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1. PREFACE
Strychnine! The fearsome poisonous properties of this
notorious substance.... Over a period of 40 years, one of
the great classics of structural organic chemistry was con-
structed. In that effort, described in more than two hundred
and fifty separate communications, Robert Robinson
played a brilliant and commanding role, and the extensive
beautiful experimental contributions of Hermann Leuchs
were of definitive importance. In 1947, the task was
finished,[Woodward’s reference 4 was cited here] and strychnine stood
revealed as 1.... It was now possible to contemplate the
synthesis of the substance of which it has been said: “For
its molecular size it is the most complex substance
known.”

Woodward, R. B. et al. The Total Synthesis of Strychnine.

Tetrahedron 1963, 19, 247−288.

Those were R. B. Woodward’s words from the first paragraph
of his 1963 paper, which reported the first total synthesis of
strychnine (1). Woodward’s ref 4 in the above quote was
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Scientists expect to receive appropriate credit for their achievements. Credit for the
determination of the structure of strychnine, the most complex natural product for its size,
has been given to both Sir Robert Robinson and R. B. Woodward for their independent
discoveries in the late 1940s. In this paper, the following question is explored: Who should be
given credit for a discovery of a scientific phenomenon: the individual who first published the
correct solution but subsequently published another (wrong) explanation and later reverted
to the correct structure or several analogues (Robinson)? Or the individual who was second to
publish the correct solution (along with additional supporting data) and did not reverse him/
herself (Woodward)? A survey of chemists, mathematicians, life scientists, and social scientists
at Ph.D.-granting universities in the U.S. was conducted in which credit allocation and “being
first but later recanting versus being second and steadfast” were probed. In addition,
ombudspersons, members of institutional review boards, and individuals who have
conducted research in the responsible conduct of research were surveyed. The survey
revealed a predominant amount of variability among the survey’s respondents, and it
supports the conclusion that there is great diversity in scientists’ behavioral judgments and
decisions, even when dealing with such seemingly simple yet important credit issues.
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rather inclusive; it contained eight citations to Robert
Robinson’s research publications on the structure of strychnine
plus Robinson’s 1947 Nobel Prize lecture, three citations to
Vladimir Prelog’s publications, and the last two to Woodward’s
publications on this topic.
Woodward et al. reported the total synthesis of strychnine in

1954,1−3 further confirming its structure. It would be nearly
40 years before the next total synthesis of strychnine was
recorded.4,5 Since this four decade hiatus, many total syntheses
of strychnine have been reported.6 Thus, the structure of
strychnine is secure beyond any doubt. But what remains
unsettled is, who should get the credit for determining the
structure of strychnine, Robinson or Woodward?

2. INTRODUCTION
Natural product chemistry is based entirely on structure
determination. Not much makes sense without a knowledge of
structure. And the stories that we chemists tell ourselves and
others are clouded in chemical mystery and flights of fantasy
until the structures of our compounds have been rigorously
determined. It is not too hard to imagine how confused and
foggy chemists were in the 19th century before modern
structure theory was discovered. Many chemists experience
that shadowy feeling when we study compounds whose
structures are as yet undetermined. Thus, structure determi-
nation is the seminal accomplishment in chemical research
with a history that goes back to the first days of the discipline.
In keeping with the extraordinary structure of strychnine,

there is an equally extraordinary story dealing with its structure
determination. As would be expected, in the absence of UV,
NMR, mass spectrometry, IR, and X-ray analyses, the deter-
mination of strychnine’s structure took many decades. And
when the structure was finally determined in 1946−19477−9
using the classical method of structure determination,10,11 with
the entire natural products community paying careful
attention, there was nonetheless ambiguity as to who deserved
credit for one of the most compelling chemistry achievements
of the first half of the 20th century. This ambiguity was caused
by Robinson’s inconsistencies in his structure assignments for
strychnine. After he published the correct structure in 1946,7

Robinson changed his mind twice in 1947.12,13 And then
Woodward stepped in. Prelog, on the other hand, made a singular
contribution,14−17 and then seemingly disappeared from this story.

Within the scientific community, credit is one of most
powerful motivators.18−23 There are at least two motifs of
credit for scientific achievement. The obvious form is that of
authorship and acknowledgment in scientific publications,
patents, books, and lectures. This mode is not without its
controversies and ambiguities, notwithstanding the numerous
codes of publication conduct that are currently available. There
are many shades of gray, and principal investigators and their
collaborators do not always agree on the criteria and their
application. The most obvious is the order of authors in a

paper. The second credit motif is the opinion of the relevant
community regarding an achievement. This latter form of
credit is rather amorphous and integrates over the wide
diversity of community members and their knowledge, their
biases, and their experiences. In this paper, we focus on both
forms of credit and how they influence and inform each other.
Our initial understanding of the chemistry community’s

allocation of credit for this achievement comes directly from
what has been reported in the literature: some cite Robinson as
the sole discoverer;24−26 others cite Woodward,27,28 and yet
others cite both29,30 or are ambivalent.31−33 While the patent
laws in various countries have their own idiosyncratic rules
regarding inventorship, often with policies that have changed
over time, there are no such standards for discoverers of scientific
phenomena. In contrast, various professional societies have codes
dealing with authorship criteria for scientific publications.34,35

Intentional misrepresentations in the assignment of author-
ship, inventorship, or discovery are a form of misconduct of
science, as these are falsifications of the literature. We have
some guidance from the Office of Science Technology Policy
in the Executive Office of the President of the United States,
which adopted a Federal Policy on Research Misconduct in
2000.36 One of this Policy’s criteria for research misconduct is
that the questionable action must represent a “significant
departure from accepted practices...[but] not honest error or
differences of opinion.”36 Knowledge of the accepted
“attribution of credit” practices within a relevant community
should be helpful and enlightening for unique discovery events
in the practice of science. And there ought to be many such
events, given that multiple simultaneous independent discov-
eries are likely to be the norm, not the exception, in
science.20,37−41 This guidance suggests the need to interrogate
the relevant scientific community regarding any specific case
under examination in which there is ambiguity, at best, and
conflict, at worst.

Our primary goal is to understand better the adjudication of
credit for chemical achievements within the chemistry
community, in particular, and within the academy, in general.
Our strategy was to perform a survey of academics (chemists,
biologists, and mathematicians) in Ph.D.-granting institutions
in the United States regarding this specific issue of scientific
discovery, the structure of strychnine. Ph.D.-granting institu-
tions were used because the topic is about receiving and
judging the appropriateness of credit for major scientific
discoveries, which is the domain of research scientists. These
researchers typically are found at institutions that grant
research-based advanced degrees. Respondents also included
individuals in those same schools who are or were members of
their Institutional Review Boards (IRBs) or members of their
departments of research integrity or individuals who had
conducted research in responsible conduct of research (RCR).
A related analysis dealing with “Whom Should We Credit for
the Discovery of Isotopes?” was recently published by Eaton.42

The first step of this research was to develop a survey
tool, then distribute, collect, and analyze the survey results.

The stories that we chemists tell
ourselves and others are clouded
in chemical mystery and flights of
fantasyuntil the structures of
our compounds have been
rigorously determined.

Our primary goal is to understand
better the adjudication of credit

for chemical achievements.
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The survey was constructed to examine a very specific theme,
namely:

Who deserves credit for a scientific discovery (or an
explanation for a natural phenomenon), the first person
who made the discovery (or explanation) but who
subsequently abandons that discovery (or explanation) in
favor of an alternative, or another individual who, after the
above abandonment, proposed the same discovery (or
explanation) and never recanted this proposal?

The second step of this research was to determine if
academics’ research disciplines are related to the ways

judgments are made about credit. The third step was to assess
whether individuals who have professional experience in RCR
activities at their universities have judgements that differ from
those of their academic colleagues. An editorial by one of the
authors of this paper (JIS) was recently published.43

3. BACKGROUND: THE REAL-LIFE CASE

This case derives directly from real-life events of an important
discovery in natural products chemistry, namely, the deter-
mination of the structure of strychnine (Figure 1). For the
purposes of this paper, descriptions of this real-life event will
be presented before the related survey questions and results.

ACS Central Science IN FOCUS

Figure 1. Structures proposed between 1910 and 1948 for the natural product strychnine by Robert Robinson and co-workers, including
Robinson’s Manchester professor Sir William Henry Perkin.44 Of course, only one of these can be and is the correct structure (in the box on the
bottom row). One purpose of this figure is to show how numerous and how diverse Robinson’s structural proposals were over a nearly 40-year
period. Structures with filled circles represent a variety of bonding possibilities.
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By 1947, when the structure of strychnine was established, more
than 270 publications had appeared in the chemical literature on the
topic.33 The leader in this effort, certainly in terms of the number of
publications (47) and cumulative scientific advances, was Sir Robert
Robinson. Robinson began this research with his graduate school
professor William Henry Perkin, Jr. at the University of Manchester
in 1910. Between then and 1947, Robinson published 47 papers
on and proposed many structures for strychnine (Figure 1),
including the correct structure in 1946.7,44

Even the nonchemist can appreciate from a graphical
perspective the range of structures Robinson proposed for
the structure of strychnine (Figure 1). A full discussion of the
sequence of numerous structural proposals by Robinson
recently was published.44 A recent book10 and earlier papers on
the search for the structure of strychnine are also available.45,46

Even in the 21st century, research continues on various structural
and historical details of strychnine’s structure.47−50

By the late 1940s, there was tremendous competition to
solve this long-lasting, major problem in natural products
chemistry. Besides Robinson, the competition included one
Nobel laureate (Heinrich Wieland51 with his then graduate
student Rolf Huisgen45,52−54) and two future Nobel Prize
laureates (Prelog14 and Woodward8,9,55).
We now provide the most critical chronologically relevant

issues regarding the final steps of the strychnine structure story.
In the January 14, 1946, issue of Experientia, Robinson proposed
the correct structure of strychnine.7 However, Robinson was
committed to the quite reasonable idea that the structures of
natural products are related to their biosynthetic pathways
(as was Woodward,55 though wrongly56). In the February 22,
1947, issue of Nature, Robinson discarded his previous and
correct assignment7 as suggested 2 (Figure 2).12 Robinson’s struc-
ture revision was based on the idea that there ought to be a
biosynthetic relationship between the biosynthesis of the cinchona
alkaloids, e.g., cinchonine, which is a natural product desmethoxy
analogue of quinine, and strychnine. Robinson provided the
graphic in Figure 2 to illustrate his biosynthetic thinking.
Robinson then changed his ideas again.13 In the July 5, 1947,

issue of Nature, Robinson wrote,

The discovery of unexpected and somewhat remarkable
molecular rearrangements [that is, new experimental results
just obtained] disposes of this natural explanation. It does
not disprove the quinuclidine formula [2] recently
proposed;12 but it removes the necessity for its postulation
and, in these circumstances, we revert, as the best hypothesis
to guide future work, to an earlier suggestion [1].7,58

The relation of this structure to that of cinchonine has
already been indicated.59 Several slight modifications of this
expression are feasible, and these have special advantages
and disadvantages which must be discussed at a later date,
especially since it is probable that crucial experimental tests
can be devised.13

It is critical to note that Robinson’s reversion to the correct
structure 1 was not definitive. To emphasize this point, we
repeat Robinson’s words,

Several slight modifications of this expression are feasible,
and these have special advantages and disadvantages which
must be discussed at a later date, especially since it is
probable that crucial experimental tests can be devised.13

In the September 1, 1947, issue of the Journal of the
American Chemical Society (JACS), submitted on July 28, 1947,
Woodward assigned the correct structure to strychnine, giving
credit to Robinson as follows:

Taken with the recent observations of Robinson...the new
evidence completes the inferential proof for a particular
expression for strychnine.... The way is now open to build up
an unequivocal degradative proof of structure for strychnine.8

Woodward8 also cited Robinson’s paper13 in the July 5,
1947, issue of Nature.
On January 28, 1948, Woodward submitted a nine-page full

paper that was published in JACS in June 1948.9 The last
sentence of that paper is a finality,

We conclude that the structure [1] for strychnine is established.9

We rush to point out: neither Robinson nor Woodward
discussed the finer details of the stereochemistry of strychnine
nor its absolute configuration in their 1940s papers.
There are more details to this story, including a single in-

person meeting between Woodward and Robinson in 1947
and several letters exchanged between them in this time
period.60 At that meeting, actually a dinner hosted by Robinson,
Woodward shared his (correct) structure of strychnine.
According to Derek Barton, the competitive Robinson

looked at it for a while and cried in great excitement,
“That’s rubbish, absolutely rubbish!” So ever after,
Woodward called it the rubbish formula.60

But the essence of matter before us now is, Who should
receive credit for determining the correct structure of
strychnine? Clearly, this was an important chemical conun-
drum in the first half of the 20th century and is a classic in the
history of chemistry. Should the credit go to the person who
first proposed the correct structure, even if that person later
retracted his suggestion in favor of another structure? Or
should the credit go to the person who unambiguously and
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Figure 2. An excerpt from Robinson’s 1947 paper proposing 2 (the
top structure) for the structure of strychnine (1).12 At a lecture at
Columbia University in early 1947, Woodward was asked what he
thought of Robinson’s proposal of 2. According to Jerome Berson
who was present at the event,57 Woodward’s response was, “I regret to
say that this must be a figment of his imagination.”56
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steadfastly proposed one structure, the correct structure, even
though he was second to propose the structure?

As illustrated in Figure 1, Robinson employed a substantial
degree of spontaneity and hypothesis-proposing in his publication
strategy. Apparently, Robinson intended for his structural
suggestions to be just thatsuggestions, rather than firm,
definitive assignments. And apparently, the natural products
community of that era operated in that manner as there was no
onslaught of criticism against Robinson’s continuous series of
structure revisions.
We can even go one step further in this analysis: Robinson

began his career as a chemistry undergraduate in 1909, not
many years after the first steps in understanding of structure
and chemical bonds had been achieved. In the early decades of
the 20th century, guesses were much more tolerated in the
chemical literature than they were by the 1950s; certainly, such
speculations are not tolerated in today’s literature. Today, bold
conjectures are the norm only in settings much more informal
than in chemistry journals, such as in lectures at research group
meetings and perhaps at departmental lectures or professional
society meetings, especially meetings like the Gordon Research
Conferences and the Bürgenstock Conferences.
With this background, we now move to examine the views of

today’s scientific community in Ph.D.-granting institutions in
the U.S. regarding the allocation of credit for important discoveries
when ambiguous or even self-contradictory behaviors occurred.

4. MATERIALS AND METHODS. THE SURVEY
The survey was performed following the policies of and after
receiving approval from the Institutional Review Boards
(IRBs) of the University of Richmond and of Santa Fe
College. The survey respondents were all faculty members in
Ph.D.-granting institutions in the United States. Only Ph.D.-
granting institutions were included in the survey because we
were interested in examining the opinions of academics who
had been and likely were researchers. The survey was
programmed on the Qualtrics.com site and administered
online. The data were recorded in a simple tab delimited
file that was downloaded periodically. In accord with the
IRB guidelines of the University of Richmond and Santa Fe
College and our representation to the respondents and those
two IRBs, all identifying information was deleted from the data
set.
The survey consisted of 27 questions (referred to herein as

Q1, Q2, etc.). The survey was conducted by email to 2400
faculty or emeritus faculty members of chemistry, biology, and
mathematics departments as well as individuals associated with
either the IRBs or research integrity departments of Ph.D.-
granting degrees institutions in the United States. Ombuds-
persons, also referred to herein as “ombuds”, were also
included in the survey. Two hundred and eighty-seven
complete responses were obtained (a 16% response rate,
taking into consideration undeliverable emails), after cleaning
the data for short survey times and incomplete survey
responses. A 16% response rate raises the issue of nonresponse

bias, an important concern that was evaluated and discounted,
as discussed previously.61 Analyses were performed using
Statistical Package for the Social Sciences (SPSS). Where
possible, a Pearson’s Chi Square test of Independence62 was
used to determine the relationship between variables. There
are several instances where individual cell counts were below
the recommended level for this test. In its stead, the Fisher’s
exact test63 was used to calculate the likelihood of the
independence of the variables.
The question regarding the independence of groups is met

with the design of the survey. If a participant indicated that
they were a chemist, they were not asked if they were from
another discipline as well. The within-group independence for
who received credit is also addressed with the survey language
because participants could only select one answer when asked
who should receive credit.
In this research, the term validity is used to ask whether we

have accurately represented the thoughts of academic research
chemists. Bias can tilt the results of an experiment away from
the actual population values in a variety of ways. If only men
were surveyed or if surveys were only returned by people with
lots of time on their hands or by people who really like doing
surveys, then the results may not represent the population.
Well-researched survey practices were used to reduce bias as

much as possible. Notices and reminders were sent to prompt
reluctant respondents. The sample was drawn from publicly
available data with no regard for gender, race, or other variable,
and the data were tested for demographic differences. None
were found. Data were not collected on whether someone
likes surveys or had availability in their schedules. This does
not rule out biases, but there do not seem to be any obvious
issues.

5. RESULTS
The accumulated survey responses are shown in Table 1. The
question used in the survey was exactly as follows.

Professor A published the correct structure for a natural product.

Six months later, Professor A characterized his correct
structure as “inadequate” and “questionable” and stated
“feasible alternatives of a more complicated character have
been devised.” He then published an alternative (and
wrong) structure which he characterized as “the best
working hypothesis at present available.”

Shortly thereafter, Professor A changed his mind again, writing
“we revert, as the best hypothesis to guide future work, to an
earlier [and correct] structure... Several slight modifications
of this structure are feasible, and these have special
advantages and disadvantages, which must be discussed at
a later date, especially since it is probable that crucial
experimental tests can be devised.”

Two months later, Professor B published the correct
structure. Professor B was unambiguous in his conclusion,
saying, “The new evidence completes the inferential proof”
for what is the correct structure. Following Professor
B’s suggestion, the relevant scientific community, including
Professor A, considered the structure determination solved.

Who should be recognized as the discoverer of the correct
structure?

ACS Central Science IN FOCUS

Apparently, Robinson intended
for his structural suggestions to
be just thatsuggestions, rather
than firm, definitive assignments.
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6. BEING FIRST OR BEING STEADFAST: WHO
DESERVES THE CREDIT?

The respondents were presented a case that is as close as
possible (while still being comprehensible to the respondents)
to the actual events of the strychnine structure record, as
described in the above sections. Differences in who was given
credit for the discovery were tested using either a Pearson’s chi
square test for independence or Fisher’s exact test, depending
on whether the cell counts were sufficient for the chi square
test. Table 1 provides the question as presented to the
respondents and lists the results of the survey and the statistical
analyses of the data.
The major conclusions from the survey are as follows.

• Within each discipline and for all the disciplines
combined, there was no consensus as to who should
receive the credit for determining the structure of the
natural product, Professor A, or Professor B, or both.

• The majority (58.5%) of all respondents felt that Professor
A and Professor B should jointly receive the credit.

• Among those who chose either Professor A or Professor
B, chemists were significantly more likely to choose
Professor B, and nonchemists were much more likely to
choose Professor A (Person’s chi square value = 13.845;
p value = 0.000985). One might conclude that many
chemists have higher standards in credit allocation,
feeling that once an individual changes their mind, that
fact counters the earlier proposal, and that only the fixed,
definitive exposition counts.

• There is also a significant difference between chemists
and life scientists (Pearson’s chi square value = 8.86,
p-value = 0.011863); and chemists and mathematicians
(Fisher’s exact test, p-value = 0.012813). The reason for
the difference is not obvious but may be connected to
publishing traditions within those disciplines.

• Individuals who are or were ombuds or members of
IRBs and/or had conducted research in the field of
responsible conduct of research (RCR) mostly favored
giving credit to both, but among those who chose only

one, they very highly favored Professor A. In this regard,
ombuds and IRB members differed from chemists.

• A reader of an advanced draft of this paper asked,
“Could the “both” answer actually be an insightful
synthesis by the community of the difficulty of giving
credit? Or it could be that “both” is the sum of (a) a true
belief that getting to a structure is complicated, with
several competitors contributing, and (b) just being
conflicted on how to give an answer, they chose the least
decisive.” This is an interesting possibility. The survey
data were insufficient for us to make a distinction between
those two possibilities and a third possibility, that Robinson
and Woodward do jointly deserve the credit for their
own individual contributions. Unfortunately, individual
interviews would be required to determine the reasoning
underlying the respondents’ choices.

• There was not a single instance in which >70% of the
respondents (when n > 6 respondents) shared the same
opinion. Also of note: A portion of the chemists seems
to be more negative in assigning credit to an individual
who displayed ambiguity and more willing to credit a
person who was second but definitive. This distinction
may be influenced by the fact that the situation dealt
with chemistry, and the chemists are more familiar with
the peculiarities within their own discipline.

• The data revealed few demographic differences. No
demographic variables were significantly related to the
relevant questions in this paper.

7. STUDY LIMITATIONS
A 16% response rate raises the issue of response bias, a concern
that is reasonable and must be acknowledged. This study may
include a bias toward respondents who are willing and able to
complete the survey in a timely manner. However, we cannot
imagine how being a willing participant in a survey might bias
responses dealing with credit allocation. We note that the most
recent (2021) large-scale survey in responsible conduct of
research by Gopalakrishna et al.64 received immediate media
attention.65 These researchers sent out 63 778 email solicitations
and 6813 completed surveys (10.7%) were received. We cite this
response rate of 10.7%, not because our higher response rate
implies that we have addressed the response bias but rather to
give an indication as to the response rates obtained for other
RCR surveys. Our results are in the same range.

Another limitation in our research is that the survey was
limited to academics in Ph.D.-granting institutions in the
United States. We randomly chose the various institutions
from which email addresses were then obtained for all members
of the chosen departments. Thus, the survey addresses reflected
whatever racial and cultural distributions were present within
those departments and the individual propensities to complete

Within each discipline and for all
the disciplines combined, there
was no consensus as to who
should receive the credit for

determining the structure of the
natural product, Professor A, or

Professor B, or both.
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Table 1. Survey Responses to the Question “Who Should Be
Recognized As the Discoverer of the Correct Structure?”a

row percentages

total Prof. A Prof. B both

all respondents 253 27.9 13.6 58.5
How are chemists different from nonchemists?

chemists 85 14.1 21.2 64.7
all nonchemists 168 33.9 10.1 56.0

How are chemists different from specific disciplines?
life sciences 81 32.1 11.1 56.8
mathematics 46 34.8 8.7 56.5
medicine and health 6 16.7 0 83.3
social sciences including law 19 36.8 10.5 52.6
humanities 3 66.7 0 33.3
If chemists are removed from the data set, do other professional experiences

create a difference in who gets credit?
ombuds (nonchemists) 25 28 4 68
IRB membership (nonchemists) 32 43.8 9.4 46.9
conducted RCR research (nonchemists) 17 35.3 5.9 58.8
taught classes in RCR (nonchemists) 38 44.7 10.5 44.7
aSee text for more details.
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the surveys. One question asked the location of the respondents’
birth by continent. No statistically significant relationship was
found between credit assignment questions and this demo-
graphic-based question.
Very little research has been published on cross-cultural

differences in the attribution of authorship. Ren et al. found
that cultural collectivism is related to the willingness to give
unmerited authorship; however, this effect was mediated when
participants worked in an institution that was situated in a
culture that leaned toward individualismlike the universities
in the U.S.66 Fetters and Elwyn reported, in a study of a limited
sample, that the number of authors in Japanese medical
journals in the 1990s was significantly greater than in non-Japanese
medical journals. The authors attributed that observation to
“the Japanese penchant for “groupism” and limited individual
funding.”67 Since our survey was only sent to participants in
U.S. universities in which individualism is pronounced, we do
not believe that culture was a primary factor in these results,
especially in the decision by some respondents to prefer
crediting both scientists. However, we believe that cultural
factors in credit attributions, in particular, and in RCR issues,
in general, is an area ripe for additional research.

8. CONCLUSIONS
The following conclusions stem from this research:
There is great diversity among the respondents regarding

their judgments about credit issues. The diversity of the survey
responses has significant implications regarding range in personal
viewpoints on social, professional, and ethical situations. Perhaps
this suggests a need for clearer guidance and the development of
experiential precedents, just as in the law. Leiv K. Sydnes, former
president of IUPAC, has suggested that IUPAC take a lead in
hosting conferences and continuing its traditional role “in
scrutinizing statements and definitions to develop clear termi-
nology that enables fruitful discussions.”68

The survey revealed a tendency for chemists to have
somewhat different judgments from those of individuals in the
other disciplines. There appears to be an experiential bias
involved; i.e., for an issue involving chemistry, chemists are
better able to understand and weigh specific disciplinary
nuances in their decision-making processes. This reasonable
conclusion likely spreads to other discipline-specific issues that
occur.
For the situation in which the initial discoverer of the correct

explanation for a phenomenon changes his/her mind and
proposes another explanation, the majority of respondents
judged that that individual should share the credit for the
discovery with another individual who subsequently proposes
and maintains the correct explanation. Making the extrap-
olation from Professor A and Professor B of our survey to real
life, the majority of the chemist respondentsindeed, the
majority of the respondentsfelt that Robinson and Wood-
ward should share the credit for the structure determination of
strychnine.
A reader of an advanced draft of this paper commented,

“There are many places in the world around us when the
wrong people get credit in the mind of the public.” Our
response to that valid observation is that very thorough,
impartial historical analyses are likely necessary to uncover the
information necessary to make such judgments, especially
given the norm of multiple simultaneous discoveries.38,41 For
example, a 2007 historical analysis by Seeman69 contradicted
Gilbert Stork’s 2001 claim70−72 that the Woodward−Doering

total synthesis of quinine73,74 was a “myth”. That historical
analysis prompted Williams and Smith75 to conduct an experi-
mental study that further confirmed the viability of Woodward
and Doering’s reliance on Rabe and Kindler’s 1918 partial
synthesis of quinine from quinotoxine.76 Beyond historical
studies, it is interesting to note that the performing arts have
witnessed a number of creative works that address credit
determination (e.g., the play Oxygen by noted chemists Carl
Djerassi and Roald Hoffmann and the books Cantor’s
Dilemma77 and How I Beat Coca-Cola and Other Tales of
One-Upmanship78 by Djerassi) and other ethical and RCR
issues (e.g., the play Copenhagen by Michael Frayn).
Surveys continue to be an excellent source of insight and

information about a topic that is often judged by the RCR
criterion “accepted practices of the relevant community.”79−87

9. CODA
A reviewer wrote,

This is a difficult question and several answers emerged that
provided insight into how different communities assign
credit.... I understand that the authors do not want to
appear biased, but it would be good to have some statements
about what their thoughts are on who deserves credit or
whether the “both” option is indeed the correct one.

JIS’s Response. Today, I am a chemist-historian. I come
from a background of more than 30 years as a natural products
chemist with a bent toward mechanism and theory. I am not
surprised by this reviewer’s request. When I have presented
this or related RCR issues in my lectures, I am often asked for
my own opinion. As a historian of chemistry, I am extremely
careful to avoid any biases in my research, deep thinking, and
writing. But, yes, I have examined this question from my own
perspective and using my own values and sensibilities. I must
also say, I have no bias toward Robinson or Woodward.
I enjoyed a sabbatical year in the Dyson Perrins Laboratory
that was once Robinson’s; I enjoyed morning tea in the lounge
underneath a huge portrait of Robinson. I am a fan of his and,
of course, of Woodward (warts and all). I am also a purist. For
me, Robinson’s changing his mind and proposing an incorrect
structure, then reverting to the correct structure along with the
caveat “Several slight modifications of this expression are
feasible, and these have special advantages and disadvantages
which must be discussed at a later date...” means he’s lost his
place in the line. It is Woodward who is now alone in first
place. As for sharing the credit, well, the ambiguity in the com-
munity is enough credit for Robinson, in my view.

There is great diversity among
the respondents regarding their
judgments about credit issues.
The diversity of the survey
responses has significant

implications regarding the range
in personal viewpoints on social,

professional, and ethical
situations.

ACS Central Science IN FOCUS

https://doi.org/10.1021/acscentsci.1c01348
ACS Cent. Sci. 2022, 8, 672−681

678

https://doi.org/10.1021/acscentsci.1c01348?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


MCH’s Response. My degrees are in business and
anthropology, and I have many years of commercial experience
focusing on the identification and measurement of consumer
behavior and the translation of that data into impactful
decisions. However, I am an outsider to both chemistry and
history of chemistry. Most areas of academia have had some
controversy involving authorship, and I have spent the past
decade researching and discussing the topic in various forums.
I dislike the idea of splitting the credit, although I do not have
a worthwhile justification for my displeasure. Ideally, a
researcher emerges from the lab with definitive results and
proudly claims their reward. However, my academic research is
built with considerable help from colleagues, friends, spouses,
and even competitors. The question becomes, where we draw
the line for receiving credit. In this instance, we have one
researcher who had the idea, but did not stake his claim
unambiguously, while the second researcher was able to plant
the flag, so to speak. At the risk of rewarding boldness over
insight, I would give my gold star to Woodward, but if asked to
argue my point, I’ll retreat to the old standby of “it depends.”
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