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Abstract: The linear combination of fragment configurations (LCFC) method is used to construct potential energy surfaces for
[272 + w5 and [27g + 27a] cycloadditions which constitute models for Huckel antiaromatic and Mobius aromatic thermal re-
actions as well as models of Hiickel aromatic and Mobius antiaromatic photochemical reactions. The factors which control the
heights of barriers and the stabilities of possible intermediates in thermal reactions are discussed. More importantly, an under-
standing of the key features of photochemical reactions is now made possible. In this connection, it is shown that barrier heights

as well as decay efficiencies play crucial roles.

I. Introduction

Cycloadditions constitute the class of chemical reactions
which poses the most formidable challenge to the mechanistic
and theoretical chemist. This is due to the fact that the union
of two cycloaddends can occur in any one of many different
stereochemical and regiochemical ways. Hence, the rational-
izations or predictions of the preferred product of a given cy-
cloaddition reaction might appear to be an impossible task.
Nevertheless, significant progress has been made in this area
since the publication of the Woodward-Hoffmann rules in
1965.! However, despite these recent developments, certain
features of thermal cycloadditions and even more aspects of
photocycloadditions have refused to yield to a single, all-en-
compassing interpretation.

In this work, we use the linear combination of fragment
configurations (LCFC) method discussed in a previous paper?
for constructing the PE surfaces of the model [;7 + ;7] and
[2ws + 2ma] cycloadditions. A discussion of possible mecha-

[2‘”5 + 2‘na]

[2‘”5 + ZT{S]

nisms of thermal and photochemical aromatic and antiaro-
matic reactions is presented.

II. Theory

For illustrative purposes, we use the singlet cyclodimeriza-
tion reaction of ethylene as the model reaction assuming that
the two molecules approach each other in a symmetric fash-
ion.

The first task is the specification of the basis set of singlet
zero-order configurations to be employed in the analysis, These
are shown in Figure 1. The final symmetry and spin-adapted
configurations® are given below:

= D1D2
vyt = o) (D1*Dy~ + D,~Dy*)
¥y~ = BOE (D1*D2™ = D17Dy%)
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V3t = (2)1/2 (D1*D; + D1D2*)
¥y~ = (2)1/2 (D1*D; — D1D2¥)
at = (2)1/2 (D1*2Dy72+ D, 7?D>*Y)
Yy~ = (2)1/2 (D1*2D372 — D;72Dy*?)
Vst = (2)1/2 (D1**D; + D1D2**)
Vs~ = (2)1/2 (D1**Dy — D1 Dy**)
Vet = (2)1/2 (D1**D2™ + D1 7Dy *¥)
Ve~ = (2)1/2 (Di**D,~ — D7D *¥)
s (2)1/2 (Dy*D,™* + Dy™*Dy)
¥ = o (DD - D)
Vg = D *Dy*

For simplicity, we include only the lower energy “ditriplet”
D *D;* surface and neglect the higher “disinglet” one.

The various zero-order configurations fall within three sets.
One set includes only the no-bond configuration, D;D». The
second set includes configurations which arise by promoting
one electron to a higher energy MO. Henceforth, such con-
figurations will be termed collectively monoexcited configu-
rations. The third set includes configurations which arise by
promoting two electrons to higher energy MOs. Henceforth,
such configurations will be termed collectively diexcited con-
figurations. These three sets will be taken to define three
packets, Ay, Az, and A;.

The shape of the various types of diabatic surfaces has been
discussed in the previous paper.2 It was concluded that no-bond
(e.g., D1D2) and locally excited (e.g., ¥3* and ¥s*) type di-
abatic curves are repulsive. On the other hand, the charge
transfer (e.g., ¥,* and ¥¢*) type diabatic curves display a
minimum. The shape of the final adiabatic PE surfaces de-
pends on the interactions between the diabatic surfaces and
this, in turn, is characteristic of the stereochemical path. The
interaction matrix is shown in Table I4 and the intra- and in-
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Figure 1. Zero-order configurations for the [27 + 2] dimerization of

ethylene. Ay, Az, and Aj are configuration packets.
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HO-LU {
#= 0[2775 + 277a]

terpacket interactions are schematically depicted in Chart
L.

I1.1. Construction of Adiabatic PE Surfaces. We first con-
sider the [»ms + 7] geometry of approach and intrapacket
interactions. The A packet contains only ¥y, so there are no
intrapacket interactions. The A, packet contains four config-
urations which can interact strongly ina HO-HO and LU-LU
sense. Similarly, the A3 packet contains nine configurations
which can interact also ina HO-HO and LU-LU sense. On
the other hand, the interactions between the diabatic surfaces
of A1 and A,, as well as those between the diabatic surfaces of
Asand As, are of the HO-LU type and, hence, zero. Accord-
ingly, it follows that in the case of the [, + 2ms] geometry,
the diabatic surfaces within each packet interact strongly
whereas those belonging to different packets do not interact.
As the two ethylenes approach each other, spatial overlap in-
creases and intrapacket interactions continuously increase,
while interpacket interactions remain always zero. As a result,
the A, and A3 packets “swell” and their boundaries travel
toward the ¥, diabatic surface. Eventually the boundary of
the A3 packet will define the potential well where the product
will lie and A, will define the potential well where an excited
intermediate will be accommodated. The resulting PE surfaces
which describe the photochemical and thermal [amg + 2ms]
cycloadditions can be represented as shown in Figure 2.

The various features of the PE surfaces can be conveyed by
the following chemical equations, where a wavy line signifies
radiationless decay.
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Figure 2. PE surfaces for thermal and photochemical ;7 + a7g] cyclo-
dimerization of ethylene. The “parent” diabatic surfaces at infinite in-
termolecular distance are shown in parentheses. C’ is the point of the
W¥,-Aj3 boundary avoided crossing (dotted lines). C is the crossing point
of the first excited surface with the A; boundary. Diagram is schemat-
ic.

(a) Thermal [, 7g + ,7 )
D, +D, » (D, ---D,) C.H,
(b) Photochemical [, + ,7 ]

D, + D,
D, +D;* =+ (D, D, )= M= "* s [=]

TR e,

D1+D2 D1+D2

In the above equations, (D; « « - D5) is a thermal encounter
complex which can be weakly bound and (Dy - -+ Dy*) is an
excited encounter complex which also can be weakly
bound.!

Let us now consider in some detail the features of the ground
and lowest excited surfaces of [2ms + »m;] cycloaddition. The
ground surface displays a barrier £ which is produced by the
pseudocrossing of the A; and A; packets. The key feature of
the excited surface can be understood by examining the in-
trapacket interactions of A;. The avoided crossing of the ¥~
and W3~ diabatic surfaces leads to formation of a barrier, E*,
and an excited intermediate, M.5 If the interaction of ¥,~ and
W3~ is very strong, the barrier will be negligible. Past the
minimum describing the excited intermediate, M, the
boundary of A, crosses the boundary of A3 and this is a real
crossing. This is the point at which the reaction system makes
the transition to the boundary of A; and is ultimately led to
become an excited intermediate ="*.6 This can now decay to
the ground surface and the efficiency of the decay will depend
on the energy gap AQ,”$ the magnitude of which is controlled
by the two-electron interaction of the A; and Aj packets.
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Table I. Interaction Matrix for [27 + 27] Cyclodimerization of Ethylene

11

v, ¥, st \ 2% vt \ Wt W™ Yt \ 7 vyt \ %8 Vg
(HOD:-
LUD2)
W, + 0 0 0 0 0 0 0 0 0 0 0
(HOP2-
LUDy)
(HOP:- (HOD:-
LUD2) LUD
¥yt 0 0 0 + 0 0 0 0 0 0 +
(HODZ— (HOP:-
LUDy) LuP:
(HOD:1- (HOP:1-
HOPD?) LUP2)
\ T 0 + 0 + 0 0 0 0 0 0
(LUDi- (HOP:2-
LUP2) LUP
(HOD1-
LUDP?)
Wyt 0 0 0 0 + 0 0 0 0
(HOP2-
LUDy)
(HOP:- (HOD:1-
LUD2) LUD2)
Wy 0 0 0 0 + 0 + 0
(HOP2- (HOP:2-
LUDY) LUDY)
Wt 0 0 LUPw- 0 HOPD:- 0 0
LUD: HOPD:
\ P 0 0 LUD:- 0 HOP:- 0
LUD:2 HOPD:
(LUD:i- (LUD1-
LUD2) LUDPz)
st 0 + 0 + 0 0
(HOD:- (HOD1-
HOP2) HOPD2)
(LUD:- (LUDi-
LUPz) LUDPz)
Vs + 0 + 0 0
(HOP:- (HOP:-
HOD2) HOD2)
(HOD:-
HOPD:
e+ 0 0 0 +
(LUD:-
LUD:
g 0 0 0
(HOD:1-
HOPD:
\ Zhs 0 +
(LUDi-
LUD:
A\ 2 0
Vg

We next consider the [,ms + 2m,] geometry of approach.
Once again, the A; packet contains only ¥y, so there are no
intrapacket interactions. The A packet contains four config-
urations and all the possible one-electron interaction matrix
elements are of the HO-HO or LU-LU type, and, hence, zero.
The same situation exists in the case of intrapacket interactions
in A;. Contrary to the case of [,m, + 7] cycloadditions, the
diabatic surfaces within each packet do not interact when the
two ethylenes approach each other in a [p7s + 2m,] manner.

The interpacket interactions also differ from those which
obtain in the [2ms + 2m,] geometry. For example, consider the
interaction of ¥ of A, with ¥+, ¥,~, W3+ and ¥;3-, of As.
The possible interaction matrix elements will be large, since
the HO-LU overlap integral is large. The same argument
applies to the interaction between diabatic surfaces of A; and
those of A3. As the two molecules approach each other, inter-
packet interactions progressively increase, while intrapacket

interactions remain always zero. As a result, the three packets
“repel” each other. The PE surfaces for photochemical and
thermal [,7s + 27,] cycloadditions are shown in Figure 3. The
details of the PE surfaces can be expressed as follows:

D, + D, — (D,D,) — C.H;
P’ CH;,
D, + D;* — (D, D% — og;'
u D+ D,

D, + D,

The PE surface aspects of the [ms + »m,] cycloaddition are
simple to understand. The barrier of the thermal reactions, E,
arises primarily from the interaction of the ¥ and ¥,* di-
abatic surfaces. The photochemical barrier, E*, arises from
the crossing of the charge transfer and locally excited diabatic
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Figure 3. PE surfaces for thermal and photochemical [a7s + 27,] dimer-
ization of ethylene. The corresponding diabatic surfaces at infinite inter-
molecular distance are shown in parentheses. Diagram is schematic.

surfaces, and its height is controlled by the interaction of the
¥, ¥,*, and Vg diabatic surfaces. Decay of the excited in-
termediate, O,° to the ground adiabatic surface completes the
sequences of events.

While wé have restricted our attention to the [, + 275] and
[xms + 2m.] mechanism of cyclobutane formation, a third,
stepwise mechanism exists. Henceforth, we shall refer to the

2CH~CH, — _/ — ( —

TB
above mechanism as the TB mechanism and the first ele-
mentary step as the TB step.

Following familiar arguments, we can show that in bicentric
reactions, both intra- and interpacket interactions obtain.
Accordingly, the PE surfaces of the thermal and photochemical
TB step can be constructed in the same manner as in the case
of [ams + 2m,] cycloaddition.

Having discussed the PE surfaces for [,7 + 7], TB, and
[2ms + 2ma] cycloaddition, the question arises as to which of the
three stereochemical paths is favored. In the case of the thermal
reaction, it is clear that only the height of the ground surface
barrier has to be considered. While an a priori prediction
cannot be made, it is reasonable to assume that interpacket
interactions will produce the lowest barrier in the case of [>7
+ »m,] cycloaddition. The prediction of the relative efficiencies
of the [xms + 2ms], TB, and [, + 2m,] photoreactions is more
straightforward. In this instance, one has to be concerned with
two aspects of the reaction, namely, the barrier on the lowest
excited surface and the decay to ground surface. The [>7s +
o] stereochemical path is favored on both counts: the heights
of the photochemical barriers are optimum and the efficiency
of decay is maximum since the reaction system can find a
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Figure 4. Zero-order configuration for the [27 + 27] cycloadditions of
a donor olefin (D) and an acceptor olefin (A).

“hole”® for efficient decay to the ground surface, i.e., it can
arrive at a point (intermediate =*) where two adiabatic sur-
faces are separated by a small energy gap, and, hence, decay
from the upper to lower surface is expected to be fast.

The above considerations lead naturally to the formation
of two rules; (a) The preferred stereochemical pathway of a
thermal reaction will be the one which maximizes interpacket
interactions. (b) The preferred stereochemical pathway of a
photochemical reaction will be the one which maximizes in-
trapacket interactions and minimizes interpacket interactions.
A reaction path which is favorable by reference to the above
rules will be termed aromatic. Paths which fulfill the contrary
conditions will be termed antiaromatic.

I1.2. The Effect of Polarity. Potential Energy Surfaces for
Nonionic and Ionic [27 + 27] Cycloadditions. We now inquire
as to how the conclusions of the previous analysis will be
modified when polarity is increased, i.e., when one ethylene is
replaced by a donor olefin and the other by an acceptor olefin.
The basis set configurations appropriate to this problem are
shown in Figure 4. Increasing polarity causes energy depression
of D*A~, and D**A~, and D*2A—2 type diabatic surfaces and
results in energy lowering of the corresponding adiabatic
surfaces. Ultimately, D¥A~ will cross DA, marking the
transition from a nonionic to an ionic cycloaddition. Similarly,
jonic cycloaddition can materialize also when the DA~ lies
very near the DA diabatic surface and the interaction of the
D*A~ and DA* diabatic surfaces causes the adiabatic surface
originating from the D* A~ diabatic surface to cross the adi-
abatic surface originating from the DA diabatic surface. The
same effect can be reproduced by an increase in solvent po-
larity.10 These considerations are illustrated in Figures 5 and
6.

The mechanistic features of ionic cycloaddition reactions
can be conveyed by the following chemical equations:

(a) Ionic thermal [ms + 2m;] cycloaddition

D+A—{D-:---A)—M—P (P = product)

(b) Ionic photochemical [, + 2] cycloaddition

—_— (D---A*) s M — P
i

D+ A

D + A*

(c) lonic thermal [2ms + 27, cycloaddition!!

D+A—->(D...A)—->N*—->P
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Figure 8. The effect of polarity on the shapes of the PE surfaces for [27s + 2ms) cycloadditions. Solid lines indicate diabatic and dashed lines adiabatic
surfaces. Two-electron interactions are neglected. Diagrams are schematic
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Figure 6. The effect of polarity on the shapes of the potential energy surfaces for [>7s + »7a] cycloaddition. Solid lines indicate diabatic and dashed
lines adiabatic surfaces. Two-electron interactions are neglected. Diagrams are schematic.

(d) Ionic photochemical [ + 2m,] cycloaddition!2

D+ A* — (DA*) — N* —u N* — P

i

D+ A

}

D+ A

In dealing with thermal ionic cycloadditions, we must as-
sume that intermediate formation is rate determining. How-
ever, situations may arise where intermediate closure is rate
determining. Thus, we should define two different types of ionic
[27 + 27] cycloadditions: (a) type A ionic cycloadditions,
where intermediate M or N* formation is rate determining;
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Figure 7. Path pericyclicities in [3m5 + »7] cycloaddition. Solid line = nonpericyclic; thick line = pericyclic; dotted line = antipericyclic. Diagrams

are schematic

(b) type B ionic cycloadditions, where collapse of the inter-
mediate to product is rate determining. We shall limit the
discussion to type A ionic reactions. However, similar argu-
ments can be applied to type B reactions.

I1.3. Pericyclic, Effectively Pericyclic and Quasi-Pericyclic
Reactions. An important concept which can be formulated with
reference to qualitative PE surfaces is the concept of pericy-
clicity. In Figures 7 and 8 we depict the parts of adiabatic
surfaces which involve pericyclic bonding and those which do
not. The following trends are noteworthy:

(a) In the case of thermal nonionic [2ms + »7] cycloaddition,
the reaction system jumps from a nonpericyclic!3 surface to
a pericyclic'? surface in the neighborhood of A. As polarity
increases, this transition occurs earlier in the reaction coordi-
nate, while simultaneously the height of the thermal barrier
decreases.

(b) In the case of thermal ionic [,7s + 7] cycloaddition,
the reaction system jumps from a nonpericyclic surface to a
pericyclic surface in the neighborhood of A’, i.e., very early on
the reaction coordinate. In this case, the reaction system finds
itself on a pericyclic surface since the very early stage of the
reaction.

(¢) In the case of photochemical nonionic or ionic [»ms + 2]
cycloadditions, the reaction complex travels on a surface which
is entirely pericyclic.

(d) In the case of thermal nonionic or ionic [,ms + 27,] cy-
cloadditions, the reaction complex travels on a surface which
is entirely pericyclic.

(e) In the case of photochemical nonionic [rws + 2ma] cy-
cloadditions, and assuming a dominant interaction of D*A~
with D*A*, the reaction system jumps from a nonpericyclic
to a pericyclic surface in the neighborhood of B. This transition
occurs very early on the reaction coordinate.

(f) In the case of photochemical ionic [, + >m,] cycload-
dition, the reaction system jumps from a nonpericyclic onto
a surface which is initially pericyclic and subsequently becomes
antipericyclic.

The analysis presented above provides grounds for an im-
portant classification of chemical reactions. Thus, we can
distinguish the following reaction types:

(a) A pericyclic reaction is the one which proceeds entirely
on a pericyclic path, i.e., a path which is defined by a sequence
of points each corresponding to a pericyclic electronic state.
Thermal, nonionic and ionic, [27s + 2ma] cycloadditions are
all pericyclic reactions.

(b) An effectively pericyclic reaction is the one which pro-
ceeds mostly, but not entirely, on a pericyclic path. Insuch a
reaction, the two reactants approach each other on a nonper-
icyclic path, i.e., a path defined by a sequence of points each
corresponding to a nonpericyclic electronic state. When spatial
overlap between the two reactants is still small, the reaction
complex makes a transition to a pericyclic path. In general, this
transition occurs at the top of a barrier. Thermal ionic [y7s +
»m] cycloadditions are examples of effectively pericyclic re-
actions,

(c) A quasi-pericyclic reaction is the one which proceeds to
a large extent on a nonpericyclic path. In such a reaction, the
two reactants approach each other on a nonpericyclic path and
a transition to a pericyclic path occurs late in the reaction when
spatial overlap between the two reactants is very large. This
transition occurs at the top of a barrier. Thermal nonionic [
+ ,m,] cycloadditions are examples of quasi-pericyclic reac-
tions.

III. Mechanisms of Stereochemical Nonretention in
Cycloadditions

The analysis presented above can be condensed in two
rules:

(a) A reaction complex which finds itself on an antiperi-
cyclic or nonpericyclic path will tend to distort so that the total
energy will decrease. If such a distortion occurs at long in-
termolecular distances, stereorandomization due to torsional
motions within each reactant will be minimal. By contrast, if
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Figure 8. Path pericyclicities in [3ms + 2m,] cycloaddition. Solid line = nonpericyclic; thick line = pericyclic: dotted line = antipericyclic. Diagrams

are schematic

distortion occurs at short intermolecular distances. stereo-
randomization will be pronounced.

(b) A reaction complex which finds itself on a pericyclic
path will tend not to distort unless the interaction of the di-
abatic surfaces which produces the pericyclic adiabatic
pericyclic surface is weak. In this case, stereorandomization
will be zero or small,

The chemical consequences of these rules can be illustrated
by means of a specific example. To this extent, consider a
distorted U-like structure in the neighborhood of the transition
state of a quasi-pericyclic (U”) and an effectively pericyclic

r>r r :

VARSY

U/ U/I
effectively pericyclic reaction quasi-pericyclic reaction

(U") [oms + o] cycloaddition. As can be seen, U’ is looser than
U”. Obviously, U’ resembles more two reactant molecules,
both having nearly fully formed 7 bonds, while U” resembles
more a cisoid diradicaloid intermediate having no 7 bonds.
Hence, bond rotation in U” is expected to be more facile than
in U’. Accordingly, stereorandomization is expected to be
appreciable in the case of a quasi-pericyclic [ms + 7] cy-
cloaddition. By contrast, effectively pericyclic reactions may
be as stereoselective as true pericyclic reactions.

IV. Discussion

The most important chemical implications of this work are
the following:

(a) Ina case of a nonionic [>ws + ym.] approach, either cy-
cloaddend can act as the antarafacial component, unless steric
effects select one of the two possible modes. Accordingly, in
most cases, competing [>ms + »7,] mechanisms may result in
loss of reactant stereochemistry in the final product. In the case
of a nonionic TB approach, bond rotation can readily occur,
and such an approach is expected to be responsible for non-
stereoselective reaction. Finally, in the case of a nonionic [,7;
+ ,ms] approach, bond rotation may occur giving rise also to
nonstereoselective product formation. Clearly, any one of the
three mechanisms may give rise to a low degree of stereore-
tention. In other words, the stereochemical criterion for dis-
tinguishing nonionic (27 + 2w cycloaddition pathways is
inadequate when applied by itself.

Scheme 1
gauche

AE = 74.1 kcal/mol
“diradicaloid”’

E, = 3.6 Kcal/mol >=< overall

— * barrier = 7-7 kcal/mol

AE = 74.1 keal/mol gauche

“diradicaloid”
E, = 3.6 kcal/mol trans
— ‘“diradicaloid”’

E,=2.3

kcal/mol
o oovenall o0 0y cal/mol

barrier

>
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As we have mentioned in the previous section, as reaction
polarity increases, the [ym + »7] cycloaddition reaction sys-
tem jumps onto a pericyclic path increasingly earlier along the
reaction coordinate. Thus, a reduction in stereorandomization
is expected to accompany an increase in polarity if the oper-
ative mechanism is [aws + ms]. On the other hand, if a TB
mechanism is operative, an increase in polarity via substitution
should increase the stability and lifetime of the TB diradicaloid.
As a result, increased stereorandomization is expected. Finally,
no correlation between polarity and stereorandomization due
to competing [,7s + 2m,] paths is clearly discernible,

A systematic study of the polarity-stereoselectivity rela-
tionship has not yet been made. However, the available ex-
perimental evidence does suggest that in many nonionic cy-
cloadditions (27 + 2), an increase in polarity is accompanied
by an increase in stereoretention. An example is given
below.

% cis % trans In A"
olefin olefin eV Ref
Me
[H: 62 38 ~10.8 15
Me
Me
0 cis- 72 28 ~8.0
trans- 5 95 ~8.0 16
Ph

In a recent study, Segall” investigated by means of ab initio
computations the mechanism of the thermal decompositions
of cyclobutane to two ethylenes. The results of this study are
shown in Scheme I. It is clearly seen that the overall activation
energies for a distorted [pm + ,m] mechanism and a TB
mechanism are identical,

All these results taken together seem to imply that thermal
nonionic (27 + 2] cycloadditions may well occur via a dis-
torted antiaromatic [, + 2m,] path rather than the nonaro-
matic TB path, in contrast to the currently accepted view-
point.

{b) The currently accepted mechanism of thermal ionic [27
+ 27] cycloadditions'®-24 is shown in Scheme II. The key
feature of this mechanism involves a CB dipolar intermediate
devoid of 1-4 bonding. By contrast, we have argued that most
ionic {27 + 27] cycloadditions are effectively pericyclic [2ms
+ ,m] reactions involving formation of an M intermediate?2’
which is pericyclically bonded.

Before turning to the differentiating data, we enumerate
four types of mechanistic evidence which can be accounted for
by either mechanism:

(i) Trapping of intermediate.20.2!

(ii) Rate response to polar solvents.19-22

(iii) The sign and magnitude of AVt and AS*,22.23

(iv) Measurable isomerization of the cycloaddends.!8

The differentiating pieces of evidence are as follows:

(i) Ionic [27 + 27] cycloadditions are highly stereoselective

Scheme 111

X = OEt; Y = OMe 80%
X =0Me; Y = OEt 4%

or even stereospecific. A tabulation of experimental results can
be found in ref 25a. These results are incompatible with the CB
mechanism because a “configuration holding” mechanism in
the presumably nonpericyclic intermediate is necessary to
account for the observed stereoselectivity. This mechanism was
proposed to be Coulombic attraction between the ends of the
dipole. However, in the point charge approximation, rotation
in the intermediate could occur without impairing Coulombic
attraction. Furthermore, our recent calculations need to be
cited as relevant evidence against the Coulombic argument.252
These calculations have shown that a TB approach is favored
but most likely needs additional activation energy in order to
lead to the cyclobutane adduct. As a result, a [»ms + 27s] ap-
proach, which is not as favorable as a TB approach but which
leads to product without necessitating bond rotation, becomes
the preferred path, Furthermore, the [m + >m] mechanism
accounts for stereoselectivity because the M intermediate has
pericyclic character.

’(S/FN! ’/+\N:
5~ _
M intermediate CB intermediate
(:N = nucleophile)

(ii) Trapping of the intermediate is stereospecific in a
manner consistent with the presence of 1-4 bonding.20 Thus,
as illustrated in Scheme II1, the intermediate formed by cis-
propenyl methyl ether and TCNE can be trapped at 0 °C with
95% stereoselectivity.

If the intermediate had no 1-4 pericyclic bonding, the al-
cohol would add from either of two possible directions. Since
addition is only from the outside, 202! there must then be some
1-4 bonding,

(c) The stereochemical predictions regarding thermal
nonionic [47 + 27] cycloadditions are similar to those derived
from the Woodward-Hoffmann analysis! of pericyclic reac-
tions.

(d) Thermal ionic [47 + 27] cycloadditions are predicted
to oceur via a [4ms + oms] mechanism. The pertinent qualitative
PE surface is analogous to that shown in Figure 6b. An N*
intermediate is formed and the consequences of such a mo-
lecular species on the reaction coordinate can be very inter-
esting. For example, such an intermediate may react chemi-
cally with solvent or solute.

The incursion of intermediates in ionic [47 + 27] cycload-
ditions has been recognized in several cases.?2:26 A possible
example is given in Scheme 1V.27

(e) Nonionic [27 + 27] photocycloadditions can occur via
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the intermediacy of exciplexes. Recent experimental results
have revealed that such molecular species are on the reaction
coordinate for [27 + 2] photocycloadditions.?8 Ionic [27 +
2x] photocycloadditions have yet to be studied.
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