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Genera1 工n七roduction

Benzisoxazo1e has a c10se s七ruc七ura1resemb1ance七o

indo1e. A number of natura11y occurring and syn七he七icindo1e 

derivatives are we11 known七o be bio1ogica11y ac七iveand 

1) 
medicina11y usefu1:~1 e.g.， a Rauwolfia a1ka1oid reserpine 

and its certain deriva七ivesare importan七七ranqui1izersand 

an七ihyper七ensives，sero七oninis a vasoconstric七orand a chemica1 

transmitter in the centra1 nervous system (CNS) ， whi1e 

indome七hacineand pindo101 are c1エnicallyused as a non-

S七eroida1an七iinf1amma七oryagen七 anda ~ -adrenergic recep七or

b10cking agen七(~ -b1ocker)， respec七ive1y.

2) 
Gianne11a et a1.-' repor七ed七ha七 1，2-benzisoxazo1e

nuc1eus (1) cou1d subs七itu七e 七heindo1e ring of indo1e-3-

ace七icacid (2)， which is an impor七an七 p1an七 grow七h regu1a七or

hormone known as "he七eroauxin"， re七a.ining七heauxin-1ike 

activi七y for 1，2-benzisoxazo1e-3-ace七icacid (3). 

〆k

、
( 2 ) 

Fig. 1. The s七ruc七ure

rk
、

( 3 ) 
of 1，2-benzisoxazo1e 1 
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A1七hougha number of 1，2-benzエsoxazo1ederiva七iveshave 

3) 
already been found七o show some biologica1 ac七ivities，-" their 

chemical and bio1ogical proper七ieshave no七 ye七 beens七udied

extensive1y in contras七七o the indo1e derivatives. Therefore， 

in connec七ionwi七h 七heinteresting chemical and po七en七ia1

bio1ogical ac七ivi七iesof many indole deriva七ives， i七 appears

七obe of in七eres七七o s七udy七heproper七iesof 1，2-benzisoxazole 

deriva七ives.

One of app1icab1e me七hods for 七hesynthesis of 1，2-benz-

3) 
isoxazo1e nuc1eus as shown in Eqs. 1-4-" is 七hePosner 

4) 
reac七ion (Eq. 4) ，.' be七ween4-hydroxycoumarine and hydroxy1-

arnine， which provides an excel1en七 rou七e 七o 1，2-benzisoxazo1e-

2，5) 
3-ace七icacids (3)，七ha七 cansupp1y various 3-subs七i七U七ed

1，2-benzisoxazo1e deriva七ives.

X: ha1ogen， N0
2
， OH 

R2:alkyl ，Ar ， COOR3 

2 
R 

_1 (ラ/干γf¥NOAc Rlr A、 ー・ーー，咽・ II 

、ゾ、OH
、、ー-， 

R2:H，alkylF Ar 
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(Eq. 1) 

(Eq. 2) 



O 

Rレ"IT NHOH 

sOC1
2 

R{):，J (Eq. 3) 

一 OH

OH 

ノスム NH20H 

Rーピ 11 "i 、
11'  

¥...;::y' 、0....¥ーO

ごfCOOH 
(Eq. 4) 

( 3) 

6 ) 
Uno e七 a1.V' have prepared various 3-subs七i七U七ed1，2-

benzisoxazo1e deどiva七ivesusing 3 as the s七ar七ingrna七eria1

and found七ha七 rnanyof these deriva七ivespossess in七eresting

bio1ogica1 ac七ivi七ies: arnide oxirne deriva七ives (4) and 

irnidazo1ines (5) show an七ihyper七ensiveand an七idepressan七

ac七ivi七iesi arnidines (6) show an七idepressan七 ac七ivi七yi

su1fonarnide deriva七ives (7) are prornising an七iconvu1san七Si

。-arninoe七hy1deriva七ives 旦)， ana10gues of七ryp七arnineand 
serotonin， show antihyper七ensiveactivi七y; and acry10nitri1es 

(9) show antispasrnodic ac七ivi七y，and so on. 

R-(工;:fCH2X う，/NOH 
( 4) ， 
一<:J ( 5) ， X: ーC

¥NH 一N 
2 

H 

う，/NEf 
( 6) ， -S02NH2 ( 7) ， -C 

¥NR1R2 

-CH....NR
1
R
2 

2 
( 8 ) 
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2_3 
O (CH2)nNR R 

( 9 ) 

6a，c，e) 
They have a1so found 七ha七七he 以-rne七hy1enegroup 

of 1，2-benzisoxazo1e-3-ace七icacid (3) is unusua11y reac七ive

七oe1ec七rophi1es， especia11y七o halogena七ingand a1ky1a七ing

agents. Thus，七heace七icacid 3 underwen七七heHannich 

reac七ionon七rea七rnen七 withprirnary or secondary arnines and 

forrna1dehyde七o afford 3~(1-arn工norne七hy1)viny1-l ， 2-benz-

6c) 
isoxazo1es in 20-74宅 yields (Eq. 5). 

2_3 
HNR-R 

2
m
o
'
へ0
2
m

/

-

U

¥

一

円
|
立

l
α
2

R
 

Rl;f C O O H 2ぅ

HCHO 

(Eq. 5) 

A sirnilar result was reported in七heMannich reac七ionof 

rnalonic acid with piperazine and forrnaline， yie1ding 1，4-

7) 
bis(2-carboxy-2-propen-1-yl)piperazine in 85毛 yie1d (Eq. 6). 

f一一¥
HN NH 
にーノ

CH~ CH~ 

11'" rー¥11... 
HOOC-C-CH~N NCH~-C-COOH 

L、-ノ ι

(Eq. 6) CH2(COOH)2 
ξ~ 

HCHO 
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Al七houghfree carboxy1ic acids are genera11y inac七ivein 

CJ.. -ha1ogena七工onwi七hou七 any ca七a1ys七 such as PBr
3
， excep七 for 

8) 
七hosewi七h re1a七ive1yhigh eno1 con七en七， such as ma10 

七hefree acid 3 readi1y underwen七び -ha1ogena七ionwithou七 any

6a，e，9) 
ca七a1ys七 (Eq. 7). 

Br 

内

4r
 
B
 

(Eq. 7) 

R 、 H4RCLJ〈 Br
(工 equiv. ) 

(10) (11) 

C1 

NCS or C1
2 

R-ocr-(3 ) COOH 
R
 

、、ァ
V
 

-
l
 u
 
qA 
e
 

1
ム

+ 

工Cl

R 
COOH 

(1 equi v. ) 

α-Bromo-1，2-benzisoxazo1e-3-ace七icacids (10) are very reac七ive

and七heirbromines are readi1y subs.ヒitu七edby nuc1eophi1es 

6a，9) .L..l....:~，_.L..~~ 10) ，__...:1 _l...'~~':...:1~ 11) such as amines，七h工ola七es ， ~VI and ch10ride 

七hebromoacetic acids 10 undergo decarboxy1a七ioneasi1y on 

6a，9) 
pyro1ysis 七o give 3-bromomethy1-1，2-benzisoxazo1es (11). 

These resu1七sdescribed above sugges七七hatthe α-me七hy1ene

group of 3 has a simi1ar s七ructura1 feature 七0 七heme七hy1ene

group of ma10nic acid; name1y，七heC=N bond of 1，2-benzisoxazo1e 

r工nghas 七henature of a "masked" carbony1 group. 

cJ 



工2)
Meanwhi1e， since Ben七1ey e七 al.~-' discovered in 1950 

七hefirs七 su1foximide (su1foximine)， me七hioninesu1foximide 

(12)， as 七hecompound responsib1e for七he七oxicityof whea七

o NH~ 
↑J:.  

CH" -S-CH"CH"CHCOOH (12) 3 ;-; ~..2~..2 

11 
NH 

f10ur trea七edwi七hnitrogen 七rich1oride，much a七七en七ionhas 

been focused on七h工snew fam工1yof su1fur compounds because 

of i七sversa七i1efunctiona1i七ies，i.e.， acidic hydrogens on 

~-carbon and nitrogen， basic and nuc1eophi1ic ni七rogen，and 

13) 
chira1i七y a七 su1fur (Fig. 2). 

工?/:h3工 center 

hydrogens 

Fig. 2. The su1foximide functiona1 group 

Su1foximide deriva七iveshave been prepared main1y by七he

fo11owing methods， bu七七hereis no genera11y applicab1e 

procedure 七oprepare a11 possib1e kinds of su1foximides. 

A) The reaction of su1foxides with hydrazoic acid in the 

14) 
presence of concentra七edsu1furic acid 

勺
4

R
 

O
小
I
S--R
 

H~SO 
2~~4 

勺
ノ
』

R
 

O

↑
S
H
H
m
 

ーム

R
 

ゐ
/ (Eq. 8 ) NaN

3 + 
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This me七hodis qui七e useful in七heprepara七ionof dialkyl 

and alkyl aryl N-unsubs七i七U七ed (free) sulfoximides， bu七 is

unsui七able for diaryl， benzyl， and 七er七一alkylderiva七ives，

since diaryl sulfoxides are reluc七an七七o reac七 wi七h hydrazoic 

acid and in the la七七er七wocases， i.e.， benzyl and 七er七一alkyl

sulfoxides，七hecleavage of the carbon-sulfur bond is of七en

工3c，15)
observed under the s七rongacidic conditions. 

14b，16) 
B) The reac七ionof sulfoxides with acyl azide~~~' 

「
ノ
-

R
 

O
↑

s
 

l
 R
 

O 

l↑ 2 
R--Z-N') > R--S-R 

J 11 勺

N-ZR-

(Eq. 9) + 

Z: S02' CO 

This me七hodseems 七o be七hemos七 generalprocedure for 

七heprepara七ionof N-substituted sulfoximides， bu七七heyield 

1 .， ~2 
is low when both R~ and R~ are aroma七ic，while七heprepara七ion

of acyl azide is somewhat limited. 

工2b，14b，17)
C) The oxida七ionof sulfimides (sulfilim 

[0 ] 

つム
R

3

 

-

R

 

O
A
l
S
H
H
N
 

ーム「吋、・ (Eq. 10) 
内

4
R
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一

R

S
1
ψ
N
 

1
ム
R
 

ミー-

R3:HFalkylF aryl F COR4F S02R5 

This method can be accomplished by a varie七Yof oxidan七s， 

such as po七assiumpermanganate， m-chloroperbenzoic acid， 

sodium periodate， lead七e七raace七a七e，sodium hypochlori七e，and 

super oxide. However， in the case of N-p一七oluenesulfonyl (七osyl)
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su1fimides，七ypica1oxidan七s such as po七assiumpermanganate 

and peroxy acids frequen七1ygive 七heproduc七sin 10w yie1ds 

工6b)
owing七0 七he 10w nuc1eophi1ici七Y of the su1fur a七om

\~i七h the nuc1eophi1ic oxidan七s such as hypoch1ori七e and super 

oxide， a11 kinds of N-七osy1su1fimidesare smoo七h1yconver七ed

工7c)
七othe corresponding su1foximides The oxida七ionof 

N-arenesu1fony1su1fimides proceeds wi七h re七en七ionof 

工8) 
configura七ion a七七he su1fur a七om.

D) The reac七ionof su1foxides with O-mesi七y1enesu1fony1-

19) 
hydroxy1amine (MSH) 

勺
ノ
-

R
 

O
A
l
S
 

ーム
R
 

勺'''臼

-

R
 
-

H

 

O
ホ

l
S
H
H
N

ーム
R
 

♂OS02-t--ぅ (Eq. 11) + 

This me七hodis one of 七hemost versati1e procedures for 

七hedirec七 prepara七工onof free su1fox工mides， a1七houghthe 

main res七ric七ionis 七he 1imi七eds七abi1i七Y of MSH. The me七hod

has been used七o prepare op七ica11yac七ive "free" su1foximides 

from op七ica11yac七ivesu1foxides with reten七ionof configura-

20) 
tion a七七he su1fur a七om.

21 ) 
E) The a1ka1ine hydro1ysis of N-halosu1fimides 

OH 
勺
ム

R
 一

H

O
↑
S

H

N

 

1-1て
J (Eq. 12) 

「ノ臼

R
 
一

X

S
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V
N

1
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一込

This me七hodis quite usefu1 for七hepreparation of diary1 

free su1foximides. The reaction proceeds with reten七ionof 

21b) 
configura七lona七七he su1fur a七om

no 



Free su1foximides have been converted七ovarious N-

subs七i七utedderiva七ivesby N-a1kyla七ion，
22) 
N-acy1a七ion，

23) 

and N-ha1ogena七ion
24) 
(Eq. 13) . 

O 
HCHO ↑ 

ぅ， R1_S_R2 

/ HCOOH 11 
NCH
3 

O 
R
3
C1 

O 
十 ↑ 
R1_S_R2 

ー

R1_S_R2 (Eq. 工3)
11 

3 ~~_3 
NH R-: Ts， RCO NR 

¥ O 
Ha10gena七ing 十

〉 R工-S-R
2

agents 11 
NX 

13b，c，22) Johnson et a1.~~~'~'--' have demons七ra七edthat the 

su1foximidoy1-s七abi1izedy1ides and carbanions ac七 aspowerfu1 

nuc1eophi1ic a1ky1idene 七ransferagen七supon reaction wi七h

compounds con七aininge1ectrophi1ic doub1e bonds such as 

ketones， imines， and ぴ， ~ -unsa七ura七edketones， affording 

oxiranes， aziridines， and cyc1opropanes， respective1y (Eq. 14). 

O 
↑ 
Ar-S-. CHR 工R2 ラ

NMe
2 
BF
4 

O 
↑ 1~2 
Ar-S一一CIUミR 〉

11 

NTs 

O 
十

Ar-S2:一一eR
1
R
2

NMe
2 

O 

Ar-↑S一一eR1R2

11 
NTs 

-9 -

3_4 _._5 
X: 0， CR-R.， NR 

(Eq. 14) 



Many of su1foxirnide deriva七iveshave been found七opossess 

a wide varエe七yof in七erestingbio1ogica1 ac七ivities such as 

herbicida1， an七ibac七eria1， pes七icida1， an七ispasrnodic，rnusc1e-' 

s七imu1an七 an七エhyper七ensive，CNS-depressan七 an七i一七umor，

anti-secre七ory， and b1ood-sugar 10wering ac七ivi七ies.

Therefore， i七 wasdeerned七obl3 of grea七 in七eres七七o

exarnine the chernica1 and bio1ogical proper七iesof cornpounds 

which have bo七h su1foxirnide rnoie七y and 1，2-benzisoxazo1e ring. 

Thus， this 七hesisdea1s wi七h sorne of 七hein七eres七ingchernica1 

and physio1ogica1 proper七iesof S-ary1-S-[(1，2-benzisoxazo1-

3-y1)rne七hy1]su1foxirnides， (13) and七here1a七edcornpounds. 

R'Cc:心〈NH
R: H， Br， HeO 

Ar: Ph， p-MePh， p-C1Ph 

(工3)

工nChap七er1，七hesyn七hesisand sorne chemica1 and pharrna-

co1ogica1 proper七iesof七hefree su1foxirnides 13 and七heir

N-acy1 derivatives are described. Severa1 of七heirN-amino-

acy1 deriva七iveshave been found七o show mi1d an七ihyper七ensive

and an七ispasrnodicac七ivi七ies.

工nChapters 2 and 3，七hein七eres七ingchemica1 behaviors 

of七hefree su1foximides 13 and七heirha10 deriva七ivesare 

described. 

Despite the fac七七ha七 free su1foxirnides are we11 known 

to undergo readi1y N 一ha10gena七ionw'i七h a number of ha10gena七ing

24) 
agents ，~.' the reactions of 七hefree su1foximides 13 with 

N-brornosuccinimide (NBS) and N-ch1orosuccinirnide (NCS) afford 

- 10 -



七hecorrespondingα-ha1ogenated "free" su1foximides 14 in 

good yie1ds. 

X 

R 

Rて文ゴフ〈
Ar 
/ 

〆、
o NH 

(工4: X=Br， C1) (工5: X=Br， C1) 

The CA -bromina七ionproceeded via a faci1e N-bromina七ion

fo11owed by bromine transfer reac七ionof七heresu1七ing

N-bromosu1foximide (工5:X=Br) ， bo七h in radica1 and ionic 

processes. The NCS ch1o~ina七ion ， in contrast， proceeded via 

direc七 α-ch1orina七ion，but no七 viaN-ch1orination. The 

rnechanisms of七hesereac七ionsare discussed in de七ai1in 

Chapter 2. 

Meanwhi1e，七he α-and N一ha1osu1foximides14 and 15 have 

been found七o undergo rearrangements on trea七mentwi七hbase 

to afford七he same N-su1finy1imines (16). 工n Chap七er3， the 

rnechanisms of these nove1 base-induced rearrangemen七sare 

discussed. 

RCL fN;Ar  

As the ex七ensionof these in七eres七ingchemica1 behaviors 

of七he1，2-benzisoxazo1y1methy1su1foximides described above， 

七hesereac七ionshave been app1ied on七heS-benzy1 sys七emin 

order七o examine七hegenera1i七Y of 七hesechemica1 behaviors， 

and indeed simi1ar chemica1 behaviors have been observed. 

可

l
占1-



Thus， Chap七er4 dea1s wi七h the ha1ogenations of S-benzy1-S-

pheny1su1foxirnides (17) and the rearrangernents of七heirha10 

deriva七ives (18) and (19) 七0 七hecorresponding N-su1finy1-

irnine s (20). 

h
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-

ロ

u

O
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H
H
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勺
ノ
』

H
 

F・』r
 

A
 

X 0 

|↑  
ArCH-S-Ph 

11 
NH 

h
 
p-一

X

O
A
l
S
け

H
N

「

4
H
 c
 
r
 

A
 

h
 
pム
円

D
l
ψ
v
ハ〉

N
 
一一H
 

〔」r
 

A
 

(17) (工8) (工9) (20) 

Ar: Ph， p-N0
2
Ph; X: Br， C1 

Chapter 5 dea1s with an in七erestingchernica1 behavior of 

1，2-benzisoxazo1e-3-ace七icacid (3). The acetic acid 3 under-

goes dirneriza七ionon七rea七rnen七 wi七h acy1 ch10rides in pyridine 

七ogive the nove1 ring sys七ernproducts， benzisoxazo1o[2，3-al一

pyridines (三よ)， indica七ing七ha七 3 acts as an arnbiden七

nucleophi1e a七七hernethy1ene carbon and七hering ni七rogen.

Furtherrnore，七hepyridines 2よundergophoto1y七icring 

七ransforrna七ionto give benzofuro[3，2-主]pyridines (22). The 

mechanisrns of these reac七ionsare discussed. 

H 

1占
R
 

(21 ) (22) 

Rl:H F MeO; R2:H F T S ，Ac F PhCO 
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Chap七er1 

Syn七hesisof S-Ary1-Sー[(工，2-benzisoxazol-3-y1)me七hy1]ー

sulfoximides and Their N-Acyl Derivatives 

Summary The synthes工sand some chemica1 and pharmaco-

logica1 properties of S-ary1-S-[(1，2-benzisoxazol-3-y1)me七hy1]一

sulfoximide derivatives are described. Severa1 of their 

N-aminoacy1 deriva七iveshave been found七opossess mi1d 

antihypertensive and an七ispasmodicactivi七ies.

工n七roduc七ion

Since the firs七 su1foximide，me七hioninesu1foximide， was 

工)
discovered by Bent1ey e七 a1.~' in 1950， much a七七en七ionhas 

been focused on the syn七hesisand proper七iesof su1foximides 

and many deriva七iveshave been found七opossess a wide 

2) 
var工etyof in七eres七ingchemica1 and bio1ogical proper七ies.

3) 
For examp1e， N-a1kylaminoalky1su1foximides 1~' have b 

4) 
claimed as an七ispasmodics，indo1e derivatives 2.' as musc1e-

s七imulan七s，pyridine deriva七ives 35) as an七i-tumoragen七s，

and so on. 

勺，ム

R
 

1
ム

R
 
N
 n
 

「
/
』
H
 
C
 
N
 
一一

O
A
l
s
 
司
ノ

ι

、np
 
てE;7213
。H 

l 2 3 

『
/
1
ム



Meanwhi1e， rnany of 1，2-benzisoxazo1e deriva七iveshave 

6 ) 
been found七o possess in七eres七ingbio1ogica1 activi七ies.

工tappeared，七herefore，七o be of grea七 in七eres七七o exarnine 

七hebio1ogica1 proper七iesof cornpounds con七ainingbo七h

su1foxirnide rnoiety and 1，2-benzisoxazo1e ring. 

This Chapter dea1s w工七h 七he syn七hesisand sorne chernica1 

and pharrnaco1ogica1 ac七ivi七iesof S-ary1-S-[(1，2-benzisoxazo1-

3-y1)rne七hy1]su1foxirnides 4 and七heirN-acy1 deriva七ives.

Syn七hesisof S-Ary1-S-[(1，2-benzisoxazol-3-y1)rne七hy1]ー

su1foxirnides 4 

N-Unsubstitu七ed (free) su1foxirn工deshave been prepared 

by severa1 rne七hods， inc1uding reac七ionof su1foxides wi七h

7) 
hydrazoic acid in the presence of concen七ra七edsu1furic acid， 

hydro1ysis of N一七osy1su1foxirnideswi七h concen七ra七edsu1furic 

1b， 8) 
ina七ionof su1foxides wi七h O-rnesity1ene-

9) 
su1fony1hydroxy1arnine (MSH). 
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However ，七h~ former two me七hodsare unsui七ab1efor七he

prepara七ionof deriva七ives1abi1e 七o acid， e.g.， S-benzy1， 

s-七er七-a1ky1， etc. su1foxim工des，because七hec1eavage of七he

carbon-su1fur bond is of七enobserved under七hestrong acidic 

2c，lO) 
condi七ions.--'

Since七hetarge七 "freesu1foximides 4" have an α-methy1ene 

group ac七iva七edby 1，2-benzisoxazole ring， the hydrazoic acid 

rnethod was unsuccessfu1 in七hepreparat工onof 4. Therefore， 

the free su1foximides 4 were prepared by using MSH under mi1d 

conditions， as shown in Char七 1.

(Char七 1)

1，2-Benzisoxazo1e-3-ace七icacids 5 were treated wi七h an 

equirno1ar amoun七 ofbromine in acetic acid七ogiveα-bromo一

6a，11) 
1，2-benzisoxazo1e-3-ace七icacids 6 in good yie1ds 

Treatrnen七 ofthe bromoacetic acids 6 with sodium ary1七hio1a七e

gave C人-ary1七hio-1，2-benzisoxazo1e-3-ace七icacids 7， which 

were readi1y decarboxy1a七edon pyro1ysis 七o give ary1 (1，2-

benzisoxazol-3-y1)me七hy1 su1fides 8. The su1fides 8 were 

oxidized to ary1 (1，2-benzisoxazol-3-y1)me七hy1su1foxides 9 

by using N-bromosuccinimide (NBS) in aqueous 七etrahydrofuran

12) 
(THF) .~~J Successive treatment of 七hesu1foxides 9 wi七hMSH 

and base afforded the targe七 "freesu1foximides 4". 
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Syn七hesisof七heN-Acy1 Deriva七ivesof生

The free su1foximides 4三，三 were七rea七edwith ch1oroacy1 

ch10rides in the presence of po七ass:iurncarbonate七o give 

N-c~loroacy1su1foximides 10 (Eq. 1). On trea七men七 withbromo-

ace七y1bromide 工n 七hepresence of triethy1amine (TEA) ， 4a 

gave N-bromoace七y1su1foximide11 七ogetherwi七h 七hecorresponding 

quaternary ammon工umsa1t 12， which gave 七hefree su1foximide 

4~ on a1ka1ine (NaOH) hydro1ysis (Eq. 2). 

A

N

 

/
〆
¥
へ
い

C

】、

Ar C1 (CH .. 、) COC1 / 

一歩~ ~~\ (Eq.1) 

、入J 〆、
2--3¥る/¥0.......“0' NCO(CH

2
)nC1 

4a，c 10a: n=l， Ar=Ph 

~: n=l， Ar=p-C1Ph 

c: n=2， Ar=Ph 

BrCH
2
COBr Ph 

/'¥/  
rう/、ャ一一-rl'" S 

テ~ 11 U 〆、
\。/、 O/J.~ 0 NCOCH

2
Br 

工工

+ 4a 

TEA 

。;fX
(Eq. 2) 

The reactions of the N-ha1oacylsu1foximides 10 and 11 

with severa1 secondary amines gave N-aminoacy1 deriva七ives

13 and 14 (Tab1e IV) . 
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10 and 11 

1_2 
HNR-R 

~ 

工3: n=工

工4: n=2 

Meanwhi1e，七heN-ha1oacety1sulfoximides 10a and 11 were 

七rea七edwi七h po七assiumcarbonate七o give the free su1foximide 

4a in a1mos七 quan七l七ativeyie1ds. On the 0七herhand， the 

N-ch1oropropiony1su1fox工mide10c underwen七 e1im工nat工on of HC1 on 

七reatmen七 ei七herwith potassium carbonate or with 1，5-diaza-

bicyc1o[5.4.0]ー5-undecene (DBU) to give an N-acry1oy1su1foximide 

主主 (Eq. 3). The structure of 15 was confirmed by e1emen七a1

and spectral ana1yses and a1so by the fo11owing chemica1 

七ransformation. Thus，七rea七men七 of15 wi七h piperidine gave 

1_2 r一¥
the N-piperidinopropiony1su1foximide 14b (Ar=Ph， NR~R~=N ) )， 

whose工R and NMR spec七rawere in agreemen七 with七hoseof七he

samp1e prepared from the N-ch1oropropiony1su1foxirnide 10c and 

piperidine as described above. 

Ph 
/"¥/  

~ 11 ~~〆、
¥ふ/¥0"""'"一 o NCOCH

2
CH
2
C1 

lOc 

Ph 
K2C03 ./'>.. /'¥/  

/夕、←一一一ー/ 司S

or DBU ~ ~ Jl_ぷ〆、
¥心/¥Of-O NCOCH=CH2 

工5 (Eq. 3) 
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Pharrnaco1ogica1 Activi七ies

These cornpounds described above were subjected七O 七he

rou七ine七es七ingfor pharrnaco1ogica1 ac七ivi七工es. Severa1 of 

the N-arninoacy1 deriva七ives13 and 1生showedrni1d an七ihyper-

七ensiveactivi七iesin spontaneous1y hypertensive ra七s (SHR) 

and an七ispasrnodエcac七工Vl七iesexarnined by the inhib工toryeffec七s

on the response of iso1a七edi1eurn frorn guinea pig to transrnura1 

electrical s七工rnu1ation (an七i-TMSac七工V工七y) and 七o ace七y1choline

(anti-ACh activi七y). 

However， their ac七工V工七工esare no七 so s七rongas expected 

and are also 1ess po七en七七han七hoseof七hedrugs used c1inica11y. 

Fur七herrnore，七hesecornpounds have no 0七herrnarked bio1ogical 

activities， e.g.， neurotropic， analgesic， an七iinf1arnma七ory，

antibac七eria1， and 0七herac七ivi七ies. Therefore， no fur七her

eva1uation of七hesederiva七iveshas been deve1oped. 
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Mass Spec七ra"of S-Aryl-S-[(1，2-benzisoxazol-3-yl)methylJー

sulfoximides 4a-e 

Fragmen七a七ionsof dibu七Y工， aryl e七hyl，aryl methyl， and 

diaryl "free" sulfoximides have been s七udiedand repor七ed七0

7b) 
be markedly differen七 fromone another.'~1 Excep七 for七he

dibu七ylderiva七工ve，however， 七he pE~aks consis七en七 with aryl-

imide ions are observed as 七hebase peaks or the markedly 

in七ensepeaks， sugges七ing七ha七七hemigration of an aryl group 

from七hesulfur a七om七0 七heni七rogenatom is 七heimpor七an七

key step (Eq. 4). 

「
1

4

H

t l+ 
(Eq. 4) 

The results of the fragmen七a七ionanalyses of 七hebenz-

工soxazolylmethylsulfoximides4a-e are summarized in Table 1. 

The molecular ion peaks are clearly observed but are 

usually weak. The charac七eris七icand intense peaks are observed 

at the mass uni七sconsis七en七 with [M-ArSON]+ ions which are 

considered七obe genera七edby the McLaffer七y rearrangement of 

the molecular ions (Eq. 5). 

R~ ~ /'.... /Ar 

?γ「内二O -ArSON 

ご』 (Eq. 5) 

[M-ArSON]+ 
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Table 1. Mass Spec七raof 4a-e at 70 eV 

Re1a七ive 工n七ens工七y

工on 4a 4b 4c 4d 4e 

[M]+ 0.04 (0.08)a) 0.04 0.02 0.15 0.03 

[M-ArSON] + 0.81 (1.00) 0.37 1.00 0.98 0.1工

[M-SONH]+ 0.08 (0.14) 0.18 0.07 0.03 0.03 

[ArSONH] + 0.43 (0.51) 0.97 0.25 0.22 0.75 

[ArNH] + 0.23 (0.12) 0.48 0.23 0.27 0.25 

[Ar] + 1.00 (0.20) 1.00 0.36 1.00 1.00 

[SONH]+ 0.13 (0.03) 0.25 0.20 0.31 0.35 

a) a七 20eV. 

The 0七hercharac七eris七ic，but no七 soin七ense，peaks are 

observed a七七hernass units consis七en七 wi七h [M-63]+ ions which 

are considered七o be forrned by rnigra七ionof an ary1 group to 

七hering ni七rogen七oge七herwi七h e1irnination of the SONH group 

工nthe rno1ecu1ar ions (Eq. 6): in the spec七rurnof 4a the 

metastab1e peak in七hisprocess is observed. 

-SONH 可
テ ;:f
[M-SONH]+ 
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The aryl ions observed as 七hebase peaks are considered 

七obe genera七edfrom七hemolecular and [ArSONH]+ ions. 

Relatively in七ensepeaks due to arylimide ions prove七he

migra七ionof an aryl group七o 七heimide nitrogen， which七akes

+ place in七hemolecular and/or [ArSONH]' ions， bu七七hese

rearrangemen七 pa七hsno longer predomina七e. Thus， a possible 

fragmen七ationscheme for七hebenzisoxazolylme七hylsulfoximides

4a-e is illus七ratedin Char七 2.
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Experirnen七a1

The ins七rumentsand conditions used in七his 七hesisare 

as fo11ows. Me1七ingpoin七swere rneasured on an工shiirnicro 

me1七ingpoin七 appara七usand are uncorrected. lH-Nuclear 

magnetic resonance (NMR) spec七rawere recorded on a Varian 

EM-360 (60 MHz) spectrorne七erun1ess: 0七herwisenoted or a 

Varian HA 100D (100 MHz) spectrorneter wi七h te七rarnethy1si1ane

as an in七erna1standard in CDC1
3・
Thefo11owing abbreviations 

are used: s， sing1eti d， doub1eti 七， trip1eti q， quarte七 rn，

mu1tip1e七 dd， doub1e doub1e七 d七， doub1e trip1e七 br， broad. 

Infrared (工R) spec七rawere taken in KBr disks wi七h a Hitachi 

EP工-G3or a Jasco A-102 spec七ropho七orne七er. Mass spec七rawere 

recorded on a Hitachi RMU-6L spec七rorne七er. High perforrnance 

1iquid chromatography (HPLC) was carried out on a Waters 204 

machine using a nuc1eosi1 10C18 co1urnn and 2宅 aq. AcOH-EtOH 

(55:45) as an e1uen七 Gas-1iquidchrorna七ography (GLC) was 

carried out on a Yanaco G-180 rnachine using a co1umn packed 

wi七h10毛 SP-1000on Chrornosorb WAW. 

Ary1 (1，2-Benzisoxazo1-3-y1)rnethy1 Su1foxides 9 

To a so1ution of 以-brorno-1，2-benzisoxazo1e-3-ace七ic

acid (0.1 rno1) and NaOH (0.1 rnol) in E七OH (100 rn1)-wa七er

(40 m1) was added all a七 oncea solu七ionof ary1 hydrosulfide 

(0.1 mol) and NaOH (0.1 rnol) in E七OH (30 rn1)-water (30 rn1). 

After the rnix七urehad been stirred for 1 hr a七 roorn七ernpera七ure，

the E七OHwas evapora七edoff in vacuo. The residual aq. 

so1ution was washed with CHC1
3
， acidified (pH ca. 2) wi七h

『
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conc. HC1， and 七henextrac七edw工七h CHC1
3・
The ex七ractwas 

dried and concen七ra七edin vacuo. The residua1 crude 7 was 

hea七eda七 120-1300C un七i1 七heevo1ution of CO~ ceased (abou七
2 

20 rnin). Af七ercoo1ing， the resu1ting oi1 was disso1ved in 

CHC1
3 
and washed wi七h aq. NaOH. The organic 1ayer was dried 

and concen七ratedin vacuo. The resu1七ingcrude 8 was disso1ved 

in THF (工50rn1)-wa七er (20 rn1) and an excess of NBS was added. 

After the rnixture had been stirred for 30 rnin a七 roorn七ernpera-

七ure 七heTHF was evapora七edoff in vacuo and七heresu1七ing

prec工pl七ateswere ex七rac七edwi七h CHC1_. The ex七rac七 waswashed 3 . 

with aq. NaOH， dried， and concen七ra七edin vacuo. The residua1 

crys七a1swere recrysta11ized frorn CH
2
C1
2
-isopropy1 ether 七O

give pure su1foxides 9a-e in to七a1yie1ds of 60-70%. 

Cornpounds 7 and ~， excep七 for7a and 8a，b， were no七 iso1ated

as pure produc七s. 7三 rnp85-860C (ether-pe七. e七her). NMR: S 

5 . 43 s ( 1H， CH)， 7.工ー8.1rn(9H，arorn) ， 9.7-10.5br(lH， COOH). 

Ana1. Ca1cd for C15H11N03S: C， 63.14; H， 3.89; N， 4.91; S， 11.24. 

Found: C， 62.93; H， 3.99; N， 4.83; S， 11.34. 8a: rnp 71-720C 

(hexane)・ NMR:O 4.4工s(2H，CH
2
)， 7.1-7・9rn(9H，arorn)・ Ana1.

Ca1cd for C14H11NOS: C， 69.68; H， 4.60; N， 5.81; S， 13.29. 

Found: C， 69.69; H， 4.55; N， 5.79; S， 13.22. 8b: rnp 59-60oC 

(hexane)・ NMR:O 2・30s ( 3 H， CH 3)' 4. 38 s ( 2 H ， CH 2)' 6・9-8・Orn(8H，

arorn). Ana1. Ca1cd for C
15
H
13
NOS: C， 70.56; H， 5.13; N， 5.49; 

S， 12. 55. Found: C， 70. 43; H， 5. 22; N， 5. 56; S， 12. 36 . 

2三 rnp109-110oC. NMR: d4・45s(2H，CH
2
)， 7，0-7・9rn(9 H， arorn)・

Ana1. Ca1cd for C工4H11N02S:C， 65.35; H， 4.31; N， 5.44; S， 12.46. 

Found: C， 65.33; H， 4.17; N， 5.57; S， 12.61. 9b: rnp 117-1190C. 
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NHR: ~2. 38s (JH， CH
3
)， 4 .45s (2H， CH2)， 7.工5-7.9m(8H，arom)・

Ana1. Ca1cd for C ， cH ， ~NO~S ・ C，66.40; H， 4.83; N， 5.16; S， 11.82. 工5....13..."....2...... '-， 

Found: C， 66.56; H， 4.62; N， 5.09; S， 11.62. 9c: mp 134-1360C. 

NMR: O 4.88s(2H， CH~) ， 7.2-7.9m(8H， arom). Ana1. Ca1cd for υ '-.....2 I ， 

C14H10N02SC1: C， 57.64; H， 3.45; N， 4.80; S， 10.99; C1， 12.15. 

Found: C， 57. 74; H， 3. 23; N， 5.11; S，工0.69; C1， 12.37. 

竺 mp166-1690C. NMR: [4.42s(2H， CH
2
)， 7.3-8.1m(8H， arom)・

Ana1. Ca1cd for C14H10N02SBr: C， 50.01; H， 3.00; N， 4.17; S， 

9.54; Br， 23.77. Found: C， 50.18; H， 3.00; N， 4.35; S， 9.26; 

Br， 23・99・ 1三 mp143ー工460C . NMR:: O 3 . 84 s ( 3 H， CH 3 0)， 4. 45 s 

(2H， CH2)， 6.9-7.9m(8H， arom). Ana1. Ca1cd for Cl~H11N01S: 15....13....'"'3 

C， 62. 70; H， 4.56; N， 4. 88; S， 11. 16 . Found: C， 62. 57; H， 

4.45; N， 4.69; S， 11.01. 

The Free Su1foximides 4 

To a coo1ed so1u七ionof 七hesu1foxide 9 (0.05 mo工 in

100 rn1 of CH2C12 was added 2-3 mo1ar equiv. of MSH. The 

m工X七urewas stirred for 10 hr at room tempera七ure. E七her

(50 rn1) was added七0 七hereac七ionrnix七ureand the resu1ting 

white precipi七ateswere co11ec七edby fi1七ra七ion. The dried 

preclpita七eswere suspended in CHC1
3 
and shaken with aq. NaOH. 

The organic 1ayer was separated， dried， and concen七ratedin 

vacuo. The residua1 crysta1s were recrys七a11izedfrom E七OH

or CH2C12-isopropy1 ether七o give pure su1foximides 4a-e 

(Tab1e 工工). 

- 29 -



Table I1. S-Aryl-S-[(l ，2-benzisoxazol-3-yl)methyl]sulfoximides 4 

Yield Analysis(%)， Calcd/(Found) 
NMR， b Compd Mp (OC) 

(お)a)
Formu 1 a 

C H N S Ha1 

4a 133-135 86 C14H12N202S 61 .75 4.44 10.27 11 .77 3.17s(lH， NH)， 4.84s(2H， CH
2
)， 

4.46 10. 15 11 .64 ー 7.2-8.2m(9H， arom) 

4b 139-142 84 C15H14N202S 62.92 4.93 9.78 11 .20 2.40s(3H， CH
3
)， 3.08s(lH， NH)， 

5.14 9.47 11 .03 ー 4.79s(2H， CH
2
)， 7.1-8.0m(8H， arom) 

4c 136-139 78 C14H11N202SC1 54.82 3.62 9.13 10.45 11 .56 3.17s(lH， NH)， 4.80s(2H， CH
2
)， 

いJ
(54.88 3.27 8.78 10.43 7.2-8.1m(8H， arom) Cコ

4d 165-168 77 C14H11N202SBr 47.88 3.16 7.97 9. 13 22.75 3.18s(lH， NH)， 4.83s(2H， CH
2
)， 

3.00 7.70 9.21 22.95) 7.3-8.2m(8H， arom) 

4e 154-156 58 C15H14N203S 59.59 4.67 9.26 10.60 3.18s(lH， NH)， 3.86s(3H， CH
3
0)， 

(59.88 4.54 9.24 10.47 ー 4.84s(2H， CH
2
)， 7.1-8.1m(8H， arom) 

a) Based on the consumed sulfoxide. 



The N-Ha1oacy1su1foxirnides 1旦and主主

10a-c: To a solu七ionof 七hefree su1foxirnide 4 工og) 

and K~CO~ (0.7 equiv.) in CHC1~ (工00rn1)， a solution of ch1oro-2'-"''-''3 ¥'V.#  '"-"":1'--.....v.， '-'44"""'....3 ¥-'-....，....， .....，.-1...11  

acyl ch10ride (工.2 equiv.) in CHC1
3 
(20 rn1) was added dropwise 

a七 roorn七ernperature. After the rnix七urehad been s七irredfor 

30 rnin， an addi七iona1acy1 ch10ride (0.2 equiv.) was added 

and the s七irringwas continued for another 5 rnin. The reaction 

rnixture was washed with water and the organic 1ayer was dried. 

After七heCHC13 had been evapora七ed6ff in vacuo， the residua1 

crysta1s were recrys七a11izedfrorn MeOH七o give 10a-c. 

11: A solu七ionof brornoace七Y工brornide (13 g) in CHC1
3 

(20 rn1) was added dropwise 七o a s七irredsolu七ionof 4a (15 g) 

and TEA (8.4 g) in CHC1~ (150 rn1). After七hernix七urehad 
3 

been treated as described above，七heorganic 1ayer was subjected 

七osi1ica ge1 co1urnn chrornatography. The e1ua七ewi七h CHC1
3 

was concentra七edand the residue was recrysta11ized frorn MeOH 

to give 4.7 g of 11. From七hee1uate with 10宅MeOH-CHC1
3
， 

13g (48宅 yie1d) of the sa1七主三 wereob七ainedas a powder: 

NMR (DMSO-d6)， b 1・22t(J=7.0 Hz， 9H， CH3 x 3)， 3・53q(J=7.0 Hz， 
6H， C~2CH3 x 3)， 4.29s(2H， CH

2
CO)， 5.92s(2H， CH

2
S) ， 7.2-8.2rn 

(9H， arorn). 

Af七erthe sa1t 12 (4.0 g) had been shaken with 10毛 aq.

NaOH and CHC13 for 1 rnin， the CHC13 1ayer was dried and 

concentrated in vacuo to give 七hefree su1foxirnide 4a (2.0 g). 

The N-ha1oacylsu1foxirnides 10a-c and 11 are sumrnarized 

ln Tab1e 工工工.
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Tab1e I1I. N-Ha1oacy1su1foximides 10 and 11 

Yie1d Ana1ysis(%)， Ca1cd/(Found) 
NMR， O Compd 問p(OC) Formu1a 

(%) C H N S Ha1 

10a 138-139 92 C16H13N203SC1 55.10 3.76 8.03 9.19 10.16 4.15s(2H， COCH2)， 5.20d and 5.42d 

3.75 8.09 9.26 10.43) (AB q， J= 14.2Hz， 2H， CH
2
S)， 

7.2-8.05m(9H， arom) 

10b 122-126 78 C17H15N203SC1 56.28 4.17 7.72 8.84 9.77 4.13s(2H， COCH2)， 5.22d and 5.42d 
いJ
N (56.53 4.19 7.86 8.94 (AB q， J= 14.2Hz， 2H， CH

2
S)， 

7.2-8.05m(8H， arom) 

10c 145-147 71 C16H12N203SC12 50.14 3.16 7.31 8.37 18.50 2.91t(J= 6.7Hz， 2H， CH2C~2C1) 

(50.26 3.01 7.15 8.37 18.57) 3.83t(J= 6.7Hz， 2H， COC~2CH2) 

5.20d and 5.47d(AB q， J= 14.2Hz， 

2H， CH2S)， 7.2-8.2m(9H， arom) 

11 134-138 22 C16H13N203SBr 48.87 3.33 7.12 8.15 20.32 3.96s(2H， COCH2)， 5.18d and 5.42d 

(48.65 3.43 7.13 8. 11 20.36) (AB q， J= 14.2Hz， 2H， CH
2
S)， 

7.2-8.1m(9H， arom) 



The N-Aminoa己y1su1foximides 13 and 14 

A solution of 七heN-ha1oacy1su1foximide 10 or 11 (1.0-

1.5 g) and a cer七ainamine (2.1 equiv.) in CHC1
3 
(30 m1) was 

ref1uxed for 2-6 hr. The rec七ionrnix七urewas washed wi七h

wa七erand the organic 1ayer was dried. The CHC工3was 

evaporated off 工n vacuo to give a crude produc七 whichwas 

purified as a free base or a oxa1at:e by recrysta11ization 

as summarized in Tab1e 工v.

The N-Acry1oy1su1foximide 15 

After a solu七ionof 七heN-ch1oropropiony1su1foximide 10c 

(1.0 g) and K
2
C0
3 
(0.4 g) in E七OH (20 m1) had been ref1uxed 

for 40 rnin，七heE七OHwas evaporated off in vacuo and七he

residue was extracted with CHC1~. The ex七ractwas washed 3 . 

with wa七er，dried， and concen七ratedin vacuo. The residue 

was subjected七o si1ica ge1 co1umn chromatography with CHC1
3 

as an e1uen七七o give 0.5 g (59% yie1d) of 15. Mp 8工ー830C

(CH2C12-isopropy1 e七her). Ana1. Ca1cd for C17H14N203S: C， 62.53; 

H， 4.32; N， 8.58; S， 9.82. Found: C， 62.38; H， 4.33; N， 8.16; 

S， 9. 60. NMR (100 MHz): S 5 . 21d and 5. 46 d (AB q， J=工4.2Hz， 
2H， CH2S)， 5・76dd(J= 3.8 and 8.4 Hz， 1H， COCH=C~EH) ， 6.29dd 

(J= 8.4 and 17.0 Hz， 1H， COC~=CH2)' 6.40dd(J= 3.8 and 17.0 Hz， 

1H， COCH=C~ZH) ， 7.2-8.0m(9H， arom). Mas S :m/Z326(M+F2も)， 

125 (PhSO+， 33毛)， 77 (Ph +， 100宅)， 55(COCH=CH2+，88宅)・

A solution of 15 (0.1 g) and piperidine (2 equiv.) in 

CHC13 (5 rn1) was refluxed for 30 rnin and then the reac七ion

コJ3J
 



Table IV. N-Aminoacyl-S-aryl-S-[(l ，2-benzisoxazol-3-yl)methyl]sulfoximides ll(n=l) and 日(n=2)

mp(OC)a) Yield 
Formulac) 

Analysis(%)，Calcd/(Found) Copmd Ar NR
2 

(Solvent)b) (%) C H N S C1 

ヲー13a Ph NEt
2 201-204 C20H23N303S'Ox 55.57 5.30 8.84 6.74 

(M-IP) (55.62 5.21 8.74 6.99 ー

G ** 13b Ph 109-111 74 C20H21N303S 62.64 5.52 10.96 8.36 
(C-IP) (62.84 5.66 11 .00 8.37 ー。 ** 13c Ph 136-137 78 C21H23N303S 63.46 5.83 10.57 8.07 
(EtOH) ( 63. 19 5.80 10.48 8.12 ー

いJ /ー¥

** .t. 13d Ph N O 155-157 C20H21N304S 60.13 5.30 10.52 8.03 ¥....../ 

(阿eOH) 5.21 10.32 7.92 ー
;---¥ 

* 13e Ph N NMe 207-210 34 C21H24N403S'20x 入 50.67 4.76 9.46 5.41 ¥..J 

(MeOH) (50.54 4.84 9.33 5.31 ー
I¥ 

** 58d) 13f Ph N NPh 173-175 C26H26N403S 65.80 5.52 11 .81 6.76 ¥-.1 

(C-IP) (66.06 5.68 11 .67 6.89 ー
;-¥ 

* 13g Ph N LーノNCHζ，.，Ph 215-219 57 C27H28N403S ・20x 55.68 4.82 8.38 4.79 
(EtOH) (55.51 4.68 8.54 4.84 ー

/¥  
** 13h Ph NLノ~CH2PhOMe-p 139-142 62 C28H30N404S 64.84 5.83 10.80 6.18 

(C-IP) (64.51 5.81 10.56 6.18 ー

(continued) 



Table IV. (continued) 

Compd Ar NR2 mp Yield Formula C H N S C1 

Uf-¥CH
2
Ph-3，4-(0印20)e) * 1 3 i Ph 208-215 62 C28H28N405S'20x 53.93 4.53 7.86 4.50 

(MeOH) 4.19 7.82 4.51 ー
I ¥ 

* 13j p-C1Ph N LJNCH内ζPh 210-215 67 C27H27N403S.20X 八 52.96 4.44 7.97 4.56 5.04 
(阿eOH) (53.09 4.41 7.67 4.44 

rー¥
* 13k p-C1Ph N\..JNCH2P~ 199-204 42 C28H29N404S'20x 52.43 4.54 7.64 4.37 4.84 

(MeOH) (53 . 16 4.39 7.54 4.14 4.89) 

CW山ー(叫 ョー131 p-C1Ph 198-205 60 C28H27N405S'20x 51.44 4.18 7.50 4.29 4.74 
いJ (MeOH) (50.81 4.08 7.62 4.44 U】

G 大*
14a Ph 110-112 59 C21H23N303S 63.46 5.83 10.57 8.07 

(C-IP) 5.85 1u.34 8. i 3 ー

o ** 14b Ph 98-101.5 76 C22H25N303S 64.21 6.12 10.21 7.79 ---r 
(H-IP) (63.89 5.87 10. 13 7.92 ー

/ー¥
*コt

14c Ph N 。 97-100 73 C21H23N304S 61 .00 5.61 10.16 7.75 にーノ

(A目 IP) (60.88 5.49 10.27 7.89 ー
f¥  

** 14d Ph N NPh 136-139 75 C27H28N403S 66.37 5.78 11 .47 6.56 ¥ーノ

(EtOH) (66.23 5.61 11 . 16 6.26 ー
r¥ ヲ1(*

14e Ph LNCH2
Ph 124同 126 73 C28H30N403S 66.91 6.02 11 . 15 6.38 

(C-IP) (67.08 5.98 10.96 6.53 ー

(continued) 



Table IIJ. (continued) 

Compd Ar NR
2 mp Yie1d Formu1a C H N S C1 

/¥  * 14f Ph しNCH2PhOMeーp 205-210 67 C29H32N404S.20x 八 54.24 5.24 7.67 4.39 
(EtOH) 4.99 7.64 4.58 ー

しf-1NCH2Ph-L4(OCH20)EA、J * 14g Ph 198-205 72 C29H30N405S.20x 54.54 4.72 7.71 4.41 
(MeOH) (54.07 4.77 7.67 4.48 ー

a) *mono-or dioxa1ate; 付 freebase. 

いJ
b) A， AcOEt; C， CH2C12; H， hexane; IP， isopropy1 ether;阿， MeOH. 

oi 

c) OX， oxa1ate. 

d) Prepared from 11. 

e) 3，4-Methylenedioxybenzylpiperazinyl. 



mix七urewas 'direc七1ysubjec七ed七o si1ica ge1 co1umn chrorna七0-

graphy七o give 0.1 g (79毛 yie1d) of the p工peridinopropiony1-

su1foximide 14b. 
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Chapter 2 

Halogenations of 

S-Aryl-S-[(1，2-benzisoxazol-3-y工)rne七hyl]sulfoxirnides

Summary ----- The reac七ionsof the 七itlefree sulfoxirnides 

with N-brornosuccinirnide (NBS) and wi七hN-chlorosuccinirnide 

(NCS) afforded unexpectedly the corresponding ~-halogenated 

"free" sulfoximides in good yields. The NBS brornination pro-

ceeded via a facile N-bromina七ionfollowed by bromine transfer 

reaction of the resul七ingN-brornosulfoxirnide七o give the 

~-bromosulfoximide. The NCS chlorina七ion， in con七ras七， pro-

ceeded via direc七 α-chlorina七ion， no七 viaN-chlorina七ion.

However， in the presence of po七assiurncarbona七eor silica gel， 

N-chlorina七ionoccurred predorninan七lyin the NCS chlorination. 

The mechanisms of these reac七ionsare discussed in de七ail.

工n七roduc七ion

Among numerous publica七ionson the syn七hesisand proper-

七工esof sulfoximide deriva七iveswhich possess a wide variety 

of chemical and biological in七erest， only a few deal七 wi七h

the reactivi七iesof the halo deriva七ives， especially七he

α-halo derivatives.1) 

N-Unsubsti七uted (free) sulfoxirnides are well known七O

undergo readily N-halogena七ionwi七h a nurnber of halogenating 

agen七ssuch as bromine F la )aqueous sodium hydroxide-bromine ，lh) 

Q
J
 

qd 



1 h ) _ _ ..:J 1-. ._ ~ 1-_ ~ _.! .1... _ 1 c ) 
aqueous sodium hypochlori七e'-'~61 and hypobromite， ......'-/ N-chloro-

lb) __...:1 1-__.1...__' 1-_____1-， __.!.I..._ /，....， TTr.， ld) benzotriazole ， '-'~I and七er七-bu七ylhypochlorite (BHC) ，......~/ and七he

resul七ingN-halosulfoximides have been used as 七hehalogena七ing

agen七sin七hehalogena七ionsof aziridine deriva七ive，lb)

sulfoxides，lf) 七oluene，lg) and olefins.工c，h) 

O O 

で ? 
R-S-R R-S-R 
11 11 
N N 
¥ H ¥ X 

//  

¥ 

ArseH2R 
O ↓ 

CH..，.Ph 
3 

O 

、、
〆'

Cl 

ArS-CHR 
↓ 
O 

XCH
2
Ph 

Br-d 

It was expected，七herefore，七ha七 N一halosulfoximide

containing an active me七hyleneor a benzyl group could undergo 

rearrangernent of the halogen a七orn七0 七heac七iveor benzylic 

rnethylene group. However， no research has been carried out 

on this possibility ・

Meanwhile， Uno et al.
2
) have found that the Cメーme七hylene

group of 1，2-benzisoxazole-3-acetic acid is unusually reac七ive

ln the electrophilic substitu七ions， sugges七ing七hatthe C=N 
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bond of七he1，2-benzisoxazole ring has 七henature of a "masked" 

carbonyl group. 

Therefore， it appeared七obe quite in七eres七ing七o

examine七hehalogenat工onof the sulfoximide derivative having 

an α-me七hylenegroup ac七iva七edwi七h 1，2-benzisoxazo1e ring 

in connec七ionwith七hepossibi1i七y described above. 

This Chapter dea1s wi七h the in七eres七ingchemica1 behaviors 

in七heha10gena七ionsof S-ary1-S-[(1，2-benzisoxazol-3-y1)ー

rnethyl]sulfoximides !' including the rearrangemen七 oftheir 

N-halo derivatives 七0 七hecorresponding CA -ha1o deriva七ives，

and七hedirec七ぴーch1orinationof七he free sulfoximides 1. 

Resu1七sand Discussion 

Brornina七ionof the Free Su1foximides 1 

The reactions of the free su1foximides 1 with N-bromo-

succinirnide (NBS) and with brominejpyridine in commercia1 

ch1oroforrn for 2-4 hr at room temperature gaveα-bromo "free" 

SUlfoxirnides， S-ary1-S-[(1，2-benzisoxazol-3-y1)bromome七hy1]ー

sulfoxirnides ~， in ca.60% and 80-90宅 yie1ds，respective1y， 

as a rn工xtureof dias七ereomers，whose NMR spectra showed七wo

distinct methine singlets (see "Experimenta1"). 
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This resul七 issurprising in view of七hefac七七ha七 "free"

sulfoxirnides readily undergo N-halogena七ionwi七hvarious 

halogena七ingagen七sas described before， bu七 wouldnot be 

unexpected if七heα-brornosulfoxirnides 2 were produced via 

the corresponding N-brornosulfoxirnides. 

In order to confirrn the above expec七a七ion，N-brorno-S-

aryl-S-[(1，2-benzisoxazol-3-yl)rne七hyl]sulfoxirnides 3 were 

prepared and their behaviors were exarnined. 

When the free sulfoxirnides la，b were七reatedwi七hNBS in di-

chlorornethane for 5 rnin a七 roorn七ernpera七ure，followed by 

silica gel colurnn chrornatography，七hedesired N-brornosu工fox-

imides 註，~ were obtained in isolated yields of 90%. 

NBS， 5 rnin 
r

B

 

A

‘
N
 

/
s

、
la，b ミー

「

4

可

l
-C
 
勺
ノ
』
H
 
C
 

3a: Ar= Ph 

~: Ar= p-MePh 

- 42 -



This finding sugges七S 七ha七七hefore<joing CX -bromination of 

七hefree su1foximides 1 wi七hNBS proceeded via a faci1e N-

bromina七ionfo11owed by bromine七ransferreaction of七he

resu1ting N-bromosu1foximide 3. Thus，七hedecomposi七ionof 

七heN-bromosu1foximide 3 was carried ou七 undersevera1 condi一

七ionsand， as expec七ed，七hebromine 七ransferreac七ionof 3 

was found to proceed easi1y七o give 七heα-bromosu1foximide

2 as shown in Tab1e工.

(Tab1e 工)

Inspec七ionof七heda七a summarized in Tab1e 工 revea1san 

interesting fea七ureof七hisrearrangemen七.工n 七hedark， no 

reac七ionoccurred， whereas in七hepresence of a 1igh七 source，

even a room 1igh七 (af1uorescen七 1amp)，七hebromine七ransfer

reac七ioneasi1y proceeded a七 room七emperatureand showed a 

c1ear induc七ionperiod as shown in Fig. 1， seeming1y ru1ing 

out any ionic mechanism. 

(Fig. 工)

The effec七 ofsolvent， however， was remarkab1e; an 

工ncreasein七heconcen七ra七ionof e七hano1in七hesolven七

enhanced七hera七eof this reac七ionand decreased七heyie1ds 

of radica1 produc七S・ Thus，in dich1oromethane and in ref1uxing 

carbon tetrach10ride the N-bromo-S-(p一七oly1)su1foximide3b 

gave the S-(p-bromome七hy1pheny1)su1foximides1f and 2f in 

10-25毛 yie1dseither in the presence or in七heabsence of a 

radical initiator (BPO) ， whi1e in chloroform con七aining
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Table 1. Decomp凶 tionof the N-Bromosu1foximides 3
a
) 

Compd. Reaction Conditions Products and Yie1ds('ぷ)b)

1a 2a 

5%EtOH-CHC1
3
，C) 1.5 hr 38.5 56.6 

1%EtOH-CHC1
3
，C) 2.5 hr 35.2 58.1 

CH
2
C1
2
， 10 hr 31 .5 58.5 

3a 1%EtOH-CHC1
3
， dark， week no decomposition 

5%EtOH-CHC1
3
， c::o ，d) 7 hre) 65，.7 7.7 GI222f) 

o ，d) CH
2
C1
2
， l U ，'-AJ 24 hr 。~~ 36.8f) 

1b 2b 

5%EtOH-CHC1
3
， 1.5 hr 43.4 trace 47.1 trace 

1%EtOH-CHC1
3
， 2.5 hr 34.1 2.5 47.8 5.1 

3b CH
2
C1
2
， 10 hr 24.5 25.4 22.5 16.8 

CC1
4
， ref1ux， 10 hr 31 .2 18.5 18.6 9.9 

CC1
4
， BPO(5%)， ref1ux， 3 hr 26.0 15. 1 20.6 11 .2 

a) The reaction was carr寸edout at room temperature in the presence 

of a room light unless otherwise stated. 

b) Determined by HPLC. 

c) Chloroform containing 5% or 1% ethano1. 

d) 10 equiv. 

e) The other product is 1-bromo-2-ethoxycyc1ohexane1c) (23.3%).f) 

f) Deter‘mined by GLC. 

g) Yields of la and 2a were not determined. 

h)立 R=H，Ar=p-BrCH0Ph; 2f: R=H， Ar=p-Br‘CH2
Ph・21 1'， 
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Fig. 1. Change of Yield of the cj -Brornosulfoxirnide 2a 
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3
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5% e七hano1 (5もE七OH-CHC1
3
)七heyie1ds of 七heseradica1 produc七s

decreased七oon1y七raceamounts. 

PhCH内 Br

o えHL
1f 2f 

These findings sugges七七ha七七hisbrom工nerearrangemen七

proceeds七hroughno七 on1ya radica1 pa七hbu七 a1soan ionic 

process. 

Meanwhi1e， in七hepresence of cyc1ohexene， 4a gave 1，2-

dibrornocyc1ohexane in 36宅 and22毛 yie1dsin dich1orome七hane

and in 5宅E七OH-CHC1
3
，respec七ive1y; in七heabsence of cyc1o-

hexene七he1ibera七ionof bromine was observed in七heear1y 

stages of the reaction. 

These resu1ts described above c1ear1y indica七e 七ha七七he

bromine transfer reaction of 七heN-bromosu1foximides 3 

proceeds through an ini七ia1pho七o-inducedradica1 process 

(an induction period) fo11owed by a bromina七ionprocess 

in which the bromine mo1ecu1e formed in七heini七ia1 s七epshou1d 

act as the active bromina七ingspecies bo七h in radica1 and 

lonlc processes. 

The radical bromination process is considered七oproceed 

via a chain process 1ike七he "Go1dfinger mechanism，，3) in 

which brornine mo1ecu1e ac七sas a chain carrier， bu七 no七 via

that invo1ving七he su1foximidoyl radical， as shown in Char七 1.
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ぐ、¥N-Br 
くト

+ HBr 〉 N-H + Br2 

R・ + Br2 〉 R-Br + Br. 

( (メーcarbon)

Br ・ + R-H 安易 R・ + HBr 

Char七工

lh) 
Similar resul七5 have been repor七edin bromina七ionof olefins 

19) nd toluene.....'='， wi七hN-bromo-S，S-diphenylsulfoximide. 

The ionic bromina七ionprocess involves 七heelectrophilic 

at七ackof bromine molecule on the ac七ive Cえ-me七hylenegroup 

and seems to be rna工nlyopera七ivein solvents containing 

ethanol. The ac七iva七ionof 七he Cメーrne七hylenegroup of 1 七oan 

elec七rophile (bromine molecule) may be explained in terms of 

the strong elec七ron-withdrawinginduc七iveeffec七 andjor

(more likely) 七he七au七ornerizmof the 1，2-benzisoxazole ring 

whose C=N bond shows七hena七ureof a "masked" carbonyl 

2) 
group，-' as illus七ratedin Char七 2. 

/うP

Br-Br 

Ar 
/ 

〆、
o NX 

~ 

r

x

 

A

N

 /、
C】

I
J
V
 

。
~ 

Char七 2
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Chlorina七ionof七heFree SulfoxiI叫 des 1 

The reaction of七hefree sulfoximides la-c wi七hN-chloro-

succinirnide (NCS) in chloroform for 24 hr at room七empera七ure

gave α-chlorinated "free" sulfoximides 4a-c in ca. 70毛

yields as a mix七ureof diastereomers. 

la-c ~ 

NCS， 24 hr 

4a: Ar= Ph 

b: Ar= p-MePh 

h
 
P
 

1
ムc
 
p
 

一一r
 

A
 

C
 

By analogy，七his α-chlorina七ionwas presumed七oproceed 

via the corresponding N-chlorosulfoximide in七hesame manner 

as the NBS bromination described above， al七houghthe N-chloro 

derivative could no七 beisolated in this reac七ion， in contras七

to七heNBS reaction. The N-chlorosulfoximides 5a，b， however， 

were easily obtained in 90宅 yieldson trea七men七 ofla，b wi七h

BHC in dichlorome七hanefor 5 min a七 room七emperaturefollowed 

by silica gel column chroma七ography.

BHC， 5 min 

la，b ~ 

rk、
5a: Ar= Ph 

b: Ar= p-MePh 
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工norder to exarnine whe七her 七heN-ch1orosu1foxirnide 5 is 

an interrnediate in七he ()( -ch1orination of 1 wi七hNCS，七he

decomposi七ionof 5 was carried ou七 under severa1 conditions. 

The resu1七ssurnrnar工zed 工n Tab1e 工工， however， show an unexpec七ed

fea七ureof七hisreac七ion.

Table 工工・ Decornposi七ionof the N-Ch1orosu1foxirnides 5
a
) 

Compd Reac七ionConditions Produc七sand Yie1ds(宅)b) 

1a 4a 

5毛E七OH-CHC工3' 24 hr 81.3 6 .工

工宅E七OH-CHC1
3
， 48 hr 66.6 工2.7

5a 

CH
2
C1
2
， 1 week 32.8 22.5 

CH
2
C1
2
， dark， 2 weeks No decornposi七ion

工b 4b 

5もEtOH-CHC1
3
， 48 hr 78.5 3.9 

5b l毛E七OH-CHC1
3
， 120 hr 63.7 8.0 

CH
2
C1
2
， 1 week 34.1 9.1 

a) The reaction was carried ou七 a七 roorn七ernpera七ure in七he

presence of a roorn 1igh七 un1essotherwise noted. 

b) Determined by HPLC. 
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The N-ch1orosu1foxirnide 5 decornposed at roorn ternperature 

to give the free su1foxirnide 1 and the α-ch1orosu1foxirnide 4 

in the presence of a 1ight source， suggest工ngtha七 thereaction 

was photochernica11y initiated， as in the case of the N-brorno 

derivative 3， though the rate was strong1y dependent on the 

solvent used. 工n every case exarnined， however， the yie1ds of 

the α-ch1orosu1foxirnides 4 were very 10w (4-22毛 yie1ds) in 

comparison with those of the NCS ch10r工nat工onof 1. This 

resu1t seerns to be contrary to the expectat工on 5七atedabove. 

1n order to c1arify this point， the reaction of the free 

sulfoxirnides la，b with NCS was exam工nedunder severa1 conditions 

and the resu1ts summar工zed 工n Table 工工工 arein contras七七o

those of the decomposition of the N-ch1orosu1foxirnides 5 in 

Table 11. 

(Tab1e 工工工)

Either in the presence or in the absence of a light 

source， the reaction of 1 with NCS proceeded srnooth1y at roorn 

temperature to give the ~-ch1orosu1foximide 4 in good yie1ds 

and was found to complete within 24 hr， regard1ess of the 

solvent used. For examp1e， even in the dark the free sulfox-

lmide 主主 reacted wi七hNCS in dich1oromethane for 24 hr to give 

the 以一chlorosulfoximide 4a in 71毛 yield，whereas in the dark 

the N-chlorosulfoximide 5a which was presumed 七o be an inter-

mediate in this reaction was stab1e for 2 weeks in dich1oro-

methane (see Tab1e 工工). Furthermore， the NMR inspection 

during the course of the α-ch1orination of la with NCS in 

chloroform-dl (CDC1
3
) indicated that no detectab1e arnoun七 of
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Table 111. Reaction of the Free $u1foximides 1 with NCS
a) 

Compd. Reaction Conditions Product(s) and Yie1ds(%)b) 

4a 5a 

5%EtOH-CHC13， 24 hr 
68.1 

1%EtOH-CHC13， 24 hr 64.6 

CH
2
C1
2
， 24 hr 68.2 

5%EtOH-CHC13， dark， 24 hr 68.0 

1%EtOH-CHC13， dark， 24 hr 64.9 

CH
2
C1
2
， dark， 24 hr 71 .2 

COC13， dark， 24 hr (77) (0) 
la 
COC1
3
， 00， dark， 1 weekc) (60) (20) 

COC13， p-quinone(l equiv.)， 24 hr (75) (0) 

COC13， CC13COOH(10%)， 12 hr (76) (0) 

COC13， pyridine-d5(10%)， 24 hr (74) (0) 

COC13， trans-sti1bene(1.5 equiv.)， 24 hr (73) (0) 

COC13， K2C03
(1 equiv.)， 10 min (0) (50) 

COC13， Si02'~' 2 hr (10) (72) 

4b 
一

5%EtOH-CHC13， 24 hr 72.5 

1%EtOH-CHC1
3
， 24 hr 70.5 

1 b 
CH2C12， 24 hr 72.0 

一
5%EtOH-CHC1

3
， dark， 24 hr 69.2 

1%EtOH-CHC1
3
， dark， 24 hr 71 .0 

CH2C12， dark， 24 hr 65.9 

(continued) 
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Table 111. (continued) 

a) The reaction was carr寸edout at room temperature in the presence of 

a room light unless otherwise stated. 

b) Determined by HPLC and values in parentheses by NMR. 

c) The reaction was approximately 90% completed. 

d) The reaction was approximately 55% completed: prolonged reaction 

caused the further rearrangement of註 tothe corresponding N-sulfinyl-

imine.
4
) 

e) Kieselgel 60(70-230 mesh) (Merck)l.O g/江 300rng. 

七heN-ch1orosu1foximide 5a was produced. These observa七ions

appear to exc1ude七hepossibi1ity of the in七ermediacyof the 

ト ch1orosu1foximide5 in the α-ch1orination of 1 wi七hNCS. 

The ra七eof七his α-ch1orination was strong1y affected by 

the reac七ion七empera七urei a七 QOC七hereaction of 1a with NCS 

required over 1 week for comp1e七ion. The addi七ionof acids 

such as trich1oroace七icor pー七oluenesu1fonicacid apparent1y 

enhanced the rate of this reaction. The presence of p-quinone， 

however， had 1 i七七1eeffect. These findings seem 七o indica七e

that thisα-ch1orination is not a radica1 process， but is 

an ionic process. The func七ionof七heacid is in a11 1ike1i-

hood to generate a more powerful e1ectrophilic reagen七 by

protonation of the oxygen of NCS5) and/or 七oac七ivatethe 

α-methy1ene group of 1 七oan elec七rophileby protona七ionof 

the im 
ビ lffilnon工trogenof 1. 
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Meanwhile，七headdi七ionof pyridine or trans-s七ilbene

also had little effect， sugges七ingthat in七hisα-chlorina七ion

NCS i七selfac七sas the ac七ivechlorinating species， not rnerely 

6 ) 
as a con七rolledsource of chlorine rnolecule 

On the basis of the resul七sdescribed above，七heα-chlo-

rina七ionof七hefree sulfoxirnide 1 wi七hNCS is considered七0

proceed through the direct electrophilic α-a七七ackof NCS， 

not via N-chlorination， in con七ras七七0 七he以 -brorninationof 

1 wi七hNBS. 

Although i七 isdifficul七七o explain why七heirnino group 

of七hefree sulfoxirnide 1 is less reac七iveto NCS than七o

BHC and NBS， there are七wopossible explanations. One is 

tha七七henucleophilici七Y of the irnino group of 1 is decreased 

because of the elec七ron-wl七hdrawinginduc七iveeffec七 of 七he

1，2-benzisoxazole ring. The 0七heris 七ha七 NCS is 七00 rnuch 

less elec七rophilicthan BHC and NBS 七o reac七 wi七h the deacti-

vated irnino group. 工七 seerns likely， 七herefore， 七ha七 a七 roorn 

ternperature七heNCS chlorina七ionof 1 can occur a七七he α-
pos工七工onac七ivatedby the 1，2-benzisoxazole ring as rnentioned 

above. At a lower ternperature (QoC)， N-chlorina七ionrnay be 

able to cornpe七ewith Cトchlorina七ionbecause 七herate of 

αーchlorina七ionis re七arded.

On the other hand， in the presence of potassiurn carbonate 

or， interestingly， silica gel， N-chlorina七ionoccurred predorn-

lnantly in the reac七ionof la wi七hNCS as shown in Table 工工工.

The function of potassiurn carbona七eor silica gel is likely 

to be to increase七henucleophilici七Yof 七heirnino ni七rogen

「

J
F
h
J
 



by deprotona七ionor adsorp七ionof 七heirnino proton， respec-

七ively.

The α-halogena七ionsof sulfoxirnide deriva七iveshave 

been reported only on 
ld) 

chlorina七ionof N-rnethyl， 

ld) __..:3 n .....____， ...:l__.:___......:____ld，7) 
N-chloro ，.~' and N-七osylderiva七lves and bromination of 

8) 
cyclic deriva七工ves ， ~1 while 七hesyn七hesisof α一halo

"free" sulfoxirnides has been reported only by Johnson and 

ld) 
Corkins ， .~1 including reduction of N，α-dichlorosulfoxirnides 

with sodiurn sulfi七e，and arnina七ionof α-halosulfoxides with 

O-mesi七ylenesulfonylhydroxylarnine (MSH). 

Therefore， the reactions described in七hisChap七erare 

the firs七 exarnpleon the rearrangernen七 ofN-halosulfoxirnide 

七othe corresponding α-halosulfoxirnide and on七heα-halogen-

ation of "free" sulfoxirnide. 
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Experirnen七al

The (J.. -Halo Free Sulfoxirnides 2 and 4 

A solution of the free sulfoxirnide 1 (6 rnrnol) and a sligh七

excess of Br
2
/pyridine， NBS， or NCS in 20 rnl of cornrnercial 

CHC1
3 
was s七irredfor 2-3 hr， 3-4 hr， or 24 hr， respectively， 

at room七empera七ureunder a roorn ligh七 Thereac七ionmixture 

was washed wi七hdilute aq. K
2
C0
3
， and七hen七heorganic layer was 

dried and concentrated in vacuo. The residual oil was chrorna七0-

graphed on a silica gel colurnn using CHC1
3 
as an eluen七七0

afford 2 or 4. Recrys七all工za七エonfrorn CH
2
C1
2
-isopropyl e七her

gave pure products (Table工V). All Cメーhalosulfoxirnides 2a-e 

and 4a-c were isola七edas rnixtures of diastereorners; 七heNMR 

spectra showed two dis七inc七 rne七hinesingle七s，as shown in 

Table工v.

(Table 工V)

The N-Halosulfoxirnides 3 and 5 

An equimolar arnoun七 ofNBS or BHC was added七o a s七irred

solu七ionof 1 in 20 rnl of CH
2
C1
2 
a七 roornternpera七ure，and七he

mlxture was s七irredfor 5 rnin. The rection rnix七urewas 

directly subjected七o silica gel colurnn chrornatography and 

eluted with CH~Cl 七o afford 3 or 5. 2'-....2 Recrystallization frorn 

CH2C12-isopropyl ether gave pure products (Table V) . 

(Table V) 

F

コ
F
h
J
 



Table IV. S-Aryl-S-[(l ，2-benzisoxazol-3-yl)halomethyl]sulfoximides 2a) and 4 

Yield Analsis(%)， Calcd/(Found) 
よCompd 問p(OC) (%) Formula C H N S Br C1 N阿R，

2a 162-168 86 C14H11N202SBr 47.88 3.16 7.97 9.13 22.75 3.57s and 4.00s(lH， NH)， 

(61 )b) 3.06 7.90 8.89 22.98 ー ) 6.16s and 6.22s(lH， CH)， 

7.2-8.4m(9H， arom) 

2b 144-147 83 C15H13N202SBr 49.33 3.59 7.67 8.78 21 .88 2.42s and 2.45s(3H， CH
3
)， 

(60) (49.35 3.37 7.63 8.60 22.15 ー ) 3.53s and 3.97s(lH， NH)， 

6.17s and 6.24s(lH， CH)， 

7 . 1目 8.4m(8H，arom) 
u1 
σ、 2c 153-156 82 C14H10N202SBrC1 43.60 2.61 7.26 8.31 20.72 9.19 3.60s and 4.01s(lH，NH)， 

(60) (43.62 2.46 7.13 8.05 20.57 9.13) 6.17s and 6.25s(lH， CH)， 

7.3-8.4m(8H， arom) 

2d 163-167 80 C14H10N202SBr2 39.10 2.34 6.51 7.45 37.16 3.56s and 4.01s(lH， NH)， 

2.16 6.40 7.31 36.96 ー 6.13s and 6.19s(lH， CH)書

7.3-8.4m(8H， arom) 

2e 147-149 89 C15H13N203SBr 47.26 3.44 7.35 8.41 20.96 3.90s(lH， NH)， 3.91s(3H， CH
3
0)， 

(47.06 3.23 7 .17 8.47 21 .06 ー ) 6.16s and 6.21s(lH， CH)， 

7.1-8.2m(8H， arom) 

(continued) 



Tab1e IV. (continued) 

Cornpd 問p Yield Formula C H N S Br Cl NMR， b 

4a 156-160 71 C14H11N202SC1 54.82 3.62 9.13 10.45 11 .56 3.50s and 3.83s(lH， NH)， 

3.45 9.00 10.21 6.12s and 6.14s(lH， CH)， 

7.2-8.4m(9H， arom) 

4b 151-153 64 C15H13N202SC1 56.16 4.08 8.73 9.99 11 .05 2.43s(3H， CH
3
)， 3.50s(lH， NH)， 

3.86 8.70 9.89 11 .05) 6.05s and 6.08s(lH， CH)， 

7.1-8.2m(8H， arom) 

v1 4c 142-145 70 C14H10N202SC12 49.28 2.95 8.21 9.40 20.78 3.50s and 3.85s(lH， NH)， 
、J

2.75 7.86 9.53 21.23) 6.13s and 6.14s(lH， CH)， 

7.2-8.3m(8H， arom) 

a) Data for compounds 2 prepared by using bromine/pyridine are 1isted. 

b) Yieids in parentheses are based on the reaction with NBS. 



Table V. N-Halo-S-aryl-S-[(l ，2-benzisoxazol-3-yl)methyl]sulfoximides 3 and 5 

Yield Analysis(%)， Calcd/(Found) 
NMR， d Compd Mp (OC) Formula 

(%) C H N S Br C1 

3a 105-109 89 C14Hl1N202SBr 47.88 3.16 7.97 9.13 22.75 5.13d and 5.15d(AB q， J= 14Hz， 

(48.32 3.05 8.07 9.16 22.69 ー 2H， CH
2
)， 7.2-8.1m(9H， arom) 

3b 121-124 90 C15H13N202SBr 49.33 3.59 7.67 8.78 21 .88 2.43s(3H， CH
3
)， 5.10d and 5.13d 

3.43 7.65 8.77 22.06 ー (AB q， J= 14Hz， 2H， CH
2
)， 

7.2-8.1m(8H， arom) 
u1 
αコ
5a 107-112 91 C14H11N202SC1 54.82 3.62 9.13 10.45 11 .56 5.10d and 5.12d(AB q， J= 14Hz， 

(54.46 3.54 9.16 10. 17 11 .39) 2H， CH
2
)， 7.1-8.1m(9H， arom) 

5b 110-114 89 C15H13N202SC1 56.16 4.08 8.73 9.99 11.05 2.39s(3H， CH
3
)，5.04d and 5.06d 

(55.99 3.94 8.65 9.89 11.13) (AB q， J= 14 Hz， 2H， CH
2
)， 

7.1-8.0m(8H， arom) 



The s-(p-Brornorne七hy1pheny1)su1foxirnides1f and 2f 

lf: A solu七ionof (1，2-benzisoxazol-3-y1)rne七hy1pheny1 

sulfide (3.0 g)， NBS (2.1 g)， and a cata1y七icarnoun七 of

benzoy1 peroxide (BPO) in CC1
4 
(30 rn1) was ref1uxed for 1.5 

hr. Af七ercoo1工ng，七heprecipita七eswere f工工七eredoff and 

the fi1七ra七ewas concentra七edin vacuo. The residua1 oi1 was 

dissolved in THF (50 rn1)-water (工orn1) and NBS (2.0 g) was 

added. Af七erst工rring for 1 hr a七 roornternpera七ure，the 

reaction rnix七urewas worked up in the sarne rnanner as described 

in Chapter 1 to gi ve 1.0 9 of crys七a1swhose NMR spectrurn 

showed i七七obe a mixture of (1，2-benzisoxazol-3-y1)rne七hy1

p-bromome七hy1pheny1su1foxide (80毛) and (1，2-benzisoxazol-3-

yl) r日七hy1pheny1 su1foxide (20宅)・ NMR: 6 2 . 39 s ( 3 H x o. 2， CH 3) ， 
4.458 and 4.49s(ca. 3.6H， SCH~ and BrCH~Ph) ， 7.2-7.9m(8H， arom). 2 --~::'2 

To七hismix七ureof the su1foxides (0.9 g) in 10 m1 of 

CH2C12 was added MSH (2.0 g) and then the mix七urewas stirred 

for 10 hr. The reac七ionrnix七urewas worked up in the rnanner 

described in Chap七er1 七oyie1d 0.37 9 of crys七a1s. This 

product was revea1ed to be a mixture of 1f (90宅) and 1b (10毛)
一

by HPLC and NMR (100 MHz) ana1yses. NMR: 6 2 . 42 s (3H x 0.1， 
CH3 of lb) 2.8s (lH， NH)， 4. 48s (2H x 0.9， BrCl~2Ph) ， 4.82s(2H， 

SCH2) ， 7.2-7.9m(8H， arom). 

2f: The above-men七ionedmixture of 七hesu1foximides 1f 

and lb (300 mg) was added七o a coo1ed solu七ionof Br
2 
(工30mg) 

and pyridine (65 rng) in CHC1
3 
(3 ml) and七hemixture was 

stirred for 1.5 hr at room temperature. The reaction mix七ure

was worked up in七hesame manner as described above to afford 
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160 mg of crysta1s. This product was revea1ed to be a mix七ure

of 2f (95宅) and 2b (5毛) by HPLC ana1ysis. The NMR (100 MHz) 

spectrum of七hismix七ureshowed笠七obe a mix七ureof dia-

stereαners: 62.41s and 2.44s(七race，CH~ of 2b)， 3.5-4.0br 
3 一一

(lH， NH)， 4.46s and 4.49s(2H， BrC~2Ph) ， 6.12s and 6.18s(1H， 

CH)， 7.2-8.2m(8H， arom). 

Decomposi七ionof 七heN一Ha1osu1foximides 3 and 5 (Tab1es 

I and 工工)

The reaction was carried ou七 usinga O.lH so1u七ionof七he

N-ha1osu1foximide under the conditions s七a七edin Tab1es 工 and

II. After an appropria七e reaction time， the reaction mix七ure

was washed wi七h 5宅 aq. K
2
C0
3・
Theorganic 1ayer was dried and 

concentra七edin vacuo. The residua1 crysta1s were disso1ved 

in 1 m1 of CHC1
3 
and 19 m1 of EtOH and七hensubjected七oHPLC 

analysis. GLC ana1ysis was carr工edout using the reaction 

mixture wi七hou七七hetrea七mentdescribed above. 

Reaction of 七heFree Su1foximides 1 with NCS (Tab1e 工工工)

The reac七ionwas carried out using a O.lM so1u七ionof 1 

with an equimo1ar amoun七 ofNCS under七hecondi七ions sta七ed

ln Tab1e 工工工， excep七 for 七hereaction in CDC1
3・
HPLC ana1ysis 

was run af七erthe reaction m工X七urehad been worked up as 

described above. The reaction in CDC1
3 
was carried ou七 using

a 0.2M solution of 1 with an equimo1ar amount of NCS， and七he

reaction mixture was direct1y subjec七ed七oNHR ana1ysis. 
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Chap七er3 

Base-Induced Rearrangemen七sof Cえ-and N-Ha1o Deriva七ives

of S-Aryl-S-[(1，2-benzisoxazol-3-y1)me七hyl]sulfoximides

七o the Corresponding N-Su1finylirnines 

summary -ー一ーー The ti七1e ~- and N-ha1osu1foximides undergo 

novel rearrangemen七son七rea七men七 wi七hbase ヒo give 

the corresponding N-su1finy1工m工nes，suggesting七ha七七hese

rearrangements involve 七hesame three-membered cyc1ic su1fox-

imide intermedia七e，a 七hiazirineS-oxide， which has a nove1 

three-membered ring system wi th an endocyc1ic S=N group. 

工n七roduction

Much a七七entionin the su1foximide chemistry has been 

focused on七hesynthesis of new he七erocyc1escontaining七he

sulfoximide moie七y and many of cyc1ic su1foxi~ide derivatives 

with four-七o seven-membered rings and an exo-or endocyc1ic 

工)
S==N group have been syn七hesized.~' Severa1 of七hesederiva-

tives have been c1aimed七ohave a wide variet:y of pharmaco1og-

2) 
lcal ac七ivi七ies; e.g.， b1ood-sugar 10wering (工)， an七ihyper-

tensive (~)， 1b，q) an七i-secre七ory (三)，3) CNS-depressan七 (4)， 1b) 

and other ac七ivities.
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4) __...:J ""  l..._，_____，.c____~...:l __4 ， 5) Meanwhi1e， (トha1osu1fones-~ I and CX -ha1osu1fonarnides 

are we11 known to undergo the Ramberg-Back1und rearrangernents 

which invo1 ve七heinterrnediacy of three-membered heterocyc1es， 

an episu日 one5 and an α-su1七am6， giving a1kenes and irnines 

(or their degrada七ionproduc七s)，respec七ive1y，as shown in 

Eqs. 1 and 2. 
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-HX -SO 
B:一、/¥/汗

H-NR タR2-X > RN一一 CR2 ) RN二 CR
2/ ¥/  

S02 S02 

(Eq. 2) 

6 

6) 
Recen七工y，Johnson and Corkins~1 repor七ed七ha七 α-ha1o-

N-(p-toluenesu1fony1)su1foxirnides underwen七 a sirni1ar 1，3-

elimina七ionto give alkenes， sugges七ing七hein七errnediacyof a 

three-mernbered cyc1ic su1foxirnide with an exocyclic S=N group 

(an episulfoxirnide 7) (Eq. 3)， and a1so that the reaction of 

S-butyl-S-(1-chlorobuty1)su1foxirnide with potassiurn hydroxide 
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-s 圃圃・・

in refluxing' me七hanolgave l-bu七anesulfinamide (Eq. 4)， the 

produc七ionof which could be ra七ionalizedin a number of ways， 

including a 七hree-memberedS-N heterocyclic intermedia七e，

though the available data were no七 sufficien七七o jus七ify七his

specula七工on.

R
 
「
L
H
 

F

M

S

 

-

巾

4

0
ホ

l
S
H
H
N

H
 

V
A
I
l
s
戸
、R
 R¥/¥/Rm 一ーャ RCH=二CHR' (Eq. 3) 

KOH， MeOH 

~ 

7 

o Cl 
↑| 

CH ，， (CH ，..)ーS-CHCH~CH~CH3 '-..2' 3 ;-; -.._..2~..2~..3 

1I 
NH 

KOH， MeOH O 

↑ 
(CH，..)...-SNH 

3\~..2'3 
(Eq. 4) 

In Chap七er2，七herearrangement of N-halo 

deriva七ivesof S-aryl-S-[(]・，2-benzisoxazol-3-y1)methy1Jsu1fox-

irnides 1旦and11 to七hecorresponding α-ha1o deriva七ives 8 

and 9 was described. This Chap七erdea1s 'N'i七h the nove1 base-

induced rearrangemen七sof 七heha1osu1foximides三一主主七o give 

the corresponding N-su1finy1imines， undoubted1y sugges七ing七he

lntermediacy of a 七hree-memberedcyc1ic su1foximide wi七h an 

endocyclic S=N group. 

F

コfo 



Resu1七sand Discussion 

The ha1osu1foximides 8-11 were trea七edei七herwi七h 1，5-

diazabicyc1o[5.4.0]-5-undecene (DBU) or wi七hpo七assiumcar-

bonate to give the same N-su1finy1imines， 3-ary1su1finy1imino-

me七hy1-1，2-benzisoxazo1es 12 (Chart 1). The resu1ts of these 

interesting rearrangements are summarized in ~rab1es 工 and 工工.

R 

X 

Ar 

〆、
o NH 

8a-e: X=Br 

9a，b: X=C1 

¥ ¥  

R 二:fペナ
/ノ

12a-e 

R ゴ71x
10a，b: X=Br 

11a，b: X=C1 

a b C d e 

R H H H Br MeO 

Ar Ph p-MePh p-C1Ph Ph Ph 

Chart 1 
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Table工. Rearrangernen七 of七he α-Halosulfoxirnides 8 and 9 

wi七h Basea) 

Compd Reac七ionCondi七ions Produc七 Yield(宅)b) 

8a DBU， 2 hr 工2a 86 

8a K
2
C0
3
， 6 hr 工2a 22c) 

8b DBU， 2 hr 工2b 83 

8c DBU， 2 hr 工2c 80 

8d DBU， 2 hr 12d 70 

8e DBU， 4 hr 工2e 74 

9a DBU， 5 hr 工2a 工5d)

9a K
2
C0
3
， 7 hr 12a 8c) 

9b DBU， 5 hr 12b 16d) 

a) The reaction was carried ou七 inchloro:Eorrn wi七h a 

sligh七 excessof DBU a七 roorn七ernpera七ureor wi七h 2 rnolar 

equiv. of po七ass工urncarbona七eunder reflw{ unless 

O七herwiseno七ed.

b) 工solatedyield af七ercolurnn chrorna七ogra.phy.

c) Recoveries of 8三 and9三were65毛 and85毛， respectively. 

d) Under reflux. Recoveries of 9a and 9b were 65宅 and

63も， respectively. 
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Table 工工. Rearrangemen七 of 七heN-Ha1osu1foximides 10 and 11 

with Basea) 

Compd Reac七ionCondi七ions Produc七 Yie1d(毛)b) 

lOa DBU， 5 min 12a 56c) 

lOa K
2
C0
3
， 5 hr 工2a 85 

10b K
2
C0
3
， 5 hr 工2b 85 

lla DBU， 5 min 工2a 83 

lla K
2
C0
3
， 3.5 hr 工2a 85 

llb DBU， 5 min 12b 85 

llb K
2
C0
3
， 3.5 hr 工2b 85 

a) The reac七ionwas carr工edou七工n dich1oromethane a七

room七empera七ureWl七h a s工ightexcess of DBU or 2 mo1ar 

equiv. of po七assiumcarbona七e.

b) 工so1a七edyie1d af七erco1umn chroma七ography.

c) S-[(1，2-Benzisoxazo1-3-y1)me七hy1]-S-pheny1su1foximide

was a1so ob七ainedin 22宅 yie1d.
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As shown in Tab1e 工，七he cx -bromosu1foxirnides 8a-e were 

found 七orearrange read工1yin七o 12三一三 in good yie1ds on 七reat-

ment wi七hDBU a七 room temperature. The Cメーchlorosu1foximides

9a， b underwen七 norearrangemen七 underthe same mi1d condi七ionsj

however， under ref1ux in ch1oroform for 5 hr， 9a，b gave 12a，b 

in 15毛 and16宅 yie1ds， respec七ive1y. Meanwhi1e，七rea七men七 of

the ~-ha1osu1foximides 8 and 9 with po七assiumcarbonate a七

room tempera七urecaused no reaction， whereas under ref1ux in 

ch1oroform for 6-7 hr， 8a and 9a gave 12a in 22% and 8宅 yie1ds，

respecti ve1y. 

工ncontras七，七heN-ha1osu1foximides 10 and 11 readi1y 

underwen七七herearrangemen七 ontreatmen七 ei七herwi七h

DBU or wi th po七assiumcarbonate at roorn ternpera七ureto afford 

the N-su1finy1imines 12 in good yie1ds，七houghin七hereac七ion

of the N-brornosu1foxirnide 10a wi七hDBU the free su1foximide 

was a1so ob七ainedin 22毛 yie1d， as shown in Tab1e 工工.

The N-su1finy1imine s七ructureof 12 was deduced frorn 

e1emen七a1and spec七ra1ana1yses. The 工R spec七raof 12 showed 

-1 
strong bands a七 around1610 and 1110 cm ~ which are considered 

to be due to the C=N and 50 groups， respecti ve1:y， bu七 haveno 

characteris七icbands of 七hesu1foximide structure a七 around

l22O ，ll l O F and l O O O cm-l due 七0 七heN50 group.7) Their NMR 

spectra showed a sing1e七 peakof the CH=N group a七 O9 .25-

9.28. Their mass spec七rashowed 七hebase peaks due七0 七he

ArSO+ions . 

Further evidence for the struc七ura1assign.men七 of12 was 

provided by the fo11owing chernica1 transforrna七ionsof 七he

Q
J
 

r
b
 



represen七ative12a (Char七 2). 

NHNHPh 

12a + PhNHNH2 ) h
 
p
 
s
i
v
o
 

H
 
N
 

工3

12a + n-BuNH .. 、と PhSNH.. 、
4 ↓ 4 

O 

。二fNBun+ 

工4

，¥+ 

~ 
15 

な;:f;Ph竺: P
 

C

C

】

ぬ

cユoA/
16 

Char七 2

Thus， the reaction of 12a with pheny1hydrazine in ethano1 gave 

an adduct， N-[(1，2-benzisoxazol-3-y1) (2-pheny1hydrazino)rnethy1]-

benzenesu1finarnide 13. The struc七ureof 13 was confirrned by 

elementa1 and spectra1 ana1yses. 工七s 工R spectrurn showed s七rong

bands a七 3050(NH) ，工601(C=N) ，工025and/orl04O(so )cm-l . 

Furthermore， i七sNMR spec七rurn (100 MHz) showed the presence 

of the partia1 structure PhNHNHCHNHー d6.7-8.1rn(14H，arorn) ， 
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6.24s(lH， PhN~) ， 5.92dd(J= 8.1 and 9.7 Hz， 1H， NHC~NH) ， 5.56d 

(J== 9.7 Hz， 1H， CHNHS)， and 4. 20d (J= 8.1 Hz， lH， NHN~CH) i 

deu七era七ionwi七h D
2
0 resu1七edin disappearance of the peaks 

a七 &6.24，5.56， and 4.20 and in co11apse of the doub1e 

double七 peaka七 O5.92 in七o a sing1e七 Meanwhi1e， the reaction 
8) 

of 12a wi th bu七y1amineafforded benzenesu1finamide 

3-butyliminome七hy1-1，2-benzisoxazo1e14， which gave 1，2-benz-

isoxazole-3-carba1dehyde 15 on acidic hydro1ysis. The structure 

of the a1dehyde 主主 wasconfirmed by c∞OαI吋r

which was a1ternative1y prepared from (1，2-benzisoxazol-3-y1)ー

methyl pheny1 su1foxide工6according七O 七hemethod of 

9) 
Strandtmann e七 a1.，-' as shown in Char七 2. 

A1though the data described above are sufficien七七0

suppor七七heN-su1finy1imine structure of 12，七hes七ruc七ureof 

12 was unequivoca11y confirmed by direc七 comparisonof 12a wi七h

a samp1e which was a1ternative1y prepared according to 七he

10) 
method of Davis e七 a1. ， ~Y' inc1uding oxida七ionof七hecorre-

sponding N-su1feny1imine 17 wi七h m-ch1oroperbenzoic acid 

(MCPBA)， as shown in Eq. 5. 

AgN0
3 15 (CuベQSPh MCPBA 7 12a PhSSPh > [PhSNH "1 ] > 

NH
3 

工7 (Eq. 5) 

Interesting1y，七he α-me七hy1eneand me七hinepro七onsof 

the halosu1foximides 8-11 were found to be exchangeab1e with 

the deuterium of ch1oroform-d， (CDC1-.) in七hepresence of DBU. 1 \~-~~3 
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Thus， 七hereac七エonsof 豆一主主 wi七h DBU were carried ou七 in CDC工3

at roorn七ernperature，七he cf... -brornosu1foxirnides 8 and七heN-

halosu1foxirnides 1旦and 主主 underwentpar七ia1H-D exchange 

reac七ionsof 七heirrne七hineand rne七hy1eneprotons 七oge七herwi七h

the rearrangernen七s，whereas the α-ch1orosu1foxirnides 9 underwen七

only nearly cornp1ete H-D exchange in 6-7 hr. 

These resu1ts c1ear1y suggest the forrnation of 七he CA -carbanions 

of the ha1osu1foxirnides 8-11 under the rearrangernen七 condi七ions.

On七hebas工sof 七heresu1ts described above， p1ausib1e 

mechanisrns for 七hesein七eres七ingrearrangernents are i11ustrated 

in Char七 3. 

Base 
8，9 ) 

Base 
1:.2.，11 :> 

R 

18 

X 

Ar 

〆、-o N 

R ゴ?¥x
19 

Char七 3
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The ini七ia1step invo1ves the reversib1e forma七ionof七he

sulfoxirnidoy1 anion 18 or the α-carbanion ~， fo11owed by an 

interna1 1，3-substitu七工onof ha1ide ion to afford the same 

cyclic intermedia七e，a 七hエazirineS-oxide 2旦， which has a nove1 

three-rnernbered ring sys七emwith an endocyc1ic S=N group. The 

in七errnedia七e 2旦 in七urn，undergoes spontaneous ring opening 

withou七 10ssof the su1fur componen七七o give the N-su1finy1-

imine 12. The forma七ionof七he七hiazirinein七ermedia七e 20 

is rnechani s七ica11yana10gous 七0 七ha七 of七heα--su1七amin七er-

mediate 6 in七heRamberg-Back1und reac七ionof α-ha1osu1fon-

amides (Eq. 2) and that of七heazirine intermedia七e 21 in the 

11) 
Neber reac七ion-L-LJ of ke七oxime 七osy1a七esand N-ch1oroimines 

(Eq. 6). 

base -X H
2
0 

O 

一 11 
RCH"，-C-R' 〉 RCH-C-R' 〉 RCH-CR' 〉 RCH-CR' (Eq. 6) 
2 ~ 

11 ¥N dY 
NX NX NH

2 

X=Ts， C1 2工

「、

J-
『
/



Experirnen七a1

The N-Su1finy1irnines 12 

Rearrangernen七sof the Ha1osu1foxirnides 8-11 with 

Base (Tab1es 工 and 工工) The reac七ionwas carried ou七 using

a 0.15-0.2M solu七ionof七heha1osu1foxirnide under七hecondi七ions

stated in Tab1es 工 and 工工 Af七eran appropria七e reaction tirne， 

the reaction rnixture was subjec七ed七o si1ica ge1 co1urnn chro-

matography and e1u七edwi七h CHC1
3
七o afford 12・ Recrysta11iza-

tion from ace七onl七ri1egave a pure produc七 Thee1ernen七a1

ana1yses and NMR spec七ra1da七a are surnrnarized in Tab1e 工工工.

The IR and mass spectra1 data are as fo11ows. 12a: 工R ジcml:

+ 1608， 1593(C=N)， 1106(80) i rnass: m/z 270(M')， 125(Ph80'). 

-1 
12b: IRυcrn 工613，1593 (C=N) ， 1105 ( 80) i rna s s: rn/ z 284 (M ' ) ， 

-1 
139 (To1S0 ' ) . 12c: 工Rジcm 工615，1595 (C=N) ， 1115， 1105， 

+. ---，--_. --+、‘and/or 1089(80) i mass: m/z 304(M')， 159(C1Ph80'). 12d: 工Rν

cm l:l6O 6(C=N)，工119(80) . 

1107 (SO) . 

“ -1 12e: 工R)) cm ~ 16工8，1598 (C=N) ， 

A1terna七iveSyn七hesisof工2a--ー The N-su1feny1irnine 17 

was prepared in 5毛 yie1daccording to the procedure of Davis 

10a) よ
et a1.~~~' NMR: O 7.2-8.5rn(9H， arom) ， 8.79s(lH， CH=N). 

Oxida七ionof 17 wi七hMCPBA in a 七wophase sys七erncon七aining

chloroform and water-sodiurn bicarbonate10b) gave七heN-su1finy1-

lffilne主主 in53宅 yie1d. The工R and NMR spectra of this product 

were in agreemen七 wi七h 七hoseof the cornpound described above. 

N-[(1，2-Benzisoxazol-3-y1) (2-pheny1hydrazino)me七hy1Jbenzene-

sulf inamide 13 

A solu七ionof 12a (1.1 g) and pheny1hydrazine (1.0 g) in 
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Table 工工工. 3-Arylsu工finy工iminome七hyl-l，2-benzisoxazoles 12a) 

Analysis(も)， Calcdj (Found) 
NMR. d Compd Mp (OC) Formula 

C H N S Hal 

12a 135-137 C14H10N202S 62.21 3.73 10.36 11.86 9. 28s (lH， CH=N) ， 

(62.28 3.51 10.45 12.13 7.2-8.4m(9H， arom) 

12b 114-115 C15H12N202S 63.36 4.26 9.85 11.28 9 . 28 s ( 1H， CH=N) ， 

(63.61 4.19 10.00 10.98 7 • 2 -8 • 4m ( 8 H， arom) ， 

2.41s(3H， CH
3
) 

、J 12c 151-153 C
14
H
9 
N
2
0
2
SC1 55.18 2.98 9.19 10.52 11.63 9 • 25 s ( 1H， CH=N) ， 

u1 

(55.18 2.68 9.26 10.50 11.61 ) 7.3-8.4m(8H， arom) 

12d 128-130 C
14
H
9 
N
2
0
2
SBr 48.15 2.60 8.02 9.18 22.88 9.26s (lH， CH=N) ， 

(48.21 2.51 8.15 8.98 23.11) 7.3-8.5m(8H， arom) 

12e 143-145 C15H12N203S 59.99 4.03 9.33 10.67 9. 27s (lH， CH=N) ， 

(60.02 3.98 9.33 10.38 7.1-8.1m(8H， arom) 

3.89s(3H， CH
3
0) 

a) Data for compounds 12 prepared from 8 w工七h DBU are 1isted. 



EtOH (25 rn1) was stirred for 10 rnin a七 500C. Af七er七hereac七ion

mixture had been coo1ed，七heprecipitates were co11ec七edby 

fil tra七ionand washed wi七h co1d E七OHto give 0.92 g of 13. 

Mp 127-1310C (CH3CN). Ana1. Ca1cd for C20H18N402S: C， 63.47; 

H， 4. 79; N， 14. 81; S， 8. 47. Found: C， 63. 45; H， 4. 74; N， 14. 97; 

S， 8.53. 

1，2-Benzisoxazo1e-3-carba1dehyde ~~ 

Reaction of主主 with But1匂 rnine Af七era solu七ionof 

12a (540 rng) and buty1arnine (300 rng) in E七OH (工5rn1) had been 

stirred for 1.5 hr a七 roornternperature， the reac七ionrnixture 

was concen七ratedin vacuo. The residue was disso1ved in isopropy1 

ether and coo1ed in an ice-ba七h. The precipita七eswere co11ec七ed

and washed wi七h co1d isopropy1 ether 七o give 250 mg (89宅 yie1d)

8) 
of benzenesu1finamide ， ~1 mp 122-1240C. The fi1七ra七ewas concen-

trated and 七heresidua1 oi1 was subjec七ed 七o si1ica ge1 co1umn 

chroma七ography， giving 320 mg of 3-bu七y1iminome七hy1-1，2-benz-

isoxazo1e 14 as a 1igh七 ye110woi1. NMR (工o0 HH z): d O. 9 9七(J=

6.8 Hz， 3H， CH2C~3)' 1.3-2.0m(4H， CH2C~2C~2CH3) 3.76d七(J=1.4 

and 6.4 Hz， 2H， CH=NC~2CH2)' 7.2-8.4m(4H， arom) ， 8.64七(J=1.4 

Hz， lH， C~=NCH2). A solution of 14 (320 mg) in 1N HC1 (10 m1) 

was stirred for 1 hr a七 roomtemperature and ex七rac七edwi七h

CHC13・ Theextrac七 wasconcen七ratedin vacuo and七heresidue 

was subjected to si1ica ge1 co1umn chroma七ography，giving 200 

mg (68も yie1d) of the a1dehyde 15. Mp 64-650C (pe七. ether). 

Anal. Calcd for C
8
H
5
N0
2
: C， 65.40; H， 3.43; N， 9.52. Found: 

C， 64.89; H， 3.36; N， 9.53. NMR: 67.2-8.4m(4H， arorn) ， 10.47s 

(lH， CHO). 工RLjcm-1:l703(CHO)，l609(C=N).Mass :m/2 147(M+)・

f
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A1七erna七iveSyn七hesisof 15 --- Af七era mix七ure of (1，2-

benzisoxazol-3-y1)me七hy1pheny1 su1foxide 16 (9.5 g) and ace七ic

anhydride (90 m1) had been ref1uxed for 3.5 hr，七hereaction 

mixture was concen七rated. The residue was disso1ved in CHC1
3 

and wa shed wi七hwa七er. The organic 1ayer was dried and concen-

tra七edin vacuo. The residue was subjec七ed七o si1ica ge1 co1umn 

chrornatography， giving 9 g of [(工，2-benzisoxazol-3-y1)(pheny1-

ω0) r日七hy1J acetate as a co1or1ess oi1. NMR: O 2 .18s (3H， Ac)， 

7.2-8. Om (10H， CH and arom) . After a solu七ionof the ace七a七e

(9 g) and iodine (2 g) in MeOH (100 m1) had been ref1uxed for 

14 hr， 2 g of iodine were added and七heref1uxing was continued 

for ano七her10 hr. The reac七ionmix七urewas concen七ra七edand 

the residue was disso1ved in CHC1
3 
and washed with aq. sodium 

thiosu1fa七e. The organic 1ayer was dried and concentra七ed.

The residue was subjec七ed七o si1ica ge1 co1umn chroma七ography，

giving 3.9 g of 1，2-benzisoxazo1e-3-carba1dehyde dime七hy1ace七a1

a s a C 010 r 1 e s s 0 i 1 . NMR : O 3 . 51 s ( 6 H， 2 x C H ...， 0)， 5. 7 8 s (1 H， C H) ， v .....， .-'~~\v........ ， """.......3'-'1' 

7.1-8.1m(4H， arom). Af七era suspension of 七heaceta1 (3.9 g) 

in 20も aq. HC1 (20 m1) had been stirred for 1 hr a七 room

ternperature，七hereac七ionmix七urewas ex七rac七edwi七hCHC1
3・

The extrac七 wasdried and concen七ratedin vacuo七o give 2.1 g 

of the a1dehyde 15， whose 工R and NMR spectra were in agreemen七

with those of七heproduct described above. 
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Chap七er4 

Halogena七ionsof S-Benzyl-S-phenylsulfoximides and 

Rearrangemen七sof Their N-and cf... -Halo Deriva七ives

七oN-Sulfinylimines 

surnmary ----- The reactions of S-benzyl-and S-. (p-ni七ro-

benzyl)ーS-phenylsulfoximideswi七hN-bromosuccinimide and 

t-butyl hypochlori七egave the corresponding N-halosulfoximides 

in good yields. The N-bromo-S-(p-ni七robenzyl)sulfoximide

decomposed工n the presence of a ligh七 sourceto give the 

corresponding α-bromosulfoximide， whereas the 0七herN-halo-

sulfoximides did not give the correspondingα一halosulfoximides.

On trea七men七 withN-chlorosuccinimide七hep-nitrobenzylsulfox-

imide underwen七 bo七hN-and α-chlorina七ions，while the 

benzy 1 su 1 f oximide underwen七 onlyN-chlorination. Meanwhile， 

the halosulfoximides underwent base-induced rearrangements 

under varying condi七ions 七ogive the corresponding N-sulfinyl-

lmlnes. The mechanisms of these reac七ionsare discussed. 

工n七roduc七ion

工nChap七ers2 and 3，七herearrangements of N-halosulfox-

imides to CX-halosulfoximides and of the N-and α-halosulfox-

lmides to the corresponding N-sulfinylimines were described. 

However， these resul七sare based on the reac七ionsof "special" 

Sulfoximide deri va七ives，S-aryl-S-[(1，2-benzisoxazol-3-yl)ー

methyl] sulfoximides lc (Ar=工，2-benzisoxazol-3-yl). 
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Therefore， in order七o exarnine七hegenerality of these 

interes七ingchernical behaviors of七he1，2-benzisoxazolyl-

me七hylsulfoxirnides，these reac七ionshave been applied on七he

benzyl sys七ernand sirnilar resul七shave been obtained. 

Thus， this Chapter deals wi七h 七hehalogena七ionsof S-benzyl-

s-phenylsulfoxirnides la，b and the rearrangernents of七heir

N-and α-halo deriva七ives 2-5 in七O 七hecorresponding 

N-sulfinylirnines， N-benzylidenebenzenesulfinarnides 6. 

Resu工七sand Discussion 

The free su1foxirnides， S-benzy1-and Sー(p-nitrobenzy1)ー

S四 phenylsu1foxirnidesla，b， were prepared by arnina七ionof 七he

工)
corresponding su1foxides~1 wi七hO-rnesi七ylenesu1fony1hydroxy1-

2) 
arnine (MSH). 

Bromina七ionof七heFree Su1foxirnides 1a，b 

The reac七ionof 1a，b with N-brornosuccinirnide (NBS) for 

10 min a七 roornternpera七uregave N-brorno-S-benzyl-S-pheny1-

su1foxirnides 2a，b in iso1a七edyie1ds of 90宅 and86宅，

respec七ively・
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However， 七he'reaction of the p-ni七robenzy1su1お xi叫 de主主

wi th NBS was a110wed七ocon七inuefor 7 hr in七hepresence of 

a ligh七 source (a room 1igh七)， affording S-(O(-bromo-p-nitro-

benzyl)ーS-phenylsu1foximide 3 in 30宅 yie1dinstead of 2b. 
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These findings sugges七七ha七 the Cメーbromosu1foximide3 

was produced via a faci1e N-bromina七ionfo11owed by bromine 

transfer reac七ionof 七heresu工七ingN-bromosu1foximide 2b. 

As shown in Tab1e工， in fac七，七heN-bromosu1foximide 2b 

decomposed in 5-24 hr a七 room七empera七urein the presence of 

a light source to give the C< -bromosu1foximide 3 in 16-36宅

yields， depending on the solvent used. 工near1y s七agesof 

the reac七ionsexamined there was a clear induction period in 

which the 1 iber a七ionof bromine was observed (Fig. 1). 

In the absence of a ligh七 sourceno decomposition occurred. 

(Tab1e工)

(Fig. 1) 

The resu1七sdescribed above suggest七ha七七herearrangemen七

of the N-bromo-S-(p-ni七robenzyl)sulfoximide2b was photo-

chemically ini七iatedand七hebromine molecule formed in the 

lnduction period acts as 七heac七ivebromina七ingspecies. The 

bromination process wi七hbromine mo1ecule is considered to 
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Table 工 Decompositionof the N-Bromosulfoximide 2b
a
) 

Reac七ionCondi七ions

CH"C1"" 24 hr 2........2' 

lもE七OH-CHC1
3
， 10 hr 

5もE七OH-CHC1
3
，5 hr 

l毛E七OH-CHC1
3
，dark， 1 week 

b) 
products and Yields(毛)

1b 3 

27.8 

57.5 

72.9 

36.9 

24.0 

16.0 

No decomposi七ion

a) The reaction was carried ou七 atroom tempera七urein七he

presence of a room ligh七 un工essotherwise no七ed.

b) Yie1ds were de七erminedby HPLC. p-Nitrobenzyl bromide 

was a1so ob七ainedin 5-8宅 yie1dsas ano七hercharac七erizab1e

product. 

proceed bo七h in radica1 and ionic processes as :in七hecase of 

the N-bromo deriva七ivesof the 1，2-benzisoxazo1ylmethy1su1fox-

imides described in Chapter 2. 

On the 0七herhand， N-bromo-S-benzy1su1foximide 2a 

decomposed in the presence of a 1ight source， as with 2b， 

to g i v e 1 a i n c a . 8 0毛 yield，but did no七 givethe corresponding 

~-bromosulfoximide as an isolable and characterizable product. 
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Fig. 1. Change of Yie1d of the CメーBromosu1foximide 3 

with Tirne in the Decomposi七ionof七heN-Bromosu1foxirnides 

2b in七hePresence of a Ligh七 Source.

• in 5もE七OH-CHC1
3
，

CH...C1 
2~""2. 

• in 1毛EtOH-CHC1
3
， 
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Ch10rina七ionof the Free Sulfoxirnides la，b 

The reac七ionof la，b with ter七-bu七ylhypochlori七e (BHC) 

for 10 rnin at roorn ternperature afforded N-chloro-S-benzyl-S-

phenylsulfoxirnides i三'!:?in isola七edyields of 88毛 and73毛，

respecti vely . 
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The N-chlorosulfoxirnides 4a，b decomposed in七hepresence 

of a ligh七 source七o give la，b， but did no七 ~Jive the 

correspondingα-chlorosulfoxirnides. 

Meanwhile，七hebenzylsulfoxirnide la underwen七 only

N-chlorination on trea七rnen七 wi七hN-chlorosuccinirnide (NCS) 

to give the N-chlorosulfoxirnide 4a， reguiring over a week for 

comple七iona七 roornternperature. 

On七he0七herhand，七hep-ni七robenzylsulfoxirnidelb 

underwent both N-and α-ch工orina七ionson七reatmentwith NCS 

(Eq. 1 and Table 工工). This reac七ionproceeded either in the 

presence or in the absence of a light source，七hough七he

absence of a light source appears to retard the rate and七0

increase the yield of the α-chlorosulfoximide 5. Althuogh 

the reason of this effec七 ofa ligh七 sourcei.s no七 clear，

the ~-chlorination of lb with NCS seerns to proceed in the 

- 85 -



NCS 

h
 
p--

H

 

O

↑
S

H

N

 

H
 

1
4
 1
1
C
 

C
 

h
 
p
 
「
4
0
 
N
 
P
 

+ 4b (Eq. 1) lb 2与

5 

Table 工工 Reactionof the p-Ni七robenzy1su1foxirnide1b wi七h NCS
a
) 

b) 
Products and Yields(毛)

Reaction Conditions 
4b 5 1b(recovered) 

CH2C12 ' 
24 hr 45.9 47.2 

l%E七OH-CHC1
3
， 24 hr 38.2 51.2 

5%E七OH-CHC1
3
，24 hr 48.4 44.2 

CH
2
C1
2
， dark， 48 hr 60.2 34.9 

l%E七OH-CHC1
3
， dark， 48 hr 52.9 40.1 

5%EtOH-CHC1
3 
， dark， 48 hr 55.7 40.4 

CDC1
3 
'工5hr

c
) (33) (35) 

CDC1
3
， dark， 24 hrd) (32) (42) 

a) The reac七ionwas carried ou七 a七 roorn七ernperaturein七he

presence of a roorn 1igh七 un1ess 0七herwiseno.ヒed.

b) Yields were de七errninedby HPLC af七er 七he .ヒreatrnen七 described

in "Experirnen七a1"，during which 4b was conver七ed七o 1b， and 

those in parentheses by NMR using the reac七ionrnixture 

withou七 anytrea七rnen七.

c) The reaction was approxirna七ely73毛 cornp1eted: pro1onged 

reaction caused partial decornposi七ionof 4b. 

d) The reac七ionwas approxirnately 77宅 cornpleted: prolonged 

reaction caused partial N-chlorination of 5. 
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same manner as七heNCS chlorination of七hel，2-benzisoxazolyl-

me七hylsulfoximidesdescribed in Chapter 2， i.e.， via the 

direc七 α-a七七ackof NCS， on the basis of 七heresults described 

above. 

工n 七heα-halogenations of the sulfoximide derivatives 

examined in Chap七er2 and this Chap七er，七heorder of reactivi七Y

is s-(工，2-benzisoxazol-3-yl)me七hyl- (註)> S-(p-nitrobenzyl)ー
(些)> S-benzyl叫 f凶 mide (主主)，凶icati均七ha七七herω七ivi七y
appears 七obe controlled by the degree of ac七iva七ionof七he

α-posi tion， i. e. ， . CX -CH acidi七y. This idea is consisten七 wi七h

the NMR findings and deuterium exchange reac七ionof these 

rnethylene pro七ons. The NMR chemical shif七 (60MHz in CDC1
3
) of 

the methylene group of 1三(54.84) appears a七 a 0.5 or 0.4 ppm 

lower field than tha七 ofla (d 4.34) or lb (O 4.44)， respec七ively.
In acetoni七rile-d

3
con七ainingca. 工00molar equiv. of deuterium 

oxide a七 350C，七heme七hyleneprotons of lc were ca. 50% exchanged 

with deu七eriumin 24 hr， whereas under七he same conditions 

those of lb required ca. 1 week for 50宅 deuteriumexchange and 

those of la underwent no significant deu七eriumexchange even 

after 2 week s . 

Al七ernativeapproaches 七o prepare 七heO(一haloderiva七ives

of the S-benzylsulfoximide la were unsuccessful according七0

3) 
the me七hodof Johnson and Corkins ， ~1 which involves amina七ion

of the corre sponding CJ.一halosulfoxideswith MSH and α-chlori-

nation of the corresponding N-halosulfoximides with BHC. 
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Base-工nduced'Rearrangernen七sof the Halosulfoxirnides 2-5 

As wi七h the halo deriva七ivesof the 1，2-benzisoxazolyl-

methylsulfoxirnides described in Chap七er3，七hehalosulfoxirnides 

2-5 underwen七 base-inducedrearrangernents 七o give七hecorre-

sponding N-sulfinylirnines， N-benzylidenebenzenesulfinarnides 6. 
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3，5 

The s七ruc七ureof 6 was confirrned by direct cornparison with 

sarnples which were alternatively prepared according七o the 

4) 
method of Davis et al・ includingoxida七ionof七hecorre-

sponding N-sulfenylirnines 7 wi七hrn-chloroperbenzoic acid 

(MCPBA) in a two phase sys七erncon七ainingchloroforrn and 

water-sodiurn bicarbonate， as shown in Eq. 2. 

NH
3 

ArCHO MCPBA 

PhSSPh > [PhSNH
2
] ) ArCH=NSPh一一 〉包，b (Eq. 2) 

AgN0
3 7a: Ar=Ph 

b: Ar=p-N0
2
Ph 

The results of these rearrangernen七sare sumrnarized in 

Table 工工工.
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Table 工工工. Rearrangemen七sof the Ha1osu1foximides 2-5 wi七h Base
a
) 

Compd Reac七ionCondi七ions Product(s) and Yie1ds(も)b) 

2a DBU(2 equiv.)， 10 min 6a 54 1a 38 

2a K
2
C0
3
(5 equiv.)， 24 hr 6a 81.5 

2b DBU(1.2 equiv.)， 10 min 6b 62 1b 26 

2b K
2
C0
3
(3 equiv.)， 10 hr 6b 78 

4a DBU(2 equiv.)， 5 min 6a 93 

4a K
2
C0
3
(5 equiv.)， 24 hr 6a 55(85)c) 

4b DBU(1.2 equiv.)， 5 min 6b 94.5 

4b K
2
C0
3
(3 equiv.)， 3 hr 6b 96 

3 DBU(3 equiv.)， 4 hr 6b 65(76.5)c) 

5 DBU(3 equiv.)， 5 hr 6b 10d) 

a) The reaction was carried ou七 indich1orome七haneat room 

ternpera七ureun1ess 0七herwiseno七ed.

b) 工so1a七edyie1ds af七erco1umn chromatography. 

c) Based on七heunrecovered ha1osu1foximide. 

d) Under reflux in ch1oroform. The recovery of 5 was 78毛.

A11 七heN-halosu1foximides 2a，b and 4a，b underwen七

rearrangemen七 ontreatmen七 eitherwi七h 1，5-diazabicyclo[5.4.0]-

5-undecene (DBU) or wi七h potassium carbona七e a七 roomtempera-

ture to give 6a，b in good七o exce11en七 yie1dsunder varying 

conditions. The C大-bromosu1foximide 3 was 七日a七edwith 3 

molar equiv. of DBU at room七empera七ure for 4 hr to give 6b 

ln good yield. Under the same conditions， however，七he

~-chlorosulfoximide 5 underwen七 norearrangemen七， bu七 under

reflux in chloroform for 5 hr， 5 gave 6b in 10も yield.
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When七hereac七ionof the N-ch1orosu1foximides 4a，b with 

DBU was carried out in ch1oroform-d， (CDC1~) ， 4a，b underwen七
工 3 一一'>.J

par七ia1hydrogen-deuterium exchange of 七heirmethy1ene 

pro七onswith the deuterium of CDC1
3
七oge七herwith the rear-

rangemen七 inthe NMR spectra of the reac七ionmix七ures the 

peak heigh七 ofnon-deu七era七edch1oroform increased 2-4 七imes

the origina1 peak heigh七 Simi1ar1y，under t~he same condi七ions

the CX-bromosu1foximide 3 underwent partia1 H-.D exchange 

together wi七h the rearrangemen七， whereas the Cメーch1orosu1fox-

imide 5 underwen七 on1yH-D exchange. These findings c1ear1y 

suggest七heforma七ionof the C}..-carbanion under the rearrange-

rnen七 conditions.

On the basis of the resu1七sdescribed above，七hese

rearrangemen七smay proceed in a manner simi1ar七0 七ha七 ofthe 

5) ，.... _ _ L _ __ _ ，.... _ _ L'  _ _ _...:1 __ _ _ _ -L.! _ __ 6 ) 
Neber-' or 七heRamberg-Back1und reac七工on~' to afford the same 

intermedia七eof a 七hree-memberedcyc1ic su1foximide， a 

thiazirine S-oxide 8， fo11owed by spontaneous ring opening 

without 10ss of the su1fur componen七七o give 6， as shown in 

Char七 1.

Base 
O 

一↑
2，4 JF ArCH-S-Ph 
一一

11 ¥¥| 
NX 

Ph 

/ 
ArCH-S 

Base /ノ|
¥グ、

〉 6 

3，5 〉 ArCH-↑ S-Ph 

N 

一
11一 8 

N 

Char七 l
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Al七houghN-sulfinylimines (N-alkylidenesulfinamides) are 

a rela七ivelynew family of reactive sulfur compounds， they 

have been syn七hesizedby several procedures (Eqs. 2_6)4b，7) 

and demons七ra七ed七obe useful in七ermedia七es for organic 

4b，7c，8) 
syn七hesis ， ~~"~'V' including a mild， high-yield source of 

4b，9) uns七able sulfenic acids (Eq. 7). 

PhSN=PR
3 

MCPBA 

+ ArCHO 一一一ぅ ArCH=NSPh ) ArCH=NSPh 

↓ 
O 

(Eq. 3) 
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P
 ArSCl > 

↓ 
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+ (Eq. 6) 

MeOH 

ArSN=CHPh + Me~SiCl 一一ぅ ArSOSiMe~ ) ArSOH 3 ~ -~ - /. .~ ...........， ...... ........ ...... 3 
↓ 
O 

(Eq. 7) 

Since i七 hasbecome apparent in Chap七er3 and七hisChapter 

tha七七hehalosulfoximide derivatives having an 以-active

methylene or a benzyl group readily undergo rearrangemen七

under mild conditions to give 七hecorresponding N-sulfinyl-

lmines in good yields，七heserearrangemen七sappear to be 

able七o offer a useful me七hodfor七heprepara七ionof this 

ln七eres七ingfamily of sulfur compounds. 
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Hass Spectra of七heS-Benzy1-S-pheny1su1foximides 1a，b 

The resu1七sof the fragmen七ationana1yses of七hebenzy1-

sulfoximides 1a，b are summarized in Tab1e 工v.

Tab1e 工V. Mass Spec七raof 1a，b 

Re1a七iveintensi七Y

工a 1b 

工on 70 eV 20 eV 70 eV 20 eV 

[M] + 0.01 0.01 0.02 0.03 

+ 
0.37 1.00 0.15 [ArCH

2
NH] 0.08 

+ 
1.00 0.90 0.10 0.11 [ArCH

2 
] 

[PhSONH]+ 0.08 0.04 1.00 1.00 

[PhNH] + 0.01 0.10 0.26 0.26 

[Ph]+ 0.20 0.03 0.92 0.34 

+ 
0.06 0.07 0.60 0.35 [C

6
H
6
] 

[SONH]+ 0.07 0.01 0.26 0.09 

The fragmen七 ionsobserved in七ense1yin the fragmen七a七ion

of the benzy1su1foximide 1a are a1so observed， bu七 no七 so

lntense1y， a七七hecorresponding mass uni七sin七ha七 ofthe 

p-nitrobenzy1su1foximide 1b， and vice versa， sugges七i吋七ha七

the key fragmentation s七epsof 1a and 1b are differen七 from

each other. 
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工n 七hecase of 1主F 七hebase peak is rn/z 91 or 106 a七 70

or 20 eV， respec七ive1y. The peak of rn/z 91 is due to benzy工

ion which is considered七obe forrned direct1y frorn the rno1ecu1ar 

ion， since no defini七epeaks due七O [PhCH SONH]+and [PhCH2so ]+ 
2 

ions are observed. For the sarne reasons， the ion a七 rn/z 106 

consis七en七 wi七hbenzy1irnide ion is considered 七obe genera七ed

from N-benzy1benzenesu1finamide ion which is forrned by an 

initia1 benzy1 migra七ion七0 七heirnide ni七rogenin the mo1ecu1ar 

ion. The peak due to pheny1irnide ion a七 rn/z 92 is absen七 or

weak， indicating七ha七 apheny1七oni七rogenrnigra七ionprocess 

no longer predorninates in con七ras七七o a1ky1 ary1 su1foximides 

whose key fragmen七a七ions七epshave been shown七obe七histype 

10 ) 
of rearrangernent. 

工n 七hecase of 1b， the base peak is m/z 140 due七o

[PhSONH J + ion a七 both70 and 20 eV. 0七herintense peaks are 

observed a七 m/z 92， 78， 77， and 63 due to pheny1imide， benzene， 

+ pheny1， and [SONH] I ions， respec七ive1y. A11 these ions are 

considered七obe genera七edfrorn the base peak ion [PhSONH]+， 

since no other rnarked 工on 工sobserved. 

Thus，七hefragrnen七a七ionscheme for the benzy1su1foxirnides 

込，~ rnay be i11ustra七edin Char七 2. The fragmen七a七ionof 1a 

lnvolves two key steps (Paths A and B) and that of 1b invo1ves 

Path C as 七hekey s七ep.
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Experimen七al

S-Benzyl-and S ー(p-Nitrobenzy1)ーS-phenylsulfoximides1a，b 

The free su1foximides 1a，b were prepared from七hecorre-

sponding sulfoxides and MSH in the same manner as described 

in Chapter 1. 1a: mp 109-1120C (CH
2
C1
2
-isopropy1 ether). 

Ana1. Ca1cd for C
13
H
13
NOS: C， 67.50; H， 5.66; N， 6.06; S，工3.86.

Found: C， 67. 41; H， 5. 55; N， 5. 95; S， 13. 84 . NMR: [; 2 . 90s (lH， 

NH)， 4. 34 s ( 2 H ， CH 2)' 6. 9 -8・Om(10H，arom)・工R ジcml:332O(NH)， 

1216， 1109， 972(NSO). 1b: mp 163-1650C (CH~C1~-isopropy1 2--2 

ether). Anal. Ca1cd for C~~H~~N~O~S ・C，56.51; H， 4.38; N， 工3 工2...'2'"'3'-'.--， 

10.14; S， 11.60. Found: C， 56.32; H， 4.31; N， 10.22; S， 11.60. 

NMR: d 2 . 9 2 s (工H，NH)， 4.44 s ( 2H， CH ~)， 7. 1-8 . 0叫 7.30d(J=9.0 
2 

Hz) (7H， arom) ， 8 .15d (J= 9.0 Hz， 2H， arom). 工R LJ cm-l :3325 

(NH) ， 1513， 1345 (NO， .. J， 1224， 1109， 940 (NSO) . 
2 

N-Ha1o-S-benzy1-S-phenylsu1foximides 2a，b and 4a，b. 

Reaction of la，b with NBS or BHC 

2a and 4a: An equimo1ar amoun七 ofNBS or BHC was added 

to a solu七ionof 1a (1.0 g) in CH
2
C1
2 
(10 m1) at room tempera-

ture and the mix七urewas stirred for 10 min in the dark. 

The reaction mix七urewas direc七1ysubjected七o si1ica ge1 

co1umn chroma七ographyusing CHC1
3 
as an e1uen七七o give 2a or 

包 in90毛 or 88宅 yie1d，respec七ive1y. Recrysta11ization from 

CH
2
C1
2
-hexane gave pure products. 

2b and 4b: Af七era mixture of equimo1ar amoun七sof 1b 

(1.0 g) and NBS or BHC in CHC1
3 
(10 m1) had been stirred for 
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10 min a七roorn七ernperature in七hedark，七heprecipi七ateswere 

co11ected by fi1tra七ionand washed wi七h co1d CHC1
3
七o give 2主

or 4b in 86毛 or 73宅 yie1d，respective1y. Recrysta11iza七ion

from CH
2
C1
2
-isopropy1 e七hergave pure produc七s.

2a: rnp 97-工050C. Ana1. Ca1cd for C~~H~~BrNOS: C， 50.33; 13..12 

H， 3. 90; B r， 25. 76; N， 4. 52; S， 10. 33 . Found: C， 50. 24; H， 

3・84; Br， 25・54; N， 4・24; S， 10・18・ NMR:O 4・68s(2H，CH
2
)， 

-1 
6.9-7.9rn(10H， arorn). 工Rνcrn 工212，工089，971(NSO). 

2b: rnp 131-1330C. Ana1. Ca1cd for C ， ~H"BrN~O~S: C， 43.96; 工3工工 2'"'3 

H， 3.12; Br， 22.50; N， 7.89; S， 9.03. Found: C， 44.13; H， 

2.93; Br， 22・71; N， 7.89; S， 8・78・ NMR:d 4 . 70s (2H， CH
2
)， 

7.24d， 8.09d(J= 8.6 Hz， each 2H， NO~Ph) ， 7.4-7.9rn(5H， Ph). ~J..L， .L''-/2..... ....， ， 

IR Y crn-工 1512 工344(NO~) 工 212 ， 1089， 973(NSO). ~ .....， ---. -. ¥ ~... '-' 2 J' ~ ~ ~ '-， 

4a: mp 86-890C. Ana1. Ca1cd for C
13
H
12
C1NOS: C， 58.75; H，4.55; 

Cl， 13.34; N， 5.27; S，工2.06. Found: C， 58.63; H， 4.56; C1， 

13.56; N， 5.24; S， 12.09・ NMR:d4.61s(2H， CH
2
)， 6.9-7.9rn 

牟 -1
(10H， arorn). 工Rレ}crn ..工212，1089， 973(NSO). 4b: rnp 128-

1300C. Ana1. Ca1cd for C ， ~H"C1N~O~S ・C，50.25; H， 3.57; C1， 工3......11"""......2'.J3....... ""'" 

11.41; N， 9.01; S， 10.32. Found: C， 50.18; H， 3.63; C1， 11.21; 

N， 8.92; S， 10.24. NMR: d 4.71s(2H， CH~) ， 7.25d， 8.09d(J= 9.0 
2 

-1 
Hz， each 2H， N0

2
Ph)， 7.4-7.9rn(5H， Ph). 工Rνcrn 工512，1342 

(N0
2
) ， 1216， 1088， 972(NSO). 

L吐len七heabove reac七工onswere carried ou七工n CDC1
3 
at 

room temperature， the NMR ana1yses of the reaction mixtures 

showed七ha七七heyie1ds of the N一ha1osu1foxirnides 2 and 4 were 

quanti七a七ive.
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s-( cf... -Bromo-p-ni七robenzy1)ーS-pheny1su1foximide3 

A sligh七 excessof NBS was added to a s七irredsolution 

of 1b (2.0 g) in CHC1
3 
(50 m1) and the resulting 

suspension was a110wed七o s七irfor 7 hr a七 room七empera七ure

under a room 1ight. The reac七ionmixture was washed wi七h

di1ute aq. K
2
C0
3
， and then七heorganic 1ayer was dried and 

concentrated in vacuo. The residue was chroma七ographedon a 

si1ica ge1 co1umn using CHC1
3 
as an e1uen七七o afford 0.8 g 

(30% yie1d) of 3 toge七herwith 0.9 g of the recovered 1b. 

The NMR spectrum of 3 showed i七七obe a mixture of dias七ere-

omers: 七wodis七inc七 methinesing1e七swere observed. 

l: rnp 116-1240C (CH
2
C1
2
-isopropy1 e七her). Ana1. Ca1cd for 

C13H11BrN203s: C， 43.96; H， 3.12; Br， 22.50; N， 7.89; S， 9.03. 

Found: C， 44. 06 i H， 3. 13 i Br， 22. 23 i N， 7. 86; S， 9. 16 . 

NMR: O 3 . 3 s， 3. 6 s ( 1H， NH)， 5. 77 s， 5. 8工s(lH， CH)， 7.25-8. 3m 

-1 
(9H， arom). 工R lJ cm ~ 3 2 7 5 (NH)， 1513， 13 4 6 (NO '"¥)， 124 2， 113 5 ， .....J.v  ¥"""'-'2' I 

950 (NSO) . 

Decornposi七ionof七heN-Ha1osu1foximides 2 and 4 

The reaction was carried ou七 wi七h a 0.05M solution of the 

N-ha1osu1foxirnide. Af七eran appropria七erea.c七iontime， an 

aliquot por七ion 工-2m1) of the reac七ionmixture was taken up， 

washed wi七h 5も aq. K
2
C0
3 
(5 m1)， and extrac七edwi七hCHC1

3 
(5 m1). 

The organic 1ayer was dried and concen七ra七edin vacuo. The 

residue was disso1ved in 1 m1 of CHC1_ and 19 rn1 of E七OH，and 
3 

then subjec七ed七o HPLC ana1ysis. 
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The resu1七s for the decornposi七ionof N-brorno-S-(p-ni七ro-

benzy1)ーS-pheny1su1foxirnide2b are surnrnar工zedin Tab1e工.

The 0七herN-ha1osu1foxirnides 2a and 4a，b decornposed in 7 hr， 

55 hr， and 24 hr， respective1y， in 5毛E七OH-CHC工3 七o give 主主，b

in ca. 80宅 yie1ds 七ogetherwi七h a srna11 arnoun七 of 七hecorre-

sponding benzy1 ha1ide， but no other characterizab1e produc七

was ob七ained.

Reaction of 1a，b wi七hNCS 

工a: The reac七ionof 1a (60 mg) with an equirno1ar amoun七

of NCS was carried ou七 inCDC1
3 
(1 rn1) a七 roorn七ernpera七urein 

a sea1ed tube 工n the dark. After a week the NMR ana1ysis of 

七hereaction rnixture indica七ed七ha七七hereaction was approxi-

ma七e1y88% cornp1e七edand the yie1d of the N-ch1orosu1foxirnide 

4a was ca. 84宅.

1b: The resu1ts for七hereaction of 1b with NCS are 

surnmarized in Tab1e 工工 Thereac七ionwas carried out using 

a 0 .1-0 . 2M solu七ionof 1b with an equirno1ar arnoun七 ofNCS. 

HPLC ana1ysis was run af七er七hereac七ionmixture had been 

worked up as described above. NMR ana1ysis was carried out 

wi七h the reaction mixture withou七 any七rea七rnen七.

S-( CJ... -Ch1oro-p-ni七robenzy1)ーS-pheny1su1foxirnide5 was 

iso1a七edas a mixture of dias七ereornersby silica ge1 co1umn 

chrornatography and recrysta11ized frorn CH
2
C1
2
-isopropy1 ether: 

mp 125-1310C. Ana1. Ca1cd for C"H"C1N~O ， S: C， 50.25; H， 
工 3..1 工 2~3

3 • 57; C 1， 11. 41; N， 9. 01; S， 10. 32 . Found: C， 49. 99; H， 3. 46 ; 

Cl， 11. 57; N， 8. 93; S ，. 10. 36 . NMR: d 3 . 30 s (lH， NH)， 5. 74 s ， 

5.77s(lH， CH)， 7.3-8.1rn(7H)， 8.18d(J= 9.0 Hz， 2H) (arorn). 
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ZR LJ cm 123275(NH)，l515 工347(NO...，)工242，1137， 952(NSO)・...-'"""'X I ¥....""""2" ~~~~， 

N-Benzy1idene-and N-(p-Ni七robenzy1idene)benzenesu1finamides

6a，b. Rearrangemen七sof the Ha1osu1foximides 2-5 with Base 

The reaction was carried ou七 witha 0.1-0.2M solu七ionof 

七heha1osu1foximide under 七heconditions s七a七edin Tab1e 工工工:

七hereaction of 七heN-ha1osu1foximides 2 and 4 with K~CO -:.. .. -_.. .'2 -~ 3 

was carried out in the dark to avoid par七ia1decomposition of 

七heN-ha1osu1foximide described above. After an appropria七e

reaction七ime，七hereaction mix七urewas direc七1ysubjected七0

si1ica ge1 co1umn chroma七ographyand e1uted wi七h CHC1
3
七O

give 6. 
4b) 互主 mp 80-830C (hexane) 工 i七 .~I mp 78-790C). 

Ana1. Ca1cd for C~_H~~NOS ・ C，68.10; H， 4.84; N， 6.11; S，13.98. 1 3'....11...'-'~. '-， 

Found: C， 68.35; H， 4.75; N， 6.11; S， 14.05. NMR: d7.2-8.1m 

(10H， arom) ， 8.79s(lH， CH=N). 工Rυcm-1 1604(C=N)， 1099(SO)・

6b: mp 154-1570C (CH，CN). Ana1. Ca1cd for C ， ~H ， ^N~O~S: C， 3--"". .........'-4...... '-'-4......____ '-13......10....2""3 

56.92; H， 3.67; N， 10.21; S， 11.69. Found: C， 57.30; H， 3.72; 

N， 1 0 . 4 5; S， 11. 7 0 . N!1R: & 7 . 3 -7 . 9 m ( 5 H ， P h)， 8. 0 2 d ， 8. 3 0 d ( J = 

9.0 Hz， each 2H， NO~Ph) ， 8.85s(lH， CH=N). 
1.''-'2'''' .41 ， 

(C=N) ， 1519， 134 工 (NO~) ， 1101 (SO) . 
2 

ハUQJ
 

E
J
 

1
ム

ーム

m
 

C
 ν
 

R
 
T-

Alterna七ivePreparation of 七heN-Su1finy1imines 6a，b 

N-Benzy1idene-and N-(p-nitrobenzy1idene)benzenesu1fenamides 

き，bwere prepared in 72% and 5% yie1ds， respective1y， 

4a) 
according to the procedure of Davis et a1. "'-41 7a: mp 45-470C 

7a) 。
(hexane) (li七 mp35-360C). Ana1. Ca1cd for C"H"NS: C， 13.....11 

73 .20; H， 5. 20; N， 6. 57; S， 15. 03 . Found: C， 72. 93; H， 5. 24; 

Q
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N ， 6. 50; S， 14. 7 4 . NMR: d 7 . 1-8 .工m(工OH，arom) ， 8.49 s (工H，CH=N)・

7b: mp 80-810C(E七OH). Ana1. Ca1cd for C13H10N202S: C， 60.45; 

H， 3.90; N， 10.85; S， 12.41. Found: C， 60.71; H， 4.11; N， 

10 . 85; S， 12.44. NHR: d 7 . 1-8 .1m (7H)， 8. 27 d (J:= 9.0 Hz， 2H) (arom) ， 

8.4 8s (1H， CH=N). 

The above N-su1feny1imines 7a，b were oxidized by MCPBA 

to give 6a，b in 93宅 and77宅 yie1ds，respec七ive1y，according七O

4b， c) 
the me七hodof Davis et a1. ~~'~I The 工R and NMR spectra of 

七hesesamp1es were in agreemen七 withthose of 七heproducts in 

the rearrangements of the ha10su1foximides 2-5 described above. 
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Chap七er5 

Syn七hesisof 4-0xo-4H-benzisoxazo10[2，3-三]pyridinesand Their 

Ring Transforma七ions 七o 2-0xobenzofuro[3，2-ゑ]pyridines

Sumrnary ----- 1，2-Benzisoxazo1e-3-ace七icacids underwen七

dirnerization on treatmen七 wi七hacy1 ch10rides in pyridine to 

give 4-oxo-4H-benzisoxazo10[2，3-a]pyridines which， in七urn，

underwen七 pho七0-エnducedring transforma七工onto afford 2-oxo-

1，2-dihydrobenzofuro[3，2-bJpyridines. 

工ntroduc七ion

The CX -rne七hy1enegroup of 1，2-benzisxoazo1e-3-acetic 

acids 1 has been found七o be unusua11y reactive in the 

1) 
e1ec七rophi1ic subs七i七U七ions，i.e.， ha1ogenations ， ~1 su1fon-

1 c ) _ __ _， 'If _ _ _ .! _，_ __ _ _ _ L..! _ _ 2) 
n ， ~~1 and the Mannich reac七lon， sugges七ing七ha七七heC=N 

bond of 1，2-benzisoxazo1e ring func七ionsas a "masked" 

carbony1 group. 工n Chap七er2， the methy1ene group of S-ary1-

S-[(1，2-benzisoxazol-3-y1)methy1Jsu1foximides was described 

a1so七obe active 七oha10gen e1ec七rophi1es. A1七houghthe 

reasons for the high reactivi七iesof these me-ヒhy1enegroups 

to e1ectrophi1es are as yet unexp1ained exactly，七hereis a 

p1ausib1e exp1anation which invo1ves the imine-enamine 

tautornerizm， as shown in Eq. 工.
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X 7 X 

(Eq. 1) 

This assump七ionsugges七S 七ha七工，2-benzisoxazoleswi七ha 

me七hylenegroup a七七he3-posi七ionprornise to ac七 asan arnbiden七

nucleophile at the rne七hylenecarbon and the ring nitrogen. 

As expec七ed，1，2-benzisoxazole-3-ace七icacids 1 have been 

found七oundergo dirneriza七ionon trea七rnentwith acy1 ch10rides 

in pyridine七ogive 4-oxo-4H-benzisoxazolo[2，3-主]pyridines三，

indicating七hatone rnolecule of 1 ac七sas a ni七rogennucleo-

phi1e and ano七heras a carbon nucleophile. The pyridines 2 

have been found七oundergo pho七o-inducedring transforrna七ion

to afford 2-oxo-1，2-dihydrobenzofuro[3，2-b]pyridines 3. 

H 

ーム

R
 

2 3 

The forrner ring systern 2 was ye七 unknown，七hough七he

pyridinium analogue 4 has been synthesized frorn 2-(o-arnino-

3) 
pheny1)pyridine l-oxide via the diazoniurn te七rafluoroborate

〉k 

/ 

NH
2 

+ () 
N
2 

BF
4 

A
せ
F
 
B
 4 
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The 1a七七erring sys七em3 has hi七her七obeen prepared on1y by 

a few fo11owing reac七ions， i. e. ，七hereaction of pyridine 

4) 
l-oxides with benzyne (Eq. 2)，七he七herma1ring transforma-

3) 
tion of 全 (R=N0

2
) (Eq. 3) ，-' and the Fried1ander reac七ionof 

5) 
2-acyl-3-aminobenzofurans (Eq. 4). 

H 

RてyR
+ |。 〉 。:t}R+ 

R O 

R=Me， C工

R=C1 

(C(JlCl (Eq. 2) ~ 

「

4
0
 
N
 
一一R
 
4
一

A N0
2'O=:均 (Eq. 3) 

宅予

2

R

 

H

O

 

N
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R
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CH
2
COOE七

H 

O 

内
ノ
ム

R
 

(Eq. 4) ~ 

Thus， this Chap七erdea1s wi七h the syn七hesisof the nove1 

benzisoxazo1o[2，3-三]pyridinering system三andi七spho七olytic

ring七ransforma七ionto the benzofuro[3，2-b]pyridine sys七em3. 
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Resu1七sand Discussion 

4-0xo-4H-benzisoxazo1o[2，3-a]pyridines 2 

Treatrnent of 1，2-benzisoxazo1e-3-acetic acids 1 wi七h

p-七oluenesu1fony1 (tosy1)， ace七y1，and benzoy1 ch10rides in 

pyridine afforded七hecorresponding 2-acy1oxy-3-(1，2-benz-

isoxazol-3-y工)ー4-oxo-4H-benzisoxazo1o[2，3-a]pyridines 2 in 

s
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1 __ _ 2 工 2
2a: R~=H ， R-=Ts i' b: R-=H， R-=Ac; 

1 __ _ 2 工 2
c: R~=H ， R-=PhCO; d: R~=MeO ， R-=Ts; 

工 2
e: R-=MeO， R-=Ac 

Hydro1yses of ~三ー竺 wi七h sodiurn hydroxide under rni1d 

conditions gave quan七i七a七ive1ythe corresponding 2-hydroxy1 

deriva七ives5a，b， which were reconvertab1e七o 七heorigina1 

acy10xy cornpounds 2 in quan七i七ativeyie1ds by acy1a七ion.

aq. NaOH， r.七.
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The s七ruc七uresof the benzisoxazo1o[2，3-三]pyridines 2 

and 5 were deduced from e1emen七a1and spec七ra1ana1yses. The 

工Rspectra of 2 and 5 showed strong bands due to the amide 

carbony1s at 1650-1660 
-1 
cm in七hecases of the acetoxy and 

benzoy1oxy derivat工ves 2b，c，e， other carbony1 bands due to 

the eno1 acy1a七esappeared at 1760，工73O，and l77O cml， 

respective1y. The NMR spectra (DMSO-d
6
) of 2三，b，三 and5三，1と

showed characteris七icsing1e七 peaksof C
1
-H a七 &7.38-7.62

and 6.86-6.93， respective1y. 工nparticu1ar， al1七heprotons 

of 2e were assignab1e by spin-decoup1ing，工NDOJR，and NOE 

七echniques (see "Experimenta1"). The NMR spec'ヒrurn (DMSO-d
6
) 

of 5b， in which a11 the protons can a1so be assigned， showed 

a broad s ing 1e七 a七 &11.2-11.5corresponding to七heeno1ic 

hydroxy1 group. The data described above，七ogetherwi七h

elemen七a1ana1yses and mass spec七ra1data， were in good 

agreemen七 withthe proposed s七ructuresof the compounds 2 and 5. 

工norder七o ob七ainfur七herevidence of七hes七ruc七ura1

assignmen七sof 2 and 5， a series of the fo11owing chemica1 

transforma七ionshave been examined. 

Under vigorous condi七ions，hydro1ysis of 5a wi七h sodium 

hydroxide gave an eno1-carboxy1ic acid 6 in 14宅 yie1d.

Under the same condi七ions，5b underwent no hydro1ysis. 

aq. NaOH， ref1ux 
ラF

5a 

e
 
n
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An a七ternpt七{) reconver七 6wi七h 七osy1ch10ride in pyridine to 

七heorigina1 pyridine 5a was unsuccesfu1. 

Es七erificationof 6 wi七hrne七hano1in七hepresence of a 

cata1y七icarnoun七 ofconc. su1furic acid gave a rne七hy1ester 7. 

Its NMR spec七rurnshowed a sing1e七 peaka七 O4 . () 0 due to 七he

me七hy1ester group and七he工R spec七rurnshowed a strong carbony1 

-1 
band a七 1705crn ~ indica七ingthe presence of a conjugated 

es七ergroup. Treatrnent of 7 with acetic anhydride in pyridine 

gave an ace七ate8. 工七s 工R spec七rurnshowed a strong carbony1 

-1 
band a七工760crn ~ except for七hecarbony1 band of七hernethy1 

-1 
ester group a七工710crn ~， sugges七ingtha七七hehydroxy1 group 

of 7 is an eno1ic one. 

~ 
MeOOC 

7 B 

工norder七o confirrn七hes七ructureof 7， an a1七erna七ive

synthesis of 7 was a七七ernptedby condensa七ionof rnethy1 1，2-

benzisoxazo1e-3-aceta七ewi七h 1，2-benzisoxazo1e-3-acety1 

ch10ride 9， prepared frorn 1a wi七hphosphorus pentach1oride， 

in七hepresence of sodiurn hydride in DMF. Frorn the reac七ion

mix七ure， however，七hedesired ester 7 was no七 ob七ained，bu七

the pyridine 5a and an undesired es七er10， a (Z)-isomer of 7， 

were iso1a七edin 5毛 yie1ds，respective1y. 
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OH CL f-l) NaH in DMF 
2)な COC工

COOMe 

9 10 

Since七rea七men七 of7 wi七h sodium hydride in DMF caused no 

cyc1iza七ion，七hepyridine 5a is considered七obe produced via 

dimerization of the ace七y1ch10ride 9. 工n fac七， 9 underwen七

dimeriza七ionon七rea七men七 wi七h sodium hydride in DMF七o give 

5a in 7毛 yie1d. The assignmen七sof s七erics七ructuresof the 

es七ers 7 and 10 were deduced from comparison of their NMR 

spec七rain considera七ionof the aniso七ropiceffec七 ofthe 

benzisoxazo1e ring: a sing1et me七hy1enesigna1 of 10 appears 

at a higer fie1d (d4.09) 七han七ha七 of 7 (d 4 . 87)， in凶dica七in
七ha七工ois a (Z)一isomer. A1ka1ine hydro1ysis of 10 gave 6 in 

70毛 yie1d，accompanied by isomeriza七ion.

Ca七a1y七ichydrogenation of 7 on 5宅Pd-Cwas stopped when 

one mo1ar equiva1en七 ofhydrogen was absorbed， affording an 

enamine 11 in 45毛 yie1das a mixture of (E)-and (Z)-isomers: 

the NMR spec七rumshowed七wosing1e七 peaksdue七0 七heviny1 

proton a七 O5.80 and 6.18 in a ra七ioof 4:1. The N-O bond of 

1，2-benzisoxazo1e ring has been repor七edto undergo ca七a1y七ic

hydrogena七ionwi七h Pd-Cto give an imine .6) 工n the presen七

case， 7 was considered七o undergo a七 firstreduc七ivec1eavage 

of the non-conjugated N-O bond fo11owed by immedia七e isomeriz-

ation of the resu1七ingimine to give the stab1e conjugated 

enamine 11. 
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H
2
N 

工2: x=o 
11 

工3: x=ぐ日、OH

T.rea七men七 ofthe enamine 11 with 5宅 aq. HC1 gave a ke七one

12. Reduction of 12 with sodium borohydride gave an a1coho1 

13 whose NMR spectrum (DMSO-d
6
) showed a typica1 A

2
X system in 

keeping with the partia1 structure -CH(OH)CH
2
- (see "Experimen七a1"). 

The resu1七sof a series of七hereactions described above 

suppor七七he1，2-benzisoxazo1o[2，3-a]pyridine s七ruc七ureof the 

compounds 2 and 5. 

工n view of the fac七七ha七七heeno1-carboxy1ic acid 6 and 

i七sme七hy1ester 7 undergo no cyc1iza七ionon treatmen七 with

tosy1 ch10ride in pyrid工neand wi七h sodium hydride in DMF， 

respec七ive1y，七hedimeriza七ionreac七ionsof 1，2-benzisoxazo1e-

3-ace七icacids 1 with acy1 ch10rides do appear not to invo1ve 

6 or i七smixed anhydride as an in七ermediatei in other words， 

工nthese reactions the forma七ionof C~-C_ bond of 2 does no七2 -3 

precede the CA-Nc bond formation. Thus， a p1ausib1e mechanism 4 .. 5 

of the formation of 2 may invo1ve dimerization of the initia11y 

formed mixed anhydride (14) of 1 via 七hesimu1 t~aneous forma七ion

of both the C~-C~ and CA-Nr bonds (Path A) or via the firs七2 .... 3 - ~~ - .... 4 .. S 

C
4
-N
S 
bond forma七ionfo11owed by the C

2
-C
3 
bond forma七ion

(Path B)， as shown in Chart 1. 
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Meanwhile，七rea七men七of2a，c，d and 5a with bromine in 

ace七icacid gave the corresponding mono-bromides 15a，c，d， and 

f， respective1y， in exce11ent yie1ds. 

Br 

Br
2 
in AcOH 

2a，c，d， 5a ~ 

O 

工 2
15a: R~=H ， R~=Tsi 

工 2
]コ R-=H，R-=Aci 

工 2
c: R-=H， R-=PhCOi 

1 __ _ _2 
d: R-=MeO， R-=Ts; 

工 2
e: R-=MeO， R-=Aci 

1 _2 
:E: R-=R~=H i 

1 __ _ _2 
g: R-=MeO， R-=H 

Under the same condi七ions，七heaceta七es 2b，e gave deacety1ated 

bromides 15f，豆， respec七ive1y，which afforded the corresponding 

ace七ates 1竺，三 on七rea七men七wi七h ace七icanhydride in pyridine. 

The substitution of bromine a七 C~ was deduced from the NMR 
工

spectra of 15 which 1ack the charac七eristicC
1
-H sing1e七 peak

of七hestarting materia1s 2. 

2-0xo-1，2-dihydrobenzofuro[3，2-b]pyridines 3 

工n 七hepresence of a 1igh七 source (a 1ow-pressure Hg-1amp 

or sun 1igh七)， 七hebenzisoxazo1o[2，3一三]pyridines 2亘ー三 and5三

underwent ring transforma七ionto give benzofuro[3，2-b]pyridines 

2三ー竺 ingood 七o exce11ent yie1ds. Under 七hesame condi七ions，

however， the 9-methoxy derivatives 2d，e and 5b gave on1y dir七Y

reaction mix七ures from which no crys七a11ineproduc七 cou1dbe 

iso1ated. 
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2a-c， 5a iとジ
ヱー

3a :R2=Ts; b :R2=AC ; 

C :R2=PhCO;d :R2=H 

The NMR spec七rumof 3a does no七 have 七hecharacteris七icsingle七

peak due七o the C1-H of 3.三， bu七 showsa new one proton signal 

a七 O12.8-13.4， exchangeab1e wi七h D
2
0・ 工七S 工R spectrurn showed 

-1 
strong bands a七 2600-2800and 1635 crn ~ Trea七:mentof 3a wi七h

acetic anhydride in pyridine gave an ace七a七ewhose工Rand NMR 

spec七rasugges七ed七hepresence of an eno1 ace七ate: 工R， 1760 

cm-l;NMR，S2.06s(3H). These data sugges七七hepar七ia1 2-

pyridone struc七ureof 3a. The s七ructureof 3 was cornfirrned 

by direct cornparison of 3d wi七h a sarnp1e which was prepared 

7) 
al七ernative1yfrorn e七hy13-arninobenzofuran-2-carboxy1a七e

七heacety1 ch10ride 9 七hrough七heFried1ander rea 
4) 

な;工::;J→01::::了21。β 問〉
Meanwhi1e，七hebrornopyridines 15a，c，f underwent a sirni1ar 

pho七o-inducedisornerization七o give七hesarne ring transforrna-

七ionproduc七s 3a，c，d in good yie1ds， whereas the ace七y1

deriva七ive15b underwent both isornerization and deacetyla七ion

sirnu1taneous1y to give 3d in 90宅 yie1d: in these reactions， 

the 1iberation of brornine was observed. 
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Under七hesame condi七ions (in commercia1 ch1oroform)， 

however， the 9-me七hoxyderiva七ive15e gave no ring transfor-

mation produc七 bu七 aquinone ethy1 me七hy1ke七a1derivative16a 

in 28宅 yie1d. The origin of七hee七hoxygroup was considered 

MeO OR 

λ 
Rμ 

15e 〉

E七OHor MeOH-CHC1
3 

O HN、 J人¥ ノヲ入、 ......OMe 

16a: R= E七

b: R= MeO 

to be e七hano1con七ainedin commercia1 ch1oroform as a stabi1izer. 

This assumption was confirmed by七hefo11owing experimen七s.

When photo1ysis of主主 wascarr工edout 工n 5%E七OH-CHC1
3
，16a was 

obtained in 60% yie1d. Fur七hermore，pho七olysisof主主 in 

5もMeOH-CHC1
3
was found to give a quinone dime七hy1ke七a116b in 

60毛 yie1d. The s七ruc七ureof 16 was deduced from e1emen七a1and 

spectra1 ana1yses (see "Experimen七a1"). 

工n 七heabsence of a 1igh七 source，七hebenzisoxazo1o[2，3-a]-

pyridines 2， 5， and 15 did not undergo七heisomteriza七ions

described above and were recovered unchanged. 

On七hebasis of 七heseobserva七ions， possible mechanisms 

for the isomeriza七ionsof 七hepyridines 2， 5， and 15 are 

i11us七ratedin Charts 2 and 3. 

ミ
J
1
ム14
 



2a-c，5a -→ 

X 

一一う
b) X= Br 〈

コョ，

一Br+orBr ・

工7a: X=Hi b: X=Br 工8

年」Fム・1h
 
s
 

a) X= H I [1，3]-sigmatropic 

3 ~ξ 17a 

Char七 2

MeO ~1eO HeO+ 

15三→
OAc 
4一一今

OAc 

4--→ー
Ar Ar 

O O 

19 

テ工6
Ar=1::;ズ:UOMeROH 

Char七 3
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l 
工n 七hecases of三(R-= H) and S三 (Char七 2)，七hefirst step 

is七hehomo1y七icfission of the weak N
S
-0
6 
bond to give七he

diradica1， which can isomerize and recyc1ize七o give七he

benzofuropyridine intermediate 17. The pyridine立三 undergoes

further [1，3]-sigma七ropic shif七七o give 3. The bromopyridine 

立主 havi悶 nomovab1e hydrogen atom undergoes 七hefission of 

the C-Br bond七o give七hecarbanion or radica1 18， which can 

abstrac七 ahydrogen atom from七hesolvent to give 17a. 

工n 七hecase of lS三F 七he firs七 S七epis 七hehetero1y七ic

cleavage of the NS-06 
bond to give the zwi七七erion 19， which 

is stabi1ized by both七heme七hoxyand carbony1 groups， as shown 

in Char七 3;七his s七abi1iza七ioneffect is considered to enab1e 

the zwi七七erion 19 七o be formed， despi七ethe fac七七ha七七he

elec七ronega七ivi七Y of ni七rogenis 10wer than七ha七 ofoxygen. 

However， 七hepossibi1ity for the zwi七七erion 工9 七obe formed 

frorn the diradica1 20 cannot be neg1igib1e. 

MeO ーム
R
 

OMe 

O 

20 21 

Beside 七heabove mechanisms， ano七herpossible-mechanism 

which invo1ves 七hespiroaziridine in七ermedia七e 2~ ， ana1ogous七0

、 8) 
those in therma1 and pho七oly七ictransforma七ionsof isoxazo1es 

and benzisoxazo1es，9) canno七 becomp1e七e1yexc1uded; however， 

this mechanism seems to be difficu1七七o exp1ain七heformation 

of the benzofuro[3，2-Q]pyridines 3. 
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Experimen七a1

The 2-Acy1oxy-and 2-Hydroxy-4-oxo-4H-benzisoxazo1o[2，3-a]-

pyridines 2a-e and 5a，b 

2a-e: After a mixture of 1a (30 g)， tosyl ch10ride (97 

g， 3 equiv.)， and pyridine (300 m1) had been stirred for 1 hr 

at room七empera七ure，七hereaction mixture was concen七ratedin 

vacuo and e七hano1was added to七heresidue. The resu1ting 

prec工pエ七a七eswere co11ected by fi1tration and recrysta11ized 

from ace七one-ch1oroformto give 28.7 g (72宅 yie1d) of 2a. 

Simi1ar1y， 2b-三wereobtained fromよ三，e.by using ace七y1ch10ride 

(1 equiv.) or benzoy1 ch10ride (5 equiv.). 

2a: mp 225-2270C. Ana1. Ca1cd for C~~H ， cN~OcS: C， 63.55; H， 
254416"'2'""6 

3.41; N， 5.92; S， 6.79. Found: C， 63.60; H， 3.23; N， 5.98; S， 

-1 
6.76. 工R ジ cm 工660，1590， 1365， 1180. NMR (工00MHz， DMSO-

dr) :δ2.12s(3H， CH~) ， 6.95d(J=9.0 Hz， 2H， arom) ， 7.33d(J= 9.0 v &.". • ...1. "-~ ¥ ...，.，...... ， '-'"...'" 3 I ， 

Hz)， 7. 62s (C， -H)， 7.2-8. Om(10H)， 8. 50m(lH) (arom). Mass: m/z 
工

472(M+).2b:mp2工9-2220C. 26宅 yie1d. Ana1. Ca1cd for 

C~AH ， ~N~O~.1/5H~O ・C，66.00; H， 3.38; N， 7.70. Found: C， 65.98; 
20.....12 .L~2 '-J 5 ..J.. /""'''~2'"''. '"" 

-1 
H， 3.12; N， 7.58. 工R 0 cm-~: 1760， 1650， 1610. NMR (60 MHz， 

DHSO-d
6
): d 2.15s(3H， Ac)， 7.47s(C

1
-H)， 7.3-8.5m(9H， arom)・

Mas s :m/Z 36O (M+).2c:mp223-2310C .5O宅 yie1d. Ana1. Ca1cd 

for C~_H1 .N~O ・ C. 71.09; H， 3.34; N， 6.63. 
25U14 .L~2'-'5. '"" 

Found: C， 70.93; 

H， 3.49; N， 6.76. 工RLJ cm-l:1730，l660，l600.Mass :m/2 

422(M+). 2d: mp 231-2330C. 65宅 yie1d. Ana1. Ca1cd for 

C"l..，H""N"OnS: C， 60.90; H， 3.79; N， 5.26; S， 6.02. Found: C， 
27U20.L't2'-'8 

-1 
60.75; H， 3.73; N， 5.19; S， 5.97. 工Rジ cm 工660，1590， 1380. 

NMR (100 MHz， DMSO-d
6
): O 2・10s(3H，PhC~3)' 3・72s， 3・92s(each
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3H， 2 x OCH3) ， 6.70d(J= 2.5 Hz， 1H)， 6.95d(J= 8.5 Hz， 2H)， 

7.20dd(J= 2.5 and 9.0 Hz)， 7.31d(J= 8.5 Hz) (3H)， 7.48dd(J= 2.5 

and 9.0 Hz)， 7.58d(J= 9.0 Hz)， 7.62s(C
1
-H) (3H)， 7.82d(J= 9.0 

Hz ，lH)，8.1Od (J=2.5Hz ，lH)(arom).Mas s :m/2532(M+). 

2e: mp 195-197
0
C. 28宅 yie1d. Ana1. Ca1cd for C~~H ， cN~O~: C， 

22..16"'2'"'7 

62.86; H， 3.84; N， 6.66. Found: C， 62.85; H， 3.69; N， 6.55. 

IRジ cm工 1770，1650. NMR (100 MHz): in CDC1~-- &2.20s(3H， 
3 

Ac)， 3.82s(3H， C
9
-OCH
3
)， 3.90s(3H， C

5
'ーOCH
3
)， 6.83s(1H， C

1
-H) ， 

7.17d(J= 2.5 Hz， C
4
，-H)， 7.17dd(J= 2.5 and 9.0 Hz， C

6
，-H) (2H)， 

7. 27dd (J= 工.2 and 2.5 Hz， C
10
-H)， 7.33dd(J= 2.5 and 9.0 Hz， 

C
8
-H) (2H)， 7.50d(J= 9.0 Hz， C

7
，-H)， 7.52dd(J= 1.2 and 9.0 Hz， 

C
7
-H) (2H) :七herewas an observab1e NOE of 12% a七 C工-H (O 6・83)

when C，，，-H (67.27) was irradiated; in DMSO-dr -- O2.20s(3H， 10 ν ・ 6 v 

Ac)， 3.78s(3H， C~ ， -OCH ，)， 3.91s(3H， Cn-OCH~) ， 7.16dd(J= 0.5 and "'5' '-'''-......3'' -'. J..t..J ¥ -'~"'I '"""9 '-''-''''''3'' 

2.5 Hz， 工H，C
4
，-H)， 7.30dd(J= 2.5 and 9.0 Hz， 1H， C 6 ' -H)， 7. 3 8 s 

(lH， C
1 
-H) ， 7.47dd(J= 2.5 and 9.0 Hz， 1H， C

8 
-H) ， 7.73dd(J= 0.5 

and 9.0 Hz， 1H， C
7
' -H) ， 7.83d(J= 9.0 Hz， 1H， C7-H) ， 7.89d(J= 

2.5 Hz， 1H， C10-H). The reasons for the solven七 effec七 onthe 

chemica1 shif七s of the aroma七icpro七ons are not c1ear. 

5a，b: Af七era mix七ureof 2a (1.0 g)， NaOH (1.0 g)， 

water (10 m1)， dioxane (50 m1)， and MeOH (50 m1) had been 

stirred for 10 min a七 800C，七hereaction mixture was concen七rated

and the residue was dissolved in wa七erand acidified with 

conc. HC1. The resu1ting precipita七eswere co11ected and 

washed wi七h MeOH 七o give 5三 in94宅 yie1d. Simi1ar treatmen七S

of 2b-竺 gave 5三，b in 92-95宅 yie1ds.

包 mp)280oC. Ana1. Calcd.for C18HION204: C， 67・92; H， 3.17; 

N， 8. 80 . Found: C， 68. 02 i H， 2. 89 i N， 8. 50・ 工R )) cmーム 1660，
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1620. NMR (60 MHz， DMSO-d
6
): O 6・93s(lH，C

1
-H) ， 7・2-8・6m(7H， 

arom) . Mass :m/2318(M+).E!三 mp240-2420C. Ana1. Ca1cd for 

C20H14N206: C， 63.49; H， 3.73; N， 7.40. Found: C， 62.80; H， 

3・92; N， 7・1工・ 工R ジcm工 1655・ NMR (工00MHz， DMSO-d
6
): ~ 

3 • 78 s ( 3 H ， C 9 -OCH 3)' 3. 9 2 s ( 3 H ， C 5 'ーOCH
3
)，6.86s(lH， C

1
-H) ， 7.09d 

(J= 2.5 Hz， lH， C10-H)， 7.26dd(J= 2.5 and 9.0 Hz" 1H， C8
-H) ， 

7.40dd(J= 2.5 and 9.0 Hz， 1H， C
6
，-H)， 7.69d(J= 9.0 Hz， C

7
-H) ， 

7.73d(J= 9.0 Hz， C
4
，-H) (2H)， 7.83d(J= 2.5 Hz， 1H" C

7
，-H)， 

11. 2 -11 . 5br ( 1H， OH). 

Acy1a七ionof 5a 七o 2a-c: Af七era solu七ionof 5a (1.0 g)， 

ace七icanhydride (12 ml)， and pyridine (12 m1) had been s七irred

for 1 hr a七 roomtemperature， the reaction mixture was concen-

trated and e七herwas added七O 七heresidue. The precipitates 

were co11ec七edand washed wi七h ether and acetone 七ogive 2b 

in 95宅 yield. A similar trea七men七 of5三 with七osy1ch10ride 

(2 equiv.) or benzoy1 ch10ride (3 equiv.) gave 2三 or2三

near1y quan七i七ative1y.

The Eno1-carboxy1ic Acid Deriva七ives 6-8 

6: Af七era solu七ionof 5a (1.0 g) and NaOH ( 20 g) in 

a mixture of dioxane (工00m1)， E七OH (100 m1)， and water (50 ml) 

had been ref1uxed for 5 hr，七hereaction m工X七urewas concen-

trated. The residue was dissolved in wa七erand acidified with 

conc. HCl. The precipita七eswere co11ected and washed with 

MeOH to recover七he s七ar七ingma七eria1 5a (78%). The MeOH 

washings were concen七ra七edand七heresidue was washed with 

acetone to give 6 in 14宅 yie1d. Mp 249-252
0
C (acetone-ether)・
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Ana1. Ca1cd for C18H12N205: C， 64.29; H， 3.60; N， 8.33. Found: 

C， 64.15; H， 3.43; N， 7.90. 工RiJcm-l:36O O -24O ()， l7O 5，l 68O ， 

1625・ NMR (60 MHz， DMSO-d
6
): O 4・92 s ( 2 H， CH 2)' 6・8-8・1m(8H， 

arom)，lo .6s (lH ， COOH or OH ).Mass :m/Z336(M+)4・

7: A solution of 6 (100 mg) and a ca七a1y七icamount of 

conc. H2S04
工nMeOH (20 m1) was ref1uxed for 3 hr. After 

coo1ing，七heprecipi七a七eswere co11ected and washed with MeOH 

to give 86 mg (83宅 yie1d) of 7. Mp 167-1680C (MeOH). Ana1. 

Ca1cd for C19H工4
N205: C， 65.14; H， 4.03; N， 8.00. Found: C， 

-1 
65.26; H， 4.12; N， 7.87. 工R ジcm 工705，1625. NMR (60 MHz， 

CDC1
3
): O 4. OOs (3H， COOCH

3
)， 4. 87s (2H， CH

2
)， 6・7-8.0m(8H，arom) ， 3 I 1 ~. '" I .....， ， ~.I..A. ， ""，，，.1..1. 2 

lo .7br(lH，OH).Mass :m/2350(M+). 

8: After a mixture of 7 (57 mg)， ace七ic anhydride (2 

m1)， and pyridine (2 m1) had been stirred for 10 min at room 

tempera七ure，七hereac七ionmix七urewas concentrated and e七her

was added to the residue. The precipi七ateswere co11ec七ed

and washed with e七her七o give 42 mg (66宅 yie1d) of旦・ Mp 158-

1590C (MeOH). Ana1. Ca1cd for C21H16N206: C， 64.28; H， 4.11; 

N， 7. 14 . Found: C， 64. 16; H， 4. 07; N， 7. 04 . 工Rジcml:l760，

1710， 1610. 

1，2-Benzisoxazo1e-3-acety1 Ch10ride ~ 

A mixture of 1a (工4.2g) and PC1
5 
(16.2 g) was stirred for 

10 min at room temperature and then the resu1七ingc1ear solution 

was heated a七 400C for 30 min. Af七erthe reac七ionmix七urehad 

been concentra七ed，the residue was extracted with hot hexane 

(200 m1). The hexane solu七ionwas concen七ratedto give 6.6 g 
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( 43も yie1d) ・of 七heacety1 ch10ride 9 as a 1igh七-ye11owoi1， 

which solidified on coo1ing in an ice-water ba"ヒh. 工R (NaC1) 

ジ〆1 1780・ NMR (60 MHz， CDC1
3
): S 4・59s ( 2 H ， CH 2)' 7・2-

7.9m(4H， arorn). 

Reac七ionof Me七hy11，2-Benzisoxazo1e-3-ace七a七ewi七h 9 

To a coo1ed solu七ionof rnethy1 1，2-benzisoxazo1e-3-acetate 

(5.3 g) in DMF (30 rn1) was added NaH (50毛 inoi1， 2.0 g)・

After stirring for 10 rnin a七 OOC，a solu七ionof 9 (6.0 g) in 

DMF (30 rn1) was added dropwise and七hernix七urewas stirred for 

1 hr a七 ooC. The reac七ionrnix七urewas poured onto ice-water 

and washed wi七h CHC1
3・
TheCHC1

3 
washings were concentra七ed

and七heresidue was subjec七ed七o si1ica ge1 co1urnn chrorna七0-

graphy to recover the s七artinges七er (ca. 80%). The aq. 1ayer 

was acidified (pH ca. 2) with aq. 10毛 HC1and ex七ractedwi七h

CHC1
3・
Theextrac七 wasconcen七ra七edand washed with CHC13・

Insolub1e crysta1s were co11ec七edand washed vvi七hCHC13
七0

give 0.25 9 (5毛 yie1d-) of ~三・ The CHC1
3 
washings were concen-

tra七edand the residue was chrornatographed on a si1ica ge1 

column (七hreetirnes) 七o give 0.6 9 (5毛 yie1d) of the es七er10 

as an oi1. 工Rジcm-l:1730，1650，1600.NMR(60 MHz，CDC工3): 

&3・74s ( 3 H ， COOCH 3)' 4・09s(2H， CH
2
) ， 7・15-8.0m(8H，arorn)・

CI-Mass:m/Z351(MH+). 

The acety1 ch10ride 9 (1.4 g) a10ne was 七rea七edwith NaH 

(1.5 equiv.) in DMF (30 rn1) in a rnanner simi1ar七0 七ha七

described above to give 5a in 7宅 yie1d.
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Lne 11，七heKe七one12， and the A1coho1 13 The Enamlne .L.L 

11: A rnixture of 7 (280 rng) and 5毛Pd-C (100 rng) in 

dioxane (20 rn1)ー E七OH (30 rn1) was subrni七七ed 七o the cata1y七ic

reduc七ionat roorn七ernperatureunder an a七rnosphereof hydrogen. 

Af七erca. 18 rn1 of hydrogen had been absorbed， the ca七a1ys七

was fi1tered off and the fi1七ra七ewas concen七rat:ed in vacuo. 

The residue was washed wi七h e七her七o give 127 rng (45宅 yie1d)

of the enarnine 11. Mp 250-260oC (E七OH-e七her). Ana1. Ca1cd for 

C.."H.，，.N"IOE:: C， 64.77; H， 4.58; N， 7.95. Found: C， 64.20; H， 
19U16'" 2'"' 5 

4.84; N， 7.73. 工Rジcm-l:3360，工675， 1620， 1590. NMR (100 

阻む DMSO-d
6
): O 3. 79s (3H， COOCH

3
)， 5・80s(4/5H，viny1-H)， 

6.18s{1j5H， viny1-H)， 6.80s(2H， NH
2
) ， 6.5-7.5rn(7H)， 8.06dd{J= 

7.0 and 1.5 Hz， 1H) (arorn)， 9.2-10. 4br， 10.5-11. Obr (each 1H， 

2 x OH) . Mass :m/Z352(M+). 

12: Af七era rnixture of 11 (60 rng)， E七OH (工orn1)， and 

5宅 aq. HC1 (5 rn1) had been s七irredfor 5 hr，七heE七OHwas 

evapora七ed. The precipi七a七eswere co11ected and washed wi七h
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3.96 . Found: C， 64. 47; H， 4.49; N， 4. 02. 工Rυcml:1705，

1640， 1625， 1605. NMR (100 HHz， CDC1
3
): O 3・91s ( 3 H， COOCH 3) ， 

4.89s{2H， CH"I) ， 6.85-7.95rn(8H， arorn) ， 10.62s， 11.68s{each 1H， 2 I ， 

2x OH).Mass :m/Z353(M+)・

13: Af七era so1u七ionof 12 (50 rng) and NaBH4 (工00rng) 

in MeOH (25 m1) had been s七irredfor 30 rnin a七 roorn七emperature，

the reaction mix七urewa~ concentra七ed，aq. HC1 was added to 

the residue， and the precipi七ateswere ex七ractedwith CHC13・

- 121 -



The extrac七wasconcen七ra七edand washed wi七h e七hE~r to give 

27 mg (54毛 yie1d) of 13. Mp 16工-1620C. Ana1. Ca1cd for 

C19H17NO 6・1/2H
2
0: C， 62・63; H， 4.70; N， 3・84・ Found: C， 62. 83 ; 

-1 
H， 4.79; N， 3.68. 工Rμcm-~ 3550， 3320， 1705， 1625. NMR (100 

附 z，DMSO-d
6
): S 3 .4 3d (J= 7.0 Hz， 2H， CH2) ， 3・78s(3H，COOCH3)， 

5.33t(J= 7.0 Hz， 1H， CH)， 6.7-7.8m(8H， arom) ， 4.0-4.9br， 9.34s， 

10 .66 s (each 1H， 3 x OH) . 

The C1-Bromopyridines 15三ー豆

After a so1u七ionof 2 or 5三 (0.5-1.0 g) and an equimo1ar 

amoun七 ofbromine in AcOH (20- 50 m1) had been s七irredfor 20 

min a七60- 80oC，七hereaction mix七urewas concentrated in vacuo. 

The residue was washed with acetone and recrysta11ized from 

acetone to give a pure product. Under these conditions， the 

aceta七es2b，e gave the deacety1a七ed主主，豆， respec七ive1y，which 

gave the corresponding ace七ates主主，三 ontrea七mentwi七hAc20-

pyridine in the usua1 way. 

15a: rnp 248-2520C. 93% yie1d. Ana1. Ca1cd for C25H工5N206sBr:

C， 54.46; H， 2. 74; N， 5. 08; S， 5. 82; Br， 14. 49 . Found: C， 54. 58; 
. ¥ -1 

H， 2.48; N， 5.04; S， 5.40; Br， 14.58. 工Rυcm 1660， 1380， 

1175・ NMR (60 MHz， DMSO-d
6
): O 2・15s(3H， CH3)， 6・90d(J=9.0 

Hz， 2H)， 7.1-8.3m， 7.32d(J= 9.0 Hz) (9H)， 8.56d(，J= 8.0 Hz， 1H) 

(arom). Mass: m/z 552， 550 (M+)・ 工5b: mp 235-236
0C. 91毛

over-a11 yie1d of bromina七ionof 2b fo11owed by acety1a七lon.

Ana1. Calcd for C~~H~ ， N~O~Br ・C， 54.69; H， 2.52; N， 6.38; Br， 
20 1.1 11 1.~2~5 .1.J~. ....." 

18.19・ Found: C， 55.13; H， 2.42; N， 6.33; Bs， 18.42. 工R ]) 

cm -1: 1 7 7 5， 16 6 5 ・ NMR (60 M附1旺印T

8.1m(7H)， 8.50d(J= 8.0 Hz， lH) (aroαImInl).Mas S :m/Z44O F438(M+)・
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15c: mp 242-245
0
C. 93% yie1d. Ana1. Ca1cd for C~~H'JN~O~Br: 25--13-' 2'"' 5 

C， 59.90; H， 2.61; N， 5.59; Br， 15.94. Found: C， 59.86; H， 

2.38 i N， 5. 34 i Br， 16. 10 .工Rジcm-l:1750，l655.Mass :m/Z 

502，500(M+)・ 芝生時 248-2520C. 91も yie1d. Ana1. Ca1cd 

for C27H19N208sBr: C， 53.04; H， 3.13; N， 4.58; S， 5.24; Br， 

13.07. Found: C， 53.05; H， 3.16; N， 4.83; S， 5.41; Br， 12.82. 

IRジcm-l:1660 Fl380，ll75・ NMR (100 MHz， DMSO-d
6
): d2・18s

(3H， CH
3
)， 3.78s， 3.96s(each 3H， 2 X OCH

3
) ， 6.85-8.1rn(10H， arorn). 
3 

+ 
Mass: m/z 612， 610 (M'). 15e: rnp 235-2360C. 88も over-a11

yield of brornina七ionof 2己 fo11owedby acety1a七ion. Ana1. 

Calcd for C22H15N207Br: C， 52.92; H， 3.00; N， 5.61; Br， 16.00. 

Found: C， 52. 94 i H， 3. 09; N， 5. 78; Br，工6.24. 工Rジcm-l:工765，

1660. NMR (100 MHz， DMSO-dc): O 2.23s (3H， Ac)， 3.78s， 3.95s 6 

(each 3H， 2 X OCH~) ， 7.19dd(J= 0.8 and 2.5 Hz， 1H)， 7.32dd(J= 
3 

2.5 and 9.0 Hz， 1H)， 7.61dd(J= 2.5 and 9.0 Hz， 1H)， 7.75dd(J= 

0.8 and 9.0 Hz， 1H)， 7.92d(J= 2.5 Hz)， 7.94d(J= 9.0 Hz) (2H) 

+ (arom). Ma s s: rn/ z 5 0 0， 49 8 (M I ) . 工5f: rnp 244-2460C. 99宅

yield from 5a. Ana1. Ca1cd for C~nH^N~OABr ・C，54.43; H， 2.28; 工 8 .I.J. 9~'1 2'-'4 .LJ""'. '"" 

N， 7.05; Br， 20. 12 . Found: C， 54. 53; H， 2. 18;. N， 6. 91 i Br， 

20.05. ハUfb
 

f
O
 

1
ム

ー
m
 

C
 
ジR
 

T
4
 

DJias S :ITI/2398，396(M+). 

The 2-0xo-1，2-dihydrobenzofuro[3，2-b]pyridines 3 

From 2a-c and 5a: A solution of 2a-c (2.0 g) or 5~ (0.2 

g) in CHC1
3 
(100- 200 rn1) was exposed to sun 1igh七 for3-7 hr 

and then a110wed to stand overnigh七 Theprecipi七ateswere 

co11ected and washed with acetone to give 七hecorresponding 

3a-c or 3d. 

当 mp266-2690C. 62% yield. Ana1. Ca1cd for C25H16N206S: 
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C， 63. 55; H， 3.41; N， 5. 92; S， 6. 76 . Found: C， 63. 60; H， 3.08; 

N， 6.14; S， 6.67. 工Rυcm-l:2goo-2600，l635，L390，l340，ll70. 

NMR (100 MHz， DMSO-d6): & 2.14s(3H， CH3)， 7・OOd(J= 8.5 Hz， 2H)， 

7.43d(J= 8.5 Hz)， 7，2-7.9rn(9H)， 8.16rn(1H) (arorn)，工2.8-13.4br

(lH， NH). Mass :In/2472(M+). 2主 rnp> 300 oC. 90宅 yie1d.
Ana1. Ca1cd for C20H12N205: C， 66.67; H， 3.36; N， 7.77. Found: 

C， 66.79; H， 3.19; N， 7.89. 工Rジcm-l:2700-2600，l785，1650. 

NMR (100 MHz， DMSO-dr):  d 2.30s(3H， Ac)， 7.3-7.9m(7H)， 8.17rn 6 

(lH) (arorn) ，工3.15 s (1H， NH). Mass :m/Z36O (M+). 3c: rnp 254-

2560C. 47宅 yie1d. Ana1. Ca1cd for C~cH'AN~Oc'1/3H~O: C， 70.10; 256.14.'2'"'5 ~J' _662 

H， 3.37; N， 6. 54 . Found: C， 69. 73; H， 3. 06; N， 6. 33 .工R )) 

cm l :275O ，l 755，l65O . 2豆 rnp> 290oC. 98毛 yie1d. Ana1. 
Ca1cd for C18H10N204: C， 67.92; H， 3.17; N， 8.80. Found: C， 

67.55; H， 3.17; N， 8.51. 工Rジcm-l:2goo-2700，l650，l625，

1605. NMR (工OOMHz，DMSO-dc): d 7.25-7.8rn(7H)， 8.10rn(1H) (arorn)， 6 

11.9-12.8br(2H， NH and OH). Mass :m/Z318(M+). 

Frorn 15a-c，f: Af七era so1ution of 15a，b，c，or f (0.2 g) 

in CHC1
3 
(30-60 rn1) had been exposed to sun 1ight for 3 hr， 

the CHC1
3 
was evapora七edoff in vacuo. The residue was washed 

with ace七one七o give 3a，d，c， or d in 43も， 90%， 65宅， or 74宅

Y工e1d，respective1y. 

The O-Acetate of 3a: Trea七rnen七 of 3三 (300rng) wi七hAC20 

(10 m1)-pyridine (工orn1) in the usua1 way gave 195 rng (60毛

Yie1d) of the O-ace七a七e: rnp 189-190oC (MeOH-acetone). Ana1. 

Ca1cd for C~~H ， ~N~O~S ・ C，63.03; H， 3.53; N， 5.44; S， 6.23. 
276618""'2'""7"-" --， 

Found: C， 63. 24; H ， 3. 34; N， 5. 3 7; S， 6. 18 .工Rジcm-l:l760， 

1380， 1365， 1185. NMR (100 MH z， CDC 1 ')): d 2 . 06 s ( 3 H， Ac)， 
3 
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2 . 31 s ( 3 H ， P hC!:!. 3)' 6. 9 4 d (J = 8. 5 H z， 2 H)， 7. 3 2 d (J = 8. 5 H z)， 7. 2 -

7 . 8m (9 H)， 8. 23m ( 1H) (arom) . Mass :m/Z514(M+). 

A1terna七iveSynthesis of 3竺

A rnix七ureof e七hy1 3-aminobenzofuran-2-carboxylate7) (0.5 

g)， ~ (2.0 g)， and 10毛 aq. NaOH (工om1) was vigorous1y s七irred

for 2 hr. The precipi七a七eswere co11ec七ed，washed with wa七er，

dried， and subjec七ed七o si1ica ge1 co1umn chroma七ography七0

give 0.15 g (20宅 yie1d) of e七hy1 3ー(1，2-benzisoxazol-3-y1)ー

acety1arninobenzofuran-2-carboxy1a七e. Mp 193-1950C. 工RiJ cm-l: 

3260，1705， 1670，工610・ NMR (6 0 MH z， C DC 1
3
): d 1 . 4 2七(J=7.0 Hz， 

3H， CH2C~3)' 4.28s(2H， COCH2)， 4.46q(J= 7.0 Hz， 2H， C~2CH3)' 

7.1-8.1rn(7H)， 8.2-8.5m(lH) (arom)， 9.85s(lH， NH). Mass: rn/z 

364 (M+) . 

After a solu七ionof the above amide (360 mg) and NaH (50宅

in oi1， 100 rng) in DMF (10 m1) had been s七irredfor 3 hr a七

50 oC， the reac七ionmixture was poured onto ice-wa七erand 

acidified wi th 5宅 aq. HC1. The precipita七eswere co11ec七ed

and washed with water， MeOH， and then dich1oromethane七o give 

6C; mg (20毛 yie1d) of 3d. 

The Quinone Keta1s 16 

After a solution of 主主 (500mg) in cornrnercia1 CHC1
3
， 

5%EtOH-CHC1
3
， or 5毛MeOH-CHC工 (50m1) had been exposed to sun 

3 

light for 1-2 hr，七hesolven七 wasevaporated off and the residue 

was subjected to si1ica ge1 co1urnn chrorna七ographywi七h 2% 

MeOH-CHC1
3 
as an e1'uen七七o give the corresponding笠三 orb. 
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盟主:時 190--194
0
C (e七her-hexane)・ Ana1. Ca1cd for C24H21N208 

Br: C， 52. 8 6; H ， 3. 88; N， 5.工4; Br， 14.65. Found: C， 53.06; 
-1 

H， 4.11; N， 5.26; Br，工4.工4.工Rジcm 3200-2400， 1790，工640.

NMR (100 閉じ CDC13): quinone moie七y-- d 0.99七(J= 7・oHz， 3H， 

OCH2C~3)' 2.95s(3H， OCH3) ， 3.0-3.6m(2H， OC~2CH3)' 6.02d(J=工0.5

Hz， 1H)， 6.38dd(J= 3.0 and 10.5 Hz， 1H)， 6.88d(J= 3.0 Hz，工H)

(viny1-protons); pyridine moie七y--c5 2.19s(3H， Ac)， 13.5-14.2br 

(lH， NH); benzisoxazo1e moie七Y一 63・92s(3H，OCH
3
) ， 7.01dd(J= 

0.5 and 2.5 Hz， 1H)， 7.18dd(J= 2.5 and 9.0 Hz， 1H)， 7.48dd(J= 

+ 
0.5 and 9.0 Hz， 1H). Mass: m/z 544(M'). 16b: mp 202-2040C. 

IR Lj cm l:292O ，28lo ，l78O ，l635・ NMR (60 MHz， CDC1
3
): 

quinone rnoie七y--d 2・94s(6H， 2 x OCH
3
) ， 6・05d(J= 10.5 Hz，日)， 

6.41dd(J= 3.0 and 10.5 Hz， 1H)， 6.89d(J= 3.0 Hz， 1H) (viny1-

pro七ons); pyridine moiety-- 6 2.20s(3H， Ac); benzisoxazo1e 

mo i e t y -- O 3 . 9 1 s ( 3 H ， OC H 3)' 6. 9 -7 . 7 m ( 3 H )・ Mass:m/Z529(M+)・
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