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ll-keto-14-isoequilenin-3-methyl ether (14a), mp 158-160",18 
m/e 294, whose identity was confirmed by comparison of its ir in 
potassium bromide with that of the optically active form 14b, mp 
187-189", obtained by methylation of ll-keto-14-isoequilenin14~1s 
with diazomethane.l8 

Elution with 5% ether in benzene yielded a solid which after re- 
crystallization from methanol and then ether furnished 52 mg of a 
material, mp 164-166", rn/e 294. Its spectrum exhibited a hydroxyl 
and a peak at 5.90 F ,  Amax (EtOH) 222, 254, and 327 nm (e 
35,000, 13,000, and 3500), shifting on addition of alkali to 244 and 
380 nm ( E  29,OOO and 4000), reversible on acidification to the orig- 
inal wavelengths. The location of the methyl peak a t  2.5 ppm 
shows unsaturation a t  the adjacent carbon atom. 

Further elution with 5% ether in benzene furnished a mixture 
of solids, which on recrystallization from ethanol deposited 25 mg 
of rac- 1 l-keto-8-dehydro-14-isoestrone-3-methyl ether  (15a): 
mp 174-176"; m / e  296; Xmax (KBr) 5.75 and 6.05 p ;  Amax (EtOH) 
245, 295, and 315 nm ( c  17,000, 4800, and 4810). The identity of 
this compound was established by the Jones oxidation of an au- 
thentic sample of the corresponding 17p-01 analog 16b,lo and di- 
rect comparison of the product with our sample. The nonidentity 
with its 14a epimer, mp 161-163", was confirmed by direct com- 
parison with a sample of the latter.17 

The next crop from crystallization of 15a provided yet another 
material. Recrystallization furnished 53 mg, mp 192-193", rn/e 
312, exhibiting a hydroxyl absorption and a carbonyl at 5.75 fi, 
Xmax (EtOH) 275 and 281 nm (e 1500 and 1400), and a peak a t  
3.73 ppm. 
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The reaction products from azulene and certain methylazulenes with several nucleophilic strong bases have 
been observed and identified by nmr spectroscopy. With azulene, lithium dicyclohexylamide (3) and tritylsod- 
ium (18) yield exclusively products of nucleophilic addition to the ring 6 position, 6-X-6H-azulenate anions, 
while, with lithium dimethylamide (15), methyllithium (23), and sodium methyisulfinylmethide (27), products 
derived from nucleophilic addition to both the azulene ring 4 (predominant) and 6 positions are observed. The 
Meisenheimer type of addition complexes formed with the amide nucleophiles (3 and 15) and azulene were 
shown to thermally equilibrate while those complexes resulting from ring addition by the carbon nucleophiles 
(18, 23, and 27) were thermally stable. Competitive nucleophilic addition and methyl group proton abstraction 
reactions were examined with some of these nucleophilic bases and 4,6,8-trimethylazulene (31). Exclusive pro- 
ton abstraction was observed in the reaction of sodium N-methylanilide, 18, or 27 with 31 to  yield mixtures of 
the methyleneazulenate anions 32 and 33. However, amide 15 reacted with 31 by nucleophilic addition to  the 4 
and 6 positions, the initially formed mixture being thermally equilibrated. Carbonation of lithium 6-dicyclohex- 
ylamino-6H-azulenate (20) yields a mixture of azulene mono- (1 and 2), di- (1,2 and 1,3), and tricarboxylic 
(1,2,3) acids. Carbonation of a mixture of lithium 6-dimethylamino-6H-azulenate and its 4 isomer yields only 
azulene. Other related reactions are presented, and discussions of the involved processes are given. 

Our investigations of the effects of  the five nonequiva- 
lent azulene ring positions on the solvolysis of @-azulyleth- 
yl arenesulfonates have thus far dealt with the ethyl side 

chain attached t o  the azulene 1,2 4,3 and 6  position^.^ 2- 
(1-Azuly1)ethanol was synthesized by electrophilic substi- 
tution of azulene.4 The 2-(4- (2) and 2-(6-azulyl)ethanol 
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were prepared by carbonation of the 4- (1) and 6-methy- 
leneazulenate anions,5 respectively, followed by reduction 
of the corresponding acetic acids. The present work begins 
with our attempts to utilize the latter procedure to pro- 
duce 2- (5-azulr1)ethanol. 

2 BzH, 

1 2 

Products from Reactions of Azulenate Anions. The 
number of known 5-substituted azulenes which might be 
converted to 2-(5-azulyl)ethanol is very limited. Since the 
methyl group of 5-methylazulene is not activated toward 
proton abstraction as are those of 4- and B-methylazu- 
lene,6 it was felt that  proton abstraction might result if a 
strong, sterically hindered base were employed.7 The base 
chosen for this purpose was lithium N, N-dicyclohexylam- 
ide (3).8 

Reaction of 3 and an excess of 5-methylazulene in ether 
resulted in no visible color change. Carbonation of the 
reaction mixture produced base-soluble products but nmr 
spectral analysis of the acidic product showed that the 
desired 5-azulylacetic acid had not been formed. Reaction 
with diazomethane and chromatography gave a mixture of 
methyl 5- (7-) methyl-1-azulenecarboxylate (4, 17.0%, 
42.3% net), dimethyl 5-methyl-1,3-azulenedicarboxylate 
( 5 ,  2.270, 5.5% net), and dimethyl 5 -  (7-) methyl-1,2-azu- 
lenedicarboxylate (6,0.9%, 2.3% net). 

C02CHj 
I 

f 

6 
H,C' 

5 

When 3 was allowed to react with 6-methylazulene in 
ether and the resulting yellow solution was carbonated 
followed by conversion of the acids to their methyl esters, 
a mixture of methyl 6-methyl-1-azulenecarboxylate ( 7 ,  
8.3%, 32% net), methyl 6-methyl-2-azulenecarboxylate (8, 
3.3%, 12.8% net), and dimethyl 6-methyl-1,2-azulenedi- 
carboxylate (9, 5.0%, 19.2% net) was obtained. This result 
was unexpected since reacion of 6-methylazulene with so- 

CO,CH, 
I 

7 
SOpCHA 

dium N-methylanilide in ether followed by carbonation 
produced 6-azulylacetic acid.3 95 

A solvent effect was noted in the reaction of 3 with 6- 
methylazulene. In tetrahydrofuran, the results of carbona- 
tion gave 36% of recovered 6-methylazulene and 39% of 
6-azulylacetic acid. Similar conditions with 4-methylazu- 
lene yielded 22% recovered 4-methylazulene and a 70% 
yield of 4-azulylacetic acid. 

To demonstrate that  the methyl groups of 5- and 6- 
methylazulene were not involved in formation of the nu- 
clear carbonation products, azulene was similarly allowed 
to react with 3 in ether followed by carbonation and con- 
version of the acidic products to their methyl esters. The 
mixture of esters was composed of methyl l-azulenecar- 
boxylate (10, 13.7%, 71% net), dimethyl 1,3-azulenedicar- 
boxylate (11, 2.3%, 13.5% net), and dimethyl 1,2-azulene- 
dicarboxylate (12, 1.4%, 7.5% net). When this reaction 
was run on a larger scale with tetrahydrofuran as solvent 
the ester product mixture contained 11% (23% net) 10, 5% 
(10% net) methyl 2-azulenecarboxylate (13), 4% (8% net) 
11, 5% (11% net) 12, and 1% (2% net) trimethyl 1,2,3-azu- 
lenetricarboxylate (14). 

3 CH,", 10 

CO,CHj 
/ 

bOICH, 
11 13 

CO-CH, 
I 

COJH, 
I 

12 \ 
CO,CH, 
14 

When lithium dimethylamide (15) was allowed to react 
with azulene in ether, the color of the solution immediate- 
ly changed from blue to yellow. Addition of carbon diox- 
ide to this yellow solution regenerated the azulene blue 
color. When water was added effervescence resulted and 
work-up of the reaction yielded only recovered azulene. 
Substitution of methanol (a  proton source) for carbon 
dioxide or changing the solvent to tetrahydrofuran or ben- 
zene produced the same result. 

To establish the gross structure of the adduct(s) from 
reaction of 15 and azulene, the reaction mixture was 
treated with oxidizing agents. Bubbling oxygen through 
the reaction mixture a t  -70" produced no color change, 
but as the temperature was slowly increased the solution 
turned blue. Work-up of the resulting mixture gave 4- (16, 
8%) and 6-N,N-dimethylaminoazulene ( l7 , l2  12%). When 

16 17 

the reaction mixture from 15 and azulene was allowed to 
equilibrate a t  25" and oxygen was added, the two amines 
16 and 17 were isolated in 4 and 18% yields, respectively. 8 9 
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Table I 
Visible Amax for Certain 4- and 

6-Substituted Azulenes 
Compd Solvent kmaX, nm Ref 

Azulene Cyclohexane 580 9 
4-CHaAz Cyclohexane 568 9 
6-CHaAz Cyclohexane 565 9 
4-HPNAz CH&h 510 10 
4- (CHa)zNAz (16) Cyclohexane 546 This 

6-HnNAz CHIOH 465 11 
work 

CzHsOH 470 
~ - ( C H ~ ) ~ N A Z  (17) CHaOH 472 12, this 

Cvclohexane 486 work 
6- (CzHh) ~ N A z  CHaOH 476 12 

With chloranil as the oxidizing reagent, only amine 16 was 
isolated. 

The A,,, of the visible spectra of 16 and 17 deserve 
comment. For many 4 and 6 substituents on the azulene 
ring, AX,,, is essentially constant, e .g . ,  the 4- and 6- 
methylazulenes in Table I. Generally, electron-donating 
substituents cause a hypsochromic shift and electron- 
withdrawing substituents result in a bathochromic shift of 
this absorption band. However, as can be seen from the 
data in Table I ,  the hmax values for the azulylamines are 
quite different. The difference, Ahmax,  between 16 and 17 
of +60 nm is attributed to a steric interaction between 
the 4-dimethylamino group and the peri-Cs hydrogeng in 
16 which is not present in 17. This results in a steric inhi- 
bition of conjugation between the azulene ring and the ni- 
trogen nonbonded pair of electrons. The stable conforma- 
tion of 16 would probably have the peri-C3 hydrogen 
roughly bisecting the nonbonded electron pair-nitrogen- 
methyl angle. I t  is interesting to note that 4-N-acetylami- 
noazulene has A,,, (CH2C12) 560 nm.loa In this case, the 
reduced availability of the nitrogen nonbonded electron 
pair for conjugation with the ring is probably electronic 
rather than steric. 

An orange solution resulted when azulene was allowed 
to react with tritylsodium (18) in tetrahydrofuran a t  -70". 
Addition of methanol produced a colorless solution which 
when dehydrogenated with chloranil gave a blue solution. 
From this solution a blue, crystalline solid was isolated 
which failed to yield sharp-melting crystals even after re- 
peated column chromatography and  recrystallization^.^^ 

This blue solid is believed to be 6-tritylazulene (19) on 
the basis of the reaction which produced it and the spec- 
tral data. The n m  spectrum showed only the presence of 
aromatic protons; integration of the downfield doublet at- 
tributed to the azulyl C4 and Cs protons and the remain- 
ing 20 protons gave a 2:19 ratio. The mass spectrum gave 
M' a t  m/e 370 (50%) with strong ion abundances for m/e  
243 (24%) and 127 (11%); however, ions a t  m/e  244 (10%) 
and 128 (6%) may be due to triphenylmethane and azu- 
lene ~0n tamina t ion . l~  The visible spectrum had Amax (cy- 
clohexane) 579 nm, which was about that  predicted for 
19.14 

19 3. chloranil 

Nmr Spectral Investigation of Azulenate Anion 
Structures. The ability to produce the diverse mono-, di-, 
and trinuclear carbonation products 10-14 by carbonation 

.of the product derived from reaction of azulene and the 
lithium dicyclohexylamide (3) prompted us to investigate 
the structure of this product and those derived from reac- 
tions involving other strongly basic nucleophiles and azu- 
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lene. To obtain structural information on such reactive 
species, nmr spectroscopy appeared to be particularly 
suited to the task. 

To a tetrahydrofuran solution of azulene in an nmr tube 
a t  0" was added dropwise with shaking a solution of 3 in 
tetrahydrofuran until a yellow color resulted (small molar 
excess of 3 required). The spectrum is reproduced in Fig- 
ure l a  and is interpreted as the exclusive production of 
lithium 6-N,N-dicyclohexylamino-6H-azulenate16 (20). 
See Table I1 for a numerical listing of the proton absorp- 
tions and their assignments.l7J8 No change in the spec- 
trum of this Meisenheimer type complex was observed 
after 36 hr a t  33". 

20 

The simplicity of the spectrum readily allows structural 
assignments to the three distinct spectral patterns, the 
C1, C2, and C3 protons contributing to the broadened sin- 
glet a t  6 5.61, the C4 and CS protons absorbing a t  6 6.24 as 
a doublet ( J 4 , 5  = 10.5 Hz), and the C5 and C7 protons ab- 
sorbing a t  6 4.86 as a doublet of doublets (54,s = 10.5 and 
J 5 , e  = 4.5 Hz). The cyclohexyl and C6 ring protons would 
be further upfield under the solvent absorptions. 

When equimolar amounts of tetrahydrofuran solutions 
of azulene and lithium dimethylamide (15) were mixed at 
-70" the solution color immediately turned to a light yel- 
low. The nmr spectrum recorded a t  -20" was interpreted 
as showing the presence of lithium 4-N, N-dimethylamino- 
4H-azulenate (21) and lithium 6-N,N-dimethylamino- 
6H-azulenate (22). Integration of the C5 and C7 protons of 
22 and the C5 proton of 21 gave the 21:22 ratio as about 
4:l. (See Figure 1 and Table I1 for the proton assign- 
ments.) 

22 21 

Warming the solution of 21 and 22 to -10" and then to 
0" produced no change in the spectrum. With the sample 
a t  10" the doublet a t  6 6.71 a t  lower temperatures was ob- 
served as a pair of doublets and integration gave the 21:22 
ratio as 7:3. Warming the sample to higher temperatures 
(Figure IC) produced further changes in the 21:22 ratio 
(33", 3:7; 50", 1:4). The observed changes in the 2 1 2 2  
ratio as a function of temperature will be dealt with fur- 
ther in the Discussion. 

Hafner19 reported that addition of methyllithium (23) 
to azulene followed by protonation and dehydrogenation 
of the dihydro product with chloranil produced only 4- 
methylazulene.20 When azulene (in tetrahydrofuran) was 
allowed to react with an equimolar amount of 23 (in 
ether) at -70" a yellow-green solution resulted. The nmr 
spectrum was recorded a t  -33" (Figure 2a) and was ana- 
lyzed as a mixture of lithium 4-methyl-4H-azulenate (24) 
and lithium 6-methyl-6H-azulenate (25) in approximately 
a 9:l ratio, respectively. The spectrum showed no change 
on standing for 24 hr a t  25". Addition of 23 to azulene a t  
25 or 50" produced the same 24:25 ratio as that found a t  
-70". The five-membered ring proton chemical shifts of 
24 and 25 were readily verified by carrying out the reac- 
tion with azulene-1,3-dz. 
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m m  w m 

hl 
0 

w 
N 
0.1 

H CH, 

24 25 

When the solvent was removed from the mixture of 24 
and 25 and the residue was dissolved in dimethyl sulfox- 
ide-&, only the nmr spectrum of 24 could be observed. 
While we do not believe that 24 and 25 can equilibrate, 
we can only guess that a trace of water was introduced 
into the system during the exchange of solvents, causing 
destruction of 25. However, the proton absorptions from 
its conjugate acid were not observed. 

Addition to azulene by the bulky carbon nucleophile 
tritylsodium (18) also occurred. A tetrahydrofuran solu- 
tion of azulene was "titrated" with 18 until the color of 
the solution was orange. The nmr spectrum (Figure 2b) 
was quite similar to that of 20 and indicated the presence 
of a single addition product, sodium 6-trityl-6H-azulenate 
(26) (see Table I1 for the proton assignments). 

26 
The third carbon nucleophile investigated was sodium 

methylsulfinylmethide (27). Mixing equimolar amounts of 
azulene and 2i'-d5 in DMSO-& a t  25" produced a yellow 
solution. Analysis of the nmr spectrum of this solution 
showed that it contained a mixture of sodium 4-methyl- 
sulfinylmethyl-d~-4H-azulenate (28) and sodium 6-meth- 
ylsulfinylmethyl-d~-6H-azulenate (29) in a 9: 1 ratio (Fig- 
ure 2c). The 28:29 ratio did not change with time a t  25". 

21.d- 0- 
H, ,CD,SC€D, 

28 29 

In each of the above cases, both nitrogen bases (3 and 
15) and the three carbon bases (18, 23, and 27) reacted 
with azulene by addition to the ring 4 and/or 6 positions, 
yielding azulenate anions. It was of interest to us to deter- 
mine how this addition reaction (a  type of Meisenheimer 
complex formation) would compete with proton abstrac- 
tion from the methyl groups of 4- and 6-methylazulene 
which yield the corresponding methyleneazulenates ( e . g . ,  
1). 

To standardize our analysis of the nmr spectra of such 
methyleneazulenates, 1 was prepared by reaction of 4- 
methylazulene and sodium N-methylanilide (30) in tet- 
rahydrofuran. Replacing this solvent with DMSO-& and 
analysis of the nmr spectrum determined in the latter sol- 
vent produced the results given in Table I11 for 1. 

4,6,8-Trimethylazulene (31) reacted with 30 in tetrahy- 
drofuran a t  25" to produce a yellow solution. The solvent 
was replaced with D M s 0 - d ~  and the nmr spectrum was 
recorded a t  33"; see Table 111. The spectrum can be ac- 
counted for as a mixture of sodium 6,8-dimethyl-4-methy- 
leneazulenate (32) and sodium 4,8-dimethyl-6-methy- 
leneazulenate (33); the spectrum was not integrated. Car- 
bonation of the mixture gave a 79% yield of a mixture of 
6,8-dimethyl-4-azulylacetic acid (45%) and 4,8-dimethyl- 
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Figure 1. XL-100 spectra a t  -20" of (a) lithium 6-N,N-dicyclo- 
hexylamino-6H-azulenate (20) in THF, (b)  THF solution of lithi- 
um dimethylamide added to (a) after 18 min at  -20" giving a 
mixture of 20, lithium 4-dimethylamino-4H-azulenate (21), and 
lithium 6-dimethylamino-6H-azulenate (22), (c) same as (b) but 
after 75 min at -20", and (d) after 90 min at  -20" and 20 min at  
33": scale in hertz. 

6-azulylacetic acid (55%).  Carrying out the formation of 
32 and 33 a t  25" and carbonation a t  -70 and -30" had 
only a negligible effect on the acid product composition. 

When equimolar amounts of 31 and 27-ds were allowed 
to react in DMSO-& at 25" an orange solution resulted. 
While the seven-membered ring proton assignments of 32 

n b 

6 50 600 5 5 0  500 4 5 0  

i l l  C 

~~~~ 

6 5 0  5 5 0  450 3 5 0  
Figure 2. XL-100 spectra of (a) a mixture of lithium 4-methyl- 
4H- (24) and lithium 6-methyl-6H-azulenate (25) in THF, (b) so- 
dium 6-trityl-6H-azulenate (26) in THF (peak a t  546 Hz is 
PhaCH), and (c) a mixture of sodium 4-methylsulfinylmethyl-d~- 
4H- (28) and sodium 6-methylsulfinylmethyl-d~-6H-azulenate 
(29) in DMSO&,; scale in hertz. 

CHJ 
31 

HCH 

kH, 
32 

kH3 
33 

in this medium are tentative (Table 111), the nmr spec- 
trum indicated that the product of this reaction was a 
mixture of 32 and 33 formed by proton abstraction. Inte- 
gration of CS methylene us. the C g  and C7 ring protons of 
33 indicated about 28% deuterium exchange of the c6- 

methylene protons with solvent after standing for 2 hr at 
25". Repeating this reaction with 27 in DMSO and inte- 
gration of the 6 4.55 &-methylene proton of 32 us. the CZ 
proton of 33 gave the 32:33 ratio of 1:3. 

Reaction of 31 and 18 in tetrahydrofuran a t  25" gave an 
orange solution. The nmr spectrum was recorded (Table 
111), and integration of the CI and Ca protons of 32 US. 
those of 33 showed that these two anions were produced in 
a 32:33 ratio of 1:3, the same ratio as that  found from the 
reaction of 31 and 27. 

As was pointed out in the previous section, 3 appeared 
to add exclusively to 6-methylazulene in ether solvent, 
but in tetrahydrofuran this reaction resulted in proton ab- 
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straction from the methyl group to yield lithium 6-methy- 
leneazulenate. The latter reaction mode was also appar- 
ently followed in the reaction of 4-methylazulene and 3 in 
tetrahydrofuran producing lithium 4-methyleneazulenate. 

However, when 15 was allowed to react with hydrocar- 
bon 31, no evidence for methyl group proton abstraction 
was found; instead the products of nucleophilic addition 
were observed (see Table 11). The nmr spectrum of the 
yellow solution resulting from reaction of 15 and 31 in tet- 
rahydrofuran a t  25” was interpreted as that  of a mixture 
of lithium 4,6,8-trimethyl-4-dimethylaminoazulenate (34) 
and lithium 4,6,8-trimethyl-6-dimethylaminoazulenate 
(35). Integration of the C7 and C2 protons of 34 and 35, 
respectively, gave a 34:35 ratio of 3:l.  The relative 

THF 
31 + 15 - 

CH, 
34 

kH, 
35 

amount of 35 increased as a function of time when the 
sample was maintained a t  25“ as seen in the changes in 
the 34:35 ratio: 15 min, 3:2, 30 min, 1:l; and 3 hr, 3:7. No 
signals for anions 32 or 33 were observed. 

Discussion 
Reactions with Nitrogen Bases. The temperature de- 

pendency of the product compositions from the addition 
reactions of azulene and trimethylazulene 31 with 15 
suggests that  the ring C d  position was the site of kinetical- 
ly controlled nucleophilic addition while addition to the 
ring CS position led to the product of thermodynamic con- 
trol. The mechanism by which the Meisenheimer type 
complexes 21 and 22 (34 and 35) are equilibrated (K1  and 
K2) might involve a small (unobservable by nmr) concen- 
tration of azulene present in the mixture or an Sx2’ type 
of displacement on 21 or 22 by external nucleophile. The 
latter mechanistic possibility, however, would require an 
ionic attack on an anion and is believed to be less likely 
than the former suggested mechanism involving free azu- 
lene. 

(CH,),NLi (15) 

21 

20 

Although a similar equilibrium between azulene + 3 e 
20 could not be established directly, the results of the fol- 
lowing experiment lead us to conclude that k-3 is present. 
Equivalent amounts of azulene and 3 in tetrahydrofuran 
were mixed at 33” and the nmr spectrum was recorded, 
showing the presence of 20 along with a small amount of 
unreacted azulene. T o  this solution was added an equiva- 
lent amount of 15 in tetrahydrofuran a t  -10”. The nmr 
spectrum was immediately recorded and revealed the 

presence of a new pair of doublets a t  6 6.71 and 6.65 at- 
tributed to 21 and 22. While it was not possible to accu- 
rately determine the relative amounts of 20, 21, and 22 
owing to overlapping absorptions, the spectra showed that 
the amount of 20 decreased and 21 and 22 concentrations 
increased on standing a t  -10”. After 1 hr a t  -10“ only a 
trace of 20 could be observed. 

Accepting our proposed mechanism for the formation 
and equilibration of 20-22, the above result says that K1 
and Kz are larger than K3 by factors of 20-100. This is 
qualitatively the same conclusion reached from consid- 
ering the equivalents of base needed to completely react 
with azulene. This probably reflects the increased steric 
size of the cyclohexyl groups in 20 compared to methyl 
groups in 22. However, we presently have no direct way of 
knowing if this influences only the forward ( k l ,  k2, and 
k3)  or reverse (h-1,  h-2, and h-3) steps, or both. This also 
gives no information of the relative magnitudes of forward 
and reverse rate constants involved in yielding 20-22 ex- 
cept that  we know that k1 > k2 from equilibration stud- 
ies. From the observations that both nitrogen nucleo- 
philes, 3 and 15, “immediately” decolorized azulene solu- 
tions with rapid mixing we know that k l ,  kz, and k3 are 
large bimolecular rate constants. Assuming a steric effect 
in the additions of 3 and 15 to the azulene ring 4 and 6 
positions we would expect k l  > k z  > ks. 

Qualitatively, there appears to be a definite difference 
in the rates of reaction of 3 and 15 with carbon dioxide. 
Bubbling carbon dioxide into a solution of 15 in ether re- 
sulted in immediate formation of a white precipitate, 
probably lithium dimethylcarbamate. Similar treatment 
of an ether solution of 3 required 30-40 sec before a pre- 
cipitate was observed which slowly increased in amount. 
Ignoring any gross solubility differences in the two salts, 
we take this to mean that 15 reacts considerably faster 
with carbon dioxide than does 3. 

Having identified the products from the reaction of azu- 
lene and 3 and 15 as Meisenheimer-type complexes 20, 
and 21 and 22, we can proceed to discuss the suspected 
processes resulting in the formation of the nuclear carbo- 
nation products from reaction of 20 with carbon dioxide as 
well as reasons why related results fail to occur on carbo- 
nation of 21 and 22. The proposed pathways leading from 
20 to the five nuclear carbonation products 10-14 are 
given in Scheme I. Carbonation of 20 leading to the mono- 
carboxylated products (10 and 13) involving loss of the el- 
ements of dicyclohexylamine from their respective inter- 
mediates, 36 and 37, is straightforward. However, to form 
the di- and tricarboxylated products we believe requires 
that the loss of a proton from 36 and 37 (39 and 41) yield- 
ing cyclopentadienidecarboxylates 38 and 40 (42 and 43) 
must compete with total loss of the amine. Intermediates 
38, 40, 42, and 43 may also eject dicyclohexylamide to 
yield their respective carboxylic acid salts. 

In each of the reactions of 5 -  and 6-methylazulene and 
azulene with 3 followed by reaction with carbon dioxide, 
substantial amounts of the starting azulene were recov- 
ered even though the azulene had been totally (by nmr) 
converted to its Meisenheimer-type complex prior to car- 
bonation. This might result in a t  least three ways: (1) 
competitive carbonation of 3 in equilibrium with the azu- 
lene, (2) carbonation a t  a bridgehead center with that 
product reverting to the azulene during work-up, and/or 
(3) a ready proton exchange between the initially formed 
adduct and the carbonation products generating anions 
such as 38 and 40 and A.21 

While we believe that this mechanistic scheme accounts 
for the variety of products derived from carbonation of 20, 
we must now deal with the fact that only starting azulene is 
found (generally go+%) when mixtures of 21 and 22 and 34 
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Scheme I 
Mechanistic Pathways for Formation of the Five Nuclear Carbonation Products from Azulene" 

co; 

36 
2 I 38 

J 
H - .  

co; H COY 
40 

RzNQ I5 
37 

41 
a For convenience the cations have been omitted. 

A 
and 35 are carbonated. Since the rates of five-membered 
ring carbonation of 20 and 22 should be approximately the 
same, the reason for the anomalous behavior of 22 must 
then lie in the relative rates of previous steps. We suggest 
that the explanation may be in the rates defined by k - i  
and k -2  being at least equal to but probably greater than 
k - 3  in eq 1. Taken together with the apparently much 
faster rate of reaction of carbonation of 15 compared to 3 
could then account for the observed results. If this is cor- 
rect then k:! must be much greater than k s  in general 
agreement with the analysis of k l ,  k z ,  and ka given above. 
This may simply reflect solvation energy differences in the 
amides 3 and 15, and their respective adducts 20, and 21 
and 22. 

I t  is again interesting to note the solvent effect in the 
type of reaction product from 6-methylazulene and 3; in 
ether ring addition was observed while in tetrahydrofuran 
proton abstraction exclusively took place. When the 
amide is the dimethyl derivative 15 and it was allowed to 
react with 4,6,8-trimethylazulene (31) in tetrahydrofuran 
only the products (34 and 35) of addition to the ring were 

42 

I 

R2N4F H co; 

43 / \  -R*K- 

-RJH - 

observed in the nmr spectrum. These results appear to 
demonstrate the better nucleophilic us. basic character of 
15 in these reactions compared to 3. A probable major 
factor in this increased ease of nucleophilic addition by 15 
is the much larger steric requirements for nucleophilic at- 
tack at  the ring sites by 3. 

Reactions with Carbon Bases. In marked contrast 
with the results of the nitrogen bases, when the carbon 
bases (18, 23, and 27) added to the 4 and/or 6 positions of 
the azulene ring the products were thermally stable and 
in the case with 23 the product mixture was invariant over 
the addition temperature range investigated. If we accept 
the premise that these product distributions are formed 
under kinetic control, such studies with carbon nucleo- 
philes of varying structure could give a clear relationship 
between the steric size of the nucleophile and the AAF*'s 
for attack a t  the two ring positions. The extreme with the 
bulky nucleophile, 18, is to yield exclusive addition to the 
6 position while with the small nucleophiles, 23 and 27, 
the preference (9:l) is to add to the ring 4 position. Thus 
with both carbon (kinetic) and nitrogen (kinetic and ther- 
modynamic) nucleophiles, steric bulk of the attacking 
base is important in determining the ring position to be 
attacked. 

As was the case with the nitrogen bases, the carbon 
bases show different nucleophilic us. basic characters. 
Hafnerlg reported that 23 added to 4-methylazulene and 
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after protonation and dehydrogenation the product 4,8- 
dimethylazulene was isolated in 52% yield. However, the 
reaction between 31 and 18 or 27 yields only the products 
of proton abstraction from the methyl groups.5a The dy- 
namics involved with the carbon nucleophiles, however, 
were not as well investigated as were those with the nitro- 
gen bases. 

Experimental Sectionz2 
Lithium Dicyclohexylamide (3). Using a dry syringe, 4.39 g 

(0.0242 mol) of twice-distilled dicyclohexylamine was injected 
into a flame-dried three-necked flask containing 25 ml of dry 
ether (distilled from LiAlH4) under a nitrogen atmosphere. With 
continous stirring, the solution was cooled to -20" and 20 ml of a 
1.22 M solution of methyllithium in ether was slowly injected into 
the solution (vigorous bubbling). The solution was allowed to stir 
for 0.5 hr as the solution warmed to room temperature. Titration 
of two aliquots of this solution with standard hydrochloric acid 
indicated the solution to be 0.519 M in amide. 

Solutions of lithium dimethylamide (15) were prepared by this 
method also. 

Reaction of 3 with 5-Methylazulene Followed by Carbona- 
tion and Methylation. To a flame-dried flask under a nitrogen 
atmosphere was added 426 mg (3.00 mmol) of 5-methylazulene in 
10 ml of dry ether. The contents of the flask were cooled to -20" 
and 5.70 ml of the 0,519 M 3 solution was slowly injected into the 
solution by means of a syringe. With stirring the solution was al- 
lowed to come to room temperature over 20 min with no visible 
color change. Dry carbon dioxide (passed through sulfuric acid 
and NazCO3-Drierite) was bubbled through the solution for 0.5 
hr  with the formation of a red-violet precipitate in the flask. The 
reaction mixture was diluted with 50 ml of cold 5% aqueous sodi- 
um hydroxide and extracted with ether. The ether layer contain- 
ing unreacted 5-methylazulene was washed with six 50-ml por- 
tions of 5 %  aqueous sodium hydroxide, water, two 100-ml portions 
of 10% hydrochloric acid, and water. The ether layer was dried 
(MgS04),  the solvent volume was reduced, and the residue was 
chromatographed on 50 g of basic alumina with 9: l  hexane-di- 
chloromethane to yield 0.255 g of 5-methylazulene. 

The sodium hydroxide solutions were combined, acidified, and 
extracted with 250 ml of ether. This ether layer was washed with 
water and dried (MgS04). To this solution was added an excess 
of an ether solution of diazomethane. After standing for 5 min, 
the ether layer was washed with two 100-ml portions of 5% aque- 
ous sodium bicarbonate and water and dried (MgS04). After sol- 
vent reduction, the products were chromatographed on 70 g of 
basic alumina. 

CC14-CH2C12 (3: l )  eluted a violet band containing 102 mg 
(1770, 42.370 net) of a mixture of methyl 5- and 7-methyl-1-azu- 
lenecarboxylate (4) as a violet oil: ir (film) 5.91 p (s, C=O); nmr 
(cc14, internal TMS) T 0.36 (broad s, 0.7), 0.46 (d, 0.3), 1.71-3.00 
(m,  51, 6.11 (s, COzCH3, 3), 7.25 (s, CH3, 0.7), 7.35 (s, CH3, 0.3); 
visible-uv (cyclohexane) 657 nm (log c 2.23), 598 (2.61), 552 
(2.65), 372 (4.03), 358 (3.87), 342 (3.86), 301 (4.71), 290 (4.65), and 
240 (4.32). 

Anal. Calcd for C13H1202: C, 77.98; H, 6.04. Found: C, 78.20; 
H,  5.92. 

CC14-CHzC12 (1:l) eluted a red band containing 19 mg (2.2%, 
5.5% net) of a red oil identified as dimethyl 5-methyl-1,3-azulene- 
dicarboxylate (5) on the basis of its visible spectrum (cyclohex- 
ane): 606 (O.D. 0.361), 554 (0.902), and 519 nm (0.978). 

A violet-blue band was eluted with CC14-CHzC12 (1:3) contain- 
ing 7 mg (0.9%, 2.3% net) of a mixture of dimethyl 5- and 7 -  
methyl-1,2-azulenedicarboxylate (6) as a violet-blue oil baaed on 
the visible-uv spectra: ir (film) 5.83 (s, C-0) and 5.94 p (s, 
C=O); visible-uv (cyclohexane) 588 nm (log c 2.64), 368 (3.61), 
350 (3.681, 303 (4.60), 293 (4.57), and 242 (4.35). 

Reaction of 3 with 6-Methylazulene Followed by Carbona- 
tion and  Methylation. Using the above procedure, 426 mg (3.00 
mmol) of 6-methylazulene was allowed to react with 5.70 ml (2.95 
mmol) of 0.519 M 3. Upon warming to -lo", the color of the solu- 
tion changed to yellow-black. To the solution was added an addi- 
tional 25 ml of dry ether and dry carbon dioxide was bubbled 
through the solution a t  a moderate rate for 0.5 hr. From the base- 
insoluble fraction was recovered 315 mg of 6-methylazulene. 

The acids were methylated with diazomethane and chromato- 
graphed on 70 g of basic alumina. CCld-CH2C12 (3: l )  eluted a vi- 
olet band containing 50 mg (8.3%, 3270 net) of methyl 6-methyl- 
1-azulenecarboxylate (7) as red-violet prisms: mp 77-79"; ir 
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(KBr) 5.92 p (s, C=O); nmr (cc14, internal TMS) T 0.54 (d, J = 

Hz, l), 2.50-3.00 (m, 3), 6.11 (s, C02CH3, 3), and 7.36 (s, CH3, 
3); visible-uv (cyclohexane) 629 nm (log e 2.17), 601 (2.22), 573 
(2.56), 547 (2.57), 531 (2.61), 370 (4.02), 355 (3.89), 344 (3.85), 304 
(4.81), 297 (4.71), 292 (4.72), 262 (3.87), 255 (3.96), and 235 (4.34); 
mass spectrum (70 eV, heated inlet) m/e  (re1 intensity) 200 
(Ma+,  58) and 169 (100). 

Anal. Calcd for C&1202: C, 77.98; H, 6.04. Found: C, 78.00; 
H,  6.30. 

CC14-CHzC12 (1:l) eluted a blue band containing 20 mg (3.370, 
13% net) of blue plates, mp 108-110", of methyl 6-methyl-2-azu- 
lenecarboxylate (8) based on spectral evidence: ir (KBr) 5.86 p (s, 
C=O); nmr (cc14, internal TMS) 1.77 (d, J = 10.5 Hz, C4 and 
c8 H, 21, 2.34 (s, C1 and C3 H,  2), 2.96 (d, J = 10.5 Hz, Cg and 
C7 H, 21, 6.08 (s, COzCH3, 3), and 7.35 (s, CH3, 3); visible-uv (CY- 
clohexane) 704 nm (log c 2.231, 694 (2.19), 637 (2.53), 592 (2.52), 
362 (3.85), 348 (3.73), 336 (3.671, 296 (4.72), 285 (4.75), 266 (4.201, 
and 240 (4.17); mass spectrum (70 eV, heated inlet) m / e  (re1 in- 
tensity) 200 (M-+, 64) and 169 (100). 

A second violet band was eluted with CC14-CH2C12 (1:3) and 
contained 39 mg (5.070, 19% net) of violet needles, mp 69-71', of 
dimethyl 6-methyl-l,2-azulenedicarboxylate (9) based on spectral 
evidence: ir (KBr) 5.80 (s, C=O) and 5.91 p (s, C=O); nmr 
(CC14, internal TMS) r 0.80 (d, J = 10.5 Hz, CS H, l), 1.79 (d, J 
= 10.5 Hz, C4 H, l), 2.50-2.90 (m,  3), 6.10 (s, C0zCH3, 3), 6.11 (s, 
C02CH3, 31, and 7.84 (s, CH3, 3); visible-uv (cyclohexane) 563 
nm (log c 2.67), 368 (3.62), 352 (3.771, 305 (4.78), 294 (4,72), and 
423 (4.26); mass spectrum (70 eV, heated inlet) m / e  (re1 intensi- 
ty)  258 (Me+, 61), 227 (loo), 200 (9), and 197 (12) .  

Reaction of 3 with Azulene Followed by Carbonation and 
Methylation. A. In Ether. Following the above procedure, 384 
mg (3.0 mmol) of azulene in 10 ml of ether was allowed to react 
with 5.70 ml (2.95 mmol) of a 0.519 M ether solution of 3 at  -20". 
The solution was warmed to room temperature with no visible 
color change. Dry carbon dioxide was bubbled through the solu- 
tion for 0.5 hr. From the base-insoluble fraction 310 mg of azulene 
was obtained. 

The acids were methylated with diazomethane and chromato- 
graphed on 70 g of basic alumina. CC14-CH2Clz (3: l )  eluted a vi- 
olet band containing 76 mg (1470, 71% net) of methyl l-azulene- 
carboxylate (10) as violet needles: mp 54-55" (lit.loa mp 56-57"); 
ir (KBr) 5.93 p (s, CEO); nmr (cc14, internal TMS) 7 0.30 
(broad d, c8 H, l),  1.62 and 1.70 (two superimposed d,  2), 2.00 
and 2.80 (m,  4), and 6.10 (s, COzCH3, 3): visible-uv (cyclohex- 
ane) 645 nm (log c 2.19), 612 (2.21), 588 (2.55), 561 (2.54), 542 
(2.60), 368 (4.04), 350 (4.03), 338 (3.96), 298 (4.78), 292 (4.68), 286 
(4.69), 255 (3.88), 249 (4.03), and 236 (4.35). 

CC14-CH2C12 (1:l) eluted a red band containing 17 mg (2.34, 
12% net) of red needles of dimethyl azulene-1,3-dicarboxylate 
(11): mp 171-173" (lit.23 mp 171'); ir (KBr) 5.89 p (s, C - 0 ) ;  nmr 
(CDC13, internal TMS) r 0.05 (broad d, C4 and CsH, 2), 1.07 (s, 
CzH, 11, 2.12 (m,  3), and 6.02 (s, C02CH3, 3);  visible-uv (cyclo- 
hexane) 598 nm (log c 2.21), 547 (2.64), 511 (2.70), 374 (4.03), 370 
(4.05), 366 (3.99), 361 (4.00), 330 (3.71), 303 (4.71), 296 (4.60), 292 
(4.58), 268 (4.52), 263 (4.40), 249 (4.15), and 235 (4.63). 

A second violet band was eluted with CCL-CHzC12 (1:3) con- 
taining 10 mg (1.4%, 7% net) of dimethyl 1,2-azulenedicarboxy- 
late (12) as a violet oil: ir (film) 5.80 (s, C=O) and 5.91 p (s, 
C=O); nmr (CC14, internal TMS) r 0.55 (broad d, c8 H, l), 1.55 
(broad d, C4 H, l),  1.98-2.80 (m,  4), and 6.06 and 6.07 (two over- 
lapping s, C02CH3, 6); visible-uv (cyclohexane) 578 nm (log t 

2.66), 364 (3.68), 347 (3.851, 300 (4.721, 290 (4.69), and 238 
(4.35). 

Anal. Calcd for C14H1204: C, 68.84; H, 4.95. FoGnd: C, 68.95; 
H ,  5.21. 

B. I n  Tetrahydrofuran. To a solution of 750 mg (5.9 mmol) of 
azulene in 10 ml of dry tetrahydrofuran (distilled from LiAlH4) 
cooled to -30" under a nitrogen atmosphere was added 5.9 ml 
(5.9 mmol) of 1 M 3 in tetrahydrofuran. There was no apparent 
color change and the solution was warmed to 25", where it took on 
a green cast. Carbon dioxide was bubbled in and produced a blue 
solution. Carbon dioxide addition was continued for 10 mln and 
then 100 ml of water was added which produced effervescence. An 
additional 400 ml of water and 100 ml of 10% potassium hydrox- 
ide were added and the basic solution was extracted with three 
100-ml portions of ether. The ether layer was acidified with 10% 
hydrochloric acid and dicyclohexylamine hydrochloride precipi- 
tated. This white precipitate was filtered, and the ethereal filtrate 
was washed with three 100-ml portions of water and dried 
(MgS04). Concentration of the solvent followed by chromatogra- 

10.0 Hz, C8 H, l ) ,  1.81 (d, J = 10.0 Hz, Cq H, l), 1.85 (d, J = 4.0 
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phy on basic, activated alumina gave on elution with carbon tet- 
rachloride 389 mg (52%) of starting azulene. 

The violet, basic solution was acidified with cold 20% hydro- 
chloric acid and extracted with 900 ml of ether. The violet ether 
solution was washed with three 100-ml portions of water and 
dried (MgS04). The carboxylic acids were converted to their 
methyl esters using diazomethane in ether and chromatographed 
on neutral activity I1 Woelm alumina.24 cc14 eluted 122 mg (11%, 
23% net) of methyl 1-azulenecarboxylate (lo), mp 54-55", fol- 
lowed by 51 mg (5%, 10% net) of methyl 2-azulenecarboxylate 
(13): mp 109-110" (lit.25 m p  110-111"); ir (KRr) 5.82 y (C=O); 
nmr (CDC13, internal TMS)  7 1.4-~3.2 (m, Az H's, 7 )  and 6.03 (9, 

CH3); visible-uv (cyclohexane) 724 nm (log e 2.35), 654 (2.68), 605 
(2.66), 356 (3.52), 344 (3.72), 330 (3.63), and 284 (4.72). Elution 
with CC14-CHzC12 (3:l)  gave 53 mg (4%, 8% net) of dimethyl 
1,3-azulenedicarboxylate (11), mp 174.5-176". With CC14-CHzC12 
( l : l ) ,  76 mg (5%, 11% net) of dimethyl 1,2-azulenedicarboxylate 
(12) was eluted which crystallized; recrystallization from hexane 
gave violet-blue crystals, mp 46.5-47.5" (lit.26 oil). Elution with 
CHzCl2 gave 14 mg (l%, 2% net) of trimethyl 1,2,3-azulenetricar- 
boxylate (14), which was recrystallized from CHzClz-petroleum 
ether to give red crystals: mp 155-156"; ir (KBr) 5.73 (C-0) and 
5.92 p (C-0); nmr (CDCls, internal TMS) 7 0.0-2.4 (m, Az H's, 
5): 5.97 (s, CHs, 3), and 6.07 (s, CH3, 6); visible-uv (CH2C12) 500 
nm (log t 2.83), 368 (3.75), 335 (3.74), 304 (4.64)> 294 (sh), and 272 
(4.42). 

Anal. Calcd for C16H1406: C, 63.58; H,  4.67. Found: C, 63.41; 
H,  4.53. 

Reaction of Azulene with 15 in  Tetrahydrofuran and 
Quenching with Methanol. To 200 mg (1.56 mmol) of azulene 
dissolved in 5 ml of dry tetrahydrofuran (distilled from LiAlH4) 
under a nitrogen atmosphere and cooled to 0" was added 70 mg of 
dimethylamine in 5 ml of dry tetrahydrofuran followed by 1 ml 
(1.5 rnrnol) of 1.5 M methyllithium in ether dropwise. The solu- 
tion turned from blue to yellow with the addition of the final 

#drops of methyllithium. After cooling to -70", 0.1 ml of absolute 
methanol was added, at  which time the yellow solution was 
washed with three 100-ml portions of water and dried (MgS04). 
Evaporation of the solvent gave 195 mg (98%) of starting azulene. 

Reaction of Azulene with 15 in Tetrahydrofuran Followed by 
Addition of Carbon Dioxide. To a solution of 100 mg (0.78 
rnmol) of azulene dissolved in 10 mi of dry tetrahydrofuran (dis- 
tilled from LiAlH4) under a nitrogen atmosphere and cooled to 
-30" was added 0.78 ml (0.78 mmol) of 1 M lithium dimethylam- 
ide in tetrahydrofuran. The solution immediately turned light 
green and was allowed to warm to room temperature. Carbon 
dioxide was bubbled into the solution, which turned blue. Carbon 
dioxide addition was continued for 10 min followed by the addi- 
tion of 100 ml of water, which produced effervescence; 10 ml of 
10% potassium hydroxide and 100 ml of ether were added. The 
ether layer was separated and washed with three 100-ml portions 
of water and dried (MgS04). Chromatography over basic alumina 
on elution with Cc14 gave 94 mg (94%) of starting azulene. 

Reaction of 4-Methylazulene with 15 Followed by Addition 
of Carbon Dioxide. This reaction was carried out as described 
above starting with 100 mg (0.70 mmol) of 4-methylazulene, 2 ml 
of dry tetrahydrofuran (distilled from LiAlH4), and 2 ml (1.20 
mmol) of 0.60 M lithium dimethylamide in tetrahydrofuran at  
-70". The yellow solution was diluted with 10 ml of ether and al- 
lowed to warm to 25". With the addition of carbon dioxide, which 
was continued for 10 min, the solution turned blue and a white 
precipitate formed. The addition of 100 ml of water produced ef- 
fervescence and the white precipitate dissolved. Ether (100 ml) 
was added, and the colorless, basic, aqueous layer separated. 
Work-up as above gave 93 mg (93%) of starting 4-methylazulene. 

When this reaction was carried out in tetrahydrofuran or ben- 
zene as solvent, the recoveries of 4-methylazulene were 87 and 
9270, respectively. 

Reaction of Azulene with 15 Followed by Oxidation with 
Oxygen. To a solution of 200 mg (1.56 mmo1)'of azulene in 5 ml 
of dry tetrahydrofuran under a nitrogen atmosphere and cooled to 
-70" was added 2.6 ml (1.6 mmol) of 0.60 M lithium dimethyl- 
amide in tetrahydrofuran. The color changed from blue to light 
green with the addition of the base. Oxygen was bubbled into this 
solution at  -70" for 5 min but no color change was noted. The so- 
lution was allowed to warm to 25' and oxygen addition was con. 
tinued for 20 min. To the reaction mixture was added 100 ml of 
water and 100 ml of ether. The ether layer was separated, washed 
with three 100-ml portions of water, and dried (Na2SOd. Chro- 
matography over basic, activity 1-11 aluminaz4 gave on elution 
with carbon tetrachloride 83 mg (42%) of starting azulene. Con- 

tinued elution with carbon tetrachloride gave 21  mg @%, net 
13.5%) of 4-iV,N-dimethylaminoazulene (16) as an unstable pur- 
ple oil: ir (neat film) 3.51 (CH), 6.47, 7.46, and 10.93 y; nmr 
(CDC13, internal TMS) 7 1.8-3.7 (m, Az H's, 7), 6.72 (s, CH3, 6); 
visible-uv (cyclohexane) 715 nm (log e 1.17), 546 (2.59), 308 
(4.05), and 274 (4.51). 

Anal Calcd for C12H13Ii: C, 84.15; H,  7.67. Found: C, 84.31; H, 
7.56. 

Elution with methylene chloride gave 33 mg (1274 net 21.3%) 
of 6-N,N-dimethylaminoazulene (17) as a yellow solid: mp 169- 
170" (lit.12 mp 163-164.5"); ir (KBr) 3.50, 6.35, 7.38, and 12.20 p ;  
nmr (CDC13, internal TMS) T 1.8-3.7 (m, Az H's, 7) and 6.81 (s, 
CH3, 6) ;  visible-uv (cyclohexane) 505 nm (log e 2.59), 486 (2.60), 
475 (sh), 390 (4.72), 382 (4.61), and 316 nm (4.79). 

When the above reaction of azulene (100 mg) and 15 was car- 
ried out at  -7O", the mixture allowed to warm to room tempera- 
ture, and then the oxygen bubbled into the solution, work-up 
gave a trace of recovered azulene, 9 mg (7%) of 16, and 18 mg 
(14%) of 17. Using chloranil in place of oxygen in this sequence 
gave only 15 mg (11%) of 16 as a pure product. 

Reaction of 4,6,8-Trimethylazulene (31) and  15 in Tetrahy- 
drofuran Followed by Addition of Carbon Dioxide. This reac- 
tion was carried out as described above starting with 200 mg (1.18 
mmol) of 4,6&trimethylazulene in 10 ml of dry tetrahydrofuran 
at  -70". With the addition of 3.90 ml (2.34 mmol) of 0.60 M lithi- 
um dimethylamide in tetrahydrofuran the solution turned from 
purple to yellow. The solution was warmed to 25" and addition of 
carbon dioxide for 10 min gave a purple solution. Addition of 50 
ml of water and extraction with 50 ml of ether left a colorless, 
basic, aqueous solution. Work-up of the ether layer gave on chro- 
matographic elution with carbon tetrachloride 168 mg (84%) of 
the starting 4,6&trimethylazulene. 

When the above reaction mixture was quenched with water, 
97% of the starting 4,6,8-trimethylazulene was recovered. 

Reaction of Azulene and  Tritylsodium. To a solution of 100 
mg (0.78 mmol) of azulene dissolved in 10 ml of dry tetrahydrofu- 
ran (distilled from LiAlH4) under a nitrogen atmosphere was 
added 1.5 ml of an approximately 0.7 M solution of tritylsodium 
in ether. To the resulting orange solution cooled to -70" were 
added 1 ml of absolute methanol and 1 g of chloranil. The mix- 
ture was diluted with 100 ml of ether and stirred a t  25" for 24 hr. 
The excess chloranil was removed by filtration and the ether so- 
lution was washed with water and dried (MgS04). The solvent 
was concentrated and the residue was chromatographed over 
basic, activated alumina. where elution with carbon tetrachloride 
gave a blue oil. On standing in ether a white precipitate formed 
and was filtered. The filtrate was concentrated and crystalliza- 
tion from carbon tetrachloride-petroleum ether gave a blue solid 
which could not be purified by further crystallization or repeated 
chromatography: mp 205-215"; ir (KBr) 6.41, 6.76, 7.09, and 7.35 
p ;  nmr (cC14, internal TMS) 7 1.90 (d, C4 and Cs H, 2), 2.1-3.2 
(m, Az H's and phenyl H's, integrated for 19 instead of 20); visi- 
ble-uv (cyclohexane) 696 nm (O.D. 0.120), 658 (0.1381, 632 
(0.276). 604 (0.278), 579 (0.035), 557 (0 254), 348 (0.102), 341 
(0.098), 333 (0.092), 299 (0.979), 289 (0.885), and 284 (0.923); mass 
spectrum (70 eV) m / e  (re1 intensity) 370 (Me-, 50), 243 (2411, and 
127 (11). 

It was noted that on standing in petroleum ether in the light or 
in the dark at -20" a white precipitate formed in a period of sev- 
eral days. The solution showed no color change. 

Reaction of 6-Methylazulene and  3 in Tetrahydrofuran Fol- 
lowed by Addition of Carbon Dioxide, Following the procedure 
described above, 200 mg (1.41 mmol) of 6-methylazulene and 1.41 
ml (1.41 mmol) of 1 M lithium dicyclohexylamide in tetrahydro- 
furan !\ere added to 10 ml of dry tetrahydrofuran a t  -30" and the 
golden-colored solution was warmed to 25". Carbon dioxide addi- 
tion and the same work-up as described above gave 71 mg (36%) 
of recovered 6-methylazulene and 103 mg (39%) of 6-azulylacetic 
acid.3 

Reaction of 4-Methylazulene with 3 in Tetrahydrofuran Fol- 
lowed by Addition of Carbon Dioxide. A solution of 274 mg 
(1.93 mmol) of 4-methylazulene in 10 ml of dry tetrahydrofuran 
(distilled from LiAlH4) under a nitrogen atmosphere was cooled 
to -30". When 1.93 ml (1.93 mmol) of 1 M lithium dicyclohexyl- 
amide was added the solution turned yellow. After warming to 
25' carbon dioxide was added for 10 min; the initial addition pro- 
duced a blue solution, To this was added 100 ml of water and 20 
ml of 10% potassium hydroxide. The basic, aqueous layer was 
washed with two 100-ml portions of ether. The combined ether 
layers %ere worked up as described above to yield 59 mg (22%) of 
starting 4-methylazulene. 



Meisenheimer Type and Methyleneazulenate Anions 

T h e  aqueous, basic layer  was ac id i f ied w i t h  10% hydrochlor ic  
ac id  a n d  ext racted w i t h  three 100-ml por t ions of ether .  Concen- 
t r a t i o n  gave 252 m g  (70%) of 4-azulylacetic acid.3 

R e a c t i o n  of 4,6,&Tr imethy lazulene a n d  3 F o l l o w e d  by Addi- 
t i o n  o f  C a r b o n  D i o x i d e  a t  25". Fo l l ow ing  t h e  procedure described 
previously, 100 mg (0.59 m m o l )  o f  4.6,8-tr imethylazulene in 10 ml 
of dry tet rahydrofuran cooled t o  -50" was a l lowed t o  react w i t h  
0.59 ml (0.59 m m o l )  o f  1 M lithium dicyc lohexy lamide in tet rahy-  
drofuran a n d  the  so lut ion t u r n e d  b rown .  It was t h e n  al lowed t o  
w a r m  up t o  25" a n d  st i r red for  1 hr before carbon d iox ide was 
added, T h e  react ion m i x t u r e  was worked up as described above 
a n d  gave 16 m g  (16%) of t he  s ta r t i ng  4,6,8-tr imethylazulene a n d  
99 m g  (79%) of a m i x t u r e  o f  acids. T h e  ac id  m ix tu re ,  as deter- 
m i n e d  by nmr in tegrat ion of t he  methy lene protons, consisted o f  
45% 6,8-dimethyl-4-azulylacetic ac id  a n d  55% 4,8-dimethyl-6- 
azulylacetic ac id .  

T h e  react ion was repeated w i t h  carbonat ion a t  -30" a n d  gave a 
65% y ie ld  of a m i x t u r e  o f  acids w h i c h  consisted of 44% 6,8-di- 
methy l -4-azuly lacet ic  ac id  a n d  56% 4,8-dimethyl-6-azulylacetic 
acid. 

T h e  react ion was repeated w i t h  carbonat ion a t  -70" a n d  gave a 
43% y ie ld  o f  a m i x t u r e  o f  acids consist ing o f  47% 6,8-dimethyl-4- 
azulylacetic ac id  a n d  53% 4,8-dimethyl-6-azulylacetic acid. 

R e a c t i o n  of 4,6,8-Trimethylazulene and S o d i u m  N - M e t h y l -  
a n i l i d e  in T e t r a h y d r o f u r a n  F o l l o w e d  by A d d i t i o n  of C a r b o n  
D i o x i d e  at -10". T h e  react ion was carr ied o u t  as described ear- 
l ier  s ta r t i ng  w i t h  100 m g  (0.59 m m o l )  of 4,6,8-tr imethylazulene in 
50 ml o f  d r y  te t rahydrofuran cooled t o  -15'. To t h i s  was added 
0.61 ml (0.59 mmol) of 0.97 M sod ium N-methy lan i l i de  in t e t -  
rahydrofuran.  T h e  so lut ion tu rned  a golden color o n  warm ing  t o  
-10". Carbon  d iox ide was bubb led  in for  10 min, w h i c h  i m m e d i -  
a te ly  caused the  so lut ion t o  turn purp le .  W o r k - u p  as described 
earl ier gave 112 mg (89%) of a m i x t u r e  o f  6,8-dimethyl-4-azulyl- 
acetic ac id  a n d  4,8-dimethyl-6-azulylacetic acid. I n teg ra t i on  of t he  
nmr spect rum o f  t h i s  m i x t u r e  for t h e  Cq a n d  CS methy lene p ro -  
tons showed the  m i x t u r e  t o  be composed o f  68 a n d  3270, respec- 
t ive ly ,  o f  these t w o  acids. 

R e a c t i o n  of 4,6,8-Tr imethy lazulene and T r i t y l s o d i u m  in 
E t h e r .  Fo l l ow ing  t h e  procedure ou t l i ned  above, 100 m g  (0.59 
m m o l )  of 4,6.8-tr imethylazulene in 10 ml of ether cooled t o  -15" 
was al lowed t o  react  w i t h  2.2 ml of approx imate ly  0.5 M t r i ty lso-  
dium (excess) in ether. T h e  add i t i on  of carbon d iox ide a t  0" a n d  
work-up gave on ly  base-soluble mater ia l .  T h e  acids were convert- 
ed  t o  the i r  m e t h y l  esters a n d  analysis o f  t he  nmr spect rum indi- 
cated t h a t  t he  m i x t u r e  conta ined m e t h y l  6,8-dirnethgl-4-azulyI- 
acetate, m e t h y l  4,8-dimethyl-6-azulylacetate, a n d  m e t h y l  t r i phen-  
ylacetate: nmr (CC14, i n te rna l  T M S )  T 2.2-3.1 ( m ,  Ar a n d  
A z  H's), 5.95-6.38 (group o f  singlets w h i c h  are a-methy lene a n d  
ester m e t h y l  protons), a n d  7.19-7.39 (three singlets, A z  methy ls) .  
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