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THE BECKMANN REARRANGEMENT OF BISHOMOCUBANONE OXIMES 

The Beckmann rearrangement of the title compounds gave brendane 

derivatives (7, 12, 17, 2, 22)  through a regiospecific fission 

of the C2-C3 bond and hetero-cage lactams (5, 9 through a con- 
certed rearrangement of intermediates ( v c ,  I&). The product 

distribution depends on the reaction conditions. 

Recently, we have reported that the Baeyer-Villiger oxidation of bishomo- 

cubanone (1) affords normal lactones together with a rearrangement lactone 
w 

(21, and that these lactones are formed mainly via carbocation intermediates 
w 

(5 2 through the participation of the most strained C -C bond.' As an 
6 7 

extension of these studies with the aim of synthesizing heterocyclic cage 

2 compounds, we have now studied the Beckmann rearrangement of bishomocuban- 

one oximes (5, &). 
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Scheme 1. 
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2, mp 168-169'; IS-, mp 150-151.5°; 5, mP 208-210'; 
a, NaOH, MeOH; b, 10% Pd-C/H2; c, Cr03, pyridine; 

d, NaBH ; 10% HC1; e, 47% HBr; f, 10% NaOH; 
4 

g, (CH2SH)2, BF3.Et 0; Raney Ni, EtOH 2 
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A 1:l mixture [mp 97-99'; v (Nujol) 3150 (broad), 1700 cm-l; m/e 161 (M+), 

144, 66 (base)] of 2 -  (5) and E-oximes (6) was obtained quantitatively from 
w w 

1 in the usual way. Since the separation of these isomeric oximes was not 
w 

achieved, the ratio was determined by pmr analysis in the presence of a 

shift reagent, E~(dpm)~. 3 

When a formic acid solution of the oximes was refluxed for 5 min, a 

brendane derivative (7) [mp 51-53"; v (neat) 2250, 1720, 1600 cm-I; m/e 189 
w 

(M'), 133 (base), 132, 79, 67; 6 (CDC13) 4.78 (lH, s), 6.06 (lH, d, J = 6 

Hz), 6.36 (IH, dd, J 4, 6 Hz), 8.00 (lH, s)15 was obtained in 95% yield and 

no traces of lactams (:, 2) were detected. The structure of Lwas estab- 

lished by its conversion into a lactone (13) [mp 187-189'; v (CHC13) 1770, 
w 

1760 cm-l; m/e 164 (M'), 136, 79 (base); 6 (CDC13) 4.62 (lH, dd, J = 5, 8 

1 Hz)], which was derived from the known lactone (5) as shown in Scheme 1. 
Since the formation of the brendane derivative (7) shows that the regio- 

w 

specific fission of the C -C bond in both Land $takes place, we can de- 2 3 

scribe the possible mechanism of this reaction as shown in Scheme 2. The 

initial protonation and the subsequent dehydration must occur to give an 

imminium cation intermediate (iii).7 Since the bicyclo[2.2.0]hexyl unit in - 
9 this ring system is strongly electrofugal as already shown in the mechanism 

of the Baeyer-Villiger oxidation of A, a bicyclohexyl cation (2) and a 
1 cyclopropylcarbinyl cation (v) are readily formed. Formic acid ultimately .." 

cleaves the cyclopropyl ring of v to give the product 7. ",, 
Even acetic acid reacted with the oximes (reflux for 6 hr) in a similar 

manner to give a 1:l mixture (40%)'~ of acetates (17, 18) together with A 
w - 

(16%). Rather nucleophilic acetic acid could trap the cyclopropylcarbinyl 

cation (v) to give Compound 1 must have been formed via an adduct (vii), 
w .w w 



Scheme 2. 
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which is in equilibrium with the oxirnes (5, 6) and their protonated forms 
. . V w 

(i, ii). I J 
".d w 

On treatment of a benzene solution of the oximes with A1C13 (reflux for 

3 hr), which usually stabilized cation intermediates, the brendane deriva- 

tives, 2 [60%; mp 84-85": v (Nujol) 2250, 1600 cm-l; 6 (CDC13) 4.00 (lH, s), 

6.02 (lH, dd, J = 3, 8 Hz), 6.30 (lH, dd, J = 4, 8 Hz); m/e 181, 179 (M+), 

113 (base)] and 20 13%; oil; v (neat) 2240, 1600, 1580, 720, 700 cm-l; m/e 
w 

221 (Mf, base), 165; 6 (CDC13) 6.05 (lH, d, J = 6 Hz), 6.40 (lH, dd, J = 3, 

6 Hz)], were expectedly obtained. 

In contrast with the above results, the reaction of the oximes with PPE 

(polyphosphoric ester) in CHC13 (reflux for 2 hr) actually gave desired 
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lactams, 5 147%; mp 149-150'; U (Nujol) 3170, 1670 C m - l ;  6 (CDC13) 3.78 (lH, 

t ,  3 = 6 Hz); m/e 161 (MC), 96, 95 (base)] and 2 [11%; mp 161.5-162.5°; v 

(Nujol) 3180, 1670 cm"; 6 (CDC13) 3.94 (1H, dd, J = 6,  12 Hz); m/e 161 (M'), 

96 (base),  951," though accompanied by t h e  formation of t h e  brendane (10) 

[7%; mp 144-145"; U (Nujol) 3425, 2250 cm''; 6 (CDC13) 3.86 (lH, s ) ,  5.96 

(IH, d, 3 = 6 Hz), 6.28 (lH, dd, 3 = 4, 6 Hz); m/e 161 (M*), 79 (base)]. 

Since t h e  y ie ld  of &was 47%, t h e  Z-oxime (5) must have been converted 
w 

almost exclus ively  t o  8, because PPE i n  an a p r o t i c  solvent  i s  l e a s t  l i a b l e  
..u 

t o  cause t h e  E-Z isomerization of oxime.' Analogously, t h e  o r ig in  of s a n d  

E m u s t  be t h e  E-oxime (6). The react ion i s  i n i t i a t e d  by t h e  formation of 
..u 

intermediates ( v i i i ,  13, not  of ca t ion ic  species .  The former (v* under- - 
goes a subsequent s t e reospec i f i c  rearrangement o f  t h e  C3-C4 bond t o  g ive  t h e  

lactam (81, whereas t h e  s t e reospec i f i c  rearrangement of t h e  C -C bond i n  
w 2 3 

t h e  l a t t e r  (2) t o  t h e  lactam (9) competes with t h e  fragmentation t o  y ie ld  
w 

t h e  brendane (E). 

Scheme 3. 

w 
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