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W orking in (C D 3)2SO /M eO H  98 :2 , 2-methoxy-5-[(4-methylphenyl)azo]-2,4,6-cyclohepta- 
trien -l-one  ( l a )  was found to  add either M eO “, giving the stablegem -dim ethoxy er-adduct 2a, 
o r E tS - , to give initially to the C-2 er-adduct 4a ; on neutralization, the latter gave ipso (C-2) 
replacem ent o f O M e by SEt, while the form er returned to the starting m aterial, via the neutral 
er-adduct 3 a. In contrast, in the sam e m edium, 2-ethylthio-5-[(4-methylphenyl)azo]-2,4,6-cy- 
cloheptatrien-l-one (5 a) was found to add E tS“ at both  C-2 and C-7; on neutralization p ro d ­
ucts o f  both  ipso substitution (5 a) and ipso- plus tele- 

Introduction

Tropone derivatives are prone to nucleophilic 
addition to give cr-adducts [1], including elaborat­
ed ones from polycyclic troponoids like colchicine
[2], in competition with electron transfer yielding 
radical anions [3]. Substituents that, like methoxy, 
have electron-releasing effect, deactivate the tro- 
ponoid ring toward attack by nucleophiles [1]; by 
contrast, electron-attracting substituents, like Cl 
or SR, activate the ring toward formation of 
cr-adducts by nucleophilic attack at C-2 [5] or C-7 
[6], as directly established by N M R  spectroscopy, 
or at other ring positions, as inferred from UV 
spectra [3, 4],

Negative-charge acceptance is the main driving 
force dictating the position of attack by the nu­
cleophile at the troponoid ring, as illustrated by 
the comparison of alkylthiolate attack at C-7 in
2-ethylthiotropone [7] or C-2 in 2-alkylthio-
5-nitrotropone, where C-7 attack would not bene­
fit from charge acceptance by the nitro group [8],

We have extended these studies to the azo group 
as a potentially activating [9] and modifiable 
group. New interesting facets about the interac­
tion of these systems with nuclephiles have 
emerged and are reported here.
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•substitution (C-7) (8) were isolated.

Results and Discussion

On addition of NaOMe, in slight molar excess, 
to a yellow-orange 0.01-0.05 M solution of
2-methoxy-5-[(4-methylphenyl)azo]-2,4,6-cyclo- 
heptatrien-l-one ( la )  [10] in dried (CD 3)2S O - 
CD3OD 98:2 at room temperature, the UV ab­
sorption at /lmax 387 nm due to 1 a immediately dis­
appeared, the color turning to deep red (^max 
506 nm) that persisted for weeks. On neutraliza­
tion the color turned immediately to bright or- 
ange-yellow (Amax 430 nm), but faded gradually, 
the original color of 1 a being fully restored in
3 -4  h. On parallel 'H  NM R examination, the UV 
absorptions at >imax 506 and 430 nm could be attri­
buted to species 2 a and 3 a, respectively 
(Schema 1). All protons of 2a and 3a were as­
signed as shown in the Table, based also on paral­
lel examination of the deuterated substrate lb , 
which generated 2 b and 3 b. We could distinguish 
between H-4 and H -6 for 2 a from COSY spectra. 
It should be noticed that protons in the adducts at 
ring positions to which the negative charge can be 
delocalized have undergone an upfield shift 
(Table). This is especially marked for 2 a and ex­
tends to the benzenoid ring, testifying of the in­
volvement of the arylazo moiety in the activation. 
An unusual behaviour of this system was discov­
ered following neutralization, by which a relatively 
stable neutral intermediate 3 a was formed; this 
can be attributed to efficient negative-charge 
acceptance by the arylazo moiety.

With ethylthiolate as nucleophile the situation 
proved to be more complex. With slight molar ex-
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Ar Ar

1 a : X-H 
1b : X-D

3 a : X=H 
3 b : X=D

Ar = Me

3 ’ 2 '

Schem e 1

Table I. 'H  N M R  d a ta3 for several troponoids and their cr-adducts.

P ro ton  (s) 
at C atom

la 2a 3a 4a “unidentified
cr-adduct”

6

MeO-2 3.99s 4.08 br.s 4.00s 4.16br.s 4.16 br.signal"
EtS-2
3 7.27 d, 10.4b 5.48d, 10.7e 5.90 s, 11.0g

3.15 br.signal1 
5.56d, 9.41 6.26d, 11.8°

r

5.90 br.signal
4 7.96, dd, 10.4, 2.2C 6.99d, 10.7f 6.91 d, 11.0h 6 .8 -7 .0 m 6.8-7.0P 6 .7 -7 .Obr.signal
6 8.05dd, 12.7, 2.2d 7.02d, 11.l f 6.92d, 12.2h 6 .8 -7 .0 m 6 .8 -7 .0 q 6 .7 -7 .Obr.signal
7 7.21 d, 12.7b 4.96d, 11. l e 5.96, 12.28 5.42d, 12.01 5.90d, 13.8° 5.25 br.signal
2 (6 ) 7.42d, 8.2 7.09d, 7.5 7.13d, 8.2 7.09d, 7.4 7.09 d, 7.4 7.05 br.signal
3'(5') 7.82d, 8.2 7.36d, 7.5 7.34d, 8.2 7.35d, 7.4 7.35d, 7.4 7.30 br.signal
Me-4' 2.43 s 2.28s 2.30s 2.50s 2.50s r

a In the o rder S, multiplicity or b road signal (br.signal), J; b absent in lb ; c 7.96br.d , 2.2 in lb; d 8.05br.d, 2.2 in lb; 
e absent in 2b ;f br.signal in 2b; g absent in 3b; h br.signal in 3b;1 C H 2, while the C H 3 signal was subm erged;1 absent in 
4b; m br.signal in 4b; n O M e.; 0 absent in “unidentified er-adduct” ; p 6.90 (or 7.02) br.signal in “ unidentified er-adduct” ; 
q 7.02 (or 6.90) br.signal in deuterated “unidentified er-adduct” ; r submerged.

cess of thiolate, immediate formation of cr-adduct
4 a was accompanied by the slower formation of 
another similar species that could not be identified 
and was therefore termed “unidentified er-adduct” 
(Scheme 2 and Table). On neutralization, both 
(j-adducts immediately disappeared while 1

re-appeared, accompanied by trace amounts of the 
C-2 substitution product 5 a. The structural a ttri­
bution was aided by parallel experiments with the 
deuterated substrate 1 b (Table).

A practical entry to 5 a was provided with a bet­
ter leaving group, Cl, in place of OMe, and with
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(CH3)2SO as solvent and an equimolar amount of 
EtSNa (Experimental) [11]. Reaction of 5a with 
ethanethiolate led immediately to the gem-diethyl- 
thio (j-adduct 6 , which is characterized by broad 
’H NM R signals, including those for the aryl sys­
tem. This can be explained by admitting the pres­
ence of complex 7 in tiny amounts in rapid, on the 
NM R time scale, equilibrium with 5a and 6 . This 
is also supported by the results of neutralization of 
the reaction mixture, by which the formation of 5 a 
was accompanied by comparable amounts of the 
disubstitution product 8 . Surprising as the oxida­
tive substitution at C-7 to give 8 may be, there are 
precedents in troponoid chemistry of formal hy­
dride replacements by amine nucleophiles [12].

Form ation of mainly 6 on treatment of 5 a with 
ethanethiolate does not contradict our initial as­
sertion that electron-accepting groups like RS acti­
vate the troponoidal ring to nucleophilic attack. 
The case in Scheme 3 recalls that of 2-methylthio-
5-nitrotropone with methanethiolate, where only 
C-2 addition was observed [8]. Clearly, both the ni­
tro and the azo group favor attack at C-2 by 
charge dispersal on the activating group, which 
can not occur on attack at C-7. However, the azo 
group allows a 2-alkylthio substituent to perform 
transannular (C-7) activation (Scheme 3). The azo 
group also possesses the potential advantage, over 
the nitro group, of easy manipulation that may 
make this system synthetically useful.

Experimental
General. -  All evaporations were carried out in 

vacuo. TLC was performed on Merck Kieselgel 
60PF254, 2 mm thick plates, UV spectra were ob­
tained using a Perkin-Elmer Hitachi 200 spectro­
photometer. NM R spectra were taken on a Varian 
Gemini 200 spectrometer (199.975 MHz for 'H); ö 
values are reported with respect to internal TMS 
(= 0 ppm) and J  values in Hz; 'H - 'H  COSY [13], 
Mass spectra (El) were taken with a Kratos MS 80 
spectrometer with home-built computerized ac­
quisition system

Materials. -  (CD3)2SO (C. Erba 99.5% 2H) was 
distilled from CaH, under dry Ar and stored over 
activated 3 Ä molecular sieves. C D 3OD (C. Erba 
99.5% 2H) was used as such.

2-Hydroxy-5-[(4-methylphenyl)azo]-2,4,6-cyclo- 
heptatrien-l-one [14] and [3,5,7-2H 3]-2-hydroxy-
2.4.6-cycloheptatrien-l-one [15] were prepared ac­
cording to known procedures.

Synthesis o f 2-Methoxy-5-[(4-methylphenyl)azoJ-
2.4.6-cycloheptatrien-1 -one (1 a)

2-Hydroxy-2,4,6-cycloheptatrien-l-one (0,20 g, 
0,83 mmol) was suspended in Et20  (15 ml) and 
treated with excess of a solution of diazomethane 
in Et20 . After 2 h the mixture was evaporated and 
the residue was recrystallized from acetone obtain­
ing l a  [10] as orange-red needles in quantitative 
yield, m .p. 196-197 °C (lit. [10]; Amax/nm (log e) 
(EtOH) 382 (4.4); m/z 254 (40%, M + ), 226 
(1, M -C O ), 135 (11, M -A rN 2), 119 (16, M -
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Schem e 3

troponoid moiety), 91 (100); hrms m/z 
254.10586 ±0.00150 (C 15H 14N 20 2 requires 
254.10552).

Synthesis o f [3 ,7-2H2]-2-Methoxy-5-[ (4-methyl- 
phenyl)azo]-2,4,6-cycloheptatrien-1 -one (1 b)

Prepared from [3,5,7-2H 3]-2-hydroxy-2,4,6-cyclo- 
heptatrien-l-one via [3 ,7 -2H 2]-2-hydroxy-[(4-methyl- 
phenyl)azo]-2,4,6-cycloheptatrien-l-one by the 
methodology used above for 1 a.

Synthesis o f 2-Chloro-5-[ (4-methylphenyl) azo]-
2.4.6-cycloheptatrien-1 -one

A solution of 2-hydroxy-[(4-methylphenyl)azo]-
2.4.6-cycloheptatrien-l-one (0.051 g, 0.21 mmol) 
in C6H 6 (10  ml) was treated with SOCl2 (0.2 ml) 
under Ar with stirring and the mixture was heated 
at reflux for 1.5 h. The solvent was evaporated and 
the residue was subjected to TLC with 8:2 C6H6-  
EtOH; the R f 0.79 band gave the desired com­
pound as a red solid (0.039 g, 72%), m.p. 
164-165 °C; Amax/nm (log e) (EtOH) 380 (4.1); 
0H ((CD3)2SO) 8.28 (d, 734 10,1, 3-H), 7.76 (dd, 
y43 10.1, y46 2.0, 4-H), 8.03 (dd, y67 12.9, J64 2.0,
6-H), 7.35 (d, J76 12.9, 7-H), 7.45 (B of AB, J  8.2, 
2'-H and 6 '-H ),‘ 7.85 (A of AB, J  8.2, 3'-H and 
5'-H), 2.45 (s, Me-4'); m/z 258 (16%, M + ),

230 (2, M -C O ), 139 (2, M ~ A rN 2), 119 (22, M -  
troponoid moiety), 91 (100); hrms m/z 
258.05639 ±0.00180 (C 14H UC1N20  requires 
258.05599).

Reaction between 2-chloro-5-[ (4-methylphenyl)- 
azo J-2,4,6-cycloheptatrien-1 -one and sodium 
ethanethiolate

a) In Abs. EtOH. A suspension of 2-chloro-5- 
[(4-methylphenyl)azo]-2,4,6-cycloheptatrien-1 -one 
(0.039 g, 0.15 mmol) in abs. EtOH (5 ml) was treat­
ed with slight molar excess of NaSEt from a 2 M 
solution in abs. EtOH and stirred at r.t. for 4 h. 
The mixture was filtered and the filtrate was eva­
porated to give a deep-red semisolid residue that 
was subjected to TLC with 8 :2 Et20-pet. ether; the 
Rf 0.58 band gave 8 (0.010 g, 19%) while the 
Rf  0.83 band gave 2-ethylthio-7-ethoxy-5- 
[(4-methylphenyl)azo]-2,4,6-cycloheptatrien-1 -one 
(0.020 g, 41%).

2,7-Diethylthio-5-[ ( 4-methylphenyl)azoJ-2,4,6-cy- 
cloheptatrien-1 -one (8 )

Deep-red semisolid; l max/nm (log e) (EtOH) 464 
(4.0), 412 (4.1), 354 (4.2); SH (CDC13) 2.95 (q, J  7.3. 
CH-,S-2), 1.47 (t, J  7.3, C //3CH,S-2), 6.88 (d, J 34 
12.8, 3-H), 7.96 (d, 743 12.8, 4-H), 7.30 (s, 6-H).
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3.10 (q, 7 7.3, CH 2S-7), 1.47 (t, 7 7.3, C //3CH 2S-7),
7.30 (B of AB, 78.3, 2 -H  and 6 '-H), 7.82 (A of AB,
7 8.3, 3'-H and 5'-H), 2.42 (s, Me-4'); m/z 344 (1%, 
M + ), 316 (7, M -C O ), 315 (31, M -E t), 284 (11, 
M —EtS), 225 (2, M -A rN 2), 119 (9, M — tropo- 
noid moiety), 91 (57), 28 (100); hrms m/z 
315.06276± 0.00210 (C 16H 15N 7OS, requires 
315.06258), 284.09804 ±0.00180 (C 16H 16N 2OS re­
quires 284.09833).

2-Ethylthio-7-ethoxytropone-5-[ ( 4-methyl- 
phenyl)azo ]-2,4,6-cycloheptatrien-1 -one

Red plates, m.p. 8 0 -86  °C; Araax/nm (log e) 
(EtOH) 402 (3.5), 332 (4.0), 2.42 (4.0); SH (CDC13)
3.08 (q, 7 7.4, CH 2S-2), 1.40 (t, 77.3, C //3CH 2S-2),
7.62 (d, 734 8.3, 3-H), 7.84 (dd, 74 3 8.3 , 746 1.4, 
4-H), 8.04 (d, 764 1.4, 6-H), 4.40 (q," 7 7.0, C H ,0 - 
7), 1.40 (t, 7 7.0, C //3CH 20-7), 7.32 (B of AB, 7
8.0, 2'-H and 6 '-H), 7.88 (A of AB, 7  8.0, 3'-H and 
5'-H), 2.42 (s, Me-4'); m/z 328 (1%, M + ), 300 (20, 
M -C O ), 299 (100, M -E t) , 209 (1, M -A rN 2), 119 
(12, M — troponoid moiety), 91 (77); hrms m/z 
299.08555 ±0.00150 (C 16H 15N ,0 ,S  requires 
299.08542).

b) In (CH 3)2SO. A solution of 2-chloro-5- 
[(4-methylphenyl)azo]-2,4,6-cycloheptatrien-1 -one 
(0.017 g, 0.066 mmol) in (CH3)2SO under Ar was

treated at r.t. with NaSEt from a 1.7 M solution in 
abs. MeOH (0.04 ml) at r.t. The mixture was stir­
red during 20 min, treated with a drop of 37% 
aq. HCI, and then with water. The mixture was 
then extracted with CHC13 (3x 10 ml), the organic 
phase was dried over N a2S 0 4 and evaporated. The 
residue was subjected to TLC 3:2 Et20-pet. ether; 
the ^  0.55 band gave 5a (0.010 g, 53%), while the 
7^0.31 band gave 8 in trace amounts.

Compound 5 a [data for 5 b, when differing from 
5a, are reported within square graphs]. -  Orange- 
yellow plates, m.p. 142-145 °C; Amax/nrn (log e) 
(EtOH) 416 (4.0); SH ((CD3)2SO) 3.05 (q, 7  7.4, 
CH2S-2), 1.46 (t, 7 7.4, C //3CH,S-2), 7.59 (d, 734 
14.4, 3-H) [absent], 7.86 (dd, 743 10.4, 746 2.2, 4-H) 
[br.d, 746 2.2], 8.07 (dd, 76 7 12.7 76 4 2.2, 6-H) [br.d, 
764 2.2],’7.11 (d, 776 12.7, 7-H) [absent], 7.44 (B of 
AB, 7  8.3, 2'-H and 6 '-H), 7.84 (A of AB, 7 8.3, 3'- 
H and 5'-H), 2.44 (s, Me-4'); m/z 284 (38%, M + ), 
256 (3, M -C O ), 165 (5, M -A rN 2), 119 (18, M -  
troponoid moiety), 91 (97), 28 (100); hrms m/z 
284.09927 ±0.00165 (C 16H I6N,OS requires 
284.09833).
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