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Summary: Free stannylenes MezSi(tBuN)zSn la and [(Me3Si)2CH12Sn Jg as well as == 
SnC12, SnBr2, and SnI2 give 1,4-cycloadditions to different 1,3-dienes 

yielding I-stannacyclopent-3-enes. A singlet heavy carbene analogue beha- 

viour is shown with the two isomers of the diallene 2 : only those stereo- = 
isomers are found to be postulated for a [2+4] cheletropic addition. In the 

other cases, a similar mechanism is likely. 1b acts as a donor towards E,E- 

1,4_disubstituted 1,3-dienes, reacting faster with electron deficient ones. 

The heavy carbene analogues RzSi, R2Ge, and RnSn attracted increasing atten- 

tion during the last years with respect to synthetic, mechanistic, and theore- 

tical considerations. Thus, short lived free germylenes MenGe showed inser- 

tions as well as smooth synchroneous, pericyclic [2+4] cycloadditions to con- 

jugated dienes, classifying them as a singlet reactive species'. Whereas with 

free dimethyl stannylene MenSn insertions also could be effected2, no addi- 

tions to olefines or dienes have been possible insofar. This is probably due 

to their reduced reactivity compared with MezGe, competing unsuccessfully 
k 

with their very rapid polymerisation n MezSn- (MezSnjn. The latter occurs 

below O°C, needs apparently no or nearly no activation energy and is only 

diffusion controlled, k may be assumed to be IO' - 10' M-' set-'. 

so, we looked for free stannylenes R2Sn l3 more stable or even completely 
= 

stable against polymerisation, and mixed them at room temperature in CH2Cl2 

or benzene with the pure meso or the pure d,l isomer of the diallene 2 (meso 

or d,l 2,7-diphenylocta-2,3,5,6-tetraene). This rather sophisticated 1,3- 

diene has been taken because it offers a good chance to decide clearly whe- 

ther there is a stepwise addition4 or a synchroneous one, and more over to 

identify the structure of the products to be expected by 'H-NMR. 

We detected exclusively those of the stereoisomers 3' to be expected if 
= 

only disrotatory ring closure takes place. Therefore, the stannylenes used 

here react via a concerted thermal [2+4] cycloaddition, a cheletropic reaction 

of the linear type allowed by the Woodward-Hoffmann rules6, see Scheme 1 and 

Table 1. All reactions are completed at room temperature, no by-products could 

be detected, ('H-NMR) 7. 
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Scheme 1 

R,Sn + 

&-g 
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disrotat. 

I 

1 . 
disrotat. 

The conclusions derived above have been established or supported by methy- 

lation of the I-stannacyclopent-3-enes 22, 2-g with MeMgI/EtzO in benzene, gi- 

ving the corresponding 2,5_disubstituted I-dimethylstannacyclopent-3-enes 4, 
zz 

see Scheme 1 and Table 1. In all cases, with the meso diallene & only the 

Z,Z and E,E isomers are found whereas 2b (d,l) gives only Z,E isomer as to be == 
postulated. 

It is of interest that neither the donating groups in the diamino stanny- 

lene 12 nor very bulky substituted methyl groups in lb did prevent the cyclo- 
== 

addition. We were surprised by the smooth reaction of the suspensions of the 

tin dihalides Li-2 in CHpC12 showing that a reactive species is present - 

maybe in an equilibrium - behaving clearly as a singlet stannylene, providing 

a new and one-step access to complicated stanna heterocycles and their reac- 

tions from well available tin chemicals. 

If in the transi.tion state of the cheletropic reaction discussed, the HOMO 

of the dienophile, the stannylene 1, i.e. the lone pair of electrons, inter- = 
acts with the LUMO of the diene, then electron deficient dienes should react 

faster. If the LUMO of lb, i.e. the vacant p orbital, interacts with the HOMO 
== 

of the diene, electron rich ones should be preferred. To clarify this impor- 

tant mechanistic detail, we selected the following E,E-1,4_disubstituted 1,3- 

dienes and looked for a reaction with IL at room temperature in benzene: 

R,Sn: + x-x 

s R- CH (SiMe,), X=Ph.Me,NHCOOEt,OMe 

Only the most electron deficient dienes gave the cycloadduct 5, see Tablela, = 
the electron neutral or electron rich ones gave not,even at 800r llO°C in tolu- 

ene (only the syn isomers could be detected, pointing again to a cheletropic 

reaction).We conclude that the HOMO,tdnnylene interacts with the LUhlOdi,ne. 
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Table 1. 'H-NMR (6 in ppm, CCls) of I-stannacyclopent-3-enes 3 and i of Sche- = 

me 1, and of 2 and 6. = z$ gives E,E- and Z,Z-3 about l:l, the Z,E 

isomer is absent, 2b gives only Z,E-z5. 
== 

E,E 

Z,Z 

Z ,E 

3a 3b 
SE == 

vinyl ally1 tBu SiMe2 vinyl ally1 SiMe, 

6.53= 2.4gb 1.20 c 0.32b 6.30a 2.38 0.29 

7.04' 2.36b 0.02= 

6.7Ea 2.30f 1.02= 0.2af - 

2.48 0.38 I 

3c == 

vinyl ally1 

2.46 

1: 2s 4 
= 

vinyl ally1 vinyl ally1 vinyl ally1 SnMe2 

6.52= 2.52b 6.39= 2.5ab 6.38' 2.2ab 0.5ab 

6.aaa 2.3ab 6.a4a 2.42b 6.aoa 2.2ab -0.2Sb 

6.62a 2.20f 0.17b 

2.25 

5, X = COOMe 6, X = Me = = 

vinyl COOMe ally1 SiMel ally1 SiMe, 

6.20g 3.60b 3.189 0.07= 1.73h 0.07d 

0.20= 

X = CN X = Ph 

vinyl ally1 SiMe3 Ph ally1 SiMe3 

6.189 2.789 0.18’ 

0.25’ 

6.7ai 2.27’ 0.17d 

2) s, 2H. b) s, 6H. c) s, 18H. d) s, 36H. e) The very bulky lb seems to 
== 

attack gg only from the less hindered Me-side. f) 2 S, 3H each. In addition, 
7.2-7.5 ppm IOH, less characteristic H 

aryl' q) d, 2H. h) s, IOH. i) m, IOH. 
j) s, 4H. 

Mainly the frontier orbitals are supposed to influence the reactivity of 

dienes in pericyclic reactions, hence also in the present cheletropic ones, 

and these are governed by 1,4-substitutions much more than by 2,3-substitu- 

tions6. Thus, we were surprised to find a high reactivity of 2,3-substituted 
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dienes, giving 4, see Table 1 (on the other hand, E,E-1,2,3,4-Ph+-butadiene 

did not react). The unexpected high reactivity of the 2,3-disubstituted dienes 

may be due to a higher extent of s-cis conformation: 

R’ R’ 
R’ 

HR’ - 
- 

R2Sn: + 
n 

R’=Me:Ph 

lb = Sn 6 R’ ‘k = 

ay competition experiments using two dienes and 1: in a 1:l:l molar ratio we 

found at room temperature the following sequence of reactivity: 

phxph > ,Ph 

MeOOC-COOMe ’ NC-CN ’ pK* Me*L pI=‘%e 
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4) In this case, the 1,4-addition would have to pass an open-chain intermedi- 

ate, presumably a biradical, in which the rotations around C-2 and C-7 

already are finished because of the generation of the stable conjugated 

triene system, as discussed elsewhereI. Since these rotations can occur 

clockwise or anticlockwise, the meso and the d,l diallene both should 

give more or less the same mixture of products 2, and not exclusively the 

isomers observed. 

5) Within the accuracy of 'H-NMR assessment. 

6) See, e.g., I. Fleming, "Frontier Orbitals and Organic Cl~emi.cal Reactions", 

Wiley, New York, 1976. 

7) Is needs 5 min, lb 60 min, 1~ 4 h, 
== il,f 12 h. The products 2s (Z,Z), 2: 

(E,E), :gf$ (ZFZ), == 3e (E,E + Z,Z mixture) have been isolated and identi- 

fied by MS and elemental analysis, in addition. 

8) Identified by 'H- and 13C-NMR. 5 with X = COOMe has been isolated and, in 

addition, identified by elementll, MS and IR analysis. 

9) The addition of 1; to 2,3_dimethylbutadiene is briefly mentioned3b). 
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