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工) General 工ntroduction

Role of Sulfur in Activity: A Discussion from the Viewpoint 

of Isosterism 

工-1) Preface 

More than 20 years have passed since 1 joined Dr. Yurugi's 

group of the Chemistry Laboratories of Takeda Chemical 

工ndustriesCompany Ltd. in 1958. At that time， Dr. Yurugi 

was devoting himself to the synthesis of lipoic acid， a 

sulfur containing essential co-factor for the oxidative 

decarboxylation of pyruvic acid， and he gave me a chance 

to take part in the synthetic project. 

1 have been so fortunate to have been able to devote 

with sulfur containing bio-active compounds such as lipoic 

acid to begin with， nereistoxin， thiamine propyl disulfide 

and its metabolites， thiamine tetrahydrofurfuryl disulfide 

and its metabolites， penicillins and cephalosporins ever 

since. My assignment has been to develop practical procedures 

to synthesize not only these useful compounds but also in 

many cases new derivatives with more potent activities. 

This dissertion thesis contains these synthet工cprocedures 

1 have investigated and other new findings obtained 

during the course of my investigation. 

工naddition to a blessed encounter with Dr. Yurugi 

who led me to step in organic sulfur chemistry， 1 am also 

fortunate to be acquainted with prof. S. Oae， who is the 

one of the greatest pioneers in the field of organic sulfur 

chemistry. His continuing works with ever-green interest 

in organic sulfur chemistry opened my eyes to the depth 

2 

of the organic sulfur chemistry. Even his mere presence have 

given me a full confidence in sticking around the syntheses 

of many sulfur containing bio-active compounds. 

During my pursuit on synthetic works on useful 

sulfur-containing medicals，工 couldnot get away myself from 

embracing a fundamental inquiry， "What role does sulfur have 

in the biological activities of these sulfur-containing 

compounds?". 

工norganic chemistry， sulfur containing compounds are 

known to exhibit characteristic chem工calreactivities such 

as lability to oxidation， formation of active ionic and/or 

mul七i-valentintermediates. Many studies have shown that the 

sulfur atom in the molecules is responsible for these 

rev.1) 
characteristic reactivities. 

工tis highly probable that such chemical properties 

reflect on biological properties of sulfur containing 

bio-active compounds and accordingly the sulfur atom in the 

molecules plays some important roles in the biological 

activities. 

Modern organic sulfur chemistry have allowed us to 

examine the probability using isosterism approach and to get 

answers to the above inquiry from the experimental results. 

As an introduction to the dissertion， the role of 

sulfur in biological activities of a select group of 

bioactive sulfur containing compounds will be discussed. 工n

order to keep the discussion within reasonable dimensions， a 

somewhat arbitrary selection of compounds has had to be 

made. The selection is based on the amount of information 

3 



available. 

rev.2， ref.1) 
工ー2)Definition of Isosterism.~~Y'-' 

Table 1 

Comparison of Thioether， Ether and Methylene Linkages in 

The isomeric compounds of a sulfur containing compound Dimensions. 

which bear an oxygen， methylene or ethylene instead of the CH ・・X-CH3 U ，"，u3 

sulfur of the mother compound are called oxygen， methylene X= S O CH2 

and ethynylene isosteres， respectively. Sェncesulfur and 

these substituents have similarities in dimensions as 
。

Van der Waals Radius of X (A) 1.8 1.4 2.0 

shown in Table 1 but varied parameters in electronegativity， C由 X
。
(A) 1.82 1.42 1.54 

hydrophobicity， hydrogen bonding capacity or f1exibility C-X-C ( 0 ) 105 111 113.7 

as shown in Tab1es 2 to 5， it is 1ike1y that the original 

sulfur compound and its isosteres have simi1ar mo1ecular *L. Pau1ing "Nature of Chemical Bond" p260 

sizes and shapes but diversified physical and chemical 

properties. When these isosteres are compared ， in many Tab1e 2 

cases if not all， one can co-re1ate the bio1ogical property E1ectronegativity values 

of a particular molecule to a specific physica1 or chemical S O C 

parameter of the su1fur atom. 

Such replacement of atom to clarify the role(s) of an 2.5 3.5 2.5 

element， group or molecule in biological activity is ca11ed 

isosterism. *C.A. Coulson "Valence" p140 (1961)， Oxford Univ. Press 

工-3) Ro1e of Su1fur Table 3 

The sulfur atom in a sulfur containing bio-active compound 

may have one or more of the following roles. 

Comparison of Hydrophobicity 

Material 10g P (octane-H20) 

(a) Receptor interactions. If the sulfur atom is respon-

sible foど aninteraction with a receptor or an enzyme， 『
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2.50 

the size， shape， electronic properties and hydrogen 1.95 

bonding capacity of the sulfur containing molecule wi1l 0.77 

* C. Hansch & S.M. Anderson， J. Org. Chem.， 32， 2583 (1967) 
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Table 4 be the important parameters. 

Comparison of Thermodynamic Data for Hydrogen Bonds (b) Pharmacokinetics. The sulfur may be necessary 

-dH (Kcal/mol) for the absorption， transport and excretion of the compound. 

工nthis case lipophilicity and hydrogen bonding capacity 

OH---O CH3-COOH 7.0 

H20 5.0 

CH3-OH 4.0 

OHー四ーS C6H 5-0H+ (C2H 5) 28 3.4 

are likely to be important. 

(c) Metabolism or Chemical Reactivity. The sulfur 

atom may be involved in blocking or aiding the biochemical 

transformation. 工nthis case the isomeric displacement 

may cause a shorter half life or a complete 10ss of 

*z. 8imon "Quantum Biochemistry & 8pecific Interactions" p86 bio10gica1 activity or unexpected side effects such as 

(1976)， Abacus Press antagonist activity. 

(d) 8tructura1. If the sulfur atom has a structura1 

Table 5 role in ho1ding other functionalities in a particular 

Comparison of Potential Tortion Barriers (Kca1/mol) geometry， the isosteric rep1acement may not cause any 

Kcal/mo1 1arge change in biologica1 activity， since the su1fur 

atom may have little contact with the externa1 medium. 
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2.75 

2.72 工-4)Cephalosporins Structura1 Role of 8ulfur 

2.13 Cephalosporin C (1a) was isolated from a fermentation 

*E.L ‘Eliel "Stereochemistry of Carbon Compounds" p134 

broth of a mo1d (Cepha1osporium acremonium) by Newton and 

2) 
Abraham in 1953. 工t showed a weaker antibiotic activity 

(1962)， McGraw-Hill Book Company，工nc. against Gram-positive bacteria than that of penicillin G 

(2) but showed a considerab1e activity against Esherichia 

coli， a Gram-negative bacterium， against which the latter 

is inactive. 工n1961， when structure 1a was determined by 

both chemica13) and X ray techniques4) and when its 

structura1 relationship to penici11in was realized， a 

wor1d wide interest in this molecule was generated. 

6 7 



Cephalosporins R-N戸与CH，-y 
COOH 
1 

Name R Y 

1 a Cephalosporin C HOOC-yH-(CH2)3 ーCO- 一OCOCH3
NH2 

1 b Cephalothin pc⑪p-3- -OCOCH3 

1 c Cefazolin 7・v=-円N-c@rro 44N-sjN LCH3 

1 d Cefo七iam 間九H，・c← -s-ttJ 
，CH，N(CH，). 

CONH五三CH
3

2; penicillins 

Continuing research programs have developed many 

clinically effective cephalosporins with broad anti-

bacterial spectrum covering both Gram-positive and 

-negative bacteria and they are now widely used for 

treatrnents of diseases infected with bacteria. Among 

5) __，c___，':_ 11_¥5) them， are cephalothin (lb)~' ， cefazolin (lc)~' and 

6 ) cefotiarn (1d)V/， which were developed by E. Lilly in 

1962， Fujisawa in 1970 and Takeda cornpany in 1981， res-

pectively. As apparent frorn the structures， they were 

yielded frorn peripheral rnodifications， i.e. side chain 

rnodifications， of cephalosporin C. 

Both penicillins and cephalosporins inhibit the 

growth of bacteria by interfereing the cell wall bio-

7) 
ynthesis" of bacteria. Since the cell wall is an 

essential feature of bac七erial cells which has no 

8 

Fig. 1 

I a 

Structural Analogy between Penicillins (a) ， 

Cephalosporins (b) and 

e CAABON .似YGEN

G NITAOGEN 

9 

①剖山R
o HY開 OGEN

N-Acetyl-D-ala-D-ala (c) 

Penicillins 

Cephalosporins 

N-Acetyl-D-ala-D-ala 
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counterpart in animal cells， when they are administered 

to infected animals， they inhibit the growth of bacteria 

without inhibiting growth of host cells. 

The basis for the inhibition by the antibiotics is 

their structural resemblence to D-ala-D-ala side chain 

7 ) 
of peptidoglycan" ， which is an essential building block 

of the cell walls， as shown in Fig. 1. Enzymes building 

the cell walls mistake the antibiotics for the required 

substrate and approach them. Then the antibiotics combine 

irreversibly with the enzymes by opening of the s-lactam 

ring・Thehydroxy group of serine of the enzymes may 

well be the site of the bonding. 
7) 

2 R 
置由

R-CウK2;;:fs-R R
W

ーCONH.. ι../、、晶
，.&品ー肉、，?-CH2-R.... 

COOH 

3 4 

Modern technology has allowed chemists to prepare 

8) __..:2 __.L~__' ___ I A ¥ 9) a number of oxygen (3)~' and methylene (4) 

of cephalosporins and compare their antibacterial 

activities with those of original cephalosporins. 

Generally speaking， oxygen isosteres (3) showed superior 

activities and methylene isosteres (4) showed inferioど

activities to those of corresponding mother cephalosporins 

as illustrated in Fig. 2 and Table 6. 

The maintenance of antibacterial activity during 

the isosteric replacements is compatible with and 

support the mechanism of antibacterial activity of 

cephalosporins described above. Since the replacement 

10 

does not change the structure of cephalosporins largely 

due to the similar dimensions of sulfur， oxygen and 

methylene as shown in Table 1， it is reasonable that 

the mimicking ability to D-ala-D-ala part of peptido-

glycan， i.e. antibacterial activity is maintained among 

the isosteres. 

Fig. 2 8-0 Isomerism in Gram-negative activity of 

Cephalosporins bearing different side chains. 

Open bars: cephalosporins (X=S). Filled bars: 

oxygen isosteres (X=O). 
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Accordingly， the sulfur atom of cephalosporins has 

a role of category (d)， described in the preceding 

ー I 1__""'_' _13) N-ketols 

工tis worth to discuss the difference of activity 

10) 
among the isosteres. An empirical ruleAv1 tells that 

C勺針叫 tVWH2Cl-
utも ""'CH2/';'一一¥CHJ

融点 248~250 0C (分解)

CnH17N.OSCl. HCl=337.28 
ハあ
なsection， i.e. structural role. 

5; thiamine 6; pyrithiamine 

the increase in hydrophilicity of antibiotic improves Eq. 5-1 

the Gram-negative activity ・Asindicated by the data 

of Table 3， the replacement of sulfur atom with oxygen 

is likely to increase the hydrophilicity. The oxygen 

H之江 ーーーー」弘
、ーーーー 。は

Fig. 3 A Mechanism for the thiamine-catalyzed decarboxy-

lation of pyruvic acid isosteres with superior Gram-negative activities depicted 

in Fig. 2 migh七 beregarded as examples which follow the 

Since the hydrophilicity of antibiotics is known to 

10) 
influence their permiability.vl through bacterial membrane， 

本+CH38-c釧
-ー-
守一一ー 一--.

-c~ 

empirical rule. 

it is possible tha七七hesulfur atom in cephalosporins I 

has a role in七ransportof category (b) too. 

工-5)Thiamine A Role of Sulfur in Chemical Reactivity 

寸川町
J

R
W
H
ヘ
ヨ

し℃
l
印

，

JK 

R

会 -H -ーー田E・E・-

Thiamine was first discovered and extracted from 

11) 
rice rod by Suzuki in 1912..'. He showed that i七 relieved

chiken which were fed with white rice for a long period 
cyp斗印r

and suffered from lethal nerveous inflammation (Poly-

neuritis gallinarum). 工tsstructure was de七erminedby 

12). 
williams in 1935 

Thiamine is an essential factor for the transformation 

The catalytically functional part of the molecule 

is the sulfur containing five membered thiazolium ring. 

The hydrogen atom at the 2-position is rapidly exchanged 

in aqueous media. 工tis now well established that the 

catalytically active site of the molecule is at the 

2司 carbon. The presence of an adjacent positive charge 

of sugars into energy in mammalian bodies. More precisely， 

it exists in organs as an pyrophosphate ester and catalyzes 

decarboxylation of a-ketoacids， oxidative decarboxylation 

of~-ketoacidsl formation of ketols and mutation of 

12 13 
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at N-3 and the adjacent sulfur atom enhances the 
Eq. 6-1 

stability of七heylid structure given in Eg.5四 1.

The probable mechanism of decarboxylation of 

pyruvic acid catalyzed by thiamine is shown in Fig. 3. 

An ethylenyl isostere (6) named pyrithiamine was 

o El-~.:': 

日 -1-i-+Lc-1.coo-一円iデ1-42午
~/c-H3C-fホS......Cー

COO-

synthesized and shown to be a strong antanonist of 

14) 
thiamine by Tracy in 1940 

15) Occupancy theory~~1 predicts that an isomer， which 

can occupy the receptor site as similarly as the origi-

nal active compound but is not as reactive as the latter 

+
一
い
汀
川

一
〈ihwu 

九

r
A
U

一J
Since no report is available for carbanion formation 

τH3;てω+.NAD+. E 
E 

-j二r+ NADH + H 
， exhibits an antagonist activity. 

at七he2-position of the pyridinium ring in contrast to 

the abundant examples of C-2 carbanion formations of 

thiazolium， it is highly probable that pyrithiamine (6) 

As apparent by these discussions， the sulfur atom 

This energy transfer relys on specific natures of 

thiol esters which are different from those of alcohol 

is a compound for which the occupancy theory stands. 

in thiamine has an important role in the chemical re- esters in a nurnber of ways. 

工-6)Lipoic acid A Role of Sulfur in Chemical Reactivity 

(1) Chemical bonding， consisted with the 3s and 3p 

orbitals of sulfur， results in a longer and weaker bond 

than that with the corresponding oxygen compounds. Hence， 

there will be a lesser interelectronic repulsion， and a 

more facile ester bond cleavage in nucleophilic dis-

placement reactions at the carbonyl carbon atom with 

thiol esters than with alcohol esters. 

activity. 

Lipoic acid (7) was isolated from livers of pigs 

as a co-factor for oxidative transformation of pyruvic 

16) acid by Reed in 1951~v ，.工t accepts a high energetic 

acetaldehyde from hyroxyethyl thiamine (工工工 in Eg. 6-1) 

and transfer an acetyl group to co-enzyme A as formulated 

in Eg. 6-1. Thus lipoic acid contributes to energy 

Eq. 6-2 

14 

(ft 、oll (-) 

c~ 
R/tC+、r'SR NRz-ノCヤ RVJCJω+R} ・

15 

transfer system in living organisms. 



(2) The much smaller tendency of sulfur towards 

-・1じ.-bond" formation as compared with oxygen， resul ts in 

a far greater localization of charge into the carbonyl 

group. 

In consequence， thiol esters are more reactive than 
17) 

corresponding alcohol esters 

An oxygen isostere， 6，8-dihydroxyoctanoic acid (8)， 

did not show any of lipoic acid activities. This is 

18) 
quite understandable from the discussions above. 

CH....CH....CH-(CH....) ーCOOH2'"''''2';'''' ¥'"''''2'4 I ~ ~I 

OH OH 

8 

Apparently， the two sulfur atoms in lipoic acid 

have the key role in its chemical reactivity ・

工ー7) Peptide Hormones A Structural Role of Sulfur 

19) 
A) Neurohypophyseal Hormones 

From posterior lobe of pituitary (Neurohypophysis) 

in human are excreted five peptide hormones， oxytocin (9) 

， arginine-vasopressin (10)， lysine-vassopressin (11) 

and vasotocin (12). Oxytocin plays an essential role in 

lactation. 工tproduces milk ejection by contraction of 

myoepithelia1 ce11s. Oxytocin contracts smooth musc1e of 

the uterus， but it r01e in parturition is unclear. 

Oxytocin is wide1y used for the induction of labor in 

20) 
the parturition and placenta expu1sion periods 

Arginine四 and1ysine-vasopressins effect water re-

absorption by increasing the permiabi1ity of the distal 

kidney tub1es. The important physio1ogica1 function is 

16 

the homeosta七iccontrol of extracellular fluid volume. 

工ncase of insufficient vasopressin lebels， water re-

absorption declines and a large amount of low concen-

20) 
tration of urine is excreted. 

Vasotocin has both of vasopressin-and oxytocin-

like activities but its function is unclear. 

1 2 3 4 5 6 7 8 9 

1ys-Ty日 le-Glu-A叶 ?YHrHeMly-NH2

Oxytocin (9) 

fys-Ty日 h日 lu-Asuアs-Pro-Arg引内H2

Arginine-vasopressin (10) 

?ys田 Tyr-Phe-Glu四 A叶 ?yppro-LYHly-NH2

Lysine-vasopressin (11) 

1YS-Ty日 1日 lu-A叶 CYMZMrg-Gly-NH2
1 

Vasotocin (12) 

All these hormones have a common structural pattern 

of nine amino acid residues with a 1，6-disulfide bridge. 

More than 300 synthetic analogs of neurohypophyseal 

hormones have been prepared and tested. The resu1ts have 

showed the essentia1ity of the 20 membered ring of the 

hormones for the bio-activity. En1argement or contraction 

of the ring is accompanied by 10ss of activity. Peptides 

of non-cyc1ic structure are inactive. 1-Deamino ana10gs 

of oxytocin， argine-and 1ysine-vasopressins showed 

neurohypophysea1 hormone activities， thus the termina1 

17 



amino group was shown to be not essential for the activity. 

1-Deamino-dicarba analogs in which the terminal 

gas七rointes七inalhormones. These finding suggests a 

physiological role for somatostatin in regulating the 

amino group and the disulfide bridge are replaced by secretion of these hormones. 

hydrogen and ethylene， respectively， exhibited high 
22) 

neurohypophyseal hormone activエty

問orethan 150 analogs of somatostatin have been 

On the basis of七heseresults， it is concluded that 

synthesized so far. Structure-activity analysis has 

afforded following information indicating the role of 

the role of the disulfide is to maintain the essential sulfur in hormone activity. 

architechture of the hormones. The linear amino terminal (tail) part is not 

1 _~ 2 
essential for the activity. Thus Des-(Ala~-Gly-) ーB} Somatostatin 

The 3，14-disulfide bridge of somatostatin (13) has somatostatin exhibits 30-100も ofthe potency of the 

25 }ーnative hormone~~/. An analog having the structure (14) been concluded to bear a role similar to the role of the 

1，6-disulfide bridge of neurohypophyseal hormones. An which retains only four of the amino acids of the 

isosteric approach to the conclusion is similar to that natural hormone (sequence 7-10) and has reduced and 

adopted for neurohypophyseal hormones. constrained rings with two bridges， the first one made 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 of a cystine and the second made of a 7-aminoheptanoic 

山 a-Glyア叩-AsuールPh山内日hr-Ph山山rTYPOH
acid， exhibits 2.55 times more potent growth hormone 

26) 
inhibition than that of somatostatin (Table 7) 

Replacement of the cystine bridge of the above analog 

Somatostatin (13) 

23) 
工n1972， Guillenin and collaborators-~I isolated 

from hypo-thalamus a peptide that inhibits the release 

with two phenylalanines affords an analog (15) with 

26) 
reduced but still strong inhibitory actiyities (Table 7) 

7 8 

studies showed the hormone， designated somatostatin (13)， 
y
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of growth hormone from pituitary gland. Structural 

as a tetradecapeptide with a 3，14-disulfide bridge 

forming a 38-member heterodectic ring. The structure 

24) 
was confirmed by the synthesis 

10 9 10 9 

somatostatin analog (14) (15 ) 

It soon became apparent that somatostatin inhibits 

not only the secretion of several pituitary hormones The high potency of analogs (14) and (15) provides 

but also七hesecretion of insulin， glucagon and sveral evidence for the essentiality of 7-10 amino acids in a 
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Table 7 

H

H
ト

6

c
t
N
¥
ハい

処

W
三

C

¥

即

原
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H

h

 

HNプ叫NHC帆
constrained s七ateand unessentiality of the disulfide 

bridge. 

工nhibitionof Hormone Release (rela七iveto somatostatin) burimamide (17) 

Material Glucagon Insulin Growth由 hormone

somatostatin 1 1 1 ペ刈削
(14) 

(15 ) 

2.66 

0.86 

3.50 

0.88 

2.55 

0.65 
R=H; thiaburimamide (18) oxaburimamide (20) 

R=CH3; metiaburimamide (19守

On the basis of these observations， it can be stated In search for more in vivo effective compounds， 

many derivatives were synthesized and tested. Among 

them， thiaburimamide (18) and metiaburimamide (19)29) 

that the role of sulfur atoms in somatostatin is to 

keep the hormone in a specific rigid form favorable to 

receptor-hormone interaction. 

A Role of Sulfur in Receptor Interactions 

are not only 4-5 and 8-9 times， respectively， more 

active H2-receptor antagonists than is burimamide (17) 

in vitro， but also active in vivo. Particularly， 

metiaburimamide (19) has sufficient oral activity in 

animals and man to be considered as an inhibitor of 

1-8) Thiaburiamide， an Antihistamine， and Related Compounds 

A major role of histamine (16) is a transmittance 

27) 
of a stimulus from a neuron end to another one~". When evoked gastric acid secretion in therapy. Whereas， 

oxaburimamide (20)30) is inactive at all. histamine stimulates histamine H2-receptor of stomack， 

secretion of gastric acid takes place. 

工n1972 Burimamide (17) was found by Black and 

28) 
-workers-vJ to antagonize histamine at H2-receptors 

in vitro. Since the finding strongly indicated the 

Reason for the order of antagonist activities， (19~ 

(18)> (17~ (20) was sought by X-ray crystallography 
of these compounds31). And it was deduced that the 

activity orders might be related to the order of 

potential use in therapy of peptic ulcers， which are conformational analogy of these compounds to histamine 

caused by too much secretion of gastric acid， it was (16). 

soon tested in animals. But it was not so much effective The feature of thiaburimamide (18) and 

metiaburimamide (19) which distinguishes them from that in vivo as was expected from the in vitro result. 

20 21 
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of burimarnide (17) is七hefolding of the side chains 

with the forrnation of a ten-mernbered ring， and the 

intramolecular hydrogen-bonding between the thiourea 

N-H and the irnidazole-ring basic nitrogen atom. This is 

in contrast w工thcrystalline burimarnide (17) and oxa-

burirnamide (20) where the side chains are extended and 

there is a complete absence of contact between the 

imidazole rings and the thiourea groups. CPK models 

suggest that if七hethiaburimamide conformation was 

adopted by burimamide it would be hindered by repulsions 

between hydrogens in the side chain. This repulsion is 

reduced by replacement of the second methylene by a 

thioether linkage because the C-S are longer than the 

31) 
C-C bonds (Table 1) 

These findings suggest that a cyclic intrarnolecularly 

hydrogen bonded conformation， whichエsadopted by 

histamine (16)， thiaburimamide (18) and metiaburimamide 

(19) in common， rnay be a favorable conformation for 

receptor-compounds bindings. These findings also suggest 

that a role of the thioether sulfur in the side chains 

of the drugs is to increase the conformational flexibility 

and to aid drugs in taking the favorable conformation. 

32) 
1-9) Angiotensin Converting Enzyme工nhibitors

A Role of Sulfur in Chemical Reactivity 

工nanimal blood exists an extremely small quantity 

of (10 mug/dl) angiotensin 1工 (22)，an octapeptide， 

which has the most potent vassopressor (blood pressure 

33) 
rising) activity hitherto known~~'. 工 t has quite a short 

22 

half-life (15 sec) of existence. 工na norrnal state， 

angiotensin 1工 (22) is constantly generated frorn 

inac七iveangiotensin 1 (21)， which is also present in 

blood， on enzyma七ichydrolysis with a proteolytic enzyme 
34) 

designated angiotensin converting enzyme 

Angiotensinogen 

↓←Re山
H-Asp-Arg-Val-Tyr-工le-His-Pro-Phe-His-Leu-OH

Angiotensin工 (21)

↓← ωote山山e山 9 Enzyme 
H-Asp-Arg-Val-Tyr-1le-His-Pro-Phe-OH 

Angiotensin 工工 (22) 

Angiotensin converting enzyme is present in a large 

amount in lung tissue and vuscular beds. This enzyme has 

a molecular weight of 140，000-300，000 dalton， in which 

26も itsweight of polysaccharide and a zink cation (Zn++) 

35) 
lved~~'. 80 the enzyme is called a glyco-and 

metalo-enzyme. 工tsstructure has remained to be solved. 

工nanimal blood， there are a number of kinins that 

antagonize angiotensin 工工. For example， bradykinin， a 

nona-peptide which is generated from kininogen by the 

hydrolytic action of trypsin has a strong vaso-depressor 

36) activi ty""" I • 

Angiotensins and kinins in combination constitute 

a blood pressure regulation system and are called vaso四

active tissue hormones. 

37) 
工n1960， Ferreira~" discovered that a venom of 

Brazilian snake (Bothrops jararacca) depress blood 

23 
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38) 
pressure strongly. Later， Bakhle~vl found that the 

converting enzyme is a potential antihyper七ensivedrug. 

by ion pair forma七ionas illustrated in Fig. 4. Taking 

into accoun七七hatthe co-ordination strength between 

++、、h

funcional groups and Zn" ion is in the order -8H;>ーCOOH

> C=041) ，七hepostulation goes well with the order of 
inhibitory activity 8Q-14225>怜 13297.

depression is caused by inhibition of angiotensin 

converting enzyme by the venom. Hence was obtained 

quite a productive hint that an inhibitor of angiotensin 

But the venom was inadequate for the drug， because i七 Fig. 4 A Postulated Binding between Angiotensin 

was too unstable to be administered orally. Converting Enzyme and工tsInhibitors 

In search for an analog which is avoid of the 

deficit， many analogs were prepared and tested. Among 
!39) them， 8Q-13297 and SQ-14225 were found by Ondetti~JI to 

Angiotensin converting enzyme 

:.-::~.; .:: 7l"""¥.. :".;... .:...， ~\.， .\ .~ .:. . .: .1 
t.;ペ?と:L7n斗-;:V-J-tiバパム汁九.>.:.:.:1
1 : ....\ 与 一 ~二fll~~ しーム与l

inhibit the angiotensin converting enzyme strongly in 
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vitro. 工n fact， the latter depressed blood pressure -0 (，11，叫/"、、 n-

0・C-CII，-I'II-C -NーCII-C・o (SQ13，297、
CII.1 ()¥0-

二S-O('-CH-C-;->-CH -c-o (SQ 11，225) 
eminently in vivo tests using human hypertensive 

40) 
patients 

Table 8 8Q-14225 is now in clinical trials as a potential 

Material 工C~" (uM) 50 

an七ihypertensiveagent. 工tmay be deduced from the 

discussions above that the role of sulfur in 8Q-14225 

Inhibition of Angiotensin Converting Enzyme 

++ is to capture Zn"' ion. 

CH .... ， J 
HOOC四 CH2-CH-Co-pro(8Q-13297) 

CH ... ， J 
HS-CH2-CH-CO-Pro (SQ-14225) 

18 工-10)Nereistoxin A Role of 8ulfur in Chemical Reactivity 

Nereistoxin (23) was isolated from corpses of a 

Jararacca venom 0.06 

marine annelid (Lubriconereis heteropoda) by Nitta in 

42) 
1934~-'. He showed it neurotoxic to insects and mammals. 

0.023 

The structure was proposed to be 4-dimethylamino-1，2-

The inhibitory activity of SQ-13297 and SQ-14225 

has been explained by the postulation that -COOH and -8H 

dithiolane (23) through degradation studies by Hashimoto 

:43) __..:2 ___oC':___..:2 '--__ ____.1-1....__.:_44) and Okaichi~-' and confirmed by synthesis~~1 by chemists 

including this author at Takeda Chemical工ndustries

of the drugs deprive angiotensin converting enzyme of 

++ 
Zn エon，which is essential for the enzyme activity， 

Company. 
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CH~COO-CH~-CH~-N(CH~) 3'-'-'V--'-~~2 ，"，u2 ..'.......3/3 

HくH >1000 >50 

Acetylcholine (24) 
戸 S-ーー

(CH3)2N一大

CH3 

>1000 
> 50 

As was reported by Nitta， nereistoxin (23) is 

lethally neuro七oxicto insects. For example， toxicity 

of nereistoxin is 21.8 times as potent as that of BHC 

BHC 1 37 

against rice stem borer， which is one of the most 
45) 

harmful insects for rice farming (Table 9) The potent insecticidal activity of nereistoxin 

Table 9 indicated its potentiality to be an insecticide， but 

工nsecticidalActivities of Nereistoxin unfortunately it was too unstable to be used in fields. 

and Its Derivatives Among many analogs successively synthesized， Padan was 

Azuki Bean Weevils Rice Stem Borer found to posses not only potent insecticidal activity 

Dry film contact Topical application 

pg/dish q
J
 
，f'
 
q
J
 
U
I
a
 

(Table 9) but also enough stability to be used in fields. 

!46) 
Sakai~VI showed that nereistoxin (23) intervenes 

acetylcholine (24) mediated transmittance of neuron-

(CH，)oNfl (N 3)2N~1 

excitement and eventually puts insects in lethal coma. 

7.9 1.7 He also showed that such thiols as cystein， cysteamine 

and penicillamine are detoxicants for toxic symptoms 

，-SH 

(CH3)2Nべ
-SH 

caused by nereistoxin. 

5.9 20 

，SCONH2 
(CH3)2Nべ

L一、SCONH2

(Padan) 8 5 

Inspection of Table 9 apparently indicates 

essentiality of dimethylamino and two thiols (or a 

disulfide) groups for the insecticidal activity. 

Upon comparison of the structures， it is tempting 

to propose a mechanism of insecticidal activity of 

nereistoxin as follows. The disulfide and the dimethyl-r-OH 

(CH3) 2N-¥ 

¥..-ーOH

>1000 >50 amino groups of nereistoxin are isosteric， in a broad 

sense， to七heacetoxy and the trimethylammonio groups 
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of acetylcholine， respectivelYi accordingly nereistoxin 

may be an isostere of acetylcholine. Thus， nereistoxin 

can react with acetylcholine-receptors in competition 

with acetylcholine and block transfer of nerve impulses. 

Data available are too meager for further discussion， 

however， the author may be not much wrong to state that 

七hedisulfide of nereistoxin is a reaction center in 

toxin-receptor binding. 

工-11)Conclusion 

The results of these discussions are very encouraging・

It has been shown that isosterism between sulfur and 

other elements is not only an effective step to under-

stand the role of sulfur in the activity of sulfur 

containing bio-active compounds but also an effective 

means to develop more useful analogs. 工thas also been 

shown that sulfur atom does play various roles in the 

activities of sulfur containg bio-active compounds. 
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CHAPTER 1 

SYNTHESIS OF LIPOIC ACIO 

34 

As was described in the introduction， lipoic acid (1) 

is an essential co-factor for oxidative decarboxylation 

of pyruvic acid in living organエsms. Although no 

deficiency symptom of lipoic acid has been recorded in 

animals， it is well recognized that when animals suffer 

malfunc七ionsof the liver or the coronary organs lipoic 

acid is present in the liver in anomalously low quantity 

and a supply of lipoic acid to the animals by injection 

is an effective curative means. Thus， lipoic acid is 

widely used for clinical treatments of such diseases as 

liver cirrhosis， diabetes mellitus， liver failure， 
1 ) 

corronary insufficiency and toxemia of pregnancy 

/Cミミ… … ‘ …目
下2THMH2'4VVVH

Lipoic acid .1主}

This study was undertaken by Or. Yurugi in 1956 

for the purpose of developing a new industrially 

feasible synthesis of lipoic acid. The author joined 

his synthetic project in 1958. 

Among many routes to lipoic acid which had been 

reported by that time， the route formulated in Eq. 1-1 
2 ) 

which was developed by Reed (1955)~' and later innovated 

3 ) by Acker (1957)JI seemed the most industrially feasible 

one. But this route still have some disadvantages for 

industrialization， one is that all of the intermediates 

are oils which require distillation for their isolation， 

and another one is that sodium borohydride is rather 
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hydrolysis with NaOH and subsequent esterification with 

Eq. 1-1 AIC13 CH30H-H2S04 resulted in旦主 ina good yield. 

As an initial challenge to the synthesis of lipoic CH
3
00C-(CH

2
) 4-COC1 + H2C=CH2 .. CH300C-(CH2) 4-COCH2CH2-Cl 

2 3 acid， the author intended to improve the reaction yield 

NaBH4 
SOC12 

CH300C-(CH2)4-~H-CH2-CH2Cl ー.. CH 300Cー (CH2)4-yHCH2~H2~ I 
OH Cl Cl 

either by variation of R or by insertion of a step 

affording a crystalline intermediate which would make 

purification more convenient. 

4 5 工n an analogous manner to preceding procedure， 

Na...S 2....2 
KOH methyl 8-alkoxy-6-oxooctanoa七e (12a，c，d t were prepared 

一一惨 C円肌ー(CH2)ぺHCH小 一一惨 HOOC-(CH"I)ーCHCH...CH2 1 4 'jAA.....U 2'ju 2 
GI 
s一一-S

and the results are summarized in Table 1-1， 1-2 and 

1-3. As apparent by the da七a，the over-all yield was 

6 1 improved as R varied to higher alkyl groups. Thus， the 

highest over-all yield was attained when R was C4H9・

The object of this study was to fエnda new route 

to 1ipoic acid which is avoid of these disadvantages. 

6-oxooctanoate 

Eq. 1-2 よH♂。ベつ ROCH2CH2COC1 " NJ C1 
7 8a，b ，c ，d 9 

HCl 

o:: 
NaOH 

• 'P HOOC-(CH2) 4ーCOCH2CH20R
10a，b ，c ，d 11a，b ，C ，d 

CH30H 

Section 1: Synthesis of Alkyl 8-alkoxy-and 8-acyloxy-

Our basic strategy on the first step of the synthesis 

of lipoic acid was to prepare an octanoic acid bearing 

two functional groups at 6-and 8-positions， both of 争 CH...OOCー(CH"I)ーCOCH....CH....OR2'4 ...............u2.....u2 

which are convertible into thiols. 

4 ) 
Precedingly， Yurugi et al.~' synthesized methyl 

8-ethoxy-6-oxooctanoate (12b) starting from an enamine， 

1-piperidino-1-cyclopentene立1， via three steps as 

formu1ated in Eq. 1-2 wherein R was C2HS・Acylation

of enamine J1l with 2-ethoxypropionyl chloride旦泣

followed by the hydrolysis of the resultant reaction 

rnixture with HCl afforded 1，3-diketone i!些1which on 

12a，b，c，d 
n
y
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Table 1-1 

1，3-Diketones J10a，b，c，d) 

compound R bp OC(mmHg) UVmax(nm) 10g Yield(%) 

in EtOH 

10a CH3 
87-97(0.1) 287 5.12 37 
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10b C2H5 
85-95 (0.4 ) 287 5.69 55 

10c C3H7 
100-108(0.12) 289 5.56 68 

10d C4H9 
111-120(0.2) 287 5. 51 78 

Table 1-2 

8-Alkoxy-6-oxooctanoic acids J11a，b，c，d) 

compound R mp oc appearance Yield(も)

11a CH3 
oil oil 74 

11b C2H5 
47-50 leaflets 74 

11c C3H5 
33-36 leaflets 74 

11d C4H 5 
36-38 needles 85 

Table 1-3 

Methyl 8-Alkoxy-6-oxooctanoate (12a，b，c，dJ 

CH300Cー(CH2)4-COCH2CH20R

compound R bp OC(mmHg) IR{cm 1} Yield (も)

CO ester C-O-C 

12a CH3 
106-108(0.15) 1739 1250-1143 1115 96 

12b C2H5 
114-120(0.6) 1739 1250四 1143 1115 98 

12c C3H7 
11 5-1 2 3 ( 0 • 2 ) 1724 1250-1143 1111 98 

12d C4H9 
120-124(0.2) 1724 1250-1143 1111 98 

Eg. 1-3 ~CH2) 2-0R 

D:(C円)2-0R
‘
2百品
1

OAC}2 仁志。。¥
10a，b，c，d 13a，b，c，d 
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ai R=CH3吋 ，b; R=C2H5 

R=C3H7， d; R=C4H9 

When etherial solution of 1，3-diketones (10a，b，c，d) 

were shaken with an agueous solution of CU(OAC)2' copper 

chelates of 1，3-diketones (13a，b，c，d) were formed as 

precipitates， which were recrystallized from appropriate 

solvents to afford colorful crystals (Table 1-4). 

Treatment of the chelates with 20もHClregenerated 1，3-

diketones， which were collected by extraction with ether. 

But the over-all yields of chelate formation and re-

generation of 1，3-diketone were about 30も， which were 

guite poor as compared to isolation yields of 1，3-

diketones using distillation (Table 1-1). Thus， the 

improvement of over-all yields taking advantage of 

crystalline intermediates was not attained. However， as 

the copper chelates of 1，3-diketones have characteristic 

appearances and sharp melting points (Table 1-4)， copper 

chelate formations conferred us convenient ways of 

identification of 1，3-diketones. 

Table 1-4 

Copper Chelates of 1，3-Diketones J13a，b，c，d) 

compound R mp oc recryst. appearance 工R(cm-1)

solvent 

13a CH3 174-175 Me2CO 
green prisms 1600， 1471， 1422 

13b C2H5 170-171 Me2
CO white green 1597， 1506， 1464 

feathers 
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a回-戸圃ー一l

13c C3H7 
157田 158 Me2CO " 

1587， 1504， 1460 Hg(ACO)2 

13d C4H9 
135-136 Et20 " 

1587， 1497， 1456 Hg(804)2 

H2804 

H2S04 

reflux 

reflux 

reflux 

water-bath 

Since acyloxy group was expected to be more 

convenient for the following transformations than alkoxy 

group， in the next place， the author intended to prepare 

methyl 8-acyloxy-6-oxooctanoate l!2l which bears acyloxy 

group instead of alkoxy of compounds 12. 

Preparation of the object compounds by application 

of reactions shown in Eq. 1恒 2with R being acyls was 

unsuccessful. Whereas， reaction of methyl 6-oxo-7-

octenoate (14) with such acids as formic acid， acetic 

acid， propionic acid and butyric acid in the presence 

of chataritic amount of sulfuric acid or Lewis acid 

under heating afforded methyl 8-acyloxy-6-oxooctanoate 

{15a，b， c， d in good yields. Among the catalysts 

investigated， sulfuric acid gave methyl 8-acetoxy-6-

oxooctanoate (15b) in the highest yield as summarized 

in Table 1-5. 

ca. 700C 

reflux BF3-ACOH 
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61.0 

O. 5 

2.0 
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34.8 

50.0 

43.5 

Table 1-6 

Methyl 8-acyloxy-6-oxooctanoate (! 5a，b， c， d) 

compound R Yield (も)bp OC(mmHg) 工R(cm1) 

15a H 132-138(0.12) 1724， 1250-1143 49 

15b CH3 125田 135(0.1) 1739， 1266-1190 61 

15c C2H5 128-133(0.15) 1739， 1266-1143 38.5 

15d C3H7 1 3 5-1 4 5 ( 0 • 1 5 ) 1724， 1250-1143 34 

Eq. 1-4 catalyst 

Among methyl 6，8-bisfunctionalized octanoate (12a-d， 

主主当)七husfar prepared， methyl 8-acetoxy-6-oxooctanoate 

斗生1with the top priority and methyl 8-ethoxy-6-oxo-

octanoate旦三也 withthe second priority were selected 

as basic compounds for the following transformations. 

The top priority on 15b is based on such good avail-

ability that the precursor， methyl 6-oxo-7-octenoate (14) 

CH2=CH-COー(CH2)4-COOCH3 + R-COOH 一一..RCOOCH2CH2CO-(CH2) 4-COOCH3 
14 15a，b，c，d 

ai R=H， bi R=CH3， Ci R=C2H5， d; R=C3H7 

Table 1由 5

Me七hyl 8-acetoxy-6-oxooctanoateι5b) 

catalyst temp. 七ime(hr) Yield (も)

40 41 



is easily prepared by dehydrochlorination of methyl 

8_chloro-6-oxooctanoate 1三t5)，which in turn is prepared 

according to the reactions shown in Eq. 1-1， and its 

novelty as a compound. On the contrary， 12a was 

precedingly prepared by Starker
6
) by Michael addition 

of e七hanol into methyl 6-oxo-7-octenoate旦企・

Section 2 
Reduction of methyl 8-e七hoxy-and 8-acetoxy-

The author searched for the reduction which 

proceeds under industrially more feasible conditions. 

Catalytic reduction of methyl 8-ethoxy-6-oxooctanoate 

A生1with Raney nickel as catalyst and methanol as 

solvent in a high pressure atmosphere of hydrogen 

(81kg/cm2)at room temperature afforded methY18-ethoxy-

6-hydroxyoctanoate i主主1in 86.5も yield. Catalytic 

reduction of methyl 8-acetoxy-6司 oxooctanoate (15b) in 

similar conditions as above except heating at 70-1000C 

for 3 hours gave rise to methyl 8-acetoxy-6-hydroxy-

octanoate斗11in 81.5も yield.

Hydrolysis of methyl 8-acetoxy-6-hydroxyoctanoate 

(17) on treatment with sodium hydroxide in methanol 

afforded 6，8-dihydroxyoctanoic acid ~ of mp 77-780C 

in 84も yield. This compound corresponds an oxygen 

isostere of dihydro lipoic acid and has been registered 

9) in a patent as a compound of mp 68-690C 

6-oxooctanoate 

Our strategy on the second step is七otransform 

both functions at 6-and 8-positions of octanoic acids 

(12~ and 15b) obtained in the preceding section into 

thiols. In this section， the reduction of 6-oxo-group 

into hydroxy group is described. 

Many researchers performed the reduction of alkyl 

6-oxooctanoate into alkyl 6-hydroxyoctanoate uS1ng 

sodium borohydride or lithium aluminium hydride as 

summarized in Table 1-7. 
Eq. 1-5 H 

2 

Table 1-7 RO-CH~CH~CO-(CH~) ーCOOCH... -ー..ROCH"，CH"，-CH-(CH"，)ーCOOCH..，2~AA2~~ '.....AA2'4 .........，..........u3 ~ ..'..........u2'-'......2 ，，-，u2'4-，-，""""'-'J..3 

Raney Ni OH Reduction of Alkyl 6-oxooctanoates 

R1-CH2CH2Co-{CH2}4-coOR R1-cH2CH2fH-(CH2}4-cOOR 
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Section 3 New synthesis of 6，8-dihalogenooctanoic acids Eq. 1四 6

and i七sesters HCl 

工n line with the strategy described in the section 2， C"'H....OCH'lCH'lCHー (CH'l)ーCOOCH
2522124  

OH 

→ C2H50叩 2iHー(CH2)4COOH

ZnC12 Cl 七ransformationof methyl 8-ethoxy-6-hydroxyoctanoate 1主立i

and methyl 8-acetoxy-6-hydroxyoctanoate (17) into 6，8- 16 70-800C 19 
安

Y=59も

dihalogenooctanoic acids JA旦and22) was investigated. HCl 

Previously， Reed2) synthesized 6，8-dihalogeno- 一一炉 H
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into 8-and then 6-positions of the octanoエcacid 

ZnC12 

110-1200C 20 * Y=48も

octanoic acids by stepwise incorporation of halogens 

skelton as exemplified by Eq. 1-1. To gain an advantage HBr 

over this method， the author aimed to develop a simul- 一ー惨 C 'lH~OCH 'lCH 'lCH-(CH 'l )ACOOH 
2522124  

Br taneous incorporation of halogens into both of the 6- ZnC12 

Treatment of methyl 8 ethoxy-6-hydroxyoctanoate斗包
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21 * Y=59もand 8-positions. 

with gaseous HCl in the presence of znC12 at 70田 80
0C

afforded 6-chloro-8-ethoxyoctanoic acid l!笠 in59も

yield. Repetition of the above reaction at higher 
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1200C 

22 * Y=61も

temperatures， 110-120oC， resulted in 6，8-dichloro- Eq. 1-7 HBr 

工ntroductionof gaseous HBr into a refluxing 

CH 3CO∞H2CH2~Hー (CH 2 )4CO∞H3一+
17 OH 1200C 
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octanoic acid (20) in 48も yield.

etherial solution of methyl 8-ethoxy-6-hydroxyoctanoate 22 ** Y=76.9も

旦互1and ZnC1
2 
gave 6-bromo-8-ethoxyoctanoic acid (21) 

in 59も yield. Whereas， introduction of HBr gas into 主主

under heating at 110-120oC afforded 6，8-dibromooctanoic 

C....H _OH ‘/ H....SO 
2"'5 ・~ u2...."4 

CH....CH....CHー (CH'l)ーCOOC...H
12212425  

Br Br * and ** based on 

acid (22) in 61も yield. 23 isolated Me and Et es七ers

Thus， it became apparent that the rather drastic Application of the above reaction condition， which 

of the 6-and 8-positions. 

afforded 6，8-dibromooctanoic acid並立， to methyl 8-

acetoxy-6-hydroxyoctanoate斗11also afforded 22 in 

76.9も yield.

conditions are necessary for simultaneous halogenation 
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All of these halogenated octanoic acids J19-22) 

were derived in七ocorresponding methyl or ethyl esters 

by conventional methods， which were identified in 

comparison wi七h authentic samples prepared by the 

In summary， an access to lipoic acid starting from 

industrially available methyl 5-chloroformylvalerate 

Ql， i.e. J2 )ー(3)ー(14)-(15b)ー(17)ー(22)ー(23)ー(24)ー(25)

-lipoic acid i!l， has been attained. Therein， advan-
known methods. 

tageous new processes，ェ.e. (14)ー(15b)ー(17)ー(22)，are 

successfuly incorporated. 

Section 4 New synthesis of lipoic acid 

The final step， the conversion of ethyl 6，8-dibromo-

octanoate (23) in七olipoic acid J!l was七hen

investigated・Previously，Acker3) performed the direct 

conversion of 23 into主inone step using Na2S2・Since

no advantageous method other than this one seemed to 

be available， the author turned to seek for a new method 

which is not al least a copy of known methods. 

Treatment of ethyl 6，8-dibromooctanoate丘三1with 

disodium trithiocarbonate afforded 4-ethoxycarbonyl四

butyl-1，3-dithiane-2-thione (24)， which without 

isolation was successively hydrolyzed with KOH and 

oxidized with I~-K工 to afford lipoic acid l!l in 39.8亀
2 

over all yield. The lipoic acid showed mp 56甲 580C and 

no depression of melting point upon admixture with the 

General. 

Experimental 

工nfraredspectra were measured in KBr disc， 

nujol mull or neat using a Hitachi EP工ーS2infrared spectro-

photometer. NMR spectra were determined on a Varian HA-

100 or T-60 spectrometer using tetramethylsilane as a 

standard. All melting points are uncorrected. Organic 

extracts were dried over MgS04・All solvents were evapo-

rated by rotor-evaporation. 

1-Piperidino-1-cyclopentene (7) A solution of 

Eq. 1-8 

~H2CH2~Hー (CH 2 )4-COOC2H5 
I "" ""( 
Br Br 

NaSCSSNa KOH 

cyclopentanone (30 g) and piperidine (85 g) in benzene 

(200 ml) was refluxed for 5 hr， during which the water 

azeotropically distilled was seperated using water 

seperator. The solvent was evaporated and the residue 

was distil1ed to give 7 (50 g) as colorless oil of 

bP17107-1090C. Anal. Calcd. for C10H17N: N; 9.26. Found. 

N; 9.02. 

authentic specimen. 

一一炉 CH...CH司CH-(CH今)ACOOC勺Hに
|ι ~I 白】

S-C-s 

tr 
S 24 

一一惨
2-(3-Alkoxypropionyl)cyclopentanone (10a，b，c，d) 

Table 1-1 To a stirred mixture of 1由 piperidino-

23 
1-cyclopentene 12 0.33 mol) and triethylamine (40 g， 

工2-K工

1 

0.4 mol) in CHCl~ (300 ml) was added a solution of 
3 

appropriate 3-alkoxypropionyl chloride J8a，b，c，9; 0.33 mol) 

in CHC13 (150 ml) dropwise. After 1 hr stirring， the 
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rnixture was allowed to stand overnight. The rnixture was 

heated to reflux with 30亀 HCl (300 rnl) for 5 hr. After 

cooling， the organic layer was seperated， washed with 

water， dried. The solution was concentrated and the 

residue was distilled to afford the titled cornpounds. 

Anal ・Calcd. for C
9
H1403ι旦註 C; 63.51， H; 8.29. 

Found. Ci 64.06， H; 8.35. 

for C~ ̂ H1 ...0..， (10b): C ・65.19，H; 8.75. 10U16V 3 .l土ととム ' 

Found. Ci 65.22， Hi 8.92. 

for C....H1nO..， (10c)・C・66.64，Hi 9.15. 11U 18"'3一一一一.......，
Found. C; 66.65， H; 9.25. 

for C~~H~nO ..， (10d)・C・67.89， H i 9. 50. 
12U 20'"'3 一一一一一...，

Found. Ci 67.67， H; 9.58. 

8-Alkoxy-6-oxooctanoic acid (11a，b，c，d) Table 1-2 

A mixture of an appropriate 2ー(3-alkoxypropionyl)

cyclopentanone J10a，b，c，d; 0.05 rnol)， NaOH (1.6 g， 0.04 

rnol) and water (32 rnl) was heated to reflux for 30 min. 

The solution was adjusted to pH 6.5 with 5も NaOHand 

extracted with Et
2
0. The aqueous solution was adjusted 

to pH 1 with 30亀 HCl and saturated with NaCl and extracted 

with Et
2
0・Theorganic layer was seperated， washed with 

brine and dried. The solvent was evaporated to leave 

the titled acid. 

Anal. Calcd. for C10H1804斗些L:Ci 59.39， H; 8.97. 

Found. C; 59.10， H; 8.94. 

for C11H2004 (11c)・Ci・61.09，H; 9.32. 

Found. Ci 61.48， H; 9.34. 

for C12H2204 (11d)・:Ci ・62.58，H; 9.63. 

Found. C; 62.47， H; 9.51. 

48 

Me七hyl 8-alkoxy-6-oxoo~tanoate (12a，b，c，d) Table 1-3 

An appropriate 8-alkoxy-6-oxooctanoic acid (11a，b，c，di 

5 g) was heated to reflux with MeOH (5 rnl)， benzene (80 rnl) 

， MgS04 (18 g) and H2504 (4 ml) under stirring. The rnixture 

was shaken with water (100 rnl) and then with 10も NaHC0
3

The organic layer was concentrated and distilled to 

afford the titled compound. 

Anal. Calcd. for C10H1804斗乏生1:Ci 59.39， H; 8.97. 

Found. C; 59.54， H; 8.86. 

for C11H2004 (12b): C; 61.09， H; 9.32. 

Found. C; 61.31， H; 9.35. 

for C12H2204 l!三位 C; 62.58， H; 9.63. 

Found. Ci 62.94， Hi 9.61. 

for C13H2404斗笠1:C; 63.90， H; 9.90. 

Found. Ci 64.16， Hi 9.86. 

Copper chelates of 2ー(3-alkoxypropionyl)cyclopentan

one (13a，b，c，d) Table 1-4 

A solution of an appropriate 2ー(3-alkoxypropionyl)

cyclopentanone J10a ， b ， c ，~; 2 g) in Et20 (40 rnl) was shaken 

with a solution of CU(ACO)2・H20 (4 g) in water (80 rnl). 

The precipitates formed were collected with suction and 

washed with water and dried and recrystallized frorn an 

appropriate solvent listed in Table 1-4 to afford the 

titled compound. 

Anal. Calcd. for C18H2606Cu (13a):・C;・53.79， H; 6. 52. 

Found. C; 53.81， H; 6.43. 

for C20H3006Cu (13b): C; 55.86， Hi 7.03. 

Found. C; 55.79， H; 7.05. 

for C22H3406Cu (13c): C; 57.69， H; 7.48. 
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Found. C; 57. 50， H; 7. 51 • 10も NaHC03and brine successively and dried. The solvent 

was removed and the res工duewas distilled under reduced for C~~H~nOcCu (13dl: C; 59.30， H; 7.88. 
24U 38"6 一一一一一
Found. C; 59.49， H; 7.85. 

Methyl 8-formyloxy-6-oxooctanoate (15a) To a heated 

pressure to afford 主主A・

Anal. Calcd. for C12H2005 (主主主): C; 59.00， H; 8.25. 

(800C) and s七irredsolution of methyl 6-oxo-7-octenoate 

(14; 8.5 g) was added HCOOH (11.5 g) dropwise. After 2 

hr heating and stirring， HCOOH was distilled and the 

residue was distilled under reduced pressure to afford 

Found. C; 58.65， H; 8.18. 

Found. C; 55.12， Hi 7.57. 

for C13H2205 (1:.2空): C i 60. 44， H i 8. 59. 

Found. C; 60.10， Hi 8.52. 

Methyl 8-ethoxy-6-hydroxyoctanoate (16) 

A solution of methyl 8-ethoxy-6-oxooctanoate (12bi 

9.5 g) in MeOH (40 ml) was shaken with Raney Ni (5 g) 

in an autoclave under hydrogen atmosphere (81 kg/cm2) at 

250C for 3 hr. The mixture was filtered and the filtrate 
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Methyl 8-acetoxy-6-oxooctanoate (15b) Table 1-5 

and 1-6 A mixture of methyl 6-oxo-7-octenoate (14; 17 g)， was concentrated. The residual oil was distilled under 

AcOH (30 g) and an appropriate catalys七 (200mg or 3 drops) 

as listed in Table 1-5 was treated in the condition as 

indicated in the Table. The solution was mixed with water' 

(150 ml) and saturated with NaCl and then extracted wi七h

AcOEt. The extract was washed with sat. NaCl and dried. 

The solvent was removed and the residue was distilled 

under reduced pressure to afford 15b as a colorless 

reduced pressure to afford 16 as a colorless oil of 

bPO.2110田 1170C. Yield 8.3 9 (86.5宅). 

Anal. Calcd. for C44H~~04 ・ C・60.52， H i 10.16. 1 r" 2 2"'''. ..... I 

Found. Ci 60.26， Hi 10.16 

oil. 

Anal.caled.for C11H18052C 157.38，H 37.88. 

Methyl 8-acetoxy-6-hydroxyoctanoate (17) 

A solution of methyl 8-acetoxy-6-oxooctanoate (15bi 

23 g) in MeOH (120 ml) was shaken with Raney Ni (20 g) 

in an autoclave under hydrogen atmosphere (74 kg/cm
2
) 

at 70-100oC for 3 hr. The mixture was filtered and the 

Found. C; 57.27， H; 7.95. filtrate was concentrated. The residue was distilled 

Methyl 8-acyloxy-6-oxooctanoate (15c，d) Table 1-6 

A mixture of methyl 6-oxo-7-octenoate 11生 0.1mol)， 

propionic acid or butyric acid (0.5 mol) and H2S04 (3 drops) 

was heated on a water bath (800C) for 3 hr. The solution 

was mixed with water (15 ml) and saturated with NaCl 

and extracted with AcOEt. The extract was washed with 

under reduced pressure to afford 17 as a colorless oil 

of bPO.2128-130oC. Yield 18.8 9 (81.5も}・

Anal. Calcd. for C44H~^O ・C・56.88，H; 8.68. 11U 20¥J5' "'1 

Found. C; 56.68， Hi 8.65. 

6，8-Dihydroxyoctanoic acid (18) 

A mixture of methyl 8-acetoxy-6-hydroxyoctanoate 
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(17; 11.6 g)， MeOH (25 ml)， NaOH (5 g) and water (25 ml) 

was heated to reflux for 2 hr. The solvent was removed 

in vacuo and the residue was made acidic with 10も HCl

and saturated with NaCl and extracted with AcOEt. 

The extract was dried and concentrated in vacuo to 

leave crystalline solids 7.2 9 (84も). Recrystallization 

of the solids from AcOEt to afford an analytical sample 

of mp 77-780C， as colorless needles. 

Anal. Calcd. for C44H~^05 ・ C・54.53，H; 9.15. 11U 20"''''. .....， 

Found. C; 54. 75， H; 8.87. 

問ethyl 6-chlo~o-8-ethoxyoctanoate (methyl ester of 19) 

(a) To a heated mixture of methyl 8-ethoxy-6-hydroxy 

ーoctanoate(1立;22 g) and znC12 (2.5 g) was introduced 

anhydrous HCl gas a七 70-800C for 3 hr. During which， 

znC12 (8.5 g) was added in three to four portions. 

The mixture was diluted with MeOH (70 ml) under ice-

cooling and the solution was saturated with HCl. 

After overnight storage， the mixture was poured into 

ice-water and extracted with benzene. The extract was 

washed with water and dried. The solvent was removed 

and the residue was distilled under reduced pressure 

to afford the titled compound as colorless oil of bPO.1 

92-1040C. Yield 14 9 (59も). The sample was identical 
申 0.2

with the sample prepared method b) エn 工Rspectra. 

(b) A solution of methyl 8-ethoxy-6-hydroxyoctanoate 

(16; 11 g)， SOC12 (7 g) and pyridine (3 drops) in benzene 

(20 ml) was stirred on a water-bath at 70-80oC for 

30 min. The solution was pored into ice-water (50 ml). 

The organic layer was seperated， washed with 5も NaHC03
52 

and water and then dried. After removal of the solvent， 

the residue was distilled under reduce pressure to 

afford the titled compound. Yield 8.2 9 (69も). 

Anal. Calcd. for C11H2102Cl: C; 55.80， H; 8.94. 

Found. C; 56.70， H; 9.42. 

IR (liquid)j 1724 (strong， carboxyl C=O)， 1250-1143 

stronq，ester )， 1111(strong ，c-o-C)cm-1. 

Methyl 6，8-dichlorooctanoate (methyl ester of 20) 

A mixture of methyl 8-ethoxy-6-hydroxyoctanoate 

(~; 11 g) and ZnC12 (1 g) was heated at 110-120
oc 

and anhydrous HCl was introduced thereto for 2 hr. 

During the reaction， ZnC12 (4 g) was added to the 

reaction mixture in three portions. After cooling， 

MeOH (50 ml) was added and the mixture was saturated 

with HCl and allowed to stand overnight. The mixture 

was poured into water and extracted with benzene. 

The extract was washed with water and dried. The solvent 

was removed and the residue was distilled to afford the 

titled compound as colorless oil of bPO.194-1150C. 

The sample was identical with the authentic sample 

2 ) prepared according to the procedure described by Reed 

on工Rspectral comparison. 

工R (liquid); 1739 (strong， carboxyl C=O)， 1266-1143 

{strong ，ester)cm-1. 

Methyl 6-bromo-8-ethoxyoctanoat~(21J 

A solution of methyl 8-ethoxy-6-hydroxyoctanoate 

(~; 11 g) and ZnC12 (2.2 g) in E七20 (40 ml) was heated 

to reflux and anhydrous HBr was introduced there七o for 

3 hr. The solution was poured into ice-water (200 ml). 
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The organic layer was seperated， washed with water and 

dried. After removal of the solvent， the residue was 

distil1ed under reduced pressure to afford the titled 

compound as a colorless oil of bPO.4100-1180C. Yield 

8.3 9 (59も). 

Anal. Calcd. for C11H2103Br: C; 46.98， Hi 7.53. 

Found. C; 46.88， H; 7.45. 

工R (liquid); 1739 (strong， carboxyl C=O)， 1250-1143 

(strong， ester)， 1111 (strong， C-O-C) 

Ethyl 6，8-dibrornooctanoate (23) 

cm 
-1 

(a) To methyl 8-ethoxy-6-hydroxyoctanoate (主主;11 g) 

heated at 110-120oC was introduced anhydrous HBr for 

3 hr. The oily residue was heated to reflux with EtOH 

(40 ml)， benzene (80 rnl) and H2S04 (4 rnl) for 8 hr， 

during which water azeotropical1y distil1ed was 

seperated using water seperator. The rnixture was shaken 

with cold water (200 ml) and benzene (150 ml). The 

organic layer was washed with 10も NaHC03and water and 

then dried. After removal of the solvent， the residue 

was distilled under reduced pressure to give the titled 

compound as an oil of bPO.3123-140oC. Yield 10.1 9 (61も). 

The sample was identical with the authentic sample 

prepared according to the procedure described by Reed2) 

.ln工R spectra. 

(b) Methyl 8-acetoxy-6-hydroxyoctanoate (17; 11.6g) 

was treated with HBr and esterified as above to afford 

the titled compound as an oil of bPO.1119-1320C. Yield 

12.7 9 (76.9亀). The sarnple was identical with the 

2) 
authentic sample~1 in IR spectra. 

54 

d ，1-Lipoic acid 

A sodium ethylate solution made from Na (2.3 g) and 

EtOH (50 ml) was saturated with H2S. After dropwise 

addition of CS2 (5 g) thereto， the solution was heated 

to reflux for 30 rnin. After cooling， a solution of 

ethyl 6，8-dibromooctanoate (三三;16.5 g) in EtOH (50 ml) 

was added dropwise under stirring. After 2 hr stirring， 

the mixture was allowed to stand overnight. The 

precipitated NaBr (10 gi calcd. 10.3 g) was removed 

with suction， and the filtrate was evaporated to 

dryness. The residual oil was rnixed with KOH (9.3 g)， 

water (93 rnl) and EtOH (93 ml) and the rnixed solution 

was heated to reflux under N2 atmosphere for 2 hr. 

After removal of EtOH in vacuo， the solution was shaken 

with Et20. The aqueous layer was made pH 3 with HCl 

and the oil deposited was extracted with CHC1
3 
(100 ml)・

To the extract was added I~-KI solution10) was added 
2 

dropwise during 4 hr period to give a perrnanet brown 

color. The organic layer was seperated， washed with 

1も Na2s203and dried. After removal of the solvent， 

the residue was distilled under reduced pressure to 

afford lipoic acid (主) as a yel10w oil of bPn ~ _ n ~160-
0.2-0.5 

1750C. Yield 4.1 9 (39.8も). After standing in a 

refregerator， the oil was solidified to show mp57-580C 

which did not show depression of melting point on 

admixture with the authentic sample prepared according 

to the procedure of Reed2). A sample was recrystal1ized 

frorn nBu20 for analysis， mp61田 620C. 工tshowed the 

characteristic uv spectrumof l ipoic acid ， max.332r1111， 

e 157 which is in good accord with the recorded values2). 
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SYNTHES工SOF NERE工STOX工NANO 

RELATEO COMPOUNDS 



1n 1922， a doctor， S. Nitta examined a fisherman who 

came to see him for headache and disorder in respiratory 

function. The doctor noticed that the man handled a lot 

of marine-annelid "isome" for fishing baits and suspected 

that come toxic material might be con七ainedin the 

corpses of the annelids and it m工ghtbe the cause of 

the trouble. Soon， he started to investigate the toxin 
1 ) 

and eventually in 1934~1 he succeeded in its isolation 

from chloroform extract of the annelids and named it 

"Nereistoxin" after the annelid's scientific term 

"Lubriconerei~ heteropoda". He proposed a molecular 

formula， C~H11NOAS~ ， for the oxalate salt of the toxin 
7U 1 r"'" 4'" 2 ' 

and showed it neurotoxic to various animals and insects. 

1n 1961， after 27 years since the first isolation 
: 2 ) of Nereistoxin， Y. Hashimoto and T. Okaichi~/ ， who were 

interested in Nitta's report， reinvestigated the toxin 

and corrected the molecular formula of its oxalate to 

C7H13N04S2・Basedon degradation studies， they 

identlfied Nereistoxin as 4-dimethylamino-1，2四 dithiolane

(1) • ぞ/CH3
N 

1 

Dr. S. Tatsuoka， the former Director of Central 

Research Division in Takeda Chemical工ndustriesCompany， 

Ltd.， happened to attend the meeting where the result 

was presented by Hashimoto and was interested in its 

strong toxity to insects， since it suggested the 

58 

---

potential utility of the toxin as an insectiside and 

also it has a unique structure. He then offered Hashimo七O

co-laboration on its synthetic work. 

At first， K. Konishi and his group members who 

belonged to Agricultural Chemicals Division of this 

company took charge of the synthesis. But a preliminary 

exploration soon showed that the synthesis was not so 

easy as was optimistically expected from the simple 

structure of the toxin. Then Dr. S. Yurugi and his 

groups， including七heauthor， who had experienced in 

the synthesis of lipoic acid having the same 1，2-dithio-

lane nucleus as Nereistoxin， were asked to join the 

synthetic project. 

工nthe following two sections， the syntheses of 

Nereistoxin which we undertook are described. 

Section 1: Synthesis of Nereistoxin Starting from 1，3-

Bis(benzylthio)ー2-propanol

Eq. 2-1 First Strategy 

OH 

CH....CHCH 
1212 
Cl Cl 

2 

C6H SCH2SNa 

.. 
OH 

~H2CH~H2 
I &0 I 
S s 

~H2 ?H2 

C6HS C6HS 

3 

N{CH3) 2 

~H2CH~H2 →→(主}
I - I 
S S 

~H2 CH2 

C6H 5 C6HS 

13 

Since Nereistoxin (主) has a symmetrical structure， 

a readily available symmetrical alcohol 1，3-bis(benzyl-

七hio)ー2-propanol (主)3)was our first choice as the 

starting material. We intended to convert the hydroxy 
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group of 3 into a dimethylamino group by chlorination Eq. 2-3 

followed by dimethylamination and then two benzylthio Cl 

CH2-CH-CH~ C....H....N 2 "5u 5日I ，.. 
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groups of the resulted amine 主主)by reductive de-

benzylation followed by oxidation. 

1，3-Bis(benzylthio)ー2-propanol (l) was prepared 

from 1，3-dichloro-2-propanol (2) on benzylthiolation 

with sodium benzylthiolate， and its symmetrical 

structure was confirmed by the NMR spectra of its OH 

メH202 CH~-CH-CH 
1212  

3 一ー惨 so 2 ~02 POC13 

~H2 ~H2 

C6H5 C6H5 

8 

acetate， in which the tertiary hydrogen appears as a 

symmetrical quintet centered at 5.08 ppm. Chlorination 

of 3 with thionyl chloride gave an oily mixture of symm-

etrical (全) and asymmetrical (5) chlorides. 5ince 

seperation trials by column chromatography were not 

successful， their structures were identified by driving 

them to crystalline and seperable derivatives as follows. 

Oxida七ionof the chloride mixture (4+5) with H~O 一一 2"'2 

afforded solids， from which symmetrical chloro-sulfone 

Eq. 2-2 

50C12 
~H2CHCH2 CH2-CH-CH2Cl 

3 

'ー

S S + S S 

~H2 ~H2 ~H2 CH2 

C6H5 C6H5 C6HS C6H5 

4 5 

H202 H202 

Cl 

~H2CH~H2 ~H2-~H-CH2Cl 
I &. I I &. I 
~02 ?02 r02 so 2 
7H2 ~H2 7H2 ~H2 

c l6E 5c  l 6H 5 C6HS C6HS 

6 7 

(豆) of mp 201-2020C， insoluble in chloroform， and asymm-

etrical chloro-sulfone (2) of mp 135-1370C， soluble in 

chloroform， were isolated. The former showed a singlet 

for the benzylic methylenes at 4.30 ppm， whereas the 

latter showed a doublet for the benzylic methylenes at 

4.27 and 4.38 ppm. This apparently indicates that the 

former has a symmetrical and the latter has an asym-

metrical structure， respectively. 
4 ) 1n contrast to the above result， Fitt and Owen 

ascribed the asymmetrical structure to the chloro-

60 

sulfone of mp 204-2050C， which they obtained from 2，3-

bis(benzylthio)ーl-propanol (主主)on treatment with HCl 

followed by the oxidation with H202・Werepeated the 

experiment and got the chloro-sulfone of mp 201-2020C 
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which is iden七ical to the former chloro-sulfone 

Since apparent discrepancy exists between the 

Eq. 2-5 

(CH3) 2NH r- --.↑{円)2
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described above. 

structural assignrnent by English workers and that by 

our NMR spectral interpretation， the experiments as 

formulated in Eq. 1-3 were undertaken to clarify the 

problem. 

Oehydrochlorination of the chloro-sulfone of mp 

201-2020C on heating with aqueous pyridine resulted in 

13; minor 主主;major 

…13↓↑c出
1，3-bis{benzylsulfonyl)propene (2)， which was also 

obtained by dehydration of 1，3-bis(benzylsulfonyl)ー2-

propanol (旦) on treatment with phosphorousoxychloride. 

Catalytic reduction of this sulfone gave the known 

1，3-bis(benzylsulfonyl)propane (主旦).The results 

definitely supported the assignrnent based on the NMR 

N(CH3) 2 02 N(CH3) 2 

Cs 1H4内ーCH-Cs1H内4 ‘ー一
CH....-CH-CH 

一一惨
1212  

NaBH4 SH SH 

1 15 

CH~--CH-CH~N(CH~) 2 ".. 2~' ， ".... 3 ' 2 
I - I 
SH SH 

spectra interpretation. The reaction which proceeded 

in Fitt and Owen's experiment could be formulated 

↓CS2 

¥/  
as below. 

Eq. 2-4 
./ 、 Cl 

CH2-ー~H-CH20H CH2-CH-CH CH....-CH-CH 

ー+

|¥+i....2 
Cl S 

一一惨

~H2 ~H2 CH2 ~H2 CH2CH2  内

C |6H 5C 1 6H 5 C6H5 C6H5 C6H5 C6H5 

11 12 4 

17 

Reaction of the chloride mixture (!+互) with dimethyl-

amine in an autoclave at 1600C for 16 hr afforded an oily 

mixture of a symmetrical amine (!l) and an asymmetrical 

amine (!!)， whose thin layer chromatography (TLC) showed 

two spots visualized by Kraut-Oragendorff reagent with 

The migration of benzylthio group accompanied by 

chlorination of 3 to 5 and of 11 to全wasproposed to 

have proceeded through an episulfonium intermediate 

as formulated in 12. 

the solow moving spot being far more intense in color 

than the fast movint spot. The repeated recrystallizations 

of a hydrogen oxalate salt of the mixture gave a salt 

of the slow moving isomer in pure s七ate. The asymmetrical 
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structure (14) for the thus obtained major and slow 

moving isomer is apparent by the NMR spectra of its 

free base， whose benzylic methylenes appeared as a 

2-thione (主豆)rather than 1，3-dithiane-2ー七hione (!1) is 

apparent by the closer resemblance of UV spectrum of 

17 to that of 18 rather than 19 as shown in Fig. 2-1. 

doublet at 3.53 and 3.58 ppm. 

The minor and fast moving isomer was identified 

as a symrnetrical amine (!l) by TLC comparison with an 

authentic sample which was prepared from Nereistoxin (主}

on reduction with NaBH4 followed by benzylation with 

benzylchloride. The symmetrical amine (l三)showed in 

NMR spectra a singlet a七 3.70ppm for benzylic 

Fig. 2-1 Ultraviolet Spectra of Some 

Cyclic Trithiocarbonates 

methylenes. 

The amine mixture (主主+主生)was subjected to Birch 

reduction on treatment with Na in liquid NH3・Thepaper 

partition chormatography (PPC) of the reaction product 

showed two spots visualized by Kraut-Dragendorff 

reagent with the one at Rf 0.28 being more intense in 

color than the other at Rf 0.57. Provided七hatno 

rearrangement was intervened during the reduction， the 

major isomer of Rf 0.28 can be identified as asym-

metrical dithiol (主主)and the rninor one of Rf 0.57 

as symmetrical dithiol (主主). 

when the aqueous solution of the reaction product 

was shaken with ether， the dithiols were partitioned in 

two phases with 14 in aqueous phase and 15 in ethereal 

5 

H
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18 

Treatment of the ethereal solution containing 

"the identified to be n 15 with oxalic acid afforded 

to our surprise Nereistoxin (主) hydrogen oxalate in 

6も yield calculated from amine mixture (主主+主i).On 

comparison with natural Nereistoxin hydrogen oxalate， 

the sample showed identical IR， NMR and UV spectra and 

no depression of melting point on admixture test. The 

spontaneous formation of Nereistoxin from 15 without 

artificial oxidation could be ascribable to the 

occurrence of air oxidation during the experimental 

procedures. 

phase. 

The asymmetrical structure of 14 was confirmed by 

derivatization to 4-dimethylaminomethyl-1，3-dithiolane-

2司 thione(17)， which was obtained on treatment of 14 

Thus the study has completed the synthesis and 

the structural identification of Nereistoxin， success-

fully， in spite of the low over-all yield. 

工七 is conceivable that the cause for the low 

with CS2 
That the nucleus in 17 is 1，3-dithiolane- yields resides in the dimethylamination step where the 
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episu1fonium intermediate 1三wasformed at the first 

stage and then dimethy1amine attacked主主 preferentia11y

at the 1ess hindered termina1 methy1ene to afford the 

undesired asymmetrica1 amine (!!) as the major product. 

Section 2: Synthesis of Nereistoxin from N，N-Dimethy1-

2，3-dich1oropropy1amine 

工nthe preceding section， the synthesis of Nereistoxェn

(1) was attained for the first time. However， the over a11 

yie1d was so poor that the process cou1d not become 

feasib1e for the 1arger sca1e production. For an eva1u-

ation of Nereistoxin as a potentia1 insecticide， a more 

efficient access to it was required. 

The object of the study in this section is to fine 
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such an access. 

工nthe preceding section， incorporation of two 

benzy1thio groups first1y and dimethy1amino group 

second1y second1y was found to be mechanistica11y un-

favorab1e for the preparation of the desired symmetrica1 

amine (13). The first rnotive the author had was "What 

wi11 happen if the preceding procedure is reversed?"・

Treatment of N，N-dimethyl 2，3-dich10ropropy1amine 

(l.Q呈) with sodium benzy1mercaptide afforded a mixture 

of symmetrica1 (主主)and asyrnmetrical (主主主 amines

in 77:23， calcu1ated on the NMR signa1s. 工t is reason-

ab1y deduced that the thio1ation reaction proceeded 

Eq. 2-6 

N(Rl)2 
+ 

N{R1)2 N{Rl)2 

2___ I...n /¥ 
CH"，，-CH-CH R~SNa I CH2-CH-CH2 ~H2-CH-~H2 + ~H2-~H-CH2 
1212  一..I 1 一惨 I ~ I L I ~ ， 
C1 C1 Cl s s s S 

~2 ~2 ~2 ~2 
R R R R 

20a-g 21a-g 主主a-g 14a-g 

maJor ml.nor 

via a formation of an epi-ammonium intermediate (21a) 

and the incoming thio1s attacked the 1ess hindered 

termina1 rnethy1enes preferential1y to afford the sym-

rnetrica1 amine (13主)as the major product. 

The Birch reduction of the amine mixture (13b+14b) 

fo11owed by the air oxidation afforded Nereistoxin (la) 

in a 32も over-a11yie1d. 

Since the starting rnateria1 2旦呈 iseasi1y prepared 

frαn a11ylbrornide via two steps， i.e. dirnethy1arnination 

with dimethy1amine fo11owed by chlorination， an advanced 

and economica11y feasible access to Nereistoxin (la) was 

attained in this way. 
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Table 1 

The Thiolation of 2，3-Dichloropropylamines (~旦豆-.9.)
2 with R-SNa 

fdl2 
N (Rl)2 N(R1)2 

R2SNa CH..-CH-CH CH2-CH-CH CH2-CH-CH 
1212  

一一砂 + 

~~~2 

Cl Cl S S S S 

R 
!2 
R 

~2 
R R 

三Oa四 9 主主a-g 主主a-g

-N(Rl)2 R2 13 (も) 14 {も)

a -N(CH3
)2 CH.，.-

3 
63a) 30a) 

b 
" 

C6H SCH2-
77b) 23b) 

c -r(] 開
62d) 

d -0 " 
77c) 

e -NCo " 
S9c) 

f ーや " 
71d) 

g -N (C3H7) 2 開
6Sd) 

a) calculated on Gas chromatogram 

b) calculated on NMR signals 

c) calculated on isolated products 

d) calculated on derived sulfone 

工t should be noted that the thiolation in this 

section and the amination in the preceding section 

provide the complementary synthesis of symmetrical (!l) 

and asymmetrical (主主 amines，respectively. On variation 
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1 _2 
of the substituents involved， i.e. RL ， R~ and RW， in 

these reactions， a number of amines were prepared and 

the results are summarized in Tables 1 and 2. 

Table 2 

The Amination of a Chloride Mixture (4+S) with Amines 

C1?lv(R3)?{R3}  2 

CH-C1H-CH+CH2--CH-C1H HN(R3}CH-C』H・-CH2+CH2--CH-Ci H 
12121122121211  
会 S S S ，s s s s 
~H.. CH~ ' bH.. CH.. ~H.. ~H.. bH.. J ~H2 ~H2 ' ~H2 9H2 yH2 9H2 ~H2 9H2 
I~ I~ I~ I~ I~ I~ I~ I 
C6HS C6HS C6HS C6HS C6HS C6HS C6HS C6HS 

4 S 13 14 

HN(R3}2 13 (も) 14 (も)

b HN(CH3)2 
mlnora ' l IRa30ra ' 1 

C 
HN3 O S9b) 

d HN 91b) 

f一、
7Sb) e HN、-，0

h HN(CH2CH20H)2 
6Sb) 

a) result in the preceding section 

b) calculated on the isolated hydrogen oxalates of 1~ 

As seen in the Tables， the bulkier the substituents， 

the more the more the compl臼nentarynature of the 

reactions becαnes apparent.FOX example，when (R1)2N-
3 

in the thiolation (Table 1) and (RW)~N- in the amination 
2 
2 

(Table 2) are both piperidino and R-is benzyl， the 

thiolation afforded a symmetrical amine (1笠)exclusively 
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in 77も yieldwhile the amination afforded a corresponding 

asymmetrical amine 日豆 in91も yield. Both amines were 

obtained as crystalline products without any difficulties. 

The structures of the amines included in the tables 

On Birch reduction followed by the oxidation with 

the air， the symmetrical amines (13c-!) were converted 

into Nereistoxin (主主) and its analogs (lc-f) which 

showed the UV maximum near 320 nm characteristic of 

were identified by the NMR spectra. The symmetrical 

amines (13b-~) showed singlets for benzylic methylene protons 

near 3.8 ppm while asymmetric isomers (14b-g) showed 

6) 
doublets or more complex peaks for them at this region. 

Another convenient way of identification was provided 

a 1，2四 ditholanering as listed in Table 3. 

Thus， taking advantage of the rearrangement 

reaction from an asymmetrical amine (~b) to a sym-

metrical amine (13b)， Nereistoxin became available in 

large quantity. This paved the way to the development 

by the empirical rule on thin layer chromatography where 

symmetrical amines 主主)flow faster than the corres-

ponding asymmetrical amines 主主)， as one example was 

of new insecticide "Padan" by the other researchers. 

可
よ
-a
一
七一n
一
e
一
m
一
・工
-r
一
e
一
x
一
E

一
described in the preceding section. General Paper partition chromatography， Toy。

Table 3 Roshi No. 50 BuOH-AcOH-H20 (4:1:5)， 

asending method. For others see Nereistoxin and its Analogs 

N(R1)2 

CH2-CH-CH2 

S一一一-5

Chapter 1. 

1，3-(Bisbenzylthio)-2-propanol (3) A solution 

1a-f 

of 1，3-dichloro-2-propanol (三 64.5g) in EtOH (200 ml.) 

was added to a solution of benzylmercaptan (124 g) and 

1 a C d e f sodium (23 g) in E七OH (400 ml) under ice cooling. The 

mixture was allowed to stand overnight and filtered t。
-N(R1)2 -N(CH3)2 -NJ -NJ -NO r-¥ 

-NL-JO remove NaCl. The filtrate was evaporated， the residual 

oil was dissolved in benzene. The mixture was washed 

mp (OC) 172申 174 with water and 10も NaOH，dried， evaporated to dryness. 

(oxal. ) (oxal.) (oxal.) (oxal.) (pic.) 

OVmax(nm) 320 324 321 320 

The yellow residual oil (132.5 g) was used substantially 

as the titled compound for the following reaction. 

The oil was solidified after standing for three months. in H20 

e 125 116 134 113 The solid was recrystallized frαn ligroin由 cyclohexane

to give white leaflets (82.8 g)， mp 41-450C. 

70 71 



Anal. Calcd. for C4~H~^OS ・C・67.07，H; 6.62， S; 21.05. 1 T'20"''"'2. '"" ~'. ~" 

Found. C; 67.05， H; 6.52， S; 21.02. 

l was acetylated by the conventiona1 method using 

acetic anhydride and pyridine to give pa1e yellowish oil. 

NMR of acetate of 3 (CDC13， ppm) ; 2.06 (s， 3H， CH
3
CO)， 

2.64 (d， 4H， 2xC-CH2S-benzyl)， 3.70 (s， 4H， benzylic-CH2)， 

3.08 (q， 1H， AcO-C~=). 

2-Chloro-1，3-bis(benzylthio)propane (4) and 1-ch1or0-

2，3-bis(benzylthio)propane (5) To a stirred solution of 

三(28.3g) in benzene (100 rn1)， 8∞12 (12 g) was added 
dropwise. The mixture was ref1uxed for 30 min， and 

condensed under reduced pressure. The residue was 

diss01ved in benzene and the mixture was washed with 

water， 10も NaHC03and dried. The so1vent was removed 

to give ye110wish oil (28 g)， which was shown to be 

a mixture of 4 and 5 by the resu1ts of f0110wing 

experiments. 

2=-Chloro-1，3-bis(benzy1sulfonyl)propane (6) and 1-

chloro-2，3-bis(benzylsulfony1)propane (7) To a 

suspension of above obtained oi1 (8.2 g) in HCOOH (100 rn1)， 

30も H202 (14 g) was added under exce11ent stirring. Afer 

a while exotherrnic reaction set in， the temperature 

rised to about 800C and the mixture becarne homogeneous. 

After the reaction subsided， stirring was continued for 

3 hr， and the s01vent was removed in vacuo. The residue 

was poured into ice-water and the precipitated s01id 

was col1ected by filtration. The solid was suspended in 

CHC13 (400 ml) overnight， the insoluble material (1.7 g) 

was c011ected by fi1tration and was recrysta11ized from 
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dioxane to give while needles， mp 201-2020C， of 6. The 

filtrate was evaporated to dryness， the residual solid 

(4.6 g) was recrysta11ized from EtOH to give white 

powders， mp 135-1370C， of 7. 

NMR of 6 (d6-DMF， pprn); 4.30 (s， 4H， 2xbenzylic-CH2-)・

NMR of 7 (CDC13， pprn); 4.27 and 4.38 (each s， each 2H， 

2xbenzy1ic-CH2ー). 

Ana1. Calcd. for C17H1904ClS2: C; 52.77， H; 4.95， 0; 16.54. 

Found ..1互， rnp 2 01-202 0 C ): C; 52. 50， H; 5. 00， 0; 1 6 • 2 8 . 

Found Jヱ， rnp135-1370C): C; 52.77， H; 5.07， 0; 16.69. 

1，3-Bis(benzylsu1fony1)propene (9) a) A mixture 

of 6 (600 mg)， pyridine (20 m1) and water (5 rn1) was 

heated to ref1ux for 6 hr and evaporated to dryness. To 

the residual so1id， water was added and the s01id was 

collected with suction. The s01id was recrysta11ized 

frorn EtOH to afford white 1eaf1ets (320 rng)， mp177四 1790C.

工R (Nujol rnu11): 1642 and 964 (C=C)， 1311 and 1130 (80
2
). 

Ana1. Ca1cd. for C17H180482: C; 58.26， H; 5.18， 0; 18.26. 

Found. C; 58.58， H; 5.13， 0; 18.01. 

b) A rnixture of 1，3-bis(benzy1su1fony1)ー2-propan01 (豆3

500 rng)， POC13 (1 g) and pyridine (20 m1) was heated 

at 800c for an hour. The mixture was poured into ice-

water， the precipitated so1id was collected by 

suction and recrysta11ized from EtOH to afford white 

1eaf1ets， rnp177-1790C. This was identical with the 

sample obtained above by comparison of工R spectra. 

Anal. Found: C; 58.13， H; 5.34. 

1，3-Bis(benzylsulfony1)propane (10) 工nthe 

pressure bottle of an apparatus for catalytic reduction 
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were placed 旦 (0.6g)， 5も Pd-C (5 g) and dioxane (100 ml) 

and an initial hydrogen pressure of 3 atm was applied. 

After 7 hr， the reduction was completed and the contents 

were transferred to a flask， boiled and filtered. The 

filtrate was evaporated to dryness and the residual 

solid was recrystallized from EtOH to give colorless 

needles， mp207-2090C. Anal. Calcd. for C17H2004S2: 

Ci 57.93， H; 5.72. Found: Ci 57.94， H; 5.87. 

2-Dimethylamino-1， 3-bis (benzyl thio) pr9Pa.n~J~ ~l and 

N，N-dimethyl四 2，3-bis(benzylthio)propylamine (14) 

The chloride mixture (主+互) (15 g) was heated with 30も

dimethylamine-benzene solution (45 g) in an autoclave 

at 1600C for 16 hr. The mixture was evaporated in vacuo， 

the residual oi1 was taken into E七 O. The solution was 
2 

washed with water， dried and condensed to give reddish 

brown oily mixed amine (13.7 g). On thin layer chromato-

gram， the oil gave two spots， which were brought out 

by Karut-Dragendorff reagent after elution with CH3CN 

first and then cyclohexane-benzene-CH3CN on Merck 

silicagel G plate with the fast moving spot of 13 

being weak and the slow moving spot of 主主 being

more intense. 

Hydrogen oxa1ate of mixed amine (13+14) To a 

solution of the mixed amine above obtained (4.5 g) 

in Et20 (100 m1)， was added a saturated solution of 

oxalic acid in Et20 (40 m1). The precipitated solid 

(5.9 g) was collected by fi1tration and recrysta11ized 

from dioxane四 Et20. There was obtained white 1eaflets， 

mp 136-1420C of hydrogen oxa1ate sa1t of the mixed 
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am~ne. 

Ana1. Calcd. for C21H2704NS2: C~ 59.82， H; 6.46， N; 3.32. 

Found: C; 59.61， H; 6.58， N; 3.35. 

The sample gave two spots on TLC chromatogram performed 

by the same conditions described in the above experiment. 

N，N-Dimethyl-2，3-bis(benzylthio)propylamine (14) 

The hydrogen oxalate salt of mixed amine (13+14) above 

obtained was suspended in boiling CHCl~ (100 ml)， the 
3 

isoluble material was removed by filtration. The 

filtrate was evaporated to dryness and the solid (1.9 g) 

was recrystallized from MeOH-Et20 to give white leaflets 

， mp145-1470C. The sample showed a single spot 

corresponding s10w moving isomer in the above experiment， 

which was brought out with Kraut-Dragendorff reagent 

after elution with MeOH-CH30H on Merck silicagel G. 

Anal. Calcd. for C21H2704NS2: Ci 59.82， H; 6.46; Ni 3.32. 

Found: C; 59.54， H; 6.48; N; 3.25. 

The NMR spectr凶nof the free base was shown in Fig. 2-b. 

2-Dimethylamino-1，3-bis(benzy1thi9)propane (13) 

hydrogen oxalate from Nereistoxin (1) To a stirred 

solution of Nereistoxin (!; 740 mg) in MeOH (20 ml) and 

E七OH (10 m1)， NaBH4 (1 g) was added under ice cooling. 

After 30 min stirring， benzylchloride (8 g) was added 

dropwise， and the mixture was refluxed for 1 hr. The 

solvent was removed， the residual oi1 was taken into 

Et20. To the s01u七ion，a saturated ethereal solution 

of oxalic acid was added until no further precipitation 

was observed. After standing for 3 hr， the solvent was 

decanted off. To the residue was added 10も K"'ICO.， (20 ml) 
2""'''3 
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was added and the mixture was shaken with Et20. To the 

organic layer seperated， was added a saturated ethereal 

solution of oxalic acid and the mixture was allowed to 

stand over-night. The solid formed was collected with 

suction and recrystallized from EtOH-Et20 to give 

white powders， mp90-930C (dec.). The sample showed a 

single spot corresponding to the fast moving isomer 

of the mixed amine on TLC performed by the same 

condition described above. 

NMR (CC1
4
， ppm)i 2.13 (s， 6H， N(CH3)2)' 2.26-2.7 (m， 5H， 

CH
2
-CH-CH
2
)， 3.60 (s， 4H， 2xbenzylic-CH2-). 

3-Dimethylamino-1，2-propanedithiol (16) Sodium 

(1.9 g) and a solution of mixed amine (13+!三;4.6 g) in 

EtOH (40 ml) were added simultaneously to a stirred 

mixture of liquid NH3 (80 ml) and EtOH (40 ml) under 

dry ice-acetone cooling. After stirring for 30 min， 

NH
3 
was evaporated off at room temperature， EtOH was 

removed in vacuo and the residue was poured into H20. 

The resulted solution gave two spots on PPC with a 

spot at Rf 0.28 corresponding 16 bei珂 stronglycolored 

and a spot at Rf 0.57 corresponding Nereistoxin (主)

being faintly colored with Kraut-Oragendorff reagent. 

Since 16 was too unstable to be isolated， the solution 

was used for the fol1owing reaction without further 

purification. 

Nereistoxin (1) hydrogen oxalate The above obtained 

aqueous layer was extracted with Et20. To the ethereal 

extract was added a saturated ether solution of oxalic 

acid， the precipitated solid (360 mg) was collected and 
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recrystallized from 95も EtOH. There was thus obtained 

faintly yellowish needles， mp 173-1740C (dec.). 

NMR (020， ppm)i 3.00 (s， 6H， N(CH3)2)' 3.53 (d， 4H， 

CH2-CH-CH2)， 5.60 (q， 1H，ーCH=). UV____ in H"O; 320 nm max 瓦'

(e 150). The compound did not show depression of 

melting point on admixture with naturally obtained 

Nereistoxin (主) hydrogen oxalate. Anal. Calcd. for 

C7H1304NS2: Ci 35.13， Hi 5.46， Ni 5.85. Found: Ci 35.16， 

Hi 5.72， Ni 6.08. 

4-Oimethylaminomethyl-1 ， 3-dithiolane~2-thione (17) 

To a stirred alkaline solution of主主 preparedas described 

above from 2.6 9 of mixed amine 主主+主主)， CS2 (30 g) was 

added in one portion. After 30 min， the mixture was 

extracted with Et"O and the extract was dried. To the 
2 

ethereal solution was added a saturated ether solution 

of oxalic acid. The yellow solid was collected and 

recrystallized from 50も EtOHto afford the titled 

compound as yellow leaflets (0.5 g) of mp 187四 1890C (dec.). 

UV in Hゥ0: 318 nm (e 14，000). Anal. Calcd. for max L 

C8H1304NS3: C; 33.93， H; 4.63; N， 4.94. Found: Ci 33.95， 

Hi 4.95， Ni 4.94. 

l，3-0ithiolane-2-thione (18A solution of sodiurn 

trithiocarbonate in EtOH was prepared by the general 

method; a solution of Na (2.3 g) in EtOH (50 ml) was 

saturated with H2S， CS2 (5 g) was added to the solution 

and the mixture was refluxed for 30 min. To the solution 

was added， a solution of ethylenedibromide (9.5 g) in 

EtOH (50 ml)， and the mixture was al10wed to stand 

overnight. The mixture was taken into water (500 ml) 
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and extracted with Et~O. The solvent was removed to 
2 

afford yellow oil of 18. UV____ in EtOH: 318 nm 
max 

compounds， they were derived into hydrogen oxalate or picrate 

salts as listed in Table 4. 

(e 10，600). 

1，3-Dithiane-2-thione (19) To a stirred solution d
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c--c 
of sodium trithiocarbonate prepared as above， was added 

a solution of trimethylenedibromide (10 g) in EtOH (50 ml). 20c-g， 

The same procedure as above was repeated to afford yellow 

solid， which was recrystallized from EtOH to give yellow 20 -N{R1}2 Acid mp (OC) Formula Analysis Calcd. 

(Found) 

C H N 

c -NJ  oxalic 130四 131 C9H1504NC12 39.72 5.55 

(39.85 5.59) 

r-¥ 
e -N O oxalic 143-145 C9H1505NC12 37. 52 5.25 4.86 
¥-.J 

(37.66 5.36 4.80) 

f ?  
p~cr~c 121-123 C15H2007N4C12 41.01 4.59 12.75 

(41.25 4.92 12.73) 

9 -N(C3H7)2 oxalic 108-110 C11H2104NC12 
43.71 7.01 

(45.06 7.44 

needles of mp 800C of 19・UVInaxin EtOH:292m {e6，990} 

and 338 nm (e 8，550). Anal. Calcd. for CAH~S~: Ci 31.96， 4&& 60J  3 

H; 4. 03， S i 64. 00. Found: C i 32. 27， H; 4.19， S; 63. 55. 

N，N-Dialkyl-2，3-dichloropr9pylamines (20a-g) 

These were prepared according to the procedures of 

5) 
Cromwell and Hassner~1 with some modifications. 

To a stirred solution of allylbromide (60 g， 0.5 mol) 

in Et20 (200 ml)， a solution of appropriate secondary 

amine (1 mol) in Et20 (100 ml) was added dropwise under 

ice-cooling. The mixture was allowed to stand overnight 

in a refregerator keeping away the moisture. The pre-

cipitate was filtered and the filtrate was treated with 

dry HCl until no more precipitation occurred. The pre-
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2-Dimethylamino-1，3-bis(benzylthio)propane (13b) and 

N，N-dimethyl-2，3-bis(benzylthio)propylamine (14bi by Eq. 2四 6

A mixture of N，N-dimethy-2，3-dichloropropylamine (~旦a)

hydrochloride5) (19.2 g)， MeOH (50 ml) and E七OH (150 ml) 

was added to a solution of KOH (5.6 g) in EtOH (200 ml) 

under stirring and the KCl deposited was filtered off. 

To the filtrate was added a solution of sodium benzyl-

mercaptide in EtOH， which was prepared from Na (5.8 g) 

， benzyl mercaptan (31 g) and EtOH (50 ml)， and the 
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cipitated allylamine hydrochloride was collected by 

filtration. The solid material was dissolved in CHC1
3 

(300 ml)， to which C12 was introduced until the calculated 

weight increase was attained. The mixture was evaporated 

to dryness to afford oily N，N-dialkyl-2，3-dichloropropyl 

amine (20) hydrochloride which general1y solidified after 

standing. TLC of the product showed that the compound 

was homogeneous. For the identification of the new 
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mixture was heated to reflux for 2 hr. The deposited 

NaCl was filtered off and the filtrate was evaporated 

to dryness ・Theresidue was dissolved in Et20， washed 

with water and dried and evaporated to afford a brown 

oil (26.4 g). The oil showed two spots on TLC wi七h

the faster isomer corresponding 13b being strong in color 

and the slower isomer corresponding旦主 beingfaint in 

color with Kraut-Dragendorff reagent. The NMR spectrum 

was shown in Fig. 2a. The oil was crystallized as 

hydrogen oxalate salt， which was recrystallized from 

MeOH七ogive white powder of mp 90-930C. Anal. Calcd. 

for C......H___O.NS ・C: 59.82. H・6.46，N; 3.32. Found: 21 u 2 7'" 4 ~H" 2 . '-， ...， J • V &.， J.4， 

Ci 59.60， H; 6.47， N; 3.35. 

Nereistoxin (la) hydrogen oxalate by Eq. 2-6 

The amine mixture (13b+主主主 8g) above obtained was 

dissolved in a solution of liquid NH3 (240 ml) in ether 

(160 ml) and the react工onvessel was cooled over dry-

ice acetone bath. To the stirred mixture was added Li 

(2.4 g)， whereupon the mixture tuned into dark blue. 

After 20 min， EtOH (24 ml) was added under vigorous 

stirring and NH3 was evaporated off in a hood. To the 

residue H20 (150 ml) was added and the mixture was 

extracted with Et..，.O. The extract was washed with brine 2"'" • 

and dried. To the solution was added a saturated ether 

solution of oxalic acid until no more solid was formed. 

The yellow solid (2.3 g) was collected with suction and 

recrystallized frαn 95も EtOHto afford yellow leaflets 

of the titled compound， mp 172-1740C， which was identical 

with a specimen prepared in the preceding section (Y=32も). 

80 

r 

2-Dimethylamino-1，3-bis{metl1y).thio)propane (13a) 

To the stirred suspension of Nereistoxin (!旦) hydrogen 

oxalate (1g) in 50も MeOH，was added NaBH4 (O.5 g) in MeOH 

(5 ml) under 工cecooling・After5 min， excess NaBH4 was 

decompose by drops of CH3COOH. Keepエngthe solution 

alkaline with simultaneous addition of 10も NaOH. Me...SO .~-2.........， 4 

(11.6 g) was added dropwise under vigorous stirring 

during 1 hr. The mixture was extracted with Et20 and 

the extract was treated with a ethereal solution of 

oxalic acid. The solid deposited (200 mg) was collected 

to afford the titled compound of mp 1320C. The sample 

was used as the standard for the next experiment. 

Anal. Calcd. for C^H..^O~NS ・Ci 40.13， H; 7.11. Found: 9....&.10""4....L.l2. ......， ~v.~-' ， 

Ci 39.64， Hi 7.21. 

2-Dimethylamino-1，3-bis(methylthio)propane (13a) 

hydrogen oxalate and N，N-dimethyl-2，3-bis{methylthio) 

propylamine (14a) by Eq. 2-6 

To a solution of KOH (2.1 g) in EtOH (100 ml) was 

added N，N-dimethyl-2，3-dichloropropylamine (20旦}

hydrochloride (7g) and KCl deposited was filtered off. 

To the filtrate was added sodium methylmercaptide in 

EtOH solution， which was prepared from Na (3.3 g) and 

methylmercaptan (6.9 g) and EtOH (50 ml)， and the 

mixture was heated to reflux for 2 hr. After standing 

overnight， NaCl deposited was filtered off and the 

filtrate was acidified with ethanolic HCl and the 

solvent was removed in vacuo. The oily residue was 

dissolved in H20 (150 ml)， and the solution was made 

alkaline with K2C03 and extracted with Et20. To the 2"""'3 
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solution was added a saturated ether solution of oxalic after standing. 工ncases of oily amines， they were 

acid until no more solid was formed. The solid (6.7 g) 

was collected and recrystallized from MeOH to give 

white powder of mp 122-1230C. The powder showed 2 spots 

converted into the corresponding sulfones for the 

identification and the ca1cu1ation of the yields. 

Tab1e 5 
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on TLC with the first moving isomer identical with 

13a above obtained being intense in color and the 

slow moving isomer corresponding 1坐 being faint 

in color. The exact coposition of isomers was 

calculated on Gas Chromatogram of the free base 13c，e 

， which is listed in Table 1. 

TLC conditions: absorbanti Merck 100 mesh silicagel+ 

Mal1inkrodt 100 mesh silica ge1 (9:1)， developer: 

MeOH. 13a showed a spot at Rf 0.35 and当豆 atRf 0.18， 

both of which were visuallized by Kraut-Oragendorff 

reagent. Ana1. Calcd. for C9H1904NS2: Ci 40.13， H; 7.11， 

13-N{R1)2 mp (OC) Formu1 a Anal. Calcd. 

(Found) 

C H N 

Ni 5.20. Found: Cj 40.23， Hj 7.39， Nj 5.02. 

c -NJ 52-54 C22H29NS2 71.11 7.87 3.77 

(70.95 7.64 3.43) 

f一、
e -N. 0 81-84 C21H270NS2 67.52 7.29 3.75 Lーノ

(67.48 7.17 3.58) 

2-N ， N-Oialkylamino-1 ， 3-bis(benzylthio)propan~ (13c-d) 

by Eq. 2-6 

A mixture of N，N-dialkyl-2，3-dichloropropy1amine 

{三Oc-~) hydrochloride (1 mol)， MeOH (50 ml) and EtOH (150 ml) 

was added to a stirred solution of KOH (5.6 g) in EtOH 

(200 m1) and KC1 was fi1tered off. To the fi1trate was 

2-N，N-Oialky1amino-1，3-bis(benzylsulfonyl)propane for 

identification and calculation of the yields 

To the suspension of the above obtained amines (13c，f，g) 

added a solution of sodium benzylmercaptide in EtOH which 

was made from Na (5.8 g)， benzylmercaptan (31 g) and EtOH 

(50 ml) and the mixture was heated to reflux for 2 hr. 

The NaCl formed was filtered and the filtrate was 

(0.03 mol) in HCOOH (100 ml)， 30も H202 (14 g) was added 

under vigorous stirring. After a while an exothermic 

reaction set in， the temperature rised to about 800C 

and the mixture became homogeneous. After the reaction 

evaporated to dryness. The residue was disso1ved in Et
2
0 

and the solution was washed and dried. The solvent was 

removed in vacuo to afford brown oil which solidified 

subsided， the stirring was continued for 3 hr. After 

removal of the solvent in vacuo， the residue was poured 
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into ice-water and the mixture was made alkaline with on the isolated oxalate salts. 

10も K2C03・Theprecipitated solid was collected and 

recrystallized from EtOH to give the sulfones. 

Table 7 
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mp (OC) Formula Analysis Calcd. 

(Found) 

C H 

C21H2704NS2 59.83 6.46 

( 59.94 6.31) 

NS 
61.44 6.95 C2 3H31 H 4"'''' 2 

(61.40 6.94) 

C23H3304NS2 61.16 7.36 

(61.41 7.25) 

c -NJ 135-137 C~_H~_O.NS~ 61.72 6.53 3.13 2 3LL2 9..... 4L .... 2 

(61.76 6.43 2.93) 

3
0
m
3
 

d ・・・N=> 129-132 C...."H.，...O"NS 24LL31.....4......2 62.44 6.77 3.04 

151-153 (62.47 6.95 3.04) 

e -NCo 105-109 C.....，.H...."'O ..NS 23LL29'" 5"''''2 59.60 6.31 3.02 

188-189 (59.67 6.36 2.80) 

h -N(CH2CH20H)2 125-128 C23H3106NS2 
57.36 6.49 2.91 

-N(C~H~)~ 146-148 3....7' 2 (57.09 6.71 2.85) 

N， N-Dialkyl-2， 3-bis (benzyl thio) pr~la_m:i.!1~( 14c ，d， e ，h) 

4-N，N-Dialkylamino四 1，2-dithiolane (lc-f) (Table 3) 

The amine (13cニ主) (8 g) was dissolved in liquid NH3 

(240 ml) and ether (160 ml) and the vessel was cooled (Table 2) 

The chloride mixture (!+互) (15 g) was heated with 

secondary amine (20 g) and benzene (40 ml) at 1600C for 

over dry ice acetone bath. To the stirred solution Li 

(2.4 g) was added， whereupon the mixture turned into 

16 hr in an autoclave. The excess amine and solvent dark blue. After 20 min， EtOH (24 ml) was added， whereby 

84 

the color vanished and NH3 was evaporated off in a hood. 

The residue was dissolved in H~O (150 ml) and the mixtuどe
2 

was extracted with Et"O. The air was introduced into 
2 

the aqueous layer under ice-cooling for 40 min. 

The aqueous solution was extracted with Et20. To the 

85 

were removed in vacuo and the residue was dissolved in 

benzene and the solution was washed and dried. The 

solvent was removed to afford a brown oil of 13c，d，e，h. 

The amines were crystal1ized as the hydrogen oxalate 

salts and the yields listed in Table 2 were calculated 



combined e七hereal extracts， was added a saturated 

solution of oxalic acid in E七20 until no more solid 

was formed. The solid was recrystallized from 95も EtOH

to afford yellow leaflets of the titled compounds. 

Physical constants are listed in Table 3. 

1 -N{R1}2 Acid 

c -NJ oxalic 

d -0 oxalic 

e -NfL-ー¥/0 oxalic 

f -NP  
oxalic 

CHa 

Table 8 

1 _1 
R- R 

¥/ 
N : Acid 

CH2-CH-CH"， ， -
S-ーーーー S

1c-f 

Formula Analysis Calcd. 

(Found) 

C H 

C9H150 4
NS2 40.74 5.70 

(41.21 5.79) 

C10H1704NS2 42.99 
6.13 

(43.23 6.24) 

C9H150 5
NS2 38.42 5.37 

(38.20 5. 55) 

C15H2 007
N 4S 2 41.66 4.64 

(41.82 5.28 ) 
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1 ) 
Thiamine propyl disulfide (~; TPD)~1 and thiamine 

1e) 
tetrahydrofurfuryl disulfide (三 TTFD)~~1 are mixed disulfide 

consisting of thiol type thiamine (circled and abbreviated 

as B
1
) and alkanethiols. On oral administration to 

mammals， they are absorbed through intestine into the 

CHAPTER 3 body quite effectively， where they are cleaved into 

STUDIES ON THE METABOL工TESOF 

thiamine (主) and alkanethiols by the action of thiol-

peptides such as glutathione. 

THIAM工NEPROPYL 0工SULF工DE (TPD) AND 

THIAM工NETETRAHYDROFURFURYL 0工SULF工DE

CH~ 一一一

政 CH22/白
CH3 CH2CHzOH 

CH3 一一-~I"γ刊円 2 CHO 
N、ょ ん ， S 一一~S-R
〉、CH(問、=ピ

Cトi3 CHzCHzOH 

(TTFD) 

1 :Thiamine 
口=B 1 
ヲ』
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Since thiamine (1)， an essential co-factor for various 

biochemical transformations in the body， is absorbed七hrough
2 ) 

intestine into the body only in a limited amount-l， TPD and 

TTFD are good transport form of thiamine and thus could be 

defined as "pro-drugs" of thiamine. They were first synthe-

1 } 
sized by T. Matsukawa and his co-workers~1 in these 

laboratories and on account of these merits they have been 

on sale from Takeda chemical industries company since 

1954 and 1961， respectively. 

The alkanethiols， i.e. propanethiol for TPD and 

2-tetrahydrofuranemethanethiol for TTFD， confer TPD and 

TTFD lipophilicity suitable for penetration through 
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intestinal wall， but the role terminates when thiamine is 

successfully七ransportedinto the body. Thus alkane-

thiol moieties are defined as facilitating disposable 

3 ) 
moieties by E.J. Ariens~/. Nevertheless， their fates or 

metabolism after absorption is an important prob1em in 

view of the safety of the drugs as a whole. 

To clarify the problem， Z. Suzuoki and his co-workers 

including the author scrutinized urine of the rats which 

35 were dosed with radio active TPD and TTFD， S~~ labelled 

at the thiol moieties， and identified more than 90も ofthe 
4) 5) • urinary metabolites~'~'. Based on the results they set 

forth the whole picture of the metabolism of TPD and 

TTFD as summarized 工nChart 1 and Char七 2.

工solationand structural identification of the 

metabolites have been described in the dissertion of 

6 ) 
Dr. K. Nishikawav，. This chapter deals with the 

synthesis of authentic samples of metabolites， which was 

carried out by the responsibility of the author， and with 

the chemical phenomena encountered during the synthesis. 

Section 1 Mechanism for the Oxidation-Acetylation of 

Hydroxysulfides Encountered in the Synthesis 

of Metabolites of Thiamine Propyl Disulfide 

(TPD) 

The metabolism of TPD is summarized in Chart 1. The 

metabolites of its propane thiol part except for inorganic 

sulfate are the products of methylation followed by the 

oxidation. 

The synthesis of these metabolites was straightforward. 

90 

、F

Chart 1. Metabolism of TPD in Rats 

B1; see p89 

S04 
~ 

〆↓¥冶
CH3S02ーCH27CH3 町 02-CH2CH2CH20H CH3S02-CH2C叩 OOH

OH 

567  

Among them methyl propyl sulfone (!) and 3-methylsulfonyl-

propionic acid (2) were known compounds. The other two 

unregistered compounds， 2-hydroxypropyl methyl sulfone (5) 

and 3-methylsulfonylpropanol (~) were prepared from the 

7，8) corresponding known sulfides (5s and乏豆)"VI by oxidation 

with H~O~ in AcOH. 2~2 

A sole problem encountered in the synthesis was 

formation of an acetylated by-product. An equal amount 

of acetate of 6 主主) was formed along with the production 

of 6. While no acetylation was observed on the production 

of 5. 

A similar reaction to obtain an acetylated sulfone 

from a hydroxy containing sulfide has been found and 

designated as the oxidation-acetylation by Clingman and 

9) 
RichtmeyerJ '， but no explanation has been given to the 

mechanism of the reaction. Hence， our interest was shifted 

to obtaining an explanation for the mechanism. 

with the aim of obtaining some clue to the mechanism， 

we a七七emptedto oxidize several hydroxysulfides (主 to旦豆}
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under the same condition as described above and determined b) based on TLC evidence c) calculated on IR intensity of 

the composition and the structures of七heproducts. carbonyl 

The results are listed in Table 1 wi七hthe possible d) calculated on isolated e) 4 times of volumes of AcOH 

minimum distances between sulfur atom and hydroxy oxygen materials was applied 

in the sulfides which are estimated using Dreiding stereo-

model. 工nspectionof the table apparently indicates the 

Table 1 tendency that the shorter the distance between sulfur 

Oxidation of Hydroxysulfides to Sulfones 

ith 30 も H~O~ in AcOH at 700C 
2~2 

and oxygen the higher the yield of acetylation. 

Typically 11旦whosehydroxy oxygen could be located 

-S-c -OH 
n 

5s-11s 

-SO..，.-c -OH + -So ... -c -OAc 
L. n L. n 

near the sulfur atom more closely than hyroxygroups of 

5-11 other sulfides， afforded the highest yield (70も) of 

acetylated sulfone (主主主). The results strongly suggested 

that in the oxidation of the sulfur there was an 

5a-11a 
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in A (も}

o b) 

o b) 
0.5 2.60 

O. 5 2.60 (lla) was increased to a quantitative one. Thus， it was 

apparent that the neighbouring group participation as 

well as competetion between hydroxy anion and acetate 

anion were responsible for the product composition. 

50c) 

59c) 

64c) 

50c) 
O. 5 1.60 

41c) 

36c) 

0.5 0.20 

1.68 Taking into account that the mechanism of the 

oxidation of sulfides to sulfoxides and sulfones is 

10) 
general1y accepted to be ionic.vJ， the present oxida-

tion-acetylation would be most reasonably accounted for 

by the mechanism as depicted in Fig. 1. 

1.5 

d) 
30 

o b，e) 

70d) 
0.20 1.0 

100b，e) 

Fig. 1 

Mechanism for the Oxidation-Acetylation of a) 0.01 mol of sulfide was treated with 0.026 mol 30も H...O
2~2 

in 10 ml of AcOH at 700C until the sulfide was disappeared Hydroxysulfides H 

+ H-O-O-H ーー--+
CH3COOH + HOOH ・一一一
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1: 11s treated with 30 も H~O~ at 700C for 1 hr. 2'"'2 

2: 11s treated with 30 も H~O~-AcOH-AcONa at 
2'"' 2 

70 oC fo r 1 hr. 

/ 3: Authentic 11 。欠rz)「OH
f ~"'2 

CH3J834E)rOCOCHa 

020 02 4: Authentic 11a 

工nthis regard， it should be mentioned that Barnard 
10) et al.~v ， preferred a concerted mechanism as formulated 

11 11a 

These results would be reasonably explicable on the 

be10w to a protonation mechanism for the oxidation of fact that the present oxidation was carried out in a 

sulfides. A number of reports which appeared thereafter large excess of an acid， in which a protonation mechanism 

adopted the concerted mechanism rather than the could possibly overweigh a concerted mechanism. 

protonation mechanism. 

10) 
Concerted Mechanism by Barnard et a1. 

S :/、O~-R ~ R~S=O + HX + R-OH 
i丈， F2

H X-H 

kノ

The possibility of intervention of peracids 

in the reaction wou1d be ruled out from the fact that 

the rate of formation of a peracid from the parent 

acid and H202 under the present condition is much slow
11). 

9 ) 
C1ingman and Richtmeyer~' carried out the oxidation 

However our experiment demonstrated that the of thiog1ucoside (12) with H~O~ in acetic acid and 一一 2'"' 2 

found that 6-0四 acetyl su1fone (主主) was obtained as a 

sole product. Although they recognized that the acetylation 

cou1d have occurred in the oxidation， they made no further 

investigation. Since the Dreiding stereo model of 12 

protonation mechanism appears more plausible for the 

oxidation-acetylation. As a supporting evidence to this 

mechanism， a marked retardation of the oxidation rate 

was observed by addition of sodim acetate to the 

Fig. 2 Thin Layer Chromatogram of the Oxidation of 

c1ear1y shows that the hydroxy at C-6 can take a c10ser 

position than the other hydroxy groups in the molecu1e 

(the minimum distance between S and 0 is estimated 0.80 
0 

A)， it would be pertinent to assume七hatthe reaction 

reaction medium as is apparent1y visualized by TLC in 

Fig. 2. The retardation can not be exp1ained by the 

concerted mechanism. 

a Hydroxysu1fide (主主主) wou1d have proceeded by essentia11y the same mechanism 

as in the present oxidation-acetylation • 

• 
'
A

句，.。
d
a
'
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Eq. 3-1 Oxidation-Acetylation Found by Clingman and 

9) 
Richtmeyer 

16 
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B1; see p89 

Synthesis of these metabolites was straight forward too 

(Eq. 3-2). Methylation of known 2-tetrahydrofuranemethane-

)12) 
thiol (12IL~1 with dimethyl sulfate afforded methyl sulfide (20)， 

which on oxidation with H202 under ice-cooling gave 

methyl sulfoxide (14) and on oxidation with the same 

oxidant under heating in acetic acid gave methyl sulfone 

(!2). Treatment of known 6-chloromethyldihydro-2(3H)ー

13) 
furanone (互主 )L~I with sodium methanethiol afforded 5-methyl-

thiomethyldihydro-2(3H)-furanone (22)， which on oxidation 

with H202 under ice-cooling and under heating afforded 

corresponding methyl sulfoxide (主主) and methyl sulfone 

(!l)， respectively. Hydrolysis of the latter 17 with 

sodium hydroxide followed by acidification of the 

Section 2 Synthesis of Metabolites of Thiamine 

Tetrahydrofurfuryl Disu1fide (TTFD) and 

S七ereochemistryof (申)-Methy1Tetrahydro-

furfuryl Sulfoxide Isolated from Rat's Urine 

The metabo1ism of Thiamine tetrahydrofurfury1 disu1fide 

(3; TTFD) is summarized as Chart 2. Metabo1ites of disposab1e 

moiety or tetrahydrofuranemethanethio1 moiety were products 

of methyla七ionfo11owed by oxidation at the su1fur and at 

the 5 position in the tetrahydrofurane ring and inorganic 

sulfate. 

reaction mixture with HC1 and extraction of the mixture 

with AcOEt and recrysta11ization of the solid extract 

from CHC13 afforded 4-hydroxy四 5-methy1su1fonylvaleric

acid (主豆). 且11of these synthetic metabolites showed 

工R and NMR spectra and TLC flow-rates comp1ete1y iden-

tica1 with those of corresponding metabo1ites. The 

CH3j-CH2ぐブ
resu1ts confirmed the structura1 identification of the 

metabo1ites of TTFD performed by Suzuoki et a1.5) 

15 16 
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Treatment of dl-tetrahydrofurfuryl bromide (主三}

with thiourea and then with sodium hydrogencarbonate 

afforded dl-tetrahydrofurfurylthiuronium hydrogen-

carbonate (~:HC03) as white solids. On admixture of 

the solid with D-camphoric acid (DCA) in water， (2R)ー

tetrahydrofurfurylthiuronium D-camphorate ((2R)ー23:DCA)

was precipitated from the solution which was on repeated 

crystalliza七ionsfrom 50も EtOHto give the sample with 

constant rotation[ α O -12.60 (c=1， MeOH). C 。∞n凶d白加e町nsa七ion 

of the mother 1エquorfollowed by crystallizations of 

the solid resulted from MeOH-CH3CN (1:4) afforded (2S)ー

竺 :DCAwi七h [叫 +37.30 (c=1， MeOH)・

Treatment of these diastereomeric D-camphorates 

with HCl afforded (2R)-and (2S)-tetrahydrofurfuryl-

thiuronium hydrochloride， i.e. (2R)-~:HCl and (2S)ー23:HCl，

respectively， as fine crystals， which on hydrolysis 

with aq. NaHC03 afforded (2R)ーand (2S)-tetrahydrofurane-

methanethiol (19)， respectively. 

By application of the same reactions formulated in 

Eq. 3-2， (2R)-and (2S)ー主旦 were transformed into (2R)-

and (2S)-methyl sulfide (三旦)and further into (2R)ー

and (2S)ーmethyl sulfone (~)， respectively. 

Treatment of (2R)-and (2S)ー19with thiourea and 

H202 gave (2R)-and (2S)-tetrahydrofurfuryl七hiothiuronium

hydrochloride (~)， respectively. Methylation of (2R)ー

三旦 withmethyl iodide afforded (2R)ー2-dimethylthionium-

methyl-tetrahydrofurane iodide (25). 

The optical rotations of these compounds are 

listed in Table 2. 
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Table 2 

Optical Rotations of (2R)-and (2S)ー

2'-Substituted 2四 methyltetrahydrofurane

Deriva七ivesa七 589nm 

ロぐ.-x 。、例.-x
compound x ( 2R) (2S) C solvent 

19 -SH +4.10 -4.40 1 CHC13 
O O 

20 -SCH +5.1 -5.1 1 MeOH 
3 

O O 

15 -S02CH3 -50.5 +50.3 1 MeOH 

-SC=NH:HCl 

23:HCl NH2 -39.5
0 +40.90 1 MeOH 

田 SSC=NH:HCl

24 NH2 -38.4
0 +39.10 1 MeOH 

25 -S(CH~) 工
3'2 

+ -32.40 

Since the absolute figures of the rotations of each 

enatiomeric pairs were wi七hinthe experimental errors of 

the measurement， it was thought that the optical resolu-

tion of 23 using D-camphoric acid and the following 

transformations afforded the enantiomerically pure 

cαnpounds which were satisfactory enough for the follow-

ing investigation on the stereochemistry. 

The assignment of their C2-configurations was per-

formed by comparison of rotations with those of some 

"17) 
authentic compounds using Freudenberg's "rule of shift 

for the optical rotations of carbon compounds. 
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Fig. 3 Molecular Rotations of (2S)ー21-Substituted

2-methyltetrahydrofuranes at 589 nm 

constituted dissymmetric compコunds.

since both series of compounds included in Fig. 3 

show shifts of molecular rotations to the same direction 
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Oxidation of (2R)-~旦 by the same procedure as 

described for dl-20 to dl-14 and gas chromatographic 

• .. 20 

seperation of the diastereomeric mixtures afforded 

(2R， 8-8)-14 of[α]0 +11.40 (c=l， CHC13) and (2R， 8-R)-!! 

of[α]0 -120.20 (c=l， CHC13)， each of which showed a single 

peak corresponding P-1 and P-2， respectively， depicted 
+2r 

o 
hlzoOH 

〆--r-=¥v“ヲ
大 OH~…-OCOCH 3 

ー叫O 司令

4f• + 4 0 

L#-2 

• ・20
-H L#ー2

ー -SH
K¥-SCH3 

in Fig. 4. 

Fig. 4 8eperation of Oiastereomers of Methyl Tetrahydro-

furfuryl 8ulfoxide (!!) by Gas Chromatography 

-0 -0 

• -20 
L#; cited from literatures， 1) F.C. Hartman， R. Barker， J. Org. Chem.， 

29， 873 (1964)， 2) only sign was reported， D. Gagnaire， A. Butt， 

Bull. Soc. Chim. Fr.， 1961， 312， 3)M.P. Balfe et al.， J.Chem. Soc.， 

ωlumn : 10% XE60 CW(60・80)

Length 2m 

Temp. column 1650 

Carrier gu He 

Inlet pressure 2.2kg{crr.2 P-l 
P-2 

configuration. As is apparent by the Fig.， when electron 

whithdrawing group is introduced into the 21-position of 

(28)ー2-methyltetrahydrofurane，a more positive molecular 

1941， 312 
In Fig. 3 molecular rotations of (28)ー21-substituted-2-

methyltetrahydrofuranes prepared in this report are compared 

with those of authentic closely related compounds haveng 28 

5 10 15 20 

Time (min) 
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They exhibited Opically Rotatory Oispersion Curves (ORO) 

with opposite signs of Cotton effects as shown in Fig. 5. 

The configurations of the sulfoxide group in these 

compounds were assigned by application of Mislow's 

empirica1 rule
18) which states tha七 (R)-and (8)-sulfoxides 

103 

rotation was exhibited by the compound. 

，，17) 
Freudenberg's "rule of shift"~" states that a similar 

change in the asymmetric center causes a similar change in 

the optical rotatory powers of different but similarly 
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is so strong that it overweighs the contribution of carbon 

asymmetry， if there is， and desides the sign of Cotton 

17) 

When van'七 Hoff's "rule of superposition" that states 

asymmetric centers in a molecule make independent contributions 

to the total molecular rotation is applied on the rotations 

of (2R， 8-8)-1主and (2R， 8-R)-14， Eq. 3-3 could be 

formulated: where (C2) and (8) are contributions of C2 

and sulfur a，symmetry， respectively. 

having the formula CH3-SO-CH2-R exhibit negative and 

positive Cotton curves， respectively. He also showed that 

the contribution of sulfur asymmetry to optical rotation 

effect of the whole molecule. 

Fig.5 Optical Rotatory Dispersion Curves of (2R， 8-8)ー

and (2R， S-R)-Methyl te七rahydrofurfuryl sulfoxides 

Eq. 3-3 

O 

O 

1i..CH2SCHJ 
'O~H s 

+ 11.40 ( rotation of (2R， 8-8)ー主主 atD line)=ー(C
2
)+(8)

-120.20 (rotation of (2R， 8-R)司主全 at D line)=ー(C
2
)ー(8) 

(8)=11.40+120.20/2 

(14) +10 (2R， S-5)ーJ4

O 

ri.・CH.SOCH，
、0'、H

Thus， the contribution of sulfur asymmetry to the 

rotation of an enantiomer of主4under D-line is calculated 

to be 65.8 0
• And it follows that the urinary metabolite 

{ー}ー14of rats with [α]D -60.20 is calculated to be 91.5も

optically pure at the sulfur atom. 
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Thus， it is concluded that the biological oxidation 

of sulfur atom affording (ー)-!! in rats was highly 

stereospecific with R-orientation. 

Suzuoki et al.
19
) showed that metabolic methylation 

and oxidation of the disposable moieties of TPD and TTFD 

takes place mainly in the liber microsomes in rats. 

20) 
Oae et al.-

v1  
reported that a multi enzyme system， 

-30 
zbb3bo Ab。5b06占OmfJ

8ince the metabolite (ー)ー旦 exhibits the tail part 

of negative Cotton curve as shown in Fig. 6， it was 

identified as (2dl， S-R) isomer of 14. 

Fig. 6 Optical Rotatory Curves of Urinary Metabolite 

{四)-14 +1 

..， 
。
ー -1
× ..... 、
句""...... 
-2 

P-450， which was obtained from rabbit's liber has an 

一一一一 metabolite 
first moving isomer 

oxidizing ability of various sulfides into sulfoxides 

with varied stereospecificities. They also showed that 

the enzyme system conform complexes with the substrate 

sulfides with so strong force that only a minor part 

-3 

2∞ 3∞ 4∞ 5∞ 縦訓。
..( (m.u) 

ー-ー・ー圃・・ー・ slow moving isomer 
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of oxygen was incorporated from solvent water into the 

sul foxides . 

Taking into these results into consideration， it is 

highly probable that the stereospecificity of the metabolite 

(ー)-!!was incorporated from the oxidizing enzyme located 

in the rat's liber. 

X-Ray Crystallographic Analysis Results 

X-ray crys七al工ographic analysis of (2R)ー(ー)-te七rahydro-

furfuryl七hiuroniumchloride rnonohydrate (~: HCl: H
2
0) was 

performed by M. Takamo七o and the results are summarized in 

Fig. 7-9 and Table 3. All of the results confirrn the ~on-

figurational assignrnent of c2-asymme七rydescribed above. 

Fig. 7 

L.NH ー・ 一-
UくHzS~Hz 問円 U

23 : HCI: HzO 

S七ereoscopicView of (2R)ー{ー)ーTetrahydro-

furfuryl七hiuroniurnchloride monohydra七e

(三l:HCl: H20) 

106 
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Fig. 8 Stereoscopic views of (a); 七heother conformer 

and (b); the rnolecular arrangernen七 in七heuni七 cell

as seen norrnal to七hea-b plane 

(a) 

(b) 

。
Fig. 9 Bond distances(A) and Angles(O) for nonhydrogen atoms 

~values in paren七hes aどe those of 

the 0七herconforrner 
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Tab1e 3 

Crysta1 Data 
Experimental 

2-Hydroxypropyl met.hytpl.l lfQ Il~J.5J To a solution of 

Formula O
 

門

J
L

H
 

1
ムC
 
H
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7 ) 
2-hydroxypropyl methyl sulfide (互主; 21.2 g)' I in AcOH 

(100 ml) was added dropwise 30も H202 (50 g) under stirring 

at such a rate that the temperature does not exceed 70oC. 
Formu1a Weigh七

Crysta1 System monoclinic 

Cell Dimensions a = 10.792(3)去
After 2 hr heating at 700C the mixture revealed a single 

。
b 9.431(2)A 

spot of 5 . The solvent was removed in vacuo and the 

e 
c = 5.343(l)A 

residue was dissolved in water. The solution made alkaline 

Cell Volume 

自 99.90(4)0

535.8(2)A3 

with K2C03 and the excess H202 was dicomposed with Na2S03・

After condensation of the solution， the residue was 

extracted with acetone and the extract was evaporated to 
Space Group 

1
4
 

q
ノ
-
Pι 

afford a colorless oil (26 g). The oil was dissolved in 
Number of Formula Units 

in the Unit Cell Z = 2 
CHC13， and the solution was coo1ed with dry ice-acetone， 

whereupon 5 precipitated as a white powdery solid， 18.2 9 

(66~) ， mp 47-510C. 工R and NMR spectra were identica1 with 

4 ) 
those of metabolites~/. Ana1. Calcd. for CAH1nO~S: C; 34.77， 4u 10'V'3..... ...." ~..'" 

Calculated Density 
守

J

m
 
c
 

/

/

 

qd 

1
ムコJ

吋

J
1
ム

H; 7.30， 0; 34.73. Found. C; 34.49， H; 7.16， 0; 34.25. 

3-Methylsulfonylpropanol (6) and its acetate (6a) 

8 ) 
3-MethylpropanolV1  (~. 21.2 g) was oxidized with 30も

H202 (50 g) in AcOH (100 ml) in the same way as above 

to give a colorless oil (22.8 g). TLC of the oil revealed 

two spots corresponding 6 and its acetate. The oil was 

dissolved in hot AcOEt and the solution was cooled slowly 

， whereupon 6 precipitated as colorless rods， 10.5 9 

108 
( 38も)， mp 32-370C. NMR and IR spectra were identica1 

4 ) 
with those of the metabo1ite~/. Silica ge1 co1umn chromato-

graphy of the mother liquor developed by bezene-acetone 
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afforded the acetate of 豆{主主) as an oil. 

Anal. Calcd for C4H1003S: Ci 34.49， H; 7.16， S， 23.10. 

Found: C; 34.93， H; 7. 05， S; 23.10. 

IR spectra of 6a (CHCl 
一一 3); 1730 (CO) and 1135 (802) cm 

NMR spectra of色 (CDC13，ppm): 3.07 (s， 3H， COCH3
)， 

2.94 (s， 3H， S02CH3)， 4.21 (t， 2H， OCH2)・

oxidations of Hydroxysulfides (5s-11s) to Sulfones 

(Table 1) To a stirred solution of a hydroxysulfide 

(0.01 mol eq. to a sulfur) in AcOH (10 ml) was added 

30も H202 (3.25 g， 0.026 mol) at a rate not to exceed 

70
0
C and a mixture was kept 700C until the TLC demon-

strated no existence of the sulfide and sulfoxidei the 

time required is listed in the table. The solution was 

then evaporated to remove excess HnO~. Benzene W~~ 2'" 2. .L..I ~~&~C J. 1C WQb  

added to the residue， and the moisture was removed 

azeotropically and the mixture was evapor七edto dryness. -

The residue was dissolved in CHC1
3 
and the solution 

was dried. The solvent was removed to afford a mixture 

of hydroxysulfones (豆ー主主) and the acetates of the 

hydroxysulfones (主ー主主主). The product's composition was 

determined using acetyl carbonyl band (near 1730 cm-1)・

The results are listed in Table 1. Al1 the compounds 

included in the table gave satisfactory analytical 

data. 

dl-Methyl tetrahydrofurfuryl sulfide (20) To a 

solution of 2-tetrahydrofuranemethanethiol (!2; 7.2g)11) 

in 20も NaOH (36 ml)， was added Me
2
S0
4 
(7.8 g) under 

vlgorous stirring. The mixture was extracted with Et
2
0， 

110 

司司V

and the extract was washed with water and dried. 

After evaporation of the solvent， the residue was distilled 

to give dl-2旦ascolorless oil， 5.8 9 (73も)， of bP25 80-820C. 
-1 

工R (neat): 1058 (ether) cm ~. NMR (CDC1
3
， ppm): 2.64 (d， 2H， 

ーCH~-S-) ， 2.18 (s， 3H， SCH~). Anal. Calcd. for C~H1~OS: """"""'.L 3 ，. ~.L."""，..r... '-""".&........""". '-6&~ 12 

C; 54.50， Hi 9.15， Si 24.25. Found: C; 54.56， H; 8.92， 

S; 23.56. 

dl-Methyl tetrahydrofurfuryl sulfoxide (14) To an 

ice-cooled solution of 30も H202 (5.6 g) in AcOH (30 ml)， 

was added dl-2旦(6.6g) at a rate that the temperature 

not to exceed 40oC. After the exothermic reaction subsided， 

the solution was left at room temperature for 2 hr 

and the excess H202 was decomposed with aq. Na2S03 

and the solution was evaporated to dryness. The residue 

was taken into 10 も NaHCO~ and the mixture was extracted 
3 

with CHC13・Theextract was washed with brine and dried. 

After removal of the solvent， the residue was distilled 

七ogive dl-竺 ascolorless oil， 5.9 9 (80も)， of bPO.5 

115-120oC. NMR (CDC13， ppm): 2.66 and 2.69 (each s， 

3H， SOCH~). Anal. Calcd. for C~H1~0~8 ・C; 48.62， H; 8.16， 6u 12"'2..... --， 

8; 21. 63. Found: C; 48. 87， H; 8. 23， 8; 21. 01. 

dl-Methyl tetrahydrofurfuryl sulfone (15) To a 

stirred solution of 30 も H~O~ (14.1 ml) in AcOH (30 ml) 2"'2 

was added dl-担 (3.3g) at a rate that the temperature 

did not exceed 70oC. After heating at 700C for 2 hr， 

the excess H202 was decomposed with aq. Na2S03 and 

the mixture was evaporated七odryness. The residue was 

taken into 10も NaHCO~ and the mixture was extracted with 
3 
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CHC13・Theextract was washed with water and dried. 

After removal of the solvent， the residual solid was 

recrystallized from CC14 to afford dl-!2， 3.4 9 (83亀)， 

as leaflets of mp 37-420C. NMR and IR spectra were 

5) 
identical with those of the corresponding metabolite 

NMR (CDC13， ppm): 3.07 (s， 3H， S02CH3)' Anal. Calcd for 

C6H1203S: C; 43.90， H; 7.37. Found: Ci 43.96， H， 7.53. 

d1-5-Methylthiomethyldihydro-2(3H)-furanone (22) 

13) 
5-Chloromethyldihydro-2(3H)-furanone.~1 (~i 11.9 g) 

was heated to reflux with 1N-CH~SNa/CH~OH (20 ml) for 3....&.......'........3 

1.5 hr. After cooling， the solution was made acidic 

with cooled c-HCl and concentrated in vacuo. The residue 

was extracted with Et~O and the extract was washed and 
2 

dried. After removal of the solvent， the residue was 

distilled to give a colorless oil of dl-~， 5.3 9 (78も)， 

of bP12 140-1450C. IR (CHC13): 1760 (CO)， 1170 (ether) 

NMR (CDC13， ppm): 2.21 (s， 3H， SCH3). Anal. Calcd. for 

C6H1002S: C; 49.28， H; 6.90， 0; 21.89. Found: C; 49.28， 

Hi 6.84， 0; 22.30. 

-1 
cm 

d1-5-Methylsulfinylmethyldihydro-2(3H)-furanone (16) 

dl-22 was oxidized with 30も H202by the same procedure 

as described for the preparation of dl-14 to afford dl-16 

as an oil which showed in NMR a doublet for CH3SO-at 

2.67 and 2.70 ppm. When the oil was treated with AcOEt， 

a diastereomeric isomer which gives a singlet for CH3SO-

at 2.67 ppm was obtained as needles of mp 120-1230C. 

工Rofdl-16{CHC1}21780(CO }and 1170(ether )cm 1. 
一一 3 

Anal. Calcd. for C6H1003S: C; 44.42， H; 6.22， Si 19.76. 
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Found: (diastereoisomer of mp 120-1230C): Ci 44.32， 

Hi 6.24， S; 18.99. 
5) 

The metabolite~1 identified as 16 was shown to be 

identical with the crystalline diastereomer by 

NMR spectral comparison. 

d ~-_5-Methyl sul fonylmethyldihydro-2 (3H) -furanone (17) 

dl-22 (13.7 g) was oxidized with 30も H202by the 

same procedure as was described for the preparation of 

dl-15 to afford dl-17， 14.4 g. The material was 

recrystallized from CHC13-AcOEt to afford dl由 17

as needles of mp 90-920C， 12.1 9 (72も). The compound 
5) 

was identical with the metaboliteV1 on IR and NMR 

spectral comparison. NMR (CDC13， ppm): 3.03 (s， 3H， S02CH3)' 

Anal. Calcd. for C_H.~O.S ・C・40.43，H; 5.66， S; 17.99. 6..1 0 ~ 4..... ......， & ~. • - ， 

Found: C; 40. 57， H; 5. 55， S; 17. 32. 

d1-4-Hydroxy-5-methylsulfonylvaleric acid (18) 

dl-17 (1.78 g) was warmed with 0.5N-NaOH (10 ml) 

at 700C for 2 hr. After cooling， the solution was made 

pH 3.0-3.5 with 1N-HCl under ice-cooling・Thesolution 

was saturated wェthNaCl and extracted with AcOEt. 

The extract was concentrated to afford solid， which 

was recrystallized from CHC13 to result prisms of 

mp 103-105 of dl-!旦， 1.05 9 (54も). The compound 
5) __ ___ _ 

was identical with the metaboliteV1 on comoarison 

with NMR and IR spectra and electrophoretic flow 

rates. Anal. Calcd. for C6H1205S: C; 36.72， H; 6.17， 

0; 40.76. Found: Ci 36.80， H; 5.90， 0; 40.74. 

dl-Tetrahydrofurfurylthiuronエumhydrogen carbonate 
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A solution of d1四 tetrahydrofurfury1- c-HC1 (26.5 m1)， H20 (200 m1) and Et20 (200 m1) were mixed 

in a seperator vesse1. The agueous 1ayer was taken， washed bromide (19; 330 g) and thiourea (167 g) in EtOH (1 1) 

was heated to ref1ux for 8 hr and then evaporated to with E七20 (100 m1) and concentrated to dryness in vacuo to 

afford co1or1ess solid. Twice recrysta11izations of the dryness in vacuo. To the residue a solution of NaHC03 

(168 g) in H20 (1.7 1) was added rapid1y under stirring. 

The solids deposited were co11ected with suction and 

standing， therefore it was used immediate1y for 

solid from 10 vo1umes of H~O-MeCN (1:30) afforded (2R)ー
2 

(ー )-~:HC1 ・ H 20 (62.5 g， 92宅) as co1orless rhombic crysta1s 
。 [α A" C:: 0 I~_ of mp 65-670C， L~JD -40.50 (c=l， MeOH). Ana1. Ca1cd. for 

C1rH1~N~08:HC1'H~O: C; 33.56， H; 7.04， N; 13.05. Found: 164.012...2"'...，........... "2 

C; 33.56， H; 7.08， N; 12.78. 

(28 )ー(+)ーTetrahydrofurfurylthiuronium ch1oridet2_~:HC1) 

Treatment of (28)ー(+)ー23:DCA ([α] ー37.30 (c=l， MeOH)) 
ーー D 

(36 g) in the same manner as above afforded (28)ー(+)ー23:HC1・H20

(19.5 g， 91も) as colorless rhombic crysta1s of mp 65-670， 

[α]0 +40.90 (c=l， MeOH). Anal. Found: C; 33.49， H; 7.08， 

N; 13.09. 

{2R)ー(+ )ー2-Tetrahydrofuranemethanethio1 (19) 

To an ice-coo1ed solution of (2R)ー{ー)田23:HC1・H20

( [α]0 -39.50 (c=l， MeOH)) (12.6 g) in H20 (20 m1)， 

NaHC0
3 
(5 g) was added under stirring. After 30 min， 

the mixture was heated at 90-1000C for 1 hr. The oi1 

washed with ether to resu1t dl-23~ H^CO~ as white solid 一一 u2......"'3

(300 g， 68も). The material was decomposed gradua11y on 

the fo11owing experiment. 

(2R)ー{ー)-Tetrahydrofurfury1thiuroniumO-camphorate (23:0CA) 

and (2S)ー(+)-TetrahydrofurfurylO-camphorate (23:0CA) 

d1-三三 H2C03 (300 g) and O-c訓 phoricacid (OCA; 272 g) 

were mixed mechanica11y in H20 (2.5 1)， whereby caused 

the instant evo1ution of CÔ ， and the mixture was al10wed 
2' 

七o stand at room temperature overnight. The solid deposi七ed

was co11ected with suction and recrystallized twise from 

33も EtOHto give (2R)ー{ー)-23: OCA (124.5 g， 51宅) as co1or-

1ess crysta1s of mp 1780C， [α6 -12.60 (c=l， MeOH). Conden-

sation of the mother 1iguor to a garter vo1ume afforded 

solid， which was recrysta11ized three times from 2 vo1umes 1ibera七edwas extracted with Et20 (2x20 m1). 

The combined extract was washed， dried and evaporated of MeOH-MeCN (1:4) to result (2S) ・(+)-~: OCA (98 g， 40も)

as co1or1ess crysta1s of mp 1520Iα]n +37.30 (c=l， MeOH). 
D 

Ana1. Ca1cd. for C16H28N205: C; 53.31， H; 7.83， N; 7.77. 

Found: (2R)ー{ー}ー23: OCA --C; 53.02， H; 8.06， N; 7.83. 

to dryness to afford (2R)ー(+ )ー主旦 ( 5. 8 g， 83も) as co10r-

1ess oil of [α] 0 +4.10 (c=l， CHC13). TLC and GC ana1yses 

showed that the materia1 is homogenous and identica1 

(2S)ー(+)ー23: DCA C; 52.90， H; 7.73， N; 7.83. with d1-1旦preparedabove on the f10w rates. 

(2S)ー(ー}ー2-Tetrahydrofuranemethanethio1 (19) 

(28) -~:HC1 ・ H 20 ( [αb +39.2
0 (c=l， MeOH))(12.8 g) was 

(2R)ー{ー)-Tetrahydrofurfury1thiuroniumch10ride (23:HC1) 

(2R)ー{ー)-~:OCA ([α]0 -12.60 (c=l， MeOH)) (114.4 g)， 
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treated as above to result (2S)ー(ー)ー主皇 (5.6 g， 79も) as 

colorless oil of [α] ー4.40 (c=l， CHCl~). TLC and GC D ' "-' -.... ， '-~~'-.... 3 

analyses of the oil assured the homogeneity of the 

compound and also identity with the racema七edl-19 

on the flow rates. 

(2R)ー(+)-Methyltetrahydrofurfuryl sulfide (20) 

To an ice-cooled and stirred solution of (2R)ー(+)-19

{ [α]D +4.10 (c=l， CHC13)) (5.8 g) and KOH (9.4 g) in 

H20 (20 ml)， Me2S04 (6.3 g) was added in one portion 

and the mixture caused the immediate formation of an 

oil. The oil was extracted with Et~O (2x20 ml) and the 
2 

extract was washed and dried. Removal of the solvent 

in vacuo afforded (2R)ー(+)-20 (6.0 g， 91も) as colorless 

oil of [α]D +5.10 (c=l， MeOH). The compound was identical 

with the racemate dl-20 in TLC and GC flowing rates. 

(2S)ー{ー)-Methyltetrahydrofurfuryl sulfide (20) 

(2S)ー{ー)-19 ([α]0 -4.40 (c=l， CHC13)) (5.6 g) was 

treated as above to result (2S) ー{ー)-~旦 (5.8 g， 91も)

as colorless oil of [α]~ -5.10 (c=l， MeOH)). The material D ¥ "'" --....， 

was identical with the racemate dl-20 on TLC and GC 

flowing rates. 

{2R) ー{ー )-Methyltet:.rahyd~ofurfuryl sulfone (15) 

(2R)ー(+)-~ ([α] D + 5.10 (c=l， MeOH)) ( 6. 0 g) was 

oxidized with 30も H202by the similar manner as was 

described for the preparation of dl-15 above to afford 

solid 6.9 g， which was recrystallized from CC14 twice 

to afford (2R)ー{ー)-15as colorless leaflets of mp 65-670C， 

[α] D 田 50.50 (c=l， MeOH). 
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Anal. Calcd. for C6H1203S: C; 43.88， Hi 7.38. Found: 

C; 44.00， Hi 7.38. 

(2S)四 (+)-Methyl tetrahydrofurfuryl sulfone (15) 

From (2S) ー(ー)-~旦 nα] D -5.10 (c=l， MeOH)) (5.1 g) 

by the same treatment as above， (2S)ー(+)ー15was obtained 

， 6.1 9 (80も)， as leafle七sof mp 65-670C，[α] D + 50.30 

(c=l， MeOH). Anal. Found: Ci 43.90， Hi 7.56. 

(2R)ー{ー}-Tetrahydrofurfurylthiothiuroniumchloride 

i乏生1 To a mixture of thiourea (4.8 g)， c-HCl (7.5 ml) 

and EtOH (100 ml) was added a solution of (2R)ー(+}-19

([a]D +4.10 (c=l， CHC13)) (5.9 g) in 50毛 EtOH (20 ml) 

and then 30も H202 (6.0 g) under cooling at 0-10
0C and 

vigorous stirring. The solid was removed and the mother 

liquor was concentra七edto dryness. The residue was 

treated with acetone (150 ml) under dry-ice-acetone 

cooling・Thecrystalline solid was collected with suction 

and recrystallized from EtOH由 Et20 to afford (2R) ー{ー)-~

as crystals of mp 117-1180C， α]D -38.40 (c=l， MeOH)， 

7.55g (67毛)・ Anal. Calcd. for C6H12N20S2:HCl Ci 31.50， 

H; 5.72， N; 12.24. Found: C; 31.40， H; 5.76， Ni 12.49. 

(2R， S-S)ー(+)-and (2R， S-R)-Methyl tetrahydrofurfuryl 

Sul foxides (14t (2R) ー(+)-~旦( [α]D + 5.1 0 (c=l， MeOH)) 

(7.92 g) was oxidized with 30 亀 H~O~ in the same mannp 2V2 ..L11 L.JlI::::! ::;dme manner 

adopted for the preparation of dl-14 to result an oil 

， 6. 8 g， of [α]D -53.20 (c=l， CHC1
3
). The oil was 

subjected to preparative gas chromatography seperation 

(column: 20も diethyleneglycol succinate on 60-80 mesh 

chromosorb Wi temperature 1730 ; carrier He) to give 
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(2R， S-S)ー{+)-14as a faster eluent of[αL... +11.40 (c=1， 
D 

CHC13)， +18.2
0 (c=1，問eOH) and (2R， S-R)ー(ー)-14as a 

s lower el uent of [α]D -120.20 (c=1， CHC13)， -155.6
0 (c=1， 

MeOH). The materials obtained here showed Optical Rotatory 

Dispersions as depicted in Fig・5.
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CHAPTER 4 

A NOVEL SYNTHESIS OF DESACETOXY-

CEPHALOSPOR工N FROM PEN工C工LL工N



工n 1955， a new antibiotic was isolated by Newton and 

Abraham1) from a mold "Cephalosporium acremonium"・This

antibiotic， Cephalosporin C， had a relatively weak anti-

microbial spectrum which， however， displayed remarkable 

effectiveness against penicillin resistent microorgan工sms.

Chemical modifications together with improvements of 

fermentation of cephalosporin C have led to the de-

velopment of many semi-synthetic cephalosporins which 

are clinically used in large amounts ・Amongthem， 

cephalexin (主主)， cephradine (主主) and cefadroxil (lc) 

with desacetoxycephalosporin nucleus are characterized 

for oral activity. 

lai R= D@-rー， cephalexin lb; R= DQ-iHー， cephradine 

lc; R= HOベQ)-ill- I cefadroxil 

Orally Ac七iveCephalosporins 

Compared to parenteral cephalosporins such as cephalo-

thin and cephaloridine which are required to be administered 

to patients by way of injection with the specific handlings， 

these are easily administered orally by patients themselves. 

Therefore， in spite of their relatively weaker antimicrobial 

spectra than those of parenteral cephalosporins，七hedes-

acetoxycephalosporins (主) are conveniently used for the 

treatment of various infections. 

The desacetoxy-cephalosporin nucleus has been 

synthesized through two paths， the one by catatlytic 

reduction2) of 7-aminocephalosporanic acid (三 7-ACA)

which is derived3) from cephalosporin C (path A)， the 
4) _~ 

other by acid catalyzed thermal ring expan ・ f

penicillin sulfoxide (生) (path B). 

path A 

Cephalosporin C -炉 N171;;入CI NH戸与CH
7-ACA 

7・ADCA(and esters) 

path B 

Penicillin G or V ー+ CJl…  

The use of a large amount of noble metal catalyst， 

however， makes the path A to the antibiotic economically 

unrealistic. Whereas， the abundant availability of 

penicillin and the efficient overall transformation 

yield make the path B industrially feasible. 

The author was motivated in this study to find 

another path from penicil1in to desacetoxycephalosporin 

which could compete path B from the viewpoint of patent-

ability and productivity. 

Eq. 4-1 Rearrangement Mechanism of Penicillin Sulfoxide 

into Desacetoxycephalosporin 

ーーーー~ R
1
CON戸;L33



The thermal and acid catalyzed ring expansion of With these expectations in mind， we carried out 

penicillin sulfoxides (i) 七odesacetoxycephalosporins (5) 

， initially discovered by Morin et al.4)， has been ex-

following reactions. 

tensively investigated and the intermediacy of a sulfenic 

Reaction of penicillin V methyl ester (10a) with 

6 eq. of dimethyl diazomalonate in the presence of 2 eq. 

of dimethyl diazomalonate in the presence of 2 eq. CUS0
4
・H
2
0

in diethyl carbonate at 1100C for 30 min followed by 

acid (2) by a six electron sigmatropic rearrangement as 

depicted in Eq. 4-1 has been confirmed by many methods.5) 

Since previous studies have shown that sulfonium ylides6) 

7 } 
and sulfilimines" bearing βーhydrogensundergo similar re-

chromatographic seperation of the reaction mixture on 

arrangements， the author considered that if a penicillin 
silica gel impregnated with 1も oxalicacid using n-hexane-

benzene as an eluent afforded 2-azetidinone (11a) as a 

sulfonium ylide (旦) and a sulfilimine (旦) as depicted in 

Fig. 1 are formed they should rearrange to afford 2-

homogeneous gum in 46も yield.

工n a similar manner penicillin V methyl ester (10a) 

azetidinones (主主)and (主主)， respectively， antd the latter 

Fig. 1 

内メポ 2
COOR 

-N-H 

RINH~じJ
or， ・・ ¥ 2 
cα)R 

and penicillin G methyl ester (王立主) were treated with 

8 ) 
methyl p-nitrophenyldiazoacetateV ' in the presence of 

CuSO ・ H~O to afford 2-azetidinones (11b) and (11c)， 
4 442 一一ー 一一一

respectively， as foams in 70も yields.

upon some proper treatments might ring close to a des-

acetoxycephalosporin (~). 

The results were in good accordance with the ex-

Eq. 4-2 
8 

，R
3 

1.... .<;， -" N.，C._4 RNH，-(....Y. "l 、R司ー
A-N~ • ~ 
0' 

COOR 

9 

pectation and explicable in terms of an initial attack 

of the carbenes generated from diazo-compounds onto the 

10a，c 

。バゾ;7〈
H C∞R‘ 
1la，b，c 

sulfur atom of the penicillins (!Q) to afford the 

sulfonium ylides (芝) and subsequent spontaneous ring 

opening of 豆into 2-azetidinones (主主)through a six 

E
2
 
白
円'
J
 

N
 

1
1
1
1
1
1
1
1
l
'
 

electron sigmatropic rearrangement. 

ーー-.，.-
1 
R 2 

R 3 R も
R 5 R 

工n another run， penicillin V methyl ester (主旦旦)was 
9) 

heated with 6 eq. ethyl azidoformateJ1 in diethyl carbonate 

at 90-10QoC until 2 eq. nitrogen had been evolved to result 

in 2-azetidinone bearing a sulfenamido group (12豆)as 

ヰ…
ω

• H 
-h v 

qpω エ
12d Sd 

a PhOCH
2
CO- CH

J -COOCHJ ーCOOCHJ
b PhOCH

2
CO- CH

J ーCOOCHJ p-N02-Ph-

c PhCH
2
CO- CH

J ーCOOCHJ p-N02-Ph-

d PhOCH
2
CO- CH

J -COOC
2
H
5 
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a homogeneous 9山nin 12も yield.

It is apparent by analogy with the aforegoing results 
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七hata nitrene9) was initially formed from ethyl azidoformate 

which attacked the sulfur atom of the penicillin (主旦豆)

七o form the sulfilimine (2竺)and 2竺wasspontaneously 

transformed into 2-azetidinone (12d). 

All of the 2-azetidinones thus prepared were new 

compounds and their structures were supported by their 

NMR， IR and問assspectral data and elemental analyses. 

The cyclization of旦竺 todesacetoxycephalosporin 

(5d) was attained when 12d was heated with diethylamine 

hydrochloride in dimethylacetamide at 1300C for 2 hr. 

Desacetoxycephalosporin (三笠)was isolated by preparative 

TLC in 4も yieldand identified by comparison with an 

4b) 
authentic specimen 

Thus a novel path from penicillin (主旦)to desacetoxy-

cephalosporin (互 via2-azetidinone-3-sulfenamide (~) was 

realized， although the over al1 yield was rather poor as 

compared to a nearly quatitative yield of path B. 

Comparison wi th othe!" ßiIß ilar__I'!~thods 

After completion of this study， the conversion of 

penicil1in to desacetoxycephalosporin via 2-azetidinone-

3-sulfenamide， on the same basic idea as ours， was tried 

by at least two other groups. The intermediates isolated 

10) __..:1 ___，.r.:，':_':__ 11A¥  11) by them were sulfenamide (主主 )~Vl and sulfilimine (!!). 

。叩OKJicOz:2:: ; 
Jぷぶ〆仏ハTJλ人!件人J人へ人、CH町3 
13 

。。…ズズ
1 4 PNB= p-nitrobenzyl 
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On treatment with 30も KOHor aluminum oxide，主3was 

converted into corresponding desacetoxycephalosporin 

in good yields (80-85も). Whereas， attempted conversion 

of 14 七odesacetoxycephalosporin under acidic or basic 

conditions was unsuccessful. 

Since 13 was made from penicillin sulfoxide by 

two steps， our path is still a sole example which does 

not deal with penicillin sulfoxide. 

Experimenta]. 

(3R， 4R)ー4-Bism(methoxycarbonyl)methylthio-1-(1-methoxy-

carbonyl-2-methyl-2-propenyl)ー3-phenoxyacetamido-2-azetidin-

one (11a) A mixture of penicillin V methylate (!Q豆;

2.4 g)， methyl diazomalonate (6.8 ml) and CuS04・H20 (2.0 g) 

was gradually heated to 900C and kept a七七hetemperature 

for 1 hr under stirring・230ml in total of nitrogen was 

evolved during the reaction. The temperature was rised to 

1040C and kept for 30 min. After cooling， the mixture was 

dissolved in AcOEt and the insoluble solid was removed 

with suction. The filtrate was concentrated and the residue 

was subjected to silica gel (impregnated with 1も oxalicacid; 

200 g) column chromatography and developed with n-hexane-

AcOEt (1:1) to afford the titled compound， 1.46 9 (46も). 

工R{CHC13)21786{B-1actarnC =0}，1748(ester}cm 1. 

NMR (CDC1
3
; ppm): 1.89 (s， 3H， =C-CH3)， 3.67 (s， 6H， 2xα~H3 ) 

3.72 (s， 3H， OCH
3
)， 4.14 (s， 1H， SCH)， 4.49 (s， 2H， PhO-CH2) 

4.82 (s， 1H， N-CH-C=C)， 4.96 and 5.06 (each s， each 1H， 
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=CH"l)' 5.38 (dd， 1H， J=5 and 8 Hz， C，:>-H)， 5.56 (d， 1H， J= 
3 

5 Hz， C
4
-H)， 6.8-7.4 (m， 6H， amide and aromatic protons). 

Ana1. Ca1cd. for C22H24N209S: C; 53.44， H; 5.30， N; 5.67. 

Found: Ci 53.32， H; 5.43， N; 5.35. 

o -77.90 (c=0.69， dioxane). 

(3R，4R)-1-(1-Methoxycarbonyl-1-methyl-2-propeny1)-4-

(methoxycarbony1-p-nitropheny1)methy1thio-3-ph~D:Q}C3acetamid0-

2-azetidinone (11b) A mixture of penエcil1inV methylate 

(10三; 0.364 g)， rnethy1 p-nitropheny1diazoacetate (1.3 g) 

CuS04
・H20 (0.3 g) and ethy1 carbonate (10 m1) was heated 

at 110-1130C for 15 rnin， during which 150 m1 of nitrogen 

was evo1ved. After fi1tration， the fi1trate was con-

centrated and the residue was subjected to si1ica ge1 

(irnpregnated with 1毛 oxa1icacid: 100 g) co1umn chromato-

graphy and deve10ped with n-hexane-AcOEt (1:1) 

to afford the titled compound as ye110w cry5ta1s of 

rnp ca. 500C， 0.393 9 (70も). 

工R (dioxane): 1786 (s-1actam C=O)， 1748 (ester). 

NMR (CDC13; ppm): 1.93 (s， 3H， =C-CH3)， 3.69 (s， 3H， OCH3)， 

3. 76 (s， 3H，α:::H3) ， 4.34 and 4.54 (ABq， 2H， J=16 Hz，αごH2CO)， 

4.73 (s， 1H， SCH)， 4.87 (s， 1H， N-CH-C=C)， 4.99 and 5.15 

(each s， each 1H， =CH2)， near 5.3 (m， 1H， C3-H)， 5.40 

unreso1ved d， 1H， CA-H}， 6.8-7.4 (rn， 5H， aromatic)， ， .，I.~， """ 4 .L.... I ， 

7.52 and 8.09 (ABq， 4H， J=8 Hz， aromatic). 

D -62.90 (c=1， dioxane). 

(3R，4R)ー1-(1-Methoxycarbonyl-2-methyl-2...p}:'op~nyl) ー

4-(1-methoxycarbonyl-1-p-nitrophenyl)methy1thio-3-pheny1-

acetamido-2-azetidinone (11c) A mixture of penici11in 
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G methy1ate (主旦豆 0.348g)， methy1 p-nitropheny1diazoacetate 

(1.3 g)， CuS04
・H20 (0.03 g) and ethy1 carbonate (10 m1) was 

heated at 1130C for 20 min， during which 150 m1 of nitrogen 

was evo1ved. After fi1tration， the fi1trate was concentrated 

and the residue was subjected to si1ica ge1 (impregnated with 

1毛 oxalicacid; 150 g) column chromatography and developed 

with n-hexane-AcOEt (1:1) to afford the titled compound 

as ye110w solid of mp near 470C， 0.371 9 (70も). 

工R (dioxane): 1786 (β-lactam C=O)， 1754 (ester). 

NMR (CDC13): 1.89 (s， 3H， =C-CH3)， 3.54 (s， 2H， Ph-CH2)， 

3.70 (s， 3H，α:::H3)， 3.75 (s， 3H，αごH3)，4.74 (5， 1H， 

SCH)， 4.81 (s， 1H， N-CH-C=C)， 4.99 and 5.13 (each s， 

each 1H， =CH2}， 5.0-5.3 (rn， 2H， C3-H and C4-H)， 

6.45 (unreso1ved d， 1H， CONH)， 7.1-7.4 (m， aromatic)， 

7.47 and 8.13 (ABq， J=8.5 Hz， arornatic). 

D -37.20 (c=1， dioxane). 

(3RJ~B)-4-Ethoxycarbamoy1thio-1-(1-methoxycarbonγ1-2-

methyl-2-propeny1)ー3-phenoxyacetamido-2唱 azetidinone (12d) 

A mixture of penici11in V methylate (主立豆 3.6g)，

ethy1 azidoformate (5.0 m1) and ehy1 carbonate (25 m1) 

was heated at 1300c for 30 min， during which ca. 500 m1 

of nitrogen was evolved. Solvent was evaporated in vacuo， 

and the residue was subjected to si1ica ge1 (1 Kg) co1umn 

chromatography and deve10ped with benzene-AcOEt (1:1) 

to afford the tit1ed compound， 1.107 9 (12も) as a slight1y 

ye110wish oi1. 

工R (CHC13): 3390 (NH)， 1770 (s-1actam C=O)， 1733 (ester) 

， 1686 (amide 工)， 1 538 (am id e 工工) cm 1. 

NMR (CDC13， ppm): 1.22 (t， 3H， J=8 Hz， CH2-CH3)， 1.94 
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(s， 3H， =C-CH3)， 3.76 (s， 3H， COOCH3)， 4.10 (q， 2H， J=8 Hz， 

豆E吾-Me)，4.56 (s， 2H， OCH..，)， 4.83 (s， 1H， N-CH-C=C)， 5.01 
2 

(d， 1H， J=5 Hz， C4-H)， 5.06 and 5.14 (each s， each 1H， 

=CH2)， 5.49 (q， 1H， J=5 and 8 Hz， C3-H)， 5.52 (s， 1H， SNH)， 

6.8-7.4 (m， 5H， aromatic)， 7.84 (d， J=8 Hz， CONH). 
+ 

Mass spectrum m/e 451 (M'=C20H25N307S)， 392 (M'-COOCH3)， 

363 (M+-NHCOOC ..，H~) ， 331 (M+-SNHCOOC~H~) + 
2...... 5 I ， ¥ L..l .....，.L...L.l.vV"-'''''''' 2.1.... 5 

D -38.80 (c=1， dioxane). 

M~thyl 7s-phenoxyacetamido-desacetoxycephalosporanate 

( 5d) A mixture of 12豆 (1.107g)， NH(C2H5)2:HCl (0.160 g) 

and dimethylacetamide (100 ml) was heated at 120-1300c for 

2.5 hr. The solvent was evaporated in vacuo， and the 

residue was taken into water and extracted with Et
2
0. 

The extract was washed witb 5 も NaHCO~ and water and dried. 
3 

The extract was concentrated and the residue was 

subjected to silica gel column chromatography and 

developed with benzene-AcOEt (1:1) 七o afford the 

七itledcompound as solid of mp 129-1360C， 0.852 g. 

The material was identical with the authentic 

4b) 
compound~~1 in comparison with工R and NMR spectra. 
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