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either 1 or 2 in vivo against the P-388 leukemia in mice.3,4 

(±)-6-Epieriolanin also exhibited significant activity (ED50 
= 1.8 /ug/mL)5 in vitro against KB cells in tissue culture. 

The key intermediate 11, mp 111-112 0C, which can be 
converted into either racemic eriolanin or racemic 6-epier-
iolanin, was prepared in 41% overall yield by a nine-step se
quence from the known octalol 66 (Chart I). Cyclopropanation 
of octalol 6 employing the LeGoff modification7 of the Sim
mons-Smith reaction gave the 4a,5a-methanodecalol 7 in 96% 
yield. Exposure of ketal 7 to 70% perchloric acid in methylene 
chloride resulted in cleavage of the cyclopropane ring and 
equilibration of the methyl group to the more stable equatorial 
position.8 Tosyl hydrazone formation followed by treatment 
with excess lithium diisopropylamide in tetrahydrofuran gave 
in 90% yield the conjugated diene 910 which was silylated in 
near-quantitative yield with rerf-butyldimethylsilyl chloride 
in dimethylformamide containing imidazole.1' As anticipated 
addition of dichloroketene12 took place from the /3 face of the 
diene system providing, after dechlorination and cleavage of 
the silyl ether, cyclobutanone 10 (65%): IR (CCl4) 3640, 3460, 
1780 cm"'. Oxidation of 10 with pyridinium chlorochromate13 

gave in 85% yield crystalline diketone 11: IR (CCl4) 1783, 
1714cm-'. 

With the olefinic diketone 11 in hand we focused our at
tention on its direct oxidation to the dilactone epoxide 12 which 
having all chiral centers established would allow for its con-

Chart 1« 
HO HO 

96% d> j 37% 

HO HO 

Total Synthesis of (±)-Eriolanin 

Sir: 

Eriolanin (1) and eriolangin (2) are novel antileukemic 
1,10-ieco-eudesmanolides which were isolated from Erio-
phyllum lanatum Forbes (Compositae) by Kupchan and co
workers during a search for tumor-inhibitory natural products 
from plant sources.' The structural elucidation of 1 and 2 in
volved a combination of NMR and mass spectral techniques 
along with x-ray analysis of a mixed crystal of dehydroeriolanin 
(3) and dehydroeriolangin (4).2 Both eriolanin and eriolangin 
possess significant activity in vivo against P-388 leukemia in 
mice and in vitro against cell cultures derived from human 
carcinoma of the nasopharynx (KB). In this communication 
we wish to report a stereocontrolled total synthesis of (±)-
eriolanin (1). In addition we report the stereospecific total 
synthesis of (±)-6-epieriolanin (5) which is more active than 

Cd 

HO 

9Ctf 

3 0% 

85% 

6 4 % * 

10 

a a, Zn(Cu), CH2I2, Et2O; b, 70% HClO4, CH2Cl2, 0
 0C (1 h) -

room temperature (3 h); c, TsNHNH2, BF3-Et2O, C6H6, room tem
perature (1 h); d, LDA (6.0 equiv), THF, -78 -* 0 0C (1 h) -> room 
temperature (4.5 h); e, f-Bu(Me)2SiCl, DMF, imidazole; f, Cl2-
CHCOCl (2.7 equiv), Et3N, hexane, room temperature (3.5 h); g, 
Zn, HOAc, 65 0C (4.5 h); h, 10% HCl, THF, room temperature 
(12 h); i, C5H5NHCrO3Cl (1.8 equiv), CH2Cl2, room temperature 
(2.5 h). 
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version to (±)-eriolanin. There was the possibility, however, 
that oxidation would lead to the corresponding dilactone ep
oxide 13. Oxidation of 11 with 4.0 equiv of m-chloroperbenzoic 
acid in methylene chloride containing sodium bicarbonate gave 
rise to a single crystalline product (77%), mp 166-168 0C, 
which has been assigned structure 13.14 The structural as
signment rests on the transformation of 13 into (±)-6-epier-
iolanin whose structure was determined by x-ray analysis (vide 
infra). The required epoxide 12 was successfully prepared via 
a four-step sequence of reactions. Treatment of 11 with /erf-
butyl hydroperoxide in tetrahydrofuran containing 10% 
aqueous sodium hydroxide at 0 0C for 30 min gave a single 
lactone (14, 83%): mp 107.5-109.5 0C; IR (CHCl3) 1773, 
1710 cm"1. Submission of olefin 14 to bromohydrin formation 

1.CH3CONHBrVhI/ 
aq a c e t o n e / 0 ° / 3 0 min 

2.Ag2CVDME 
9 0 - 9 5 ° / 2 . 5 h r . 

followed by treatment with silver oxide afforded a crystalline 
epoxide (15), mp 173-174 0C, in 74% yield. Baeyer-Villiger 
oxidation of of ketone 15 with m-chloroperbenzoic acid in 
methylene chloride containing lithium carbonate (96 h) pro
vided the desired dilactone epoxide 12 (mp 164-165.5 0C; IR 
(CHCl3) 1775, 1732 cm"1) in 45% yield (60% based on con
sumed ketone). 

Dilactone 12 was converted to the 7-lactone 16 via a 
three-step sequence (1, Dowex 50W-X8 (H+), aqueous ace
tone, 48 h, 25 0C; 2, diborane, THF, -20 0C (3 h) — -10 0C 
(5 h) — 25 0C (1 h); 3, /-Bu(Me)2SiCl, DMF, imidazole) in 
72% overall yield. Treatment of the tertiary alcohol 16 with 
thionyl chloride in benzene containing pyridine at room tem-

t-Bu(Me)2Si 

t-Bu(Me)2SiO 

1 7 

1-Bu(Me)2SiO - T O' 

OCHO 

OCHO " x ^ N ^ O , 

O 1 8 

0 1 9 R = H 

20 R = COC(CH3I = CH2 

Figure l.TheC4 (S) enantiomer of (±)-6-epieriolanin. Oxygen atoms are 
denoted by small dots at their centers. The orientation is arbitrary. 

perature for 25 min gave a 42% yield of pure exocyclic olefin 
17 after chromatography on SilicAR CC-7. Introduction of 
the a-methylene unit, carried out in 60% overall yield via hy-
droxymethylation,15 mesylation, and /^-elimination (DBU), 
provided the a-methylene-7-butyrolactone 18: IR (CCU) 
1782, 1645Cm-1JNMR(CCl4)Se^l (d, 1 H, 7 = 3 Hz), 5.61 
(d, 1 H, J = 3 Hz), 5.26 (br s, 2 H). The crucial SN2' opening 
of epoxide 18 was effected by Dowex 50W-X8 (H+) suspended 
in chloroform containing formic acid.16a The product (19) 
upon treatment (25 0C, 30 min) with the anhydride of meth-
acrylic acid in tetrahydrofuran containing triethylamine and 
a catalytic amount of 4-dimethylaminopyridine afforded, after 
chromatography on SilicAR CC-7, methacrylate 20 (mp 
90-91 0C; IR (CCl4) 1778, 1730, 1720, 1640 cm"1) in 63% 
overall yield from 18. Deformylation16b was carried out (96%) 
using Dowex 1-X8 (OH - form) in methanol at 0 0C (1 h) 
providing (±)-eriolanin, mp 114.5-115.5 0C, identical with 
a sample of natural eriolanin by comparison of spectral prop
erties (IR, NMR)17 and thin-layer mobility in several solvent 
systems.18 

Epoxide 13, which we had obtained directly from diketo 
olefin 11 as described above, was converted to (±)-6-epier-
iolanin (5),2CUI mp 124-125 0C, in 20% overall yield from 13 
with only minor modification of the reactions employed above 
for the conversion of 12 -»• (±)-eriolanin. Determination of the 
structure and relative configuration of (±)-6-epieriolanin was 
effected through a single-crystal x-ray analysis.22 The con
formation of 6-epieriolanin is shown in Figure 1. Among a 
number of striking conformational features of 6-epieriolanin 
is the axial nature of the C-6 substituent located on the boat-
shaped cyclohexene ring. 
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A New Series of Minimum Steric Perturbation 
Nitroxide Lipid Spin Labels 

Sir: 
A continuing concern in the study of biological and other 

systems by the nitroxide spin-labeling technique has been the 
extent to which the system is perturbed by the steric bulk of 
the nitroxide moiety.1 We describe herein a new series of 
"minimum steric perturbation" nitroxide lipid spin labels 
which we term azethoxyl nitroxides.2 The nitroxyl nitrogen 
atom and two of the pyrrolidine ring carbon atoms of the az
ethoxyl nitroxides are integrated into the lipid chain. Addi
tionally, both bent and straight chain structures can be pre
pared corresponding to cis (e.g., 11) and trans (e.g., 10) isomers 
about the pyrrolidine ring. Since the cis azethoxyl nitroxides 
appear from molecular models to resemble quite well the ge
ometry about a cis carbon-carbon double bond, one has in 
effect a near-ideal ESR probe for the motion and environment 
experienced by a cis double bond in lipids. On the other hand, 
models suggest that the trans azethoxyl nitroxides are a rea
sonably good analogue of a saturated chain. 

The synthesis of representative trans and cis azethoxyl fatty 
acid derivatives 10 and 11 closely parallels our recent synthesis 
of proxyl nitroxides.3 Reaction of nitrone I4 with 2 equiv of 
nonylmagnesium bromide in ether followed by an aqueous 
workup and Cu2+ catalyzed air oxidation3,5 of the ./V-hydroxy 
intermediate gave nitrone 2 (45%, bp 100-109 0C (0.005 mm); 
m/e 239.223). Reaction of 2 with the Grignard reagent derived 
from l-tetrahydropyranyloxy-6-chlorohexane and subsequent 
Cu2+-catalyzed air oxidation of the product gave after silica 
gel chromatography nitroxide 3 (22%, m/e 424.380) as a 
mixture of cis-trans isomers. Hydrolysis (0.1 M HCl in 
MeOH) of 3 gave alcohols 4 (76%, m/e 340.321) which were 

H +N 

-O 
1 

3,R = OTHP 
4, R = OH 
5,R = OMs 

6,R = I 

8,R = CHA I ^ 

10, R = CH,CO,H 

7,R=I 

9,R = CH2C^ I ^ 

11, R = CH2CO2H 
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