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Treatment of the bis-endo-thioester and acyl group 
substituted norbornenes l a 4  and 9a-c with iodine in 
aqueous tetrahydrofuran at 25 "C gave the novel iodo-cage 
compounds 2a-d and 1Oa-c in 80-90% yields respectively, 
the first example of sequential cyclization of norbornene 
derivatives induced by an iodine electrophile. 

The halocyclization of an alkene bond is a powerful process in 
synthetic organic chemistry, especially for regio- and stereo- 
selective functionalization of double bonds.' Usually, the ring 
closure takes place with participation of a number of electron- 
donating groups, such as OH, NHR, C02H, COZR, CONHR, 
etc. There are some reports regarding the electrophile-induced 
lactonization of norbornene derivatives.* We report here the 
first example of sequential cyclization of bis-endo-thioester and 
acyl group substituted norbornenes induced by an iodine 
electrophile, leading to the formation of novel iodo-cage 
compounds. To our knowledge, neither sequential hetero- 
cyclization induced by iodine nor the ring closure with 
participation of thioester and carbonyl groups has been 
reported. 

Treatment of the endo adducts la-d with 12 in aq. THF at 
25 "C for 6 h gave the novel iodo-cage compounds 2a-d as the 
major products in 80-85% yields respectivelyt (Scheme 1) .  No 
detectable amount of the other regioisomers 3a-d was obtained. 
Also, no detectable amount of the monocyclization products 4 
or 5 was obtained. 
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A mechanism is proposed for the formation of 2a-d in 
Scheme 2. Electrophilic attack of an iodine molecule at the 
alkene bond of 1 from the ex0 face gives the iodonium ion 6. 
Sequential intramolecular nucleophilic addition of the endo acyl 
and thioester groups to the iodonium ion followed by addition 
of water molecule gives the intermediate 8. Loss of the 
methylsulfanyl group of 8 leads to the lactones 2a-d. Since only 
the regioisomers 2a-d are obtained, we propose here that the 
exclusive regioselective cleavage of the partial carbon-iodine 
bond of 6 is preferentially affected through space by the acyl 
carbonyl group rather than by the thioester group. 

Treatment of the endo adducts 9a-c with iodine in aqueous 
THF at 25 "C for 6 h gave the iodo-cages 1Oa-c as the major 
products in 8545% yields respectively$ (Scheme 3). No 
detectable amount of the monocyclization product 11 was 
obtained. The stereochemistry of the hydroxy group of 10 was 
deduced by NOE experiments and further chemical trans- 
formation. 

To compare the ability of nucleophilic cyclization of an ester 
group with that of an acyl group to the iodonium ion, 
compounds 12a and 12b were prepared. Iodocyclization of 12a 
and 12b under the same reaction conditions gives the iodo-cage 
compounds 2a and 13 as the major products in 80% yields 
respectively (Scheme 4). 
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2a R = Me 12 a R = R' = Me 
b R = Ph, R' = Et 1 3 R = P h  

Scheme 4 

Thus, we have found a novel iodine-induced sequential 
cyclization of norbornene derivatives, leading to the formation 
of novel iodo-cage compounds. The application of these 
products to the synthesis of novel diacetal trioxa-cage com- 
pounds has been accomplished.$ 
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Footnotes 
t Selected data for 2a ( J  values in Hz): aH 4.94 (1 H, d, J 4.8), 4.01 (1 H, 

(1 H, m), 2.92-2.94 (1 H, m), 2.46-2.50 (1 H, m), 2.01-2.05 (1 H, m) and 

116.10 and 174.26; v,,,/cm-l 1773. For 2b 6~ 4.97 (1 H, d, J 5.1), 4.03 (1 
H, d, J 2.1), 3.14-3.15 (2 H, m), 2.82-2.94 (2 H, m), 2.46-2.50 (1 H, m), 
2.01-2.10 (2 H, m), 1.01 (3 H, d,J6.6), 0.97 (3 H, d,J6.6); aC 16.54,16.71, 
28.14, 33.88, 40.61,47.72,48.39,49.26, 49.70, 91.07, 120.47 and 174.49; 
vmax/cm-l 1772. For 2~ 6 H  4.95 (1 H, d, J 4.4), 4.00 (1 H, d, J 2.9), 
3.10-3.16 (2 H, m), 2.93-2.97 (2 H, m), 2.45-2.49 (1 H, m), 2.01-2.05 (1 
H, m), 1.81-1.89 (2 H, m), 1.32-1.39 (4 H, m), 0.91 (3 H, t,J6.6); 6c 13.69, 
22.22,25.28,28.08,35.89,40.40,48.24,48.62,49.18,49.35,91.01, 118.05 
and 174.23; vmax/cm-l 1772 cm-1. For 2d aH 7.23-7.33 ( 5  H, m), 4.90 

d,J3),  3.19 (1 H, dd,J1 9.9,J2 4.5),3.11 (1 H, dd,J1 9.6,J25.1), 3.01-3.04 

1.63 (3 H, s); 6~ 23.45, 27.88, 40.49, 48.33, 48.56, 49.61, 51.04, 91.31, 

(1 H, d, J 4.9), 4.03 (1 H, d, J 2.4), 3.07 and 3.26 (2 H, ABq, J 13.7), 
3.07-3.10(2H,m),2.89(1H,bs),2.33-2.42(2H,m), 1.87-1.91 (lH,rn); 

128.25 (2C), 130.32 (2C), 133.99 and 174.29; vmax/cm-l 1776. 
$ Selected data for 10a 8~ 4.84 (1 H, d, J4.4), 4.42 (1 H, d, J lS),  2.6G3.01 
( 5  H, m), 2.33-2.37 (1 H, m), 1.79-1.83 (1 H, m), 1.54 (6 H, s); 6c 24.32, 
25.75, 30.35, 39.56, 47.14, 49.62, 52.26, 56.81, 90.93, 103.98 and 116.83. 
For 10b 6~ 4.83 (1 H, d, J 4.4), 4.42 (1 H, d, J 2.2), 2.98-3.03 (1 H, m), 
2.78-2.82 (1 H, m), 2.55-2.59 (2 H, m), 2.29-2.36 (2 H, m), 1.27-1.82 (13 
H, m), 0.864.96 (6 H, m); 6~ 13.95, 14.07, 22.75, 22.84, 26.10, 26.30, 
31.08, 37.29, 38.80, 39.79, 46.99, 49.67, 50.60, 55.35, 90.78, 105.64 and 
118.75. For 10c 6~ 7.64-7.67 (4 H, m), 7.34-7.45 (6 H, m), 5.03 (1 H, d, 
J 5.1), 4.26 (1 H, d, J 2.2), 3.38-3.43 (1 H, m), 3.21-3.26 (1 H, m), 
3.01-3.05 (1 H, m), 2.96 (1 H, s), 2.31-2.34 (2 H, m), 1.84-1.87 (1 H, m); 

(2C), 126.03 (2C), 128.08, (2C), 128.22, 128.51 (2C), 128.75, 140.96 and 
141.19. 
0 The synthesis of novel trioxa-cages A has been accomplished, and these 
results will be submitted for publication as a full paper soon. 

6c 27.96, 40.64,42.15, 48.33,48.71, 49.12, 49.20, 91.28, 117.38, 127.20, 

6c 29.77, 39.71,47.83, 50.34, 55.67, 58.18, 91.48, 106.02, 117.94, 126.01 
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