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Abstract: Seved cu-alkenyl dihloroacetares cyclize in mo&aae to excelknt yields to 3.5-dichbro-oxocan-2ones 
(8-memberedringladms)whenheatedinbenzeneat80-180~~in~ofacatalyticamountofthecuprous 
chloride 22’~bipylidii cclllplex. 

The increasing number of natural and man-made products containing a medium sired hetemcyclic ring as 
an essential structural element has spurred the interest in synthetic methods for this type of compound.1 
Although significant advances have been made in various cyclixation procedures2 the use of radical bused 
techniques3 is not well developed. Herein we wish to report a novel and unprecedented formation of eight- and 
nine-membered lactones through Cu(I) catalymd cyclization of roalkenyl dichlomacetates. The latter substrates 
are directly available from u~alken-1-01s and dichlotoacetyl chloride. Earlier observations on the intramolecular 
addition of glycine derived radicals4 provided the stimulus for this work. 

Upon refluxing the dichloroacetate 1 in the presence of 30% of the in situ prepared complex of 
copper(I)chlor and 2,2’-bipyridine (Cu(bpy)Cl) in a 0.J M solution in benzene for 18 h, the dichlorolactone 
2 (IR 1760 cm-*) was obtained in 92% yield as a 7030 mixtum of diastereamers (Scheme 1). The oxocan-2- 
one structure was proved by the usual spectroscopic techniques.5 in combiiation with chemical evidence 
obtained by conversion of 2 to the mon~hloro derivative 3 (IR 1715 cm-‘) with Zn in acetic acid6 (63%) and 
to the known parent oxocan-Zone 47 by Bu3SnH/AIBN reduction (60%). The endo cyclization mode 
correst~~~Is to earlier observations and calculations on the radical ring closure of monosubstituted alkenes to 8- 
membered carbocycles.8 The reaction was successful in several solvents, but benzene gave the best results. A 
higher reaction temperature led to a much faster reaction, as for instance 10% Cu(bpy)Cl in benzene in a sealed 
tube at 140 SC for 2 h gave 2 in ca. 90% yield. 
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Table 1: Results of the Cu(bpy)CI catalyzed cyclisation of dichloroacetates 

Qw dichl- cmditioha product yield (ratio of di-) 

1 )\/Lo2CCm 

1 

2 

3 

4 -xoz~Ha2 
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5 ~02cc”c12 
9 

6 zc4ccH4 
11 

7 -OpHCl, 

13 

0.1 MphH 
refiux. 18 h 

0.1 M DCE 
reflux, 18 h 

0.2 M PhH 
aukdlube 
180 ‘C. 1.75 h 

0.1 M Pw 
sealedtube 
130 ‘C, 5 h 

0.2 M FIIH 
se&cl tube 
180 ‘C. 1.5 h 

0.5 M PhH 
sealedtube 
140 ‘C. 3 h 

0.1 M DCE 
rctlux. 18 h 
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a 0 
Cl Cl 

2 

6 

8 

10 

12 

14 

92% (7&30) 

15% (7030) 

51% (68993) 

mp (=jm isqaa) 
= 71-76 “c 

68% (mm 10) 

81% (75~25) 

mp (m* i-) 
= n-s1 “c 

70% (70.30) 

57% (7030) 

a) Cu(bpy)CI (0.3 quiv) was employed in all eases. 

As the reaction itself could serve as a highly useful method for the direct preparation of a variety of 
substituted oxocan-Zones, a number of substituted 4-pentenyl dichloroacetates (entries 3-6, Table 1) wete 
subjected to the cyclization conditions. The presence of a C-l substituent (5 and 7) necessitated the use of 
higher temperatures, because at reflux in benzene the starting material mmained unchanged. Although some 
intermolecular tadical addition9 took also place, the expected cyclization products 65 and fS5 were obtained in 
satisfactory yields as mixtures of 3 diastereomers on heating the starting materials at 130-180 qC in benzene in a 
sealed tube. In a similar fashion the 4-pentenyl dichloroacetates 9 and 11 containing two geminal methyl 
groups were cyclized in good yields to the lactones lo5 and 125, respectively, as mixtures of two 
diastereomers. The major isomer of 10, obtained crystalline, was subjected to an X-ray analysis.1o This crystal 
structure determination proved the oxocan-Zone skeleton beyond doubt and furthermore showed a cis 

orientation of the chlorine substituents (Figure 1). The ring conformation can be characterized as a chair-chair 
(or crown) with the chlorine substituents inpseudo-equatorial positions and a mur.r-lactone conformation.11~12 

The ‘H NMR data of the major isomers of lactones 2, 6, 8, and 10 showed a remarkable similarity, in 
particular the signals from the C-4 methylene hydrogens.5 The pseudo-axial C-4 hydrogen of these compounds 
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was found at ca. 2.55 ppm as a double triplet with a geminal coupling of ca. 13.5 Hx and two vicinal couplings 
of ca. 11.4 Hz. The pseudo-equatotial C-4 hydrogen always showed a double doublet at ca. 2.95 ppm with the 
expected geminal coupling of 13.5 Hx and only one vicinal coupling of ca. 6.2 Hx with the hydmgen at C-3. 
These observed vicinal coupling constants ate in excellent agmement with the expected data @atplus equation) 
for a solution conformation similar to the crystal conformation as shown in Figure 1. On this basis we 
tentatively assign the major isomers of 2, 6, and 8 also as &3,5dich1otohuztones. The C-8 substituent in the 
major isomers of 6 and 8 will probably assume a pse&cqwtbrial orientation, thus tram to the chknine 
atoms. On the basis of ‘H NMR coupling constants the conformation of the major isomer of 12 was clearly 
different. 

Figure 1 Crystal structure of the major diastemomer of lactone 10 
P 

To fwther investigate the scope of the lactone fomration, S-hexen-l-01 and higher homologues were also 
tested. Upon refluxing of 13 with 30% of Cu(bpy)Cl in a 0.1 M solution of 1,2dichlruoethane for 18 h, a 
57%yieldofthenine-manbaedlaaone145asa70:30mixturcofdiastereomaswasobtained.Removalofthe 
chlorine atoms (2 equiv Bu$nH, benxene, reflux) gave the unsubstituted htctone 1S7 thus again confinning 
the exclusive en& ring closure. The formation of 14 was accompanied by substantial amounts of oligomax the 
structures of which were not investigated in detail. The latter intermolecular addition appeared to be the 
exclusive process with higher homologues of 13 (n = 3,6, and 7, see Scheme 1). 

The carbon-carbon bond formation by intramolecular Kharash type cyclixation is a well-studied process 
and is thought to proceed via metal-coordinated radicals. l3 Although the use of dichlomaceta~ is known for 
this type of ole!in cyclixationt4 its efficacy in the ring clostne to medium-sized lactones is unprecedented. In this 
respect it is of interest to note that in our hands the formation of analogous y-lactones from dichlmtes as 
mported tecently15 could not be repmduced only teleomerixation being observed. We obsetved similar results 
ou attempted & and a-lactotie formation. However, our present work which wig be qorted in due course 
indicates that cyclixations of trichloroacetates have a considerably broader scope.15 

Although the observed regioselectivity in the cyclixations rep&ted here (see Table) closely unmspo& to 
earlier results of medium-ring8 and large ring radical cyclizations16 the maticed ptefetence for this type of ring 
closure may be connected with a template effect If the Cu(bpy)Cl complex is not only involved in the elecnon 
transfer process. but also is intimately attached to the reacting termini, one might predict the folding of the 
carbon chain to happen in accord with the geometry of the complex. As can be inferred fmm model studies an 
acceptable tit is possible with the number of atoms involved. Although we have no convincing proof for the 
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existareofsuchatertlplateaffect,the~decFeaseinreactianRteuponintroduchioaofmethylgroupsat 
oneofthechaincrrrbons~~asatthcorthopooitionofthebiWridineligsnd1’~withsuchrationale. 
Finally, the great number of variations possible in the starting alcohol hold promise for Wther synthetic 
applications. several of which a~ cutrcntly being actively pursued. 

ACKNOWLEDGEMENT 
K. Goubitz and J. Fraanje of the Dqutment of Crystallography m kindly acknowlaigcd far the X-ray 

crystalstnlcturedeWnMbn. 

REFERENCES AND NOTES 
1. 

2. 

3. 
4. 
5. 

6. 
1. 

8. 

9. 
10. 

11. 

12. 

13. 

14. 
IS. 

16. 

11. 

a) Carling. R. W.; Clark. J. S.; Holmes, A .B. J. Ckm. Sot., Perkin Trans. I 1992.83. b) Fetasii. N. A.; Patane. M. A. 
1. Ckm. Sot., Ckm. Commun. 1990.836. 
a) Niicolaou. K. C.; Rasad. C. V. C.; Hwang. C.-K.; Doggaa. M. E.; V~C, C. A./. Am. Ckm. Sot. 1989,111.5321. b) 
Schniber, S. L.; Kelly, S. E.: RIICO. J. A. Jr.; S~nmakia, T.; Sob, E .M. J. Am. Chem. Sot. 1988. 110, 6210. c) 
Blumenkopf. T. A.; Baa& M.; Castaneda, A.; Laok. 0. C.; Overman, L. E.; Rodriguez, D.; Thornpeon. A. S. 1. Am. 
Ckm. Sot. 1990.112,4386. d) Kolsuki, H.; Ushio. J.; Kadota. I.; &hi, M. 1. Org. Ckm. 1989.54.5153. e) Pqwae, 
L. A.; Sweeney, T. J.Tetmk&n 1990,46.4481. 
Snidex. B. B.; Meniu. J. E. Tcordur+on 1991,47.8663. 
Udding. 1. H.; Hiemstra, H.; Vao zpnden, M. N. A.; Speckamp, W. N.Tetr&&onLcft. 1991.32.3123. 
ThcassigncdstnrtuMwmincomplercagntmentwithIR.1HNMRMd13CNMRdrta.Some&Icctcd~mar 
follows. Maja isomer of 2: IH NMR (300 MHz) s(CDCl3> 1.83-2.15 (m. 3 H), 2.33-2.45 (m. 1 II). 257 (ddd, J = 14.0, 
11.5,ll.l Hz, H-4,. 2.91 (ddd.J= 14.0.5& l.~Hz.H-4).4.lO(ddd.J= 11.1.4.9.4.1 Hz, H-8).4.174.27 (m. H-8),4.48 
(dd, J = 11.R6.2 Hz. H-3), 4.75-4.88 (m. H-5); 13C NMR (50 MHz) 8(CDCl3) 29.3,37.7.50.0 (Cd). 54.6, 58.6.68.0 
(C-8). 170.3 (C-2). Major isomer of 6: 1H NMR (300 MHz) &CDCl3> 2.0-2.15 (m. 2H. 2 H-6). 2.15-2.25 (m, 1H. H-l), 
X45-2.55 Cm. 1H. H-7). 2.66 (dt, IH, J = 13.6, 11.4 Hz. H-4). 3.01 (dd, 1H. J = 13.6, 6.4 HZ. H-4). 4.31 (ddt, lH, J = 
11.2.6.5 Hz, H-5). 4.62 (dd, 1H. J = 11.5.6.5 Hz. H-3). 6.05 (dd. lH, J = 7.0.7.6 Hz. H-8). 7.30-7.45 (m. 5H, 5 Ar-H); 
13C NMR (50 MHz) 8(CDC13) 37.9.38.3, 51.5 (C-4). 54.7, 59.2, 80.6 (C-8). 125.9, 125.9. 128.3, 128.5, 138.0. 171.3 
(C-2). Major isomer of 10: ‘H NMR (300 MHz) s(CDCl3) 0.86 (s. 3H. Me), 1.20 (s. 3H. Me), 1.91 (dd, lH, J= 16.4.6.6 
Hz.H-6).2.09(d, lH, J= 16.4 Hz. H-6),2.47 (dt, lH, J= 13.4.11.5 Hz,H-4).2.9O(dd. lH.J= 13.4.6.3Hz,H-I), 3.59 
d 

1$ 
lH, J = 11.0 Hz, H-8). 4.35-4.45 (m. 1H. H-5). 4.52 (dd. 1H. J = 11.7.6.4 Hz, H-3). 4.58 (d. 1H. J = 11.0 Hz. H-8); 

C NMR (753 MHz) 8(CDCl3) 23.6 (Me), 26.9 (Me). 38.1 (C-7). 51.2.51.6.54.0, 54.5. 76.3 (C-8). 171.6 (C-2). 
Gr8ssx.r. A.; Bouquin. J. P.; Scbnii, 0. If&. Chim. Acta 1945.28. 517. 
a) Huisgen, R.; Ou, W. Tefmtrdw 1959. 6.253. b) Matsobtua S.; Takai. K.; Nozaki. H. Bull. Ckm. Sot. Jpn 1983. 
56.2029. c) Wiberg. K. B.: Waldmn, R. F. 1. Am. Ckm. Sot. 1991,113,7697. 
a) Beckwitb. A. L. J.; Scbiesser, C. H.; Te@akdn~ 1965, II. 3925. b) Spellmeyer. D. C.; Houk. K. N.: 1. Org. Ckm 
19117.52.959. 
Matsumoto. H.: Nikaiio. T.; Nagai, Y.J. Org. Ckm. 1976,41,3%. 
The majorisomerof 10 fonned monoclinic cristals, PZl/a [a = 10.3946 (8); b = 9.9835 (6); c = 11.4685 (16); fi = 111.933 
(8); Z = 41. The final R-value w@ 0.061 for 1705 reflections PO 2 2.5 (u(F& Lii of refd coudhutes and e.s.d’s were 
depositedatthe&MfidgeCrystaU~phicIkuCutlre. 
a) Allinger, N. L. Pure Appl. Ckm. 1982.54. 2515. b) Anet, F. A. L. In Conformational Analysis qf Medium-Sized 
tteterocycle~ Glass, R. S., Ed.; VCl-k Weinheim, 1988; p 35 IT. 
No data were available in lbe Cambridge Crystallographic Dambase on X-ray crystal sbuc~ares of monocyclic eighl- 
membtxed lactMles at the time of this wridng. 
a) Davis. R.; Gloves. 1. F. 1. Ckm. Sot., D&on Trans. 1982.2281; b) Bland. W. J.; Davis, R.; Dmrant. J. L. A. 1. 
Oqmomet. Ckm. 1984,260, C7S; c) Bl&, W. J.; Davis. R.; Durmnt, J. L. A. 1. OrgonOmr. Ckm 1914.267. C45. 
Hayes, T. K.; VilIani, R.; Weipb, S. M. J. Am. Ckm. Sot. 1988.110,5533. 
Nagasbima. H.; Soki. K.; G&i, N.; Wakamatsu. H.; Rob. K.; Tomo, Y.; Tsuji, J. 1. Org. Ckm. 1990.55.985. See also: 
Bar(h, F.; G-Yang. C. Tewakdnwhn. 1990.31, 1121. 
a) Porter, N. A.; Cbang, V. H.-T.; Magnin, D. R.; Wright, B. T. 1. Am. Chem. Sot. 1961). ZIQ3554. b) Porter, N. A.; 
Chang, V. H.-T.J. Am. Ckm. Sot. 19g7.Jo9.4976. 
D&Is will be discussed in a forthcoming paper. 

(Received in UK 3 June 1992) 


