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Summary

Progress in generating and applying twe important organotin reactive species for organic
synthesis is reported. - $Stannyl radicals Rasn', at present the most used tools for free
radical synthesis of complicated target molecules, are generally obtained from the hydrides
RSSnH. In a number of cases, however, this is a drawback because of the high radical
scavenging power of the latter. New ways of generating RESn‘, decoupling them from the
presence of Rasni-i, are developed and discussed: the sponianeous thermal dissociation of
distannanes with bulky substituents, the thermal fragmentation of bisstannyl benzpinacels,
the ketone sensitized mild photolysis of simple distannanes, and the mild photolysis of
benzyltin compounds such as 9-stannyl-3,10-dihydre anthracene. Exemples of advantageous
applications, alse in combination with adjusted H donors, are given. - Stannyl cations
R35n+ are used as superior leaving groups in elecirophilic aromatic ipso substitutien.
Examples for their application under very mild conditions include the considerable
broadening of the scope of the Friedel-Crafis acylation, the Vilsmeier [formylation,
sulfinations, and sulfonations. The directing influence of certain other substituents can be
overcome by this ipso substitution.

Introduction
Organcotin chemistry is one of the oldest [ields in organometallic chemistry, and a well
developed one. After a period in which preparative aspects dominated, mechanistic studies
carried out after 1960 revealed that both polar and free radical reactions can easily be
effected using organotin compounds4).
in the last few years {ree radical reactions have playved an important and rapidly
increasing part in organic synthesis, no longer mainly in polymerization, but especially for
the synthesis of complicated target molecules, often biomolecules. The most used reactive
intermediates in doing sc are stannyl radicals, mainly Bu3Sn'; dehalogenations of organic
chlerides, bromides, and iodides, and alsc additions io alkenes, dienes, and alkynes are
carried out by using them. A main advantage is offered, when the intermediate radicals
generated by these routes can undergo desired intra- or intermolecular additions,
cycloadditions, or rearrangements before a final stabilizetion, very often by H donation.
Thus, multistep regio-, stereo-, and enantioselective syntheses could be successfully carried
out in one-pot procedures with high yields, often by clever handling of the kinetics. Receni
and comprehensive reviews are availableS‘ﬁ)
951
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This present boom 1in the applications of stannyl radicals has ancther surprising
aspect: the incubation time was a considerable one since the basic organotin radical che-

misiry leading to it was investigsted thoroughly not less than about 25 years agoq:)
First Use of Radicals RySn

R'-Hal * RS  ——  RySn-Hal + R

HE Kuivila et ol 1962
ZC=CI  + RS0 —_ ~C-C:
1
R:Sn
WP Neumann et al. 1961

Mostly used: Me;Sn’, Et,Sn’, Bu,Sn’, PhSn°

On the other hand, polar and even ionic reaciions involving organotin compounds did
not receive such spectacular attention in recent years. Many applications for synthesis have
however alsc been reported. Interesting aspects for the future are offered by the stannyl
cations RBSn+, strongly solvated or in the form of contact ion pairs. Again, these aspecis
are traced by early work, e. g. of C. Eaborn et 31.7'8).

A third group of reactive organciin intermediates, the stannylenes RZSn, have also
received increasing =zttention recently with regard to both mechanistic and synthetic

aspectsg), but is not treated in the present article,

Part 1. New Ways of Generating Stannyl Radicals

At present, in nearly every case of synthetic application of stanny! radicals, these are
generated [rom hydrides, mostly BuSSn-H, which also act in the same reaction as strong H
donors®®, Since this activity is very high (k ~ 2-590 108w~ 1s™1)5),
radical is sometimes trapped before the desired addition or rearrangemeni mentioned above

the intermediate C

essential for the synthesis envisaged can occur. In @& number of cases, the problems can be
diminished or avoided by clever application of kinetics such as use of a large excess of
one partner, syringe techniques, or extreme dilution. But in other ecases the hydrogen

abstraction is still too fast, as in the following two examp}esm"u}:

Bu,SnH, AIBN
€O, 1Bu

d
€0 18y
0ozZM 0% 50 %

MO facii uf ol foe? COBM  50% 5%

2-10 s

By, ShH, Al
MBF —-lw—m_”“ C) + v e

03SSM 56 : 4B
Ch Woling @ W72 0OWM 92 ]

Substantial loss of yield, undesired by-products, more complicated workup and purification
have to be tolerated in cases like these.
In other exampilses, tin hydrides cannot be applied at all, e. g. in the elegani alkyl-

vinyl iodide chain reactions”™ ' :
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L R R
BuSe 5 :f),ce,m
Rﬁgd\.} N chzue ‘::m-m:m ér'mz’“’ *
B ot
0 Rluron of ol 1987 E/Ze3

Haere, the stannyl radicals are generaled photolytically from hexabutyldistannane, This

seems obvicus, snd is preferred, too, in many cases of spectroscopic work. But, for

preparative work severe drawbacks may occur because of

a} the short-wave UV absorption of the distannanes needing hard UV irradiation absorbed
also by most of the organic species ip be reacied, and present in the mixture,

b} C-5n splitting besides the desired Sn-Sn splitting (DSn-Sn > DC*Sn) leading to undesired

side and following reactions, and pruductsu}:

Photoreactions of R,5n-5nR,

R,5n-5nR, 1% [R_Sn-5nR,| ™ kas 2R, S

+2R'Hal
lkn "2R‘l_,za35nm;

ReMe:koky  RySN-SnR; 4R/ (R, Sni, +R-R efc.
R=Et ke, ‘Rls"zlsnz ReEL.Bu.....
R, Sn+{[R,Sn), , RaMe

A nesd for independent ways of generating radieals Rssn‘ is thus present, decoupling
them from the inhereni presence of tin hydrides. Three possibilities will bs discussed.

1.1 Hexsorganodistannanes with Bulky Substituents

Bulky aryl residues have begen used in this %aboratorym), to lower the dissociation enthal-
py D of the Sn-5n bond, and therefore to lower the temperature of the {now spontaneous
and reversible} disscciation, aveiding the necessity for irradiation:

R,Sn-5nR; == 2R,Sn-

U
T B goleoatmall Fomoty e €f ks
Rz & > 230Cidec) | 280 128
pittingt
MGz 180 w2 | owe
B ,
Et-@g 3 00 27 82 2 %6 |ig-20m8
iPr
r z 200 8541 -
@

The reseotivity of these bulky stannyl radicals is sufficiently high towards non-bulky
molecules, ®. g, for halogen ahstraction. The desired reaction can be then completed by
addition of an H-donor of adjusted strength and concentration, such as THF or cumene,
leaving enough time for the intermediate C radical to, for example, oyclize.

For example, the tris{triethylphenyl)stannyl radical whose ESR signal appears in the
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solution of the distannane above 100 °C, reacts completely at 140 °C in o-xylene with
f-bromo-1-hexene (which gives unsatisfactory results with Buﬁsnﬁln as mentioned above)
vielding exclusively the desired ring closure to methyl cyclopentane, after 3.5 hrs; neo
hexene-1 is formed (GLC). Besides, an excess of bromohexene no longer has to be used,
which facilitstes the workup. As another test reaction, the elegant Fformal addition of an
alkane to an oiefinM} conld be effected by the same stannyl radical using 1-bromohexane
and acrylonitrile to pive l-cyanooctane.

1.2 Bisstannyl Pinacels and O-Stannyl Ketyls

The bis-trimethylstanny] benzpinacol is prepared conveniently from benzophenone and the
distannane, and can easily be stored for use. Upon warming it is split reversibly into
stannyl ketyls, bui irreversibly intc benzophenone and stannyl radicals (giving distannane
in the absence of reactive partners) above 60 °C (better at 100 "C)ls . Typical reactions of
stannyl radicals are obtained in the presence of appropriate partners, surprisingly often al

low temperatures or even exothermally:

.

+1, &0y 2 Me,Sn-l
quant,
+2 Br-CCl, &2y, 2 Me,Sn-Br + CLC-CO,
[2‘3 Br =Ma [N-SnMe,+ MeSn-r
+ o | e’ + -
f Eo‘o 0% 0%
¢ Br-CH-CH~Br ZXs H,Co=CH, + 2 Me,Sn~Br
>00%

+ Br-CH=CH-Br =X, HC=CH < 2 Me Sn-8r
%

Ph,C~CPh,
«2Ph,Gs0
Me;SnO“OSnMeJ c0{TR0 moy Me,_‘s:’g‘:@-csm%
w{K0"C
20¢
* Ph-CO~00-CO—Ph 22y 2 Ph~CO~0SnMe, * CT,
2 Ph 0= X% 0%
* Me Sn-SnMe,

+ Ph=N=N-Ph --—; Ph- N(SnMel NiSnbe, IPh
Hm;drtmr s

+ Ph,L=CH—COPh,{CHO)

2 [Ph,C=CH-0 e Ph,C-CHOI {50 2 Ph,C=CH-OSnMe |

UPentiing 1588

i can be concluded that in many cases the partners atiack the bisstannyl benz-
pinacol directly, the latter acting as a stabilized {(Ycanned"), easily available stannyl
radical. This versatile source can be used [or synthesis, also in combination with H donors

163. Stannyl radicals of this origin have also

17

of appropriate strength such as cumene or THF
been applied very recently for additions to CSN groups

If a thermal procedure for the generation of stannyl radiecals under mild conditions is
praferred, the bisstannyl benzpinacol described is of advantage. The corresponding
tributylstannyl derivative, which could be of interest because of the lower toxicity of
tributyltin compounds compared with the trimethyl ones, and because of the precuraors
available technically on a large scale, is however hard to prepare by the same route [rom
benzophenone and hexabutyldistannane.

1f a mild photochemical methed for the generation of stannyl radicals can be
accepted, no isolation of the bisstannyl pinacol is necessary. First we irradiated a solution
of benzophenone (ictal absorption <380 nm, B, = &9 kecal/mol), ithe distannane, and the
compound to be attacked by stannyl radicals. If an H donor is necessary, it can be
admixed (e. g. THF or cumene). After some time we observed a depusit of free benzpinacol
on the wall of the flasgk.
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The best
80 kcal/mol),
but
triplet acetone

procedure, we think, is the use of acetone {(lotal abserption < 330 nm, ET =
perhaps as solvent, Also A = 350 nm is
is not formed, but the
reacts easily with the distannane via an SH2 mechanism to give the desired
radicals without C-Sn  splitting or side the
short-wave length irradiation of the distannane alone, as mentioned above:

and an irradiation at 300 nm.

effective, needs more time. The unstable bisstannyl pinacs}

stannyl smoothly,

reactiong known from

Me,C=0" + R,Sn—SnR, =2 Me,C-OSNR, + R;Sn’
%{R,Sn0} Me, C—CMe, [0SR ) ';%IE' Me, L=+ R Sr

Thus the acetone is a sensitizer for the smooth and complete transformation of the disian-
nane into 2 Rasn radicals. We checked their preparative use by the following two model

953

systems:

Me.CO Yield %l
RS acr 5
3|n + RBr texs) -ﬂ’f‘i;-",,—:?ﬁﬂ"’—‘r R,Sn-Br RgSny Solvent R,ySnBr
RaSn 2 1B, n0e. Al 00 |hewne| 2-13
S 05 | hexane | 42-81
750 }ocetone] 100
R.Sn )
I+ 2HCEC-By e R,SnHC=CHBu Yiekdix}
R.5n Adduct
? 05 |pentane| 26
L0 locetone} 40
3p | e | 95

In the former case, hoth the distannane and the alkyl bromide react guantitatively when

acetone iz used as the sclvent.

The laiter shows the satisfying hydrostannaiion of a
non-activated alkyne, and the importance of the nature of the H donor.

1.3 Stanny! Radicals from Benzylic Precursors

Based on the low dissociation enthalpy of RBSn-benzyl and R3Sn—allyl compounds”. and the
easy splitting off of RSSn radicals during irradiation at the absorption wavelength of the
n-system, we looked for relaled derivatives with longer wavelengths and/or more intense

absorption, As a test reaction the hydrostannation of 1-hexyne has been usedz) and THF as
the H donator:

20 - @,SnMe:, hv. THF
Tih,95%
c G
5 A
F
154 £ @’an's"”es h¥ THE
2h,70%
[
BuCsCH + CH,-SnMe, — BuCH=CHSnMe
104 I THE EfL = 31
ca006M
;ﬁven!: H Sf?MQa
ﬂvs- ICXOTe
e THE
k - @.@ Zh 6%
HH
] 1 1 -1
300 30 400 450 nm

As can be seen. the a-trialkylstannylmethyl naphthalene E needs, under the same condi-
tions, only one fourth of the irradiation time of F for a2 comparable yield, but 9-trialkyl-
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stannyl!-9,10~dihydroanthracene A works even hetter, as to be expected from its longer-wave
length absorption {;\max = 288 nm} with the remarkable tailing up ito 400 nm {see abovelat
a preparatively realistic concentration. 4 soft irradiation at 350-400 nm is sufficient to
cleave A, allowing the presence of almost all of the organic reaection partners te be
considered here as partners for RSSn'. In the following test reactions, different H donors
and sources for RBSn' are used. Again, A is the most promising.

CH,-SnMe, hy, THE
OIO)  + HC=CHeN Me,SnCH,-CH,CN
hy 0%
CHyBr Initlib. cy
a4 =¥ tanrdhy.) 8 18
H SnMe, : 0%
QL0 -
HH

v THE 3R
HLC=CHON 50300 Me SnCH,-CH.ON
60 %

This encouraged us to try to resolve certain of the problems left by the application of
hydrides B33n~}{ because of the very rapid hydrogen abstraction (see above). Whereas
6-bromo-1-hexene gava, with BugSn-H, considerable amounts of the undesired l-hexene C be-
sides the expected ring closure product Ell), A in combination with THF as an H donor
gave a good yield of B, and a relation B/C better than $9/1. Moreover, no or only a slight
excess of the bromohexene had to be used, in contrast to the 2-10 fold excess neocessary

earlier. This seems encouraging for a wider use of this source A for stannyl radical
generation:

il " rw(asnnml (5 " O
D

8 g
(Al | (RBY] | solvent yield%I8 C O |rotio B/C
010 | 0150 | benzene & 0 0 10040
005 | 0075 | THFIOC B8 <1 <2| »99N
oM 0081} THF 73 d <2 >89/1

Part 2. Stannyl Calions as Leaving Groups in Elecirophilic Aromatic Ipso Substitutions
A few years ago we required cyclohexyliin tribromide. Net having been able to reproduce

the reports in the literaturs, we succeded finally in its preparation starting from triphenyl
cyelohexyltin, and realized that this is in fact an slectrophilic ipsc substitution of the
stannyl group by bromine, the stannyl group proving to be a powerful leaving group
rendering superfluous any catalyst in ithis case:
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Electrophilic Ipse - Substitution of Aromatics

PhSnCl + @-Mg&r —_— leaSn—@ IO T

78% {H)=Snbr, 4mrmrn a;s:»«@«-—sﬁh,&:-@

bp. ROC/007 Torr

There are several reports on analogous electrophilic replacements of stannyl groups at an

aromatic moiety scattersd in the literature, beginning with C. Eaborn's wark’{’m.

However,
neither a sysiematic investigation on this tvpe of reaction exists nor, to our knowledge, a
review., So we lovked for further applivations, especially since aryliin compounds are now

accessible more easily than befnre7 18- 24)

Preporation of Ar-SnR4

mgnam
Ar~tgl =22y Are Ar-1i Bl AreH
~Hal ’ “BH D Conboch 180
£ Eaborn 1969 i D ]
R, Sablol
Ar-Hal _ pem .R,s,,, Ar-OTH u%‘-’-; Ar-OH
WG Kulvile 1577 1K Stitte 1987
~MHat
Ar=5nR,
Sﬂ&Jg _ SDBU:,

= cu Py0iErl
W T e T 3!

(o) 3. Fluming 1985
L e, KX,
ROOC “*  Rooc

SniR,

6. Mimbert W86

Thus, the Friedel-Crafis acylation can be carried out aven at -30 °C within 30 min,
the acceleration being >102. The o,p-directing activity of a Me group is overcome by the
potent m—R3Sn leaving group (R = Me or Bu}: the m-acyl derivaiive is obtained in a naw
regioseleciive way by ipsc subsiitution. Even the disactivated chlorobenzene reacts > 60
times faster than toluene, with R3Sn as the leaving group. A few examples will illustrate
this application:
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Tin - Medioted Friedel - Crafts Acylation

Overoll
SnMe, o Reg#? Isolated Yietd
& . e
oot Ao, @ 5%
Me Hemer O Me
SnMe, R‘C’%-mw 3 R\C,O
Ph 8538 .
Me Me
Me
SnMe, Buses0 1Bu

[s] 97:23
QL - mec e e - Ohve-co amm
Me ] ' mele: 94

pare € meta: 85 poro:1S

SnMe, R"'C*’o
]
# ACL, G, R=Me 60%
@ + R-C_ LT @ 160 Ph 40%
= 1
cl Reeph © a

The Vilsmeier formylation, though accepted as "the most common method for the formylation
of aromatic rlngs"ZS), has until now been restricted to highly activated species such as
amines and phenols. However, using the stannyl-mediated ipso substitution, benzene itselfl
reacls at room temperature, and also the disactivated chlorobenzene, and a regioselective

meta formylation with respect to a Me group is easily carried out, too:

Tin - Mediated Vilsmeier - Formylation

Ha .50
SnMe, Ph, o c®
@—R o Nt e @—R + MeSnCl
Me H
Substituent R | H {p-Me |m-Me jp-OMejo-Oie| p-Cl |
Yield 1%] I's6 | 70| =5 {9 [7]10]

Besides the halogenation mentioned above {(cbtained without a catalyst like AlHals),
other examples include the smoocth reaction with 502 or 803 giving the stannylesters of aryl
sulfinic or sulfonic acids. No acid is needed, and very mild conditions can be used. This
route also seems promising for other ipso substitutions.

Tin - Madioted Sulfination and Sulfonation

GQSfO—SﬂRa
R + S0, (Gas)

& ,c; @-— R quont
R = Me, Bu

R = H, m-Me, p-Me, o-Et, p-Et, meOMe, p-OMe. 2, Lﬁ-He,

SnR,

an93 0'@ g~ QO SﬂM83

@—R’ + 50, C-Cl @— quant.

R'= i, m-Me, p-Ma, o-Ef, m-0Me, 2.L6-Me,
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The stannyl group in these reactions evidently acis as a potent leaving group superi-
or to hydrogen by several powers of 10. In addition, it seems io increase the overall
n-electron density of the aromatic nucleus enhancing the formation of a2 n complex which
might precede the ipso substitution. Lastly, it may form an intermediate complex with the
reagenis conigining n elecirons via pentacoordination at the tin, thus promoting the
substitutiongs).

Acknowledgements

K. M. B. is grateful to the Government of Canada for the NSERC Postdoctoral Fellowship, U.
K. for the Posigraduate Fellowship of the Studienstiftung des Deutschen Volkes. The work
has been supported by the Fonds der Chemischen Industrie.

Experimental Section

All experimenis have been carried out under dry welding argon as protective gas.

Part 1:

Hexakis(2,4,6-triethylphenyl)distannane was prepared following rel‘.lm. Preparation of bhis-

{irimethylstannyllbenzpinacol and its typical reactions are carried out according to ref.m}.
The irradiations were carried out in a Rayonet Reactor RPR 100, Southern New England

Ultraviolet Comp,, Hamden, CT/USA at 500 nm {lamps RPR-3000 A) or at 350 nm (lamps

RPR-3500 A} in Duran or Pyrex Schlenk tubes or NMR iubes.

Acetone~-Sensitized Photolysis of Distannanes. - A 0.1 M solution of Me68n2 or Bu55n2 and 5

mol/mol alkyl bremide R'Br (R' = tBu, nOc, All} in a hexane/acetone mixiure 1/1 is

irradiated at 300 nm. After 30-240 min, dependent on the kind of tube, the distannane has -

disappeared {titration with szbenzene), and > 58% of Me SnBir or BuSSnBr are found (GLC),
as well as a mixture of the products from the alkyl radical: alkane/alkene/dimer. The same
result is obtained with distannane: nOcBr = 1:2. The irradiation time is 8§ times longer for\
= 35G nm.,

Hydrostannation. - A 3 fold excess of l-hexyne is added to a 0.1 M solution of R65n2 in
THF/acetone 1/1. Irradiation of the mixture at 300 nm for 1 h yields i-trialkylstannyl-
l-hexene quantitatively {(GLC), Z:E ~ 1:3.

9-Trimethylstannyl-9, 10-dihydroanthracene A. - 0.15 mol of BuLi in hexane are added
dropwise to 18.0 g (0.1 wmol) 8,10-dihydrosnthracene in 250 mL of Et;,0 at 0°C.  After
stirring overnight, the mixture is added slowly to 30.0 g (0.15 mol} of MeganI in 100 mL

ELZO at 0°C. After agueous workup, the product is separated [rom anthracene by dissolving
it in 50 mL CHCIS. Recrysiallization from EtOH yields 47% of A, m. p. = 1038°C {slightly
contaminated by anthracene). The analytical and spectral data confirm the structure.
Reaction of A with 6&-bromo-l-hexene. - A 0.11 M THF solution of A, 1.5 mol/mol of the
bromchexene and 3% n-octane {as internal standard for the GLC) are irradiated at 350 nm.
After 20 h, 88% of B, 0.8% of C, and 2% of D are obtained (GLZ).

Part 2:

Acylations. - 20 mmol of the stannane in 10 mL dry CH2C12 are added to a stirred solution
of 30 mmol Alm3 and 30 mmol acy!l chloride in 20 mL dry CH2C12 at -30°C. The mixture is
stirred for £ h, warmed to 20°C and hydrolysed by adding it to 50 g ice. The aqueous
phase is extracted twice with 10 mlL CHzclz. The combined organic layers are dried with

sodium sulfate and the solvent is evaporated. The residue is distilled =at 15 torr to yield
the corresponding ketone, whose isomer distribution is determined by GLC.

Formylations. - The mixture of 30 mmol PQC13, 10 mmol of the stannane and 30 mmol
N-phenyl-N-methylformamide is heated to 70°C for 3 h, then hydrolysed hy 25 g ice and
adjusted to pH 6 by adding 16% NaOH/water, The aqueous layer is exiracied three times
with 20 mL ether. The combined arganic layers are dried with sodium sulfate, evaporated
and fractionated at 15 torr.

959
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Suifinations. - Dry 50, is bubbled t.hrough 10 mmol of the stannane in § ml of dry CH lz
at 20°C until the reaction is complete { H NMR). The solvent is removed at 15 torr and the
mly residue is taken up in CDCI Structure aand vield of the product are determined by

C NMR R = Me, R' = 3-Me: H NMR (CH Clz) § 0.80 (s, 9, ZJHS = 70 Hz), 2.50 (s,

any; Yo numr (CpCly} 61.5 {a, Jc gy = 521 Hz), 21.3 (ak: Wis, " Rmg (CDCly) & + 18.0,

K = Ms, R' = 4-OMe: lﬂ NMR (CH,CL)) § 0.70 (s, 9H, 2JH gy = 70 Hz), 3.95 (s, ay; %
NMR (CDCI3) § 1.4 (q, C Sn = 523 Hz) 55.2 (q). Selected,values.

Sulfonations. - 10 mmol of the stannane are added to a solution of 11 mmol 503 {prepared
by heating 65% oleum) in dry CCl at 20°C, The mixture is refluxed for 1- 2 h. The produgt
is isolated by evaporation of the solvent. Spectiroscopic determmatwn by H and 13C NMR.
R = H: ' NMR (CH Cly) € 0.70 (s, 5H, %1y g = 88 Hz); %C NMR (DMSO) & 1.9 (g, ]'JC o ©
511 Hz). R = 3~Me: H NMR (CH Cl ) 60.65’(5. 9H, 23H sn = 69 Hez), 2.83 (s, 8H); 3 NMR
(DMSO) 6 {q, I g, = 509 M), 205 (a). Selected valuon.
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