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Abstraot : Benzocyclobutenone derivatives are easily obtained by oxldative transformation of 
functional polycyclic benzocyclobutenols synthetized by arynic condensations. 

Benzocyclobutenones are among the interesting starting materials to obtain benzocyclo- 

butenes. These latter are largely used in the synthesis of a wide range of products. 1 

Benzocyclobutenones substituted on the four membered ring are not easy to obtain. Indeed 

it necessitates the cyclisation of precursors with the required substituent in the appropriate 

position.2 A good starting material could be benzocyclobutanone itself. However its enolization 

is practically impossible to obtain due to the benzocyclobutadiene form of the potential enolate. 

Thereby a large number of interesting methods of functional&&ton of ketones are inapplicable. 

In our laboratory we are working for several years on the synthesis of benzocyclobutene 

derivatives by aryntc condensations of ketone enolates.3 

Part of the compounds thus prepared lend themselves to be transformed into 

benzocyclobutenones substituted on the a position of the carbonyl group. If we take into 

account that arynic condensations of ketone enolates may be performed with substituted aryl 

halides4 as well as diversely substituted cyclanones. it may be concluded that the procedure 

proposed below ought to allow the synthesis of a large number of highly diversified 

benzocyclobutenones. In this first paper we wish to report the basic statements of this new 

approach. 

We have reported in the Scheme I the steps involved in the synthesis of the different 

benzocyclobutenone derivatives. 
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Scheme I 
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The results obtained have been gathered in the Table I. 

Entry n 
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Ylel+%f Yield % Yield % Yield % Yield % Yield % Yield % 

(etnrtrog 
ws) 

a-J3cH3cH3 50 52 80 88 

-cf-ws- cH3 53 94 Q4 73 

-OS- u-I3 53 91 Q6 73 

ai3cH3tBu ea 82 Q2 76 

-03- cH3 72 98 Q8 a 

-03- cH3 48 94 Qo 03 

-cH2)3- u-k3 44 Qo 56 66 

75 

85 

(a) 

i Yield taking into account recovered unprotected benzocyclobutenols respectively for entry a 
16.5%.b: lO%,c:7%,d: 14%,e: 18%,f:24%,g:36%;flseparable isomerswith 
undetermined stereochemistry (86/14) ; lli Isomer ratio determined by 13C NMR (63/37) 
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The synthesis of 4 has already been published, however, a number of them had never been 

described before. Protection of the hydroxy group is necessary in order to avoid the formation 

of a transposed product5 during the release of the carbonyl group. It was found that direct 

protection of the intermediate alkoxides was better than hydrolysis which was followed by 

esterification of the corresponding benzo+obutenols. 

Hydrolysis of 4 must be performed under very mild conditions in order to avoid the 

transformailon into indanone derivatives.5 Note that most part of ketones 6 were precedently 

unknown. Chdmes 6 were easily obtained and underwent classical second order Beckmann 

rearrangement6 to give 7 in good yields. 

We did not succeeded in the direct oxidative cleavage of 6. The quantitative reduction of 5 

into 8 allowed to solve our problems. OxidaUon of 8 by NaIO47 led to the expected 

lcetoaldehyde 9. Cleavage of the same dial with NaIO4 in presence of a catalytic amount of 

RuCls.3 Ha0 gave the ketoacid 10.8 

It must be emphasized that most part of the ketoaldehydes 0 was very air sensitive and that 
it was necessary to prepare their corresponding dioximes. 

In conclusion we have shown that our approach allows the easy preparation of 

benzocyclobutenones derivatives. One of the interests of this procedure is the simplicity of each 

step which may be performed on a large scale without problem. We are acUvely working on the 

extension of these 8rst results. 

Acknowle~ment : We thank C.N.RS Paris) for financial support. 

Qcneral methods. Melting points were determined on a Kofler melting point apparatus. 13C 
NMR spectra were recorded on a Bruker AM 400 spectrometer and IH NMR spectra on a 
Bruker WP 80 instrument at 80 MHz with Me4Si as internal standard. Ultraviolet spectra were 
obtained with methanol solutions on a Beckman Model DK 2A instrument. In&red spectra with 
NaCl film or KBr pellets were recorded on a Perkin Elmer 580 instrument, Low resolution mass 
spectra were obtained by using electron impact ionization (70 ev) unless otherwise spedfled. 
Elemental analyses were performed by CNRS laboratory (Vemaison) and by Mrs Prancois hi. 
(Strasbourg). Thin layer chromatography was performed by using Kieselgel G (Merck) with 
Petrolum Ether-EtCAc mlxture as eluent. The silica gels used for liquid phase chromatography 
and flash chromatography were respectively Kieselgel 0.063 (0.2 mm) and Kieselgel 0.04 
(0.063 mm). High-pressure liquid chromatography was carried out on a Waters PREP 500 
chromatograph with a silica gel column. 

Materials. Merck or Fluka sodamide washed with appropriate solvents was used.Tetrahy- 
drofuran (‘M-iP) was distilled from a benzophenone-sodium couple, dimethoxyethane (DME) 
from sodium and dlethyl ether from diphosphorus pentoxide, acetal cycloalkanones were 
prepared as previously described.9 

7,8,9,9a Tetrahydro spire (SH-bsnso(S.41 cycIobutaI1.1 cycloheptene S.Z[l,Sl dioxlmnj 
4b(6I3) (retyloxyl(4cI (Typtcd procedure for compou8al8 41. This compounds was prepared 
as previously described.8 Upon completion. the reaction mixture was vigorously stirred under a 
strong nitrogen stream. The supematant liquid was then added to a mixture of acetic anhydride 
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(3 eql. trlethylamtne (0.5 ccl) and 4-(dimethylamino)pyridine (0.15 eq) in THF or DME. After 
complete reaction. the mass was poured on ice. extracted with diethy ether, washed twice 
with water and dried over MgSO4. After evaporation of the solvents under reduced oressure. 
the d&rent components of the mixture were separated by HPLC. Compound 4f was p&&d by 

semi preparative H.P.L.C. on pporasil@ @‘hysical and spectmscopic data are given in Table II). 

HyfbQd8oftheuwJtalgroupfbrthamyntbmadS,4,~m~~(~ 
(acqloay) @b) (Typical pmmdum fbr compounda 51. To a stirred solution m)E 
acetone (50 ml1 at room temperature was added 5 drops of cont. HCl. After complete reaction 
(monitored by TLC) the mixture was stirred with solid NaHCO3. ffltered and concentrated. The 
residue was dissolved in water and extracted with diethyl ether then drkd over MgSO4. The 
solvent was removed under reduced pressure and the residue peed 

$ 
HPLCorflash 

chromatography (sil.tcaI (Physical and spectroscopic data are given in Table . 

Preparation of 4b,6.7.8.O.Oa Eexahydro 0UIJ benso IS.41 cyclobuta Il.21 cyhhepten-5 
~"rUacetylog)@c)~procedure forcompouadm6). Toastirmdsolutionof 
hydroxykmine hydrochloride (1.5-2 eq). pyrldine (1.5-2.0 es) in ,ethanol (10 ml) mai.ntained at 
room temperature was added SC (1 mmol) dissolved in e&no1 (10 ml). After complete 
reaction (monitored by TLC). the solvent was evaporated under reduced pressure. Themtxture 
was diluted with water and extracted with methylene chloride. washed with 10 % citric add 
solution , dried over MgSO4. The solvent was removed under reduced pressure and the residue 

purlfled by centrifuge TLC (Chromatotron@l (Physical and spectroscopic data are given in Table 
Iv). 

Syntheds of bicycle I4.2.01 oota l.S.5trtene 7-( aWW-WS-o-(71(5pdc~pxoeadureiku 
compounds 7). These derivatives were prepared by the method previously deecrlbed for the 
normal Beckmann transposition.10 To a stirred mixture of 8 (1 mmol) in diethyl ether (10 ml) 
was added PC15 (2.5 n-m-101). After 15 min the solvent was evaporated under reduced pressure 
and water was added (10 ml). The mtxture was then refluxed for several minutes, cooled to 
room temperature and extracted with diethyl ether. The organic phase was dried +over MgSO4 
and concentrated under reduced pressure and the products purified by centrifuge TLC 
(Chromatotron@) (Physical and spectroscopic data are given in Table VI. 

Preparation ofS,6,7,8,Q,Oa aucrbydro IbH-benzo IS,41 cyclobuta il.21 cyclohepten4b,5 dial 
[SC) (Typical procedure for compounda 8) .To a stirred mixture of LiAlH.4 (2.5 eq) in dry 
diethyl ether (30. ml) was added compound 5 (4 mmol) dissolved in diethyl ether (15 ml). mer 
complete reaction (monitored by TX). water was carefully added, the organic layer wa& washed 
with 10% HCl solution and dried over MgSO4. The solvent was removed under reduced 
pressure and the product puritled by column chromatography (silica) (Physical and 
spectroscopic data are given in Table VI). 

Syntheds ofbicyclo I4.2.olocta r,S,s_triene7~~J1Pldeelrgrde)~(9)~plocadPnior 
compound8 Q) . A solution of sodium metaperlodate (1.5 eq.) in water (10 ml) was added to a 
stirred solution of diol 8 (2mmol) in ethanol. After complete reaction (monitored by TLC) a 
thick heavy white precipitate was obtained. The ethanol was evaporated under reduced 
pressure. The mixture was extracted with methylene chloride and the extract was dried over 
MgS04 and concentrated. The product was purified by centrifuge TLC (Chromatotron@) 
(Physical and spectroscopic data are given in Table VII). 

Synthesis of bicycle 14.2.01 octa l,S.&triene 7-(alkylcarboxylic acid) S&o (10) (Typical 
procedure for compounda 10) . These compounds are prepared by a modikl K.B. Sharpless 
reaction.8 i.e. the RuCl3.3H20 lo.05 eqI is added to the mixture after formation (monitored by 
T.L.C) of the intermediate compound 9. The product was purified by tlash chromatography on 
silica gel . (Fluent mixture EtOAc/PE containing 1% AcOH) (physical and spectroscopic data 
are given in Table VIII). 
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lOxCH2 and CH3C0. s at 2.03). 
3.26-4.35 (5H. m. benzyUc H 

and~.6.8fS7.@ 

I4H. m. arom. HI 

C17H2004 
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70.63.6.81 
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71.35.7.33 

ClcfHa%Q 
72.12.7.64 
72.23,7.54 
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(PE/EtfJkj 1720.1750 
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i6i8 0 
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(NaCl) 

1715. 1745 
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268.5 (3.53) 
274 (3.541 
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268.5 (3.36) 

275 (3.35) 
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and w, 8 at 2.05). 3.71- 244 &I)+ 

4.02 (lH, m. benzyh H). 7.O2- 2olRuII-cH3Co~+ 

7.60 (4 H. m. arom. HI 73.75.6.60 
73.93,6.54 

(CCl4) 1.11-2.37 (17I-L m. 4xCH2 c18H2203 

and (CH3hCCO. sat 1.22). 3.71- 286 o+ 

4.02 (lH, m. IxnzyUc H), 6.93- 201&G(CH3)3CCO)+ 

7.55 (4H. m. arom. HI 

cCl4) 0.96-2.88 (13H. m, 5xCH2 Cl6Hl803 

and CH3CO. s at 2.08). 3.47- 258 o+ 

3.92 (1H. m. benzylic H). 6.8& 2 15 (M-CH3CO)+ 

7.56 (4H. m. arom. HI 74.39, 7.02 
73.92.6.78 

(CCl4) 0.80-2.30 (19% m. 8xCH2 
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4.08 (lH, m. benzyk H). 6.75- 

7.70 (4H. m. arom. H) 

ECLI) 1Xx3-2.50 (21H. m, 9xCH2 
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Cl9H2403 
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TpbleV-Phpidmd- dataforunllpoululm7. 
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121 -1 261 .!S (3.52) 
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2.tiQ-3.16 (2H. m, OH aahn@d 
wttb D20). 3.20-3.64 (1 H. m 76.44.7.99. 
buqdtc H), 3.654.00 (1 H. m. 76.58,6.00 
C!HOI$6.98-7.40 (4 H, m, aran. H) 

(_ 1.33-260 (1aH. m. c14H1602 
5xCH2)). 2.91-3.23 (1H. m, beny- 
lk H). 3.40-3.73 (1H. m. CHOfl. 77.03.8.31 
4.27 (1H. d. OH a&an@ with 76.21.8.39 
Dzo). 5.46 WI 8, OH). 7.13 (4 K pe. 
amm. l-l) 

(CDSOCDs) 1.20-2.05 (1OH. m. C14H1802 

5SH2). 2.80-3.10 (1H. m benzy- 218 @A)+ 

lk H). 3.95-4.35 (2H. m, CHOH 77.02.8.31 
and OH ex&m@d with D20). 76.57.8.27 
5.45-5.70 (1H. m. OH exchanged 
with DZO). 6.90-7.35 (4 H, m, 
arom. H) 

(cDQ33 0.65-2.75 (18H. m. 8xCH2 c17H2.402 

and2OHa&an@dwtthD20). 2som+ 
3.75430 (2H. m benzyh Hand 
CHOH). 6.75-7.60 (4H. m arom. H) 

(cu4) 0.50-2.20 (18H. m. 9xcH21. c18H2602 

3.904.00 (4H. m. ben@c H and 274 @A)+ 
CHOH.and2OHexchaxqedwlth 
Mol. 6~7.45 (4H. m. ~tum. HI 
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a - WaCll 244 (4.07) 

1725,1x5 235 (3.71) 

KW 294 (s.72) 

an leslseb (CW 243K21) 

f&lag 1730,lno 235.5 (3.71) 

(C-Cl 294 (3.72) 

9s lSl%ld (NaCl) 244 m91 
uddxa 172Ia1760 23913.5@ 

(Cd 294.5 (3.55) 

9c 8889 PJJaCll 245 (3.93) 

avkcxil 172091780 zssP.53) 

(C-Cl 296 (3.42) 

a 33 am 244 (4.44) 
PE/axlI 17lc&1750 239.5(3.87l 

IC-OI 295 (3.85) 

1.39-2.10 (4H. m w 

2.12-2.65 @H. m cH2CHq 

3.64-4.92 (1H. m. bcnzy- 
lk Hh 6.92-7-m U-I. m 
a’nJ&LJw.;. WI. t 

* = 

1.3X2.15 WI. m WXid 

2.25-2.39 &%I. m. CH1cHo) 

3.93-4.22 (1H. m, benzy- 
lk H), 8.92-7.69 (4Ii. m. 
aroma HI. 9.22 (1H. t 
CHO,J=2W 

1.16-2.09 (SH, m. kC!W 

2.16-2.59 (2H. m. CHzCHq 

3.94-4.21(1H. m. benzy- 
lbz H), 7.19-7.63 (4H. m, 

1.03-2.07 (14H. m, 7xCW 

2.15-2.52 (2H. m, cH2CHq 

3.94-4.30 (lH, m benzy- 
lit HI, 7.20-7.62 (4H. m 
a&. El). 9.71 (lif, t 
CHO.J=2.6W 

1.07-2.02 (lai. m# 8xaizJ 
2.(x-2.49 WI. m. cH2CHOJ 
3.90-4.27 (1H. m buuy- 
k H). 7.20-7.62 (4H. m 
E JW.6m9.Hs t 

. = 

201.9l(CHq. 192.13 cm1m 

(c-al 155.99.146.62. 218 
135.30,129.26,123.34. 
120.94 (amm. C). 84.57 
knzyik Cl. 43.60. 
29.94,19.9l@xCH2l 

202.w192.47 c1*1m 

(W 156.30.146.68. 2sa(L 

135.19,l29.14,123.34. 67.22.6.94.13.ns 
120.87 (alwIn C). 64.67 68.80,6.74.13.86 

!i?Z%ZiZ% 
GCki2l ’ * 

2oz49(CHq.192.69 c14H1m 

(C-0)156.47. 146.71. 248 

135.14.129.0& 123.31. 69.26,7.3&11.3F 
120.85 (alum. C). 64.87 69.17.7.27.11.29 
Ibenyllc q. 43.76. 
30.17.29.03,27.13. 
21.64 (5xCHz) 

202.79.192.2a (Cd) Cl_ 

156 68.146.72, 289 
135.04.123.99.123.3A 
120.80 (alum. q. 65.05 
~g~w&fg 

29.19: 29:ll: 27.33; 
22.94 (8xCH~ 

202.8eJcH~ 194.69 Cl9H2402 
(C-0) 156.69.146.66. m 
135.92,12a.96,123.34. 
120.76 larom. C). 65.03 

kZ%% %Y% 
29:sii. 2baio. kii. 
!27.35.!22.05 (9xCH2) 



Benzocyclobutenone derivatives 

1720 244 (4.04) 
175O(C=ol 28Q (3.551 

34TGaeoo 2Q4*5(3*551 

1720 244 (3.8s) 
178O(C=o) 288 (3.38) 

34%!- 2Q4.5 (3*38) 

1690 244 (4.18) 
175qC=oI 288.5 (3.s5) 

18S 244 (3.88) 

1755IC=Cl 28713.38l 
3800-2400 295 (3.38) 

WI 

1700 244 (3.88) 
178O(C=o) 289.5 (3.48) 

1.50-2.05 (4H. m. 2xCH2). 19225 (GO). 179.28 

2.4o@H,L~ [CXXHI. 155.00,148.45, 
J=8H@. 4.20 (1X t bemy- 13522. 129.15. 123.27 
L H. J=8.2H8.97-7.88 120.90 hem. Cl. 
WI. m. amm.HlH). 10.24 84.34 (benzylte c) 
(1H. 8, COZH wchanged 33.68.2Q.82.22.39 
with JXO) l3xcE12) 

l.ll-2.14W. m. 3xCH2). lQ2.80@0)). 178.29 
2n1wi.t.CH2axM. (Co2H). 158.54.148.84, 
J=8Hz). 4.12 (1H. t, benzy- 135.10.129.05.123.34 
llc H. J=8.8H& 7.00-7.84 120.81 (arom. C). 
(4H. m, amm. HI. 10.39 84.85 (benzyltc C) 
UH. 8. COZH e=hanged 34.14.30.24.27.19. 
with DZO) 23.38 wx2) 

1.052.02(8H. m. 4xCH2). 
228@H.tcII2w2H 

J=8.8I-W. 4.1O(lH, t, hen- 
zyilc H. J=7.8HzL 8.Q4- 
txOl(4H. m. iwe& H). 
10.85 (1% 8, Co2I-I a- 

changedwlth DZO) 

0.88-2.03 WH. m 7xCH2). 
2.27W-LIw.t. 

J=7.OH@. 4.20 (1H. t, ben- 
zyllc H. J=7.OHz). 8.Q4- 
7.87 (4H. m. arcan. H’J. 
9.89 (1H. 8, CO2H exchan- 
Bed with DZO) 

0.88-2.05 (NH. m 8xCH2). 
2.28 (2H. t cHzcozH, 
J=7.2Hz). 4.20 (1H. then- 
PI ?&J=zS&7’6- 

lb.22 (lk. 8. Co2H &hEIn- 

ged with D20) 

10. 

lQ2.88@0). 179.79 
(CXXH). X58.40.148.49. 
135.08.128.97. 123.23 
120.78 (amm. C), 
84.73 (bmylic C) 
33.82,30.02.28.7Q, 
28.88.24.34 (4xCI-U) 

193.09 [C.=O). 179.72 
(Co2HJ. 158.85.148.5Q, 
135.01.128.Q3,123.2Q 
120.78 (amm. C). 84.97 

!z%TCk7%Y~ . * . , . I 
29.07.28.94.27.87, 
24.58 KkCH2~ 

193.11 IC=O), 179.88 
(CCkW). 158.87, 148.12. 
KXQQ, 128.92.123.88 
120.77 (arem C). 84.99 
$$&Cp&Q‘4‘4 

. , . . . I 
29.27.29.12.28.Q8. 
27.30. ~.8l@xC!H2) 

5495 

Cl2H12tx.l 
70.58.5.92 
70.31.5.72 

Cl3H1403 
71.87.8.03 
71.38.8.48 

C14Hl803 
72.39.8.94 
72.14.7.05 

Cl7H2203 
74.42.8.08 
74.82.8.20 

Cl8H2403 
74.96.8.38 
74.88.8.84 
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