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Preparation of New Nitrogen-Bridged Heterocycles. 34.

Synthesis and Reaction of 2,3-Dihydrooxepino[2,3-b]-

                     indolizines

 Akikazu KAKEHI,* Suketaka ITO,** and Hideyuki MURANAKA***

                (Received July 13, 1993)

 The reactions of 2(3H)-indollzinones, generated in situ from the

alkallne treatment of 1-(ethoxycarbonylmethyl)pyrjdinium brornides

having an 2-ethyl, 2-propyl, and 2-benzyl group, with ethoxy-

methyleneacetylacetone and some phenacyl bromjdes gave novel

heterocyclic compounds, 4-acetyl-2-aroyl-3-methyl-2,3-dihydro-

oxepino[2,3-b]jndolizin-3-ols, jn low to moderate yjelds together with

considerable arnounts of 2-aroylfurp[2,3-blindolizines. The

dehydration of these dihydrooxepinolndoEzines en the exposure

with methanesulfonic acid djd not give the initially expected full

coRjugated oxepjno[2,3-blindollzines, but afforded 3-methylene-

2,3-dihydrooxepiRo[2,3-b]indolizinederivatjves.

                       a. IntroctucSion

      Previously, we reported the ready preparation of 2-aroylmethoxy-

3-(2,2-disubstituted vinyl)indolizines from the reactjons of 2(3H)-indolizinones

wjth various activated ethoxyrnethlene compounds and phenacyl halides in

the presence ofa base and theirtransformation to 2-areylfuro[2,3-b]indolizine

derivatjves via the intrarnolecular Michael addition followed by the aroma-

tization with the elimination ofan active methylene compound,2} ln our recent

reinvestigation on these reactions, we noticed that the product from the

reaction of l-methyl-2(3H)-indolizinone, ethoxy･methyleneacetyIacetone, and

phenacyl bromide in the presence of a base is not the correspondjng

3-(2,2-diacetylvinyl)-1-methyl-2--phenacyloxyindolizine, and is its intramole-

cular nucleophilic cycloadduct, 4-acetyl-2-benzoyl-3,"-dimethyl-2,3-di-
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hydrooxepino[2,3-b]indolizin-3-ol. This fact prompted us to jnvestigate further

the reactlons of2(3H)-indolizlnones with the same vinylating ageRt and sorne

phenacyi bromides, because this is the reaction leading to novel indollziBe

derjvatjves with an oxygen-contajnjng seven-membered rjng which are not

obtainable by other methods, ln this paper we wish to report the first

preparation of title comp, ound$ frem the alkaline treatment of the

correspondjng pyrjdjniurr} salts, ethoxymethieneacetylacetone, and phenacyl

bromides and their acid-catalyzed dehydration.

                  2. Res$aslts anct Pi$cu$$ign

 2.S Preparation of 2,3-ewihydrooxepinol2,3-b]indelizin-2-oEs

The reactions of 1-(ethoxycarbonylmethyl)pyridlnium bromides t a-c, ethoxy-

rnethyleneacetyiacetone 2, aRd phenacyl bromide 3a were carried out
initlally by usiRg sodiurn ethoxide as a base,2) but, though the reason was still

unclear, the reappearance for the yields of the deslred 2,3-dihydrooxepino-

f2,3-b]indolizin-3-ols 4a-c lp these reactioRs was extrernely dlvacuit. Hence,

potassium tert-butoxide as a base was employed iR these reactions. WheR

an ethanoiic soiution of 1-ethoxycarboBylmethyl-2-ethylpyridiniurn bromlde

1a was treated with two equivalents ofpotassium tert-butoxide and then with

ethoxymethyleneacetylacetone 2 and phenacyl bromide 3a at 60-80 OC in a

water bath, the corresponding 2-benzoylfuro[2,3-b]indolizine 5a was

obtained as a main product (68%) together with considerable amounts of

4-acetyl-2-benzoyl-3,"-dlrnethyl-2,3-dihydrooxepino[2,3-b]iRdolizin-3-ol 4a

<27%). Slrnilar reactions of Sa with 2 and p-chloropheBacyl bromide 3lo and

p-bromophenacyl bromide 3c gave 2-aroyl-2,3-ctihydrooxepinol2,3-b]indoli-

zin-3-ols 4b,c and 2-aroyifuro[2,3-b]indolizines 5b,c, respectively. Further-

rrTore, the alkaline treatrneBt ofother pyrjdiBium salts 2 io,c, a vinylating agent

2, and phenacyl bromides 3a-c afforded the same types of compounds 4ct-i

and 5ci-i respectively, but the yields ofthe title compounds4d-i were very

low (3-11%). (Scheme 1>

 The $tructures of these 2,3-dihydrooxepino[2,3-b]lndolizin-3-ols aga-i were

deterrnined mainly by the physlcal and spectral means, and those of furo-

[2,3-b]indolizjnes 5a-i were concluded by the comparjsons wlth authentic

samples prepared earlier by us.2'3) Forexampie, the proton Ruclear magnetic

resonance (`H-NMR) spectra (Tabie i) of cornpounds 4a-i exhibited each

characterjstjc sjnglet signals at near S l.5 (3H), 2.5 (3H), S.4 (IH), and 7.8 (3 H,
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exchangeable with deuterium oxide) attributable to a methyl attached to a sp3

carbon, an acetyl, a methine at the 2-position, and a hydroxyl group, respec-

tively,togetherwith fourproton signals (66.5-82) coupled with each other

due to the pyridine rnoiety and multiplet signals (6 7,1 -8.3) due to the 2--aroyl

group. The infrared (IR) spectra showed a hydroxyl absorption band at

3230-3440 cm'i and two carbonyl absorption bands at 1584-1593 and

1699-1705 cm-i. In particular, the presences of the 2-methiBe (6 near 5.4),

only one acety1, and a hydroxyl group aRd the absence of the 0methylene

group iR these spectra refused completely the structures of our previously

proposed 2-aroylrnethoxy-3-(2,2-diacetylvlnyl)indollzine derjvative 6, aRd

suggested strong]y that compounds 4a-i are formed via the intramelecular

addition ofthe active methyleBe group on an acetyl group in this intermediate

6.- From the "H-NMR spectral lnspectlon, it was also showed that all of

products 4a-i are each only one diastereomer and there is not any Isomeric

compounds in tinern.4) Finally, the structure, 4-acetyl-2-aroyl-3-methyl-2,3-

dihydrooxepinol2,3-b]lndolizin-3-ol, includiRg it$ stereochernistry was

determined by the single crystal X-ray analysis ofone compound 4a.5) Main

products 5a-i, of course, were completely in accord with authentic samples in

ali respects.2f3}

 2.2 Dehydration ef 2,3-Dihydrooxepino[2,3-ib]inctolizin-3-ols
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 Table 1.
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"H-NMR Spectral Data for Oxepino[2,3-b]indollzines

C-2 C-s C-7 C-s C-g C-loOH Ac 2-Meb} R
in cDcl
      3
Ar

4a

4b

4c

4d

4e

4f

4g

4h

4i

7a

7b

7c

7d

7e

7f

7g

7h

7i

5.43 7.69 c) 6.59 6,897.16 7,58 2.581,42

 s s dt brt brds s s
5.38 7,64 8,09 6.64 6.96 7,21 7.64 2.56 1.44

 s s brd dt brt brds s s
5.39 7.69 8.08 6.64 6,92 7.21 7.64 2,57 1,45

 s s brd dt brt brds s s
5.467.69 c) 6.636.91 c) 7.632.581.46

 ss dt brt sss5.42 7.68 8.08 6.67 6.94 7.23 7,68 2.56 1.42

 s s brd dt brt brds s s
5.33 7,70 8.11 6.63 6.93 7.25 c) 2,50 1,40

 s s brd dt brt brd s s
5,43 7.76 8,17 6.70 6.99 c) 7.76 2.62 1.53

 s s brd dt brt s s s
5.34 7,73 8.15 6.77 c) c) c) 2.61 1.54

5.33 7,71 8.16 6.75 7.02 c) c) 2,59 1.51

 $ s brd dt brt s s
5.94 7.90 8.18 6.61 6.95 7.25 2.28 5.64

 s s brd dt brt brd s s
5.86 7,86 8,16 6.64 6.97 7.26 2.35 5.63
 s s brd dt brt brd s dd)
5.90 7.88 8.19 6.61 6.96 Z26 2.37 5,67
 s s brd dt brt brd $ dd)
6.01 7,92 8.19 6.62 6,97 c) 2.29 5,67

 s s brd dt brt s s
5.90 7.86 8,18 6.63 6.96 c) 2.34 5.68

 s s brd dt brt s dd)
5.86 7.84 8,15 6.61 6.94 7,29 2.34 5.64

 s s brd dt brt brd s s
6.02 7,87 8.20 6.66 6.98 c) 2,24 5.67

 s s brd dt brt s s
5.94 7.84 8.20 6.69 7.00 c) 2.38 5,70
 s s brd dt brt s dct}
5.95 7.86 8.26 6.68 7.01 c) 2.39 5.71
 s s brd dt brt s dd)

1,97 7,3-8,2

2.00 7.3-8,l

2.e2 7.4-8.0

O.95 2.49 7,t-8,3

O.99 2.49 7.2-8.1

O.97 2.46 7.3-8.1

 ---6.9-8.1----

      m
 -----6.8-7.8--"'

      m
 ----7.0-7,8----

      m
2.22 7.3-8.1

2.19 7.3-8.1

2.22 7.4-8.0

1.22 2.45 7.1-8,1

1.24 2.72 7,1-8.1

1,22 2.72 7.4-8.0

 -----7,1-8,1-----

      m
 ------7.1-8,1------

      m
 -----7.1 -8.1 -----

      m

a) -l"he coupling constants are as follows: J,,,=J,,,=7.0, J,,,,=9,O, J,,,,=2.0, and Jl,,=7.0 Hz. b) Or the

3-methyleneprotons incompounds 7a-i. c) Overlapped vviththe phenyl proton signals, d} Though this

signal pattern should be theoretically an AB quartet, its side signals could not be recognized in the

measurement vvith the considerable concentration becau$e of the small difference between their

chemicat sh[fts and of the small coup(ing constant of them.
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Since there are an acidic methine proton at the 2-position and the 3-hydroxyl

group in compounds 4a-i, it was easily anticipated that the full conjugated

oxepino[2,3-b]indolizines such as 8 (see Scheme 2) should be formed by the

dehydratlon between these two group$. The treatrnent of 4a with

methanesulfonic acid a$ an acid catalyst, however, did not give any such type

of compound 8, but afforded alternative dehydrated preducts,
4-acety1-2-aroyl-3-methylene-2,3-dihydrooxepino[2,3-b]indolizines 7a-i, in

20-58% yields, respectlvely.
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  The fact that these products are 4-acetyl-2-aroyl-3-methy[ene-2,3-dihydro-

oxepino[2,3-blindolizines 7a--i and not the fuII conjugated 4-acetyl-2-aroyl-3-

methyloxepino[2,3-b]indolizine derivatives 8 could be concluded with ease

by the indications of the presences of the 2-rnethine proton (6 near 5.9) aRd

the terminal 3-methylene protons (6 near 5.7) and of the disappearances of

the 3-hydroxyl and the 3-rnethyl group in `H-NMR (Table 1) and IR spectra.

The structural data from the single crystal X-ray analysis of one compeund,

4-acetyl-2-benzoyl-11-ethyl-3-methylene-2,3-dihydrooxepino[2,3-b]indolizine

7d, confirmed also our proposed structure. Sorne crystal data and the

ORTEP drawing6) of 7d are shown in Tables 2 and 3 and Fig. 1.
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Table 2. Crystal and Structure Analysis Data of Compound 7d

---"-MMM"-----"e""--------NM---thua------------------t---------S-"-W---"---I--i"-O-""M---

Formula
Formuia weight
Crystal system

Spece group
Lattice parameter alA

blA

di
BfOC

V7A3

DcaEcdlgcm'i

Crystal sizelmm3

Diffractometer

Radiation

MoRochrornator
Scan type

2e Max
Compu"[er program
Structure Solution

Hydrogen atom treatment
Reflnement
Least-squares weight
No, of measurement reflection
No. of observationC}

No. of Variables

Reslduals R Ftw
EViax ShifYError
AP .,,!e tLA3 i AO.i,!e -ZA3

C2,H21NO,
371.43 .

Monoclinic
re,!a; Z=4

12.437(2)

12.3GO(2)
12.891 (2)

98.08(l)

1954.1 (5)

1.262

O.34xO.64xO,86
Rigaku AFC5S
Mo Ktt(X=O.71 069 A)

Graphite
ee-2e

54.g o

TEXSAN Systema)
Direct 'method; MITHRILb)

Ca[cd, not refined

FuK-matrix, anisotropic
4c21tf(a2)

Total:4896 Unique:4690
2t94
253
O.052I O,058

Q14
o.3ol -e.22

a> See Ref. 7). b) See Ref 8). c) l>3,Oeo(O

Table 3. Seiected Bond LeRgths and Bond Angjes of Compound 7d

      (esdis, where given, are in parentheses)

Bond Lengths")

Ol-Cl
Ol-Cl2
02-Cl3
03-C21
N1-C5
Nl-C6
Nl-ClO
CI-C2

l ,448(3)

1 .369(3)

l .220(3)

1 .228(3)

l .406(3)

1 ,376(3)

1 .398(4)

1 ,502(4)

C3-C4
C3-C21
C4-C5
C5-Cl2
C6-C7
C7-C8
C8-C9
C9-ClO

1 .356(3)

1 .480(4)

1 ,403(4)

1 ,406(4)

1 .355(4)

1 .407(4)

1,363(5)
1 ,406(5)

Continued
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Continued
 Cl-Cl3
 C2-C3
 C2-C20
Bond Angles
 Cl-Ol-Cl2
 C5-N1-C6
 C5--N1ClO
 C6-･NA -･Cl O

 OI -CG -･C2

 Ol-Cl-Cl3
 C2-Cl-Cl3
 Cl -C2-C3
 Cl-C2-C20
 C3-C2-C20
 C2-C3-C4
 C2-C3-C21
 C4-C3-C2f
 C3-C4-C5
 N1 -C5-C4
 N1-C5-Cl2
 C4-C5-Cj2
 Nl-C6-C7

1 .533(4)

1 .478(4)

1 ,330(4)

117.3(2)

l29.4(2)

109,5(2)
l21 ,1 (2)

112.7(2)

"2.9(2)
"3,9(2)
"8.0(2)
1l8.5(3)

123,5(3)

l21.I(3)

121,8(2)

"4,O(2)
l28.9(3)

l22,8(2)

l 04,2(2)

132,9(2)

" 9,6(3)

Cl O-C"
Cl1-Cl2
Cl1-C23

C6-C7-C8
C7-C8-C9
C8-C9-ClO
N1-ClO-C9
Nl-ClO-Cl1
C9-ClO-Cl 1

ClO-Cll-Cl2
ClO-Cl1-C23
Cl2-Cll-C23
Ol -C12-C5
Ol-Cl2-Cl1
C5-Cl2-C"
02-C13-Cl
02-Cl3-Cl4
Cl-Cl3-Cl4
03-C21 -C3
03-C21 -C22
Cl1-C23-C24

1 .394(4)

1 ,383(4)

1 ,498(4)

120.9(3)

119.9(3)
1 20.1 (3)

118.5(3)

108.5(2)

133.0(3)

106.0(3)

125.8(3)

128.2(3)

126.3(2)

121.8(3)

11l.8(3)

117.2(3)

120.6(3)

122.0(3)

121.1 (3)

118.4(3)

113.0(3)

a) For the numberings of compound 7d shown here, see its ORTEP drawing in Fig, 1 .
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  2.3 Reaction Mechani$enis

Posslble mechanisms for the formation and the dehydration of
2,3-dihydrooxepino[2,3-b]lndolizin-3-ols 4a-i are summarized in Scheme 3,

The formation of title compounds 4a-i must proceed via the interrnedjate

genaratlon of 3-(2,2-diacetylvinyl)-2-phenacyloxyindolizines 6 from the

reactions of pyridinium salts.la-c, a vinylatiBg agent 2, and phenacyl

brornides 3a-c in the preseRce of a base, the proton abstraction from the

active methy[ene group in es, followed by the nucleophikc addition of ttse

resulting carbanion 9a to an acetyI carbonyl group on the 3-vinyl

substituent. Furthermore, the alterRatlve ion 9to dfferent frorn only the

spacial conformation of the 3-vinyl group should leat to the principal products,

3-aroylfurol2,3-b]iRdolizines 5a-i, by the intramolecular Michael addltion of

the carbaBion on the 3-vinyl substituent followed by the aromatization of the

resulting 2,3-dihydrofurol2,3-b]Indolizine 11 accompanied by the eliminatjon

of acetylacetone. In some reactions,2"3} the correspondjRg 2-acylmethoxy-3-

(2,2-disubstituted vinyDindolizine derivatives were actuaily isolated and their

smooth transforrnation to furo{2,3-b]indolizlnes and an active methylene

cornpound were also ob$erv.ed. More receRtly, we have seen first application

ofthis procedure forthe syBthesis ofthieno[3,2-a]indolizine derivatives."} On

the other hand, the reason fer the formation of sole isomer of 2,3-dihydro-

                   m9,R
   C02EtBr
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oxepino{2,3--blindolizin-3-ols 4a-i is still unclear, but it may be explained by

the sterically favorable approach of a conformer 12a of the carbanion 9a

(see Fig. 2, an alternative approach of the Iess favorable comformer 12b

should lead to other isomer with a trans configuration between the 2-aroyl

and the 3-hydroxyl group), or by the smooth transformation of the trans isomer

ence formed to thermodynamically stable cis isomer 4 through the kete-enol

tautomerism under the alkaline conditions employed here.

       R

 f;- ;t H ts. N MOe>ilsCOAr

       ts. ' o

        Ac    12a
  (Favorable)

                Hg.

-rhe expllcit explaRatlon

dehydration of

z

     R

J7 z Hits N oO.>kirsCOAr

      ""ts )S$ilk-Me

       Ac   12b
 <l-ess Favorable>

                    fer the fact that the p.roduct iB the acid-catalyzed

            2,3-dihydrooxepino[2,3-b]indolizin-3-ols 4a-i were not full

conjugated oxepinol2,3-blindolizjnes 8 and were the 3-methylene derjvatives

7a-i cannotbealso explained reasonably. However,the in$tabiiity of the

full conjugated oxepino[2,3--blindolizines 8 with the 16x-electronlc system

expected by Huckel rule may be considered as a reason,

   Although its rnechanistic ambiguity is still remaining to some extent, the

construction method for a novel nitrogen-bridged heterocycles was

developed from the reactions in which polyfunctionalized 3-vjnylindollzine

derivatives intervene.

                      3. Experimental
   Melting polnts were rneasured with a Yanagimoto micromelting point

apparatus and are uncerrected. The rnicroanalyses were carried out on a

Perkin-Elmer 240e elernental analyzer. The "H-NMR spectra were

determined with a Varian EM360 spectrometer in deuteriochloroforrn with

tetramethylsilane as an internal standard and the chemical shifts are

expressed in 6values. The IR spectra were taken with ajASCO FT71R-5300

infrared spectrophotometer,

3.1 preparation of 2,3-dihydrooxepinol2,3-bJindolizin-3-ofs
 General Method: To an ethanolic solution (30 ml) of pyridinium salt O,
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3 mmol) potassium tert-butoxide (O.672g, 6 mrnol) was added under heating

(60-80 OC) ln a water bath and, after5 min, ethoxymethyjeneacetylacetone (2 ,

3 mmol) and phenacyi brornlde (3, 3 mmol) were added to the resulting

soiutjon, The reaction rnixture was allowed to react further 2 h at that

ternperature. The solveBt was then removed at reduced pressure and the

residue was separated twice by column chromatography on alumina using

chloroform as aR eluent. The chloroform layer was concentrated at reduced

pressure. The residues were recrystallized from ethanol to afford the

correspoRding pure products 4a-i and 5a-i, respectively.

  The use of sodlum ethoxide as a base in these reactions caused the large

changes (O-29%) for the yields of title compounds 4a-i and the reappearance

of the reaction was extremely poor,

 Some Physical and spectral data of new compounds 4a-i were summarlzed

iR Tables l and 4.

Table 4. Some Data for2,3-DihydrooxepiRo[2,3-b]indolizin-3-ols

Prod. ReacLYield M.P, IR(KBr) cm-i Forrnula Calcd%(Found%)

 4a･b)1 3C) (%) 'OC voH vco

aaa
io a io

cac
dba

f bc
gca
hcb
i cc

27 199-201

20 l99-201

20 l94-196

5 2e9-2"

5 215-217

3 209-2"

5 224-227

ll 218-220

5 222-224

323216981582

330416991584

342417051584

341216991582

339316991584

3436l6991586

32721699l593

343617051586

343617051584

C2,H,,NO, 73.58 5,64 3.73
           (73.36 5.63 3.59)

C,,H,,CINO, 67.404.923.42
           (67,32 4.87 3.55)

C23H2oBrNO, 60.814.443.os
           (60,54 4.41 2.83)

C,,H,,NO, 74.02 5,95 3.6o
           (73,73 5,95 3.33)

C,,H,,CINO, 68.005.233.33
           (67.99 5.t9 3.35)
C,,}-l,,BrNO, 61.554.732.gg
           (61 .47 4.70 3.1 O)

C,,H,,NO, 76.87 5.3o 3.2o
           (76.74 5.32 3,3f)

C,,H,,CINO, 71,264,702.g7
           (71 .22 4.72 2,99)

C2sH22BrNO, 65.134.2g2.n
           (65.05 4.37 2.71>

a) Cornpounds4a-c ,e-i were obtaineci as orange prisms, and 4d as orange flakes. b) The corresponding

2-aroylfuro[2,3-b]indolizines 5a-i in these reactions were aiso o.gtained in 63, 37, 46, 66, 56, 58, 95, 89,

and 91 % yieids, respectively, and their physical and spectral ciata were in accord with authentic samples

in ai] respects. (See ref. 2 and 3) c) PIus ethoxymethieneacety]acetone.
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                      oxepino[2,3-b]indoiizines

3.2 Oehydration of 2,3-Dihydrooxepinotl2,3-biincioiizin-3･-ois

 General Method: Achloroform solution (10 ml) of cornpound (4, 1 mmol)

and methanesulfonic acid (3 ml) was allowed to react at the reflux

ternperature ln awater bath for30 min. Afterthe evaporation ofthe solvent at

reduced pressure, the residual oil was separa{ed by column chromatography

on alumina using chloroform. After evaporation of the solvent,
recrystaliization of the residue from ethanol gave the corresponding

3-methylene-2,3-dihydro- oxepino[2,3-blindolizines 7a-i,

  The same dehydration product7a could be also obtained in 36% yjeld by

dlrecttreatment ofcompouRd 4a with hydrobrerrtlc acid as an acidic catalyst

at room temperature for 1 h.

    Some data for these products 7a-i are listed in Tables 1 and 5.

Table 5. Sorne Data for3-rVlethylene-2,3-dihydrooxepino[2,3-blindolizines

Prod. React.Yield M.pu. IR<KBr)crn"i Fort"nula Calcd%(Found%)

 7a} 4 (%) OC vco V.cH2

a

b

c

d

e

f

g

h

i

a

b

c

c
t

e

f

g

h

i

37 190-192

36 l78-181

26 186-188

31 82-85

32 l30-l33

20 123-125

43 198-200

48 193-194

58 188-190

16801649858

l682 t649 868

16821645868

1680 1649 851

1674 l647 856

16981649860

16821645868

l694 1649 860

1694 1649 858

C,,HlgNO,

C23H,,CINO,

C23H,sBrNo3

C2,H,,N03

C,,H,,CINO,

C24H2oBrNO,

C2,H,,NO,

C2,H2,CIN03

C2sH2,BrNO,

77.29 5.36 3.76
(77,32 5.43 3.76)

7e.50 4.63 3.57
(70,79 4.69 3.41)

63.32 4.t6 3,21

(63.52 4.30 3,04)

77,61 5.7e 3.77
(77,40 5,74 3.94)

71 .02 4.97 3.45

(71 .31 4.96 3,75)

64.01 4,48 3.11

(64.03 4.48 3.26)

80.A7 5.05 3.34
(80,44 5.07 3.26)

74.09 4.44 3.09
(73.90 4.56 3.t6)

67.48 4.05 2.81

(67.28 4.19 2.87)

a) Compounds7a-i were obtained as orange prisms.
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