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A formal total synthesis of (h)-vernolepin (1) and (A)-vernomenin (2) has been achieved starting from cis- 
4-cyclohexene-l,2-dicarboxylic acid monomethyl ester (5) via a novel intramolecular alkylation of 14 - 16. The 
penultimate target was directed toward the synthesis of Danishefsky's intermediate 4 which has previously been 
converted in six steps to 1 and 2 in racemic form. 

Since the initial report in 1968 on the isolation and 
characterization of vernolepin (1) and vernomenin (2) from 
Ethiopian Compositae, Veronia hymenolepis,' these 
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elemanolide sesquiterpene dilactones have been the subject 
of synthetic activity by numerous research  group^,^-^^ 
culminating in the description of total s y n t h e ~ i s . ~ * ~ ~ " ~ * ~ ~ ~ ~ ~  
Quite apart from the pronounced cytotoxic activity of 
vernolepin, and to  a lesser extent vernomenin, interest in 
the synthesis of these sesquiterpenes arises from the im- 
pressive functional and stereochemical array that  resides 
in the B ring of these natural products. 

In the present paper we describe the details of our own 
results in this area, which involved an effective method for 
the formation of the oxabicyclo[3.3.l]nonene ring system 
by means of an intramolecular alkylation. From the re- 
trosynthetic perspective (Scheme I) we envisioned that the 
formation of the cis-fused 6-valerolactone AB ring in the 
alcohol 21 followed by multistep chemical transformations 
would produce the target 4. The epoxide 4 was successfully 
converted by Danishefsky to  vernolepin and vernomenin 
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via regiospecific epoxide ring opening with a two-carbon 
nucleophile followed by lactonization to  the bisnorver- 
nolepin 3. An intramolecular cyclization of the bromide 
14 to  the key intermediate 21 would be a very plausible 
way to  introduce the necessary two-carbon unit a t  the 
angular position. The bromide 14 would be anticipated 
to  be available starting from the cyclohexene derivative 
8. 

Results and Discussion 
Reaction of the readily available cis-4-cyclohexene-l,2- 

dicarboxylic acid monomethyl ester (5)15 with thionyl 
chloride in refluxing benzene afforded the corresponding 
acid chloride 6 (Scheme II). The crude chloride 6 was then 
treated with diazomethane in ether solution containing 
triethylamine16 as base to  give rise to  the diazoketone 7 
in 76% yield. The Wolff rearrangement of 7 with silver 
benzoate in the presence of dimethylamine in dioxane 
solution afforded the desired amide 8 in 91 % yield. The 
next synthetic step required an effective epimerization of 
8 a t  the methine hydrogen adjacent to  the ester residue. 
Reaction of 8 with potassium hydride in tetrahydrofuran 

(15) White, R. V.; Landis, P. S. J.  Org. Chem. 1956, 21, 279. 
(16) Newman, M. S.; Bed, P., 111. J .  Am. Chem. SOC. 1949, 71, 1506. 
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resulted in preferential formation in a 4:l ratio of the 
requisite ester 9 and the unchanged 8. The resulting 
mixture of 8 and 9 obtained in this epimerization was 
saponified with aqueous lithium hydroxide and subsequent 
iodo lactonization with iodine-potassium iodide in aqueous 
sodium bicarbonate gave 53% of the iodo lactone 10 and 
12% of the isomer 11, respectively, after separation by 
chromatography on silica gel. The iodo lactone 10 was 
easily converted into the cyclohexene derivative 12 in 89% 
yield by treatment with diazabicycloundecene (DBU) in 
refluxing benzene. Treatment of the lactone 12 either with 
sodium methoxide in methanol or with boron trifluoride 
etherate in methanol afforded the hydroxy ester 13 in 
quantitative yield. As a two-carbon electrophile which 
could be convertible to a vinyl group at  a later stage of the 
synthesis, p-bromovinyl ethyl ether" was chosen. The 
reaction of 13 with p-bromovinyl ethyl ether in the pres- 
ence of catalytic amounts of camphorsulfonic acid (CSA) 
gave rise to  the bromide 14 in 96% yield. 

An examination of molecular models representing cy- 
clization of the anion 15 obtained by deprotonation of 14 
shows the anion to have two possible conformers 17A and 
17B (Scheme III). I t  is considered from these models that 
a serious spacial repulsion18 between either the methoxy 
group or alkoxide center and the methylene group in the 
planarity occurs in the conformer 17A, while an interaction 
of this type does not occur in the conformer 17B which 
would be capable of undergoing cyclization. In the event, 
the reaction of 14 proved to be entirely as expected. Thus, 
treatment of the bromide 14 with sodium bis(trimethy1- 
sily1)amide in tetrahydrofuran at  60 "C for 5 min gave the 
bicyclic ester 16 in 85% yield. Though the ester 16 ob- 
tained in this way proved to be a diastereomeric mixture 
by 'H NMR analysis, these isomers could not be separated 
by chromatography. 

(17) Stork, G.; Tomasz, M. J. Am. Chem. SOC. 1964,86,471. 
(18) Johnson, F.; Malhotra, S. K. J. Am. Chem. SOC. 1965, 87, 5492. 

Malhotra, S. K.; Johnson, F. Zbid. 1965,87, 5493. 
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A similar sequence was further explored with respect to 

an intramolecular alkylation in the case of 18 - 19 
(Scheme IV). The bromide 18 was readily prepared from 
the iodo lactone 11 in a similar manner as described in the 
series 10 - 14. The crucial cyclization of the bromide 18 
under the same basic conditions led to none of the corre- 
sponding bicyclic ester 19 and resulted wholly in decom- 
position of the starting material 18. In the light of the 
foregoing effects predicted in 14, these results suggest that 
the cyclization is not likely to occur from the form of the 
conformer 20A due to  the exclusive existence in the form 
of conformer 20B. Obviously 20B is unable to  cyclize to 
19 by the reason of a separation of reaction sites far from 
each other. 

Next synthetic attention was turned to the formation 
of the A ring in alcohol 21. Selective reduction of 16 with 
lithium triethylborohydride in tetrahydrofuran a t  -40 "C 
gave alcohol 21 in quantitative yield (Scheme V). A mild 
lactonization of 21 was carried out by reaction with tert- 
butyldimethylchlorosilanels in tetrahydrofuran a t  room 
temperature for 16 h to  provide a mixture of the tricyclic 
lactone 22 (35%) and the ticyclic diene 23 (20%), re- 
spectively. Oxidation of lactones 22 and 23 with Jones 

(19) When 21 was treated with tert-butyldimethylchorosilane in the 
presence of triethylamine and 4-(dimethylamino)pyridine in THF, the 
corresponding silyl ether was obtained in 89% yield together with small 
amounts of lactones 22 and 23. 
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reagent at 0 OC for 30 min offered the desired dilactone 
24 in moderate yield. The A-ring lactone of 24 underwent 
a remarkably clean and regioselective ortho esterification 
by reaction with ethylene glycol in the presence of Dowex 
50W and p-toluenesulfonic acid in refluxing benzene3" to  
afford the ortho ester 25, which in turn was subjected to 
reduction with lithium aluminium hydride in tetrahydro- 
furan to give the diol 26 in 88% yield from 24. 

The diol 26 was then treated with o-nitrophenyl sele- 
nocyanate20 in the presence of tri-n-butylphosphine in 
tetrahydrofuran to yield the requisite selenide 27 (22%) 
and the isomer 28 (11%) (Scheme VI). Finally, Henbest 
epoxidation21 of 29 with m-chloroperbenzoic acid in di- 
chloromethane solution afforded exclusively the a-epoxide 
4 in 54% yield, whose spectral properties were identical 
in all respects with authentic sample of 4 kindly provided 
by Professor Danishefsky. Since D a n i s h e f s k 9  had re- 
ported the successful conversion of 4 into vernolepin and 
vernomenin by a six-step sequence, the present synthesis 
of 4 means a formal total synthesis of 1 and 2. 

Experimental Section 
Melting points were measured with a Yanaco MP-J2 hot stage 

microscope and with a Yamato MP-1 melting point apparatus. 
All melting points are uncorrected. Infrared (IR) spectra were 
obtained on a JASCO IRA-2 diffraction grating infrared spec- 

(20) (a) Grieco, P. A.; Gilman, s.; Nishizawa, M. J. Org. Chem. 1976, 
41,1485. (b) Sharplees, K. B.; Young, M. W. J. Org. Chem. 1975,40,947. 

(21) Henbest, H. B.; Wilson, A. L. J. Chem. SOC. 1967, 1958. 

trophotometer. Data are given in reciprocal centimeters with only 
the important diagnostic values reported. 'H NMR spectra were 
recorded at 100 MHz on a JEOL JNM-FX 100 or at 200 MHz 
on a JEOL JNM-FX 200 spectrometer. Chemical shifts are 
reported in parts per million on the 6 scale, relative to tetra- 
methylsilane as an internal standard. Data are reported in the 
form of values of chemical shift (peak multiplicity, number of 
protons, coupling constant if appropriate). Mass spectra (MS) 
were recorded on a JEOL JMS-D 300 spectrometer. Elemental 
analyses were performed by the Center for Instrumental Analysis 
at our university. Thin-layer chromatography was carried out 
on Merck GF2&r silica gel plates. Tetrahydrofuran (THF) was 
distilled from sodium benzophenone ketyl in a recirculating still, 
with a deep blue color maintained in the distilling pot. Diethyl 
ether and benzene were dried over sodium metal. 

Methyl cis -64 (Diazomethyl)carbonyl]-3-cyclohexene- 1- 
carboxylate (7). A solution of the half ester 5 (14.1 g, 78 mmol) 
and thionyl chloride (20 mL) in 100 mL of dry benzene was 
refluxed for 2 h. After removal of the solvent and excess thionyl 
chloride, the crude acid chloride 6 was dissolved in 50 mL of 
anhydrous ether. This solution was added dropwise over a period 
of 2 min at 0 "C to an etheral solution of diazomethane prepared 
from N-nitrdV-methyltosylamide (25 g, 115 "01) in the presence 
of triethylamine (8 g, 80 mmol). After 2 h with stirring, the 
suspension was filtered off and the resulting yellow oil was purified 
by chromatography on silica gel. Elution with dichloro- 
methane-hexane (3:2) gave 12.4 g (76%) of diazoketone 7 as a 
yellow oil: IR (neat) 2220, 1730, 1630 cm-'; 'H NMR (CDC1,) 6 
2.30-2.56 (m, 4 H), 2.80-3.18 (m, 2 H), 3.67 (s, 3 H), 5.46 (s, 1 H), 
5.69 (br s, 2 H). 

Methyl cis -64 2 4  Dimet hylamino)-2-oxoet hyll-3-cyclo- 
hexene-1-carboxylate (8). To a stirred solution of 12.4 g (60 
mmol) of the diazoketone 7 in 100 mL of dioxane was added at  
0 OC 60 mL of 15% dimethylamine in dioxane solution, and then 
13.5 g (59 mmol) of silver benzoate was added over a period of 
5 min to this solution. After being stirred for 10 min at 0 OC, the 
mixture was allowed to stir for an additional 10 min at room 
temperature. The solvent was evaporated in vacuo to give the 
black residue, which was filtered through a short pad of silica gel 
with dichloromethane. The resulting oily product (13.5 g) was 
chromatographed on silica gel with dichloromethane-acetone (81)  
to give 12.1 g (91%) of the amide 8 as a colorless oil: bp 72 OC 
(0.01 mmHg); IR (neat) 1725,1640 cm-'; 'H NMR (CDCl,) 6 2.93 
(8,  3 H), 2.99 (s, 3 H), 3.66 (8 ,  3 H), 5.65 (br s, 2 H); MS, m / e  225 
(M+). 

ex0 -2-[2-(Dimet hylamino)-2-oxoethyl]-exo -4-iodo-6-oxa- 
bicyclo[3.2.l]octan-7-one (10) and endo-2-[2-(Dimethyl- 
amino)-2-oxoethyl]-exo -4-iodo-6-oxabicyclo[ 3.2.lIoctan-7-one 
(1 1). To a solution of 5.69 g of the amide 8 in 60 mL of dry THF 
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was added 1.0 g of potassium hydride and the whole mixture was 
stirred at room temperature for 16 h under argon atmosphere. 
The reaction mixture was cooled to 0 "C and 10 mL of methanol 
was added slowly. After neutralization with 10% hydrochloric 
acid followed by removal of the solvent, the residue was chro- 
matographed on silica gel with hexanedichloromethaneacetone 
(3:21) to give 5.41 g (95%) of a 1:4 mixture of 8 and 9. The ratio 
of product was determined by gas-liquid-phase chromatographic 
analysis. This mixture was used for the next step without further 
separation. To a solution of the mixture (5.41 g) in 100 mL of 
methanol was added a solution of 1.5 N lithium hydroxide (24 
mL), and then the solution was stirred at room temperature for 
6 h. The solvent was removed in vacuo and 100 mL of water was 
added to the residue. After extraction with ether, the aqueous 
layer was neutralized by addition of Amberlite IRA 120 and then 
filtered off. The aqueous solution was evaporated under reduced 
pressure to give 5.48 g of the crude carbocyclic acid. A solution 
of the acid in 100 mL of saturated sodium bicarbonate was treated 
with iodine (8 g, 31 mmol) and potassium iodide (27 g, 162 m o l )  
dissolved in 60 mL of water at room temperature for 16 h. The 
aqueous solution was taken up in dichloromethane and the organic 
layer was washed with 10% sodium thiosulfate. Evaporation of 
the solvent, dried over anhydrous magnesium sulfate, gave 7.18 
g of the product, which was chromatographed on silica gel. Elution 
with hexandichloromethane-acetone (3:2:1) gave 4.50 g (53%) 
of the iodo lactone 10 and 1.06 g (12%) of the isomer 11, which 
were easily recrystallized from ethyl acetate-hexane. 10: mp 
128-129 "C; IR (Nujol) 1770,1640 cm-'; 'H NMR (CDC13) 6 2.12 
(d, 1 H, J = 16 Hz), 2.33 (m, 1 H), 2.97 (s, 3 H), 3.07 (s, 3 H), 4.42 
(m, 1 H), 4.88 (dd, 1 H, J = 5.9 and 3.9 Hz); MS, m / e  337 (M'). 
Anal. Calcd for CllHl6INO3: C, 39.19; H, 4.78; N, 4.15; I, 37.64. 
Found C, 39.20; H, 4.63; N, 4.33; I, 37.86. 11: mp 119-122 "C; 
IR (Nujol) 1780, 1645 cm-'; 'H NMR (CDC13) 6 2.86 (d, 1 H, J 
= 12.3 Hz), 2.96 (s, 3 H), 3.01 (s, 3 H), 4.49 (m, 1 H), 4.83 (m, 1 
H); MS; m / e  337 (M'). Anal. Calcd for CllHl6INO3: C, 39.19; 
H, 4.78; N, 4.15; I, 37.64. Found: C, 39.21; H, 4.64; N, 3.93; I, 
37.85. 
exo -2-[2-(Dimethylamino)-2-oxoethyl]-6-oxa-7-0~0- 

bicyclo[3.2.l]oct-3-ene (12). To a solution of 398 mg (1.09 mmol) 
of the iodo lactone 10 in 10 mL of benzene was added at once 
300 mg (1.97 mmol) of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 
and the reaction mixture was refluxed with stirring under argon 
atmosphere for 2 h. After filtration of the DBU salt formed, the 
filtrate was evaporated in vacuo to give the crude material, which 
was chromatographed on silica gel. Elution with hexane-di- 
chloromethane-acetone (2:2:1) afforded 203 mg (89%) of the 
lactone 12: mp 96-97 "C; IR (Nujol) 1765, 1635,1625 cm-'; 'H 
NMR (CDC13) 6 2.12 (d, 1 H, J = 11.2 Hz), 2.3-2.6 (m, 3 H), 2.86 
(m, 1 H), 2.97 ( 8 ,  3 H), 3.02 (s, 3 H), 3.11 (m, 1 H), 4.76 (t, 1 H, 
J = 6 Hz), 5.84 (m, 1 H), 6.24 (m, 1 H); MS, m / e  209 (M'). Anal. 
Calcd for CllH15N03: C, 63.14; H, 7.23; N, 6.69. Found C, 63.32; 
H, 7.14; N, 6.67. 

Methyl t -24 24  Dimet hy1amino)-2-oxoet hyll-c -5-hydroxy- 
3-cyclohexene-r-1-carboxylate (13). Method A. To a solution 
of 2.28 g (10.9 "01) of the lactone 12 in 30 mL of methanol cooled 
to 0 "C was added 800 mg (14.8 mmol) of sodium methoxide, and 
the whole mixture was stirred for 15 min. After addition of 10% 
hydrochloric acid, the solvent was removed in vacuo to afford the 
crude ester, which was purified by chromatography on silica gel. 
Elution with dichloromethane-acetone (2:l) gave 2.63 g (100%) 
of the pure hydroxy ester 13. 

Method B. To a solution of 49 mg (0.234 mmol) of 12 in 4 
mL of methanol was added dropwise catalytic amounts of boron 
trifluoride etherate, and the mixture was stirred at room tem- 
perature for 2 h. After removal of the solvent, the residue was 
chromatographed on silica gel to give 52 mg (92%) of 13 as a 
colorless oil: IR (neat) 3400, 1740,1635 cm-'; 'H NMR (CDCl,) 
6 2.94 (8,  3 H), 3.00 (s, 3 H), 3.70 (s, 3 H), 4.26 (m, 1 H), 5.75 (br 
s, 2 H); MS, m / e  241 (M'). 

Methyl t -2-[2-(Dimethylamino)-2-oxoethyl]-c -54 1-et h- 
oxy-2-bromoethoxy)-3-cyclohexene-r-l-carboxylate (14). A 
solution of 2.63 g (10.9 mmol) of the hydroxy ester 13 and 2.6 g 
(17 mmol) of 0-bromovinyl ethyl ether in 50 mL of dichloro- 
methane was treated with catalytic amounts of camphorsulfonic 
acid at room temperature for 48 h. After evaporation of the 
solvent, the residue was chromatographed on silica gel using 
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hexane-dichloromethane-acetone (2:2:1) to give 4.10 g (96%) of 
the bromide 14 as a colorless oil: IR (neat) 1730, 1640 cm-'; 'H 

H), 3.36 (d, 2 H, J = 6 Hz), 3.48-3.72 (m, 2 H), 3.70 (s, 3 H), 4.33 
(m, 1 H, wl12 = 2.0 Hz), 4.80 (t, 1 H, J = 5 Hz), 5.74 (br s, 2 H); 
MS, m / e  379, 391 (M'). 

Methyl exo -24 2- (Dimet hylamino)-2-oxoet hyll-7-et hoxy- 
6-oxabicyclo[3.3.1]non-3-ene-l-carboxylate (16). To a refluxing 
solution of 3.00 g (7.67 mmol) of the bromide 14 in 50 mL of dry 
THF under an argon atmosphere was added dropwise a solution 
of 2.10 g (11.5 mmol) of sodium bis(trimethylsily1)amide in 10 
mL of dry THF. After the reaction mixture was refluxed for 5 
min, the solvent was removed in vacuo to give the crude bicyclic 
ester. Purification by chromatography on silica gel using hex- 
ane-dichloromethane-acetone (2:2:1) afforded 2.02 g (85%) of 
the pure bicyclic ester 16: mp 78-102 OC; IR (Nujol) 1735,1635 
cm-'; 'H NMR (CDCl,) 6 1.25 and 1.19 (each t, 3 H, J = 6.8 Hz), 
2.96 (e, 6 H), 3.03 (m, 1 H), 3.72 (s, 3 H), 3.67-3.78 (m, 2 H), 4.66 
(quintet, 1 H, J = 2.9 Hz), 4.95 (dd, 1 H, J = 6.4 and 2.5 Hz), 
5.75 (dd, 1 H, J = 9.7 and 5.8 Hz), 6.13 (dd, 1 H, J = 9.7 and 4.9 
Hz); MS, m / e  311 (M'). Anal. Calcd for C16H25N05: C, 61.72; 
H, 8.09; N, 4.50. Found: C, 61.57; H, 8.07; N, 4.30. 
exo -2424 Dimethy lamino)- 1-oxoet hyll-7-ethoxy- 1-( hy- 

droxymethyl)-6-oxabicyclo[ 3.3.lInon-3-ene (21). To a solution 
of 2.96 g (9.52 mmol) of the bicyclic ester 16 in 100 mL of dry 
THF cooled at  -45 OC was added dropwise over a period of 10 
min 28 mL of a 1 M solution of lithium triethylborohydride in 
dry THF. After being stirred for 4.5 h at  -30 O C ,  the reaction 
was quenched by the addition of 6 mL of water. The solvent was 
evaporated in vacuo and the residue was purified by chroma- 
tography on silica gel. Elution with dichloromethane-acetone 
(2:l) gave 2.69 g (100%) of alcohol 21: mp 88-93 OC; IR (Nujol) 
3410,1620 cm-'; 'H NMR (CDCl,) 6 1.20 and 1.25 (each t, 3 H, 
J = 7.0 Hz), 2.97, 3.00, 3.01, and 3.04 (each s,6 H), 3.35-3.78 (m, 
4H),4.19(m,lH),5.12(m,lH),5.58-5.80(m,2H). Anal. Calcd 
for C15H25N04: C, 63.58; H, 8.89; N, 4.94. Found: C, 63.49; H, 
9.09; N, 4.93. 

Preparation of the Tricyclic Lactones 22 and 23. A solution 
of 1.20 g (4.23 mmol) of the alcohol 21 in 20 mL of dry THF was 
treated with 1.28 g (8.5 mmol) of tert-butyldimethylchlorosilane 
at room temperature for 16 h. After removal of the solvent, the 
residue was chromatographed on silica gel using hexane-di- 
chloromethane-acetone (5:2:1) to provide 355 mg (35%) of the 
lactone 22 and 159 mg (20%) of the lactone 23, respectively. 2 2  
IR (neat) 1740 cm-'; 'H NMR (CDCl,) b 1.20 and 1.24 (each t, 
3 H, J = 6.8 Hz), 3.48 (m, 1 H), 3.72 (9, 1 H, J = 6.8 Hz), 3.89 
(d, 1 H, J = 11.5 Hz), 4.07 (d, 1 H, J = 11.5 Hz), 4.47 (m, 1 H, 
w1 = 12 Hz), 4.80 (m, 1 H, wl12 = 16 Hz), 5.92-6.06 (m, 2 H); 
M$, m / e  238 (M'). 23: IR (neat) 1720, 1635 cm-'; 'H NMR 
(CDC1,) 6 1.73 (dd, 1 H, J = 13.2 and 2.9 Hz), 1.93 (dt, 1 H, J 
= 13.2 and 2.4 Hz), 2.34 (dd, 1 H, J = 17.1 and 9.1 Hz), 2.50 (m, 

1 H, J = 11.7 Hz), 4.25 (d, 1 H, J = 11.7 Hz), 4.42 (dd, 1 H, J 
= 5.9 and 2.5 Hz), 4.75 (quintet, 1 H, J = 2.7 Hz), 5.87 (dd, 1 H, 
J = 9.5 and 5.4 Hz), 5.98 (dd, 1 H, J = 9.5 and 4.4 Hz), 6.37 (d, 
1 H, J = 5.9 Hz); MS, m / e  192 (M'). 

Oxidation of Lactones 22 and 23. Preparation of the 
Tricyclic Dilactone 24. To a solution of 240 mg (1.01 mmol) 
of 22 and 153 mg (0.8 mmol) of 23 in 2 mL of acetone cooled to 
0 "C was added dropwise 2 mL (5.34 mmo) of Jones reagent, and 
the whole mixture was stirred for 30 min. After addition of 
isopropyl alcohol (0.5 mL) was complete, the reaction mixture 
was diluted with 25 mL of brine, extracted with dichloromethane, 
and dried over anhydrous magnesium sulfate. Removal of the 
solvent under reduced pressure gave the crude material, which 
was chromatographed on silica gel. Elution with hexane-di- 
chloromethane-acetone (1:2:1) afforded 144 mg (38%) of crys- 
talline dilactone 24 mp 153-156 O C ;  IR (Nujol) 1725 (broad) cm-'; 
'H NMR (CDCl,) 6 1.97 (dd, 1 H, J = 14.1 and 2.9 Hz), 2.11 (dt, 
1 H, J = 14.1 and 2.5 Hz), 2.36 (dd, 1 H, J = 17.1 and 8.2 Hz), 
2.49 (d, 1 H, J = 1.5 Hz), 2.64 (tdd, 1 H, J = 8.2, 4.2, and 1.5 Hz), 
2.86 (dd, 1 H, J = 17.1 and 8.2 Hz), 4.04 (d, 1 H, J = 11.7 Hz), 
4.18 (d, 1 H, J = 11.7 Hz), 4.95 (ddd, 1 H, J = 5.9, 2.9 Hz), 5.91 
(dd, 1 H, J = 9.7 and 4.3 Hz), 6.18 (ddt, 1 H, J = 9.7, 5.9, and 
1.2 Hz); MS, m / e  208 (M'). Anal. Calcd for CllH1204: C, 63.45; 
H, 5.81. Found: C, 63.33; H, 5.76. 

NMR (CDClS) 6 1.23 (t, 3 H, J = 7 Hz), 2.94 (8, 3 H), 3.01 (8 ,  3 

1 H, w1p = 24 Hz), 2.81 (dd, 1 H, J = 17.1 and 8.1 Hz), 4.08 (d, 
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cis -3,3-( Ethylenedioxy)-7a-hydroxy-9a-(2-hydroxy- 
ethyl)-2-oxaoctal-5-ene (26). To a solution of 171 mg (0.822 
"01) of the dilactone 24 in 1.9 mL of ethylene glycol was added 
130 mL of dry benzene. The mixture was vigorously stirred with 
1.93 g of anhydrous magnesium sulfate, 112 mg of Dowex 50WX8 
(H+ form), and 19 mg of p-toluenesulfonic acid. Reflux under 
a Dean-Stark separator, with vigorous stirring, was continued for 
1.5 h. After filtration of the solid, the filtrate was washed with 
20 mL of 43:3 saturated sodium bicarbonate/saturated sodium 
chloride/water. The organic layer was dried over anhydrous 
sodium sulfate. Evaporation of the solvent gave 199 mg of 
ethylene ortho ester 25: mp 198-202 "C; IR (Nujol) 1725,1650 
cm-l; 'H NMR (CDC13) 6 3.43 (d, 1 H, J = 11.7 Hz), 3.57 (d, 1 
H, J = 11.7 Hz), 3.89-4.08 (m, 4 H), 4.85 (quntet, 1 H, J = 2.7 
Hz), 5.90 (dd, 1 H, J = 9.8 and 4.4 Hz), 6.03 (dd, 1 H, J = 9.8 
and 5.4 Hz); MS, m/e 252 (M'). 

To a solution of 199 mg of 25 in 3 mL of dry THF cooled to 
0 "C was added 96 mg (2.5 mmol) of lithium aluminum hydride, 
and the whole mixture was allowed to stir a t  room temperature 
for 50 mim. After addition of sodium sulfab10H20 was complete, 
the reaction mixture was filtered off and the filtrate was evapo- 
rated in vacuo to give the crude diol 26, which was purified by 
chromatography on silica gel. Elution with dichloromethane- 
methanol (201) gave 185 mg (88%) of diol 26: mp 86-87 "C; IR 
(Nujol) 3220, 1655 cm-'; 'H NMR (CDC13) 6 3.97-4.14 (m, 4 H), 
4.31 (m, 1 H), 5.73 (d, 1 H, J = 10.3 Hz), 5.80 (d, 1 H, J = 10.3 
Hz); MS m/e 256 (M'). Anal. Calcd for C13Hm05: C, 60.92; H, 
7.89. Found: C, 60.64; H, 7.64. 

cis -3,3-( Ethylenedioxy)-7a-hydroxy-9a-[ 2 4  ( 0  -nitro- 
phenyl)seleno]ethyl]-2-osaoctal-5-ene (27). To a solution of 
57 mg (0.223 mmol) of diol 26 in 2 mL of dry THF was added 
50 mg (0.22 mmol) of o-nitrophenyl selenocyanate and 65 p L  (0.26 
"01) of tri-n-butylphosphine under an argon atmosphere. The 
whole mixture was stirred at  room temperature for 1 h. The 
solvent was evaporated under reduced pressure to give the crude 
selenides. Purification of product by chromatography on alumina 
using benzene-ethyl acetate (1:l) afforded 22 mg (22%) of the 
selenide 27 and 11 mg (11%) of the selenide 28, respectively. 27 
IR (neat) 3450,1590,1510 cm-'; MS, m/e 443,441,439,438,437, 
435 (M'); UV (EtOH) 255 nm. 28: IR (neat) 3450,1590,1566, 
1510 cm-'; MS, m/e 443,441,439,438,437,435 (M'); W (EtOH) 
255 nm. 

cis -9a-Ethenyl-3,3-(ethylenedioxy)-7a-hydroxy-2-oxaoc- 
tal-5-ene (29). A solution of 16 mg (0.036 mmol) of the selenide 

Notes 

27 in 0.5 mL of THF was treated with a 30% hydrogen peroxide 
(50 pL) solution at room temperature for 18 h. After removal 
of the solvent, the residue was purified by chromatography on 
alumina. Elution with dichloromethane-methanol (501) gave 
8 mg (93%) of the vinyl alcohol 29: mp 129-133 "C; IR (melt) 
3470,1640 cm-'; 'H NMR (CDCl,) 6 2.04 (dd, 1 H, J = 14.2 and 
5.6 Hz), 2.35 (dd, 1 H, J = 14.2 and 5.6 Hz), 2.64 (m, 1 H, wljz 
= 20 Hz), 3.54 (d, 1 H, J = 11.7 Hz), 3.62 (d, 1 H, J = 11.7 Hz), 
3.97, 4.18 (m, 4 H), 4.20 (m, 1 H, wl/2 = 24 Hz), 5.19 (dd, 1 H, 
J = 17.6 and 1.0 Hz), 5.21 (dd, 1 H, J = 10.8 and 1.0 Hz), 5.82 
(br, 2 H), 5.87 (dd, 1 H, J = 17.6 and 10.8 Hz); MS, m/e 238 (M+). 

cis -9a-Ethenyl-3,3-(ethylenedioxy)-7a-hydroxy-2-oxa- 
5a,6a-oxirenodecalin (4). To a solution of 7 mg (0.029 mmol) 
of the vinyl alcohol 29 in 0.5 mL of dichloromethane was added 
8 mg (0.05 mmol) of m-chloroperbenzoic acid, and the resulting 
mixture was stirred at room temperature for 1.5 h. After addition 
of sodium sulfite followed by filtration, the organic layer was 
washed with saturated sodium bicarbonate solution and then 
brine. The solvent, dried over anhydrous sodium sulfate, was 
evaporated in vacuo to give the crude product, which was chro- 
matographed on alumina. Elution with dichloromethane-meth- 
anol(5O:l) gave 4.0 mg, 54%) of epoxide 4: mp 131-132 "C; IR 
(CHClJ 3550 cm-'; 'H NMR (CDC13) 6 1.27-1.92 (5 H), 2.18-2.30 
(m, 2 H), 3.37-3.43 (m, 2 H), 3.49 (d, 1 H, J = 12.2 Hz), 3.67 (d, 
1 H, J = 12.2 Hz), 4.00-4.16 (m, 4 H), 5.14 (dd, 1 H, J = 10.7 and 
1.0 Hz), 5.20 (dd, 1 H, J = 17.6 and 1.0 Hz), 5.88 (dd, 1 H, J = 
17.6 and 10.7 Hz); MS, m/e 253 (M+ - 1). the 'H NMR, IR, and 
mass spectra were identical with those of authentic sample 4 kindly 
provided by Professor S. Danishefsky. 
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Benzoquinone reacts with 1,4,7,10,13,16-hexaazacy- 
clooctadecane (hexacyclen) to  produce as yet uncharac- 
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terized species which are intensely colored and are un- 
doubtedly the result of redox reactions.2 In an attempt 
to identify the species responsible for these properties, we 
sought to prepare I, a compound referred to as the "wheel" 

1 

by Breslod and of general interest because of its potential 

(1) (a) University of Minnesota. (b) 3M Company, St. Paul, MN 
55144. 

(2) Presented in preliminary form by J. E. Richman and M. R. Asi- 
ravatham at the Second Symposium on Macrocyclic Compounds, Provo, 
Utah, August 14-16, 1978. 
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