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Abatract~-[Hydroxy(tosyloxy)iede]lbenzene, a hypervalent
icdine reagent finds extensive use in the synthesis of
a wide variety of heteroccycles. In thie review an effo-
rt has been made to present the prolific development in

recent years in this area.
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1. INTRODUCTION

A aurge of Intereast in the utility of organco-hypervalent iodine reagents
in organic synthesis has been observed in recent years.l_s despite the
tact that the firat hypervalent iodine compound was reported in 18846 by
Ulllgerodt.9 As a result, several excellent reviews dealing with the syn-
thetic¢ importance of hypervalent iodine reagents have recently

8 A particularly noteworthy relevance to the present article

appeared.lF
igs one by Meriarty and Koser7 {1990) on the use of [hydroxy(tosvylioxy)iodol]-
benzene [HTIB, sometimes referred to as Koser's reagent e.g. Aldrich cata-
logue, 1990-19911).

One of the most striking aspect ot HTIB, developed recently ia Ita great

synthetic potentiality in the synthesis of heterocyclic compounds. In
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view of the fact that this development has opened a new synthetic area of
immense value and now a wide variety of heterocyclic compounds can be
available by alternative iodine(III) mediated simpler approachea, it is
worthwhile to review this feature of the hypervalent iodine reagent. HTIB,.
All the numercus results described In this article have been divided into
three main grouss 2A, 2B and 2C. The first group (ZA} embrasea ayntheses
of heterocycles based on the reactions of a-tosyloxy ketonesa which are
analogous to a-halogenc Ketones. The syntheses of varicus aromatic heter-
ocyeclic compounda based on the miascellaneous approaches are included in
group 2B. The third group (2C) deals with the ayntheses of reduced hete-
roeyellie compounda. These main groups are aubdivided into various subgro-
upsa/sectionsa according to the individual category of heteroccycles.
2. DISCUSSION
ZA : Syntheses of heterocycles and bridgehead heterocycles based on the
similarity between a-tosyloxy ketones and a-halogeno ketones
The use of a-haliogeno ketones (HK) in organic synthesis in general and in
the synthesis of heterocyclic compounds in particular is the moat common
and widely accepted approach.10 Although this approach is still a method

of choice te obtain a wide variety of large number of heterocyclic

coempounde , the main disadvantage and difficulty in using HK is their high
lachrymatory and toxic propertiea. Ae a consequence., efforte have been
made to search for alternativea of the methodoleogy involving HK. The work

presented in this part is directed towards the fulflilment of thia taak. A
aimple and quite general approach based on the observed analogy between
a-halogeno ketones and a-tosyloxy ketones (TK) has been introduced.

Thig observation of analcocgy between TK, which are crystalline solide, easy
to isolate and handle, and readily acceaible by HTIB oxidation of enoliz-
able ketonesl1 (Scheme 13}, and HK provides a safer and aupericr alterna-
tive of HK. Since it is agenerally not necessory to isolate TK, they are

generated in situ and then treated with appropriate reagents to furnish




42 HETEROCYCLES, Vol. 38, No. 2, 1994

the desired heterocyclic compounds by a one pot procedure (Method B,
Scheme 2). The results on the Individual c¢lass of hetercocyclic compounds

using this approach are presented in Schemes 3-10 (2A.1-2A.8)

Scheme 1
e
Ph~I{OH) OTs OTs
Rl—coO— —-R? » Rl —_ | _
CO—CHz=R CHyCly or CHyCN R CO?? b —=R CO?” OTs
~o15@ R Ph R?

Scheme 2. General sacheme for synthesizing heterccyclic compounds
Enolizable Ketone

Method A Method B
(Direct procedure)

o~Tosyloxy ketone (ct-Tosyloxy ketonse)
not isolated

Appropriate
reagent(a)
Heterocyclie Compounds

2A.1. 2-Amino/substituted amino and related thiazoles (Modified Hantzsch

thiazole synthesis)

Scheme 3
R! 1
C hursscugen R N
o 7 o I lL
R i) NHaCSR R2~g ~R3
1 2
gl R? R’ Ref.
Ph H NH, 12
Ph cocH, NH, 12
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2A.4. (Modified Marckwald’s synthesis)
Scheme 6 R! 0
\ﬁffTH
R2 ;
5 i
Rl 0 - R\
\T9 1y By kD N \Ejiﬁ\
CH3 T SH
i = HTIB/CH3CN R2
i = RZNH2 z
iii = KSCN 7AcOH
R1 Rz Rl R2
Ph Ph C6H40CH3—4 C6H40CH -4
Ph C6H40CH3—4 CéHdNOZ-ﬂ Ph
C6H4C1—4 C6H40CH3—4 2-thienyl Ph
C6H4C1-4 C6H4CH3—4 2-thienvyl C6H4C1-4
C6H4C1-4 C6H40CH3~4 Z2-thienyl C6H4Br-4
C6H4Br-4 C6H4CH3-4 2-thienyl C6H4F—4
C6H4Br—4 C6H4OCH3—4 2-thienvyl C6H4CH3—4
C6H40CH3—4 Ph Z-thienyl CéHQOCH3-4
CéHQOCHJ-d C6H4CH3-4
ZA.5, 2.4-Diaryloxazoles via a-aroyloxyacetophenones
Scheme 7
rR! 0O
R’\T,;o (i) HTIB 7 CH3CN ? NHgOAc
i 2 N A OH
CHj i} RZCOOH , (CoHg)y 0 R2 4
8
1— - -
R"=Ph, 4- C1C6Hq‘ q CH30C6H4 q N02C6H4
2— -
R™=Ph, 4 N02C6“4

\D\Rz
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ZAh.6. erazoles17
Scheme 8
0
0 0 0 0 HO 0CoHsg
___Hzi._...; TsO \)’l\n)l\oc H —_— l }
OC2H5  coHgN{i=Cakp); 2ns NN
HAN N Ar
|
As ‘
10 A

10 1 12
= - - - - 5~ C
Ar=Ph, 4& BrCBH4, 2 NUZCBH4' 4 NO?‘CE#Q’ 3,5-Cl1 2‘:&13. 3. Br 6“3
2,4,8-C1 306,{2' 2,4,6-Br acst.

2A.7. Benzofurans via a-aryloxyacetophsenones

Scheme 9

R2 0 R] F?Z

. Rl
RleocH, ) HIIB/CHCN | @\ j/ _PPa_ l
3 i) RZCGHLOH—E 0 0

anh. K2C03 /Csz OH

13 14

1 - 2—
R =Ph, 4 CHSCBHA-' 4 CHEDCE}-I4, 4 BrCBH4. R =H, CH NO

2A.8. Bridgehead heterocycleslg'lg

Scheme 10

R o R
i,
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. n R=H, Cl, Br, CH3,
i KS\SH ! ’ 3
it = 2Z-mercaptobenzimidazole
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It must be noted that scheme 3 provides a useful modification of a well
known Hantzach thiazole aynthesiszg whereas Scheme &6 offeras a valuable
modification over Markwald's esynthesis of 2-~mercaptoimidazoleaz1 (7). The
methodology is also applicable for gsynthesizing 4-(2-thienyl)thiazoles (2;
R'=2-tnienyl; R%=H; R3¥=aryl, 2-thienyl) and imidazoles (7; R =2-thienyl:
R2=ary1) pome of which are associated with impresgive level of phototoxi-
city against a variety of bioclogical Systems.zz It is further noteworthy
that intermediates (g,za B, 13 and 16) involved in these Schemes (6,7,9
and 10) are important precursors in organic synthesis and can be prepared
by using the same methodology.

Working on the aimilar lines, bridgehead heterocycles asuch as 15 and 17
have alsc been aynthegized succesafully. This (Scheme 10) clearly illua-
trates the advantage and scope of this apprecach for obtaining bridgehead
heterocyclic systems.

2B. : Syntheses of heterocycles (mainly aromatic) based on miecellaneous

Approaches

2B.1, Z—Aroylcoumaran-fl-onesz4

Hypervalent iodine oxidation of ¢c-aroyloxyacetophenones (318) with HTIB,
followed by Baker-Venkatraman rearrangement (BVR)Y of the resultant
go-aroyloxy-a-tosyloxyacetophenones (19), with potasaium hydroxide conais-
ting of two experimental methods (A and B), providea a convenient and use-
ful esynthesis of 2-aroylcoumaran-3-ones (21) (Scheme 11). It may be noted
that this offers afi alternative of existing procedures involving BVR of

g—aroyloxy-2-a~halogenoacetophenoneszs“27 or cyclization of wo-halogenated

e-hydroxyaryl ﬁ-diketonas.28'29

2B.2, Important interconversions in flavonocids

32
2B.2.a. Fiavanones (22} ——————> [Isoflavopes (25} 0

The oxidation of flavanones (22) with HTIB in acetonitrile/propionitrile

at reflux temperature doea not afford the expected 3-toayloxyflavanonee
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Scheme 11
R2 0~ AT
R 0
0
18
Method A Method 8
HTIB, CH3CN /dioxane i} HTIB/ dioxane,reflux, 2h
reflux, 2h ii} XKOH, room temperature 1o
reflux, 0.5h
2
R O - Ar R2 02
hd KOH
r! 0 dioxane of THF 1 ots
r
OTs  refiux, 0.5n (R A
0 0 0
19 Z =H,K
20
\-T!OZ
Ar ——— / AI’
R! — gl
o O oH O
21
18-21 g} r? Ac 18-21 gt p? Ar
a H H Ph d H OCH, Ph
b Cl H Ph L] H OCH3 C6H4OCH3-4
e c1 CH, Fh £ cl H C H,0CH, -4

(24). Ilnatead, a 1,2-shift (23 —> 25) of the aryl aroup to a-carbon atom

of the ketcne function occurs.

flavones (25) (Scheme 12)

thus constituting a novel route to the iso-
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Scheme 12
3
o 8
R ‘!Ii 0 HTIB Rl 0 NJ:::]/
2 >
R -TsQH
i R 1—Ph
]
22 0 CH
22 23
iy
150
R’ 0 \\\\©/
1y 2=aryl shift,
R "’I’OTS -PhI
8]
24
L ]

22-25 ! R2 R’ 22-25 gt r? g}
a H H H e H ci CI"I3
b u H ocH, £ H CH, c1
c i c1 H 8 ocH, OCH, H
d H c1 ocH,

JF1
2B.2.b., Filavanones (22) ——————> Flavones (261

419

The use O0f methanol in place of acetonitrile/propionitrile as solvant in

the reactlon of 22 with HTIB results in the formation of flavones

(26).

This transformation is a new and simple approach for the dehydrogenation

of 22 (Scheme 13).
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Sche
me 13 R3
R! 0
i!lﬂ HTIB
R2 CH; OH
0
22 26
22,26 1 r? g3 22.26 R R? R
a H H H d Cl H c1
b c1 H i e H i c1
< c1 H OCH, £ CH, H cl
2 OCH, & OCH,

2B.2.c. Flavonols (27) —— 2,3-Dimethoxy-3-hydroxyflavanonas (22)32,33

The oxidation of flavonols (27) with HTIBR in methanol proceeds with the
introduction of two methoxy groups into the carbon-carbon double bond and
2,3-dimethoxy-2-hydroxyflavanones (28) are obtained (Scheme 14). In aome
reapectsa, thia tranaformation is analogous to the ditosyloxylation of alk-

enes with HTIB34 and is an example of a solvohyperiodination reaction.

Kapoor et al 33 extended the application of this method for the transfor-

mation of é-propionylflavenols (27g-j —> 28g-j3). It is intereating to

mention that based on the observed analogy between I(II1) reagente and

TI(III1) salts, °'>° Kapoor et a1.3%738

reported the similar results

(Schemea 12-14) with T1(I1I11} reagenta.
Scheme 14
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vas & & 2 o @ & &
a H H H H £ H H c1 H
b OCH, H H H g H COC,H, H H
¢ H H OCH, H h H coc i, ¢l H
d OCH, H OCH, H i H COC,H, CH H
e H H OCH, OCH, i H COC,H, OCH, K

2B.3. 2-Aryl-4-methyl-5-subgtituted oxazoles39

Bhaduri et 1.39 have reported the preparation of 30 by HTIB induced ring

closure of enamine carboxylic acids (29) (Scheme 15).
Scheme 15
CH3

cH3
HTIB
RLQHzc co%—TPh ‘_""—"’RZD-HZCI Ao
2

R'= H, R2=H, CHy, OCH3 ) RIRZz OCH,0
2C. Synthesis of Reduced Hetrecyclic Systems

2C.1. Togyloxylactones and bislactones by intramolecular participation of

the carboxylic group

The oxidation of alkenes with HTIB gives ditosyloxyalkanes.33 When selec-
ted alkenoie acids (31) are treated with HTIB in CH,Cl,. tosyloxylactones
(32) are reaulted, a reaction involving the capture of one end of carbon-
carbon double bond with the toaylate jon and the other end with the carbo-

xyl function of the aubstrateao {Scheme 16).

Scheme 18
HO
OH
/‘&/\(_\.' —_— ~0 e
HOZC Ao + I—Ph P — TsO
!
3 Cors ™
~ e/ ®\on

{continued)
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0 Q
— &10\/ Ts OH Q/
(M5 }‘-OH ~H20,-PhI (4={_-0Ts
Ph 32
n=1,2

The treatment of alkenedioic aclds (33-36) with HTIB leads to the atereo-

apecific productlion of respective bisglactones (;1-12)41 (Scheme 17).
Scheme 17
H H
HTIB K H
CHaCly 0
HO,C COzH 07 R07H
33 37
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2C.2. Oxolactones by intramolecular participation ef the carboxyl group

in the oxidation of ketones

5-Oxocarboxylic acids (41.42) react with HTIB in CH,C1, to give oxolact-

4)42 (Scheme 18} by intramolecular participation of -COOH group

onea (43, 44
(45 — 43).
Scheme 18
0
Q HTIB ¢H 0
COpH __HTIB _ 0 -Phl Ph
Ph/u\Mg CHyCly 0 Ts0® | ~Tso#
& Ph 0
1 —Ph 43
é§
0
CH30 CH30 ¢
? o]
CH5COsH
02 2€02 ‘L 0
WUhen 4,6-dioxocarboxylic acids (46, 47) are the substrates. dioxc-é-lac-
tones (48, 4%) are obtained (Scheme 1%).
Scheme 19
0 0O 0 0
CO2H CH,Cly 0
e 0
48
0 0 0@
CO2H
0
CH30 CH3O 0
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2C. 3. Pyran-3-ones and tatrahydropyransA3

The silyl substituted &,s-unsaturated alcohols (50) underge ring c¢losure
to give pyran-3-ones (51) as well as tosyloxy substituted tetrahydropyrans

(52, 53) {Scheme 20).

Scheme 20
OR! 4,
i} 2eq. HTIB z
(CH)n 02p3  — > +
2 ,”IINS|R R2 il 2.2 eq. imidazole (CHz)n -
50a-f H
51
H
'—_' O = 0 “\\OTS
(CHp , + (CHn
#QTs " AT
H H
52 53
Subsatrate Product ratio
50 n R LS 51 52 53 Total % yield
a 3 K CH, CH, >10 i 1 15
b | H CH, CH, 3 1 0.5 87
< | CH, CH, CH, 3 1 0.5 68
d A Bn CH, CH, 3 1 0.5 56
e 4 Si(CH3)2Thex CH3 CH3 3 1 0.6 51
£ 4 H CH, Ph >5 <0.4 0.4 81
a 4 H Ph Ph -- -- -- 62

In alcohols (50f-g) phenyl substituents were used on silicon to aaseas the
aeffect of electron withdrawing subatituents on the regiochemiastry of ring
closgure. Here the diphenylmethylsailyl agroup leads to the same producta as
trimethylailyl substituent in 50a-e, although now the preference for

pyran-3-ones (51) Is more pronounced (Scheme 20). [In contrast, exclusive

formation of tetrahydrofurans (54a,b) from triphenylsilyl substituted
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alkenol (50g) was observed (scheme 21). This outcome formally corregponda

to a sterecselective proton-initiated cyclization leading mainly to the

$,8-cia isomer (éig).qq
Scheme 21
H
O’OH HTIB/CH,CI, + O M
——————
“%wf’qt/’S'Ph3 imidazole
H SlPh3
504q 54
a = H
b = -y
1 _or'
(CH2In
Il.r," \
H Ho—I-Ph
55

The possible pathways suggested by Schaumann and Kirschnin243 involve the
2-vinyliodonium specieg (55) as intermediate in the formation of
21—25.45'46

2C. 4. Tosyloxy-9-oxabicyclonconanes by participation of hydroxyl group

HTIB brings about the oxidative cyclization of 1-methyl-4-cyclocten-1-ol

(56) in dichloromethane to form a mixture {(5h% yield) of the toayloxy-9-
: 4

oxabicyclononanes (57,58). 7 Although the reaction shows poor regiocselec-

tivity, the addition to the double bond proceeda with high trana-stereo-

selectivity (Scheme 22).

Sc¢cheme 22
OH
N CH3 \\\\‘C H3 & CH3
HTIB /CH-CI
2%'2 +
56 oTs o1
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The stereochemistry has been rationalized by the intermediate production
of the trana iodonium specieg (59 and its regio igomer) from an initially
formed bridged periodonium ion and its collapse to the bridged oxonium

speciesa (60) prior te the introduction of the tosyloxy ligand.47

§£H3
;]
8
O OTs

e

®1—Ph

59 80
2C. 5. N-Methoxyvcarbonyl-3-tosyloxypiperidine and related nitrogen

heterocyclic compounds by participation of carbamate nitrogen

The oxidation of carbamate (61) with HTIB in dichloromethane leads to the
formation of N-methoxycarbonyl-3-tosyloxypiperidine (62) by intramolecular
participation of the nitrogen atom of the carbamate function. The carbam-
ates (63) and (¢5) on similar reaction afford 64 and 6¢6. reapectively

(Scheme 23).

Scheme 23

TsO
ﬂ HT1B O
#  NHCO3CH3 CH;CI, N

|
COzCH;y
61

O Ny L

NHCOZCH;

63 84

(continued)
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NHCOZCHa NCOZCH3
———
65 OTs
66

The plauaible pathways outlined in Scheme 24 (for the conversion 61 —» 62
involve the formation of Intermediate (69), resulted from the =selective
introduction of tosyloxy ligand at secondary carboen in ¢yclic hypervalent
iodine species such as 67 and 68. Finally intramolecular participation of
the nitrogen atom of the carbamate results in carbon-nitrogen bond format-

ion to glve the product (62) (Scheme 24).

Scheme 24
OH
& 9 H3C02CHN Ha
61 p-1-0H ors__ 4 ~[—Ph
- CH,CI |
67 88
Ts0 0Ts

£2 +— = HO*I\VJ\V/\M/NHCOZCHB

— HO—1- H 1
| Ph

|
Ph  CO,CH3 69

3. CONCLUSION

It ia evident from the results pregented in thies article that the use of
HTIB has gsimplified the syntheses of large number and a wide variety of
heterocyclic compounds including YPridgehead heterocvycles. Following
concluding remarks will further elaborate the advantages and gignificance

of thesze HTIB mediated processes
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(i) There exlsts the possibility of providing a superior replacement of
a-halogenoketones, very commonly and widely used precursors particularly
in heterocyclic compounds and in organic synthesis in general, by
a-tosyloxyketones (Part A).

{ii) Experimentation generally involves one pot aimple procedurea and
vields of the products are mostly better than the existing methods. A
further modification from our lab. simplifying the experimental procedure
conslats of the generation of HTIB in situ by adding a sclution of 4-Ta0H
in CH.CN to a suaspension of iodobenzene diacetate in CH_CN.

3 k|
(iii) Some of the thallium ({III) salts (highly toxic reagents) based

ayntheses can alao safely be done by using I(I1I1I1) reagent. Further work
in this regard ia atill demanded.

(iv) lodobenzene produced quantitatively in all experiments can be
recycled to hypervalent iodine reagents.

(v} The new syntheses based on HTIB reagent are quite general, But some
exceptions of failure have also been noted. This again reveals the
necessalty of further investigations to study the full scope ¢f the newly
discloged reactions and obgervations dealing with comparative reactivity
of ao-tosyloxyketones and a-halogenoketones. Initial qualitative data on
the reactiona done 30 far indicate that the reactivity of TK ia slower
than HK. Thus, it ia hoped that further studies on the reactivity pattern
and scope of the reaction will =sclve many sgsynthetic and mechanistic
problems of this area. A particular attention sashould be directed to
extend the zimilar technique for the synthesjis of heterocyclic derivatives
with certain structural variations needed for medicinal and biological
activitles.
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