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, i') Deeper Beneath
the Surface of the
Chemical Article
Richard G. Lawton and the [Yorbornyl Cation Problem

B R I A N  P  C O P P O L A

n his 1988 article [1] and 1995 book [2],
Roald Hoffmann looked "Under the Sur-
face of the Chemical A-rticle." In these,
Hoffmann examines the 'rvorkings of
chemistry that are not evident on the sur-

face of a printed page or a luminescent screen. He
provides an important semiotic analysis of horv
we represent and communicate scientific ideas

and the impact of these on scientifrc practice. As a

case in point related to
molecular architecture
and its understanding,
he describes the link
between mental im-
agery in the case of
bridged bicyclic mole-
cules and the opportu-
nity for intellectual
progress that accompa-
nied research in that
area of chemistry.

Hoffmann's per-

cold fusion or an exposed case ofmisconduct, as

exceptions that reaflirm our faith in the h'adition-

al customs. This confidence is rvarranted, but the

operations of science are nonetheless painted in

shades of gray rather than the clear contrast of

black ink on a l'hite page.

Beginnings of a Life in Science
In this essav. I n'ill look under the surface of a

chemical article at a

story involring one of

: my colleagues at the

University of IIichi-

gan, Richard G. La'w-

ton. The biographical

aspects of Professor

Lanton's storT are an

interesting glimpse in-

to one indiridual's

pathrvay into science,

and they also proride

a crucial lens through

nhich the develop-

ment of ideas and ac-

tions should be l'ierved

in order to understand the picture "beneath the

surface" and horv it impacts scientihc practice. In
1945, as an 8-year-old boy in Berkeley, Califor-

nia, "Richie" Lawlon asked Santa for a chemistry
set, specify.ing "a chamistre set...a five dollar one
and don't forget it" [5] (Fig. 1). By the time he rvas

in junior high school, he had been taken under
the rving of Professor \\'illiarn Dauben at the Uni-
versity of California at Berkeley. As a high school
senior, La*ton received an Honorable }lention
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spective is not limited ,, 
ttl

to journal articles. Any- .nd S
one rvho has done re- , 

't' 
i#

Aichad Lawton at lhe

UniYeqity ot Calilomla at

8e*eley in lhe 1950s.

search for the Ph.D. degree rnould readily agree
that there are important aspects to scientific prac-
tice represented, for example, in the difference
betrveen the day-to-day workings ofyour research
project and the n'ritten thesis you ultimately pre-
sent. Scientific priority is strongly linked with pub-
lication, and its attribution plays an important role
in a range ofpersonal and professional practices.
l\re all use noten'orthy negative examples of prac-
tice, such as the pless conference announcing
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Fig. 1. A rcquesl to do

chenistry ln 1913.

(Counesy ol prcfessot Lawton.)

Fig. 2. The need to Neparc

intemediate Vl, ased ln a

biogenelically patlened

synlhesis in the slrychnine-

cunrc alkaloid seiles, also

contilbuted to lhe nubonyt

cation prcblen. fieNlnted with

kind pemission frcm Elseviel

Science Ltd., copytight 1996,

fhe Boulevad, Langtotd Lane,

Kidlington 0X5 rc|, U.K.)

in the 1952 Westinghouse Science Talent Search.
Between 1952 and 1956, Richard G. Lawton at-

tended UC-Berkeley as an undergraduate, and
his 1956 undergraduate thesis, with Elliot
Bergman, was titled ,,lligratory Aptitude of the
Trifluoromethyl Group." Instead of immediately
enrolling in a graduate program, Lawton worked
at the trIerck Company (Rahrvay, New Jersey) for
one year prior to a call fronr the U.S. Draft Board
in 1957. From 1957 to 1959, after basie training,
he rvorked as a chemist at the Walter Reed Army
Institute ofResearch.

In September 1959, Lawton enrolled in the
graduate program at the University oflVisconsin
at Madison, rvhere he earned a ph.D. in 1962.
One of his first projects in professor Eugene E.
van Tamelen's laboratory was the biogenetically
patterned synthesis of the strychnine systetn via
the intermediates sholrrn in Fig. g (as presented
in the original publication) [4],

First Itigresslon
Gortler [5] and, more recently, Roberts in The
Chemical Intelligencer [6] have outlinerl a history
of the early physical organic chemishy era in the
United States. Between roughly 1925 and 1g40, a
small comrnunity of chentists at six institutions
were the primary caretakers of the early clevel_
opment of this ernerging fielcl. The eleetr"onie
theory of organic reactions was reasonably ma-
ture by the mid-1930s, as eviclencecl by the rlevel_
opment of the nolv-lanriliar ,,ettrved-auow" for-
malism. Devising ways of unclerstancling
reactive intermediates and meehanistie path-
ways is a lasting legacy of the physical organic
era. In 1939, the first speeulative structure (Fig.
5A) [fl of what woulrl become knovm as a non-
classical carbonium ion was published. In his
1965 collection of papers, Nonclassical lons,
Bartlett elected not to reproduce this nearlv un_

recognizable representation in favor of the more
contemporary version (Fig. 58) [8]. In his pref_
ace, Bartlett notes that he protested ,,for years
against the inappropriate name ,nonclassical
ions,' put that he was] overruled by general us-
age and [has employed] the term because ol.its
extreme familiarity." By the mid_1940s, the non_
classical ion problem had attracted the interest
of the still-growing physical organic chemisrry
community [5,6,9]. perhaps more accurately, the
growing flux of creative physical organic chem_
istry was so stunning that it drew the attention of
experimentalists and theorists alike. The experi-
ments designed to examine these solvolysis
problems still stand as some of the most inteli."-
tuallyrigorous investigations ofthe last 50 vears.

Making Connections
In 1960, during the beginning of Lawton's second
year of graduate school, Saul Winstein gave a
seminar at Madison about the nonclassical ion
problem [10]. The rate o[ loss of chiralitv in the
solvolysis of a norbornyl system (via an achiral
intermediate) was part of the evidence used ro
support the nonclassical ion structure. Winstein
noted the formation ol the two enantiornetric
products as the only possible outcomes (Fig. +)
[11] in the solvolysis of norbornyl systerns. Ed
Kosower, an assistant professor at Madison at the
time, asked why the catiotr eoukl not be iuter_
cepted to form any other produets. lVinstein
replied that there were sirnply no other r.ealistie
possibil i t ies beyond the two enantiorrrers. au an_
swer refleeting the wealth of experirnental cvi-
dence that only the raeeurie rnixture was evef
observed.

Questioning the assumptions in a staternellr
the way that noviees often do, Lawton inta,ciueel
an alternativer the nueleoplrilie attaek at th! pri_
mary earbon that woulcl release the eyclopen-
tenylethyl derivative (nS. 5). Of eourse, others
hacl eonsidered this possibil i ty and its inrpliea-
tion: that the eyelopentenylethyl clerivative ntlght

v t

{ P R r L  l g s e  4 l

I Y

CN
T \ J
\ J I

unl

CEr



(l).
Fig. 3. Two dittercnt

rcprcsenlations lil the

isobornyl calion: (A) as linl
'rcpofled 

in 1g3g and (8) as

rccast in 1965. IPemission

to rcNint (A) granled by

The Boyal Society of Chenislry,

Canhildge CB4 4Wl, U.K.;

pemission lo rcpilnt (8)

gnciously granted by lhe

publisheLl

Fig. 4. The slruclwe ol the

b i cyc I o t 2. 2. 1 12- h e ptyl

(nubonil) caftoniun ion, as

rcNesenled by Winstein and

fritan in 1949. (Beprinted with

pernission. Copytight 1 996

Anerican Chenical Society.)

solvolyze to the norbornyl cation. But second-
year graduate students from another area ofre-
search would not be inclined to know that VVin-
stein had drarvn the cyclopentenylethyl cation in
1951 (Fig. 6) [19], nor the fact that Paul D. Bartlet-
t's group, at Harvard, had begun working on the
synthesis of the required cyclopentenylethyl pre-
cursor in late 1960 [15]. The third volume of Olah
and Schleyer's Carbonium lons series [14] is an
excellent resource on the early history of zr-par-
ticipation in nonclassical carbocation chemistry,
including Sargent's [14, p 1101] important discus-
sion of the evolution of representations used by
\lrinstein for the norbornyl cation structure.
Bartlett's masterful selection of papers for the
beginning of Nonclassical lons also summarizes
the signihcant intellectual and historical connec-
tion between early z'-bridged (homoallyl) carbo-
cations and other neighboring-group-assisted
structures such as the bromonium ion. However.
the formal conceptual use of the term "a'-route"

rvas not codified by \Yinstein until 1961 [15].
Not only did Lawton see the cyclopen-

tenylethyl pathrvay alternative, he already knerv
ho'w to prepare the precursor. During the course
of rvork on the strychnine problem, the alk/a-
tion of ethyl ethylcyanoacetate rvith 5-cyclopen-
tenyl tosylate was used to prepare the intermedi-
ate labeled YI in Fig. 7. Lanton performed the
alkylation reaction rvith the parent nucleophile,
ethyl cyanoacetate, as a "bootleg" project during
the first part of 1961 (Fig. 7). By the end of a
three-rveek period, Larfion had prepared multi-
gram quantities of the cyclopentenylethyl alco-
hol that rvas a derivatization away from the
solvolysis experiment (Fig. 7). About this time,
Larvton informed van Tamelen about his activi-
ties on this project, and van Tamelen gave him
"encouragement and permission to pursue the
experimentation independently, as the sole in-
vestigator" [16]. Eugene van Tamelen also wa-
gered with Lalrton, in the amount of one dollar,
that the molecule would not close to the nor-
bornyl structure. Both the p-bromobenzenesul-
fonate @rosylate) and p-toluenesulfonate (tosy-
late) derivatives were oils, hence difficult to
purify. Preliminary solvolysis experiments were
performed by dissolving the brosylate in acetic

acid and letting the solution stand at room tem-
perature. Later on, rate experiments, whieh are
best done with highty purified materials, were
performed with the crystalline p-nitrobenzene-

sulfonate (nosylate) derivative (see "R" in Fig. Q.
Van Tamelen was away from Madison when

Lawton performed the solvolysis experiments, In
fact, he \eas at UCLA. as part of their seminar se-
ries. Before he gave his presentation, he received

a phone call from Carlton Placervay, the gradri-

ate student on whose work he rvas reporting.

Placeway had been directed by van Tamelen to
call if the synthesis he was rvorking on was com-
pleted so that the results could be included in the
seminar. During the phone call, Placervay also
informed van Tamelen that Lawton had per-

formed some preliminary solvolyses and that the
cyclopentenylethyl p-nitrobenzenesulfonate had,
in hot aqueous acetic acid, completely closed to
racemic nortlornyl acetate. Although these
solvolysis experiments were not part of van

Tamelen's original plan for his presentation at
UCL{, he did include them in his discussions
rvith the faculty, and especially rvith Saul \\rin-

stein. In addition to paying off his bet rvhen he
returned to Nladison. van Tamelen advised Larv-
ton to obtain rehned data by learning horv to do
more precise solvolysis rate experiments be-
cause they lvere, indeed, important. Acetolysis

studies using the cyclopentenylethylp-nitroben-
zenesulfonate ryere run in Harlan Goering's lab-

oratories in Nladison, ll'here Lalrton learned the
appropriate experimental techniques.

According to Lawton, the three-dimensional

orbital representation used by Streihvieser (Fig.

8) [1fl lvas in his mind as he listened to the ex-

change between Kosorver and \lrinstein. Streit-
'lvieser's model rvas not the only orbital picture in
the literature, either. Roberts, rvith the assistance
of M.J.S. Dewar, formulated a "nortricyclonium

ion" representation in 1954 (Fig. 9) [18].

Second Iligression
Paul D. Bartlett's group was, of course, trying to
make a cyclopentenylethyl compound in order to
test the same idea. The cyclopentenyl sheleton
had already been incorporated into a more elab-
orate architecture by Winstein [19], rvhere

- l +
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Fig.5. Ptoposed captarc ol

the Noftomyl calion lo give lhe

cycl o p e ntenyl ethy! d e ilvatiye,

as yisaalized W Larton duilng

Winistein's | 960 seninar.

Fig. 6. As eaily as t95t,

Winstein lntrcduced the thittl

dashed line into the norbony!

catlon Io account lot the

contilbution hon the

cycl op enlenylelhyl cati on lom.

(Repilnted uilh pemlssion.

Copyright 1996 SociaIE

Frangaise de Chinie.)
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transannular participation was confirmed. but
the intellectual and aesthetic significance of ac_
tually closing a monocyclic precursor to the
archetypal norbornyl system was compelling. At
about the time that Lawton transformed a sub_
stantial portion of the alcohol to the crystalline
nosylate, Shelton Bank, then a postdoctoral stu_
dent in Bartlett,s group, was completing his
preparation of the cyclopentenylethyl alcohol
and its tosylate derivative [15].

Firct Convergenci
\\rhen van Tamelen returned from UCt A. he car_
ried a request from \l'instein to Lawton: could he
(tltnstein) present the results from Lawton,s
solvolysis experiments at the upcoming Ameri-
can Chemical Society (ACS) meeting? On March
18, 1961, Lawton lvrote to Winstein (Fig. 10) [20],giving him permission to discuss his results.
Lawton describes the initial solvolysis ofthe bro_
sylate and his.,[to] be completed soon" rate stud_
ies on the alcohol and other sulfonates.

The abstract for Bartlett's invited presentation
("Factors Alfecting the Behavior of Carbonium
Ions') at the meeting is a single sentence and un_
revealing, rvhich is not surprising given the lead
time required for printing and the dynamically
changing face of the carbonium ion landscape
dwing this period: ,.Factors alfecting the behavior
of carbonium ions will be discussed' [g1]. Bartlett
spoke in the second oftwo sessions organized and
presided over by Harold Hart (Nlichigan State Uni_
versity). Hart's main intention was ,,to have the
main protagonists (antagonists?) in the non-clas_
sical ion controversy, Herb Brown and Saul Win_
stein, appear on the same platform, each state his
case before a live audience and in the presence of
other distinguished scientists, especially paul
Bartlett, who might help to resolve the differ_
ences' [92]. According to Hart and his colleague.
G.J. Karabatsos, Bartlett not only presented S;el_
ton Bank's results from solvolyzing cyclopen_
tenylethyl tosylate to the norbornyl products but
also presented rate-enhancement data fuom
methyl substitution on the double bond. Karabat_
sos 'has sitting next to Ned Amett who, at that
moment, leaned over and whispered ,and still the
champ'.'These experiments certainly did not set-

tle the active discourse on the nonclassical ion
question, or the norbornyl system specifically.
The actual rate accelerations found by Lawton
and Bartlett and Bank were quite modest. It was
only appreciated later through Schleyer's re_
search that z.-participation had to compete with
rather large solvent participation [25].

No one from the 1961 St. Louis ACS Meeting,
which ended on Thursday, March 30, carried the
information about Bartlett's results back to Nladi_
son. On April J, 1961, Lawton submitted his man_
uscript [24] as a communication to the fournal of
the American Chemicat Society [20], which was
received and accepted on April 6, 1961 (Fig. 11).

Sometime between April 5 and April 9, 1961,
part of the news of the events at the ACS meeting
reached Madison. On April 10, 1961, Lalvton
lwote to Bartlett to inform him that he had per_
formed this reaction independently (Fig. 19) i201.
lYhether or not this was the first time that Barilett
became aware of Lawton's results is unknolyn_
there is unfortunately no account ofhotv or rvhen
Winstein elected to speak of Lallton's results. al_
though he (tYinstein) was a member of Hart,s
morning session during the daylong symposium.
Bartlett's reply to Lar'fton, sent from Cambridge
on April 18, 1961, indicates that a future commu_
nication is planned, as are additional experi_
ments (Fig. 15) [90]. As will become even more
appa.rent later, the Lawton_Bartlett correspon_
dence points to &e (expected!) differences thar
can arise between the historical record (as pre_
sented in published works, which rely on submis_
sion dates, public communieation, and the inter-
pretation by lwiters) and the events that
occurred, exemplihed wonderfully in this case,
by the simultaneous and independentwork of sci_
entists in different locations. In particular, Law_
ton, for whom the news of Bartlett's work came
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Fig.7. neaclion pathway used

in the original synlhesis ol a

strychnine intemediate

(Vl in Fig. 2) and lhe "bootleg"

pruiect rcsulting in

cWl opentenyl ethyl al cohol.

Fig. 8. Streitwieser's 1956

afiilal rcprcsentalion lol

lhe nofionyl calion.

Fepilnted with pemlssion.

Copyright 1996 Ameilcan

Chenical Society.)
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Second Gonvergence
In 1961, Satoru N{asamune, a postdoctoral student
in the van Tamelen group, and Lanton speculat-
ed on the proposal that the bicyclo[5.2.1]octyl sys-
tem [26] that n'as being studied by their colleague,
Harlan L. Goering, should be accessible via clo-
sure of the cycloheptenylmethyl brosylate in a
rvay analogous to the cyclopentenylethyl closure
to the norbornyl acetate (Fig. 15) [2fl. Nlasamune
knerv, because he rvas arvare of Gilbert Stork's
slnthesis of cycloheptenylcarboxl'lic acid [28],
how to prepare the alcohol precursor. Together,
he and Lanton synthesized the corresponding
brosylate, performed acetolysis reactions, and
measured rates for the closure relative to the
solvolysis of the saturated cycloheptylmethyl ana-
logue. The first-order titrimetric rate of the brosy-
late in 0.02 XI aqueous acetic acid containing sodi-
um acetate (0.022 NI) lvas ft = 0.645 x 10's'at 6l
'C, which rvas 101 times faster than that of the sat-
urated compound. Horvever, their Communica-
tion to the ,Ioarnal rvas rejected on the basis of the
fact that this closure had already been perforrned
and published in 1960! Almost incredibly, neither
Lawton's nor Bartlett and Bank's solvolysis reac-
tion of their respective cyclopentenylethyl com-

2) KOTVETOH
3) decarboxylation
4) LiAlHl
5) neutralization

after the submission of his communication. vali-
dates the general historical priority that the sci-
entific community affords to accepted publica-
tions in peer-revierved journals. Bartlett, from
n'hose perspective Lawton's results follorv the
lvork done by his group at Har-r'ard, refers to Larv-
ton's results as "a decided improvement in ele-
gance," a rvay that he, arguably tacitly and cer-
tainly rvithout malice, advances the ernpirical
priority of his ovrr group's rvork.

On April 27, 196l, Lanton was sent a note
from Assistant Editor to the Journal Nlarshall
Gates in which Gates informed Lanton that "rve

have just had a manuscript covering closely re-
lated rvork from Dr. Paul D. Bartlett rvho asks
that his paper be published simultaneously rvith
yours...Unless you object, rve intend to arrange
for simultaneous publication..." [20]. Although
on April 97, according to Gates'letter, there lvas
time to publish the communications simultane-
ously, this did not occur. There are no authorita-
tive accounts for lvhy these manuscripts did not
end up published together, but the most straight-
forlvard scenario, suggested by Hart [22], 

"is that
La$ton's manuscript had already been sent to
the printers (Easton, PA)." In the N{ay 20, 1961, is-
sue of the,Iournal,Lavtton's paper appears unac-
companied. The communication from Bartlett
and Bank appears in the next issue of the Jour-
nal, dated June 5, with the notation that the man-
uscript was received on April 24, 196l [25]. The
Iast paragraph in Bartlett's published communi-
cation begins with the following sentence: "The

present ring closure has been investigated inde-
pendently by R.G. Lauton of the University of
Wisconsin," along lvith a reference to the com-
munication that had appeared in the previous is-
sue. Fittingly, one of the first reprint requests to
Lawton came from Saul Winstein (Fig. 14).
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IoP: Bichad Lauton in

Wisconsin ln BBA.

n'Gtfi: Richad Lavton

(cenler) ahoul 1961.

Fig 9. fhe 1954
"nonilcyclonian ion"

tomulated hy nobeils and

Dewar. (Reprinted with

pemission. Copytight 1 996

Ane rica n Che ni ca I Society. )

pounds is the hrst published example of a simple
transannular zr-participation closure of a mono_
cyclic to a bicyclic system, although none of these
scientists knerv, in early 1961, ofthe previous lvork.

Third Iligression
Genevidve Le Ny, one of Hugh Felkin's first D.Sc.
students, had already published the closure of
the cycloheptenylmethyl compound to the bicy-
clo[5.2.1]octane (Fig. t6) in Comptes Rendus in
late 1960 [99]. Le Ny's thesis (C.N.R.S., 1964) .rvas
primarily concerned nrith the reactivity of cy_
cloalkylmethyl compounds (reaction rates, ring
expansions, etc.).

Felkin rwites [50]:

The larger cycloalkylmethyl compounds rvere
made via the corresponding cycloalkenyl car_
boxylic acids (incidentally, rve at first had
some difliculty in making these acids in rea-
sonable yields, but this difhculty was over_
come when Gilbert Stork came to our lab in
the 1950's and was kind enough to shotv us
how to do it). Since rve had these unsaturated
acids, I told Mme. Le Ny it would be a good
idea, as a side line, to look at the correspond_
ing unsaturated brosylates to see if theywould
lead to bicyclic compounds via double bond
participation. So she did, and they did, and I
wrote the paper (including the misnaming of
the compound in the title).

At the time, Flench D.Sc. theses were con-
sidered to be better, and more acceptable, if
only the candidate,s name appeared on any
preliminary publications. Moreover. I then
considered that only the names of those who
had actually physically done the work should
appear on the resulting paper (later, friends
and colleagues convinced me that this attitude
was irresponsible, since it made it look as

though I was not prepared to take responsibil_
ify for the results; consequently, only about 50
papers from my lab do not bear my name).

Interestingly, the similarity between Lawton's
and Le Ny's work is not limited to the chemical
results: both results rvere the product of,,side"
proiects, and both publications appeared with
the student as the sole author. Given the fact that
the Le Ny paper appears in Comptes Rendus, itis
conceivable that the French publication lvould
not be noticed immediately by scientists in the
United States. The hrst published reference to Le
Ny's work appears to be in a 1g61 paper by \lrin-
stein and Carter [51] (received September 5,
1961) that had been presented at a meetins in
early August.

Regardless of the empirical or presentational

priority, interpretation of the publication record
(publication priorifi.) constitutes the lvay in
which scientists ultimately chronicled the events
of simple n-participation. ln Nonclassical lons,
Bartlett codifies history through the ordering of
papers and in the informal commentary he pro-
vides [39]: 

"Lanton extended the method of Le
Ny and Winstein into more familiar ground: he [a
felvrveeks ahead ofBartlett and Bank] generated
the norbornyl cation by the solvolysis of..." In
1972, Felkin, Le Ny, and coauthors [J5] began a
full report of the earlier solvolysis lvork done by
citing papers by Winstein [19] and Le Ny [29] as

*
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the basis on rvhich the a'-participation reaction
was extensively studied: "Mellards, this reac-
tion lvas studied extensively and is now rvell
knol\rn." The trvo notable exceptions to this in-
terpretation are in Bartlett's original paper (as
described earlier) [25] and in Winstein and
Carter's paper [15] in which Le Ny lvas hrst cited.
\Yinstein had a clear knowledge of the indepen-
dence of Le Ny, Lawton, and Bartlett and Bank's
rvorks, and he does not order the events for us,
nor imply an order, based on the publication or
submission dates.

Fourth Iligression
The appearance ofscience, as presented publicly
and in retrospect, has alrvays been distinct from
the generally nonlinear operations of science. I
have introduced terms such as presentc,tion pri-
ority, empirical priority, and, publication priority
to help label some authentic distinctions in the
way scientists think atlout how scientific results
are communicated and credited. As rve enter the
twenty-first century, access to the Internet en-
ables any individual to conveniently present
work to the world lvithout anv intermediate arbi-

tration. In many ways, this will have an impact
on our understanding of the history of scientific
discoveries in the future. Peer-reviewed venues
will continue to serve to codify the chronology,
regardless of the medium, but the distinctions
between what appears on and under the surface
of that medium will become more complex now
that individual scientists have access to nearly
instantaneous and lvorldwide presentation. The
question of whether this access is a right or a
privilege is also significant.

Last Digression
A handful of exceptional stories of remarkable
discoveries tlpically consdtute the understand-
ing of scientifrc culture shared among scientists.
In the 1990s, for instance, tales ofthe discovery of
fullerenes pervade our collective conscious.
Lawton's paper reporting the cyclopentenylethyl
closure is barely a page long and contains ap-
proximately 550 words. The paper has been ap-
propriately cited over the years, and Lawton's
lvork is more integrated into the fabric of chem-
istry than are many other discoveries. Indeed, a
portion of the story is sometimes told during the
physical organic chemistry course at il{adison

[5a]. The faet that there is an extensive and inter-
esting background story is not unusual. The fact
that this story is not ll'idely knorm today is not
unusual either. The fact that so ferv of these sto-
ries are knorrrr, horvever, is unfortunate. Stories
beneath the surface of science need to be told-
even rvhen the account is not, to borrolv a mild
criticism from a referee of this essay, about a
"key development" and the individual is not a
"major player on the scientific stage." Over the
years, the fundamental narrative nature of our
science has become less and less familiar to us
except in our o$Tr efforts to suppress it. Holv
many of these stories do you knorv? Horv many
have you told to your students? The emeritus and
near-emeritus faculty in my department tell sto-
ries about a community of science that often
sound like the recollections you might hear at a
family reunion. Their stories are fundamentally
different from the stories my younger colleagues
tell, rvhich are more often like yellow journalism
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or one of those Iate-night television*magazines,,'
dominated by tales of rvho did what to nhom,
and for how much. Atthough I can dismiss some
of this difference as being due to misty-eyed,
rose-colored nostalgia on the one hand, I cannot
ignore the general illiteracy (and even disdain)
of the broader issues of scientific culture that I
have observed firsthand in so many individuals.

Herschbach has maintained that rve do re-
search according to paradigms but that n'e teach
by parables [55]. Although he rvas specifically re-
ferring to undergraduate instruction, Hersch-
bach's comment is equally correct for graduate
and faculty eommunities. Tribal knorvledge and
the fundamental metaphors of any culture have
historically relied on oral rather than rwitten his-
tories. But it only takes one generation to forget
or neglect them, and then oral histories are gone.
In chemistry instruction, and in science instruc-
tion in general, even the most n'idely accessible
historical anecdotes have decayed to the point of
becoming off-to-the-side comments in introduc-
tory textbooks, generally located in easy-to-ig-
nore sidebars or shaded boxes.

All disciplines n:restle rvith the issue of the dif-
ference betrveen w'hat is ultimately presented to
the rvorld, in rwiting or othenvise, and the depth
beneath the surface of that representation. In fact,
appreciating the distinction befiveen,,informa-
tion" and "meaning" is a characteristic of learning
anlthing. Our colleagues in music departments
care deeply about the life behind the notes and di-
rections that comprise a musical composition; our
colleagues in language departments have the cus-
tom of exposing young .ru'iters to more experi-
enced ones in order to specifrcally examine the
process of developing an idea, through drafts, to a
publishable literary piece. In chemistry, depend-
ing on the custom in one's research group, tve do
a reasonably good job of bringing graduate stu-
dents (and sometimes undergraduates) into the
current culture of professional .writing. On the
other hand, rve tend to restrict ourselves to trial
and enor as the sole method, and tve have, as ar-
gued earlier and elselvhere [56], systematically
disintegrated much of the historical, philosophi-
cal, and othenvise sociological dimensions of
lvhat lve do from how tve educate.

Horv do we reintegrate history, philosophy,
linguistics, and sociology ofscience into the edu-
cation of undergraduates? Textbook sidebars and
other lessons that are isolated from the science
are, at the least, naive strategies. On the other
hand, intergenerational transfer of the operations
of science is a reality. There are other responsi-
bilities beyond the operational ones that rve do
not even realize we have, ones involving the oth_
er oral and lwitten traditions, precisely because it
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takes only one generation to lose them. Recently,
a group of colleagues at the University of X{ichi-
gan chemistry department has been learning to
reveal the depth beneath the chemical article to a
relatively large number of undergraduates. As
part ofa structured study group program for first-
year students, the 1S61 Communication by
Richard G. Larston rvas handed out in early No-
vember to be read and discussed under the su-
pervision of upper-level undergraduate leaders

[5{. The ultimate objective rvas for each group of
15-20 students to develop and refine a set ofques-
tions as though they rvere going to meet urith the
author, lvhich, of course, they did. On an after-
noon in early December, 80 of 190 first-term,
first-year students lvere able to meet with Profes-
sor Lawton for trvo hours and ask their questions.
They heard about the strychnine, the delayed
publication, and the dollar. They heard it as nos-
talgia and as the way people can be motivated by
the science. They wanted to know even more
than they had prepared for. With equal fervor,
they rvanted to know if Lawton still had the dollar
he won (he does) and rvhether a triple bond could
zr-participate lvith two different electrophiles in
the same rvay that a double bond can participate
with one. They lvanted to know rvhat the "A"

meant. Since Lawton reported the hve-mem-

bered ring case and Le Ny reported the seven-
membered ring case, they also rvanted to knorv
lvhat the results from the six-membered case
were. A group of 80 first-year, hrst-term chem-
istry students *^anted to know.

Horv many of these stories do you knorv? Horv
many have you told to your students?

\4hat else lies beneath the surface of these
contemporary parables?

Another story for another day...
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