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Air oxidation of the ethyl ester of (S)-a-methyl-3,4-dihydroxyphenylalanine [ (S)-a-MeDopa] generates the 
corresponding cyclic quinone methide which proved to be unreactive toward nucleophiles. Under a variety of 
reaction conditions the quinone methide rearranged to an indole, the structure of which was established by an 
independent synthesis to be ethyl 5,6-dihydroxy-2-methylindole-3-carboxylate. 

The catechol derivatives (S)-a-methyl-3,4-dihydroxy- 
phenylalanine [(S)-a-MeDopa, 11' and its ethyl ester (2, 
Chart I) are used extensively in the therapeutic manage- 
ment of hypertension. Occasionaly, however, severe liver 
damage and other undesirable side effects3 have been 
noted. Some workers have postulated that the hepatic 
necrosis may be caused by covalent interaction between 
biomacromolecules and electrophilic products (semi- 
quinones, o-benzoquinones, and cyclic iminoquinones) 
resulting from the oxidation of the catechol moiety present 
in these and related s y ~ t e m s . ~  Studies on the chemical 
oxidation of 1 with K,Fe(CNI6 have led to the character- 
ization of 2-methylindole-5,6-diol (3) the formation of 
which presumably proceeds via decarboxylation of the 
iminoquinone 4.5 In the case of a catecholamine such as 
epinephrine (5), the corresponding iminoquinone 6 
(adrenochrome) has been isolated in crystalline form? Of 
some interest is the recent report that adrenochrome itself 
will cause cardiac lesions in experimental ani mal^.^ 

The association of cytotoxicity with oxidation products 
of these important biogenic amines and amino acids led 
us to examine the products formed from the chemical 
oxidation of (S)-a-MeDopa ethyl ester (2). Treatment of 
2 with K3Fe(CN)6 at  pH 7.4 provided a crystalline yellow 
product which unexpectedly proved to have the quinone 
methide structure 7.8 The present paper reports the 
results of some of our efforts to characterize the potential 
electrophilic properties of 7. Under a variety of reaction 
conditions, however, 7 did not form stable adducts but 
rather rearranged to an indolic product, the structure of 
which has been established by an independent synthesis. 

Results and Discussion 
Attempted reaction of 7 with N-acetylcysteine and 

thiophenol under mild conditions led to recovery of 
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starting material only. Even when heated with thiophenol 
under reflux in ethanol, no adduct could be obtained. 
Instead, an isomeric product displaying spectroscopic 
characteristics expected of a dihydroxyindole was isolated 
in moderate yield. The two likely structures for this 
product 8 are given by 8A and 8B. The rearrangement 
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was catalyzed by acid and also could be effected thermally 
by vacuum sublimation. Acetylation of 8 yielded the 
corresponding diacetoxy product 9. Furthermore, the 
direct conversion of 7 to 9 could be achieved by treatment 
of the quinone methide with acetic anhydride and pyridine. 
Treatment of 8 with diazomethane provided the corre- 
sponding dimethyl ether 11. 

The two mechanistic pathways shown in Scheme I may 
account for the observed rearrangement. Pathway a could 
account for the formation of both 8A and 8B while path- 
way b can accomodate only indole 8B as the reaction 
product. A mechanism analogous to that described by 
pathway b has been reported recently in a related ~ y s t e m . ~  

Some useful information with respect to the behavior 
of quinone methide 7 was gained by examining its NMR 
spectrum in Me2SO-d6. The quinone methide displays 
three low-field singlets at 6 5.39,6.19, and 6.85 attributable 
to the C-3, C-4, and C-7 methine protons. Addition of DzO 
led to the selective exchange of the proton resonating a t  
6 5.39. When this deuterated analogue was made to  un- 
dergo thermal rearrangement by vacuum sublimation, the 
NMR spectrum of the resulting indole displayed both 
low-field aromatic proton signals (6 6.67 and 7.25) observed 
in the product obtained upon thermal rearrangement of 
the unexchanged quinone methide. Consequently, the C-3 
proton must exchange with DzO via the following tautom- 
eric equilibrium between 7 and 10. The high electron 

t! 

7 10 

density a t  C-3 illustrated by this type of tautomerism may 
be offered as an argument in support of the mechanism 
illustrated in pathway b. For better definition of the 
chemical behavior of 7 illustrated by this rearrangement, 
the structure assignment of 8 was approached by synthesis. 

The synthesis of ethyl 5,6-dihydroxyindole-3-carboxylate 
(8B) by the condensation of hydroxy-p-quinone with ethyl 
3-aminocrotonate was reported in 195L10 Unfortunately, 
the only characterization of this product was its decom- 
position point (200 "C) which was similar to that observed 
for the rearrangement product. In our hands this reaction 
yielded a white crystalline product which displayed an 
NMR spectrum consistent with 8B but clearly different 
from the rearrangement product. In particular, the 
chemical shifts of the two aromatic proton signals (6 7.22 
and 6.91) did not coincide with the corresponding signals 
for the rearrangement product (6 7.28 and 6.70). The 
melting point of this condensation product (160 "C) was 
significantly different from the 200 "C decomposition point 
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reported for 8B.l0 Treatment with diazomethane yielded 
the corresponding dimethyl ether which, on the basis of 
spectroscopic and melting point data, also was different 
from the dimethyl ether synthesized from the rearrange- 
ment product. Elemental and high-resolution mass 
spectral analyses established that both the condensation 
product and its dimethyl ether were derivatives of ben- 
zofuran, namely, compounds 12 and 13, respectively. 
Despite several attempts, we were unable to isolate an 
indolic product from this condensation. 

+ H ; 1 ; 1 7 * H 5  - 
H 
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Simultaneously we were pursuing the synthesis of 8A. 
Nitration of the commercially available (3,4-dimethoxy- 
pheny1)acetonitrile (14) provided (4,5-dimethoxy-2-nitro- 
pheny1)acetonitrile (15) in 70% yield (Scheme 11). The 
regiospecific nitration at  C-2 was established by the NMR 
spectrum which displayed two singlets in the aromatic 
region, consistent with the para orientation of the aromatic 
protons. Catalytic reduction of 15 yielded the indole 16 
in 83% yield. A Mannich-type reaction on 16 in the 
presence of aqueous formaldehyde and dimethylamine 
generated 5,6-dimethoxygramine (17) which upon catalytic 
reduction led to 5,6-dimethoxy-3-methylindole (18). In- 
troduction of the ester group a t  C-2 proceeded by way of 
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2.95 were assigned to compounds 23-25, respectively. 
None of the desired monoadduct 11B could be detected 
in this spectrum. Variations in reaction conditions did not 
improve this situation. However, more vigorous reaction 
conditions led to a mixture which upon slow cooling yielded 
crystalline 25. The identical compound (NMR, melting 
point, mixture melting point) was isolated from 11C by 
reaction of the corresponding indole Grignard reagent with 
ethyl chloroformate. Thus we are able to conclude that 
quinone methide 7 rearranges via a 1,2-migraiton of the 
ethoxycarbonyl moiety, presumably according to the re- 
action pathway b. 
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the N-tert-butoxycarbonyl intermediate 18. Hasan et  al." 
recently have reported that the anions derived from such 
indole derivatives undergo regiospecific a substitution. 
Treatment of indole 18 with NaH follwed by [2-[[(tert- 
butoxycarbonyl)oxy]imino]phenyl]acetonitrile (Boc-ON) 
gave the protected indole 19 which was converted to the 
corresponding 2-lithio intermediate with tert-butyllithium 
a t  -78 "C. This intermediate was allowed to react with 
ethyl chloroformate to generate the blocked ester 20 which 
upon mild hydrolysis yielded the desired product 11 A, 
melting a t  166-168 "C. The dimethyl ether derived from 
the rearangement product melted a t  183-184 "C.  Addi- 
tionally, the NMR spectra of these two compounds were 
clearly different (see Experimental Section). 

The  results of these studies led us to develop an alter- 
nate synthesis leading to the B isomeric system. The 
reaciton sequence started with 5,6-dimethoxyindole (16) 
which was converted to its N-tert-butoxycarbonyl deriv- 
ative 21 (Scheme 111). Treatment of the lithio derivative 
of 21 with iodomethane yielded exclusively the C-2 methyl 
product 22 which was converted to the unprotected indole 
23 with sodium methoxide in methanol. Reaction of 23 
with methylmagnesium bromide to generate the indole 
Grignard reagent followed by reaction with ethyl chloro- 
formate provided a mixture of products. The 'H NMR 
spectrum of this mixture in CDC13 displayed eight low-field 
aromatic signals a t  6 7.77, 7.74, 7.62, 6.98, 6.88, 6.81, 6.18, 
and 6.10 and three methyl signals at  6 2.95, 2.55, , and 2.40 
in addition to signals for the ethyl ester and methoxy 
groups. From the NMR spectra of compounds 23 and 24 
we were able to assign these eight low-field signals as 
follows: indole 23 6 6.98, 6.81, and 6.10; 1-(ethoxy- 
carbonyl)-5,6-dimethoxy-2-methylindole (24), 6 7.77,6.88, 
and 6.18; 1,3-bis(ethoxycarbonyl)-5,6,-dimethoxy-2- 
methylindole (25), 6 7.74 and 7.62. The signals corre- 
sponding to the methyl group protons a t  6 2.40, 2.55, and 

Experimental Section 
All reactions were carried out under a nitrogen atmosphere. 

The solvent was removed with a Buchi rotary evaporator. Melting 
points were determined on a Thomas-Hoover melting point ap- 
paratus and are uncorrected. NMR spectra were recorded on a 
Varian FT-80 instrument. Chemical shifts are reported in part 
per million relative to Me,Si (CDC13 and MezSO-d6) or DSS (DzO) 
as the internal standard; s = singlet, d = doublet, t = triplet, m 
= multiplet, and br = broad. Infrared spectra were recorded on 
a Perkin-Elmer 337 grating IR spectrophotometer. Chemical 
ionization mass spectra (CIMS) were obtained on an AEI MS-9 
instrument modified for chemical ionization. High-resolution 
electron ionization mass spectra (HRMS) were obtained on a 
modified AEI MS 902 from the Bio-organic, Biomedical Mass 
Spectrometry Resource, Space Sciences Laboratory, University 
of California, Berkeley. All ultraviolet spectra were taken on a 
Cary Model 118 instrument by using 1-cm quartz cells. 
Ethyl 5,6-Dihydroxy-2-methylindole-3-carboxylate (8B). 

To a solution of quinone methide 78 (50 mg, 0.21 "01) in CH2Clz 
( 5  mL) was added thiophenol (0.19 g, 1.73 mmol). The reaction 
mixture was heated under reflux for 3 h. Evaporation of the 
solvent with heat under a high vacuum gave 22 mg (44%) of 8B: 
mp 200 "C with decomposition; UV (EtOH)h,, 233 nm (log e 
4.74), 283 (4.05), 290 (4.00); 'H NMR (MezSO-d6) 6 8.46 (br s, 
exchanges with DzO, 1 H, NH or OH), 8.36 (br s, exchanges with 
D20, 1 H, NH or OH), 7.25 (s, 1 H, Ar H), 6.67 (s, 1 H, Ar H), 

H, J = 7.1 Hz, CH,CH3); CIMS, m / e  236 (MH'). Anal. Calcd 
for Cl2HI3NO4: C, 61.28; H, 5.53; N, 5.96. Found: C, 61.12; H, 
5.59; N, 5.88. 

Compound 8B also could be obtained as a sublimate by ap- 
plying a high vacuum (0.1 pm) to a melt of quinone methide 7. 
Ethyl 5,6-Diacetoxy-2-methylindole-3-carboxylate (9B). 

To a solution of quinone methide 7 (50 mg, 0.21 mmol) in CHzCIP 
(5  A) was added acetic anhydride (1 mL, 9.8 mmol) and pyridine 
(2 drops). The reaction mixture was stirred overnight at room 
temperature. Evaporation of the solvent left a white solid which 
was purified by sublimation to give 30 mg (44%) of 9B: mp 
140-141 "C; UV (EtOH) A, 215 nm (e 26800), 250 (11 1-50), 285 
(9470); 'H NMR (CDC13) 6 8.61 (br s, exchanges with D20, 1 H, 
NH), 7.62 (s, 1 H, Ar H), 6.91 (s, 1 H, Ar H), 4.32 (4, 2 H, J = 

(s, 3 H, CH3CO), 1.40 (t, 3 H, J = 7.2 Hz, CH3CHz); exact mass 
(HRMS) calcd for CI6Hl7NO6 (M') 319.1056, found 319.1043. 
Ethyl 5,6-Dihydroxy-2-methylbenzofuran-3-carboxylate 

(12). To a solution of ethyl 3-aminocrotonate12 (1.75 mL, 13.6 
mmol, distilled) in chloroform (15 mL) was added hydroxy-p- 
quinone (0.86 g, 6.9 mmol) portionwise. This mixture was heated 
under reflux for 3 h. The brownish solution was dowed to stand 
in the refrigerator which led to the separation of an off-white solid. 
The product was suction fiitered and sublimed to give 0.6 g (37%) 
of 12 as a white crystalline solid mp 160 "C; 'H NMR (Me2SO-d,) 
6 8.70 (br s, exchanges with D20, 2 H, OH), 4.30 (q, J = 7.1 Hz, 

CHzCH3); EIMS, m / e  236 (M'), 207,135,77,63,29. Anal. Calcd 
for CI2Hl2O5: C, 61.02; H, 5.12. Found: C, 61.33; H, 5.38. 
Ethyl 5,6-Dimethoxy-2-methylbenzofuran-3-carboxylate 

(13). To a solution of benzofuran 12 (23 mg, 0.1 mmol) in 1 mL 

4.19 (4, 2 H, J = 7.1 Hz, CH,CH,), 2.55 (9, 3 H, CH3), 1.34 (t, 3 

7.2 Hz, CH,CHZ), 2.44 (9, 3 H, CH3), 2.34 (s, 3 H, CH,CO), 2.33 

2 H, CH&H3), 2.63 (9, 3 H, CH3), 1.35 (t, J = 7.1 Hz, 3 H, 

(11) Hasan, I.; Marinelli, E. R.; Lin, L.-L. C.; Fowler, F. W.; Levy, A. 
B. J. Org. Chem. 1981, 46, 157. (12) Willstater, A. Ber. Dtsch. Chem. Ges.  B 1911, 44, 2180. 
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of a mixture of ether/ethanol(41) was added an ethereal solution 
of diazomethane (5 mL, 0.3 mmol). After being allowed to stand 
in a refrigerator for 24 h, the reaction was quenched by the 
addition of 3 drops of acetic acid. Ether (5 mL) was added, and 
the organic layer was washed with saturated K2C03 solution, dried 
(Na2S04), and evaporated to give a white solid. Recrystallizaiton 
from hot ethanol provided 20 mg (78%) of 13: mp 118-118.5 "C; 
'H NMR (CDCl,) 6 7.44 (s, 1 H, Ar H), 6.98 (s, 1 H, Ar H), 4.26 
(4, 2 H , J  = 7.2 Hz, CH2CH3), 3.94 (s, 3 H, OCH,), 3.91 (s, 3 H, 
OCH,), 1.41 (t, 3 H, J = 7.2 Hz, CHzCH3); exact mass (HRMS) 
calcd for Cl4Hl6O5 (M') 264.0997, found 264.1001. Anal. Calcd 
for C14H1605: C, 63.63; H, 6.10. Found: C, 63.43; H, 6.17. 
5,6-Dimethoxygramine (17). To an ice-cooled solution of 

dimethylamine (40%, 7.4 mL, 65 mmol) was added acetic acid 
(8 mL) and formaldehyde (37%, 4.8 mL, 65 mmol). Indole 1613 
(10.76 g, 61 mmol) in methanol (200 mL) was added to the above 
mixture, and the resulting solution was heated under reflux for 
3 h. The solvent was concentrated in vacuo to 20% of its volume 
and the resulting mixture treated with 70 mL. of water. After being 
washed with chloroform, the aqueous mixture was chilled, made 
basic with 20% NaOH, and extracted with chloroform (3 X 100 
mL). The chloroform layer was dried (MgSO,) and evaporated 
to an oil. Benzene (2 mL) was added, and the mixture was allowed 
to crystallize in the cold. Filtration of the crystals afforded 5.82 
g (40%) of 17. Recrystallization from benzene-ethanol provided 
an analytical sample: mp 124-125 "C; 'H NMR (CDCl,) 6 8.34 
(br s, exchanges with D20, 1 H, NH), 7.11 (8, 1 H, Ar H), 6.98 
(d, 1 H, Ar H), 6.83 (s, 1 H, Ar H), 3.90 ( 8 ,  3 H, OCH,), 3.85 (s, 
3 H, OCH,), 3.58 (s, 2 H, CH2), 2.28 (s, 6 H, CH,). Anal. Calcd 
for C13H18N202: C, 66.64; H, 7.74; N, 11.95. Found C, 67.00; 
H, 7.79; N, 11.59. 
5,6-Dimethoxy-3-methylindole (18). A mixture of 17 (3.0 g, 

12.8 mmol), 10% Pd/C (0.24 g), and ethanol (100 mL) was shaken 
in a Parr hydrogenator under H2 (20 psi) for 2 h at 50 "C. The 
mixture was filtered through Celite and evaporated to a solid 
residue. A chloroform solution of this residue was washed with 
5% HC1, dried (Na2S04), and evaporated to yield 2.0 g (82%) of 
18: mp 145-146 "C; 'H NMR (CDC13) 6 6.99 (8,  1 H, Ar H), 6.83 
(s, 2 H, Ar H), 3.93 (s, 3 H, OCH,), 3.88 (s, 3 H, OCH,), 2.28 (d, 
J = 1 Hz, 3 H, CH,). Anal. Calcd for CllH13N02: C, 69.07; H, 
6.85; N, 7.36. Found: C, 68.95; H, 6.89; N, 7.28. 

N-(  tert -Butoxycarbonyl)-5,6-dimethoxy-3-methylindole 
(19). To dry THF (30 mL) in a flame-dried, 300-mL, round- 
bottomed flask charged with N2 were added NaH (2.8 g, 7.0 "01, 
61% in pentane, prewashed with distilled toluene) and tetra- 
hydrofuran (THF). To this suspension was added with stirring 
and cooling a solution of indole 18 (5.6 g, 29 mmol) in 50 mL of 
THF. The mixture was stirred for 1 h at room temperature and 
then brought to a reflux for 1 h. After cooling in an ice bath, 
Boc-ON (8.61 g, 35 mmol) was added slowly, and the resulting 
mixture was stirred at room temperature for 3 h. The cooled 
mixture was treated with water and extracted with ether (3 X 50 
mL), and the combined extracts were dried (MgSO,) and evap- 
orated to yield a brownish oil. The oil was chromatographed on 
an alumina column (neutral) which was eluted with a mixture 
of dichloromethane/hexane (104.5) to provide a yellowish solid. 
The solid was recrystallized from ethanol to yield 5.2 g (61%) of 
19: mp 98-99 "C; 'H NMR (CDCl,) 6 7.75 (s, 1 H, Ar H), 7.21 
( d , J  = 1.2 Hz, 1 H, Ar H), 5.9 (s, 1 H, Ar H), 3.94 (s, 6 H, OCH3), 
2.22 (d, J = 1.2 Hz, 3 H, CH,), 1.65 (s, 9 H, CH,). Anal. Calcd 
for C16H21N04: C, 65.94; H, 7.26; N, 4.83. Found: C, 65.92; H, 
7.19; N, 4.63. 
Ethyl 5,6-Dimethoxy-3-met hylindole-2-carboxylate (1 1A). 

To a solution of 19 (0.2 g, 0.69 mmol) in 10 mL of dry THF at 
-78 "C under nitrogen was added dropwise t-BuLi (1.3 M, 2.1 mL, 
2.75 mmol). After the mixture was stirred for 1 h, ethyl chlo- 
roformate (0.3 mL, 2.75 mmol) was added slowly. The mixture 
was stirred for 10 min at -78 "C and at room temperature for 1 
h. The reaction was quenched with 2 mL of water and extracted 
with ether (2 X 30 mL), and the combined ether extracts were 
dried (MgSO,) and evaporated to yield 0.15 g of a yellowish solid 
'H NMR (CDCl,) 6 7.66 (s, 1 H, Ar H), 6.92 (s, 1 H, Ar H), 4.38 
(9, 2 H , J  = 7.1 Hz, CH2CH3), 3.95 (s, 3 H, OCH,), 3.93 (8, 3 H, 
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OCH,), 2.37 (s, 3 H, CH,), 1.60 ( 8 ,  9 H, CH,), 1.39 (t, 3 H, J = 
7.1 Hz, CH2CH3). The spectrum was fully consistent with ethyl 
N - (  tert-butoxycarbonyl)-5,6-dimethoxy-3-methylindole-2- 
carboxylate (20). This material was used directly in the next step. 

To a solution of 20 (0.15 g, 0.31 mmol) in 2 mL of dichloro- 
methane was added 2 mL of distilled TFA. After the mixture 
was stirred for 4 h at room temperature, the solvent was evapo- 
rated to give an off-white solid. Recrystallization from hot ethanol 
provided 0.08 g of 11A: mp 166-168 "C; 'H NMR (CDC1,) 6 8.52 
(br s, exchanges with DzO, 1 H, NH), 6.98 (s, 1 H, Ar H), 6.79 
(s, 1 H, Ar H), 4.38 (q, J = 7.1 Hz, 2 H, CH2CH3), 3.94 (s, 3 H, 
OCH,), 3.92 (e, 3 H, OCH3), 2.56 (s, 3 H, CH,), 1.41 (t, J = 7.1 
Hz, 3 H, CHzCH3). Anal. Calcd for CI4Hl7NO4: C, 63.86; H, 6.51; 
N, 5.32. Found: C, 64.23; H, 6.62; N, 5.25. 
Ethyl 5,6-Dimet hoxy-2-methylindole-3-carboxylate (1 1B). 

To a solution of indole 8B (30 mg, 0.13 "01) in 5 mL of a mixture 
of ether/ethanol (3:l) was added an ethereal solution of diazo- 
methane (30 mL, 0.5 mmol). The resulting mixture was stored 
in the refrigerator for 1 day. The cold reaction mixture was treated 
with the dropwise addition of 3 mL. of acetic acid. The ether layer 
was washed with saturated K2CO3 solution, dried (MgSO,), and 
evaporated to provide a solid residue. This solid was dissolved 
in a small volume of dichloromethane and chromatographed on 
an alumina column (neutral). Elution with chloroform provided 
15 mg (45%) of 11B: mp 183-184 "C; 'H NMR (CDCl,) 6 8.10 
(br s, exchanges with D20, 1 H, NH), 7.63 (s, 1 H, Ar H), 6.80 
(s, 1 H, Ar H), 4.39 ( q , J  = 7.2 Hz, 2 H, CH2CH3), 3.95 (s, 3 H, 
OCH,), 3.85 (8 ,  3 H, OCH,), 2.69 (s, 3 H, CH,), 1.43 (t, 3 H, J = 
7.2 Hz, CH2CH3). Anal. Calcd for C14H17N04: C, 63.86; H, 6.51; 
N, 5.32. Found: C, 63.66; H, 6.47; N, 5.26. 

N-( tert-Butoxycarbonyl)-5,6-dimethoxyindole (21). Indole 
16 (5.0 g, 28.2 mmol), sodium hydride (8 g, 203 mmol), and Boc-ON 
(12 g, 48.8 mmol) were allowed to react in the same way as de- 
scribed for the synthesis of 20. The reaction mixture was chro- 
matographed on an alumina column (neutral) and the product 
eluted with a mixture of dichloromethane/hexane (10:4.5) as a 
yellowish oil. Bulb-tubulb distillation [oven temperature 150-160 
"C (0.005 mmHg)] gave a colorless oil which solidified upon being 
allowed to stand at room temperature to provide 5.5 g (70%) of 
21: mp 69-70 "C; 'H NMR (CDCl,) b 7.77 (s, 1 H, Ar H), 7.43 
(d, J = 3.6 Hz, 1 H, Ar H), 6.96 (s, 1 H, Ar H), 6.41 (d, J = 3.6 
Hz, 1 H, Ar H), 3.93 ( 8 ,  3 H, OCH,) 3.87 (s, 3 H, OCH,), 1.64 
(s, 9 H, CH,). Anal. Calcd for C15H19N04: C, 64.95; H, 6.90; N, 
5.07. Found: C, 64.84; H, 6.85; N, 4.98. 

N-(  tert -Butoxycarbonyl)-5,6-dimethoxy-2-methylindole 
(22). To a solution of 21 (5.5 g, 19.9 "01) in 250 mL of dry THF 
at -78 "C was added dropwise a solution of t-BuLi (1.3 M, 46 mL, 
60 mmol) in pentane. The yellowish reaction mixture was stirred 
for 1 h. Iodomethane (11.3 mL, 78 mmol, 98%) was added, and 
the resulting mixture was stirred for 1 h at 0 "C. The reaction 
was quenched by addition of 20 mL of water. After being stirred 
for 1 h at room temperature, the mixture was extracted with ether, 
and the ether layer was dried (MgSO,) and evaporated to give 
a yellowish oil. The oil was chromatographed on a neutral alumina 
column which was eluted with a mixture of dichloromethane/ 
hexane (10:4.5) to give 4.8 g (83%) of 22: 'NMR (CDCl,) 6 7.68 
(s, 1 H, Ar H), 6.80 (s, 1 H, Ar H), 6.10 (s, 1 H, Ar H), 3.85 (s, 
3 H, OCH,), 3.81 (s, 3 H, OCH,), 2.46 (s, 3 H, CH,), 1.59 (s, 9 H, 
CH,); exact mass (EIMS) calcd for Cl6HZ1NO4 (M+) 291.1470, 
found 291.1470. 
5,6-Dimethoxy-2-methylindole (23). Dry THF (10 mL) was 

added to 22 (2.8 g, 9.6 mmol) to make a concentration of 0.96 M 
22. To this was added sodium methoxide (1.6 g, 29.6 mmol) in 
methanol (4.5 mL), and the mixture was stirred for 45 min at room 
temperature. To this mixture were added 5 mL of ether and 5 
mL of water. The organic layer was separated, washed with 
saturated sodium chloride solution, dried (MgSO,), and evaporated 
to an oily residue. The oil was chromatographed on an alumina 
column neutral with hexane/dichloromethane (1:l) containing 
increasing amounts of chloroform. Crystallization from ethanol 
of the solid material isolated from the column afforded 1.4 g (76%) 
of 23: mp 86-87 "C; 'H NMR (CDCl,) 6 7.65 (br s, exchanges 
with DzO, 1 H, NH), 6.98 (s, 1 H, Ar H), 6.81 (s, 1 H, Ar H), 6.10 
( d , J  = 0.6 Hz, 1 H, AT H), 3.89 (s, 3 H, OCH,), 3.88 (s, 3 H, OCH,), 
2.40 (d, J = 0.7 Hz, 3 H, CH,). Anal. Calcd for CllH13N02: C, 
69.07; H, 6.85; N, 7.36. Found: C, 69.06; H, 6.79; N, 7.34. (13) Walker, G .  N. J. Am. Chem. SOC. 1955, 77, 3844. 
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1,3-Bis(ethoxycarbonyl)-5,6-dimet hoxy-2-met hylindole 
(25). (a) From 5,6-dimethoxy-2-methylindole (23). To a 3 M 
solution of methylmagnesium bromide (0.5 mL, 1.5 mmol) in 20 
mL of dry THF was added indole 23 (200 mg, 1.04 mmol) in 2 
mL of dry THF. The mixture was warmed on a hot water bath 
for 0.5 h. The solution was cooled with an ice bath, and ethyl 
chloroformate (0.3 mL, 2.8 mmol) was added. The reaction 
mixture was heated to reflux for 5 h and after cooling was treated 
with 1 mL of water, dried (MgS04), and evaporated to yield an 
oily material. 'H NMR revealed a 50:40:10 ratio of diester 25 to 
starting material (23) to monoester product 24. When this ma- 
terial was allowed to stand at room temperature, crystals formed. 
These were suction filtered and washed with a cold ethanol/ 
hexane mixture to give 81 mg (23%) of 25 as a white solid: mp 
140-141 "C; 'H NMR (CDC13) 6 7.74 (s,1 H, Ar H), 7.62 (s, 1 H, 
Ar H), 4.43 (m, 4 H, CH2CH3) 3.95 (s, 3 H, OCHB), 3.94 (s, 3 H, 
OCH,), 2.95 (s, 3 H, CHJ, 1.50 (m, 6 H, CH,CH,). Anal. Calcd 
for C,,H,,NO,: C, 60.88; H, 6.31; N, 4.18. Found: C, 60.49; H, 
6.33; N, 4.08. 

(b) From Ethyl 5,6-Dimethoxy-2-methylindole-3- 
carboxylate (11B). Indole 11B (13 mg, 0.05 mmol), 3 M me- 
thylmagnesium bromide (0.03 mL, 0.09 mmol), and ethyl chlo- 
roformate (0.02 mL, 0.18 mmol) were allowed to react in the same 
way BS described for the preparation of 25 from 23. The product 
was crystallized from ethanol to yield 12 mg (73%) of 25: mp 
140-141 "C; 'H NMR spectrum was identical with the product 
obtained from 23. 
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endo,endo-7,8-Diphenylbicyclo[4.l.l]octa-2,4-diene (10) has been prepared in ten steps from e-truxillic acid. 
If the pendant phenyl substituents in this hydrocarbon could adopt conformations where they become approximately 
coplanar with the diene segment, the possibility for substantive electronic delocalization through the cyclobutane 
relay orbitals exists. Three-dimensional X-ray crystal structure analysis of 10 reveals that while the unsaturated 
four-carbon bridge k essentially planar, one of the aryl rings is twisted 20° out of plane because proximity factors 
prohibit parallel stacking. Additionally, photoelectron spectroscopic analysis of 10 and several model compounds 
(17, 18, and 23) shed no light on the question of through-bond interaction because of high-level interference arising 
from electron promotion out of the benzene rings. Nonetheless, the chemical reactivity of 10 is very high, it being 
very prone to thermolysis and photolysis. Interestingly, the reactions which occur under these conditions find 
no parallel with the behavior of lesser substituted prototype structures. 

The effects of inserting one or more carbon atoms of 
tetrahedral geometry between the p orbital networks of 
classical a systems have received considerable study. In 
homoaromatic  cation^,^,^ the resulting gap does not pro- 

(1) Author to whom inquiries concerning the X-ray crystal structure 
analysis should be directed at the Hoffmann-La Roche address. 

(2) Reviews: (a) Winstein, S. Q. Rev., Chem. SOC. 1969,23, 141; Spec. 
F'ubL-Chem. SOC. 1967, No. 21, 5. (b) Warner, P. M. Top. Non- 
benzenoid Aromat. Chem. 1976,2. Paquette, L. A. Angew. Chem., h t .  
Ed. Engl. 1978, 17, 106. 

(3) (a) Homocyclopropenyl (monohomoaromatic): Applequist, D. E.; 
Roberts, J. D. J. Am. Chem. SOC. 1956, 78,4012. Olah, G. A.; Staral, J. 
S.; Liang, G. Ibid. 1974,96,6233. Olah, G. A.; Staral, J. S.; Spear, R. J.; 
Liang, G. Ibid. 1975,97,5489. (b) Homotropylium (monohomoaromatic): 
Winstein, S.; Kaesz, H. D.; Kreiter, C. G.; Friedrich, E. C. J .  Am. Chem. 
SOC. 1965,87,3267. Warner, P.; Harris, D. L.; Bradley, C. H.; Winstein, 
S. Tetrahedron Lett. 1970,4013. Winstein, S.; Kreiter, C. G.; Brauman, 
J. I. J. Am. Chem. SOC. 1966, 88, 2047. Oth, J. F. M.; Smith, D. M.; 
Prange, U.; Schriider, G. Angew. Chem., Int. Ed. EngE. 1973, 12, 327. 
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Hansen, R. L. Tetrahedron Lett. 1960, 25, 4. Gassman, P. G.; Patton, 
D. S. J .  Am. Chem. SOC. 1969,91, 2160. Lustgarten, R. K.; Brookhart, 
M.; Winstein, S.; Gassman, P. G.; Patton, D. S.; Richey, H. G., Jr.; Ni- 
chols, J. D. Tetrahedron Lett. 1970, 1699. (d) Trishomocyclopropenyl 
(trishomoaromatic): Winstein, S.; Sonnenberg, G.; deVries, L. J.  Am. 
Chem. SOC. 1959, 81, 6523. Winstein, S.; Sonnenberg, J. Ibid. 1961,83, 
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hibit charge delocalization. However, decreased overlap 
integrals lead to substantive dropoffs in interaction, the 
levels of which are apparently inadequate to support ho- 
moconjugation in neutral4 and anionic When 
two T systems are linked together in mutually perpendi- 
cular planes, spiroconjugation can results6 However, such 
through-space electronic delocalization manifests itself only 
when the interacting a components have degenerate or 
nearly degenerate basis orbital energies. This condition 
stipulates that spiroconjugation should be most important 
in those molecules which possess identical pairs of per- 
pendicular, planar a segments. The available experimental 
results are in full agreement.6e,d-7 

In the last few years, an awareness has developed that 
four-membered rings are capable of strong interaction with 
pendant vinyl groups. By means of photoelectron spec- 
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