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SCIENTIFIC CONTRIBUTIONS OF PROFESSOR TETSUJI KAMETANI 

Keilchiro Fukumato 

Pharmaceutical Institute, Tohoku University, Aabayama, Sendai 980, Japan 

Professor Tetsuji Kametani was born in Tokyo on August 1, 1917, and graduated from the 

Pharmaceutical Institute, Medical Faculty, Tokyo Imperial University* in August, 

1943, which was the best academic place in Japan far organic chemists studying 

Chart 1 

1 )P~S~,KZS 
2)electric 

reductio 

* The name "Tokyo Imperial University" was changed to "University o f  Tokyo" after 

WW 2 .  



natural products at that time. His research career as an organic chemist started 

in 1942 at the above university under the guidance of Professor Shlgehlko Sugasawa, 

who isnowanilonorary Editor of HETEROCYCLES, and he published his first paper 

entitled "A Synthesis of 4',5'-~ethyle~ediox~-6-[6-6",7"-methylenedioxy-3"-~ethyl- 

py-tetrahydroisoquinoly1-l'~]ethyl-3,4,5,6,7,8-hexahydra-(l',2~;1,2-benzoquinalirid- 

ine) in J. Pharm. Sac. Japan [!&5,, 372 (1945)l. This study aimed to synthesise an 

isoquinoline alkaloid, emetlne, and greatly influenced his academic career. 

After returnmg from military service in 1945, Professor Kametani started afresh his 

studies at Tokyo College of Pharmacy, where he synthesised many heterocyclic compounds 

with fused isoquinoline ring systems and papaverine-like compounds in the developmer~t 

of new medic~nes. He obtained his Ph.D. from Tokyo University in 1951 in the field 

of isoquinoline alkaloids and then moved to the Pharmaceutical Institute, Osaka 

University. His research work in this university was divided into three parts; 

the development of new reactions, synthesis of imidaro- and pyrimidoisoqunolines, 

and medicinal chemistry. During these studies he discovered a new synthetic route 

to the isoquinoline ring system as shown in the follow~ng chart [J. Pharm. Soc. Japan, 

xz, 1090 (1952)l and a new method for the reduction of alcohols to alkanes, and also 

succeeded in the development of a strong analgesic. Before leaving Osaka University 

in 1959 he had published 50 papers 
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Institute, Tohoku University, started 

in 1959, on synthetic studies on the isoquinoline alkaloids. He accomplished a 

total synthesis o f  (+)-cularine (1) in 1963 (J. Chem. Sac., 1963, 4289), which 

work was his first successful example in the total synthesis o f  natural products. 
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Chart 3 

After success in the above synthesis, his interest in synthetic studies expanded to 

natural products, heterocyclic compounds and new medicines, and he published more 

than 800 papers in this University. Professor Kametani abta~ned the Academic Prize 

of the Pharmaceutical Society of Japan in 1969, and in 1980, he was conferred the 

Fujihara Prize for "Synthetic Studies an Physiologically Active Natural Products". 

He also obtained the Medal of Honor wlth Purple Ribbon (Shiju Hosho) in 1979 far 

"Synthesis of Natural Products andDevelopment of New Medicines". 

In 1974, he developed an effective method of analysis for designing synthet~c 

approaches, based on fragmeqtation processes in mass spectrometry, and named 

this "Retro Mass Spectral Synthesis" [Accounts Chem. Res., 2,  319 (1976)l. Using 

this method, he has synthesised many types of natural products in the last five 

years. For this outstanding work, he was conferred the'hward of the Japan Academy" 

in 1980, which is one of the highest awards in Science in this country. 

As it is impossible to list here all of his numerous publications, I would like to 

outline his main research work on the basis of the following classification. 

siamimetic-type Synthesis of Natural Products 

Modified Pschorr Reaction 

Photochemical Reaction 

Benzyne and Nitrene Reactions 

Phenolic Cyclisation 

King Transformation - Ring Expansion and Contraction 
Natural Product Synthesis + Enamines 
Retro Mass Spectral Synthesis 

Thermolysis of Benzocyclobutenes - Electrocyclic and Cyclaaddition 

Reactions 



10 Total Synthesis of Indole Alkaloids 

11 Medicinal Chemistry 

1 Biomimetic-type Synthesis of Natural Products 

Some types of natural products, especially isoquinaline alkaloids such as morphine, 

are biosynthesised + oxidative coupling. Professor Kametani thought that one o f  

the most reasonable ways for designing a synthetic route was to follow the biogenetic 

pathway of the natural product. During the 1960's he achieved total synthesis of 

many natural products by the phenolic oxidation method [Synthesis 1972, 657; Bioarg. 

Chem., 4, 430 (1974); Bioorg. Chem., Vol.11, 153 (197811, and more recently by 

oxidation with singlet oxygen and by using selenium derivatives as follows. 

! , l==Ehnpp!rr=@ldarjpg 
&,@&@&&Q&&&&Q: cularine (1) and related alkaloids may be biosynthesized 

via phenolic oxidation of a 7,s-dioxygenated 1,2,3,4-tetrahydroisoquinoline follow - 

ed by methylation of the coupling product. Professor Kametani has mimicked this 

sequence and succeeded in the total synthesis of cularine (1) from the diphenolic 

isoquinoline (2). 

Chart 4 

A similar type of oxidative coupling was observed in Nature in the biogenesis of 

aporphines (isaboldine 3), proaporphine (glaziovine 4), morphine (pallidine 5) 

homoaporphine (multiflaramine 6 ) ,  homaproaparphine (kreysiginone 7) and Amarylli- 

daceae (galanthamine 8) alkaloids, and he has synthesised about 50 alkaloids along 

their biogenetic pathways by oxidation of the appropriate phenolic isoquinolines 

with potassium ferricyanide. 
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Professor  Kametani a l s o  c a r r i e d  out  a b i o g e n e t i c  s y n t h e s i s  o f  the  benzophenanthridine 

a l k a l o i d  n i t i d i n e  (10 )  from the  berb ine  (9), by c l e a v a g e  o f  the  C 6 - N  bond i n  9 

f o l l o w e d  by o x i d a t i v e  coupl ing  u s i n g  l e a d  t e t r a a c e t a t e  as f o l l o w s .  
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He has also used phenolic oxidation in non-biomimetic synthesis of natural products. 

Far example, he has applied this oxdiation reaction to a synthesis of the compound 

(11) with the hasubanan ring system. 

Me0 
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OMe Me 

2 cepharamine 

: After synthesis of many kinds of alkaloids by phenalic oxi 

dative coupling using chemical reagents, Professor Karnetani investigated phenolic 
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o x i d a t i o n  w i t h  enzymes i n  o r d e r  t o  de te rmine  whether  i t  was p o s s i b l e  t o  lnduce  new 

t y p e s  of c o u p l i n g  i n  p h e n o l i c  i s o q u i n o l i n e s .  F i r s t l y ,  he examined t h e  oxidation o f  

c o c l a u r i n e  (12)  and homococlaurine (13) w i t h  p o t a t o  p e e l i n g s  i n  t h e  p r e s e n c e  of  

hydrogen pe rox ide  a t  an  a p p r o p r i a t e  pH, and o b t a i n e d  t h e  h e a d - t o - t a i l  c o u p l i n g  

p r o d u c t s  (14) and (15) r e s p e c t i v e l y .  S i m i l a r  o x i d a t i o n  w i t h  h o r s e r a d i s h  gave t h e  

h e a d - t o - h e a d  c o u p l i n g  p r o d u c t s  (16 and 1 7 ) ,  and t h u s  he showed t h e  p l a n t  enzymes 

t o  have s i t e s e l e c t i v i t y  i n  t h e  c o u p l i n g  r e a c t i o n s .  

H e  s u b s e q u e n t l y  i n v e s t i g a t e d  t h e  o x i d a t i o n  of r acemic  and o p t i c a l l y  a c t i v e  r e t i -  

c u l i n e  (18)  w i t h  animal  enzymes, and r e v e a l e d  t h a t  t h i s  enzymic sys tem l a c k e d  

s t e r e o s e l e c t i v i t y  i n  t h e  c o u p l i n g  r e a c t i o n s ,  and t h a t  m o l e c u l a r  oxygen and NADPH 

p layed  i m p o r t a n t  r o l e s .  Moreover,  he d i s c o v e r e d  t h e  i m p o r t a n t  f a c t  t h a t  t h e  

b e r b e r i n e  b r i d g e  c o u l d  be formed c h e m i c a l l y  by o x i d a t i o n  o f  t h e  N-methy l  g roup .  
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c o n t a i n  a copper  i o n ,  a s  t h e  coenzyme, P r o f e s s o r  Kametani assumed t h a t  a Cu2C12-O2 

system would show enzymic a c t i o n .  He i n v e s t i g a t e d  t h e  o x i d a t i o n  o f  r e t i c u l i n e  (18)  

w i t h  t h i s  sys tem i n  p y r i d i n e  under  mi ld  c o n d i t i o n s .  I n t e r e s t i n g l y ,  he found t h a t  

t h i s  o x i d a t i o n  p roceeded  smoothly t o  a f f o r d  c o r y t u b e r i n e  (21)  a s  t h e  main p r o d u c t ,  

i n  a d d i t i o n  t o  i s o b o l d i n e  ( 3 )  and p a l l i d i n e  ( 4 ) .  The f i r s t  p r o d u c t  (21) is  t h e  



ortho-ortho coupling one that could not be formed by other chemical and enzymic 

oxidations. He also obtained successful results in the oxidation of orientaline, 

homareticuline and homoorientaline by this system, and proposed a reaction mechanism 

for the oxidation. 

Chart 10 

In 1978, Professor Kametani proposed a new hypothesis in isoquinoline alkaloid 

biogenesis, in which 1,2,3,4-tetrahydroisoquinoline N-oxides intervene in the 

oxidative coupling sequence, and then realised this in the laboratory as follows. 

Reticuline N-oxide (22) was treated with cuprous chloride or ferrous sulfate to 

form carytuberine (21) or protoberberines (19 and 20) respectively, in good yield. 

Investigation of this type of coupling was also carried out on orientaline N-oxide, 

homoreticuline N-oxide, and homoorientaline N-oxide. 

Chart 11 
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It is well known that singlet oxygen, derived from oxygen by photolysis, is an 

active species and a very useful reagent for some types of oxidation. Professor 

Kametani has used this species in a biogenetic-type synthesis of indole alkaloids. 

: Brevianamide E (24) is biosyntheslsed 

from deoxybrevianamide E (23) by an oxidative coupling, and he has used singlet 

oxygen to realise this step in the laboratory. Thus (-)-deoxybrevianapide E (231, 

prepared from a gramine and a diketopiperazine, was treated with singlet oxygen 

to yield (-)-brevianamide E (24). This work also proved the structureofthe alkaloid 

to be as represented by formula 24 [J. Amer. Chem. S o c . ,  ku. 3974 (1980)l. 

Chart 12 

. & G T ~ & ~ & G $ ~ ~ & k d . 2 Q ~ $ I V ~ ~ @ ~ ~ & ; C e ~ ~ c :  Cmptothecin (25). an anticancer alkaloid, 

is biosynthesised from an indole derivative, and the key step in this biogenesis 

is the transformation of the indole ring into a quinoline system. Professor Kametani 

has succeeded in this conversion by using singlet oxygen as shown in the following 

chart. This product was then converted into camptothecin (25). (+)-10-Methaxy- 

camptothecin was also synthesised in the same way [Heterocycles, M,  951 (1980)l. 
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Recently, organic selenium compounds have been widely used as reagents for the 

modification of functional groups in organic synthesis, but there are not many 

eXamPleSof their use in the formation of carbon-carbon bonds. Professor Kametani 

has developed a new type of carbon-carbon'bond formation by oxidation with a selenium 
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compound and by a route through a selenium intermediate, and has accomplished the 

total synthesis of some monoterpenes along the biogenetic pathway. For example, 

cis and trans-linalyloxides (28 and 29) were prepared from geraniol (26) by oxidation 

of the selenide (27) with 30 % hydrogen peroxide [Bioorg. Chem., 1, 215 (1978)], 
and safranal (30) and trans-e-menthan (31) were obtained by similar reactions. 

2 Modified Pschorr Reaction 

Phenolic oxidation provides a facile route to certain isoquinoline alkaloids. 

However, its utility is limited since intermolecular coupling also occurs to generate 

polymers. Moreover, intramolecular coupling always takes place at positions ortha 
and para to the phenolic hydroxyl group, showing that phenolic oxidation lacks 

siteselectivity. Furthermore, phenolicoxidationcan not be employed in the synthesis 

of certain alkaloids which have hydroxyl groups meta to the coupling site. Since 

coupling occurs preferentially at the position para rather than ortho to the 
hydroxyl group, reticuline (18) can be converted into isoboldine (3) and pallidine 

(51, but not into salutaridine (38) and corytuberine (21). 

In view of these inherent limitations associated with phenolic oxidation, and in 

connection with the development of a general method for the synthesis of morphinan- 

Chart 15 
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dienone type alkaloids, Professor Kametani turned his attention to the use of the 

Pschorr reaction. 

Based an the observation that Grewe cyclisation proceeds by nucleophilic attack 

a f  an aromatic ring on the carbonium ion generated by protonation of  an alefinic 

system, Professor Kametani supposed that if the angular carbon of the isquinoline 

ring is activated by an appropriate substituent, this carbon would nucleophilically 

attack an aromatic cation generated & situ to form a morphinandienone-type compound. 
I h  order to generate the aromatic cation, he selected the decomposition of an aromatic 

diazonium salt, in which the position of the cation is fixed atthepasition occupied 

by the diazonium group, so that the reaction should proceed with high siteselectivity. 

On this consideration, 2'-aminolaudanosine (32) was diarotised with a slight excess 

of sodium nitrite in sulfuric acid, and the resulting diazonium salt (33) was 

decomposed thermally without a metal catalyst to form the morphinandienone (34) as 

the major product. Thus he discovered a general synthetic method for preparing 

morphinandienone-type alkaloids and synthesised amurine (35), pallidine (5) and 

flavinantine (36) by this method. 

Chart 16 
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This reaction is particularly useful far the synthesis of morphinandienones which 

can not be prepared by phenolic oxidation, such as amurine (35) and flavinantine 

(36) [J. Heterocyclic Chem., 8 ,  341 (lg7l)I. 
Based on this method, Professor Kametani has achieved a total synthesis of morphine 

(411, one of the most interesting and complicated isoquinoline alkaloids. Thus, 

the R-(-1-2'-am~nobenzylisoquinoline (37) was diazatised with sodium nitrite and 

sulfuric acid and the resulting diazonium salt was decomposed thermally without a 

catalyst to g l v e  salutaridine (38), which on reduction with sodium borohydride 

followed by dehydration in the presence of hydrochloric acid furnished thebaine (391. 

Since thebaine (39) had previously been converted into morphine (41) a codelne 
(401, the total synthesis of morphine and related alkaloids was achieved. 

Chart  17 

In a s~milar manner, he synthesised sinoacutine, an antipode of salutaridine (38), 

and converted it into (+)-thebaine which had already been correlated to sinamenine 

( 4 2 ) .  

3 Photochemical Reaction 

3.1 Photo-Pshorr Reaction . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Osbond reported that the diaronium salts derived from 2'-aminabenrylisoquinalines 

were transformed into morphinandienones by treatment wlth elnc and hydrochloric acld, 

after Professor Kametani had accomplished the total synthesis of morphine by the 



modified Pschorr Reaction. He supposed that morphinandienone formation in Osbond's 

work proceeded = a  radical mechanism, i.e. that the aromatic cation derived from 

the diazonium salt is reduced with zinc to form the aromatic radical which is then 

attacked by the second aromatic nucleus. 

Based on this idea, he assumed that photolysis of a diazonium salt would be a more 

efficient way of effecting homolysis of the carbon-nitrogen bond to form the postu- 

lated radical intermediate. 

Chart 18 
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He found in practice that irradiation of the diazonium salt ( 4 3 ) ,  derived from 6' 
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ammoorientaline by diazotisation in dilute sulfuric acid at 5 - 10' afforded 

flavinantine (36) and bracteoline (44) in moderate yields, and went on to synthesise 

many isaquinollne alkaloids using thls photolysls [Accounts Chem. Res.,:, 219 (1972)) 

Professor Kametani has applied the photo-Pschorr reaction to the phenethylisaquino- 

line series, and accomplished the total synthesis of androcymbine (45) under the 

same conditions as in the benzylisoquinoline systems. 

3.2 Photoly1jc .Cyclgdphyd1p?1aI~g~naIion ................................. ------- 
It is well known that photolysis of aromatic halides results in the formation of 

biphenyl derivatives by reaction of the aryl radicals produced by homolytic cleavage 

of the carbon-halogen bond. Since the key intermediate in the photo-Pschorr re- 

action 1s probably the aromatic radical, it appeared likely that the latter could 

a l s o  be generated by radical formation from the C2,-halo-substituted beniylisaquino- 

line to also afford the dienone. Based on this consideration, Professor Kametani 

investigated the potential utility of photalytic cyclodehydrohalogenation in the 

synthesis of dienone and aporphine alkaloids. 

Chart 20 

He firstly attempted a synthesis of aporphine and morphinandienone alkaloids; irradi- 

ation of 6'-bromoorlental~ne (46) in the presence of sodium hydroxide afforded brac- 

teoline (44) and flavinantine (36) in moderate yields. By this route he obtained 



many aporphine and marphinandienane alkaloids. Among these studies, the synthesis 

of salutaridme (38) from 2'-bromoreticuline ( 4 7 )  provlded a formal total synthesis 

of thebaine (39), codeine ( 4 0 )  and morphine ( d l ) ,  because salutaridine ( 3 8 )  had al- 

ready been converted into these alkaloids. 

C h a r t  21 
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Having demonstrated the feasibility of preparing morphinandienanes by photocyclo- 

dehydrohalogenation, he then successfully extended this study to a synthesis of 

proaporphine alkaloids as shown by the preparation of mecambrine ( 4 8 )  in the follow 

ing chart. 
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Chart 22 
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In addition to the conversion of phenolic b r a m o b e n r y l i s o q u i n o l i n e s  into aporphine, 

marphlnandienone, and praaparphine alkaloids, he has applied this phatolysis to 

synthesis of the corresponding "homo" alkaloids. For example, photolytic cycll- 

sation of the bramophenol (49) gave androcymbme (45) and multifloramine (50). 

Chart 23 

Finally, the spiradlenone synthesis by photolytic cyclisation was also used in the 

Chart 24 



t o t a l  s y n t h e s i s  o f  c e r t a i n  Amary l l idaceae  a l k a l o i d s .  Thus,  i r r a d i a t i o n  o f  t h e  

p h e n o l i c  bromoamine (51) a f f o r d e d  t h e  enone (52), which had a l r e a d y  been c o r r e l a t e d  

t o  c r i n i n e  ( 5 3 ) .  By a s i m i l a r  method, ga lan thamine  (8) was o b t a i n e d  from t h e  a p -  

p r o p r i a t e  bramoamide. 

4 Benzyne and N l t r e n e  R e a c t i o n s  

As a f o u r t h  approach  t o  t h e  t o t a l  s y n t h e s i s  o f  i s o q u i n o l i n e  a l k a l o i d s .  P r o f e s s o r  

Karnetani e x p l o r e d  t h e  u t i l i t y  of t h e  benzyne r e a c t i o n ,  which i n v o l v e s  a mechanism 

i n  t h e  s u b s t i t u t i o n  on an  a r o m a t i c  r i n g  whlch i s  d i f f e r e n t  from t h a t  i n  t h e  l o n i c  

r e a c t i o n  i n  P s c h o r r  s y n t h e s i s  and t h e  r a d i c a l  r e a c t i o n  i n  p h e n o l i c  o x i d a t i o n  and 

p h o t o l y s i s .  

Chart 25 
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2'-Bromoisoguinoline (54) was treated with sodium arnide in llquid ammonia to give 

domesticine (55), amurine (35) and cryptawoline (56). Proof that this type of re- 

action proceeded = a beniyne intermediate was provlded by the observation of *- 
substitution in the case of a 3'-bromoisoquinoline. 

Chart 26 

After the synthesis of natural products bennrynes, Professor Kametani achieved 

the total synthesis of indole alkaloids by using another unstable intermediate, 

nitrene [Heterocycles, 2 ,  209 (1974)], which showed as high reactivity as found for 

benzyne. Thus, heating the nitro cornpound (57) in triethyl phosphite gave the 



cyclisation ~roducts (59), + the nitrene (58), which were converted into the 

alkalold harman (60). 

Chart 27 

5 Phenolic Cyclisation 

Many types of reaction arc available for the preparation of the isoquinoline ring 

system, and the most important and widely used syntheses involveBischler-Napieralski 

and Pictet-Spengler reactions. In these syntheses however, ring formation occurs 

usually in strong acidic media, and these methods can therefore not be applied for 

the synthesis of campounds sensitive to acid. Moreover, isoquinoline alkaloids 

could be biosynthesised by Pictet-Spengler type reaction from the phenolic phenethyl- 

amines and suitable aldehydes, but the ring formation in Nature occurs under milder 

conditions than the strong acidic conditions used in the laboratory. Professor 

Kametani investigated a general synthesis of the isoquinoline ring system from 

phenethylamines under mild conditions which carresnonded to those of Nature. 

In 1968, he developed a new synthetic reaction to farm 1,2,3,4-tetrahydro-7-hydroxy- 

isoquinolines in neutral medium (without acid) from various 3-hydroxyphenethylamines 

and carbonyl compounds by a modification of the Pictet-Spengler reaction. He pro- 

posed that this type of non-acidic reactlan be called "Phenolic Cyclisation", because 

the phenolic hydroxyl group in the "henethylamine apnarently played an important 

role, with nonphenolic phenethylamines not affording any cyclisation products, i.e. 

isoquinolines [Heterocycles, 2 ,  311 (197511. 
Later, he found that this cyclisation proceeded in basic medium, and also reported 

a simple synthesis of 4-hydhxylated isoquinolines which were difficult to prepare 

bv the usual methods 
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After developing a new and general synthesis of the isoquinoline nucleus he attempted 

to obtain the 7,s-dioxygenated isoquinolines by this method. He subjected the 

phenolic phenethylamines, whose e-cyclisation site was protected with a bromine 

atom, to phenolic cyclisation in order to get 7,s-dioxygenated isoquinolines. In 

this reaction, he presumed that cyclisation at the --position to the hydroxyl 

group would proceed smoothly because the reactivity of the benzene ring was increased 

by the presence of the phenolic hydroxyl group in the mine. Some successful results 

are shown in the following chart. 

Chart 28 
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On the basis of the above knowledge, Professor Kametani attempted a synthesis of 7,s- 

dioxygenated isoquinoline alkaloids, and achieved a total synthesis of petaline (61) 

with phenolic cyclisation as the key reaction, and then cularine (1) and caseadine 

(62) by phenolic cyclisation and further reactions. 
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The same idea has been applied to the total synthesis of the 9,lO-dioxygenated 

berbine alkaloids, scoulerine (19) and berberine (63). and moreover, Professor 
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Kametani has developed a synthetic reaction to 9,lO-dioxygenated berbines under the 

conditions of controlled pH in the cyclisation stea. 

6 Rine. Transformation - Ring Expansion and Contraction 

P;&..Iaegari~n=Sxethgs.&s. 
Ring expansion reaction is an effective method far the synthesis of seven-membered 

compounds from cyclohexane derivatives because the latter are readily available. 

Professor Kametani has developed a new type of isopavine synthesis by a ring expan- 

sion reaction involving a one-step ring opening and ring closure which resulted from 

application of the ring expansion method through the aziridinium intermediate formed 

by diazomethane-iminium insertion. 

Treatment of the 3,4-dihydroisoquinolinium salt (64) with diazomethane afforded the 

aziridinium salt (65) which was treated with hydrochloric acid to give reframidine 

(67) through a transient quinonoid intermediate (66). 

Chart  31 

Although few isoqunolines have been prepared by this route, this novel method provides 

a general route to the isopavine alkaloids. 

6LZ..grhnlees@~e.sz~r;hgz~z 
Ochotensine-type alkaloids could be biosynthesised from berbines although the exact 

route remains unclear. Many chemists have tried this type of conversion in the 

laboratory, but only Shamma has realised this step while others have given up in 

failure. Professor Kametani also examined the conversion of berbine into ocho- 



tensanes and succeeded in finding two routes; one is a direct method and the other 

is the route through rheadan which is described in 6.3. 

The route developed by Professor Kametani involves a Stevens rearrangement and has 

merit in that ochotensane could be obtained stereoselectively and that racemisation 

did not occur in this rearrangement. Thus Red-a1 treatment of the (+)-trans-berbine 

methiodide (68) gave the ochotensane ( 6 9 1 ,  and the ( + I - %  isomer (70) was converted 

into the ochotensane (711, a spiro-isomer of 69, by the same reaction. 

Chart 32 

This is an effective route for the synthesis of ochotensine-type compounds because 

berbines are readily obtained by synthesis. 

p,J...R.h.e.a$.a~;syg=th=e.Si 2 

Although rheadans have a benzazepine ring system, these alkaloids belong to the iso- 

quinoline series as they are biosynthesised from 1-benzyltetrahydroisoquinolines 

phthalideisaquinolines. On account of this, Professor Kametani has examined the 

conversion of benrylisoquinolines and phthalideisoquinolines into rheadans and has 

developed new synthetic routes to rheadans using a ring expansion method. 

The first method is similar to the isopavine synthesis described above: insertion 

of carbene, derived from diazomethane, to the 1-benzoyl-3,4-dihydroisoquinolinium 

salt (72) gave the azepine derivative (73) which was converted into the rheadan (742 

By this method. he synthesised many rheadan derivatives. The second is a one-step, 

synthesis of rheadan from 1-spirobenzylisoquinoline by a dissolving metal reduction 

as shown for the formation of the benzindanoazepines (75 and 76). 
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Furthermore, he transformed the rheadan (74) into the nhthalideisoquinoline (78) and 

the spirobenzylisoquinaline (77), which corresponds to the reverse process of bio- 

genesis of rheadan alkaloids. 

7 Natural Product Synthesis via Enamines 

It is well known that the 6-carbon atom in an enamine system shows a strong affinity 

for an electon-poor center such as a carbonium cation or a benzyne system. Prof- 

essor Kametani found in 1958 that 3,4-dihydro-1-methylisaquinolines behave as 

enarnines, i.e. 1,2,3,4-tetrahydro-2-methyleneisaquinoli. In the mid 1 9 7 0 ' 5 ,  he 

achieved the total synthesis of some benzoquinolizidine natural products from 3,4- 

dihydro-1-methylisoquinolines by making use of this enamine character. 



Chart 34 

7.1 Prataberbgyig~.Syg~hggjg ==============...---- ...--.- 

As 2'-bromobenzylisoquinolines readily generate a benzyne on treatment with sodium 

amide in liquid ammonia as described in Section 4, Professor Kametani assumed that 

reaction of 2-(2'-bromobenzoy1)-1-methyleneisoquin~lies with sodium amide would 

give protaberberines cyyclisation, i.e. by reaction of the enamine moiety of the 

molecule with the benzyne system initially generated. On this assumption, the 2'- 

bromobenzoylisoquinoline (79) was treated with sodium amide, and he obtained the 

expected xylopinine (80) in good yield as shown in the fallowing chart. Moreover, 

he investigated a synthesis of berbines by nhotolysis of 79 and found the same 

result as in the case of benzyne reaction. By these methods, many kinds of berbine 

were synthesised. 

Chart 35 
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During the above synthesis he developed a new method for the reduction of an amide 

to an mine in which the former was treated with phosphorous oxychlaride, followed 

by sodium borohydride reduction of the resulting chloride. 

!,I=.Ipgsa~=&~~s!nid=Sx~the~i~ 
Professor Kametani has found an enamine annelatian whereby 3,4-dihydro-1-methyliso- 

quinolines are converted to benzo[a]quinolizines by Michael addition to a,B-unsatu- 

rated esters, snd has synthesised emetine (85) by use of this reaction. Thus, 

reaction of the 3,4-dihydro-1-methylisoquinoline (81) with the ester (82) gave ,  in 

one step, the enarnide (83) which was stereoselectively converted into the aldehyde 

(84). This was subjected to Pictet-Spengler reaction with hornoveratrylamine to give 

Chart 36 
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emetine (85). I be1ie"e this to be the shortest route to emetine. In the same 

tubulosine (86) and dihydroc~r~nantheol (87) were s~nthesised stereoselectivel~. 

The key intermediate for a total synthesis of camptothecin ( 2 5 )  was also prepared 

from 3,4-dihydro-6-carboline by enamine annelation. 

8 Retro Mass Spectral Synthesis 

In 1974, Professor Kametani pro~osed a new and effective synthetic design that he 

called "Retro Mass Spectral Synthesis" [Accounts Chem. Res., $, 319 (1976)l. This 

analysis is based on fragmentation processes in mass spectrometry, and he has synthe- 

sised many kinds of natural products along the routes determined by this method. 

He discovered this analysis far the design of a synthetic route from the following 

assumption. Since fragmentation in the mass spectrometer is a chemical process that 

results in bond breaking, fragmentation of a compound is sometimes very similar to 

chemical degradation reaction. For example, cyclohexene produces butadiene ion 

radical and ethylene in its fragmentation, a uracess  which is also observed in 

chemical reaction. On the other hand, cyclahexenes can be obtained from butadlenes 

and ethylene derivatives by Diels-Alder reaction. These facts indicate that some 

mass spectral fragmentations parallel chemical degradation urocesses and therefore 

also parallel retropracesses of synthetic reactions of organic comnounds. To 

determine whether this analysis could be used as a synthetic design, he firstly 

examined a simple compound. 

In the mass spectra of a series of 1-monosubstituted 1,2,3,4-tetrahydro-2-methyl- 

isoquinolines (88), fragment ions (89 and 90) formed by loss of the C-1 substituent 

or C - l  hydrogen are observed, in addition to an MI-43 ion (91) derived by retro-Diels- 

Alder reaction of 88. 

Reduction of 1-substituted 3 ,4-d ihydroisoquinol ines  (89) is the most common method 

for the synthesis of 1-monosubstituted 1,2,3,4-tetrahydrois~quinoline derivatives 

(88). Another method is the alkylation of 1-unsubstituted 3,4-dihydroisoquinoline 

(90) with Grignard reagents. 

On comparison of these syntheses with the mass spectra of isoquinolines, it is seen 

that the reduction method corresponds to a retrograde of the formation of the 3,4- 

dihydroisoquinolinium ion 89 from the molecular ion 88, and the alkylation method 

to a retrograde of the formation of ion 90 from 88 in its mass mectrum. These 

phenomena suggested that the fragmentation processes in the mass spectrometer indicate 

an effective method of retrosynthesis and that their observation might also lead to 

useful synthetic routes to target compounds. 
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Professor Kametani therefore examined a synthesis of 1,2,3,4-tetrahydroisoquinoline 

from the compoundswhichcor respand  to the ion 91 and the fragment 92 formed by retro- 

Diels-Alder reaction of the molecular ion. He selected the benzocyclobutene 94 as 

Chart 38 
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the chemical equivalent of ion 91, because benzocyclobutene 93 readily produces 2- 

quinodimethane 91 on heating. Reaction of 94 with the Schiff base 96, the synthon 

corresponding to ion 92, at 150 - 160°, afforded the 1,2,3,4-tetrahydroisoquinoline 

97 in bath regio- and stereospecific manner by cycloaddition of the o-quinodimethane 

95 to the Schiff base. Thus, he succeeded in developing a new synthesis of 1,2,3,4- 

tetrahydroisoquinolines by applying Retro Mass Spectral Synthetic Analysis. 

!,1.~Proteberberine8,1__ProteberbeEine_4lkaleLd_SEgrhgSlsA1ka_1o_L~-S~nrhe_s_Is_ ...................................... 

The mass spectrum of xylopinine (80) shows anion 99 having an 2-quinadimethane system, 

together with a 3,4-dihydroisoquinalinium ion (98). This fragmentation p~ocess 

suggested that a combination of synthons corresponding to these two ions (98 and 99) 

would produce xylopinine (80) by Retro Mass Spectral Synthesis. 

Char t  39 
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On the basis of this consideration, Professor Kametani examined the total synthesis 

of xylopinine using 1-cyano- and 1-hydroxybenzocyclobutenes as shown in the follow- 

ing chart. 
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Chart 40 

Heating 1-cyanobenzocyclobutene (94) with the 3.4-d~hydroisoquinoline (98) at 150 - 

160' gave 13-cyanoprotoberberine (100). Reductive decyanation with lithium in 

liquid ammonia afforded xylopinine (80). Similarly, a mixture of the benzocycla- 

butenol (101) and 98 was heated to give the expected protoberberine (1021, which 

was reduced with sodium borohydride to afford xylopinine (801. 

This method provided a new and convenient synthetic route to protoberberine alkaloids 

and has merit in that it can be used to prepare easily the berbines which could not 

be obtained by the usual methods. 

B,Z.,PhLbe?i4eiapguigg1i~e=e=4?ka1p~i=Zr~f~gai~ 



The base peak in the mass spectrum of cardrastine 1103) is assigned to ion 104. 

The partner ion o f  104 is the phthalide radical (105). 

Me Chart 47 

Me0 - 
Me0 \ ,N-Me OMe 

In the case of R e t r o  Mass Spectral Synthesis of this type of alkaloid, Professor 

Kametani used methyl 6-diazomethyl-2.3-dimethoxybenzoate (106) as the chemical 

equivalent of the phthalide radical (105), because the 6-diazomethyl compound 

readily generates a reactive ion (107) which has a similar structure Po that of 105. 

Treatment of the 6-diazomethyl compound (106) with 3,4-dihydro-6,7-dimethoxy-2- 

methylisoquinolium iodide (104) in methanol-chloroform solution gave cordrastine 

(103) stereoselectively. Hydrastine w a s  obtained by the same method. Thus, he 

developed a simple synthetic method far phthalideisoquinoline alkaloids. 

Chart 42 
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9.3 Emetine Synthesis -----.--.-.--- --.-.-. .--.-.---------------- 

Retro Mass Spectral Synthesis has also been applied to develop a practical and 

efficient route to the ipecac alkaloid emetine (85). It had been observed that the 

main mass spectral fragmentation process for the emetine base (108) is as shown in 

the following chart. 

Chart  43 
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Professor Kamerani therefore assumed that utilisation of the feasible synthetic 

equivalents of these mass spectral fragments, the a,6-unsaturated ester (109) and 

the 3,4-dihydra-1-methylisoquinoline (81), in a Micheal reaction would enable a 

synthesis of emetine the Retra Mass Spectral adduct (110). With this then as 

the key step, a synthesis of emetine was undertaken as follows. 

The u,B-unsaturated ester (109) was treated with 3,4-dihydro-1-methylisoquinoline 

(81) in dry methanol to give stereoselectlvely the adduct (110) as a single product, 

which was transformed into emetine (85) by ethylation, decarbethoxylation, reduction 

and eoimerisation. 



Thus the Retro Mass Spectral Method provided a simple and efficient route for the 

synthesis of emetine and related alkaloids. 

B,S=.P!fr@zte=$~~fh_e_sL? 
The mass spectrumofolivacine (111) shows no characteristic ions other than the 

molecular ion. However, the dihydropyridocarbazole (112) reveals two ions (114) 

and (115) farmed by opening o f  ring C. Professor Kametani thought that dihydro- 

olivacine (113) would generate an indole ion (114) and an analogous o-quinodimethane- 

pyridine ion (116) in its mass fragmentation process. Therefore, olivacine synthe 

sis from indole (114) and the dibromamethylpyridine (1181, w h ~ c h  is a chemical 

equivalent ofthe o-qulnodimethane-pyridine (116), was examined. 

Refluxing 4-(l-hydroxyethyl)-3-metho~ymethyl-Z-methylpyridine (117) in 47 9 hydro- 

bromic acid gave the corresponding dibromide (118), which was condensed with lndole 

by heating to afford olivacine (111) in one step. 

Chart  44 
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B, i==lnhLrnbLpe=~~g~h~s.~s,  
Professor Kametani examined a total synthesis of yohimbine (119) along the route 

designed by Retro Mass Spectral Analysis. A characteristic ion (120) in the mass 

spectrum of yohimbme is formed by cleavage of ring E. The partner of ion 120 is 

the hypothetical ion 121 

Chart 45 

A Retro Mass Spectral Synthesis would employ the enamlne (123) and methyl 3-0x0-4- 

pentenoate (1221, which are chemical equivalents of, or synthons for, ions 120 and 

121. 

Reaction of the pyrrolidine enamine (123) of indolo[2,3-alquinolizin-2-one wirh 

methyl 3-0x0-4-pentenoate (122) gave 15,16-dehydroyohimbinone (124). Catalytic 

hydrogenation of 124 an 30 % palladium on carbon gave (?)-yohimbinone (125), which 

was converted into (r)-yohimbine (119) in addition to 6-yohimbine by sodium boro- 

hydride reduction. Thus, a total synthesis of (+)-yohirnbine (119) was accornpl~shcd 

along the Retra Mass Spectral route. 



C h a r t  46 

B~P._9uinaiolone.&lkaIoid.S~!fh??i? ................................... 

Evodiamlne (12b), a typical member of the quinazolinocarboline alkaloids, showed 

C h a r t  47 
4 
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two c h a r a c t e r i s t i c  i o n s  i n  i t s  mass s p e c t r u m ,  (127) and  ( 1 2 8 ) ,  formed by r e t r o -  

D i e l s - A l d e r  r e a c t i o n  o f  r i n g  D. T h i s  b e h a v i o u r  i n d i c a t e s  t h a t  evodiamine (126) 

c o u l d  be s y n t h e s i s e d  from 3 , 4 - d i h y d r o - 0 - c a r b o l i n e  (127)  and t h e  iminoke tene  (128) .  

F i r s t l y ,  P r o f e s s o r  Kametani i n v e s t i g a t e d  a method f o r  g e n e r a t i o n  of t h e  u n s t a b l e  

i n t e r m e d i a t e  iminoke tene  (128) and  found 128 t o  be  g e n e r a t e d  from t h e  

s u l f i n a m i d e  anhydr ide  (129) o b t a i n e d  by r e a c t i o n  of N - m e t h y l a n t h r a n i l i c  a c i d  (130) 

w i t h  t h i o n y l  c h l o r i d e .  On t h i s  f i n d i n g ,  he a t t e m p t e d  a s y n t h e s i s  o f  evodiamine 

(126) as f a l l o w s .  

H e a t i n g  N - m e t h y l a n t h r a n i l i c  a c i d  (130) w i t h  t h i o n y l  c h l o r i d e  p roduced  an  u n s t a b l e  

s u l f i n a m i d e  anhydr ide  ( 1 2 9 ) ,  which was t r e a t e d  w i t h  3 , 4 - d i h y d r o - 0 - c a r b a l m  (127) 

i n  d r y  benzene a t  room t e m p e r a t u r e  t o  a f f o r d  evodiamine (126) r e g i o s e l e c t i v e l y .  I n  

t h i s  r e a c t i o n ,  t h e  s u l f i n a m i d e  a n h y d r i d e  (129) was c o n v e r t e d  i n t o  t h e  iminoke tene  

( 1 2 8 ) ,  r h ~ c h  r e a c t e d  r e g i o s e l e c t i v e l y  w i t h  3 , 4 - d i h y d r o - 6 - c a r b o l i n e  (127) by c y c l a -  

a d d i t l o n  t o  farm evod iamine .  

By s i m i l a r  methods,  P r o f e s s o r  Kametani h a s  s y n t h e s i s e d  many q u i n a z o l o n e  and 

q u i n a z o l i n o c a r b o l i n e  a l k a l o i d s .  

B,I.=lls$elt%l"sz 
I n  a d d i t i o n  t o  t h e  work d e s c r i b e d  above ,  t h e  R e t r o  Mass S p e c t r a l  Method h a s  been 

a p p l i e d  t o  t h e  s y n t h e s i s  o f  a wide r a n g e  o f  compounds i n  which t h e  key r e a c t i o n  is 

t h e  t h e r m o l y s i s  o f  a b e n z o c y c l o b u t e n e ,  as  a l r e a d y  ment ioned i n  t h e  s y n t h e s i s  o f  

x y l o p l n i n e  ( 8 . 1 ) .  As P r o f e s s o r  Kametani h a s  e n e r g e t i c a l l y  i n v e s t i g a t e d  t h e  t o t a l  

s y n t h e s i s  a f  n a t u r a l  p r o d u c t s  benzocyc lobu tene  t h e r m o l y s i s ,  I would l i k e  t o  

d e s c r i b e  t h i s  R e t r o  Mass S p e c t r a l  S y n t h e s i s  work, e . g .  s y n t h e s i s  o f  s t e r o i d s ,  

yohimbanes ,  and o c h o t e n s a n e s ,  under  a s e p a r a t e  h e a d i n g .  

10 Thermolys i s  o f  Benzocyc lobu tenes  - E l e c t r o c y c l i c  and C y c l o a d d i t i o n  

R e a c t i o n s  

I n  h i s  r e s e a r c h  work on R e t r o  Mass S p e c t r a l  S y n t h e s i s ,  P r o f e s s o r  Kametani h a s  used  

b e n z o c y c l a b u t e n e s  as t h e  s y n t h e t i c  e q u i v a l e n t s  of same k i n d  o f  chemica l  s p e c i e s  i n  

t h e  key s t e p  of  n a t u r a l  p r o d u c t  t o t a l  s y n t h e s i s ,  e . g .  as  d e s c r i b e d  i n  x y l o p i n i n e  

s y n t h e s i s .  He a l s o  i n v e s t i g a t e d  t h e  chemica l  b e h a v i o u r  o f  b e n r a c y c l a b u t e n e s ,  and 

found  t h a t  o -qu inod imethanes ,  d e r i v e d  from b e n z o c y c l o b u t e n e s  by h e a t i n g ,  p roceeded  

t o  r e a c t  i n  a r e g i o -  and s t e r e o s e l e c t i v e  manner a t h r e e  t y p e s  o f  p e r i c y c l i c  re -  

a c t i o n  as shown i n  t h e  f o l l o w i n g  c h a r t .  Among t h e s e  r e a c t i o n s ,  he  h a s  employed 

c y c l a a d d i t i o n  and e l e c t r o c y c l i c  r e a c t i o n s  i n  t h e  key s t e p s  o f  t h e  t o t a l  s y n t h e s i s  

o f  n a t u r a l  p r o d u c t s  a s  f o l l o w s .  



Chart 48 

- cycloaddi tion reaction 
+ electrocyclic reaction 

-, sigmatropic raction 

2,l==prpiep$1berlpg=srgihez~z 
Since o-quinodimethanes can readily form cyclisation products by.electrocyclic re- 

action as shown in the above chart, Professor Kametani firstly investigated proto- 

berberine synthesis by this reaction. 

Thermolysis of the 1-beniocyclobutenyl-3,4-dihydroisoquinaline hydrochloride (131) 

at 160 - 180' gave in good yield the pratoberberine (102) electrocyclic reaction 

of the initially formed o-quinadimethane (132) fallowed by dehydrogenation of the 

cyclised product (131). Hydrogenation of 102 in the usual manner afforded xylopinine 

(80). He synthesised discretine, coreximine and 0-methylcarytenchirine in the same 

way. This route provided a general method for the synthesis of ~rotoberberine 

alkaloids. 
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Chart 49 
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Spirobenzyli~oguina~~ne Synthesis -....- 411 -----_=====.._.=.===.__====411______=====____=_===.__====_=._,===411______=====____=_===.__====_=._,===411______=====____=_===.__====_=._,===411______=====____=_===.__====_=._,======= 
In connection with protoberberine synthesis, Professor Kametani achieved a navel 

synthesis of s p i r o b e n z y l i s o q u i n o l i n e s .  It was surprising that Bischler-Napieralski 

reaction of theamide (134) with phosphoryl chloride in refluxing benzene did not 

provide the expected 3.4-dihydroisaquinolinlum salt (135). Instead, he obtained 

the spirobenrylisoquinoline (1361, formed by the route shown in the fallowing chart. 

Professor Kametani also observed the interesting fact that while the hydrochloride 

of the 1-benzocyclobutenyl-3,4-dlhydroisoquinoli (131) is stable at room tempera- 

ture, the free base is unstable in air. The free base (131) on standing in chloro- 

form solution at room temperature was transformed into the ketospirobenzylisoquinoline 

(138) through the hydroxylated compound (137). He thus achieved a new synthesis of 

ochatensane-type compounds. 
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This work providedamore direct route to the ochatensine-type alkaloids than the 

stepwise procedure theretofore reported. 

e,J..rggr@cxrllne=Srgth$5;is. 
It is well known that naphthoquinones are effective dienophiles, and Professor 

Kametani therefore set out to develop a new and simple method for the synthesis of 
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tetracycline-type compounds, based on intermolecular cyclaaddition reaction between 

o-quinadimethanes and naphthoquinones, and also investigated the total synthesis of 

adriamycinone (146). 

Reaction of 6-ethoxy-5,8,9,10-tetrahydronaphthoquinone (140) with 6-methoxybenzo- 

cyclobutenol (139) at 150 - 160' afforded the tetracyclic compound (142), which was 

also abtalned by treatment o f  the beniocyclobutenol (139) with 6-ethaxynaphthaquinane 

(141). Similarly, the beniocyclobutenol (13'3) was converted into the tetracyclic 

compound (144) by reaction with the quinone (143). This product can be considered 

to be a potential synthetic precursor to adriamycinone (146), because the related 

6,ll-dihydroxylated compound (145) has been converted into adriamycinone. 

Chart  51 



5,4--fihimblp~%rpEbe~I5 

On the basis of successful synthesis of protoberberine-type compounds from benza- 

cyclobutenes by electrocyclic reaction and by intermolecular cycloadditian reaction 

(described in Retra Mass 'Spectral Synthesis), Professor Kametani assumed that the 

yohimbones, e . g .  (157) possible intermediates to yohimbine (119), could be obtained 

Chart 52 
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by reaction of the appropriate o-quinodimethanes with 3,4-dihydro-B-carboline (127). 

He flrstly investigated yohimbone synthesis as fallows. Intermolecular cyclaaddition 

between 1-cyanobenrocyclabutene (147) and 3,4-dihydro-B-carboline (127) was effected 

at 150 - 160' to give regioselect~vely the 14-cyano-hexadehydroyohimbane (1481, which 

was decyanated by treatment with metallic lithium in liquid ammonia in the presence 

of isopropyl alcohol to afford the hexadehydroyohimbane (149). This synthesis falls 

into the category of Retro Mass Spectral Synthesis, because the yohimbane (149) shows 

the two 10"s 127 and 147-A (X=H) in its mass spectrum. 

Moreover, thermolysis of 1-benzocyclobutenyl-3,4-dihydracarboline (150) hydro- 

chloride at 155' gave the expected decadehydroyohimbane (151) which was reduced 

with sodium borohydride to give thehexadehyrlroyohimbane (149). 

In addition, Professor Kametani synthesised another type of hexadehydroyohimbane 

(154), differing only in the position of the methoxyl substituent, by utilislng the 

difference in reactivities of the free base and the hydrochloride. Thus, the 

free base, the 1-beniocyclobutenyl-3,4-dihydracarboline (150), rearranged on 

stand~ng in chloroform at room temperature to the ketospirobenzyl-8-carboline (152). 

Irradiation of thls product in dry tetrahydrofuran at room temperature gave the lactam 

(153)whichhad already been converted into 18-methoxyyohimbane (154). 

It is interesting tonote that the same startingmaterialgave rise to two yohimbanes 

which are positional isomers, as shown in the above chart. 

Birch reduction of the hexadehydroyohimbane (149) with the lithium in liquid ammonla- 

isopropyl alcohol system gave the en01 ether (155). The same en01 ether was obtained 

by reduction of 14-cyanoyohimbane (148) with a large excess of lithium in liquid 

ammonia and isopropyl alcohol. Finally, treatment of the en01 ether with oxalic 

acid gave the 0,y-unsaturated dehydroyohimbone (156). while reaction with hydro- 

chloric acid by Swan's method afforded the dehydroyohimbone (157), which had 

already been converted into 158 and 159 as shown in the following chart. These 

methods would be particularly useful for the synthesis of yohimbanes and yohimbones 

with an electron-withdrawing group on ring E. This type of compound can not be 

obtained by the usual Mannich reaction of l-benzyl-1,2,3,4-tetrahydro-B-ca1~boline 

with formalin, but in Professor Kametani's synthesis the key starting materials 

already have the "berberine bridge carbon" in the molecule. 



Char t  53 

Based on the above model experiment, Professor Kametani accomplished a total 

synthesis of yohimbine (119) from the 1-spirobenzyl-6-carboline (160). Photolysis 

of 160, followed by reduction of the rearranged uroduct (161) gave E-methyl- 

hexadehydroyohimbine (162), the free carbaxylic acid (163) of which was subjected 
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t o  B i r c h  r e d u c t i o n  fo l lowed  b y t r e a t m e n t  w i t h  d iazomethane  t o  a f f o r d  O_-methyl te t rade 

hydroyohimbine ( 1 6 4 ) .  R e a c t i o n  of t h e  l a t t e r  w i t h  o x a l i c  a c i d  fo l lowed  by hydro-  

c h l o r i c  a c i d  t r e a t m e n t  f u r n i s h e d  dehydroyohimbinone (124) which had a l r e a d y  been 

t r a n s f o r m e d  i n t o  y o h i n b i n e  (119) as  d e s c r i b e d  i n  R e t r a  Yass S p e c t r a l  S y n t h e s i s .  

Thus ,  a  t o t a l  s y n t h e s i s  o f  yohimbine was accompl i shed  by t h i s  new method deve loped  

by Professor Kametani .  

Chart 54 
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2;l..2eaauirarna~a.Sxn&h~zis 
Although the cycloaddition mentioned above is an intermolecular reaction, Professor 

Kametani found that polycyclic systems are obtained regio- and stereoselectively 

in excellent yield on heating benzocyclobutenes that carry, on C-1, a chain of five 

or six atoms with a terminal multi~le bond. Moreover, he discovered that this type 

of intramolecular cycloaddition proceeded smoothly even with unreactive dienophiles 

such as isolated C=C and C-C bonds. With this knowledge, he developed a general 

synthetic route to basic tricyclic sesquiteruene ring systems, the eudesman (167) 

and driman- (169) type terpenes, by intramolecular cycloaddition as follows. 

The ester (165) was heated at 190 - 200' to give the tricyclic compound (167) 

the 2-quinodimethane (166). Similarly, the driman-tyne lactone (169) was obtained 

from benzocyclobutene (168). These routes are among the most convenient ones far 

preparation of these types of sesquiterpene ring systems. 

Chart 55  

M isadorimenin 

9.6 Diterps~s.SxqIbsgig ==========.....- 

: The bridged bicyclo[3.Z.lloctane moiety found in hibaene 

is an integral part of the structure of a iarge class of tetracycllc diterpenes. One 

of the most difficult synthetic steps in the preparation of such tetracyclicditerpenes 

is to build the bicyclo[3.z.i10~tane system from hydro~henantherenes. As described 

earlier, Professor Kametani has developed a synthetic route to the hydrophenanthrene 

ring, using intramolecular cycloaddition of an olefinic benzocyclobutene, and so he 

thought that it should be possible to synthesise, in one step, the hibaene ringsystem 

if a benzocyclobutene substituted by a methylenecyclapentane unit 1s subjected to 
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thermolysis. Based on this consideration, he planned a synthesis of dihydrohibaene 

(170)as shown in the following chart. 

Chart 56 

Along these lines, he investigated a total synthesis of dihydrohibaene (170) and 

hibaal (176) from 2-benzocyclobutenylethyl~yc1opentanone (171). Prior to introducing 

the methyl group to the C2-position of the cyclopentanane ring, the C5-position was 
blocked by a protecting group which would later function as the dienophile. A methyl 

group was then introduced to the C2-position by reaction with methyl iodide in=- 

butanol in the presence of potassium =-butoxide to give the key intermediate (172). 

Heating the latter in o-dichlarabenzene at 180' for 13 h afforded the tetracyclic 

compound (174) in a regioselective and stereoselective manner a t h e  c-quinodimethane 

(173). Desulfurisation of this product with Raney nickel in ethanol gave the 

potential intermediate (175). Thus, he established a novel and short synthesis of 

the tetrayclic moiety which constitutes the framework of hibaene. 



Chart 57 

After converiion of the tetracyclic compound (175) into the Birch reduction product, 

the latter was transformed into hibaol (176) by the following series of reactions, 
. , 

Eschenmoser cleavage, introduction of methyl group to ClO-position, cyclisation, 

introduction of two methyl groups to C4-position, and finally Wolff-Kishnerreduction. 

As hibaal (176) had already been correlated with dihydrohibaene (170) by Wenkert, 

this work constituted a total synthesis of hibaol and dihydrohibaene. 

: Nagata had achieved total synthesis ofthe diterpene alkaloids, 
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atisine (1821, veatchine and garryine, during 1964 - 1967. In these syntheses the key 

and common intermediate was 16.17-imino-13-methoxy-SB,l0a-padocarpane-8,11,13-triene 

(1811,which Nagata prepared in many steps. ProfessorKametani attempted asimple synthesis 

of 181 by intrsmolecular cycloaddition of o-quinodimethane. The olefin(1781, prepared 

straightforwardly from the benzocyclobutene (177), was heated at 230 O to give the 

tricyclic compound (1801, inaddition to its stereoisomer through the 2-quinodimethane 

(179). Hydrogenation of the product (180) followed by lithium aluminium hydride 

reduction of the resulting lactam, afforded Nagata's intermediate (181). Thus, he 

achieved a simple and short synthesis of 18lbyusingthe intramolecular cycloaddition 

reaction. Moreover, sincethis product had been correlated to atisine (182), veatchine 

and garryine,byNagata, this workconstituted formal total synthesis of these alkaloids. 

Chart 58 

4 :  A new and stereoselective synthetic route to the main skeleton 

(187) of aphidicolin (188), involving ~ntramolecular cycloaddition as the key 

reaction, was established by Professor Kametani. He firstly made the tricyclic 

seven-membered ring compound (186) from the benzocyclobutene (185), derived from 

the cyanobenzocyclobutene (183) 2 the aldehyde (184), and bridged it by an aldol 

condensation to produce the aphidicalan system (187). 



Chart 59 

D Miscellaneous: The basic skeleton (189) of abietane-type diterpene (190) was 
~ Z C I C C C C Z C ~ C ~ C I C  

synthesised by a route similar to that used for the driman-type compound described 

above. The A ,  B ,  and C rings (192) of acebotoxine were obtained by intramolecular 

Diels-Alder reaction of the o-quinodimethane (191) followed by molecular rearrangement 

of the cycloaddition product as summarised in the following chart. 
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Chart 60 

9,!=.TrLIere:z:=~r::~=g 
The pentacyclic aromatic diethers (195 and 1961, with trans,anti,trans-BCD 

ring structure and the correct array of angular methyl groups, are important 

intermediates in the total synthesis of the pentacyclic triterpenes, as seen in the 

total synthesis of alnusenane (193) and friedelin (194) by Ireland. A crucial step 

in the synthesis of these pentacycllc diethers is the introduction of the methyl 

groups at the angular positions with the required stereochemistry. 

Since Professor Kametani found that intramolecular cycloadditionof an g-quinodimethane 

in the synthesis of diterpenes could proceed stereoselectively as already described 

above, he investigated a simple stereoselective synthesis of the key intermediates 

for triterpenoid synthesis by this method. His ideas were based on observation that 

the C6-C6ai>b-C7 unit of the target molecule corresponds to isoprene, and the 

remainder to the bis-o-quinodimethane, as shown by 198. On this consideration, he tried 

approaches to the pentacyclic compounds (195 and 196) by an intermolecular (route 

A) and two intramolecular (routes B and C) cyclaaddition reactions 



Chart 61 

His first attempt was a one-step synthesis of the pentacyclic compound by a double 

~ntermolecular cycloaddition of the b&-a-quinodimethane to isoprene (route A). 

However, attemptedpreparation of the pentacyclic compound by heating the bisbenzo- 

cyclabutene with an excess of isoprene gave instead the 1 : 2 adduct, a bistetralin 

derivative, so he turned hls attention to a stepwise synthesis of the pentacyclic 

aromatic diether. He selected 4-alkoxy-1-cyanobenzocyclobutene (200) as starting 

material for the stepwise synthesis (routes B and C). Heating 200 (R'=M~) wlth 

isoprene gave, in good yield, a mixture of the tetralins (201 and 202 ) in the ratio 

o f  1 : 1. Condensation of the former (201) with benrocyclobutenylethyl iodide (203, 

2 R =Et), in the presence of sodium amide, proceeded stereaselectively to give the key 

intermediate (204) with the 1-cyan0 and 2-vinyl groups in a relationship. 

Thermolysis of 204 at 210 - 215' provided the pentacyclic compound (206) stereo- 

selectively, + %-quinodimethane. This product was reduced with DIBAL followed by 

Wolff-Kishner reduction to yield the expected 6b,lZb,l4a%-trimethylated pentacyclic 

compound (195), identical to that obtained by Ireland. 

By analogous reactions, using 1-cyana-4-ethoxybenzocyclobutene (200, R'=E~) and 1- 
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Chart 62  



2 
cyano-l-(2-iodoethyl)-4-methoxyben~0~yclobutene (203, R =Me), the pentacyclic 

aromatic diether (196), which had been converted into friedelin by Ireland, was 

synthesised as shown in the following chart. 

Moreover, Professor ~ametani also used the initial intermolecular cycloaddition by- 

product (202) for synthesis of the pentacyclic compounds(195 and 196). Thus, 

condensation of 202 with the iodide (203) gave the key compound (205). thermolysis 

of which afforded the pentacyclic dicyanide (206). This route, however lacked 

stereoselectivity. 

Thus, he obtained the keycompoundswhich have been correlated with the triterpe- 

noids, alnusenone and friedelin, in a simple stereoselective way, providing an 

effective method for the synthesis of pentacyclic diethers. 

Steroid Sygthgajj 5-8 =.==== .. .==...-____ 

In connection with an interest in the synthetic development of cycloaddition or 

electrocyclic reaction starting from o-quinadimethanes, based on benzocyclobutenes, 

Professor Kametani investigated the synthesis of pharmacologically active steroids. 

Estrone: With the above knowledge of benzocyclobutene thermolysis, Professor 
LA****%* 

Kametani firstly designed a novel synthesis of D-hamaestrone (216), which had been 

correlated to estrone (217), from the beniacyclabutene (213) % cquinodimethane 

Chart 6 3  
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(214). Preparation of the requisite benzocyclobutene (213) was straighforward. Thus, 

condensation of thiomethylenecyclohexanone (210), which was derived from 2-methyl- 

cyclohexanone (207), through (208) and (209), with benzocyclobutenylethyl iodide 

(211) afforded the 1,l-disubstituted cyclohexanone (212)which washydrolysed togive 

the key intermediate (213). This compound was smoothlyand s t e r e a s e l e c t i v e l y c o n v e r t e d ,  

in boiling 2-dichlarobenzene for 4 h, to g-methyl-D-homoestrone (215). Thus he 

provided a new and general approach to estrane (217). and it was confirmed that the 

cyclaaddition reaction of 2-quinadimethane (214) preceded along the reaction pathway 

proposed in following chart, namely, that the configuration of substituents on the 

cyclohexanone ring controlled the stereochemistry of the B, C ring junction in the 

product (215), and that the stereochemistry of the butene ring in 213 did notaffect 

that of the product. 

Q Q :  Based on the h i g h l y s t e r e o s e l e c t i v e c y c l o a d d i t i o n  

reaction described above,thermolysisofthe optically activealefinic benzocyclobutene 

(221) was expected to give an optically active steroid (222) by asymmetric induction, 

and this was found to be the c a s e .  The optically active olefinic benzocyclobutene 

(221) was obtained from reaction of the benzocyclobutene[ZOO, R=Me ] with optically 

active cyclopentane (2191, derived from (lS,3aS,7aS)-i-tert-butoxy-3a.4,7,7a- - 

Chart 64 



tetrahydro-7a-methyl-5-(6H)-indanone (218) in several steps. Thermolysis of (221) 

gave 1 7 - g - ~ - b u t y l - 3 - ~ - m e t h y l e s t r a d i o l  (222) in 83.8 % yield. Compound (222) thus 

obtained was converted to 3-c-methylestradiol (223), the optical purity of which was 

determined to be 96.8 4, i.e. l:d = 98.4:1.h, comparison with the optical rotation 

of an authentic sample derived from natural estradiol (224). Finally, removal o f  

the protecting group at C3-position gave (+I-estradiol (224). Thus, he developed 

new methodology for the synthesis of optically active steroidal hormones. 

C 1 4 - D i h ~ d r o - l 9 - ~ o r t e ~ t ~ ; 2 $ ~ $ ~ ~ ~ :  As described above, Professor Kametani developed 
%v-N"%%%%% %%%%%A"% *%%% % 

a new synthetic method for A-ring aromatic steroids, and so he then attempted a 

synthesis of 14-dihydro-19-nortestosterone (229), which shows one hundred times as 

much androgenic activity as testosterone, by using a stereo- and regioselective 2- 

quinadimethane cycloaddition. 

The benzocyc lobu teny lcyc lopen tad ione  (225), derived from l-cyana-4-methoxybenzo- 

cyclobutene and Z-formylmethyl-Z-methy1~y~10pentane-1,3-dione, reacted with vinyl- 

magnesium bromide to give the olefinic compound (226) stereoselectively, which on 

thermolysis yielded the tetracyclic compound (227) as a single product. This was 

then converted into the olefinic alcohol (228) which had already been transformed 

into 229. Thus this work constituted a total synthesis of 14-dehydro-19-nartesto- 

sterone (229). Using an anlogous reaction sequence, 17-g-acetyl-14a-hydroxy-3- 

methyl-ll-oxo-estradiol[230), which could be an important nrecursor in the synthesis 

of ll-oxidised steroids,was prepared. 

Chart  65 
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~ , , ~ ~ ~ x ~ ~ ~ i ~ ~ n . ~ ~ ~ ~ & ~ :  Pregnane-type steroids not only constitute an important 

class of steroid hormones but could also be key intermediates in the synthesis of 

other types of steroid hormones. Professor Kametani therefore planned a total 

synthesis of (+I-5a-dihydropregnenolone (231), a known metabolite of progesterone, 

the acetate of which is an important synthetic intermediate for cholesterol, 

a the O-ring aromatic steroid (232), as outlined in the following chart. 

Chart 66 

The optically active olefinic benzocyclobutene (2331, vrepared from l-cyano-4- 

methoxybenzocyclobutene, was subjected to thermalysis to afford the D-ring aromatic 

steroid (232) stereoselectively, which was then converted into the enone (234) by 

Birch reduction followed by acid treatment. Although the transformation of 234 into 

the pregnane-type steroid had already been reported, he carried out the following 

sequence of reactions in order to obtain a more efficient conversion. The acetylenic 

ketone (2351, resulting from Eschenmoser ring opening reaction of the corresponding 

epoxide of 234, was converted into the acetylenic alcohol (236) by successive treatment 

with methyllithium, and methyl iodide in the presence of sodium amide in liquid ammanla. 

Cyclisation of (236) was effected using trifluoroacetic anhydride and trifluoroacetic 

acid to furnish (+)-5-dihydropregnenolone (2311, the ovtical purity of which was 

found to be 91.4 % .  



Chart 67 

D 6-Ecd sone: With an effective synthesis of D-ring aromatic steroids, and an 'i%",%%%'i%X%""%'i 
efficient procedure for their conversion to oregnane-type steroids in hand, Professor 

Kametani planned a stereoselective total synthesis of 8-ecdysone ( 2 3 7 ) .  2 238 and 
2 3 9 ,  the latter of which could be derived by thermolysis of benzocyclobutene 240. 
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Chart 68 

Michael addition of I-cyano-4-methoxyben~o~y~10b~tene to the nitroolefin (242) In 

the presence of sodium amide yielded the key intermediate (243), which on heating at 

180° afforded the D-ring aromatic steroid (244) with c&-B, C ring juncture. The 

olefinic nitro compound (24.51, obtained from 244 by successive acid treatment, re- 

duction and dehydration, was subjected to modified Neff reaction and subsequent 

reductive decyanation, followed by Jones' oxidation, and epimerisation at C -position, 
5 

to furnish the initial target molecule (239). 



Chart 69 

The olefinic enone ( 2 4 6 ) ,  prepared by reduction of the above product with sodium 

borohydride followed by Birch reduction and acid treatment, was converted into the 

pregnane-type compound ( 2 4 7 )  by the same method as for the synthesis of 231. Oxidation 

with Jones' reagent gave the diketone ( 2 4 8 ) .  The diacetoxy compound ( 2 4 9 ) ,  obtained 

from 2 4 8  by PrBvost-Woodward reaction followed by acetylation, was reduced with 

sodium borohydride to afford the diol ( 2 5 0 ) ,  which was finally converted into 2 3 8  

by successive treatment with acetic anhydride in oyridine and Jones' reagent. 

Since compound 2 3 8  had already been transformed into 6-ecdysone ( 2 3 7 ) ,  this work 

constituted a formal total synthesis of 8-ecdysone ( 2 3 7 ) .  
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Chart 70 4 
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S l n c e  P r o f e s s o r  Kametan i ' s  f i r s t  i n d r a d u c t i o n  o f  t h e  i n t r a m o l e c u l a r  c y c l o a d d i t i o n  

r e a c t i o n  o f  2 - q u m o d i m e t h a n e s  f o r  t h e  s y n t h e s i s  o f  D-homoestrone,  many p a p e r s ,  by 

s e v e r a l  groups i n c l u d i n g  h i s  own, on t h e  s y n t h e s i s  o f  v a r i o u s  t y p e s  o f  s t e r o i d s ,  i n  

which t h i s  r e a c t i o n  is t h e  k e y ' s t e p ,  have a p p e a r e d  in t h e  l i t e r a t u r e .  T h i s  shows 

t h a t  s u c h  r e a c t i o n  may be a g e n e r a l  and h i g h l y  f l e x l b l e  method f o r  s t e r o i d  s y n t h e s i s .  

10 T o t a l  S y n t h e s i s  o f  I n d o l e  A l k a l o i d s  

Al though P r o f e s s o r  Kametan i ' s  work on t h e  t o t a l  s y n t h e s i s  o f  n a t u r a l  p r o d u c t s  h a s  

malnly  been concerned  w i t h  i s o q u i n o l i n e  a l k a l o i d s ,  he  has a l s o  c a r i i e d  o u t  t h e  

s y n t h e s i s  o f  i n d o l e  a l k a l o i d s ,  some o f  which have  been d e s c r i b e d  i n  e a r l i e r  s e c t i o n s  

(yohimbine,  o l i v a c i n e ,  harman,  c a m p t o t h e c i n ,  t u b u l o s i n e ) .  I n  t h i s  s e c t i o n ,  I will 



mention h i s  t o t a l  s y n t h e s e s  o f  i n d a l e  a l k a l o i d s  o t h e r  than  t h o s e  a l r e a d y  d e s c r i b e d ,  

which were  c a r r i e d  o u t  by s t e p - b y - s t e p  and  b iomimet ic  methods.  

~B.L==sre~;hr;ar~~=Sr~~he~I5; 
The f i r s t  i n d a l e  a l k a l o i d s  s y n t h e s i s e d  by P r o f e s s o r  Kametani were  dasyca rp idone  (254) 

and u l e i n e  ( 2 5 5 ) ,  t h e  key s t e p  i n  which i n v o l v e d  c o n d e n s a t i o n  o f  indolylmagnesium 

bromide w i t h  methyl  3 - e t h y l n i c o t i n a t e  1 - o x i d e  (251) t o  a f f o r d  t h e  p y r i d y l i n d o l e  (252) .  

Hydrogenat ion o f  t h e  me th iod ide  o f  252 y i e l d e d  t h e  amino e s t e r  (253) ,  s a p o n i f i c a t i o n  

o f  which,  f o l l o w e d  by h e a t i n g  w i t h  p o l y p h o s p h o r i c  a c i d  gave d a s y c a r p i d o n e  (254) and 

i t s  ep imer .  S i n c e  dasyca rp idone  (254) had a l r e a d y  been c o n v e r t e d  i n t o  u l e i n e  (ZSS), 

a fo rmal  t o t a l  s y n t h e s i s  o f  u l e i n e  h a d a l s o  been a c c o m p l i s h e d .  

Chart 71 

1 )  KOH 
- \  

I EQ" 
2) PPA 

H 

I n  1975,  P r o f e s s o r  Kametani found  t h e  new r e a c t i o n  whereby t r e a t m e n t  o f  4 -ca rboxy-  

2 -methy l -2 -pyr idones  w i t h  d i a z o a l k a n e  gave t h e  3 - a l k y l a t e d  p r o d u c t s .  He a t t e m p t e d  

a t o t a l  s y n t h e s i s  o f  mapp ic ine  (ZSC!), which b e l o n g s  t o  t h e  i n d o l e  a l k a l o i d  group 

b i a g e n e t i c a l l y ,  u s i n g  t h i s  new r e a c t i o n  a s  t h e  key s t e p .  , 

Thus, F r i e d l = n d e r  r e a c t i a n  o f  t h e  p y r r o l i d o n e  (256) w i t h  2-aminabenzaldehyde gave 

t h e  q u ~ n o l i n e  (257) w h ~ c h , w a s , , s u b j e c t e d  t o  t h e  new r e a c t i o n  w i t h  diazomethane t o  
. ,  . 

a f f o r d  t h e  m e t h y l a t e d  compound (258) .  T h i s  p r o d u c t  was t r a n s f o r m e d  i n t o  mapp ic ine  

(259) by c o n v e r s i o n  o f  t h e  methoxycarbonyl  group i n t o  an o -hydroxypropy l  residue by 

t h e  u s u a l  method. He t h u s  a c h i e v e d  a t o t a l  s y n t h e s i s  o f  mappicine  by u s i n g  a new 

r e a c t i o n  which he  had deve loped  h i m s e l f .  
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Chart 72 

Recent ly ,  Professor Kametani has been i n v e s t i g a t i n g  a s y n t h e s i s  of r e s e r p i n e  u s i n g  

a D i e l s - A l d e r  r e a c t i o n  o f  furans a s  the  key s t e p .  

Chart 73 



10.2 Biogenetic-ty~g.Synfhesi~ --.-..... -.---.-. --------...--.-.-.-.-.-.-...... 

Angus t ine  (263) i s  b i o s y n t h e s i s e d  from t r y p t o p h a n  (260) and  s e c o l o g a n i n  (261) 

( o r  i t s  b i o g e n e t i c  e q u i v a l e n t )  2 v i n c o s i d e  (262) .  P r o f e s s o r  Kametani assumed t h a t  

d e h y d r o g e n t i a n i n e  (266) would be  a more e f f e c t i v e  e q u i v a l e n t  t h a t  s e c o l o g a n i n  

i n  a b i o g e n e t i c - t y p e  s y n t h e s i s ,  because  a n g u s t i n e  h a s  a n i t r o g e n  atom i n  r i n g  E .  

He f i r s t l y  s y n t h e s i s e d  d e h y d r o g e n t i a n i n e  (266) f rom t h e  p y r i d i n e  t r i c h l o r i d e  (265) 

i n  t h r e e  s t e p s ,  and t h e n  s u b j e c t e d  266 t o  c o n d e n s a t i o n  w i t h  t r y p t a m i n e  i n  t h e  p r e s e n c e  

of a c e t i c  a c i d  t o  a f f o r d  a n g u s t i n e  (263) .  By a s i m i l a r  method, n a u c l i f i n e  (264) 

was a l s o  o b t a i n e d  f rom t r y p t a m i n e .  

11 M e d i c i n a l  Chemist ry  

One o f  t h e  main work o f  P r o f e s s o r  Kametani h a s  been t h e  development  o f  new pharma- 

c o l o g i c a l l y  a c t i v e  h e t e r o c y c l i c  compounds and  t h e  e s t a b l i s h m e n t  o f  new r o u t e s  f o r  

t h e  industrial p r e p a r a t i o n  o f  m e d i c i n e s .  These s t u d i e s  s t a r t e d  e a r l y  i n  h i s  academic 

l i f e  and  many e f f e c t i v e  compounds have been s y n t h e s i s e d .  I n  t h i s  s e c t i o n  I w i l l  

d e s c r i b e  h i s  development o f , a n d  h i s  m o d i f i e d  s y n t h e s i s  o f ,  med ic ines  and p h a r m a c e u t i c a l l y  

a c t i v e  compounds. 

H i s  f i r s t  c o n t r i b u t i o n  t o  m e d i c i n a l  c h e m i s t r y  was i n  a p r e p a r a t i o n  o f i s o n i c o t i n i c  

a c i d  h y d r a z i d e  (INAH) (268) which was a famous antibacterial medic ine  a g a i n s t  

T u b e r c l e  w. I n  1951,  he  s y n t h e s i s e d  t h i s  compound (268) .  f rom p y r i d i n e  

th rough  i s o n i c o t i n a t e  (Z67) ,  as  an  i m p o r t a n t  i n t e r m e d i a t e  f o r  t h e  p r e p a r a t i o n  o f  

9,10-dimethoxy-3-isonicotinyl-5,6-dihydrobezoglyaxalocoline ( 2 6 9 ) .  He d i d  

p h a r m a c e u t i c a l  t e s t s  on 268, b u t  n o t  on 267, and  found  t h e  former  t o  have  e m e t i n i c  

a c t i v i t y .  A f t e r  t h i s  s t u d y ,  INAH (268) was found  t o  show v e r y  s t r o n g  a n t i b a c t e r i a l  

a c t i v i t y ,  and  was used as  an e f f e c t i v e  d rug  a g a i n s t  t u b e r c u l o s i s  i n  t h e  USA. He 

t h e n  t e s t e d  h i s  s y n t h e t i c  compound (267)  and found t h i s  t o  i n h i b i t  t h e  growth o f  

b a c i l l i  a t  10 ,000 ,000  d i l u t i o n  a g a m s t  human and  bov ine  t y p e s .  

Chart 74 
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During h i s  s t a y  i n  Osaka U n i v e r s i t y ,  Professor Kametanl deve loped  a new i n d u s t r i a l  

p r e p a r a t i o n  o f  3-dimethylamino-l,l-di(2'-thieny1)-but-lee ( 2 7 0 ) ,  an  a n a l g e s i c ,  

and  t h i s  compound was used  i n  med ic ine  fo r  a s h o r t  t i m e .  Moreover,  he  p r e p a r e d  

many compounds showing a n t i s p a s m o d i c  and a n t i c a n c e r  a c t i v i t i e s  a t  t h i s  t i m e .  

Chart 75 

A f t e r  moving t o  Tohoku U n i v e r s i t y ,  h i s  i n t e r e s t s  i n  t h e  development  o f  pharmaceu- 

t i c a l l y  a c t i v e  compounds t u r n e d  t o  a n a l g e s i c s  w i t h  a p o l y c y c l i c  r i n g  sys tem r e l a t e d  

Chart 76 



to morphine [Heterocycles, 2,  79,347 (1974)l. 
Firstly, Professor Kametani investigated the synthesis and the analgesic activity 

of a range of azamarphinans which were anticipated to show activity from drug design 

considerations. He 'found that the 17-cyc lopropy lmethy l -9 -azamorph inan  (273) had 

analgesic activity twice as strong as that of pentazocine, and also showed an 

antagonist effect to morphine. The synthesis of this compound (273) was carried 

out as shown in the following chart. Thus, 2-(3-benryloxyphenyl)-2-~arb0~ymethy1- 

cyclohexanone (271) was treated successively with cyc lopropy lmethy lhydraz ine .  

lithium aluminium hydride, and formalin, to give the 9-azamorphinan (272), which 

was hydrolysed with hydrochloric acid to afford 273. 

At the same time as the above study, Professor Kametani attempted an alternative 

and industrial synthesis o f  pentazocine (2781, which in those days was called "a 

dream analgesic", because addiction to this material was very weak in comparison 

to morphine. He developed many routes to pentamcine, the simplest of which 

mvolved Grewe-type cyclisation as the key reaction. Thus, Pictet-Spengler 

reaction of the amine (274) with the glyoxalate (275) gave the 2-benzylpiperidin- 

4-01 (276), which was subjected to Grewe cyclisation using hydrobromic acid to 

Chart 77 
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produce the beniomorphan (277). Quaternisation of this product with 3,3-dimethyl 

ally1 bromide, followed by debenzylation with sodium thiaphenolate, a new reaction 

developed by Professor Kametani, afforded pentazocine (278). Furthermore, he 

determined the stereochemistry of pentazocine to be as shown in 278 by physico- 

chemical methods. 

After accomplishment of pentazocine synthesis, Professor Kametani investigated 

the synthesis o f  azabenzomorphans which have structures overlapping those of 

benzomorphans and azamorphinans, and he synthesised twelve different azabenzo- 

morphans. Among these, 8-hydroxy-2,3-benzomorphan (279), which corresponds to 

a 1-aza-analog of pentazocine, showed the same analgesic activity as pentazacine 

(278). The synthetic sequence to 279 was analogous to that to azamorphan, as 

shown in the following chart. 

Chart 78 

Apart from this development of phamaceutically active compounds by synthetic study, 

Chart 79 



P r o f e s s o r  Kametani h a s  i n v e s t i g a t e d  t h e  development  o f  new medic ines  by s t r u c t u r a l  

modification o f  compounds a l r e a d y  used  c l i n i c a l l y .  As a r e s u l t  o f  t h i s  work, he 

found a new a n t i h y p e r t e n s i v e  a g e n t  which w i l l  be used  f o r  m e d i c i n a l  p u r p o s e s  i n  

1'381. Methyl r e s e r p a t e  (280) was e s t e r i f i e d  w i t h  a c l d  c h l o r i d e s ,  d e r i v e d  from 

s e v e r a l  a l k o x y l a t e d  c innamic  a c i d s ,  t o  g i v e  r e s c i n n a m i n e - l i k e  d e r i v a t i v e s ,  among 

whlch t h e  compound 281 showed e f f e c t i v e  a c t i v i t y  i n  d e c r e a s i n g  s y s t e m i c  b l o o d  

p r e s s u r e .  

I n  a d d i t i o n  t o  t h e s e  s t u d i e s ,  P r o f e s s o r  Kametani a t t e m p t e d  t h e  t o t a l  s y n t h s i s  o f  

antibiotics w i t h  c o m p l i c a t e d  h e t e r o c y c l ~ c  s y s t e m s ,  e . c .  c a m p t a t h e c i n ,  mitamycin 

(282) and s t r e p t o n i g r i n  (Z83) ,  and  s u c c e s s e d  i n  a s y n t h e s i s  o f  campto thec in  

a l o n g  t h e  b i a g e n e t i c  pathway a s  a l r e a d y  d e s c r i b e d .  

Chart  80 
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R e c e n t l y ,  P r o f e s s o r  Kametanl f o c u s s e d  h i s  i n t e r e s t  i n  m e d i c i n a l  c h e m i s t r y  on an 

effective s y n t h e s i s  o f  carbapenem-type a n t i b i o t i c s ,  f o r  example th ienamyc in  (2941, 

i s o l a t e d  from S t rep tamyces  c a t t l e y a , w h i c h  has  a  wide range  o f  a n t i b a c t e r i a l  s p e c t r a .  

He h a s  deve loped  new and  s t e r e o s e l e c t i v e  s y n t h e t i c  r o u t e s  t o  th i enamyc in  and  r e l a t e d  

a n t i b i o t i c s  u s i n g  a new r e a c t i o n  found  by him. F i r s t l y ,  he  s y n t h e s i s e d  d e s -  

c y s t e a m i n y l t h i e n a m y c i n  (2911, which showed a lmos t  t h e  same a n t i b a c t e r i a l  a c t i v i t y  as 

th ienamyc in ,  - v i a  the  l s o x a z o l i n e  (287) p r e p a r e d  by 1 , 3 - d i p o l a r  c y c l o a d d i t i o n .  

The r e a c t i o n  o f  c r o t o n a t e  (286) w i t h  t h e  n i t r i l e  ox ide  (285) ,  d e r i v e d  from t h e  

n i t r o a c e t a l  ( 2 8 4 ) ,  gave t h e  i s a x a z o l i n e  (287) a s  t h e  c y c l o a d d i t i o n  p r o d u c t ,  which 

was r educed  t o  t h e  amino a l c o h o l  (288) .  A f t e r  p r o t e c t i o n  o f  t h e  h y d r o x y l  group 

w i t h  a  s i l y l  r e s i d u e ,  t h i s  compound was c y c l i s e d  w l t h  methylmagnesium bromide t o  

s t e r e o s e l e c t i v e l y g i v e  t h e  5 - l a c t a m  (Zag) ,  h a v i n g  t h e  same s t e r e o c h e m i s t r y  a s  
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t h i enamyc in .  The hydroxy l  group of t h e  B-lactam (289) was t h e n  p r o t e c t e d  w i t h  o- 
n i t r a b e n z y l  group and  t h i s  p r o d u c t  was c o n v e r t e d  i n t o  descysteaminylthienamycln (291) 

by an i n t r a m o l e c u l a r  W i t t i g  r e a c t i o n  o f  t h e  phosphorane (290) f o l l o w e d b y r e m a v a l  

of t h e  p r o t e c t i n g  g roup .  

Chart 81 
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A f t e r  accomplishment  o f  t h e  t o t a l  s y n t h e s i s  o f  descysteaminylthienamycin ( 2 9 1 ) ,  he  

a t t e m p t e d  a s y n t h e s i s  of th i enamyc in  (294) f rom t h e  i n t e r m e d i a t e  (289) i n  the aforemntioned 

p r e p a r a t i o n  o f  291 as f o l l o w s .  The p - n i t r a b e n z y l  c a r b o n a t e  (292)  o f  289 was treated 

w i t h  - N-p-nitrobenzyloxycarbonylcysteamine i n  t h e  p r e s e n c e  o f  a c i d  t o  g i v e ,  i n  one 

s t e p ,  t h e  t h i o a c e t a l  (293) .  which had  a l r e a d y  been c o n v e r t e d  i n t o  th ienamyc in  (294) 

by t h e  Merck g roup .  

Moreover ,  P r o f e s s o r  Kametani a c h i e v e d  a s e c o n d  s y n t h e s i s  o f  th i enamyc in  from 292 

by a d i f f e r e n t  r o u t e  from t h a t  d e s c r i b e d  above.  Thus,  a f t e r  c o n v e r s i o n  of 292 i n t o  

t h e  c a r b o x y l i c  a c i d  ( 2 9 5 ) ,  t h e  l a t t e r  was t r a n s f o r m e d  i n t o  t h e  0 - k e t o  e s t e r  (297) 

v i a  t h e  i m i d a z o l i n e  (296) .  T h i s  p r o d u c t  was s u b j e c t e d  t o  a  d i a z o  exchange r e a c t l o n  - 

w i t h t o s y l  a z i d e  and  t h e  p r o d u c t  (298) was c o n v e r t e d  i n t o  t h e  carbapenam (299)  by 

a  c a r b e n e  i n s e r t i o n  method, and t h i s  was t h e n  c o n v e r t e d  i n t o  t h e  PNB-pro tec ted  

th ienamyc in  (300) .  As t h i s  compound had  a l r e a d y  been t r a n s f o r m e d  i n t o  th ienamyc in  

(294) ,  t h i s  work c o n s t i t u t e d  a  t o t a l  s y n t h e s i s  o f  th i enamyc in .  
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In addition to this work, Professor Kametani has developed a new and general 

alkylation reaction for the C4-position of 6-lactams, and using it has achieved the 

synthesis of derivatives of a carbapenem antibiotic isolated from Streptomyces species 

by the Sanraku Ocean group. Thus, 4-acetaxy-3-ethylazetidin-2-one (301) was trnated 

with benzyl a-diaioacetoacetate in the presence of base to give the trans-3-alkylated 

product (302) stereoselectively, which was converted into the PS-5 derivative (304), 

-the carbapenam (303) in the same manner as in the case of the synthesis of 

thienamycin from the diazo compound (298). 
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Chart 83 

These methods described above, provide simple and effective routes to carbapenem- 

type antibiotics, and will be used as general methods for the construction of 

carbapenem and carbapenam systems. 

As can be seen from the above summary, Professor Kametani has contributed much 

to, and stimulated a lot of interest in, the progress of organic chemistry in Japan 

a5 well as in the world. In addition to his distinguished academic contributions, he 

has nurtured more than two hundred organic and pharmaceutical chemists, who are 

now working in the first line of each field. He holds a big party with them once or 

twice a year, which we call "Kame No KO Kai" (Party of Kametani's Family) in Japanese. 

Everyone belonging to "Kametani's family" makes an effort tobe present at these partles 

in order to meet again and discusschemistry with Professor Kametani. 

Apart from his work as a great Professor in Tohoku University, he was elected a 

Member of the Science Council of Japan in 1978, and has played an important role in 

the progress of Japanese Science and in the interchange of scholarships between 

Japan and foreign countries. He has also contributed much to the management and 

development of the Pharmaceutical Society of Japan, as a Vice-president in 1979. 

Moreover, he is a leading figure in several symposiums and congresses in Japan, such 

as the Symposium on the Chemistry of Natural Products and the Congress of Heterocyclic 

Chemistry, and he spares no effort in training young chemists who will play important 

roles therein in the future. 

Professor Kametani's academic contributions are also well known abroad. He has spoken 

many times, as a plenary or invited lecturer, in international symposiums and con- 

gresses, and has also taught organic chemistry at many foreign universities as a 



v i s i t i n g  l e c t u r e r .  As I ' m  s u r e  a l l  c h e m i s t s  know, HETEROCYCLES was founded by 

P r o f e s s o r  Kametani and he i s  now e n e r g e t i c a l l y  working f o r  t h e  promotion o f  t h i s  

j o u r n a l  as  i t s  E d i t o r .  hloreover he  h a s  a c t e d  as  an  e d i t o r  o f  " J o u r n a l  o f  H e t e r o -  

c y c l i c  Chemist ry"  and  " B i o - o r g a n i c  Chemist ry"  s i n c e  t h e i r  f i r s t  p u b l i c a t i o n s .  He 

was Chairman o f  t h e  o r g a n i s i n g  commit tee  f o r  "The T h i r d  International Congress  o f  

Heterocyclic Chemist ry"  h e l d  i n  Senda i  i n  1971, and t h e  c o n t r i b u t i o n s  he  made t o  

t h l s  c o n g r e s s  a r e  beyond d e s c r i p t i o n  as a l l  p a r t i c i p a n t s  w i l l  t e s t l f y .  

Another  i m p o r t a n t  c a n t r l b u t ~ o n  made t o  J a p a n e s e  c h e m i s t r y  by P r o f e s s o r  Kametani 

i s  i n  t h e  i m p o r t a n t  r o l e  he  h a s  p l a y e d ,  and i s  s t i l l  p l a y i n g ,  as an international 

b r i d g e  between Japan  and  abroad .  He h a s  i n v i t e d  many o r g a n l c  c h e m i s t s  t o  Japan  

and S e n d a i ,  and o t h e r  f o r e i g n  c h e m i s t s  who come t o  J a p a n ,  l i k e  t o  meet P r o f e s s o r  

Kametani.  He i s  w e l l  l i k e d  and admi red  by many domes t i c  and  f o r e i g n  chemists, t h i s  

f a c t  a t t e s t i n g  n o t  o n l y  t o  h ~ s  fame as a c h e m i s t ,  b u t  a l s o  t o  h i s  warm p e r s o n a l i t y  

and g r e a t  humanity.  By t h e s e  q u a l i t i e s  he has made Tohoku U n x v e r s i t y  famous ta 

c h e m i s t s  around t h e  w o r l d .  

P r o f e s s o r  Kametani a p p e a r s  t o  be an o p e n - h e a r t e d  man, b u t  he  i s  a s t e a d y  chemis t  

who t h i n k s  h i g h l y  o f  human r e l a t i o n s h i p s ( " w a S '  i n  J a p a n e s e ) i n  t h e  l a b o r a t o r y ,  and  

h o l d s  t o  t h e  b e a u t i f u l  t r a d i t i o n s  o f  J a p a n e s e  c h e m i s t r y .  H e  o c c a s i o n a l l y  p l a y s  g o l f  

and sometimes goes t o  see Kabuki ( t r a d i t i o n a l  J a p a n e s e  drama) w i t h  Mrs. Kametani.  

I n  c l o s i n g ,  as  a r e p r e s e n t a t i v e  o f  h i s  s t u d e n t s ,  I o f f e r  my c o r d i a l  t h a n k s  t o  

P r o f e s s o r  Kametani on t h e  o c c a s i o n  o f  h i s  r e t i r e m e n t  f o r  h i s  gu idance  t o  us o v e r  

many y e a r s ,  and wish P r o f e s s o r  and  Mrs. Kametani a  l o n g  c o n t i n u a t i o n  o f  h e a l t h y  l i f e .  

A f t e r  r e t i r e m e n t  from Tohoku U n i v e r s i t y  he  w i l l  c o n t i n u e  h i s  r e s e a r c h  work i n  Tokyo. 

I hope t h a t  h i s  work w i l l  c o n t i n u e  t o  f l o u r i s h  and  t h a t  he  w i l l  c o n t r i b u t e  f u r t h e r  

t o  t h e  advancement o f  o r g a n i c  c h e m i s t r y .  I a l s o  beg h i s  c o n t i n u i n g  gu idance  and 

encouragement  o f  us  f o r  o u r  f u t u r e  work i n  c h e m i s t r y .  
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