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General Introduction

Benzisoxazole has a close structural resemblance to
indole. A number of naturally occurring and synthetic indole
derivatives are well known to be biologically active and
medicinally useful:l) e.g., a Rauwolfia alkaloid reserpine
and its certain derivatives are important tranquilizers and
antihypertensives, serotonin is a vasoconstrictor and a chemical
transmitter in the central nervous system (CNS), while
indomethacine and pindolol are clinically used as a non-
steroidal antiinflammatory agent and a Q -adrenergic receptor

blocking agent (@ -blocker), respectively.

Giannella et al.zj

reported that 1,2-benzisoxazole
nucleus (1) could substitute the indole ring of indole-3-
acetic acid (2), which is an important plant growth regulator

hormone known as "heteroauxin", retaining the auxin-like

activity for 1,2-benzisoxazole-3-acetic acid (3).
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Fig. 1. The structure CHECOOH
- . : (3)
of 1,2-benzisoxazole 1 O’N =




Although a number of 1l,2-benzisoxazole derivatives have

3)

already been found to show some biological activities, their
chemical and biological properties have not yet been studied
extensively in contrast to the indole derivatives. Therefore,

in connection with the interesting chemical and potential

biological activities of many indole derivatives, it appears
to be of interest to study the properties of 1,2-benzisoxazole
derivatives.

One of applicable methods for the synthesis of 1,2-benz-

3)

isoxazole nucleus as shown in Egs. 1-4 is the Posner

reaction (Eq. 4},4) betwéen 4-hydroxycoumarine and hydroxyl-

amine, which provides an excellent route to 1,2-benzisoxazole-

2,5)

3-acetic acids (3), that can supply various 3-substituted

1,2-benzisoxazole derivatives.
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Uno et al. have prepared various 3-substituted 1,2-
benzisoxazole derivatives using 3 as the starting material
and found that many of these derivatives possess interesting
biological activities: amide oxime derivatives (4) and
imidazolines (5) show antihypertensive and antidepressant
activities; amidines (6) show antidepressant activity;
sulfonamide derivatives (7) are promising anticonvulsants;
ﬁ-aminoethyl derivatives (8), analogues of tryptamine and

serotonin, show antihypertensive activity; and acrylonitriles

(2) show antispasmodic activity, and so on.
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They have also foundsa’c’e)

that the (X -methylene group
of 1,2-benzisoxazole-3-acetic acid (3) is unusually reactive
to electrophiles, especially to halogenating and alkylating
agents. Thus, the acetic acid 3 underwent the Mannich

reaction on treatment with primary or secondary amines and

formaldehyde to afford 3~ (l-aminomethyl)vinyl-1l,2-benz-

isoxazoles in 20-74% yields (Eq. 5).°¢ g
\
il C}iz—‘.\IR2R3 i
HNRR> 1‘\ 20
._C =
COOH > 1 o
R N HCHO : i | 2 3
o~ 2 CH,—NR“R
~ i
CH,
93
CH,NR“R
(Egq. 5)

A similar result was reported in the Mannich reaction of

malonic acid with piperazine and formaline, yielding 1,4-

£ i . ; B : ) f
bis(2-carboxy-2-propen-l-vl)piperazine in 85% yield (Eg. 6). )
HN NH CH2 CH2

| e/ I /~\ |
'I'_'iip (COOH) 5 1 A —— e HOOC-C —CII,)N .‘\ICH,)—C-COOH (Eg. 6)
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Although free carboxylic acids are generally inactive in

(t -halogenation without any catalyst such as PBr3, except for
those with relatively high enol content, such as malonic acid,
the free acid 3 readily underwent (X -halogenation without any

catalyst (Eq. 7y .%2:2,9)

Br
Br2
COOH A4 Br
5 R —
] sies 47 N R <D: N
(1L equiv.) 0 0~

. (10) (11)
/ : c1
NCS cl
FE s CHC1.,
(3) - COOH W 2
2 : R + R !
(1 equiv.) O’N O’N
I
IC1
e COOH
(1 equiv.) o-N (Eq. 7)

(A =-Bromo-1,2-benzisoxazole-3-acetic acids (l0) are very reactive

and their bromines are readily substituted by nucleophiles

such as amines,Ga’g) thiolates,lo) and chloride.ll) Moreover,

the bromoacetic acids 10 undergo decarboxylation easily on

Q
pyrolysis to give 3-bromomethyl-1l,2-benzisoxazoles (1 ).6a,,)

These results described above suggest that the X -methylene
group of 3 has a similar structural feature to the methylene

group of malonic acid; namely, the C=N bond of 1,2-benzisoxazole

ring has the nature of a "masked" carbonyl group.




in, 1950
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discovered

since Bentley et al.
methionine sulfoximide

Meanwhile,
(sulfoximine) ,

0]

the first sulfoximide
as the compound responsible for the toxicity of wheat

(12) ,
0 .\IIHz
(12)
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flour treated with nitrogen trichloride, much attention has

been focused on this new family of sulfur compounds because
i.e., acidic hydrogens on

of its versatile functionalities,
(A —=carbon and nitrogen, basic and nucleophilic nitrogen, and

2}.13)
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Fig. The sulfoximide functional
Sulfoximide derivatives have been prepared mainly by the

following methods, but there is no generally applicable

procedure to prepare all possible kinds of sulfoximides.

The reaction of sulfoxides with hydrazoic acid in the
)

2

~-S=-R"

2774
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A)
presence of concentrated sulfuric acid
0
(Eq.
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This method is quite useful in the preparation of dialkyl
and alkyl aryl N-unsubstituted (free) sulfoximides, but is
unsuitable for diaryl, benzyl, and tert-alkyl derivatives,
since diaryl sulfoxides are reluctant to react with hydrazoic
acid and in the latter two cases, i.e., benzyl and tert-alkyl

sulfoxides, the cleavage of the carbon-sulfur bond is often

observed under the strong acidic conditions.l3c’15}
B) The reaction of sulfoxides with acyl azidel4ﬂrl6)
% 0
t i
]
rRI-s-r? 4 R3_Z_N3 i 0y Iy ad &)
' |
N—ZR3
Z: 502, CO

This method seems to be the most general procedure for

the preparation of N-substituted sulfoximides, but the yield

1

is low when both R~ and R2 are aromatic, while the preparation

of acyl azide is somewhat limited.

C) The oxidation of sulfimides (sulfilimines)l2b’14b’l?}
[0] %3
Rl—S—R2 > RI—F—R2 (Eg. 10)
| |
NR> NR’
R3: H, alkyl, aryl, COR4, 502R5

This method can be accomplished by a variety of oxidants,
such as potassium permanganate, m-chloroperbenzoic acid,

sodium periodate, lead tetraacetate, sodium hypochlorite, and

super oxide. However, in the case of N-p-toluenesulfonyl (tosyl)




sulfimides, typical oxidants such as potassium permanganate

and peroxy acids frequently give the products in low yields

owing to the low nucleophilicity of the sulfur atom.le}

With the nucleophilic oxidants such as hypochlorite and super

oxide, all kinds of N-tosylsulfimides are smoothly converted

: : s Lar L : g
to the corresponding sulfoximides. ) The oxidation of

N-arenesulfonylsulfimides proceeds with retention of

. ! 18
configuration at the sulfur atom. )

D) The reaction of sulfoxides with O-mesitylenesulfonyl-
hydroxylamine (MSH}lg)
O 0 -
1 1 2 1 (X 2
R =S5-R ir H2N0802 - R =5~-R (Eg. 11)
I
(MSH) NH

This method is one of the most versatile procedures for
the direct preparation of free sulfoximides, although the
main restriction is the limited stability of MSH. The method
has been used to prepare optically active "free" sulfoximides
from optically active sulfoxides with retention of configura-

tion at the sulfur atom.zo)

. ! B o) 0 2 '
E) The alkaline hydrolysis of N-halosulfimides 19
OH ?
i 2 1 2
R™-S-R > R-5-R (Eg. 12)
¥ I
NX NH
This method is quite useful for the preparation of diaryl
free sulfoximides. The reaction proceeds with retention of

21b) ;

configuration at the sulfur atom.




Free sulfoximides have been converted to various N-

substituted derivatives by N-alkylation, ™~ N—acylation,23]
and N—halogenation24) (Eq. 13).
(0]
HCHO 17
5 RI—S—RZ
Il
HCOOH NCH
3
0 RBCl (@]
1 t 2 i ) 2
R —F—R > R -S-R (BEg. 13)
l I
NH R3: Ts, RCO NR3
0]
Halogenating 1 » 2
35 R =S-R
|
agents NX
13b /e, 22)

Johnson et al. have demonstrated that the
sulfoximidoyl-stabilized ylides and carbanions act as powerful
nucleophilic alkylidene transfer agents upon reaction with
compounds containing electrophilic double bonds such as

ketones, imines, and [X,@ -unsaturated ketones, affording

oxiranes, aziridines, and cyclopropanes, respectively (Eg. 14).
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Many of sulfoximide derivatives have been found to possess

a wide variety of interesting biological activities such as
herbicidal, antibacterial, pesticidal, antispasmodic, muscle-
stimulant, antihypertensive, CNS-depressant, anti-tumor,

anti-secretory, and blood-sugar lowering activities.

Therefore, it was deemed to be of great interest to
examine the chemical and biological properties of compounds
which have both sulfoximide moiety and 1l,2-benzisoxazole ring.
Thus, this thesis deals with some of the interesting chemical
and physiological properties of S-aryl-S-[(1l,2-benzisoxazol-
3-yl)methyl]sulfoximides, (13) and the related compounds.

R: H, Br, MeO

Ar: Ph, p-MePh, p-ClPh

In Chapter 1, the synthesis and some chemical and pharma-
cological properties of the free sulfoximides 13 and their
N-acyl derivatives are described. Several of their N-amino-
acyl derivatives have been found to show mild antihypertensive
and antispasmodic activities.

In Chapters 2 and 3, the interesting chemical behaviors
of the free sulfoximides 13 and their halo derivatives are

described.

Despite the fact that free sulfoximides are well known

S the reactions of the free sulfoximides 13 with

and N-chlorosuccinimide (NCS) afford

I
J
H
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=
J
0
@
9
i
-
| ke
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R
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Z
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the corresponding (1 ~halogenated "free" sulfoximides 14 in
good yields.
X
/Ar Ar
/
" s % S
y Z\ N N\
Q- 0 NH s ji (0] NX
(14: %X=Br, €l) (15: X=Br, CL)

The (A -bromination proceeded via a facile N-bromination
followed by bromine transfer reaction of the resulting
N-bromosulfoximide (15:X=Br), both in radical and ionic
processes. The NCS chlorination, in contrast, proceeded via
direct O\ -chlorination, but not via N-chlorination. The
mechanisms of these reactions are discussed in detail in
Chapter 2.

Meanwhile, the (Ol- and N-halosulfoximides 14 and 15 have
been found to undergo rearrangements on treatment with base
to afford the same N-sulfinylimines (16). In Chapter 3, the
mechanisms of these novel base-induced rearrangements are

discussed.

N ¥ (16

As the extension of these interesting chemical behaviors

o

f the 1,2-benzisoxazolylmethylsulfoximides described above, |

hese reactions have been applied on the S-benzyl system in

rr

order to examine the generality of these chemical behaviors,

and indeed similar chemical behaviors have been observed.

- 11 =




Thus, Chapter 4 deals with the halogenations of S-benzyl-S-
phenylsulfoximides (l1l7) and the rearrangements of their halo
derivatives (18) and (19) to the corresponding N-sulfinyl-

imines (20).

@] X 0 0
) A P
ArCHz—S—Ph ArCH-S-Ph ArCHz—S—Ph ArCH=NSPh
1 [l |l ¢
N NH NX 0
(17) (18) (19) (20)
Ar: Ph, p~N02Ph; Xz B @1

Chapter 5 deals with an interesting chemical behavior of
1,2-benzisoxazole-3-acetic acid (3). The acetic acid 3 under-
goes dimerization on treatment with acyl chlorides in pyridine
to give the novel ring system products, benzisoxazolo[2,3-a]-

pyridines (21), indicating that 3 acts as an ambident

nucleophile at the methylene carbon and the ring nitrogen.

Furthermore, the pyridines 21 undergo photolytic ring

transformation to give benzofuro[3,2-b]pyridines (22). The

mechanisms of these reactions are discussed.

R™: H, MeO; R : H, Ts, Ac; PhCO
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Chapter 1

Synthesis of S-Aryl-S5-[(l,2-benzisoxazol-3-yl)methyl]-

sulfoximides and Their N-Acyl Derivatives

Summary =----- The synthesis and some chemical and pharmaco-
logical properties of S-aryl-S-[(1,2-benzisoxazol-3-yl)methyl]-
sulfoximide derivatives are described. Several of their
N-aminoacyl derivatives have been found to possess mild
antihypertensive and antispasmodic activities.

-

Introduction

Since the first sulfoximide, methionine sulfoximide, was

1)

discovered by Bentley et al. in 1950, much attention has
been focused on the synthesis and properties of sulfoximides
and many derivatives have been found to possess a wide

2)

variety of interesting chemical and biological properties.

3)

For example, N-alkylaminoalkylsulfoximides 1 have been
, : ; ; ; ; 4
claimed as antispasmodics, indole derivatives 2 ) as muscle-

- o, s ! 5 ,
stimulants, pyridine derivatives 3 ) as anti-tumor agents,

and so on.

0

0 ! y

R CH_,-SCH T
I 12 5 SR

Ph.S=N(CH.,) NR R

2 2'n i NH ]

+ NH
1 2 -




Meanwhile, many of 1,2-benzisoxazole derivatives have
‘ c . : : : : 6)
been found to possess interesting biological activities.
It appeared, therefore, to be of great interest to examine
the biological properties of compounds containing both
sulfoximide moiety and 1,2-benzisoxazole ring.

This Chapter deals with the synthesis and some chemical

and pharmacological activities of S-aryl-S-[(l,2-benzisoxazol-

3-yl)methyl]sulfoximides 4 and their N-acyl derivatives.

Synthesis of S-Aryl-S-[(l,2-benzisoxazol-3-yl)methyl]-

D

Hh

sulfoximides 4

(

N-Unsubstituted (free) sulfoximides have been prepared
by several methods, including reaction of sulfoxides with
: ol ; v 7
hydrazoic acid in the presence of concentrated sulfuric acid, )

hydrolysis of N-tosylsulfoximides with concentrated sulfuric

acid,lb’S) and amination of sulfoxides with O-mesitylene-
Q
sulfonylhydroxylamine (MSH}.’)
(0]
G Ho 50
U 274
R =-S-R + NaN3 \\\\\s
Q Cnw HALS50 2
1 E o2 2 1 U 3
R™-S-R > R -S-R
Il I
NTs NH
0
] T 2
R"=S-R"~ + [\IHzOSO2

(MSH)




However, the former two methods are unsuitable for the

i

ation of derivatives labile to acid, e.g., S-=benzyl,

-

1Y

e
V1]

Lo

-tert-alkyl, etc. sulfoximides, because the cleavage of the

95

carbon-sulfur bond is often observed under the strong acidic

alen 2c,10)

conditions.
Since the target "free sulfoximides 4" have an (X-methylene

group activated by 1,2-benzisoxazole ring, the hydrazoic acid

method was unsuccessful in the preparation of 4. Therefore,

the free sulfoximides 4 were prepared by using MSH under mild

conditions, as shown in Chart 1.

(Chart 1)

1,2-Benzisoxazole-3-acetic acids 5 were treated with an
equimolar amount of bromine in acetic acid to give X =bromo-
1,2-benzisoxazole-3-acetic acids 6 in good yields.Ga’ll)
Treatment of the bromoacetic acids 6 with sodium arylthiolate
gave C\-arylthio-1,2-benzisoxazole-3-acetic acids 7, which
were readily decarboxylated on pyrolysis to give aryl (1,2-
benzisoxazol-3-yl)methyl sulfides 8. The sulfides 8 were
oxidized to aryl (1,2-benzisoxazol-3-yl)methyl sulfoxides 9
by using N-bromosuccinimide (NBS) in aqueous tetrahydrofuran
12)

(THF) Successive treatment of the sulfoxides 9 with MSH

and base afforded the target "free sulfoximides 4".




Br

R\/\ 2 R ArSNa
WCOOH g et
=gy AcOH 0~

2 )

R NBS
[ SAr

N
0~ ag. THF

[~3
| co

/Ar
= SAr MSH - s\
¥ fr—— £\
O/N 0 O’N 0 NH
9 4
a b c d e
R H H H Br MeO
Ar Ph p—-MePh p-C1lPh Ph Ph

Chart 1



Synthesis of the N-Acyl Derivatives of 4

The free sulfoximides 4a,c were treated with chloroacyl
chlorides in the presence of potassium carbonate to give
N-chloroacylsulfoximides 10 (Eg. 1). On treatment with bromo-
acetyl bromide in the presence of triethylamine (TEA), 4a
gave N-bromoacetylsulfoximide 11 together with the corresponding
quaternary ammonium salt 12, which gave the free sulfoximide

4a on alkaline (NaOH) hydrolysis (Eg. 2).

Cl(cH,)_cocl Vo
2'n
S\ (Eg. 1)
I
K.CO 8 FN
%03 o-N o Nco(cH.) c1
2'n
4a,c l10a: n=1,; Ar=Ph
b: n=1, Ar=p-ClPh
c: n=2, Ar=Ph
BrCH2COBr /Ph
S
da > +
— _N ¢ \
TEA 0 0 NCOCH,Br
11
Ph
/

S 1
¢ \ + - 1
oY g NCOCH,NEt, Br .

12 (Eq. 2)

The reactions of the N-haloacylsulfoximides 10 and 11

Wlth several secondary amines gave N-aminoacyl derivatives




= e /
NR R g
1_‘2 and E — _N \\ g Aok,
(0] 0] NCO(CHz) NR R
n
ig: n=1
4: n=2

Meanwhile, the N-haloacetylsulfoximides 1l0a and 1l were
treated with potassium carbonate to give the free sulfoximide
4a in almost quantitative yields. On the other hand, the

N-chloropropionylsulfoximide l0c underwent elimination of HC1l on
treatment either with potassium carbonate or with 1,5-diaza-
bicyclo[5.4.0]-5-undecene (DBU) to give an N-acryloylsulfoximide
15 (Eq. 3). The structure of 15 was confirmed by elemental

and spectral analyses and also by the following chemical
transformation. Thus, treatment of 15 with piperidine gave

the N-piperidinopropionylsulfoximide 1l4b (Ar=Ph, NRlRZ:ﬁ:>>),
whose IR and NMR spectra were in agreement with those of the

sample prepared from the N-chloropropionylsulfoximide 1l0c and

piperidine as described above.

Ph K _CO Ph

/ /
Sw P G S\
& g A Z\
N
N 0~ 0 NEOCH,CH,Cl °F ] oY 0 NCOCH=CH

2

10c a5 (Bg. 3)




tivities

"
(9]

Pharmacological

These compounds described above were subjected to the
routine testing for pharmacological activities. Several of
the N-aminoacyl derivatives 13 and 14 showed mild antihyper-
tensive activities in spontaneously hypertensive rats (SHR)
and antispasmodic activities examined by the inhibitory effects
on the response of isolated ileum from guinea pig to transmural
electrical stimulation (anti-TMS activity) and to acetylcholine
(anti-ACh activity).

However, their activities are not so strong as expected
and are also less potent than those of the drugs used clinically.
Furthermore, these compounds have no other marked biclogical
activities, e.g., neurotropic, analgesic, antiinflammatory,

antibacterial, and other activities. Therefore, no further

evaluation of these derivatives has been developed.




- ~

fass Spectra of S-Aryl-S-[(1,2-benzisoxazol-3-yl)methyl]-

Fragmentations of dibutyl, aryl ethyl, aryl methyl, and
diaryl "free" sulfoximides have been studied and reported to
e markedly different from one another.?b) Except for the
dibutyl derivative, however, the peaks consistent with aryl-

imide ions are observed as the base peaks or the markedly

intense peaks, suggesting that the migration of an aryl group

o
o)
=

the sulfur atom to the nitrogen atom is the important

key step (Eq. 4).

+ +
0 | o—‘
f 1
Ar—ﬁ—R —>» ArNH-S-R

NH

e [ArNH]+ (Eg. 4)

The results of the fragmentation analyses of the benz-

isoxazolylmethylsulfoximides 4a-e are summarized in Table I.

The molecular ion peaks are clearly observed but are |
usually weak. The characteristic and intense peaks are observed
at the mass units consistent with [M~ArSON]+ ions which are
considered to be generated by the McLafferty rearrangement of

the molecular ions (Eq. 5). '

+
-ArSON R /CH2|
—_— L (Eq. 5)
o/“‘H §
e b




Table I. Mass Spectra of 4a-e at 70 eV
Relative intensity

Io 4a 4b 4c 4d de
) 0.04 (0.08)%) 0.04 0.02 0.15 0.03
(M-ArSON] 0.81 (1.00) 0.37 1.00 0.98 0.11
[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) 025 0=200 0.31 6.35
a) at 20 ev.

The other characteristic, but not so intense, peaks are

observed at the mass units consistent with

[M-6

are considered to be formed by migration of an

the ring nitrogen together with elimination of

in the molecular ions

(Eq. 6):

-=SONH

in the spectrum

metastable peak in this process is observed.

o+
3]

ary

ions which

1

group to

the SONH group

of

da

the

"=
R CH2
4 E | ] (Eq. 6)
O/N“‘Ar

o
[M-SONH]




The aryl ions observed as the base peaks are considered
to be generated from the molecular and [ArSONH]L ions.
Relatively intense peaks due to arylimide ions prove the
migration of an aryl group to the imide nitrogen, which takes
place in the molecular and/or [ArSONH]+ ions, but these
rearrangement paths no longer predominate. Thus, a possible

fragmentation scheme for the benzisoxazolylmethylsulfoximides

da-e is illustrated in Chart 2.

+ +
321 577
R / ~ArSON R CH,
S - - .
N KN 7 o
oY o 'NH 0NNy
M1 * +
[M] \\\\\ [M-ArSON]
~SONH
+
[ArSONH] " R C;J
N
%//iggNH 0” ™Ar
+ [M-SONH] T
[Ar] [ArnHSO] T
-S0

[ArNH] T

Chart 2




Experimental

The instruments and conditions used in this thesis are
as follows. Melting points were measured on an Ishii micro
melting point apparatus and are uncorrected. lH—Nuclear
magnetic resonance (NMR) spectra were recorded on a Varian
EM-360 (60 MHz) spectrometer unless otherwise noted or a
Varian HA 100D (100 MHz) spectrometer with tetramethylsilane
as an internal standard in CDCl3. The following abbreviations
are used: s, singlet; d, doublet; t, triplet; g, quartet; m,
multiplet; dd, double doublet; dt, double triplet; br, broad.
Infrared (IR) spectra were taken in KBr disks with a Hitachi
EPI-G3 or a Jasco A-102 spectrophotometer. Mass spectra were
recorded on a Hitachi RMU-6L spectrometer. High performance
liquid chromatography (HPLC) was carried out on a Waters 204

machine using a nucleosil column and 2% ag. AcOH-EtOH

1018
(55:45) as an eluent. Gas-liquid chromatography (GLC) was

carried out on a Yanaco G-180 machine using a column packed

with 10% SP-1000 on Chromosorb WAW.

T

H
]

p—t

(1,2-Benzisoxazol-3-yl)methyl Sulfoxides 9.

To a solution of (X -bromo-1,2-benzisoxazole-3-acetic
acid (0.1 mol) and NaOH (0.1 mol) in EtOH (100 ml)-water
(40 ml) was added all at once a solution of aryl hydrosulfide
(0.1 mol) and NaOH (0.1 mol) in EtOH (30 ml) -water (30 ml). i
After

the mixture had been stirred for 1 hr at room temperature,

the EtOH was evaporated off in vacuo. The residual aqg.

AT 118 D e L 1 - . ¥ . o i 5 e
SOlution was washed with CHC13, acidified (pH ca. 2) with




HCl, and then extracted with CHClB. The extract was

conc
dried and concentrated in vacuo. The residual crude 7 was
heated at 120-130°C until the evolution of C02 ceased (about

20 min) . After cooling, the resulting oil was dissolved in
CHC13 and washed with ag. NaOH. The organic layer was dried
and concentrated in vacuo. The resulting crude 8 was dissolved
in THF (150 ml)-water (20 ml) and an excess of NBS was added.
After the mixture had been stirred for 30 min at room tempera-
ture , the THF was evaporated off in vacuo and the resulting
precipitates were extracted with CHClB. The extract was washed
with ag. NaOH, dried, and concentrated in vacuo. The residual
crystals were recrystallized from CH2C12—isopropyl ether to
give pure sulfoxides 9a-e in total yields of 60-70%.

Compounds 7 and 8, except for 7a and 8a,b, were not isolated

as pure products. 7a: mp 85-86°C (ether-pet. ether). NMR: 5
5.43s(1H, CH), 7.1-8.1m(9H, arom), 9.7-10.5br(1H, COOH).

Anal. Calcd for C15H11N03S: Cp 63.14: H, 3.89; N, 4.913 S, 1l.24.
Found: C, 62.93; H, 3.99; N, 4.83; S, 11.34. 8a: mp 71-72°C
(hexane). NMR: 54.415(2H, CHz), 7.1-7.9m(9H, arom). Anal.

Caled for € NOS: C, 69.68; H, 4.60; N, 5.81; S, 13.29.

14571

Found: C, 69.69; H, 4.55; Ns S5.79% 8, 13.22, 59: mp 59-60°C
(hexane). NMR: §2.30s(3H, CH,), 4.38s(2H, CH,), 6.9-8.0m(8H,
arom). Anal. Caled for C,.H,,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.

9a: mp 109-110°C. NMR: &4.45s (2H, CH,), 7,0-7.9m(9H, arom).

Anal. Calcd for C NO,S: C, 65.35; H, 4.31; N, 5.44; S, 12.46.

14H711N0,

found: C, 65.33; H, 4.17; N, 5.57; S, 12.61. 9b: mp 117-119°C.




NMR: $2.38s(3H, CH,), 4.45s(2H, CH,), 7.15-7.9m(8H, arom).
anal. Calcd for C,H ,NO,S: C, 66.40; H, 4.83; N, 5.16; S, 11.82.

Found: C, 66.563 H, 4.62; N, 5.09; S8, 11.62. 9¢: mp 134=136°C.

NMR: & 4.88s(2H, CH,), 7.2-7.9m(8H, arom). Anal. Calcd for

2

I I - ; 57.64; P 457 Ni, 43805 'S, 10,99 €1, 12515
14H10N025C. 8 6 H; 3

Founds Cy by <ilds He 32235 No 55 ll: S5 10569 Gl 1237,

C

9d: mp 166-169°C. NMR: §4.42s(2H, CH,), 7.3-8.1m(8H, arom).

2

Anal. Calcd for CqulONoszr: gy 585012 H, 3.00: N, 4:17= 'S,
9.54; Br,; 23.7¢. PFound: C, 50.18; H, 3.00; N, 4.35; S, 9.263
Br, 23.99. 9e: mp 143-146°C. NMR: §3.84s(3H, CH,0), 4.45s

(2H, CH,), 6.9-7.9m(8H, arom). Anal. Calcd for C H13N03S:

2 15
c, 62.70; H, 4.56; N, 4.88; S, 11.16. Found: C, 62.57; H,

The Free Sulfoximides 4

To a cooled solution of the sulfoxide 9 (0.05 mol) in
100 ml of CH2C12 was added 2-3 molar equiv. of MSH. The
mixture was stirred for 10 hr at room temperature. Ether
(50 ml) was added to the reaction mixture and the resulting
white precipitates were collected by filtration. The dried

pPrecipitates were suspended in CHCl. and shaken with ag. NaOH.

3 I
The organic layer was separated, dried, and concentrated in
vacuo. The residual crystals were recrystallized from EtOH

or CH2C12—isopr0pyl ether to give pure sulfoximides 4a-e

(Table II).




Table 1II. S-Ary1-S-[(1,2-benzisoxazol-3-y1)methyl]sulfoximides 4

Yield Analysis(%), Calcd/(Found)

Compd Mp (°C) Formula NMR, 8
(%)2) C H N S Hal
4a 133-135 86 C14H]2N2025 61.75 4.44 10.27 11.77 - 3.17s(1H, NH), 4.84s(2H, EHZ),
(61.92 4.46 10.15 11.64 - ) 7.2-8.2m(9H, arom)
4b 139-142 84 C]5H14N2025 62.92 4.93 978 711.20 - 2.40s(3H, CH3), 3.08s5(1H, NH),
(62.95 5.14 9.47 11.03 - ) 4.79s(2H, CH2)’ 7.1-8.0m(8H, arom)
1 4c 136-139 78 CrgyaNa0,SCT  54.82 3.62  9.13 10.45 11.56  3.17s(1H, NH), 4.80s(2H, CH,),
= (54.88 3.27 8.78 10.43 11.75) 7.2-8.1m(8H, arom)
; 4d 165-168 77 C14H11N2O2SBF 47.88 3.16 7.97 9.13 22.75 3.18s(1H, NH), 4.83s(2H, CHZ)’
(48.00 3.00 7.70 9.21 22.,95) 7.3-8.2m(8H, arom)
de 154-156 58 C]5H14N203S 59.59 4.67 9.26 10.60 - 3.18s(1H, NH), 3.86s(3H, CH3O),
(59.88 4.54 9.24 10.47 - ) 4.84s(2H, CHZ)’ 7.1-8.1m(8H, arom)

a) Based on the consumed sulfoxide.




The N-Haloacylsulfoximides 10 and 11

l0a-c: To a solution of the free sulfoximide 4 (10 g)

and choj (0.7 equiv.) in CHCl3 (100 ml), a solution of chloro-

acyl chloride ( 1.2 equiv.) in CHCl, (20 ml) was added dropwise

at room temperature. After the mixture had been stirred for
30 min, an additional acyl chloride (0.2 equiv.) was added
and the stirring was continued for another 5 min. The reaction

mixture was washed with water and the organic layer was dried.
After the CHC13 had been evaporated off in vacuo, the residual
crystals were recrystallized from MeOH to give l0a-c.

11: A solution of bromoacetyl bromide (13 g) in CHCl3

(20 ml) was added dropwise to a stirred solution of 4a (15 q)
and TEA (8.4 g) in CHCl3 (150 ml). After the mixture had

been treated as described above, the organic layer was subjected
to silica gel column chromatography. The eluate with CHCl3
was concentrated and the residue was recrystallized from MeOH
to give 4.7 g of 1l. From the eluate with lO%MeOH~CHCl3,

13g (48% yield) of the salt 12 were obtained as a powder:

NMR {DMSO—dG), 51.22t{J= 70" Hz, 9H, CH. x 3), 3.53¢[3= 7.0 HzZ,

6H, CH,CH; x 3), 4.29s(2H, CH,CO), 5.92s(2H, CH,S), 7.2-8.2m

(9H, arom) .

After the salt 12 (4.0 g) had been shaken with 10% aqg.
NaOH and CHCl3 for 1 min, the CHCl3 layer was dried and

concentrated in vacuo to give the free sulfoximide 4a (2.0 qg).

The N-haloacylsulfoximides 10a-c and 11 are summarized

in Table III. 1




Tfable IIT. N-Haloacylsulfoximides 10 and 11

Yield Analysis(%), Calcd/(Found)
Compd Mp (°C) Formula NMR, )
(%) C H N S Hal
10a 138-139 92 C]6H]3N203SC1 55.10 3.76 8.03 9.19 10.16 4,15s(2H, CDCH2), 5.20d and 5.42d

(55.10 3.75 8.09 9.26 10.43) (AB q, J= 14.2Hz, 2H, CHZS),

7.2-8.05m(9H, arom)

1 10b  122-126 78 €y H cN,0,SC) 56.28 4.17 7.72 8.84 9.77  4.13s(2H, COCH,), 5.22d and 5.424
S (56.53 4.19 7.86 8.34 9.86)  (AB q, J= 14.2Hz, 2H, CHyS),
| 7.2-8.05m(8H, arom)
10c  145-147 71 ChioNp05SCl,  50.14 3.16 7.31 8.37 18.50  2.91t(d= 6.7Hz, 2H, CH,CH,C1)
(50.26 3.01 7.15 8.37 18.57)  3.83t(J= 6.7Hz, 2H, COCH,CH,)
5,20d and 5.47d(AB q, J= 14.2Hz,
2H, CHZS), 7.2-8.2m(9H, arom)
n 134-138 22 CyghygN,0,SBr  48.87 3.33 7,12 8.15 20.32  3.96s(2H, COCH,), 5.18d and 5.42d

(48.65 3.43 7,13 8,11 20.36) (AB q, J= 14.2Hz, 2H, CH25),

7.2-8,.1m(9H, arom)




The N-Aminoacylsulfoximides 13 and 14

A solution of the N-haloacylsulfoximide 10 or 11 (1.0-
1.5 g) and a certain amine (2.1 eguiv.) in CHCl3 (30 ml) was
refluxed for 2-6 hr. The rection mixture was washed with
water and the organic layer was dried. The CHC13 was
evaporated off in vacuo to give a crude product which was

purified as a free base or a oxalate by recrystallization

as summarized in Table IV.

The N-Acryloylsulfoximide 15

After a solution of the N-chloropropionylsulfoximide 10¢c
(1.0 g) and K2C03 (0.4 g) in EtOH (20 ml) had been refluxed
for 40 min, the EtOH was evaporated off in vacuo and the
residue was extracted with CHC13. The extract was washed
with water, dried, and concentrated in vacuo. The residue
was subjected to silica gel column chromatography with CHC13
as an eluent to give 0.5 g (59% yield) of 15 Mp 81=83°C
(CH2C12—isopropyletherL Anal. Calcd for C17H14N2038: C, 62.537
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): 55.2ld and 5.464(AB q, J= 14.2 Hz,

2H, CH,S), 5.76d4d(J= 3.8 and 8.4 Hz, 1H, COCH=CH_H) , 6.29dd
(J= 8.4 and 17.0 Hz, 1H, COCH=CH,), 6.40dd(J= 3.8 and 17.0 Hz, ‘
lH, COCH=CH,H), 7.2-8.0m(9H, arom). Mass: m/z 326 (M', 2%),
- +
125 (PhSO", 33%), 77 (Ph', 100%), 55 (coca=cn2+, 88%) .
A solution of 15 (0.1 g) and piperidine (2 equiv.) in !

(;‘E[Cli (5 ml) was refluxed for 30 min and then the reaction




Table IV. N-Aminuacy?~$-ary1-5—[(1,2~benzi50xa201-3~y1)methy]]5u1foximides 13(n=1) and 14(n=2)

mp(“C)a) Yield e} Analysis(%),Calcd/(Found)
Copmd Ar NR2 b) Formula™
(Solvent) (%) C H N S Cl
13a Ph NEt 201~204* 65d) CanHa N0 Se0)x 85.57 5,30 8.84 6.74 -
o 2 20237373 . : : ;
(M-IP) (55.62 5.21 8.74 6.99 - )
* &k
122 Ph F{:] 109-111 74 C20H2]N3038 62.64 5.52 10.96 B.36 -
(C-1P) (62.84 5.66 11.00 8.37 - )
*k
13¢ Ph N ) 136-137 78 CZ]H23N3O3S 63.46 5.83 10.57 8.07 -
I (EtOH) (63.19 5.80 10.48 8.12 - )
o) Y A4 *k d)
W 13d Ph N O 155-157 60 C20H2]N304S 60.13 5.30 10.52 8.03 ~
re=——= Nt
. (MeOH) (60.33 5.21 10.32 7.92 - )
I\ *
13e Ph N NMe 207-210 34 C21H24N 0,S-20x 50.67 4.76 9.46 5.4] -
SEE s 4-3
(MeOH) (50.54 4.84 933 B8 - )
7N ok d)
13f Ph N NPh 173-175 58 C26H26N403S 65.80 5.52 11.81 6.76 -
e NS
(C-1IP) (66.06 5.68 11.67 6.89 - )
7. *
lgg Ph Q_JNCHzPh 215-219 57 C2?H28N4038-20x 55.68 4.82 8.38 4.79 -
(EtOH) (55.51 4.68 8.54 4.84 - )
=\ * %k 6
lih Ph thﬁCHzphOMe—p 139-142 62 628H30Nq045 64.84 5.83 10.80 .18 B
(C-1P) (64.51 5.81 10.56 6.18 - )

(continued)




Table IV. (continued)

Compd Ar NR mp Yield Formula C H N S Cl

2
QA ) /_\ e) ? * =
13i  Ph Q_Jucnzph-a,a-(OCHzo) 208-215 62 CogHog,0:S - 20x 53.93 4.53 7.86 4.50 -
(MeOH) (53.80 4.19 7.82 4.51 - )
- ! I\ *
13§ p-CIPh QLJﬁCHZPh 210-215 67 CozHp7N,045-20x 52.96 4.44 7.97 4.56 5.04
(MeOH) (53.09 4.41 7.67 4.44 5.06)
7\
13k p-CIPh N NCH,PhOMe-p 199-204" 42 CooHooN,0,S*20x 52.43 4.54 7.64 4.37 4.84
13K LS 28''29"4"4
(MeOH) (53.16 4.39 7.54 4.14 4.89)
131 p-CIPh N NCH,Ph-3,4-(0CH,0) 198-205 60 CooHoN,0.S+20x 51.44 4.18 7.50 4.29 4.74
| — L 2 2 2827 45
e (MeOH) (50.81 4.08 7.62 4.44 4.76)
(8]
* %
| 14a  Ph NC:] 110-112 59 CoqHpgN304S 63.46 5.83 10.57 8.07 -
(C-IP) (63.48 5.85 10.34 8.13 - )
*
14b  Ph N ) 98-101.5 76 CooHosN05S 63,21 6.12 10,21 7.79 -
=
(H-1P) (63.89 5.87 10.13 7.92 - )
I\ *%
l4c  Ph N 0 97-100 73 CraHraNA0,S 61.00 5.61 10.16 7.75 -
lac ey 2172334
(A-1P) (60.88 5.49 10.27 7.89 - )
N Kk
14d  Ph N NPh 136-139 75 CpaHaoN,0.S 66.37 5.78 11.47 6.56 -
14d 30 27"'28"4"3
(EtOH) (66.23 5.61 11.16 6.26 - )
I\ ek 1118
14e  Ph Q_JNCHZPh 124-126 73 C,gH30N405S 66,91 6,02 150 638 =
(C-IP) (67.08 5.98 10.96 6.53 - )

(continued)




Table 1V. (continued)

Compd Ar NRZ mp Yield Formula C H N S Cl
a =\ *
! b . = 2065 - . C
14f Ph N_JNCHZPhOMe p 205-210 67 C29H32N4045 20x 54.24 5,24 7.67 4.39
(EtOH) (54.74 4.99 7.64 4,58 - )
: (i 4-(0CH.0)¢) 5 052 54.54 4.72 7
lﬁg Ph Q%JNCHzPh-S, -(0 Hzﬂ) 198-20 72 629H30N4 5S-h0x 4,54 7 J1 4.4 -
(MeOH) (54.07 4.77 7.67 4.48 - )

a) *mono- or dioxalate; **free base.

b) A, AcOEt; C, CH2C12; H, hexane; IP, isopropyl ether; M, MeOH.

9¢

c) Ox, oxalate.

d) Prepared from 11.

e) 3,4-Methylenedioxybenzylpiperazinyl.




mixture was directly subjected to silica gel column chromato-
raphy to give 0.1 g (79% yield) of the piperidinopropionyl-

sulfoximide 14b.
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Chapter 2

Halogenations of

S-Aryl-S-[(1l,2-benzisoxazol-3-yl)methyl]sulfoximides

Summary ----—-— The reactions of the title free sulfoximides
with N-bromosuccinimide (NBS) and with N-chlorosuccinimide
(NCS) afforded unexpectedly the corresponding (X ~halogenated
"free" sulfoximides in good yields. The NBS bromination pro-
ceeded via a facile N-bromination followed by bromine transfer
reaction of the resulting N-bromosulfoximide to give the

X -bromosulfoximide. The NCS chlorination, in contrast, pro-
ceeded via direct (A-chlorination, not via N-chlorination.
However, in the presence of potassium carbonate or silica gel,
N-chlorination occurred predominantly in the NCS chlorination.

The mechanisms of these reactions are discussed in detail.

Introduction

Among numerous publications on the synthesis and proper-
ties of sulfoximide derivatives which possess a wide variety
of chemical and biological interest, only a few dealt with
the reactivities of the halo derivatives, especially the
X ~halo derivatives.l}

N-Unsubstituted (free) sulfoximides are well known to

undergo readily N-halogenation with a number of halogenating

a) 1h)

4

agents such as bromine,l

agqueous sodium hydroxide-bromine,




1h)

lc) N-chloro-

14)

agueous sodium hypochlorite

b)

and hypobromite,

benzotriazole,l and tert-butyl hypochlorite (BHC), and the

resulting N-halosulfoximides have been used as the halogenating

A : ; 1b
agents in the halogenations of aziridine derivative, )
1.5 : lec i

sulfoxides,“) toluene,lg) and olefins. )
NH
> NC1
ArECHzR o1
0 |
“ ArS-CHR
0 0 !
? f ;
R-S-R ——> R-S5-R
[l [l
N N

CH,Ph
H X \ XCH.,Ph

W

- =0

It was expected, therefore, that N-halosulfoximide

containing an active methylene or a benzyl group could undergo

rearrangement of the halogen atom to the active or benzylic

methylene group. However, no research has been BRTEiad out
on this possibility.

Meanwhile, Uno et a1.2) have found that the (X -methylene

..........

l,2-benzisoxazole-3-acetic acid is unusually reactive

electrophilic substitutions, suggesting that the C=N




bond of the 1,2-benzisoxazole ring has the nature of a "masked"

o

-

carbonyl grou

)
Hh

it appeared to be quite interesting to

m

Therefor

examine the halogenation of the sulfoximide derivative having
an (X -methylene group activated with 1,2-benzisoxazole ring
in connection with the possibility described above.

This Chapter deals with the interesting chemical behaviors
in the halogenations of S-aryl-S-[(1l,2-benzisoxazol-3-yl)-
methyl]sulfoximides 1, including the rearrangement of their
N-halo derivatives to the corresponding (A -halo derivatives,

and the direct (X-chlorination of the free sulfoximides 5.

Results and Discussion

Bromination of the Free Sulfoximides 1

The reactions of the free sulfoximides 1l with N-bromo-
succinimide (NBS) and with bromine/pyridine in commercial
chloroform for 2-4 hr at room temperature gave (X -bromo "free"
sulfoximides, S~aryl—5—{(1,2—benzisoxazol—3—yl)bromomethyl]—
sulfoximides 2, in ca.60% and 80-90% yields, respectively,

45 a mixture of diastereomers, whose NMR spectra showed two

11 o4 5

tinct methine singlets (see "Experimental").




Br

Ar
NBS or R &
F
v /\
Brz/pyrldlne O,N 0 NH
2-4 hr
1 2
a b < d &
R H H H Br MeO
Ar Ph p—-MePh p-C1lPh Ph Ph

This result 1s surprising in view of the fact that "free"
sulfoximides readily undergo N-halogenation with various
halogenating agents as described before, but would not be
unexpected if the (X -bromosulfoximides 2 were produced via
the corresponding N-bromosulfoximides.

In order to confirm the above expectation, N-bromo-S-
aryl-S-[(1,2-benzisoxazol-3-yl)methyl] sulfoximides 3 were
prepared and their behaviors were examined.

When the free sulfoximides la,b were treated with NBS in di-
chloromethane for 5 min at room temperature, followed by
silica gel column chromatography, the desired N-bromosulfox-

imides 3a,b were obtained in isolated yields of 90%.

Ar
: 7
NBS, 5 min S
la,b - I
CH2C12 NBr

3a: Ar= Ph

b: Ar= p-MePh




This finding suggests that the foregoing { -bromination of

ree sulfoximides 1 with NBS proceeded via a facile N-

Hh

the

bromination followed by bromine transfer reaction of the
resulting N-bromosulfoximide 3. Thus, the decomposition of
the N-bromosulfoximide 3 was carried out under several condi-
t+ions and, as expected, the bromine transfer reaction of 3
was found to proceed easily to give the X -bromosulfoximide

2 as shown in Table I.

(Table I)

Inspection of the data summarized in Table I reveals an
interesting feature of this rearrangement. In the dark, no
reaction occurred, whereas in the presence of a light source,
even a room light (a fluorescent lamp), the bromine transfer
reaction easily proceeded at room temperature and showed a
clear induction period as shown in Fig. 1, seemingly ruling

out any ionic mechanism.

(Fig. 1)

The effect of solvent, however, was remarkable; an
increase in the concentration of ethanol in the solvent

enhanced the rate of this reaction and decreased the yields

of radical products. Thus, in dichloromethane and in refluxing

carbon tetrachloride the N-bromo-S-(p-tolyl)sulfoximide 3b
gave the S-(p-bromomethylphenyl)sulfoximides 1f and 2f in

10=25% «r3 = 24 . 1 :
1U=25% yields either in the presence or in the absence of a

radical initiator (BPO), while in chloroform containing




Table 1. Decomposition of the N-Bromosulfoximides gé)
o : v\D)
Compd. Reaction Conditions Products and Yields(%)
la 2
5%Et0H—CHC13,C) 1.5 hr 38.5 56.6
1%EtOH—CHCI3,C) 2.5 hr 35.2  58.1
| .5
CHZCTz, 10 hr 31.5 58
3a 1%EtOH-CHC13, dark, 1 week no decomposition
5%EtOH-CHC1 5, [:I],d) 7 e8! 657 7.7 - 22.27)
3 r
d) _g) q) Br f)
CH,CT,» [::D 9 24 hr o 36.8
e o oz
5%Et0H—CHC]B, 1.5 hr 43.4 trace 47.1 trace
]%EtDH—CHC]3, 2.5 hr 34.1 2.5 47.8 5.1
3b CHZC]Z, 10 hr 24.5 25.4 ) 16.8
CE]Q, reflux, 10 hr 3il 2 1185 18.6 9.9
GEN BPO(5%), reflux, 3 hr 26.0 15.1 20.6 K. 2 :

4}

a) The reaction was carried out at room temperature in the presence
of a room light unless otherwise stated.

b) Determined by HPLC.

¢) Chloroform containing 5% or 1% ethanol.

d) 10 equiv.

e) The other product is l-bromo—E—ethoxycycTohexanewc) e BT
f) Determined by GLC.

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

h) 1f: R=H, Ar=p-BrCH

Ph; 2f: R=H, Ar=p-BrCH,Ph.

2 2
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5% ethanol {E%EtOH—CHClB) the yields of these radical products

decreased to only trace amounts.

Br

PhCH_.Br PhCHzBr
/ 2 /

S
3 o/ \\NH

O/

These findings suggest that this bromine rearrangement

proceeds through not only a radical path but also an ionic

pProcess.

Meanwhile, in the presence of cyclohexene, 4a gave 1,2-
dibromocyclohexane in 36% and 22% yields in dichloromethane

and in S%EtOH—CHClB, respectively; in the absence of cyclo-
hexene the liberation of bromine was observed in the early

stages of the reaction.

These results described above clearly indicate that the
bromine transfer reaction of the N-bromosulfoximides 3
Proceeds through an initial photo-induced radical process

(an induction period) followed by a bromination process

in which the bromine molecule formed in the initial step should
act as the active brominating species both in radical and

lonic processes.

The radical bromination process is considered to proceed
a4 a chain process 1li}

- ke the "Goldfinger mechanism"B) in

"lilch bromine molecule acts as a chain carrier, but not via

that

involving the sulfoximidoyl radical, as shown in Chart 1.

= A6 =




N-Br + HBr T2 N-H + Br2

( A ~carbon)

Br e + R-H —_— Re 4 HBr
Chart 1
S 3 : : : . 1h)
Ssimilar results have been reported 1n bromination of olefins
1g)

and toluene with N-bromo-S,S-diphenylsulfoximide.

The ionic bromination process involves the electrophilic
attack of bromine molecule on the active (X -methylene group
and seems to be mainly operative in solvents containing
ethanol. The activation of the (X-methylene group of 1l to an
electrophile (bromine molecule) may be explained in terms of
the strong electron-withdrawing inductive effect and/or
(more likely) the tautomerizm of the 1,2-benzisoxazole ring
whose C=N bond shows the nature of a "masked" carbonyl

@rOUP,ZJ as illustrated in Chart 2. !

Chart 2




chlorination of the Free Sulfoximides 1

The reaction of the free sulfoximides la-c with N-chloro-
succinimide (NCS) in chloroform for 24 hr at room temperature
gave Ol-chlorinated "free" sulfoximides 4a-c in ca. 70%

vields as a mixture of diastereomers.

23
NCS, 24 hr /Ar
la-c £ i/S\
= \
ol NH
4a: Ar= Ph
b: Ar= p-MePh
c: Ar= p~ClPh

By analogy, this (X-chlorination was presumed to proceed
via the corresponding N-chlorosulfoximide in the same manner
as the NBS bromination described above, although the N-chloro
derivative could not be isolated in this reaction, in contrast
to the NBS reaction. The N-chlorosulfoximides 5a,b, however,
were easily obtained in 90% yields on treatment of la,b with
BHC in dichloromethane for 5 min at room temperature followed

by silica gel column chromatography.

BHC, 5 min /Ar

s
¢\
O NC

|

1

5a: Ar= Ph I

b: Ar= p-MePh




In order to examine whether the N-chlorosulfoximide 5 is
an intermediate in the X -chlorination of 1 with NCS, the
decomposition of 5 was carried out under several conditions.
The results summarized in Table II, however, show an unexpected

eature of this reaction.

-+

)

Table II. Decomposition of the N-Chlorosulfoximides §é

Compd Reaction Conditions Products and Yields{%}b)
la 4a
S%EtOH—CHCl3, 24 hr 81.3 Bek
l%EtOH~CHCl3, 48 hr 66.6 12.7

5a

CH2C12, 1 week 32.8 22.5
CH2C12, dark, 2 weeks No decomposition
1b 4b
S%EtOH~CHCl3, 48 hr 78.5 3.9
Sb l%EtOH—CHClB, 120 hr 63.7 8.0
C‘HEC.'L,)J 1 week 34.1 9.1

a) The reaction was carried out at room temperature in the

presence of a room light unless otherwise noted.

b) Determined by HPLC.




The N-chlorosulfoximide 5 decomposed at room temperature
the free sulfoximide 1 and the (X —chlorosulfoximide 4
in the presence of a light source, suggesting that the reaction
was photochemically initiated, as in the case of the N-bromo
derivative 3, though the rate was strongly dependent on the
solvent used. In every case examined, however, the yields of
the X-chlorosulfoximides 4 were very low (4-22% yields) in
comparison with those of the NCS chlorination of 1. This
result seems to be contrary to the expectation stated above.

In order to clarify this point, the reaction of the free

sulfoximides la,b with NCS was examined under several conditions

and the results summarized in Table III are in contrast to
those of the decomposition of the N-chlorosulfoximides 5 1in

Table II.
(Table III)

Either in the presence or in the absence of a light
source, the reaction of 1 with NCS proceeded smocthly at room
temperature to give the (X -chlorosulfoximide 4 in good yields
and was found to complete within 24 hr, regardless of the
solvent used. For example, even in the dark the free sulfox-
imide la reacted with NCS in dichloromethane for 24 hr to give
the (X-chlorosulfoximide 4a in 71% yield, whereas in the dark
the N-chlorosulfoximide 5a which was presumed to be an inter-
mediate in this reaction was stable for 2 weeks in dichloro-
methane (see Tabie IT). Furthermore, the NMR inspection

during the course of the (X-chlorination of la with NCS in

chloroform-4d, (ChCl%) indicated that no detectable amount of

— 50 =




Table I11. Reaction of the

Free

)

Sulfoximides 1 with NCS®

I

b)

’

Compd. Reaction Conditions Product(s) and Yields(%)
4a 5a
51ELUH—FHC]?, 24 hr 68.1
1fEtDH—EHC13, 24 hr 64.6
CH,C1,, 24 hr 68.2
ELEtGHhCHCTg, dark, 24 hr 68.0
IfEtOHnCHCIE, dark, 24 hr 64.9
CHEL;?, dark, 24 hr i) b
CDC1,, dark, 24 hr (77) (0)
12 E3C13, 0°, dark, 1 weekc) (60) (20)
CDCIB, p-quinone(1 equiv.), 24 hr (75) (0)
CDC1,, CCT,CO0H(10%), 12 hr (76) (0)
cC1,, pyridine—d5(10%), 24 hr (74) (0)
CDC]E, trans-stilbene(1.5 equiv.), 24 hr (73) (0)
COC14, KoCO,4(1 equiv.), 10 mind) (0) (50)
coc1.,, $i0,.¢) 2 hr (10) (72)
4b
S4ELOH-CHCI 5, 24 hr 72.5
I EtUH—ChE]51 24 hr 70.5
h CH,C1,, 24 hr 72.0
_ SYELOH-CHCT ,, dark, 24 hr 69.2
| ¥EtOH-CHC1,,, dark, 24 hr 71.0
CH,C1,,, dark, 24 hr 65.9

(continued)




ble III. (continued)

The reaction was carried out at room temperature in the presence of

room 1ight unless otherwise stated.
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) The reaction was approximately 90% completed.
d) The reaction was approximately 55% completed: prolonged reaction

caused the further rearrangement of 5a to the corresponding N-sulfinyl-

A\
‘)
/!

e) Kieselgel 60(70-230 mesh)(Merck)1.0 g/ la 300 mg.

the N-chlorosulfoximide 5a was produced. These observations
appear to exclude the possibility of the intermediacy of the
N-chlorosulfoximide 5 in the (X{-chlorination of 1 with NCS.
The rate of this (X-chlorination was strongly affected by
the reaction temperature; at 0°C the reaction of la with NCS
required over 1 week for completion. The addition of acids
such as trichloroacetic or p-toluenesulfonic acid apparently
enhanced the rate of this reaction. The presence of p-guinone,
however, had little effect. These findings seem to indicate
hat this (X-chlorination is not a radical process, but is
an ionic process. The function of the acid is in all likeli-
food to generate a more powerful electrophilic reagent by
Protonation of the oxygen of NCSS) and/or to activate the

methylene group of 1 to an electrophile by protonation of

18 1mino nitrogen of 1

L UYL




Meanwhile, the addition of pyridine or trans-stilbene

neall L s —

h

fect, suggesting that in this (X -chlorination

also had little e

acts as the active chlorinating species, not merely

) , 6)

as a controlled source of chlorine molecule.
On the basis of the results described above, the (X-chlo-

rination of the free sulfoximide 1 with NCS is considered to

proceed through the direct electrophilic (X-attack of NCS,

not via N-chlorination, in contrast to the (X-bromination of

1 with NBS.

Although it is difficult to explain why the imino group
of the free sulfoximide 1 is less reactive to NCS than to
BHC and NBS, there are two possible explanations. One is
that the nucleophilicity of the imino group of 1 is decreased

<

because of the electron-withdrawing inductive effect of the
l,2-benzisoxazole ring. The other is that NCS is too much
less electrophilic than BHC and NBS to react with the deacti-
vated imino group. It seems likely, therefore, that at room
temperature the NCS chlorination of 1 can occur at the Q-
position activated by the 1,2-benzisoxazole ring as mentioned
above. At a lower temperature (0°C), N-chlorination may be

e to compete with CA-chlorination because the rate of

X -chlorination is retarded.

On the other hand, in the presence of potassium carbonate
or, interestingly, silica gel, N-chlorination occurred predom- r
inantly in the reaction of la with NCS as shown in Table III.

€ function of potassium carbonate or silica gel is likely

be +n

Y€ TO 1ncrease the nucleophilicity of the imino nitrogen




nv deprotonation or adsorption of the imino proton, respec-

The (X-halogenations of sulfoximide derivatives have

- . : . 14
been reported only on chlorination of N-methyl, )

d,7)

N-chloro, and N-tosyl derivatives and bromination of

8)

cvelic derivatives, while the synthesis of X-halo

h
H
1]
{1]
n
=
=
mn
o}
"
|
(o N
(D
)]
oy
4]
1]
o
M
1)
s
H
1]
o}
(o)
a]
-+
D
jo ¥
O
s
[
=
o
Lo e
o
O
=
=
)]
o}
=
()]
o |
u

Corkins, ' including reduction of N, X-dichlorosulfoximides
with sodium sulfite, and amination of (X-halosulfoxides with
O-mesitylenesulfonylhydroxylamine (MSH) .

Therefore, the reactions described in this Chapter are

£ 1 4

the first example on the rearrangement of N-halosulfoximide

to the corresponding (XA-halosulfoximide and on the (X -halogen-

neE

ation of "free" sulfoximide.




Experimental

The Ot-Halo Free Sulfoximides 2 and 4

‘4

A solution of the free sulfoximide 1 (6 mmol) and a slight
excess of Brz/pyridine, NBS, or NCS in 20 ml of commercial
CHCl3 was stirred for 2-3 hr, 3-4 hr, or 24 hr, respectively,
at room temperature under a room light. The reaction mixture
was washed with dilute aq. K2CO3,

dried and concentrated in vacuo. The residual oil was chromato-

and then the organic layer was

graphed on a silica gel column using CHCl3 as an eluent to

afford 2 or 4. Recrystallization from CHZClz—isopropyl ether

gave pure products (Table IV). All (X -halosulfoximides 2a-e

and 4a-c were isolated as mixtures of diastereomers; the NMR

spectra showed two distinct methine singlets, as shown in

Table IV.
(Table IV)

The N-Halosulfoximides 3 and 5

An equimolar amount of NBS or BHC was added to a stirred
solution of 1 in 20 ml of CH2C12 at room temperature, and the
mixture was stirred for 5 min. The rection mixture was
directly subjected to silica gel column chromatography and
eluted with CH2C1

, to afford 3 or 5. Recrystallization from

CH S SE
‘HQC12—LhogLOpV1 ether gave pure products (Table V).

(Table V)




Table IV. S-Ary1-5-[(1,2-benzisoxazol-3-y1)halomethyl]sulfoximides zé) and 4

Yield Analsis(%), Calcd/(Found)

Compd Mp (°C) (%) Formula C H N S By C1 NMR, <£
2a 162-168 86 C]4H]1N20253r 47.88 3.16 7.97 913 22:75 - 3.57s and 4.00s(1H, NH),
(6])b) (47.81 3.06 7.90 8.80 22.98 - ) 6.16s and 6.22s(1H, CH),
7.2-8.4m(9H, arom)
2b 144-147 83 C]SH]gNzUzSBP 49 .33 3,59 7.67 B.78 21.88 - .42s and 2.45s(3H, CH,),

2
3
(60) (49.35 3.37 7.63 8.60 22.15 - ) 3.53s and 3.97s(1H, NH),
6.17s and 6.24s(1H, CH)
7

.1-8.4m(8H, arom)

3

|
wun
<L 2c 153-156 82 C14H]ON20258rC1 43.60 2.61 7.26 8.31 20.72 9.19 3.60s and 4.01s(1H,NH),
: (60) (43.62 2.46 7.13 8.05 20.57 9.13) 6.17s and 6.25s(1H, CH),
7.3-8.4m(8H, arom)
2d 163-167 80 C1QH]ON2OESBP2 39.108 2,34 6.51 745 37,16 - 3.56s and 4.01s(1H, NH),
(39.16 2.16 6.40 7.31 36.96 - ) 6.13s and 6.19s(1H, CH),
7.3-8,4m(8H, arom)
e 147-149 89 C]5H]3N203SBF 47.26 3.44 7535 8.41. 20.96 - 3.90s(1H, NH), 3.91s(3H, CH30),
(47.06 3,23 7.11 8.47 21.06 - ) 6.16s and 6.21s(1H, CH),

7.1-8.2m(8H, arom)

(continued)




Table IV. (continued)

Compd Mp Yield Formula C H N S Br  Cl NMR, &
ja 156-160 71 Cy gHyqN50,SC] 54.82 3.62 9.13 10.45 - 11.56  3.50s and 3.83s(1H, NH),
(55.22 3.45 9.00 10.21 - 12.13) 6.12s and 6.14s(1H, CH),
7.2-8.4m(9H, arom)
4b 151=153 64 C15H13N2025C1 56.16 4.08 8.73 9.99 - 11.05 2.43s(3H, CH3), 3.50s(1H, NH),
(56.54 3.86 8.70 9.89 - 11.05) 6.05s and 6.08s(1H, CH),
7.1-8.2m(8H, arom)
I
u 4c 142-145 70 C14H10N2025C12 49.28 2.95 8.7] 9.40 - 20.78 3.50s and 3.85s(1H, NH),
=t |
, (49.36 2.75 7.86 9.53 - 21.23) 6.13s and 6.14s(1H, CH),

7.2-8.3m(8H, arom)

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

b) Yields 1in parentheses are based on the reaction with NBS.




Table V. N-Halo-S-aryl1-S-[(1,2-benzisoxazol-3-y1)methyl]lsulfoximides 3 and 5

Yield Analysis(%), Calcd/(Found)
Compd Mp (°C) Formula NMR , 5
(%) C H N S Br Cl
3a 105-109 89 C]QH]]NZUZSBr 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 - ) 2H, CHZ)’ 7.2-8.1m(9H, arom)
3b 121-124 90 C]5H13N20258r 49.33 3.59 7.67 8.78 21.88 - 2.43s(3H, CH3), 5.10d and 5.13d
(49.74 3.43 7.65 8.77 22.06 - ) (ABq, J= 14Hz, 2H, CH,),
' 7.2-8.1m(8H, arom)
(¥
T) 5a 107-112 9] C14H1]N2025C] 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, CHZJ, 7.1-8.1m(9H, arom)
5b 110-114 89 C]5H13N2025C] 56.16 4.08 8.73 9,99 - 11.05 2.39s(3H, CH3)’5'04d and 5.06d
(55.99 3.94 8,65 g.89 - 11.13) (AB q, J= 14 Hz, 2H, CH2),

7.1-8.0m(8H, arom)




sulfide (3.0 g), NBS (2.1 g), and a catalytic amount of
benzoyl peroxide (BPO) in CCl4 (30 ml) was refluxed for 1.5
hr. After cooling, the precipitates were filtered off and
the filtrate was concentrated in vacuo. The residual oil was
dissolved in THF (50 ml)-water (10 ml) and NBS (2.0 g) was

added. After stirring for 1 hr at room temperature, the

ion mixture was worked up in the same manner as described

"i
L5
0
P )
(L

in Chapter 1 to give 1.0 g of crystals whose NMR spectrum
showed it to be a mixture of (1,2-benzisoxazol-3-yl)methyl
p-bromomethylphenyl sulfoxide (80%) and (1l,2-benzisoxazol-3-

vyl)methyl phenyl sulfoxide (20%). NMR: 82.395(3H X 0.2, '€H

3):
4.45s and 4.49s(ca. 3.6H, SCH2 and BrC§2Ph), 7.2-7.9m(8H, arom).
To this mixture of the sulfoxides (0.9 g) in 10 ml of
E%CIE was added MSH (2.0 g) and then the mixture waé stirred
for 10 hr. The reaction mixture was worked up in the manner

described in Chapter 1 to yield 0.37 g of crystals. This
product was revealed to be a mixture of 1f (90%) and 1lb (10%)
by HPLC and NMR (100 MHz) analyses. NMR: 52.425(3H e 200,

G% of 1b) 2.8s(1H, NH), 4.48s(2H x 0.9, BrCiQPh), 4.82s(2H,

SCH,), 7.2-7.9m(8H, arom).

2f: The above-mentioned mixture of the sulfoximides 1f
and 1b (300 mg) was added to a cooled solution of Br2 (130 mgqg)
dand pyridine (65 mg) in CHC13 (3 ml) and the mixture was

irred for 1.5 hr at room temperature. The reaction mixture

Was worked up in the same manner as described above to afford

— I5G =




Hh

60 mg O

crystals. This product was revealed to be a mixture

—t

of 2£ (95%) and 2b (5%) by HPLC analysis. The NMR (100 MHz)
spectrum of this mixture showed 2f to be a mixture of dia-
stereomers: 6‘2.415 and 2.44s(trace, CI—I3 of 2b), 3.5-4.0brx
(1H, NH), 4.46s and 4.49s(2H, BrCﬂZPh), 6.12s and 6.18s(1lH,

CcH), 7.2-8.2m(8H, arom).

Decomposition of the N-Halosulfoximides 3 and 5 (Tables

I and II)

The reaction was carried out using a 0.1M solution of the
N-halosulfoximide under the conditions stated in Tables I and
II. After an appropriate reaction time, the reaction mixture
was washed with 5% aqg. KZCOB' The organic layer was dried and
concentrated in vacuo. The residual crystals were dissolved
in- 1 mil of CHCl3 and 19 ml of EtOH and then subjected to HPLC

analysis. GLC analysis was carried out using the reaction

mixture without the treatment described above.
Reaction of the Free Sulfoximides 1 with NCS (Table III)

The reaction was carried out using a 0.1M solution of 1
with an equimolar amount of NCS under the conditions stated
in Table III, except for the reaction in CDClB. HPLC analysis
was run after the reaction mixture had been worked up as
described above. The reaction in CDCl., was carried out using

3

a 0.2M solution of 1 with an equimolar amount of NCS, and the

reaction mixture was directly subjected to NMR analysis.
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Chapter 3

pase-Induced Rearrangements of (X - and N-Halo Derivatives
of S-Aryl-S-[(1l,2-benzisoxazol-3-yl)methyl]sulfoximides

to the Corresponding N-Sulfinylimines

summary —-—-——- The title (- and N-halosulfoximides undergo
novel rearrangements on treatment with base to give

the corresponding N-sulfinylimines, suggesting that these
rearrangements involve the same three-membered cyclic sulfox-
imide intermediate, a thiazirine S-oxide, which has a novel

three-membered ring system with an endocyclic S=N group.

Introduction

Much attention in the sulfoximide chemistry has been
focused on the synthesis of new heterocycles containing the
sulfoximide moiety and many of cyclic sulfoximide derivatives
with four- to seven-membered rings and an exo- or endocyclic
S=N group have been synthesized.l) Several of these deriva-
tives have been claimed to have a wide variety of pharmacolog-

2)

ical activities; e.g., blood-sugar lowering (1),
1b,q) 3)

antihyper-

tensive (2), 1b)

anti-secretory (g), CNS-depressant (4),

and other activities.




0 R L2
LS S:::N
S> il
SN R z
N
0] f2 O
R
1 2 3 4
Meanwhile, (j—halosulfones4) and (X-halosulfonamides4'3)

are well known to undergo the Ramberg-Backlund rearrangements
which involve the intermediacy of three-membered heterocycles,
an episulfone 5 and an QL -sultam 6, giving alkenes and imines
(or their degradation products), respectively, as shown in

Egs. 1 and 2.

B~y N\ p -HX -so,,
H—CR2 CR2-X _ R2C—CR2 —_— R2C:CR2 (Eq. 1)
N o N, A
502 802

| o

Recently, Johnson and Corkin56) reported that ({-halo-
N-(p-toluenesulfonyl) sulfoximides underwent a similar 1,3-
elimination to give alkenes, suggesting the intermediacy of a
three-membered cyclic sulfoximide with an exocyclic S=N group

1 episulfoximide 7) (Eg. 3), and also that the reaction of

-

butyl-S-(l-chlorobutyl)sulfoximide with potassium hydroxide
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, refluxing methanol gave l-butanesulfinamide (Eg. 4), the

e

sroduction of which could be rationalized in a number of ways,
including a three-membered S-N heterocyclic intermediate,
though the available data were not sufficient to justify this

speculation.

T ?F KOH, MeOH = S
RCH-S-CH,R' > 5 P n¢ —> RCH=CHR' (Eq.

Il

NTs

7
ocCl 0

(i "H -=S=CH ): . -1
CH, (CH,) ,~S-CHCH,,CH,CH, CH, (CH,) ,-SNH, (Eq

=
NH

In Chapter 2, the rearrangement of N-halo
derivatives of S-aryl-S-[(1,2-benzisoxazol-3-yl)methyl]sulfox-
imides 10 and 11 to the corresponding (X-halo derivatives 8
and 9 was described. This Chapter deals with the novel base-
induced rearrangements of the halosulfoximides 8-11 to give
the corresponding N-sulfinylimines, undoubtedly suggesting the

intermediacy of a three-membered cyclic sulfoximide with an

endocyclic S=N group.




Results and Discussion

The halosulfoximides 8-11 were treated either with 1,5-

diazabicyclo[5.4.0]-5-undecene
bonate to give the same N-sulfinylimines,

methyl-1,2-benzisoxazoles 12 (Chart 1).

(DBU)

or with potassium car-

3-arylsulfinylimino-

The results of these

interesting rearrangements are summarized in Tables I and ITI.

X
Ar
/
R S
N4\
-7 0 NH
_83__6‘_ X=Br \
R
9a,b: X=C1l E ] T :NSAr
Zar,ob N i
¢ 0
/Ar / l2a-e
R =
S\
i |[ | ¢ \
o’N 0 NX
lOa,E: X=Br
lla,b: X=Cl
a b ¢ g e
R H H H Br MeO
Ar Ph p-MePh p-ClPh Ph Ph

=BG =




Table I. Rearrangement of the ( -Halosulfoximides 8 and 9

)

o a
with Base

Compd Reaction Conditions Product Yield (%)

b)

8a DBU, 2 hr 12a 86
c)

8a K2CO3, 6 hr 12a 22

8b DBU, 2 hr 12b 83

8c DBU, 2 hr 12c 80

8d DBU, 2 hr 124 7.0

8e DBU, 4 hr 12e 74
9a DBU, 5 hr 12a 154
et e c)

9a ﬁ2L03, 7 'hr 12a 8
9b DBU, 5 hr 12b lEd)

a) The reaction wa
slight excess of D
equiv. of potassiu
otherwise noted.

b) Isolated yield
c) Recoveries of

d) Under reflux.

63%, respectively.

s carried out in chloroform with a
BU at room temperature or with 2 molar

m carbonate under reflux unless

after column chromatography.
8a and 9a were 65% and 85%, respectively.

Recoveries of 9a and 9b were 65% and




Table II Rearrangement of the N-Halosulfoximides 10 and 11
with Basea)
Compd Reaction Conditions Product Yield (%)
. c)

10a DBU, 5 min 12a 56

10a K2CO3, ot 12a 85

10b K,CO4, 5 hr 12b 85

lla DBU, 5 min 1l2a 83

lla K,CO4, 3.5 B 12a 85
1lb DBU, 5 min 12b 85
11b K,CO54, 3.9 e 12b 85

equiv. of potassium carbonate.

was also obtained in 22% yield.

b) Isolated yield after column chromatography.

a) The reaction was carried out in dichloromethane at

room temperature with a slight excess of DBU or 2 molar

c) S-[(1,2-Benzisoxazol-3-yl)methyl] -S-phenylsulfoximide



As shown in Table I, the ¢{-bromosulfoximides 8a-e were
found to rearrange readily into l2a-e in good yields on treat-
ment with DBU at room temperature. The (X-chlorosulfoximides

however, under reflux in chloroform for 5 hr, 9a,b gave 1l2a,b
in 15% and 16% yields, respectively. Meanwhile, treatment of
the ({-halosulfoximides 8 and 9 with potassium carbonate at
room temperature caused no reaction, whereas under reflux in
chloroform for 6-7 hr, 8a and 9a gave l2a in 22% and 8% yields,
respectively.

In contrast, the N-halosulfoximides 10 and 1l readily
underwent the rearrangement on treatment either with
DBU or with potassium carbonate at room temperature to afford
the N-sulfinylimines 12 in good yields, though in the reaction
of the N-bromosulfoximide l0a with DBU the free sulfoximide

was also obtained in 22% yield, as shown in Table II.

The N-sulfinylimine structure of 12 was deduced from
elemental and spectral analyses. The IR spectra of 12 showed
strong bands at around 1610 and 1110 cm_l which are considered
to be due to the C=N and SO groups, respectively, but have no
characteristic bands of the sulfoximide structure at around
1220, 1110, and 1000 Cm—l due to the NSO group.7) Their NMR
Spectra showed a singlet peak of the CH=N group at 59.25—

9.28. Their mass spectra showed the base peaks due to the

< o
AYSO ions.

F

Further evidence for the structural assignment of 12 was

Provided by the following chemical transformations of the

9a,b underwent no rearrangement under the same mild conditions;




NHNHPh
NH
122 + PhNHNHz S I\ iph
N
6 0

13
e T
Fla. & n—BuNH2 Y PhSNH2 + NBu
(0]
14
Y*
CHO
|
o
15
+
H
OAc
SPh ACZO s I2 CH(OME)2
NG . . : N P N
0~ 0 = MeOH 0~
16
Chart 2

Thus, the reaction of l2a with phenylhydrazine in ethanol gave

an  adduct, N-[(l,2-benzisoxazol-3-yl) (2-phenylhydrazino)methyl]-

b

o

€nzenesulfinamide 13. The structure of 13 was confirmed by

elemental and spectral analyses. Its IR spectrum showed strong

bands at 3050 (NH), 1601(C=N), 1025 and/or 1040(S0) cm .

rurth

ermore, its NMR spectrum (100 MHz) showed the presence

of

the partial structure PhNHNHCHNH-: (6.7-8.1lm(14H, arom),
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6.24s(1H, PhNH), 5.92dd(J= 8.1 and 9.7 Hz, 1lH, NHCHNH), 5.56d

= 9.7 Hz, 1H, CHNHS), and 4.204d(J= 8.1 Hz, 1H, NHNHCH) ;

deuteration with D20 resulted in disappearance of the peaks

at 86.24, 5.56, and 4.20 and in collapse of the double

doublet peak at 6‘5.92 into a singlet. Meanwhile, the reaction

8)

of 12a with butylamine afforded benzenesulfinamide and

3-butyliminomethyl-1,2-benzisoxazole 14, which gave 1,2-benz-

isoxazole-3-carbaldehyde 15 on acidic hydrolysis. The structure

Hn

of the aldehyde 15 was confirmed by comparison with a sample

which was alternatively prepared from (1l,2-benzisoxazol-3-yl)-
methyl phenyl sulfoxide 16 according to the method of

9)

Strandtmann et al., as shown in Chart 2.

Although the data described above are sufficient to
support the N-sulfinylimine structure of 12, the structure of
12 was unequivocally confirmed by direct comparison of 12a with
a sample which was alternatively prepared according to the

method of Davis et al.,lO)

including oxidation of the corre-
sponding N-sulfenylimine 17 with m-chloroperbenzoic acid

(MCPBA) , as shown in Eq. 5.

3 15 MCPBA

PhSSPh ———> [PhSNH,] ——» NEER ———— 128

-
NH3 0

Interestingly, the (X -methylene and methine protons of
the halosulfoximides 8-11 were found to be exchangeable with

deuterium of chloroform—dl (CDC1,) in the presence of DBU.




Thus, the reactions of 8-11 with DBU were carried out in CDCl

3

at room temperature, the Ol-bromosulfoximides 8 and the N-
halosulfoximides 10 and 11 underwent partial H-D exchange
reactions of their methine and methylene protons together with
the rearrangements, whereas the (X -chlorosulfoximides 9 underwent
only nearly complete H-D exchange in 6-7 hr.

These results clearly suggest the formation of the (A-carbanions

of the halosulfoximides 8-11 under the rearrangement conditions.

On the basis of the results described above, plausible

mechanisms for these interesting rearrangements are illustrated

in Chart 3.

Chart 3




The initial step involves the reversible formation of the

sulfoximidoyl anion 18 or the (X-carbanion 19, followed by an

1

internal 1,3-substitution of halide ion to afford the same
cyclic intermediate, a thiazirine S-oxide 20, which has a novel
three-membered ring system with an endocyclic S=N group. The
intermediate 20, in turn, undergoes spontaneous ring opening
without loss of the sulfur component to give the N-sulfinyl-
imine 12. The formation of the thiazirine intermediate 20

is mechanistically analogous to that of the (A-sultam inter-
mediate 6 in the Ramberg-Backlund reaction of (X-halosulfon-

amides (Eg. 2) and that of the azirine intermediate 21 in the

Neber reactionll) of ketoxime tosylates and N-chloroimines
(Eg. 6)
base -X H20 ﬁ
RCHz—C-R' —> RCH-C-R' ———> RCH—CR' ——> RCH-CR' (Eg. 6)
|l | \ 7/ |
NX NX N NH2

X=Ts, Cl 21




Experimental

The N-Sulfinylimines 12

Rearrangements of the Halosulfoximides 8-11 with
pase (Tables I and II) --- The reaction was carried out using
3 0.15-0.2M solution of the halosulfoximide under the conditions
stated in Tables I and II. After an appropriate reaction time,
the reaction mixture was subjected to silica gel column chro-
matography and eluted with CHCl3 to afford 12. Recrystalliza-
tion from acetonitrile gave a pure product. The elemental

analyses and NMR spectral data are summarized in Table III.

-1
The IR and mass spectral data are as follows. l2a: IR ) cm

1608, 1593(C=N), 1106(S0); mass: m/z 270(M'), 125(Phso™).

| 12b: IR Pom i 1613, 1593(C=N), 1105(SO); mass: m/z 284(M),

139(T01507).  12c: IR })em ©: 1615, 1595(C=N), 1115, 1105,

and/or 1089 (SO); mass: m/z 304(M7), 159(ClPhSo’). 12d: IR )

em™l: 1606 (C=N), 1119(S0). 12e: IR)) cm ': 1618, 1598(C=N),

1107(s0) .
Alternative Synthesis of 12a --- The N-sulfenylimine 17

was prepared in 5% yield according to the procedure of Davis

10a)

et al. NMR: 5 7.2-8.5m(9H, arom), 8.79s(1H, CH=N).

Oxidation of 17 with MCPBA in a two phase system containing
b)

Chloroform and water-sodium bicarbonate10 gave the N-sulfinyl-

imine 12a in 53% yield. The IR and NMR spectra of this product
Were in agreement with those of the compound described above.

1M

N-[(1,2~Benzisoxazol-3-yl) (2-phenylhydrazino)methyl]benzene-

Sulfinamide 13

A solution of 12a (1.1 g) and phenylhydrazine (1.0 g) in
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Table III. 3-Arylsulfinyliminomethyl-1,2-benzisoxazoles 1 2::1)

Analysis (%), Calcd/(Found)

Compd Mp (°C) Formula NMR, (g
e H N S Hal
12a 135-137 C14HION2028 62.2L 3,73 D36 1L B6 - 9.28s(1H, CH=N),
(6228 3a51 10545 12.13 - ) 7.2-8.4m(9H, arom)
') —-— —_— i po—nd
12b 114-115 C15H12N2025 63.36 4.26 9,85 1I1.28 9.28s(1H, CH=N),
(63.61 4.19 10.00 10.98 - ) 7.2-8.4m(8H, arom),
2.41s(3H, CH,)
I 3
o 12c 151-153 c14n9 N2025C1 55.18 2.98 gL .52 1,63 9.25s(1H, CH=N),
' (55.18 2.68 9,26 10,50 11,61) 7.3-8.4m(8H, arom)
124 128-130 C14H9 NEOzsﬁr 48.15 2.60 8.02 9.18 22.88 9,26s(1H, CH=N),
(48.21 2.51 8.15 8.98 23.11) 7.3-8.5m(8H, arom)
12e 143-145 C15H12N203S 59.59 4.03 933 1067 - 9.27s(1H, CH=N),
(60.02 3.98 g 33 11038 - ) 7.1-8.1m(8H, arom)

3.89s(3H, CI{B())

a) Data for compounds 12 prepared from 8 with DBU are listed.




a+0H (25 ml) was stirred for 10 min at 50°C. After the reaction

ixture had been cooled, the precipitates were collected by

filtration and washed with cold EtOH to give 0.92 g of 13.

MD 7= 3 o 1 L . An . C
¥p 127-131°C (CH,CN) nal. Caled for C,.H,gN,O,

g 4.79; N, 14.81; S; 8.47. Found: C, 63.45; H, 4,74 N, 14.97;

iy

S: C, 63.477

8.53.

(93]

f

1,2-Benzisoxazole-3-carbaldehyde 15

Reaction of l2a with Butylamine --- After a solution of

—

2a (540 mg) and butylamine (300 mg) in EtOH (15 ml) had been

tirred for 1.5 hr at room temperature, the reaction mixture

wm

was concentrated in vacuo. The residue was dissolved in isopropyl
ether and cooled in an ice-bath. The precipitates were collected
and washed with cold isopropyl ether to give 250 mg (89% yield)
ofbenzenesulfinamide,gJ mp 122-124°C. The filtrate was concen-
trated and the residual o0il was subjected to silica gel column

chromatography, giving 320 mg of 3-butyliminomethyl-1l,2-benz-

isoxazole 14 as a light yellow oil. NMR (100 MHz) : 6-0.99t(J:

6.8 Hz, 3H, CH2C§3}, 1.3-2.0m(4H, CH2CE2CQ2CH3), Ja.TedEld= 1.4
and 6.4 Hz, 2H, CH=NC§2CH2), 7.2-8.4m(4H, arom), 8.64t(J= 1.4
Hz, 1H, C§=NCH2). A solution of 14 (320 mg) in 1N HC1l (10 ml)

was stirred for 1 hr at room temperature and extracted with
Umlg. The extract was concentrated in vacuo and the residue
was subjected to silica gel column chromatography, giving 200
Mg (68% yield) of the aldehyde 15. Mp 64-65°C (pet. ether).
Anal. Calecd for CSHBNOE: C, 65.40 ‘B, 3.43z N, 9:52. TFound:
C, 64.89; H, 3.36; N, 9.53. NMR: £~7.2—8.4m(4H, arom), 10.47s

(113 = y -
1, CHO). IR )J)cm ks 1703 (CHO) , 1609(C=N). Mass: m/z 147(M ).




Alternative Synthesis of 15 --- After a mixture of (1,2-

)
fu

penzisoxazol-3-yl)methyl phenyl sulfoxide 16 (9.5 g) and acetic
anhydride (90 ml) had been refluxed for 3.5 hr, the reaction
mixture was concentrated. The residue was dissolved in CHCl3

nd washed with water. The organic layer was dried and concen-

(=1

trated in vacuo. The residue was subjected to silica gel column
chromatography, giving 9 g of [(l,2-benzisoxazol-3-yl) (phenyl-
thio)methyl] acetate as a colorless oil. NMR: 6‘2.185(3H, Ac) ,
7.2-8.0m(10H, CH and arom). After a solution of the acetate

(9 g) and iodine (2 g) in MeOH (100 ml) had been refluxed for

14 hr, 2 g of iodine were added and the refluxing was continued
for another 10 hr. The reaction mixture was concentrated and
the residue was dissolved in CHCl3 and washed with ag. sodium
thiosulfate. The organic layer was dried and concentrated.

The residue was subjected to silica gel column chromatography,
giving 3.9 g of 1,2-benzisoxazole-3-carbaldehyde dimethyl acetal
as a colorless oil. NMR: §3.51s(6H, 2 x CH,0), 5.78s(1H, CH),
7.1-8.1m(4H, arom). After a suspension of the acetal (3.9 g)

in 20% ag. HC1l (20 ml) had been stirred for 1 hr at room
temperature, the reaction mixture was extracted with CHC13.

The extract was dried and concentrated in vacuo to give 2.1 g

~nE
VL

the aldehyde 15, whose IR and NMR spectra were in agreement

with those of the product described above.
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Chapter 4

Halogenations of S-Benzyl-S-phenylsulfoximides and
Rearrangements of Their N- and ({-Halo Derivatives

to N-Sulfinylimines

Summary =—-—-—- The reactions of S-benzyl- and S-(p-nitro-
benzyl) -S-phenylsulfoximides with N-bromosuccinimide and
t-butyl hypochlorite gave the corresponding N-halosulfoximides
in good yields. The N-bromo-S-(p-nitrobenzyl)sulfoximide
decomposed in the presence of a light source to give the
corresponding (X-bromosulfoximide, whereas the other N-halo-
sulfoximides did not give the corresponding (X-halosulfoximides.
On treatment with N-chlorosuccinimide the p-nitrobenzylsulfox-
imide underwent both N- and ({-chlorinations, while the
benzylsulfoximide underwent only N-chlorination. Meanwhile,
the halosulfoximides underwent base-induced rearrangements
under varying conditions to give the corresponding N-sulfinyl-

imines. The mechanisms of these reactions are discussed.

Introduction

In Chapters 2 and 3, the rearrangements of N-halosulfox-
imides to (X-halosulfoximides and of the N- and X -halosulfox-
inides to the corresponding N-sulfinylimines were described.
5Hmver, these results are based on the reactions of "special"
Sulfoximide derivatives, S-aryl-S-[(l,2-benzisoxazol-3-yl)-

ethyl]sulfoximides lc (Ar= l,2-benzisoxazol-3-yl).

- 80 -




Therefore, in order to examine the generality of these
interesting chemical behaviors of the 1,2-benzisoxazolyl-
methylsulfoximides, these reactions have been applied on the
benzyl system and similar results have been obtained.

Thus, this Chapter deals with the halogenations of S-benzyl-
s-phenylsulfoximides la,b and the rearrangements of their
N- and (A-halo derivatives 2-5 into the corresponding

N-sulfinylimines, N-benzylidenebenzenesulfinamides 6.

Results and Discussion

The free sulfoximides, S-benzyl- and S-(p-nitrobenzyl) -

S-phenylsulfoximides la,b, were prepared by amination of the

1)

corresponding sulfoxides
2)

with O-mesitylenesulfonylhydroxyl-

amine (MSH).

Bromination of the Free Sulfoximides la,b

The reaction of la,b with N-bromosuccinimide (NBS) for
10 min at room temperature gave N-bromo-S-benzyl-S-phenyl-
sulfoximides 2a,b in isolated yields of 90% and 86%,

respectively.

O )

NBS
? t
ArCH.-S-Ph > ArCH_.-S5-Ph
2l S b
NH y NEBxr
la,b 2a,b

a: Ar=Ph; b:Arrp—NOzph




gowever, the reaction of the p-nitrobenzylsulfoximide 1lb
with NBS was allowed to continue for 7 hr in the presence of
a light source (a room light), affording S- (X -bromo-p-nitro-

benzyl) -S-phenylsulfoximide 3 in 30% yield instead of 2b.

NBS Blr ?\
1b > p-NO,PhCH-S-Ph
[
7 hr NH
3

These findings suggest that the ({-bromosulfoximide 3
was produced via a facile N-bromination followed by bromine
transfer reaction of the resulting N-bromosulfoximide 2b.

As shown in Table I, in fact, the N-bromosulfoximide 2b
decomposed in 5-24 hr at room temperature in the presence of
a light source to give the (X-bromosulfoximide 3 in 16-36%
yields, depending on the solvent used. In early stages of
the reactions examined there was a clear induction period in
which the liberation of bromine was observed (Fig. 1).

In the absence of a light source no decomposition occurred.

(Table I)

(Fig. 1)

The results described above suggest that the rearrangement
of the N-bromo-S-(p-nitrobenzyl)sulfoximide 2b was photo-
Chemically initiated and the bromine molecule formed in the

Induction period acts as the active brominating species. The

CrOmination process with bromine molecule is considered to




Table I. Decomposition of the N-Bromosulfoximide ggé

Reaction Conditions

EHC1 24 hr

2 20

13EtOH-CHC1 10 hr

3!’
S%EtOH—CHCIB, 2 hY

1$EtOH-CHC1 dark,

3f

Products and Yields (%)

No decomposition

a) The reaction was carried out at room temperature in the

presence of a room light unless otherwise noted.

b) Yields were determined by HPLC.

p-Nitrobenzyl bromide

was also obtained in 5-8% yields as another characterizable

product.

proceed both in radical and ionic processes as :in the case of

the N-bromo derivatives of the 1,2-benzisoxazolylmethylsulfox-

imides described in Chapter 2.

On the other hand, N-bromo-S-benzylsulfoximide 2a

decomposed in the presence of a light source, as with 2b,

to give la in ca. 80% yield, but did not give the corresponding

(~-bromosulfoximide as an isolable and characterizable product.




of

Yield

nr

Reaction time

Fig. 1. Change of Yield of the X -Bromosulfoximide 3
with Time in the Decomposition of the N-Bromosulfoximides

2b in the Presence of a Light Source.

® : 1n 5%EtOH-CHC1 B : in 1%EtOH-CHC1

37 3

¥4 an CHZle_




chlorination of the Free Sulfoximides la,b

The reaction of la,b with tert-butyl hypochlorite (BHC)
for 10 min at room temperature afforded N-chloro-S-benzyl-S-
phenylsulfoximides 4a,b in isolated yields of 88% and 73%,

respectively.

BHC ?
la,b - ArCHz—S—Ph
|l
NC1
4a: Ar=Ph

b: Ar=p-NO,Ph

The N-chlorosulfoximides 4a,b decomposed in the presence
of a light source to give la,b, but did not give the
corresponding (X-chlorosulfoximides.

Meanwhile, the benzylsulfoximide la underwent only
N-chlorination on treatment with N-chlorosuccinimide (NCS)
to give the N-chlorosulfoximide 4a, reguiring over a week for
completion at room temperature.

On the other hand, the p-nitrobenzylsulfoximide lb
underwent both N- and (XA-chlorinations on treatment with NCS
(Eg. 1 and Table II). This reaction proceeded either in the
Presence or in the absence of a light source, though the
absence of a light source appears to retard the rate and to
increase the yield of the (X-chlorosulfoximide 5. Althuogh

the reason of this effect of a light source is not clear,

the (X-chlorination of 1lb with NCS seems to proceed in the




el o
NCS
b 2

1b > p-NO,PhCH-S-Ph + 4b (Eg. 1)

e 2 =X 1
Il
NH

|

Table ITI. Reaction of the p-Nitrobenzylsulfoximide lb with NCSa}

Products and Yields(%)b)

Reaction Conditions
4b 5 1b (recovered)

CHZClZ’ 24 hr = 45.9 47 .2
ﬁEtOH-CHCl3, 24 hr = 38.2 51.2
%EtOHuCHClB, 24 hr - 48.4 44 .2
GbClz, dark, 48 hr & 60.2 34.9
HEtOHHCHClB, dark, 48 hr - 523 40.1
%EtOH—CHClB, dark, 48 hr - 5557 40.4
CDCl,, 15 hr®) (33) (35)

d)

CDCl3, dark, 24 hr (32) (42)

a) The reaction was carried out at room temperature in the
presence of a room light unless otherwise noted.

b) Yields were determined by HPLC after the treatment described
in "Experimental", during which 4b was converted to lb, and
those in parentheses by NMR using the reaction mixture

without any treatment.

¢) The reaction was approximately 73% completed: prolonged |
reaction caused partial decomposition of 4b. |

d) The reaction was approximately 77% completed: prolonged £

reaction caused partial N-chlorination of 5. '
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mn

game manner

the NCS chlorination of the 1,2-benzisoxazolyl-
methylsulfoximides described in Chapter 2, i.e., via the
direct X -attack of NCS, on the basis of the results described

above.

In the (A ~halogenations of the sulfoximide derivatives
examined in Chapter 2 and this Chapter, the order of reactivity
is S-(1,2-benzisoxazol-3-yl)methyl- (kg):) S=(p-nitrobenzyl) -
(£§)> S-benzylsulfoximide (la), indicating that the reactivity

appears to be controlled by the degree of activation of the
X -position, i.e., X -CH acidity. This idea is consistent with
the NMR findings and deuterium exchange reaction of these

Y of

Hh

methylene protons. The NMR chemical shift (60 MHz in CDC1

3
the methylene group of lc ( 64.84} appears at a 0.5 or 0.4 ppm
lower field than that of la ( 54.34} or 1b; ( 54.44), respectively.
Inacetonitrile-—d3 containing ca. 100 molar equiv. of deuterium
oxide at 35°C, the methylene protons of lc were ca. 50% exchanged
with deuterium in 24 hr, whereas under the same conditions

those of 1lb required ca. 1 week for 50% deuterium exchange and

those of la underwent no significant deuterium exchange even

after 2 weeks.

Alternative approaches to prepare the (X ~halo derivatives
of the S-benzylsulfoximide la were unsuccessful according to
. : o : . 3) . . . .
the method of Johnson and Corkins, which involves amination

0f the corresponding (X -halosulfoxides with MSH and (X -chlori-

nation of the corresponding N-halosulfoximides with BHC.




Base-Induced Rearrangements of the Halosulfoximides 2-5

As with the halo derivatives of the 1,2-benzisoxazolyl-

methylsulfoximides described in Chapter 3, the halosulfoximides

sponding N-sulfinylimines, N-benzylidenebenzenesulfinamides 6.

O
t
ArCH,-S-Ph _
T ~se.
NX St
=
2,4 ArCH=N-SPh
= ¥
X 0 i <
p—NOzPhCH*S"Ph a: Ar=Ph
Il "y
NH b: Ar=p—N02Ph
3.3

The structure of 6 was confirmed by direct comparison with

samples which were alternatively prepared according to the

. 4) . : ; .
method of Davis et al., ) including oxidation of the corre-

sponding N-sulfenylimines 7 with m-chloroperbenzoic acid
(MCPBA) in a two phase system containing chloroform and

water-sodium bicarbonate, as shown in Eg. 2.

NH3 ArCHO MCPBA
PhSSPh ————> [PhSNH,] ———5 ArCH=NSPh — 5 6a,b
AQNOB 7a: Ar=Ph
b: Arrp—NOz?h
The results of these rearrangements are summarized in

-5 underwent base-induced rearrangements to give the corre-




e . a
Table III. Rearrangements of the Halosulfoximides 2-5 with Base

Compd Reaction Conditions

)

Product(s) and Yields(%)b)

2a DBU(2 equiv.), 10 min 6a 54 la 38
2a K2C03(5 equiv.), 24 hr ga 81l.5

2b  DBU(l.2 equiv.), 10 min 6b 62 1b 26
2b K2CO3(3 equive.), 10 hr 6b 78

4a DBU(2 equiv.), 5 min 6a 53

f4a  K,CO,(5 equiv.), 24 hr 6a 55(85)°

4b DBU(1.2 equiv.), 5 min 6b 94.5

4b K2C03(3 equiv.), 3 hr 6b 96

3 DBU(3 equiv.), 4 hr 6b 65(76.5)°

5 DBU(3 equiv.), 5 hr 6b lOd)

a) The reaction was

carried out in dichloromethane at room

temperature unless otherwise noted.

b) Isolated yields after column chromatography.

c) Based on

the unrecovered halosulfoximide.

d) Under reflux in chloroform. The recovery of 5 was 78%.

All the N-halosulfoximides 2a,b and 4a,b underwent

rearrangement on treatment either with 1,5-diazabicyclo[5.4.0]-

S-undecene (DBU) or with potassium carbonate at room tempera-

ture to give 6a,b in good to excellent yields under varying

conditions. The C\-bromosulfoximide 3 was treated with 3

molar equiv. of DBU at room temperature for 4 hr to give 6b

in

good yield. Under the same conditions, however, the

X-chlorosulfoximide 5 underwent no rearrangement, but under

lux in chloroform for 5 hr, 5 gave 6b in 10% yield.




When the reaction of the N-chlorosulfoximides 4a,b with

pDBU was carried out in chloroform-d {2 prodl gL d4a,b underwent

:f

partial hydrogen-deuterium exchange of their methylene

3

protons with the deuterium of CDCl, together with the rear-

3
rangement: in the NMR spectra of the reaction mixtures the

peak height of non-deuterated chloroform increased 2-4 times
the original peak height. Similarly, under the same conditions
the Ol-bromosulfoximide 3 underwent partial H-D exchange

together with the rearrangement, whereas the (X-chlorosulfox-
imide 5 underwent only H-D exchange. These findings clearly

suggest the formation of the (A-carbanion under the rearrange-

ment conditions.

On the basis of the results described above, these
rearrangements may proceed in a manner similar to that of the

)

5 \
Neber or the Ramberg-Backlund reactlonﬁ) to afford the same
intermediate of a three-membered cyclic sulfoximide, a
thiazirine S-oxide 8, followed by spontaneous ring opening

without loss of the sulfur component to give 6, as shown in

Chart 1. |

Base

0
= 1
ey4d ——>» AxCH-S-Ph
|
NX

ArCH—S —> b

Base T
C

| Lo
| Ln
o]
H




Although N-sulfinylimines (N-alkylidenesulfinamides) are
a relatively new family of reactive sulfur compounds, they
X " : 4b,7)
have been synthesized by several procedures (Egs. 2-6)

and demonstrated to be useful intermediates for organic

: db,7c,8) . S P ; Yo :
synthesis, including a mild, high-yield source of
; . 4
unstable sulfenic acids (Eq. ?).‘b'g)
MCPBA
PhSN=PR3 + ArCHO ——> ArCH=NSPh —— > ArCH=NSPh (Eq. 3)
0O
%F3 (CF3CO)7O, POCl3, pyridine
ArSNH-COH - > ArXrSN=C (CF,) (Eg. 4)
S g
v o %
0] CF 0
3
Ph Tol-S(0)OR Ph
N ~ .
_ C=N-MgX > C=NS-Tol (Eg. 5)
- -
R R v
0
Ph\\ Ph\\
_C=NH + AESCL & ———— _~ C=NSAr (Eg. 6)
R v R ¥
0 0]
MeOH
ArSN=CHPh + Me.}SiCl — E‘&J_’SOS]'.IVIE3 ——>» ArSOH (Eg. 7)
' X
0]

Since it has become apparent in Chapter 3 and this Chapter
that the halosulfoximide derivatives having an (A-active
methylene or a benzyl group readily undergo rearrangement
under mild conditions to give the corresponding N-sulfinyl-
imines in good yields, these rearrangements appear to be

able

T

o offer a useful method for the preparation of this

interesting family of sulfur compounds.




Mass Spectra of the S-Benzyl-S-phenyvlsulfoximides la,b

The results of the fragmentation analyses of the benzyl-

sulfoximides la,b are summarized in Table IV.

Table IV. Mass Spectra of la,b

Relative intensity

la 1b
Ion 70 eV 20 eV 70 eV 20 eV
M) ™ 0.01 0.0l 0.02 0.03
(ArcH,NH] ¥ Q. 3%  3.00 0.08 0.15
[ArCHZ]L 1.00 0.90 6,10 1l
[PhSONH] ™~ 0.08 0.04 1.00 1.00
[PhNH] T 0.01 0.10 0.26 0.26
[ph] ™ 0.20 0.03 0.92 0.34
[c6H6J+ 0.06 0.07 0.60 0.35
[SONH] " 0.07 0.01 0.26 0.09 |

The fragment ions observed intensely in the fragmentation
of the benzylsulfoximide la are also observed, but not so
intensely, at the corresponding mass units in that of the
P-nitrobenzylsulfoximide lb, and vice versa, suggesting that
the key fragmentation steps of la and 1lb are different from

each other.

|
\O
\¢]
|




In the case of la, the base peak is m/z 91 or 106 at 70

or 20 eV, respectively. The peak of m/z 91 is due to benzyl

ion which is considered to be formed directly from the molecular

ion, since no definite peaks due to [PhCHZSONH]+ and [PhCHESO]+
ions are observed. For the same reasons, the ion at m/z 106
consistent with benzylimide ion is considered to be generated
from N-benzylbenzenesulfinamide ion which is formed by an
initial benzyl migration to the imide nitrogen in the molecular
ion. The peak due to phenylimide ion at m/z 92 is absent or
weak, indicating that a phenyl to nitrogen migration process
no longer predominates in contrast to alkyl aryl sulfoximides
whose key fragmentation steps have been shown to be this type
of rearrangement.lO)
In the case of lb, the base peak is m/z 140 due to
HhSONH]+ ion at both 70 and 20 eV. Other intense peaks are
observed at m/z 92, 78, 77, and 63 due to phenvlimide, benzene,
phenyl, and [SONH]+ ions, respectively. All these ions are
considered to be generated from the base peak ion [PhSONH]+,

since no other marked ion is observed.

Thus, the fragmentation scheme for the benzylsulfoximides

la,b may be illustrated in Chart 2. The fragmentation of la

involves two key steps (Paths A and B) and that of lb involves

'ath C as the key step.

T
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4 Path A 0 3
ArCH. -S—-Ph '
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ArCH.NH-S-Ph
NH 2
¢
[M] Y
R
\'.
\\
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Chart 2




Experimental

s-Benzyl- and S-(p-Nitrobenzyl)-S-phenylsulfoximides la,b

The free sulfoximides la,b were prepared from the corre-

sponding sulfoxides and MSH in the same manner as described

in Chapter 1. la: mp 109-112°C (CHZClE—iSOpropyl ether) .

Anal. Calcd for clqﬁliwos: Cy 6750y Hy S.bby Ny 6:060; S 13.86.

Found: C, 67.41; H, 5.55; N, 5.95; S, 13.84. NMR: §2.90s(1H,

l -

NH) , 4.34s(2H, CH,), 6.9-8.0m(10H, arom). IR Y cm ~: 3320 (NH),

1216, 1109, 972(NSO). lb: mp 163-165°C (CHzCl?—isopropyl
ther). Anal. Calecd for H. .N S: 3 s Silicas B Sl : N,
ether) Anal alcc Cl3 12N203 Cr 26,5132 H 38; N
10,14 S, 11.60. Found: €, 56.32; H, 4.31; N, 10.22: S, 11L.60.

NHR:6‘2.925(1H, NH), 4.44s(2H, CHz), Te«t=850m, 7.308{(J= 2.0
Hz) (7H, arom), 8.15d(J= 9.0 Hz, 2H, arom). IR L)cm_l: 3325

(NH) , 1513, 1345(NO,), 1224, 1109, 940 (NSO).

N-Halo-S-benzyl-S-phenylsulfoximides 2a,b and 4a,b.

Reaction of &Ef? with NBS or BHC

2a and 4a: An equimolar amount of NBS or BHC was added

to a solution of la (1.0 g) in CH2C12 (10 ml) at room tempera-

ture and the mixture was stirred for 10 min in the dark.
The reaction mixture was directly subjected to silica gel
column chromatography using CHCl, as an eluent to give 2a or
4a in 90% or 88% yield, respectively. Recrystallization from
CHEClzhhexanw gave pure products.

2b and 4b: After a mixture of equimolar amounts of 1b

(1.0 g) and NBS or BHC in CHC1l, (10 ml) had been stirred for




10 min at room temperature in the dark, the precipitates were

collected by filtration and washed with cold CHC13 to give 2b

or 4b in 86% or 73% yield, respectively. Recrystallization

from CH2Clﬁ—iSDJropyl ether gave pure products.

2a: mp 97-105°C Anal. Caled for C BYNOSs: C; 50:33;

2a: mp 97-105°C. Anal. ya8io
H, 3.90; Br, 25.76; N, 4.52; S, 10.33. Found: C, 50.24; H,

3=843 Br, 25.54F N, 4.24; S, 10.18. NMR:(§4.685(2H, CH

6.9-7.9m(10H, arom). IR L}cm_]: 1212, 1089, 971(NSO).

2)

2b: 131~133°¢. Anal. Calcd for ! . ’ Sa H
2b: mp 1-13 nal. Calcd for ClellBrMEOBS G 43.96

By 3.127 Br, 22.50§ N, 7.B9: S, 9.03. Found: C, 44.13: B,

2.93; Br, 22.71; N, 7.89; S, 8.78. NMR: §4.70s(2H, CH,) ,

7.24d, 8.09d(J= 8.6 Hz, each 2H, NO,Ph), 7.4-7.9m(5H, Ph).

IR Vem —: 1512, 1344 (NO 1212, 1089, 973 (NSO).

s

4a: mp 86-89°C. Anal. Calcd for C . . CINOS: €, 58.75; H,4.55;

13812
gL, L3534% N 527 S, 2,06 EFound: €, 58L63> H. 8.56: ClL;

13.56; N, 5.24; S, 12.09. NMR: 84.61s(2H, CH.), 6.9-7.9m

2
(L0H, arom) . IR chm"l: 1212, 1089, 973(NSO). ﬂg: mp 128-

130°C. Anal. Calcd for C ClN?O Si3 Gy 50L25: H, 3:%57; €1,

13911 3
Li.80: N, 9.:00; 8. 10-32. Founds 0, '50.18: 8, 3.63; €1, 1121

N, 8.92; S, 10.24. NMR: 84.71s(2H, CH.), 7.25d, 8.09d(J= 9.0

2
Hz, each 2H, NDzPh), 7.4-7.9m(5H, Ph). IR Y cm ~: 1512, 1342

(No,), 1216, 1088, 972(NSO).

When the above reactions were carried out in CDCl3 at

room temperature, the NMR analyses of the reaction mixtures

D

showed that the yields of the N-halosulfoximides 2 and 4 were

quantitative.




S- (X -Bromo-p-nitrobenzyl) -S-phenylsulfoximide 3

A slight excess of NBS was added to a stirred solution
of 1b (2.0 g) in CHC13 (50 ml) and the resulting

suspension was allowed to stir for 7 hr at room temperature

under a room light. The reaction mixture was washed with

CO., and then the organic layer was dried and

dilute aqg. K2 3

concentrated in vacuo. The residue was chromatographed on a

silica gel column using CHC13 as an eluent to afford 0.8 g

f

(30% yield) of 3 together with 0.9 g of the recovered 1lb.
The NMR spectrum of 3 showed it to be a mixture of diastere-
omers: two distinct methine singlets were observed.

3: mp 116-124°C (CH,Cl, -isopropyl ether). Anal. Calcd for

"2
C BrN203S: Sy 43.965% H, 3.12; Br, 22.50F N, 7.89% 8. 9003,

i W
Found: C, 44.06; H, 3.13; Br, 22.23: N, 7.86; S, 9.16.

NMR: 83.35, 3.6es(lH, NH), 5.77s, 5.81s(1H, CH), 7.25-8.3m

1. 3

(9H, arom). IR Ycm —: 3275(NH), 1513, 1346 (NO.), 1242, 1135,

2
950 (NSO) .

Decomposition of the N-Halosulfoximides 2 and 4

The reaction was carried out with a 0.05M solution of the
N-halosulfoximide. After an appropriate reaction time, an

aliquot portion (1-2 ml) of the reaction mixture was taken up,

washed with 5% ag. K CO3 (5 ml), and extracted with CHC13 (5o mk) s

2

The organic layer was dried and concentrated in vacuo. The

residue was dissolved in 1 ml of CHCl3 and 19 ml of EtOH, and

then subjected to HPLC analysis.




The results for the decomposition of N-bromo-S-(p-nitro-

benzyl) -S-phenylsulfoximide 2b are summarized in Table I.
The other N-halosulfoximides 2a and 4a,b decomposed in 7 hr,

55 hr, and 24 hr, respectively, in 5%EtOH—CHCl3 to give la,b

in ca. B0% yields together with a small amount of the corre-

0
«Q

sponding benzyl halide, but no other characterizable product

was obtained.
Reaction of la,b with NCS

la: The reaction of la (60 mg) with an equimolar amount

of NCS was carried out in CDCl, (1 ml) at room temperature in

3
a sealed tube in the dark. After a week the NMR analysis of

the reaction mixture indicated that the reaction was approxi-
mately 88% completed and the yield of the N-chlorosulfoximide

Q

4a was ca. 84%.
lb: The results for the reaction of 1lb with NCS are
summarized in Table II. The reaction was carried out using
a 0.1-0.2M solution of 1lb with an equimolar amount of NCS.
HPLC analysis was run after the reaction mixture had been
worked up as described above. NMR analysis was carried out
with the reaction mixture without any treatment.
S-(X -Chloro-p-nitrobenzyl) -S-phenylsulfoximide 5 was
isolated as a mixture of diastereomers by silica gel column
chromatography and recrystallized from CH2C12—isopropyl ether:

mp 125-131°C. Anal. Calcd for C GINZQLS: S S0LEZor He

13875 G504
387 €1, 1l.41: N, 9.01l: S, 10.32. Found: C, 49.99; H, 3.45;

3; S, 10.36. NMR: 03.30s(1H, NH), 5.74s,

@]
[
’._.&
H
un
~1
=

o
o

5.77s(1H, CH), 7.3-8.1m(7H), 8.18d(J= 9.0 Hz, 2H) (arom).
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IR L)Cm_l: 3275{NH) , L1515, 1347 (NOs) ., 1242, 137, H52{NSO) .

N-Benzylidene- and N-(p-Nitrobenzylidene)benzenesulfinamides

6a,b. Rearrangements of the Halosulfoximides 2-5 with Base

The reaction was carried out with a 0.1-0.2M solution of
the halosulfoximide under the conditions stated in Table III:
the reaction of the N-halosulfoximides 2 and 4 with K2CO3
was carried out in the dark to avoid partial decomposition of
the N-halosulfoximide described above. After an appropriate

reaction time, the reaction mixture was directly subjected to

silica gel column chromatography and eluted with CHCl, to

g
y 2 ] ., 4b) I -
give 6. éa: mp 80-83°C (hexane) (lit. mp 78-79°C).
Anal. Calecd for C]3HllNOS: ¢, '68.10: H, 4.84= N, 6.1l §,13.598,
Found: C, 68.35; H, 4.75; N, 6.11; S, 14.05. NMR: & 7.2-8.1m

(10H, arom), 8.79s(1H, CH=N). IR Y em +: 1604(C=N), 1099 (SO).

. 4 — o a £ .
6b: mp 154-157°C (CHBCN). Anal. Calcd for C13H10N203S

5692 B, 3L6; N 10021 S, 1169, Founds €, 57.30; i, 3.723

C,

N, 10.45z 8y Ll 470k NMR:(S?.B—?.9m{5H, Ph), 8.024, 8.30d4(J=

9.0 Hz, each 2H, NO,Ph), 8.85s(1H, CH=N). IR Vem =: 1590

(C=N)(, 1519, 134N, L1LOL(SO).

2

Alternative Preparation of the N-Sulfinylimines 6a,b

N-Benzylidene- and N-(p-nitrobenzylidene)benzenesulfenamides

la,b were prepared in 72% and 5% yields, respectively,

4a)

according to the procedure of Davis et al. 7a: mp 45-47°C

(hexane) (lit. ~° mp 35-36°C). Anal. Calcd for C,

" NS -
& 1311]_1‘“_ :

1320+ B, 5.20% W, V6 87% "B, AhU05% Founds C, 7293 H, 5.24;3

“ e J -




N,

?_E:

H,

10

6.50; S, 14.74. NMR: 6?.1—8.lm(10H, arom), 8.49s(1H, CH=N).

r -81°C(EtOH) . s & ‘3 - : .45;
mp 80-81°C (EtOH) Ana Calcd for CL3HlDN2O2S G, B0:25

3.30; N, 10.85: S, 12.41. TFounds: C, 60.71; &, 4.11;: N,

.85; 8, 12.44. NMR: 6?.1—8.lm{?H}, 8.27d(J= 9.0 Hz, 2H) (arom),

8.48s (1H, CH=N).

to

the method of Davis et al.

The above N-sulfenylimines 7a,b were oxidized by MCPBA

give 6a,b in 93% and 77% yields, respectively, according to

4y
kb The IR and NMR spectra of

these samples were in agreement with those of the products in

the rearrangements of the halosulfoximides 2-5 described above.
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Chapter

Synthesis of 4-Oxo-4H-benzisoxazolo[2,3-a]pyridines and Their

Ring Transformations to 2-Oxobenzofuro[3,2-blpyridines

Summary ————— 1,2-Benzisoxazole-3-acetic acids underwent
dimerization on treatment with acyl chlorides in pyridine to
give 4-oxo-4H-benzisoxazolo[2,3-a]pyridines which, in turn,

underwent photo-induced ring transformation to afford 2-oxo-

l,2-dihydrobenzofuro[3,2-b]pyridines.

Introduction

The ({ -methylene group of 1,2-benzisxoazole-3-acetic

acids 1 has been found to be unusually reactive in the

1)

electrophilic substitutions, i.e., halogenations,’

c)

sulfon-
ation,l and the Mannich reaction,z) suggesting that the C=N
bond of 1,2-benzisoxazole ring functions as a "masked"
carbonyl group. In Chapter 2, the methylene group of S-aryl-
S-[(1,2-benzisoxazol-3-yl)methyl]sulfoximides was described
also to be active to halogen electrophiles. Although the
reasons for the high reactivities of these methylene groups
to electrophiles are as yet unexplained exactly, there is a

plausible explanation which involves the imine-enamine

tautomerizm, as shown in Eg. 1.




<D—\——H/ S 3 @T/\X
N Ll = N (Eg. 1)
0~ 0~ “H

This assumption suggests that 1,2-benzisoxazoles with a

methylene group at the 3-position promise to act as an ambident

nucleophile at the methylene carbon and the ring nitrogen.
As expected, 1,2-benzisoxazole-3-acetic acids 1 have been
found to undergo dimerization on treatment with acyl chlorides
in pyridine to give 4-oxo-4H-benzisoxazolo[2,3-alpyridines 2,
indicating that one molecule of 1 acts as a nitrogen nucleo-
phile and another as a carbon nucleophile. The pyridines 2
have been found to undergo photo-induced ring transformation

to afford 2-oxo-1,2-dihydrobenzofuro(3,2-b]lpyridines 3.

2 3

The former ring system 2 was yet unknown, though the

pyridinium analogue 4 has been synthesized from 2-(o-amino-

phenyl)pyridine l-oxide wvia the diazonium tetrafluoroborate.

Y, Ve I
v 8
N’}

R

BF4




The latter ring system 3 has hitherto been prepared only by

a few following reactions, i.e., the r

({1
0

action of pyridine

- S . 4 : :
l-oxides with benzyne (Egq. 2), the thermal ring transforma-

tion of 4 (R=N02} (Eg. 3), ) and the Friedlander reaction of
2-acyl-3-aminobenzofurans (Eg. 4) .5)

’ NO,, N
4 (R=NO,,) > E “ E [ St
= 0

5 H
NH, R“CH,,COOEt _N_ _O
" .
g“‘o] :COR"' 0 R
ok

Thus, this Chapter deals with the synthesis of the novel

benzisoxazolo[2,3-a]pyridine ring system 2 and its photolytic

ring transformation to the benzofuro([3,2-b]pyridine system 3.




Results and Discussion

4-0xo-4H-benzisoxazolo[2,3-alpyridines 2
L ’ borlC £ e

Treatment of 1,2-benzisoxazole-3-acetic acids 1 with
p-toluenesulfonyl (tosyl), acetyl, and benzoyl chlorides in
pyridine afforded the corresponding 2-acyloxy-3-(l,2-benz-
isoxazol~-3-yl)-4-oxo-4H-benzisoxazolo[2,3-a]pyridines 2 in

26-72% yields.

R AN R2C1 :
COOH L

1
N R
0
N =
o~ pyridine \H/
0 o
la er H
1 2
Lo 2a: R'=H, R®=Ts; b: R'=H, R°=Ac;

1

v 2 1 2
R"=H, R =PhCO; R"=MeO, R =Ts;

K8
| Fu

1 2
R =MeO, R =Ac

| @

Hydrolyses of 2a-d with sodium hydroxide under mild
conditions gave quantitatively the corresponding 2-hydroxyl
derivatives 5a,b, which were reconvertable to the original

acyloxy compounds 2 in quantitative yields by acylation.

ag. NaOH, r.t.

4

2a-d

ra
™
ac:_vlati;.-g dagentc

in pyridine




and 5 were deduced f

IR spectra of 2 and

The structures of the benzisoxazolo([2,3-a]pyridines 2

L

om elemental and spectral analyses. The

-~

show

ed strong bands due to the amide
-1

|wn

carbonyls at 1650-1660 cm “: in the cases of the acetoxy and

benzoyloxy derivatives 2b,c,e, other carbonyl bands due to

the enol acylates appeared at 1760, 1730, and 1770 cm_l,

respectively. The NMR spectra (DMSO—d6) of 2a,b,e and 5a,b

showed characteristic singlet peaks of Cl—H at {§7.38—?.62

and 6.86-6.93, respectively. In particular, all the protons

of 2e were assignable by spin-decoupling, INDOR, and NOE

techniques (see "Experimental"). The NMR spectrum (DMSO—d6}

of 5b, in which all the protons can also be assigned, showed

a broad singlet at 611.2—11.5 corresponding to the enolic

hydroxyl group. The data described above, together with

elemental analyses and mass spectral data, were in good

agreement with the proposed structures of the compounds 2 and 5.

In order to obtain further evidence of the structural

assignments of 2 and 5, a series of the following chemical

transformations have been examined.

Under vigorous conditions, hydrolysis of 5a with sodium

hydroxide gave an enol-carboxylic acid 6 in 14% yield.

Under the same conditions, 5b underwent no hydrolysis.

OH
ag. NaOH, reflux

= O’N
———— .x__ o

T 100
pyridine BROE




An attempt to reconvert 6 with tosyl chloride in pyridine to

the original pyridine 5a was unsuccesful.

Esterification of 6 with methanol in the presence of a

catalytic amount of

conc. sulfuric acid gave a methyl ester 7.
Its NMR spectrum showed a singlet peak at 54.00 due to the

methyl ester group and the IR spectrum showed a strong carbonyl

band at 1705 Cmﬂl, indicating the presence of a conjugated
ester group. Treatment of 7 with acetic anhydride in pyridine
gave an acetate 8. Its IR spectrum showed a strong carbonyl
band at 1760 cm_l, except for the carbonyl band of the methyl

ester group at 1710 Cmql, suggesting that the hydroxyl group

h

of 7 is an enolic one.

|~
| co

In order to confirm the structure of z, an alternative
synthesis of 7 was attempted by condensation of methyl 1,2-
benzisoxazole-3-acetate with 1,2-benzisoxazole-3-acetyl
chloride 9, prepared from la with phosphorus pentachloride,
in the presence of sodium hydride in DMF. From the reaction
mixture, however, the desired ester 7 was not obtained, but
the pyridine 5a and an undesired ester 10, a (Z)-isomer of 7,

were isolated in 5% yields, respectively.




1) NaH in DMF

Since treatment of 7 with sodium hydride in DMF caused no
cyclization, the pyridine 5a is considered to be produced via

dimerization of the acetyl chloride 9. 1In fact, 9 underwent
dimerization on treatment with sodium hydride in DMF to give
5a in 7% yield. The assignments of steric structures of the
esters 7 and 10 were deduced from comparison of their NMR
spectra in consideration of the anisotropic effect of the
benzisoxazole ring: a singlet methylene signal of 10 appears
at a higer field ( 64.09} than that of Z_(cg4.8?), indicating
that 10 is a (Z)-isomer. Alkaline hydrolysis of 10 gave 6 in
70% yield, accompanied by isomerization.

Catalytic hydrogenation of 7 on 5%Pd-C was stopped when
one molar equivalent of hydrogen was absorbed, affording an
enamine 1l in 45% yield as a mixture of (E)-and (Z)-isomers:
the NMR spectrum showed two singlet peaks due to the wvinyl
proton at 05.80 and 6.18 in a ratio of 4:1. The N-O bond of
l,2-benzisoxazole ring has been reported to undergo catalytic

6)

hydrogenation with Pd-C to give an imine. In the present
case, 7 was considered to undergo at first reductive cleavage
of the non-conjugated N-O bond followed by immediate isomeriz-

ation of the resulting imine to give the stable conjugated

enamine 11.




X
MeOOC

Treatment of the enamine 1l with 5% ag. HCl gave a ketone

IS

Reduction of 12 with sodium borohydride gave an alcohol

whose NMR spectrum (DMSO-d_.) showed a typical A.X system in

2

=

6

-

2
The results of a series of the reactions described above
support the 1,2-benzisoxazolo[2,3-a]pyridine structure of the

compounds 2 and 5.

In view of the fact that the enol-carboxylic acid 6 and
its methyl ester 7 undergo no cyclization on treatment with
tosyl chloride in pyridine and with sodium hydride in DMF,
respectively, the dimerization reactions of 1,2-benzisoxazole-
3-acetic acids 1 with acyl chlorides do appear not to involve
6 or its mixed anhydride as an intermediate; in other words,

in these reactions the formation of C2~C3 bond of 2 does not

precede the CQ_NS bond formation. Thus, a plausible mechanism

of the formation of 2 may involve dimerization of the initially
formed mixed anhydride (14) of 1 via the simultaneous formation

of both the C2—C3 and C4~N5 bonds (Path A) or via the first

C., bond formation

G _NS bond formation followed by the C 3

4

(Path B), as shown in Chart 1.

2_

= OaN=

eeping with the partial structure -CH(OH)CH,- (see "Experimental").
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Meanwhile,

acetic acid gave the

£,

Under the same conditions,

bromides 15f,g, respectively, which afforded the corresponding

respectively,

in

acetates 1l5b,e on treatment with acetic anhydride in pyridine.

The substitution of bromine at Cl

spectra of 15 which lack the characteristic C

=

un

ponding mono-bromides

excellent

o |

Q

the acetates 2b,e gave deacetylated

of the starting materials 2.

It
]

OR

2-0x0-1,2~-dihydrobenzofuro[3,2-b]lpyridines 3

In the presence

or sun light), the benzisoxazolo[2,3-a]pyridines 2a-c and 5a

£
Or

a light source

1

N

1

was deduced from

n

L

a,

|

|

r ’

w

+C,d and 5a with bromine in

and

the NMR

-H singlet peak

(2 low-pressure Hg-lamp

underwent ring transformation to give benzofuro[3,2-b]pyridines

3a-d in good to excellent yields.

however,

reaction

isolated.

the 9-methoxy derivatives 2d,e and

mixtures from which no crystalline

Under

the same conditions,

5b gave only dirty




2 2
c: R°= PhCO; d: R“=H
The NMR spectrum of 3a does not have the characteristic singlet

peak due to the C,-H of 2a, but shows a new one proton signal

1
at 5 12.8-13.4, exchangeable with D,0. Its IR spectrum showed

2
strong bands at 2600-2800 and 1635 cmhl. Treatment of 3a with

acetic anhydride in pyridine gave an acetate whose IR and NMR
spectra suggested the presence of an enol acetate: IR, 1760
cm_l; NMR,& 2.06s(3H). These data suggest the partial 2-
pyridone structure of 3a. The structure of 3 was comfirmed

by direct comparison of 3d with a sample which was prepared
7)

alternatively from ethyl 3-amincobenzofuran-2-carboxylate and

the acetyl chloride 9 through the Friedlander reaction.4)

NH2 NHCOCH2 NaH
I+ CIK Vo —>
0O COOEt O COOEt

Meanwhile, the bromopyridines l5a,c,f underwent a similar
photo-induced isomerization to give the same ring transforma-
tion products 3a,c,d in good yields, whereas the acetyl
derivative 15b underwent both isomerization and deacetylation
simultaneously to give 3d in 90% yield: in these reactions,

the liberation of bromine was observed.




chloroform) ,

b

Under the same conditions (in commercia

ing tr

T
)
n

H

however, the 9-methoxy derivative 1l5e gave no ansfor-

0
F

mation product but a quinone ethyl methyl ketal derivative 1l6a

in 28% yield. The origin of the ethoxy group was considered

MeO OR

£y
A Y

EtOH or MeOH-CHC1 OMe

3

b: R= MeO

to be ethanol contained in commercial chloroform as a stabilizer.
This assumption was confirmed by the following experiments.

When photolysis of 1l5e was carried out in S%EtOH—CHCl3, l6a was

obtained in 60% yield. Furthermore, photolysis of 1l5e in

S%MeOH—CHCl3 was found to give a quinone dimethyl ketal 16b in

60% yield. The structure of 16 was deduced from elemental and
spectral analyses (see "Experimental").

In the absence of a light source, the benzisoxazolo[2,3-a]-

pyridines 2, 5, and 15 did not undergo the isomerizations

described above and were recovered unchanged.

On the basis of these observations, possible mechanisms

for the isomerizations of the pyridines 2, 5, and 15 are

illustrated in Charts 2 and 3.




a) X= H [1,3]-sigmatropic

shift
= - 17a

Chart 2




= H) and 5a (Chart 2), the first step
is of the weak N_- bond +c i
- € Ak N.=0_. bond to give the

iradi

—~ = wk ~h = e T 1 3 1 4
diradical, hich can isomerize and recyclize to give th

her I{":‘ (‘r\{'v“ 41 ne 11 i e e o - '
benzofuropyridine The pyridine l7a undergoes

-—:‘r‘-‘i‘.{_! r l L 3 -S100matre

fu = = give 3. The bromopyridine
=l sy - ™ My ~ 71 & T e e - § ot 3 =
17b having no movable hydrogen atom undergoes the fission of

the C—-R bond +o a1e h iy i - i g ‘
the C-Br bond to give the carbanion or radical 18, which can

v1]
O
tn
(T
a
tl )
9]
ol
oy
-
J

ydrogen atom from the solvent to give 17a

In the case of 15e, the first step is the heterolvtic

r ~ = -1 oY | . AP > e 1 i . = o z
cleavage of the N.-0,. bond to give the zwitter ion 19, which

-t

2
u
0n
T

1]

o]
=
=
N
D
(O

(0]

B

and carbonyl groups, as shown

in Chart 3; this stabilization effect is considered to enable

the zwitter ion 19 to be formed, despite the fact that the
electronegativity of nitrogen is 1lower than that of oxygen.

However, the possibility for the zwitter ion 19 to be formed

from the diradical 20 cannot be negligible.

other possible-mechanism

Beside the above mechanisms, ano

f

which involves the spiroaziridine interme

s1vtice transformations of 1sox:e

those in thermal and photolytic tTr:

4 . " L% | " = . i ~wvr 1113 ad - hawavar
and benzisoxazoles, cannot be letely excluded; however,
T F£ s111 4+ +r svnlain the f mat 1 an
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The 2-Acyloxy- and 2-Hydroxy-4-oxo-4H-benzisoxazolo[2,3-a]-

0

vridines 2a-e and 5a

o
~ QA p KD

T

)
M

2a- A

=

D

iy

| (@

a mixture of la (30 g), tosyl chloride (97

m

g, 3 equiv.), and pyridine (300 ml) had been stirred for 1 hr
at room temperature, the reaction mixture was concentrated in
vacuo and ethanol was added to the residue. The resulting
precipitates were collected by filtration and recrystallized
from acetone-chloroform to give 28.7 g (72% yield) of 2a.

Similarly, 2b-e were obtained from la,b by using acetyl chloride

| o

(1 equiv.) or benzoyl chloride (5 equiv.).

2a: mp 225-227°C Anal. Calcd f¢ s 2N-0..8z €. 63.55
28 mp 225=227°C. Anal. Calecd for C23%lbh2k6% S

3.4+ N, 5.92% 8, €.79. Pounds C, 63.605 H, 3.23; N, 5.98: S,
6.76. IR Yem *: 1660, 1590, 1365, 1180. NMR (100 MHz, DMSO-

): &§2.12s(3H, CH.), 6.95d4(J=9.0 Hz, 2H, arom), 7.33d(J= 9.0

d 6 ~H

Hz), 7.62s(C,-H), 7.2-8.0m(10H), 8.50m(1lH) (arom). Mass: m/z

1

4?2(M+]. 2b: mp 219-222°C. 26% yield. Anal. Calcd for

CEOHl2N2OS'IKSH?O: @, 66.00:; H; 3.383 N, 7704 Found: C, 65.98:
-

Has Soaids e a5 TR Y ecm ~: 1760, 1650, 1610. NMR (60 MHz,

DMSO-d) 2 §2.15s(3H, Ac), 7.47s(C,-H), 7.3-8.5m(9H, arom).
Mass: m/z 360(M7). 2c: mp 223-231°C. 50% yield. Anal. Calcd
kor ¢ H N..O.2 C; 71:09r Hy 393495 Ny 6.63. Founds ', 70.93:

5
H, 3.49; N, 6.76. IR Y cm ~: 1730, 1660, 1600. Mass: m/z

+ T S . = » | -~ o s e
422(M"). 2d: mp 231-233°C. 65% yield. Anal. Calcd for

: = - - c . Foun C

Co-H.  N.0.6: €; 60,907 &, 3791 Ny 5.263 S5 Gbz: FOUN '

bl 1S B, 32735 N 9= 185 Ho9F IR )/ cm 1660 1590, 1380
’
=" ( y 211 DO ) T I2s 3.92s( sach
NMR (100 MHz, DMSO-d.): ©02.10s(3H, PhCH,), 2.7<5, 2s (eacl
= 116 -
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Acylation of 5a
acetic anhydride (12
for 1 hr at room temperature,

trated and ether was

were collected and

in 95% yield. A similar treatment of 5a

(2 equiv.) or benzoyl

nearly quantitative

The Enol-carboxylic

had been refluxed

trated. The residue

conc. HCl. The precip

MeOH to recover the

washings were concentra

acetone to g 6

(100 MHz,

0

-

solution

pyridine

chloride

(o h

-

DMSO-d_) : )
IMSO-C b'}l C(

1H, C,~-F 9d
( v &l H), 7.094

Hz, 1H, C_,-H),
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of 5a (1.0 g);

had been stirred
ion mixture was concen-

The precipitates

to give 2b

with tosyl chloride

NaOH ( 20 g) in

and water (50 ml)

was concer-

acidified with
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: 21cd for C g e O A 20. o e % Corel .
Anal. Calcd for C. NLB s 2. §d.29 H, 3.60: N 8-33. Found :

C, 64.15; H, 3.43; N, 7.90. IR Y cm : 3600-2400, 1705, 1680,

~ T &N A T - T Cr - | 3 .f: -
1625. NMR (60 MHz, DMSO-d_): ¢ 4.92s(2H, CH,), 6.8-8.1m(8H,

\ e S —— o » +
arom) , 10.6s(1lH, COOH or OH). Mass: m/z 336(M ).

13 A solution of 6 (100 mg) and a catalytic amount of

conc. H SO4 in MeOH (20 ml) was refluxed for 3 hr. After

o

cooling, the precipitates were collected and washed with MeOH
to give 86 mg (83% yield) of 7. Mp 167-168°C (MeOH). Anal.

Calcd for CTQH]nNﬁQ:: C, ©5.14: H, 4.03: N, 8.:00: Found: C,

65.26; H, 4.12; N, 7.87 IR V) cm 1705, 1625. NMR (60 MHz,

@)
4 o

CDClBJ: 6 4.00s(3H, COOCH,), 4.87s(2H
e

10.7br (1H, OH). Mass: m/z 350(M ).

6.7-8.0m(8H, arom),

8: After a mixture of 7 (57 mg), acetic anhydride (2
ml) , and pyridine (2 ml) had been stirred for 10 min at room

temperature, the reaction mixture was concentrated and ether

lected
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m
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0
0
H

was added to the residue. The precipi
and washed with ether to give 42 mg (66% yield) of 8. Mp 158~
159°C (MeOH). Anal. Caled for C..H ¢N,O.: C; 64:528; Hy 411:

N, 7.14. Found: C, 64.16; H, 4.07; N, 7.04. IR Y cm “: 1760,

205 16105
1,2-Benzisoxazole-3-acetyl Chloride 9

A mixture of la

10 min at room temperature and then the resulting clear solution

g T : ke +he reactic ixture ha
was hedte{.i at 4(, 2O fl]']’__ 30 min. After the & ACtl10n mlxtctu d

been concentrated, the resic

I“._?.

00 ml). The hexane solution was




Reaction of Methyl 1 ,2-Benzisoxazole-3-acetate with 9

To a cooled solution of methyl 1,2-benzisoxazole-3-acetate
5.3 g) in DMF (30 ml) was added NaH (50% in oil, 2.0 g)

fter stirring for 10 min at 0°C, a solution of 9 (6.0 g) in

-~ |

DMF (30 ml) was added dropwise and the mixture was stirred for
1 hr at 0°C. The reaction mixture was poured onto ice-water
and washed with CHCL,. The CHCIB washings were concentrated
and the residue was subjected to silica gel column chromato-
to recover the starting ester (ca. 80%). The aqg. layer
H ca. 2) with ag. 10% HCl and extracted with

CHCl.. The extract was concentrated and washed with CHClB.

(]

lected and washed with CHCl., to
-~

un
s
Ld

give 0.2 (5% yield) of 5a. The CHCl, washings were concen-

trated and the residue was chromatographed on a silica gel
column (three times) to give 0.6 (5% yield) of the ester 10

- -1 N = . g =
as an oil. IR Yem —: 1730, 1650, 1600. NMR (60 MHz, CDCl,):
> ’ '3

63.745(3H, COOCH,) , 4.09s(2H, Cﬁz}, 7.15-8.0m(8H, arom)

CI-Mass: m/z 351 (MH').

The acetyl chloride 9 (1.4 g) alone was treated with NaH

that

L¥ ]

(1.5 equiv.) in DMF (30 ml) in a manner similar tc

d.



The Enamine 11, the Ketone 12, and the Alcohol 13

11: A mixture of 7 (280 mg) and 5%Pd-C (100 mg) in
dioxane (20 ml)- EtOH (30 ml) was submitted to the catalytic

eduction at room temperature under an atmosphere of hydrogen.
After ca. 18 ml of hydrogen had been absorbed, the catalyst
was filtered off and the filtrate was concentrated in vacuo.
The residue was washed with ether to give 127 mg (45% yield)

f the enamine 11. Mp 250-260°C (EtOH-ether). Anal. Calcd for

o

+ N, 7.95. Found: C, 64.20; H,

oo

c..H s Gl 84,27 H, 4.5
‘19h16N205 C b4,/ )

4.843 N, 7.73. IR Vem "2 3

Lo

60, 1675, 1620, 1590. NMR (100
MHZ, DMSO—dG}: é 3.79s(3H; COOCH3}, 5.80s(4/5H, vinyl-H),

6.18s(1/5H, vinyl-H), 6.80s(2H, NH,) , 6.5-7.5m(7H) , 8.06dd(J=

o

-11.0br{each 1H,

un

7.0 and 1.5 Hz, 1lH) (arom), 9.2-10.4br, 10.

2 x OH). Mass: m/z 352(M ).

123 After a mixture of 11 (60 mg), EtOH (10 ml), and

5% ag. HC1 (5 ml) had been stirred for 5 hr, the EtOH was
evaporated. The precipitates were collected and washed with

ether to give 37 mg (62% yield) of 12. Mp 160-162°C (ether-

h

hexane). Anal. Calecd for C,,H,NO_.: C, 64.59; H, 4.28; N,

3.96. Found: C, 64.47; H, 49: N, 4.02. IR L)cm"l: 1705,

1640, 1625, 1605. NMR (100 MHz, cDCl,): & 3.91s(3H, COOCH,),

L

4.89s(2H, CH.), 6.85-7.95m(8H, arom), 10.62s, 11.68s(each 1H,

3

2 x OH), Mass: m/z 353(M ).
13z After a solution of 12 (50 mg) and NaBH, (100 mg)
tirred for 30 min at room temperature

in MeOH (25 ml) had been

-V 1 ' 4 x 3 4 3 1l wae added t
reaction mixture was concentra ted, ad. HCL yas added to

r




-lIEH?O: Cc, 62.63; H, 4.70; N, 3.84. Found: C, 62.83;

N, 3.68. IR Y em —: 3550, 3320, 1705, 1625. NMR (100

=S
~J
O

:._;:‘
™~
o
=
)]
O
|
(ol
(a3
LJ
1
w
ol
=
]
-~J
-
L
™~
(6
W
0
o

3.78s(3H, COOCH,),

5.33t(J= 7.0 Hz, 1lH, CH), 6.7-7.8m(8H, arom), 4.0-4.9br, 9.34s,

The Cl~BromODyrf

H
o}
]—-l
b |
0]
)]
.
wn
41]

I
hQ

After a solution of 2 or 5a (0.5- 1.0 g) and an equimolar
amount of bromine in AcOH (20- 50 ml) had been stirred for 20
nin at 60- 80°C, the reaction mixture was concentrated in vacuo.
The residue was washed with acetone and recrystallized from

ive a pure product. Under these conditions, the

0]

to

4=
con

M

ac

(D
K]

lated 15f,g, respectively, which

<

acetates 2b,e gave the deacet
gave the corresponding acetates 15b,e on treatment with Aczo—
pyridine in the usual way.

15a: mp 248-252°C. 93% yield. Anal. Calcd for CzSHISNZOGSBr:

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. IR Dcm ~: 1660, 1380,
1175. NMR (60 MHz, DMSO-d.): © 2.15s(3H, CH,), 6.90d(J= 9.0

, 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'). 15b: mp 235-236°C. 913

over-all yield of bromination of 2b followed by acetylation.

Anal. Calcd fﬁ[‘(iqui]]DL\O_Fér: c, 54.69; H, 2.52; N, 6.38; Br,
| A | 2 L
18.19. Found: C, 55.13; H, 2.42; N, 6.33; Bs, 18.42 IR )V
_-]' 1= - (_ F - - f 3Ty = -y
x U775, 1665, NMR (60 MHz, Dp19{}‘{lt} : O 2.23s8(3H, Ac), 7.2-
D




15c: mp 242-245°C 93% yield Anal. Calcd for C,_.H,.N.O.Br

kit 2:4 lJ 2

¢, 59.90; H, 2.61; N, 5.59; Br, 15.94 Founds €, 59.86; H,
2 =1, .

7.38; N, 5.34; Br, 16.10. IR L)cm : 1750, 1655. Mass: m/z

502, 500 (M) 15d: mp 248-252°C. 91% yield Anal. Calcd

or C,H,gN,0gSBr: C, 53.04; H, 3.13; N, 4.58; S, 5.24; Br,

13.67. Found: €, 53.053 H, 3.16; N, 4.83: S, 5.41; Br, 12.82.
IR}Jcm-l: 1660, 1380, 1175. NMR (100 MHz, DMSO—ds): 62.185
(3H, CHBJ, 3.78s, 3.96s(each 3H, 2 x OCHQ), 6.85-8.1m(10H, arom).

Mass: m/z 612, 610(M ). l5e: mp 235-236°C. 88% over-all

vield of bromination of 2e followed by acetylation. Anal.

y L LW

Caled for C,.Hy N,O-Br: C, 52.92; H, 3.00; N, 5.81; Bx, 16.00.
1

IR Yem —: 1

4%

o

Mo
(5]
o
O
>
un
~J
(00]
ve]
H
}_.I
(23]
(%]
(=N
~J

65,

Found: C, 52.94; H,
1660 . NMR (100 MHz, DMSO0O-d4d,): (SE.EES(EH, Ac), 3.788, 3.958
(each 3H, 2 x OCH3), 71.19dd(J= 0.8 and 2.5 Hz, 1H), 7.3244d(J=
2.5 and 9.0 Hz, 1H), 7.61ldd(0= 2.5 and 9.0 Hz, 1lH), 7.75dd(Jd=
0.8 and 9.0 Hz, 1H), 7.92d(J= 2.5 Hz), 7.94d(J= 9.0 Hz) (2H)
(arom), Mass: m/z 500, 498(M+}. 15f: mp 244-246°C. 99%
18“9N204Br: €, Bbd.d3: H, 2528:
Ny 7208% Br, 20<12% Found= ©: 54537 H, 2,183 N; 6.9L: Br;

vield from 5a. Anal. Calcd for C

- - . +
20.05. IR Y cm l: 1660. Mass: m/z 398, 396 (M ).

The 2-0x0-1,2-dihydrobenzofuro([3,2-b]lpyridines 3

o

.0 g} or 5a (0.2

From 2a-c and 5a: A solution of 2a-c (

g) in CHC1l, (100- 200 ml) was exposed to sun light for 3-7 hr
-

and then

allowed to stand overnight. The precipitates were

-‘Ollected and washed with acetone to give the corresponding

266-269°C, 2% vield Anal. Calced for C.-H;  /Nj
: b 2 yield. Anal alcc eNs




¢, 63.55; H,r 3.41; N, 5.92; S, 6.76. Found: C, 63.60; H, 3.08;
N, 6.14; S, 6.67. IR Uecm 2800-2600, 1635, 1390, 1340, 1170
NMR (100 MHz, DMSO-d.): 2.14s(3H, CH,), 7.004(J= 8.5 Hz, 2H),
7.43d(J= 8.5 Hz), 7,2-7.9m(9H), 8.16m(1lH) (arom), 12.8-13.4br
(1H, NH) Mass: m/z 472(M"). 3b: mp » 300°C. 90% yield

Anal. Calcd for C20H12J205: C; 66.07; H, 3.3635 N 7.0 Found:
¢, 66.79; H, 3.19; N, 7.89. IR ) cm - 2700-2600, 1785, 1650.
NMR (100 MHz, DMSO-d ) : 8 2.30s(3H, Ac), 7.3-7.9m(7H), 8.17m
(1H) (arom) , 13.15s(1H, NH). Mass: m/z 360(M"). 3c: mp 254-
256°C. 47% yield. Anal. Calcd for C,.H,,N,0.+1/3H,0: C, 70.10;
H, 3.37; N, 6.54. Found: C, 69.73; H, 3.06; N, 6.33. IR Y
am -+ 2750, 1755, 1650. 3d: mp » 290°C. 98% yield. Anal
Calcd for C18H10N2O4: Cr 67,922 H; 3.172 N, 8580, Found: C;
67.55; H, 3.17; N, 8.51. IR }) cm™>: 2800-2700, 1650, 1625,
1605. NMR (100MHz, DMSO-d.): 8 7.25-7.8m(7H), 8.10m(1lH) (arom),

11.9-12.8br (2H, NH and OH).

From 15a-c,f: After a

in CHC1

ml) had

been
the CHCl, was evaporated off
with acetone to give 3a,d,c,

yield, respectively.

The O-Acetate of 3a:

(10 ml)-pyridine (10 ml) in

Yield) of the O-acetate: mp
Caled for C, H,oN,0.8: C, 63
Found: c, 63.24: H, 3.34; N,
1380, 1365, 1185. NMR (100

+

Mass: m/z 318(M ).

g)

solution of l5a,b,c,or £ (0.2
exposed to sun light for 3 hr,

in vacuo. The residue was washed

Q

or d in 43%, 90%, 65%, or 74%

r

3a

Treatment of (300 mg) with ACZO

the usual way gave 195 mg (60%

189-190°C (MeOH-acetone). Anal.

R0 el 7 < S e it Saddy 18, 6523

IR LJcmhl 1760,

MHz, .06s(3H, Ac),

./
&

1




31s(3H, PhCH,), 6.94d(J= 8.5 Hz, 2H), 7.32d(J= 8.5 Hz), 7.2-

"
Ay

7.8m(9H), 8.23m(1H) (arom). Mass: m/z 514 (M').
Alternative Synthesis of 34
A mixture of ethyl 3—aminobenzofuran—2—carboxylat87) (0.5

g), 9 (2.0 g), and 10% aq. NaOH (10 ml) was vigorously stirred
for 2 hr. The precipitates were collected, washed with water,
dried, and subjected to silica gel column chromatography to

give 0.15 g (20% yield) of ethyl 3-(1,2-benzisoxazol-3-yl) -

acetylaminobenzofuran-2-carboxylate. Mp 193-195°C. IR L)cm_l
3260,1705, 1670, 1610. NMR (60 MHz, CDC13): 6-1.42t[J= 7.0 Hz,
3H, CH,CH;), 4.28s(2H, COCH,), 4.46q(J= 7.0 Hz, 2H, CH,CH,) ,
7.1-8.1m(7H) , 8.2-8.5m(1H) (arom), 9.85s(1H, NH). Mass: m/z
364(M) .

After a solution of the above amide (360 mg) and NaH (50%
in 0il, 100 mg) in DMF (10 ml) had been stirred for 3 hr at
30°C, the reaction mixture was poured onto ice-water and
acidified with 5% ag. HCl. The precipitates were collected
and washed with water, MeOH, and then dichloromethane to give

65 mg (20% yield) of 3d.
The Quinone Ketals 16

After a solution of 1l5e (500 mg) in commercial CHC13,

S$EtOH-CHC1 or 5%MeOH-CHC1l., (50 ml) had been exposed to sun

3’ 3
‘ight for 1-2 hr, the solvent was evaporated off and the residue
¥as subjected to silica gel column chromatography with 2%

MRt b . e
“€0H-CHC1, as an eluent to give the corresponding l6a or b.
3 - = feadior=o —
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0

; 190-194°C (ether-hex . 0 . -
a: mp 190-19 ( ane) Anal. Calcd for C,4H,1N,0g

o

1

—_—

gr: C, 52.86; H, 3.88; N, 5.14; Br, 14.65. Found: C, 53.06;
g 4.11; N, 5.26; Br, 14.14. IR )) cm T: 3200-2400, 1790, 1640.
NMR (100 MHz, CDC13}: guinone moiety-- 50.99t(J= 1.0 Hz, 3H,

CHB) , 6.02d4(J= 10.5

OCH,CH,) , 2.95s(3H, OCH;), 3.0-3.6m(2H, OCH

2 2
Hz, 1H), 6.38dd(J= 3.0 and 10.5 Hz, 1H), 6.88d(J= 3.0 Hz, 1H)
(vinyl-protons); pyridine moiety-- 62.195(31—1, Ac), 13.5-14.2br
(1H, NH); benzisoxazole moiety-- 63.925(3%1, OCH3J, 7.01dd (J=
0.5 and 2.5 Hz, 1H), 7.18dd(J= 2.5 and 9.0 Hz, 1lH), 7.484d(J=
0.5 and 9.0 Hz, 1H). Mass: m/z 544(M+) . leb: mp 202-204°C.
IR ) cm Tz 2920, 2810, 1780, 1635. NMR (60 MHz, CDCL,):

gquinone moiety-- 62.945(&{, 2 X OCH,), 6.05d(J= 10.5 Hz, 1H),

3
6.41dd(J= 3.0 and 10.5 Hz, 1lH), 6.89d(J= 3.0 Hz, 1lH) (vinyl-

protons); pyridine moiety-- 6 2.20s(3H, Ac): benzisoxazole

noiety-- & 3.91s(3H, OCH 6.9-7.7m(3H). Mass: m/z 529 (M').

Ve
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