.; Keana, J. F. W.; Marshall, J. A. Tetrahedron Lett.,
1963,193-196.

Racemic Cholesterol, Keana, J. F. W.; Johnson, W. S. Steroids, 1964, 4, 457-462.
Steroid Total Synthesis—Hydrochrysene Approach. XVI. Racemic Conessine, Progesterone,

Cholesterol, and Some Related Natural Products, Johnson, W. S.; Marshall, J. A.; Keana, J. F. W.;
Franck, R. W.; Martin, D. G.; Bauer, V. J. Tetrahedron, Suppl. 8, Part {l, 1966, 541-601.

18-Nor-D-homoandrostane-3,17a-dione, Johnson, W. S.; Lemaire, H.; Pappo, R. J. Am. Chem. Soc.,
1953, 75, 4866.

18-Nortestosterone
dl-18-Nortestosterone, Johnson, W. S.; Yorka, K. V. Tetrahedron Lett., 1960, 11-13.
Steroid Total Synthesis—Hydrochrysene Approach. XIV. The Synthesis of dl-18-Nor-epiandro-

sterone and d/-18-Nortestosterone, Yorka, K. V.; Truett, W. L.; Johnson, W. 8. J. Org. Chem., 1962,
27, 4580-4587.

18-Norestrone

Total Synthesis of d/-18-Norestrone, Meyer, W. L.; Cameron, D. D.; Johnson, W. S. J. Org. Chem.,
1962, 27, 1130-1134.

Veratramine and Jervi

A Novel Ring Contraction Leading to the Veratramine Nucleus, Schiess, P. W.; Bailey, D. M.; Johnson,
W. S. Tetrahedron Lett., 1963, 549-553.

The Synthesis of Veratramine, Johnson, W. S.; deJongh, H. A. P.; Coverdale, C. E.; Scott, J. W.;
Burckhardt, U. J. Am. Chem. Soc., 1967, 89, 4523-4524.

The Total Synthesis of 17-Acetyl-5a-etiojerva-12,14,16-trien-3b-ol, Johnson, W. S.; Cox, J. M,;
Graham, D. W.; Whitlock, H. W., Jr. J. Am. Chem. Soc., 1967, 89, 4524-4526.

An Alternative Synthesis of 17-Acetyl-5a-etiojerva-12,14,16-trien-38-ol, Johnson, W. S;

Cohen, N.; Habicht, E. R., Jr.; Hamon, D. P. G.; Rizzi, G. P.; Faulkner, D. J. Tetrahedron Lett., 1968,
2829-2833.

Asymmetric Reactions of Chiral Acetals
Seminal Studies

Asymmetric Induction of an Olefinic Acetal Cyclization, Johnson, W. S.; Harbert, C. A.; Stipanovic, R.
D. J. Am. Chem. Soc., 1968, 90, 5279-5280.

Biomimetic Polyene Cyclizations. Asymmetric Induction in the Cyclization of a Dienic Acetal,
Johnson, W. S.; Harbert C. A.; Ratcliffe, B. E.; Stipanovic, R. D. J. Am. Chem. Soc., 1976, 98,
6188-6193.
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With Allylsilane and Methyllylsilane —» Homoallylic Alcohols
Asymmetric Synthesis via Acetal Templates. 3. On the Stereochemistry Observed in the Cyclization of

Chiral Acetals of Polyolefinic Aldehydes: Formation of Optically Active Homoallylic Alcohols, Bartlett,
P. A.; Johnson, W. S.; Elliott, J. D. J. Am. Chem. Soc., 1983, 105, 2088-2089.

Application to Synthesis

Asymmetric Synthesis via Acetal Templates. 9. Further Studies of the Allylation Reaction.

Preparation of (-)-Dihydromyoporone, Johnson, W. S.; Crackett, P. H.; Elliott, J. D.; Jagodzinski, J.
J.; Lindell, S. D.; (in part) Natarajan, S. Tetrahedron Lett., 1984, 25, 3851-3954.

Calcitriol | (Vitamin D Metabolite)

A Highly Stereoselective Route to Calcitriol Lactone, Johnson, W. S.; Chan, M. F. J. Org. Chem.,
1985, 50, 2598-2600.

Statine Derivai
Asymmetric Synthesis via Acetal Templates. 14. Preparation of Enantiomerically Pure (3S5,45)-

and (3S,4R)-Statine Derivatives, Andrew, R. G.; Conrow, R. E.; Elliott, J. D.; Johnson, W. S ;
Ramezani, S. Tetrahedron Lelt., 1987, 28, 6535-6538.

With Silylacetylenic Compounds — Propargylic Alcohols

Application to Synthesis

I I : ot f male dried | beetle)
Asymmetric Synthesis via Acetal Templates. 4. Reactions with Silylacetylenic Compounds. For-

mation of Chiral Propargylic Alcohols, Johnson, W. S.; Elliott, R.; Elliott, J. D. J. Am. Chem. Soc.,
1983, 105, 2904-2905.

With Trimethylsilylcyanide —» Cyanohydrins

Asymmetric Synthesis via Acetal Templates. 5. Reactions with Cyanotrimethylsilane. Enantio-
selective Preparation of Cyanohydrins and Derivatives, Elliott, J. D.; Choi, V. M. F.; Johnson, W. S. J.
Org. Chem., 1983, 48, 2294-2295.

Application to Synthesis of Pyrethroids

Asymmetric Synthesis via Chiral Acetal Templates. 7. Further Studies on the Cyanation Reaction.
The Use of Acetals Derived from Diols with One Chiral Center, Choi, V. M. F.; Eliott, J. D.; Johnson,
W. S. Tetrahedron Lett., 1984, 25, 591-594.

With Organometallic Reagents — Alcohols

Application to Synthesis of 2-(R)-Decanol (Defense Secretion of the East African
Terniite) and of a Pyrethrold Analog
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Asymmetric Synthesis via Chiral Acetal Templates. 8. Reactions with Organometallic Reagents,
Lindell, S. D.; Elliott, J. D.; Johnson, W. S. Tetrahedron Lett., 1984, 25 , 3947-3950.

With Enol Silyl Ethers —» Aldols
Application to Synthesis of a Nonactin Intermediate
Asymmetric Synthesis via Acetal Templates. 10. Aldol-Type Reactions. Preparation of a Non-actic

Acid Intermediate, Johnson, W. S.; Edington, C.; Elliott, J. D.; Silverman, I. R. J. Am. Chem. Soc.,
1984, 106, 7588-7591.

Asymmetric Synthesis via Acetal Templates. 13. Preparation of Aldol Compounds from Butane-1,3-
diol Acetals, Silverman, |. R.; Edington, C.; Elliott, J. D.; Johnson, W. S. J. Org. Chem., 1987, 52,
180-183.

With Ketene Acetals — B-Hydroxy Acids
Application to Synthesis
R-(+)-Lipoic Acid

Asymmetric Synthesis via Acetal Templates. 12. Highly Diastereoselective Coupling Reactions with a
Ketene Acetal. An Efficient, Asymmetric Synthesis of R-(+)-a-Lipoic Acid, Elliott, J. D.; Steele, J.;
Johnson, W. S. Tetrahedron Lett., 1985, 26, 2535-2538.

Mevinolin Anal

Asymmetric Synthesis via Acetal Templates. 15. The Preparation of Enantiomerically Pure Mevinolin
Analogs, Johnson, W. S.; Kelson, A. B.; Elliott, J. D. Tetrahedron Lett., 1988, 27, 3757-3760.

The Stobbe Condensation
Basic Studies

The Condensation of 2-Acetylnaphthalene with Diethyl Succinate, Johnson, W. S.; Goldman, A. J. Am.
Chem. Soc., 1944, 66, 1030-1037.

The Stobbe Condensation with 2-Acetylnaphthalene. A Synthesis of 1,4-Dimethyl phenanthrene,
Johnson, W. S_; Goldman, A.; Schneider, W. P. J. Am. Chem. Soc., 1945, 67, 1357-1360.

The Stobbe Condensation with 1-Keto-1,2,3,4-tetrahydrophenanthrene. A Synthesis of 3'-Keto-
3,4-dihydro-1,2-cyclopentenophenanthrene, Johnson, W. S.; Petersen, J. W. J. Am. Chem. Soc.,
1945, 67, 1366-1368.

Extension of the Modified Stobbe Condensation. Acid-Catalyzed Decomposition of the Products and a
Lacto-Enoic Tautomerism, Johnson, W. S.; Petersen, J. W.; Schneider, W. P. J. Am. Chem. Soc.,
1947, 69, 74-79.

The Stobbe Condensation with Sodium Hydride, Daub, G. H.; Johnson, W. S. J. Am. Chem. Soc., 1948,
70, 418.



xliv

W. S. JOHNSON

The Stobbe Condensation with Cyclohexanone, Johnson, W. S.; Davis, C. E.; Hunt, R. H.; Stork, G. J.
Am. Chem. Soc., 1948, 70, 3021-3023.

The Stobbe Condensation with 1-Keto-2-methyl-1,2,3,4-tetrahydrophenanthrene. A New Approach
to B-Equilenone, Johnson, W. S.; Stromberg, V. L.; Petersen, J. W. J. Am. Chem. Soc., 1949, 71,
1384-1387.

The Stobbe Condensation with Sodium Hydride, Daub, G. H.; Johnson, W. S. J. Am. Chem. Soc., 1950,
72, 501-504.

Synthesis of Natural Products and Analogs

Equilenin

A New Method of Producing Fused Ring Structures Related to the Steroids. A Synthesis of Equilenin,
Johnson, W. S.; Petersen, J. W.; Gutsche, C. D. J. Am. Chem. Soc., 1945, 67, 2274.

A New Synthesis of Fused Ring Structures Related to the Steroids. The 17-Equilenones. A Total
Synthesis of Equitenin, Johnson, W. S.; Petersen, J. W.; Gutsche, C. D. J. Am. Chem. Soc., 1947, 69,
2942-2955.

The Stobbe Condensation with 1-Keto-2-methyl-7-methoxy-1,2,3,4-tetrahydrophenanthrene. A
New Synthesis of Equilenin, Johnson, W. S.; Stromberg, V. L. J. Am. Chem. Soc., 1950, 72, 505-
510.

Structure and Hydrogenation of Key Intermediates in the Equilenin Synthesis, Johnson, W. S.;
Gutsche, C. D.; Hirschmann, R.; Stromberg, V. L. J. Am. Chem. Soc., 1951, 73, 322-326.

A New Synthesis of 6-Methoxy-17-equilenones and Some Sterochemical Considerations, Hirschmann
R.; Johnson, W. S. J. Am. Chem. Soc., 1951, 73, 326-329.

Cadalene

The Stobbe Condensation with Methyl p-Tolyl Ketone. A Synthesis of Cadalene, Johnson, W. S.;
Jones, A. R. J. Am. Chem. Soc., 1947, 69, 792-794.

Bis-Dehydrodoisynolic Acid

Bis-dehydrodoisynolic Acid, Johnson, W. S.; Graber, R. P. J. Am. Chem. Soc., 1948, 70, 2612.

The Stobbe Condensation with 6-Methoxy-2-propionylnaphthalene. A Synthesis of Bis-dehydro-
doisynolic Acid, Johnson, W. S. and Graber, R. P. J. Am. Chem. Soc., 1950, 72, 925-935.

Improvement of the Synthesis of Bisdehydrodoisynolic Acid, Turner, D. L.; Bhattacharyya, B. K.;
Graber, R. P.; Johnson, W. S. J. Am. Chem. Soc., 1950, 72, 5654-5659.

Estrone

The Stobbe Condensation with Ethyl gamma-Anisoylbutyrate. A New Route to Some Estrone
Intermediates, Johnson, W. S.; Jones, A. R.; Schneider, W. P. J. Am. Chem. Soc., 1950, 72, 2395-
2401.

A New Total Synthesis of Estrone, Johnson, W. S.; Christiansen, R. G. J. Am. Chem. Soc., 1951, 73,
6511,

A Total Synthesis of Estrone and 14-Isoestrone, Johnson, W. S.; Christiansen, R. G.; Ireland, R. E. J.
Am. Chem. Soc., 1957, 79, 1995-2005.
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Mechanism Studies

Studies in Decarboxylation and Lacto-Enoic Tautomerism. lil. The Stobbe Condensation with p,p'-
Dimethoxybenzophenone, Johnson, W. S.; Miller, M. W. J. Am. Chem. Soc., 1950, 72, 511-513.

The Mechanism of the Stobbe Condensation, Johnson, W. S.; McCloskey, A. L.; Dunnigan, D. A. J. Am.
Chem. Soc., 1950, 72, 514-517.

Beviews
Studies Relating to the Total Synthesis of Steroids, Johnson, W. S. Chimia, 1951, 5, 155-156.

L'aldolisation dans la synthése des composés a noyaux condensés, Johnson, W. S. Bull. Soc. Chim.
France, 1955, 261-264.

The Stobbe Condensation, "Organic Reactions,” Chap. 1, Vol. VI, John Wiley and Sons, Inc., N. Y., N. Y.
with G. W. Daub, 1951.

Nitrogen Heterocyclic Chemistry

Natural Products; Alkaloids

On the Configuration of Cevine, Kupchan, S. M.; Johnson, W. S. J. Am. Chem. Soc., 1956, 78, 3864.

The Configuration of Cevine, Kupchan, S. M.; Johnson, W. S.; Rajagopolan, S. J. Am. Chem. Soc.,
1958, 80, 1769.

The Configuration of Cevine, Kupchan, S. M.; Johnson, W. S.; Rajagopalan, S. Tetrahedron, 1959, 7,
47-61.

A Novel Fragmentation Reaction, Franck, R. W.; Johnson, W. S. Tetrahedron Lett., 1963, 545-547.

On the C-9 Configuration of Veratramine and Jervine, Bailey, D. M.; Hamon, D. P. G.; Johnson, W. S.
Tetrahedron Lett., 1963, 555-561.

Ring E Degradation in the Veratramine Series, Franck, R. W.; Rizzi, G. P.; Johnson, W. S. Steroids,
1964, 4, 463-481.

Revision of the Configuration of Veratramine and Jervine, Scott, J. W.; Durham, L. J.; deJongh, H. A.
P.; Burckhardt, U.; Johnson, W. S. Tetrahedron Lett., 1967, 2381-2386.

Synthesis of Chloroquine and Related Studies

Cyclization Studies in the Quinoline Series. A New Synthesis of 4-Aminoquinolines, Johnson, W. S.;
Woroch, E. L; Buell, B. G. J. Am. Chem. Soc., 1949, 71, 1901-1905,

A New Synthesis of Chloroquine, Johnson, W. S.; Buell, B. G. J. Am. Chem. Soc., 1952, 74, 4513-
4316.

Cyclization of N-B—-Cyanoethylanilines, Johnson, W. S.; DeAcetis, W. J. Am. Chem. Soc., 1953, 75,
2766-2767.

Miscellaneous Studies

Cyclization Studies in the Benzoquinoline Serles, Johnson, W. S.; Mathews, F. J. J. Am. Chem. Soc.,
1944, 66, 210-215.
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Cyclization Studies in the Benzoguinoline and Naphthoquinoline Series. II., Johnson, W. S.; Woroch,
E.; Mathews, F. J. J. Am. Chem. Soc., 1947, 69, 566-571.

A New Synthesis of Chloroquine, Johnson, W. S.; Buell, B. G. J. Am. Chem. Soc., 1952, 74, 4513-
4316.

Mechanistic and Theoretical Considerations

Decarboxylation Studies

The Acid-Catalyzed Decarboxylation of Cinnamic Acids, Johnson, W. S.; Heinz, W. E. J. Am. Chem. Soc.,
1949, 71, 2913-2918.

Studies in Decarboxylation and Lacto-Enoic Tautomerism. Ill. The Stobbe Condensation with p,p'-
Dimethoxybenzophenone, Johnson, W. S.; Miller, M. W. J. Am. Chem. Soc., 1950, 72, 511-513.

Studies in Decarboxylation and Lacto-Enoic Tautomerism. V. Paraconic Acids, Johnson, W. S.; Hunt,
R. H. J. Am. Chem. Soc., 1950, 72, 935-939.

Neighboring Group Effect

Ring Closure of the 2-Benzoylaminocyclohexanols. The Mechanism of Oxazoline Formation, Johnson,
W. S.; Schubent, E. N. J. Am. Chem. Soc., 1950, 72, 2187-2190.

The Mills-Nixon Effect

Tetrahydroacenaphthene and the Mills-Nixon Effect, Johnson, W. S.; Glenn, H. J. J. Am. Chem. Soc.,
1949, 77, 1087-1092.

Conformational Studies

The Relative Stability of Stereoisomeric Forms of Fused Ring Systems, Johnson, W. S. Experientia,
1951, 7, 315-319.

Energy Relationships of Fused Ring Systems, Johnson, W. S. J. Am. Chem. Soc., 1953, 75, 1498-
1500.

Conformational Analysis. Ill. Application of Conformational Principles to the Elucidation of Some
Configurations, Johnson, W. S., Chemistry and Industry, 1956, 167-168.

The Energy Difference Between the Boat and Chair Forms of Cyclohexane, Johnson, W. S.; Margrave,
J. L.; Bauer, V. J.; Frisch, M. A.; Dreger, L. H.; Hubbard, W. N. J. Am. Chem. Soc., 1960, 82, 1255.

1,3-Diaxial Hydrogen Bonding and the Intramolecular Assistance of Solvolysis, West, R.; Korst, J. J.;
Johnson, W. S. J. Org. Chem., 1960, 25, 1976-1978.

The Energy Difference Between the Chair and Boat Forms of Cyclohexane. The Twist Conformation of
Cyclohexanse, Johnson, W. S.; Bauer, V. J.; Margrave, J. L.; Frisch, M. A; Dreger, L. H.; Hubbard, W.
N. J. Am. Chem. Soc., 1961, 83, 606-614.

Ring-A o—Acetoxy Ketones in the Cholestane Series, Williamson, K. L.; Johnson, W. S. J. Org. Chem.,
1961, 26, 4563-4569.

The Proton Magnetic Resonance Spectra of Some a-Acetoxy Ketones, Williamson, K. L.; Johnson, W. S.
J. Am. Chem. Soc., 1961, 83, 4623-4627,



Further Studies on the Energy Difference Between the Chair and Twist Forms of Cyclohexane,
Margrave, J. L.; Frisch, M. A.; Bautista, R. G.; Clarke, R. L,; Johnson, W. S. J. Am. Chem. Soc.,
1963, 85, 546-548.

An Experimental Method for Determining A-Values: The Methyl Group, Biellmann, J. F.; Johnson, W.
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