
11. A Wagner-Meenvein rearrangement in the cationic moi- 
ety of 11 involving migration of the bicyclobutane bridge- 
head carbon atom trans to the anionic moietyc3] would then 
have to occur to give 12, which would subsequently yield 8. 

In contrast to the reaction with 1,4-benzoquinone, irradia- 
tion141 of 1 151 with 1,4-naphthoquinone (ET = 57 kcal 
mol- ' ["l) at - 30 "C gave the cyclobutane 13"]('t7%). Mo- 
tivated by the work of Cantrell,["l we also employed 2-ben- 
zoylthiophene (62.6 kcal mol-' [''I) at room temperature as 
well as 2-acetylthiophene (64.5 kcal mol-' [' 'I) and 2-acetyl- 
furan (64.9 kcal mo1-l [' ' I )  at - 30 "C and obtained the 
12 + 21 cycloadducts 14 (21 YO), and 15 (27%) as well as the 
[4 + 21 cycloadduct 16 (19%) together with its diastereomer 
(6°A),171 At - 30 "C, excited 1-acetylnaphthalene (56.4 kcal 
mol - ' and 1 Is]  gave initially the [4 + 21 cycloadduct 17 
(25 Yo). Upon further irradiation, however, 17 was converted 
at a similar rate into 18 (41 %) and 19 (9%)['] (di-.n-methane 
rearrangement). Selected physical data for 13- 19 are given 
in Table 1. 

We obtained no cycloadduct from 1 and cyclopent-2-en-l- 
one (E, = 74 kcal mol-' In conclusion, 1, too, can un- 
dergo photochemical cycloadditions, provided that the reac- 
tion partner has a triplet energy ET < 65 kcal mol- '. 

Received: December 7, 1988 [Z 3078 IE] 
German version: Angen. Chem. 101 (1989) 636 

CAS Registry numbers: 1,659-85-8; 2, 120229-54-1; 3 isomer 1, 120229-55-2; 
3 isomer 2, 120328-37-2; 4, 120229-56-3; 5, 120229-57-4; 6, 120229-58-5; 7, 
120262-48-8; 8,120229-59-6; 13,120229-60-9; 14,120229-61-0; 15, 120229.62- 
I ;  16 isomer I .  120229-63-2; 16 isomer 2, 120328-38-3; 17, 120229-64-3; 18, 
120262-49-9; 19, 120220-65-4; (MeCO j,, 431-03-8; (PhCO j2, 134-81-6; 
methylphenylglyoxylate, 15206-55-0; 1,4-benzoquinone, 106-51-4; chloranil, 
118-75-2. 1,4-naphthoquinone, 130-15-4; 2-benzoylthiophene, 135-00-2; 2- 
acetylthiophene, 88-1 5-3; 2-acetylfuran, 1192-62-7; I-acetylnaphthalene. 941- 
98-0. 

[l]  C. A. Renner, T. J. Katz, J. Pouliquen, N. J. Turro, W. H. Waddell, J.  Am. 
Chem. Soc. 97 (1975) 2568. 

[2) a) N. J. Turro: Modern Molecular Photochemistry, BenjaminjCummings, 
Menlo Park, 1978; b) W. M. Horspool (Ed.): Synthetic Organic Photo- 
chemistry, Plenum Press, New York 1984. 

[3] a) M. Christl, Angew. Chem. 93 (1981) 515; Angew. Chem. Inr. Ed. Engl. 
20 (1981) 529, and references cited therein; b) M. Christl. E. Brunn, E 
Lanzendorfer, J. Am. Chem. Soc. I06 (1984) 373. 

[4] Light sources: medium-pressure Hg lamp (Hanovia, 450 W) in a Pyrex 
immersion well; radiation with 1 < 400 nm was filtered out for colored 
substrates. 1.4-Naphthoquinone and 1 -acetylnaphthalene were irradiated 
in a Rayonet- RPR 100 photoreactor with 350-nm and 300-nm light, 
respectively. 

[5] We used I as a solution in hexane, which was diluted with the same or up 
to a fivefold quantity of benzene (experiments at room temperature) or 
toluene (experimentsat - 30°C). The solutions, which were saturated with 
nitrogen before photolysis, were ca. 0.10 M in 1 and 0.05 M in  the carbonyl 
compound. 

[6] a)  W. G. Herkstroeter, A. A. Lamola, G. S. Hammond, J. Am. Chem. Soc. 
86 (1964) 4537; b) P. Longin, A,-M. Lambert, M. A. Rousset. C.R. Acad. 
Sci. Ser. B273 (1971) 599; c) G. S. Hammond, J. Saltiel, A. A. Lamola, 
N. J. Turro, J. S. Bradshaw, D. 0. Cowan, R. C. Counsell, V. Vogt, C. 
Dalton, J Am. Chem. Soc. 86 (1964) 3197. 

[7] The isolation was carried ou t  by flash chromatography with petroleum 
etherjethyl acetate on SiO, (4-8, 13-15) or on basic A1,0,, activity 111 
(17-19), and by preparative gas chromatography with Carbowax 20M on 
Volaspher" A2  (2, 3) or silicon SE30 on Chromosorb" W (16 and 
diastereomer). Elemental analyses as well as mass, IR, and NMR spectra 
support the proposed structures. Except for 13, the configurations were 
determined from the characteristic magnitudes of the coupling constants 
or from NOE effects. 

[8] Analysis by 'H NMR spectroscopy. 
191 M. Christl, B. Mattauch, H. Irngartinger, A. Goldmann, Chem. Ber. 119 

(1 986) 950. 
[lo] a) J. Mattay, Angcw. Chem. 99(1987) 849; Angew. Chem. Int. Ed. Engl. 26 

(1987) 825; b) C. J. Abelt, H. D. Roth, M. L..M. Schilling, J. Am. Chem. 
Soc. I07 (1985) 4148. 

11 11 T. S. Cantrell. J Org. Chem. 39 (1974) 2242. 

Synthesis and Structure of Digerma- and 
Distannacyclobutenes ** 

By Adolf' Krebs, * Andrea Jacobsen-Bauer, Erhard Haupt, 
Michael Veith, * and Votker Huch 

The first germirenes (germacyclopropenes) were synthe- 
sized by reaction of 3,3,6,6-tetramethyl-1-thiacyclohept-4- 
yne 1 with suitable precursors of dialkylgermylenes (di- 
alkylgermanediyls);l'l 1 combines high reactivity of the C-C 
triple bond with steric shielding of the resulting addition 
product, thereby often making possible the synthesis of sys- 
tems otherwise accessible only with difficulty. 12] Since, until 
recently, no addition reactions of stannylenes to C-C triple 
bonds had been de~cribed,'~] we allowed 1 to react with the 
stabilized diaminogermylene 214] as well as the diaminostan- 
nylene 314] and obtained, in addition to the digermacy- 
clobutene 4, the first distannacyclobutene 5. Compounds 4 
and 5 are both dispiro compounds. 

Addition of 1 to the red solution of 3 in various solvents 
(benzene, THF, n-hexane, diethyl ether) resulted in immedi- 
ate precipitation of a yellow solid, whose 'H and 13C NMR 
spectroscopic data in concentrated solution indicate the for- 
mation of the 1 : 2 adduct 5. In dilute solution, however, only 
the 'H NMR signals of the starting materials were observed; 
in the 13C NMR spectrum of 5, the signal for the sp-hy- 
bridized C atom of 1 was absent. Proof for the presence of an 
Sn-Sn bond was provided by the Il9Sn NMR spectrum, 
which showed a signal at 6 = + 155 (rel. to Sn(CH,),; 
J ( ' l g S n ,  "'Sn) = 3723 Hz). Compound 4 was synthesized 
in a similar way from 1 and 2. 

1 2 E I = G e  & E I = G e  
3 E l = S n  5 E l =  S n  

The results of the X-ray structure analyses of 4 and 5 are 
given in Figure 1. They confirm the structure derived for 5 in 
solution. In both cases, there is a central four-membered ring 
containing two sp2-hybridized carbon atoms and two four- 
fold coordinated germanium or tin atoms, respectively. 
Whereas in 5 the nearly planar peripheral diazasilastanna 
four-membered rings are perpendicular to the completely 
planar central distannacyclobutene (5 has a C, axis in the 
crystal, the thiacycloheptene unit being disordered; only one 
of the two variants is shown in Fig. I), the diazasilagerma 
four-membered rings in 4, which are also planar, are twisted 
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Institut fur Organische Chemie der Universitat 
Martin-Luther-King-Platz 6, D-2000 Hamburg 13 (FRG) 
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Prof. Dr. M. Veith, Dr. V. Huch 
Institut fur Anorganische Chemie der Universitat 
Im Stadtwald, D-6600 Saarbrucken 11 (FRG) 
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Fig. 1. Molecular structures o f 4  (top) and 5 (bottom). Important bond lengths 
[A] and angles f“] in the dimetallacyclobutenes: 4: Gel-Ge2 2.459 (1). Gel -  
C22 2.030 (7). Ge2-C21 2.028 (6), C21-C22 = 1.34 (1); C22-Gel-Ge2 73.3 (l), 
Ge2-C21-C22 105.0(1).5:Sn-Sn’2.803 (1). Sn-C11 2.27(I),Cll-C11’1.31 (2); 
C11-Sn-Sn’70.7 (2), Sn-Cl1-CII‘ 109.3 (3) (51. 

away from orthogonal positions with respect to the slightly 
puckered digermacyclobutene. This twisting is due to the 
sterically demanding tert-butyl groups on the nitrogen atoms 
of the two peripheral rings. Compound 5 is not twisted be- 
cause the Sn-Sn distance is 0.344 A longer, thereby reducing 
this steric interaction. 

Whereas the bond lengths and angles of the central ring of 
4 are in the expected range, the C=C bond in 5 is quite short 
(1.31 8, versus the expected value of 1.34 A) and the Sn-C 
bonds are very long (2.27A versus the expected value of 
2.1 7 A). [61 For comparison, in the stannirene synthesized by 
Sita et al.,[31 the bond lengths are d(C=C) = 1.34A and 
d(Sn-C) = 2.14 A. The Sn-C bond is thus very weak, which 
would also explain the dissociation to the starting com- 
pounds observed in solution. 

Compound 5 could have formed either via the stannirene 
6 and subsequent insertion of 3 or  by a [2 + 21 cycloaddition 

6 

tEu 
I 

I 
tEu 
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of 1 and a dimer of 3 having an Sn-Sn double bond; since 
such dimers of 3 are not knownr7] whereas a stannirene has 
already been we believe that the pathway via 6 is 
more likely. Both pathways to the 1,2-digermacyclobutene 
are possible in the case of the dialkylgermylenes. Phos- 
phadistannacyclobutenes, however, are probably formed by 
12 + 21 cycloaddition.‘91 

Experimental Procedure 
4, 5: Compound 1 (0.78 g. 4.68 mmol) was added dropwise under argon to 2 
( I  .28 g, 4.68 mmol) or 3 (1.5 g, 4.68 mmol) in 5 mL of dry benzene at + 10 ’C 
over 5 min. resulting in the formation of yellow crystals. Aftcr purification (4. 
recrystallization from benzene; 5, sublimation at 40-50”C/10-3 torr), 1.43 g 
of 4 (86%) or 1.05 g of 5 (56%) was obtained. 
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Highly Reduced Porphyrins ** 

By Robert Cosmo, Christian Kautz, Klaus Meerholz, 
Jiirgen Heinze, * und Klaus Miillen * 

Can an organic a system be used to store charge by succes- 
sive addition of electrons and is the storage capacity in- 
creased on going to  higher analogues containing several re- 
dox centers? We have examined this question for the first 
time for porphyrins“] and have found that the zinc complex 
1 of meso-tetratolylporphyrin 2 can reversibly accept six elec- 
trons. The NMR spectra of the intermediate di- and tetra- 
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