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swnnamd- Evidence of the mechanistic pathways involved in the acetone sensitized 
homolytic photocZeavage of benzyZtmaZkylanrnoniwn saZts and other benzyl derivatives 
is obtained by CIDNP. 

Recent papers by McKenna and coworkers on the photochemical cleavage of benzylammonium 

compounds (0-CA*-NB:) and other benzyl derivatives (0CH2-X) provided good insight into the 

mechanlstlc pathways Involved In their unsensitized and acetone-sensitized homolysis and/or 

hetero1ysis.l 

In spite of the large amount of experimental data, some discrepancies remain between 

McKenna's work and papers by other authors.2 

Since the homolytic pathway yields radical parrs, a CIDNP study should reveal furtl.er 

details about the reaction mechanism. Because of our interest ln the behaviour of radical 

ions In polar solvents, we investigated the photolysis of many benxyl derivatives under 

conditions essentially similar to those of our previous photoinduced electron transfer 

CIDNP studies between tertiary aliphatic amines and a variety of acceptors in polar 

solvents.3 Therefore, CD3CN and CD30D were chosen as solvents. Since our high pressure 

mercury-xenon lamp (Hanovla 917-B-1, 290 < A < 330 nm) did not allow direct excitation of 

any benzyl compound, we limited our experiments to their sensitized photolysls. As a 

sensitizer, acetone (E 
T 
= 79-81 kcal/mole) gave the best results, whereas both acetophenone 

(ET = 74) and benzophenone (ET = 69) failed in generating any polarization in the system 

during photolysis; this could suggest that triplet energy for those bensyl derivatives which 

show CIDNP upon acetone sensitization, lies in the range 81 -z E T < 74 kcal/mole. 

As a model compound for our studies on bensyltrialkylammonlum derivatives we chose 
+ - 

~-cH~-N(CH~)~PF~, due to rts good solubllity in organic solvents. 10 
-4 

!lolar solutions 

were photolised directly rn the modified probe of a 60 MHz spectrometer in the splnnlng 

quarts NMB tube. The spectra recorded in CD3CN and CD30D (In the presence of 3% CD3COCD3) 

respectively are shown in Figure 1 TbeTablelists the CIDEP found In products and reactants. 
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Fig. 1. 60 MHz 1HCIMR spectra observed during the irradiation of 

CGH~CH~&(CH~)~PF~- in CD3CN (b), CD30D cc), and the dark spectrum 

in CD3CN (a). 

Table NMR and CIDNP data of starting material and reactlon products showing CIDNP' 

Compound 
C5H5- CH:, --a(CH3), C6H5 

-CH 
t 

3 
(CH3)2N=CH2 (CH3)2N-CH2-OR 

CIDNP 
EW 

E 
EW 

A A 

Chemical shift (ppmj(617.5 4> 3.0 
m S AS AS 

A 
AS 

72 23 3.7 7.9 2.=7 4 5 

5 
A = Enhanched absorption (+I; E = emission l-1, s =strong, m = medium; w = weak. Further 
details partainlng to the NMR spectra of imlnium ions have been given elsewhere.4 

According to the Kapteln slqn rules for CIDNP,5 the phase of the CIDNP resonance is governed 

by four parameters radical pairs multipllclty (~1, type of products (E), g value difference 

(Ag) and hyperflne coupling constants (a). The sign of CIDNP lines found In the reaction products 

are consistent with the expected one from trlplet radical pairs (u> 0) resultinq from the photo- 

cleavage of the lnltlal photoexclted trlplet state of the salt aslscutined further In the fol- 

lowing. for the amlnyllum radical (Cg > 0 relative to benzyl) uH of the a-protons is large and 

positive, for benzyl radical (bq < 0) aH of the CH2 protons as well as those of the ortho and 

para protons are negative. Furthermore, for an In cage process s > 0, and thus u must be positive, 

i.e. the radical pairs have triplet precursors Accordingly, Scheme I 1s consistent with McKenna's 
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Sensltlzer + s1 - s3 

s3 + 
+ *HUN (cH~)~ - s + (A,3 

4 
T 

- @CH2' ?N(CH313 ___c ~CCH~ + (cH~)~$=cH~ 

2 1, 

(out Of cage) 2 !&Hz' _ @CR2CH2@ 

+ 
(out of cage) 2 *N(CH3j3 - HN(CH3j3 

(out of cage) +N(CH313 + @CH2. __) 

Similar results were obtained 

but not with iodide. Possibly,lack 

Scheme I 

d 

+ + (CH3)2N=CH2 

using bromide, chloride, acetate or SbFi as anion in the salt, 

of CIDNP ln the latter case could be due to the suggested 

trrplet quenching behaviour of iodrde anions.la 

In addition to the products showrng CIDNP and llsted in the Table, evidence for the fol- 

lowlnn products wa% flund !n the dar" spectrum after lrradration tines >f 20 mlnuteY blbensyl, 

dimethylamlne and trlmethylamlne, all lacking CIDNP however. 

In CD30D as a solvent, or even in CD3CN upon addition of few drops of CD30H, the enhanchrd 

absorption due to the imlnium salt (2) disappears, while lanes of similar intensities arise 

which appear to be due to the addition product (cH~)~NcH~OCD, 2a which also explains the for- 

mation of dimethylamlne through the reaction. 

7 (2, + ROD __) (CH3)2NCH20R + D+ a (CH2)2b2 + CH2(OR)2 

: 

Srmllarly, water or other alcohols (ROH, R = CH 
3' C2H5. iso-C3H,) when added to the CD3CN 

solutron of the benzylammonium salt, caused the enhanched absorption due to (2) to disappear, 

thereby producing ($), showing a alight difference In chemical shift of the methylene 

protons 

When the bulky tert-butyl alcohol 1s added, however, no changes in the resonance lines of 

(2) are noticed. The sterlc requirements for the nucleophillc addition of ROH to C=N+ bond can 

also be seen In the photolysls of @CH26(C2H5)3PF; In CD OD. 
3 

In this system the enhanced 

absorption due to the rmlnlum cation (c~H~)~&=cHcH~~ does not disappear in spite of the fact 

that CD30D is present In large concentration. 

FInally, a brlefmentionshould be made of the small enhanced absorption shown by N(CH3j3 

(Figure, singlet at 2.8 ppm), which was proven rn separate experiments to be due to the second- 

ary reactlon of the amlne with triplet acetone.? 

Furthermore, the small but detectable emlsslon of the starting compounds (4) In our oplnlon 

1s due to the secondary reaction (Scheme I, reaction 6) of the radical pair carrying the 
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polarization typical for cage escape. 

+NR3 (electrophilic),8 

Due to the opposite character of @CH2' (nucleophilic) and 

the recombination reaction 6 1s most likely fast enough to avoid complete 

relaxation. 

We have also investigate? the acetone photosensitized photolysls of @CH,-X (X = Br, Cl, I, 

CN, OMe, OTs) in CD3CN: poor CIDNP signals were obtained for X = Cl or Br, but only when some 

CH30H was present in the system. Universally, the observed polarlzatlon stems from the product 

#CH2CH2OH and appears in A/E mode. Even at higher sensltlvitles no other polarization WdS 

detected. 

Clearly, 2-phenylethanol stems from an in cage recombination In F pairs, according to 

Scheme II. 

s3 
T 

+ $CH2-Cl 
- diffusion 

-) S + @CH2' -Cl ____) @CH2' + -Cl 

-Cl + CH30H __) HCl + *CH OH 
2 

F 

@H2* .CH20H 
- (~CH~CH~~H 

2 eH2' - @cH~CH~@ (no polarisatlon) 

Scheme II 

Due to the trlpleL mul+lpllclty -f the Jrlmary Ladlctil palrs an_i the unavalldbLllt_y of 

In cage reaction in this system, It 1s reasonable to assume that the main homol:tic productlC 

derives from combination of escaped radicals. Owing to the fast trlplet/slnqlet Intersystem 

crossing9 of the radical pairs 

T S 

IbcH2 * -Cl - @-CH2. -Cl ___) @CH2-Cl 

we expected some polarization In the starting compounds also. The lack of CIDNP however should 

suggest that the Intersystem crossing 1s slower than diffusion from the cage. 

The lack of CIDNP for other products unfortunately does not allow conclusive evidence about 

the electron transfer between the radical pairs to form a Ion pair, nor does It yield any Infor- 

matron about the posslbillty of direct population of the ion pazs from the excited triplet 

bensyl chloride 
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