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CHEMICAL SCIENCE IN JAPAN

IN TRODUCTION

A month ’s tour of Japan was undertaken in the early autumn of 1972 for the
pur pose of surveying the current status of chemical science and technology .
Uni v ers i t ies , in dust r ia l  laboratories , government instal lat ions and one private
research foundation were visited to exchange information and to scrut in ize  chem-
is t ry  research in these insti tutions . Emphasis  was p la ced on organ ic chemi st ry,
physical  organic chemistry , and pol yme r sc ience , but other chemical and related
f ie lds  were also appraised . ~

Fourteen different  insti tutions on Honshu and Kyushu Islands were visited . One
meeti ng sponsored by the Chemical Society of Japan was attended : the Radical
Reaction Conference , held in Kyoto on 5 and 6 October . The f ac i l i t i e s  surveyed
are given in chronologica l order in the table  below wit h dates and the name of
the indi v idual who served as pr im e contact  and coordi nator :

Date Ins t i tu t ion Prime Contact

September 22 Toky o Met ropo l i t an Un ivers i t y  Prof . M . Kobayashi
September 25 Kyushu Universi ty Dr . T. Kunitake
Septem ber 27 ,28 Hiroshima Universi t y Prof .  T . Hanafusa
Sep tem ber 29 Mitsubishi  Rayon Comp any Mr . N. Kusakawa
September 30 Osaka City University Dr . N . Furukawa
October 2 Honmy Chemicals , Kobe Mr . H . En do
Oct ober 3 Radia t ion Cent er o f Osak a Dr . H . Hamada

Prefecture
Octobe r 5 Osaka University (at Radical Prof . Y . Yukawa

Reaction Con ference , Kyoto)
Octobe r 5 , 6 Radical  React ion Conference , Kyoto Dr . A . Oh no
October 6 Kyoto Univers i ty  Dr . I .  Tabu shi
Octobe r 7 Sagam i Chemical Research Center , Dr . A . Ohn o

Sagan ihara
Octobe r 8,9 Guxnina University , Kiryu Prof . W. Tagaki
Octobe r 11 Tokyo Uni versit y Prof . K . Tokumaru
Octobe r 13 , 14 Tohoku Univers i ty ,  Sendai Dr . T . Te zuka
October 16 Japan Atomic Energy Research Dr. E . Tach i kawa

I n s t i t u te , Tokai

Sem in ar Talks  we r e given by the wr i t e r  at two universi t ies  and one indus t r i a l
research center . Lectures on “The Use of Isotopes in Study ing the Mechanisms
o f Organic React ions ” were presented at Hiroshima and Tohoku Univers i t i e s . A
t a l k  on “The Polymer Research Program of the Off ice  of Naval Research ” was
o f f e red at the M i t s u b i s h i  Rayon Company .
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GENERA L RE MA RKS

The Western visitor canno t help hut notice the tremendous growth and remark-
able prosperity achieved by .Japan in recent ears . It is evident that the
Japanese have profited by the American occupation and have emulated American
bus iness me thods . The industrial scene is one of substantial growth ~clong
with astute exploitation of world markets for Japanese products. Substantial
success is particularly evident in electronics and optics in which the high
quality of many items have become widely recognized . The chemical i ndustry ,
on the other hand , while growing at a remarkable rate , st ill can stand some
improvement in such areas as product development and marketing research .
Nevertheless progress is excellent in chemical and related fields as evidenced
by the many fine products on the market . Japanese companies are often paternal
although salaries and w ages are not h igh in comparison with Western pay scales .
Jobs tend to be permanen t and fr inge benefi ts such as hous in g all owance s , l i f e
insurance , health plans , and the like are quite generous . Some compani es ev en
provide pay increases as fami li es grow in size .

The university scene is impoverished by U. S. standards . Teach ing  s a l a r ies
are low and research support quite meager . Nevertheless high academic stan-
dards are mai ntained , particularly in the former Imperial universities , and
a grea t deal of f irst c lass res earch is acc omp li sh ed . The resulting papers
are publ ished in Japan ese journal s as well as in U . S. and European periodi ca l s.
Desp ite thin bud gets , Japanese chemists tra~jel to meetings in their own country
and the more prominent ones at least are able to participate in scientific
conferenc es abroad . The h igh standards for admission to the universities
result in carefu l selection of scholars. The quality of graduate education
is high and students are truly dedicated and work very hard .

There are about thirty-five publicly-supported institutions of higher learning
in Japan , including the former Imperial universities , where the better research
opportunities are conceotrated . Private universities are also available at
which  h igh fees must be paid by students and where attempts are made to balance
the books by encouraging outside research contracts , grants and other hene-
factions familiar to officials of private colleges in the United States .
Relatively few private universities participate in graduate education in
sci ence and eng ineering and most of those who do erntil isize the latter discipline .

All Japanese universities that offer the doctora l degree ~tre organized around
the koza which serves as the basic uni t for teachi ng and research . The group
is h~~d~d by a full professor who has under him an assistant professor and two
assistants . A limited amount of research support (usually about ~l3 ,000 a vear~I
is accord ed each koza . Most schools that offer degrees only up to the master ’s
lev el are structured like their American counterparts. flumma University in Kiryu
is perhaps an exception to this rule , for there are fourteen ko-a in chemistry
at that institution . The professor is a very hi ghly regarded individual ,
enjoying prestige similar to that of his European counterpart . Unfortunately,
however , the openings for profe ssorshi ps are rare and the younger scient ists
find on ly  very l i m i t e d  oppor tun i t i e s  for pr omot ion .  The ministry of ldii c a t ion
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doles out the funds to each pro fessor w h i c h  are too sma l l  to beg in wi th and
which  frequen t ly do no t vary wit h the needs of the i n d iv i d u a l s  or wi t h the
quality of their research .

The results of visits to the various activities are presented in chronolog ical
ord er in the sec t ions which fo l l ow .

TOKYO METROPOLITAN UNIVERS ITY

Tokyo Metropolitan University is a new public university created after World
War II from a former hi gh school . It is a large ins titut ion wi th a studen t
popul at ion of 25 ,000 to 30,000 and is presently outgrowing its campus within
the city . Plans are under considera t ion to bu i ld  a new p lan t in one of the
suburbs of Tok yo . The chemis try labora tories on the present campus are old
hut adequate . They are well equipped wi th the latest Japanese-made spectro-
meters , gas chromatographs , cen tr ifuges , elec tron microscopes , etc .

Un 23 September , accompanied by Dr . A t suyoshi Ohno of the Sagami Chemical
Research Cen ter , the Chemistry Department of Tokyo Metropolitan University
was v i s i ted . Professor Mich io Kobayashi and Assistant Professor Hiroshi
M inato discussed their research efforts in the field of organic sulfur
chemis try . The group presen tly inc ludes one Ph.D . candida te and f ive  studen ts
who are working for the M .S. degree . In addi t ion , about eleven undergraduates
are conduc ting senior honors programs under the guidance of these professors .
A great deal of the research is concerned with cationic arylation and reac-
t ions involv ing  aryl and aroy l su l fu r  compo unds .

In the methylation of methyl trisulfide , C113..S-S-S-C113, a ca t ionic in termediate
of the fo rm

Cu 3 — S~~ S — CU3

CU3
is pos tu la ted by Mina to .

N . Kami ga ta , H . Kobayashi and 11 . M inato have investi gated the catalytic
ary la t ion of substituted henzenes with p-nitrophenyl cation generated from
p-n i trohenzenediazonium tetrafluohorate in acetonitrile and from p-nitrc-
phenylazo p~ -tolyl sulfone in the presence of tri fluoroacetic acid . Ren :ene-
di azonium tetrafluoroborate produces substituted di phenvl s in aprotic polar
solvents when some substituted benzene is present . The partial rate f I~
in  th i s  phenylation are electrophilic and the reactive interm ediat e i s  b e li ev ed
t o  he the pheny l  ca t i on
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In this work , p-nitrophenyl cation was produced from p-nitrohenzenediazoniun
tetrafluoroborate in acetonitrile or from p-nitrophenylazo p’ -tolyl sulfo ne
and tr i f luo roacet i c acid . A substituted benzene was mixed with the compound
generating the p-nitrophenyl cation , and the isomer dis tributions and par tial
rate factors in the p-nitrophenyla t ion were de termined . The selec t ivi ty of
the p-n i.trophenyl cation was found to be low compared with those of nitronium
or su l fonyl  ca t ion , but similar to that of phenyl cation . The explanation
for this behavior is tha t , because of the diradical  ca t ion na ture of the aryl
ca t ions , p-nitrophenyl cation is more stable and less reactive than phenyl
cation

~~

O2NQ~~ ~~~~ O2N~~~~~~~~® 
< >~~~ =(~~~®

The p...nitrophenyl cation functions as a cation diradical with concerted

uncoupling of a pair of ‘Ir electrons , one o f which  goes into the vacant Sp 2
a -orbital .

Kobayashi , Mina to and Hisada studied the reactions of benzoyl p -toluenesulfony l
peroxide (BTP) with several nucleophiles . The investigations revealed that in

the decomposition of this compound under various conditions , the 0-0 bond under-

goes heterolytic cleavage , and that this is the main reaction unless some base

is present to suppress autocatalysis . Reactions of BTP with tripheny iphosp hin e
and wi th diphenyl sulfide produced benzoyl p-toluenesulfonate

O 0 ~ V C 0 S C7H7 + 4 3 P — ~ o
II ~~~~~~~~~~~(1:1 C O O S C 7H7~~~~~~~ o

o 4 C O S C 7 H 7 + 4 2 s-~ o

In order to stud y’ th1 mechanisms of these reactions , BTP was labeled at the
carbonyl group w i th 8o and the products of the reactions with I j I .~P and Tt’ ~S
ana lyz ed . In the react ion of h enzoy l  p_ toluenesulfonyl peroxide with triphenyl-
p hos p hi f le , 88 % of cat -honyl oxy gen - l 8  was re ta ined in the carbony l oxygen of the
h enzoy l p - to l u en e su l fon at e  formed , w h i l e  in the reaction of RIP with ~~2S , only

58 % of the  180 in  t he  s t a r t i ng peroxide was fouti d in the carhonvi oxygen oc 

t h e 4



benzoyl p- toluenesulfonate formed . Reaction schemes were developed to explain
these results . It shou ld be pointed out that in the reactions of BIP with
‘t 3P and ~~2S the peroxidic oxygen attacked is the one adjacent to the benzoyl
group , and not the one adjacent to the more electron -withdrawing tosyl group .
The fact that both ~t3~ —3 0 and 

(t)2s —~o contain some excess 
180 can be

explained by assuming that either the nucleophiles attack both the carbonyl
and peroxidic oxygen atoms or that the attack is entirely at the peroxidic
oxygen atom , fol lowed by some scrambling before the anhydride is formed . The
first possibili ty is less likely because both benzoyl peroxide and m-nitro-
ben:enesulfonyl  peroxide react with triphenylphosphine at their peroxidic
oxygens .

The reaction of BTP with p-tolylmagnesiuin bromide was also investigated and the
products found were p-tolyl p-toulenesulfonate and benzoic acid . Using BTP
wi th the sulfony l group tagged with 0-18 in this reaction , it was found tha t
the two sulfonyl oxygens of BTP were completely retained in the two sulfonyl
oxygens of the product p-tolyl p-toluenesulfonate .

H. Kobayashi , S. Fujii and H. Mina to inves tigated the photol ysis of phenyl azo
p-tolyl sulfones . When phenylazo p-tolyl sulfone is put in an acid medium ,
phenyl cation is formed (heterolysis), but when this compound is heated in a
medium containing magnesium oxide , pyridine or quinoline , which captures
p-toluenesulfonic acid , phenyl radical is produced

O 
~~~~~~~~~ ~~~~~ + N~ + HO2S

~~~~~~~~~~~~ N - S - ~~~~~~~~~- +~~~
— 

0 
— 

6g~, 
~~~~~~~~~~~~ 

+ N2 + • O2S

Photol ysis of phenylazo p .-tolyl sulfone and p-chlorophen y lazo p ’ -tolyl sulfone
we re carried out in aromatic solvents at room temperature . Isomer distribu-
tions and part ial  rate factors in phenylation were determined in anisole ,
ethylbenzene , chlorobemzen e , benzonitrile and nitrobenzene . V-shaped Hammett
plots were obtained for these phenylation reactions which indicated that the
bi phenyls produced ori ginated from attack of pheny l radical on aromatic solvents .
The mechanism of photolysis of phenylazo p-tolyl sulfone involves the formation
of p-tolylsulfonyl radicals

o 0
I 4’A r _ N = N _ S _ . - _ To l )l Ar . + N2 + S— T o l
I ‘if

0
cage recombi nat ion

5
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Ar - S - Tol + N ,

0

Ar . + q~x 
~~~~~~~~~~~~ 

TolSoç 
Ar —.{~~~~~~ + To 1SO 7H

M . Kobayashi, H. Seki guchi and H . Minato studied aromatic substitution with
the arenesulfonyloxy free radical . In this research , m-nitrobenzenesulfonyl
peroxide was photolyzed in nitrobenzene and benzonitrile , and it was found that
aromatic substitution with the sulfonyloxy free radical takes place producing
aryl m-nitrobenzenesulfonates. In nitrobenzene , thermolysis of m-nitrobenzene-
sulfonyl peroxide gave only meta-nitro~heny l sulfona te , whil e the pho toly s is
produced a mix ture of o- , m- and p- isomers . These results show that the
photolytic sulfonyloxylation involves. m-nitrobenzenesulforiyloxy free radical .

The fact that phertyl rn-nitrobenzenesulfonate was found in the pho toly sis of
m-ni trobenzenesulfonyl peroxide in nitrobenzene is explained by attack of
m-ni trohenzenesulfonyloxy radical on nitrobenzene at the carbon atom connected
wi th the nitro group . The reactions are as follows :

(m-02NC6114S02-O-)2 
hv 

> 2 m-07NC6H4S02-0

NO-

/
21 
O2NC6H4SO3

,><~~~~
>< O2NC6hl 4S2~~ 

O2Nc6F14so3I-I

m -02 NC 6H 4S03 + C6H5NO2 O7NC 6 H4S03C(~H4 NO,

O2 NC 6H, SO-
> 02NC6U4S03c~ + NO2

O,N

Free radical displacement of a nitro group on arenes by sulfo riyloxy radicals
is uni que .

An other study do n e by Kobayashi’s group , in col labora t ion wi th H . Mina to and
Y . Ogi , involves oxygen exchange of henzenesulfinic acids in water . It had
been known for many years that a benzenesulfinic acid ~‘ie1ds a thiolsulfona teand a h enze ne su l fon ic  acid by dispropor ti ona t ion

3 ArSO ,hl > ArSO2.-A r A rSO3H

j
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~~ ~‘~ashi tad co -workers found t ixit when a r e n e s u l f in  i c a c i d s  were heated for
se vera l h o u r s  in wat t r labeled w i t h  o x y g e n - I S , the l8~ con ten t s  of the p roducts
(ti iosul fo nat~~ and sititonic acid ) and t he  s u l f i n i c  ac id  recovered were a lmos t
the sane . This r e s u l t  i n d i c a t e d  t h a t  the rate of oxygen exchange is much faster
tha :i that of d i s p r o p o r t i o n at i o n . The r a t e s  of oxygen exchange of benzoic acid
and ben :aldehyd e and those of p-tol uenesulfinic acid and methyl phenyl su l f oxid e
were meas ured , and the results compared . In the carbonyl compounds , the rate
of oxygen exchange  was auch f a s t e r  than tha t  of the ac id , wh i le in the su l f iny l
compounds the rate of oxygen exchange was a great deal faster than that of the
sulfoxide , which  actual ly excha nged ha rd l y at all even when heated at 60°C . for
23 .3 hours .

Koh avashi’s group determined the rates of oxygen exchange for solutions of
d i f f e rent  sulfinjc acid concentrations and found that these rates were faster
at the hi gher concentrations . Thus , any direc t reaction between the sulfinic
ac id and wat er is unl ikely  unde r their experim ental condi tions . The mechanism
they propose for the oxygen-exchange reaction involves the formation of the
su l f inic anhydrid e ( s u l f i n y lsulfone) as an intermediate .

‘1 . K oj i ma , H . M ina to and H . Kobayashi conducted a kinetic study on the homolysis
of a ry l  ar v l a z o  sulfo nes . Phenylazo p-tolvl sulfone undergoes homolysis in the
pr esence of bases such as pyr id ine , quino line and magnesium oxide which suppress
heterolysis catalyzed by acidic products .

C6 F15- N~~ N — S — C 6 H 4 — C H 3-- p —) C
6

H s’  + N2 + •02SC61-!4CH3—p
4, base
0

In the present research , substituted ary1 azo sulfones of the type

0

X —  C6H4— N=N—S -- - C6H4— Y

0

were synthesized and rates of homolyses in chlorobenzene were determined in
the presence of a bas e for suppression of acid catalysis at 80-118°C. The
X substituents were p- (CH3)2N , p -CH3O, p-CH~ , p_ Cl , p-N 02 , tn-CH3O , m-CH3,
rn-NO , and H. The Y subst ituents were p-CH3, H , p-Cl and rn-NO2 . The rates of
decomposition of these azo compounds containing electron-suppl ying and electron -
w ithdrawing substit tients (except p-methyl) were smaller than those of the
non_su h stituted azo compounds .

flie rates of decomposition of these azosulfones followed first-order plots in
the presence of a base . Ra te const an t s and ac t iv at ion parame ters were ob t ained .

7
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An isokine t ic relat ionshi p was found to hold hetween ~ H and 4 S values ,
and is equa l to 101 .0°C. This fact indicates that all the azosulfones de-
compose by the same mechanism . The substituents on the henzenesulfonyl group
have little influence on the rates , while the substituents on the ph eny lazo
group decrease the  rates ( e sp e c i a l l y  t h e  e l e c t r o n - s u p p l y i n g  s u b s t i t u e n t s ) .
A l i nea r  r e l a t i onsh i p arpears to hold ‘-or azosulfones containin g electron-
su a p i v i n g  st i b s t i t u e n t s  hu t  not for those w i t h  e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t s.
These r e su l t s  con t ras t  w i t h  those obta ined  w i t h  subs t i t u t ed  pheny lazo t r iphenyl -
methanes  and aryl  az o  s u l f i d e s . In the l a t t e r  cases , the rates of the azo
compound s wi th  e l e c t r o n - w i t h d r a w i n g  s u b s t i t u en t s  were espec ia l ly  sma l l .

N . Kami gata , H . M ina to  and H . Kohayashi  invest i gated the k i n e t i c  hydrogen isotope
e f fec t  in a romat ic  p h e n y l a t i o n  w i t h  phenyl radical . A large isotope ef fec t
(k H/k D = 6.6)was observed in the phenylation of arenes when the pheny l rad ical
was generated from benzoy l peroxide in very dilute solutions but no isotope effect
was found in phe~ylations with N-nitrosoacetanilide (NNA) or phen~Thzotripheny1-
methane . In order to try to understand the reasons for these differences , a
number of deuterated arenes were phenylated with phenyl radicals produced from
T N~ BF 4 - NaNO 2, benzoyl peroxide , N-nitrosoacetanilide and azotriphenylmethane .
The isotope effect was found to be quite small in the case of chlorobenzene
(k H/ k D = 1 .10 - 1 .23) but was considerably larger in the case of nitrobenzene
(k El/k O = 1 .29 - 1 .61). It is of interest that the isotope effects are different
at different positions in these arenes . Values of kH/kD in the phenylation of
ch lorobenzene and of l ,3,5 -L r ~ -t-butylbenzene are only sli ghtly larger than unity
while in the phenylation at the 2-position of rn-dinitrobenzene with phenylazo-
triph eny lmethane  the hy droge n isotope e ffec t is very l arg e,—~

_’11 . The differences
in magnitud e of these isotope effects is explained on the basis of resonance
stabilization of the intermediate cyclohexadienyl radical in the case of m-
dinitrobenzene whereas the t-buty l group has no capacity for resonance stabiliza-
tion , accounting for the absence of an isotope effect in l ,3,5-tri-t-butylbenzene .
The very high value of k F f/k D for phenylation at the 2-position of m-dinitrohen-
zene (.—.-‘ll) is rationalized by invoking quantum mechanical tunneling or assum-
ing that in the free-radical substitution at such an over-crowded position the
ac t iva t ion  entropy factor  var ies  with the isotopes .

KYU SEI U UNIVERSITY

K’yushu University, one of the former Imperial universities , was visited on
25 Sep tember . This well-known institution of higher learni ng has three campuses
in the City of Fukuoka on Kyushu Island and possesses a student enrollment of
about 15,000. Only one of the campuses was visited on this trip and this was
th e one where the Faculty of Science and the Faculty of Eng ineer ing  are located .
In par ti cular , discussions were carried on in the Department of Organic Chemistry
and the App lied Chemistry Department of the Faculty of Engineering. The labor-
atories visited were all in relativel y old bui ld ings but were well equi pped with
modern Japanese instrumentation .

Prof essor T . Ntatsuo and Dr . I. Kunitake described briefly the academic struc-
ture under which chemistry is taught at Kyushu University. Most of the chemistry
courses ar e given in the Faculty of Eng ineering, either by the Department of
Organic Synthesis or by the Department of App lied Chemistry . Chemistry is also
taught by the Faculty of Science and Biochemistry is located in the Faculty of
Med i c ine and Agriculture .
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The Department of Organic Synthesis of the Faculty of Eng ineering is composed
of six chairs: Physical Organic (Theoretical), Catalysis and Enzymes ,
Organic Synthesis-Olef ins  and Petrochemicals , Pol ymer Synthesis , Organic
Analys is  and Reaction Eng ineering (Chemical Eng ineering) . Pro fessor Matsuo is
in charge of the Department of Organic Synthesis and Dr. Kunitake heads the
Pol ymer Synthesis group wi th in  i t .  The Applied Chemistry Department of the
same facul ty is composed of the fol lowing chairs : Inorganic Chemistry and
High Temperature Chemistry, Polymer Chemistry : Material Science of Polymers ,
Applied Physical Chemistry, Industrial Organic Chemistry , Polymer Chemistry II
and Chemical Reaction Engineering .

Dr . Kunitake desc~ribed in brief sOme of his research interests which include
vinyl polymerization involving C-C and C-O bonds , cyclopolymerization to form
chains , cationic polymerization and copolymerization , bioorganic polymer
systems , the mechanism of catalysis , and model enzymes . In one project he
investigated the cyclopolymerization of 1 ,1’ -divinyl ferrocene to form long-
chain compounds

~~~~Fe~~~~~

The resulting polymers are being tested for electronic and electrical
proper ties . Kunitake is engaged in a cooperative effort with Professor Cohen
at Johns Hopkins University in the field of ferrocene polymers to try to
develop materials with useful electrical properties . A simple ferrocene poly-
mer has been made which is a semiconduc tor with a resistivity of 106 - io~ohms/ cm .

In the areas of cationic polymerization and the mechanism of catalysis , an
interesting result was obtained with a Spiro monomer

c~x R~ ( ~

K~
1J -

~~

This polyme r is very stiff and has a Tg that is probably > 200 ° C .
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In the area of hioorganic polymer systems , Kun it ake is  dev elop ing a model
for hydrolytic enzymes , such as chymot rypsin . In this research attempt s are
be ing made to put func t ional i ty into a synthetic organic system . In the first
stage , efforts are directed toward inserting a binding capability and later on
i t  is hoped to be able to put in c a t a l y t i c  a c t i v i t y .

Professor Taku Ma tsuo desc ribed two of hi s research effor ts . The first of
these involved a study of the nature of the electronic absorption hands of
formy lpyrroles and ace tylpyrro les . The work was undertaken because no data
existed on the electronic spectra of pyrroles except for pyrrole itself . The
characteris t ic  u l t rav io le t  abso rption hands of formyl- and acet~ 1py rroles were
studied to try to interpret the nature of these spectra re la t ive  to the elec tron
t ransfer  f rom the pyrryl to the carbonyl group . The u .v. absorpt Ion spectra of
acetylpyrroles in n-hexa ne are shown in Figure 1. The electronic spectra of
formylpyrroles closely resemble those of the corresponding acetyipyrroles

l5~-
B ’

A
lft / (from BulL Chem . Sod

;/ \ 
, ‘ Japan , 45 , 1349 (1972)).

‘ •

v ,kK
Fi g. 1 . The ultraviolet absorption spectra of

acetylpyrroles in n-hexane .
A , 1-ace ty lpyrrole; B, 2-acetylpyrrole;
C, 3-acetylpyrrole .

Electron transfer from the pyrryl to the carbonyl group appears to accoun t
for the lowest energy transitions of 2- and 3-acetylpyrroles and the corres-
ponding formylpyrro les , and also the second lowest transitions of 3-acetyl-
pyrroles . The longest wavelength absorption bands disappeared in 1-acetyl-
and 1-formylpyrrole when the conjugation between the pyrryl and carbonyl
groups was inhibi ted by steri c hind rance . Solven t effec ts on the absorp t ion
band were so small  tha t the ex tent of electron transfer was considere d to
change very li ttle during the transition . NMR spe ct roscopic ra te studies
showed tha t the barrier to internal rotation in 1-formyl- or l-acetvlpyrrole
was hi gher than that of the correspondingly substituted 2- and 3- i somers .
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r This  resul t  i nd i ca t ed  tha t  t he  ionic fo rm ( I )  makes a more si g n i f i c a n t
c o n t r i b u t i o n  to the ground stat e of the  1 - subs t i t u t ed  p yr r o l e s  t han  the
ionic  forms ( I I )  and ( I I I )  to the ground states of 2-  and 3- a c y l py r r o l e s ,
respec t ive ly

R

~~ R

H

(I)  ( I I )  ( I I I )

Brown and Heffern an ’ s FESCF MO calcula t ions were applied and supported the
above results .

In the second research pro gr am , T. Matsuo , Y . Tanoue , T. Matsunaga and K.
Nagatoshi investigated some photochemical reactions between dibromomaleic
anhydride and benzene or its homologues . When dibromomaleic anhydride in
benzene or its substituted derivatives were irradiated , cXI _aryl_o (’_brOiflomalelc

anhy drides were produced . Further irradiation resulted in the formation of
phenanthrene-9,l0-dicarboxyliz anhydrides . This is the first example of a
direc t , photochemica1 transformation of maleic anhydride homologues into
polycyclic  aromatic hydrocarbons . The formation of the final product (II)
may be described in the scheme shown below (In the first step , charge-
transfer complexes were also found to participa te in the reac tion .)

8r~~J( hY0 + 
r/1~(

’° ~~ > 
B r 1t
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A visit was paid to the world-renowned polymer chemist Professor M . Takayanagi
at Kyushu University. Takayanagi is interested in the internal mechanical
properties of polymers in terms of molecular concepts and in mechanical relax-
ation phenomena. He is noted for invent ing  the Rheovibron in st rumen t which i s
used to determine transitions that occur in polymers as a function of tempera-
ture . This apparatus is complementary to the torsion pendulum device developed
by Gillham of Princeton University , but the latter equipment may be used to
determine transitions which occur down to liquid nitrogen temperatures , while
the Rheovibron method cannot go below room conditions . Takayanagi discussed
the general u t i l i t y  of his instrument for e lucidat ing the mechanical properties
of crystalline polymers . He cited its usefulness in studying drawing of
materials , heat treatment, interpretation of viscoelastic properties, investi-
gation of very small elements such as in a mosaic , x-ray analyses , and inter-
pretation of complicated relaxation curves .

Takayanagi presented a paper on “Some Morphological Factors on Thermomechanical
Ana1ysi~ of Crystalline Polymers ” before the Division of Polymer Chemistry at
the New York City Meeting of the American Chemical Society in August 1972 .
This lecture reported some recent results with the Rheovibron which underline
the importance of the structural implications of morphology and super structure
of crystalline polymers on the explanation of thermomechanical analysis (NA)
data . The major areas covered comprised the relationship of mosaic structure
to the relaxation mechanism of bulk crystallized linear polyethylene , the
effect of tie-links connecting the neighboring lamellae of uniaxially oriented
polymers on the NA data and the properties of samples with shish-kebab struc-
ture produced by stress-induced crystallization .

Takayanagi traveled to Europe after his presentation at the New York Meeting
of the American Chemical Society to give papers at two international meetings .
On September 7, at the International Congress on Rheology , in Lyon , France,
he lectured on “General Equation of Stress-Strain Behavior in Crystalline
Polymers .” In this talk , he developed his original treatment for the plastic
deformation of crystalline polymers . In contrast to metals , crystalline
polymers exhibit remarkable strain hardening. tinfolding of molecular chains
progresses from folded structure in lamellar crystals , producing a rapid
increase in deformation stress . Takayanagi found that to describe this sort
of deformation process in crystalline polymers , it is necessary to employ
true stress and true strain instead of nominal stress and nominal strain .
The equation derived for the true s t ress-s train re la t ionship  was applied
successful ly to isotactic polypropylene , polyoxymethylene and polytetrafluoro-
ethylene.

The second European meeting was the Battelle Colloquium on Deformation and
Fracture of High Polymers at Kronberg , Germany , held on September 11-16 , 1972.
At this conference , Takayanagi spoke on “Plastic Deformation of Crystalline
Polymers in Solid State Extrusion Through Tapered Die .” Solid crystalline
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polymers change their super structure during the extrusion process t h r o u g h
a tapered die from the spherulitic structure to the fibrous form . A theoretical
treatment based on the free body and upper hound approaches for the solid state
extrusion of crystalline polymers was developed , taking into account their
remarkab le strain hardening properties . The strain hardening process in uni-
axial extension was formulated in a general way . Compar isons of calculations
using this theory were found to compare well with observed extrusion pressures
as a func t ion  of die for several polymers .

Tak ay anae i has been working for a number of ye ars on plastic deformat ion o~crystaliLne polymers . The materials stud ied were first melted on a hot plate
and then quenched in cold water . Tensile testing was carried ou t on the so l id
materials after quenching . Effort s were made to analyze this process in order
to understand the differences in molecular deformation between metals and
crys ta l l ine  polymer s . U n i a x i a l  extension was emp loyed to interpret solid-state
extrusion . The crystalline polymers exhibit anisotropy and show remarkable
strength hardening . Tak ayanag i found tha t he could no t use nominal stress (e)
and nomi na l strain (s)  in this work for the plasticity or large deformation o~
polymers required the use of true tensile stress ( o) and true tensile strain
(
~) to interpret the deformation mechanisms . Composi te stress-strain curves
are expressed by the following equation :

log ( d o  *) log ( e/c *) —c
true s tress t rue s t ra in

c is a constant that is characteristic of polymer species only; it is chemical
in nature.

In addition to the above contacts , the writer also met with Professors Keihei
tleno and Yukito Murakam i of the Department of Organic Synthesis of the Faculty
of Eng ineering. Both of these scie nt is ts wo rk in  the area of organome ta,l lic
compounds and metal ion chelation . Along with T . “latsuo , these professors
obtained their doctorates at Clark University when Dr . Arthur E. Martell , now
at Te xa s A F,M Unive r s i t y ,  was there .

Murakami outlined some of his recent research effort s on organic phosphates and
t r an s i t i on metal  complexes of pyr ro le p i gments . The work was undertaken in
order to lea rn more about the structura l properties of metalloporphyrins and
related compounds of biolog ical si g n i f i c a n c e  w i t h  regard to the nature of the
coord inate bonds involved . In order to accomplish these objectives , transition-
metal complexes of a variety of pyrrolc pigments were investi gated by means oe
spec tra l and magne t ic measuremen ts . In par ticular , cobalt (II) and nickel (II)
complexes of I ,19-dideoxy-8 ,12-dicarhethoxy-1 ,3,7,13 ,17 ,19-hexamethvlbiladiene —
ac and cobal t (II), nickel (II) and copper ( I I )  complexe s of cer ta in  di pyrro-
methenes were synthesized and examined by near ultraviolet , v is ib le , near infra-
red , nmr , electron sp in resonance , vapo r pressure osmometry and mass spectroscopy .
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The l i gand f i e l d  hands for these m e t a l  com plexes  provided i n f o r m a t i o n  on
t h e i r  g e o m e t ry  a round the  cen t ra l m e t a l  atoms . The copper co m p l e x e s  0 t the
di pvrromethenes assume the t e tr a g o n a l l y  d i s t o r t e d  t e t r a h e d r a l  c on f i gur~it ion .
The nickel and copper complexes of the di pyrromethenes are nearly regular
t e t r ahed ra l . The cobalt  complex  of  I , 1 9- d i de ox v - 8 , U - d i c a r h e t h o x v - l , 3 ,7 , 13 ,
17 , 1 9 -h e x a m e t h y l bi l a d i e n e - a c  is approximna telv t e t r a h e d r al  hut the nickel atom
i s  subjected to the  square-p l a n a r  l i g a n d  f i e l d  in  the  ana logous  complex .
Additionall y, the coba l t complex is d im er i c  w h i l e  t h e  n i c k e l  complex  is
monomeric wi th  a l igand to metal ra t io of 1 :1 . The six copper (TI)-
dipyrromethene complexes were studied by esr spectroscony to obtain in~ortna-t i o n on the behavior of d e lectrons under the  li gaud f i e l d  of D2 symmetry.
A correlat ion was found that provides evidence for the increase  of o r b i t a l
exc i tation energ ies wi th the distortion from tetrahedron toward square
pl a nari ty in coordina t ion geome try . Some addi tional in v v~stigations employing
elec tronic and vibrational spectroscopy were conducted on the cobalt (II),
n i c k e l  ( I I )  and copper ( I I )  complexes of subs t i t u t ed  di pyr romethenes  in order
to ob ta in  more information on t h e i r  molecu la r  s truc tu res . The energy l eve l
d iagrams  for meta l  d e lect rons  were evaluated in terms of a p o i n t - c h a r g e
l i gand f i e ld  model but a sa t i s fac tory  analys is  of the li gand-field hands was
not  obtained . Some in format ion  on the na ture  of the coord ina te  bond i n  t he se
complexes was inferred from the skeletal stretching mode of the pyrrole rings
in the 1600 cm ’ range .

Murakami also conducts research on organic  phosphat es . In a typical investi-
ga t ion , Y. Murakam i , J . Sunamoto and U . I s h i z u  studied pa rt i c ipa t ion of
nei ghbor ing  groups and e f fec t s  of me ta l  ions  on the hydrolysis of 3-hvdroxv-
2-pyridylme thyl phosphate . The resul ts were compared with earlier work on
pyridylme thyl and 8-quinolyl phosphates in order to determine which nei ghbo r-
ing group , the 1-pyridinium or the 3-hydroxy  group , provided  the  m a j o r  con-
tribution to intramolecular catalysis in the hydro lysis . The reactive species
in hydrolysis were found to he neutral zwitterion , m on o an i o n  and d ia n ion
species in order of increasing reactivit y. This trend in reactivit y was not
observed in e a r l i e r  work w i th  compounds not containine the h drcm x I group .
Ac tivation parameters indicated a unimolecular transition s t a t e  for spont aneous
hy d r o l y s i s  and po in ted  to the Al m e c h a n i s m  for the acid c a t a lv : e d  r e a c t i o n .
I t is believed that the anomalously h i gh reactivit y of the diani on species is
due to participation of the 3-hy d r ox y  group in the  r e a c t i o n  process . The
process probably involves intramolecul ar transfer of the hvd roxyl proton  to
the este r oxygen in a p r o - e q u i l i b r i u m  s t ag e , fo l lowed  by P- fl bond cleav a e
in the  subsequent  tran s i t  ion  s t a t e  to g i v e  the pr oducts . T n t r o d t i c t  ion of  the
3 - h y d rox y l  group i n to  2 - p v r i d v l m e t h y l phosp h a t e  a l t e r e d  the c a t a l y t i c  a c t i v i t y
of v a r i o u s  m e t a l  ions  . Only  i ron I I I  ari d tf mor i urn IV i ons  increased the rate
si g n i f i c a n t l y .
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h IROSh IMA UNIVERSITY

H irosh ima  U n i v e r s i t y  was v i s i t e d  on 27 and 5 Septbmber. ihe major discussions
here were w i t h  Professor 1. Hanafusa and Dr . 1’. Suzuki  of th e C h e m i s t r y  Depart-
ment . Both of these scientists are organic chemists with interests in syn-
thesis , structure and properties of organic compounds as well as the mechanisms
of organ ic chemical reactions . Hanafusa has done work with active nitrogen and
spent a year in Professor Norm an L i c h t i n ’s laboratory at Boston U n i v e r s i t y .
Suzuki received his doctoral degree at Kyoto Un iversity and only recently moved
to Hiroshima .

Hanafusa and Lichtin have collaborated on research in the area of reactions of
active nitrogen with organic substrates . Some work done wi th isoprene a few
years ago demonstrated the complex i ty  of t h i s  type of r eac t ion .  The paper was
published in the Canadian Journal of Chemistry , 44 , 1966 p.  1230 .

The w r i t e r  gav e a seminar t a l k  before  the  Chemi ~~t ry  Department on September 28
on “Th e Use of Isotopes in Study ing the Me chanisms of Organic  R eac tions .” A
representat ive of the Mitsubishi Rayon Company was in attendance .

MITSUBISHI RAYON COMPANY

On 29 September a v i s i t  was paid to the M i t s u b i s h i  Rayon Company in Otake ,
Japan , in company w i t h  Dr . 1. Suzuki of H i rosh ima  U n i v e r s i t y .  Otake is in
Hi rosh ima  Prefecture and is a 40-minute  t r a i n  r ide  from the c i ty . The Otake
Plant  manufactures  Vonnel acryl ic  f iber , methyl  me thacryla te res in , Shinko
rayon s t ap le , Hipolan hi gh perfo rmance rayon and acry l o n i t r il e . The Centra l
Research Laboratories are also located in Otake where research and development
pro j ec t s  r e la ted  to the Company ’s product l ines  are conducted .

l)r . Fum io F u j i k u r a , the General  Manager  of the Cen t ra l  Research Labora tories ,
described bri e f l y  the programs of h is f a c i l i t y .  In a d d i t i on  to product-
rela ted RGD , there is a s i zab l e ba s ic research group i n  pol ymer science that
is l o o k i n g  for new pol ymers w i t h  f i b e r  forming p rope r t i e s . The three major
f i e l d s  of e f f o r t  in the Labora tor ies  a r e :

( I )  Carbon f ib e r s
(2) Woven fabr ics  from viscose fiber
(3) Synthe t ic  paper ( they  have a w o r k i n g

arrangement w i t h  Hercu les)

Othe r  research is done on organic polym ers , org anic polyamides and polyesters ,
h i g h - t e m p e r a t u r e  p o l ym e r s ;  and h o l l o w  f i b e r s , e sp e c i a l l y  for use in a r t i f i c ia l
k i d n ey s . The staff of the Central ReSearch I.al~oratori Cs COnsi  ;t s of about

~2O peop le , of whom 120 are u n i v e r s i t Y  graduates with 30 of th~ latter possess —
ing docto r ’ degrees . The l a b o r a t o r i e s  and p i l o t  p l a n t s  ire mo st  i m p r e s s i v e .



The w ork  areas are kept ve ry  clean and o r d e r l y .  There i s  no ~~~~~~~~ of neces-sary I n s t  rurn en t a t  ion and the facil i ty  abounds w i t h  a grea t v a r i e t y  of the
l a t e s t  Japanese  s p e c t r o m e t e r s , chromatographs , e l e c t r o n  mic roscopes , and o t h e r
types of measur ing  equi pment .

Mitsubishi Rayon is one of the largest  manufac tu re r s  of a c r y l i c  f i b e r  in the
world . The uses of this fiber , which is marketed under the trade name VONNEL ,
inc lude  j erseys , underwear , casual wear , sweaters , home furnishings , blankets ,
comforters , hand k n i t  yarn s and socks . The company a l so  produces SILPAION
acrylic filament which is used in high grade knitted outerwear .

Shinko Ester Co., Ltd ., a wholly owned subsidiary of Mitsubishi Rayon manu-
factures SOLUNA polyester filament which is used in knitted products and
woven fabrics . Polypropylene staple and filament both are produced for  a
variet of domestic and industrial applications . Rayon , ace ta te and nyl on
6.b are Manufactured by Mitsubishi Rayon . The nylon 6 .6 is produced b y a
joint venture of the Monsanto Company of the U .S .A ., M i t s u b i s h i  Rayon and

Wako Sp i n n i n g .

Mi tsubishi Rayon is a major manu facturer of p l as t ics . The company is  one of
the largest producers in the world of methyl methacr vlate resin which is
distributed under the trade names of ACRYESTER for monomer , ACRY P FT for
injection molding pellet , ACRYCON for compression m olding powder , and
S I L I N K O L I T h  for  cast sheet . In a dd i t i on , SUI N K OLAC ABS r e s i n  is used in parts
of el ec t r i c app l i cances , automobile bodies , boa t s , containers and furniture .
Mits ubishi Rayon manufactures DURACRON thermosetting paint resins and
METHALICA thermoplastic paint resins for a licensing agreement with PPG
Industries , Inc . of the U.S .A . Acrylic ester and acry l ic b l e nd res i ns are
also made by Mi tsubishi Rayon .

Other products of Mitsubishi Rayon include synthetic paper , polypropylene
f i l m , a c r y l o n i t r il e  c h e m i c a l s , chemica l  f e r t i l i z e r s , low d e n s i ty  p o l y e t hy l e n e
and a s i l i c o n e  s u r f a c t a n t . The May 1972 annua l  report  of M i t s u b i s h i  Rayon
i n d i c a t e d  t h a t  the  t o t a l  sal es , wor ld  wide , of the  company ’s t e x t i l e  p roduc t s
amounted  to more than  two hundred m i l l i o n  d o l l a r s . O t h er  pro ducts s w e l l e d
the  overa l l  t o t a l  sa les  to abou t $240 , 000 ,000 . S m a l l  hut  s u b s t a n t i a l  decreases
in both sales and pro fits were noted from the previous year . a development
w h i c h  management  a t t r i b u t e d  m o s t l y  to th e adverse e f fec t of the new econom i c
p o l i c y  of the  U n i t e d  S t a t e s  Government .

OSAKA CITY u NIVERSITY

On Sit u rd ay , 30 Sep temb er  , a meet ing was held wi th Profes  sor Naomi cli i Furukawa
of Osaka C i t y  Un i v e r s i t . who i s  a ph y s i c a l  o r g a n i c  c h e m i s t , a t  the  P l a ~ :i
H o t e l  i ri Osaka . The ma in subject of the discussion was the  current si ttm at ion
at t h i s  nun i c i p i  I I n s t  i tnt ion wh i ch has been torn  for some t inc  be both s titden r
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and facult y dissension . There have been many  p ro te s t s  and serious r i o t s  and
the f a c u l t y  is report ed to he split into two opposing factions . No t a l l  of
the prob lems  invo lved  are r e l a t ed  to world peace and the war in Southeast
Asia , for there  is ev iden t ly  s t r o ng  f e e l i n g  on the part  of some students  that
curriculum reform to provide courses of  a more pragma t ic na ture must be
implemented . Indeed , Furukawa had to leave shortly after lunch in order to
return to the university for a faculty meeting which had been called to discuss
proposed curriculum changes .

A plan to visit Professor Shigeru Oae , a world-renowned organic chemist who
has made many signi f icant contributions to the f i e ld  of sulfur  compounds , was
not consummated . It  was learned that Oae had been suspended from teaching
and research by the Osaka City University administration as a result of a con-
t roversy with a radical student faction , and could not be seen there . An
opportunity to meet with Oae would be provided at the Radical Reaction Confer-
ence in Kyoto on 5 and 6 October where he was scheduled to give a plenary
lecture . Unfortunately Oae cancelled his plans to attend this meeting at the
last minute , and it turned out that it was not possible to meet with him at
a l l  on t h i s  t r i p.

FIONNY CHEMICALS , LIMITED

On October 2 a visit was paid to the h ead O f f i c e  of hlonny Chemica ls  in Kobe
and to the Akashi plant and labora tory . Mr . Iliroshi Endo , Manager of the
Research and Development Division , ac ted as guide and interpre ter . At the
Head O f f i c e  in Kobe , Mr . Shoji  Yoshida , the President  of Flonny C h e m i c a l s , and
Mr . Ku n i t a  Kondo , h is  ass i s tan t , were met for a brief general d iscuss ion .
Mr . Yoshida has built up a very competent operation in a ra ther  short t ime and
is regarded as a b r i l l i a n t  indus t r i a l  manager . He does not speak E n g l i s h  but
h i s  a ss i s tan t , Mr . Ku n i t a , makes up for th i s  def ic iency , being very f l u e n t  i n
the language . Indeed he supplied the basic information on the company ’s
operations during this interview .

}honny Chemicals produces plastics and coatings and is especially noted for
the Honny li te Process which deposits acrylic resin coatings (both clear and
colored) on metals , textiles and other materials . The company is also inter-
ested in smoke generation and flame retardants and is engaged in research on
ino rganic-organic polymers and block copolymers .

After a brief genera l discussion at the Head Office , Mr . En do accom p an ied the
wri ter on a visit to the Akashi plant and laboratory. There the Honnylite plant
which is full y automated and controlled by a computer was seen . The par t i c u l a r
pro duc t i n process was the  t rea tment  of a luminum doo r and window sash in which
the aluminum frames are cleaned , etched , rinsed , anodized , electrop lated with
the acr ylic resin , baked and finally cured to produce a strong , adhe ren t
protective coating . The l aboratory actually consists of two sections ,
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hc r i t c r v  N c . 1 and laborat ory No . ~ wh ich  d i v i d e  the research and devel on~
min t responsibilities . Mr . Endo is Genera l  Manager of Laboratory No . 1 and
Dr . John M . Wi t:el , f o r m e r l y  of the General Ilectric Company Chemicals
‘ i v i s i o n  in the U .S .A . and who took ear ly  r e t i r e m e n t  in order to go to Japan ,
is presently General Manager of Laboratory No . 2 . Anothe r American , Dr . Gordon

M . Parker , is a sec t ion  manager under Dr .  W i t z el . Both men are under one , two
or th ree  year renewable agreements at the i r  d i sc re t ion  or that of the  company .
As an i n t e r e s t i n g  s idel i ght , Dr . Parker came to Japan ori g ina l ly  on an NSF
f e l l o w s h i p at Kyoto Univers i ty , has a Japanese w i f e  and speaks the language
q u i t e  f l u e n t l y .  The two Americans speak very hi ghly of President Yoshida ’s
management acumen . They concur that science in the Japanese chemical  i ndus t ry
is very good , but that technology and product development can s ti l l  stand some
im provement .

The I lonny l i te  Process provides an excellent example of an automated chemical
p l a n t .  The process was developed at Honny Chemicals and is patented in Japan
and several foreign countries including the U .S .A ., Australia and West Germany .
The procedure is clean , fast , eff ic ient  and economical . The entire process is
op erat ed by automatic contro l from a console installed in the laboratory.
M essrs . Agu and Ono are in charge of the plant .

The diagram below summarizes the various steps involved in the H onny l i t e
Process .

(cure)

Alum inum 1~~~~ . . L ~~~~~depo siti 1 >~~~~~king
Aluminum ~-~~~~> 

Rinse 
Anodizin g of Acry lic

H _ 
_ _

.\ilinum 
degr~ asing ,  I ~~~water w~~~~~ ~‘1 water wasl~i~

~ indow w a s h in g ,
and alkaline etching ,

door water washing ,
sashes and sp iri t w a s h i n g

The spirit wash r em oves  an i m p u r i ty  which is produced by etching.
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The produc t a f te r  bak ing  is a ~~~~ot  , t i~’h~ I > ,
~J~ erinr terv i Ic .c :tt ing that

can he e i t he r  c l ea r  or in co lo r , su ch  as ~o1d . The risultin g windos and door
sash have stood up very  w e l l  unde r J ap an e~~e c l i m a t i c  c o n d i t i o n s  fo r  months
and yea rs .

Dr . John M . W i t z e l , General  Manager of L a b o r a t o ry  No . 2 , described the research
and development e f fo r t s  of h i s  group . The ove ra l l  program is concerned wi th
three  m a j o r  areas :

(1) Coatings - metals , t e x t i l e s , o ther  m a t e r i a l s .
(2) Smoke generation and f lam e retardants .
(3) Polymers - includes particularly block copolymers and

inorganic-organic polymers .

The polymer research is aimed at novel types of polymers such as new l inear
thermoplastics containing crystalline and non-crystalline units . There is
interest in flame retarding polymers and pollu tion problems related to
polymers . Basically, all polymer efforts are pointed to the objective of
producing new and improved coatings . Some work is being done in connec tion
w i t h  composites , too . Cne major project  in the polymer field is underway
under the direction of Dr . Gordon Parker , who studied with Professor Furukawa
at Kyoto Universi ty  and obtained his Ph .D. from that insti tution . This project
requires a great deal of eiploratory work with no market informat ion currently
avai lable . I t is i l l u s trative of the chal lenge tha t Bonny Chemicals mus t meet
in order to become competitive with other chemical industries in Japan and
abroad .

RADIATION CENTER OF OSAKA PREFECTURE

A visi t was paid to the Radiation Center of Osaka Prefecture at Sakai on
3 October . The political divisions of Japan (46) , somewhat simi lar to U. S.
States , are called prefectures and one of these is named Osaka , not to be
confused wi th Osaka City which is situated within its geographic limits .

The Ractiation Center was constructed during the period 1958-1961 under support
of the Osaka Prefectural Government . The buildings are functional in design
and are well equipped for work in nuclear chemistry , physics , biology , and
medicine. At the present time this center is the largest facility in Western
Japan for utilization of isotopes and radiation in chemistry , physics , agri-
cul ture , the food industries , medical science , and hyg iene . The cen ter employs
about 125 people under the directorship of Dr . Osamu Toyama . There are six
departments in the organization : the Office of Administration; Health , Physics
and In s t rumen ta t i on ; Physics ; Chemis t ry ; Appl ied  Bio logy ;  and Medic ine  and
Hygiene . The labora to r ies  are spacious and wel l  equipped w i t h  the necessary
i n s t r um e n t a t i o n . There are a library , meeting rooms , study rooms , and a good
s i z e d  a u d i t o r i u m . The f a c i l i t y  is equi pped with hot caves for a linear
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ace ci era tor (17 ‘1ev) and coh.i it ~N) sou rccs wh er e  i i rad i at i o n s  .i re per  Fm m c d
for ste r  i 1 i z . t t  i on , i mp r o v e m e n t of  p1 ant species , rid ucr .ipliv , and  chenii c i  1
reac t 10115

The Departm ent of Chen i s  t rv is compr i s ed  of t w ~ n t  — four pe r~ on ; . Pr . l i t  suo
Tsurug i is the Chairman and he led the  d i  scuss ions . Also n e t  were  [Irs . ‘I .
Hamada , R . Ki r i t an i , and T . Fukusnoto . The pro cram of this department involves
research on chemical effects in nuclear transfo rmations , pul se radiol vsis ,
iso tope a n a l y s i s , i o n - m o l e c u l e  r eac t ions  in rad i ~~t ion chemist my , radioassay
of orga n i c compounds , r e a c t i o n  m e c h a n i s m s  by i sotop ic t r a c e r s  , r a d i a t  i o n
e f f e c t s  and improvement  of hi gh polyme rs , r a d i at i o n - i n d u c e d  teiem eri zation
a nd iso tope lab e l i n g  of organic  compounds . The Polym er l aboratory is engaged
in s y n t h e s i s  and t e s t i n g  of ion exchange membranes , e s p e c i a l l y  those  r e q u i r e d
for desa l  m a t  ion and for e l i m i n a t i o n  of ions  c a u s i n g  w a t e r  p m !  l o t i o n . Some
work i s  be ing  done on a v i n y l  p h o s p h a t e - s t y r e n e  copolvmer and the  r e s u l t s  a re
p r o m i s i n g  to date .

M . Hamada and E . Kawano studied tritiu m labeling of hex :ichlorocyclohexane
i somers  by the  gas exposure method . The work was concerned with an e x t e n s i o n
of the  w e l l - k n o w n  technique  of i so top i c a l l y  l a b e l i ng  o r g a n i c  compounds by
exposure to tritium gas . a- , 

~~
- , y- , and ~~ i somer s  of l , 2 , 3 , 4 ,5 ,6 - h e x a -

ch lo rocyc lohexane  were se lected for this investi ga t ion because bo th some
s tereoche mical  prefer ence in the s u b s t i t u t i o n  by t r i t i u m  and c o n s i d e r a b l e
stereocheinical inversion at each carbon atom could he antici pated during
t ri t ia t ion . The results i n d i c a t e d  that  the  a_ i s o m e r  is stereochem i c a l lv
s t a b l e  and there  are few op p o r t u n i t i e s  to lead to the  i n v e r s i o n  of c o n f i gitra-
t i o n  d u r i n g  t r i t i a t i o n . A c lose  c o r r e l a t i on  e x i s t s  be tween  the i n t r a m o l ecu la r
d i s t r i b u t i o n  of the a c t i v it y  in the  pa ren t  compound and the  y i e l d  of t r i t i a t e d
isomers ob tained by invers ion .

A second study was undert~’ken to investigat e the specific labeling of a certain
h ex a c h l o r o cv c i o h e x a n e  by the triti ation of its steric isomer and to isolate the
t ri t i n t e d  p e n t a c h i o r o h e x a n e  from the  tn  t i a t e d  pro duct  of  a h exachloro cyc lo -
hexane . The r e su l t s  o b t a i n e d  af t e r  t ri tiat ing a p p r o p r i a t e  h e x a c h l o r o c v e l o —
hexan e isomers showed tha t  in genera l a s p e c i f i c a l ly  l a b e l e d  isomer could  he
separa ted  from the  t n t  i a ted  product  of t he  i s o m e r  in  w h i c h  s t e r i c  confo r m a t i o n
around one ca rbon a tom i s  di fferent from t h a t  of t he  o t h e r , and that such a
labeled isomer is rather easily produced by the tritiation of a stertca llv
less stab le  one .

Ilama d a and M . Chubachi investi gated the preparation of tritium- laheled com-
pounds by hydroh ora t i on proc edures . The t echn i iuc employed i nvo lved an
a p p l i c a t i o n  of the  hy droho ra t  ion reaction dc’ve loped he H . I . Brown of  the
U . S . A . The use  of  hvd roho ra t ion rend i’ red it p o s s ib l e  to conven i en t lv l abe l
ole f i  ni c com pounds wit 11 t r it i tim , a process  t h i t  was  v e ry  di ifi en!  t to c.m r m
cut he cotm ven t i on .i I l abel  i n t~ p r o c c i l t i  mt’ s  . I n  P s rescameh , sc e c  ra 1 o l e  ii mu c
compounds were t ; i~p m d  with dihc r.i ne— t one mated irc:u i ited sod ion boro —
hydride , followed l v  di  sil l icemen to t lie c mrc’spc~ d in c t r i t  i a t  ed m l  cliii 1w
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t r e a t - ~~ i l1 a i t li 1 -dicene . (k J ot ive d e c ’ m i ! i t  ion of t h e  p u i i ’ i f  ied c o :n p ~~ m r i d ~
wa t z i p l o v t d  t o  ob tain the t n t u - a u o l e c u l a r  di trib ui t ions of tritium in each
case . (eel oh e x e n c  , ste rc ’ne , m i 1  h o t  e , so f ro l  e and i sosa lro Ic i-. c rc  chosen fo r
t h i s  st  i i d i .

The r e s u l t s  sP si- I in general that over 80% of the tritium w a s  incorporated
in domibl e — l ’ :md gas it ions of the carbon chain . Pearl y 90P of t ri t ium m t  ro—
dueed int o anerhole , safrole and isosafrole was f o u n d  in these positions . The
dot a obtained from s y r a l  c : o i y d s  showed that the minor hvd rocenated posi —

t ion hetseca do~i i 1 e  -bonded carbons is more labeled with t n t  than any o the r
p o s i t  ion a n !  is t h u s  consi stent w i t h  tl ant i -~1arkomcnikoff ’ ru le est il l ished
by H . C. I- rosa and co-a n Cr: for  the hvd rohorat ion reaction .

I L i n ida  au d ~hoPachi also :a n d uct  d some research on the ori g i n of the carbons
of th e dihy dro tar ~n r nct and C— G in the hiosnethes is of  rot c ; 1 n ’  . E x t e r i  —

ment a l ly , i~~e t a t - 2 - ’~~~ , mevalonic acid-2- ’4C la ctone and methionine -methvi-
l.1~ w e r e  injec t ed be use of  a cotton wick insert ed , respectiv ely , into the
S t y  of IT ris ell iptic a plants growing in  soi l . The d i str ~ Pution of cur~ on- 14
in the i~i~~T~T rotenone was determined after 8-15 d o v s  hr degradation pro-
cedures . Wh en m e v a l o n i c  ac id ~ 2 _ l 1 ( ’ l a ct on e  was  inco rp  irated into ro tenone ,
equal a c t i v i ty  was observed at C-7’ and C— S’ , i n d i c a t i n g  th~~t the e carha n~
are de r ived  from t h e  2 C of  m e v a l o n i c  l a c ton e . When m e t h i o n i  n e - m e t h y l  - 11 C sa~
a d m i n i s t e r e d , about 80°~ of t h e  t o t a l  r a d i o a c t i v i t y  entered the t w o  m t  h i
grou ps , d e m o n s t r a t i n g  t ha t  m e t h i o n i n e  is an e f f i c i e n t  p r e c u r s o r  o~ t i e  c t l  \y l
group . It is also suggested t h a t  m e t h i o n i n e  may he a precursor  of the ca rhon
at C-6 .

In a me lot ed stud y, H am a do and Chuhachi i n c  is t igat 1 pho to— a\ d a t  ive rifle
contraction of dehydrorotenone to coumar no-chromone . The m e S u t s  proved t h a t
d e l i v dr o r o t en o n e  is p h o t a c l i n - i i c a l i e  oxidized to cliromemo -chmon ne which is sub —

segm ent ic converted to coumaro - cli rom oim ’ by a ring contract ion .

-\ practic al use for tritium label ing resulted from a pro j ect it the Radiation
(Pit t er of Osaka Pre fecture to find a woe of cvaluat inc different lubr icat ion
procedure for a two-cycle gasoline eng i n e . The study was carried out he
m t  r o d u c i n g  t r i t i u m — l a h e l e d  o i l  cont i n u o u s l y  (or i n s t a n t a n e o u s ly )  d u r i n g  St  i a d v
r u n n i n g  of t he  eng ine  by th ree  di  f f e r e nt  l u b r i c a n t  s u p p l y  m e t h o d s  ( m i x e d
c r a n k c a s e  and m a n i f o l d )  . A f t e r  s topp i n g  t i m e  eng i n e , i t  was d i s a s s e m b l e d  to
seven groups  of eng ine  mat rts . ic e r l int w a s  washed t l i  r o lmg t I lv w i t h  co ;i  —

mere  i a l  Ii r st  gr a d e  t o l  t i ne to  col I ec~ t hi ’ r e m a i n i n g  l a b e l e d  oil . Al i quo t s
of the  so lu t  ion in  each cr 12 1 w e r e  d i i  -i ~ cd w i t  hi s c i n t  i i i  a t  ion so lot  ion a n t
rad i emssayed , from w h i c h  the ti t i t i t  mt l d r c a t i n ~ o i l  r e m a i n i n g  i n  e’ c l~ p ar t
of t a -  eng ine  was  d e t e r m i n e d . fl it p e r t r m n c e s  of  t I  t lu r c 1:1 1 Pods of m i i i  —

cat  ton we  m -  t h e n  compar e d

I lie re sult s indicated that even with st - el y s t - m t  e r u n n i n g  f t b -  e n ’  i ru e . the
C ran tea Sc ni ’t lio d ends to pro~ ide nnn — m ini ~~~~~~ o il d i St 1 j i  ‘ i i i  1 - t  wc’’n w i
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en  Ii nile m- - - I I  t h i t - re t h I s in - s t  i ~~ t i d  Sc ent to h i v e  s iii i i  a r I ubr i e a t  i ng
0 1  i i i i  - - - - a Ii m m m d  m o o i l  di s I r i b u t  i on  in l e t  r in 0 2. 1 i i  ~ w ith m m i i  or

t~~e t \ce li t t I n s . lb  t o t a l ; m m i : t  of  o i l  I- i t - l i n i n g  in t ic -  r u n n i n g  e ng i n e  ic
o p e n  imm , mt ’lv t h e  s i m m  f o r  all thi n - - ca~ es i l t e  tot ii amount of i i i  in t h e
cr - , inktt m n t - . ir t  m s  l a r g e r  i i i  t t u’ or n ksha~ t i t - - t i m id t i t a n  in t i t - o t h e r  t w o . The

~s t~~ ; i - i c. n o e d  2 r h P t Oflp i ii part

‘1 }i t ; ’ m I , m m u d  It . F m  r i u a n i c o n du c t e d  a s tudy -  or  t r i t i u m  l a b e l i n g  of tu r nnm t ic
e m u t i t t o t m nds in no jilie it -di n nd the  j~~t r i m  i c t i l a r  d i s t r i b u t ions o~ r a d i o —
m e t  i i  i t t  es i n t he t r i  i t t  1 e n t ounds . In t h i s  r e sea rch  the  a c i d — c it ii v -:ed

l t v d  r - e n  e x e h a m i e ’  r e m  ions o F m number of o r g a n i c  i- o-:p o u i t d  s nc me i n v e s t  i gat ed
i n l o t  i i  1 I t  t n i t  j a t t ’d p hl s i h a r i  c m c id—bo ron t rifluonide complex
( T } l h t 1 . BP~~ and severa l o t h ’r  t n t  i at -I acids some employed as the t ri t iat i nit
de n t s  m e t  i c l  dc 1’r a.i m t ion s c h e m e  was ut ilized t o  deten :iine the i n t r a —
m le ciml :m r d ; -~~n i } tit i n s  of t n t  ium i n  wane of the  l a b e l e d  eon 1- su ndn .

1ii  o rder  to  s t ud y 11 effect of the a c i d i t y  of tritiating agents on tritium
itt c u-p sr. mt t o n , se v e r n  such r e a g e n t s  w e i C  n~xed w ith cvclohexane , h er i c i-tie or
- , i t  thim lene diss olvo d in C v c i o l i ’ \ : m n i -  and i n c h  m ixtu re w~ms s t i r r ed  at room
t e : — g e r , m t u r e  for  pe n  Is tip t i  2 ( 1 h o u r - . . t h e  u-mic e i f i  c activities of t he  sep —
i r m t e d  t u t u  pu n  f i e t i  c m  ounids  c c v ’  obt ain e l by 1 i q u m i d  sc i  a 1 I f l at i o n  c o u n t  i n c .

I t  a ss  t und t b - m t  ccc Ic t x :j n e  i O -  no t  l a h i c i c h  w i t  I t n t  j oin in  an a c i d i c
: - I j ’ l t t i i i  . -~~r a s t  t o  he mi : ne t i r ~ l t t u h t h i j e n e  in w h i c h  son t n t  ium i lu c o f l a i- i

io n c ’ccnnre d  . 1 h m - ° s’- , eec l h - x m ne g r i t  oil to ~ e a u s e f u l s o l v e n t  for  the
t n i t i i m m  l ib elin g e u - c r i m e u i ’ s . The h i n t  t n t  i t i t i n i  a g e n t  s m s  f o u n t  to he
H - P I~ - it c o m p l e x  . l~ x e- u t  f~o

-’ m ih hat i c or a I i  ev e l i e  c e m n o u t n I s , hi gh
i i  t n  m a t i n g  l e m g - a I  and I r l o n e m u l reactio n t ime p r o v i d e  the  best

-~~e h t m m n ~~e . ftc l e t l i  l e d  r e s u l T s  ~I wcJ that t o  ( i n c u r  ~~f t n t  iation of the
c ’—i n tmui d s  i s  th e  sat e as t l i ~m t  of e l e c t  r o n h i l  ic ~imh ~~t i  t ot  j ot -i r e ac t  ions  of
a n -- i i t  j c c

I umu ’ m , S. P t a - l i nt - i l  on (~od.i por fo mpued some resea  mcli out tb c hm r c n
,nu- . u ’r con ~1ex i rim t m eelttm r .~ of tint ioxiilant s . I n  t h i s  w o r k  t h i e u - -  s t i t died

~lie f. c ’ of -m r ’ mti :mI ic i i t ; i i f l c n  l m t r i m ~ t i t - r u n : m l  \ t t l ,1 T i on  o~~ n i t t y - a l  rubber vu l c a n -
m : t e s  . The resu lts ob tained c o u l d  be i n t e r n i - - t e d  q u i t e  w e l l  Lv a s s u m i n g  t h e
m i t  t i n - l i  e for -- i t  ion of a c om p l e \  if rubber peru t x V ’- . m - i i  cal  ci the  t im ne

low - I liv s l o a m d i c - u u p w a i t i o n  of  t h e  inte rmedi at e . H~ - f a t e  of t h t ~ a m i n e
d i  - ; c i v ’  mi - i by e x t  rae I i ng  ox id I c e 1  v i i !  cani  c i t e s  c i t  a n i n g  ii- in  i nc  w i t h
-~ne m u d ¶ h a  w i t h  d i l u t e  11 ( 1 - e t h t u i ~~l m i x t u r e , f it !  owed  h i~t : i l v s i s  for the

i i  c~ mt i nc or F el i1 l i i  n i t  i - s e en  cot - i t  i - t i  s c F t e l  of l tc  e \ t  r i o t  v u l c a n i z t m t e s
t i -  i i t t e r - n e d i . m t e  comp l i - x  is q u i t e  s t i l e  t o  m c c l i i ’ e x t r a  I i o n  t n t  li ’le ,m S e s ~m

~m i t n s ~~- r  c a t  ion by h i hi :b l n i c  t e i ’ ! - e t h  I a l c o h o l  e~~t u -action .

Ot  t e n  res r m e h  p i n t  cc s u n  t he t i e  Id  0 ’ c’ i - o n -  I c  c l o t - i t s t  ru t he 1 , 0 1  j o t  ion

~ “ : m c r  o f  Osa ka Prefecture iri - l ~~t t ’ l: ‘ Cf ~- , . t’ x v - & r i on l i m t ’ r m s i i  V 1 5  e n - I S

o f k l m mt o n - T t i h m c , d  I’ l v : u - r t : t i t  i n  F i l e s , “ktm - ’ ti i i m -I n d ~m i ed e m s — I r o n s
o u t  i : at  i ~n u I i’m 1 i i  s ‘ p u - - -  a n t i  -J i -n~~ r l- m~ t e r n !  1 0  1 lit’ I qn I ft r i - i  -
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i— Induc ed Addition it inic h l on o- ~i 1 m t i to  V i n y l  Ac - t a l i , ” ‘‘A P i - - i  r - I n d u s ’ l
R e d u c t i o n  w t t l i  Tri chtu rm sil ane ,” “hia1~ v 1 I t l t - r  t n - - i A ll.yI S l i : i ; i  in t tmrho , , l:m t - ,”
‘‘A N i c e  I ‘ le t  hod for th e Prepa ra t ion of Th iosu  i r e  it  es , ’ ’ ’  ~ ;r t hi- s i s  and [mecom —

to sition o f  Alkane — a u t h  A re nes im l  l ily I \ryl Iii - u i f i i i  - - s , ’ ‘‘A [r a c er  St edo on the
I i  of  Alcoho l Pe~mct ion ,’’ ‘‘ ~y_ In d i ; , - d Addit ion 1 I n i a l k y l  i n  h y d r i d e s  t i  Urm ::lt —

u r , m t  t d a t  i- m s  , ‘‘ several tit I Li - n on red ic r ions  m~ i t  h t r i c h  lo ros i  lane and a I i t ’
~~i - n t c .  of i n ve st  e at  1 o t t ~ on t l y  re ct ions  of : m r . m l k y l  i v I n o s u l  f i de s  w i t h  v a r i o u s
compounds .

P_- \ [ i I CAL -i fA l [ON t’ O N F F R F N C L  , F-Y

The Radical Ru - -  m c t ~ on Co n f e r e n c e , sponsored l y  tb  Chemical Society o~ Japan ,
was convened on O c t o b e r  ~ and 6 at the F o o t e  U n i v e r s i t y  [d t i c a t i o n a l  C e n t e r .
The papers presented at this meeting s e- r e in  the  area of f ree r ad ica l  v - - a c t i on S ,
pr imar i l y in the  biochemical field . The researches described dealt with proteins
and eazu - -m es and the use of model enzym e s y st e m s  to t n v  to u n d e r s t o o d  h’: t t r
var ious  processes in p h y s i o l o g i c a l  ch e m i s t n v . Al l papers  at the c on f e r e n c e
l u - - r u -- g ix i ’ n in Japanese and , t he re fo re , the o p p o r tu n i t y  a n ;  taken for in fn rr tu -m l
discussions with Japanese chemists . ~tost of the  second day (6 october) was
spent at the  Kyoto U n i e e r s i t v  C h e m i s t r y  I i e p n r t m e n t  in a n o t h e r  t or t  of the city .
A S mentioned iii an earlier section of this report , Professor Fbi geru Oae of
Osaka Cite University cancelled his p l enary lecture u - mt the Radical Reaction
Conference , and it wa-s not posu --ibl e to see him i-ega nding his research progr ams .

On the  even ing  of 5 U ctc ibe r , i m m e d i a t e l y  after t h e  l a nt  paper , a social hour
-mail dinner was arranged at t h e  Educationa l Center to w h i c h  t h e  writer was
i n v i t e d . T h i s  w a -~ a ver  p leasan t  a f f a i r  and pr ov id -al  f o r t h  r n I u n e r t in i t i e s
for d i s c u s s i o n s  w i t h  Japane se  c o l l e a g u e s .  In particular , a l e n g t h y  conx’ersa-
tion was carried on with Professor 1 Yukawa of Osaka U n i v e r s i t y ,  who is a
world-famous physical organic chemist . Yukawa does research on the mechanism
of organic r e a ct i o n s  and he has m u - r il e c o n s i d e r a b l e  use CF  various isotopes -is
tracer- s . t h e  is also i n t e r e s t ed  in the synthesis of natural pi~ dimcts and in
a v a r i e ty  of other  areas of organic chemistry .

KYOTO i~~JV i l~5j’I”f

A v i s i t  was pa id  to the  C i m e m i n t m v  f lepar tm c ’nt  of Kyoto U n i v e r s i t y  on t Oct i ’ m  -

Ky ot c ITt - v e r s i t y  is a former  i m p e r i a l  U n i v e r s i t y  and is noted  for i t s  hi gh
s c ho l a s t i c  s t a n d a r d s . As a Japanese instit u tion oF hi g he r lt ’ :m r n i n g ,  i t  r a t ’ s
ve ry hi gh on the academic list , just behind Tokyo ll niv e r s i tv wh ich is -en-
er-i 1 ly re gu - i r ied a- u - number one . Kyoto University is ronip ria -d of nine f;m-cul —

t i e s  , the  C o l l e g e  of Li  henal  A r t s  and t he  P o s t g r a d u a t e  School . l o c h  Facul t v
iS div ide ! in t i departments and a vari ety of mu -i I o n s  f i r  r i c h  in - - i  r c h d i v -
i s  ion in the P o t  ; r t u l i u - m t  ii Schoo l . The t i n  i v er s  i t V m aint ains th jet ‘‘n ri-sea mu : !i
n n s t  i tot i-n for spec i fic di Sc i p1 m ew . The school is spread ~s- - i i i  ic c - m i t t ’  n ew
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and other sites in E v i r t o , and in  add i t  ion , there are School Farmi s, Forests ,
and ,tth i-r sp e c i a l  facilit ies outside of  t h e  m ain U n i v i - r u - i t y  area . ihe student
popul ation is i n  excess  of 15 ,000 and the  Gradua te  School is e x ce l l e n t , b e i n g
able to attract many forei gn scho l ar s .

The C h e m i s t r y  1) epar tment  was v i s i t e d  on 6 October  unde r  the  gu idance  of
Dr . Iwao Tabush i . The C h e m i s t r y  Depar tment  is a c t u a l l y  more t h a n  one ins t i -
t u t i o n  and is spread ove r  a number of fac u l t ies , d e p e n d i n g  on the nature of
the  s u b f i el d s  emp h a s i z e d . In t he  F a c u l t y  of Eng i n e e r in g , C h e m i s t r y  is sub-
d i v i d e d  i n t o  t he  f o l l o w i n g  d ep a r t m e n t s :

(1) Sy n t h e t i c  Chemis t ry
( 2 )  I n du s t r i a l  Chemis t ty
(3) Pol yme r C h e m i s t r y
(4) Hyd roca rbon Chemis try
(5) Chemica l  Eng inee r ing

The Depa r tmen t  of C h e m i s t r y  which  represents  the basic  d i s c i p l i n e  i t s e l f
is in the  Facu l ty  of Science . A d d i t i o n a l c h e m i s t r y  depa r tmen t s  i n c l u d e
P h i n r u t t u - i e e i m t t c a l  C h e m i s t r y  wh ich  is located in the Facu l ty  of Pha rmacy ,
A g r i c u l t u r a l  C h e m i s t r y  wh ich  is a d iv i s ion  of the F a c u l t y  of A griculture ,
and ~- !edica l  C h em i s t r y  w h i c h  is part of the  Medi~~al School . There is a l so  a
C he uu - i~ eal  Research I n s t i t u t e  s i t u a t e d  in U j i  C i t y .

The h u l k  of t he  da~ at Kyoto Un i v e r s i ty  was spent  in the Depar tmen t of
S y n t h e t i c  C h e n m i s t r y  of the  Facu l ty  of Eng ineering in d i sc ussio ns w i th
Pro fessor :en-ich i Yoshida , Assis tan t Profess or Iwao Tah ushi , and the i r
ass i s tant s . Pr ofessor Yoshid a is the Head of the Koza (re sear ch group
suppor ted  as a u n i t )  and is the au thor  of over 130 papers on synth i ’t i c  o r g an i c
chemistr y . The fields he has studied are diverse and include new u -mro nt at ie
systems , intra- and intermolecular interactions , organic photoche~ut istrv ,
organic fluo - - u - - s c e n t  syste : , a i d  s t r u c t u r e - r e a c t  iv i t u - ’  r e l a t i o n s h i ps . The
group is c u r r e n t l y  w o r k i n g  on s u - - n i t c o n d u c t i n g  pol ymers w i t h  hy droca rbon
backbones  to w h i c h  substituents with potentially mohile electrons are
a~ gi’r t c le d  such as p o l y v i n y l carha:ones  and carbon i um i o ns .  These may have
a p p l i c a t i o n s  in  c o a t i n g s  fo r  photograp h ic  f i l m  and in p h o t o c o p y i n g .

Dr . Tahushi  is w o r k i n g  in  t h e  f i e l d  of sy n t h e t i c  en :yme s  and i s  t r y ing  to
c o n s t  ruct a m o d e l  enzym e s y s t e m  w i t h  a c t i v i t y  comparab le  to  th e  n a t u r a l
s p e c i e s . One sy s t e n u  i n v o l v i n g  the incorporation -i of imidazole rings onto a
l : m r g e  o r g a n i c  m o l e c u l e  has r e su l t e d  in an act  i v i t v  w i t h i n  one to tw o order s
o f  magn i t u r d e  of o i i v t u - o t  r y t ~ i n , a very gooii pre l i m i m m a r v  r e t -u i t . l’a b ush i  i ~s
a l s o  t r y i n g  to  ma t- c p e p t  ides se l e c t i v e l y  by s y i i t h i - t i c  means  in  a k i n d  of  e o n —
p u - - t  i i  i on w t th hi oc t -m om i s t  ry

Pro fi - - s n o r Yosh I d i  i- . is nua ch t ‘a busy on t h u -  d ay  of  t h e  x i  s i t  f i r  ‘c -n a c u r -  u - m s
di  S i l i s S  ion  of h i s  ri - sea  rob  m i  ~~

‘ ri ’ - t s . I k r w e v - m , h i s  more I han 130 1i m 1t er - ; in

7 1



the field ! of syntheti c o m - g~L n u c  e l m - m i s t  ry i n c l u d e  c o n t r i b u t i o n s  on a i k - W
n m o i : i u - m t i c  s y s t e m , m t  r i —  t ir id t n t e r u ’ i o l e e r m l u - i r  i n m t e r u - m c t i o n s , o r g a n i c  ph o t o c h e m i u - t n s ,
o rga n  ic f l i i o r i ’ — u - e e n t  s y s t e m s  and st r u c tu r e ~~r e a c t i v i t y  r e l a t i o n s h i ps . m d  i v i  il -i l
r e s e a r c h  ‘sub l e c t s  range ove r a w i d e  u - m r e u - m  of c h e m i c a l  top ics , i n c l u d i n g  i n t e r -
mo l ecu la r  hydrog en bond ing  i n v o l v i n g  a ~T base  as the  proton t m e c i - p t o r , r e ac t i o n s
of :ut ’t al (III) cheloti ’s with sulfur and mercury compounds , reactions of organic
boron compounds , charge transfer complexes of 5-menhered heterotmromatics , SCE
~lt) em iculat ions of heterocyclic systems , the or tho effec t , meta iloporphyrin s
am id porp hyrin comp lexes  and e l e c t r o n i c  s p e c t r a  and structnrres at organic
sy s t d ’- ~~-s

Yosh ida ’s group is currently working on semiconductin g no l vn ier -u - w ith lt lr-
e l m -ben backbones to which substituents such as po l ’einyl  e u - m rb azone s  arc
append ed

— CII — Cl-I — CII — CII —
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group, e.g., H
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At the pre sent t i m e  c a r h on iu m n  ions  are being ins er ted
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Thi us is  m i  ‘u -ed i n  and the result i ng p01 u-~u ir ’r prox ’ i dieS 0 photos ens  i t  i i-c co a t  ing
a t t i c i t  can h e spread o n-I p a~

-iei- Ilk~ xerox (similar p rinci p le) ant! u’;ed i n  p h o t o — -
e n i ~’ hmie i i  [ it t  i n  p lace  of  A B r . ~l n t simshui t a E le ctric is producin g thI s m u - m t e ri u - ml
and j~ is now on the ma rket ; Y o s h i d a  is s e r v i n g  as a c o n su l t  an t  . RI cob . l t d .
is a Ii ce ll - s d-u’ for the process . I n  the research , carlioni jum ions such as
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and are being tried a lso .

The group is a lso working on metal comp lexes of phthalocyanines and por-

phyr in s , e . g .

( L ± )
Ph - CO - Ph

The e f fo r t  is being coordinated w i t h  a research project conducted by Professor
Minoru  Tsutsui  at Texas ‘st,M Univers i ty and is c o n t r i b u t i ng  to a program on
~ u~~t b ~~tj C  blood .

Tabushi ’s work on s y n t h e t i c  enzym es  is  a imed  ~t b u i l d i n g  a model wi - th  the  same
activity as the natural product ; eheur-et rypsin is being used tis the s t an d a r d .
One approach starts with [2 . 2 J -p a ra cy’ c loph ane
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‘ [ h u e  o b j e c t i v e  h i - r e  is to nu -mk~ li  Di i- u - i r o r i u -m i  i c  e r g  u t t u - i S  - l i t  u - iititlI ~’I - t - sk ,
ito c l u - m : o  l e  rings u - m r e  I l u - i  l u - - I  to a I .m r u ’ ’ r,’ ,m fliC nin e b u s

- m u
N

In O r g  im

(
~) - I ’ 

~~~~~~~~~~~~~~ /

r S c t t t  h1 ’ is , t h e  b ;d r  - l v s  r s of t h e  e u ’ ’ r ~- m s  eun u ’ i p u - m red m~ u t h chu - ’rio t rv r s  i n
as a ~ r ’- t ~ u i r e  o f a ct  iv i t , . T u - i h i m - ~ i ‘ t l v i t \  m u - m s  j r- i  tt’~- order ~~~ i 1 

- l0~
i -  c - u i - u p i r r - i l  w i t h  chvrio t rv -p s in  mt 1 i ’ a v r - r v  t o~~ l r e su l t  - I -  i~ h i c ’ h  us e le c-
ivi t e u - m d  Os~t iv i t - - ‘m- h e i t u 5 ’ s i n j u ’b i t in  t b -  enzy m e model  s vrr i t  - -~~r ’-s - 0ne

sui - ’u - -- te d app l i c u t  ion b’ n- t iC svn~ ’ -l i C  en :u - ’ -- u - e -~ is in  r ’ - - I  u - ~ ne air pou t ’ i n t l

m n  wh ic h LO , w o u l d  b e  c o n v e r t  oil t S i . S + n u - s c i n

S - \ ; - \ . ’- h !  s h i l - M1C-\ i. R h ‘-h \ R C H  tst’~i 1 b - t

I h c  I-~ ig anm1 i C h e m i c a l R e - u - u - a r c h  Center in ‘~u- u t y am i liai - u - i w i s  visi ted - a  t r  u-~i d
(ict cil~e r . 1 b i s  i n s t  i tm i t e  ‘i s  0 uni que 1) r i v - m t e  r u - - u  i t ch fo u o i r ’ L i l a  t h u - m t  i s
deco ted ;r i u n u - m r u l y  to F m u s i c  r u - u - -i reh in chemistr y . It is str p p o r tn -d l,mr ~”- ic
ic the Indu tri a l Bank of Ji y:m u u , ‘ i t t  m i ld iui on ,m i c t  In i t  ions ft. ‘ 

i m g t t i e S e  c h e m j c , m  I cu ing  m u ie~s . The - ter St r I yes to pray id~ hra si c m e— -arch
rib i t  1 to the n u - e d - u -  o f  i t ’ i - - ‘ i - , eat c n n  SCs w it ich i u u ; m u  , m d u - r i u , -~’ c x  i s  t i n i g  indu s-
t r i a l  t - r o c , - ~~ses or 11 ad cx ’ u - -n t u u - x l  iv t ,  the d -vu ’~~u r p m c ’n t of , m l u  a ’ i r e l y  n ’ ’is

~ f r r io - - t ri . Ac t i y e  Con t ‘ tw e u ’ n  I I L i -p t  er  ‘ S r i ’ - ; ’ , m r e h  - .t  u - i t f  m i i i 1 i t  o t~
t t ie c o n t r i h i t  i n g  connp anie ’s  i s  i ’ r t c o u m i u -  1 . I - c u u u n t i f r e  r ep o r t s  o f  re ’-o - . i r ch
l r u - e n m n n p l i s l  ‘a ” n t s  a rc  uS 1 - i d ’  p i i t ’ l i e  t h r o b  ‘be  !~( ~di eet  i v d ’ m l  iC s o C i e t i c s .
I lk’ u l t t u l 1 5 b r o c h u re , i n  i t s  o p c ’ i i n e  S t u - i ’ u , summari:es th d ’  u - m m  s n , i-ed
o h i  “c t ices of t hi’ I- i uadt ’us: ‘h :im u - min I ( h i ’u ’u j  c , m I Re s  e ,m rch Ceiu ’ or m e l  r,”-t’nt s I lie
mi u - i l I z:m ’ ion o t u - i n amb i i on s  d~~’ u - tn ot  f a r  — s i  O t t -i l F i r — u - i ! u r ’ u - 5 u t u -~’fl o f  l u - m g _ m n , macn
w h o  ,m r e  n o t  o n l y  s o r t - i n  i mrmed I c , p r au - t - i c a l  r ’t ’u i t  s, hint w i u l - i r e  w i l l i n g
t o  c i t  i l ’ u - t c  p ar t  of  t h u ’ i r  p r - f i t s  t o - - u - u i t i n ’ f n r t u m ’  p r o gr e s s  m p h  u r n ’ ;u en
n i t  o n ly  of t h u - j r  own u n - l i t — t r y  n i t  a l so  o f  ‘1 her i ndustr ies in t h i s , o u t t r V

ibm us i i ’~ i ’ :m r - c h  1 n i t  u - I  - i t  e i s  local i - i  i f l  u -i - u- m u t t  i ~ u l rcndl n ’d i r e~u in h,ii ’ , m m j  b u , u -  i ’ ,i
n e , i  r - d ine  o f i e best u i t  clai m . - es in  .1 , m u r u - m  p . .-\ i: i ; i  i n l i t  m r - i - —u - s i c-i n-v hii ii n i l  ite

e’, t 0 - ~r ~f1 ce-s , I ibr a m o , l o t  u i - c  ha I i  , .1  l i ’ I e n i , m  , and ‘t h e r  ge p e r u - i l
t i e r  l i t  m e ~~ . i re  1 i h r u r m t i m i r - us , rd ’ s i t ua t e d  in t m ’ u - i d i a n ’ r - u i t  i i t o _ s t o n - y h i r i l d i n s
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A l l  t h u -en - buildin gs u - m is- u - ’ ;  i n  i o u - , m d  w i  1 1 li ghtn -l t i e -  t n t O !  f l - . n space is
I l l  , SO( 1 u - _ j u i m r e  feet . -\ do~~-. u - t  -r v fo r- I m n  i t - T r i m r - - i’,iy ’i b .em - s ~ u - tim an ann s for
g u e s t s  I S  ;r ’vi de d on th e . ‘ r .5 in  ‘ g m u t i t h s , as is i i i  t u t i r t u :  c o t

i n ’ ’ s r , I i- k - h  d m 1  i - t ~ wi lii f u - m u t i  l i es . - \ t r ,m ni-l u - i 11 fi r ’ Id u - u - n i h  t enni ‘s and vol l e y ha 11
n n 1n 1 us u - i r e  rue i ded for nec r e . I  t I on -

t h e  s t a t f  o f  t h u - c  S i g a m i  C h r ’ m i c u - m l  ke~ e m r ch t o t e r  i s  c o u u - ; n i s ~ ’ii of  86 ru -conch
workers of w[innun 27 hu - iu ’ e E’h l b’ s , lu ‘- i i  t i - S  ~ s , and I’ h-iehe i o n ’ S di ~‘ re& ’ u- - l h i ~-
remainin g 37 People are research u-iS s u stants . bt i’u-r’ irch topics are s u b m i t  ted
annua l lv to the Research C ru nici 1 of the (enter - After review by the C o u n c i l
t n  themes a ir ’ fo nir ir lu ’d hr t h e  Di ru -otor of Reu- r- u -m r c h for approva l 1w t O ’  Board
of Trust i - eu -  and the l i t  I’d of  l oon s r - l i o n s  . A u t o n o my  of  r e s e a r c h  is ri- spe c S i - u i

provided that t t u r  n - ~n ’, i r ch  p r o j e c t s  and the manner of their execut Lu -n do i t
i t o  f m uuti  t F u n - Stat u- ’! ohi ect ive us of t i n t  In s t  j t I t  e . The opera t ing i’” u - p t ’i l se’s

of the t i -l i t e r amoun ’u - n -J to about ICO m i l l i o n  von (~ l .3 million) in 1971 .

The renult u s of  the r e s e a r c h es  c on d u c t e d  u - i t  t b - u  In s t i t u t e  are reported to a l l
con tributin g cn ’unpa nir’s as m el 1 u-ms to the bank . ½hen the companies are inti’ r-
i- u-ted in u - m y  of the findings , the following procedures are undertaker -i :

(I) If u- i concern wishes t o  c o n d u c t  a t i - n t  of b i o l og ical activit y or
J e t  e i -m ine  o t h e r  p rope mt ICS o h  u - i compound r n - t n S t i n t  , the requi red - i m p  Ic w 11
he supplied .

( 2 )  If further i t e u - c i n u p u u ’ i t t  m ’ s  desi ri-i , ,i j o i u u t  p r o gr a m  m i l l  he u - m r r i i g  ,i
bet ween the company and the Center.

(3) I t  t h u e  company wi  shes t i  c o m m e r c i a l i z e  the  r - - s u i l t  , p a t e  rut S , l l i [

o t h e r  necessary  t e chn i ca l i n f o r m a t i o n  w i l l  he l i c e n - s e d  u - mt a reau-o u i t -  pr ice .
Consult ing services will he furnished to I to- indu stri es on r u - - g i s t  on u - in c — o h ’ -
ject on which expert iso is avu - m i l u - i hie , Training of v - c u r b s c i e n t i S ’  s i i
u-m ’sSi - - t  m i t t - - i s  c o n d u c t e d  by the  Cen te r .

Since i t s  incep t  ion , t h e  Su - m g u - n uu i Chemica l Research Center m u - i s u i - s u e d  u - i pro i’ram
of h u - i s i c  r esi ’a r c h u  w i t h  n u - u b u r  empha s~ us on s u l f u r  and n i t  mc cli c h u e m i - . t r s - . t~~d~i , i t  I n

a n ew o b j e c t i v e , n a m e l y , s m n n u m l a t  ion of  r i - a c t i o n s  in vivo , h i , m u .  been put  i n to
effect . The labo ratory staff us d IVl i [ i’ nl into researcl~ ~ n i u u r p s  who u -n -rh on
spec i F ic s ubj i -c t - - - The t it li- u s and r t m en n b ers h ip  of  t groups are hI iv i-u i below :

Group 1 . P r e p a r a t i o n  o f  st t m u d a r d  u s o l ur t  i ons  fn r t he cl-ic iii cu -i l
analvu-, is o F L’s sent j u l  chemic al co i u i } u - n i u u i ’r i  t - in  sea
and  f r i - sit waters arid basi c studie s or the 1u re;- ro i l io!u - .

Dr . K . Ambe and S ot t e r  u u - i e m i u e  r-~

( ; r o i r p  2 . Nu t -u- t e ch n i que nu -  For t im ’ flid’ , i u - t u r e m i n t  of s -o f t  l~— e m i  t t i n  - .

Dr . T . So it u - m m! 2 other members

_ - -—
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Group 3 . Asymmetr ic  syntheses ,
Dr . C. Tsuchihashi and 7 other members

Group 4. New synthetic approach to biologically active
substances.

Dr. K. Kondo and 8 other members

Group 5. Role of sulfur in unstable species .
Dr . A . Ohn o and 4 oth er members

Group 6 . Novel synthetic  reactions toward usefu l compounds.
Dr. T. Fujisawa and 9 other members

Group 7 . Organometallic reactions .
Dr . M . Fukuyam a and 4 other members

Group 11 . Syntheses of amino acids and proteins.
Dr. Y. Isowa and S other members

Group 12. Microwave spectroscopy and its application to
the studies of chemical reactions .

Dr. S. Saito and 2 other members

Group 13 . Gas-phase EPR of free radicals ari d its app lication
to the studies of air pollution .

Dr~ H . Ilehara and 3 other members

Group 14 . Fundamental and application researches on the
catalysis  of electron-donor-acceptor complexes.

Dr . M . Ichikawa and 9 other members

Group 16 . App lica tion of electron donor-acceptor complexes
to ammonia synthesis .

Dr. Y . Ohtsuka and 2 other members

Group 17 . Syntheses and reactions of organometall ic compounds .
Dr. Y. Nag ia and 3 other members

Three major research efforts were emphasized at the Sagami’Chemical Research
Center in 1972. The first of these involved basic and app lied research on
reaction desi gn . In this  work an origina l idea is exp lored as the essential
first step toward discovering a new reaction . Efforts are then made to improve
the reactions found in this way by combining with other reactions or by modi-
fication such as chang ing the funct ional  groups in order to get the most
efficien t yield and selectivity. Groups 14 and 16 for studies of catalytic
reactions by electron donor-acceptor complexes and Groups 7 and 17 for investi-
gations of synthetic reactions with organometallic compounds are typ ical  for
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this kind of research but other groups m ay also contribute to this objective
from t ime  to t i m e .

‘l’he second major research area involves simum lation of biolog ical reactions
in v i t r o . The wo rk involves  not on ly  exp lo ra t i on  of new processes by i m i t a t i n g
i~Tological reactions outside living organisms but also comprises searches for
new biolog ical  compounds or reac t ions . Preparation of hormones , fung icides
a nd i ns ect ic ides , as wel l  as other compounds , by Groups 4 and 6 belongs to the
lu -utter category . The programs rely on the knowled ge that some special struc-
tures are closely related to bioactivities and that syntheses of these struc-
tures may be achieved by use of the findings on organic sulfur chemistry which
have been accumulated . Other examples are provided by attempts of Group 3 to
synthesize optically active compounds by u t i l i z a tion of the stereospecific
nature of the sulfur atom and the effort of Group 11 to prepare useful amino
ac ids  and polypeptides .

The t h i r d  major  f i e ld  of research in 1972 was environmental improvement .
Studies by Group 1 on standard solut ions  for analys is  of water components
and contaminants are typical of this type . The standard solut i6ns prepared
by the Center are to be used for water pollution experiments in Japan and in
the UNESCO program . Attemp ts to automatize analytical procedures by instru-
men tal means were carried Out by Groups 1 and 2. Group 14 conducted investi-
gations on the mechanisms of the formation and decomposition of air pollution
ma terial . Preparation of non-polluting agricultural chemicals was undertaken
by Group s 4 , 5 , 6 and 7.

In addi tion to the major areas outlined above , the Sagami Chemical Research
Center is doing some work on DL - PUPA for Parkinson ’s disease; juvenile
hormone , which is a thiotane derivative ; and PA-MN , a tetraner of HCN

H2N~~ —

~~ C ~~~
NC CN

CUM~’R U N I V E R S I T Y

Gumma Univeesity was visited on 8 and 9 October . This relatively small univ-
i’ r u s i t v  i s  l oca t ed  in  Ki ryu  a c i t y  of 150 ,000, which is about 100 miles north
of Tok yo in a beautifu l rura l setting. The total student body at Kiryu is
a b o u t  2000 . There is  a l so  a Med ica l  School located in the nearb y c i t y of
Machashi , which is the cap ital of Gumma Prefecture . The Mu-’ehashi campus
p r o v i d e s  a Schoo l of  Genera l E d u c a t i o n  to  w h i c h  a l l  s tuden t s  are  required to
go fo r  o n e - h a l f  y e a r  be fore  e n t e r i n u ’  t he  Ki ryu i n s t i t u t i o n . Comm a U n i v e r s i t y
is  not a u t h o r i z e d  t o  g r a n t  a n y t h i n g  hu ~vor i ui M a s t e r ’ s degrees except  the  M .D .

Nu ’u .’i’r t h e l e s s , t h e r u ’ u - i no 14 ko :a in  t h e  C h e m i s t r y  Depa r tmen t  at  K iryu  and ! a
f a i r  a m o t m n t  o f  r e su ’ u - m n c h  i s  c o n d u mc t e d . New b u i l d i n g s  have been p rov ided  for
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Chemis t ry and Physics , as well as a fine lecture hail . A new a d m i n i s t r a t i o n
b u i l d i n g  is p resen t ly  under construct ion . The re is some agitation by radical
studen t s and one si gn was seen p r o t e s t i n g  the  presence of the  American m i l i t a r y
in Japan and the  Viet  t’Jam War .

Professor Waichiro Tagaki is active in organic chemistry research and is
beg inning to conduct some biochemical  inves t i gat ions in the f i e l d  of enzymes
at Guinma. Not long ago he spent two years at Harvard Univers i ty  wi th  Professor
Frank Westheimer . During that  period he worked on the enzym e acetoacetate
decarboxylase and published with Westheimer a series of four papers on its
structure , catalytic activity and reactions with other compounds .

TOKY O UNIVERSITY

The Chemistry Department of Tokyo University was visited on 11 October . This
institution of higher learning is regarded as Japan ’s premier university and
can recru i t the cream of the student crop . Like Harvard in the United States ,
many of its graduates have gone on to become leaders in every aspect of
Japanese political , business , and professional life . The undergraduate
student population is about 13 ,000 and the graduate school has another 7000.
With  61 kozas in chemistry , the University is well equipped to provide a
f i r s t -c lass  education in near ly every aspect of the field , polymer chemistry
being a no tewor thy  except ion .

The Chemistry Department at Tokyo University is composed of three groups :

(1) Physical Chemistry
(2) Inorganic and Analytical Chemistry
(3) Organic Chemistry

Physical Organic Chemistry is emphasized in the Organic Chemistry section .
The group working in physical organic chemistry research is studying the
struc tural aspects of this field . Another research team is engaged in re-
search on na tural products such as terpenes and organic compound s in plants ,
with emphasis on structura l determinations . Rotational isomerism of hiphenyl
derivatives is under investigation . There is a study in progress on hydrogen
bonding between lone pairs of S or 0. A group is u t i l i z i n g  Chemical Induced
Dynamic Nuclear Polarization (CIDNP) for the detection of free radical
reactions . Another research investi gation is concerned wi th  the s y n t h e t i c
aspect of organic reactions , mainly with phosphorous -containing compounds .
One objective of this work is to generate an intermediate corresponding to
nitrene (RN:), e.g. RP: in which there is an apparent similarit y .

Pro fessor  0 . Simamura head s t h i s  koza . lie is an “e lde r  s t a t e s m a n ” in the  f i e l d
of free radical reactions . Assistant Professor K. Tokunaru and 1)rs . A kiha ,
Inu-irtu oto , and Yoshida are assis ting him in the overall research effort . The
The laboratories are well-equi pped , althoug h some of them are q u i t e  o ld  u- it - id
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cluttered . Drs . Tokumaru and Yoshida share a common interest in photo-
chemical reactions . Yoshida studies the mechanistic aspects of photochemical
reactions in relation to free radical chemistry . He is also interested in
the stereo chemistry . Dr . Tokumaru investi gates exci ted  s tates in photo-
chemical reactions and derives correlations based on chemical kinetics .
Dr . Akiba studies physical organic chemical aspects of reactions invo lv ing
organic nitrogen , sulfur and phosphorous compounds . Dr. Inamoto is working
on reactions involving phosphinothioylidene (R-P=S) as an intermediate .

Akiba is studying reactions of phosphorous and nitrogen compound s. In one
series

= CHR ~~~~, P

2 N0 0 ) N — N = O

:~ -~~R — C N  ii R
R— CHO 0 “C = N — N = - O (1968)

+ N 2 H
nitrosoimine

— N — N = 0 s t ab i l i ze  by
4 f l /  o — N  resonance

N

another example
of a n i t roso imine

Th e r e a c t i on s of nitrosoamines in the presence of li ght (hv), lithium alum-
m o n  hy dride and its derivatives , and Grignard reagent s were studied to deter-
mine the mechanisms involved .

The photochemical reaction was found to produce ring opening exclusively

2 ~~~~~~ ~~~~~~~~ f N = O ~~ 
hv

> ~~ \~~~S

N ______ ~~~~“ ~~~~ N — c

R R ‘ 2
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I
Wi th L iA IH 4 and its derivatives only partial ring opening occurs and otherproduc ts are formed .

~~~~~~~~~~~C = N - N O HLiA1 (O-t-Bu)
; 

~~~~ing

- 

+N2 
- -

+ 

‘N C = N — N — C N .  
30%(diazo compound)

When Gri gn~rd reagents are used , r ing opening does not take place. With
R Mg Br , addition to the nitrosoimine occurs as follows :

~ 
‘
~
‘C = N — N = 0 + R~ Mg Br i~3ti

R ‘R ’

+ 3’ ~ = N - ~~ R ’

R = t - Bu , mes i tyl , Ar

The research is being extended with efforts underway to find another
nuc leoph ile , e . g . ,  L iNEt 2 and RrCH 2 COOEt + Zn

- 
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In t he  are a of phospho rous c h e m i s t r y , A k i h a  is  i n v e s t i g a t i ng  r eac t ions
w i t h  -NO and NOC I

.4”

N0
6 t- u S— or .~~~~~~

‘ 
~~~>

L~~ - C . R 1  ~~ 
____0 = CR 2 ~~~

— 
I 0 1

- L NOH J almost
quantitative

R — C N -4- HC 1

wi th ROO ‘~~~ nucleophile and t — Ru 00 Na ,

p ~~~ 
R = 4i ~~~ a>b

4~ 3
P CU R EtOH 3~ 

J.a -.—-—~~ a) ~~ 3P = 0 + t-BuOCH 2 R
b O .~ O— t -B u  b) 4 2 ~

’ CU 2 R + t -BU O~~

H~ ,./ For R = n-Pr , radical  path

H predominates

CHR
) t-BuOH + RCH3 + C~)3p 0

0 4- O— t - B u

The n a t u r e  of R determines the major products . The rearrangement to ~ oxygen
is new in P chemis try .

Yoshida is investi gating the stereochemistry of some free radical reactions .
In one Series

CH3O—C C— (CH 2 ) 4 Br
( n-Bu ) 3SnH

~4’ m t . CABIN)

CH 3OC~~ C (CFl 2)~~

What i s  the
CII 3O ‘‘~~-‘-“C = ~~~~ stereochemistry?
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in order  to dete u-~-rine the st vu- ~ uc }u~’ri i st rv , a d~- rmt t ru -mted iodide was (‘ru-rflloy ’Ll

CI I
3

OC C C l u  ,CH ,c117C11 7 1

CD ). Cl i..O CI) -—

~ / 
2 up or dow n?

C = C  C — C
/ ~~~~~~~~~~~~~~

- 
-
;~

CF13O -

H D —  shift  C H O
\ /

2 3
\ /

2 -

C u - C  PPM C~~~ C
/ /

CH 3O H

Europium tris-dipivalomethanol

97 1

Wi th - instead of CH3O , equal amounts of cis and trans isomers are forme d .

In some work done at the University of Rochester in the U .S.A .

CU 3 ,OCH
3 

CH 3 ,C0 3— tBu
C C  c=c

H
’ 

~
“C0- t-Bu H’ 

‘
~ 0CIl ..

CH OCH CII 3’c =c
I-I -’ j ’ ”  H~

CFI _ OCH CII H

lI’ U H ” OCIL

I n t e r c o n ve r s i o n  is s low compared to I! abs t ra ct ion

35



_ 
- - - - -5 - - -  - S

Tokumaru used -
~~~ 

instead of C1-13O and the interconversion was slow .

- - 
~~ 0 

= 
/ i n t e rmed ia t e  instead

~~~~
_/ Q 

C
\- --

~
-
~
- of Sp2 radical

/ 
~ ~t 

/ 1  Reference:
C C Chemical Communications ,

- 0 ~~~ No . 15 (1972).

Tokumaru described some recent photochemical studies in which he used both
a pulse method and a phase sh i f t  techni que wi th  a laser to measure sing let
s tate  l i f e  t imes . In the  f ir s t  method , a laser pulse of 5 nanoseconds dura-
t ion  was used to produce an S

~ 
exci ted  s ta te  in an aromatic  hy drocarbon

dissolved in benzene in :he presence of benzoyl peroxide (BPO). The kinetics
of the r e s ul t i n g  process - s were then fo l lowed . The phase shi f t  measurements
were made wi th  a Japanese-made JEOLCO spectrophotometer .

The resul ts may be expressed as follows :

k
ArH * (S 1 ) + BPO ) products

ArH = an th r acene , chrysene , naphthalene~ or
tet racene.

~ is a d i r f i ’ s i o n con t ro l l ed  r a t e  cons tant  ~~ io lO mo1~~ l .sec~~
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_  S -

90 S1 ~~~~~~~~ 100 kcal/mol
E51 naphthalene ‘1’

65 _L ~~ T1 ‘-~
-- ‘ 70 kcalfmo l

Es1 tetracene

BPO

The process is endothermic in vertical excitation transfer.

In theory the energy exchange occurs as fol lows :

* * reaction
An-I (S1) + BPO > (ArH . BPO) ) ArH + ~ zO ’ -

~~ BzO~
exciplex N.,.~~activation

ArH + B P O

Seems to be
diffusion controlled

The kinetic analysis is as follows :

366 nm

ArH liv- 
> ArH * (S 1)

ArH * (S 1) 
k ST 

~ AtH * (T1)

ArH* (si) 
k ArU -4- hv~

fluorescence
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-

ArH * (S 1) + IWO — > E x c i p l e x

Ar H + Free R a d i c a l s
Excip l ex

ArH 4- BPO

= 
kT [IWO]

- 

kST +- kT * kT [BP0] k~ 
4- kd

1 ksT + kT 
\\

\ ~/ k d
- }  l 4 ~~L}) 

~, ~~~~ 
kT [IWO] 

_) ~~~

~~~~~~~

=

— I
in which =

- 
- 

k ST 9- k T

1
P l o t t i n g  vs . {RPOT

- - - 
S. . 

‘ 

- - 

k~ 
kT

- + 
kj~~ 

/ 

—_1 -

- 

) 
~~~~ / ~\, . kT ~~~ /

k 1:~~ +~~ -S-
k / -

N N.

i/ [R I ’n l

38

L



S. Na k a y auna , M . Yoshifuj i , R . Ok azak i and N . Inamoto are investi gating reactions
of phosphinothioylidene (R-P=S) as an intermediate. Dechlorination of phenyl-
phosphonothioic dichloride with magnesium in the presence of 2 ,3-dimethylbuta-
diene , b enz i l , and d i e t h yl  d i s u l f i d e  y ielded 1 ,2 - th iap hosphorin , 1 ,3 ,2-dioxa-
phosp holene and phosp ho not r i th ioa te  der ivat ives , resp ect ive ly .  The fo rmat ion
of these products was explained in terms of ph enylp hosp hinothioy lidene
(~~ P = S) as an in termedia te

A
(4~C0)2

Mg .. (EtS)2
c~ P ( S) C 1 2 

~~~~~~~~~~~~~ 

[4P = SJ )-4~P ( S ) ( S Et ) 2

Me

- Me M e .  Me —.—— Me

X = O o r S

TOHOKU UNIVERSITY

Tohoku Un ive r s i t y  is a large , former Imperial Universit y loc :ited in t h e  C i t y
of Sendaj which is situated about 4fl f l  k i l o m e t e r s  no r th  of Tok v o on the P a c i f i c
Ocean s ide . The University has about 12 ,000 students and iii ’ ~~~v e r a l  campuses
i n different parts of the city. There are 39 ko~ a in c h ’- u s tr v  , i u u d  the depart-
ment  is noted for i t s  st r e n g t h  in n a t u r a l  p roduc t s  ~c ience . Pece r i t  I y photo-
chemical research has become a major area of act ivi t v .
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The trip to Sendai was undertaken during the period of 12-15 October . Dr . 1.
Tezuka of Professor Mukai ’s group in Organic Chemistry served as host and guide
during this period . Visits to the chemistry groups were scheduled for 13 and 14
October and a seminar talk was given by the wri ter on the af ternoon of the
fourteenth .

Tohoku Universi ty is develop ing an entirely new campus on a hi gh hill over-
looking the city and near the shrine built on the ruins of Sendai Castle . The
buildings are very impressive , being made of concrete with a modern , functional
desi gn . All structures so far constructed are for science and engineering and
it appears that this site will probably be entirely devoted to those fields .
Chemistry , Biology , and Geogra phy are housed in their  new bui ldings , as is
Engineering Science . A Physics building is under construction . There are some
complaints about the quality of construction as well as mistakes in design in
some of the new laboratories . It is significant that a number of economies had
to be practiced , including moving the old laboratories ’ benches from their
original locations and installing them in the new rooms . Desp ite these draw-
backs , it appears that the new campus will prove to be a very effective educa-
tional medium in the near fu ture .

Discussions on chemical research were conducted with Professors T. Mukai and
T. Toda, and with Drs . T . Tezuka and H. Tsuruta . Professor Takashi Toda works
in the field of photochemis try and valence isomerizat ion . Dr . Tsur uta is
studying the structure and energy surfaces of C9H10 hydrocarbons . Professor
Mukai. and Dr . Tezuka are engaged in organic photochemical investi gations .
Recent work includes rearrangements in multi -ring systems by irradia tion and
photosensitization , with structura l proof of the final compounds provided by
NMR and x-ray analysis . Dr • Tsuruta is investi gat ing reactions of seven - and
eight-membered ring compounds leading to carbenes , using photochemical , thermal
and chemical mean s .

Toda is working on structural changes in 7-membered ring compounds . It is known
tha t

The parent hydrocarbon without the pheny l  groups on the 2,5 and 7 positions
does not undergo u - i  s h i f t  to the analogous bridged structure . Wi th two cvano
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groups in t he  seven p o s i t i o n , i t  is known t h a t  u - i sh i ft t o a b r i d ged st ruc ture
occurs

-
‘ - ~ V - -, ~~I 

-

S -~~~~~~~~/ CN 
CN

Wi thout the CN groups , the change does not take place . Roald Hoffman pointed
out that electron-acceptin~ u~rouu ~ on the 7-position is important to the shirt .

Toda ’s group found in a n o t h e r  case

When two CF 3 groups ar e at t ached to p o s i ti o n  seven , only the seven -membered
r ing  is fo rmed . This is t rue if phenyl groups are si tuated on the 2- and 5-
positions . Pheny l groups in the  2- and 7 - p o s i t i o n s  a l s o  w i l l  not produce t h e
two-ring diene . Toda believes that dipole-di pole repulsions may be i m p o r t a n t
in these changes .

Tezuka is studying photochemica l rearrangements to the tri p let state produced
by sens i t i za t ion  and irradiation 

/\

hv /L  :- -
\

/ 
~ 

~~~~ 

N Ar 
~~~~ N \ 

/

- _/
_‘ \~ ~~~ 

) 
- . 

-

B
Ar

ground state

The struc ture of the produc t was established by N\IR and 1w x-ray an,-ilvs is .

~1iamo to collaborated in this research .
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T surut a  dese ri bed some eur r e c en t  u sc-a r-ch on cu - i r1’~- n,-s

~~~~~~~~~~ ( C } I 2
) CH :

When n = 1 , > C 9H 10

When n = 0 , > C8H8

a l l
or I ,5 sh i f t  --—— ~~~~~ 

- 

- - 
I / .~ bonds

/
svmmet r i  c
s t r u c t u r e

This compound has not been prepared ; it should  have one or two t~ea k s  in the
N~- 1R spectrum .
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A var iety of subs t i tu ted  7-membered r ing compounds were synthesized , and

J H 2 NcONH2 

- 

appeared to be an

especially good precursor to a carbene . There seemed to be three good ways
to prepare the carbene from this starting material:

(1) h u
- (2) Heat

(3) CuSO4 
or Cu powder

Unfortunately, the reactions yielded disappointing results . An attempt to
convert cyclooctatetraene to a tricyclo compound leading to a carbene also
failed .

Professor Nakadaira , who worked on the chemistry of natura l products up to
three years ago , described some photochemical studies on silicon compounds .
The first investi gation involved a cyclopentadienyl series

H
Si -

liv 
-

~~~~ 

j  
-

~~~ (main produLt)

\ 
/ ‘ p  -4-.

~Si 
~~~ \Si -low ~‘res sure‘ 

_5S / \ c~ + small amount of
mercury arc syn-trans isomer
or ~ > 200°C. + cis isomer of

main product

N’IR was emp lo yed to obtain structure of products . Starting with cyclopenta-
d i e n e , Hammond reported the formation of the diner 

L -

~~ ii
N,

2 + 2
a d d i t i o n s
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I f  the cyc loperi tadienyl  s i l i c o n  compound is i r radia ted  in methanol or ethanol
solution , a sing le ring product is obtained

~~OH 

- l OEt

or EtOH suggested
intermediate

Nakadaira believes that dimerizat ion occurs in a triplet state . He doesn ’t
know if a singlet reaction occurs .

In the second stage of the research , an entirely new system is being
investigated

/

~ ~~~ Sl~~ 
t - -~~/~ ~MR evidence

1 
for this structure

~~S i\  pr~~~~re 
~~~~~~~~~~~~ .~~~~~mercury ‘fi ‘-.Si,

cleaved

~~~ 
r 

-- SiMe

~~ 7~~ S1~~~ 
~~~~~~~~~~~ S1~~~

4) Me

inte rmed i a te  NMR
2 + 2 additions IR

evidence
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In another series:

/ si ly lene

+

P~~~~ ’_1
~~ 

‘N..,~y’S1( (analog of carbene)

arc

I hv Me
I Me Me

or Et -Si-H I I
I ~ Et — Si — S i — He

Me Me

Nakadaira is interested in the state of silylene. Silylene is generally a
singlet ; it gives only the reaction product but no recombination product .
If the reaction takes place in a stepwise manner , the course mi ght be

Si 
~ / 

/ 
~~~Si 

. . zSI
N > Si +

- 

~~~~~~~~~~~~~~~

/~~ cis

cis

cis 99% : 95%

It is not possible to say if reaction is comoletely or nearly stereospecific .
Efforts are now in progress to determine ESR spectra of silylenes .
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Pro fessor Tsunematsu Takcmoto and his group are conducting reaearch in
na tu ral produc ts chemistry , an area in which Tohoku Universi ty is noted for
its streng th . The programs include inves ti gations on insect hormones , steroids ,
terpenoids , metabolites and a variety of chemical compounds extracted from
p l a n t s  na t ive  to Japan . Some examples of the research efforts are cited below :

(1) Absorption , d i s t r i b u t i o n, metabol ism and excretion of the
insect metainorphosing hormone , ecdysterone , were studied using its
t r it ium -.labeled derivative in mice .

(2) An insect moulting hormone “commisterone” was isolated from
the leaves of Cyanotis vaga and was identified through NMP measure-
ments as ecdysterone .

(3) From Zedoary , Curcuma zedoaria (Zing iberacae), a new sesquiter-
penic dione was isolated and desi gnated as dehydrocurdione. The
structure of this compound was elucidated by chemical and physico-
chemical means .

(4) Khel lol , ammiol , caffeic acid dimethyl ether and cimifugin ,
a new b i t te r  coumarin derivative , wete isolated from the aqueous
extract of the rhizome of Cimicifuga simplex WORMSK (Ranunculaceae) .
The structure and absolute configuration of cinifugin were found to
be I and I I :  -

0
C H O  0 11

H

HO ~~~~~~~~~~~~~~~ 
CU2OH 

HO 
~~ ~~~ ‘~~./~~~ cu2ou

I II

(5) From the flowers of Rhododendron japonicum Suringer (Ericaceae) ,
a well-known poisonous tree in Japan , four toxic diterpenoids , rhodo-
japor in I , II , III and IV were isolated , together with other constituents .
The chemical structures involved were identified .

(6) Fusidic acid , a steroidal antibiotic was ohtained from isaria
kogane, a Basidiomycetes .

(7) Oleanolic acid was incubated with Colletotrichum phomoides and
the  fermentat ion product was chromatograp]ied . Three metaholites
were isola ted and their structures established .
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(8) The i s o l a t i o n , c h e m i s t r y , s t r u c t u r e  de te rmina t ions , s y n t h e s i s
and nu -e t ihol ism of the arthropod moultin g hormones (ecdysterols)
from Ach yran thes and Cyathula plants belong ing to the amaran-
thaceous family were achieve&f. Phys io log ical proper ties of the
cedysterols in hi gher animals and the biological activity in
arthropods (and insects in particular) were investi gated .

JAPAN ATOMIC ENERGY RESEARCH INSTITUTE

The Japan Atomic Energy Research Institute (JAEqI) has its Head Office and
Isotope Center i-n Tokyo and research establishments in Tokai , Takasaki and
Oarai , w i th  a total  personnel of 2 , 173 . The main research center of JAFRI
is located on a three square-ki lometer  compound in Tokai-Mura which  is about
130 ki lometers  northeast  of Tok yo. Mura is the Japanese word for village but
this one has over 40,000 people . In general , when a community passes 30 ,00f)
it can apply for ci ty status . This is not being done with Tokai because of
feeling against atomic energy research which it is believed is easier to
handle with a village government than a city The village status is readily
observable by the visitor by the obvious deficiency in stores and commercial
enterprises as wel l  as the agricultural surroundings . The atomic energy
center at Tokai has been in existence about fifteen years , during which period
about two dozen concrete buildings have been erected to house a variety of
nuclear research and development f ac i l i t ies . Among these f a c i l i t i e s  are three
research reactors , a power demonstration reactor , four critical assemblies for
studies of reactor physics , a Van de Graaff machine , a linear accelerator , a
hot laboratory for studies of irradiated fuels and materials , equipmen t for
reprocessing of spent fuels, a waste treatment p lan t, and a nuclear fusion
research laboratory . There is an extensive radioisotope center which is
producing and distr ibuting processed radioisotopes , labeled organic compounds ,
radiation sources and radionuclides . An atomic power plan t is associated W l t ~ L
JAERI which is currently being upgraded from 45 megawatts to 90 negawattS out-
put of electricity.

The Japan Atomic Energy Research Institut e at Tokai was visited on 15 and 16
Oc tober . [)r . Enzo Tachikawa , Head of the Hot Atom Chemistry group , served
as guide and provided a complete tour of the facilities . This included the
1)ivision of Chemistry, the Division of Physics , the Plutonium Building, the
three research reactors , the Van de Graaff, the line ar accelera tor , the
r ad io i sot opes  plan t , the Tokomak nuclear fusion machine (with which extreme
difficulty is being experienced in making it work), and the was te d isposal
sv s t em .

There are three major  progr am s in the Chemis t ry  D iv i s ion : (I) Solvent extrac-
tion--mainly rare earth and actinides , (2) Pur i f i ca t ion of ur anium and pluto nium
by the mercury amalgam me thod , and (3) hot atom chemistry . In genera l , t he
objective is to recover usefu l elements from spent fuel . The P iv i~~ion of
Chemistry is subdivided into five departments: (I) Analytical (‘hemistrv ,
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(2)  Radiochenis t ry . (3) Radiat ion Chem istry (6OCo source and nuclear reactors),
(4) Burn-up Chemistry (to f ragments ;  determi ’-ie amount of 235 U l e f t  in f u e l ) ,
and (5) Fluorine Chemistry (production of fuel) with fluoride to make it more
radia tion resis tan t) .

The other large research division is Physics . Here the major objective is the
prod uction of ar ti ficial heavy eleme nts . The group is irradiating 24l americiuln
to produce curium , separate this elemen t and purif y it . In the near fu ture
an attempt wi l l  be made to separate and identify berkelium . In the pas t
emphasis was placed on this phase of the effort . In the future work based
on spent fuel will be the major activity .

Dr . Hiroshi Ainano, Deputy Chief , Division of Production of the Radioisotope
Cen tre ,out lined the effo rts of this facil ity to the wri ter and showed him
around the plant . The Radioisotope Centre is presently producing a number
of processed radioisotopes3 labeled organic compounds and rad ionuclides . In
particular ‘98Au , 35S and 51Cr are being processed ; the gold isotope is being
sold to hospi tals in Japan for medical tracer purposes . None of the radio-
isotopes manufactured are being sold outside of Japan as a matter of policy .

The 10-kilogauss Tokomak nuclear fusion machine is not operative mainly because
of d i f f i cu l ty  in mai nta ining a vacu’im . It is currently disassembled for
repairs. Tb~ ~~~~ -á1ji ~~~ -~~~Ai~~~~ _i 1-~----L~~’r~ geneTale e~~ r-g7.-~ It cost
one-half  b i l l ion  yen .

The 180 MEV linear accelerator operates over a path of 100 meters . It is
being used for (1) neutron bombardment , (2) making radioisotopes , and (3)
photochemical reactions (just getting underway).

There is a 10,000 Curie 60 Co source at Tokai which is being used mainly for
nuclear chemistry studies at the present time .

Dr. T. Ishimori is Director of the Division of Chemistry at the Japan Atomic
Energy Research Institute (JAERI) at Tokai -Mura. Under him ,Dr . Enzo Tachikawa
is Head of the Department of Hot Atom Chemistry. Tachikawa and members of his
staff reviewed several of the research programs going on in the Division of
Chemis t ry .

Dr . Akatsu discussed research on solvent extraction which has been coordinated
at Tokai over the past ten years . The majc’-r effort has been directed toward
recovery of useful elements from spent fuel . Tri-n-butvl phosphate (TBP) is
commonly used in reprocessing this material . After irradiation in the reactor ,
the f i s s i o n  products are removed , separated from the uranium and purified .
Then the spent fue l is t reated w i t h  TBP and dissolved in nitric acid . The
process may be represented schematicall y as follows :
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spent fue l
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U , Pu Fission Products
extracted (remain in aqueous phase)

Wi th TBP as the organic phase and UC1 , H2S04 or HNO3 as the added acid , the
distribution coefficients for 50 or more elements were determined . A number
of other organic extraction agent~ were investigated also , including a variety
of alkyl anines , esters , and ketones . The group is now study ing solvent
extraction using a fused salt with a melting point near room temperature and
t r i-n - b u t yl  phosphate. Two examples of salts  tried are Mn (NO 3)2  • 6H00 with
a me l t i ng  point of 26 °C . arj d Ca(NO ~ ), . 4H 2O wi th  a mel t ing  poin t  of ~ 2. 5°C .
The distribution ratios obtained wits these salts and TBP were higher than
in the aqueous phase .

Tachikawa discussed the work of the Hot Atom Chemistry group . In the research
program , use is made of hot atoms produced by photolysis in nuclear reactions
with very high kinetic energies being achieved . For example

3He (n ,P) (T)
and up to l Mev

7Li (n ,c<)3(T))

Three main  types of nuclear reactions may take place:

(1) Hydrogen atom -- HT
(2) Hydrogen subs t i tu t ion  - - PH + T ~~ RT + H
(3) Add i t i on , e .g. , to C = C -

Ordinarily, (1) and (3) on ly  are observed . The energ ies available from these
reactions are:

(1) 1 to 10 k c a l / m o l e
(2) � 40 kcal/mole (calculated)
(3) 0 to 5 kcal/mole
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1$ -I
by

TBr -> T

for
T + RH —> Til /~~‘ abs t rac t ion

reac t ion

/

0.3 cv

For s u b s t i t u t i o n , T reacts  at about 5 ev (est . ) .

Bromine may be ac t i va t ed  by the  (n ,y  ) process

798r (n , ~,) 8On~~ —> 100 ev

81 Br (n , ~~)
82

~~Br 
‘
\

lowered
SOfl1Br (I  . T) 80 Br to

/ 10 ev
S2m BI. (I . T) 82 Br )

The lower  t he  ~H , t h e  hi g h e r  the  a c t i v i t y  and AH is hi gher for H ~~straction .

CF1 3 CH 3 + Br —.-
~~
. CH 3 CII-, Br + 11

but at lower  K . E . ,

CF1 3~ CH.. + Br > 1iI-~Rr + CH 3~

Sn



- . 
5-—~~~~~~~- -. ~~~~~~~~~~- -~~~~~~~~~~~~~~~~~~~

hhcn spent fuel  is dissolved in 11N0 3, rad ioact ive gases are produced . The
most important  process involved is

131 j 85 Kr is long l ived
and dangerous in gases

> released w i t h  organic iodide

One problem still to be solved is how the  product CH 3
1311 is fo rmed . Also

when uranium and HN03 react in spent fuel , the re is the quest ion as to where
the C and H ori ginate . It  is known that  4-7% of the to ta l  131 j in spent fuel
goes to CH 3

131 1 and separa tion of this prod uct is not easy.  An attempt was
made to use adsorption on act ivated charcoal w i t h o u t  success , both in presence
and absence of added KI . Tachikawa and his group are currently try ing to
understand ho4 the CH31311 is formed as a first step to finding a way to
suppress its formation.

The ori gin of the  carbon found in the products  is also a m y s t e r y . One possi-
b i l i t y  is that  it comes from CO 2 .  The r e s u l t s  of an i n v e c t i r a t i o n  us ing  ‘4 C
as a tracer eliminated this route. Efforts are still being made to uncover
the  ori g in of the  carbon .

Ano ther large group is working on plut onium chemistry i n  the  P lu ton ium Labora-
tory . Studies are being conducted there on plutonium , americium , curium and
berkelium (hopefully) . One specifi c comolex synthesi:ed was

[Co~NH3)6I [Pu(CO 3)n]

An important project of the Plutonium Chemistry group is the preparation of
t ransuran ium e lemen t s . An oxide of a m e r i c i u m , Am0 2 was prepa:ed in a nuc l ea r
reaction . After irr adiation of 241 Amfl., samp les , 2~ 4Cm was found and identified .
Efforts are now underway to t ry  to make berkelium .
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