
Tetrahedron L.eum, Vol. 3s. No. 1, pp. 109-1062.1994 
Elsevia Sciaroc IAd 

RitlkdillGIC&Bdill 
oo40-4039194 s6.alfOm 

0040-4039(93)EO366-R 

DIASTEREOSELECTIVE IODOCARBOCYCLIZATION OF 
O-PENTENYLMALONATE DERIVATIVES: 
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A&stmct: The iodocar&ocyckation of 4-pentenylmalonate I having a subst&uent at the 2 or 3 
position effectively proceeded by treating 1 with 12 and Ti(OtBu)d in the presence of CuO. 
Srereoelectronic effect of the subtitzu?nt at al&lic position on diastereoselectivity was notable. As 
an application of tk present reaction, rhe ejicient synthesis of cyclosar~mycin 7 was achieved 

The halocycliition of unsaturated carboxylic acids, alcohols and amines, mediated by electmphilic magent, 
is a useful method for rtgio- and stereoselective functionalization of double bonds. k2 A variety of examples of 
halocyclization controlled by a substituent in acyclic unsaturated pmcmsomhnsbcenrepartedandappliedtotbe 
synthesis of organic complex molecules including natural products1 On the other hand, so called 
“halocarbocyclization reaction”, in which the carbon nucleophile attacks a double bond activated by an 
electrophilic halogenating reagent, has not been common. 3 Recently we reported ionic iodocarbocyclization 
reaction which proceeded by treating 4qentenylmalonate derivertives with 12 and Ti(OR)4 to give cyclopentane 

derivatives in qio- and stereocontrolled manner.4 In this paper, we nqort the results of dias tere0selectivity 
(1,2- oc Id-asymmetric induction) in iaioc&mc yclization reaction with Cpentenylmalonate duivatives having a 
substituent at the 2 or 3 position. Furthermore, as an application of the present reaction, the efficient synthesis 
of cyclosarkomycin 7, a precursor of antitumor agent sarkomycin 85 from Qpenten-13diol is also described. 
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At first, the iodoc&mc yclization R&on of3-benzyloxy-4-pentenylmalonate derivative (la) was 

conducted to investigate the reactivity and dim lectivity (Tablel). Under the conditions tTi(Or-B& (1.0 
eq), I2 (1.2 eq), CH$l2, rtl qmrtd p~~viously,~ tbc presence of the substituent at the 3-position ~rcsulted in 

lowering the yield of the desired cyclized pmdtzt 28 (28%) along with mcovery of starting material h (60%) 
(entry 1).6 By increasing the molar ratio of 12 to 4 equivalents, 2a was obtained in 82% yield, favoring trans - 

selectivity (tru.~:cis = 12: 1, entry 3). For this iodocarbocyclizarion, CuO or Bu+nO was found effecitve as an 

additive. As shown in entry 4. in the presence of CuO and 1.2 eqivalents of 12.2a was obtained in a yield (82%) 
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Table 1 lodocarbocydiration of la8 
Entry 12 tes) Additive lime (h) 2a Yield (%I tmns: dsb 

1 1.2 51 28 1O:l 

2 2.0 12 58 7~1 

3 4.0 10 82 12:i 

4 1.2 cue = 40 82 13:l 

5 1.2 Bu,SnO ’ 40 63 17:l 
6 1.2 BulNl ’ 24 Od - 

’ lod=h@katbn : la (0.5 ‘Wd), 12 (see Table l), Ti(Ot-Bu), (0.5 mrncd), Cm (5 ml), tt. 

b Detetmiftd by ‘H-NMR (4OOM-k). ’ 1.2 eq. d No m&ion. 

comparable to that on using 4 equivalents of 12, and similar high cans-selectivity of 2a (zranr : cis =13:1) was 

observed However, the addition of tettabutylammonium iodide, possibly a source of I- in the reaction medium, 
completely prevented the reaction (entty 6). The main tale of CuO and Bu2SnO would thus appear to accelerate 

the transfomiation of intermediate iodide 3a into lactone 2a through internal nucleophilic displacement. 
As mentioned above, the iodocarbocyclixation with la having a BnO substituent at the 3 position afforded 

tram-2a as the major product. This is a sharp contrast to the radical iodo atom-transfer reaction of the 
corresponding iodomahmate 43b (~OOC, 2h ) to give ~a with low cti-selectivity. 

= tram-2a + ds -2a 

OBn 4 60% (1: 2) 

It should be pointed out that the high diastereoselectivity in iodocarbocyclixation of la leading to fmns-2a is 
similar to that in the iodolactonixation of 3-benxyloxy-4-pentenoic acid under kinetic control.lb97 The observed 
sekctivity may possibly be due to the preferrable axial orientation of the oxygenated substituent @no) in the 
chair like transition state to minimize the overlap of the x-orbital on the double bond at the site of the iodonium 

ion and o%rbital on the C-O bond.798 

BnO 3a 
CO&le 

Further investigation on diastemoselectivity in the iodocarbocyclixation was conducted with substrates 

differing in nature and position of substituents (Table 2). As indicated in Table 2, iodocarbocyclixation 
proceeded in good yield by adding CuO to the 12, Ti(Ot-Bu)4 system. With substrate lb having a BzQ 

substituent in place of the BnO substituent, slightly lower rruns-selectivity (Zb, rrans :cis =kl) was observed 
(entry 1). possibly due to decmased electron density of the double bond.Tvg With substrate lc having a methyl 

substituent at the 4 position, bicyclic lactone 2c was obtained with excellent diastereose lectivity (entry 2). As 
shown in the cases of la-lc, the stereoelectronic effect of the oxygenated substituent at the allylic position on 

diastemosekctivity was remarkable as compared with that of alkyl substituent. That is, with Id having a methyl 
group, very low diastereoselectivity of the cyclized product (2d, trans :cis =2: 1) was realized (entry 3).9 In the 
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Table 2 bdocarbocydbabn ol Substituted 4-penienyimabnat~~ 

EflW summe 1 Ti (h) PBduab *~(x)c tmns:cisd 

7”” 

6 
n-BuyCq2pMe 38 

w 

OBn 
BnO n-h 

BZO 

Meo2c” 
8 w 0 2= 

Bnt5 

24 20 

0 

e 6:i 

73 53:l 

79 2:l 

63 6.5:t 

86 8.3:l 

29 I 

’ Reactbn conditions: 1 (0.5 mmol). TiNOf-Bu), (1 eq). 12 (12 eq). CuO (1.2 -9). Cl+& (5 ml). rl. 
b SVucture al major isomer is shown. ckolatad yield. d Determined by ‘H-NMR (4ooMHz). 

’ To complete kactonization. the retiion mbtture ol the bdocabqcliiation was briily heated 
at 140% ’ Relative stereochemistry of the En0 gmup and angular hydrogen we6 only cis ; 

frans : c/s mtb was 63 based on the stereogonic center having Mu group. 

case of substrate having a BnO or methyl substituent at the homoallylic position (2-position of 4- 
pentenyhnalonate), moderate 1 ,Zasymmetric induction was observed to give bicyclic lactone 2e (t&6.5) and Zf 
(t/c=6.3), respectively (entries 4, 5). The direction of asymmetric induction was similar to that of 
iodolactonization of 4-pentenoic acid derivatives having the same substituent mode under kinetic control,7Q but 
opposite to that of iodoetherification.~o Addition of an allcyl substituent at the terminal position of okfinic moiety 
caused severe retardation of the iodocarbocyclization reaction and different diastereoselectivity of the product. 
Thus, Z-isomer lg gave the cyclized product 2g in 29% yield with cis-selectivity based on the relative 
stcrecchemisty between the BnO group and angular hydrogen (entry 6).7 



~~y,asanapplicationof~~nt~~i~~wt~ttw:higb yield 
synthesis of cyckauukom ycin 7, which is a pmcmsor of an antitumcx active agcn~sarkanycin 8.5 Kinetic 
resolution of the racemic allylic alcohol derived from S by Sluupless epoxidation gave the opticaBy active (s)- 
alcohol 6 (SW% cc).11 Similar to racemate la. the malonate @)-la prepared fmm 6 underwent 
icxlocarbocyclization to give (s)-21. Hwlysis of the methyl ester gtoup, decarboxylation, debcnzylatiot~ and 
Swem oxidation gave optically active cychxarkomycin 75 in 63% overall yield from 6 [7, ia]D -334’ (c=l.67, 

a2G12); M.5b [ct]D -397O (c=2.00, c.H2c!l2)]- 

7 cyclosarkomycin 
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