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Abstract: Cyclization of 1,Zisopropylidene 3-C-ally1 r&-pentodraldose, and l-methylallyl and 
S-C-vinyl analogs, with [(Ph,P),RhCl], under CH,CH, leads to intramolecular hydroacylation of 
the alkene with selective formation of cyclohexanones or cyclopentanones. 

Carbohydrates are important synthetrc precursors to enantiomexically pure compounds because 

of then- ready availability and well defined stereochemistry. We’ and others2 have begun to explore 

transition metal-mediated reactions of carbohydrates and their derivatives. Our goal has been to 

combine the unique rcactiivity of nrganometallic compounds with the stereochemical consequences of 

using a chiral sugar-based substrate. We report here that hydroacylation of suitable derivatives can lead 

to new 5- and 6membered carbocycles whose stereochemistry is derived from glucose. 

Rhodium catalyzed hydroacylation of 4-pentenals to form cyclopentanones has been known for 

more than a decade.3 One group has used the reaction in studies toward prostaglandin synthesis,3d 

and has reported Qbserving enantioselectlww wb_en_ using a chiral phosphine l&and in the catalyst.4 

Few workers have reported attempts at cyclizing longer chain alkenals.3” Our earlier attempt to 

hydroacylate 3-O-ally1 glucose’ led us to two conclusions; 1) It is desirable to use an aldose which is 

m in equilibrium with a hemiacetal form, and 2) protection of proximate hydroxyl groups is necessary 
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Scheme I. Synthesis of isopropylidene 3-C-alkenyl nri-pentodialdoses. 

3473 



3474 

to suppress transacylation reactions. The straightforward synthesis of derivatives 1-5 from the 

hexosulose derivative shown in Scheme 1’9 6, ’ suggested these as appropriate substrates. 

Ally1 derivative 1 reacted with a catalytic amount of [[Ph&Rhtij2 (RhImbstrate - 0.3) under 

1 atm ethylene in CH,Cl, solvent to grve compound 6 after 60 hr at 25°C The reaction also proceeds 

at 70°C in CDCl, with the same result in G hr (Eq. 1). The cyclization was also performed with 

[(C,I I,),RhC112 and 2 eq/Rh of PPh,. Ketone 6 was isolated in 60% yield by column chromatography 

(sihca, 1: 1 hexane-ether) and structurally characterized by IR and ‘H and r3C NMR.’ The IR spectrum 

showed an absorbance at 1720 cm-r, indicating the presence of a cyclohexanone_ CQSY and 

heteronuclear correlation 2-D NMR experiments demonstrated the presence of 3 contiguous methylene 

groups, confkming that the product was a cyclohexanone as shown rather than a 

methylcyclopentanone. 

CH2CH2 @4 1) 
CDC13, 70 c 

Examination of the ‘H and 31P NMR revealed no observable intermediates during the conversion 

of 1 to 6. The 31P spectrum in particular showed only a doublet at -35.3 ppm’ (Jp_Rh = 128 Hz) due 

to the bis-phosphine (ethylene) rhodium chloride.“’ Monitoring the reaction at 30°C by NMR led to 

an estimate of reaction half-life of 16 hr. 

Given the previous observation that 5-hexenal hydroacylates to form methylcyclopentanone3b, 

we were surprised with our result. This is, to our knowledge, the ftrst hydroacylation of a hexenal to 

form a cyclohexanone. One possible explanation is that formation of a fused 5, 5, 5 tricyclic product 

may be inhibited by ring strain. The vinyl derivative 2 ” did not react in 15 hr at 3O”C, but heating 

to 75°C for 15 hr led to quantitative (by NMR) conversion to 7 (Eq. 2). This new compound was 

isolated by chromatography in 60% yield and identified by ‘H and 13C NMR and IR Iv, = 1755 cm-‘). 

[V’h3P)2RhCtl2 

* 
CH2CH2 

CDCi3, 75 c 

Cyclization of l-methylallyl derivative 3 (15 hr, 70°C) also leads to a cyclohexanone, 8 [Eq 3); 

v co = 1726 cm-‘. For compounds with an unsubstituted vinyl group, hydroacylation therefore appears 

to be general for these systems We wished to turn to compounds where cyclization would lead to 
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formation of a new stereocenter; we find, however, that substitution of the vinyl group leads to 

reactions other than hydroacylation. 
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The 2-methylallyl derivative 4 undergoes an ene reaction to give alcohol 9 (Eq 4). It is much 

more rapid, being complete after 4 hr at 35°C. This reaction may not be catalyzed by rhodium;” the 

same product forms on heating a CDCI, solutron of the akenal, although this conversion is somewhat 

slower (15 hr at 70°C). 
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The but-3-enyl derivative 5 undergoes a more complex set of reactions. After 3.5 l-n at 73°C the 

substrate has completely reacted to give a mixture of but-2-enyl denvatives lOc, t. The mixture of these 

can be isolated by chromatography of the reaction mixture They are ident&d prim&y thrc@t 2L‘ 

COSY and HETCOR experiments revealing two distinct but-2-enyl fragments; the 13C NMR is 

particularly reveaLing.r3 No such isomerization is observed in the ally1 derivatives, and indicates that 

competition between rearrangement and hydroacylation is finely balanced. Further reaction with 

(PPh,),(C,H,)RhCl at 75°C over 48 hr leads to disappearance of the aldehyde and formation of an 

unidentified mixture of products; no new carbonyl stretch is seen in the IR spectrum. In light of the 

reaction of 4, an ene reaction would appear to be consistent with these observations. 
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In conclusion, it is evident that hydroacylation is a useful cyclization of carbohydrate derivatives, 

and that it may be used to ftirm cyckkxanones as well as cyclopentanones. Tt is, however, sensitive 

to substitution of the alkene moiety because of alternative reactivity of these substrates. We are 

currently exploring the cyclization of derivatives made from carbohydrates other than glucose. 
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