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diewr Arbeit wurde bislang nicht zwischcti diesen sehr ahnlichen und leicht ineinander 
umwandelbarcn Wiastereomcren unterschieden. 

l l i e c  Arbeit wurde vom Schweazerischen NationalJoncis tur Flirderung dev wissenschaftliches 
Forschwng und von der Firms Hojfmann-La Xoche & Go. AC, D d d ,  untwstntzt. Wir clanken (lcn 
Herrcn IZoger Marlin und ffuns Hil$art aus uiiscrcr Arhitsgruppe fur tcchnische Hilfc und Hcrrn 
Dr. A .  Kaiser von Hoffmam-T.a Roche fur L-Cycloclopa-methylester-tosylat. 
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199. Regiospecific Intramolecular Aldol Condensation Induced by 
Conjugate Addition of Lithium Dimethylcuprate to 5-0x0-a, /?-enones 

Rclirniniary Communication r1]1) 

by Ferdinand NU, Rent? Decorzant and Walter Thommen 
Fimenich SA,  Rescarch Laboratory. 121 1 Geneva 8 

(12. VIII. 75) 

Summary. [-Oxo-cr,/?-cnoncs react with lithium dimethylcuprate to give cyclic aldols such as 
hydroxydecalonc 1 arid hydroxyspiro14.51decanonc 2 in a rcgio- and stercospecific manner. This 
ncw reaction, a combination 01 conjugate methyl addition to a,,&enoncs with dirccted intramo- 
lecular aldolisatim, is suggested to proceed via either (:noate anions, such as 8 and 11, or radical 
anions, such as 9 A 10 and 12 13, as intermcdiates. 

Recently we 121 and others L341 have shown that metal enolates resulting from 
the conjugate addition of metal alkyls to ac,/h.msdturated ketones are valuable inter- 
mediates for intermolecular aldol condensations (Scheme 1 ) .  - -- 
1) Part of this work WRS prewntad at thc Swiss Ch~lkliCal Society Autumn Meeting, Neuchiitcl, 

Uctobcr 11. 1974. 
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In this context we have examined a formal intramolccwlar variant of this aldol 
condensation to try to construct cyclic P-hydroxy ketones in a rcgio- arid stereo- 
sclcctivc manner (Scheme 2). 

SchamE 2 

We have now found that lithium dirncthylcupratc j 71 but not methylmagnesium 
bromide with catalytic amounts of a Cu(1) salt - undergoes a clean rcactioa.2) with 
thc l;-oxo-u,p-enoncs 3 and 4 to give, after work U ~ J ,  thc bicyclic hydroxy ketones 13) 

(CH3)pCuI.i 
2 9 7  

3 10 6 
4 :  

and 23)4). In 

3 : 1  

(CH&CuLi & 5- 10 

3 4.' . F 4 2 
the casc of the ~-forrnyl-a,~-e~ic.~t~~ 6, cven at -GO", the rcaction gave 

consideral amounts of the carbonyl addition product 5. 
2) 

_ _ _  - 
lithium clirIiethylcupratc is known to untlcrgo cxtrcmcly fast conjugatc addition to a,/?- 
unsaturated cnrbonyl compounds, but to rcilct very slowly in iL 1,Ziashion with carbonyl co111- 
pounds (see s.g. LR-IIIJ). 
The sttucturcs shown were firmly cstablishud by 114-NMlt. spectroscciyy with tha aid 01 
Eu(lod)s shift agent arid by IW-NMR. spc*clroscnpy (for &*tails sec 11 I). 
The spiroannclation i to ii rclatcrl to thc changr: 4 2 2 was discovcrod by #uchi ct ul. [I 11. 

5) 

4) 

114 
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I 
6 5 

In a typical expcriment etliercal lithium dimcthylcuprate (prepared from 5.3 ml = 
4.5 mmol ethereal mcthyllithium and 475 mg = 2.4 mmol powdered CuI in 10 ml 
ether at - 10" [7]) was cooled to  - 60" and thcn treated with a solution of oxo-cnone 
3 (360 rng = 2 mmol) in ether (5 ml). The solution was stirred at -60' for 90 min 
then at 0" for 60 min, when it was poured into ice-cold aqueous 1 N hydrochloric acid 
and extracted with ethcr. Washing (NaHC03 and water), drying (MgS04) and con- 
centration yielded 0.38 g of material which, after chromatography in hexanelethyl 
acetate 7:3 on silica gel, gave only the hydroxydecalone 15) (250 mg; 63% yield). 

Both aldols, 1 and 2, are products from a kinctiadly controlled reaction, since 
they are no longer fmmd if the reaction mixture is equilibrated (24 h at 22'). Likc- 
wise, equilibration of 1 and 2 with EtONs/EtOII (22 h at  0') yields qualitatively the 
sarnc equilibrium mixturc6) no longer containing 1 or 2. 

We should like to discuss two of the possible mcchanisms for the formation of 1. 
a) Conjugate addition of a methyl group to the enoae function of compound 3 

may form the enolate intcrrnediate 87) which could be intercepted by the intra- 
molecular keto group to yield, aftcr I~yclrolysis, the hydroxydecalone 1. 

I 
3 ,' 8 

9 10 

6) This compound is unstable on distillation or gas chromatography. undergoing a retro aldol 
cleavagc to givc thc monocyclic compound 7. 

6 )  Sw full papcr [11. 
7) Attempts to intercept 8 hy protonation to  fvrnl thc rnonocyclic ketone 7 were negativc; ad- 

dition of water bcforc thc rcaction was complete yielded only starting matcrial 3 together 
with thc known reaction product 2. 
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b) Alternatively, the radical anion 9, which is likely to be formed from 3 by a 
cine-electron transfers), could be trapped by thc intramolecular keto function to give 
the bicyclic radical intertnediate 10, subsequent combination of 10 with a methyl 
radical giving 1. 

Formation of the spiro ketone 2 may also occur ilia either metal enolate 11 or 
radical anions 12 - 13. 

12 13 I 
11 

Since the mechanism of thesc cyclizations rernains unclear, it is prematurc to com- 
ment on the high stereosclectivity of the two reactions. 

Both aldols, 1 and 2, werc readily dehydrated. Treatment of hydroxydecalonc 1 
with SOCle/DMF (5 min at -W,  111 at 0') give a mixturcg) of 14b, 14a and 14c 
(ratio 40:55:5)10) in 64% yield. 

1 14a 14b 14c 

Hydroxyspiro[4.5]decanone 2 (SOCI,/DMF, 5 rriiri at  0", 2 h at 23") yielded SS'!/d 
of a mixtures) of 15b and 15a (ratio 1: 1 ) l U ) .  

&-&5 
2 15a 

+ 

15b 

The 0x0-enones 3 and 4 were prepared by mcthods based on known procedures. 
Reaction [I31 of 3-etl~oxy-2-cyclolicxenorie (16) \I4 1 with Grigltard reagent 17 [I 51 
followed by treatment with 0 . 5 ~  aqueous hydrochloric acid 2 Ei at 40-50" gwvc 310). 

8 )  There is cvirlcncc for the formation of radical anions during didkylcupratc rcactians with 
a,p-cnones; for somc recent relcrcnccs see c.8. L1.Zj. 

9 )  Separatd by gas chromatography on a 20% Carbowax column at 175"; compounds arc given 
in order of increasing retention timc. 

lo) NMR., TR., and MS. data (see [l.]) are consistcnt with thc assigned structurc(s). 

.- 
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Cyclopentanone 410) was prepared by condensation of 1-morphdino-cyclopentene 
(18) [16] with aldehyde 19 [1.7] followed by hydrolysis with 5% aqueous hydrochloric 
acid at 23". 

I 1 

3 

The authors would likc t o  thank Prof. E. Wenkcrt, Ricc 'University, IIouston, Tcxas, and 
Dr. S .  Bschsr, Firmenich Sd, for stimulating discussions. 
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