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Professor Kyosuke Tsuda was born on February 10, 1907, in Kiirun, Taiwan, as 

the fourth and youngest child of Mr. Sosuke Tsuda, who was an official of the 

Government-General of Taiwan and engaged at that time in the harbor constructlo" 

of Kiirun. After four years at a five-year middle school in Talhoku, he entered 

the Department of Science, Urawa High School in 1923. It was in Aprll, 1926, 

that he became a student at the Pharmaceutical Institute, Medical Faculty, Tokyo 

Imperial University. There he conducted his graduation experiments (Synthesis 

of Quinaldlc Acld from Quinaldine and Reductive Debenzylatlon of Vanllin Benzyl 

Ether) under the guidance of Professor Heizaburo Kondo, marking the first step in 

his research career which lasted for well over 40 years. 

PPO~BSSOP Kondo was an authority on the studyes on alkaloids. Before and 

even after he became the second Head of the Laboratory of Pharmaceutical 

Chemistry in 1917 to succeed Professor Nagayashi Nagai, founder of modern 

pharmacy in Japan, he concurrently held a- mllltary post in pharmacy and remained 

in active service untll he rose to the highest rank in the field, Army Medicine 

Major-General in 1926. 

Professor Kondo was most considerate in training his students at experiments 

and eager in helping them to develop their own individualities. Blessed with 

such an excellent mentor, Professor Tsuda studied hard and at the same time gave 

himself to the sports which he began to love during his high school days - 

swimmlng and skling. The laboratory at all times presented an "impressive" 

Scene as his swimming wear was kept spread and dried over an experimental stand 

and his skiing kits he used for wax testing were left leaned agalnst the wall. 

But hls boss was definitely tolerant and spoke no words of complaint against his 



conduc t .  Wlth freedom of a c t l o n  t h u s  g r a n t e d  he t r u l y  en joyed  h i s  y o u t h f u l  l i f e  

i n  t h e  l a b o r a t o r y .  I n  March, 1929,  he g r a d u a t e d  from t h e  Pha rmaceu t i ca l  

I n s t i t u t e ,  Medical  F a c u l t y ,  Tokyo I m p e r i a l  U n i v e r s i t y .  Then he  was a s s i g n e d  t o  

t h e  u n i v e r s i t y ' s  Labora tory  o f  Pha rmaceu t i ca l  Chemistry, f i r s t  as r e s e a r c h  f e l l o w  

and subsequen t ly  a s  a s s i s t a n t ,  and a s s i s t a n t  p r o f e s s o r .  He s t a y e d  t h e r e  j u s t  

u n t i l  he was t r a n s f e r r e d  i n  A p r i l ,  1951,  t o  U n i v e r s i t y  o f  Kyushu a s  P r o f e s s o r  o f  

PhaPmaceut ica l  Chemis t ry  a t  t h e  Pha rmaceu t i ca l  I n s t i t u t e ,  Medical  F a c u l t y .  

AS r e s e a r c h  f e l l o w  he t ook  ove r  " S t u d i e s  on t h e  S t r u c t u r e  o f  'Ku j in  

(SOPHORAE R A D I X ) '  A l k a l o i d  M a t r i n e , "  w i t h  which bo th  P r o f e s s o r  Nagai and P ro fe s -  

s o r  Kondo had l a b o r e d  f o r  y e a r s ,  a s  t h e  t a s k  s u b j e c t  f o r  t h e  Labora to ry  o f  

Pha rmaceu t i ca l  Chemis t ry .  I n  l aunch ing  h i s  r e s e a r c h ,  he  was f o r t u n a t e  enough t o  

r e c e i v e  a  "man-to-man" t r a i n i n g  from P r o f e s s o r  E i j i  O c h i a i ,  who was a s s i s t a n t  a t  

t h a t  t ime and l a t e r  became t h e  t h i r d  Head o f  t h e  Labbra to ry  of Pha rmaceu t i ca l  

Chemisti-y, on e x t r a c t i o n  o f  m a t r i n e  and up t o  p r e p a r a t i o n s  o f  d e r i v a t i v e s .  What 

was t h e n  d e s c r i b e d  a s  t h e  r e a l l y  i n t e n s i v e  t r a i n i n g  c o n t i n u e d  f o r  more t h a n  h a l f  

a y e a r  u n t i l  t h e  t r a i n e r  l e f t  t o  s t u d y  under  P r o f e s s o r  Hermann S t a u d i n g e r  a t  

U n i v e r s i t y  o f  F r e l b u r g .  T h i s  p e r s o n a l  t r a i n i n g  meant t h e  b i r t h  o f  t h e  famous 

Ochiai-Tsuda p a r t n e r s h i p  which,  d u r i n g  a  p e r i o d  of n e a r l y  h a l f  a  c e n t u r y ,  

produced o u t s t a n d i n g  ach i evemen t s ,  t h e r e b y  c o n t r i b u t i n g  t remendous ly  t o  t h e  p r ag -  

ress i n  pha rmaceu t i ca l  s c i e n c e s  i n  J apan .  I n  t h e  f i r s t  such f e a t ,  t h e  two 

worked t o g e t h e r  t o  p a p u l a r l z e  i n  Japan  t e c h n i q u e s  o f  e l e m e n t a l  m i c r o a n a l y s i s ,  

which P r o f e s s o r  Och ia i  i n t r o d u c e d  from Europe - an immeasurable c o n t r i b u t i o n  t o  

t h e  advancement o f  o r g a n i c  and pha rmaceu t i ca l  c h e m i s t r y  i n  J apan .  

I n  t h e  meantime,  t h e  pending  s t u d y  on t h e  s t r u c t u r e  of m a t r i n e  c o n t i n u e d  t o  

e x a c t  e f f o r t  and p a t i e n c e  from him u n t i l  1936,  when he  succeeded  i n  t h e  

e l u c i d a t i o n  o f  i t s  p l a n e  s t r u c t u r e ,  a  key achievement which l e d  t o  h i s  d o c t o r a t e  

t h e s i s .  A f t e r  a  15-year  i n t e r r u p t i o n ,  he  ex t ended  t h i s  work t o  consummation, 

f o r  which he was awarded t h e  1957 P r i z e  o f  Pha rmaceu t i ca l  S o c i e t y  o f  Japan  and 

t h e  1966 Japan  Academy P r i z e .  The work w i l l  be o u t l i n e d  l a t e r .  

I n  1937,  P r o f e s s o r  Tsuda began t o  unde r t ake  a  s t u d y  o f  s ayasapagen ins .  He 

s e p a r a t e d  t h e  f o u r  s p e c i e s ,  soyasapogenol  A ,  B, C, and D by means o f  a lumina  

column chromatography,  which was unique  f o r  t h o s e  days .  Then t h rough  t h e  
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dehydrogenation of soyasapagenol B by selenium, he confirmed that this substance 

is pentacyclic triterpene. This result was later supported by Professor Leopald 

Ruzicka's group in ETH wlth additional experiments to prove the structure. The 

scholarly relationship thus developed led to Professor Tsuda's postwar visit to 

ETH for study in 1954. 

Professor Kondo left the Laboratory of Pharmaceutical Chemistry, Tokyo 

Imperial University, in March, 1938 for retirement, succeeded by Professor 

Ochiai. At the same time Professor Tsuda was promoted to assistant professor. 

Then he began work on experimental chemotherapeutica at the laboratory of 

Professor Shuji Hasegawa in the Institute for Infectious Diseases, Tokyo Imperial 

University. This meant exceptionally heavy pressure of work for him - 
conducting experiments on organic syntheses and on animals at both places, the 

Pharmaceutical Institute and the Institute for Infectious Diseases. Professor 

Tsuda reminiscently says that it was the period when he worked the hardest in his 

life. The work on the chemotherapeutica remalned the principal theme far him 

until the end of World War 11. Despite many adverse factors hindering his 

research, he published a number of reports on chemotherapeutica, mainly sulfon- 

amide group. 

As shock and chaos gripped Japan as a result of its defeat in the Pacific 

War, Professor Tsuda remained undaunted as a scientist. At that time he was 

conducting a basic study on aliphatic mine for' the purpose of developing 

medicinal resources. In 1949, he embarked on a key pending task of the 

Laboratory of Pharmaceutical Chemistry, "Studies on the Toxin in Pufferflsh," 

which is the most famlliar natural toxin for the Japanese people, with the full 

backing of Sankyo Co., Ltd. 

In 1951, he was appointed Professor of University of Kyushu, where he did 

much to establish the Pharmaceut~cal Institute at the Medical Faculty. This 

Institute was staffed largely by those who were transferred from University of 

Tokyo. They included Assistant Professor I. Iwai, Assistants B. Umezawa, E. 

Ohki and S. Saeki, and post-graduate students, S. Tamura and N. Ikekawa, who 

joined Professor Tsuda's team. Thus the Laboratory of Pharmaceutical Chemistry 

became operative with a total staff of about 20 including 10 undergraduate 



s t u d e n t s  from Unive r s i ty  of Kyushu. They began s t u d i e s  i n  such f l e l d s  a s  

synthesis o f  matr ine  and chemis t ry  of s t e r o i d s ,  c o a l  t a r  bases  and a l a n t o l a c t o n e .  

The team immediately became one o f  the  most a c t i v e  l a b o r a t o r i e s  i n  Unive r s i ty  o f  

Kyushu, which was now r e f r e s h e d  wi th  a  new academic f e a t u r e  i n  t h e  chemis t ry  of 

n a t u r a l  p roduc t s .  I n  epoch-making exper iments ,  f o r  i n s t a n c e ,  t e t r o d o t a x i n  was 

p u r i f i e d  a s  c r y s t a l  i n  1952, and i n  1954 nordehydrola-matrinidine was syn thes iz -  

e d ,  which opened t h e  way f o r  subsequent t o t a l  s y n t h e s i s  of ma t r ine .  

I n  March, 1954, he v i s i t e d  Swi tze r l and  f o r  s tudy  a t  t h e  Laboratory o f  

P ro fesso r  Leopold Ruzicka of E T H .  There he worked on s t e r o i d a l  a l k a l o i d  wi th  

P r o f e s s o r  Oskar J e g e r  u n t i l  October o f  t h e  same y e a r ,  when he r e tu rned  wi th  a  

major impetus - t h e  m t r a d u c t i o n  o f  new microtechniques  i n  o rgan ic  chemis t ry .  

I n  August, 1955, P ro fesso r  Tsuda was appointed  P ro fesso r  o f  t h e  I n s t i t u t e  o f  

Applied Microbiology, Un ive r s i ty  of Tokyo, a t  t h e  s t r o n g  d e s i r e  o f  t h e  head of 

t h e  I n s t i t u t e ,  P r o f e s s o r  Kin- ichi ro  Sakaguchi,  a  g r e a t  a u t h o r i t y  on f e rmen ta t ion  

sc i ence .  H e ,  he lped e f f e c t i v e l y  by D r s  S. Okuda, E .  Ohki, N .  Ikekawa, and 

o t h e r s ,  e s t a b l i s h e d  t h e  Div i s ion  o f  Chemistry w i t h i n  t h e  I n s t i t u t e .  The 

l a b o r a t o r y ,  p a t t e r n e d  i n  des ign  a f t e r  t h a t  of o rgan ic  chemis t ry  i n  ETH, was t h e  

most s o p h i s t i c a t e d  of t h e  k ind i n  Japan a t  t h a t  t ime.  

The I n s t i t u t e  o f  Applied Microbiology, - f u l l  o f  many prominent f i g u r e s ,  was a  

mecca of s t u d i e s  on microbiology and chemis t ry  of n a t u r a l  p roduc t s .  P r o f e s s o r  

Tsuda 's  l a b o r a t o r y  wi th  a  s t o r e  of young t a l e n t e d  chemis ts  especially a t t r a c t e d  

s t reams of visitors, bo th  Japanese and non-Japanese, making i t s e l f  a  most l i v e l y  

r e sea rch  c e n t e r .  

P ro fesso r  Tsuda cont inued on t h e  s t u d i e s  which he began dur ing  t h e  days i n  

Unive r s i ty  of Kyushu, and a t  t h e  same t ime,  launched works on n a t u r a l  s t e r o l s  and 

microbial t r ans fo rmat ion  o f  s t e r o i d s  and a l k a l o i d s .  Furthermore i n  1963, he 

s t a r t e d  on t h e  s t u d i e s  o f  s t r u c t u r e s  o f  mould m e t a b o l i t e s  produced by p l a n t  

pa thogenic  fung i .  The number o f  t h e  r e sea rch  r e p o r t s  he pub l i shed  dur ing  h i s  1 2  

yea r s  i n  t h e  I n s t i t u t e  t o t a l e d  about 1 2 0 .  

H i s  achievements whl le  i n  o f f i c e  a t  t h e  I n s t i t u t e  won prompt academic 
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r e c o g n i t i o n :  t h e  P r l z e  o f  Pha rmaceu t i ca l  S o c l e t y  of  J apan  i n  1957 on " T o t a l  

S y n t h e s i s  o f  Oc tadehydroma t r ine , "  t h e  Asahi  P r l z e ,  C u l t u r a l  Award, i n  1965 on 

" I s o l a t i o n  and S t r u c t u r a l  Determination o f  T e t r a d o t o x i n , "  and t h e  J apan  Academy 

P r i z e  i n  1966 an  "Chemical S t u d i e s  on ' K u j i n '  A l k a l o i d s  and R e l a t e d  Leguminosae 

A l k a l o i d s .  " 

I n  A p r i l ,  1965,  P r o f e s s o r  Tsuda assumed t h e  p o s t  o f  D l r e c t o r  o f  t h e  

I n s t i t u t e  o f  Appl ied  Mlcroblo logy.  I n  t h i s  position, he  p a r t i c i p a t e d  i n  t h e  

o v e r a l l  s c h o o l  a d m i n i s t r a t i o n ,  making u n t i r i n g  e f f o r t s  t o  f u r t h e r  improve t h e  

p r e s t i g e  o f  t h e  u n i v e r s i t y  a s  a  whole and t h e  Institute i n  p a r t i c u l a r .  I n  1967,  

he  r e t i r e d  from U n i v e r s i t y  o f  Tokyo w l t h  distinguished academic and a d m i n l s t r a -  

t i v e  accompl ishments  and w i t h  appoin tment  a s  Emer i t u s  P r o f e s s o r .  H e  was 

immedia te ly  i n v l t e d  t o  be  i n s t a l l e d  a s  P r e s i d e n t  o f  K y o r i t s u  Co l l ege  of  Pharmacy 

i n  Tokyo, t h e  p o s l t i o n  h e  h a s  s i n c e  h e l d .  

It is t o  be ment ioned  t h a t  P r o f e s s o r  Tsuda h a s  r e n d e r e d  m e r i t o r i o u s  s e r v i c e s  

t o  t h e  cause  of n a t u r a l  p r o d u c t  c h e m i s t r y  i n  J apan .  H e  was one o f  t h e  found ing  

members o f  t h e  Symposium an  t h e  Chemis t ry  of  N a t u r a l  P r o d u c t s  ( J a p a n ) .  H e  a l s o  

s e r v e d  a s  Gene ra l  S e c r e t a r y  of t h e  3 r d  IUPAC I n t e r n a t i o n a l  Symposium on t h e  

Chemis t ry  of  N a t u r a l  P r o d u c t s  h e l d  i n  Kyoto i n  1964.  Many' p a r t i c i p a n t s  

i n c l u d i n g  t h o s e  from o t h e r  c o u n t r i e s  s t i l l  s a y  t h e y  canno t  f o r g e t  t h e  Kyoto 

con fe rence  which was o r g a n i z e d  and s t e e r e d  s o  e x c e l l e n t l y  w i t h  l i v e l y  and u s e f u l  

diSCUSS~OnS. 

P ~ o f e s s o r  Tsuda p u b l i s h e d  o v e r  200 r e p o r t s  t o g e t h e r  w l t h  a  number o f  r ev i ews  

and books d u r i n g  t h e  38-year  p e r i o d  between 1929 when he g r a d u a t e d  from Tokyo 

I m p e r l a l  U n i v e r s i t y  and 1967 when he r e t i r e d  from U n i v e r s i t y  o f  Tokyo. A l l  

such works c o v e r  wide r a n g i n g  a r e a s .  The major  s t u d i e s  among them a r e  on f o u r  

themes,  which a r e  o u t l i n e d  below. 

I .  Chemical S t u d i e s  on Lupin A l k a l o i d s ,  E s p e c i a l l y  t h e  A l k a l o i d  o f  Sophora 

f l a v e s c e n s .  

P r o f e s s o r  Nagai and D r .  Yoshlzumi Tahara  f i r s t  t ook  p a r t i c u l a r  n o t i c e  o f  



'Kujin,' a bitter agent in Chinese medicine and also a main component of a 

traditional proprietary drug called 'Shinkyo-gan' and Bold popularly in Shiga 

Prefecture and its neighboring areas. They extracted and isolated the main 

alkaloid from 'Kujinb and named it "matrine" after the original plant's common 

name 'Matorigusa' (academically called 'Kurara' in Japsnese and classified as 

Saphora flavescens). That was in the summer of 1885. From that time, studies 

on the chemical structure of this alkaloid became a pending project of the 

Laboratory of Pharmaceutical Chemistry. Professor Tsuda joined in the project 

in 1930. These investigations into 'Kujin' base, though interrupted twice, 

continued for as long as 80 years, the oldest in the history of pharmaceutical 

sciences in Japan. During this period increasingly new approaches were adopted 

in the investigations with the change of the times. Therefore, a review of 

these investigations gives us a glance at the history of Japan's natural product 

chemistry. 

In 1936, the correct plane structure of (+)-matrine (1) was presented on the 

basis of the structural determination of various degradation products, such as 

nardehydro-a-matrinidine ( 6 ) ,  dehydro-a-matrinidine ( 7 ) ,  octadehydromatrine ( 8 )  

and others. 

CuCrO, 
(3) ~t or 

Pd/a 
(5) 

nordehydro- 
a-matrinidine 

+ 

(4 )  (2)  (8) (7) 
(+I-allomatrine octadehydromatrine dehydro- 
5s; 6R; 7R; 11R a-matrinidine 
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Then, i n  1958, t h e  s t e reochemica l  s t r u c t u r e s  o f  (+ ) -ma t r ine  ( 1 )  and ( + I - a l l a -  

matr ine  ( 2 ) ,  a  s t a b l e  s t e reo i somer  o f  I ,  were determined respectively. This  

followed t h e  exammat ion o f  t h e  d i f f e r e n c e  i n  chemical  r e a c t i v i t y . a n d  s t u d i e s  an 

d i p o l e  moments measured f o r  1, 2 ,  and t h e i r  l i t h i u m  aluminum hydr ide  r educ t ion  

p roduc t s ,  ( + ) - m a t r i d i n e  (31 ,  and ( + ) - a l l o m a t r i d i n e  ( 4 ) .  I n  1966, t h e  a b s o l u t e  

c o n f i g u r a t i o n  of (+ ) -ma t r ine  ( 1 )  was proved t o  be (5S;6S;7R; l l R )  by the  chemical  

and physicochemical  exper iments .  

P r o f e s s o r  Tsuda e s t a b l i s h e d  t h e  g e n e r a l  s y n t h e t i c  method concerning p y r o l i -  

d i n e ,  i n d o l i z i d i n e ,  q u i n o l i z i d i n e ,  and a p p l i e d  t h i s  method t o  t h e  s y n t h e s i s  o f  2- 

methylperhydropyrido[3,4,5-i.;1]quinolizine ( 1 0 )  a s  s t a r t i n g  m a t e r i a l .  Then he 

syn thes ized  t h e  degradation produc t s  o f  ma t r ine ,  6 ,  7 ,  8 ,  t h e  key compounds i n  

t h e  de te rmina t ion  of p l ane  s t r u c t u r e ,  followed by t h e  s u c c e s s f u l  t o t a l  s y n t h e s i s  

o f  ( + ) - a l l o m a t r i d i n e  ( 4 ) .  

--.CH3 1 )  NH3 & 1 )  BrCN & gH3 $"' 
2 )  CuCrO/Hz 2 )  HCl CH3Li - - - C(C0zEt ) z  - 

3) Pd/A 
H O Z C  C 0 2 H  

(9) (10 )  ( 6 )  ( 7 )  



In the next stage, total syntheses of natural ( + ) - m c l '  -ine (1) and (+)-allo- 

matrine ( 2 )  were accomplished by successive reduction i to (A)-matrinol (13) 

and (t)-allomatrinol (14), followed by their optical . 'ltion 2 salts of 

dibenzoyltartaric acid, oxid3tion and finally cyclization. This synthetic route 

is quite significant in the structure of compound which serves as a key to 

Structural determination u mfirmed step by step through synthesis and ulti- 

mately total synthesis of "ne object was perfected, thereby giving a firm proof 

that the structure he presented is correct. 

It was already known in the 1930s that a large amount of (+)-oxymatrine, 

N-oxide of (+)-matrine, are contained in fresh 'Kurara' root. However, no 

investigation on the existence and the structure of the minor bases had been 

carried Out until the end of the 1950s. Professor Tsuda investigated component 

alkalolds of the root of 'Kurara' (collected in June, 1960, just before the 

flowering period, at Makuhari, Chiba Prefecture) using column chromatography, and 

paper partition chromatography. He then isolated (-j-sapharanol, (-)-sophocar- 
,P 

pine, (-)-anagyrine, (-)-baptifoline, (-1-N-methylcytisine, in addition to*the 

two alkaloids mentloned above. He also succeeded in converting (+)-matrine (1) 

into (-)-sophocarpine and (-1-isosophocarpine, and perfected the total syntheses 

of these comoounds. 

Lupin alkalolds, almost all of whose structures had been determined by the 

1960s, were roughly classified into four groups - lupinine-type, cytisine-type, 
spartelne-type and matrine-type. However, in regard to the absolute configura- 

tion, only Cookson's estimation on lupinine-type alkaloid had been published. 

Professor Tsuda precisely re-examined Cookson's estimation with modern technique 

and confirmed that it is accurate. Based on this confirmation, he clarified the 

absolute configuration of sparteine-type and cytisine-type alkaloids by the 

chemical interrelation of them with the lupinine-type. These studies on 

clarification of the absolute configuratlon provided the base for consideration 

of the mutual relations, regarding absolute configurations and biosynthetic 

pathways, among those lupin alkaloids which co-exist in the same plant and have 

different mother ring skeletons. 
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11. Studies on Tetrodotoxin 

Pufferfish, or Fugu in Japanese, inhabit waters of mild temperatures through- 

out the world. The shape of the fish with its body inflated was used for a 

hieroglyphic character in ancient Egypt to mean "dissatisfaction." Anclent 

Chinese books an medicine also make mention of the fish as poisonous. But in 

western Europe, where people do not eat the fish, it did not appear in any 

literature until Engelbert ~ h p f e r  (German), a Dutch ship doctor, referred to it 

in his book, "History of Japan (17271," which summarized his visit to Nagasaki 

(1690-1692). 

Many Japanese highly appreciate the taste of pufferfish and therefore they 

have shown great interest in its poison since olden times. Past surveys 

indicate that the fishes with toxin are found concentratedly among those in the 

family of Mafugu or Tetraodontidae. Their ovaries and livers contain toxin, 

which is also found in the intestines and skins of some classes of the fishes. 

All the pufferfish taken for food in Japan contain toxin except Sabafugu 

(Lagocephalus lunarls spadiceus). The amount of toxin increases gradually 

before the spawning season. The toxin content varies markedly according to 

indivisual fishes even of the same family. The toxic symptoms begin with mouth 

and lips numbed, vomiting, skin sensation and sense of taste slowed down, 

movements of hands and legs paralyzed, bone core muscle let loose, blood pressure 

lowered, and then end with respiration halted to death. 

One of Professor Tsuda's predecessors in the study on the toxin in puffer- 

fish is Dr. Yoshizumi Tahara, who headed what is now the National Institute of 

Hygienic Sciences. While in office, he extracted the ovaries of Torafugu (w 
.rubripe$ rubripes) and obtained toxin like glutinous rice-jelly (LD50:4100pg/kg 

mouse) in 1909. He named it "tetrodotoxin" after the name of the Mafugu family, 

Tetraodontidae, and also the then genetic name of Torafugu, Tetraodon. That 

toxin, when compared with the present day pure sample, shows a purity rate of 

about 0.2 %. 

Later in 1950, Professor Akira Yokoo successfully crystallized tetrodotoxin 

(LD50:8.7ug/Kg mouse), followed by Professor Tsuda in 1952. Professor Tsuda 



went f u r t h e r  wi th  improved p u r i f i c a t i o n  t echn iques  t o  t h e  p o i n t  where he  succeed- 

ed  i n  t h e  product ion of 8-to-10 grams o f  pure  t e t r o d o t o x i n  from one ton of 

o v a r i e s .  This  success  meant t h a t  he now placed t h e  - s t r u c t u r a l  s t u d i e s  o f  

t e t r o d o t o x i n  an t h e  r i g h t  t r a c k  and s e t  t h e  s t a g e  f o r  t h e  t e s t  m a t e r i a l s  f o r  

b i o l o g i c a l  experiments t o  be made a v a i l a b l e  t o  t h e  l i k e  r e s e a r c h e r s  i n  o t h e r  

c o u n t r i e s .  

The i n i t i a l  pe r iod  of s e v e r a l  yea r s  i n  t h e  s t r u c t u r a l  s t u d i e s  o f  t e t r o d o -  

t o x i n  p resen ted  tremendous d i f f i c u l t i e s  t o  P r o f e s s o r  Tsuda and h i s  team. 

However, i n  1960, he found t h a t  o x a l l c  a c i d  and CgH902N3 (mp 200; yel low c r y s t a l )  

can be obta ined by h e a t i n g  t e t r o d o t o x i n  i n  5 % KOH s o l u t i o n  a t  90-100: I n  1962, 

he c l a r i f i e d  t h i s  subs tance  a s  2-amino-6-hydroxymethyl-8-hydroxyquinazolin (19)  

5% KOH, 100' H20, r e f l u x  
CgH902N3 + (19 )  - Tetrodotoxin (15) - Tetrodonic a c i d  (16) 

o x a l i c  a c i d  / CllH1708N3 \ CllH1708N3 
aq NH+OH Anhydro- (18) Diacetylanhydro- CHsOH 

te t rodotox in  tetrodotoxin (17)  - Polyacetate 
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by identifying it with a synthesized authentic sample. Though the investiga- 

tions that followed still called for painful efforts, Professor Tsuda stood firm 

and succeeded in elucidating the structure of tetrodotoxin, using not only I R -  

and UV-, but also NMR-spectra, and at the same time resorted to, as a decisive 

key to structural determination, the X-ray crystallographic analysis, requiring 

maximum use of large electronic computers, which became accessible only fram that 

time. 

First, tetrodonic acld, CllH1708N3. H2D, mp > 300; (16), obtained fram 

tetradotoxin on refluxing with water, was derived to its hydrobromlde, the 

structure of which was elucidated using X-ray crystallographic analysis. What 

proved to be the finally contributlng factor in the structural determlnation is 

16,17-diacetylanhydrotetrodotoxin, C11H1307N3(CH3C0)2 (17). This substance can 

be obtained as follows; first, acetic acid salt of tetrodotoxin was acetylated 

with acetic anhydride-pyridine. Then the afforded polyacetate was allowed to 

stand in methanol to give the compound (17) in question. Deacetylatian of 17, 

followed by treatment with 5% HC1, recovered tetrodotoxin. He therefore 

belleved that this compound was extremely similar in structure to tetradatoxin. 

The dlacetate (17) was derived to its hydraiodide, the structure of which was 

determined through X-ray crystallographic analysis. In 1964, he proved, an the 

basis of the structure of 17 and his accumulated knowledge in chemistry and 

physlcal chemistry, that the whole structure, including the absolute configura- 

tion and stereochemistry, of tetrodotoxin is 15. 

Around that time, the two other study groups, one led by Professor Yoshimasa 

Hirata, and the other by Professor Robert B. Woodward, arrived at the same 

conclusion on the basis of the information obtained from the X-ray crystallograph- 

ic analyses. It is noteworthy that each of the three teams had taken creative 

pains to prepare its awn derivative before subjecting it to such an analysis. 

The results of the studies conducted by these groups happened to be simultaneous- 

ly announced at the 3rd IUPAC International Symposium on the Chemistry of Natural 

Products, held in Kyoto, in April, 1964, which left all participants deeply 

impressed. 

Tetrodotoxln, at the time of its structural determination, was the mast 



powerful toxic compound with law molecular weight. It shows a unique physiolagi- 

cal action which specifically inhibits sodium ion activation mechanism. For 

this. reason it has continued to attract worldwide attention as a reagent of 

neurophysiology and muscular physiology. 

Tetrodotoxin does not exist in pufferfish alone. It has since been 

isolated from other sources - a newt (Taricha torosa) in California, Tsumugi-haze 
(Gubius cringer) on Ishigakijima Island, poisonous frog (Atelopus w, A. 
chiriquiensis) in Costa Rica, and Hyomondako(0ctapus maculosus) on Australian 

coasts. These facts have naturally..led many scientists to take deep interest in 

the biosynthesis of tetrodotoxin.. -: In- a- recent example, a team of Professor 

Shoji Konosu, Department of Fisheries, University of Tokyo, reared pufferfishes 

for biosynthetic investigation. ' '  :The team checked those artificially bred 

pufferfishes to see if they produced any tetrodotaxin. But not a trace of it 

was detected. This and other related findings have opened up interesting 

problems of importance about biosynthesis in connection with the might of nature. 

It is hoped that these problems will be solved promptly. 

All in all, light has now been shed on real state of natural poison, the 

focus of major international attention long since Tahara's extraction of the 

crude toxin. This achlevement is indeed a big scientific feat Japan can be 

proud of as the first brilliant monument of the studies on marine physiologically 

active natural products. 

111. Studies on Steroids 

Professor Tsuda's studies on steroids, one of his life works, were conducted 

between 1950 and 1966, on which 75 reports were published. His investigation on 

the unsaponifiable fraction of the ovaries of pufferfish occasioned him to begin 

studies on steroids. First, he set his eyes on sterol resources in marine 

natural products and examined sterol constituents of various seaweeds. 

In 1957, he discovered cholesterol (20) in a certain red algae and also 

found that cholesterol is widely distributed in red algae. Until that time it 



had been believed that cholesterol existed only in animals. Many researchers 

have since that time confirmed that cholesterol does exist in plants as well. 

Professor Tsuda made it clear that the main component sterol in Rhodophyta is 

chole~terol and that in Phaeophyta is fucosterol (21). This fucosteral in later 

studies was used as a starting material for syntheses of vitamln D metabolites. 

Furthermore, he found 22-dehydrocholesterol (22) and 22-hydraxychalestero1 (23) 

in Rhodophyta, and sargasterol, the first 20-is0 sterol, in Phaeophyta. 

Saringosterol (24) which has a hydroxyl group in C-24 position was also isolated. 

At that time the absolute configuration at C-24 position of sterols had been 

assumed mainly by means of optical rotation. He determined the absolute 

configurations of two series of sterols at C-24 position by chemical means. 

Thus, correlation between (+)-2-ethyl-3-methylbutanal obtained from stigmasterol 

(25) and (-)-hydrocarbon from glucose assigned the configuration at C-24 of 

stigmasterol as 240 in the extended Plattner convention. Furthermore, compari- 

son of 2-0x0-5-ethyl-6-methylheptane (!-type), obtained by oxidation of sito- 

sterol (26), with the same compound (i-type) from (+)-limonene determined the 

configuration of sitosterol as 24o(24R). Ergosterol (27) has been determined 

to have the 248 configuration by deriving this compound to 2,3-dimethylbutanal. 

This conclusion was confirmed by stereoselective synthesis of brassicasterol (28) 

from the 22-aldehyde. 

Since natural Source sterols are usually the mixture of homologues and the 

isolation at that time had to depend mainly on recrystallization, it was 

difficult to ascertain the constitutions accurately. In 1960, Dr. E. C. Horning 

succeeded in separaio" of steroids by gas chromatography (GC). This technique 

was immediately introduced by Professor Tsuda's group and the separation of 

natural sterol by GC was reported in 1961. Since then GC became indispensable 

technique for studies on natural sterols. He applied GC to analyze algae 

sterols, insect sterols and others, and clarified the profiles of these sterols. 

He also established the analytical method with GC of androstane- and pregnane- 

series steroids, bile acids, bile alcohols, and oxidation products of cortica- 

steroids, and laid the foundation for use of GC in clinical analysis. These 

studies on GC of natural products have been extended to GC-MS analyses of 

steroids, the direct combination with the mass spectrometer. 
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Professor Tsuda found many new reactions of steroids. Treatment of 

l,4-dien-3-one system ( 2 9 )  with zinc afforded estrogen derivative (30) through 

elimination of the angular methyl group as methane under mild conditions. This 

reaction opened a new route for syntheses of estrogen and 19-norsteroid. He 

also found a transformation reaction of 5,7,9(11)-triene to anthrastero~d. 

For the syntheses of adrenocortical hormones, a number of studies were 

conducted in various countries since the beginning of the 1950s to introduce the 

hydroxyl group at C-11 position or the double bond at C1-C2 position of the 

steroid structure. As soon as Professor Tsuda took office at the Institute of 

Applied Microbiology, University of Tokyo in 1955, he started studies an the 

microbial transformation Of steroids with the cooperation of the group of 

Substrates 

0 

Microorganisms Progesterone Reichstein's compound 5 

158-OH llo-OH 



Professor Yoshinobu Asai and that of Professor Hiroshl Iizuka. Among the 284 

strains of Rhizopus sp. preserved at that time in the Institute, 21 strains were 

found to have an ability to oxidize progesterone to llo-hydroxyprogesterone. 

On the other hand, among 473 strains of Aspergillus sp., it was recognized that 

one of the strains shows an ability of hydroxylation at llo, and the other di- 

hydroxylation at 68, ll- along with lls-hydroxylation. After screening many 

kinds of strains of fungi, three strains were found to possess strong oxidative 

activities as shown in the table above. The structures of the compounds 

produced by these fungi were determined and the oxidation pathways were proved. 

It was also found that bacteria Bacillus pulvifaciens IAM N-19-2 strain possesses 

activities such as dehydrogenation at C-1 position or oxidation of 17-hyroxyl 

group to 17-ketone and that in transformation of hydrocortisone with Pseudomonas 

chlororaphis IAM 1511 strain, prednisolone was obtained as a main product, along 

with 17-keta compound derived by the cleavage of the side chain. 

IV. Studies on Terpenoids 

Professor Tsuda's studies on terp$noids were resumed in 1955 after an 

interruption of about 15 years since his investigations on soyasapogenols. 

He presented new structures of alantolactone (31), isoalantolactone (32) and 

dihydroisaalantolactone (33), the constituents of the root of Inula Helemium, 

which were assumed incorrectly at that time. Absolute conflguratlons of these 

compounds were also determined by their correlations with eudesmol. 

q&i0 
H"' 

In the course of systematic screening of metabolites produced by plant 

pathogenic fungi, Drs Keijiro Ishibashi and Michikazu Nakamura (Sankyo Co., Ltd.) 

found that the fungi belonging to Helminthosporium sp. are the most promising 

resource of new antibiotic metabolite. In 1963, Professor Tsuda started 

research on the elucidation of the structures of these metabolites. From 
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Ophiobolus miyabeanus, ophiobolin A (ophlobolin) (34), ophiobolin B (zizanin 8 )  

(35) and ophiobolin C (zizanin A) (36) were isolated and the structures of these 

compounds were elucidated by X-ray crystallographic analysis and by chemical 

 correlation^ between them. Ophiobolin A (34) is the first compound whose 



s t r u c t u r e  was e l u c i d a t e d  a s  s e s t e r t e r p e n e .  Ophiobolin D ( cepha lon ic  ac id ' )  ( 3 7 )  

and h e l v o l i c  a c i d  ( 3 8 )  were a l s o  i s o l a t e d  from Cephalosporium c a e r u l e n s  and t h e  

s t r u c t u r e s  of them were determined.  He a l s o  clarified t h e  b i o s y n t h e t i c  r o u t e  o f  

ophiobol in  A ( 3 4 )  from ge rany l fa rnesy l  pyrophosphate by means of t h e  exper iments  

wi th  i n t a c t  c e l l  and c e l l  f r e e  system. 

The s t r u c t u r e  o f  s i c c a n i n  ( 3 9 ) ,  i s o l a t e d  from Helminthosporium s i c c a n s ,  was 

determined. S iccan in  e x h i b i t s  s i g n i f i c a n t  i n h i b i t o r y  a c t i v i t y  a g a i n s t  a  v a r i e t y  

of f u n g i ,  and i s  p r a c t i c a l l y  used a s  medicine f a r  water-eczema. Pyrenophorin 

(40)  was determined t o  have a  16-membered d i l a c t o n i c  s t r u c t u r e  r a t h e r  than t h e  

8-membered s t r u c t u r e  a s  had been i n c o r r e c t l y  r e p o r t e d  p rev ious ly .  

P r o f e s s o r  Tsuda s i n c e  h i s  r e t i r emen t  from U n i v e r s i t y  o f  Tokyo has  cont inued 

t o  devote h i s  t ime and energy t o  t h e  educa t ion  of youth a s  P r e s i d e n t  o f  Kyor i t su  

College o f  Pharmacy and a l s o  Vice P r e s i d e n t  (1977-811, and P r e s i d e n t  ( s i n c e  1981) 

o f  t h e  Japan Assoc ia t ion  o f  P r i v a t e  Col leges  of Pharmacy. Also from 1975 t o  

1981, h e ,  a s  P r e s i d e n t  of t h e  Cen t ra l  Pharmaceut ica l  A f f a i r s  Counci l ,  p layed an 

ind i spensab le  r o l e  wi th  h i s  profound s c h o l a r l y  knowledge and i m p a r t i a l  personal -  

i t y .  I n  ano the r  d i s t i n g u i s h e d  s e r v i c e ,  P ro fesso r  Tsuda worked a s  E d i t o r i a l  

Member f o r  t h e  Asian Region o f  t h e  Tet rahedron and Tetrahedron L e t t e r s ,  t h e  

jou rna l s  mast widely  r ead  by o rgan ic  chemis ts  i n  t h e  wor ld ,  f o r  a  l i t t l e  more 

than 10 y e a r s .  He i n  such a  c a p a c i t y  s u c c e s s f u l l y  made l a t e s t  informat ion on 

S tud ies  i n  Japan and o t h e r  Asian c o u n t r i e s  a v a i l a b l e  t o  t h e  r e s t  o f  t h e  world.  

He a l s o  has  rendered s i g n i f i c a n t  s e r v i c e s  t o  t h e  Pharmaceut ica l  Soc ie ty  of 
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Japan first as Editor in Chief, Honorary Member, Vice President and then Presi- 

dent. His efforts resulted in the construction of the Pharmaceutical Society 

House under the close cooperation with Professor Ochiai. Currently, he is the 

first president of a foundation for promotion of pharmaceutical researches which 

was recently established to mark the centenary of the founding of Pharmaceutical 

Society of Japan. In this post, he is passionately seeking to advance 

international cooperation in the academic area and support programs for promising 

young scientists. Since 1980, moreover, he has been Honorary Member of the 

Agricultural Chemical Society of Japan, the title given for his outstanding role 

in furthering cooperative ties with the Pharmaceutical Society of Japan. 

In 1976,  he was elected member of the Japan Academy in recognition of the 

meritorious contributions he made over so many years to the progress in the 

pharmaceutical sciences, organic chemistry and chemistry of natural products in 

Japan. On an even more glorious occassion, in January, 1979, he had the honor 

of attending the traditional New Year's Lectures at Imperial Court. In the 

presence of the Emperor, Professor Tsuda, as one of the selected lecturers, 

delivered a lecture on "Toxin in Some Fishes and Shellfishes," in a major 

introduction of his stocks of knowledge accumulated over years. In another 

honor, citation was conferred on him by the Japanese Government as Person of 

Cultural Merits in 1980. 

Turning to one of the side-lights on Professor Tsuda, there are many people 

who associate him with skiing, the sport which he took to during his Urawa High 

School days. In fact, he laughingly says, "My friendship with skiing has been 

much longer than that with research!" In those prewar years when skiing was not 

yet a popular sport, Professor Tsuda used to visit still unexplored gelandes 

together with his youthful colleagues. In the immediate postwar period, he 

spent several skiing seasons at a completely desolate village on the slope of the 

Japan Alps. Later, he made it a practice to lead teams of his students on 

skiing trips. Conspicuous among such students have been those cheering girls 

from Kyoritsu College of Pharmacy1 In a related episode, he suffered fracture 

of his leg bone while skiing in the Alps during his 1965 tour of Europe. This 

news left many of his friends both home and abroad worried at the time. Thus 

not a few people cherish the fond memory of Professor Tsuda as symbolized by his 



skiing figure and growingly silver hair. 

It is heartwarming to see that the professor and his wife Eiko, an 

accomplished lady, are a happy and contented couple, blessed with children and 

grandchildren. 

We take everlasting prlde and dellght in the fact that we, as disciples of 

P~ofessor Tsuda, have had the golden opportunity of participating in his research 

projects and receiving his personal guidance throughout our days at University of 

Kyushu and the Institute of Applied Microbiology. 

In conclusion, it is our sincere hope that Professor Tsuda, celebrating his 

75th birthday and attaining a life stage of ripeness, will even be more 

prosperous and healthy so that he, as our leader, may continue to light our way 

with a torch in the future. 
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