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Abstract: Lithium trimethylsilyldiazomethane successfully reacted
with various ethyl or tert-butyl 4-aryl-2-oxobutanoatesto yield 2,3-
dihydroazulene-1-carboxylic esters via akylidene carbene interme-
diates, and the resulting 2,3-dihydroazul enes were easily converted
to the corresponding azulene-1-carboxylic esters by oxidation with
chemical manganese dioxide.
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Azulenes are the most representative nonbenzenoid aro-
matic compounds and have not only beautiful colors but
also attractive features such as pharmacological activities
and electronic properties.t Therefore, many methods for
the synthesis of azulenes have been developed to date;?
however, few synthetic methods of azulenes via expan-
sion of an aromatic ring have been reported.®

We have already demonstrated that the lithium salt of tri-
methylsilyldiazomethane [TMSC(Li)N,], prepared from
TMSCHN, with LDA or n-BuLi, is quite useful as are-
agent for generating alkylidene carbenes from carbonyl
compounds.* For instance, TMSC(Li)N, smoothly reacts
with N-methylanilides of a-keto acids to give cyclohep-
tab]pyrrol-2-onesviaakylidene carbeneintermediatesin
good yields (Scheme 1).5 We considered that this reaction
involving the construction of a seven-membered ring by
expansion of the benzene rings would be applicable to the
synthesis of 2,3-dihydroazul enes bearing substitutents on
the seven-membered ring if 4-aryl-2-oxobutanoic esters
were used as substrates.® We here describe atwo-step syn-
thesis of azulene-1-carboxylic esters by the reaction of
various 4-aryl-2-oxobutanoic esters with TMSC(Li)N,
followed by oxidation of the resulting 2,3-dihydroazu-
lenes with chemical manganese dioxide (CMD).®

First, we investigated the reaction of TMSC(Li)N, with
commercially available ethyl 4-phenyl-2-oxobutanoate
(1a) and found that TMSC(Li)N,, reacted with 1ain Et,O
to give the desired ethyl 2,3-dihydroazul ene-1-carboxy-
late (2a) in 42% yield as alabile oil (entry 1in Table 1).”
Inthisreaction, LDA as abase was more effective than n-
BuLi (entries 1 and 3). Et,0O was found to be the solvent
of choice though THF could be used (entries 1 and 2).8
Two equivalents of TMSC(Li)N, were required to
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Scheme 1

smoothly conduct the reaction (entries 1 and 4).° In this
reaction, there is the possibility that the reaction of
TMSC(Li)N, with an ester moiety of 1la competes with
that with a ketone moiety. Therefore, the ethyl ester of 1a
was replaced by the more bulky tert-butyl ester.’° Asare-
sult, tert-butyl ester 1b successfully gave the desired
dihydroazulene 2b in 60% yield though prolonged re-
action time was required (entry 5). Unfortunately, the
reaction with a methyl ketone or 2-oxoamide, such as
4-phenyl-2-oxobutane or N,N-dimethyl-4-phenyl-2-oxo-
butanamide,'* gave a complex mixture and the corre-
sponding dihydroazulenes could not be detected. These
results indicate that an ester group in 1 is essential in this
reaction.

Under optimized reaction conditions (entry 5in Table 1),
varioustert-butyl 4-aryl-2-oxobutanoates (1c—f) also gave
the corresponding tert-butyl 2,3-dihydroazulene-1-car-
boxylates (2c—f) in good to moderate yields. It is worthy
of comment that the reaction was considerably affected by
substituents on the benzene ring of 1. Thus, when R?
groups were el ectron-donating groups such as methy! (1¢)
and methoxy groups (1d), the reaction smoothly proceed-
ed to give the corresponding 2c (72%) and 2d (76%), re-
spectively (entries 6 and 7). On the contrary, substitutions
of electron-withdrawing groups such as chloro and triflu-
oromethyl groups decreased the yields (34% for 2e and
19% for 2f, entries 8 and 9). These phenomena may be ex-
plained as follows: an alkylidene carbene intermediate,
which is generated in situ by the reaction of TMSC(Li)N,
and 1, is an electron deficient species; therefore, the addi-
tion of an alkylidene carbene to a benzene ring with high
electron density smoothly proceeds to give 2 in good
yields (Scheme 2).

It iswell known that alkylidene carbenes undergo the in-
tramolecular 1,5-C-H insertion reaction giving cyclopen-
tene derivatives.’>*® Therefore, the competitive reaction
of tert-butyl 4-phenyl-2-oxopentanoate 1g'4 via the 1,5-
C-H insertion and the addition to a benzene ring was ex-
amined (Scheme 3). Interestingly, the reaction preferen-
tially gave the 2,3-dihydroazulene analogue 2g (47%) as
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Tablel Synthesisof 2,3-Dihydroazulene by Reaction of TMSC(Li)N, with Ethyl- or tert-Butyl 4-Aryl-2-oxobutanoates
TMSC(LI)N;
R2/©/Oj/\COOR1 T R2
N 5 COOR*
Entry Substrate TMSC(Li)N, (equiv)® Conditions Yield (%)
1 R'=FEt,R?=H (1a) 1.2 —78°C,2h— reflux, 2h 42 (2a)
28 la 12 —78°C,2h — reflux,2h 38 (2a)
3 la 1.2°¢ —78°C,2h — reflux,2h 32 (2a)
4 la 2.0 —78°C,2h— reflux,2h 49 (2a)
5 Rl =t-Bu, R2=H (1b) 2.0 —78°C, 3h —> reflux, 7 h 60 (20)
6 R! =t-Bu, R2 = Me (1c) 2.0 —78°C, 3h —> reflux, 7 h 72 (20)
7 R!=t-Bu, R? = OMe (1d) 2.0 —78°C,3h— reflux, 7h 76 (2d)
8 Rl =t-Bu, R2=Cl (1€ 2.0 —78°C, 3h —> reflux, 7 h 34 (2e)
9 R! = t-Bu, R? = CF, (1f) 20 —78°C,3h— reflux, 7h 19 (2f)
8 THF was used as a solvent.
b TMSC(Li)N, was prepared from LDA and TMSCHN, (1:1)
¢ TMSC(Li)N, was prepared from n-BuLi and TMSCHN,, (1:1).
Table2 Oxidation of 2,3-Dihydroazulene-1-carboxylic Esters by CMD
RS RS
5, COOR! 4 COOR!
Entry Substrate CMD (equiv) Time (h) Yield (%)
1 Rl=Et, R2=R3=H (2a) 20 21 81 (4a)
2 R!=t-Bu, R2=R®=H (2b) 20 21 40 (4b)
3 2b 40 6 52 (4b)
4 Rl =t-Bu, R2= Me, R®= H (2c) 40 6 64 (4c)
5 R! = t-Bu, R2= OMe, R®= H (2d) 40 6 71 (4d)
6 R!=t-Bu, R2=Cl,R®=H (2¢) 40 6 68 (4¢)
7 R!=t-Bu, R? = CF,, R®=H (2f) 40 6 49 (4f)
8 R!=t-Bu, R2=H, R® = Me (2g) 40 0.2 74 (4g)

the soleisolable product and the cyclopentene 3 could not
be detected.

Finally, oxidation of the resulting dihydroazulenes 2 to
azulenes 4 by CMD was examined.’>® As shown in
Table 2, the ethyl ester 2a was easily converted to the de-
sired azulene-1-carboxylic ester 4ain 81% yield (entry 1).
Under the same reaction conditions, thetert-butyl ester 2b
also gave 4d, though the yield was low. However, the use
of large excess of CMD led to significant improvement of
the yield (52%) with shortened reaction time (entries 2
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and 3). Analogously, CMD oxidation of the other sub-
strates 2c—g also gave the corresponding azulenes 4c—g in
good to moderate yields (entries 4-8).

In conclusion, the two-step synthesis of azulene-1-car-
boxylic esters from 4-aryl-2-oxobutanoic esters by using
TMSC(Li)N, was achieved. This route allowed usto syn-
thesize azul ene anal ogues bearing substituents on both the
seven- and five-membered rings, and will provide added
flexibility in the azulene synthesis.
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Selected data for the synthesized azulene analogues 2a—g.
Compound 2a: *H NMR (CDCl,): § =1.27 (3H,d,J=7
Hz), 263 (4 H,s),4.17 (2H, q,J= 7 Hz), 5.80-6.03 (4 H,
m), 7.40 (1H, d, J = 12Hz). HRMS(EI) calcd for Cy3H,,0,:
202.0994. Found: 202.0995. Compound 2b: *H NMR
(CDCl,): 6=1.48(9H,s),2.58 (4 H, s), 5.74-5.97 (4 H, m),
7.33(1H,d,J=12Hz). HRMS (El) calcd for CisH,50.:
230.1307. Found: 230.1313. Compound 2c: *H NMR
(CD.Cl,):8=134(9H,9),1.71(3H,s),2.43(4H, s), 5.64—
571(2H,m),5.76 (1H,d,J=12Hz), 718 (1 H,d, J=12
Hz). HRMS (EI) calcd for CigH»00,: 244.1463. Found:
244.1461. Compound 2d: *H NMR (CD,Cl,): § =1.37 (9H,
9),248(4H,s),3453H,s),516 (1 H,d, J=9Hz),571-
5.81(2H, m), 7.36 (1H, d,J = 13Hz). HRMS(EI) calcd for
C16H2005: 260.1410. Found: 260.1412. Compound 2e: H
NMR (CD,Cl,): =1.28(9H, s),2.38 (4 H, s),5.48 (1 H, d,
J=9Hz),5.76 (1H,dd,J=2,13Hz),5.89 (1 H, dd, J =2,
9Hz),7.09 (1 H, d, J=13 Hz). HRMS(EI) calcd for
C.sH47ClO,: 264.0917. Found: 264.0919. Compound 2f: *H
NMR (CD,Cl,): 6§ =1.34(9H,s),2.12 (1 H, t,J=8 H2),
259(1H,t,J=8Hz),6.66(1H,d,J=12Hz),7.02-7.31(2
H, m), 11.30 (1 H, d, J = 12 Hz). HRMS (ElI) calcd for
C16H17F:0,: 298.1181. Found: 298.1183. Compound 2g: *H
NMR (CD,Cl,): 6 =1.20(3H, d,J=7Hz), 1.46 (9 H, 9),
2.14-2.21 (1H, m), 2.65-2.82 (2 H, m), 5.76-5.99 (4 H, m),
7.34(1H,d, J=12Hz). HRMS (El) calcd for CigH»,0.:
244.1463. Found: 244.1461.

When 1,2-dimethoxyethane was used as a solvent, the
reaction gave a complex mixture.

Typical Procedure: To astirred solution of diisopropyl-
amine (114 mg, 1.0 mmol) in Et,O (4 mL) was added
dropwise n-BuLi (1.56 M in hexane solution, 0.64 mL, 1.0
mmol) at—78 °C under N,, and the mixturewas stirred for 10
min. TMSCHN,, (1.33 M n-hexane solution, 0.75 mL, 1.0
mmol) was further added dropwise, and the mixture was
stirred for 20 min. A solution of 1b (134 mg, 0.5 mmol) in
Et,O (1 mL) was added dropwise. The mixture was stirred at
—78 °C for 3 h, then heated under reflux for 7 h. After being
guenched with H,0O (3 mL) at 0 °C, the mixture was
extracted with EtOAc (30 mL x 3). The organic extracts
werewashed with H,O (80 mL) and sat. brine (50 mL ), dried
over Na,SO,, and concentrated in vacuo. The residue was
purified by column chromatography (n-hexane:Et,O = 20:1)
to give 2b (68 mg, 60%) as a brown wax.

tert-Butyl 4-aryl-2-oxobutanoates 1c—f were prepared by the
reaction of 2-arylethylmagnesium bromides, prepared from
2-arylethyl bromides and magnesium, with di-tert-butyl
oxalate according to theliterature on the synthesis of 1b, see:
Dao D. H., Kawai Y., HidaK., Hornes S., NakamuraK_.,
Ohno A.; Bull. Chem. Soc. Jpn.; 1998, 71: 425

This compound was prepared from hydrolysis of 2a
followed by condensation with dimethylamine.

For reviews, see: (a) Stang, P. Chem. Rev. 1978, 78, 383.
(b) Kirmse, W. Angew. Chem., Int. Ed. Engl. 1997, 36, 1164.
First report on the cyclopentene synthesis by the reaction of
ketones with TMSC(Li)N,, see: Ohira, S.; Okai, K ;
Moritani, T. Chem. Commun. 1992, 721.

This compound was prepared by the reaction of a Grignard
reagent, prepared from 2-phenyl-1-propyl bromide and
magnesium, with di-tert-butyl oxalate.
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Typical Procedure: A mixture of 2b (59 mg, 0.26 mmol),
CMD (890 mg, 40 equiv) in CH,CI, (3 mL) was stirred for 6
h. The mixture was filtered through a pad of Celite® and the
filtrate was concentrated in vacuo. The residue was purified
by column chromatography (n-hexane:EtOAc = 30:1) to
give 4b (31 mg, 52%) as aviolet wax.

Selected data for the synthesized azulene analogues 4a—g.
Compound 4a: *H NMR (CDCly): § =1.45(3H,t,J=7H2),
443(2H,d,J=7Hz),7.30(1H,d,J=4Hz), 7.44 (1 H,t,
J=10Hz),755(1H,t,J=10Hz),7.80 (1 H,t,J= 10 Hz),
838(1H,d,J=4Hz),846 (1H,d, J=10Hz), 9.66 (1H,
d, J =10 Hz). HRMS (El) calcd for C,3H;,0,: 200.0837.
Found: 200.0837. Compound 4b: *H NMR (CDCl,): § =
1.67(9H,s),7.27(1H,d,J=7Hz),7.41(1H,t,J = 10Hz),
750(1H,t,J=10Hz),7.76 (1 H,t, J=10Hz), 8.33 (1 H,
d,J=4Hz),843(1H,d, J=10Hz),9.63 (1 H, d, J=10
Hz). HRMS (ElI) calcd for Ci5H,40,: 228.1150. Found:
228.1148. Compound 4c: *H NMR (CDCl5): § = 1.65 (9 H,
9),271(3H,s),7.18(1H,dJ=4Hz),731(1H,d,J=10
Hz),7.40(1H,d,J=10Hz),820(1H,d,J=4Hz),828(1

Synlett 2003, No. 14, 2151-2154 © Thieme Stuttgart - New York

H,d,J=10Hz),18.92(1H,d,J = 10Hz). HRMS(EI) calcd
for CygH150,: 242.1307. Found: 242.1316. Compound 4d:
IHNMR (CDCl,):  =2.07 (9H, ), 4.00 (3H, s), 6.81-6.87
(2H, m), 7.00-7.15(1H, m), 8.04(1H, d,J=4Hz),828(1
H,d,J=11Hz),9.48 (1H, d,J=11Hz). HRMS (El) calcd
for CyH4505: 258.1256. Found: 258.1258. Compound 4e;
IH NMR (CDCl,): 5 =1.65(9H,s),7.28 (1H,d J=4Hz),
751 (1H,dd,J=2,10Hz), 7.60 (1 H, dd, J= 2, 11 Hz),
823(1H,d,J=10Hz),828(1H,d,J=4Hz),943 (1 H,
d, J=10 Hz). HRMS (El) cadcd for C;sH,5ClO,: 262.0761.
Found: 262.0766. Compound 4f: *H NMR (CDCl,): = 1.67
(9H,s),7.30-7.33(1H, m), 740 (1H, d,J=4Hz), 7.67 (1
H,d,J=10Hz),7.75(1H,d,J=10Hz),848(1H,d,J=4
Hz), 9.69 (1H, d, J= 10 Hz). HRMS (El) calcd for
C16H15F:0,: 296.1024. Found: 296.1028. Compound 4g: *H
NMR (CDCl;): 6 =1.65(9H, s),2.62(3H,9), 7.34 (1 H, t,
J=10Hz),7.38(1H,t,J=10Hz), 7.71 (1 H,t,J= 10 Hz),
815(1H,s),832(1H,d, J=10Hz),9.53(1H,d, J=10
Hz). HRMS (El) calcd for CygH,50,: 242.1307. Found:
242.1307.
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