
Tetrahedrm8 Vol. 41, No 35. pi 7403-74Og.1991 
Pnnted m Great Bntam 

oo4o4020191 $300+00 
Q 1991 Pergamon Press plc 

Regiocontrol By The Carbon-Carbon Double Bond In The 
Rh2(OAc)4 Mediated Carbon-Hydrom Insertion Of a- 

Diazo-Ketones. 

Pnolo Cccchcrelh*, Masslmo Curuu*, Marla Carla Marcotulho, 
Orneho Rosatl 

Tst~to dl Ctmmca Orgamca, Facolta’ dl Fannacla, 
Unlverslra’ degh Studr, 06100 Perugla, Italy 

(Received m UK 30 May 1991) 

Key Wordr 
cychc unsaturated a-Dlaro ketones, IMhodtum tetraacetate, Carbon-hydrogen Inserttoo, 

Cyclopropanahon. Selectlvlty 

Abstractz Dlazo carbonyl compounds, when calalyzcd by dlrhodmm tetraacetate, ~mcrt to 
allyhc po5ltton MS phenomenon was explmted m cychc rystems 3d, Sd, 5& and IO The 
rcactn4y toward allyhc tnsertlon I.S corroborated by the unexpected six-memhered nng 
cyclvatlon m the transformatton 5g+9 

Intramolecular carboncarbon bond formatlon through metal-catalyzed reactton of crdrazo-ketones, 

constitutes a general method of cycloalkanones synthesis 1 Dlrhodurm tetracetate IS a very efficient catalyst 

for these processes and leads ma&y to cyclopentanones by carbon-hydrogen bond insertion 2 The reactrvlty 
of dlazo-kctoncs hearmg a remote carbon-carbon double bond m cychc systems IS tllustrated by the 
transformation of drazoptmarenone 1 mto the compound 2 The regro- and dlastereo- selectlvlty of thts 

convcrslon was ascrthed to the double bond partlcrpatlon m the quast-axial allyhc hydrogen bond rupture2a 

‘OAc \OAC 

1 2 

Artcr this prtmary obscrvatlon It was reported that m the dccomposltlon of acychc unsaturated dlazo- 
ketones, the carbon-hydrogen bond rnsertlon occurs to a greater extent than the cyclopropanatron process 
and the electron wlthdrawmg groups (e g vmyl, phenyl,%) reduce the reactivity of the allyhc carbon- 
hydrogen bond when compared wtth the ahphatlc one 3 

The different hehavrour of cychc and acychc unsaturated dlazo-kctoncc prompted us to prepare 
scvrral cyclic models m order to obtam more mformatlon on the sclcctlvlty of the c.ychlatlon process 

Dlazo-ketone 3d was prepared to test the influence of the dlazocarbonyl chatn length on the selectlvrty 
of the mtramolecular myertlon process versus 1 The treatment of wrescenol B dlacctate 3aw1th osmium 
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tetroxlde led to a mixture of dlols Sb, and there were converted mto the acid 3c 4 Exposure of the latter to 
oxalyl chlonde followed by dlazomethane led to dlazo-ketone 3d Reactlon of thts compound m 
dlchloromethane solution with dlrhodmm tetraacetate, at room temperature, produced the D-norsterold 

system 4 m 53% yield The IR spectrum of 4 showed a strong cyclobutanone band at 1780 cm-l The 13C 
NMR data fully supported structure 4 the assignments were faclhtated by comparison of the values with 
those of 2 and 3a, the chemical shrfts of the C(11) and the C(13)-methyl group of 4 were essential m 
determmmg the reglo- and the stereo-chemistry of the new carbon-carbon bond 

\OAC 

3a. R=C2H, 

b. R = CHOHCH,OH 

=, R = CO,H 

d, R = COCHN, 

AcO 

‘OAc 

4 

TV explore the effect of the carbon-carbon double bond posItIon, the compounds Sd and 5g were 
prepared Dlazo-ketone Sd was obtamed startmg from ao-vlrescenol B dlacetate 5a,5 followmg the 
procedure described for 3d Dlrhodmm tetraacctate-medlated reactron of Sd afforded 6 and 7 m 21% and 
52% yields respectively The ‘3 C NMR spectrum of 7 supported the presence of a cyclopropane system by 
the observation of five quatemary ahphatlc carbon signals Stgmficant heteronuclear long-range couphng 

correlation obtamed from COLOc6 allowed carbon assignments to be made The IR absorption at 1740 cm- 
1 of 6 was consistent with a cyclopentanone moiety, and the 13C NMR values suggested that the new 
carbon-carbon bond resides between C(ll) and C(15) A comparison of the chemical shift values and 
multlphcrtles of 5a and 6, mdlcated that the C(11) methylene carbon m Se (8 19 1) had been replaced by a 
methmc carbon (8 30 4) The 13C-‘H shift correlated spectra allowed the detectlon of the resonance of the 
methmc proton at the cychzatlon site (8 2 76) NOE difference experiments revealed a close proxlmlty of 
the C-10 methyl group (8 1 03) and the methme proton at S 2 76, thus confirmmg structure 6 

Aco&R Aco@ 

5a, R = C,H, 
b. R = CHOHCH,OH 

C, R = CO,H 
d, R = COCHN, 

AcO 
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We next prepared the homoderlvattve 5g followmg the procedure described for 1 2a Exposure of 
dlazo-ketone Jg to dlrhodmm tetraacetate led to ketones 8 and 9, m 40% and 27% yield respectively 8 The 
structure of compound 8 was determmed by a comparison of the spectroscopic data with those of compound 
2 2a The lH NMR and 13C NMR spectra of 9 showed a close resemblance to that of the cyclopentanone 
derlvatlve 7 The methme proton at the cychzatlon site (6 2 81), evidenced by 13C-lH shift correlated 
spectra, exhIbIted a strong NOE upon uradlatlon of the C-10 meth 

r 
I resonance The presence of a 

cyclohexanone moiety m 9 was also unequivocally supported by the I- C NMR carbonyl slgnal at 211 1 

ppm ’ FormatIon of 9 mvolves an unexpected SIX membered ring annulatlon process To our knowledge, 
reglocontrol m the cyclohexanones forming reactlons, by carbon-hydro en msertlon of carbenolds, was set 
up only with the presence of an actlvatmg nelghbourmg hydroxy group $ *lo 

AcO 

8 
AcO 

‘OAc 

5a. R= C,H, 

e. R= CH,CH,OH 

f. R = CH,CO,H 

8. R = CH,COCHN, 

‘OAc 
9 

In summary we have explored the rcactlvrty of unsaturated adlazo-ketones bearmg a carbon-carbon 
double hond m cychc systems In these compounds the crdlazocarbonyl cham could Interact with allyhc and 

non allyhc methylcncs The observed regmselectlvlty seems to bee the proof of the influence of the carbon- 
carbon douhlc bond m dlrcctmg the carbon-hydrogen mscrtlon 

Smcc the systems hcmg cxammcd arc highly rlgld skclctons, the conclusions based on the 
stereoclcctromc mflucnccs of cychc douhlc bonds could bc compromlscd by sterlc and conformatlonal 
effects Consequently we turned our attention to the reactlvlty of the simplest dlazo-ketone 10, prepared 
Irom l-cy&lhcxcn-I -XC~IC d‘ld’ ’ Dlrhodlum tctraacctatL cdtn1y.A dcLomposltlon of 10 afforded CIF- 

1,3,3a,6,7,7n-hcxnhydro-2H-mdLn-2-onc 1 I’* as the only rcdctlon produLl 

6 
’ ‘Is 

1 m 0 
3\ 3 

4 3e 
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A comparison of the carbon shifts of the czs (8 C-3a 39 9 ppm) and trans-hydrmdane (8 C3a 47 3 
ppm), CLF (8 C-3a 36 1 ppm) and fruns-1,3,3a,4,7,7a-hexahydro-2H-mdene (8 C-3a 46.2 ppm). CIS (8 C3a 
32 3 ppm) and trus-1,3,3a,4,7,7a-hexahydro-2H-mden-2*ne (8 C-3a 38 9 ppm)l3 and ll(8 C-3a 35.3, S 
C-7a 33 8 ppm) is dlagnostlc for determmmg the regio- and the stereochemlstry of the cychzatlon process 

JZXPEIUMENTAL SECTION 

Melting pomts were obtamed on a Relchert micro hotstage and are uncorrected. IR spectra were 
recorded as chloroform solutions lH and l3 C NMR spectra of CDCl3 solutrons were recorded at 200 1 and 

50 3 MHz, respectively Column chromatography was executed on 0 063-O 200 mesh Merck slhca gel All 
reactlons were carned out under mtrogen, and all extracts were dried over Na2SO4 

Oxidation of diol3b. A solution of dtol 3b4 (2 0 g, 4 7 mmol) m tetrahydrofuran (100 ml) was oxldlzed 
with permdlc acid (2 28 g, 10 mmol) at room temperature for 4 h The reaction mixture was concentrated at 
reduced pressure (40 ml) and poured mto water and extracted wrth chloroform The extract was washed with 
aqueous sodium hydrogen carbonate and water, dned and evaporated to dryness The residue was dissolved 
In acttone (100 ml) and treated with Jones’ reagent14 (10 mmol) at room temperature for 1 h The mixture 
was treated with excess 5% sodium blsulphlte solution, diluted with water and extracted with chloroform 
The extract was dried and evaporated Chromatography of the residue and elutton with chloroform-ethyl 
acetate (9.5 5) afforded semlsohd acid 3c (1 50 g, 7%), lH NMR S 0 90, 1 03, 1 11 (each s, 9, methyls), 

2 05 (s, 6, acetates), 4 19, 4 48 (4 lmcs AES, 2, J = 1 lHz, OCH;?), 4 54 (m, 1, H-3), 5 35 (m, 1, H-7) Anal 

Calcd for C23H3406 C, 67 96, H, 8 43 Found C, 67 94, H, 8 46 
Oxidation of iso-virescenol diacetate 5a To a mixture of N-methylmorpholme-Nqxlde 2H20 (16g, 14 

mmol) m water (7 5 ml), acetone (7 5 ml) and osmium tetroxlde (10 mg) m tert-butyl alcohol (3 ml), was 

added Iso-vlrescenol B acetate 5a5 (3 30 g, 8 5 mmol) In tert-butyl alcohol (3 ml) The reaction was stirred 
at room temperature for 3 days A slurry of sodium hydrosulfite (100 mg), magnesium slhcate (12 g), and 

water (Sml) was added, and the magnesol was filtered The filtrate was neutralrzaed to pH 7 with a 1N 
solution of H2SO4, the acetone was evaporated under vacuum, the pH was further adJusted to pH 2 The 
solution was saturated with sodium chlortde and extracted with chloroform The extract was dried and 
evaporated under reduced pressure The residue was dissolved In anhydrous tetrahydrofuran (100 ml) and 
treated with perlodlc acid (3 7g, 16 mmol) at room temperature for 6 h Workup as above, chromatography 
and elutlon with chloroform-ethyl acetate (95 5) yielded semlsohd acid 5c (2 0 g, 59%), lH NMR S 0 95, 
1 00, 1 21 (each s, 9, methyls), 2 00, 2 02 (each s, 6, acetates), 4 15,4 32 (4 Imes AB, 2, J = 11 Hz, OCHi), 
4 54 (m, 1, H-3) Anal calcd for C23H3406 C, 67 96, H, 8 43 Found C, 67 89, H, 8 53 
Hydroboratioo-Oxidation of iso-virescenol B acetate 5a A 1 M boron hydride-tetrahydrofuran solutton (5 
ml) was added over 30 mm-period to a stirring solution of iso-vlrescenol B acetate 5a (3 60 g, 9 2 mmol), m 
anhydrous tetrahydrofuran (35 ml) at 0 “C The reaction mixture was allowed to warm at room temperature 

and stirred for additIonal 3 h It then was treated with water (3 ml), a 3N sodium hydroxide solution (4 ml) 

and a 36% hydrogen peroxide solution (3 6 ml), and the mixture was Wred at 60 “C for 1 h It was diluted 
with water, extracted with ethyl cthcr The extract wds washed wrth water, dried, and evaporated 
Chromatography of the residue and elutlon with chloroform-ethyl acetate (95 5) gave starting material 5a 
(100 mg) and the semlsohd alcohol Se (2 20 g, 73%), ‘H NMR S 0 92, 1 01, 1 08 (each s, 9, methyls), 2 03 
(s, 6, acetates), 3 62 (m, 2, 2 H-16), 4 18, 4 48 (4 lines AB, 2, J = 11 Hz, OCH2), 4 55 (m, 1, H-3) Anal 
Calcd for C24H3805 C, 70 90, H, 9 42 Found C, 70 78, H, 9 53 
Acid 5f The alcohol Se (1 10 g, 2 7 mmol) was dissolved in acetone (50 ml) and treated with Jones’ 
reagentI (3 mmol) at room temperature for 1 h Workup as above, chromatography of the residue and 
elutlon with chloroformethyl acetate (19 1) afforded semlsohd acid 51(090 g, 78%), lH NMR 8 100, 
1 04, I 05 (each s, 9, methyls), 2 06, 2 08 (each s, 6, acetates), 2 16,2 27 (4 lines AB, 2, J = 17 Hz, 2 H-15), 
4 19, 4 38 (4 lines AB, 2, J = 11 Hz, OCH2), 4 58 (m. 1, H-3) Anal Calcd for C24H3606 C, 68 55, H, 

8 63 Found C, 68 71, H, 8 5 1 



Regmcontrol by the carbon-carbon double bond 7407 

Preparation of diazo ketones. General Procedure. A solution of 10 mmol of unsaturated acid m 30 ml of 

methanol was neutrahzed by tltratlon with a 0 1 N methanohc sodmm methoxlde solution to the 
phenolphthalem endpomt The mixture was evaporated under vacuum, and the residue was dared at 10 ml 
Torr and 100 “C for 1 h A suspensslon of the dry salt ID 50 ml of anhydrous benzene was treated with 30 
mmol of freshly dlstdled oxalyl chloride at 0 “C, and the mixture was stmed for 3 h It then was filtered, 
and the filtrate was evaporated under vacuum A solutlon of the residue m 100 ml of anhydrous ether was 
added dropwlse over a 0 5-h period to a sturmg solution of 13 mmol of dlazomethane and 10 mmol of 
dlstllled trlethylamme In 50 ml of dry ether at 0 “C, and the sttrrmg was contmued for 1-3 h The mixture 
was filtered, and the filtrate was evaporated Chromatography of the residue through a short column of 
neutral alumma (actlvlty III) and elutlon with 25 1 hexaneethyl acetate produced a dlazo ketone, which 
was used m the next reactlon without further purlficatlon 
Diazo ketone 3d. Yellow, VISCOUS hquld (57%), IR (CHN2) 2100 (s) cm-l, lH NMR S 0 90, 103, 1 10 
(each s, 9, methyls), 2 06 (s, 6, acetates), 4 20, 4 50 (4 lmes AB, 2, J = 11 Hz, OCH;?), 4 55 (m, 1, H-3), 

5 42 (m, 1, H-7), 5 52 (s, 1, CHNi) 
Diazo ketone 5d. Yellow, amorphous soled ( 58%), IR (CHNi) 2104 (s) cm-l, ‘H NMR 6 0 98, 101, 1 15 
(cnch s, 9, methyls), 2 02, 2 04 (each s, 6, acetates), 4 17,4 32 (4 lmes AB, 2, J = 11 Hz, OCH2), 4 55 (m, 1, 

H-J), 5 33 (s, 1, CHN;?) 
D1az.o ketone Sg. Yellow, viscous hquld (76 %), 1R (CHN2) 2100 (s) cm-‘, ‘H NMR S 100, 103, 1 04 
(each s, 9, methyls), 2 05, 2 07 (each s, 6, acetates), 4 20, 4 38 (4 ltnes AB, 2, J = 11 Hz, OCH2), 4 58 (m, 1, 

H-3), 5 18 (s, 1, CHN;?) 
Diazo ketone 11 Yellow, VISCOUS hquld (600/o), IR (CHNi) 2110, (C=O) 1630, lH NMR S 120 - 2 23 (m, 
6, methylevs), 2 28 (d, 2, J = 7 Hz, -CH2CO-), 5 24 (s, 1, CHN2), 5 64 (bs, 2, olefmlc protons) 

Diazo ketones decompositions. General Procedure. A solution of 2 mmol of dlazo ketone m 150 ml of 
methylene chloride was added dropwlse over a 6-h permd to a suspension of 0 04 mmol of dlrhodmm 
tLtraac&tc m SO ml of mcthylene chloride The mlxturc was evaporated under vacuum Chromatography of 
the rcsldue and elutlon with 30 1 hexaneethyl acetate yteld the cychzatron products 

Keto ester 4.011 (53 %), IR (C=O) 1730 (s) cm -l, lH NMR S 0 88, 1 01, 1 12 (each s, 9, meth Is), 2 05 (s, 
6, acetates), 4 22, 4 48 (4 lmes AB, 2, J = 11 Hz, OCH$, 4 55 (m, 1, H-3), 5 65 (m, 1, H-7), 17 _ C NMR S 
14 3 (IO-Me) 19 5 (13-MC), 20 5 (C-l l), 20 9, 21 0 (OCOCH,), 22 1 (4-Me), 23 7 (C-2). 23 9 (C-6), 30 1 

(C-12), 35 3 (C-IO), 37 1 (C-l), 39 0 (C-14), 40 6 (C-4), 48 0 (C-9), 49 5 (C-16), 50 2 (C-5), 62 3 (C-13). 
64 I (OCH2), 79 9 (C-3), 123 3 (C-7), 134 3 (C-8), 170 3, 170 6 (OCOCH,), 213 0 (C-17) Anal Calcd for 
C24H3405 C, 7’ 61, H, 8 51 Found C, 7’ 58, H, 8 56 

Keto esters 6. 011 (21 %), 1R (C = 0) 1740 (s) cm-‘, 1 H NMR 6 1 03 (s, 3, lo-Me), 1 04 (s, 3, 4-Me), 1 11 
(F, 3, 13-Me), 2 05, 2 08 (each s, 6, acetates), 2 23, 2 37 (4 lmes AB, 2, J = 17 Hz, 2 H-14), 2 27 d 1, J = 

i* 17 Hz, H- -16), 2 77 (m, 1, H-l 1), 4 18,4 34 (4 lmes AB, 2, J = 11 Hz, OCH2), 4 57 (m, 1, H-3), l-C NMR 
S 19 4 (lJ-Me), 19 7 (C-6), 20 6 (lo-MC), 21 1.21 3 (OCOcH3), 22 7 (4-Me), 23 8 (C-2), 30 4 (C-11), 31 5 
(C-7), 33 4 (C-l), 37 8 (C-lo), 41 0 (C-4). 42 6 (C-14), 43 6 (C-16), 47 3 (C-13), 48 7 (C-16), 52 0 (C-5), 
65 4 (OCHi), 80 0 (C-3), 125 0 (C-8), 143 7 (C-9), 170 3, 170 8 (OcOCH3), 215 5 (C-17) Anal Calcd for 
C24H34OS C, 71 61, H, 8 51 Found C, 7’ 48, H, 8 64 
Keto ester 7. Cry?tallmc (S2%), m p 134-136 “C, ‘R C=O 1725 (s) cm-‘, ‘H NMR 6 0 94 (s, 3, ‘O-Me), 

1 02 (5, 3, 4-Me), 1 13 (s, 3, 13-Me), 2 04, 2 07 (each 5, 6, acetates), 4 22, 4 27 (4 lmes AB, 2, OCH2, 4 43 
(m, I, H-J), ‘3C NMR S I7 7 (C-6), 17 9 (‘O-Me), 17 9 (C-l l), 19 1 (13-Me), 20 7, 20 8, (OCOCH,), 23 2 
(4-Me), 23 5 (C-2), 27 2 (C-7), 34 2 (C-l), 35 4 (C-12). 35 9 (C-IO), 36 2 (C-8), 38 6 (C-16), 40 7 (C-4), 

41 5 (C-14), 42 7 (C-9), 46 0 (C-5), 51 4 (C-13), 64 S (OCHz), 79 4 (C-3), 169 9, 170 4 (OCOCH,), 215 2 
(C-17) Anal Calcd for C24H34OS C, 71 61, H, 8 51 Found C, 71 45, H, 8 61 
Keto ester 8 Scmlsohd (40 %), IR (C=O) 1740 (s) cm-‘, 1 H NMR S 1 04. 1 OS, 1 08 (each s, 9, methyls), 
260(&i, 1,J=8,17H~,H-14)420,436(4lmesAB,2,J=11 Hz,OCH2),45X(m,l,H-3),‘3CNMRS 
19 5 (C-6), 19 6 (IO-Me), 19 8 (C-l I), 20 8, 20 9 (OCOCH3), 22 5 (4-Me), 24 0 (C-2), 26 1 (13-Me), 3’ 2 
(C-12), 32 2 (C-7). 35 1 (C-l), 36 9 (C-lo), 37 3 (C-13), 41 0 (C-4), 43 1 (C-15), 47 5 (C-14), 50 9 (C-17), 
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518 (C-5), 65 2 (OCHZ), 79 7 (C-3), 127 7 (C-8), 136 5 (C-9), 170 1, 170 6 (KOCH3), 218 1 (C-16) 
Anal Cakd for C25H3605 C, 72 08, H, 8 71 Found C, 7192, H, 8 81 
Keto ester 9. Semlsohd (27 %), IR (C=O) 1725 (s) cm-l, 1 H NMR S 0 96, (s, 3, lo-Me), 1 02 (s, 3, 4-Me), 

1 08 (s, 3, 13-Me), 1 84 (bs, 2, 2 H-14) 2 03, 2 05 (each s, 6, acetates), 2 09,2 21 (4 lines AH, 2, J = 14 Hz, 
H-15), 2 41 (d, 2, J = 3 Hz, 2 H-17), 2 81 (m, 1, H-11), 4 14,4 34 (4 hnes AB, J = 11 Hz, OCH2), 4 57 (m, 
1, H-3); 13C NMR S 19 5 (lo-Me), 19 5 (C-6), 20 9, 210 (OCOcH3),22 4 (4-Me), 23 8 (C-2), 314 (13- 
Me), 31 7 (C-7), 32 2 (c-l l), 34 1 (C-l), 34 7 (C-13), 38 2 (C-lo), 40 8 (C-4), 41 0 (C-12), 45 4 (C-15), 
46 4 (C-14), 51 4 (C-S), 56 1 (C-17), 65 1 (OCH2), 79 7 (C-3), 127 2 (C-8), 137 9 (C-9), 170 2, 170 7 
(OsOCH3) 211 1 (C-16) Anal Calcd for C2 H3605 C, 72 08, H, 8 71 Found C, 72 19, H, 8 63 
1,3,3a,6,7,7a,hexahydroo-2H-inden-2-one 11 22 . . Colourless 01l(53%), 13C NMR S 22 3 (C-7), 24 0 (C-6), 
33 8 (C-7a), 35 3 (C-3a), 42 9 (C-3), 44 0 (C-l), 127 4 (C-5), 128 9 (C-4), 218 7 (C-2) 
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