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Abstract - A new thermal rearrangement of sterically crowded 
a-azo alcohols (2 and 4) into bridged bicyclic lactams (2 and 

1 1  ) is reported. A mechanism for this rearrangement is - 
proposed. 

The rearrangement into lactam has been an interesting topic not only from mecha- 

nistic but also from synthetic points of views.' We wish to report a new rear- 

rangement of sterically crowded a-azo alcohol into lactam. The rearrangement is 

strongly controlled by a steric hindrance effect. 

a-Azo alcohols (2 - 1) were prepared from the corresponding u-azohydroperoxides (1) 

by the reduction with triphenylphosphine.2f3 The structures of the endo- and exo- 

alcohols (2 and g(oils) were assigned by comparing their nmr spectraP4 and the 

chemical shift of the methyl signal with that of the reference compounds such as 

borneol, isoborneo15 and m-chlorobenzoates of 2 and 3.6 In the nmr spectra, the 

signal of ClO-methyl hydrogens of 2 appeared at a higher field ( 6  0.52) compared 

with that of 3, indicating that the ClO-methyl group of 2 is located just above an 

anisotropic shielding zone of the -N=N- bond of the arylazo group. The C8-methyl 

group of 2, on the other hand, is out of this shielding zone.' The 'H nmr spectrum 

O O H  



of the m-chlorobenzoates of 2 and 2 also supported the assignments of these struc- 

tures.6 The azo alcohol (4) is a 2:5 mixture of the endo- (Q) and exo-alcohols 

(GI. This was assigned by comparison of the intensity of methyl and/or hydroxy 

signals in the 'H nmr spectrum.' The differentiation of &from fi was made on the 

basis of the 'H nmr spectra. Two methyl signals of Q (6 0.75 and 0.88) appeared 

at a relatively higher field compared with the methyl signals of 4b, indicating 

that both the C8- and ClO-methyl groups are located by the azo n-bond shielding 

zone in Q. Similarly, the inspection of the nmr spectrum of 3 indicated that 

this is a mixture of the isomeric azo  alcohol^.^ 
2 When a benzene solution of the endo-alcohol 2 (10- M) was stirred at room tempera- 

ture for a couple of weeks, orheatedunder reflux for several hours, anew lactam 

191, mp 209'C, was formed in 80 - 88% yields (Scheme 1). The structure of the 

lactam 9 was established by elemental analysis and the ir lvCO (KBr) 1660 cm-l), 
-~~ 

mass lm/Z 337, 335, 187, 185,  and 108). arid kir spe&ra;lOrl' The comparison bf 

the chemical shift of the C4-methylene hydrogens of 9 (6 2.25 and 2.82) with those 

of 10 (6 3.01 and 3.48), which was prepared by the method reported in the litera- 

ture,12 has revealed that the C4 methylene carbon of 2 is connected to the carbonyl 

carbon. The Comparison of the 13c-chemical shift of the bridgehead C1-carbon of 9 

(6 74.0) with that of 10 16 52.1) indicates that the bridgehead of 9 is connected 

to the amide nitrogen. The lactam 9 was unsucceptible to acid and base hydrolysis 

even when heated under reflux in dioxang. 

Similarly, when a benzene solution of 1,3,3-trimethylnorbornyl azo alcohols 14: a 
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Scheme 1. 

Scheme 2. 

ha NaN.Ar . + &H b0 , or &-NHAr 

o - " ~  N=N I 'NHA~ 0 

- 4b Ar I la  - I lb - 4a (mixture) - 

mixture of & and & (2:s)) was heated under reflux, a bridged lactam (u), mp 

17OSC, was formed in 29% yield. The lactam structure was assigned by elemental 

analysis and spectral data.l Or1 However, the differentiation of the isomeric 

structures of from could not be made (Scheme 2) .  

On the other hand, when a benzene solution of horny1 exo-alcohol (I), norbornyl (2: 

a mixture of endo- and exo-alcohols), cyclohexyl ( 5 ) ,  or methyl-phenyl (2) deriva- 

tive was heated under reflux, the rearrangement into the corresponding lactam did 

not occur, but the decomposition took place to give camphor (99%), norcamphor 

(71%1, cyclohexanone (99%), or acetophenone (90%). respectively, together with di- 

phenyls (15) (32 - 40%). ~iphe~yls (11) arise from the reaction of aryl radicals, 



which are formed from diazenyl radicals (16) arising from the homolytic decomposi- 

tion of the azo alcohols, with benzene (Scheme 3).14,15 

Scheme 3. 

The mechanism for the rearrangement into lactams (2 and 11) is of great interest. 

To account for the rearrangement, we propose a mechanism in which the immobiliza- 

tion of the arylazo group due to the steric hindrance of the methyl groups plays an 

important role (Scheme 1). The fact that the more sterically crowded a-azo alco- 

hols such as 2 and 4 gave lactams, but lactams were not formed from J, 5, 5, and 1, 

suggests that the lactam formation is strongly controlled by the steric hindrance 

effect. 

The Dreiding model implies that the free rotation of the arylazo group is re- 

stricted by the steric hindrance of the C8- and C70-methyl groups in 2 (see Scheme 

1). In a conformer (u), for example, the arylazo group receives strongly a steric 

hindrance from both the C8- and ClO-methyl groups, and this conformer is of higher 

energy. On the other hand, a conformer (8) does not receive the steric hindrance 

from the C8- and ClO-methyl groups, and is further stabilized by intramolecular 

hydrogen bonding between the hydroxy hydrogen and the lone pair electrons of azo 6-  

nitrogen.16 These-effects'fix-thearylazo-and hydroxy groups in the conformation 

indicated in 8. This is a most favorable conformational arrangement for the hy- 

droxy group to transfer its proton to the azo-nitrogen, generating a N-protonated 

species (11). This species brings about the formation of a nitrenium ion at the 

azo a-nitrogen and simultaneously the 1.2-shift of the bridgehead C1-carbon onto 

the azo a-nitrogen," giving rise to the formation of lactam (9 ) .  The transforma- 

tion occurs in a concerted manner via an immobilized conformer18t1g at a sterically 

protected reaction center by the surrounding methyl groups. 

In contrast, in the exo-alcohol (l), the free rotation of the arylazo group is not 
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restricted by the steric hindrance of the methyl groups, and so the conformational 

flexibility of the arylazo group in J is high as indicated in 14. This does not 

allow for the arylazo group to be arranged inamanner described ing, giving no 

conformational preference for 2 to rearrange into lactam. Similarly, the conforma-' 

tional flexibility of the arylazo group in norbornyl derivetive (5) and others (4 

and 1) is so high that lactam formation in 5 - 1 is unfavorable. 

The observed lactam formation from 4 (a mixture of & and &) to 1 1  (lla or -) is 

consistent with the proposed mechanism. The model indicates that the free rotation 

of the arylazo group is restricted by the steric hindrance of the methyl groups in 

both & and a. The restriction, however, is stronger in & than &. Therefore, 

the formation of lactam (11) from & is highly expected.20 

Finally it should be noted that a related 1,2-shift of the aryl group in azo 

alcohol (u) has been rep~rted.~lt*~ Although a base treatment of the alcohol (11) 

yielded indazoline (E), the specific lactam formation reported in this paper has 

no precedent. 

The bridged bicyclic lactam bearing the amide nitrogen neighboring to the bridge- 

head carbon could not be made by usual Beckmann reaction in camphor oxime.' ~rom' 

this point of view, the rearrangement of a-azo alcohol into lactam found by this 

study is of synthetic interest. 
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