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Summary 
Progress  in gene ra t ing  and app l y i ng  two impor tant  o rganot in  reac t ive  species  for o rgan ic  

s y n t h e s i s  is repor ted .  - Stannyl  r a d i c a l s  R3Sn',  a t  p resen t  the most used tools for free 

r ad i ca l  syn thes i s  of complicated t a rge t  molecules, are genera l ly  obtained from the hydr ides  

R3SnH. In a number  of cases ,  however,  th i s  is a drawback because  of the h igh  r ad ica l  

scaveng ing  power of the l a t t e r .  New ways  of gene ra t ing  R3Sn', decoupl ing them from the 

presence of R3SnH, are  developed and d i scussed :  the spontaneous  thermal  d issocia t ion  of 

d i s t a n n a n e s  with bulky s u b s t i t u e n t s ,  the thermal  f ragmenta t ion  of b i s s t a n n y l  benzpinaco ls ,  

the ketone sens i t ized  mild photo lys i s  of simple d i s t a n n a n e s ,  and the mild photo lys i s  of 

benzyl t in  compounds such as  9 - s t anny l -9 ,10 -d ihydro  an th racene .  Examples of advan tageous  

app l i c a t i ons ,  also in combination with adjus ted  H donors ,  a re  g iven .  Stannyl  ca t ions  

R3Sn + are  used as  supe r io r  l eav ing  g roups  in e lectrophi l ic  aromatic  ipso subs t i t u t i on .  

Examples for the i r  app l i ca t ion  under  very mild condi t ions  include the cons iderab le  

b roaden ing  of the scope of the Fr iedel -Craf ts  acy la t ion ,  the Vilsmeier formylat ion,  

su l f i na t i ons ,  and su l fona t ions .  The d i rec t ing  influence of ce r ta in  other  subs t i t uen t s  can be 

overcome by th i s  ipso subs t i t u t i on .  

Introduction 

Organotin chemistry is one of the oldest fields 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 
4) 

effected using organotin compounds . 

In the last few years free radical reactions have played 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 so are stannyl radicals, mainly Bu3Sn'; dehalogenations of organic 

chlorides, bromides, and iodides, and also additions to 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 stabilization, 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. Recent 

and comprehensive reviews are available 5'6). 
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952 W . P .  NEUMANN et  al. 

This p resen t  boom in the app l i ca t ions  of s t anny l  r a d i ca l s  has  another  s u r p r i s i n g  

aspect :  the incubat ion  time was a cons iderable  one since the bas ic  o rganot in  rad ica l  che- 

mistry  leading  to it was inves t iga ted  thoroughly  not less  than about  25 y e a r s  ago4): 

First Use of Radicals R3Sn" 

W - H a l  

: C : C :  

Mostly 

* R3Sn" : R3Sn-Hal * R" 
H.G. Kuivi|Q et. ai. Ig62 

+ R3Sn" , Z C - C :  
1 

R3Sn 
W,P. Neumann et, al. 1961 

used: Me3Sn'. Et3Sn'. Bu3Sn" , Ph3Sn" 

On the other  hand ,  po la r  and even ionic reac t ions  involv ing  e rganot in  compounds did 

not receive such spec t acu la r  a t tent ion in recent  y e a r s .  Many app l i ca t ions  for syn thes i s  have 

however also been repor ted .  In t e res t ing  aspec ts  for the fu ture  are offered by the s t anny l  

ca t ions  R3Sn +, s t rongly  solvated or  in the form of contact  ion p a i r s .  Again,  these  aspec ts  

are  t raced by ear ly  work,  e. g .  of C. Eaborn et a l .  7 '8 ) .  

A th i rd  group of reac t ive  organot in  in te rmedia tes ,  the s t anny lenes  R2Sn, have  a lso  

received inc reas ing  a t tent ion recent ly  with r ega r d  to both mechanis t ic  and syn the t ic  

aspec ts  9), but  is not t rea ted  in the p resen t  a r t i c le .  

Par t  1. New Ways of Generatin~ Stann~,! Radicals  

At p resen t ,  in nea r ly  every case of synthet ic  app l ica t ion  of s t anny l  r a d i c a l s ,  these are  

genera ted  from h y d r i d e s ,  mostly Bu3Sn-H, which also act in the same react ion as  s t rong  H 

donors 5 '6 ) .  Since th i s  ac t iv i ty  is very  h igh  (k ~ 2-590 106M-Is-I) 5), the intermediate  C 

r ad ica l  is  sometimes t r apped  before the des i red  addi t ion or r ea r r angemen t  mentioned above 

essen t ia l  for the syn thes i s  env isaged  can occur.  In a number of cases ,  the problems can be 

diminished or avoided by clever  appl ica t ion  of k ine t ics  such as  use of a l a rge  excess  of 

one p a r t n e r ,  sy r inge  techniques ,  or extreme di lu t ion .  But in other  cases  the hydrogen  

abs t r ac t ion  is s t i l l  too fas t ,  as in the following two examples 10'11}" 

0 - ~ '  ~ ' ~ r 4 . ~ u  SuzSnH' ~ > 

CO2tBu 
0,02 M 

MD.BoCh~ ~t =L 1987 
0.003 M 

Bu3SnH , AIBN ~ 
- - = r  as- 9e 

2-1o ex=,. 

0.355 M 5& 
Ch. Waging et o~ t972 0.016 M 92 

o•F'•co,m " o N~CO2 tsu 

2 0 %  5 0 %  
50 % 5 %  

: 46 

: 8 

Subs tan t i a l  loss  of y ie ld ,  undes i red  by -p roduc t s ,  more complicated workup and pur i f i ca t ion  

have to be tolerated in cases  like these.  

In other  examples ,  t in  hyd r ides  cannot  be appl ied  at a l l ,  e. g .  in the e legant  a l ky l -  

v inyl  iodide chain  react ions6) :  
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R-=-"~_ I ~CO~e ~a3x  I~:X~ * I ~  
15 : 1 

D. RCeCtI~ el al, T987 E/Z=$~I 

Here, the stannyl radicals are generated photolytically from hexabutyldistannane, This 

seems obvious, and 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 to be reacted, and present in the mixture, 

b) C-Sn splitting besides the desired Sn-Sn splitting (Dsn_S n > DC_Sn) leading to undesired 

side and following reactions, and productsl2): 

Ptmtoreactions of R3Sn-SnR 3 

R3Sn.SnR3 h_.% [R3Sn.SnR3l T. k.: 2 R3Sn' 
[l,~, 1.2"~ 

-2Fr[ ,) 2R3SnHol 

R=Me:k@l% R3Sn-SnR ~ ,RL-. z/n(RzSr~n, R-R etc. 
R=Et :kd, k b R=Et.Bu ....... 

w ~  

R~.S¢i+11nla2Sn)n, R=Me 

A need for independent ways of generating radicals R3Sn" is thus present, decoupling 

them from the inherent presence of tin hydrides. Three possibilities will be discussed. 

L 1,, Hexaor~anodistannanes with BulkT, Substituents 
Bulky aryl residues have been used in this laboratory 13), to lower the dissociation enthal- 

py D of the Sn-Sn bond, and therefore to lower the temperature of the (now spontaneous 

and reversible) dissociation, avoiding the necessity for irradiation: 

R3Sn-SnR3Z~-~ 2 R3Sn- 

R= ~ > 23o'c (~.) 

~ 180"C 

E, -~: :  , ,O0*C 
iPr 

iPr ~ i ' p r  ~ 20"C 

~60 
49 ±2 

27 -*2 

8,5 *1 

~ 4 

138 

92 10 0 

iPr 

r--" 
g = 2.0078 

The reactivity of these bulky stannyl radicals is sufficiently high towards non-bulky 

molecules, e. g. for halogen abstraction, 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, cyclize, 

For example, the tris(triethylphenyl)stannyl radical whose ESR signal appears in the 
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so lu t ion  of the d i s t a n n a n e  above  t00 °C, r e a c t s  complete ly  a t  140 °C in o - x y l e n e  wi th  

6 - b r o m o - l - h e x e n e  (which g i v e s  u n s a t i s f a c t o r y  r e s u l t s  with Bu3SnH 11) a s  ment ioned above)  

y i e l d i n g  e x c l u s i v e l y  the d e s i r e d  r i n g  c losu re  to methyl  c y c l o p e n t a n e ,  a f t e r  3.5 h r s ;  no 

hexene-1  i s  formed (GLC). Bes ides ,  an exces s  of bromohexene no l o n g e r  h a s  to be used ,  

which f a c i l i t a t e s  the  workup .  As a no the r  t e s t  r e a c t i o n ,  the  e l e g a n t  formal  a d d i t i o n  of an 

a l k a n e  to an o le f in  14) could  be effected by the  same s t a n n y l  r a d i c a l  u s i n g  1-bromohexane 

and a c r y l o n i t r i l e  to g i v e  1 -cyanooc tane .  

1.2,, Bi.sstannyl. Pinacols and O-Stann$l. Ket$1s 

The bis-trimethylstannyl 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, but irreversibly into benzophenone and stannyl radicals (giving distannane 

in the absence of reactive partners) above 60 °C (better at 100 °C)15). Typical reactions of 

stannyl radicals are obtained in the presence of appropriate partners, surprisingly often at 

low t e m p e r a t u r e s  or even e x o t h e r m a l l y :  

Ph.C-CPh~ 
"1 I " 

MezSnO OSnMe 3 

 =lp 
2 Ph2C=O 

M%Sn-SnMe 3 

+ ][2 ==o~,) 2 Me3Sn-! 
qucmt. 

* 2 Br-CCI 3 ~o~.> 2 Me,Sn-Br* Cl3C-CCI 3 quont. 

+ E~:~N_Br .~,'h,.. ~ d _ ~  + ide3Sr1_ .3  >9o, 

+ Br-CH2-CH2-Br 7s=c> H2C>~0-C~2+ 2 Me3Sn--Br 

+ Br-CH==CH-Br ~¢,~ HCICH + 2 Me~n-Br 

+ o,K~o "~) M,~SnO-K'b'b-os,~ 
quant. ~ 

, ~ - c o - o o - c o - ~ . . 0 %  2 Ph-CO;~s~e 3 ,~co~ 

+ Ph_N=N_p h ;'0'Clh,> Ph_NlSnMez)_NlSnMe3lPh 
g0% H.HiLIg¢tr tl~er ~r/3/5 

* Ph2C=CH-OCPh2ICH0) 

*2 Ph~C=O 

2 [Ph2C=CH-O Ph2C-CHO] ~ 2 Ph2C=CH-OSnMe 

I t  can  be conc luded  t h a t  in  many c a s e s  the  p a r t n e r s  a t t a c k  the  b i s s t a n n y l  benz -  

p i n a c o l  d i r e c t l y ,  the  l a t t e r  a c t i n g  a s  a s t a b i l i z e d  ( " c a n n e d " ) ,  e a s i l y  a v a i l a b l e  s t a n n y l  

r a d i c a l .  This  v e r s a t i l e  source  can  be used  for s y n t h e s i s ,  a l so  in  combina t ion  wi th  H donors  

of a p p r o p r i a t e  s t r e n g t h  such as  cumene or THF 16). S t anny l  r a d i c a l s  of t h i s  o r i g i n  h a v e  a l s o  

been a p p l i e d  v e r y  r e c e n t l y  for a d d i t i o n s  to C-N g r o u p s  17), 

If  a t he rma l  p rocedu re  for the g e n e r a t i o n  of s t a n n y l  r a d i c a l s  unde r  mi ld  cond i t i ons  is  

p r e f e r r e d ,  the b i s s t a n n y t  b e n z p i n a c o l  d e s c r i b e d  i s  of a d v a n t a g e .  The c o r r e s p o n d i n g  

t r i b u t y t s t a n n y l  d e r i v a t i v e ,  which  could  be of i n t e r e s t  b e c a u s e  of the  lower t o x i c i t y  of 

t r i b u t y l t i n  compounds compared with the  t r i m e t h y l  ones ,  and  because  of the p r e c u r s o r s  

a v a i l a b l e  t e c h n i c a l l y  on a l a r g e  s ca l e ,  is  however  h a r d  to p r e p a r e  by the  same rou te  from 

benzophenone  and  h e x a b u t y l d i s t a n n a n e .  

If  a mi ld  photochemica l  method for the  g e n e r a t i o n  of s t a n n y l  r a d i c a l s  can  be 

accep ted ,  no i s o l a t i o n  of the b i s s t a n n y l  p i n a c o l  i s  n e c e s s a r y .  F i r s t  we i r r a d i a t e d  a so lu t ion  

of benzophenone ( to t a l  a b s o r p t i o n  <_380 nm, E T = 69 k c a t / m o l ) ,  the  d i s t a n n a n e ,  and  the  

compound to be a t t a c k e d  by s t a n n y l  r a d i c a l s .  If  an H donor  i s  n e c e s s a r y ,  i t  can  be 

admixed  (e. g .  THF or cumene) .  After some t ime we obse rved  a depos i t  of f ree  b e n z p i n a c o l  

on the  w a l l  of the  f l a s k .  
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The bes t  p rocedu re ,  we t h i n k ,  i s  the use  of acetone ( to t a l  a b s o r p t i o n  < 330 nm, E T = 

80 k c a l / m o l ) ,  p e r h a p s  as  s o l v e n t ,  and  an  i r r a d i a t i o n  at  300 nm. Also h = 350 nm is  

e f f ec t ive ,  bu t  needs  more t ime.  The u n s t a b l e  b i s s t a n n y l  p i n a c o l  i s  not formed, bu t  the  

t r i p l e t  ace tone  r e a c t s  e a s i l y  wi th  the  d i s t a n n a n e  v i a  an SH2 mechanism to g i v e  the  d e s i r e d  

s t a n n y l  r a d i c a l s  smoothly ,  wi thou t  C-Sn s p l i t t i n g  or s ide  r e a c t i o n s  known from the  

s h o r t - w a v e  l e n g t h  i r r a d i a t i o n  of the  d i s t a n n a n e  a lone ,  a s  ment ioned above :  

MezC=O T + R3Sn_SnR 3 s,2 : Me2(~_OSnR 3 + RsSn. 

:,i' L MezC, zO + R3Sn" 

Thus the  ace tone  i s  a s e n s i t i z e r  for the  smooth and complete t r a n s f o r m a t i o n  of the  d i s t a n -  

nane  into 2 R3Sn r a d i c a l s .  We checked t h e i r  p r e p a r a t i v e  use by the  fo l lowing two model 

R3/Sn + R'Br (ex$.) 
R3Sn 

R' = tBu, nO(:, All 

sys t ems :  

)~l¢3(]O~l*l~0tlJlin" ]11 R3Sn-Br 
-2R" 

hv ) R3SnHC=CHB u R~/Sn . 2 HCIC-Bu 
RaSn 

Me.col . I Yield(%]l 

o.o I 2-191 
o.5 Ihexo,, 1 ,2-= I 

~5.o I ocetonel 100 I 

0.5 2 I 
I,.o oce~e I :o I 
3.0 THF I 95 I 

In the  former c a s e ,  both the  d i s t a n n a n e  and  the  a l k y l  bromide r e a c t  q u a n t i t a t i v e l y  when 

ace tone  i s  used  a s  the  s o l v e n t .  The l a t t e r  shows the  s a t i s f y i n g  h y d r o s t a n n a t i o n  of a 

n o n - a c t i v a t e d  a l k y n e ,  and  the  impor tance  of the  n a t u r e  of the H donor .  

1. 3 S t ann~ l  R a d i c a l s  from Benzy l ic  P r e c u r s o r s  

Based on the  low d i s s o c i a t i o n  e n t h a l p y  of R3Sn-benzyl  and R3Sn-a l ly l  compounds 4) ,  and  the 

e a s y  s p l i t t i n g  off of R3Sn r a d i c a l s  d u r i n g  i r r a d i a t i o n  a t  the a b s o r p t i o n  w a v e l e n g t h  of the  

n - s y s t e m ,  we looked for r e l a t e d  d e r i v a t i v e s  wi th  l o n g e r  w a v e l e n g t h s  a n d / o r  more i n t e n s e  

a b s o r p t i o n .  As a t e s t  r e a c t i o n  the h y d r o s t a n n a t i o n  of 1 -hexyne  h a s  been used 2) and  THF as  

the  H d o n a t o r :  

2.0. L-'~SRMe3 hv.THF 
E "0 ~ '2~. h, ~ ,/. 

A 

1.5- ~ I / ~ C H 2 " S n M e 3  
F ~ 2L, h, 70'X, 

BuC=CH +' --CH 2-SnMe 3 "~  BuCH=CHSnMe 
t.0- ~ hv,THF EIZ = 311 

c=006M 
• ~v,,t: H SnM% 

0.5- hexar~ A ~  , ~ . hv.THF 

~;0 3~ Ill 
400 ~ nm 

As can  be seen ,  the  a - t r i a l k y l s t a n n y l m e t h y l  n a p h t h a l e n e  E needs ,  u n d e r  the  same c o n d i -  

t i ons ,  on ly  one four th  of the i r r a d i a t i o n  time of F for a comparab l e  y i e l d ,  but  9 - t r i a l k y l -  
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s t anny l -9 ,10 -d ih yd roan t h r acene  A works even bet ter ,  as  to be expected from i ts  longer-wave 

length absorp t ion  (hma x = 255 nm) with the remarkab le  ta i l ing  up to 400 nm (see above)a t  

a p r e p a r a t i v e l y  r ea l i s t i c  concentra t ion.  A soft i r r ad i a t ion  at 350-400 nm is  suff ic ient  to 

cleave A, al lowing the presence of almost al l  of the o rgan ic  react ion p a r t n e r s  to be 

cons idered  here  a s  p a r t n e r s  for R3Sn'. In the following t e s t  reac t ions ,  d i f ferent  H donors  

and sources  for R3Sn" are  used.  Again,  A is the most promis ing.  

CHz-SnMe 3 .v, T ~  

@ ' I + H2C=CHCN : Me3SnCH2--CH2CN 
t hr. @C~ I 10% 

H H  

CsHIrB r hv.THF. 1.5 h 
-Vz(or~hrJ z " Call18 

81% 

H2C=CHCN hv,THF, 3h , Me3SnCH2.CHzCN "~/2 (onthr-lz 
60% 

This encouraged us to t ry  to resolve cer ta in  of the problems left by the appl ica t ion  of 

hyd r ides  R3Sn-H because  of the very r ap id  hydrogen abs t r ac t ion  (see above) .  Whereas 

6-bromo- l -hexene  gave ,  with Bu3Sn-H, cons iderab le  amounts of the undes i red  1-hexene C be-  

s ides  the expected r ing  closure  product  B 11), A in combination with THF as an H donor 

gave  a good yield of B, and a re la t ion  B/C be t te r  than  99/1. Moreover, no or only a s l i gh t  

excess  of the bromohexene had to be used ,  in con t ra s t  to the 2-10 fold excess  necessa ry  

ea r l i e r .  This seems encouraging  for a wider  use of this  source A for s t anny l  r ad ica l  

genera t ion :  

SnlCH~3 

B C D 
= = = 

[_A_I [RBr] 

0.10 0.150 

0.05 0.075 

0.11 0.081 

solvent yield[%lB= C D rotio B/C 

benzene /J. 0 0 100/0 

THFIOc 88 <1 <2 >99/1 

THF 73 <1 <2 >99/1 

Part. . 2. S tannyl  Cations as  Leavin~ Groups in Electrophi l ic  Aromatic Ipso  Subs t i tu t ions  

A few y e a r s  ago we requ i red  cyclohexyl t in  t r ibromide .  Not hav ing  been able to reproduce  

the r epor t s  in the l i t e r a tu r e ,  we succeded f ina l ly  in i ts  p r e p a r a t i o n  s t a r t i n g  from t r ipheny l  

cyc lohexyl t in ,  and real ized tha t  th i s  is in fact an e lect rophi l ic  ipso subs t i t u t ion  of the 

s t anny l  group by bromine,  the s t anny l  group prov ing  to be a powerful  l eav ing  group 

r ende r ing  super f luous  any ca t a ly s t  in th is  case:  
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Electrophilic Ipso-Subsfitution of Aromatics 

Ph~SnQ + ~ M g e r  Ph3Sn_ ~ 3 ,ca+eo,c 

There a re  severa l  r epo r t s  on ana logous  e lect rophi l ic  replacements  of s t anny l  g r oups  at an 

aromat ic  moiety sca t te red  in the  l i t e r a t u r e ,  beg inn ing  with C. Eaborn~s work 7 '8 ) .  However, 

ne i ther  a sys temat ic  inves t iga t ion  on th i s  type of react ion ex is t s  nor ,  to our  knowledge,  a 

review.  So we looked for f u r t he r  app l i ca t i ons ,  espec ia l ly  Since a ry l t i n  compounds are  now 

access ib le  more eas i ly  than  before7'18-24):  

Preparation, of Ar-SnR~ 

A r - I  
= TXigHa tge3 

Ar-HoI zM ), Ar-M .R~.I Ar-L i  ~ Ar-H 
C.Eabom 1969 ~ ~, , ~ 1 ~  I " ~  10.SI~ 1980 

- m / A.O~e, doN t986 

-M~kll I~ I ] ~d-~ 

H.GKufvtla 1977 ~ ~ , ~  -lrutt J.K.Stille lg~7 

Ar - SnR 3 

SnBu 3 

HO OH HO-J ~--OH j.p~ 

R00C ~ , ~ O  0 R3Sn--m--N~= : i C P ~  SnR3 
-c°2 R O O C ~ N R t  2 O.H~b~tWes 

Thus,  the Fr iede l -Craf t s  acy la t ion  can be ca r r i ed  out even at -30 °C within 30 rain, 

the  accelera t ion  being >102 . The o ,p -d i r ec t i ng  ac t iv i ty  of a Me group is overcome by the 

potent  m-R3Sn l eav ing  group {R = Me or  Bu): the m-acyl  de r iva t ive  is  obtained in a new 

regioseleetive way by ipso substitution, Even the disactivated chlorobenzene reacts > 60 

times faster than toluene, with R3Sn as the leaving group. A few examples will i11ustrate 

this application: 
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Tin - Mediated Friedel - Crafts Acylation 

~nM R~c~O e 3 

. R_C ~- A¢~.c~¥~. 
R =Me, ph%Ct -30"C,2h - 100 

Me Me 
nMe 3 R"c'~O,M,~/: 3, R',ceO 

Me 

Overall 
Isolated Yield 

60% 

R=Me 83% 
Ph 50% 

nMe 3 tBu"ceO tBu 

* tBu-C\ Me + J>(~Me +CO quant. 

SnMe3 R'.c~O 
• JCI~,CH~a, ~ [ ~  R = Me 60 % :o 

+ R-C__ -30'C,2h " 100 P h  / * 0 %  " C  
R = Me, Ph Cl  CI CI 

The Vi lsmeier  fo rmyla t ion ,  though accep ted  a s  " the  most common method for the fo rmyla t ion  

of a roma t i c  r i n g s  "25),  h a s  u n t i l  now been r e s t r i c t e d  to h i g h l y  a c t i v a t e d  spec i e s  such as  

amines  and  pheno l s ,  However, u s i n g  the  s t a n n y l - m e d i a t e d  ipso  s u b s t i t u t i o n ,  benzene i t s e l f  

r e a c t s  a t  room t e m p e r a t u r e ,  and a l so  the  d i s a c t i v a t e d  ch lo robenzene ,  and  a r e g i o s e l e c t i v e  

meta fo rmyta t ion  wi th  r e s pe c t  to a Me g roup  i s  e a s i l y  c a r r i e d  out ,  too: 

Tin - Mediated Vilsmeier - Formylotion 

SnMe3 H,, C >.,O 

R Me/N _ PoQ~ > R + ~H 5o- ?O'C,3h ÷ Me3SnCl 

Yield [%] ] H s6 I s5 I 96 I 79 I to I 

Besides  the  h a l o g e n a t i o n  ment ioned above  ( o b t a i n e d  wi thout  a c a t a l y s t  l i k e  A1Hal3), 

o the r  examples  i n c l u d e  the smooth r e a c t i o n  with SO 2 or SO 3 g i v i n g  the s t a n n y l e s t e r s  of a r y l  

s u l f i n i c  or su l fon ic  a c i d s .  No ac id  i s  needed ,  and  ve ry  mild cond i t i ons  can  be used .  This  

rou te  a l s o  seems p r o m i s i n g  for o ther  ipso  s u b s t i t u t i o n s .  

Tin-Mediated Suifinotion and Sulfonation 

O~,s.O-SnR 3 SnR 3 
~ - ~ .  S O 2 { G a s ) ~  ~ - - R '  quant. 
R = Me, Bu 
R ~ = H, m-Me, p-Me. o-Et, p-Et. m-OMe, p-OMe, 2/.,6 -He 3 

O 
SnMe 3 0.~ S • O- SnMe 3 

7o" ~ quant, R' " SO 3 ~ R' 

R' = H, m-Me, p-Me, o-El, rn-OMe. 2,t,,6-Me 3 
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The s t a n n y l  g roup  in these  r e a c t i o n s  e v i d e n t l y  a c t s  as  a poten t  l e a v i n g  g roup  s u p e r i -  

or to h y d r o g e n  by s e v e r a l  powers of 10. In a d d i t i o n ,  i t  seems to i n c r e a s e  the o v e r a l l  

n -e lec t ron  d e n s i t y  of the  a roma t i c  n u c l e u s  e n h a n c i n g  the  format ion  of a n complex which 

migh t  p recede  the  ipso  s u b s t i t u t i o n .  L a s t l y ,  i t  may form an i n t e r m e d i a t e  complex wi th  the  

r e a g e n t s  c o n t a i n i n g  ~ e l e c t r o n s  v i a  p e n t a c o o r d i n a t i o n  a t  the  t i n ,  t h u s  promot ing  the  

s u b s t i t u t i o n  26) . 
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Experimental Section 

All e x p e r i m e n t s  h a v e  been c a r r i e d  out unde r  d ry  we l d i ng  a rgon  as  p r o t e c t i v e  g a s .  

Part I: 

Hexakis(2,4,6-triethylphenyl)distannane was prepared following ref. 13). Preparation of bis- 

(trimethylstannyl)benzpinacol and its typical reactions are carried out according to ref. 15). 

The irradiations were carried out in a Rayonet Reactor RPR 100, Southern New England 

Ultraviolet Comp., Hamden, CT/USA at 300 nm (lamps RPR-3000 }k) or at 350 nm (lamps 

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

Acetone-Sensitized Photol~sis of Distannanes. - A 0.1 M solution of Me6Sn 2 or Bu6Sn 2 and 5 

tool/tool alkyl bromide R'Br (R' = tBu, nOe, All) in a hexane/acetone mixture 1/1 is 

irradiated at 300 nm. After 30-240 rain, dependent on the kind of tube, the distannane h a s "  

disappeared (titration with 12/benzene) , and > 98% of Me3SnBr or Bu3SnBr 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~ 

= 350 nm. 

H~drostannation. - A 3 fold excess of l-hexyne is added to a 0.1 M solution of R6Sn 2 in 

THF/acetone 1/1.  Irradiation of the mixture at 300 nm for 1 h yields 1-trialkylstannyl- 

l-hexene quantitatively (GLC), Z:E ~ 1:3. 

9-Trimeth¥1stann~l-9,10-dih~droanthracene A. 0.15 tool of BuLi in hexane are added 

dropwise to 18.0 g (0.1 reel) 9,10-dihydroanthracene in 250 mL of Et20 at O°C. After 

stirring overnight, the mixture is added slowly to 30.0 g (0.15 tool) of Me3SnCI in 100 mL 

Et20 at 0°C. After aqueous workup, the product is separated from anthracene by dissolving 

i t  in 50 mL CHC13. R e c r y s t a l l i z a t i o n  from EtOH y i e l d s  47% of A, m. p .  = 103°C ( s l i g h t l y  

con t amina t ed  by a n t h r a c e n e ) .  The a n a l y t i c a l  and  s p e c t r a l  d a t a  confirm the s t r u c t u r e .  

React ion of A wi th  6 - b r o m o - l - h e x e n e .  - A 0.11 M THF so lu t ion  of A, 1.5 mol/mol of the  

bromohexene and 3% n -oc t ane  (as  i n t e r n a l  s t a n d a r d  for the  GLC) a r e  i r r a d i a t e d  a t  350 nm. 

After  20 h ,  88% of B, 0.8% of C, a nd  2% of D a r e  o b t a i n e d  (GLC). 

P a r t  2: 

A c y l a t i o n s .  - 20 mmol of the s t a n n a n e  in 10 mL d ry  CH2C12 a r e  added  to a s t i r r e d  so lu t ion  

of 30 mmol AIC13 and  30 mmol a c y l  c h l o r i d e  in  20 mL d ry  CH2C12 a t  -30oC. The m i x t u r e  i s  

s t i r r e d  for 2 h ,  warmed to 20°C and h y d r o l y s e d  by a d d i n g  i t  to 50 g i ce .  The aqueous  

p h a s e  i s  e x t r a c t e d  twice  wi th  10 mL CH2C12. The combined o r g a n i c  l a y e r s  a r e  d r i e d  wi th  

sodium s u l f a t e  and  the  so lven t  i s  e v a p o r a t e d .  The r e s i d u e  i s  d i s t i l l e d  a t  15 t o r r  to y i e l d  

the  c o r r e s p o n d i n g  ke tone ,  whose isomer d i s t r i b u t i o n  is  de te rmined  by GLC. 

F o r m y l a t i o n s .  - The m i x t u r e  of 30 mmot POC13, 10 mmol of the  s t a n n a n e  and  30 mmot 

N-pheny l -N-methy l fo rmamide  i s  h e a t e d  to 70°C for 3 h ,  then h y d r o l y s e d  by 25 g ice and  

a d j u s t e d  to pH 6 by a d d i n g  10% NaOH/water .  The aqueous  l a y e r  i s  e x t r a c t e d  t h r ee  t imes  

with 20 mL e t h e r .  The combined o r g a n i c  l a y e r s  a r e  d r i e d  wi th  sodium s u l f a t e ,  e v a p o r a t e d  

and f r a e t i o n a t e d  a t  15 t o r t .  
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Sulfinations. - Dry SO 2 is bubbled through 10 mmol of the stannane in 5 mL of dry CH2CI 2 

at 20°C until the reaction is complete (1H-NMR). The solvent is removed at 15 torr and the 

oily residue is taken up in CI)CI 3. Structure and yield of the product are determined by 

13C NMR. R = Me, R' = 3-Me: 1H NMR (CH~CL) 6 0 8 0  (s, 9H, 23__ = 70 Hz), 2.50 (s, 
1 z z " 119 n,bn 

3H); 13C NMR (CDCI 3) d 1.5 (q, Jr ~ = 521 Hz), 21.3 (q); Sn NMR (CDCIq) 6 + 18.0. 

R = Me, R' = 4-OMe: 1H NMR (CH2CI'2~"~ 0.70 ( s ,  9H, 2JH,Sn = 70 Hz), 3.95 ~s, 3H); 13C 

NMR (CDCI 3) ~ 1.4 (q, Ij = 523 Hz), 55.2 (q) Selected values. C,Sn 
Sulfonations. - 10 mmol of the stannane are added to a solution of 11 mmol SO 3 (prepared 

by heating 65% oleum) in dry CCI 4 at 20°C, The mixture is refluxed for 1-2 h. The product 

is isolated by evaporation of the solvent. Spectroscopic determination by IH and 13C NMR. 

R = H: IH NMR (CH2C12) 60.70 (s, 9H, 2JH,Sn = 68 Hz); 13C NMR (DMSO) 6 1 . 9  (q' .ZC,snlJ = 

511 Hz). R = 3-Me: 1H NMR (CH2CI 2) 60.65 (s, 9H, 2j = 69 Hz), 2.53 (s, 3H); 13C NMR H,Sn 
(DMSO) ~ (q, ij  = 509 H), 20.9 (q) Selected values. 

C,Sn 
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