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(12. VI. 71) 

Summary. The UV. spectrum of 1-ethoxycarbonylimino-pyridinium ylide 1 has been measured 
using the stretched film techniquc. From a Puriser-Purr-Pople model the first two bands can be 
assigned t o n *  c ; z  transitions. The photorearrangement of 1 leading to  the diazepine 3 is discussed. 

When 1-ethoxycarbonylimino-pyridinium ylide (1) is irradiated by UV.-light it 
isomerizes quantitatively to 1-ethoxycarbonyl-l , 2-diazepine (3) [l] [2]. The norcara- 
diene-like diaziridine (2) has been postulated as an intermediate, which could result 
from a photo-induced concerted electrocyclic ring closure of the aromatic 1,3-dipolar 
species 1. Rapid valence tautomerization of the intermediate should then lead to the 
photoproduct 3. 

1 2 3 

In order to interpret the electronic spectrum of 1 (Fig. 1) we have measured the 
dichroism of the ylide 1, oriented in a stretched polyvinyl alcohol film. If the carbonyl 
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Fig. 1. Electronic spectrum of 1 in chloroform (left) and ethanol (right) 

l) 
2, Basel. 
3, Mulhouse. 
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group is assumed to be coplanar with the aromatic ring, only two important conforma- 
tions 1A and 1B have to  be taken into consideration. 

Dreiding models indicate that in conformation 1B the extensions along the x- and 
y-directions are about equal, whereas in conformation 1A the extension along the 
x-direction is about twice as great as along the y-direction. In  view of the high observed 
dichroism it seems reasonable to assume that 1 exists in conformation 1A with the 
long axis of the molecule nearly parallel to the N-N-bond. 

Unambiguous assignment of the polarization direction from the experimental 
curves by the method developed by Eggers [3] requires a t  least C,, molecular sym- 
metry. Since 1 has a t  most C, symmetry our results are only approximate in character. 

o.m .............. 30 4 3  60 k K  

Fig. 2. Electronic sfiectrurn of 1 in stretched 
fiolyvinylalcoho~ilm 
The spectra reproduced In a are obtained with 
light parallel ( 1 1 )  and perpendicular (1) to the 
stretching direction. The reduction [3] of the two 
components is shown in b for the perpendicular 
component and in c for the parallel one 
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Since it is possible to reduce [3] the perpendicular component of the first band but not 
the parallel Component (see fig. 2 b and 2c) we infer that  the vector of the first transi- 
tion is approximately parallel to the long axis of the molecule in conformation 1A. 

In the same way we deduce that the transitions at 31.6 and 40.0 kK are polarized 
approximately parallel and those a t  37.0 and 43.6 kK are polarized approximately 
perpendicular to the long axis of the molecule. In order to rationalize the spectra of 1 
and the photo-isomerization 1 --f 3 we have carried out LCAO-SCF-CI calculations of 
the Pariser-Purr-Pople type. S i n e  the exact structure of 1 is not known, we assumed 
the following structural parameters for conformation 1A: 1.4 A for all interatomic 
distances except for C-N (amide) = 1.34 A and C=O = 1.24 A. All angles were assumed 
to be 120". The parameters used for the PPP calculation were: LJt = 11.42 eV, U; = 

14.12eV, U b =  14.0 eV, U k =  19.9 eV, U;j= 30.4 eV,ykc= 10.84 eV,ykk= 12.30 eV, 
y66 = 11.30 eV, yijij = 22.5 eV, ygg = 11.50 eV. All 8-values were taken to  be /? = 

-2.318 eV except for /3rj-~ = -1.2 eV. For the calculation of the two-center electronic 
repulsion integrals ypy we used the Mataga-Nishirnoto relation [4]. In the CI  treatment 
we considered only singly excited configurations. The result of a calculation obtained 
under these conditions is shown in fig. 3. The theoretical predictions concerning the 
energies, relative intensities and polarization directions agree quite well with the 
experimental results. 

Our model predicts three n* t n  bands between 39 and 45 kK, but the experimental 
spectra (see Fig. 2) do not permit an unambiguous correlation with the calculated 
results for this part of the spectrum. We did not pursue this point since only the first 
two bands are of importance in this context. 
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Fig. 3. Electronic transitions (n* c n) calculated for  1 using a PPP model 
The numbers in degrees indicate the angle between the transition moment and the y axis 
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In  Fig. 4 a  are shown schematically the highest occupied (nl) and the two lowest unoccupied 
(nf, ,~?,)  MO’s o f  pyridine-N-oxide derived from an  extended Hiickel [5] calculation (EHMO). 
Recently [6] the photochemistry of pyridine-N-oxide type molecules has been interpreted by 
taking only the n?, level into account. Promoting an electron from n, to n?, increases the 
n-bond order between oxygen and the o-carbon, and hence isomerization leading to  an oxaziridine 
is understandable. On this basis, as seen from Fig.4b, the first transition should be parallel and the 
second perpendicular t o  the N-O axis. However, mcasurements by Seibold, Wagniire & Labhart 171 
show that  this sequence is reversed i. e .  the first band is perpendicular and the second band parallel 
to the N-0 axis. In contrast, a LCAO-SCF-CI calculation of the PPF type [7] [8] does account for 
this experimental sequence of the transitions (Fig. 4cl. The essential point is that  the sequence of 

a 

EHMO EHMO 
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SCF-CI 

C 

Fig.4. a) Schelnatzc representation of the highest occupied a?zd the two lowest unoccupied MO’s of 
pyridine-N-oxide derived from un E H  ?‘-model 

b) Corresponding state diagram to the EHMO-scheme in 4 a  
c) State diagram according to u PPP-calculation 

states is determined by the interaction of configurations resulting from n?, + n1 (85%) and 
n?, + nz (15%) with the result that  the first band is polarized perpendicular to the N-0 axis. The 
lowest singlet state (S,) is essentially a mixture of the configurations mentioned above while, 
according t o  a first-order treatment, the second excited singlct state (S,) is well described by the 
configuration nF1 4-n1. 

Experiments carried out so far suggest that  the photoreaction 1 + 3 proceeds via 
the first excited singlet state (S,) 191. In Fig. 5 are shown the highest occupied 
MO(n,) and the lowest vacant MO’s (n?,, n?,) of 1. The vertical arrows symbolize 
the first two electronic transitions as predicted by the EHMO and PPP calculation. 
In this case both models lead to  results that  are qualitatively similar. Since the 
lowest excited singlet corresponds essentially to the n?, + 7c1 transition we can 
discuss the electrocyclic ring closure to 2 in terms of bond-order changes associatedwith 
occupation of  nZ1. 
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Fig. 5. a) Schemafic represenlafion of the highest occupied and the two lowest unoccupied MO’s of 1 

derived from an  E H  T-model 
b) Correspoiading state diagram lo the EHMO-scheme in 5 a  

c)  Sfate diagram accovding to a PPP-calculation 
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Vig. 6.  C h a q e s  i n  charge distvibution between the ground and the f irs t  two excited states for  pyridine-N- 
oxide and 1 according to a PPP calculation 
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In  Fig.6a and 6b are listed the changes in charge distribution S q ,  = q l  - q, for 
the first two transitions in pyridine-N-oxide and in 1. The symbols q, and q;t* charac- 
terize the charge in the ground and first excited states. On excitation negative charge 
is transferred from the oxygen or ylide-nitrogen to  tlie ring. 

Another interesting result of the PPP calculation is tlie change in bond orders be- 
tween position 7 and positions 2 and 6. 

- _ _ - -  

4 

- x, 

X - 0, N-COzCaH, 

For pyridine-N-oxide the bond order between oxygen and position 2 increases from 
- 0.26 in the ground state to - 0.07 in the first excited state. This is mainly because 
the highest occupied MO is strongly antibonding between positions 2 and 7 (see Fig. 4). 
For 1 the bond-orders 2-7 and 6--7 increase froni - 0.13 i n  the ground state to --0.02 
in the first excited state for the sanie reason. 

For I-iniinopyridinium-ylide 4 (regarded as a simplified model for 1) we have 

0 + I  -* 
H 

4 

calculated the energy of the ground and first excited states (see Fig. 7) as a function of 
u (defined as shown above) using an extended Hiicke2 model [5]. The increase in bond 
order between the ylide nitrogen and C(2) or C(6) on excitation to the first excited 

if ground state 
- 
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state is again in accordance with the idea that ring closure to  a diaziridine is favoured 
in the first excited state as also indicated by the PPP calculation. 

This work is part  of project No. SR 2.120.69 of the Schweizerischer Nationalfonds. Financial 
support by CIl3A-GEIGY AG and a generous gift of computer time from SANDOZ A G  are 
gratefully acknowledged. 
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(27. V. 71) 

Sumnzavy. Bis-chloromethyl-phosphinates, -thiophosphinates, and -phosphinic amides are 
formed in fair yield by treating either bis-chloromethyl-phosphinic or -thiophosphinic chloride with 
alcohols, thiols, or amines in the presence of equivalent amounts of acid binding agents. Unexpect- 
edly, the thiophosphinntes show no insecticidal activity and only the /I-cumaryl derivative ex- 
hibits a low herbicidal activity. 

Reduction of bis-chloromethyl-thiophosphinic chloridc to  bis-chlorornethyl-phosphinous 
chloride is effected with (PhO),P at 170". Interaction of this chloride, (CICH,),PCI, with Grignard 
reagents yields tertiary phosphines, which at slightly above room temperature are unstable, but 
which may be charactrrized as oxidcs or snlfictes. 

We [ Z ]  and others [3] r4] have reccntly found an easy method for the synthesis of 
his-clilorometliyl-pliospliinic chloride involving reaction of (HOCH,),P(O)OH with 
excess SOC1, a t  80" j3] [2], or with PC1, [4]. This chlorination with SOCI, effected at 
rooin tcniperature, however, unexpectedly affords bis-chloromethyl-phosphinic 
anhydride in high yield. Further study of this chlorination shows that the anhydride is 
also obtained, even at  80", when only stoichiometric amounts of SOC1, are used. At 
rooin temperature the rate of reaction of the anhydride with SOCl, is extremely slow, 




