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ABSTRACT: During the course of this interview Charles Price
di scusses his life and career as a chemst. Initially, he
recalls his childhood, early education, and undergraduate life
at Swarthnore College. Price then speaks about his teachers
and col | eagues at Harvard University where he did graduate
wor k. Consi derations about his work at the University of
Illinois, his first faculty appointnent, and research for the
Nati onal Defense Research Commttee during the war, follow.
Price explains why he assunmed the chairnmanship of the
departnent of chem stry at the University of Notre Dane and
why he convened the first Conference on Organic Reaction
Mechani sns, a |l andmark in the devel opnent of physical organic
chem stry. Price elucidates his research at Notre Danme and
then at the University of Pennsylvania where, as chairnman, he
hel ped to rebuild the departnment of chemistry. The interview
concludes with Price discussing his nore recent chenica
research, the current state of physical organic chemstry, his
famly, and his political and sporting activities.

I NTERVI EWNER:  Leon Cortler is a chemist with an interest in
hi story. Born in 1935, he attended the University of Chicago
and then received his doctoral degree fromHarvard. After
doi ng postdoctoral work at Berkeley for a year, he began
teaching at Brooklyn College in 1963. Ten years later, he
becane professor of chem stry. He has since coauthored two

t ext books about organic chem stry. Both his historical and
scientific research focus upon physical organic chem stry.
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| NTERVI EW Charles Price

| NTERVI EVED BY: Leon Gortler

PLACE: Uni versity of Pennsyl vani a

DATE: April 26, 1979

CGortler: 1'd Ilike to start with your childhood and hear about

t he ki nds of things that m ght have induced you to becone a
scientist and to | ead an extrenely active career. Wile
readi ng about your various activities, | becanme exhausted.

You were born in New Jersey in 1913. Tell ne
sonet hi ng about your famly, about your brothers and sisters.
Were you not the first child in your famly?

Price: | was the first of five. | had three sisters and a
br ot her.

While still quite young | felt pressured to becone
either a doctor or an engineer. M grandnother, Sarah
Shoemaker Farley, wanted ne to beconme a doctor. Her husband

and son were MD.'s. Wen | lost ny hand at the age of six,
however, she realized that | couldn't becone a doctor. | had
had no desire to take up that profession anyhow. The second
pressure cane fromny father, who was an engineer. It

affected ny brother; he becane an engineer. Furthernore, |
t hought that when I went to college | would becone a chem cal
engi neer.

Gortler: You already had those | eani ngs?

Price: I was certainly |leaning very nuch towards science.
Wien | was at CGeorge School, | took all of the science and
math that | could. Those were nmy favorite subjects.

My grandnot her al so influenced ne. Even though I
never becane a doctor, she helped nme to appreciate the

bi ol ogi cal sciences. Wile still in grade school, | I|ived
with her for a year or two and went to all kinds of biol ogical
club neetings with her. So, | got exposed to biol ogical
sci ence when very young.

As you see, | was naturally inclined to go into

sci ence and received encouragenent to do so. One person, not
yet nentioned, influenced me to beconme a chemst. He, Jerry
Creighton, was ny professor at Swarthnore. He was quite an

i nteresting physical chem st who had done a | ot of electro-
chem stry. He had witten a major textbook on el ectro-

chem stry and had filed the patents that Atlas used to reduce
sugars to sorbitols. He said, "There's no sense being a

chem cal engineer. You might as well study chem stry, and if

you still want to be a chem cal engineer you'll be a better
chem cal engi neer.™ So, he steered nme into chem stry.
Needl ess to say, | never went back to chem cal engineering.

Jerry Creighton had a very interesting phil osophy
about recomending his chem stry majors for graduate school.
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He did not recommend themto the sanme graduate school. He
said, "The best one of you will get an assistantship or

schol arship and the other three won't get anything." There
were four chem stry majors who graduated with ne from
Swarthnore. He therefore made us draw |l ots for the big three,
Harvard, Princeton and Yale. | drew Princeton. The fellows
who drew Harvard and Yal e got assistantships, but |I didn't
hear fromPrinceton until a nonth before the fall senmester was
to begin. By then | was enrolled at Harvard.

Let ne tell you how ! finally went to Harvard. At
that tine, Swarthnore had a system of outside honors exans.
Louis Fieser, the other major influence on ny career, was ny
out si de organic examner. He found out that | had no
assi stantship or any other formof financial assistance to
fund ny studies at graduate school. Qbtaining support was
quite inportant for ne because the country was suffering then
fromthe effects of the Depression. Fieser apparently |iked
what | did for himon the organic examand at the orals
because | was offered a scholarship to go to Harvard two weeks
later. | hadn't even applied for it. | decided to accept the
schol arship and, of course, to work for Louis Fieser.

CGortler: Did you decide to work for himbecause he'd been
your exam ner, or did you | ook around when you got to Harvard.

Price: Well, | looked around a little bit, but | was very
grateful to Louis Fieser for what he'd done for ne, and ot her
t hi ngs being equal, | was going to work for him

Gortler: | guess that the other organic chem st, Bartlett,
got there about the tine that you did and that he was young.
Price: Bartlett and Kohler were there.

CGortler: That's essentially it, | think, because Conant had

j ust becone president.

Price: He was president. | was interested in physical

chem stry approaches and had an interesting interview with
Louis. He gave ne all of the synthetic organic things to do
and | kept saying, "Yes, yes, what else?" After giving ne
hal f a dozen organic synthesis problens, he finally assigned
me one on the nechani smof addition and substitution of
bromne with aromatics, particularly the phenanthrene ring
system | junped at that, because it was nore nechanistic. O
course, | got a lot of help from Paul Bartlett, because he was
wor ki ng on bromi nation at that tine. Louis was my supervisor,
however, and | did a |lot of synthesis, to make substituted
phenant hrenes in order to neasure the effect of different
substituents on the reaction. Tw ce a day, every norning and
afternoon, Louis would cone into the |ab and ask, "Wat's
new?"

Gortler: That's the way he ran his group?
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Price: That's the way he ran his research group. He cane
around tw ce a day, norning and afternoon, and his first
guestion was, "Well, what's new?"

CGortler: Did you feel that you had to have sonething for hinf
| guess you did. There's a story that goes around, nmaybe a

| egend, that you bet Fieser that you could finish up in two
years.

Price: | don't know whether | bet him but | did finish.
Gortler: Yes. | knowthat you did. It was an absolutely
incredible feat.

Price: Well, | had an excellent start, being in the honors
program at Swarthnore. | also did work pretty hard and | had
a lot of luck. You ve got to have luck in research to have
things fall into place. It all did fall into place very well.

Cortler: Let's go back a little before I return to that
period at Harvard, which is the period upon which I want to
concentrate. Tell nme alittle bit about your father's

i nfl uence upon you, and about your growing up. | guess you
grew up in Passaic?

Price: No. My nother and father lived there in an
apartnment only during the first year or two that they were
married. They noved to Elizabeth shortly after that, and then
to Summ t, New Jersey.

At that tinme, ny father had great anbitions. He was
a hard-driving, entrepreneurial type. He wanted to nmake a
mllion dollars by the tine he was thirty years old. He
started his own engi neering conpany, T. W Price Engineering
Co., with offices in the Wwolworth Building in downtown New
York. He designed and supervised the building of steel plants
during Wrld War | and one of the coaling stations on the
Panama Canal. He was quite a successful engineer and was, |
guess, making a | ot of noney.

He wor ked so hard, however, that he had a breakdown
about the time that | was four or five years old. The doctors
told himto quit his hard-driving entrepreneurial conpany. He
bought a two hundred acre farm near New Brunsw ck, New Jersey,
in order to regain his health. He farned. He had forty or
fifty dairy cattle and distributed mlk every norning. It did
hima | ot of good.

Farm ng was not his calling, however, and, one
Sunday afternoon about a year and a half after he started the
dairy business, all of the barns burned. W suspected that
spont aneous conbustion caused the tragedy. That fire
essentially got himout of the business of farm ng.

He went back to being an entrepreneur and started
t he bi ggest dog kennel in the United States, Strongheart
Kennels. He sold very well-trained dogs to Cal Coolidge and
others. That venture was successful.

Eventual |y, ny father got back into the engi neering
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business and into inventing. H's inventions inproved coal -
burning furnaces in hones. They were excellent inventions.
He got into that business, however, at about the tine that
peopl e began to heat their hones with oil. Nonethel ess,
that's the kind of father | had--a very dedi cated, hard-
wor king man wi th an engi neeri ng background from Penn.

CGortler: A hard-working life is natural to you, then.

Price: Yes. | guess the Quaker tradition also stresses
that way. Both ny nother and father were Quakers.

Gortler: W haven't nentioned that you were at Notre Dane. |
al ways wondered how a Quaker managed t hat.

Price: How a peaceful Phil adel phia Quaker wound up in the
m dst of the Fighting Irish?

CGortler: Right. This grandnother of whom you spoke, was she
on your father's side?

Price: On ny nother's side.

CGortler: Wat kind of role did your nother play in the
fam|ly?

Price: She was very much a housewi fe and a nother. She
didn't have many outside activities. Although she was
interested in many things, she was no intellectual. In her

|ater |ife she becane actively involved in a nunber of causes,
like the Wirld Federalists and things of that sort. Before

t hen, however, she had five children to raise on a farm The
first time | really became aware of her role was when we were
living on the farm She not only cared for her own kids but,
fromtine to tine, for quite a few farmworkers as well. W
had at |east one famly that lived in a little house on the
farmand did a lot of extra labor. Qurs was a big farm two
hundred acres, and a fairly active one. So she had a pretty
busy life and, of course, Dad kept her stepping pretty well.
He was al ways of f doi ng sone extracurricul ar busi ness
activity.

Gortler: Wat about your own schooling? You nentioned the
George School at one point.

Price: Wel |, before going there, I went to public schools
in New Brunswi ck and Bound Brook. We l|ived about hal fway

bet ween Bound Brook and New Brunswi ck and | used to take a bus
to school. | guess that | was always the type who expl ored,
getting nyself into all kinds of things. | also guess that |
got on ny father's nerves quite a bit, like when | painted the
famly car one day. | guess that | was pretty hard on ny
father, although not intentionally. | was just always into
sonething. | always had ny own ideas of what | ought to be
doing, and relatively few inhibitions about doing them
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VWen | was in the eighth grade, my parents sent ne
to visit ny grandnother in Swarthnore. | attended the eighth
grade at Swarthnore Hi gh School. That's when | got so well
acquai nted wi th nmy grandnot her

After | finished the eighth grade at Swarthnore H gh
School, ny parents sent ne to the George School, which is a
Quaker boardi ng school in Bucks County. During ny first year
there, | goofed off quite a bit and got into all kinds of
troubl e because I was absent-m nded. | was al ways forgetting
things that occurred once a week, |ike assenblies. Oten,
when nmy famly cane to take nme hone for vacation, they would
find ne outside wal king off hours of detention. | often
remenbered everyday things, however.

I wasn't one of the hell-raising types, although
there were those kinds at school. | just didn't quite nanage
to do the things | was supposed to do when | was supposed to
do them During the first year | had problens with English
and Latin. Eventually, however, | graduated with a pretty
good record. | think that I got nothing but A's in ny science
and math courses.

CGortler: Did any particular teachers influence you at that
time? Do you renenber any books that did |ikew se?

Price: Wl |, Norman Swain was ny chem stry teacher, and
did enjoy chemstry there very much. | also |iked astronony.
One of our teachers was an amateur astrononer, who used his
own telescope to |look at the stars. | was always intrigued by
astronony. |I'mstill witing books, of course, and the | ast
book I wote had a lot to do with the origin of the universe,
cosmc theory, and what not. So, |'ve retained an active
amateur interest in astronony. That was kindled at the CGeorge
School .

I've al ways been a very active conpetitor in sports.
I have a very vigorous conpetitive instinct that I'mafraid
still hasn't been conpletely subdued. | played baseball and
football and westled in school. Wen | went to college, |
transferred from baseball to |acrosse, which, in my opinion
is the world's greatest gane.

Gortler: That's an eastern gane. W didn't know nuch about
it in the Mdwest.

Price: It's spreading all over the country now. It was
only played here on the East Coast when you were young.
CGortler: | take it that you expected to go to college at a
fairly early age.

Price: Yes. | didn't doubt that I would go to college. |
think that ny parents strongly doubted that I would go to
graduate school. | didn't get any encouragenent fromthem
Jerry Creighton visited nmy father in Plainfield and told him
that he ought to let ne go to graduate school. M father had

a business at that time and | used to spend ny sunmers
5



working with him He thought it would be very nice if | went
into the business with him

Gortler: Right.

Price: I don't think Jerry Creighton had a great deal of
difficulty convincing him but it was interesting that Jerry
Creighton cane over to Plainfield to visit my father in order
to persuade himthat | ought to go to graduate school .

CGortler: He obviously had a fair amount of faith in you
Before going to Swarthnore did you consi der ot her
institutions?

Price: Al nost none at all. M father had spent a year at
Swart hnore when he was fifteen. He goofed off and flunked a
coupl e of courses. His father therefore took hi mout of
school and nade hi mwork for a couple of years. Later, ny
father graduated from Penn. M nother had spent one year at
Swarthnmore and then nmarried ny father. So they both had
attended Swarthnmore. A lot of the famly had gone there. |
guess that | never considered goi ng anywhere el se.

CGortler: Can you tell nme anything el se about undergraduate
life at Swarthnore apart fromthe science?

Price: Well, | thoroughly enjoyed it. | nmet ny wfe when
was a junior and she was a freshman. | guess it wasn't mnuch
nore than a nonth after we nmet that we decided that we were to
be each other's. One reason why | got through Harvard in two
years was so that | could marry her when she graduated from
college. 1In those days you couldn't get married while you

were attending college. In fact, | would have | ost ny

schol arship at Harvard if 1'd married her.

CGortler: That was a stipul ation?
Price: It was a stipulation that a person couldn't get
married and keep a Harvard fellowship. The authorities
probably thought that a married man woul dn't spend evenings in
the lab. MW wife's a wonderful gal. She's played a very
important, inspirational role in ny life.

| enjoyed sports. | was lousy at football. Wy I
pl ayed football at George School and in college, I'll never
know. | would have | oved to play soccer because |I loved to
run. That's what | | oved about |acrosse. Wen | played, |
ran all over the field. | was really handi capped as a
football player having only one hand. | don't know why | was
so stupid to keep playing football instead of soccer.
Nonet hel ess, | did play football even though |I never really
enjoyed it. | played lacrosse and | loved it. | didn't play
any water sports in college.

Gortler: Wen did you begin to play squash?

Price: When | went to Harvard. | hadn't intended to play
6



squash, but Stan Tarbell asked ne to play squash with him
He said, "Cone on down, |I'Ill show you how to play squash."

I liked playing squash so much that | soon bought a
racquet. Stan and | were good friends at Harvard and did a
| ot of things together. | didn't play any squash at
Swar t hnore because there were no courts there then.

Sports were very inportant at Swarthnore, as was the
honors program |f you knew what you wanted to do, the |ast
two years at Swarthnore provided a stupendous way to | earn.

CGortler: O what did they consist?

Price: Well, there were two sem nars per senester. Either
advanced physics and organic chem stry or advanced math and
physical chemistry. | took an advanced chem stry sem nar
every senester and either an advanced math or an advanced
physics semnar with it. | net once a week for three hours or
so with the prof, and had a | ot of independence.

During the first senester of organic sem nar, for
exanpl e, we went through Conant's book fromend to end.*
Additionally, we spent one day in the lab and a ot nore tine
doi ng i ndependent reading and study. During the second
senmester, each of us wote a twenty page paper on the
Grignard, or the Friedel-Crafts, or you nane it. Each week
one of us would talk about what he'd witten. The honors
students had desks in the back roomof the library and we sat
there wth Beilstein** and Chem Abstracts around us. W
literally dove into the literature. It was just a fantastic
way to study. By studying with three other guys who were
doi ng the sanme kind of thing, we shared a | ot of nutua
educati on. Whatever any one of us |earned would be shared with
the others, like in a lab. You always learn nore froml ab
partners than you do from professors.

Cortler: Right.

Price: We literally lived together because we were there
wor ki ng al nost every night. It was a trenmendous experience.

CGortler: Do you renenber the other fellows who were there?

Price: Ch, sure. Charlie Stauffer was the guy who drew
Harvard and then went to Harvard.

CGortler: He studied with Tarbell too.

Price: Yes, Stan and Charlie were |lab mates...no, they
weren't.

*Janmes B. Conant, Organic Chem stry; A Brief Introductory
Course (New York: Macm || an Conpany, 1928).

**Friederich Beilstein, Handbuch der O gani schen Chem e
(Hanmburg: L. Voss, 1893-99). A supplenent was issued in 1901.

7




CGortler: Was he the fellow who started with Bartlett and then
swi tched to soneone el se?

Price: Swi tched to Kistiakowsky.
CGortler: That's right.

Price: He started with Bartlett and then went over to

Ki sti akowsky. He has since done a lot of conpiling and
editing for the International Critical Tables. He's done
academ c work ever since he left Harvard. He was at Wrcester
for along tine. He's now at one of the colleges up in Mine,
or he may have just retired.

Johnny Brod drew Yal e and worked very successfully
for Procter and Ganble. | think he's vice president or
research director or sonmething |Iike that.

Dave Brearly, the fourth student, was not nearly as
good a student as the other three of us. | don't think that
he conpl eted his honors requirenments. He did graduate. He
went to Harvard and got a masters's degree and then worked for
Du Pont and a few other conpanies. | have lost track of him

Cortler: Do you renenber anyone el se who did or did not
becone a chenist and was close to you at that tine.

Price: There were no special relationships. | still have a
| ot of good friends with whom | had played | acrosse. | see

some of themquite frequently. | was a fraternity nmenber but
| don't see too nmuch of ny old fraternity mates. | never was

ent husi astic about fraternity life.

CGortler: You were pretty much subnerged in your science
studies during the last couple of years. Wo was the organic
pr of essor ?

Price: Edward H. Cox. He assisted in the invention of
hexylresorcinol. He did that in industry where he had spent a
few years. He went to Swarthnore and spent the rest of his
life there as a professor. He was a very interesting, cocky
little guy, a little martinet only about five feet, five
inches tall. He becane the science attache for the United
States in Paris. He always had a close affiliation with
French organic chem sts. He |oved them and spoke French
fluently. He was a good professor although not of the same
caliber as Creighton. Creighton was a really great nman, very,
very, bright. He was the kind of man for whom one had a great
deal of respect. W worked hard for Ed Cox because he
demanded it.

CGortler: He's the fell ow who was denandi ng all these papers,
| take it?

Price: Yes. That's right. He exerted a good influence on
me, no question about it.



CGortler: Wre you particularly influenced there by any ot her
prof essors or books?

Price: Yes. | think there was anot her very inportant

i nfluence at Swarthnore. | think the excellent math and
physics | got nade it very easy for ne--even though |I'm an
organi ¢ chem st--to do things mathematically and not to be
afraid to | ook at physics and physical principles. This

i nfluenced nme to becone a physical organic chem st rather than
an organic chemst. | could easily have becone a physica
chemst. |If | had gone to Princeton |I'msure | would have
beconme a physical chemst. Incidentally, | finally did get an
offer fromPrinceton. It arrived in August, however, a little
too late. |If it hadn't been for Louis Fieser | would have
gone to Princeton. |'malnost certain | would have been a
physi cal chem st had | gone there, because they had sone very
good physical chem sts. That was ny inclination and it was
only Louis Fieser who dragged nme away fromit and got ne to be
an organi ¢ chem st.

CGortler: These are little known tales that will be known only
t hrough oral history interviews.

Price: One other thing was very inportant for ne at

Swart hnmore--the courses | took in the history and phil osophy
of science. Those courses were fascinating. W read books
about the origin of the universe, about evolution, about al

ki nds of things. The courses inpressed nme and broadened ny
out | ook about science. A lot of scientists take a fairly
narrow vi ew of what they do. A fellow naned Hol nes, we call ed
hi m "Ducky" Hol mes, taught the history of science. He was a
fascinating teacher and he ran for Congress. Brand Bl anchard
taught the phil osophy course and he was a fascinating teacher
t 00.

CGortler: That outlook has stayed with you because you have
had a very broad view of science.

Price: I know that was a very inportant influence on ne.
The advanced physics and chem stry that | took were extrenmely
useful to ne even though | don't renmenber the people who
taught them The math teacher, Arnold Dresden, was a
fascinating character. | wasn't a particularly talented

mat hemat i ci an, although | was able to get an Ain all of the
courses except one in which I got a B. | took the exam when I
had a tenperature of 105 degrees and still wound up getting a
Bin that course. | wasn't theoretically enough inclined to
be a good nmat hemati ci an.

CGortler: You had enough facility to use it.
Price: Yes. | got exposed to enough of it and pushed hard

enough in it so that | wasn't afraid to use it. | understood
t he principles.



CGortler: That cones out in your papers. You always had
sufficient facility to attack a problem | also got the

i npression fromreadi ng your papers that you weren't afraid to
attack a probl em

Price: That's certainly what | got out of mnmy mathematical
training, even though I didn't pick up enough facility to be a
real mathematician. | felt famliar enough with math so as

not to be scared to death, but rather to junp in and try it.
You do get a feel for the principles, even though you don't
have all of the working activity at your fingertips. That
mekes a big difference.

CGortler: Do you recollect your perceptions about being a
chem st as you were finishing at Swarthnore? That is, now
that you had chosen to be a chem st, what did you think being
a chem st meant?

Price: That's an interesting question because | suppose
that | was about as naive and unthinking about ny future as
you coul d i magi ne.

CGortler: Probably no nore than any ot her graduate.

Price: Well, when I ook back at my own kids, they did a

| ot nore thinking about what they wanted to do and how t hey
wanted to do it. | really hadn't faced up to what | was goi ng
to do when | got out of college. Jerry Creighton told nme that
| ought to go to graduate school. So, | went to graduate
school .

Cetting nmy Ph.D. at Harvard in twenty-one nonths
didn't give me a lot of tine to think about what | was going
to do when | conpleted ny studies. | never took an interview
for a job, even though I was sure that | was going to finish
| just didn't bother.

I did apply for a National Research Counci
Fel | owshi p. Either Fieser or Kohler suggested that | ought to
do that. | applied in order to do sonme nore research. One
day Kohler called nme and said that he had received a letter
from Roger Adans. Roger was on the conmttee that chose the
Nat i onal Research Council Fellowships. Apparently Roger |iked
what they were saying about me. He had witten to Kohler
asking whether I would be interested in working with him
was so naive that | didn't even know who Roger Adans was at
that point! Kohler told ne about him

Cortler: He apparently was a good friend of Kohler's.

Price: Yes, they knew each other. Kohler esentially said,
"You go out and work with Adans.” So | went out and worked
with Adans. That was a great nmove. | was delighted.

Gortler: Yes. It obviously was. | want to get back to that,
because the conparison of Harvard and of Illinois is very
i nportant to me.
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I don't think you need feel enbarrassed about not

knowi ng what you were getting into. | have not spoken to
anybody who went into chem stry with any preconceived notion
of what it was like. I'mstill waiting for sonmebody to tell

nme that he knew what he was doi ng.
Price: That he'd figured it out, had it all planned?

CGortler: Yes, that's right. D d you ever consider being
anyt hi ng but an academ ¢ chem st?

Price: As | say, | really didn't think about it. | didn't
consciously say, "Well, if I do this and then do that, ||
becone a professor.” | just |iked what | was doing so nuch
that | guess | wanted to keep doing it. | always have

t horoughly enjoyed chem stry. It was a little wenching a few

years ago to give it up, for a variety of reasons. But I
definitely have given up the active pursuit of chem stry in
favor of sone other things. M notivation was to keep on

having fun. It was exciting fun to solve problens.
I think I could easily have gone into industria
wor k, because |'ve been very successful as a consultant. |[|'ve

had quite a few offers to go into industrial work, but |iked
the academic life so nuch that | never seriously considered
becom ng an industrial chem st.

| like to feel that the things that I do have sone
practical inportance--in contrast to many of ny coll eagues in
the academic world who think that if what they're doing has
some useful application there's something wong with it. |[1've
never felt that way. |[|'ve always felt, gee, it's a bonus if
what |'m doing has al so got some useful application.

CGortler: Wat about the courses that you took at Harvard?
You nust have decided to do research very quickly.

Price: | started to do research alnost a week or two after
| got there because | didn't have to take the first year
graduat e courses, having done honors work at Swarthnore.
Gortler: | see. So you didn't take Kohler's course?

Price: I took Kohler's course.

CGortler: You did?

Price: That's a course | wouldn't have m ssed. That was a
gem of a course.

CGortler: 1'mvery interested in Kohler.

Price: He was a great teacher, a great teacher. |

t horoughly enjoyed his course. | took Kisty's course on

t hernmodynam cs. | took a course by Fieser, the course he was

giving in natural products, fromwhich he wote his book,
11



Chem stry of Natural Products Related to Phenant hrene.* |
don't think | took Paul Bartlett's course. Those are the only
three courses | can remenber for sure. There m ght have been

a fourth. | think a chem cal engineer canme fromMT and
offered a course that | audited. | don't think I took it for
credit.

CGortler: There was a course offered in sewage di sposal or
sonmething like that for a nunber of years.

Price: No. This dealt with chem cal processes or sonething
like that. He tal ked about how you did chem cal processing
although I can't renmenber for sure. |I'msure that | took a

course fromLouis Fieser and | know | took Kohler's course and
Ki sty's course.

Gortler: Do you renenber the orientation of Kohler's course
at that time?

Price: He tal ked a | ot about how to do chem cal reactions.
He picked exanples fromthe literature and gave us the details
of different kinds of reactions such as, addition to al pha,

bet a- unsat urated ketones. That was, of course, one of his
research interests. He did a lot of work on the M chae
reaction. He gave us a lot of the details--which reactions
wor ked and how, and what changes in the structure caused it to
go 1,2 rather than 1,4. He discussed how structure affects
the reactivity of organic conpounds. He approached nmechani sns
classically and we had a | ot of discussion.

CGortler: He was raising problens for you

Price: Oh yes. | can still renmenber his course and
Fieser's course. There wasn't a lecture to which I went that
| didn't wite down in ny notes a couple of research problens
that | thought would be interesting to undertake. Both Kohl er
and Fieser stinmulated their students. They raised questions.
They said: "Here's what we know, here are a lot of things that
we don't know." Meanwhile, | kept witing all kinds of ideas
in ny notes. So, they certainly did give |ectures that

stinmul ated nme because | can distinctly renenber that | would

t hi nk about an interesting new research probl em about which

t hey had tal ked.

Gortler: Your first problemseened to be very physically
oriented for Fieser. You obviously waited for the right
problemto cone along. What was his feeling about the way the
probl emthen proceeded? bviously, you were doing a very
physi cal analysis of the problemas well.

Price: You have to give Fieser credit. You know, |
wound up neasuring rates of reaction and equilibria. The

*(New Yor k: Reinhold Conpany, 1936).
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brom ne addition was an equilibriumreaction and we could
nmeasure the equilibriumconstants. Fieser had done his
Ph.D. thesis on equilibriumconstants. The oxidation-
reduction potentials of quinones is a thernodynam c study.
Alot of work is still being done on that. That was an area
about which Fieser knew a | ot.

Fi eser had a better grasp of physical chem stry than
nost people realize, because he liked the synthetic. He did
an awful |ot of good synthetic chem stry, but he also did a
hell of a lot of work on synthesizing quinones, all kinds of
qgui nones with all kinds of substituents, and neasuring the
effect of substituents on the oxidation-reduction potentials
of quinones. | don't want to give the inpression that Louis
was not interested in and not able to do physical chemstry.
At the same tine, it was very hel pful to have Paul Bartlett in
the lab right next door.

VWen Louis presented the problemto nme, the ol der
Cerman literature suggested that the substitution of benzene
went through an addition reaction. Here was a case where one
could isolate the addition internediate and convert it to the
substitution product. Louis wanted to see if we could prove
that that was in fact the way it went. W proved that that
was not the way it went, although we didn't establish at that
time whether it was a free radical or an ion. Nothing | did
coul d establish whether the thing with one brom ne added to it
was an ion or a radical. | left that very noncommttal in ny
thesis and in the paper that | published.

CGortler: Yes. There was a hint of a radical nmechani sm at
that tine.

Price: I"msure that we knew that |ight catal yzed the
reaction but there's no question in ny mnd now that the
addition reaction was photocatal ytic and could go by a
radical. W just didn't have enough evidence to be sure that
it went through the electrophilic attack which, of course, is
the way it does go. That was just a little before the best
evi dence for that cane along from I ngol d.

Gortler: Yes. You spent quite a bit of time afterwards
wor ki ng on el ectrophilic substitutions. That was not the | ast
of it.

You were talking to Fieser, Bartlett and Tarbell.
To whom el se were you talking, as if you had tinme to talk to
anybody.

Price: I thoroughly enjoyed Kisty's course in therno,
even though nost of the organic chem sts hated it. | think
that it was a very, very, useful course. | did well init.

| learned a lot fromhim

Cortler: Do you renenber books fromthat tine, or people or
papers that you were reading that you felt were particularly
i nportant?

13



Price: You know, one of the reasons, not by any neans the
nost inportant one, that | decided to retire early was that |
was losing ny nenory. | was having a terrible tine
remenbering details and people and nanes. (laughter) But
that's a good question.

| certainly thought Conant's book on organic
chem stry was a gem for that tine.* He had a different
approach to organic chemstry and his textbook was very good.
VWhat el se? Darn, | nust have read a | ot of them

CGortler: Did you know anyt hing about the German literature?
Huckel for exanple? O was that not required at that tinme?

Price: Yes, |'msure we got exposed a little bit to Huckel.

Gortler: The organic chem st, Walter, not the physical
chem st, Erich

Price: Well, | just don't know. | finished ny courses in
"35. M last year was entirely research. Wen was Huckel's
wor k?

Gortler: Well, he had a book out about 1930 or '31. That was
Theoretical Organic Chem stry.** | think it was a two-vol unme
set. It covered the foundations of organic chem stry. |'m
trying to figure out whether that book had nmuch of an inpact
inthe United States. People seenmed to know about it, but I'm
not sure many read it.

Price: Well, | guess you're well aware of the fact that I
was never one of the ardent, overzeal ous supporters of the
resonance theory.

Gortler: That's understated.

Price: | fought those guys very vigorously. Saul Wnstein
had a public burning of ny book on carbon-carbon doubl e bonds,
because | didn't genuflect enough to the resonance theory.

Gortler: In that 1941 Reviews article, you spent a | ot of
time trying to do mainly inductive effects.*** | nean, you
weren't calling theminductive effects.

*Janmes B. Conant, Organic Chem stry: A Brief Introductory
Course (New York: Macm ||l an Conpany, 1938).

**Wal t er Huckel, Theoretische G undl agen der Organi schen
Chem e, 2 volunes (Leipzig: Akadem sche Verl agsgesellschaft,
1931). Translated as Theoretical Organic Chem stry by I. S
Lei bi ger (New Haven: M H. Davi dson Company, 1951).

***Charles Price, "Substitution and Orientation in the Benzene
Ri ng," Chem cal Reviews, 29 (1941): 37-67.
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Price: | called them "Direct electrostatic effects,” and
t hey were dammed inportant. The resonance theory tried to
give all kinds of hocus-pocus explanations for sinple

el ectrostatics. It's ridiculous. |I'mperfectly willing to
admt that there are resonance effects. An allyl radical is
stabilized by resonance. A cation, however, is stabilized a
hell of a lot nore by electrostatic effects than it is by
resonance effects.

You know, because | was willing to say that there
were electrostatic effects and that everything wasn't due to
resonance, the resonance zealots, and | think they were
zeal ots, castigated ne. |'ve often wondered if that's the
reason why | never got into the National Acadeny. | don't
know. You just never know about sonme things. A lot of those
zeal ots were very, very vigorously opposed to ny ideas about
the inportance of sinple, little old plus and m nus el ectrical
effects. Although perceived as an aspect of fundanent al
physics, electrostatics is an extrenely inportant part of
chem stry.

Cortler: The last paper that you suggested that | read, since
I gave you a cutoff date, was the '51 paper, which contains a
reeval uation of the electrostatic effects.* There too, you
were making a strong argunent for these effects.

Price: Loui s Hammett reviewed that paper and castigated it.
He said that this is the kind of stuff that a poor senior

m ght do, or something like that. It was a blistering
statenment. |'mnot sure that it was Hammett, but | suspect
that it was.

Gortler: It's funny, because |I've been talking to Hanmett
quite a bit recently. He lives just twenty mles from here,
and he seens |ike such a nice, gentle man. | have heard
runors here and there, however, that he could be very harsh.

Price: | have a great admiration for him but I'mnot sure
that it's reciprocated at all.

CGortler: Do you renenber any other graduate students?

Price: Sure | renenber Stan Tarbell very well. He's always
been a good friend. He visits nme occasionally when he cones

t o Phil adel phi a.

Gortler: He was here recently and | interviewed him

Price: He comes here frequently because he's interested in
the history of chem stry.

*Charles C. Price, "A New Evaluation of Electrical Effects of
G oups on the Benzene Ring," Journal of the American Cheni ca

Society, 73 (1951): 5833-6.
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Gortler: That's right. He has a sister who |ives nearby.

Price: Charlie Bradsher was a lab mate. | see a fair
anount of Charlie. He's a professor at Duke. Elnore Martin,
who worked all his |ife at Du Pont was another |ab partner. A
third very interesting guy in our |ab was Arnold Selignman, the
guy who synt hesi zed net hyl chol ant hrene. He |ater becane an
MD. He died recently of cancer, after having spent nost of
his career working on cancer research. | renmenber Warren
Lot hrop who worked in Boston for Arthur D. Little. There were
five of us in the lab together. Those are the four |ab mates
with whom | got particularly well acquainted.

Max Tishler was up there. | got acquainted with him
in those days. He worked for Kohler. | still see a |lot of
Mel Newran. He was a post-doc with Louis Fieser; he worked
there in the basenent |ab. Ml was the post-doc with whom I
got best acquainted. A few weeks ago he gave a |lecture at
Bryn Maw and played golf wth ne. Hrschfelder was al so
there, and he too worked in the basenent. Hirschfelder hel ped
me with sone of ny synthetic problens. He went on and wor ked
wi th one of the drug conpani es.

| did talk a nodest anmount with some of the
anal ytical chem sts. |1've always had close contact with them
because whenever you neasure the rate of a reaction, your
nunber one problemis an anal ytical one.

Gortler: Right.

Price: | got acquainted with G P. Baxter, an organic and
anal ytical chemst. | talked quite a bit to G S. Forbes who
had done photochem stry. Since we were nmeasuring reactions
t hat were exposed to light in a photonmeter, | had to get
interested in photochenistry.

Gortler: Yes, | renenber there was a comment in one of the
papers about how you let the light run all of the time in
certain reactions but switched it off in others.

Price: I renenber Forbes. He was an interesting character.
That's about all that | can renenber of people up there.

Cortler: Do you have any general inpressions about Harvard?
Conpare it, if you can, to Illinois.

Price: They both had one thing in common, a work ethic.
You worked hard and you enjoyed it.

The social climates were totally different, however.
| can illustrate that with a little anecdote. After | arrived
at Illinois | played squash with a geologist. W played
several games and then began to tal k about where we'd gone to
graduate school. He remarked, "Well, you've gone to Harvard
graduate school, that's interesting. Wen were you there?"
| responded, "From'34 to '36."

"W were both there at the sanme tine," he said.

| asked, "Were did you live?"
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He answered, "Conant Hall."

"On what floor?" | asked.

"Fourth floor," he said.

We had lived for two years on the sane fl oor of
Conant Hall and hadn't nmet each other until a few years |later
on a squash court of the University of Illinois.

That's typically the atnosphere of Harvard. | nean,
it's very aloof and unfriendly. Wen you go out to the
m dwest, you get to know everybody. The m | knman, everybody,
says hello to you. You just have a totally different kind of
at nosphere.

VWen Fi eser canme around to talk to ne at Harvard, it
was al ways about business. He'd ask, "What's new?" At
Il1linois, however, when | worked as a post-doc for Roger
Adans, he'd cone around and spend an hour tal king about his

|atest trip to China. It was a very nmuch nore relaxed and
friendly atnosphere at Illinois.
Sci ence-w se, Harvard was super. | nean, | don't

know, there nust have been other good places to attend, but |
just can't imagine that there are any places where | would
have |l earned nore than | did at Harvard. Very few pl aces
woul d have let ne earn ny Ph.D. degree in twenty-one nonths.
Most universities have strict rules about students
matriculating for at |least three years. Harvard didn't.

I was always extrenely pleased with my experiences
at Harvard, and not just in science. | did a few other things
up there. | played | acrosse for two years with the Boston
Lacrosse Club and | coached Harvard's JV | acrosse team
Addi tionally, although I had no interest in classical nusic
before | attended Harvard, | becane interested in it while
there. It happened in the foll ow ng manner.

The Boston Synphony used to performat old Mem Hal
about once a nonth. Stan Tarbell used to sit in the little
peanut gallery up over the stage. It cost himonly a dollar
to do so. One night | didn't want to work and Stan was goi ng
over there. He asked ne to go along with himand nentioned
that it would only cost nme one dollar. | said that I wouldn't
m nd spending a dollar. | don't think that I m ssed another
concert after that. Ever since then |I've been very nuch
interested in synphonic nusic. |'mno perfornmer, but | sure
enj oy |istening.

Gortler: Wen you left Harvard, what kind of chem st did you
consi der yourself to be?

Price: An organic chem st with a strong interest in
physi cal organic mechani sms. Physical organic chem stry was
hardly born at that tine.

Cortler: Yes, that's right.

Price: I was interested in the nechani sns of reactions, but
I did not get nmuch noral support at Illinois for that sort of
endeavor.
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Gortler: That was ny next question.

Price: | had to fight for that at Illinois where all of the
profs were cl assical organic chem sts. They were not at al
sure that this new way of |ooking at mechani snms was all that
great. | got along fine with them but | definitely had to
earn ny way out there on that.

Gortler: Yes. How were you supported at I1linois?

Price: Roger Adans had his own noney for post-docs.
suppose that he received it fromthe university.

Gortler: Yes, he did manage to pick up noney. Every tine
he'd get an offer from another university, he'd pick up
anot her post-doc.

Price: I've used the sane gi nm ck

Gortler: OK You were listed as a research assi stant, but
you were a post-doc.

Price: I was a research assistant to Roger Adanms. | guess
I was paid by the University of Illinois.

CGortler: Do you have any idea how nmuch you were paid at that
time?

Price: Ei ght een hundred dol | ars.

CGortler: Go on, tell ne nore about your stay at Illinois.
Price: After | conpleted ny post-doc with Roger Adans | was
appointed to the teaching staff as an instructor for a year or
two. | then taught the el enmentary organic course for pre-neds
and home ec students. | also got started with a few senior
research students and taught qual organic. |'mnot sure that

| taught it during the first year. M main responsibility was
to teach the elenentary organic course for pre-med and hone ec
st udent s.

Cortler: Was there a qual organic book by Fuson at that tinme?
Price: Fuson and Shri ner?

CGortler: Shriner was already there?

Price: They were both there. Fuson and Connor had witten
t he book that we were using for our one senester organic
course. Harold Snyder and | |ater becanme coauthors of that
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book. *

There were lots of seniors in chemstry at Illinois
and the faculty at Illinois encouraged themto work with young
faculty. Harold Snyder started the sanme year that | did. W
went there as post-docs and becane faculty nmenbers the next
year. The senior faculty helped to push seniors, and then
| ater Ph.D. students, our way.

Cortler: That's very hel pful.

Price: A wonderful group of nen; they were just great.
Roger and Speed were very different. Roger is an eastern
aristocrat; Speed, a farmboy fromcentral I[llinois.

Gortler: | understand that he always tried to con people into
t hi nking that he was a backward farm boy. (| aughter)

Price: That was the inmage he liked to project. He'd then
beat the hell out of you at poker.

CGortler: Geat. (laughter) For sone reason Anmerican Men of
Sci ence says that you were an instructor, then an associ ate,
and then an assistant professor. Wat was the distinction?

Price: "Associ ate" was an academic rank at Illinois that |
don't think any other place had. It was just one extra step
up the | adder.

Gortler: OK  How nmuch were you nmaeking as an instructor? D d
your sal ary change?

Price: It mght have increased by a few hundred doll ars,
maybe to twenty four hundred dollars. | don't know precisely.
My salary was either two thousand dollars or twenty-four
hundred dol | ars.

CGortler: That helps nme to understand how nuch people were
maki ng in those days. How did you decide on your first

probl ens? These aren't papers that you recommended to ne, but
I know fromthe titles that you were doing al kyl ati on of
napht hal ene, some periodate oxi dation, and sone cis-trans

i sonerizations. |s there any particular reason why you opted
to do any of those?

Price: Well, the Friedel-Crafts reaction was devel oped sone
inny thesis, of course. | had to make tertiary butyl
napht hal ene. | got very much intrigued by sone probl ens that

hadn't been sol ved, about al kyl ati on of naphthal ene by the
Friedel -Crafts nmethod. Sone people had reported pure conmpounds
that were eutectic m xtures and things like that.

*Reynold C. Fuson, Ralph A Connor, Charles C. Price, and H
R Snyder, Organic Chem stry (New York: J. WIley and Sons,
Inc., 1944).
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So we had to straighten out a few of these things. They
weren't earthshaking problens, but they were good things to
get started on. They provided good experience for senior
students. | had to pick sonething fairly straightforward for
the seniors to do.

| really don't remenber how | got interested in the
periodate problem Mybe | read about it in the literature—a
very specific cleavage of glycols--and thought that it would

be interesting to do the kinetics of it. [It's an easy
reaction to neasure; it's fast and the periodate to iodate
conversion seened easy to follow by titration. | had a senior

do that work.
| remenber how | got started in polyners.

Cortler: Yes, that was one of the things | wanted to ask you.
How di d you?

Price: Wel |, Speed Marvel had nade optically active
secondary butyl al pha-chloracrylate with d-secondary butyl

al cohol to see if he could nmake optically active polymer. He
came around one day and said, "Charlie, if you want to study
ki netics of reaction, why don't you study one that's useful,

i ke polynerization?" He said, "I've got this optically
active nononer and we found out that the polymer has a very
different optical rotation than the nononer. It ought to be
pretty easy for you to study it." | junped at the chance. He
gave ne some of the stuff to work with. 1In fact, he even gave
me the student, Bob Kell.

I think that Kell wanted to work for Speed. Speed
had a bi g group, and he pushed Bob ny way and suggested this
problem It turned out to be a very good suggestion. | don't
t hi nk Speed coul d have known this, but many peroxi de catal yzed
pol yneri zations have fairly conplex kinetics. You can either
have the first order deconposition, the peroxide initiation,
or you can have a catal yzed deconposition of the peroxide.

That gives you rather conpl ex kinetics.

Cortler: Right.

Price: This was perfectly sinple kinetics. Half order
peroxi de, first order nononer, just fit absolutely beautifully
with the first order initiation, the second order radica
nmononer reaction, and the second order radical -radical
termnation. W were able to show that that particul ar one
fit those kinetics beautifully, and that that was the
mechanism That led us iMmedi ately to see that peroxi de was
not a catalyst, but rather a chain initiator. That |ed us
right into proving that end groups were present in the
polymer. | think we were the first to show that the catal yst
fragments were at the chain ends of the pol yner.

It was a sinple logical conclusion fromthe
mechani sm Actual ly, about a year previously, Flory had
proposed that nmechanismfromthe literature data. W got nuch
cl eaner kinetics than the typical kinetics in the literature.
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Gortler: Had you started consulting at that particular tinme?
Price: No.

Gortler: That was just a totally academ c probl em at that
time.

Price: | imagi ne Speed had gotten interested in polyners
fromhis consulting. | didn't start consulting for Hercul es
until '41.

Gortler: 1 want to spend sone tinme on the problens, but I

al so want to spend sone tine just getting a general feeling
about physical organic chem stry. You said just a few m nutes
ago that it really hadn't crystallized in the late thirties.
VWen do you think it did crystallize? Wen did you consider
yourself to be part of a community of physical organic

chem sts? You were continually fighting that battle at
Il1linois, | suspect.

Price: Well, the late thirties were certainly the formative
years. Physical organic chem stry crystallized, | guess,

after World War 11, when people |ike Bartlett, Wnstein and
Bill Young seened to have put enough together.

Not hing could really happen during the war because
we were concentrating on the war effort. Wasn't it right
after the war that we had the first conference on organic
mechani sns?

Gortler: That's right. It occurred in 1946. That's when you
left Illinois. Setting up that conference nust have been your
first act as chairman at Notre Dane.

Price: I had proposed before that, that we ought to have
some kind of an organized effort in physical organic
chem stry. | had suggested undertaking sone kind of
publishing effort, like O ganic Syntheses or Organic
Reactions. | thought that we ought to have a nonograph
publ i shed on physical organic chem stry, but | couldn't get
much backing for that endeavor.

Paul and | deci ded, however, that we could organize
t he mechani snms conf er ence.

Gortler: Paul said that he just went along for the ride. It
was your idea.

Price: I think that it probably was ny idea. | also pushed
this other idea--that we ought to have a little thing that
came out summarizi ng physical organic. There was no other way
t hat people could put their thoughts together.

CGortler: 1t took another twenty years, or until the early
1960s that Advances in Physical Organic Chemi stry and

Progress in Physical Oganic Chem stry appeared. Getting back
to the conference...how did you deci de upon who was going to
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talk and whomto invite? It's becone a very elitist
conference now. | don't knowif it was in those days or not.

Price: Well, that's an interesting question. | didn't save
any of that stuff when | left Notre Dane. | had a whole file
on that conference. | don't have it now.

CGortler: 1've contacted sonme people out at Notre Dane. Tony
Trozzolo has a lot of interesting information about the
conferences of the last fifteen or twenty years. He's given ne
t he names of people to contact.

Price: | suppose that Paul and | decided whomto invite.
We invited all of the |eading people. I'msure Saul Wnstein
was there. Jack Roberts was there. | don't know whether the

guy at Harvard. .
Cortler: Wodward?

Price: I don't know whet her he was there or not. Dick Taft
was t here.

CGortler: Taft may have been too young.
Price: He m ght not have been there.

Gortler: That's right, |I think that he was a post-doc for
Hamett about four or five years later.

Price: He m ght not have been there.

Cortler: Hammett was there. What about Hammett's book?*
What kind of inpact do you think that had?

Price: Oh, trenendous. | should have nentioned that. It
was published after | conpleted my graduate studies.

CGortler: That's right. It wasn't published until 1940.
Price: I think that was an extrenely influential book.
Gortler: You think that sort of crystallized it?

Price: Yes. That would certainly have hel ped a great deal
to crystallize it. It was extrenmely influential. It was the
basis of ny paper in Chem Reviews, in which | tried to

cal cul ate sone of these effects.** It was very nmuch a part of
the Qe scheme. Hamett was al ways very funny about ny
famliarity with Hamrett's signma-rho, how it devel oped and its

*Louis P. Hammett, Physical Oganic Chem stry (New YorKk:
McG aw Hi || Book Company, Inc., 1940).

**See page 15 of this transcript.
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t heoretical basis. He was such a purist of a physical chem st
that he didn't like to admt that his equation had any
t heoretical basis. He liked to call his equation enpirical.

CGortler: Yes.

Price: There's a good theoretical basis for the electrical
interaction. Eyring used those electrical interactions as an
additive factor in the activation energy. | don't know why
Hamett was so skittish about it. He was very critical of ne
for thinking that there was a theoretical basis. | just
didn't quite understand that view because there was a good

t heoretical basis for it.

The fact that you could add an electrical factor to
the activation energy led us to add a resonance factor to the
activation energy. That becane the Q factor in the
copol yneri zati on equation. It becane a way of neasuring the
resonance effect in reactions. |t gave a quantitative nunber
t hat measured the anount of resonance stabilization factors of
substituents attached to carbon- carbon doubl e bonds.

A substantial nunmber of the purists didn't like to

interpret things, however. | always thought that that's what
good science is about. |If you just have the cold nunbers, you
haven't really got the feel of what it is to do science.
Gortler: Yes. | think that's inportant; the contrasting
approaches help ne a good deal .

Price: Incidentally, since we're tal king about the Qe
schene, I'd like to nention that Walling was al ways a

detractor of it. He told ne that he was a detractor because
he had thought of it first, and because there was no absol ute
way to determne Qand e. That's right. There is none. You
have to assign a value for Q and e for a reference nononer.
You just have to be reasonable about it. Hammett's sigma
gave ne a very good way of picking where | wanted the e to be.
If eis going to be quantitatively related to sigm and they
are linearly related, that gives you a way of picking your
scale for e. That then fixes the Q values. Walling was

al ways very negative about that approach, probably because he
said he thought of it first and thought it wasn't any good.
(laughter) | don't know. That's what he or sonebody el se
told me. Cheves and | are good friends.

Gortler: 1'mgoing to talk to himthis fall. 1'Il see if
can get his side.

At some tinme during the period from 1938 to 1942, or
perhaps from 1938 to 1946, a shift occurred in organic
chem stry. It wasn't a revolution, I don't think, but rather,
a shift. Physical organic chem stry began to energe.

Price: Yes, it becane recogni zed at sone tinme in that decade.

Gortler: Can you give nme a general inpression of what was
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happeni ng? Were the cl assical organic chem sts fighting the
energence of physical organic chemstry tooth and nail? O
did they recogni ze that sone kind of change was about to occur
and that it was inevitable? Can you think of anything that
Speed Marvel or Roger Adans said or did?

Price: Well, | suppose that the wartinme research itself
affected this issue because everybody had to pitch in.
Bartlett did a | ot of work on nitrogen nustards and we did a
| ot of work on nitrogen nustards and sul fur nustards. Saul

W nstein was shocked at the end of the war to find out how
much we had devel oped during the war of anchineric assistance
that he didn't know about. It was just the funniest damm
thing to see how he reacted at the nmechani sns conference held
at Notre Dane. You know, he just couldn't believe that we
really had come up with all of these ideas during the war
That's an interesting story, how Paul and |I devel oped the

t hree nmenbered ring.

Gortler: Yes. 1'd like to hear about that. |In fact, there's
one little paper, "The Analysis of the Miustard Usi ng

Thi osul phate,"* that seens al nost insignificant and that you
reconmended | read. It's a clever little paper, but the

i nportant thing about it apparently is the three nenbered
ring. Did you recommend it to nme because that was the first
ti me sonebody had put that in print?

Price: Before that everybody wote of it as a carboni um
ion, which is just nonsense. There are still crazy
characters, not chem sts, but biologists, who wite about
nitrogen nustard goi ng through carboniumions. [It's just
ridiculous. It's also amazing how sonething that is wong
gets started and how hard it is to get it corrected.

I had intended to say that Paul Bartlett had to work
on practical problens. | too had to work on practica
probl ens, for exanple, | worked on the nechani sm of enul sion
pol yneri zation during the war.

CGortler: That was a war project too?

Price: No. | just did that with one guy as a piece of side
research. | think that Speed may have gotten ne a little
research noney so that | could work on the enul sion

pol yneri zation of styrene. W had to work on the behavior of
chem cal warfare agents in water, and so it was very useful to
know what the nechani snms of these reactions were. It hel ped
us to know the mechani smof the reaction form ng styrene-

but adi ene rubber, including the nmechani sm of the nercaptan
nodi fier in order to control the nolecular weight. It fit

*Charles Price and Lynn Wakefield, "Reactions and Anal ysis of
Beta- Chl oroet hyl Sulfides in Water", Journal of Oganic
Chem stry, 12 (1947), 232-37.
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hand in glove with what I'd been doing and with what |1'd been
sayi ng about chain transfer nechanisns. So, nechani sns earned
their keep in a lot of practical problens on which people were
forced to work.

If it weren't for the war, sone people mght not
have worked on practical problens. | mght have, but Paul
Bartlett woul dn't have. He m ght have focused upon esoteric,
academi c matters instead of working on practical things that

everybody knew were inportant. | think that the nore
conventional chem sts realized that this stuff wasn't purely
esoteric, that it could performa useful function. | think

that it helped to educate a Il ot of chem sts |i ke Roger Adans,
who was head of the National Defense Research Committee's
Chem stry Section, and Speed, who was directing the research
on synthetic rubber. They began to see that these things
weren't totally usel ess.

A l ot of people did, and still do, a lot of totally

usel ess stuff, what | call crossword puzzle chem stry.
Solving the New York Tinmes crossword puzzle is an interesting
chal | enge, but when you've solved it, you haven't pushed the
state of humanity very far forward. Too much, | think, still
happens that way. |It's best to pick sonething that not only
woul d sol ve the problem but also woul d be useful.

Al t hough, in peace tine, we were a bunch of the
dammedest i ndependent, contrary characters you coul d imagi ne;
during the war we all had to do useful stuff and work
together. So, guys |like Adanms and Marvel had to listen to
guys like Bartlett and nyself and Bill Young, who were worKking
on problens that they knew had to be solved. | think that the
war played a very inportant role, accelerating the recognition
of the value of applying physical organic chem stry to
practical problens. | never really thought about it in this
way until now.

Gortler: | think that it nmakes a | ot of sense. It nust also
have had an enornous inpact on industrial outfits, because

t hey suddenly started to | ook for physical organic chem sts
after the war.

Price: I think that wartine cooperation greatly helped to
speed up the legitimzation of the physical organic approach
to probl ens.

Gortler: Yes. Well, let's talk alittle bit nore about somne
of the problens on which you worked. Consider, for exanple,
your article in Chem cal Reviews that dealt with aromatic
substitution.* Wat possessed you to wite it at that
particular time? D d you think that it would be a good thing
for you to do or did soneone ask you to wite it.

Price: No, no one asked ne to wite it. It was just

*See page 15 of this transcript.
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something that | thought was interesting, to try to assess the
effects on electrophilic substitution fromelectrostatics.

CGortler: OK  You tended to ignore resonance work; you
i gnored the English school alnpbst entirely. You nade no
reference to Ingold or Robertson. Was that intentional?

Price: No. | don't think so. | was probably just ignorant
of their work at the tine. | wasn't as aware of their
research as | should have been.

Cortler: | see.

Price: I've never been as nuch of a scholar as | shoul d
have been. You know, | don't like to read a | ot of other
people's research. | like to do what | like to do. | do only
the reading that seens to be absolutely essential. | guess
this has gotten ne into trouble at tines. | sinply knew very

little of what those people were doing, just as they knew very
little of what | was doing. Wwen | went to talk to Ingold and
Hei l bron, | was fl abbergasted to learn how little they knew
about free radical reactions. Wll, when you get inmmersed in
your own thing, you just don't do as nuch reading in other
areas.

I did have this idea, however, about the inportance
of sinple electrical interactions, and | thought that an
article in Chem Reviews was a good vehicle with which to
express nmy views. | guess | was a little brash, giving |ess
enphasis to resonance than I now would do. | think I have a
nore bal anced view now. It just struck nme, when |I did those
cal cul ations, that | could show that the electrica
i nteraction accounted for al nost everything. |'mstill
convinced that it is by far the nost inportant quantitative
contributor in ionic reactions. |If a dipole interacts with a
charge, electrical interaction will still be nore inportant
t han resonance interaction.

I don't deny that there are resonance effects.
Certainly, free radical reactions and the stabilization of
carbon free radicals are not entirely electrostatic phenonena.
| realize that resonance is a small factor in ionic reactions.
In free radical reactions, however, it's a fairly significant
one, although not the only one. The e values do affect the
copol ynmeri zation very significantly. | think, therefore,
that | wote that article in Chem Reviews primarily to express
t hese views.

CGortler: OK Let's talk now about your work during the war.

Price: | supervised two nmgjor prograns during the war. One

i nvol ved antimal arial drugs; the other concerned the

treatnent of water contam nated with chenical warfare agents.

| also collaborated with Speed a little bit on the rubber

program and did sonme work with a few others. | coll aborated

with Bob Fuson on sone of his work on chem cal warfare agents.
"Il talk a bit nore now about ny research with
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chem cal warfare agents. | was requested to ascertain the
chem stry of the behavior of sul phur nustard in water, in
order to find out how to analyze for it, so as to devise

satisfactory nethods of decontam nating the water. In order
to find out how to analyse for it, however, | needed to know
exactly what the mechanismof the hydrolysis was. So, | read

a lot. There was a nodest anount of relevant material in the
literature because, of course, sul phur nustard had been used
in Wrld War 1. Although it was clear that the reaction was
sinmple first order reaction, the products of the reaction were
determ ned by the nature of nucleophiles in the solution.

Wen you hydrol yzed nustard in pure water you got a half-life
of eight mnutes. |If you put thiosul phate in, you changed the
product conpletely to the thiosul phate repl acenment product
with exactly the sane half-life. People had witten about it
in the literature as though it went through a carboniumion
and called it an S 1 reaction. That just didn't wash wth

nme.

| could not believe that a carboniumion could be
t hat sel ective about what it reacted with. There was no
evi dence that the t-butyl carboniumion was anywhere near that
selective. It just seened totally wong to think that it was
a carboniumion. The answer finally dawned on ne after
t hi nki ng about it for a few weeks and worryi ng about what the
proper mechanismwas. One day it dawned on ne at about five
in the norning. | woke up early and there was the answer
sitting right in front of me.

I want to acknow edge the sublim nal effect upon ne
of ny know edge of the work of Young and Wnstein. They had
just expl ained the stereochem stry of some bronohydrin
reactions by brononiumion internediates. Certainly, if
brom ne can participate in such a thing, sul phur ought to be a
| ot better. Yet, it still took me a couple of weeks to find
t he explanation. Wen |I did, everything fit together
beautifully.

When we went to the next neeting of the NDRC
subcommttee, | was prepared to announce that | could explain
t he mechanismof this reaction. Paul Bartlett reported before
me, however, and said that he had just conme to the concl usion
that nitrogen nmustard went through cyclic inmoniumion. Wthin
a span of a few weeks therefore, each of us had cone to the
conclusion that the key internediate was the internediate
three nmenber ring; the intermediate inmoniumion for the
nitrogen nustards and the sul foniumfor the sul phur nustards.
Qur hypot heses expl ai ned everything. Later, evidence was
presented to show that you could predict rearrangenents. For
exanpl e, the sulfoniuminternedi ate was formed when you
unsynmmetrically substituted Beta-chloro al kyl sul fides. |1
t hi nk everybody agrees that that's the case.

In the sul phur nustard cases | don't think anybody
has ever been able to isolate the intermediate. 1t's nuch
nore reactive. In later work, in cancer chenotherapy work
with diethyl chlorethylamne, the cyclic inoniumion is stable
enough to use as a reagent. It cyclizes in solution and
hydrol yzes only one percent a week. W just used the cyclic
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internmediate there. There were great differences in the
stability of those cyclic internediates. In sul phur nustard I
don't think anybody has ever been able to prove the
internmediate by isolating it, as they have in the case of sone
of the nitrogen nustards.

That was an exciting tine and Saul Wnstein was
al ways kind of mffed that we'd cone to these concl usi ons
during the war before he came up with his idea of anchineric
assistance. He reacted in this way because these are ideal
exanpl es of anchineric assistance. O course, he invented the
term anchimeric assistance to explain other kinds of reactions
as well. Paul and | both tal ked about this at that Notre Dane
mechani sm synposi um

Gortler: Is that the first tine he had heard about this?
Price: Yes. He was not involved in that sort of research
during the war. | don't know what kind of war work he did

al t hough he nmust have done sonet hi ng.
Gortler: |1 see.

Price: | think that it was during the synposiumthat he
first learned that Paul and | had both conme up with a
mechani sm for those reactions.

Gortler: You nentioned that. Do you renenber any nore
details of his finding that out? O had you just tal ked about
it at the tinme, and you just renenber his surprise?

Price: Well, surprise and slight annoyance at the fact that
he suspected that we m ght want to claimnore credit than that
due to us. We weren't trying to steal anybody's credit for
anything. W had done it independently of him..well, not
entirely independently of him because Paul Bartlett and I
were well aware of that very classic work that Saul did for
his Ph.D. topic with Bill Young on the cyclic brononi um
internmediates. That was a classic, a great |eap of the

i magi nation. Brononiumions were not nearly as comon a thing
about which to think. | guess that only iodoniumions were
actually known at that tine.

Gortler: Well, that covers a lot of that material. It was a
revelation to nme--for both of us in a way--that the war had
drawn attention to physical organic chemstry and its
practitioners. This had a great deal to do with the
crystallization of the physical organic community and its
| at er success.

How were those war problens assigned? Do you
remenber how you happened to be working on the antinalari al
project, and the water treatnent project?

Price: I'mnot sure that | recoll ect how that occurred. |

bel i eve, however, that Roger Adans was very high up in the
NDRC operation, and |I'm sure that Speed Marvel was al so very
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much involved in the upper levels of policy and deci sion
maki ng.

| should remenber how the antinmalarial work got
started. | did get involved with it, and | had two other
profs working with me. Initially, it was ny project. Harold
Snyder then joined it and then Nelson Leonard did |ikew se.
So, we had a good teamworking onit. | just don't renenber
t hough how the program actually got started and becane ny
responsibility. It's rather ridiculous; | should renmenber.

Gortler: How about the water treatnent work?

Price: The Illinois chem stry departnent was al so the
Il1linois Water Treatnent Center. Arthur Buswell, one of the
professors there, was its director. The departnent had gotten
i nvol ved, probably through Roger Adans, in the water problem
and needed sone extra help doing the chem cal analysis. Since

I was the nechanisns nman at Illinois at that tine, | was asked
to work with them Oiginally | set wup a subproject under
Buswell. | worked on the nechani sns of reaction of chem ca

warfare agents in water. W had a very interesting group.
Oville Bullitt, Jr., for exanple, came conplete with wife and
mai d and not quite a chauffeur.

Gortler: Who?

Price: Oville Bullitt was froma very weal thy Phil adel phi a
famly.

Cortler: | see.

Price: Al Pohl and was the other fell ow who worked with us.

Some years |ater he devel oped Darvon, which has been in the
news a bit recently. W had sone other interesting people
working on this problem |ike Bernie Vel zen.

When Buswel | went off to sone other assignnent,
probably to serve as a reserve officer, | inherited the whole
project along with the pilot plant water treatnment outfit. We
visited all kinds of carbon black manufacturers for the right
ki nd of carbon black, and we designed a little kit that would
be sent out in the field for analysis of all kinds of chem cal
warfare agents in water.

| had those two major prograns that were under ny
aegis, one on antinalarial drugs and one on water treatnent.
It's the one on water treatnent that got ne involved in
mechani sns. The one on drugs was straight synthetic organic.

CGortler: Wen you did the physical organic chem stry, did you
think of it as a sort of side research? D d you think that it
was necessary for your understanding of the problenf?

Price: It was essential. |If we were going to cope with

t hese reagents in water, we had to know what was going to
happen to themin water and what happened to them when they
were treated with chlorine. W got involved in oxidation and
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degradation and | earned sone very interesting things. W
found out that nitrogen nmustard, which is a tertiary amne, is
rapi dly degraded by chlorine water. At the tinme, | thought
that this was pretty original. Eventually, however, when we

| ooked deeply into the literature we found that sonmebody had
di scovered this a long tinme ago. Wen you chlorinate
trimethylamne, a chlorine goes onto the nitrogen first,
apparently to give a quaternary chloramne. It then |eaves as
HC, to give a quaternary Schiff base. That then hydrol yzes
to give fornmal dehyde and di net hyl am ne. The di met hyl am ne can
becone a chloramne, split out HCO, and give the Schiff base
of met hyl am ne and fornmal dehyde. You can therefore eventually
take all of the al kyl groups off nitrogen and destroy the
chlorine in the process.

So, when you're going to treat water that m ght
contain chem cal warfare agents, you have to know what's
happening to them when they are just sitting in the water, and
you have to know what they are going to do to typical water
treatnent chemcals. So, we had to do a |lot of chem stry.

CGortler: 1In a sense, though, you weren't just worrying about
the products and the starting materials, as | think one m ght
have done in an earlier era. You were understanding the
reacti ons.

Price: Yes. | suppose that because ny interests were
oriented towards understandi ng reactions, | was nobre consci ous
of doing it that way than | would have been if 1'd been a pure
organi ¢ chem st.

CGortler: | see, so it wasn't hard to justify what you were
doing. They were interested in results, and as |long as you
turned out results, no one questioned your approach.

Price: Yes.

CGortler: The antimalarial programwas essentially a
synthetic program

Price: Yes. W attenpted mainly to make quinoline
anal ogues of chloroquine. W did a few other things, but that
was the main thrust of it.

Gortler: You did |ater patent sonme of these syntheses.

Price: Yes. One, for exanple, was the ethoxynethyl ene

mal oni c-ester synthesis on which Roy Roberts worked. W
patented it through the governnent. It was a gover nnent - owned
patent, and it was used comrercially. | went out to National

Aniline in Buffalo at |east once a nonth while they were doing
the pilot plant work on that synthesis. It had a big

advant age over the German synthesis. |[|'ve forgotten the exact
details of the German synthesis, but it started with

nmet achl oraniline. They got a m xture of five and seven chloro
nucl eus because it can close in either of two ways. On the

ot her hand, during our synthesis, the ethoxynethyl ene cl osed
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al nost exclusively seven, al nost never five. It was therefore
a much neater, cleaner snythesis and econom cally conpetitive.
So, the governnent patented it and it was used for sone tine
after the war as a way to make 4, 7-di chl oroqui nol i ne.

Roberts, of course, is now a professor at Texas.

Gortler: He went to Merck first?

Price: That's right. He was at Merck for a while. He had a
rat her remarkabl e academ c record. He earned only A's

t hr oughout col |l ege and graduate school .

Gortler: He did all of his studies at IlIlinois?

Price: No. He did his undergraduate work at Austin Coll ege
i n Sherman, Texas.

Gortler: For sone reason | didn't wite down that work on the
al kyl ation using optically active...

Price: Secondary butyl al cohol ?

CGortler: That's right. | thought that was fascinating, as
was the fact that you canme up with the optically active
product using one catalyst. Does that still hold true for

optically active synthesis?

Price: Yes. That was confirmed, | think, by Burwell. I
think that with the al cohol and boron trifluoride, we got an
optically active secondary butyl benzene wi th inversion.
There was, however, sonmething |ike ninety-nine percent

racem zation. So, it fit with the carboniumion, although
with a slight preference for inversion.

Cortler: That seenmed to have been a very up to date anal ysis
that you nade at that tinme. You really nust have been very
aware of the kinds of nechanisns you could get into with Lew s
cat al ysts.

Price: You know, people's mnds have different ways of
wor ki ng, and m ne has al ways been very geonetrically and
sterically oriented. Geonetry was always just a toy for me in
school. | had no trouble with it at all. O course | did a
| ot of geonetric analysis in order to cal cul ate those
el ectrical interactions. Using geonetry hel ped ne to gauge
t he di stances between charges.

When Roger Adans went off to Washi ngton, which he
did quite often, | taught his course in stereochem stry. It
was a very easy thing for me to do because |'ve al ways been
handy with geonetry and steric factors. 1've always felt very
much at hone with steric effects and stereochem stry.

CGortler: That remnds nme, | wanted to ask you to tell ne what
courses you taught at Illinois and the years that you were
there. Do you renenber what you first taught?
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Price: | started teaching the elenentary organic course for
pre-nmeds and hone ecs.

Gortler: That's right.

Price: | taught that for quite a few years. The other two
courses that | taught there were the advanced course that
Adanms taught to graduate students on stereochem stry and the
gual itative organic course from Shriner and Fuson. Teaching
the latter was fun. Adans' course included a |ot nore than
stereochem stry; it included chem stry as well. It involved
all of the stereochem stry and chem stry of sugars. So, it
was a fairly broad gauge course.

CGortler: During your stay there, didn't you introduce a
t heoretical organic or a physical organic course? Do you know
if a course |ike that was taught?

Price: | don't think we got around to doing that while |
was there. W did as soon as | got to Notre Danme. During the
war, there was a | ot of pressure to keep the war research

goi ng.
Gortler: That's true.

Price: There wasn't too nuch opportunity to revise the
curriculum W just went through what we had. | left at the
end of '45. M new job at Notre Dame began in January of '46.
The war had hardly ended before | left.

CGortler: How did you happen to pick up and go? Ws the job
offered to you?

Price: Oh yes. | had jobs offered to nme by Pittsburgh and
M ssouri. | didn't consider either offer very seriously
because Illinois is a great place to work. Father More, the

dean of the graduate school, and two professors cane from
Notre Dane to talk to nme about joining their faculty, with a
possibility of becom ng chairman of the chem stry departnent.
Havi ng turned down Pittsburgh and M ssouri, | thought of this
as a joke. | had the typical opinion of Notre Dane, that it
was a football school. | really didn't take it seriously.
Yet, because |'d never been there, | thought, hell, | mght as
well get a look at the place. | was trenmendously inpressed
with the beautiful canpus, and Father More was just an
absol utely superb human being with very high academ c
standards. O course, chem stry was the best departnent that
Notre Dane had. Father N euw and had pioneered there with
some work that had brought in lots of royalties. Because of
that, they'd been able to invest a fair anmount in the
depart nment .

| learned also that, contrary to Illinois where al
of the football receipts went only to the football program
Notre Dane used its football receipts to help pay the bill for
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other athletic prograns. Notre Dane actually had a very
sensible policy in this regard. They wanted good athl etes but
they certainly didn't have a bunch of basket weavi ng courses
and things like that for their athletes. Leon Hart was an
engi neer and a good one. He had a B average. One year, the
captain of the football teamwas a chemengineer. A first
string tackle took nmy organic course as a junior. He wanted
to be an MD. and so he quit playing football to make sure

t hat he got high enough grades to get into nmed school. Nobody
put any pressure on him It was his choice.

So, | was inpressed with the place, and they did
offer me the job as head of the chem stry departnment. | was
anbi ti ous enough to think that being chairman would be
interesting, especially since | would be the youngest nenber
of the departnent.

| enjoyed it there. It was, by and |large, a very
interesting place to work. W got a new building and sone
pretty good people to work in it. Ernest Eliel was the first
faculty nmenmber that | hired, and | think a darned good one.

CGortler: Yes. He was not a student of yours?

Price: No, he was Harold Snyder's at Illinois. | hadn't
known Ernest. | guess | didn't hire himuntil three or four
years after | got there. He nust have joined our faculty
about '47 or '48. He got through Illinois in tw years and

wrote about five papers. Harold said that he was the advi sor
to nost of the other students in the departnent. A very snart
guy. No, he wasn't the first faculty nmenber that | hired.
Paul Doty was one of the first ones and a very interesting
character.

CGortler: Paul Doty...the biochenm st who ended up at Harvard?

Price: Yes. Actually he spent al nbst a nonth debating
whether to | eave Notre Dane or to go to Harvard. | was very
pl eased that he didn't just snap at it. He |liked Notre Dane.
MIlton Burton, who is pretty well known for his work on
radi ation chem stry, started the radiation ab at Notre Dame
that is now well known.

Bei ng chairman at Notre Dane was an interesting job,

and | enjoyed it. |I'msure that it distracted me fromny
scientific endeavors, but | still managed to publish quite a few
papers.

Gortler: | think that | counted twenty-one papers by '"46. O

course, there was a | ot of war work.
Price: Some of that was fromthe backl og of war work.

CGortler: Yes, it was war work, but there were quite a few
papers for the next several years.

During your years at Illinois you not only did war
wor k but al so pursued your own research interests. To whom
were you talking at Illinois? Wo were your cl osest
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col | eagues? When you wanted to talk chem stry to whomdid you

talk, both at Illinois and outside of Illinois?

Price: | suppose that | talked nore to chem sts outside of
Illinois than to those at Illinois, because there weren't too
many at Illinois who were interested in nmy work. | know that
I had many di scussions with Jack Roberts and nunerous
argunments with Saul Wnstein. | can't pinpoint the tinme when
t hese occurred, whether before the end of the war or after it,
but they certainly occurred sonetinme during the forties. |I'm
sure that | had lots of discussions with people |like Herb
Brown. He's colorful. 1'ma great admrer of Herb Brown.

CGortler: That's interesting because you recomended that |

| ook at a paper witten in 1951 that reeval uated your views on
el ectrostatic effects and that contained sone new
calculations.* | found it interesting because you nade a
comment in the | ast paragraph of the paper that clearly
attributes to Herb Brown a statenent that |ater would be
call ed the Hamond Pol stul at e.

Price: |'ve been a little annoyed about the many things
that | originated that others christened and clainmed as their
own. | mean, for exanple, no-nechanismreactions; that's al
over ny carbon-carbon doubl e bond book. Nobody has bot hered
to nention that. | was one of the very first ones to suggest
a cyclic reaction nmechanism Pi conpl exes were al so suggested
in that book, before M chael Dewar ever nentioned them He
has given ne credit for being one of the first ones to

postul ate these conpl exes. Sonmehow or other | didn't have the
flair to invent a name or sonmething |Iike that, that caught
people's fancies. By the way, | amglad that you too noticed
my comment about Herb Brown.

CGortler: It was apparent that you were talking to Herb Brown
at that tine.

Did you feel at any tinme that you were conpeting
with other chem sts on particul ar problenms? Can you recall a
specific instance where you felt that you were actively
conpeting with sonmeone else in order to cone up with an answer
bef ore he did?

Price: | guess I've never really felt that | had to beat
sonebody. | do renenber very consciously on nmany occasi ons
feeling a little discouraged about chemi stry. Wy wasn't |
getting nore done? | then consol ed nyself by thinking about

what all of the other guys were doing. That left nme feeling a
little better.

Cortler: Yes, inevitably, when sonebody el se says, "Cee, it's
going very slowy," you feel relieved.

Had Elli ot Al exander cone to Illinois before you
left?

*See page 16 of this transcript.
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Price: No, he was ny replacenent at Illinois. | did know
him however. He was a graduate of Swarthnore and | renenber
pl ayi ng squash with hima fewtines. | think he worked at Du
Pont for a year or two after he got his degree.

Gortler: OK | haven't followed his career, but sonmehow I
think that he got his degree at Colunbia with Cope and t hat
Cope was there only during the war years. | guess he was

officially listed on the Colunbia faculty, but Al exander nust
have been one of the few students he had at Col unbi a.

Price: Yes. | think that's right. After he got his
degree, he worked for a year or two or nmaybe three at Du Pont.
Gortler: | see.

Price: | renmenber playing squash wwth himdown at the Y in
WIlmngton. W got to be very good friends. He was
wonderful. He and his wife were just absolutely super human
beings. It was a terrible tragedy that he got killed so
young. He replaced nme at Illinois, but I sawa lot of him

W nmet at neetings. | renenber playing tennis with himat the
organi ¢ synposi um at Northwestern, shortly after the war.
Gortler: 1'd like to ask you about two other people. First,
did Virgil Boekel heide work with you at one tine?

Price: He worked with ne as a post-doc on the antinal aria
programat Illinois.

Gortler: OK Did you know Frank West hei mer when you were at
Har var d?

Price: Sure. We were and still are very good friends. |
know Frank and his wife very well. W still exchange
Christmas cards and we've had many di scussi ons about

chem stry.

I enjoyed discussing chemstry with Linus Pauling as
much as with anybody. He always anused nme i mensely. Linus
and | never had any serious disagreenents although his
di sci pl es, people Iike Whel and and Wnstein, considered ne to
be a heretic. As for Linus, | would tell himwhat | was
t hi nki ng about and he woul d agree conpletely. He had no
problems wth the way | thought about things. He knew the
[imtations of resonance theory--that it wasn't the answer for
everything. He also understood electrical effects.

Linus and | are still good friends. O course we've
shared not only an interest in trying to understand the
structure and reactivity of chemcals, but also a commtnent
to bring about peace.

CGortler: Yes. Howdid you justify the war work that you did?

Price: I didn't have any problens justifying to nyself
either trying to cure malaria or trying to take toxic stuff
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out of water. Also, although I'ma Quaker and have a strong

interest in pronoting peace, |I'mnot an absolute pacifist. |
recogni ze the need for a police force to support conmunity
interests. | oppose the use of force in self-interest, which
is what | think war is. So, | never had any serious

difficulties doing what | did for the war effort.

I have wondered how I woul d have reacted if | had
been pushed to do work nore directly related to destructive
ends. The closest that | got to that, however, was when I
cooperated with Bob Fuson to try to devel op wat er-deni al
agents. These agents are not toxic but do produce a horrid
stench when m xed with water so that people cannot bear to
drink the water. It was thought that these agents m ght be
needed in North Africa where wells are a crucial natura
resource. Rather than poisoning wells, retreating troops
m ght use a water-denial agent to nmake the water taste so
unpl easantly that nobody would drink it. That's about as
close as | cane to having to work on things that were
destructive. O course, | was working in chem cal warfare on
extrenely toxic things, but I was working on how to detoxify
t hem

CGortler: Yes. | noticed that and | thought that that
fit in very nicely with your Quaker upbringing and your |ater
wor K.

We tal ked a bit previously about the Notre Dane
conference. Can you recall anything el se about its
organi zati on? You knew that you were going to Notre Dane at
the time that you got the idea. It was a great way to start
your career there.

Price: | guess that | thought that it would be a very good
way to put Notre Dane on the map. | nust say, however, that
even though there probably was a planning comrttee, | haven't

t he vaguest idea who was on that comittee.

CGortler: You have made a nunber of contributions to

t heoretical organic chem stry. You' ve also spent sone tinme in
synthesis and structure determnation. Did you ever feel that
t hese two aspects of your career were sonehow scientifically
separate? O did you think that you were an organi c chem st
who | ooked at a variety of problens?

Price: | certainly felt that they were separate. | didn't
think that there was any intimte connection between them
don't think that | did quite as nuch thinking about nechani sns
for synthesis as, say, Bob Wodward did. According to Bob,
those two things were very close together. He liked to use
nmechani sns as a way to devise synthetic approaches. | don't
think I was ever quite that conscious about it, although I

did think about the nmechanisns involved in reactions.

I mght nention a little anecdote about that. Right
after the war, in '46 or '47, | read a paper by Herman Bruson
while |I traveled on a train to the Gordon Conferences, still
hel d then on G bson Island. Bruson, of Rohm & Haas, wote
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about the addition of HX conpounds to dicycl opentadi ene. That
nor bor nene-type double bond is very reactive. All kinds of HX
conpounds added easily to the double bond. | guess Bruson had
a dozen patents on this area, thousands and thousands of
conmpounds that he'd nade by addition of HX to

di cycl opent adi ene. He proved that there was a carbon skel eton
rearrangenent. He deduced the structure of the rearranged
product .

Using a pencil | tried to see if the structures that
he proposed fit with the normal carboniumion mechanism They
didn"t. There was no way that he could have gotten the
products that he clained he got. So, | sketched out what |
t hought the products ought to be.

VWen | got to the conference, | |earned that Pau
Bartlett was nmy roommate. | showed Paul what |1'd done and he
said, "Gee, that | ooks very reasonable. |'m working on
di cycl opentadi ene; let nme try it." Wthin a few weeks
Bartlett proved that all of Bruson's conpounds were
incorrectly assigned. | arrived at that concl usion by
consi dering the nechani sns invol ved.

Every tine | look at a chemi cal reaction, | like to
see if | can inmagine what the nechanismis for the reaction
It's alnost an automatic reflex action. | don't think it's as
consciously planned as it appears to be froma consideration
of Bob Whodward's work. Bob certainly gives the inpression
that it's consciously planned.

Gortler: Yes. | think nost people think about his work in
that way. Let's see, he hadn't come to Harvard when you were
there. Was he at Illinois when you got out there?

Price: Yes. He was there the first summer | was there, the
sunmer of '37. He had been invited to be an instructor in the
summer school. Bob conpleted his undergraduate and graduate

education, through the doctoral degree, at MT in only five
years.

Gortler: He fit inwell. (laughter)
Price: He did not win friends and influence peopl e at
I1linois, I'Il tell you. Later, Bob and | becane very good

friends, but her was a very brash and egotistical young man at
that point. He thought that he'd really conme out to the
boondocks at Illinois, and he was very condescending. He had
been assigned an eight o' clock class. Wll, in Canbridge, of
course, there aren't any eight o' clock classes. He just never
got there on tinme. He was al so supposed to be supervising a

| ab, but he was very seldomthere. He played poker with Speed
and a couple of the guys and then never paid his debts. He
ant agoni zed people right and left. Harold Snyder and | were
still | abmates and post-docs for Roger Adans that sumrer. (|
didn't start teaching until that fall). Bob had the office
next to us, and he spent a lot of tinme in our place bumm ng
cigarettes. Harold finally figured out the answer to that.

He kept his cigarettes hidden in a drawer, and kept a pack on
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the desk with just one cigarette in it. Bob would cone in,
shake the pack, and | ook at us. He didn't quite have the
nerve to take it.

Well, you know, that kind of behavior did influence
Bob's career. He never got the ACS award in pure chemstry, a
gross miscarriage of justice. Illinois profs had a big

i nfluence in the ACS, however, and they just could not stonach
this guy. Once Bob won the Nobel prize and a few things began

to fall into place for him he nellowed greatly. He's a fine
guy now. |'ve always enjoyed talking with him W' ve had a
|l ot of fun together. But that first summrer he taught at
[I'linois...

Cortler: He just stayed out there for that one short period...
Price: Just one sunmer

Gortler: Soneone else had told ne that he didn't wn friends
and i nfluence people out there. He said that the worst thing
that Bob did was to borrow gl assware and then not wash it
after he used it.

Price: Vell, that's true too. | think Speed got so

i ncensed when Bob didn't pay his poker debts that he wote to
the prof at MT and asked, "Wat kind of guy did you send to
us?" | think that the prof got after himand nmade hi m pay his
debts. He just was a very brash, egocentric young nan

Gortler: 1'mhoping that he's sufficiently mld enough now
that he'll be willing to talk to ne one of these days.

Price: Hasn't he been willing?

Cortler: 1 haven't asked himyet.

Price: Ch, it won't be any problem Bob is a fine guy now.

Cortler: Wen | was a graduate student he spent two hours one
aft ernoon descri bing possible research problens to ne.

Price: You won't have any problens wth Bob now.

CGortler: At first | thought, gee, he's off in synthesis.
Now, however, he's becone a really inportant figure. He was
one of those transitional figures who applied physical organic
chem stry to synthesis.

In recent years, you' ve edged into biochemstry.
You' ve worked on al kyl ati ons, proteins, and nucleic acids.
Can you tell me a little about it? How did you get into that
wor kK?

Price: It occurred as a direct consequence of both of ny

wartime projects. One of the nmen in the nmedical school here
at Penn, Buck Jones, had been responsible for testing our
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candi date antimalarial drugs at the Illinois State Prison. |
had worked closely with him After | arrived here, he

i medi ately visited ne and said that he had a bright idea
about a drug for cancer.

He knew that the attack on a nucleic acid was a key
facet in cancer chenotherapy. He also knew that antimal ari al
drugs intercalated into the DNA chain. That was how t hey
exerted their antimalarial activity. He thought, therefore,
why don't we take an antinmalarial drug, which has a preference
for going to these chains, and put an al kyl ati ng agent on the
end of it? Most of these antinalarial drugs have a
di et hyl am ne group at the end of the chain. Al you have to
do is to put the two chlorines out there and you've got a drug
whi ch | ooks exactly |ike an antinmal arial drug, except that
there is a nitrogen nmustard at the end. W therefore nade a
| ot of antimalarial nustards, quinacrine, 7-chloroquinoline,
and a whol e host of others. These were extrenely interesting
anti cancer drugs.

Buck Jones actually tested one of themclinically
because it had been extrenely effective in mce and rats.
Actually, in his clinical tests, it was extrenely effective in

humans. It was probably one of the nost potent of all the
nmustards for treating cancer. However, a nunmber of people who
were treated got the nost weird psychotic experiences. It was

therefore struck fromthe program

By the time we were done here at Penn we had nade
five or six hundred conpounds of nodified nustards of al
kinds. W also nmade a variety of heterocyclic antineta-
bolites. After spending five years maki ng conpounds, testing
them and finding that nost of them were not nuch better than
nitrogen nustard, we began to get discouraged about the
synthetic approach.

W decided that it would be best to take a
nmechani sti c approach, that is, to try to determ ne
quantitatively what happens when the al kyl ati ng agents react
with nucleic acids. So, we started neasuring the rates of
reacti on of adenine, thym ne, cytosine, and guanine wth
nitrogen mustard. We then put on the sugar, put on the
phosphate, and strung them together into honopolynmers. Wile
doing this work, incidentally, we used the diethyl chlorethyl-
am ne instead of nitrogen nustard because doing so assisted
our analysis. It is far sinpler to | ook at a nonofuncti onal
al kyl ati ng agent than a difunctional agent. Wen you have a
sequence of two reactions that have different rates you have a
much nore conplicated situation

After we decided to shift to diethyl chlorethyl -
amne, | told an Indian student who started this work to put
the nustard in as the hydrochloride, neutralize it to pH 7,
let it cyclize, and then use it as an al kylating agent. He
tried to do all of this, but then returned to ne and said, "It
didn't cyclize, Doc."

| said, "Go back and do it again.”

He did. He then returned and repeated, "It didn't
cyclize, Doc."

Al'l of a sudden it dawned on ne that in the
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di chl orethyl nustard, both of the chlorines | ower the pH of
the base to about 7 or 6, so that at pH7 it's nostly
deprotonated. | checked and the pH of diethyl chlorethyl-
amne is 10. At pH 7 only one-tenth of one percent is
deprotonated. Al we had to do therefore was to nove to pH
10. It cyclized alnost instantly. That gave us the stable
reagent. W then backed it down to pH 7 and we used it for
our al kyl ati ons.

Most of our al kylation studies actually used diethyl
et hyl enei noniumions as the al kylating agent. It reacted
readily with nucleophiles. W titrated it with thiosul phate.
It reacted with nucl eophilic centers and we proved where it
went on the different nucl eophiles, guanines, adenines and so
on.

| guess that we really only discovered one thing,
al though it was an interesting and inportant discovery. It
had been reported in the literature that when DNA was in the
doubl e helix, adenine didn't al kyl ate because the nucl eophilic
center from adenosine is the one that's hydrogen bonded. The
guani ne nucl eophilic center was open, and it was known
qualitatively that you get 7-al kyl guanine. What wasn't known
was that it was about fifty times as reactive as ordinary
guani ne. There was enhanced reactivity. This explains, of
course, why DNA is a selective target for nitrogen nustard.
You have such an extrenely highly enhanced nucl eophilicity.
Enhanced reactivity holds true only in the double helix DNA
In randomcoil, the reactivity drops way down. The doubl e
helix structure definitely affects the reactivity.

Cortler: | see. This probably just exposes the nucl eophilic
center in certain ways, or...

Price: | don't think that's the main reason. W

hypot hesi zed that the double helix structure nmade a very

ef fective structure for distributing the charge that you're
going to put on the alkylated center. Fromny old electro-
static days | know that whenever you place a charge on a small
body, it possesses a nmuch higher potential energy than if you
put the sane charge on a big body. Anything that we can do to
di stribute charge automatically |lowers the energy. And, of
course, the fact that it's hydrogen bonded neans that you can
shift the proton nore, fromnose to nose, to distribute nore
charge to the other chain.

Cortler: Right.

Price: The fact that they're al so pi-bonded neans that the
el ectrons in the base above and bel ow could shift into that
ring. That |eaves these two bases with nore plus charge.
When you put sone plus charge on the adjacent rings you

di stribute the charge over a whol e segnent of the chain, by
bot h nose to nose proton sharing and cheek to cheek el ectron
shari ng.

CGortler: Right.
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Price: That was our explanation. You' ve |owered the
potential energy of the product very greatly and that | owers
the potential energy of the transition state. O course, the
nucl eophilic center is exposed.

Cortler: | see, you lower the transition state considerably
by stabilizing it.

Price: W showed by al kylating a m xture of poly G and poly
C that the guanine-cytosine pair was greatly activated by the
pairing. That was true for synthetic as well as for natural
pairing. W finally published quite an extensive paper
because we had to do all of this groundwork. It was a hell of
a lot of work to prove that one fact. That was the only
surprise and the only interesting feature of the work that
really canme out and that was quantitatively neasured.

We then started to do the same for proteins; that
is, to take proteins of known three-dinensional structure in
order to know what was bonded to what, and to see if we could
come out with any simlar observations. Well, we just barely
got started on it. W published one paper when the grant
supporting ny antimalarial work was term nated. W
t hi obenzene grant was al so term nated the sanme year. These
occurrences figured promnently in nmy decision to retire from
chem stry. | also thought that | mght be able to do
sonet hing nore interesting and useful for society in sone
ot her field.

Gortler: How did you begin your witing about evolution and
the synthesis of I[ife? Ws it an outgrowh of sonme prior
research?

Price: Vell, my work on DNA and protein hel ped ne very nuch
because it gave ne background, but ny witing about evol ution
and the synthesis of life started for an entirely different
reason.

Perhaps you don't recall that | was president of the
ACS in 1965, and that one of the few functions that the
presi dent has to discharge is to give a presidential address.
| wanted to do sonething that | hoped woul d be significant.
Such an opportunity doesn't cone along very often. |In fact, |
did two things as president of the ACS that were of sone
significance. One was to give the presidential address. The
other was to start the Chem stry and Public Affairs activities
of the society.

While trying to decide what to say during ny
presi dential address, | renmenbered having heard chem sts often
say, "Cee, everything that's interesting and exciting has
al ready been done; there's nothing left to do in chemstry."
| thought that 1'd deflate that sentinent by tal king about the
synthesis of life. This kind of talk hadn't been given.
There were all kinds of reasons why it would be a very
exciting, interesting, and significant enterprise. | said
during ny address, that the synthesis of |ife would probably
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be even nore significant in the long run than the di scovery of
atom c energy. The address attracted a |lot of attention, some
favorabl e and sone very unfavorabl e.

CGortler: As you mght expect.

Price: As a matter of fact, six weeks after ny talk, So
Spi egel man reported on the synthesis of RNA viruses in a test
tube--a really remarkable work--and referred to ny talk in his
paper. | had predicted that it mght take twenty years. He
said that it took only six weeks.

Sol had done a beautiful job. He wondered about how

an RNA virus works in a cell. Wy does the RNA virus
replicate at the expense of all the other RNA's that are
synthesi zed? | nean, there are all kinds of RNA replicases

avail able in the cell and ordinarily, RNA replicases wl|l
replicate any RNA.  Wen an RNA virus invades the cell,
however, nost of the RNA that's synthesized is new virus RNA
It turns that on and turns off a |ot of other reactions.

Sol hypot hesi zed that an RNA virus m ght have
"messenger” RNAin it, that is, that part of the RNA virus
that went to the ribosone instructed the ribosone to
synthesize a protein that was a very specific enzyne for
replicating only that RNA virus. So, he | ooked at virus-
infected single celled organisns and found that they did have
an extra enzynme in them He isolated that enzyne and put it
in a test tube, along with a few virus nol ecul es and a | ot of
tri phosphates, ATP, GIP, CIP and UTP for RNA. The enzyne then
just started replicating, that is, synthesizing virus in the
test tube. \Whether Spiegel man synthesized life or not depends
upon whether you call a virus a formof life.

Cortler: Right.

Price: Havi ng begun seriously to consider the synthesis of
life, I got nore and nore interested in the topic and have
followed the literature about it very carefully. |It, and the
rel ated topic of evolution, worked its way into my concern
about society in a very interesting way. | guess that very
shortly after | gave the talk to the ACS, | began tal king
about and witing articles about the relation of order to
evolution. | have prepared a manuscript for ny |atest book
which is on the societal and phil osophical consequences of
this di scovery.

The book on the synthesis of life* was actually
witten as a prelude to this later book.** | wote the fornmer
in order to becone conversant with the scientific facts, and
also to establish ny credentials to wite about this sort of
t opi c.

*The Synthesis of Life (Stroudsburg, Pennsylvania: Dowden,
Hut chi nson, and Ross, 1974.)

**Energy and Order: Sonme Refl ections on Evolution (n.p., 1983).
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Gortler: You are tal king about the book published in the
series, Benchmark Papers in Organic Chem stry.

Price: Yes, that's a scientific book. It doesn't deal with
soci etal or philosophical consequences.

Anyhow, it all started for ne with the ACS talk. It
was a really remarkabl e happenstance that that topic would
becone so closely interwoven with nmy concern for world order.
The principles just flow fromone to the other. The
applicability is remarkabl e.

The work that we did on the al kylation of DNA and
protein helped to get nme inmersed in biochemstry. It also
got nme acquainted with a |ot of biochemsts. All of that
hel ped nme to get organized for this kind of work.

Cortler: Before we nove on to other aspects of your career, |
want to ask you a few nore questions about physical organic
chem stry. Wat are the major characteristics of physical
organic chemstry? Additionally, what was it and what is it?
In just a fewmnutes |I'lIl ask you where you think it's
headed. For the nmonent, however, tell ne its mgjor charac-
teristics.

Price: Wll, | guess that | can respond in a very sinple-

m nded way by saying that an organic chem st is interested in
what happens, whereas a physical organic chem st is interested
in why and how it happens. | think that's the distinguishing
characteristic between the traditional approach to organic
chem stry and the approach of physical organic chem stry.

Cortler: Yes.

Price: If I mx Aand B, what do | get? The physica
organi ¢ chem st wants to know the internedi ates, how the
reaction goes, and why it goes as it does. He also wants to
know all of the factors influencing it.

The effect of structure on reactivity is inportant for
bot h synthetic and physical organic chem stry. Even the
synthetic chem sts need to know that. Trying to understand
the nature of the effect of the structure on reactivity is
certainly a characteristic feature of physical organic
chem stry. Traditional organic chem sts m ght have the feel
for this in their bones, w thout really know ng why.

Cortler: Yes. Do you think, in fact, that organic chem stry
is now, with the advent of physical organic chemstry,
under goi ng some kind of a change?

Price: | don't think there's any question about it. The
organic chemi st today is a very, very rare bird if he doesn't
t hi nk about mechani snms of reactions. Even the nost synthetic
chem st thinks about them

Cortler: These are ny feelings too. | feel nore secure when
ot her people also say that they feel that way.
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Price: Ch, no question about it.

Cortler: Were do you think physical organic chem stry is
headed? Phil Skell said to ne a year or two ago, "Organic
chem stry is dead. The only thing physical organic chem sts
do nowis to add another figure after the deciml point on
al ready well known nunbers.™

"mnot sure that | agree with that, but | wonder if
you've given it thought?

Price: No, | don't agree with that. There are still sone
reactions that are fascinating and that | don't know anyt hi ng
about. As long as they're sitting there unexpl ai ned, they
of fer a challenge to a physical organic chem st.

| shall cite one exanple, the norbornene business.
If you add HSCN to norbornene, you get al nbst instantaneous
addition with no rearrangi ng, whereas every other HX instantly
rearranges it. Well, you know, you can say that it just goes
by a four-center addition reaction, and wave your arns at it.
But | don't think anybody knows or has done work to el ucidate
t hat nmechani sm conpl et el y.

| do agree that an awful |ot of academ c research
has no nore significance than solving a crossword puzzle. The
researcher may nmerely put another figure after the decinm
point on the end of nunbers he already knows, or solve a very
cl ever kind of insignificant problem

Cortler: Yes.

Price: | think that's probably true in every field of

chem stry. |It's certainly true that the enphasis on practica
results led to decreasing financial support for physical
organic by the NSF. Consequently, physical organic chem stry
came on hard tinmes. Yet, | don't think that that necessarily
neans that there isn't anything interesting left to do in
physi cal organic chem stry.

Cortler: Wat about the orientation that you took, that is,
wor ki ng nore on biol ogical problenms? | assune that you felt
that there was a role for you there.

Price: Yes. There probably still is a fairly substanti al
role for me to play. | also think that there is a |ot of
stuff in that area that we don't understand yet. Sonebody
wi th a good background in physical organic chemstry is bound
to be able to make inportant contributions to biochem stry.

| certainly don't think that everything that can be
done in physical organic chem stry has been done, or that it's
a dead subject. | think that even if a lot of the funda-
mental s have been worked out, people will be using these
princi ples of physical organic chemistry in the way that they
approach chem cal problens in biochem stry, solar energy, or
what ever.

The interaction of nolecules in the solid state is
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an area that we don't understand too well yet. There's a |ot
of exciting stuff that can be done there. W know dilute

sol utions because that's where it's easy to study and
under st and t he behavi or of nolecules. How the nol ecul es
behave en nasse, however, is another thing. A lot of very
important things are yet to be found in that area. Consider,
for exanpl e, heterogeneous catalysis. Think about how

i mportant Ziegler catalysis is and about how little people
real |y know about the catal ytic center.

Incidentally, this is another of ny suggestions that has
been totally ignored. | was the first one to propose the
mechani sm of Ziegler catalysis that is now accepted as the
basi ¢ mechanism One of the few who has acknow edged ny
priority in this matter is Natta. Everyone else ascribes that
mechani smto sonebody else. |1'mnot angry or anything but...

When we were doing our work on the stereochem stry
of epoxi de polynerization with base and with coordination
catal ysts, it seenmed to ne that the nmechanismwas rel ated
closely to the Ziegler system At the tine, we obtained nuch
evi dence for epoxide polynerization because we had optically
active nmononmers with which to work. W postulated a two netal
center, with coordination of the olefin, and then rearrange-
nment. Everybody accepts that as the nechanism but | don't
t hi nk anybody nmentions that | was the first one to propose it.

Cortler: That's interesting. | was |ooking at your papers,
as well as at sone others, and | realized that you were at the
forefront of a nunber of inportant problens. Did you
consciously sit down and say, "Gee, | wonder what's inportant
this year? Mybe | should turn ny attention to that.” Did
you think, "This is going to be a significant problen?" O
did you just fall into these situations?

Price: Vell, it was probably not highly conscious, but
certainly not entirely unconscious either. Consider, for
exanple, that | got interested in epoxide polynerization
because | sensed that pol ypropyl ene oxi de m ght nmake a good
rubber. That idea canme to nme when | was chairing a speci al
conference of the National Research Council. W had deci ded
to gather about twenty research scientists, half from
universities and half fromindustry, and to ask them why a
rubber behaves the way it does and how we coul d get better
rubberli ke conpounds for | ow tenperature use.

As a result of these discussions, it becane clear to
me that we needed a chain with a high degree of flexibility
and a | ow Van der Waals interaction between chains. To ne,
that all neant an ether because an ether has a nmuch | ower
barrier of rotation than a carbon-carbon bond. It has a very
| ow Van der Waals interaction. | thought that one very good
rubber for | ow tenperature would be a chain of anorphous
polyneric ether. The chain had to be anorphous or it would
crystallize. | therefore put the nmethyl group in there and
deci ded to nmke pol ypropyl ene oxi de.

There was a probl em associated with nmy approach,
however. Nobody knew how to nake a hi gh nol ecul ar wei ght
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network structure out of polypropyl ene oxide. That oxide
didn't yield a polyneric ether of high nolecular weight.

We started to work on that problemat Notre Dane.

My idea was to make branched, |ow nol ecul ar wei ght materi al
and to string it together as a polyester, or polyurethane, or
sonmething like that. W succeeded in doing that. | had a
student who had finished his Ph.D. in June and wasn't going to
teach until Septenber. General Tire agreed to support him W
made a bounci ng rubber ball within a nonth or so.

Everybody thought we were crazy. They didn't
bel i eve that we were going to use pol ypropyl ene oxi de, known
as a lubricating fluid, to make rubber. O course, we did. A
few years later, the executives of Union Carbide found out

that we coul d make rubber out of their lubricating oil, and
were they fl abbergasted. O course, we had gotten a patent on
the process. | bought ny first big racing sailboat with the

first royalty check

This work got ne thinking about the problens
associ ated with polynerizing propyl ene oxide. Wy, for
exanpl e, does ethylene oxide grow as a |iving polynmer to any
nol ecul ar wei ght, but propylene oxide will only growto a
nol ecul ar wei ght of about 2000. | learned that the latter
occurs because of a chain transfer process. The hydrogens on
the nmethyls can be plucked off by a base in an E2 elimnation
giving an al cohol ate ion which starts a new chain. One chain
term nates and a new one starts.

About that tine, Herman Mark gave a talk at Notre
Danme. He had | earned about the Ziegler business and coul d
talk about it long before it had been published. He also,

t hi nk, happened to know about sonme patented work at Dow.

Dow had di scovered a catal yst for propyl ene oxide
that was uniquely different fromany others and that gave a
hi gh nol ecul ar crystalline polyner. It was for the discovery
of propyl ene oxide what Ziegler's was for propylene. Nobody
knew the crystal structure for either crystalline polypropy-
| ene oxide or crystalline polypropyl ene. Because of ny
background in stereochem stry, it was i medi ately obvious to
me that we woul d gain a big advantage by working on the
epoxi de because we coul d make the nmononmer optically active.
This was known. W made it optically active, polynerized it,
and got a polynmer with the same characteristics as the
material that Dow had produced. Wile ours was of | ow
nol ecul ar weight, it had the sane crystal pattern. This
proved unequivocally that the Dow catal yst had been
stereosel ective in making an isotactic pol ypropyl ene oxi de.
We made an optically active polymer with the same nelting
poi nt and the sanme crystalline structure.

This occurred within six nonths after Natta had
reported on pol ypropyl ene. Furthernore, Natta's evi dence that
propyl ene was a crystalline isotactic polynmer was sinply his
anal ysis of the X-ray spacing repeat distance. His
interpretation of isotacticity was, of course, purely
hypot hesis. He has given us credit for being the first to
prove that a catal yst can be stereosel ective and give an
I sotactic polynmer. Qur proof was based on an oriented fiber
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that gave an X-ray spacing of 5.85. This fit nicely with the
helical isotactic polyner.
We al so asked "What's the nmechanismof this
i sotactic polynerization?" W imrediately discovered that we
could nake a I ot of catalysts that Dow didn't. They used a
ferric chloride-propyl ene oxide reaction product. W showed
that we coul d use al nost any Lewis acid. These gave the
crystalline polyner. Wen it becane clear that the inportant
feature was a Lewi s acid al koxi de, we postul ated that the
Lewis acid was coordinating with the epoxy oxygen. An
al koxi de on the netal then rearranged in the conplex by an
I nternal nucl eophilic replacenent. W had an epoxi de
coordinated with al koxide--it just mgrated over--and that
made a new al koxi de i nto whi ch anot her epoxi de nol ecul e was
inserted. W therefore proposed that another epoxide
coordi nated where the al koxi de group was, and then that
al koxi de, with the nmonomer unit in it, could rearrange, and
we'd have two units; a coordination, rearrangenent nmechani sm
In al nost our very first paper, when we proposed
t hat nmechani sm for epoxide, we al so proposed it for the
Ziegler. Everybody had the nbost weird i deas on what Ziegler
was all about--surfaces, and all kinds of crazy things. W
said it's just a catalyst site and everybody now accepts that.
As | say, nobody ever credits Charles Price for having been
the first one to propose sonething. | haven't seen anybody
ever give ne credit. Yet, there's no question that ny report
was the first in the literature about that nmechanism W had
no evidence for olefins at that point, except the anal ogy.
It's there, however, and it gives exactly the picture that you
see witten in all of the articles today.

Gortler: One never understands the why of that kind of thing.
Wiy is credit given in certain instances, and not in others?

You tal ked about your being chairman at Notre Dane.
You were al so chairman here at Penn. | suspect that you
approached this appointment in nmuch the sanme way that you did
the one at Notre Dane. Wen you cane here, did you also fee
that you had to build or revive a departnent?

Price: Oh, no question about that. This departnent was not
hi ghly regarded as a center for chem cal research. | was very
much a m ssionary.

Cortler: You cane here because it was a new chal | enge?

Price: No question about it. You know, it was very
amusing. M friends would say, "Hey, | hear you're going to
the University of Pennsylvania." They would then pause and

say, "Let's see, who's at Penn now?" That was a typica
conmment .

The chem stry departnent at Penn had been very
i nbred. Most of the faculty had gotten Ph.D.s at Penn. Nice
gents, but they had no reputation. It was, therefore, very
much of a building job. The physical facilities were abysmal.
| came here only because Ral ph Connor, who was president of
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Rohm and Haas at that tinme, strongly encouraged ne to do so. He
had been coaut hor of a book with me. Reynold Fuson and

Ral ph Connor had witten an el enentary book for pre-ned and ag
students at Illinois. Snyder and I joined as coauthors for the
second edition.*

Cortler: Connor had al so been here at Penn, up until the war?

Price: Yes. He then got involved in sone NDRC work in
Washi ngt on.

Cortler: Right.

Price: After the war he becane director of research at Rohm
and Haas. He then becane president. He's a wonderful man and
a good friend. He strongly encouraged ne to cone here, with
the prom se that Rohm and Haas would help. 1t did.

CGortler: | see.
Price: An awful | ot of what happened here was due to the
assi stance of Rohm and Haas. It hel ped us, for exanple, to

build a new building. This was essential to get us started.
Yet, Rohm and Haas never allowed us to use its nane, so it
didn't receive credit due to it.

Cortler: Wen you cane here, were you housed next door, in E
F. Smth Hall, or sonmewhere el se?

Price: Well, there was a nmuch ol der building right where
this one is.

CGortler: | see.
Price: A much ol der building, an old weck of a building
with alittle wwng at its back. It seenmed to ne that we

needed to have a decent lab built as quickly as possible. W
needed nmeanwhile to nove into sonmething. Tearing the old
bui |l di ng down and buil ding a new one took a little |onger than
| had anticipated it would take, but it was done. First, we
built a new wing that was designed for undergraduate |abs, but
that was used for research until we could build the new
bui | di ng designed specifically for research. It was exactly
what | planned, but doing it took about fifteen years | onger
than | thought it was going to take.

Cortler: 1t always does. Let's talk about your presidency
and your ACS activities a little bit. That you ended up as
presi dent of the ACS denonstrates that you have al ways been
fairly active in ACS affairs.

Price: Yes, | have been reasonably active in ACS affairs

*See page 20 of this transcript.
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and have done quite a few things at ACS. MW two nmain
acconpl i shnments as president were the things | nentioned
previously. M presidential address interested ne very nuch.
Whether it did |ikew se for anybody else, | don't know |
think that starting the Department of Chemi stry and Public
Affairs in the ACS office and the Conmttee on Chenistry and
Public Affairs were very significant events. Scientists
weren't supposed to beconme involved in politics. | had been
active in politics, however, and therefore felt that ny
relatively easy election indicated that a |ot of chem sts

t hought that nmaybe it was tinme to get involved in politics.
Everything just cane together. The tinme was right.

Gortler: Didthe ACS's political involvenent create problens
with the IRS? Didits involvenent in public affairs nmean that
the ACS was no | onger a tax-exenpt organization. D d that
have anything to do with its tax probl ens?

Price: No. | don't think that was a significant part of
the problem | think that the main problemwas that C & E
News had become an i ncome produci ng operation.

Cortler: | see.

Price: They sol d advertisenents and received incone. They
got into troubl e because of that.

Cortler: Oh, | see. It was not as a result of |obbying or
political activities.

Price: Not really. In any event, you're allowed to use
five percent of your incone for these activities. W expended
a much smaller fraction

Cortler: Wat about the United World Federalists? You've
been very active with them

Price: Wll, that's an interesting and anusing little
sidelight. | was a totally apolitical animl who hardly even
registered to vote, | guess. M political conversion occurred
just after the war. | went to Washington in '47 for severa

neeti ngs about war operations: wth the Chem cal Corps, with
the Quartermaster Corps, and with the Navy. W were just
beginning to rearm | was feeling very blue about the
prospect of our country's heading for another World War when |
visited ny famly's farmin Sellersville, Pennsylvania, before
goi ng back to Indiana. M brother played nme a tape recording
of a talk by Congressman Judd from M nnesota. Judd had been
at a local Quaker neeting, tal king about world governnent.

Hs talk hit me right between the eyes. M brother then gave
me a copy of Enmery Reves', The Anatony of Peace.* Reves had
reported about the League of Nations for many years as a

*(New York: Harper and Brothers, 1945).
49



correspondent, had realized its shortcomm ngs, and had witten
that the only way to have an effective world organization is
to have a world governnment, rather than a debating society.

| read Reves' book on the way back to Indiana and
di scovered that his view was that of the United Wrld
Federalists. By the time | got honme, | was a convinced Wrld
Federalist. | found the answer to the question of how to
avoid war. Establish a peace system based on | aw and order.
This was the only alternative to the war system

Cortler: Your brother and soneone else in your famly, your
not her perhaps, were also involved with the United World
Federal i sts?

Price: They were al so nenbers, although not as active as |
becane. | becanme active immediately. | organized a chapter
in South Bend and a state branch in Indiana. | even | obbied

in the state | egislature.

Cortler: It nmust have been a little hard to do that out in the
conservati ve M dwest.

Price: Yes. Well, in the beginning there was no
opposition, and so being an advocate for a world governnent
wasn't that bad. Eventually, however, opposition to ny views
swelled. | becane a candidate for the U S. Senate, and the
House, in order to becone an advocate in our political system
for world federalism These were interesting experiences.

| amstill absolutely convinced that there's only
one alternative to war and that it is to have a peace system
Furthernore, the only peace system of which | now that history
has denonstrated works, is sone kind of a systemof |aw and
order under governnent. Certainly the United Nations is not
t hat .

We and the Russians proposed world governnment in
1961 in a revol utionary docunent, the "Joint Statenent of
Agreed Principles for D sarmanent Negotiations". The
Russi ans, through Valerian Zorin, and the United States,
t hrough John McC oy, and with the approval of John Kennedy
proposed it. Endorsed unaninously by the UN CGeneral Assenbly,
it contained two basic principles. The first was to dismantle
all national mlitary establishnments, all, |leaving only
enough lightly arnmed forces for internal policing. The second
aut hori zed the United Nations to settle disputes and to assure
conpliance. W proposed a draft treaty, as did the Russians,
to inplenment the agreed principles. Al of this was just
totally sabotaged by the mlitary in this country.

Cortler: What an incredible idea.

Price: According to the mlitary propaganda circul ating
down in Washington, this country never really nmeant to abide
by the "Joint Statement”. It was just propaganda.

| talked to Bill Foster, who was the first chairman

of the Arms Control and Di sarmanment Agency and asked himif
50



the United States' position was just propaganda. He said, "I
want you to know that John Kennedy and | were absolutely
sincere about general and conplete disarmanent.” He
continued, "I will add, that up until the time of the Zorin-
McC oy agreenment, we had no problens with the mlitary. After
that, mnmy negotiating problens were not with the Russians;
rather, they were with the mlitary."

The mlitary sinply sabotaged Foster's position.
That was the essence of an article that | just published,
"Re-establ i shing D sarmanent on the U S. Agenda."* The World
Affairs Council published it for me and Norrman Cousins wote a
|l ovely editorial about it in the Saturday Review a coupl e of
weeks ago. **

Gortler: If you have an extra copy of that article, I'd |like
to take it with me. Was the Federation of American Scientists
an of fshoot of this, or was it sonething el se?

Price: No. It was entirely independent. It grew out of
the Federation of Atom c Scientists that started just before
the end of World War 1. It tried to arouse people to the
probl ens of nucl ear weapons. | was the chairman of that group
at one tinme, and sonehow | never really clicked with it. Many
of its nmenbers were in the arns business and were nuch nore
interested in what 1'd call arnms control than in solving the
war problem by general and conpl ete di sar manent.

One of the points I've tried very vigorously to make
in all of the things that I've witten, is that arnms control
Is totally different fromdisarmanent. Arns control is part
of the war ganme. You try to get an advantage by limting arns

instead of by building arnms. It has sone advantages because
it's better than not having arns control. It will not,
however, get rid of the war system It's part of it. It has

atotally different objective. The general and conplete

di sar manent that Zorin-Md oy envisioned entailed getting rid
of our national mlitary establishnments and setting up the

U N as an international instrument of |aw and order. That's
not easy to do, believe ne. Yet, it's an awful |ot easier
than putting the world back together again after a nucl ear
war .

Cortler: W' ve been tal king about your work with the United
Wrld Federalists and the Federation of American Scientists.
You haven't explained yet how your involvenent with the latter
group started. Wat exactly is the Federati on of American
Scientists? |'ve read about that group in your biographical

*Charles Price, "Reestablishing D sarmanent on the Anerican
Agenda, " Cccasi onal Paper 2 (Phil adel phia: d obal Interde-
pendence Center, 1979).

**"H story Lesson" (May 12, 1979): 12.
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sketch in the '57 edition of Current Biography.* | think
that you were witten about in that vol une because you were
the spokesman for that group

Price: | was national chairman that year.
Cortler: Yes, that's right.

Price: Yes, | had been active with that group for a few
years before | becane chairman. Sonehow, we didn't quite see
eye to eye on the issues of disarmanent versus arns control
They were much nore pragmatic about arns control neasures and
nucl ear test bans, which was all fine. | have nothing agai nst
them but their agenda didn't solve the problem

Cortler: Yes. That's right.

Price: As with ny chairmanshi p of the board of the Counci
for a Liveable Wrld for three or four years, | had an awf ul
hard time convincing the Federation of American Scientists of
t he i nportance of GCD

Cortler: GCD being?

Price: General Conplete Disarnmanent as envisaged in the
principles of Zorin and McCloy. Anyway, arns control has done
some useful and inportant things. CLWIeads the fight against
the antiballistic mssile. M preference, however, is to cure
the disease rather than to adm niste sonme aspirin tablets.

CGortler: It's a bigger undertaking, but nore than worthwhile
in the end. Wat about your current activities? You say that
you've retired fromactive chem cal research to take up nore

i mportant things. Do these mainly have to do with disarna-
ment ?

Price: | guess the main thing for which I want to work is
to establish a systemthat will elimnate preparation for
nuclear war. | haven't seen anything that indicates anything
si nmpl er than having necessary institutions to permt nations
to disarm It's not going to be easy, but | still think it's
the only right principle. Oher principles are |ike perpetual
noti on machi nes. They operate agai nst the basic correctness
of the way the world works. W're not going to elinmnate the
threat of war by any arns control neasure |'ve seen di scussed
seriously.

["mstill active in the Wrld Federalist Association
and want to continue to be so. | also happen to be chairmn
of the board of Swarthnore Coll ege, which takes sone tine and

*"Price, Charles C(oale), Current Biography 1957 (New York
H W WIlson, 1958), p. 438-40.
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energy. | want to finish the book that I"'mwiting.* 1've
witten the first draft, and |I've been so busy with this crazy
| aw case, | haven't even had a chance to proofread it, |et

al one think about where I"'mgoing to get it published. |
definitely didn't want to get a publisher first, because then
|"d be hounded to get the thing done. | wanted to do it in ny
own tinme and ny own way, and then see who wants to publish it.

Cortler: Yes.

Price: I"malso on the Phi Beta Kappa Sci ence Book Award
Commttee. | read about twenty-five to thirty boods each
year. During the next three nonths I'll be trying to read

this year's crop of books for the Science Book Awards. Three
years ago | pushed very vigorously for the book by Gerard

O Neill of Princeton about colonies in space that can be used
as manufacturing facilities and that can al so radi ate sol ar
energy back to earth in order to solve our energy problem **
Oh, there are sone very interesting books.

Cortler: Yes. It sounds like it. Well, you're certainly
going to be busy. It's hardly a retirenent.

Price: | also want to do nore sailing and to play nore
tennis and golf than I have had tine to do lately.

CGortler: Well, let's round things up. | have a few odds and
ends to resolve. First, however, 1'd like to ask the one big
qguestion. Looking back over your career, what are the things
that have given you the nost satisfaction? |'msure that it's

hard to give an answer. You've done so many things.

Price: Vell, 1've always gotten a big kick out of research
and doing things that were new and different. As you've seen,
I"mslightly annoyed and frustrated that others didn't think
that ny research was pretty original and significant.

I"ve al ways enjoyed the political arena, or
woul dn't have spent as nuch time and energy in organizations
like the World Federalists. | have also enjoyed ny
extracurricular activities. |'ve always been an ardent
sportsman. | don't know whether | get nore frustration or
enjoynent out of playing golf. | still enjoy tennis and
sai |l i ng.

| have a very lovely famly. It's been a persona
satisfaction. M children have been very interesting.

| don't know what great acconplishments | could I|ist.

Cortler: 1 think that you' ve pretty much sumred up a | ot of

*See page 45 of this transcript.

**CGerard K. ONeill, The Hi gh Frontier, Human Col oni es in Space

(New York: Morrow, 1977).
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what we've tal ked about. |If you'd suddenly thought of
sonmet hi ng new and different, | mght have been shocked.

You' ve nentioned your wife a couple of tinmes. Wat
kind of role has she played in your career?

Price: She's not at all scientifically oriented or
inclined. W' ve nonethel ess always had a very fine relation-
ship. She's always been extrenely hel pful. She nmekes it
possi ble for me to devote tinme and energy to the things |'ve
wanted to do. In that sense, she has been enornmously hel pful.
She's al ways encouraged ne to do what | want to do, even
sonet hing as crazy as running for political office. She never
really thought that | should have done that, but she certainly
pitched in and hel ped. She's also helped nme with nmy witing.
She's a good editor and puts a lot of nmy witing into sharper
focus. Additionally, she's been a great hostess. Wen | was
at Notre Dane, a variety of lecturers visited us. Frequently,
they stayed with us, rather than at a hotel. On all kinds of
occasi ons, she was very hel pful, entertaining all kinds of
guests |ike Japanese people, for exanple. W've had a |ot of
contacts with Japan. | spent a senester there and have had
about twenty-five or thirty Ph.D.s and post-docs from Japan.
My relationship with nmy wife has al ways been very,
very pleasant, helpful, and stinmulating. 1'msure that
because | didn't have any significant marital problens, | was
able to devote ny tine and energy to ny jobs.

CGortler: \Wat effect has you career had on your children?
Did they become scientists as a result of your work? Did they
do ot her things?

Price: No. |'ve had a good relationship with all of ny
children. They were all very ardent sailors and crewed with
me. Lots of my racers were big boats, so | needed |ots of
hands for crew. They were an excellent crew. Having a big
sai |l boat was a great focus for the famly. |[If | ever dared to
threaten to sell it, | was just junped on by all of ny kids.
None of the girls chose to becone scientists,
al t hough ny boy coul d have been an extrenely good one. He
t ook advanced chem stry, advanced physics, and advanced math

in high school. He was on three or four athletic teans, was
the captain of two or three of them and was el ected president
of the student council. He did whatever he wanted to do.

He went to Swarthnore and within a few nonths they
turned himoff to science. He dropped out twi ce and barely
managed to keep interested enough to finish his bachelor's
degree in biology. He's since worked at three marine biol ogy
| abs: at Wbods Hol e Oceanographic Institution, at another |ab
in Maine, and now at Scripps. He's still not interested
enough, however, to want to get a graduate degree in narine
bi ol ogy. He's not sure that he wants to continue to work in
marine biology. He may or may not. | don't know. He still
doesn't know what he wants to do. Once he finds out what he
wants to do, however, he will be able to do anything. He has
the ability.
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Cortler: Yes. |It's interesting, how sonebody can sonetines
get turned off by a bad experience.

Price: Yes. He sure got turned off for one reason or
another. | never have really found out what it was. | think
that it may have been the way that physics was taught. Anyhow,
he just got totally turned off fromhis studies and the
academ c venture. He did manage to graduate and earn his
bachel or's degree in biology. He spent the next year and a
hal f as a carpenter's apprentice because he didn't seemto
have any interest in an academ c career.

Gortler: That happens.

Price: | have influenced ny m ddl e daughter very signifi-
cantly, | think. She's not only a national chanpion sail or,
but she's al so been in the sail maki ng busi ness for several of
the maj or conpanies. Mst recently, she worked for North
Sails before leaving themin order to go into business for
herself. She's currently North Anerican chanpion in her
class, the 505 class. She's been a Yachtswoman of the Year,
at least twice. She won the wonen's chanpionship and didn't
even defend it. She said, "That's too easy. |'d much rather
beat the nen."

Let me tell you a story about ny daughter. Ted
Turner won the Yachtsman of the Year award the sanme year she
won t he Yacht swoman of the Year award. He made sone thought -
| ess remarks. He's quite an egocentric character, the Muth of
t he Sout h.

Cortler: Yes. | know who he is.

Price: Wl l, he remarked that the only place for a wonman on
a shipwas inthe galley. Sally is a wonen's |ibber, and that
just drive her up the wall. She challenged himto a match
race. He accepted and was willing to sail in a 505, her boat.
He eventual ly backed out of the race. | think it would have
been very intersting to see that race. | think she m ght have

dusted himoff. She's beaten an awful | ot of damm good nul e
sailors including the best North Anerican. Although she did
not do that well in the world chanpi onshi p--she finished fifth
anong seventy--she's a very good sail or

| have a son-in-law who's currently a North Anerican
Chanpion. So we've got two North American Sailing Chanpions
in the famly. M child and son-in-|law have been nore
successful ssilors than |'ve ever been.

Cortler: You ve had so many careers that if sone of it rubbed
of f sone place, that's really very good. |[|'ve pretty nuch
concl uded ny questioni ng except for a few odds and ends. Do
you have anything else to add to the history of physical
organi ¢ chem stry? Do you have any comments to make about
where you think chem stry m ght be headed? Has anything el se
crossed your mnd that we haven't tal ked about?
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Price: Well, | guess there's nothing very spectacular to
say. We've covered the waterfront pretty well, I think.

Gortler: Well, if anything should conme up, we can tal k again.
| did want to ask you about whom | m ght interview concerning
physi cal organic chem stry, particularly about those years

between '25 and '46 or '50. |1've already talked to Hammett,
Bartlett, Westheinmer, and Tarbell. 1'Il be talking to Cheves
Wal I ing and probably Jack Roberts within a year. Hauser..
Price: Hauser's dead now, isn't he?
Gortler: | don't know. A nunber of people have said he did
have sone influence in that period. | have to check into that.
Price: | have a feeling that he may be dead. | think that
he was a real pioneer and original character. |If he's alive,
he m ght provide you with an interesting interview.

Conant. ..

Cortler: He died |ast year.

Price: Ch, he died?

Gortler: 1'mvery interested in what he did.

Price: Bill Young. 1Is he still alive?

CGCortler: He is. | have not contacted him but | shoul d.
Price: | think that he would be a good one to interview.

He was a real pioneer.
Gortler: Yes.

Price: He got into academ c adm nistration, but he
certainly had an interesting career and was very influential.
He certainly influenced sonme of ny thinking.

Ch, there's another guy for whom | have great
admration, Melvin Calvin. He goes back quite a ways.

CGortler: That's right. | hadn't...

Price: Melvin's a fascinating guy. Pauling and | al ways
tal ked very nicely. Calvin and | did |ikew se. W' ve always
been very close, visited each other's honmes. 1've always felt

that we saw things very much eye to eye. W had an entirely
different relationship than I had with guys |like Wnstein and
some of the others. |'d even argue with Jack Roberts, even

t hough we were good friends. Calvin and I, however, could
talk for hours and hours about chem stry and see things the
same way. He went back a | ong way.

56



Cortler: Yes. He started working in the late thirties, about
the sanme tinme you did, | think

Price: Yes. He knows all there is to know about thernp-
dynami cs.

Cortler: Yes. That's true. H's orientation wasn't strictly
organi ¢ chem stry.

Price: Wiel and of course woul d have been an interesting one
with whomto talk. He's gone.

CGortler: Al right. Fine. That's just about it. Thank you
very much. | appreciate it.

Price: Well, it's been fun and interesting.
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