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Abstract

This autoreview covers our results on systematic studies of the pheno-
menon of competitive covalent binding of nucleofugic anions with the
focus of synthetic application and design of novel reagents and
reactions.

L Introduction

Many electrophilic organic processes were formulated as included some ionic interme-
diates. The classical example is the concept of cyclic “onium ion” intermediate in Adg ad-
dition to C=C bond [e.g. “bromonium ion” of Roberts and Kimball (1)]. However, in many
cases the intermediacy of pure ijons is not acceptable, and real mechanism has to include
sort of fon-pair intermediates [see (2-9) and refs therein].

One important question may be posed : is this subtle mechanistic difference important
for synthetic purposes? In other words, is it possible to use this mechanistic difference for
design of new processes? Our answers was definitely positive and we created the “doping-ad-
dition” methodology to regulate chemoselectivity of Adg-reactions (2-4).

The electrophilic addition of RSCI to alkenes was selected as reliable model reaction.

ArS,
ArsCl + C=C —» c—C it
Cl 1
It is two-step Adg2-reaction regarded as involving the initial formation of episulfoni-
um ion, 1. In a view of this concept it was surprising that this reaction usually proceeds (a)
without incorporation of external nucleophiles (reaction can be performed in CH3;COOH
and CH3CN), (b) without skeletal rearrangements (4).

One may imagine that other type of intermediates, 2-4, can be involved (Chart 1).

Chart 2
Principle of “Doping Addition” :
Chart 1. st 5 ion pair more polar ion(pair)
) _ ar X—Y "9 intermediate =) intermediate
Cl + |
Tt = . salt (electrolyte)
C\ ~R C\ R C(I\R C‘\{Z\R C—=C nuclcofuiic anion
4 3 2 1 normal rearranged

\j

trans-addition product/s

increasing of electrophilicity

Is it possible to change effective electrophilicity of RSCI by an appropriate change of
the reaction conditions? The ion 1 represents the limiting case of the most electrophilic of
all other species. Hence, the change of the effective electrophilicity of RSCI1 with a change in
the polarity of media is a test for the involvement of some less polar intermediates of type 2-
4. Thus, we have suggested the idea of “doping effect” : substantially increasing of the effec-
tive electrophilicity of RSCl when the reaction is carried out in the presence of strong
electrolyte, usually LiClO4 (2,4,7).
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It became possible to obtain products of incorporation of the external nucleophiles

RS RS

SHicoos CH,CO0H \
+ S . T
C—C\ L Cl 0, C=C + RSCl1 —(‘\Cl
RS RS
\C—-C <HaCN C=C + RSCl M. \C
\ LiClO, \
HCOCH, cl

of skeletal rearrangements (Chart 3), of hydride shifts etc (2,6,8).

RS

Chart 3 {S .
cr

ey
LiCIO, (

CI___'
/ AcOf-) ' + !
Ac \

In 1978 we serendipitously found (in the course of our study of “doping addition”) an
astonishing phenomenon : the addition of (2-nitrophenyl)sulfenyl chloride to the diester
(Chart 4) in acetic acid in the presence LiClO4 gave the perchlorates together with other
products (9). This fact is amazing : ClO4 plays the role of a nucleophile which can succes-
sfully compete with the chloride ion and even with the solvent.

+

-
0

7

Chart 4
+Rsqy SO0 OA%.
LiCIO, +
R = COOMe R'
20%
RS
perchlorates :
* 03CIO 16% ylel%s
mp. 124

Extention of this work has shown that competitive covalent binding of nucleofugal
anions (CF3805°, ClO4, FSO5") is the general phenomenon in the processes including
carbocationic-like intermediates/transition state. This phenomenon has extensive
theoretical and synthetic applications and ramifications (6,9-29).

© 1996 IUPAC, Pure and Applied Chemistry 68, 881-890



Reagents of iodine(+m) and sulfur 883

I. Phenomenon of Competitive Nucleophilic Properties of Nucleofugic
Anions : Synthetic Application.

This chapter contains selected examples of the novel reactions which were found on
the basis of the above phenomenon.

(a) Electrophilic addition to olefins (10,13).

CBy=CH, +Hal, + Liclo, ——=  J2CHaFel [ o, —crhal
3

CHZ—-CHZCI LIOSOZCF 3 CH2=CH2 + Clz _L_I.M, CHZ’CHzCl

SO,CF; SO.F

CH,=CH, + NO,BF, + LiClo, —» CZI126CH2N02
3

(b) Deamination of amines (11,14).

n- C;H;sNH, + NaNO, :i?él(i n-C;H;zOH + n-C;H,;0CIO; + CsH;;CH~CH,
ClO;
HX = HCI, HOAc, HCIO, S = H,0, AcOH, Et,0

(c) Chilorinolysis of arylsulfides (15).
SAr OClO; OClO, Cl
O/ + Cl, + LiClIOy —> ' +O: +U
Cy "Cl Cl "Cl
(6%)

(d) Oxidative deiodination of iodides (11,12,16).

CHyl + Cly + CFySO; BuN* —=5> CH;0SO,CF; + CHCl

n"CsHl;;I + H:[O4 + LlClO4 _— C6H13OC103 (50%)

CH,l, + NO,BF, + LiClo, — CH{

e

+ oxidant + LiClOy —*
0,CIO

oxidant = Cl;, NO,BF,, PhI(OAc),

\ 1 \ fast #
—/C—I +clp, = ['}C—‘Iaz ] ooy [03C10-"-"':.',J3"<--------IClz]
(e) Deoxygenation of alkohols (17).

Clo,

RCl <—— ROH +Cl, + S ROCIO;
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(f) Acid-catalysed epoxide ring opening (14,18).
RCH\—,CHZ + HX + LiCIO, RCH—-CH,0CIO; + RCH—CH,OH
0] H ClO4

R = H, CH,
OH

Oo + CF,COOH + LiClIO, —>
"0ClO;

AcO AcQ
R
. H* R R
+ LiClIO4 + AcgO —» 03CI0 +
R = R

0CIO;

—CH CH,—CH,—OCIO
o4 NogBR, + Liclo, —2CFL.e [N 3
»e MOt osge

OCIO,

Oo + NO,BF, + LiCIO, _1\205_?&, (60%)
“ONO,

(8) Reactions of iodine(I1I) reagents with olefins.
(1.) (19,20).

OTs OCIO;
O + PhI(OH)OTs + LiClO, — + O:
0CIO;

'OTs

OClO;
O + PhlIO + BF; + LiClIOy — O:
OClO;

Ph—]—O~[—Ph

(2.) (20).

(3.) Application of Zefirov’s reagent (20-24).: Ph—y-O—;—~Fh
0301(5 (5C103 Tf(B 6’I‘f

ott b O O 0,010  OCIO, 0:00103
O: 0CI0;

OT{

(4) (20,25,29).
PhIO + 2 (CH;);Si0OZ —— PhI(0Z), Z=Ti Ts
OoZ

O + PhIOZ);, —»
oY4
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(5.) lodozyl reagents O=I0SO,F and O=10S0,CF; (26-28).
HIO; + 2RSO,0H 0=I0S0O,R

wlmgbl%;&&m

CH;,CN CHaCN ocio
CCl,—CCl,—I OmI—OSO.F LlCIO4 8
68021? Cl,C=CCl, 2 ocIo
3
NaN:;
C4HQCH"CH2
C HyCH—CH,0CIO,
'Ns ClO3
(6.)
PhIO + 2 (CH3)3SiNCO — PhI(NCO), O co
REH-CHNCO [ F=h  pyyeo), — s O::
NCO CO
(7.) (29,30).
PhIO + 2 (CH3)3SiN3 - PhI(N3), OSi(i-Pr); OSiti-Pr);
+ PhI(N3)2 — é\

III. SO3-Mediated Electrophilic Addition .
As one of the ramification of the phenomenon discussed above, we elaborated novel
approach to the increasing of electrophilicity of electrophilic reagents. The general idea is the

following : SOj is capable to insertion reactions into X8+.ys- bonds, which leads to new rea-
gents (Chart 5)

Chart 5 &t 5 s -é' .. g
(@ X-Y + SO03 — [X-0SY «— X"705Y

(b) &
XC—C-Z =-—— X—OgY + C=C —» X—~-C—C-0S0;Y

Taking into account clearly pronounced nucleofugic properties of YSO,0- anions (su-
per nucleofugic for FSO3") one may expect increased polarization sufficient to design series
of novel electrophilic additions (31-40). This statement will be illustrated in this section by

selected representative examples.
O O/SP}\
— “NHCOCH;

1. S-S bond (36) :
CH,CN

PhS—SPh + SOj :BT’ [PhS—OSOZSPh]
CH,CN

CH—CH,SPh
CsH  CH=CH, CsHyy | 2

NHCOCH,
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2. N-Cl bond (32,36) :

_BCH=CH, RQNSOZOéH—CHZCI

RpN—Cl + 503 — [R,NS0,0—Ci]

l— &osozblR2 %OSOZNRZ
3. N-Se bond (35) :

SePh
O + PhseN(C2H5)2 + 803 —_— ,
“OSO,N(C,H;),

4.1. N-S bond - Addition (36) :

, R'CH=CH
R,N-SR + SO; — 2Nso,o—sa —————2» R',NSO;OCH—CH,SR
|_ ﬂgosozmzz
CH,SPh
PhSN(Csz)z
Cer.N S0, SO,N(C2Hs)z
SC=CPh
CyHgN

+ Ph—C=C—SNR, + SO3 ———

SO,NR,

s0, p%j Eb

+ Q —S- P S0 SO o
ﬂb (O = oy A

(meso and DL)
4.2. N-S bond - Aminosulfenylation (36) : Arst
d-t
C=C Y
ArSN(CH ArS—0SO,N —_—
(s + 503 — [ SN “0SO,N(CHy),
Ar ArS,
OSO;N(CHz), ~0S0,N*(CH,),
Ph Ph
O/S PhSNEt, O i PhSNMe, O/ﬁ
! SO .
"0SO,NEt, S04 " OH-" “NMe,

N M92
- o o

Me2N/\/SPh «<«+—— PhSNMe, + SO —————

,CHCH;N(CHj),
CH,=CH, + (CH3),N—S-N(CH;); + SO3:Py — S
CH,CH,N(CHj),

N(CHg), E
S
(CH,) O (CHg)z
5}‘1 . + S0;+ Py ——» (CH“)‘NVL‘Q/N
(Cﬂs)z
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5. CI-Cl bond (33) :

NQR spectra :
Cl, + SO — Cl—$-0-al 36,17 MHz ; S—CI
540 MHz; O—Cl
CH, _
CICH,~&—COOCH, ci, CHZ“/CH:, CISO,0CH,—CH,Cl
SO,Cl G*z-C'OOOCH 0
1:3 — 2% o Lo

CH, ci
CISO,0CH,—C—COOCH, @‘ O/
& "0S0,Cl

6. O-Cl bond (34) :

g CHy=CH,
CyHzO—Cl + 803 ——» CoHgO—S—0—C] | ———— CICHCH,0S0,0C,H;
O/ O CIZC%% Cl3C—CC1,0S0,0C,1;

"OC,H;
7. Xe-F bond (37) :
FXeOSO,F <—— XeFy+SO;——»  Xe(OSO,F),
lazwlz mc=ocml
FCCI,CCl,0SO,F FSO,0CFCl1—CCIFOSO,F
8.1. N-O bond: O-NO; (38) :
OSIMe3
C,H;ONO, + SO —» C,H;0S0,0"NO,* —-—-[ MmzNoz

\ CH,-CH,ONO,

SO,0C;H;

O o

C,H;ONO + SO; —» [CzH;,OSOzONO] —_

8.2. N-O bond : O-NO (39) :

0S0,0C,H;
\{{ocn-cnz
CH,CH—CHO
S0,0C,H;
9. C-F bond (40) :
o} o} <>= OSQ,F
o v aned X
¥ OSO,F CH,COCH;
[[>_/ lPPhs
CH,COCH, CH,COCH, P*Ph, OSO,F
e X
OCH;, CH;OH OSO,F CH,COCH;,
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These examples demonstrate large synthetic potential of the suggested approach.
Moreover, SOs;-activation/modification of X=Y bonds is also possible, giving extremely
interesting new reagents and reactions (20, 31); which consideration however is out of a
limit of the present paper.

IV. Reactions of Hypervalent Iodine (+III) Reagents

There has been considerable interest in I(+III) containing compounds as reagent in
organic synthesis (24).Our interest in these compounds stemmed from our discovery of the
phenomenon of competitive binding of nucleofugic anions and we discussed above some of
the I(+1II) reagents (e.g. for cis-1,2-ditosylation of olefins). Here we present additional
selected examples of the novel I(+I1I) reagents and their reactions (19,20,25,41-47).

Our main focus was the synthesis of hypervalent elements containing good nucleofugic
ligands (41) :
}é 'ﬁ + X I (III), Se (IV),
' S'( ' l Te (IV), Xe (II)

= 7

Y

as well as synthesis and application of unusual types of I(+III) compounds. For example, we
obtained unusual cyano derivatives (42) :

CN . Me,SiOTf CN
phr’ | <MESICN b0+ MegSICN —2— Phi{
“cN OTt

and suggested KICl, as versatile iodochlorinating agent (43) :

1
CHy~CH, O
clcl'lg—Cl'IzI «— KIClp ,

Cl

1) Synthesis of diaryl iodonium salts (44,45) :
"
(a) O=I—OTf + 2 ArSi(CHy); — Argl OTf

R' R
(b) R@ + O=I-0S0,F — | R. I*x-
2
CH,Cl, Arl F
(c) XeF; + CF3SO3H ——5—> [erosozcn‘s] — |Ar—1
-75°C -75°C 0S0,CF;
+ 0
Ar—I—Ar' CF;S0,0° et
Example:
[ F + +
Ar—t’ CoHDCH, Aﬂ@m,@m
| 0soCR TXO" "OTY
2) Synthesis of vinyl iodonium salts :
- +
F R I—Ar
2 |Ar—1 + R—C=CH CH”:" o= o
i 0S0,CF; -75'C TIO H

Ar= C6H5; R= C4H9, CsH", CH]OCHz, Clcﬂz; Ar = p-CH;Cqu; R= C4H9, CgH", CH;OCHQ

F CH,Cl, .
2 om—@—li + @—bC—Si(CHs)a — I NO,
Tt -780¢ o=d

© 1996 IUPAC, Pure and Applied Chemistry 68, 881-890
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3) General approach to C-C bond formation (41,46,47) :

N
h,,. _ ) / n,
-:C' + /$+5 X —» —\C—-E —_— —\C— — + E:
/ ISy oy /N 7
(a) Synthesis of 1,4-diketones :
OSiMey t oF 0
e g £
CH, 4 4 CHy-I—Ph BF,]

0 A
Ar' '/L/TAI‘ CHZ iﬁ—lMQ

<sdllieny

(b) Alkynyliodonium salts :

r o}
rn-cmcn + T
4 +
T R—C=C—IPh
R—C=CSi(CHy); + Phl=0 +HBF, ———> X"

CN X" = BFy, "OTf
R-C=CSnR; + PhI] —
oTt

OSi(CHy)3 O
+ R—C=C—IPh —>

V. Conclusion

In this paper we have attempted shortly to describe some novel reaction and reagents
created on the basis of the phenomenon of competitive covalent binding of super-weak nuc-
leophiles in carbocationic processes. We has to emphasize, that the reaction discovered are
also of great theoretical significance giving a new look at the fundamental problem of nucle-
ophilicity.
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