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1. Introduction. 

The original proposals 1.2~3 concerning the stereochemistry of the electrocgclic 

transformation of cyclopropyl to ally1 6ystem have stimulated a considerable amount 

of research in the case of the cationic species. 495 By contrast transformations 

involviug the radical aad anion have been relatively neglected. Recently Kuteeluigg6 

has presented the results of more oomplete EBT calculations for the cationic species. 

However for charged species EHT is theoretically uusound.7 We have therefore 

recently investigated in considerable detail the ground state and excited state 

transformations of cyclopropyl to ally1 cation using a modified CNDO II SCF MO method.8 

In continuance of this work we present results obtained by this method for the ground 

state and lower excited states for the transformation of cyclopropyl to ally1 anion. 

In a later comunication we shall present similar results for the transformation 

iavolving the radical. The latter is particularly interesting since our prelimiuary 

calculatious suggest that the ground state reaction should proceed in a disrotatory 

mnuer analogous to the catiouic case. This is in direct contrast to the predictiona 

of Woodmard and Hoffman.' 

2. Method of Calculation. 

The method of calculation hss been fully described elsevhers and the parameter6 

used here were identical to those employed iu the treatment of the excited states of 

9 cyclopropaue. Configuration interaction between all singly excited states iuvolviag 

the four lowest unoccupied and four highest occupied orbital6 has been included for 

each calculation. The reaction co-ordinate was taken to be the earns as ia the catiouic 

case, previously described, 
8 
a continuous transformation being assumed between the 

cyclopropyl end ally1 system. For a concerted process there are three distinct modes 

3673 



3674 
No.33 

for the tr8Mhlmat&an of cyclop~lto allylsysteq disrotatorym&sland2and 

wnrotatoqmode1. This is show in fig. 1. 

dis.2 con.1 

Fig. 1. 

If however a ciclopropyl enion is formed prior to resrrangement, the loual potential 

minimum h.ssB-1 bentout of the plane of the ring sothatthere are still two distinct 

disrotatory modes (of-the cationic c~Ew).~ Since the effect of the having group is not 

specifically taksn into account a direct comparison between the energetic6 for a 

concerted or non-conoerted process cannot be made, however for a given process the 

relative energies for each mods of transformation should be reasonable. For each mode 

we have carried out calculations corresponding to 15’ intervala in theroktion of the 

5-C -H (H -C -H ) 
23 334 

planes with respect to the plaue of the rzlng. 

3. Resulta sndMscussion. 

(a) w&state reactions, 

Since it is the relative energies of the three patbs which sre of interest, the 

theoretical results are bestrepresentidinthe form of energy differenoe diagrsms. 

Fig.2 shows the energy differences plottedas a function of angle of rotation for 

disrotatorymodesl and2 comparedwith thelouest energy mode conrotatoryl. '5s 

resultsnsingEHTare essentially the ssme although the charge distributions for 

individual species differ considerably from the SCF results as uan found for the 

cationic ease. 
8 

This is shown for the favouredmods conrotatorylin Table% 
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Fig. 2. 

i 
dis.l 

a.i -1 J 
dis.2 

OY 1 30 45 , 60 1 75 90 , 

cyclopropy1 angle Of rotation0 -1 

Energy differences for Disrotatory Modes 1 and 2 compared with 

lowest energy mode, conrotatory 1. 

Table 1 

SCF and EET MO atomic charge distributions as a functiou of angle of rotation for 

Angle of Method 
Rotation 

0 SCF 

EZiT 

15 SCF 

EliT 

30 SCF 

BRT 

45 SCF 

EHT 

60 SCF 

EHT 

75 SCF 

EBT 

conrot.story mcde 1 

H-l H-2 H-3 H-4 H-5 C-l 

-0~0612 +0594 -0.0655 -0.0594 -0-0655 -0-5184 

+o-0139 +oeo231 +0~0122 +0*0231 +0*0x22 a-9492 

-0-0586 -0.03887 -o&62 -0-0505 -0.0467 -0.4694 

+0~0172 +oao4i6 +o.o130 +090345 +o-0290 -0.8698 

-0.0485 4.035 -0.0578 -0.0331 -o+o9 -0.3900 

+0*0290 +0*0357 +0*0171 +0.0487 +0*0214 -0*7152 

-0.0424 -0.0685 -0*02og -0*0066 -0*0748 -0.1329 

+0.0460 +O.OOlO +0.0461 +0*0625 -0.0038 -0.2610 

-0d1.65 -0.0635 +0.0061 +0.0078 -o&51 +0*0537 

+0.0511 +o-OIOO +o.o660 +oa660 +o-0106 +o.oym 

-0.0506 a.0482 +o.c086 +o~oo81 -0.0486 +0.1184 

+0.0458 +0*0295 +O-0519 +0.0606 +O-0297 +0*0854 

90 SCF -0.0597 -0.0334 +0*002g -0.0334 +odJo2g +$*;g 

EHT +0*0300 oat47 +0*52o +0.0450 d*05q$;$~ 

By ccmparisan with our re,uW8 for the latter, the onorgy differences 

modea is sl.i&tly louer for the neSativ8~ charged apeciom. 

c-2 c-3 

-0.0853 -0.0853 

a.0677 -0.0677 

-0.1413 -0.1294 

a*1451 dbllgg 

-0-2193 a-1610 

-0-2796 -0-1560 

-0.3904 a.2635 

-0*5707 0.31g1 

-0-4859 -0Ao65 

-0.6883 -0*5353 

a5041 a-4837 

a-6761 -0-6368 

+o-0747 *o-o747 

-0.5863 -0.5863 

-0~1217 6.1217 
-0.5345 -0-5345 

between the wricun 
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(b) Excited state reactions. 

Longuet Higgins andAbrahameon2have givenr qqalitative disauesion of the 

excited state transformation of cyclopropyl to ally1 enion in terme of state correlation 

diagram& However they assumed that the epeciea involved mmaine planar about C,-E, 

with respect to the ring throughout the traneformation. Cur calculations indicate that 

this is not the case and an initial pyramidal arrangement abontC,-E, ie a local 

ndnimum for the cyclopropyl anion in the ground state and for the excited states which 

we have investigated. Table 2 shows the three lowest energy excited statea and 

oscillator strength.3 calculated for the cyulopropyl anion and the corresponding atates 

of ally1 enion. 

(H-1 

Table 2 

Calculated excited states of cycloprouyl anion and ally1 anion. 

Cyclopropyl anion 

pyramidal arrangement) 

cs 

A-1 anian 

C2v 

Singlet f !Friplet Singlet f Triplet 

I A" 4.458 o-017 4-233 B2 
4.223 0.226 2.511 (x* + II) 

II A" 5.358 0.002 5*267 A2 4.298 0 4.298 (a* + n) 

III A' 5*778 0.014 5.694 % PI35 0 5*135 (a* t x1 

There is little experimental evidence to compare with theory for the anionic epecies, 

but the interpretation of the electronic spectra of cyclopropsneg and ally1 cation, 
8 

previously discussed suggests that the results are reasonable. The location of the 

first (II* t x) transition in ally1 anion is similar to that predicted using a PPP SCF MO 

treatment." Fig. 3 shows the energy difference diagrams for the three lowest energy 

singlet states and the corresponding triplet states. 

The overall predictions concerning the mode of ring opening are essentially the 

same for both singlet and triplet states. For the first excited singlet end triplet 

states the favoured mode is clearly disrotatory, the energy for disrotatory mode 2 

being slightly the lower. This would indicate that photochemical cyclization of ally1 

anion via the (x* t_ x) transition should occur in a disrotatory fashion. !tbe 

second and third excited state transformations of cyclopropyl to ally1 anion sre 



con .I 
con 

.I 

con.1 
2 

J, 
,I Q, /q

-y 
I 

3
0
 

4
5
 

6
0
 

7
5
 

9
0
 

0
 

1
5
 

3
0
 

4
5
 

6
0
 

7
5
 

9
0
 

0
 

15 

c
y
c
l
o
p
r
o
p
y
l
 

2
 . 

E
n
e
r
g
y
 d
i
f
f
e
r
e
n
c
e
s
 

s
 

a
n
g
l
e
 o
f
 r
o
t
a
t
i
o
n
'
 

s
i
n
g
l
e
t
 s
t
a
t
e
s
 

a
l
l
y
1
 c
y
c
l
o
p
r
o
p
y
l
 

a
n
g
l
e
 o
f
 r
o
t
a
t
i
o
n
'
 

t
r
i
p
l
e
t
 s
t
a
t
e
s
 

a
J
-
4
1
 

b
e
t
w
e
e
n
 t
h
e
 v
a
r
i
o
u
s
 m
o
d
e
s
 o
f
 t
r
a
n
s
f
o
r
m
a
t
i
o
n
 of
 c
y
c
l
o
p
r
o
p
y
l
 to
 a
l
l
y
1
 a
n
i
o
n
 a
s
 a

 
f
u
n
c
t
i
o
n
 o
f
 e
n
g
l
e
 o
f
 r
o
t
a
t
i
o
n
.
 



3678 No.33 

predickdtobe stereochedcally clear cutandproceedvia conrotatorysnd disrotatory 

2modes respectively. Transitions to the corresponding states iu a monosubstituted 

cyclopropaue precursor are all synmmtry allowed, however unless the substituent 

contains a conjugating ohromophore these states will almost corteinly have energies 

corresponding to absorption in the vacuum ultradolet region of ths spectrum. From 

the published U.V. spectra 
11 there is little doubt that there is considerable 

electronic interaction between the cyclopropyl and phenyl groups in phenyl cyclopropsnes, 

and it seems likely that with the appropriately substituted phenyl cyclopropaue at 

least some of the excited state transformation to the allylic system should bs possible, 

in the U.V. region of the spectrum. 
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