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Abstract: Substituted cyclopropanone acetal derivatives undergo facile Fe(Ill)
mediated oxidative cyclisation to the corresponding trisubstituted cyclopentane
esters in good vield and with diastereoselectivities as high as 23:1.
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As part of a programme aimed at investigating the development of non-tin methods for radical generation we
have reported that both cyclopropyl ethers! and cyclopropanone acetals? serve as good substrates for the
Fe(IIT) mediated generation and cyclisation of carbon centred radicals. In the present study we report on the
stereochemical influcnce cxerted by a variety of substituents during the oxidative radical cyclisation of
substituted cyclopropanone acetals to cyclopentane esters (1-3, Scheme 1). According to the comprehensive
body of work compiled by Beckwith3 such 5-exo radical cyclisations should proceed via the chairlike
transition state 2 where the 2-substituent (R") adopts a pseudoequatorial position. This then leads to
cyulopentane formation whereby the cyclised product (3) will, in principle, be formed with the
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Initially we elected 1o study the effect of a methyl group on the cyclisation. Treatment of (+)-ethyl citronellate
4 with LDA followed by quenching with TMSCI and anhydrous workup gave the corresponding labile
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ketene-acetal which upon cyciopropanation gave an cxcellent yield of the stable cyciopropanone acetai 5.
Oxidative cyclisation of 5 under our usual conditions using ferric nitrate and 1,4-cyclohexadiene as a
hydrogen atom donor? gave the cyclised product 7 in moderate yield but as a complex mixture of
stereoisomers. The formation of the double bond can be explained by oxidation of the resultant cyclised

radical 6 to a cation followed by loss of a proton.4
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(a) LDA, THF, -78°C then TMSCI, 87% _
(b) EtsZn, CHals, Et20, 88% U Complex mixture of
(c) Fe(NQa)s, 1,4-cyclohexadiene, DMF, 50°C, 53% Me" 7 stereoisomers

Although the basic sequence was fairly efficient, the initial level of diastercoselection was disappointing.
Since alkene formation was confusing the issue it was thought prudent to study a range of simpler
cyclopropyl systems (c.g. 11, Scheme 3) where complications arising from oxidation of the resulting
cyclised primary radical would be unlikely. These were readily synthesised by conjugate addition of a number
of Grignard reagents to the substituted acrylate esters 8 or 93, in the presence of TMSCI, to give the
corresponding ketene-acetals 10 in excellent yield. Cyclopropanation of these reactive® ketene-acetals with
diethylzinc and diiodomethane gave the substituted cyclopropanone acetals 11 in good 1o cxcellent yield

(Scheme 3, Tab.e 1).

Reagents
(a)BrMg_~#  or RMgBr, Cul (10%),
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(b) EtQZn, CH2|2, Et20
(c) Fe(NO3)s, 1,4-cyclohexadiene, DMF, 50°C 1




Ferric nitrate oxidation’ of the cyclopropanone acetals 11 was carried out as before in anhydrous DMF using
1,4-cyclohexadizne as a hydrogen atom donor. In all cases oxidative cyclisation proceeded to give the
cyclopentane esters 12a/b in good yield (Table 1). The lower yield obtained for entry 4 was attributed to the
volatility of the cyclised product. In general the diastereoselection obtained in these oxidative radical
cyclisations correlated very well to the Beckwith model in Scheme 1. For example in entry 1 (R=Ph) the
cyclised product 12a was formed with essentially complete diastereoselection, with only trace amounts of
other stercoisomers (12b) detectable by NMR. Proof of the relative stereochemistry in 12a was obtained by
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ioure 1). Both the n-nronvl (entrv 3) and iso-nronvl (entry 2)
re 1). both the n-propyl (entry 5) and iso-propyl (entry <)
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results arc consistent with a decrease in the size of the 2-substituent which would influence the preference for
adopting a conformation where the substituent is equatorial. Not surprisingly when R=Me (entry 4) a poorer
stereoselectivity was observed which is consistent with the results obtained with ()-ethyl citronellate and

clearly indicates the weaker stereochemical influence of the smaller methyl group.

Table 1 ] B ,

Entry | R 10 11 12a/12b | Ratio? 12a:12b
1 Ph 92% (from 8) | 88% 5% 23:1

2 150-C3H7 94% (from 9) | 70% 74% 8:1

3 n-CaHy 92% (from9) |76% 69% 6:1

4 Me 82% (from 8) | 66% 58% 2:1

aRatios determined by TH NMR
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Finally, equally good results were obtained in the oxidative cyclisations using ferric chloride as the iron
source. For example treatment of the cyclopropanone acclal 11 (R=Ph) gave the trisubstituted chloromethyl
cyclopentane ester 14 with a selectivity of 17:1. The incorporation of a chloromethyl group will be useful for
the introduction of further functionality (Scheme 4).
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in summary, the Fe i) mediated oxidative cycusduon of cyaopropanone acetals has been shown to be a

highly effective method for the formation of functionalised cyclopentanes. The stereochemistry of these

cyclisations are in good agreement with Beckwith's previous findings and give selectivities comparable to

those obtained using classical tin hydride based methodologies.
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1. Buli
THF, -78°C

NP PPh3*Br
9 45%

In general the freshly distilled ketene-acetals 10 were used immediately in the next step since even short
term storage results in extensive hydrolysis.

A solution of Fe(NO03)3.9H20 (2.18 g, 5.40 mmol) in DMF (10 ml) was stirred at room temperature
over 4A molecular sicves, under nitrogen, for 18 hours. To this burgundy solution at 50°C was added
11(R=Ph, 0.5g, 1.73 mmol) and 1,4-cyclohexadiene (0.32 ml, 3.44 mmol) dropwise in dry DMF (10
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resuliing suspension was exirac T
and washed with water (2 x 150mi), dried (MgSQy), fiitered and the solvent evaporated in vacuo to give
a colourless oil. Purification by flash column chromatography (silica; 95% pet. ether, S% ethyl acetate)
gave a colourless 0il (0.32g; 75%). Vmax/cm-1(film) 1736 (C=0), 1602 (Ph). 8H (270 MHz; CgDs)
0.90 3H, d ,J=6 Hz, CH3), 1.14 (3H, t, ] = 7 Hz, OCHCH3), 1.31-1.48 (1H, m), 1.61-1.82 (2H,
m) 2.01-2.49 (5H, m), 2.72 (1H, m, CH), 3.91 (2H, q, J = 7 Hz, OCH>CH3s), 7.14-7.27 (SH, m,
Ph). 8C (68‘5 MHz; Cg¢Dg) 14.11 (CHj3), 16.03 (CH3), 33.12 (CH2), 33.48 (CHp), 34.47 (CHp),

352 H), 47.63 (CH), 49.52 (CH), 60.07 (CH»), 126.13 (Ph), 127.64 (Ph), 128.37 (Ph), 173.33
(C=N" m/'7 246 +\ inonnd: C 7R 2709, TF6Y, (C1:.Hnr O renuiireg: (TR 180 R QA
L=V I A LS50 \ FIouUndr L /8.li 0, 1 6./0%. 1HER22W2 1Tqulies. o IOV T, X1 8,747



