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ABSTRACT

William S. Knowles' ord history begins with his childhood, attending boarding schoolsin
Depression EraNew England. Knowles excelled as a student at the Berkshire School and Phillips
Academy, Andover before attending Harvard University to pursue chemistry. Knowles' academic
career allowed him to avoid the draft during World War |1 and, instead, attend Columbia
University to study steroids with Robert C. Elderfield. Completing his Ph.D. in only three years,
Knowles then moved into industrial chemistry, going to work for Monsanto, a which he would
spend the rest of his career. Hiswork there began with basic studies of vanillin and other chemical
compounds. Knowleswas sent on aleave of absence in 1951 to complete a post-doctorate on tota
steroid synthesis with Robert B. Woodward at Harvard, an experience that would ater his career
path forever. Following Knowles post-doctorate, he moved into studying pharmaceutical
chemistry. Throughout the oral history, Knowles discusses the many projects he worked on
through his years at Monsanto and how they led to the work that would garner him the 2001 Nobel
Prizein Chemistry. Additionaly, Knowles givesinteresting insight into the challenges and
opportunities presented by being ascientist in an industrial setting; and life asaNobel Laureate,
examining the prestige, politicization, and downside of winning the world's most well-known
academic honor.
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INTERVIEWEE: William S. Knowles

INTERVIEWER: Michael A. Grayson
LOCATION: St. Louis, Missouri
DATE: 30 January 2008

GRAY SON: So, you were going to show me some information?

KNOWLES: Yes. Thesearethingsyou can keep.

GRAY SON: Sure, go ahead.

KNOWLES: Thisisfrom Angewandte Chemie, which is much the samething. Thisismy
bibliography. It's pretty much up to date. It'swhat you had. Plus some old stuff.

GRAY SON: Very good.

KNOWLES: Theold stuff doesn’t plunk out on the computers very well.

GRAYSON: | seg, OK.

KNOWLES: I think you go back, like you plunked it out on the computer.

GRAY SON: Right. | did asearch with SciFinder to try and get your publications.

KNOWLES: Y ou get some of it, some of these *50s publications. That much getsyou a
chronology.

GRAY SON: Good, thisisgreat. So, there were anumber of publications that came out prior to
the work on the asymmetric hydrogenation



KNOWLES: Yes. -- had nothing to do with that.

GRAY SON: Very good.

KNOWLES: Absolutely nothing to do with that.

GRAY SON: | was curious about that.

KNOWLES: Wadll, | think the history of the prize, I'm ... If youwant tolook at it, I’'m kind of a
fluke on the Nobd Prize, because first of al you know it isn't given to industry very much. And, |
was 100% inindustrial labs. And, the great contributions of industry over the past 50, 75, 100
years are usualy not awarded the Nobel Prize. It's an academic prize.

GRAY SON: WEéll, that could be changing though.

KNOWLES: Mostly. Well, in chemistry where | speak mostly. Thelast one was Pedersen at
duPont about *87. For crown-ethers asthey call it. And, then you get back pretty far if you go back
to amost Irving Langmuir. At’32 and Carl Bosch. Thisisin chemistry.

GRAY SON: Oh, yeah, yeah, right.

KNOWLES: Physics, you've had alittle bit with the, you know, the ...

GRAYSON: Solid state?

KNOWLES: Thesolid gate ... But, in chemistry. And, then, of course, Fritz Haber the famous
onein World War I, he was sort of straddled between industry and academia.  So, it’svery limited
to go to industry and perhaps this one was only chosen because of it’srelaion to life sciences -- to
thefield.

GRAYSON: Yeah. So, over dl threewinnersin that year had kind of the same influence in that
their chemistry led to an evolution or development or exposition of the life sciences.



KNOWLES: Yes, solution of astereo chemical problem that was, | mean, lifeinvented chirality.
The invention was to be able to make chiral compounds, just like enzymes have been doing for a
billion years. And, thisisaman-made type catayst. Now, the origin of thiswas kind of interesting.

GRAY SON: Thisisyour commentary articlein the Accounts of Chemical Research.

KNOWLES: Yonkui Sun at Merck called melast summer.

GRAY SON: Can you spell that for me?

KNOWLES: SU-Nishislastname. And, it's Y-O-N-K-U-I. | might be wrong on that.

GRAYSON: Y-O-N-K-U-I, Yonkui Sun, OK.

KNOWLES: Sun, a Merck. He asked us to make some editorial comments for the Accounts of
Chemical Research that was having a special issue on asymmetric hydrogenation and closely-
related hydrogen transfer reactions. So, he asked usto do this. Well, | sort of put it off. And, then
| didn’t really contact Noyori. He' sin Japan.

GRAY SON: Noyori isthe other fellow thet ...

KNOWLES: He sthe other hydrogenation. Well, two of us, three of us got it. Onefor oxidations.
The other two for the hydrogenations.

GRAYSON: Right. And, that’s N-O-Y-O-R-I, Noyori.

KNOWLES: N-O-Y-O-R-I, Noyori istheone. And, he'skind of agrand old man and he
followed the field after we were amost out of it. But, whatever. He wrote something on his own,
which hejust redlly pulled out of hisfile. It wastotaly inappropriate. It wasjust a paper
summarizing hiswork. But, they couldn’t tell him that. So, they said, “You tell him that.” | said,
“Wouldn't something joint be better because for acommentary ...”

GRAYSON: Sure.



KNOWLES: “... you don't want acommentary by me and acommentary by him.” So, |
suggested that to him, but he said he was too busy to do anything. And, | said, “Wdl, | havetime.”
“And, I'll take your ideas and my ideas and consolidate ‘em in one paper.” And, hefinally said he
agreed to do that. So, | did that. And, that’swhat thisis.

GRAYSON: OK.

KNOWLES: And, heinsisted on adding all those references.

GRAYSON: OK.

KNOWLES: | would have added two references on Nobel Laureate lectures. [laughter] That's
al. Youdon't put references much in acommentary, but heinsisted on doing that. And, hejust
pumped it out of hisfiles.

GRAY SON: So, Noyori, ishestill currently doing research, do you know?

KNOWLES: No, he'sout of the research areaand he' s head of this Riken Institute in Japan.

GRAYSON: Riken?

KNOWLES: OK. That'sthe same as Max Planck in Germany.

GRAYSON: OK.

KNOWLES: It'd bethe big government supported research organization; and he's head of that
now. And, he'slost touch. And, we' ve both lost touch. Thisfield has moved so fast.

GRAY SON: Oh, sure, yeah, yeah.

KNOWLES: We both lost touch. And, thisgivesyou alittleidea of just the genera
4



terminology.

GRAYSON: Yeah, OK, great.

KNOWLES: | spent alot of time last winter, | guess, it was ayear ago on it. Plunking this off and
using hisideas, certainly half of hisideasin there.

GRAY SON: Try and get something more appropriate for acommentary.

KNOWLES: Yeah. That'sright. And, they were very happy with that. It’sin Accounts of
Chemical Research.

GRAY SON: Hasit come out yet?

KNOWLES: It'scome out.

GRAYSON: COK.

KNOWLES: Accountsof Chemical Research.

GRAY SON: | can get that off the web and find out.

KNOWLES: Yeah, it'sout now. Accounts of Chemical Research, volume, thereit is, right?

GRAYSON: OK.

KNOWLES: No, itisn't on hereyet.

GRAYSON: OK.

KNOWLES: I’'m sorry.



GRAY SON: So, it’s pretty recent then?

KNOWLES: Yeah, | gotit out of the galey proof. That came off the galley proof.

GRAY SON: Sure, OK. You did get my form by the way with regard to the oral history program
and therelease form and dl that?

KNOWLES: Yesah.

GRAYSON: OK.

KNOWLES: | think so.

GRAYSON: Yeah, OK.

KNOWLES: Didl sign that?

GRAYSON: Yeah.

KNOWLES: Hereitisright here. Should | sign that?

GRAYSON: OK. Yeah, why don't you? If you're willing to go along with thisexercise. And, if
you want to sign it.

KNOWLES: I'll just sign thisright here.

GRAYSON: OK.

KNOWLES: It'sthe 30", isn't it?



GRAYSON: Yesh, today’ sthe 30". The month has zipped by.

KNOWLES: Yeah. Quickly.

GRAY SON: So quickly.

KNOWLES: I know it. That'sthe onething that happens. Time and things go faster.
GRAYSON: OK. Yes, yes, yes.

KNOWLES: How long have you been retired?

GRAYSON: Wadll, just sarted at the end of last year.

KNOWLES: Yeah.

GRAYSON: So, it’sanew experience for me. 1’m going to hopefully be able to devote more
timeto thistype of activity, because | think it'simportant. | enjoy doingit. It'saniceway to meet
people.

KNOWLES: Mm-hmm.

GRAY SON: So, why don’'t we start more or less a the beginning of the process. And, | think the
first part relates primarily to your early years, your childhood, education, and things that happened
to you that kind of formed your world view, your interests, before you knew it was happening. So,
my understanding is you grew up in the New England?

KNOWLES: Yeah, | grew up in southeastern Massachusettsin New England and ...

GRAYSON: So, isthat on the coast?



KNOWLES: Yeah. It'sright onthe... in sheltered waters on the coast. It'sin BuzzardsBay. It's
agreat resort and sailing areaand al this stuff.

GRAYSON: So, that’' s buzzards as in buzzards?

KNOWLES: Yeah. But, my family were — my father was very much abusinessman. And, asl
pointed out, for him, the highest achievement, would be to be a good business salesman. Hewas
on top of abusiness organization most of the time, selling his cotton. We had a cotton, he had a
cotton mill.

GRAY SON: Cotton mill?

KNOWLES: And, spunthread. Made thread, sold thread to people and usualy in New York in
the garment industry.

GRAYSON: | see.

KNOWLES: And, so, he...

GRAYSON: So, all that cotton had to be imported from the south, | guess, right? | mean, you
didn't ...

KNOWLES: Tha was, well, that was the way it was done in those days. And, it's an interesting
aside, but cotton can't be spun unless the humidity’ s over 50% because of the fire danger. You
understand that cotton fibers and static electricity was hazardous.

GRAYSON: Oh, oh, | see.

KNOWLES: Wadll, in the old days, they didn’t know how to make artificid humidity. It was not
an easy thing to do, but it was easy on the seacoast.

GRAYSON: Oh, OK. So, that’swhereit was anatura placeto do this. Which was afire hazard.



KNOWLES: It was better in New England and the pricing was better too. But, that changed, of
course, after World War Il and the whole industry moved down to where the cotton was. And, so,
the millsweredl closed.

GRAY SON: And, so, | guess that import came primarily by ship up the ...

KNOWLES: | don't know how it came.

GRAYSON: OK.

KNOWLES: Trained to New Bedford from Boston.

GRAY SON: It'skind of interesting, | was reading the history of south Texas and apparently in
Mexico during the Civil War, there were alot of shipments south of Brownsville moving cotton
and whatnot trying to bypass the American ports because of issues with regard to the Civil War.

KNOWLES: Wadll, | was brought up in atextile family. And there was no emphasis on science
whatsoever.

GRAY SON: Did you have any siblings?

KNOWLES: Yeah, | have two brothers.

GRAYSON: OK. So, you did have your brothers.

KNOWLES: But, they went inthemill. And, | said, “That’s not for me.”

GRAY SON: So, how did you fit in the ages?

KNOWLES: | wasthe youngest.

GRAY SON: Y ou were the youngest, OK.



KNOWLES: My father didn’t object to that. He liked to have the boys go into the mill, you know.
That was always what you did. And, | could have, but | didn’t want to go into the mill. | didn’t
want to do that.

GRAY SON: Weéll, OK. So, that’sfair enough. So, then, | mean, when did you know that you
didn’t want to do that? Wasthat ...

KNOWLES: Oh, | wasjust probably from the beginning. | think my mother would have had me
go to medica school, for some reason or another that didn’t turn me on. | don’t know why. Maybe
less courses or something, you know. But, | could have gone to medical school perfectly readily,
but | didn’t.

GRAY SON: So, then your early education was atypica eight grades of grade school ?

KNOWLES: Yeah, | went to school in New Bedford, Mass. | aways went to private schools.

We were reasonably well-fixed during the depression. | think sometimes those that were
reasonably well-fixed during the depression lived better than we' ve done ever since. We had
everything done, everything ...laundry, cook, anything. And, because of phenomenally low wages,
and we aways had somebody living in the house, you know? And, because people were glad to
haveaplacetolive. And, so, thisis...

GRAYSON: Thiswasinthelate 20’ sthen?

KNOWLES: Yesh, 30's, yeah.

GRAYSON: Early 30's.

KNOWLES: Yeah. | wasbornin‘17. And, so, | went about eight yearsto aplace called Friends
Academy, which was probably started by the Quakers, but it didn’t have any Quaker influence at
al when | went there.

GRAY SON: Friends Academy.
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KNOWLES: And, that was not particularly chalenging. | didn’t do any sciencethere at all. Just
the standard reading, writing, and arithmetic. And, then | went to a prep school in western
Massachusetts called Berkshire after that. Connection A was my father went thereinitsfirst year
to cram hisway into Harvard. Hewasn't avery good student. And, the then headmaster of
Berkshire had about ten boys that he was cramming to get into Harvard.  And, he succeeded and
my father got into Harvard, but he only stayed one year, | think.

GRAY SON: So, the headmaster was moreinterested in getting students into Harvard?

KNOWLES: Tha'show he started the school. Take boys that weren't doing too well and help
them out and get them into college or something likethat. And, that’s what this guy did. And, then
he' s since devel oped the school and my father sent my middle brother and | to that school and we
went there and that was a good experience for me, though. It wasn't very challenging for me. |
was, as| pointed out, | led the class every year. It wasn't avery big class, ten to start with maybe,
20 by theend of thetime. Something like that, but | was able to lead the class every year in
academics. But, | was aterrible, terrible athlete. And, the emphasis was on athletics.

GRAYSON: Ah, OK.

KNOWLES: And, I’ ve used this story many times that once | received the usua book prize at
commencement, you know? | waswalking out and | overheard the captain of footbal saying, “At
least Knowles can do something.” [laughter] That'sthetypical thing | raninto. But, then| wasa
little younger than most of the members of my class. | stayed there five years and Headmaster
Buck decided | oughta go to abig prep school like Andover before | went to college. | was
admitted to Harvard. But, he thought | was socialy too young. And, that was a good suggestion.

GRAY SON: How old were you?

KNOWLES: | spent ayear at Andover. | was about 16, | guess, 17 maybe. But al my friends
werein classes bedow meat Berkshire. ‘Causel wasn't emotionaly as mature asthey were. But, |
was academically perfectly ableto keep up. So, | took ayear off by going to Andover. They do it
differently now but | went to Andover and that waswhat Andover till does. The senior class
doubles over the other classes.

GRAYSON: Ohredly?

KNOWLES: Yeah.
11



GRAYSON: Even today?

KNOWLES: I think so, even today.

GRAY SON: That'sinteresting.

KNOWLES: They ve become -- and Exeter’ sthe same way -- they’ ve become a place where
you' ve gone to high school for three years. And you want to go to a-- it'samost ajunior college -
- but it’s something alittle more college-like. And, you go one year there. And, o, al the
associations | made there were with adl the one-yearers. We dl got in there together. And, the
others had already had their cliques and so forth. | didn’t know how to meet the others. And, the
class swelled enormoudy. And, so there were about 20 of us went to Harvard from there.

GRAY SON: So, at Berkshire, was that a boarding school ?

KNOWLES: It was aboarding school, yes.

GRAYSON: OK. Asaso Andover is.

KNOWLES: Yeah. And, that'sthe culture in Massachusetts, much moreif you can afford it, they
go to boarding school.

GRAYSON: | see. And, you went home for the summers then?

KNOWLES: Yes. | washomeinthe summersand away in thewinters. And, | guessit was
expensive. It sounds cheap; but, it was probably an expensivething. So, | had kind of the best in
education, | think that way.

GRAY SON: Andover, then aso the ideathere was they wanted to get kids into the best schools.

12



KNOWLES: Yes. Wdll, it wasn't hard to get into the best schoolsif you got decent grades. We
just took college board exams. It was very simplein those days. Y ou took college board exams
and if you couldn’t pass them, you couldn’t ... you weren't accepted.

GRAY SON: So, thiswasalittle bit like the English system where you get to a certain point and
then that determines whether you' re going to go on for education there or not.

KNOWLES: Yeah, that'sright. They had these regular standing college board exams, which we
took and | was ableto passthose al right, so, | was accepted. If | didn’t passthose, | wouldn’t be
accepted. | could wait till July and then apply some other place that would accept me.

GRAY SON: So, just by virtue of the fact that you passed the college boards, you could go to
Harvard.

KNOWLES: Tha'sexactly right.

GRAYSON: But, if you wanted to go someplace e se, then you could.

KNOWLES: Yeah. Wdl, in my family, the culture was that’ s the only place | even applied to.
There were agroup that would apply to Y ae and a group would apply to Princeton or Dartmouth
or Corndl or soforth.

GRAYSON: Ah, | see.

KNOWLES: It'snot anything like today.

GRAY SON: Today where there' s kind of competition between the students and the colleges.

KNOWLES: Not very much, yeah.

GRAY SON: Yeah, that's interesting.

13



KNOWLES: But, they did weed out the ones that couldn’t make it by the college board exams,
which they had onein, you know, English and sciences and the various subjects and history.

GRAY SON: So, during that high school experience, were there some things that got you turned
on to chemistry?

KNOWLES: Yeah, well, | would say that | was turned on to physics. | only took physics at
Berkshire and | was turned on there abit to physics. And, | liked numbers. Physics and math.
Becausel ... you could feel more comfortable pushing numbers around than people around, redlly.
| was always more comfortable doing that. And, | still am more comfortable doing that.

GRAYSON: | see.

KNOWLES: But | never did take any chemistry there. They had chemistry, but | didn’t takeit. |
took physics. And, | took math or just algebraand | guess alittle trigonometry probably. And,
then, | took the language requirements and the English requirements and so forth.

GRAY SON: So, for language, would you have Latin?

KNOWLES: Latin, lotsof Latin. For me, it was amechanical thing; | was good at it becauseit
was mechanical. It waslike solving apuzzle on athing. You had asubject to and a predicate
and you learned to get around the structure of language. And, you get afed for Latin and then |
took three or four years of Latin there.

GRAY SON: | guessthey don’'t do Latin much anymore.

KNOWLES: Not much. But, | didn't ever do the typical sentence structure that some places do.

GRAY SON: Did you do any other modern language while you were there?

KNOWLES: I did French. French, yeah. And, then, | went to Andover where | took more
French which wasjust adisaster, but | took it. And, therel did take chemistry. And, | got fired up
with chemistry there | would say mostly. 1 liked that it was alittle more qualitative than physics. |
don’t know. 1 did get fired up over it there. And, that was| would say thefirst place.
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GRAY SON: So, wasthere ateacher that influenced you thereor ...

KNOWLES: Wadll, yeah, there was ateacher. | called him Bushy Graham. His namewas
Graham. But, he had abeard, that’sal | know. And, we called him Bushy Graham.

GRAYSON: Bushy Graham.

KNOWLES: Yeah, hewas pretty good at just general chemistry. There was more competition
there. There was probably 15 or 20 in the class or something like that.

GRAYSON: OK.

KNOWLES: And, then at the end of the class they had a prize in chemistry, which you had to
take a competitive exam to get the prize. And, that wasthefirst thing | won. | won a $50.00 prize
caled it the Boylston Prize and they still giveit. But, you didn’t get it just by getting the highest
gradein the class. The good studentsin the class took this competitive exam.

GRAYSON: Mm-hmm. So, thisisB-O-Y-L-S-T-O-N, Boylston, isthat it?

KNOWLES: Yesh.

GRAYSON: OK. So, ishe...

KNOWLES: A name they had given abuilding there sometime back. And, probably ascience
building.

GRAY SON: So, thiswasyour first “prize’?

KNOWLES: Yeah.

GRAY SON: And, thiswas competitive. And, how many other people were in the field?
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KNOWLES: Oh, | don’'t remember how many it was. Thefact ismy relations with the family
werent ... | don’t know that | ever told them about the prize or not. I'm not sureiif | ever did.

GRAY SON: So, theideathat you were interested in the sciences wasn't anything you needed to
kind of enforce back on the home front?

KNOWLES: No, they didn’'t pay much attention to that. That’sthe one thing when you went to
boarding school, they didn’t worry about what you did, aslong you were passing.

GRAY SON: Aslong as, yeah, aslong you passed.

KNOWLES: Aslong asthey got good reports home, they didn't care.

GRAY SON: And, you were thereto stay.

KNOWLES: Yeah, | aways got good reports home. So, that didn’t bother me. | think the first
ability to get into scienceis probably some ability to take care of numbers. | took math. | took
physics, chemistry, biology. Y ou gotta handle numbers somehow. Y ou get into numbers. The
first place | probably showed any proclivity was just doing adding, subtracting, and dividing at
Friends Academy. My family did give me anickel every timel had 100 in arithmetic. And, | got
nickels quite abit. And, anickel bought something in those days.

GRAYSON: Yeah. Thisisinteresting, ‘cause my wifeisamath teacher and she' s actually retired
from that, but she' stutoring a student now. This student doesn’t know his addition and subtraction
tablesand heisin college. And, it’slike what went wrong here? | mean, | just can't imagine that
someone getsto that leve of education and they can't even —they don’t know their basic addition
and subtraction tables.

KNOWLES: Wadll, you can't do much even in the life sciences and biology without numbers.

GRAY SON: Oh, yeah, yeah.

KNOWLES: More now than you ever did. And, even in those days, you had to have that.
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GRAY SON: Oh, yeah. Wéll, she' sincentivizing thisfellow. She has challenged him to do 20

addition and subtraction problemsin like two minutes and then she won't charge him for his next
tutoring section. Because she knows how important it isfor him to know this stuff. He can't do
any smple problems ...

KNOWLES: Yeah, even with the calculator, you gotta be able to do the smple problems.

GRAYSON: Yeah. It'skindasilly.

KNOWLES: A lot of, we were taught alot of drill. Wejust had awholelist of thingsto add and
subtract and multiply and divide and you had to do ‘em.

GRAY SON: | guessthat’s something they don’t do nowadays.

KNOWLES: Yeah, no, | know that. But, a certain amount of that isgood. But, that’swherel
probably first showed an interest in science, was numbers. Just in numbers and then if | had taken
chemistry in Berkshire, | might have gotten turned on by that. | don’t know.

GRAY SON: So, you were into physics when you werein high school ?

KNOWLES: But, I’'mgood a math. So, any advice | got was to do physical chemistry. Because
that’s where the two marry. And, that changed in collegeredlly. So, | went to college determined
that | was going to major in chemistry.

GRAYSON: OK. That was already a plan when you went to Harvard?

KNOWLES: Wadll, it wasmy plan.

GRAYSON: OK.

KNOWLES: | mean, they didn’t care at Harvard freshman year. | took a chemistry course and
math course and then | was advised since | was good at math that probably physical chemistry
would be my thing. And, that would be anatural.
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GRAY SON: So, they had an advisor system for the incoming students to help them ...

KNOWLES: Oh, yeah.

GRAYSON: OK.

KNOWLES: Every collegedoes. And, | had to take another language at college, take German
because of its relationship to science.

GRAY SON: Sure. When you left — just before we go on forward —when you left high school, you
got adiplomafrom what the Friends Academy wasiit?

KNOWLES: | don't know if | got adiplomathere. If | did, | stayed eight years.

GRAYSON: OK. So, when you got out of high school, you got a diplomafrom high school.

KNOWLES: Yeah. And, | never went to so-called kindergarten was the reason that | got a year
ahead. And, | was adways in the same class with a cousin of mine, afirst cousin, who was a year
older.

GRAYSON: OK, OK. So, your birthday was when?

KNOWLES: June.

GRAY SON: June, OK. So, that’s quite an advanceto go first grade if you were born in June. Our
second son was born in October and there was a question whether he should go, you know, at age
fiveor six. And, our pediatrician did alittle test and she was opposed to advancing him, but after
he did thistest, he said, “He should go to school.”  So then Andover was kind of like alittle
finishing-type arrangement.
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KNOWLES: Yes, that'sright. It was more of acollege environment alittle bit. And, there were
... | would know a gang of people going into college. So, Andover was aprimary Yale school. It
would send 20 to Harvard and 100 to Y ae or something like that.

GRAY SON: Oh, wow, OK, crazy.

KNOWLES: So, and they didn’t send people to many other placesin those days. Now they do of
course. So, about 20 of uswent to Harvard. So, | didn’t go there not knowing a soul.

GRAYSON: Yeah, that's good.

KNOWLES: Which would have been difficult for me because socidly | was alittle shy.

GRAY SON: Sure.

KNOWLES: | wasanerd.

GRAYSON: COK.

KNOWLES: A nerd. [laughter]

GRAY SON: | understand.

KNOWLES: No, question about that.

GRAY SON: But, you did — I read the prize lecture — you did take off that summer in between,
before Harvard?

KNOWLES: Between Andover and Harvard. Y eah, well, | had thisfriend, Eddie Seaver, in New
Bedford, who ...

GRAY SON: How do you spdll that? I’'m sorry, the nameis? Eddie?
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KNOWLES: Eddie Seaver, Eddi€e's...

GRAYSON: & ...

KNOWLES: Hewasn't avery good student. So, hedidn’t go to any of the colleges.

GRAYSON: Oh, OK.

KNOWLES: But anyhow, he got me interesting in taking this boat trip to Europe that summer.
And, | think he got a cheaper rate because he got mein too, you see. But, that wasdl right. This
wasthe kind of atrip that alandlocked family might be worried having their son take. But, my
family were very seafaring ...

GRAYSON: Oh, sure.

KNOWLES: ... my family didn’t worry sending me off in awindjammer and no motor.

GRAY SON: Oh, wow.

KNOWLES: And, no connection with the outside world really until we got to Europe. We could
receive time signals to keep the chronometer running right and that’sall. And, that wasiit, just ping,

ping, ping.

GRAY SON: So, thisshipwasafairly large vessel?

KNOWLES: Thecaptain ownedit. And, it wasan old German they called a pilot schooner. It
was the kind of a schooner that they sailed around outside of key ports with pilots that knew the
way. And, they didn’t want to use fudl, so it just had sails. And, the pilot would get in the long

boat and row over to the big tanker or whatever coming in and guide them into the harbor.

GRAYSON: | see.
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KNOWLES: They'd have adozen or so pilots on there and they’' d supply these ...

GRAY SON: So, the big ship would just follow the ...

KNOWLES: And, al they would do is sort of heave to with one sail and go back and forth across
the entrance to one of the big harbors, like London or Antwerp or something like that.

GRAY SON: So, thiswasafairly smal ...

KNOWLES: 75-foot.

GRAY SON: 75-foot, OK. And, so, it wastwo masted or ...

KNOWLES: That'show he made hisliving, he bought this ship for probably nothing and he
made his living taking college kids on trips.

GRAYSON: Hmm.

KNOWLES: And, so, wetook atrip from Gloucester to Norway in this, to Stavanger, Norway.
And, that was quite an experience. These were, most of these kids were going to some college or
other. They werejust about 18 then. There were a couple that were older.

GRAY SON: Most of them were young college students?

KNOWLES: Young college kids, yeah. And, most of them were very athletic. | alwaysruninto
that. Seventeen of uswent on the thing.

GRAY SON: And, you actually were the crew?

KNOWLES: Yeah, wewerethe crew. And, it was luxurious because we had four hours on, eight
hours off. Which isalighter load than crews usudly take. And, so, when you have plenty of help
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on aboat you can do it and if you have any heavy wind or something, we could al come on deck at
any time. It was an interesting experience.

GRAY SON: | canimagine.

KNOWLES: I think that being on the ocean was the most interesting part of it. Three weekson
the Atlantic. Because you were on your own there and, and we didn’t have refrigeration for
instance. We just lived off canned goods. See, we didn’t have any power at all.

GRAYSON: Wow.

KNOWLES: Wehad alittle, uh, | guess a generator to make lights. That’sall, just for lights.
You had alittle light by your bunk.

GRAYSON: Hmm, weird.

KNOWLES: And, that’sall that you had. For drinking water, we had akeg on deck. And, there
was one outlet in the galley, which no one could use except the cook. They hired a cook and
someone would help him. We took turnswith it. We just handled the sails.

GRAYSON: Mm-hmm. So, thisistwo-masted, the ship?

KNOWLES: Two masted.

GRAYSON: OK.

KNOWLES: And, some of the boys were — | was never very good on the heights— | did go a oft
when | had to but | avoided it. Some of the others just went around the rigging as though they
were monkeys. [laughter] And, we didn’t need to go aoft much onit. But, some.

GRAY SON: So, thiswas like a squarerigger?

KNOWLES: No. It wasaforeand aft rigger.
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GRAYSON: Fore, OK, fore, OK.

KNOWLES: Yeah, two, main sail, fore sail, two jibs and it had some extra sailsthat we put up at
theright time.

GRAY SON: Yeah, 0, took you three weeks to go from Gloucester to where did you end up?

KNOWLES: Stavanger, Norway. We went around the north of Scotland.

GRAY SON: How do you spdll that, Stavanger?

KNOWLES.: ST-A-V-A-N-G-E-R. It’'snear the famous place of Durgan, but that’s — Stavanger
is on one of the fjords of Norway. Then we spent the summer cruising the Baltic. We spent a
week in Stavanger. We went to Copenhagen. We went to Talinn. We went to Helsinki and
Stockholm.

GRAYSON: Ohmy.

KNOWLES: And, and then all of us at college went back to college. No, my friend Eddie Seaver,
hedidn’t go to college. Maybe he did, but he didn’t then. And, he sailed with the ship back. And,
they were very short-handed and they had problems.

GRAY SON: Hmm. So, how did you get back?

KNOWLES: | came back on the Kunosholm or whatever the Swedish liner was.

GRAYSON: Oh, OK. Swedish basically steamship?

KNOWLES: Yeah, we came back on a steamship, yeah.

GRAY SON: And, that was fairly —how long was that passage?
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KNOWLES: Oh, that’sfiveto sx days.

GRAYSON: OK. Closetoaweek. A littlelessthan aweek, yeah. So, you basically you spent
amost the whole summer then ...

KNOWLES: | spent the whole summer and then came back on the steamship to go to college.

GRAY SON: So, did you ever have any exciting experience weather-wise while you were on the
schooner?

KNOWLES: No, wedidn't havetoo much. We had one all hands on deck. We blew out one of
thesalls. But, it wasn't rea very trying. They had very trying circumstances going home, but they
were short handed. Short handed is the hardest thing on boats. Y ou're up al thetime, don’'t get
timeto deep, and dl this stuff. We had no problems that way because it was four hours running
the ship and then eight hours off. We ran around the clock. And, itwascold. You ...

GRAY SON: So, thiswould have been likein Junewhenyou ...

KNOWLES: Yeah, but north Atlantic’'s cold. Y ou needed a sheepskin coat at night and ...

GRAY SON: Oh, wow.

KNOWLES: ... and your oilskins were wetsuits ...really foul weather gear dl thetime.
But, I'd had quite abit up herein sailing. I'd never sailed that kind of stuff before, but I'd been in
some coastd salling alot. And, my family always had some kind of a sailboat.

GRAY SON: So, they were comfortable with you doing this?

KNOWLES: Oh, yeah. They were very comfortable; another family might not have been
comfortable.
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GRAYSON: Yeah. Thiswas an ideathat you cooked up with your friend? It wasn’'t something
your parents suggested or?

KNOWLES: No,wdl, no. He suggested it and | asked them and they thought it was agood ides,
‘ cause they thought a young man oughta have some travel experience before he settled down and
this sounded like a good one for me.

GRAY SON: So, how was your then visiting these European cities? And, thiswould have been
1930- ...

KNOWLES: '35.

GRAY SON: What was—thiswas just before Europe started to go down the tubes?

KNOWLES: Tha'sright, yeah.

GRAYSON: So, what did you observe there?

KNOWLES: Well, we weretreated very well, because it was cheap over there, but in Stavanger
there was certainly communist activity. We were fascinated by it. | can remember there was some
guy named — | even remember his name, he did happen to mention it —it was Lars Berensen.

GRAY SON: How do you spell that?

KNOWLES: I don't know. B-E-R-E-N-S-E-N or something. He was awell-to-do, well-off
Norwegian and he saw us being fascinated by this communist demonstration.  And, invited usinto
his house.

GRAYSON: Oh, wow.

KNOWLES: To get usaway fromit. Hedidn't think we ought to get involved in that. [laughter]

GRAYSON: So, hewasakind of an establishment fellow?
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KNOWLES: Establishment fellow and he wanted to get us away from that.

GRAY SON: Hedidn't want you to be acommunist.

KNOWLES: So, heinvited usinto hishouse, which was very nice, but we were, of course,
fascinated by the demonstrations that were going on. And, | didn’t run into any of it in
Copenhagen. Our ambassador in Copenhagen came down and took us all out to dinner onetime,
made a specia thing of it. We were docked on the main dock intown. So, they made abig deal of
us and we spent aweek there, and avery long bikeride. That wasthefirst long bikeridel ever
took.

GRAYSON: Oh.

KNOWLES: | wasnever sotiredin my life. [laughter] It wasa50-mile, but it wasflat. But,
those bikes weren't as good as you havetoday. So, they werejust clunkers. But the other guys
were so athletic, they had no problem. | wastrying to, coming home, | wastrailing | remember |
had to keep up and | couldn’t keep up. [laughter]

GRAYSON: Yeah. So, well, how about the language issues? | mean, you knew French enough
to get by.

KNOWLES: TherewasEnglish everywhere. In the city and the country.

GRAY SON: | know it’s common to get English spoken in Europe today; but | was wondering if it
was common then?

KNOWLES: Wadll, there wasn’t much of alanguage problem. Then we went to the coast. The
only redly uncivilized old farm town was Tainn Estonia. Some of the people went there; | didn't,
it was, uh, Leningrad in those days. It's St. Petersburg again today. But, some of them went there.
But, you had to get specia permits and everything and two or three of them went to St. Petersburg.
It'sonly about 100 miles south of theline. | stayed in Talinn.

GRAY SON: Now, Talinn, how do you spell that?
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KNOWLES: Tainn. It'sthe capita of Estonia. It'samedieva-typetown. And, | guessthe
most exciting thing; we got arrested there and had to ride in the paddy wagon. They picked us up.

I think they thought we were smugglers. We were dl at the dock. It was avery rough area of town,
which didn’t bother usabit. But, we were tearing around the dock and ...

GRAY SON: Just kind of being exuberant 18-year olds?

KNOWLES: Yeah, that'sright. And, so, they put about six or eight of usin this paddy wagon
and drove us off to the police station and put us there in aroom, which was kind of funny, they put
usinthisroom and locked, presumably locked, the door. And, then, left us. They couldn’t spesk
English.

GRAYSON: Oh.

KNOWLES: And, presumably they were gonna go get an interpreter.  And, we stayed there
about 20 minutes or ahalf hour. And, somebody said, “Well, maybe the door’s not locked.” We
opened it and it wasn't locked. And, there was not asoul in the office or anything. They just
realized their error and just vanished. [laughter]

GRAYSON: Didn’'t want to stay around to find out what was going to happen?

KNOWLES: They didn’t want to do anything. | don’t know what would have happened, but |
think they were looking for smugglers. That’swhat it was.

GRAY SON: Or, maybe they just wanted to quiet down the pier. [laughter]

KNOWLES: I don’t know what they were doing. And, then we went to Helsinki and that was
just acrossthe water. And, we went to a Finnish bath. That'sall | remember of Helsinki, but that
was an exhausting bit. And, we did stop at a place called Mariehamm, which is part of Finland,
where the huge grain racesto Australiastart. That’s where they headquartered. There weretwo or
three of them in there. These were these big clipper ship. They were still using those.  And, they
were mostly just Naval training ships. They figured if you took one of those, you learned about the
lore of the sea and so forth and they used to race between Australia and England to see who got the
high pricefor the grain.
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GRAYSON: | see.

KNOWLES: Theonethat got therefirst got the price. Then it was done, ‘ cause the one who got
there last got the low price. It was called grain racing.

GRAY SON: Grainracing.

KNOWLES: It'swhat people cdled that. When they started out, they didn’t know whether they
were going around the Cape of Good Hope or around South America, the captain made his
decison on theway. It was about the same distance.

GRAYSON: | see.

KNOWLES: It depended what he thought the winds were gonnado and so forth. And, so you
really didn’t see who you were racing with. But, to get to England first wasa....

GRAYSON: So, you start out in Australiawith aload of grain? And, thefirst guy there gets the
bucks.

KNOWLES: Yeah, | guessthat’sit. So, they named it grain races. Then there got to be abig lore
behindit. And, then you haveto pay to crew it. The crew go for the glory of it, you know. And,
they had enormous crews to run these big sails and everything.

GRAY SON: Sure, yeah. The square-rigged ...

KNOWLES: Yeah.

GRAY SON: ... three-masted boats, | imagine.

KNOWLES: Tha'sright. And, we climbed all over those when they were in dock, there were
severd of them.

GRAY SON: So, that wasredly a great experience.
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KNOWLES: Therewereafew tal shipsleft. They come around and they would buy alot of
stuff.

GRAY SON: Wewereup | think in New Y ork awhile back and they had a couple of tall shipsin
harbor or whatever, but they’ re kind of neat.

KNOWLES: Yeah, those were big ships. They were about 300 feet long. And, they hold alot of
grain. And, they'd go pretty fast, relatively, water speed, you know how they go. 15-18 milesa
hour, you know, knots| think it was.

GRAY SON: Knots, 0, your passage on the schooner was probably what more like 12-15?

KNOWLES: Six or eight.

GRAYSON: Six or eight?

KNOWLES: Yeah. Maybe we could do ten.

GRAY SON: Oh, wow, OK.

KNOWLES: Ten would be the maximum we could do. It’slike the old Reynolds numbers and
pipe flow.

GRAY SON: So, that would be the only way you could get it?

KNOWLES: Yeah. Isthe hull speed. Depended on size. And, so, it takes alot of energy to push
it much faster than that.

GRAY SON: So, then basicdlly it was about six weeks, three months, in Europe before you came
back?
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KNOWLES: Thereabouts. Three or four weeks. | probably came back in August, yeah. | don’t
remember the date, but ...

GRAYSON: And, then it was Harvard.

KNOWLES: And, then | went freshman year at Harvard, yeah.

GRAYSON: So, what was Harvard likein 1935?

KNOWLES: Wadll, it wasfine. | didn't take the advice as | should have. | wastold by Mr. Buck,
don’t worry about the course, get the man (good lecturer). And, | think the same appliesto
universitiestoday probably. Get the good lecturers. Well, | got some. But, | didn’t get others.
And, | was alittle disillusioned when they gave us a graduate student to teach German, but | can
see how that happens.

GRAYSON: Yeah.

KNOWLES: Inauniversity abunch of guys have to have a German requirement so they give you
somebody that’s majoring or trying to get a PhD in German.

GRAYSON: Sure.

KNOWLES: They get someonein German studiesto giveittoyou. So, you didn’t get that even
inagreat university. You didn’t aways get thetop teachers. And, afew thingslikethat. But, that
was arequirement | had to have and | never wasagood linguist. And, | did get areading

knowledge of German good enough for chemistry. Never anything from ear. 1t wasal inthe eye.

GRAYSON: Sure, yeah.

KNOWLES: My Frenchwas ... | could read French fine for technology but not for literature. |
can't read Balzac and | can't understand it but | didn’t haveto. That was theway it was taught in
those days. | think one of the flukes at that time, | took a college board in English and English
wasn't my cup of soup. So, | studied like mad in order to get by the college board in English, since
English was not my thing. But, | ended up getting honorsin college board in English. And, so, |
didn’t have to take freshman English. ‘Course | should have taken it ‘ cause it was a good
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composition course. But, that shows you could cram for these college boardsif you redly felt you
were alittleweak in them. And, so, that waswhere| wasweak. So, they just had a standard
‘cause there' s only so many units you could take. Y ou have to learn two or three Shakespeare plays
pretty cold, what you're going to say about ‘em and so forth. So, that was afluke but it did enable
me probably to take more science quickly.

GRAY SON: So, then these college boards were | guess would be equivalent to what the SAT' s or
ACTsaretoday.

KNOWLES: They had an aptitude test too, which they never showed you the results. | don’t
know what they did with that. Statistics probably to see something about the class. But, they
caled it ascholastic aptitude, which isredly avocabulary test. Essentially. And, that wasn't my
particular forte either. [laughter] That’sinteresting how that works.

GRAY SON: So, they advised you to go into physical chemistry, right?

KNOWLES: Tha'sjust an obvious thing because | got very good gradesin math in collegeand |
probably spent quite alot of time tutoring. | had aroommate in college that his father made him
take math and that wasn't histhing at all. Histhing was literature and so forth. He got through
because of my help [laughter]. And, there was another guy named Chandler Hovey who' s father
had a cup defender. He promised meif I'd get him through math, he'd get meto sail on his
father’sship, but | never did get that. [laughter] But, | got him through math, I think.

S0, | redly did better in math than | did in chemistry, | think, | was very good on that. And, | was
even thinking of majoring in math, but | didn’t.

GRAY SON: So, who were your influentia chemistry teachers at Harvard?

KNOWLES: Wadll, | would say that the first one was in the second year of college, | took organic
chemistry with Louis Fieser.

GRAYSON: OK.

KNOWLES: You've certainly heard of him, | think.

GRAYSON: He'sFeser ...

31



KNOWLES: Heshould have been aNobd Laureate.

GRAYSON: He sFeser of Feser and Fiesar.

KNOWLES: Feser and Fieser. That isright. And, he wasthe type of guy that the Nobel
committee hastrouble with. He'saskillful man inafield, in awhole broad field al hislife, you
know what | mean? All | waswas a spot invention kind of thing. But, he he was one of the great
lecturers. They were dl premedsin the class. And, they got very good grades, but they didn’t like
the stuff. Y ou know what | can't imagine I’ ve talked to doctors and they say, “Oh, God,” they had
to get through that organic chemistry and couldn’t stand it. So, really we who liked it werea
minority. The others got good grades. Plenty of competition ‘ cause they crammed and they must
have taken aspecid ... you could get al kinds of tutoring courses there.

GRAYSON: Yeah.

KNOWLES: And, I’'m sure these premeds took that, ‘ cause they had to do well. They had to get
As. So they went to these tutoring schools. Y ou could go to them. And, all they would do isuse
all the previous exams and there' s only so much variety you can give them. And, so, you can really
bull your way through. But, premeds had to get good grades ‘ cause they wanted to get in a good
medical school.

GRAYSON: So, how large were the classes?

KNOWLES: Oh, they were big, 200 in Fieser’slecture class. But, he wasabit of aclown and he
gave very good lectures and he was very interested in chemistry -- organic chemistry as opposed to
physical chemistry.

GRAY SON: OK. So, had he written his book by then?

KNOWLES: No, he had atextbook in chemistry. | think | have adog-eared edition of it. But, no,
he hadn't started his Fieser and Feser series. But, | didn’t know him then. | got to know him later
at conferences and meetings. But, | never did meet him much then. He was a professor and then
some section man took the individual sections. And, you discussed the matter in detail then. But,
he did do very good lecturesin organic chemistry and that I’ d say got me turned toward organic
chemistry and even perhaps away from medicine.
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GRAY SON: So, wasthat in the junior, the sophomore year, or freshman?

KNOWLES: Tha was sophomoreyear. Yeah, | took general chemistry the freshman year.

GRAY SON: Did you take additional chemistry courses later on in your college?

KNOWLES: Oh, yeah, you had to ... to mgor in chemistry, you had to take alot of physical
chemistry. | took alot of physical chemistry. And, | didn’t hit it off with the professorsaswdll in
physical chemistry as| did in organic and | took advanced organic. Oh, Harvard gave you a good
smattering of chemistry, much more than you would probably get at other places.

GRAYSON: | see. S0, it had areputation for that.

KNOWLES: Yeah, sothat when | went to graduate school, | was amost a year ahead of the other
chemists when | went to Columbia. * Cause they came from small southern schools, alot of them,
and places like that that just had a couple of chemistry courses. So, they had to make that up. |
didn’'t have to do that. And, no, | had avery solid chemistry education here.

GRAY SON: Y ou went the whole four years there?

KNOWLES: Yeah, | had Feser’'s, yeah, organic chemistry and then advanced organic with
Bartlett, which he since went down to Texas when heretired. He was not asgood as Feser asa
lecturer, but he was good. | mean, hewas solid. And, the laboratory, they really had an awful lot
of laboratory. So, | didn’t have much timein the afternoons. Like, | roomed with two guys that
magjored in humanities. And, they had most of the afternoon off, you know. But, | didn't. 1 wasin
the laboratory most of the time.

GRAYSON: So, these were like three-hour like chem labs?

KNOWLES: Wadll, you could taketill you got it done rather than anything else.

GRAY SON: However much timeit took.



KNOWLES: | remember that you were there from noon till 4:00, 5:00 or something like that
usually every day.

GRAY SON: You had to get it done, yeah.

KNOWLES: ‘Causetheclassesweredl in the morning.

GRAYSON: Yeah, OK.

KNOWLES: We had eight o’ clock classes or something like that. But the laboratory was usualy
alwaysin the afternoon. We had aguy named ... they had the big names. | remember. T.W.
Richardswasthe first Nobel Laureate in chemistry for isotopes. He worked on the atomic weight
of lead. Hedid that. And, showed that these battery acids, or something like that, that the lead was
different. Didn’t have the right atomic weights, you know, so that’s kind of the way the i sotope
thing got started.

GRAY SON: So, he was doing isotopes by wet chemica methods?

KNOWLES. Hewasawet chemist. And you had to be ared stickler for everything. | had a
disciple of his called Baxter. And, hedidn’'t ever do it with me, but we had white tile desktops.
whitetile, ‘cause that’s awful hard on your glassware. And, oncethe glassisfull of water, then
you set it down, it didn’t matter. But, anyhow, you scrubbed it before you started. We did alot of
barium sulfate quantitative and you want to show how accurate you could be. But, he would come
up to this guy next to me named Lambert and he looked at us and says, “Y our desk doesn’'t look
very clean. You'renot ready to start.” And, hesaid, “Well, | just cleaned it.” So, he cracked an
ego, hesaid, “Eat that egg.” [laughter] “See, yoursisn't clean enough.” He was aclown that way.

GRAY SON: What was hislast name?

KNOWLES: Baxter.

GRAYSON: Baxter.

KNOWLES: Yeah. Hewasastrong disciple of T.W. Richards, I’'m sure of that.
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GRAYSON: COK.

KNOWLES: And, he carried on in quantitative anaysis.

GRAYSON: Hmm.

KNOWLES: So, they redlly gave you agood going in quantitative analysis. We had the barium
sulfate and get every damn last molecule out of your beaker onto the thing and ignite it and weigh it
and, you know, and dl this stuff.

GRAY SON: Pretty tough stuff.

KNOWLES: Tough, oh, yeah. It’'svery, very demanding on your technique. And, so, they went
into that. And, Feser was very demanding on technique in the laboratory. When he did one of his
favorite lectures was how not to do a crystallization.

GRAYSON: Ohredly?

KNOWLES: Helovedthat. Hedid that every year. How not to do one. And, did al thewrong
things.

GRAY SON: To show how it didn’t work.

KNOWLES: Yeah. Hewasagreat stickler for |aboratory technique. | don’t think they do as
much of that today.

GRAY SON: WEell, yeah, | don’t think they do either. But, those details are important.

KNOWLES: They'revery important, particularly when you counted chemistry as quantitative
that’ s the only way you could do it until physical chemists and physicists came along and did it.
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GRAYSON: Thisisabout the sametimethat Al Nier did a post-doctora appointment at Harvard
in the physics department.

KNOWLES: Who?

GRAYSON: Al Nier, N-I-E-R.

KNOWLES: | didn't know him.

GRAY SON: Heworked for aguy in physics called — 1 can't think of the name now, but it'll come
to me. But, at any rate, he did a post-doctoral tour of duty there in the mass spec business and |
think maybe he had some interactions with Baxter

KNOWLES: Yesh.

GRAY SON: Because there was thisissue with regard to |ead isotopes that the mass spec people
were able to extract, get someinformation very quickly. And, | think Baxter actually prepared
samples for him to test him to see how things worked. So, you spent four years at Harvard and
then came out with abasicdly a...

KNOWLES: Bachdors.

GRAYSON: ... Bachdors.

KNOWLES: They werecdling it Bachelorsof Arts.

GRAYSON: BA.

KNOWLES: Becausel had Latin. | took Latin at Andover to the extent of Virgil and | think if
you' ve been that far, you got an AB. You could get aBSand bein literature asfar as| could seeif
you didn’t have Latin.

GRAY SON: Uh-huh. That was crazy.
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KNOWLES: It was ahangover from the old days but they called it an AB but it was morea
Bachelor of Science. | had to take courses outside of my field, my mgjor. | took acourseinthe
Bible asliterature, which | really got more out of. but | didn’t dowell init. I think I only got aC,
but I got alot out of it. And, that was one of those famous lecturers they had for that. So, that was
avery impressive course to me. And, we read the whole damn book, which | think most people
haven't done.

GRAY SON: Yeah, | don't think awholelot of people have read it.

KNOWLES: No, no, that wasthe assignment. Y ou had to read the whole thing, cover to cover.

GRAY SON: WEell, that’sinteresting.

KNOWLES: And, he gave fascinating lectures, particularly on the Old Testament. Hewas an
interesting guy. There were 200 in the class or something like that. And, he rented a sailboat and
took Paul’ s journey through the Middle East.

GRAYSON: Ohmy.

KNOWLES: Hewent to all the ports and everything. Hereally got the fedl for the thing.

GRAY SON: WEéll, that’s one way of doing it.

KNOWLES: Thatis.

GRAY SON: Yeah, that’s pretty neat. Y ou know, well, Paul did quite abit of traveling.

KNOWLES: That’sright.

GRAY SON: It'shard to think of the range of traveling he did given the facilities he had to get
around. They were not that good.
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KNOWLES: But, he was much better on the Old Testament and the Old Testament stories. He
was fascinating and he could go on those forever.

GRAYSON: That's neat.

KNOWLES: And, but, it wasjust asliterature. It was aliterature course. And, well, then | had to
take a coursein the novel, which really about ahalf year course or something just to spread out my
course load. | didn’t ever take much history. Probably should have. Everybody elsedid. But, |
didn’t ever get off to take history much. Been immersed in history ever since.

GRAY SON: Yeah, | think the summer, the time abroad helped alot in developing ...

KNOWLES: Yes.

GRAY SON: | wish that more young peopl e today could travel abroad for part of their education,
becauseit’s an experience. Fortunately, three of my four sons did travel abroad during their
college years. And, | think it'sagreat experiencethat is educational in arealy fundamenta way.

KNOWLES: Yeah. Wdl, | think one thing that is awfully good for young people that you can't
do today very easily that was donein the old days. When a young person didn’t know what the hell
he ought to do and he' sabout 18 or 19; stick him on aship. He' s stuck with it and he can't quit. A
lot of them did quit in the west coast. When it went around the horn, they didn’t want to go back.
And, so my name is much more common on the coaststhan itisin St. Louis. If you look in the
Boston telephone book, the Knowles there' s awhole stream of them. And, you look in L.A., it'll
be the same way. But, out here (St Louis area), there aren't awholelot of them.

GRAY SON: So, what does your family think about . . . | mean, basically as soon as you got in
your professional career, you left New England. Y ou came to the Midwest and you never |eft the
Midwest.

KNOWLES: Wadll, they thought I’ d just probably come back after awhile. They thought it'd bea
good experience. ‘Causethat was ...

GRAY SON: But, you never went back?
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KNOWLES: A lot of factorsand, yeah, | started here and just stayed here. | don’t think going
back isavery successful thing anyhow. You redly cant.

GRAYSON: Yeah. Well, | don’t want to get too far ahead of the story. So, then basically did you
know ahead of time that you were going to Columbia?

KNOWLES: No, I didn’t know that. That was something new.

GRAY SON: That was something that you had to work up to?

KNOWLES: It didn't bother me. | just finished college and then | worried what | was going to do
next. | was going to graduate school, see.

GRAY SON: Did you know that for sure?

KNOWLES: | felt for sure | was going to graduate school or something.

GRAY SON: But, you didn’t know where.

KNOWLES: And, | talked with the guys at Harvard and they strongly advised me not to go there.

GRAYSON: ToHarvard?

KNOWLES: Yes. They said, “We ve doneal we can for you. Y ou need to get experience
elsawhere.”

GRAY SON: | think that was good advice.

KNOWLES: Now, | wasn't asgood a chemist asquiteafew inthe class. | mean, | was astrong
B. But, there were quite afew A studentsthat were ... what they really called hotshots. And, |
think the difference between an A and a B isthe ability to take exams, ‘ cause that’ s the way you
measure progress.
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GRAY SON: Y our advisors though, even though you say you were astrong B, they till felt that
you were good materia for graduate school ?

KNOWLES: Yes

GRAYSON: OK. So, they didn’t dissuade you from going to graduate school ?

KNOWLES: No, no, no, no. Asl say, | didn’t really probably get much advice or play around a
little bit at that age, the teacher’ sthe enemy. So, | didn't really get to know the teachersaswell in
college as| now look back on it and should have.

GRAY SON: So, therewas kind of like adivide between the students and the teachers.

KNOWLES: Yeah. Well, | had A.B. Lamb assigned to me and he was kind of a physical chemist,
but he was mostly interested in the Journal of the American Chemical Society. Hewas on the
editorial board of that. And, | think that was hislove. | know he had a graduate student that stayed
with him for 15 years without getting a doctorate. But, he just ran hiswhole program, his research
program. And, Lamb did was editorialize for thejourna. And, so, | never saw Lamb more than
once or twice a year.

GRAY SON: So, wasthisguy at Harvard or ...

KNOWLES: Yeah, Harvard, yeah. That was my advisor.

GRAYSON: Advisor a Harvard.

KNOWLES: | wasassigned that, but | didn’t redly think he was much ... gave me much advice
anyway. Onecoursel did take there that was interesting. Since | was strongly motivated to go
into industry. Mainly because of my family’s business experience. And, their feeling was there
were two places that you shouldn’t go to, universities and the government. They weren't going to
do either of thosethings. | had acousin who had atextilemill. And, he had arule, “Never Do
Business with the Government.” He had to violate that rule during World War 11.



GRAY SON: Oh, yeah.

KNOWLES: But, hejust would not accept a government order, he wouldn’t do business with
them.

GRAY SON: Oh, my my.

KNOWLES: Hewas pretty handy guy though. Until he had no other customer. Then, during the
war, he had to succumb.

GRAY SON: That'sinteresting.

KNOWLES: So, nobody told methat. But, there was a strong feeling you would go into business
or industry or something. So, | took acourseinindustrial chemistry. They had one guy comein
and he wasn't, as achemist point of view, very intellectual. But, he planned tripsto a number of
local plants around the area. We went to them all. And, it waskind of cute. ‘Causethey had
Radcliffein those days. And, they were separate. So, he'd give us alecture one hour. Go across
the street and give the same lecture to Radcliffe. So, we wouldn’t be contaminated. And, then
they went on thefield tripstoo. But, we had to write reports. They didn’'t. Thegirlsdidn’t haveto
do that.

GRAY SON: So, thiswould kind of be like chemical engineering.

KNOWLES: Yes.

GRAY SON: Would be the closest thing that you would have had at that point.

KNOWLES: Tha'sright. Therewasno chemica engineering at Harvard. | had a contemporary
that | since met at Monsanto. He majored in chemical engineering at Harvard, but he had to take
coursesa MIT todoit. | don't know that they do that today. They may not today either.

GRAYSON: Could be, | don’t know.
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KNOWLES: | don't know. But, hetook coursesat MIT to makeit fit. Hetook math and stuff of
course.

GRAY SON: So, a the time Radcliffe students were taking this industrial chemistry course aswell.
That’ sinteresting.

KNOWLES: They took that aswell. But, they did not have to write reports. But we did.
Anyway, it was kind of interesting. Y ou went to awoolen mill and you went to whatever
Monsanto had, sulfuric acid plant, and an acohol plant, | think. It always interested me how things
were made in plants. Eventothisday, | liketo get inside aplant and see what’s goingon.  And,
I’ve dways taken occasion every time | get a chance to do that to get inside some of these plants.

GRAYSON: Sure.

KNOWLES: Seeactualy what was being done. ‘Course, you don’'t see much in a chemical plant
except alot of pipes sometimes.

GRAY SON: Right.

KNOWLES: And, so, you see more in the mechanical end and the packaging.

GRAY SON: So, why did you decideto go to Columbia? How did that come about?

KNOWLES: Well, let’ssee, | went to Lamb and thought about graduate school. And, he
suggested the University of Illinois at Champagne. And, what was his name? Oh, God, | can't
remember that fellow’sname. The guy ran it for years and years and years. (Roger Adams)

GRAY SON: So, it wasaHarvard graduate that was &t Illinois.

KNOWLES: Hisnamejust dipped mefor aminute. So, | applied there. And, | appliedto ... and,
| got actually turned down.

GRAYSON: Oh.

42



KNOWLES: They only take straight A students. Now, if I’d gone to West Podunk in the middle
of Ohio or something, | would have had straight As. And, they would have accepted me.

GRAYSON: Right.

KNOWLES: | wasawaysamused at that. But, they said, “You' ve got to have straight As. It was
just arule. We can't take anything but straight A students.”

GRAY SON: So, they didn't care, yeah, what chemistry department you came from. It was just
you had to have the grades.

KNOWLES: Yesah.

GRAYSON: That'sfunny.

KNOWLES: But, | had competition. See, the premeds kept the straight As because they had to
get ‘em. And, they must have ... | don't think they knew the chemistry. So, | think that they must
have taken these tutoring courses. ‘ Cause they were available.

GRAYSON: Wéll, they just wanted to get a grade so they could move on.

KNOWLES: My roommate in college took onein French. He had to get a French requirement.
Hewasterrible a French. And, so, hetook one. Hetold me about it. | had the same French
course hewasin. And, so, we got into it. Hetook the exam and in the exam was a question about
Cyrano de Bergerac’ s play and there were some French punsin thething. And, God that threw us
modest students completely. He knew the answer to those ‘ cause he' d taken the tutor coursein
French. [laughter] And | think that’ s the way that these med school students got through the
synthesisin chemistry. They must have, | mean, | just, looking back, that’ s the only way | can
figure. 1 don’t see how these medical students got those straight As.

GRAY SON: They studied the tests.

KNOWLES: But, they got the As.



GRAY SON: So, Illinoisturned you down even though you had a nice Harvard degree. | like that!

KNOWLES: I got the formsto apply to Minnesota. Now, thisisatypical teenager. My family
didn’t have anything to do with this. They didn’t worry about it. And, | got the forms, but | lost
them. | wastoo embarrassed to write them again. So, | was with this other friend of mine, Harold
Ferber at Harvard, and he was |ooking for some graduate school to go to. And, wewerein New
York. So, wedrove up to Columbiatogether. And, interviewed them together. And, he got turned
down and | got accepted at Columbia. And, he later went to Cornell and | went to Columbia. And,
| said, “Well, that soundslike agood place,” and New Y ork seems like a good place to bein these
years. Things were moving. It was’39; Thewar years and so forth. And Harold Urey wasthe
chairman of the department then. He was the hydrogen isotope man.

GRAY SON: Right, right.

KNOWLES: And, they gave us agood smattering of physical chemistry too. And, | could handle
that. But, that meant we had to go through the Debye-Huickel theory, which | never want to go
through again. I'll never read Isaiah and Jeremiah and Ezekidl again either. [laughter]

GRAY SON: What were those outfits that you weren't going to read anymore? That you said you
didn’'t want to read?

KNOWLES: Oh, | say, thethree long booksin the Bible.

GRAYSON: Oh, oh,

KNOWLES: Isaiah, Jeremiah, and Ezekidl. [laughter]

GRAY SON: Jeremiah. Onceisenough, huh?

KNOWLES: Except if it happensto bein assgnment. And, but anyhow, | took a good
smattering of physical chemistry, but | did go with Elderfield. There were two professors| had to
consider, Elderfield and Marston Taylor Bogert. But, Bogert was sort of haf retired. Hewasa
great orator. Heloved being in oral exams and things like that.



GRAY SON: Oh, man.

KNOWLES: So, | took Elderfield.

GRAY SON: So, how do you spell Bogert’ s name?

KNOWLES: B-O-G-E-R-T. | don’'t know, might betwo G’s, | don’t know.

GRAYSON: E-R-T, OK, Bogert.

KNOWLES: Hewaskind of agrand old man type and he taught there for years. When he
introduced your talk, his speech was longer than yours. [laughter]

GRAY SON: So, then you went for this Elderfield character. What was his speciaty?

KNOWLES: His specidty, he' d been with Rockefdller Institute with a guy named Jacobs. And,
he speciaized in steroids. But we started off with anon-steroid project. See, | could start right
away in research, ‘cause I’ d already had the advanced organic chemistry and that stuff.

GRAY SON: So, you had aleg up on most of the other students.

KNOWLES: And, they had another qualifying exam, which was mostly balancing equations.
God, I’d never be able to do those damn equations now. But, we balanced equations like mad and
so forth. And, you qualified but | was able to quaify quicker than the ones who camein first with
me. Also, | didn’t do any teaching. | had alittle grant from my grandmother, $1,000.00 or
something like that. And, that got me comfortably through. So, | didn’t bother with doing any
teaching.

GRAY SON: So, that was kind of nice of your grandmother ...

KNOWLES: Waéll, when she passed away, she gave us each that.

GRAYSON: Oh, OK, that’snice.



KNOWLES: And, inthose days, $1,000.00 got you alot of graduate studies.
GRAY SON: Oh, yeah. That would barely buy the books today.

KNOWLES: But, | say | didn't livein fancy facilities. | lived right off 115", it was on 116™
Street. | lived on 115" Street in avery modest facility when | think of it, back then. But, | didn’t
spend any time there. All | did was deep there. So, | didn’t giveadamn. | was over therein the
library or over there with the things and ate out with the kids every, the students every night and so
forth. So, I didn’t need much. But that was during the war year and it wasinteresting. What
happened wasthat | had afriend at college who flunked out freshman year, Roddy Madden, who
went to Trinity. And, he joined afraternity there. And, Columbia had athe same fraternity. It was
aDetaPs or something. And, | never had anything to do with afraternity at Harvard. They
didn’t have them anyhow much. And, they were hard up * cause during the war they didn’t have
anybody to live in the fraternity house and they wanted somebody paying some rent. And, so one
of their people came around and said, Roddy Madden said you were taking graduate school here
and that you might need a placeto live. And, so, | joined this fraternity to have aplaceto live.
They didn’t usualy take graduate students at all.

GRAYSON: Sure.

KNOWLES: It wasfor undergraduates, but there weren't enough undergraduates ‘ cause they were
all inthe servicein those days. | was deferred * cause my draft board never dedt with someone
going into graduate school in sciences. That’ s the way they thought in New Bedford.

GRAYSON: Mm-hmm. So, your draft board was back in New Bedford?

KNOWLES: New Bedford, yeah. | knew them. They were close friends of my family, and were
on the draft board. My family wasn’t onit. And, they deferred me because they’ d never had a
PhD —and | wasn’t a PhD then, but later was. They’d never had one. Nobody went to fancy
schools from New Bedford very much. See, there’sno collegelocally. So you had to go to
Providence or Boston. And, in those days, they considered it quite aways avay. One was 30
miles and the other was 60 miles! A longwaystogoto ... So, most of the people graduating from
high school go to work, you see.  So, | was an exception, and they deferred me. But, | got through
graduate school faster than | would have otherwise because they told them ‘ Either you graduate
this guy so he can get in industry or we'll draft him'’.



GRAY SON: Right.

KNOWLES: Sol got out closeto three years in graduate school.

GRAY SON: From Columbia. So, you never did serve in the military, though, right? Yes. My
first problem in graduate school wasto try to find the active ingredient in locoweed. Professor
Elderfield had gotten awhole big stash of locoweed from some guy out in Montana, or someplace.
It was one particular kind Astragaluswootoni. Animals ateit and got sort of ill coordinated and
would go alittle crazy. And, that’swhy they called it locoweed.

GRAY SON: But, thisislike an analytical problem?

KNOWLES: Yeah, well, no. Hewanted meto isolate the active ingredient and determine the
structure. That was what he was hoping for. He was hoping to get the active ingredient, an

alkaloid hopefully and then he would get the structure of it, you see? And, then the deal those days,
remember structure took along time.

GRAY SON: Oh, yeah.

KNOWLES: It might have taken three or four PhD students. But, whatever it is, we got this
locoweed and we extracted it with phosphotungstic acid. And, they had some chemical
engineering equipment. Heand | ran it, Elderfield and | ran it personally to get it to work. And, he
had atest that a previous student of his had found, that if you fed thislocoweed extract to cats over
about afive or six-week period, they would lose their coordination. They couldn’t jump off this
table and land on the floor.

GRAY SON: They couldn’t land on their feet?

KNOWLES: They couldn't land on their feet. They’d go flop on their face. And he had
somebody up at P& Sin the medica school that was studying the brain, what the changesin their
brain were. don’t think anything of it came of all these studies. But, anyhow, they were interested.
And, so, we had four or five cats and | wastrying to get a concentrate of the active ingredient. Y ou
first precipitate with phosphotungstic acid and ...

GRAY SON: What wasthat acid again? How do you spell that? The phos-
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KNOWLES: Phosphotungstic ... that's astandard P-H-O-S-P-H-O-T-U-N-G-S-T-1-C.
Phosphotungstic acid.

GRAYSON: That'sgot atungsteninit?

KNOWLES: Yeah. Tha makesacomplex with the tannins and everything and it makes it
precipitate.

GRAYSON: OK.

KNOWLES: And, you filter it off. And, wedid that on afairly large scale, an engineering scale,
‘cause they had afuller press out in the engineering department at Columbia. And, | remember he
and | just went out and ran it. But, then | took this extract and tried to fractionate it into active
ingredients. Now, it wasn't avery quantitative test in thefirst place. And, that never did any good
on thething. | did isolate anumber of products out of thething. And, these were sugar derivatives
and things that crystallized out in ureas -- | had to get a crystalline product out of it.

GRAYSON: Yeah.

KNOWLES: But, these happened to be known. And, | spent quite alittle bit of time on that. But,
we weren't getting anywhere. So, we abandoned that and went over to his steroid project where he
was interested in making the cardiac aglycones like digitais and strophanthidin that have afive-
membered ring side chain. And, we were going to try to put that on simpler ring systems so that
we could seeif it was active. | mean, he had somebody at Eli Lilly that had atest for that. And, so,
| got over to that, synthesizing simple analogs for the cardiac aglycones of which the whole thing
would be strophanthidin and digitalis.

GRAYSON: OK.

KNOWLES: Digitaisisthe standard one that’ s used even today for heart problems. Well, this
K.K. Chen at Eli Lilly had agood test for this. And, so, we would make compounds and he would
test them. Actualy, my work was purely synthetic. It was putting this five-membered lactone ring
on smpler ring systems and we used indene and naphthalene and things like that. And, wedid this
and we didn’t get any activity either. It didn’t turn out to be alead and we put it on some other
thingslike cholic acid and so forth. And, | don’t think anything came of that either. But, it's
interesting. K.K. Chen was alittle aggrieved with the output Elderfield’ s lab was giving him the
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compoundsto test. So, hesaid, “I’m going to do some isolation of my own.” And, thisis
sometimes when fools rush in and you get into danger when you get into other people sfields. So,
he was doing thisisolation. Everybody was isolating natural products in those days.

GRAYSON: Mm-hmm.

KNOWLES: Heisolated two natural products. | can't remember what it was from. He got two
sets of white crystals. And, they didn’'t have amelting point. They just charred. And, they were
solublein water. And, they were different. | don’t remember what he, how he even showed they
were different. And, he published them. He called one alpha erlene and the other beta erlene. And,
then later, you know what they turned out to be? Glucose and sucrose. Which most any plant that
he took, if you fiddle around isolating, you could find them in.

GRAYSON: Surel.

KNOWLES: I think maybe there isn't aplant that you could find that wouldn’t have glucose and
sucroseinit. [laughter] But, thisis so embarrassing when you take aguy who isredly apillarin
histesting. He had wonderful pharmacological tests for all of these activities and things, but when
he got involved in chemistry, but these didn’t have a melting point. Glucose of course will just
char on amelting point test. 1 don’t know about hisanalyses, | don’t know what happened on that;
‘cause it should show up on the analysis pretty quick.

GRAY SON: That's pretty inconvenient.

KNOWLES: | don’'t know how he got off on that. But, he did actually get out a preliminary
publication and name them.

GRAYSON: Erlenes. E-R-U- ...

KNOWLES: Wadll, I'll dways remember aphaand beta erlene.

GRAY SON: Yeah. How would you spell that?

KNOWLES: I don't know. E-R-L-E-I-N or something like that.
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GRAYSON: OK. Some spdlling.

KNOWLES: But, that’sjust acute story on K.K. Chen. And, | think he would be very
embarrassed if hisforbearers were aware of it. [laughter] But, even that was interesting because a
big name in organic chemistry was Wieland and way back in the steroid chemistry, he was one of
the onesthat got a Nobel Prize for the wrong structure of steroids and then the history later on, the
X-ray people camein and showed him that it was alinear structurenot a...

GRAY SON: How isthat spelled? Ree-, isit Redland?

KNOWLES: Widand, W-1-E-L-A-N-D. He got aNobel prize and nobody begrudged him. He
was agrand old man of steroid structure. But, anyhow, he had published a paper that | found had a
mistake in it -- which is something you shouldn’t find that the great Wieland had amistake. It was
just purely an analysis error. It was atriacetyl cholic acid and it was only a diacetyl cholic acid.
But, it threw me off for quiteawhile. 1 finally found it actualy in the paperwork. And, this
happens with literature -- FINDING amistake. But, he was such adeified figure. To find that the
great Widland had amistake in one of his papers was something.

GRAYSON: Yeah, well, you know, people do make mistakes.

KNOWLES: Wadll, yeah, and the literature’ s got alot of mistakesif you look for it. But, | just
remember that one.

GRAY SON: So, you then switched to the steroid project ...

KNOWLES: Yeah.

GRAY SON: ... and that’s what you worked on for your degree.

KNOWLES: I finaly switched over to that and worked on it for my degree, yeah. And, most of
the other Elderfield students were doing similar things. Not all of them were on steroids, but quite
afew were. Hewas very busy during thewar. He was never there. And, he was aways off on
committee work and so forth. So, he had a senior man, Gus Fried, who was at Chicago for years
and years and he' s since deceased.



GRAYSON: F-R-I-E-D?

KNOWLES: And, GusFried ran his program for him.

GRAY SON: How do you spdll Fried?

KNOWLES: F-R-I-E-D. And, hewasasteroid chemist and hereally ran us.

GRAY SON: So, how big agroup did he have then?

KNOWLES: Oh, | don’t think more than eight or ten or something like that. | could try to add
themup but ... And, most of thetime, sinceif you couldn’t get it crystalline, you couldn’t find out
what it wasin those days. You redly couldn’t. That wasthe main thing you were trying to do; get
something to crystallize.

GRAYSON: Sure.

KNOWLES: Y ou were going around scratching tubes and doing this and that and ...

GRAY SON: Needed a purer compound.

KNOWLES: Yeah, that'sright.

GRAY SON: So, if you got it, then you had to do the structure determination.

KNOWLES: Even the steroid work, you had to get, if you ran areaction, you had to get crystals
to get the damn thing out pure. You didn’t careif you didn’t get agood yield, but if you could get
crystals, then you could purify it. And, that was very much more important than it istoday. It's
very important then to get crystals ‘ cause look at this. The only reason Watson & Crick were able
to do that (DNA structure determination) was because Rosalind Franklin had some crystalinein
DNA. And, that’sdamn hard to get.

51



GRAY SON: So, your work then was successful enough to get a degree.

KNOWLES: Yes. Wegot afew publicationsin the JOC on the subject. And, asfar asthe
medical end, it al bombed out. You couldn’t get that digitalis activity without the whole molecule.
And, maybe that still holds. | think pretty much. And, | really don’t know what’ s happened to the
astragalus, what was the active ingredient in that? | proved it wasn’t selenium. That wasthe only
thing. There are some forms that selenium causing that.

GRAYSON: Oh, the mad cow?

KNOWLES: Yeah, the mad cow thing.

GRAY SON: | didn’t really mean to say mad cow. Locoweed.

KNOWLES: Locoweed.

GRAY SON: What was the astro, astra- ...

KNOWLES: Asragalus. A-ST-R-A-G-A-L-U-S, that’sthe general field of locoweed. Thiswas
labeled wootoni. | don’'t know how the botanist that collected the sample. He collected, oh, maybe
100 pounds of stuff.

GRAY SON: Ohwow.

KNOWLES: And, sent it to Elderfield and we, | guess, ground it up with water and ...

GRAYSON: Tried to do this extraction.

KNOWLES: .. get the extracts out of it, yeah. | don’t remember exactly what we did. | had one
experience with the cats that was kind of funny. Well, we had the cats out in thelab. And, there
was afamous chemist at Columbia called Schoenheimer -- he was abiochemist. He might have
gotten aNobd prize. 1 don’'t know. He did radioactive studies on the gut, how things went through
thegut. And, hewas quite famousfor this. But, hiswife aso indulged in chemistry. And, she had
mice they were doing sometestson. And, they were in the sameroom. What | did was you could
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feed a cat and go away for the weekend. Just feed it enough and it would just ration itself. And,
you could leaveit two or three days without feeding. And, my cat got out of the cage and killed
one of her mice, reached in and killed one of her mice and spoiled her experiment. And, | don’t
know, you ever have awoman mad at you, but this woman was so mad a me. | got thrown out of
that room pretty quickly. But, shewas ... she sounded off. | didn’t know what to do. | just sat
there and trembled. She was so mad, because Schoenheimer was such abig name. He got rid of
this stupid graduate student real quick. And, that was kind of an amusing experiment. But, later on
Schoenheimer shot himsaif.

GRAYSON: Oh, redlly.

KNOWLES: So, | don't know. At the peak of his career, it was one of these suicide things. You
never know what started it. Maybe the wife had something to do with that. 1 don’t know. But, |
never knew Schoenheimer and | only knew Schoenhelmer’ s wife once.

GRAYSON: Yeah. And, you didn’t want to know anymore.

KNOWLES: I've never seen anybody just get off on such adiatribe at me, screamed and yelled at
me.

GRAY SON: And, the cat wasthe guy that did the thing.

KNOWLES: Wel, | know it. Wdl, | didn’t take care of my cats. Well, hejust got out.

GRAY SON: Yeah. The mousewasn't too smart to be close enough for the cat to grab him.

KNOWLES: Wadll, | don’'t know. | never did seethe mouse. But, that’s what she said happened
anyhow. But, that wasjust an aside.

GRAY SON: So, despite this debacle, you end up getting a degree from Columbia.

KNOWLES: | got adegree, yes. And, | do think it was accelerated alittle bit by the thing. Of
course, as | say Elderfield was working on committees. Most professors were. And, he would just
come through sometimes, you know, and go off on his committee work. So, Fried wasthere dl the
time. And, hewas an interesting experience for me, because he was a German Jew and he got out
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of Germany, he bought himself a Polish citizenship for $50.00. And, that was how he got out of
the thing.

GRAYSON: Oh, OK.

KNOWLES: Hebecame aPolish citizen. That was one of the tricks that Poland was using to
collect fundsthen. He said it cost him $50.00, well, $50.00 was more then, but anyhow. He
bought himself.

GRAY SON: So, basically, he looked like he had Polish papers when he left Europe.

KNOWLES: That’sright.

GRAYSON: And, then he was ableto get out.

KNOWLES: Tha'sexactly right.

GRAYSON: Now, at that time, Poland was probably occupied.

KNOWLES: Well, I don't know if ... | can't, | haven't got the chronology exactly of what he did
and so forth. But, he wasinteresting, ‘ cause he was very steeped in German culture. He claimed
that the only thing the English speaking people had done that was worthwhile was pyrex glass and
William Shakespeare. [laughter] There were two things that were superior to what the Germanic
people did. That's so funny how they were brought up in that Germanic culture that rejected them.
Einstein was the same way. He wanted to be sure that German physics wastop in theworld. And,
they rejected him too. Rejected him completely. Anyhow, this guy was interesting. He had such
atotdly different background than anyone | had ever run into before.

GRAY SON: Do you know what part of Germany Fried came from?

KNOWLES: | don't know.

GRAYSON: OK.



KNOWLES: Now, there was another guy there that | later got to know, Nelson Leonard. He had
been a professor at Illinois, University of I1llinoisin Champagne for years and years afterwards and
he went out to Scripps in the west coast for retirement; he' s deceased now. But, he was working on
an akaoid problem. And I got to know him. But, he was pretty much in those days pretty much
straight shooter. Hewould never take adrink or anything. And, I liked to go out and drink with
the boys and so forth. And, he was very much a straight shooter. But, we had pretty good joie de
vivre with the graduate students there and so forth. Though it was still alittle fun. We had one
black graduate student. In those days, it didn’t sound right, but he couldn’t eat lunch with us at the
west end. In New York? | mean, that sounds absolutely crazy. | mean, he never made a problem
of it. But, when we went to lunch, hejust didn’t go.

GRAY SON: Do you know ...

KNOWLES: Hisnamewas Len Hawkins and the only place that he could get ajob, and he did
very well and he went to Bell Telephone when heleft. And, heleft alittle beforeus. Hewas an
earlier vintage.

GRAY SON: So, hegot aPhD.

KNOWLES: Hegot aPhD with Elderfield and he went to work for Bell Telephone. | don’t know
what he did there. | think he survived there asfar as| know. But, he couldn’t find aplaceto get a
job another place. Therewasalot of pregudice then. | remember the biggest thing was when Hitler
signed the pact with Stalin — do you remember that famous day? That had all the Jewish groups
completely disillusoned. | camein that morning and they were just, Fried and all the rest of them,
were so completdy depressed because Hitler had signed a pact with Stalin.  See, they were pretty
pro-Stdin, it wasjust ... that was the big, that was the end of the world.

GRAY SON: So, explain alittle bit more about this ... the German Jewish population. Thiswas
thelate 30's, early 40's?

KNOWLES: | graduated in’39. It was about 1940, yesh.

GRAYSON: OK. So, thiswould be before Kristallnacht?

KNOWLES: I'm not surewhen ... what the date of Kristallnacht is. ‘ Cause when it occurred, we
didn’t hear much about it.
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(Note added by Grayson: Kristallnacht wasin November of 1938)

GRAYSON: Right.

KNOWLES: So, do you know when the date is?

GRAYSON: No, | don't know the date.

KNOWLES: | don't either.

GRAY SON: But, at any rate, so, the German Jews were very depressed by the alliance
between . . .

KNOWLES: Hitler and Stalin. Because they thought Russia was pretty good about things. They
werent, actually, asit turned out. But, they (German Jews) thought they were at the time.

GRAY SON: So, they felt that the Jewish situation in Russia was better than it was in Germany?
And, by thistime, they knew the situation in Germany was pretty bad.

KNOWLES: Oh, yeah, they knew that. And Fried had gotten out. A lot of them had gotten out.
But, they had to use one shenanigan or another to do it. But | hadn't had much experience with
anybody from other countries if you know what | mean? It was kind of interesting for meto do
that.

But, it’sstill amazing that the little west end restaurant, which is atwo-bit place, wasn't anything
fancy, it wasabar and aplaceto eat. And, we went there alot and but they wouldn’t alow blacks
inthere. It’'sjust amazing to meto think of it.

GRAYSON: But, | think that was standard for thetimes. This was 1940.

KNOWLES: | know it. It was standard for the times.

GRAY SON: Asamatter of fact, it would seem, from my understanding of thetime, it would be
unusual for ablack person to be doing graduate work in chemistry ...
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KNOWLES: Yeah, it was unusual then. But, we would sometimes go out in the evening and
Harlem was real cheap. We couldn’t afford to go to the fancy placesin New York. But, Harlem
was cheap and they just loved you to come there.

GRAYSON: Oh, redlly?

KNOWLES: Oh, yes. They'd put you at afront table and everything. Of course, it wasall black
entertainment and probably on the standards of entertainment was very good. But, no, Harlem was
something. | didn’t go there very much, but a couple of times we went over there.

GRAYSON: Sure.

KNOWLES: And, you didn’t feel unsafe or anything at al. You just went in and all these
nightclubs that were quite inexpensive. And, ‘causethat’s where the New Y ork intelligentsia sort
of went for alate fling in the end of the evening. But, it wassafe. | don’t know why it was safe,
but it was.

GRAYSON: Yeah, that'skind of crazy.

KNOWLES: Oh, itiscrazy.

GRAY SON: Now, so you're graduating from Columbia. Y ou have your PhD. How do you
figure out where you're going to go to get ajob?

KNOWLES: Wadll, then, | was influenced quite abit by Elderfield. But, first of all, my father
decided, “Wadll, I’ ve got afew connections for you.” He had one at American Viscose, which did a
little chemistry and so forth. And, o, | did interview a couple of his customers, so to speak.

GRAY SON: So, these were people he knew through his textile business.

KNOWLES: It would betextile chemistry. And, so, he had meinterview afew of these. But, it
didn’'t seem like very much to offer. So, | did sign up then for the usua interviews. | signed up
with DuPont and | signed up with General Electric for trips. And, it was an interesting timeto
interview, becausethiswasin ‘44. They would tell you, “You're hired. Now, we're going to show
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you what you're going to do.” They would take anybody that was sight unseen. Particularly if you
weren't black. And, they even preferred you not to be Jewish too. Though Merck took Jewish alot.
But, alot of the places wouldn’t — DuPont wouldn’t take Jewish.

GRAYSON: Reslly?

KNOWLES: No. So, | interviewed DuPont and Hercules and Genera Electric in Pittsburgh, that
was plastics, and | don’t remember who else. Doesn’t matter. And, then | tried Monsanto because
Elderfield had some dealings with Thomas and Hochwalt Laboratories on the anti-malarias or
something. | don’t know what he was dealing with. He was awheding and dealing and he
thought that was anice informa place, maybe you'd beinterested in that. And, so, | interviewed
Monsanto. They interviewed in St. Louis. So, | was interviewing for Dayton Laboratories. And,
Dayton didn’t do their own interviewing and they let St. Louisdoit dl. And, part of the incentive
to go was to take job furthest west. | got offered every place |l went. So, as| look back oniit, |
probably took the ... | thought the one further west sounded more exciting. And, so, | thought it
would be interesting to get out of my niche. | had really never been west at all much until | did
take atrip west in college. My two roommates and | took one of my family’s cars and drove it
west in*36. That wasthe only western experience | had had at all.

GRAY SON: How far west did you get?

KNOWLES: Wegot al theway. Wewent to Y dlowstone and Oregon and the Oregon coast.
We did the circuit of the country.

GRAY SON: That took awhile.

KNOWLES: Yeah, that was the summer of * 36, it was probably that, and it was an interesting trip
because you couldn’t cross the country on apaved road then. That’s what’ s amazing when you
think of it. Y ou went awfully fast on dirt roads and you woretires out fast too. We had tire
troubles quitealittle. And, so forth. And, we often dept just out and sometimes in motels when
we wanted to get a shower or something and eat over a cook stove. So we didn’'t use alot of money
on lodgings and we also stayed with friends wherever you could find them. So, that gravitates
where you go alittle bit. We had somebody in Eugene, Oregon. So, we went across to Eugene,
Oregon. Had somebody in Minnesota. Yeah, | guess it was Minneapolis/St Paul, so we went there.
Y ou know, | mean, you worked out the thing. But, we went to Y ellowstone Park and we went to

Y osemite and so forth. We did the circuit.
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GRAY SON: S0, let’s see, those were the parks, Y osemite, Y osemite’ s parks had just recently
been made into National parks, | think.

KNOWLES: Oh, no. Well, they were all. Those two were parks then. But, that was agood
enlightening trip. No new technology.

GRAY SON: So, you got to west coast, Frisco? Or did you go to Friscoor LA or ...

KNOWLES: Wedidn't getto LA. We got to San Francisco.

GRAYSON: San Francisco.

KNOWLES: And, wedid theY osemite.

GRAY SON: Uh-huh, sure, yeah, that’s close by.

KNOWLES: And, crossed Death Valey and so forth and came back and went up through Texas,
San Antonio, ‘ cause we had friends there. So, we stopped there. It was interesting.

GRAY SON: So, how many people werein this car trip?

KNOWLES: Just two roommates from college. They weren't in science. They werein
humanities.

GRAY SON: So, thisisthe three of you.

KNOWLES: Yeah, three of ustook the trip.

GRAYSON: That's kinda neat.

KNOWLES: Itwasinmy family’scar.
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GRAY SON: What did you drive then?

KNOWLES: It wasaChevrolet.

GRAYSON: A Chevy. Took the old Chevy.

KNOWLES: Themain problem wasthetires, thetires.

GRAYSON: Reslly?

KNOWLES: We had tire problems.

GRAY SON: Did you end up having to buy tires or did you just check to make sure ...

KNOWLES: We ended having to buy one, yeah, and we patched them whenever we could.

GRAY SON: ‘Cause they had tubes in them too then?

KNOWLES: Yeah, onetime we had to patch them with aband aid. We got 40 miles on that tire,
though. We had to pump it up every ten miles. [laughter]

GRAY SON: [laughter] Oh, 1 likethat. So, finally, you decided, ‘I’m going to move as far west
as| can’ when you decided to get ajob?

KNOWLES: Tha'sright. Well, | thought it would be more exciting and Elderfield had met
Thomas and Hochwalt. So, he recommended them highly. Hethought it was an informal place to
work.

GRAY SON: So, when you came here for that interview, wasthat by train?



KNOWLES: |took atrain. Yeah, they said they'd fly you if you could guarantee that the extra
cost was worth it, but for a student it wouldn’t be worthit. So, no, | took the train out.

GRAY SON: So, then you interviewed herein &t. Louis? Would have to bein the city someplace,
| would think.

KNOWLES: Y eah, when Monsanto was down on Second Strest.

GRAY SON: Second Street, OK. And, it was then they offered you the job?

KNOWLES: Yes

GRAY SON: Did you interview other placesor ...

KNOWLES: Yeah, | interviewed. DuPont and Hercules and Generd Electricand ...

GRAYSON: So, they all offered you the positions?

KNOWLES: Oh, yeah, everybody offered you. And, | think that was dl. Maybe not.

GRAY SON: So, when did you end up starting? Would have beenin thefall of ...

KNOWLES: In’44, yeah. | guessit wasfall of ‘44. | didn’'t bother to go to my graduation for the
PhD. | know the PhDs, they don’'t often go. | didn’'t go.

GRAYSON: Yeah. Now, a that time, the war was still on in Europe?

KNOWLES: Itwasvery muchon. | went to Dayton. | wasin the Dayton Laboratories. That's
where | sort of interviewed Monsanto. | wanted to go to the Dayton. So, | was about ayear and a
half in Dayton.

GRAY SON: Werethey doing the war effort thing in Dayton?
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KNOWLES: They did war effort. But, it wasinteresting. Most of the guys that were on the war
effort were oneswho'’ s draft boards were breathing down their necks.  Now, mine never bothered
me. ‘Causethey couldn’t ‘ cause of the fact that they only had one PhD, see, in New Bedford a
PhD was arare commodity. And, so, | stood out. And, they didn’t ever make any argument about
that. And, so that | wasn't used nearly as much as | could have been for thewar. | did some on the
war effort.

GRAYSON: OK.

KNOWLES: But, most of it was not very interesting and particularly in Dayton it wasn’t much at
al. Though they had awar program. They had avery active one on rocket propellants. And, they
even had afatdity that occurred there. But, | didn’t have anything to do with that. And, they were
very secretive about what it was, but it was solid propel lants they were working with and those
were rather hazardous. | look back on some of the stuff they did then and | don’t think they really
knew what they were doing.

GRAY SON: Weéll, I know that many of the people I’ ve interviewed did get or seemed like were
drafted into the war effort, even though they were in science or chemistry or mass spectrometry
even got drafted into the war effort or into some aspect of it anyway and it wasagrind. Y ou know,
it wasreally a24/7 type dedl.

KNOWLES: Right. Well, anyhow, | wasn't bothered that way. At Dayton | was almost a
physical chemist there. | did work on one project, which was related to the war effort. It was
purifying hexamethylene diamine, which is a product of formaldehyde and ammonia. It'sa
complex, very symmetrical ring system that was nitrated and made into an explosive called
cyclonite. They were thinking of making that. 1 don’t think they thought very serioudly about it.
But, anyhow, it had to be quite pure for that purpose | guess. So the explosive would be of known
sengitivity or something. But, anyway, that was agood explosive. I’'m not sure whether it’s used
today or not.

GRAY SON: | don’'t know. Speaking of which, in your Nobel background, you said that you
suffered alab explosion once?

KNOWLES: Yeah. Oh, that wasin graduate school. One of the key reagents that were used to
make this five-membered; or the key reagent; was diazomethane. And, we had to digtill
diazomethane. We never used it on alarge scale. | mean, | doubt if | ever made more than agram.
But, anyhow, diazomethane is rather touchy. And, this did explode on me once. It was in the hood

62



and the digtillation was done, the door was down and nobody was hurt. But, even agram made for
ahdluvabig exploson. Scared the hell outtame. But it did destroy a bottle of product which |
unfortunately had put right besideit. And, that kind of shook me up alittle bit. 1 spent three
months making that product and to screw it up like that. But, so what, you make it again, | guess.

GRAYSON: Yeah. It was pretty much down thedrain. So, we're back to Dayton then. | just
remembered reading about that, though.

KNOWLES: Yeah, well, diazomethane, we were careful with. So, | mean, it would be a great
carcinogen, but I'm sure it’s a strong methyl ating agent, they all are. But it was dways handled in
thehood. And, wedistilled it and if you recall with an ether if you were ever got it pureit would
sometimes go off. Didn't set afireat dl. Just went off; no solvent fire. Usualy the solvent fires
follow. But, there were no fires started but boy they were hot. 1t was just asmall amount, that was
al. 1 don’'t know why. | only madeagram. | it wasright in the distilling column.

GRAYSON: OK. Youdidn't actually tap it or hit it or do anything to it to makeit go off. It just
took off.

KNOWLES: Itjust went off. 1t'svery unpredictable. But, that was just an experience that scares
you. But, when you think about the entire history of explosives, it’s scary when people first made
them, they didn’t know what the hell went on. But diazomethane is easy to useif you don’t get it
out of asolution, but you digtill it. Thishad to be distilled for this particular reaction. Y ou couldn’t
useit otherwise. Unless you made it with the nitroso methyl urea.

Anyhow, | was assigned to Dayton and about the only war project | worked on there was the
hexamethylene tetraamine. The other wasto ... on the vapor phase hydration of acetyleneto
acetaldehyde. Thisisavapor phase hydration. The standard liquid phase isthe usua way to get it,
but we had catalysts. Thiswas a catalyst study. Acetylene catalyst study really.

GRAY SON: What was the motivation to do that in the beginning?

KNOWLES: Oh, they wanted to get into that and use acetylene as a building product, abasic
petrochemical building product. They had an acetylene process that somebody was ... | forget,
Wolf process acetylene | think it was or something. | don’t remember now. | think that’s what it
was. And, they wanted to convert that to acetaldehyde for which you could go on and make all
kinds of things. And, when | ook back on it, there probably wasn’t any great plan behind it. They
just wanted to bein aposition to moveif that looked like a good thing to do a some point in the
future after the war was over. It wasredly for after the war was over. They were dealing with
petrochemicals. Inthose days, it was till alittle bit coal tar chemicals, you know. And, they were
thinking of getting into petrochemicals. And, this was one route of doing it and they wanted to
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have dl thelinksin placeif they wanted to do it. And, so, | built them equipment, just a hot tube
and various condensers and scrubbers and so forth. And, Charlie Thomas was a very promotive
type guy. Heloved to comein and he' d take somebody around the 1ab and show them this
equipment, which looked like physical chemists' equipment, you know.

GRAYSON: What was hisfirst name?

KNOWLES: Charlie Thomas.

GRAYSON: Charlie.

KNOWLES: Helater became president of Monsanto. He was very much a promoter. And, he
would come in and of asking me to show them what went on here, he said, “ Just show me where
the acetylene goesin, I'll do therest.” And, he gives abig spiel about what great things were going
on and so forth. But, anyhow nothing ever came of that. As| look back on it, nothing ever could
have come fromit. | don’'t know what we really were gonnado. | had aguy in thelab there, his
name was John Malowon, typical chain smoker. Took just one match aday, he kept going al day.
And, he'd sort of wet his lips and the cigarette would hang out there. We had a cracking processto
make biphenyl. | guesswe were cracking benzene into biphenyl. And, we did it by bubbling the
gases through molten lead. Hewastrying to seeif other molten metalswould give a more efficient
reaction. And, he was alittle careless; he was using magnesium, molten magnesium. And, he
turned on the thing too hard and air got toit. All I know isthe stuff landed here and | was out the
door here. Where | was standing was where the thing landed. He said he never saw anybody come
out the door asfast | did.

GRAY SON: Magnesiumis not the kind of metal you are careless with.

KNOWLES: Thingswerejust very casud inthose days. | don't know why he didn’t blow
himself up or burn us up with thething. Again, no alarm, just come around and say, “Oh well, try
something else.” But, | don't know that there was any good reason to believe that any other molten
bath was nonreactive and would do it any different. But, they wanted to be sure. Now, they do it
in ahot tube.

GRAYSON: Sure.

KNOWLES: Pyrolysis; | think it was benzeneto biphenyl. That'sright. And, | think they may
even still do that. 1 don’t know.
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GRAY SON: So, you spent ayear and a haf there. At Dayton.

KNOWLES: Then| wastransferred to &. Louis.

GRAY SON: OK. Wasthat something that you opted for or wasit ...

KNOWLES: Wadll, alittle bit of each. It sounded alittle more pharmaceutical oriented and so
forth and fine chemical oriented and that would be better, | thought. And, so, that turned out to be
where

GRAY SON: WEéll, eventudlly the Dayton operation was shut down, wasn't it?

KNOWLES: Yeah. Oh, eventualy it got shut down, yeah, eventualy. But, it was quite awhile
after that. 1t was maybe another ten years before it got shut down. And, both Thomas and
Hochwalt cameto &. Louis.

GRAY SON: So, when you cameto St. Louis you were on Second Street then?

KNOWLES: Yes. And, got involved in plasticizersfirst, which was afairly big product with
Monsanto at thetime.

GRAYSON: So, thiswaslikelate ‘40s, no, '48?

KNOWLES: No, no, no, it was’45. Seel was, 44, let’ssee, | came, | think it was’45-'46. |t
was about '46. And, | was married herein St. Louis.

GRAYSON: OK.

KNOWLES: When | came from Dayton, a bunch of bachelorslived in ahouse on Maryland
Avenue.
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GRAY SON: So, where did you meet your wife?

KNOWLES: We had people coming to partiesin that house.

GRAY SON: Wasit in Dayton that you ...

KNOWLES: No, here. (St Louis)

GRAY SON: Oh, OK. You met your wife when you moved here.

KNOWLES: Yeah.

GRAYSON: OK. So, plasticizerswere abig item then. Where did they end up going?

KNOWLES: Wadll, plasticizers going to polymers like vinyl, mostly vinyl. They modified the
properties of vinyl to make it flexible.

GRAYSON: Yeah. So, therewas abig market in vinyl?

KNOWLES: Oh, yeah; car upholstery, al kinds of things. | don’t know if designers started that
early or not; probably. You can't work vinyl without some plasticization.

GRAY SON: So, what kind of plasticizers did you work on then?

KNOWLES: Phthalate esters mostly. They were working on phthalate esters and phosphate
esters. The phosphate had some fire-retardancy properties and so forth that were favorable. And, |
would say that | started in phthalates, but moved over to more of the phosphates. And, mixed
phosphates.

GRAY SON: So, these were usudly added in small amounts, right?
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KNOWLES: Yeah, wehad tri cresyl phosphate. Oh, no, no, no, no, no, they’ d added sometimes
as much as 50%.

GRAYSON: Oh, redlly?

KNOWLES: Oh, yes.

GRAYSON: Oh, wow.

KNOWLES: Pasticizersinvinyl, yeah, it sopsthem up. It'slike a perfectly good flexible solid.
A flexible piece of vinyl | may have 50% plagticizer init.

GRAYSON: Onh.

KNOWLES: So,it'sabulk market. 1t'satank car thing.

GRAYSON: OK. So, there was areal market for these things.

KNOWLES: Oh, yes. And, it makesthe vinyl plastics possible. There were other places that it
was used, but it was mostly vinyls. Poly vinyl chloride.

GRAY SON: Sure, wow. That'sinteresting.

KNOWLES: It'sabrittlesolid. 1 don’'t know that it's ever used by itself. It may never be. |
don’t redly know.

GRAY SON: So, where did that chemistry come from. ‘ Cause somebody figured out that you had
to add these plagticizersto vinyl.

KNOWLES: Wadll, thefirst plasticizer was camphor in cellulose nitrate, | think. Camphor wasthe
first plasticizer | know of. They make the toothbrushes out of it. Cellulose nitrate, yeah, | think it
was, cellulose nitrate. But, | think it was camphor they used first. But, that was back in, God, the
1900’ s or something like that. So, plasticizers have been used to modify the property of polymeric
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materials; and vinyl became the real market so we got into these phosphate esters that usetri cresyl
phosphate, which is more flexibilizing than tri phenyl phosphate. And, isacresyl with
methylphenol that was mixed with isomers of course. We had a mixed phosphate that we worked
on. It was 2-ethyl hexyl acohol was made from acetaldehyde and that was usually 2-ethyl hexyl
diphenylphosphate. That wasone. And, then, of course di-2-ethyl hexyl phthalate was one where
they sold their patent rights. They sold their patent rights on that. That was abig volume item for
Carbide.

GRAY SON: So, thework that you did, was this devel oping synthetic routes, better waysto do it?

KNOWLES: Yes, improving the process. It was purely process chemistry. And, then another
product, more in the fine chemical line, we got into was vanillin, synthetic vanillin. Monsanto
made synthetic vanillin, but they wanted to get a better process. So, we had better processes, but
that had to be interrupted because of thewar. But, after the war, they did that.

GRAY SON: So, thisisfor cooking vanilla?

KNOWLES: Vanilla, yeah. That was, | mean, now, these small competitors are small beans. But,
at that time, the company’ s size, it was big beans. It was one of the more profitable items was
vanillin.

GRAY SON: Hmm, that’sinteresting.

KNOWLES: That was Monsanto’s reason for being in the fringes of that business. Because they
werelooking for usesfor vanillin. See, if you have aflavor use, you can make alittle bit more and
you don’t need to have very much, and it expands your market alot. You seewhat | mean? And,
it'saways good to have something other than flavor uses for the product.

GRAY SON: So, what would your vanillin be used for besides flavor?

KNOWLES: Wadll, that was why we got interested in L-dopa because the basic starting material
was vanillin.

GRAYSON: OK. So,it'skind of rdlated ...
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KNOWLES: Y ou can awaysturn out alittle more vanillin, you see? But, anyhow, it was all
flavor in those days.

GRAY SON: Well, were you competing with flavors and fragrances houses? There werefine
chemical housesthat do that kind of stuff.

KNOWLES: Yeah, well, somewhat yeah. But, they were abulk supplier of vanillin. And, we
didn't sel to the guy that putsit in theice cream. We sold it to some intermediate. Monsanto was
always an intermediate producer. They never sold it directly. And, they made aspirin the same
way. They never sold aspirin asapill. They'd sall it to Schering-Plough or somebody, you know.

GRAY SON: So, aspirin was devel oped in Europe wasn't it?

KNOWLES: Aspirinfirst originated by Bayer about in 1850. But the process was vastly
improved with the Kol be synthesis about the turn of the century. And, so, it was easy and cheap to
make and it’ s still abig bulk item. Monsanto in those days was just purely a bulk producer of
chemicas. And, they let somebody worry about the formulating and selling. They sold in bulk.

GRAYSON: Likeawholesaler operation.

KNOWLES: Yeah. At that time anyway we were getting involved with vanillin and which way
to makeit. See, we had lignin vanillin coming aong in thewings. Thiswas making it from lignin
waste from the paper industry.

GRAYSON: Mm, OK.

KNOWLES: And, they eventualy ended up making lignin vanillin. But, in the beginning it was
kind of traumatic and | was assigned to the chemica end. So, | was aways pushing that end. Y ou
know, you don’t forget where you're assigned. We had to have a better process, so | worked on
severa vanillin processes; to put the ddehyde group on 1-2 dihydroxy benzene. That amountsto
catechol. | played around with anumber of different processesin thelab. And, we had one that
was going in the plant, but we wanted a more efficient one.  Also in the wings was another group.
They would have been on the west coast, trying to push lignin vanillin, but at first they didn’t get
the smell out of it and so it didn’t smell like vanillin. Which iswhat you're selling; so we didn’t
think they could ever solve that, but they of course did solveit. It wasabig controversy. And,
then Edgar Queeny, the head of Monsanto, findly said, “Wel, we'll just go into lignin vanillin
period, boys.” And, so, al the synthetic vanillin was shut down and we went with lignin vanillin.
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And, they had put in a plant out on Puget Sound there. It operated for agreat many years and then,
of courseg, it got sold to somebody. And, | don’t know whether they still make it that way.
Probably vanillinis still made from lignin. But, that’s the kind of thing where you got afree raw
material, but you get a hellishly low yield, and you process alot and you bring in abarge of lignin
and you end up with abarge of lignin waste that you’ ve got to do something with. And, | thought
if you can get rid of the effluent at some cogt, put it on aroad or do something ...l don’t know what
they ended up doing. But, you gotta do something to handle all that carbon. ‘Cause you can't just
stashit up.

GRAYSON: Right, yesh.

KNOWLES: But, it does make the BOD factor lower, since you' re oxidizing the lignin, lowersit.
Y ou've dready oxidized it to make your vanillin.

GRAYSON: So, asl seg, it'safree starting material, but then when you're done, you still have
almost as much materia that you have to dispose of.

KNOWLES: Yeah, when you get a2% yield out of it. It'slike extracting the natural product.

But, anyhow, Monsanto went into the lignin vanillin eventually. The next thing that came along
wasthis; I'd put on my brochure that | had steroid experience. And, Woodward came to Monsanto,
| think maybefirst. I’'m not sure. He had atotal synthesis steroidsin the early ‘50s. And, he was
working on it. It wasn't complete then, but it was pretty near complete. He was getting
somewhere. And, he got the ring system down pretty well. And, cortisone was very desirable, but
you couldn’'t get any. | don’t know if you remember in those days, but when it first came out, it
seemed to cure everything.

GRAYSON: Mm-hmm.

KNOWLES: I don’t know, take it for the common cold. Takeit for anything. It looked like a
genera cure. So, Monsanto thought interesting to get into cortisone as along-term thing. They
werein afew other pharmaceuticals. Nothing very much, an antacid and aspirin and stuff like that.
And, they had a cathartic based on phenol phthalein indicator. And, that was another story. How
that got discovered as a cathartic; but it was avery good one and they made that for anumber of
years a the Queeny plant. And, so they were on the fringes of pharmaceutical and fine chemicals,
but not heavy. But, the cortisone looked like it would turn out to be avolumeitem. They said this
guy Woodward had a potential synthesisfor it. And that depended on the knowledge of steroid
chemistry. They said, “We got anybody in the company who's in the know on steroid chemistry?’
| turned out to be the only one, as | put that when | signed up you know, what’ s your expertise.
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GRAYSON: Sure.

KNOWLES: And, | said | waskind of asteroid chemist, though | hadn't done much withit. But,

| was familiar with the ring structure and the things that we do and so forth and | knew the
structures anyhow. And, so, they asked meto read up on steroid chemistry and get involved in the
Woodward thing; which | proceeded to do. Charlie Thomas had an academic leave program,
which he thought would be good for his chemidts, like asabbatical. Well, he thought he might use
this steroid program as the first instance of this and he put me with Woodward for ayear. So, | had
a company-sponsored post doctorate with Woodward in’51 or something like that. 1 went to
Cambridge and did that. That was avery exciting period in my life.

GRAY SON: | canimagine.

KNOWLES: And, it turned my chemistry around; ‘cause I’ d been dealing with pretty much cut
and dried mundane things like phosphate esters and vanillin and so forth. So, it really got into
more serious stuff. So, | found that avery exciting experience.

GRAY SON: So, Woodward was in Cambridge?

KNOWLES: Yes, hewason the faculty at Harvard. He got real acclam immediately. Hewas
not one to hide his candle under a bushel basket by any means. | don’t know if you know much
about him. It was pretty fascinating to have worked with him, because he was a boyhood genius
kind of in chemisgtry; really the closest thing to ageniusin chemistry. Although, not in general
living outside. And, so, the experience with him was very interesting. | never knew anybody that
had more chemical information on his brain; on tap, and loving to show it off. He had that ability.
He loved to show off realy how much he knew about chemistry. And, hehad it all ontap. He said
helogt it after he was 30-ish. Hewas my age exactly. Bornin 1917, but in his20's, he didn’t ever
keep afile or note. He remembered, he knew everything. “Go to Beilstein, page so and so, you'll
find something on that.” And, he said he lost that after he was 30. Hejust couldn’t keep it up. He
had to keep afile and do afew things.

GRAYSON: Liketheres of us!

KNOWLES: Yeah. But, he could just memorize everything. He got some fame from quinine
synthesis that he cooperated with Doering. And, remember quinine was short during thewar. And,
thiswas atypical organic synthesis, which was totally impractical. But he had to testify to a
congressiona committee and all that stuff. They got so excited * cause we didn’t have enough
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quinine. And, that’s where the big impetus on the anti-malarial program and the other synthetics
came aong to take itsplace. And, that’swhere Elderfield got involved. But, anyhow, Woodward
was involved with this steroid synthesis. Tota synthesis of steroids. And | was assigned to go to
hislab and become well-acquainted inthe field. And, | did. That was an interesting experience
because Woodward' s the kind of a guy that whatever he doesisvery intense. He never cameinin
themorning. He gave a course there, but you never knew whether he was going to attend it or not.
Hehad aseminar. It was afascinating seminar when heranit. And, people came from all over,
MIT and so forth. But, you're never quite sureif he’'s going to haveit or not. Y ou showed up and
if hehadit, it wasfine. If hedidn’'t ... Hewas very independent minded. But, he couldn’t get
along with Fieser.

GRAYSON: Hmm, Feser was till there then?

KNOWLES: Fieser wasupstairs. Woodward had downstairs and Fieser had upstairs. And,

Fieser was very much alab technique guy. Woodward was “up here” (pointsto head); couldn’t do
athing with hishands. He got aPhD at MIT, but claimed he hired somebody to do his experiments
for him. 1 mean, Woodward really was totally up here.

GRAY SON: In hishead?

KNOWLES: Up here, he had histechnique. But, he drank too much and womanized too much,
did everything too much. Hewasatypica burn the candle at both ends kind of guy. The obituary
was alittletoo nice to him. It would be moreinteresting if it was written about the whole person.
Because the whole person is more interesting. And, he was the closest thing to area geniusthat |
ever ranintoin thefied.

GRAY SON: So, what did he think about you showing up in hislab?

KNOWLES: Oh, heliked that, because he was pushing Monsanto executives. | don’'t know
whether he went to them or they went to him, but he got in contact with the Monsanto executives
and he redlly wanted somebody to commercidize this synthesis. And, the damn guy could get up
and write steroid structures in avery methodical way in front of those guys and get ‘emto
understand it alittle bit. He was good at that. Oh, he was a master at that. Hislecturesin the early
days were just something. They were an artistic event, really. He would start out, thisiswhat he
wanted to synthesize and he put it up on the board and he' d start down here and he would come
around he would come back just to right where the place was. And, there were it was; you could
take a picture of it and publish it dmost.
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GRAY SON: Wow.

KNOWLES: Thedrawing was perfect. Everything was donein 50 minutes; but he got out of that
when he got famousin hisold age. But, in the early days, he used infra-red spectroscopy -- that’'s
al we had then wasinfra-red. And, he could read more into that than anybody | ever saw. | was
impressed with what he could read into that. And, he’d beright. And, he gave a course with what
you could do with infra-red. And, that was very good. | don’t know if it was acourse. Maybe it
wasjust aseminar.

But, anyhow, my stretch with him was very interesting. | was there about nine or ten months|
guess. But, the first three months | was there, he would come in about, oh, quarter of twelve.

That’ s about when hecamein. Said, “Let’sgoto lunch.” And, this guy, Ted Brutcher, who was
also apost doctorate with him and | and he would go to Schraftsto lunch. And, we did this every
day for three months. And, then | never saw him again. But every day for three months and the
lunch menu was full of structures. Was kind of a fascinating experience. We just covered the
menu and everything with structures.

GRAYSON: So, you'djust go eat lunch and discuss chemistry.

KNOWLES: Just discuss chemistry very intensely the whole time.

GRAY SON: And, did you bring the menus back with you when you guys left?

KNOWLES: Well, | didn't dothat. But, | remembered what was on them. And, | spent quite a
lot of time. Brutcher wasgood. He followed the thing. He had alot of experience.

GRAYSON: ThisisB-I-R-C ...

KNOWLES: B-R-U-T-C-H-E-R. He ended up at the University of Pennsylvania. He was what
you might call aconfirmed bachelor. See, | was older than most of them.

GRAYSON: Sure.

KNOWLES: | was older and Brutcher was older too. And, John Herber got his degree with
Brutcher. He was the one that you mentioned you had talked to to set up the interview.
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GRAYSON: COK.

KNOWLES: Meto you or you to me.

GRAYSON: OK, al right.

KNOWLES: John Herber did get a degree with Brutcher. And, | think Brutcher’ s deceased now,
but he had problems. But, he did get me off on amodern approach to chemistry, ‘ cause I'd go out
drinking beer with him every night. We had a placein Cambridge. And, during the summer, my
family were down at the beach and in Rhode ISand. And, | would just work about 12-15 hours a
day four days, five days aweek and go and have along weekend in Rhode ISand. And, then go
back and forth that way -- to me, theidea way to work. Work very intensely for four or five daysa
week and then take along weekend and just forget it. And, then go back and do the same thing
over again. So, | did that for all summer and then the family came up to Cambridge. Werented a
house, which really was avery primitive thing. But, it wasright on Brattle Street and right on
everything. And, right next to Longfellows house and al the famous thingsin Cambridge. But, it
left much to be desired. But, anyhow, we got by there.

GRAY SON: What was the name of the stredt, rattle?

KNOWLES: Brattle, oh, Brattle Street isthe tourist street of Cambridge.

GRAYSON: OK. B-R-...

KNOWLES: Capp originated there with Little Abner and ...

GRAY SON: How do you spell that?

KNOWLES: ... and helived there. What, Brattle? B-R-A-T-T-L-E.

GRAYSON: OK.

KNOWLES: Longfellow’shousewason that. That’swhere everything ... well, we were on
Brown Street, which isjust alittle offshoot of that. And, | could walk over to the chemistry
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department. | had an old girl’ s bike that | sometimes just rode over. And, that was avery nice
existence and very interesting people that lived on Brattle Street too. The professor of the business
school and abanker lived right next door to us. He may still livethere. But, Brown Street, and we
wereliving in an old New England house, but it wasredlly rattle trap. It was something. But, it
was niceto be very close to where we were going. | just had to cross Harvard Square and | was
there. And, so, | found that avery exhilarating experience. And, | say, Woodward was very intense
for that period and then he was off on something else. He dedlt with hisvarious students. He
didn’t teach any undergraduate courses. And, then it turned out histotal synthesiswasarelay
synthesis. He synthesized something, which, incidentally Fieser had taken to cortisone

GRAYSON: Oh, redlly.

KNOWLES: Heand Fieser didn't talk. Woodward said “All Fieser needed was a good research
director”. Fieser gloated and saying, “Waell, Woodward needed somebody to complete his
synthesis.” [laughter] And, they were both probably right. Feser was a perfect, meticulous on lab
technique. He awaysran alot of hisown experiments. He was another chain smoker. | mean,
chain smoker. Feser was a chain smoker with less reason to be than anyone elsg, ‘ cause he actualy
isolated benzpyrene, a carcinogen, out of cigarette tars.

GRAY SON: Wow.

KNOWLES: Inthe‘30's. Hedid that way back.

GRAYSON: Oh. Yeah, wdl, it's a habit.

KNOWLES: But, hedidn’t quit smoking till he had alung removed. Hedidn't last long after that.

GRAY SON: So, basically after thisthree-month period, Woodward just kind of left you guys high
and dry?

KNOWLES: Wadll, then | had the students, the graduate students. There was Franz Sondhei mer
and Dave Taub and Ted Brutcher, who | wasrather closeto, there. And, we kicked chemistry
around and we had his seminars. We dways went to his seminars. That was enough of him, and
he came to some of them. And, they were good. Nobody’ s ideawas stupid. He was very good on
that. The guy had an awful ot on the ball, other than a colossal ego and everything else. And, |
think when he thought of a chemical problem, we had him as a consultant for anumber of yearsin
the ‘50’ s after the steroid thing kind of declined. But, he didn’t think about a problem until he was
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infront of you. Heliked to think in front of an audience. Y ou ask me achemical question, | liketo
go over in acorner and scribble around, figure it out and then come back and say, “Well, maybe
thiswould work.” But, hewasn’t that way. He'd like you to see his menta processes going right
in front of you.

GRAYSON: Hewas ashow off.

KNOWLES: Yeah-but hewasvery good at it. | mean, he's responsible for the beta lactam ring
in penicillin. 1 mean, they had the formulafor penicillin, but they couldn’t figure out the structure,
because the beta |actam wasn't considered a plausible structure. Nobody’ d ever made beta lactam.
It was a strange damn thing. Nature’ d never make it that way. And, he could come up with
unusual things likethat. And, another one was ferrocene. He came up with this unusually stable
product from iron and cyclopentadiene -- ferrocene, the sandwich complex. Well, Wilkinson was
at Harvard at that time. But, | attribute that strongly to Woodward to be ableto look at things
differently. See, thiswas an unusualy stable thing that shouldn’t have been stable, like benzene.

Y ou know, way back. And, he could always|ook at things at alittle different dant.

GRAY SON: He had adifferent way of seeing the chemistry.

KNOWLES: That'sright. Hejust could doit. Yeah, differently. Asl say, hedidn’'t have to keep
afile. Therest of usdid. But, hedidn’t. Until he got older. Hewas very good on structure
determination and he proposed a structure for strychnine. He was involved with the structure of
that; these very complicated molecules, which we only had chemical methods to find the structures
for.

GRAY SON: Right, yeah.

KNOWLES: Itwasavery eaborate problem. His point was there was aways something wrong
with the data. He could put it out on the table right now, everybody’ s experiment, and try to figure
out wherethat mistake was. And, that’swhat led you astray. And, of course, the samethingsin
the steroids way back in the 20’ s when there was something wrong in Wieland' sdata. Y ou had to
pick it out and then you see why the thing was linear and not blocked.

But, it was kind of funny, because when he came out to Monsanto we aways had to have a poker
gamein the evening for him.

GRAYSON: Oh, redlly?
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KNOWLES: And, hedidn't have that phenomena memory for the cards or anything. He played
itjust likeyou and I'd play it. It wasjust recregtion for him. He didn’t bother with anything. And,
| don’t really think that he had a good memory for the cards and what’ s been played could be
useful. But, hedidn’t usethat at al there. But, he was a monogenius or something on chemistry.
That was histhing.

GRAY SON: But, he had to have this poker game whenever he visited.

KNOWLES: Yeah, well, he had onein Cambridge with the Polaroid group. It was Elkan Blout
wasin Cambridge and they were dl with Polaroid. But, that wastruly recreation. And, he also
liked to have a Scotch in front of him most of the time. He'd come out on atrain —he' d never fly —
he aways came out on thetrain. And, he wouldn’t fly till he got famous and had to go to Europe a
lot. And, you aimost have to fly today to go anywhere. So, hefinally had to succumb to flying.

GRAYSON: Pretty crazy guy.

KNOWLES: Yeah, and he used to have parties out at his house and there was very much booze at
those parties. But, he would talk chemistry though.

GRAYSON: Hedid?

KNOWLES: Oh, hedid at parties. Sure, he did, sometimes.

GRAY SON: So, did he ever get married or ...

KNOWLES: Oh, yeah, he was married, divorced, | don’t know maybe two or three times.

GRAYSON: Oh, redlly?

KNOWLES: I can't keep track. After he was married and divorced once anyhow. And, hishome
lifewasvery erratic. | tell you, he wasimpossible. And, hewas anight person. He aways stayed
up all night. And, we had trouble with him. He'd go to the East side (East St Louis I1linois) when
he came here after the poker game.

Note. East St Louis has dways had areputation for arough place to go, offering avariety of
‘entertainment’ not available on the Missouri side of theriver.
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GRAYSON: Oh, redlly?

KNOWLES: Some of the Monsanto people went with him. | never went with him over there.

GRAY SON: That waskind of arisky.

KNOWLES: Yeah, when [ first met the guy, we had an ACS Convention meeting here. And, it
wasin our convention center, which is now the hockey rink, but, he was giving alecture there. So,

| thought I’d go hear him. I’d never met the guy. | hadn't seen him before. And, so, | went into
this lecture room and it turned out that the clocks were bad. And, o, | got in there way early.

There was this one man sitting in the front row and no one else wasin the lecture room. And, |
said, “Gee, | must have made amistake.” So, | sat down besidethisman. And, | said, “Well,
doesn’'t look as though anybody’ s coming to thislecture. | fed sorry for the lecturer.” He says,
“SodoI;l anthelecturer.” [laughter] And, thenit turned out everybody came but it was ten
minutes late. For some reason, my clock and the clocks at the conference were quite different. But,
he says, “I am the lecturer.” Another funny one with him was we went to these Gordon Research
Conferences up in New Hampshire. And, one time he was the keynote speaker on Thursday night.
And, hewas very famous for hisvery Mr. Cool lectures at Harvard and every place. Didn't rufflea
thing. Never bothered. Completely Mr. Cool. And, you didn’t think he thought a thing about it.
Camein and gave this perfectly fine lecture; completely adlibbed. Y ou' d have thought he didn’t
have a note completely adlibbed. Well, | was with him and he gave one of these world-famous
lectures at the Gordon Conference. And, before the lecture, they’ d had a big dinner, you know, and
everything. And, so, | asked him to have adrink with me afterwards. And, he said, “Sure,” we
went to the place and had adrink. And, he caled the gal, he said to her, “Bring me a hamburger, in
fact, bring me two hamburgers.” And, | said, “Well, didn’t you like the |obster we had at dinner?
Didn’'t you eat tonight?’ And, he said, “Oh, before | give alecture, | can't ever eat.”

GRAY SON: Oh, wow, that’s interesting.

KNOWLES: That kind of thing doesn’t get in the obituary. And, variousthingsthat | don’t think
detract from him.

GRAYSON: No, | mean, that makeshim ... it humanizeshimand ...

KNOWLES: Yeah, that’sright.
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GRAYSON: ... you get more of the insde story on what kind of aguy he was.

KNOWLES: Yeah. Wdl, alot of those very good lecturers spend quite a bit of time before them.
| don’t think he's donein that.

GRAYSON: Yeah. So, then at theend of the year ...

KNOWLES: Wadll, then cortisone went by the way when it was discovered that ... the problem
with cortisone, | don’t know if you know the steroid structureis, well it sRing “C”. You have A,
B, Cand D. Ring“C” hasahydroxyl onit. And, most of the steroid synthesesin the natura
product steroids don’t have this oxygen in Ring “C”. All the natura steroidsthat are in soybeans
and so forth don’t haveit. Well, Upjohn discovered that using, | think it was Aspergalus niger, that
damn organism would put oxygen in Ring “C”. And, so that made all the soybean steroids and
diosgenin in the Mexican yam all available to make cortisone. See, before that it’ savery difficult
problem and here’s a saturated ring. No way you could get oxygen in Ring “C”. Now, with the
synthetic process, we had a double bond there we could put the oxygen in Ring “C” easily. Just
epoxidizeit and openit. So, wehad an easy way. So, that part was no problem. But, then they
turned around and did this oxidation with the Aspergalus niger, which isa pretty common fungus |
think, and they found that that would put that oxygen in Ring “C”. So, that knocked the bottom out
of our toluene 36 steps you see. That wastoo many steps. It knocked the bottom out of any
thought of that; so, they got out of it.

GRAY SON: You started out with toluene?

KNOWLES: Yeah. We started out with toluene.

GRAY SON: Thengo 36 stepsto ...

KNOWLES: Yeah, but wecut it down. It was 50 steps originally. And, we cut it down to about
36. | think afew more steps would have been cut out of that, but not alot. Because, in thetota
syntheses of steroids, you're better off putting two halfs together than build it up succession wise.
So, anyhow, that doomed the thing to failure. | have to admit that we chemists on the job were so
interested in doing al this chemistry that we didn’t tell management it wouldn’t work, but we
didn’t discourage them if they wanted to support it. You seewhat | mean? | didn’t do anything to
discourage them. Woodward remained a consultant for, oh, five years or so afterwards during the
50's. And, | do think he had an unusua way of looking at things. There isanother onethat, at
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least | wouldn't have thought of it, but | would have liked to have thought of it. Nothing to do with
steroids or anything else. But, we were in the caffeine business.

GRAYSON: Mm-hmm.

KNOWLES: And, actudly, we were having trouble with Coca Cola. They didn’t like to buy our
caffeine. It was made from urea. And, Coke, which isthe big customer, was afraid that somebody
would get onto that that we were making our caffeinein Coke from urea. Sounded too much like
urine, you know what | mean? And, thiswould redly kill them. So, they said, “We can only buy
natural caffeine” Well, the Germans, they said, “Our supply isanatura caffeine.” Well, | had
been on atrip to Germany and | told our management | did not think that the Germans were doing
that. | think they were midabelingit. They were making it from methyl urea. Thiswasmy
particular guess. | didn’t know for sure, but it looked as though they were not making it from that.
And, but Coke said, “But they'relabeling it that. If you will l1abel it natural caffeine, we'll buy it.”
And, Monsanto, and good credit too, they would not mislabel it. They would not do that. And, so,
we said, “Well, how can we prove that the German is not natura?” Well, Woodward said, “Well,
it'seasy. We'll send it up to Libby and have him carbon dateit.” And, sure enough it came out of
coa mine, dead.

GRAY SON: Oh, wow, sure.

KNOWLES: Youcan't get it except out of acod mineif it's dead, can you?

GRAY SON: Yeah, yeah, interesting.

KNOWLES: Didn't need to have an accurate date on that at all.

GRAYSON: No.

KNOWLES: I think there might have been alittle bit of alcohol used in the synthesis so that it
wasn't completely dead, but it was so near dead.

GRAY SON: So, thiswas Woodward' s idea that the carbon dating would show that it was
synthetic.
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KNOWLES: Sendit upto Libby and have it dated and it was practicaly dead. So, that proved it.
So, we went back to Coke and showed them this. And, then in the meantime, Sanka coffee had
comeinto being. That was what killed our caffeine business, because they took the caffeine out of
coffee and just put it right back in Coke. And, then they lowered the caffeine content in Coke.
Coke had alot more caffeineinthe 30's. And, they cut it back, because the young were drinking it
too much. So, that’ s how synthetic caffeine went kaput because of the rise of Sanka coffee. Now
all the caffeine needed for soft drinksis gotten out of decaffeinated coffee.

GRAY SON: Taking it from one place and putting into another.

KNOWLES: Tha'sexactly what's happening and I’ m sure today it’s a huge amount. But, | did
work for awhileand | had a guy working on asynthetic caffeine process; we were starting with
methyl urea, and it’ s alittle better than when we started from urea.

GRAY SON: Oh, let me see. Maybe we oughta stop for lunch.

KNOWLES: Sure, OK. I think probably. Now, do you want to have abow! of soup here?

GRAYSON: WEéll, it'supto you. | mean, I’'m more than willing to treat you to lunch.
Note: Dr. Knowleswarmed up some soup and we ate at his home.

[END OF AUDIO, FILE 1.1]

Note: During lunch, Grayson restarted the recorder. The conversation centered on Woodward.

KNOWLES: But, that was the way he (Woodward) was.

GRAY SON: So, he' sredly very good intellectually but he couldn’t really do anything in terms of
making things. He would be good as a director.

KNOWLES: No, hewasno good. | mean he got through his PhD a MIT very quickly because
he didn’t bother with the undergraduate. In fact, | think he was purported to say, “Well, | didn’t
want to take any of the courses because | know al of thisstuff.” And they gave him the exam. He
knew it dl. | mean hewas aprodigy.
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GRAYSON: Mm-hmm. Apparently, he enjoyed life too.

KNOWLES: Oh, yeah. | think he took terrible care of himsalf though. But, he was way above it
asfar asthese other professors around that you run in to; way aboveit.

GRAY SON: Great-tasting soup.

KNOWLES: You didn’'t do much teaching a Washington University?

GRAYSON: No. No, my ... | wasjust astaff guy. Basicaly, the Director, the Pl on the grant
needed someone to pick up the paperwork end of things there and carry that for him. So, I'd been
working at McDonnell-Douglas Research Labs prior. So, | had afedling for dealing with
paperwork.

KNOWLES: That wasyour firstjob with ... Where did you go to school ?

GRAYSON: | went to St. Louis U and then the University of Missouri-Rolla.

KNOWLES: OK.

GRAYSON: | actudly, got amastersin physics at Rollaand then, well, my graduate education
ended there. | never went on to a doctorate but was able to get in to an area that was fun and
interesting. And, so, | don’'t think it really hurt my career that much in terms of doing fun stuff.
But, nowadaysit’s (aPhD) ailmost ... redlly it isarequirement. More and more.

KNOWLES; Much more, isn't it?

GRAYSON: Yeah. Actudly, | gotinto mass spec by working for O.P. Tanner ( who was at
Monsanto during the ‘60’ s through the early *90s.) In the Sbuilding over in Monsanto. And, the
guy that hired mewas ... That was when | was doing undergraduate work. | was part time. There
was a guy by the name of Bill Cave who was over in the S building.

KNOWLES: Didyou ever know Gucci a Washington U when he was there.
82



GRAYSON: No.

KNOWLES: Heretired and went down to Texas, Austin.

GRAY SON: | mean we've got Jake Schaeffer.

KNOWLES: Jake Schageffer, | know him.

GRAY SON: He used to be at Monsanto.

KNOWLES: Hewasan NMR ( nuclear magnetic resonance ) man.

GRAYSON: Yeah, NMR man a Monsanto. He's at Wash U now.

KNOWLES: Mm-hmm. Ishetill active?

GRAY SON: Yeah, he's till doing research.

KNOWLES: Hewasdoing solid state NMR. | don’t know whatever became of that.

GRAY SON: Well, it'slike al these analytical techniques, they’ ve become so sophigticated. They
have al these new methods of obtaining data and plotting it and extracting more information and
getting better ideas about structure and so on and so. Very good soup. We might have to get the
recipe. | cook soups.

[END OF AUDIO, FILE 1.2]

GRAY SON: When did Woodward die?

KNOWLES: Oh,the70's,



GRAY SON: Oh, so, heredly burned himself up.

KNOWLES: Yeah. I think’78 or so. | didn't see him any of the last years. Since 1960, we
didn’t see much of him. He stopped being a consultant and so forth. Gone off on these very
glamorous things. He spent alot of time in Switzerland going back and forth.

GRAY SON: It was agreat experience for you.

KNOWLES: Yeah, well, it wasagreat experience. Hi.

[MRS. KNOWLESENTERS

MRSKNOWLES: Hi there.

KNOWLES: Can| help you with anything?

MRSKNOWLES: No, I just got back from my shopping.

KNOWLES: OK.

GRAY SON: So, let’s see, at this point, you had explored this steroid thing up to the time that
yams showed that it wasn’t going to work.

KNOWLES: Yeah.

GRAYSON: 1 just was curious about management at Monsanto during this period. My
impression is that after the War in that period the people that reached the upper levels of
management and came up in the industry were trained in chemistry. And, were chemists primarily.
But, then, later it evolved to where you got more and more business people to the top and you
didn’t have people with sound chemical understanding at the higher levels of management.



KNOWLES: Yeah, | think you could say that. That’strue. Edgar Queeny, who wasin power the
wholetime didn’'t have a chemical background but he had a number of people around him that had
chemica backgrounds. He had Gaston DuBois and he had other people. And, then, Thomas and
Hochwalt had quite a bit of chemical background. But, after that, there wasnone. And, | think |
ran into that problem later. | mean it’s very easy to describe the Nobd thing ( What Knowles did
for the prize.) to anybody who's had any basic chemistry but if they haven't, it takes alecture.

GRAYSON: So, inthis 1950’ s period, there were still chemists who were more in charge.

KNOWLES: Therewere somethere, not dl, but some.

GRAY SON: Now, you elected to go up what they call atechnica ladder?

KNOWLES: | never went up any administrative ladder at all. | just didn’t want to do that, so |
didn't.

GRAYSON: Sure.

KNOWLES: And, I think you would make more money if you did that.

GRAY SON: Oh, yeah.

KNOWLES: | know I'd made more money, but | didn’t. That wasn't the primary concern. And,
| was getting to be afairly senior man so | wasn't bothered by alot of nitpicking.

GRAY SON: So, you had shown your vaue to the company and they had recognized that?

KNOWLES: Yeah, well, one project, | don’t the dates of it that we played with. We were dways
interested in getting around to the commercialization or synthesis of chloramphenicol, whichisan
antibiotic. Chloromycetin, that’d be the other name.

GRAY SON: OK, very good.
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KNOWLES: No, Parke-Davis had come up with this. And, thishad two featuresinit. Itwasa
simple chemicd but it had two featuresin it that were unique. In natural product chemistry it had a
nitro group and a dichloro acetyl group. Well, | go involved. | can’t remember when. It must have
been alittle back in the late * 40" s or something, putting the dichloro acetyl group on. We were
using pretty much Parke-Davis stuff. And, there wasaresolution. It was an optically active
material and you had to resolveit. We had to run aresolution and so forth. And, othersdid that.
And, | put the dichloro acetyl on. And, | prided myself that | was able to shorten the route that
Parke-Davis had considerably. It madeit much simpler. And, it was very easy to put it on. We
made 14,000 pounds of it. And, then, it had aproblem. Thereisadisease caled aplastic anemia,
which is pretty damn often fatal. And, there were afew cases. | mean, they probably had aready
millions of prescriptions out there. And, there were afew cases of aplastic anemia. And, then, the
other ones, the terramycine and chloromycine came aong and they do pretty much the same thing.
So, it didn’'t get banned but it got very much pushed back and so we got out of that. Otherwise, we
would have probably gone in to the manufacture of that for Parke-Davis. But, that is still around
and it’ s till the best thing for typhoid fever but who was the last one you ever heard of having
typhoid fever? | think it s still the antibiotic of choice for that. And, I’ ve still got abottle of itin
my medicine cabinet. | had adog at the time that had some fungus or something that wouldn’t cure
very easy with the onesthe vet gave. | just threw in one of those ointments, mixed in
chloromycetinin. It wasgone likethat. But, it wasavery good antibiotic but it did have out of a
few million cases, two or three cases of aplastic anemia. Well, if you call that a military operation,
you' d consider that enormously successful.

GRAY SON: Right.

KNOWLES: So, that was another one that involved making an optically active compound, chira
compound just by adifficult resolution method.

GRAY SON: When did you actually get into the asymmetric hydrogenation?

KNOWLES: I didn't getintoit until later. Frst of al, | went in to kinetic problem in the plant
about thelate ‘50's. Thiswas avery ssimple rubber chemical intermediate, para nitro phenetol was
made into para phenetidine, which was the rubber chemical intermediate and it was also made into
some other things. But, that was the key in the media. By scrutiny of the kinetics-- and | didn’t
even get the kinetics. Our analytical lab got that. With just scrutiny of the kinetics, we were able
to double the production by short reacting and recycling and reacting back. It wasthat kind of a
study, but we were able to double production without adding much capital. Hardly any capital. So,
from a point of view of economics, that was much more important than most the other things 1 did.
And, | spent quite alittle while on kinetics. It was successive, secondary reactions, which gets
pretty complicated. And, I’d forgotten my math. | had to go back and learn it alittle bit again,
which was kind of fun. And, there was one physical chemist that hel ped me with the math to get
back in that. Math’sthe kind of thing that’ s easy to forgot how you differentiated and dl those
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kind of things. But | did get involved with kinetics for two or three years. And, next | got involved
with some straight hydrogenations. We were hydrogenating using anickel catalyst, mostly nitro
groups over at Krummerich Plant. And, one of them was this para nitro phenetol. They were
reducing it to the amine, the nitro group to the amine and they were using anickel catalyst. The
problem with that isthat their source of hydrogen was intermittent. They had cells, caustic cells
and you got hydrogen asthe byproduct. And, if you shut the hydrogen off, then the catalyst
poisoned. Condensation products covered it up and you had to re-catalyze and start al over again
and it was abig nuisance. They were worried about that problem and they had some corrosion
problems. Well, my suggestion was very smple. | had them use palladium on carbon. That
sounds like just nothing now. But, anyhow, it was morethen. And, they used anickel catalyt,
which they actually made or something. Well, palladium on carbon didn’t have these bad
properties. And, they said, “Well, palladium is much too expensive.” When actualy, you useless
dollars with the palladium than you do with nickel to get thejob done. But, | couldn’t get them to
doitintheplant. And,itwouldn’t work in our pilot plant, because we' d had so many poisonsin
the autoclave there that we couldn’t hydrogenate anything in it with these heterogeneous catalysts.
And, it turned out that one of our guys found out that England was doing this hydrogenation on
nitro phenetol. And, he talked them into trying it; with palladium on carbon - this big plant unit
that had been using nickel. And, of courseit worked just fine, they never did turn back. And, so,
then, they had us all shifted over to it, which was much cheaper, even throwing away the palladium,
it was cheaper, but you didn’t filter if off and send it back for recovery. It never got more than 75%
on that.

GRAY SON: So, the plant in England, was that a Monsanto plant?

KNOWLES: That wasaMonsanto plant. And, it was just one of our peoplethat | wastaking to
said well they'retrying it, why don’t wetalk to them? Maybethey’ll doit. Well, they weren’'t so
conservative and decided they'd try it.

GRAY SON: So, thewhole idea of using palladium just scared people away because of the price?

KNOWLES: It scared them away. It wastoo expensive. You didn’t need to use very much but |
couldn’t demongtrate that on a pilot plant scale, because you couldn’t get by with that little layer
because of the fact that it was eternally poisoned. And, to get the pilot plant clean would have been
- 1 don’'t know. They had to redlly boil everything and caustic and blah, blah, this and that and so
forth. So, anyhow, therewas alittle politicsinthat. It took alittle while because of the
hydrogenation group, which wouldn’t move ‘ cause they said we' ve got to solve the corrosion
problem. And, | said, “Well, you won't have the corrosion problem if you use this.” Oh, no, we'll
solvethat first before we can do this. So, we went ahead and finally got England to do it.

GRAYSON: Youkind of did an end run.
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KNOWLES: Tha'sright. And, sometimesit takesthat in aplant. | got involved with
engineering. | never was an engineer, but | got involved with engineers.

GRAYSON: Yeah, it soundslike you're kind of getting in the chemical engineering side of
things here.

KNOWLES: Yeah, well, thekinetic job required putting in a continuous distillation. And, | did
have a very good rapport with this one engineer named Davis, | think. | don’'t know what his name
was. He'djust come out at lunch with me everyday and we worked it out and so they were able to
throw together. It had to be a continuous recycling back of the reactants. They were reacting out
the starting material and that was taking them forever. Two or threetimesaslongto get ... you
can get to 90 % conversion quickly with successive second order reaction which tails off fast. And,
s0, we' d go to 90% and recycle the 10 back. We had avery simpletest that all wehadtodo. . .
Therecycled material had chlorinein it so we could run Beilstein test and that’s what we did, it
was that smplekind of thing. Now, the plant would have the fancy equipment and blah, blah this
and that. Thisjust had alittle room with aflame and aguy would test it. And, if the flame was
negative he'd cut the still off. But, we had to do that continuoudy. And, thisguy put it in and had
all the equationsfor in-useingtallation and all of this. | got acquainted with that at least. But,
anyhow, | did get into the hydrogenation using noble metals. That wasthefirst venture toward
things that you can use in very expensive metalsif you don’t use very much of them. We aways
were in dispute as to how much palladium we recovered. |I'm wondering, still whether some of that
palladium was solublized into the nitro phenetol, but we didn’t have the analytical devices then that
would measure that if we did. | speculate now that maybe that was happening.

GRAYSON: Youwerelosing some of the catayst in the product.

KNOWLES: Wadll, when this came along, about the first thing | think | mentioned in there that we
were always looking for projectsto do and one was lysine, which looked like agood project. And,
there was a pretty good route for the synthesis of lysine. The Japanese synthesis from acrylonitrile.
We made nylon from acrylonitrile. Seewhat | mean? It’'s the whole thing of building afamily tree.
It' s very easy to make alittle bit more acrylonitrile and make lysine, you see what | mean? So,
that’s agood thing for usto do. It wouldn't have been interesting at al if we' d had to buy the
acrylonitrile. But, we had abig plant making it.

GRAYSON: Right.
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KNOWLES: We could expand that plant much more cheaply. And, so, that was a good project to
look at. Of course we got racemic lysine, if we wanted to do the process. Everything we'd
calculated, you could take the d-lysine and racemize it and cycle it back in the system and all that
stuff. But, you end up with so damn much equipment that you really double your costs however
you look at it. We just couldn’t come out ahead - it was all paper chemistry. | think from one of
our engineers and we just couldn’t come up with anything unless you could make the damn thing
directly and we didn’t know how to do that and | till don’t know how to do that in that particular
one. But, we do really know how but not smply. But, that’s - so, that sort of sat fallow just asa
problem but | didn’t do anything about it. 1 didn’t have anything to do about it. And, then, during
the 60's, we had a new research director, Costas Anagnostopoul os - that’ s atough one. Y ou don’t
have to bother about that. He came in and decided that | would be a senior scientist, they called it
then, or | don’t know, a distinguished fellow. | don’t know which it was, but | would get a new
man to train. Every time they hired anew PhD, they’ d give them to mefor ayear to train and put
him on anything. And, hesaid “I don’t want to know what you'redoing.” And, o, | figured out -
anumber of exploratory projects. Some of them were exciting. We had one to extract aflavoring
agent out of larch bark. Thisflavoring agent is called maltol, M-A-L-T-O-L. It'sasimplecyclic
sugar derivative.

GRAYSON: Mm-hmm. Y ou weretrying to extract it from what was it?

KNOWLES: Wadll, theway it came about wasthis. Pfizer was making thisand it does the same
thing to Jell-O products that monosodium glutamate doesto meat. Monosodium glutamate makes
it meatier, it just gave Jell-O products a specia flavor and | think it’s being used today. Strawberry
Jall-O, those kind of things. And, Pfizer was making it from cogic acid. Well, | don’'t know if |
noticed or one of my people noticed in Beilstein that this maltol existed in the bark - in larch bark.
Way back, somebody in Bellstein, found that out.

GRAYSON: Thisislarch, thisisthe tree bark?

KNOWLES: Yeah. So, we had learned from our paper operation that St. Regis had abiglarch
operation up in northern Montana. Thiswas aglamoroustrip at least. So, we went up there, there
was alittlefishing to boot. But, we went up there and took alook at this place and 50% of their
intake was larch trees. Thiswas atamarisk occidentalis. It was some kind of larch that they were
using. And, so, we got samples of bark.

GRAY SON: How do you spdll that tree?

KNOWLES: Larch, L-A-R-C-H. A larchisaconifer that losesitsleaves. It has conesjust like a
regular conifer but in thewinter it losesitsleaves and they look al dead. And, the tamarisk isthe
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most worldwide kind. Russia has millions of acres of tamarisk trees. | can't go out and collect it
per se, but they’'re already bringing in and debarking these trees. So, it looked as though there was
an opportunity here with the St. Regis Paper people. They said, “Well, gee, something you can sl
for $12.00 a pound sounds good to us. We'll go ahead and teke alook at it.” So, we went up there
and we got the bark and brought it back and it did contain maltol. And, we were ableto isolateit, it
wasn't very hard to isolate. We got alot of bark and chopped it up. | had alittle shredder in my
backyard, | brought it down to the Queeny Plant and we shredded it and then extracted the bark.
And, it was the glycoside, you had to hydrolyzeit first. But, we got the maltol all out and we had
good maltol and so forth. But, then, it got more complicated later. 1t wasn’t quite that Smple
because they didn’t bring only larch in. And, they had a pond in front of the ssawmill and they
brought the logsin. And, this guy in the boat would prod and push the logsin various places. The
valuable logs would go to railroad timbers. The stud logs, the ones that weren’t very big, would go
to making studs and so forth. And, he made the decision, this guy, completely uneducated. So, it
wasjust impossibleto get him to just only do larch today * cause they debark them immediately.
And, they had this huge pile of bark, which they’d burn for fud - it wasn’t much good for fud; it's
70% water. But, nevertheless, that’s what they did to get rid of it. But, anyhow, it didn’t ook as
though we could just collect the larch bark and the other bark didn’t have any maltol. [laughter]
So, we ended up not doing much with that but that was an interesting project. That was the kind of
thing that | wason. And, the second project which I’ d started was one where we were trying to
solve -- and never did solve -- was to find aresin system, which when it cured, expanded. And |
mean not just with agas. You could do it with agas. But, it'sabit likeice freezing. And, this
would be very useful in potting compounds; alot of things. So, the ideawasto generate a coil
spring molecule to crosdink in an epoxy. We could reduce the contraction but we never did get it
to expand.

GRAY SON: The expansion.

KNOWLES: But, I till think if you had coil spring molecule and brought the thing together by
polymerizing, the shrinkage would be less than the expansion dueto it uncoiling. And, we found
some advantage in taking very flexible cross linkers, such as cyclic anhydrides. They would be
quite flexible and they can crosdink with an epoxy. Some of them, 10% that shrank, when they're
cured.. We got it down to maybe 5%, 4%, something like that. And, that sat that way and | had a
publication on that; it'sin your list probably somewhere probably. | never did anything with that
because these other things came aong.

What happened was | read about Wilkinson’s discoveriesin’ 66 about tristriphenyl phosphine
chloro rhodium. Thisisahydrogenation catayst that would hydrogenate smple olefinsjust like
the heterogeneous but by a homogeneous process. Homogeneous hydrogenation was practically an
unknown thing. It was around. There d been one that would reduce quinone to hydroguinone, a
copper one back in’39. Generaly speaking, that wasn't redlly effective.

GRAY SON: So, these werejust catalysts for opening up the double bond.

90



KNOWLES: Hydrogenating the double bond. But, they were just to make it saturated. And, they
worked not as a heterogeneous on the surface -- they worked in solution.

GRAYSON: OK.

KNOWLES: Tha'sthedifference. Wilkinson presumed solution. He made this discovery and he
got aNobel Prize - not for that but he would have gotten it for that. 1 think he wouldn’'t have gotten
it without that. We'll put it that way. Osborne and Wilkinson did this. | of course, met Wilkinson.
I’d met Osborne, and Osborne said, “Well, Wilkinson was never there. | really did it.” And, the
chronology, thisisinteresting because Osborne and Noyori were at Harvard at thistime.

GRAY SON: How do you spell Osborne?

KNOWLES: O-SB-O-R-N-E. Osborne and Noyori were both a Harvard at the time and familiar
with Wilkinson’swork. And, | read about Wilkinson’s work first in a Welch Foundation lecture
that Wilkinson gave. | didn’'t gotoit. Inthe discussion afterwards, it was suggested. If you used
an asymmetric phosphine, say on apro chiral olefin you would get an asymmetric synthesis. See
what | mean? And, it was decided that this would be a good thing to try.

GRAY SON: Thiswasin discussion of thetalk?

KNOWLES: Itwasinthediscussion. And, | guessthere were, best | can tell you, there were
about five of usthat decided that thiswould be agood thingto try. Soweal tried it at the same
time. Mostly peoplejust but some chira side chain on the phosphine and the tri phenyl phosphine
and let it go that way. But, we thought the asymmetry should be right on the phosphine because
that was where the action was. So, we found out just at that same time, Midow and also Horner in
Germany had discovered that you could make an asymmetric phosphine. Y ou see, nitrogen
connected you to three different things. Y ou can't resolve it because it racemizes so readily at room
temperature. Y ou could resolveit at minus a hundred and something like that. But, phosphines
they thought might be the same but they found out that they were stable at room temperature. Well,
I think in 110 degreesthey have ahalf life of two or three hours or something. So, both Mislow
and Horner discovered this. Horner did it with electro-chemistry and Mislow did it with pretty
confused synthetic chemistry -- which he didn’t understand. We had him here and he had to call

his student to find out what the hell he did. 1 mean we never did find out very well. But, hewas
interested in learning how fast these things racemized with different structures. His discovery was
made just at that time so, we decided that we' d make a chiral phosphine and namely the one that
Misow made and try it in this synthesis. So, we made the one that Midow made which is methyl
propyl phenyl phosphine. And, that has four different things attached to the phosphorous and,
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that’ s resolvable and we did get it. He never got it completely resolved and probably we didn’t
either. We had pretty good 80 and 90%.

GRAY SON: So, when you say resolved, that means separate out the enantiomers.

KNOWLES: Yes, we need the chiral one. Then, we used that instead of tri phenyl phosphine.
And, we had to choose awhat we call apro chira olefin And, the simplest one we could choose
was aphaphenyl acrylic acid. That was the simple one, aphaphenyl acrylic acid. And, thismain
problem wasit took six months to synthesi ze the phosphine and had al kinds of troubles doing it.
Thisnew guy cameinwithme ... Well, first of al, thefirst guy that | wanted to put on this project
to make phosphine said he didn’t want to do anything that fancy. | mean with low chances. So, he
wanted to do something else. Maybe he went over and did the larch bark. That’s what, he went
over and did the larch bark project, he was much happier on that. And, this other guy, Jerry (M. J.)
Sabacky, he' d just come from Illinois and was very good on NMR, which we weren’t incidentally.
| didn’t know anybody that did NMR, but 1llinois had them really trained there, organic people,
they really know it. So, we were able to use his skill on that because you couldn’t have made
phosphines without that. It was very stinky. He was very unpopular, because that the

trimethyl phosphite stunk terrible. And, the whole series stunk all the way through. It took him five
or six monthsto makeit. He started in January and it was June before he had a phosphine. And,
methyl propyl phenyl phosphine - thisis the one that Mislow had aready made and Horner had
already made. But, they didn’t have descriptions of how to makeit really. Oh, they had some
fancy electro chemistry. Mislow never published details. Hejust said he madeit. We knew the
secrets and reactions but we had to work them out the ssme ashe did. And, so, we ran that; Jerry
ran it four or five timesto be sure we got achird effect, not much —15%. And, we hadn't really
done anything that no one else had done. The only substantial effort in this direction had been a
Japanese group since 1955, they' d tried to empirically absorb chiral agents on heterogeneous
catalystsand do it that way. And, they’d got perhaps, up to 15%. Purely empirical and they had
one good result with palladium on a silk fibroid, which they said they couldn’t repest. And, we
weren't going to try it that way. That was a heterogeneous catalyst and we liked this because it was
homogeneous. And, we had to establish that we were in fact homogeneous and that there wasn't
any material plated out on the reactor or something; we had to go to some trouble to prove that.

GRAYSON: Yeah.

KNOWLES: But, then, we did get that first publication out. And, that was traumatic because the
patent department doesn’t like to hurry. But | knew - | kind of knew we had something here and
wanted to get a communication out on it.

GRAY SON: Yeah, thefirst paper is pretty important.
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KNOWLES: It wasn't worth anything. And, so, that kept them happy. They weren’t disclosing
anything that anybody could make abuck out of. And, so, | finally talked them into filing a very
poor case ‘cause they redly didn’t know what to file. So, they filed a case about it. They had to
file acase before they would let you publish, and | got it published. And, we beat Horner to the
draw by amonth.

GRAYSON: Oh, wow.

KNOWLES: And, then, hewasalittle mad at us.

GRAY SON: So, you were saying, before you could do the publication, you had to get the patent
department to get the patent process going.

KNOWLES: Tofileapatent. They always haveto do that. So, they filed it. That took from June
to September. Wedid it in June but we didn’t publish - we got a Chem Communications
publication out in September. But, we were the first even so, to publish in thisfield. And, the one
thing | didn’t notice at the time -- Gilbert Stork pointed it out much later. Hewas a Columbia, he
was actually at Harvard at that time - we got to know him.

GRAY SON: What was hislast name?

KNOWLES: Gilbert Stork. He's an old-time professor now at Columbia. He was kind of an
associate professor or something a Harvard. He didn’t get tenure and so he went to Columbia.

GRAYSON: OK. ST-O-R-K, Stork?

KNOWLES: Right. He mentioned that the main thing is we made the prediction in thisorigina
publication that given time we would very rapidly be able to find something that would give
acceptableyields. And, nearly everybody says this on their breakthrough publications. Stork said
thisisthe only onel ever read that came to pass.

GRAYSON: That'sfunny.

KNOWLES: Tha'skind of funny right there.
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GRAY SON: Y eah, you made a prediction that worked.

KNOWLES: Yeah, we made a prediction but that's what happened. It works much faster than we
predicted. So, what we had to do wasto find a phosphine that had a suitable structure that would
give us acceptable results. | mean we're not doing the impossible because nature can do this with
enzymes. But | wanted to get something far short of the complexity of an enzyme. And, so, to
make along story short, phosphine number six was acceptable.

GRAY SON: So, basically, you took it and just changed the substitutions on the phosphine? So,
the phosphine has the three different groups oniit.

KNOWLES: Right - three different groups and we wanted to put different ones on there. So, we -
thisis methyl propyl phenyl. We decided that the ortho anisyl group would be good, that has a
steric hindrance and would withstand the rigors of the syntheses. It requires Grignard reactions and
Grignard reactionswon't just run on anything, they’ re rather reactive materias. So, the ortho
anisyl group was just greet for that. So we took the ortho anisyl group and made methyl ortho
anisyl phenyl phosphine. That gave fairly good results -- 60% or so. That spurred uson. That's
not good enough to be practical. We took the phenyl and made it into cyclo hexyl, and got the
methyl ortho anisyl cyclo hexyl. And, it jumped to 80%. Actualy, thiswas good enough for lab
preps. We could get it at low temperatures up to 88 but practically 80. That got us very excited but
we couldn’t really publish that, because that department gets alittle hairy about it. Wefinally did
get acommunication. Oneway | got to publish and say something about it was the fact that
Throdahl wasthe vice president in charge of research and was talking with the head of -- what was
this magazine called?

GRAYSON: C&E News?

KNOWLES: Not Chem News. Chem Tech or something. It wasasort of alittle bit of a
‘popularized’” magazine. And, so, we ended up getting an article in that * cause | was sort of lied
and said Throdahl wanted usto do that. | told the patent department that. * Cause this guy wanted
to get something and so | showed him.

GRAY SON: Yeah, so how does this man spell hisname? Thr- ...

KNOWLES: T-H-R-O-D-A-H-L. Hewasthe vice president in charge of research at that time.
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GRAYSON: OK. So, you kind of faked that to get the publication out.

KNOWLES: Wadll, | faked thelittle announcement there but not much. Then, the other place that
| got to go wasto give atalk at the New York Academy of Sciences, which doesn’t require much
of an abstract - not as demanding as the other places. And, they get our sort of a publication, which
isn't as demanding. So, | could dip that by the patent department.

GRAY SON: So, over this period of time was the evolution of this catalyst.

KNOWLES: Y eah, we wanted to get some publication out and | could do that into these type of
places, which aren’t normal for coming out with news. | couldn’t get into the JACS ( Journal of
the American Chemical Society ) quickly. We were unableto get that because we hadn’t published
it for them with considerable details. These other places didn’t require any experimental like, you
know, the New Y ork Academy of Sciences.

GRAYSON: So, your interest here was to get the idea out ahead of other people.

KNOWLES: Yes.

GRAYSON: But, still you had to kind of circumvent the patent department.

KNOWLES: Tha'sright. It'sdifficult. In the mean time, there were as many as five others who
had done similar things and most of them didn’t get good results and quit. And, through no
particular wisdom on our part, we' d chosen a better starting place. But, Morrison did it by putting
aside chain on the thing and he got 15% or something. Nothing specid. And, then, over in France
-- and thiswas thefirst real publication came out; Kagan did this with the one based on tartaric
acid. And he was getting exactly smilar resultsto ours. Our original one (catalyst) we called
camp, C-A-M-P. And, hiswas called DIOP, D-1-O-P. Kagan came out with hisand he got a
communication out alittle faster than we did because he wasin auniversity.

GRAY SON: How do you spdll hislast name?

KNOWLES: K-A-G-A-N. But, hedidn’'t know we existed and we didn’t know he existed.
When we got to 80%, it was sometime like in June and he came out with hisin the following
winter.
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GRAYSON: So, you were busy trying to publish the fact that you were getting these reasonably
high yields of the one racemate.

KNOWLES: Yeah, well, there was another thing happening at the sametime. It shows how
much luck thereis. But, it was probably very important. The discovery had been made that L-
Dopawas avery good treatment for Parkinson’s disease.

GRAYSON: Right.

KNOWLES: But, you had to have only the L isomer. But at the time they started with the DL
mixture since it was so difficult to separate the racemate. It took such massive doses that you were
feeding the patient alot of junk that hereally didn’'t need. And, you were worried about what it
might do to him ‘ cause originally they used pretty massive doses to get abeneficia effect. And, so,
it looked look like it could be afairly big business.

GRAY SON: S0, these doses were mixturesof D and L?

KNOWLES: Yeah, thisiswherevanillin getsinto it. Monsanto wasin the custom manufacturing
business. And, they were custom manufacturing an intermediate for thisL-Dopa. And, the
intermediate was starting with vanillin. Their motivation was, they told Roche. Roche wanted to
just buy our vanillin. And, we said, “We want more of the act. We ve got some idle capacity.” So,
they made this advanced intermediate with Roche' s process. And, they were doing thisin the
Queeny plant. Now we weren't even supposed to even know about this but we learned about it.
And, we found out that we didn’t get good results with our synthesis with smple olefins. We had
to do what turned out to be the intermediate in this synthesis, which isin organic syntheses. Pretty
standard synthesis called the Erlenmeyer az-lactone synthesis. It's on page one, collective volume
three. That olefin worked much better for our kind of synthesis ... for our hydrogenations, than
anything else. So, we had gone over -- | should have said it earlier —to use the ene-amide
intermediate. We could make it either from the vanillin derivative, which would be dihydroxy
phenylandine, which would just be phenyl, so benzal dehyde. So, | went out and tried to find out
what was going on in the Queeny plant because the patent department said well, it was just a secret
process. Roche hastold usthat. And, sowe can't tell you what’sgoingon. And, | said, “Well, |
believe | know what's going on and | had Organic Syntheses, which is the standard checked out
synthesisfor organic chemistry.” They take the literature and somebody, some professor, confirms
that it works. Well, on page one of collective volume three, Erlenmeyer’ s az-lactone synthesis,
with benzaldehyde and, | said, “Isthiswhat they’re doing?” And, the guy says, “You mean |
signed all these secrecy agreements for something in the public domain?’ | said, “You did.” Well,
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then, he was a little more cooperative. But, so much for the secrecies. It'safunny thing sometimes.
The less you have to hide, the more secretive you become!

GRAY SON: Wéll, I mean there were using something everybody else knew. They just didn’t
want anybody elseto know it.

KNOWLES: I think that'swhat it isexactly. But, whatever it is, in the Roche intermediate, we
could take it and get 80%. And, coupled with it, our separations were very easy in the L-dopafied.
We were ableto commercidizeit. We said let’ s stop everything and commercidizethis.  And,
that was avery good decision on my part, because no one would criticize meif | hadn’t done
anything at all and just kept on working in thefield. They wouldn’t have said boo. But, | said
we'll show somebody thiswork. So, no oneredly beieved it worked. And, there's nobody in the
development department or anywhere believed we had any more than just some laboratory
gimmick -- just go away. No oneredly believed it. But, then, we decided to run a50-gallon scae
inthe pilot plant. Incidentally, that reactor was poisoned but these things don’t poison. Thesetype
of catalysts have different poisons. They poison but they don’t poison with sulfur. And, as soon as
we ran the 50-gallon scale, they perked up and said, well, gee, maybe you have something that
works. And, it was kind of funny because there were afew people ... seewe're still in vanillin and
we had the starting material.

GRAY SON: Right.

KNOWLES: So, Merck wasin talking about vanillin and so forth because it has dihydroxy
benzaldehyde. And, it’svery hard to make that specifically for it. So, it doesn’t take any great
brainsto say that’s what you' re going to start with. And, they were redlly talking and they came
into our lab and their people were congratulating us. And, our people were saying, “What for?’

GRAYSON: | wascurious.

KNOWLES: Tha'saninteresting point.

GRAY SON: Yeah, 0, it'slike a prophet is not well-liked in his own country.

KNOWLES: “What are they congratulating you for?’
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GRAY SON: When your competitors congratulate you for chemistry that you' re doing in your
company, and they don’t having a clue as to what’s going on.

KNOWLES: Tha'sexactly right.

GRAYSON: Wow.

KNOWLES: But, anyhow, in the basic chronology that we can do later if you think ... It came
out that we were at the 50-gallon scale and came up with thisinitia communication. And, that was
the only proof we had that we beat him because we beat him by six months. That’ s about what it
took for usto get from the laboratory to 50 gallons. And, nobody bothered about it because there
wasn't much expensethere. You just put on another man or so in the pilot plant. But, then, after
that, we have to find aplace to make it and then you start spending alittle money. Weran into the
problem that you talked about, the top brass not being very cognizant of what'sgoingon. | madea
chemical and | couldn’t get anybody to back the project. | couldn’t get anybody for awhile and
just got turned down. “Y ou could spend your time on something more important than that.”

GRAY SON: So, you were trying to sdll the brassinto going into L-dopa production.

KNOWLES: Yesh.

GRAY SON: And, you got away to do it except it would be extremely efficient and profitable.

KNOWLES: Put the other out of business.

GRAY SON: But, they weren't interested

KNOWLES: They didn’t understand it. That wasthe problem. And, then, findly, a guy named
Al Heininger was head of afine chemicalsgroup. Hewas| avice president. And, ‘cause hehad a
background in chemistry and he understood it. He' d been involved in the custom manufacturer
that Roche was doing all along. And, so, he finaly backed it.

GRAY SON: So, how does he spell his name?
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KNOWLES: Heininger, H-E-I-N-1-N-G-E-R. Hebacked it.

GRAY SON: So, you findly found somebody that had enough chemistry background to appreciate
the significance of your work.

KNOWLES: Wadll, that’s what you' ve got to do in abig corporation. Y ou’ re not welcome with
open armsfor discovery. It'safact of life. It changestheir way of doing things. They’ve got all
the plans and everything. So when you come up with something new it changes their plans.

GRAY SON: It'snot in my plan so that messes up my applecart.

KNOWLES: It happensthat way.

GRAY SON: Oh, yeah.

KNOWLES: And, even it happened alittle bit with Monsanto’ s product, Round Up, which isthe
biggest discovery they ever madein their labs. It happened to be John Franz who did that. He was
alittle taken aback when he came up with that. And, they said, “What do we want this stuff for?’

GRAYSON: Yeah.

KNOWLES: Tha'sthefirst attitude but then they finaly ...

GRAY SON: How do you spell hisname?

KNOWLES: Wadll, Franz, F-R-A-N-Z. hewastheinventor of Round Up. That happens alittle
bit ... He sgot something in Chemical Heritage.

GRAY SON: Yeah, s0, you've got this high performance, ‘ stable’ chemist working for you and he
comes up with something and they say -- go away. I’m not interested.

KNOWLES: It'seasier to have him come up and say, “Y ou're doing it the right way and there
isn't any better way todo it.” That’swhat management likes ‘ cause the business man likes to deal
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with the marketplace and stuff likethat. He doesn’t like to deal with real change ‘ causeit upsets
everything. That waswhat | ran into with the hydrogenation thing. It was pretty obviouswhat to
do but it just upset their plans. They had all these scheduled plans and they had groups, which
were skilled in hydrogenation and running those damn autoclaves. And, it took alot of stuff to do
it and it takes alot to get that to work.

GRAY SON: Yeah, it looks like a steamship heading in one direction and you'’ ve got to change
course.

KNOWLES: Take anew course, that’sright.

GRAY SON: So, if | understand this correctly, you certainly knew that what you were doing was
this asymmetric hydrogenation was important and something that needed to be in the literature?

KNOWLES: Yes.

GRAYSON: And, you wanted to make sure that you got it in the literature?

KNOWLES: That'sright.

GRAY SON: But, the patent department is over here saying ...

KNOWLES: Wadll, yeah, they would say, “Wait aminute. You've got to at least file a case before
you can do that.”

GRAYSON: OK.

KNOWLES: And, they held up the Round Up for along time because that was very important to
them. Thiswas not important to them. The only reason | got by with it was because it was aside
issue.

GRAY SON: So, asfar asthey were concerned, it was an insignificant development?
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KNOWLES: Yesh.

GRAY SON: But, they still had to get their patent control ?

KNOWLES: Yeah, oh, yeah. And, once the patent department got into it, they were thrilled with
the opportunity because it was aunique filing. Most of the stuff isjust alittle better way to
plasticize vinyl or something. And, you go on endless, infinitum, with little minute changes but
this was a breakthrough. And, they patented the wrong thing. They just patented the use of achiral
phosphine. All chira phosphinesdon’t work. Only very specia ones do but they didn’t look at it
that way at al. And, they said, “Oh, you guys will find the right one.”

GRAY SON: So, they do have technically competent people in the patent department to look at
these things and understand the chemistry?

KNOWLES: Oh, yeah.

GRAY SON: At least the patent department does.

KNOWLES: Theydid. | don’t know if they do now. Because, they may have canned all those
people. | don’t know whether they’ ve got ‘em now because that’s a different ballpark. But, ... they
must have. They had competent people that knew enough chemistry to proceed and we had avery
competent guy do this. One of the things he was able to do on this one was change the origina
disclosure. The original disclosure was on that 15%. And, you usually only get in a patent, the
clams. You don't get any more claims than you make in the first application. They chop off
things. Y ou can havethree, you can havefive, you can have six but you can’t add anymore after
you once say it. But, the patent department sold hispoint. It'stheonly time heever didit. Thisis
apioneering invention and he didn’t know what to claim in the beginning. He was able to add more
claims; he got awhole bunch of claims.

GRAY SON: You really had to broaden the claims at the beginning.

KNOWLES: Yeah, they broadened it as much as they possible can because they can’t get any
more. And, thiswas aunique case. He was ableto convince the guy that he could do more. This
didn't make alot of money for Monsanto, it made some but not alot. But the fact that we
commercialized it so quickly attracted the Swedish Academy. Because most of the things that they
talk about don’t get commercialized that fast and it turns out that if we hadn't done that
commercialization, we d have never been heard of.
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GRAYSON: Mm-hmm. So, it would have been aneat trick in the literature and that would have
been the end of it.

KNOWLES: Tha would have been the end of it and the Nobel prize would have gone to Kagan
and Noyori and Sharpless. Now, that’s another thing that happened. This thing got pretty well
recognized inthe 70's. And, everybody found out that yes we do it with an improved phosphine
later that gave 95% efficiency. And, everybody else found there were maybe 100 phosphines that
could do the same damn job about the same efficiency; what we call precursors for alphaamino
acids and nothing else. That’swhereit sat the end of the 70's. Now, remember, who was sitting
on the stage watching us do al these thing, but was hesitant to make phosphines. | don’t know, just
picking on Noyori, but he wasn't asynthetic chemist. And, he didn’t think it was worth the trouble
to make phosphines. And, he was a Harvard at the time with Osborne, who supposedly did invent
the Wilkinson thing. Thething was al sitting on the platter there for them to do first. But, they
didn’t want to bother to do the synthetic work. It was soppy, dirty chemistry to make those
phosphines..

GRAY SON: So, this Sabacky fellow was the guy that got the job.

KNOWLES: Hegot thejob and well then Vineyard camein with me later. We weren't getting
too far. And, he had nothing to do with thistype of chemistry at al. But, he camein and said,

“Y ou need to study the mechanism.” And, we did alittle bit and found out what the stoichiometry
was and phosphine and phosphorous and all that stuff -- made alittle sense out of the project. But,
we were wise to go ahead and commercialize it with this not too good catalyst; but good enough
for that kind of pharmaceutical; because of the fantastic properties of L-dopato crystallize so
readily. We were gonnado that and then a number of phosphines were made during the period of
the 70's by al kinds of people and the deal sortastalled. | pointed that out in thisfind write up, the
dedl stalled until Noyori came along and made a very difficult to make phosphine. | don’t know
why it took so long; he saysit took him four years to makeit. But, he wasdoing it with dave labor,
| mean, graduate studentsin Japan — he caled it Bingph, B-1-N-A-P-H and that turned out to be a
leap forward inthe field. It could be applied with another metal. We knew ruthenium was in the
act. Wetried to use things with ruthenium but we weren't doing any good. We'd get
hydrogenation, but we didn’'t get good results. But, Binaph did great results with ruthenium. So
they ended up exploiting the field and it burst wide open in the 80’ s and 90’ s and the Japanese
commercialized it into amenthol process, alarge scale menthol from about 1980-82, something
likethat. About 10 years after dopa. So, we werefirst to do theinitial prototype by a month; then
by about six months on the first good catalyst; and finally, by about 10 years on the
commercialization. And, | got the usual awards. Probably the most €l egant was the creative
invention award from ACS. (American Chemica Society) And, tha wasin’82 or something. We
went to Las Vegas and got that. And, there was alocal company had an award that | got. Then, we
were pretty much forgotten. But, there was one award from a catalyst group in’95. Inthe
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meantime, Sharpless had applied these kind of reactions, catalytic reactionsto oxidations. Not as
beautiful and efficient as hydrogenation, but making much more difficult things. And, Sharpless
said hewasinspired by us. | think that’safact. ‘Cause he stated that in his Nobd lecture. And,
that was hisfirst spur to drive on with thething. And, Noyori exploited the field with avery large
amount of graduate school labor. Hedid explore dl kinds of structures that we weren't effective
on; but mostly using his baby Binaph. Which is, by hisown admission, kind of hard to make. So
the Nobel thing sort of cameaongalot later. And, | think thefirst guy they decided they were
gonnagive it to was Sharpless and then they decided, “Look, we ve got Noyori,” but therewas a
Wolf Prize. You know that one? It'san Isradli prize.

GRAYSON: No.

KNOWLES: It hasafairly big stipend. $100,000.00 or something like that. And, that went to
Sharpless, Noyori and Kagan. That was the winner of 2001. Remember they got the prize in 2001.
That went to them in the winter. The Monsanto community were fuming. Said, “Well, we did that
first.” [laughter] And, the prizesareall about being first. But, | didn’t pay much attention to it and
I’m not sure how the sequence got done. And, I’'m never gonna know because they ( Nobel
Committee) don’t open their books. But, at least the sequence as | know it, there's Corey and
Jacobsen at Harvard wanted to set the historica record correct. In 1995 Monsanto was sold to
Pfizer, you know?

GRAYSON: Mm-hmm.

KNOWLES: And, Corey’saconsultant for Pfizer and there's a John Talley that was with us.
And, | don’t know that he had any influence or not. He said this was worthwhile athing to Corey.
And, wedidit first. And, thisinterested Corey anyhow.

GRAY SON: How do you spell Corey?

KNOWLES: C-O-R-E-Y. Heusedto beat lllinois. And, then hewasa Harvard. And, he's till
at Harvard. | don't know him well; I ve corresponded with him on phosphines. Thisisthe kind of
field that he wasworking in abit. And, hedid it inavery complicated manner which wasn’t
practical. But anyhow he was very interested in making phosphines. And, | helped him alittle bit
on that -- back in’84. But, he called mein the spring of 2001 saying he'd like to get some
information for hisfiles. He was getting together the chronology of thisand so forth. And, so | sent
him what | had about making the thing and so forth. And, | had someinkling -- and Talley said,
well, he’d put him up to that more or less.
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GRAYSON: Tdleyisspelled?

KNOWLES: But, he'd done alot of exploiting with the catd ysts and made alot of chemicalsfor
testing that you wouldn’t have bothered to make otherwise. But thisis so easy to do that he did it.

GRAYSON: How do you spell hislast name?

KNOWLES: T-A-L-L-E-Y. Heisn't with Monsanto anymore. | forget where he went. So, that
went on and then | did hear from a guy from the Swedish Academy. And, he said he was doing a
review articlein thefield for the Swedish audience, and he wanted some CV data-- that’sdl. So, |
sentitto him. | don’t know, sometimes you don’t realy know. Thiswasinthe springand | pretty
much forgot al about it. He said he’ d send me areprint when they wrote it up, but it was going to
bein Swedish. It wasredly for theloca audience. Thisisnot an unknown thing in these little
countries that have alot of research. Per Ahlberg—hewas doing that. And, so anyhow, | didn’t
hear about anything until a phone cal really. Per Ahlberg said they decided by winter that it was
gonnabe me. But, doesn’t make sense to put Corey in there * cause they didn’t do anything till
spring. So, | don’'t know how the situation works. But, the thing is that the Wolf Prize came out in
January and that was for Noyori and Kagan and Sharpless -- this discovery was made completely
unbeknownst to me.

GRAY SON: So, do you have any at al suspicion or sense that there' s this consideration going on
about the prize for your work? | mean, prior to it, did you have any inkling of it at all?

KNOWLES: Not too much. | heard, after thefact, | heard somethings. But, | didn’t really get
much inkling prior to theaward. | mean, there were thosetwo things. So, a least | knew in the
back of my mind, I might have been on the panel to be considered. And, that’sdl | knew. But,
you see the dilemmawas that the actual publication -- it's about who'sfirst. | mean, if | hadn't
existed, the field would have been in the same place because Kagan came along and did it and he
would have done it alittle differently.

[phoneringing]

KNOWLES: I'll get that. | don’t know, ismy wife went out or not?

GRAYSON: No, shecame back, | think.

[END OF AUDIO, FILE 1.3]
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KNOWLES: Wadll, | didn’t get too much from that.

GRAY SON: So what happens? Usudly they cal you first thing in the morning here, so it’swhat,
5:00 in the morning?

KNOWLES: Exactly, 4:00.

GRAY SON: 4:00. Boy, you get aphonecdl....

KNOWLES: Wadll, they have ameeting. They have afinal meeting at 9:00 there.

GRAY SON: So you get aphone call a 4:00 in the morning.

KNOWLES: Yeah, they tell you that.

GRAY SON: So what do you think when the phone' s ringing at 4:00 in the morning? Usually it’s
awrong number.

KNOWLES: Well, you get up and answer, and they immediately explain who they are and they
make sure that you don’t think it's acrank call, because they’ d get two guysto talk. Y eah, one guy
saysthat you have won the prize, and then he says, “1’m gonnaturn you over to so-and-so,” and he
talksit too.

GRAY SON: Oh, so they didn’t want anybody behaving like they were....

KNOWLES: Thereareprank calls, because university people, | mean Noyori actualy was
expecting the thing. He said he had the paper already signed and everything, and it didn’t come the
previous year.

GRAY SON: Ohwow, so hefigured hewasin.

KNOWLES: Anyway, in academiathey know more about what’sgoing on. | didn’t.
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GRAY SON: So was your reaction then?

KNOWLES: Wadll, pretty complete surprise.

GRAY SON: Sothat wasaredly pretty exciting thing to happen.

KNOWLES: Yeah, it isthe most exciting thing that ever happened to me.

GRAY SON: So thiswas—how long had you been retired from Monsanto then?

KNOWLES: Oh,’86. Yeah, and pretty much what we' d done there had quieted down.

GRAYSON: Sure.

KNOWLES: Therewasthisonethingin’95, but other than that -- and | had consulted alittle bit
with Monsanto, and there was some activity there, but they weren't really fascinated with this
particular field. The only application was amino acids and naproxen.... these NSAID type apha
aryl acrylics that the pharmaceutical people make for aspirin-like activity. They call them NSAIDs
and certainly this kind of synthesis could be used as away to make naproxen, which is anatural
derivative and one of our people wasinterested in working on that. He didn’t get too far along,
withit. | don’t really know whether naproxen’s made thisway or not. It can be made thisway. It
may be. They’re doing pretty well withit. It's Aleve, you know. They advertiseit alot, and so it
could easily be using this technique.

GRAY SON: | guess....did you just have to sit down &fter that, or fall down, or....

KNOWLES: They told you not to go to deep again because you' d immediately get phone cdls
from the press and everything.

GRAY SON: Wow, so then you get noticed right away.
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KNOWLES: Y ou get noticed right away; but the main thing is at Monsanto, remember, we were
going through alot of attrition, so they called Monsanto, and then Monsanto said, “Who's he?’
Well, because they were al over the Ag ( Agricultural ) Division. They didn’t know me and then
they finally found somebody in the personnel department, Gary Barton, that knew me and he
hightailed it over to my house; but it’s perfectly reasonable that they had forgotten al about me.

GRAYSON: Sure. Thiswaswork done what, 25, 30 years earlier aimost.

KNOWLES: Tha'sright, but that’s pretty much true with Nobel prizes. They're not very timely.
Five or six yearsisvery common. It's pretty hard to do it lessthan that. The Watson Crick thing
was six years, | think, and Woodward was quite awhiletoo. | didn’t know that somebody had put
me up in 1990 -- he sent me a copy of thething. It’'svery easy to put somebody up. You don’t
have to have alot of stuff. All he had to do was send in a copy of that Accounts of Chemical
Research article | wrote which adds up everything. That makes anice placeto get all the
references.

GRAY SON: Right, because everything's there.

KNOWLES: And hejust had that one page and that’s all that | think Per Ahlberg had. They don't
really require an elaborate nomination. Most prizes do, you know? Y ou have to write al the stuff
likeyou'll get in here. They do the digging through others, and they have professors around, and
I’m just not sure what went on and Per Ahlberg just told me the timing. He thought | was decided
the winner, which doesn’t make sense with the Correy contact, and so I’'m not surewhat’sup. The
Wolf Prize went differently, and the Kagan peoplewere..... He savery niceguy. I’'veknown him
for years and he' svisited us. | haven't seen him much this century, but | probably used to see him
once ayear or so, and he came over to the company and so forth, and he was definitely an early
pioneer. Hedid it without chirality on the phosphine. Hedid it with achira carbon backbone,
which became the way that most ligands are made now.

GRAY SON: | know that being first countsalot, ‘ cause there’ s a controversy in the mass spec
field about the prize. 1 think it was maybe the following year it went to Koichi Tanaka for the
development of matrix assisted desorption ionization. What he had done was show the very first
mass spec by this method on alarge molecule, | think 100,000 molecular weight or so. Whereas
there’ sagroup in Germany that had been pursuing the same objectivein avery precise, careful,
logical step by step way. And most the people in the mass spec field feel that thisgroup in
Germany should’ ve gotten the acknowledgement for that, but Tanaka published a paper that wasin
pressfirst. Theredlity of it isnobody uses Tanaka s method today. The one that the Germans
developed is used today, so being first isreally important.
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KNOWLES: Wadll, thiswhole Nobel thing is about being first. DNA isafamous one whereit
would’ ve been discovered in two or three months by somebody e se, but these guys didit. You
might’ ve read the Double Helix. They did it mostly with models and things, but it took somebody
to get the right pictures, but they recognized the significance of the pictures. That wasimportant.
The electron microscopeisjust like you described. That came out, there were two guys....three
guys got it, but there were two guysin the middle ‘80swho got it, and | supposeit was quite alittle
while before they did their work, and they didn’t notice that the guy who had the first prototype
was a guy named Ruska back in 1932, and he made one, but he never did anything with it, but he
had made the prototype. He wasin Germany, but they recognized that, and they gave it to the three
of them, but usually there’' s somebody left out. | have abook onit. | read alot about it sinceit
happened, and they said they don’t make many mistakes. They did find a mistake they thought
they made, but they don’t make many, but they do |eave out people, mistakes of omission.

GRAY SON: Giveitto somebody that doesn’'t deserveit.

KNOWLES: They said there was one Swedish guy that had done something for stabilizing silage,
but it didn’t work except for Swedish silage or something like that. Their books are open from
1950 back. Thisbook was on the Nobel deliberations, and they went into Einstein, and they went
into why Mendeleev got left out. It was fascinating reading through that, but | think that it has to
be about being first. It's something in society that accepts that immediately. If you'rethefirst to
climb Everest, who' sthe second? Y ou don’t know.

GRAY SON: Yeah, right [laughter].

KNOWLES: And he may have just as tough ajob, but mountain climbing isthe worst. But
science at least pays off the guys running second alittle bit.

GRAY SON: There'sabook by this guy that did The Road to Sockholm. | don’t know if you've
read that one.

KNOWLES: Yes, I'vegot that. I've got that book. Y eah, there's an awful lot of things there, but
it'samazing that the Nobel Prize trumps al other prizes. One guy told me, he says, “Y ou’ ve got
the onethat trumps all other prizes,” and it doesn’t make any difference what it is. Thisisthe only
one that crossesinto the arts and everything else. | could paint a picture and get the top prizein
that. They'd say fine, you'd have your dinner, and go on with your life. But it doesn’t carry over
after that. The Nobel Prize doesn't leave you the rest of your life.
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GRAYSON: Yeah, there's something it; it’s just recognized by everyone. It doesn’t matter who
you are.

KNOWLES: It'stheonly prize | can think of that’s recognized by everyone.

GRAY SON: Whether you' re a carpenter or a high powered executive, or you're an airline pilot,
or you're ahousewife, Nobel Prize, bang.

KNOWLES: That’sright.

GRAY SON: Everybody understands what it means.

KNOWLES: We came back from Sweden and we couldn’t make an earlier flight because we
didn’'t know if we'd make it exactly on time, and so we had three hours waiting. Oh, those porters
knew all about it. Just show usthe medal they put us through security in the front of the plane; just
bypassed security and just put us through right on the plane.

GRAYSON: Oh, wow. Just whip that sucker out.

KNOWLES: Show usthemeda. No, that’sthe only prize | can think of that doesn’t make any
difference. | mean even the Congressional Medal of Honor and so forth, | mean they’ re great and
you have a White House reception and al that. This had a White House reception.

GRAY SON: Oh, redlly? Okay.

KNOWLES: Yes, wedid. Someof themdidn’t go. | think it was stupid not to go. We went.
That was before we went to Sweden. | thought it would’ ve been stupid not to go. It was after 9/11.
The place was closed for tourists, but the Swedish Embassy had avery, very nice affair. They had
aspecia dinner for us. They always do that, and that was separate from the White House thing.

GRAY SON: So how long did that kind of celebrity round last? A couple of months, acouple
of...ayear or what?
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KNOWLES: Well, it'snever dead. The autograph people....I don’t get many. Last year, I'd get
maybe a dozen requests for autographs, mostly from Germany. Germany is great on asking for
autographs, little old ladiesin Germany collecting autographs. In fact, my grandson was surfing
the Internet and found out there' s a market for these autographs. Mine was $10.00. | don’t know
where he found that, but he found somewhere that they collect autographs and then they sell
collections or sdll individua ones so you can get more in your case than others. 1I'd say that you
usually get a stamped envelope, and they just want your signature, or your picture if you've got one.
But it's mostly Germany; there’s more of atradition of science there than in most countries.

GRAY SON: But you had gotten recognition prior to the Nobd Prize.

KNOWLES: Theinteresting part isthere was thisnewsitemin C&E News. They didn’t really do
their homework, looking back, because this guy started off his article saying “William Who?" It
was apriceess articlein C& E news [laughter]. Because he didn’t recognize all these other awards.
| mean they were very nice things with an award dinner, but people forget it immediately. Oh, you
may get on alist of the previous winners so the next year | guess one looks to see who' s been there
before, but it doesn’t affect your wholelife. Thisaffects your wholelife. And it doesn’t stop.

GRAYSON: Yes, well, that’swhy | am here [laughter].

KNOWLES: Well, | had a conflict today.

GRAYSON: Oh, redly?

KNOWLES: A guy wanted me to meet somebody from McCaskill’ s office today. They’re trying
to set up apanel to get some science....sense out of sciencein Missouri.

GRAY SON: Oh, Claire McCaskill, yeah. ( Junior Senator from Missouri )

KNOWLES: They wanted to know whether | wanted to sit on the panel, but | couldn’t do it today.
| don’t know, but | kinda shudder at that, but you can cashin onit. Of course, Noyori is younger,
he cashed in on it, and he' s gotten the top job a Riken Institute. That would be the top research
ingtitute -- the Max Planck of Japan.

GRAY SON: WEéll, it gives you some credibility in your organization.
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KNOWLES: Yeah, well Monsanto’s mixed up because they didn’t exist in 2001. The Monsanto
nameisgone. First it was Pharmacia bought Monsanto, and then Pfizer bought Pharmacia, and so
the Monsanto name was zilch, and one of the executives wrote me and said, “It’s too bad the
company’sgone. We' d celebrate.” They put a plague up finally. The president of Monsanto did
put aplaquein front of one of their buildings, but they included init -- and I’ m very happy they did
— Sabacky and Vineyard. Which is good because they did the hard part in my opinion.

GRAYSON: Yeah, | was curious about that, | had seen those names in the literature.

KNOWLES: Itwasajoint effort inthelab. | did start it. There’'sno question about that, but |
couldn’t have finished it without both Sabacky and Vineyard

GRAY SON: What about this fellow, Weinkauff?

KNOWLES: Weinkauff?

GRAYSON: Yeah.

KNOWLES: Oh, he'san executive | worked with alot back in the ‘50s on the cortisone thing. |
love Weinkauff. He was a character. Hisquaint expressions still remain. We were evaluating
projects. Hesays, “Don’t ever look up adead horse' s ass [laughter].”

GRAY SON: Okay.

KNOWLES: I lovehimin that kind of respect. Woodward, | remember, didn’t get to cortisone.
We did get to cortisone in the fifties here. We actually made a sample, probably 100 mg of
racemic cortisone or something like that. But we used diazomethane to get there, which would’ve
been out of the question, but nevertheless. | don’t think anyone wants to commercialize
diazomethane.

GRAY SON: SointheNew York Academy of Sciences, were you a member of the Academy?

KNOWLES: No, | used that because it was an easy place to publish. Tha’swhy | did that, and so
| had several things there, and the other place that you could do it readily was the Gordon
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Conferences which don’'t require much of an abstract. They didn’t care what you say. It's what
you write.

GRAYSON: Right, exactly.

KNOWLES: Onething we feel bad about, we could’ ve written an article for JACS that would've
been aclassic paper. They occasionally have classic papers and Henri Kagan did that. He wrote
the classic paper ‘ cause he could do it in the academic environment. We couldn’t get it out fast
enough. A full paper takes too much scrutiny.

GRAY SON: Insdetheindustria setting.

KNOWLES: Yeah, that isone of the difficulties, and it's always gonnabein industry. The only
other advantage of industry is that you can sometimes see results of your efforts used. | didn’t push
phenylaanine hard enough. That was another thing | kind of regret. Phenylalanineisaway to
make the sweetener aspartame, but you start with benzal dehyde, and that’sthe key. Benzadehyde
isonly used in perfumes. It's expensive, but it didn’t need to be expensive. It could be made by
oxidation of toluene. The chemistry isn’t al there, and in fact the phenyla anine is a much bigger
volume thing, but | regret that | didn’t push that hard enough. There' s a sweetener that’ s based on
that, ‘Equa’ or aspartame, and they make that by fermentation of glucose, whichisfine, but it took
them yearsto do it, whereas this could be done much faster. And aspartame’ s been made with
phenylalanine. It's made by thistechnique, but we didn't doit. The Italiansdid and | don’t know
what they’ re doing now, but | do know that one of the drawbacks in phenylalanine is that the
separations aren’'t as clean. It formsaDL compound, and doesn’'t separate out as readily, whereas
with 80% of yield you get 80% -- out in hand. But with phenylaanine, you only get about 60% out
quickly. You can get therest, but it's hard to get out. And even 95% iskind of bad, but now they
have 100% catalysts, so they report. The guy in DuPont came along 93 or so with Burke, and he
came up with a phosphines the same as an enzyme. Now he claims 100%. Whether he's precisdly
100% or 99%, but from afactory point of view....now you wouldn’t give the time of day to a
catalyst that wasn’t dmost 100%. | think one of the significant features that came out when | wrote
this with Noyori, isthe resurgence in this century of activity inthisfield. Perhapsthereisn’'t a
week that goes by at Merck that somebody doesn’t run asymmetric hydrogenation in their |abs,
because al pharmaceuticas are chiral now. Either they are making the starting materials, or the
finished goods, or something. Usudly if you can make them with hydrogen, you' re gonna make
them with hydrogen, ‘ cause that’s the smplest.

GRAYSON: Sure.
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KNOWLES: Itisn't like Barry Sharpless s stuff. He can make exotic things, but you won’t do it
unless you haveto.

GRAYSON: Right.

KNOWLES: Thisoneyou will try to, and the reason thisis so easy is because of the lab supply
houses. Y ou don’t have to make your phosphines anymore.

GRAYSON: | see.

KNOWLES: I can show you my files. Sigma Aldrich has structures we wouldn’t even dare
attempt. Some professor has afew studentsin Pennsylvania; | think it was University of
Pennsylvania, and they need anice Ph.D. problem. Y ou get agood phosphine and it’s hard as hell
to make. You don't have to make very much of it for the lab supply houses. You buy ahalf a
gram, they’re so active. 'Y ou see these things, back to our old adage, our activities are fantastic.
We used, in our plant, 20,000 to one and that’ s almost throwaway.

GRAYSON: Yeah.

KNOWLES: | could go back and we aren’t running the plant anymore. We're out of that field,
but | could go back and do 100,000 to one. Noyori found acase....l think it was amost two
million to one.

GRAY SON: That's amazing.

KNOWLES: Yeah, that's because it’s molecularly dispersed. See, that’s the difference on the
carrier. You're only getting the catal ytic action on the surface. Y ou’ re talking molecules here.
With heterogenous catalysis you have just as active catalysts, but you' re only using about one
percent of your palladium if that much.

GRAYSON: Yeah.

KNOWLES: Maybeless. Maybeit’sahundredth of a percent of the palladium is being used
during aredly catalytic job.
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GRAYSON: Soit'sjust not the catalyst, but the fact that it’s ahomogenous catalyst.

KNOWLES: The homogenous catalyst is molecularly dispersed, and that makes al the difference.
Enzymes! Nature uses homogenous catdysts. They'redl over. So that approaches about as fast
an enzyme as you can get. Using acomplex catalyst at a million to one, there’'s acommercia
process for making an herbicide dua. That’sthe biggest scale one | dug up, an herbicide based on
diethylaniline and choracetamide. We had one. We called it Lasso. A German variant and it hasa
chira center, and they don’t get avery good result, but they’ ve got an iridium ferrocene complex
and it gives them about 60% to 70%, and they can sdll that mixture, but there's only one isomer
that's active. Instead of selling a 50/50 mixture, they up their activity -- amost doubled, and so
you can cut down the pounds per acre. Now they say it's commercia and | don’t know how well
they’ ve done it, but that would be the biggest scale commercid thing. 1 know the takasago menthol
is apretty big volume product; relative to L-dopa

GRAYSON: So most of thisis stuff from your publications and literature. Did you present any of
this at the scientific conferences, the ACS meetings, or anything like that?

KNOWLES: Yeah, | did. | went to quite afew conferences and did that.

GRAY SON: How was thistype of stuff received in your sessions, the chemistry, the showings?

KNOWLES: Well, there was extreme interest in the * 70s in it, and probably the most interest was
when we didn’t have much out. | think it was just before Kagan had published. We went to a
conferencein Laboule, France. The family went too. It was avery nice conference on asymmetric
synthesis but we weren’t on the invited list; neither Kagan or I. A number of people presented
things, and they were getting 20%, 15%, and they would say, “Wdll, if they made the one group a
little bigger, that’d come out 20% instead of 15%,” so they were getting again. Midow wasthere,
and he was very caustic, he got up and showed the energy differences, and how trivia it would be
to get from 20% to 25%, sinceit’sonly two kilocaoriesto get 90%. So hejust said, “Anybody
who tells mein any speculation asto what’s making them go isindulging in pure fantasy.” He sat
down, but then at the end of the conference. We were asked to say afew words, and we each said
we were at 60% or something like that, and that was of extreme interest at that time.

GRAY SON: So you weren't actualy giving a paper.

KNOWLES: No, weweren't invited to give a paper.
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GRAY SON: But they knew you were working in thefield. And they wanted to know what you
were doing.

KNOWLES: But then they found out our results, and so they on the last night they had us give a
fifteen minute talk. So we gave out our results, which was kind of athrill, because it was putting us
on the program when we were the only ones that had anything....the only ones.

GRAY SON: Theinvited speakerswerelow baling, or getting lowball numbers, and here you
guys weren't even invited and you were doing much better than they were.

KNOWLES: That’sright.

GRAY SON: Wow.

KNOWLES: Wadll, we got involved in anumber of conferences and things.

GRAY SON: Was the company pretty liberal about letting you go to conferences?

KNOWLES: They weren’t too bad. They were OK on that. Where they balk iswhen they have
to put lots of money in. They like exploratory research. That doesn’'t cost very much. It'swhen
you have to make a process out of it. It'san awful lot of competition putting that L-Dopa on the
market. Y ou haveto have a specia file, and one guy’ s full time on that, just to get it al in. | think
there’ s a master file you have to get for a pharmaceutical, and there’ s so much red tape getting the
thing going, and then we had to adapt it to the saccharin plant, which became available at the right
time, actualy. We had to do that, and it was alot of other little things. Monsanto got out of
saccharin at that time. 1t was acombination of alot of things coming together, so we were able to
adapt the saccharin plant. Now the saccharin plant had |ead reactors that were redly using almost
cleaning solution; not very much different than cleaning solution, sulfuric and nitric acids or
something like that. Saccharin’s a pretty stable compound. But the basic reactors aren’t most of the
plant, most of the plant isfor fine chemicals, crystallizers and fillers and all that, so we could use
all that.

GRAY SON: So wereyou redly involved in the plant conversion?

115



KNOWLES: Yeah, and | wasinvolved with the engineers, and my people were. We added more
people at that time, and Vineyard was very much involved init. Getting the plant started was most
of theyear. Most of the problems, it’ sinteresting, weren’t with the hydrogenation process.

GRAY SON: It was everything else.

KNOWLES: Never had aglitch. We ve never had a hydrogenation with aglitch. We ran maybe
15 years and it doesn’t show in those nitro reductions that | was talking about earlier. They
often....not often, but frequently poisoned for some reason or another, and you’ ve gotta re-catalyze,
and start over again, or do something, but this one never had a batch that wouldn’t go. One event
was when Bill Sherman ran our first large scale batch in athousand gallon reactor, whichisabig
reactor. That's commercial size. We were doing fifty in the pilot plant. Well, Sherman was doing
the night shift for me on that, and we started it off, and we put in an amount of catalyst based on
what we had to use for the pilot plant, which was, asit turned out, way too much, but we put it in.
He called me, and said, “Well, | started it up,” and | said, “Well, it’s gonna take you e ght hours.
You'd better go out and get some dinner and come back, ‘ cause nothing’s gonna be happening
much,” so he was out getting a bite, and he came back in about an hour and half and he called me
and he said, “It’ s not taking up hydrogen.” Well, that’s areal problem. | said, “Oh god, what do
wedo,” and | said, “Well, take asample and let’ s find out from the UV spectrum how far we' ve
gone.” He called me back in half an hour and said, “We're done [laughter].” Soit couldn’t
maintain the hydrogen pressure, it took it up so fast.

GRAYSON: Ohmy.

KNOWLES: Wadll, it just came from a bank of hydrogen cylindersin the truck or something. We
had put way too much catalyst in, so we had to cut way back. But it wasthefirst clean system
we'dhad. We hadn’t had it clean -- and clean meant getting the oxygen out of the reactor. Oxygen
inairisapoison, and on asmall scale in the lab, we had oxygen in most of our hydrogen cylinders.
We later learned to pick ‘em so they wouldn't ruin the catalysis. Basicaly, it’safilling error.

GRAYSON: Sure.

KNOWLES: When you cap the cylinder up, you fill it. It'snot very much, but you put so little of
catalyst in, it is easily poisoned.

GRAY SON: A littlebit of oxygen in the catalyst messesit up.
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KNOWLES: Oxygen and phosphine oxide -- and peroxide’ sthe same way. Well, on alarge scale,
you don’'t even use the dry intermediate. Y ou use awet intermediate. You don't dry it. You're
gonna put it back in water and alcohol again, so you just filter off theintermediate and putitina
hydrogen atmosphere, and so there’ sno air in the interstices, the crystals, whereas the dry
intermediate has alot of it, and it takes along timeto get it out, and get it al out in the pilot plant.

Y ou haveto....by venting and filling, venting and filling with nitrogen and hydrogen, and so that
was the first time we were clean on athousand gallon scale.

GRAY SON: Thenit went like wham, all the way over to the hydrogenated state.

KNOWLES: It went wham, yeah.

GRAYSON: Wow, crazy.

KNOWLES: Itiscrazy, but it'safunny experience.

GRAY SON: So the saccharin plant, where was that located?

KNOWLES: Queeny. Yeah, most of the fine chemica things were done at Queeny. That was the
basic thing, and the larger volume things were done over at Krummerich. Phenol and the bigger
things, but that’s how it goes. | think that this resurgence is interesting how this occurred since
2000 in that thisisanatural problem. A guy can say find a phosphine that’ s better than what’ s out
there. He can do that, and they’ ve improved on our errors that way. These are called hindered
biphenyls and they’ ve got hindered biphenyls that are adjustable now. Oh, god! But the lab supply
houses -- | wish I'd emphasized that more. | didn’t think of it. | wrote that in there, but | should' ve
emphasized it more. They played aterrific role, becauseit isn't easy to do otherwise. Otherwise
you have a chira compound and you have to make your own phosphine-- you’ re not gonna
bother.

GRAY SON: Yeah, so my senseisthething that makesit work isthis catayst.

KNOWLES: Catayst, yesh.

GRAY SON: And the synthesis of the catalyst is the rate limiting step in the process.
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KNOWLES: Oh yes, that's the limiting step, and you don’'t do it lightly. But if the lab supply

houses haveit for purchase, you buy it; sureit costs you $100.00, but that isn't much. Y ou only
need alittle bit, like a hundredth of a gram -- most labs perhaps use about 2,000 to one. That is

typical, but you can go lower than that. These things are active asdl hell -- and you can put the
metal in yourself or maybe even buy them with the metal, but we actualy made a complex with
rhodiuminit.

GRAY SON: So now while we' re mentioning the metal, | was gonna come back to that. The
metal is an important part of the package.

KNOWLES: Yes, it'scomplex with the phosphine.

GRAY SON: Sothisisthe complex of the meta with the phosphine that makesit work.

KNOWLES: Yeah, that'sright.

GRAY SON: And then you have to make sure that the substituents on the phosphine are the
correct ones.

KNOWLES: Correct structure.

GRAY SON: For your particular synthetic problem.

KNOWLES: And most amino acids, it’sgeneral. It doesn’t seem to make much difference.
Roche went through an awful lot of amino acids, known and unknown, 20 to 30, and they al came
out about the same, so the side group doesn’t seem to make much difference. Y ou start with the
dehydroamino acid, and it comes out the same, so you do get alot of successful results with agiven
structure, even though you don’'t necessarily predict that you would. Enzymes don’t do this.
There'san enzyme for everything, practically. But these do have quite abit of versatility;

BINAPH does an awful lot of things with ruthenium.

GRAY SON: So now the metal isalso part of the picture, though.

KNOWLES: Yes. Oh, themetd is....it won't work without the metal. If a phosphine complex is
with the metal in it, then that’ s your catalyst.
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GRAY SON: Okay, but the metal, are you talking about ruthenium, or are there other metals?

KNOWLES: And iridium, and rhodium, yeah.

GRAY SON: So arethey rare earths?

KNOWLES: They're noble metals.

GRAYSON: Noble metals.

KNOWLES: Platinum. Platinum’'samong them, palladium, and al of these are being used today
for various kinds of reactions.

GRAY SON: Soit'sthe metal complex with the phosphine, with substituted phosphine that makes
it go.

KNOWLES: Tha'sright.

GRAY SON: Okay, but the metal isimportant. The selection of the meta isaso criticdl.

KNOWLES: Yes, well rhodium iswhere everyone gets started, but ruthenium is harder, because
your compounds don’t make as easily, but it seems to be more versatile. Rhodium’s been used.
Rhodiums are very dear. It's more dear than platinum and palladium, but you use so damn little.
That’ sthething. But | think the biggest use of the technology isthe labor saving device in the
laboratory, other than commercialy, becauseit isalabor saving device, and you can make all these
chira molecules without thinking twice. | can make that happen tomorrow. If | bother, maybe it
will give me some good or it may not. That’s where Noyori made his gain, he had faith to make
the BINAPH. We wrote BINAPH on paper. It'stoo damn hard to make --compared to the things
wemade. Itis. Much harder to make than what we made. And we didn’t think it would be that
much better, and it isn’t with rhodium. 1t's good with rhodium, but it’s uggish, but with
ruthenium, it’s a different story.

GRAY SON: So do we really know exactly how these things work?
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KNOWLES: Isn't that interesting? Y es, there'salot of speculation on the thing, but when you
really get down to it, we don’t know how any chemical reaction workstoo well. Y ou know whét |
mean? We have pictures and models, and they’ re great, useful, but they al have limitations and
I’m not surethat we do know. 1've speculated and every time | come up with atheory....that's
another story because Halpern would aso consult with us on our mechanistic study, and he did
quitealot of studiesin the mechanism and added quite alot to it. Jack Halpern, he's a University
of Chicago. He'still there. He' s perennid in that respect, but he immediately took up work on
the mechanism, and he did elucidate it quite a bit where the chiral thing was taking place and so
forth, but the exact structure of the trangition statein my opinion remains elusive. |I'm wondering
how many transition states in chemistry do we know exactly, because when we get down to
making forma pictures, that isn’t what moleculeslook like probably.

GRAY SON: Right, you'd like to think of them inthoseterms. . .

KNOWLES: Wethink of theminterms of the models we draw, but they’ re not that way, and the

thing is that we' re talking such tiny energy differences even to get 90% yield. | always pointed out
in lecturesthat you can get 90% yield, which is consdered good. But that isonly two kilocalories

difference between the two possible chiral forms, and hell, that’ s arotation barrier in ethane.

GRAY SON: Wow.

KNOWLES: Yeah, put that out in arotation barrier in ethane, so it’ sterribly subtle.

GRAYSON: Yes.

KNOWLES: We had the ortho anisyl group. We never made a good thing without it, and no one
else has ever found it did any good. | don’t think asingle venture since then has ever exploited the
ortho anisyl group.

GRAY SON: So when you findly got around to making L-Dopa, did Monsanto essentially have
the corner on that market for awhile?

KNOWLES: Yes. They had the corner on that market for ten, fifteen years, and thisis another
thing to amuse you about corporations. Onetime, an engineer, | think his name was Duggan
maybe, was going to meet with me. | think it was about 1978 or ’ 79, and he said, “Well, I’'m going
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to belate for your meeting this morning,” and | said, “Well, I'm sorry. | hope you'll bethere,” and
he said, “Actually we're having a celebration in the L-Dopa department for our millionth pound.” |
guess | (Knowles) didn’t get invited [laughter]. Isn’t that funny though?

GRAYSON: Yeah.

KNOWLES: Just the way the corporation are. They wouldn’t have thought of asking the
inventors to come down and have a coffee and adonut.

GRAY SON: Yeah, they probably didn’t know who was responsible for that.

KNOWLES: They never redlized they were doing afirst for asynthesis. Now maybethat’s
because | didn’t publicizeit hard enough, but they didn’t redlize that wasthe world’ s firgt.

GRAY SON: But then dso, the fact that it was applied to a compound that was important to treat a
disease state made it worthy of the prize.

KNOWLES: Tha'sright. Thischiral thingisbasic to the origin of life and the life sciences, and |
think if this had been an improvement for away to make nylon, they (Swedish Academy) wouldn’t
have been very interested. They’' d recognize Ziegler-Natta but they were in universities. See what
I mean? That's control of polymerization. Monsanto had a new way of making nylon with
electrochemistry but they (Swedish Academy) would never have recognized that. Commercialy
for them (Monsanto), it was much more important, but this had a connection with life sciences |
think, and there' s no question that the Swedish Academy was attracted by the rapid
commercialization. See, 50 gallons would be commercia for them and that’s only six months after
we got CAMP. | didn’t even think of CAMP as adiscovery until | wrote up the Nobel lecture, and
then | said, “Waell, that’ s the discovery,” and then DIPAP which we called the next one which gave
better yidds. Just pull CAMP out and put DiPAMP in, and it turned out to be easier to make a so.
That | thought was areal basic discovery, but it really wasn’t when you look at it. It wasthefirst
breakthrough was CAMP. Everybody nicknames their phosphines, and they all got nicknames,
and there’ s awhole bunch of them out there now. But even academia quit devel oping phosphines
after the'70s. There werefive or six people, and we went to meetings, and they all had phosphines
that worked well, but nothing further than what we had, just the same, and Kagan tried to exploit it.
He didn’t make many other catalysts, so he just exploited his DIOP on al kinds of structures, and
he wasfairly versatile, but not anything like what Noyori came up with.
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GRAYSON: Sothe Nobel committee, they dways very succinctly make a statement about what
you' re getting the prize for, and so they said it wasfor their work on chirally catalyzed
hydrogenation reactions.

KNOWLES: Yes

GRAYSON: Isthat an accurate....

KNOWLES: Tha'sright. See, that’swhat it was. Wedidn't invent aprocess. Weinvented a
chira hydrogenation which would be applied to L-dopa. Y eah, that’ sright.

GRAYSON: Okay.

KNOWLES: And somebody wanted to set the history records straight and presumably that was
Corey, | don’t know.

GRAY SON: You have no ideawhat happened?

KNOWLES: I'm not sure because of this anomaly with Per Ahlberg. When | was over there, he
said, “You're not waiting for that reprint!” But he said it was decided way before, so I’'m just not
aware of the details. He said in 50 yearsthey’ll open up the files and let you know, but that’s not
very good! They keep it quiet; but | notice that nearly every prize; somebody’ s left out. Most of
the chemical arejoint prizes. There are afew that aren’t, but usually the onesthat aren’t joint are
something that’ s been developed over along course, like E. J. Corey, of productivity in an area.
He' s an expert, but he probably hadn’t invented alot.

GRAY SON: Soisthere adownsideto thisprize thing?

KNOWLES: I don't know. | guesstheworst partisif the guy that getsleft out. It certainly gets
more acclaim, maybe more than it’ sworth, because of itshistory. I’veread fairly extensively on
the history of the prize, and that was the first time anything like that had been done. They got afew
from the French chemical society, but it was barely more than a pat on the back. Thiswasthefirst
time that anybody had contemplated thiskind of athing. It realy took alot of doing to get it set up,
and it couldn’t be done by a big country. It was better done by a small country.
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GRAY SON: And so al the proceeds of that come from this money that Nobel invested.

KNOWLES: Andthey revery cautiouswith that. 1 don’t know wherethat’sinvested. They'l|

tell you, but they never spend more than their income, so the prize has varied alot. They first had it
in such conservative investments that it wasn't very much. But most of it started to go into stocks.

| don’t think they divulge their portfolio to anybody.

GRAY SON: I'm pretty sure they don’t.

KNOWLES: No, but they’re very internationa, I’m sure.

GRAY SON: I’'m not sure I’d wanna be the guy who manages that portfolio either [laughter].

KNOWLES: And they throw such agallant ceremony too. Nobody equals the ceremony. It's
really quite gallant, and they usually have the king and queen, and they do the whol e thing up right.

GRAY SON: So how long were you in Stockholm?

KNOWLES: A week over there. Your timeisfull. You get treated likea VIP, ....acar, and a
driver, and an adjutant.

GRAY SON: Ohwow.

KNOWLES: Yeah, and hetakesyou. Hejust says, “At 9:30 I'll meet you tomorrow morning,
and here’ s the schedule, and just go.” Y ou don’'t have to do anything but be there in the morning.
We went out once on our own to arestaurant in Stockholm thisone night. They had alot of
interesting luncheons, it was a high tax area, so they love expense account luncheons. They had a
lot of luncheons around town and they werefine. 1 liked the luncheons better than the big, formal
affairs, but alot of people didn’'t attend alot of the luncheons. | attended the luncheons and
enjoyed them immensely.

GRAY SON: So I’'mjust looking here, because I'm sensitive to the industrial chemist kind of
situation. | looked at the organizationsthat you worked for. In 1968, it was Organic Chemicals
Divison. In 1972, it was Monsanto Industrial Chemicas. Samein’75, thenin’77 it wasjust
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Monsanto Company. In’81, it was Corporate Research Laboratories, and then 83 it was
Monsanto Agricultural Research Division.

KNOWLES: Yeah. A lot of that’sthe same thing.

GRAYSON: Sure.

KNOWLES: The Organic Divison, Monsanto dividesitsef in variousways. The origina way
they had an organic division, and an inorganic division, and a plastics division.

GRAYSON: Okay.

KNOWLES: And that was probably as good away as they could get, but every oncein awhile
they have a period of troubles. They change the organizations. For instance, the Ag(ricultural)
Divisions came our of the Organic Division, and Ag became big with the herbicides. | spent my
final yearsin the Ag. Division doing whatever | really wanted to do. | didn’t get very far on it, but
| had afew things going.

GRAY SON: So then Monsanto eventua ly disappeared into this buyout thing.

KNOWLES: Into Pharmacia, and then into Pfizer, and Pfizer didn’t want the Ag. Division, so
that’s what split off into present Monsanto.

GRAY SON: Sothey splitit off and they just call themselves Monsanto.

KNOWLES: But the culture’s pretty much the same. The corporations al have their own culture,
and the culture is very much the same. The big feature of the cultureis no nepotism. | bet there’s
nothing written on paper, but there is no nepotism. Y ou never have the boss's or department

head’ s son working for you. Y ou never do, and they adhere to that even though it’s one of those
unwritten rules. It's part of their culture. Queeny’s son wasthe only one. It stuck, and so if they
said they wanted to go into chemistry, they’ d go somewhere else. Now on the union level they
didn’t care, but on the technical level, they’ ve adhered to that. I’ ve had friends at Malinckrodt and
it'sterribleif you have one of the Mallinckrodt kidsin your lab. He comesin at 10:00, runs afew
experiments, and leaves for agolf date or something. Y ou know what | mean? It’sterrible, but
that’ s exactly what the Mallinckrodt kids did. |1 play bridge with a Mallinckrodt group, and that’s
one thing that | can see from afew Monsanto meetingsthat | go to occasiondly. Otherwise, the
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culture' s pretty much the same, even though they’re in adifferent field. They do sell one chemical,
Round Up, and afew herbicides, but mostly it's modified seeds.

GRAY SON: Yeah, they're getting into thiskind of ...

KNOWLES: Genetically modified seedsis’stheir business, and they’ re beginning to make some
go of it.

GRAY SON: Sol know that’s getting to be apretty big area. | heard a duPont person overview
their research atalk. They’re heading into this area of genetic modification of thingsto try and
improve the crop yieldsand so on. That’s what the Ag. Division, or Monsanto, which used to be
the old Agricultura Division, that’swhat they' re up to now, The name liveson in the samefield.
So, | guesswe' Il kind of wrap thingsup. | was wondering if you had any parting words of wisdom
-- philosophica thoughts.

KNOWLES: Parting words of wisdom, | dways think that industry doesn’t do enough of what |
call undirected research, exploratory research, and everything istoo budgeted. You don't really get
any breakthroughs. Asl say, ‘Round Up’ came out of non-budgeted research, and so did most of
the significant discoveries. The electrochemical discoveriesto make hexamethylene diamine down
in Pensacola came out of -- well, it was alittle budgeted, but alittle more open ended. You put a
guy on it, but you don’'t tell him what the hell to do. He was goal oriented in that case, but | even
think don’t have it goal oriented. Let the research set the goals -- but | don’t think we do enough of
that. Wecan't doit al that way, and everybody admitsthat. All these big government programs,
they’ re not gonna get any breskthroughs from them at al, because they don’'t have enough of
totally undirected research. All you can do isto take a man and bet on him. That'sall you can do
and sometimes you' re gonna bet wrong. We' ve had them at Monsanto. It didn’t cost much to do
thiskind of research. Thefirst part of it didn’t cost much. To commerciaize costs more money,
but theinitial part doesn’t cost much. | don’t know what you do on huge, big things like the
Department of Energy does, but | suspect that these huge plants for clean burning of coal will
amount to nothing. | don’t know that, but | suspect that.

GRAY SON: Youdon't do research that way.

KNOWLES: Thebasicinventions haven't been made and onethat | still worry about isthe
battery car. Thereally good battery hasn’t been made yet, and | don’'t know that it's gonna be
made by these peoplein an evolutionary study. They’ ve improved batteriesalot. God, your lead
battery acid now, you can go for years and you don’t have to buy anew one. But they don’t carry
much more energy than they ever did per unit weight. The lithium ones are better, but it’s very
obvious thing that we need a breakthrough invention; but | don’t think it's gonna come from the
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battery people. | don’'t know who it’s gonna come from. The same holds for these pharmaceutical
cures; it may not come by directly looking for a cure for cancer or acure for thisor that disease. It
may come from sometotally indirect thing. Monsanto hoped L-dopa would come up with some
real uses. Theonly onel can think of, it did cure some kind of very rare breast cancer. It wasvery
good for that. |1 read about it once, but it was half a dozen cases ayear in the country or something
like that. When you get a pharmaceutical like that going, then everybody studiesit for everything
else, and it’'sapretty good dedl. Isit worthwhileto benchit? There'sapretty good chance
somebody will find some other areawhereit is very effective, and thisis happening al thetime. |
think that was one of the motivations to keep them (Monsanto) in (L-dopa) for afew years. If this
happened, and everything busted open, then they’ d also move vanillin; which meant that
production costs would then be cheaper, because they could operate at capacity rather than 70% or
80% of capacity, and that kept them going. But now they sold those to an entirely different
company. That’'sthe main message | can give you isthat we have to find waysto do that. Now in
asense, | credit Costas Anagnostopoul os (Research Director) for finding away to do that in an
industria lab -- using a training function with a senior man, because in ayear with asenior man, he
learnstheropesalittle bit. Then people can go on to something el se where they are better ableto
fitin. That'sthe main thing, but | haven't got the complete solution and | don’t think anyone has,
but it’ sthe old story, this government supported research is pretty well directed.

GRAYSON: Yeah.

KNOWLES: You think this (selective hydrogenation) would have been supported [laughter]? |
suspect it would not have been. People had done asymmetric synthesis where you have a chira
agent. 1n some cases you got some fairly good results, but you usually used a chiral reagent rather
than acatayst. They’ve been doing thisfor ahundred years, since Pasteur opened up the field, but
they weren’t getting much product -- and the catal ytic process was getting nowhere. The only
thing that Akabori work was purely empirica Still, they improved their results, but they never did
get anywhere putting some kind of a chira agent on a heterogeneous catalyst. They tried
everything, and put alot of manpower into it. What | don’t know iswhat motivated Wilkinson to
even take his coordination compound and seeif it wasa catayst. |1 don't know what made him do
that and | never did find out. | sat with him at adinner but | didn’t ask that question outright. |
don’t realy know what motivated him to do it, ‘ cause he wasn't looking for a catalyst; he was
looking for unique coordination compounds. Ferrocene was his baby, and he collaborated with
Woodward on the structure of ferrocene. He was making oddball coordination compounds of al
kinds. He may have thought of this as a catalyst. But there weren’t any good homogeneous
catalysts before that. There were homogeneous catalysts, but not any huge successes.

GRAY SON: So | wasjust thinking about this when you were talking about Monsanto a bit. Isn't
Solutia the old Monsanto.

KNOWLES: Solutiaistheold part of Monsanto, yes.
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GRAY SON: Okay and they’ ve had their difficulties.

KNOWLES: They' ve had their difficulties, that’ s right, and it’s not their own making either,
much of it. Much of itison pollution by their forebears.

GRAYSON: Right.

KNOWLES: They got out of the chlorinated biphenylswhich isthe culprit. Certainly haven't
made any since 1970. We were using quitealot....they were used as plasticizers at onetime. But
they are just too durable for the environment. | don’'t think many people have died because of them,
or anybody. But it polluted a bit where they made them, Anniston, and they’ re being clobbered for
this. It'slikethe sins of the fathers are being visited on their sons. It'sdl biblica, redly it is.

They haven’t done anything (producing chlorinated biphenyls) since 1970 that would be bad. But
they probably did something before; but before, they were probably always playing by the rules.
The rulesweren’t there then. That’ s the problem. And who isto bear those expenses? | don’t
know. They'd liketo find somebody to bear the cost. Thisisthe only way Solutia has to protect
themselves from paying it off, and it’s probably hurt some peopl€e' sreal estate, and so forth. | don’t
know, but | don’t really think it’s quite just to forever hold a guy responsible. There should be
some statutes of limitations. There are on everything el se except murder, isn't there? And there
should be a statute of limitations for Solutia. Love Candl is pretty much the same way, I'm afraid.
Maybe we have to collectively put together something to cleanit up if that’swhat’ s required.

GRAY SON: Yeah, it does seem to be unfair.

KNOWLES: We had Times Beach. That was the most ridiculous one, because there was anice
place with low cost housing for a number of people. They put the stuff on the road, and if they
hadn’t paved it over, it would' ve probably dispersed into the environment with the wind and the
rain.

GRAY SON: There was the dioxin thing, wasn't it?

KNOWLES: Yeah, dioxin, and dioxin hasn't killed anybody. | went to alecture Eschenmoser
gave on that and he said, “Dioxin hasn't killed anybody. Well, one person. One person was killed.
Hewas shot at ademondtrationin Italy,” Remember they had that blow off of dioxin at Sevesoin
Italy? Now, there are bad things. We had that terrible thing in Bhopal in India. So you can't say
the chemical industry is completely scot-free of everything. But | feel dioxinisn’t one of the
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serious problems. It’s associated with aside project | wason. We were making herbicide estersin
our lab, 2,4,5T, that sort of thing. We were making estersto seeif they could improve the
formulations. Y ou could make al kinds of esters. We were doing that in our lab. Quentin
Thompson and |, we had alab full of those damn things, and there’ sdioxin. We didn’t know about
dioxin. That wasthein mid ‘50s. We didn’t know dioxin existed then. It hadn’t been discovered,
so | know we had ppms in al those samples we were playing with. Quentin had the most and he's
thriving. And benzene isanother one. God, they’re scared the hell of benzene. We were saturated
withit. God, we used benzene. We extracted vanillin out of the reaction mixture with benzene. It
was agood solvent. Hydrocarbons weren’t good enough. Y ou needed a more powerful solvent,
and we extracted it with benzene. We used lots of benzene, and they didn’t pay much attention to
it. I don’'t know how many problemsthey’ve had. | never heard of anything unusual. | shouldn’t
be around anyhow!

GRAY SON: A lot of chemists are long-lived, and they work with these bad chemicals.

KNOWLES: I don't think there' s any evidence that chemists have shorter lives than any other
people.

GRAY SON: No, I’d say some of them, | think, are longer-lived.

KNOWLES: Well, afew. But | don't think there' s any statistical evidence that they are short-
lived. I’ve had afriend that died of lung cancer. He didn’t smoke and he worked with methyl
iodidealot. They had an acetic acid process that used arhodium iodide as a catalyst, and he
worked out the mechanism, and so he was using large quantities in the acetic acid process.
Presumably that was the cause of hislung cancer, because methyl iodide is -- and methylating
agents are -- carcinogens, but he never pursued the issue much. He did die of lung cancer, and at

an untimely age. | don’t really know if for sure that was it, but it’s hard when it’s 15, 20 years | ater.
It happens.

GRAY SON: | was actually getting an article out of ....I think it was Nature, to send to my son,
and it just so happened that they had alink on this with this World Innovation Foundation, which is
right up here, and | noticed your name there, William Knowles, and | was wondering if you were
aware of the fact that you’ re involved with this organization or not?

KNOWLES: Seriousfoundation. Maybe | signed something. Oh, WIF. Yeah, | signed
something.

GRAY SON: World Innovation Foundation.
128



KNOWLES: | haven't done much with WIF.

GRAY SON: WEell, apparently you're on the Board of Directors.

KNOWLES: I’'m not too familiar with WIF, but | remember signing somethings. They'retrying
to get cleaner chemistry and so forth, and dow globa warming; things that are dear to my heart.
They’reusing my name. | don’t know if it'sinvain or not.

GRAYSON: Yeah, wdl, who knows? | don’t know.

KNOWLES: What isit?

GRAY SON: It'sthekind of thing that Nobel laureates are subject to.

KNOWLES: | know. You get quitealot of unusual things. | got one from the Chinese press up
in Bejing or Shanghai saying, “ China has no homegrown Nobel laureates.” and what would | do
about this? That’sadifficult question to answer.

GRAY SON: It sounds like that businessthat Hargittai wrote about in The Road to Sockholm.

KNOWLES: Yesh.

GRAY SON: Thefact that there’s abunch of mostly European American ( Nobdlists), and there’s
not many from the Asian countries, so it sounds like they’re trying to pick up on that.

KNOWLES: | know. Well, there' s plenty of non-homegrown Chinese. There's quite afew, but
there’ s no homegrown, and there’ s been very few Japanese homegrown. There was agroup in the
late * 90s on conducting polymers, and | think that was a Japanese group. Therewas alot of
pressure on Noyori (‘s nomination for the prize), | think. 1 don’t know athing about it, but |

suspect there was nationd pressure.  In Kagan's case, he didn’t mind, but the French were very
mad. They wrote some scathing articles to the Swedish Academy about this. 1t was partly justified.
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GRAYSON: Yeah, | think it'sasimilar thing with this Koichi Tanakafellow on the MALDI that |
told you about. Most people in thefield think that it should have gone to Hillenkamp and Karasin
Germany, the people who were actualy doing it. But Tanakagot it, so | know what you' re saying.

KNOWLES: I know. | havethisbook, The Palitics of Excellence, and | read that. Somebody
sent that to me.

GRAYSON: | haven't read that book.

KNOWLES: Wadll, it’snot avery easy, readable book, but it goesinto the physics, and it doesn’t
bother with medicine, just the physics and the chemistry prizes.

GRAYSON: Okay.

KNOWLES: And it had awhole chapter on Einstein, ‘ cause that was very controversial, and you
remember the Swedish chemist Arrhenius.

GRAYSON: Sure.

KNOWLES: Hewasthefirst to follow global warming. He'sthe first one that made calculations
in that direction, and he'sa great chemist, and he got the Nobel Prize. He was head of the
committee for years, 20 years maybe, and he blackballed Mendeleev, because there were no noble
gases on his periodic table. Ramsey, | think came up with the noble gases, and therefore made it
complete. But because Mendeleev made some scathing remarks about one of his ( Arrhenius’ )
papers Arrhenius blackballed him. [laughter]. That came out in thisbook. And then the Madame
Curie thing was fascinating too, of course.

GRAY SON: Yeah, what's the name of thisbook? The Poalitics of Excellence? Maybel’ll get it.

KNOWLES: I've got acopy if you want it.

GRAYSON: I'dlovetoread it.

130



KNOWLES: I'vegot acopy right here. Y ou don’t need to return it very quickly, because | don’'t
think I'll read it again for along time. It's about the first 50 years of the prize, and it’s from the
files.

GRAY SON: That’s gotta be exciting.

KNOWLES: Thebook spendsalot of time on the politics of it, but there are redly quite alot of
thingsinit, and it’ sinteresting thing to read about what went on. The Nobel Prize has become
famous, and it has quite ahistory, but there was a political consideration every time, not just once.

GRAYSON: Oh wow.

KNOWLES: Every time, there have been some political considerations, and | guess each year,
they release another file from another year. The second 50 yearswill be awhile. Fritz Haber, of
course, was very controversial. He came up with poison gases, but he did ammonia synthesis, and
so0 hegot it for that. But Madame Curie of course was up and down, and she was one that certainly
wasn't recognized in France, until shefinally got the prize, and they said, “We do have this person
right in our own ranks?“ But they never admitted her to the French Chemical Society.

GRAYSON: Wédll, there'sawoman who does....astory-smith on Madame Curie, and the St
Louis Section of the American Chemical Society had her do a performance in Southern Illinois
University, Edwardsville about ayear or so ago, and it’sjust fascinating because she basicaly acts
out thefirst two phases of her life. She does the accent, and she'sgot al the props and, shereally
dramatizes this woman' s difficulties. Y ou think of aNobel Prize winning chemist in France as
being born with asilver spoon in her mouth, when in fact, she had a difficult, very difficult time,
just to get educated. So her performance brought that out; life was not so smple for these people.

KNOWLES: Wadll, I'veredly had acushy problem with education. Perhaps my biggest problems
were the divergence of other things [laughter]. In other words, there was no culture of sciencein
my family whatsoever, and there was a strong culture of business, avery strong culture of business,
S0 it was expected I'd go and be atypical business executive. And alot of Ph.D. chemists, do that,
but I don’t think | was particularly well cut out for it. However, if you just look at the sdary, you
get more that way.

GRAY SON: Oh sure, you definitely make more money.

KNOWLES: And | don't know why it sthat way.
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GRAY SON: Weéll, we don’t want to get off on that subject; why those guys get paid so much
money.

KNOWLES: No, | know that, yeah.

GRAY SON: Your siblings, what do they think of your accomplishment?

KNOWLES: Itwasaconsiderableair of surprise, surprise on the whole thing.

GRAY SON: What did you do, cal up your brother and say, “Guesswhat? | won aNobe Prizein
chemistry.”

KNOWLES: Yeah, well there were people coming to the house al day about that.

GRAYSON: | bet.

KNOWLES: Yeah, and the press comes, ....it'sfairly exhilarating to start with.

GRAYSON: Ohsure.

KNOWLES: A month and ahalf isnot your own. There's no other prize that would claim that
much of you. The others, it's usualy a dinner and speeches.

GRAYSON: Sure. Well, let me get a couple of pictures, unless you have any other thoughts that
you want to record.

KNOWLES: Not at al.

GRAY SON: Thenwe'll go ahead and put thisto bed.
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[END OF AUDIO, FILE 1.4]

[END OF INTERVIEW]
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