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The Aza-di-x-Methane Rearrangement of p,y-Unsaturated Oximes. 
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Abeh& Alihough preview stu&s have shown that acyclic j3.r_unsaturated oximea and oxime ethers do not undergo the 
aza-dl-mmethane {ADPM) rmrrangewmt. the Z-nu~l~,4dipAm~-2-~nylb~-3-~1 oxiww Sm. its wwhyl ether 51 and 
the 2,2.4,4-tetraphenylbnt-3-enal oxime I4 give the correapondhg cydopropyl derbatives &,8b and IS by the ADPM 
path, tn a remtion that Is controfled by the stab&y Opthe tntennediate f3-bira&al. 

Several years ago two examples of the photochemical azadi-n-methane (ADPM) rearrangement of 

tricyclic &~unsaturated oximes 1 and 2 were reported.l However, all attempts to observe similar reactivity in 

acyclic systems such as 3 have been unsuccessful. 2+ 3 Our reasoning regarding this failure was that the 

ionization potential of the lone pair electrons on the oxime nitrogen was suffkkntly low to hecome involved in 

an adverse single ekctron transfer (SET) step that deactivated the tripkt excited state before bridging, the initial 

step of the rearrangement. could occur.~ Studies carrkd out by us2 on the photochemistry of oxime 3a and by 

others3 on the photochemical reactivity of g;y-unsaturated oxime ethers 3b and 4 have shown that these 

compounds are unreac tive in the ADPM rearrangement. Only in the case of compouud 4 photochemical 

syn,an ti-isomeriza tion of the C-N double bond was observed on direct or sensitized irradiation. Subsequent 

studies~hcrtill~thattheoutcomcof~~irrediationofsuchoximsisdependcntonthetype 

of substituent on the central carbon of the ar_unsaturaW oxime under investigation, 

l:R=HorMe 
3a:R=H 
3b:R=Me 

5xR=H 
R:R=Me 

Our results arise from attempts to demonstrate that both the ADPM and the di-x-methane @PM) 

rearrangements could be brought about within the samt suMrate. One of the compounds sekcted for this study 
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was the oxime Sa. The synthesis of 5a was achieved by conversion of the known ester 65 into the aldehyde 7, 

by the route outlined in Scheme 1. followed by oximation.~ 
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(a) NaH, Mel; (a) 1) KBdO. FltSOCH=CH~, 2) & (c) NaH, CH#HCH#r. (a) 1) GAlI& 2) FCC (e) NHflH.HCl 

Scheme 1 

It was considered certain that irradiation of the oxide So should follow the DPM reaction pathway since 

earlier studies by Zimmerman et al. showed that 1.4diene moieties such as that in 5a undergo this 

rearrangement albeit with a low quantum yicld.7Thus it was no surprise that ditect irradiation for 5 h and 

sensitized irradiation for 20 min brought about conversion to a cycloptopane derivative in 21% and 30% yield 

respectively.s* 9 However, detailed 1H NMR analysis of the product, using NOE experiments, showed it to 

have the structure illustrated in &#a. and is present as a 26:35:17:22 mixture of the four possible stereoisomers 

(Z)-RR,SS: (Z)-RS,SR: (I?)-RR,SS: (E)-RS,SR respectively. lo The usual spectroscopic and analytical 

techniques have also confirmed the assignment of the structure. This product can arise only by the ADPM 

rearrangement as shown in Scheme. 2. A careful examination of the reaction mixture showed that the other 

regioisomer 9, that would have resulted from the alternative DPM path, was not formed. The involvement of an 

oxime derivative in an ADPM rearrangement was extremely surpri&ng and completely unexpected in 

view of the failures reported earlier. This report is the Fit example of the ADPM reaction of an acyclic B.-t- 

unsaturated oxime. 

The question of why such a lltarrangcment should occur in compound 5a when it was not observed in the 

irradiations of 3 and 4 had to be answered. As mentioned earlier we were able to overcome the failure of 

oximes to rearrange by the ADPM path by their conversion to oxime acetated and other derivativesll wha an 

electron withdrawiug group was attached to the oxime nitrogen. With these derivatives it was argued that the 

increase in the ionization potential of the nitrogen lone pair minimized the electron transfer and thus the ADPM 

reaction became operative and efficient with quantum yields of up to 0.82 and almost quantitative chemical 

yields in some cases. If this argument is to be used in explanation of the photoreactivity of the oxime 5a then a 

method by which the ionization potential of the oxime nitrogen lone pair can be incma%d must be available to 

the molecule. One possibility considered was that the hydroxyl group of the oxime could form a hydrogen bond 

with the 2-vinyl-substituent. That this is inoperative was shown by the experiment using the ether 5b. 

Sensitized irradiation of this for 20 min also brought about its conversion into a mixture of isomers of the 

cyclopropane 8b. in 53% yield, that can only arise from the ADPM process. Again this is surprising in view of 

earlier studies that demonstrated the failure of the oxime ethers 3b and 4 to reanange. 

A possible explanation for the successful ADPM rearrangement of the compounds Sa and Sb might be 

related to differences between the energy barriers for the various processes open to the excited state of the 
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Scheme 2 

Thus if the energy barrier for conversion of the excited state to the l,%iradical and thence to the ADPM 

product is lower than that for the SET process ultimately leading back to starting material, then the ADPM 

prooessdominates..Ino~sitesihlationS~Twili~minau?andno reamutgement reaction will be observed. 

It is likely that subtle changes in substitution would be sutFicient to change the balance in reactiviry. Thus for the 

examples 50 and Sb the &ditional stability given to the 1.3~biradical by the vinyl substituent is sufgciently 

important to bring about the ADPM rearrangement and the SET process either does not occur or is 

C~ely it ss an energy wasting step. The converse must hold for the 1.~biradical that woukl 

boformedby rearrangement of the ox& 3a and its ether 3b. In this situation the SET process is less energetic 

and is preferred to the ring opening of the l&bridged biradical. Thus the oxime 3a and the ether 3b fail to 

undergo the ADPM process. If the rearrangement of oximes is to be a geneml process then the biical 11 has 

to be snfficicntly stable so that the SET, the energy wasting step, is unfavoured. As a test of this the sensitixed 

bmdiation of the oxime 13, synthe&xed by the route shown in !5cheme 1. was carried out. However, this failed 

to yield a product from the ADPM process and a complex inseparable mixture was obtained. This result 

supports the suggestion that the stability of the I,3-biradical is crucial for the success of the ADPM process with 

oximes. Indeed the 1,3-biradical from oxime 13 is of the ssme stability as that from oxime 3a or its methyl 

ether3bbothofwhichf~u,reaM.Thefail~ofthcoximG13u, resrrange also removes the possibili~ that a 

complex between the 2-vinyl group and the oxiroe group in Sa or between the oxime group and the 2-propenyl 

substituent in I3 would be a controlling feature in the ADPM resrrangement of such systems. The concept of 

the need to have a stable 1,3biradical was tested further using the oxime 14.4b IIere again the reaction was 

rapid in qualitative terms and chemically efficient and yields the ADPM product l!I, in 74% yield, after triplet 

sensitized irradiation for 30 min. 

The new reaction described by us has considerable interest since it demonstrates that acyclic 8,~ 

unsaturated oximes, that were previously consider& to be phot~he~~~ly inert towards the ADPM 

rearrangement, can undergo this reaction provided that the inuxmediate 1.3~biradical is suHiciently stabilixed. 

This study has increa& the knowledge of the factors that control the ADPM reaction and has allowed the 

extension of the rearrangement to novel C-N double bond stable derivatives. Currently a study is in hand to 

establish the versatility of the ptucess. 
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