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Abstract - The decomposition induced by bis(hexafluoroacetoacetonato)Cu II 
on branched a-diazo ketones 1 bearing a phenoxy group at the al-carbon has 
been investigated. The course of the reactions has been shown to be dependent 
upon substitution. Mixtures of furanones 2 and chromanones 4 were obtained 
from o-unsubstituted substrates lb-d, as in the case of la. Instead, among 
the -mono substituted substrates If and lg selectively gave cycloheptatrienes 
3f and 3g, respectively, while le and Oh gave mixtures of the corresponding 
3 and 4. Cycloheptatrienes 3 easily rearranged to chromanones 4. The inter- 
mediacy of norcaradienes 5 has been tentatively proposed in the catalytic de- 
composition of 1, and in rearrangement of 3e-h to 4e-h. 

The intramolecular cyclization of a-diazo carbonyl compounds under catalytic conditions has been 

extensively studied and interpreted according to a mechanism involving the addition of an inter- 

mediate carbenoid species to an olefinic or aromatic unsaturated system. 
1-9 

Participation by neigh- 

boring heteroatoms in the reaction of carbenes has also been considered and recently reviewed. 
10 

However, decomposition of a-diazo ketones bearing an aryloxy substituent at the al-carbon atom has 

not been systematically investigated except for la and related unbranched substrates, which afforded 

a convenient synthesis of 3-chromanones and naphto-3-pyranones. " In order to explore the feasibility 

of the above reaction for the case of branched a-diazo ketones,we investigated the decomposition of 

lb-h under the action of bis(hebafluoroacetoacetonato)Cu II in CH2C12. This study (see Table) re- 

vealed interesting deviations from the selective course observed for unbranched substrates, the 

title compounds 2 and 3 being obtained alone or along with the corresponding 3-chromanones 4. 
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RESULTS ANDDISCUSSION 

Under the action of bis(hexafluoroacetoacetonato)Cu II, al-phenoxy-a-diazo ketones la-h undergo 

intraMleCUlar cyclization in good yield, independently from the branching of the side chain. How- 

ever, the observed product distribution shows that mono- or di-substitution at the al-carbon 

(substrates lb-d) strongly depresses the formation of chromanones 4 in favour of the furanone 

derivatives 2. while substitution at the a-carbon (substrates le-h) afforded the cycloheptatriene 

derivatives 3. Remarkably, formation of chromanones was entirely suppressed with lf,g in which both 

the a-carbons bear an extra substituent. 

Furanones 2 and chromanones 4 were separated and obtained in pure state by column chromatography 

over silica gel. This procedure could not be employed for the purification of 3e-h, owing to their 

isomerization on Si02 to the corresponding chromanones 4e-h. However, they could be purified by 

distillation in vacua, followed by chromatography over anhydrous A1203. 

Table. Catalytic decomposition of a'-phenoxy-a-diazo ketones la-h. 

Substrate(*) Products (relative ratio) Total yield % 

la 2a, 4a (1:9) 95 

l'a 2'a, 4'a (3:7) 95 

lb 2b. 4b (2:3) 80 

l'b 2'b. 4'b (3:2) 80 

lc 2c. 4c (1:l) 75 

Id 2d. 4d (1:l) 86 

le 3e. 4e (2:3) 65 

If 3f 95 

lg 39 88 

lh 3h. 4h (9:l) 95 

The structure of 2,8H-cyclohepta[bIfuran-3-one was assigned to compounds 2a-d mainly on the basis 

of spectroscopical evidence. The 
1 
H FAIR spectrum shows that the methylene group in the seven 

membered ring is flanked only by one vinylic proton,ruling out therefore the isaW?riC structures 

2,5H, 2,6H. and 2.7H. 
13 C N?4R experiments in the presence of Yb(Pod)3 and the IR absorption at 

(*) Substrates l'a and lab were deuteriated in the aromatic ring. 
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1695 cm -' demonstrated that the methylene group must be located at the 8. rather than at the 4 

position2 Ihe structures of cycloheptatriene derivatives 3 and chromanones I were in turn 

unambigously assigned on the basis of their 'H NMR spectra (see Experimental). 

As for the stereochemistry of the reaction, cycloheptatriene 3f was obtained only in the cis 
--(') configuration, while 3g and chromanones 4f and 4g were obtained as diastereomeric mixtures. 

Mechan;stically, the reactions of alleged metal-carbene complexes dertved from the interaction of 

an a-diazocarbonyl system with a transition-metal salt or chelate have been assimflated to those of 

the free carbenes. 
12 

The selective cyclization of la and the results obtained with the branched 

substrates suggest that cycloheptatriene derivatives 2 and 

from a comnon norcaradiene intermediate. In the hypothesis 

non ionic pathways, 
13 

the above results may be interpreted 

illustrated in the Scheme. 

SCHEME 

3 and chromanones 4 might all originate 

that the latter may rearrange through 

according to the reaction mechanism 
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Enlargement of the six-membered ring of !ia-d might occur through a concerted process leading first to 

cycloheptatrlenes 6a-d, which then isomerize to the thermodynamically more stable tautomers 2a-iL7 

Instead, ho~lytical cleavage of bond aof !ia-d may be involved in the enlaq~ent of the five 

membered ring, resulting into chromanones 4a-d. 

Catalytic decomposition of substrates l'a and lLb (pentadeuteriated in the aromatic ring) gave a 

product distribution significantly different from that obtained from the undeuteriated substrates ta 

and lb (see Table). These results are in agreement with the mechanism illustrated by the Scheme: 

Since a 1.2 deuterium shift is Involved in the aromatization leadlng to chromanones, in the deuteriated 

series the formation of the latter, as expected, was depressed in favour of the furanones. Structures 

2'a.b and 4'a.b were assigned to the deuteriated products on the basis of the 'H NMR spectra: 

cycloheptatriene derivatives 2'a.b showed in fact a singlet (IH) for the CR methylene at 3.13.and 3.12 

6 resPeCtiVelY; analogously. chr~anones 4'a.b showed a singlet flH) for the C4 methyleae at 3.46 and 

3.55 0 respectively. 

The catalytic decomposition of a-substituted a-diazo ketones le-h may also be interpreted according 

to the reaction mechanism illustrated in the Scheme. Cycloheptatrienes 3e-h and chromanones 4e-h 

might in fact originate from the two concurrent rearrangements of the initially fommed norcaradienes 

(*I 
The cis configuration was assigned on the basis of the 'H MlR 20 NOESY spectrum (see Experimental). - 
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5e-h. 
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Z'b: RlzCH ; R2=R 
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4*a: R1=R2=R 

4'b: R1_d3; R2& 

The mechanism of the iscmeriration of 3e-h to 4e-h has not been investigated; however. it seems 

reasonable that the Si02 induced rearrangement proceeds via a reversed formation of the nor- - 

caradfene intermediates !&z-h, the latter being the precursors of the final chromanones. 14-16 
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Clearly. in the decomposition of a-diazo ketones la-d, with no substituent on the a-carbon, such 

equilibrium should not be operating, the intermediate norcaradienes 5a-d undergoing irreversible 

rearrangement to the corresponding furanones and/or chromanones. 

The mechanism at work in the decomposition of a-diazo ketones 1 under the action of bis~hexaf~uoro- 

acetoacetonato)Cu 11 cannot be completely cleared until the role played by the copper catalyst will 

be understood. In this connection, the hypothesis can be made that the catalyst initially coordinate 

to the substrate carbonyl; however, it is not clear at all how substitution at the carbons adjacent 

to the carbonyl may result in the observed product distributions. 

EXPERIMENTAL 

Microanalyses were obtained with a Perkin-Elmer CHN elemental lyzer. IR spectra were measured as 
liquid films using a Perkin-Elmer 1310 infrared spectrometer. t+MR spectra wer recorded with 
Varian 'I60 and Rruker CXI-300 spectrometers using BLS as the internal standard. j3C NM7 spectra for 

1 
he LIS (Lantanide Induced Shift) measurements were obtained with a Varian XL-100 instrument. The 
H EMR 20 NORSY spectra were obtained with WP-80-SY Rxuker inst rusent. GLC analyses were performed 
with a Pet-kin-Elmer F30 chromstograph (6 ft x l/8 in. coluam of 10% SE 30 on Cbroawsorb W at 180"). 

Substrates. o_Diazo ketones la-d are known compounds. 17 'Ihe remaining substrates ware prepared by 
reacting the appropriate acyl chlorides with a 0.2 M ether solution of CH N or CH GIN2 
I:4 and 1:3 respectively). After evaporation of the solvent, the oily res dues wer purified by P2 z 

(mole ratio 

colunm chromatography on SiO, (aluant IiSht petroleum ether-ethyl ether 95:s). 

I-Diazo-3-pentadeutertophenoxy-2-propsnone, l’a. Yellow oil. 
t2H,s). 

'H NM? @DC131 6: 5.66 jlH,s); 4.45 

I-Diazo-3-pentadeuteriophenoxy-Z-butane, l'b. Yellow oil. 
(lH,d,J=SM); 1.45 (3H,d,J=!IHz). 

'H NM? (CDC13) 6: 5.27 (lH,s); 4.48 

3-Diaso-1-phenoxy-2-butanone, fe. Yellow oil, b.p. 94-95' 9.2.5 w; (Found: C, 63.36; H, 5.49; N, 

(2R.s); 1?$"&:e,. 
14.61. C H N 0 requires C, 63.15; H, 5.29; N, 14.73%); H NMR (CDC13) 6: 7.36-6.70 (5H.m); 4.66 

2-Diazo-4-phenoxy-3-butanone, if. Yellow oil, b.p. 84-85' p.15 Wig; (Found: C, 64.85; H, 6.01; N, 

(lH,q,J=!&j$ ?.?3 (3H,s); 1.56 (3H,d,J=5Hs). 
13.54. C H N 0 requires C, 64.70; H, 5.88; N, 13.72%); H h'FR (CDC13) 6: 7.33-6.70 (5H,m); 4.81 

3-Diazo-I-phenyl-l-phenoxy-2-butsnone, lg. Yellow crystals, mfp. 59-60'; (Found: C, 72.18; H, 5.36; 
N, 10.41. C H N 0 requires C, 72.18; H, 5.26; N, 10.52%); H NM? fCDC13) 6: 7.56-6.83 flOIi,mf; 
4.10 (lH,e)~61~~32(~,s). 
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2-Diaso-4-methyl-4-~ehanoxy-3-pentanone, lh. Yellow oil, b.p. 100-101~ 0.25 w ; (Found: C, 64.58; 

H, 5.80; N, 13.66. C H N 0 requires C, 64.70; H, 5.88;. N, 13.72%); k k?S (CDcl3) 6: 7.36-6.58 

(5H.m); 1.90 (31i,s)i11.$! P&s,. 

Catalytic decomposition of a-diazo ketones,la-d. A solution of the substrate (2.5 mol) in cH2C12 
(5 ml) was treated with bis(hexafluoroacetoacetonato)Cu II (0.08 mnol) keeping the tvature 

between 15' and 25O. Once the N2 evolution ceased (3-5 min), the solution was passed through a short 
column of neutral Al 0 and evaporated to dryness. 

product distribution 2J 

lhe residue was submitted to Gu: and M analyses; 

d yields are reported in the table. Colwrn cbrometography over Si02 (eluant 

light petroleum ether-ethyl ether 9:l) gave pure 4e-d and &-d. Canpounds 4a.d were generally eluted 

first. 

2,&GCycloepta[b]furan-3-one, 2a. 

3.13 (2H,d,J=5Hz). 
'H NM (CDCl3) 6: 6.36-6.00 (Y&m); 5.32-5.12 (lH,d; 4.55 (W,s); 

2-Methyl-2,8H-cyclohepta[b]furan-3-one, 2b. Oil, b.q. IOO-101' 0.1 W.; (Found: C, 73.81; H, 6.35. 

C H 0 requires C, 74.06; 

(1fl,1$?;~4.50 (lH,q,J&Hz); 

H, 6.21%); v 1695 cm- ; H NM2 (CDC13) 

3.12 (W,d,J=&&; 1.43 (3Ji,d,J&). 

6: 6.53-5.88 (3H,m); 5.53-5.10 

ZFhenyl-2,8H-cyclohepta[b]furan-3-ons, 2~. 

C H 0 requires C, 80.35; H, 5.35%); v 

(g,1$;~5.56-5.21 (W,m); 5.40 (lH,s); 533 (2H,d,J=5*). 

2,2-Dimethyl-2,8H-cyclohepta[b]furan-)-one, 2d. Oil, b.pz164-65' 0.1 nmtig ; (Found: C, 75.18; H, 

6.70. C H 0 requires C, 75.00; H, 6.81%). v 1697 cm ; h MCi (CDCl ) 6: 6.53-5.90 (3H,m{j 

5.40-5.16 &lfm!m,; 3.10 (W,d,J-dHs); 1.38 (6H,zf? The LIS experiments we 2 perfonosd on 2d by C 

NWl measurements in the presence of Yb(fod) . With a solar ratio lantanide: substrate equal to 0.15 

in CLKl solut'on. the following Ad were ob erved: 
5 

4.4 for3the sp hybridized C4, 

a 11.7 for the carbonyl (the site of coordination), 

2.5 for the C8 mathylene. 

3-0x0-3,4-dihydro-W-I-benxopyran, 4a. 
18 

2-Methyl-3-oxo-3,4-dihydro-2H-I-benzopyran, 4b. Oil, b.p. liPl]l' 0.3 mdQ ; (Pound: C, 74.22; 

H, 6.35. C H 0 requires C, 74.06; H, 6.21%); v 
4.28 (1H,q$&!?; 3.55 @&a); 1.46 (3H,d,J=6Hs)C=' 

1725 cm ; H Ml? (CDC13) 6: 7.28-6.83 (4H,m); 

2-Fhenyl-3-oxo-3,4-dihydro-W-1-benzopyran, 4~'~ 

2,2-Dimethyl-3-oxo-3,4-dihydro-W-1-benxopyran, 4d. 
20 

Decomposition of a-diazo ketone, 1'4. The reaction was run following the above general procedure, 

but the final mixture, before treatmnent on Al 0 , 
g canposition: 30% of 2,&+4,5,6,7:82p 

was submitted to GLC and EPR anelyses which gave 
entadeuterio cycl&epta[bJfuran-3-one. 2'4, v 

) 6: 4.22 (2&s); 3.46 

Decomposition of a-diazo ketone, l'b. The reaction was perfonrmd as for l'a. 'lhe final mixture, 

before elution on Al 0 , 
-cycloheptalb,f~~-~-~ne~~g~~v~~~~~~~~ 

ition: 60% of 2+eethyl-2,&-4,5,6,7,bpentadeuterio- 

H NMR (CDCI ) 6: 4.50 (lH,q,J=7Hz); 3.12 (lH,s)i 

z!"4;W;Jtr);7;dmq;o$ a-met yl-3-oxo-3,4-dihydro-fl -I-(5,6,7,8-tetradeuteriobenso)-4deuterio- 

3 

H NM7 (CCC1 ) 6: 4.22 (lH,q,J&Hx); 3.55 (8.8); 1.46 (3H,d,J&). 

Treatement of t e Ui Cl solution with 

4'b, 6: 3.55 (W,S).~ 2 

d 0 gave unaltered 2'b and the H/D scrambling at C4 of 
23 

Catalytic decomposition of a-dieso ketones, ie-h. The reaction was performed as for la-d; however, 

in order to avoid isomerization of the cycloheptatriene derivatives 3e-h into the corresponding 

chromanones,more rigourous anhydrous conditions were required for both the reaotion medium and the 

purification procedure. In particular, separation of the products cculd be achieved by chrasatography 

over neutral, anhydrous Al20 

z 

, previously heated at tie for 24 h. Chrcnmtography of the reaction 

mixtures over Si02 (light pe roleun ether as eluant) lead to complete isomerization of 3e-b to 4e-h. 

~-Hethyl-2,3aH-cyclohepta~b~furan-3-one, 3e. 'ihe structure can only be provi lo lly assigned 

because the product was obtained as a slighty impure oil of 4e. v 1760 Cm-!; F NM (CDCl ) 6: 

6.25-5.98 (3H,m); 5.90-5.73 (ti,m); 5.13-5.05 (m,m); 4.61t4.10 C!@ AD systa,J=l8Hs); 0.983(Yr,s). 

2,h-Dimsthyl-2,3aH-cycloheptalblfuran-j-one, 3f. Oil, b-p. p 0.1 tig i (Found: C, 75.12; 

H. 6.98. C_,H_,O_ requires C, 75.00; H, 6.81%); v, _ 1760 cm- ; EE(R (CDCl,) 6: 6.33-6.03 (3tj.m); 
5.95-5.71 (fH$)f 5.33-5.03 (lH,m); 4.25 (lH,q,J=kiiz"); 1.50 (3H,d,J=6Hx); 0.45 (W,s). In the k 

NM2 2D NOESY spectnxn a cross-peak was observed between the singlet at 0.95 b and the doublet at 

1.50 6 (tie to the C -methyl 

exchange between sue l?" 

and to the C2-methyl respectively) indicating 8 dipolar magnetization 

groups; instead no cross-peak was present between the resonance of the C 

methyl and the quartet at 4.25 b due to methynic proton. 3a 
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2-Phenyl-34-methyl-2,34H-cyclohept4Cbjfuran-3-one, 32 was obtained 44 M oil (b.p. 11~116' 0.3 
snf+S) in which the two diastereoiscmers were presentlin 3:2 ratio; (Powwl: C, 80.80; H, 6.01. 
C16HI O2 requires C, 80.67; H, 5.88%); v 

k 
1760 cm Ill M of t iscmer: (CDCl ) 

b: 7. (5H,s); 6.30-5.78 (4B,m); 5.50-5C& (IB,m); 5114 (lH,s); 's M of the oth& 
diastereoisomer: (CDC13) 6: 7.26 (5&s); 6.30-5.78 (4H,m); 5.63 (IH,~); 5.50-5.20 (lH,m); 5.14 
(lIi,s); 0.90 (3B,s). 

2,2,~-~imethyl-2,~-cyclohepts[b]f~~-3-one, 3h. Obtained in pure state after chranetogrsphy 
over neutral anhydroua Al 0 . 
requires C, 75.78; H, 7.$%3; v 

Oil, b.p. 75:Tj' 0.4 maHE; (Found: C, 75.60; H, 7.48. C H 0 

176Ocm i 
1.46 (3H,s); I.30 (~J+,s); 0.99 @,s). 

'H NMR (ClX13) 6: 6.33-5.68 (4H.m); 5.3?5!1j32(IB,m); 

4-Methyl-3-oxo-3,4-dihydro-2H-l-benzopyran, 4e. Oil, b.p. 
H, 6.31. C H 0 requires C, 74.061 H, 6.21%); v 

10~~10 o 0.2 mdig; (Found: C, 74.16; 

4.5314.21 &I;'& 
h 

system, J=&iz); 3.56 (ur,q,Jd~;';l~cl;l~fd,J~). 
t+fR (CDCl3) 6: 7.23-6.73 (ti,m); 

2,4-DImethyl-3-oxo-3,&dIhydro-Zi-l-ben4opyr an, 4f 
21 

was obtained 44 an oily mixture of diastereo- 
isaners in 1:1 ratio. lhe k NMF# spectrum gave for the more stund4nt di4rtereoisaner the following 
signals: (CDC13) 6: 7.20-6.66 (@i,m); 4.20 (IH,q,JdHz); 3.50 (lH,q,J=6Hz.); I.40 (3B,d,J=6H4); 1.4 
(pl,q,J=6.5Hz). The less abundant stereoisomer was characterized by the following sip14: (CDCl ) 
6: 7.20-6.66 (4H,m); 4.31 (lH,q,J=jrHz); 3.50 (lH,q,J=6.5Hz); 1.34 (3H,d,J=7Hn); 1.36 (3H,d,J=6-&). 

~Methyl-2phenyl-3-oxo-3,~dihydro-'&f-l-benzopyran, 4s. Oil, mixture of diastereoisoemrs in 3:2 
ratio, hip. 120' 0.3 c&iEl (Found: C, 80.83; H, 5.99. C H 0 requires C, 80.671 H, 5.88%); v 

1720 cm . lhe tmn-e abundant stereoiaomer was I6 d4 character M 2 by the following signals in the +? 
F spectrum: (CCC1 ) 6: 7.60-6.80 (4H,m); 5.20 (lH,s); 3.75 (IH,q,J=5H4); I.59 (3B,d,J=5Hz). Ihe 
H MiR spectrum of ?ha other stereois- differed only for the Ii- which was at 5.3 6 (I&s). 

2.2,4-lMmethyl-3-oxo-3,4-dlhydro-2H-I-benzopyran, 4b. 
75.80; H, 7.50. C H 0 requires C, 75.78; H, 7.36%); v 
(4H,m); 3.60 (lH,q, - 12J&&; 1.46 (3H,d,J=6Hz); 1.30 (3H,s??O.99 (3H,s). 
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