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Abstract-Intramolecular dynamic behaviour helps in predicting the regioselectivity of reactions in ambident 
molecules. Thus the enaminones (1) react on the C-2 carbon atom with benzoquinone. Reaction proceeds with an 
intramolecular acyl shift following formation of the initial reaction complex upon reaction at position C-2 of the 
enaminone and the quinone. Under certain conditions the reaction is regiospecific and proceeds stereospecifically. 

Our recent investigations on the title subject are directed 
toward revealing the relationship between the in- 
tramolecular dynamic behaviour of the molecule and the 
reactivity of its donor and/or acceptor centres in am- 
bident systems. Thus, predictions can be made regarding 
the first reaction step which may occur on 0, C-2 or N 
atoms in systems of the type 1 

0 

R’- & ,- F j-NHR’. 
‘i 7 
Alk H 

1 
Recently it was shown that secondary enaminones, alkyl 
substituted on the C-2 atom, yield with p-benzoquinone 
derivatives of the 2H-l ,S-benzodioxepin ring.’ These 

tFor the first part of the series see Ref. 1. 
*The rationale for the lrans stereochemistry in 2 is based on 

the phenomenon of the steric compression shift in the 13C 
spectra of 2 and 3 observed at two stereochemical sites. There is 
steric interaction between the eclipsed C-3 methyl group and the 
nitrogen atom in 2 and between C-l’ and the nitrogen atom in 3, 
respectively. Since this steric interaction leads to lower frequen- 
cies shifts for the lines of the involved nuclei, it is expected that 
the C-3 methyl group should have smaller 6 value in 2 with 
respect to 3 whereas C-l’ atom should have higher chemical shift 
in 2 as compared with 3. This is in fact observed in the ‘C 
spectra for both sites: CJ-CH,; 2a-20.93 ppm, Ja-30.06 ppm, 
C-l’; 2a-138.26ppm, L-128.11 ppm. 

compounds were formally identified as adducts of the 
quinone across positions I,4 of the a&unsaturated 
ketone moiety of the enaminones in accord with the 
prediction that these enaminones should react on the 
oxygen atom. 

Since reaction at position C-2 was also expected, evi- 
dence was sought but not found, for the formation of the 
derived indole or benzofuran ring systems which would 
be produced by such an attack.2 

It was found that the structure of the products formed 
in this reaction depend dramatically on the bulkiness of 
the RI-group in 1, the temperature of the reaction 
medium and the solvent polarity. The higher the tem- 
perature and smaller the R,-substituent the higher the 
yields of the ZH-lJ-benzodioxepins formed. This is in 
agreement with the view that the molecules 1 with small 
RI-groups are planar, which gives rise to high electron 
density on the oxygen atom. On the other hand, a slow 
reaction between the hard donor oxygen in 1 and the soft 
acceptor C-H atom of the quinone is promoted at ele- 
vated temperatures. 

As expected, at low temperatures the kinetic product 
should be formed; the one between soft centres of both 
reactants, i.e. C-2 atom of 1 and a C-H atom of the 
quinone. In fact, when the reaction is carried out at 
- 20”, in carbon tetrachloride, the compounds of formula 
2 (for spectral characteristics see Table 1) are formed 
exclusively. 

These compounds are recognized as products of reac- 
tion on the C-2 carbon atom of enamine 1; the proposed 
reaction scheme which plausibly explains the results, is 

OH 

3ta-4 

Scheme 1. 
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shown below: 

L. KOZER~KI et al. 

CH, - 

R’ - 2 4 
0 

Scheme 2. 

The C-2 adduct, in the form of the zwitterion 4, 
apparently undergoes an intramolecular rearrangement 
creating the ester and enamine function during a concer- 
ted’” sigmatropic shift of the carbonyl group. The 
stereospecihc formation of only one diastereomer of 2, 
the one in which the amino group is in the trans-position 
to the phenyl group,t is a consequence of the require- 
ments which should be fulfilled in the transition state. 
Since the transition state imposes planarity between the 
phenyl and carbonyl groups, the nitrogen substituent in 
the truns-position to the phenyl ring provides minimum 
steric interaction. The resulting intermediate enamine 5 
is also less hindered in the E-contiguration.3 Since the 
barrier to double bond isomerization in enamines is 
high? under the reaction conditions this configuration is 
preserved during the final reaction step, which involves a 
known 1,3-addition of excess quinone to the double bond 
of the enamine 5.’ 

Support for the above considerations is brought about 
by experimental isolation of enamine 5 in the form of a 
diacetylated derivative. 

The presented contiguration of 2 was maintained only 
under reaction conditions allowing the spontaneous 
crystallisation of the ester, which, in a crystalline form, 
could be stored for a long time without changing its 
conhguration. In solution, even at room temperature, the 
ester function of 2 undergoes a slow rearrangement to 
yield the corresponding amide 3 with the opposite 
conhguration about the C-2-C-3 bond. This is not un- 
expected however, as the O-CH-NH moiety present in 2 
can provide the facile change of configuration at the C-2 
atom.’ For this reason, the evidence for the proposed 
stereochemistry for 2 was acquired by means of trap- 
ping of the active ester in the form of a peracetylated 
derivative, which was characterised by physical methods 
(see Experimental). 

The above reaction is a novel example of an Sei 
reaction which proceeds intramolecularly in a concerted 
fashion involving a [ 1 PI-sigmatropic shifts yielding, 
stereospecifically, only one diastereomer. 

Further studies to uncover the general applicability of 
the reaction and to solve the mechanistic ambiguities are 
in progress. 

In a typical procedure 1 g of enaminone i-C3H,-C@ 
C(CH+CH-NHCH3 (7.2 mmol) was dissolved in 20 ml of carbon 

tSee footnote (Q. p. 617. 

tetrachloride and cooled to - 20”. A solution of 1.55 g (14.4 mmol) 
of o-benzoauinone in 20 ml of carbon tetrachloride with 5 ml of 
benzene was added over 0.5 h with stirring under anhydrous 
conditions. The resulting mixture was stored in the dark at - lo” 
and a dark brown solid precipitated on the walls overnight. The 
solid was filtered off to give, on average, 2.Og of crude ester 
contaminated with hydroquinone (ca. 30% of weight). The in- 
tegration of NMR signals of the solid indicated a 65% yield. 
Careful evaporation of the i&ate below room temperature also 
yielded crude ester contaminated with smaller amounts of 
hydroquinone. The ester was easily recognized in the NMR 
spectrum by the characteristic sha$ signals in acetone& solu- 
tion at 8: 1.5 num (C-3 CH%), 2.5 DDm (N-CH,) and 5.3 uum 
(N-C&O). Attempts to isohue thk‘ pure ester by means-of 
column chromatography were not successful due to the thermal 
instability of the active ester which rearranged to the amide 3 
with a 50% loss of starting material. Nevertheless it was possible 
to obtain spectral characteristics of these compounds as exem- 
plified in Table 1. 

The configuration of the parent ester was maintained during 
acetylation in cold pyridine while three acetyl groups were in- 
troduced. Depending on the reaction conditions various amounts 
of di- and bi-acetyiated derivatives of the amide 3 were also 
formed along with the tri-acetylated derivative of 2. 

In the usual acetylation procedure, the cmde ester obtained as 
described above (2.0 g) was added to a cooled (- 15’) mixture of 
10 ml of pyridine and a threefold excess of acetic anhydride for 
each OH or NH group. The mixture was stirred for 0.5 h, left in 
refrigerator for 48 hr and, after the usual work up, the resulting 
brown oil was chromatographed on a silica gel column. The ester 
of the hydroquinone was eluted with a mixture of chloroform 
and carbon tetrachloride (1: 1) and the product (1.5 g) collected 
using pure chloroform. The overall yield of both reactions was 
40%. Analytical samples were obtained after crystallisation of 
the acetylated product from carbon tetrachloride. The analytical 
and spectral data conlirm the structure of the triacetylated 
derivative of 2e. For C,&H,NO.. talc: C. 64.59: H. 6.0: N. 2.89%: -1 -_ 
found: C, 64.2; H, 5.89; N, 2.9%. MS (7OeV)‘nJe (% of parent 
ion): 483 (M, 7%), 441 (5), 413 (3) 399 (2) 354 (8), 312 (6) 298 
(IS), 256 (18), 227 (12). 213 (3), 135 (4) 110 (12). IR (KBr) v 
(cm-‘): 2980, 2920, 1760, 1660, 1480. ‘H NMR (CDsNOs, TMS, 
100°C) 6 ppm: 1.15, 1.27 (d, d, 3 H, 3 H, (C&)$H), 1.75 (s, 3 H, 
C-3CH,), 2.05 (s, 3 H, N-COCC), 2.22 (s, 3 H, CSCOCC), 
2.30 (s, 3 H, C-S’CO&), 2.52 (m, 1 H, CH(CH,)J, 2.98 (s, 3 H, 
N-CHs), 6.7-7.2 (m, 6 H arom., C-2 H). 

‘sC-chemicai shifts for 3a are as follows: 3a, 13C NMR, 
0.5 mole solution in CQOD, TMS, 6 ppm: 9.97 (q. BCHsCO), 
14.05 (q, CH_&HsN). 27.94 (1, mCO), 30.06 (q, C-3-$-!&-!,, 39.19 
(t. CH,N). 54.72 Is. C-3). 100.71 (d. C-2), 110.22. 113.90. 115.60, 
i i5.74;li6.78, 117.47 (d; aromatic‘CH), i28.11 (s,.C-l’), 1.34.84 (s; 
C-4a), 149.61, 150.19, 151.88, 152.21 (s, C-5, C=la, C-2’. C-S’), 
176.30 (s, CH@). 

The assignment of &la and C-l’ signals in 3 are based on the 
comparison of the chemical shifts in di- and tri-acetylated deriva- 
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tives of both diastereomers. The crystal structure has conlirmed 
the stereochemistry inferred from “C NMR for 3. 

An intermediate enamine of the type 5 is formed when the 
reaction is carried out using a 1: 1 molar ratio of enaminone and 
quinone. It can be isolated in the form of diicetylated derivative 
after subjecting the evaporated reaction mixture to the acetyl- 
ation as descriid above. The sewration of the diacctvlated 
derivative of 5 and triacetylated derivative of 2 was accom- 
plished by means of tic on silica (Merck GF& using a mixture 
of carbon tetracbloride and diethyl ether (1: 1). The analytical 
and spectral data for the O,Ndi-&etylated e&mine of type 5 
(R, = C&, R, = CH3 are ken below. For tLH,,NO, talc: C. 
63:9S; H, 6;S8;N, 4.39%; f&r& C, 63.55; II, 6.38;N, 4:41%. MS 
(70eV) m/e (‘96 of parent ion): 319 (M, 18%), 277 (13), 263 (lOO), 
221 (36). 179 (78), 148 (81), 190 (13). IR (oil tilm) Y (cm-‘): 2950, 
3050,1770,1670,1650. ‘H NMR (CDCls, TMS, 30”) 6 ppm: 1.2 (t. 
3 H, GCGCH,CH,), 2.05 (s, 3 H, C=C-CI&), 2.27,2.30 (s, s, 3 H, 
3 H, GCGCHs, NCGCHs), 2.4 (m, 2 H, GCGCHrCHr), 2.7 (s, 3 H, 
N-CH& 6.S, 6.9 (s, s, 1 H, C&C), 7.S7.2 (m, 3 H arom.). 
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