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with the steadv-state value. This increase in rate as the Conclusion 
chain length increases insures that the synthesis of 
palmitic acid is greatly favored over hydrolytic cleavage 
of covalently bound intermediates. 

An interesting feature of the synthesis of palmitic 
acid is that no clear rate-determining step is present 

reductase reaction is relatively slow but not rate de- 
termining.1 In terms of evolutionary development, this 
provides a process of optimal efficiency since there is 
no evolutionary advantage to having one step in the 

Although the molecular details of the action of fatty 
acid synthase remain to be determined, the remarkable 
structure and efficiency of the enzyme complex are 
apparent. With the availability of the gene for fatty 
acid synthase, the stage is set for interesting ex- 

pressed, their interactions can be studied, and 
specific mutagenesis can be utilized to determine 
structure-function relationships. 

during each cycle of chain growth* (The P-ketoacY1 periments. Individual structural domains can be ex- 

cycle much slower than all of the ot&ers. Registry No. Fatty acid synthase, 9045-77-6. 
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SCF MO theory predicts that two identical a-systems 
that are coplanar and are connected by a single bond 
(e.g., the two ethylene fragments that form the a-system 
of butadiene, Figure 1) interact strongly due to the 
overlap of the 2p, AOs at the termini that are connected 
to each other. As a consequence, the energies of the 
resulting bonding and antibonding combinations of the 
two fragment a- and **-orbitals will differ: The 
bonding combinations (a+, a+*) are stabilized, and the 
antibonding combinations (a-, a-*) are destabilized. 
The size of this splitting is a measure of the magnitude 
of interaction. 

Such an interaction is, however, not limited to situ- 
ations where the a-subunits are directly connected 
(conjugated). The molecular structure of a number of 
organic systems can also force a-fragments to overlap 
through space. This type of interaction has been sub- 
divided into several classes. The most common names 
that have been introduced are "homoconjugation" and 
"spiroconjugation". The term homoconjugation' is 
frequently used when both a-fragments (usually olefinic 
systems) are separated by one or sometimes two CH2 
groups. Prominent examples of this type of through- 
space interaction are the bicyclo[2.2.n] series 1 and 
1,4,7-~yclononatriene (trishomobenzene (2)). In spiro- 
nonatetraene (3) the central atom forces both butadiene 
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fragments perpendicular to each other and thus they 
can interact through space, providing an example of 
spiroconjugation.2 

1 2 3 

In 1968 R. Hoffmann recognized that the interaction 
between ?r-units can also be mediated by the a-frame- 
work of the molecule (through-bond interaction3*lb). 
Since then several review articles on the interaction 
between nonconjugated systems have a ~ p e a r e d ; ~  
therefore we will concentrate on the most recent work. 
We will also limit our discussion to neutral systems and 
to spectroscopic results that demonstrate the interac- 
tion between their a-moieties. Finally, we will discuss 
the consequences for the reactivity of systems where 
such interactions occur. 

Experimental Measurements and 
Interpretations 

The methods of choice to study the interactions in 
nonconjugated neutral a-systems are He(1) photoelec- 
tron (PE)4 and electron transmission (ET)5 spectros- 

(1) Reviews: Winstein, S. Spec. Pub1.-Chem. SOC. 1967, 21, 5. 
Warner, P. M. In Topics in Nonbenzenoid Aromatic Chemistry; Hiro- 
kawa Publishing Co.: Tokyo, 1977; Vol. 2, p 283. Paquette, L. A. Angew. 
Chem., Znt. Ed. Engl. 1978, 17, 106. 

(2) (a) Simmons, H. E.; Fukunaga, T. J. Am. Chem. SOC. 1967, 89, 
5208. (b) Hoffmann, R.; Imamura, A,; Zeiss, G. D. J. Am. Chem. SOC. 
1967,89,5215. (c) Review: Diirr, H.; Gleiter, R. Angew. Chem., Int. Ed. 
Engl. 1978, 17, 559. 

(3) (a) Hoffmann, R.; Imamura, A.; Hehre, W. J. J. Am. Chem. SOC. 
1968,90,1499. Reviews: (b) Hoffmann, R. Ace. Chem. Res. 1971,4,1. 
(c)  Gleiter, R. Angew. Chem., Znt. Ed. Engl. 1974,13,696. (d) Paddon- 
Row, M. N. Acc. Chem. Res. 1982, 15, 245. (e) Paddon-Row, M. N.; 
Jordan, K. D. In Modern Modekr of Bonding and Delocalization; Lieb- 
mann, J. F., Greenberg, A., Ede.; Verlag Chemie: Weinheim, 1988; p 115. 
(fJ Martin, H.-D.; Mayer, B. Angew. Chem., Znt. Ed. Engl. 1983,22,283. 

(4) Turner, D. W.; Baker, A. D.; Baker, C.; Brundie, C. R. Molecular 
Photoelectron Spectroscopy; Wiley: New York, 1970. 

(5) Jordan, K. D.; Burrow, P. D. Acc. Chem. Res. 1978,1I, 341. 
(6) Koopmans, T. Physica 1934, 1 ,  104. 
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Figure 1. Qualitative interaction diagram between two ethylene 
K- and T*-orbitals to yield the MOs of butadiene. 

copy. In both experiments the energy difference be- 
tween the neutral ground state and the different states 
of the corresponding radical ion (anion in the case of 
ET, cation in the case of PE spectroscopy) is measured. 
Although direct calculations of such energy differences 
are rather complex, it is possible to derive these values 
from a single calculation of the neutral ground state: 
According to Koopmans' theorem,6 the j th  vertical 
ionization energies I v j  or electron affinities EAj are 
equal to the negative value of the energy of the j th  
canonical molecular orbital (MO) obtained from a SCF 
calculation of the parent molecule. Conversely, orbital 
interactions can be calculated by SCF methods, and, 
via Koopmans' theorem, may be experimentally ob- 
served by a split of the corresponding peak in the PE 
or ET  spectrum. Although we will concentrate on ex- 
perimental results in this Account, it should be noted 
that all examples listed below have also been studied 
by theoretical methods and show a good agreement 
between experiment and theory. 

Relations between Through-Space and 
Through-Bond Interactions 

Spatial interactions between a-systems are only 
possible if the subsystems are forced into close prox- 
imity, usually by a a-framework. Since the orientations 
of the + and - lobes in the bonding and the antibonding 
a (or n*) combinations are different (cf. the example 
discussed below), the interactions of both combinations 
with the individual a orbitals will also be different. This 
means that in all examples the experimentally observed 
splitting is a complicated interplay of through-space 
and through-bond effects and cannot simply be used 
as a quantitative measure of the spatial interaction. On 
the basis of model calculations, however, the different 
interaction terms can be separated, e.g., by the method 
of Heilbronner and Schmelzer.' Since this Account 
emphasizes the experimental aspects, we cannot discuss 
the examples presented below in terms of this theo- 
retical approach. Therefore we will concentrate on 
systems where one of the two effects is predominant or 
where the two effects cancel each other as a conse- 
quence of the individual molecular topology. 

(7) Heilbronner, E.; Schmelzer, A. Helu. Chim. Acta 1975, 58, 936. 
Ushio, T.; Kato, T.; Ye, K.; Imamura, A. Tetrahedron 1989, 45, 7743. 

(8) (a) Gleiter, R.; Jahne, G.; MQller, G.; Nixdorf, M.; Irngartinger, H. 
Helu. Chim. Acta 1986,69,71. (b) Bdaji, V.; Jordan, K. D.; Gleiter, R.; 
Jahne, G.; Mtiller, G. J. Am. Chem. SOC. 1985,107, 7321. 

(9) Heilbronner, E. Isr. J. Chem. 1972, 10, 143. 
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Figure 2. Interaction of the in-plane n-MOs of two acetylene 
fragments in 1,5-hexadiyne (left) and l,&heptadiyne (right) with 
the u-frame. 

Consider the in-plane PMOS of two acetylene units 
(Figure 2). Through-space interaction leads to a sta- 
bilization of the bonding (ai+) and a destabilization of 
the antibonding (a:) linear combination. Both wave 
functions possess different symmetries; ai+ is symme- 
trical, and T; is antisymmetrical relative to the x,z 
plane. If the unsaturated systems are linked by a hy- 
drocarbon chain, the interactions of both combinations 
with the a-framework will depend on the number of 
CH2 groups constituting the chain. An ethano bridge 
(left of Figure 2) destabilizes ai+, thus reducing the 
through-space split. The a-skeleton of a propano chain 
(right of Figure 2) interactgmainly with TG conse- 
quently the through-space effect is increased. In gen- 
eral, an even-numbered bridge reduces the through- 
space split, and an odd-numbered bridge is expected 
to increase the split. The extent of through-space- 
through-bond coupling depends also on the basis energy 
of the a-skeleton. High-lying a-orbitals-for example, 
those of silicon compounds-exhibit a stronger inter- 
action with the n-system than those of the carbon 
analogues. In compounds with a-orbitals of low basis 
energy, the amount of a/a-interaction is reduced, e.g., 
in fluorine compounds. 

Double Bonds 
A recent review on proximity effects3f has summa- 

rized in an excellent way all kinds of possible 
through-space interactions. We will therefore limit our 
discussion to a few examples. The size of the 
through-space interaction between double bonds should 
depend on the distance and the orientation of the T- 
moieties. To demonstrate the dependence on the dis- 
tance, we list herein the difference of the ionization 
energies (ar) and electron attachment energies (PEA) 
of the first two ionization events together with the 
shortest distance ( d )  between the *-units of 4-6. A 

4 5 6 

d (A) 3.1 3.0 2.8 
A h  (eV) 0.2 0.4 1.0 
AEAr* (eV) - 0.9 

detailed analysis shows that through-space interaction 
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between both a-fragments in 4-6 is enhanced by the 
a-skeleton.8 The second factor, the orientation of the 
a-units, has been demonstrated nicely in an early study 
on la9 

In systems with high-lying a-orbitals, the through- 
bond effect can be predominant. Cyclobutane, for ex- 
ample, provides Walsh-type orbitahlo that can strongly 
interact with PMOS. The amount of this interaction 
is demonstrated in the series 7-10. In the case of the 

7 8 9 10 

hl (eV) 1.0". 0.311* 0.6711' 0.4611e 

anti isomers 7 and 9, we observe large splittings (>0.6 
eV) between the a-bonds, while in the corresponding 
syn isomers the splitting is smaller. The smaller split 
in 9 as compared to 7 has been ascribed in part to the 
difference in the dihedral angle between the planes of 
the a-system and the central four-membered ring. This 
angle has been estimated to be 121' for 7 and 127O for 
9.11b That "normal" a-bonds are also very efficient can 
be seen from 11 and 12. The small splitting in the case 

11 12 13 

AI (eV) 1.6l" O.25ltb 1.25l" 

of the syn isomers compared to the anti isomers in 7-12 
can be rationalized by a balance of through-space and 
through-bond interaction. In 13 a larger split is ob- 
served although the a-units are further apart (2.8 A) 
than in 12 (2.6 A). This supports the rule illustrated 
in Figure 2, that the uneven chain in 13 enhances the 
through-space interaction by destabilizing a-, while the 
even chain in 12 diminishes the splitting resulting from 
a pure through-space interaction by destabilizing a+. 

S pirocon j ugation 
Most hydrocarbons that qualify for spirointeraction 

have been studied by UV/vis and PE spectroscopy and 
have been reviewed already.2c A showpiece for dem- 
onstrating the effect of spiroconjugation on spectro- 
scopic properties is 3.13 UV and PE investigations 
carried out on 3 show the same splitting (1.23 eV) for 
the first two ionic states and the first two excited states 
(see Figure 6). This coincidence can be traced back to 
cancellation of the Coulomb and exchange integrals due 
to symmetry.13 

In general only in the PE spectra (and probably in 
the ET spectra) of highly symmetric spiro compounds 
does one observe a splitting of bands when comparing 
them with the PE bands of the fragment. In the case 
of the electronic spectra the effect of spiroconjugation 
is less striking and leads in most cases to a shift of 

(10) Hoffmann, R.; Davidson, R. B. J. Am. Chem. SOC. 1971,93,5699. 
Salem, L.; Wright, J. S. Ibid. 1969, 91, 5947. 

(11) (a) Gleiter, R.; Heilbronner, E.; Hekman, M.; Martin, H.-D. Chem. 
Ber. 1973, 106, 28. (b) Gleiter, R.; Gubernator, K.; Grimme, W. J. Org. 
Chem. 1981,46,1247. (c) Gleiter, R.; Yang, N. C., unpublished results. 

(12) (a) Grimme, W.; Schumachers, L.; Gleiter, R.; Gubernator, K. 
Angew. Chem., Int. Ed. Engl. 1981,20,113. (b) Paquette, L. A.; Doecke, 
C. W.; Klein, G. J. Am. Chem. SOC. 1979,101,7599. (c) Prinzbach, H.; 
Sedelmeier, G.; Martin, H.-D. Angew. Chem., Int. Ed. Engl. 1977,16,103. 

(13) Batich, C.; Heilbronner, E.; Rommel, E.; Semmelhack, M. F.; 
Foos, J. S. J. Am. Chem. SOC. 1974,96, 7662. 
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Figure 3. PE results of 15-19 as a function of the mean distance 
(d) between the triple bonds. Solid linea indicate the out-of-plane 
n-MOs, and broken lines stand for the in-plane PMOS. 

bands. This has been demonstrated recently also for 
heterocyclic systems of the type 14.14 

14 

X = NCHS, S, 0; Ar = CBHI, CIoH, 

Triple Bonds 
The electronic system of acetylenes is more compact 

than that of ethylenes, and therefore the result of an 
interaction should be slightly smaller in size. On the 
other hand, the a-system exhibits cylindrical symmetry; 
thus, through-space interactions between such frag- 
ments should not depend upon the orientation. If two 
acetylenic systems are arranged in a plane, the four 
a-orbitals are expected to form two sets of bonding and 
antibonding linear combinations of the in plane (ai) and 
out of plane (a,) PMOS, as shown below: 

X Z X %  !! !8 
lT; Tt; G R, 

We expect only a small splitting for the a. set but a 
sizable one for the ri linear combinations for distances 
between 2.5 and 3.5 A. As shown in Figure 2, the two 
ai linear combinations are able to interact with high- 
lying a-orbitals localized at the C-C bonds of hydro- 
carbon chains connecting the triple bonds. Conse- 
quently, we expect an interplay of through-space and 
through-bond effects for cyclic di- and triacetylenes 
depending on the chain length and distance as discussed 
above. 

Compilation of recent PE measurements on the cyclic 
diacetylenes 15-1916 shows an exponential dependence 
for the a, set (see Figure 3). For the ri set, however, 
the split in 15 is considerably smaller (0.4 eV)15a than 
in 17 (1.6 eV)15b althou h the distance in 15 has been 
determined to be 2.56 llSa while in 17 both units are 
separated by 2.99 A (see Figure 3).'5b This discrepancy 
can be solved on the basis of Figure 2. The two CzH4 
chains in 15 destabilize ai+ and overrule a large 

(14) (a) Gleiter, R.; Uschmann, J. J. Org. Chem. 1986, 51, 370. (b) 
Spanget-Larsen, J.; Uschmann, J.; Gleiter, R. J.  Phys. Chem. 1990,94, 
2334. 

(15) (a) Bieri, G.; Heilbronner, E.; Kloster-Jensen, E.; Schmelzer, A.; 
Wirz, J. Helo. Chim. Acta 1974, 57, 1265. (b) Gleiter, R.; Karcher, M.; 
Jahn, R.; Irngartinger, H. Chem. Ber. 1988, 121, 735. (c) Gleiter, R.; 
Kratz, D.; Schehlmann, V.; Schiifer, W., to be published. 
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through-space effect, such that the ai+ linear combi- 
nation is found at lower energy than the q- combination 
(Figure 3). In 16 a C2H4 and a C3H6 bridge compete 
with each other. The observation that a[ emerges on 
top of ai+ can be rationalized by assuming that the 
interaction a-a(propano) is stronger than a-a(ethano) 
due to the higher basis orbital energies of the o-skeleton 
of the propano bridge as compared to the a-orbital of 
the ethano moiety. The importance of the energy of 
the a-chain, as encountered in 16, shows up more 
strongly when comparing C-C bonds with Si-Si bonds. 
This has been demonstrated by comparing the PE 
spectra of 15 and 2016 as well as 2117 and 22.16 

Gleiter and Schafer 

x - x  

Homocon j ugation 
Since its postulation by Winstein,l the concept of 

homoconjugation and homoaromaticity has attracted 
great theoretical and experimental interest1 Thermo- 
chemical as well as UV and NMR studies on 2 revealed 
no sign of homoconjugation.18 By means of PE spec- 
troscopy, however, a definite splitting of the different 
ionic states of 2 has been foundlg (for the difference 
between conjugative stabilization and orbital splitting, 
see the section entitled Consequences for Reactivity). 
In the case of 23-25, P E  spectroscopy reveals only a 

2 23 24 25 

AI (eV) 0.918 0.4% 0.421 0.422 
d (A) 2.46 2.53 2.85 2.57 

band This has been ascribed to a 
difference in the interaction between e(a) and al(a) with 
the corresponding PMOS. In the case of 26, the elec- 
tronic absorption spectra as well as the PE and 'H 
NMR data are indicative of homoc~njugation.~~ The 

26 27 2s 29 

two homo-8a systems 2724 and 2825 show no sign of a 

(16) Gleiter, R.; Schiifer, W.; Sakurai, H. J. Am. Chem. SOC. 1985,107, 
3046. 

(17) Houk, K. N.; Strozier, R. W.; Santiago, C.; Gandour, R. W.; 
Vollhardt, K. P. C. J. Am. Chem. SOC. 1979,101,5183. 

(18) Roth, W. R.; Bang, W. B.; Gobel, P.; Sass, R. L.; Turner, R. B.; 
Yu, A. P. J .  Am. Chem. SOC. 1964,86, 3178. 

(19) Bischof, P.; Gleiter, R.; Heilbronner, E. Helu. Chim. Acta 1970, 
53, 1425. 

(20) Bunzli, J. C.; Frost, D. C.; Weiler, L. Tetrahedron Lett. 1973, 
1159. Bischof, P.; Bosse, D.; Gleiter, R.; Kukla, M. J.; de Meijere, A.; 
Paquette, L. A. Chem. Ber. 1975, 108, 1218. 

(21) Christoph, G. G.; Muthard, J. L.; Paquette, L. A.; Bohm, M. C.; 
Gleiter, R. J.  Am. Chem. SOC. 1978, 100, 7782. 

(22) McMurry, J. E.; Haley, G. J.; Matz, J. R.; Clardy, J. C.; Van 
Duyne, G.; Gleiter, R.; Schifer, W.; White, D. H. J.  Am. Chem. SOC. 1986, 
108, 2932. 

(23) Wilcox, C. F., Jr.; Blain, D. A.; Clardy, J.; Van Duyne, G.; Gleiter, 
R.; Eckert-MaksiE, M. J.  Am. Chem. SOC. 1986,108,7693. 

(24) Krause, A.; Musso, H.; Boland, W.; Ahlrichs, R.; Gleiter, R.; 
Boese, R.; Bar, M. Angew. Chem., Int. Ed. Engl. 1989, 28, 1379. 
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37 36 40 
Figure 4. Correlation between the first four PE bands in the 
PE spectra of 36-40. Open bars, pure a-orbitals; filled bars, 
a-orbitals with strong contributions of the ethano a-orbitals; ?rbr, 
a-orbitals of the bridges. 

sizable interaction between the a-units in their PE 
spectra. The synthesis of 25 and 28 initiated the the- 
oretical investigation of the "in-plane trishomo- 
aromaticity".26 Also, systems comprising 1,4-cyclo- 
hexadiene units with an overall Dnh symmetry like 
[ 5lbeltene 29 have been theoretically in~es t iga ted .~~ 
From our investigations on 23-28 it is evident that any 
a-a interaction in the beltenes will be hard to prove. 
The larger rings should, however, be of interest with 
respect to their receptor properties. A t  this point we 
should mention barrelene (30)% and the propellanes 31 
and 32 for which a definite splitting between the a- 
bands in the PE spectra has been e n c ~ u n t e r e d . ~ ~  

30 31 32 

AI (eV) 1.22 0.50 0.4 

Examples for the homoconjugation of triple bonds are 
provided in the pericyclenes. So far data for [5]- to 
[8]pericyclenes have been reported.30 Spectroscopic 
(PE and ET) investigations on 33 and 34 reveal a weak 

33 34 35 

homoconjugation in the cationic and anionic states.30 
Also the silicon analogue of [3]pericyclene (35) shows 
some indication of homoconjugation in its PE spec- 
trum.16 Although homoaromatic interaction has been 
detected in some cases, there is no experimental evi- 
dence about any stabilization in neutral homoaromatic 
systems31 (for the difference between interaction and 

(25) McMurry, J. E.; Gleiter, R.; Schiifer, W., unpublished results. 
Falcetta, M. F.; Jordan, K. D.; McMurry, J. E.; Paddon-Row, M. N. J. 
Am. Chem. SOC. 1990,112, 579. 

(26) McEwen, A. B.; Schleyer, P. v. R. J.  Org. Chem. 1986,51,4357. 
(27) (a) Alder, R. W.; Sessions, R. B. J.  Chem. SOC., Perkin Trans. 2 

1985,1849. (b) Angus, R. 0.; Johnson, R. P. J. Org. Chem. 1988,53,314. 
(28) Haselbach, E.; Heilbronner, E.; Schraer, G. Helu. Chim. Acta 

1971, 54, 153. 
(29) (a) Paquette, L. A.; Liang, S.; Waykole, L.; DeLucca, G.; Jendralla, 

H.; Rogers, R. D.; Kratz, D.; Gleiter, R. J. Org. Chem. 1990,55,1598. (b) 
Gleiter, R.; Heilbronner, E.; Paquette, L. A.; Thompson, G. L.; Wingard, 
R. E., Jr. Tetrahedron 1973, 29, 565. 

(30) Scott, L. T. Pure Appl. Chem. 1986, 58, 105 and references 
therein. 
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stabilization, see the section entitled Consequences for 
Reactivity). 

Benzene Rings 
There are many ways in which two aromatic rings can 

interact with each other. We will restrict ourselves to 
[2.2]paracyclophane (36) and its congeners. It should 
be mentioned that 36 stands for many cyclophanes with 
different bridges and aromatic units. More recent 
studies concerning the interaction in these species have 
been reviewed by Heilbronner and Yang.32 Also mixed 
cyclophanes with donor and acceptor units have been 
in~es t iga t ed .~~  

The spatial interaction of benzene rings in 36 is in- 
fluenced by admixture of a-orbitals of the ethano 
fragments connecting the rings. This is demonstrated 
for 36 and its congeners 37-40 in Figure 4. It is shown 
that from the four linear combinations of the former 
benzene e(?r) MOs (b3u, b2g, b3g, and b2J the bsu linear 
combination depends very strongly on the nature of the 
bridge. In the case of 37% and 3835 the energy of the 

b3u 4 9  b3g bzu 

a-bridge is raised with respect to the C2H4 bridge of the 
parent system (36); therefore the b3u ionization energy 
is shifted toward lower energy. In 39 and 40 the op- 
posite is the case.36 

Interaction via Rings and Polycyclic Systems 
Recently, a series of compounds have been studied 

in which a central ring system is bridged on both sides 
such that the double bonds are arranged perpendicu- 
larly or nearly perpendicularly to each other. Examples 
with a central four-membered ring are 41-44; with a six- 
and seven-membered ring, 45-47. In the case of 42-47 

a a m +  
41 42 43 44 

Alx (eV) - 1.4 1.1 0.8 

45 46 47 

u x  (eV) 1.3 0.9 0.7 

PE investigations reveal a splitting in the range of 
0.7-1.4 eV.37-39 For 41 the interaction is proven by its 

(31) Houk, K. N.; Gandour, R. W.; Strozier, R. W.; Rondan, N. G.; 
Paquette, L. A. J. Am. Chem. SOC. 1979, 101, 6797. Liebman, J. F.; 
Paquette, L. A.; Peterson, J. R.; Rogers, D. W. Ibid. 1986, 108, 8267. 
Scott, L. T.; Cooney, M. J.; Rogers, D. W.; Dejroongruang, K. Ibid. 1988, 
110, 7244. 

(32) (a) Heilbronner, E.; Yang, Z. Top. Curr. Chem. 1983,115,l. (b) 
Canuto, S.;  Zerner, M. C. J. Am. Chem. SOC. 1990,112,2114 and refer- 
ences therein. 

(33) Gleiter, R.; Scl-dfer, W.; Staab, H. A. Chem. Ber. 1988,121,1257. 
(34) Gleiter, R.; Schlrfer, W.; Krennrich, G.; Sakurai, H. J. Am. Chem. 

SOC. 1988, 110, 4117. 
(35) Gleiter, R.; Eckert-MaksiE, M.; SchHfer, W.; Truesdale, E. A. 

Chem. Ber. 1982,115,2009. 
(36) Heilbronner, E.; Maier, J. P. Helu. Chim. Acta 1974, 57, 151. 
(37) Gleiter, R.; Toyota, A.; Bischof, P.; Krennrich, G.; Dressel, J.; 

Pansegrau, P. D.; Paquette, L. A. J. Am. Chem. SOC. 1988, 110, 5490. 
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Figure 5. Top: Comparison between the frontier vMOs of two 
perpendicular r-systems in 42-44 and the Walsh MOs of a 
four-membered ring. Bottom: Comparison between r-MOs of 
b3 and b2 symmetry of two olefinic units in 45 and 46 and the 
corresponding PMOS of a twisted six-membered ring. 
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Figure 6. Left: Comparison between the first PE bands of 3 
and 42. Right: Comparison between the first two excited states 
of 3 and 42. 

long-wavelength absorption (300 nm).40 The strong 
splitting of the first ?r-bands in the PE spectra of 42-47 
can best be understood by comparing the valence or- 
bitals of the ?r-bridges with those of the central rings. 
In the case of 42-44 the highest occupied ?r-MOs of the 
fragments (a2, b,) ideally match the corresponding 
Walsh-type bl(a) and a2(a*) MOs of the cyclobutane 
ring (see Figure 5). As a consequence a2(a) is stabilized 
and b,(?r) is destabilized, so that the first two ionic 
states of 42-44 are reversed to such an extent that the 
separation is considerable. The comparison between 
the first ionic and excited states of 42 with those of 3 
reveals a similar energy difference of the first two ionic 
and excited states of 42 and 3 but a different symmetry 
of these states (Figure 6). Just as in the case of 3 we 
notice for 42 a similar value of the splitting of the first 
two ionic states (AZ(1,2) = 1.4 eV) and the first two 
excited states (pE(1,2) = 1.6 eV). While in 3 the 
Coulomb repulsions and exchange contributions cancel 
each other in a first-order approximation, this is not the 
case in 42 due to the difference in the interactions b2- 

(38) Borden, W. T.; Young, S. D.; Frost, D. C.; Westwood, N. P. C.; 
Jorgensen, W. L. J. Org. Chem. 1979, 44, 737. 

(39) Gleiter, R.; Kissler, B.; Ganter, C. Angew. Chem., Int. Ed. Engl. 
1987,26, 1252. 

(40) Gleiter, R.; Kobayashi, T. Helu. Chim. Acta 1971, 54, 1081. 
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(a)-b,(a) and a2(a)-a2(u*). This difference is, however, 
small, and therefore the difference between Al(1,2) and 
aE(1,2) of 42 resides within experimental error. For 
45-47 the situation is somewhat different insofar as the 
two PMOS (b2, b3) both interact with low-lying PMOS 
of the central ring (Figure 5). The recorded splittings 
of the first two PE bands of 0.6-1.3 e V 9  show that also 
six- and seven-membered rings can act as good relays. 

Instead of monocyclic systems like in 41-47 one can 
also consider polycyclic systems as potential relays (viz., 
48-52). From PE investigations on these  specie^^**^^ 

Gleiter and Schafer 

due to conjugation with respect to two ethylenes is only 
4 kcal/mol. From Figure 1 it is also evident that the 
stabilization due to conjugation would be larger in the 
radical cation or radical anion case. That means we 
have to look for those cases where more bonding than 
antibonding levels are occupied. 

As a consequence of this reasoning we expect stabi- 
lization effects in those cases where cations, anions, 
biradicals, or excited states are involved. Since we have 
restricted this Account to neutral species, we will focus 
on them. Three examples have been discussed and 
reviewed6 already, the Grob fragmentation,@ some as- 
pects of the Birch r e d ~ c t i o n , ~ ~  and the concept of u 
assistance and u resistance of the ring closure of radicals 
and intramolecular hydrogen transfer.48 In this Ac- 
count we point out that through-bond effects are also 
important for understanding photochemical reactions. 
To rationalize the "rule of fi~e'',4~ the difference between 
the interaction of two .Ir-systems and an ethano or 
propano bridge, as shown in Figure 2, has been in- 
v~ked.~O The strong destabilization of the x+ linear 
combination in hexa-1,5-diene (58) due to the ethano 
bridge (e.g., Figure 2) has been made responsible for a 
considerable electronic activation energy for both modes 
of photochemical [2 + 21 ring closure.50 Thus the "head 
to tail" transition state 59, which is sterically more fa- 
vored than the "head to head" one in 61, turns the scale 
toward 60. 

48 49 50 51 52 

it is evident that only for 51 a sizable splitting is found 
(0.7 eV). For 48-50 the splitting of the first two PE 
bands is on the order of 0.2-0.4 eV,41 a value that has 
also been found for 52.42 Since in 52 the two substitu- 
ents are separated by about 8 A, this splitting is rather 
remarkable. 
Long-Distance Effects 

Long-range interactions in rigid molecules have been 
investigated by means of PE and ET spectroscopy. 
Since this topic has been reviewed very recently,3e we 
will keep this paragraph short despite its importance 
with respect to the intramolecular energy transfer in 
donor-acceptor systems. For the long-range through- 
bond interaction, essentially two effects have been in- 
voked, first, x/u-interaction as discussed for the simpler 
systems in the preceding paragraphs, e.g., 53, and sec- 

53 5 4  

ond, an interaction involving essentially the C-C u- 
skeleton and a laticyclic hyperconjugative interaction 
as indicated in 54.3e143 This latter effect has been 
suggested to account for the large splitting in 55 and 
56 as compared to 57. 

55 56 57 

AI (eV) 0.5 eVU 0.3 eV" 0.3 eVU 

Consequences for Reactivity 
The interaction between x-fragments not directly 

connected with each other should influence the re- 
activity in those cases where a net stabilization is en- 
countered. Stabilization should not be confused with 
energy splitting: Although the energy splitting of the 
occupied MOs in butadiene is 2.4 eV, the stabilization 

(41) (a) Honegger, E.; Heilbronner, E.; Urbanek, T.; Martin, H.-D. 
Helu. Chim. Acta 1985,68,23. (b) Honegger, E.; Heilbronner, E.; Hess, 
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(43) Jorgensen, F. S.; Paddon-Row, M. N. Tetrahedron Lett. 1983,24, 
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62 58 60 

In the case of hepta-lS-diene (631, where the propano 
bridge enhances the through-space interaction, the 
electronic contribution to the activation energy for the 
"head to head" ring closure via 66 to 67 is predicted to 
be 0, and thus this path is favored over the one via 64 
to 65. A further example is the light-induced ring 

' I '  - ' 1  m 67 h v  66 cz-q 63 65 

closure of the bridged tricyclo[4.2.0.02~5]octa-3,7-diene 
derivative 68 to pr0pella[3~]cubane (69).51 In this 
connection it is of interest that syn-tricyc10[4.2.0.0~~~]- 
octa-3,7-diene (70) and its alkyl derivatives do not lead 
to cubane upon irradiati~n.~, Apart from the differ- 
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Conclusion 
The mode of thinking of most chemists with respect 

to the interaction of a-moieties that are not directly 
connected with each other is a through-space one and 
disregards the a-frame. From this it seems logical that 
the interaction of a-systems depends on their mutual 
distance and orientation only. Experimental investi- 
gations together with model calculations have revealed 
that this view is too simple. The a-frame not only is 
used to fix the n-units but also contributes considerably. 
As it turns out, the most important parameters of the 
a-frame are its length and the energies of the orbitals 
associated with the a-chain. To judge the influence of 
the length of the a-frame, a simple rule emerges: a 
bridge with two carbon atoms narrows the gap between 
a+ and a-, while a bridge with three carbon centers 
enlarges it (see Figure 2). Usually the effect of a pro- 
pano bridge overrules that of an ethano bridge. The 
strong influence of the bridge affects the reactivity 
considerably. This should be and has been observed 
in those cases where a switch of the frontier orbitals 
occurs within a series of similar molecules (e.g., 15-19 
or 36-40). Recent experiments in the series of cyclic 
dia~etylenes'~ have demonstrated this prediction. 
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68 69 70 71 

ences in the strain energies in both systems, electronic 
factors have been made responsible for this contrasting 
behavior.51 Due to the strong r/a-interactions in 70, 
the HOMO (72) is found to be bonding (a+) and the 
LUMO (73) antibonding with respect to a a/r- and 
a*/r*-interaction'l* (see below). 

HOMO, 72 LUMO, 73 HOMO, 74 LUMO, 75 

In 68, however, the propano bridges overrule the effect 
of the ethano bridges as discussed for 16 and thus the 
phases are reversed, i.e., the HOMO (74) is antibonding 
and the LUMO (75) is bonding with respect to a a/a- 
and a*/r*-interaction, respectively. Thus the excita- 
tion of an electron in 68 from the HOMO (74) to the 
LUMO (75) increases the bonding between the a-units, 
and therefore the [2 + 2lcycloaddition in this molecule 
should be favored. 
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htroduction 
Accurate heats of formation of the alkyl radicals are 

of value for a number of reasons. For example, they are 
needed to determine the primary, secondary, and ter- 
tiary C-H bond dissociation energies, i.e., DH0298 for 
the following 

C3H8 (or ?~-C4H10) - i-C3H7 (or sec-C4Hg) + H 
C2HG ..-+ CzH5 + H 

i-C4H10 - t-CdHg + H 

(1) 

(3) 
(2) 
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These and other bond energies are invaluable in 
mechanistic chemistry because they provide the means 
to determine heats of formation of reaction interme- 
diates and transition states (known or postulated).2 
When this thermochemical information is accurately 
known, it yields useful enthalpic criteria that, together 
with laboratory measurements (such as enthalpies of 
activation), can be used to discriminate between plau- 
sible reaction  mechanism^.^.^^ When bond energies are 
inaccurate, their use for this same purpose can lead to 
erroneous and sometimes unusual conclusions. 

A major controversy arose from the use of widely 
accepted low C-H bond energies to calculate the heats 
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