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Abstract

Organooxotin compounds can be assembled by using various synthetic methodologies. Although in most instances, organotin oxides and
hydroxides are the preferred starting materials for preparing organooxotin compour@sp8nd cleavage reactions involving organotin
compounds also offer a rational route. This review deals with the recent progress in this area and examines various reactionsQvhere Sn
cleavage occurs. A wide range of products are accessible from this approach and these are presented in this article.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tion of the triorganotin hydroxides,#nOH, and/or its con-
densed product the bis(triorganotin)oxide.FROSNR [6].
Organotin compounds have been attracting a lot of in- On the other hand, the complete hydrolysis of diorganotin
terest in recent yeaild—4]. Most of these compounds are dihalides leads to the formation of the diorganotin oxide,
prepared, in general, by appropriate reactions involving the R,SnO. The molecular structure ob8nO depends on the
corresponding organotin halides. Thus, for example, hy- nature of the ‘R’; with substituents, such a$u or Ph the
drolytic reactions of the organotin halides themselves lead compound RSnO has a polymeric structufd. Presence of
to a wide range of product®]. Representative examples bulky substituents, such &8u or CH(SiMg), leads to the
of the fully hydrolyzed products obtained from tri-, di- and formation of six- and four-membered ring8,9] With the
monoorganotin halides are shown $theme 1Thus, the bis(trimethylsilyl)methyl substituent the incompletely con-
hydrolysis of the triorganotin halides leads to the forma- densed product JE8nOH)O is also formed. Hydrolytic re-
actions on monoorganotin trihalides leads to the formation
S _ _ . of polymeric products. The most common examplenis
Based on the talk given by VC at ICCC-36, Merida-Yucatan, Mexico, butylstannonoic acidn-BuSn(O)OH. The structure of this

July 2004. . . .
+ Corresponding author. Tel.: +91 512 2597259: compound is unk.noyvn, but based on its solid-sfdfisn
fax: +91 512 259 0007/7436. NMR chemical shift, it has been proposed to haveaiball
E-mail addressvc@iitk.ac.in (V. Chandrasekhar). cagetype of structurg4]. A discrete trinuclear compound

0010-8545/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.ccr.2005.03.028
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Table 1

Summary of products derived from various-SD cleavage reactions

Entry Substrate Product Comments Ref.

(i) Tin—phenyl cleavage reactions

1 [PhSn(O)QC-i-CzH7]n + Sn[GC-i-C3H7]a Reflux conditions [30]
i-C3H7COH

2 RIRZPSH +R3Sn RSngPRR? 1:1, 80-100C, 5h [31]

=OMe, OEt, OPr, Me, Et
=OMe, OEt, OPr, Me
R3= Et, Bu, Pr, Ph

3 RISNQCR? + HgXz + H20 [R'SN(OHYO,CR?], 1:1:1, ether or benzene, [32,33]
reflux, 4h
R!=Pr, Bu, Ph
R?=H, Me, Et
X=Cl, Br, |
Cleavage order:
Ph>Pr=Bu>> cyclohexyl
4 PhSnGCR +HgCh + H,O [SN(OHX]n 3:3:4, ether or benzene, [32,33]
reflux, 4h
R=Me, Et
5 PhSnGCMe + 8-hydroxyquinoline PhSn(8-oxyquinolinage) Excess 8-hydroxyquinoline, [32,33]
benzene, reflux
N °
O.
6 RPhSNnO + N(CHCO,H)3 ’//’O 1:1, DMF/toluene, reflux, 1 h [34]
Sn —
| R =Me,t-Bu
7 PhSn—CH-SnPh + MeCO;H (AcO)3Sn—CH-Sn(OAc) Excess MeCG@H, reflux [35]
8 PhSNOH + GH1;COH [PhSn(0)QC—-CGsH11l6 The Sn—Ph cleaved product is [36]
formed by slow hydrolysis of
PhsSNnQ,C—CsH11 during
recrystallization
Structural typedrum
_ -
O. CI) o]
9 PhSN(O)OH + GHa-1,2- @: Ssil |[EtNH 1:2:1:2, CHCN-HO, [37]
(OH), + EtsN + Me;C(OMe), 0 CI) 03 80°C, 12h
B CN 2
Ncw)\
s\ ’/ EGN’
10 PhSnG + N&[(CN)2C,Sp] + EtyN*Cl™ Na* 1:2:1, acetone—$D, 50°C, [38]
1lh
NC)\(
L N _
11 PRSnOH + C}CCOH {[Ph,SN(Q:CCCk)]20}2 See als&cheme 9 [39]

MeOH-H0, RT, 3h

The product is formed during
recrystallization of
PhsSnG,CCCk from
CCly—hexane

Structural typeladder (L3)
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Table 1 Continued

Entry Substrate Product Comments Ref.

12 PRSnOH + CkCCOH (PhSny(02CCCh)1004 See als&Gcheme 9 [39]
Benzene, reflux, 24 h
Structural typeladder (L5)

13 (PhSn)0 + CRCCOH {[PhSn(Q:CCCk)]20}2 See als@cheme 9 [39]
MeOH-H,0, RT, 3h
The product is formed during
recrystallization from
CCls-light petroleum
(30-40°C)

Structural typeladder (L1)

14 PhSnO + CkCCOH [PhSn(O)QCCCkle See als®cheme 9 [39]
Benzene, reflux, 12 h
Structural typedrum

15 Me;N(CHz)3SnPhl + PhOH MeN(CHz)3SnPh_,(OPh), n=1, 1:1, toluene, reflux, 5h [40]
n=2, 1:2, toluene, reflux, 6 h

R R
DN ES!
= /O O/S(
AN N=Z
16 MeN(CHy)3SnPh + HOCR.CR,OH Q 0 o R=H, 1:10, 150C, 5h [40]
H R R R R=Me, 1:3, 150C, 22h
RY kR R R
(\N D\
0]
O—00_ 1n//0
17 Me;N(CHz)3SnPR(OPh) + (HOCHCH,)3N /ﬁ 1:1, xylene, reflux, 24 h [40]
()
o]
O¥\N//\O'\7FO
o) 1 / 0
18 MeN(CHz)3SnPh(OPh) + (HQ.CCH,)sN \/ﬁn/ 1:1, DMF, 140°C, 1h [40]
- )
NO
L e
19 MexN(CHz)3SnPh + (HO,CCHg)sN e 1:1, DMF, 120°C, 22 h [40]
o
|
‘7”\)

20 R,SnPh + CICH,COyH R>Sn(G,CCH,CI); 1:2,160°C, 20 min [41]
R =neopentyl, Ck+SiMe;,
3,3-dimethylbutyl,
cyclohexyl
R =hexamethylene

21 PhSn+RCGH Sn[G;CR]4 See als@cheme 8 [42]

R=Me (1:70, benzene,
reflux, 25 h)

R =CMe; (1:40, reflux,
10-24h)

R =(CH,)12CHjs (1:20,
reflux, 10-24 h)

R= (CH2)14CH3 (1:6,
xylene, reflux, 10-24 h)

R =CH=CHPh (1:6, xylene,
reflux, 10-24 h)
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Table 1 Continued

Entry Substrate Product Comments Ref.
R =CH,Ph (1:6, xylene,
reflux, 10-24 h)
R =(CH,)gCH=CH, (1:6,
xylene, reflux, 10-24 h)
R=2,4,6-MgCgH> (1:4,
xylene, reflux, 10-24 h)
R=CHPh (1:6, xylene,
reflux, 10-24 h)
R =CH=CMe; (1:6, xylene,
reflux, 10-24 h)
22 PhSn + (GH11)2POH Sn[OQP(GsH11)2]4 See als@cheme 8 [42]
1:6, reflux, 10-24 h
23 PhSn+PhPOH PhSn[GPPh]3 See als@cheme 8 [42]
1:6, reflux, 10-24 h
24 PhSn +t-BuPQsH Sn[O;P(OH)+1-Buls See als&cheme 8 [42]
1:10, toluene, reflux, 10-24 h
25 PhSn +t-BuPQsH3 PhSn[GQP+-Bu][O,P(OH)+-Bu] See als&cheme 8 [42]
1:2, reflux, 10-24 h
PhZSnClz ' \
+ N F
S
\ \
X
N i N N’NYQ
26 s N \ 1:1, absolute EtOH, reflux, [43]
NN \ Z N ~~g—0 05h
N~ Q2 N / n\ .
AN HO [¢]] l Cl
Ph
Ph\ N /Ph Ph Ph ph
/Pl" \\ P~ \ R \/
Ph :\ - ;l Ph P}_\o 'S’_-\P\
27 S* k70 N/:" \Sn/ hY 1:1, toluene, reflux, 2h [44]
LK* \‘E;.__,- / | \6.___,; R=Ph, Me
+ /\ R /\ The product is formed by a
R;3SnClI PR Ph Ph Ph redistribution reaction of
R3SnL
Ph Me
P/"N\\P/ Ph Ph R Me Me
Ph=17 _ N Me \/ \/
-3l N
O i+ 70 GNZTT
28 LK* QE;ZE') /Sn\é‘;-_' Y 1:1, toluene, reflux, 2h [45]
+ /\ /\ R=Ph, Me
R;SnCl Me Me R Ph Ph The product is formed by a
redistribution reaction of
RsSnL
29 PhSn—(CH)3—-SnPh + CICH,COH [Sn—(CH)3—Snk (O2CCH;Cl)14(OH)2010 See als&cheme 10 [46]
1:6, toluene, 120C, 2d
Stirring, CH:Cl»
Repeated crystallization from
CH,Cl,—hexane
Structural typeflattened
foot-ball
30 PhSn[(CH,)2R¢]2 + CICH,COH [(CH2)2R¢]2Sn(Q:CCH,Cl)2 Excess CICHCO;H, reflux [47]
PhMeSnCl,
31 {[MeSn(HTDP)(OH)}O}*CI~ 1:1, LO-CHCE, pH=5.6, [48]

RT, 16h
Structural typeO-capped
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Table 1 Continued
Entry Substrate Product Comments Ref.
32 [MezN(CHy)3]2SnPh + ROH [MexN(CHy)3]2Sn(OR) Excess phenol, toluene, [49]
reflux, 6.5h
R =CgHs, 4t-BuCgHy,
4-NO,CgH4, 2-FGsH4
[MezN(CH2)3]2SHP
h, R
+ /o
33 R 1:1, toluene, reflux, 12h [49]
Ho | [MezN(CHz)alzsn\o R=H, OCH;
HO
[PhySnO],
+
HOZO |,
34 é/Nﬁ/ [PhSn(O)-LH} 1:1, benzene, reflux, 24 h [50]
LH,
35 MePhSnl + AgQCR {[Me2SnG:CRL,0}> 1:1, ethanol, RT, 1h [51,52]
R=Ph, CHC}
Structural typeladder (L1)
36 (PhSny0 +2,4,6-(CR)3CsH>- [PheSn(u2-OH)O,CCeH2-2,4,6-(CR)sl2 See als®cheme 11 [54]
COxH 1:2, benzene, reflux, 6 h
Crystallized from
CHCl-n-hexane
37 (PRSn)»0O/PhSnOH + CESO3H [Ph,Sn(OH)OSNPR(O3SCHR)]2 See als&Scheme 11 [55]
2:1,MeCN, RT, 1h
Crystallized from
CH,Cl»-petroleum spirit
(60-80°C)
Structural typeladder (L6)
38 PRSnCl+ GH3N(2-SH)(3-CQH) {PhSn[(GH3N)(2-S)(3-CQ)]}s See als®Bcheme 12 [56]
2:1, toluene, 90C, 1.5h
Et3N, toluene, 110C, 6h
Crystallized from EtOH
(95%) or benzene
Structural typemacrocycle
e
\Y N
n
39 PhSnCI + 8-hydroxyquinoline /; \O 1:1, EgN, benzene, reflux, [57]
o X 3.5h
I N
~
Q\ Mes Mes
{= s =gror
40 @/ Mes == I\I/Ies Release of steric strain is the [58]
n R1—@ maln.drlvmg force for this
RI-OR2 reaction

R!=H and B =0,SCHR,
1:1, CHCly, —78 to 25°C,
0.5h

R1=Me and B =0,SCHR;,
1:1, CHCly, RT, 1-6 h
R1=n-BuzSn and
R2=0,SCHR;, 1:1, GDe, RT,
1d

R!=Hand B=Me, 1:1,
CsDs, RT, 6d
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Table 1 Continued

Entry Substrate Product Comments Ref.
(i) Tin—benzyl cleavage reactions
41 (PhCh)2SnCh + AgO2P(GsH11)2 [PhCHSN(OHX O2P(CsH11)2}2]2 See als&cheme 13 [59]
1:2.5, toluene, reflux, 12 h
Structural typebutterfly
cluster
42 (PhCH)3SnCl or (PhCH)2SnCh or {[PhCH;Sn(GQ:P(OH)+-Bu),]20} 2 See alsscheme 13 [60]
(PhCH)2SNOH,0 +t-BuPO(OH) 1:2, toluene, reflux, 4-10h
Structural typetetranuclear
cage
43 (PhCH)2SnCh + AgO.CMe {[(PhCH;)SN(0)QCMe]x(PhCH)Sn(Q:,CMe) } 2 See als®cheme 14 [59]
1:2, toluene, reflux, 20 h
Crystallized from CHClI»
Structural typeladder (L5)
44 (PhCh)2SnCh + AgO2,CR [PhCHSN(O)QCR]Js See alsé&scheme 14 [59]
R =t-Bu, GH4N,
CH=CMe,, CHPh
1:2, toluene, reflux, 10 h
Structural typedrum
45 (PhCH)2SnChL + PhCQH [PhCH;Sn(0)QCPh} See als@cheme 14 [61]
1:1, EtONa/EtOH, reflux,
12-20h
Structural typedrum
(4-F-Cel4-
CH),SnCl, OCN S s N(\\)O
46 T \g\\s L7 1:2, EtOH (95%), reflux, 6h  [62]
d W=i- H Crystallized from EtOH
\_/ 5 Na* Br Br
47 [(PhCH)3SNLO + HO,CR [PhCH:SN(O)QCR]Js 1:2, benzene, reflux, 12 h [63,64]
R =CgHs, 2-CICsH4,
4-ClCgH4, 2-NO,CgHa,
3-NO,CgHa, 4-NO,CgHa,
4-OCHCgHgy, 2-C4H30,
2-C4H3S, 2-GH4N,
2-CsHy4N, 3-GsHasN,
4-CsHgN
Structural typedrum
R R Q
\Sln/\o RR Y- \(«N_H >/®N
48 (ReSnpO +4- & \\J/ S/’(/) \ 1:2, benzene, reflux, 6 h [65]
PyC(O)NH-N=C(CHz)CO,H AN "\ R R =n-Bu, GsH5CHy,
r®’<u—r«/ . 4 \R\R 0\/s|n\ 4-NCCsH4CHz
e’
(i) Tin—vinyl and tin—alkyne cleavage reactions
49 EgSn—CH=CH, + RCOH EtzSnG,CR 1:1, reflux, 1.5h [68]
R=Me, CHBr-Ch
50 ESn—CH=CH; + HSCH,CO,Et EtzSn—S—-CHCO,Et 1:3, reflux, 10h [68]
51 ESn—G=C-P(O)(OEt) + MeCOH EtzSnGQ,CMe 1:1, ether, RT, 10 min [70]
52 RISn(C=C-R)3+H,0 [(RSn)o(n—O)4(u—OH)s]-(OH)2 CH,Cly—aqueous THF or [71]

aqueous alcohol, 2@, 12h
R!=n-Bu,
(CH2)4CgH4-4-CH=CHb,
(CH2)50Ac,
(CH2)50,CCH=CHMe
R?=Me, n-Bu, Ph
Structural typefootball cage
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Table 1 Continued
Entry Substrate Product Comments Ref.
53 RISn(C=C-R?)3 + R30OH RISn(OR)3 1:3, cyclohexane, 60C, 16 h [71]
R!=Me,n-Bu
R?=Me, Ph
R®=i-Pr,i-Bu, s-Bu, CH,Ph
(iv) Tin—ethyl and tin—-methyl cleavage reactions
54 E&SnSP(OEt) + ClsCCOH Et,SN[SP(OEtY][0,CCCh] 1:1, silica gel, 100C, 5h [31]
55 E&SnO,CCCl + HS,P(OEtY Et,Sn[SP(OEtY][0,CCCh] 1:1, silica gel, 100C, 5h [31]
56 Me;SnCl+ RCQH Me>CISnG,CR Excess acid, 100C [72]
R=Me, CR, CoFs, CsF,
CR,CI, CH,Cl, CCl,
CH2Br, CHyl
57 MeySn+HOTek Me3SnOTeks 11 [73]
58 Me;Sn—-SnMg + CICH,COH Me2SnG,CCH,CI 1:10, CHC}, 35°C, 72h [74]
59 Me3Sn—CHX +n-PrOH M&Sn-On-Pr NH;z buffer inn-PrOH-H,0 [75]
8:2 viv
X=Cl, Br
SnMej;
60 C[SnMe]4+RCOH Me3Sn—C—SnMe3 1:1, CDCE, RT [76]
SnMe,(0,CCF3) R=Me, CR
+ If excess acid is used,
?nMez(OZCCFs) product is
Me3zSn—C—SnMe; Me3Sn—-C[SnMe(O2CR)}3
SnMe,(0,CCF3)
Me
Me3SnCl Me
: N
61 Q OH d o\ /0 Hydrothermal synthesis [77]
Hd o—sh  d © 1.2:1, HO—pyridine, sealed
5 0 S I\ \ tube, 130C, 48h
/ Me Me Structural typebridged
ladder
MesSnCl
+
HO O
62 X [(Me2Sn-BA), Q]2 Hydrothermal synthesis [77]
=BA-H 1.2:1, HO—pyridine, sealed
NG tube, 130°C, 48 h
Structural typeladder (L1)
2 [ 3
S 3
63 Me;SnCl + 2-NGQCgHs-1,4- ON o (l)\ OaN Hydrothermal synthesis [78]
(COzH)2 + 4,4 -bipyridine —5 /Sn\< 2:1:1, B0, sealed tube,
o | Noz 140°C, 72h
040~ Cooling 5h
J N N °© Structural typebridged
ladder (L1)
~— @ 0:_
S+
64 Mes;SnCl + diphenic Hydrothermal synthesis [78]

acid + 4,4-bipyridine

(J
<

2:1:1, B0, sealed tube,
140°C, 72h

Cooling 5h

Structural typebridged
ladder (L4)
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Table 1 Continued

Entry Substrate Product Comments Ref.
OTeF5
Me<_ cl Me
Sn/ \Sn/
65 Me&SnCl+ ClOTek or HOTeF Me™ \CI/ \Me 1:1,—-196°C to RT, 12h [79]
OTeF5
(v) Tin-butyl cleavage reactions
66 (n-BuzSn)0 +1,5-(HGS),C10Hs {n-BuzSn(OH)3[1,5-(SG)2Ci0H6] }2 See als@cheme 17 [80]
1:2, toluene, reflux, 6 h
Crystallized from
MeOH-THF
67 n-Bu,SnO + HQC-GHy—Fe—-GH4—COH Srg04(0,C-GHs—Fe—-GH4—COy)6 See als@cheme 18 [81]
Solvothermal synthesis
1:1, toluene, autoclave,
180°C, 96 h
Structural typecubic
(vi) Intramolecular neucleophile assisted Sn—C cleavage reactions
. o}
68 n-Bu,Sn [CHCH,CH, OH]» n Bu\Sn/ RT [82]
n-Bu/
Buj
S
K B
OZF\O Sp—
69 \ CDClI3 or CsDg, RT, dark [83]
R .0 R=Me, OMe
+ No solvent effect in either
16} R non-polar (CCJ, CHCl,
CgHs) or polar (MeOH)
Me3Sn----(|)‘
N&, ol
70 ""623”““3; AICl3, CH,Cla, from —20 to [84]
. 0 +60°C, 2h
MeC(O)Cl
R! R
\ R!
Ph 5'1// Br. R
0 \/ _~r .
71 y/, Ph Sh 1:1, CCL—CHsCN, RT, 1h [85]
R? \‘o R!'=Me,n-Bu
OMe / R%Z=Me, Ph
+ RZ
Br OMe
H . .
72 PRSNCHCH, CH,OH + I, Osio /1 1:1, Heating in CQ [86]
< /Sn\ 60°C for5h at 1 Torr
8 \ 4. )
. [ O
73 Sn &7 Ny Heating at 120C for 10h at [86]
\O/ 1Torr
|
E Ph
~ Ph,
\Phph \/
N R
Sln—Me ’O
74 E ! 3:4, MeOH, 50°C, 30 min 87
< - i &7
+ Fe EJI Me
HCI =
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Table 1 Continued
Entry Substrate Product Comments Ref.
75 RLSN-CH—~(CHy)n—C(O)R R ¢l Electrochemical oxidation, [88]
R \ / BusNCIO4/CH,Cly,
~~ o s
Sn 2,6-lutidine, 4A molecular
fof sieves, divided cell
N\ Work up: aqueous NaCl
n
R2 Rl=n-Bu, R=Me,n=1-3
R!=n-Bu, R=0OMe,n=1
R!=CyoHz1, RZ=Me,n=1
Ph, FPh
%, | X, Ph
phfsn“‘OH ,’l, /
Kb r™ S"-0H
-O.
76 LR 1:2, CHCly, 0°C [89]
§ 0 R=Ph, X=I; R=Ph, X=Br;
+ O\V R=X=I
X2
0 " Ph 0‘)/
;'Sﬁ‘“o»-q R O
Ph sn J
-0 / \O A "
77 Slow decomposition at RT [89]
S Q O /
4v' O Sn
o) S Y
R?
R! R R2
of
i, H
'Sn
78 g \=3<’h R 1:1, CCh, ~5°C o RT, 1h [90]

R1
2
R? R R ‘@,”"" __..-OH R! and R=H, Me
+ Sn¥)< X=Cl, Br, |
—/ “Ph

RsSn-OH RsSn-O-SnAy
R = Ph, cy-hex R = n-Bu, Ph
R R R
\S/ | H\
O/ n\o R—3Sn o R'-.Sn__-—-o-.__s£/ﬁ
(R2Sn0O)y, 1 | | |
R = Me, Et, Re—gn, __Sp—" O—Sn—R
vinyl, n-Bu, Ph / 0) Fll OH OH
Polymeric R R A= GHSIM
R = +Bu, +-Am, Mes, R = GH(SiMey), (SiMes).
CHoSiMeg, 2,4,6--PryCeHy
R OH
\S
n
o7 ™o
RSn(O)COH | |
; HO——gn sn—HR
R = Me, Et, i-Pr, n-Bu / ~
Polymeric H M
R = CH(SiMey),

Scheme 1. Organotin oxides and hydroxides in monomeric, dimeric, trimeric and polymeric forms.
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R o R o R 5
\ R VoS o\ A
H\\“‘"Isn""- R H\\\“"Isn""-o R\\\\“'Isn"-- R

d d
R (a) R (b R (c)

O—»=5p—0 O
4% \f
; B
R
A R’ ,R T |
() o—'z:;ln -— O—Sn—--— —D-—Sn'—D @]
R Y RR R W y R
H R I |
> N—3Sn—0 O
i 4~
R R
—»Sn—0 O. (9)
% = “H Ff “
R R N',—',"Sn—o o. N
H l % = “H
R R N’ >
(h) H L =
R R N/~ | \
| | \ N S5n—0
—»Sn—0 —»Sn—0 “
4% Z I? i R R
AR G—Sn—0-__O._ S (i)
4~ =~ ™H
R R :I ;

Scheme 2. Triorganotincarboxylates: discrete (a—d), macrocyclic (e) and polymeric structures (f—j).

has been isolated in the case RSn(O)+ CH(SiMe;), } {[R2SNG:CR1],0}>» occur in different types dadderstruc-
[10,11] The presence of the sterically encumbered sub- tures (L1-L4,Scheme B In each of these, a $0, four-
stituent in the latter is believed to stabilize the trimeric membered ring serves as a central core around which the re-
form. maining molecular structure is built. Dinuclear compounds

The hydrolyzed products (oxides, hydroxides and ox- {[R2SnQCR]2(n2—OH)GCR'} (R=n-Bu; R =CCl)[12]
ohydroxides) themselves serve as precursors for reac-(D1, Scheme B and [RSn(u—OH)O,CR], (R=t-Bu;
tions with various reagents, such as carboxylic, phospho- R =Me) [8] (D2, Scheme Bare formed in some instances.
nic, phosphinic or sulfonic acids. Even restricting our- Diorganotin dicarboxylates adopt monomeric structures (D3,
selves to organotin carboxylates, the diversity of the prod- Scheme B[2,4]. In the case of the reactions of RSn(O)OH
ucts formed is quite remarkable. These possibilities are and carboxylic acids, four important structural typésl 3]
summarized inSchemes 2-4The nature of the prod- are known: (i) mononuclear tricarboxylate RSaQER)3
ucts obtained depends on many factors including na- (D4); (ii) hexanuclear oxycarboxylate [RSn(Q)OR]s
ture of the organotin precursor/carboxylic acids and the also known as adrum structure; (iii) hexanuclear oxy-
stoichiometry of the reaction. Triorganotin carboxylates carboxylate{[RSn(O)QCR]2[RSn(Q:CR)3]}2 present in
[R3SNG,CR] are found in discrete, macrocylic or poly- a ladder structure (L3); (iv) trinuclear oxycarboxylate
meric structure$2,4]. Diorganotin carboxylates of the type  {[RSn(X)OCR]3(3-0)(2—OH)} (D5) (Scheme %
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Scheme 3. Diorganooxotin carboxylates: (1) ladder structures (L1-L4) for carbox{fBeEnQCR 1,0} 2; (2) discrete dinuclear structures (D1 and D2) for
carboxylate [R2SNGCR]2(pn2—OH)O,CR'} and [R.Sn(u—OH)G,CR1]2; (3) discrete mononuclear structure (D3) for carboxylat8iRQCR),.

The product diversity is considerably enhanced in the case2. Sn-Ph cleavage reactions
of the reactions between RSn(O)OH/phosphorus déigls
A wide variety of products with considerable structural di- The cleavage of SfPh bonds under the influence of
versity are realized in these reactions. Some representativestrong acids has been known for a long time and has been
examples of the organotin cages obtained in these reactionswidely used in synthesis involving organotin compounds
are shown irSchemes 5 and. @ hus, cages, such &sdder [27]. Recent examples of this reaction are illustrated by
[14], drum[15-17] cube[18,19] O-capped clustefl9,20], the selective cleavage of SRh bonds in the reaction of
butterfly cage[20,21] crown [21,22] extended cag§22], (Me3SiCHy),SnPh with HX (Scheme 7Eq. (1))[28]. In this
football cagd23,24], double-O-capped clustef®5,26] etc., reaction, the SACH,SiMe; moiety is unaffected by the ac-
are formed in these reactions. tion of the acid. The organotin dihalides (W&CH,)>SnX;

As can be seen frol8chemes 2-6he products obtained obtained in the above reaction have been utilized for hydrol-
in the reactions between organotin oxides/hydroxides and theysis reactions. Hydrochloric acid or even Sp®kas been
acid reagents result in an elaboration of the-Grbond of used for the selective cleavage of-Fth bondg29] in an
the organotin reactants. The -8B bonds are not affected. alkyl chain bridged ditin compound, BBn(CH)3SnPh
In contrast to this, a number of reactions are becoming in- (Scheme 7Egs. (2) and (3)).
creasingly known, where the S@ bond is cleaved leading Tetraphenyl tin, SnPh has been shown to undergo
to Sn-O bond formation. This review focuses on this theme exhaustive dearylation in reactions with various car-
and is presented in the following account. Summary of prod- boxylic acids or dicyclohexylphosphinic acid to afford tin
ucts derived from various Si€ cleavage reactions are given tetracarboxylates, Sng@R), or the tin tetraphosphinate,
in Table 1 Sn[G,P(CsH11)2] 4, respectively$cheme B(Table 1 Entries
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Scheme 4. Monoorganooxotin carboxylates: (1) ladder structure (L5) for the carboifiASie(O)3CR]2[RSn(GQ:CR)3] }2; (2) discrete mononuclear tricar-
boxylate (D4); (3) drum structure for the carboxylate [RSn(&3&]s; (4) trinuclear structure (D5) for the carboxyldtRSn(X)0,CR]3(j.3—O)(r2—OH)}.

21-25) [42]. A tin tetraphosphonate, Sn{©(OH)<-Bu], lar reaction conditions (benzene, reflux) leads to mon-
was obtained in the reaction of SnPtith t-butylphosphonic ~ odearylation and affords thelrum, [PhSn(O)QCCls]s
acid. However, the reaction of diphenylphosphinic acid leads (Scheme 9[39].

to a mono aryl product, PhSng®Ph)3 (Scheme B The reaction of P¥5n(CH)sSnPR with monochloro-
Triphenyltin and diphenyltin compounds have been used acetic acid Table 1 Entry 29) also leads to dearyla-
in dearylation reactions involving carboxcylic aci@s27]. tion to afford the flattened foot ball {[Sn(CH)3Snk

While use of “normal” carboxylic acids and “normal” re- [CICH2CO]14(OH)2(0)10} [46]. This reaction is believed
action conditions do not lead to dearylation, the pres- to occur in two stages. The first phase of the reaction has
ence of strong electron-withdrawing substituents on the car- been suggested to proceed by a hexa-dearylation to afford
boxylic acid facilitates dearylatioriTable 1 Entries 11-14, a hexacarboxylate. The hydrolysis of the latter affords a di-
20). Thus, the reaction of RBNOH with trichloroacetic hydroxy intermediate which is eventually transformed to the
acid in mild reaction conditions using methanol af- final product by a condensation reacti@ctheme 10

fords the expected product, £f8nQCCl3 (Scheme ¥ The influence of electron-withdrawing group(s) on
[39]. However, the latter under recrystallization condi- the reactivity of the carboxylic acids has been very
tions affords a dearylated tetrameriadder compound, dramatically demonstrated by us very recently. Thus,

{[Ph,SnG,CCl3]20}2. In contrast, the reaction of BBNOH 2,4,6-Mg-CsH,COH  reacts  with PESn—O-SnPh

with CCI3CO2H in reflux conditions, using benzene as the (toluene, reflux) to afford the normal product, viz.,
solvent, leads to double dearylation and affords the hexamericPhgSNnGQ,C—-CGsHo—-2,4,6-Mg  (Scheme 11 [53]. The lat-
ladder product, {[PhSn(O)QCClz]2[PhSn(QCCl3)3]}2. ter has been shown to possess a discrete structure, such
The reaction of P$SnO with CC,COH under simi- as that shown inScheme 2 (b). In contrast, the reac-
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Scheme 5. Monoorganooxotin phosphinates.

tion of 2,4,6-(CR)3—CsH2COH with PhgSn—O-SnPh
(under the same reaction conditions) leads to mono structure Echeme 1) (Table 1 Entry 37).

dearylation and a hydroxyl
{[2,4,6-(CR)3—-CsH2CO2]SnPIy(p2—OH)}2

(Scheme 1) (Table 1 Entry 36)[54]. The latter product

is obtained

structure in the solid-state that results from wealHc. -F
and CG-H---O intermolecular contacts. Beckmann et al. this product, all the phenyl substituents on tin are intact
have also noted that an analogous dearylation occurs in(Scheme 1P On the other hand, the reaction of 33mCl

the reaction of P§5n—O-SnPhwith triflic acid [55]. The

product obtained in this instance hasadder (L6) type of

bridged ditin compound

Another instance of reactant dependant variation of prod-

ucts is provided in the reactions of triphenyltin chloride
with “mercaptonicotinic acid”. Triphenyltin chloride reacts
also shows an interesting 3-dimensional supramolecularwith the sodium salt of 2-mercaptonicotinic acid to afford

a ditin compound by a simple metathesis reac{iosi. In

with 2-mercaptonicotinic acid in the presence offteads
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1. (MegSiCHp);SnPhy + 2 HX—————3 (Me3SiCH,),SnXs

X=Cl, Br

2. PhSSn(CHQ)HSnP%%‘-— Cl3SNn(CHy),SNCls

SnX
3. PhaSn(CH2)nSnPhg —————3 X3Sn(CHa)nSnXa
-PhSnXg

X=Cl, Br

Scheme 7. Selective dearylation reactions.
to monodearylation to afford an interesting macrocylic prod-
uct, where the doubly deprotonated 2-mercaptonicotinic

acid acts as a bridging ligandS¢heme 1p (Table 1
Entry 38).

Sn[O,P(OH)(+-Bu)]y

PhSn[O,PPhs]s Sn[O2P(CeH11)2l4

+BUPO,H,

y

PhSN[{O3P(+-Bu)}{O,(OH)P-£-Bu}]
R = Me; CMeg; (CHa)12CHg; 2,4,6-MeaCgHa; CHPhy; CH=CMe,

Scheme 8. Sn—Ph cleavage reactions of gniPider various reaction con-
ditions.

An interesting case of St€C bond cleavage reac-
tion involving Sn-cyclopentadienyl bond has been noted
[58]. Thus, the reaction of{Fe(n5—C5H4)2}28nMesz
(Mes=2,4,6-MgCgH>) with reagents, such as @&OzH
leads to the release of ring strain, cleavage of-Gn
bond and formation of a ferrocenyltin sulfonateable 1,
Entry 40).

There have been many other instances of-Fn
cleavage reactions. Prominent and representative exam-
ples of these have been summarizedTable 1 (Entries
1-39).

3. Sn—CH,Ph cleavage reactions

Debenzylation reactions offer an excellent possibil-
ity for the construction of organotin cages and clus-
ters. Recently, we have utilized the debenzylation strat-
egy for the synthesis of théetranuclear organooxotin
cage[(PhCH)2SnO(0O,P(OH)+-Bu)s]2 [60] (Scheme 1B
Accordingly, the reaction of (PhChrSnCh or (PhCh),
SnOH>0 with t-BuP(O)(OH} in boiling toluene has
been found to afford the mono debenzylated prod-
uct [(PhCH)2SnO(O,P(OH)4-Bu)4]2 in excellent yields
(Table 1 Entry 42). In this reaction, the benzyl group is elimi-
nated as toluene. Interestingly, the reaction of (PhgEnClI
with t-BuP(O)(OH)» also leads to the same product via a
double debenzylation path way. It may be noted that in
all these reactions the final product still contains one ben-
zyl group on tin. A careful investigation of these reac-
tions revealed the formation of kalf-cage intermediate,
{(PhCH)2SnO[O2P(OH)+-Bu]s} (Scheme 1B[60] The
latter has been characterized BySn and®'P NMR spec-
troscopy.

Swamy et al.[59] have also observed debenzyla-
tion in reactions involving (gH11)2P(O)OH or AgQ
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Scheme 9. Sn—Ph cleavage reactions involving the reagegOCgH.

P(GH11)2 (Scheme 1B (Table 1 Entry 41). Thus, the
reaction of (PhCH)>SnCh with AgO,P(CGsH11)2 leads to
mono debenzylation and the formation of theterfly clus-
ter, {PhCHSn(OH)[®P(CsH11)2]2}2. The latter is
transformed to theD-capped cluster{[PhCH,Sn(OH)GQ
P(GsH11)2]30} T[O2P(CsH11)2]~  upon  slow  hydrol-
ysis (Scheme 1B The core structure of thédutterfly
and O-capped clusterare shown inScheme 5 Inter-
estingly, the reaction of (PhGHbSnCh with a mix-
ture of AgOP(GHi1)2 and (GH11)2P(O)OH leads
to the formation of the mononuclear diphosphinate,
{(PhCH)2Sn[O;P(CsH11)2]2}-[(CeH11)2P(O)OHp.  The

latter is debenzylated in solution at room temperature during

the crystallization process to afford thetterfly clustef59].

An interesting transformation of the dibenzyltin dichlo-
ride has been recently reported by Zheng et al. Thus,
(PhCH)2SnChb upon reaction with C@and NaOH affords
a carbonate(—CQ;) bridgeddouble-ladder{61]. The lat-
ter can be converted into ladder or a drum depending
on the reaction conditions. The formation of teum in-
volves debenzylation. These sequences of reactions are sum-
marized inScheme 14Table 1 Entry 45). Similarly, reac-
tion of (PhCH)2SnCh with RCO,Ag (R=t-Bu, GsH4N,
CH=CMe,, CHPh) affords thedrum However, a similar
reaction with MeCQAg affords theladder (L5) product
(Scheme 1%

Allthe examples of tin—benzyl cleavage reactions are sum-
marized inTable 1(Entries 41-48).

[ CH,CI ClH,C 7]
o—J\O O)=o
6 CICH,CO,H H. H, H
Ph3Sn-CH,-CHy-CHy-SnPhg Gl CIH,C .\Sn—Cg—Cz_C?_S{' gHeC
-CgHs O\\\““ "’Hlo/&
{ \ o
) Q
0 0
L CH,CI CIH.C n
air moisture
-2 CICH,CO,H
CH,CI CIH,C
air moisture o ') d 0
-CICH,CO,H
[Sn-(CHg)3-Sn]g(CICHCO5)14(OH)20 1 ~@—————|CIH,C \ Ho Hy H» / CH,CI

O\\\'““IS”_C_C_C_ST"Wo‘§

0
HO OH 0

Scheme 10. Sn—Ph cleavage reactions involving the reagent,CIGHH.
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4. Sn-allyl cleavage and related reactions

/\ _CFs
/\/”‘-o\"\

Ph Ladder (L6)

2,4,6-(CR)3CsH2] and CRSO;H.

R3Sn-CH=CH> with X, or HX leads to the formation of
R3Sn—X with the elimination of Cl=CH—X or CH,=CH>

Allyltin compounds are among the most sensitive ones (Scheme 15[68]. In order to test the relative labilities of
in terms of SAC bond cleavage reactions. These com- allyl versus vinyl and phenyl versus vinyl groups, diorgan-

pounds are routinely used for allyl transfer reactiph§6].

otin divinyls have been subjected to reaction with. Xt

Some recent examples of allyl transfer to ketones have was observed that in the reaction involvingd®(CH=CHy)»

been effected by the use of Sn(gHCH=CH))4

or n- (R=alkyl), the vinyl group is cleaved. On the other hand, if

BuSnCI(CH—CH=CH,),. While the latter has been used R=Ph, the phenyl group is cleave8dcheme 15[68,69]
in an achiral version, the former has been used in asym-This gives a relative lability estimate of these three types of
metric synthesis to afford tertiary alcohols in 76—96% of ee substituents.

(Scheme 1p[67].

Organotin compounds containing alkynyl substituents are

Organotinvinyls are also susceptible for Sn—C bond cleav- prone to SRC bond cleavage by hydrolysis or alcoholy-

age involving the SACH=CH> group. Thus, the reaction of

sis reactiong71]. Thus, the reaction of Fn(G=C-R?)3

8
N’ t Ph N
Ph Ph \ N
\s\n\——Ph N7 QS
PR CO,N COLH I~ ]
T 2 PthnCI——SHP— S \
~ \ EtOH EtzN \ N
\/ / S\ A A
—N -~ —
\ ',’
Sn, Sf——
N N
£ ph
P

Scheme 12. Sn—Ph cleavage reactions caused by 2-mercaptonicotinic acid.
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Scheme 13. SACH,Ph cleavage reactions effected by phosphinic and phosphonic acids.

(R1=Me, n-Bu; R®=Me, Ph) with ROH (R®=i-Pr, i- the formation of a dicationic complefn-BuaSn(OHb)3[1,5-
Bu, s-Bu, CHyPh) leads to the formation of organotin (S03)2CioHe] }2 (Scheme 1y (Table 1 Entry 66)[80]. In-
trialkoxides {Table 1 Entry 53). On the other hand, its terestingly, this compound exhibits a very rich supramolec-
hydrolysis leads to the formation of a dodecanuclear ular chemistry in the solid state. Intermolecular--O
oxotin cage, [(RSn)o(n—Ona(n—OH)][OH], (Table 1 hydrogen bonding between the disulfonate counter an-

Entry 52). ion and the coordinated water molecules in the tin atoms
All the examples of these types of reactions are given in leads to the formation of a three-dimensional pillared
Table 1(Entries 49-53). structure.

Zheng et al., have observed that the reactiomBli,SNnO
with ferrocene dicarboxylic acid under solvothermal con-
5. Sn-alkyl cleavage reactions ditions [81] leads to the complete elimination of the butyl
groups on tin atoms and the formation of a mixed-valent
Tin—alkyl cleavage reactions occur mostly under force- octanuclear cage, §04(02C-GHs—Fe-GH1—CO)e
ful conditions. A number of examples involving SBH;3 (Scheme 1p(Table 1 Entry 67).
cleavage are knowj27]. These are summarized Table 1 All the reactions discussed vide supra involved aSn
(Entries 54-67). Very few examples of-Sutyl bond cleav- bond scission that is mediated by external nucleophiles. Sev-
age are known. Recently, we have observed that the reactioreral examples of SfC bond cleavage by internal nucle-
of 1,5-naphthalenedisulfonic acid witl-BusSnyO leads  ophiles are documented. These are summarizekaire 1
to the cleavage of one-Bu group on the tin atoms and (Entries 68-78).
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Scheme 14. Tin—-benzyl cleavage reactions involving carboxylic acids.
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Scheme 15. Allyl transfer reactions. Scheme 16. Vinyl and phenyl cleavage reactions.
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Scheme 17. Sn-butyl cleavage reaction involving naphthalene-1,5-disulfonic acid.
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Scheme 18. Sn—butyl cleavage reaction under hydrothermal reaction conditions.
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