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Summsry: 2-h&r- and 2bromoethyl ally1 ethers undergo a highly diastereoselective ring closure producing 
nuns-4,5-disubstituted laetols. After oxidation with m-chl~nzoic acid, nans-4.5~disubstituted butymlac- 
tones are obtained. This one-pot stereoselective approach to tranr_4,5disubstituted butymlactoues (2-furanones) 
proceeds in satisfactory overall yield (45-56 96; > 99% nuns) for a range of substituted precursors 1 (R* = 
phenyl, n-hexyl or i-propyl). The use of cyclic 2-iodoacetals as precursors for the ring closure leads to new bi- 
cyclic heterocycles, such as 6a and 6b, with high e&selectivity (> 96% endo). An en&selective preparation 
of a pytrolidine is also reported (end0 > %%), although in this case, the intamediate zinc reagent could only be 
trapped effently by deuterolysis, due to its low reaetivity. 

Substituted tetrahydmfurans are structural units which am found in many natural products, aud the stemoselec- 
tive preparation of these heterocycles has been extensively investigated.’ Recently, we reported a diethylzinc 
mediated palladium catalyzed carbozincation of S-hexenyl iodides leading to substituted cyclopentylmethylzin 
iodides in which the relative stereochemistry of up to three chiral centers could be controlled.s Unfortunately, 
attempts to extend this method to the preparation of substituted tetrahydrofurans were not successful and pro- 
vided in many cases mixtures of cycliaed and uncyclized products. We wish now to report that the use of 
nickel(R) acetylacetonate as catalyst (2-3 mol%) allows the cyclization of various unsaturated iodo- and readily 
available unsaturated bromo-acetals of type 1 in the presence of diethylzinc (2 equiv) at 25 “C (ca 0.5 h). The 
resulting cyclic zinc compounds of type 2 can react, after a trausmetalation with CuCN-2LiCl, with a rauge of 
electrophiles (allylic halides, ethyl propiolate, alkylidenemalonates. 3-iodo-2cyclohexenone and acid chlorides) 
providing the 2-alkoxytetrahydrofurans 3a-g in 60-X)% overall yield (eq. 1, Table 1). 

RIO_(~-R~ Wn(*wW_ R,,,,_($,, CUCN*2LiC1_ RIo~R2 (,) 

Ni(acac)p cat. EX 
l:X=l,Br THF 2 2-w 

The ring closure proceeds via a radical mechanism2 initiated by the nickel catalyst, but still produces an 
organometallic reagent 2 which can be readily further functionalized.a The relative stereochemistry between the 
substituents attached to C(4) and C(5) of compounds 3 is fauns (>98% selectivity). as predicted by the 
transition-state model for radical cyclizations proposed by Beckwith. The fruns-stereochemistry observed 
between C(2) and C(4) is obtained with lower selectivity (ca 9 : 1. see products 3a-e of Table 1). however the 
lactols 3 can be readily oxidized with mefa-chloroperbenzoic acid in the presence of boron nifhtoride etherate 
(15 mol%)s affording pure tram -4,5disubstituted butyrolactones6 (2-furanones) in high yields. This reaction 
sequence can be performed in a one-pot procedure affording the lactones 4a-d (> 99% trans) in 4556% overall 
yield (see typical procedure).7 
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4s : 45 % overall yield 
(>99%mJS) 

4b : 53 % overall yield 4c : 56 % overall yiekl 
(>99%rfms) (>99%trans) 

Id : 50 % overall yield 
(>99%tfnns) 

By using unsaturated cyclic iodo-acetals, such as 5a and 5b, as precursor~,~ bicyclic heterocyclic zinc reagents 
are produced (Et2Zn (2 equiv), 00 C, 0.S h). A transmetalation with CuCN.2LiCl and quenching with ethyl 2- 
(bromomethyl)acrylate (-78“ C to 0” C, 0.5 h) or with benxoyl chloride (WC, 12 h) affords the bicyclic 
heterocycles 6s (66% overall yield) and 6b (62% overall yield; eq 2 and 3). These cycliiations proceed with 
very high endo-selectivity (> 96%)9J9 This result can be explained by assuming that for the intermediate radical 
7 the oxygen (O( 1)) belonging to the ring will prefer to occupy an axial position due to stabilization by the 
anomeric effect, whereas the carbon chain attached to C(3) will occupy an equatorial position in the transition 
state (eq 4). 

/ a:, 
I;” 

6 

1) EWn (2 equb) 
Ni(acaQ 2 mop/o 

2) CuCN-2 LiCl 
3) ;~f(tmlomemyl) 

1) Etgn (2 ecptv) 
Ni(acac)p 2 mob% 

* 
2) CuCN92 LiCl 
3) PhCOCl 

6a:66%; 
endo : exo = 96 : 4 

Ph p 
Q3 -% 
O 0 

6e:62%; 
endo:exo>96:2 

1) Et$n (2 equiv) 
Ni(acac)a 2 mol% 

2) AcOD 

,--D > ch 
V 
Bn 

9:73%;en&:exo~96:4 
100 % d incocporatwn 

(4) 

Q 

The ring closure of the &iodo N-ahylamino derivative 811 provides a cyclixed organozinc iodide which, due to 
its wmplexation with the ammo group, has a reduced reactivity and can be mpped in high yields only by proto- 
nation or deuterolysis. A 100% deuterium incorporation is found in 9, indicating that the organoxinc species 
was formed as expected (eq 5). 
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Table 1. Polyfunctional Tetrahydmfumns 3a-g Obtained by the Cyclization of UnsaNrated Haloacetals 
of Type 8 with Diethylzinc in the Presence of Ni(acac)z Followed by the Quenching of the 
Comespondiig Zinc-Copper Reagents with an Electrophile (E-X). 

R* 

Bu 

Bu 

?Z-PX 

Bu 

Et 

Et 

Et 

Ehzcamphiie Product 3 

ethyl (2-bromo- 

~Y&-Y~ 

ethyl propiolate 

3-iod~2-cycb 
hexenone 

ethyl (2-bromo- 
methyl)rscrylau: 

ethyl &-brotno- 
methyl)aclylate 

ethyl propiokte 

diethyl benzyli- 
delxmalonate 

3b 

RI GOOEt Et+ COOEt 

%i-Pr 

3g 

Yield(%)b 

70d 

61 d 

62d 

69d 

61 d 

6og 

608 

a The diast ereonteric ratio was determined by W-mb OWMI yield of ana@tkatly pure ~RXWLS. c 
Cis:trans mixture between C(2) and C(4): ca. 12:88. d An iodo-acetal of type 1 was used e The 
unsaturated ester is > 99% E. f The relative stereochmistty between C(4) and C(5) has heen assigned by 
1~ 1~ NOESY experiments on the responding lactone. lk proton attached to C(4) shows a strong 
NOE effect with the protons of the phenyl substituent attached to C(5). g A bromo-aeetal of type 1 was 
used. 
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In summary, we have shown that a n.ickel(II) catalysis performed in the presence of diethylzlnc allows the cycli- 
zation of various unsaturated ieo- and bromo-ac+s leading to 4&lisubstituted lactols, which after peracid 
oxidation, afford polyfundti~nal4,Sdisubstituted butyrolactones with high tr~diastereoselectivity and satis- 
factory overall yields. 3y using monocyclic iodo-acetals, condensed oxygen heterocycles, such as 6a and 6b, 
can be prepared with almost complete “ed” selectivity. Further extensions of the method, as well as applica- 
tions directed towards natural product synthesis are under way. 
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